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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)

£l (cubic feet)

mi? (square miles)

gal (galloms)

gal/min (gallons per
minute)

(gal/min)/ft (gallons per
minute per foot)

1b (pounds)

1b/in® (pounds per square
inch)

md (millidarcys)

Multiply by

25.4
.305
.02832

2.59
3.785
.0631

.207

.4536
6.8948

.000987

iv

Metric

mm (millimeters)

m (meters)

m® (cubic meters)

kam? (square kilometers)
L (liters)

L/s (liters per second)

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

kg (kilograms)

kPa (kilopascals)

um? (square micrometers)

ces0ceccens



PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL 2,
SE%SE% 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 testing planms.

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 informationm.

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~-
diametir open hole from 6,487 feet to 8,422 feet. The well is plugged below
that depth by two cement plugs—-cmne from 9,378 to 9,084 feet and the other from
8,884 to 8,422 feet. The well is so comstructed that additiomal hydrologic
tests and geophysical logs can be made at a later date. 5

‘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 demnsity, porosity, and vertical
and horizontal permeability. Gamma and demsity scans of the cores were made,
and thin sections are-being prepared for detailed examinatiom.-

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. T TR I b B e e % * -

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 August.

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 1is 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 scurce 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 01d 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 companies, and summarizes the available data
and the deficiencies o1 these data.

During the development of :he 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 Comservation,

North Dakota State Water Commission, South Dakota Division of Geological
Survey, and Wyoming State Engineer. The purpose of the committee is to
maintain open communicaticn 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-mi2 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.

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

5. The locations of wells and the type of construction and development of
deep wells that would obtain coptimum 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 recomstructing the
paleogeologic history of the region as well as defining the presen: structural
and sedimentary framework. Careful analysis of cuttings and cores, and correla-
- tiom 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 isolated 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, transmi531vi:y 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
(1isted 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.’

D

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 om 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 £t
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 planms.



Sap 19] Ddwhg ug

Yy [ wewmog o)

S/

Te Gavrn, 56 e

LES

_40 M

40 KILOMETER

20

o...

Y

20

Figure 2.--Location of Madison Limestone test well 2

in- southeastern Montana.

yaor

ey — o

- |...n‘.|||. - »../N

Yo 8./ wm. 36 ven



R.S53E. R. 84 E.

12 7 8

I

|

I

1

]

|

‘ :
3 L e g

24 . 20

-~ IMILE
: .
I KILOMETER

OO0

Figure 3.—Location of drill site for Madison Limestone
test well 2.



Lond surface

36" hol

20"casing

Cement / '

plugs

l?iguré 4 .--Construction of Madison Limestone test well 2.
8 .



/— I/4" NEEDLE VALVE

10" SERIES 600 BLIND FLANGE
TAPPED ‘FOR 1/4" VALVE

r i
- - 10" SERIES 600
[ 5 ORBIT VALVE
-\__‘
B " "
13 3/8" TO 10" OCT SPOOL
B ( /—lo'f SERIES 900 TO 600 FLANGE
(

‘3“ FLANGED VALVE

13 3/8" SERIES 900
OCT CASING HEAD :

2" THREADED VALY

JV

GROUND LEVEL __ |
13 3/8" CASING ———

Figure 5.--Well-head equipment of Madison Limestone test well 2..



Ladder boited to
8%’ casin

2" Drampon-—-——-

7'

27

8rd Swedge

7°° Hammer union
__—3%'= 17" 8d Swedge

R

)

scating ba
/Lubm:tmg rrel

20° of 8%4"* 8rd
/24 J-85 Casing

8%’‘ 8rd Coupling
// welided into flange

0’ Series 600 blind flange

10'* Series 600 Orb#t Vaive
jm 3/8" 1o 10" OCT " Spoel

10" sariss 900 to 600 tiangs
ST ey ll-l[ 3’* Flanged Vaive

&

Ground level”

1334 Casin

N—

Nase

2°'° Threaded Valve

‘" Series 900 OCT
casing head

Figure 6.--Well-head equipment of Madison test well 2, with
lubricating barrel attached.

10



Many individuals from the U.S. Geological 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 C. 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 site selection, drilling operations, and
testing of the well.

Fenix and Scisson, Inc., of Tulsa, Okla., prime contractor 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, Kerms, 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 cutting 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 numerocus to mention, were involved in the drilling, coring,
fishing, and cementing operations.

Core prepa:ation, photographs, and gamma-ray-a:tenua:ed-porosity—evaluator
(GRAPE) logs were provided by Marathon 0il Research Center, Denver, Colo.
Analysis of core and hydrologic properties was by Core Laboratories, Inc.,
Denver, Colo. : A

Test-well history

hole history, core record, bit record, deviation surveys, and log index sheet
were photocopied 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, Kerms, and Traut report. e -
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PLNIX & SCIS30N, INC,
HOLE HISTORY DATA

DATE: 6=-16=-77 APPROVED:
MOLF %O.: Madison #2 w. 0. NO.: 1. D. NO.s
US TRy USCS TYer woLe: Exploratory
LOCATION Montana COUNTY: Custer AREA: Powderville
SURFACT COORDINATES: SE/4 s SE/4, Sec. 1B, TIN, RS4E
GROUND ELTVATION: 2793 l PAC ELEVATION: TOP CASING ELEVATION:
RIG ON LOCATION: 11-10-76 $PUDDED: 11-17-76 COMPLETED: 4=28-77
CIRCULATING MEDIA: Mud
MAIN RIG & CONTRACTOR [ NQ. OF COMPRESSORS & CAPACITY:
BORE MOLE RECORD CASING RECORD
FROM 10 auzE 1.0, | wT./FT. WALL GRADE | CPL'G. FROM TO Cu. FT. CMT,
0 7' | Excav.* (8' x 8' cellar) 0' 7' |Dire
7 S4°' | 36"* 30" (03134 7.9 54° ?
54° 407" | 26" 19.124" 944 H=40 Burrrest 3' 1 407' 11001
407 | 4663 | 174" (See Page 4) 0°' | 4662" | 6305%%*>
4663° | 6489' | 12k" 8.835" 401 S-80 | STaC |4519' | 6487' | 1122
6489' | 9378 | gu" | |
TOTAL DEPTM: §378' 6L lAV!RAGtHANDR!LD!PTH! FROM REFERENCE ELEVATION ¢
JUNK & PLUGS LEFT IN HOLE: Plugged back from 8422' to 9378
SURVEYS PAGE: 14 CORING PAGE: 12 CU. FT. CXT. TOTAL IN PLUCS, ETC: 525
LOGGING DATA: Page 15
BOTTOM MOLE COORDIMATES: ] REFERENCE:
RICS USED (Site Prep Rigs *)
nie wo. Naug TYPE €Lass | omgmitiva | v canw | w/o emew | om Loes
8 | JRR Drilling Co. National 80B 162.08 | 0.45 - 162.53
(Anderson Drilling |
Co. Rig)
l
remarks: ° Site Prep liems

#**  Approximatelv 200 fr3

circulated to

surface.

®%% Approximacely 728 ft3 ecirculated to surface.

NOTE: . Depthe shown are {ror cround level elevation 16' below kelly bushing

elevation.

T.D. 9378' (G.1.) = 9394' (XB)

PREPARED AY:

WNS:isivw

TIME BREARDOWN O MNEXT PACE

12



Madison {2
Ti1:'3 BREAKDOWN

SITE PRCPARATION

DRILLING OPERATION TIME (DOT)

OTMER SCHMIDULED TIME (05T)

OPERATIONAL DELAY TIME (ODT)

RIC REPAIRS

W, 0. DRILLING SUPPLIES
CLEAM OUT FILL

SECURED wITH CREWS

i

SITE OOT

’
omiLL uove
TRIPS RUM CASING
ST e——— BRSO
SITE DOT DAYS SITZ OST DAYS
TOTAL SITE PREP TIME DATS REMARKS:

MAIN HOLE COMNSTRUCTION

DRILLING OPERATION TIME (DOT)

OTHER SCHEDULED TIME (0OST)

OPERATIONAL DELAY TIME (ODT)

DRILL 29.19 HOBILIZATION & DEMOBILIZATION RIC REPAIRS 1.92
TIPS 10.67 CORE 16.19 Y. C. EQUIPMENT & Supplies 2.25
DRESS DRILLING ASSEMBLY LoG 6.00 FISH 10.17
SINGLE SHOT DEY. SURYEYS 0.80 CASED HOLE DIR. SURYEYS CLEAN OUT FILL 0.99
OPEN HOLE DIRECTION SURYEYS UNLOAD CASED HOLE UNLOAD WATER INFLOW
Open Hole 34.10 RUM MANDREL REAM CROOKED HOLZ
NYDROLOGICAL TESTS 29.86 PLUG BACX IR
Nipple Up ' 4,37 DRILL OUT PLUGCS
wams worg ot 74.76 puys | Circulace Samples 1.37 SECURED WITH CREWS 0.45
CASING OPERATION TIME (€DT) Plug Back ™ ' o -
rum 20" easing 0.43 | lLay Dowm Drill Pipe 0.92 |Clean Cut Plugged Bi: 1.40
aun  13-3/8" casing 1.49 ;o
CEMENT 20" CASING 0.67 ... f--... Repair Blow Out Prevenzer 1.18
ezuexnt 13-3/8" casine 1.12 Circulacte & Mix Mud 1.18
DRILL SUT SHOE 1.84 — |Thaw Ouz Rig 1.18
* .79 e

wam worgeor_7:34  pavs wamworz os7_59.71 pars uame vorg 0o7__20-72 pars |

TOTAL AN HOLE CONST. TIME 162.53 oavs REMARKS,
TOTAL ELAPSED TIME
TOTAL SITE PREP TME DAYS REMARKS:
TOTAL MAIN HOLE CONST, TIME 162.53 pars . .
SEC. ¥/O CREW SITE PREP DAYS * Run 8-5/8" Liner 0.37 Davs
SEC. ¥/0 CREW MAIN NOLE CONST. DATS Cement 8-5/8" Linper 1.42 Days
TOTAL SUSPENDED (MO RIG) Dars
TOTAL TLAPSED TiME 163.53 oars J
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11-7-76

11-10-76
ROTE:

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 sat at 7' below ground
level with 30" CX set at 54' below ground level in a 36" hole and
cexented 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
25" hole opener. Opened 174" hole to 26" from 70' to 146°.

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

Ran 10 joints (425.62') of 20" 0.D., E=40, 947 buttress thread casing
and landed az.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 wvere placed at 406', 367°, 326', 283', 243', 201', 153' and
117°'. All ground level measurements. Ran latch-in tool in the hole
and latched inzo the £floar collar. Camencead annulus using Halliburton
with 520 sacks (801 £z3) of "Light" cement, 3Z calcium chloride and
1/44 per sack of Flocele followed by 200 sacks (230 £t3) of Class "G"

. cement, 2% calcium chloride and 1/47 per sack of Flocele. Cement in

place at 1115 hours. Approximately 200 fz3 of "Light" cement circu-
latad to surface. Waited on csment.

..........

head. Started conneczing up blow out equipment.

Completad connecting up blow ocut equipment comsisting of a 20" Shaffer
singlé ram preventer on top of the casinghead followed by a 20" Bydril
MSP=2000 preventer with a Grant rotating head on top. Drilled out
floatz collar with a 17%" bit and pressurad up on the Hydril preventer,
top seals were out of the preventer. Removed connections and waited

~on repairs at 1915 hours.

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

Connected up new preventer and tested to 1000 psi for 30 mizutes.
Drilled out cecent and shoe with a 17%" biz, Made trip for 84" dis.

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
vater at 1900 hours.

‘14



Madison #2

Hole History

Page 2

11-27-76

11-28-76
11-29-76
11-30-76

12-1-76
12-2-76

12-3-76
- 12=4=76

12-5-76
12-6-76

12-7-76

12-8-76
12-9-76

12-10-76
12-11-76

12-12-76

Thawved 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.

Thawed out zig to 1245 hours. Drilled 84" hole from 950' to 1078°.
Pulled ocut of hole.

Made up Christensen core barrel with an 8%" x 4" diamond bit and cut
core #1 from 1078' to 1108°', recoverasd 28°'.

Ran 84" bit in the hole, washed and reamed 60' to botztom and drilled
from 1108' to 1430'.

Drilled 8%" hole from 1430' £o 1935'.

Drilled 8%" hole from 1935' to 1969' and pulled ocut 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°'.

Drilled 8%" hole from 2250' to 3055'.

Drilled 8%" hole from 3055' to 3621'. Made trip for bit at 3442' and

L:_.rcaned 60' to botzom. ‘ e

‘ Drilled 84" hole from 3621°' to 4154°.

Drilled 8%" halc £rom 4154' to 4343 and pulled out o£ hole. Made

:'up core barrel with an 8%" core bit and ran in hole. Core barrel was
-~ plugged, pulled out of hole. _ : p e

Cleaned out core barrel. Ran 8%" bit in the hole and washed 106' to

botzom at 4#343'. Pulled bit and ram core barresl back in hole. Cleaned

..........

out 25' of £111 and cut core #3 from 4343' to 4369°.

Recovered 26' on core 43. Rﬁn 8%" bit in the hole, re=amed core hole
and drilled from 4369' to 4640°.

seee

Drilled 8%" hole from 4640' to 4682'. Measursd out of holc and

: corrected depth 2o 4677'. Ran Birdwell logs.

Continued zunning logs.

Completed logging. Ran 84" bit in the hole and washed 25' to botzom.
Conditioned hole for testing and pulled bit.

Made up Lynes test tool and ram drill stem test #1 from 4300' to 4680'.
Tool opened at 0512 hours and completed test at 0830 hours. Laid down

.gool. Made up 124" hole opener and reamed hole from 406' to 430°.

Opened 84" hole to 12%" from 430' to 746°.
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Madison #2
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Page 3
12-13-76
12-14-76
12-15-76
12-16-76

12-17-76

12-18-76

12-19-76

12-20-76

12-21-76
.12-22-76

Opened 84" hole to 124" from 746' to 1354°'.
Opened 8%" hole to 12%" frcm 1354' to 1870°.
Opened 84%" hole to 12%" from 1870' to 2356°.

Opened 8%" hole to 12%" from 2356' to 2769'. Made trip for hole
opener at 2538°'. -

Opened 8%" hole 2o 12%" from 2763' to 3340'.

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

Razn in hole and opened 8%" hole to 12%" from 3698' to 4130°.

Opened 8%" hola to 12%" from 4130' to 4324'. Made trip for hole
epene: at 4162°'.

Opened 8%™ hole to 12%" from 4324' to 4668°'.
Opened 8&" hole zo 12%" from 4668' to 4%77'. Pulled out of hole and

. left 1 cutter in the hole. Made up 17%" hole opener and ran iz hole.
_ Opened 12&" hole to 17%" from 430' zo 828°.

12-23-76

. had balled wp. e

12-24-76
12-25-76
12-26-76
12-27-76

12-28-78
12-29-76

12-30-76

Opened 125" hole o 17!," from 1310 :a .1870'.

Opened 12&" hole to 17%" from 828' zo 1310'. Made trip at 1180', bit

Opened 12%" hole to 17&"‘£rvn 1870' o 2437°.

Opened 12%" hole to 17%" from 2437' to 2980'

Opened 12%" hole to 17%" from 2980' to 3430'. Made txip for hole
opener at 3286°. .

Opesned 12%" hole to 174" from 3430' to 3888°.

Opened 12%" hole to 174" from 3888' to 4156'. Pulled out of hole,
had a few tight places in hole. . -

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
1-1-77
1-2-77
1=3-77

Opened 12%" hole to 174" from 4216' to 4410°,

- Opened 124%™ hole to 17%" from 4410' to 4626°.
| Opened 12%" hole to 174%™ from 4626"' to 4677'. Conditicned =mud.

Pulled out of hole and ran Birdwell logs. Made up 11-5/8" 0.D. Globe
baskut 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 baskert,
no recovery. Ran 10%" 0.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 racovery. 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., STSC casing, set at 4677.70°'
(4661.70' GL) with a Baker guide shoe on botzom 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)
2 68.007 S=-80 4661.70' - 3733.48°
37 61.007 S-80 3733.48"' - 2086.63"
53 54,507 K=-55 2086.63"' - o'

Centralizers wers placed at 4649, 4625', 4538' and 4520', all ground
level measurements. Then one centralizer on every other eollar to
1136' and one on every fourth esllar to 51S5' and then one at 250'
£rom surface. Ran latch-in tool in the hole on 44" dvill pipe and
latched into collar. Cemented azmnulus using Halliburton wizh 6017.5
.. £23 (2065 sacks) of Class "G" csment, 162 gel, 3% sale, 0.2%2 CFR-2
. and 1/4# per sack of Flocasle followed by 287.5 fr3 (250 sacks) of
. Class "G" cement and 1/4# per sack of Flocele. Cement in place at
© 1610 hours. Circulated cut 250 sacks (728 ££3) of cement. Waited on
' -  csment. . s R

1=-7=77 Waized on cement 2o 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 E;;;;nn and Hydril blow ocut praventars on thé flange and
starzed nippling up.

1-9=77 Completed nippling up. Prassurs 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 testad 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 baskez. Drilled 84"
hole from 4679' to 4831'. '

1-11-77 Drilled 8%" hole from 4831' to 4870', measured out of the hole and
corrected depth 2o 4877°'. Made trip with a magnet, no recovery. Made
up Christensen 6-3/4" core barrel with an 84" diamond core bit and
eut core #4 from 4877' to 4507°.

1-12-77 Pulled ocut of hole and recovered 25' on core #4. Made up 8%" drilling
assembly and drilled from 4907° zo 5108°.
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2-1-77
2-2-77

2=3-77

2=4=77

2=5=77
2-6=77
2=7=77

2-8-77

2=9=77
2=10-77

Opened 8''" hole to 12%" from 5900' to 6056'. Pulled out of hole.

Changed out reamer and ram in hole. COpened 8% hole to 12%" from
6056' to 6107°.

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

Opened 8%" hole to 12%" from 6181' to 6230'. Made trip for reamer
at 6204°', :

Opened 8%" hole to 12%" from 6230' to 6251°.
Opened 8%" hole to 12%" from 6291' to 6357'.

Opened 84" hole to 12%" from 6357' to 6388'. Made trip for hole
opener at 6367°'.

Opened 84" hole to 12%' from 6388' to 6429'. Made trip for hole
opener at 6409°'.

Opened 8Y%" hole to 12%" from 6429' to 6461°.

Opened 84" hole to 12%" from 6461' to 6505'. Conditiomed hole and

s pulled hole opener.

" Ran Birdwell caliper log. Ram 45 joints of 9-5/8" 0.D., 404, S-80,

Range 3, STEC casing for a liner in the hole on 4)4" drill pipe with

-’ & Browm 01l Tool flocat shoe on bottom and a Brown type 1 landing
* . esllar at 6455' (6439' GL). Overall length of liner assembly was

1968.20°. . Tagged botzom at 63505' and landed liner at 63503' (6487' 6Ly

.- with the top of the Brown CMC liner hanger at 4535' (4519' GL).
" Cantralizers at 6493°, 6466' and 6445' KB with centralizers on every

| 21277

other collar from joint #4 thru #35, joinc #35 and #39. I
Cezeated annulus using Halliburton with 532 £23 (350 sacks) of "Light"
cement, 10Z salt and 0.75% CFR-2 followed by 590 £z3 (500 sacks) of
Class "G" cemenz, 10Z salz and 0.75Z CFR-2. Cement in place at 0500
hours. Displaced cement with 5 barrels of water followed by 191
barrels of =uc, ;-0 returns to surface. Released liner runmning tool

ke aed pulled out of hole. Waited on cement to 2000 hours. Raam 12%"
"~ bit in the hole and tagged cement at 3908°. v )

2=13-77

2-14-77

Waited on cezent until 0500 hours. Drilleé 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°. ’ A

Pressured up to 1000 psi for 30 minutes. Drilled oﬁ: cement, landing
eollar and shoe from 6379' to 6503' and cleaned cut £i11 to 6554'.

19



Madison #2

Hole History

Page 7

2-15-77

2=-16-77

2=17=77

2=18-77

2-19-77

2-20=-77

Cleaned out £i11 to 6559' and drilled 8%" hole to 6574'. Circulated
hole clean and pulled out of hole. Made trip with a magnet and junk
basket, recoversd bearings and buttons. Ram back in hole.

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

top of the liner and the skirz was torn up. Made trip with the mag-
net and recovered 1 quart of junk. Made trip with an 84" bit o

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', recoversad 89'. Made up 8%"
biz and 3 point reamer. Trip in hole.

Reamed 23' to botzom and drilled 8%" hole from 6664°' to 671S'. Cire-
culated samples and pulled out of hole. Made up core barrel and ran
in hole. Cut core #7 from 6715' to 6745'.

Recovered 27.2°' on core #7. Cut ﬁare #8 from 6745' to 6775', recovered
30.7% Ran 8%" biz in the hole, measuring drill pipe.

Corrected depth from 6775' to 6784'. . Drilled 84" hole from 6784' to
6948' and twisted drill pipe off. DPulled cut of hole and lefr drill-

', dng assembly, 7 drill collars in the hole.

2-21-77

| 2=22-77

‘__ szl up overshotAandlrén in hole, latched on:a'fish and re:cverid same.

8&“ biz in the hole and drilled from 6948' to 7034'

o

Drilled 8&“ holc tron 7036' to 7070°. ?ullcd eut of hole azd ran mag=

+ patie parzicle inspection om the drill collars. Made up cors barrel

2-23277

2-24-77
2-25-77
2-26-77

2-27-77

2-28-77

3=1-77

.. 7401', hole making water.

" vi:h an 8!:“ core biz and Tan in hole. Cut core #9 £rna 7070' zo 7078°'.

Cauplctld core #9 f‘:on 7078" 2o 7128°. r.:nvernd sS4, mp in with
8" bit. ‘

........
B i A

Drilled 84%™ hole from 7128°' zo 7267°.
Drilled 8%" hole from 7267' to 7370°.

Pulled out of hole and ran 8%" core bit. Cut core #10 from 7370' to

Completed core #10 from 7401' o iazz'. reco§ernd 51'., Face of core
bit damaged. Ran 84" bit and junk sub in the hole. Drilled 8%" hole
from 7422° to 7444°.

Drilled 8%" hole fran 7444' to 7600'. Circulated samples and pulled
out of hole. . s

Made up 8%" coring asseczbly and ran in hole. Cut core #11 from 7600’
to 7623°.
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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

>10-77
-11-77
3-12-77

3=13=77
3=146=77

3-15-77 |
3-16-77

3=17-77

7 mn.d 84" hole from 9045' €0 9216,

Recovered 22.5'0on core #ll. Cut core 712 from 7623' to 7625', re-
covered 2°'. Ran 8':" biz in the hole and drilled from 78625' zo 7640°.
Circulacted sacples.

Pulled out of hole. Ran 8%" cors bit in the hole and cut core 713
2zom 7640' to 7693°.

Completed core f#13 from 7633' to 7700', recovered 53'. Cut core #14
fzom 7700' to 7760'.

Recoverad 59' con core #14. Cut core #15 £rcm 7760 to 7820', re-
eavered 60°.

Cut core #16 from 7320' to 7865', recoversd 38'. Ran 84" biz in the
hole and drilled from 7865' ro 7924°'.

Drilled 8%" hole from 7924' to 8083'. Circulated samples at 7375°.

Drilled 84" hole from 8083' to 8215'. Cirzulated samples to surface.
Pulled ocut of hole.

Made up 8%" core bit and cut core #17 froz 8215' to 8238', recovered

.21 BRan 84" biz in the hole and drilled from 8238' zs 8311°.
Drilied 84" hole from 8311' 2o 8532'. Bk

 Drilled 84" hole from 8532' to 8624'. Made erip for bit ac 8621'
ai>fand Teamed 30' :o bettom. PPN (o

" Drilled 84" hole from 8624' to 8782'. Circulated ssmples at 3668°.
Drilled 84" hole from 8732° to 8934'. 3it plugged, pulled ouc of hole.

...........

----------

Ran 8%™ biz in the hole and hiz top of limer at 4535'. Pulled out of
bola and found bit split. Changed out biz and mada £rip. Drilled 8%"

_holas from 8934' £3 904S5°'. Circulated ocut apptaxi:a:zly 200 barzels of

wvater after bcing shut dowvn for rig service.

> -~
lpee s LR

nrilltd 8%"™ hole £rau 9216' to 9291°'. Pulled out of hole, had inflow
of water. Changed out biz, reamed and washed 115' to bottom, had
vater inflow. Drilled 8%™ hole from 9291' to 9298' Mixed =ud to
control wvater flow.

Drilled 8%™ hole from 9298' to 9360' and hole s:xrted flowving wvacerz.
Pulled bit inzo casing and closed dlow cut preventer rams. Shut in
pressure wvas 125 psi., Mixed =zud building weight to approximately
10.5# per gallon. Ran in hole with bit and tagged 47' of £111 in the
hole, plugged bit. Pulled out 5 stands and cleared bit, pu=ped in
approximstely 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

3-26-77

3=-27=77

Ran back in hole and displaced water with mud. Started washing and
teaning 175' off boctom. Drilled 8%'" hole from 9340' o 9375'. Cir-
culated samples.

Made trip for bit, washed and reamed ocut of gauge hole to 9375'. Made
tzip with a magnet, no recovery.

Ran 8%" core bit in the hole, washed to bottom and rotary table locked
up. Pulled core barrsl and replace rozary table.

Completed repairs. Ran core barrel back in the hole and washed to
bottom. Cut core #18 from 9375' to 9388'.

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

Completad Schlumberger logs. Ran Birdwell logs.
Cozpleted Birdwell logs. Made trip to conditicon hole for testing.

Ran Lynes dual packers in the hole om 2-7/8" 0.D. tubing. Waited on
daylight to open tool.

Set packers from 9300' to 9394'. Opened tool at 0805 hours for drill
stem ‘tast #5, fluid sctarted dropping in the amnulus. Llaid down

‘ packers, packer rTubber had rupturesd.

Changed out packers. Ran back in hole with packer spacing from 5228°
to 9262' and ser at 1305 hours for drill stem test #6. Rigged up to

- guab and could nmot get below 50'. Replaced tubing subs and reset

3-28-77

=29-77

3=30-77
3=A-77

4=1-77

packars.
Waited until daylight to cpen tool. Ran drill stem test #6A frem 0630

hours to 1600-hours. Opened tool to test below and between packers
for drill stem test #7 atc 1600 hours.

Continued testing. Filled tubing with water and could mot reslease
packers. Worked tubing attempting to free packers.

Continued working :iuck.:es: tool.

Continued working stuck test tool. Ran Otis bailer and sand pump and
caught water samples. Ran McCullough free point indicater, tool not
working properly.

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

MeCullough Chem Shot, twe 3/8" hole 180° apart at 5119.5'. Broke cir-
culation and circulated hole while working tubinmg.

-~
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4=-2-77

4=3-77

4=4=77

4=5=77
4=6-77
4=7-77
4=~8=77
e

4~10-77
4=11-77
4=12-77
4-13-77
4=14-77

4=15-77

&-16-77

Continued vcrking tubing and circulating mud. Waited on Otis tools
until 1930 hours. Ran Oris sand pucp inside the 2-7/8" 0.D. tubing.

Ran sand pucp to 9185' for several rums and tubing began to £ill up
to 9150'. Recovered heavy mud with some sand and shale. Ran
McCullough frse point indicator, tubing stuck ac 6845'. Ran chemical
shot and cut tubing at 6807'. Started pulling tubing.

Completed pulling tubing. Ran Rucker Acme overshot, jars and buxzper
sub in the hole. Worked cver £ish and jarred loose. Pulled ocut of hole.

laid down 2-7/8" 0.D. tubing and Lynes packers, recoversd all of f£ish
except top rubber off of the top dual packer. Made trip with 8%" biz
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 con 2 trips and could not set packers on
2 txips. -

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 om 2-7/8" 0.D. tubing. ' ;

Set packers to test zone from 8115' to 833S' for drill stem test #8.
Sctarted test at 0805 hours. 5

Completed test at 0530 hours. Realeased packers and pulled out of hole.
Dressed test tool and ran in hole to test zone from 8030' to 8250'
for drill stam test #9. Could not set packnr;.

Pulled tool and found bottom packer had ruptured. Made trip wich 84"
bit to 8700' and conditioned mud. : ;

Ran Birdwell logs. Made up lynes straddle packers and-ram-in hole on
2-7/8" 0.D. tubing for drill szem test f10.

Set packers from 811S' to 8355'. Opened tool at 0854 hours and starzed
tast.

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

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

Completed 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

42377

4=24-77
4=25-77
4=26-77

4-27-77

4=-28-77

Continued testing to 0515 hours. Reset packers from 7074' to 7314°
for drill stem test #l4. 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.

Cozpleted test at 1130 hours. Reset packers from 6449' to 6689' to
check drill stam test #12. Released packers at 1630 hours aand pulled
out of hole. Started in hole with an 84" bic.

Completed trip to condition mud for further tes:iné. 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 scem test #16. Started
test at 1730 hours.

Cozpleted test at 1700 hours. HMoved 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 ocut of hole. Made up double
packer test tool and ran ia hole on 2-7/8" 0.D. tubing.

" Set packers at 8520' to test zome from 8520' to toral depth at 9394

for drill stem test #17. Started test at 0300 hours and contizued
to 1430 hours. Released packers and conditioned mud and build up
voluze. o

Condizioned mud, worked toocl locose and laid dowm gtubing and test tool.

12id dowm :ubing and loaded ocut test holes.

Laid down drill collars. Ran 4%" drill pipe in hole cpen ended and
pushed packer rubber to bottom at 9394'. Plugged back hoile -using
Halliburzon with 220.8 £z3 (120 sacks) of "Light" cement, 1# of mud
kill per sack and 0.2Z of HER-4, Top of cement at 9100°'. Cament in
place at 1905 hours. Pulled up the hole to 83500' and set plug #2
wvith 304.2 f£23 (180 sacks) of "Light" cement, 17 of mud kill per sack
and 0.2% of HR-4., Top of cement at 8450'. Cemenz in place at 1930
hours. Pulled out of hole.

Removed blow out prevenzers and installed well head equip=ent. Ran
drill pipe in the hole and tagsed ccment at 8438'. Displaced mud
from the hole. Laid down drill pipe. Hole flowing muddy water.

Laid dowm drill pipe and connected 2" flow line from hole to pic.
Rig released at 1600 hours. Drilling operations completed.
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CORE RECORD
Weight Circulating

Core Interval On Bit Pressure Feet Feet
No. Fe. RPM 1000# psi Cored Recovered

5 1078' - 1108’ 60 15-18 850 30 28

2 1969' - 1999° 50 16 850 30 25

3 4343' - 4369 50 15-18 800 286 26

4 4877' - 43907 40 20 900 30 25

5 6470' - 6556°' 42 20 800 86 88

6 6574' - 6664 40 20 750 90 89

7 6715' = 6745" 40 20 800 30 2742

8 6745' - 6775°' 40 20 800-850 30 30.7

9 7070' - 7128' 43-40 20 900 58 54
10 7370' - 7422 40-44 20-22 850-1000 52 51
1 7600' - 7623' 45 20-25 1000 23 22.5
12 7623' - 7625' 42 25 1000 2 2
13 7640' = 7700° 40 20-25 1000 60 59
14 7700' - 7760’ 40 25 1000 60 59
1S - 7760' - 7820' 40 25 1000 60 60
16 7820' - 7865’ 40 23 1000 45 38
17 821s' - 8238' 40 25 750 23 p 2l
18 9375' - 9388’ 44 25 1100 13 b i
19 9388' = 9394' 36 L 1450 -] 6

TOTALS 754 722.4

..........
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Bit
No. Make
2 Hughes
2 Graat
3 Security
4 Security
5 Security
6 Security
7 Secuzrity
8 Security
9 Grant
10 Grant
11 Grant
12 Grant
13 Grant
14 -Grant
15 Grant
16 Crant
37 Security
18 Security
19 Security
20 * Security
6 Rearun Security
21 Grant
22 . Grant
23 Grant
24 Grant
25 - Grant
28 Grant
27 Secuzity
28 Grant
29 Securicy
17 Rerun
‘? Rerun
30 Security
a Security
32 Security
33 Security
34 Security
33 Rerun
25 Security
36 Securaty
37 Security
35 Rerun
38 Security
39 Secuzity

BIT RECORD
Depth
Type Qut
0SC3A 430'
Hole Opener 4237
S35 1078"
S35 1965°
S§33 3442
S4TGJ 4343
S4TGJ
M44LN 4877"
Hole Opener 2538
Hole Opener 3698
Hole Opener 4162"
Hole Opener 4677'
Hole Opener 3286"
Eole Opener 4156°
Hole Opener 4840
Hole Opener 4677
S4TJ
S41C7 4877
S86F 6133'
H89F 6470"
Hole Opener 4715°
Hole Opener 5485
Hole Opener 5621'
Hole Opener 5789
Hole Opener 60S58"
Hole Opener 6204'
Fole Opener 6367'
Hole Opener 6409°
Hole Opener 63505'
6574"
M4NG 6715°
M44L 6948°
M4NI 7070'
M89F 7370°'
MB4T 7600°
7640'
MB4F 8215°
S88F 8621°
MB8STF 8934
9291°
M89F 9375
9375

H100F

26

Feet Rotating
Drilled Hours
360° 23%
353 31-3/4
648" 30%
887' 39%
1443 40%
Clep 35-3/4
313 20=3/4
2108’ 84X
1160' 48-3/4
464" 24
5s’ 37-3/4
2856" 117%
870°' 52
484" 63%
37" 7
198' 14-3/4
1226 17%
337 46
38! 3
770° 45%

8' 24
izs' IQH
267° 43%
148° 51
T 62k

42" 21

96" 50%
18" 4=3/4
51 Rl
164 192
122" 18
242" 44=3/4
178* 24=3/4

¢ 2
3%3' 612
383’ 45%
313 3k
357" 46k
84! 13=3/4
ol

Retip

Fi11

Circulate

Cenent
& Cement



Madison £2
Hole History

Page 14
CORE BITS
Bit % Depth Feet Rotating
No. Make Size Tvype Out Drilled Hours
1 Christensen %" MC20 1108 30 11k
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’ 12%
7128° s8! 21%
7422° 52 26=3/4
7625" 25! 17
TOTAL 490’ . 140-3/4
2 Chrictensen 8" MC23 7865" 225° 47%
’ 8238’ 23° 3
Sl 939¢° 19°* 13%
S ToTAL 267" 64
N\ - : ‘ 4
DEVIATION SURVEYS T
Date Depth-Ft. Deviation=-Degrees Date Depth-Ft. Deviation=Degrees
11-17-76 128 14 | 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 3385 3/4
11-26=-76 499 3/4 , 12-5=76 3645 - 3/4
11-27=76 826 3/4 - 3900 1
11-28=76 982 - 3/4 12-6-76 4141 3/4
11-30-76 1196 3/4 12-8=76 &500 b |
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 b |
12-2=-7§ 2027 1/2 3=13=77 8934 3/4
2374 1/2 '
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Madison #2
Hole History
Page 15

Type Loé

Birdwell Logzs

Electric
Gazma Ray-Induction
Guard

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

Density Boreshole Compensated

Temperature
Velocity

Elastic Properties

Caliper

Neutzon Borehole Compensated
Caliper - ~
Caliper

Ienpe:atute‘x

Gamma. Ray.--Caliper

Schlumberger Logs

Cement Bound

Electrical

Coxmpensated Neutron =
Formation Densicy

Dual Laterolog

Dual Induction - Laterolog

Borehole Ccmpensated Sonic

Continuous Dipmeter
Temperature

Dual Induction - Laterolog
Fracture Identification

LOG INDEX SH=ET

28

Run Depth Depth
Date No. Driller Logger
" 12-9-76 1 4677 4657.S"
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 4677 4658"
12-11-76 1 4677" 4658"
12-20-76 1 4€77° 4658%
1-3-77 1 4677 4659
1-3-77 1 4677° 4659
241177 2 6505 6505
© 3-22-77 3 9394 9384"
. =2 N
. - 3m23=77 3 93941 9384"
4=10-77 3. 9394t MR
1=21-77 3 6559* NR
1-21-77 2 6559 6566
1-21-77 2 6559" 6566"
1=2177 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
32277 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"
0 4649"
0 4654"
4610'  6504°
6400'  9382'
. 100' 9384
6490" 8sco’
0 4678"
4678" 6565°
4678" 6565"
4678" 6553"
4678' 6561"
4678" 6555"
4677" 6565"
62" 6566"
6515’ 9390°
6512° 9395



Madison #2

Bole History
Page 16
10G INDEX SHEET
Run Depth Depth Logged
Iype Log Date No. Driller Logger From To
Schlumberger Logs (cont'd)
Cement Quality 3-23-77 3 9394° MR " 4668° 6527°
Electrical 3-23.77 3 9394" 9397° 6518 9396
Dual Laterolog © 3-23-77 3 9334 - 9395 6515 9382"
Cozpensated Neutzon = 3-23-77 3 9394 9397' 6516' 9396"
Formation Density
Borshole Compensated Somic  3-23-77 3 9394 9393* . 6515' 9384°
Tenperature 3-23-77 3

9394 9396 o' - 9396

NOTE: Logs furnished by the. USGS.

~2
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MUD SUMMARY
(Wyeming Mud Co.)

Yid. wer. °
Date Depth we. Visc Pt. Loss pH Solids
11-28-76 1078 8.9 45 5 8.9 3.0
12~ 1-76 1536 9.1 38 10 10.0 9.0 1.75
4 3304 9.2 35 5 9.8 S.5 2
5 3879 9.5 36 5 10.2 10.5
3 4317 9.2 35 5 10.0 10.5 3
7 4343 9.4 36 5 10.4 10.5 2
8 4404 9.2 Ly 5 10.4 10.0 3.3
9 4682 9.2 52 10 9.8 9.5 2.3
Reaming to 123"
12-13-76 1270 S.3 42 5 10.1 10.0 1.75
15 1543 9.2 39 5 9.8 10.0 1.5
15 2042 . 9.2 Lo 10 14.0 10.0 2
16 2493 9.2 37 5 12.4 10.0 1.5
oy 4 3102 9.3 40 5 9.8 10.0 2.2
18 . 3465 9.4 4o 5 12.4 10.0 5.)
- 26 4282 9.3 ko 5 10.9 10.0 33
.21 4477 9.3 Lo 5 12.0 10.0 2.3
Reaming to 173" :
12-22-76 880 9.3 52 5 10.4 10.0 2.4
R | . 1033 9.1 50 . 10 13.4 10.0 2.3
24 1657 9.2 A . 12.0 10.0 2.1
25 2049 9.3 5 5 11.8 10.0 2.3
27 3400 ° 9.3 k2. 5 3.8 10.0 3.2
28 3563 9.4 43. 5 12.0 10.0 2.3
29 3991 9.4 40 5 10.6 10.0 2.3
.30 4156 9.5 40 5 10.2 10.0 4
31 5289 9.5 50 20 8.9 10.0 4
Y= 1=77 4573 9.h . &4 5 8.8  10.0 2.3
2 Lé40 9.4 49 5 9.0 10.0 2.2
5- " 4677 9.2 55 5 9.8 10.0 2.3
11 4870 8.8 338 5 10.2 10.0 1.8
14 5543 9.0 45 10 6.4 . 10.0 1.8
15 5717 9.1 3 10 10. 4 8.5 5.2
16 53884 9.0 36 5 18.2 10.5 1.5
17 6119 9.1 38 5 10.6 11.0 1.75
18 6267 9.1 38 5 10.2 10.5 Bk -

30



Mud Summary = 2

Yid. wer.
Date Deoth Wt. Vise. Pe. Loss oH

1=-20-77 6584 S.1 50 10 10.6 10.5
25 6553 9.2 45 10 10.8 10.9

Reaming to 123"

1-28-77 5511 9.1 %0 5 14.0 9.0
29 5615 9.3 39 5 10.2 10.0
30 5681 9.3 38 5 10.0 10.5

2= 1=77 T eoN 9.1 3s 10 11.8 10.5

2 6078 9.1 34 5 12.4 10.5
4 6139 9.1 5 5 10.8 10.5
5 6268 9.1 38 5 11.2 10.5
[ 6311 . 9.1 40 10 11.6 10.5
8 6413 3.1 38 5 10.8 10.5
9 6433 9.1 39 5 10.8. 10.5
10 6471 9.1 43 10 10.% 10.5

Drilling new hole

2-15-77 6566 8.7 34 s 16.2 10.0
16 ‘ 6574 8.7 45 10 10.4 10.5
17 6624 8.8 5 10 10.8 10.5
18 6703 8.8 . ¥ 15 11.2 10.5
20 6835 8.9 43 10 11.4 10.5
22 7070 8.8 52 10 11.2 10.5
23 ' 7123 8.9 45 10 11.0 10.5
24 ' 7177 8.2 43 10 10.8 10.5
25 7292 8.9 42 5 10.6 10.5
26 7376 8.9 36 0 20.0 10.5
27 74817 8.9 35 5 10.8 10.5
28 7499 8.9 52 5 10.6  10.5

3= 1=77 7621 9.0 40 5 10.8 10.5

2 - 7623 9.0 450 5 11.2 10.5
4 7703 9.0 Y] 5 11.2 10.5
5 . 7778 . 43 10 10.6 10.5
7 7985 8.8 50 10 11.2 10.5
8 8157 8.8 .To] 5 ° 11.4 10.5
" 8583 8.8 46 15 10.8  10.
12 8675 8.7 41 10 11.4 . 10.5
13 .
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Mud Summary - 3
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. Yid. wer.
Deoth WS Vise. Pe. Loss Eﬁl
8476 8.7 40 5 11.9 10.5
9125 8.8. Lo 10 11.0 9.5
" 9341 8.8 48 5 16.0 s.o
9341 9.9 48 5 16.0 5.0
9376 10.0 Ly 10 5.0

14.2

34

Solids

1.8

108

5.0 Barite
5-0 "
5.0 ]



Geology of test well

The following log tops (formation tops) and lithology were photocopied
from the report from Hegna, Kerms, 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
Laboratories, 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 Sandstome
4  4,877-4,907 30 25 Lakota Sandstone
- 6,470-6,556 86 88 Minnelusa and Madison (Charles)
6 6,574~6,664 . 90 89 Madison (Charles and Mission Canyon)
7 6,715-6, 745 30 27.2 Madison (Mission Canyom)
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)
s 7,600-7,623 23 22.5 - Madison (Lodgepole)
12 7,623-7,625 2 2 Madison (Lodgepole)
13 7,640-7,700 60 L 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 1 Precambrian
19 9,388-9,394 _6 6 Precambrian
Totals 754 722.4
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LOG TOPS

(Formation Tops)

Bearpaw Shale
Judith River
Clagget
Eagle
Shannon Sandsitcne Member .
Telegraph Craek
Niobrara
Greenhorn
Howry
Newcastle
Skull Creek
Colorade Silt
Logger TD
Driller TD
strap
Dakota
JURASSIC
Morrison
Swift
Spearfish
Minnekahta
Opeche
Minnelusa
MISS{SSIPPIAN
Madisen
.Logger TD
Driller TD
L M=12
-H-8.5
Lodgepole
K-3
DEVON AN
Three Forks=Jefferson
SILURIAN
interiake
ORDOVIC!AN
Stoay Mountain-Gunton Member
Penitentiary Shale Member
Red River
Roughlock Sandstone
fcebox Shale
Winnipeg Sandstone
CAMBRIAN :
Deadwood
Gros Veatre Shale
Flathead Sandstone
PRECAMBRIAN
. Total Depth

34

420
1168
1284
1672
1840’
1852
2764°
3406°
Lo81'
4282
4388
45586
4658"
Leg2*
4677°
4680*

4926"
5095°
5692
6024
6034°
6034

- 6484*
6587
6559"

- 6640

- 6742

- 73780

7662

7846"

7977*
8050

" 8106

8558
8623"

8667*

76"
876'
g224*
9300!
9394*

10
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LITHOLOGY

Claystene, light gray, soft w/some carbonacscus interbeds, lo-
cally sandy, light gray, beantonite common
Sandstone, light gray, fine grained, subangular, calcareous,

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

Siltstone, light gray w/abundant clay matrix

Claystene, light gray w/scme dark gray carbonacsous material
Sandstone, light gray, very fTine grained/fine grained, clay
infilled, friable, subangular, calcarecus, fair/good effective

Sandsteone, light gray, fine grained, subangular, carbonaceocus,
Claystone, light gray, very benteonitic, silty

Shale, medium/light gray, calcareous, silty, locally bentonitic
Shale, medium/light gray, calcareous w/occasional shell frag-
ment, locally very bentonitic, traces mica

Shale, medium/light gray, calcarecus w/abundant light gray '

Shale, medium/dark gray w/shel]l fragments, bentonitic
Shale, ‘medium gray, very bentonitic, slightly calcareous, scme

Shale, medium/dark gray, very slight/noncalcareocus, fissile
("poker chip''), lccally fossiliferous, some pyrite replacs-
ment of fossils, ccacheidal fracture on break, no apparent

Shale, medium/dark gray, occasicnal shell fragment

Shale, brownish gray, soft w/some calcarecus shell fragments
Siltstone, light brown, very argillaceous, soft, noncalcareous
Siltstone and shale, light brownish gray, soft

Shale, light brownish gray/brown, trace siltstone

0- 190
190- 230
° abundant clay matrix
230- 250 Siltstone, llght gray, clay Iafllled
250~ 270
mostly uncensolidated
270~ 230
290~ 310
310~ 350
porosity
350- 360 Bentonite, light gray, silty
360~ 400
calcareous, abundant clay matrix
Loo- 420
420- 500 No samples
500~ 700
790- S00
800~ 360
bentonite
. 960-1000
1000-1078
s mica and shell material
1078-1108 Core #1 = recoveresd 28%
1078-1108
vertical fracture
1110-1140 No samples
1140-1180
1180-1210
1210-1220
1220-1230 Shale, medium/dark gray
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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Shale, gray and brownish gray, very bentonitic, soft
Siltstone, medium gray, very argillaceous, very bentonitic
Siltstone and shale, medium gray, soft, slightly calcarecus

Siltstone, medium/light gray, calcareous, very argillaceous
Shale, medium gray, soft, bentonitic ey

Shale, medium gray, soft, bentonitic w/few inocaramus prisms

Shale and siltstone, medium/dark gray, soft, abundant clay

Shale, medium/dark gray, soft w/white bentonite, calcareous
Sandstone, ‘gray, mushy, very argillaceous, very fine grained
Siltstone, dark gray, argillaceous w/sbundant white bentonite
Siltstone and shale, dark gray w/white bentonite

Shale as above w/trace sandstone, light'gray, very fine, grained,
glaucenitic, soft, mushy, argillacesous, SLM correction down 4®

Shale, dark gray, soft mushy, bentonutnc, very low fissility,
vertical fracture 9 1969 1970', locally silty, sandy @ 1973°,
1988', 1992', and 13994', some shell debris @ lSSl' w/pyrite in

Shale, dark gray, locally silty w/white bentonite, trace shell

Shale, medium gray, soft, calcareous, silty, trace pyrite
Shale, medium gray, soft w/white bentonite, silty, calcareous
Shale, dark gray, soft, spliatery, calcareous, occasnonal shell

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

Siltstone, light gray w/shale, medium gray

1400-1480
1480-1500
1500~-1540
1540-1580 Shale, gray, bentonitic
1560-1570
1570-1580
1580~-1530 Shale, brown, bentonitit, carbonaceous
1550-1680
: and shells

1680-1700

infill
1700-1710 Shale, medium gray w/whita bentonits
1710-1720 Shale, dark gray, limy
1720-1820
1820-1830
1830-1850
1850-1880
1880-1965
1963-1999 Lore #2 - recovered 25'

il halrllne frac:ures

2000-2190

fragments, trace pyrite
2190-2370 Shale, medium gray, soft, bentonitic
2370-2410 Shale as above, very bentonitic
2410-2490
2490-2630
2630-2730

fragment
2730-2770 Shale, medlgm gray, soft, beatonitic
NIOBRARA
2770=3000
3000-3300 Shale, dark gray, bentenitic, scft
3300-3350
3350-3400 Sha]e, medium gray, silty
GREENHORN
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Shale as above w/white chaiky limestone, occasional tan lime-
Shale, medium/dark gray, soft, spiantery

Sandstone, gray, fine grained, subangular, very calcarecus,
very argillaceous, friable, very low effective peorosity
Siltstone, dark gray, calcareous, argillaceous w/shale,

Shale, dark gray, soft, splintery, locally bentonutxc, scme

Sandstone, medium gray, very fine grained, very argillacaous,
white clay infill, very low effective porosity, slightly

Shale, and siltstone, medium gray, tracs glauconite, some
interbedded sandstone, light gray, very fine grained, low

Shale, dark gray, soft w/light gray bentonxte, few free coarse
Shale, dark gray/brownish grzy, chunky, silicaous, some silt=
stone laminae, occasicnal interbedded light gray bentonite

Siltstone, gray, very argnllaceous, slightly calcareous w/some

Shale, dark gray, soft, beatonitic, silty

. Sandstone, light gray, very fine grained, glauconitic, friable,

Sandstone, white/light tan, very fine grained/fine graxned
hard, subangular, very silicsous, noncalcarecus, trace wnite
chert, trace pyrite, low porosity, no fluorescencs, no cut

3400-3430
stone
3430-3530
3530-3700 Shale as above, bentonitic
3700-3720
3720-3770
splintery, dark gray .
3770-3220
siltstone interbeds
3920-33950
‘ calcareous, trace glauconite
3950-4070
porosity -
4070-4030
quartz grains
4050-4250
4260-4280
- . white bentonite w/brown mica
4280-4320
NEWCASTLE SANDSTONE
4330 Circulating
i  low porosity
. 4343 Clrculating
424204349 Core #3 - recovered 26°

4343 ~b3443

43443-4349%

Sandsténe; 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

4349%-435]
4351 =4355%

poresity, 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 - &

43557 2 inch section of dark gray shale

43553-4361 Sandstone, medium gray, very fine grained, argiilaceous’, mica
. commen, very thin varved bedding, ''poker chip'* fracture, low
- porosity
4361 -4364% Sandstone, light gray, fine gra:ned, subangular, noncalcareous,
. _ few isolated shale partings, good perosity, bleeding water
43643-43663 Sandstone and shale, alternating in varved bedding, sandstone,

light gray, noncalcareous, clay infill, mica cdmmeon, low poresity
43663-4367 Sandstone, light gray, very fine grained, argillaceous, fair/
low porosity, bieeding watar
4367 -4365 Sandstone and shale interbedded, bedding more distortad than
3bove thin beds, fair/low porosity in sandstone

4369-4350 Sandstone, light gray, very fine grained, white clay infill w/
thin shale laminae, low porosity

4330-4410 Sandstone, light gray/white, fine grained, subangular, friable,
abundant white clay infill, low porosity, mica common

L5410-4560 Shale, dark gray, soft, bentonitic, splintery, calcareous

COLORAJQ SILT

4580~4600 Shale as above w/siltstone laminae, light gray, noncalcareous,
. X trace pyrite

L600-4660 Shale, dark gray, splintery w/siltstone, gray, beatonitic
4660-4680 Siltstone, dark gray, hard, very argillacsous, calcaresous w/

shale as above

4682 Circulating
: Siltstone, medium gray, hard, calcareous, oc:as!ona] grading
to very fine grained sands:one, very low porosity, argilla-

ceous
4‘77'4678 Core #3A (Junk Sub) v
4677-4678 Shale, dark gr;y w/interbedded siltsteone, light/medium gray,
abundant sedimen;ary flow and slump structures, thin bedded
4678-4630 Shale, dark.gray w/siltstone, light gray, mushy, bentonitic
{NYAN KARA
V&GSO-&?ZO Sandstone, light gray, medium grained, white clay matrix w/

siltstone 3s 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/whxte, very fine grained/coarse, subangular,

mostly unconsclidated, good porosity
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Sandstone, white/clear, very fine grained/medium grained, sili-
ceous, subangular, friable, fair/gocd porosity

4820-487C
4870 Circulating
Sandstone as above w/trace orange chert
4877-4907 Core Z4 - recoverasd 25'

4877 -4886%

488634888 _

5888 -4830
4850 -4302

4502-+320
4920-4230

MORRISON
- 4930-5020
5020-5050

5050-5060
5060-5100

-

IFT

e tm——

- 5100-5150
5150-5170

5170-5250
" 5250-5350

5350-5400

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 cocal, low porosity,
bieeding water

Sandstone, medium gray, very fine grained, hard, low poresity,
siliceous

Sandstone, white/clear, coarse, subangular, clean, fatr/good
sort, friable/unconsolidated, soft, excellent porosity, blesd=
ing.water

No sa@ples

Sandstone, light gray/white, coarse, subangular, mostly uncon-
-solidated, some frosted grains :

v e

Shale, greenish gray, waxy. soft, trace maroon, brown and yel-

. low

Sandstone, light gray/greenish gray/yellow gray, very fine
grained/fine gra:ned, subangular, fair/gocod porosi:y, 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/graenish gray, mottled, red, soft, subwaxy
Sandstone, white, fine grained, subangular, slightly calcareous,
fair/low porosity, trace glauconite

Shale, greenish gray, mottled, maroen/purple, trace pyrite,

some brown/yellow shale

Shale, gray/greenish gray, mottled, maroon, waxy, locally inter—
bedded w/siltstone and sandstone, very fsne grained, light gray,
glauconitic

Shale, gray/light gray/greennsh gray, very spliutery, subwaxy
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5400-5510
55105530
5530-5570
55705530
§5380-58620
5620-56390
5650-5750
5750-5730
5790-5380
5880-5930

5930-5390

5390-6020

6020-6030
6030-6040
6040-6050

6050-6080

~ 5080~-6090

60s0-8110

MINNELUSA

6110-6140
6140-6150

6150-6170
-6170-6130
6190-6210
6210-6250

6250-6300

6300-6350

18

Shale, greenish gray, mottled, maroon, subwaxy, soft, splintery
w/some sandstone, very fine graaned white, low poresity, glau-
conitic, calcareous, trace limestone, gray, dense

Limestone, light gray/whita, chalky, locally sandy

Shale, light greenish gray, subwaxy, soft w/scme limestone, tan,
light gray, argillacaous, chalky, low porosity

Shale, greenish gray, mottied, yellow, splintery, very calcare-
ous p

Shale as above, nottled, marcen

Limestone, tan, earthy, low porosity w/gray shale as above
Shale/siltstone, red, very calcareous, traces white gypsum w/tan
limestone, dense and gray green shale

Very poor sample, mostly green shale cavings, tracs red/maroccn
shale

Shale, marocn, silty w/some white anhydrite, some white chalky
limestone

Shale, marcon/brick red w/some gypsum interbedded

Shale, maroon/brick red, stlty, some interbedded white anhydrite
and light gray limestcne

Shale/siltstone, brick red w/scme ln:erbedded white dclom:txc

anhydrite
Limestone, light gray/ an, chalky, argillaceous, pelletoidal
Limestone as above w/red sha]e .

Dolomite, light gray/white, chalky/sucrosic, low porecsity
Shale, sa]tstcne, brick red w/white anhydrite, few free coarse
quartz grains S
Sandstone, brick red, very fine grained/coarse, calcareous, lcw

" porosity, tracs dolomxte, pink

Limestone, white/light gray, dolomitic, earthy, low porostty,
trace white sandstone, very fine grained, subangular, anhydritic

-

Dolomite, light gray, sandy/sucrosic, low porosity, hard
Sandstone, white, fine grained/very fine grained, subangular,
abundant white clay infill, low porosity

Dolomite, light gray/pink, dease, !m: porosicty

Sandstone, white, fine grained, very dolomitic, some whlte
anhydrite, low/fair porosity, some white clay Infill, friable,
trace white chert

Sandstone, white, fine gra:ned w/white dolomite in:erbedded and
abundant white chert

Dolomite, white/light gray, sandy, hard w/abundant white chert
Dolomite, light gray/white, finely crys.al!nne, dense, low
porosity

Dolomite, light gray/pink, low poresity w/scme lavender shale,
trace clear anhydrite # .
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Doleomite, pink/lavender, argillscaocus, dense w/lavender/maroon

As above w/trace anhydrite, white/clear

Siltstene/shale, orange/bright red, dolomitic, mottled, yellow
w/lavender shale and dolomite, pink/white, argillacsous

Shale, brick red and lavender w/dolcmite, ccarse crystalline,
traces sandstcne, white/orange, very fine grained, fair porosity
Dolomite, white, very sandy/ccarse crystalline w/some br:ck

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

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

: Liméstcne. light gray, hard, some breccia texture
" Llmestone, dolomitic, breccia, red argillacsous matrix w/lnght

Limestone, light gray, hard, densz w/scme red shale partlngs,
stylolite @ 6431-6435, breccia w/very angular limestone clasts
@ 6496-6497¢, 6499*, and 6501-6510' w/maroon/lavender argilla=-

Claystone, lavender/red, dolemitic w/whate anhydrite nodes and
Limestone, breccia, gray gresen and maroon argillacecus 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, scme intra-
clast and pellet grainstone in spar cement, some green shale
partings, vertical fracture @ 6537-6539', 6540-6542', and
6544'; stylolite @ 6538-6540"', €542-6543", and 6545-6546"
Limestone, light gray/reddish gray, argillaceous, scme breccia
Limestone, light gray, argillaceous, hard, dense, mottled,
maroon/green, pelletoidal grainstone w/clear spar cement w/
some clear crystalline anhydrite, vertical fracture e
6552-6556'

6350-6330
shale
6390-6400
6400-6420
6420-6430
6430-6450
. red siltstone, low porosity
6450-6460
loecally
6470 Circulating
Shale, orange and lavender, doleomitic
6470-6556 Core #5 =~ recocvered 88'
(correct to- log depths 6479-6565")
6470-6475
MADISON
64756481
6481-64391
gray clasts, vary angular
6491-6510
ceous matrix
6510-6518
: bore filling
" 6518-6524
: subwaxy
65254-6533
A @ 6524-6527', and 6530-6532*
$ s 6533-6546
6546-6552
6552-6556
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6556-6558

6553-6560
6560-6570
6574

6574-6664

20

Shale, marocon w/some gray and 1avender, mottled, subwaxy, very
slightly calcarecus, medium hard

drill samples

Limestone, white-buff-cream, microcrystalline, no visible
porosity
Much cement, some limestone as above

Circulating

90 min. - limestone as above, much cement, traces dolomite, off-
white, microcrystalline, no V|sxble porosity, tracs anhydrite,
white

Core £6 = cut and recoverad 8qt

6574 -6575
6575 -6576%
857631-6577%

65773-6580 3/4

6580 3/4-6582%

6582:-65832

| 65832-6584
6584 -4589

6583 -6530
: 6530
6530 -6531
6591 =-6592
6592 65932

6593%-6533 3/4
6593 3/4-6535

6595 -6600
6600 -6608.
6508 -6612
6612 -65615

6615 -6616
6616 -6619z

6619%

Anhydrite, white w/intercalations limestone, light gray
Dolomite, tan, microcrystalline, dense

Anhydrite, white, slightly dolomitic

Dolomite, brown-tan, microcrystalline, thin clay laminae up to
2" thick, broken and fractured @ 65804-6530%', slightly bleed-
ing water, low-fair porosity B
Dolomite, brown-tan, dense, some anhydrite laminae

Dolomitic limestone, tan w/anhydrite laminae, vertical fractures,
broken

Dolomitic limestone, tan w/thin lamlnae dark gray clay
Dolomitic limestone, tan, few ‘anhydrite lentils, low-fair poros-
ity, few clay laminae, fracture @ 6585', wet

Dolomite, gray=brown w/few blebs dolcmite as above

Stylolitic surface

Dolomite, gray=brown

Dolomite as above w/lavender laminae gray clay

Dolomitic limestone,-gray-brown, micritic, vertical fracture
Dolomitic limestone, gray-brown w/angular clasts, light brown
Dolomitic limestone, buff-gray-brown, micritic, dense, high
angle fracture

Limestone. aray-medium gray, cryptocrystallane to sublithe-
graphic, hard, vertical fracture

Limestone, "dolomitic, gray-brown, sucrosic-microcrystalline,
few pitted, erosicnal ?, surfaces w/black shale laminae, bleed-
Ing water @ 6602-6619"

Limestone as above, fracture

Dolomitic limestone, tan-buff, microcrystalline-sucrosic, anhy=-
drite bed 1'' @ 6613 3/4'

Dolomitic limestone as above, vertical fractures

Dolomite, light brown, mucrocrystall|ne-sucrosac w/erystals and
nodules, anhydritic, clear

Stylolntic
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66193-6623% Limestone, brown, microcrystalline w/some coarser calcite
crystals, dense, few fractures w/some polished fracture fill

6629 -6632 Limestone, brovmn, argillaceous w/laminae dark gray dolemitic
shales, fossiliferous crinoid columnars and brachicpods

6632 -6639 Limestone, dark gray-brown, very argillacsous, fossiliferous
brachiopods and crinoids

6639 -6646 Limestone, gray-brown, microcrystalline w/aragenite fossilif-
erous casts

6646 =-6654 Limestone as above. frac:ured vertical to high angle, style-
litic @ 6651"' and 6652%"

6654 -6663 Li::itcne, gray-brown, micrecrystalline, coral or spenge fossil
& 2

1' missing due to broken zone loss

6660-6700 Limastone, buff-light brown, micritic to microcrystalline, dense,
some piecas 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 Limestone, dolemitic, buff, micritic, crystals brown dolomite,
‘ few anhydrite nodules

6718 .-6719 Shale, light gray-medium gray, dolomitic w/clas:s and nodules
of anhydrite, white

6719 =6720 Anhydrite, white, angular chunks w/shale matrix, medium gray.

% . dolemitic :

6720 =6723.5 Anhydrite, light gray-white, chicken wire pattern w/few inter—

: beds dolomitic shale, medium gray

6723.5-6725.3 Anhydrits, white w/ercsional surfaces, intarbedded w/shale,
medium gray, dolomitic :

6725.3-6725.4 Shale, dark gray, dolemitic

6725.4-6726 Dolcomite, gray=-brown, microcrystalline w/crystals brown, dolo-
mitic ’

6726 =6729.5 Shale, dark gray, dolomitic, subfissile

6729.5-6731.5 Anhydrita, light gray-white, chicken wire

6731.5-6733.5 Limestone, dolomitic, light brown, microerystalline-sucrosic,
abundant anhydrite intercala:mns, contorted bedded, bleeding
water slightly, low porosity

6733.5-6735 Dolomite, gray-brown, very argillaceous, fractured

6735 -6736 Shale, dark gray, calcareous 3

6736 -6736.5 Clay, gray, calcareous, soft, and shale, dolomitic

6736.5-6739 Anhydrite, white

6739 =-6742.2 Anhydrite, white-gray, abundant shale intercalations
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6745-8775

Core #8 = recoversd 30.7'

6745 =-8745.3
6745.3-6756
6756 =6751
6761 -6762
6762 =6783.3
6763.3-5785.4
6766.4-6785.7

6766.7-67638

6768 -6770

6770 =6771.4
6771.4-6772.2
6772.2-6775.7

6780-6730
6790-6820
 6820-6830
6830-6840
6840-6850
68506380
6880-6300
6500'69&0

6940-63950
© 6950-6960

Anhydrite, whita, pure w/few inclusions dolomite, buff, dense
Anhydrite, light gray, pure, hard

Anhydrite, light gray, chicken wire

Anhydrite, white, fracture

Annydrite, gray w/shale mottling

Anhycdrite, light gray

Dolomite, light brown, sucrosic, laminated finely w/thin black
varves _

Anhydrite, light gray w/angular to subround clasts of white
anhydrite

Anhydrite, light gray-white w/few dolomite laminations, buff
Dolomite, light brewn, sucrosic, anhydritic

Anhydrite, medium gray w/irregular inclusicns of white anhydr:t:
Anhydrite, light gray, hard

*drill samples

9' downhole correction

SLH - 6784 = 6775"

Anhydrite, white=light gray w/limestone, cream, mostly sub-
lithographic to microcrystalline, few pieces of clastic to
pelletal limestcne, well cemented, very low porosity

Limestone, light brown-creaam, mostly microcrystalline, 20%

Is finely fragmental, a few chips pelletal limestone, well
cemented, very low porosity, 102 anhydrite, light gray-white
Limestone as above w/dalcn:te, white-blue-gray, cryptocrystal-
line, dense

Limestone and dolomite as above, trace anhydrite, whits, sucrosic
Dolomite, blue-gray-white, cryptocrystalline, limestone, cream-
brown, fragmental to microcrystalline, trace pellets and ocolites,
lew=fair porosity

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

Limestone, cream-brown, slightly dolomitic, finely crystalline-
sucrosic,; poor-fair ? porosity w/dolomitic anhydrite, white=
blue-gray, trace anhydrite, white

Limestone, light brown, buff, cream, micritic to sucrosic,

trace porosity, dull mineral fluorescence, trace anhydrite,
blue-gray

Limestone, light brown-buff, 50% micrite, 5C2 finely fragmental,
trace indistinct fossil fragments, well cemented, poor porcsity
Limestone as above, some sucrosic limestone, light brown w/
calcite clusters, scme fair porosity, dull mineral fluorescence
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6360-6380

6880-700C0
7000-7010

7010-7030
7030-}050
7050-7070
7070-7128

23

Limestone, light brown, micritic to fragmental, well cemented,
poor porosity, dull fluorescencs, no cut

Limestone 2s above, trace anhydrite, white

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

Limestone as above w/535 black asphaltic staining in argillacesus
2ones, 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 = racovered 54!

7070 -7078
7078 -70231

70932-7039
7088 =7105

7105--7108
7109 -7115

7115 -7121

7121 =7124

7128-7150
7150-7180
LODGEPOLE
7180-7200
7200-7260
7260~ /250
7250-7310

7310-7340
7340-7360

Anhydrite, white/light gray, chicken wire w/some tan.-dolczitic
limestone chalky micrite interbedded matrix

Limestone, light gray/light brown, hard, dense w/scme anhydrite
nodes, algal pisolites, pellets common in spar, stylolite @
7079%*, 7082, and 7050%', sealed vertical fracture @ 7081-7082"
Dolomite, brown, fair intergranular porosity, bleeding water,
stylolite @ 7058

Limestone, brewnish gray, dense,.oncolites, algal pellets, some
secondary anhydrxte infill, abundant secondary spar, low poresity,
hard

Dolemite, brown, fair intergranular porosity, hard, bleeding
water

Limestone, light gray, pisolitic, hard, dense, secondary spar,
sealed vertical fracture £ 7109-7110°

Dolemite, brown, good intergranular porosity, few isolated white
anhydrite nodes, bleeding water :
Limestone, gray, algal pisolites and pellets grainstone, hard,
dense, very low porosity due to spar infill, stylolite B 7121&'
sealed vertical fracture @ 7122°

Limestone, tan, locally dolomitic w/pisalites and pellezs, spar
infill, low/fair porosity
Limestone as above w/fair/goocd pinpoint vuggy porosity

Dolomite, dark gray, argillacecus, sucrosic, low perosity
Dolomite as above, fair intergranular porosity

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

Limestone as above, becoming very chalky

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

.Limestone, gray, chalky, pellets, some interbedded cdark 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
calcite nodes up to 2'* x 2", low porosity, also some white
anhydrite

7374 =7380 Limestone, dark gray, argillaceous, very fossiliferous (mostly

shell casts and mclds) hard, low porosity, sealed vertical
fractures 2 7374-7 76', and 7377-7378é'

7380 -7381 Dolomite, dark gray, argillacecus, low porosity

7381 -73853 Limestone, dark gray, locally dolemitic, low porosity, fossil-
iferous, sealed vertical fracture 2 7382-7385%!

73853~-7388 Dolomite, dark gray, medium/coarse crystalline, poor/faxr
nntergranular porosity w/white anhydrite nodes 8 7386%'

7388 -7383: Limestone, dark gray, argillaceous, hard, dense, low porosity

73893-7391% Dolomite, dark gray, very argillaceous w/spar calcite inter=-
bedded, hard, low porosity, sealed vertical fracture €
7389-73s1"

73913-73852 Limestone, dark gray, very argillaceous,.very dolomitic w/
some dark gray shale interbeds, burrowed contorted bedding @
7396-7398', carbonacecus material and stylolite @ base, sealed
vertical fracture 8 7393-7385', low porosity

7399:-7400 Dolomite, dark gray, low porosity, very argillacszous w/white -
anhydrite, vertical fracture
- 7400 =7401 Limestone, dark gray, dolemitic, argillacsous
" 7401 =7405 Dolomite, brownish gray, sucresic, stylelitic, poor/fair
intergranular porosity, bleeding water
7505 =742 Limestone, light gray/tan, algal pellets, some secondary cal-

cite infill, shell casts and molds common, very stylolitic,
hard, low porosity, algal pellet grainstone @ 7412-7415"'
w/fair porosity, sealed vertical fractures @ 7412-7414°,
7416-7419", and 7420-7&2]'.-white anhydrite 2 7412°

7422-7480 Limestone, tan/light gray, pellets and pisclites sn spar
natr:x. chalky, low porosity

7480-7480 No sampie

- 7450-7500 Limestone, tan/gray, chalky, 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
molds and casts, trace pink dolomite, low porosity

7560-7530 Limestone, tan/gray, subchalky, mostly micrite, low porosity
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Limestone as above w/trace orange, red, yellow, dark gray and
green calcareocus shale, trace clear anhydrite, trace pink

Limestone, gray/brownish gray micrite, hard, dense w/some
mottled light gray dolomite, secondary calcite rhemb crystals
in mini-fractures and fossil replacesment, bitumen in stylolize,

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 fxne bedded
(varve), hard, lew porosity, sealed vertical fracture
Limestone, dark gray, dolomitic, crinoid stems, low porosity
Limestone, dark gray/brewnish gray, hard w/scme crincid debris,
fossil micrite, some secondary white and Fe stain, calcite,
milky and tan chert common, horizontal fracture @ 7619°',
vertical fracturas 8 7616-7618', and 7619-7622'

Limestone, dark gray/dark brownish gray, slightly dolemitiec,

very argillacecus, abundant gray/milky chert

Liﬁestone, gray, slightly dolemitic, ira:e glauconite, some
red, green and purple shale, scme-white and pink caleite, gray

Dolomite, light tannish gray, dense, some fair vuggy porosity
(low effective permeability) w/secondary white anhydrite. and
white calcite rhembs infilling vugs, locally sucgosic, chert

and stylolite @ 7647-7648', seaaled vertxca! fracture @

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

7530-7600

dolomite
7600-7623 Core #11 = recovered 22%'
7600-7604

low poresity, crinoid stams
7604-7610

tures @ 7604, and 7608"
7610-7613
7613-7616
7616-7622
7623-7623 Cora 712 = recovered 2%
7623-7625
7625-76%0

chert common, tracs bitumen, low porosi- -
7640~-7700 Core #13 = racovered 53'
7640-7648

7646-7647" °
7648-7659
DEVON! AN
7653-7673

Marlstone, red, mottled, gray and green, few floating chert
grains, coarse, subangular/subround, trace glaucocnite
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7673-7685

26

Dolomite, light reddish gray, mottled, red, hard, rad shale,
anhydrite and calcite lnflllung, sealed vertical fraczure
@ 7673-7682', low porosity, thin bed, marly @ base

Dolomi te, red. mottled, gray and green, shaly, stylolizic
Dolomite, brownish gray w/white anhydrits nodes, vertical

Dolomite, marly, recd, mottled, gray w/interbeds of-sandstona,
coarse, fair sort, well rounded in dolomite matrix, low

- Dolemite, brownish gray, very argillaceous, .some calcite in-

fill, thin bed, stylolitic, vertical fracture @ 7701-7702°,

Dolomite, light gray w/large white anhydrite nodes (probable
Dolomite, gray, very argillaceous, thin bed, vertical fracture,
Shale, dark gray, hard, locally dolomitic w/some interbedded

Limestone, dolemitic, gray/cdark gray, micrite, dense, low
porosity, vertical fractures € 7718-7720°, and 7723-7724°
Dolomite, brownish gray w/white/gray anhydrite, low porosity
Shale, dark gray, hard, very calcareous w/interbedded white
anhydrite v
Limestone, gray, dense w/dark gray shale Iamxnae and interbeds,

Dolomite, dark gray/brownssb gray, very argillaceous, vertical
fracture @ 7735-7737', fair intergranular porosity & 7738-

Shale and dolomite, gray/greenish gray w/interbedded white
anhydrite, vertical fracture @ 7742-7743°

N

Shale, greenish éray, hard, dolomitic, vertical fracture @
7762-7764*, disconformity @ 7758' w/interclasts
Dolomite, gray, hard, argn]laceous w/some interbedded anhy-

Dolomite, light gray w/dark aray shale laminae and interbeds,
thin bed, bleeding water @ 7778-7779', and 7730-7731', low/

Dolomite, gray, argillaceous, bleeding water, fair inter-
Dolocmite, gray, argz)la:eous. low porosity

Dolcmite, brownish gray, shattered interval, medium crystal-
line, fair intergranular porosity, bleeding water

7686-7688
7688-7652
fracture @ 7631-7553', low porosizy
7632-7639
porosity
7700=7760 - Core #14 = recovered 53¢
7700-7704
: low poresity
7704=7703
burrow infill), stylolitic, low porosizy
7708-7712
low porosity
7712=7716
white anhydrite
7716=77286
7726-7730
7730-7732
7732-7735
low porosity
7735-7742
o 7740"
7742-7759
. 7760-7820 Core #15 = recovered 60°
7760-7766
7766-7778
drite
7778-7793
fair poroslty
7793-7758
granular porosity
7758-7801
7801-7804
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Dolemite, brownish gray, fair intergranular porosity, bleeding

Shale, gray/greenish gray, slightly dolemitic, hard
Doleomite, light gray, finely crystalline, slightly argillaceous,
low porosity, bleeding water, some secondary white anhydrite

Dolomite, light gray/tan, argillaceocus, large secondary white
bleeding water @ 7823', stylolite @

Shale, greenish gray, very dolomitic, hard w/some interbedded

Dolomite, light gray, hard, argillaceous, low porosity w/scme
greenish gray shale interbeds, factures @ 78&1-78&2'

7804-7815
water, anhydrite nodes & 7833
7815-7817
7817-7820
infill
7820-7835 Core #16 - recoversd 38! N
7820-7830
anhydrite node @ 7823°,
. . 7821', low poresity
. 7830-7834
anhydrite
7834-7846
7846-7847 Shale, greenish gray, dolemitic, hard

STLURJAN INTERLAKE

7847-7843

. 7845-7858

7865-7880
.7880-7910

. 7910-7850
7950-7970

STONY MOUNTAIN

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

Dolomite, cream, microcrystalline, chalky, few thin stylolites,

low poro;ity, fractured @ 7855~-7858"

Dolemite, white/crzam, chalky, low porosity

No samplés

- Dolomite, white, low porosity, chalky, cryptoecrystalline -

Dolomite, white, low poresity w/trace light greenish gray
subwaxy shale interbedded

= GUNTON MEMBER

7875

7975-7330
7990-8020
8020-8050

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

. dolemitic ° e

Dolomite, white, cryptocrystal!Ine w/trace green shale, low

porosity
Dolemite as above w/some gray, green and maroon dolemitic shale,

trace glauconite
Dolomite, gray, very argillacecus, low porosity w/dark gray
shale

STONY MOUNTAIN SHALE
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Shale and dolomite, light gray/greenish gray, trac.

Limestone, gray, argillacecus, 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 hairline
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, exczllent intercrystalline porosity w/some cal-

Dolomite, cream/light gray, cryptocrystalline w/few gray shale
Dolomite, gray, sucrosic, fair intercrystalline porosity w/dark
Dolemite, limy, gray, micrite w/gray shale laminae, low poresity,

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

Limestone, brown/tan, cryptocrystalline, dolomitic loeally,
low/fair poresity w/trace dark gray argillacsqus limestone
Dolemite, tan, sucrosic, some dead oil stain, yellow fluores-
cence, no cut, fair/good intercryszalline porosity, finely
Limestone, buff/brown, micrite w/gray argillaceous laminae, low
Dolemite and limestone, brown/buff, fxn.ly crystalline, poor-

Limestone, tan/brown w/some dolomite as above

8050-8100
shale
RED RIVER
8100-8110
8110 Circulating
stone, low porosity
8110-8120
8120-8150
8150-8170
8170-8210
- locally chalky w/traczs pyrits
8210-8215
cite infill
. 8215-8238 Core 717 = recovered 21°'
8215 =-8217:
laminae, small disconnected vugs to 3"
82173-8220
gray argillacsous laminae
8220 -8230 Dolcmite as above, low porosity, micrite
8230 -8232
8232 -8236
8238-825%0 Very poor samples = nearly all cavings
8240-8270
8270-8320
3 crystalline -
8320-8370
porosity
8370~5539
fair porosity
8430-8450
8450~-8460 No sample
8460-8560

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

8560-3570

ROUGHLOCK

23

Limestone as above w/gray green subwaxy shale, pyritic

SANDSTONE

8570-8620

JCEBOX SHALE

8620-8668

WINNIPEG S

Sandstone, white, very fine grained, subangular/well rounded,
friable, fair/good porosity, silicacus, pyritic, some intar=
bedded grzsn shale

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

DSTONE

8668

DEADWOOD
8670-8700

8700-8720

8720-8730
8790-8800

8800-8840

8840-8880
8880-8930
8930-8530
8990-3010
$010~9100

9100-3150

Circulating

Shale as above w/sandstone, white, very fine grained, sub-
angular/well roundec, pyritic, well sorted, hard, slightly
calcarecus, low porosity, very siliceous (seconcary)

Limestone, tan/light gray, very chalky, fragmental w/inter-
?eoded gray green shale, splintery/blocky, subwaxy, low poros=-
Tty
Sandstone, wh:te/:ream, 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, whute/gray. sandy, glaucenitic w/interbedded graen
gray shale, low porosity -
Limestone as above w/few free well rounded, coarse quartz
grains, some shale as above interbedded, low porosity
Lzmestone. white, chalky, argnllacacus. glaucznati:, low
porosity .
Limestone as above w/gr:y green shale interbedded, waxy,
splintery, low porosity
Shale, green/gray green, splintery, waxy w/scme light gray
limestone, chalky, glaucenitic
Shale, green, splintery, trace marcon shale w/some yellow
limestone
Shale, green/gray green, mottled, brown, subwaxy w/few inter=
beds limesteone, white, sandy, glauvconitic, chalky, low poros=
ity
Shale, gray green, slightly calcareous, some subwaxy, some
limestone as above, some sandstone, light gray, very fine
grained, glauconitic 7, tite, no fluorescenca or cut, mica-
eeous



Lithology - 18

9150-5240

FLATHEAD

9240-5250

9250-5260

9260-5270

9270-328Q
9280-9300

PRECAMBRIAN

. 9300-3320

9320-5340
- 9340-3350
9350-9375

9375-9388

- 30

Shale, gray-green, slightly calcareocus, subwaxy in part, trace
limestone as above, scme interbedded sandstone, silty, light
gray, very fine grained, round, micacsous, glauconitic 7,

very low porosity, no fluorescence

lag time incorrect

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

As above,. increasing sandstone, clear-white, fine-coarse
grained, poor sorting, subangular-subround, sbundant secondary
quartz csment, some large free quartz grains, poor porosity,
no fluorescence

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

:rip for bit followed by water flow = samples lost

Abundant green shale cavings ?, some sandstone, white-clear,
slightly calcareous, fire-medium grained, few coarse grains,
subangular, scme clear quartz pebbles, quartz cement, fair

porosity, traces calcareous pyritic sandstone

Shale as above w/sandstone.vﬁhfte-clear~ru$ty, medium=coarse
grained w/granite pebbles 7, subangular-angular, traces pink

" feldspar, abundant quartz cement, fair 7 porosity

No recovery of ﬁamples

Sandstone, coarse, ciear quartz and granite, clear quartz,
feldspar, pink and biotite

Quartz, clear-white, feldspars, salmon-p:nk and biotite,
Precambrian granite

Core #18 = cut 13' and recovered 11'

8375 -9380

9380 -93821

93823-9386

Granite, pinkish-salmon, numerous horizontal frac:ures. core
came out in 1-4" slabs

Granite, coarse feldspar phenocrysts, fairly solid

Granite, vertical fractures

a2



31
Lithology = 19

9388-9394 Core #1S = recoverad 6!

9388-9334 Granite, biotite and hornblende abundant, horizontal frac-
tures, poker chips 1'=3" thick

33



CORE LABORATORIES. INC,
Petroleum Reservoir Engnesring
DALLAS, TEXAS

Compiay TIT=D STATES GZCILOGICAL SUZVZZ  Formatioa ; Pige 1 oL 10
Well MADISON ND, 2 Cores e HP-2-5292
Field____WILDCAT Drilliag Fluid Date Reporz—2=U=T7
Councy. Scate YONTANA Elevation. Analyses pidy
Location Remarks i
CORE ANALYSIS RESULTS
. {Figweor im pavemnibores vejev (0 [ouineie remevis)
RLLIDARCYS SATURATION Grain
ey BrrW euenerTy - oo REMARKS
nomzoNTAL | vERTICAL % vowums % mtl ;‘,‘;‘:' Density,
(xy)
1 3ls.0 L7 6.5 22.L 2.65 NERCASTLE SANDSTONE
2. lﬁh?oo 32 Z..Z
3 W3s.0 15 2.0 15.L
L' U351.5-53.5 WEDLE COFE AMALTSIS .
S L3s8.0 53 pala R
) "1355.0 0,28 ocaL 9sa 2,65
7 L361.0 129 2.3
9  L367.5 L3 Je3 193

NOTE:
(®) REPCW TO AVTACHED LLTTER €83 OFF LOCATION AMALTSCS~N # ¢ =
(1) INCOMPLITL COAC ALCOVIRT=INTLAPACTATION ALSCRVID. i A i Sk i ke

Thewr snsiyws ovinions or NerDretations eew Baord en ebwrvetions and materials suppited by e cilent \» whom, snd for wh and eonf

o ewciusdve (BEY L
wse. mu et s mece. THe INIPrTTPLalions 6F 00IICNY erOrvisd renevsent e Best judmment of Core Ladovstomes. Ine. fal errors and amisu: ~ﬂ11 ::
eepled); dut Cove L‘t-"ll_-'tg!. ine.. and its oflicery ane CMINFYELi. STMUME NS rProoNIilly and Meke N0 WAUTANLY OF rROTewntaliane. 42 10 LNE Priadt.. Y,
proy La -, or Pv du\,’l&.uummvo&wanmmvmvwmnMum.n.adw
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CORE LABORATORIES, INC.
Peiroleum Reservoir Engineering
DALLAS, TEXAS

p——

Compaay UWITED STATES GEOLOGICAL SURVEY  rormadion Page 2 of
—zdl MADISON NO. 2 Coren e RP-2-5292
| Zeld WILDCAT Drilling Fluid Date Report 3=23-77
_Couary Stsee MONTAYA Blevatio Analyre =
ocation Remarks
S ' CORE ANALYSIS RESULTS
(Figeres m pavewtberes veier 10 [ootnole vemaris)
Lstal  BEwTH "WILIDARETS | ocurer SATURATION Grain MR
| Numsen rEXT "‘““""'“'l —— L - m:} é“‘}:‘:.' Density
(KA') .
110 L881.0 2,67 ~ DARDTA SANDSTONE (LAKOTA
1 L8so.0 L 53 16.2 2.82 SANDSTONE)
~12 L893.0 3LoO 223 23.3 2.83
13 L896.0 LSOO 2300 25.0 .
L899.0 LCOO 200 2kl 2.63
15 4500-00.5 WHOLE CORE ANALYSIS
-16 6.7l : - 2,76  MINNELUSA
i 17 a-l?hoh i 2081
19 6L76.8 . <0.@ 2.70
220  6L80.5 2.72
i 6483.0 | 2.68
422  6L85.5 - 3.7 2.7 MADISON (CEARLES)
23 &190011 0.06 hoo 2.67 =
3 2L 6491.0 . : 2.70
125  6LsL.5 I 2.82
=26 6198.9 1.2 2.72
27 650.0 - . L 2.79
128 6507.6 06 2.70
} 29  6508.7 2.2 ‘2.7
30 6510.2 2.8L
A 6511.9 2.77
’i 32  é51L.% 8.9 . A 2.82
] 3 6515.h 0.02 172 . 282

3k  6516.8 0.02 e i 2.8

35  6520.4 i 2.73

36 6526.5 <0,01 0.0 0.k 2,70

37 651.5 : 2,70

38 6533.3 2.70

39 6539.h c.8 2.70
L2 65Lu9.5 la 2.70
k3 6551k 2,72
by  655L.0 0.02 1L 2,83

MNOTE:

::” gg:”&:re:::a:mﬂ“ll'lﬂA?lo" RCSCRVED. 53 DEF LEAYING ANALRTSEI-NE TTIRSRETR YN OF. RERULTS.
iy it gy ‘-T-nl"m:;.m.u.:.".“.‘:.‘m:.‘?;?.:&“é"...'.‘:‘T.-."."L'n"'?‘..':‘m'zu‘":f’é:: L overatonien. ine. (ol rvers swd e e eat
eepied); but Core Lavorsiories, Ine. and ils efflicery and empioyees. 2 i1ty and make No wWearranty of repreweniationy, As 19 Ihe ProaucuvKy,
preper eperalion, oF proliladienees of w-u.;uorou-rmu-'uwuunmnmm-mmmnmumnmm
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CORE LABORATORIES, ING
Pesroleum Reseryoir Engineering
DALLAS, TEXAS

Company WWLTED STATES GEZOLOGICAL SUTVEY  Formation Page— 3 of
Well___MADISOM WO, 2 Cores File 3.?-2-5292
Field___ WILDCAT Driliag Fluid Dite Reportammi=l2=T7
Councy Seace_ MONTANA Elevation Analyres 2
Location Remarks
CORE ANALYSIS RESULTS
(Figures in pavenibeses vefer 10 fooimate remevds)
R LIDARCYS SATURATION :
gammz|  DErTM moecerry - vevrc Grain REMARKS
WRIRGTEL § | KOEAEH: % vowume % rone) 7500 Densit
(KL) :
L6  657h.7 ) 2.89 MADISON (CHARLES)
b7 6575.3 0.0L 7.4
8  é576.L 3.6 2,87
ke  6577.5 6.6 2.84
50 '6578.7 0.03 L.6
51  6579.2 0.22 0,31 11.8 2.80
52  6583.6 o.LLk  0.03 15.L 2.80
53  6585.8 ) 2.77
Si  6586=37 VHOLE CORE ANALYSIS
55  6587.7 0.15 12.8 2.81
S6  6591.5 : 2.77
57 65%Lh.5 <0.01 2.6
88 .6602.7 . 0.13 9.5 2.80
59  660Lk.5 0.53 13.3
40 6607.6 0.60 0.63 15.8 2.80
61  6410.3 1.0 1.2 18.8 2.79
62 661k.5 5.0 5.9 2h.0 2.80
63 646-17.5 WHOLE CORE ANALYSIS
6L . 6620,0 k.2 2.76
é5 66221 ° 2.7 2.73
66  662L.L <0.01 2. 2.7
&7 66246 <0.Q1 5.5 2.63
é8 8626,5 2.8 2.7L
69  6629.3 2.3 2.70
70 6632.8 1.3 2.69
7L 6635.8 1. 2.69
72 6637.7 1.k 2.70
73 66k0.5 <0.C1 2.7 2.69 UADISON (MISSION CANYON)
7h - 66Lk, 2.2
75  66Lh.8 <0.0X <0.01 L.3 2.69%
76  66u6.5 <0.01 <0.01 L.k 2.68
77 66L9.5 0.01 2.3
7 66519 <0.01 «<0.01L 2.3 2.68
79 6653.9 0.01 <0.01 2.4
80  6654.2 0.02 0,00 2.8
81 6655.6 «<0.01 3.0
82 6657.7 0.32 9.4
83 . 6657.9 0.01 L.7
MNOTT:

€®) REFER TO ATTACHCD LETTIR.
€} INCOMPLITE CORL RELCOVIRV=INTEIRPRETATION RELSTCRVED.
Theee anslyses. opinions er nterpretations are based on ebwervetions and materiais supplied by the cllent 1o whom. snd for whome ewelusive and eonfic:: !
wee, this report i3 mede. The interpretations of opinions exmressed represent the best judcoment of Core Lacorstories. Ine. f(all errors snd cwmissione ¢xe
Bility and mase NGO warranty or representations, ae 1o the ;mmnv.
conAnecuTn Wild WAlen SMICA repert I Wwed oF Jeucd wpun.,

eepted): but Core LalLorsionien. inc. and ity officers and
proges eprrilion, of profiladiencss of any oli, §as oF eWiesr mune

(2) OFF LOCATION ANALYSTS—NO INTEZRPRETATION OF RECULTS.
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CORE LABORATORIES, INC.
- Puiroleum Reservoir Engineering
' DALLAS, TEXAS

" Compaay BILTED STATES GEOLOSICAL SU Formatiaa

Page ZL._.. of

wel__ ¥ADISON NO, 2 Cores File FP=2-5292
! Feld___ WILDCAT Drilling Fluid Date Reporz— L=11=T7
_Councy State_ MONTAM Elevation Analpsee ~ R

Location Rm;rh

CORE ANALYSIS RESULTS

(Figuoer im pevewibeses veiew (3 [ooincte vemevis)

REMARKS

™ PERMCABILITY . RESIDUAL
sameLe DEFT™ MILLIDARCYS roacsITY
L—”.“ | FLLT PERCEINT Otk
HORIZONTAL . YEATICAL

SATURATION Grain}{ )

%% vowume % mt‘

waven ppensit

¢ some

- ()

s 81& 6658.8 6.01 106* hol

85  6659.6 0.0L bh.2
— 86 68£0.3 0.0 3.7
L, 87 6652.0 0.1 3.5

%

[
e

[

s 3

(I

]

pp——

—_—

[

o d

L

#VERTICAL FRACTURE IN PEZRMEABILITY PLG
:®) REPER TO ATTACHCD LETTER.
TU1)  INCOMPLLTIC CORC RECOVERV=INTCRPALTATION RLSCAVID.

These anslysss. epinions or interdretations sre based on obmrrvetions and materials

2.63 MADISON (XISSION CANYON)

i8) OFF LOCATION ANALYSES~NO INTERPRETATION OF RESULTT

supplied by the elient W@ whom., snd for whow exciusive snd confidential

L —, BER, this report (s made. The INlerpreiations of 0OMIONE eYTTriard renresent Wne Dest jue=ment of Core lLeooraiones. Ine. (all errors and omissione ene
: ! gepied); but Core Lavorstories, Ine.. and i3 ollicers and empioyers, 2TWINE NO FPTPONNOIILY ANE MAKe NO WArTANIY OF MISTewWNLations, a1 In Uve proRucuniy,
. ; peoper TIM or profilabisness of any cl. zas oF oLne? mineral weil oF MCS 1N Cuwneruon WIlD wuilen RN STy 18 ueeg or relicy Uiews,

R @ ame e - .

=%

:; \
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CORE LABORATORIES. INC
Petroleum Resesvoir Engineering
DALLAS. TEXAS

CompanyPITED STATES GIDTOSICAL SURTEY Formation Page— S of

vl MEADTSOY %0, 2 Coran Foe RP-2-5292
Field_____WILDCAT Driling Fiuid Date Report2=25=17
Couacy Suace MONWTANA  Elevation . Azalyru e

Loestton Remarks

CORE ANALYSIS RESULTS

(Pigures ma pavewiborer reiee (o [ooiwete vewmevis)

SR WLioARE S | emarre] Rt it ] Grain T &
nemsed resy moarzenvAL | veaTicAL "-““‘5 vouae % roac | s?".'::' Density
&)
88 675.0 1.6 . 2.70 MADISON (MISSION CANYON)
89 6718.8 2.83 )
90 6720.8 0.4 2.95
91 6723.8 2.56
92 6725.7 2.89
93 6727.3 2.0 1.7 13.7 . 2.79
ok 6729.0 6.9 7.1 15.9 . 2.80
9% 6732.r A ' i 2.95
97 673.k-33.9 WEDIE CORE ANAIYSIS
98 673k 2.9
99  6735.5 0.7
100 . 6734.8 0.8
10 6738.0 _ 0.3 dpy
103  6747.0 0.1 0.3 S = ]
ack 67h8.7 0.1 0.k R e L i e
105  6752.Lk O T = oo B g far B B E B SR
108 6756.0 . el S D W
107 6760.2 0.3 L 2,88
103 67621 0.01. 2.3 - : :
109 6763.2 0.1 2.2 ' . 2.85
110 6768.5 0.22 33 -
11 6786.9 5.5 :
112 6769.9 e 273
113 6T.L 6.0
1k 6772.0 . 1.3 o st e, o o D0
116 7070.3 0.6 ‘
17 7077 0.5
118 7077.0 2.6
119 7077.9 2.8
120 7030.6 Q.m. * 2.0 -
122  7080.9 0.1  0.01
122 70852 0.01 L.L
123 7087.4 .01 3.9
i €89 OFF LOCATION AMALYSEEZSND INTIRPREITATICN OF RERULTS.

€®) REFER TO ATTACHCD LLTTIR
Q10 INCOEALLTE COAC RECOVIAP=INTERCRCTATION ACSERVED. i
Thear snaisere. a9INIENe O INLPTTIVEWILINY 8re Deery on ODwrvsUans and maierials suppllied Dy the cllent o whom. snd for whees exclustve snd cord d
Ver, this reiovl 13 mede. The MMICTDTPIINO0NS 6F SDIAIANG PIDTPLWY reoTerent Lhe BPN Jucoment of Cory Laversiomies. LAC. (all errer end @mRI%.c.c cae
eptrd): et Core LaSoriiares. IAC. and 118 ollicer NG TMDITYEVE, STRUMe RO FETDOANBIINY and MeRe PO WArTINIY or FeSTrwAtlalinne At (9 e PTECLLU VIS,
o prefis o anY Su. §04 OF SLART FLACTA: Wou OF NG IR CONNETLIN WIll WELICA Solh FTPErL I8 WS OF MNUre YEon.

L b ol 4 o
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CORE LABORATORIES, INC.

— Petroleum Reservoir Engineering
X : DALLAS, TEXAS
CompanyUWITED STATES GDOLOGICAL SURVEY Formscon Page— 8 of
| e MADTSON ¥O, 2 Cores File RP=2-5292
Feld_____WILDCAT Drillieg Fluid Date Report_ 9=25=77
“é'ounq Seace MONTANA  Flevation Anzlysa G
_aa:ien Remarks
CORE ANALYSIS RESULTS
—_ (Figuves in peventberes refer 10 [oaimote vemerds)
i PERAMEABILITY RECSIDUAL . -
. S ILLIDARCY SET— SATURATION G i
e patimn °,':rr mn::i :::m PERCINT - 'M:.:; o ,‘Z'?‘:::E-De::ir; )’, REMARKS
= : (&,)
Tiok 70877 oL "k  wapzsew (uasszow cayon
»125 | 7089.6 0.02 k.0 ( )
1126 7092.7 0.01L
“2 22T Yookl i3 9.2 17.1
128 709L.7 7.8
(- 7097.0 18.0
E 130 7097.2 16.3
=131 7098.5 0.L9 1.Lh
132 T710.5 : L.8
133 T7103.Lh 2.5
13  T705.8 0.20 9.5
135 T106.0 1.8 0.5 13.2 :
137 710.L 0.0 2.9 ' : '
138 - M52 0.09 k.2 e R
39 T71A7.2 17 18 18.7 S 2,83
ko T719-20 WEOLE CORE ANALYSIS ' , et
U1 7120.2 13 k.7 ' R S gy
0.7 0.0 Te7 . b et MADISON (LODGEPCLE
1kl  7370.9 b I B : ' ( )
D k5 7371.9 : 3.7 . '
s 7373.0 0.03 8.0 ' 2.78
1hk7 7377.5 1.5 . .
: L8 7378.6 0.02 L.8
F} 19  7378.8 0.0 2.8
151  7382.7 .01 1.7 s
—~ 152 .738L.6 ™ = » - »
} 153 7386.L : 2.81
-~ AShL 7386.8 0,02 6.2 . ,
- 155  7396.0 : , 2,73
= 156  7397.3 18,2
{187 7399.9 0.09 . 8.6
Z
#THSUITABIE FOR ANALYSIS
_: MOTE: )
::" '."tg’t:"&#?ég::nﬂ‘Lcrg'!“lﬂmtn’!ﬂATlON RESERVED. T B AT SHALYRER 00 VRIS TR . S Y.
] it ST R D, ot DT o o TS e S S Lot o 0 LSt LM S !
proper speralion, or proliladienem of any eli, gas o¢ sther mmmuwnuum-m-mmnmhmwmm
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CORE LABORATORIES, INC.
Petraleum Reservorr Engineering
DALLAS. TEXAS

CompaayITED STATES GEOIOGTCAL SUEVEY Formaciom PR Al
Well___MADISON X0, 2 Cores = » F9-2-5292
Field____ WILDCAT Deilliag Fluid ‘ Dt Raparitcs, S 20=TT
County Stace_ MONTANA erwilon Anlyres bpe]

Location Remarks

CORE ANALYSIS RESULTS

(Figwres im pavpuiberes vefev 19 [ooimele remevis)

LLIOAREYS | SATURATION Grain
:::::: a'ls‘ NONIZOWTAL VEATICAL m:::: % mu:‘:% m'a ﬂ?‘:’:‘:‘: }‘JenSity: i ’
x 1) '
158 7L02.0 : 5.8 ¥ADISON (LODGEZPOLE)
159 7L02-03 WHOLE COFE ANALYSIS
160 . 7LOS.S 2.7L
161  7L08.7 0.l o, 1.2
162  7L09.5 * * # »
163 Tl11.2 0.0x 3.5 .
6L 71A3.7 0.13 7.0
165 Tl1Lk.8 ) ' L.3
166 76017 2.1 . 2.70
167 7602 1.h
163 . 7603.8 0.0L 0.3 _ .
169 76051 ‘ 2.7
170 7610.0 0.03 0.3 .
1 7611.6 : 9
172 7615.8 0.6
173 7818.0 1.0
7h 7626 La
175  7623.3 . 1.k
176 76L0.7 0.04 8.8 _
178 76L2.3 2.2
179 76L3.0 : 1.3 '
180 76L3.2-LL.7 WHOLE COEE ANAILTSIS
181 76L5.0 1.6
182 76LS.L 0.1 ) LS
183 7651.1 ° 0,02 3.3
18L  7653.1 6.0
185 765L.9 0.08 5.5
186 7658.0 0.0 1.5
187 7658.6 1.2
188  7659.7 0.1 9.2 B
- 189  7660.8 0.01 5.5 .
190 764.8 0.00L 5.6 .
191 7662.L4 1.3 DEVQNTIAN (THREE FO3KS -
192 7665.5 0.0 5.2 JEFFERSON)
293 76661 2.7L
#NMSUITASIE FOR ANALYSIS
m‘.ngrt- TO ATTACHTD LETTER €83 OFF LOCATION ANALYSZDNG INTIRPRETATION O |
€12 INCOMPLLTE COAL RILCOVERV={NTCAPRETATION RESIRVED.
D o o, T ey T W T S LTI A A e e

tepied): Dut Core leusrmarirs. lng. snd ite olficers and EMPOYFPL, ITWTS AO TETOMNS0NIY and Make N8 WarTanily or rerrrenlations, ade e ng prodw ‘Laty,
L1 or prall —dm,ﬂl.luumtawuxutcuwnnlhmmwu-mmnmuwnvﬂwm 3
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CORE LABORATORIES. INC.
Petroleum Reservorr Engineering
DALLAS. TEXAS

LY __ Formation Page 8 of
Well YADISON WO, 2 Cores. File FP-2-5292
Field___WILDCAT Drilling Fiuid Dite Repore—2=22=77
Cousey Ceqep MONLAW Elevatica Analyrm =
Locatioa Remarks

CORE ANALYSIS RESULTS

(FPiguoes im pavemnibess refev te fooimete remaevis)

PERMTADILITY REBIDUAL '
— MILLIDARCYS N snum\ﬂoumn ' Grain nEMARES
MUmaCh recy muﬁﬂu.' verean | 0 voruae % Ponc g‘-;‘:::.' ,DenSit}i
(K,‘)
19k 7648.0 7.0 DEVONIAN (TAREE FOEXS -
195  7670.2 0.03 8.6 - JEFFERSON)
196 '7672.2 0.16 10,9
197 7873.5 3.1 )
198 767L.0 2.82
199  7575.6 2.82
200 7679.0 : = 0.01 3.2
201 76822 L.5
202 7685.8 - 0.55 3.7
203 7688.L 0.0L 3.2
20k . 7689.6 3.1
205 7691.L4 2.8
206 7691.8 Se7
207 7693.8 0.0 0. 6.0
208 7696.0 2.72
209 7697.7 0.02 6.8 A
21 7700 0.7
22 77.7 3.4
223  770Lk.3 0.36 6.0
a2l 7706.2 0.01 6.0
25 77%9.0 0.13 0.5 1.5 : 2.2
286 7709.3 TL.2
247  7709.5 8.4
28 7TN0.L 0.02 5.0
a% 7TNn2.2 1.3 - © 83
222 77Lk.2 . 2.85
222 TnL.8 8.5
223 TN7.6 0.9
22h 77N7.9 0.0L 0. 1.6
225 7722.9 : L.6
226 T7722.7  o0.0p 1.3 .
227  7726.9 0.02 0.02 0.6 ) 2.80
228 7727.5 1.9 5.2
229 T128.7. 2.k
230 7730.0 27
MOTE: ’

€%) REFCM 7O ATTACKHCD LETTER

(29 OFF LOCATION ANALYSZS=NO INTCRPRETATION OF '

€37 INCOMPLLTE CORE RECOVERPY=(NTIRPALTATION MCSIRAVED .
Thesr anaiyera. b or Interpre ore based on b wrvaiians and materials supniled by e cilent tn whem. and for wheow erclustive snd conficgeniial
Uoe, this rejori is made. The INErDYeLatinng oF eDIAINMS eFDCTLWd frpresent (e best Judsnent of Core Ladoratories, Jac. (all errers sne emisvions ese
repted); dut Cove Leverainries. Inc. and Its (licem and CMMEvErs. smume NO FPICONIDILLY and MaRke NG WerTRALY OF rYoTvwniations, ae @ e prosucuvily,
ProgRs opRTalan, of PYS(ilasiencss of SNy Sl §as 8¢ Slnef Mineril wed OF sand IB CONNECUON WIlA WAICA FUCH VPO M uied oF Trusd Upoa.

®eoe e .o c— c—

-— e e ®icadamm—— © -
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a=e1-8
CORE LABORATORIES, INC.

Petrolewm Reservorr Engineering
DALLAS. TEXAS

Company INITED STATES GEOLOGICAL SUEVEY  Formatiea : B Bl

Well - MADISON MO, 2 Cores File RP-2-5292
Feld___YIIICAT Dailling Fluid Toats Beepittmms SRR
County State_ MONTANA Elevation Anaiyse RS

1 > Remarks

CORE ANALYSIS RESULTS

(Figures im " paventheses velre 13 foataete rrwevis)

S WLIDARETS  |boncnere] .2?32’."{-?3..7 Grain)l i
BT TH8 FTLT NOMENTAL ARl PERCINT - mu:,:% e r’.:-‘:::‘ Dens i £
(&;)
231 770.5 2.65 DEVONIAN (TXR== FORKS -
232 77R.5 0.7 mmso::)
233 T737.L 3.7 .
23k 7738.5 0.16 6.8
235 7739.6 ‘ - k.0
236 77k0.5 0.02 3.2
237 T7k2.1 ) 3.6 : 2.84
238 77L3.6 . 0.10 : 6.0
239 T7Lh.é Sa .
20 TIk6. @000 = * * kS
210 77h7.9 0.0 53
2h2  7749.5 1sM ‘ 5.2
2k3 | 7751.9 0.9
2Lk 7753.4 * * * *
25  775L.0 1.0
28  7758.5 : " 2479
247  775%.1 0.1 0.8 :
2h8 77652 Ll
2L 7766.2 0.06 52
- 250 7768.6 3.5
281 7772.8 1l 2,50
252 T775.2 9.2
253 7777.8 0.01 6.6
254 7778.3 0.36 0.3k 15.4
255 7780.9 0.1 8
256 7782.0 0.1 0.6
257 7785.8 0.09 0.02 10,9
258  7786.3 0.02 0.02 11,8 2.81
259 7790.8 1.3 0.54 18.L . 2.82
260 T7791L.5 6.0
. 261 7795.0 33 L 2.3 2.79
. 262 7796.6 n a 22.3 2.80
263  7797.9 5.3 0.07 1L.2 2.78

#*WISUITAZIE FOR AMALISIS

#USSUITASIE FOR ANALYSIS
¥ = SUPIE MOWNTED L SZALLG WAL

MNOTE: ’ .
€®) RECPFTR YO ATTACHCO LETTER. (29 OFF LOCATION ANALTSES=NO INTZRPRETATION OF NTOLLTE.
119 INCOMPLETE CORE RECOVERV=INTERPRCTATION RCSCAVED.
Thave ansiyses. opinieme or Interpretations are bered on ebservations and mastertals suppiled by Uve client 1o whom. #nd for whes exciudve sad eonfideniial
Woe, this rerovt Is made. The InLerpreiatinng or oDINIONS exDreiard reoresent L Bew ju=ment of Cote Laboratories. Ine. (34 e=Tors and amitsicnt eze
eepied); dut Cowe Lalorstories. lne. and its officery 8nd e DIoyETL, ATUNE NO reTDONL3IINY And Mmake NO warranty oF resTeenslions, as 10 Whe PFToSucuUvILy,
yropet epy N 87 prol of sny eil, gas oF SLiar minerai well or aand i SSAnICLON WilD WA FUCh TIPNTL 8 Weeg €T foliad tmemy
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CORE LABORATCRIEZS. INC.
Petroleum Reservoir Engineering
DALLAS, TEXAS

' CompanyUnLI=D STATES GEOLOGICAL SURVEY rirmition Page— 10 ¢
el MADISON X0, 2 Cores =1 RP-2-5292
| Feld_ WILDCAT Drilling Fluid : Dite Report— 5=24=T7
County. State YONTANA ~  Flevacion, Analyyes bitd
i Location Remarks - ¥
e CORE ANALYSIS RESULTS
(Piguees im yavemtbeves vefev to f[osimaie remerds)
— R LIOARCTS i Grain
i-_‘::::: Q’t"‘_f;‘ mm“:‘b ':'m "‘:::::: . v.w;.,:: n:‘ ,_i'i:él DenSity REMARKS
- (Xy)
26k 7800.9 030 0.06 6.4 :
265 7807.3 pi 22 10,k . 2.80
_. 266 7808.6-09.7 - WilOLE CORS ANALYSIS
, ‘267 7610.0 170  1L3 2hi.3 2.82
l_; 268 7810015 3.8 1.7 13-}4 . 2.79
269 7811 0.06 10.9
270 7612.3 3.7 L.8 1L.5 ’ 2.85
127 781h.7 1.5 2.3 1.6
272 7618.3 0.72 0.92 10.1 . 2,82
273 7822.0 © 0,00 71
_J 275 7827.5 ha 2.3 24,0
276 7829.L 0.03 . 11.8
- 277 7835.8 o1 0,01 1h.2
—~ 278 7835.8 0.02 9.0
J 279 7837.5 9.k
280 78L2.5 ik 0.37 10.7
gem 73?”5' 8.6 %‘Z b ) ' DT
2 7%, . 18,6 T SILURIAN
—i 283. 78L9.8 o.0L VF 7.4 . 2.85 ¢ )
— 28L4 7851.9 0.03 6.8
oo o b |
™ B ' 7 RED RIVER
287 8217.7 5.3 L 2.9
288 8219.0 1.8 12.7 L
289 8220.2 135 128 23.8 2.8
j 21 822k’ T 33 22.3 :
292 8227.7 13k 112 28.1 o 2.8
- 293 8234.0 167 89 28.7 . 2,82
_1: . VP = VERTICAL FRACITURE
-
11
L4
i «%,:?:t,n"(n TO ATTACHED LETTEN. (23 OFP LOCATION ANALYI(’-;O INTERPRETATION OF RCBULTE.

L 890 INCOMPLETE cOng RECOVIRY=INTERPRETATION RESZAVED.

Theee ansiyses, or interpre are based on edwrrvations and materials supplied by the client o ;h-n. and for whew exciudve and confidential
woe. V.N! renort e made. The Interpretalions of eoinions ewDreised redresent the bewt judrmment of Core Laoorstomes lne. (all errors and amisuone ese
- repied); But Core Laboratories. Inc. ond its olficers snd empicyees, ner Uty and maze Ne wartanty or repremnistions. As o lae progucuvity,
ﬂ PETOpsT operalion, oF prafitadiencss of any ol, gas of siner munerni weil or send in on wita St FepOrL I8 Used OF Toued UPOR.
u |
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CORE LAEORATORIES, INC.
- 'Petroleurn Reservoir Engincering
DALLAS, TEXAS

Compaay_USLTED STATES GEOLOGICAL STEVEY zormadion ' Page L _of__ 1
Wel MADISOT 10, 2 Cirns File RP-L-39L5
Feld___ YWILDCAT Drilling Fluid Date Report 6-25-77

Couaty Stare MOUTANS  Flevatica Analyses =
Locstion Remarks WEOLT COFE ANALYSIS

CORE ANALYSIS RESULTS

(Figuren im pavewtbeser vefev 1o foatuate vewmarks)

t4

ILLISAREY S SATURATION |

el TR o pre| E2le| Gradn o sk

wex, | 90° % vownt % sone| Sveme | FERUSJ Densitw

L L351.5-33.5 1.6 1.k 12.0 0.0 52,3 0.6  2.8L NEWCASTLE SANDSTONE
15 L990.0-93.5 . Sk 53 18.5 0.0 * 9.8 2.88 MIMVELUSA

63 6816.0-17.5 3 37 2L.8 0.0 63.5 22 2.88 MADISON (CHARLES)

97 673.L-33.9 1677 132 26.L 0.0 39.9 291 2.683 awapTSOM (MTSSION CANYOW)
10 7119.0-20.0 3.6 3.1 15.0 0,0 68.2 0.31  2.88 aprson (LTSSION cAMNYON)
159 7L02.0-03.0 1.8 1.8 2L.5 0.0 % 0L - 2,86 )ADISON (LODGEPCLE)
180 7643.2-L:.7 56 55 2L.0 0.0 k2,9 12 2.68 1ADISON (LODGEPOLE)

266 7808.6-09.7 0l 0,08 7.7 0.0 * <0.,01L  2.87 DEVONIAN (TEREE FORXS-

: JEFFERSON)

| #SOFIS DIED OUT - LR
FEORIZONTAL FRACTUZE

NOTE:

§®) REFER TO ATTACHED LITTCR . €(2) OFF LOCATION ANALYSCI~NO INTERPRETATION OF RES.
(80 INCOMPLITL CORE RECOVLAY=INTERARLTATION RCSTAVID.

These ansiyies. apinivns oF teroretations are dased on elssrvations and muateriils susnlied By the client 10 whem. srd for wh exel end corideniil
wee. (hls report 19 Mmode. The Interpre or exDeeiwd redresent he besl Losment of Coce Laoraiomes. Ine. (all erron A3 SRISLOAY €x0
cedted); Bt Cere Laloratarics. INC. 874 §I3 SfICETT aNQ eM.2IOYETE. SSIENE NO FELSoNLDLIY ANd MALE NO WATTANLY OF FeOTEMNIA LA A3 W the procucuvity,
Projes operalion, o prelitabieness of any sul. £as oF siner Tuneral wed or 5224 in ON Wilh WAISHA SICA FYDOTT 1 Laae oF Frued VoA,

.
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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 permeability, 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 representative 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 Paleozoic section below the
9-5/8~in casing.

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 parts 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 interwvals, the packers were deflated and the tool reset
to test other interwvals, higher or lower in the hole, without making a trip
out of the hole. e Al ,_“_: _ oy

After completing all packer tests, and spotting cement plugs from 9,378-
9,086 ft and 8,884-8,422 ft below land surface, a well head (fig. 5) was
installed. 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/in2. The temperature of water was about 48°C. .

Table 2 summarizes the drill—stem and packer-swabbing tests made in
Madison test well 2 and indicates the test data that are included in this
report.
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Table i.-Sunnary of drill-item-tent data
[Kelley bushing (KB) 1s 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. 8IP; Initial shut-in pressure. SIP; Sccond shut-in pressure.]

Tatarval Shut-in Depth to Discharge
Test Formation (fe belo: Xs) pressure pressure recorder or flow Remarks
(1b/in3) (ft below KB) - (gal/min)
1 Newcastle Sandstone 4,300-4,680 1,540 4,270 = ceemeeeee Bottom-hole temperature (BHT) 129° F (54°C).
Water level (head) 701 ft below LS.
"2 Minnelusa-—- 6,138-6,248  =—m—memmmm———— 6 ee— - DBHT 152°F (67°C). Packer seat failed.
»3 --do 6,134-6,244 2,956 6,139 ———————— BUT 165°F (74°C). Mead 696 ftr above LS.
4 Lakota Sandastong=-- 4,898-4,916 1,820 4,903 em—emee—=  BHT 127°F (53°C). llead 688 ft below LS.
3 Precambrian--- 9,300-9,394 e - 9,110 ——————— Pack failed.
6a Flathead Sandstone 9,238-9,262 4,149 (7) 9,255 ———— -= Interval has very low permcability.
(gas show) ;
7 Flathead Sandstone 9,238-9,394 —--------4.'J o~ 9,255 2= mecesecas Intexval haa very low permcabillity.
and Precambrian . LF » ‘
: Sy :
8 Red River 8,115-8,335 3,899 (1) 8,135 10 to O liecad calculation not valid hecause of bypasa
around lower packer after about 150 min of flow.
9 do 8,030-8,250 Lower packer ruptured.’
*10 do 8,115-8,355 81P, 3,849 8,125 18 to 13 Temperature of fluid at surface 114°F (46°C).
§IP, 3,848 8,125 llcad based on down-hole pressure gauge,
sIp, 315 2 £t above KB 768-771 ft above LS. Head based on surface
SIP, 326 2 ft above KB preasure gauge, 745-770 ft above 1.S.
w11 Devonian (undiff- - 7,775-8,013 3,752 (1) i 7,185 10 to 8 Temperature of fluid at surface 103°F (39°C).
ferentiated) and 8IP;, 312 o 2 £t above KB llecad based on down-liole presaurc gauge, 887 ft
Interlake §ie, 317 “7 2 ft above KB above LS. llcad based on surface presaure
i guuge, 738-749 ft above LS.
12 Madison (Charles) 6,449-6,689 3,292 (1) 6,450 s Interval tested twice; no effective pcrmcubility-'



[Kelley bushing (KB) 1s 16 ft above land surface (LS) and 2,809 ft sbove sea level.
to convert shut-in pressure to feet of head.

Table 2.-8u-iry of drill-stem-test data--Continued

S§IP) Initial shut-in pressure.

A constant of 2,307 was used
SIP; Second shut-in pressure.]

-

Taterval Shut-in Depth to Discharge
Test Formation (£t below KB) pressure pressure recorder . or flow Remarks
(1b/1n,) (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 : llead based on down-hole pressure gauge,

812 ft above LS. llead bascd on surface
pressure gauge, 802 ft above LS.

#14a Madison (lower 7,064-7,304 3, &1 7,075 . ' 9 Temperature of fluid at surface 106°F (41°C).
part of Mission 340 2 ft above KB lecad based on down-hole pressure gauge, 833 ft
Canyon and upper above LS. MHead based on surface pressure gauge,
part of Lodgepole) 802 ft above LS.

13 Madison 7,305-7,345 3,568 (1) 7,325 (1) ~ee=e-==  Head based on down-hole pressure éhart. 922 ft

33 ; (Lodgepole) ) . 8 above LS.

‘16 Madison (basal part 7,525-7,765 . 3,575 (1) 7,536 25 to O Bypass around lower packer. Reset'packera 10 {t
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 '8,335 50 Temperaturce of fluid at surface 153°F (67°C).
to, Precambrian 1z ' 2 ft above KB Head based on down~hole pressure gauge, 797 fc

above LS. lead based on surfac¢ pressure gauge,
749 fc above LS.

* Original drill-stem-test data included in report.
(1) Numerical value is of questionable reliability.
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HYDRAULIC
MULTIPLE SHUT-iN
VALVE

[NSIDE RECORDER

Figure 7.-—Inflatable straddle packer tool for conventional drill-stem
tests. (Courtesy Lynes, Inc., Houston, Texas)
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RECORDER CARRIER

OPTIONAL TOOLS
(JARS,SAFETY JCINTS,etc.)

BLEED-OFF PCRTS

PACKER ELEMENTS

SPACER TUBING WITH
OPTIONAL TOOLS

OPENING PORTS

SPACER TUBING,eflc,,BETWEEN PACKER ELEMENTS
WAS EXTENDED TO 240 FEET FOR MOST TESTS

PACKER ELEMENTS

RECORDER CARRIER

Figure 8.——Dual seal inflatable straddlie packer tool used on tubing.
(Courtesy Lynes, Inc., Houston, Texas)
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Figure 9.--Inflatable straddle packer used in open hole or casing.
(Courtesy Lynes, Inc., Houston, Texas)




DRILL-STEY! TESTS

Box 712

71

Phone ;
§22-1206 Area 303 LY N E S 3 !N C - Sterling, Colo. 80751
>
g:
Contractor_Anderson Nrela. Co. Top Choka in Flow No. 1 15 Min. |=
Rig No.___83 Bottem Choke__2/ 16" Shut-in No, 1 30 Min,
Spot__ SE-SE Size Hale gt Flow No. 2 %0 Min, |
Sec, 18 Size Rat Hole __== Shut-in No. 2 60 Mia, |©
Two.— L N Size aWe, 0. P. 43" _16.60 Flow No. 3___€0 Min, |=
Rng. 54 € Size We, Pipe____=— Shut-in Na. 3__270 Min, |er
Field ¥ildcat I.D.of 0.C__ 28" 2
Counsy___Custer Length of 0. C._36L' | Bottom 0 g
suu Moﬂtana qu D‘Dm 5567 . Ho‘c T‘mp- 165 F ,f_,
Elevation_ 2509 ' "K.B." lntervai Tested _9134-6264" Mud Weighe 3.3 3
Formation _Minnelusa Tyge of Test Inflate Gravity -=
Straddle Viscasity -
Tool cpened @ 11:10 PM,
Oytside Recorder
PRD Make__Kuster K-3
"-'_‘i--“ s ° = —— NO'_L—GBB Q:. —QLS @Lé 9 .
’!F > ks Press Correctsd
£- e . . :| Initial Hydrestatic A | 2983
. s ' Final Hydrostatuc K | 2980 -
! ) e B ;| lnitiai Flow 8 568 a
: "o " .. °| Final Initial Fiew  C 693 2
- 'Iinitial Shutin O | 21820 z
: ' Second Initiai Flow € 689 :
@\ p . Second Final Flow F | 1207 o
-~ « *| Second Shut-in G | 2812 o
: .. . ‘| Third Initial Ficw H | 1282
"7 . | Third Final Flew | ] 1950 .
*« .. +f Third Shut-in J | 2903
. '.
. 4
S et e o0
: : g
Our Tester:___P3ul Robbins d
' Bt
VWitnessed Sv: Bon_Brown ~
L3
Oid Well Flow — Gas_No__oit_No _Water_o b . ~
RECOVERY IN PIPE: 4200' Saltwater = 56.28 bbl. : : -
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. g
3rd Flow- Tool cpened with fair blow, increased to strong blow -
" REMARKS: after 3 minutes and remaincd thru flow period. Flow 2
gauged at 10 psig. on " choke. o
B D o« @maT o
N

10endg

‘s lalsnn

¢ UOSTPEY “oN pue owep (apm
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LYNES, INC.

cm‘or U.S. C.S. LE& & No. Hadisonoz Ds'r No. 3
Cutside Recorder
. PRD Make _Kuster K-3
e T s i —— | No.8882 i 6200 @6139°
- i . "'.. . Press Carrected
R Initial Hydrostatic A 2977
¢§ Final Hydrestatic K 2956
. i|__Initial Fiow 8 583 __
) | Final Initial Fiow ___C 711
/ " Tmitial Shut-in B 2927
- | Second Initiai Flow E &85
4 Second Final Flow F 1222
8 R _Seccnd Shut-in G 2820
P if__Third Initial Fiow  H 1287 -
. { Third Final Flow 1 1959
it Third Shut-in J 2905
i
L
L~ - » Pressure Beiow Bortom
A Packer Bied To
- Inside Recorder
PRD Make Kuster K-3 .
- — o | No 2065 €30 9000 @6106°
- - . Press Corrected
Initial Hydrostatic A 2980
£ Final Hydrostatic K 2954
Initial Flow 8 561
Final Initial Flow c 631
Initial Shut-in (o] 23815
3 Second Initial Flow € €58
Second Final Fiow F 1195
l_ Second Shut-in G 2811
§ Third Initial Flow H 1281
: Third Final Fiow | 1951
: Third Shut-in J 2911
..0
r'
R i Preseurs Selow Bottom
Pecker Bled To
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LYNES, INC.

Lease & No.

Madison #2

OSTNo.__3

Ol
IR

PRD Make

Kuster K-3T

No. 12355 :p35-249 o 0139 °

Press

Corrected |

Initial Hydrostatic

Final Hydrostatic

Initial Flow

Final Initial Flow

Initial Shut-in

Secord Initial Flow

Secord Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

bl el o 8 I Rt il [l Ml oMl o B S

Third Shut-in

‘Maximgm temperature =| 165°F

Pressuve Below SBattom
Pecksr Bled To

PRO Make

No Cap

Press

Initial Hydrostatic

Finsl Hydrostatic

Initial Flow

Final Initial Flow

initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

‘Third Final Flow

Third Initiai Flow

Third Shut-in

A
K
8
C
0
E
F
G
H
|

J

Preswre Seiow Sottom
Pecker 8led To
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LYNES, INGC.

Fluid Sample Report

Date 1-23-77 Ticket No. 3213
Company 15.5.G.S. _
. Well Name & No. Hadison #2 DST No. 3

County Custer State Montana

Samplar No. == Test Interval 6134-6254"

Prassure in Sempler .32 PSIG BHT 165 of
Total Yolume of Sampler: 3000 ez,
Total Yolume of Samplez 3000 es.

O1.__None ce.
Waterz__tlone ce.
Mud; 3000 ee.
.= Gagy None cu. f
. . OtherzNone :
: Resistivity :
Water: @ of Chloride Contant. ppm.
Mud Pit Sample @ of Chloride Content ppm.
Gas/Qil Ratio Gravity CAPl @ OF
" Where was sample drained _0n_Location
" Remarkss Jool was open momentarily t.msetti:;\g pa.cker, causing sampler to fill with
mud.
.|
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N/ NES | UNITED SERVICES

CIVISION OF LYNES, INC.

80X 712

STERLING, COLORADQ £07S1
PHONE 303-522-1208

Comments relative to the analysis of the pressure chart from DST #3
Interval: 6134-6244!, in the U.S.G.S., Madison 72, SE SE Sec. 18,
TIN-RS4E, Custer County, Montana: . '

For purposes of this analysis, the following reservoir a.nd ﬂuxd proper-
ties and test parameters have been used:

BHT = 165° F, p=-1.0cp., t= 105 minutes, h= 10 feet (esti-
mated). A

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 2 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) anzalysis of the

" Final Shut-in pressure build-up curve. The results described be-
low are based upon the znalysis 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 Aver#ge Production Rate which was used in this
analysis, 771.8 BPD, is based upon the total fluid recovery of
56.28 barrels and the total flowing time of 105 minutes.

3. The calcula.ted Damage Ratio of 0. 5 indicates that no significant
well-bore damage was present at the time of this formation test.



U.S.G.S., Madison #2
Interval: 6134-6244', (DST #3)

' Comments - Page 2

S.

6.

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

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

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 assumption.s

.which have been made. » .

f&f’i%‘”

tant for ‘Lynes, Inc.

W T L R o B s e L e

76



LYRNES, ING.

Operator___U.S.G.S. Lease & No Madison #2 OST No 3

Recorder No. 6381 @ §139°

FIRST SHUT IN PRESSUR:

TIMECMIND CTPHI) PSIG
PHI . /PH1
8.d 8.3323 693
3.8 : 6.8000 2433
o 6e@. - 3.5003 2534 - ., R T
" 9.8 2.6667 2654 ; P B GO T
12.8 - 2,250 278S ‘ e
o Bl L 2.8538 2738
T 1868 - 18333 2762
21,8 . 1.7143 .2782
288 . 1.6252 - 2799
27,0 1,5556 2812 ;

38.9 1.5008 2823
EXTRAPLN OF FIRST SHUT IN 3 29483 .0

-
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LYNES, INC.

Lease & No.__Madison #2 DST No__3

Operator___U.S.C.S.

Porm 3

Recorder No. 6331 @ 6139!

SZCOND SHUT IN PRZSSURE:

. TIMECMIN) CT"PHI1) PSIG
PH1 /PHL
8.8 0.23020 1287
6.0 8.5009 2513
12,8 4.7588 2621
18.0 3.5220 2678
28.8 . 248758 271s
) 30.0 2 .5000 2755
— : 36.83 . 2.2589 2762
. 42.3 2.8714 2779
48,43 1. 9375 2792
S2.8 1.8333 28085
63.0 1.7552 2812

EXTRAPLN OF SZCOND SHUT IN : 29!7 9
CALCULATIONS: SECOND SHUT IN

EXTRAP pRESS‘PSIG).O" 'ppooooo 291709
NO OF PTS ENTERDessesscccs, 11.9
NO OF PTS U EDecccccsesccces l.0
RMS DEVIATIONC(PSI)ecccccecse 8.383
TOTL FLO TIM(MIN)eececcocscse 45.0
AVE PROD RATEC(BELS/DAY)ecceccese 771.8
TRANSHISSCMD‘FT/CP’Q,oooopooo. 287.9
l" SITU CAP(&D-FT).........,.,.. 28109
AVE EFFECT PERM(MD)cccccccccsse 28.79
PROD INDX(ESLS/DAY—pr’..OOOQ_O 30451
* DAHAGE mrlo..ooo':-oonocoooo- . 697 :
. PROD INDX-DAMAGE(BBLS/DAY-PSI) 8.324
RAD OF INVEST(FT)ecscsccccccse 368
DRAWDOWNC(PERCENT)ececccecccsce Bel

POTENMETRC SURF(FT)eesescsscoe 3488.9
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Qperator.

U.S.G.S.

LYNES, INC.

Leasa & No

Madison £2

DST No 3

Recorder No. £381 @ 139!

THIRD SHUT IN PRESSURZ:

RESERVOIR PARAMETERS:

COLLAR RZCOV
FINL FLO TIM

. APl GRAVITY

PAY THICKNES

CALCULATIONS:

TIMEIMIND CT"PHI) PSIG

PHI /PHI

G2 3.0038 1953
27.9 4,8889 2738
S4.8 2.94844 279S
81.8 2.2962 2826
188.3 1.9722 2849
135.8 17778 2862
162.9 1.64381 2876
189.8 1.5556 2883
2168 1.43861 2893
243.8 1.4321 2399
278.8 1.3889 2983

. Extrapln of

Third Shut In ; 2955.8 M: 369.9

381.833 PIPE R=CQV

68.333 MUD ZXPANS
18.233 SPEC GRAVTY

3839.3382 INT FLO TIM
1.838 BTM HOL TP
1.8338 VISCOSITY

18.833 SUSSZA DPTH :3333-262 WVATR GRADNT

THIRD SHUT IN

.......

NO OF PTS ENTZRZDeccccoccee
NO OF PTS .USED-o........._._.
RMS DEVIATIONCPSI)eocccccse
TOTL FLO TIMC(MIN)eoocosoocoo

AVE PROD RATE(SSLS/DAY)ecscsos

: TRAMSMISS(MD‘FT/CP)- 'EEENEN RN N

IN SITU CA.P(F!D-FT)«...........
Avg EFECT PEH:“‘(MD)‘Q.Q..‘..‘I
PROD INDX(BBLS/DAY=PSI)eccccse
DMAGE RATIOQ...C.:OQQOQOOOOQO
PROD INDX-DAMAGE(EBLS/DAY-PSI)
RAD OF INUEST(FT)eeccecccsssos
DRAVDOWN(PEZRCENT)ecccoecconssce

. Pon}‘ETRC SURF(FT)....OOOOQIC

29S5.38
11.9
4.8
2.3083
185.0
771.8
339.2
339.2
33.92
Be767
8.5 °
8.382
$9.7
8.0
349643

15.84309
164.299
1.899
9433



LYNES UNITED SERVICES .LTD.
B Db HDIST 2 JdRKOIL @ LPEN DATE: glez=-n
3= OST NO. -
REC. NO. E=E1
OEFTH o
2ol
101
T
2
-
n
I jo
. R -
+ . sd-
s ?
t=
v
2--
L : 2 + t : : +
2850 2zpa ' z2sE@ | zEZ0 sz2g8 = ssea 2820
. PSIE COIL OR KATER)
PRESSURE EXTRAPOLATION PLOT

fonu 2856 12.76
80 : , ;




Box 712

522-12:2°2r'ea 303 LV N E S 9 A E N C - Steriing, Caolo.

1

7

(-

| w

[

Seot == Csg. Size & Grace 9 5/8"

Sec.___18 Tubing Size 2 7/8"

Twp._1 N . Tool Depth 8115-8355!

Rng. 54 E On Location @ 4-12-77 4:30 AM.
Field___Wildeat Off Location @ 4-15-77 7:35 AM,
County_Custer Lynes Rep. Paul Robbins

State__Montana

Weil Owners Rep.__E1lwood Bennett

Tool Description_Straddle Treating & Testing Tool

Top Packer: 74" X 132" Bottom Packer: 74" X 132"

‘Test £#10
Summary:
4-12-77 : ) . .
S5:05 AM. Moved tool to blank position and bled off pressure, then swabbed
down 2500' of fluid.
8:55 AlM. Moved tool to between position. Tool opened with a strring blow
with fluid to surface= in 8 minutes, let t_est flow over night.
§-13-77
10:43 AM. Shut-in on surface.
- Y230 i’ﬂ. Reopened tool.
3:35 PM. Shut-in on surface.
5320 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_J.S. Ceological Survev Lease & Nao. Madison Test Well #2 OSTNo._10
n~ —— — ———
Above Interval
e = Kuster K-3
; 25T R/ ™Y oo 18835500
% Prese Caorvected
S ) B ) Initial Hydrostatic A 4108
@ Final Hydrostatic K
. \fk tnitial Flow 8
b Final Initial Flow C
: i : Initial Shut-in 0
: N "~ | Second Initial Flow E
! a Second Final Flow F
i JIEST It Second Shut-in G
] : . Third Initial Flow H
1 *'{ Third Final Flow |
: ¢ Third Shut-in J
i . .
prrey ..._.#’ B — A
: Pressure Below Bottom
5 Pagker Sled To
Y L]
T ypseiues Recmaziz  DSITE/d, Y PRO Maks Kuster K-3 .
. l'f P. 7700 (R T2 ' Cap
{ | . Prose Corrected
o1 ®\ @?@Z o) Initial Hydrostatic A 4130
. q | Finai Hydrastatic K -
4_ ‘ Initial Flow 8 3337 _
3 vl . ‘éb Final Initial Flow ___C__| 3584
ir @ e Initial_Shut-in [s) 3808
i1 Second Initial Flow E 3575
: - Second Final Flow F 3553
G Second Shut-in G 3800
JEST 10 IssT U [ Third Initial Flow __H 3579
) -1 Third Final Flow t 3555
“I Third Shutdn d -

P e Selow B8

Pnkn Bled To
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Operator_

11.S. Cealdqical &'JI'VCYA

LYNES, iNC.

Lease & No.

Madison Test Well #2

DSTNo. 10

!ﬁ-ﬁ:! /Q. ¢ Delweaw

/rave

PRO Make__Kuster K-3

No._15242  Cio_ 5450 @

Carrected

Initial Hydrostatic

4131

Final Hydrostatic

@@@ff\ %0

.-
0o v rien v v

[oerems

"t

{nitial Flow

33238

Final [naitial Flow

33537

"~ 3516

SEoe0) & "f‘“

Second Initial Flow

3578

Second Final Fiow

3533

4

JEST !

Second Shut-in

3812

Third lnitial Flow

3533

Third Final Ficw

3580

V)

A
K
8
C
tnitial Shut-in 0
g
3
G
M
1
J

Third Shut-in

Prevsurs Seiow Sattem
Pegker Sled Te

PRO Make_Kuster K-3

Below Intervai

No_ 15260 o 5430 &

Press

Coerecied

, SV

1]

is N e Rewar ég»-

BTG v3iha.

Dszeis -

Initial Hydrostatic

6260

Final Hydrostatic

Initial Flow

Final Initial Flow

Second Initial Fiow

Second Final Fiow

Second Shut-in

Third nitial Flow

Third Final Fiow

A
K
8
C
Initiat Shut-in 0
3
F
G
H
1
J

-_'l-'hird Shut-in

Packer Bied To

Prossure Selow Bettem °

83




RCGER L. HOEGER
Consulting Ceologiat
1780 So. Beilaire Strecet, Suite 301
Denver, Colorado 80222
(S03} 759 -4491

Deill-Stem-Test Pressure Analysis Raport

LOCATION Timg QP EN: hntlal: 1548 mins o FILE muna i
| _TIN-RS4E, Section 18 Final: 125 mins.| Special
Coum Y an0 STATE: N TIAL SUT.M Tlees L O, mima g
MONTANA, CUSTER 167 minutes L-6658
COuPany: FINAL, TN Timda CAlL CONPUTED:
U.S. Geological Survey 105 minutes 6/8/77
LAAE An@ ntLL Mmda s TEST Muna g SATR TETIDe
Madison Test Well £2 4/12/77
ADIOR 1E3TED d InTCRYAL Hsj(o: Pome CLEVATIONS (==
Red River 8115~8355 K3 2809

[RicSvaar:

Fluid to surface in 8 minutes of First Flow; reported flow rate range:
13.8gpm-18 S gpm. .

HOLE, TOOL AND RECOVERY DATA

I!W! :A:Ac.l.r; TeS‘t tQOl I FELT OF mUO O PLACEIN l"AGl.
MM—C'B-&:‘:-IWCJ'::.Q.V on 2_7 / 8“ BELT OF waTen wATER rucx:usl
LOLLAA FOGTAGL t'.:b;ng. FEL1 GF QTNER CTRER PEACINTACE
I 3. 625 FELT GF QiL E)T:.ruuutmn
g ] 'COTuA‘Gl ECLIVALLN P FEAT OF CUMICH :2:2;'%@&;!“'!!1
INTERVAL }mautu 240 Tatan 155‘5"9“1 Flowed WLtﬂ' Avtllu‘::.w—’ RATE 538. 8

CAPACITY OF anmuLLS
1S ameels

gull.t.ﬂ““" T 11473,

GROSS ACCAVERT YOLUmd
13 aveniey

RECOVERT LESS THAM LGUAAR YOLUME, (TY

.0

GAUGE SUMMARY

-

PWiag, ATDATITATIC MU0 PREsSNE,

2.30 ft. /psi used to calcu~

A . : B Surface Recorder
RLCONDEA numsR | OLPTIG BASIM [~ AECOAGIA mouaCR [ OLP T DAt
2512 81251 =5316! s rr- -2% above K:B. | +2811!
- _A_Ixev romT summart| B [ SUMMARY OF RESULTS 1. B
g*i""ﬂ‘”' EPPECTIVE TRANSMSUANITY, bags - it poo «p
AL FLOWNG PAELSUA ot 2305. 5 ' P
3337. '1 omn BENCATED AVERACE PEARCAGIATY, bens pevrr
P e = 230. 6 (for est. 10%effect. &)
3584. —asan A ' B [FeocucTviTy moaa Boreeis ous G0y 0o s
Second Flow | EXTRAPOLATION SUMMARY | 1.83 I —
WUTIAL FLOWWG nwu-] 78 |UNTIAL o8O CILCAATED FACK MEAIAL0 OATAL CamaGE RATION
3575. - 10.27- | 10.27 Wit Nro
Tial, FLONG PRESILAG 909 peUm@ER OF POMITS USED FOR wu TIAL CUAVE-SITe FLOPNG PRESUAL Comw A4l 3
3553. ' —eton S. 8. e T esenen
‘. OPL OF NaTIAL BURLD-UP CUATEs porareie
WHTIAL SRUTN P povs l:::a: EXTRAPOLATED PRESS :n:. o WA Tlad POTINTICMETRIC SURF ACEs =
3808. l 287. 3849. 315. *3537. -1%3536.
PINAL Do 0Wo UI.QA.MIT FROM MEASIRED OATAs Ft. Of Head above K‘ B.
16.93. 17. 40 728, A
R OF PONTS USED FOR Prwvns, CURVE-FiTie § | . I .
6 9 B
ROPL OF .nsw. USSP CUAYE . PV -
38. 31,
Pt ST PRT I3 GG 9ot |FUNAL EXTRAPOLATED PRLIURG: T FWAL POTENTIOMETMIC AP ACL: ot
3800. ' 286.5 38438. 326. #3534, *3561.
BUTIIA RTSACITATIC pud RO TR = Ft. of Head ahove K. B.
4130. ——- # Conversion Constant of 725, 752

late P.S. Flevation.
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ROGER L. HOEGER
. Consulting Geologist
1780 So. Beilaire Street, Suite 301
Denver, Colorado 80222
(303) 759 - 4451

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, TI1N=-
RS4E, Custer County, Montana:

1.

2.

3.

S.

Extrapolation of the Initial Shut-in pressure build-up curve indicates a maxi-
mum reservoir pressure of 3849 psi at the recorder depth of 8125 feet. Ex- .
trapolation of the Final Shut-in pressurc build-up curve indicates a maximum
reservoir pressure of 3848 psi. These extrapolated pressures are equivalent
to potentiometric surface elevations of +3537 feet and +3334 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
the summary page and,when converted to potentiometric surface elevations,
compare very closely with those determined by the analysis of tlie pressure
build-up data recorded by the down-hole pressure instrument.

The calculated Average Production Rate which was used irx this analysis, 538 8
BPD, is based upon the reported flow rates which were gauged throughout the

- flowing 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.

'I'he czalculated Damage Ratio of 1. 61 indicates that shght 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 Transm:ssibﬂity of 2305.5 md. -ft. /ep. 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 Drﬂl-Stém-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
Well Name & No.

U.S. Geological Survey

Madison Test Well 22

Location Sec. 18, TIN=-R54L, Custer Countv, Montana
Formation Tested: Red River

DST No. 10 Test Interval: 8115-3355!

Recorder Depth

Recorder No. 2512 8125 feet.
INITIAL SHUT-IN FINAL SHUT-IN
| Initial Flow Time. t= 1548 il Total Flow Time, t= 1673 |
t+ 8 Pressure 1 +~8 Pressure
0 t+6 {p.Ss1.) I” 8 t+8 (p.s.i.)
16.7 1564.7 93,69 3762 # 10.5 1683,5 | 16Q.33 3750
33.4 1581.4 47,35 3776 Il 21,0 1684, 0 80.47 3766
50. 1 1598.1 ! 31.80 3788 Il 31.5 1704.5.) 54,11 3776
| 66.8 | 1614.8 24.17 3792 42,0 1715.0 40,83 3786
83.5 1631.5 19,54 1 3795 ___ 52.5 1725.5 2287 3780
100.2. 1648.2 | 16,45 3800Q £3.0 1736.0 27..56 3793
1149 1644 9 14 24 3803__ _13.5 17445 23.74_ 3796
1234 1681.4 2.59 3805 24 0 17570 2092 3793
15023 1498 3 1130 2807 a4.5 17475 18.170 3789
1870 17150 10.27 3808 105.0 1778.0 1546.93 3800
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S.G.S.

Well Name & No. Madison Test \Tell 22

Location Sec. 18, TIN=-RS54E, Custer Countv, Montana

Formation Tested:

DST No. 10 Test Interval: 8115-8355!

Recorder No. Recorder Depth

feet.

INITIAL SHUT-IN

Red

River

FINAL SHUT-IN

Initial Flow Time. t= 1548 i Total Flow Time, t= 1673
o [ ere [ 43 Tmmml o [ cee [T [REERT
5 1553 310.60 239.0 5 1678 335.40| 238.0
10 1558 155. 80 250.0 ! 10 1683 168.230| 251.5
1% 1564 97.75 | 257.5 | 14 1687 120,501 2538.0 |
_20 1568 78.40 261.0 | 20 1693 84.65| 264.0
30 1578 52,60 | 266.5._ Ul __25 1698 67.921 267.5
40 1588 39.10 27,0t 30 1703 56.77| 270.5
50 1598 31.96 272, 5. 35 1708 43,801 273.0
40 1608 _26.80 | 275.5 ! 40 1713 42.83| 275.0
70 1418 23,11 276.5 ! 50 1723 34.461 278.0
20 1428 20,35 279.0_ Ml &0 1733 28.881 280.0
a0 1438 18.20 280.0 70 1743 24.90! 2382.5 |
100 1848 16.48 J9g1.5 ! 82 1755 21,401 284.0
120 1448 13.07. | os83.5 ! g0 1763 19.59| 285.5
137 1485 12.30 225 0 M 109 1775 17.490! 286.5
1872 17158 10.27 227 0
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' . Box 712 -
S 3 E N C - Szm?:g, Colo.

b ——

= Phane
' §22-1206 Area 303 LY RNE
r Spot___=~ Csg. Size & Grade 9 5/8"
; Sec. 18 Tubing Size 2 7/8"
Twp__L N Teol Depth 7775-8015"
% - Fieid_ Wildcat Off Location @ 4=15-77 7:35 AM,
- County_Custer Lynes Rep. Paul Robbins
St lontana Well Owners Rep._Ellwood Bennett

i

Tool Description_Straddle Treating & Testing Tool

Top Packer: 74" X 132" Bottom Packer: 74" X 132"

[

SN Test 711
E * Summary:
4-13-77 . ’ .
= 10:00 PM. Pressured tool to 2500 psig. and moved to blank position. Bled off

Lo

4-18-77

1:07 AM,

©10:11 AM.

121 M

: ; . 5537 PM.

T 837 PM.

- [ . 10:05 PM.

E 10:50 PM,
.- t:;; : N -

4-15-77

[ 2335 AM,

pressure then swabbed down 1000' of fluid.

Moved tool to between position. Tool opened with weak blow,

increased to strong blow after 1 minute. Fluild to surfacs in 22

minutes.

Shut-in at surface.

Opmed tool and let test flow until samples cleared up. Clock ran
. cut at 12: 44 PM. g b g e I

.Shut-i.n at surface. : - ' S ' '

Cpened tool. .
Moved tool to equalize position.and let set 55 minutes.

Moved tool to come ocut position. Had weight increase of 10,000 psig.|

indicating equalization was incomplete. Worked tubing to free, and
started cut of hole. : g ,

Out of hole. .
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Operater U.S. Ceological Survey

LYNES, INC.

Lease & No.__Madison Test Well #2

OST No

11

T
i

Above Interval

- g N PRO Make_- Kuster K-3
| § FST U No. 15239 ca0 5500 @ —
r-.. ‘ 2 Press Correctad
g : @ Initial Hydrostatic A . 3501
s Final Hydrostatic X. -
. : 5| Initial Flow 8 F o=
— . A Final Initial Flow C -
; 3 'k .. Initiat Shut-in D -
k. . ;, ; - .= | Second Initial Flow & -—
i Second Finai Flow F -
i—-, i JEST It Second Shut-in G -
! : : _'ll’hird Initial Flow H -
1% : Third Final Flow i -—
: Third Shut-in J -
i .
| I ' .
- o . o -— —

L 7]

Pressure Below Sottom
Packar Bled To

-

PRD Make_Kuster K-3

o RS fwee~ Do w4 =/ - —— =
]- { U+ DT =02 Na_2512 _cpo 5700 o 7785°
. 9 ] & . ’ vy Prave CQ:'nc“d
A . . ©Q Initial Hydrostatic A 3925
—[ ] : ’ Q ' Final Mydrostatic K —
| - ¥ ',.‘ n?.\f\\' Initial Flow 8 2983
;' \® FF'E]{L Final Initial Flow C 3406
. B dééé} . . - |[Cnitial Shutin B) 3878
;—! R Y @ ' b | Second Initial Flow _E 3521
3 - 1 . : - o Second Final Flow F -
' . Second Shut-in G -
7 * JEST U | _Third Initial Flow H -—
: ° e ¥ Third Final Flow | -—
- ° Third Shut-in J -
J - ' 58 ooz
* Pressure Below Bottam
Packer Bled To
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LYNES, INGC.

Operator_U-S. Geological Survey

DST Neo

i 2 i

Lesse & No._Madison Test Well #2

;3"- f\)'ec. Bg“wfw
’

EX)

- 52 vz ) s

. PRD Make

Kuster K-3

No.152%2 _ Cap

Press

5450 @

Corvected

Initial Hydrostatic

3925

gy,

Final Hydrestatic

A, ryso '
bl

. reatesen

'gée'

e e e e

oee o
’.
]
]
.
(]

Initial Fiow

2989

Final Initial Flow

3413

Initizi Shut-in

__3683

Sepan|

Second initial Flow

3&23

Second Final Flow

JEST R

Second Shut-in

Third Initiai ~Flow

Third Final Flow

“I=lxjo|n|mjojo]jo|x|>

Third Shut-in

Precsure Below Bottom
Packee Bled To

; Qo rd =/520 2
RVelow Recsrdes 5 L2490 TIha,

. evemg.e-

. ° Below Interval ~
PRD Make_Kuster K-3 .
No..15240 czp 5450

@

s 8 Bos Gemg menene s

Press

Correeted

il Initial Hydrostatic

%043

I Final Hycrestatic

——— Initial Flow

Final Initial Flow

I 1nitiai Shut-in

Second Initiai Flow

° Second Final Fiow

Second Shut-in

11 Third Initial Flow

Third Final Flow

ci-=lx|o]ln|m|o]lo]alx]»

Third Shut-in

e

S

Presture Sslow Bottom
Packer Bled To

f
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ROGER L. HOEGER
. Consulting Geologist
1780 So. Beilaire Street, Suite 301
Denver, Coiorado 80222
($Q3) 759 - 4491

Drill-Stem-Test Pressure Analysis Report

FILE muma €

LOCAT O Tim€ QP €y Inluai.: 3‘&% ;vhns.
| TIN-RS4E, Section 18 Final: 376 Mins. Special
ml' ‘-0 $TATE: IMTIAL DWW TN Tads L O mumaqa:
MONTANA, CUSTER 70 Minutes 1.-6658
CoONPaART: FiMal, SUT-id Tim€s CATE COMPUTEDY
U.S. Geological Survev 180 Minutes 6/6/77
LEANE MmO Wil Pumor s TUST muma & OATE TEITEOe
Madison Test Well £2 11 4/13/77
afiQm TE3TEO INTERVAL TESTED: [ ELLVATIONS & one
Devonian & Sflurian T775-8015 XB 2809

YERYy

'8 to 10 gallons per minute.

Fluid to surface in 22 minutes of First Flow Period. Flowed at rate of

. .

HOLE, TOOL AND RECOVERY DATA

RWLFIPT CAPaCITY Test tool run | 5 oF we U3 PERCINTIGE
lel.-‘a.’::.‘:l.-CA‘:,CﬂY on 2_71 8” FELT QF waATER wATER ’IICI:I'AGI
Oﬂ-lkbaf'sl:'l.AQ FCITAGE tubi}' g FEET OF QTnER QTHER 'Il(l: TAGE
QL E Dl“l TR a éz 5 FELT OF GIL =TS '(ICI.‘\'AGI
44 n-mv.'us“ I(O‘t,l::h‘l S FELT OF CURION :2:2::'10‘“ ;(CDV(I'
lﬂ!ll"‘. lll“l(ﬂ 240 i ToTAL I‘SSP"VIRY ~ FLQwed Water A'(AAGL”.’I‘O.G:.CI:?.H qar_ 30 1 5 s
CAPAQITT OF ANNGLUS
g oilamy - o o 1Zweais) o
w3 i g20. o, e il o PECOVERY LESS THAN AmULAR YOLLME, (X) D
GAUGE SUMMARY
A e B- Surface Recorder
RECOROER numsER | OLPTIm R . RECSROLA mumad® | OLP Tre Qalums
2512 7785! ~4976! o . 2faiove K. B. +2811¢

A [REY POINT SUMMARY |

2.30 ft. /psi used to calcu-

s Al SUMMARY OF RESULTS 1,
First Flow . ° LPPUCTIVE TRAN 3045 8ULITT, bhds rrers
1L FLOWImG PRESSY & 624.4 -
2983. .‘] ® wenan - * INOICATED AYERAGT PERRCASITY, A is v
Fii FLOwnG PRCTNAT: . ) 62.4 (for 181 effect.
3406, ' = A B PRODUCTIVITY INCE Ae Bomeees P soy Sur poe
Second Flow | EXTRAPOLATION SUMMARY | 0.87 l ——
wallas FLOWING vlusul] Poon [MUTIAL (2000 CALCULATED FRCM MEAURED OATA DAmAGE RATION :
3421. —— 8.77 8.77 0.8 lj e
Puas, FLowet PRsAL l pruseCR OF POINTS USED I0|l e Tiak, CURYE-FITe FLOWING PRESSURS ComP Al FY
- e o am e 4' 9‘ - - S
- el CF BATIAL BUILO-P QURYE: § sisTyuse
78.5 42.
WATIAL SWUTN PRESIRES pong (1N4TIAL EXTRAPOLATED PRESSURG: boe B TIAL POTENTIGNETRIC WURFACL [~
3678. | 2705 3752. 311. %3654, #3526,
. Fital, (veo 8O cu.an.nli FACH BEASJRED DATAe Ft. of Head above K. B.
Soe 6 ° 1 1 845: 7 1_1 -
YMBER OF POINTS USED FOR Flrmi, CURVE-FITie 4
s 8.
. WOPLOF Pimas MULD-UP CURYE: porsapaie
*% Chart time expired. ’[ e 24,
Al SRUT -0 nlssultn Poms |FiNAL CRTAAPOLATED PRESIURE: Poig Pial, POTENTIONETRIC SURFACT: lone
| #+ None | 300. - | 310, - #3545,
P . e ™| % Conversion Constant of Ft. of Head above K. B.
3925, | e | 736.

S8aL RTDROITATIC a0 PRCIUNG,

late P.S. Elevation.
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ROGER L. HOLEGER
Comsulting Geologist
1780 So. Bellaire Streee, Suite 301
Denver, Calorado 30222
(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, T1N-
"RS4E, Custer County, Montana:

1.

2.

3.

"o

Extrapolation of the Initial Shut-in pressure build-up curve indicates a maxi-
mum reservoir pressure of 3752 osi at the recorder depth of 7785 feet. The
chart time expired shortly after opening the tool for the Second Flow periacd.
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 potentiometric 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 thz following head elevations above K B.: 717 for the Initial
Shut-in and 736’ for the Finzal Shut-in.

There is consulerable 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 dz.fference has not been discernible .

. by the writer.

The calculated Average Production Rate which was used in this analysis 301. 5 .
BPD is based upon the reported flow rates which were measured during the flow-
i.ng periods used in this test. This average producticn rate and the measured
slope of the extrapolation plot for the Initial Shut-in pressure build-up curve,

. 78.5 psi/log cycle, have been used in the basic Horner equation to calculate

numerical values for the various reservoir properties shown belcw and on the
summary page. ot

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 Effective 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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LYNES, iINC.

- Cperator. Uy.5.G.S. Lease & No Madison.Test Well #2 DOST No__11

-

Recorder #2512 @ 7785'

[
i
s : ' *'FIRST SHUT IN PRESSURE:
e TIME(MIN) (T"PHI) PSIG
| PHI’ /PRI’ ‘
_ 8.0 g.3600 3486
70 7847143 3615
L 12.8 . 39.8571 363s
21,8 269848 3647
. ... _ 28.8 28, 4286 3652
1. " 35.8 1645429 3659
il SN 42,0 13.9524 3663
: | © . .49,8 12,1020, 3667
| 568 18,7143 3671
~  63.8 "946349 3675
| . 78.0 847714 | 3678 |
i “.u0 . EXTRAPLN OF FIRST SHUT IN 3 3752.8 M 3 78.5

beed Bt

Eiduaad

st TR

| APTI— |
.
!
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LYNES UNITED SERVICES LTD.
WELL: - RIS 2 == LOCN: DATE: B=1t-T77
SO DST NO. it
s REC. NO. zZS1Z2
DEPTH =4
L4
-1
& "
20l
1ol s
T
o :
=y .
(g} e - ) . .
T - : ) ' ‘
» m . .- ) - i
“+ ST T e
] £ = S
-P o 2
NS & - a
21 T )
1 ; i ; — ' ; —
smEez 2233 | 24T 3788 2873 HiS7 qyga
» FS16 <0!L OR HRTER?, ’
PRESSURE EXTRAPOLATION PLOT

Foau 236 12.7¢
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S. Geological Survey
Well Name & No. Madisaon Tact \Wall 29
Location _ Section 18, TIN-RS54E. Custer Countv, Montana

DST No. 11 Test Inte;val: 7775-28015¢ Formation Tested: Devonian &

Silurian
Surface

Recorder No. Recorder Depth 2'above K.B.

—esenesan .

INTTIAL SHUT-IN FINAL SHUT-IN

Initial Flow Time, t= 544 il

Total Flow Time, t= 220

o t+9 2O PREEET e R N el 7 3
2 546 _278.00 191.0 5 925 185.00 242.5
4 548 137,00 212,51l 10 930 93.00 258.0
8 852 -69.00 t 229.5 16 93§ 58. S0 267.0
12 554 46,33 238.5 20 940 47.00 271.0
14 540 35.00 2445 a0 950 31.67 278.0
== 564 _28.20 249.0 40 960 24.00 282.5
25 549 22 16 253..8 50 Q70 19.40 286.0
30 574 1913 2560 i 60 Q80 16.33 288.5
35 579 16.54 | 92s3.n | 70 990 14.14 291.0
40 584 14.6Q. 261.0_ 80 1000 12.50 292.0
50 504 1188 265. 5 a0 1010 11.22 294.0
40 404 10_07 268.0 100 1020 10.20 295.0
70 l4 £.77 270.5 120 1040 8.67 286. 5
140 1040 .87 298.0
160 10890 6.75S 299.0
180 1100 6.11 300.0
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Box 712

Phone 3
522-1206 Area 303 LY N E S 3 ; N C - Sterling, Cslo.

NS S ——

(o

L

. Tool Description Straddle Treating & Testing Tool

)

Spot__==____ Csg. Size & Grade 9 5/8"
Sec.._18 Tubing Size 2. 7/8"

Twp.__ L N Tool Cepth £314-705%"
Rng.__ 3% E On Location @ sk
Fielg__Wildcat OYf Location @ - '
Couaty Custer Lynes Rep. Paul Rotbins

Ellwood Beannett

State__Montana Well Owners Rep.

Top Packer 7 3/8™ X 136" Bottom Packer 71" X 138"

Test #13
Summary:
4-16-77
5:05 A. Inflated packers, moved tool to blank positicn and swabbed

. 1000' from surface.
7:15 AM. Moved tcol to between position. Tool opened with a strong

blow, fluid to surface in 35 minutes. Flowed and svabbed
well for 19 hours.

4-17-77
2:03 AM. Shut-in at surface for 182 minutes.
5:05 AM. Opened at surface and well flowed immediately, flowed for

45 minutes.
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LYNES, INC.

Operatar__U.S.C.S. Lease & No.__ Madison Test Well #2 OST No.o_13

5

: ' — ; Above Interval
BT o L3148 Ciz 3 w3y /<137 N PRD Make__Kuster K-3

‘e Resaly fe Syvv No_15239 55500 @
) he.72. Press Carrectad

| 2 @4 Initial Hydrostatie A 3441
Q . . ’ Final Hydrostatic i -
lLﬁ ‘l . L

Initial Flow

e

K

8

‘ ' Final Initial Flow €

Initial Shut-in 0
Second Initial Flow E -

3

G

H

|

J

’

Second Shut-in
Third Initial Flow
Third Final Flow
Third Shut-in

SSTI2 IFESTIZ ‘IEST & TEST icgzg Second Final Flow

3W--;"-0~ Soc0ig v

H
)

Previuce Below Sottom
Packer Bled To

- A . ‘Second Shut-in
Third Initial Flow

ceT - 1= ree cxT
JEST 12 TEST'3I E£ST 14 I 145 Third Final Flow

" P - ————-t Third Shut-in

ST 221349143 Gk Rrea1d : F ari~ N\ - .
T‘f Ceimcns P 5209 PRD Make Kuster K-3
‘ ) . 22. ha. No_2312 ., 35700 o 632&°
. Fracy - ) Corveetsd
q QV@)‘ Q @ Initial Hydrostatic A 3231
. G{ h—» )\ Final Hydrostatic K -
: . . m__r' (RS Initial Flow 3 2300
\J} \ﬂ é} ®/ d Final Initial Flow G 2967
S b ééé A Initial Shut-in o 3267
_@éé é A Second initisl Flow E 2990
{ Second Final Flow F 2969
G
H
1
J

.
r"q'-‘aﬂs’ esue g Som

Precsure Below Bottam
Pacher 8lead To

- T TEmeen Sces woemmogmem © @ wm——
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LYNES,

iINC.

OST No

13

Leass & No._Madison Test Well #2

1

-

. . Cine= 1av?g
| ey =i2tdmavs

e frce o Lj
[0

8."— a-iﬁs‘l-

_gkse o
b o s

JEST 14

Lt o)

Ejsay2

'\0. 11
B. svsO

@?

TEST 14 §'~

TEST 12 TEST 1;‘1

"‘ [ S

5

PRD Make _Kuster ¥K.3

@--

No.13242 _ Cap 5450
Press

Carrecind

Initial Hydrostatic A

329

Final Hydrostatic

Initial Flow

2309

Final Initial Flow

2288

Initial Shut-in

3258

2991

Second Final Flow

2975

Second Shut-in

Third Initial Flow

<

8

€

0
Second Initial Flow E
£

G

H

Third Final Flow |
J

Third Shut-in

Pressurs 8elow Bottom
Pagker Bled To

.

[ |

Cem .

QL&J‘ 1343 ) ‘( \Q.l EQQ.IJCP

0T S /493-0Y

|

Y91 .

!‘o

LT D
P, Yo -
T2 A4,

L-s-d

: | @ o
d ?:_i

B

| SO |

. ’ .A
TESTI4 TEST ISR

-LZ ICQI I‘X

| S |

Below Interval

PRD Make_Kuster K-3

@ ——

No.15250 _Cap. 5450

Press

Caerectea

Initial Hydrostatic

3539

Final Hydrostatic

Initial Flow

Final Initial Flow

{nitial Shut-in

Second lnitial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Fiow

Ci=lxlo|wmjoln|o|x]»

Third Shut-in

0 w00 B cmrey @ Sow Me & Crm-Bue— o
.
.

[ SRS

>

Prevsure Selow Battom
Packer Bled To
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ROGER L. HOEGER
.Consuiting Geologat
1280 So. Beilaire Strext, Suite 301
Denver, Colorada 80222
(308) 759 - 4491

Drill-Slem-Test Pressure Armalysis Ragort

LOCATION Tisg QP € FILL munala:

| __TIN-RS4E, Section 18 SEF SE 1128 minutes Specizl

COUMTY amQ 3TATE: RTIAL, W TN TLeE: L O MUNG E R
MONTANA, CUSTER 182 minutes L-6660

ConFamy: Flay, SHUT-m Tisgs CATE COmPUTEID:
U.S. Geological Survey ——— 4/16/77

Tk and wiie AURGE R TEST NUKSEA: OATE T€3780%

Madison Test Well #2 13 6/7/77

[ FOMmation TE37E0: NTEAvAL TESTEDT Tows | CLLVATIONS Fows
Mission Canvon 6814-7054 KB 2809

YERTs

minute.

Fluid to surface in 35 minutes.

Flowed at average rate of 5 gallons per

HOLE, TOOL AND RECOVERY DATA

CARL-IPE CFaciTY Test t00] run |4 °F w8 U FERCINTACE
m',‘.a.f,:‘,f‘.:,a" on 2=7 / 8TT FELT OF waTER wATER 'uu:ucl.
L-COLLAR FGOTAGT tubing. FEET OF OTHER GTRR PEACERTACE
9.625 FELT OF OIL SiL FURCERTACE
?}Jﬁ:‘.u - FEELT QF CUINION :2:2;;!‘0"‘5: (.Ca‘v!l‘l
240 T0TAL t(ﬂ:.n‘:ruv Flowed water Avuuv:uz.:lpcu:‘?mr RAT o 17 1 4
CAPACITY OF amsuLUS —-——— — T
oilom) - an lﬁ.q;_h‘
jrervomsamc. | 1128, e T e RECOVERY LESS THAM ANMIRAR VOLUME, (X} ° D
A _ GAUGE SUMMARY p_ gurface Recorder ’
RZCOADER mumedR | OEPTHG DATUM . . RECDADER NUNGER | OEP THe ; Oa Tl
(3 te : .
2512 824 4015 . 2! aLoove K.B. | +2811'
‘A IKEY POINT SuMMARY| B T SUMMARY OF REsSULIS 1, B
First Flow LPPECTIVE TRANMMINSAITY, bhps -t it pos <9
TIAL FLOSWG P RESSUA oy 662.0 PR
2300. .'l —onen : WOICATED AVERAGE PURREAILITY, Vs —ies
FINAL FLOWNG PREIIUARY ) . 66.2 P
2967. et A B IPROOUCTIVITY 10Q8 X Saveie pm sy puv poa
Second Flow | EXTRAPOLATION SUMMARY | 0.51 . I —
WUTIAL FLOTING nwuu1 778 |WUTIAL (9001/® CALCULATED FRGM MEASURED OATde CamaGE RATIO
2990, i | 7.26 _7.20 1.8 l
PUeas, FLOWMNG PRESSURCS 9o A LR OF POINTS USED FOR Wt TIAL GURYE-FITs TLOVING PREISURT Gone ARl OM Y
296 9- I - 4- 10. - i —
OF DU TIAL UILO-UP QURYE: e g
42.1
WUTIAL S TN PREISURE: povg I TIAL EATRAPOLATAD PRESSURLS boms DNTIAL POTINTIONETAIC SUAFACL: =
3267. | 290.5 3303. 336. 3582. | +3584.
AL, (20 01O c&wui FROM MEAMUNED DATA Ft. of Head above K.B.
s Tenamels : P 771. “f T98.
USSR OF POINTS USED FOR Firad CURVE-FiTee =
WOPE OF PlalL SUTLO-UP CURYES peasapsio .
FOLAL IWT-m PRAIUAC pote |Fldas, EXIRAPOLATED PRESSURE: pes FIRAL POTINTIONETRIC SORFACE: )
ut;..znavolnxun: WO PRESWIRES . »~| »Conversion Constant of ' -
WAL NTOROITATIC MU0 PRCIURES - =) 2.30 ft. IpSI. used to calcu- G
—— — -| late P.S. Elevation. | N
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ROGER L. HOEGER
Consulting Geolagist
1780 Sa. Bellaire Street, Suite 301
Denver, Colorado 80222
{803) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #13, Interval:
6814-7054', in the U.S. Geological Survey, Madison Test Well #2, SE SE Sec. 18,
. TIN-R54E, Custer County, Montana:

1.

_ 2.

3.

S.

Extrapolation of the Shut-in pressure build-up curve indicates a maximum
reservoir pressure of 3303 psi at the recorder depth of 6815 feet. This indi-
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 extrapolaticn 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 maxirmum pressure of 336 psi at the elevation of the surfzce

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 elevat:.on l.S equ:.valent to a head of water above
the K.B. of 775' : Y .

The calculated A.verage Production Rate which was used in this analys1s,
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 a.nd on the summary page.

The calculated Damage Ratio of 1.5 mdxcates 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.
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LYNES, INC.

Operator U.S.G.S. Lesse & No__ Makison Test Well #2 DST No___ 13
Recorder No. 2512 @ &324%'
.
f
; em P e e .. . . R .. e s
| FIRST SHUT IN PRESSURE:
: TIMECMIND CT™PHI) PS1G
| © PHI . /PHI
, .
: 8.0 " 8.88083 2967
b 18.2 63.6374 . 3216
1 ] *. 36.4 32.3187 3228
: . 54,6 21.8791 3238
. 72.8 16.6593 324s
bl " 918 13.5275 " 3258
L. 189.2 11.4396 3255
E 127.4 9.9482 3268
oo 145.6 88297 3264
: “ 16348 7.9597 3266
i - . 182.8 742637 3267 _
;- EXTRAPLN OF FIRST  SHUT {N's 3383.3 M 3 42.1
» .
[, ]
i
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[ —

[ VEN——

' LYNES UNITED SERVICES LTD.
WwWeLL: ’ . i 2 885 LOCN: DATE: 44~={e=T77
sO_ . DOST NO. 1=
REC. NO. =212
DEPTH =
+
& R '
4
2040
104 . ' I {
L < .
. "
o
\ =
) 0
T .
o
.(+ s-- -
<
=
|5 .
21
1 [l ¢ [l 1 " 5 Y
Zmmm @ 3les S20E 0 33¥® 0 34E@ 0 3sEE | 3ERd
BS1IG CO0tL OR KRTER?
PRESSURE EXTRAPOLATION PLOT

Foax 258 12-76
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PRESSURE BUILD-UP CURVE INCREMENTAL-READLNG DATA

Company U.S. Geologiczl Survev
Well Name & No. Madison Test Well £92
Location SE SE Sec. 18, TIN-RS4E, Custer Co,
DST No. 13 Test Interval: 6814-7054!

Montana .
Formation Tested:_ Migssion Canvon

' Surface

Recorder No. -== Recorder Depth 9tahove K, B,

INITIAL SHUT-IN FINAL SEUT-IN

Initial Flow Time. t= 1128 |l Total Flow Time, t= it
o | tro | L [y ]| e ] eve [T [ee
10 1138 | 113.80 | 251.5
20 1148 57.40 | 265.0
30 1158 | 38.60 | 271.5
40 1168 29.20 | 276.0
50 1178 23,56 | 279.0_
40 1188 19.80 | 283.0
72 1200 16.67 | 285.0 NONE
20 1208 | 15.31Q 287.0
o0 1218 | 13,53 | 288,0_
100 1228 12,28 | 290.5
120 1248 10.490 292.9
140 1268 9. 064 293,5
160 1288 | 05 | 298.0
180 1308 .27 299.5

(]
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Box 712

Phone
£22-1208 Area 303 LY N E S 3 g N C - Sterling, Colo.
Seot == Csg. Size & Grade 9 s/s"
Sec. 18 Tubing Size 2 7/8"
fng. 54 € On Location @ ==
Fieid___Wildcat Off Location @ ==
County__Custer Lynes Rep. Paul Robbins

Stata Montana

Well Owners fep. 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:

8-17-77 .
5:15 PM.
§:25 PM.

8-18-77
8=15 M".
11:40 AM.

Moved tool to blank position and inflated pa.ckers.
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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LYNES, INC.

Operator._U:8-C.S. : Lesse & No.__Madison Test Well 32 OST No._l&=A

e

. Crver . Above Interval
, DTN n-13-- 148 Qix 2asar3y F/<3T N\ PRD Make__Kuster X-3

‘et Racoady ‘o STUY No..15239 €:9.5500 @ _-=
Press

he. 72 Corrected
Initial Hydrostatic
Final Hydrostatic
V-

¥ g ¢
Q o~ ; B = Initiai Flow

3564
3527

A

K

. 8

- Final Initial Fiow C
Initiai Shut-in D &

€

F

G

H

|

J

o . ’ . K Second Initial Flow
ESTI2ISSTI3 ‘TEST & TEST 143 - |- Second Final Flow
il Second Shut-in
Third Initial Flow
Third Final Flow
Third Shut-in

{‘Wo‘s-uz»'b.o-qoﬂ P
1 e, .

Pressure Baiow 8octom
Packer Blad To

- NeTFae349si) QR2ea T g dey20 N g Kuster K-3
3 _ D Make__RUST
T Thp Seimees _ ce e EEER LAY f 5200 1 No__2512 c3p_ 5700 _e@7075!
“ Bruss Correacted
3555
3608
2993
3082
3368

Initial Hydrostatic
Final Hydrostatic
Initial Flow

Final Initial Flow
Initial Shut-in

. Second Initial Flow
Second Final Flow
: % ) Second Shut-in

¢ e A e Third Initial Flow

: : . A o
IEST 12 TJESTI3 TEST 'S IEST 148 Third Final Flow
r. . . . . o L g Third Shut-in .

e osomy

l=ixlolnimlololo|x]>»

[ ap SR} @ @S o wome o, o

*ai. a

Packer Blod Te
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LYNES, INC.

Operator__U-S.C.S. Lease & No._Madison Test Well 42 DST No._18.4

.
P e -

! (. 199 ?y “Reloem ?'..4-; cem = N PRD Make Kuster K-3

i ST -_:C,ct-« Suj-iv8 Bue s h::;::}z No 15242 (355450 _@_ -=

F f~ffl) . Press Correctad
: Initial Hyarastatic 3556

2
3l QY QF e
< }J‘ 4 h , th;-r I‘r" [4 Final Initial Fiow
e
E

3000
Initial Shut-in

3093
’\.‘z \ 335
déé® é @) Second Initial Flow
A Second Final Fiow
Second Shut-in

: t' b Third Initiai Flows

i TEST 12 TEST I3 JTESTIA TEST 128’ [ Third Finai Flow
T : Third Shut-in

“i=txio|mmipiOjo] x>

’

i

(SR
[ TN ) 7

Pressure Eelow Bottom
Pagker Bled To

R S L " Below Interval
SR b FEE e PRD Make_Kuster K-3
F QLK IU3 %= Sclew Prcsrder w/iyive N Ne 15280 353330 o=
0sr /4 43...)044‘ . P. sYSe Prevs Corrected
- . S e AL Initial Hycrostatic

3656
' @3 Final Hydrostatic
Initial Flow

Final Initial Fiow
lnitial Shut-in
Second Initial Flow
Second Final Flew
Second Shut-in
Third Initial Fiew
| Third Final Flow
Third Shut-in

“i=lxloO|n|m|o]lO|®]x]>

.
Q0N S wsse W 900 DO @ Bun GO

- Pressure Selow Setiom
Pacher Blad Te
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ROGER L. HOEGER
Consulting Cealogist
1780 So. Beilaire Street, Suite 301
Denwer, Colorado §0222
(308) 759 - 4491

Drill-Stem-Tast Precsure Analysis Report

LOCATION: : Timd OF L1 FILE mumB e
| TIN-RS4E, SE SE Section 18 950 minutes Special
COUNIY anQ STATK: A TIAL, WuUTdm Timé: (-
MONTANA, CUSTER 180 minutes L-6660
COnPant: Fiuay, UrQTem Tim€s CATE COMPUTED:
U.S. Geological Survev - 6/7/717
[y 4nl WELL RuUmAE R TEST MUma ER: CATL TESTED:
Madison Test Well #2 14-A 4/17/717
AmaliQn TESTED. . NTERVAL TESTED: Fave ELLVYATION, Fous
|_L. Mission Canyon & U. Lodgerole 7064-7304! KB 2809

(& mid to suriace aifter swabbing. Flowed water at average rate of
8.3 gallons per minute, :
HOLE, TOOL AND RECOVERY DATA
13‘—@‘?:;?:‘?2: Test tool run |feeTorwe MUB T ARSENTACK
OQKL-C‘Q:::LCJ"-’GTV an 2-7 / 8, FEET OF walER wATER '!lCI:f“i
BRRL.COLLAA FOOTACE tubin . FELT OF OTREA GTReR FEACIN 4G
nOLL DLA::-(‘,'.I 9 = ﬁzs FELT OF QIL o Pll(lkf:ﬁ‘
;‘;m&cz n‘:;.;::;m S FELT CF CuUSMICH ;g::g;l‘g‘rz;eco:tnv
lu!(lr'n:‘;mcxuux 240‘ ToTas llsf.a.;lul FlOWEd water ""“I‘a‘.’.f.?“.ﬁ‘ffift‘ RATE 338. 4
S“UD S CICHT CAPACITTY QF AnmULUS
Paads pov yoileat st 1B eveis) e
TFILCTIVE FLOING Tid 950. ERBTE A€oV IAT vaTumt PR RS A TR Lo ookt 108 D
A_ GAUGE SUMMARY 5 gurface Recorder
ALCOROER NUBQER DEPTMa DA Bl " " AECOROER mumas ER OLP Tre O Tuset
© 2512 707S! -4266' . 2tdbove K.B. | +2811¢
A __[KEY POINT sSUMMARY| B I SURMARY OF RESULTS L. B
First Flaw EPPECTIVE TRANSUISAWITY, bhas wd it poe ap
NI TIAL FLOWWNG PRESIUR > 822.7 -
2993. ‘] ® - : IOICATED AVERAGE PLAMEAGILITT, héns =
(PR s FRTERT = ; 82. 3 (for 10'effect. &)
3082. I - A B [ProoucTivITY N0k Somese g vy g pus
Second Flow | EXTRAPOLATION SUMMARY | 1.0 ! .
WATIAL FLOWG PRES 7o8 (WUTIAL (099)/8 CALCULATED FROm MEAIAED OATAS CAMAGE RATION
— e 6.28 6.28 0.9 | -
. FiAL FLOWING PRESSURE: 2999 brUmGLR OF POINTI YLD FOR wuTial CURVESIT: FLODWG PRESIVRE COme ARISCNa EY
e e, l e 5' 1 2 P -~ - e
€ OF e TIAL BUILD-P cimvu pevsreie
e 66.5 7 ‘
WUTIAL ST PREIWAG pomy | TIAL EATRAPOLATED FRESIALS pers WATIAL POTENTICHETAIC SURPACL: =
3368. | 310. 3421. 340. *3602. #3593,
Pial (peo)e C&LG&A'I? FRCM wEANRED OATAs Ft. of Head above K. B -
cmmm _ ——- 793, | . 784.
[agtR OF POINTS USID FOR Firva CURVE-F1Tts 4
WOPE OF FINAL BVILD-UP CURYEs pesvarsie
|7 WAL, wea T PRESIUATS pote |Fuas, EATRAPOLATED PRUSIAG sers PINAL POTINTIONETAIC JURF ACE: [
None 9 I oy e o - - -enan - -

39585.

WHTIAL RTORCITATIC B0 PRESURT,

% Conversion Constant of

2.30 ft./psi used to calcu~

FIAL NTOACITATIC MmuD PRESIIRE,

late P.S. Elevation.

3608.
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ROGER L. HOEGER
Convuliting Geologist
1780 So. Beilaire Street, Suite 301
Denver, Colorado 80222
(303) 759 - 4491

Comments relative to the analysis of the pressure chart from DST #14-4A, Interval:
7064-7304', in the U.S. Geological Survey, Madison Test Well 72, SE SE Section 18,
TIN-RS4E, Custer County, Montana:

1

2.

3.

4

S.

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 eguivalent 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 plct, 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 extrapclated pressures, that recorded by the down-hole pres-
sure instrument and that recorded by the surface pressure recorder.

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 summa.ry page.

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

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 eﬁ'ectwe
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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Operator.

U.S.G.S.

LYNES, INC.

Lease & No

Madison Test Wall #2

CST No.

14-A

g poe v o0 e

Recorder #2512 @ 7075'

- FIRST SKUT IN PRESSURZ:

TIMEC(HMIND
PHL

8.9
18.0
& 3605
S4.0
72.8
98.9
188.8
126.08
124.8
162,90
189.8

EXTRAPLN.OF FIRST  SHUT IN

(T"PHI)
/PHL

8.8880
S$3.7778
27.3889
18.5926
1&5.1%944
11.5556
‘9.7963

- 8eS397

T«5972
68642
6.2?78

313

PSIG

3882
3313
3332
334l
3349
3353
3356
3359
3362
3365
3368

: 34214 M & 66.9



3 . LYNES UNITED SERVICES LTD..
WELL: : BRIt 2 USES LOCN: DATE: “={7-T7
sO_ . DST NO. iy
REC. NO. 2512
DEPTH ‘ B
i j
& - }
-1-11 , M
-
+
1ol s ) i
T 3 N
o. P -
~. 9
n . -
I ) -
o )
e '
s -
-
u L
21 -
1 - = ; - . : —
32ER 3133 3257 34ag 3533 3687 =88
; PSIS ¢OIL OR HATER)
PRESSURE EXTRAPOLATION PLOT

Fona 290 12.7¢
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company II.S. Geolnogical Survee

Well Name & No. Madison Test Well #2

Location SE SE Sec. 18, TI1N-RS54FE, Custer Co., Montana .
DST No. 14-A Test Interval: 7064-7304" Formation Tested: MissicnCanvon

and U.Lodgepole

Surface
Recorder No. -— Redorder Depth _2'above K.B.
. INITIAL SHUT-IN FINAL SHEUT-IN
Initial Flow Time, t= 850 [ Total Flow Time, t=
o [ eve [ EE TSNSl e | t+e [ t5® RGNS
10 960 96.00 261.5
20 970 | 48.50 276.0
30 980 32.67 283.0 |
40 - 990 24.75 283.0 |
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
an 1040 11.56 300.0
100 1050 10. 50 301.5 |
120 1070 8,92 | 304.5
140 1090 7.78 | 306.5
160 1110 6.94__| 308.5
180 11230 6,28 310.0
It
[l
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)

LYNES, INC. i

s

s

(3

we

s nrnd

Phone
L §22-1206 Area 303
,F .
¥
L Seot o Csg. Size & Grade 9 5/8"
Sec. 18 Tubing Size 2.7/8"
Twp. 1N Tool Depth 8520-9394"
E Rag. 54 E COn Location @ e
e Field Wildcat Off Location @ —
“ County___Custer Lynes Rep. Paul Robbins
Siate Montana Well Owners Regp. Ellwood Bennett

Single Set Producticn Injection Packer

é
-

LT et

2326 AM.

Tool Description
Top Packar 74" .X 138"
Test #17
_ Summary:
4-23-77
2:30 AM. Inflated packer with 2300 psig. at surface.
4:57 AM. With tool in blank position, dropped bar to open slesve,
and swabbed down 2000°'.
5:02 AM. Opened tool below with strong blow. Fluid to surface in 9
.-~ minutes, flowing approximately 50 gallons per minute.
o a-28-77. g AR
© 1:26 AM. Shut-in at surfaces for 1 hour. e,

Released packer.
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-3 7

]
Porm 8

L2

09!!3‘0' U .5 .G -S o

LYNES, INC.

Lesse & No.__Madison Test Well 42

psTrMe. i

Above Interval
) PRD Make Kuster K-3
i |sl-‘3;;u.(‘( =99 Rocorder =520 «{ Neo 1’5'240 Csp. 9450 @Q
* . (IR - o P — e
; o1+ Q @ P sYSO 72ha Initial Hydrostatic A 45205
i Final Hydrostatic K 4244
; Initial Flow 8 -
Final Initial Flow C -
Initial Shut-in D -
Second Initial Flow € -
TEST—17 Second Final Flow  F -
Second Shut-in G -
{ Third Initial Fiow H -
Third Final Flow { -
Third Shut-in J -
| —— —
- T— te ccom
Sz == & Pressure 8ziow Bottom
Packer Blad To
4
o ) PRD Mak Kuster K-3
AT - e = = | No_15239 Cap 3500 @ 8528
B o e e = ==
=~ »2 AR . Initial_ Hydrestatic A 4199
3 Final Hydrostatic K 4215
Initial Fiow 8 3402
Finsl Initial Flow c 3799
Initial Shut-in D 4027
Second Initial Flow E -—
Second Finai Flow = -
S2cond Shut-in G o
__'[hird Initial Fiow H e
Third Final Flow | -
J -

Third Shut-in

Premsure Below Botiom
Packer Blad To

) - 118



'  LYNES, INC.

'OMta U-S .c .S. Lease & No. "!adison Test Ve llig OST No__17____

PRD Make Kuster K-3
VIR - No._’-%}:z_.Cap 5700 @c 8935 ¢
. orrected
1+ Fran Initial Hydrostatic 45220
Final Hydrestatic 5239
Initial Flow 3433
Final Initial Flow 3808
Initial Shut-in 4022
Second initial Fiow
Second Finai Fiow
Second Shut-in
Third Initial Flow
Third Finai Fiow
Third Shut-in

gl
@2‘
E

“1ITlxjolnmjojo|o] x| >

Pressure Below Bottom
Packer Sled To

bt

AL PRO Make
Lt ’ . No Cap. @

. . . Press Corrected
. Initial Hydrostatic
Final Hydrostatic
Initial Flow
Finai Initial Flow
‘ Initial Shut-in
. . ' ) o : - Second |nitial Flow
: i ‘ o Second Final Flow
Second Shut-in
Third Initial Flow
Third Final Flow
Third Shut-in

B anid
.

| WSS )

I._&.J--..J

IO mio|O|m{x]>

| SRS B

Prassure Balow Bottom
Packer Sled To

| B |

| S—

LRN— |

THiSEE | 119
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ROGER L. HOEGER
. Comsuiting Geolagist
1280 So. Bellaire Street, Suite 201
Denver, Colorada §0222
(803) 759- 4491

Drill-Stem=-Tast Pressure Analysis Repart

Fluid to surface in 9 minutes;

50 gallons per minute.

LOCATIOMmM Tim€ OP My PILE mume iy
TIN-RS4E ST ST Section 18 504 minutes Specizl
[COURTY am0 sTAIL: TTIAL SUT-in TlE: 1. 0 mumeER:
MONTANA, CUSTER 60 minutes L-6662
Cond any: Flmal, ST Tim€s OATE CORmPUTED
U.S. Geological Survev None 6/8/77
Qres=rryyn T numa e Dalg TE3T40h
Madison Test Well #2 17 4/23/77
"on 183700, TRTEAVAL TESTIDN Foot | CLEVATIONS Few
Winnipeg 8520-9394 KB 2809
RCCOVEAT:

flowed at approximate average rate of
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ROGER L. HOEGER
Conrulting Geologist
1780 So. Beilaire Street, Suite 301
Denver, Colorado 80222
{303) 753 - 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,
T1N-RS4E, Custer County, Montana:

1.

Extrapolation of the Shut-in pressure build-up curve indicates a2 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 zbove 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 732 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 a2 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. :

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

3.

4.

S.

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.

The calculated Damage Ratio of 4. 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.

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.

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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