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CONVERSION FACTORS

In this report, figures for measures are given only in English
units. Factors for converting English units to metric units are shown

in the following table:

English .

in (inches)

ft (feet)

£t3 (cubic feet)

mi® (square miles)

gal (gallons): ‘ ,

gal/min (gallons per
minute) '

(gal/min)/ft (gallons per

minute per foot)

1b (pounds)

1b/in® (pounds per square
Ainch). o

md (millidarcys)

Multiply by

25.4
.305
.02832

2.59
3.785
.0631

.207

4536
6.8948

.000987

iif

Metric

mm (millimeters)

m (meters)

m3 (cubic meters)

km? (square kilometers)
L (liters)

L/s (liters per second)

(L/s)/m (liters per second
per meter)

kg (kilograms)

kPa (kilopascals)

pm2 (square micrometers)



PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL :2',
SE4SEX SEC. 18, T..1 N., R. 54 E., CUSTER COUNTY, MONTANA

By
D. L. Brown, R. K. Blankennagel, J. F. Busby, and R. W. Lee
Abstract

This report provides the preliminary data for the Madison Limestone test

"~ well 2 including test-well history, geology of the test well, hydrologic

testing, and geochemistry. It also discusses the preliminary results and
future tésting plans. ' ‘

The test well was drilled as part of the study to determine the water-
resource potential of the Madison Limestone and associated rocks to meet
future water needs in a 188,000-square-mile region that includes the coal-rich
area of the Northern Great Plains. Drilling and testing were designed to yield
a maximum of stratigraphic, structural; geophysical, and hydrologic information.

The test well was drilled in the SE%SE}% sec. 18, T. 1 N., R. 54 E.,
Custer County, Montana, to a depth of 9,378 feet below land surface. The well
is cased with 13-3/8-inch casing from land surface to 4,661 feet and 9-5/8-inch
casing from 4,519 to 6,487 -feet below land surface. It is an 8-1/2-inch-
diameter open hole from 6,487 feet to 8,422 feet. The well is plugged below
that depth by two cement plugs——one from 9,378 to 9,084 feet and the other from
8,884 to 8,422 feet. The well is so constructed that additional hydrologlc
tests and geophy31ca1 logs can be made at a later date.

Nineteen cores were taken from selected intervals totaling 754 feet;
722.4 feet of core was recovered. The cores were photographed, slabbed, and
plugged, and selected parts were tested for density, porosity, and vertical.
and horizontal permeability. Gamma and density scans of the cores were made,
and thin sections are being prepared for detailed examination.

Seventeen conventional drill-stem tests and packer-swabbing tests were
attempted, 13 of which give clues to the pressure heads of water in the
intervals tested. Water samples were obtained during 10 of ‘the tests, 7 of
which were. flow tests.

Water from the open-hole part of the well had a shut-in pressure of
333 pounds per square inch and flowed about 44 gallons per minute. The
temperature of the water, measured at the surface, was about 48 degrees Celsius.

With the possible exception of the Lakota Sandstone, no major potential
sources of ground water were found in the test well. Also, no freshwater
(less than 1,000 milligrams per liter dissolved solids) was found in any of
the Zones tested in the well. Water salinities ranged from about 2,000 to
46,500 milligrams per liter dissolved solids.



Additional geophysical logs and tests will be made in the test well during
the summer and fall of 1977. The logs may include televiewer, gamma spec-
trometer,. trace ejector, and spinner-surveys. A vertical seismic profile will
be made in the well in Auguét. '

Introduction

Development of coal in the Northern Great Plains will place a heavy
demand on the available water resources of the region. Surface water in the
region is-poorly distributed in time and space. 1Its use for coal development
in places would require storage reservoirs and distribution systems; in the
rest of the region, surface water is fully appropriated-and its use would
deprive present users- of their supply. The Paleozoic rocks which underlie
most of the -region contain water-bearing zones that might supply, at least on
a temporary basis, a significant percentage of the total water required for
coal development. One such source of water supply is the Madison aquifer,
which includes the Madison Limestone and associated rocks.

In 1975 the U.S. Geological Survey, in cooperation with the 0ld West
Regional Commission, prepared a plan of study (U.S. Geological Survey, 1975)
.for evaluating the water-supply potential of the Madison Limestone and
associated rocks. That report not only presents a plan of study for the
Madison, but also gives references relating to the regional geology and
hydrology, cites the current geohydrologic studies being made by Federal. and
State agencies .and by private ¢ompanies, and summarizes the available .data .
and the deficiencies of these data. ' ‘

During the development of the study plan, a liaison committee was
formed. The members were drawn from agencies of State governments that have
an active interest in or responsibility for control or development of water
from the Madison aquifer. These agencies include Montana Bureau of Mines
and Geology, Montana Department of Natural Resources and Conservation,

North Dakota State Water Commission, South Dakota Division of Geological
Survey, and Wyoming State Engineer. The purpose of the committee is to .
maintain open communication between investigating hydrologists and State'
officials relative to all aspects of the U.S. Geological Survey's studies of
the Madison aquifer.

During the 1976 fiscal year, the U.S. Geological Survey, .in cooperation
with the States of Montana, North Dakota, South Dakota, and Wyoming, began a
study to determine the water-resource potential of the Madison Limestone and
associated rocks to meet the future water needs in a 188,000-mi? region that -
includes the coal-rich area of the Northern Great Plains, and to evaluate
these rocks (the Madison aquifer) as a source of water for industrial,
agricultural, public, and domestic supplies. The study area includes eastern
Montana, western North and South Dakota, a small part of Nebraska, and north-
eastern Wyoming (fig. 1). The area of greatest interest, however, is the
Powder River Basin of Montana. and Wyoming, and the area surrounding the
Black.Hills in Wyoming, Montana, the Dakotas, and Nebraska.
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Within the scope of available funds and manpower, the objectives and approach
are those outlined in the plan-of-study report. The objectives include:

1. The quantity of water that may be available from the Madison aquifer.
2. The chemical and physical properties of the water. )

3. The effects of existing developments on the potentiometric head, storage,
recharge and discharge, springs, streamflow, and the pattern of ground-
water flow. N

4. The probable hydrologic effects of proposed withdrawals of water for
large-scale developments at selected rates and locations.

5. The locations of wells and the type of construction and developmént of
' deep wells that would obtain optimum yields.

Many oil tests have been drilled to the Madison aquifer in the study area.
Most did not completely penetrate the aquifer, but were drilled to develop oil
fields or were exploration tests on known geologic structures. Few data from
these tests were collected for hydrologic purposes, but the information is useful
in defining the geologic framework and some of the aquifer characteristics such
as water quality, .temperature, porosity, and potentiometric head.

To obtain better subsurface hydrologic and geologic information, it was
recognized that test wells would have to be drilled. Drilling and testing were
designed to yield a maximum of stratigraphic, structural, geophysical, and
hydrologic information. Stratigraphic and structural information, obtained from
drill cuttings, cores, and geophysical logs, is critical for reconstructing the
paleogeologic history of the region as well as defining the present structural
and sedimentary framework. Careful analysis of cuttings and cores, and correla-
tion with geophysical log characteristics will have transfer value with data
obtained from oil-well tests and surface geophysical surveys.

Hydraulic tests are designed to yield pressure data and subsurface water
samples from discrete intervals. These data are used to determine the degree of
isolation and (or) interconnection of aquifers, the water yield of 1solated zones,
the composite yield of the well, and the quality of water.

Madison Limestone test well 2 is the second in a series of proposed test
wells that are designed to test a preliminary regional conceptual model relating
porosity to lithology, and in turn, transmissivity to structure and other rock
properties.

Test well 1 (Blankennagel, Miller, Brown, and Cushing, 1977) was drilled in
the NE°SE® sec. 15, T. 57 N., R. 65 W., Crook County, Wyo. (fig. 1). Preliminary
geological facies maps showed this area along the eastern part of the Montana-
Wyoming border to have a high percentage of dolomite in the Madison and
associated rocks, thus indicating possible high primary porosity. Also, because
this area was apparently structurally active, good potential for secondary
fracture porosity was indicated. Other considerations in selecting the site
were (1) depth to Precambrian rocks at about 5,000 ft below land surface,

(2) adequate pressure to be reasonably certain that the well would flow at land
surface, (3) location on State or Federal land, (4) good accessibility to the
drilling site, (5) availability of water for drilling and an area for disposal
of water from the well, and (6) nearness to source of electrical power. The
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well, although not completely developed at this time (June 1977), will yield
at least 700 gal/min. It penetrated formations having good porosity,
permeability, and open fractures to a depth of at least 3,200 ft below land
surface (Blankennagel, Miller, Brown, and Cushing, 1977).

The site for Madison test well 2 was chosen with considerations 2-6
(listed in previous paragraph) being the same. The main differences in this
site selection were in the depth to Precambrian basement and lithology of the
Madison and associated rocks. Preliminary geological facies maps showed the
Madison and associated rocks, at the site for test 2, to be predominantly
limestone and deeper than 6,000 ft below land surface.

The choice of a structurally active area for the test should permit the
relation between lithology, structure, and secondary porosity to be more fully
understood. Also specific questions need answers: (1) Are fractures open or
healed below 6,000 ft? (2) Does limestone tend to fracture less than dolomite?
(3) Does the porosity decrease in direct proportion to the percentage of
limestone in the section? ’

Madison test well 2 is in the SE%SE% sec. 18, T. 1 N., R. 54 E., Custer
County, Mont. (figs. 2 and 3). It is along an all-weather gravel-surfaced road,
about a quarter of a mile west of the Powder River. The well is about 6 mi
northeast of Powderville, Mont., and 55 mi southeast of Miles City, Mont.

The well was spudded in the Hell Creek Formation of Late Cretaceous age
on November 17, 1976, and bottomed 94 ft below the top of the Precambrian rocks
at 9,378 ft below land surface on March 23, 1977. It is cased with 13-3/8-in
diameter casing from land surface to 4,661 ft, and with 9-5/8-in diameter
casing from 4,519 to 6,487 ft. It is 8-1/2-in diameter open hole from 6,487 to
8,422 ft. The well is sealed off below 8,422 ft by two cement plugs--one from
9,378 to 9,084 ft and the other from 8,884 to 8,422 ft below land surface--to
isolate the upper part from the Cambrian sandstones that contained saline water
and gas shows (fig. 4). The well is so constructed that additional hydrologic
tests and geophysical logs can be run at a later date (figs. 5 and 6).

Seventeen drill-stem and packer-swabbing tests were attempted; 13 yielded
head and quality-of-water information for the intervals tested. Based on the
test data, all water-bearing units in the Paleozoic rocks had sufficient head
to cause the water in them to flow at land surface. Water from the uncased part
of the well, 6,487 to 8,422 ft, had a head of 333 1b/in? above land surface.

Nineteen cores were taken from selected intervals totaling 754 ft; 722.4 ft
of core was recovered. The cores were photographed, slabbed, plugged, and
selected parts were tested for density, porosity, and vertical and horizontal
permeability. Gamma and density scans of the cores were made, and thin sections
are being prepared for detailed examination.

This report provides the preliminary data for Madison Limestone test well 2
including test-well history, geology of the test well, hydrologic testing, and
geochemistry, and it discusses the preliminary results and future plans.
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‘Figure 4.--Construction of Madison Limestone test well 2.
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Figure 5.--Well-head equipment of Madison Limestone test well 2.
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Figure 6.--Well-head equipment of Madison test well 2, with
" lubricating barrel attached.:
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Many individuals from the U.S. Geologlcal Survey, other Federal agencies,
-State agencies, and industry contributed to the:successful completion of the

‘Madison test well 2. No attempt will be made to list all the U.S. Geological
Survey personnel involved in the operation; however, special recognition must
be given to James A. Peterson, Thad W. Custis, James R. Marie, William J. Head,
Gilbert Ortiz, Wilbur €. Ballance, Donald L.. Coffin, Robert W. Maclay, Lewis W.
Howells, William R. Miller, William B. Borchert, Steve A. Strausz, and Marvin A.
Crist, for their contributions in the 51te selectlon, drilling, operations, and
testlng of the well.

Fenix and Scisson, Inc., of Tulsa, Okla., primeAcontractor for the Energy
and Research Development Administration (ERDA) at Las Vegas, Nev., assisted with
preparation of the drilling specifications and provided a drilling specialist,
‘Ken Ward, at the drill site. Fenix and Scisson also prepared the well history
included in this report.

J. R. Kerns and E. T. Hegna of Hegna, Kerns, and Traut, consulting
geologists, Casper, Wyo., were employed by the drilling contractor during
drilling operations. They assisted with selection of cored intervals and
identified formation tops. Their descriptions of cuttings and cores are included
in this report. ‘Continental Laboratories were employed by the drilling contrac-
" tor to supply a hydrocarbon well log (pl. 2). Geophysical logging was done
by Birdwell Division, Seismograph Service Corp., and Schlumberger Well Services.
Packer tests were run by Lynes, Inc., with interpretation by Roger L. Hoeger.
Other companies, too numerous  to mention, were 1nvolved in the drilling, coring,
fishing, and cementing operations.

Core preparation, photographs, and gamma-ray-attenuated-porosity-evaluator
(GRAPE) logs were provided by Marathon 0il Research Center, Denver, Colo.
Analysis of core and hydrologlc propertles was by Core Laboratories, Inc.,
Denver, Colo.

Test-well history

The following historical data on the test well including time breakdown,
‘hole history, core record, bit record, deviation surveys, and log index sheet
were photo copied from the Fenix and Scisson report provided to the U.S.
Geological Survey at the completion of the drilling, coring, and preliminary
logging and testing of Madison Limestone test well 2. The mud report is from
the Hegna, Kerns, and Traut report.
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VERIX & SCISSON, INC.
HOLE HISTORY DATA

l:JATE: . 6-16-77 » APPROVED:
HOLE NO.1 ‘Madison #2 _ W. 0. NO.1 1 I D. NO.1
uscn.. i USGS . ' TYPe HOLE: Exploratory N
LOCATION Montana ' COUNTY: Custer AREA:  Powderville
SURFACE COORDINATES: SE/4, SE/4, Sec. 18, TIN, RS4E
GROURD ELEVATION: 2793' . PAD ELEVATION: ) TOP CASING ELEVATION:
RIG ON LOCATION:- 11-10-76 'SPUDDED: 11-17-76 - COMPLETED:~  4-28-77
CIRCULATING MEDIA: Mud : ’
MAIN RIG & CONTRACTOR ’ NO. OF COMPRESSORS & CAPACITY:
BORE HOLE RECORD CASING RECORD '

FROM 70 siZe 1.D. WT./FT. WALL GRADE | CPL'G. FROM T0 Cu. FT. CMT,

0" |" 7'} Excav.* (8' X 8' cellar) ~ 0 7' |pire

7 541 | 36"+ 30" or S Al BV

54' 407' | 26" 19.124" 94 B-40 Buttress 3'] 407" 11001%*
407" | 4663'| 174" (See Page 4) 0"| 4662".| 6305%%*
4663' | 6489' | 124" 8.835" 404 S-80 | STsC [4519' | 6487' | 1122
6489 | 9378' | 8L '
TOTAL DEPTH: 9378" 6L { AVERAGE MANDREL DEPTH: , . FROM REFERENCE ELEVATION §
JUNK & PLUGS LEFT IN HOLE:  Plugged back from 8422' to 9378
SURVEYS PAGE: 14 l CORING PAGE: 12 i ] CU. FT. CMT. TOTAL IN PLUGS, ETC: 525
LOGGING DATA: Pagev 15 .
BOTTOM HOLE COORDINATES: 4 : | rerenence.

RIGS USED (Site Prep Rigs *)

RIG No. NAME TYPE cLass | opEratine | w cREw. | w/o CREW | O LOCs

8 JRK Drilling Co. National 80B 162.08 0.45 - 162.53

(Anderson Drilling
Co. Rig)

REMARKS: * Site Prep Items

*%  Approximately 200 ft3 circulated to surface.

k%%  Approximately 728 ft2 circulated to surface.

NOTE: , Depthe shown are from ground level elevation 16' below kelly bushing

elevation. T.D. 9378' (G.L.) = 9394' (KB)

PREPARED BY: WDS:siw - . TIME BREAKDOWN ON NEXT FAGE

i
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Madison {2
TIME BREAKDOWN

SITE PREPARATION

DRILLING OPERATION TIME (DOT)

OTHER SCHEDULED TIME (OST)

_OPERATIONAL DELAY TIME (ODT)

DRILL
TRIPS

SURVEYS

SITEDOY _________ DAYS

MOVE
RUN CASING

CEMENT CASING

SITE OST ____ DAYS

7

RIG REPAIRS
W. O, DRILLING SUPPLIES
CLEAN OUT FILL.

SECURED WITH CREWS

————
—_———
—_—

SITE ODT

"YOTAL SITE PREP TIME

DAYS T REMARXS:

MAIN HOLE CONSTRUCTION

DRILLING OPERATION TIME (DOT)

OTHER SCHEDULED TIME (OST)

OPERATIONAL DELAY TIME (ODT)

_ SINGLE SHOT DEV. SURVEYS

DRILL- 39_J£_
TRIPS 10.67

DRESS DRILLING ASSEMBLY |
0.80
OPEN HOLE DIRECTION SURVEYS

Open Hole 34.10

MAIN HOLE DOT, 74.76 DAYS

MOBILIZATION& DEMOBILIZATION
CORE 16.19
L0G ‘ 6.00

CASED HOLE DIR. SURVEYS

UNLOAD CASED HOLE

|

RUN MANDREL

CASING OPERATION TIME (COT)

run 20" CASING _14_3
RUN 13-3/8" casing 1.49
CEMENT 20" CASING _0.67_

1.12

CEMENT 13-3/8" casinG
DRILL OUT SHOE . _ 1. 84»
* 1.79

MAIN HOLE COT 7.34 DAYS

HYDROLOGICAL TESTS 29.86
Nipple Up _4.37
Cirﬁulate Samples -1.37
Plug Back 1.00
Lay Down Drill Pipe 0.92

|

MAIN HOLE 0sT_ 99.71 pays

RIG REPAIRS 1.92
W. 0. EQUIPMENT & Supplies 2.25
FISH 10.17
CLEAN 6u*r FILL . 0.99

UNLOAD WATER INFLOW

REAM CROOKED HOLE

PLUG BACK

DRILL OUT PLUGS

SECURED WITH CREWS 0.45

Clean Out Plugged Bit _1.40

Repair Blow Out Preventer 1.18

Circulate & Mix Mud 1.18
Thaw Out Rig 1.18
main HOLE 0pT__20.72 pyys

TOTAL MAIN HOLE CONST. TIME

DAYS l REMARKSs

162.53

TOTAL ELAPSED TIME

_ TOTAL SITE PREP TIME

TOTAL MAIN HOLE CONST. TIME
SEC. W/0 CREW SITE PREP
SEC. W/O CREW MAIN HOLE CONST.

'
TOTAL SUSPENDED (NO RIG)

TOTAL ELAPSED TIME

_ ____ Dpars’ REMARKS:
162.53 pavs
DAYS * Run 9-5/8" Liner 0.37 Days
DAYS Cement 9-5/8" Liner 1.42 Days

DAYS

162.53 pavs

13




11-7-76

11-10-76

NOTE:

11-17-76

11-18-76

11-19-76

11-20-76

11-21-76

11-22-76

11-23-76

™~

11-24-76
11-25-76

11-26-76

MADISON {2
HOLE HISTORY

Site prep work consisted of an 8' x 8' cellar set at 7' below ground
level with 30" CMP set at 54' below ground level in a 36" hole and
cemented with ready mix cement. ’

Anderson Drilling Company rig #8 was moved in and crews started
rigging up. :

All depths reported from kelly bushing elevation (KB) 16' above
ground level (GL) unless otherwise noted.

Rigging up was completed at 0330 hours. Drilled 17%" hole from 70'
to 330' using conventional circulation with mud. '

Drilled 17%" hole from 330' to 430'. Pulled out of hole and made.up
26" hole opener. Opened 17%" hole to 26" from 70' to 146'. .

Opened 17%" hole to 26" from 146' to 357°'.
Opened 17%" hole to 26" from 357' to :423'. Rigged up to run casing.

Ran 10 joints (425.62") of Z0" 0.D., H-40, 94# buttress thread casing
and landed at 406.62' (GL). Casing had a Baker BX guide shoe on
bottom and a Baker latch-in type float collar at 363.62' (GL). Cen-
tralizers were placed at 406', 367', 326', 283", 243", -201', 159' and
117'. All ground level measurements. Ran latch-in tool in the hole.
and latched into the float collar. Cemented annulus using Halliburton
with 520 sacks (801 ft3) of "Light" cement, 3% calcium chloride and
1/4# per sack of Flocele followed by 200 sacks (230 ft3) of Class '"G"
cement, 2% calcium chloride and 1/4# per sack of Flocele. Cement in
place at 1115 hours. Approximately 200 ft3 of "Light" cement circu-
lated to surface. Waited on cement. I

Cut off 20" 0.D. casing and welded on a 20" National Series 600 casing—
head. Started connecting up blow out equipment. .

-Completed connecting up biow out equipment consisting of a 20" Shaffer

single ram preventer on top of the casinghead followed by a 20" Hydril
MSP-2000 preventer with a Grant rotating head on top. Drilled out
float collar with a 17%" bit and pressured up on the Hydril preventer,
top seals were out of the preventer. Removed connections and waited
on repairs at 1915 hours.

Waited on Hydril serviceman to 0600 hours. Worked on preventer and
found piston cemented in. Replaced with a new Hydril preventer.

Connected up new preventer and tested to 1000 psi for 30 minﬁtes. _
Drilled out cement and shoe with a 17%" bit. Made trip for 8i" bit.

Ran 8’" bit in the hole with a junk sub. Circulated hole clean and
drilled 8%" hole from 430' to 778'. Circulated hole, ran out of
water at 1900 hours.

.
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* Madison #2°
Role History
Page 2

11-27-76  Thawed out rig to 1230 hours, ice in diesel o0il lines. Drilled 8%"
' hole from 778' to 950'. Shut down at 2130 hours to thaw out diesel
lines. ‘

11-28-76 Thawed out rig .to 1245 hours. Drilled 8%" hole from 950' to 1078'.
Pulled out of bole.

11-29-76 Made up Christensen core barrel with an 8%" x 4" diamond bit and cut
; ' .core #1 from 1078' to 1108', recovered 28'.

11-30-76 Ran 8%" bit in the hole, washed and reamed 60' to bottom and drilled
from 1108' to 1430'.

12-1-76  Drilled 8%" hole from 1430' to 1935'.

12-2-76 . Drilled 8%" hole from 1935' to 1969' and pulled out of hole. Made
up core barrel with 8%" core bit and cut core #2 from 1969' to 1999°',
recovered 25'. Ran 8%" bit in the hole, reamed ‘30" to bottom and
drilled from 1999' to 2250'.

12~3-76 Drilled 8%" hole from 2250' to 3055'.

-12-4-76 Drilled 8%" hole from 3055' to 3621‘ Made trip for bit at 3442' and
- ‘reamed 60' to bottom. : :

12-5-76 Drilled 8%" hole from 3621' to 4154°'.

© 12~6-76 - Drilled 8%" hole from 4154' to 4343' and pulled out of hole. Made
: up core barrel with an 8%" core bit and ran in hole Core barrel was
plugged, pulled out of hole.

12-7-76 Cleaned out core barrel. Ran 8%'" bit in the hole and washed 106' to
bottom at 4343'. Pulled bit and ran core barrel back in hole. Cleaned
out 25' of fill and cut core #3 from 4343' ‘to 4369'.

12-8-76 Recovered 26' on core #3. Ran 8%" bit in the hole, reamed core hole -
: and drilled from 4369' to 4640'.

12-9-76 Drilled 8%" hole from 4640' to 4682'. Measured out of hole and
¢orrected depth -to 4677'. Ran Birdwell logs.

12-10~-76 Continued running logs.

12-11-76 - Completed logging. Ran 8%" bit in the hole and washed 25' to bottom.
Conditioned hole ‘for testing and pulled bit.

12-12-76 Made up Lynes test tool and ran drill stem test #1 from 4300' to 4680°'.
"~ Tool opened at 0512 hours and completed test at 0830 hours. Laid down
-tool. Made up 12%" hole opener and reamed hole from 406' to 430'.
Opened 8%" hole to 12%" from 430' to 746'.
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12-13-76 Opened 8%" hole to 12%" from 746' to 1354'.
12-14-76 Opened 8%" hole to 12%" from 1354' to 1870'.

12-15-76 Opened 8%" hole to 12%" from 1870' to 2356'.

. \ . .
12-16-76 Opened 8% hole to 124%" from 2356' to 2769'. Made trip for hole
opener at 2538'. : .

12-17-76  Opened 8%" hole to 12%" from 2769' to 3340'.

12-18-76 Opened 8%" hole to 12%" from 3340' to 3698'. Pulled out of hole .and
left 3 cutters in the hole. Picked up junk sub and made up 124"
Teamer. .

12-19-76 Ran in hole and opened 8%" hole to 124" from 3698' to 4130'.

12~20-76 Opened 8%" hole to 12%" from 4130' to 4324'. Made trip for hole
. opener at 4162'. :

12-21-76 Opened 8%" hole to 12%" from 4324' to 4668".

12-22-76 Opened 8%" hole to 12" from 4668' to 4677'. Pulled out of hole and
left 1 cutter in the hole. Made up 17%" hole opener and ran in hole.
Opened 12%" hole to 17%" from 430' to 828°.

12-23-76 Opened 12%" hole to 17%" from 828' to 1310'. Made trip at 1180', bit
had balled up. .

12-24-76  Opened 12%" hole to 17%" from 1310' to 1870(;
12-25-76 Opened 12%'" hole to 17%" from 1870’ to 2437°.
12-26-76 ' Opened 12%" hole to 17%" from 2437' to 2980"

12-27-76 Opened 12%" hole to 17%" from 2980' to 3430'. Made trip for hole
' opener at 3286'. L

12-28-76 Opened 12%" hole to 17%" from 3430" to 3888°.

12-29-76 Opened 12%" hole to 17%" from 3888' to 4156". Pulled out of hole,
had a few tight places in hole. ’

12-30-76 Trip in hole with new reamer, cleaned out bridges, washed and reamed
‘ to bottom. Opened 12%" hole to 17%" from 4156' to 4216°'.

. 12-31-76 Opened 12" hole to 17%" fram 4216’ to 4410'.

1-1277  Opened 12%" hole to 17%" from 4410" to 4626".
1-2-77 Opened 12%" hole to 17%" from 4626' to 4677'. Conditioned mud.
~
1-3-77 Pulled out of hole and ran Birdwell logs. Made up 11-5/8" O.D. Globe

basket and junk sub and ran in hole.
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1-4-77 Pulled out of hole, no recovery. Made second trip with the basket,
no recovery. Ran 10%" O.D. magnet in the hole, recovered approxi-
mately 1 quart of bearings and pieces of cones. Ran magnet back in
hole.

1-5-77 Pulled magnet, no recovery. Made trip with 17%" hole opener and
conditioned hole to run casing. Started running 13-3/8" 0.D. casing.

1-6-77 Completed running 13-3/8" 0.D., ST&C casing, set at 4677.70'
(4661.70' GL) with a Baker guide shoe on bottom and a latch-in type
float collar at 4631.13" (4615.13' GL). The casing was run as
follows:

Weight
No. Joints Per Foot Grade Interval (GL)

21 68.00# . 5-80 4661.70' - 3733.48'
37 61.004# S-80 3733.48' - 2086.63"
53 54.50¢ K-55 2086.63' - o'

Céntralizers were placed at 4649', 4625', 4558' and 4520', all ground
level measurements. Then one centralizer on every other cellar to
1136' and one on every fourth collar to 515' and then one at 250'

from surface. Ran latch-in tool in the hole on 4%" drill pipe and
latched into collar. Cemented annulus using Halliburton with 6017.5
ft3 (2065 sacks) of Class "G" cement, 16% gel, 3% salt 0.2% CFR-2

and 1/4# per sack of Flocele followed by 287.5 ft3 (250 sacks) of
Class "G" cement and 1/4# per sack of Flocele. Cement in place at
1610 hours. Circulated out 250 sacks (728 ft3) of cement. Waited on
cement. ‘ ' :

1-7-77 Waited on cement to 0900 hours. Cut off the 20" 0.D. casing below
 ground level and welded a flange on the 13-3/8" 0.D. casing.

1-8-77 Installed Cameron .and Hydril blow out preventers on the flange and
started nippling up.

1-9-77 Completed nippling up. Pressure tested blow out equipment to 1000 psi.
Ran 12%" bit in the hole and drilled out float equipment.’

1-10-77 Completed drilling out cement and shoe. Pressure tested blow out
equipment to 1000 psi. Pulled out of hole and made up 8%" drilling
assembly. Ran in hole and corrected total depth from 4677' to 4679°
for hole made while fishing with a 11-3/4" Globe basket. Drilled 8l
hole from 4679' to 4831'. ’

1-11-77 Drilled 8%" hole from 4831' to 4870', measured out of the hole and
corrected depth to 4877'. Made trip with a magnet, no recovery. Made
up Christensen 6-3/4" core barrel with an 8%" diamond core bit and
cut core #4 from 4877' to 4907'.

1-12-77 Pulled out of hole and recovered 25' on core #4. Made up 8%" drilliﬁg
assembly and drilled from 4907' to 5108°'.

~
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1-13-77
1-14-77
1-15-77
1-16-77
1-17-77
1-18-77
1-19-77

1-20-77
1-21-77

1-22-77

1-23-77

1-24-77

1-25-77

1-26-77

1-27-77

1-28-77
1-29-77

1-30-77

1-31-77

Drilled 8%" hole from 5108' to 5410'.

Drilled 8%" hole from 5410' to 5654°'.
Drilled 8%" hole from 5654' to 5850'.
Drilled 8%" hole from 5850' to 6085'.
Drilled 8%" hole from 6085' ‘to 6140'.
Drilled 8%" hgle from 6140" to 6327°.
Drilled 8%" hole from 6327' to 6470'. Circulated samples to surface.

Pulled out of hole and made up core barrel with 8%" bit. Cut core #5
from 6470' to 6540°'. _ ’

Continued cutting core #5 from 6540' to 6556', recovered 88'. Ran
Schlumberger logs.

Completed running logs. Made trip with 84" bit and conditioned mud.

Made up Lynes straddle packefs and ran in hole on 4%" drill pipe for
drill stem test #2. Set packers from 6138' to 6248' and opened tool
at 0715 hours, packer failed at 0930 hours. Pulled out of hole. Re-
palred tool and ran back in hole for drill stem test #3. Set packers

~ from 6134' to 6244', opened tool at 2310 hours.

Completed test at 0700 hours. Worked packers loose and pulled out of
hole. Made trip with 8%" bit and conditioned mud. )

Made up test tool and ran in hole, set packers from 4898' to 4916'
for drill stem test #4. Opened tool at 0537 hours and completed test
at 1007 hours. Made up 12%" hole opener and ran in hole.

Opened hole from 4679' to 4976" . Made trip for hole opener at 4715';
bit locked. .

Opened 8%" hole to 12%" from 4976' to 5337'.

Opened 8%" hole to 12%" from 5337' to 5588'. Made trip for hole

opener at 5485'.

Opened 8%" hole to:12%" from 5588' to 5625'. Made trip for hole
opener at 5621'. ‘ - ’

Opened 8%" hole to 12%" from 5625' to 5789'. Pulled out of hole.

‘Changed out hole opener and ran in hole. Opened 8%" hole to 12%" from

5789' to 5900'.
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2-1-77

2-2-71
2-3-77
2-4-77

2-5-77
2-6-77

2-7-77
2-8-77
2-9-77

2-10-77

2-11-77

2-12-77

2-13-77

2-14-77

 Hole History -

Opened 85" hole to 12" from 5900' to 6056'. Pulled out of hole.

Changed out reamer and ran in hole. Opened 8%" hole to 12%" from
6056' to 6107'. -

Opened 8%" hole to 12%" from 6107' to 6181'.

- Opened 8%" hole to 12Y%" from 6181' to 6230'. Made trip for reamer

at 6204'.

Opened 8%" hole to 124" from 6230' to 6291'.

Opened 8%" hole to 12" from 6291' to 6357'.

Opened 8%" hole to 12%" from 6357' to 6388'. Made trip for hole
opener at 6367'.

Opened 8%" hole to 12%' from 6388' to 6429'. Made trip for hole
opener at 6409'.

Opened 84" hole to 12%" from 6429' to 6461°.

" Opened 8%" hole to 12%" from 6461' to 6505'. Conditioned hole and

pulled hole opener.

Ran Birdwell caliper log. Ran 45 joints of 9-5/8" O0.p., 40#, S-80,
Range 3, ST&C casing for a liner in the hole on 4" drill pipe with
a Brown 0il Tool float shoe on bottom and a Brown type 1 landing
collar at 6455' (6439' GL). Overall length of liner assembly was

- 1968.20'. Tagged bottom at 6505' and landed liner at 6503' (6487' GL)

with the top of the Brown CMC liner hanger at 4535' (4519' GL).
Centralizers at 6493', 6466' and 6445' KB with centralizers on every
other collar from joint #4 thru #35, joint #35 and #39.

Cemented annulus using Halliburton with 532 £t3 (350 sacks) of "Light"
cement, 10% salt and 0.75% CFR-2 followed by 590 £t3 (500 sacks) of
Class "G" cement, 10% salt and 0.75% CFR-2. Cement in place at 0500
hours. Displaced cement with 5 barrels of water followed by 191
barrels of muc, roold returns to surface. Released liner running tool
and pulled out of hole. Waited on cement to 2000 hours. Ran 12%"

bit in the hole and tagged cement at 3908'. ' :

Waited on cement until 0500 hours. Drilled cement from 3908' to 4520'.
Made trip for 8%" bit and drilled cement from 4520' to 4579', had
void to 6379'. Top of liner at 4535'.

Pressured up to 1000 psi for 30 minutes. Drilled out cement, landing
collar and shoe from 6379' to 6503' and cleaned out £ill to 6554°'.
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2-15-77

2-16-77"°

2-17-77

2-18-77

2-19-77

2-20-77

2-21-77

'Fished with magnet, recovered 1 quart of junk. Magnet had hit the

Cleaned out fill to 6559' and drilled 8%" hole to 6574'. Circulated
hole clean and pulled out of hole. Made trip with a magnet and Junk
basket, recovered bearings and buttons. Ran” back ih hélei e

top of the liner and the skirt was torn up. Made trip with the mag-
net and recovered 1 quart of junk. Made trip.with‘an,sk” bit to,
check liner top, liner not damaged. Made up 8%" diamond’ bit and -

core barrel. Reamed 30" to bottom and cut core, 6 from 6574' to 6577'.

Completed core #6 from 6574' to 6664', recovered 89'.~ Made up 8"
bit and 3 point Teamer. Tr1p 1n hole. ) L . o e e
Reamed 23' to bottom and drilled 8%" hole from 6664' to 6715'. Cir~
culated samples and ‘pulied 6ut of hole. Made- up core barrel and ran -
io:hole. Cut core #7 from 6715' to 6745'

Recovered 27.2' on core #7. Cut core #8 from 67&31 to 6775%, recovered

, 30 7. Ran 8%" bit 1n the hole, measur1ng drill plpe.

Corrected depth from 6775' to 6784'. Drilled- 8’" hole From 6784' to
6948' and twisted drill pipe off. Pulled out of hole and left drill-
ing assembly, 7 drili collars in“the hole. ~“*

Made’ up ‘overshot and fan in hole; latched onto fish and recovered ‘same.
Ran 8%" bit in the hole and drilled from 6948% to~7034": " ©

'TDrilled 8%" hole from 7034'" to 7070' . Pulled out of hole and ran mag-.
" metic partlcle inspectlon on the drill collars. Made up _core barrel

'tiiwith an’ 8" core bit and ran in hole. T Cut core #9 from 7 70' to 7078'.

2:23-77°

2-24~77

2-35-77

2-26-77.

2-27-77

2-28-77°7

3_f:iiuéi

Dt B pote oo TaeT w0 F0E.

"Pulled out; of hole and ran 8%” _cote b1t.%
) :7401" hole maklng water.\” ’

Sifrom 7422' to 7644' . e s e sy Pail g —

Made up’ 8"Corlng assélibly and ran in Hole. Cu
“to 7623'. 7 o T e EER

: Completed core #9 from 7078' to 7128 o recovered 54'::"Trié in with

%" bit.;w

1"i

Drilled 84" hole ffbﬁ”?lééf‘éB“iésf'f*

'refﬁfoffféé 7370' to

Completed core #10 from 7401' to 7422‘; recovered 51' F,ce of core
bit damaged. Ran 8%" bit and junk Sub in the hole. ' Drilled 8%" hole

W g

Drilled 8%" holé" from 7444, to 7600'  Circulatdd sauplés and pulled

out of hole.

Zéorgffff:from 76007
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3-2-77

3-3-77
3-4-77
3-5-77
3-6-77

3-7-77

3-8-77
3-9-77

3-10-77

3-11-77

3-12-77
3-13-77

314-77

3-15-77

3-16-77

3-17-77

Recovered 22.5'on core #11. Cut core #12 from 7623' to 7625', re-
covered 2'. Ran 8%'" bit in the hole and drilled from 7625' to 7640°'.

Circulated samples.

Pulled out of hole. Ran 8%" core bit in the hole and cut core #13
from 7640' to 7693°'.

Completed core #13 from 7693' to 7700', recovered 59'. Cut core #14
from 7700' to 7760°'. .

Recovered 59' on core #14. Cut core #15 from 7760' to 7820', re-
cavered 60'. . :

Cut core #16 from 7820' to 7865', recovered 38'. Ran 8%" bit in the
hole and drilled from 7865' to 7924'.

Drilled 8%" hole from 7924’ to 8083'. Circulated samples at 7975°'.

-

Drilled 8%" hole from 8083' to 8215'. Circulated samples to surface.
Pulled out of hole.

Made up 8%" core bit and cut core #17 from 8215' to 8238', recovered
21'. Ran 8%" bit in the hole and drilled from 8238' to 8311°.

Drilled 8%" hole from 8311' to 8532'.

Drilled 8%" hole from 8532' to 8624'. Made trip for bit at 8621'

and reamed 30' to bottom.

Drilled 8%" hole from 8624' to 8782'.  Circulated samﬁles at 8668°'.
Drilled 8%" hole from 8732' to 8934". Bit plugged, bullea out of hole.

Ran 8%" bit in the hole and hit top of liner at 4535'. Pulled out of

hole and found bit split. Changed out bit and made trip. Drilled 8%"
hole from 8934' to 9045'. Circulated out approximately 200 barrels of
water after being shut down for rig service.

Drilled 8%" hole from 9045' to 9216°'.

Drilled 8%" hole from 9216' to 9291'. Pulled out of hole, had inflow
of water. Changed out bit, reamed and washed 115' to bottom, had
water inflow. Drilled 8%" hole from 9291' to 9298'. Mixed mud to
control water flow. : . .

Drilled 8%" hole from 9298' to 9340' and hole started flowing water.
Pulled bit into casing and closed blow out preventer rams. Shut in
pressure was 125 psi. Mixed mud building weight to approximately
10.5# per gallon. Ran in hole with bit and tagged 47' of f£11ll in the
hole, plugged bit. Pulled out 5 stands and cleared bit, pumped in
approximately 750 barrels of mud. Pulled bit inside casing and mixed
additional mud. '
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3-18-77

3-19-77

3-20-77

3-21-77

3-22-77

3-23-77
3-24~77:

3-25-77.

3,'.-.2§‘~‘7"2~5-f

us
3

3-27-77

At

3-28-77

. w ey

h3;z9,55:

 3-30-77

3-31-77

g TR0
Wi ands

Ran back in hole and displaced water with mud. Started washing and »
reaming 175' off bottom. Drilled 84" hole from 9340' to 9375'. Cir-
culated samples. ’ S . o -

Made trip for bit _washed and reamed out of gauge hole to-9375'. Made

. trip with a magnet no recovery.

Ran 8’" core bit in the hole washed to’ bottom and rotary table 1ocked
up. Pulled core barrel and replace rotary table.

Completed repairs. Ran core barrel back in the hole and washed to

bottom. Cut core #18 from 9375' to 9388'

Recovered 11' on core #18 Cut core #19 from 9388' to 9394', re-
covered 6'. Ran Schlumberger logs.

Completed Schlumberger logs.‘ Ran Birdwell logs. ;;j

- Gompleted:Birdwell logs...Made trip to-condition. hole for testing.. ..

~ Ran.Lynes.dual:packers in the hole on 2- 7/8" 0.D. tubing ﬂ,Waited on...
daylight to open tool. . . coie i

‘Set ‘packers. from 9300': to 9394', Opened tool at .0805 hours for drill

_stem test #5, fluid. started dropping-in the annulus.. Laid down
packers, packer rubber had ruptured . 4

Changed out packets. Ran back in hole with packer spacing from 9228'

..to 19262'. and set.at 1305 hours for -drill stem test #6. A Rigged up to -

swab and could not get below 50'. Replaced tubing subs .and reset
packers.

Waited until daylight to open tool. Ran drill steu test f#6A from 6636

: hotuts .to".1600 :hours. .Openéd :tool -to: test: below ‘and between packers.’.-

for drill stem test #7 at 1600 hours.

vy e - _J . s e - R

Continued testing.- Filled tubing with water and could not release
i;packers, ;. ‘Worked tubing attempting to :free packers

D e R Soa L e

Continued working stuck test tool.

Continued working stuck test tool Ran Otis-bailer andJsand pumpaandA

. -4 caught-water samples. <Ran McCullough .free point jndicator; tool.not;.:
M,working properly.r; R R R AP S

Continued working stuck test tool McCullough free point>indicator
showed 2-7/8" 0.D. tubing free at 6900'. Perforated tublng with

" HcCullough Chem, Shot,, two,-3/8!. hole- 180° apart at 9119. 5'... Broke-cir~
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4-2-77

" 4-3-77

4-4-77

4-5-77
4-6-717
4-7-77

4-8-717

4-9-77

| 4-10-77
4-11-7?
4-12-77
4;13—77'
4-14-77

4-15-77

4-16-77

. Continued working tubing and circulating mud. Waited on Otis tools

until 1930 hours. Ran Otis sand pump inside the 2-7/8" 0.D. tubing.

Ran sand pump to 9185' for several runs and tubing began to fill up
to 9150'. Recovered heavy mud with some sand and shale. Ran
McCullough free point indicator, tubing stuck at 6845'. Ran chemical
shot and cut tubing ar 6807'. . Started pulling tubing.

Completed pulling tubing. Ran Rucker Acme overshot, jars and bumper
sub in the hole. Worked over fish and jarred loose. Pulled out of hole.

Laid down 2-7/8" 0.D. tubing and Lynes packers, recovered all of fish
except top rubber off of the top dual packer. Made trip with 8%" bit
and conditioned mud for testing. .

~ Made up Lynes test tool for drill stem test #8. Made 4 trips with tool,

could not get past liner top on 2 trips and could not set packers on
2 trips. -

Made trip with straddle packers and also with a standard test tool,
could not set packers. Made up Lynes straddle packers and started
in hole on 2-7/8" 0.D. tubing.

Set packers to test zone from 8115' to 8335' for drill stem test 8.

‘Started test at 0805 hours.

Completed test at 0530 hours. Released packers and pulled ocut of hole.
Dressed test tool and ran in hole to test zone from 8030' to 8250’
for drill stem test #9. Could not set packers.

" Pulled tool and found bottom packer had ruptured. Made trip with 8%"
‘bit to 8700' ‘and conditioned mud.

Ran Birdwell logs. Made up Lynes straddle packers and ran in hole on
2—7/8" 0.D. tubing for drill stem test #10. }

Set packers from 8115' to 8355'. Opened tool at 0854 hours and started
test.

Continued testing to 1830 hours. Pulled up the hole and reset packers
from 7775' to 8015' for drill stem test #11.

Startéd test at 0115 hours and continued to 2100 hours. Released
packers and pulled out of hole.

Cbmpleted pulling out of hole. Changed out test tool and ran in hole.
Set packers from 6449' to 6689' for drill stem test #12. Started
test at 1930 hours. ’

Continued testing to 0245 hours. Reset packers from 6814' to 7054
for drill stem test #13. Started test at 0711 hours.
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4-17-77
4-18-77
4-19-77

4-20-77

4-21-77
4-22-77

4-23-77

4-24-77
4-25-77

4-26-77

4-27-77

4-28-77

s
Continued testing to 0515 hours. Reset packers from 7074' to 7314'
for drill stem test #14. Started test at 0932 hours and completed .
at 1515 hours. Reset packers from 7064' to 7304' for drill stem
test #14A. Started test at 1700 hours.

Compieted tgst at 1130 hours. Reset packers from 6449' to 6689' to
check drill stem test #12. Released packers at 1630 hours and pulled
out of hole. Started in hole with an 8%" bit. :

Completed trip to condition mud for further testiné. Made up. test
tool with dual packers and started in hole with 2-7/8" 0.D. tubing.

. Completed trip in hole and set packers from 7305' to 7545' for drill

stem test #15. Started test at 0800 hours and completed at 1600 hours.
Reset packers from 7525' to 7765' for drill stem test #16. Started
test at 1730 hours. ‘

Completed test at 1700 hours.  Moved up hole 10' and set packers from
7515' to 7755' for bypass test. Opened tool at 1830 hours.

Completed test at 0100 hours and pulled out of hole. Made up.double

packer test tool and ran in hole on 2-7/8" 0.D. tubing.

Set packers at 8520' to test zone from 8520' to total depth at 9394'
for drill stem test #17. Started test at 0300 hours and continued
to 1430 hours. Released packers and conditioned mud and build up
volume. :

Conditioned mud,-worked toel loose and‘laid'down tubihg ana'test tool.
Laid down tubing and loaded out test holes.

Laid down drill collars. Ran 41" drilllpipe in hole open ended and

pushed packer rubber to bottom at 9394'. Plugged back hole using
Halliburton with 220.8 ft3 (120 sacks) of "Light' cement, 1# of mud
kill per sack and 0.2% of :HR-4. Top of cement at 9100'. Cement in
place at 1905 hours. Pulled up the hole to 8900' and set plug #2
with 304.2 ft3 (180 sacks) of "Light" cement, 1# of mud kill per sack-
and 0.2% of HR-4. Top of cement at 8450', Cement in place at 1930
hours. Pulled out of hole.

ﬁemoved blow ocut préven:ers and installed wéli-head equipment. Ran
drill pipe in the hole and tapgged cement at 8438'. Displaced mud
from the hole. ' Laid down drill pipe. Hole flowing muddy water.

Laid down drill pipe and connected 2" flow line from hole to pit.

-Rig released at 1600 hours. Drilling.operations completed.-
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Core Interval
No. Ft.
1 '1078' - 1108'
2 1969' - 1999'
3 4343" - 4369
4 4877' ~ 4907'
5. _6470"' - 6556°
6 6574' - 6664' .
7 6715' - 6745"'
8 6745' -~ 6775"
9 7070' - 7128'
10 7370' - 7422'
11 7600' - 7623'
12 7623' - 7625°'
13 7640' - 7700'
14 7700' - 7760'
15 7760' - 7820"'
16 7820' - 7865'
17 8215' - 8238'
18 9375' - 9388'
19 . - 9388' - 9394'

CORE RECORD

Weight Circulating
On Bit Pressure Feet Feet
10004 psi Cored Recovered
15-18 850 30 28
16 850 30 25
15~18 800 26 26
20 900 30 25
20 800 86 88
20 . 750 90 89
20 800 30 27.2
20 800-850 - 30 30.7
20 900 58 54
20~-22 850-1000 52 51
20-25 1000 23 22.5
25 1000 2 2
20-25 1000 60 59
25 -1000 60 59
25 1000 60 60
25 1000 45 38
25 750 23 21
25 1100 13 11
25 - 1450 _6 _6
TOTALS 754 . 722.4
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Make Size
Hughes 17%"
Grant - 26"
Security - 8"
Security gL"
Security 8%"
Security 8k"
Security 8"
Security 8"
Grant . 123",
Grant. 12"
Grant 123"
Grant . 125"
Grant 175"
Grant 17%"
Grant = 17%"
Crant 17%"
Security 124"
Security 8"
Security 8"
Security 8%"
Security
Grant 12%"
Grant 125"
Grant- 123"
Grant 12%"
Grant" 12%" -
Grant 125"
Security 12%'
Grant 12%"
Security 123"
8%"
Security 84"
Security 8L"
Security 8%"
Security 8"
Security 8k"
Security 84"
Security 84"
Security 84"
Security 8%"
Security 8%"

BIT RECORD
Depth
Type Out
OSC3A. 430'
Hole Opener 423"
$35 1078"
S35 1965°
S3J 3442"
S4TGT 4343"
S4TGT - . .
M44N 4677"
Hole Opener 2538"
Hole Opener 3698
Hole Opener 4162' .
Hole Opener 4677
Hole Opener 3286"'
Hole Opener 4156"
Hole Opener 46640"
Hole Opener 4677
S4TJ
S4TGJI 4877'
S86F 6133'
M89F - 6470"
Hole Opener 4715'
Hole Opener 5485
Hole Opener 5621"'
Hole Opener 5789'
Hole Opener 6056
Hole Opener 6204"
Hole Opener 6367'
Hole Opener 6409'
Hole Opener 6505"
6574"
M4NG 6715"' .
M44L 6948"
M4NJ 7070'
M89F 7370
M84F 7600"
7640"
M84F 8215"
S88F 8621"
MBITF 8934°
9291"
M89F 9375
H100F 9375"'

26

Feet Rotating
Drilled Hours
360" 23%
353" 31-3/4
648" 30%
887’ 39%
1443' 40
901" 35-3/4
313" "20-3/4
2108"' . B4%
1160’ 48-3/4
464" 24
515" 37-3/4
2856" 117%
870" v 52
484" 65%
37° 7%
198" 14-3/4
1226' 1%
337° 46
38! -3
770" 45%
136" 24k
168" 19
267" 43y
148" 51
163" 62%
42" 21
96" 50%
15" 4-3/4
51! 8
164" 193
122° 18%
242" 44-3/4
178" 24-3/4
© 15t 2
350" 41:
383" 45%
313 37%
357" 46%
84" 13-3/4
o' :

'Retip

Fill

Cement

Circulate

Cement
& Cement



Madison {2
Hole History

Page 14
' CORE BITS
Bit Depth ' ] Feet Rotating
No. Make Size Type Qut Drilled Hours
1 Christensen  8%" MC20 1108' 30" U
' 1999"' 30! 5%
4369' 26’ 2-3/4.
4907° 30" 3-3/4
6559' .. 89’ 15-3/4
6664 90" 17-3/4 -
6745' . - 30" 6%
6775' 30' 12k
7128' 58° 21l
7422" . 52! 26-3/4
7625" : -25' 17
TOTAL . . 490" 140-3/4
2 . Christemsen  8%"  MC23 7865 225" 47%
8238' 23' 3
9394 ) 19°' 13%
TOTAL 267" : 64
DEVIATION SURVEYS
Date Depth-Ft. Deviation-Degrees Date Depth~Ft. Deviation-Degrees
11-17-76 128 1/4 12-3-76 2371 - 1/2
’ 260 3/4 . 2901 - 3/4
321 1/2 12-4-76 3149 3/4
11-18-76 397 - 3/4 o 3395 . 3/4
11-26-76 499 3/4 ' - 12-5-76 3645 3/4
11-27-76 826 o 314 : 3900 1
11-28-76 982 3/4 12-6-76 4141 3/4.
11-30~76 1196 . 3/4 - 12-8-76 4500 ) 1
1259 1 1-13-77 5171 ) 1
1339 . 3/4 1-14-77 5560 ) 1/4
12-1-76 1432 3/4 1-16-77 5968 1/4
1558 ] 3/4 1-19-77 6375 1/2
1747 3/4 3-8-77 8215 1
12-2-76 2027 1/2 3-13-77 8934 ] ’ 3/4
2374 1/2 ) C : '

27



Madison #2
Hole History
Page 15

Type Log
Birdwell Logs’

Electric )
Gamma Ray-Induction
Guard

Caliper
3-D Velocity - 3'
3-D Velocity - 6'

Density Borehole Compensated

Temperature
Velocity

Elastic Properties

Caliper

Neutron Borehole Compensated

Caliper
Caliper
Temperature

Gamma Ray - Caliper

Schlﬁmbefgg; Logs
Cement Bond
Electrical
Compensated Neutron -

Formation Density
Dual Laterolog

Dual Induction =~ Laterolog

Borehole Ccmpensated Sonic

Continuous Dipmeter
Temperature

Dual Induction - Laterolbg
Fracture Identification

LOG INDEX SHEET

28

Run. Depth -~ Debth
Date No. Driller Logger
12-9-76 1 4677 4657.5°'
12-9-76 1 4677 4657.5"
12-9-76 1 4677 4657.5"
12-10-76 1 4677 4658"
12-10-76 1 4677" 4658"
12-10-76 1 4677" 4658
12-11-76 1 4677 4658"'
" 12-11-76 1 46771 4658
12-11-76 1 4677 4658
12-20-76 1 4677 4658"
1-3-77 1 4677 4659
1-3-77 1 4677 4659
2-11-77 2 6505 6505
3-22-77 3 9394' 9384
3-23-77 3 9394" 9384"'
4-10-77 3 - 9394 NR
1-21-77 2 6559 NR
1-21-77 2 6559" 6566'
1-21-77 2 6559 6566
1-21-77 2 6559" 6567"'
1-21-77 2 6559" 6567
1-21-77 . 2 6559 6566
1-22-77 2 6559" 6566"
1-22-77 2 6559' 6567
3-22-77 3 9394" 9396
. 3-22-77 3 9394" 9396

Logged
From To
416" 4655.5"
416" 4652
416" 4651.5"
280' 4654
100’ 4654
60' 4655"
416" 4655"
300' 4658"'
430' 4658"
430" 4658'
o' 4649"
0' 4654"
4610° 6504
6400°' 9382'
100’ 9384
6490 8500°
0 4678"
4678 6565
4678' 6565"
4678"' 6553
4678 6561"'
4678 6555
4677 6565"
62' 6566"
6515"' 9390"
6512° 9395°

R .



Madison #2
Hole History

‘Page 16
LOG_INDEX SHEET
Run Depth Depth Logged
Type log Date No. Driller Logger From To
Schlumberger Logs (cont'd)
Cement.Quality 3-23-77 3 9394' NR - 4668" 6527
Electrical 3-23-77 3 9394 9397° 6518 9396'
Dual Laterolog . 3-23-77 3 9394 9395' 6515' 9382'
Compensated Neutron - 3-23-77 3 9394" 9397"' 6516 9396°
Formation Density .

Borehole Compensated Sonic  3-23-77 3 9394 9395' ~ 6515' 9384
Temperature 3-23-77 3 9394 9396"' - o' 9396"

NOTE: Logs furnished by the USGS.
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Date
11-28-76
12- 1-76

\O 0O~ OV 2

Depth

1078 .

1536
3304

3879 -
4317 ..
4343 -
4hok .. .

4682

Reaming to 123"

12-13-76
1k

15
16
W7
18
20
21

1270
1543
2042
2493

3102
3465

4282
L477

Reaming to 173"

12-22-76
23
24
25
27
28
29
30
31

1 = 1-77
' 2
5
11
14
15
16
17
18
19

880

1033 .

1657
2049
3400
3563
3991
4156
4289

L5739
4640
4677
4870

‘5543

5717
5884
6119
6267
6386
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MUD SUMMARY
(Wyoming Mud Co.)
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o 33
"Mud Summary < 2

Yid. - Wtr. S 2

Date Depth Wt. Visc. Pt. Loss PH Solids
1-20-77 6484 . 9.1. ° 50 - 10°- 10.6 10.5 2.8
- 24 - 6559 9.2 45 10 10.8 10.0 3.2
Reaming: to 123"

1-28-77- - 5511 . 9.1 Lo, 5 14.0 - 9.0: . 2.6
-:.29 - 5615 . 9.3 39 5 10.2 10.0 . 2.9

30 5681 . 9.3 38 5 10.0 10.5 3.0
2- 1-77 - 6011 9.1 39 10 11.8 10.5 2.8

2 6078 . 9.1 34 5 12.4 10.5 1.9

4 6199 9.1 Y] 5 10.8 10.5 2.1
5 6268 9.1 38 5 11.2 10.5 2.0
6 . 6311 9.1 40 10 11.6 10.5 2.2
8 6413 9.1 - 38 5 10.8 10.5 2.2
-9 6439 9.1 39 5 10.8 10.5 2.1

10 6471 9.1 43 - 10 10.4 10.5 2.2
Drilling new hole
2-15-77 6566 8.7 34 5 16.2 10.0 1.8
- 16 " 6574 8.7 45 10 10. 4 10.5 1.9

17 6624 8.8 5 10 10.8 10.5 1.9 -

18 6703 8.8 L4 15 11.2 10.5 1.9

20 6835 8.9 43 10 11.4 10.5 1.9

22 7070 8.9 b2 10 11.2 10.5 1.8

23 7123 8.9 kg 10 11.0 10.5 1.9

24 7177 8.9 43 i0 10.8 10.5 1.9

25 7292 8.9 42 5 10.6 10.5 1.9

26 7376 8.9 36 0 20.0 10.5 1.7

27 7517 8.9 35 5 10.8 10.5 1.9

28 7499 8.9 42 5 10.6 10.5 1.9
3- 1-77 7621 9.0 4o 5 10.8 10.5

2 .7623 9.0 Lo 5 11.2 10.5 1.9

3 © 7648 8.8 Lo 5 11.1 10.5 j.8

4 “7703 . 9.0 I 5 11.2 10.5 1.9

5 . 7778 43 10 10.6 10.5 1.9

7 . 7985 8.8 ho 10 11.2 10.5 1.9

8 8157 8.8 4o 5 1.4 10.5 1.9

1 o 8583 8.8 L6 15 10.8 10.5 1.9

12 8675 8.7 3] 10 11.4 10.5 1.8

13 ' o '
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Mud Summary - 3

Yid. Wer. g .

Date Depth We. . Visc. Pt. Loss pH Solids
3-14-77 8476 8.7 - ko 5 N.s 105 < 1.8

15 - 9125 . 8.8 Lo . 10 11.0 9.5 1.8

16 S : _ , :

17 9341 9.9 48 5 6.0 -9.0 5.0 Barite

18 :

19 9341 9.9 48 .5 16.0 9.0 5.0 *

21 - 9376 10.0 - L 10 . 14.2 9.0 5.0
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Geology of test well

The following log tops (formation tops) and lithology were photocopied
from the report from Hegna, Kerns, and Traut. The stratigraphic nomenclature
from their report and that on table 1 have not been checked for conformance
with the nomenclature presently used by the U.S. Geological Survey.

The core-analysis results are from the report furnished by the Core
Laboratorles, Inc., Denver, Colo.

Table 1.--Core intervals

[Depths are from kelly bushing (2,809 ft above sea level),
which is 16 ft above land surface]

Interval Cored -Recovered
Core Formation
(depth in ft) (ft) (ft)

1 1,078-1,108 30 28 Pierre Shale (Bearpaw Shale)

2 1,969-1,999 30 25 Telegraph Creek

3 4,343-4,369 26 - 26 . Newcastle Sandstone

4 4,877-4,907 30 25 Lakota Sandstone

5 6,470-6,556 86 88 Minnelusa and Madison (Chaflés)
6 - 6,574-6,664 .90 89 Madison (Charles and Mission Canyon)
7 6,715-6,745 30 27.2 Madison (Mission Canyon)

8 . 6,745-6,775 30 30.7 Madison (Mission Canyon)

9 7,070-7,128 58 54 Madison (Mission Canyon)
10 7,370-7,422 52 - 51 ‘Madison (Lodgepole)
11 7,600-7,623 23 22,5  Madison (Lodgepole)
12 7,623-7,625 2 2 Madison (Lodgepole)
13 7,640-7,700 60_ 59 Madison and Devonian
14 7,700-7,760 60 59 ’ Devonian (Three Forks-Jefferson)
15 7,760-7,820 60 60 - Devonian (Three Forks-Jefferson)
16 7,820-7,865 45 38 Devonian and Silurian (Interlake)
17 8,215-8,238 23 21 .  Red River
18 _9,375—9,388 13 11 P;ecambrian‘
19 9,388-9, 394 6 6 Precambrian

Totals 754 722.4
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LOG TOPS

(Formation Tops)-

" Bearpaw Shale - L I YT

Judith River : T ‘ 1168"
Clagget , 1284
Eagle ‘ T 1672
Shannon Sandstone Member .. : . i 1840"
Telegraph Creek 1852
Niobrara : 2764°
Greenhorn. o 3406
Mowry 4Lo81"
. Newcastle- - FERRT A ¥3:7 &
~ Skull .Creek . .. ) » 4388
Colorado Sile 3 o .. h55Hr
Logger TD ' . : .. hése'
"Driller TD R S 4682
. Strap ) 4677
Dakota . o Lo -.h680'
JURASSIC T . SV o
Morrison _: o -»“1h926'
Swift’ i 5095
Spearfish - ' ; Gt Tt 56g2Y
Minnekahta . 6024
‘ Opeche " " - : T T 603k
Minnelusa ] . .. ,6094"
MISSISSIPPIAN - ’ o
: - Madison . . : : ) : -}5&8&‘
_Logger TD 6567
Driller TD . ’ - : 6559
M-12 . . _ 6640
" M-8.5 ; ' . : 6742
 Lodgepole . - . R A1 3
T M-3 ' o CO73740
_ DEVON I AN . ) R
Three Forks-Jefferson . 7662
.SILURIAN ’ i S
Interlake . . 7846
"ORDOVICIAN ST
Stony Mountain-Gunton Member ‘ o .7977"
Penitentiary Shale Member 7 Bos0!
Red River . - T, . 8106"
Roughlock Sandstone . , 8558
: |cebox Shale: ' S .- 8623°
Winnipeg Sandstone ) . 8667
CAMBR1AN ‘ ’ C B
Deadwood.. - . : S .. 8676
Gros Ventre Shale ’ ' - 8876
Flathead Sandstone . g 9224
PRECAMBRIAN , _ 9300

Total Depth . 9394
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LITHOLOGY

Claystone, light gray, soft w/some carbonaceous interbeds, lo~
cally sandy, light gray, bentonite common
Sandstone, light gray, fine grained, subangular, calcareous,

Sandstone, light gray, fine/medium grained; subangular, friable,

Siltstone, light gray w/abundant clay matrix

Claystone, light gray w/some dark gray carbonaceous material
Sandstone, light gray, very fine grained/fine grained, clay
infilled, friable, subangular, calcareous, fair/good effective

Sandstone, light gray, fine grained, subangular, carbonaceous,
Claystone, light gray, very bentonitic, silty

Shale, medium/light gray, calcaredus, silty, locally bentonitic
Shale, medium/1ight gray, calcareous w/occasional shell frag-
ment, locally very bentonitic, trace mica

Shale, medium/light gray, calcareous w/abundant light gray

Shale, medium/dark gray w/shell fragments, bentonitic
Shale, ‘medium gray, very bentonitic, slightly calcareous, some

Shale, medium/dark gray,.very slight/noncalcareous, fissile
{""poker chip''), locally fossiliferous, some pyrite replace-
ment of fossils, conchoidal fracture on break, no apparent

Shale, medium/dark gray, occasional) shell fragment

Shale, brownish gray, soft w/some calcareous shell fragments
Siltstone, light brown, very argillaceous, soft, noncalcareous
Shale, medium/dark gray .

Siltstone and shale, light brownish gray, soft

Shale, light brownish gray/brown, trace siltstone

0- 130
190- 230
' abundant clay matrix
230- 250 Siltstone, light gray, clay Infllled
250- 270
: . mostly unconsolidated .
270~ 250
290- 310
310~ 350
porosity
350- 360 -Bentonite, light gray, silty
360~ 400
: calcareous, abundant clay matrix
400- 420
420~ 500 No samples
500-. 700
- 700~ 900
900~ 960"
. bentonite
960-1000
1000-1078
mica and shell material
1078-1108 Core #1 - recovered 28"
1078-1108
vertical fracture
1110-1140 No samples
1140-1180
1180-1210
1210-1220
1220-1230
1230-1250
1250-1270 -Shale, medium gray, bentonitic
1270-1350
1350-1360 Shale, brown/tan w/trace siltstone
1360-1370 Shale, medium gray
1370-1380 Shale, brownish gray
1380-1400

Siltstone, light gray, very argillaceous, clay infilled matrix
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Lithology - 2

1400-1480 Shale, gray and brownish gray, very bentonitic, soft

1480-1500 Siltstone, medium gray, very argillaceous, very bentonitic

1500-1540 Siltstone and shale, medium gray, soft, slightly calcareous

1540-1560 Shale, gray, bentonitic

1560-1570 Siltstone, medium/light gray, calcareous, very argillaceous

1570-1580 Shale, medium gray, soft, bentonitic

1580-1590 Shale, brown, bentonitit, carbonaceous

1590-1680 Shale, medium gray, soft’ bentonitic w/few inoceramus prisms
' and shells

1680-1700 Shale and siltstone, medium/dark gray, soft, abundant clay

infill

1700-1710 Shale, medium gray w/white bentonite

1710-1720 Shale, dark gray, limy

1720-1820 ~ Shale, medium/dark gray, soft w/white bentonite, calcareous

1820-1830 Sandstone, gray, mushy, very argillaceous, very fine grained

1830~1850 Siltstone, dark gray, argillaceous w/abundant white bentonite

1850-1880 Siltstone and shale, dark gray w/white bentonite

1880-1965 Shale as above w/trace sandstone, light gray, very fine, grained,

glauconitic, soft, mushy, argillaceous, SLM correction down &'

1969~1999 Core #2 - recovered 25!

Shale, dark gray, soft, mushy, bentonitré, very low fissility,
vertical fracture @ 1969-1970', locally silty, sandy @ 1973",
1988, 1992', and 1994', some shell debris @ 1991' w/pyrite in
hairline fractures

2000-2190 Shale, dark gray, locally silty w/white bentonite, trace shell
] . fragments,. trace pyrite

2190-2370 Shale, medium gray, soft, bentonitic

2370-2410 Shale as above, very bentonitic

2410-2490 Shale, medium gray, soft, calcareous, silty, trace pyrite

2490-2630 Shale, medium gray, soft w/white bentonite, silty, calcareous

2630-2730 Shale, dark gray, soft, splintery, calcareous, occasional shell

fragment

2730-2770 Shale, medium gray, soft, bentonitic

N1OBRARA

2770-3000 Shale, medium/dark gray w/tan, calcareous specks, very soft

3000-3300 Shale, dark gray, bentonitic, soft

3300~-3350 Siltstone, light gray w/shale, medium gray

3350-3400 Shale, medium gray, silty :

GREENHORN
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Lithology - 3

3400-3490
3490-3530
3530-3700
3700-3720
3720-3770
3770-3920

3920-3950
3950-4070

L070-4090
4090-4260
4260-4280

4280-4320

15

Shale as above w/white chalky lnmestone, occasnonal tan ]ume-
stone

Shale, medium/dark gray, soft, spllntery

Shale as above, bentonitic

Sandstone, gray, fine grained, subangular, very calcareous,
very argillaceous, friable, very low effective porosity
Siltstone, derk gray, calcareous, argillaceous w/shale,
splintery, dark gray .

Shale, dark gray, soft, splintery, locally bentonutsc, some
siltstone interbeds

Sandstone, medium gray, very fine grained, very argillaceous,.
white clay infill, very low effective porosity, slightly
calcareous, trace glauconite

Shale, and siltstone, medium gray, trace glauconite, some
interbedded sandstone, light gray, very fine grained low
porosity -

Shale, dark gray, soft w/light gray bentonlte, few free coarse
quartz grains

Shale, dark gray/brownish gray, chunky, siliceous, some silt-
stone laminae, occasional interbedded light gray bentonite
Siltstone, gray, very argillaceous, slightly calcareous w/some
white bentonite w/brown mica

Shale, dark gray, soft, bentonitic, silty

NEWCASTLE SANDSTONE -

4330

4343

b2k-L3Ag

Circulating
Sandstone, light gray, very fine grained, glauconitic, frlable,
low porosity

Circulating

Sandstone, white/light tan, very fine grained/fine gralned
hard, subangular, very siliceous, noncalcareous, trace white
chert, trace pyrite, low porosity, no fluorescence, no cut

Core #3 - recovered 26'

4343 -43413

u3hby-4349%

4349%-4351
4351 -h355%

Sandstone, light gray, very fine grained, subangular, friable,.
noncalcareous, some white clay infill, alternating w/thin bedded
dark gray shale, fair porosity

.Sandstone, light gray, fine grained/very fine grained, sub-

angular, trace mica, noncalcareous, bleeding water, good
porosity, few isolated shale partings

Sandstone as above w/increasing shale, very thin bedded

As above; light gray, very fine grained w/shale partings, low/
good porosity, some white clay infill, noncalcareous, bleeding

"water
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Lithology - &

4355% 2 inch section of dark gray shale

43553-4361 Sandstone, medium gray, very fine grained, argillaceous’, mica
: common, very thin varved bedding, ''poker chip” fracture, low
. porosity -
4361 -4364% Sandstone, light gray, fine grained, subangular, noncalcareous,
. few isolated shale partings, good porosity, bleeding water
C h3643-43663 Sandstone and shale, alternating in varved bedding, sandstone,
. light gray, noncalcareous, clay infill, mica common, low porosity
4366%-4367 Sandstone, light gray, very fine grained, argillaceous, fair/
‘ low porosity, bleeding water
4367 -4369 Sandstone and shale interbedded, bedding more distorted than
above thin beds, fair/low porosity in sandstone
4369-4390 . Sandstone, light gray, very fine grained, white clay infill w/
thin shale laminae, low porosity
4390-4410 Sandstone, .l1ight gray/white, fine grained, subangular, friable,
abundant white clay infill, low porosity, mica common
L410-4560 Shale, dark gray, soft, bentonitic, splintery, calcareous

COLORADO SILT

4560-4600 Shale as above w/siltstone laminae, light gray, noncalcareous,
. trace pyrite

L600-4660 Shale, dark gray, splintery w/siltstone, gray, bentonitic

L660-4680 Siltstone, dark gray, hard, very argillaceous, calcareous w/

shale as above

4682 Circulating
Siltstone, medium gray, hard, calcareous, occasional grading
to very fine grained sandstone, very low porosity, argilla-

ceous
4677-4678 Core #3A (Junk Sub)
L677-4678 Shale, dark gray w/interbedded siltstone, light/medium gray,
abundant sedimentary flow and slump structures, thin bedded
h678-h690 Shale, dark gray w/siltstone, light gray, mushy, bentonitic
INYAN KARA
h690f4720 Sandstone, light gray, medium grained, white clay matrix w/

siltstone as above, trace orange chert, few free coarse quartz
grains {(sample mostly cement)

4720-4760 Siltstone/sandstone, light gray, very fine grained, argilla-
ceous, mushy
4760-4820 Sandstone, clear/white, very fine grained/coarse, subangular,

mostly unconsolidated, good porosity
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Lithology - 5

17

' Sandstone, white/clear, very fine grained/medium gfained._sili-
ceous, subangular, friable, fai;/good porosity

Sandstone as above w/trace orange chert

kBZQ:h87Q
. 4870 Circulating
b877 5307 . Core #E - recovered 25"

4877 -4886i

4886%-4888
4888 -L8s0
890 ~-4902
4902-£920
4920-4530

MORRISON

4930-5020

Sandstone, medium gray, very fine grained, hard, brittle, sili~
ceous, noncalcareous, subangular, trace mica, thin bed, low
porosity w/sandstone laminae and interbeds, light gray, fine
grained/medium grained, subangular

Sandstone, white/light gray, fine grained/coarse, subangular,
abundant white clay matrix, some low grade coal, low porosity,
bleeding water ‘
Sandstone, medium gray, very fine grained, hard, low porosity,
siliceous

Sandstone, white/clear, coarse, subangular, clean, fair/good
sort; frnable/unconsolldated, soft, excellent porosity, bleed-
ing water

No samples

Sandstone, ]lght gray/white, coarse, subangular, mostly uncon-

-solidated, some frosted grains

Shale, greenlsh gray, waxy, soft, trace maroon, brown and yel-

T low

5020-5050

5050-5060
5060-5100

SWIFT

5100-5150
5150-5170

5170-5250
" 5250-5350

5350-5400

Sandstone, light gray/greenish gray/yellow gray, very flne
grained/fine grained, subangular, fair/good porosity, few free
coarse quartz grains

Shale, yellow, maroon, gray, green, purple, trace pyrite, soft

. Shale as above w/sandstone, white, very fine grained/fine grained,

clay infill, fair/low porosity

Shale, green/greenish gray, mottled, red, soft, subwaxy
Sandstone, white, fine grained, subangular, sllghtly calcareous,

_fair/low porosity, trace glauconite

Sha]e, greenish gray, mottled, maroon/purp]e, trace pyrite,

" some brown/yellow shale

Shale, gray/greenish gray, mottled, maroon, waxy, locally inter-
bedded w/siltstone and sandstone, very fine gralned light gray,

~glauconitic

Shale, gray/light gray/green:sh gray, -very spllntery, subwaxy
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5400-5510 Shale, greenish gray, mottled, marcon, subwaxy, soft, splintery
w/some sandstone, very fine grained, white, low porosity, glau-
conitic, calcareous, trace limestone, gray, dense '

5510-5530 Limestone, light gray/whlte, chalky, locally sandy

5530-5570 Shale, llght greenish gray, subwaxy, soft w/some Ilmestone, tan,
light gray, argillaceous, chalky, low porosity )

£570-5590 Shale, greenish gray, mottled, yellow, spllntery, very calcare=

. ous

5590-5620 Shale as above, mottled, maroon

5620-5690 Limestone, tan, earthy, low porosity w/gray shale as above

5690-5750 Shale/siltstone, red, very calcareous, trace whxte gypsum w/tan
limestone, dense and gray green shale

5750~5790 Very poor sample, mostly green shale cavings, trace red/maroon

' shale

5790-5880 Shale, maroon, silty w/some white anhydrite, some . white chalky
limestone .

5880-5930 == Shale, maroon/brick red w/some gypsum interbedded

£930-5990 Shale, maroon/brick red, stlty, some interbedded white anhydrite
and light gray limestone

5950-6020 Shale/siltstone, brick red w/some lnterbedded white dolomitic
anhydrite

6020-6030 Limestone, light gray/tan, chalky, argillaceous, pelletondal

6030-6040 ~ Limestone as. above w/red shale

6040-6050 Dolomite, light gray/white, chalky/sucrosic, low porosity

6050-6080 Shale, siltstone, brick red w/white anhydrite, few free coarse
quartz grains

6080-6090 Sandstone, brick red, very fine grained/coarse, calcareous, low

. ‘porosity, trace dolomite, pink
6030-6110 Limestone, white/light gray, dolomitic, earthy, low porosity,

trace white sandstone, very fine grained, subangular, anhydritic

MINNELUSA
6110-6140 bolomite, . light gray, sandy/sucrosic, low porosity, hard C
6140-6150 Sandstone, white, fine grained/very fine grained, subangular,
abundant white clay infill, low porosity
6150-6170 Dolomite, light gray/pink, densc, '~w ro-zsity
-6170-6190 Sandstone, white, fine grained, very dolomitic, some whnte
. anhydrite, low/fair porosity, some wnlte clay infill, friable,

’ : trace white chert ’

6190-6210 Sandstone, white, fine grained w/white dolomlte interbedded and
’ ' abundant white chert

6210-6250 Dolomite, white/light gray, sandy, hard w/abundant white chert
6250-6300 - Dolomite, light gray/white, finely crystalline, dense, low

. : porosity ' .
6300-6350 Dolomite, light gray/pink, low porosity w/some lavender shale,

trace clear anhydrite
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Dolomite, pink/lavender, arglllaceous, dense w/lavender/maroon

As above w/trace anhydrite, white/clear

Siltstone/shale, orange/bright red, dolomitic, mottled vyellow
w/lavender shale and dolomite, pnnk/whlte, argl]]aceous

Shale, brick red and lavender w/dolomlte, coarse crystallune,
trace sandstone, white/orange, very fine grained, fair porosity
Dolomite, white, very sandy/coarse crystalline w/some brick

Sandstone, very fine grained and siltstone, brick red, dolo-
mitic, argillaceous w/lavender dolomitic shale mottled green

Claystone, brick red, subwaxy w/few small dolomite clasts

Limestone, light gray, hard, some breccia texture
Limestone, dolomitic, breccia, red argnllaceous matrix w/lnght

Limestone, light gray, hard, dense w/some red shale partings,
stylolite @ 6491-6495, breccia w/very angular limestone clasts
@ 6496-6497', 6499, and 6501-6510" w/maroon/lavender argilla-

Claystone, lavender/red, dolomitic w/white anhydrlte nodes and
Limestone, breccia, gray green and maroon argillaceous matrix, .

Limestone, light gray, micrite w/gray green mottled red shale
partings, hard, dense, some breccia texture, very stylolitic

Limestone,  light gray/reddish gray, hard, dense, some intra-
clast and pellet grainstone in spar cement, some green shale
partings, vertical fracture @ 6537-6539', 6540-6542"', and
6544 stylolite @ 6538-6540", 6542~6543"', and 6545-6546"
Limestone, light gray/reddish gray, argillaceous, some breccia
Limestone, light gray, argillaceous, hard, dense, mottled,
maroon/green, pelletoidal grainstone w/clear spar cement w/
some clear crystalline anhydrite, vertical fracture @ -

6552-6556'

6350-6390
shale
6390-6400
6400~-6420
6420-6430
6430-6450
red siltstone, low porosity.
6450-6460 -
locally
6470 Circulating
Shale, orange and lavender, dolomitic
6470-6556 Core #5 - recovered 88'
(correct to log depths 6479-6565")
6470-6475
MADISON
6475-648]1
64B1-6491
gray clasts, very angular
6491-6510
ceous matrix
6510~-6518
bore filling
6518-6524
subwaxy
6524-6533
@ 6524-6527', and 6530-6532"
6533-6546
6546-6552
6552-6556
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6556-6558 Shale, maroon w/some gray and lavender, mottled, subwaxy, very
sligh;ly calcareous, medium hard )

drill samples

6559-6560 Limestone, white-buff-cream, microcrystalline, no visible
S _porosity
6560-6570 . . Much cement, some limestone as above
6574 Circulating
_ © 90 min. -~ limestone as above, much cement, trace dolomite, off-
white, microcrystalline, no visible porosity, trace anhydrite,
white
(574-6664 Core #6 - cut and recovered 89'
6574 -6575 Anhydrite, white w/intercalations limestone, light gray
6575 ~6576% Dolomite, tan, microcrystaliine, dense

65763-6577% Anhydrite, white, slightly dolomitic
65773~6580 3/4 Dolomite, brown-tan, microcrystalline, thin clay laminae up to
R %' thick, broken and fractured & 65804-6580%', siightly bleed-
ing water, low-fair porosity '
6580 3/4-6582% Dolomite, brown-tan, dense, some anhydrite laminae

65822-6583¢ Dolomitic limestone, tan w/anhydrite laminae, vertical fractures,
broken
65833-6584. Dolomitic limestone, tan w/thin laminae dark gray clay
6584 -6589 Dolomitic limestone, tan, few anhydrite lentils, low-fair poros-
] ity, few clay laminae, fracture @ 6585', wet
6589 -6590 Dolomite, gray-brown w/few blebs dolomite as above
: 6590 Stylolitic surface
6590 -6591 Dolomite, gray-brown
6591. -6592 Dolomite as above w/lavender laminae gray clay
6592 -6593% Dolomitic limestone,-gray-brown, micritic, vertical fracture .

65934-6593 3/4 Dolomitic limestone, gray-brown w/angular clasts, light brown
6593 3/4-6595 Dolomitic limestone, buff-gray-brown, micritic, dense, high
: angle fracture

6595 -6600 . Limestone. arav-medium gray, cryptocrystalline to sublitho~
graphic, hard, vertical fracture
6600 -6608 Limestone, dolomitic, gray~brown, sucrosic-microcrystalline,

few pitted, erosional ?, surfaces w/black shale laminae, bleed-
ing water @ 6602-6619"'

6608 -6612 Limestone as above, fracture

6612 -6615 Dolomitic limestone, tan-buff, microcrystalline-sucrosic, anhy-
.  drite bed 1" @ 6613 3/4*

6615 -6616 Dolomitic )limestone as above, vertical fractures :

6616 -6619% . Dolomite, light brown, microcrystalline-sucrosic w/crystals and

nodules, anhydritic, clear :
6619% Stylolitic
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Limestone, gray-brown, microcrystalline, coral or sponge fossil

Limestone, buff-light brown, micritic to microcrystalline, dense,

6739

66193-6629  Limestone, brown, microcrystalline w/some coarser calcite
L ) crystals, dense, few fractures w/some polished fracture fill
6629 -6632 Limestone, brown, argillaceous w/laminae dark gray dolomitic
shales, fossiliferous crinoid columnars and brachiopods
6632 -6639 Limestone, dark gray-brown, very argillaceous, fossxllferous
B : brachiopods and crinoids
6639 -6646 Limestone, gray- brown, , microcrystalline w/aragonlte fossu)lf-
o erous casts
66L6 -6654 Limestone as above, fractured vertical to high angle, stylo-
- litic @ 6651" and 6652%'
6654 -6663
' @ 6662'
1' missing due to broken zone loss
6660-6700
some pieces w/a few small pellets inbedded in micritic matrix,
very low porosity _
'6700-6715 Limestone as above w/trace anhydrite, rose colored
6715-6745 Core #7 - cut 30* and recovered 27.2'
6715 -6718 'Lumestone, ‘dolomitic, buff, micritic, crystals brown dolomite,
’ few anhydrite nodules
6718 -6719 . Shale, 'light gray-medium gray, dolomitic w/clasts and nodules
o of anhydrite, white
6719 . -6720  Anhydrite, white, angular chunks w/shale matrlx, medium gray,
: dolomitic
" 6720 -6723.5 Anhydrite, light gray-white, chicken wire pattern w/few inter-
T beds dolomitic shale, medium gray
6723.5-6725.3 Anhydrite, white w/erosional surfaces, interbedded w/shale,
medium gray, dolomitic :
6725.3-6725.4 Shale, dark gray, dolomitic
6725.4-6726  Dolomite, gray-brown, microcrystalline w/crystals brown, dolo-
: mitic
- 6726 =-6729.5 Shale, dark gray, dolomltlc, subfissile
6729.5-6731.5 Anhydrite, light gray-white, chicken wire
6731.5-6733.5 Limestone, dolomitic, light brown, microcrystalline-sucrosic,
' abundant anhydrite intercalations, contorted bedded, bleednng
. water slightly, low porosity
6733.5-6735 Dolomite, gray-brown, very argillaceous, fractured
6735 =6736  Shale, dark gray, calcareous
6736 =-6736.5 Clay, gray, calcareous, soft, and shale, dolomitic
6736.5-6739  Anhydrite, white
-6742.2 Anhydrite, white-gray, abundant shale intercalations
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6745-6775 Core #8 - recovered 30.7'

6745 -6745.3  Anhydrite, white, pure w/few inclusions dolomite, buff, dense
6745.3-6756 . Anhydrite, light gray, pure, hard : :
6756 =-6761  Anhydrite, light gray, chicken wire
6761 -6762 Anhydrite, white, fracture
6762 -6763.3 Anhydrite, gray w/shale mottling
6763.3-6766 Anhydrite, light gray -
6766.4-6766.7 Dolomite, light brown, sucrosic, laminated finely w/thin black

varves :
6766.7-6768 Anhydrite, light gray w/angular to subround clasts of white

. anhydrite

6768 -6770 Anhydrite, light gray-white w/few dolomite laminations, buff
6770 -6771.4 Dolomite, light brown, sucrosic, anhydritic
6771.4-6772.2 Anhydrite, medium gray w/irregular inclusions of white anhydrite
6772.2-6775.7 Anhydrite, light gray, hard :

.
£

"drll] samp]es

9' downhole correction

SLM - 6784' = 6775"

"6780-6730 Anhydrite, white-light gray w/limestone, cream, mostly sub-
. lithographic to microcrystailine, few pieces of.clastic to
" pelletal limestone, well cemented, verv low porosity
6790-6820 . Limestone, light brown-cream, mostly microcrystalline, 20%
is finely fragmental, a few chips pelletal limestone, well
cemented, very low porosity, 10% anhydrite, light gray-white

6820-6830 Limestone as above w/dolomite, white-blue-gray, cryptocrystal-

. line, dense
6830-6840 Limestone and dolomite as above, trace anhydrite, whlte. sucrosic
6840-6850 Dolomite, blue-gray-white, cryptocrystalline, limestone, cream=

brown, fragmental to microcrystalline, trace pellets and colites,
low-fair porosity

6850-6880 Limestone, cream-brown, dolomitic, finely crystalline-sucrosic,
fair porosity, light yellow fluorescence, very weak cut w/dolo~’
mitic anhydrite, white-blue-gray

6880-6300 Limestone, cream-brown, slightly dolomitic, finely crystalline-

. _sucrosic; poor-fair ? porosity w/dolomitic anhydrite, white-

blue-gray, trace anhydrite, white

6900~6940 Limestone, light brown, buff, cream, micritic to sucrosic,
trace porosity, dull mineral fluorescence, trace.anhydrite, .
blue-gray

6940-6950 Limestone, light brown-buff, 50% mlcrlte, 50% finely fragmental
trace indistinct fossil fragments, well cemented, poor porosity

6950-6960 Limestone as above, some sucrosic limestone, light brown w/

‘calcite clusters, some fair porosity, dull mineral fluorescence
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‘6960-6980

6950-7000
7000-7010

7010-7030

7030-7050

7050-7070

7070-7128

23 .

\

Limestone, light brown, micritic to fragmental, kgl) cemented,
poor porosity, dull fluorescence, no cut

Limestone as above, trace anhydrite, white

Limestone, light brown-tan, mostly micritic to finely crystal-
line, trace vuggy porosity

Limestone as above w/5% black asphaltnc stasnung in argillaceous
zones, dull cut .
Limestone, cream-buff micritic to finely crystalline, very
little porosity, trace anhydrite, white-rose ‘

Limestone as above w/anhydrite, white-light gray, shaly.

Core #9 - recoveréd 54'

7070 -7078<
7078 -7033%

7093%-7093
7099 =7105

7105 -7109
7108 -7115
7115 -7121
7121 -7124

7128-7150
7150-7180

LODGEPOLE

7180-7200
7200-7260
7260- /280

7290-7310
7310-7340
7340-7360

Anhydrlte, white/light gray, chicken, wxre w/some tan- dolomitic
limestone chalky micrite interbedded matrix
Limestone, light gray/light brown, hard, dense w/some anhydrite

. nodes, algal pisolites, pellets common in spar, stylollte e

7079%', 7082', and 70903', sealed vertica) fracture e 7081-7082*
Dolomite, brown, fair intergranular porosity, bleedxng water,
stylolite @ 7099'

Limestone, brownish gray, dense, oncolntes, algal pellets, some
secondary anhydrite infill, abundant secondary spar, low porosuty.
hard

Dolomite, brown, fair :ntergranu]ar porosxty, hard bleednng

water

Limestone, light gray, pnsolxtnc, hard, dense, secondary spar,
sealed vertical fracture & 7109-7110'

Dolomite, brown, good intergranular poros:ty, few lsolated white
anhydrite nodes, bleeding water

Limestone, gray, algal pisolites and. pellets gralnstone, hard,
dense, very low porosity due to spar_infill, stylolite @ 712]&'
sealed vertical fracture @ 7122'

Limestone, tan, locally dolomitic w/ﬁisoiites and pellets, spar
infill, low/fair porosity
Ltmestone as above w/fair/good pinpoint vuggy porosity

Dolomite, dark gray, argi]lé;eous, sucrosic, low porosity
Dolomite as above, fair intergranular porosity

Limestone, dark gray, dolomitic, argillaceous, low porosity,
locally chalky

Limestone as above, becoming very chalky

Dolomite, gray/dark gray, sucrosic, low/fair porosity .

.Limestone, gray, chalky, pellets, some interbedded dark gray

sucrosic dolomite
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7360-7370 Limestone, dark gray as above w/abundant pellets and pisolites,
: : low porosity.
7370-7422 Core #10 - recovered 51
7370 -7374 "Dolomite, dark gray, very argillaceous w/some white crystalline
s . :calcute nodes up to 2'' x.2'', low porosity, also some white
, anhydrite
7374 -7380 Limestone, dark gray, argillaceous, very fossiliferous (mostly

shell caste and mclds), hard, low porosity, sealed vertical
fractures @ 7374 7375'. and 7377-7378:!

7380 -7381 Dolomite, dark gray, argillaceous, Jow porosity
7381 -73853 Limestone, dark gray, locally dolomitic, low porosity, fossil-
. . iferous, sealed vertical fracture @ 7382-7384'
73853-7388 - Dolomite, dark gray, medium/coarse crystalline, poor/fair -
intergranular porosity w/white anhydrite nodes @ 7386%'
7388 -7389% ° * Limestone, dark gray, argillaceous, hard, dense, low porosity
7389%-73913 “Dolomite, dark gray, very argillaceous w/spar calcite inter-
' bedded, hard, low porosity, sealed vertical fracture @
"7389-7391* A '

7391%-7399% Limestone, dark gray, very argillaceous, .very dolomitic w/
. : some dark gray shale interbeds, burrowed contorted bedding @
7396-7398', carbonaceocus material and stylolite @ base, sealed
vertical fracture @ 7393-7325', low porosity ‘

7399%~7400 -Dolomite, dark gray, low porosity, very argillaceous w/white -
) anhydrite, vertical fracture
7400 =7401 ° Limestone, dark gray, dolomitic, argillaceous .
7401 -7405 Dolomite, brownish gray, sucrosic, stylolitic, poor/fair
' " ' intergranular porosity, bleeding water L
7h05 -742) Limestone, light gray/tan, algal pellets, some. secondary cal-

cite infill, shell casts and molds common, very stylolitic,
hard, low porosity, aldal pellet grainstone @ 7412-7415*
w/fair porosity, sealed vertical fractures @ 7412-7414"',
7516-7119', and 7&20-7421' white anhydrite @ 7&12'

7h22-7480 ~ Limestone, tan/light gray, pe)lets and p:solltes in spar
matrix, chalky, low porosity -

7480-7490 ‘No samp]e-

7450-7500 Limestone, tan/gray, cha]ky, mostly micrite w/some pellets,
low porosity

7500-7530° . Dolomite, tan, sucrosic, fair porosity w/limestone, light
gray/dark gray/tan, pellets and pisolites

7530-7560 Limestone, dark gray/tan w/pellets, chalky, fossil shell

o molds and casts, trace pink dolomite, low porosity
7560-7590 ~ Limestone, tan/gray, subchalky, mostly micrite, low porosity

'
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Limestone as above w/trace orange, red, yellow, dark gray and
green caicareous shale, trace clear anhydrite, trace pink

Limestone, gray/brownish gray micrite, hard, dense w/some
mottled light gray dolomite, secondary calcite rhomb crystals
in mini-fractures and fossil replacement, bitumen in stylolite,

"Limestone, dark brownish gray, abundant crinoid debris,
:secondary clear calcite, some possible anhydrite nodes,

-~ vertical fractures @ 7604~7605', and 7607-7609'; few dark gray/

black argillaceous laminae, low porosity, some horizontal frac-

Limestone, dark gray, very argillaceous, very fnne bedded
(varve), hard low porosity, sealed vertical fracture

L|mestone, dark gray, dolomitic, crinoid stems, low porosity

Limestone, dark gray/brownish gray, hard w/some crinoid debris,
fossil micrite, some secondary white and Fe stain, calcite,
milky and tan chert common, horizontal fracture @ 7619°',
vertical fractures @ 7616-7618', and 7619-7622'

Limestone, dark gray/dark brownish gray, s]ightly dolomitic,
very argillaceous, abundant gray/milky chert

Limestone, gray, slightly dolomitic, trace glauconite, some
red, green and purple shale, some white and pink calcite, gray

Dolomite, light tannish gray, dense, some fair vuggy porosity
(low effective permeability) w/secondary white anhydrite, and
white calcite rhombs infilling vugs, locally sucgosic, chert
and stylolite @ 7647-7648', sealed vertlcal fracture @

Dolomite, light brownish gray, mottled w/light tan sucrosic
dolomite w/anhydrite and calcite infjll, low porosity, mottled,
probably due to burrowing, stylolitic, low porosity

. 7590-7600:
. _v dolomite S -
. 7606‘7623‘ Core #11 - recovered 223!
. 7600-760k
——————— - low porosity, crinoid stems
760h 7610
L tures @ 7604', and 7608
7610-7613 -
7613-7616
7616-7622
7623-7625 Core #12 - recovered 2!
- 7623-7625
7625;76ko_
chert common, trace bitumen, low porosi-
'7640-7700 Core #13 - recovered 59'
7640-7648
7646-7647" -
7648-7659
DEVONIAN
7659-7673 .

. Marlstone, red,'mo:tled,,gray and green, few floating chert

grains, coarse, subangular/subround, trace glauconite

47



26
Lithology - 14
7673-7686 Dolomite, light reddish gray, mottled, red, hard, red shale,

anhydrite and calcite infilling, sealed vertical fracture
B 7673- 7680', low porosity, thin bed, marly @ base

76B6-7688 Dolomite, red, mottled, gray and green, shaly, stylolitic

7688-7692 Dolomite, brownish gray w/white anhydrite nodes, vertical
fracture @ 7691-7663', low porosity

7692-765% Dolomite, marly, red, mottled, gray w/interbeds of- sandstone.
coarse, fair sort,_well rounded in dolomite matrix, low
porosity

7700-7760 Core #1b4 - recovered 59!

7700-7704 " Dolomite, brownish gray, very érgillaceous,‘some calcite iﬁ-

fill, thin bed, stylolitic, vertical fracture @ 7701-7702*,
low porosity

7704-7709 Dolomite, light gray w/large white anhydrlte nodes. {(probable
~ burrow infill), stylolitic, low porosity

7708-7712 “Dolomite, gray, very argillaceous, thin bed, vertlcal fracture,
low porosity .

7712-7716 Shale, dark gray, harc, locally dolomitic w/some lnterbedded
white anhydrite .

7716-7726 Limestone, dolomitic, gray/dark gray, micrite, dense, low
porosity, vertical fractures € 7718-7720', and 7723-7724"'

7726-7730 boiomite, brownish gray w/white/gray anhydrite, low porosity

7730-7732 Shale, dark gray, hard, very calcareous w/lnterbedded white.

) anhydrite -

7732-7735  Limestone, gray, dense w/dark gray shale laminae and interbeds,
low porosity ) :

7735-7742 Dolomite, dark gray/brownish gray, very argillaceous, vertical
fracture @ 7735-7737', fair intergranular porosity @ 7738~

. 7740 .

7742-7759 Shale and dolomnte, gray/greennsh gray w/unterbedded white
anhydrite, vertical fracture @ 7742-7743"

7760-7820 Core #15 = recovered 60°

7760-7766 Shale, greenish gray, hard, dolomitic, vertical fracture @
7762-7764", disconformity @ 7766' w/interclasts

7766-7778 Dolomite, gray, hard, argillaceous w/some unterbedded anhy-
drite

7778-7793 ~Dolomite, llght gray w/dark gray shale lamlnae and interbeds,

thin bed, bleeding water @ 7778-7778*, and 7790-7791', low/
fair porosity

7793-7798 Dolomite, gray, argillaceous, bleeding water, fair inter-
granular porosity

7798-7801 Dolomite, gray, argillaceous, low porosity

7801-7804 . Dolomite, brownish gray, shattered interval, medium crystal-

ltne, fair intergranular porosity, b]eedlng water
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Dolomite, brownish gray, fair untergranular porosity, bleeding

Shale, gray/greenish gray, slightly dOIOMitic, hard
Dolomite, light gray, finely crystalline, slightly argillaceous,
low porosity, bleeding water, some secondary white anhydrlte

bolomite, light gray/tan, argillaceous, large secondary white
anhydrite node @ 7823', bleeding water e 7823‘ stylolite @

Shale, greenish gray, very dolomitic, hard w/some |nterbedded
Dolomite, light gray, bard, argillaceous, Tow porosity w/some

greenish gray shale interbeds, factures @ 7841-7842!
Shale, greenish gray, dolomitic, hard

7804-7815
water, anhydrite nodes @ 78i3"
-7815-7817
. 7817-7820
infill
7820-7865 Core #16 ~ recovered 3B’
7820-7830
A .. "7821', low porosity
7830-7834
anhydrite
7834-7846
78L6-7847

STLURIAN INTERLAKE

7847-7849

7849-7858

7865-7880
. 7880-7910

7910-7950
7950-7570

STONY MOUNTAIN

Dolomite, cream w/gray shale laminae, low porosity, trace
anhydrite, trace pyrite, fractured, few dark gray angular
dolomite clasts

Dolomite, cream, microcrystalline, chalky, few thin stylolltes.
low porosity, fractured @ 7855 7858¢

Dolomite, white/cream, chalky, low porosfty'

No samples

Dolomite, white, low porosity, chalky, cryptocrystalline
Dolomite, white, low porosity w/trace light greenish gray

subwaxy shale interbedded

= GUNTON MEMBER

7975

75975-7350
7990-8020

8020-8050

STONY MOUNTAIN

Circulating
Dolomite, white w/green subwaxy shale medium soft, spllntery,

~dolomitic

Dolomite, white, cryptocrystallineé w/trace green shale, low -
porosity

Dolomite as above w/some gray, green and maroon do)omxtlc shale,
trace glauconite

Dolomite, gray, very argillaceous, low porosity w/dark gray
shale :

SHALE
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Lithology - 16

28

Shale and dolomite, light gray/greenish gray, trac.

Limestone, gray, argillaceous, low porosity

Shale, gray/greenish gray, calcareous w/some brown/tan lime=

Shale, very calcareous, light greenish gray, trace pyrite

‘Limestone, brown/tan, shell casts, pellets, some hairiine

fractures filled w/clear calcite, low porosity

Dolomite, tan, sucrosic, finely crystalline, fair/good inter- .
granular porosity, some yellow fluorescence, no cut

Limestone, tan/brown, micrite w/few pellets, hard, low porosity,

Dolomite, tan, excellent intercrystalline poros:ty w/some cal=

8050-8100
shale
RED RIVER
8100-8110
8110 Circulating
stone, low porosity
8110-8120
8120-8150
B150-8170
8170-8210
locally chalky w/trace pyrite
8210-8215
cite infill
8215-8238 - Core #lj - recovered 21*'

8215.-82173

82173-8220

8220 -8230

8230 -8232

8232 -8236
8238-8240
8240-8270
8270-8320

8320-8370
8370~ 5450
8430-8450
8450-8460
8460-8560

- Dolomite,.cream/light gray, cryptocrystalline w/few gray shale

laminae, small disconnected vugs to 3"
Dolomite, gray, sucrosic, fair intercrystalline porosnty w/dark
gray argillaceous laminae.

Dolomite as above, low porosity, micrite

Dolomite, limy, gray, micrite w/gray shale laminae, low porosity,

shattered interval, some fractures appear open
Dolomite, gray, low porosity, vertical fractures

Very poor samples - nearly all cavings

Limestone, brown/tan, cryptocrystalline, dolomitic locally,
low/fair porosity w/trace dark gray argillacequs )imestone
Dolomite, tan, sucrosic, some dead oil stain, yellow fluores-
cence, no-cut, fair/good intercrystalline porosity, finely

crystalline
Limestone, buff/brown, micrite w/gray argillaceous laminae, low

‘porosity

Dolomite and limestone, brown/buff, finely crystalline, poor'

fair porosity
Limestone, tan/brown w/some dolomite as above

No sample

Limestone, brown/gray/tan, pellets, calcite infill, low porosity
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Lithology

29

1CEBOX SHALE

8620-8668

17
8560-8570 Limestone as above Q/gray green subwaxy shale, pyritic
ROUGHLOCK SANDSTONE
8570-8620 Sandstone, white, very fine grained, subangular/well rounded,

friable, fair/good porosity, siliceous, pyritic, some inter-
bedded green shale

Shale, green/gray green, splintery, subwaxy, noncalcareous

WINNIPEG SANDSTONE

8668

DEADWOOD

8670-8700

8700-8720

8720-8730
8790-8800
88008840
~ BBLO~BBBO
8880-8930
8930-8990
8990-9010
9010-9100

9100-9150"

grains, some shale as above interbedded,

‘Circulating

Shale as above w/sandstone, whlte very fine grained, sub-
angular/well rounded, pyritic, well sorted, hard, slightly
calcareous, low porosity, very siliceous (secondary)

Limestone, tan/light gray, very chalky, fragmental w/inter-
bedded gray green shale, splintery/blocky, subwaxy, low poros-
|ty

Sandstone, white/cream, very fine grained, very calcareous,
subrounded, clay infill, glauconitic limestone in part
Limestone, white/cream, sandy, glauconitic, pyritic, fossil-
iferous, locally chalky, locally translucent, low porosity
Limestone, white/gray, sandy, glauconitic w/interbedded green
gray shale, low porosity

Limestone as above w/few free well rounded,. coarse quartz

low porosity
Limestone, white, chalky, argcllaceous, glauconltlc, low
porosity

Limestone as above w/gray green shale interbedded, waxy,
splintery, low porosity

Shale, green/gray green, splintery, waxy w/some -light gray
limestone, chalky, glauconitic

Shale, green, splintery, trace maroon shale w/some yellow
limestone

Shale, green/gray green, mottled, brown, subwaxy w/few inter-
beds limestone, white, sandy, glauconitic, chalky, low poros-
ity

Shale, gray green, slightly calcareous, some subwaxy, some
limestone as above, some sandstone, light gray, very fine

“granned, glauconitic 7, tite, no fluorescence or cut, mica-
ceous
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30
Lithology - 18

9150-5240 Shale, gray-green, slightly calcareous, subwaxy in part, trace
limestone as above, some interbedded sandstone, silty, light
. gray, very fine grainced, round, micaceous, glauconitic 7,
"very low porosity, no fluorescence

lag time incorrect

FLATHEAD

9240-9250 As above, trace sandstone, white-clear, coarse to fine w/
large, free, round grasins, poor sorting, subround, abundant .
secondary quartz cement, poor-fair porosity C

9250-9260 As above, increasing sandstone, clear-white, fine-coarse

grained, poor sorting, subangular-subround, abundant secondary .

quartz cement, some large free quartz grain$§, poor porosity,

. no fluorescence ' '

9260-9270 Some sandstone as above, some w/red-brown flattened hematite 7,
pellets, and iron stanned zones

(%3

9270-9280 trip for bit followed by water flow - samples lost

9280-9300 Abundant green shale cavings 7, some sandstone, white-clear,
slightly calcareous, f:re-medlum grained, few coarse grains, .
subangular, some clear quartz pebbles, quartz cement, fair
porosity, trace calcareous pyritic sandstone

PRECAMBRIAN.

§300-9320 Shale as above w/sandstone, wh:te-clear-rusty, meduum-coarse,z.
. grained w/granite pebbles 7, subanqular-angular, trace plnk '
feldspar, abundant quartz cement, fair ? porosity

9320-9340 - No recovery of samples
9340-9350 ~ Sandstone, coarse, clear quartz and granite, ‘clear quartz.
feldspar, pink and biotite
9350~9375 Quartz, clear-white, feldspars, sa]mon-plnk and biotite,
) Precambrian granite
9375-~9388- ‘Coré #18 - cut 13" and recovered 11" r
9375 -9380 - - Granite, pinkish~salmon, numerous horizontal f?actures{ core

.. . came out in.)-4"" slabs
9380 -93823 . Granite, .coarse feldspar phenocrysts, fairly sol:d
53821-9386 Granite, vertical fractures
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Lithology - 19

938E-9394

Core #19 - recovered 6°

9388-9394

Granite, biotite and hornblende abundant, horizontal frac-
tures, poker chips 1''-3" thick '
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CORE LABORATORIES, INC.
Petroleum Reservoir Enginesring
DALLAS, TEXAS

Company WITED STATES GEOLOGICAL SURVEY _Formacion ‘ Page_ 1 o 10
Well MADISON NO, 2 » Cores ' -~ File : R?—2f5292
Feld__ WILDCAT | Drilling Fluid . , Date Repore__2=U=T7
County. . State_ MONTANA Elevation : Anilyrta RM

Location ) Remarks : i

CORE ANALYSIS RESULTS

(Figures im paremtbeses vefrv to [ooinote remerks)

PERMEABILITY “KSIRDAUALN . |
et e S S L e e AN menanxe
uo-uman.[ veaTIeAL % voLusk % vonll Podolicl Density!
. Y _

L347.0 32 2,2
L3L9.0 15 2.0 19.L

1351.5-53.5 : WHOLE CORE ANALYSIS

11356.0 53 2.1

"4359.0 0.28 0.k 9. 2,65
LW361.0 129 22.3

L367.5 L8 3.3 19.3

VoONNEWNH

NOTX:

{(®) REFER YO ATTACHED LETTER {2) OFF LOCATION ANALYSES-NO INTERPRETATION OF €7 ULTE
€83 INCOMPLETL CORE RECOVERY—INTERPRETATION RESERVED.
Thewe ansiyses. opinions or Interpretations are based on cowrvaetions and materials supplied by the client o whorn. snd for whose excluvve and eon’! '« y1fs]
ure, this report s made. The interpreiations oF opinions ewpressed represent the best Judoment of Core lLaborstones. Inc. (sl eTrurs and omist: - - .z«

cepted); but Core laborstorics. inc.. and s officers end empiOyers. sTIUME NO rEsPONsDILlY &and MAKE N0 WAITANLY OF FeDTe-entalians, as Lo L Prual: Lty
pruper opersuon, of profitsbiencss of any oll. gas of other minaral weil or send IN connecuocn Wilh wilch such rvpurt I8 Lsrd or reued upon.
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CORE LABORATORIES. INC.
Pﬁralugm Reservoir Engineering

DALLAS. TEXAS

UNITED® STATES GEOLOGICAL SURVEY Formation Page_2__of

Company .
Well___- MADISON NO. 2 Cores . File RP-2-5292
. Field____WILDCAT - Drilling Fhuid Date Report_ 3=23=11
C y State. MONTANA ‘Elevation. . Analysu R4
Location Remarks
' CORE ANALYSIS RESULTS
. (Figures in paventheses vefer to footmote vemariks)
samriz| - pEPTH - '..‘-'I'C.‘Jfé'&'v’! PoROSITY sf‘?ﬁk‘i\‘#&u ) 7 Grain . MARKS
NumeEr ) FEEY uomxoonu.] vxnlfAL rancewr % veLu::L% ront 9{;’?&' Density nE ’
(£,

10 4881.0 _ 2,67 DAKOTA SANDSTONE (LAKOTA
11 189%0.0 L= 58 16.2 2.82 SANDSTONE)

12 L893.0 3400 223 23.3 2.63

13 LB896.0 L6OO 2300 25.0 .

1,  L899.0 LOOO 2100 24h.1 2.63 .

15 4900-00.5 WHOLE CORE ANALYSIS

16 6im. 2.76  MINNELUSA

17 €uth.b 2.81

18 6L475.0 2.78

19 6L76.8 <0.,01 2.1

20  6480.5 2.72

a 61483.0 2.68

22 6485.5 3.7 2.7 MADISON (CHARLES)

23 6L90.4 0.06 4.0 2.67

2, 6n.0 2.70

25 6L49L.5 2.82

26 6L98.9 l.2 2.72

27 6501.0 2.79

28 6507.6 0.6 2.70

29 6508.7 2.2 2.71

n 6511.9 2.77

32 6514.9 : 8.9 2.82

34 6516.8 0.02 11.3 2.81

35 6520.1 : 2,73

36 6526, <0.01 <0.01 O0.L 2.70

37  657.5 2.70

38 6533.3 . 2.70

39 6539.4 0.8 2.70

n 6547.5 0.02 1.2 2.70

L2 6549.5 1.1 2.70

L3 6551.L 2,72

Ly 6554.0 0.02 11.L 2.83

s 6556.2 8.8 2.80
NOTE: .

(%) RMEFER TO ATTACHED LETTER. - . €(2) OFF LOCATION ANALYSES~NO INTERPRETATION OF RESULTS.

411 INCOMPLETE CO!‘E RECOVERY~INTERPRETATION RESERVED. -

These ‘snalyses, opinions or interpretations are _based on observations and materials supplied by the client to whom. and for whose exclusive and tumdénuu
use. this report is mede. The inlerpreiations of opinjons expressed represent the best judrment of Core Laboratories. Inc. (all errors snd omis: 'ms exe
cepted); but Core hbouum‘n, inc.. and i1s officers and empioyees. assume no responsidility and make no WAITanty or representations, as to the procuctivily,

propet op of profitad

of any oli, gas or otnher mineral well or sand in connection with which such repori s used or relied upon.
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CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS, TEXAS

Company UVLTED_STATES GEOLOGICAL SURVEY _ Formation

.Page 3 of

well___MADISON NQ.. 2 Cores _File RP-2-5292
Field__. WILDCAT - Drilling Fluid Date Reporr... 1=11-77
Cou.nry - - State__ MONTANA Elevation Analysts RH
Location Remarks
CORE ANALYSIS RESULTS
(hg-vu in peremtheses vefer to footmote n-uvb)
PERMEABILITY RESIDUAL o
saumel: o’_:&':r;o . MILLIDARCYS ronosrvy ::nmn'lou S— Grain . REMARKS
nomzon'u;] YERTICAL % voLumL % roau] quA’Yol:[ Density ) .. .
( ) : Lo - .
L6 657L.7 2.89 MADISON ( CHARLES)
L7 - 6575.3 o, T4 -
18 6576.L - 3.6 2,87
50 6578.7 0.03 L.6
S1  6579.2 0.22 0.34 1.8 2.80
52  6583.6 o.Lh 0.03 15.L4 2,80
53 6585.8 . 2.77
sLk  6586-87 VIHO LE CORE ANAI.YSIS
55 6587.7 0.15 12,8 2.81
56 6591.5 ’ 2.77
57 65945 «<0.01 2.6
58  6602.7 . 0.3 9.5 2.61
59 . 660L4.5 0.53 13.3
60 6607.6 10,60 . 0.63 15.8 2.80
61 6610.3 1.0 1,1 18,8 2.79
62 66145 5.0 5.9 2kL.0 2,80
63  6616-17.5 WHOLE CORE ANALYSIS
- 64 . 6620,0 L.2 2.76
65 6622,1 - 2.7 2.73
66 6624 <0.01 2. 2.7
67 662L.6 <0,01 g.5 2.63
68 6626,5 2.6 2.71
69 6629.3 2.3 2,70
70 6632.8 1.3 2.69
n 6635.8 1.1 2,69
72 663707 1.’4 2-70 : .
73 66L0.5 <0.01 2,7 2.69 MADISON (MISSION CANYON)
7L - 66L4.5 2.2 - R _
75  66LL.8 <0.01 <0.01 L.3 2.69
76 66L6.5 <0.01 «<0.01 L.,k . 2.68
77 6649.5 0.01 2.3
78 6651.9 <0.01 <0.01 2.3 2.68
79 6653.9 0.01 <0.01 2.4
BO  6654.2 0.02 0.01 2.8 .
a 6655.6 <001 3.0
82 6657.7 0.32 9.4
83 6657.9 0.01 L.7
NOTE:

t®) REFER TO ATTACHED LETTER.
t1) INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED.
These ‘analyscs, opinions or Interpretations are based on observations and materisls suppited by the client o whom. and for whoee exclusive and confidential
use, this report is mode. The interpretations or opinions expressed represent the

cepled); but Core hbonumﬂ. ine..
proper
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(2) OFF LOCATION ANALYSES-NO INTERPRETATION OF RESULTS.

best judoment of Core Laboratories. Ilnc. (all errors and emissions oxs

and its officers- and empioyees. assume no responsibility and make no wWarranty or representations, as 1o the prvducuvlu -
or profitabl of An: oli, gas or other mineral w-u or sond In connection with whigh Such report 18 used or reilcd wpn. -
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CORE LABORATORIES. INC.
Peiroleum Reservoir Engineering
DALLAS, TEXAS

Company UNLTED STATES GEOLOGICAL SURVEY  Formation ' Page b ___of
Well___MADISON NO, 2 Cores File___ RP-2-5292
Field___ WILDCAT : Drilling Fluid _.Date Reporz—_u=11=77
County State__ MONTANA Elevation Analysts RM

Location Remarks

CORE ANALYSIS RESULTS

(Figures im perentbeses vefev to footmote remarks)

ERMEABILE RESIDUAL :
:::::: D'EE? FHILLl[iABRCVTSY 'Poi:g::,: : :‘ALTI’JRATION L‘:‘;“: 2;2 :ilrtly nE “ ARKS
HORIZONYAL | VEATICAL % voLums % Port % roORE
,)
BL  6658.8 <0.00 1.6¢ La ' 2.68 . MADISON (MISSION CANYON)
85  6659.6 0.01 L.2
86 6660.3  0.01 3.7

#VERTICAL FRACTURE IN PERMEABILITY PLUG

NOTE:

(®) REFER TO ATTACHED LETTER. . (2) OFF LOCATION ANALY‘ZHO INTERPRETATION OF RESULTS.
€1) INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. . )

These anslyses. opinions or interpretations are based on observations and materials supplied by the ellent o whom. and for whose exclusive and confideniial
use, this report is made. The inlerpretations or opinions exnressed represent the best judmment of Core Laboratories, inc. {al} - eryors and omisstons ex-~
cepled): but Core Laboratories, inc., snd §ts officers and employees, asvwmne no responsibilily and make no WArranty of repremniations, as in the producuvily,
propes cperation, or prolilabieness of any oll, xas oF olher mineral weil or sand in cunneclion WiLh wiiloh S n seport 4 Used or Telicd v,
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" CORE LABORATORIES, INC
Patroleum Reservorr Engineenng
DALLAS TEXAS

Company \PMITED STATES GEOLOGICAL SURVEY Formation Page 5 of
wel_____ MADISON NO. 2 Cores Rl RP-2-5292
Feld__ WILDCAT Drilling Fluid Dite Report—_2=25=17
County - State__ MONTANA —— Elevation : Analysta ﬂm . —
Location i - Remarks e
. CORE ANALYSIS RESULTS
Ifl;-rn ~ p-vrulbrm vefer t0 footmote nnwb}
'E:l:(ABIEIT: ‘.Ttslal::'lé G
sansLy oerTH - . MILLIDARCYS = | o .ourrr ATURATY "w"t Grain | . REMARKS
numeLx reer "","""_""‘"1 venmiear | T g oot % rons o |Density o o
) ‘

88 675.0 1.6 2.70 MADISON (MISSION CANYON)

B9 67B.8 - - .. o T | 2.83 o L

90 6720.8 0.k 2.95

91 6723.8 2.96

92 6725.7 2,89

93 6727.3 2.0 1.7 13.7 . 2.79

9L 6729.0 6.9 7.1 15.9 2.80

55  6729.5 A 2.92

96 6731oh' . 2095

97 67R.4-33.9 WEOLE CORE ANALYSIS

98 673L.1 2.9

99 6735.5 0.7
100 . 6736.8 0.6
100 6738.0 0.3
102 67W5. 0.8 2.67
103  6747.0 0.01 0.3
loL 67u8.7 0.01 0.L4
105 6752.L 0.7
106 6756.0 2.87
107 6760.2 0.3 2.86
103 | 6762.1 0.01 2.3
109. 6763.2 0.01 2.2 2.85
110 6766.6 0.22 3.3
111 6766.9 5.5
‘112 6769.9 : 2.73
113 6771.L 6.0
1, 6772.0 1.3 2.90
115  6773.1 2.94
116 7070.3 0.6 -
117 7071.7 0.5
118 7077.0 2.6
119 7077.9 2.8
120 7080.6 0.01 2.0
12 7080.9 0.01 0.01
122 7085.1 0.01 L.k
123 7087.k 0.01 3.9
noTE

€®) MEFEN TO ATTACHED LETTER

(1) INCOMPLEITL CORE RICOVEARY—INTERPRETATION RESIAVEID.
These ansiyses. 0pinions OF INLeMretations are bared on ob<rrvations and materials supplied by the elient 16 whom. and for whow exchurive and cnfldential -
use. this report is made. The tntrrpretilionsa or opintons exDreswd represcerit the br Jjudoment of Corw Laborstonies. InC. (sli emors end o ¢ m.s ens
eepted): but Core. Laboratories. inc.. and 113 officers and empioyert, aTvume no Fesponsibiilly and make No warranty of reSTewniatinns, as to Ue proguctvitg,
prupscr vpruuan. -Of profiladientss of 8Ny Ou. gas OF OLCT mANETAI WOl OT sand in CONNELLON, WIth WAICH SUCh FEPOTY I8 Usel OF FYUrG Upon.
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CORE LLABORATORIES, INC.
Petroleurs Reservoir Engineering
DALLAS, TEXAS

NOTE:

#UNSUITABLE FOR ANALYSIS

(%) REFER YO AYTACHED LETTER.
1) INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED.

These analyses, qplrilom or_interpretations sre based on obvervations and materials supplied by the client to whom. and for whose exclusive and confidential

upe

cepled);
proper operation, or profilabieness of any oli, gas or other

but Core lLeboratories, Inc.. and its officers and em:

59

Company_ UNITED STATES GEOLOGICAL SURVEY Formation Page— & of
well____ MADISON NO, 2 Cores : File RP-2-5292
Field_____WILDCAT Drilliag Fluid Date Report2=25=17
County “ Srare__ MONTANA Elevation. Analysu RG
‘Location Remarks
CORE ANALYSIS RESULTS
(Figures in parentbrses refer to footmote remeorks)
PERMEABILITY RESIDUAL T
sanpre | DEPTH MILLIDARCYS rOROBITY SATURATION yoTic Graln AEMARKS
Batdabl FeET uoalxomn.l VERATICAL reneEnT % vm.u:.(‘-% PORE 92":;:( DenSity
)
124 7087.7 0.01 Lk.L MADISON (MISSION CANYON )
~125 7089.6 0,02 4.0
126  7092.7 0.01L
127 709L.1 13 9.2 17.1
128 709L.7 7.8
129  7097.0 18.0
130 7097.2 16.3
131 7098.5 0.L9 1.4
132 7101.5 L.8
133 T703.L 2.5
© 134 T7o5.8 0.20 9.5
135 ° 7106.0 1.8 0.65 13.2 :
136 T7108.2 0.03 1. 5.2 2.78
138 T7115.1 0,09 L.2
139 T7117.2 17 18 18.7 2.83
10 T719-20 WHOLE CORE ANALYSIS
1 7120.2 13 4.7 '
142 Tn20.8 3.2 1.3
143 7370.7 0,02 7.7 MADISON (LODGEPOLE)
14 7370.9 1.1
1S 7379 3.7 -
16  7373.0 0.03 8.0 - 2.78
147  7377.5 1.5
18 7378.6 0.02 L.8
1L9 7378.8 0,01 2.8
150 7382.4 : 2.7
151  7382.7 0,01 1.7
152 .738L.6 * * * +* :
153 7386.4 . 2.81
1sh. 7386.8 . 0,02 6.2
155 7396.0 i 2.73
156  7397.3 18,2
157  7399.9 0,09 8.6

(23 OFF LOCATION ANALYEES~-NO INTERPRETATION OF RESULTS.

Uus report Is made. The Interpretations or opinions expressed represent the best judrment of Core Laboratories. Ine. (all errors and onmussions ex-
ployees. assume no responsibility and make no warranty or fepresentations. s 10 the productivity,
mineral weil or sand in connecuon with which such report s used or relled upon.
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CORE LABORATORIES, INC.
Peirolesm Reservorr Engineering
DALLAS. TEXAS

CompanyUWITED STATES GEOLOGICAL SURVEY Formation Page— T of
well_____MADISOR %0, 2 Cores File RP-2-5292
Field___WILDCAT Drilling Fluid ' Date Repore_9=25=11
éour;q 7 Seate_ MONTANA Elevation Analysta RG
Location ‘ - Remarks

CORE ANALYSIS RESULTS

(Figures in pargwtbeses refev to fooimote remavks)

PERMEABILITY RESIDUAL Grain

R W o e —— e hens it namanks
nou-xmn.L VERTICAL % vorumx % ro: 9 porE
(KA)

158  7402.0 5.8 MADISON (LODGEPOLE)
159 7L02-03 WHOLE CORE ANALYSIS
160  7L06.6 2.7
161  7u08.7 0.1 o, 1.9
162 7h09.5 * * * *
163 7im1.2 0.01 3.6
16L  7la3.7 0.13 "~ 7.0
165 7lL.8 ) L.3
166  7601.7 2.Lh 2,70
167  7602.1 . 1.k
168  7603.8 0.01 0.3 _
170 7610.0 0,03 0.3 :
it 7611.6 1.4
172 7615.8 0.6
173 7618.0 1.0
17h 76216 La
175  7623.3 1.4
176  7640.7 0.0L4 8.8
177 76lA.7 2.79
178  76L2.3 2.2
179 7643.0 1.3
180 76L43.2-hL.7 WHOLE CORE ANALYSIS
181  76L5.0 1.6 _
182  76L6.L 0.01 L.S
183 7651.1 - 0.02 3.3
184  7653.1 6.0
185  765L.9 0.08 s.5
186 7658.0 0.01 1.5
187 7658.6 1.2
188  7659.7 0.01 9.2
189  7660.8 0.0 5.5
190 7661.8 0.01 5.6
191 7662.L 1.3 DEVONIAN ( THREE FORKS -
192  7665.5 0.01 5.2 JEFFERSON )
193 7666.1 2,74

#UNSUITABLE FOR ANALYSIS

NOTE:

(%3 REFER YO ATTACHED LETTER.

1) INCOMPLEITE CORE RECOVERV-INTERPRETATYION RESERVED.
These analyses, opinions or interpretations are based on ob<ervations and materials supplied by the cllent to whom. snd for whose excludve and confl.i-ntlal
ure, this report s made. The Interpretationg or opinions eanreased represent the best junement of Core Laboratories. Ine. (all errors snd cnissiors exe
cepled); but Core lavorslories. Inc.. and its officers and empioyees, s=sume MO responuidiiity and mske N0 WArTANLly of TPPTEwNlations, as tn thy progur Lvily,
proper operalion, of prof{itadieners of any oll, gus or olhar mincral weil or sand in conneclion with wWRICh SUCh repon s useu or reiled Vivs..

{2) OFF LOCATION ANALYSES~NO INTERPRETATION OF RESULTS.
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CL-D11-8

CORE LABORATORIES. INC.
Peirolesm Reservorr Engineering

. - DALLAS., TEXAS o
Ccmpanywwmm_Fomadon : Page 8 of
Well___MADISON NO, 2 Cores, File RP-2-5292
Field VILDCAT Dﬁmng Fluid Date chon 5-25-77
County State_ FONTANA Elevation : Analyscr RG
Location _ Remarks '

' CORE ANALYSIS. RESULTS
(Figures in paremtbeses véfer to footwote remarks)
I I A R T ennnns
mombesreey -o--wan'm-cn T % vorvar % voa(l g Density :
,)
19  7668.0 7.0 DEVONIAN (THREE FORKS -
195 7670.2 0.03 8.6 JEFFERSON)
196  7672.2 0.16 10.9
199 7575.6 . 2.82
200 7679.0 ° 0.01 3.2
201 7682.1 4.5
202 7685.8 - 0.55 3.7
203 7688.L 0.01 3.2
20L  7689.6 3.1
205 7691.L 2.8
206 7691.8 8.7 -
207 7693.8 o.ma o0.060 6.0
208  7696.0 2,72
209  7697.7 0.02 6.8
20 7698.6 2.3
a1 7700.1 0.7
az2 7.7 ) 3.k
23 77043 0.36 6.0
al  7706.2 0.01 - 6.0
25 7709.0 0.13 0.16 1.5 2.8
226 7709.3 1.2
217 7709.5 8.4
28 7710.4 0.02 5.0
29 77M12.1 1.3 8.3 ‘
220 7713.0 ‘ . : 2.65
222 771h.2 2.85
222  7171h.8 8.5
223 7T717.6 0.9
22h  7717.9 0,01 o0.m 1.6
225 T72.9 L.6
226  7722.7 0.01 1.3
227 7726.9 0.02 0.02 10.6 2.80
228  71727.8% 1.9 ’ 5.2
229 7728.7 2.4
230 7730.0 2.7
NOTE: . ’ ) R ) ..
(2 OFF LOCATIQ'LANALVB[HO'INTthPl(TAflon OF RESULT:

%) RELFER TO ATTACHED LETTER.

43) INCOMPLETE COARE RECOVERY—INTERPAETATION RESERVED . i i
These analyscs. opinions or interpretationa are based on obertvations and materials supplied by the elient ta whom. and for whone exclusive and confidentlal
use, thiy report s made. Tne Interpreiations or opiniona expressed represent the best judionent of Core Laborstories. Inc. tall enors snd emisvione ex-
eepted); but Core Lavoratnries. inc.. snd Hs offlicers and empioyees, anwme No responsibility and make no WarTanty or reprewentations, as to the progucuvity,
proper operation, or pro(itacieness of any ok, gag or otner mineral weil or aand in connecuon with which such feport la usrd orf reiled upon.
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it J1NY 3

CORE LABORATORIES. INC.
Petrolesn Reservoir Engineering
DALLAS. TEXAS

Compsay UNITED STATES GEOLOGICAL SURVEY _Formation Page 9 of
Well___MADISON NO, 2 , Cores , File RP-2-5292
Field___WILDCAT Drilling Fluid Dite Repore.__2=25=17
County. . — . Stace_ MONTANA Elevation Analysts _RG

Location V — — Remarks
. : : CORE ANALYSIS RESULTS

(Figures in ‘pt;ﬁlbnn vefer to footmote remarks)

AMPLE pEeTH - . 'L‘.'l'ﬁféf&é"fs' romosiry] 5215'3&‘3\1'1014 Grain REMARKS
hummER reey nomxownx] VIRTICAL rERCEIT % .,,._u.'}'.“% rore 9'?‘}2}( Densit
LY

231 77130.5 2.65 DEVONTIAN ( THREE FORKS -
232 7R 0.7 JEFFERSON )
233 7737.4 . . 3.7
23L  7738.5 0.16 6.8
235  7739.6 k.0
236 77L0.5 0.02 3.2
237  77h2.1 ‘ 3.6 2.84
238  77h3.6 .0.10 6.0
239 T7Lk.6 S
20 77L6.9 0 # * * *
2l 77L7.9 0.01 5.3
2k2-  7749.5 154 5.2
23 7751.9 v 0.9
2Ly 7753.4 * * * *
25 7754L.0 . 1.0
26 7758.5 12,79
27 7759.1 0.01 0.8
248 77651 L.k
2L9  7766.2 0.06 © 5.2
250 7768.6 3.5
252 T775.2 9.2
253  7777.8 0,01 6.6

- 25L  7778.3 0.36 0.34 15.L
255  7780.9 0.01 8.1
256 7782.0 0.01 0.6
257 © 7185.8 0.09  0.02 10.9
258  7786.3 0.02 0.02 11.6 2.61
259  7790.8 1.3 0.54 18.L 2,82
260 TI91.5 ‘ 6.0
261 7795.0 33 L6 a.3 2.79
262 T7196.6 L 2 22.3 2.80
263 7791.9 5.3 0.07 1L.2 2.78

#UNSUITABLE FOR ANALYSIS

*UNSUITABLE FOR ANALYSIS
M = SAMPLE MOUNTED IN SEALING WAX

NOTE:
(®*) REFER TO ATTACMED LETTER.
t1) INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED.

These anslyses. opini or interpre are bared on observations snd materials suppiled by the elient to whom. end for whose exclusive and coni2antial
use. this report Is made. The tnierpretations or opinions exnressed represent the best judrment of Core Laboratories, Ine, (all errors and omitsituos s e
cepted); but Core Labworatories, Inc.. and its officers and empioyers, assume no responsibility and make no warranty or representations, as 1o the procuctivity,

proper opt 1.9 prolirabl of sny oil, gaa o otner mineral well or aand 10 tonneclon With which wurh report is ueed ar reiied yysw

(2) OFF LOCATION ANALYSES—NO INTERPRETATION OF REGULTS.
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CORE LABORATORIES, INC:
Peiroleum Reservoir Engineering
DALLAS, TEXAS"

Page 10 of

UNITED STATES GEOLOGIGAL SURVEY ' porriicion

 Reld

(®) REPER YO ATTACHED LETTER. } o
§3)  INCOMPLETE CORE RECOVERY—INTENPRETATION RESERVED.

Company- - —_—
Well____MADISON NO, 2 Cores __File RP-2-5292
WILDCAT _Drilling Fluid Date Repore__ 6=24=T7
Y ‘ v Snuiom___ Elﬂ!dﬂﬂ o rAnﬂyxn RM
_ Remarks - - .
CORE ANALYSIS RESULTS
- (Figures in parentheses vefer to footwole remarks)
) : PERMEABILITY ) 1 T mesiouar . : . Grain
. . MILLIDARCYS POROSITY BSATURATION
v :3:::: p':t"‘:r uomxem‘q YERYICAL rRncENT .'. VOLU:IIL% 'o.‘l‘ 0;2‘1".‘; DenSity nemanTe
4 (x,) ‘
. 264 -:7800,9 . - 0.0 - 0,06 6.k . _
265 7807.3 - 1L 22 0.h 2.80
266 7808.6-09.7 @ WHOLE CORE ANALYSIS' :
- 267 . 7810.0 170 1&3 2h.3 . 2.82.
268 780k 3.8 1.7 13.h 2.79 -
269 - 7811.1 -0.06 10.9 .
271 78121.7 1.5 203 11.6 :
272 7818.3 0.7 0,92 10.1 2,82
273 -7822.0 - 0,00 7.1
274  7824.2 0.07 8.4 2..71 :
‘215 78271.5 Ll 2,3 2.0
276  7829.) 0.03 . 1.8
278 7836.8 0.02 9.0
279 7837.% : 9.k
280 78L2.5 k18 0.37 0.7
281 78Lk.1 1.7
282  7847.5 8.6 16.6 - SILURIAN « INTERLAKE )
283. 78L9.8 0.04 VF 7.4 2,85 .
285  7B854.2 0.06 -
286 82a7.5 1.7 RED RIVER
287 82a7.7 5.3 46 2.9
288 8z19%.0 1.8 12.7
289 8220,2 135 128 23.8 2.81
290 8222,7 33 k1 4.7 2.8
291 B224.2 31 33 22,3
292 8227.7 134 12 28.1 2.8
293 6230 167 89  28.7 - 2.82
VF = VERTICAL FRACTURE
NOTE:

(2) OFF LOCATION ANALYSES—NO INTERPRETATYION OF RESULTS.

These -nnlytci; opiniona of interpretations are bssed on observations and materials supplied by the client tn wham and for whote excluvive and confideatial

uye. this report
cepted); but C
.proper ep

or prol.

-
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13 made. The interpretations or opinions expressed represent the best judrment of Core Laboratories. Ine. (all errors and omissiony ex-
ore Lavoratories, Inc., and its officers snd empioyees, assume no responsibilily and make no warranty of repre i .
of any oil, gas or other mineral well or sand in connection wita whaigh such report is used or reied upon.
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CORE LAEORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS. TEXAS

Company UW{ITED STATES GEOLOGICAL SURVEY  gormation Page 1 of 1
Well_-__ VADISON ¥O, 2 . Cores _ - File RP-1i-39L6
Field _____WILDCAT . Drilling Fluid Date Report__ 6=29=77
Coumy. P - Stare MONTANA Elevation - Analysts KB
Location - = Remarks WHOLE CORE ANALYSIS

CORE ANALYSIS RESULTS

(Figures in paremtbeses refer to footnats remarks)

i P:mu_x‘_an,l'ry ] . RESIDUAL ] {
saurie oerre L Mu_u.?u«cvs romomryl - i:w URATION o~ VERT..| Grain REMARKE
VX, : 900 1% voLumz % "’-’"‘l ‘:::70(:r l PERMS .I Densitv .

NEWCASTLE SANDSTONE

L L352,5-53.5 1.6 1.4 12.0 0.0 52. 0.06 2.84

15 4$00,0-00.5 - 5L 53 16.5 0.0 * 9.8 2.88  MINNELUSA

tl, 6586,0-87.0 0.16 {#0.08 3.2 0.0 29.3 <0.C1 2,83 MADISON (CHARLES)

63 6616.0~17.5 38 37 24.8 0.0 63.5 22 2.88 MADISON (CHARLES) -

97 6731.L-33.9 1677 131 26.L 0.0 39.9 291 2,68  MADISON (MISSION CANYON)
10 7119.0-20.0 3.6 3.1 15.0 0,0 68.2 0.3 2.88  1ADISON (MISSION CANYON)
159  7L402,0-03.0 1.8 1.8 24.5 0.0 % 0.1k 2.86 MADISON (LODGEPOLE)

180 76L3.:-Lk.7 56 S5 2L.0 0.0 L2.9 12 2.68  MADISON (LCDGEPOLE)
266 7808.6-09.7 0.14 0.08 7.7 C.0 #* <0,01 2.87 DEVONIAN (THREE FORKS-
' JEFFERSON ) '
#SAMPIE DRIED OUT
#ZORIZONTAL FRACTURE
T?T[:REF[R TO ATYACHED LETTCR €2) OFF LOCATION ANALYSES~NO INTERPRETATION OF RESULTS.
1) INCOMPLETE CORE RECOVLRY=INTERPRETATION RESCERVED R
These analyses, opinluny or-interoretshions are based on cuservations and malerials supplied by the client to whom. and for whore exclusive and conficent!s}

use. thiy report Js mode, The jnierprelations or opinions exnressed represent the besl Julrment of Core Lavoratones, Inc. (il er7ory #0509 GRissi0ns oxe-
fenteal; but Core laboratories. Inc.. and i1s officers and emjioyevs, 8SWwme 1o ;oLponzbilily and mAKe N0 WOITANLY Or Tepresenlalions, as W Lhe ProGucuvily,
jsuper operation, or profitabiencss of any oli. gas or other nuineral Weii O £N0d in CcONNecuon Wilh WSO FuCh Feport 18 Ukea oF Teued upon.
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Hydrologic testing

Seventeen conventional drill-stem tests and packer-swabbing tests were made
in the open hole (table 2). Thirteen of these tests give clues to pressure
heads of water in the intervals tested, but in the other. four tests pressure
heads were not obtained because of tool malfunction, ruptured packers, or bypass
around lower packers. Also, numerical values of pressure heads in 6 of the 13
tests are questionable because of tool malfunction, very low permeablllty, or
bypass around lower packers. Flowing water was obtained during seven of the
‘tests, but the rates of flow from two of them are not representatlve of the zone
tested because of bypass around lower packers. <

Intervals for testing with packers were Selected after preliminary inter-
pretation of geophysical logs and examination of cores. Primary considerations
were the presence of interstitial and (or) fracture porosity, suitable hole
diameter, and a representation of each of the major rock types and formations
penetrated in the hole. The intervals tested (6,593-9,394 ft below Kelly.
.bushing) covered approximately 60 percent of the Paleoz01c section below the
9~5/8-in casing. A -

Three types of inflatable packer tools were used during the testing. The
first four tests were made using conventional straddle drill-stem testing tools
on 4-1/2-in drill pipe (fig. 7). Tests 5 and 17 were made using dual seal
production-injection packers on 2-7/8-in EUE 8-round tubing (fig. ‘8), and the
remaining tests were made using a modified version of:-a dual-seal straddle
treating and testing tool on 2-7/8-in EUE 8-round tubing (fig. 9). The straddle
treating and testing tool was used for most tests because drilling mud and muddy
-water entering the ports of the tool from the interval isolated by packers
could be removed from the tubing by swabbing. Lowering the head on the interval
by swabbing often induced water to flow to the surface. After collecting water
samples from producing intervals, the packers were deflated and the tool reset
to test other intervals, higher or lower in the hole, w1thout making a trip
out of the hole. : ;

After completing all packer tests, and spotting cement plugs from 9,378-
- 9,084 ft and 8,884~8,422 ft below land surface, a well head (fig. 5) was
installad. Drilling mud was removed from the hole and the well began to flow.
It flowed about 44 gal/min through a 2-in valve in the well head with about

3 1b/in? back pressure. Measured at the well head, the shut-in pressure was
333 1b/in?. -The temperature of water was about 48°C.

Table 2 summarizes the drill-stem and packer—swaﬁbing tests made in

Madison test well 2 and indicates the test data that are included in this
report. ' '
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Table 2.--Summary of drill-stem-test data

[Kelley bushing (KB) is 16 ft above land surface (LS) and 2,809 ft above sea level. ' A constant of 2.307 was used

to convert shut-in pressure to feet of head.

SIP; Initial shut-in pressure.

SIP, Second shut~in pressure. ]

: Shut-in. Depth to Discharge
. . Interval ) g
Test Formation - (£t below KB) pressure pressure recorder or flow Remarks
- (1b/ins) (ft below XB) (gal/min)
1 Newcastle Sandstone 4,300-4,680" 1,540 4,270 mmeemme Bottom-hole temperature (EHT) 129° F (54°C).
‘ : Water lavel (head) 701 £t below LS.
2 Minnelusa-——-—=~—m<- 6,138-6,248  —mmmmmmmmmmeme 6,143  mcememeee BHT 152°F (67°C). Packer seat failed.
*3 e do=—~mm———— 6,134-6,244 2,956 6,139 = emmee—ee BHT 165°F (74°C). Head 696 ft above LS.
4 Lakota Sandstone--—- 4,898~%,916 1,820 4,903 0 e BHT 127°F (53°C). cad 688 ft below LS.
5 9,300-9,394  mmmmm—mm——meee T 3 1 R —— Packer failed. '
Ga Tlathead Sandstone 9,238—9,262 4,149 (7) 9,255 e Interval has very low permeability.
(gas show)
7 Flathead Sandstone 9,238-95,394  mecmmmemeee 9,255 mmeemeeeo Interval has very 1ow‘permeability.
and Precambrian
8 Red River 8,115-8,335 3,859 (7) 8,135 10 to © Head caiculation not valid because of bypass
around lower packer after about 150 min of flow.
9 o Go——mm~—m = 8,030-6,250  ——-mmmmmmmeme — Lower packer ruptured.
10 memme—ee do=—mm———— 8,115-8,355 SIp; 3,849 8,125 18 to 13 Temperature of fluid at surface 114°F (46°C).
SiPy 3,548 ) 8,125 Head based on down-hole pressure gauge,
SIP, 313 2 £t above KB 768-77) ft above LS. Head based on surface
s1P, 326 2 fr above KB pressure gauge, 745-770 ft above LS.

%11 Devonian (undiff- 7,775-8,015 3,752 (2) 7,785 10 to 8 Temperacture of fluid at surface 103°F (39°C).
ferentiated) and : SI?; 2 2 ft above KB Head based on down-hole pressure gauge, 887 ft
Interlake SIF, 317 2 ft above KB above LS. Head based on surface pressure

' gauge, 738-749 ft above LS.
12 Madison (Charles) 6,449—6,689 3,292 () 6,450. ———————— Interval tested twice; no effective permeabilityv.
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Table 2.--Summary of drill-stem-test data--Continued

[Kelley bushing (KB) is 16. ft above land surface (LS) and 2,809 ft above sea level. A constant of 2.307 was used

to convert shut-in pressure to feet of head.

SIP; Initial shut-in pressure.

SIP, Second shut-in pressure.]

Shut-in Depth to Discharge
. Interval ;
Test Formation (ft below KB) pressure pressure recorder or flow Remarks
(1b/1iny) (ft below KB) (gal/min)
*13 Madison (Mission 6,814-7,054 3,303 6,824 5 Temperature of fluid at surface 93°F (34°C).
Canyon) 340 2 ft above KB Head based on down-hole pressure gauge,
812 ft above LS. Head based on surface
pressure gauge, 802 ft above LS.
*14a  Madison (lower 7,064-7,304 3,421 7,075 9 Témperature of fluid at surface 106°F (41°C).
part of Mission 340 2 ft above KB Head based on down-hole pressure gauge, 833 ft
Canyon and upper above LS., Head based on surface pressure gauge,
part of Lodgepole) 802 ft above LS.

15 Madison 7,305-7,545 3,568 (7) 7,325 (7)) - Head based on down-hole pressure chart, 922 ft
(Lodgepole) above LS.

16 Madison (basal part 7,525-7,765 3,575 () 7,536 25 to O Bypass around lower packer. Reset packers 10 ft
of Lodgepole) and higher and tested; had bypass around lower
upper part of packer again.

Devonian
*17 Winnipeg Sandstone 8,520-9, 394 4,038 8,535 50 Temperature of fluid at surface 153°F (67°C).
to Precambrian 317 2 ft above KB Head based on down~hole pressure gauge, 797 ft

above LS. Head based on surface pressure gauge,
749 ft above LS.

* Original drill-stem-test data included in report.
(?) Numerical value is of questionable reliability.
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| { CIRCULATING SUB.

O

QUTSIDE RECORDER
CARRIER

SPACING

g E BOTTOM PACKER

BELLY SPRING

v

Figure 7.--Inflatable straddle packer tool for conventional drill-stem
tests. (Courtesy Lynes, Inc., Houston, Texas)
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OPTIONAL TOOLS
(JARS,SAFETY JOINTS, etc.)
BLEED-OFF PORTS

PACKER ELEMENTS

75.20

SPACER TUBING WITH
|| OPTIONAL TOOLS

OPENING PORTS

T
SPACER TUBING,efc,, BETWEEN PACKER ELEMENTS.

PACKER ELEMENTS

RECORDER CARRIER

Figure 8.--Dual seal Inflatable straddle packer tool used on tubing.
{Courtesy Lynes, Inc., Houston, Texas)
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POSITIONING ASSEMBLY ~=

UPPER PORT SLOCK-OUT SLEEVE

UPPER INFLATABLE ELEMENT

VARIABLE SPACING

CENTER PORT BLOCK-OUT SLEEVE

LOWER INFLATABLE ELEMENT =

LOWER PORT BLOCK-OUT SLEEVE

MANDREL PLUG

EQUALIZE DEFLATING PACKER

Figure 9.-~Inflatable straddle packer used in open hole or casing.
(Courtesy Lynes, Inc., Houston, Texas)
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DRILL-STEM TESTS

Phorne

522-1206 Area 303

LYNES, INC.

Box 712

Contractor_Anderson Nrlqg. Co. Top Choke 8"

Rig No. Bottom Choke 3/1¢"

Spot SE-SE Size Hole _ 83"

Sec. 18 Size Rat Hole

Twp. 1N Size & We. 0. P. 43" _16.60
Rng. 54 E Size Wt. Pipe ==

Field " Wildcat I.D.of D.C.__28" _

County ___Custer Length of D. C. 361!

State Montana Total Depth 6567

" Elevation 2809

Flow No, 1___15

Min.

Shut-in No. 1__30
Flow No. 2__30

Min.
Min,

Shut-in No. 2 __60

Min.

Flow No. 3 60

Min_

Shut-in No. 3__270

Bottom o
Hole Temp. 165°F

Min,

"K.8. " Interval Tested _ 6134-6244" Mud Weight 2.3
Formation Minnelusa Type of Test___Inflate Gravity __ --
Straddle Viscasity ==

Tool opéned'@_ll:lo PM.

Outsf{de Recorder

PRD Make __Kuster K-3

No. 6381 (3p.8000 @6139"'

o

Press Corrected
Initial Hydrostatic A | 2983
Final Hydrostatic K | 2960
| tnitial Flow 8 568
“[ Final Initial Flow  C 693
lnitial Shut-in D {-2820
Second Initial Flow E 689
.| Second Final Flow F 1207
Second Shut-in G |2812
‘| Third Initial Flow  H 1282
‘| Third Finat Flow | 1950
-1 Third Shut-in J 2903
Qur Tester: Paul Robbins

Witnessed Bv: Don_Brown

Did Well Flow — Gas

No__oit_No water_HNo

RECOVERY IN PIPE:

REMARKS:

4200' Saltwater = 56.28 bbl.

N

1st Flow- Tool opened with fair blow, increased to strong blow
after 3 minutes and remained thru flow period.
2nd Flow- Tool opened with fair flow, increased to strong blow
after 3 minutes and remained thru flow period.

71

. 3rd Flow- Tool opened with fair blow, increased to strong blow
after 3 minutes and remained thru flow period.
gauged at 10 psig. on 2" choke.

Flow

Sterling, Colo. 80751

$521pPY

UOT3INGTIIST( 095

612€ 'ON oyl

LL-€¢-T g

9 saido) jeury ‘ON

'ON 1S0Q

403e42dQ

2} UOSTPE}Y ‘ON pue owey |1aM *§'9°'S'n
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Operator.

U.S.G.S.

LYRNES, INC.

" Lease & No. Madison#2

OST No.

3

e m———y

Outside Recorder

PAD Make_Kustepr K-3

N°8682 — Cap 6200. @6139'
Pross Corrected
Initial Hydrostatic A 2977
Final Hydrostatic K 2956
Initial Flow 8 583
Final Initial Flow _ C 711
fnitial Shut-in D 2827
Second tnitiai Flow E 685
Second Final Flow F 1222
Second Shut-in G 2820
Third Initial Flow H 1287
Third Final Flow l 1959
Third Shut-in J 2905

Pressure Below Bottom
Packer Bled To

- Inside Recorder
PRD Make__Kuster K

No.2064 Cap. 2000 @6106!
Press Corrected
Initial Hydrostatic A 2980
Final Hydrostatic K - 2954
tnitial Flow ;] 561
Final Initial Flow C 691
Initial Shut-in D 2815
Second Initial Flow E 658
Second Final Flow F 1195
Second Shut-in G 2811
Third Initial Flow H 1281
Third Final Flow 1 1951
Third Shut-in J 2911 -

Pressure Below Bottom
Packer Bied To
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Form 3

LYNES, INC.

‘dperatof U.S.G.,S. VLease& No. Madison #2 DST No.__3_
PRD Make Kuster K-3T
et mwesmmmm . o e e ie e oo ieonsn | No._12355 Cop35-249 @ OL3%

Press Corrected

Initial Hydrostatic

Final Hydrostatic

A ) . lnitial Flow

Final Initial Fiow

Initial Shut-in

Second Initial Flow

e A . Second Final Flow
’ : Second Shut-in

Third Initial Flow

Third Final Flow

o=zl mjojcielx] e

Third Shut-in

Maximum temperature =| 165°F

1 - - - . Pressure Below Bottom
Packer Bled To

PRD Make
No. Cap @,

Pross Corrected

Initial Hydrostatic

Final Hydrostatic

Initial Flow

Final Initial Flow

Initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

=IO MM{O|olo x>

Third Shut-in

Pressure Betow Bottom
Pecker Bled To

73



Form B

LYNES, ING.

Fluid Sample Report

Where was sample drained .On Location

Date 1-23-77 | Ticket . No. 3219 .
Company 1.5.G.S.

. Well Name & No. Hadison #2 DST No 3

' 'C.ounfy i Custer State ........... - Montana

Samplor No. ... - - Test Interval ... 6134-6244!

Pressure in Sampler . 35 PSIG BHT 165 OF
Total Yolume of Sampler: 3000 - €€,
Total Volume of Sample:._ 3000 cc.

oil.._None cc.

Water:... Mone ‘ee.

Mud:... 3000 - ec.

Ges: None cu. ft.

Other.  None )

Resistivity

‘Water: @ of Chloride Content: ......ooooceceeeeen PPmM.
Mud Pit Sample @ ... of Chloride Content ppm.
Gas/Qil Ratio Gravity ....... - 7 B ) OF

Remarks:

Tool wés open momentarily ﬁnsettiﬁg pécker, causing sampler to fill with

mud.
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NES| UNITED SERVICES

DIVISION OF LYNES, INC.

80X 712

STERLING, COLORADO 80751
PHONE 303-522-1206

Comments relative to the analysis of the pressure chart from DST #3
Interval: 6134~6244', in the U.S.G.S., Madison #2, SE SE Sec. 18,
TIN-R54E, Custer County, Montana:

For purposes of this analysis, the following reservoir and ﬂmd proper-
ties and test parameters have been. used :
BHT = 165° F, p=1.0cp., t: 105 minutes, h= 10 feet (esti=-
mated). ‘ : :

1. Extrapolation of the Initial Shut-in pressure build-up curve indi-
cates a maximum reservoir pressure of 2943 psi at the recorder
depth of 6139 feet. Extrapolation of the Second Shut~in pressure
build-up curve indicates a maximum reservoir pressure of 2917.9
psi. Extrapolation of the Final Shut-in pressure build-up curve
indicates a maximum reservoir pressure of 2955.8 psi. The dif-
ference between the three extrapolated pressures is considered

_ insignificant and is indicated to be due to the use of insufficient
time for the First and Second Shut-in periods. Numerical values
for the various reservoir properties shown below and on the sum-~
mary pages have been calculated independently in (1) analysis of
the Second Shut~in pressure build-up curve and (2) analysis of the

" Final Shut-in pressure build-up curve. The results described be-
low are based upon the analysis of the Final Shut-in pressure build~
up curve and comparison of these results can be made by referring
to the summary page which shows the calculated results which are
based on the analysis of the Second Shut~in pressure build-up curve.

2. The calculated Average Production Rate which was used in this
analysis, 771.8 BPD, 1is based upon the total fluid recovery of
56.28 barrels and the total flowing time of 105 minutes.

3. The calculated Damage Ratio of 0.5 indicates that no significant
well-bore damage was present at the time of this formation test.
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U.S.G.S., Madison #2
Interval: 6134-6244', (DST #3)

 Comments - Page 2

4. The calculated Effective Transmissibility of 339.2 md. -ft. /cp.
indicates an Average Permeability to the produced fluid of 33.92
md. for the estimated 10 feet of effective porosity within the
total 110 feet of interval tested.

t 5. The Radius of Investigation of this test is indicated by the rela-
tionship, b =~ Nkt,, to be about 60 feet. .

6. The evaluation criteria used in the Drill-Stem~Test Analysis
System indicate that the results obtained in this analysis should

be reliable within reasonable limits relative to the assumptions
which have been made.

G

onsultant for Tynes, Inc.
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LYRNES, INGC.

Operator__U.S.G.S. ) .. Lease & No Madison #2 . __DST No.

Recorder No. 6381 @ 6139"

FIRST SHUT IN PRESSUR:

TIMEC(MIN) CT"PHI) PS1G
PHI /PHI '
B.0 0.2020 693
3.8 6.0000 2430
6.9 3.5000 2584
9.0 2.6667 2654
12.8 2.2500 2785
15.8 2.00068 2738
18.0 © .1«8333 2762
21.0 1.7143 2782
24.0 . . 1.6258 2799
'27+0 _ - 1+5556 2812
. 30.0 . 1.5000 - 2822

CEXTRAPLN OF FIRST SHUT IN : 2943 .0

Form 2
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LV

& No.__Madison #2

3kl

S, INC.

DST No

1 )
. 2258

Recorder No. 6381 @ 6139

SZCOND SHUT IN PRZSSURE:

. TIMECMIN) (T"PHID PSIG
PHI /PHI
2.0 2.0009 1207
£a.d 8.5008 2513
12,3 4.75886 2621
13.8 .3+5320 2678
24.0 28758 2715
30.0 . 2 . 5000 2745
26.3 2.2503 2762
42,3 2.8714 2779
BE. 4 1. 9373 2792.
SA.5 18333 2885
5d.0 17533 2812
EXTRAPLN OF SZCOND  SHUT IN : 2917.9
CALCULATIONS: SECOND SHUT IN
EXTRAP FRES5(PSIG)ee~ esceces 2917.9
NJ OF PTS ENTERD"p-pp-oou_ ll.B
NG OF PTS 9] E;-ouoeooo.oooc B 4.9
RS DEVIATIONCPSI)iececeesa 8.003
TOTL FLO Tl”‘“lN)..c.'l..l.{ “"45;6
AVE PROD FATE(BELI/DAY )evenceo 771.8
TRJ-L!‘S”I.)D("F‘ "T/g(").'o-..t..'. 287!9
IN S1TU CaprPiMo~-F )v-ﬂl...cl”. 287.9
AVE EFFECT F DY iecenscccae 28.79
PRCD INDX(EZLS/0AY-PSi)eacecnos B.451
DA”FFd RAT J-o.-o»;~-o-.occoo. gc? ’
PROD IwDX-~DAMAGE(BELS/DAY-PS1) 2.324
RAD oF INVEST F T)eaeseeanecnacs 36.9
DRAWLDOWN(FZ RCE’\'—,z“ccaauooopcgo del
POTZWNHETAC SURF(FT)reesvsoccose 3483.9
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LYNES, INC.

Lease & No Médison #t2

Operator.

U.5.G:S.

DST No___3

Form 2

Recorder No. 6381 @ 6139"

THIRD SHUT IN PRESSURzZ:

TIMEAMIN)D

C(T"PHI) PS1G
PHI /PHI
2.0 0.0000 1950
27.0 4,88869 2738
S4.0 249444 2795
81.0 2.2962 2826
108.0 l1.9722 2849
135.0 1.7778 2862
162.0 1.6481 28176
189.0 1.5556 2883
216.0 1.4361 2893
243.0 1.4321 2399
270.0 1.3889 2983
. Extrapln of Third Shut in ; 2955.8 M: 369.9
- RESERVOIR PARAMETERS:
COLLAR REZCOV 361.03% PIPE RECOV - 3839.820 INT FLO TIM
FINL FLO TIM 68.003 MUD EXPANS 1.828 BTM HOL TMP
APl GRAVITY 18.833 SPEC GRAVTY - 1.232 VISCOSITY
PAY THICKNES 18.239 SUBSEA DPTH =-3332.293 WATR GRADNT
CALCULATIONS: THIRD SHUT IN
EXTRAP PRESS(PSIG)ecececcccocs 2955.8
NO OF PTS ENTEREDeecococsscee 11.0
NO OF PTS ‘USEDoooooco-o.ogg 4.3
RMS DEVIATION(FSI).'....I.. 0'%03
TOTL FLO TIM(MINJdeeccoosoose 185.0
AVE PROD RATE(BBLS/DAY)ececssse 771.8
-TRANSMISS(MD‘FT/CP)-...-ooocco 33902
IN SITU CAP(“”D‘FT)G..-.-...... 33902
AVE EFFECT PERM(MD)sccssavsces 33.92
PROD INDX(BBLS/DAY-PSI)evecocee B.767
D AMAGE RATIO-oto-n:ooooonooooo, 0.5
PROD INDX-DAMAGE(BBLS/DAY-PSI) 8.382
“RAD OF INVEST(FT)escocccacsnes 59.7
DRAWDOWN(PERCENT)ecevoeoscsans 2.0
3496.3

POTENMETRC SURF(FT)eoeoecssces
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LYNES UN!TED SERVICES LTD.
WELL: WSt 2 J g g oML o, DDEME DATE: giors-ns
50 DST ND. 3
‘ [ REC. ND. EEE" .
DEFTH 8
20f
| |
; 14
-
P T
i ‘
N i
fa) i
I
\+ 54
8
‘_
Lo
24
& : ' 4
2eEn 2380 2528 ZEZN 3EEQ asen =860
PEH SO0IL OR RATER?

L.

PREISGURE EXTRAPOLATION PLOT

Foru 2156 12.78




Phone
522-1206 Area 30;

LYNES, INC. T2,

-Spot___ ==

Sec.. 18

Twp.__ 1 N

" Rng._ 54 € .
. Field __Wildcat =~ -

Csg. Size & Grade 9 5/8"

Tubing Size 2 7/8"

Tool Depth 8115-8355"

On Location @ 4-12-77 4:30 AM.
Off Location @ ___ 4-15-77 7:35 AM.
Lynes Rep. Paul Robbins

Well Owners Rep.

Ellwood Bennett

Tool Description__Straddle Treating & Testing Tool

Top Packer: 74" X 132"

Bottom Packer: 74" X 132"

Test #10
Summary:

4-12-77

5:05 AM. Moved tool to blank position and bled off pressure, then swabbed

down 2500' of fluid.

8:55 AM. Moved tool to between position. Tool opened with a strrung blow
’ ‘with fluid to surface in 8 minutes, let test flow over night.

4-13-77

10:43 AM. Shut-in on surface.

1:30 PM. - Reopened tool.

3:35 PM. Shut-in on surface.

5:20 PM. Reopened tool.

6:05 PM. Moved tool to blank position and pressured tubing to 800 psig.

-6:25 PM. Moved tool to inflate position, bled off pressure and released
packers. ‘
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LYNES, INC.

Operator ‘u.s. Geological Survey Lease & No.___Madison Test Well #2  DST No._y_l'o___A

- Above Interval-
e . ve Kuster K-3.
1 Top Ree ¥r/x237° JsT RN/ 3 :I?)D 1555 cap. 2290 e
i P' S50 ’ Press i ‘Corrected
! ol , _ 2 " il Hydrostatic A 4108
B @ ’ @ Final Hydrostatic K-
. P Jf\j:* . : . Initial Flow B
T Final Initial Flow C
: i : Initial Shut-in D
: N e Second Initial Flow E
: ! - * -Second Final Flow F
_LES_LJQ TEST I Second Shut-in G
! : _ Third Initial Flow H
: ‘¥ Third Final Flow 1
[ | Third Shutin J
- Pl
H J
Pressure Below Bottom
Packer Bled To
T, E‘J;,’«WL;; ‘e T T TNgT E/f -7 T TR PRD Make Kuster K-3
R N5 D=1 l No. 2513 0 5700 g BIZ5"
' ) | 2 " Press - Corrected
. ! @@ Initial Hydrostatic A 4130
. Q Final Hydrostatic K -
4 Initial Flow B 3337
0 Final Initial Flow C 3584
.t tnitial Shut-in D 3808
t . Second Initial Flow E 3575
: Second Final Flow  F 3553
’ Second Shut-in G 3800
Third Initial Flow H 3579 .
Third Final Flow [ 3555
Third Shut-in J -
Pu.nur- Below Bottom
Packer Bisd To

Form 3
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Form 3

LYNES,

Operator.

INC.

Lease & No.

1}.S. Geological SJrvey

Médison Test Well #2

DSTNo._ 10

T
'| Brr Rec b;\wrw

/Y'-l Yz
r‘Vr@

. PRD Make

Kuster K-3

No 15242 cap._ 5450 @

Press

Corrected

. lnmal Hydrostatic

413}

Final Hydrostatic

Initial Flow

3338

-Final Initial Flow

3587

'M

3816

&%b

Second Initial Flow

3578

Second Final Flow -

3553

Second Shut-in

3812

Third Initial Flow

3583

Third Final Flow

3560

A
K
8
C
Initial Shut-in. ~ D
E
F
G
H
|
J

Third Shut-in

Pressure Below Bottom
Packer Bled To

S — T
e L den FI52YD
poSYse

°~ w
~er T

Below Interva
PRD Make Kuster K-3

1

No 15240 Cap ﬁSO @

Press

Corrected

% ha ;\ rs

Initial Hydrostatic

L2580

Final Hydrostatic

tnitial Flow

Final Initial Flow

tnitial Shut-in

Second Initial -Flow

Second Final Flow

Second Shut-in

Third Initial Flow

.. Third Final Flow

“i=|Tio|nm|O|O|®|xI1>

Third Shut-in

Pressure Below Bottom
Packer Bled To

| o— iz
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ROGER L. HOEGER
Consulting Geologist
1780 So. Bellaire Strecet, Suite 301
Denver, Colorado 80222
(303) 759 - 4491

Drill-Stem-Test Pressure Analysis Repors

CacaTon TRECPEN [nitial: 1548 mins.| vt Seen
T1N-R54E, Section 18 Final: 125 mins.| Special
COU"'V AND SYA'E INITIAL SHUT.IN TIME, 1. D. NUMBER:
MONTANA, CUSTER 167 minutes L-6658
COMPANY: FINAL SHUT-IN TIME; i CATE COWMPUTED:
U.S. Geological Survey 105 minutes 6/8/77
ASE AND WELL NUMBER: TEST NUMBER; DATE TESTED:
10 12/77
i'o_anYIn_%:irlg?Sgl Test Well 42 INTERVAL TESTED: Faot (L;‘}A/nouzu/ Fowr
Red River 8115-8355 KB 2809
F_vmz —. X - X -
Fluid to surface in 8 minutes of First Flow; reported flow rate range:
13.8 gpm - 18.5 gpm. 4
HQLE. TOOL AND RECOVERY DATA
DRILL-;!:'E.ICIA’:'A'C.I.‘I;)V Test tool "FEET OF MUD HUD PERCENT ACE
DRILL-CO.:I:'A-A:.C'A‘:A')CIYY on 2-1/ 8" FEETOF wATER WATER PERCENTACE
' DRILL-&?I..'I;AR FOOTAGE tubing. FEET OF OTHER OTHER PERCENTACE
fHoTE musun FEET OF OIL GIL PERCENTACE
{lnches) 9.625
FIPE FOOTACE tfuw:un . FEET GF CUSHION EORuATION § nscov:av
LR 1 240, TR Ry Flowed water|" ™ e e | 535.8
(WUD WEIGHT CAPACITY OF ANNULUS
Paveds par gallea) odade {Besole) -
EF‘E_C!L!:E"F‘I;OVINC TiuE 1 67 3 . GROSS RFBCS';E.?__Y, VOLUME oo - RECOVERY LESS THAN ANNULAR VOLUME, {(X) D
G SUMMARY
A AUGE B Surface Recorder
RECORDER NUMBER I.JKPTK; OATUM: RECORDER NUMBER DEPTH: DATUM:
2512 8125¢ =5316! 2 at!;ove K.B. | +2811!
A [xev poiNt summary] B Al SUMMARY OF RESULIS 1. B
‘ Eirst Flow EFFECTIVE TRANSKISSIBILITY, kh/pt =d i1 por <p
INITIAL FLOWING PRESSURE: puin 2305.5 hadudad
3337. l - e . INDICATED AVERAGE PERMEABILITY, %4 md/cp
FINAL FLOWING PRE SSURE: paig 230.6 (fOI‘ eét. 10teffect. ¢)
3584. I - A B [FRODUCTIVITY INGEX: Borvels oot duy ous por
Second Flow ] eXTRAPOLATION SUMMARY | 1.83 I ———
TIITIAL PLOWING PRESSURE; PR HINITIAL (0 +8)/Q CALCULATED FROM MEASURED DATA: OAMAGE RATION
3575. ] - 10.27 10. 27 1.61 I -
FINAL FLOWING PRESSURE; Prig UNUMBER OF POINTS USED FOR INITIAL CURVE-FIT: FLOWING PRESSURE COMP ARISOM: %
3553. ' - 5. 8. - ———
SLOPE OF INITIAL BUILD-UP CURVE: yeiscyeis
INITIAL SHUT-IN PRESSURE: peig [INITIAL EXTRAPOLATED PRESSURE: [3] IMTIAL POTEMTIOMETRIC SURFACE: towr
3808. | 287. 38489. 315. #3537. *3536.
FINAL (v++0)/0 CALCULA‘IET FROM MEASURED DATAs Ft. Of Head above K. B.
16.93. 17.40 728. 7217.
NUMBER OF POINTS USED FOR FINAL CURVE-FITr, o o
6. 9.
SLOPE OF FINAL BUILD-UP CURYE: pet/eycle
38. 31,
FINAL SHUT-IN PRESSURE! suiy [FINAL EXTRAPOLATED PRESSURE, poin FINAL POTENTIOMETRIC SURFACE; [
3800. 286.5 .3848. I 326. F*3534. |*3561.
TNITIAL HYDROSTATIC MUD PRESSUREL peiy ] Ft. of Head ahove K. B.
4130. i | * Conversion Constant of 725, 759,
FINAL HYDROSTATIC M4UD PRESSURE) sy 2.30 ft. /p51 used to calcu~ : :
-—- ——— late P.S. Elevation. !
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ROGER L. HOEGER
Consulting Geologist '
1780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
(803) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #10, Interval:

© 8115-8355', in the U.S. Geological Survey, Madison Test Well #2, Section 18, TIN-
R54E, Custer County, Montana-

1.

Extrapolation of the Initial Shut-in pressure -build-u'p curve indicates a maxi-
mum reservoir pressure of 3849 psi at the recorder depth of 8125 feet. Ex-

‘trapolation of the Final Shut-in pressure build-up curve indicates a maximum

reservoir pressure of 3848 psi. These extrapolated pressures are equivalent

" to potentiometric surface elevations of +3537 feet and +3534 feet, respectively,

" based on.the conversion constant of 2.30 ft. /psi. These potentiometric sur-

- face elevations indicate a head of water above the elevation of the Kelly Bush-
" ing (+2809') of 728 feet and 725 feet, respectively.

Extrapolation plots, using the Horner method, have been made of the shut-in

.pressure build-up data which were obtained by the surface pressure recorder

. located 2' above the K.B. The results of these extrapolations are shown on

3.

5.

' the summary page and, when converted to potentiometric surface elevations,

compare very closely with those determined by the analysis of thie pressure
build-up data recorded by the down~-hole pressure instrument.

The calculated Average Production Rate which was used in this analysis, 538.8

BPD is based upon the reported flow rates which were gauged throughout the
ﬂowmg periods used in this test. This average production rate has been used

in the basic Horner equation, along with the measured slope of the extrapola-

tion plot for the Final Shut-in pressure build-up curve, 38 psi/log cycle, as a
means of calculating numerical values for the various reservoir properties
shown below and on the summary page.

The calculated Damage Ratio of 1.61 indicates that slight well-bore damage

"was present at the time of this formation test; however, in view of the volume-

rate of production which occurred, this indicated well-bore damage may be due
to the choke effect of the test tool rather than formation damage.

The calculated Effective Transmissibility of 2305.5 md. -ft, /cp. indicates an

"Average Permeability of 230.6 md. /cp. for the estimated 10 feet of effective

porosity within the total 240 feet of interval tested.
The evaluation criteria used in the Drill-Stem-Test Analysis System indicate

that the results obtained in this analysis should be reliable within reasonable
limits relative to the assumptions which have been made.
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S. Geological Survey

Well Name & No. Madison Test Well #2

Location Sec. 18, TiN-R54), Custer County, Montana

DST No. 10 Test Interval: 8115-83551? Formation Tested: _Bed Biver

Recorder No. 2512 Recorder Depth 8125 feet.

INITIAL SHUT-IN " FINAL SHUT-IN
Initial Flow Time, t= 1548 | Total Flow Time, t= 1673

t+ 0 Pressure t+6 Pressure

0 t+0 35 Bennyl t+6 o lp.s.i)
16.17 1564.1 93.69 3762 10.5. 1683,5 | 160.33 3750
33.4 1581.4_ | 47,35 3776 21,0 1694.0 1 80.617 3766
50.1 1598.1 ] 31.90 31788 31.5._ 1704.5.0__54.11 3776
| _66.8 | 1614.8 24,17 3792 _42,0 1715.0 40.83 | 3786
| 83.5 | 1631.5_ | 19.54 _3795___ 52.5 1725.5 32.87 _3790
| __100.2 | _164B8.2 | 16,45 | 3800 . 63.0 1736.0 27. 56 3793
116.9 | 1664.9 14.24 | 3803 _. _73.5.__ | _1746.51 23.76 3796
| 133.6_ ] 1681.6 1 12.59__ _|[ 3805 84.0 17570 20.92 3798
150. 3 16983 11.30 3807 ._ 94.5 1767.51 18.10 3799
_167.0 1715.0 | 10.27 3808 05.0 1778.0 16.93 . 3800
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S.G.S.

Well Name & No. Madison Test Well #2

Location Sec. 18, TIN-R54E, Custer County, Montana

DST No. 10 Test Interval: 8115-8355" Formation Tested: _ Red River

Recorder No. Recorder Depth _ _ feet.
INITIAL SHUT-IN FINAL SHUT-IN
Initial Flow Time, t= 1548 il Total Flow Time, t= 1473
t+ 80 Pressure T+ 9 . |Pressiure
) t+0 e (beai) 0 t+9o — Kowitny
5 1553 310.60 239.0 5 1678 335.60] 2358.0
10 1558 155. 80 250.0 Il 10 -1 1683 | 168.30; 25i.5
16 1564 | 97.75 | 257.5 _ i __14 _ 1687 :_120.53 ) 255.0
20 __|_ 1568 78.40 | 261.0 .| 20 1693 | R4.65| 264.0
30 1578 22,60 | 266.5. ) _ 25 ) 1698 | 67.92! 267.5
40 1588 39.70_| 270.0 30 1703 | . _56.77] 270.5 |
50 1598 31.96_1 272,5 35 1708 ] 48.80 4 273.0
__.AQ_T_MLQS 426,80 | 275.5 | .40 - 1713 42.831 9275.0
70 1618 23.11_|_276.5._ll__ 50 1723_ | _34.4¢] 278.0 |
80 1628 20.35 279.0 60 ;1733 | __.28.881 280.%
90____| 1438 —18.20 | _28%0.0 Ml 70 | 1743 | _24.80] 282.5
100 1648 16.48 281.5._ It _ 82 1755 _ 21,40} 284.0C
120 1668 13.07 | _283.5 . Jl _90 | _1763._| .19,59| 285.5 |
137 1685 12.30 T 2385.0 102 1715 17.401 286.5
167 1715 10. 27 287.0 -
1
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Phone . ; Box 712
522-1206 Area 303 LY N E S $ 5 N C - Sterling, Colo.
Spot___== Csq. Size & Grade 9 5/ 8"

Sec. 18 Tubing Size 2 7/8
Twp_ 1 N Tool Depth 7775-8015"
fng.. 54 E On Location @ 4-12-77 4:30 AM.

Field_wi ldcat
County_Custer

State__ Montana

Tool Description

Qff Location @

4-15-77 7:35 AM.

Lynes Rep.

Paul Robbins

Well Owners Rep.

Straddle Treating & Testing Tool

Ellwood Bennett

Top Packer:

7% X 132"

Bottom Packer:

73" X 132"

Test #11

Summary:

. 4-13-77
10:00 PM.

4-14-77
1:07 AM.

10:11 AM.
11:21 AM.

Pressured tool to 2500 psig. and moved to blank position.
pressurc then swabbed down 1000' of fluid.

.Moved tool to between position.
increased to strong blow after 1 minute.
minutes.

- Shut-in at surface.

Opened tool and let test flow until samples cleared up..

out at 12:44 PM.

5:37 PM.
8:37 PM.
10:05 PM.
10:50 PM.

Opened tool.

Shut-in at surface.

Moved tool to come out position.
indicating equalization was incomplete.

started out of hole.

4-15-77
2:35 AM.

Out of hole.

Bled off

Tool opened with weak blow,
Fluid to surface in 22

Clock ran

‘Moved tool to equalize position.and let set 45 minutés.

Had weight increase of 10,000 psig. |
Worked tubing to free; and
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Form 3

Operator U.S. Geological Survey

LYNES, INC.

Lease & No.__Madison Test Well #2 ~  ©OSTNo.__ 11

U Yop. Rac. Br/5237 ISTR)/

i
|

e

et ares vew

P. s 500
2 AR, 2

N id

Above Interval
PRD Make .~ Kuster K-3

No._ 15239 Cap 5500 @ ==~

Press Corrected

‘Initial Hydrostatic

. 3901

Final Hydrostatic

Initial Flow

Final Initial Flow

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

A
K
B
C
Initial Shut-in D T --

E
E
G
H
[

J

Third Shut-in

Pressure Below Bottom
Packer Bled To

-
"

TapBetwY Dec.H A\ xi2 DST =79 -4,
"760 L\ﬂ' 72
, v

[ ¢
3

&

®©

%ﬁ@z @

Sebio]

TEST 10 . IEST I

PRD Make_Kuster K-3

No._2512 (ap 5700 @_7785'

_ Prass Corrected

Initial Hydrostatic 3925

Final Hydrostatic -

Initial Flow 2983

Final Initial Flow 3406

Initial Shut-in 3678

- Second Initial Flow

3421

Second Final Flow

Second Shut-in

Third Initial Flow

]
\__.tA.I e —— e TS eermimsiem s e e

Third Final Flow

SI=ITOIMMIOI0I@ K] >

Third Shut-in

~

. Packer Bled To

Pressura Below Bortom
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Form 3

LYNES, INC.

Operator U.S. Geological SurQey.

Leate & No._Madison Test Well #2

DSTNo._ 11

E' 3:!- ;\)'gc. Belwerae/

. PRD Make

Kuster K-3

N015242 Cap

5450 _@__--

Press

Corrected

Initial Hydrostatic

3925

- Final Hydrostatic

Initial Flow

2989

Final Initial Flow

3413

3683

Second Initial Flow

3422

Second Finat Flow

Second Shut-in

E

Third Initial Flow

Third Final Flow

A
K
8
C
Initial Shut-in D
E
F
G
H
|
J

Third Shut-in

Pressure Below Bottom
Packer Bled To

Y-S

Relow

RQQ.,I';L,'# /520 '722\4_.

P SYso

Ds7 77

Below Interval

pr Make_Kuster K-3

No. 15240 cap 5450

@__==

Press

Corrected

Initial Hydrostatic

4043

Final Hycrostatic

Initial Flow ~

Final Initial Flow

Initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

“l=|lT{o|m{o{ojm|x]|>

Third Shut-in

Pressure Below Bottom
Packer Bled To
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ROGER L. HOEGER
Consulting Geologist
l780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
{505) 759 - 4491

Drill-Stem-Test Pressure Analysis Report

LOCATION: K TIME OPEN: InltlaT: 544 MlnS.- FILE NUMBER:
TlN-R54E Sectxon 18 Final: 376 Mins. Special

COUN" AND STAYVE: INETIAL SHUT-IN TIME: 1. D. KUMBER:
MONTANA, CUS TER 70 Minutes 1.-6658

COMPANY; FINAL SHUT-IN TIME: DATE COMPUTED:
U.S. Geological SurVev 180 Minutes "6/6/177

FTasE anD S ELt WUMBE R TEST NUmBER: DATE TESTED: .
Madison Test Well #2 11 4/13/71

[FORMATION TRSTED: INTERVAL TESTED: Feer” [ELEVATION: Fout
Devonian & Silurian 7775-8015 - KB 2809

[RECOVERY:

Fluid to surface in 22 minutes of First Flow Period. Flowed at rate of
'8 to 10 gallons per minute.

HOLE, TOOL AND RECOVERY DATA

1 DRILL- 'l’! IC‘A':'AEL'I;)' TeSt .tool run FEET OF MUD MU0 PEﬁCENT:GE
DRILL CD.'L'E‘ARSA':A.CITY on 2_7 / 8" FEEY OF WATER WATER PEl!CE:TAGE
DRII.I.(CD:.I,.AR FOOTAGE tubinE; FEET OF OTHER OTHER 'ERCE:TAGE
KOLE ?‘IME;ECI 9 62 5 FEEY OF OIL oL F[RCENTAGE
PIPE 'OOYAGE EWIV‘LSNT . FEET OF CUSHION FOHMATION RECDVER'
TO ANNLLUS oot} - - PERCE
I“TER:AL }muuus 240. TOYAL l:gs'O')VERV Flowed Water AVEEA?BE:SICID::FI:?)" RAT. 30 1 . 5
MUD WEIGHT CAPACITY CF ANNULUS
. _{Puunds por gellan) - Boreals - i
EFFECTIVE FLOWING TIkE g20. GROSS R‘EBC_?';;_‘:"’ VOLUME -—— RECOVERY LESS THAN ANNULAR VOLUME, (X) D
: GAUGE SUMMARY
A B~ Surface Recorder
RECORDER NUMBER | DEPTH: DATUM: RECORDER wuMBER  [OEPTH: DATUM:
2512 7785' -4976" 2'aljove K: B. +2811°
A [xeY pOINT summarY| B Al SUMMARY OF RESULTS 1. B
' First Elow EFFECTIVE TRANSMISSBILITY, khjar wd 1t poe <o
INITIAL FLOWING PRESSURE oalg 624. 4 ———
2983 ] ’ -. - INDICATED AVERAGE PERMEABILITY, kfus wd/cp
FINAL FLOWING PRESSURES . peig 62. 4 (fOr lbl effect- é)
3406, - A B PRODUCTIVITY INDEX: Barels par aey oot poi
Second Flow- | EXTRAPOLATION SUMMARY [ 0.87 l ———
MITIAL lL_O'I'lG 'ﬂﬁ};u“& puig [INITIAL (1+8)/% CN.QJLAY(lo FROM MEASURED DATA: DAMAGE RATIO: -
3421. ] - 8.77 8.77 0.8 | ——
FINAL FLOWING PRESSURE: peip ENUMBER OF POINTS USED FOR INITIAL CURVE-FIT: FLOWING PRESSURE muPAﬂITNl %
N s 9. -
-1 CrC OF INITIAL BUILD-UP CURVE: paifeycle
78.5 42,
NITIAL SMUT-IN PRESSURE: peig (INITIAL EXTRAPOLATED PRESSURE: prig WMITIAL POTENTIOMETRIC SURFACE: fowe
3678, - l 270 5 . 3752. 311. *3654. I*3526.
B B : FINAL (v+9)/8 CALCULAYED FROM MEASURED DATAs Ft. of Head above K. B.
——— 6.11 8457 717,
INUMBER OF POINTS USED FOR FiltAl, CURVE-FIT:e
, o 8.
A . SLOPE OF FINAL BUILD-UP CURVE( suisevele
** Chart time expired. _—— 24,
FINAL SHUT-IN PRESSURE: puig |FINAL EXTRAPOLATED PRESSURE: . paig FINAL POTENTIOMETRIC SURFACE: lont
= None | 300. - | 319. - %3545,
INITIAL HYDROSTATIC MUD PRESSURE: »s| % Conversion Constant of Ft. of Head ablo‘,e K.RB.
‘i?\.zﬂ?l;ROSTA"Cﬂ D PRESIURE —= 2' 30 ft. /pSi used to calcu- — 736.
Y] 1 g . .
late P.S. Elevation. |
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ROGER L. HOLEGER
Consulting Geologist
1780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
(303) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #11, Interval:
7775-8015!, in the U.S. Geological Survey, Madison Test Well #2, Section 18,. TI1N-
R54E, Custer County, Montana:

1
i

5.

' Extrapolatlon of the Initial Shut-in pressure build-up curve mdlcates a maxi-

mum reservoir pressure of 3752 psi at the recorder depth of 7785 feet., The'
chart time expired shortly after opening the tool for the Second Flow period.

‘Consequently, a Final Shut-in pressure build-up curve was not recorded dur- -
. 'ing this test. The indicated maximum reservoir pressure is equivalent to a

potentiometric surface elevation of 3654' above sea level, based upon the
conversion constant of 2.30 ft. /psi. This potentlometmc surface elevation
in turn indicates a head of water above the K.B. (+2809') of 845 feet,

Extrapolation plots, using the Horner method, for the shut-in pressure build-~
up data that were recorded by the surface recorder during this test indicate .
the following: extrapolated Initial Shut-in pressure, 311 psi and extrapolated
Final Shut~in pressure, 319 psi. These extrapolated surface pressures con-
vert to potentiometric surface elevations of +3526' and +3545' on the basis of

" the conversion constant of 2. 30 ft. /psi. These potentiometric surface eleva-

tions indicate the following head elevations above K.B.: 717! for the Initial
Shut-in and 736' for the Final Shut-in.

There is cons1derable difference between the calculated results which were

_ obtained by analysis of the subsurface pressure recorder data and the surface-

pressure recorder data. The cause of this difference has not been discernible
by the wrlter. : . S o

The calculated Average Production Rate which was used in this ana1y81s 301.5
BPD is based upon the reported flow rates which were measured during the ﬂow-—
ing perlods used in this test. This average production rate and the measured .

- slope of the extrapolation plot for the Initial Shut-in pressure build-up curve,.

78.5 p51/10g cycle, have been used in the basic Horner equation to calculate
numerical values-for the varxous reservoir- propertxes shown below and on the :
summary page. ’

The calculated Damage Ratio of 0. 8 indicates that no significant well-bore dam-
age was present at the time of this formation test.

_The calculated Effeetive Transmissibility of 624. 4 md. -ft. /cp. indicates an
Average Permeability of 62.4 md. /cp. for the estimated 10 feet of effective

porosity within the total 240 feet of interval tested.
The evaluation criteria used in the DST Analysis System indicate that the re-

sults obtained in this analysis should be reliable within reasonable limits rela-
tive to the assumptions which have been made.
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o b g

LYNES, iINC.

Operator U.S.GC.S. Lease & No.___Ma.di.s_QLTsSLﬂ_ell_#_Z__DST No_ 11 .

Recorder #2512 @ 7785'

FIRST SHUT IN PRESSUREs

TIMECMIN) CT"PHI) PSIG
PHI" . /PH1” ;
8.0 0.0000 3406
7.0 78.7143 3615
12.8 39.8571 3635
21.0 26.9848 3647
28.0 20,4286 3654
35.0 165429 3659
42.9 13.9524 3663
49,0 12,1820 3667
$6.0 10.7143 3671
63.0 "9+6349 367s
78.0 8.7714 3678

EXTRAPLN OF FIRST SHUT IN 3 3752.8 M : 78.5

form 2
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LYNES UNITED SERVICES LTD.
WELL: OISR 2 | USES LOCN: DATE: B+-14-77
s0_ OST NO. it
: “ ‘ REC. NO. 2512
DEPTH 5]
\
-1
' \
204
104
s
[ T
T
n
I
n -
4+ si
)
L
o
24
! t : i ; —+ ‘r —
b 1121} 3233 3YE7 37an 3833 Hi&7 S Ri14]
: P16 COIL OR HATERD
PRESSURE EXTRAPOLATION PLOT

Fonu 286 (R.76
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S. Geological Survey
Well Name & No. __Madison Test Well #2
Location Section 18, T1N-R54E, Custer County, Montana

DST No. 11 Test Interval: 7775-8015" Formation Tested: Devonian &

. Silurian
Surface
Recorder No.

---~-= . Recorder Depth 2'above K. B.

INITIAL SHUT-IN FINAL SHUT-IN

Initial Flow Time, t= 544 Total Flow Time, t= 220
o [ tre [ LFE JRressmell o [ tve [L30 [Rresspre
2 546 278.00 191.0 5 925 185. 00 242.5
4 548 137,00 .| 212.5 10 930 93.00 258.0
8 852 ___ | _69.00 229.5 16 936___ | _58.50 267.0
12 556 46,33 _238.5 20 940 47.00 271.0
16 S40 35.00 | 244.5_ a0 950 _ | 31.67 278.0
20 564 28.20 | .249.0 40 960 24.00 282.5
25 569 22.76 | _253.5 50 970 | 19.40 286.0
30 _ 574 .1 _19.13 | 256.0 60 980 16.33 288.5
35 579 16.54 259.0 70 990 | 14.14 291.0
40 . 584 14.60 261.0 80 _1 1000 12.50 282.0
50 594 11.88 265.5 90 1010 _ _j_11.22 294.0
60 604 10.07 | 268.0 100 _1020 10.20 295.0 |
70 614 B8.77_| 270.5- 120 1040 8.67 296.5
140 1040 7.57 298.0
160__ | 1080 6.75 299.0
1890 1100 6.11 300.0
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B

' Phone ~ |
- 522.1206 Area 303

LV N E S ’ I N c - - - Sle?l?:g,?::ilo‘

-Spot__ == Csg. Size & Grade 9 5/8"
Sec.. 18 Tubing Size 2 7/8"
Twp.. 1 N : - Tool Depth__ 6814-7054"
“Rng.__ 54 E. .On Location @ -=
- Field__Wildcat Off Location @ —_—
" County Custer Lynes Rep. ‘ .Paul Robbins
Well Owners Rep. Ellwood Bennett

" State__Montana

Straddle Treatinq & Testing Tool

-. Tool Description

Top Packer 7 3/8" X 136" Bottom Packer 74" X 136"

Test #13
Summary:, '

4-16-77
' 5:05 AH.

7:15 AH.

4-17-77
2:03 AM,

5:05 AM.

‘ Inflated packers, moved tool to blank position and swabbed

1000' from surface.
Moved tool to between position., Tool opened with a strong
blow, fluid to surface in 35 minutes. Flowed and svabbed

well for 19 hours.

Shut-in at surface for 182 minutes.
- Opened at surface and well flowed immediately, flowed for v

45 minutes.
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LYNES, INC.

" Operator__Y.S.G.S. . Lease & No.__Madison Test Well #2 OSTNo.__13

— Above Interval
T o 3y 4e i Zresy 2/c13y " N PRD Make__Kuster K-3

: i ss5o0 No. 15239 (395500 @
: 2 he.72. Press . Corrected
g | @e @33 @"' @ -f Initial Hydrostatic 3441
ot @ \ : \ Final Hydrostatic
P . D o * - — Initial Flow
* k - Final Initial Flow
Initial Shut-in
Second .Initial Flow

EST 12 IFST 12 ‘IEST 16 TEST | Second Final Flow
: ’ ’ Second Shut-in

o

el &1 F‘_{LD,LJ4V

]

l Third Initiel Flow
I ) Third Final Fiow
[ Third Shut-in

“i=ix{a|nimiojolcl x>
]
)

| I A ——p e e

) Pressure Below Bonom
N ) . ! Packer Bled To

. Qor 2212 "’*"lﬂ CAR. 2 3y ' # as/z N ‘ B

- |g.s Cejw ees) Lo P s? oo PRD Make Kuster K-3

‘. A 12- ha. No 2512 Cap. 5700 @, 65244

Press Corrected

3v q(?s Ql @4 Q @ Tnitial Hydrostatic A | 3231

e J\}“"/\ h Final Hydrostatic K -

- [’L‘h ‘ﬂl"l : Initial Flow B 2300

‘ \ﬂ' (é %} é)@/ d Final Initial Flow ___ C__| 2967

: ; initial Shut-in D 3267

- Second Initial Flow E 2990

’ : ; {1 Second Final Flow F 2969

v ‘Second Shut-in G -

V TegT 12 £5T13 TEST 14 TE2T LM% Third Initial Flow H -

N . ‘ * Third Final Flow 1 -

- - - e Third Shut.in J -

Prassure Below Bottom
Packer Bled TO
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Form 3

Operator,

LYNES,

U.S.C.S.

ING.

Lease & No._ Madison Test Well #2 = OSTNo._13

.

¢
! DS‘T 22430148

Iw. .z 1ei2§ Betew Bedwvens

2

'“] ©/t i3

:Tgs* 2_TESTI3

PRD Make _Kuster K-3

Eyrays N
ha 14 No._15242 Cap.5450 @ == __
p f.,f” Press Corracted
initial Hydrostatic - A 3229
/@ Q@ Final Hydrostatic K -
Initial Flow B 2309
J\"__/L‘ml",_____ﬂ } Final Initial Flow C 2968
Initial Shut-in D " 3248
Second !nitial Flow E 2991
Second Final Fiow F 2975
1 Second Shut-in G -
A, Third Initial Flow ___H -
JEST 14 TEST 128 Third Final Flow 1 —
' Third Shut-in J -

i

.

I
Al e - ——— T —— e -

Pressure Betow Bottom
Packer Bled To

(1 S om e e o e o o -

i
N

[,

cLp ¥ 133 L
0T F /431" gt

|

Below E((orJf"

@P

. ——

HI51ve
f. s¥So \

Below Interval
PRD Make_Kuster K-3

74 AA,.

Press

@

No._L5240 _Cap.5450

Initial Hydrostatic

Final Hydrostatic

Initial Flow

Final initial Flow

Initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

Third Shut-in

"~ —— = ——

fos

Cl=lx|@inmio|o|o|x]>

Pressure Below Bottom
Packer Bled To
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ROGER L. HOEGER
Consulting Geologist
1780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
(303) 759 - 4491 .

Drill-Stem-Test Pressure Analysis Report

LOCATION: | TIME OPEN: FILE NUMBER:
TIN-R54E, Section 18 SE SE 1128 minutes Special
COUNIY AND STATE: INITIAL SHUT.IM TIME: I D. NUMBER:
MONTANA, CUSTER 182 minutes L-6660
COMPANY: FINAL SHUT-IN TIME: DATE COMPUTED:
U.S. Geological Survey —— 4/16/77
[CEASE ARD WELL NUMBER: TEST NUMBER; OATE TESTED:
Madison Test Well #2 13 6/7/17
FORMATION YESTED. . . INTERVAL TESTED: Feor ELEVATION: ) Faar
Mission Canyon 6814-7054 KB 2809

[RECOVERY:

minute.

Fluid to surface in 35 minutes.

Flowed at average rate of 5 gallons per

HOLE, TOOL AND RECOVERY DATA

ORILLIE CAPACITY Test tOan an JPeE OF MaB WUD PERCENT ACE
ORILL-COLL AR CAPACITY on 2-7/8 FEET OF WATER VATER PERCENTACE
DRILL-COLL AR FOOTACE tubing. FEET OF OTHER OTHER PERCENTACE
WOLE DIAMETER 9. 625 FEET OF OIL BiL v:nc:nucs
‘ P T OR AL EaVALER o FEET OF CUSHION ;g:ge:g{or«cazcoveav
INTERVAL TRIERNESS 240 TOTAL RECOVERY Flowed water  ACE RooUcTion aaTs 171. 4
MUD WEIGHT CAPACITY OF ANNULUS - [
{Peundy per golten} o (Borrals)
EFFECTIVE FLomNoTIME T 1128, RO R ooy | oLune === RECOVERY LESS THAN ANNULAR VOLUME, (X) l:]
GAUGE SUMMARY
A B -~ Surface Recorder
RECORDER NUMBER | DEPTH: oATUM: RECORDER NUMBER | DEPTH: DATUM:
v v
2512 6824 -4015 21 albove K.B. | +2811!
‘A [key pOINT summarY] B A T SUMMARY OF RESULTS LB
First Flow EFFECTIVE TRANSMISSIBILITY, bhs: 4 i1 par cp
TNITIAL FLOWING PRETSURE, “ovie 662.0 —-—-
2300. ] - e INDICATED AVERAGE PERMEARILITY, 84t md/cp
FINAL FLOWING PRESSURE: »eis . 66.2 —-——
2967 N - - A B [ARODUCTIVITY INOE X: ‘ Berrals por 4oy por pac
Second F low | ]| EXTRAPOLATION SUMMARY | 0.51 -
INSTIAL FLO!"(G PRESSURE; peig [INITIAL (1+©)/9 CALCULATED FROM MEASURED DATAs OAMAGE RATIO: l
2990, ] - 7.26 7.20 1.5
FINAL FLOWING PRESSURE: #%i8 KNUMBER OF POINTS USED FOR INITIAL CURVE-FIT: FLOWING PRESSURE COMP ARISON: 3
2969. | ——— 4. 10. —— S
SLOPE OF INITIAL BUILD-UP QURVE: “pai/eyele
42.1 : :
INITIAL SHUT.IN PRESSURE: , paig {INITIAL EXTRAPOLATED PRESSURE: oaig INITIAL POTENTIOMETRIC SURFACE: (=
32617. I 299.5 3303. 336. %3582, *3584.
- FINAL (s 0)/0 cn.cuur::f FROM MEASURED DATA: Ft. of Head above K. B.
N e - 771. 775.
NUMBER OF POINTS USED FOR FINAL CURVE-FIT:s =
SLOPE OF FINAL BUILD-UP CURVE: seiscyele
FINAL SHUT-IN PRESSURE: poly IFINAL EXTRAPOLATED PRESSURE: paip FiNAL pox':unouzrmc SURFACE: foar
None | - ) - PP - -
|NITI§L2H:;BIQO$YA“C WUD PRESSURE: poig * Conversion Constant Of '
: bkt 2.30 ft. /psi used to calcu-
FINAL HYDROSTATIC MUD PRESSURES veis A
-} late P.S. Elevation. |
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S A

‘ROGER L. HOEGER -
. Consulting Geologist
1780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
(303) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #13, Interval:

-1,
. . reservoir pressure of 3303 psi at the recorder depth of 6815 feet. This indi-

5.

'6814-7054', in the U.S. Geological Survey, ‘Madison Test Well #2, SE SE Sec. 18,
. TIN-R54E, Custer County, Montana:

Extrapolation of the Shut-in pressure build-up curve indicates a maximum

cated maximum reservoir pressure is equivalent to a potentiometric surface
elevation of 3591' above sea level, based upon the conversion constant of
2.30 ft./psi. ‘This potentiometric surface elevation, in turn, indicates a
head of water above the K.B. (2809') of 782",

For comparison purposes, an extrapolation plot, using the Horner method,
has been made for the pressure build-up data which were recorded by the
surface pressure recorder during the shut-in period. This extrapolation

" plot indicates a maximum pressure of 336 psi at the elevation of the surface

recorder. This extrapolated pressure is-equivalent to a potentiometric sur-
face elevation of +3584', based on the conversion constant of 2. 30 ft. /psi.
This potentiometric surface elevation is equwalent toa head of water above
the K.B. of 775",

" The calculated Average Production Rate which was used in this analysis,

171.4 BPD, is based upon the reported average flow rate of 5-gallons per

minute., This average production rate and the measured slope .of the ex-

trapolation plot for the shut-in pressure build-up curve that was produced

by the down-hole pressure recorder have been used in the basic Horner

equation to calculate numerical values for the various reservoir properties
shown below and on the summary page.

The calculated Damage Ratio of 1.5 indicates that slight well-bore damage wa:
present at the time of this formation test. The damage ratio implies that the

production rate should have been 1.5 times greater than that which occurred i
well-bore damage had not been present; however, it should he noted, in view

- of the fact that the well flowed throughout the flow period used in this test that

the indicated well-bore damage may be due to the choke effect of the test tool

rather than formation damage.

The calculated Effective Transmissibility of 662.0 md. -ft. /cp. indicates an
Average Permeability of 66.2 md. /cp. for the estimated 10 feet of effective
porosity within the total 240 feet of interval tested.

The evaluation criteria used in the DST Analysis System indicate that the re-
" sults obtained in this analysis should be reliable within reasonable limits rela
‘tive to the assumptions which have been made.

103



Operator

U.S.G.S.

LYNES, INGC.

Lease & No._ _Makison Test Well #2

13

DST No.

Form 2

Recorder No. 2512 @ 6824°'

FIRST SHUT IN PRESSURE:

TIME(MIN)
" PHI

.0
18.2
36.4
54.6
72.8
91.0
189.2
127.4
145.6
163.8
182.0

.EXTRAPLN OF FIRST SHUT IN 3 3303;3 M

(T PHI)
/PH1

d.08200
63.6374
32.3187
21.8791
16.6593
13.527s5
11.4396

9.9482

8+8297

7.9597
7.2637

PSIG

2967
3216
3228
3238
3245
3250
3255
3260
3264
3266
32617
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LYNES UNITED SERVICES LTD.

FS51G COIL OR HATER)
PRESSURE EXTRAPOLATION PLOT

Foru 286 (2.78

WELL: HEISEI 2 USES LOCN: DATE: ‘i-u;—'n
sO.. . DST NO. 13
1 REC. NO. 2512
DEPTH a |
$1
. f
R,
20.
‘Dd "‘
I 'v,
o
. gyt > .
n -
I ‘ .
o
+ 5.
N
-
V)
7
2 1
1 — 1 { f——— 1 - "
{1 ] 3Jian - 3288 3360 IHay asgy

‘368
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S. Geological Survey

Well Name & No. __ Madison Test Well #2

Location SF SE Sec. 18, TIN-R54 uste o Mont .

DST No. 13 Test Interval: . 6814-7054" Formation Tested:_ Misgion Canyon

Surface ' '
Recorder No. --- Recorder Depth 2'above K. B
INITIAL SHUT-IN . FINAL SHUT-IN
Initial Flow Time, t= 1128 : Total Flow Time, t =
o [ e+o | Lt [Rpesnell o [ tre [440 [T
10 1138 113.80 251.5 )
20 1148 57.40 265.0 1 ,
30 1158 38.60 271.5 : :
40 1168 29.20 276.0
.80 1178 23. 56 279.0 ||
£0 - 1188 19.80 283.0 il
a2 1200 16.617 285.0. NONE| _
.80 ! 1208 | 15,10 287.0
20 1218 13,53 288.0_
100 1228 12.28 290.5
120 1248 _10.40 | 292.0_ —
140 1268 9.06 | 293,5
160 1288 8.05__]_298.0 .
180. 1308 1.21 299,.5
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" Phone
522-1206 Area 303

LYRNES, INC.

Sterling, Colo.

Spot_ == Csg. Size & Grade 9 5/8"

Sec. 18 Tubing Size 2 7/8"

Twp 1N Tool Depth 7064-7304'

fing. 54 E On Location @ ==

Field___ Wildeat Off Location @ ==
County__Custer Lynes Rep. Paul Robbins
State____tontana Well Owners Rep. Ellwood Bennett

Tool Description .Straddle Treating & Testing Tool

Top Packer 7 3/8" X 136"  Bottom Packer 7 1/2" X 136"

Test #14-A

Summary:

4-17-77 .
4:15 PM.
4325 PM.

4-.18-77
8:15 AM.
11:40 AM.

Moved tool to blank position and inflated packers.
Moved tool to between position. Tool opened with no
blow. Began to cwab and well started flowing.

Shut-in at surface for 180 minutes.
Moved tool to blank position and tripped out of hole.
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Form 3

LYNES, |

NC.

Opérator U.S.G.S. Lease & No._Madison Test Well #2 DST No._14-A
- vy . Above Interval
o sT \h‘w‘a"l‘;.-lf“ Clr =3y "",',-'/"'1_?7' N PRD Make__Kuster K-3
‘e Racoad NN No.15239 Cap.5500 @ -=
. . . ) Pross Corrected
: @4 : 9@ Tnitial Hydrostatic A 3564
; o Final Hydrostatic K 3527
- 4 + f\,- . Initial Flow 8 -
; Final Initial Flow C .
, Initial Shut-in D R
) A Second Initial Flow E -
! TEST & TEST 14B - Second Final Flow F -
) Second Shut-in G -
) ) Third Initial Flow H -
) Third Final Flow | ——
. Third Shut-in J -
I
Pressure Below Bortam
~ Packer Bled To
_Wsr¥n 3:-"'-’!‘(’3 Gt Rreaddy “# Aar /2 N tAD Make_Kuster K-3
122 Bejwmee . R 520 1 No. 2512 Cap 5700 @7075" ’
- . 71. ha. Press ' Corrected
A , Initial Hydrostatic 3555
QCI)J QL@& Q /@) Final Hydrostatic 3608
¢ 4 A' Initial Flow 2993
; J'm[\T“"Jﬁmw_—-——J’W 4 Final Initial Flow 3082
. 'ﬂ' 'bé@/ d Initial Shutin 3368
' @ £ Second Initial Flow -

A
TEST 146

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

“l-lx|ojnmojoim| x>

Third Shut-in

NS 3

Pressure Below Bottom
Packer Bled To
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Form 2

LYNES,

iINC.

DSTNo._14-A

operator_ U:S.G.S. Lease & No._Madison Test Well #2
PITELLS T Rdwcew = 1 < PRD Make Kuste; K-3
| QSTWLnu,”w 8! M”:’ No. 15242  Cap 5450 @ oo
> I S5O . Press i Corrected
’ Initial Hydrostatic A 3556
| @3 /(;94 D <’© Final Hydrostatic K. 3605
Q @ JL‘ L N initial Flow B8 3000
O\ r-u[ﬁ——-/ " gt Fina! Initial Flow C 3093
. / Q)J \,7'\ ﬁ"" / Initial Shut-in ) 3365
/ \© . ﬂ d&éé} @S © Second Initial Flow E .
: /@ Second Final Flow F -
: : 3 @ Second Shut-in G -—
! ’ T A Third Initial Flow H -
TEST 12 TFSTI3 JTESTI4 TEST 128 Third Final Flow | -
T Third Shut-in J -
4 o _/
Prassure Below Bortom
Packer Blad To

HIy2ve

(' oL I3H3 T Selow Pecorder
_iv-1d§ f. svso
0T Fya3 e A

\ 7RI

TestTi2 TE2TI3  IEST4
N S

Below Interval
PRD Make_ Kuster K-3

No. 15240 c,p 5450 @ --

Press Correcred

Initial Hydrostatic 3656

Final Hydrostatic

Initial Flow

Final Initial Flow

initial Shut-in

Second initial Flow

Second Final Flow

Second Shut-in

Third Initial Fiow

Third Final Flow

Third Shut-in

e lTioimim(oio|olx| >
1
'

Pressure Below Bottom
Packer Bied To
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- ROGER L. HOEGER
Consulting Geologist
1780 So. Bellaire Strect, Suite 301
Denver, Colorado §0222
(303) 759 - 4491

Drill-Stam-Test Pressure’ .Anolylii Report

LOCATION: . TimE OPEN: FILE MUMBER:
_T1N7R54E, SE SE Section 18 : 950 minutes " Special
COUNTY amnD STATE: . IMITEAL SHUT-IN TiME; . l.'ﬂ. NUMBER:
MONTANA, CUSTER 180 minutes L-6660
COMPANY: FINAL SHUT-(N TiME: ) OATE COMPUTED:
| U.S. Geological Survey -—— 6l1/71
LEASE anD wEL L WUMBER: _ TEST NUMBER: DATE ?uuu-
Madison Test Well #2 14-A 4/17/77
FORMATION TESTED: . INTERVAL YESTED: Foet ELEVATION: Foot
I,. Mission Canyon & U. Lodgepole 7064-7304' KB 2809
RECOVERY:

Fluid to surface after swabbing. Flowed water at average rate of
9.3 gallons per minute.

HOLE, TOOL AND RECOVERY DATA

1 BRILLFIPE CAPACITY Test tool run |FEET OF wio WD PERCENT AGE
DRILL.Cae'l:hA-z.C'A':A')CIY' on 2 - 7 / 8' FEET OF WATER WATER PERCE;!TAGE
- FOOT : ¥
BRILL,COLL AR FOOYAGE tubing. EET OF GTHER OTHER PERCENTAGE
TE . F
FGLE DIAUETER | 9: 625 EET OF OIL GiL PERCENT AGE
TIPE T OOV AGE EQUIVALEN e FEET OF CUSHION EORMATION FECOVERY
IN‘I(R\(I'A.L.';NICKNESS 240. TOTAL I‘:ESg;IERY Flowed water AVERA(IZEE"}:E'IZD’L‘I'CI:%N RATE 338. 4
WUD WEIGHT TAPACIVY OF ANNULUS
{Pounds por gelien) et Borrels -
EFFECTIVE FLOWING TIME 950 CROSS RECOVERY VOLUME D
(Minures) - (Bovrels} - RECOVERY LESS THAN ANNULAR VOLUME, (X) .
A GAUGE SUMMARY B Surface Recorder
RECORDER NUMBER | DEPTH; DATUM: . wECoROER numsEq Toes T Ao
- 2512 7075' -4266' . 2tdbove K. B. $2811!
A __|[xev pONT sumMmarRY] B A I SUMMARY OF RESULIS 1. B
First Flow EFFECTIVE TRANSMISSIBILITY, kht wd 1 por <p
INITIAL FLOWING PRESSURE seig ] ! 822.17 —_———
29 9 3. ] om——— ' INDICATED AVERAGE PERMEABILITY, kit wé/cp
[FINAL FLOWING FRESSURE: ves 82. 3 (for lb teffect. ¢)
3082. I ——— A B [PROBUCTIVITY iNDEX: Berrala por doy oot 987
Second Flow || EXTRAPOLATION SUMMARY [ 1.0 I -—-
INITIAL FLOWING PRESSURE #%i8 [INITIAL (1+9)/@ CALCULATED FROM UWEASURED DATAI OAMAGE RATION
——- | 6.28 |  6.28 0.9 | ---
FINAL FLOWING PRESSURE: »eis INUMBER OF POINTS USED FOR IMITIAL CURVE-FIT: FLOWING PRESSURE COMP ARISDNG =
—— —— 5. 12. - . ———
SLOPE OF tNITIAL BUILD-UP CURVE: per/cysie
66.5 : 37.
'] WNITEAL SHUT-IM PRESSURE: poig [INITIAL EXTRAPOLATED PRESSUREs (] m.nu_.ro‘rgnnous‘rmc SURFACE: (=
3368. I 310. 3421, l 340. *3602. l *3593.
FINAL (1+01/O cn.cuur::i FROM MEASURED DATAs Ft. of Head above K.B.
See— . ——— 793. | - 784,
NUMBER OF POINTS USED FOR FINAL CURVE.FITis 1
SLOPE OF FINAL BUILD-UP CURVE: sei/eycle
FINAL SHUT.IN PRESSURE: poig [FINAL EXTRAPOLATED PRESSURE: »eig FINAL POTENTIOMETRIC SURFACE: fout
None : | - i -— —~—— ——- -
INITIAL HYOROSTATIC MUD PRESSURE Y R - = =
' "™ |* Conversion Constant of
3955. — 2.30 ft. /psi used to calcu~ l
FINAL HYDROSTATIC MUD PRESSURE: suig’ e -/p ] i
3608 | —_— late P.S. Elevation. . |
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ROGER L. HOEGER
Consulting Geologist
1780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
(903) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #14-A, Interval:
7064-7304', in the U.S. Geological Survey, Madison Test Well #2, SE SE Section 18,
. TIN-R54E, Custer County, Montana:

1. Extrapolation of the Shut-in pressure build-up curve indicates a maximum
reservoir pressure of 3421 psi at the recorder depth of 7075 feet. . This indi~
cated maximum reservoir pressure is equivalent to a potentiometric surface
elevation of 3602 feet above sea level, based upon the conversion constant of
2.30 ft. /psi. This potentiometric surface elevation, in turn, indicates a
head of water above the K.B. of 793 feet.

For comparison pruposes, an extrapolation plot, using the Horner method,
has been made for the pressure build-up data which were recorded by the
surface pressure recorder during the shut-in period. This extrapolation

plot indicates a maximum pressure of 340 psi at the elevation of the surface
recorder. This extrapolated pressure is equivalent to a potentiometric sur-
face elevation of +3593', based on the conversion constant of 2. 30 ft. /psi.
This potentiometric surface elevation is equivalent to a head of water above
"the K.B. of 784'. It should be noted that there is very close agreementbetween
the potentiometric surface elevations which have been calculated on the

basis of the two extrapolated pressures, that recorded by the down-hole pres-
sure instrument and that recorded by the surface pressure recorder.

2. -The calculated Average Production Rate which was used in this analysis, 338.4
BPD, is based upon the reported average flow rate which was measured at the
.surface, about 9.3 gallons per minute. This average production rate and the
measured slope of the extrapolation plot for the shut-in pressure build-up
curve that was produced by the down-hole pressure recorder have been used
in the basic Horner equation to calculate numerical values for the various
reservoir properties shown below and on the summary page.

-3. The calculated Damage Ratio of 0.9 indicates that no significant well-bore da.m-
age was present at the time of this formation test.

4. The calculated Effective Transmissibility of 822.7 md. -ft. /cp. indicates an
Average Permeability of 82.3 md. /cp. for the estimated 10 feet of effective
porosity within the total 240 feet of interval tested. .

5. The evaluation criteria used in the DST Analysis System indicate that the re-
sults obtained in this analysis should be reliable within reasonable limits rela-
tive to the assumptions which have been made.
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__U.5.C.S.

LYNES, INC.

: Opératpr '

DST No

14-A

Lease & No Madison Test Well #2

Form 2

TIME(MIN)

PHI’
8.0
18.8

7. - 360

54,0

72.0

98.9
188.0
12648
124.8
162.8

180.8 -

EXTRAPLN.OF FIRST

Recorder #2512 ® 7075’

CT“PHI)
/PHL’
2.0000
53.7778
27.3889
18.5926
14.1944
11.5556
"9.7963
8+5397
7.5972
6.8642
6.2778

FIRST - SHUT IN PRESSURE:

~ PSIG

113

3082
3313
3332
3341
3349
3353
3356
3359
3362
3365
3368

SHUT IN 3 3421.4

Mt 66.9



) LYNES UNITED SERVICES LTD. :
WELL: MAD IS0 2 _u 5ES LoCcN: DATE: 4-171-T7
SO, DST NO. 1Yy
REC. ND. 25132
DEPTH -3
+
— f
204
&
4
101 3
I L
o
I
1
+ 54
8
|....
(V]
z2t4
! 1 + : —t + t 1
1] 3133 3287 3yaa 3833 3887 38E8
8515 (OIL OR HATER)
PRESSURE EXTRAPDLATION PLOT

form 286 12.76

s
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company
Well Name & No.

Location SE SE Sec. 18, TIN-R54FE, Custer Co.,
Test Interval:

DST No.

~ Surface

11.S. Gealogical Survey

Madison Test Well #2

Montana

14-A

Recorder No.

INITIAL SHUT-IN

7064-7304' -

Recorder Depth 2'sbove K.B.

Formation Tested: 1,, MissionCanvon.

and U.Lodgepole

FINAL SHUT-IN

Initial Flow Time, t= 950

!

Total Flow Time, t =

o | tre | Lp@ [Rressure tro [ L38 [Rressurc
10 960 96.00 261.5
20 970 48.50 276.0
30 980 32.67 283.0
|40 |- 90 24.75 288.0 I
50 1000 -20. 00 291.5
60 1010 16.83 294.0 NONE
70 " 1020 14.57 296.5
80 1030 | .12.88 298.5
a0 1040 - 11.56 300.0
100 1050 10. 50 301.5
120 1070 ~ 8.92 | _304.5 _
140 1090 7.19 306.5
160 1110 _ 6.94 | 308.5
180 1130 6.28 310.0
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) Phone
522-1206 Area 303

LYNES, INC. e,

Montana-

Spot____ == Csg. Size & Grade 9 5/8"
‘Sec.. 18 Tubing Size 2 7/8"
Twp 1N Tool Depth 8520-9394
Rng._____ o4 E : On Location @ ==
Field Wildcat Off Location @ __ --
County__Custer Lynes Rep. . Paul Robblns
' Well Owners Rep._____Ellwood Bennett

State

- Tool Description

Single Set Production I}xjéction Packer

- Top Packer 74".X 136"

, Test #17
~ Summary:

4-23-77

'2:30 AM.
4:57 AM,

5:02 AM.

4-24-77

1:26 AM.

-2:26 M.

" Inflated packer with 2300 psig. at surface. '

With tool in blank position, dropped bar to open sleeve,
“and swabbed down 2000'.
Opened tool below with strong blow. Fluid to surface in 9

. .minutes, flowing approximately 50 gallons per minute.

Shut-in at surface for 1 hour.
Released packer.
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Form 3

Operator.

LYNES, INC.

" U.5.G.S.

Lease & No._ Madison Test Well #2

DSTNo.__ 17 -

PsYs2 ek oq Recorder L HF /52 ‘)U‘ ”

Above Interval
PRD Make _Kuster K-3

No.. 15240 cop- 5450 @

H q ) . N Prass . Corrected
; KV 17 Q 5[() Py T2he Tmitial Hydrostatic A . | 4205
i . Final Hydrostatic @ K 4244
; Initial Flow ) -
f Final Initial Flow __ C -
i Initial Shut-in D .
) Second Initial Flow E --
il TEST—17 Second Final Flow F ~
i f - Second Shut-in G -=
- . Third initial Flow = H -
{ Third Fina! Flow i -
: g Third Shut-in J -
l Ll 14
R o o _ -
Pressure Below 8ottom
* Packer Bled To
PRD Make Ku'ster K-3
ozt 3 - No 15239 Cap 5500 @ 8528
D Y 4 Press Corrected
72 AR - Initial Hydrostatic 4199
Final Hydrostatic 4215
Initial Flow 3402
Final Initial Flow 3799
Initial Shut-in 4027

Second Initial Flow

| Second Final Flow
Sz2cond Shut-in

Third Initial Flow

Third Final Flow

“lI=lTiopmmio|oimix|>

Third Shut-in

Pressure Below Bottom
Packer Bled To
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form 3

LYNES, INC.

Operator Uy.5.G.5. . Lease & No.__. Madison Test Well #2 OST No._ 17

PRD Make Kuster K-3
No.2512 cap._5700 @_8535'

; Rexkem Belows - RST- 17 . #3;57);32) N e Corracred
“ i . ) . '}:‘Q‘kll' ‘ Initial Hydrostatic - A 4220
i 4 ) Final Hydrostatic ' K- 4239
i @? q Initial Flow 8 3433
! Final Initial Flow C 3808
}' Initial Shut-in D 4029
! CCS Second Initial Flow E = -
{ @ Second Final Flow  F --
: : Second Shut-in G -
| TEsv—17 Third Initial Flow ___H -
Third' Final Flow | -
l = Third Shut-in J -
N
{ .— -
g S = Pressure 8elow Bottom
Packer Bled To
PRD Make
No Cap @
Press Corrected

Initial Hydrostatic
Final Hydrostatic
Initial Flow

Final Initial Fiow
{nitial Shut-in
Second Initial Flow
Second Final Flow
Second Shut-in
Third Initial Flow
Third Final Flow
Third Shut-in

—=|zio|nmlcio|w|x|>

Pressure Below Bottom
Packer Bled To
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ROGER L. HOEGER
Consulting Geologist
1780 So. Bellaire Street, Suite 301
Denver, Colorado 50222
(303) 759 - 4491

Drill;Si-m-loil Pressure Analysis Repors

LOCATION: TIME OPEN; FILE MUMBER:

L __TIN-RS4E, ST\ SE Section 18 : 504 minutes Special

COUMNTY AMD STATE: - - . - ‘ IMITIAL, 937-"‘ TIME: 4. D. NUMBER: . - fa
MONTANA, CUSTER 60 minutes - 1.-6662

LOMPANY: FINAL SHUTN TIME; DATE CORMFPUTED:
U.S. Geological Survey None 6/8/11

LEASE AnD wELL NUMBER: TEST Nx_masm DATE TESTED:
Madison Test Well #2 17 4/23/17

FORMATION TESTED. INTERYAL TESTED: Foul ELEVATION: . Faer

" Winnipeg o . 8520-9394 KB 2809

RECOVERY: - 3 B
- : ‘Fluid to surface in 9 minutes;
' 50 gallons per minute.

flowed at approximate-average rate of

HOLE, TOOL AND RECOVERY DATA

i DRILCFIPE CAPACTTY Test tool run J o O "o WUD PERCENTAGE
DRILL.CQQL-:IA.R -(iA':'A')CIT' on 2 .-17 / 8” FEET OF wWATER WATER PE“CE:TAGE
D“lLL-(Cfe‘:iA“ FOOTAGE tubing . FEET OF OTHER OTHER PERCE:TAGE
FGLE OLAMETER 9 625 FEET OF BIL I PERCENTAGE
nehas .
[PIPE FOOTAGE EQUIVALEN FEET OF CUSHION FORMATION RECOVERY
J_o ANNULUS (Feet) - . PERCENTAGE L3
] INTE.:,‘;J'M'CKNE”I 874. TOTAL l%Esg)VE“Y F]_Owed WateI‘ AVERA%BE-'::C:D::'CI:?)N RATE 17 1 4‘ 3
MUD WEIGCHT JCAPACITY OF ANRULUS
Pownés per gotlon) ——— (Borrote) - )
T e e TIME 504. RS R aray (OLUKE -—— RECOVERY LESS THAN ANNULAR YOLUME, (X) D
GAUGE SUMMARY
A B  Surface Recorder
RECORDER WLMBER | DEPTH; oATUR: SiCoRoeR womats Tocrm Sx 7o
' - !
2512 | 8535 5726 2' gbove K.B. | +2811"
A [xEY POINT summArRY| B A T SUMMARY OF RESULTS 1. B
Firs, Flow EFFECYIVE TR"{&I“IBIL”', ih/,: md ft par <p
INITIAL FLOWING PRESSURE: . osig . 2 997 2 . 6
343 3 * - : INDICATED AYERAGE PERMEABILITY, kfa: wd/cp
FIMAL FLOWING PRESSUREr | v P 2997. 3 (for ebt. 10'effect. &)
3808 - A B [PropucTiviTy moEx: Boreals por 4oy par por
Second Flow j | EXTRAPOLATION summary | 7.45 I
INITIAL FLOWING PRESSURE; - #eig [INITIAL (1 +©)/8 CALCULATED FROM MEASURED DATAL DAMAGE RATIO:
None - ] - 9.4 ' 9.4 4.5 l
FINAL FLOVWING PRESSURE: T peis PNUMBER OF POINTS USED FOR tNITIAL CURVE-FITy FLOW(NG PRESSURE COMP ARISON: =
None .. e 6. l -—— -——
: - ’ SLOPE OF INITIAL BUILD-UP CURVE: sarjeyels
C ’ 9.3 | ——
INITIAL SHUT-IN PRESSURE: - : poig [INITIAL EXTRAPOLATED PRESSURE: poig INITIAL POTENTIOMETRIC SURFACE: loat
4029. - - | - 309. 4038. 317.(2) *3561. %3540 (?)
- ] TrmaL ¢ 010 CALCULATET FROM MEASURED DATA: Ft. of Head above K.DB.
e s mme : 752. | 731,
NUMBER OF POINTS USED FOR FINAL CURVE-FIT1y
. [s(OPE OF FiNAL BUTLD-UP CURVE; suizcycle
FINAL SNUT-IN PRESSURE: - - - palg JFINAL EXTRAPOLATED PRESSURE, prig FINAL POTENTIOMETRIC SURFACE: foer
None l — . -=- ===
INITIAL HYOROSTATIC MUO PRESSURE: puig " COnversion Constant of IMITIAL MU0 PRESSURE COMPARISON: -
4220 ' I — | '2.30 ft 7 i used t al~ " el
FIMAL MYDROSTATIC MUD PRESSURE: ! peig - * ps 1 S oc FINAL MUD PRESSURE COMP AR!SONt *
4239 ‘ culate P.S. Elevation -
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ROGER L. HOEGER
Consulting Geologist
1780 So. Bellaire Street, Suite 301
Denver, Colorado 80222
(308) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #17, Interval:
8520-9394', in the U.S.Geological Survey, Madison Test Well #2, SE SE Sec. 18,
.TIN-R54E, Custer County, Montana:

1. Ebrtrapolatlon of the Shut-in pressure build-up curve indicates a maximum
reservoir pressure of 4038 psi at the recorder depth of 8535 feet. This in~
dicated maximum reservoir pressure is equivalent to a potentiometric sur-
face elevation of 3561 feet above sea level, based upon the conversion con-
stant of 2.30 ft. /psi. This potentiometric surface elevation, in turn, indi-
cates a head of water above the K.B, of 752 feet.

For comparison purposes, an extrapolation plot, using the Horner method,
has been made for the pressure build~up data which were recorded by the
surface pressure recorder during the shut-in period. This extrapolation
plot indicates a maximum pressure of 317 psi at the elevation of the surface
recorder. This extrapolated pressure is equivalent to a potentiometric sur-
face elevation of +3540', based on the conversion constant of 2. 30 ft. [ psi.
This potentiometric surface elevation is equivalent to a head of water above
the K.B. of 731 feet.

2. The calculated Average Production Rate which was used in this analysis,

© 1714.3 BPD, is based upon the reported average flow rate of 50 gallons per
minute which was recorded at the surface throughout the 504-minute flow
period. This average production rate and the measured slope of the extrap~
olation plot for the shut-in pressure build-up curve that was produced by the
down~hole pressure recorder have been used in the basic Horner equation
to calculate numerical values for the various reservoir properties shown
below and on the summary page.

3. The calculated Damage Ratio of 4.5 indicates that significant well-bore dam-
age was present at the time.of this formation test; however, it should be
noted, in view of the volume-rate of production which occurred, this indi~
cated well-bore damage is most probably due to the choke effect of the test
tool rather than formation damage. :

4. The calculated Effective Transmissibility of 29972. 6 md. -ft. /cp. indicates
an Average Permeability of 2997.3 md. /cp. for the estimated 10 feet of ef-
fective porosity within the total 874 feet of interval tested.

5. The evaluation criteria used in the DST Analysis System indicate that the re-
sults obtained in this analysis should be reliable within reasonable limits rela-
tive to the assumptions which have been made.
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LYNES, INC.

Operator U.S.G.S. Lease & No.__Madison Test Well #i2 DST No.

Form 2

Recorder #2512 @ 8535'.

" FIRST SHUT IN PRESSURE:

‘; . TIME(MIN) CT*PHI) PS1G
1 © PHI /PHI )

' B.0 B.0008 3808

] 6.8 85.0000 4010

! 12.9 43.8000 4816

k 18.0 29.08000 4019

24.0 22.0000 4022

30.0 17.8000 482s

36.0 X 15.2000 4827

42.8 13.8000 4928

48.0 : 11.5000 4829

. 54.0 18.3333 4829

; 60.0 '9.4000 4829

B EXTRAPLN OF FIRST .SHUT 1IN ¢ 45380! M.z ?o;

122



LYNES UNITED SERVICES LTD.

{weLe: - MABISTE €2 USES LOEN: DATE: 4-23-T}
) - . DST NO. c
s0. : : . , 17
REC. ND. ag12
DEPTH g
201 -
n:)T
T
o
~
S
I
o
+ s‘-
0]
'—
e
2.l
1 : ¢ 4 : - : 1
yraa Yatz gz YB3 Yauo YaEn ya7z

£St6 CalL DR RATER)?
PRESSURE EXTRAPOLATION PLOT
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PRESSURE BUILD-UP CURVE INCREMENTAL-READfNé DATA

Company ~-

‘'U.S. Geological Survey

. Well Name & No.

_Location
DST No.

Surface

Recorder No.

Madison Test Well #2

SE SE Sec. 18 TIN-R54E, Custer County, Montana

17

Test Interval:

INITIAL SHUT-IN

8520-9394

Formation Tested:

Regorder Depth 2' above K.B.

Winnipeg

FINAL SHUT-IN

Initial Flow Time, t= 504 I Total Flow Time, t =
o | tve | Lpe [Rressure tvo | LF8 [Rregsure
2 506 253.00 313.5
4 508 127.00 316.0
6 510 _ | 85.00 317.0
8 512 64.00 317.0 “’“
S S 514 51.40 317.0 NONH
15 519 34. 60 316.5
20 524 26. 20 315.5
| 25 529 21, 16 314.5
30 534 17. 80 313.0
40 544 13. 60 313.0
50 554 11.08 | _310.0_ 1
60 564 9.40 309.0 ]
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Geochemistry

Water samples were collected from drill-stem test zones that were
selected to represent major rock types, formations of various ages, and types
of porosity. The water chemistry from the selected intervals in Madison test
wells 1 and 2 and subsequent tests will be used as control points for inter-
preting regional geologic, geophysical, isotopic, and chemical data.

If the interval flowed when the inflatable packers were set above and
below the zone to be sampled, measurements were made of the pH and conductivity
.of the fluid until stabilization of these values and clearing of the water were
obtained, indicating formation water was being monitored. If the interval did
not flow, swabbing was begun to remove sufficient heavy drilling mud from the
water column and formation to develop the zone. If possible, water samples
were collected for analysis only after pH and conductivity measurements
indicated that the water represented the formation fluid in the interval
tested. Characteristics subject to variation with time such as pH, temperature,
alkalinity, and conductance were measured in the field at the time of <ollection.
Alkalinity was determined by pH titration using a standard sulfuvic w:id
solution and preparing a titration curve. The field data are included with the
- laboratory data in the analyses tables.

The analyses of water samples from the Lakota Sandstone, Minnelusa,
Mission Canyon, Devonian and Silurian, Red River, Roughlock to Precambrian,
and a composite of waters from the Madison into the Red River are shown in
tables 3-9. »
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Table 3.--Water-quality analysis--Lakota Sandstone

UNITED STATES DEPARTMENT OF THE INTERJOR
GEOLOGICAL SURVEY

CENTRAL LABORATORY,

DATE OF COLLECTION: BEGIN==770125 END=--

DENVERs COLORADO

WATER QUALITY aNALYSIS

o LAB ID #
SAMPLE LOCATION: O01NS4E18DDAC
STATION 101 455001105024304

43902 RECORD # 57099

TIME=-~1200

LAT.LONG.SEQ.2 455001 1050243 04

STATE CODEt 30 COUNTY CODE: 075 PROJECT IDENTIFICATIONS 463004900

- PERCENT DIFFERENCE =

" DATA TYPE: 2 SOURCE: GROUND WwATER

COMMENTS?
BICARBONATE MG/L 1130
BROMIODE MG/7L 1.0
CALCIum DISS MG/L 6.0
CARBONATE MG/L 69
CHLORIDE DISS T MG/ZL 300
FLUORIDE DISS MG/L 3.8
HARDNESS NUNCARB MG/L 0
HARDNESS TOTAL MG/L 18
10010€ MG/L 0.22
IRON DISSOLVED UG/L 1300
JRON TOTAL UG/7L 16000
LITHIUM DISSOLVED uG/L 120
MAGNESIUM OISS MG/L 0.7
MANGANESE OISSOLVED UG/L 70
CATIONS
T (MG/L) (MEQ/L)
CALCIUM DISS . 6.0 0.300
_MAGNESIUM DISS . 0e7T - 0.058
_POTASSIUM DISS 3.8 0.098
- S00JUM DISS 700 30,450
TOTAL 309V

.127

GEOLOGIC UNIT: 21

TLKOT

LAKOTA SANDSTONE

MERCURY DISSOLVED
NQ2+NQJ AS N DISS
PH FI1ELD

uG/L

0.0

DETR. DELETED

PH LAB '

POTASSIUM DISS MG/L

SAR .

SELENIUM DISSOLVED UG/L

SoDl1uM DISS MG/L

SODIUM PERCENT

SP. CONDUCTANCE FLD

SP, CONDUCTANCE LAB

STRONTIUM DISSOLVED UG/L

SULFATE 0DISS MG/L

ZINC DISSOLVED UG/t
ANIONS

(MG/L)

&G ICARBONATE 1130

CARBONATE 69

CHLORIDE D1ss 300

FLUORIDE DISS 3.8

SULFATE DISS 130

TOTAL

-2.06

8.3

8.5

3.8
72

0

700
99
2790
2950
130
130
30

(MEG/L)
18.521
2,300
Be463
0.201
2.707

32,190



Table 4.--Water-quality analysis--Minnelusa

UNITED STATES DEPARTMENT OF THE INTERJOR
GEDLOG]CAL SUKVEY

CENTRAL LABURATORY. DENVERe COLORADD

WATER OQUALITY ANALYSIS

L

SaMPLE LOCATION:

AB

STATION 1D: 455001105024303

DATE OF COLLECTTONS BEGIN==770}123 END-~

1D @

4390} RECORD s 57097

OINS4E1BDDAC

LAT.LONG.SED.?! &5500] )050243 03

TIME-=]1200

STA1E CUDE! 30 COUNTY CODE? 075 PROJECT IDENTIFICATION: 463004900
DATA TYPE: 2 . SnURCEz GHOUND WATER

COMMENTS?S
BICARBONATE MG/L
BROMIDE HMG/L
CALClum DISS mG/L
CARBDNATE MOL/L -
CHLORIDE DISS MG/L
FLUORIDE DI1SS DETR.
HARDNESS NONCARR [T V4R
HARDNESS TOtAL MG/L
JODIDE MG/L
IRON DISSOLVED uGsL
1RON TDTAL UG/7L
LITHIUM DISSOLVED uG/L
MAGNESIUM DISS MG/L
MANGANESE DISSOLVED UG/L
CATIONS
- . (MG/L)
CALCIUM DISS 420
MASNESTUM DISS 1100
POTASSIUm DISS 420
SODIVUM DISS 14000
TJOTAL

PERCENT DIFFERENCE =

&43 MERCURY DISSOLVED UG/L 0.0
0.5 NO2+ND3.AS N DISS DETR. DELETED
&20 PH FIELD h T TeD
0 PH LAB 7.
1So000 . POTASSIUM DISS MG/L &20
DELETED SaAR 82
5200 SELENIUM DISSOLVED "UG/L - -1
5600 SODIumM DISS MG/L 14000 ¢
0.03 SODIUM PERCENT . 83~
1800 - SP. CONDUCTANCE FLD 43200
&£0000 SP. CONDUCTANCE LAB $0000
15000 STRONTIUM DISSOLVED UG/L 2400
1100 SULFATE DISS MG/L 13000
710 ZINC DISSDLVED uGsL 339’
ANIONS
(MEQ/L) {(MG/L) {MEO/L)
20.958 BICARBONATE &L60 Te212
90,486 CARBONATE ) 0.000
10,740 CHLORIDE DISS 15000 “23.150
609,000 SULFATE DI1SS ‘13000 270,660
731,183 TOTAL 701.02)

GEOLOGIC UNITI 310MNLS

MINNELUSA -

2.11
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Table 5.--Water-Quality analysis--Mission Canyon

UNITED STATES DEPARTMENT OF THE INTERIOR

SAMPLE LOCATION: O1NS4E1BDDAC

GEOLOGICAL SURVEY
CENTRAL LABOKATURY,

DENVER

COLORADO

WATER QUALIJITY ANALYSIS
LAB 10 » 111011 RECORD ® 65895

STATION ID3 455001105024313

DATE OF COLLECTION: BEGIN==770417 END==
STATE CODE3$ 30 COUNTY CUDE: 017 PROJECT IDENTIFICATION: 463004900

DATA TYPES: 2 SOURCE: GROUND WATER

COMMENTS?

TIME--0100

LAT.LONG.SEOQ.¢ 455001 1050243 13

GEOLOGIC UNIT3: 3I3IMSNC
MISSION CANYON

SULFUROUS ODOR=--BLACK SUSPENDED MATERIAL.CLOUDYs MaY BE COMPOSITED aS
SP COND WAS NOT STABLES FJIELD VALUE USED FOR BICARBS RAD-CHEM SPLIT
OFFt DEPTH{FT)36796=7036

ALK TOT (AS CACO3) MG/L 330 MERCURY DOISSOLVED uG/sL .00
ALUMINUM DISSOLVED uG/L 0 MOLYBDENUM DISSOLVED UG/L 0o
ARSENIC DISSULVED uG/L 5 NITROGEN TOTKJD AS N MG/L Del0
BARIUM DISSOLVED UG/L 100 PH FIELD Te2
BICARBONATE MG/L 407 PH LAB Te2
BORON DISSOLVED UG/L 16400 PHOSPHORUS DIS A4S P MG/t 0.10
BROMIDE MG/L 3,0 POTASSIUM DISS MG/L 62
CADMIUM DISSOLVED uG/L 1 RESIDUE DIS CALC SUM MG/L 3210
CALCIUM DISS MG/L 3so RESIDUE DIS TONZAFT 454
CARBONATE MG/L 0 RESIDUE DIS 1R0C MG/L 3340
CHLDRIDE DISS MG/L S80 SAR 7.2
"CHROMIUM DISSOLVED uG/L 70 SELENIUM DISSOLVED  UG/L 0
COPPER DISSOLVED UG/L 0 SILICA DISSOLVED MG/L 59
FLUORIDE DISS MG/L 4e3 SODIUM DISS MG/L 560
HARDNESS NONCARR MG/L 820 SODIUM PERCENT 50
HARDNESS TOTAL MG/L 1200 SP, CONDUCTANCE FLD 3600
10010€E MG/L 0.08 SP, CONDUCTANCE LAB 4330
IRON DISSOLVED uG/L 11000 STRONTIUM DISSOLVED UG/L 12000 .
LEAD DISSOLVED UG/L 11 SULFATE DISS MG /L 1300
LITHIUM DISSOLVED uG/L 600 SULFIDE TOTAL MG/L k PN
MAGNESIUM DISS MG/L 65 vaNADIUM DISSOLVED UG/L 20
MANGANESE DISSOLVED UG/L 1800 wWATER TEMP (DEG C) 33.8
ZINC -DISSOLVED uGsL 320
CATIONS ANIONS
o (MG/L) (MEQ/L) (MG/L) (MEQ/L)
CALCIum DISS 3So 17.465 BICARBONATE 407 6.671
MAGNESIUM DI1SS 65 Se347 CARBONATE 0 0,000
POTASSIUM DISS 62 1.586 CHLORIDE DISS SRO 16,362
sS0DIUM DISS S60 264360 FLUORIDE DISS 4e3 0,277
SULFATE DO1SS 1300 27.066
48,757 TOTAL 50,325

TOoTAL

PERCENT DIFFERENCE = =1.58
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Table 6.--Water-quality analysis--Devonian and Silurian

UNITED STATES DEPAKRTMENT OF THE INTERIOR
: GEOLUGICAL SUKVEY
CENTRAL LAHONKATORYs, DENVER. COLOKRADO

SAMPLE LOCATION: 01
STATION ID: 4550011
DATE OF COLLECTION:

WATER QUALITY ANALYSIS
LAB TDO » 111008 RECORD Q 65887

NS4E18DDAC
05024311

BEGIN==770414 END==
- STATE CODE$ 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 4630043500

DATA TYRES 2 SOURCE: GROUND hATER

COMMENTS?

DEPTH(FT)? 7766-8

. ALKeTOT (AS CACO3)
ALUMINUM DISSOLVED
ARSENIC. DISSOLVED
BARIUM DISSOLVED
BICARBONATE

BORON D!SSOLVED
BROMIDE

CADMIUM DISSOLVED
CALCIUM DISS -
CARBONATE

CHLOR]DE DISS
CHROMIUM DISSOLVED
COPPER DISSOLVED
FLUORIDE DISS
HARONESS NONCARB'
HARDNESS TOTAL
10010E

JRON DISSOLVED
LEAD DISSOLVED
LITHIUM DISSOLVED
MAGNESJUM D]SS -
MANGANESE DISSOLVED

CAT

. (
CALCIUM DISS 2
MAGNESIUM DISS -
POTASSIUM DISS 1
S001uM GISS 21

TIME==1700

GEOLOGIC UNITS

: DEVONIAN AND SILURIAN
MUDDY==LT BROVN COLOR AFTER SETTLED! FIELD VALUE USED FOR BICARB?

LAT.LUNG.SEQ.t 455001 1050243 11

PERCENTY DIFFERENCE =

130

0,53

TOTAL

006
MG/L 380 MERCURY - DISSOLVED uG/L
UG/L. 50 MOLYBDENUM DISSOLVED UG/L
uG/L 2 NITROGEN TOTKJD AS N MG/L
ue/sL - 100 PH FIELD :
MG/L Lb& PH LAB g
uG/L 19000 PHOSPHORUS DIS a8S P MG/L
MG/L : Teb POTASSIUM DISS “G/L
UG/L 1 RESIDUE D]S CALC SUM MG/L
MG/L 270 RESIDUE DIS TON/AFT
MG/L 0 RESIDUE D1S 180C MG/L
MG/L 1700 - SAR
uG/L 140 SELENIUM DISSOLVED  UG/L
uG/sL b SILICA DISSOLVED MG/L
MG/L : 5.9 SopDIumM OISS MG/L
MG/L 460 SODIUM PERCENT
MG/L - 840 SP, CONDUCTANCE. FLD
MG/L 0.15 SP, CONDUCTANCE LAB i

. uUG/L S400 STRONTIUM DISSOLVED UG/L
uG/L 2 SULFATE DISS MG/L
uG/L 4800 vaNADIUM DISSOLVED  UG/L
MG/L 40 WATER TEMP (DEG C) :
uG/L 1500 ZINC DISSOLVED : uG/L

I0NS ANIONS

MG/L) (MEQ/L) (MG/L)

70 13.473 BICARBONATE 466

40 3.291 CARBONATE 0
90 4,859 CHLORIDE DISS 1700
oo 91.350 FLUORIDE DISS S5e9

SULFATE DISS 2800
TOTAL 112.972

0.0

9.9
7.0
6.9
0.02-
190
7620
10.5
7700
32

4«0
2100

8200

- 10600

3400
2800

39.2
140

(MEOQ/L)
7.605
0.000
0.311

lle,168
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Table 7.--Water-quality analysis--Red River

UNITED STATES DEPARTMENT OF THE INTERIOR
- GEOLUGICAL SURVEY
CENTRAL LABOKATORYes DENVERes COLORADO

wArER QUALITY ANALYSIS
LAB ID » 111009 RECORD & 65890

SAMPLE LOCATION: O1NS&E1BDDAC _ ’
STATION -ID8 455001105024310 LAT.LONG.SEO.R 455001 1050243 10

-DATE OF COLLECTION: BEGIN==770413 " END-= : TIME--0800

STATE CODE?! 30 COUNTY CODE: 017 PROJECT TOENTIFICATIONS 463004900
DATA TYPES 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 361RDRV
COMMENTS3 RED RIVER

Ve SLIGHT CLOUD=-=OJLY SLICKS FJIELD VALUE USED FOR BICARB} RAD-CHEM
SPLIT OFF3 DEPTH{FT): B115-8355

" ALKsTOT (AS CACO3) MG/L 2910 MERCURY OISSOLVED uG/L 0.0

ALUMINUM DISSOLVED uG/L 0 - MOLYBDENUM DISSOLVED UG/L '
ARSENIC DISSOLVED uo/sL 1 NITROGEN TOTKJD AS N MG/L 3.2
BARIUM DISSOLVED UG/L 100 PH FIELD - 6.8
BJICARBONATE MG/L 3s1 PH LAB 66
BORON DISSULVED UGZL 9500 PHOSPHORUS 01S AS P MG/L 0.02
'BROM]DE MG/L 3. 9 POTASSIUM DISS MG/L 140
CADMIUM DISSOLVED uG/L 0 " RESIDUE DIS CALC SUM MG/L 4570
caLClum DISS : MG/L 270 RESIDUE DIS TON/AFT 6.38
CARBON TOT ORGANIC - MG/L 17 RESIDUE DIS 180C MG/L’ 4690
CARBONATE , MG/L 0 SAR 16
CHLORIDE DISS MG/L 8su . SELENIUM DISSOLVED  UG/L 0
CHROMIUM DISSOLVED  UG/L 30 SILICA DISSOLVED MG/L 43
COPPER D1SSOLVED uG/L . 0 SODIUM DI1SS MG/L 1100
FLUORIDE DISS MG/L 6.0 SODIUM PERCENT - 70
HARDNESS NONCARR MG/L S90 . . SP. CONDUCTANCE FLD 5200
HARDNESS. IOTAL MG/L 880 SP, CONDUCTANCE LAB 6400
10DIDE MG/L O, 09 STRONTIUM DISSOLVED UG/ZL 9000
JRON DISSOLVED uG/L 18000 SULFATE DISS MG/L 1900
LEAD DISSOLVED uG/L “ SULFIDE TOTaL MG/L ‘1e0
LITHIUM DISSOLVED UG/L 2000 VANADIUM DISSOLVED uG/L - 18
MAGNESIUM DISS MG/L 47 WATER TEMP (DEG C) 4549
MANGANESE DISSOLVED UG/L 480 ZINC DISSOLVEN UG/L T70
CATJIONS ) ANIONS
(MG/L) ~ (MEQ/L) (MG/L) {MEQ/L)
CaLCIUM DISS 270 13.473 BICARBONATE 351 5,753
MAGNESIUM DISS L7 : 3,667 CARBONATE ) 0,000
"POTASSIUM DISS 140 3.580 CHLORIDE DISS 850 23,979
SO00lum DISS 1100 47,850 FLUORIDE DISS 6.0 0,316
: : SULFATE DISS 1900 39.55A
TOTAL 68,769 : TOTAL 69,605
- PERCENT DIFFE -0.60
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Table 8.--Water-qua1ity ana]ysis--Rbuthock to Precambrian

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLUGICAL SURVEY
CENTRAL LABOKATOURY,

DENVERs COLORADO

WATER QUALITY ANALYSIS
LAB ID # 118901 RECORD ® 67164

SAMPLE LOCATION: OINS4E1RDDAC
STATION ID! 455001105024301

DATE OF COLLECTION: BEGIN=-=770423 ENO-~ TIME=-=1 , .
STATE CODE: 30 COUNTY CODE: 017 PROJECTY IDENTIFICATION: 463004900 - -
DATA TYPE: 2 SOURCE: GROUND WATER

COMMENTS?:

CLOUDY=-=~ VERY GASSY SAMPLL: FIELD -VALUE USED

BICARB

ALKsTOT (AS CACO3)  MG/L
ALUMINUM DISSOLVED  UG/L
ARSENIC OISSULVED  UG/L

BARIUM DISSOLVED UuG/L
BICARBONATE MG/
BORON DISSOLVED uG/L
BROMIDE . MG/L
CADMIUM DISSOLVED uG7L
CaLClum DISS . MG/L
CARBONATE MG/
CHLCRIDE DISS . MG/L
CRROMIUM DISSOLVED uG/sL
COPPER DISSOLVED - UG/
DEPTH(FT.FR.SURFACE)
., FLUORIDE DISS MG/L
- MARDNESS NONCARB MG/L
HARDNESS TOTAL MG/
10DIDE" MG/L
IRON DISSOLVED. . uG/L
LEAD DISSOLVED uG/L
LITHIUM DISSOLVED uG/L
MAGNESIUM DISS © MG/L

MANGANESE DISSOLVED UG/L
MERCURY DISSOLVED uG/L

CATIONS

“(MG/L)
CALCIUM DISS 1000
MAGNESIUM DISS 200
POTASSIUM DISS 350
SODIuM DISS © B40O

TOTAL

350

{MEQ/L)
49,900
16,452

. Be950

365,400

‘0‘00.701 :

132

GEOLOGIC UNIT3

300

LAT.LONG.SED.$ 455001 1050243 01

RQUGHLOCK TO PRECAMBRIAN .

MOLYBOENUM DISSOLVED UG/L

NITROGEN TOTKJD
PH FIELD
PH LAB

AS N

PHOSPHDRUS DIS AS P

POTASSIUM DISS
RESIDUE DIS cCaALC
RESIDUE D1S Ton/

SUM
AFT

RESIDUE DIS TON/DAY

RESIDUE DIS 180C
SAR

DETR-

MG/L
MG/L
MG/L

3
DELETED
. 6e8
.+ 645 |
,'0.0B
350
26100
36.46 .

3620 .

MG/L

SELENTUM DISSOLVED

SILICA DISSOLVED
SODIUM DISS
SODIUM PERCENT

uG/L.
MG/L

MG/L -

SP. CONDUCTANCE FLD
SP, CONDUCTANCE LAB

STREAMFLOW(CFS) -

INST

STRONTIUM DISSOLVED

SULFATE DISS
SULFIDE 10TaL

VANADIUM DISSOLVED
wWATER TEMP (DEG C)

ZINC DISSOLVED

BICARBONATE
CARBONATE
CHLORIDE DISS
FLUORIDE DISS
SULFATE DISS

PERCENT DIFFERENCE = =0,68

(MG
%27

0
15000

2e

790

26800.
63
i -0
S &6
8400 ,
.83
38500

139800

UG/L
MG/L
MG/L
UG/L

UGIL'

ANIONS

/L)

9

TOTAL

S0 -.
50000..
790
. lebs .
500.
670
90

- (MEQ/L)
6.999
0.000

423,150
- 04153
16,448

446,749



Table 9.--Water quality analysis-—Cohposite of waters from
Madison into Red River

UNITED STATES DEPARTMENT OF THE INTERICOR
GEOLOGICAL SUkvVEY :
CENTRAL LABORATOKYs DENVERes COLORADO

WATER QUALITY ANALYSIS
LAB ID # 123058 RECORD # €23

SAMPLE LOCATION: 0iNS4E18DDAC
STATION ID: 455001105024303 LATLONG.SEQe? 455001 1050243 03

DATE OF COLLECTION:.BEGIN=-770429 END=-~ TIME-=1000

STaTE CODE: 30 COUNTY CODE: 017 PROJECT TDENTIFICATION: 463004900
DATA TYPE: 2 SQURCE: GKOUND WATER GEOLOGIC UNIT!

COMMENTS: MADISON IMTO RED RIVER

CLOUDY WITH BLACK SPECKS=-~EFFERVESCENT wITH SULPHURCUS ODOR3 FIELD
VALUE USED FOR BICAkB3 RAD CHEM SPLIT

ALKoTOT (AS CAC03) MG/L 270 MANGANESE DISSOLVED UG/L

ALUMINUM DISSOLVED UG/L 30 MERCURY DISSOLVED uG/L
ARSENIC DISSOLVED uG/L ’ 1 ‘ MOLYBDENUM DISSOLVED UG/L
BARIUM DISSOLVED o ue/L 0 NITROGEN TOTKJD AS N MG/L
BICARBONATE. MG/L 329 ) PH FIELD .
BORON DISSOLVED uG/L 9000 PH LAB
BROMIDE MG/L 3.3 PHOSPHORUS DIS aS P MG/L
CADMIUM DISSOLVED UG/L 1 POTASSIUM DISS MG/L
CALCIUM DISS MG/L 320 RESIDUE DIS TON/AFT
CARBONATE MG/L 0 RESIDUE DIS 18GC . MG/L
CHLORIDE DISS MG/L 770 " SELENJUM DISSOLVED UG/L
CHROMIUM D1ISSOLVED uGe/L 20 SILICA DISSOLVED MG/L
COPPER DISSOLVED - UG/L 0 SODIUM DISS - MG/L
DEPTH(FT.FR.SURFACE) 8000 SP. CONDUCTANCE FLD
FLUORIDE DISS MG/L ' 5.5 SP, CONDUCTANCE LAR
IODIDE MG/L 0.06 STRONTIUM DISSOLVED UG/L
IRON DISSOLVED - UG/L 920 SULFATE DJISS MG/L
LEAD DISSOLVED uG/L | SULFIDE 10TAL MG/L
LITHIUM DISSOLVED uG/L -2100 vanaADIUM DISSOLVED UG/L
MAGNESIUM DISS MG/L 53 WATER TEMP (DEG C)

ZINC DISSOLVED UG/L

" CATIONS- ANIONS
(MG/L) (MEQ/L) (MG/L)

CALCIUM DISS 320 15.968 BICARBONATE 329
MAGNESIUM DISS 53 4o300 CARBONATE, 0
POTASSIUM DISS” 130 3.325 CHLORIDE DISS 770
SO00IUM DISS 940 40.890 FLUORIDE DISS Se5

SULFATE DISS 1800

-TOTAL 64,542 TOTAL
PERCENT DIFFERENCE = ~0,26
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Preliminary results and future testing plans

' Préliminafy analysis of some of the infomation obtained during the drill-
~ ing, coring, and testing of Madison Limestone test hole 2 follows:

Based on the drill-stem and packer-swabbing tests, all significant water-
bearing units below the Lakota Sandstone have sufficient head to cause the water
in them to flow at the land surface, 2,793 ft above sea level.

The chemical-quality tests indicate that, in the zones tested, there is no
freshwater (less than 1,000 mg/L dissolved solids). Dissolved solids range from
a low of about 2,000 mg/L in the Lakota Sandstone and the Madison Limestone to
about 46,500 mg/L in the Minnelusa. In the Paleozoic section, the water freshens
relative to the Minnelusa and, with the exception of the Red River, becomes
saltier with depth. -

None of the units tested yielded significant quantities of water. Flow
rates ranged from about 5 to 50 gal/min. Pressure heads in the Paleozoic units
" were in general in excess of 750 ft above land surface. (See table 2 for
complete flow data.) '

Two cement plugs were placed in the bottom of the well--one from 9,378
to 9,084 ft and the other from 8,884 to 8,422 ft below land surface. The plugs
were placed to block upward leakage of highly saline water (about 26,000 mg/L
dlssolved solids) that included a gas show in the basal Cambrian sectlon.

_ Drill—stem ‘tests 6A ‘and 7 included the interval of the gas show in the
Cambrian sand. Apparently the porosity and permeability of this sand are very
low as the sand did not yield gas or fluid during the testing periods.

eWater from the open-hole part of the well, which begins about 19 ft below
the top of the Madison Limestone and ends about-lZO ft above the base of the
Red River, has a head at the surface of 333 1b/in2? or about 768 ft -above land - -
surface. Because of tle well-head equipment, the water camnot flow freely from
the 13-3/8-in casing at the land surface. However, one of the 2-in valves in
the well head was opened and the well flowed about 44 gal/min with about .
3 1b/in? back pressure. Using these values, the specific capacity . is about
0.06 (gal/min)/ft of drawdown. This specific capacity is about two orders of
magnitude less than that of a similar interval in the Madison Limestone test
well 1. The water from the open-hole part of the well has a dissolved-solids
concentration of about 4,390 mg/L.

"It is planned to run additional geophysical logs and tests in the test
well this fall. The logs will include televiewer, gamma spectrometer, and
possibly trace ejector and spinner surveys. A vertical seismic profile will
be run in August. .. '

The well construction and well-head equipment are such that the well can
be used for several years as an observation point, a test laboratory, and for
geophysical-tool calibration.

~
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