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CONVERSION FACTORS

In this report, figures for measures are given only in inch-pound units.!
Factors for converting inch—pound units to metric units are shown in the

following table:

Inch-pound Multiply by Metric

in (inch) 25.4 mm (millimeter)
ft (foot) . ' 0.305 m (meter)
‘.ft3 (cubic foot) : 0.02832 m3 (cubic meter)
(square mile) 2.59 km? (square kilometer)

gal (gallon) 3.785 L (liter)

gal/min (gallon per minute) 0.0631 _L/s (liter per second)

gal/min/ft (gallon per 0.207 (L/s)/m (liter per second
minute per foot) per meter)

1b (pound) 0.4536 kg (kilogram)

1b/in? (pound per square 6.8948 kPa (kilopascal)
inch)

md (millidarcy) ' 0.000987 um? (square micrometer)

1Temperature is reported in degrees Celsius. To convert to degrees
Fahrenheit use: Temperature °F 1.8 temperature °C + 32.
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Abstract

This report provides preliminary data for Madison Limestone test .
well 3 including test-well history, geology of the test well hydrologic
testing, and geochemistry. It also discusses the preliminary results and
future testing. : : ' -

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 OOO-square—mile region that includes the coal—rich
area of the Northern Great Plains. Drilling and testing were designed to
yield a maximum of stratigraphic, structural, geophysical and hydrologic
information.

Madison Limestone test well 3 was drilled in the NW%SE% sec. 35,
T. 2 N., R. 27 E., Yellowstone County, Montana,.to a depth of 7,175 feet
below land surface. It is cased with 13-3/8-inch diameter casing from land
surface to 979 feet, with 9-5/8-inch diameter casing from 810 to 4,298 feet,
and with 7-inch diameter casing from 4,115 to 5,942 feet.

Before running the 7 inch casing, two - cement plugs were set in the
8-3/4-inch open hole. One is from the bottom of the well to 6,935 feet
below land surface, and the other is from 6,235 to 6,135 feet.

The 7-inch casing presently is perforated at two water—bearing zones ‘in
the Madison Limestone--one between 4,378 and 4,358 feet and the other between
4,342 and 4,322 feet. The top of a cement plug inside the casing, the result
of earlier cement squeeze jobs through lower perforations to seal off '
intervals yielding mineralized water, is at 4, 985 feet.

Twenty cores were taken from selected intervals totaling 594. 8 feet;
520.3 feet of core was recovered. The cores were slabbed and plugged, and
selected parts were tested for density, porosity, and vertical and horizon—
tal permeability. Thin sectlons are being prepared for detailed examination.

Twelve conventional drill-stem tests were made in the open hole.‘ Eleven
of these give clues to pressure heads of the water in the intervals tested.
Water flowed at land surface during nine of. the tests. Flow from the packer—
isolated intervals ranged from 13 to 115 gallons per minute; back pressures’
while flowing ranged from O to 65 pounds per square inch. The sum of the
flows from all producing intervals tested was about 560 gallons per minute.’
The calculated average production rate. for. all. producing intervals was about
1,000 gallons per minute. The sum of the flows and calculated production



total are less than the potential production of the well due to the effect ‘of
restrictions within the testftool and : poss1b1e ‘formation damage.

'~Pressure gradients for,intervals tested in the Well,were anoma-
lously high, ranging from 0.502 to 0.548 pounds per square inch per foot.
Potentiometric-surface elevations in Paleozoic rocks, based on extrapolated
pressure data ‘ranged.from 4,000 to4, 150 feet above sea level (about 975 to
"1,125 feet above land surface)

Freshwater (less ‘than 1,000 milligrams per liter dissolved solids) was
not found in any of the intervals tested in the well. Dissolved—solids
concentrationsqranged from 2 660 ‘to 19 800 milligrams per liter. -
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, Althoughfthere ‘are -some; bridges in the 13- 3/8 inch and 9- 5/8 inch. casing,
caused by sloughing of cement after the drilling fluid was removed from the
well, the well is flowing more than 40 gallons per minute from the two per-
forated intervals. -Completion of :the well, including removing of the slough-
_ing cement ‘and-bridges, .perforating -additional water-bearing zones, and
testing, cwille be done in July or August 1979.,'

Introduction

Madison Limestone'test well 3 is the third well drilled as. part of a
study to- sévaldate the:Madison::Limestoneiand associated rocks as- potential
soufces for watérisupplies in.the:Northern Great Plains. This. report: provides
the preliminary data‘for the test well: including test-well history, geology
of the test well, hydrologic testing, and geochemistry, and discusses the
preliminary reSults and future plans. : : B

_ The impending development of the coal reserves in the Fort Union coal -
region of the Northern Great Plains and the attendant water requirements
necessary#for ~such®dévelopment: will:; 'place-a heavy demand on the region's
availableiwater ‘resources. - Streamflow: 18 poorly:distributed in time and
“spdce,* Sand - throughout much of:the area it is already fully appropriated. The
diversionof surficeiwater: to: coal- ‘mining-and ether industrial uses would
deprive presernt users of- their.water ‘supply. " Aquifers in the Paleozoic rocks,
. which underlie most of the region, may supply, at least on a temporary basis,
a significant percentage .of the water:required for the development. One
such’source ‘0f water® supply” is- the: Madison aquifer, which includes the Madison
Li:estone and associated rocks. ~-': R : . .
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~In 1975 the U. S Geological Survey, in cooperation with the 01d West
“Regional Commission;: prepared aplan’ of study (U.S. Geological Survey, 1975) .
for™ evaluating the water—supply -potential of the Madison Limestone and
- associated rocks.‘ That” reportinot only presents .a plan of study. for -the
Madison, ‘but-also- gives referénces relating tothe 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 of these data. :

RES



During the 1976 fiscal year, the U.S. Geological Survey, in cooperation
with the States of Montana, North Dakotd, 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.

Within the scope of available funds and manpower, the objectives and
approach are those outlined in the plan-of-study report. The objectives
include determining:

1. The quantity of water that may be available from the Médison aquifer.
2, The chemical and physical prbperties 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 locations.

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

. :
Many oil tests have been drilled to the Madison aquifer in the study area.
Most did not completely penetrate the aquifer, but were drilled to develop oil
fields or were exploration tests on known geologic structures. TFew data from
these tests were collected for hydrologic purposes, but the information is
useful in defining the geologic framework and some of the aquifer character-

istics such as water quality, temperature, porosity, and potentiometric head.

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

Hydrologic tests were designed to yield pressure data and subsurface
~water samples from discrete intervals. These data are used to determine the



thick Ordovician Red River or Devonian section would be present, (2) the
Precambrian contact would be 6,000 to 7,000 ft below land surface, and

(3) good porosity and permeability would be present to provide high water
yields. The constraints, which caused the drill site to be located near the
margin of the most favorable area, were the availability of Federal or State
land on which to drill, and an adequate supply of water for drilling.

Madison test well 3 is in the NWY%SE)% sec. 35, T. 2 N., R. 27 E.,
Yellowstone County, Mont. (figs. 1, 2, and 3). It is about 15 mi northeast
of Billings, and about 1% mi from Huntley. ’ -

. The well was spudded in alluvium on Aug. 15, 1978, and bottomed 48 ft
below the top of, Precambrian gneiss rocks at 7,175 ft below land surface on
Nov. 16, 1978. It is cased with 13-3/8-in diameter casing from land surface’
to 979 ft, with 9-5/8-in diameter casing from 810 to 4,298 ft and with 7 in
diameter casing from 4,115 to 5,942 ft.

Before running the 7-in casing, two cement plugs were set in the 8-3/4-in
open hole to isolate Cambrian rocks that contained saline water. One plug is
from the bottom of the well to 6, 935 ft below land surface, and the other plug
is from 6 235 to 6, 135 ft. ’ -

The 7- in casing presently is perforated at two water-bearing zones in
the Madison Limestone--one between 4,378 and 4,358 ft and the other betiween’
4,342 and 4,322 ft. The top of a cement plug inside the casing, the result
of earlier cement squeeze jobs through lower perforations to seal off inter-
vals yielding. mineralized water, is at 4,985 ft. The well is so constructed
that additional water—bearing zones can be perforated and additional
hydrologic tests. and geophysical logs and surveys can be run at a later date )
(figs. 4 and 5).

Twelve drill-stem tests, using inflatable single and straddle packers,
were run; 11 yielded data on formation pressures and 9 provided information
on quality. of the water in the intervals tested. Water from. the two intervals
perforated in the 7-in casing has a head greater than 450 lb/in at land
surface. :

TWenty cores were taken from selected intervals totaling 594.8 ft;
520.3 ft of core was recovered. The cores were slabbed and plugged, and =~
selected parts were tested for density, porosity, and vertical and horizontal
permeability. 'Thin Sections are being prepared for detailed examination.v

Geophysical logs were obtained in three overlapping sections of the well.
The logs include dual-induction 1aterolog, sidewall neutron ‘porosity, borehole.
compensated sonic, compensated formation density, caliper and temperature.
Additional geophysical logs, although not in overlapping sections, include
3-dimensional velocity, fracture identification, and variable density..,

Many individuals from the U S. Geological Survey, other Federal agencies,
State agencies, and industry contributed to the planning and "’ operations at the
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test well. No attempt will be made to llSt all the U.S. Geological Survey
personnel involved in the operation; however, special recognition must be
given to Donald L. Brown, James A. Peterson, Thad W. Custis, Lawrence M.
MacCary, John F. Busby, Dave W. Litke, Joe A. Moreland, Rickard D. Hutchinson,
Les R. Murray, Steven A. Strausz, Douglas R. Winter, Louis J., Hamilton,
Wendell L. Bradford, William J. Head, Darwin L. Rahder, and Edward R. Banta
for their contributions in the site selection, logistics, and drilling,
coring, and testing operations. Roger W. Lee prepared the geochemistry .
section included in this report.

Fenix and Sc1sson, Inc., Tulsa, Okla., prime contractor for the Depart-
ment of Energy, Nevada Operations Office, Las Vegas, Nev., assisted with the
preparation of the drilling specifications and provided a project engineer,
William M. Garms,- at the drill site. Fenix and Scisson also prepared the well
' history included in this report. : .

- _Molen Drilling Co., Inc., Billings Mont., was awarded the contract for
drilling the test hole, and for providing and coordinating all associated-
"services, equipment, and materials. Irvin Kranzler and John R. Warne, con- .
sulting geologists, Billings, Mont.,; were employed by the drilling contractor. -
They- assisted with selection of cored intervals and identified formation tops.
Their descriptions of cuttings and cores, a lithologic log (pl. 1), and the
mud, and :chemical record .are included in this report. Continental Laboratories °
© were employed by the. drilling contractor to supply a hydrocarbon well. log .
" (pl. 2). -Geophysical logging was done.by Schlumberger Well Services; Birdwell
Division, Seismograph Service Corp.; Dresser Atlas; and McCullough. A compos-
ite dual-induction laterolog is included in this report (pl. 3). Coring was
" 'done by Christensen Diamond Products, U.S.,A. Packer tests were run by Lynes,

.-~ Inc.y and interpretations are by Roger L. Hoeger. - Analyses for density,
;.. porosity,.and vertical and horizontal permeability of selected parts of cores

i“rwere by Core Laboratories, Inc., Denver, Colo. Other companies, too numerous
" to mention, were involved in the drilling, fishing, casing, cementing, perfo-

,'rating, and other operations.

Test-well history

The following historical data on the test well including time breakdown,
hole history, hole deviation surveys, bit record, and log index sheet were
photocopied from the Fenix and Scisson report provided to the U.S. Geolog-
ical ‘Survey at the completion of drilling, coring, and preliminary logging
and testing of Madison Limestone test well 3.  The mud and chemical record
is from Irvin Kranzler and John R. Warne's report. .
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FENIX & SCISSON, INC.
HOLE HISTORY DATA

DATE: 1-30-79
HOLE No..  Madison #3 W. 0. NO.: 1. D. NO.s
USERs USGS type HoLe: Exploratory/Hydrologic
Location  Montana : COUNTY: Yellowstone AREA:
sURFACE coorpinaTEs: MW, SE, Sec. 35, T2N, R27E
GROUND ELEVATION:  3024.3' PAD ELEVATION: TOP CASING ELEVATION:
RIG ON LOCATION: o SPUDDED: 8-15-78 coMPLETED: 12-19-78
_CIRCULATING MeplA:  Mud .
MAIN RIG & CONTRACTOR NO. OF COMPRESSORS & CAPACITY:
BORE HOLE RECORD CASING RECORD
FROM T0 SIZE I.D. WT./FT. WALL | GRADE | CPL'G. | FROM T0 .CU. FT. CMT,
* 5! 20' 40" 36" CMP 5' 15!
*20' | 50" | 36" 30" , CcMP 5' 40" 118
50' | 335' | 26" 19.124" .| 94.00# H-40 | Butresy 5' [ 317' 885
335' | 985’ 17-1/2" | 12.615" 54.50# K-55 | ST&C 0' 979' 1062
985' | 4305" 12-1/4" | 8.921" | 36.00# S-80 | ST&C [810' 4298’ 2584
4305' | 7175" 8-3/4" | 6.366" | 23.00# K-55 | ST&C f115' [5942' | * * .
ToTAL DEPTH: 7175'GL | AVERAGE MANDREL DEPTH: FROM REFERENCE ELEVATION ®
JUNK & PLUGS LEFT IN HOLE: ' -
o _ SURVEYS PAGE: 9 I .CORING PAGE: - I I CU. FT. CMT. TOTAL IN PLUGS, ETC:
LoceING DATA,  Page 12 o
BOTTOM HOLE COORDINATES: [‘REFE#NCE: -
o RIGS USED (Site Prep Rigs *)
ane ves e PO e I
4 Molen Drilling Co. 125.10 126.16

" National 50A

1.06 | -

REMARKS:

* Site Prep ltems  8' x 6' x'5' deep cellar.

- * * Squeezed perforations 5882' to 5883' with 367 ft3 and 4785' to

4786", 4405" to 4406" with 460 ft3.

NOTE:

Depths shown on this page are from ground 1eve] 15.5" -below

kelly busing e]evat1on

'PREPARED BY:

TIME BREAKDOWN ON NEXT- PAGE -




MADISON #3
TIME BREAKDOWN

SITE PREPARATION

DRILLING OPERATION TIME (DOT) " OTHER SCHEDULED TIME (OST) . OPERATIONAL DELAY TIME (0DT)
DRILL ' MOVE ' RIG REPAIRS
TRIPS o ' | RuN casinG ' _ W. 0. DRILLING SUPPLIES
SURVEYS ' CEMENT CASING : CLEAN OUT FILL

"'SECURED WITH CREWS

SITE DOT i __DAYS SITEOST________DAYS SITE ODT

TOTAL SITE PREP TIME DAYS [ REMARKS:

MAIN HOLE CONSTRUCTION

DRILLING OPERATION TIME (DOT) OTHER SCHEDULED TIME (OST) OPERATIONAL DELAY TIME (0DT)
PRILL- . . 29.92 | WOBILIZATION&DEMOBILIZATION | RIG REPAIRS _1.13
TRIPS L o 9.97 | CORE _— 13.04 | v 0. equipnent _0.719
DRESS:HRiLLlNG"ASSéAQBLY, : - LOG A . 6.73 FisH . _0.58
SINGLE SHOT DEV. SURVEYS 1.80 ° | casep WOLE bIR. suRvEYS . CLEAN OUT FILL
OPEN HOLE DIRECTION.SURVEYS | UNLOAD CASED HOLE . , UNLOAD WATER INFLOW
Open Hole o 19.48 RUN MANDREL - | reawcrookep HoLE L

R ' ) HYDROLdQICAL TESTS. 13.50 | PLUG BAcK 0.33
- Circulate Samples 1.30 DRILL OUT PLUGS -
manroLE 0ot 49.17 oavs | perforate for Hydro SECURED WITH CREWS ~1.06
CASING. OPERATION TIME (coT) - | 1est . 0.77. | Wash & Ream 2.17
RUN 20"  casine _0.31 : ; . | W.0. Cementers T0.38
RUN ¥ casing _____ : - Co Egg@%: & Test 7" 15.01
cowent 20" casme - 0.9 | . Thaw Out rig  _0.08
CEMENT ** - casing . _ . : W.0. Loggers 0,49
DRILL OUT SHOE Coes - | stuck Dri11 Pipe _0.78
| , ' | Mix & Condition Mud  _3.24
" MAIN HOLE coT_5-60  pavs MAIN HOLE 0sT__ 39:34 pivs . mANHoLE opT_26-05  p,ys
TOTAL MAIN HOLE CONST. TIME 126.16 puys REMARKS: ‘
‘ ' : TOTAL ELAPSED TIME
TOTAL SITE PREP TIME N. ‘ - DAYS REMARKS: * Run 13- 3/8" casing 0.71 Days
TOTAL MAIN HOLE CONST. TIME _126.16 DVAYS:. _ o Run 9-5/8" casing 0.35 Days
SEC. -w/é CREW'SITE PREP : - L DAY; I Run 7" casing. 0.44 Days
SEC. W/0 CREW MAIN HOLE consr. . " Dars : * * Cement 13-3/8" casing 1.08 Days
TOTAL SUSPENDED (NO RIG) " pars Cement. 9-5‘/&8" casing 0.64 Days
TOTAL ELAPSED TIME 126.16 pars
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8-15-78
8-16-78

8-17-78

© 8-18-78

8-19-78

8-20-78
8-21-78

8-22-78

8-23-78

 8-24-78
8-25-78

8-26-78

© 8-27-78.

MADISON #3
HOLE HISTORY

An 8' x 6' x 5' deep cellar was dug and lined with 2" x 12"
boards. 36" CMP was set at 15' and the annulus was backfilled
with dirt. _30" CMP was set at 40' and the annulus cemented
w1th 118 ft3 of class "G" cement with 2% calcium chloride.

A]] depths reported are from kelly bushing elevation (KB) 15 5' above
ground level (GL) unless otherwise noted.

Moved in Molen Drilling Company rig #4 and rigged up. Spudded hole
at 1900 hours. Dri]]ed 8-3/4" hole from 55' to 241' using mud.

Drilled 8-3/4" hole from 241' to 350'. Opened 8-3/4" hole to 12- ]/4"

from 55' to 350' and opened to 17-1/2" from 54' to 257'..

Opened 12-1/4" hole to 17- 1/2" from 257' to 350". Opened 17- 1/2" hole
to 26" fram 54' to 273'.

"Opened 17-1/2" hole to 26" from 273' to 350'. Rigged up and ran 8

joints (336.19'). of 20" 0.D., 94#, H-40 buttress thread casing to 317' °

(GL) with a guide shoe on bottom and a baffle plate on top of the bottom |

joint. Centralizers were placed at 100', 200' and 300' all at ground

‘level measurements. Cemented annulus using Halliburton with 885 ft3~ = :
.of class "G" cement with 2%.CaClp. Cement in place 1630 hours. .

Waited on cement to 0200 houfs. Cut off casing and installed blow =~ " °

out .equipment. Drilled out cement from 292' to 326'. Tested blow . ... -

out equipment to 1000 psi for 15 minutes. Drilled out cement, shoe
and cleaned out to 350'. Drilled 8-3/4" hole from 350' to 450'.

'Dr1]]ed 8-3/4" ho]e from 540' to 1000'. Circu1ated samples.

Conditioned hole for logging and pulled out of hole. Ran Sch]umberger "
logs. Opened 8-3/4" hole to 12-1/4" from 350' to 540'.

Opened 8-3/4" hole to 12-1/4" from 540' to 748'.

Opened 8-3/4" hole to 12-1/4" from 748' to 1000'. Reamed’ out cement - -
from 304' to 350' and opened 12-1/4" hole to 17-1/2" from 350' to 497'..

Opened‘12-1/4“ hole to 17-1/2" from 497' to 8165{

_Opened 12-1/4" hole to 17-1/2" from 816' to 900'. Lost 12-1/4" p110t

bit in the hole at 877', fished for and recovered same.

'.Opened 12-1/4" hole to 17- 1/2" from 900' to 1000'. Ran Scﬁ]umberger

caliper log. Started runn1ng 13-3/8" 0.D., 54.50#, K-55, ST&C cas1ng

Comp]eted running casing to 979' (6L) with a guide shoe on bottom, a

" float collar at 938' (GL) and centralizers at 969', 479 ‘and 279' (GL) S

Cemented annulus using Halliburton with 1062 ft3 of class "G" cement
with 2% calcium chloride. Cement in place at 0430 hours. Waited on

- cement to 1630.hours. Cut .off casing and installed 13-3/8" -séries
- 900 casinghead. , - . o
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MADISON * #3
PAGE 2
-HOLE HISTORY

8-28-78

8-29-78
8-30-78

'8-31-78
9-1-78

9-2-78
9-3-78
9-4-78

9-5-78
9-6-78

9-7-78

9-8-78

9-9-78
9-10-78
9-11-78

9-12-78
9-13-78

Connected blow out equipment and tested to 1000 psi for 15 minutes.
Ran 12-1/4" bit in the hole and drilled out cement to above the
guide shoe. Tested blow out equipment and casing to 1000 psi for
15 minutes. Drilled out shoe and cleaned out to 1000'. Made trip
for bit and drilled 8-3/4" bit from 1000' to 1139'.

" Drilled 8-3/4" hole from 1139" to 1426'.

Drilled 8-3/4" hole from 1426' to 1650"'.

" Drilled 8-3/4" hole from 1650' to 1900'.

Drilled 8-3/4" hole from 1900' to.2150'. Made.trip for bit at 2142'

. and washed and reamed 30' to-bottom.

Drilled 8-3/4" hole from 2150' to 2270'. Made-up 8-3/4" x 4" core
bit and washed and reamed 60' to bottom. Cut core #1 from 2270' to .
2300', .recovered 24.5'. :

. Drilled-8-3/4" hole from 2300' to 2493'.
%-fDrilled 8-3/4" hoTelfrom 2493"to 2710'. Made trip for bit at 2510’

and washed ‘and reamed 100' to bottom.

Drilled 8-3/4" hole from 2710' to 2995'.

"Drilled 8-3/4" hole from 2995' to 3184'. Conditioned hole for

coring.

Washed and reamed 90' to bottom. Cut 8-3/4" core #2 from 3184'

to 3214', recovered 29'. Washed and reamed 30' to bottom and drilled

. 8-3/4" hole from 3214' to 3330'.
" Drilled 8-3/4" hole from 3330' to 3380'. Washed and reamed 60' to

bottom and cut 8-3/4" core #3 from 3380' to 3410', recovered 24'.

" Washed and reamed 30' to bottom and drilled 8-3/4" hole from 3410' to

3595'. - Made trip for bit at 3491' and washed and reamed 40' to bottom.

Drilled 8-3/4" hole from3595' to 3701'. Washed 30" to bottom and
cut 8-3/4" core #4 from 3701' to 3721°. - '

Completed core #4 from 3721 to 3737'; recovered 36'. Dril]ed,8—3/4"
hole from 3737' to 3896'. ) ‘ .

Drilled 8-3/4" hole from 3896' to 4099'.

Drilled 8-3/4" hole from 4099' to 4135". Washed and reamed 30' to
bottom and cut 8-3/4" core #5 from 4135' to 4163' :
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-10-23-78 Completed core #13 from 4852' to 4878', recovered 30'. Ran 8-3/4"
. bit in the hole, washed 30' to bottom and drilled from 4878' to
4940°'.
10-24-78 Drilled 8-3/4" hole from 4940' to 5052'.
10-25-78 Drilled 8-3/4" hole from 5052° to 5177°.
10-26-78 Drilled 8-3/4" hole from 5177' to 5285'. Cut core #14 from 5285’
to 5315°'. '
10-27-78 Completed core #14 from 5315' to 5345', recovered 60'. Driiled 8-3/4"
. hole from 5345' to 5360°'. S
10-28-78 Dri]]ed 8-3/4" hole from 5360' to 5375'. Cut core #15 from 5375' to
©5420'. : ' - :
10-29-78 Completed core #15 from 5420' to 5423', recovered 48'. Drilled 8-3/4"
hole from 5423' to 5481'. L
10-30-78  Drilled 8-3/4" hole from 5481' to 5598'.
10-31-78 .- - Drilled 8-3/4" hole from 5598' to 5658'. Washed 30' to bottom and cut

core #16 from 5658' to 5683.7'.

‘11-1-78 - - -. Recovered 25.7" on core #16. Cut core #17 from 5683.7' to 5698.4',

recovered 14.7'. Drilled 8-3/4" hole from 5698.4' to 5765'.

11-2-78  Drilled 8-3/4" hole from 5765' to 5830'. Lost circulation at 5814'.
o .~ - Mixed mud and lost .circulation materials. Washed 30' to bottom and
cut core #18 from 5830' to 5836'. '

11-3-78 Completed core #18 from 5836' to 5861', recovered 31'. Drilled 8-3/4"

hole from 5861' to 5944'. Lost 15 to 25 barrels of mud.
11-4-78 “Drilled 8-3/4" hole from 5944' to 6077'. Mixed mud-ahd lost circulation
materials. : ' : :
11-5-78 . Drilled 8-3/4" hole from 6077' to 6214'.
N-6-78  Drilled 8-3/4" hole from 6214' to 6311'. '
11-7-78 Drilled 8-3/4" hole from 6311' to 6412'.
11-8-78- Drilled 8-3/4" hole from 6412 to 6525!.
11-9-78 © Drilled 8-3/8" hole from 6525' to 6652°.
11-10-78 © Drilled 8-3/4" hole from 6652" to 6774".
11-11-78 Drilled 8-3/4" hole from 6774' to 6887'.
11-12-78 ~ Drilled 8-3/4" hole from 6887" to 7015".
11-13-78 ' Drilled 8-3/4" hole from 7015' to 7072.
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11-14-78

11-15-78
11-16~78

1-17-78
1-18-78
11-19-78
11-20-78.

11-21-78- -

11-22-78 -

11-23-78
11eg44}87
]1'2577§
’i14ééfés ::
11-27-78
11-28-78
11-29-78 ’

11-30-78

gzdildepth correct1on and cut core #19 from 7071' to 7095. 4', recovered

Drilled 8-3/4" hole from 7095.4' to 7174'. .Losing f1u1d from. 7106 to
71517, mixed mud and lost circulation materials.

Ran 8-3/4" core assemb]y in ‘the ho]e, stuck drill pipe. Worked free,

washed and reamed to bottom. Cut.core #20 from 7174' to 7190'.

Recoveredxlﬁf on core #20. Ran Sch]umberdé}\logs.

Continued logging.

Continued logging. -

Completed Schlumberger logs. Made -trip with 8-3/4" bit and conditioned
mud for testing.: _ ; :

' Made up test tool and set packer at 6984' to test zone from 6984' to

bottom at 7190'. Ran hydro]og1ca1 test #4 from 0300 hours to 1330

A,hours D1sp1aced f1u1d in drill pipe with mud.

Made up stradd]e packer test tool and set from 6550" to 6635' Ran
hydrological test #5 from 1500 hours to 2300 hours.

Resbaced packers and set from 5748' to 5940'. Ran’hydrological

test #6 from 1130 hours to 2000 hours. Displaced fluid in drill pipe
with mud. ,

Respaced packers and sét from 5608' to 5743*. Ran hydrological test

' . #7 from 1000 hours to 1830 hours Disp]aced fluid in drill pipe

with mud

'Lald down test too] Méde trip with 8-3/4" bit and conditioned mud.
. Made up test tool and ran in hole.

Set packers from 5450' to 5596' and ran hydro]og1ca1 test #8 from

--0030 hours to 0330 hours. Dressed tool and set packers from 5250' to 5440°‘.

Startedghyd?d}bgica]'test #9 at 1745 hours.

Comp]etéd test at 0230 hours.: DispTaced fluid in the drill pipe with
mud. Dressed test tool and set packers from 4798' to 4988'. Ran
hydrological test .#10 from 1545 hours to 2130 hours. Displaced fluid
with mud. .

Dressed test too] and set packers from 4598' to 4788'{ Ran hydro]ogfca]
test #11 from 0630 hours to 1400 hours. Disp]aced fluid in the drill.

pipe with mud. Ran too1 in the ho1e
fSet packers from 4302' to 4492' Ran hydro]og1ca1 test #12 from 0030

hours to 0700 hours. Displaced fluid in the drill pipe with mud. -

" Laid down test tool.

Laid down drill collars. Ran 4-1/2" drill pipe in the hole and
conditioned mud Set plug #1 from 7190' to 6950' using Halliburton
with 110 ft (85 sacks) of 50% neat cement, 50% Pozmix A, 8% sand and
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(Con't.)
11-30-78

12-1-78

12-2-78

12-3-78

12-4-78.

- 12-5-78

12-6-78

12-7-78

12-8-78

.12-9-78

12-10-78

2% calcium chloride. Set plug #2 from 6250' to 6150’ with 58 ft3 .

(45 sacks) of the same slurry. Cement in place at 0530 hours.

Ran 43 joints (1775.83') of 7" 0.D., 23#, K-55 casing for a liner.

A backoff sub (3.15') was placed on the top joint with 4 external
casing packers (11.84' each) on top of joint #25, #31, #39 and #43.

A Baker solid guide shoe (1.05') was placed on bottom. Total length
of the casing string was 1827.39'. The casing hit an obstruction

at 5912' and was stuck at 5957' (5942' GL) fracturing the guide shoe
and mud flowed back into the casing. Top of liner at 4130' (4115' GL).

Backed off from the 7" 0.D. liner and condtioned mud. Waited on 3-1/2"
drill pipe. Ran Schlumberger gauge ring inside -the liner to 4685'.

Ran 6-1/8" bit-in the hole on 3-1/2" drill pipe, tagged top of liner
at 4130' and conditioned mud. Pulled out of hole. Perforated 7" 0.D.
liner from 5897' to 5898' with 4 holes uSIng Sch]umberger Ran
Halliburton EZ Drill SV squeeze packer in the hole using Schlumberger.

Set packer from 5886’ td 5888'. Ran seal assembly in the hole on

3-1/2" drill pipe and sgt in the packer. Squeezed perforations using

Halliburton with 367 ft° of 50% neat cement, 50% Pozmix A, 2% gel,
2% calcium chloride and 0.5% CFR-2 to 2000 psi. Cement in place at
0830 hours. Pu]]ed out of hole and ran McCullough temperature log.

" Waited on cement to 0800 hours. -Ran McCullough cement bond log.

Ran Lynes production packer in the hole on 3-1/2" drill pipe and set
inside the top of the 7" 0.D. liner. Pressured up to set the 4 external
casing packers to 1100 psi and held for 5 minutes. Pulled out of hole
and set Halliburton RTTS packer at 4700'. Perforated 7" 0.D. liner
from 4800' to 4801' with 4 holes using Oilwell Perforators.

Pressured up on perforations to 1100 psi for 1/2 hour. Reset packer

at '4304' and perforated casing from 4420' to 4421' with 4 holes. Pressured
up to 1100 psi and pressure held from 400 to 600 psi for 1 hour. Pulled
out of hole. Removed blow.out equipment. Installed wellhead equipment.

Connected wellhead equipment. Ran in hole to 5850' and displaced mud with
water. Hole started flowing water. Pulled out of hole.

Attempted to run a temperature log, could not get below 734'. Ran
6-1/8" bit in the hole and hit tight place at 734'. Pulled out of hole
and made trip with a spear, hole was tight from 750' to 1350'. Found’
fine to medium cuttings insidethe spear and drill pipe along with

some pieces of cement.

" Mixed mud and 1nsta11ed Hydr11 preventer on the gate valve. Ran 8-3/4"

bit in the hole.
Ran 8-3/4" bit in the hole and washed to‘bottom. hole flowing. Mix mud.
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12-11-78 =~ D1sp1aced water with mud at 4125' Pulled out of hole and went
in with a 6-1/8" bit.

12-12-78. Ran 6-1/8" bit to 5850' and circulated hole clean. Pulled out of
hole. Made up 7" RTTS packer and set at 4650' and broke down perforations
at 4800' to 4801' with water to 1600 psi. Reset packer at 4300' and
injected water at 1400 psi. gueezed perforations at 4420' to 4421'
and 4800' to 4801' with 236 ft3 (200 sacks) of class "G" cement with
1500 psi at a rate of 4 to 5 barrels per minute. Final squeeze
pressure was 800 psi. Pulled packer above the 7" liner and conditioned
mud. :

12-13-78 - Pulled out of hole and ran 9-5/8" RTTS packer. Set packer at 1406',
‘ ' pressured up to 1900 psi and broke to 3 barrels per minute. Pulled

out of hole and ran 6-1/8" bit, tagged cement at 4423' and drilled to
4463'. Ran 7" RTTS packer and set at 4235'. Pressured up to 1700 psi
at 3 barrels per minute. Squeezed perforations from 4420' to 4421’
with 1%2 ft3 of class "G" cement + 2% calcium chloride followed by
112 ft* of class "G" cement. - Cement in place at 2045 hours. Released
packer, cement set up and cou]d not reverse out. Left 1581' of cement
inside the 3-1/2" drill pipe. .

12-14-78 - Laid down 51 joints of 3-1/2" drill pipe. Made up 9-5/8" RTTS packer
and set at 900'. Pressure tested top of 7" 0.D. liner to 2000 psi
for 10 minutes. Ran 6-1/8" bit in the hole and tagged cement at
4230'. Started drilling cement.

12-15-78 Dri]ied thru cement at 4600' and ran bit to 5000'. Conditioned mud and
: : pulled out of hole.

12-16-78 Ran 9-5/8" RTTS packer in the hole and set at 1350'. Injected water
' at -3 barrels per minute to 1700 psi. Ran 7" RTTS pagker in. the hole

. and set at 4460'. Squeezed perforations with 118 ft2 of class "G"

cement to 2500 psi. Cement in place at 1200 hours. Reset packer

at 4370' and tested perforations at 4420' to 4421' to 2000 psi for

5 minutes. Ran 6-1/8" bit in the hole and tagged cement at 4700°.

. 12-17-78 -Drilled out cement from 4700' to 4800’ and circulated hole to 5000°.
Pulled bit and set 9-5/8" RTTS packer at 860' and pressure tested

to 2000 psi for 10 minutes. Pressure tested above the packer to 1000
psi for 10 minutes.. Ran drill pipe to 4500' and displaced mud with
water. Laid down drill pipe.

12-18-78 ~ Completed laying down drill pipe. Rigged up 0Oilwell Perforators and
perforated the 7" 0.D. liner from 4373' to 4393' with 4 holes per foot.
Ran-second gun and hit object at the top of the liner, spudded thru
and ran gun to 4347'. Perforated from 4337' to 4357' with 4 holes
per foot. Pulled gun to 4146' and stuck. Pumped water in hole at -
500 psi for 15 minutes and pulled gun free. Hit bridge at approximately
825' and worked gun out of the hole. Flowed hole.

12-19-78 Continued flowing hole. Pumped into casing for 1-1/4 hours attempting
o to wash down plug at 825'. Spudded on plug with a sinker bar and 20’
perforating gun while pumping. Pumped into formation at 450 to 600
psi at a rate of 8.7 barrels per minute. Removed blow out equ1pment and
installed a blind flange on the 10" gate valve. Released rig at 2300
hours. Hole completed. :
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HOLE DEVIATION

DATE | DEPTH DEVIATION-DEGREES

8-15-78 108 0

| 150 | 1/4
8-16-78 o 350 N

o 185 1/4

8-17-78 , | 350 3/4

8-19-78 06 - 1/2

8-20-78 499 1/2

: 598 _ 1/2

700° 3/4

' 907 1-1/4

g-21-78 =~ - - 1000 0 1-1/2

- | 936 | 1-1/4

| | 530 3/4

8-22-78 624 S 3/4
- — N 812 | 1
: ' 904 o
8-23-78 1000 o

8-28-78 1109 1-1/4

8-29-78 170 3/4
1264 1

o g 1357 - 1-1/2
8-30-78 1451 1
1600 2

8-31-78 ' 1663 1-3/4
: 1725 2
| 1786 2
S o ; 1848 2

9-1-78 1911 2-1/4
ST 1973 2
2036 2

2099 2-3/4

L 2142 2-1/2 -

9-2-78 . 2209 2
o - | 2270 2

'~ 9-3-78 o 2340 2-1/2

: ' C 2402 2-1/2
9-4-78 : 2496 3

2553 3-1/4
, 2617 3

- o 2680 2-3/4
9-5-78 } 2710 3

: » 2773 2-3/4
2804 3

2866 : 2-1/2

- 2929 2-3/4

9-6-78 2990 2-1/2

| 3053 2-1/2

mz 3
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DATE
9.7-78"

9-8-78
© 9-9-78

9-10-78
9-11-78

9-12-78

9-13-78
9-16-78 -
9-25-78
9-26-78

9-27-78
9-28-78

9-29-78
9-30-78

10-1-78
10-2-78
10-7-78
10-12-78
10-18-78
11-2-78
1-7-78

HOLE DEVIATION

DEPTH

3184
3273

3336

3491 .

3585

3637

3763
3858
3983
4077
4035
4300
1175
1329
1485

1642

1767
1955
2112
2300

2425 -

-, 2579
2641

2790

3033
3853
4320

4600

5830

6375 -

DEVIATION-DEGREES

-

NN —d e
1

TN

NN

LI
N—=NNNW——~WwWNhwww

n
]
—r
~ ~
~n ny

1-3/4
1-1/4
1-1/4
1-3/4
1-3/4
1-3/4
1-3/

3
2-3/

3

2-3/4
2:1/4
2

1-1/2
2-3/4
3-1/4
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(Con't)’
TYPE LOG

Borehole Compensated Sonic
Temperature :

LOG INDEX

DATE

11-17-78
8-20-78

"11-20-78

26

RUN
NO.

3
1
3

DEPTH " DEPTH 'LOGGED
DRILLER LOGGER FROM TO
7196 7186 4230 7185
1000 996 130 996
7196 7188 . 4310 7188




. MUD AND CHEMICAL RECORD

Page 13

Note: Material copied from tour sheets. Mud properties copied frbm mud service
company reports when available, otherwise from tour sheets.

Date

Material Added

8-15-78

8-16-78
8-17-78
. 8%18-78

8-19-78

8-20-78

8-21-78
8-22-78
8-23-78
8-24-78

8-25-78

8-26-78 .

8-27-78

8-28-78

8-29-78
8-30-78

8-31-78

Gel 42 sacks, Lime 5 sacks;, Cagétic

Soda 2 sacks

Gel 80 sacks

- Gel 35 sacks, Caustic Soda 1 sack

None

Gel 60 sacks, Bicarbonate 2 sacks,

Caustic Soda 3 sacks, Soda Ash 1 sack

Gel 65 sacks, Bicarbonate i sack,

Rayflow. 2 sacks, Cypan 1 sack,

Dakolite 3 sacks

Gel 12 sacks, Dakolite 2 sacks,
Rayvan 1 sack .

Gel 25 sacks, Dakolite 2 sacks,
Soda Ash 1 sack, Rayvan 1 sack

Gel 24 sacks, Dakolite 1 sack,
Rayvan 4 sacks, Bicarbonate 1 sack

Gel 70 sacks, Rayvan 3 sacks,
Bicarbonate 1/2 sack

Gel 14 sacks, Bicarbonate 1/2 sack

‘None

None

Gel 120 sacks, Soda Ash 1 sack,
Rayvan 5 sacks, Bicarbonate 1 sack,
Cypan 2 sacks, Fiber 15 sacks

Gel 88 sacks, Rayvan 4 sacks, Cypan’

3 sacks . o

Gel 50 sacks, Rayvan 2 sacks, Mica
10 sacks, Fiber 3. sacks '

Gel 73 sacks, Rayvan 2 sacks, Fiber

* 5 sacks, Mica 1l sacks, Superlube

4 sacks, Cypan 1 sack

27

9.3

Weight  Viscosity = Watér Loss'
lbs/gal Seconds = CC's
8.9 a2
8.9 46
8.7 43
8.6 55
8.8 78 - 20
8.9 68 - 10.6
.. 8.8 38* . 16,
8.9 42
8.9 36 - 17.8
9.1 46 . 14
9.0 57
8.8 40
8.9 44
8.9 . 46 8.8
53 7.6



Page 16

) : o Weight Viscosity, Water Loss
Date R Material Added - 1bs/gal Seconds . CC's

10-1-78 Gel 55 sacks, Barite 25 sacks, 10.6 70 7.2
: Dakolite 6 sacks, Rayvan 4 sacks, .
Caustlc Soda 4 sacks -

10-2-78 Gel 30 sacks, Barite 30 sacks, 10.6 80 | 7.0
Rayvan 1 sack, Dakolite 1 sack,
Caustic Soda 1 sack, Mica 4. sacks

10-3-78 Gel 81 sacks, Barite 114 sacks, 10.2 © 85 7.0
- . Rayvan 8 sacks, Dakolite 7 sacks, ' ' ‘
Caustic Soda 5 sacks, Soda Ash 3 sacks,
Fiber 7 sacks, Mica 4 sacks.

10-4-78  Gel 109 sacks, Barite 84 sacks, 10.3 70 . 6.8
Rayvan 6 sacks, Dakolite 6 sacks, T
" Caustic Soda 6 sacks, Soda Ash 2 sacks .

10-5-~78 Gel 42 sacks, Barite 290 sacks, 10.3 66 9.5
Rayvan 4 sacks, Dakolite 7 sacks, :
- Caustic Soda 2 sacks, Soda Ash 2
sacks, Fiber 14 sacks .-

10-6-78 Gel 15 sacks, Barlte 620 sacks, L1103 61 8.0
L - Rayvan 1 sack, Dakolite 2 sacks, : -
Caustlc Soda 1 sack.

-10-7-78 Gel 25 sacks, Barite 60 sacks, . . 11.2 64 7.0
N Rayvan 4 sacks, Dakolite 3 sacks, ’ o

Caustic Soda 3 sacks, Soda Ash 1

- sack, Fiber 5 sacks

. 10-8-78 Gel 37 sacks, Barite 96 sacks, 11.3 _ 66 7.8
T ‘Rayvan 7 sacks, Caustic Soda 4 sacks,
Soda Ash 2 sacks.

10-9-78  Gel 40 sacks, Barite 30 sacks, 11.2 70 6.6
: _.Rayvan ‘3 sacks, Dakolite 4 sacks,
Caustic Soda 2 sacks, Soda Ash 1 sack

10-10-78  Gel 20 sacks, Barite 95 sacks, ° 11.4 69 7.0
Dakolite 4 sacks, Rayvan 6 sacks,
Caustic Soda 1 sack, Soda Ash 3 sacks

10-11-78 - Gel 30 sacks, Barite 20 sacks," : 11.20 - 66 7.2
. - Dakolite 2 sacks, Rayvan 3 sacks, ’ ' ‘
Caustic Soda 2 sacks, Soda Ash 3 sacks

10-12-78 Gel 40 sacks, Barite 130 sacks, : 11.4 - 72 7.2
Dakolite 2 sacks, Rayvan 1 sack, . o :
Caustlc Soda 1 sack, Soda Ash 2 sacks

. 10-13-78 . Gel 21 sacks, Barite 105 sacks, ~1i.o a3
: Rayvan 4 sacks, Soda Ash 1 sack ’

30




Material Added

Gel 20 sacks, Barite 437 sacks,
Rayvan 11 sacks, Dakolite 2 sacks,
Bicarbonate 4 sacks, Phosphate

 Gel 13 sacks, Barite 35 sacks,

Dakolite 1 sack, Desco 1 sack,.
Barite 110 sacks, Rayvan 2 sacks,
Dakolite 1 sack, Fiber 15 sacks

Gel 45 sacks, Barite 250 sacké,.:
Rayvan 10 sacks, Dakolite 9 sacks,

Bicarbonate 1 sack, Driscose 2 sacks,

Gel 29 sacks, Dakolite 4 sacks,
Rayvan 6 sacks, Barite 294 sacks,

Gel 20 sacks, Cypan 1 sack,'Rayvan )
4 sacks, Dakolite 4 sacks, Barite
50 sacks, Fiber 6 sacks, Soda Ash

Gel 10 sacks Dakolite 3 sacks,
Rayvan 4 sacks, Barite 45 sacks,
Soda Ash 3 sacks, Caustic Soda 1.

Gel 27 sacks, Dakolite 4 sacks,
Rayvan 4 sacks, Cypan 1 sack, Barite
65 sacks, Caustic Soda 1 sack, Soda

Gel 10 sacks, Dakolite 4 sacks,.
" Rayvan 3 sacks, Cypan 1 sack, Soda

Ash 2 sacké, Barite 15 sacks, . _
Diesel 500 gals, No=-Stick’' 15 gals.

Barite 100 sacks, Superlube 4 sacks,
Caustic Soda 3 sacks, Soda Ash 6

sacks, Rayvan 6 sacks, Fiber 3 sacks '

Gel 29 sacks, Barite 70 éacks,,
Rayvan 7 sacks, Caustic Soda 4
sacks, Soda Ash 5 sacks, Superlube

Date ]
10-14-78
. 4 sacks

10-15-78

Driscose 1 sack
10-16-78

- 10-17-78

Soda Ash 4 sacks
10-18-78

Soda Ash 3 sacks
10-19-78

2 sacks ,
10~20-78

sack, Driscose 1 sack
10-21-78

Ash 1 sack
10-22-78
10-23-78
10-24-78

1 sack
10-25-78

Gel 25 sacks, Barite 75 sacks,
Bicarbonate 4 sacks, Rayvan 5 sacks,
Caustic Soda 4 sacks, Soda Ash 6
sacks

31

Page 17 -

Weight Viscosity Water Loss
lbs/gal Seconds CC's
11.1 44 7.4
11.0 " 40
11.1 68
10.9 51 9.2
11.0 4. 9.8
11.0 a4 10.4
11.0 a2 8.8
10.9 45 8.8
110.9 44 6.8
110.9 47 6.4
11.0 47 7.2
10.9 44 8.8



Date

Material Added

10-26-78

10~-27-78

10-28-78

10-29-78
10~-30-78

10-31-78

11-1-78

11-2-78

11-3-78
11-4-78
11-5-78
11-6-78

11-7~-78

Gel 30 sacks, Barite 165 sacks,

Rayvan 5 sacks, Caustic Soda 6

sacks, Soda Ash 9 sacks

Fiber 7 sacks

Barite 60 sacks, Fiber 5 sacks,
Soda Ash 8 sacks, Gel 10 -sacks,’ .
Caustic Soda 3 sacks, Rayvan 3 sacks

Gel 45 sacks, Soda Ash 4 sacks,

. Soda Ash 7 sacks, Rayvan 2'sacks!“

*

Rayvan 5 sacks, Caustic Soda 4

sacks, Dakollte 4 sacks, Barlte 220

sacks

Barite 140 sacks, Caustic Soda 6

sacks, Soda Ash 6 sacks, Rayvan 7

sacks,Gel 31 sacks, Dakollte 4 sacks,
Fiber 5 sacks v

Soda Ash 2 sacks,'Rayvan 2 sacks

Dakolite 1: sack, Rayvan 6 sacks,
Caustic Soda 3 sacks, Barite 15
sacks, Soda Ash 2 sacks, Gel 14 sacks

Gel 40 sacks, Barite 170 sacks,
Soda Ash 1 mack, Fiber 28 sacks

Gel 30 sacks, Barite 86 sacks, Soda
Ash 3 sacks, Rayvan 3 sacks,
Driscose 1 sack, Caustlc Soda 2

sacks

Gel 112 sacks, Barite 325 sacks,
Soda Ash 6 sacks, Rayvan 2 sacks,
Caustic Soda 5 sacks, Mica 10 sacks,
Fiber 5 sacks, Driscose 2 sacks,

Q-Seal 5 sacks

Gel 23 sacks, Rayvan 8 saéks,
Caustic Soda 4 sacks, Soda Ash 4

sacks, Driscose 1 sack

Gel 26 sacks, Barite 170 sacks,

Soda Ash 6 sacks, Mica 5 sacks, '
Rayvan 8 sacks, Caustic Soda 4 sacks,

Dakolite 1 sack

Barite 135 sacks

32.

. Gel 27 sacks, Rayvan 8 sacks, Soda .
Ash 6 sacks, Caustic Soda 3 sacks,

Page 18
Weight Viscosity . Water Loss

1lbs/gal Seconds CC's
10.9: . 50 - 9.0
11.1 52 7.2
11.2 54 7.4
1.2 60 7.2
11.0 52 9.2
11.0 44 9.7
11.2° 53 ©.9.6
10.9 47 8.6
111.0 2 .94
10.9 58 9.5
10.8 . a8 8.0
0.7 .. 42 - 8.4
10.8 43 8.4



_ Page 19
) : ’ ) - - Weight Viscosity  Water Loss
Date Material Added: 1bs/gal  Seconds cC's

11-8-78 Gel 49 sacks, Soda Ash 5 sacks, 10.9 55 8.0
i Caustic Soda 2 sacks, -Rayvan 5 sacks,
Dakolite 6 sacks

11-9-78 Gel 32 sacks, Soda Ash 6 sacks, 10.8 - 49 8.4
: . Rayvan 8 sacks, Caustic Soda 1 sack, :
Dakollte 5::sacks, Barite 60 sacks -

11-10-78 Gel 33 sacks, Soda Ash 5 sacks, " 10.9 52 . 8.4
Barite 70 sacks, Rayvan 8 sacks, '
Dakolite 4 sacks

11-11-78 Barite 86 sacks, Rayvan 5 sacks,  10.7 .. ‘49 8.0
Dakolite 1 sack, Soda Ash 3 sacks, SR B
Caustic Soda 1 sack - .

11-12-78 Barite 60 sacks, Rayvan 4 sacks, 10.8 . 56 8.4
o S Dakolite 6 sacks, Soda Ash 5 sacks ‘ : :

11-13-78 -~ Gel 18 sacks, Barite 18 sacks, Soda 11.0 - .54 7.8
Ash 7 sacks, Rayvan 4 ‘sacks

- 11-14-78 Barlte 20 sacks, Rayvan 6 sacks, - 10.9 58 - 8.0
Soda- Ash 4 sacks -

11-15-78 Gel 69 sacks, Barite 280 sacks, " 10.9 57 8.0
Rayvan 8 sacks, Caustic Soda 3 sacks, '

Mica 21 sacks, Fiber 28 sacks, Kwik

Seal 3 sacks

. 11-16=78 - Gel .27-sacks, Barite 95 sacks, 10.9 47 8.2
. . -+. -Rayvan 5 sacks, Soda Ash 2 sacks, . :
. Fiber 12 -sacks

' 11-17-78  None (Logging)
.11-18-7?_ t »None->(togging)
' 11—19778 . VNoﬁé "(Ldgging)
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Geology of test well

The following formation tops and sample and core description were
photocopied from the report from Irvin Kranzler and John R. Warne. 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.

Cores listed in table 1 are described in the sample and core descriptions
section of this report except for core no. 1 which was taken in a PVC liner
which was not opened at the well site. The core-analysis results are from
the report furnished by Core Laboratories, Inc., Denver, Colo.

Table 1.--Core intervals

[Depths are from kelly bushing (3, 039 8 ft above sea level),
which is 15 5 ft above land surface]

Core . Interval ' Cored_ ARecovered Formation
~ (depth in ft) (ft) - (ft)
1 2270 -=2300 . 30 : 24.5 : Mowry
2 3184 -3214 30 29 Dakota
3 3380 -3410 o 30 24 - Lakota
4 3701 -3737 36 36 Swift
5 4135 -4165 30 30 _Tensleep
6 4300 -4360 60 15 Madison (Mission Canyon)
7 4360 -4387 A 27 ' 16 - Madison (Mission Canyon)
8 4387 -4411 24 21 - Madison (Mission Canyon)
9 4470 -4484 14 12 . Madison (Mission Canyon)
10 4600 -4621 .21 - 20 : Madison (Mission Canyon)
11 4621 -4648.5 27.5 . 27.5 Madison (Mission Canyon)
12 4710 -=4725.5 © 15.5 15.5 Madison (Mission Canyon)
13 4848 -4878 30 30 Madison (Mission Canyon)
‘14 5285 -5345 60 60 Madison (Lodgepole)
15 5375 =5423 . = 48 48 Devonian
16 5658 -5683.7 25.7 . 25.7 . Stony Mountain
17 5683.7-5698.4 . 14.7 14.7 Stony Mountain
18 5830 -5861 31 31 ~ Red River
19 7071 -=7095.4 24.4 24.4 Flathead
20 7174 -7190 16 16 Precambrian
Totals ' 594.8 - 520.3 -
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FORMATION TOPS

Formatjon and Age

- CRETACEQUS .

Eagle
Telegraph Creek
Shannon '
Colorado

Niobrara ' , .

1 Frontier
Normal Fault (90' cut out)
Mowry _ :
Thermoplis -
Muddy (?)
Skull Creek
Dakota Silt
Dakota Sand
Kootenai’
Lakota
JURASSIC
- Morrison -
Swift
Rierdon o
Normal Fault (90' cut out)
. Piper Shale .
" " Piper Limestone

TRTASSIC
. Spearfish

PENNSYLVANIAN
Tensleep .
Amsden -

MISSISSIPPIAN
Madison
Lodgepole

DEVONTIAN
Devonian

ORDOVICIAN
Stony Mountain -
Red River =

CAMBRIAN
Snowy Range
Dry Creek
Pilgrim -
' Gros Ventre
Flathead

PRECAMBRIAN
Gneiss
Total Depth (Driller)

35

Log Depth
{(in feet) .

700

- 789.
823

1938

179

2143
2216
2457
2833 .
2886
2993

3123

3208

© 339

3442
3650

13788
3830

3876

3942

4046

4128

4178

4300
4986

5368 -

5612

5724

5963
6454
6535
6642
7073

7142 .
7190

" 245( (sample)

- 402
- 610
- 748
- 790
- 836
- 902

-1006

-1088

.-1138

~1260
-1946

2328

-2572

. =2684

-2923
-3414
-3495
-3602

. =4033

' _4102

-4150



Descriptions ‘ Page 22

1600

As above. Decrease in mica and carbonaceous material. Trace
very small tan specks.

Shale, medium brown-gray, blocky, silty, slightly calcareous
mica. Streaks Sandstone very fine to Siltstone, light gray to
white, micaceous, tight. Gas kick up to 58 units.

As above, decreasing gas.

Shale, medium gray-brown, blocky, silty, calcareous with tan
calcareous specks. Intercalated Sandstone, very fine, light

‘gray and brown-gray, micaceous, calcareous) tight.

NIOBRARA . 938 feet (Log)

- 'Shale as above. Specks more numerous. Less Sandstone.

As_above, tan to orange calcareous specks abundant; some
dark brown pyritic carbonaceous material; trace cream to brown

. Shale, dark gray, flaky, sllghtly calcareous, traces whlte to

clear calc1te nodules (probably parts of concretions).
Shale, dark gray, flaky, slightly calcareous; a very few pieces
with brown calcareous specks; traces black carbonaceous material

Shale, dark gray, flaky, slightly calcareous, traces Inoceramus
prisms and other shell fragments.

Shale, dark gray, flaky, non-~calcareous to sllghtly calcareous

in part; traces Inoceramus prisms and. other shell fragments,
traces white and brown calcite nodules; trace Sandstone, medium
gray, very fine grained, scattered biotite flakes and black grains,

" white cldy cement,.no visible porosity, no fluorescnece ar cut

" shale very dark gray, flaky to lumpy, non-calcareous to slightly
_calcareous in part; traces Inoceramus prisms and other shell

fragments- traces white and brown calcite nodules and pyrite.-

. Shale, dark gray,lumpy,vnon—calcareous; with a little Bentonite,

white to light gray, earthy, scattered biotite flakes; traces
shell fragments and white calcite nodules and pyrite; with a

‘little Sandstone, light gray, very fine grained, scattered biotite

flakes, much white bentonitic clay matrix (grades to sandy Bentonite)
no porosity, no fluorescence or cut fluorescence. '
Shale, medium gray, flaky to lumpy, silty, slightly calcareous,

" trace glauconite grains increasing to numerous glauconite grains -

from 1370 to 1430; with Bentonite, tan to light gray, earthy to
waxy, scattered biotite flakes, sandy in part.

Shale, dark gray, flaky to lumpy, silty, sandy, glauconite grains
in part; Siltstone grading to very fine Sandstone, medium gray,

- silty, argillaceous, slightly calcareous, scattered glauconite

grains, tight, no fluorescnece or cut fluorescence,

Shale, dark gray, flaky, non-calcareous to slightly’ calcareous in
part,  scattered biotite flakes; traces shell fragments; traces
Bentonite, white to light gray, earthy, scattered biotite flakes,

Shale, dark gray, flaky calcareous in part to slightly calcareous
in part, white and tan calcareous specks in a few pieces; traces
shell fragments and calcite nodules. From 1520 to 1556 traces
Sandstone, light gray, very fine argillaceous, calcareous, scattered
black and gray grains, tlght,no fluorescence or cut fluaorescence.
Shale, dark gray, flaky, calcareous, numerous tan calcareous specks,
a few whlte calcareous specks.

From To
840 .880
880 905
905 910
910 938
938 . 950
950 1000
) o Inoceramus prisms.
1000 1020
. 1020 1050
- in part.
1050 1160
1160 1170
fluorescence.
1170 1280
1280 1320
1320 1430
1430 1450,
1450 1520
sandy in part.
1520 1570
1570
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Page 23

Shale, dark gray, flaky, sllghtly calcareous in part, calcareous
in part; traces shell fragments and calcite nodules.

Shale, dark gray, flaky, calcareous in part to non-calc¢areous in
part; a little Siltstone grading“to Sandstone, very. fine calcareous
in part, numerous black and gray grains tight, no fluorescence or
cut fluorescence; trace shell fragments and pyrite. :

Shale, dark gray, flaky, non-calcareous to slightly calcareous

in part; traces Siltstone, medium gray, argillaceous; trace shell

! >

FRONTIER 1796 feet (Log)

Shale and Siltstone as above with a little Sandstone, medium gray
and light gray, very fine gralnéd silty and argillaceous,
scattered black and gray grains, biotite in part tlght no
fluorescence or cut fluorescence.

Shale, Siltstone and Sandstone as above with a 11ttle Bentonlte,

. Shale, dark gray flaky, calcareous in part non—calcareous in part;

trace Siltstone grading to Sandstone, medium gray, wvery fine grained,

~argillaceous, calcareous scattered black grains, tight, no.

fluorescence or cut fluorescence, trace shell fragments.

.Shale, dark brown-gray, some gray-brown, blocky, silty calcareous,

firm. Trace Sandstone, medium gray-brown, very fine, very pyritic
calcareous, dull orange specks (very small gas kick on mud 1og

Shale, gray-brown, blocky, calcareous, silty, scattered mlca, trace
Sandstone; light to medium gray brown, fine to very flne, calcareous,
pyritic, micaceous, tight.

Shale, dark gray, some brown-gray, blocky, silty,’ mlcaceous, sllghtly

Much Bantonlte, white, some light gray, micaceousj Shale, as above.
Shale, dark gray, some brown-gray, blocky, bentonitic, silty;

streaks Sandstone, light gray, very fine, slightly calcareous and.
glauconitic,. arglllaceous tlght, some Bentonlte, white, micaceous,

Bentonite, light gray, some whlte, mlcaceous' Shale as above.
Shale, dark gray, some brown-gray, blocky, less silty, trace
glauconite, micaceous; Bentonite, light gray to white, micaceous.
Trace Sandstone, medium gray, very fine, argillaceous, micaceous,
trace glauconite, slightly calcareous, tight; Irioceramus prisms.
Shale, dark gray, blocky, very silty, trace brown carbonaceous
material, . Bentonite, white, cream, light gray-brown, micaceous.

. Shale, medium gray to dark gray, blocky, silty, micaceous. Increase

in Bentonite, white to cream, some light gray, micaceous.
Shale, dark gray, blocky, very silty to sandy, trace pyrite and

. glauconitej trace Bentonite, light brown-gray micaceous.

As above, increase in pyrite and. glauconite. Trace Sandstone,
medium gray, very fine to fine, calcareous, glauconitic, tight.

Abundant calcite, milky to light brown (concretion? fault?).
Abundant Bentonlte, white, micaceous; Shale, as above, sandy,

~ Shale, dark brown-gray, blecky, very sandy grading to very fine,

argillaceous Sandstone, glauconitic, micaceous, trace pyrite,
very slightly calcareous, tight. Bentcaite, white and light gray,

From To Descriptions
<1600 1640
1640° 1760
1760 1800
fragments.
1800 1830
1830 1850
- ’ light gray, waxy.
1850 1910
1910 . 1920 .
L at 1911).
1920 1935
1935 1964
calcareous.
1964 1972
1972 2005
Inoceramus prisms.
2005 2010
- 2010 2030 -
2030 2045
2045 2055
2055 2065
2065 2075
- Bentonite as above.
2075 2085
glauconitic.
2085 2100
mica.
2100 2125

Sandstone, medlum to dark gray, some green-gray, some light gray, .
very fine, glauconltlc, argillaceous, micaceous, non-calcareous, .
tight, slightly pyritic. Shale, dark gray, blocky, silty; Bentonite,
white and gray, micaceous. ‘ :
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To

Page 26
Descriptions

2995

3060

3080

3110

3155

3060

3080

3110

3155

3184

CORE No. 2

3184,

3186.4

3186.6

3188.1°

. 3188.5

3192.1

3202.8

3203.4

3204.9

| 3186.4

Siltstone, medium gray, calcareous in part; interbedded with Shale,
very dark gray, fissile, non-calcareous to slightly calcareous;
traces pyrite.

Siltstone, Yight to medium gray, slightly calcareous, blebs and
hairline partings of dark gray silty Shale; traces pyrite.
Slltstone as above; 1nterbedded with Shale, dark gray, flss11e.

DAKOTA 3123 feet (Log)

Shale, dark gray, f15511e, interbedded with a llttle Sandstone,
light gray to white, very fine grained- grading to Siltstone,
slightly calcareous slightly siliceous, tight, no show. Slight
increase in Sandstone from 3120 to 3140 feet.

Siltstone, light gray, slightly calcareous; and Siltstone, medlum
gray to brownish gray, argillaceous gradlng to silty Shale, slightly
calcareous.

3184-3214 feet. Recovered 29 feet. (Pipe strap shows bottom of tﬁe

hole 3 feet deeper than Geolograph but no correction made).

Shale, dark gray with irregular and wavy laminae and blebs up

. to 1 cm thick of very dark gray carbonaceous Shale, light gray

Shale and- light gray silty Shale grading to Siltstone, light gray

- argillaceous, . (80%;dark gray Shale), Siltstone increasing toward

3186.6

base; burrowed.
Siltstone, light gray, a few scattered- black gralns and very fine

.-muscovite and biotite flakes, sllghtly calcareous, ripple bedded,
burrowed at tope.

3188.1

Siltstone, light gray, grading to very fine grained Sandstone in part,
a_.few scattered black grains and fine muscovite flakes, tight, no
show; Shale, dark gray and Shale, light gray silty; scattered

_pyrite (60% Shale, 40% Siltstone-Sandstone); Siltstone and Shale

. in irregular laminae and blebs up to 2 cm thick; bioturbated

'3188.5

3192.1

(highly burrowed).
Siltstone, grayish brown, argillaceous.

Shale, dark gray,. bioturbated with irregular blebs and laminae .

up to 2 cm thick of Siltstone, light gray, calcareous in part;

. Shale 1light gray; fine laminae of black carbonaceous Shale (about

3202.8

3203.4

3204.9

3206.5

50% dark gray Shale, 50% Siltstone and light gray Shale,

"Siltstone. increasing toward base). Scattered pyrite.

Shale, dark gray burrowed in part, with a few laminae and blebs of
medium gray Shale and a very few laminae of Siltstone, light gray;
traces pyrite. Dark gray Shale 80% at top increasing to 95% near
base. :

Sandstone, light gray, very fine grained, a few scattered black,
brown and pink grains, scattered muscovite flakes, calcareous,

white clay cement, tight, no show, burrowed with blebs of medium
gray and tan very sandy clay.

Sandstone, light gray, very fine grained gradlng to Siltstone,
slightly calcareous, white clay cement; flecks and hairline partings
of black carbonaceous. material, tight, no show, in laminae up to

3 cm thickj ripple bedded in part, burrowed in part; interbedded
with Shale, dark gray in layers up to 1 cm thick (about 70%
Sandstone, 30% Shale).

Sandstone, light gray, very fine grained grading to Siltstone, . .
a few scattered black grains, muscovite flakes and biotite flakes, i
calcareous in part, no visible porosity, no show, ripple bedded, '

slightly burrowed near base; with irregular dark Shale laminae up

to 5 cm thick increasing toward base.
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From

"To

P 27 .
Descriptions age

- '3206.5 3209.5 Shale, dark gray, flnely interlayered with laminae and blebs of

light gray Shale and a few streaks light gray Siltstone; ripple
bedded in part, mostly burrowed in upper part, less burrowed
in lower part.

KOOTENAT 3209.5 feet (Core)s 3208 feet (Log)

Claystone, pale gray to olive green and a little brown, waxy to
earthy, slickensided, crumbly.
Not recovered.

b ]

Claystone, pale gray, gray- green and maroon (some mottled pale

.. green and maroon); with a little Slltstone, brick-red and

_maroon; trace ochre Shale. .
. Shale, maroon and brick red, silty.

Shale and Claystone, medlum gray with Shale, maroon and brlck—'

, red, 51lty,_traces brownish gray cryptocrystalllne calcite
~nodules.

As.above with trace Sandstone, white,coarse gralned, scattered
black grains, brown and white grains, calcareous in part, white
clay cement, no visible porosity, no show. .

Shale, 1ight gray and brick-red, silty in part; trace Sandstone,

- white, fine to medium grained, angular to subangular, scattered

‘black and gray grains and orange grains, pyritic, calcareous,some
. .white clay cement, traces porosity, no show.

Sandstone, white, fine grained, rare black, brown and orange grains,
trace green grains, slightly calcareous, some white clay cement,
tight in part, fair porosity in part, no show.’

3380-3410 feet. Recovered 24 féet. Drilling time and core continuity .
suggest unrecovered portion is between 3389.6 and 3396.6.

"nSandstone, whlte, very ‘fine gralned (between very flne gralned

Sandstone and Siltstone), almost all quartz grains, very rare

~ black and orange grains, non-calcareous, white clay cement, no

visible porosity, no fluorescence or cut fluorescence. Bedding
obscure in part, horizontal in part with a few zones containing
clasts of light gray and greenish gray clay up to .10 cm long.
Near—vertlcal fractures 3383-3384 feet.

3209.5 3213
3213 3214
END CORE No. 2
3214 3250
3250. 3280
3280 . 3340
3340 33561
3356 3369
3369 3380
CORE No. 3
3380 3386
3386

3388,5 3389.6

3389.6 3396.6

3396.
3397.5 3399.7

3388.5

6 3397.5

‘Interbedded Sandstone, light gray, very fine gralned gradlng to

. S8iltstone, very rare black and pink grains, arglllaceous, non-
calcareous, no visible porosity, no fluorescence or cut fluorescencej
Claystone, light greenish gray and 11tt1é light brown (reddish

_brown toward base), silty in part. Bedding horizontal in part,

mottled in part, ripple bedded in part. _
Claystone, reddish brown, mottled pale greenish gray in part,
silty in part, crumbly, slickensided. ‘

" LAKOTA 3390 feet (Log)

Mostly not recovered. Recovered fragments are Claystone as above

.aggregating about 1% feet.

Claystone ‘as above. _

Siltstone, medium gray (some with reddish brown cast) very
argillaceous, sandy, non-calcareous. Bedding is obscure to
horizontal, mottled in part. :
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Page 30

Shale, medium gray—brown, blocky, silty, grading to argillaceous’

Sandstone, medium to light gray, very fine, some fine, arglllaceous,
calcareous, glauconitic, biotitec, tight. Trace pyritic fragments.
Trace Chert, milky to light brown.

Shale, medlum to dark gray-brown, blocky, silty to sandy, sllghtly

RIERDON 3788 feet (Log)

Shale, medium to light gray, blocky, calcareous. Trace brown-gray'

Shell fragments, tan,gray, cream; trace Marl, light gray; Shale

as above; . trace pyrite.

Shale, 1lght gray, splintery, bentonitic, slightly calcareous, crumbly.
Shale, light gray, blocky, silty, calcareous. Shell fragments,

" cream and gray. Trace Pentacrinus fragments. Trace Chert, milky.

PIPER SHALE 3876 feet (Log)

Shale, pale dirty orange, blocky to vefy soft, silty, bentonitic, -
calcareous; trace Sandstone, rose, flne,5111ceous, calcareous,

~hard, tight. Trace shell and pyrite fragments. Streaks Shale,

light gray, bentonitic, fossiliferous.
Shale, light orange, blocky to lumpy, bentonltlc, anhydrltlc,

_ silty; Shale, brick-red, blocky, silty. Limestone nodules,:cream,

. Shale, light orange, mushy; and Shale, orange,‘blocky, very
bentonitic, anhydritic; Anhydrite, white chalky.

.' PIPER LIMESTONE 3942 feet (Log).
leestone, cream, tan, gray, spotted light brown (oolitic), dense

Limestone, cream, tan, medium brown.some dark brown mottled, fragmental
(oolitic), some is chalky, anhydritic, fossiliferous, tight, dull
yellow sample fluorescence, no cut fluorescence, sllght petrollferous'

As above increase in medium and dark brown leestone, pyritic 1n
part, petroliferous odor in acid.

Limestone, cream, tan; brown, mottled, oolitic, fragmental, chalky,
anhydritic, tight, no show. Streaks Shale, light gray, blocky,

Shale, maroon to purple, blocky, silty, anhYdrltlc.
Limestone, cream, tan gray-brown, brown, mottled, fragmental,
oolitic, anhydritic, some gray Shale pebbles; gray and brown dense

Shale, grayish orange, orange, maroon, blocky, some mushy, 511ty,

Limestone, medium gray, gray-brown, brown, dense, argillaceous;
Anhydrite, white, very fine sucrosic to crystalline; red Shale
intercalations; Shale, light gray, calcareous. _
Sandstone, white to light gray, very fine calcareous, well

~ cemented, tight, no show. Possible, interbeds Shale, orange,

maroon, purple, blocky, silty, some mushy.
Shale, light gray, blocky calcareous; Limestone, light gray to
medium brown, dense to slightly chalky.

From To Descriptions
3737 3750
: . Siltstone.
3750 3780
3780 3790
calcareous.
3790 3837
shell fragments.
3837 3850
3850 3860
3860 3880
Trace_Pyrite.
3880 3890
3890 73910
’ 7 light brown, dense.
3910 . 3948
3948 ° 3955
. ’ " anhydritic.
3955 3965
. ) odor. in acid.
.3965 "3970
3970 3980
) pyritic.
3980 3990
3990 4005
Limestone at base.
4005 4020
anhydritic.
4020 4030
4030 4040
4040 4045
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From To- Descriptions Page 31

SPEARFISH 4046 feet (Log).

x

4045 4050 Anhydrite, white,\hottled red in part, finely crystalline.

4050 4090 Shale, bright orange, very sandy, grades to very argillaceous
Sandstone, very fine, anhydritic, Possible streaks Shale,
medium gray, blocky, silty to sandy, scattered very fine :
glauconite grains, rare black grains, trace pyrite.  Rare fragment:
gilsonite (2) at 4070-4080 (contamination?), weak cut fluorescence.

4090 4128 Shale, as above, less 511ty streaks Shale, gray. and green.

TENSLEEP 4128 feet (Log)

4128 4135 Sandstone, clear to white, medium to fine, ethedral in part,

. slightly quartzitic, dolomitic, tight, no show. Tripolite,
chalk-white, floating medium to fine sand grains; trace Dolomite, ..
white, very finely sucrosic, floating fine to medium sand grains,
tight, now show, trace Chert, mllky.

CORE NO. 5 4135-4165 feet. Recovered 30 feet. ) :
4135 4137 Sandstone, whlte with light green cast in part very flne,dolomltlc,
S calcite velnlets,no visible porosity, no show. Bedding dip is flat.
4137 4138 . As above with intercalated Dolomite, tan, dense. ‘
4138 4139 Dolomite, cream, very finely sucrosic, very sandy, calcite velnlets,
. - tight, no show.
. 4139 4140 ' Quartzitic Sandstone,, tan and llght green-gray, mottled very fine, .
‘dolomitic, calcite veinlets, tight no show. ‘
4140 4142.5 Quartzitic Sandstone, white, mottled light apple-green, fine to
. very fine, slightly dolomitic, pyrltlc, no v151b1e por051ty, no
show.
4142.5 4143. As above with 1nterca1ated Dolomlte, very light greenish gray,
' very finely crystalline, pyritic, argillaceous, pyrltlzed halrllne
i . . fracture.
4143  4145.5 Quartzitic Sandstone, very light greenlsh gray to white, flne,
, dolomitic, tight, no show.
4145,5 4146 Intercalated Shale, medium apple-green, subwaxy, pyrltlc, flaky,
: _ dolomltlc, and Dolomlte, very light gray, speckled with very flne
. .. pyrite, dense. ’
4146 = 4148 Dolomite, tan to light brown, very fine to extremely fine crystalllne,
: sandy, tight no show.
4148 4149 Quartzitic Sandstone, mottled light green-gray and light red-brown,
very dolomitic, tight, no show.
4149 4150 Core shattered; intercalated, Shale, medlum apple-green, subwaxy,
. . . :“pyrltlc, flaky; and Dolomlte, light gray, very finely crystalline,
. .speckled with very fine pyrite.
4150 4151.5 Dolomite, light green and white mottled, very fine. sucrosic,
. very sandy, pyritic; some may be very dolomltlc Quartzite.
4151.5 4152 As above, with Shale, green,subwaxy pyritic. Shattered.
4152 -+ 4154 Dolonmite, creesm, dense, trace red and green spots. Shale interbeds
‘ - and. intercalations, light green-gray, very pyritic, dolomitic.
4154 4155 Sandstone, light green,very fine, quart21t1c, pyritic, dolomltlc,
tight, no show, Core shattered.
4155 4158 Quartzite, white, very- fine to fine, subv1treous, pyrltlc, dolomitic,
o ' hard tight, no show. Core is shattered.
4158  4159. Quartzite, very light gray, vitreous, fine,hard, tight.
4159  4159.5 Shale, very light apple-green, sub-waxy, dolomitic, flaky.
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Page 32

4159.5

4160,5
- 4161.5

4163
4164.5

4160.5 Dolomite, cream to tan, dense to very fine crystalllne, some green
spots, tight, no show.

4161.5 Shale, light apple-green, flaky, very pyritic, sub-waxy.

4163  Quartzitic Sandstone, white, fine to very fine, sllghtly dolomitic,
tight, no show.

.4164.5 As above, trace pyrite; thin gray Shale 1am1natlons.

4165 Shale, medium apple-green, flaky, pyritic, dclomitic.

END CORE NO. 5

4165

4170 -

4180

4190

4200.

4215

4228

4170 Poor sample (Trip and water flow). Sandstone, white, fine to
medium, some coarse, slightly dolomitic, trace porosity, rare
fragment with good intergranular por051ty.

AMSDEN 4178 feet (Log)

4180 Dolomite, cream to tan, some white, dense to finely :crystalline,
- anhydritic, evidence of vugular, porosity, fast drilling, no
stain or. fluorescence or cut fluorescence. Anhydrite, white to
clear, dense to coarse cyrstalline; Chert, milky and white, some
clear. Foram and oolite ghosts in Dolomlte and Chert.

4190 Dolomite, cream,tan, light rose, some white, coarse crystalline,
some dense, anhydritic,appears to have good vugular and fair to
poor intercrystalline porosity, no show Chert, milky; Anhydrite,
white to milky, some clear..

4200 Dolomlte,lcream, some vhite, sompe light tan, dense to very fine
crystalline, some fine, trace vugs, trace possible large vugs,
as above, no show; erratic drilling.

4215 Dolomite, cream to white, dense to very fine crystalline, some

white, very fine sucrosic, siliceocus in part, tight. Trace Chert,
milky. Tripped for bit at 4203; water flowed again.

. 4228 Dolomite, cream to tan and a little pale pink, mostly dense with

a little very fine crystalline, trace coarse crystalline, trace,

vugs, no show; a little Chert, white to clear; and Anhydrite, white,.
4300 Dolomite, white to cream and tan, dense to very fine crystalline,

sucresic in part, trace to fair intercrystalline porosity in part,

a few vugs, scattered white chert, no show; a little Dolomite,

pale pink, dense to microcrystalline; a little Anhydrite, white;

trace white chert. At 4270 trace Dolomite, white, dense with.green

specks. : : )

- MADISON 4300 feet (Log)

CORE NO. 6 4300-4360 feet. Recovered 12 feet core plus crushed material

3 feet

5.5 feet

representing approximately two additional feet. Following description

starts with top of recovered portion; a551gnment of depth within
cored interval not possible.-

Dolomite, white to cream; fine crystalline to microcrystalline,
trace intercrystalline porosity, good vuggy porosity, no show;
mottled with a little Dolomite, pale tan, dense, tight, no show;
top 3 inches Dolomite, pale tan, dense with a few stylolites.
lined with black residue, tight,no show; a few rounded ovoid
light gray siliceous fossil ? relicts about 2 mm long.

porosity, scattered vugs, nc show; a few scattered light gray ovoid

siliceous fossil (?) relicts; a few veinlets of Dolomite, white
microcrystalline, tight. .
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3.5 feet

Dolomite, white to cream, very fine crystalllne, trace medium
intercrystalline porosity with good vugular porosity, no show; -
and Dolomite, white microcrystalline in part, tight, scattered

. vugs in part, no show; numerous anastamozing veinlets of Dolomite

2 feet

END CORE NO.

white, microcrystalline, tight no show.

Crushed mixture of Dolomites as above plus a little Limestone,
hﬁute,chalky,Dolomlte, light gray, dense, tight no show.

6 : B :

CORE NO. 7
4360  4364.3

- 4364.3 4370

4360-4387 feet. Recovered 16 feet.

Dolomite, cream, microcrystalline, with scme very flne crystalline,
no intercrystalline porosity, trace vugs, no show; vertical fractures,
slickensided; stylolite with black residue at 4364 feet.

Dolomite, cream, very fine crystalline to microcrystalline, trace

" intercrystalline porosity in part, poor to medium vuggy porosity

- 4370  4375.3

" 4375.3 4376

4376 . - 4387,

END TORE NO.

CORE NO. 8
2387  4395.3

in part, no show; a few veinlets of white microcrystalline

Dolomite; suggestion of relict Brachlopod shell ribs. at 4369;

vertical fracture at 4365. .
Dolomite, cream, mottled very fine crystalllne, mlcrocrystalllne

and cryptocrystalline, scattered vugs, possible relict. shell

fragments and Crinoid fragments, no show; at 4373.5 irregular

mass about 4" long of Anhydrite, white earthy with numerous clear
crystals. -

‘Crushed. fragments of Dolomite, cream,mostly dense, some .fine
crystalline, a few vugs in fine crystalllne part, no show.

“Not Recovered.

7

4387-4411 feet. Recovered 21 feet. : :

Breccia of angular chunks and-mottlings of Dolomlte, ‘cream to

pale tan, fine crystalline with scattered vugs, trace intetrcrystalline
porosity, trace pink stain around some of the vugs; -Dolomite, '
white, microcrystalline, chalky; Dolomite, pale gray to light:tan, .:
dense, with scattered vugs; scattered shell casts; a few stylolites

at 4387-4388; numerous white Dolomite veinlets; a few headléd vertical
fractures; a few anhydrite crystals; numerous irregular non-

- vertical cracks; at 4388.8 spherical nodule about 10 cm in diameter:

4395,3 4398.5

4398.5 4402.5

4402.5 4406

4406 4408
4408 4411

of Dolomite, white, coarse crystalline, a few vugs,.cut by small
vertical fracture.with about 1 cm of vertical dlsplacement.

No show.- :
Breccia of Dolomite, light gray, pale tan and brown,:dense to
microcrystalline, scattered vugs, no show; 1rregualr fractures
and white Dolomite veinlets. ’ |
Recovered only broken and crushed fragments of Dolomlte as: above
plus a little Limestone, tan, microcrystalline matrix with Cr1n01d
fragments in part and ccral fragments in part, tlght no show;

a few fine partings of psle green clay.

Breccia of Dolomite, brown, mlcrocrystalllne, tlgbt no show,
Dolomite, white to tan, earthy matrix with -numerdus Crinoid
fragments, tight,no show; fracture face and stylolite at 4402.7
with black residue, no fluorescence or xylene cut fluorescence;

a few vertical fractures plus irregular cracks and whlte Dolomite
veinlets.

Recovered conly broken and crushed fragments of Dolomlte as above,
some with fine partings of pale green shale,

Not Recovered.
8

END CORE NO.
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Page 34

END CORE NO. 9

Washed down with less than 5,000 pounds on bit. Hole appeared
to have been drilled while circulating. Samples are mostly

Dolomite, cream microsucrosic to crystalline, scattered pinpoint
and small vugs (5%). Trace Anhydrite, medium brown, véry finely
crystalline. No show; dull gold to yellow sample fluoresence.
Dolomite as above, some with grayish cast, vugs as above., Trace
Anhydrite, white with orange stain, chalky. Fluorescence, as above,
Dolomite, gray-buff, some ¢cream, microcrystalline, slightly
anhydritic, tight to trace vugs. Dull gold with some dull yellow
sample fluorescence. No show. Trace chalky Anhdyrite as above.

Dolomite cream to buff, some grayish, microcrystalline to dense,
tight. Anhydrite (10%), medium brown, trace dark brown, very -
finely crystalline some with pellet casts. Drilled rough.
Dolomite cream to buff, micro to very fine sucrosic, slightly

-anhydritic, 5-10% small vugs, some slightly honeycomb, dull

gold sample fluorescence, no show; trace:Anhydrite, white chalky,

4470-4484 feet. Recovered 12 feet. _ -
Dolorite,- cream, very fine crystalline to sucrosig, some is fragmented
with trace shell fragments,  limey, high angle (757) closed
fractures, goocd vugular porosity, no show, dull yellow mineral

Dolomite, tan to buff, very fine sucrosic, closed vertical fractures,
good vugular porosity, now show. Trace Anhydrite, white, sucrosic.
Dolomite, tan, very fine to fine sucrosic, good vugular porosity,
slightly anhydritic. : ' : ' '

Dolomite, cream, ‘fine sucrosic, tight to trace intergranular and
rare vugular porosity, slightly anydritic, closed vertical fractures.
Brecciated ‘and intercalated dolomite, tan, very fine sucrosic;

and Anhydrite, white, very finely sucrosic, tight.

Dolomite, tan to buff, very fine sucrosic, tight; intercalated with
Anhydrite, white.very fine sucrosic. : :

‘Dolomite, buff to tan, very fine sucrosic; Anhydrite, white, very

Dolomite, buff, very fine sucrosic, fair vugular porosity; no show.
Dolomite, tan, microsucrosic to crystalline, tight.

As above with Anhydrite blebs and intercalations, tight, some
closed vertical fractures. i

Shattered Dolomite, tan to buff, very fine sucrosic to crystalline
tight. . : . ‘

Dolomite, tan, very fine to fine sucrosic, anhydritic, tight.
Intercalated Anhydrite, white, very fine sucrosic.

To Descriptions
.4411 4427
cavings.
4427 4440
4440 4450
trace pyrite.
4450 4460 .
' -+ - Trace pyrite.
4460 4465
-+ 4465 4470
. drilled rough.
CORE NO. 9
4470 - 4471:
- fluorescence.
4471 4472
4472 4473
4473 4474.5
©4474.5 4476
4476 - 4478 Not recovered.
4478 4479
4479 4480
. -fine sucrosic.
44780 4481.5
4481.5 4482
4482 4483
4483 4483,5
. 4483,5 4484

4484

4490

4490

4505

Dolomite, cream, buff, tan microsucrosic to crystalline, anhydritic,
tight; Anhydrite, white, chalky, soft, washes out. Dull yellow-

to bright yellow mineral fluorescence. ’ ’
Anhydrite, pink to light rose, microsucrosic, dolomitic, some grades
to very anhydritic Dolomite. Anhydrite, white to buff, very fine
sucrosic, anhydritic, tight.
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As above, Some gray tlnted Anhydrlte. -Trace shale, maroon,

Anhydrite, white to light gray-brown mottled mlcrocrystalllne

to chalky. Some pink Anhydrite, as above.

Anhydrite, mottled as above with some maroon mottling. Some
Anhydrite, medium gray to white mottled, microcrystalline to
chalky, slightly argillaceous. _

Anhydrite, white to tan to brown-gray and purple, mlcrocrystalllne
to chalky, trace microsucrosic and dolomitic.

Dolomite, light gray~-tan mottled maroon dense, tight, anhydritic.

" Anhydrite, cream to white, microcrystalline to very fine sucrosic

to chalky, dolomitic in part.

- Arihydrite, rose, cream, white, microsucrosic to crystalline to

chalky, dolomitic, Trace Dolomite, tan; dense. . Healed fractures
lined with fine Anhydrite crystals. : B

Dolomite, lavender to light rose, dense to microcrystalline,
anhydritic, tight. Anhydrite, cream and white, very fine sucrosic
to microcrystalline to chalky; trace of bright orange chert.
Dolomite,  buff to tan, dense to mlcrocrystalllne, anhydritic,
tight. Anhydrite as above.

Dolomite, buff to tan, some light gray-brown, ochre mottling in
part, microcrystalline, tight, anhydritic. Anhydrite, white,

" sucrosic; Anhydrlte, milky, chalky;. Anhydrlte, buff, mlcrocrystalllne.

From To Descriptions
4505 4515 -
. blocky, silty.

4515 4525

4525 4545

4545 4558

4558 4565

4565 4575

4575 4585

4585  4595.

4595 - 4600

CORE NO. 10

4600 4606 2

4606.2 4611

4611  4612.7

4612.7 4618.3

4618.3 4620

4620 4621
END CORE NO.

‘10

4600-4621 feet. Recovered 20 feet

Anhydrite, white, fine crystalline, interbedded (and mottled in
part) with Anhydrite, tan and light gray, cryptocrystalline,
dolomitic, calcareous in part, grading to anhydritic dolomlte,
no porosity, no show. Bedding nearly horizontal.

Dolomite, tan, fineé crystalline, tight in part, scettered vugs
and traces intercrystalline porosity in part, no xylene cut

fluorescence; scattered blebs up to 'l cm long of Anhydrite, white;-

and a few veinlets of white to clear Anhydrite, microcrystalline

- to coarse crystalllne, a few vertical and irregular fractures.

Bedding dip 0 to 5 Anhydrlte 1nc1u51ons larger from 4610-4611
with one 10 cm across.

Dolomite, tan,microcrystalline to fine crystalllne, no .visible
porosity, no xylene cut fluorescence; irregular blebs up to 1 cm
long of Anhydrite, white fine crystalline; a few stylolite; a-
few veinlets of Anhydrlte, white and clear, fine crystalllne to
coarse crystalline.

Dolomite, tan to brown, fine crystalllne scattered vugs and
traces intércrystalline porosity, no xylene cut fluorescence;
scattered blebs of Anhydrite up to 1 cm 1ong, a few vertical
fractures; bedding almost horizontal. - .

Breccia of Dolomite, tan, ricrocrystalline, tight, no- xylene cut
fluorescence; and Anhydrlte, white to 1lght gray, numerous -
irregular fractures.

No recovery.

CORE NO. 11
4621 4622

4621 to 4648.5 feet. Recovered 27.5 feet. : )
Breccia of Dolomite, tan, microcrystalline, tight no xylene cut

. fluorescence; Anhydrite, white and light gray, fine ¢rystalline

and coarse crystalline; stylolite, with black residue, irregular
fractures. '
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END CORE NO. .11

Dolomite, brown and brownish gray, fine crystalllne, anhydritic in
part, possible relict Crinoid fragments, tight in part, patches
with scattered vugs and a few patches with good porosity; no
xylene cut fluorescence; vertical fractures, scattered veinlets
of Anhydrite; scattered blebs of Anhydrite up to 5 cm long.

As above with irregular beds of Dolomite, tan,microcrystalline,

. tight, no xylene cut fluorescence. White Anyydrite inclusions

increasing in number and size with depth (up to 15 cm long);
irregular fractures, some with black residue (no xylene cut

Interbedded Anhydrite, whlte and light gray, and tan, fine
crystalline, dolomitic; Dolomite, tan, microcrystalline, anhydrltic,
tight, no show; thin bedded in part, irregiilar bedding grading

to breccia ih part; stylolites and irregular fractures, some

with black residue (no xylene cut fluorescnece).

Dolomite, tan,microcrystalline, tight, no show; 1nterbedded w1th
Dolomite, tan to grayish tan; fihe crystalline, anhydritic, tight
in part, poor to medium vuggy porosity and traces intercrystalline
porosity in part, no show; blebs of white Anhydrite up to 1 cm ’
long; irregular and vertical fractures and Anhydrite veinlets;

a few stylolites with black residue (no xylene cut fluorescence).

To Descriptions
4622 4626
4626 4633
‘ fluorsecence) .
4633 4639
. 4639 4648.5

4648

4663

>467O

4680
4685

4694

CORE
4710

4714
4721

4725

.5 4663

4670

4680

4685
4694

4710

NO. 12
4714

4721
4725

4725,5

END CORE NO.

Dolomite, cream to tan, microcrystalline to fine crystalline,
mostly tight, a few pieces with poor to medium vuggy porosity; .
no -show; a little Anhydrite, white; pink and tan, microcrystallihe{:
As above with increase in number of pieces with vuggy por051ty ’

(fast drilling break).

Dolomite, pale tan; mostly very fine crystalline with sorie
microcrystalline, mostly tight with about 10% of the pieces hav1ng
small vugs and traces intercrystalline porosity, no show.

Dolomite as above w1th increase to 20% in number of pieces with
porosity.

Dolomite, tan mlcrocrystalllne to very f1ne crystalllne, mostly
tight, traces very small vugs, no show.

Dolomite, tan microcrystalline to very fine crystalline tight in
part, very small vugs and traces intercrystalline porosity in
part. :

4710 to 4725.4 feet. Recovered 15.5 feet.
Dolomite, tan; mostly microcrystalline with some cryptocrystalline,
mostly tight with a few scattered vugs in part, no show; a few

" stylolites; a few high-angle fractures; bedding 0 to 50.

Dolomite, tan, very fine to fine crystalline, tight in part with
scattered vugs in part, no 8how* a few stylolltes; a few hlgh angle
fractures. Bedding 0° to 5

Mixture of irregular chunks of Anhydrite, white and tan, fine to
coarse crystalline; and Dolomite grayish tan, cryptocrystalllne

and microcrystalline, tight, no show.

Dolomite, tan, fine crystalline, mostly tight with a few scattered
vugs, no show; scattered bleks of Anhydrite, white and tan, up to

1 cm long. : '

12
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From To Descriptions

4725,5 4735 Dolomite, buff, microcrystalline, very thin Anhydrite veinlets,
tight. Dolomlte, tan, very fine stcrosic, slightly anhydritic,

" trace small vugs. Dolomite, cream, chalky, small anhydritic
_veinlets.

4735 4745 Dolomite, tan, some with grayish cast, very fine crystlline,
anhydritic, tight. Dolomite, cream, chalky. Trace Anhydrite,
white, fine sucrosic.

4745 4770 Dolomite, light grayish brown, mlcrocrystalllne, anhydritic,
tight; Anhydrite, white to tan and light gray, fine crystalline;

- trace Anhydrite, white with light gray spherical dolomite
pellets or relict oolies about 0.5 mm in diameter; trace Anhydrite,
brick-red, dolomitic.

4770 © 4781 Anhydrlte, light gray, cryptocrystalllne' Anhydrite white and tan,

o earthy," dolomitic.

4781 4786 Limestone, dolomitic grading to limy Dolomite, very fine crystalline,

' to microcrystalline in part, anhydritic, trace Crinoid fragments,
trace intergranular porosity, faint xylene cut fluorescnece;

, ) blebs Anhydrite, white, fine crystalline.
4786 ~ 4805 Anhydrite, white earthy; Anhydrite, dark gray mottled with white,
' microcrystalline, dolomitic, faint xylene cut fluorescence in.
part; Dolomite, brown, very limy, mlcrocrystalllne, tlght faint
. Xylene cut fluorescence in part.
4805 4835 Dolomlte, brown and light brown, mlcrocrystalllne and cryptocrystalline,
' relict pellets or oolites in part, tight, no show; a llttle
Anhydrite, white and light gray.

4835 4848 Limestone, light brown, microgranular to fine gralned oolitic B
in part, tight, no show; a little Limestone, cream to, tan, fine’
grained oolltlc, tlght no show from 4845- -4848 feet.,

CORE NO. 13 4848 to 4878 feet. Recovered 30 feet. : -
4848 4851 - Limestone, tan and light gray grain-supported, fine to medlum .
' grained, pellets or ooliteswith scattered Crinoid fragmst, -
" micrite cement, tight in part, poor intergranular por051ty in part;
- a few stylolltes- a few high-angle fractures with diusy calcite .
lining, traces black residue with falnt Xylene cut fluorescence
on fracture.
" 4851 4854 Limestone, cream, mud-spported, very fine calcite gralns, scattered
oolites and Crinoid fragments in micrite matrix, mostly tlght
trace intergranular porosity in part, no show; a few high angle
fractures with drusy calcite lining. .
- 4854 4855 Limestone, tan,'mlcrogranular matrix with scattered shell fragments, .
tight, no show. : -

4855  4863.3 Dolomite, tan, microcrystalline to very flne crystalllne, a very

. few relict Crinoid fragments, tight from 4855 to 4857, mostly
tight with a few vugs and traces intercrystalline por051ty from
. 4857 to 4863.3; no show. Core shattered from 4855 to 4857.

4863.3 4868 Limestone, pale tan, mud-supported, scattered Crinoid, shell and
algal (?) fragments in micrite matrix, appears tight but
effluorescence on core surface suggests trace por051ty, no show,
a few high-angle fractures, mostly healed.

4868 4873 Limestone, pale tan to light gray, scattered Cr1n01d and shell
; fragments, in microgranular to very fine granular matrix, tight,

e no show; a few irregular fractures.

4873  4874.3 Limestone, tan, grain-supported, flne—gralned, pellets 1n mlcrlte

matrix, tight, no show.
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From To Descriptions

4874.3 4874.7 Dolomite, light .brown, cryptocrystalline to mlcrocryScalllne,
tight, no show.

4874.7 4878 Limestone, tan, grain-suppo}ted in part, mud-supported in part,

: Crinoid and shell fragments, pellets and ocolites, in microgranular
to very fine granular matrix, mostly tight with traces intergranular
porosity in part; Brachiopod shell at 4877; a few high-angle
fractures, mostly healed but some with dark calcite crystals;

» traces black residue with fair xylene cut fluorescence.

END CORE NO. 13

4878 4885 Limestone, light.brown, mud-supported in most, trace grain-~
- supported, scattered pellets or oolites, Crinoid fragments and .
lumps in micrite matrix, tight; a little Limestone, cream,
) chalky. o
4885 4895 Limestone, tan, graln supported, pellets, oolite and Cr1n01d
fragments in micrite matrix, chalky in part, tight.
4895 4905 Dolomite, 1light gray-brown, fine crystalline, scattered vugs
(3-5%), white calcite veinlets, stylolitic, no show.
4905 4915 leestone, buff to tan, graln-supported, pelletal and oolltlc
in micrite matrix, chalky in part, tight. :
4915 4925 Dolomite, light gray-brown to grayish tan, fine to occa51ona11y
. medium crystalline, 2-3% vugs and trace 1ntergranular porosity,
calcite veinlets, stylolitic, no show. :
4925 4935 Dolomite, as above, sllghtly grayer, fine- crystalllne, ‘tight to
trace porosity.
4935 4945 Limestone, buff to tan, graln—supported, pelletal, OOllt1C,
- fragmental in micrite matrlx, some is chailky, tlght ca1c1te
veinlets.
4945 4953 Dolomite, medium brown-gray,. cryptocrystalllne to mlcrocrystalline,
calcite véinlets, stylolitic, tight.
4953 4960 Dolomite, light brown, fine to very fine crystalllne, calcite
: veinlets, stylolitic, fair vugular and 1ntergranu1ar por051ty,
no stain or fluorescence.
4960 4975"‘Dolom1te, tan, some with gray tint, very fine to fine crystalllne,
" tight. Possible interbeds, leestone, buff, grain-supported,
pelletal and oolitic in micrite matrix, some chalky, tight.
4975 4985 Interbedded Limestone and Dolomite, as above.

- LODGEPOLE 4986 feet (Log)

4985 4995 ° Limestone, medium brown-gray to buff mottled, grain-supported,
pellets and oolites and some fossil fragments in micrite matrix,
slightly chalky, slightly argillaceous, pyritic, tight. Thin
beds Limestone, buff to light gray mottled, grain-supported,

" pellets and ocolites in micrite matrix, chalky,tight.

4995 5005 Dolomite, light to medium brown-gray, microcrystalline to very
fine crystalline, slightly argillaceous, tight. Interbeds of
Limestone, medium gray to white mottled, grain-supported, »
pellets and oolites in micrite matrix, slightly chalky, trace
pyrite, tight. -

5005 5015 ~ Trace Shale, orange to maroon, blocky, slightly calcareous and )
anhydritic, Dolomite, light to medium brown, some gray-brown,
very fine crystalline to sucrosic, red mottling in part, velnlets
Anhydrlte, white crystalline to sucrosic, tight.
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. Dolomite, mottled red as above.. ~Trace Dolomite, orange, anhydrltlc,

argillaceous. Anhydrite veinlets as above.

Dolomite, light bxown and gray-brown, fine crystalline to- sucr051c,
no visible porosity, red mottling more prevalent, trace red shale
inclusions. Trace Anhydrite, Whlte, very fine sucrosic. White

-~ As above. Interbeds Limestone, graln-supported to mud- supported

fragmental to chalky, tight.
Limestone, buff to cream, .mud-supported. to grain-supported,
chalky, abundant hematite-red mottling, pelletal and oolitic,

" . .anhydritic, slightly argillaceous, tight.

Dolomite, light grayish-tan, mottled light red and purple,
speckledrust-red in part, very fine sucrosic to crystalline,
anhydritic, tight. Possible interbeds Limestone, as above.
Limestone, buff to tan, mottled pink to orange to hematite-red,
grain-supported, oolites and pellets and trace Crinoid stems in
micrite matrix, chalky in part, tight.

Limestone, buff to light brown, graln-supported to mud-supported,

- small pellets andoolites in .micrite matrix, some cryptocrystalllne

and some chalky, anhydritic, stylolitic, tight..

Trace Shale, orange to maroon, blocky, calcareous. Limestone

as above, less oolites and pellets. Trace Dolomlte, light brown
very fine sucrosic. Trace milky chert.

Limestone, tan to light brown, mud-supported, cryptocrystalllne,
some chalky, tight, stylolitic, trace S”all clear’ Anhydrlte blebs, .-
trace relict oolitess

Limestone, buff to cream, mud supported/grain supported, crypto--
crystalline to chalky, some pelletal and oolitic 1n mlcrlte matrix,
anhydritic in part, tight, stylolitic.

Dolomite, tan, fine to medium crystalline to sucrosic, good
vugular porosity, trace red mottling, no show.-

Limestone, cream to buff to tan, mottled, grain supported/mud

_supported, oolites and pellets in micrite matrix, fragmental to

chalky, stylolitic, anhydritic, tight.

Limestone, tan-buff-cream, mottled, grain supported, oolites and
pellets and some lumps in micrite matrix, chalky, slightly
anhydritic, tight to trace pinpoint vugs. Limestone, cream to

Limestone, light brown, tan,buff, cream mottled, grain supported
abundant colites and some pellets and lumps in micrite matrix,
chalky, poor to fair pin~point vugular porosity. Limstone, cream.

-As above with trace pin-point vugs. -

Limestone, light brown-tan-buff mottled, grain supported, oclites
and pellets and Crinoid fragmetns in micrite matrix, chalky and
fragmental, tight. Limestone, cream to white, chalky.

Limestone, cream, mudsupported to grain supported, microcrystalline
to relict oolites to chalky, anhydritic, tight.

Limestone, cream to buff, grain-supported to mud supported,
oolitic to microcrystalline to chalky, anhydritic, tight.
Dolomite, light brown to medium gray-brown, grain supported, very
fine - crystalline to fine sucrosic, anhydritic, fair to good
vugular porosity, no stain or cut fluorescnece, cllnglng bubbles
in acid (oil reaction?).

" From . Descrlptlons
5015 5025 -
5025 5035
. : .. calcite veinlets.
5035 5065
5065 5075
5075 5085
5085 5105
5105 5125
5125 5135
5135 5155
5155 5172
5172 5179
5179 5200
5200 5210
) white, chalky.
5210 5220
to white, chalky.
5220 5240
- 5240 5245
5245 5250°
5250 5260
5260 5270
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Dolomite as above, flne to medium crystalllne to sucr051c, large

Dolomite, light brown, grain supported medium to fine crystalllne
to sucrosic, anhydritic, numerous large and small vugs, excellent

Recovered 60 feet.

From To Descriptions
5270 5283
. vugs, good porosity.
5283 5285
porosity.
CORE NO. 14 5285 to 5345 feet.
5285  5289.5

5289.5 5294

5294‘

5296
5296 5299
5299 5300
5300 5301
5301 5302 .
5302 5317
5317 5319
5319  5321.5

5321.5 5335

5335
5335.5 5345

5335.5

Dolomite, light brown, fine to medium crystalllne, some sucrosic,
anhydritic, good pin-point and small vugular porosity, high-angle

and vertical fractures.

Dolomite, as above, decreasing grain size downward, gray to white

Anhydrite inclusions, porosity decreases to poor downward.

Dolomite, as above, very fine to fine crystalline, anhydrltlc,

poor to fair vugular porosity.

Dolomite, tan, very fine sucrosic, some chalk infill, anhydrltlc,

high-angle fractures (closed), scattered vugs (poor to fair
porosity).

Dolomite, light brown, fine sucrosic, good vugular por051ty,
shattered.

Dolomite, cream, mud-supported, microsucrosic to chalky, anhydritic,
tight. TIrregular beds Dolomite, light brown, fine to medium

crystalline good vugular porosity. Large Anhydrite inclusions,

white to light gray.

As above. Vertical fractures, chalky along fractures.
Irregular-bedded, white to cream siliceous rock {(possibly Tripolite
or Porcelanite), dense with floatingdolomite crystals; and Dolomite,
light brown, very fine sucrosic to fine crystalline, tight. :
Irregular inclusions Anhydrite, light blue-gray to whlte.
stylolite. Possible bicturbation.

As above with Dolomite, light brown, medium crystalllne, anhydritic,
scattered vugs (poor porosity).

Irregular-bedded Dolomite and Tripclite (?) as in 5302-5317.
Irregular bedded white Tripolite (?) with floating fine Dolomite
grains; and Dolomite, very fine sucrosic, some chalky, tan to light

brown, numerous large Anhydrite inclusions. Stylolitic. Irregular
occurrences Dblomite, medium to dark brown, very fine sucrosic,
tight; some interfingered with Tripolite.. Possible bioturbation.

As above. Brecciated in part. '
Irregularly bedded Dolomite and Tripolite (?) as above.
large Anhydrite inclusions, white and 11ght gray, tight.
Possibly bioturbated.

Large

Numerous
Stylolite.

END CORE NO. 14

5345 5355

5355 5372 .
5372 5375

. Dolomite, light grayish-tan; fine to very fine sucrosic, slightly

chalky, anhydrltlc, stylolitic, poor to fair vugular porosity.
Interbeds and inclusions Tripolite (?) as above, some becomlng
cherty. Inclusions Anhydrite. :

Dolomite, light brown-gray to tan, very fine mlcrocrystalllne,

-some fine crystalline, scattered green glauconite grains, anhydritic,
~ siliceous, poor vugular porosity.

Decrease in Tripolite (’), some

with glauconite. Trace very fine Pyrlte. ‘
DEVONIAN 5368 feet (Log)

Dolomite, light gray to buff, some mottled green, microcrystalline

to very fine crystalline, tight to trace vugs, anhydritic, pyritic,

slightly argillaceous. Trace Dolomite, medium gray, microcrystalline,

argillaceous, very pyritic, tight. :
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From " To Descriptions

CORE NO. 15 5375-5423 feet. Recovered 48 feet.
5375 5377.2 Shale, pale green, waxy and slickensided in part trace very fine
: pyrite in part, very slightly dolomltlc very faint xylene cut
- fluorescence 'in part.

5377.2 5397 Breccia of Dolomite, light brown, microcrystalline to very fine

T " crystalline, anhydritic; Dolomite grading to dolomitic Anhydrite,
tan cryptocrystalline; Anhydrite, white microcrystalline in part,
coarsely crystalline in part, a little Shale, pale green waxy
from 5377.2 to 5379; many fine fractures and Anhydrite veinlets;
tight from 5377.2 to 5382; trace vugs, efflorescence on core
suggests sllght 1ntercrysta111ne and fracture porosity from 5382
to 5397.

5397 5399 Dolomite, tan, microcrystalline, to very fine crystalline, tight;

: fine Anhydrite veinlets.
5399 5400 TInterbedded Dolomite, grayish tan microcrystalline, tight; and
' Shale, pale green to reddish brown, dolomitic, pyritic.
5400 5403 Dolomite, light grayish brown, fine crystalline, tight; blebs
' Anhydrite, white and tan, coarse crystalline in part, microcrystallline
in part. '

5403 5418 Interbedded Shale, pale green, waxy and slickensided in part;

Shale, grayish green, dolomitic, pyritic in part; blebs Anhydrite,
: whitej high-angle fracture at 5403 with 2 inches displacement.

5418 5423 Breccia of Dolomite, brownish gray and tan, microcrystalline tight;
Anhydrite, tan, dolomitic; Dolomite, gray, microcrystalline to
fine crystalline, becoming more abundant toward base, tight, black
residue in part with faint xylene cut fluorescence; white Anhydrite

" veinlets. ' : ‘

END CORE NO. 15

5423 5430 Dolomite, dark gray, microcrystalline, argillaceous, tightj

traces Shale, black, blocky, hard, slightly dolomitic, fair
) - Xylene cut fluorescence; a little Anhydrite, white,fine crystalline.

5430 5440 Dolomite, cream to tan, microcrystalline, anhydritic in part,
tight; white Anhydrite veinlets.

5440 5450 Limestone, dark gray-krowr, mlcrogranular, trace Brachiopod

: ‘ fragments, tight, fair xylere cut fluorescence in part; traces
black tarry residue with fair xylene cut fluorescence; Dolomite,
pale grayish tan, mlcrocrystalllne, very anhydritic or siliceous,
tight.

5450 5455 Limestone as above plus Llwestone, pale tan, microgranular,
earthy.

5455 5461 Dolomite, light greenlsh gray, microcrystalline, scattered 511t-
size black grains, very anhydritic grading to dolomitic Anhydrite,
traces pjrlte, tlght, a few pieces yield faint xylene cut

) fluorescence.

5461 5480 Limestone, medium brown and dark brown, mud-supported, crypto-
granular in part, microgranular in part, a few white calcite
veinlets, tight, a few pieces yield fair xylene cut fluorescence.

5480 5484 Dolomite, tan, very fine crystalline, tight.

5484 ° 5505 Interbedded Limestone, dark brown, mud-supperted, cryptogranular

. . to microgranular, white Anhydrite veinlets and blebs, tight;
Limestone, cream to light brecwn, subchalky metrix with scattered
pellets and lumps, tight; streaks Dolomite, light gray and tan,
very fine crystalline, tight; streezks Shale, black; calcareocus.
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From To

p 2
Descrlptlons age 4

5505 5554
5554 - 5570
5570 5580
5580 5590
5590 5605
5605 5615
5615 5625
5625 5658°
CORE NO. 16

5658  5667.5

- 5667.5 5682

Limestone, tan, cryptogranular to very fine granular, dense to
chalky in part, scattered black residue on stylolites (2), no xylene.
cut fluorescence, tight; Limestone, medium and dark brown, -
microgranular, with some cryptogranular and some fine granular.
Scattered Brachiopod fragments,pellets in part, blebs of white .
Anhydrite and white calcite, tight; streaks Dolomite, m;crocrystalllne
pale gray at 5520 and tan at 5540,tight;trace Shale, black lumpy .
at about 5545. .

Limestone, medium gray with brownish cast, mlcrogranular to fine
granular, tight; a little Dolomite, tan, microcrystalline to

-very fine crystalline, calcareous, trace 1ntercrysta111ne porosity

no show.

Limestone, as above; with Limestone, tan to brown, grain-supported,
oolites in subchalky matrix, tight; Limestone, cream and pale gray,
microgranular, chalky.

‘Dolomite, medium gray and light brown, and dark brown, mlcrocrystalllne,'

very argillaceous in part, anhydritic in part, tight.

Dolomite. as above with Limestone, dark brown, cryptogranular; and
a little Limestone, 11ght grayish brown, graln-supported oolltes
in subchalky matrix. -

Dolomite, brown to dark brown, fine crystalline, tight.

STONY MOUNTAIN 5612 feet (Log)

Limestone, dark brown, cryptogranular, white calcite veinlets,
tight; Dolomite, llght gray, microcrystalline subchalky, calcite
veinlets, tight.

Dolomite, white to cream and pale gray, cryptocrystalllne to
microcrystalline, subchalky in part; trace pin-point porosity,
trace Dolomlte, tan, very fine crystalline, trace 1ntercrysta111ne
porosity. -

5658 to 5683 feet. Recovered 25.7 feet.

Dolomite, cream to pale tan and pale gray, microcrystalline,
anhydritic, a few stylolites,fractures and patches with black
mineral stain (no xylene cut fluorescence), possikle shadowy
Crinoid relicts in part, a few scattered vugs, no visible
intercrystalline porosity but efflorescence on core indicates
some intercrystalline porosity from 5658-5664.5 feet. Very
thin irregular partings of Shale, very dark gray, soft from
5665~5666 feet. , )

Mottled mixture of Dolomite, cream and pale tan, microcrystalline,
slightly anhydritic; and Dolomite, light gray, cryptocrystalline
in part, microcrystalline and very fine crystalline in part;
black mineral stainconcentrated in fractures, stylolites and

. boundaries of light gray Dolomite. Rounded shape of light gray

5682 5683.7

END CORE NO, 16

patches suggests burrowing. A few scattered vugs; no visible
intercrystalline porosity but efflorescence on core suggest

some intercrystalline porosity from 5668.5-5682 feet.

Broken pieces of Dolomites as above with a little Shale, very dark
gray, waxy, soft. '

CORE NO. 17
5683.7 5690

'5683.7 to 5698.4 feet. Recovered 14.7 feet.

Dolomite, pale tan and a little pale gray, microcrystalline with
patches cryptocrystalline, slightly anhydritic, a few scattered
vugs, no visible intercrystalline porosity, scattered patches of
efflorescence on core indicate a little intercrystalline porosity,
brecciated or burrowed, scattered stylolites, numerous fine ’
irregular and high-angle fractures with black mineral stain.
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N

Page 43
Descriptions

5690
END CORE NO.

5698.4 Recovered only broken pleces of Dolomite as above.

17

5698.4 5730

5730 5790
5790 5820
5820 5830
CORE NO. 18
5830 5836
5836 .

5836 5840
5840 .5850

5850

5853.75 5855
5855 5856
5856

5859.5 5861

5859.5

Dolomite, pale tan, microcrystalline to cryptocrystalline, a few
small vugs, trace stylolites withblack mineral lining; streak
Limestone, brown to reddish brown, microgranular to very fine

granular, tight, from 5700 to 5702 feet {maybe cav1ngs).

RED RIVER 5724 feet (Log)

Dolomite as above mottled in part with a little Dolomite, pale
gray, microcrystalline to cryptocrystalline, tight; a little
Dolomite, pale tan, microcrystalline, with relict oolites or
pellets and Crinoids (?), a few shell fragments, tlght-‘ traces
Anhydrite white, chalky, dolomitic, tight.

Dolomite, light brown, microcrystalline and cryptocrystalllne,

a few blebs of Anhydrite, mostly tight, scattered vugs; a little
Dolomite, pale tan, microcrystalline to very fine crystalline,
trace intercrystalline por051ty, scattered fossil and oolite (2)
relicts.

Dolomite, grayish brown, microcrystalline with a 11tt1e very fine
crystalline, trace Crinoid (?) fragments, trace 1ntercrysta111ne
porosity in part, tlght in most; "’ w1th Dolomites as above. .

5830 to 5861 feet. Recovered 31 feet.

Dolomite, buff-tan-light brown mottled, fine crystalline to
fragmental and nodular, chalky in part, anhydritic, limey .
in part, scattered white Anhydrite inclusions, tight to trace vugular
porosity, appearance of bioturbation.

Large Stylolite, 3-4 inches amplitude, separates light colored
Dolomite above from dark, much reworked Dolomite below.

Dolomite, medium brown to dark gray-brown, fine to very fine
crystalline, some fragmental and some lightly chalky, very
anhydritic with scattered small Anhydrite inclusions, tight to

rare vug. Inc1p1ent high-angle tight fractures. Appears much
bioturbated.

As above with 1light increase in vugs (poor porosity).

5853.75 Dolomite, buff-light brown-medium brown mottled, fine to very

fine crystalline to nodular to fragmental, slightly chalky in
part, anhydritic, bioturbated, poor porosity as above. Tight
vertical fractures, slightly slickensided. '
Scattered small vugs, poor to fair porosity.

Bioturbated Dolomite, as above, no vugs.

Dolomite, medium brown, some tan and buff mottling, very fine
to fine crystalline, some nodular and fragmental, slightly chalky
in part, anhydritic, reworked, trace vugs, tight high-angle
and vertical fractures.

Shattered core, Dolomite and Anhydrite, brecciated, medium to
dark brown and dark brbwn—gray, very fine to fine crystalline
to nodular and fragmental, some chalky, no visible por051ty.

Dolomite, medium gray-brown, some light brown, very fine crystalline
to sucrosic, some fragmental, stylolitic, anhydritic, rare vugs.
Trace Limestone, cream, chalky to dense.

END CORE NO. 18
5861 5880
5880 5890

As above with increase in Limestone. Trace fine pyrite.
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. Dolomite, tan, fine crystalline to sucrosic, some sllghtly

chalky, some fragmental, anhydrltlc, poor vugular porosity,

Dolomite, cream to tan, fine to very fine crystalline to sucrosic
some chalky, fragmental in part, anhydritic, trace vugs. Trace
Limestone, white to cream, chalky. ’
Dolomite, tan to light brown, very fine to fine crystalline to
sucrosic, anhydritic, stylolitic, slight increase in vugs,

(trace to poor porosity).

CAMBRIAN SNOWY RANGE 5963 feet (Log)

Limestone, mottled white-gray-tan, very fine to fine crystaliine,

-pyritic, anhydritic, varved appearance in part tight, rare green

Limestone, mottled as above, mlcrocrystalllne to very fine
crystalline, rare pin-point glauconite grain, pyrltlc, anhydritic,

Interbedded Limestone, light to medium gray, some dark very fine
crystalline, anhydritic, pyritic; Limestone, cream to tan, fine
to medium crystalline, pyritic, anhydritic, tight.. Trace

. Limestone, buff-tan-cream-gray mottled; also cream to white

chalky; fine to very fine crystalline, anhydritic, rare green
mottling and very rare pin-point glauconite, pyritic, dolomitic
in part, stylolitic, tlght Trace Shale, gray and green, blocky,

Limestone, cream~buff-tan, light gray mottled, trace bright green
mottling, fine crystalline, some very fine, pyritic, dolomitic,
some grading to limey Dolomite, tight. Trace Shale, medium brown,
blocky, calcareous; and Shale, medium gray, very pyritic,

Limestones, as above, increase in green and gray-green mottling.
Limestone, cream to buff, mottled light to dark gray, trace green
and gray-green spots, rare pin-point glauconite, fine to very fine
crystalline, some microcrystalline and some chalky, pyritic,
anhydritic in part, tight.

Limestone, white to light gray mottled, some green tint and
mottling, very fine to fine glauconite grains, anhydritic in

part, chalky to very fine crystalline, tight. Limestone, light
gray, numerous floating fine sand grains, occasionally gradlng

to very calcareous Sandstone, glauconitic.

As above, and Dolomite, tan to light brown, very fine crystalllne,

- some slightly chalky, tight.

Sandstone, light gray and green-gray; very fine to fine, very -
calcareous, very glauconitic; grades to very sandy Limestone.
Limestone, white/cream/light gray, microcrystalline to fine
crystalline to chalky, some green mottling, glauconitic, tight.
As above, with Dolomite, light brown, microsucrosic, tight.
Limestone, cream-buff-light gray, fine to medium crystalline,
some chalky, sandy, glauconitiec, trace pyrite, tight. Thin beds
Sandstone, light to medium green-gray, very fine to fine, very
calcareous and glauconitic, tight. v

As above. Trace Shale, dark-gray, fissile, calcareous. :
Shale, light to medium gray-green, fissile, sllghtly calcareous,
glauconitic in part, Limestone, as above.

From To - Descriptions
5890 5910
: stylolitic.
5910 5940
5940 5967
5967 5975
tint.
© 5975 5985
: tight.
5985 6005
: . pin-point glauconite.
- 6005 6025
calcareous.
6025 6045
. calcareous.
6045 - 6065
6065 6119
6119 6135
6135 6145
6145 6155
6155 6165
6165 6175
6175 6185
6185 6195
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Limestone, light gray to green-gray, very sandy, glauconltlc,
grades to very calcareous Sandstone, very fine. Interbeds
Dolomite, tan to 1lght brown, very fine sucrosic to crystalllne,
Shale, medium green, fissile, glauconitic in part.

Siltstone, to very fine Sandstone, light gray and green-gray,
very glauconitic, calcareous, grades to very silty Limestone.
Streaks Shale, medium green, fissile; Limestone, whlte, fine
crystalline to chalky, muscovite flakes.

Increase in Shale as above} Limestone, whlte-buff llght gray, very
fine to fine crystalline, sandy and glauconitic, muscovite flakes.
Limestone, white to light gray, mottled bright green in part,
cryptocrystalline, some very. fine, very fine to pinpoint
glauconite grains, trace pyrite, tight.

Limestone, light green-gray, microcrystalline, very glauconitic,
scattered pyrite. Streaks Dolomite, tan to 1lght brown, very
fine to microsucrosic.

Shale, light gray and medium green, flSSlle, calcareous, trace
silt and glauconite. Limestone,and Dolomite as above.

Shale as above and Limestone, white to buff, chalky to medium
crystalline, pin-point glauconlte, scattered pyrite, tight, some
bright green mottling

Limestone, .white to cream, some very light gray, chalky to
microcrystalline to fine crystalline, pin-point clauconite,
bright green mottling, tight. Shale, light to medium green and
gray green fissile, calcareous, silty and glauconitic in part.
Shale and Limestone as above, stylolitic.

Limestone, buff-cream-light gray, some light green mottling
scattered pyrite and glauconite, fine to very fine crystalline
to chalky, silty in part, tight. Shale, as above.

Siltstone, grading to very fine Sandstone, light gray, calcareous,
scattered glauconite grains, tight; interbedded with Shale,
medium grayish green, calcareous, fissile; Limestone, cream,
tan, light gray, microgranular to very fine granular, silty

in part, chalky in part.

Interbedded Shale, medium grayish green, slightly dolomitic,
fissile; Limestone, brown, tan and cream, microgranular to fine
granular, silty in part, scattered coarse grains, tight.

DRY CREEK 6454 feet (Log)

Limestone, mottled orange, cream and pink, microgranular to
cryptogranular, silty in part; Limestone, white, cream, tan and
light gray, microgranular, glauconitic in part; a little Sandstone
light gray, very fine grained, very limey, glauconitic, tight;
interbedded with Shale, green, fissile; trace Shale, maroon,

Shale, green, flSSlle, Siltstone, gradlng to very fine Sandstone,

‘1ight gray and light brown, calcareous to very calcareous,

glauconitic in part, tight; trace Shale, maroon fissile.

Shale, green, trace dark gray and maroon, fissile, (sample

appears to have been taken from coarse side of sieve).

Shale as above with Limestone, cream, pale gray and tan, micro-.
granular and cryptogranular, silty in part; Limestone, brown and
grayish brown, very fine granular to fine granular with scattered
coarse grains; trace Siltstone; light gray, glauconitic, calcareous;
trace Siltstone, yellow-brown and orange, calcareous, scattered
black grains.-

From To Descriptions
6195 6215
6215 6235
6235 ~ 6275
6275 6285
) V6285' 6295 -
6295 6305
6305 6325
6325 6335
6335 6360
6360 6380
6380 6400
6400 - 6455
6455 | 6465
fissile.
6465 6495
6495 6505
6505 6536
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PILGRIM 6535 feet (Log)

As above with little Limestone, cream, tan and grayish tan,
microgranular to coarse granular with pebbles of green and brown
cryptogranular Limestone; trace Limestone, cream, very fine to
fine granular, scattered black gralns and rounded fine sand
grains. N

~ Sandstone, light gray, very fine to flne, very glauconltlc,'
- calcareous, tight; Limestone, tan fine to medium granular,

sandy in part, scattered fossil fragments and pebbles of tan,

green and gray cryptogranular Limestone, tight; Shale, green,
fissile; trace Dolomite, tan, microcrystalline, tight.

Sandstone, light gray and cream, very fine grained, very calcareous,
scattered glauconite, scattered black grains in part, scattered

tan coarse calcaite grains, tight; Limestone, cream to light
brown, microgranular to medlum granular, sandy in part, scattered

" Limestone, tan and light graylsh brown, microgranular to fine

granular, silty in part, slightly glauconitic in part, tight;
interbedded with Shale, green and dark gray, fissile.

As above with a little Sandstone, white, very fine grained,
calcareous, scattered black grains and rare glauconlte gralns

in part, mostly tight, traces por051ty.

Limestone, tan microgranular, chalky, argillaceous, sandy in part
scattered fossil fragments; Limestone, light brown, fine fo medium

-granular, scattered coarse grains, rare glauconite grains,

scattered black grains, trace pebbles of green argillaceous
microgranular leestone, Shale, gray-green, micaceous in part,

GROS VENTRE 6642 feet (Log)

Shale, mostly green with a little dark gray, silty and sandy in
part, fissile; Sandstone, light gray and grayish green, very
fine grained, scattered black grains and glauconite grains,

-scattered coarse calcité grains (fossil fragments ?), very

calcareous in part, very argillaceous in part grading to sandy
shale, scattered muscovite flakes, tight,

As above with Siltstone, grayish green,  glauconitic, calcareous'
Sandstone, light gray, very fine grained grading to siltstone,

.very glauconitic, scattered muscovite flakes, very calcareous,

tight. A little Limestone, tan, microgranular, with fossil fragments

~and traces Dolomite, tan mlcrogranular at about 6740 feet.

From To Descriptions
6536 - 6560
6560 6575
6575 - 6585
pyrite.
6585 6615
6615 6630
6630 6645
flSSlle.
6645 6665
6665 6745
6745 6845

Shale, dark gray, green and trace maroon, muscovite falkes and
silty in part, fissile;  a little Sandstone, light gray to light
green, very fine grained grading to Siltstone in part, scattered
black grains, glauconite and muscovite flakes, (in part very
glauconitic and very micaceous), calcareous, trace pyrite, tight;
traces Limestone, tan and light gray, microgranular and Limestone
tan, fine granular with scattered coarse calcite, very fine
glauconite grains and muscovite flakes, sandy in part, tight.
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. Sandstone, llght gray, very. fine grained, glauconitic, scattered

black grains and muscovite flakes, calcareous, tight; Sandstone,
greenish gray, very fine grained, silty, argillaceous,grading to
sandy Shale, very micaceous (muscovite), slightly calcareous,
tight; Shale, dark gray, greenish gray and green with trace
maroon, fissilej; traces tan fossil fragments; increase in Shale
from 6885-6905; traces Sandstone, light gray, very fine grained,
glauconitic, calcareous, with scattered black and green pebbles
and coarse grains, trace c¢hlorite flakes, tight, from 6905-6915 feet.
As above with Limestone, tan and grayish brown, microgranular,
subchalky in part, slightly glauconitic in part, tight; trace
Limestone, . tan, fine granular with scattered oolites, tight;
trace Dolomite, tan microcrystalline and very fine crystalline,

Shale, medium to dark green and gray-green, splintery,’ trace
purple, micaceous. Trace Dolomite, tan, very fine to microsucrosic.
Sandstone, light orange, light green-gray, some medium green-gray,
fine to6 very fine, glauconitic, mlcaceous, siliceous, slightly
calcareous, tight, no show. .
Shale, medium gray-green, green and gray, some purple, spllntery,
micaceous in part, slightly calcareous in part. .
Sandstone, white to very light green-gray, medium to: fine, some
coarse, glauconitic, quartzitic to friable, non-calcareous,
some spotty red-orange stain, no visible porosity, no show.

Traces Sandstone as above. Trace Limestone, buff to tan, dense’
to subchalky. Shale, green and purple, as above.

Sandstone, white, medium to coarse, friable in part, glauconitic,
trace mica, white clay infill in part, no visible porosity;

Sandstone, white to very light green-gray, medium to fine some
coarse quartzitic to friable, glauconitic, rust stain in part.

Pipe strap correction, 7072=7071 after correction

-7071 to 7095.4 feet. Recovered 24.4 feet.

Irregular-bedded Shale, medium to dark green, fissile (poker chip),
sandy; Sandstone, light gray, some gray-green, medium to coarse,
glauconitic, tight. One-inch bed of Sandstone at 7071.5 feet.
Burrowed Shale and Sandstone as above, bedding destroyed. Large
subrounded quartz fragments floating in Sandstone.

FLATHEAD SANDSTONE 7073 feet (Log)

Sandstone as above with irregular Shale beds as above.

Burrowed Sandstone and very sandy Shale, as above, beddlng destroyed.
Scattered red rust spots in Sandstonhe.

Sandstone and Shale as above, irregularly bedded, scattered red

rust spots in Sandstone.

Sandstone, white to tan, coarse to medium, floating large rounded
and subrounded quartz grains, pyritic, trace rust spots, very
slightly calcareous in part, some white clay (Tripolite ?) 1nf111,
tight to trace porosity.

To Descrlptlons
6845 6965 .
6965 6970
tight.
6970 6985
6985 7005
7005 7042
7042 7050
7050 7062
7062 7067
trace rust stain.
7067 7072
- CORE NO. 19
7071 7072
7072 7074.5
7074.5 7075.3
7075.3 7080
7080 7080.5
7080.5 .7083
7083

7085.25 Interbedded Sandstone, white to cream, fine to coarse, poorly sorted

calcareous, tight; and Shale, dark brown and green gray, fissile,
very sandy, burrowed in part.

' 7085.25 7091 Sandstone, white to light gray, some cream, fine to coarse, poorly,

sorted, tripolitic, calcareous, rare brown and black grains and rust
spots, tight. Occasional thin gray and green Shale partings, sandy.
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Sandstone, cream to tan, medium to coarse, clay tfilled, tight.
Sandstone, rust red to maroon, medium to coarse, some large
quartz and chert grains, rounded to euhedral, argillaceous, tight.

From To Descriptions
7091 7092

7092 7093

7093  7093.5

7093.5 7095.4

Sandstone, cream, coarse and conglomeratic to medium, trace

light green chlorite, slightly calcareous, scattered llght orange ..
and light yellow coarse quartz grains, tight.

Sandstone, rust red to maroon, medium to conglomeratlc, very
poorly sorted, very argillaceous (red clay matrix. , large quartz
grains are rounded to euhedral, some are frosted and pitted),

' slightly calcareous,with one small calcite veinlet, tight.

Small scale cross-beds.

"END CORE-NO.- 19

7095

7120

7135
7140

7145

7160
7170
CORE

7174

7177
7183

7185

7188

7120

Sandstone, rust red, coarse to medium, argillaceous, and Sandstone;
white, medium to coarse, quartzitic in part, trace glauconite;

. tight.

7135

7140
7145

7183
7185

7188

7190

Conglomerate to very coarse Sandstone, rust red, maroon, whlte to
cream, milky chert and clear quartz grains, quartzitic in part,
some amber and yellow grains and mottling, red and white clay
infill, tight to trace intergranular porosity.

As above. Trace Tripolite, white and light orange, some mottled.
Poor sample. Lost circulation material. Rough drilling. As
above with increase in Tripolite.

PRECAMBRTAN GNEISS 7142 feet (Log)

Samples composed of quartz, biotite and minor amount of feldspar, .
clear, orange, pinkish, some amber, white Tripolite with biotite.
Milky to white quartz and feldspar, black biotite, trace green
and orange; Tripolite, white, biotitic.

As above, clear to milky, some white, trace red and green spots
(Hematite ?). Tripolite, white, biotitic. Trace pyrite.

7174 to 7190 feet. Recovered 16 feet.

Gneiss, composed of quartz, feldspar (orthoclase and plagioclase)
and biotite; accessory minerals are green clay-like mineral.
(chlorite ?) and hematite, coarse grained; color mostly gray to
black with orange to pinkish and white. High-angle flow structures
(70-907). Rare yellow-green transparent mineral.

As above with addition of medium green clay-like (chlorite ?)
mineral, slight increase in yellow~-green transparent mineral.-

As above with increase in orange to pinkish feldspar. Schlieren
flow structure with quartz and feldspar predominant.

Gneiss, gray and white colors about equal. Schlieren flow
structure pronounced. Dominant minerals are quartz, plagioclase
feldspar and biotite. Ac¢cessory minerals are hematite and trace
yellow-green mineral. Trace pyrite.

As above with veritcal to hlgh angle flow structures (70-85 ).

END CORE NO. 20

TOTAL DEPTH 7189 feet (Log), 7190 (Driller)
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CL-881.23

CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS. TEXAS

Comp UNITED STATES GEOLOGICAL SURVEY rpormation Page 1 of 3
Well " JADISON No. 3 - Cores A File RP-2-5807
Field _ : Drilling Fluid ___ Date Report— 3=13=79 .
C y State Elevation Analysts. RM
Location i Remarks
"CORE ANALYSIS RESULTS
(Figures in pe refer to foot: remarks)
R PERMEABILITY RESIDUAL
sl oEeT MALCARTYE  fromommy|  SATURATON  rxr] macoans, REMARKS
uomzomAL—l VERTICAL 9% voLuME % PoRrR %‘f";"::.
,) ,
1 1,300.5 1.6 10.9 MADISON LIMESTONE (MISSION CANYON)
2  4302.6 - 5.1 - 10.2 :
3 L305.8 i - L9 12.7
L L308.9 27 ) 13.2
5 L4310.7 91 - 35 1,.8 ¢
6 1362.1 5.8 9.9
7 L4368.2 iy 9.2
8 U4369.1 12 - 8.7
9 }370.5 28 4.5 12.5
10 4388.1 5.2 10.2
11 1388.5 0.27 8.2
12 }4389.7 *11 T.1
13 4390.8 0.33 8.9
1L L391.5 *9.9 7.8
15 4392.5 0.53 5.8
16 L4397.5- 0.26 2.8
17 144L,00.0 0.08 13.4
18 LL03.5 . 1.5 6.5
19  L4h72.3 L2. 3.7 13.8
20 . LL47L.3 6.1 4.6
21 L479.7 12 L.6
22 }u81.0 6.1 5.5
23 4600.5 0.05 0.3
24  L4603.6 0.06 0.4
25  4604.9 0.05 0.6
26 14609.2-09.4 0.98 L.5
27 4611.0 0.17 7.2
28 4613.5-13.6 5.3 13.2
29 L4618.2-18.6 0.52 8.2
30 L623.3 0.07 2.8
31 L4624.0 3.6 6.8
32 }625.8 L.1 16.7
33 L626.8 0.24 7.4 -
3L L4629.7 2.1 9.0
35 L633.L4-33.7 0.69 7.6
36 L63Lh.1 0.07 5.6
*HATRLINE FRACTURE
NoOTE: . i
:‘.), lnuzgg:JSE‘??SOC:EE%Iiéglzznv—mrznpanltﬂou RESERVED. (2) OFF LOCATION ANALYBES~NO INTERPRETATION OF RESULTS.
These analyses ' sre based on obeervations and mterma sup lied by the client to whom, and for whose exclusive and confidential
mm)“ m a.d! m‘h)ﬂ:‘.m!:crnn.:duo&u o pi sbilley and make n :‘I‘:Eé";;'é’“ e epresetaticn to 5 the productivity,

of any ofl, lnorotherml.nenlwenorundlnconnecumwlmw report is used or relied upon
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CcL-311.2

'CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
* DALILAS, TEXAS )

Company UNITED STATES GEOLOGICAL SURVEY _ ormation . P2 ot 3
el MADISON Xo. 3 - Cores . Sile RP-2-5807
Field _ . Drilling Fluid 4 Date Report 3-13-79
C y - State____ __ Elevation . . Analysts RM
Location > . Remarks
' .CORE ANALYSIS RESULTS
(Figures in parentbeses refer to footnote remaerks)
' TWILLIDARCYS o] | SATGRATION ‘
:c::".: D,F&r: ',‘:’.‘.‘3‘,}7 o YSTKC p:noopzz:r:u - GRN, REMARKS
HORIZONTAL | VERTICAL . 9 voLuMe % PORE 92:?:; DNS. .
®)

15
.15
.11l

3
.55

98
.07
.06
.12

.02
4.

MADISON LIMESTONE. (MISSION.-
CANYON) ‘

37 L4635.7-35.9.
38 L637.L-37.7

39 LéL2.7-L3.0.
Lo L646.0

11 4711.5-12.0
L2 4713.4-13.6

43 L4715.7-16.1

Ly 4717.1-17.4

L5 4726.2-25.5

L6 18L8.3-L8.6

L7 L85L.2-54.5

=

NO\{:’}DPQL—.\I\:)F‘Q\]O\NG\U\&'HW\D#’P\D

HHEOO=\N\0\WOoONHANN

= @
E:.O.O.O\O\HNIOOOOOOOHOO_O

L8 L4855.5 123 1

L9 4859.1-59.3 15h 17.

50 )}B61.2-61.5 .1 14.1 2.85

51 L864.6-64.9 22 7 -

52 L871.1-71.3 76 2

53 14875.1-75.3 . 0.07 .7 T
sl 5285.4-85.7 } 3.5 18.3 MADISON LIMESTONE (LODGE-
55 5287.4 3.8 10.2 2.85 POLE), o
56 5289.7-90.0 0.79 7 2.84

57 5290.6 4.3 14.9

58 5297.5-97.8 33 3.4 16.5

59 5305.7 0.85 22.1

60 5314.3 0.72 18.7

61 5318.7 3.6 21.L 2.74

62 5323.2 0.28 11.8 2.67

63 5326.3 2.1 15.7 2.76

64 5336.1 0.48 10.4

65 ©5336.8 0.37 13.7 2.69

66 5376.3 0.04 1.0 : DEVONIAN UNDIVIDED

67 5379.8 0.23 3.5

68 5383.9 - L.3 6.9

69. '5386.6-87.0 0.26 6.2 2.85

70 5392.6 0.10 5.7

71 5393.8-93.9 0.09 5.8

72 5398.1-98.6 0.04 3.8

73 5400.0-00.3 0.04 1.6

7L sh10.2 0.05 0.5.

NOTE: . : .

t%) REFER TO ATTACHED LETTER. (2) OFF LOCATION ANALYS:S—NO INTERPRETATION OF RESULTS.

41) INCOMPLEYE CORE RECOVERY—INTERPRETATION RESERVED.

These anslyses, or interpr are besed on observations and materfals supplied by the client to whom. and

uge, this report is made. The interpretations or opinions expressed represent the best judgment of Core Laboratories, flc:ewl(m.ﬁe :ﬂ?:mﬂ;&mg
cepted): but Core uborrto(lp, Inc., and its officers and employses, assume no responsiGility and make no WAITanty or tepresentations. as to the productivity,
proper or pr ot any oll, ges ¢r othesr mineral well or sand in connection with which such report is used or relied upon. *
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CL-811.

CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS. TEXAS

")

REFER TO ATTACHED LETTER.

C y UNITED STATES GEOLOGICAL SURVEY  gormation : Page 3 of 3
Well MADISON NO. 3 Co;,, ) ) File ) RP-2-5807
Field Drilling Fluid Date Report__ 3=13-79
County State Elevation Analysts RM
Location Remarks
CORE ANALYSIS RESULTS
(Figures in parentheses refer to footmote remerks)
R ILLIDARCYS SATURATION :
:3:::: Dr!::?‘ SercenT o YSTAL— FroDUCTION GRN. REMARKS
HORIZONTAL | VERTICAL % voLuME % PORE i""::! DNS.
, (K,) _ ‘
75 5415.0-15.3 0.06 2.6 2.85  DEVONIAN UNDIVIDED
76 5419.5-19.8 0.03 1.7 : .
7T 5659.4 0.85 12,0 STONY MOUNTAIN FORMATION
78 5661.3-61.6 0.68 9.0
79 5664.8-65.0 0.08 - 5.0
80 5665.9-66.3 0.07 5.9
81 5668.2 0.08
82 5668.4-68.6 0.08 4.3
83 5671.6 0.45 7.4
-8 5673.2 1.3 6.6 2.86
85 567L4.6-TL.9 *L.2 10.6 . )
86 5677.6-77.9 1.2 10.7
87 5679.6-79.9 L.k 11.3
88 5681.0 : 0.7% 7.5 2.85
89 5684.8-85.1 0.93 7.6
90 5686.3-86.6 1.9 7.6
91 5690.0-90.3 0.31 6.7 2.85 : )
92 5830.3-30.5 0.11 ° 3.5 . RED RIVER FORMATION
93 5832.9-33.1 0.47 8.2
94 5835.5-35.9 0.20 4.9
95 5839.1-39., 0.63 6.6
96 5842.9-43.2 0.33 7.3 12.85
97 58L47.5-47.8 0.47 6.2 2.85
98 5850.1-50.4 0.41 6.6
99 5853.6-53.8 1.7 7.8 2.85
100 5856.2-56.5 0.54 Tk 2.85
101 5858.3-58.7 2.2 10.4 2.86
102 7078.2-78.3 0.95 3.9 2.76 FLATHEAD SANDSTONE
103 7079.4-79.5 0.50 3.2
104 7083.3-83.5 0.47 2.5 2.76
105 7086.1-86.2 . 0.08 1.9 2.78
106 7088.2 0.04 2.8 2.66
107 7092.3 0.11 6.3
108 T094.5 0.23 6.1 2,65
109 7097.0 0.10 5.6 2.6l
110 7097.6 0.23 7.7 2.65
111 7099.0 0.13 3.5 2.70
112 T7101.2 0.05 5.1 2.66
*HA]BLINE FRACTURE - o
NOTE:

(2) OFF LOCATION ANALYSES~NO INTERPRETATION OF RESULTS.

(1) INCOMPLETE CORE RECOVERY—INTERPHETATION RESERVED.

-n...g .n.]y-es. are based on observations and materials sup; lied by the client to whom, and for whose exclusi confl
this report is mnde 'l'he In rprehf.lcm or opinjons expressed represent the best ent of Core Laboratories, !m:.w(.n errors :;n gmhdag:n g
aewd) but Core tories, Inc., and its officers and employees, assume no responxi and make no warranty or as to the
at oll, gas or other mineral well ur sand in connection with which such report is used or nl!ed upon. ~
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Hydrologic testing

Twelve conventional drill-stem tests were made in the open hole
(table 2). Eleven of these give clues to pressure heads of the water in the
intervals tested; the pressure head was not obtained in one test because of
very low effective permeability. Water flowed at land surface during nine of
the tests, and the final flow periods for these tests were extended to permit
collection of water samples representative of the intervals isolated with
packers. Considerations for determining the length of time for final flow
periods (discharge of water) were (1) volume of flow, (2) hole diameter and
confidence in packer seats, and (3) competence of rock type, i.e. lithology
and structure, in the isolated intervals. The objective was to obtain the
best possible water sample without exceeding the normal risks involved in
retrieving the packers -and testing tools from the hole. In many cases the
flows were terminated before complete stabilization of geochemical field.
parameters, such as specific conductance, temperature, and pH.

Intervals for testing were selected after preliminary interpretation of
geophysical logs and examination of cores. Primary considerations-were the
presence of interstitial and (or) fracture porosity, suitable hole diameter
for packer seats, and a representation of the major rock types and formations
penetrated in the hole. Approximately 54 percent of the Paleozoic section was
isolated with packers and tested.

Two conventional drill-stem tests (DST) (2 and 4) were made using a
single inflatable packer. All other tests were made using two inflatable
packers with spacing between packers to isolate selected intervals (fig. 6).

In Madison Limestone test wells 1 and 2, straddle-packer treating-and-
testing tools and production-injection packers, run on 2-7/8-in EUE 8-round
tubing, were used in addition to conventional drill-stem testing tools run on
4Y%~in drill pipe. Also, in test wells 1 and 2, packers were deflated and the
tool reset to test other intervals, higher or lower in the hole, without
making a trip out of the hole. However, in test well 3 only conventional
drill-stem testing tools on 4%-in drill pipe were used, and the tools were
removed from the hole after each test. The reasons for this were (1) pressure
gradients for intervals tested in this well were anomalously high (maximum of
0.548 1b/in?/ft to a minimum of 0.502 1b/in2/ft), (2) uniform spacing between
packers for running several tests without making a trip out of the hole was
'~ not possible because of the constraints, listed in the previous paragraph
regarding selection of intervals for testing, and (3) cores and geophysical
logs indicated that most of the rocks were highly fractured and that pieces
of rock might break away from the wall of the bore hole after removal of mud
from the 1solated intervals and possibly create problems in retrieving packers
and tools. Drill pipe can withstand more pulling weight and torque without
parting than can 2-7/8-in tubing.

Flow from intervals isolated with packers, measured at the end of the
discharge pipe, ranged from 13 to 115 gal/min; back pressures while flowing
ranged from 0 to 65 1b/in2. The sum of the flows from all productive
intervals tested was about 560 gal/min. The calculated average production
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Table 2,--Swmmary of drill-stem-test data

[Kelly bushing (KB) is 15.5 ft above land surface and 3,039.8 ft above sea level. A constant of 2.307 was used to convert
pressure to feet of head for potentiometric surface elevations. Elevation of surface pressure gauge was 3,042 ft]

Bottom- Time of Back- Shut-in Calculated
Potentio- average
Interval Recorder Extrapolated hole- metric pipe £111~- Flow pressure pressure at Water roduction
Test Formation (ft below eleva- pressure temper- up and volume while surface anal- P
- 2 X surface rate during
KB) tion (1b/1in%) ature flow (gal/min) flowing gauge ysis 1
(°c) elevation (min) ) 2 test
(1b/1n%) (1b/in%) (gal/min)
1  lakota Sandstone-- 3,407-3,441 =374 1,802 48.9 3,783 0 0 0 0 No —
2  Madison (Mission
Canyon) —————----— 4,290-4,414 -1,256 2,344 52.2 4,152 14 115 56 450 Yes 178

3 Lower Tensleep
Sandstone and
Upper Amsden--—— 4,150-4,234 -1,118 2,262 46.7 4,100 13 86 46 452 Yes 184

4 Flathead Sandstone
and Precambrian

gnelsg—————m—oem 6,984-7,190 -3,954 3,513 76.4 4,150 | 31 83 36 2301 Yes 131
5 Pilgrin ’ ‘ '

Limestone-———-- 6,550~6,635 -3,520 Not usable; 62,2 ——— 0 0 0 0 No —

: no effective ’
permeability )

PR 32,914 : 34,005 ‘ : ' ' -
6 Red River————wma= —_— 5 - - R . . ’ - . .

ed River . 5,748-5,940 -2,718 2,862 55.8 3,885 32, 53 45 444 Yes 104
7  Upper Red River

and Stony .

Mountain-—--w--= 5,608-5,743 -2,578 2,852 52.6 4,001 81 20 ] 441 Yes 40
8 Devonian (un-

divided)~~-==~= 5,450-5,596 -2,418 2,816 51.1 4,078 0 o] 0 o} No -—
9 Upper Devonian

and Madison

(l.odgepole)-—=—~ 5,250-5,440 -2,218 2,750 54.3 4,126 82 13 o] >432 Yes 37
10 Madison (Mission

Canyon)—--~——--= 4,798-4,988 -1,766 2,536 50.3 4,084 19 63 16 450 Yes 145
11 --~do--~—==~~-———= 4,598-4,788 -1,566 2,409 Not 3,992 35 43 3 444 Yes 75

valid

12 -—do-=~--~—mmmmmm 4,302-4,492 -1,270 2,318 49.9 4,078 24 85 65 448 Yes 102

'The calculated average production rate which occurred during flowing tests is based upon a full fill-up of water in the drill collars and
drill pipe and the total elapsed flowing time at which fluid reached the surface. A constant of 0.5972 gal/ft was used to calculate fill-up in
the &'s-in, 16.6-1b drill pipe.

2Low surface shut-in pressure probably due to high salinity of water column in drill pipe.

3The dtfference between the extrapolated initial and final shut-in pressures (52 1b/in?) indicates that depletion of the aquifer may have
been caused by the final flow period., The tested reservoir may be of limited areal extent, or a boundary condition may exist a relatively short
distance from the well-bore.



REVERSE
CIRCULATING SUB.

OUTSIDE RECORDER
CARRIER

SPACING

BOTTOM PACKER

BELLY SPRING

Figure 6.--Inflatable straddle~packer tool for conventional drill-stem tests.
(Courtesy Lynes, Inc., Houston, Texas)
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rate for all tested intervals, based upon a complete fill-up of water in the
drill collars and drill pipe. and the total.elapsed time for the water to '
reach the surface, was about . 1,000 gal/m .. The measured and calculated
production totals are less than the potentlal production of the well due to
the effect of restrictions within the .test tool and possible damage to the
formation near the well bore. An estimated value to compensate for the
effect of the restrictions and other factors can. be calculated from the slope
of extrapolation plots for the final shut-in pressure build-up curve. This
is reported as the damage ratio in drill-stem-test analysis. This damage
ratio cannot be calculated for those tested intervals where mechanical
stabilization of the pressure recorder occurs in a very short time because”

. a slope of the extrapolation plot.is indetermlnate.

_ _Roger L. Hoeger, consultant to Lynes, Inc., analyzed all drill-stem-test
data. His interpretations are reproduced in this report. Pressure data from
five of the tests were adequate for interpretation of the slope of the shut-
. in-pressure extrapolation plot to calculate numerical values for reservoir
properties such as transmissivity, permeability, and damage ratio. Shut-in-
pressure build-up curves stabilized too rapidly in five other tests to permit
calculation of reservoir properties. However, Hoeger (written communication,
January 1979) states "..... in a number of tests, the transmissibility of the’
tested zone was so great that the maximum reservoir pressure was recorded
within a matter of a few minutes after the tool was closed for the shut-in
pressure build-up period..... It has been noted in the analysis reports,

however, that the character of the pressure records, in addition to the volume

rates of flow which occurred, make it obvious that the transmissibility of
these reservoirs is excellent, even though a numerical value for this reser--
voir parameter is not calculable." The small volume and nature of the
recovered fluid in the tubing and the character of the shut-in—pressure build-
up curves, obtained from the two remaining tests, indicated very low trans-
missivities and therefore no calculations were possible. ,

-Potentiometric-surface elevations in Paleozoic rocks,'based on extrap- .
olated pressure data from subsurface gages and. using -a~ conversion constant of
- 2.307 to convert 1b/in? to feet of head, ranged from 4,000 to 4,150 ft above
 sea level. Potentiometric-surface elevations, based on pressure data from
gages installed on surface connections to the flow line--about 18 ft above
. land surface--ranged from 4,055 to 4,085 ft. One exception was saline water
' from the Cambrian (DST 5). The higher specific gravity of this saline water
in the drill pipe depressed the shut-in pressure at the surface by 345 ft.

After_completing all packer tests, two cement plugs were set in the open
hole to isolate Cambrian rocks that contained saline water.. One plug is from
the bottom of the well to 6,935 ft below land surface, and the other is“ftom
6,235 to 6,135 ft. A 7-in 0.D. casing liner with four external casing.
~ packers, positioned to isolate selected water-bearing zomes, was run in the
open hole. While running the casing into the hole, a bridge or plug was
encountered at 5,942»ft,‘about 114 ft short of the projected casing point.
‘Because the casing could not be raised or lowered in the hole, it was cemented
in place by perforating and squeezing cement through perforations into the
annular space.. The 7-in casing presently is perforated at two water-bearing



zones in the Madison Limestone--one between 4,378 and 4,358 ft and the other
‘between 4,342 and 4,322 ft. Although there are some bridges or plugs in the
13-3/8-in and 9-5/8-in casing, caused by sloughing of cement after mud was.
removed from the well, the well is flowing more than 40 gal/mln ‘from the

perforated intervals.

Completion of the well, including removing of the sldughing cement and
bridges in the casing, perforating additional water—bearing zones, and testing,
will be done in July or August 1979.
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Drill-stem tests

Phone
522-1206 Area 303

Box 712
Sterling, Colo. 80751

LYNES, INC.

Contractor_Molen Drlg. Co. Inc. Top Choke 1" Flow No. 1 6 _Min.
Rig No.____4 Bottom Choke___9/16" Shut-in No. 1__62 Min.
Spot - Size Hole 8 3/4" Flow No. 2 30 Min,
Sec. 35 Size Rat Hole ___ == Shut-in No. 2__ 60 . Min.
Twp. 2 N Size & Wt. D, P._4 1/2" 16,60 | Flow No.3___ 92 Min.
Rng._.__ 27 E Size Wt, Pipe___ 4 1/2" 274! Shut-in No. 3__90 Min..
Field - Wildcat . D. of D. C. 2 1/4% Flow No.. 4 150 Min.
County Yellowstone Length of D. C.__291" Bottom °
State Montana Total Depth 4414 Hote Temp. 120°F
Elevation___3039.8' "K.B," Interval Tested ___3407-=3441" Mud Weight 10.8
Formation__Lakota Sandstone Type of Test Inflate Gravity —=
Straddle . Viscosity 58
Tool opened @ 3:45 PM,
= = - T e e Outside Recorder
PRD Make _Kuster K-3
No._8889 Cap. 3000 @_ 3414'
Press Corrected
.. Initial Hydrostatic A 1954
: P Final Hydrostatic K 1923
(”*J—‘__“ : Initial Flow B | 116
} | L\w . Final Initial Flow  C 243
' ’ '\\ . Initial Shut-in D 1791
\ At 11 Second Initial Flow E 324
Vo Second Final Flow F 539
\ Second Shut-in G | 1766
§ Third Initial Flow = H 595
t Third Final Flow | 1079
Rk_ Third Shut-in J 1755
T 4th Injitial Flow 1140
e 4th Final Flow 1537
Lynes Dist..__Billings, MT.
Our Tester:__dJ. Rescoe
Witnessed By:D. Blankenagel

Did Well Flow — Gas __NO _ 0il

NO  water

No

RECOVERY N PIPE:

3363' Total Fluid
2714 Slightly mud cut water =

38.54 bbl.

649' Drilling mud = 4.81 bbl,

- 1st Flow

REMARKS: 2nd Flow
3rd Flow

4th Flow

Tool opened with no blow, increased to a strong blow off
bottom of bucket in 4 minutes and remained thru flow
period.

Tool opened with a 5" underwater blow, increased to bottom
of bucket in 3 minutes and remained thru flow period.

Tool opened with a 4" underwater blow, increased to bottom
of bucket in 3 minutes and remained thru flow period.

Tool opened with a good blow, increased to bottom of
bucket in 2 minutes and continued to increase thru
remainder of flow period.
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LYNES, INC.

Operator United States Geological

Suryvey

" Lease & No. Madison Limestone Test

DST No.

ell #3

1

- - - P — = Inside Recorder
PRD Make Kuster K-3
No. 13137 cap.2950 @ _3383!
Press Corrected
) Injtial Hydrostatic A 1936
’J. Final Hydrostatic K 1908
L. Initial Flow 8 89
i Final Initiai Flow C 238
Initial Shut-in D 1790
Second Initial Flow E 295
' Second Final Flow F 524
Second Shut-in G 1764
' Third Initial Flow H 582
* Third Final Flow 1 1064
P L Third Shut-in J 1755 -
i = 4th Initial Flow 1124
el S— - 4th Final Flow 1530
Pressure Below Bottom
Packer Bled To
Outside Recorder
Tf_HNMT?f_“M.Tf“‘T_?’"-. - = PRD Make_Kuster K-3 )
) No. 12773 cap._3050 @_3414"
Press Corrected
: Initial Hydrostatic A 1953
: Final Hydrostatic K 1924
i Initial Flow B 109
Final Initial Flow C 237
. Initial Shut-in D 1799
" Second Initial Flow E 319
- Second Final Flow F 535
L' . Second Shut-in G 1773
R Third Initial Flow H 589
‘ Third Final Flow | 1087
aE Third Shut-in J 1763
I 4th Initial Flow 1143
Lw’ _ m . . 4th Final Flow 1545

Pressure Below Bottom
Packer Bled To
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LYNES, INC.

Operator__United States Geological Lease & No. Madison Limestone Test DST No.__ 1
Survey ell #3

]

Outside Recorder
PRD Make__Kuster K-3T

No. 6083  cap2IT°F _@_ 3414’

Press Corrected

Initial Hydrostatic

Y
o : \ s R Final Hydrostatic
L - . T tnitial Flow

Final Initial Flow

Second Initial Flow
Second Final Flow

Second Shut-in

Third [nitial Flow
Third Final Flow

.. . ) Third Shut-in J
[:. T e " |_Maximum Temperature | 120°F

A
K
B
C
Initial Shut-in D
E
F
G
H
I

Pressure Below Bottom
Packer Bled To

Outside Recorder
PRD Make_Kuster K-3
AT T ‘ T . No. 12775 Cap. 3050 @_ —

. . N Press Corrected
Initial Hydrostatic A 1974
) L . Final Hydrostatic K 1952
i o - S . ’ 11 Initial Flow 8 —_—
: : ' ' Final Initial Flow C
Initial Shut-in D
Second Initial Flow E -
F
G
H
1
J

Second Final Flow
Second Shut-in
Third Initial Flow
Third Final Flow
Third Shut-in -
Minimum psi 1878

Pressure Below Bottom
Packer Bled To 1878
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LYNES, INC.
Fluid Sample Report

Company__. United States Geological Survey. Date 9-21-78
Well Name & No._Madison Limestone Test Well #3 Ticket No.. 16505
County. Yellowstone State Montana
Test Interval 3407-3441" DST No 1
Total Volume of Sampler: 2800 cc.
Total Volume of éample: 2750 — CC.
Pressure in Sampler: 20 : psig
0il: None ce.
Water: None cc.
Mud: 2750 . cc.
Gas: . None cu. ft.
Other: None
R.W., 1.2 @ 105°F = 3300 ppm.chl.
Resistivity
Make Up Water 2.3 @ 700F of Chloride Content 2500 ppm.
Mud Pit Sample 1.6 @ 74°F of Chloride Content___ 3209 ppm.
Gas/Oil Ratio X Gravity APl @ Of

‘Where was sample drained On_location

Remarks:
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LYNES, INC.

Operator United States Geological  {ease & No,_Madison Limestone Test g1 no 1
: Survey ) Well #3

Form 2

Comments relative to the analysis of the pressure chart from DST #1, Inter-
val: 3407-3441', which was run in the captioned well located in Section 35,
T2N-R27E, Yellowstone County, Montana:

For purposes of this analysis, the following reservoir and fluid pro pertles and
test parameters have been used: .

BHT = 120°F., p= 1.0 cp., h= 29 feet, t= 278 minutes,
m (of the extrapolation curve for the 3rd shut-in pressure
build-up curve) = 110 psi/log cycle.

1. Extrapolation of the Initial Shut-in pressure build-up curve indicates a
maximum reservoir pressure of 1802 psi at the recorder depth of 3414
feet. Extrapolation of the Second Shut-in pressure build-up curve indi-
cates a maximum reservoir pressure of 1802 psi. Exirapolation of the
Third (Final) Shut-in pressure build-up curve indicates a maximum res-
ervoir pressure of 1797 psi. The difference between the three extrap-
olated pressures (a total difference of 5 psi) is considered insignificant.

The indicated maximum reservoir pressure is reasonably consistent
with original reservoir pressures which were found in the Lakota forma-
tion at comparable depths and earlier dates in the general area of this
formation test.

2. The calculated Average Production Rate which was used in this analysis,
224.5 BPD, is based upon the total fluid recovery of 43.35 barrels and
the total flowing time of 278 minutes (mcludes the 150-minute Fourth
Flow perlod)

- 8. The calculated Damage Ratio of 1.2 indicates that no significant well-
" bore damage was present at the time of this formation test.

4. The calculated Effective Transmissibility of 332.5 md. -ft. /cp. indicates
an Average Permeability to the produced fluid of 11.4 md. for the reported
29 feet of effective porosity within the total 34 feet of interval tested.

5. The ex}aluation criteria used in the DST Analysis System indicate that the
results obtained in this analysis should be reliable within reasonable limits
relative to the assumptions which have been made. ‘

er L. Hoege
onsultant to Lynhes, Inc.
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LYNES INC.

REFORT #1272

WELL NAME ~ MARISON LIMESTONE TEST WELL 3

NELL.OPERATUR - UeBsGe8s.
DST NUMBER -

RECORDER NUMBER ~- 8389

FIRST

SHUT "IN PRESSURE

TIME (MIND
FHI

.0
42
12,4
18,6
24.8
31,0
37.2
43,4
49,6
©55.8

62,0

EXTRAFQLATION OF »FIRST SHUT TN

(THFHID

/FPHT .

+00Q0

1.9677

1.4839

1.3226

1.2419
L1935

141613

1.1382
L.1210
1.1075
1.0968

FEIG

243
1720
1754
1768
1775
1781
1784
1784
1788
1790
1791

1802.41
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A

WELL OFER
DET NUMERE

RECUORDER

TIMEIMI

+ 0
\‘5.0
18.0
240
0.0
Z65.0
A2.0
A8.0Q
G40
A0 0

EXTRAFOLATION

. MAME -

FHI

LYNES INC.

REFORT 41272

MADTEON. LM

ATOR ~ U865,
o 1
NUNBER ~  888%

OND SHUT TN F

MY CTHRHIY FEIG

+ Q000 G539
7.0000 1648
40000 1690
3.0000 1714
RLEG00 1730
242000 1740
20000 1748
1.8%71 1754
17500
1:.46667
14000

OF  SECOND  SHUT IN = 1803%.40
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FITTED LIMNEZ

EXTRAFOLATION OF

COLLAR RECOV
FINL FLID TIM
AR GRAVITY
FayYy THICKMES

LYNES INC.

REFORT #1275

WELL MaME -

U.85.0.5.

WELL BFERATOR -
NST MUMBER ~ 1

RECUHﬂER NUMBER -~ 8889

THIRD SHUT TN FI

TIMEMMIN (THPHLD;

PRI

L0000

2000

15,2222

g.1111

0
P 0
18.0
27,0
36.0
40
G4.0
63,0
72.0
81.0

P0. 0

G.7407
- 4.5556
3.8444

LOGCCTOHPHI) Z/FHTD -, Q0911

THIRD  SHUT IN =

S545.000
92.000
10.000
29,000

FPIFE RECOVRY
XFANSN
GRAVITY

MALTRON LIMESTONE

ERVOTR PARASMETERSS

1079
16546
14%

1709
1721
1731
1738
1744
1749
1753
1755

FHTG

1797,

2

2798.000
1.000
1,000

~374, 200

TEST WELL 3

+ 1636800

19 M =

INIT FLO TIM
BOTTM HOL TH
VISCO3ITY

WATER GRATINT

109,80

6.000
120.000
1,000

«A33
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LYNES INC.

REFORT 1272

WELL HaAME -~ HMADIEON LT

TE

WELL OFERAGTOR ~ U.8.G.48,
DET MHUMBER -~ 1

RECORDER NUMEBER - 8889

CalGuLaTI THIRD  SHUT INM

EXTRAFOLATED RESERUUiR PREGES. (FEIGY ccortrsetecrocess
NOe OF FOINTS ENTERED cecocoossessrttesssotcsorasts
. dF FOINTS USED IN EXTRAPOLATION oovoosoosoncs
ROOT MEAN SQUARE DEVIATION OF BEST FIT LINEFSI)

rﬂThl I'"Il'lllJ T.[MI’:.(M'N) LI A I T R IR I A R IR 2R R A I B

CAVERAGE PéﬂﬁUCTIDN RATE DURING TESTRBLS/DAY) ¢6¢ooaoof;
TRANEMISSTRILITY (MD-FT/0F) bév&oo#;beeowoeeaeoiéo;eoQQeo
IN 8ITU CAPACITY (HMD-FT) eoao#ofo'00¢0o960000000;0w0e0b00
AVERAGE EFFECTIVE FERMEABILITYI(MII) o rscotavecsdvencee
FRODUCTIVITY INDEXC(BELS/DAY-FSI) soseecessorsvrvssiins

DAMA(}E F\‘A"TD DR A I A A R I 2 N BRI N R R R T A A A 2R R A S

FRODUCTIVITY INDEX WITH DAMAGE REMODVEDCERLS/DEY-P5T) PR

RANIUS OF INVESTIGATIONCFT) cocvoesrcoessoeseeacsssesess

DF\.(\N).IUNN Flﬁl[:.r[:“:;:(x)v-otoooeeobno!oooioo&oeo&eﬁd-&otéo\\»er

'

PDfENTiQHETRIC GURFACE(FT) oo covcososesrosccroocsonasse

COWELL 3

L7973
11.0
5.0
L0008

128.0

224.0

B3R5

CB7THE
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Pressure Extrapolaﬁon‘ Plot

United States

DST No._ -1

Operator

Lease & No._Madison

1820

1800

1780

1760

1740

1720

1700

psig.
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Phone
522-1206, Area 303

LYNES, INC.

Box 712
‘Sterling, Colo. 80751

Contractor_Molen Drlg. Co, Inc.
Rig No..__4

Spot —

Sec. 35

Twp. 2N

Rng. 27 E

Field Wildcat

County __ Yellowstone
State: . Montana
Elevation__3039.8* "K.B."

Formation_Madison

Top Choke 1" Flow No. 1____10 Min.

Bottom Choke__9/16" Shut-in No. 1___60 - Min.

Size Hole 8 3/4" Flow No, 2 30 ___ Min.

Size Rat Hole___ —— Shut-inNo. 2 90 _Min.

Size & Wi. D. P. 4 1/2" 16.60 Flow No. 3___ 560 Min.
* Size Wt Pipe___ 4 1/2" 274" Shutin No. 330 __ Min.

I.D.ofD.C.__2 1/4"

Length of D. C._187"' Bottom o

Total Depth 4414 _ Hole Temp. 126°F

Interval Tested_ 4290-4414" Mud Weight 10.8

Type of Test____Bottom Hole Gravity -

Inflate Viscosity 58

Tool opened @__5:30_PM,

Qutside Recorder

il PRD Make__Kuster K-3
R No. 8889 cCap._3000 e@_ 4296
Press Corrected

Initial Hydrostatic A 2449
Final Hydrostatic K 2419

- Initial Flow B }1948 '
o Final Initial Flow C 2157
Initial Shut-in D | 2340
R Second Initial Flow E 2210
L Second Final Flow F 2284
[ Second Shut-in G | 2344
T Third Initial Flow  H | 2276
. Third Final Flow I [ -2288
_ . _ Third Shut-in J 2344

T I

Lynes Dist.: Billings, MT.
Our Tester:_J. Rescoe
Witnessed ByD. Blankenagel

Did Well Flow — Gas__No___Oil_No___Water_¥&S
RECOVERY IN PIPE: Test Flowed Water.

REMARKS:

1st Flow - Tool opened with a good blow and remained thru flow periodd

2nd Flow - Water to surface in 4 minutes.

3rd Flow - Water to surface. Flowed at 115 gallons per minute with

56 psi back pressure.

83

s21d07) [eUI4 ‘ON

$531ppY

UOTNqTI3STQ 998

"ON 193911

90691

a1eq

8L-22-6

g

ioiesadp

‘ON pue swepn [aM Loaang TeOTZ0TODNH 527848 PO3TUn

€# TTOM 1S9] SuU03S3UTT UOSTPEN

‘ON 1Sa



United States Geological Survey, Madison L1mestone Test Well #3.
Interval: 4290-4414 (DST #2)

Comments - . Page 2

The calculated Average: Production Rate which was used in this analysis,
3942.9 BPD, is based upon the reported measured water flow rate of
115 gallons/ minute, whlch was- measured durmg a portion of the third

flow period.

The calculated Damage Rat1o of:1.5 mdlcates that slight well- bore dam-
age was 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 (or 5914.4 BPD). if well-bore damage had not been
present. It should be noted, however; in view of the magnitude of the
flow rate which occurred during this test, that the indicated well-bore
damage is most probably due to the choke effect of restrictions within
the test tool rather than actual formation damage. .

The calculated Effective Transmissibility of 79, 913.0 md. -ft. /cp. indi-
cates an Average Permeability to the produced fluid of 823.9 md. for
the reported 97 feet of effective porosity within the total 124 feet of in-
terval tested. -

The evaluation criteria used in the Drill-Stem-Test Analysis System in-
dicate that the tools and recorder functioned properly; however, as noted
above, because of the question concerning the reliability of the interpreted
slope of the extrapolation plot for the Final Shut-in pressure build-up curve,
the numerical results obtained in this analysis should be considered as indi-
cators rather than quantitative values.

Reger L. Hoeger
sultant to Lynés, Inc.
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LYNES INC.

REFORT #1273

WELL NAME ~ MADISON LIHESTOME TEST
WELL OFERATOR ~ UcB.G.8,
DGT MUMBER ~ 2

RECORDER NUMERER -~ 8889

FIRST SHUT IN FRESSURE

TIMECMINY . CTHEMI) FSIG
CFHI /FHI

+ 0 0000
6.0 - 24046887
12.0 1.8
1 8 4 0 . . I LIRW R R L w }
24,0
30.0
3640
42.0
48.0
4.0
60,0

EXTRAPOLATION OF CFIRST SHUT IN = 2342.30
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'LYNES INC.

REFORT #1273

WELL NAME -~ MADTSON LIMESTONE T MWL 3

WELL OPERATOR -~ U.8.6G.9.
DST NUMBER - 2

RECORDER NUMBER - 8889

SECOND SHUT IN PRESSURE

TIMEC(HMIN) CT+FHID FSIG
FHI SFHT

.0 L0000 2284
9.0 5, 4444
18,0 3,002
27,0 2,4815
36,0 2.1111
45,0 1.8889
54,0 17407
63,0
72.0
81,0
20,0

EXTRAFOLATION OF  SECOND  SHUT IN = 234664
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_LYNES INC.

REPURT #12?3
WELL MaME - Mallson LIMES
WELL OFERATOR — U.8.6.58,
naT MUMBER - 2 '

RECORNER NUMBER -~ 8849

THIR

TIMEMIN (THEHID
SEHI

L0 0000
3.0 201,0000
&40 101.0000
2.0 67,6667
12,0 51,0000
15,0 41,0000
18.0 34,3333
21,0 29,5714
24,0 . 26,0000
27,0 232222

30.0 21,0000,

O

SHUT TN PRESSURE

TOTEST WELL 3

PSIG

2288
2338
2340
2341
2341
2342
2343
2343
2343 .
2343
2344

FITTED LINES LOGCCTOHRHI)/ZFHI) = -, 12465 FSIG + 293, 49425

EXTRAFOLATION OF THIRD  SHUT IN =

354,41 M =

COLLAR RECOV  481.000 FIPE RECOURY 3829.000 INIT FLO TIMS
1.000 . ROTTM HOL TH
1.000 VIscosITy

G200 WATER GRADNT

CFINL FLO TIM 560.000 MUD EXFPANGN
AFY  GRAVITY 10.000 SFEC GRAVITY
FAY THICKNES 97,000 SUBSEA DEFTH -125

a8.02

10,000

1264000

14000
<AB3
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_LYNES INC.

REFORT 41273
WELL NAME - MADIHON LIMESTDHE TEST WELL 3
WELL DP&RQTGR - U@S.G.S.
nsT NUMBER - 2
RECURDER NUMEER - 8489
CALCULATIONG? THIRD  SHUT iN

EXTRAFOLATED RESERUDiﬂbpﬂESS.(PSIG) treers it to s
MO, OF FOINTS ENTERED e eooeososossvovscsossossocsos
M. OF.PbINTS USED IN EXTRAFOLATION cvessevceosevs
ROOT MEAN SQUARE HEUIQTIQN-OF BEST FIT LIMECPSIY

TU’](‘\L I’I.UN TIME(MIN) $ P E P PSP I I EEI I IO E eI P

AVERAGE FRODUCTION RATE DURING TESTCHELS/IAY) +oeeeessos
fRﬁNSHISSIBILITY(Mn¥#T/cE) B T
TN STTU CAFACITY MI-FT) +veoresrssonsessnsonsssnsnsnens
AVERAGE EFFECTIVE PERMEABILITYCHID oosevnvanoocsonsses
FRODUCTIVITY INDEX(EELS/DAY-FSI) 4o rvevorrrrsrsnsersnse
TDAMAGE RATIO oesvrneettorsesrorecoresocersoresosnsssnos
PRODUCTIVITY INDEX WITH DAMAGE REMOVET (EELS/DAY-FSI) oo,
RADIUS OF TNUESTIGATIONCETY +evvssrersoressornnnrrress

DRAHHONN FQCTDR(Z) ooofeooouooice{\oodﬁooe.@oaea;.om’oe

POTENTiUMETRIC SURFQCEKFT) PP E LA E I I I LELIDIEEEEEIESI LS

2354.4
110
T3¢0
Q62

H00.0

3942.9
7991730
799130

823, 65
59,196
1.5
89,939

7031

+ 0

L 4181,7
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LYNES, INC.

Madison Limestone
Test Well #3

Pressure Extrapolation Plot

United States

2

DST No.

Lease & No.

Operator

2360

i T T T

I

o
iy
AR 0 00 0 IO 0 S A

AT
L L BEES
SRR T
Ld g
BERREEE

N W
T

2300

Geological Survey

2380

2340

2320

2280

2260

psig.
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LYNES, INC.

Operator__llnlte_d_SIaIE_S_G_QO_le._al___. Lease & No. Madison Limestone DST No 3

Survey =~ ' Test Well #3

Form 2

‘Comments relative to the analysis of the pressure chart from DST #3, Inter-
val: 4150-4234', which was. run in thé captioned well located in Section 35,
T2N-R27E, Yellowstone County, Montana:

For purposes of this-analysis, the following reservoir and fluid propertles and.-
test parameters have been used:

“BHT = 116° F., p=1,0cp., h= 50 feet, t= 33 minutes,

m = 34 psi/log cycle.

Extrapolation of the Initial Shut-in pressure build-up curve indicates
a maximum reservoir pressure of 2259 psi at ‘the recorder depth of
4158 feet. Extrapolatmn of the Final Shut-in pressure build-up curve
indicates a maximum reservoir pressure of 2262 psi. The difference
between the extrapolated Initial and Final Shut-in pressures (3 p51) is
considered insignificant.

The indicated maximum reservoir pressure is reasonably consistent
with original reservoir pressures which have been found in the Madi-
son formation at comparable depths and earlier dates in the general _
area of this formation test. It should be noted, however, that there
is a difference of about 77 feet of potentiometric surface elevation be-
tween that which was found in the Madison zone tested in"DST #2 in

~ this well and that which was calculated from pressure data recorded
_in this test. :

.The calculated Average Production Rate which was used in thls analy-

sis, 2948.6 BPD, is based upon the reported water flow rate of 86

gallonsimmute, wh1ch was measured during the 348-minute thlrd ﬂow

period.

The calculated Damage Ratio of 1.1 mthcates that no 51gmf1cant well-

- bore damage was present at the time of this formation test. .

. The calculated Effective Transm1ss1b111ty of 14, 005. 1 md. -ft. /cp. 1nd1—
cates an Average Permeability to the produced fluid of 280.1 md. for the

reported 50 feet of effective porosity within the total 84 feet of interval
tested. .. . . -
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United States Geologiéal Survey, Madison Limestone Test Well #3
Interval: 4150-4234' (DST #3)

Comments - Page 2

5. The evaluation criteria used in the Drill-Stem-Test Analysis
System indicate that the results obtained in this analysis should
be reliable within reasonable limits relative to the assumptions
which have been made.

r L.. Hoeg
nsultant to ¥ynes, Inc.
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&

LYNES INC.

REFORT

k1274

S WELL NAME ~ MAUISON LIMESTONE TEST WELL 3

WELL OFERATOR - U.5.0.5,

ST NUMBER - 3

RECORDER NUMBER1~ 8889

FIRST SHUT IN PRESSURE

TIME(MIN)
FHI

(THFHI)
/FHT

+ G000

1.5000

1.2500
1.1667
1.1250
1.1000
1.0833
1.0714
1.0625

S 1.0556

1.0500

EXTRAPOLAfIUN OF FIRST.

F8IG

1343

2241

2249

2252
2053
2254
2054
':) ':) L ol Bl
2

pu v |

2255

SHUT IN

2256

Loy

2256
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A

LYNES INC.

. REFORT #1274
‘QELL MNOME — MADTEHEON LIMESTONE TEST WELL 3
WELL DFERATOR ~ U5.06.5.
08T MWUMBER ~ 3

RECORDER NUMBER - 3887

SECOND SHUT IN FF

TIME(MIND (T+FHI) FSIG
FHI /FPHT

+0 0000 2059
7.0 4. 6667 2248
18.0 ’ 2.8333 2251

270 2.,2222 2252

J46.0 19167 2253
45.0 . - 1.7333 B

9440 L.6111
6340 1.5238
72.0 1.4583 2256
81.0 : 1.4074 ’ 2256
0.0 1.36467 S RRG7

FITTED LINESZ }LOG((TO+PHI)/FHI) = -+ 02921 FSIG + 4606546

EXTR&FOLQTIDN OF  SECOND  8HUT IN = 2261.64 M =

RESERVOIR PaRAME

COLLAR RECOV 483,000 . FIPE RECOVRY 3621.000 INIT FLO TIM
FINL FLO TIM 30.000 MUl EXPANEN 1+.000 BOTTM HOL T™
AFI GRAVITY 10.000 ~ SPEC GRAVITY 1L+000 VISCOSITY

FAY THICKNES 50,000 SURSEA DEPTH —-1118.200  WATER GRADINT

34.23

3.000

116,000

1.000
<433
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_LYNES INC.

REFOKT #1274 |
WELL NAME - MAIISON LIMESTONE TEST WELL 3
MELL OFERATOR ~ U.8.0.5.
ST NUMEER -~ 3 _ .
RECORDER NUMEER - 8889

CALCULATIONS: SECOND SHUT IN

EXTRAFOLATED RESERVOIR FRESH¢ (FSIGB) seoroeesrsorcroes
NO. OF FOINTS ENTEREIN s eovveroosvosorovorororosors
NO. OF FOINTS USED IN EXTRAFCLATION Creere e erans
ROOT MEAN SOUARE LEVIATION OF BEST FIT LINECPSIY .

~TOTAL‘FLDN TIME(MIN)'0o'yio0000000000000000000‘000

' AVERAGE FROHUCTIUN’RQTE BURING TEST(RBLE/UAY) coesvevses

TRANS“ISSIBILITY(MD“FT/CP)‘ooo;o'oéoonooooooo;wooooooooﬁ
IN SITU CQPACITY(MD*FT) 000oooooo}ooeo‘foofoooo{oocootoo
AUERQGE.EFFECTIUE FERMEABILITY(MD) teererr ettt ottt

FRODUCTIVITY INDEX(BBLS/ﬁAY“PSI) ooooogooooooeo;noooo~o

DAMAGE RATIO }0000000000000);000tr0{000000000000"05~00

FPRODUCTIVITY INDEX WITH DAMAGE  REMOVED(EBLS/DAY-FSI) ..
RADIUS OF INVESTIGATIONCFT) soevortreaossossorossscssos
DRAWDOWN FACTOR(Z).oooo‘o000#000;}030$90~0600006«}@0]9;

F‘UT.EN-TI(JME.TF\IIC . SL]F\.I‘:ACE(I:‘T.) L B AR ) 0 * s 0“9 0“.0 + ¢ 0.0 + e 0.0 0 LR

2261 .6 .
i1.90
6.0

013

33,0

29485

14005, 1

14005, 1
280:10

14.551
1.1

15,762
94,1
0

4105.0
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LYNES, INC.

Pressure Extrapolation Plot

Lease & No.Madison Limestone Test Well pst No

United. States Geological

Operator

#3

Survey

2280

At

5540

5320

2260

2200

2180

2160

psig.
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United States

Geological Survey

LYNES, INC.

Operator

Lease & No.

Madison Limestone

Test Well #3

DST No.

4

=

Inside Recorder

PRD Make Kuster K-3

No.15242 cgp. 5450 @_T7202'

Press

Corrected

tnitial Hydrostatic

A

Final Hydrostatic

Initial Flow

Final initial Flow

Initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

Third Shut-in

K
B
C
D
E
F
G
H
|

J

Pressure Below Bottom
Packer Bled TOo

Bottom chart indicates no

communications.

PRD Make

No. Cap.:

@

Press

Corrected

Initial Hydrostatic

Final Hydrostatic

Initial Flow

Final Initial Flow

Initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

Third Shut-in

—l=lTio|{mmoO|m|x|>

Pressure Below Bottom
Packer Bled To
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Form 5 .

"LYNES, INC.

Sampler Report

Company United States Geological Sur‘vey ’ Date 11-20-78
Well Name & No..__ Madison Limestone Test Well #3 _ Ticket No 16520
. County— ‘ Yellowstone _ . State » Montana
Test Interval 6984-7196" ; - ' DST No. 4
Total Volume of Sampler: 2000 cc.
Total Volume of Sample: 1950 cc.
Pressure in Sampler: ' 2140 psig
Qit: None cc.
Wafer: 1950 cc.
Mug: ___ None cc.
Gas: Trace cu. ft.
Other: None
_R.MW. .3 @ 70°F = 22,000 ppm. chl. \
Resistivity
Make Up Water __10.0 .@ ' ' 690F _ “of Chloride Content 550 ppm.
Mud Pit Sample. 6.6 @ __T0°F of Chloride Content__800 ppm.
Gas/Oil Ratio v Gravity.. L °APl @ T

On location.

Where was sample drained

Remarks:
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-_rI__,.YNE"S,' INC.

Operator United States Geological Lease & No._ Madison Limestone DST No___4

Survey : ) Test Well #3

Form 2

‘Commeénts relative to the analy51s of the pressure chart from DST #4, Inter-
val: 6984-7196', which was run in the captioned well located in the NW. SE
Section 35, T2N-R27E, Yellowstone County, Montana-

For purposes of this ana1y51s the followmg reservo1r . and ﬂuld properties
and test parameters have been used: :

BHT = 169.6°F., = 1.0 cp., h= 50 feet, t= 31 minutes,
m = 161 psi/log cycle. B .

1. Extrapolation of the Initial Shut-in pressure build-up curve indicates
a maximum reservoir pressure of 3475 psi at the recorder depth of
6994 feet. Extrapolation of the Final Shut-in pressure build-up curve .
indicates a maximum reservoir pressure of 3513 psi. The difference
“between the extrapolated Initial and Final Shut-in pressures (38 psi) is
considered unimportant and is indicated to be due to the use of insuf-
f1c1ent t1me for the shut-in per1ods. -

The extrapolated Final Shut-in pressure at the recorder depth is equiv-
alent to a subsurface pressure gradient. of 0.502 psi/ft. This pressure
gradient is anomalously high compared to a "normal' hydrostatic pres-
sure gradient which ranges from about 0.43 to 0,47 psi/ft., depending
upon formation water salinity. This anomalous reservoir pressure .
condition suggests that its cause is the relatively high elevation of re-
charge areas for this aqulfer system compared to the ground elevation
at this well location.- :

2. The calculated Average Production Rate which was used in this analysis, -
4422.7 BPD, is based upon a full fill-up of water in the pipe (95.2 bar-
rels) in an effective flowmg time of 31 minutes (the total elapsed flow-
ing time at which fluid reached the surface). :

3. The calculated Damage Ratio of 0.3 indicates that no significant well--
' bore damage was present at the time of this formation test.
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United States Geological Survey, Madison Limestone Test Well #3
Interval: 6984-7196' (DST #4)

Comments - Pagéz

4. The calculated Effective Transmissibility of 4458.7 md. -ft. /cp.
indicates an Average Permeability to water of 89.2 md. for the
estimated 50 feet of effective porosity within the total 212 feet of
interval tested. : :

5. The evaluation criteria used in the Drill-Stem-Test Analysis Sys-
tem indicate that the results obtained in this analysis should be
reliable within reasonable limits relative to the assumptions which
have been made.

: e Y
r L. Hoege <

Eonsultant to nes, Inc.
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LYNES INC.

REFORT #1471
WELL NAME —~ MADISON LIMESTONE TEST WELL 3 .

WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMBER - 4
RECORDER NUMBER - 5155

TIME(MIN) (THPHI) PSIG
PHI /FHI

.0 +0000 2952
2.0 11,0000 3379
4.0 640000 3389
6.0 4.3333 3395
8.0 3.5000 3400
10,0 3.0000 . 3404
12.0 2.6667 3408
14,0 2.4286 3411
16,0 = - 2.2500 3414
18.0 2.1111 3417
20.0 2.0000 3420
22,0 - 1.9091 3423
24.0 1.8333 3426
26,0 - 1.7692 T 3429
28.0 1.7143° 3432
30.0 1.6667 3434

EXTRAPOLATION OF FIRST  SHUT IN = 3474.68
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LYNES INC.

REFORT #1471

WELL NAME - MADISON LIMESTONE TEST WELL 3

WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY

DST NUMBER - 4

RECORDER NUMBER - 351335

SECOND SHUT IN PRESSURE

ot s a4t 0o e B2 e G Soar ot B 2okt e 938 AT O S et it S0 e

+ - 21.78075

TIME(MIN? (T+FHI) ’ PSIG
-PHI /FHI
«0 + 0000 3213
4.0 34.3333 3308
“12.0 17,6667 3333
18,0 12.1111 . 3347
24,0 ?.3333 3360
30.0 7.+.6667 3372
"36.,0 63556 3381
42,0 S.726192 3390
48.0 - G41667 3397
94.0 4.7037 3403
60,0 4.3333 : 3409
66.0 4.0303 3415
72,0 - 3.7778 3420
78.0 3.5641. 3425
84.0 3.3810 3428
?0.0 - 3,2222 3431
FITTED LINE? LOG((TQ+PHI)/FHI) = -+00620 FSIG
EXTRAPOLATION OF SECOND SHUT IN = 33512,

COLLAR RECOV
FINL FLO TINM
AFI  GRAVITY
FAY THICKNES

281.000
180.000
10,000
50.000

RESERVOIR PARAMETERS?

FIPE RECOVRY 6703.000
MUD EXFANSN 1.000
SFEC GRAVITY 1.000
SURSEA DEFTH -3954.200

96 M =

INIT FLO TIM
BOTTM HOL TM
VISCOSITY

WATER GRADNT

161.29

20.000
162.600
1.000
+433
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LYNES INC.

REFORT . #1471

wELL NAME ~ MADISDN LIMESTONE TEST WELL 3

wELL OPERATOR - UNITED STATES ‘GEOLOGICAL SURVEY

nsr NUMBER - 4
RECORDER NUMBER - 5155

CALCULATIONS: SECOND SHUT IN

e et o o e e e et s G2 o o B et e S e S o et e e e

EXTRAFOLATED RESERVOIR PRESS ¢ (FSIB) seosrrossnvvesans

No. OF FOINTS ENTERED‘00.0000000000000"00"0'000.

NO. OF FOINTS USED IN EXTRAFOLATION soseveesesrone

ROOT MEAN SQUARE DEVIATION OF BEST FIT LINECFSI) .

TOTAL F\Low TIME(MIN) 0000"0000'000000000.000.000000

_AUERAGE PRODUCTION RATE DURING TEST(BELS/DAY) seesrssene

TRANSMISSTEILITY (MI-FT/CP) soovesvsovonssansrssnosnssnes
IN SITU CAPACITY(MI-FT) osesusussesvssvassostossorsonsee
AVERAGE EFFECTIVE PERMEABILITY(MD) <ovvvveesoooovasscss
PRODUCTIVITY INDEX(BBLS/DAY~FSI) 4esvveersssnesossooses

DANAGE RATIO LK B NE A B N S SR B IE B I AT R R IR A A 2K IR R A A AR IE BE 2N BN 2R 2R 2R SN 2R 2K 2% 2% AN 2% N 1

‘PRODUCTIVITY INDEX WITH DAMAGE REMOVED(BELS/DAY-FSI) ...

RABIUS OF INUESTIGATION(FT) IENEENERNEEEREEESEEEEERE SR R XS XN
I‘RA“DU”N FACTOR(Z) 090000.0.0000;'00‘0000000‘0".0000..0000'

POTENTIOMETRIC SURFACE(FT) 0'00000ooo'oooo.,oooooooooooooo

3513;0
16,0
6.0

. 005

200,0

4422,7
4458.7
4458.7
89.17

14.744
3

5.018
133.5
«0

4158.9
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LYNES, INC.

. Pressure Extrapolation Plot
United States Madison Limestone

Operator____G€ological Survey Lease & No. T?St Well #3 DST No._4

o

e A e
3100 3200 3300
psig.

3400 3500 3600 3700
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p Box 3600
522-122?3025'% 303 LV N E S ’ | N C - Sterling, Colo. 80751
Contractor Molen Drlg. Co., Inc. Top Choke n FlowNo.1___ 6 _ _ Min.
Rig No. __ 4 Bottom Choke 9/16" ShutinNo. 130 Min.
Spot SE-NE Size Hole 8 3/4" FlowNo.2____ 60 Min."
Sec. 35 Size Rat Hole - ShutinNo.2__ 90 .  Min.
Twp. 2 N Size & Wt.D.P.__4 1/2" 16.60 |FlowNo. 3___294 __ Min,
Rng. 27 E . Size Wt. Pipe 1241 ShutinNo. 3__ == Min.
Fieid Wildcat I.D.of D. C. 2 1/2"
County ___Yellowstone Length of D, C.___ 281" | Bottom o
State _ Montana Total Depth 7196" Hole Temp. 132.4°F
Elevation _3039.8' "K.B." Interval Tested 5148-5940" Mud Weight 10.8
Formation Red River Type of Test Inflate Gravity L
Straddle Viscosity 50
Tool opened @_11:30 AM,
Outside Recorder
i e e - PRD Make_ Kuster K-3
; No. 5155 Cap. 5000 @ 5758
. Press . Corrected
| '] Initial Hydrostatic A 3269
A '[Final Hydrostatic K| 3251
: Ty || Initial Flow B | 1067
t /-UH . 1 Final !nitial Flow C 1558
s C i ;| Initial Shut-in D 2910
'; ! Second Initial Flow E 1591
! i¥ Second Final Flow F | 2736
j l Second Shut-in G | 2862
. . Third Initial Flow  H 2680
\ | Third Final Flow | 2649
‘\ »] Third Shut-in J -
Lynes Dist.._ Billings, Mt.
QOur Tester:__Jack Rescoe
Witnessed By: ==
Did Well Flow — Gas No_oil__No_ water__Yes
RECOVERY IN PIPE: Test was reverse circulated.
1st Flow - Tool opened with a strong blow, increased to bottom
of bucket in 1 minute and remained thru flow period.
2nd Flow - Tool opened with a strong blow. Fluid to surface in
26 minutes.
REMARKS:
3rd Flow - Tool opened with fluid to surface,
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LYNES, INC.

United States Madison Limestone
Operator__Geological Survey Lease & No._Test Well #3 DSTNo.___6

\

Inside Recorder
PRD Make_Kuster K-=3

(o \: No.13641 Cap 4450 @_5711'
Press Corrected
— Initial Hydrostatic A 3245
Final Hydrostatic K 3220
N Initial Flow B *%
- Finat tnitial Flow C %%
s Initial Shut-in D 2890
Second Initial Flow E 1558
Second Final Flow F 2701
Second Shut-in G 2845
Third Initial Flow H 2649
Third Final Flow | 2618 -
Third Shut-in J L -
A
Pressure Below Bottom
Packer Bled To

Outside Recorder
PRD Make_Kuster K-3

f-,-_ No. 16445 Cap. 4500 @_5758'
! Press Corrected
: Initial Hydrostatic A 3262
' Final Hydrostatic K 3248
i Initial Flow B 1061

Final Initial Flow C 1550
‘ Initial Shut-in D 2902
; Second Initial Flow - E 1583

| Second Final Flow F 2725

Second Shut-in G 2857
' Third Initial Flow H 2674
i Third Finat Flow | 2642
L- Third Shut-in J -
| ~

. Pressure Below Bottom
Packer Bled To
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Operator

LYNES, INC.

United States

Geological Survey Lease & No. Test Well #3

Madison Limestone

DSTNo.__ 6

QOutside Recorder . .
PRD Make _Kuster K-3T

Press Corrected

Initial Hydrostatic

Final Hydrostatic

Initial Flow

Final Initial Flow

initial Shut-in

Second Initial Flow
Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

L-—Io'nmoomxﬁ

Third Shut-in

Maximum Temperature | 132,.4

Pressure Below Bottom
Packer Bled To

/ R — | et

\
, \

. \
\"-;

~—

Outside Recorder
PRD Make__Kuster K-3

Press

@_5958"

Corrected

Initial Hydrostatic

Final Hydrostatic

Initial Flow

Final Initial Flow

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

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

Third Shut-in

Pressure Below Bottom
Packer Bled To

Bottom chart indicates no
communications.
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FORM 5

United States Geological Survey _ Date

LYNES, INC.
Fluid Sample Report

Company lll—23-18 —
Well Name & No Madison Limestone Test Well #3 . Ticket No.__ 16522
County Yellowstone | State Montana
Test Interval 5748—5940' DST No. 6
Total Vo|ubme of Sampler: 2000 cc.
150tal Volume of Sémple: 1960 cc.
Pressure in Sampler: 2500 psig
’ Oil: None cc.
Water: 1960 cc.
Mud: None cc.
Gas: Trace cu. ft.
Other: None
. R.W. 2.5 € 70°F = 2,300 ppm. chl.
Resistivity
Make Up Water 10.0 @ - 69°F of Chloride Content 5_5’0 bpm.
* Mud Pit Sample 6.6 @ 7OOF of Chloride Conten't 800. ppm.
Gas/Oil Rati;r - _ Gravity. %API @ OF

Where was sample drained

On location.

Remarks:
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LYNES, INC.

Operator___United States Geological = | ease & No. Madison Limestone DST No___b

Survey T - Test Well #3

" Form 2

Comments relatlve to the analysis of the pressure chart from DST #6, Inter—"
val: 5748-5940', which was run in the captioned well located in the NW SE
Section 35, T2N-R27E, Yellowstone County, Montana:

Extrapolation of the Initial Shut-in pressure build-up curve indicates a maximum
reservoir pressure of 2914 pSI. at the recorder depth of 5758 feet. A maximum
reservoir pressure of 2862 psi was recorded mechanically during the 90- mmute
Final Shut-in-period. The difference between the extrapolated Initial and Final
Shut-in pressures (52 psi) indicates that depletlon may have been caused by the.
60-minute Final Flow period. This evidence of depletion, although of relatively
small magnitude, indicates that the tested reservoir is of limited areal extent,

or indicates a boundary condition in the reservoir at a relatively short distance -
from the well-bore.

The condition of mechanical stabilization of the pressure recorder during the
Final Shut-in period precludes the use of the Horner analysis method for calcu-
lating a numerical value for the transmissibility of the tested reservoir. It is
obvious, however, on the basis of the character of the pressure record which
was obtained in this test, plus the volume-rate of flow which was observed at

the surface, that the transmissibility of the tested zone is excellent. :

The indicated maximum reservoir pressure at the recorder depth is equivalent
to a subsurface pressure gradient of 0.506 psi/ft. This pressure gradient, al-

- though somewhat anomalously high, is in reasonably close agreement with those

which have been determined for all of the other Paleozoic reservoirs which were
drill-stem tested in this well.

The calculated Average Production Rate which occurred during this test, 3537.0
BPD, is based upon a full fill-up of water in the pipe (78. 6 barrels) in an effec-
tive flowing time of 32 minutes (the total elapsed flowing time at which fluid
reached the surface). :

The evaluation criteria used in the DST Analysis Syétgm indicate that the tools
and recorder functioned properly; however, as noted above, because mechanical
stabilization of the pressure recorder occurred throughout the majority of the 90-
minute Final Shut-in period, it is not possible to calculate numerical values for
the tested reservoir's transmissibility, permeability and damage ratio by the use
of the Horner analysis method.

Ay

dr L. Hoege
sultant to Lynes, Inc.
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LYNES INC.

REFORT #1472
WELL NAME -~ MADISON LIMESTONE TEST WELL 3
WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMEER ~ &
RECORDER NUMEBER - 5155

FIRST SHUT IN FRESSURE

TIME(MIND (T+FHI) FSIG
FHI /FPHI
.0 +0000 1558
3.0 3.0000 2902
6.0 ° 2.0000 2904
9.0 1.6667 2903
12.0 ' 1.5000 2906
15.0 1.4000 2907
18.0 1.3333 2908
21.0 1.2857 2908
24,0 1.2500 2908
27.0 1.2222 C 2909
30,0 1.2000 2910

EXTRAPOLATiON OF FIRST SHUT IN = 2914,.18
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_LYNES INC.

~ REFORT #1472
WELL NAME - MADISON LIMESTONE TEST WELL 3
WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMEER - 6
RECORDER NUMEER - 5155

SECOND SHUT IN PRESSURE

TIME(MIN) (T+FHI) - FSIG

FHY /PHI
Y ~,0000 2736
9.0 8.3333 2862
18.0 4.6667 2862
27.0 T 3.4444 T 2842
36.0 2.8333 - 2842
45.0 2.4667 2862
54,0 2.2222 2842
63.0 T 2,0476 2862
72.0 ©1.9167 2862
81.0 . 1.8148 2862
90.0 1.7333 2862
FITTED LINE: LOG((TO4+FHI)/PHI) = -10.41971 FSIG + 29821,56250
EXTRAFOLATION OF SECOND SHUT IN = 2862.03 M = .10
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Operator

LYNES, INC.
Pressure Extrapolation Plot

United States

Geological Survey Test Well #3

Lease & No.

Madison Limestone .
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Phone
522-1206 Area 303

LYNES, INC.

Box 3600
Sterling, Colo. 80751

Contractor_Molen Drlg. Co., Inc. tup Choke 1" Flow No. 1 10 __Min.
Rig No.____4 Bottom Choke 9/s16" Shut-in No. 1___30 __ Min.
Spot SE-NE - Size Hole 8 3/4" Flow No. 2 60 Min.
Sec. 35 Size Rat Hole == Shut-in No. 2 ___ 99 Min.
Twp. 2N Size & Wi, D, P.___% 1/2" 16.60 | Fiow No. 3 60 Min.
Rng. 27 E Size Wt. Pipe 93! Shut-in No. 3__ 90 _Min.
Field Wildcat I.D. of D. C. 2 1/2" Flow No. 4 159 Min.
County Yellowstone tength of D. C. 281" Bottom o
State Montana Total Depth 7196! . Hole Temp. 126.6°F
Elevation__3039.8' "K.B." Interval Tested 5608-5743" Mud Weight 10.8
Formation Stony Mountain Type of Test Inflate Gravity ==

Straddle Viscosity 50

Tool opened @__10:27 AM.

Qutside Recorder

PRD Make_Kuster K-3
No._5155 cap._5000 @ 5618
Press Corrected
Initial Hydrostatic A 3161
Final Hydrostatic K 3144
Initial Flow B 258
Final Initial Flow C 729
Initial Shut-in D 2848
Second Initial Flow - E 790
Second Final Flow F | 2358
Second Shut-in G 2852
Third Initial Flow H 2397
Third Final Flow | 2469
Third Shut-in J 2852
Fourth Initial 2464
Fourth Final Flow | . 2464

" Billings, Mt.

Lynes Dist.:
Our Tester:

Gene Braley

Witnessed By:_—=

Did Well Flow — Gas
RECOVERY IN PIPE:

REMARKS:

Tool opened with a strong blow, increased to bottom of

bucket in 1 minute and remained thru flow period.

Tool opened with a strong blow and remained thru flow

Tool opened with a strong blow. Fluid to surface in

No gil_ NO wyuer_Yes
Test was reverse circulated,
1st Flow -
2nd Flow -
period.
3rd Flow -
11 minutes.
4th Flow -
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" Tool opened with fluid to surface.

ssalppy

UOTINATJIISTQ 89S

"ON 393011

aleq £299T

8L=%2~TT

$31doD |eut{ ‘ON

[<

KoAang TeOTHOTOSH €21©18 PSTUN

1o0jesadQ

"ON pue 3weN |{3M

£# TTOM 1S9] SUOYSOWTT UOSTPEN

‘ON 1S8a



LYNES, INC.

United States Madison Limestone
Operator___Geological Survey Lease & No, __Test Well #3 DSTNo.__ T

Outside Recorder
PRD Make _ Kuster K-3

— e i n i e -v mememsme am oiamizoLz= oz o Lo LIl LmmiToo ot NO. 13641 Cap 4450 @_5618'
. . ' Press Corrected
Initial Hydrostatic A 3153
Final Hydrostatic K 3138
J Initial Flow B 281
| | 1] Final tnitial Flow C 703
" " Initial Shut-in D 2849
g : i [ Second Initial Flow _E 781
I l . Second Final Flow  F 2349
8 ' Second Shut-in G 2851
- Third initial Flow __ H 2381
i Third Final Flow i 2460
3 Third Shut-in J 2851
{ Fourth Initial Flow | 2455
b Fourth Final Flow 2455
LI DI N IR, T e R o o e — o - — - — Pressure Below Bottom
Packer 8led To
Inside Recorder
PRD Make__ Kuster K-3
No._15242 cap._5450 @_5571°
e TU T TR e o meee e e e e - - o Press Corrected
! ; 8 ““ | Initial Hydrostatic A 3154
e . . -] Final Hydrostatic K 3154
: B o ; . © 1 nitial Flow B 152
L o : Final Initial Flow __ C 719
‘ ’ Initial Shutin D 2851
. Second Initial Flow E 756
d Second Final Flow F 2365
i Second Shut-in G 2855
" - Third Initial Flow H 2370
Third Final Flow | - 2465
Third Shut-in J 2855
Fourth Initial Flow | 2467
i Fourth Final Fiow 2464
', .. . Pressure Below Bottom
o= - - = =z=m oz = = e ——— Packer Bled To
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LYNES, INC.

Operator____United States Geological Lease & No._Madison Limestone Test DST No 7
S Survey Well #3

Comfnents relative to the analysis of the pressure chart from DST #1, Inter-
val: 5608-5743', which was run in the captioned well located in the NW SE Sec-
tion 35, T2N-R27E, Yellowstone County, Montana:

Extrapolation of the Initial Shut-in pressure build-up curve indicates a maximum
reservoir pressure of 2852 psi at the recorder depth of 5618 feet. Mechanical
stabilization of the pressure recorder occurred during the Second and Third Shut-
in periods and indicates a maximum reservoir pressure of 2852 psi.

The condition of mechanical stabilization of the pressure recorder during the
Second and Third Shut-in periods precludes the use of the Horner analysis method
for calculating a numerical value for the transmissibility of the tested reservoir.
It is obvious, however, on the basis of the character of the pressure record which
was obtained in this test, plus the volume-rate of flow which was observed at the.
surface, that the transmissibility of the tested‘zone is excellent.

The indicated maximum reservoir pressure at the recorder depth is equivalent to
a subsurface pressure gradient of 0. 508 psi/ft. This pressure gradient, which
again is somewhat anomalously high, is in reasonably close agreement with that
which has been determined for the other Paleozoic reservoirs which were drill-
stem tested in this well,

The calculated Average Production Rate which occurred during this test, 1366.5 -
BPD, is based upon a full fill-up of water in the pipe (76.9 barrels) in an effec-
tive flowing timeé of 81 minutes (the total elapsed flowing time at which fluid
reached the surface). :

The evaluation criteria used in the DST Analysis System indicate that the tools
and recorder functioned properly; however, as noted above, because mechan-
ical stabilization of the pressure recorder occurred throughout the majority of
the Second and Final Shut-in periods, it is not possible to calculate numerical '
values for the tested reservoir's transmissibility, permeability and damage
ratio by the use of the Horner analysis method.

g A e q/ »y
: er L, Hoege
; onsultant to L{fies, Inc. .
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LYNES INC.

REFORT #1474
WELL -NAME - MADISON-LIMESTONE TEST WELL 3
WELL OFERATOR -~ UNITED STATES GEGLOGICAL SURVEY
nsT NUMBER —~ 7
RECORDER NUMBER - 51353

FIRST SHUT IN FRESSURE

TIME(MINY  (THPHID . PSIG
FHI © /PHI
.0 + 0000 729
3.0 4,3333 - 2826
4.0 2.6667 2837
9.0 2,1111 2841
12.0 T 1.8333 | 2843
15.0 1.6647 2845
18.0 - 1.5556 2846
21,0 1.4762 2847
24,0 - 1.4167 2847
27,0 . 1.3704 2848
30.0 1.3333 2848

EXTRAFOLATION OF FIRST SHUT 1IN = 2851.55
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LYNESINC.

REFORT #1474 N
" WELL NAME - MADISON LIMESTQNE TEST WELL 3
WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMBER - 7 A o

RECORDER NUMBER - 5155

SECOND SHUT IN FRESSURE

TIME(MIN) (THFHI) FSIG

FHI - /PHI

+0 +0000 . 2358
Fe9 12,8644 . 28350
11.8 . 6.9322 . 2851
17.7 4,9548 - © 2852
23.6 3.92661 - 2852
29.5 - 3.3729 2852
35+4 2.9774 2852
41.3 ’ 2.6949 2852
47.2 : . R2.4831 2852 .
3.1 . 2.3183 T 2852
99.0 - 2.1864 , 2852

EXTRAFOLATION OF SECOND SHUT IN = 2852.04
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LYNES INC.

REPORT #1474
WELL NAME -~ MADISON LIMESTONE TEST WELL 3
WELL OFERATOR —~ UNITED STATES GEOLOGICAL SURVEY
NST NUMBER -~ 7
RECORDER NUMBER - 51535

THIRD SHUT IN FRESSURE

TIMEC(MIND (THFHI) PEIG

FHI /FHI

+Q +0000 2469
?.0 15.4444 2837
18.0 8.2222 2841
27.0 5.8148 2847
36.0 4.6111 4851
45.0 3.8889 2852
54.0 3.4074 2852
63.0 3.0635 2852
72.0 2.8086 2852
81.0 . 2.6049 2852
?0.0 2.4444 2852

FITTED LINE! LOGC(TOH+FHI)/FHI) = -10.88268 FSIG + 31037.89844

EXTRAFOLATION OF THIRD SHUT IN = 2852.05 M =
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LYNES, INC.

sure iation Pt
United States Pressur EXtrapo Hatldolson B}mestone

Operator Geological Survey' Lease & No. _ lest Well #3 DST No._ T

2900 3000 3100

2500 2600 2700
psig.
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LYNES, INC.

Pressure Extrapolatlon Plot
United States .Madison Limestone

Operator Geological Survey Lease & No.___ Test Well #3 DST No._ 1

3

®

- o R !
5 O '
Qi
: &

2500 2600 2700 2800 2900 3000 3100
~ psig.
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Operator

LYNES, INC.

United States
Geological Survey

Lease & No.

Madison Limestone

Test Well #3 ST No._8

Inside Recorder

PRD Make Kuster K-3
No.13641  cap. 4450 ® 5412'
Press Corracted
Initial Hydrostatic A 3280
Final Hydrostatic K 3040
Initial Flow B 50
Final Initial Flow o 45
| Initial Shut-in D 2074
1 Second Initial Flow E 55
Second Final Flow F 60
Second Shut-in G 2395
Third Initial Flow H ——-
Third Final Flow | —
Third Shut-in J m——

Pressure Below Bottom
Packer Bled To

Outside Recorder
PRD Make Kuster K-3

No._ 5155 (ap. 5000 _@. 5458'
e CIUNE Prass Corrected
B Initial Hydrostatic A 3303
Final Hydrostatic K 3065
Initial Flow B Th
Final Initial Flow [& T4
Initial Shut-in’ D 2081
Second Initial Flow E g2
Second Final Flow F 92
Second Shut-in G 2410
Third Initial Flow H -
Third Final Flow i —
Third Shut-in J —
) I Pressure Below Bottom

Packer Bled To
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LYNES, INC.

United States ' ‘ ' Madison Limestone
Operator__Geological Survey Lease & No.__ Test Well #3 DSTNo.__ 8

Outside Recorder
PRD Make_Kuster K-3

B N No. 12355 Cap' 35—249 @ 5458'

M ) . ) “ } - Press Corrected

Initial Hydrostatic A

Final Hydrostatic

“Initial Flow

Final nitial Flow

S / _ . {Tinitiat Shutin

Second Shut-in

Third Initial Flow

f PR | Second Final Flow
|
[
!

K
B
C
D
Second Initial Flow™ E
F
G
H
|
J

' ) ’ Third Findl Flow
’ ) Third Shut-in
; L o : 0
} ’ Maximum Temperature{ 124 F

mm e = e Pressure Below Bottom
’ Packer Bled To

PRD Make

No Cap.___ @

Prass ) © Corrected

initial Hydrostatic
Final Hydrostatic

Initial Flow

Final Initial Flow

Initial Shut-in

Second 1nitial Flow

Second Final Flow

Second Shut-in

Third Initial Flow
Third Final Flow

SI=ITIO|MImgo|®i x| >

Third Shut-in

Pressure Below Bottom
Packer 8led To
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LYNES INC.

REFORT #1475
WELL NAME - MADISON LIMESTONE TEST WELL 3
WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMEER - 8
RECORDER NUMBER - 16445

FIRST SHUT IN FRESSURE

TIME(MINY . (THFHI) FSIG
PHI : /PHI
0 . 0000 50
4,0 ‘ 3.5000 525
8.0 2,2500 776
12,0 ° 1.8333 984
16.0 1.6250 1153
20.0 1.5000 1302
24.0. 1.4147 1427
28,0 . 1.3571 1538
32,0 1.3125 1630
36.0 ' 1.2778 1718
40.0 1.2500 1797
44,0 1.2273 1864
48,0 11,2083 1928
52,0 141923 1983
56.0 1.1786 © 2032

L6040 ) 1.1667 2079
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LYNES INC.

REFORT #1475

WELL NAME ~ MADISON LIMESTONE TEST WELL 3

WELL OFERATOR — UNITED STATES GEOLOGICAL SURVEY

nST NUMEER - 8

RECORDER NUMBER - 1464495

SECOND SHUT IN FRESSURE

TIME(MIND (TH+FHI) FSIG
FHI /FHI

+0 0000 72

6.0 7.6867 931

12.0 4,3333 1322

18.0 3.2222 : 1564

24.0 2.6667 1738

30.0 203333 1881

36.0 2.1111 1991

42.0 1.9524 2075

48.0 1.8333 2142

34.0° 1.7407 2198

60.0 1.6667 2247

66.0 1.6061 2290

72.0 1.5556 2327

78.0 1.5128 2357

84.0 1.4762 2385

90.0 1.4444 2408

FITTED LINE?! LOG((TO+FHI)/FHI) = ~+0003%9 FSIG + 1.10249
EXTRAFOLATION OF SECOND SHUT IN = 2815.89 M =

AN
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LYNES, INC.

United States Madison Limestone _
Operator Geological Survey Lease & No._ Test Well #3 DST No.___9

Inside Recorder
PRD Make Kuster K-3
No. 13641 cap. 4450 @_5212°

Press . Corrected
Initial Hydrostatic A 2903
Final Hydrostatic K 2898
initial Flow B’ 566
Final Initial Flow C 922
Initial Shut-in D 2726
Second Initial Flow E 926
Second Final Flow F 2234
Second Shut-in G 2730
Third Initial Flow H 2255
Third Final Flow | 23717
Third Shut-in J 2731
Fourth Initial Flow 2373
Fourth Final Flow 2312
Pressure Below Bottom
Packer Bled To

Outside Recorder
PRD Make_Kuster K-3 T
No.12355  cap._35-249 @_5258"

’mr seem e - . Press Corrected

1 Initial Hydrostatic
W Final Hydrostatic
H . . , " SR Initial Flow
k?x‘.' N oy . - Final Initial Flow
L - ‘ - 4| Tnitial Shutin
' ) ’ Second Initial Flow
Second Final Flow
Second Shut-in

: Third Initial Flow
- - Third Final Flow
Third Shut-in

AS

ST TMMOIO (Wi R|>

Maximum Temperature 129.7

. Pressure Below Bottom
e Packer Bled To
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Form §

LYNES, INC.

Sampler Report

11-26-78

Company _United States ‘Géﬁibgical Survey Date
Well Name & No Madison Limestone Test WELL #3 icket No.___ 16525
Coumyr Yellowstone - State Montaﬁa -
Test interval 5250-5440" DST No 9
Totat Volume of Sampler: 2000 cc.
" Total Volumé of éample: '19>60‘ cc.
" Pressure in Sampler: _1930 - psig
oil: None ce.
Water: - 1960 cc.
Mud: None cc.
Gas;' Trace _cu. ft.
Other: None - -
R.W. 2.2 @ 60°F = 3,000 ppm. chl.
Resistivity
‘ Make Up Waten; -10.0 @ 600F of Chloride Con‘tem . _556_ B i ‘épm'.
Mud Pit Sample____ 6‘6: @ ' 700F' of Chloride Content 800 ppm.
Gas/Oil Ratio Gravity oAPle_______ OF

On location.

Where was sample drained

Remarks: __
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LYNES, INC.

Operator__United States -Geological Lease & No.___Madison Limestone _DST No. 9

Form 2

Survey ] Test Well #3

Comments relative to the analysis.of the pressure chart from DST.#9, Inter-
val: 5250-5440', which was run in the captioned well located in the NW SE Sec-
tion 35, T2N-R27E, Yellowstone County, Montana:

For purposes of this analysis, the following reservoir and fluid properties and
test parameters have been used:

BHT = 129.7°F., u= 1.0 cp., h= 50 feet, t= 82 minutes,
m = 11 psi/log cycle.

Extrapolation of the Initial Shut-in pressure build-up curve indicates a
maximum reservoir pressure of 2750 psi at the recorder depth of 5258
feet. Extrapolation of the Second Shut-in pressure build-up curve indi-
cates a maximum reservoir pressure of 2752 psi. Extrapolation of the
Final Shut-in pressure build-up curve indicates a maximum reservoir
pressure of 2745 psi. The maximum difference between the extrapolated
shut-in pressures (7 psi) is considered insignificant.

The indicated maximum reservoir pressure at the recorder depth is
equivalent to a subsurface pressure gradient of 0.523 psi/ft. This |
pressure gradient is anomalously high compared to a "normal' hydro-
static pressure gradient; however, it is in reasonably close agreement
with the datum pressures which have been found to be present in the

other Paleozoic reservoirs which were drill-stem tested in this same

well,

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

. 1256.1 BPD, is based upon a full fill-up of water in the pipe (71.5 bar- |

rels) and an effective flowing time of 82 minutes (the total elapsed flow-
ing time at which fluid reached the surface).

" The calculated Damage Ratioof 6.3 indicates that significant well-bore

damage was present at the time of this formation test. The character of °
the pressure record and the magnitude of the flow rate that occurred dur-
ing this test suggest, however, that the indicated well-bore damage may
be due to restrictions within the test tool rather than being due to forma-
tion damage.
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United States Geological Survey, Madison Limestone Test Well #3
Interval: 5250-5440' (DST #9) ' '

Coniments - 'Page 2

4,

The calculated Effective Transmissibility of 18374.1 md. —ft.'/cp.
indicates an Average Permeability to the produced fluid of 379.5 md.
for the estimated 50 feet of effective porosity within the total 190 feet

of interval tested. . .

The evaluation criteria used in the Drill-Stem-Test Analysis System
indicate that the results obtained in this analysis should be reliable
within reasonable limits relative to the assumptions which have been

_made.

A i

5:?'2 L. Hoeger
Ebnsultant to Lyn¥s, Inc.
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_LYNES INC.

REFORT #1484

WELL NAME — MADISON LIMESTONE TEST WELL 3

WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY

DST NUMEER - 9

RECORDER NUMBER - 14445

FIRST SHUT IN FRESSURE

TIME(MIND (T+HFHI) PSI6G

FHI - /PHI

.0 . 0000 937
3.0 4,3333 2526
6.0 ¢ 2.6667 2668
9.0 2.1111 2696
12,0 1.8333 2708
15.0 1.6667 2717
18.0 1.5556 2723
21,0 T 1.4762 2726
24,0 1.4167 2728
27.0 - 1.3704 2730

30.0 ' 1.3333 2732

EXTRAFOLATION OF FIRST SHUT IN =

2749,56
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LYNES INC.

REFORT #1484
WELL NAME — MADISON LIMESTONE TEST WELL 3
WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY
nsT NUMBER - 9
RECORDéR NUﬁFER ; 16445

SECOND SHUT IN PRESSURE

TIME(MIN) (T+FHI) FSIG
FHI /FHI ’
0 «0000 2251

6.0 12,6647 2713
12,0 6.8333 2725
i8.0 44,8889 2728
24.0 3.9147 2731
30.0 343333 2733
36.0 B 2,9444 2735
42.0 2.6667 2737
48.0 . - 2.4583 2738 -
54.0 N 2.29463 - 2739
60.0 21667 2740

2782.17

EXTRAFOLATION OF SECOND SHUT IN
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LYNES INC.

REPORT #1484
WELL NAME - MADISON LIMESTONE TEST WELL 3
WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMBER - 9
RECORDER NUMBER ~ 16445

THIRD SHUT IN FRESSURE

TIME (MIN) (T+FHI) FSIG

FH : /FHI
+0 +0000 2376 .
6.0 17,6667 2723
12.0 : ?.3333 2730
18.0 65356 2734
24.0 S5.1667 _ 2736
30.0 4,3333 2737
36.0 3.77728 - 2738
42.0 3.3810 2739
48,0 3.0833 2740
S4.0 2.8519 2740
60,0 T R.6667 2740
FITTED LINE: LOGCC(TO+FHI)/PHI) = =, 09290 FSIG + 234.97226

EXTRAPOLATION OF THIRD -SHUT IN = 2744.58 M = : 10.76

RESERVOIR FPARAMETERS?

COLLAR RECOV 281.000 PIPE RECOVRY 4969,000 INIT FLO TIM 10,000

FINL FLO TIM 30.000 MUD  EXPANSN 1.000 BOTTM HOL TM 129.700
AFI GRAVITY 10.000 SPEC GRAVITY 1.000 VISCOSITY 1.000

FAY THICKNES 50.000 SUBSEA DEFTH -2218.200 WATER GRADNT +433
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LYNES INC.

REFORT #1484
WELL NAME -~ MADISON LIMESTONE TEST WELL 3
WELL OPERATOR ~ UNITED STATES GEOLOGICAL SURVEY
nsT NUMERER - 9

RECORDER NUMBER - 16445

CALCULATIONS? THIRD SHUT IN

EXTRAFOLATED RESERVOIR PRESS.(PSIG) veveeeersrersrene 2744.6

NO. OF FPOINTS ENTERED . et otroovosonrosrasorerssoss 11.0
NO. OF FOINTS USED IN EXTRAFOLOTION ceoerrvoovrors 6.0
ROOT MEAN SQUARE DEVIATION OF EBEST FIT LINE(FSI) . . 046
TOTAL FLOW TIMECHMIND +ouvonvenncrocrvorcovosnosons 100.0
AVERAGE PRODUCTION RATE DURING TEST(EBLS/DAY) «vesrecsss 125641
'TRANSMISSIBILITY(MD—FT/CPF e betbse et a e erat s ranabe 18974.1
IN SITU CAFACITY(MD-FT) toeverssnsvstssvotorstososvsnses 18974.,1
AVERAGE EFFECTIVE PERMEARILITY(MID +uuvevevrsunrrccconns 379.48
PRODUCTIVITY INDEX(EELS/DAY-FSI) sesrsrrrorrrsrsssannss 3,408
DAMAGE RATID tovervorsorosotosisonrtoerosrrasrtsssrsess 6.3
PﬁonucrrvITY INDEX WITH DIAMAGE REMOVED(EELS/DAY-FSI) ... 21.355
RADIUS OF INVESTIGATIONCFT) tovvveevrreorunrcnrnncnnnns 194.8
DRAWDOWN FACTORC(Z) s esvesstoreosorsacervsorssososssessss o2
FOTENTIOMETRIC SURFACECFT) +vveeunsennosnnosnssnsssenes 4120,3
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Operator

United States
Geqlogical Survey

LYNES, INC.

Pressure Extrapolation Plot
Madison Limestone

Lease & No.__Test Well #3 DST No.__ 9

|
i

:
i
;
; | ‘
4 l
1. - o er e,

2500 2900 3000
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LYNES, INC.

] , Pressure Extrapolation Plot
United States Madison Limestone

Operator Geological Survey Lease & No.__ Test Well #3

DST No.__ 9 .
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LYNES, INC.

) Pressure Extrapolation Plot
United States Madison Limestone

Operator Geological Survey Lease & No._Test Well #3 -. . . .= DST No._9
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Phone
522-1206 Area 303

LYNES, INC.

Box 3600
Sterling, Colo. 80751

Contractor_Molen Drlg. Co., Inc. Top Choke A Flow No. 1 10 Min
Rig No. Bottom Choke__ 3/16" Shuttin No. 1__30 Min
Spot SE-NE Size Hole 8 3/4" Flow No. 2: 30 Min.
Sec. 35 Size Rat Hole == _ Shut-in No, 290 Min
Twp. 2 N Size & Wt. D. P._4 1/2" 16.60 | Flow No.3___ 180 Min
Rng. 27T E Size Wt. Pipe__ 120" Shut-in No. 3_== Min
Field Wildcat "I.D.ofD.C__2 1/2"
County Yellowstone Length of D. C.__ 281" Bottom o
State Montana " Total Depth 7196" Hole Temp. 122.6 F
Elevation __3039.8' "K.B." Interval Tested _4798-4988" Mud Weight 10.8
Formation_Mission Canyon Type of Test Inflate Gravity -

Straddle Viscosity . b5

Tool opened @_3:40 PM.

Outside Recorder

PRD Make Kuster K-3
No._2155 (qp. 5000 @ 4806°
) Press Corrected
Initial Hydrostatic A 2678
Final Hydrostatic K 2678
Initial Flow B 1088
Final Initial Flow C 1849
Initial Shut-in D 2536
Second Initial Flow E 1849
Second Final Flow F 2360
1 Second Shut-in G 2536
Third Initial Flow H 2326
{ Third Final Flow | 2326
Third Shut-in J -
 Billings, MT.

Witnessed By:

Did Well Flow — Gas

No 0i_No  water_Yes

RECOVERY IN PIPE: Test was reverse circulated.

REMARKS:

1st Flow - Tool opened with a strong blow, increased to bottom of

bucket in 1 minute and remained thru flow period.

2nd Flow - Tool opened with a strong blow, fluid to surface in 9 -

minutes.

3rd Flow - Tool opened with fluid to surface.
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- Operator.

United States

Geological Survey.

LYNES, INC.

Lease & No.

Madison Limestone

Test Well #3

DST No.

10

Inside Recorder

PRD Make Kuster K-3

No 13641 Cap 4450 g 4767

Press 3 Corrected
Initial Hydrostatic A 2651
Final Hydrostatic K 2651
Initial Flow B 1060
Final [nitial Flow C *
Initial Shut-in D 2525
Second Initial Flow E *
Second Final Flow F *
Second Shut-in G 2525
Third Initial Flow H 2296
Third Final Flow | 2296
Third Shut-in J —_
¥*Unreadable

Pressure Below Bottom
Packer Bled To

i —

\i“ -

. _:_\_,_Vm i

Outside Recorder

PRD Make

Kuster K-3

No. 16445 (., 4500 o 4806°

R

Press Corrected
Initial Hydrostatic A 2672
Final Hydrostatic K 2672
Initial Flow B 1078
Final Initial Flow C 1822
Initial Shut-in D 2530
Second Initial Flow E 1822
Second Final Flow F 2335
Second Shut-in G 2530
Third Initial Flow H 2317
Third Final Flow [ 2317

J

Third Shut-in

Pressure Below Bottom
Packer Bled To
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Operator.

United States

Geological Survey

LYNES, INC.

Madison Limestone

Test Well #3

Lease & No. DST No.

PRD Make

Outside Recorder
Kuster K-3T

N NO.' 1

. ‘ Press

2355~ Cap. 35-249 @ 4806

Corrected

[ Tnitial Hydrostatic

Final Hydrostatic

Initial Flow

Final Initial Flow'

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

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

- - ~ i1 _Third Final Flow

Third Shut-in

122.6

Maximum temperature

Pressure Below Bottom
Packer Bled To

PRD ‘Make

No Cap

@

Press

Initial Hydrostatic

Corrected '

Final Hydrostatic

Initial Flow

- Final Initial Flow

Initial Shut-in

Second Initial Flow

Second Final Flow

Second Shut-in

Third Initial Flow

Third Final Flow

ci=lx|oln|mojo|m|x|>

Third Shut-in

Pressure Below Bottom
Paclcer Bled To
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LYNES INC.

REFORT #1477
WELL NAME - MADISON LIMESTONE TEST WELL 3
WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMBER - 10
RECORDER NUMBER - 5155

FIRST SHUT IN FRESSURE

TIME (MIN) (T+PHI) FSIG
FHI /FHI
+0 © .0000 1849
3.0 4,3333 2529
6.0 2.6667 2533
9.0 2,1111 2536
12,0 1.8333 2536
15.0 1.6667 2536
18.0 1.5556 2536
21,0 1.4762 2536
24.0 1.4167 2536
27,0 1.3704 2536
30.0 1.3333 2536
EXTRAPOLATION OF FIRST SHUT IN = 25346.03
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LYNES INC.

REFORT #1477
WELL: NAME - MADISON LIMESTONE TEST WELL 3
WELL OPERATOR — UNITED STATES GEOLOGICAL SURVEY
08T NUMRER ~ 10

RECORDER NUMBER - 5153

SECOND SHUT IN FRESSURE
TIME(MIND (THFHI) FSIG
FHI /FHI
+0 +0000 2360
9.0 S5.4444 2536
i8.0 F.2222 2536
27.0 2.4813 2536
36.0 2.1111 2536
45.0 1.8889 2536
S54.0 1.7407 2536
63.0 1.6349 2536
72.0 1.5556 2536
81.0 1.4938 2536
?0.0 1.4444 2536

FITTED LINE! LOGC(TO+FHI)/FHI) = ~6.10546 FSIG + 15483.64797

EXTRAFOLATION OF SECOND SHUT IN = 2536.04 M = +16
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LYNES, INC.

Pressure Extrapolation Plot-

United States Madison Limestone
Operator Geological Survey Lease & No.__ Test Well #3 DST No.__1Q0
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LYNES, INC.
) Pressure Extrapolation Plot -
United States . Madison Limestone

Operator Geological Survey Lease & No. Test Well #3

DST.No.__ 10

4__.___,_,_..“____.___.,4.:.‘.,,.v.‘. M e ame e e e e s - RN I
i
.
'{ .
! i
4 -
B
'

1
|
—©

G SN

ur-3nys TEUTH

~®-

C 020220

2200 2300 2400 2500 2600
psig.

161

i
A
-

2700



Phone
522-1206 Area 303

Box 3600
Sterling, Colo. 80751

LYNES, INC.

Contractor_Molen Drlg. Co., Inc. top crigke L FlowNo. 1__. 15 Min,
. RigNo.___4 Bottom Choke 9/16" Shut-in"No. 1 __~ 30 Min.

Spot SE-NE Size Hole _ 8 3/4" FlowNo.2__ 30 __ Min

Sec. 35 Size Rat Hole_ - ShutinNo.2___90 _ Min.

Twp. 2 N Size & Wi, O, P.__4 1/2" 16.60 | FlowNo.3____ 270~ Min,

Rng. 27 E Size Wt. Pipe 150! Shut-in No. 3 - Min.
" Field Wildcat 1. 0. of D. C. 2 1/2"

County ___ Yellowstone Length of D. C.__281"' Bottom s

State Montana . Total Depth 7196°' Hole Temp. 113.4°F

Elevation ___3039,8' "K,B," ‘Interval Tested 4598-4788" Mud Weight 10.8

Formation_Mission Canyon  Type of Test_ Inflate Gravity ==

Straddle Viscosity 48

Tool opened @__6:35 AM.

Outside Recopder

PRD Make Kuster K-3
No._5155 Cap. 5000 @_4606"

Press Corrected
Initial Hydrostatic A 2563
Final Hydrostatic K 2563
Initial Flow B 4717
Final Initial Flow C 1344
Initial Shut-in D 2405
Second Initial Flow E 1386
Second Final Flow F 2117
| Second Shut-in G 2409
Third Initial Flow H 2103
Third Final Flow | 2048
Third Shut-in J —_
Lynes Dist.._ Billings, Mt.

Gene Braley

Our Tester:
Witnessed By:

Did Well Flow — Gas__No _ 0it__NO water__ Yes

RECOVERY IN PIPE: Test was reverse circulated,

\ N

1st Flow - Tool opened with a strong blow to bottom of bucket
immediately and remained thru flow period.

2nd Flow - Tool opened with a strong blow,

minutes.
REMARKS:

fluid to surface in 20

3rd Flow - Tool opened with fluid to surface.
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LYNES, INC.

United States . Madison Limestone
Operator___Geological Survey Lease & No. Test Well #3 : DSTNo.___ 11

Inside Recorder
PRD Make _ Kuster K-3
No, 13641 Cap.__ 4450 @_4567"'

Press Corrected

Initial Hydrostatic A *%
Final Hydrostatic K %%
Initial Flow B *%
Final Initial Flow [ %
Initial Shut-in D ki

Second Initial Flow E #%
Second Final Flow F %
Second Shut-in G 2393

H

|

J

%

Third Initial Flow 2075
Third Final Flow 2040
Third Shut-in

Unreadable

Pressure Below Bottom
Packer Bled To

Outside Recorder
PRD Make Kuster K-3
No. 16445 cap 4500 @_4606"

Press Corrected

Initial Hydrostatic A 2553
Firal Hydrostatic K 2553
initial Flow B 469
Final Initial Flow C 1336
Initial Shut-in D 2401
Second Initial Flow E 2108
Second Final Flow F 2109
Second Shut-in G 2403
Third Initial Flow H 2094
Third Final Flow | 2059
Third Shut-in J -
Pressure Below Bottom

Packer Bled To
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LYNES, INC.

United States Madison Limestone
Operator__Geological Survey - Lease & No._Test Well #3 DST No._ 1}

Outside Recorder

PRD Make _Kuster K-3T -
No._12355 cap. 35-249 @ 4606

Prass Corrected

Initial Hydrostatic A )
Final Hydrostatic K
Initial Flow B
Final initial Flow C
Initial Shut-in D
Second Initial Flow E
F
G
H
i
J

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

Maximum Temperature | 113.4

Pressure Below Bottom
Packer Bled To

PRD Make
No Cap @

Press Corrected
Initial Hydrostatic
Final Hydrostatic
Initial Flow
Fimal Initial Flow
Initial Shut-in
Second Initial Flow
Second Final Flow
Second Shut-in
Third Initial Flow
Third Final Flow
Third Shut-in

S TomimiojO|mix|{>

Pressure Below Bottom
Packer Bled To
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FORM 5

LYNES, INC.

Fluid _Sample Report

" Company______ United States Geological Survey Date 11-28-78
Well Name & NQ Madison Limestone Test Well #3 - Ticket No.__ 16453 °
County. ‘ : Yellowstone | State Montapma -
Test Interval 4598-4788" .

_DST No 11

2000

cc.

Total Volume of Sampler:
Total Volume of Sample: 1940 _ ce.
Pressure in Sampler: 1890 psig
Oil: None_. cc.
Water: 1640 cc.
‘. Mud: None ce.
Gas: Trace cu. ft.
Other: None |
" R.W. 3.4 € 90°F = 1,250 ppm. chl,
) Resistivity
Make Up Waterl 10.0_ _@ 69,0F ~_ of Chloride Content 550 ppm.
Mud Pit Samplt; 6.6 @ 70°F of Chloride Content 800 ppﬁ.
Gas/Oil Ratio Gravity ' N APl @ of -

Where was sample drained

On location,

Remarks:
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LYNES, INC.

Operator. ... United States ‘Geological | Lease & No. Madison Limestone NST No. 11 .

’%urvey ) : ' ""t Well ”3 e

Form 2

Comments relative to the analysis of the pressure chart from DST #1 1, Inter-
val: 4598-4788', which was run in the captioned well located in the NW SE Sec-
tion 35, T2N-R27E, Yellowstone County, Montana: - '

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

mum reservoir pressure of 2407 psi at the recorder depth of 4606 feet. A max-

imum reservoir pressure of 2409 psi was recorded mechanically during the Final - fbooer
Shut-in period. The difference between the extrapolated Initial and Final Shut-in
pressures (2 psi) is considered insignificant.

The condition of mechanical stabilization of the pressure recorder during the
Final Shut-in period precludes the use of the Horner analysis method for calcu-

. lating a numerical value for the transmissibility of the tested reservoir. It is

obvious, however, on the basis of the character of the pressure record which
was obtained in this test, plus the volume-rate of flow which was observed at
the surface, that the transmissibility of the tested zone is excellent.

The indicated maximum reservoir pressure at the recorder depth is equivalent
to a subsurface pressure gradient of 0.523 psi/ft. This pressure gradient, al-
though anomalously high compared to a "normal' hydrostatic pressure gradient,
is reasonably consistent with the subsurface pressure gradients which have been
determined for other Paleozoic reservoirs which were drill-stem tested in this
same well,

The calculated Average Production Rate which occurred during this test, 2550.9
BPD, is based upon a full fill-up of water in the pipe (62.0 b\arrels) in an effec-
tive flowing time of 35 minutes (the total elapsed flowmg time at which fluid
reached the surface).

The evaluation criteria used in the DST Analysis System indicate that the tools
and recorder functioned properly; however, as noted above, because mechanical
stabilization of the pressure recorder occurred throughout the majority of the 90-
minute Final Shut-in period, it is not possible to calculate numerical values for
the tested reservoir's transmissibility, permeability and damage ratio by the use
of the Horner analysis method.

/4{{%
%Zg'h oege%
s, Inc.

nsultant to Ly
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LYNES iINC.

REFORT #1478
WELL NAME - MADISON LIMESTONE TEST WELL 3
WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY
DST NUMBER - 11 '

RECORDER NUMBER - 5155

FIRST SHUT IN PRESSURE

TIME(MIN) CTHRHI Y FSIG

PHI /FHI '

«0 + 0000 1344
3.0 . 6.0000 - 2385
6.0 3.5000 2397
?.0 2.6667 2402

12.0 2.2300 2403
15.0 2.0000 2403
18,0 : 1.8333 2404
21.0 ' 1.7143 2404
24,0 1.6250. 24095
27.0 1.55356 2403
30.0 -~ - 1,3000 2405
EXTRAPOLATION QF FIRST SHUT IN = 2407.20
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LYNES |

NC.

REFORT #1478

WELL NAME - MADISON LIMESTONE TEST WELL 3

WELL OFERATOR ~ UNITED STATES GEOLOGICAL. SURVEY
DST NUMEER ~ 11
RECORDER NUMEER - 5155
SECOND SHUT IN FRESSURE
TIME(MIN) CT+FHI) FSIG
PHI /FHI
.0 .0000 2117
9.0 640000 2404
18.0 3.5000 2406
27.0 2,6667 2407
36.0 -2,2500 2408
45.0 2.,0000 2409
54,0 1.8333 2409
63.0 1.7143 2409
72,0 1.6250 2409
81,0 1,5556 2409
90.0 1.5000 2409
FITTED LINE: LOG((TO+PHI)/PHI) =  ~5,00987 FSIG + 12069.00195
EXTRAFOLATION OF SECOND SHUT IN = 2409,04 M =
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LYNES, INC.

Pressure Extrapolation Plot
United States Madison Limestone

Operator Geological Survey Lease & No.__Test Well #3
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LYNES, INC.

: Pressure Extrapolation Plot
United States ' Madison Limestone

Operator.._____Geological Survey _Lease & No. Test Well #3 DST No.__.”—_
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. Ph 3600
522~1206éx'ea 303 _ Lv N E S ’ I N c - Sterlinz??:olo. 80761

Contractor__Molen Drlg. Co., Inc. Top Choke " FlowNo. 120 __ Min.
Rig No.____4 Bottom Choke___ 9/16" ShutinNo,1__30 __ Min.
Spot SE-NE Size Hole 8 3/4" FlowNo.2__ 30" Min.
Sec. 35 Size Rat Hole - ShutinNo.2 90~ Min.
Twp. 2 N Size & Wt. D. P.__-4 1/2" 16.60 [FlowNo. 3240 __ Min
Rng. 27 E Size Wt. Pipe 150 Shut-in No. 3___== —— Min.
Field Wildcat I.D.of D. C. 2 1/2" - .
County__Yellowstone _ lengthof D.C.__281' Bottam
State Montana Total Depth 7196 Hole Temp. 121.8%F
Elevation __3039.8' "K.B." Interval Tested 4302-4492" Mud Weight 10.8
Formation _Mission Canyon - Type of Test Inflate Gravity ==

. Straddle Viscosity 47

Tool opened @__12:45 PM,

Qutside Recorder

.. | PRD Maske Kuster K-3 =
| No. 16445 Cap. 4500 @_4310'"

Press Corrected

Initial Hydrostatic A 2325
Final Hydrostatic K 2322
Initial Flow B 2009
Final [nitial Flow C 2168
Initial Shut-in D 2318
Second Initial Flow E 2193
Second Final Flow F 2239
Second Shutin . G 2318
Third Initial Flow H 2239
Third Final Flow [ 2239
Third Shut-in J ——

Lynes Dist.:_ Billings, Mt.
Our Tester:__dack Rescoe
Witnessed By: ==

Did Well Flow — Gas__No_ 0jl___No _water__Y€s
RECOVERY iIN PIPE: Test was reverse circulated.

1st Flow - Tool opened with a strong blow to bottom of bucket
immediately and remained thru flow period.

2nd Flow - Tool opened with a strong blow. Fluid to surface in
4 minutes.
REMARKS: -

3rd Flow - Tool opened with fluid to surface.
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LYNES, INC.

Operator__United States Geological Lease & No.___Madison Limestone DST No.___12

Survey Test Well #3

Form 2

Comments relative to the analysis of the pressure chart from DST #12, Inter-
val: 4302-4492', which was run in the captioned well located in the NW SE Sec-
tion 35, T2N-R27E, Yellowstone County, Montana:

A maximum reservoir pressure of 2318 psi was recorded mechanically during
both shut-in periods. This maximum reservoir pressure at the recorder depth
of 4310 feet is equivalent to a subsurface pressure gradient of 0. 538 psi/ft. This
pressure gradient, in turn, is anomalously high compared to a "normal" hydro-
static pressure gradient; however, it is reasonably consistent with the pressure
gradients which have been determined for other Paleozoic reservoirs which were

-drill-stem tested in this same well.

Because of mechanical stabilization of the pressure recorders during the shut-
in periods, it is not possible to use the Horner analysis method for calculating.
numerical values for the transmissibility and permeability of the tested reser-
voir. It is obvious, however, in view of the nature of the pressure record which
was obtained in this test, plus the volume-rate of fluid flow which occurred, that
the transmissibility of the tested zone is excellent.

The calculated Average Production Rate which occurred during this test, 3467.3
BPD, is based upon a full fill-up of water in the pipe (57.8 barrels) in an effec-

- tive flowing time of 24 minutes (the total elapsed flowing time at which fluid

reached the surface). .

The evaluation criteria used in the DST Analysis System indicate that the tools
and recorder functioned properly; however, as noted above, because mechan-
ical stabilization of the pressure recorder occurred throughout the majority of
both shut-in periods, it is not possible to calculate numerical values for the
tested reservoir's transmissibility, permeablhty and damage ratio by the use
of the Horner analysis method.

(ﬁ: ger L
nsultant to Lynes, Inc,
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LYNES INC.

REFORT #1479

WELL NAME — MADISON LIMESTONE

CTEST WELL 3

WELL OFERATOR - UNITED STATES GEOLOGICAL SURVEY

DST. NUMBER -~
RECORDER NUMEER -—

12

16445

FIRST. SHUT IN PRESSURE

TIME(MIN)

FHI

C 9.0
12.0
15.0
18.0
21.0
24.0
27.0
30.0

EXTRAFOLATION OF FIRST  'SHUT IN

(THFHI)

/FHI

+ 0000
7+6667
4.3333
32222
2.6667
2.3333

2.1111

1.9524
1.8333
1.7407

1.6667

2168
2310
2312
2316
2317
2318
2318
2318
2318

2318

2318

2318.04
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LYNES INC.

REFORT #1479
WELL NAME - MADISON LIMESTONE TEST WELL 3
WELL OFERATOR ~ UNITED STATES GEOLOGICAL SURVEY
DST NUMBER - 12

RECORDER NUMBER - 14445

SECOND SHUT IN FRESSURE

TIME (MIN) (THPHI) FSIG
FHI /PHI

- .0 _ + 0000 P239

2.0 6.5556 2316
18.0° . F3.7778 “ 2317
27,0 2,.8519 2318
36.0 2,3889 2318
45,0 . 2.1111 2318
54,0 1.9259 2318
63.0 1.7937 2318
72.0 : 1.6944 2318
81.0 1.6173 2318
90.0 1.5556 2318

FITTED LINE!: LOG((TO+FHI)/FHI) = ~-6.98928 PFSIG + 16201.41797.

EXTRAPOLATION OF SECOND SHUT IN = 2318.04 M =

.14
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LYNES, INC.

United States

Operator Geological Survey

Pressure Extrapolation Plot

Madison Limestone

Lease & No._ Test Well #3

DST No.
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Table 3.--Chemical amalysee of water from Madison Limestone teat well 3

unless otherwise indicated. Chemical constituents are in mg/L]

{Analyses by EERC, Inc., unless otherwise indicated. Samples are "slightly mud-cut water"

Spec~-
Sam-  Drill- ific i Bt~ . ' : : A :
ple stem con- Tem- Cal-  Mag- So-~ Po- car- Sul-  Chlo~ Fiuo- Dis~ Bar- Bo- Total Lith- Sele- Stron-
Formation in- test duct- pH - pera- ciun ne- dium tas- bon- - fate ride ride solved ium | rou iron -lum niun tium
ter g ance (field) ture (Ca) aium  (Na) sium (so,) (c1) (F) solids (Ba) (B) (Fe) (11).; (Se) (st}
- num- : ° . ate 4 . ;
vail ber (1ab) °c) o) ® oy : : (Cale.) :
(umhos/cm 3
e 25:’0)
Flathead Sand-
stone and
Precambrian 6984~ - ’ ) . . :
rockg—-—=~o~e 7190 4 26,000 7.3 52.0 2,200 170 5,000 170 85 © 880 11,500 2.7 19,800 3.7 8.1 teees 9.0 <0.005 44
5748- . :
Red River--w—-- 5940 6 4,200 7.2 8.8 440 87 860 42 230 2,900 70 3.6 ., 4,470 4.4 W32 e .29 <.005 13
Upper Red River ’ ’
and Stony 5608~ ) ' - : :
Mountain----= 5743 7 4,100 7.5 35.5 450 82 610 42 310 2,400 64 33 3,810 11 .39 3.9 .31 <.005 6.9
Madison (Lodge- ‘
pole) and
Upper Deve- 5250~ o
nlan rocks--- 5440 9 7,200 7.6 32.0 490 88 1,300 50 310 4,100 59 3.5 6,190 1.2 .76 .90 .29 . <.005 5.7
Madison (lower .
part of the
Mission 4798~ . . : .
Canyon)-~—=~== 4988 10 3,300 6.9 48.1 530 - 110 240, 39 170 2,100 60 3.3 3,100 1.9 I .30 <.005 7.3
Mad1son (middle
part of the
Mission 4598- _
Canyon) =——m=- 4788 i1 4,300 6.9 46.5 520 130 580 42 220 2,700 65 3.4 4,000 .96 34 eeme .24 <.005 6.5
Madison (upper
part of the
Mission 4302- :
Canyon)-~=--- 4492 12 3,900 7.0 49.5 480 88 500 41 220 ° 2,300 74 3.4 ‘3,600 16.4 26  ~— .29 <.005 6.7
Madison (upper
part of the Vs
Migsion 4290~ .
Canyon)2s 3-- 4414 2 2,880 6.8 51.8 490 100 39 1,800 39 g 2,660 0O 37 M .39 o

95

155

9.5
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Table 3.—Chemical analyses of water from Madison Limestone test well 3--Continued

Spec-
Sam- Drin1-  ifie : Bi- : C ete:
1 * con- Tem- Cal- Mag- So~ Po- ar- Sul-  Chlo- Fluo- Dis- Bar- Bo- Total Lith- Sele~ Stron-
Format fon gnf :e:: duct~- pH pera- cium ne- dium tas- ﬁon- fate ride ride solved {um ron iron ium nium tivm
ance (field) ture (Ca) sium  (Na) sium (so0,) . (c1) (F) solids (Ba) (B) (Fe) (L) (Se) (Sr)
ter- num- . ° ate 4
vall ber (1lab) °c) (Mg) (K) (Heo,) (Calc.)
{umhos/cm ; 3
@ 25°C) ;
Tensleep Sand-
" stope and 4150- . } :
Amsden?r Yoo 4234 3 2,300 6.9 49.7 500 110 84 40 151 1,800 41 4.5 2,700 - 0 0.39 “0.97 0.40 0 9.8
Madigon (upper Azg;; C . '
part of the and
Mission 4373~ . . . . -
Canyon) *~=w—— %3935 " 2,700 7.0 | 48.8 540 99 84 40 146 1,800 35 3.2 2,670 <.05 .4 1.4 .34 <.005 8.8

fnepth in feet from kelly bushing (KB) which 1s 15.5 ft above land surface and 3,039.8 ft above sea level.
“Analyses by ¥.S.G.S. laboratories,
ng duration flow tests, good clear water.
“Dissolved iron. ’
SPerforated interval.



"~ Water-from - the Tensleep Sandstone and Amsden Formation (DST 3) also was
;taken after the field parameters had stabilized and the water was clear., It
_contains mostly calcium and sulfate, and has a dissolved-solids concentration
of 2,700 mg/L. ‘The water is nearly identical to that from DST 2 in the
Mission Canyon. This may indicate vertical movement of water between the
two horizons. : C

Perforations in the partially completed well are in the top 100 ft of
the Mission Canyon :Formation. After the well flowed continuously for several
weeks,. a water sample was collected for analysis. The sample was clear and
"colorless. The temperature is not comparable to the temperatures of other
tests because the discharge point was considerably farther from the well head.
The water contains mostly calcium and sulfate and has a dissolved-solids
concentration of 2,670 mg/L

“Preliminary results and future plans

- Based on theugeologic model, the location of the drill site for test
well 3 was to be near the intersection of paleostructural lineaments and also
along a present-day fault trend. Further, the geologic model indicated high-
energy, shallow-water facies should be present in most of the Mississippian
rock units.. ‘A combination of- fracture and intercrystalline porosity was
anticipated for the Paleozoic:section.

Preliminary examination of the cuttings and cores from the well suggests
that. the geologic model is. valid. On both a local and regional scale, rapid
and extreme changes in rock types, facies, and isopach values indicate the
drill site was structurally active in Paleozoic time. Shallow-water facies,
such as: oolite banks and evaporite sequences, comprise most of the Mississip-
ian section. Parts of the cores were highly fractured and brecciated, and

howed both fracture and intercrystalline porosity.

‘The. estimated specific capacity of _the well, about 1 gal/min/ft of
wdown, was lower than predicted. The development of primary and
acially secondary interstitial porosity, which resulted in high water
ds in Madison test well 1, was minimal in Madison test well 3. In the
wr well, although primary porosity in the form of well-sorted oolites and
was formed during deposition, the oolite banks and vugs are mostly filled
‘nhydrite. Also, the evaporite sequences were thicker than predicted.
ng and fracturing, as predicted in the geologic model, were common and
ter. production was from faults and fractures. However, many of these

2> sealed with anhydrite.

ther,evaluation of the geologic model will be made after detailed
of cores and cuttings.have been completed by project petrologists.

from the packer-iaolated intervals, measured at the end of the

vipe, ranged from 13 to 115 gal/min; back pressures while flowing
0 to 65 1b/in?. The sum of the flows from all intervals tested
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was about 560 gal/min. The calculated average production rate for these
intervals was about 1,000 gal/min. The sum of the flows and the calculated
production total are less than the potential production of the well due:to
the effect of restrietionsvwithin the test tool and possible formation damage.

Pressure gradients ‘for intervals tested in the well were anomalously
high, ranging from 0.502 to 0.548 1b/in2/ft. Potentiometric-surface eleva-
tions in Paleozoic rocks, based on extrapolated pressure data from subsurface
gages, ranged from 4,000 to 4,150 ft above sea level (about 975 to 1,125 ft
above land surface).

Freshwater (less than 1,000 mg/L dissolved solids) was not found in any
_of the intervals tested in the well. Dissolved-solids concentrations ranged
from 2,660 to 19 800 mg/L. ' ' o

Test well 3 is only partia1ly completed. Two cement plugs were set in
the. open hole to isolate Cambrian rocks that contained saline water. One plug
is from the bottom of the well to 6,935 ft below land surface and the other
between 4,342 and 4,322 ft. A 7-in casing liner is cemented in the hole from
4,115 ft (183 ft above the base of 9-5/8-in casing) to 5,942 ft below land
surface. The top of a cement plug inside the liner 1s at 4,985 ft. The
7-in casing is perforated at two water-bearing zomes in the Madison
Limestone--one between 4,378 and 4,358 ft and the other between 4,342 and
4,322 ft., Additional perforations of water-bearing zones were postponed

~ because of bridges in the 13-3/8-in and 9-5/8-in casing caused by sloughing

of cement. Despite these bridges, the well is flowing more than 40 gal/min
at the surface from the perforated intervals.

Completion of the well is scheduled for July or August 1979, This will
. be done using a truck-mounted work-over drilling rig. Water flow with high
' pressure head (about 450 1b/in? at land surface) from the perforated intervals
will be controlled by pumping a '"pill" of heavy mud weighing about 11 1b/gal
into the 7-in casing immediately above and through the intervals perforated.
A lighter weight mud (about 9 1b/gal) or gel mixture will be used as the
circulating fluid to (1) clean cement from the walls of the 13-3/8-in casing,
(2) remove bridges and plugs in the 13-3/8-in, 9~5/8-in, and 7-in casings, and
(3) dress the tops of the 9-5/8-in and 7-in casings which may be damaged. The
mud will then be displaced from the casing, and the casing will be perforated
opposite additional water-bearing zones contalning water of a quality that
. meets environmental limitations for disposal into reserve pits, sloughs, or
the Huntley Canal. Each perforated interval will be isolated with packers run
on 2-7/8-in tubing and tested, developed by swabbing, and possibly acidized.
Water samples from the packer—lsolated intervals will be collected for
chemical, isotopic, and other analyses. Geophysical logs, such as the
borehole televiewer (to determine the condition of the casing and the distri-
bution, size, and shape of the perforations), and tracer surveys (to determine
the yield from perforations) will be made. Finally, step-drawdown tests of’
" the total flow from the well will be conducted. '

The well construction and well-head equipment will be such that the well

can be used for several years as an observation point, a test laboratory, and
. for geophysical surveys. -
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UNITED STATES DEPARTMENT OF THE INTERIOR OPEN-FILE REPORT 79-745
GEOLOGICAL SURVEY PLATE 3

COMPOSITE ‘DUAL-INl'DUCTION LATEROLOG
332 TO 7I89 FEET

oo DUAL INDUCTION. ATERDLOG

COMPANY_LLS.G. S 1
WELL_MADISON LIMESTONE TEST WELL /3
4 |d Ireo WiLocat
2]l | counTy _YELLOWSTONE _ grare_ MONTANA
El I (Other Services:
s | i FOC-GR
iR El SNP-GR
8 < 3 AP SERIAL NO [sEC [rwe’ MANGE BHC- GR
. 285 18 35 2N 27E 'E’“
» Datom: c:ogub LEVEL . s tlev._3024 3 [l pev. ks _3039 3|
tog M d trom K. B. 15 k. Above Perm. Dotum Y S
Orillng Measored From_ K- B- - e 303
Dote 8-20-78 9-19-78 [ 11-7-78
Tun No. ONE TWO THREE
Dopth—Drifler 00 T4T] 7196
. | Doprh—Logger 996 4411 7189
. Bim. Log Intervol 990 305 7183
Top Log Imerval 2 989 E
Coving—Driller 0 @332533/5@592 [95/6@4319 @
::d;o-looo-v 32 8938/3 E)I_%S4
it Size 3/4 5
Type Fivid in Hole HEM GEL FGN CTHEM GEL
Dens. | Vie. 8.8_| 60 10.7 T80 | 108 T5] 1
PH_ ] Fvdios | - [~ ™I 95 [B2m[35 [B2m T
Sourca of Somple | FLi MUD _TANK IFLOW LINE
Fm @ Meos. Temp | | 26 @70 F|1.59 @55 Fl[.25 @GO °F @ °F
ok @ Mecr Tomp.| | 24 @70 *1..05 @55 F|SEE REMARKS @ _°F
m:m 0. 70 F] - @ — F[ - ? = 7] F
Source: me |MFAS L M =
Tn @oHr 0.85@104°FI073 @110 Fl0.47 @IEOF @ °F
s&wh‘bnw 8- 210000 |9/18 2000 | 2200
LopgeronBomom | A-21 0130 [3/19 0230 II/17 0530 |~ SEE _RE-
Max, Rac. Tomp. 104 F TS F 127 F[_MERKS
Eqwp [ locaton | /6653 T RIGS | 1675 ]CODY [7653 JRLGS, 1
Rocorded by BEATTIE
MILLER MILLER
Repraduced By
axln'ta,g&, .S’av:'m
Mioeawp. Texas 79701 ’
REFERENCE K 2705Y '
ONE TWQ | THREE SCALE_CHANGES
48381 45487 (4852 Type Log] _ Deprh [ Scole Up Fole [ScsleDown Hoke!
FULL FULL —
B0 S0 80
307 376 307 ]
329 329 329
Qg 153 9
< 316 347
. - 787 REMARKS {RUN THREE)
- = 510 A _SECOND RUN WAS MATE
924 969 329 WiTH THE DUAL INDUCTION AT
173 162 173 2300 HOURS. THE_ TEMPERA-
1772 1770 1772 TURE _WAS _[6C°F.
FIN 4-FIN -
1 17298 (1172 [N - NG FILTRATE TAKEN_OUE
TO_THICK MUD
65 4.0 = OTHER SERVICES: CCL,
13.5 7.2 - CCL/PSR, TL, CBL/VDL/GR,
- 0 FIL, SNP/GR, FDC/CNL/GR;
== 1650 DLL/GR. BHC/GR -
DATA
T TN < 4.0 40.0 _
[SE log 1D 13,5 7.2 1.5
S.E. - Set in Hole - Depth - 4550
Corr. - Hole Size - -
L Scole per 100 Div. - 0150
R -T.C. -
R Sems. = 0-150
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

COMPOSITE -DUAL-INDUCTION LATEROLOG
332 TO 7I89 FEET

LS hlumberger

COMPANY_LL S

OPEN-FILE REPORTY 79-745
PLATE 3

OUAL INDUCTION - LATEROLOG

WITH LINE‘AR CORRELATION LOG

G S

WELL_MADISON LIMESTONE TEST WELL /3

FIELD _WILOCAT

w
3 | COUNTY_YELLOWSTONE _ gyarg_ MONTANA
& NW_SE Other Services:
g g FDC-GR
e | ENHE 2 SNP- GR
§3: 3 AP1 SERIAL MO |SEC [Twe ern BHC- GR
BEgg |8 35 2N 276 - AHRT
» Datum.__ GROUND LEVEL ; Elav:_3024. 3 ] Bev. xa._3039 3|
hom.d?mn_x{'_r_._ls_hkbcwl . Dotum Y
Oriling Mectured From_K-B- il 6 30273
Date 8-20-78 9-19-78 |[-7-78
Run No. TWO THREE
Depth—Driller 0Q 4411 7196
6 3401 7189
Bem. Log Intervol 90 4405 7183
Top Log intervel 2 39895 97
Caring—Driller 0 @3325[[33/6@552 |9 5/8@4319 @
Coning - Logger 32 98% 4318
it Size ] 8374 g 34
Type Fuid in Hole HEM GEL FGM CHEM GEL
Ders._| Vixc. 8.8 160 [10.7 |60 [108 [5] 1
pH | Fluid Low - - Ml 95182 m| G5 |82 m [ ml
Source INE _[WMUD TANK [FLOW LINE
Tr @ Mocs. T 1.26@70 F]I.59 @55 F|[ 25 @GO F @ __F
Nl @ Moor. Tomp | 1. 24@7Q FI'05 @55 F|SFE REMARKS @ °F
Moot Templ (80 Q Fl - — °F - @ — 'F @ °F
Sowree: Xmf | ¥mc | MEAS I M = 1
m @ BHT 0.85@104°F[0.73 @119 F[0.47 @IE0°F @ F
[Caiation Stopped| 8- 210000 19/18 2000 11/16 2200
LoggeronBiomom 1 R-21 0130 [9/19 0230 [I/17 U530 [~ SEE RE-
Mo, Fec Temp. 104 19 °F 137 F MARKS
. | Locaton 7653 L BLGS [ 675 [CODY (7653 IELGS. T
Recorded By BEAT T
MILLE <~ TMICLE
Repreduced By
aa:ln'ca,al:»’ Smc':u
Mmeaws. Teoxas 79701 ’
REFERENCE K 2705Y '
- A ———
Ron No. ONE TWQ THREE SCALE CHANGES _
Service Order No. 48381 48487 48512 ype Log]  Depth | Scale Up Hole [Scale Down Hole|
[ Fuid Level F FULL —~
Sainity - PPM CL N - = —
EPM 80 o0 [e]
[EQUIPMENT DATA
Paned No. 307 316 307 —
[Cort No. 329 |35239 3929 I
Sonde No.
‘M. Ponel No. - 316 847
G.R Panel No. - — 1787 KS (RUN_THREE)
GX& Cart. No. - — 509 A SECQOND RUN WAS MADE
Tape Recorder - (TTR) 924 9569 329 WITH THE DUAL (NOUCTION AT
Encoder - (ORE) 123 162 173 2300 HOURS., THE TEMPERA-
Presoure Wheel (W) 1772 1770 772 TURE WAS 16C°F.
Typs Controlizen FIN 4-FIN -
Stond OFf - Inches 1 /29N [V 172 IN P — NG FILTRATE TAKEN_ DUF
TO THICK MUD
TION DATA
[ Sonde Error - ILM & % 4.0 - OTHER SERVICES!CCL
Sonde Frror - 1D 13.5 7.2 - CCL/PSR, 1L, CBL/VDL/GR
G.R. BXG. - CPS. - [0) Fil, SMNP/GR, FDC/CNL/GR;
G.&_Source - CPS - 1650 DLL/GR. BHC/GR -
DATR 1
£ ) 6 S 4.0 40.0 R .
arEn 13.5 7.2 1.5
S.E_ - Set in Hole - Depth - 4550
Cor. - Hole Sizs = -
R Scole per 100 Dhv. = 0-150
R -T1C. =
R Ser. = 0-150
AR imturpretatiom ore apintens bised sn inlereaces frewm elaciricel or ol mestersaeh Bad we coanet, end do #0l guorenine the SCCwWKy & Owvecinem of ooy hwier-
protutioas, and we sholl aet, encept in the cume o gress or willyl noghpence eu our port, b hobls o rempomsible ke vy lam. conk, dumages o capeasm imcwred o
watuiasd by aayens rmebing from any isterprotaion made by emy of sur officars, egeats o empieysss. Thess ivterprotutions ore oho shisct % Cloms € of sor Gesared
Tocma oad Comditiors o 008 0wt is eur correst Prive Schedsie.
SPONTANEOUS -POTENTIAL CONDUCTIVITY s M= gl
DEEP INDUCTION
—h’*l* WLIVOLTS 000 500 0
\4 "
)
. i
RESISTIVITY  oruus e/
h DEEP INDUCTION
5¢
Q. SO0
FTrrrrrrr7r7r7rrrrr7r7z7
AVERAGED LATEROLOG -8
0 S0
0 500
77777 _/ T7777777
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0 10
| s ¥ TS S R S
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UNITED STATES DEPARTMENT
GEOLOGICAL SURVEY

OF THE INTERIOR

OPEN-FILE REPORT 79-745
PLATE |

GEOLOGICAL WELL LOG

Logged by_lrvin Kronzler & John R.Warne

JOHN R. WARNE

Billings, NMontana

WELL-SITE LOG

DRILLING TIME, LITHOLOGY

Operator: . S. GEOLOGICAL SURVEY
well: Madison Test Well No.3

Location: Sec.35, T2N, R27E, Yellowstons Co., Montana
Elevotion: 3024 GR, 3040 KB. Tots! Depth: 7180

Spud_Date: Augusti5, 1978  Status: Reached TD November 16, 1978, prep. to complete os hydrologic test well.

Casing: 20" at 334" KB; 13-3/8" ot 992' KB; 9-5/8" ol 4313' KB;

ﬁemorks: Saomple descriptions adjusted to drilling time depths. Obvious covings not described.

IRVIN KRANZLER |-

Geologists

l

Sondstone
Siltstone

g Conglomerale

Shale

Limeston€

=
@ Dolomita
L]

Anhydrite

Chert

SYMBOLS
HYDROCARBON _SHOWS

® Qil, good (even stain or tluorescence}

@ Oil,poor (spotty stoin or fluorescence)

© 0il, questionable stain or only cut fluorescence
D Oil, desd or ospholtic

£% Gas bubbies in cuttings or core

¥ Gos show from mud log

Colcoreous POROSITY
T Troce

Dolomitic P Poor

Glouconite M Medium
G éopd

MECHANICAL
DRILLING TIME DATa

OIHdvY9
Al1SOHOd

SMOHS "BHYIOHGAH

Minutes per 5 Feet

AS0T0HLIA

SHd1340

SAMPLE DESCRIPTION

S3H0J
WV 00:8
1V H1d430

002

EAGLE (Sarmld) 245 (+2785)

oog

i

Bit 1 RR 0]
oS5crA

B
Lriiler reported ;ummy "blue” shale at about ¥ feet

Sk, med gy, v osliy, tr oplauc, v bent, mica, brn
carh mat,

Sltst, med gy, v arzil, mica, carb, sli calc,
ten & 1t orange inclus.

St, med gy, blky, v alty, bent. Stks Slist, a.a.

Ss, 1t gy, s&p, vf/slt, sli calc, bent, tr glauc,
mica, fri, ti, Sitst & Sh, a.a, Brn Concre
frags w/ambar Calcite xle.

5h, med gy, v slty & sdy, bent, mica, Stks
S1st & 88, a.a.

Congl; 1t gy Ss w/dk gy pebbles, sli cole, bent, tr glaue, ti.
53, 1t gy, sli a&p, vf, calc, bert, sli rlaue, mica,
ti, no ‘show.

No sample. . 817

Sltet & Sltst/vt Ss, lt/med gy, speckled black, argil,

Ss, med gy, vf, argil, ali glauc, v sli calc, mica, ti,
E}_ig;{’ng bubhlas in asid,. Tr Ch peh cl, orange, dk oy,

2
TELEORAPH'  C| 700" (#2340) *

, l__;m@‘?wsu

FECEERE]

Sh, dk/med py, v slty, mica

Slest/ve Ss, med/dk gy, v argil, mieca,
Ss, 1t gy to bm gy, some med gy, glauc, calc, fri, tr por
to ti, no ehow, pipe dope contam.

Sh, dk gy, blky, slty, bent, mica.

Ss, 1t gy, grn gy, bm gy, {/m grdin to vf down, glaus, sli
cale, rare orange grainm, ti, no fl, Sh.dk/med gy, blky,
slty, glauc, firm.

Ss, 1t gy f/med, scat blk and gy grms, v glaue, tr pink
grns, sli clc, mica, ti/tr por, no f1.

A.a., becoming argil.

Sh, med/dk gy, blky, v sdy, tr tan specs.

Ss, med/1t gy, t/vf, tr amber & pink gms, glauc, mica,
cale, ti/tr por, tr py, no fl,

? Gas kick of 1L units 605-615 feet.
A.a., becoming f/vf, ti, no f1,

Ss, 1t gy, vf, glauc, mica, sli cale, argil, ti,

Bent, 1t gy, blue-gy, bm-gy, mica, alt;y in pt.
Ss, vf/Sltet, med brn-gy, v ergll, mica, glauc, sli calc,
. ti, Stks v sdy Sh, blky, med brnegy.

Sh, med gy & bm-gy, blky, v slty & sdy, mica, sli glauc.
Grades to v argil Sltet. Tr Bent, crm/lt .

Bent, crm/l1t gy. Slty Sh, a.a.
Sh, med gy, blky, alty. Bent, a.a.

A.a. tecomlng less slty, tr py.

A.a. Bent, wh, mica.
53, wh, skp (mica w/some gy Sk gms), f, tr orange grns,*
b- + £ 2

COLORADO 823 .~ (+2217)

decr. wr.

oale, dk b
14 babbtes—tracidy

— rago—wlctim
fri, tr por/ti. Gas kick of 36 units. Tr Bent, blue=-gy.

Se, 1t gy, s&p, vf/f, abund mica and dk brn carb mat, argil,
argil, sli calc, ti, no fl, Gas units dropped to 20, 8h,
med brn=-gy, blky, abund mica and brm carb nat, tr glauc,
Tr gy=brn calcit®: concre frags.

A3 above, dec in mica & carb mat. Tr v emall tan specs,

Sitst, 1t gy/wh, mica, ti. Irreg gas kick up to S8 units

As above, dec in gas.
Sh, med gay-brm, blky, slty, calc w/tan calc specs. Intercal
Ss, vf, 1t gy, bm-gy, mica, calo, ti, no fl1.

T sh, med bregy, blky, slty, sli calc, mica, Stks Ss vt/

ppkbebh

Ks above, specs more numarous, Leas Ss.

ke

NIORRARA 938 (+210

des e

LA 33 331 2
I"
tiLuH

o .
b
] ]
pEibe

Hi

~ sh, dk gy, flaky, 8l calc, a few pleces
tr carb mat. .

" sh, dk gy flaky, sl cale; tr shell frag.

CELHEHLLRLRCHELL R R

Sh, v dk gy, flaky/lmpy, noncalc/sl cal
calcite nodules & pyrite.

00¢!

earthy/wxy, biot, sdy in pt,

oom

specs, - .

’

As gbove, tan to orange calc specs sbund; moms dk brn pyritic
carb mat; tr crm/bm Inoceramus prisms.

Sh, dk gy, flaky, sl cale; tr wheclear calcite nodules. Thu @28

B N 3
As above w/ tr S8, med-gry, vf, scat biot, ti, 70 f1 or cut f1. -

Sh, dk gy, lmpy, noacalc; a little Bent, wh/ 1t gy, w/ bioi, -
tr shell frags, wh calcite nodules & pyrite; tr Ss, 1t gy,
- vf, scat biot, much wh bent matrix, ti, no f1 or cut f1,

Sh, med gy, flaky/lmpy, slty, sl calc, tr glauc grns at
1320 incr to num glauc grns 1330=-1430; Bent, tan/1t gy,

Sh.dk gy, flaky/lmpy, sity, sdy, glauc in pt; Sltst grad B
to Ss, vf, med gy, slty, arg, glauc, ti, no fl or cut fi,
‘sh, dk gy, flaky, non~cale/sl celc, bioi; tr shell frag; -
tr Bent, wh/lt gy, biot, sdy in part.

Sh, dk gy, flaky, calc to sl cale, scat tan calc specs.
Tr S8, 1t gy, vf, arg, cale, ti no f1 or cut f1 152030,

Shy dk gy, flaky, calc, num tan calc specs, a fev wh calc

&2/ -
’

w/ tan calo speas}

¢} tr shell frag &

o1

e-30 <

decr, wl.

Sh, dk gy, flaky, calc/non calc; little

arg; tr shell frag.

FRONTIER (Sarple)

rncn Wt

clock stopped

1800 (+1240)

" sh, dk gy, flky, calc in pt. Tr Sltst,

ST HRE

T

Much Bent, wh, some 1t gy, mica. Sh, a,

EH

ol

priems,

i

Ll decswd

i o e

Bent, 1t gy, some wh, mica. Shgle, ;a.{
Sh, dk gy, some brn-gy, blky, less alty,

|
I

calc, ti. Inoceramus prisms, !

il

- -Sh, med gy/dk gy blky, slty, mica. - Inc

tr py, v sli cale, ti, Bent, wh/lt gy

e . 5 S,
Sh, dk gy, flaky, cale/s] calr; ir shell frags & calcite nod.

" med gy, arg, calc in pt, num blk & gy grna, ti, no f1 or cut f1,

Sh, dk gy, flaky, non~calc/sl calcy tr Sltst, med gy,

5h & Sltst as above; a little Ss, med gy, vf, slty, arg,
scat blk & gy grns, blot in pt, ti, no f1 or cut fl1,

vf, argil, calc, scat blk gms, ti, no f1 or c¢f. Tr Shell frags.

x5 Sh, dk bm-gy, gy-bm, blky, slty, talc, fim. Tr S5, med gy-bm,
7‘1-"_-' vf, ¥ py, cale, dull orange spece. S1i gas kick at 1911,

e Sh, gy-bm, blky, calc, slty, scat mica. Tr Se, lt/med gy-brn,
T vf/f, calc, py, mica, ti.

] Sh, dk gy, some brn-gy, blky, sity,Imica, sli calc.

Sh, dk gy, some bmegy, blky, bent, slty. Stke Ss, 1t gy, vf,
8li calc end glauc, argil, ti. Some Bent, wh, mica. Inocerams

gy to wh, mica. Tr Ss, med gy, vf, argil, mica, trace glauc, sli
Sh, dk gy, blky, v slty, carb, Bent, wh, c¢rmm, 1t gy-brm, alca

Sh, dk gy, blky, v alty/sdy, tr py & glauc. Bent, 1t brm, mica.
A.h. Inc in Py and Glauc. Tr Se, med gy, vi/f, calc, glaue, ti.
Abund Calcite, mlicy/1t bm (Concretions frageents?).

Sh, dk brne-gy, blky, v ady grding to v argil Ss, vf, gleuc, mica,

Sltst grad to Ss,

c e = e . e

grding to Ss, med gy,

tr glauc, mica. Bdnt, 1t
9-+

in Bent, g.s,

, mica,

Ss, med/dk gy, some grn-gy, some 1t B, v!,\i].mc, argil, emica,
non=cale, ti, sli py. Sh, dk gy, bliy, slty. Bent, wh/gy, mice

Sh, med/dk gy, blky, sdy/slty, sli giguc, mica. Bent, wh/gy, mica.

Inc in Bent. Sh, a.a. . .
&hy dk gy, blky, sdy; Ss, med/dk gy; vf, v argl), sli glauc. Tr Py,
i
Sh, dk gy, blky, slty, bent. Soms &h med/dk brnegy, b alty/s
tr glauc, Stl'm Bon:., wh, mica, * ’ » B V24

1
- - - -4.; - - - —

Sh, a.a. 3s, 1t gy, some wh and sche med gy, f, bent, gleue in pt
mica, sli ;nlo, t.i'. . ' > P

Ss, /1t bra-gy,’t/vg, silic 1n pt,.
Boat, wh, sdy s p{.g.Sh, 1e 1n ot 511 calc, hd, ti, no show,

S8, 1t brnegy, sl e&p, '/vf, micH; cale, Wk clay infill, bd, ti, siilf,

“HOWRY (Sample)

(Ppe Strap 3 fon; -

22l {+796)

carb, slf glauc, tr f1 w/quest cut,
70 Sh, dk brnegy, dk brn, blky/fis, carb.
e V7 Core Ho. 11 2270 - 2300 Peet. Hec 2L

Eaam-| . %]
Core caught and sealed in PVC liner.

' 2°

Sh, dk brmn-gy, carb, firm.
Ss, aa, finer, mors bm. 7-z 4
+5 faet,

No well-site exsmination,

Mo Corrcction made)

Py . g

Sh, dk gy-brn/bmegy, 8lty, tr glauc & py, sli calc & carb, fm.
Stks S8, 1t/dk gy-bm, vf, ailic, carb, v 81) calo in pt, mica,
rr glauc & py, hd, ti, no show.  Bent, wh, mica. Tr Calcits,
wh & amb.

Ss, 1t gy,.s&p, f, ailic, calc, m’F., hd, ti.

Sh, dk bm, blky, slty, glauc in pt, firm. Stks Ss, med/1t bm-g,y9
vf, mica, bent, carb, ti. Bent, wh, 1t gy, some 1t brn, mica. ' 37

Sh__dk brmarv/ov._bhlkv__altv. rv. miea ald saln  Gewe

Jp——

o

e

ASH HoY

3VT IDNIITS KAy
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