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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 a:re shown in the 
following table: 

Inch-pound 

in (inch) 
ft (foot) 
ft^ (cubic foot) 
mi^ (square mile) 
gal (gallon) 
gal/min (gallon per minute) 
gal/min/ft (gallon per 
minute per foot) 

lb (pound) 
Ib/in^ (pound per square 
inch) 

md (millidarcy) 

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

Multiply by 

25.4 
0.305 
0.02832 
2.59 
3.785 
0.0631 
0.207 

0.4536 
6.8948 

0.000987 

Metric 

mm (millimeter) 
m (meter) 
m^ (cubic meter) 
km^ (square kilometer) 
L (liter) 
_L/s (liter per second) 
(L/s)/m (liter per second 
per meter) 

kg (kilogram) 
kPa (kilopascal) 

ym^ (square micrometer) 



PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL 3,.. 
NŴ SÊ s SEC. 35, T. 2 N., R. 27 E., YELLOWSTONE COUNTY, MONTANA 
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R. K. Blankennagel, L. W. Howells, W. R. Miller, and C. V. Hansen , 

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 188,000-square-mile region that includes the coal-rich 
area of the Northern Great Plains. Drilling and testing were designed to 
yield a maximum of stratigraphic, structural, geophysical, and hydrologic 
information. 

Madison Limestone test well 3 was drilled in the WlHS&n 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 sections are being prepared for detailed examination. 

Twelve conventional drill-stem tests were made in the opien 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 ll5 gallons per minute; back pressures 
while flowing ranged from 0 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 effect̂ 'of 
restrictions withinithe testEtool arid possible 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 d€ta ranged-^from-4,000 to••4,150 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 df the intervals tested in the well. Dissolved-solids 
concenttdtions-tanged from 2v660'to 19,800 milligrams per liter. 

^iAlthdugh'there are somerbridges,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 dement?and bridgesi-perforating additional water-bearing zones, and 
feest:irig, "will-be Jdone in July or August 1979. V 

Introduction 

Madisori'Limestbne test well 3 is the third well drilled as ..part of a 
study to evaluate theMadisdn: Limestone: and associated rocks as potential 
sources'for watSf-'supplies in the ;Northerri 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 fesults'and future plans; 

The impending development'of-the. coal reserves in the Fort Union coal 
region of the Northern Great Plains and the attendant water requirements 
necessafy"for• such'^dwelopment'will ;j)lace a heavy demand on the region's 
•avaiMblfe water-^rksourees. - Strekmflow is poorly :distributed in time and 
'sp£ib(̂ ,-'and:throughout mudh; df.the area it is already fully appropriated. The 
diversion of"Mrface water td;coal mining and other industrial uses would 
deprive present users of th4ir. water supply. Aquifers in the Paleozoic rocks, 
which underlie most df the region, may supply, at least on a temporary basis, 
a sighifleant'percentage of the water required for the development. One 
such-source'of water'Supply' is the"Madison aquifer, which includes the Madison 
Limestdtie and associated ̂ rockslr :; . - , . < 

In 1975 the U.S. Geological Survey, in cooperation with the Old West 
Regional Gdirariiissioh,-prepared a" plan of' study (U.S. Geological Survey, 1975) 
for evaluating-this water-supply potential of the Madison Limestone and 
associated tdcksi' that' reportiriot only presents a plan of study for the 
MadisdriV but a:isd gives references relatlrig to the regional geology and 
hydrology,'dtes-the current geohydrologlc studies being made by Federal 
arid-State aigencies and'by privaite companies, and summarizes the available 
dita and'thedef icie'ricies of these data. 



During the 1976 fiscal year, the U.S. Geological Survey, in cooperation 
with the States of Montana, North Dakota'j'-'South Dakota, and Wyoming, began a 
study to determine the water-resource potential of the Madison Limestone and 
associated rocks to meet the future water needs in a 188,000-mi^ region that 
includes the coal-rich area of the Northern Great Plains, aind to evaluate 
these rocks (the Madison aquifer) as a source of v/ater 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 Madison aquifer. 

2. The chemical and physical properties of the water. 

3. The effects of existing developments on the potentiometric head, 
storage, recharge and discharge, springs, streamflow, aind 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. Few data from 
these tests were collected for hydrologic purposes, but the information is 
useful in defining the geologic framework and some o£ 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 mhSEh, 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 caising from 810 td 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 pliig 
is from 6,235 td 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 between 
4,342 and 4,322 ft. The tpp 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 Ib/in^ at land , 
surface. 

Twenty cores were taken from selected Intervals totaling 594.i3 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 examiriatlon. 

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

Many indiyiduals from the U.S. Geological Survey, other Federal agencies. 
State agencies, and industry contributed to the planning and dp'erations at the 
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Figure 2.—Location of Madison Limestone test well 3 near Billings, Montana. 
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Figure 3.—-Location of drill site for Madison Limestone test well 3. 



Ground level 

30" CMP at 40' 

36" Hole to 50' 
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and 4405' to 4406' with 460 ft^ of cement 
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9 5 / 8 " Liner hanger 810'-825' 

13 3 / 8 " Casing at 979' 
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SV Squeeze packer from 5871' to 5873' 
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with 367 ft^ of cement 

Cement plug 
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Figure 4.—Construction of Madison Limestone test well 3 (12/19/78). 



13 3 / 8 " TO 1 0 " SERIES 
900 DOUBLE SPOOL 

1 / 4 " NEEDLE VALVE AND GAGE 

10" SERIES 900 BLIND FLANGE 

10" FULL OPENING 
SERIES 900 .VALVE 
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3 " FLANGED VALVE 
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13 3/8" CASING 
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OCT CASING HEAD 

Figure 5.—Well head equipment of Madison Limestone test.well 3 (12/19/78), 
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test well. No attempt will be made to list all the U.S. Geological Survey 
personnel involved in the operation; however, special recognition must be 
given to 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 Scisson, 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 iri 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 Ideritified 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, 
Iric, arid interpretations are by Roger L. Hoeger. Analyses for density, 
porosity, and vertical and horizontal permeability of selected parts of cores 
were by Core Laboratories, Inc., Denver, Colo. Other companies, too numerous 
tb 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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DATEI 1-30-79 

HOLE NO.. Madison #3 

USER. USGS 

LOCATION Montana 

FENIX & SCISSON, INC. 

HOLE HISTORY DATA 

W. 0. NO.: 1. D. NO.. 1 

TYPEHOLE: Exploratory/Hydrolocj ic 1 

COUNTY: Yellowstone AREA: 1 

SURFACE COORDINATES: NW, SE, SBC. 35, T2N, R27E 1 

GROUND ELEVATION: 3024.3' 

RIG ON LOCATION: 

PAD ELEVATION: 

SPUDDED: 8-15-78 

TOP CASING ELEVATION: 

COMPLETED: 12-19-78 

CIRCULATING MEDIA: Mud | 

MAIN RIG & CONTRACTOR 

BORE HOLE RECORD 

FROM 

* 5' 

* 20' 

50' 

335' 

985' 

4305' 

TO 

20' 

50' 

335' 

985' 

4305' 

7175' 

SIZE 

40" 

36" 

26" 

17-1/2" 

12-1/4" 

8-3 /4" 

TOTAL DEPTH: 7175 'GL 

NO. OF COMPRESSORS & CAPACITY: | 

CASING RECORD 1 

I.D. 

36" 

30" 

19.124" 

12.615" 

8.921" 

6.366" 

WT./FT. 

94.00# 

54.50# 

36.00# 

23.00# 

WALL 

' • 

GRADE 

CMP 

CMP 

H-40 

K-55 

S-80 

K-55 

CPL'G. 

Butres 

ST&C 

ST&C 

ST&C 

FROM 

5' 

5' 

; 5' 

0 ' 

810-

ni5' 

TO 

15' 

40' 

317' 

979' 

4298' 

5942' 

CU. FT. CMT. 

118 

885 

1062 

2584' 
* * . 

AVERAGE MANDREL DEPTH: FROM REFERENCE ELEVATION « | 

JUNK & PLUGS LEFT IN HOLE: | 

SURVEYS PAGE. ° CORING PAGE: CU. FT. CMT. TOTAL IN PLUGS, ETC. | 

LOGGING DATA: ' ' ^QS 12 | 

BOTTOM HOLE COORDINATES: REFERENCE: | 

RIGS USED (Site Prep Rigs *J | 

RIG NO. 

4 

NAME 

Molen D r i l l i n g Co. 

TYPE 

National 50A 

CLASS DAYS 
OPERATING 

125.10 

SECURED 
W CREW" 

1.06 

SECURED 
W/O CREW 

-

TOTAL DAYS 
ON LOC. 

126.16 

REMARKS: * Site Prep Items 8' j( 6 ' X 5' deep Ce l l a r . 

* * Squeezed per fo ra t ions 5882' to 5883' w i t h 367 ft"^ and 4785' to 
4786", 4405' t o 4406' w i t h 460 f t ^ . 

NOTE: Depths shown on t h i s page are from ground leve l 15.5':;be1ow 

k e l l y busing e l eva t i on . 

• ' ' " . • • " • • " -

PREPARED BY. TIME BREAKDOWN ON NEXT PAGE 
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MADISON #3 
TIME BREAKDOWN 

S I T E P R E P A R A T I O N 

D R I L L I N G OPERATION TIME (DOT) 

DRILL 

TRIPS 

SURVEYS 

^ITF DOT DAYS 

TOTAL SITE PREP TIME 

OTHER SCHEDULED TIME (OST) 

MOVE 

RUN CASING 

CEMENT CASING 

SITE OS-

DAYS 

r DAYS 

O P E R A T I O N A L D E L A Y TIME (ODT) | 

RIG REPAIRS 

W. 0 . DRILLING SUPPLIES 

CLEAN OUT FILL 

SECURED WITH CREWS 

SITE ODT 

REMARKS: | 

M A I N H O L E C O N S T R U C T I O N | 

D R I L L I N G OPERATION TIME (DOT) 

DRILL 29 .92 

TRIPS 9.97 

DRESS DRILLING ASSEMBLY, 

SINGLE SHOT DEV. SURVEYS 1 . 8 0 

OPEN HOLE DIRECTION SURVEYS 

Open Hole 19.48 

MAIN HOLE DOT 4 9 . 1 7 DAYS 

CASING OPERATION TIME (COT) 

RUN 2 0 " CASING 0 . 3 1 

RUN * CASING 

CEMENT 2 0 " CASING 0 . 9 9 

CEMENT ^ * CASING . 

DRILL OUT SHOE 1 - 0 8 

MAIN HOLE COT 5 . 6 0 Q A Y S 

TOTAL MAIN HOLE CONST. TIME 1 2 6 . 

OTHER SCHEDULED T IME (OST) 

MOBILIZATION &DEMC 

' CORE 

LOG 

CASED HOLE DIR. SUt 

UNLOAD CASED HOLE 

RUN MANDREL 

HYDROLOGICAL TEST 

BILIZATJOH 

13.04 

6.73 

VEYS 

s. 13.50 
Circulate Samples 1.30 

Perforate for 
Test 

MAIN HOLE 0 

6 DAYS 

Hydro 
0.77., 

ST 3 5 . 34 DAYS 

O P E R A T I O N A L D E L A Y TIME (ODT) j 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT F ILL 

UNLOAD WATER INFLOW 

REAM CROOKED HOLE 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

Wash & Ream 
W.O. Cementers 

Cement & Test 7" 
casing 
Thaw Out. r ig 

W.O. Loggers 

Stuck Dr i l l Pipe 

Mix & Condition Muc 
MAIN HOLE ODT ' « 

1.14 
0.79 

0.58 

0.33 

1.06 

2.17 

0.38 

15.01 

0.08 

0.49, 
0.78 

i 3.24 
) .05 D^Ys 

REMARKS. 1 

T O T A L E L A P S E D T I M E j 

TOTAL SITE PREP TIME 

TOTAL MAIN HOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

SEC. W/6 CREW MAIN HOLE CONST. 

TOTAL SUSPENDED (NO RIG) 

TOTAL ELAPSED TIME 

DAYS 

126,16 oxYS 

DAYS 

DAYS 

DAYS 

126.16 DAYS 

REMARKS. * Run 13-3/8" casing 0.71 

Run 9-5/8" casing 0.35 
Run 7" casing 0.44 

* * Cement 13-3/8" casing 1 

Days 

Days 
Days 

.08 Days 

Cement 9-5/8" casing 0.64 Days 
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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 
with 118 ft^ of class "G" cement with 2% calcium chloride. 

All depths reported are from kelly bushing elevation (KB) 15.5' above 
ground level (GL) unless otherwise noted. 

8-15-78 Moved in Molen Drilling Company rig #4 and rigged up. Spudded hole 
at 1900 hours. Drilled 8-3/4" hole from 55' to 24T using mud. 

8-16-78 Drilled 8-3/4" hole from 241' to 350'. Opened 8-3/4" hole to 12-1/4" 
from 55' to 350' and opened to 17-1/2" from 54' to 257'. 

8-17-78 Opened 12-1/4" hole to 17-1/2" from 257' to 350'. Opened 17-1/2" hole 
to 26" from 54' to 273'. 

8-18-78 Opened 17-1/2" hole to 26" from 273' to 350'. Rigged up and ran 8 
joints (336.19') of 20" O.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% CaCl2. Cement in place 1630 hours. 

8-19-78 Waited on cement to 0200 hours. 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'. 

8-20-78 Drilled 8-3/4" hole from 540' to 1000'. Circulated samples. 

8-21-78 Conditioned hole for logging and pulled out of hole. Ran Schlumberger 
logs. Opened 8-3/4" hole to 12-1/4" from 350' to 540'. 

8-22-78 Opened 8-3/4" hole to 12-1/4" from 540' to 748'. 

8-23-78 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!,, 

8-24-78 Opened 12-1/4" hole to 17-1/2" from 497' to 816'. 

8-25-78 Opened 12-1/4" hole to 17-1/2" from 816' to 900'. Lost 12-1/4" pilot 
bit'in the hole "at 877', fished for and recovered same. 

8-26-78 Opened 12-1/4" hole to 17-1/2" from 900' to 1000'. Ran Schlumberger 
caliper log. Started running 13-3/8" O.D., 54.50#, K-55, ST&C casing. 

8-27-78 Completed running casing to 979' (GL) with a guide shoe on bottom, a 
float collar at 938' (GL) and centralizers at 969', 479 and 279' (GL). 
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" series 
900 casinghead. 
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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'. 
and washed and reamed 30' to bottom. 

Drilled 8-3/4" hole from 2150' to 2270'. 
bit and washed and reamed 60' to bottom. 
2300', recovered 24.5'. 

Drilled 8-3/4" hole from 2300' to 2493'. 

Drilled 8-3/4" hole from 2493' to 2710'. 
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'. 
coring. 

Made trip for bit at 2142' 

Made up 8-3/4" x 4" core 
Cut core #1 from 2270' to 

Made trip for bit at 2510' 

Conditioned hole for 

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 i3 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 349T and washed and reamed 40' to bottom. 

Drilled 8-3/4" hole from 3595' to 3701', 
cut 8-3/4" core #4 from 3701' to 3721'. 

Washed 30' to bottom and 

Drilled 8-3/4" Completed core #4 from 3721' to 3737', recovered 36' 
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'. Drilled 8-3/4" 
hole from 5345' to 5360'. 

10-28-78 Drilled 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'. 

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'. 
Mixed mud and lost circulation materials. Washed 30' to bottom and 
cut core #18 from 5830' to 5836'. 

n-(3-78 Completed core #18 from 5836' to 5861', recovered 31'. Drilled 8-3/4" 
hole from 586T to 5944'. Lost 15 to 25 barrels of mud. 

11-4-78 Drilled 8-3/4" hole from 5944' to 6077'. Mixed mud and lost circulation 
materials. 

11-5-78 Drilled 8-3/4" hole from 6077' to 6214'. 

11-6-78 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 8-3/4" 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'. 

n-13-78 Drilled 8-3/4" hole from 7015' to 7072', 
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11-14-78 Made depth correction and cut core #19 from 7071' to 7095.4', recovered 
24.4'. 

11-15-78 Drilled 8-3/4" hole from 7095,4' to 7174'. Losing fluid from 7106' to 
7151', mixed mud and lost circulation materials. 

11-16-78 Ran 8-3/4" core assembly in the hole, stuck drill pipe. Worked free, 
washed and reamed to bottom. Cut core #20 from 7174' to 7190'. 

11-17-78 Recovered .16' on core #20. Ran Schlumberger logs. 

11-18-78 Continued logging. 

11-19-78 Continued logging, 

11-20-78 Completed Schlumberger logs. Made trip with 8-3/4" bit: and conditioned 
mud for testing. 

11-21-78 Made up test tool and set packer at 6984' to test zone from 6984' to. 
bottom at 7190'. Ran hydrological test #4 from 0300 hours to 1330 
hours. Displaced fluid in drill pipe with mud. 

11-22-78 Made up straddle packer test tool and set from 6550' to 6635'. Ran 
, , hydrological test #5 from 1500 hours to 2300 hours. 

11-23-78 Respaced packers and set from 5748' to 5940'. Ran hydrological 
test #6 from 1130 hours to 2000 hours. Displaced fluid in drill pipe 
with mud. 

11-24-78 Respaced packers and set from 5608' to 5743'. Ran hydrological test 
. #7 from .1000 hours to 1830 hours. Displaced fluid in drill pipe 
• with mud. 

11-25-78 Laid down test tool. Made trip with 8-3/4" bit and conditioned mud. 
. Made up test tool and ran in hole. 

11-26-78 Set packers from 5450' to 5596' and ran hydrological test #8 from 
0030 hours to 0330 hours. Dressed tool and set packers from 5250' to 5440', 
Started hydrological test #9 at 1745 hours. 

11-27-78 Completed test at 0230 hours. Displaced fluid in the drill pipe with 
mud. Dressed test tool and set packers from 4798' to 4988'. Ran 
hydrological test JIO from 1545 hours to 2130 hours. Displaced fluid 
with mud. 

11-28-78 Dressed test tool and set packers from 4598' to 4788'. Ran hydrological 
test #11 from 0630 hours to 1400 hours. Displaced fluid in the drill 
pipe with mud. Ran tool in the hole. 

11-29-78 Set packers from 4302' to 4492'. Ran hydrological test #12 from 0030 -
hours to 0700 hours. Displaced fluid in the drill pipe with mud. 
Laid down test tool. . 

11-30-78 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 n o ft3 (85 sacks) of 50% neat cement, 50% Pozmix A, 8% sand and 
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11-30-78 2% calcium chloride. Set plug #2 from 6250' to 6150' with 58 ft-' 

(45 sacks) of the same slurry. Cement in place at 0530 hours. 
Ran 43 joints (1775.83') of 7" O.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). 

12-1-78 Backed off from the 7" O.D. liner and condtioned mud. Waited on 3-1/2" 
drill pipe. Ran Schlumberger gauge ring inside the liner to 4685'. 

12-2-78 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" O.D. 
liner from 5897' to 5898' with 4 holes using Schlumberger. Ran 
Halliburton EZ Drill SV squeeze packer in the hole using Schlumbergerl 

12-3-78 Set packer from 5886' to 5888'. Ran seal assembly in the hole on 
3-1/2" drill pipe and set in the packer. Squeezed perforations using 
Halliburton with 367 ft^ of 50% neat cement, 50% Pozmix A, 2% gel, 
2% calcium chloride and o.5% CFR-2 to 2000 psi. Cement in place at 
0830 hours. Pulled out of hole and ran McCullough temperature log. 

12-4-78 Waited on cement to 0800 hours. Ran McCullough cement bond log. 

12-5-78 Ran Lynes production packer in the hole on 3-1/2" drill pipe and set 
inside the top of the 7" O.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" O.D. liner 
from 4800' to 4801' with 4 holes using Oilwell Perforators. 

12-6-78 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. 

12-7-78 Connected wellhead equipment. Ran in hole to 5850' and displaced mud with 
water. Hole started flowing water. Pulled out of hole. 

12-8-78 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. 

12-9-78 Mixed mud and installed Hydril preventer on the gate valve. Ran 8-3/4" 
bit in the hole. 

12-10-78 Ran 8-3/4" bit in the hole and washed to bottom, hole flowing. Mix mud. 
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12-11-78 Displaced 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. Squeezed 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 112 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 could 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" O.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 Drilled 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 packer in the hole 
and set at 4460': Squeezed perforations with 118 ft3 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 Oilwell Perforators and 
perforated the 7" O.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 
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 equipment and 
installed a blind flange on the 10" gate valve. Released rig at 2300 
hours. Hole completed. 
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DATE DEPTH DEVIATION-DEGREES 

8-15-78 

8-16-78 

8-17-78 
8-19-78 
8-20-78 

8-21-78 

8-22-78 

8-23-78 
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 

22 

108 
150 
350 
155 
350 
406 
499 
598 
700 
907 
1000 
936 
530 
624 
812 
904 
1000 
1109 
1170 
1264 
1357 
1451 
1600 
1663 
1725 
1786 
1848 
1911 
1973 
2036 
2099 
2142 
2209 
2270 
2340 
2402 
2496 
2553 
2617 
2680 
2710 
2773 
2804 
2866 
2929 
2990 
3053 
3117 

0 
1/4 
1 
1/4 
3/4 
1/2 
1/2 
1/2 
3/4 

1-1/4 
1-1/2 
1-1/4 
3/4 
3/4 
1 
1 
1 

1-1/4 
3/4 
1 

1-1/2 
1 
2 

1-3/4 
2 
2 
2 

2-1/4 
2 
2 

2-3/4 
2-1/2 
2 
2 

2-1/2 
2-1/2 
3 

3-1/4 
3 

2-3/4 
3 

2-3/4 
3 

2-1/2 
2-3/4 
2-1/2 
2-1/2 
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 
11-7-78 

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 

3 
3 
3 
2 

1-3/4 
1-1/2 
2-1/2 
2-3/4 
2 
2 

2-1/2 
2 
1/2 

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

2-3/4 
3 
3 

2-3/4 
2-1/4 
2 

1-1/2 
2-3/4 
3-1/4 
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TYPE LOG 

Borehole Compensated Sonic 
Temperature 

DATE 

11-17-
8-20-
11-20-

LOG INDEX 

RUN 
NO. 

•78 3 
•78 1 
•78 3 

DEPTH 
DRILLER 

7196 
1000 
7196 

DEPTH 
LOGGER 

7186 
996 

7188 

LOGGED 
FROM TO 

4230 7185 
130 996 

4310 7188 
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. MUD AND CHEMICAL RECORD 

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

Weight Viscosity Water Loss 
Date Material Added lbs/gal Seconds CC's 

8-15-78 Gel 42 sacks, Lime 5 sacks, Caustic 8.9 .42 
Soda 2 safcks 

S-16-78 

8-17-78 

8?-;18-78 

8-19-78 

Gel 80 

Gel 35 

None 

Gel 60 

sacks 

sacks, Caustic Soda 1 sack 

sacks. Bicarbonate 2 sacks. 

8.9 

8.7 

8.6 

46 

43 

55 
Caustic Soda 3 sacks, Soda Ash 1 sack 

8-20-78 Gel. 65 sacks. Bicarbonate 1 sack, 8.8 78 20 
Rayflbw 2 sacks, Cypan 1 sack, • ' 
Dakolite 3 sacks 

8-21-78 Gel 12 sacks, Dakolite 2 sacks, 8.9 68 10.6 
Rayvan 1 sack 

8-22-78 Gel 25 sacks, Dakolite 2 sacks, 8.8 38' 16, 
Soda Ash 1 sack, Rayvan 1 sack 

8-23-78 Gel 24 sacks, Dakolite 1 sack, 8.9 42 
Rayvan 4 sacks, Bicarbonate 1 sack 

8-24-78 Gel 70 sacks, Rayvan 3 sacks, . 8.9 36 17.8 
Bicarbonate 1/2 sack 

14 8-25-78 

8-26-78 

8-27-78 

8-28-78 

Gel 14 sacks, Bicarbonate 1/2 sack 

None 

None 

Gel 120 sacks. Soda Ash 1 sack, 

9.1 

9.0 

8.8 

:46 

57 

40 
Rayvan 5 sacks, Bicarbonate 1 sack, 
Cypan 2 sacks. Fiber 15 sacks 

8-29-78 Gel 88 sacks, Rayvan 4 sacks, Cypari 8.9 44 
3 sacks 

8-30-78 Gel 50 sacks, Rayvan 2 sacks, Mica 8.9 46 8.8 
10 sacks, Fiber 3 • sacks 

8-31-78 Gel 73 sacks, Rayvan 2 sacks, Fiber 9.3 53 7.6 
5 sacks, Mica 11 sacks, Superlube 
4 sacks, Cypan 1 sack 
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Weight Viscosity, Water Loss 
Date Material Added lbs/gal Seconds - CC's 

10-1-78 Gel 55 sacks, Barite 25 §acks, 10.6 70 7.2 
Dakolite 6 sacks, Rayvan 4 sacks, 
Caustic 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. 
Caustic Scxia 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, Barite 620 sacks, 11.3 61 8.0 
Rayvan 1 sack, Dakolite 2 sacks, 
Caustic Soda 1 sack. 

10-7-78 Gel 25 sacks, Barite 60 sacks, . : 11.2 64 7.0 
Rayvan 4 sacdcs, Dakolite 3 sacks, 
Caustic Scxia 3 sacks. Soda Ash 1 
sacdc, Fiber 5 sacks • 

10-8-78 Gel 37 sacdcs, Barite 96 sacks, 11.3 65 7.8 
Rayvan 7 sacks, Caustic Soda 4 sacks,• 
Scxia 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, 11.2^ 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, 
Caustic Soda 1 sack, Scxia Ash 2 sacks 

10-13-78 Gel 21 sacks, Barite 105 sacks, 11.0 43 
Rayvan 4 sacks. Soda Ash 1 sack 
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••*' Weight Viscosity Water Loss 
Date Material Added lbs/gal Seconds CC's 

10-14-78 Gel 20 sacks, Barite 437 sacks, 11.1 ^ 44 7.4 
Rayvan 11 sacks, Dakolite 2 sacdcs, 
Bicarbonate 4 sacks, Phosphate 
.4 sacks 

10-15-78 Gel 13 sacks, Barite 35 sacks, 11.0 40 
Dakolite 1 sack, Desco 1 sack,.. 
Driscose 1 sack 

10-16-78 Barite 110 sacks, Rayvan 2 sacks, 11.1 68 
Dakolite 1 sack, Fiber 15 sacks 

10-17-78 Gel 45 sacks, Barite 250 sacks, 10.9 51 9.2 ' 
Rayvan 10 sacks, Dakolite 9 sacks, 
Bicarbonate 1 sack, Driscose 2 sacks. 
Soda Ash 4 sacks 

10-18-78 Gel 29 sacks, Dakolite 4 sacks, 11.0 40 9-8 
Rayvan 6 sacdcs, Barite 294 sacks, 
Soda Ash 3 sacks 

10-̂ 19-78 Gel 20 sacks, Cypan 1 sack, Rayvan 11.0 . 44 10.4 
4 sacks, Dakolite 4 sacks, Barite 
50 sacks. Fiber 6 sacks, Soda Ash 
2 sacks 

10-20-78 Gel 10 sacks Dakolite 3 sacks, 11.0 42 8.8 
Rayvan 4 sacks, Barite 45 sacks, 
Soda Ash 3 sacks, Caustic Soda 1 
sack, Driscose 1 sack 

10-21-78 Gel 27 sacks, Dakolite 4 sacks, 10.9 45 8.8 
Rayvan 4 sacks, Cypan 1 sack, Barite 
65 sacks. Caustic Scxia 1 sack. Soda 
Ash 1 sack 

10-22-78 Gel 10 sacks, Dakolite 4 sacks, 10.9 44 6.8 
Rayvan 3 sacks, Cypan 1 sack, Soda '- _ 
Ash 2 sack^, Barite 15 sacks, 
Diesel 500 gals, No-Stick 15 gals. 

10-23r78 Barite 100 sacks, Superlube 4 sacks, 10.9 .47 6.4 
Caustic Soda 3 sacks, Soda Ash 6 
sacks, Rayvan 6 sacks. Fiber 3 sacks 

10-24-78 Gel 29 sacks, Barite 70 sacks, . ,11,0 47 7.2 
Rayvan 7 sacks, Caustic Soda 4 
sacks. Soda Ash 5 sacks, Superlube 
1 sack 

10-25-78 Gel 25 sacks, Barite 75 sacks, 10.9 44 8.8 
Bicarbonate 4 sacks, Rayvan 5 sacks, 
Caustic Soda 4 sacks, Soda Ash 6 
sacks 
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Weight Viscosity . Water Loss 
Date Material Added lbs/gal Seconds CC's 

10-26-78 Gel 30 sacks, Barite 165 sacks, 10.9 50 9.0 
Rayvan 5 sacdcs. Caustic Soda 6 
sacks, Scxia Ash 9 sacks 

10-27-78 Soda Ash 7 sacks, Rayvan 2 sacks, 11.1 52 7.2 
Fiber 7 sacks 

10-28-78 Barite 60 sacks. Fiber 5 sacks, 11.2 54 7.4 
Soda Ash 8 sacks, Gel 10 sacks. 
Caustic Scxia 3 sacks, Rayvan 3 sacks 

10-29-78 Gel 45 sacks, Soda Ash 4 sacks, 11.2 60 7.2 
Rayvan 5 sacdcs. Caustic Soda 4 
sacks, Dakolite 4 sacdcs, Barite 220 
sacks 

10-30-78 Barite 140 sacks, Caustic Soda 6 11.0 52 9.2 
sacks, Soda Ash 6 sacks, Rayvan 7 
sacks,Gel 31 sacks, Dakolite 4 sacks, 
Fiber 5 sacks 

10-31-78 Soda Ash 2 sacks, Rayvan 2 sacks 11.0 44 9.7 

11-1-78 Dakolite 1, sack, Rayvan 6 sacks, 11.2 53 • 9.6 
Caustic Scxia 3 sacks, Barite 15 
sacks. Soda Ash 2 sacks, Gel 14 sacks 

11-2-78 Gel 40 sacks, Barite 170 sacks, 10.9 47 8^6 
Scxia Ash 1 sack, Fiber 28 sacks 

li-3-78 Gel 30 sacks, Barite 86 sacks, Soda ,11.0 42 9.4 
Ash 3 sacdcs, Rayvan 3 sacks, 
Driscose 1 sacdc, Caustic Soda 2 
sacdcs 

11-4-78 Gel,112 sacks, Barite 325 sacks, 10.9 58 9.5 
Soda Ash 6 sacks, Rayvan 2 sacks. 
Caustic Soda 5 sacks. Mica 10 sacks, 
Fiber 5 sacks, Driscose 2 sacks, 
Q-Seal 5 sacks 

11-5-78 Gel 23 sacks, Rayvan 8 sacks, 10.8 . 4 8 8,0 
Caustic Soda 4 sacdcs, Soda Ash 4 
sacks, Driscose 1 sack 

11-6-78 Gel 26 sacks, Barite 170 sacks, 10.7 . . 42 • 8.4 
Soda Ash 6 sacks. Mica 5 sacks, 
Rayvan 8 sacks, Caustic Soda 4 sacks, 
Dakolite 1 sack 

11-7-78 Gel 27 sacks, Rdyvan 8 sacks, Soda 10.8 43 8,4 
Ash 6 sacks. Caustic Soda 3 sacks, 
Barite 135 sacks 
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Page 19 

" - Weight viscosity Water Loss 
Date Material Added lbs/gal Seconds CC's 

11-8-78 Gel 49 sacks. Soda Ash 5 sacks, 10.9 55 8.0 
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, 
Dakolite 5; sacks, Barite 60 s^cks 

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, 
Caustic Soda 1 sack • 

11-12-78 Barite 60 sacks, Rayvan 4 sacks, 10.8 56 8.4 
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 Barite 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) 

.11-18-78 None (Logging) 

11-19-78 Nohe (Logging) 
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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 in te rva ls 

[Depths are from kelly bushing (3,039.8 ft above sea level), 
which is 15.5 ft above land surface] 

Core 
Interval Cored Recovered 

(depth in ft) (ft) (ft) 
Formation 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

2270 
3184 
3380 
3701 
4135 

4300 
4360 
4387 
4470 
4600 

4621 
4710 
4848 
5285 
5375 

5658 
5683. 
5830 
7071 
7174 

-2300 
-3214 
-3410 
-3737 
-4165 

-4360 
-4387 
-4411 
-4484 
-4621 

-4648.5 
-4725.5 
-4878 
-5345 
-5423 

-5683.7 
7-5698.4 
-5861 
-7095.4 
-7190 

30 
30 
30 
36 
30 

60 
27 
24 
14 
21 

27.5 
15.5 
30 
60 
48 

25.7 
14.7 
31 
24.4 
16 

24.5 
29 
24 
36 
30 

15 
16 
21 
12 
20 

27.5 
15.5 
30 
60 
48 

25.7 
14.7 
31 
24.4 
16 

Mowry 
Dakota 
Lakota 
Swift 
Tensleep 

Madison (Mission Canyon) 
Madison (Mission Canyon) 
Madison (Mission Canyon) 
Madison (Mission Canyon) 
Madison (Mission Canyon) 

Madison (Mission Canyon) 
Madison (Mission Canyon) 
Madison (Mission Canyon) 
Madison (Lodgepole) 
Devonian 

Stony Mountain 
Stony Mountain 
Red River 
Flathead 
Precambrian 

Totals 594.8 520.3 
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FORMATION TOPS Page 7 

Formation and Age 

CRETACEOUS, 
Eagle 
Telegraph Creek 
Shannon 
Colorado 
Niobrara 

•3 Frontier 
.Normal Fault (90' cut out) 
Mowry 
Thermoplis 
Muddy (?) 
Skull Creek 
Dakota Silt 
Dakota Sand 
Kootenai 
Lakota 

JURASSIC 
Morrison 
Swift 
Rierdon 
Normal Fault (90' cut out) 
. .Piper Sh^le ' . 
Piper Limestone 

Log Depth 
(in feet) 

2451(sample) 
700 
789, 
823 
. 938 
1796 
2143 
2216 
2457 
2833 
2886 
2993 
3123 
3208 
3390 

3442 
3650 
3788 
3830 
3876 
3942 

Datum 

+2795 
+2340 
+2251 
+2217 
+2102 
+1244 
+ 897 
+ 824 
+ 583 
+ 207 

. + 154 
+ 47 
- 83 
- 168 
- 350 

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

TRIASSIC 
Spearfish 4046 -1006 

PENNSYLVANIAN 
Tensleep 
Amscien • 

4128 
4178 

-1088 
-1138 

MISSISSIPPIAN 
Madison 
Lodgepole 

4300 
4986 

-1260 
-1946 

DEVONIAN 
Devonian 5368 -2328 

ORDOVICIAN 
Stony Mountain 
Red River ' 

CAMBRIAN 
Snowy Range 
Dry Creek 
Pilgrim • 
Gros Ventre 
Flathead 

PRECAMBRIAN 
Gneiss 

Total Depth (Driller) 

5612 
5724 

5963 
6454 
6535 
6642 
7073 

7142 

7190 

-2572 
-2684 

-2923 
-3414 
-3495 
-3602 
-4033 

-4102 

-4150 
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From To Descriptions Page 
840 .880 As above. Decrease in mica and carbonaceous material. Trace 

very small tan specks. 
880 905 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. 

905 910 As above, decreasing gas. 
910 938 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) 

938 950 Shale as above; Specks more numerous. Less Sandstone, 
950 1000 As above, tan to orange calcareous specks abundant; some 

dark brown pyritic carbonaceous material; trace cream to brown 
Incx:eramus prisms. 

1000 1020 Shale, dark gray, flaky, slightly calcareous, traces white to 
clear calcite nodules (probably parts, of concretions). 

1020 1050 Shale, dark gray, flaky, slightly calcareous; a very few pieces 
with brown calcareous specks; traces black carbonaceous material 
in part. 

1050 1160 Shale, dark gray, flaky, slightly calcareous; traces Incx:eramus 
prisms and other shell fragments. 

1160 1170 Shale, dark gray, flaky, non-calcareous to slightly 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 clay cement,, no visible porosity, no fluorescnece or cut 
fluorescence. 

1170 1280 Shale very dark gray, flaky to lumpy, non-calcareous to slightly 
calcareous in part; traces Incx:eramus prisms and other shell 
fragments; traces white and brown calcite noiules and pyrite. 

1280 1320 Shale, dark gray, lumpy, non-calcareous; with a little Baitonlte, 
white to light gray, earthy, scattered biotite flakesj 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. 

1320 1430 Shale, medium gray, flaky to lumpy, silty, slightly calcareous, 
trace glaucoriite 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. 

1430 1450, 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 fluorescpnece or cut fluorescence. 

1450 1520 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, 
sandy in part. 

1520 1570 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 1555 traces 
Sandstone, light gray, very fine argillaceous, calcareous, scattered 
black and gray grains, tight^no fluorescence or cut flucjrescence. 

1570 1600 Shale, dark gray, flaky, calcareous, numerous tan calcareous specks, 
a few white calcareous specks. 
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" Page 23 
From To Descriptions •„, . ' 
'1600 1640 Shale, dark gray, flaky, slightly calcareous in part, calcareous 

in part; traces shell fragments and calcite nodules. 
1640 1760 Shale, dark gray, flaky, calcareous in part to non-calcarepus 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. 

1760 1800 Shale, dark gray, flaky, non-calcareous to slightly calcareous 
in part; traces Siltstone, medium gray, argillaceous; trace shell 
fragments. 

FRONTIER 1796 feet (Log) 

1800 1830 Shale and Siltstone as above with a little Sandstone, mediim gray 
and light gray, very fine grained, silty and argillaceous, 
scattered black and gray grains, biotite in part, tight, no 
fluorescence or cut fluorescence. 

1830 1850 Shale, Siltstone and Sandstone as above with a little Bentonite, 
light gray, waxy. 

1850 1910 Shale, dark gray flaky, calcareous in part, non-calcareous in part; 
trace Siltstone grading to Sandstone, medliam gray, very fine grained, 
argillaceous, calcareous scattered black grains, tight, no. 
fluorescence or cut fluorescence, trace shell fragments. 

1910 1920 Shale, dark brown-gray, some gray-brown, blcx:ky, silty calcareous, 
firm. Trace Sandstone, medium gray-brown, very fine, very pyritic 
calcareous, dull orange specks (very small gas kick on mud log 
at 1911). . ' 

1920 1935 Shale, gray-brown, blcx;ky, calcareous, silty, scattered mica; trace 
Sandstone, light to medliim gray brown, fine to very fine, calcareous, 
pyritic, micaceous, tight. 

1935 1964 Shale, dark gray, some brown-gray, blocky, silty, micaceous, slightly 
calcareous. 

1964 1972 Much Bentonite, white, some light gray, micaceous; Shale, as above. 
1972 2005 Shale, dark gray, some brown-gray, blocky, bentonitic, silty; 

streaks Sandstone, light gray, very fine, slightly calcareous and. 
glauconitic, argillaceous, tight; some Bentonite, white, micaceous, 
Incx:eramus prisms, - •. 

2010 Bentonite, light gray, some white, micaceous; Shale as above, 
2030 Shale, dark gray, some brown-gray, blocky, less,silty, trace 

glauconite, micaceous; Bentonite, light gray to white, micaceous. 
Trace Sandstone, medixjin gray, very fine, argillaceous, micaceous, 
trace glauconite, slightly calcareous, tight; Inoceramus 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 
glauconite; trace Bentonite, light brown-gray micaceous. 
As above, increase in pyrite and glauconite. Trace Sandstone, 
medium gray, very fine to fine, calcareous, glauconitic, tight. 
Bentonite as above. 

2075 2085 Abimdant calcite, milky to light brown (concretion? fault?). 
Abundant Bentonite, white, micaceous; Shale, as above, sandy, 
glauconitic. 

2085 2100 Shale, dark brown-gray, blocky, very sandy grading to very fine, 
argillaceous Sandstone, glauconitic, micaceous, trace pyrite, 
very slightly calcareous, tight. Bentc.iite, white and light gray, 
mica. 

2100 2125 Sandstone, medium to dark gray, some green-gray, some light gray, 
very fine, glauconitic, argillaceous, micaceous, non-calcareous, 
tight, slightly pyritic. Shale,, dark gray, blocky, silty; Bentonite, 
white and gray, micaceous. 

2005 
2010 

2030 

2045 

2055 

2065 

2045 

2055 

2065 

2075 
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Page 26 
From To Descriptions 
2995 3060 Siltstone, medium gray, calcareous in part; Interbedded with Shale, 

very dark gray, fissile, non-calcareous to slightly calcareous; 
traces pyrite. 

3060 3080 Siltstone, l-ight to medium gray, slightly calcareous, blebs and 
hairline partings of dark gray silty Shale; traces pyrite. 

3080 3110 Siltstone as above; interbedded with Shale, dark gray, fissile. 

DAKOTA 3123 feet (Log3 

3110 3155 Shale, dark gray, fissile; interbedded with a little 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. 

3155 3184 Siltstone, light gray, slightly calcareous; and Siltstone, medium 
gray to brownish gray, argillaceous grading to silty Shale, slightly 
calcareous. 

CORE No. 2 3184-3214 feet. Recovered 29 feet. (Pipe strap shows bottom of the 
hole 3 feet deeper than Geolograph but no correction made), 

3184. 3186.4 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 
_ base; burrowed. 

3186.4 3186.6 Siltstone, light gray, a few scattered black grains and very fine 
muscovite and biotite flakes,, slightly calcareous, ripple bedded, 
burrowed at tpp. 

3186,6 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-Sandstcaie); Siltstone and Shale 
, in irregular laminae and blebs up to 2 cm thick; bioturbated 
(highly burrowed). 

3188.1 3188,5 Siltstone, grayish brown, argillaceous, 
3188.5 3192.1 Shale, dark gray, bioturbated with irregular blebs and laminae 

up to 2 can thick of Siltstone, light gray, calcareous in part; 
Shale light gray; fine laminae of black carbonaceous Shale (about 
50% dark gray Shale, 50% Siltstone and light gray Shale, 
Siltstone increasing toward base). Scattered pyrite, 

3192,1 3202.8 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. 

3202.8 3203.4 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. 

3203.4 3204.9 Sandstone, light gray, very fine grained grading to Siltstone, 
slightly calcareous, white clay cement; flecks and hairline partings 
of black carbonaceous material, tight, no show, in laminae up to 
3 cm thick; ripple bedded in part, burrowed in part; Interbedded 
with Shale, dark gray in layers up to 1 cm thick (about 70% 
Sandstone, 30% Shale). 

3204.9 3206.5 Sandstone, light gray, very fine grained grading to Siltstone, 
a few scattered black grains, muscovite flakes and biotite flakes, 
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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Page 27 
From To Descriptions 
3206.5 3209.5 Shale, dark gray, finely 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. 

KOOTENAI 3209.5 feet (Core), 3208 feet (Log) 

3209.5 3213 Claystone, pale gray to olive green and a little brown, waxy to 
earthy^slickensided, crimibly. 

3213 3214 Not recovered. 
END CORE No. 2 

3214 3250 Claystone, pale gray, gray-green and maroon (some mottled pale 
. green and maroon); with a little Siltstone,, brick-red and 
maroon; trace ochre Shale. 

3250, 3280 Shale,.maroon and brick red, silty. 
3280 ,, 3340 Shale and Claystone, medium gray with Shale, maroon and brick-

. red, silty; traces brownish gray cryptocrystalline calcite 
. nodules. 

3340 33561 As above with trace Sandstone, white,coarse grained, scattered 
black grains, brown and white grains, calcareovis in part, white 
clay cement, no visible porosity, no show. 

3356 3369 Shale, light gray and. brick-red, silty in part; trace Sandstone, 
white, fine to medium grained, angular to siobangular, scattered 
black and gray grains and orange grains, pyritic, calcareous,,some 
white (Slay cement, traces porosity, no show. 

3369 3380 Sandstone, white, fine, grained, rare black, browi and orange grains, 
trace green grains, slightly calcareous, some white clay cement, 
tight in part, fair porosity in part, no show. 

CORE No. 3 3380-3410 feet. Recovered 24 feet. Drilling time and core continuity 
suggest unrecovered portion is between 3389.6 and 3396.6, 

3380 3386 Sandstone, white, very fine grained (between very fine grained 
Sandstone and Siltstone), almost all guartz grains, very rare 
black and orange grains, non-calcarepus, 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-vertical fractures 3383-3384 feet. 

3386 3388.5 Interbedded Sandstone, light gray, very fine grained grading to 
Siltstone, very rare black and pink grains, argillaceous, non­
calcareous, no visible porosity, no fluorescence or cut fluorescence; 
Claystone, light greenish gray and little light brown (reddish 

. brown toward base), silty in part. Bedding horizontal In part, 
mottled in part, ripple bedded in part. 

3388.5 3389.6 Claystone, reddish brown, mottled pale greenish gray in part, 
silty in part, crumbly, slickensided. 

LAKOTA 3390 feet (Log) 

3389.6 3396.6 Mostly not recovered. Recovered fragments are Claystone as above 
aggregating about i h feet. 

3396.6 3397.5 Claystone as above. 
3397.5 3399.7 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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From To 
3737 

3750 

3750 

3780 

3780 ,3790 

Page 30 
Descriptions 
Shale, medium gray-broivn, blocky, silty, grading to argillaceous 
Siltstone, 
Sandstone, medium to light gray, very fine, some fine, argillaceous, 
calcareous, glauconitic, biotite, tight. Trace pyritic fragments. 
Trace Chert, milky to light brown. 
Shale, medium to dark gray-brown, blocky, silty to sandy, slightly 
calcareous. 

RIERDON 3788 feet (Log) 

3790 

3837 

3850 
3860 

3837 

3850 

3860 
3880 

3880 3890 

3890 '3910 

3910 3948 

3948 

3955 

3955 

3965 

3965 

3970 

3980 
3990 

4005 

4020 

"3970 

3980 

3990 
4005 

4020 

4030 

4030 4040 

4040 4045 

Shale, mediiam to light gray, blocky, calcareous. Trace brown-gray 
shell fragments. 
Shell fragments, tan,gray, cream; trace Marl, light gray; Shale 
as above; trace pyrite. 
Shale, light gray, splintery, bentonitic, slightly calcareous, crumbly. 
Shale, light gray, blocky, silty, calcareous. Shell fragments, 
cream and gray. Trace Pentacrinus fragments. Trace Chert, milky. 
Trace Pyrite. 

PIPER SHALE 3876 feet (Log) 

Shale, pale dirty orange, blocky to very soft, silty, bentonitic, 
calcareous; trace Sandstone, rose, fine, siliceous, calcareous, 
hard, tight. Trace shell and pyrite fragments. Streaks Shale, 
light gray, bentonitic, fossiliferous. 
Shale, light orange, blocky to lumpy, bentonitic, anhydritic, 
silty; Shale, brick-red, blocky, silty. Limestone nodules, cream, 
light brown, dense. 
Shale, light orange, mushy; and Shale, orange, blocky, very 
bentonitic, anhydritic; Anhydrite, white chalky. 

PIPER LIMESTONE 3942 feet (Log). 

Limestone, cream, tan, gray, spotted light brown (oolitic), dense 
anhydritic. 
Limestone, cream, tan, medlijm brown 'some dark brown mottled,fragmental 
(oolitic),, some, is chalky, anhydritic, fossiliferous, tight, dull 
yellow sample fluorescence, no cut fluorescence, slight petroliferous 
odoir. in acid. 
As above Increase in medium and dark brown Limestone, pyritic in 
part, petroliferous odor in acid. 
Limestone, cream, tan^ brown, mottled, oolitic, fragmental, chalky, 
anhydritic, tight, no show. Streaks Shale, light gray, blcx:ky, 
pyritic. 
Shale, maroon to purple, blocky, silty, anhî dritic. 
Limestone, cream, tan gray-brown, brown, mottled, fragmental, 
oolitic, anhydritic, some gray Shale pebbles; gray and brown dense 
Limestone at base. 
Shale, grayish orange, orange, maroon, blocky, some mushy, silty, 
anhydritic. 
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. 
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From To Descriptions 
Page 31 

4045 
4050 

4050 
4090 

4090 4128 

4128 4135 

CORE NO. 5 
4135 4137 

4137 4138 
4138' 4139 

4139 4140 

4140 4142.5 

4142.5 4143. 

4143 4145.5 

4145.5 4146 

4146 4148 

4148 4149 

4149 4150 

4150 4151.5 

4151.5 4152 
4152 4154 

4154 4155 

4155 4158 

4158 4159 
4159 4159 

SPEARFISH 4046 feet (Log). 

Anhydrite, white, mottled red in part, finely crystalline. 
Shale, bright orange, very sandy, grades to very argillaceous 
Sandstone, very fine, anhydritic. Possible streaks Shale, 
medliom gray, blcx;ky, silty to sandy, scattered very fine 
glauconite grains, rare blacJc grains, trace pyrite. , Rare fragment 
gilsonite (?) at 4070-4080 (contamination?)j weak cut fluorescence. 
Shale, as above, less silty; streaks Shale, gray and green. 

TENSLEEP 4128 feet (Log) 

Sandstone, clear to white, medium to fine, euhedral in part, 
slightly cjwartzltic, 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, milky. 

4135-4165, feet. Recovered 30 feet. 
Sandstone, white with light green cast in part, very fine,dolomltic, 
calcite veinlets, no visible porosity, no show. Bedding dip is flat. 
As above v;lth intercalated Dolomite, tan, dense. 
Dolomite, cream, very finely sucrosic, very sandy, calcite veinlets, 
tight, no show. 
Quartzitic Sandstone,, tan and light green-gray, mottled, very fine, 
dolomitic, calcite veinlets, tight no show. 
Quartzitic Sandstone, white, mottled light apple-green, fine to 
very fine, slightly dolomltic, pyritic, no visible porosity, no 
show. 
As above with Intercalated Dolomite, very light greenish gray, 
very finely crystalline, pyritic, argillaceous, pyritized hairline 
, fracture, 
Quartzitic Sandstone, very light greenish gray to white, fine, 
dolomitic, tight, no show. 
Intercalated Shale, medium apple-green, subwaxy, pyritic, flaky, 
dolomitic; and Dolomite, very light gray, speckled with very fine 
pyrite, dense. ' 
Dolomite, tan to light brown, very fine to extremely fine crystalline, 
sandy, tight no show. 
Quartzitic Sandstone, mottled light green-gray and light red-brovm, 
very dolomltic, tight, no show. 
Core shattered; intercalated. Shale, mediim\ apple-green, subwaxy, 
pyritic, flaky; and Dolomite, light gray, very finely crystalline, 
speckled with very fine pyrite. ' , 
Dolomite, light green and white mottled, very fine, sucrosic, 
very sandy, pyritic; some may be very dolomitic Quartzite. 
As above, with Shale, green,subwaxy pyritic. Shattered. 
Dolomite, cream, dense, trace red and green spots. Shale interbeds 
and. intercalations, light green-gray, very pyritic, dolomitic. 
Sandstone, light green,very fine, guartzitic, pyritic, dolomitic, 
tight, no shov/, Core shattered. 
Quartzite, white, very- fine to fine, subvitreous, pyritic, dolomitic, 
hard tight, no show. Core is shattered, 
Quartzite, very light gray, vitreous, fine,hard, tight. 

.5 Shale, very light apple-green, sub-waxy, dolomitic, flaky. 
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Page 32 
Descriptions 

4159.5 4160.5 Dolomite, cream to tan, dense to very fine crystalline, some green 
spots, tight, no show. 
Shale, light apple-green, flaky, very pyritic, sub-waxy. 
Quartzitic Sandstone, white, fine to very fine, slightly dolomitic, 
tight, no show. 
As above, trace pyrite; thin gray Shale laminations. 
Shale, medium apple-green, flaky, pyritic, dolomitic. 

From To 

4160.5 4161 
4161.5 4163 

4163 
4164.5 

4164. 
4165 

END CORE NO. 5 

4165 4170 Poor sample (Trip and v;ater flow). Sandstone, white, fine to 
medium, some coarse, slightly dolomltic, trace porosity, rare 
fragment with good intergranular porosity. 

AMSDEN 4178 feet (Log) 

4170 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, v̂ iite to 
clear, dense to coarse cyrstalline; Chert, milky and white, some 
clear. Foram and oolite ghosts in Dolomite and Chert. 

4180 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. 

4190 4200 Dolomite, cream, some v/hite, soijie light tan, dense to very fine 
crystalline, some fine, trace vugs, trace possible large vugs, 
as above, no show; erratic drilling. 

4200 4215 Dolomite, cream to white, dense to very fine crystalline, some 
white, very fine sucrosic, siliceous in part, tight. Trace Chert, 
milky. Tripped for bit at 4203; water flov/ed again. 

4215 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, 

4228 4300 Dolomite, white to cream and tan, dense to very fine crystalline, 
sucrosic 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, vriiite; 
trace white chert. At 4270 trace Dolomite, white, dense with green 
specks. 

CORE NO. 6 

3 feet 

5.5 feet 

MADISON 4300 feet (Log) 

4300-4360 feet. Recovered 12 feet core plus crushed material 
representing approximately two additional feet. FollovriLng description 
starts with top of recovered portion; assignment of depth vfithin 
cored Interval not possible. 
Dolomite, white to creamj 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 fev/ stylolites 
lined vd.th black residue, tight,no show; a few rounded ovoid 
light gray siliceous fossil ? relicts about 2 mm long. 
Dolomite, white to cream, very fine crystalline, trace intercrystalline 
porosity, scattered vugs, no show; a few scattered light gray ovoid 
siliceous fossil (?) relicts; a few veinlets of Dolomite, white 
microcrystalline, tight. 
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From To 
3.5 feet 

2 feet 

END CORE NO. 6 

Descriptions ^9^ -' 
Dolomite, white to cream, very fine crystalline, 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 
white, microcrystalline, tight no shov/. 
Crushed mixture of Dolomites as above plus a little Limestone, 
white, chalky; Dolomite, light gray, dense, tight no show. 

CORE NO. 7 4350-4387 feet. Recovered 16 feet. 
4360 4364.3 Dolomite, cream, microcrystalline, with some very fine crystalline, 

no Intercrystalline porosity, trace vugs, no show; vertical fractures, 
slickensided; stylolite with black residue at 4354 feet. 

4364.3 4370 Dolomite, cream, very fine crystalline to microcrystalline, trace 
intercrystalline porosity in part, poor to m.edium vuggy porosity 
in part, no show; a few veinlets of white microcrystalline 
Dolomite; suggestion of relict Brachiopod shell ribs.at 4369; 
vertical fracture at 4355. 

4370 4375.3 Dolomite, cream, mottled very fine crystalline, microcrystalline 
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. 

4375.3 4376 Crushed.fragments of Dolomite, cream,mostly dense, some fine 
crystalline, a- few vugs in fine crystalline part, no show. 

4376 4387. Not Recovered. 
END'CORE NO. 7 
CORE NO. 8 4387-4411 feet. Recovered 21 feet, V-
4387 4395,3 Breccia of angular chunks and'mottlings of Dolomite, cream to 

pale tan, fine crystalline with scattered vugs, trace intercrystalline 
porosity, trace pink stain around some of the vugs; Dolomite, 
white, microcrystalline, chalky; Dolomite, pale gray to light>tan, 
dense, vd.th scattered vugs; scattered shell casts; a few stylolites 
at 4387-4388; nimierous white Dolomite veinlets; a few healed vertical 
fractures; a few anhydrite crystals; num.erous Irregular non-
vertical cracks; at 4388.8 spherical nodule about 10 cm in diameter-
of Dolomite, white, coarse crystalline, a few vugs,.cut by small ", 
vertical fracture;.with about 1 cm, of vertical dlsplaciem.ent. 
No show. 

4395.3 4398.5 Breccia of Dolomite, light grajj pale tan and browri,:,dense to 
microcrystalline, scattered vugs, no show; irregualr fractures 
and white Dolomite veinlets. 

4398.5 4402.5 Recovered only broken and crushed fragments of. Dolomite as .above.:; • 
plus a little Limestone, tan, microcrystalline m.atrix with Crinoid 
fragments in part and coral fragments in part, tight,-no show; 
a few fine partings of pale green clay. 
Breccia of Dolomite, brown, microcrystalline, tight no show; 
Dolomite, white to tan, earthy matrix with -numercSus 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 white Dolomite 
veinlets. 
Recovered only broken and crushed fragments of Dolomite as above, 
some with fine partings of pale green shale. • 
Not Recovered. 

4402.5 4406 

4406 4408 

4408 4411 
END CORE NO 8 
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From. To 
4411 4427 

4427 4440 

4440 4450 

4450 4460 

4460 4465 

4465 4470 

CORE NO. 9 
4470 4471.: 

4471 4472 

4472 ••4473 

4473 4474. 

4474.5 4476 

4476 4478 
4478 4479 

4479 4480 

44780 4481. 
4481.5 4482 

4482 4483 

4483 4483. 

4483.5 4484 

END CORE NO. 

Page 34 
Descriptions 
Washed dov/n with less than 5,000 pounds on bit. Hole appeared 
to have been drilled while circulating. Samples are mostly 
cavings, '' 
Dolomite, cream microsucrosic to crystalline, scattered pinpoint 
and small vugs (5%). Trace Anhydrite, medium brov/n, very finely 
crystalline. No show; dull gold to yellow sample fluoresence. 
Dolomite as above, some vd.th grayish cast, vugs as above. Trace 
Anhydrite, white with orange stain, chalky. Fluorescence, as above, 
trace pyrite. , 
Dolomite, gray-buff, some cream, microcrystalline, slightly 
anhydritic, tight to trace vugs. Dull gold vd.th some dull yellow 
sample fluorescence. No show. Trace chalky Anhdyrite as above. 
Trace pyrite. 
Dolomite cream to buff, some grayish, microcrystalline to dense, 
tight. Anhydrite (10%), medium brown, trace dark brovm, very 
finely crystalline some vdth pellet casts. Drilled rough. 
Dolomite cream to buff, micro to very fine sucrosic, slightly 
anhydritic, 5-10% small vugs, som̂ e slightly honeycomi), dull 
gold sample fluorescence, no show; trace Anhydrite, white chalky, 
drilled rough. 

4470-4484 feet. Recovered 12 feet. 
Dolom.ite, cream, very fine crystalline to sucrosic, some is fragmented 
with trace shell fragments, limey, high angle (75 ) closed 
fractures, good vugular porosity, no show, dull yellow mineral 
fluorescence. 
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. 
Brecclated and intercalated dolomite, tan, very fine sucrosic; 
and Anhydrite, white, very finely sucrosic, tight. 
Not recovered. 
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 
fine sucrosic. 
Dolomite, buff, very fine sucrosic, fair vugular porosity^ no show. 
Dolom-ite, tan, microsucrosic to crystalline, tight. 
As above vrith Anhydrite blebs and intercalations, tight, some 
closed vertical fractures. 
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. 

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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4505 

4515 

4525 

4545 

4558 

4515 

4525 

4545 

4558 

4565 

Page 35 
From To Descriptions 

As above. Some gray tinted Anhydrite. Trace shale, maroon, 
blocky, silty. •;• .• 
Anhydrite, white to light gray-brovm mottled, micrcxrrystalline 
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 brov̂ -n-gray and purple, micrcxxystalline 
to chalky, trace microsucfosic and dolomitic. 
Dolomite, light gray-tan mottled maroon dense, tight, anhydritic. 
Anhydrite, cream to white, microcrystalline to very fine sucrosic 
to chalky, dolomltic in part. 

4565 4575 Anhydrite, rose, cream, white, microsucrosic to crystalline to 
chalky, dolomltic. Trace Dolomite, tan, dense. Healed fractures 
lined with fine Anhydrite crystals. 

4575 4585 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 cdiert. 

4585 4595 Dolomite, buff to tan, dense to microcrystalline, anhydritic, 
tight. Anhydrite as above. 

4595 4600 Dolomite, buff to tan, some light gray-brovm, ochre mottling in 
part, mlc:rocrystalllne, tight, anhydritic. Anhydrite, white, 
sucrosic; Anhydrite, milky, chalky; Anhydrite, buff, mic:rocrystalline, 

CORE NO. 10 4600-4621 feet. Recovered 20 feet, 
4600 4506.2 Anhydrite, white, fine crystalline, interbedded (and mottled in 

part) with Anhydrite, tan and light gray, cryptocrystalline, 
dolomitic, calcareous in part, grading to anhydritic dolomite, 
no porosity, no show. Bedding nearly horizontal. 

4606.2 4611 Dolomite, tan, fine crystalline, tight in part, scattered vugs 
and traces intercrystalline porosity in part, no xylene cut 
fluorescence; scattered blebs up to 1 cm long of Anhydrite, white, 
and a few veinlets of white to clear Anhydrite, microcrystalline 
to coarse crystalline; a few vertical and irregular fractiores. 
Bedding dip 0 to 5 . Anhydrite Inclusions larger from 4610-4611 
With one 10 cm across. 

4611 4612.7 Dolomdte, tan,microcrystalline to fine crystalline, 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 Anhydrite, white and clear, fine crystalline to 
coarise crystalline. 

4612.7 4518.3 Dolomite, tan to browri, fine crystalline; scattered vugs and 
traces Intercirystalline porosity, no xylene cut fluorescence; 
scattered blebs of Anhydrite up to 1 cm. long; a few vertical 
(fractures; bedding almost horizontal. 

4618.3 4520 Breccia of Dolomite, tan, microcrystalline, tight, no xylene cut 
fluorescence; and Anhydrite, white to light gray; numerous 
Irregular fractures. 

4620 4621 No recovery. 
END CORE NO. 10 
CORE NO. 11 4521 to 4548.5 feet. Recovered 27.5 feet. 
4621 4522 Breccia of Dolomite, tan, microcrystalline, tight no xylene cut 

fluorescence; Anhydrite, white and light gray, fine cirystallihe 
and coarse crystalline; stylolite, with black residue, irregular 
fractures. 
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Page 36 
From To Descriptions 
4622 4525 Dolomite, brown and brownish gray, fine crystalline, 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. 

4625 4633 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, som;e iwith black residue (no xylene cut 
fluorsecence). 

4533 4639 Interbedded Anhydrite, white and light gray, arid tan, fine 
crystalline, dolomitic; Dolomite, tan,microcrystalline, anhydritic, 
tight, no show; thin bedded in part, irregular bedding grading 
to breccia ih part; stylolites and Irregular fractures; some 
with black residue (no xylene cut fluorescznece). 

4639 4648.5 Dolomite, tan,micrcxzrystalline, tight, no show; interbedded vd.th 
Dolomite, tan to grayish tanj fine 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 v/lth black residue (no xylene cut fluorescence), 

END CORE'NO,.11 

4648,5 4653 Dolomite, cream to tan, microcrystalline to fine crystalline, 
mostly tight, a few pieces with poor to medium vuggy porosity^ 
no -show; a little Arihydrite, white,- pink and tan, microcrystalline," 

4663 4670 As above with increase in number of pieces with vuggy porosity 
(fast drilling break), 

4670 4680 Dolomite, pale tan; mostly very fine crystalline with some 
microcrystalline, mostly tight with about 10% of the pieces having 
small vugs and traces intercrystalline porosity, no show, 

4680 4685 Dolomite as above with Increase to 20% in number of pieces with 
porosity. 

4685 4694 Dolomite, tan microcrystalline to very fine crystalline, mostly 
tight, traces very small vugs, no show. 

4694 4710 Dolomite, tan microcrystalline to very fine crystalline tight in 
part, very small vugs and traces intercrystalline porosity in 
part. 

CORE NO. 12 
4.710 4714 

4714 4721 

4721 4725 

4710 to 4725.4 feet. Recovered 15.5 feet. 
Dolomite, tan, mostly micrcxirystalllne with some cryptocrystalline, 
mostly tight vrith a few scattered vugs in part, ho shovir; a few 
stylolites; a few high-angle fractures; bedding 0 to 5 , 
Dolomite, tan, very fine to fine crystalline, tight in part with 
scattered vugs in part, no show; a few stylolites; a few high-angle 
fractures. Bedding 0 to 5 . 
Mixture of irregular chunks of Anhydrite, white and tan, fine to 
coarse crystalline; and Dolomite grayish tan, cryptocrystalline 
and microcrystalline, tight, no show. 

4725 4725.5 Dolomite, tan, fine crystalline, mostly tight with a few scattered 
vugs, no show; scattered blebs of Anhydrite, white and tan, up to 
1 cm long. 

END CORE NO. 12 
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From To Descriptions 
4725.5 4735 Dolomite, buff, microcrystalline, very thin Anhydrite veinlets, 

tight. Dolomite, tan," very fine sucrosic, 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 brovm, microcrystalline, anhydritic, 
tight; Anhydrite, white to tan and light gray, fine cxystalline; 
trace Anhydrite, white with light gray spherical dolomite 
pellets or relict oolies about 0.5 mm in diameter; trace Anhydrite, 
brick-red, dolomltic. 

4770 4781 Anhydrite, light gray, cryptocrystalline; Anhydrite white and tan, 
earthy, dolomitic. 

4781 4786 Limestone, dolomltic 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. 

4785 4805 Anhydrite, white earthy; Anhydrite, dark gray mottled vd.th white, 
microcrystalline, dolomitic, faint xylene cut fluoresceince in. 
part; Dolomite, brown, very limy, microcrystalline, tight, faint 
xylene cut fluorescence in part. 

4805 4835 Dolomite, brovm and light brown, microcrystalline and cryptocrystalline, 
relict pellets or oolites in part, tight, no show; a little 
Anhydrite, white and light gray. 

4835 4848 Limestone, light brovm, microgranular to fine grained, oolitic . 
in part, tight, no show; a little Limestone, cream to tan, fine 
grained oolitic, tight 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 medium . 

grained, pellets or oolites with scattered Crinoid fragments, 
micrite cement, tight in part, poor intergranular porosity, in part; 
a few stylolites; a few high-angle fractures with dirusy calcite , 
lining, traces black residue vdth faint xylene cut fluorescence 
on fracture. 

4851 4854 Limestone, cream, mud-spported, very fine calcite grains, scattered 
oolites and Crinoid fragments in micrite matrix, mostly tight, 
trace Intergranular porosity in part, no show; a few high angle 
fractures with drusy calcite lining. -

4854 4855 Limestone, tan, microgranular matrix with scattered shell fragments, 
tight, no show. 

4855 4853.3 Dolomite, tan, "microcrystalline to very fine crystalline, a very 
few relict Crinoid fragments, tight from 4855 to 4857, mostly 
tight with a few vugs and traces Intercrystalline porosity from 
4857 to 4863,3; no show. Core shattered from 4855 to 4857. 

4853.3 4858 Limestone, pale tari, mud-supported, scattered Crinoid, shell and 
algal (?) fragments in micrite matrix, appears tight but 

' effluorescence on core surface suggests trace porosity, no show; 
a few high-angle fractures, mostly healed. 

4858 4873 Limestone, pale tan to light gray, scattered Crinoid and shell 
fragm.ents,In microgranular to very fine granular matrix, tight, 
no show; a few irregular fractures. 

4873 4874.3 Limestone, tan, grain-supported, fine-grained, pellets in micrite 
matrix, tight, no show. 
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From To Descriptions 
4874.3 4874.7 Dolomite, light brovm, cryptocrystalline to microcrystalline, 

tight, no show. , 
4874.7 4878 Limestone, tan, grain-supported in part, mud-supported in part, 

Crinoid and shell fragments, pellets and oolites, 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 

4885 

4895 

4905 

4915 

4925 

4935 

4945 

4953 

4960 

4975 

4895 

4905 

4915 

4925 

4935 

4945 

4953 

4950 

4975 

4985 

Limestone, light brovm, mud-supported in most, trace grain-
supported, scattered pellets or oolites, Crinoid fragments and 
lumps in micrite matrix, tight; a little Limestone, cream, 
chalky. 
Limestone, tan, grain-supported, pellets, oolite and Crinoid 
fragments in micrite matrix, chalky in part, tight. 
Dolomite, light gray-brown, fine crystalline, scattered vugs 
(3-5%), white calcite veinlets, stylolitic, no'show. 
Limestone, buff to tan, grain-supported, pelletal and oolitic 
in micrite matrix, chalky in part, tight. 
Dolomite, light gray-brown to grayish tan, fine to occasionally 
medium crystalline, 2-3% vugs and trace intergranular porosity, 
calcite veinlets, stylolitic, no shovf. 
Dolomite, as above, slightly grayer, fine crystalline, tight to 
trace porosity. 
Limestone, buff to tan, grain-supported, pelletal, oolitic, 
fragmental in micrite matrix, some is chalky, tight, calcite 
veinlets. 
Dolomite, medium brovm-gray,. cryptocrystalline to microcrystalline, 
calcite veinlets, stylolitic, tight. 
Dolomite, light brovm, fine to very fine crystalline, calcite 
veinlets, stylolitic, fair vugular and intergranular porosity, 
no stain or fluorescence. 
Dolomite, tan, some with gray tint, very fine to fine crystalline, 
tight. ' Possible Interbeds, Limestone, buff, grain-supported, 
pelletal and oolitic in micrite matrix, some chalky, tight. 
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 oolites in micrite matrix, chalky,tight. 
4995 5005 Dolomite, light to medium brovm-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 brovm, some gray-brovm, 
very fine crystalline to sucrosic, red mottling in part, veinlets 
Anhydrite, white crystalline to sucrosic, tight. 
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From To 
5015 

5025 

5035 

5065 

5025 

5035 

5055 

5075 

5075 5085 

5085 5105 

5105 5125 

5125 5135 

5135 5155 

5155 5172 

5172 

5179 

5179 

5200 

5200 5210 

5210 5220 

5220 
5240 

5245 

5250 

5260 

5240 
5245 

5250 

5260 

5270 

Page 39 
Descriptions 
Dolomite, mottled red as above.̂  Trace Dolomite, orange, anhydritic, 
argillaceous. Anhydrite veinlets as above. 
Dolomite, light bifovm and gray-brown, fine crystalline to sucrosic, 
no visible porosity, red mottling more prevalent, trace red shale 
inclusions. Trace Anhydrite, white, very fine sucrosic. White 
calcite veinlets. 
As above. Interbeds Lim.estone, grain-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, 
speckled rust-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 brovm, grain-supported to mud-supported, 
small pellets andoolites in micrite matrix, some cryptocrystalline 
and some chalky, anhydritic, stylolitic, tight. 
Trace Shale, orange to maroon, blocky, calcareous. Limestone 
as above, less oolites and pellets. Trace Dolomite, light brovm 
very,fine sucrosic. Trace milky chert. 
Limestone, tan to light brovm, mud-supported, cryptocrystalline, 
some chalky, tight, stylolitic, trace small clear Anhydrite blebs, 
trace relict oolites. 
Limestone, buff to cream, mud supported/grain supported, crypto­
crystalline to chalky, some pelletal and oolitic in micrite 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 
white, chalky. 
Limestone, light brovm., tan,buff, cream mottled, grain supported, 
abundant oolites and some pellets and lumps in micrite matrix, 
chalky, poor to fair pin-point vugular porosity. Limstone, cream 
to white, chalky. 
As above with trace pin-point vugs. 
Limestone, light brov/n-tan-buff mottled, grain supported, oolites 
and pellets and Crinoid fragrnetns 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 brovm to medium gray-brovm, grain supported, very 
fine • crystalline to fine sucrosic, anhydritic, fair to good 
vugular porosity, no stain or cut fluorescnece, clinging bubbles 
in acid (oil reaction?). 
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From To Descriptions 
5270 5283 Dolomite as above, fine to medium crystalline to sucrosic, large 

vugs, good porosity. 
5283 5285 Dolomite, light brovm, grain supported, medium to fine crystalline 

to sucrosic, anhydritic, nvmierous large and small vugs, excellent 
porosity. 

CORE NO. 14 5285 to 5345 feet- Recovered 60 feet. 
5285 5289.5 Dolomite, light brown, fine to medium crystalline, some sucrosic, 

anhydritic, gocxi pin-point and small vugular porosity, high-angle 
and vertical fractures, 

5289,5 5294 Dolomite, as above, decreasing grain size dovmward, gray to white 
Anhydrite inclusions, porosity decreases to poor downward, 

5294 5296 Dolomite, as above, very fine to fine crystalline, anhydritic, 
poor to fair vugular porosity, 

5296 5299 Dolomite, tan, very fine sucrosic, some chalk infill, anhydritic, 
high-angle fractures (closed), scattered vugs (poor to fair 
porosity), 

5299 5300 Dolomite, light brovm, fine sucrosic, good vugular porosity, 
shattered, 

5300 5301 Dolomite, cream, mud-supported, microsucrosic to chalky, anhydritic, 
tight. Irregular beds Dolomite, light brovm, fine to medium 
crystalline good vugular porosity. Large Anhydrite inclusions, 
white to light gray. 

5301 5302 As above. Vertical fractures, chalky along fractures. 
5302 5317 Irregular-bedded, white to cream siliceous rock (possibly Tripolite 

or Porcelanite), dense with floating dolomite crystals; and Dolomite, 
light brovm, very fine sucrosic to fine crystalline, tight. 
Irregular inclusions Anhydrite, light blue-gray to white. Large 
stylolite. Possible bioturbation. 

5317 5319 As above with Dolomite, light brovm, medium crystalline, anhydritic, 
scattered vugs (poor porosity). 

5319 5321.5 Irregular-bedded Dolomite and Tripolite (?) as in 5302-5317. 
5321,5 5335 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 Dolomite, medium to dark brovm, very fine sucrosic, 
tight; some interfingered with Tripolite. Possible bioturbation. 

5335 5335.5 As above. Brecciated in part. 
5335.5 5345 Irregularly bedded Dolomite and Tripolite (?) as above. Numerous 

large Anhydrite inclusions, white and light gray, tight. Stylolite. 
Possibly bioturbated. 

END CORE NO. 14 

5345 5355 Dolpmite, light grayish-tan, fine to very fine sucrosic, slightly 
chalky, anhydritic, stylolitic, poor to fair vugular porosity. 
Interbeds and inclusions Tripolite (?) as above, som.e becoming 
cherty. Inclusions Anhydrite. 

5355 5372 Dolomite, light brown-gray to tan, very fine microcrystalline, 
some fine crystalline, scattered green glauconite grains, anhydritic, 
siliceous, poor vugular porosity. Decrease in Tripolite (?), some 
with glauconite. Trace very fine Pyrite. 

DEVONIAN 5368 feet (Log) 
5372 5375 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 

CORE NO. 15 
5375 5 3 1 1 . 2 

5377.2 5397 

5397 5399 

5399 5400 

5400 5403 

Descriptions 

5375-5423 feet. Recovered 48 feet. 
Shale, pale green, waxy and slickensided in part, trace very fine 
pyrite in part, very slightly dolomitic, very faint xylene cut 
fluorescence in part. 
Breccia of Dolomite, light brovm, ndcrocrystalline to very fine 
crystalline, anhydritic; Dolomite grading to dolomitic Anhydrite, 
tan cryptocrystalline; Aiihydrite, 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 slight Intercrystalline and fracture porosity from 5382 
to 5397. 
Dolomite, tan, microcrystalline, to very fine crystalline, tight; 
fine Anhydrite veinlets. 
Interbedded Dolomite, grayish tan microcrystalline, tight; and 
Shale, pale green to reddish brown, dolomitic, pyritic. 
Dolomite, light grayish broi-m, fine crystalline, tight; blebs 
Anhydrite, white and tan, coarse crystalline in part, microcrystallline 
in part. 
Interbedded Shale, pale green, waxy and slickensided in part; 
Shale, grayish green, dolomitic, pyritic in part; blebs Anhydrite, 
white; high-angle fracture at 5403 with 2 inches displacement. 
Breccia of Dolomite, brovmish 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 

5403 5418 

5418 5423 

5423 5430 Dolomite, dark gray, microcrystalline, argillaceous, tight; 
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-brovm, microgranular, trace Brachiopod 
fragments, tight, fair xylene cut fluorescence in part; traces 
black tarry residue with fair xylene cut fluorescence; Dolomite, 
pale grayish tan, microcrystalline, very anhydritic or siliceous, 
tight. 

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

5455 5451 Dolomite, light greenish gray, microcrystalline, scattered silt-
size black grains, very anhydritic grading to dolomitic Anhydrite, 
traces pyrite, tight, a fev; pieces yield faint xylene cut 
fluorescence. 

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

5480 5484 Dolomite, tan, very fine crystalline, tight. 
5484 5505 Interbedded Limestone, dark brovm, mud-supported, cryptogranular 

to microgranular, white Anhydrite veinlets and blebs, tight; 
Limestone, cream to light brovm, subchalky matrix with scattered 
pellets and lumps, tight; streaks Dolomj.te, light gray and tan, 
very fine crystalline, tight; streaks Shale, black, calcareous. 
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5505 5554 Limestone, tan, cryptogranular to very fine granular, dense to 

chalky in part, scattered black residue on stylolites (?), 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, microcrystalline 
pale gray at 5520 and tan at 5540,tight;trace Shale, blatdc lumpy 
at about 5545. 

5554 5570 Limestone, medium gray with brownish cast, microgranular to fine 
granular, tight; a little, Dolomite, tan, microcrystalline to 
very fine crystalline, calcareous, trace intercrystalline porosity 
no show. 

5570 5580 Limestone., as above; vdth Limestone, tan to brovm, grain-siqjported, 
oolites in subchalky matrix, tight; Limestone, cream arai pale gray, 
microgranular, chalky, 

5580 5590 Dolomite, medium gray and light brown., and dark brown, microcrystalline, 
very argillaceous in part, anhydritic in part, tight, 

5590 5605 Dolomite.as above with Limestone, dark brovm, cryptogranular; and 
a little Limestone, light grayish brovm, grain-supported, oolites 
in subchalky matrix, 

5605 5515 Dolomite, brown to dark brown, fine crystalline, tight. 

STONY MOUNTAIN 5612 feet (Log) 

5615 5625 Limestone, dark brown, cryptogranular, white calcite veinlets, 
tight; Dolomite, light gray, microcrystalline subchalky, calcite 
veinlets, tight. 

5625 5658 Dolomite, white to cream and pale gray, cryptocrystalline to 
microcrystallirie, subchalky .in part; trace pin-point porosity, 
trace Dolomite, tan, very fine crystalline,trace intercrystalline' 
porosity. 

CORE NO. 16 5658 to 5683 feet. Recovered 25.7 feet. 
5658 5667.5 Dolomite, cream to pale tan and pale gray, microcrystalline, 

anhydritic, a few stylolites,fractures and patches with black 
mineral stain (no xylene cut fluorescence), possible 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 &om 
5665r5666 feet. 

5657.5 5682 Mottled mixture of Dolomite, cream and pale tan, mlcrocryistalllne, 
slightly anhydritic; and Dolomite, light gray, crypto-crystalline 
in part, microcrystalline and very fine crystalline in part; 
black mineral stain concentrated in fractures, stylolites and 

. boundaries of light gray Dolomite. Rounded shape of light gray 
patches suggests burrovdng. A few scattered vugs; no visible 
intercrystalline porosity but efflorescence on core suggest 
some intercrystalline porosity from 5668.5-5682 feet. 

5682 5683.7 Broken pieces of Dolomites as above with a little Shale, very dark 
gray, waxy, soft. 

END CORE NO. 16 

CORE NO. 17 5683.7 to 5698.4 feet. Recovered, 14,7 feet, 
5683,7 5690 Dolondte, 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, 
brecclated or burrowed, scattered stylolites, numerous fine 
Irregular and high-angle fractures with black mineral stain, 
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Prom To Descriptions 
5590 5698,4 Recovered only broken pieces of Dolomite as above. 
END CORE NO. 17 

5698,4 5730 

5730 5790 

5790 5820 

5820 5830 

CORE NO. 18 
5830 5836 

5836 

5836 5840 

5840 5850 
5850 5853. 

5853.75 5855 
5855 5856 
5855 5859. 

5859.5 5851 

END CORE NO, 

Dolomite, pale tan, microcrystalline to cryptocrystalline, a few 
small vugs, trace stylolites vdth black mineral lining; streak 
Limestone, brown to reddish brovm, microgranular to very fine 
granular, tight, from 5700 to 5702 feet (maybe cavings). 

RED RIVER 5724 feet (Log) 

Dolomite as above mottled in part with a little Dolomite, pale 
gray, micrcxrrystalline to cryptocrystalline, tight; a little 
Dolomite, pale tan, microcrystalline, with relict oolites or 
pellets and Crinoids (?), a few shell fragments, tight; traces 
Anhydrite white, chalky, dolomltic, tight. 
Dolomite, light brovm, microcrystalline and cryptocrystalline, 
a few blebs of Anhydrite, mostly tight, scattered vugs; a little 
Dolomite, pale tan, microcrystalline to very fine crystalline, 
trace intercrystalline porosity, scattered fossil and oolite (?) 
relicts. 
Dolomite, grayish brown, microcrystalline with a little very fine 
crystalline, trace Crinoid (?) fragments, trace Intercrystalline 
porosity in part, tight in most; with Dolomites as above. 

5830 to 5851 feet. Recovered 31 feet. 
Dolomite, buff-tan-light brovm 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-brovm, fine to very fine 
crystalline, some fragmental and some lightly chalky, very 
anhydritic with scattered small Anhydrite inclusions, tight to 
rare vug. Incipient high-angle tight fractures. Appears much 
bioturbated. 
As above with light increase in vugs (poor porosity). 

75 Dolomite, buff-light brown-medium brovm 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 brovm, 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 brovm and dark brovm-gray, very fine to fine crystalline 
to nodular and fragmental, some chalky, no visible porosity. 
18 

5861 5880 Dolomite, medium gray-brovm, some light brovm, very fine cxystalline 
to sucrosic, some fragmental, stylolitic, anhydritic, rare vugs. 
Trace Limestone, cream, chalky to dense. 

5880 5890 As above with increase in Limestone. Trace fine pyrite. 
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From To Descriptions 
5890 5910 Dolomite, tan, fine crystalline to sucrosic, some slightly 

chalky, some fragmental, anhydritic, poor vugular porosity, 
stylolitic. 

5910 5940 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. 

5940 5967 Dolomite, tan to light brovm, very fine to fine crystalline to 
sucrosic, anhydritic, stylolitic, slight increase in vugs, 
(trace to poor porosity). 

CAMBRIAN SNOWY RANGE 5963 feet (Log) 

5967 5975 Limestone, mottled whlte-gray-tan, very fine to fine crystalline, 
pyritic, anhydritic, varved appearance in part, tight, rare green 
tint. 

5975 5985 Limestone, mottled as above, microcrystalline to very fine 
crystalline, rare pin-point glauconite grain, pyritic, anhyciritic, 
tight. 

5985 5005 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 
pin-point glauconite. 

5005 6025 . 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, tight. Trace Shale, gray and green, blcx:ky, 
calcareous'. 

6025 6045 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, calcareousj and Shale, medium gray, very pyritic, 
calcareous. 

5045 5065 Limestones, as above, increase in green and gray-green mottling. 
6065 6119 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. 

6119 6135 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 grading 
to very calcareous Sandstone, glauconitic, 

6135 6145 As above, and Dolomite, tan to light brovm, very fine crystalline, 
some slightly chalky, tight, 

6145 5155 Sandstone, light gray and green-gray; very fine to fine, very 
calcareous, very glauconitic; grades to very sandy Limestone, 
Limestone, v/hlte/cream/light gray, microcrystalline to fine 
crystalline to chalky, some green mottling, glauconitic, tight. 

5155 6165 As above, with Dolomite, light brown, microsucrosic, tight. 
6155 5175 Limestone,,cream-buffr-light gray, fine to medium crystalline, 

some chalky, saridy, glauconitic, trace pyrite, tight. Thin beds 
Sandstone, light to medium green-gray, very fine to fine, very 
calcareous and glauconitic, tight. 

5175 6185 As above. Trace Shale, dark-gray, fissile, calcareous. 
6185 6195 Shale, light to medium gray-green, fissile, slightly calcareous, 

glauconitic in part. Limestone, as above. 
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From To 
6195 6215 

5215 6235 

6235 

6275 

6275 

6285 

6285 5295 

6295 

6305 

6305 

6325 

5325 5335 

6335 
6350 

6350 
6380 

6380 5400 

6400 6455 

Descriptions 
Limestone, light gray to green-gray, very sandy, glauconitic, 
grades to very calcareous Sandstone, very fine. Interbeds 
Dolomite, tan to light brovm, very fine sucrosic to crystalline; 
Shale, medium green, fissile, glauconitic in part. 
Siltston^, to very fine Sandstone, light gray and green-gray, 
very glauconitic, calcareous, grades to very silty Limestone. 
Streaks Shale, medium green, fissile; Limestone, white, fine 
crystalline to chalky, muscovite flakes. 
Increase in Shale as above'; Limestone, white-buff-light 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 light brovm, very 
fine to microsucrosic. 
Shale, light gray and medium green, fissile, calcareous, trace 
silt and glauconite. Limestone.and Dolomite as above. 
Shale as above and Limestone, white to buff, chalky to medium 
crystalline, pin-point glauconite, 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, brovm, tan and cream, microgranular to fine 
granular, silty in part, scattered coarse grains, tight. 

DRY CREEK 6454 feet (Log) 

6455 6465 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, 
fissile. 

5465 6495 Shale, green, fissile; Siltstone, grading to very fine Sandstone, 
light gray and light brovm, calcareous to very calcareous, 
glauconitic in part, tight; trace Shale, maroon fissile. 

5495 6505 Shale, green, trace dark gray and maroon, fissile, (sample 
appears to have been taken from coarse side of sieve). 

5505 6536 Shale as above with Limestone, cream, pale gray and tan, micro­
granular and cryptogranular, silty in part; Limestone, brown and 
grayish brovm, 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. 
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From To Descriptions 

PILGRIM 6535 feet (Log) 

6536 5560 As above with little Limestone, cream, tan and grayish tan, 
microgranular to coarse granular with pebbles of green and brovm 
cryptogranular Limestone; trace Limestone, cream, very fine to 
fine granular, scattered black grains and rounded fine sand 
grains. ' 

6560 5575 Sandstone, light gray, very fine to fine, very glauconitic, 
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. 

6575 6585 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 medium granular, sandy in part, scattered 
pyrite. 

6585 6515 Limestone, tan and light grayish brovm, microgranular to fine 
granular, silty in part, slightly glauconitic in part, tight; 
interbedded vdth Shale, green and dark gray, fissile. 

6615 6630 As above with a little Sandstone, white, very fine grained, 
calcareous, scattered black grains and rare glauconite grains 
in part, mostly tight, traces porosity. 

6630 6645 Limestone, tan microgranular, chalky, argillaceous, sandy in part, 
scattered fossil fragments; Limestone, light brovm, fine to medium 
granular, scattered coarse grains, rare glauconite grains, 
scattered black grains, trace pebbles of green argillaceous 
microgranular Limestone; Shale, gray-green, micaceous in part, 
fissile. 

GROS VENTRE 6542 feet (Log) 

6645 6665 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 calcite grains (fossil fragments ?), very 
calcareous in part, very argillaceous in part grading to sandy 
shale, scattered muscovite flakes, tight, 

6665 6745 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 microgranular at about 6740 feet. 

5745 5845 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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From To 
5845 5965 

5965 6970 

6970 6985 

6985 7005 

7005 7042 

7042 7050 

7050 7052 

7062 7067 

7057 7072 

^ . ,. • Page 47 
Descriptions ^ 
Sandstone, light 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, fissile; traces tan fossil fragments; increase in Shale 
from 6885-5905; traces Sandstone, light gray, very fine grained, 
glauconitic, calcareous, with scattered black and green pebbles 
and coarse grains, trace cihlorite flakes, tight, from 6905-5915 feet. 
As above with Limestone, tan and grayish brown, microgranular, 
subchalky in part, slightly glauconitic in par"t, tight; trace 
Limestone, tan, fine granular with scattered oolites, tight; 
trace Dolomite, tan microcrystalline and very fine crystalline, 
tight. 
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 to very fine, glauconitic, micaceous, siliceous, slightly 
calcareous, tight, no show. 
Shale, medium gray-green, green and gray, some purple, splintery, 
micaceous in part, slightly calcareous in part. 
Sandstone, white to very light green-gray, medium toffine, 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; 
trace rust stain. 
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 

CORE NO. 19 7071 to 7095.4 feet. Recovered 24.4 feet. 
7071 7072 Irregular-bedded Shale, medium to dark green, fissile (poker chip), 

sandy; Sandstone, light gray, some gray-green, medium to coarse, 
glauconitic, tigh-t. One-inch bed of Sandstone at 7071.5 feet. 

7072 7074.5 Burrowed Shale and Sandstone as above, bedding destroyed. Large 
subrounded quartz fragments floating in Sandstone. 

FLATHEAD SANDSTONE 7073 feet (Log) 

7074.5 7075.3 Sandstone as above with Irregular Shale beds as above. 
7075.3 7080 Burrowed Sandstone and very sandy Shale, as above, bedciing destroyed. 

Scattered red rust spots in Sandstone. 
7080 7080.5 Sandstone and Shale as above. Irregularly bedded, scattered red 

rust spots in Sandstone. 
7080.5 7083 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 ?) Infill, 
tight to trace porosity. 

7083 7085.25 Interbedded Sandstone, white to cream, fine to coarse, poorly sorted 
calcareous, tight; and Shale, dark brovm 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 brovm and black grains and rust 
spots, tight. Occasional thin gray and green Shale partings, sandy. 
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Prom To Descriptions 
7092 Sandstone, cream to tan, medium to coarse, clay filled, tight. 
7093 Sandstone, rust red to maroon, medium to coarse, some large 

quartz and chert grains, rounded to euhedral, argillaceous, tight. 

7091 
7092 

7093 7093.5 Sandstone, cream, coarse and conglomeratic to medium, trace 
light green chlorite, slightly calcareous, scattered light orange 
and light yellow coarse quartz grains, tight. 

7093.5 7095.4 Sandstone,, rust red to maroon, medium to conglomeratic, very 
poorly sorted, very argillaceous (red clay matrix, , large quartz 
grains are rounded to euhedral, some are frosted and pitted), , 
slightly calcareous,vdth one small calcite veinlet, tight. 
Small scale cross-beds, 

END CORE.- NO. 19 

7095 7120 Sandstone, rust red, coarse to medium, argillaceous, and Sandstone,-
white, medium to coarse, quartzitic in part, trace glauccsiite; 

, tight. 
7120 7135 Conglomerate to very coarse Sandstone, rust red, maroon, white 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. 

7135 7140 As above. Trace Tripolite, white and light orange, some mottled. 
7140 7145 Poor sample. Lost circulation material. Rough drilling. As 

above with increase in Tripolite, 

PRECAMBRIAN GNEISS 7142 feet (Log) 

7145 7160 Samples composed of quartz, biotite and minor amount of feldspar, , 
clear, orange, pinkish, some amber, white Tripolite with biotite, 

7160 7170 Milky to white quartz and feldspar, black biotite, trace green 
and orange; Tripolite, white, biotitic, 

7170 7174 As above, clear to milky, some white, trace red and green spots 
(Hematite ?). Tripolite, white, biotitic. Trace pyrite. 

CORE NO. 20 7174 to "190 feet. Recovered 16 feet. 
7174 7177 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 
(70-90 ) , Rare yellow-green transparent mineral. 

7177 7183 As abo-ve with addition of medium green clay-like (chlorite ?) 
mineral, slight increase in yellow-green transparent mineral. 

7183 7185 As above with increase in orange to pinkish feldspar, Schlieren 
flow structure with quartz and feldspar predominant. 

7185 7188 Gneiss, gray and white colors about equal. Schlieren flow 
structure pronounced. Dominant minerals are quartz, plagicxrlase 
feldspar and biotite. Accessory minerals are hematite and trace 
yellow-green mineral. Trace pyrite. 

7188 7190 As above with veritcal to high-angle flow structures (70-85 ). 
END CORE NO. 20 

TOTAL DEPTH 7189 feet (Log), 7190 (Driller) 
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HORIZONTAL VKRTICAL 

CORE ANALYSIS RESULTS 
(Figurei in psrentbefn re f r r to footnote r e m t r k i ) 

POROSITY 
PERCENT 

RESIDUAL 
SATURATION 

OIL 
% VOLUME % PORE 

TOTAL 
WATER 

% PORE 

PROBABLE 
PRODUCTION R E M A R K S 

1 
2 
3 
It 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
l l4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21* 
25 
26 
27 
28 
29 
30 
31 
32 
33 
31+ 
35 
36 

Ty 
U300.5 
1(302.6 
1+305.8 
U308.9 
1+310.7 
1+362.1 
1+368.2 
U369 
1+370 
14388 
1+388 
1+389 
1+390.8 
1+391 
1+392, 
1+397.5 
1+1+00.0 
1+1+03.5 
1+1+72.3 
1+I+71+.3 
1+1+79.7 
1+1+81.0 
1+600.5 
1+603.6 
1+601+.9 
1+609.2-09, 
1+611.0 
1,613.5-13. 
1+618.2-18. 
1+623.3 
1+621+.0 
1+625.8 
1+626.8 
1+629.7 
1+633 •I+-33. 
U63U.1 

1 

l+i 
27 
91 
5. 

11+ 
12 
28 

$ • 

0. 
*11 

0, 
*9. 

0, 
0, 
0, 
1, 

U2 
6. 

12 
6. 
0, 
0, 
0, 
0. 
0, 
5. 
0, 
0, 
3 . 
1+. 
0, 
2, 
0, 
0, 

2 
27 

33 
9 
53 
26 
08 
5 

1 
05 
06 
05 
98 
17 
3 
52 
07 
6 
1 
2U 
1 
69 
07 

1+9 

35 

k.5 

3.7 

* H A I H 1 I N E FRACTUHE 

NOTE: 
I • ) REFER TO ATTACHED LETTER. 
( I ) INCOMPLETE CORE RECOVERY-

10.9 
10.2 
12.7 
13.2 
11+.8 

9.9 
9.2 
8.7 

12.5 
10.2 

8.2 
7 .1 
8.9 
7 .8 
5.8 
2 .8 

13.1+ 
6.1+ 

13.8 
k 
1+ 
5 

.6 

.6 

.5 
0.3 
0.1+ 
0 
h 
7 

13 
8 
2 
6 

16 
7 
9 
7 
5 

MADISON LIMESTONE (MISSION CANYON) 

INTERPRETATION RESERVED. 
(2> OFF LOCATION A N A L Y S E S - N O INTERPRETATION OF RESULTS. 

n i n e uul rsn . opUilaiu cr Interpratatlnu a n bucd on obKrvttloni uid mitMala supplied by tlw client to whom, and tor whoK exclusive «nd confldentUl 
uae, this report Is made. Hie InterpretaUona or opinions expressed represent the best |udEment of Coce LatMratorles. Inc. (all errors and omlsstons ex­
cepted) ; buf Core Laboratories, Inc.. and Its officers and employees, assume no responsibility and ma^e no warranty or representations, as to the productivity, 
proper operatlen. or profitableness at any oil, gas or other mineral well or sand In connection with which such report is used or relied upon. 
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DEPTH 
FEET 

PERMEABILITY 
MILLIDARCYS 

HORIZONTAL 

RESIDUAL 
SATURATION 
o,L TflTAL 

%voLUM.%.K,.i | jg-^y;. 
GRN. 
DNS. 

R E M A R K S 

37 1+635 
38 U637 
39 U61+2 
1+0 1+61+6 
1+1 1+711 
1+2 1+713 
1*3 1+715 
hh U717 
1*5 U726 
1+6 1+81+8 
1+7 1+851+ 
1+8 1+855 
1+9 1+859 
50 1,861, 
5 1 1+861+, 
52 U871. 
53 1+875. 
51. 5285. 
55 5287, 
56 5289, 
57 5290, 
58 5297. 
59 5305. 
60 5311+. 
61 5318, 
62 5323. 
63 5326. 
61, 5336. 
65 5336. 
66 5376. 
67 5379. 
68 5383. 
69 5386. 
70 5392. 
71 5393. 
72 5398. 
73 51+00. 
71+ 5 U 1 0 . 

. 7 -35 .9 

.1+-37.7 

.7-1+3.0 

.0 

. 5 -12 .0 

.1+-13.6 

. 7 - 1 6 . 1 

.1-17.1+ 

. 2 - 2 5 . 5 

.3-1+8.6 

.2-51+. 5 

.5 

. 1 - 5 9 . 3 

. 2 - 6 1 . 5 

.6-61+.9 

. 1 - 7 1 . 3 

. 1 - 7 5 . 3 

.1+-85.7 

.1+ 

. 7 - 9 0 . 0 

.6 

. 5 - 9 7 . 8 

.7 

. 3 

.7 

.2 

. 3 

. 1 

.8 

.3 

.8 

.9 

. 6 -87 .0 

.6 

. 8 -93 .9 

.1 -98 .6 

. 0 - 0 0 . 3 

.2 

<V 
0.15 
0 .15 
0 .11 
1.3 
0 .55 
0 .98 
0.07 
0.06 
0.12 
0.02 
0,11+. 

87 123 
1+5 151+ 

9 . 1 
0.22 
0.76 
0.07 

Uh 3 .5 
3 .8 
0.79 
1+.3 

33 3.1+ 
0 .85 
0 .72 
3 .6 
0 .28 
2 . 1 
0.1,8 
0 .37 
0.01+ 
0 .23 
U.3 
0 .26 
0.10 
0 .09 
0.01+ 
0.01+ 
0 .05 

9 .2 
i+.5 
1+.6 
9 . 1 

13 .2 
u . 8 

1+.9 
5.9 
6.7 
2 .8 
6 .8 

1 7 . 1 
1 7 . 1 
11,. 1 

3.7 
7 .2 
1+.7 

18 .3 
10 .2 

9 .7 
IU.9 
16 .5 
22 .1 
18 .7 
21.1+ 
11 .8 
15 .7 
10.1+ 
13.7 

1.0 
3 .5 
6.9 
6 .2 
5.7 
5 .8 
3.8 
1.6 
0 . 5 

MADISON LIMESTONE.' (MISSION^ 
CANYON) 

2.85 

MADISON LIMESTONE (LODGE-
2.85 POLE). 
2.81, 

2.71+ 
2.67 
2.76 

2.69 

2.85 

DEVONIAN UNDIVIDED 

NOTE-. 
I * ) REFER TO ATTACHED LETTER. 
<•> INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

12) OFF LOCATION ANALYSES-NO INTERPRETATION OP RESULTS. 

These analyses, opinions or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and c<»fM>ntLil 
^ " i . S i ' r ? ? ? *• P ' £ ^ - . ^ ' interpreutlcms or opinions expressed reprcR^t the best Judgment of Core Labor.torles. S c . ( 3 l r r r o n ^ S ^ S a T t x . 
cepted): but Core Lsborjtorles. Inc.. and Its efJlcerj and employees, assume no rejponsiDlllty and make no warranty or I»presentaU:mi as t c T S i e ^ S d S S v l t v 
proper operation, or proflUblenesa ot any oU, (as or other mineral weU or sand In connecUon with which such report is used or reUed upm,. t " ^ " " ^ " ' ' . 
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CORE ANALYSIS RESULTS 
(Figures in parentheftt rtfer to footnote remariu) 

• A H P L I 
NUMRKR 

DEPTH 
FEET 

PERMEABIL ITY 
M I L L I D A R C Y S 

HORIZONTAL 

w 

RESIDUAL 
SATURATION 

TOTAL 

%voLUM;"%ro..[ ^^;^^ 
GRN. 
DNS. 

R E M A R K S 

75 
76 
77 
78 
79 
80 
81 
82 
83 
81+ 
85 
86 
87 
88 
89 
90 
91 
92 
93 
91+ 
95 
96 
97 
98 
99 

100 
101 
102 
103 
101+ 
105 
106 
107 
108 
109 
110 
111 
112 

51+15.0-15.3 
51+19.5-19.8 
5659.1+ 
5661.3-61.6 
5661+. 8-65.0 
5665.9-66.3 
5668.2 
5668.1+-68.6 
5671.6 
5673.2 
567l+.6-7lt.9 
5677.6-77.9 
5679.6-79.9 
5681.0 
5681,.8-85.1 
5686.3-86.6 
5690.0-90.3 
5830.3-30.5 
5832.9-33.1 
5835.5-35.9 
5839.1-39.1+ 
581,2.9-1+3.2 
58U7.5-U7.8 
5850.1-50.1+ 
5853.6-53.8 
5856.2-56.5 
5858.3-58.7 
7078.2-78.3 
7079.I+-79.5 
7083.3-83.5 
7086.1-86.2 
7088.2 
7092.3 
709I+.5 
7097.0 
7097.6 
7099.0 
7101.2 

0.06 
0.03 
0.85 
0.68 
0.08 
0.07 

2.6 
1.7 

12.0 
9.0 
5.0 
5.9 

0.08 
0.08 
0.1+5 
1.3 

*l+.2 
1.2 
l+.l. 
0 .75 
0.93 
1.9 
0 .31 
0 .11 
0.1+7 
0.20 
0.63 
0.33 
0.1+7 
0.1+1 
1.7 
0.51+ 
2.2 
0 . 9 5 
0.50 
0.1+7 
0.08 
0.01+ 
0 .11 
0 .23 
0.10 
0 .23 
0 .13 
0 .05 

1+.3 
7.1+ 
6.6 

10.6 
10.7 
11.3 

7 .5 
7.6 
7 .6 
6.7 
3 .5 
8.2 
I+.9 
6.6 
7 .3 
6.2 
6.6 
7.8 
7.U 

10.1+ 
3.9 
3.2 
2 .5 
1.9 
2 .8 
6.3 
6 .1 

5.e 
1.1 
3.5 
5 .1 

•HAIHLINE IBACTDBE 
NOTE: 
( • ) REFER TO ATTACHED LETTER. 
( I I INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

2.85 DEVONIAN UNDIVIDED 

STONY MOUNTAIN FORMATION 

RED RIVER FORMATION 

2.86 

2.85 

2.85 

2.85 
2.85 

2.85 
2.85 
2.86 
2.76 

2.76 
2.78 
2.66 

2.65 
2.61+ 
2.65 
2.70 
2.66 

1 2 ) OFF LOCATION A N A L Y S E S - N O INTERPRETATION OF RESULTS. 

FLATHEAD SANDSTONE 

n ic se analysea. opinions er interpretations are based on observatlans and materials supplied by the client to whom, and for whoee exclusive and confidential 
use. this report Is made. The InterpreUtlons or opinions expressed represent the best iudzment of Core Laboratorlea. Inc. (all errors and omissions ex­
cepted) ; but Core LaAioratorles, Inc., and its officers and employees, assume no responsibility and ma)te no w a r r a n t or representaUona, aa to the productivity 
proper operation, or profitableness of any oU, gas or other mineral well or sand in connection with whioh such report is used or relied 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 pf 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 
4̂ 5-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*5-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 Ib/in^/ft to a minimum of 0.502 Ib/in^/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 isolated 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 Ib/in^. 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.—Sumnary of d r i l l - s t e m - t e s t d a t a 

[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 
Interval Recorder Extrapolated hole- ° f". °~ pipe fill- Flow pressure preosure at Water , ,f 

- J /r t . % metric , , , .-, r . production 
Test Formation (ft below eleva- pressure temper- . up and volume while surface anal- . , 

«̂ „\' J /1I./J 2\ surface ,_ c , / j \ c. j j rate during 
KB) tion (Ib/in'̂ ) ature , , flow (gal/mln) flowing gauge ysis i 

-o , elevation /„j_\ test 
( ^> ^"^"^ ( l b / l n 2 ) ( l b / l n 2 ) (ga l /mln) 

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 
g n e i s s 6 ,984-7,190 -3 ,954 3,513 76.4 4,150 . 31 83 36 ^jgj^ yes 131 

5 Pilgrim 
Limestone 6,550-6,635 -3,520 Not usable; 62.2 0 0 0 0 No 

no effective 
permeability 

6 Red River 5,748-5,940 -2,718 • I ' l H .55.8 ^'gg^ 32 53 45 444 Yes 104 

7 Upper Red River 
and Stony 
Mountain 5,608-5,743 -2,578 2,852 52.6 4,001 81 20 0 441 Yes 40 

8 Devonian (un­
d iv ided ) 5 .450-5,596 -2 ,418 2,816 51 .1 4.078 0 0 0 0 No 

9 Upper Devonian 
and Madison 
(Lodgepole) 5,250-5,440 -2,218 2,750 . 54.3 4,126 82 13 0 >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 —~dc 4,598-4,788 -1,566 2,409 Not 3,992 35 43 3 444 Yes 75 
valid 

12 —-do 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 4'2-In, 16.6-lb drill pipe. 

^Lou surface sliut-in pressure probably due to high salinity of water column in drill pipe. 
The difference between the extrapolated initial and final shut-in pressures (52 Ib/in^) indicates that depletion of the aquifer may have 

been caused by the final flow period., Tht tested reservoir may be of limited areal extent, or a boundary condition may exist a relativaly short 
distance from the well-bore. 
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Figure 6.—Inflatable straddle-packer tool for conventional drill-stem tests. 
CCourtesy 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 1,00,0 gal/minv'.-The measured and calculated 
production totals are less than the potential 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 indeterminate. 

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-
missivitles 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 Ib/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 from 
6,235 to 6,135 ft. A 7-in O.D. casing liner with four external casing 
packers, positioned to isolate selected water-bearing zones, 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-ln casing presently is perforated at two water-bearing 
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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/min from the 
perforated intervals. 

Completion of the well, including removing of the sloughing 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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Dri l l -S tem t e s t s 

Phone 
522-1206 Area 303 LYNES, INC. Box 712 

Sterling, Colo. 80751 

Cnntracfnr M o l e n D r l s . 
Rig No. 4 
Kpnl 

Spr 3 5 

Twp 2 N 

Rng 2 7 E 
Fi(=iri • W i l d c a t 

CniintY Y e l l o w s 
StatP Montana 
Fixa t ion 3 0 3 9 . 8 ' 
Formation L a k o t a 

Co . I n c . 

tone 

"K.B." 

Top Choke 1 " 
Rtittnm Chnkfi 9 / 1 6 " 
Ri7P Hnlfi 8 3 / 4 " 

Si7fi R a t Hnlfi 

Si7eX, Wf n P 4 1 / 2 " 1 6 . 6 0 

Si7eWf Pipfi 4 1 / 2 " 2 7 4 ' 

1 D of D C 2 1 / 4 " 

1 ength nf n C 2 9 1 ' 
Total Depth 4 4 1 4 ' 
Interval Tested 3 4 0 7 - 3 4 4 1 ' 

Sandstone Tvns of Test • I n f l a t e 
S t r add le 

I — • • - • - - . . , 
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Water No 
^luid 
/ mud cut water = 38.54 b b l . 
ig mud = 4.81 b b l . 

Dol opened with no blow, i n c r 
3ttom of bucket i n 4 minutes 
s r i od . 
Dol opened with a 5" underwat 
f bucket i n 3 minutes and rem< 
30l opened with a 4" underwat 
f bucket i n 3 minutes and rem 
3ol opened with a good blow, 
icke t in 2 minutes and contini 
smainder of flow pe r iod . 

Flow No 1 6 
Shiit-in No 1 6 2 
FInw Nn ? 3 0 
Shiit-in Nn 9 6 0 
FInw No .? 9 2 
Shiit-in Nn ,T 9 0 
F l o w N o . . 4 1 5 0 

Bottom o 
Hole Temp 1 2 0 F 

Min. 
Min. 
Min. 

; Min 
Min 
Min . 

Min. 

Mild Weight 1 0 . 8 

Gravity —^ 
Vism^ity 5 8 

TnnI npeneri ® 3 : 4 5 PM. 

Outside Recorder 
PRn Make Kuster K-3 
No 8 8 8 9 Cap 3 0 0 0 0 3 4 1 4 ' 

Press Corrected 
Initial Hydrostatic A 

Final Hydrostatic K 
Initial Flow B 

Final Initial Flow C 
Initial Shut-in D 

Second Initial Flow E 

Second Final Flow F 
Second Shut-in G 

Third Initial Flow H 
Third Final Flow 1 

Third Shut-in J 

' 4 th I n i t i a l Flow 
4th F i n a l Flow 

1 ynps nî f • B i l l ingf 
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.1791 
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5, MT. 

niir Tester: <J. ReSCOe 
Witnessed Ry:D. Blankenagel 
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LYNES, INC 

Operator United s t a t e s Geological Lease & No. 
,.=.= Survey 

Madison Limestone Test 
Well #3 

DST No. 

Inside Recorder 
PRD Make Kuster K-3 
Nn 13137 Cap 2950 (a 3383' 

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 
4th Initial Flow 
4th Final Flow 

Pressure Be low B o t t o m 
Packer Blecj T o 

1936 
1908 
89 
238 
1790 
295 
524 
1764 
582 
1064 
1755 
1124 
1530 

Outside Recorder 
PRD Make Kuster K-3 
No 12773 Cap 3050 

Press 

ta 3414' 
Cor rec ted 

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 
4th Initial Flow 

1953 
1924 
109 
237 
1799 
319 
535 
1773 
589 
1087 
1763 
1143 

4th Final Flow 

Pressure Be low B o t t o m 
Packer Bled T o 

1545 
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LYNES, INC 

nppratnr United s t a t e s Geological 
•Si i rvpy 

Lease & No Madison Limestone Tes t 
_ _ = WPII i n 

__ DST No.-

Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Maximum T e m o e r a ' t u r e 

Pressure Be low B o t t o m 
Packer B led T o 

Co r rec ted 

1 2 0 " F 

Outside Recorder 

PRD Make Kuster K-3T 

Nn 6083 • Cap.277^ 3414' 

Outside Recorder 

PRD Make Kuster K-3 

Nn 12775 Cap 3050 
Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow i 
Third Shut-in J 
M in imum p s i 

Pressure Be low B o t t o m 
Packer B led T o 

Cor rec ted 

1974 
1952 

— 

— 
— 
— 
— 
— 
— 
1878 

1878 
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LYNES, INC 
Fluid Sample Report 

Company- United States Geological Survey. 

Well Name & Nn Madison Limestone Test Well #3 

Cnunty Ysllowstone 

Test Interval 3 4 0 7 - 3 4 4 1 ' 

Date-

State-

DST No. 

9 - 2 1 - 7 8 

Ticket IMn 16505 

Montana 

Total Volume of Sampler: _ 

Total Volume of Samole' 

Pressure in Sampleri 

Oil: 

Water: 

Mud-

Gas: 

Other: 

Make Up Water 

Mud Pit Sample 

Gas/Oil Ratin 

•Where was sample drained 

2800 

2750 

20 

None 

None 

2750 

None 

None 

R.W. 

2 . 3 

1 .6 

On l o 

1 . 2 § 105°F = 3300 p p m . c h l . 

Resistivity 

(5) 70 F „ , Chlnride Content 

(3) 74 F „ f Chlnririe Content 

Gravity 

c a t i o n 

2500 

3500 

°API @ 

r''. 

rc, 

nsin 

rc 

Cll f t 

_ p p m . 

_ p p m . 

...°F 

Remarks-
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LYNES, INC 

nperatnr United s ta tes Geological Lease & No Madison. Limestone Test n<;T No L 
Survey WeU #3 

Comments relat ive to the analysis of the p re s su re 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 r e s e r v o i r and fluid proper t ies and 
tes t parameters have been used: 

B H T = 1 2 0 ° F . , | i = 1 . 0 c p . , h = 29 feet, t = 278 minutes, 
m (of the extrapolation curve for the Srd shut-in p r e s s u r e 
build-up curve) =110 psi/ log cycle. 

1. Extrapolation of the Initial Shut-in p re s su re build-up curve indicates a 
maximum rese rvo i r p res su re of 1802 psi at the r ecorde r depth of 3414 
feet. Extrapolation of the Second Shut-in p re s su re build-up curve indi­
cates a maximum rese rvo i r p res su re of 1802 psi . Extrapolation of the 
Third (Final) Shut-in p ressu re build-up curve indicates a maximum r e s ­
ervoir p re s su re of 1797 psi . The difference between the th ree ext rap­
olated p re s su re s (a total difference of 5 psi) is considered insignificant. 

The indicated maximum re se rvo i r p re s su re is reasonably consistent 
with original r e se rvo i r p re s su re s which were found In the Lakota fornna-
tion at comparable depths and ea r l i e r dates in the general a r ea of this 
formation tes t . 

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 b a r r e l s and 
the total flowing t ime of 278 minutes (includes the 150-minute Fourth 
Flow period). 

3 . The calculated Damage Ratio of 1.2 indicates that no significant well-
bore damage was present at the t ime of this formation t e s t . 

4 . The calculated Effective Transmiss ibi l i ty of 332.5 md. -ft. / c p . indicates 
an Average Permeabil i ty to the produced fluid of 11.4 nnd. for the repor ted 
29 feet of effective porosity within the total 34 feet of interval t es ted . 

5. The evaluation c r i t e r i a used in the DST Analysis System indicate that the 
resu l t s obtained in this analysis should be rel iable within reasonable l imi ts 
relat ive to the asstomptions which have been made . 

fer L . Hoege; 
Consultant to L 
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LYNES INC. 

REPORT #1272 

WELL NAHE •- MADISON LIMESTONE TEST WEL 

WELL OPERATOR - U.S.G.S. 

DST NUMBER ~ 1 

RECORDER NUMBER, - 8839 

I. 3 

FIRST SHUT IN PRESSURE 
.™ _^ 

TIME(MIN) 
PHI 

.0 
6.2 
12.4 
18.6 
24.8 
31.0 
37.2 
43.4 
49.6 
55.8 
62.0 

—.-. „ 

(T-fPHI) 
/PHI 

.0000 
1.9677 
1.4839 
1.3226 
1,2419 
1.1935 

. 1.1613 
1.1382 
1.1210 
1.1075 
1.0968 

• " " ~ " " 

PSIG 

243 
1720 
1754 
1768 
1775 
1781 
1784 
1786 
1788 
1790 
1791 

EXTRAPOLATION OF FIRST SHUT IN 1802.41 
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LYNES INC. 

REPORT #1272 

WELL NAME •- MADISON LIMESTONE TEST WE 

UELL OPERATOR - U.S.G.S. 

DSr NUMBER • 1 

RECORDER NUMBER ••- SS89 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
6.0 
12.0 
18.0 
24.0 
30.0 
36.0 
42.0 
48.0 
54.0 
60.0 

(TiPHI) 
/F'HI 

. OOOO 
7.OOOO 
4.0000 
3.OOOO 
2.5000 
2.2000 
2.0000 
1.8571 
1.7500 
1.6667 
1.6000 

•̂SIG 

S39 
1648 
1690 
1714 
1.730 
1740 
748 

1754 
1759 
1.763 
1.766 

EXTRAPOLATION OF SECOND SHUT IN 1803.40 
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LYNES INC 

REPORT iH272 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR • U.S.G.S. 

DST NUMBER - 1 

RECORDER NUMBER - 8889 ' 

THIRD SHUT IN PRESSURE 

TIMECMIN) (T-IPHI) PSIG 
PHI /PHI 
" "- " 

.0 
9.0 
18.0 
27.0 
36.0 
45.0 
54.0 
63.0 
72.0 
81.0 
90.0 

.0000 
15.2222 
8,11.1.1 
5.7407 
4.5556 
3.8444 
3,3704 
3.0317 
2.7778 
2,5802 
2,4222 

1079 
1656 
1691 
1709 
1721 
1731 
1738 
1744 
1749 
1753 
1755 

FITTED L I N E : LOG( (TO+PHI)/PHI) = -.00911 PSIG -i- 16.36800 

EXTRAPOLATION OF THIRD SHUT IN ••-- 1797.19 M -- 1Q9..80 

R E S E R V 01R PARAME TERS t 

COLLAR RECOV 565.000 PIPE RECOURY 2798.000 INIT FLO TIM 6.000 

FINL FLO TIM 92.000 MUD EXPANSN 1.000 BOTTM HOL TM 120.000 
API GRAVITY 10.000 SPEC GRAVITY 1,000 VISCOSITY 1,000 
PAY THICKNES 29.000 SUBSEA DEPTH -374,200 WATER GRADNT ,433 
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REPORT #1272 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR ••- U.S.CS. 

DST NUMBER • 1 ^ 

RECORDER NUMBER -• 8889 

CALCULATIONS; THIRD SHUT IN 

EXTRAPOLATED RESERVOIR PRESS.(PSIG) ................. 1797.2 

NO • Or r'O.I.N I \'.> !:;.N I l;;.r%'L/.l *•« + *•**•******•*»•»•*•«•«•«*•*»• 

NO. OF PO I N T S USED IN E X T R A P O L A T I O N .............. 

ROOT MEAN SQUARE DEVIATION OF BEST FIT LINE(PSI) . 

TOTAL FLOW TIME<MIN) .•,...«..««.,................. 

AVERAGE PRODUCTION RATE DURING TEST(BBLS/DAY) ,.,.,..... 

] RANi:>Mi SSI BILl 1 Y(MD""I'' T/CP) •*.,.....*.. * * * .......•.,•.... 

.1N I'j X 1 U C A I"' A CI I T (M D "•• rl) ...........••...* + #.•...*...••.. 

AVERAGE EFFECTIVE PERMEABILITY(MD) .................... 

PRODUCTIVITY INDEX(BELS/DAY-PSI) ...................... 

PRODUCTIVITY INDEX WITH DAMAGE REMOVED(BBLS/DAY-PSI) ... 

RADIUS OF rNVESTIGATION(FT) ........................... 

DFvAkUJuwN F H L rOK (/i) + + **•*•*•»*»»••** + ***•*•&«*•»•«•*«•»•*• 

POTENTIOMETRIC SURFACE(FT) ............................ 

11 

5 

128 

224 

332 

332 

11 

1 

38 

•5776 

.0 

.0 

^008 

.0 

.5 

,3 

.5 

.46 

.313 

.2 

.374 

.3 

.3 

.3 
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United S t a t e s 
nppratnr Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Lease & No._MadisQn_lain£atQne__23_ .DST No JL 

1700 1720 17^0 1760 
psig. 

1780 1800 1820 
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Phone 
522-1206 Area 303 LYNES, INC Box 712 

Sterling, Colo. 80751 

Ji5_ 

Con tractor J to l f in_D-ElS^_Ce 
Rig No { L . 

Spot = 
Sec 
Twp. __ 
Rng. 
Field 
County. 
State •_!_ 

Top Choke •_ 
Bottom Choke. 
Size Hole 

1" 
9/16" 
8 3 / 4 " 

2 N 4 1/2" 16.60 
_27JL 
_Wildcat_ 
Yenow.stone 
Montana 

Elevation - j m q . a ' " K . R . " 
Formation MadJSOn 

Size Rat Hole. 
Size & Wt. D. P. 
Size Wt. Pipe 4 1 / 2 " 2 7 4 ' 
I. D. of D. C 2 1 / 4 " 
Length of D. C 1 8 7 ' 
Total Depth 4 4 1 4 ' 
Interval Tested. 
Type of Test 

4290-4414' 
Bottom Hole 
Inflate 

T 

Flow No. 1 
Shut-in No. 1 

Flow No. 2 
Shut-in No. 2 
Flow No. 3 
Shut-in No. 3 

Bottom 
Hole Temp. 
Mud Weight 
Gravity 
Viscosity 

Tool ooened @ 

10 
60 
30 
90 
560 
30 

126°F 
10.8 

58 

5:30 PM. 

Min. 
Min 
Min 
Min. 
Min. 
Min 

Outside Recorder 
PRD MakP Kuster K-3 
No. 8889 Cap 3000 

Initial Hydrostatic 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow 
Initial Shut-in 
Second Initial Flow E 
Second Final Flow 
Second Shut-in 
Third Initial Flow H 
Third Final Flow I 
Third Shut-in 

& 4296 
Correc ted 

2449 
2419 
1948 
2157 
2340 

2210 
2284 
2344 
2276 
2288 
2344 

Lynes ni.:t • B i l l i n g s , MT. 
Our Tester:. J - Rescoe 
Witnessed RyP. Blankenagel 

r/3 
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rt 
H-
f/1 
r t 

'̂  H-
a-
C 
r e 
H-
O 
W 

C 
3 
H-
r l -
(D 
a. 
M 
n-
11) 
rt-
(1) 
(A 

C3 
ro 
o 
M 
o 
(n 
H-
O 
11) 
! - • 

tn 
c 
" l 

< ro 
<<: 
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M 
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^ 03 
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H-
(0 
o 
3 
r-
H-
3 
(D 
rn 
rt-
o 
a (D 

H 
(0 
W 
n-
E: 
(1) 
1-" 
w 

Did Well Flow Water Yes 

RECOVERY IN PIPE: Test Flowed Water. 

REMARKS: 

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

2nd Flow - Water to surface in 4 minutes. 

3rd Flow - Water to surface. Flowed at 115 gallons per minute with 
56 psi back pressure. 
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United States Geological Survey, Madison Limestone Tes t Well #3 
Interval: 4290-4414' (DST #2) 

Comments - Page 2 

2. The calculated Average Production Rate which was used in this analysis, 
3942. 9 BPD, is based upon the repor ted measured water flow ra te of 
115 gallons/minute, which was m e a s u r e d during a portion of the thi rd 
flow period.. 

3. The calculated Damage Ratio of 1 ^ indicates that slight wel l -bore dam­
age was present at the t ime of this formation tes t . The Damage Ratio 
implies that the production r a t e should have been 1.5 t imes g rea te r 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 ra t e which occurred during this test , that the indicated wel l -bore 
damage is most probably due to the choke effect of res t r ic t ions within 
the tes t tool ra ther than actual formation damage. . 

4 . The calculated Effective Transmiss ibi l i ty of 79, 913.0 md. -ft. / c p . indi­
cates an Average Perntieability to the produced fluid of 823. 9 md. for 
the reported 97 feet of effective porosity within the total 124 feet of in­
terval tes ted. 

5. The evaluation c r i t e r i a used in the Dr i l l -S tem-Tes t Analysis System in­
dicate that the tools and r eco rde r functioned properly; however, as noted 
above, because of the question concerning the reliabil i ty of the interpreted 
slope of the extrapolation plot for the Final Shut-in p r e s s u r e build-up curve, 
the numerical resxilts obtained in this analysis should be considered as indi­
ca tors ra ther than quantitative values . 

'T L . Hoeger 
sultant to Lynes, Inc. 
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LYNES INC. 

REPORT *1273 

WELL NAHE -• MADISON LiHESTOWE TEST WE 

WELL OPE I'i: A TOR - U.S.G.S. ' 

DST NUMBER •• 2 

RECORHER NUMBER -- 8889 

F.TRST SHUT IN PRESSURE 

riME(MIN) n-fPHI) 
PHI 

.0 
6 . 0 ; 
12.0 
18.0. 
24.0 
•M.O 
36.0 
42.0 
48.0 
54.0 
60,0 

/PHI 

.0000 
l , 6 6 6 ^ / 
1. . 8333 
1. .5556 
1. .4167 
1.. 3333 
1.2778 
1. .2381 
U2083 
1. .1852-
l. .1667 

PSIG 

„„._ 

2157 
2337 
2333 
2339 
2339 
2339 
2339 
2339 
2339 
2340 
2340 

EXTRAPOLATION OF FIRST SHUT IN = 2342.30 
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LYNES INC. 

REPORT tl273 

WELL NAME •- MADISON LIMESTONE TES) 

WELL OPERATOR - U.S.G.S. 

DST NUMBER - 2 

RECORDER NUMBER - 8889 

WELL 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
9.0 
18.0 
27.0 
36.0 
45.0 
54.0 
63.0 
72.0 
81.0 
90.0 

(T-{PHI) 
/PHI 

. OOOO 
5.4444 
3.2222 
2.4815 
2,1111 
1.8889 
1.7407 
1.6349 
1.5556 
1.4938 
1,4444 

PSIG 

2284 
2337 
2339 
2340 
2341 
2342 
2343 
2343 
2343 
2344 
2344 

EXTRAPOLATION OF SECOND SHUT IN ^̂ :̂ 2346.64 
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LYNES INC. 

REPORT *1273 

WELL NAME ••- MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - U.S.G.S. 

DST NUMBER -•2 

RECORDER NUMBER •- 8889 

THIRD SHUT IN PRESSURE 

TIME(MIN) 
PHI 

, ,0 
3,0 
6.0 
9.0 
12.0 
15,0 
18,0 
21.0 
24.0 
27.0 
30.0 

(T-{PHI) 
/PHI 

.0000 
201.0000 
101.0000 
67.6667 
51.0000 
41.0000 
34.3333 
29,5714 
26.0000 
23.2222 
21.0000. 

PSIG 

2288 
2338 
2340 
2341 
2341 
2342 
2343 
2343 
2343 
2343 
2344 

FITTED LINEt LOG( (TO-{PHI )/PHI) ̂= ~,12465 PSIG -f 293.49426 

EXTRAPOLATION OF THIRD SHUT IN = 2354.61 M = 8.02 

RESERVOIR F^ARAMETERS; 

COLLAR RECOy 461,000 PIPE RECOURY 3829.000 INIT FLO TIM' 10.000 
FINL FLO TIM 560.000 MUD EXPANSN 1.000 BOTTM HOL TM 126.000 
API GRAVITY 10.000 SPEC GRAVITY 1.000 VISCOSITY 1.000 
PAY THICKNES 97.000 SUBSEA DEPTH -1256.200 WATER GRADNT ,433 
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LYNES INC. 

REPORT #1273 

WELL NAME •• MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR --U.S.G.S. 

DST NUMBER ~ 2 

RECORDER NUMBER - 8889 

CALCULATIONS; THIRD SHUT IN 

EXTRAPOLATED RESERVOIR PRESS.(PSIG) ..,...,..,.,,.,.. 

NO. OF POINTS ENTERED..,,....,.,,..,..,...•.. 

-NO. OF POINTS USED IN EXTRAPOLATION .............. 

ROOT MEAN SQUARE DEVIATION OF BEST FIT LINE(PSI) . 

TOTAL FLOW TIME(MIN) ..«,,..,,.,....,......,,,.,,. 

AVERAGE PRODUCTION RATE DURING TEST(BBLS/DAY) ,.,.,...... 

TRANSMISSIBILITY(MD-FT/CP) ..........,....,.....,,..,,.. 

IN SITU CAPACITY(MD-FT) ...,,.,......,..,,..,,,,,,.,..., 

AVERAGE EFFECTIVE PERMEABILITY(MD) .,.....,,,,,,.,,,,,. 

PRODUCTIVITY -INDEX(BBLS/DAY-PSI) ...................... 

DAriHGEi r'̂ ATlU »• + •••»••»"•#•••« + *•••••*••«*••••••»••••••»•• 

P R 0 D U C TIVIT Y IN D E X WIT H D A M A G E R E M 0 V E D(B B L S/D A Y-P SI) ... 

RADIUS OF INVESTI6ATI0N(FT) .,,...,,...,...•.,.,,.,..., , 

DFCAwDUwN !" AC i l.)rC \ X.) *#*4i-i-**#***** ••"'»*• *•••*••••* *.̂» • 4 ••. • * t 

POTENTIOMETRIC SURFACE(FT) ...,...,,,...... .....,,. 

2354.6 

11 

5 

600 

3942 

79913 

79913 

823 

59 

1 

S9 

7(ys 

: • • • 

, 4181 

0 

.0 

062 

,0 

9 

.0 

0 

.85 

.196 

5 

939 

1 

0 

.7 
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United States 

Opgrator Geological Survev 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 

Lease & Nn Test Well #3 _DST No._ 
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LYNES, INC 

nppratnr United s ta tes Geological Lease & Nn Madison Limestone DST No 3_ 
^ Survey ' Test Well #3 

Comments relat ive to the analysis of the p re s su re chart from DST #3, Inter­
val: 4150-4234', which was run in the captioned well located in Section 35, 
T2N-R27E, Yellowstone .County, Montana: 

For purposes of this analysis, the following r e se rvo i r and fluid proper t ies and, 
tes t parameters have been used: 

BHT = 116°F. , V = 1.0 cp . , h:= 50 feet, t = 33 minutes, 
m = 34 psi/ log cycle. 

1. Extrapolation of the Initial Shut-in p r e s su re build-up curve indicates 
a maximum rese rvo i r p r e s su re of 2259 psi at the r eco rde r depth of 
4158 feet. Extrapolation of the Final Shut-in p re s su re build-up curve 
indicates a maximum rese rvo i r p re s su re of 2262 psi . The difference 
between the extrapolated Initial and Final Shut-in p r e s su re s (3 psi) is 
considered insignificant. 

The indicated maximum re se rvo i r p res su re is reasonably consistent 
with original r e se rvo i r p re s su re s which have been found in the Madi­
son formation at comparable depths and ea r l i e r dates in the general 
a r ea of this formation t e s t . It should be noted, however, that t he re 
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 p re s su re data recorded 
in this tes t . 

2. The calculated Average Production Rate which was used in this analy­
sis , 2948.6 BPD, is based upon the reported water flow ra t e of 86 
gallons/minute, which was measured during the 348-minute third flow : 
period. 

3 . The calculated Damage Ratio of UJ^ indicates that no significant wel l -
bore damage was present at the t ime of this formation tes t . 

4 . The calculated Effective Transmissibi l i ty of 14, 005.1 md . - f t . / c p . indi­
cates an Average Permeabil i ty to the produced fluid of 280.1 md. for the 
reported 50 feet of effective porosity within the total 84 feet of interval 
tes ted. 
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United States Geological Survey, Madison Limestone Test Well #3 
Interval: 4150-4234' (DST #3) 

Comments - Page 2 

5. The evaluation c r i t e r i a used in the Dr i l l -S tem-Tes t Analysis 
System indicate that the resu l t s obtained in this analysis should 
be rel iable within reasonable l imi ts re la t ive to the assumptions 
which have been made. 

^ J 2 > t ^ 

Inc. 
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LYNES INC. 

REPORT #1274 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - U.S.G.S, 

DST NUMBER - 3 

RECORDER NUMBER - 8889, -

FIRST SHUT IN PRESSURE 

TIME(MIN) 
PHI 

,0 
6,0 
12.0 
18,0 
24,0 
30,0 
36,0 
42,0 
48.0 
54,0 
60,0 

(T+PHI) 
/PHI 

.0000 
1.5000 
1.2500 
1.1667 
1,1250 
1.1000 
1.0833 
1.0714 
1.0625 
1.0556 
1.0500 

PSIG 

____ 

1343 
2241 
2249 
2252 
2253 
2254 
2254 
2255 
2255 
2256 
2256 

EXTRAPOLATION OF FIRST SHUT IN = 2258,61 
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LYNES INC. 

REPORT #1274 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - U.S.G.S. 

DST NUMBER - 3 

RECORDER NUMBER - 3889 , 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
9.0 
13.0 
27.0 
36.0 
45,0 
54,0 
63,0 
72.0 
81,0 
90.0 

(T-fPHI) 
/PHI 

.0000 
4.6667 
2,8333 
2,2222 
1,9167 
1,7333 
1,6111 
1,5238 
1,4583 
1,4074 
1.3667 

PSIG 

2059 
2248 
2251 
2'?!=;'? 

2253 
2254 
2255 
2255 
2256 
2256 
2257 

FITTED LINE: L0G( (TO-fPHI )/PHI ) = -.02921 PSIG -f 66.06546 

EXTRAPOLATION OF SECOND SHUT IN = 2261.64 M = 34.23 

RESERVOIR PARAMETERS: 

COLLAR RECOV 
FINL FLO TIM 
API GRAVITY 
PAY THICKNES 

483,000 
30,000 
10.000 
50.000 

PIPE RECOVRY 
MUD EXPANSN 
SPEC GRAVITY 
SUBSEA DEPTH 

3621.000 
1.000 
1.000 

-1118.200 

INIT FLO TIM 
BOTTM HOL TM 
VISCOSITY 
WATER GRADNT 

3,000 
116.000 

1.000 
.433 

101 



LYNES INC. 

. REPORT #1274 

WELL NAME - MADISON LIMESTONE 

WELL OPERATOR •- U.S.G.S. 

DST NUMBER - 3 

RECORDER NUMBER - 8889 

CALCULATIONS: SECOND SHUI 

EXTRAPOLATED RESERVOIR PRESS.(PSIG) .....,,. 

NO. OF POINTS ENTERED,,..,,,,,,,,.,...... 

NO. OF POINTS USED IN EXTRAPOLATION ..... 

ROOT MEAN SQUARE DEVIATION OF BEST FIT LI 

TOTAL FLOW TIME(MIN) ..,...,,,,,,,,,,,,, , 

AVERAGE PRODUCTION RATE DURING TEST(BBLS/DAY) , 

TRANSMISSIBILITY(MD-FT/CP) ,..,,.....%. •. . 

IN SITU CAPACITY(MD~FT) ..............,,,,,.,,. 

AVERAGE EFFECTIVE PERMEABILITY(MD) ,..,, 

PRODUCTIVITY INDEX(BBLS/DAY-PSI) ,, ,,,,,,. 

DAMAGE RATIO .*....................-.........,,,, 

PRODUCTIVITY INDEX WITH DAMAGE.REMOVED(BBLS/DA^ 

RADIUS OF INVESTIGATION(FT) .........,....,,.,, 

DRAWDOWN FACTOR(^)........,,,...,,..,,,,,.*..,. 

POTENTIOMETRIC SURFACE(FT) 

iEST WELL 3 

• IN 

• * * * * • 

• • • * • 

• * • • • 

NE(PS] 

* * * * * 

« « » « « • 

• • • • • 

* « * « « 

* * * * * 

• • • • • 

• t • • • 

'--PSD 

• • * * * 

* t * « * 

« 4 » » 4 

t * * i 

4 * • 

4 * 4 

C) .' 

4 4 4 

4 4 4 

» 4 4 4 

» 4 « 4 

4 4 4 

• • « 

» 4 4 

4 4 4 

Y 4 4 

4 4 

^ • 4 

2261.6 . 

i 1,0 

6,0 

,013 

33.0 

2948.6 

14005.1 

14005.1 

280,; 10 

14,551 • 

1,1 

15^762 

96.1 

. 0 . 

4105,0 
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LYNES, INC 
Pressure Extrapolation Plot 

nppratnr United states Geological Lease & No. Madison Limestone Test Well psr No.. 
Survey #3 
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LYNES, INC 
United S t a t e s 

nppr.tnr Geologlcal Survey 
Madison Limestone 

. Lease & No. Test Well if3 DST No.. 

1 

i 

/ 

/ 

- ' ,— '̂ H-A 

• 4 k 

\ 
• N 

\ 
\ 

, - . > ^ < 

I n s i d e Recorder 
PRD Make Kuster K-3 
N„ 15242 Cp 5450 s 7202' 

Press Cor rec ted 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o t t o m 
Packer Bled T o 

Bottom chart indicates no 
communications. 

P R n MakP 

No. .Cap.-
Press 

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

A 
K 
B 
C 
D 
E . 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o t t o m 
Packer Bled T o 

Cor rec ted 
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LYNES, INC 
Sampler Report 

(^jmpany. United States Geological Survey 

Well Name & Nn Madison Limestone Test Well #3 

Cou nty Yellowstone 

Test Interval- 6984-7196' 

DatP 

T i r k p t Nn 

R t a f 

nST Nn 

11-20-78 

16S20 

Montana 

4 

Total Volume of Sampler: 

Total Volume of Sample: 

Pressure in Sampler: 

n i l -

WatPr-

Mi|<i-

Ras: 

D t h p f 

2000 

1950 

2140 

None 

1950 

None 

Trace 

None 

r r . 

CC. 

psig 

r r . 

rc, 

cr.. 

<•,' ft 

R.W. .3 @ 70°F = 22,000 ppm. c h l . 

Make l i p WatPr 1 0 - 0 

MiiH Pit .<iimplB 6 - 6 

na</r) i l Rat in 

Whpre wa? sample rirainpri 

Resistivity 

la 6 9 F n f OhlnriclB nnn ten t 

(S) 7 0 F „ f nhlnr i r lB n n n t p n t 

Rravity 

On l o c a t i o n . 

550 

800 

OAPI @ 

ppm. 

ppm. 
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LYNES, INC 

Operator United States Geological Lease & Nn JMadison Limestone r>ST No 4_ 
Survey Test Well #3 

Comments relat ive to the analysis of the p re s su re 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, iMontana: 

F o r purposes of this analysis, the following r e se rvo i r and fluid proper t ies 
and test parameters have been used: 

BHT = 169 .6°F. , [ i = 1 . 0 c p . , h = 50 feet, t = 31 minutes, 
m = 161 psi/log cycle. 

Extrapolation of the Initial Shut-in p re s su re build-up curve indicates 
a maximum, r e se rvo i r p ressure of 3475 psi at the r eco rde r depth of 
6994 feet. Extrapolation of the Final Shut-in p ressu re build-up curve 
indicates a maximum re se rvo i r p ressure of 3513 psi . The difference 
between the extrapolated Initial and Final Shut-in p r e s su re s (38 psi) is 
considered unimportant and is indicated to be due to the use of insuf- ; 
ficient t ime for the shut-in per iods . 

The extrapolated Final Shut-in p re s su re at the r eco rde r depth is equiv­
alent to a subsurface p re s su re gradient of 0.502 psi/f t . This p r e s s u r e 
gradient is anomalously high compared to a "normal" hydrostatic p r e s ­
sure gradient which ranges from about 0.43 to 0.47 psi / f t . , depending 
upon formation water salinity. This anomalous r e s e r v o i r p r e s su re 
condition suggests that i ts cause is the relat ively high elevation of r e -
chairge a reas for this aquifer sys tem compared to the ground elevation 
at th is well location. . 

The calculated Average Production Rate which was used in this arialysis, 
4422.7 BPD, is based upon a full fill-up of water in the pipe (95.2 b a r ­
re ls ) in an effective flowing t ime of 31 minutes (the total elapsed flow­
ing t ime at which fluid reached the surface) . 

The calculated Damage Ratio of 0 .3 indicates that no significant wel l -
bore damage was present at the t ime of this formation t e s t . 
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United States Geological Survey, Madison Limestone Test Well #3 
Interval: 6984-7196' (DST #4) 

Comments - Page 2 

The calculated Effective Transmiss ibi l i ty of 4458. 7 md. -ft. / c p . 
indicates an Average Permeabil i ty to water of 89. 2 md. for the 
estimated 50 feet of effective porosity within the total 212 feet of 
interval tes ted. 

The evaluation c r i t e r i a used in the Dr i l l -S tem-Tes t Analysis Sys­
tem indicate that the resu l t s obtained in this analysis should be 
reliable within reasonable l imits relat ive to the assumptions which 
have been made. 

L . Hoegei 
Consultant to Lynes, Inc. 
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LYNES INC. 

REPORT *1471 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 4 

RECORDER NUMBER - 5155 

FIRST SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
2.0 
4.0 
6.0 
8.0 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 

<T+PHI) 
/PHI 

.0000 
11.0000 
6.0000 
4.3333 
3.5000 
3.0000 
2.6667 
2.4286 
2.2500 
2.1111 
2.0000 
1.9091 
1.8333 
1.7692 
1.7143 
1.6667 

PSIG 

2952 
3379 
3389 
3395 
3400 
3404 
3408 
3411 
3414 
3417 
3420 
3423 
3426 
3429 
3432 
3434 

EXTRAPOLATION OF FIRST SHUT IN = 3474.68 

110 



LYNES INC. 

REPORT *1471 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 4 

RECORDER NUMBER - 5155 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
6.0 
12.0 
18.0 
24.0 
30.0 
36.0 
42.0 
48.0 
54.0 
60.0 
66.0 
72.0 
78,0 
84.0 
90.0 

<T+PHI) 
/PHI 

.0000 
34.3333 
17.6667 
12.1111 
9.3333 
7.6667 
6.5556 
5.7619 
5.1667 
4.7037 
4.3333 
4.0303 
3.7778 
3.5641 
3.3810 
3.2222 

PSIG 

3213 
3308 
3333 
3347 
3360 
3372 
3381 
3390 
3397 
3403 
3409 
3415 
3420 
3425 
3428 
3431 

FITTED LINE: LOG((TO+PHI)/PHI) = -.00620 PSIG + 21.78075 

EXTRAPOLATION OF SECOND SHUT IN = 3512.96 M = 161.29 

RESERVOIR PARAMETERS: 

COLLAR RECOV 
FINL FLO TIM 
API GRAVITY 
PAY THICKNES 

281.000 PIPE RECOVRY 6703.000 
180.000 MUD EXPANSN 1.000 
10.000 SPEC GRAVITY 1.000 
50.000 SUBSEA DEPTH -3954.200 

INIT FLO TIM 
BOTTM HOL TM 
VISCOSITY 
WATER GRADNT 

20.000 
169.600 

1.000 
.433 
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LYNES INC. 

REPORT #1471 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 4 

RECORDER NUMBER - 5155 

CALCULATIONS: SECOND SHUT IN 

EXTRAPOLATED RESERVOIR PRESS. (PSIG) 3513.0 

NO.-OF POINTS ENTERED 16.0 

NO. OF POINTS USED IN EXTRAPOLATION 6 .0 

ROOT MEAN SQUARE DEVIATION OF BEST FIT LINE(PSI) . .005 

TOTAL FLOW TIME(MIN) 200.0 

AVERAGE PRODUCTION RATE DURING TEST(BBLS/DAY) 4422.7 

TRANSMISSIBILITY(MD-FT/CP) 4458.7 

IN SITU CAPACITY(MD-FT) • 4458.7 

AVERAGE EFFECTIVE PERMEABILITY(MD) 89.17 

PRODUCTIVITY INDEX (BBLS/DAY-PSI) 14.744 

DAMAGE RATIO .3 

PRODUCTIVITY INDEX WITH DAMAGE REMOVED(BBLS/DAY-PSI) ... 5.018 

RADIUS OF INVESTIGATION(FT) 133.5 

DRAWDOWN FACTOR(X) .0 

POTENTIOMETRIC SURFACE(FT) 4158.9 
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United S t a t e s 
nppratnr Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
Lease & Nn Test Well #3 _DST No.. 

; :;j:.:..i.vrq::;; - - • • - . - 1 - - ; . - . - - - \ 

- • i - : • - . — r - l 
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3100 3200 3300 3400 
psig. 

3500 3600 3700 
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Phone 
522-1206 Area 303 LYNES, INC Box 3600 

Sterling, Colo. 80751 

Contrartnr Molen DrlK. 
Rig No 4 
Soot SE-NE 
Sec 35 
Twp. 2 N 
Rng. 27 E 
Field W i l d c a t 
County. 
State _ . , 

Co., I n c . 

Yellowstone 
Montana 

Elevation 3 0 3 9 . 8 ' " K . B . 

Formation Red Rjver 

Top Chokp 
Bottom Choke 
Size Hnle 
Size Rat Hole 
Size & Wt. D. P. 
Size Wt. Pipe 
1. D. of D. C. 
Length of D. C 
Total Depth 
Interval Tested 
Type of Test 

1 " 
9 / 1 6 " 
8 3 / 4 " 

4 1/2" 16.60 
124' 
2 1/2" 
281' 
7196' 
5748-5940' 
I n f l a t e 
Straddle 

^IT^ - l ^ 

Flow Nn 1 
Shut-in No. 1 
Flow No. 2 
Shut-in No. 2 
Flow No. 3 
Shut-in No. 3 

Bottom 
Hole Temp. 
Mud Weight 
Gravity 
Vi.scosity 

Tool opened @_ 

6 
30 
60 
QO 
294 

1 3 2 . 4 ° F 
1 0 . 8 

50 

11: .30 AM. 

Min. 
Min. 
Min. ' 
Min. 
Min. 
Min. 

Outside Recorder 
PRD Make. 
No 5155 

Kuster K-3 
.Cap. 5000 

Press . 

& 5758' 
Cor rec ted 

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

3269 
3251 
1067 
1558 
2910 
1591 
2736 
2862 
2680 
2649 

Lynes Dist.:. 
Our Tester:. 
Witnessed Ry: — 

B i l l i n g s , Mt. 
Jack Rescoe 

M 
(D 
ID 

O 
H-
U 
C1-

•̂  H-

G 
H 
H-
rf 
(D 
O. 

tn 
n-
P 
ft) 
Ul 

o 
CD 
O 
t-" 
O 
(S 
H-
O 
IB 
H" 

M 
C 
T 
< 

i 
vn 
)̂ )̂ 

n 

H" 
! - • 

M 

(.) 1 
-~1 
CO 

o. 
p -
m 
o 
3 

1 -
K-
H 
ro 
CO 

o 
a 
ro 
1 - ^ 

ro 
u 
CT 

F . 
m 
M 
M 

Did Well Flow - Gas No ni l No Water Yes 

RECOVERY IN PIPE: T e s t was r e v e r s e c i r c u l a t e d . 

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 
26 minutes. 

3rd Flow - Tool opened with fluid to surface. 
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United S t a t e s 
nppratnr GeoloKJcal Survey 

LYNES, INC. 
Madison Limestone 

Lease & No. Test Well #3 DST No.. 

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

A 
K . 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o n o m 
Packer Bfed T o 

3245 
3220 

na 
an 

2890 
1558 
2 7 0 1 
2 8 4 5 
2649 
2618 

Inside Recorder 
PRD MakP Kuster K-3 
Nn 13641 Cap 4450 (a 5711' 

Outside Recorder 
PRD MakP Kuster K-3 
No.. 

^ 

Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o t t o m 
Packer Bled T o 

Cor rec ted 

3262 
3248 
1 0 6 1 
1550 
2902 
1583 
2725 
2857 
2674 
2642 
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LYNES, INC. 
United S t a t e s 

Operator Geological Survey . Lease & No. 

Madison Limestone 
Test Well #3 DST No. 

— - - - • . - . • _ 

I ' • ' ' ' . 

1 

[ . • . . ! 

i ' . • ' . " 

' . • ' - ~ - • j 

' ; • • . \ - > - • - - ' • • • -

J 

• i 

i'i' / ^ ^^\^ 
1 ^ ,:...,.i. j . . ^ ^ / ' ' ^ — ^ — • ^ - • • , • " . • * 

\ 

' ^ \ 

; . i \ 

O u t s i d e R e c o r d e r 
PRO Make K u s t e r K-3T 
No 12355 rap 3 5 - 2 4 9 © 5 7 5 8 ' 

Press Cor rec ted 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Maximum Temperature 

Pressure Be low B o t t o m 
Packer Bled T o 

132.4 

O u t s i d e R e c o r d e r 
PRD Make K u s t e r K-3 
No 15242 Cap 5450 & 5 9 5 8 ' 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o t t o m 
Packer Bled T o 

Bottom chart indicates no 
communications. 
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LYNES, INC. 
Fluid Sample Report 

Company 

Well Name & No.-

Ctounty ^ 

Test Interval. 

United S t a t e s Geological Survey 

Madison Limestone Test Well #3 

Yellowstone 

Date. 11-23-78 

Ticket No.-

State 

16522 

Montana 

5748-5940' DST No-

Tota l Vo lume o f Sampler : . 

To ta l Vo lume of Sample: — 

Pressure in Sample r :_ 

O i l : -

Water: _ 

M u d : -

• . • • G a s : -

Other : _ 

Make Dp WatPr ^ 0 . 

Ml Iri Pit SampIP 6 , 

Gas/Oil Rat io 

Where was sample d ra ined . 

0 

6 

2000 

I960 

2500 

None 

I960 

None 

Trace 

None 

R.W. 2 .5 § 70°F = 2,300 ppm. c h l . 

Resist iv i ty 

(3) 6 9 F n f r h l n r i r i p Cnntpnf 

ffl 7 0 F nf r h l n r i r i p CnntPnt 

Grav i ty 

O n l o c a t i o n . 

550 

800. 

° A P I @ 

r r . 

cc. 

psig 

cc. 

r r 

CC 

C|l f t 

p p m . 

p p m . 

O F 

Rpmark<-
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LYNES, INC 

Operator United States Geological Lgâ e g, Mr, Madison Limestone _DST No. L 
Survey Test Well #3 

Comments relative to the analysis of the p ressure 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: 

iExtrapolation of the Initial Shut-in p ressu re build-up curve, indicates a maximum 
re se rvo i r p ressure of 2914 psi at the r ecorde r depth of 5758 feet. A maximum 
re se rvo i r p ressure of 2862 psi was recorded m.echanically during the 90-minute 
Final Shut- inper iod. The difference between the extrapolated Initial and Final . 
Shut-in p re s su re s (52 psi) indicates that depletion may have been caused by the-
60-minute Final Flow period. This evidence of depletion, although of relatively 
small magnitude, indicates that the tested r e se rvo i r is of limited areal extent, 
o r indicates a boundary condition in the r e se rvo i r at a relatively short distance • 
from the wel l -bore . 

The condition of mechanical stabilization of the p ressure r eco rde r during the 
Final Shut-in period precludes the use of the Horner analysis method for calcu­
lating a numerical value for the t ransmissibi l i ty of the tested r e se rvo i r . It is 
obvious, however, on the basis of the charac ter of the p ressure record which 
was obtained in this test, plus the volume-rate of flow which was observed at 
the surface, that the t ransmissibi l i ty of the tested zone is excellent. 

The indicated maximum rese rvo i r p ressure at the r eco rde r depth is equivalent 
to a subsurface pressure gradient of 0. 506 psi/f t . This p re s su re gradient, a l­
though somewhat anomalously high, is in reasonably close agreement with those 
which have been determined for all of the other Paleozoic r e s e r v o i r s which were 
d r i l l - s t em 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 ba r r e l s ) in an effec­
tive flowing t ime of 32 minutes (the total elapsed flowing t ime at which fluid 
reached the surface). 

The evaluation c r i t e r i a used in the DST Analysis System indicate that the tools 
and recorder functioned properly; however, as noted above, because mechanical 
stabilization of the pressure r ecorde r occurred throughout the majority of the 90-
minute Final Shut-in period, it is not possible to calculate numerical values for 
the tested r e s e r v o i r ' s t ransmissibi l i ty, permeability and damage rat io by the use 
of the Horner analysis method. 

r L, Hoegei 
sultant to Lynes, Inc. 
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LYNES INC. 

REPORT #1472 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 6 

RECORDER NUMBER - 5155 

FIRST SHUT IN PRESSURE 

IME(MIN) 
PHI 

• 0 

3.0 
6.0 
9.0 
12.0 
15.0 
18.0 
21.0 
24.0 
27.0 
30.0 

(T+PHI) 
/PHI 

.0000 
3.0000 
2.0000 
1.6667 
1.5000 
1.4000 
1.3333 
1.2857 
1.2500 
1.2222 
1.2000 

PSIG 

.___ 

1558 
2902 
2904 
2905 
2906 
2907 
2909 
2908 
2908 
2909 
2910 

EXTRAPOLATION OF FIRST SHUT IN = 2914.18 
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LYNES INC. 

REPORT *1472 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 6 

RECORDER NUMBER - 5155 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
9.0 
18.0 
27.0 
36.0 
45.0 
54.0 
63.0 
72.0 
81.0 
90.0 

(T+PHI) 
/PHI 

.0000 
8.3333 
4,6667 
3.4444 
2.8333 
2,4667 
2.2222 
2,0476 
1.9167 
1.8148 
1.7333 

PSIG 

__-_ 

2736 
2862 
2862 
2862 
2862 
2862 
2862 
2862 
2862 
2862 
2862 

FITTED LINE: LOG((TO+PHI)/PHI) = -10.41971 PSIG + 29821.56250 

EXTRAPOLATION OF SECOND SHUT IN = 2862.03 M = .10 
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LYNES, INC 

Operator. 

Pressure Extrapolation Plot 
United States Madison Limestone 
Geological Survey | ^^^ g, Mr, Test Well #3 .DST No.. 

2600 2700 2800 2900 
psig. 

3000 3100 3200 
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Phone 
522-1206 Area 303 LYNES, INC Box 3600 

Sterling, Colo. 80751 

Contractor. 
Rig No. 
Spnt 
Ser 

Twp 

Rng 

Fielri 
County 
State 
Elevation 
Formation 

/. 
[" 

i ; • 

• • -

Molen D r l g . Co . , 
4 
SE-NE 
35 
2 N 
27 E 
Wi ldca t 
Ye l lowstone 
Montana 
3039 .8 ' " K . B . " 
Stony Mountain 

. .^ _— 

K 

• ( ] 1 

Did Well Flow - Gas_ 
RECOVERY IN PIPE: 

REMARKS: 

No Oil 
Test was 

1 s t Flow 

2nd Flow 

3 rd Flow 

4 t h Flow 

I n c . Tnp rhn l rp 1 " 

Rnttnm Chntrp 9 / 1 6 " 
f^i.P HnlP 8 3 / 4 " 

Si7R R p f H n l P 

qi7P K.\N, n p 4 1 / 2 " 1 6 . 6 0 

Si7RWt Pipp 9 3 ' 
, n nf n r 2 1 /2 " 
1 fingth nf n n 2 8 1 ' 
Tntal nppth 7196' 
intPrvai TPctPri 5608-5743' 
Typp nf Tp<;t I n f l a t e 

s t r a d d l e 

- - - - ' - . , - . • - - ; . . - -

_ I 

. . ' ^ . : - _ 

No Water ^ e s 

reverse c i r c u l a t e d . 

- Tool opened w i t h a s t r o n g b low, 
bucket i n 1 minute and remalnec 

- Too l opened w i t h a s t r o n g blow 
p e r i o d . 

- Tool opened w i t h a s t r o n g blow 
11 m inu tes . 

- Tool opened w i t h f l u i d t o sur fc 
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Flow Nn 1 10 . Min. 
Shut-in No. 1 30 Min. 
Flow No 7 60 Min 
Shut-in Nn 7 59 Min. 
Flow No 3 60 Min. 
Shut-in No. 3 90 Min 
Flow No. 4 159. M in . 

Bottom 0 
Hole Temp 1 2 6 . 6 F 
Mud Weight 1 0 . 8 
Gravity — 
Viscosity 50 

TnnI npeneri O 1 0 : 2 7 AM. 

Outs ide Recorder 
PRn MakP Kuster K-3 
No 5155 Cap 5000 & 5618' 

Press Cor rec ted 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow • E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Four th I n i t i a l 
Fou r th F i n a l Flow 

3161 
3144 

258 
729 

2848 
790 

2358 
2852 
2397 
2469 
2852 
2464 
2464 

lynps nist B i l l i n g s , Mt . 
Our Tester: Gene Bra ley 
Witnessed Ry: — 

i nc reased t o bot ton 
1 t h r u f l o w p e r i o d . 

and remained t h r u 1 

. F l u i d t o su r face 

i ce . 

1 o f 

Uow 

i n 

tn 
(D 
(D 

ID 
H-

m r-t-

-! H-
r r 
C 
n-
H-
o 
n 

cn 
3 
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fD 
D. 

(n 
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tn 
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LYNES, INC 

Operator. 

United States 
Geological Survey . Lease & No. 

Madison Limestone 
Test Well #3 DST No.. 

Outside Recorder 
PRD Make Kuster K-3 
Nn 13641 Cap 4450 & 5618' 

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 

Fourth Initial Flow 
Fourth Final Flow 

Pressure Be low B o t t o m 
Packer Bled T o 

_3i5i 
_3138 
281 
703 

2849 
781 

2349 
2851 
2381 
2460 
2851 
2455 
2455 

Inside Recorder 
PRO Make Kuster K-3 
Nn 15242 Cap 5450 (a 5571' 

-4 v-,| 

Initial Hydrostatic 
Final Hydrostatic 
Initial Flow 
Final Initial Flow 
Initial Shut-in 
Second Initial Flow 
Second Final Flow 
Second Shut-in 

• Third Initial Flow 

A 
K 
B 

c 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in 

Fourth I n i t i a l 
J 

Flow 
Fourth Final Flow 

Pressure Be low B o t t o m 
Packer Bled T o 

3154 
3154 

152 
719 

2851 
756 

2365 
2855 
2370 
2465 
2855 
2467 
2464 
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LYNES, INC. 

nppratnr United s ta tes Geological tease & Nn Madison Limestone Test nsT No Z_ 
Survey Well #3 

Comments relative to the analysis of the p ressure chart from DST #7, 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 p ressure build-up curve indicates a maximum 
re se rvo i r p ressure of 2852 psi at the r eco rde r depth of 5618 feet. Mechanical 
stabilization of the p ressure r eco rde r occurred during the Second and Third Shut-
in periods and indicates a maximium re se rvo i r p res su re of 2852 psi . 

The condition of mechanical stabilization of the p ressure r eco rde r during the 
Second and Third Shut-in periods precludes the use of the Horner analysis method 
for calculating a numerical value for the t ransmiss ibi l i ty of the tested r e s e r v o i r . 
It is obvious, however, on the bas is of the charac ter of the p re s su re record which 
was obtained in this test, plus the volume-rate of flow which was observed at the 
surface, that the t ransmissibi l i ty of the tested zone is excellent. 

The indicated maximum re se rvo i r p re s su re at the r eco rde r depth is equivalent to 
a subsurface pressure gradient of 0. 508 psi/f t . This p r e s su re gradient, which 
again is somewhat anomalously high, is in reasonably close agreement with that 
which has been determined for the other Paleozoic r e s e r v o i r s which were dr i l l -
s tem 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 ba r re l s ) in an effec­
t ive flowing t ime of 81 minutes (the total elapsed flowing t ime at which fluid 
reached the surface). 

The evaluation c r i t e r i a used in the DST Analysis System indicate that the tools 
and r eco rde r functioned properly; however, as noted above, because mechan­
ical stabilization of the p re s su re r e c o r d e r occurred throughout the majority of 
the Second and Final Shut-in periods, it is not possible to calculate numerical 
values for the tested r e s e r v o i r ' s t ransmissibi l i ty , permeability and damage 
ra t io by the use of the Horner analysis method. 

L . Hoege 
Consultant to 
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LYNES INC. 

REPORT *1474 

WELL NAME - MADISON LIMESTONE TEST UELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 7 

RECORDER NUMBER - S155 

FIRST SHUT IN PRESSURE 

TIME(MIN) 
PHI 

»0 
3.0 
6.0 
9.0 
12.0 
15,0 
18.0 
21.0 
24.0 
27.0 
30.0 

(T-f PHI) 
/PHI 

.0000 
4.3333 
2.6667 
2.1111 
1.8333 
1.6667 
1.5556 
1.4762 
1.4167 
1.3704 
1,3333 

PS 16 

729 
2826 
2837 
2841 
2843 
2345 
2846 
2847 
2847 
2848 
2848 

EXTRAPOLATION OF FIRST SHUT I N = 2851 .55 
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LYNESINC. 

REPORT *1474 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 7 

RECORDER NUMBER - 5155 

SECOND SHUT IN PRESSURE 

IME(MIN) 
PHI 

.0 
5.9 
11.8 
17.7 
23.6 
29.5 
35.4 
41.3 
47.2 
53.1 
59.0 

(T+PHI) 
/PHI 

,0000 
12.8644 
6.9322 
4.9548 
3,9661 
3,3729 
2.9774 
2.6949 
2.4831 
2,3183 
2.1864 

PSIG 

2358 
2850 
2851 
2852 
2852 
2852 
2852 
2852 
2852 
2852 
2852 

EXTRAPOLATION OF SECOND SHUT IN = 2852.04 
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LYNES INC. 

REPORT #1474 

WELL NAME -- MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 7 

RECORDER NUMBER - 5155 

THIRD SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
9.0 
18.0 
27.0 
36.0 
45,0 
54.0 
63.0 
72.0 
81.0 
90.0 

(T-fPHI) 
/PHI 

,0000 
15.4444 
8.2222 
5.8148 
4.6111 
3,8889 
3.4074 
3,0635 
2,8056 
2,6049 
2.4444 

PSIG 

2469 
2837 
2841 
2847 
4851 
2852 
2852 
2852 
2852 
2852 
2852 

FITTED LINE: LOG( (TO-fPHD/PHI) = -10.88268 PSIG -f 31037.89844 

EXTRAPOLATION OF THIRD SHUT IN = 2852.05 M = .09 
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United S t a t e s 
Operator Geological Survey 

LYNES, INC. 
Pressure Extrapolation PIpt 

Madison Limestone 
Test Well #3 _Lease & No.. _DST No.. 

2500 2600 

3 • 

p 

l-l 
3 

2700 2800 
psig. 

2900 3000 3100 
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Operator. 

United States 
Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
please & No Test Well #3 .DST No.JL 

CD 

^ 2. 

2500 2600 2700 2800 
psig. 

2900 3000 3100 
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United States 
np.„,p. Geological Survey 

LYNES, INC. 
Madison Limestone 

Lease & Mn Test Well #3 .DST No. 

PRD Make. 

Inside Recorder 
Kuster K-3 

No 13641 Cap A450 6)5412' 

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 

Piessura Be^ow B o t t o m 
Packer B led T o 

3280 
3040 
50 
45 

2074 
55 
60 

2395 

Outside Recorder 
PRD Ma Ice K u s t e r K - 3 
No 5155 ftap 5000 6). 5 4 5 8 ' 

Press Co r rec ted 

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 

Pressure Be low B o t t o m 
Pecker B led T o 

3303 
3065 
74 
VL 

2081 
92 
92 

2410 
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LYNES, INC. 
United S t a t e s 

nppratr̂ r GeoloKical Survey 
Madison Limestone 

. Lease & Nn Test Well #3 DST No.. 

• , • • • • ' - • • • " • ' ' ' ' 

\ - - u z i : - ^ ' ' •••• 
:•• _ ' • . . 7 ^ . " • ! 1 . .' 

O u t s i d e R e c o r d e r 
PRD Make K u s t e r K-3 
No 12355 Cap 3 5 - 2 4 9 ® 5 4 5 8 ' 

Press Corrected 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Maximum T e m p e r a t u r e 

Pressure Below Bottom 
Packer Bled To 

O 

124 F 

P R n MakP 

No. Cap. 
Press 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

^ 
Pressure Below Bottom 
Packer Sled To 

@) 
Corrected 
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LYNES INC. 

REPORT #1475 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL.OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 8 

RECORDER NUMBER - 16445 

FIRST SHUT IN PRESSURE 

TIME(MIN> 
PHI 

.0 
4.0 
8.0 
12.0 ' 
16.0 
20.0 
24.0 
28.0 
32.0 
36.0 
40.0 
44.0 
48.0 
S2,0 
56.0 
60.0 

(T+PHI) 
/PHI 

.0000 
3.5000 
2.2500 
1.8333 
1.6250 
1.5000 
1.4167 
1.3571 
1.3125 
1.2778 
1.2500 
1.2273 
1.2083 
1.1923 
1.1786 
1.1667 

PSIG 

50 
525 
776 
986 
1153 
1302 
1427 
1538 
1630 
1718 
1797 
1864 
1928 
1983 
2032 
2079 
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LYNES INC. 

REPORT ••H475 

WELL NAME -- MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 8 

RECORDER NUMBER - 16445 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
6.0 
12.0 
18.0 
24.0 
30.0 
36,0 
42,0 
48,0 
54.0' 
60.0 
66.0 
72,0 
78,0 
84,0 
90,0 

(T-fPHI) 
/PHI 

,0000 
7.6667 
4.3333 
3,2222 
2.6667 
2.3333 
2.1111 
1.9524 
1.8333 
1,7407 
\ , 6 6 6 7 
1,6061 
1,5556 
1,5128 
1,4762 
1,4444 

PSIG 

72 
951 
1322 
1564 
1738 
laei 
1991 
2075 
2142 
2198 
2247 
2290 
2327 
2357 
2385 
2408 

FITTED LINE: L0G( (TO-fPHI )/PHI ) = -,00039 PSIG + 

EXTRAPOLATION OF SECOND SHUT IN = 2815.89 M 

1.10249 

2554.12 
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LYNES, INC. 
United S t a t e s 

nppratnr Geological Survey 
Madison Limestone 

Lease & Nn Test Well //3 DST No. 

PRD Make, 

Inside Recorder 

Kuster K-3 

Nn 13641 nap 4450 5212' 

PRD Make. 

Outside Recorder 

Kuster K-3 T 

Nn 12355 rap 35-249 ta 5258' 
Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Maximum Temperature 

Pressure Be low B o t t o m 
Packer B led T o 

Co r rec ted 

129.7 
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Company 

Well Name & No._ 

Ckjunty . 

LYNES, INC 
Sampler Report 

United States Geological Survey 

Madison Limestone Test WEll #3 

Yellowstone 

Test IntervaL 5 2 5 0 - 5 4 4 0 ' 

HatP 

Ticket No. 

Starp 

DST No 

11-26-78 

16525 

Montana 

9 

Total Volume of Sampler: 

Pressure in Sampler: 

n i l -

Wafr-

Mud: 

Ga^: 

n t h o r -

2000 

I960 

1930 

None 

I960 

None 

Trace 

None 

CO. 

P*''9 

cc. 

cc. 

r i i f t 

R.W. 2 .2 § 60°F = 3,000 ppm. c h l . 

Make l i p Water 1 0 . 0 

Mi iH Pit .tJamplfl 6 . 6 

Gas/Oil Ratio 

Where was' ?c*f"p''^ drained On 

Resistivity 

(5) 6 0 F „ f nhlnr iHp TnntPnt 

a 7 0 F „ f rh i n r i r f p nnn tPn f 

Gravity 

l o c a t i o n . 

550 

800 

°API @ 

_ p p m . 

ppm. 

°F 

Rpm»rk<-
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LYNES, INC 

Operator United States Geological i ea.m ;;, No Madison Limestone DST NO 9_ 
Survey Test Well #3 

Comments re lat ive tp the analysis of the p ressure 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 pf this analysis, the following r e se rvo i r and fluid proper t ies and 
tes t parameters have been used: 

BHT = 129 .7°F . , tJi = 1.0 c p . . h = 50 feet, t = 82 minutes, 
m = 11 psi/ log cycle. 

1. Extrapolation of the Initial Shut-in pressure build-up curve indicates a 
maximum reservpir pressure pf 2750 psi at the recprder depth pf 5258 
feet. Extrapplatipn pf the Secpnd Shut-in pressure build-up curve indi­
cates a maximum, reservoir pressure pf 2752 psi. Extrapplation pf the 
Final Shut-in pressure build-up curve indicates a niaximum reservpir 
pressure pf 2745 psi. The maximum difference between the extrapplated 
shut-in pressures (7 psi) is cpnsidered insignificant. 

The indicated maximum reservpir pressure at the recprder depth is 
equivalent tp a subsurface pressure gradient pf 0. 523 psi/ft. This 
pressure gradient is sinpmalpusly high cpmpared tp a "nprmal" hydrp-
static pressure gradient; hpwever, it is in reaspnably clpse agreement 
with tiie datum pressures which have been fpund to be present in the 
pther Palepzpic reservpirs which were drUl-stem tested in this same 
well. 

2. The calculated Average Prpductipn Rate which was used in this analysis, 
1256.1 BPD, is based uppn a full fUl-up pf water in the pipe (71.5 bar­
rels) and an effective flpwing time pf 82 minutes (the tptal elapsed flpw-
ing time at which fluid reached the surface). 

3. The calculated Damage Ratip pf 6. 3 indicates that significant well-bpre 
damage was present at the time pf this fprmatipn test. The character pf 
the pressure recprd and the magnitude of the flpw rate that pccurred dur­
ing this test suggest, hpwever, that the indicated well-bore damage may 
be due tp restrictipns within the test tppl rather than being due tp fprma­
tipn damage. 
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United States Geological Survey, Madison Limestone Test Well #3 
Interval: 5250-5440' (DST #9) 

Comments - Page 2 

4. The calculated Effective Transmiss ibi l i ty of 18974.1 m d . - f t . / c p . 
indicates an Average Permeabil i ty to the prpduced fluid pf 379. 5 md. 
for the estimated 50 feet pf effective pprpsity within the tptal 190 feet 
of interval tested. 

5. The evaluation c r i t e r i a used in the Dri l l -Ste in-Test Analysis System 
indicate that the resul ts obtained in this analysis should be rel iable 
within reaspnable l imits relat ive tp the assumptipns which have been 
made. 

R o ^ r L . H p e g e r / / 
iS^sul tant tp Lyn'^ , Inc. 
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LYMES INC. 

REPORT #1484 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 9 

RECORDER NUMBER - 16445 

FIRST SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
3.0 
6.0 = 
9.0 
12.0 
15.0 
18.0 
21.0 
24.0 
27.0 
30.0 

(T+PHI) 
/PHI 

.0000 
4.3333 
2.6667 
2.1111 
1.8333 
\,6667 
1.5556 
1.4762 
1.4167 
1.3704 
1.3333 

PSIG 

EXTRAPOLATION OF FIRST SHUT IN = 

937 
2526 
2668 
2696 
2708 
2717 
2723 
2726 
2728 
2730 
2732 

2749.56 
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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 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
6.0 
12.0 
18.0 
24.0 
30.0 
36.0 
42.0 
48.0 
54.0 
60.0 

<T+PHI) 
/PHI 

.0000 
12.6667 
6.8333 
4.8889 
3.9167 
3.3333 
2.9444 
2.6667 
2.4583 
2.2963 
2.1667 

PSIG 

2251 
2713 
2725 
2728 
2731 
2733 
2735 
2737 
2738 
2739 
2740 

EXTRAPOLATION OF SECOND SHUT IN 2752.17 
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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 PRESSURE 

TIMECMIN) 
PHI 

.0 
6.0 
12.0 
18.0 
24.0 
30.0 
36.0 
42.0 
48.0 
54.0 
60,0 

(T+PHI) 
/PHI 

.0000 
17.6667 
9.3333 
6.5556 
5.1667 
4.3333 
3.7778 -
3.3810 
3.0833 
2.8519 
2.6667 

PSIG 

.„ 

2376 
2723 
2730 
2734 
2736 
2737 
2738 
2739 
2740 
2740 
2740 

FITTED LINE.* LOG( (TO+PHI)/PHI) = -.09290 PSIG + 254.97226 

EXTRAPOLATION OF THIRD SHUT IN = 2744.58 M = 10.76 

RESERVOIR PARAMETERS! 

COLLAR RECOV 
FINL FLO TIM 
API GRAVITY 
PAY THICKNES 

281.000 PIPE RECOVRY 4969.000 
30.000 MUD EXPANSN 1.000 
10.000 SPEC GRAVITY 1.000 
50.000 SUBSEA DEPTH -2218.200 

INIT FLO TIM 
BOTTM HOL TM 
VISCOSITY 
WATER GRADNT 

10.000 
129.700 

1.000 
,433 
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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 

CALCULATIONS: THIRD SHUT IN 

EXTRAPOLATED RESERVOIR PRESS.(PSIG) 2744.6 

NO. OF POINTS ENTERED. 11.0 

NO. OF POINTS USED IN EXTRAPOLATION 6.0 

ROOT MEAN SQUARE DEVIATION OF BEST FIT LINE(PSI) . .046 

TOTAL FLOW TIME(MIN) ,,.,...,..,...... 100.0 

AVERAGE PRODUCTION RATE DURING TEST(BBLS/DAY) ..,,,..... 1256.1 

TRANSMISSIBILITY(MD-FT/CP) 18974.1 

IN SITU CAPACITY(MD-FT) 18974.1 

AVERAGE EFFECTIVE PERMEABILITY(MD) 379.48 

PRODUCTIVITY INDEX(BBLS/DAY-PSI) 3.408 

DAMAGE RATIO 6.3 

PRODUCTIVITY INDEX WITH DAMAGE REMOVED(BBLS/DAY-PSI) ... 21.355 

RADIUS OF INVESTIGATION(FT) 194.8 

DRAWDOWN FACTOR (X) .2 

POTENTIOMETRIC SURFACE(FT) , 4120.3 
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United S t a t e s 
Operator Geqlogical Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
Lease & No Test Well tf3 _DST No 9_ 
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Operator. 

United S t a t e s 
Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
Lease & No Test Well tf3 _DST No._ 

I . ; 
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Operator. 

United States 
Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
lea'ip & Nn Test Well //3 :. : _DST No 9_ 
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Phone 
522-1206 Area 303 LYNES, INC. Box 3600 

Sterling, Colo. 80751 

rontrannr Molen D r l g . C o . , I n c . Top Choke. 1 " 
Rig No. 
Spot 

Sec 
Twp 
Rng 

Field 

County 
State 

Elevation 
Formation 

4 
SE-NE 
35 
2 N 
27 E 
Wildcat 
Yellowstone 
Montana 
3039.8 ' "K.B." 
Mission Canyon 

Bottom Choke-
Size Hole 

9/16" 
8 3/4" 

Size Rat Hole 
Size & Wt. D. P., 
Size Wt. Pipe 
I. D. of D. C. 
Length of D. C._ 
Total Depth 
Interval Tested _ 
Type of Test 

4 1/2" 16.60 
120' 
2 1/2" 
281 ' 
7196' 
4798-4988' 
I n f l a t e 
S t r add l e 

Flow No. 1 
Shut-in No. 1 
Flow No. 2 
Shut-in No. 2 ' 
Flow No. 3 
Shut-in No. 3 

Bottom 
Hole Temp. 
Mud Weight 
Rravity 
Viscosity 

Tool opened © 

10 
30 
30 
90 
180 

122.6°F 
10.8 

55 

3:40 PM. 

Min. 
Min. 
Min. 
Min. 
Min. 
Min. 

Outside Recorder 
PRD Make. 
No. 5155 

Kuster K-3 
Cap, 

Press 

5000 4806' 

Initial Hydrostatic 
Final Hydrostatic 
Initial Flow 
Final Initial Flow 
Initial Shut-in 
Second Initial Flow E 
Second Final Flow 
Second Shut-in 
Third Initial Flow H 
Third Final Flow I 
Third Shut-in 

2678 
2678 
1088 
1849 
2536 
1849 
2360 
2536 
2326 
2326 

Lynes Dist.: : 
Our Tester; 
Witnessed By:. 

B i l l i n g s , MT. 
Jack Rescoe 

ON 

ro 

I 

ro 
I 

- J 
00 Did Well Flow - Gas. No ..Oil No _Water Yes 

RECOVERY IN PIPE: Test was r eve r se c i r c u l a t e d . 

1st Flow Tool opened with a strong blow, increased to bottom of 
bucket in 1 minute and remained thru flow period. 

REMARKS: 

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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LYNES, INC. 
United States 

nper=,rnr Geological Survey . Lease & No. 

Madison Limestone 
Test Well #3 , DST No 10 

Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

*Unreadable 

Pressure Berow B o t t o m 
Packer Bred T o 

Cor rec ted 

2 6 5 1 
2 6 5 1 
1060 

« 
2525 

« 
» 

2525 
2296 
2296 

— 

Inside Recorder 
PRD Make Kuster K-3 
Nn 13641 rap ̂ .̂ 50 (a 4767' 

PRD Make. 

Outside Recorder 
Kuster K-3 

N„ 16445 r«p A500 4806' 
Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Pressure Berow B o t t o m 
Packer Bred T o 

Cor rec ted 

2672 
2672 
1078 

1822 
2530 

1822 
2335 
2530 

2317 
2317 

— 
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United States 
Operator Geological Survey 

LYNES, INC. 
Madison Limestone 

Lease & Nn Test Well #3 DST No. 10 

I ' y ' 

' i ^ • • . . ' V ' > 

; 1 

- ^ ^ - ^ ^ ^ . . . . . , , v - . . ; , 

Outs ide Recorder 
PRn M.kP Kuster K-3T 
No. 12355 Cap 35-249(3 ^806' 

Press Cor rec ted 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow 8 
Final Initial Flow' C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Maximum t e m p e r a t u r e 

Pressure Berow B o t t o m 
Paclter Bred T o 

122.6 

P R n M a k e 

N n C a p 

Press 

Initial Hydrostatic A 
Final Hydrostatic . K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-In G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o t t o m 
Packer B led T o 

ca 
Cor rec ted ' 
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LYNES INC. 

REPORT #1477 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 10 

RECORDER NUMBER - 5155 

FIRST SHUT IN PRESSURE 

TIME<MIN) 
PHI 

.0 
3.0 
6.0 
9.0 
12.0 
15.0 
18.0 
21.0 
24.0 
27.0 
30.0 

<T+PHI) 
/PHI 

• .0000 
4.3333 
2.6667 
2.1111 
1.8333 
1.6667 
1.5556 
1.4762 
1.4167 
1.3704 
1,3333 

PSIG 

1849 
2529 
2533 
2536 
2536 
2536 
2536 
2536 
2536 
2536 
2536 

EXTRAPOLATION OF FIRST SHUT IN = 2536.03 
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LYNES INC. 

REPORT *1477 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER •- 10 

RECORDER NUMBER cr -J i:ri:r 

SECOND SHUT IN PRESSURE 

TIME<MIN) 
PHI 

. 0 
9 . 0 

1 8 . 0 
2 7 . 0 
3 6 . 0 
4 5 . 0 
5 4 . 0 
6 3 . 0 
7 2 . 0 
8 1 . 0 
9 0 . 0 

(T+PHI) 
/ P H I 

. 0 0 0 0 
5 . 4 4 4 4 
3 . 2 2 2 2 
2 . 4 8 1 5 
2 . 1 1 1 1 
1 . 8 8 8 9 
1 . 7 4 0 7 
1 . 6 3 4 9 
1 . 5 5 5 6 
1 . 4 9 3 8 
1 . 4 4 4 4 

PSIG 

____ 

2 3 6 0 
2 5 3 6 
2 5 3 6 
2 5 3 6 
2 5 3 6 
2536 
2 5 3 6 
2 5 3 6 
2 5 3 6 
2 5 3 6 
2 5 3 6 

FITTED L I N E : L 0 G < ( T O + P H I ) / P H I ) = - 6 . 1 0 5 4 6 PSIG + 15483.66797 

EXTRAPOLATION OF SECOND SHUT IN = 2536 .04 M = . 1 6 
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United S t a t e s 
Operator Geological Survev 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
Lease & Nn Test Well #3 .DST No 10 
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Operator. 

United States 
Geological Survey 

LYNES, INC. 
Pressure Extrajiblatibn Plot 

Madison Limestone 
Lease & Nn Test Well #3 -DST. No 10 

1 u 

a> 
+ • 

tr-t 

"r 

::. • - . - . l • j 

> . . .;. I 
J : L.. .. . 

•..',:;• • '." " ] . 

2200 2300 2400 2500 2600 2700 

.....J 
2800 

psig. 
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Phone 
522-1206 Area 303 LYNES, INC. Box 3600 

Sterling, Colo. 80751 

SE-NE 

Contrartnr Molen D r l g . Co . , I n c , 
Rig No. 
Spot 
Sec. 
Twp 
Rng 
Field 

J i . 
2 N 
27 E 
Wildcat 

County. 
State 

Yellowstone 
Montana 

Elevation 3 0 3 9 . 8 ' " K . B . " 
Formation M i s s i o n Canyon 

Top Choke 
Bottom Choke 
Si7H Hole 

Size Rat Hole 
Size & Wt. D. P. 
Size Wt. Pipe 
1. D. of D. C. 
Length of D. C. 
Total Depth 
Interval Tested 

1 " 
9/16" 
8 3/4" 

4 1/2" 16.60 
150' 
2 1/2" 
281' 
7196' 
4598-4788' 

Type of Test. Inflate 
Straddle 

Flow No. 1 . 
Shut-inNo. 1 . 
Flow No. 2 
Shut-in No. 2 . 
Flow No. 3 
Shut-in Nb. 3 . 

J i 
30_ 
30 
90 
270 

.Min. 

.Min. 

.Min. 
_Min. 
.Min. 
.Min. 

Bottom 
Hole Temp., 
Mud Weight. 
Gravity 
Viscosity 

113.4°F 
1 0 . 8 

48 

Tool opened & 6 ; 3 5 AM. 

Outside Recorder 
PRD Make Kustcr K-3 
No. 5155 Cap 5000 

Press 
Initial Hydrostatic 
Final Hydrostatic 
Initial Flow 
Final Initial Flow 
Initial Shut-in 
Second Initial Flow E 
Second Final Flow 
Second Shut-in 
Third Initial Flow 
Third Final Flow 
Third Shut-in 

(a 4606' 
Corrected 

2563 
2563 
477 
1344 
2405 
1386 
2117 
2409 
2103 
2048 

Lynes Dist.:. 
Our Tester;. 
Witnessed By:. 

Billings. Mt. 
Gene Braley 

t n 
(D 
(D 

O 
H-
(fl 
r i -
- i 
H-
cr 
c 
<-̂  H-
O 
3 

O 
3 
H-
r i ­
ll) 
a. 
t n 
r l -
IU 
<+ 
n> 
ta 

C l 
(B 
o 
H ' 
<•> 

(R 
H-
n 
P) 
I - " 

M 
C 
"1 

< (B 

<< 

} - • 
CTl 
4 ^ 
i n 
: < j 

O 

M 
M 

)̂ 
on 
1 

- ~ ] 

ca 

i< ID 
u. H-
to 
O 
3 

r-
H-
H 
a> 

o 3 
(D 

H 
(0 
U 
c r 

S 
(D 
H-
t - . 

Did Well Flow - Gas No Oil No Water YeS 

RECOVERY IN PIPE: Test was reverse c i r c u l a t e d . 

REMARKS: 

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 20 
minutes. 

3rd Flow - Tool opened with fluid to surface. 
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LYNES, INC 
United S t a t e s 

Operator Geological Survey . Lease & No.. 

Madison Limestone 
Test Well #3 .DST No.. JL l . 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in 
U n r e a d a b l e 

J 

«« 

Pressure Be low B o t t o m 
Packer Bled T o 

»» 
an 
«» 
«« 
«« 
«» 
«» 

2 3 9 3 

2 0 7 5 
2040 

— 

PRD Make_ 
No 1 3 6 4 1 

Inside Recorder 
Kuster K-3 
. Cap., 4450 4567' 

Outside Recorder 
PRD Make Kuster K-3 
Nn 16445 Cap A500 0 4606' 

I - . , . ' . 
Press 

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 

Pressure Be low B o t t o m 
Packer Bled T o 

2553 
2553 
469 
1336 
2401 
2108 
2109 
2403 
2094 
2059 
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LYNES, INC. 
United States 

Operator GeologJcal Survey 

Madison Limestone 

. Lease & No. Test Well #3 DST No 11 

i ; 
I ; 

1' • • 

. „ . 

"., 

; * 

k ' • ' \ 

. ' i 

r 
•y-^ 

^2\_^ 
" ^ - ^—. . - i V 

Outs id 

PRO Make Kuster 
Hn 12355 Cap 35 

Press 

Initial Hydrostatic 
Final Hydrostatic 
Initial Flow 
Final Initial Flow 
Initial Shut-in 

1 Second Initial Flow 
Second Final Flow 

'••• Second Shut-in 
Third Initial Flow 

e Rec 
K-31 

-249 

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Maximum Temperature 

Pressure Be low B o t t o m 
Packer Bled T o 

;order 

r 
(a 4606' 

Cor rec ted 

113.4 

PRn Make 

No. Cap. 
Press 

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

A 
K 
B 
C 
D 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Pressure Be low B o t t o m 
Packer Bled T o 

0 
Cor rec ted 

1.64 



LYNES, INC. 
Fluid Sample Report 

Company 

Well Name & No.. 

County 

Test Interval. 

United States Geological Survey 

Madison Limestone Test Well #3 

Yellowstone 

Date. 

4 5 9 8 - 4 7 8 8 ' DST No^ 

jj.-2a=7a_ 

Ticket No 16453 

State Montana 

11 

Total Volume of 

Total Volume o1 

Pressure In 

Make Up Water. 

Mud Pit Sample. 

Gas/Oil Ratio 

Where was samp 

.Sampler' 

Oil-

Water-

Ml rri-

(^?f 

Oth»r-

1 0 . 0 

6,6 

e drained 

2000 

i q 4 0 

ISQO 

Non p. 

1040 

None 

T r a c e 

None 

R.W. 3 . 4 e 9 0 ° F = 1 , 2 5 0 Dpm. c h l . 

Resistivity ' 

(3) 6 9 F nf rh In r iHe r n n t e n t 

0 7 0 F nf r h i n r i d p PnntBnt 

Rrav i ty 

On l o c a t i o n . 

550 

800 

O A P I @ 

r r 

rr , 

psin 

cc. 

rr, 

ru, f t 

ppm. 

— ppm. 

Ri»fT'i*r'<$* 
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LYNES, INC. 

Operator United .States :Goological Lease & No. Madi.spn IJmostotie DSr No. 11 
Survey Test Well 113 

Comments relat ive to the analysis of the p re s su re chart from DST / / l l , Inter­
val: 4598-4788', wiiich wfas run in the captioned well located in the NW SE Sec­
tion 35, T2N-1127E, Yellow.stone County, Montana: 

Extrapolation of the Initial Shut-in priessure buLld-up curve indicates a maxi­
mum re se rvo i r p ressure of 2407 psi at the r ecorde r depth of 4606 feet. A max­
imum rese rvo i r p ressure of 2409 psi was recorded mechanically during the Final 
Shut-in period. The difference between the extrapolated Initial and Final Shut-in 
p res su res (2 psi) is considered insignificant. 

The condition of mechanical stabilization of the p re s su re r eco rde r during the 
Final Shut-in period precludes the use of the Horner analysis method for calcu­
lating a ntimerical value for the t ransmiss ibi l i ty of the tested r e se rvo i r . It is 
obvious, however, on the basis of the charac ter of the p re s su re record which 
was obtained in this test, plus the volume-ra te of flow which was observed at 
the surface, that the t ransmissibi l i ty of the tested zone is excellent. 

The indicated maximum rese rvo i r p r e s su re at the r eco rde r depth is equivalent 
to a subsurface p re s su re gradient of 0.523 psi /f t . This p re s su re gradient, a l­
though anomalously high compared to a "normal" hydrostatic p res su re gradient; 
is reasonably consistent with the subsurface p ressu re gradients which have been 
determined for other Paleozoic r e s e r v o i r s which were d r i l l - s t em 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 ba r re l s ) in an effec­
tive flowing t ime of 35 minutes (the total elapsed flowing t ime at which fluid 
reached the surface) . 

The evaluation c r i t e r i a used in the DST Analysis System indicate that the tools 
and r eco rde r functioned properly: however, as noted above, because mechanical 
stabilization of the p ressure r eco rde r occurred throughout the majority of the 90-
minute Final Shut-in period, it is not possible to calculate numerical values for 
the tested r e s e r v o i r ' s t ransmissibi l i ty , permeabili ty and damage rat io by the use 
of the Horner analysis method. 

^ 

Rofier L . Hoeger 
Consultant to LyrM^, Inc. 
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LYNES INC. 

REPORT #1478 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 11 

RECORDER NUMBER - 5155 

FIRST SHUT IN PRESSURE 

IME(MIN) 
PHI 

.0 
3.0 
6.0 
9.0 
12.0 
15.0 
18.0 
21,0 
24.0 
27.0 
30.0 

(T+PHI) 
/PHI 

.0000 
6.0000 
3.5000 
2.6667 
2.2500 
2.0000 
1.8333 
1.7143 
1.6250 
1.5556 
1.5000 

PSIG 

1344 
2385 
2397 
2402 
2403 
2403 
2404 
2404 
2405 
2405 
2405 

EXTRAPOLATION OF FIRST SHUT IN 2407.20 
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LYNES INC. 

REPORT *1478 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 11 

RECORDER NUMBER cr -1 crc* 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

. 0 
9 . 0 

18 .0 
27 .0 
36 .0 
45 .0 
54 .0 
63 .0 
72 .0 
81 ,0 
90 .0 

(T+PHI) 
/PHI 

.0000 
6 .0000 
3.5000 
2 .6667 
2 .2500 
2 .0000 
1.8333 
1.7143 
1.6250 
1.5556 
1.5000 

PSIG 

__,__ 

2117 
2404 
2406 
2407 
2408 
2409 
2409 
2409 
2409 
2409 
2409 

FITTED L I N E ; L 0 G ( ( T O + P H I ) / P H I ) = - 5 . 0 0 9 8 7 PSIG + 12069.00195 

EXTRAPOLATION OF SECOND SHUT IN = 2409.04 M = .20 
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United S t a t e s 
Operator Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
Lease & No Test Well tf3 .DST No. 11 

.. \ , 
\ 
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IH 

Ct 
p. 

_ . _ . J . . . . . . 
2200 2300 2400 2500 

psig. 
2600 2700 28CI0 
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Operator. 
United States 
Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
.Lease & No.. Test Well #3 .DST No.. 11 

2200 2300 2400 2500 
psig. 

2600 2700 2800 
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Phone 
522-1206 Area 303 LYNES, INC. Box 3600 

Sterling, Colo. 80751 

Contractor. 
Rig No. 
Spot 
Sec 

Twp. 
Rng 

Field 

County 
State 

Elevation 
Formation 

y i T 

]5%vil 

M o l e n Dl 

4 
SE-NE 
35 
2 N 

2.7_E 
Wi ldca t . 
Ye l lowsl 
Mon tana 
3 0 3 q . 8 ' 

Mi ss i on 

lit^v ' ^ 

Did Well F l o w - Gas_ 
RECOVERY IN PIPE. 

REMARKS: 

- i g . Co. .^ 

;one 

" K . B . " 
Canyon 

> '• ^ 

No ni l 

Test was 

1s t Flow 

2nd Flow 

3rd Flow 

I n c . Tnp Chnke 1 " 
Rnttnm Chnke 9 / 1 6 " 
Size Hnle 8 3 / 4 " 
Size Rat Hnle 
Size 8i Wf D P 4 1 / 2 " 1 6 . 6 0 
Size Wf Pipe 1 5 0 ' 
1 D of D C 2 1 / 2 " 
1 ength nf D C 2 8 1 ' 
Total Depth 7 1 9 6 ' 
Interval Te<;feH 4302-44<52 ' 
Tvpe nf Test I n f l a t e 

S t r a d d l e 

: • • ~ . • • . - ' ^ - ^ . . . ^ . . - . . _ ^ 

• • : : ' . ; ' - ' i - ' ^ - • . . . • • • • • ' . . . • J 0 . ; : ; . : ' . • : ' : • » . • , . . . • ' ' 

• •^•' '-.:S-;-r:-r.y-Z..-:-::*- 'Wy:--:::.:- ; 

V^-*¥HM-' „._ 

No Water Yes 

reverse c i r c u l a t e d . 

- Too l opened w i t h a s t r o n g blow 

immedia te ly and remained t h r u 

- Too l opened w i t h a s t r o n g blow 
4 m inu tes . 

- Too l opened w i t h f l u i d t o s u r f 

FInw Nn 1 20 Min 
Shiif-in No 1 30 Min 
FInw No ? 30 Min 
Shut-in Nn 7 90 Min 
FInw Nn 3 240 Min 
Shut-in Nn ,T — Min 

Bottom -
Hnle Temp 1 2 1 . 8 " F 
Mufi Weight 1 0 . 8 

Gravity - -
Vi.<;rn<;ity 47 

Tool opened @ 1 2 ; 4 5 PM. 

0ut.=!lde Recorder 
PRn Make Kuster K-3 

No. 16445 Cap. .4500 
Press 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in D 
Second Initial Flow E 
Second Final Flow F 
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

1 ynp, nkt • B i l l i n s s 
nnr T«ter- Jack Res 
Witnpwerl Ry — 

& 4310' 
Corrected 

2325 
2322 
2009 
2168 
2318 
2193 
2239 
2318 

2239 
2239 

, M t . 
coe 

1 

t o bot tom o f bucke 

f l o w p e r i o d . 

. F l u i d t o su r face 

ace . 

t 

i n 

tn 
(D 
fD 

M 
H-
m 
r l -

•̂  H-
r r 
c r f 
I-'-
o 
3 

O 
3 
H-
c t 
fl) 
CL 

M 
c t 
P 
n-
fD 
u 

O 
<D 

o 

o 

w 
c 

< 
a 

p 

J> 
vn 
J> 

o 

M 
M 

A> IX> 
1 

- J 
a> 

Q . 

7-
p 

^ 
D. 
H-
to 
O 
3 
1 -
p-
.4 
(D 
CO 
ct 
f) 
3 
(D 
H 
to 
U 
ct 
S 

. fD 
H-
M 

z 
o 
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LYNES, INC. 

nperatnr .United States Geological Lease & Nn Madison Limestone oST Nn 12 
Survey Test Well #3 

Comments relative to the analysis of the p ressu re 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 rese rvo i r p res su re of 2318 psi was recorded mechanically during 
both shut-in periods. This maximum re se rvo i r p res su re at the r eco rde r depth 
of 4310 feet is equivalent to a subsurface p re s su re gradient of 0. 538 psi / f t . This 
p res su re gradient, in turn, is anom^alously high compared to a "normal" hydro­
static pressure gradient; however, it is reasonably consistent with the p r e s su re 
gradients which have been determined for other Paleozoic r e s e r v o i r s which were 
d r i l l - s tem tested in this same well . 

Because of mechanical stabilization of the p re s su re r e c o r d e r s during the shut-
in periods, it is not possible to use the Horner analysis method for calculating, 
numerical values for the t ransmiss ibi l i ty and permeability of the tested r e s e r ­
voir . It is obvious, however, in view of the nature of the p re s su re record which 
was obtained In this test, plus the volume-ra te of fluid flow which occurred, that 
the t ransmissibi l i ty 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 ba r r e l s ) In an effec-
tlve flowing t ime of 24 minutes (the total elapsed flowing t ime at which fluid 
reached the surface). 

The evaluation c r i t e r i a used in the DST Analysis System indicate that the tools 
and recorde r functioned properly;^ however, as noted above, because mechan­
ical stabilization of the p r e s su re r e c o r d e r occurred throughout the majority of 
both shut-in periods, it is not pxDSsible to calculate numerical values for the 
tested r e s e r v o i r ' s t ransmissibi l i ty , permeabili ty and damage rat io by the use 
of the Horner analysis method. 

m ^ r L. Ho€„ ^ 
(Mnsultant to LyncB, Inc. 
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LYNES INC. 

REF-ORT #1479 

WELL NAME - MAMSON LIMESTONE TEST WELL 3 

UELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 12 

RECORDER NUMBER-- 16445 

FIRST SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
3.0 
6,0 
9.0 
12.0 
15.0 
18.0 
21.0 
24.0 
27.0 
30.0 

(TJPHI) 
/PHI 

.0000 
7.6667 
4.3333 
3.2222 
2.6667 
2.3333 
2.1111 
1.9524 
1.8333 
1.7407 
1.6667 

PSIG 

2168 
2310 
2312 
2316 
2317 
2318 
2318 
2318 
2318 
2318 
2318 

EXTRAPOLATION OF FIRST SHUT IN = 2318.04 
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LYNES INC. 

REPORT #1479 

WELL NAME - MADISON LIMESTONE TEST WELL 3 

WELL OPERATOR - UNITED STATES GEOLOGICAL SURVEY 

DST NUMBER - 12 

RECORDER NUMBER ~ 16445 

SECOND SHUT IN PRESSURE 

TIME(MIN) 
PHI 

.0 
9.0 
18.0 
27.0 
36.0 
45.0 
54.0 
63.0 
72.0 
81.0 
90.0 

(T+PHI) 
/PHI 

.0000 
6.5556 

= 3.7778 
2.8519 
2.3889 
2.1111 
1.9259 
1.7937 
1.6944 
1.6173 
1.5556 

PSIG 

2239 
2316 
2317 
2318 
2318 
2318 
2318 
2318 
2318 
2318 
2318 

FITTED LINEJ LOG((TO+PHI)/PHI> = -6.98928 PSIG + 16201.41797 

EXTRAPOLATION OF SECOND SHUT IN = 2318.04 M = .14 

176 



operator. 

United States 
Geological Survey 

LYNES, INC. 
Pressure Extrapolation Plot 

Madison Limestone 
Lease & Nn Test Well tf3 .DST No 12 
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Table 3.—(Chemioal anxlyeee of watev from Madieon Limeatone t ea t well 3 

{Analyses h y EERC, Inc., unless ochervlse Indlcsted. Samples are "slightly mud-cut water" 
unless otherwise Indicated. Chemical constituents are In ng/L] 

Fortnation 

Flathead Sand­
stone and 
Precambrian 
rocks 

Red River 

Upper Red River 
and Stony 
Mountain 

.Madlaon (Lodge­
pole) and 
Upoer Devo­
nian rocks 

l_i Madison (lower 
00 part of the 
O Hiaslon 

Canyon) 

Madlaon (middle 
part of the 
Mission 
Canyon) 

Hadlson (upper 
part of the 
Mlislon 
Canyon) 

Hadlson (upper 
part of the 
Mission 
Canyon)*' ' — 

Sam­

ple 
In­

ter­
val' 

6984-
7190 

5748-
5940 

5608-

5743 

5250-
5440 

4798-
4988 

4598-
4788 

4302-

4492 

4290-
4414 

Drill-
stem 
test 
num­
ber 

4 

6 

7 

9 

10 

11 

12 

Z 

Spec­
if ic 
con- Tea- Cal- Mag- So- Po-
duc t - pH pera- d u n ' ne- dlun t a s -
ance ( f ie ld) ture (Ca) slum (Na) slum 

(lab) C O OJg) (K) 
({/mhos/ca 
e 25°C) 

Bl-
car-
bon-
ate 
(HCOj) 

Sul- Chlo-
fate ride 
(SO^) (Cl) 

Fluo- Dis- Bar- Bo- Total Llth- Sele- Stron-
rlde solved ' lum . ron Iron .lum nlum tlum 
(F) solids (Ba) (B) (Fe) (1.1) ; (Se) (Sr) 

(Calc.) 

26,000 7.3 52.0 2,200 170 5,000 170 85 880 11,500 2.7 19,800 3.7 9.1 

4,200 7.2 48.8 440 87 860 42 230 2,900 70 3.4 4,470 4.4 .32 

9.0 <0.005 44 

.29 <.005 13 

4.100 7.5 35.5 450 82 610 42 310 2.400 64 3.3 3,810 11 .39 3.9 .31 <.005 6.9 

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 

3,300 6.9 48.1 530 110 240, 39 170 2,100 60 3.3 3,100 1.9 .27 .30 <.005 7.3 

4,300 6.9 46.5 520 130 580 42 220 2,700 65 3.4 4,000 .96 .34 .24 <.00S 6.5 

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 

2.880 6.8 51.8 490 100 95 39 155 1,800 39 .7 2,660 0 .37 '•.74 .39 0 9.5 



Table 3.~-t^emioal anatyeee of wetter from Hadieon Limestone test well Z—Continued 

Formation 

Tensleep Sand-
atone and 
Amsden^' ' 

Madison (upper 
par t of the 
Mission 
Canyon)' 

Sam­
p l e 
i n ­

t e r -
v a l ' 

4150-
4234 

4337-
4357 
and 

4373-
4393 = 

D r i l l -
stem 

t e s t 
num­
ber 

3 

Spec­
i f i c 
con­
duct ­
ance 

( lab) 
(limhos/cm 
9 25''C) 

2,300 

2,700 

pH 
( f i e ld ) 

6.9 

7.0 

Tem­
pera­
tu re 
CC) 

49.7 

48.8 

Ca l ­
cium 
(Ca) 

• 

500 

540 

Mag­
ne­
sium 
(Mg) 

110 

99 

So­
dium 
(Ha) 

84 

84 

Po­
t a s ­
sium 

(K) 

40 

40 

Bl -
c a r -
bon-

a t e 
(HCO3) 

151 

146 

Sul­
f a t e 

(SO4) , 

1,800 

1,800 

Chlo­
r i d e 
(Cl) 

41 

35 

Fluo­
r i d e 

(F) 

4 .5 

3.2 

Dis ­
solved 
s o l i d s 
(Calc.) 

2,700 

2,670 

Bar­
ium 
(Ba) 

0 

<.05 

Bo­
ron 
(B) 

0.39 

.4 

Total 
I ron 
(Fe) 

'•0.97 

1.4 

L i t h ­
ium 

(Li) 

0.40 

.34 

Se le ­
nium 
(Se) 

0 

<.005 

St ron­
tium 
(Sr) 

9.8 

8.8 

_Depth in feet from kelly bushing (KB) vhich is 15.5 ft above land surface and 3,039.8 ft above 
^Analyses by U.S.G.S. laboratories. 
\ong duration flow tests, good clear water. 
Dissolved iron. 
^Perforated Interval. 

sea level. 
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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. 

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 the geologic 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
pian section. Parts of the cores were highly fractured and brecciated, and 
bowed 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 
=:,cially secondary interstitial porosity, which resulted in high water 
ds in Madison test well 1, was minimal in Madison test well 3. In the 
r̂ well, although primary, porosity in the form of well-sorted oolites and 
wa9 formed during deposition, the oolite banks and vugs are mostly filled 
nhydrite. Also, the evaporite sequences were thicker than predicted. 
Ig and fracturing, as predicted in the geologic model, were common and 
ter production was from faults and fractures. However, many of these 
? sealed with anhydrite. 

".her evaluation of the geologic model will be made after detailed 
of cores and cuttings have been completed by project petrologists. 

from the packer-isolated intervals, measured at the end of the 
*ipe, ranged from 13 to 115 gal/min; back pressures while flowing 
0 to 65 Ib/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 restrictions within 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 Ib/in^/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. 

Test well 3 is only partially completed. Two cement plugs were set in 
the open hole to isolate Cambrian rocks that contaiined 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 is at 4,985 ft. The 
7-in casing 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. 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 Ib/in^ at land surface) from the perforated intervals 
will be controlled by pumping a "pill" of heavy mud weighing about 11 lb/gal 
into the 7-in casing immediately above and through the intervals perforated. 
A lighter weight mud (about 9 lb/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 containing water of a quality that 
m^ets 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-isolated 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 
GEOLOGICAL SURVEY 

OPEN-FILE REPORT 7 9 - 7 4 5 
P L A T E I 

GEOLOGICAL WELL LOG 

ra ijfa g^ 
^ Cv-'i r^?3 

m ®3 fs. 
a ^ Era 6.Jg 

„jjjj Bite, lissjj 
F ^ •=» ns^ 
tffSrr B M B D J C E S ^ 

/?=% ( S ^ E-iiJ 
P f ^ ESa| • ^ ^ 

JOHN R. W A R N E I R V I N K R A N Z L E R 

Geologists 
Billings, rJ3ontana 

WELL-SITE LOG 
DRILLING TIME, LITHOLOGY 

QRerotor: U. S. GEOLOGICAL SURVEY 
Well: Madison Test Well No. 3 
Locotion: Sec. 35, T 2 N, R 27 E, Yellowstone Co., Montono 

Elevotion:S024 GR, 5040 KB. Total Depth'. 7190' 

Spud D o t e ; August 15, 1978 S t o t u s : Reoctied TD November 16, 1978; prep, to complete as hydrologic test well. 

C o s i n g : J o " at 3 3 1 ' KB; 13-3/8" ot 9 9 2 ' KBi 9 - 5 / 8 " ot 4313' KB, 

L o d g e d hy I rv in Kronzler a^ Jotin R. Warne 

R e m a r k s ' Somple desciiptions odiusted to drillino time depths. Obvious covings not described. 

SYMBOLS 

Cool 

Bentonite 

Solt 

^ ^ Igneous 

Metamorphic 

Colcoreous 

- ^ Dolomit ic 

G Glouconite 

HYDROCARBOM SHOWS 

* Oil.Qood Uven stain or f tuoretcencs) 

9 Oil,poor (spotty stoin or f luor tscenca) 

o Oil,Quesiionoble stoin or only cut f l u o r t s c i n c * 

0 Oii.deod or osphoitic 

<( Gos bubbles in cut t ings or core 

"^ Cos show from trud loQ 

POROSITY 

T Troct 

P Poor 

M Medium 

G Good 

D R I L L I N G T I M E 

Minutes per 5 Feet 

MECHANICAL 
DATA 

SHQIE (Sarrf]^) 2ii5 (•?765) 

7 ^ 

' § 

TELBORAPH CREM 700 (•JSilO) 

:siuimoii7e9 ^("ggSl ) 

COtORABO liJS ^ i " ! 1 7 ) 

KIOHRARi 938 (•aioa 

O I 

~ : i 

& — 

n r r ° 

S A M P L E DESCRIPTION 

|& 

L r i l i c - ftH^ftet' ::i;rcny "blue" shale at about y) feet 

rVf, .raid ^y^ V s3ty, t r flaiic, v bent , mica, bn 
psrb Piat. 

S l t s t , med ^y, v a r : ; i l , mica, carb, s l i calc , ' 
tan fc I t orange incXus. 

Sh, med gy, blky, v a l t y , bent, SLka S l t s t , a .a . 

Ss, I t ey» s&D, v f / a l l , s l i ca lc , bant, t r ?l«uc, 
mica, f r l , t l . S l t s t t ^^,, a .a . BITI Concre 
frtipH w/anb«r Calcite XIF . 

Sh, med ^ , v s l t y &. sdy, bent, mica. Stks 
Sl.1t 6 Ss, a .a . 

Conglj I t zy Ss w/dk gy pehb]e?, s U cole, bent , t r glauc, t l . 
Sa, I t g:y, n l i s&p, vf, cnlc, b?pt, s l i rtlauc, n i c i , 

t i , no show. 

Ho sample. 
S l t s t ar S l la t /vf Ss, It/med gy, speckled black, HrRll. 

Ss, med gy, vf, a r g i l , a l l glauc, 7 s l i ca lc , mica, t t . 

Sh, dk/med gy, » s l t y , mica 

' t 

Sl t s t / v f Ss , med/dk gy, v a r g i l , mloa, 
Ss, I t gy to bm. gy, some med gy, glauc, ca lc , f r l , t r por 

to t i , no ehoir, pipe dope contan. 

Sh, dk gy, blky, slty, bent, mica. 

Ss, I t gy, gm gy, hm gy, f/ra grdin to vf doid, glauo, s l i 
ca lc , rare orange grains , t i , no f l . Sh^dk/med gy, blky, 
s l t y , glauc, firm, 

S3, I t gy f/med, acat blk and gy gma, v glauc, t r pink 
g m s , a l l c l c , mica, t i / t r por, no f l . 

A.a. , becoming a r g i l . 
Sh, med/dk gy, blky, T sdy, t r tan specs. 
Ss, med/lt gy, f/vf, t r amber & pink g m s , glauc, mica, 

ca lc , t i / t r por, t r py, no f l . 

Gas kick of U uni ts 60$-6l5 fee t . 

A.a. , becoming f/vf, t i , no f l . 

Ss» I t gy» Tf, glauc, n lca , a l l ca lc , a r g i l , t l . 

Bent, I t gy, blue-gy, bm-gy, mica, s l t y in p t . 
Ss, v f /S l t e t , ned bm-gy, v erj j l l , a l ca , glauc, s l i ca lc , 

t l . Stks V sdy Sh, b l i y , med bm-gy, 

Sh, med gy it bm-py, blky, r s l t y Sc sdy, mica, s l i gleuc. 

Grades to v a rg i l S l t s t . Tr Bent, crmAt gy. 

Bent, cmv^lt gy. Slty Sh, a .a . 

Sh, med gy, b lk / , a l t y . Bent, a .a . 

A.a. fcecomlng less s l t y , t r ] 

A.a. Bent, irii, mica. 
Sfl, wh, s&p (mica w/some gy Sh g m s ) , f, t r orange g m s , 
oale , dJc btn •—"- - " -- - ' -oa»b <wftfc, • frafa w/eltwg buljtjTea 
f r i , t r p o r / t i . Gas kick of 36 un i t s . Tr Bent, blue-gy. 

Se» !*• Ey» o&p, Tf/f, aband mica and dk bm carb mat, a r g i l , 
a r g i l , o l i ca lc , t l , no f l . Gas unita dropped to 20. Sh, 
med bm-gy, blky, abund mica and bm carb Rat, t r glauc. 
Tr gy-bm calcilP concre frags. 

As above, dec in mica & carb mat, Tr v n u l l tan apaoa. 

Sh, med bm-gy, blky, s l t y , s l i ca lc , mica. Stka Ss vf/ 
S l t s t , I t gy/ii^, mica, t i . Irrvg gaa kick up to $8 un i t s 

As above, dsc In gas. 
Sh, mad gay-bm, blky, s l t y , calc u/tan calc specs. Intercal 

Sa, vf. I t gy, bm-gy, mica, caloj t l , no f l . 

As above, specs mora noaaroua. Leas Sa, 

As abova, tan to orange oalc apoca abund; aoan dk bm pyr i t i c 
carb mat; t r cnn^bnt Inoceranua prisma. 

Shf dk gy, flaky, s l calc; t r irh-clear ca lc i t e nodules. 

Sh, dk gy, flaky, al ca lc , a few. pieces w / t a n calo spaas'; 
t r carb mat." 

Sh, dk gy flaky, s l calc; t r shal l frag. 

As abovo y / f r Ss, med-gry, vf, scat b lo t , t i , 10 f l or cut f l , 

Sh, V dk gy, flaky/ln5)y, noncalc/al ca l c | t r aholl frag & 
ca lc l t a nodules & p y r i t e . 

o - i - -
« • • * * • ' 

•\ ' i2a. ' i .-

•s. 

a: 

• ^ • ^ 

— 1 . 

v.? 
t i a . 

- s 

• v - • 

• ' - ^ ^ 

Sh, dk gy,"ljiq)y, noncalc} a l i t t l e Bent, wli/ I t gy, w/ b l o t | 
t r shel l fraf{8, wh ca lc i te noduleo L py r i t e ; t r Sa, I t gy, 
Tf, scat b l o t , mnch wh bent matrix, t i , no f l or cut f l . 

Sh, med gy, flaky/lmpy, Sl ty , s l ca l c , t r g;auc gms at 
1320 incr to num glauc gms 1330-1ii30j Bent, t a n / I t gy, 
ea r thy /m^, b i o t , edy In p t , 

\ 

Sh,dk gy, flaky/lmpy, s l t y , sdy, glauc in p t ; S l t s t grad 
to Ss, vf, med gy, s l t y , arg, glauc, t i , no f l or cut f i . 

*Sh, dk gy, flaky, non-calc/s l c a l c , b l o t ; t r shell frag; • 
t r Bent, wh/lt gy, b i o t , sdy in pa r t . 

Sh, dk gy, flaky, calc to s l ca l c , acat tan calc apeca* 
Tr Ss, I t gy, vf, arg, ca l c , t i no f l or cut fl 1520-30, 

Sh, dk gy, flaky, ca l c , nun tan calc specs, a few wh calc 
specs. 

Sh, dk f7 , flaky, c a l c ' s l ca l r ; t r sb»ll fraga y ca lc i t e nod. 

Sh, dk gy, flaky, calc/non calc; l i t t l e S l t s t ?rad to Ss, 
med gy, arg, calc in p t , nun blk i gy gma, t l , no fl or cut f l . 

Sh, dk gy, flaky, non-calc/s l calcj t r S l t s t , med gy, 
arg; t r shel l frag. 

Sh It S l t a t as above; a l i t t l e Sa, ned gy, vf, a l t y , arg, 
acat blk & gy g m s , biot In p t , t l , no f l or cut f l . 

Sh, dk gy, flky, calc in p t . Tr S l t a t , grding to Sa, med gy, 
vf, a r g i l , ca lc , acat blk gma, t l , no f l or cf. Tr Shall fraga. 

Sh, dk bm-gy, gy-bm, blky, s l t y , calc,- firm. Tr Sa, med gy-bm, 
vf, V py, ca l c , dull orange apeca. Sl i gaa kick at 1911. 

Sh, gy-bm, blky, oalc , a l t y , acat a ica . Tr Sa, l t /»ed gy-bm, 
vf/f, ca lc , py, mica, t i , 

Sh, dk gy, aome bm-gy, blky, s l ty , lmica , s l i ca lc , 

J*ich Bent, wh, aone I t gy, mica. Sh, a .a , 

Sh, dk gy, some bm-gy, blky, bent , a l t y . Stks Ss , I t gy, vf, 
a l i calc and glauc, a r g i l , t i . Some Bent, wh, mica. Inoceramus 
priams. 

Bent, I t gy, some itfi, mica, Sh«le, ,a.a. 
Sh, dk gy, some bm-gy, blky, l e ss Sl ty , t r glauc, mica. Bflnt, I t 

gy to wh, mica. Tr Sa, med gy, vf, a r g i l , mica, t race glauc, a l i 
ca lc , t l . Inoceramus prisma. ' Q-f -

Sh, dk gy, blky, V a l t y , carb. Bent, wh, c m . I t gy-bm, mica 
Sh, ned gy/dk gy blky, a l ty j mica . - Inc la Bent,- a .a . 
Sh, dk gy, blky, v a l ty /ady, t r py U glsuc. Bsnt, I t bm, mica. 
A.A, Inc in Py and Glauc. Tr Sa, nad.gy, vf/f, ca l c , glauc, t l . 
Abund Calci te , mlkyAt bm (Concretlona f ragmnts?) . 
Sh, dk bm-gy, blky, v ady grding to v a rg i l Se, vf, glauc, mica, 

t r py, T a l l ca lc , t i . Bent, wh/lt gy, mica, 
Ss, med/dk gy, some gra-gy, aoM I t ^ , vf, glsuc, a r g i l , mica, 

non-calc, t l , a l i py. Sh, dk gy,-blky, s l ty , . Bent, vh/gy, mloa 

Sh, med/dk gy, blky, sdy / s l t y , a l l Kl%ttc, mica. Bent, wti/gy, mica. 

Inc in Bent, Sh, a.a, ' ' . 
Sh, dk gy, blky, adyj Sa, med/dk gy;̂  vf, v a r g i l , a l l glauc, Tr Py, 

Sh, dk gy, blky, a l t y , bent. Some 6h, med/dk bm-gy, blky, a l ty/ady, 
t r glauc. Stka Bent, wh, mica. • ' -*» 

Sh, a . a . 38, I t gy, BOM i*i and some med gy, f, bent, glauc in p t . 
mica, s l i oalo, t i , 

Sa, m/l t bra-gy, f / v j , s i 
Bent, wh, ady in p t . Sb, 

s i l l c in p t , . 8 l l c a l c , hd, t l , no ahow, 
b , aZa 

Sa, I t bm-gy , s l i sSp, ' f /vf , mica'; ca lc ; *\^ clay I n f i l l , hd, t i , a l l l 
carb, a l l glauc, t r f l w/queat cut, Sh, dk bm-gy, carb, firm, 

Sh, dk bm-gy, dk b m , b lky/ f la , carb. Sa, aa, fijier, mor* bm. 9-*. 
Core Ko. l i 2270 - 2300 F«et. Sec 2U.5 feet . 
Core caught and sealed In PVC l ine r . No wel l - s i t e examination. 

Sh, dk gy-bm/bm-gy, s l t y , t r glauc & py, s l i calc 4 carb, frra. 
Stka Sa, I t /dk gy-bm, vf, a i l i c , carb, v a l l calo In p t , nlca, 
r r glauc i py, hd, t l , no ahow. Bent, wh, mica. Tr Calci te , 
vh & amb. 

Ss, I t gy,.8lcp, r , s i l l c , ca lc , mlba, hd, t l . 

Sh, dk b m , blky, s l t y , glauc in p t , flnn, Stka Sa, med/lt bm-gy 
vf, mica, bent, carb, t i . Bent, wh, I t gy, I t bm, mica. ^ 3 
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