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CONVERSION FACTORS 

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

English . . 

in (inches) 
ft (feet) 
ft^ (cubic feet) 
mi (square miles) 
gal (gallons) 
gal/min (gallons per 
minute) 

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

lb (pounds) 
Ib/in^ (pounds per square 

inch). 
md (millidarcys) 

Multiply by 

25.4 
.305 
.02832 

2.59 
3.785 
.0631 

.207 

.4536 
6.8948 

.000987 

Metric 

mm (millimeters) 
m (meters) 
m (cubic meters) 
km (square kilometers) 
L (liters) 
L/s (liters per second) 

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

kg (kilograms) 
kPa (kilopascals) 

ym (square micrometers) 
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PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL .2, 

SE!J;SEJS SEC. 18, T. 1 N. , R. 54 E. , CUSTER COUNTY, MONTANA 

By 

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

Abstract 

This report provides the preliminary data for the Madison Limestone test 
well 2 including test-well history, geology of the test well, hydrologic 
testing, and geochemistry. It also discusses the preliminary results and 
future testing plans. 

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

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

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

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

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

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



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

Introduction 

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

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

During the development of the study plan, a liaison committee was 
formed. The members were drawn from agencies of State governments that have 
an active interest in or responsibility for control or development of water 
from the Madison aquifer. These agencies include Montana Bureau of Mines 
and Geology, Montana Department of Natural Resources and Conservation, 
North Dakota State Water. Commission, South Dakota Division of Geological 
Survey, and Wyoming State Engineer. The purpose of the committee is to . 
maintain open communication between investigating hydrologlsts.and State' 
officials relative to all aspects of the U.S. Geological Survey's studies of 
the Madison aquifer. 

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

1. The quantity of water that may be available from the Madison aquifer. 

2. The chemical and physical properties of the water. 

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

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

5. The locations of wells and the type of construction and 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 of the aquifer characteristics such 
as water quality, -temperature, porosity, and potentiometric head. 

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

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

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

Test well 1 (Blankennagel, Miller, Brown, and Cushing, 1977) was drilled in 
the NE°SE° sec. 15, T. 57 N., R. 65 W., Crook County, Wyo. (fig. 1). Preliminary 
geological facies maps showed this area along the eastern part of the Montana-
Wyoming border to have a high percentage of dolomite in the Madison and 
associated rocks, thus indicating possible high primary porosity. Also, because 
this area was apparently structurally active, good potential for secondary 
fracture porosity was indicated. Other considerations in selecting the site 
were (1) depth to Precambrian rocks at about 5,000 ft below land surface, 
(2) adequate pressure to be reasonably certain that the well would flow at land 
surface, (3) location on State or Federal land, (4) good accessibility to the 
drilling site, (5) availability of water for drilling and an area for disposal 
of water from the well, and (6) nearness to source of electrical power. The 
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well, although not completely developed at this time (June 1977), will yield 
at least 700 gal/min. It penetrated formations having good porosity, 
permeability, and open fractures to a depth of at least 3,200 ft below land 
surface (Blankennagel, Miller, Brown, and Cushing, 1977). 

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

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

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

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

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

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

This report provides the preliminary data for Madison Limestone test well 2 
including test-well history, geology of the test well, hydrologic testing, and 
geochemistry, and it discusses the preliminary results and future plans. 
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Many individuals from the U.S. Geological Survey, other Federal agencies. 
State agencies, and industry contributed to the:successful completion of the 
Madison test well 2. No attempt will be made to list all the U.S. Geological 
Survey personnel involved in the operation; however, special recognition must 
be given to James A. Peterson, Thad W. Custis, James R. Marie, William J. Head, 
Gilbert Ortiz, Wilbur C. Ballance, Donald L. Coffin, Robert W. Maclay, Lewis W. 
Howells, William R. Miller, William B. Borchert, Steve A. Strausz, and Marvin A. 
Crist, for their contributions in the site selection, drilling, operations, and 
testing of the well. 

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

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

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

Test-well history 

The following historical data on the test well including time breakdown, 
hole history, core record, bit record, deviation surveys, and log index sheet 
were photo copied from the Fenix and Scisson report provided to the U.S. 
Geological Survey at the completion of the drilling, coring, and preliminary 
logging and testing of Madison Limestone test well 2. The mud report is from 
the Hegna, Kerns, and Traut report. 
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I t N I X 8. SCISSON, I N C . 

HOLE HISTORY DATA 

D A T E ! 6-16-77 APPROVED: 

HOLE NO.l Madison ill W. 0 . NO.l I. D. NO.l 

USERi USGS TYPf HOLE: Exp lo ra to ry 

Montana Cus te r AREA: P o w d e r v i l l e 

SURFACE COORDINATES: S E / ^ , S E / ^ , S e c . 1 8 , T I N , R 5 ^ E 

GROUND ELEVATION: 2793' PAD ELEVATION: TOP CASING ELEVATION: 

RIG ON LOCATION: 11-10-76 11-17-76 COMPLETED: A-28-77 

CIRCULATING MEDIA: Mud 

MAIN RIG & CONTRACTOR NO. OF COMPRESSORS & CAPACITY: 

BORE HOLE RECORD CASING RECORD 

PROM TO WT. /FT . WALL CPL'C. CU. FT. CUT. 

0 ' Excav.* ( 8 ' -x. 8 ' ce l l l a r ) 7 ' D i r t 

5 4 - 3 6 " * 30" CMP 7 ' 5A' 

54' 407' 26" 19.124" 94// H-40 Butt resfe 3' 407 ' 1001** 

407' 4663' 17V' (See Page 4) 0 ' 4662 ' 6305*** 

4663' 6489' i 2 J j " 8.835" 40# S-80 ST&C 4519' 6487' 1122 

6489' 9378' 855" 

TOTAL DEPTH: 9378' CL AVERAGE MANDREL DEPTH: FROM REFERENCE ELEVATION * 

JUNK » PLUGS LEFT m HOLE: Plugged back from 8 ' t22 ' to 9378 ' 

SURVEYS PAGE: 14 CORING PAGE: 12 CU. FT. CMT. TOTAL IN PLUGS. ETC: 525 

LOGGING DATA; P a g e 1 5 

BOTTOM HOLE COORDINATES: REFERENCE: 

RIGS USED (Site Prep Rigs *) 

TYPE 
DAYS 

OPERATrNG 
SECURED 
w CREW 

SECURED 
W/O CREW 

TOTA L DA YS 
ON LOC. 

JRK Drilling Co. National SOB 162.08 0.45 162.53 

(Anderson Drilling 

Co. Rig) 

REMARKS: * Site P rep /lem-v 

** Approximately 200 ft^ circulated to surface. 

*** Approximately 728 ft^ circulated to surface. 

NOTE:. , Depths shown are from pround level elevation 16' below kelly bushing 

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

PREPARED B Y I W D S l S J W TIME BREAKDOWN ON NEXT FACE 
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M a d i s o n 02 

TIME BKEAKDOWN 

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

ORILL INC OPERATION TIME (DOT) 

DRILL 

TRIPS 

suRvrrs 

<ilTF DOT DAYS 

TOTAL SITE PREP TIME 

OTHER SCHEDULED TIME (OST) 

MOVE 

RUN CASING 

CEMENT CASINC 

SITE Oi 

DAYS 

T DAY< 

OPERATIONAL DELAY TIME (ODT) 

j RIG REPAIRS 

[ W. 0 . DRILLING SUPPLIES 

CLEAN OUT FILL 

SECURED WITH CREWS 

^ITF ODT 

1 REMARKSi 

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 2 9 . 1 9 

TRIPS 1 0 . 6 7 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT DEV. SURVEYS 0 . 8 0 

OPEN HOLE DIRECTION SURVEYS 

Open H o l e 3 4 . 1 0 

MAIN HOLE DOT 7 4 . 7 6 pAYS 

CASINC OPERATION TIME (COT) 

RUN 2 0 " CASINC 0 . 4 3 

RUN 1 3 - 3 / 8 " CASING 1 . 4 9 

CEMENT 2 0 " CASING 0 . 6 7 

CEMENT 1 3 - 3 / 8 " CASINC 1 . 1 2 

DRILL OUT SHOE 1 . 8 4 

* 1 . 7 9 

MAIN HOLE COT 7 . 3 4 [jAYS 

TOTAL MAIN HOLE CONST. TIME 1 ' 

OTHER SCHEDULED TIME (OST) 

MOBILIZATIONS DEM 

CORE 

LOC 

C:ASED HOLE DIR. SU 

UNLOAD CASED NOLI 

RUN MANDREL 

HYDROLOGICAL TEST 

OBILIZATION 

1 6 . 1 9 

6 . 0 0 

RVEYS 

rs 2 9 . 8 6 

N i p p l e Up 4 . 3 7 

C i r c u l a t e S a m p l e s 1 . 3 7 

P l u g B a c k 1 . 0 0 

L a y Down D r i l l 

MAIN HOLE 0 

P i p e 0 . 9 2 

ST 5 9 . 7 1 DAYS 

> 2 . 5 3 oxYS REMARKS! 

O P E R A T I O N A L DELAY TIME (ODT) 

RIG REPAIRS 1 . 9 2 

w. 0. EQUIPMENT & S u p p l i e s 2 . 2 5 

FISH 1 0 . 1 7 

CLEAN OUT FILL 0 . 9 9 

UNLOAD WATER INFLOW 

REAM CROOKED HOLE 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 0 . 4 5 

C l e a n O u t P l u g g e d B i t 1 . 4 0 

R e p a i r B l o w O u t P r e v e n t e r 1 . 1 8 

C i r c u l a t e & M i x Mud 1 . 1 8 

Thaw Out R i g 1 . 1 8 

MAIN HOLE ODT 2 0 . 7 2 p ^ y s 

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

TOTAL SITE PREP TIME 

TOTAL MAIN HOLE CONST. TIME 

SEC W/O CREW SITE PREP 

SEC. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED (NO RIG) 

TOTAL ELAPSED TIME 

DAYS 

1 6 2 . 5 3 DAYS . 

DAYS 

DAYS 

DAYS 

1 6 2 . 5 3 DAYS 

R E M A R K S I 

* Run 9 - 5 / 8 " 

Cemen t 9 - 5 / 

L i n e r 0 . 3 7 Days 

3" L i n e r 1 . 4 2 Days 
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MADISON in 
HOLE HISTORY 

11-7-76 Site prep work consisted of an 8' x 8' cellar set at 7' below ground 
level with 30'- CMP set at 54' below ground level in a 36" hole and 
cemented with ready mix cement. 

11-10-76 Anderson Drilling Company rig tfS was moved in and crews started 
rigging up. 

NOTE: Ail depths reported from kelly bushing elevation (KE) 16' above 
ground level (GL) unless otherwise noted. 

n-17-76 Rigging up was completed at 0330 hours. Drilled 17Js" hole from 70' 
to 330' using conventional circulation with mud. 

11-18-76 Drilled 17^" hole from 330' to 430'. Pulled out of hole and made up 
26" hole opener. Opened 17Ss" hole to 26" from 70' to 146'. 

11-19-76 Opened 17%" hole to 26" from 146' to 357'. 

11-20-76 Opened 17V' hole to 26" from 357' to 423'. Rigged up to run casing. 

11-21-76 Ran 10 joints (425.62') of 20" O.D., H-40, 94)? buttress thread casing 
and landed at 406.62' (GL). Casing had a Baker BX guide shoe on 
bottom and a Baker latch-in type float collar at 363.62' (GL). Cen
tralizers were placed at 406', 367', 326', 283', 243', -201', 159' and 
117'. All ground level measurements. Ran latch-in tool in the hole 
and latched into the float collar. Cemented annulus using Halliburton 
with 520 sacks (801 ft3) of "Light" cement, 3% calcium chloride and 
V * 9 per sack of Flocele followed by 200 sacks (230 ft3) of Class "G" 
cement, 2Z calcium chloride and l/4# per sack of Flocele. Cement in 
place at 1115 hours. Approximately 200 ft^ of "Light" cement circu
lated to surface. Waited on cement. 

11-22^76 Cut off 20" O.D. casing and welded on a 20" National Series 600 casing
head. Started connecting up blow out equipment. 

11T23-76 Completed connecting up blow out equipment consisting of a 20" Shaffer 
single ram preventer on top of the casinghead followed by a 20" Hydril 
MSP-2000 preventer with a Grant rotating head on top. Drilled out 
float collar with a 17%" bit and pressured up on the Hydril preventer, 
top seals were out of the preventer. Removed connections and waited 
on repairs at 1915 hours. 

11-24-76 Waited on Hydril serviceman to 0600 hours. Worked on preventer and 
found piston cemented in. Replaced with a new Hydril preventer. • 

11-25-76 Connected up new preventer and tested to 1000 psi for 30 minutes. 
Drilled out cement and shoe with a 17%" bit. Made trip for 8%" bit. 

11-26-76 Ran 8%" bit in the hole with a junk sub. Circulated hole clean and 
drilled 8%" hole from 430' to 778'. Circulated hole, ran out of 
water at 1900 hours. 
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11-27-76 Thawed out rig to 1230 hours, ice in diesel oil lines. Drilled 8%" 
hole from 778' to 950'. Shut down at 2130 hours to thaw out diesel 
lines. 

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

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

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

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

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

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

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

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

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

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

12-8-76 Recovered 26' on core if3. Ran 8%" bit in the hole, reamed core hole 
and drilled from 4369' to 4640'. 

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

12-10-76 Continued running logs. 

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

12-12-76 Made up Lsmes test tool and ran drill stem test ifl from 4300' to 4680'. 
Tool opened at 0512 hours and completed test at 0830 hours. Laid down 
tool. Made up 12!t" hole opener and reamed hole from 406' to 430'. 
Opened 8%" hole to 125s" from 430' to 746'. 
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12-13-76 Opened 8%" hole to 12V from 746' to 1354'. 

12-14-76 Opened 8%" hole to I l h " from 1354' to 1870*. 

12-15-76 Opened 8%" hole to 121i:" from 1870' to 2356'. 

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

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

12-18-76 Opened 8%" hole to I l k " from 3340' to 3698'. Pulled out of hole and 
left 3 cutters in the hole. Picked up junk sub and made up 12*4" 
reamer. 

12-19-76 Ran in hole and opened 8%" hole to 12V' from 3698' to A130'. 

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

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

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

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

12-24-76 Opened 12%" hole to 17%" from 1310' to 1870'. 

12-25-76 Opened 12%" hole to 17%" from 1870' to 2437'. 

12-26-76 Opened 12%" hole to 17%" from 2437' to 2980' 

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

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

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

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

12-31-76 Opened 12%" hole to 17%" from 4216' to 4.410'. 

1-1-77 CIpened 12%" hole to 17%" from 4410* to 4626'. 

1-2-77 Opened 12%" hole to 17%" from 4626' to 4677'. Conditioned mud. 

1-3-77 Pulled out of hole and ran Birdwell logs. Made up 11-5/8" O.D. Globe 
basket and junk sub and ran in hole. 
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1-4-77 Pulled out of hole, no recovery. Made second trip with the basket, 
no recovery. Ran 10%" O.D. magnet in the hole, recovered approxi
mately 1 quart of bearings and pieces of cones. Ran magnet back in 
hole. 

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

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

Weight 
No. Joints Per Foot Grade Interval (GL) 

21 68.00// S-80 4661.70' - 3733.48' 
37 61.00i? S-80 3733.48' - 2086.63' 
53 54.50// K-55 2086.63' - 0' 

Centralizers were placed at 4649', 4625', 4558' and 4520', all ground 
level measurements. Then one centralizer on every other collar to 
1136' and one on every fourth collar to 515' and then one at 250' 
from surface. Ran latch-in tool in the hole on 4%" drill pipe and 
latched into collar. Cemented annulus using Halliburton with 6017.5 
ft3 (2065 sacks) of Class "G" cement, 16% gel, 3% salt, 0.2% CFR-2 
and 1/4// per sack of Flocele followed by 287.5 ft^ (250 sacks) of 
Class "G" cement and 1/4// per sack of Flocele. Cement in place at 
1610 hours. Circulated out 250 sacks (728 ft3) of cement. Waited on 
cement. 

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

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

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

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

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

1-12-77 Pulled out of hole and recovered 25' on core )?4. Made up 8%" drilling 
assembly and drilled from 4907' to 5108'. 
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1-13-77 Drilled 8%" hole from 5108' to 5410'. 

1-14-77 Drilled 8%" hole from 5410' to 5654'. 

1-15-77 Drilled 8%" hole from 5654' to 5850'. 

1-16-77 Drilled 8%" hole from 5850' to 6085'. 

1-17-77 Drilled 8%" hole from 6085' to 6140'. 

1-18-77 Drilled 8%" hole from 6140' to 6327'. 

1-19-77 Drilled 8%" hole from 6327' to 6470'. Circulated samples to surface. 

1-20-77 Pulled out of hole and made up core barrel with 8%" bit. Cut core if5 
from 6470' to 6540'.. 

1-21-77 Continued cutting core il5 from 6540' to 6556', recovered 88'. Ran 
Schlumberger logs. 

1-22-77 Completed running logs. Made trip with 8%" bit and conditioned mud. 

1-23-77 Made up Lynes straddle packers and ran in hole on 4%" drill pipe for 
drill stem test i f l . Set packers from 6138' to 6248' and opened tool 
at 0715 hours, packer failed at 0930 hours. Pulled out of hole. Re
paired tool and ran back in hole for drill stem test //3. Set packers 
from 6134' to 6244', opened tool at 2310 hours. 

1-24-77 Completed test at 0700 hours. Worked packers loose and pulled out of 
hole. Made trip with 8%" bit and conditioned mud. 

1-25-77 Made up test tool and ran in hole, set packers from 4898' to 4916' 
for drill stem test //4. Opened tool at 0537 hours and completed test 
at 1007 hours. Made up 12%" hole opener and ran in hole. 

1-26-77 Opened hole from 4679' to 4976'. Made trip for hole opener at 4715', 
bit locked. 

1-27-77 Opened 8%" hole to 12%" from 4976' to 5337'. 

1-28-77 Opened 3%" hole to 12%" from 5337' to 5588'. Made trip for hole 
opener at 5485'. 

1-29-77 Opened 8%" hole to-12%" from 5588' to 5625'. Made trip for hole 
opener at 5621'. 

1-30-77 Opened 8%" hole to 12%" from 5625' to 5789'. Pulled out of hole. 

1-31-77 Changed out hole opener and ran in hole. Opened 8%" hole to 12%" from 
5789' to 5900'. 
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2-1-77 Opened 8%" hole to 12%" from 5900' to 6056'. Pulled out of hole. 

2-2-77 Changed out reamer and ran in hole. Opened 8%" hole to 12%" from 
6056' to 6107'. 

2-3-77 Opened 8%" hole to 12%" from 6107' to 6181'. 

2-4-77 Opened 8%" hole to 12%" from 6181' to 6230'. Made trip for reamer 
at 6204'. 

2-5-77 Opened 8%" hole to 12%" from 6230' to 6291'. 

2-6-77 Opened 8%" hole to 12%" from 6291' to 6357'. 

2-7-77 Opened 8%" hole to 12%" from 6357' to 6388'. Made trip for hole 
opener at 6367*. 

2-8-77 Opened 8%" hole to 12%' from 6388' to 6429*. Made trip for hole 
opener at 6409'. 

2-9-77 Opened 8%" hole to 12%" from 6429' to 6461'. 

2-10-77 Opened 8%" hole to 12%" from 6461' to 6505'. Conditioned hole and 
pulled hole opener. 

2-X1-77 Ran Birdwell caliper log. Ran 45 joints of 9-5/8" O.D., 40//, S-80, 
Range 3, ST&C casing for a liner in the hole on 4%" drill pipe with 
a Brovn Oil Tool float shoe on bottom and a Brown type 1 landing 
collar at 6455' (6439' GL). Overall length of liner assembly was 
1968.20'. Tagged bottom at 6505' and landed liner at 6503' (6487' GL) 
with the top of the Brown CMC liner hanger at 4535' (4519' GL). 
Centralizers at 6493', 6466' and 6445' KB with centralizers on every 
other collar from joint #4 thru //35, joint #35 and i?39. 

2-12-77 Cemented annulus using Halliburton with 532 ft^ (350 sacks) of '"Light" 
cement, 10% salt and 0.75% CFR-2 followed by 590 ft^ (500 sacks) of 
Class "G" cement, 10% salt and 0.75% CFR-2. Cement in place at 0500 
hours. Displaced cement with 5 barrels of water followed by 191 
barrels of mud, ^ood returns to surface. Released liner running tool 
and pulled out of hole. Waited on cement to 2000 hours. Ran 12%" 
bit in the hole and tagged cement at 3908'. 

2-13-77 Waited on cement until 0500 hours. Drilled cement from 3908' to 4520'. 
Made trip for 8%" bit and drilled cement from 4520' to 4579', had 
void to 6379'. Top of liner at 4535'. 

2-1^-77 Pressured up to 1000 psi for 30 minutes. Drilled out cement, landing 
collar and shoe from 6379' to 6503' and cleaned out fill to 6554'. 
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2-15-77 Cleaned out fill to 6559' and drilled 8%" hole to 6574'. Circulated 
hole clean and pulled out of. hole. Made trip with,a magnet and junk 
basket, recovered bearings and buttons. Ratf back in hole." 

2-16-77 Fished with magnet,'recovered 1 quart of junk. Magnet had hit the 
top of the liner and the skirt was torn up. Made trip with the mag
net and recovered 1 quart of junk.. Made trip with an 8%" bit to 
check liner top, liner not damaged. Made up 8%" diamotid'bit and ' 
core barrel. Reamed.30' to bottom and cut core,//.6 from 6574' to,.6577'. 

2-17-77 Completed core //6 from 6574' to 6664', recovered 89'. Maie up 8%" 
bit and 3 point reamer. Trip in hole. ,, 

2-18-77 Reamed 23' to bottom and drilled 8%" hole from 6664' to 6715'. Cir
culated samples and pulled but of hole. Made Up core barrel and ran '̂  
in.hole. Cut core //7 from 6715' to 6745'. .... 

2-19-77 Recovered 27.2' on core //7. Cut core //8 from 6745' to '6775'-, recovered 
30.7'. Ran 8%" bit in .the hole, measuring drill pipe. 

2-20-77 Corrected depth from 6775' to 6784'. Drilled 8%" hole" ffom 6784' to 
6948' and twisted drill pipe off. Pulled out of hole and left drill-
ing assembly, 7 drill collars in'the hole. 

,2-21-77 Made up overshot and fan In hole,' latched onto fish and redoveredsiine. 
Ran 8%" bit in the hole and drilled from 6948'^"to 7034" ̂  " t-

2-22-77 Drilled 8%" hole from 7034' to, 7070';. .' Pulled •out of'hole'and rah'mag
netic particle inspection on the <irili cpllars.' Made ujî ĉore barrel 

; '.with an 8%" core bit arid ;r"ih in hole. :,Cut (iore il9 ft6m i 0 7 0 ' to 7078'. 

2-23-77 Completed core 119 ffbin 7078'. th .7128' ,'recbvered 54'i ' "Trl^ in with 
. 8%"" ^ i t . . : , . / _ • • . : ' . - y . ; . ; , . ; " " • : , : • _ , V; " : . .V:;...',:,',:;" 

2-24-77 Dr i l l ed 8%" 'hole ffoTn'7128'' £c) 7 2 6 7 ' . ' ' ' ^ ' " ' " " " ' ^ ' " 

2- i5-77 . ' D|filled-8%" hole from /iftf ' :t<i 7370V. ; " T'!! " / " ^ % '^"''"' '^••'•. • • " - ' •= 

2-26-7^ . . Pul led out: of hole, aind ran 8%'' core bit',! ; Cut core .//IO frd^^ 7370' t o 
-_ ' 7401 ' , hole mak ing 'wa t e r / • ' ' " . ' . ' , , ; ..' , , r!..'' 

2-27-77 ' Completed'core"// lb 'from 7401 ' to 7^22 ' , Tecoveved 51 ' ' : '_ Ffce of core 
b i t damaged. Ran 8%" b i t ari'd junk sub in the h b l e : ' Dr i i l ed 8%" hole 

, . ^ . . . . , ,|rom 7422'_. to-7444' . . ^ . ... , ^ ._ . _̂  . 

2-28-77 ' ' Dr i l l ed '8%" hoife from'7,444,', t o 7'60(D'V CircUiate^ saifijiles/and pu l l ed 
out of h o l e . 

3-l'-77'' ; Ma'de up" 8%" coring, asse'mbly arid 'rah i n h o l e . Cut .core .'iUti 'from 7606' ' ' 
• ' - ' t o 7623' ." ' • • • • • - - • - •••••• • - ' • '••' •• •̂ •' - •̂ ••'̂ •'- •••• - . - • - • - ' 
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3-2-77 Recovered 22.5'on core i?ll- Cut core //12 from 7623' to 7625', re
covered 2'. Ran 8%" bit in the hole and drilled from 7625' to 7640'. 
Circulated samples. 

3-3-77 Pulled out of hole. Ran 8%" core bit in the hole and cut core 1/13 
from 7640' to 7693'. 

3-4-77 Completed core i?13 from 7693' to 7700', recovered 59'. Cut core tflA 
from 7700' to 7760'. 

3-5-77 Recovered 59' on core 1̂14. Cut core l?15 from 7760' to 7820', re
covered 60'. 

3-6-77 Cut core itlf, from 7820' to 7865', recovered 38'. Ran 8%" bit in the 
hole and drilled from 7865' to 7924'. 

3-7-77 Drilled 8%" hole from 7924' to 8083'. Circulated samples at 7975'. 

3-8-77 Drilled 8%" hole from 8083' to 8215'. Circulated samples to surface. 
Pulled out of hole. 

3-9-77 Made up 8%" core bit and cut core iifl7 from 8215' to 8238', recovered 
21'. Ran 8%" bit in the hole and drilled from 8238' to 8311'. 

3-10-77 Drilled 8%" hole from 8311' to 8532'. 

3-11-77 Drilled 8%" hole from 8532' to 8624'. Made trip for bit at 8621' 
and reamed 30' to bottom. 

3-12-77 Drtlled 8%" hole from 8624* to 8782'. Circulated samples at 8668*. 

3-13-77 Drilled 8%" hole from 8732' to 8934'. Bit plugged, pulled out of hole. 

3-14-77 Ran 8%" bit in the hole and hit top of liner at 4535'. Pulled out of 
hole and found bit split. Changed out bit and made trip. Drilled 8%" 
hole from 8934' to 9045'. Circulated out approximately 200 barrels of 
water after being shut down for rig service. 

3-15-77 Drilled 8%" hole from 9045' to 9216'. 

3-16-77 Drilled 8%" hole from 9216' to 9291'. Pulled out of hole, had inflow 
of water. Changed out bit, reamed and washed 115' to bottom, had 
water inflow. Drilled 8%" hole from 9291' to 9298'. Mixed mud to 
control water flow. 

3-17-77 Drilled 8%" hole from 9298' to 9340' and hole started flowing water. 
Pulled bit into casing and closed blow out prevencer rams. Shut in 
pressure was 125 psi. Mixed mud building weight to approximately 
10.5# per gallon. Ran in hole with bit and tagged 47' of fill in the 
hole, plugged bit. Pulled out 5 stands and cleared bit, pumped in 
approximately 750 barrels of mud. Pulled bit inside casing and mixed 
additional mud. 
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3-18-77 Ran back in hole and displaced water with mud. Started washing and 
reaming 175' off bottom. Drilled 8%" hole from 9340' to 9375". Cir-

•• ciliated-samples. ' . 

3-19-77 Made trip for bit, washed and reamed out of gauge hole to 9375'. Made 
trip with a magnet, no recovery. 

3-20-77 Ran 8%" core bit in the hole, washed to bottom and rotary table locked 
up. Pulled core barrel and replace rotary table. 

3-21-77 Completed repairs. Ran core barrel back, in the hole and washed to 
bottom. Cut core //18 from 9375' to 9388'. 

3-22-77 Recovered 11' on core i f l8 . Cut core ji'19 from 9388' to 9394', re
covered 6'. Ran Schlumberger logs. 

3-23-77 Completed Schlumberger logs. Ran Birdwell logs. *-

3-24-77 ;. Gon5)leted Birdwell logs. Made trip to condition, hole for testing. ...; 

3-25r77, . RanLynes dual packers in the hole on 2-7/8" O.D. tubing.:. Waited on. 
daylight to open tool. 

3-26̂ 7,7 ,.»; Set, packers from 9300' to 9394'. Opened tool at 0805 hours for drill 
stem test.#5, fluid started dropping ;in the annulus.: Laid down 
packers, packer rubber had ruptured. 

3-27-77 Changed out packers. Ran back in hole with packer spacing from 9228' 
•;.;...;• •-to ;9.262' and set at 1305 hours for drill stem test //6. . Rigged up to 

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

3-28-77 Waited until daylight to open tool. Ran drill stem test if6A. from 0630 
-•;•,-:;£ •"'i: . t- hours to .1600 s.hours. .Opened .tool-to: test: below'and between packers.."-

for drill stem test it7 at 1600 hours. 

' 5r:29T<77 . ,;', Continued .---testing; ̂  Filled.tub ing with .water and. could not release 
'; ; f ••; •;. . v:" ;.; packers,. ,5; iWorke^ tubing ,attempting to ;free packers.-.,. 

3-30-77 Continued working stuck test tool. 

3-31-77 Continued working stuck test tool. Ran Otis bailer and sand pump and 
v;;,̂i.;.l i :,-• caught'water samples. Ran McCullough .free point indi(:atprj tool, not;..:'; 

'-.ri.; ,.'j.working properly..,.; •̂. .., .... - •:., - . , ;.-

4-1-77 Continued working stuck test tool. McCullough free point indicator 
showed 2-7/8" O.D. tubing free at 6900'. Perforated tubing with 

-;...;,-;• -;;. McCullough (Jhem.Shot, twq,:.3/8:', hole -180^ .apart at •9119.5-,. Broke-r cirr. 
•ti •;.•:.•..• culation. and ,.circulated hole while working tubing.::,,- ,.,,:,.• 
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4-2-77 Continued working tubing and circulating mud. Waited on Otis tools 
until 1930 hours. Ran Otis sand pump inside the 2-7/8" O.D. tubing. 

4-3-77 Ran sand pump to 9185' for several runs and tubing began to fill up 
to 9150'. Reco-vered heavy mud with some sand and shale. Ran 
McCullough free point indicator, tubing stuck at 6845'. Ran chemical 
shot and cut tubing at 6807'. Started pulling tubing. 

4-4-77 Completed pulling tubing. Ran Rucker Acme overshot, jars and bumper 
sub in the hole. Worked over fish and jarred loose. Pulled out of hole. 

4-5-77 Laid down 2-7/8" O.D. tubing and Ljmes packers, recovered all of fish 
except top rubber off of the top dual packer. Made trip with 8%" bit 
and conditioned mud for testing. 

4-6-77 Made up Lynes test tool for drill stem test ifS. Made 4 trips with tool, 
could not get past liner top on 2 trips and could not set packers on 
2 trips. 

4-7-77 Made trip with straddle packers and also with a standard test tool, 
could not set packers. Hade up Lynes straddle packers and started 
in hole on 2-7/8" O.D. tubing. 

4-8-77 Set packers to test zone from 8115' to 8335' for drill stem test 0 8 . 
Started test at 0805 hours. 

4-9-77 Completed test at 0530 hours. Released packers and pulled out of hole. 
Dressed test tool and ran in hole to test zone from 8030' to 8250' 
for drill stem test il9. Could not set packers. 

4-10-77 Pulled tisol and found bottom packer had ruptured. Made trip with 8%" 
bit to 8700' and conditioned mud. 

4-11-77 Ran Birdwell logs. Made up Lynes straddle packers and ran in hole on 
2-7/8" O.D. tubing for drill stem test #10. 

4-12-77 Set packers from 8115' to 8355'. Opened tool at 0854 hours and started 
test. 

4-13-77 Continued testing to 1830 hours. Pulled up the hole and reset packers 
from 7775' to 8015' for drill stem test i l l i . 

4-14-77 Started test at 0115 hours and continued to 2100 hours. Released 
packers and pulled out of hole. 

4-15-77 Completed pulling out of hole. Changed out test tool and ran in hole. 
Set packers from 6449' to 6689' for drill stem test //12. Started 
test at 1930 hours. 

4-16-77 Continued testing t o 0245 hours. Reset packers from 6814' tp 7054' 
for drill stem test //13. Started test at 0711 hours. 
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4-17-77 Continued testing to 0515 hours. Reset packers from 7074' to 7314' 
for drill stem test //14. Started test at 0932 hours and completed 
at 1515 hours. Reset packers from 7064' to 7304' for drill stem 
test illiiA. Started test at 1700 hours. 

4-18-77 Completed test at 1130 hours. Reset packers from 6449' to 6689' to 
check drill stem test //12. Released packers at 1630 hours and pulled 
out of hole. Started in hole with an 8%" bit. 

4-19-77 Completed trip to condition -mud for further testing. Made up. test 
tool with dual packers and started in hole with 2-7/8" O.D. tubing. 

4-20-77 . Completed trip in hole and set packers from 7305' to 7545' for drill 
stem test //15. Started test at 0800 hours and completed at 1600 hours. 
Reset packers from 7525' to 7765' for drill stem test i l l 6 . Started 
test at 1730 hours. 

4-21-77 Completed test at 1700 hours.- Moved up hole 10' and set packers from 
7515' to 7755' for bypass test. Opened tool at 1830 hours. 

4-22-77 Completed test at 0100 hours and pulled put of hole, Made up double 
packer test tool and ran in hole on 2-7/8" O.D. tubing. 

4-23-77 Set packers at 8520' to test zone from 8520' to total depth at 9394' 
for drill stem test //17. Started test at 0300 hours and continued 
to 1430 hours. Released packers and conditioned mud and build up 
volume. 

4-24-77 Conditioned mud, worked tool loose and laid down tubing and test tool. 

4-25-77 Laid down tubing and loaded out test holes. 

4-26-77 Laid down drill collars. Ran 4%" drill pipe in hole open ended and 
pushed packer rubber to bottom at 9394'. Plugged back hole using 
Halliburton with 220.8 ft3 (120 sacks) of "Light" cement, 1* of mud 
kill per sack and 0.2% of:HR-4. Top of cement at 9100'. Cement in 
place at 1905 hours. Pulled up the hole to 8900' and set plug HI 
with 304.2 ft3 (180 sacks) of "Light" cement, 1// of mud kill per sack 
and 0.2% of HR-4. Top of cement at 8450'. Cement in place at 1930 
hours. Pulled out of hole. 

4-27-77 Removed blow out preventers and installed well head equipment. Ran 
drill pipe in the hole and tagged cement at 8438'. Displaced mud 
from the hole. ' Laid down drill pipe. Hole flowing muddy water. 

4-28-77 Laid down drill pipe and connected 2" flow line from hole to pit. 
, Rig released at 1600 hours. Drilling .operations completed. 
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Madison #2 
Hole History 
Page 12 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Interval 
] 

1078' 
1969' 
4343' 
4877' 
6470' 
6574' 
6715' 
6745' 
7070' 
7370' 
7600' 
7623' 
7640' 
7700' 
7760' 
7820' 
8215' 
9375' 
9388' 

Ft. 

- 1108' 
- 1999' 
- 4369' 
- 4907' 
- 6556' 
- 6664' 
- 6745' 
- 6775' 
- 7128' 
- 7422' 
- 7623' 
- 7625' 
- 7700' 
- 7760' 
- 7820' 
- 7865' 
- 8238' 
- 9388' 
- 9394' 

RPM 

60 
50 
50 
40 
42 
40 
40 
40 

43-40 
40-44 
45 
42 
40 
40 
40 
40 
40 
44 
36 

CORE RECORD 

Weight 
On Bit 
1000# 

15-18 
16 

15-18 
20 
20 
20 
20 
20 
20 

20-22 
20-25 
25 

20-25 
25 
25 
25 
25 
25 
25 

Circulating 
Pressure 

psi 

850 
850 
800 
900 
800 
750 
800 

800-850 
900 

850-1000 
1000 
1000 
1000 
1000 
1000 
1000 
750 
1100 
1450 

Feet 
Cored 

30 
30 
26 
30 
86 
90 
30 
30 
58 
52 
23 
2 
60 
60 

. 60 
45 
23 
13 
6 

Feet 
Recovered 

28 
25 
26 
25 
88 
89 
27.2 
30.7 
54 
51 
22.5 
2 
59 
59 
60 
38 
21 
11 
6 

TOTALS 754 722.4 
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Madison HI 
Hole History 
Page 13 

Bit 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
6 Rerun 
21 
22 
23 
24 
25 
26 
27 
28 
29 
17 Rerun 
? Rerun 
30 
31 
32 
33 
34 
33 Rerun 
35 
36 
37 
35 Rerun 
38 
39 

Make 

Hughes 
Grant 
Security 
Security 
Security 
Security 
Security 
Security 
Grant 
Grant. 
Grant 
Grant. 
Grant 
Grant 
Grant 
Crant 
Security 
Security 
Security 
Security 
Security 
Grant 
Grant 
Grant 
Grant 
Grant 
Grant 
Security 
Grant 
Security 

Security 
Security 
Security 
Security 
Security 

Security 
Security 
Security 

Security 
Security 

Size 

17%" 
26" . 
8%" 
8%" 
8%" 
8%" 
8%" 
8%" 
12V' 
12V' 
12%" 
12V' 
17%". 
17V" 
17V' 
17V' 
12V' 
8%" 
8%" 
8%" 

12%" 
12V' 
12%" 
12%" 
12%" 
12%" 
12%' 
12V' 
12%" 

8%" 
8%'J 
8%" 
8%" 
8%" 
8%" 

8%" 
8%" 
8%" 

8%" 
8%" 

BIT 

Type 

0SC3A 
Hole 
S35 
S35 
S3J 

Opener 

S4TGJ 
S4TGJ 
M44N 
Hole 
Hole 
Hole 
Hole 
Hole 
Hole 
Hole 
Hole 
S4TJ 

Opener 
Opener 
Opener 
Opener 
Opener 
Opener 
Opener 
Opener 

S4TGJ 
S86F 
M89F 

Hole 
Hole 
Hole 
Hole 
Hole 
Hole 
Hole 
Hole 
Hole 

M4NG 
M44L 
M4NJ 
M89F 
M84F 

M84F 
S88F 

Opener 
Opener 
Opener 
Opener 
Opener 
Opener 
Opener 
Opener 
Opener 

M89TF 

M89F 
HIOOF 

RECORD 

Depth 
Out 

430' 
423' 

1078' 
1965' 
3442' 
4343' 

4677' 
2538' 
3698' 
4162' 
4677' 
3286' 
4156' 
4640' 
4677' 

4877' 
6133* 
6470' 

4715' 
5485' 
5621' 
5789' 
6056' 
6204' 
6367' 
6409' 
6505' 

6574' 
6715' 
6948' 
7070' 
7370' 
7600' 
7640' 
8215' 
8621" 
8934' 
9291' 
9375' 
9375' 

Feet 
Drilled 

360' 
353' 
648' 
887' 
1443' 
901' 

313' 
2108' 
1160' 
464' 
515' 
2856' 
870' 
484' 
37' 

198' 
1226' 
337' 

38' 
770' 
136' 
168' 
267' 
148' 
163' 
42' 
96' 

15* 
51' 

164' 
122' 
242' 
178' 
15* 
350' 
383' 
313' 
357' 
84' 
0' 

Rotating 
Hours 

23% Rctlp 
31-3/4 
30% 
39% 
.40% 
35-3/4 

. . Fill 
20-3/4 
84% 
48-3/4 
24 
37-3/4 

117% 
' 52 
65% 

7h 
Cement 

14-3/4 
17% 
46 

P4 fniil at* 

• 3 

45% 
24% 
19 
43% 
51 
62% 
21 
50% 

Cemenc 
4-3/4 & Cement 
aJ( 
19% 
18% 
44-3/4 
24-3/4 
2% 

41% 
45% 
37% 
46% 
13-3/4 
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Madison ill 
Hole History 
Page 14 

CORE BITS 

Bit 
No. Make 

Christensen 

Size 

8V' 

Type 

MC20 

Depth 
Out 

1108' 
1999' 
4369' 
4907' 
6559' 
6664' 
6745' 
6775' 
7128' 
7422' 
7625' 

Feet 
Drilled 

30' 
30' 
26' 
30' 
89' 
90' 
30' 
30' 
58' 
52' 
25' 

Rotating 
Hours 

11% 
5% 
2-3/4 
3-3/4 

15-3/4 
17-3/4 
6% 

12% 
21% 
26-3/4 
17 

TOTAl 490' 140-3/4 

Chrlntensen 8V' MC23 

TOTAL 

7865' 
8238' 
9394' 

225' 
23' 
19' 

267' 

47% 
3 

13% 

64 

DEVIATION SURVEYS 

Date 

11-17-76 

11-18-76 
11-26-76 
11-27-76 
11-28-76 
11-30-76 

12-1-76 

12-2-76 

Depth-Ft. 

128 
260 
321 
397 
499 
826 
982 
1196 
1259 
1339 
1432 
1558 
1747 
2027 
2374 

Deviation-Degrees 

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

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

Date 

12-3-76 

12-4-76 

12-5-76 

12-6-76 
12-8-76 
1-13-77 
1-14-77 
1-16-77 
1-19-77 
3-8-77 
3-13-77 

Depth-Ft. 

2371 
2901 
3149 
3395 
3645 
3900 
4141 
4500 
5171 
5560 
5968 
6375 
8215 
8934 

Deviation-Degrees 

1/2 
3/4 
3/4 
3/4 
3/4 
1 
3/4 
1 
1 
1/4 
1/4 
1/2 
1 
3/4 
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Madison i l l 
Hole History 
Page 15 

LOG INDEX SHEET 

Type Log 

Birdwell Logs 

Electric 

GasHna R a y - I n d u c t i o n 
Guard 

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

Density Borehole Compensated 
Temperature 
Velocity 

Elastic Properties 

Caliper 

Neutron Borehole Compensated 

Caliper 

Caliper 

Temperature 

Gamma Ray - Caliper 

Date 

12-9-76 
12-9-76 
12-9-76 

12-10-76 
12-10-76 
12-10-76 

12-11-76 
12-11-76 
12-11-76 

12-20-76 

1-3-77 
1-3-77 

2-11-77 

3-22-77 

3-23-77 

4-10-77 

Run 
No. 

2 

3 

3 

3 

Depth 
Driller 

4677' 
4677' 
4677' 

4677' 
4677' 
4677' 

4677' 
4677' 
4677' 

4677' 

4677' 
4677' 

6505' 

9394' 

9394' 

9394' 

Depth 
Logger 

4657.5' 
4657.5* 
4657.5* 

4658' 
4658' 
4658' 

4658' 
4658' 
4658' 

4658* 

4659' 
4659' 

6505' 

9384' 

9384' 

NR 

Logged 
From To 

416' 
416' 
416* 

280" 
100' 
60' 

416' 
300' 
430' 

4655.5' 
4652' 
4651.5' 

4654' 
4654* 
4655* 

4655* 
4658' 
4658' 

430" 4658' 

0' 
0' 

4610' 

6400' 

100' 

6490' 

4649' 
4654' 

6504' 

9382' 

9384' 

8500' 

Schlumberger Logs 

Cement Bond 
Electrical 
Compensated Neutron -
Formation Densicy 

Dual Laterolog 
Dual Induction - Laterolog 
Borehole Compensated Sonic 

Continuous Dipmeter 
TemperaCure 

Dual Induction - Laterolog 
Fracture Identification 

1-21-77 
1-21-77 
1-21-77 

1-21-77 
1-21-77 
1-21-77 

1-22-77 
1-22-77 

3-22-77 
3-22-77 

2 
2 
2 

2 
2 
2 

2 
2 

3 
3 

6559' 
6559' 
6559' 

6559" 
6559' 
6559' 

6559' 
6559' 

9394' 
9394' 

NR 
6566' 
6566' 

6567' 
6567' 
6566' 

6566' 
6567' 

9396' 
9396' 

0' 
4678' 
4678' 

4678' 
4678' 
4678' 

4677' 
62' 

6515' 
6512' 

4678' 
6565' 
6565' 

6553' 
6561' 
6555* 

6565* 
6566* 

9390' 
9395' 
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Madison ifl 
Hole History 
Page 16 

LOG INDEX SHEET 

Run Depth Depth Logged 

Type Log Date No. Driller Logger From To 

Schlumberger Logs (cont'd) 

Cement Quality 3-23-77 3 9394' NR 4668' 6527' 

Electrical 3-23-77 3 9394' 9397' 6518' 9396' 
Dual Laterolog 3-23-77 3 9394' 9395' 6515' 9382' 
Compensated Neutron - 3-23-77 3 9394' 9397' 6516' 9396' 
Formation Density 

Borehole Compensated Sonic 3-23-77 3 9394' 9395' 6515' 9384' 
Temperature 3-23-77 3 9394' 9396' 0' 9396' 

NOTE: Logs furnished by the USGS. 

29 



32 

Date 

11-28-76 

12- 1-76 
k 
5 
6 , 
7 
8 . 

9 

Reaming to 

12-13-76 
]k 
15 
16 
'.7 
18 
20 
21 

Reaming to 

12-22-76 
23 
2k 
25 
27 
28 
29 
30 
31 

1 - 1-77 
2 
5 
11 
lif 
15 
16 
17 
18 
19 

Depth 

1078 -, 

1536 
330A 
3879 
4317, 
43'i3 
4^04. . 
4682 

12i" 

1270 
1543 
2042 

2493 
3102 
3A65 
4282 
4477 

17i" 

880 
1033 
1657 
2049 
3400 
3563 
3991 
4156 
4289 

4579 
4640 
4677 
4870 
5543 
5717 
5884 
6119 
6267 
6386 

Wt. 

8.9 

9.1 
9.2 
9-5 
9.2 
9.4 
9.2 
9.2 

-9.3 
9.2 
9.2 
9.2 
9.3 
s.t* 
9.3 
9.3 

9.3 
9.1 
9.2 
9.3 
9.3 
9.4 
9.4 
9.5 
9.5 

9.4 
9̂ 4 
9.2 
8.8 
9.0 
9.1 
9.0 
9.1 
9.1 
9.1 

MUD 
(Wyo.Tiir 

Vise. 

•̂5 

38 
35 
36 
35 
36 
44 
52 

42 
39 
40 
37 
40 
40 
40 
40 

42 
40 
41 
41 
42 
43 
40 
40 
50 

44 
49 
55 
39 
45 
55 
36 
38 
38 
38 

SUMMARY 
ig Mud Co.) 

Yld. 
Pt. 

5 

lo 
5 
5 
5 
5 
,5 . 
10 

5 
5 
10 
5 
5 
5 
5 
5 

5 
10 
5 
5 
5 
5 
5 
5 
20 

5 
5 
5 
5 
10 
10 
5 
5 
5 
5 

Wtr. 
Loss 

8.9 

10.0 
9.8 
10.2 
10.0 

. 10.4 
10.4 
9.8 

10.1 
9.8 
14.0 
12.4 
9.8 
12.4 
10.9 
12.0 

10.4 
13.4 
12.0 
11.8 
9.8 
12.0 
10.6 
10.2 
8.9 

8.8 
9.0 
9.8 
10.2 
6.4 

10.4 
18.2 
10.6 
10.2 
11.4 

py. 

9.0 

9.0 
9.5 
10.5 
10.5 
10.5 . 
10.0 

9.5 

10.0 
10.0 
10.0 
10.0 
10.0 ^ 
10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 
10.0 
9.5 
10.5 
11.0 

10.5 
10.5 

Solids 

-1.75 
2 

2 
2 
2.1 
2.3 

1.75 
1.5 
2 
1.5 
2.2 
2.1 
2.2 
2.3 

2.4 
2.3 
2.1 
2.3 
2.2 
2.2 
2.3 
4 
4 

2.3 
2.2 
2.3 
1.8 
1.8 
4.2 
1.5 
1.75 
2.1 
2.1 
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Mud Summary - 2 

Date 

1-20-77 
24 

Reaming; 

1-28-77 
29 
30 

2- 1-77 
2 
4 
5 
6 
8 
9 
10 

Drilling 

2-15-77 
16 
17 
18 
20 
22 
23 
24 
25 
26 
27 
28 

3- 1-77 
2 
3 
4 
5 
7 
8 
11 
12 
13 

Depth 

6484 . 
6559 

to 12i" 

5511 
5615 
5681 

6011 
6078 
6199 
6268 
6311 
6413 
6439 
6471 

new hole 

6566 
6574 
6624 
6703 
6835 
7070 
7123 
7177 
7292 
7376 
7̂ *17 
7499 

7621 
'7623 
7648 
7703 
7778 
7985 
8157 

. 8583 
8675 

Wt. 

9.1 
9.2 

9.1 
9.3 
9.3 

9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 

8.7 
8.7 
8.8 
8.8 
8.9 
8.9 
8.9 
8.3 
8.9 
8.9 
8.9 
8.9 

9.0 
9.0 
8.8 
9.0 

8.8 
8.8 
8.8 
8.7 

Vise. 

50 
A5 

40. 
39 
38 

39 
3^ 
41 
38 
40 
38 
39 
ki 

3h 
45 
41 
44 
A3 
42 
45 
A3 
42 
36 
35 
42 

40 
40 
40 
41 
A3 
40 
40 
46 
41 

Yld. 
Pt. 

10 -
10 

5 
5 
5 

10 
5 
5 
5 
10 
5 
5 
10 

5 
10 
10 
15 
10 
10 
10 
10 
5 
0 
5 
5 

5 
5 
5 
5 
10 
10 
5 
15 
10 

Wtr. 
Loss 

10.6 
10.8 

14.0 
10.2 
10.0 

11.8 
12.4 
10.8 
11,2 
11.6 
10.8 
10.8 
10.4 

16.2 
10.4 
10.8 
11.2 
11.4 
11.2 
11.0 
10.8 
-10.6 
20.0 
10.8 
10.6 

10.8 
11.2 
11.1 
11.2 
10.6 
11.2 
11.4 
10.8 
11.4 

pH 

10.5 
10.0 

9.0 
10.0 
10.5 

10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

10.0 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

% 
Solids 

2.8 
3.2 

2.6 
2.9 
3.0 

2.8 
1.9 
2.1 
2.0 
2.2 
2.2 
2.1 
2.2 

1.8 
1-9 
1.9 
1.9 
1.9 
1.8 
1.9 
1.9 
1.9 
1.7 
1.9 
1.9 

1.9 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
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Mud Summary - 3 

34 

Date 

-14-77 
15 
16 
17 
18 
19 
21 

Deoth 

8476 
, 9125 

9341 

93A1 
9376 

Wt. 

8.7 
8.8 

9.9 

9.9 
10.0 

Vise. 

40 
40 

48 

48 
44 

Yld. 
Pt. 

5 
10 

5 

5 
10 , 

Wtr. 
Loss 

11.9 
11.0 

16.0 

16.0 
14.2 

pH 

10.5 • 
9-5 

9.0 

9.0 
9.0 

% 
Sol ids 

1.8 
1.8 

5.0 Barite 

5.0 " 
5.0 " 
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Geology of test well 

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

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

Core 

Table 1.—Core intervals 

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

Interval Cored Recovered 

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

1 1,078-1,108 30 28 

2 1,969-1,999 30 25 

3 4,343-4,369 26 - 26 

4 4,877-4,907 30 25 

5 6,470-6,556 86 88 

6 6,574-6,664 90 89 

7 6,715-6,745 30 27.2 

8 , 6,745-6,775 30 30.7 

9 7,070-7,128 58 54 

10 7,370-7,422 52 51 

11 7,600-7,623 23 22.5 

12 7,623-7,625 2 2 

13 7,640-7,700 60 59 

14 7,700-7,760 60 59 

15 7,760-7,820 60 60 

16 7,820-7,865 45 38 

17 8,215-8,238 23 21 . 

18 9,375-9,388 13 11 

19 9,388-9,394 6 6 

Totals 754 722.4 

Pierre Shale (Bearpaw Shale) 

Telegraph Creek 

Newcastle Sandstone 

Lakota Sandstone 

Minnelusa and Madison (Charles) 

Madison (Charles and Mission Canyon) 

Madison (Mission Canyon) 

Madison (Mission Canyon) 

Madison (Mission Canyon) 

Madison (Lodgepole) 

Madison (Lodgepole) 

Madison (Lodgepole) 

Madison and Devonian 

Devonian (Three Forks-Jefferson) 

Devonian (Three Forks-Jefferson) 

Devonian and Silurian (Interlake) 

Red River 

Precambrian ' 

Precambrian 

33 



LOG TOPS 

(Formation Tops) 

10 

Bearpaw Shale -
Judith River 
Clagget 
Eagle 
Shannon Sandstone Member 
Telegraph Creek 
Niobrara 
Greenhorn. 
Mowry 
Newcastle • 
SIcul 1 Creek 
Colorado Silt 
Logger TD 
Driller TD 
Strap 
Dakota 

JURASSIC 
Morrison 
Swi ft 
Spearfish 
Minnekahta 
Opeche ' 
Minnelusa 

MISSISSIPPIAN 
Madison . 
Logger TD 
Driller tD . 
M-12 
M-8.5 
Lodgepole 

- "H-3 
DEVONIAN 

Three Forks -Je f fe rson 
SILURIAN .. 

Interlake 
ORDOVICIAN 

Stony Mountain-Gunton Member 
Penitentiary Shale Member 
Red River 
Roughlock Sandscone 
Icebox Shalei 
Winnipeg Sandstone 

CAMBRIAN 
Deadwood, 
Gros Ventre Shale 
Flathead Sandstone 

PRECAMBRIAN 
Total Depth 

420' 
1168' 
1284* 
1672' 
1840' 
1852' 
2764' 
3406' 
4081' 
4282' 
4388' 
4556-' -
4656' 
4682' 
4677' 
4680' 

4926' 
5095' 
5692' 
6024' 
6034' 
,6094' 

6484' 
6567' 
6559' 
6640' 
6742' 
7182:_ 
7374' 

7662' 

7846' 

7977' 
8050' 
8106' 
8558' 
8623' 
8667' 

8676' 
8876' 
9224' 
9300' 
9394' 
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LITHOLOGY 

0- 190 Claystone, light gray, soft w/some carbonaceous interbeds, lo
cally sandy, light gray, bentonite common 

190- 230 Sandstone, light gray, fine grained, subangular, calcareous, 
abundant clay matrix 

230- 250 Siltstone, light gray, clay Infilled 
250- 270 Sandstone, light gray, fine/medium grained; subangular, friable, 

mostly unconsol idate'd 
270- 290 Siltstone, light gray w/abundant clay matrix 
290- 310 Claystone, light gray w/some dark gray carbonaceous material 
310- 350 Sandstone, light gray, very fine grained/fine grained, clay 

infilled, friable, subangular, calcareous, fair/good effective 
porosity 

350- 360 Bentonite, light gray, silty 
360- 400 Sandstone, light gray, fine grained, subangular, carbonaceous, 

calcareous, abundant clay matrix 
400- 420 Claystone, light gray, very bentonitic, silty 
,420- 500 No samples 
500- 700 Shale, medium/light gray, calcareous, silty, locally bentonitic 
700- 900 Shale, medium/light gray, calcareous w/occasional shell frag

ment, locally very bentonitic, trace mica 
900- 960 Shale, medium/light gray, calcareous w/abundant light gray 

bentonite 
960-1000 Shale, medium/dark gray w/shell fragments, bentonitic 
1000-1078 Shale,'medium gray, very bentonitic, slightly calcareous, some 

mica and shell material 

1078-1108 Core #1 - recovered 28' 

1078-1108 Shale, medium/dark gray,, very slight/noncaleareous, fissile 
("poker chip"), locally fossiliferous, some pyrite replace
ment of fossils, conchoidal fracture on break, no apparent 
vertical fracture 

1110-1140 No samples 

1140-1180 Shale, medium/dark gray, occasional shell fragment 
1180-1210 Shale, brownish gray, soft w/some calcareous shell fragments 
1210-1220 Siltstone, light brown, very argillaceous, soft, noncalcareous 
1220-1230 Shale, medium/dark gray 
1230-125.0 Siltstone and shale, light brownish gray, soft 
1250-1270 Shale, medium gray, bentonitic 
1270-1350 Shale, light brownish gray/brown, trace siltstone 
1350-1360 Shale, brown/tan w/trace siltstone 
1360-1370 Shale, medium gray 
1370-1380 Shale, brownish gray 
1380-1400 Siltstone, light gray, very argillaceous, clay infilled matrix 
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Lithology - 2 

l400-]^80 Shale, gray and brownish gray, very bentonitic, soft 
1480-1500 Siltstone, medium gray, very argillaceous, very bentonitic 
1500-1540 Siltstone and shale, medium gray, soft, slightly calcareous 
1540-1560 Shale, gray, bentonitic 
1560-1570 Siltstone, medium/light gray, calcareous, very argillaceous 
1570-1580 Shale, medium gray, soft, bentonitic 
1580-1590 Shale, brown, bentonitit, carbonaceous 
1590-1680 Shale, medium gray, soft', bentonitic w/few inoceramus prisms 

and shelIs 
I68O-I7OO Shale and siltstone, medium/dark gray, soft, abundant clay 

infill 
1700-1710 Shale, medium gray w/white bentonite 
1710-1720 Shale, dark gray, limy 
1720-1820 Shale, medium/dark gray, soft w/white bentonite, calcareous 
1820-1830 Sandstone, gray, mushy, very argillaceous, very fine grained 
1830-1850 Siltstone, dark gray, argillaceous w/abundant white bentonite 
1850-1880 Siltstone and shale, dark gray w/white bentonite 
1880-1965 Shale as above w/trace sandstone, light gray, very finegrained, 

glauconitic, soft, mushy, argillaceous, SLM correction down 4' 

1969-1999 Core n - recovered 25' 

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

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

2190-2370 Shale, medium gray, soft, bentonitic 
2370-2410 Shale as above, very bentonitic 
2410-2^90 Shale, medium gray, soft, calcareous, silty, trace pyrite 
2490-2630 Shale, medium gray, soft w/white bentonite, silty, calcareous 
2630-2730 Shale, dark gray, soft, splintery, calcareous, occasional shell 

fragment 
2730-2770 Shale, medium gray, soft, bentonitic 

NIOBRARA 

2770-3000 Shale, medium/dark gray w/tan, calcareous specks, very soft 
3000-3300 Shale, dark gray, bentonitic, soft 
3300-3350 Siltstone, light gray w/shale, medium gray 
335O-3AOO Shale, medium gray, silty 

GREENHORN 
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Lithology - 3 

3400-3490 Shale as above w/white chalky limestone, occasional tan lime
stone 

3490-3530 Shale, medium/dark gray, soft, splintery 
3530-3700 Shale as above, bentonitic 
3700-3720 Sandstone, gray, fine grained, subangular, very calcareous, 

very argillaceous, friable, very low effective porosity 
3720-3770 Siltstone, d?rk gray, calcareous, argillaceous w/shale, 

splintery, dark gray ,, 
3770-3920 Shale, dark gray, soft, splintery, locally bentonitic, some 

siltstone interbeds 
3920-3950 Sandstone, medium gray, very fine grained, very argillaceous, 

white clay infill, very low effective porosity, slightly 
calcareous, trace glauconite 

3950-4070 Shale, and siltstone, medium gray, trace glauconite, some 
interbedded sandstone, light gray, very fine grained, low 
porosity -

4070-4090 Shale, dark gray, soft w/light gray bentonite, few free coarse 
quartz grains 

4090-4260 Shale, dark gray/brownish gray, chunky, siliceous, some silt
stone laminae, occasional interbedded light gray bentonite 

4260-4280 Siltstone, gray, very argillaceous, slightly calcareous w/some 
white bentonite w/brown mica 

4280-4320 Shale, dark gray, soft, bentonitic, silty 

NEWCASTLE SANDSTONE 

4330 Circulating 
Sandstone, light gray, very fine grained, glauconitic, friable, 
low porosity 

4343 Circulating 
Sandstone, white/light tan, very fine grained/fine grained, 
hard, subangular, very siliceous, noncalcareous, trace white 
chert, trace pyrite, low porosity, no fluorescence, no cut 

4347-43^9 Core #3 - recovered 26' 

4343 -43442 Sandstone, light gray, very fine grained, subangular, friable, 
noncalcareous, some white clay infill, alternating w/thin bedded 
dark gray shale, fair porosity 

4344i-4349i Sandstone, light gray, fine grained/very fine grained, sub-
angular, trace mica, noncalcareous, bleeding water, good 
porosity, few isolated shale partings 

43494-4351 Sandstone as above w/increasing shale, very thin bedded 
4351 •:A355i As above^ light gray, very fine grained w/shale partings, low/ 

good porosity, some vyhite clay infill, noncalcareous, bleeding 
water 
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Lithology - 4 

^3553 2 inch section of dark gray shale 
4355i"436l Sandstone, medium gray, very fine grained, argillaceous-, mica 

common, very thin varved bedding, "poker chip" fracture, low 
porosity 

4361 -4364i Sandstone, light gray, fine grained, subangular, noncalcareous, 
few isolated shale partings, good porosity, bleeding water 

4364^-43662 Sandstone and shale, alternating in varved bedding, sandstone, 
light gray, noncalcareous, clay infill, mica common, low porosity 

43664-4367 Sandstone, light gray, very fine grained, argillaceous, fair/ 
low porosity, bleeding water 

4367 -4369 Sandstone and shale interbedded, bedding more distorted than 
above thin beds, fair/low porosity in sandstone 

4369-4390 Sandstone, light gray, very fine grained, white clay infill w/ 
thin shale laminae, low porosity 

4390-4410 Sandstone, light gray/white, fine grained, subangular, friable, 
abundant white clay infill, low porosity, mica common 

4410-4560 Shale, dark gray, soft, bentonitic, splintery, calcareous 

COLORADO SILT 

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

4600-4660 Shale, dark gray, splintery w/siItstone, gray, bentonitic 
4660-4680 Siltstone, dark gray, hard, very argillaceous, calcareous w/ 

shale as above 

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

4677-4678 Core #3A (Junk Sub) 

4677-4678 Shale, dark gray w/interbedded siltstone, light/medium gray, 
abundant sedimentary flow and slump structures, thin bedded 

4678-4690 Shale, dark gray w/siItstone, light gray, mushy, bentonitic 

INYAN KARA 

4690-4720 Sandstone, light gray, medium grained, white clay matrix w/ 
siltstone as above, trace orange chert, few free coarse quartz 
grains (sample mostly cement) 

4720-4760 SiItstone/sandstone, light gray, very fine grained, argilla
ceous, mushy 

4760-4820 Sandstone, clear/white, very fine grained/coarse, subangular, 
mostly unconsolidated, good porosity 
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4820-4870 

4870 

4877-4907 

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

Ci rculat ing 
Sandstone as above w/trace orange chert 

Core ^4 - recovered 25' 

4877 "4886i Sandstone, medium gray, very fine grained, hard, brittle, sili
ceous, noneaIcjreous, subangular, trace mica, thin bed, low 
porosity w/sandstone laminae and interbeds, light gray, fine 
grained/medium grained, subangular 

4886i-4888 Sandstone, white/light gray, fine grained/coarse, subangular, 
abundant white clay matrix, some low grade coal, low porosity, 
bleeding water 

4888 -4890 Sandstone, medium gray, very fine grained, hard, low porosity, 
si 1iceous 

4890 -4902 Sandstone, white/clear, coarse, subangular, clean, fair/good 
sortj friable/unconsolidated, soft, excellent porosity, bleed
ing.water 

4902-i'920 No samples 

4920-4S30 Sandstone, light gray/white, coarse, subangular, mostly uncon
solidated, some frosted grains 

MORRISON 

4930-5020 Shale, greenish gray, waxy, soft, trace maroon, brown and yel
low 

5020-^5050 Sandstone, light gray/greenish gray/yellow gray, very fine 
grained/fine grained, subangular, fair/good porosity, few free 
coarse quartz grains 

5050-5060 Shale, yellow, maroon, gray, green, purple, trace pyrite, soft 
5060-5100 Shale as above w/sandstone, white, very fine grained/fine grained, 

clay infill, fair/low porosity 

Ŝ WIFT 

5100-5150 Shale, green/greenish gray, mottled, r ed , soft, subwaxy 
5150-5170 Sandstone, white, fine grained, subangular, slightly calcareous, 

fair/low porosity, trace glauconite 
5170-5250 Shale, greenish gray, mottled, maroon/purjsle, trace pyrite, 

some brown/yellow shale 
5250-5350 Shale, gray/greenish gray, mottled, maroon, waxy, locally inter

bedded w/siItstone and sandstone, very fine grained, light gray, 
glauconi tic 

535O-5AOO Shale, gray/light gray/greenish gray, very splintery, subwaxy 
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Lithology 

5400-5510 Shale, greenish gray, mottled, maroon, subwaxy, soft, splintery 
w/some sandstone, very fine grained, white, low porosity, glau
conitic, calcareous, trace limestone, gray, dense 

5510-5530 Limestone, light gray/white, chalky, locally sandy 
5530-5570 Shale, light greenish gray, subwaxy, soft w/some limestone, tan, 

light gray, argillaceous, chalky, low porosity 
5570-5590 Shale, greenish gray, mottled, yellow, splintery, very calcare

ous 
5590-5620 Shale as above, m'ottled, maroon 
5620-5690 Limestone, tan, earthy, low porosity w/gray shale as above 
5690-5750 Shale/siItstone, red, very calcareous, trace white gypsum w/tan 

limestone, dense and gray green shale 
5750-5790 Very poor sample, mostly green shale cavings, trace red/maroon 

shale 
5790-5880 Shale, maroon, silty w/Some white anhydrite, some white chalky 

Iimestone 
5880-5930 Shale, maroon/brick red w/some gypsum interbedded 
5930-5990 Shale, maroon/brick red, sHty, some interbedded white anhydrite 

and light gray limestone 
5990-6020 Shale/siItstone, brick red w/some interbedded white dolomitic 

anhydri te 
6020-6030 Limestone, light gray/tan, chalky, argillaceous, pelletoidal 
6030-6040 Limestone as above w/red shale 
6040-6050 Dolomite, light gray/white, chalky/sucrosic, low porosity 
6050-6080 Shale, siltstone, brick red w/white anhydrite, few free coarse 

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

porosity, trace dolomite, pink 
6090-6110 Limestone, white/light gray, dolomitic, earthy, low porosity, 

trace white sandstone, very fine grained, subangular, anhydritic 

MINNELUSA 

6llO-6l40 Dolomite, light gray, sandy/sucrosic, low porosity, hard 
6l40-6l50 Sandstone, white,- fine grained/very fine grained, subangular, 

abundant white clay infill, low porosity 
6150-6170 Dolomite, light gray/pink, dense, !~v; r~"~=;ty 
•6170-6190 Sandstone, white, fine grained, very dola-nitic, some white 

anhydrite, low/fair porosity, some white clay infill, friable, 
trace white chert 

6190-6210 Sandstone, white, fine grained w/white dolomite, interbedded and 
abundant white chert 

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

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

trace clear anhydrite 
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Lithology - 7 

6350-6390 Dolomite, pink/lavender, argillaceous, dense w/lavender/maroon 
shale 

6390-6400 As above w/trace anhydrite, white/clear 
6400-6420 SiItstone/shale, orange/bright red, dolomltic, mottled, yellow 

w/lavender shale and dolomite, pink/white, argillaceous 
6420-6430 Shale, brick red and lavender w/dolomite, coarse crystalline, 

trace sandstone, white/orange, very fine grained, fair porosity 
6430-6450 Dolomite, white, very sandy/coarse crystalline w/some brick 

red siltstone, low porosity 
6450-6460 Sandstone, very fine grained and siltstone, brick red, dolo

mitic, argillaceous w/lavender dolomitic shale, mottled green 
locally 

6470 Circulating 

Shale, orange and lavender, dolomitic 

6470-6556 Core ftS - recovered 88' 

(correct to log depths 6479-6565') 

6470-6475 Claystone, brick red, subwaxy w/few small dolomite clasts 

MADISON 
6475-6481 Limestone, light gray, hard, some breccia texture 
6481-6491 Limestone, dolomitic, breccia, red argillaceous matrix w/1ight 

gray clasts, very angular 
6491-6510 Limestone, light gray, hard, dense w/some red shale partings, 

stylolite g 6491-6495, breccia w/very angular limestone clasts 
@ 6496-6497', 6499', and 65OI-65IO' w/maroon/lavender argilla
ceous matrix 

6510-6518 Claystone, lavender/red, dolomitic w/white anhydrite nodes and 
bore fi11ing 

6518-6524 Limestone, breccia, gray green and maroon argillaceous matrix, 
Subwaxy 

6524-6533 Limestone, light gray, micrite w/gray green mottled red shale 
partings, hard, dense, some breccia texture, very stylolitic 
@ 6524-6527', and 6530-6532' 

6533-6546 Limestone, light gray/reddish gray, hard, dense, some intra-
clast and pellet grainstone in spar cement, some green shale 
partings, vertical fracture @ 6537-6539', 6540-6542', and 
6544'; stylolite @ 6538-6540', 6542-6543', and 6545-6546" 

6546-6552 Limestone, light gray/reddish gray, argillaceous, sane breccia 
6552-6556 Limestone, light gray, argillaceous, hard, dense, mottled, 

maroon/green, pelletoidal grainstone w/clear spar cement w/ 
some clear crystalline anhydrite, vertical fracture @ 
6552-6556' 
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Lithology - 8 

6556-6558 Shale, maroon w/some gray and lavender, mottled, subwaxy, very 
slightly calcareous, medium hard 

drill samples 

6559-6560 Limestone, white-buff-cream, microcrystalline, no visible 
porosity 

6560-6570 . , Much cement, some limestone as above 

657A Circulating 
90 min. - limestone as above, much cement, trace dolomite, off-
white, microcrystalline, no visible porosity, trace anhydrite, 
white 

6574-6664 Core #6 - cut and recovered 89' 

6574 -6575 Anhydrite, white w/intercalations limestone, light gray 
6575 -65764 Dolomite, tan, microcrystalline, dense 
65764-65773- Anhydrite, white, slightly dolomitic 
65774-6580 3/4 Dolomite, brown-tan, microcrystalline, thin clay laminae up to 

i" thick, broken and fractured g 6580i-65804', slightly bleed
ing water, low-fair porosity 

6580 3/A-6582i Dolomite, brown-tan, dense, some anhydrite laminae 
6582i-6583i Dolomitic limestone, tan w/anhydrite laminae, vertical fractures, 

broken 
6583i-6584 Dolomitic limestone, tan w/thin laminae dark gray clay 
6584 -6589 Dolomitic limestone, tan, few anhydrite lentils, low-fair poros

ity, few clay laminae, fracture @ 6585', wet 
6589 -6590 Dolomite, gray-brown w/few blebs dolomite as above 

6590 Stylolitic surface 
6590 -6591 Dolomite, gray-brown 
6591-6592 Dolomite as above w/lavender laminae gray clay 
6592 -6593i Dolomitic 1imestone, gray-brown, micritic, vertical fracture 
6593i-6593 3/4 Dolomitic limestone, gray-brown w/angular clasts, light brown 
6593 3/4-6595 Dolomitic limestone, buff-gray-brown, micritic, dense, high 

angle fracture 
6595 -6600 Limestone, arav-medium gray, cryptocrystalline to sublitho-

graphlc, hard, vertical fracture 
6600 -6608 Limestone, dolomitic, gray-brown, sucrosic-microcrystal1ine, 

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

6608 -6612 Limestone as above, fracture 

6612 -6615 Dolomitic limestone, tan-buff, microcrystalIine-sucrosic, anhy
drite bed 1" g 6613 3/4' 

6615 -66I6 Dolomitic limestone as above, vertical fractures 
6616 -66194 Dolomite, light brown, microcrystalIine-sucrosic w/crystals and 

nodules, anhydritic, clear 
66194 Stylolitic 
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66194-6629 Limestone, brown, microcrystalline w/some coarser calcite 
crystals, dense, few fractures w/some polished fracture fill 

6629 -6632 Limestone, brov/n, argillaceous w/laminae dark gray dolomitic 
shales, fossiliferous crinoid eolumnars and brachiopods 

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

6639 -6646 Limestone, gray-brown, microcrystal1ine w/aragonite fossilif
erous casts 

6646 -665A Limestone as above, fractured, vertical to high angle, stylo
litic @ 6651' and 66524' 

6654 -6663 Limestone, gray-brown, microcrystalline, coral or sponge fossil 
e 6662' 

1' missing due to broken zone loss 

6660-6700 Limestone, buff-light brown, micritic to microcrystal1ine, dense, 
some pieces w/a few small pellets inbedded in micritic matrix, 
very low porosity 

6700-6715 Limestone as above w/trace anhydrite, rose colored 

67I5-67A5 . Core #7 - cut 30' and recovered 27.2' 

6715 -6718 Limestone, dolomitic, buff, micritic, crystals brown dolomite, 
few anhydrite nodules 

6718 -6719 Shale, light gray-medium gray, dolomitic w/c1asts and nodules 
of anhydrite, white 

6719 ."̂ 720 Anhydrite, white, angular chunks w/shale matrix, medium gray, 
dolomitic 

6720 -6723.5 Anhydrite, light gray-white, chicken wire pattern w/few inter
beds dolomitic shale, medium gray 

6723.5-6725.3 Anhydrite, white w/erosional surfaces, interbedded w/shale, 
medium gray, dolomitic 

6725.3^6725.4 Shale, dark gray, dolomitic 
6725,4-6726 Dolomite, gray-brown, microerystalline w/crystals brown, dolo

mitic 
6726 -6729.5 Shale, dark gray, dolomitic, subfissile 
6729.5-6731.5 Anhydrite, light gray-white, chicken wire 
6731.5-6733.5 Limestone, dolomitic, light brown, microcrystal1ine-sucrosic, 

abundant anhydrite intercalations, contorted bedded, bleeding 
water slightly, low porosity 

6733.5-6735 Dolomite, gray-brown, very argillaceous, fractured 
6735 -6736 Shale, dark gray, calcareous 
6736 r6736.5 Clay, gray, calcareous, soft, and shale, dolomitic 
6736.5-6739 Anhydrite, white 
6739 -6742.2 Anhydrite, white-gray, abundant shale intercalations 
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6745-6775 Core #8 - recovered 30.7" 

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

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

anhydrite 
6768 -6770 Anhydrite, light gray-white w/few dolomite laminations, buff 
6770 -6771.4 Dolomite, light brown, sucrosic, anhydritic 
6771•A-6772.2 Anhydrite, medium gray w/irregular inclusions of white anhydrite 
6772.2-6775.7 Anhydrite, light gray, hard 

dri11 samples 

9' downhole correction 
SLM - 6784' = 6775' 

6780-6790 Anhydrite, white-light gray w/1imestone, cream, mostly sub-
lithographic to microcrystalline, few pieces of-clastic to 
pelletal limestone, well cemented, verv low porosity 

6790-6820 Limestone, light brown-cream, mostly microcrystalline, 20% 
is finely fragmental, a few chips pelletal limestone, well 
cemented, very low porosity, 10^ anhydrite, light gray-white 

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

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

brown, fragmental to microcrystalline, trace pel lets and oolites, 
low-fair porosity 

6850-6880 Limestone, cream-brown, dolomitic, finely crystal 1ine-sucrosic, 
fair porosity, light yellow fluorescence, very weak cut w/dolb-
mitic anhydrite, white-blue-gray 

6880-6900 Limestone, cream-brown, slightly dolomltic, fine"ly crystalline-
sucrosiCj poor-fair ? porosity w/dolomltic anhydrite, white-
blue-gray, trace anhydrite, white 

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

6940-6950 Limestone, light brown-buff, 50? micrite, 50? finely fragmental, 
trace indistinct fossil fragments, well cementied, poor porosity 

6950-6960 Limestone as above, some sucrosic limestone, light brown w/ 
calcite clusters, some fair porosity, dull mineral fluorescence 
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6960-6980 Limestone, light broivn, micritic to fragmental, well cemented, 
poor porosity, dull fluorescence, no cut 

6980-7000 Limestone as above, trace anhydrite, white 
7OOD-7OIO Limestone, light brown-tan, mostly micritic to finely crystal

line, trace vuggy porosity 
7010-7030 Limestone as above w/5« black asphaltic staining in argillaceous 

zones, dul1 cut 
7030-7050 Limestone, cream-buff, micritic to finely crystalline, very 

little porosity, trace anhydrite, white-rose 
7050-7070 Limestone as above w/anhydrite, white-light gray, shaly 

7070-7128 .. Core ffS - recovered 54' 

7070 -7078 

7078 -70934 

70934-7099 

7099 -7105 

7105^7109 

7109 -7115 

7115 -7121 

7121 -7124 

7128-7150 

7150-7180 

LODGEPOLE 

7180-7200 
7200-7260 
7260-/29O 

7290-7310 
7310-7340 
7340-7360 

Anhydrite, white/light gray, chicken wire w/some tan-dolomitic 
limestone chalky micrite interbedded matrix 
Limestone, light gray/light brown, hard, dense w/some anhydrite 
nodes, algal pisolites, pel lets com.mon in spar, stylolite 6 
70794', 7082'. and 70904', sealed vertical fracture g 7081-7082' 
Dolomite, brown, fair intergranular porosity, bleeding water, 
stylolite g 7099' 
Limestone, brownish gray, dense, oncolites, algal pellets, some 
secondary anhydrite infill, abundant secondary spar, low porosity, 
hard 
Dolomite, brown, fair intergranular porosity,., hard, bleeding 
water 
Limestone, light gray, pisolitic, hard, dense, secondary spar, 
sealed vertical fracture g 7109-7110' 
Dolomite, brown, good intergranular porosity, few isolated white 
anhydrite nodes, bleeding water 
Limestone, gray, algal pisolites and pellets grainstone, hard, 
dense, very low porosity due to spar infill, stylolite g 71214', 
sealed vertical fracture g 7122' 

Limestone, tan, locally dolomitic w/pisolites and pellets, spar 
Infill, low/fair porosity 
Limestone as above w/fsir/good pinpoint vuggy porosity 

Dolomite, dark gray, argillaceous, sucrosic, low porosity 
Dolomite as above, fair intergranular porosity 
Limestone, dark gray, dolomitic, argillaceous, low porosity, 
locally chalky 
Limestone as above, becoming very chalky 
Dolomite, gray/dark gray, sucrosic, low/fair porosity. 
Limestone, gray, chalky, pellets, some interbedded dark gray 
sucrosic dolomite 
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Lithology - 12 

7360-7370 Limestone, dark gray as above w/abundant pellets and pisolites, 
low porosity 

737O-7A22 Core *10 - recovered 51 ' 

7370 -7374 Dolomite, dark gray, very argillaceous w/some white crystalline 
calcite nodes up to 2" x 2", low porosity, also some white 
anhydrite 

7374 -7380 Limestone, dark gray, argillaceous, very fossiliferous (mostly 
shell casts snd melds), hard, low porosity, sealed vertical 
fracture:, g 537^7376'. and 7377-73784' 

7380 -7381 Dolomite, dark gray, argillaceous, low porosity 
7381 -73854 Limestone, dark gray, locally dolomitic, low porosity, fossil

iferous, sealed vertical fracture g 7382-738A' 
73854-7388 Dolomite, dark gray, medium/coarse crystal 1ine, poor/fair 

intergranular porosity w/white anhydrite nodes g 73864' 
7388 -73894 Limestone, dark gray, argillaceous, hard, dense, low porosity 
73894-73914 Dolomite, dark gray, very argillaceous w/spar calcite inter

bedded, hard, low porosity, sealed vertical fracture g 
7389-7391' 

73914-73994 Limestone, dark gray, very argi1laceous, .very dolomitic w/ 
some dark gray shale interbeds, burrowed contorted bedding g 
7396-7398', carbonaceous material and stylolite g base, sealed 
vertical fracture g 7393-7395', low porosity 

73994"740D Dolomite, dark gray, low porosity, very argillaceous w/white 
anhydrite, vertical fracture 

7400 --7401 Limestone, dark gray, dolomitic, argillaceous 
7401 -7405 Dolomite, brownish gray, sucrosic, stylolitic, poor/fair 

intergranular porosity, bleeding water 
7405 -7A2I Limestone, light gray/tan, algal pellets, some secondary cal

cite infill, shell casts and molds common, very stylolitic, 
hard, low porosity, algal pellet grainstone g 7412-7415' 
w/fair porosity, sealed vertical fractures g 7412-7414', 
7A16-7419', and 7420-7421', white anhydrite g 7412' 

7422-7480 Limestone, tan/light gray, pel lets and pisolites in spar 
matrix, chalky, low porosity 

7480-7490 No sample 

7490-7500 Limestone, tan/gray, chalky, mostly micrite w/some pellets, 
low porosity 

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

7530-7560 Limestone, dark gray/tan w/pellets, chalky, fossil shell 
molds and casts, trace pink dolomite, low porosity 

756D-759O Limestone, tan/gray, subchalky, mostly micrite, low porosity 
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Lithology - 13 

7590-7600 Limestone as above w/trace orange, r e d , yellow, dark gray and 
green calcareous shale, trace clear anhydrite, trace pink 
dolomite -

7600^7623 Core #11 - recovered 224' 

7600-7604 Limestone, gray/brownish gray micrite, hard, dense w/some 
mottled light gray dolomite, secondary calcite rhomb crystals 
in mini-fractures and fossil replacement, bitumen in stylolite, 

—i jow porosity, crinoid stems 
7604-7610 Limestone, dark brownish gray, abundant crinoid debris, 

secondary clear calcite, some possible anhydrite nodes, 
verticaT fractures g 7604-7605', and 7607-7609'; few dark gray/ 
black argillaceous laminae, low porosity, some horizontal frac
tures g 7604', and 76O8' 

7610-7613 Limestone, dark gray, very argillaceous, very fine bedded 
, (varve), hard, low porosity, sealed vertical fracture 

76l3"76l6 Limestone, dark gray, dolomitic, crinoid stems, low porosity 
76I6-7622 Limestone, dark gray/brownish gray, hard w/some crinoid debris, 

fossil micrite, some secondary white and Fe stain, calcite, 
milky and tan chert common, horizontal fracture g 7619', 
vertical fractures g 7616-7618', and 7619-7622' 

7623-7625 Core #12 - recovered 2' 

7623-7625 Limestone, dark gray/dark brrownish gray, slightly dolomitic, 
very argillaceous, abundant gray/milky chert 

7625-7640 Limestone, gray, slightly dolomitic, trace glauconite, some 
red, green and purple shale, some white and pink calcite, gray 
chert common, trace bitumen, low porosi 

7640-7700 Core #13 - recovered 59' 

7640-7648 Dolomite, light tannish gray, dense, some fair vuggy porosity 
(low effective permeability) w/secondary white anhydrite, and 
white calcite rhombs infilling vugs, locally sucrosic, chert 
and stylolite g 7647-7648', sealed vertical fracture g 
7646-7647' 

7648-7659 Dolomite, light brownish gray, mottled w/light tan sucrosic 
dolomite w/anhydrite and calcite infillj low porosity, mottled, 
probably due to burrowing, stylolitic, low porosity 

DEVONIAN 

7659-7673 Marlstone, red, mottled, gray and green, few floating chert 
grains, coarse, subangular/subround, trace glauconite 
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Lithology - 14 

7673-7686 Dolomite, light reddish gray, mottled, red, hard, red shale, 
anhydrite and calcite infilling, sealed vertical fracture 
g 7673-76BO', low porosity, thin bed, marly g base 

7686-7688 Dolomite, red, mottled, gray and green, shaly, stylolitic 
7688-7692 Dolomite, brownish gray w/white anhydrite nodes, vertical 

frscture g 7691-76S3', low porosity 
7692-7699 Dolomite, marly, red, mottled, gray w/interbeds of•sandstone, 

coarse, fair sort, well rounded in dolomite matrix, low 
porosity 

7700-7760 Core #14 - recovered 59' 

7700-7704 Dolomite, brownish gray, very argillaceous, some calcite in
fill, thin bed, stylolitic, vertical fracture g 7701-7702', 
low porosity 

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

7709-7712 'Dolomite, gray, very argillaceous, thin bed, vertical fracture, 
low porosity 

7712-7716 Shale, dark gray, hard, locally dolomitic w/some interbedded 
white anhydrite 

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

7726-7730 Dolomite, brownish gray w/white/gray anhydrite, low porosity 
7730-7732 Shale, dark gray, hard, very calcareous w/interbedded white 

anhydrite 
7732-7735 Limestone, gray, dense w/dark gray shale laminae and interbeds, 

low porosity 
7735-7742 Dolomite, dark gray/brownish gray, very argillaceous, vertical 

fracture g 7735-7737", fair intergranular porosity g 7738-
7740" 

77A2-7759 Shale and dolomite, gray/greenish gray w/interbedded white 
anhydrite, vertical fracture g 7742-7743' 

7760-7820 Core #15 - recovered 60' 

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

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

777B-7793 Dolomite, light gray w/dark gray shale laminae and interbeds, 
thin bed, bleeding water g 7778-7779', and 7790-7791'. low/ 
fair porosity 

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

7798-7801 Dolomite, gray, argillaceous, low porosity 
7601-7804 Dolomite, brownish gray, shattered interval, medium crystal

line, fair intergranular porosity, bleeding water 

48 



27 

Lithology - 15 

7804-7815 Dolomite, brownish gray, fair intergranular porosity, bleeding 
water, anhydrite nodes g 78i3' 

7815-7817 Shale, pray/greenish gray, slightly dolomitic, hard 
7817-7820 Dolomite, light gray, finely crystalline, slightly argillaceous, 

low porosity, bleeding water, some secondary white anhydrite 
infill 

7820-7865 Core #16 - recovered 38" 

7820-7830 Dolomite, light gray/tan, argi1laceous, large secondary white 
anhydrite node g 7823", bleeding water g 7823', stylolite g 
'7821', low porosity 

7830-7834 Shale, greenish gray, very dolomitic, hard w/some interbedded 
anhydrite 

7834-7846 Dolomite, light gray, hard, argillaceous, low porosity w/some 
greenish gray shale interbeds, factures g 7841-7842' 

7846-7847 Shale, greenish gray, dolomitic, hard 

SILURIAN INTERLAKE 

7847-7849 Dolomite, cream w/gray shale laminae, low porosity, trace 
anhydrite, trace pyrite, fractured, few dark gray angular 
dolomite clasts 

7849-7858 Dolomite, cream, microcrystalline, chalky, few thin stylolites, 
low porosity, fractured g 7855-7858' 

7865-7880 Dolomite, white/cream, chalky, low porosity 

7880-7910 No samples 

7910-7950 Dolomite, white, low porosity, chalky, cryptocrystalline 
7950-7970 Dolomite, white, low porosity w/trace light greenish gray 

subwaxy shale interbedded 

STONY MOUNTAIN - EUNTOh! MEMBER 

7975 Circulating 
Dolomite, white w/green subwaxy shale, medium soft, splintery,, 
dolomitic 

7975-7990 Dolomite, white, cryptocrystalline w/trace green shale, low 
porosity 

7990-8020 Dolomite as above w/some gray, green and maroon dolomitic shale,' 
trace glauconite 

8020-8050 Dolomite, gray, very argillaceous, low porosity w/dark gray 
shale 

STONY MOUNTAIN SHALE 
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L i tho logy - 16 

805O-8IOO Shale and do lom i te , l i g h t g ray /g reen ish gray, t rav, . 
sha le 

RED RIVER 

8100-8110 Limestone, gray, argillaceous, low'porosity 

8110 Circulating 
Shale, gray/greenish gray, calcareous w/some brown/tan lime
stone, low porosity 

8110-8120 Shale, very calcareous, light greenish gray, trace pyr.ite 
8120-8150 Limestone, brown/tan, shell casts, pellets, some hairline 

fractures filled w/clear calcite, low porosity 
8150-8170. Dolomite, tan, sucrosic, finely crystalline, fair/good inter

granular porosity, some yellow fluorescence, no cut 
8170-8210 Limestone, tan/brown, micrite w/few pellets, hard, low porosity, 

locally chalky w/trace pyrite 
8210-8215 Dolomite, tan, excellent intercrystalline porosity w/some cal

cite infill 

8215-8238 Core #17 - recovered 21' 

8215-82174 Dolomite, cream/light gray, cryptocrystalline w/few gray shale 
laminae, small disconnected vugs to 4" 

82174-8220 Dolomite, gray, sucrosic, fair intercrystalline porosity w/dark 
gray argillaceous lamrnae 

8220 -8230 Dolomite as above, low porosity, micrite 
8230 -8232 Dolomite, limy, gray, micrite w/gray shale laminae, low porosity, 

shattered interval, some fractures appear open 
8232 -8236 Dolomite, gray, low porosity, vertical fractures 

8238-8240 Very poor samples - nearly all cavings 

8240-8270 Limestone, brown/tan, cryptocrystalline, dolomitic locally, 
low/fair porosity w/trace dark gray argillaceous limestone 

8270-8320 Dolo.-nite, tan, sucrosic, some dead oil stain, yellow fluores
cence, no cut, fair/good intercrystalline porosity, finely 
crystalline 

8320-8370 Limestone, buff/brown, micrite w/gray argillaceous laminae, low 
porosity 

837O-U43O Dolomite and limestone, brown/buff, finely crystalline, poor-
fai r porosity 

8430-8450 Limestone, tan/brown w/some dolomite as above 

8450-8460 No sample 

8460-8560 Limestone, brown/gray/tan, pellets, calcite infill, low porosity 
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Lithology - 17 

8560-8570 Limestone as above w/gray green subwaxy shale, pyritic 

ROUGHLOCK SANDSTONE 

8570-8620 Sandstone, white, very fine grained, subangular/wel1 rounded, 
friable, fair/good porosity, siliceous, pyritic, some inter
bedded green shale 

ICEBOX SHALE 

8620-8668 Shale, green/gray green, splintery, subwaxy, noncalcareous 

WINNIPEG SANDSTONE 

8668 Ci rculating 
Shale as above w/sandstone, white, very fine grained, sub-
angular/well rounded, pyritic, well sorted, hard, slightly 
calcareous, low porosity, very siliceous (secondary) 

DEADWOOD 

8670-8700 Limestone, tan/light gray, very chalky, fragmental w/inter
bedded gray green shale, splintery/blocky, subwaxy, low poros-

8700-8720 iSandstone, white/cream, very fine grained, very calcareous, 
subrounded, clay infill, glauconitic limestone in part 

8720-8790 Limestone, white/cream, sandy, glauconitic, pyritic, fossil
iferous, locally chalky, locally translucent, low porosity 

8790-8800 Limestone, white/gray, sandy, glauconitic w/interbedded green 
gray shale, low porosity 

8800-8840 Limestone as above w/few free well rounded,.coarse quartz 
grains, some shale as above interbedded, low porosity 

8840-8880 Limestone, white, chalky, argillaceous, glauconitic, low 
porosity 

8880-8930 Limestone as above w/gray green shale interbedded, waxy, 
splintery, low porosity 

8930-8990 Shale, green/gray green, splintery, waxy w/some light gray 
limestone, chalky, glauconitic 

8990-9010 Shale, green, splintery, trace maroon shale w/some yellow 
limestone 

9010-9100 Shale, green/gray green, mottled, brown, subwaxy w/few inter
beds limestone, white, sandy, glauconitic, chalky, low poros-

9100-9150 Shale, gray green, slightly calcareous, some subwaxy, some 
limestone as above, some sandstone, light gray, very fine 
grained, glauconitic 7, tite, no fluorescence or cut, mica
ceous 
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Lithology - IB 

9I5O-52AO 

FLATHEAD 

9240-9250 

9250-9260 

9260-9270 

9270-9280 

9280-9300 

PRECAMBRIAN 

9300-9320 

9320-9340 

9340-9350 

9350-9375 

9375-9388 .. 

Shale, gray-green, slightly calcareous, subwaxy in part, trace 
limestone as above, some interbedded sandstone, silty, light 
gray, very fine grained, round, micaceous, glauconitic 7, 
very low porosity, ho fluorescence 

lag time incorrect 

As above, trace sandstone, white-clear, coarse to fine w/ 
large, free, round grains, poor sorting, subround, abundant,. 
secondary quartz cement, poor-fair porosity 
As above, increasing sandstone, clear-white, fine-coarse 
grained, poor sorting, subangular-subround, abundant secondary 
quartz cement, some large free quartz grains, poor porosity, 
no fluorescence 
Some sandstone as above, some w/red-brown flattened hematite 7, 
pellets, and iron stained zones 

trip for bit followed by water flow - samples lost 

Abundant green shale cavings ?, some sandstone, white-clear, 
slightly calcareous, fine-medium grained, few coarse grains, 
subangular, some clear quartz pebbles, quartz cement, fair 
porosity, trace calcareous pyritic sandstone 

Shale as above w/sandstone, white-clear-rusty, medium-coarse 
grained w/granite pebbles 7, subangular-angular, trace pink 
feldspar, abundant quartz cement, fair 7 porosity 

No recovery pf samples 

Sandstone, coarse, clear quartz and granite, clear quartz, 
feldspar, pink and biotite 
Quartz, cleai—white, feldspars, salmon-pink, and biotite, 
Precambrian granite 

Core #18 - cut 13' and recovered 11' 

2275 r9380 Granite, pinkish-salmon, numerous horizontal fractures, core 
came out in 1-4" slabs 

9380 -93824 Granite, coarse feldspar phenocrysts, fairly solid 
93824-9366 Granite, vertical fractures 
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Lithology - 19 

9388-9394 Core #15 - recovered 6' 

9388-939A Granite, b i o t i t e and hornblende abundant, horizontal f rac 
tu res , poker chips l " -3 " th ick 
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662l*.6 
6626.5 
6629.3 
6632.8 
6635.8 
6637.7 
661*0.5 
661*1*.5 
66I*1*.8 
661*6.5 
661*9.5 
6651.9 
6653.9 
6651*.2 
6655.6 
6657.7 
6657.9 

<0.01 
<0.01 

<0.01 

<0.01 
<0.01 

0.01 
<0.01 

0.01 
0.02 

<0.01 
0.32 
0.01 

0.31* 
0.03 

0.63 
1.1 
5.9 

<0.01 
<0.01 

<0,01 
<0.Q1 

0.01 

7.1* 
3.6 
6.6 
1*.6 

11.8 
15.U 

VraOEE OOEE ANALTSIS 
12.8 

2.6 
9 .^ 

13.3 
15.8 
18.8 
2l*.0 
WHOEE CORE ANALTSIS 
1*.2 
2.7 
2.1* 
5.5 
2.6 
2.3 
1.3 
1.1 
1.1* 
2.7 
2.2 
1*.3 
1*.U 
2.3 
2.3 
2.J* 
2.8 
3.0 
9.\x 
1*.7 

2.89 

2.87 
2.81* 

2.80 
2.80 
2.77 

2.81 
2.77 

2.81 

2.60 
2.79 
2.80 

2.76 
2.73 
2.71 
2.63 
2.71 
2.70 
2.69 
2.69 
2.70 
2.69 

2.69 
2.68 

2.68 

MADISON'(CHARLES) 

MADISON (MISSION CANYON)" 

REFER TO ATTACHED LETTER 
INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

<XI OPP LOCATION ANALVSE»-NO INTERPRETATION OP RESULTS. 

These analyars. optntons or Interpretotlons are based on obtwrvatlona and materials supplied by the client to whom, and for whow exclusive and confldrntul 
use. this report Is made. The Inlerpretillons or opinions ea i re i sed represent t h . best Judcment of Core Lflbofatorlei. Inc. (all errflrs and iwniision* i-x-, 
cepted); but Gore Laboratories. Inc.. and Its o/licers and employees, assume no responsibility and make no warranty or representations, »^ lo tha producuvlty. 
proper operaUon. or proflUbleness of any oU. |aa or ether mineral wsU or aand In connecUon wlih whion auch rtpint la used er icUcd uiwii. 
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CORE LABORATORIES. INC. 
Pt t rp l rum Rejervoir Engineering 

DALLAS. TEXAS 

r^„j..-yUtr[TED STATES GEOLOGICAL SURVEY Por̂ ,r:»n 

Ag.11 H/tDISON N O . 2 Core , 

r .eM WILDCAT ^ Drill ing F lu id . 

County-

Location . 

OAM.LK 
MUMaCR 

. Statc_ MONTANA . E l eva t ioa . 

. R e m a r k s . 

CORE ANALYSIS RESULTS 
(Figmrn m p.re. lbetel refer to footnote Tem.rks) 

DEPTH 
PEET 

PERMEABILITY 
MILLIDARCYS 

HORIZOPfTAL 

eoaoaiTT 
pa.CBNT 

RESIDUAL 
SATURATION 

OIL 
% VOLUHa % PORE 

TOTAL 
WATS. 

% PO.C 

Grain 
Densit) 

. P . g e -

. F i l e _ 

. o f . 

.Ana ly i tL . 

R P - 2 - 5 2 9 2 

- D a t e Report l * - l l - 7 7 

RH 

R E M A R K S 

<^A> 

81* 
85 
86 
87 

6658.8 
6659.6 
6660.3 
6662.0 

<0.01 
0.01 
0.01 
0.01 

1.6* l*.l 
1*.2 
3.7 
3.5 

2 . 6 8 . MADISON (MISSION CANYON) 

^VERTICAL FRACTURE I N PERKSABILITY PLUG 

NOTE: 
t » l REPER TO ATTACHED LETTER. 
( I I INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

I t > OPP LOCATION ANALYSES-NO INTERPRETATION OP RESULTS. 

These analyses, opinions or Interpretallons are based on observations and materials supplied by the client to whom, and for whow exclusive and conlldentLal 
use. UUs report Is mode. The Inlerprelations or opinions exprevsed represent the best Judgment of Core LaboratOTiea. Inc. laU erroia and omissions e > . 
cepled): but Cora LAborslorles. inc.. and lis oll lceti and employees, a n u m e no responslblliiy and maAe no warranty or ivpreatnutlona, •> to th t s r sducuv l ty . 
proper operation, or prDliUbisntn of an/ oil. aaa or other mineral wall Of land In CuiunfUon wlui wliloh (urn (t{»r| la us.0 OTHllrU lii-ni 
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CORE LABORATORIES. iNO 
Petroleum Rejetvoir Engineer.ng 

DALLAS. TEXAS 

Company . 

Veil 

r,t\d :: 

U;n[TED STATES CEOLOGICAL SUP7EY Formation. 

KADTSON NO. 2 Corea 

.P»ge. 

. F i l t _ RP-2-5292 

WILDCAT 

CoUBtX— 

Loc i t i on . 

.State__UOEC&M. 

.Drilling Fluid. 

, Elevation 

. D a t e Report 5 - 2 5 - 7 7 _ 

. A n a l y t u HS : • 

nuHvan 
OCFTM -
r£CT 

PCRMCABILITV 
MILLIDARCYS 

NOMISONTAL VCMTICAL 

CORE ANALYSIS RESULTS 
(Fignrei m ^.rrm.bnn .efev le footnote . . . . . r k j ) 

eeaOBrrv 
PC.CKWT 

RESIDUAL 
SATURATION 

OIL 
% voLuaa S POAI 

T6T11 
w » T . . 

% eoai 

Grain 
Density • • - • " " • . 

88 
89 
90 
91 
92 
93 
9h 
95 
96 
97 
98 
99 

100 
101 
102 
103 
101* 
105 
106 
107 
103 , 
109 
no 
i n 
112 
113 
n i l 
115 
116 
117 
118 
119 
120 
121 
122 
123 

6715.0 
6718.8 
6720.8 
6723.8 
6725.7 
6727.3 
6729.0 
6729.5 
6731.1*-
6731.I*-33.S 
673l*.l 
6735.5 
6736.8 
6738.0 
671*5.1 
671*7.0 
671*8.7 
6752.1* 
6756.0 
6760.2 
6762.1 
6763.2 
6766.6 
6766.9 
6769.9 
6771.1* 
6772.0 
6773.1 
7070.3 
7071.7 
7077.0 
7077.9 
7080.6 
7060.9 
7085.1 
7087.1* 

^ \ ^ 

2.0 
6.9 

) 

0.01 
O.Ol 

O.OL 
0.01 
0.22 

0.01 
0.01 
0.01 
0.01 

1.6 

0.1* 

1.7 13.7 
7.1 15.9 

WHOLE OORE ANALYSIS 
2.9 
0.7 
0.6 
0.3 
0.8 
0.3 
0 . 1 * 
0.7 

0 .3 
2 .3 
2.2 
3.3 
SmS 

6.0 
1.3 

0.6 
0.5 
2.6 
2.8 
2.0 

0.01 
l*.l* 
3.9 

2.70 
2.83 
2.95 
2.96 
2.89 
2.79 
2.60 
2.92 
2.95 

2.67 

2.87 
2.86 

2.85 

2.73 

2.90 
2.91* 

MADISON (MISSION CANYON) 

mtWtn TO ATTACHCD LCTTrn 
INCOMPLCTC CORC RCCOVtnV—INTCRPRCTATION RESERVED 

I I I OWP LOCATION ANALTCCfr~NO INTC RPRCTATICN o r RESULTS. 

Thr«r •nslyw«. opinion* or InlrmrrUllRnj i r* bafi^l on ol>^rvkUor\s and malPrtAJt t u p p l l ^ b r th# cll«^t lo whom, and fm- w h o v nrhi.r:<rp arMl rHo/M^nlL^ 
Uf». thu r*iMKt ll m«d*. Th* t/il«'rDrrt''lionj or oomiwn rjrDm.<en] rr^nrtvrxt the b*-^ j u d o n m t 6t Care h*ttOTmionr%. inc. ieii rrrrji^ and o«r..'^.ci.« * • • 
rrptrfj); btit Cora. LatioraUirm. int. . and ill efti r r n ana vmpiov^va, acmma no rrTponciDllliy and maur no "Arranty or prrrr-wntallnn*. a.% to u*« p r o c u c u v i i j , 
prvpvT oprTaut)n.-or proliiaotrf>*n etf a n j ou. gaa or oLTkcr nuncraj w«u OT aand ui cgnnrcuon,W1U3 wruco aucn n p o n ' u u»«u or n u r a upofv 
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CORE LABORATORIES. INC . 
Pelroleum Rejervoir Engineering 

DALLAS. TEXAS 

r ^ ^ j . . . , ^ UNITED STATES GEOK)GICAL SURVEY Fnr.„.r;on 

-v.w MADISON NO. 2 Corei 

r.eM WILDCAT Drilling Fluid. 

-Page. 

-Kile_ 

.of. 

RP-2-5292 

-Date Report ? " .25 -77 

County— 

Location. 

Qr,» MONTANA . Elevation. 

. RemarLi_ 

.Analyata. RC 

•AMPLC 
HUMSCR 

CORE ANALYSIS RESULTS 
(Figure, in p.rentbetet refrr to footnote rem.rki) 

OtPTM 
r C E T 

R r R M C A B I L I T Y 
M I L L I D A R C Y S 

NORiaolfTAL 
eCMCBNT 

R E S I D U A L 
S A T U R A T I O N 

OIL 
% VOLUMI % .OR« 

T6TJIL 
WATER 

% . O K I 

Gra in 
' Densi ty 

121* 
125 
126 
127 
128 
129 
130 
131 
132 
133 
I U 
135 
136 
137 
138 
139 
11*0 
11*1 
11*2 
11*3 
lliJi 
11*5 
11*6 
11*7 
11*8 
11*9 
ISO 
I S l 
1S2 
153 
151* 
1S5 
156 
1S7 

7087.7 
7089.6 
7092.7 
709l*.l 
709l*.7 
7097.0 
7097.2 
7098.5 
7101.5 
7103.1* 
7105.8 
7106.0 
7108.2 
7110.1* 
7115.1 
7117.2 
7119-20 
7120.2 
7120.8 
7370.7 
7370.9 
7371.9 
7373.0 
7377.5 
7378.6 
7378.8 
7382.1* 
7382.7 
738I*.6 
7386.1* 
7386.8 . 
7396.0 
7397.3 
7399.9 

{^A) 

0.01 
0.02 
0.01 

13 

0.1*9 

0.20 
1.8 
0.03 
0.01 
0.09 

17 

13 
3.2 
0.02 

0.03 

0.02 
0.01 

0.01 
• 

0.02 

0.09 

1*.U 
li.o 

9.2 17 .1 
7.8 

18.0 
16 .3 
n.U 

1*.8 
2.5 
9.5 

0.65 13.2 
1.1 5.2 

2.9 
1*.2 

18 18.7 
WHOLE CORE ANALYSIS 

IU.7 
11 .3 

7.7 
1.1 
3.7 
8.0 
1.5 
1*.8 
2.8 
2.7 
1.7 

« • 

6.2 

18.2 
8.6 

2.78 

2.83 

2.78 

« 
2.81 

2.73 

MADISON (MISSION CANYON) 

MADISON (LODGEPOLE) 

•UNSUITABLE POR ANALYSIS 

NOTE: 
«•> RCrCR TO ATTACHED LEtTER. 
H I INCOMPLCTC CORE RCCOVCRV—INTCRPRETATiON RESERVED. 

l i t o r r LOCATION ANALVecS-NO INTERPRETATION OF RESULTS. 

7 ^ ' * ! K T ~ ' Z ! ; ; 1 I ; ' " ' " ' " ^ or liilerpreUllonj are bojed on observation, ana materlala aupplled by the client to whom, am] for who<w exclusive . n i con/.denllal 
twe. thl i report la m . i . . T h . Inierprelstioni or opinion! enpretsefl repreient the ben luanment of Cor« Laboratorlea. Inc lall errora and ominiot i . . 7 . 
cepletl) : but Cor . l . t>or. lo,le. , Inc and It, officer, . n d en>ployee.. . ^ a n , . no r e w n r i b l l l l y and make no w i r ^ n l T o T l T S J ^ e A u i S T . " lo U i . ^ ^ S S v t i 
PWPCT operation, or protiUOlenea « anjf oU. «aa or euiar mlncr.l wcU er uind in connecuon with which auch leiin la iSrtorreiied upon. P™""™"". 
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CORE LABORATORIES, INC. 
Pelroleum Retervoir Engineering 

DALLAS. TEXAS 

r - „ r . , r UNITCT STATES GEOLOGICAL SURVEY p.rm.rinn 

•ttr.ii ' MADISOK NO. 2 Core. 

F.eM VnXDCAT Drilling Fluia. 

- P a g e . 

. F . l e _ RP-2-5292 

C o u n t / — 

Locat ion. 

-State. MONTANA . Elevation. 

.Dace K e p o r t . 

.Ana l jn ta -

5-25-77 

RG 

. Kemarks_ 

C O R E A N A L Y S I S R E S U L T S 
(Tigaret rn p.rfnlhewl refer to footnote remerks) 

OKPTM 
FEET 

FCRMEABILITT 
MILLIOARCTS 

HORIXONTAL VC.TICAL 

RESIDUAL 
SATURATION 

OIL 
% »OLUM« % P O " « 

Gra in 
:»Vci. lUensit>1 

% POHt 

R E M A R K S 

(V 
158 
159 
160 
161 
162 
163 
16U 
165 
166 
167 
168 
169 
170 
171 
172 
173 
17U 
175 
176 
177 
178 
179 
180 
181 
182 
183 
181* 
185 
186 
187 
188 
189 
190 
191 
192 
193 

71*02.0 
71*02-03 
71*06.6 
71*08.7 
71*09.5 
7101.2 
7la3.7 
7l*i:*.8 
7601.7 
7602.1 
7603.8 
7605.1 
7610.0 
7611.6 
7615.8 
7618.0 
7621.6 
7623.3 
761*0.7 
761a.7 
761*2.3 
761*3.0 
761*3.2-U*.7 
761*5.0 
76U6.L 
765L.1 
7653.1 
7651*.9 
7658.0 
7658.6 
7659.7 
7660.8 
7661.8 
7662.1* 
7665.5 
7666.1 

0.01 
» 
0.01 
0.13 

• 

0.01 

0.03 

O.OU 

0.01 
0.02 

0.08 
0.01 

0.01 
0.01 
0.01 

0.01 

5.8 
WHOLE CORE ANALYSIS 

0.01 1.9 
* « 

3.6 
7.0 
I*.3 
2.U 
1.1* 
0 .3 

0 .3 
l .U 
0.6 
1,0 
UJL 
l .U 
8.8 

2.2 
1.3 

WHOLE CORE AJIALYSIS 
1.6 
U.5 
3.3 
6.0 
5.5 
1.5 
1.2 
9.2 
SmS 
5.6 
1.3 
5.2 

*UNSUITABEE FOR ANALYSIS 
N O T C : 

< • » nt . r tn TO ATTACMCO Lrrrcw. 

MADISON (LODGEPOLE) 

2.7U 

« 

2.70 

2.71 

2.79 

2.7U 

DEVONIAN (THREE FORKS 
JEFFERSON) 

I I I INCOMPLCTC CORC RCCOVCR'^^-INTCRPRCTATION RC5ERVCO. 
( I > OFF LOCATION ANALVfiCfr-f40 INTERPRCTATION OF RtSULTS. 

T>>e*e analytra. opiniona or tntrrprvtattoru arc ba i rd on ob-^rvatlons and mBtrrleli cuirplir^d b r th« cl lrnt to whom, and for whoM eaclu^tv* and con/1.>nlUl 
MwK. t h u rrr<7ri la m^dv. Thr int^rvrTtaUTna or opiniont eaprri.'wd reprfPtnl Ihe brrt j un rmrn t of Cor« Laberatorirt . Ine. lall erTor* and <»ni««iDr.« t a . 
ceplrdf; but Cora l^uoralariet. inc.. and lt« aff lccn and rmptoyr^i, a«<:um« no rrrponiiOdftr and make no warr/mty or r rpn-wnut inna . ai *» tn i proou' ivtiy. 
prvp«r Optrilton, or prod tab ivtxcs tA any oU* I M or oinar mineral well or iand in coxmvcuon wtui wructk aucri r r p o n la uaeu or r^ltrd Wt—«i. 
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CORE LABORATORIES. INC. 
Petroleum Retervoir Engineering 

D A L L A S . T E X A S 

f „ „ p . „ j , UNITED STATES GEOLOGICAL SUHVTvy Fnrm»;on 

•07.11 l aP ISON NO. 2 C o r « i _ _ _ _ _ 

KelJ VIILDCAT Drilling Fluid. 

- P a g e . 

. r i l e _ 

8 .of. 
RP-2-5292 

County— 

Locat ion. 

. S ta te . >roNIANA . Elevation. 

. D a t e Bep^er 5 - 2 5 - 7 7 

. A n a l y i t i ^ 

. Remarks . 

CORE ANALYSIS RESULTS 
(Fig.rr t im p . rm,hr i r i refer to footnote een..rkl} 

SAMFt.C 
MUMBCR 

oein-M 
T i n 

rCRMEABILITY 
MILLIDARCYS 

HORIZOMTAL 

RCEIOtiAL 
SATURATION Gra in 

% VOLUHa''W«.i.a % V o . % ' ^ ^ " S i t ^ 

19U 
195 
196 
197 
198 
199 
200 
201 
202 
203 
20U 
205 
206 
207 
208 
209 
210 
Zl l 
212 
213 
21U 
215 
216 
217 
218 
219 
220 
221 
222 
223 
22U 
225 
226 
227 
228 
229 
230 

7668.0 
7670.2 
7672.2 
7673.5 
767U.0 
7675.6 
7679.0 
7682.1 
7685.8 
7688.U 
7689.6 
7691.U 
7691.8 
7693.8 
7696.0 
7697.7 
7698.6 
7700.1 
7701.7-
770U.3 
7706.2 
7709.0 
7709.3 
7709.5 
7710.U 
7712.1 
7713.0 
771U.2 
771U.8 
7717.6 
7717.9 
7721.9 
7722.7 
7726.9 
7727.5 
7728.7 
7730.0 

(K^) 

0.03 
0.16 

0.01 

0.55 
0.01 

0.01 O.OO. 

0.02 

0.36 
0.01 
0.13 0.16 

0.02 
1.3 

0.01 0.01 

0.01 
0.02 0.02 
1.9 

7.0 
8.6 

10.9 
3 .1 

3.2 
u.5 
3.7 
3.2 
3 .1 
2.8 
5.7 
6.0 

6.8 
2 .3 
0.7 
3.U 
6.0 
6.0 

11 .5 
11-2 

8.U 
5.0 
8.3 

8.5 
0.9 
1.6 
U.6 
1.3 

10.6 
5.2 
2.U 
2.7 

DEVONIAN (THREE FORKS 
JEFFERSON) 

2.82 
2.82 

2.72 

2.81 

2.66 
2.85 

2.80 

HOTI: 
! • > R t r t R TO ATTACMto L t r r f R 
I I I INCOMPLCTt CORt RCCOVCRT—INTeRPRCTATION RCSERVCO 

l l > o r r LOCATION. ANALVSC»-NOINTtRPRCTATION O r RCSULTT 

T h « » Muil7«c.. ojdnlon. or lntrn>r.l.(lon> a r . b.<.d em ob..-rv.l lon. and t n . t . r l . U >uppll.d by t h . c l l n t In whom, and for who.» r o c l t r d . . and mnfldmlLaJ 
y ? I ; A . . ".'."V?..f !" ."? .*_• . .T"- . ' " , ' j r '^" ."^ '_?r ._°?i" ' ""? Ktprrvird rrpr»»cnt ttit liril Jud.Tncnl of Core Liboraujrli:.. Inc. lall rrrora and onili 'iion. e « -
e rp (« l l : but Cora Latwralnrlri. Inc.. and Iti af l lccn .ml cmployrr i . a n u m t no rTlDonilbllllT and make no warraniy or rtpr»-«ntAtloni. aa to tu t p r o o u c t l n l r 

' mineral »<u or una in connecuon with vhleii aucn npcn la uanj or rail»<J tioon. prO|)«r operation, er profiuoirncu of any OU. gaa or otncr i 
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CORE LABORATORIES. INC . 
Petroleum Reiervoir Engineering 

DALLAS. TEXAS 

r^^Tipfny UNITED STATES GEOLOGICAL SURVEY Formation 

T>7.11 • MADISON NO. 2 Core. 

r,.\A VnXDSAT , Drilling Fluid. 

County— 

Location. 

-State. MONTANA . Elevation. 

. F i l e -

. D a t e R e p o r t . 

.Ana ly i t i 

. o f . 

RP-2-5292 
5-25-77 

RG 

aAMPLK 
RUHBER 

CORE ANALYSIS RESULTS 
(Figmrel h permthrtet refer to footnote remeritl) 

DtPTM 
r i E T 

p r R M t A B I L I T V 
t t l L L I D A R C Y E 

NONIZONTAL 

R E S I D U A L 
S A T U R A T I O N 

oil TTBTXtr 
% VOLW, <H rone ^r-'tr;^ 

Grain 
Dens i t ) 

K E M A M K S 

231 
232 
233 
23U 
235 
236 
237 
238 
239 
2U0 
2Ul 
2U2 
2U3 
2UU 
2U5 
2U6 
2U7 
2U8 
2U9 
250 
25L 
252 
253 
25U 
255 
256 
257 
258 
259 
260 
261 
262 
263 

7730.5 
7731.5-
7737.U 
7738.5 
7739.6 
77U0.5 
77U2.1 
77U3.6 
77UU.6 
77U6.9 
77U7.9 
77U9.5 
7751.9 
7753.U 
775U.O 
7758.5 
7759.1 
7765.1 
7766.2 
7768.6 
7772.8 
7775.2 
7777.8 
7778.3 
7780.9 
7782.0 
7785.8 
7786.3 
7790.8 
7791.5 
7795.0 
7796.6 
7797.9 

0.16 

0.02 

0.10 

* 
0.01 

15M 

* 

0.01 

0.06 

0.01 
0.36 
0.01 

o.m 
0.09 
0.02 
1.3 

33 
71 
5 .3 

« 

•H-

0.7 
3.7 
6.8 
U.O 
3.2 
3.6 
6.0 
5.1 

« 
5.3 
5.2 
0.9 

* 
1.0 

0.8 
U.U 
5.2 
3.5 
1.1 
9.2 
6.6 

0.3U 15.U 
8.1 
0.6 

0.02 10.9 
0. 02 11.6 
0.5U 18.U 

U6 
21 

6.0 
21.3 
22.3 

0.07 IU.2 

2.65 

2.8U 

• 

* 

2.79 

2.90 

2.81 
2.82 

2.79 
2.80 
2.78 

^UNSUITABLE FOR ANALYSIS 

2.65 DEVONIAN (THREE FORKS 
JEFFERSON) 

•UNSUITABLE FOR ANALYSIS 
M - SWffLE roUNTED Tli SEALING VJAI 

N O T E : 
t • I REFER TO ATTACHED LETTER. 
t i l INCOMPLETE CORE RECOVERY—INTERPRETATION RESERVED. 

I Z I o r r L O C A T I O N A N A L Y E E S - M O I N T E R P R E T A T I O N O r f tCGULTS 

T h n e analr ici . oplnlnnf or Interpretations are bared on ebservatlnm and materials aupplled by th* client to whom, end for whose exelu<dve and ror!:.i;<nt:.^ 
tue. thu report la made. Th* inlfrprrtationi or oplnloni eapreuetl represent the best Judrment of Cot* Laboratorlea. Ine. (all e r r o n t.r\<i or\l»v ŝ î s -. n-
eeptedl : but Ccira Laboritorlri. Inc.. and 111 ofllcen and e m p i o y c l . m u m * no responsibility and make no warranty or repre«nUllon«. as to tn* prooucuvIlT, 
priipn BperaUon, sr praliublancn td any oil, gaa er eUiar mineral wall or und in conntcLion wlUi which rirh report la i'>.fl nr relini < 
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CORE LABORATORIES. INC. 
Petroleum Reiervoir Engineering 

DALLAS. TCXAS 

r ^ ^ . . . , UNITED STATES GEOIOGICAL SURVEY ^ ^ „ , ^ 

.̂11 HADISON NO. 2 Core.^ . 

FteU WILDCAT Drilling F l u i d . 

C o i u t y -

Ix>cation. 

. S u t e . MONTANA . Elevat ion. 

. R e m a r i u . 

. R l e -

10 . o f . 

RP-2-5292 

(KJ 

. D a t e R e p o r t . 

^Analyit i . . 

6-2U-77 

RM 

HUMSKR 
D t r T H 
rccT 

P C R M E A B I L I T V 
M I L L I D A R C Y S 

MOniSOMTAL VKRTICAL 

CORE ANALYSIS RESULTS 
( F i g . r e i im p . remthne i refer l o footnote r r m o r t u } 

POAOftlTV 
PCACaNT 

" R E S I D U A L 
S A T U R A T I O N 

OIL 
' / . VOLUMt % PORI 

TOTAL 
wATan 

% PORI 

Grain 
Density M t >• A R K « 

26U 
265 

7800.9 , 
7807.3 

0J .0 0.06 
lU 22 

266 7808.6-09.7 
267 
268 
269 
270 
271 
272 
273 
27U 
275 
276 
277 
278 
279 
280 
281 
282 
283 
28U 
285 
286 
287 
288 
289 
290 
291 
292 
293 

78lOiO 
7eio.u 
7811.1 
70.2.3 
781U.7 
7818.3 
7822.0 
782U.2 
7827.5 
7829.U 
7835.8 
7836.8 
7837.5 
78U2.5 
78UU.1 
78U7.5 
78U9.8 
785L.9 
785U.2 
8217.5 
8217.7 
8219.0 
8220.2 
8222.7 
822U.2 
8227.7 
823U.0 

170 1U3 
3.8 1.7 
0.06 
3.7 U.8 
1.5 2.3 
0.71 0.92 
0.01 
0.07 
U.1 2.3 
0.03 
0.11 0.01 
0.02 

31 0.37 

8.6 
O.OU VF 
0.03 
0.06 

5.3 U.6 
1.8 

135 128 
33 31 
31 33 

13U 112 
167 89 

6.U 
10.U 
WHOLE CORE ANALYSilS 
2U.3 
13.U 
1 0 , 9 ( 
U.5 ^ 
11.6 
10 .1 

7.1 
8.U 

2U.0 
n.B 
IU.2 

9.0 
9.U 

10.7 
1.7 

16.6 
7.U 
6.8 
6.6 

1U.7 
21.9 
12.7 
23.8 
2a..7 
22.3 
28.1 
28.7 

2.80 

2.82 
2.79 

2.85 

2.82 

2.71 

2.85 

2.81 
2.81 

2.61 
2.82 

SILURIAN (INTERLAKE) 

KED RIVER 

VF - VERTICAL FRACTURE 

< Z I O P r L O C A T I O N A N A L Y S E S - N O I N T E R P R E T A T I O N OE R E S U L T S . 

N O T t : 

< • » R E P E R T O ATTACHED L E T T E R . 
• I ) I N C O M P L E T E C O R E R E C O y E R V - I N T E R P R E T A T i e N R E S E R V E D . 

IlL**ThTrVZ2S!: I ' ^ Z ' ' ^ or lnl*n>retatlona . r* based on obvrvatlona and malertal i aupplled by the eltent to whom, and for s>ho!w exclusive and eonTldeattal 
2 ^ ; J ! V ' r r c * ' ' !"*."'• ^ ' ttiterptrlationi or oplnloni . »p re t s« l represent the best Judranent of Core Laboratorle.. Ine. (aU e m n and amuVTon. . ? . 
eep ted) : but Cor* lalioratorle.. J n c , and lis oHlcerj and amployeea. . a w n . n o rr iponsiwu.y « ,d m . k e no w a r r a n t T o r r e S r e s m l i i l ^ I ! i i . ^ ^ S I J i V 
proper opn^Uon. er pnfiiabienea o< any ou. gaa er oth.r mineral w*U or aand in wnnecUon wiu w i i ^ , J S r . i ^ i r S ^ n ! ! i i ^ producUvKy. 
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C O R E L A B O R A T O R I E S , I N C . 
Pelroleum Reservoir Engineering 

DALLAS. TEXAS 

r ^ ^ p . n y inHTED STATES GEOIX)GICAL SUIl\CT Formation 

\i7,ii • K;J>ISO?: NO.. 2 . core* 

Field V.1LDCAT .̂̂  DrilUng Fluid. 

County— 

Location. 

.Page-

:Fi!e_ RP-1*-39U6 

.State KONTANA . Elevation. 

. D a u Report-

. Analyst! 

6-29-77 

KB 

. Kemarlu. IffiOLE CORE ANALYSIS 

CORE ANALYSIS RESULTS 
(Fifuret in ptrentbriri refrr to jootnott rnnarkj) 

DFPTH 
F L C t 

PERMf A D I L I T V 
M I L L I D A R C Y E 

R E S I D U A L 
S A T U R A T I O N 

,K.a. 90̂ ^ 
! CIL 
1 % VOLUME % rOfiEJ •̂'r, P O R T 

ir-j VERT.J Grain 
PER:-SJ D e n s i t v 

R E M A R K S 

h 
15 
Sh 
63 
97 

lliO 
159 
180 
266 

/i35l.5-53.5 
l450o«o-oo.5 
65B6.0-57.0 
6616.0-17.5 
6731.1i-33.9 
7119.0-20.0 
7lj02.0-03.0 
76li3.2-Ui.7 
7608.6-09.7 

1.6 
5U 

0.16 
33 

1677 
3.6 
1.8 

56 
o.iU 

l .U 
53 
//0.08 
37 

131LL 
3.1 
1.8 

55 
o.oe 

12.0 
16.5 

3.2 
2U.6 
26,.li 
15.0 
2h,S 
2ii.O 

7.7 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
CO 

52.3 
* 

29.3 
63.5 
39.9 
68.2 

•S-r 

U2.9 
* 

0.06 
9.8 

<0.C1 
22 

291 
0.31 
O.lU 

12 
<0.01 

2.8U 
2.86 
2.83 
2.88 
2.68 
2.88 
2.86 
2.68 
2.87 

NEWCASTLE SANDSTONE 
mNNELUSA 
MADISON (CHARLES) 
MADISON (CHARLES) '• 
MADISON (MISSION CAOTON) 
J.L4DIS0N (JUSSION CANYON) 
IMDISON (LODGEPOLE) 
liADISON (LODGEPOLE) 
DEVONIAN (THREE FORKS-

JEFFERSON ) 

*SA>ffEE DRIED OUT 

//•i'ORIZONTAL FRACTU:HE 

R E F r K TO A T T A C H E D L E T T t n 
I N C D M P L C T L CORC H E C O V t H V—t N T E R P R E T A T I O N H E S C R V E D 

C2} OFF L O C A T I O N A N A L Y S E & - N O I N T E R P R E T A T I O N OF R E S U L T S . 

Th«ir onal.vsM, rptnloni or~lnlrrDr<-l;ition.^ Br« .bosftj on cit/;.crvaiion» and mr.lprials supplied bv th t e l lmt to whom, and for whor* ex'clustvr end cor.fldcr.'.!;^ 
vse. th)-» rpjxrrt Is m.'tjr. TTif »r.t»Tprri.-itioni or opmions fxprrivrd rrprr&enl Vnr bcii tv.Cr.r^-.^ni ot Core X-aborntorics, inc. r-'ilj rrrDrv *na ccr-isiio.iH cx-
t r n U a j ; bm Cert l-.lKir,itortr«. Inc.. fl^.d Us olficen snd tnr.iioycvt, assume i;o rr;.ponL<bllny ruid make no wcrrfinly or repreienu.:innj. as, to uie prwiucuvjiy. 
I>ru,jcr op«rfitioa, or proIiL«bi«n«*kB ot any oil. fi&i or other n'.ineral wcii or u n d In connecuon wiui whicn vucn rcpon U u^ca br r tucd upora'. 
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Hydrologic testing 

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

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

Three types of inflatable packer tools were used during the testing. The 
first four tests were made using conventional straddle drill-stem testing tools 
on 4-1/2-in drill pipe (fig. 7). Tests 5 and 17 were made using dual seal 
production-injection packers on 2-7/8-in EUE 8-round tubing (fig. 8), and the 
remaining tests were made using a modified version of-a dual-seal straddle 
treating and testing tool on 2-7/8-in EUE 8-round tubing (fig. 9). The straddle 
treating and testing tool was used for most tests because drilling mud and muddy 
water entering the ports of the tool from the interval isolated by packers 
could be removed from the tubing by swabbing. Lowering the head on the interval 
by swabbing often induced water to flow to the surface. After collecting water 
samples from producing intervals, the packers were deflated and the tool reset 
to test other intervals, higher or lower in the hole, without making a trip 
out of the hole. 

After completing all packer tests, and spotting cement plugs from 9,378-
9,084 ft and 8,884-8,422 ft below land surface, a well head (fig. 5) was 
installad. Drilling mud was removed from the hole and the well began to flow. 
It flowed about 44 gal/min thrbugh a 2-in valve in the well head with about 
3 Ib/in^ back pressure. Measured at the well head, the shut-in pressure was 
333 Ib/in^. The temperature of water was about 48°C. 

Table 2 summarizes the drill-stem and packer-swabbing tests made in 
Madison test well 2 and indicates the test data that are included in this 
report. . , 
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Test 

Table 2.—Summary of drill-stem-test data 

[Kelley bushing (KB) is 16 ft above land surface (LS) and 2,809 ft above sea level. A constant of 2.307 was used 
to convert shut-in pressure to feet of head. SIPj Initial shut-in pressure. SIP2 Second shut-in pressure.] 

Formation 
Interval, 

(ft below KB) 

S h u t - i n . 
•pressure 
( l b / i n 2 ) 

Depth to 
pressure recorder 

(ft below KB) 

Dischar,5e 
or flow 
(gal/min) 

Remarks 

*10 

Newcastle Sandstone A,300-4,680 

Lakota Saadstone-

Flathead Sandstone 
(gas show) 

Flathead Sandstone 
and Precambrian 

Red River 

Devj.claii (\indlff-
f e r e n t l a t e d ) and 
InterlalcG 

8,115-8,333 

8,030-6,250 

8,115-8,355 

7,775-3,015 

1,540 

6,133-6,248 

6,134-6,244 2,956 

4,898-4,916 ' 1,820 

9,300-9,394 

9,238-9,262 4,149 (?) 

9,238-9,394 

3,899 (?) 

SIPi 3,849 
SIP2 3,S48 
SIP, 315 
SIP,^ 326 

3,752 (?) 
SI? ; 312 
SIP, 317 

4,270 

6,143 

6,139 

4,903 

9,310 

9,255 

9,255 

8,135 

8,125 
8,125 

'2ft above KB 
2 ft above KB 

7,785 
2 ft above- KB 
2 ft above KB 

Bottom-hole temperature (BHT) 129° F (54°C). 
Water lavel (head) 701 ft below LS. 

BHT 152°F (67"C). Packer seat failed." 

BHT 165°F (74°C). Head 696 ft above LS. 

BHT 127°F (53°C). Head 688 ft below LS. 

Packer failed. 

Interval has very low permeability. 

Interval has very low permeability. 

10 to 0 Head calculation not valid because of bypass 
around lower packer after about 150 min of flow. 

Loxrer packer ruptured. 

18 tp 13 Temperature of fluid at surface 114°F (46°C). 
Head based on down-hole pressure gauge, 
768-771 ft above LS. Haad based on'surface 
pressure gauge, 745-770 ft above LS. 

10 to 8 Temperature of fluid at surface 103°F (39°C). 
Head based on dox̂ n-hole pressure gauge, 887 ft 
above LS. Head based on surface pressure 
gauge,•738-749 ft above LS. 

12 Madison (Charles) 6,449-6,689 3,292 (?) 6,450 Interval tested twice; no effective permeability. 
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Table 2.—Summary of drill-stem-test data—Continued 

[Kelley bushing (KB) Is 16 ft above land surface (LS) and 2,809 ft above sea level. A constant of 2.307 was used 
to convert shut-in pressure to feet of head. SIPj Initial shut-in pressure. SIP2 Second shut-in pressure.] 

Test Fonnation 
Interval 

(ft below KB) 

Shut-in 
pressure 
(Ib/inj) 

Depth to 
pressure recorder 

(ft below KB) 

Discharge 
or flow 
(gal/min) 

Remarks 

*13 Madison (Mission 
Canyon) 

6,814-7,054 3,303 
340 

6,824 
2 ft above KB 

Temperature of fluid at surface 93°F (34''C). 
Head based on down-hole pressure gauge, 
812 ft above LS. Head based on surface 
pressure gauge, 802 ft above LS. 

ON 

*14a 

15 

16 

*17 

Madison (lower 
part of Mission 
Canyon and upper 
part of Lodgepole) 

Madison 
(Lodgepole) 

Madison (basal part 
of Lodgepole) and 
upper part of 
Devonian 

Winnipeg Sandstone 
to Precambrian 

7,064-7,304 

7,305-7,545 

7,525-7,765 

8,520-9,394 

3,421 
340 

3.568 (?) 

3,575 (?) 

4,038 
317 

7,075 
2 ft above KB 

7,325 (?) 

, 7,536 

8,535 
2 ft above KB 

25 to 0 

50 

Temperature of fluid at surface 106''F (41°C). 
Head based on down-hole pressure gauge, 833 ft 
above LS. Head based on surface pressure gauge, 
802 ft above LS. 

Head based on down-hole pressure chart, 
above LS. 

922 ft 

Bypass around lower packer. Reset packers 10 ft 
higher and tested; had bypass around lower 
packer again. 

Temperature of fluid at surface 153°F (67°C). 
Head based on down-hole pressure gauge, 797 ft 
above LS. Head based on surface pressure gauge, 
749 ft above LS. 

* Original drill-stem-test data included in report. 
(?) Numerical value is of questionable reliability. 
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Figure 7.—Inflatable straddle packer tool for conventional drill-stem 
tests. (Courtesy Lynes, Inc., Houston, Texas) 
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Figure 8.—Dual seal In f la tab le s t radd le packer tool used on tubing. 
(Courtesy Lynes, I n c . , Houston, Texas) 
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J. MANDREL 

POSITIONING ASSEMBLT —• 

UPPER TORT 8L0CK<Xj r SLEEVE -

UPPER INf L»TABL£ ELEMENT-

B I I a 

VARIABLE SPACING-

a , a 

CENTER PORT BLOCK.OUT SLEEVE -c 
LOWER INFLATABLE ELEMENT - > l 

l O / E R PORT BLOCK«UT SLEEVE-

MANDREL PLUG-

m m 

•uMWMsw mruTiHe PACKEt o m i B n w u i i 

O B 

m\ »e 

OPcaMio* 

c 
S«JU*S 

1 

H 

S«l 

O l f LATINS P A C X a 

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

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

Sterling, Colo. 80751 

Con tractor A n d e r s o n O r l q . C o . 

Rig No Q 

?;pnt SE-SE 

< ^ 18 
Twp 

Rng 

Field 

Countv-
State 

Top Choke 
Bottom Choke. 

Size Hole 

9 / 1 6 " 

1 N 
5» E 
'.Vlldcat 
Cus t e r 
M o n t a n a 

Elevation 2 8 0 9 ' " K . B . " 

Formation M i n n e l u s a 

Size flat Hnjg 

S i ze& Wt. O. P . J ^ 

Size Wt. Pipa 

I. D. o f D. C. 2 i " 

Length o f O. C. 3 6 1 

Total Depth 

Interval Tested. 

Type o f Test 

1 6 . 6 0 

6567 ' 
613k-6Ziik-' 
I n f l a t e 
S t r a d d l e 

I F 

15 
30 
30 

Flow No. 1 

Shut-in No. 1 . 

Flow No. 2 
Shut-in No. 2 60 

Flow No. 3 _ _ _ 6 Q _ 

Shut-in No. .-̂  2 7 0 

-Min . 

-M in . 

_'Min. 

_Min. 

-M in . 

-M in . 

Bot tom 
Hole Temp. . 
Mud Weight . 
Gr.Tvity 
Viscosity 

165°F 
9 . 3 

Tool opened g) 1 1 : 1 0 PM. 

Outside Recorder 
PRD Make 
No 6381 

K u s t e r K - 3 

Cap 8 0 0 0 
Press 

0 6139 ' 
Corf tc ted 

Init ial Hydrostatic 

Final Hydrostatic 

Init ial F low 

Final Init ial Flow 

Init ial Shut-in 

Second Init ial Flow E 

Second Final F low 

Second Shut-in 

Thi rd Init ial F low 

Th i rd Final F low 

Th i rd Shut-in 

.2993 
2960 

568 
693 

-2820 
689 

1207 
2812 
1282 
1950 
2 9 0 3 

Our Tester: P a u l R o b b i n s 

Witnessed Rv: Don B r o w n 

o 
a 

3 -

o 
TJ 

CO 

o 
u t 

2 I 

V J J 

ro 

vo 

Z 
o 

sr 
a . 
M 
O 
3 

I i ^ 

Did Well Flow - Ga» No Oil No W.-itpr No 

RECOVERY IN PIPE: ( ^200 ' S a l t w a t e r = 5 6 . 2 8 b b l . 

REMARKS; 

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

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

3rd Flow- Tool opened with fair blow, increased to strong blow 
after 3 minutes and remained thru flow period. Flow 
gauged at 10 psig. on i " choke. o o n 
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LYES3ES, i ^ S C . 

operator. U.S.CS. iP^^R.Nr. Madisong2 DST No.: L 

Pf«lf 

Initial Hydrostatic 
Final Hydrostatic 
Initial Flow 

1 Final Initial Flow 
Initial Shut-in 

I 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 

Prm^turm Below Bo t tom 
Pack«r Bl«d To 

Corrected 

2977 
2956 

583 
711 

2327 
635 

1222 
2820 
1287 
1959 
2905 

Outside Recorder 
PRD MakP Kuster K-3 
Nr,8682 rap 6200 0 6139' 

PRD Make. 
Nn 90 6» 

Inside Recorder 
Kuster K-3 

-Cap, 9000 
Pr«u 

©6106' 
Corrected 

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

Prei iure Below Bot tom 
Packer Bled To 

2960 
295^ 
561 
691 
2315 
698 
1195 
2811 
1281 
"T951 
2911 
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L Y M E S , BÊ SC 

n p p r a t n r U . S . G . S . . Lease & No. Madison #2 DST No. 

1 r^ 
1 , / ; 1 y 
• • .rr^ 

• • ^ . 

~ ^***V__ 

f l . 

^ 

PRn M;,fcp K u s t e r K -3T 
No 1 2 3 5 5 cap35 

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 

- 2 4 9 

A 
K 

B 
C ' 
0 
E 
F 

G 
H 

Third Final Flow 1 
Third Shut-in J 

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

Pressure Below Bonom 
Pecker Bled To 

Q 6 1 3 9 ' 

Corr«cted 

1 6 5 " F 

PRD Makft 

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 Below Bottom 
Pecker Bled To 

Corrteted 

\ 
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Date 1-23-77 

Company '..:.?..•.„•..?..• 

Well Name & No. "a .d ison #2 

Counfy : ....._f?ys!i5K.... 

Sampler No .".T 

\ 3 E S , I M C . 

Fluid Sample Report 

Tickef No 3219. 

DST No. 

Stafo 

Tesf Interval 

3 

Montana 

6134-6244' 

Pressure in Sampler ...?... PSIS BHT 165 OF 

Total Volume of Sampler:... 

Total Volume of Sample:... 

Oi i i . . 

Waters.. 

Mud:... 

Gai: . . 

Others.. 

Water: 

Mud Pit Sample _ 

©as/Oil Ratio 

Where was sample drained 

Remarks: .T.?.?.l ..'!'.?s..open 

. m 9 . _ _......- - _ . c e . 

.3000 _ _ _ _ _ _ . ^ , . 

..None _ _ ec. 

None ec. 

_3000_ _ _ _ _ ec. 

. ! ^ e _ _ _ „.._ _ « , . f t . 

None 

Resistivity 

@ _ of Chloride Content. ppm. i 

._ @ _ of Chloride Content ppm. 

Gravity OAPI @ ©F • 

On L o c a t i o n 

momenta r i l y u n s e t t i n g packer , c a u s i n g sampler t o f i l l w i t h 

mud. 

/ 
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n^mii© ^̂ ^̂ 3n UNITED SERVICES 
DIVISION OF LTHES, INC. 

. i t ' i ^ t i r ^ ' : ; ; ^ - ^ ' ^ STERLING, COLORADO 807S1 
7V-Ci^y-^^^'^i^-bi PHONE 303-523-1206 

Comments relative to the analysis of the pressure chart from DST #3 
Interval: 6134-6244', in the U.S.G. S., Madison #2, SE SE Sec. 18, 
T1N-R54E, Custer County, Montana: 

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

BHT = 165° F, n = l - O c p . , t = 105 minutes, h = 10 feet (esti
mated) . 

1. Extrapolation of the Initial Shut-in pressure build-up curve indi
cates a miaximum reservoir pressure of 2943 psi at the recorder 
depth of 6139 feet. Extrapolation of the Second Shut-in pressure 
build-up curve indicates a maximum reservoir pressure of 2917.9 
psi. Extrapolation of tlie Final Shut-in pressure build-up curve 
indicates a maximum reservoir pressure of 2955. 8 psi. The dif
ference between the three extrapolated pressures is considered 
insignificant and is indicated to be due to the use of insufficient 
time for the First and Second Shut-in periods. Numerical values 
for the various reservoir properties shown below and on the stun-
mary pages have been calculated independently in (1) analysis of 
the Second Shut-in pressure build-up curve and (2) analysis of the 
Final Shut-in pressure buUd-up curve. The results described be
low are based upon the analysis of the Final Shut-in pressure build
up curve and comparison of these results can be made by referring 
to the summary page which shows the calculated results which are 
based on the analysis of the Second Shut-in pressure build-up curve. 

2. The calculated Average Production Rate which was used in this 
analysis, 771. 8 BPD, is based upon the total fluid recovery of 
56. 28 barrels and the total flowing time of 105 minutes. 

3. The calculated Damage Ratio of 0. 5 indicates that no significant 
well-bore damage was present at the time of this formation test. 
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U.S.G.S. , Madison #2 
Interval: 6134-6244', (DST #3) 

Comments - Page 2 

4. The calculated Effective Transmissibility of 339. 2 md.-f t . /cp . 
indicates an Average Permeability to the produced fluid of 33. 92 
md. for the estimated 10 feet of effective porosity within the 
total 110 feet of interval tested. 

5. The Radius of Investigation of this test is indicated by the re la
tionship, b ~ "Vkto, to be about 60 feet. 

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

JogerL. Hoegpjc 
?onsiiltant fortiynes. Inc. 

76 



L Y I S S E S , I M O 

(Nppratnr U . S . G . S . . Lease & Nn Madison if2 .DST No-

Recorder No. 6381 @> 6139' 

FIRST SHUT IN PRESSUR: 

TIME<M1N) 
PHI 

0.0 
3.0 
6.0 
9.0 
12.0 
15.0 
18.0 
21.0 
24.0 
27.0 
30.0 

EXTRAPLN OF 

<T"PHI) 
/PHI 

0.0000 
6.0000 
3.5000 
2.6667 
2.2500 
2.0000 
1.8333 
1.7143 
1.6250 
1.5556 
1.5000 

FIRST SHUT 

PSIG 

693 
2430 
2584 
2654 
2705 
2738 
2762 
2782 
2799 
2812 
2820 

IN : 294 
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L - V E ^ E S , I M C 

U.S.G.S. Le3M Sl Nn Madison #2 DST No 3_ 

Recorder No. 6331 (̂  6139 ' 

SECOND SHUT IN PRESSURE: 

PSIG 

1207 
2 5 1 3 
2621 
2 6 7 8 
2 7 1 5 
2745 
2 7 6 2 
2 7 7 9 
2792 
2 8 0 5 
2 8 1 2 

EXT.Ri^PLN OF SECOND SHUT IN : 2 9 1 7 . 9 

C A L C U L A T I O N S : SECOND SHUT I N 

i .XTRi\P .^'RHSo C PS I G ) . . . - ' . . . . . . . 
NO Of P T S E M T E R D . , , . . . . . . . . 
UO OF P T S U E D . . . . , 
K-iS DEV I -ATI ON ( P S I.) 
TOTL FLO T i t K M I N ) . . . . . . . . . . ' 

AVE P.HGD R A T i C B E i L S / D A Y ) 
TRA.^;s^il SS CKD-FT/Cf- J . 
I N S I T U C A F < M G - , - - T . - - . . . 
AVE EFFECT F EHM(M D ) , 
PRCD I N D X C E B L S / D A V - P S ; ; 
DAMAGE KA7 10' .' 

PROD i ; \ i D X - D A v H G £ ( B B L 5 / D A Y - P S I ) 
RAD OF I N V E S T < r T ) . . . . . . . . . . 
DRAWDOWWCPERCEN'T ) . . . . . . . . . . . . . 
POTENHEVaC SURF CFT i . . . 

TIMECMIN) 
PKl 

0-..0 
6 . 3 

1 2 , 3 
I 8.,•3 
2i!; = a 
30.0 . 
36;, 3 
4,2 o 21 
•-".e... a 
S ^ , 3 
60 0 0 . 

< T " P H I ) 
/ P H I 

0 . 0 0 0 0 
8 . S 0 0 0 
4 . 7 5 0 0 

. 3 . 5 0 0 0 
2 . 8 7 5 0 
2 .5000 
2 .250 i3 
2 . 0 7 1 4 
1 .9375 
1 . 8 3 3 3 
1 . 7 5 3 3 

2 9 1 7 
l l . l 

4 
0 

4 5 , 

7 7 1 . 
2 8 7 . 
2 8 7 . 

2 8 . 
0 . 
0 . 
0 . 

3 6 . 
0 . 

3 4 0 3 . 

. 9 
3 
. 0 
. 0 0 3 
. 0 

. 8 

. 9 

.9 

. 7 9 

. 4 5 1 
7 
3 2 4 

• 0 

1 
9 
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- L Y N E S , I M C . 

nperntnr U.S.G.S. Lease & Nln Madison ^2 QST NO.. 

V. 

Recorder No. 6381 @ 6139' 

TIMEiMIN) 
PHI 

0 . 0 
2 7 . 0 
5 4 . 0 
8 1 . 0 

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

Extrapln of 

CT"PHI> 
/ P H I 

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

Third Shi 

THIRD SHUT IN PRESSURE: 

PSIG 

1950 
2 7 3 8 
2 7 9 5 
2826 
2 8 4 9 
2 8 6 2 
2 8 7 6 
2 8 8 3 
2 8 9 3 
2 3 9 9 
2 9 0 3 

Shut In ; 2955.8 M: 369.9 

RESERVOIR PARAMETERS: 

COLLAR RECOV 3 6 1 . 0 0 0 P I P E RECOV 3 8 3 9 . 0 0 0 INT FLO TIM 1 5 . 0 0 0 
F I N L FLO TIM 6 0 . 0 0 0 MUD EXPANS 1 . 0 0 0 BTM HOL TMP 1 6 4 . 0 2 0 
API GRAVITY 1 0 . 0 0 0 SPEC GRAVTY 1 . 0 0 0 VISCOSITY 1 . 0 ^ 0 
PAY THICKNES 1 0 . 0 0 0 SUBSEA DPTH - 3 3 3 0 . 0 0 0 WATR GRADNT 0 . 4 3 3 

CALCULATIONS: THIRD 

EXTRAP P R E S S ( P S I G ) 
NO OF PTS ENTERED. . . 
NO OF PTS USED 
RMS D E V I A T I O N C P S I ) . . 
TOTL FLO T I M C M I N ) . . . 

AVE PROD RATEC3BLS/DAY) 
TRA.NSMISSCMD-FT/CP). . . . 
IN SITU CAP(MD-FT) 
AVE EFFECT P E R M ( M D > . . . . 
PROD INDXCBBLS/DAY-PSI) 
DAMAGE RATIO ; . . . . 
PROD INDX-DAMAGE<BBLS/DAY-PSI) 
RAD OF IN\7EST<FT>. . 
DRAWDOWN(PERCENT).. 
POTENMETRC SURFCFT) 

SHUT IN 

>AY-PSI ) 

2 9 5 5 . 8 
1 1 . 0 

4 . 0 
0 , 0 0 3 

1 0 5 . 0 

7 7 1 . 8 
3 3 9 . 2 
3 3 9 . 2 

3 3 , 92 
0 , 7 6 7 
0 , 5 
0 , 3 8 2 

5 9 , 7 
0 . 0 

3 4 9 6 . 3 
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WELL: 

so... 

2 0 . . 

I 
C 

I 

S 
I-
u 

lOX 

I 

• ' \ 

U-
2EE0 

LYNES UN.'TED SERVICES LTD. 

Kri515n.-3 2 li n it OIL 03 . LDCN: DATE: i5!-ri-ri 

OST wa. 

PEC. NO. 

DEPTH 

22Ba 
-} 

E2G1 

2Baa seaa â ea 

PK!t3 - n i L DR WOTETKJ 

PREGGUf^E: EXTR.'- .POLATfaN PLOT 

asca 2BKU 

rof>M -i.:i« t i -7a 
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Phone 
522-1206 Area 303 LYISSES, I N C Box 712 

Sterling, Colo. 

Spot. 
Sec._ 
Twp.. 
Rng.. 
Field Wi ldca t 

J . 8 _ 
I N 

JJLiL. 

County Cus te r . 
State Montana 

Csg. Size & Grade. 
Tubing Size 
Tool Depth 
On Location <s> 
Off Location @ 
Lynes Rep. 

9 5 / 8 " 
2 7 /8 " 
8115-8355 ' 
4 - 1 2 - 7 7 4 : 3 0 AM. 
4 -15 -77 7 : 3 5 At-I. 
Pau l Robbins 

Well Owners Rpp Ellwood B e n n e t t 

Tool Dptrriptinn S t r a d d l e T r e a t i n g & T e s t i n g Tool 

Top P a c k e r : 7 i " X 132" Bottom P a c k e r : 7 i " X 1 3 2 " 

T e s t m o 
Summary: 

4 -12 -77 
5:05 AM. Moved t o o l t o b l ank p o s i t i o n and b l e d o f f p r e s s u r e , t h e n swabbed 

down 2 5 0 0 ' of f l u i d . 

8 :55 AM. Moved t o o l t o between p o s i t i o n . Tool opened w i t h a s t r o n g blow 
w i t h f l u i d t o s u r f a c e i n 8 m i n u t e s , l e t t e s t f low o v e r n i g h t . 

4 -13-77 
10 :43 Af.t. S h u t - i n on s u r f a c e . 

1:30 PM. Reopened tool. 

3 :35 PM. S h u t - i n on s u r f a c e . 

5:20 PM. Reopened tool. 

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

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

i— CD c : 
0) o =3 
TT X I— 
m r f 
. s t\i n 
O \yi c 
o o 
n . .p- CO 
- 0\ r t 

- 01 
O rt 
o o n 
•— re « 
0 3 
1 < o 
OJ re o 
Q. 1 o 
o I-. 

-n o 
re la 

oo CL M. 
O r e o 
r\> »i Ci 
I\> OJ h - . 
U l I— 

o ^ 
re 1 
3 < 
rt re 
re "< 
1 

cn 
rt 
O 

5 . . ." 
5 .*: = i^j • 

Q. 
a. 

1 
re 
OJ 
rt 

In 
o 
3 

z 
o 

gJ 
\ j i 
UD 

4? 
1 

!-• CM 
1 

M 
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L.Ye^SES, lE^C 

npgfatnr U . S . Geoloolcal Survev Lease & Mr. HadLson Test Well if? DST No. 10 

fc' . . . , - • — . . . . 

• . . I t -Tor A.^'-. f ' ' ^ 2 3 / 

i j 7 ^ . . , ' - ' 

1 

/ TFST 10. 

1 
1 

il I 

l ? S T ^ / / 

f 
V ' 
1 

TFST 11. 

. — f 

— \̂ 

', r,- . t t . - f h j t e ^ D a r . * * .1 «- . e 

. I ( p y70O l^(L. 72. 

r 

^A 
/ h -
/ , ^ 

1 ( B ) 

/ TEST IQ 

J _. - - - . 
. 

TFST 11 

fc—-/ 

Above I n t e r v a l 
or.r^ i< .- K u s t e r K-3 

p r n t 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 

Prat tur* Balow Bo t tom 
Paekar Blad To 

4108 

. PRn M=.ir» K u s t e r K-3 
I ^,„ 2512 r . r 5700 ^ 8 l 2 5 ' 
! Prass Corractad 

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 

Prattura Balow Bo t tom 
Packar Blad To 

4130 
- -

3337 
3584 
3808 
3575 
3553 
3800 
3579 
3555 

— 
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LVr>5ES, I M C 

fippratnr I I .S . Geo log i ca l Survey Lease & No. Hadlson Test Wel l ffZ . DST No._lQ_ 

1 1 

• i 

• f 

'1 r" 

«<i 

/ ' u 
1 

'• TF.ST 10 

C o l = ' * ' • f ^ - ' i ^ ' - l o 

/ • - — — 

/ 

,' T F S T 10 

/ 

T E S T II . 

> . 1 

^\JV 

T E S T II . 

« 

PRn MakP Kus te r K-3 
1 Nn, 15242 Csp 

Press 

. Initial Hydrostatic 

Final Hydrostatic 
Initial Flo'jv 
Final Initial Flow 
Initial Shut-in. 

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

S'fSO 

A 

K. 
8 
C 
D 
E 
F 
G 
H 

Third Finai Flow 1 
Third Shut-in J 

Prcsure Below BoRom 
Packer Bred To 

(a - -
Corrected 

4131 

— 
3338 
3587 

• 3816 
3578 
3553 
3812 

3583 
3560 

— 

• 

Below 

PRD Msirp Kuster 
Nn 1 5 2 M P,p 

Preii 

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

I n t e r v 
K-3 

A 
K 
B 
C 
D 
E 
F 

G 
H 

.. Third Final Flow 1 
Third Shut-in J 

Pressure Below S o n o m 
Pecker Bled To 

a l 

la — 
Corrected 

4240 

. 
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ROGER L. HOEGER 
Conmttmg Ceologist 

ITSOSo.BcllurcStrMt, Suite SOI 
Denver, Colorado 80222 

(SOS) 759-4491 

Oril l-St«m-T«<l Praafura A n a t y i i t Raporl 

L O C A T I O M : 

T1N-R54E, Section 18 
COUNIV AKOITAIC: 

MONTANA, CUSTER 

U.S. Geological Survey 
ICAiC AND w e t L NUMeCRi 

Madison Test Well #2 
FOaxATlON lESTEO; 

Red River 

TI-.OPCN: jiiitiai: 1548 mins . 
Final: 125 mins . 

INITIAL SHUT.IM TIME, 

167 minutes 
FINAL SHUT.IN TIMEt 

105 minutes 
TEST NUUBEDt 

10 
INICRVAL TESTED! r . M 

8115-8355 

PILE NUMBCR: 

Special 
1. D. HUMB6W: 

L-6658 
DATE COMruTEO. 

6/8/77 
DATE TESTEOt 

4/12/77 
CLEVATIONi F««« 

KB 2809 

Fluid to surface in 8 minutes of F i r s t Flow; reported flow ra t e range: 
13.8 gpm - 18.5 gpni. 

ORILL.ptPE CAPACITY 
tB»r . ls p.. leet) 

DRILL-COLLAR CAPACITY 
^BeM.U . . . . . . , ) 

DRILL-COLLAR FOOTACE 
(F . . | ( 

HOLE DiAJuETER 
( I . , ) , . . ) 

PIPE FOOTACE EQUIVALEHJ 
TO ANNULUS (Feel) 
INTERVAL iHlCKNESi 

f ~ t | 
UUD «FiOHT 

I P . . . J . . . . . . I l . « l 
EFFECTIVE FLOWINC TIME 

te:::! 

H O L E . T O O L AND RECOVERY DATA 

Tes t t o o l r u n 
on 2 - 7 / 8 " 
t u b i n g . 

9 .625 
••—._• 

240. 

1673. 

FEET Of MUD 

FEET OF «ATER 

FEET OF OTHER 

FEET OF OIL 

FEET OF CUSHION 

TOTAL RECOVERY 
(F . . t ) 

CAPACITY OF ANNULUS 
( B - . . I . 1 

CROSS RECOVERY VOLUME 
1 i^-f \ . l 1 

F l o w e d w a t e r 
....... 

MUD PERCENTAGE 
X 

WATER PERCENTAGE 

% OTHER PERCENTAGE 

OIL PERCENTAGE 

FORMATION RECOVERY 
PERCENTAGE % 
AVERAGE PRODUCTION RATE 

( 8 e . . . U e . ' Jerl 5 3 8 . 8 

RECOVERY LESS THAH ANNULAR VOLUME. (X) * 1 J 

GAUGE SUMMARY 
RECORDER NUMBER 

?.fil2 8125' 

OAlUMi 

-5316> 

B Surface Recorder 
TR I DEPTH. 

' above K-. B. 
RECORDER NUMB 

2 

OATUMi 

-h2811' 

A I KEY POINT SUMMARY! B 

F i r s t F low 
INITIAI, FLOWING PRESSURE: 

3337. I -
FINAi. FLOIriNC PRESSURE! 

3584e 
Second F low 

A T 

A^ B 
I EXTRAPOLATION SUMMARY | 

SUMMARY OF RESULTS 
EFPECTIVC TRANSMISSIBILITY. i , ' /y. 

2 3 0 5 . 5 I -

X ^ 
IN3ICATE0 AVERAGE PERMEABILITY. I i ^ : M J / C F 

230. 6 (for eJ t . 10'effect, j,) 
PRODUCTIVITY INOEXi 

1.83 
«)• 0m. imj p*t 9*t 

INITIAL PLOWING PftESaURCi 

3575. 

INITIAL ( t > 0 ) / « CALCULATED FROM MEASURED D A T A I 

10.27 10.27 
DAMAGE RATIOi 

1.61 
FINAL FL01.iHGPRESSUREi 

3553. 

NUMBER OF POINTS USED FOR INITIAL CURVE-FIT. 

5. I 8. 
FLOWING PRESSURE COMPARISOHi 

SLOPE OP INITIAL BUILD-UP CURVEi pel /cve l . 

INI I IAL SHUT-IN PRESSURE! , INITIAL EXTRAPOLATED PRESSURE. IWTIAl . POTENTIOMETRIC SURFACE. 

3808, 287, 3849. 315, * 3 5 3 7 . 1*3536. 
FINAL ( l . e ) / S CALCULATED FROM MEASURED DATA! 

16,93. [ 7 .40 
Ft . of Head above K. B. 

728. I 727. 
NUMBER OF POINTS USED POR FINAL tURVE.F IT i , , 

6. I 9. 
SLOPE OF FINAL BUILD-UP CURVEi 

38. 3 1 . 
FINAL SHUT-IN PRESSURE! 

3800. 286 .5 

FINAL EXTRAPOLATED PRESSURE 

3848, I 

FINAL POTENTIOMETRIC S U R P A C E I 

326. 3534. *3561. 
INITIAL HTDRO^TAIlCMUOPRESiUREi 

4130. I — 
FINAL HYDROSTATIC MUD PI>ESSURE| 

* Conversion Constant of 
2. 30 ft, /psi used to calcu
late P . S . Elevation-

Ft , of Head above K. B. 
725. 752. 
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ROGER L. HOEGER 
Conmlting Ceologist 

1780 So. Bcllaire Street, Suite 301 
Denver, Colorado 80222 

(303)759-4491 

Comments relative to the analysis of the p ressure chart from DST #10, Interval: 
8115-8355', i n the U.S . Geological Survey, Madison Test Well #2, Section 18, T IN-
R54E, Custer County, Montana: 

1. Extrapolation of the Initial Shut-in pressure build-up curve indicates a ma:xi-
xnum reservoi r pressure of 3849 psi at the recorder depth of 8125 feet. Ex
trapolation of the Final Shut-in pressure build-up curve indicates a maximunri 
reservoi r pressure of 3848 psi. These extrapolated p res su res a r e equivalent 
to potentiometric surface elevations of +3537 feet and -(•3534 feet, respectively, 
based on the conversion constant of 2.30 ft. / p s i . These potentiometric s u r 
face elevations indicate a head of water above the elevation of the Kelly Bush
ing (+2809') of 728 feet and 725 feet, respectively. 

Extrapolation plots, using the Homer method, have been made of the shut-in 
pressure build-up data which were obtained by the surface p ressure r eco rde r 
located 2' above the K . B . The resul ts of these extrapolations a re shown on 
the summary page and, when converted to potentiometric surface elevations, 
compare very closely with those determined by the analysis of the p res su re 
build-up data recorded by the down-hole p ressure instrument. 

2. The calculated Average Production Rate which was used in this analysis, 538. 8 
BPD, is based upon the reported flow ra tes which were gauged throughout the 
flowing periods used in this t es t . This average production ra te has been used 
in the basic Homer equation, along with the measured slope of the extrapola
tion plot for the Final Shut-in pressure build-up curve, 38 psi/log cycle, as a 
means of calculating numerical values for the various rese rvo i r propert ies 
shown below and on the summary page. 

3 . The calculated Damage Ratio of 1.61 indicates that slight well-bore damage 
was present at the t ime of this formation test ; however, in view of the volume-
rate of production which occurred, this indicated well-bore damage may be due 
to the choke effect of the tes t tool ra ther than formation damage. 

4e The calculated Effective Transmissibil i ty of 2305. 5 md, -ft. / cp . indicates an 
Average Permeability of 230, 6 md. / cp . for the est imated 10 feet of effective 
porosity within the total 240 feet of interval tes ted. 

5. The evaluation cr i ter ia used in the Dri l l -Stem-Test Analysis System indicate 
that the resul ts obtained in this analysis should be rel iable within reasonable 
l imits relative to the assumptions which have been made. 
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

Company 
Well N a m e ^ No. 
Location Sec. 18, 
DST No. 10 

U. S. Geological Survey 
Madison Test Well #2 

T1N-R54E, Custer County, Montana 
Tes t Interval: 8115-8355' Format ion Tes ted : Red River 

Recorder No. 2512 Recorder Depth 8125 feet. 

INITIAL SHUT-IN FINAL SHUT-IN 

Initial Flow Time, t = 1548 Total Flow Time, t = 1673 
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^ U.S. G..S.._Madlson_T.es.t^' 
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

Company U . S . G . S . 

Madison Tp.'̂ it WPII -fi?. WeU Name & No. 
Location Sec. 18, T1N-R54E, Custer County, Montana 
DST No. 10 Tes t Interval: 8115-8355' Format ion Tested:_ Red River 

Recorder No. Recorder Depth feet. 

INITIAL SHUT-IN FINAL SHUT-IN 

e 

5 
10 
16 
20 

1 ' 3P 
. . . 40 

SO. 
60 

1 VO 
80 
fln 

100 

120 
137 
1^7 

In i t i a l F l o w T i m e , t = 

t + 9 

1553 
1558 
1564 
1568 
1578 
1588 
1598 
1608 
1618 
1628 
lASft 
lA4a 
1AAR 
1 A R R 
1 7 1 5 

H^ 
3 1 0 . 6 0 
1 5 5 . 8 0 

9.7._7_5_ 
7 8 . 4 0 
52.M 
39..7_a J 
3 1 . 9 6 

2 3 . 1 1 
20..3 5 
i R . 2 n ^ 
1 6 . 4 8 
1 3 . 0 7 
1 2 . 3 0 
1 0 . 2 7 

1548 _ [ 

P r e s s u r e 
( p . s . i . ) 

2 3 9 . 0 
2.50,.0. 
2.5J_̂ _5 
2 6 1 . b 

_._ 2,6.6,^5.. 1 
1 2 7 0 . 0 

2.7 2 , _5 
.--275.5 

_ 2 7 4 , 5 
.279.0 _ 

__.2.ao.j)_...... 
3 8 1 . ?, 

._.2a3..5,.__i 

2^7 . 0 

1 T o t a l F l o w T i m e , t = - loTS 

1 3 

1 5 
1 10 

14 
J 20 
I 25 , 
1 30 1 

35 
1 40 

50 
60 

i.-.. i n 
j 82 
J_ 9.0 

I 

t •̂  9 

1678 
1.5S3__.._ 
1687 
1693 

, i 6 9 8 _ . ^ 
1703 
1708 
1713 , 
1723 

^ 1733 
_ .L743_.. 

1755 
1.7.63._ 
1775 

r -f 9 - 1 p r e s s u r e 
. e ! ( p . s . i . ) 

3 3 5 . 6 0 
1 6 8 . 3 0 

_ A 2 0 . 50. 
8 4 . 6 5 

i 238.0 J 
] 2 5 1 . 5 i 
i ,._25S._g 

2 6 4 . 0 
6 7 . 9 2 i 2 6 7 . 5 j 
5 6 . 7 7 
4 3 . 8 0 
4 2 . 8 3 
34 , 46 

27075 
2 7 3 . 0 i 
275.0 1 
2 7 8 . 0 1 

. 2 8 . 8 8 ! 2 8 0 . 9 i 
- - . -24.90. . 

2 1 . 4 0 
19._5.9 
1 7 . 4 0 

2 8 2 . 5 j 
2 8 4 . 0 
2 8 5 . 5 
2 3 6 . 5 

1 1 



_U. S.. G .S . , Madison Tjes.L.Wel.l 
L!yn^.';j'l1ick(jt;Ko ':6Wi<\ 

0^ 
00 

o Ol eo r^ 

-0/6fr 9f SNOISIAIa 01 X S313AD - le3IWHJ.IUVOOVIH3S 3 * A i 



Phone 
522-1206 Area 303 L Y I S S E S , B N C Box 712 

Sterling, Colo. 

Spot , 
Sec. _ 18 

1 M Twp._ 
Rng._ 
Field . W i l d c a t 

5'̂  E 

County Custer 
State Montana 

Csg. Size & Grade 

T i ih inq Sipe 

TnnI D e p t h 

On Loca t i on @ 

Of f Loca t i on <§> 

I ynes Rep 

Well Owners Reo. 

9 5/8" 
2 7 /8" 
7775-8015' 
^ - 1 2 - 7 7 ^1:30 AM. 
^ - 1 5 - 7 7 7 : 3 5 AM. 
P a u l R o b b i n s 
E l l w o o d B e n n e t t 

Tool np^rriptinn S t r a d d l e T rea t ing & Tes t ing Tool 

Test 
Summary: 

4-13-77 
10:00 PM. 

Top Packer ; 7^" X 132" Bottom Packer : 7 i " X 132" 

#11 

Pressured t o o l t o 2500 p s i g . and moved t o blank p o s i t i o n . Bled off 
p r e s s u r e then swabbed down 1000' of f l u i d . 

4-14-77 
1:07 AM. 

10:11 AM. 

11:21 AM. 

5:37 PM. 

8:37 PM. 

10:05 PM. 

10:50 PM. 

4-15-77 
2 :35 AM. 

Moved too l t o between p o s i t i o n . Tool ojiened with weak blow, 
i nc reased t o s t r o n g blow a f t e r 1 minu te . F l u i d to s u r f a c e in 22 
minu t e s . 

Shut - in a t s u r f a c e . 

Opened too l and l e t t e s t flow u n t i l samples c l e a r e d up. . Clock ran 
out a t 12:44 PM. 

Shut - in a t s u r f a c e . 

Opened t o o l . 

Moved too l t o e q u a l i z e p o s i t i o n and l e t s e t 45 m i n u t e s . 

Moved too l t o come out p o s i t i o n . Had weight i n c r e a s e of 10,000 p s i g . 
i n d i c a t i n g e q u a l i z a t i o n was i ncomple t e . Worked t u b i n g t o f r e e i and 
s t a r t e d out of h o l e . 

Out of h o l e . 

r - CD C-.: 
CJ o — 
^" X I— 
n r r 
S t\» o • 
o \ j , a . 
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a . 4> CO 
- 0 \ r1-l 

- fc i 
O r+ 
0 C3 O : 
H- rs ca : 

1 < O : 
Cl r.-. ra I 
Q . -1 o • 
o I—. 

-ry o I 
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CD 2 . • -

o o o 
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r o OJ •— 
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a . 
—̂ ra 
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1 
ra 
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LVhiES, IMC 

nppratnr U.S. Ceoloqical Survev , Lease & No. Madison Tp.st Well if? OST No IL. 

j T o r 

i 

I 

': 
1 
I 

i .-

i 
1 

1 p. 3-
1 
• 

! — 
:-
J 

1 
1 

?. .s s-oo 

/ TFST 10 

i 

I 

Id 
/ TF.ST 10 

i 
- U - -

f 
I 

T F S T II 

> 

• • • — > 

T F ^ ^ T II 

Above I n t 
PRn MakP . Kuster K-
N„ 15239 r.,r 5500 

Pr«n 

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 

• 

Pr«t»ura Below Bo t t om 
P>ck«r Bl*d T o 

i r v a l 
3 

Corrected 

. 3901 
— 
- -
— 
— 
- -
— 
— 
— 
— 
- -

PRn MairP Kustcr K-3 
N„ 2512 n̂ p 5700 

-Prast 

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 
0 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

• -

Pr««(ura B«low Bo t t om 
Packer Bled To 

® 7785' 
Corrected 

3925 
— 

2983 
3406 
3678 
3421 

— 
— 
— 
— 
— 
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LVMES, IMCm 

nppratnr U . S . G e o l o q i c a l S u r v e y Lease & No. M a d i s o n T e s t W e l l ifZ DST N o . . . 1 1 

" S i ' - A g C . B e . A t u f * * ' 

/ TFST IQ 

• - V 

PRO Make . 
Nn 1 5 2 4 2 

K u s t e r K - 3 
Cap 5450 a 

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

Pretture Below Bottom 
Packer Sled To 

3 9 2 5 

29S9 

3413 
3683 
3 4 2 2 

I I f ? , J in I t •=•• T l i 

B e l o w I n t e r v a l 
PRD Make K u s t e r K-3 
Nn 1 5 2 4 0 Cap 5450 @ _ 

Presi 

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

. ~ L 

Pretture Below Bottom 
Packer Bled To 

4 0 4 3 
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ROGER L. HOEGER 
Cmmdtmg Geotogiit 

1780 So. Bcllxirc Street, Suite 301 
Denver, Coiorado 80222 

(SOS) 7 5 9 - 4 4 9 1 

O r i l l - S l e m - T e t f P r e t t u f * A n o l y t i i R a p o r l 

LOCATION: 

T1N-R54E. Section 18 
COUNTV AHOSTATCt 

MONTANA. CUSTER 
COMPANY: 

U-S. Geological Survev 

Madison Test Well #2 
F O W X I I O M TiSTED, 

1 Devonian & Silurian 

T,«oPtN. Initial: 544 Mins. 
F ina l : 376 Mins . 

INITIAL SHUT.IN TIME: 

70 Minutes 
riNAi. SHUT.IN TWCi 

180 Minutes 
TEST NUMaEHi 

11 
IHTERVAI. TESTED: f*** 

7775-8015 

f ILE NUMBER: 

Special 
1. D. NUMeER: 

L-6658 
DATE COMPUTED: 

BATE TESTED. , 

4/13/77 
ELEVATION. » . . t 

KB 2809 

Fluid to surface in 22 minutes of F i r s t Flow P e r i o d . Flowed at r a t e of 
8 to 10 gallons per minute . 

DRILL-PIPE CAPACITY 
(BWMl.VM IMI} 

DUILL-CDLLAR CAPACITY 
i e > . . i . . . . I..I) 

D R I L L - C O L L A R FOOTAGE 
(F.. I) 

HOLE DIAMETER 
l l - k . . ! 

PIPE FOOTAGE EOUIVALENT 
TO ANNULUS (F*>M 
IHIERVAL THICKNESS 

( f — 1 
MUD WEIGHT 

. IP....W. . . . ..I l«<l 
EFFECTIVE FLOHINCTIME 

|M;n.M.«l 

H O L E . T O O L A N D R E C O V E R Y D A T A 

T e s t t o o l r u n 
on 2 - 7 / 8 " 
t u b i n g . 

9.65!."S 
.._— 

2 4 0 . 

920 . 

FEET OF MUD 

f EET OF WATER 

FEET OF OTHER 

FEET OF OIL 

FEET OF CUSHION 

TOTAL RECOVERT 
( F M O 

CAPACITT CF ANNULUS 
( B - « l . ) 

GROSS RECOVERY VOLUME 
1 .1 . (»-'--'-'t 1 

F l o w e d w a t e r 

" " " 

MUD PERCENTAGE 

% WATER PERCENTAGE 

% OTHER PERCENTAGE 

* OIL PEHCEHTACE 

FORMATION RECOVERY 
PERCENTAGE * 
AVERAGE PRODUCTION RATL' 

3 0 1 . 5 

RECOVERY LESS THAN ANNULAR VOLUME, (X) | | 

GAUGE SUMMARY 
RECORDER NUMBER 

2512 

DEPTHi 

7785 ' 

DATUWi 

- 4 9 7 6 ' 

B - Surface Recorder 
KECOROER NUMflEfl 

2'above K; B. 
DATUM: 

•<-28 11 ' 

IMIJIAL FLOWING PRESSURE] 

2983. 

A [KEY PqiNTSUMMARIf I B 
First Flow 

FWAL PLMMSPRESSUREi 

3406. I 
Second Flow-

A T 

A B 
I EXTRAPOLATION S U M M A R Y | 

SUMMARY OF RESUITS 
CPFCCTIVE TRANSMISSIBILITY, hK^; 

624.4 I 

JuJ^ 

INDICATED AVERAGE PCRMCABILITV. h^ t •>4/ 

62.4 (for ij)' effect, i?) 
FiRODUCTlVITY INOEXi 

0.87 
INITIAL FLO'IHC PRESSURE: 

3421. I 
INITIAL ( f * « ) / « CALCULATED FROM MEASURED OATAi 

8.77 I 8.77 
DAMAGE R A T I O I 

0.8 
PIHAl. PLOWING PRESSURE] tNUMBER OF POINTS USED FOR INITIAL CURVE-FITi FLOWtNC PRESSURE OOuPARISONi 

PC OF INITIAL eUtLD-UP CURVEi 

78.5 42. 
INITIAL SMUT<IN PRESSUREt , INITIAL EXTRAPOLATED PRESSURE: INITIAL POTENTIOMETRIC SURFACEi 

3678. 270.5 3752. 311. *3654. =f=3526. 
FINAL (t • 0)/O CALCULATED PROM MEASURED OATAj 

6.11 
KUMBER OP POfHTS USED FOR FINAL CURVE.FIT:. .1 

F t . of Head above K . B . 
8457 |. 717. 

SLOPE OF FINAL BU:La.UP CURVEi 

** Chart t ime expired. 24. 
FINAL SHUT-IN PRESSURE! , 

** None I 300. 
FINAL EXTRAPOLATED PRESSURE! FINAL POTENTIOMETRIC SURFACEi 

319. - - - I '!=3545. 
F t . of Head above K.*B. INITIAL HYDROSTATIC MUD PRESSUREl 

3925. I 
FINAL HTDROSTATIC MUD PPCSSUREi 

* Conversion Constant of 
2. 30 ft. / p s i used to calcu
la te P . S. Elevat ion. 

736. 
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ROGER L. HOEGER 
Consulting Geologist 

1780 So. Belliire Street, Suite 301 
Denver, Colorado 80222 

(303)759-4491 

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

1. Extrapolation of the Initial Shut-in pressure build-up curve indicates a maxi
mum reservoir pressure of 3752 psi at the recorder depth of 7785 feet. The 
chart time expired shortly after opening the tool for the Second Flow period. • 
Consequently, a Final Shut-in pressure build-up curve was not recorded dur- , 
ing this test . The indicated maximum reservoir pressure is equivalent to a 
potentiometric surface elevation of 3654' above sea level, based upon the 
conversion constant of 2.30 f t . /psi . This potentiometric surface elevation 
in turn indicates a head of water above the K.B. (+2809') of 845 feet. 

Extrapolation plots, using the Homer method, for the shut-in pressure build
up data that were recorded by the surface recorder during this test indicate 
the following: extrapolated Initial Shut-in pressure, 311 psi and extrapolated 
Final Shut-in pressure, 319 psi. These extrapolated surface pressures con
vert to potentiometric surface elevations of +3526' and +3545' on the basis of 
the conversion constant of 2. 30 ft. /psi . These potentiometric surface eleva;-
tions indicate the.following head elevations above K . B . : 717' for the Initial 
Shut-in and 736'for the Final Shut-in. 

There is considerable difference between the calculated restilts which were 
obtained by analysis of the subsurface pressure recorder data and the surface 
pressure recorder data. The cause of this difference has not been discernible 
by the writer. 

2. The calculated Average Production Rate which was used in this analysis, 301. 5 
BPD is based upon the reported flow rates which were measured during the flow
ing periods used in this test . This average production rate and the measured ., 
slope of the extrapolation plot for the Initial Shut-in pressure build-up curve, 
78.5 psi/log cycle, have been used in the basic Horner equation to calculate 
numerical values for the various reservoir properties shown below and on the 
summary page. 

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

4. The calculated Effective TransmissibQity of 624. 4 md. -ft. /cp . indicates an 
Average Permeability of 62.4 md. /cp. for the estimated 10 feet of effective 
porosity within the total 240 feet of interval tested. 

5. The evaluation criteria used in the DST Analysis System indicate that the r e 
sults obtained in this analysis should be reliable within reasonable limits re la 
tive to the assurhptions which have been made. 
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LVfsSES, I M C . 

operator. U.S.G.S. Lease & No Madison. Tes t We l l it? DST No L L 

Recorder #2512 g) 7785 ' 

F IRST SHUT IN PRESSURE! 

TIME<MIN) 
PHI 

0.0 
7..0 

14.0 
21.0 
28.0 
35.0 
42.0 
49.0 
56.0 
63.0 
70.0 

EXTRAPLN CF 

CT-PHI) 
/PHI 

0.0000 
78.7143 
39.8571 
26.9048 
20.4286 
16.5429 
13.9524 
12.1020 
10.7143 
9.6349 
8.7714 

FIRST SHUT 

PSIG 

3406 
3615 
3635 
3647 
3654 
3659 
3663 
3667 
3671 
3675 
3678 

IN t 37J M : 7 8 . 5 
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W E L L : 

L Y N E S U N I T E D S E R V I C E S L T D . 
RHOISCEl 2 VBSS LOCN: DATE: B4-14-T7 

SO.,. 
D S T N D . 

R E C . N O . 

D E P T H 

I I 
2 ^ 1 2 

B 

— I 

2 D . . 

ID. . 

I 
a. 
•>» 

o 
I 
a. 

19 
H 
u 

s.. 

2 - . 

+ + 3t lB0 3 2 3 3 3MB7 37HH 3 3 3 3 
PE i ie < n l L DR MRTER7 

P R E S S U R E E X T R A P D L A T I D N P L O T 

m G 7 MHK0 

r o i i i i 1B« t t - T e 
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

U . S . Geological Survey 

Madison Tp-^t Well #2 
Company 
Well Name & No. 
Location Section 18. T1N-R54E. Cus te r County. Montana 
DST No. 11 T e s t In terval : 7775-8015' Format ion Tes ted : Devonian & 

Si lur ian 
Surface 

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

INITIAL SHUT-IN FINAL SHUT-IN 

6 

2 
4 
8 

12 
16 
20 
7.5 
^n 
.l.S 
40 
.sn 
60 
70 

In i t i a l F l o w T i m e , t = 

t + e 

546 
548 
552 
556 
560 
564 
R6P 
.S74 
579 
584 
5P4 
An4 
614 

1 

4-̂  
2 7 8 . 0 0 
1 3 7 . 0 0 

69_.00 
4 6 . 3 3 

. 3 5 - 0 0 
2 8 . 2 0 
2 2 . 7 6 
1 9 . 1 3 
1 6 . 5 4 
1 4 . 6 0 
11.RR 
1 0 . 0 7 

fl,77 

544 
P r e s s u r e 
( p . s . i . ) 

1 9 1 . 0 
2 1 2 . 5 
2 2 9 . 5 
2 3 8 . 5 

J244. .5 . 
.249.1). 

. 2 5 3 . 5 
2 5 6 . 0 
2 5 9 . 0 
2 6 1 . 0 
2 6 5 . 5 
26R.n 
2 7 0 . 5 

8 

5 
10 
16 
20 
30 
40 
50 
60 
70 
80 
90 

100 
120 
140 
160 
180 

T o t a l F l o w T i m e , t 

t + e 

925 
930 
936 
940 
950 
960 
970 
980 
990 

1000 
1010 

...1',"'20 
JL040_ 
1060 
1080 
1100 

H^ 
1 8 5 . 0 0 

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

8 . 6 7 
7 . 5 7 
6 . 7 5 
6 . 1 1 

= 920 
[ P r e s s u r e 

( p . s . i . ) 

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

1 
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U.S. Geological Survey, Madison Test Well #2 (DST #11) 
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^M^X-

Phone 
5 2 M 2 0 6 Area 303 LYf^ES, IMC. Box 712 

Sterling. Colo. 

18 
Spot . 
Sec_ 
Twn 1 
Rng.^ 54 E , 

N 

Field W i l d c a t 
County Cus te r 
State Monta na 

Csg. Size & Grade. 
Tubing Size 
Tool Depth 
On Location @ 
Olf Location & 
Lynes Rep 

9 5 / 8 " 
2 7 / 8 " 

-£3Ltt-705^' . 

Pau l Robbins 

Welt Owners Rep. E l l w o o d Bennet t 

Tool Df^rriptinn S t r a d d l e T r e a t i n g & T e s t i n g T o o l 

Top Packer 7 3 / 8 " X 136" Bot tom Packer 7 ^ " X 136 " 

Tes t #13 
Summary: 

4 -16 -77 
' 5 :05 AM. 

7:15 AM. 

4 -17 -77 
2 :03 AM. 
5:05 AH. 

I n f l a t e d p a c k e r s , moved t o o l t o b l a n k p o s i t i o n and swabbed 
1000' f rom s u r f a c e . 
Moved t o o l t o between p o s i t i o n . T o o l opened w i t h a s t r o n g 
blotT, f l u i d t o s u r f a c e i n 35 m i n u t e s . F lowed and srabbed 
w e l l f o r 19 h o u r s . 

S h u t - i n a t s u r f a c e f o r 182 m i n u t e s . 
Opened a t s u r f a c e and w e l l f l o w e d i m m e d i a t e l y , f l o w e d f o r 
45 m i n u t e s . 
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LYMES, INC. 

n p p r a t n r U . S . G . S . . Lease & Nn M a d i s o n T e s t W e l l i f? OST No.. Al. 

c;«'/w5'< 

i X —r " 

^ 

/ " 

/X£^Xi2 i E S i l i TFST i< ."EST- 14 
•i 

9 

1 

.>^ 

PRD MakB_ 
Nr, 1 5 2 3 9 

Above I n t e r v a l 
Kuster K-3 
.Cap.. 5500 

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 

Wemnurm B a l o w B o r c o f n 
Packar B l a d T o 

3»41 

PRD Mt,kn Kuster K-3 
N„ 2512 Cn 5700 -Cap. .®. 6324* 

• T P 9 T I ? T F f ^ T i . ^ F ? T 14 T F - T 14^1 

Prati 

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 

Pratiura Balow Bonom 
Packar Blad To 

Corractad 

3231 

2300 
2967 
3267 
2990 
2969 

_-. 
-_ 
._ 
— 

IOC 



LYMES, IMC. 

nppratnr U . S . G . S . . Lease & Nn Madison Te.st W e l l if? DST No. _ 1 1 _ 

( 5 , 1 , ^ i i . -» .cv-c" 

O V (5) I (̂ ^ 

P. f-/r^ 

rM 

•TP^T I? TF? ;T I . - ^ TFST |4 -lESLX-Lfii." 

y 

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 

Pmtura Balow Bottom 
Packar eiad To 

3 2 2 9 

2 3 0 9 

2 9 6 8 
3 2 6 8 
2 9 9 1 
2 9 7 5 

... 
^ . m 

__ 

PRD MakP Kus te r K-3 

No._i5242_ Cap.5&5Q. & — 

©3 (Sf 

f . s-vr<» 
' a Ait. 

^ Below I n t e r v a l 
PRD Maicp Kii-ster K-3 
Nn 15240 rap 5'^50 @ _ 

SJJZ TF?T i::̂  i £ 3 X J i L TFST 14 f̂  

Praia 

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 

' 
Prataufa Balow Bottom 
Packar Blad To 

CorractAd 

3 5 3 9 

«._ 
. . 
... 
... 
—— 
— * 

«-
. . 
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ROGER L. HOEGER 
Conrutling Geologist 

1780 So. Bcllairc Street, Suite 301 
'' Denver. (>>lorado 80222 

(S03)759-4'«91 . 

Or i l l -S lam-Tas t P r a i i u r o A n a l y l i i R a p o r l 

LOCATION! 

T1N-R54E. Section 18 SE SE 
COUNTY ANO STArEi 

MONTANA, CUSTER 
COMPANY: 

U.S. Geological Survey 
LCA&E ANO B t t L NUMBCRi 

Madison Test We l l #2 
FOftMATlON TESTED - -

Miss ion Canyon 

TIMC OPCNi 

1128 m inu tes 
INITIAI. SHUTWN TIME: 

182 minu tes 
FINAL SHUT.IN TluEt 

TtSTNUUBERi 

13 
INTEBViL TtJTEO: . . , , 

6814-7054 

FILE NUMBER: 

Special 
1. D. NUMBER: 

L-6660 
DATE COMPUTED: 

4 /16 /77 
DATE TESTED: 

6 /7 /77 
ELEVATIONi F . . . 

K B 2809 

Fluid to surface in 35 minu tes . Flowed at average r a t e of 5 gallons per 
minute. 

HOLE, TOOL AND RECOVERY DATA 
DRILL-PIPE CAPACITT 

t B . » . l . f . . I M I ] 
DRILL.COLLAR CAPACITT 

( B « . . l , , . . I « . ) 
DRILL-COLLAR FOOTACE 

HOLE DIAMETER 
l l - . k . . , 

PIPE fOOTAtE EOUIVALENI 
TO ANNULUS ( F M I ) 
INTERVAL TNtCKNESS 

( F ~ 0 
UUD WEIGHT 

(P.~W. . . . . . I l » . | 
EFFECTIVE FLCWINSTlue 

^N,».f.,| 

Test too l run 
on 2-7/8^' 
tub ing . 

9.625 
— -•.-. 

540. 

1128. 

FEET OF MUD 

FEET OF »ATER 

FEET OF OTHER 

FEET OF OIL 

FEET OF CUSHION 

TOTAL RECOVERT 
(F.. .) 

CAPACITY OF ANNULUS 
(D..f.l>) 

GROSS RECOVERY VOLUME 

Flowed water 

- - -

MUD PERCENTAGE 

WATER PERCENTAGE 

% OTHER PERCENTAGE 

% OIL PERCENTAGE 

FORMATION RECOVERY 
PERCENTAGE X 
AVERAGE PRODUCTION RATJ 

( D . " . l . . . . Joj) 171.4 

RECOVERY LESS THAN AHNULAR VOLUME. (X| 1 1 

GAUGE SUMMARY 
RECORDER NUMBER 

2512 
DEPTH. 

682* •• 
OATUMi 

-4015" 

B - Surface Recorder 
RECORDER NUMBER 

2' ajbove K . B . 
DATUM: 

+2811' 

• KEY POINT SUMMARY! B 

INITIAL FLOWING PRESSUREi 
Firsf Flow 

2300. 
FMAL FLOWING PRCSSUREt 

2967. 
Second Flow 

A^ B 
I EXTRAPOLATION SUMMARY | 

I^ROOUCTIVITY INOCXi 

0.51 

A T SUMMARY OF RtSULTS 
EFFECTIVE TRANSMISSIBILITr, kk.^; 

662,0 1 

2 . ^ 

INDICATED AVERAGE PCRMEAeiLITT. h ^ t 

66 .2 I 

INITIAL FLOWINC PRESSURE: INITIAL ( l * e ) / 9 CALCULATED FROM MEASURED DAT At 

2990. 7.26 7.20 
DAMAGE RATIOt 

1.5 
FINAL FLOWING PRESSUREt , 

2969. 
'NUMBER OF POINTS USED FOR INITIAL CURVE-FIT: 

4. I 10. 
PLOWING PRESSURE COMPARISON: 

SLOPE OF INITIAL BUILD-UP CURVEi 

42 .1 
INITIAL $nUT>lN PRESSUREi INITIAL EXTRAPOLATED PRESSUREi INITIAL POTENTIOMETRIC SURFACEi 

3267. 299.5 3303. 336. '3582. =3584. 
FINAL ( t .O) /e CALCULATED FROM MEASURED DATA. Ft . of Head above K. B . 

771. I 775. 
NUMBER OF POINTl USED FOR FINAL CURVE-FIT:« •% 

SLOPE OF FINAL BU!LD-UP CURVEi 

FINAL SHUT'IN PRESSUREI 

None 

FINAL EXTRAPOLATLD PRESSUREI FINAL POTENTtOUETRlC SURFACEi 

INITIAL HYDROSTATIC UUD PRESSURE: 

3231. 
riNAL HYDROSTATIC HUD PRESSUREi 

* Conversion Constant of 
2. 30 ft. / p s i used to calcu
la te P . S . Elevation. 
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ROGER L. HOEGER 
Consulting Geologist 

1780 So. BcIIaire Street, Suite 301 
Denver, Colorado 80222 ' 

(303)759-4491 

Comments relative to the analysis of the p res su re char t from DST #13, Interval: 
6814-7054', i n the U.S, Geological Survey, Madison Test Well #2, SE SE Sec. 18, 
TIN-R545:, Custer County, Montana: 

1. Extrapolation of the Shut-in p ressure build-up curve indicates a maximum 
reservoir pressure of 3303 psi at the recorder depth of 6815 feet. This indi
cated maximum reservoi r pressure is equivalent to a potentiometric surface 
elevation of 3591' above sea level, based upon the conversion constant of 
2.30 f t . /ps i . This potentiometric surface elevation, in tvirn, indicates a 
head of water above the K . B . (2809") of 782' . 

For comparison purposes, an extrapolation plot, using the Horner method, 
has been made for the p ressure build-up data which were recorded by the 
surface pressure recorder, during the shut-in period. This extrapolation 
plot indicates a maximum pressure of 336 psi at the elevation of the surface 
recorder . This extrapolated pressure is equivalent to a potentiometric s u r 
face elevation of -^3584', based on the conversion constant of 2. 30 ft. / p s i . 
This potentiometric surface elevation is equivalent to a head of water above 
the K . B . of 775' . 

2. The calculated Average Production Rate which was used in this analysis, 
171.4 BPD, is based upon the reported average flow ra te of 5 gallons per 
minute. This average production ra te and the measured slope of the ex
trapolation plot for the shut-in pressure build-up curve that was produced 
by the down-hole pressure recorder have been used in the basic Homer 
equation to calculate numerical values for the various r e se rvo i r propert ies 
shown below and on the summary page. 

3 . The calculated Damage Ratio of 1. 5 indicates that slight well-bore damage wa; 
present at the t ime of this formation tes t . The damage rat io implies that the 
production ra te should have been 1. 5 t imes grea te r than that which occurred i) 
well-bore damage had not been present; however, it should be noted, in view 
of the fact that the well flowed throughout the flow period used in this test that 
the indicated well-bore damage may be due to the choke effect of the tes t tool 
ra ther than formation damage. 

4 . The calculated Effective Transmissibil i ty of 662.0 md. -ft. / cp . indicates an 
Average Permeability of 66. 2 md. / cp , for the estimated 10 feet of effective 
porosity within the total 240 feet of interval tes ted. 

5. The evaluation cr i ter ia used in the DST Analysis System indicate that the r e 
sults obtained in this analysis should be reliable within reasonable l imits rela
tive to the assumptions which have been made. 
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L.V^SES, INC. 

nppratnr U , S , G . S , Lease & Nr. Makison Test Well if? .DST No- 13 

Recorder No. 2512 @ 682*' 

FIRST SHUT IN PRESSUREi 

TIMECMIN) 
PHI 

0.0 
18.2 
36.4 
54.6 
72.8 
91.0 
109.2 
127.4 
145.6 
163.8 
182.0 

EXTRAPLN OF 

(T-PHl) 
/PHI 

0.0000 
63.6374 
32.3187 
21.8791 
16.6593 
13.5275 
11.4396 
9.9482 
8.8297 
7.9597 
7.2637 

FIRST SHUT 

PSIG 

2967 
3216 
3228 
3238 
3245 
3250 
3255 
3260 
3264 
3266 
3267 

IN X 33( M : 4 2 . 1 
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W E L L : 

L Y N E S U N I T E D S E R V I C E S L T D . 
mSttSSi 2 U S 6 5 L O C N : DATE: M-IB-77 

SO.^ 
O S T N D . f 3 

R E C . N Q . Z S I Z 

D E P T H B 

2 D . . 

ID.. 

I 
a 
> « • • 

n 
I 
OL 

Q 
H 

s.. 

2 . . 

+ + 3eiGIB 3 I B B aZBE! S a t S B 3HB(9 

P S I S C O I L OR UFITCR) 

P R E S S U R E E X T R A P O L A T i n N P L O T 

3S:BB 3 E B B 

Po«M<ae fc.7S 

105 



PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

U. S. Geological Survey Company _ 
WeU Name & No. 
Locat ion SE SE Sec . 18. T1N-R54E. C u s t e r C o . . Montana 
DST No. 13 T e s t In te rva l : 6814-7054 ' F o r m a t i o n T e s t e d : Miss ion Canyon 

Madison T e s t Well #2 

Surface 
R e c o r d e r No. R e c o r d e r Depth 2 ' above K . B . 

9 

10 
20 
30 
40 
50 
60 
72 
80 
PO 

inn 
i5n 
14n 
lAn 
i«n 

INITIAL SHUT-IN 

Ini t ial F low T ime , t = 

t-1- 8 

1138 
1148 
1158 
1168 
1178 
1188 
1200 
i^na 
i ;?i8 
1228 
1248 
196R 
1288 
1308 

H^ 
113.80 

57 .40 
38 .60 
29 .20 
23 .56 
19.80 
16 .67 

_-l-5,..lQ 
13 .53 
12 .28 
10 .40 

9 .06 
8 .05 
7 .27 

1128 
P r e s s u r e 
( p . s . i . ) 

2 5 1 . 5 
265 .0 
2 7 1 . 5 
276 .0 
279.0 
283 .0 j 

^ 2 8 5 . 0 
287 .0 
288.0 
290 .5 

._Ra2..^ 
_ 2 9 3 . 5 
._29a. Q. 

299. 5 

FINAL SHUT-IN 

Tota l F low T i m e , t 

8 t +Q 

NONE 

t + e. 
e 

3 

= 
P r e s s u r e 
( p . s . i . ) 
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U.S.G.S. , Madison Te.gt Well #2 (DST §13) 

o 
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Phone 
522-1206 Area 303 LYIMIES, i f ^ C Box 712 

Sterling. Colo. 

Spot . 
Sec. _ 
Twp._ 
Rng._ 
Field. 

JLS. 
J J L 
J5_£L 
Wildcat 

County. C u s t e c 

Csg. Size & Grade. 
Tubing Size 

Tool Depth 
On Location @ 
Off Location © 
Lynes Rep 

9 5 / 8 " 
2 7 / 8 " 
7064-730«f 

P a u l R o b b i n s 
.Statp Mon tana Well Owners Rep.. Ellwood Bennett 

Tool niKfj-iptinn S t r a d d l e T rea t ing & Tes t ing Tool 

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

Test #W-
Summary: 

4-17-77 
i n l ^ PM. 
i^-.lS PM. 

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

't-18-77 
8:15 AM. Shut-in at surface for 180 minutes. 
llr'tO AM. Moved tool to blank position and tripped out of hole. 

I 

I - O J c : 
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7r 
n 
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o 
a. 

o 
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o 
X 

•3 

-̂.. l-T 
r \ j a 
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.p- cr, 
o\ cr 

01 
I-t 

o a 
H^ O 
O 
• 1 
01 
Q . 
O 

on 

-1 

< ra 
T 
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O 
ra 
o 
)— -n o 

ra ^ O Q . •— 
ro Pd 
V/l 

^ 

ra 
1 
tu 
1— 

o Cn 
t -

tr> 
o c 
ra 
-> r t 

•-» < ra 
rave 
1 

.• 
( A 
r+ 
o 

• o 
ro 

H M i 

CO 

o 1 
Ol 
o. 
o. s. 
I—. D> 

ra o. 
(/> o 

3 ra 
to u, 

cr 
•*• * 
—I ra 
ra f-. 
c t Sfe 

3 

H 

0\ vJ 
o\ I 
ON vJ 
O ^ 
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L V N E S , I M C 

operator. U . S . G . S . Lease & No. M a d i s o n T e s t W e l l i f? . DST Nn 1»-A 

. 2 

CI«-/4£,OV 

( ^ ^ ^ 

—r~—"-
(p 

/X£SJL!2 i f l S X i i TFST K TEST- 148 

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 

< 
8 
C 
0 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-'n J 

Prt t tsure B f l l o w B o t t o m 
P i c k a r B l i d T o 

C o r r e c t e d 

356i f 
3 5 2 7 

__ 
— _ 
«. 

—— 
_-. 
_-. 
._ 

Above Interval 
PRD Maî P Kuster K-3 
Nn 15239 Cap 5500 ®.^^ 

» _ P. S^^o" 
-7-i &A. 

PRD MakP Kuster K-3 
Nn 2512 rap 5700 0 7075' 

Initial Hydrostatic 

Final Hydrostatic 

© 
• T - ? : T I ? T F S T l . - i T F S T ' 4 T P S T 14 Ê  

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 B e l o w B o t t o m 
Packer Glad T o 

3555 
3608 
2993 
3082 
3368 

.L-
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nppratnr U . S . G . S . 

L Y M E S , I M C 

Lease & No. Madison Tes t W e l l If? DST No Itt-A 

— 

8 , i . _ ^l.^^.-c. 

Kft. i a 
p. r~ ' i ' ^ 

o f ©1^ ©f 

> 

'̂  ddm ® ^ 
ijl^ST I?. TFST 13 T F S T |4 T F S T l^fj) 

, Press 

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

Third Initial Flow 

A 
K . 
B 

c 
Ct 
E 
F 
G 
H 

Third Final Flow 1 
Third Shut-in J 

Prsssura Balow Bottom 
Packar Blad To 

Corractad 

3556 
3605 
3000 
3093 
3365 

._ 

. . 

._ 

PRD MakP Kus te r K-3 
Nn 15242 ran 5450 

\oW ^Ke.e . r^rr-

©2 ^ 

4t / f l "^ ^ 
PRD Mal<e. 
Nn 15240 

Prass 

Below I n t e r v a l 
Kus te r K-3 

-Cap.. 5450 <s> — 

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 

Prassura Balo»v Bottom 
Packer Blad To 

3656 
— 

' — 
— 
— 
— 
— 
— 
— 
— 
— 

.1 . 

1 1 0 



ROGER L. HOEGER 
Consulting Geologist 

1780 So. Bclliire Street, Suite SOI 
Denver, Colorado 60222 

(305)759-4491 

O r i l l - S l a m - T « t l F rvssura A n o l y i i t R a p o r l 

LOCATlONi 

T1N-R54E, SE SE Section 18 
COU»«tV ANO STATE: 

MONTANA, CUSTER 
COMPANY: 

U.S- Geolo£?ical Survey 
LEASE AHO WELL HUWBCR: 

Madison Tes t Well #2 
FOIWAtlON t t i t l O . 

L. Mission Canyon & U. Lodgepole 

t m l OPEN: 

950 minutes 
INITtAi. SHUT'IH T w e i 

180 minutes 
riNAL SHUT.IN TluCt 

TCSr NUMBE !)• 

14-A 
INTCRVAL TCSTEDi F*** 

7064-7304' 

FILE KUMBER: 

Special 
1. 0 . NUMftCII: 

L-6660 
DATE COkPUTEO: 

6 /7 /77 
DATE TEITEOi 

4 /17 /77 
CLCVATIOMi fmmt 

KB 2809 

RtcovERt, pj^yjjj |.Q sur face after swabbing. Flowed wa te r at a v e r a g e r a t e of 
9 .3 gallons per minu te . 

HOLE, TOOL AND RECOVERY DATA 
;DR(LL-PlPE CAPACITY 
1 (B»f*)>»*r FMO 
ORILL-COLLAR CAPACITT 

ORILL-COLLAR FOOTACE 
1 (P-0 
HOLE DIAMETER 
1 fUcttat) 
iPIPE FOOTACE EOUIVALCMT 
TO ANNULUS (F»«t> 

ilNTERVAL TMlCKNeSl 
1 (''•••) 
MUODEICHT 

EFFECTIVE FLOWING TIME 

Test t o o l r un 
on 2 - 7 / 8 ' 
t ub ing . 

9:625 

240. 
-_— 

950, 

F e E T O f u u O 

FEET OF «A IE« 

FEET OFOTHEA 

FEET Of OIL 

FEET OF CUSHION 

TOTAL RECOVEUr 
IF. . . ) 

CAPACITY OF ANNULUS 
(0»..1.1 

CROSS RECOVERY VOLUME 

F lowed water 
....— 

MUD PERCENTAGE 

WATER PERCENTAGE 

OTNER PERCENTAGE 

% OIL PERCENTAGE 
r. FORMATION RECOVERY 

PERCENTAGE % 
AVERAGE PROOUCTIOH RATE 

IBOT..U p.. , . f ) 338.4 

RECOVERY LESS THAN ANNULAR VOLUME, (X) ' 1 | 

GAUGE SUMMARY B Surface R e c o r d e r 
RECORDER NUWIER 

2512 
DEPTHi 

7075' 
DATUM: 

-4266 ' 
RCCOKOCR NUMBER 

2'£.bove K . B . 
OATUMi 

-F2811' 

A r KEY POINT SUMMARY 

Firsf Flow 
INITIAL FLOalMG PRESSUREt 

2993. 
FINAL FLOame PRESSUREi 

3082. 
Second Flow 

A T 

A^, B 
I EXTRAPOIATION SUMMARY \ 

SUMMARY OF RESULTS 
EfFECTlVE TRANSMISSISILITY. k k ^ ; 

822.7 I 

X ^ 

INDICATED AVERAGE PCRMEAeiLITT, k ^ i m4/€f 

82 .3 (for ib 'ef fect . 4)) 
PROOUCTIVITT I N O E X I . B* f»U p*r 4mf pmi t 

1.0 I 
INITIAL FLOWING PRESSUREi INITIAL 0*G) /S CALCULATED FROM MEASURED OATAi 

6.28 6 .28 
DAMAGE R A T I O I 

0 ,9 
FINAL FLOWINC PRESSUREi INUMBER OF POINTS USED FOR INITIAI. CURVE-FITi 

5. I 12. 
FLOWING PRESSURE COMPARISON! 

SLOPE OP INITIAL BUILD-UP CURVCi 

f f n 1 A H 

o 6 . tJ J 7 -INITIAL SHUT-IN PRESSUREi 

3368. 310. 
INITIAL EXTRAPOLATED PRCSSUKE* 

3421. I 340. 
INITIAL POTENTIOMETRIC SURFACEi 

*3602. *3593 . 
FWAL (t .0> /« CALCULATED FROM MEASURED OAT At 

HUUIER OP POINTS USED FOR riMAL CURVC.FITi. .< 

F t , of Head above K- B . 
793. I 784. 

SLOPE OP FINAL BU!LD-UP CURVEt 

FINAL SHUT'IH PRESSUREi 

None 
FINAL EXTRAPOLATED PRESSUREt PINAL POTENTIOMETRIC SURFACEi 

INITIAL HTDROSTATIC MUD PRESSUREi 

3955. 
FINAL HYDROSTATIC HUD PDESSUREi 

3608. I 

"' Conversion Constant of 
2.30 ft. / p s i used to calcu
la te P . S. Elevat ion. 
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ROGER L. HOEGER 
Consulting Geologist 

I78Q So. Bellaiic Street, Suite 301 
Denver. Colorado 80222 

(SOS) 759-4491 

Comments relative tb the analysis of the pressure chart from. DST #14-A, Interval: 
7064-7304', in the U.S. Geological Survey, Madison Test Well #2, SE SE Section 18, 
T1N-R54E, Custer County, Montana: 

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

For comparison pruposes, an extrapolation plot, using the Horner method, 
has been made for the pressure build-up data which were recorded by the 
surface pressure recorder during the shut-in period. This extrapolation 
plot indicates a maximiun pressure of 340 psi at the elevation of the surface 
recorder. This extrapolated pressure is equivalent to a potentiometric sur
face elevation of -fSSgS', based on the conversion constant of 2. 30 ft. /ps i . 
This potentiometric surface elevation is equivalent to a head of water above 
the K.B. of 784', It should be noted that there is very close agreement between 
the potentiometric surface elevations which have been calculated on the 
basis of the two extrapolated pressures, that recorded by the down-hole pres
sure instrument and that recorded by the surface pressure recorder, 

2. The calculated Average Production Rate which was used in this analysis, 338. 4 
BPD, is based upon the reported average flow rate which was measured at the 
surface, about 9.3 gallons per minute. This average production rate and the 
measured slope of the extrapolation plot for the shut-in pressure build-up 
curve that was produced by the down-hole pressure recorder have been used 
in the basic Horner equation to calculate numerical values for the various 
reservoir properties shown below and on the summaiy page. 

3. The calculated Damage Ratio of 0. 9 indicates that no significant well-bore dam
age was present at the time of this formation test, 

4. The calculated Effective Transmissibility of 822. 7 md.-ft. /cp. indicates an 
Average Permeability of 82. 3 md. /cp. for the estimated 10 feet of effective 
porosity within the total 240 feet of interval tested. 

5. The evaluation criteria used in the DST Analysis System indicate that the r e 
sults obtained in this analysis should be reliable within reasonable limits rela
tive to the assumptions which have been made. 
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LYMES, INC. 

Operator. U.S.G.S. . Lease & Nn Madison Tes t We l l if? _DST Nn 1»-A 

Recorder #2512 ^ 7075 ' 

F I R S T SHUT IN PRESSUREi 

TIMECMIN) 
PHI 

0 , 0 
18.0 
36.0 
S4.0 
72.0 
$0.0 
108.0 
126.0 
144.0 
162.0 
160.0 

EXTRAPLN OF 

(T"PHI) 
/PHI 

0.0000 
53.7778 
27.3889 
18.5926 
14.1944 
11.5556 
9.7963 
8.5397 
7.5972 
6.6642 
6.2778 

FIRST SHUT 

PSIG 

3082 
3313 
3332 
3341 
3349 
3353 
33S6 
3359 
3362 
3365 
3368 

IN t 34 M t 6 6 . 9 
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WELL: 

L Y N E S U N I T E D S E R V I C E S L T D . 
nR&tS» 2 U S B 5 LOCN: D A T E : H - I T - T I 

5D.,. 
DST N D . m 

REC. NO. a s I 2 

DEPTH B 

— 8 

2 0 . . 

I D . . 

I 
Q. 

I 
Q. 

59 

u 

S . . 

+ + 30BB 3 1 3 3 3HE7 3 4 0 3 3 2 3 3 
P 5 I E CntL OR HRTCR) 

P R E S S U R E E X T R A P D L A T i a N P L O T 

3SH7 3BE:a 

rooM zeft 1Z-76 

l lA 



PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

TT. R. Q p n l r i g l r ' a l f^ i i rv f fy Company 
Well Name & No. Madison T e s t Well #2 
Location SE SE Sec. 
DST No. 14-A 

18. T1N-R54E. Cus te r C o . . Montana 
Tes t Interval : 7064-7304' 

Surface 
Recorder No. 

Format ion Tested: L . Miss ionCanvon 
and U, Lodgepole 

Redorder Depth 2'above K , B , 

INITIAL SHUT-IN FINAL SHUT-IN 

e 

10 
20 
30 

._4a_-._ 
50 
.6a 
70 
RO 
nn 

100 
120 _. 
140 
160 
180 

Initial Flow Time, t = 

t + 9 

960 . 
970 
980 

- 990 
1000 
1010 
1020 
1030 
1040 
1050 
1070 
1090 
1110 
1130 

t + e 
0 

96.00 
48.50 
32.67 
24.75 
20.00 
16.83 
14.57 
.12.88 
11.56 
10.50 

8.92 
7.79 
6.94 
6.28 

950 
P r e s s u r e 
( p . s . i . ) 
261.5 
276.0 
283.0 
288.0 
291.5 
294.0 
296.5 
298 .5 
300,0 
301,5 
304.5 
306.5 
308.5 
310.0 

Total Flow Time, t 

e 

' 

t + e 

NONE 

^ 

= 
P r e s s u r e 
( p . s . i . ) 

. 
-
. 
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U.S.G.S,.^. Madispn_TestJiyen 
Lyntsj Ticket, No 

T 114-A). 

046t' 9V •NOICiAlO « X m 3 A 3 t , 3 IHHl l t lV001- in3S 



Phone 
522-1206 Area 303 L Y M E S , \ M C Box 7 1 2 

Ster l ing, Co lo . 

Spnt 
<Ur 18 
Twp I N 
Rn, 5'^ E 
FiPM W i l d c a t 

. rniinty Custer 
Statfl Montana 

Tool np^rriptiijn , . ., . Sine 

Top 

Csg. Size & Grade _ 
Tubing Size 
Tool Depth 
On Location @ 
Off Location @ 
Lynes Rep. 
VVell Owners Rep._ 

l i e Set P r o d u c t i o n 

Packer 7 i " . X 136' 

9 5 / 8 " 
2 7 / 8 " 
8520-939^ ' 

— 
Paul Robbins 
E l lwood Bennet t 

I n j e c t i o n Packer 

1 

s 

Test #17 
Summary: 

4-23-77 
2:30 AM. 
4:57 AM. 

5:02 AM, 

4-24-77 
1:26 AM. 

-2:26 AM. 

Inflated packer with 2300 psig . a t surface. 
With tool in blank posi t ion, dropped bar to open s leeve, 
and swabbed down 2000', 
Opened tool below with strong blow. Fluid to surface In 9 
.minutes, flowing approximately 50 gallons per minute. 

Shut-in a t surface for 1 hour. 
Released packer. 

I— CB C 
D> O D 
^ X H~ 
Q r t 
% ru (D 
O V/l Q. 
O O 
a. .p- cr> 
» 0\ rr 

> 01 
O r i -
O O CO 
I—> <t 0» 
0 = _ 
1 < o 
Ol <0 fD 
O. 1 O 
O H-

-n o 
CD (t ua 
O Q. H-
r\> <B o 
r o 1 0) 
v.n Ol I—• 

t - . 
cn 

O c 
n " I 
3 < 
r t n 
a >< 
1 

CO 
c t 

3 
— CD 

U i 

u a. 
ST p 
w 
o 
r t 3= 

(A 
O 
3 

(ft 
U 
ct-

(ft 

(ft f-> 
O 
r t =& 
I— IVi 

3" 
o 
(ft 

o ~ 

IU 

(3\ ^ 1 
(J\ "wj 
N l 
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LVPvIES, e i^c 

nppratnr U . S . G . S . Lease & Mr. Madison Tes t W e l l if? DST Nn 17 

T E S T - I 7 

Nn 1 5 2 * 0 r . ^ -
PrMt 

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

5 « 0 

A : 
K 
B' 
C 
D 
E 
F 

G 
H 

Third Final Flow 1 
Third Shut-in J 

Prcssura Below Sottom 
• Pack*r Bl>d To 

® 
. Correctad 

^ 2 0 5 
42 ' f i f 

— 
— 
— . 
- -
— 
— 
— 
— 
— 

PRD Make. 
Above Interval 
Kuster K-3 

PRD MairP Kus te r K-3 

^ 6 ^ ^ 7 " " ,, 

^ ® 

No. 15239 .Cap, 5500 

T E S T - I 7 

8528 
Pr«» 

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 

PfMtur* Bvlow Bonom 
Packar eiad To 

Corrected 

' ^199 
* 2 I 5 
3 4 0 2 
3 7 9 9 
4 0 2 7 

. -

._ 
— 
—_ 
-_ 
„ 
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LYMES, IMC 

Dporatnr U . S . G . S . l e a « «, Nn M a d i s o n T e s t W 

•. ^ O r7r>f) 

' 1 % 0 
[ , - . « 

1 • < - -

1 / V ^ ~® • \ 
1 M ® \ 
\ r T E S T - 1 7 \ 

1 : \ 

e l l # 2 n s T Nn 1 

p n n MatP K u s t e r K - 3 
Nn 2 5 1 2 C y 5 7 0 0 

^rmn 

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 

Pra«ura Balow Bonom 
Packar Blad To 

7 

(S) 8 5 3 5 ' 
Corracted 

4 2 2 0 
4 2 3 9 
3433 
3 8 0 8 
4 0 2 9 

- -
— 

— 
— 
— 

PRn Mafcfi 
Nn rap 

PraM 

Initial Hydrostatic A 
Final Hydrostatic K 
Initial Flow B 
Final Initial Flow C 
Initial Shut-in 0 
Second Initial Flow E 
Second Final Flow F .̂  
Second Shut-in G 
Third Initial Flow H 
Third Final Flow 1 
Third Shut-in J 

Prattura Balow Bonom 
Packar Blad To 

a 
Corractad 
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ROGER L. HOEGER 
Coruultrng Geologist 

1780 So. BcIIaire Street, Suite 301 
Denver, Colorado 80222 

(503)759-4491 

Orill-Slam.Tail Prattura Analyt i t Raport 

.T 1N-R'S4K, S-R SK Section 18 
COUNTT ANO STATE: 

MONTANA, CUSTER 

504 minutes 
IHiTIAi. &HUT-1N TIME: 

60 minutes 

FILE MUMSCfl: 

Special 
I. 0. NUMSfK: 

L-6662 
COM*ANY: 

U.S . Geological Survey 
L£A&E A!N6 MELL NUMbSRi 

Madison Tes t Well #2 

FINAL MUT-m TtUEi 

None 
DATE COMPUTEO) 

6/8 /77 
TCSr NUMBERi 

17 
DATE TESTEDi 

4 /23 /77 
FORMATION TESTED. 

Winnipeg 
INTERVAL TESTEDt 

8520-9394 
ELCVATIOI^: 

KB 2809 

Fluid to sur face in 9 minutes ; flowed at approximate average r a t e of 
50 gallons per minute . 

HOLE, TOOL AND RECOVERY DATA 
MI1.L.P<PC CAPACITT 

(Bwratt » . , I M I ) 
DRILLCOLCAII CAPACITT 

l » - ~ l " P " ' — 1 
OftlLL-COLLAR FOOTACE 

( f ~ ' l 
HOLt OIAMCTEI) 

PIPC fOOTACE EQUIVALENT 
TO ANNULUS (P..I) 
INTERVA> THICKNES! 

tr~.) 
KUO aEICHT 

I P . . . / i M ' i > l l > - l 
EFFECTIVE FLOWINC TIME 

yi!s-j-i 

Test t o o l r un 
on 2 - 7 / 8 " 
tub ing . 

9.625 

874. 

504. 

FEET OF MUD 

FEET OF WATCH 

FEET OF OTHER 

FEET OF CIL 

FEET OF CUSHION 

TOTAL RECOVEHY 

CAPACITY Of ANNULUS 

GROSS RECOVERY VOLUME 
(C^rr.U) 

Flowed water 

MUD PERCENTAGE 
X 

WATER PERCENTAGE 
X 

OTHER PERCENTAGE 
X 

OIL PERCENTAGE 

FORMATION RECOVERY 
PERCtHTACe % 
AVERAGE PROOUCTtON RATE 

(6« " - i . p - r do,) 1714.3 

RECOVERY LESS THAN ANNULAR VOLOUE. (X) | | 

GAUGE SUMMARY 
• ECOIIOERNUNBER 

2512 
DEPTHi 

8535' 
DATUM: 

-5726 ' 

B Surface Reco rde r 
RECORDER NUMBER 

2< iibove K . B . 
DATUM: 

+2811' 

A {KEY POINT SUMMAKT 1 B 
F i r j f Flow 

INITIAL fLOaiMC PRESSURE: . 

3433. 1 
FINAL f LOWtNC PRCSSUREt 

3808. 

• • • t 

. p i » 

Second Flow 
INITIAL FLOWING PRESSUREi 

None 1 - - -
FINAL FLOaiNC PRESSUREi 

None • — - • — 

. F . i l . 

»•!• 

INITIAL SHUT.IN PRESSUREt . 

4029.: ' 309. 
P*i« 

FWAL iMUT-IN PRESSUREi 

None — 
INITIAL N Y O R O S T A T I C M U D PRESSUREI 

4220. 1 
FINAL NtOHOSTATIC MUO PRESSUREI 

4239. 1 

P-lt 

P>l| 

• • la 

A B 
1 EXTRAPOLATION SUMMARY | 

INITIAL ( l * 0 ) / e CALCULATED FROM MEASURED DATAi 

9.4 9.4 
INUMBER OF POINTS USED FDR INITIAL CURVE-FITi 

6. 1 
SLOPE OF INITIAL BUILO-UP CURVEi »«t/«r«l« 

9.3 1 
INITIAL EXTRAPOLATED PRESSURE^ r^a 

4038. 1 317. (?) 
FINAL (1 .8 ) /0 CALCULATE FROM MEASURED DATA. 

NUMBER OP POINTS USED FOR FINAL CURVE-flTi, i 

SLOPE OF FINAL BUILO'UP CURVEi »<l/cvcU 

FINAL EXTRAPOLATED PRESSUREi , . „ 

1 
* Convers ion Constant of 

culate P .S . 
U O L : U I U L;CU.— 

Elevat ion 

A l SUMMARY OF RESULTS l . B 
EFFECTIVE TRANSMISSIBILITY, hh^ ; « . It ^ M c# 

29972.6 1 
INDICATED AVCRACC PERMEAaJLITT. k > i md/*p 

2997. 3 ( fo r ek t . lO 'e f fec t . 4) 
PRODUCTIVITY INOEXi B«««i« P«» ^ - I - P— »»• 

7.45 
DAMAGE R A T I O I 

4 . 5 
FLOWING PRESSURE COMPARIM 3N: % 

INITIAL POTENTIOMETRIC SURFACCf »^ i 

* 3 5 6 1 . I=!=3540(?) 
H't. o t Wead above K . B . 

752. 7 3 1 . 

FINAL POTENTIOMETRIC SURFACE! I~ i 

INITIAL M^o PRESSURE COMPARISON.. % 

— . 1 
FINAL MUD PRESSURE COMPARISONi « 
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ROGER L. HOEGER 
Consulting Geologist 

1780 So. BcIIaire Sti«ct, Suite SOI 
Denver, Colorado 80222 

(303)759-4491 

Comments relative to the analysis of the pressure chart from DST #17, Interval: 
8520-9394', in the U.S.Geological Survey, Madison Test Well #2, SE SE Sec. 18, 
'riN-R54E, Custer County, Montana: 

1. Extrapolation of the Shut-in pressure build-up curve indicates a maximum 
reservoir pressure of 4038 psi at the, recorder depth of 8535 feet- This in
dicated maximum reservoir pressure is equivalent to a potentiometric sur
face elevation of 3561 feet above sea level, based upon the conversion con
stant of 2.30 ft-/psi . This potentiometric surface elevation, in turn, indi
cates a head of water above the K.B. of 752 feet-

For comparison purposes, an extrapolation plot, using the Homer method, 
has been made for the pressure build-up data which were recorded by the 
surface pressure recorder during the shut-in period. This extrapolation 
plot indicates a maximum pressure of 317 psi at the elevation of the surface 
recorder. This extrapolated pressure is equivalent to a potentiometric sur
face elevation of +3540', based on the conversion constant of 2.30 ft. /ps i . 
This potentiometric surface elevation is equivalent to a head of water above 
the K-B. of 731 feet-

2. The calculated Average Production Rate which was used in this analysis, 
1714.3 BPD, is based upon the reported average flow rate of 50 gallons per 
minute which was recorded at the surface throughout the 504-minute flow 
period. This average production rate and the measured slope of the extrap
olation plot for the shut-in pressure buUd-up curve that was produced by the 
down-hole pressure recorder have been used in the basic Horner equation 
to calculate numerical values for the various reservoir properties shown 
below and on the summary page. 

3. The calculated Damage Ratio of 4- 5 indicates that significant well-bore dam
age was present at the time of this formation test; however, it should be 
noted, in view of the volume-rate of production which occurred, this indi
cated well-bore damage is most probably due to the choke effect of the test 
tool rather than formation damage. 

4. The calculated Effective Transmissibility of 29972.6 md.-ft . /cp. indicates 
an Average Permeability of 2997.3 md. /cp. for the estimated 10 feet of ef
fective porosity within the total 874 feet of interval tested. 

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

Operator U.S.G.S. Lease & Nn Madison Tes t We l l if? _DST No- 17 

Recorder #2512 § 8535V 

FIRST 

TIMECMIN) 
PHI 

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

SHUT IN PRESSURE: 

<T"PHI) 
/PHI 

0.0000 
85.0000 
43.0000 
29.0000 
22.0000 
17.8000 
15.0000 
13.0000 
11.5000 
10.3333 
9.4000 

PSIG 

3808 
4010 
4016 
4019 
4022 
4025 
4027 
4028 
4029 
4029 
4029 

EXTRAPLN OF F I R S T SHUT IN i 4 0 3 8 . 1 M 9 . 3 
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WELL: 

^°1 

2 0 . 

10. 

I 
Q. 
•^ 

2 
I 
D. 

- f =-

Q 
H 
u 

z. 

1. 

LYNES UNITED S E R V I C E S LTD. 

Kf»isrei ez u s e s LDCN: 

-- • I 

1* 

1 * 

\ 
\ 
I 
\ 

\ 
1 

\ 
I 
I 

\ 

y 
1 1 1 ' 1 . 

' H B B B ' H a t Z ' SB2M ' M B 3 G ' MHHa ' 
P S t e C n i U DR WRTEHJ 

PRESSURE EXTRAPOLATION PLOT 

DATE: «i-22-7T 

DST NO. I t 

REC. ND. 2 S I Z 

DEPTH Q 

HBBB MB7a 
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

Company "_ 
-WeU Name & No 
.Location SE SE Sec. 1 
DST No. 17 

U .S . Geological Survey 
MaHisnn Test Well #2 

'•riN-R54E. Cus te r Countv. Montana 
Test Interval: 8520-9394 Format ion Tested: Winnipeg 

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

INITIAL SHUT-IN FINAL SHUT-IN 

1 Initial Flow Time, t = 504 

e 

1 ^ 
4 
6 
8 

1 °̂ 
1 ^̂  1 9.0 
1 9.5 
1 30 

40 
1 fiO 
1 M 

t + e 

506 
508 
510 
512 
514 
519 
524 
529 
534 
544 
554 
564 

^ 

253.00 
127.00 

85.00 
64.00 
51.40 
34.60 
26.20 
21 ; 16 
17.80 
13.60 
11.08 

9.40 

P r e s s u r e 
( p . s . i . ) 
313.5 
316.0 

I 317.0 
317.6 
317.0 

"3"l6. 5" * 
315.5 
314 .5 
313.0 
313.0 
310.0 
309.0 

1 Total Flow Time, t = 1 

1 ^ t + e 

NOKEJ 

. 

t + 8 
e 

P r e s s u r e j 
( p . s . i . ) 

1 
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U^S.G.S . , JMadison Test Well j?2 (DST ^17) 
Liynesj Tj'ickbt 

340 

320 

300 

280 

260 
O cn 00 

0^6f 9V Vllminnn '03 tiassi « I3;lin3>l Z f . \ i 



Geochemistry 

Water samples were collected from drill-stem test zones that were 
selected to represent major rock types, formations of various ages, and types 
of porosity. The water chemistry from the selected intervals in Madison test 
wells 1 and 2 and subsequent tests will be used as control points for inter
preting regional geologic, geophysical, isotopic, and chemical data. 

If the interval flowed when the inflatable packers were set above and 
below the zone to be sampled, measurements were made of the pH and conductivity 
of the fluid until stabilization of these values and clearing of the water were 
obtained, indicating formation water was being monitored. If the interval did 
not flow, swabbing was begun to remove sufficient heavy drilling mud from the 
water column and formation to develop the zone. If possible, water samples 
were collected for analysis only after pH and conductivity measurements 
indicated that the water represented the formation fluid in the interval 
tested. Characteristics subject to variation with time such as pH, temperature, 
alkalinity, and conductance were measured in the field at the time of collection, 
Alkalinity was determined by pH titration using a standard sulfuric a;id 
solution and preparing a titration curve. The field data are included with the 
laboratory data in the analyses tables. 

The analyses of water samples from the Lakota Sandstone, Minnelusa, 
Mission Canyon, Devonian and Silurian, Red River, Roughlock to Precambrian, 
and a composite of waters from the Madison into the Red River are shown in 
tables 3-9. 
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Table 3.--Water-quality analysis—Lakota Sandstone 

UNITED STATES DEPARTMENT OF THE INTEMIOH 
GEOLOGICAL SURVEY 

CENTRAL LABOKATORYt DENVERt COLORADO 

WATER QUALITT ANALYSIS 
LAB ID « <»3902 HECORD « 57099 

SAHPLE LOCATION! 01N54E180DAC 
STATION lot 45500110502<»304 LAT.LONG.SEQ. t <»55001 1050243 04 
DATE OF COLLECTION! BEGIN—770125 END— TIME—1200 
STATE CODEI 30 COUNTY CODEl 07S PROJECT IDENTIFICATION! 463004900 
DATA TYPEI 2 SOURCEl GROUND WATER GEOLOGIC UNIT! 217LK0T 
COMMENTS: UKDTA SANDSTONE 

BICARBONATE MG/L I13D 
BROMIDE MG/L 1.0 
CALCIUM DISS MG/L 6.0 
CARBONATE MG/L 69 
CHLORIDE DISS MG/L 300 
FLUORIDE DISS MG/L 3.8 
HARDNESS NUNCARB MG/L 0 
HARDNESS TOTAL MG/L 18 
IODIDE MG/L 0.22 
IRON DISSOLVED UG/L 1300 
IRON TOTAL UG/L 16000 
LITHIUM DISSOLVED UG/L 120 
MAGNESIUM DISS MG/L 0.7 
MANGANESE DISSOLVED UG/L 70 

MERCURY DISSOLVED 
N02*N03 AS N DISS 
PH FIELD 
PH LAB 
POTASSIUM DISS 
SAR 
SELENIUM DISSOLVED 
SODIUM DISS 
SOOIUM PERCENT 
SP. CONDUCTANCE FLP 
SP. CONDUCTANCE LAB 
STRONTIUM DISSOLVED 
SULFATE DISS 
ZINC DISSOLVED 

UG/L 
DETR. 

MG/L 

UG/L 
HG/L 

UG/L 
MG/L 
UG/L 

0.0 
DELETED 

8.3 
8.5 
3.8 

72 
0 

700 
99 

2790 
2950 
130 
130 
30 

CALCIUM DISS 
MAGNESIUM DISS 
POTASSIUM DISS 
SOOIUH DISS 

CATIONS 

(MG/L) 
6.0 
0.7 
3.8 

700 

(MEO/L> 
0.300 BICARBONATE 
0.058 CARBONATE 
0.098 CHLORIDE DISS 

30.450 FLUORIDE DISS 
SULFATE DISS 

TOTAL 3U.9U4 

ANIONS 

(MG/L) 
II30 
69 

300 
3.8 

130 

(MEQ/L) 
18.521 
2.300 
8.463 
0.201 
2.707 

TOTAL 32.190 

PERCENT DIFFERENCE -2.04 
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Table 4.—Water-quality analysis--Minnelusa 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTKAL L A B O H A T O R Y . DENVER. COLORAOO 

HATER DUALITY ANALYSIS 
LAB ID » 43901 RECORD « 57097 

SAHPLE LOCATION! 01N54E18DDAC 
STATION ID: 455001105024303 LAT.L0N6.SE0.« 455001 1050243 03 
DATE OF COLLECTION: BEGIN—770123 END— TIME —1200 
STATE coot: 30 COUNTY CODE: 075 PROJECT IDENTIFICATION: 463004900 
DAlA TYPE: 2 S O U R C E : G H O U N D WATER G E O L O G I C U N I T : 310MNLS 

COMMENTS: HINNELUSA 

BICARBONATE MG/L 443 
BROMIDE MG/L 0,5 
CALCIUM DISS MG/L 420 
CARBONATE MO/L 0 
CHLORIDE DISS HG/L 15000 
FLUORIDE DISS DETR. DELETED 
MARONESS NONCARB MG/L 5200 
HARDNESS TOTAL «G/L 5600 
IODIDE MG/L 0.03 
IRON DISSOLVED UG/L 1800 
IRON TOTAL UG/L 40000 
LITHIUM DISSOLVFD UG/L 15000 
MAGNESIUM DISS MG/L 1100 
MANGANESE DISSOLVED UG/L 710 

MERCURY DISSOLVED 
N02*N03.AS N DISS 
PH FIELD 
PH LAB 
POTASSIUM DISS 
SAR 
SELENIUM DISSOLVED 
SODIUM DISS 
SODIUM PERCENT 
SP. CONDUCTANCE FLD 
SP. CONDUCTANCE LAB 
STRONTIUM DISSOLVED 
SULFATE DISS 
ZINC DISSOLVED 

UG/L 
DETR, 

MG/L 

UG/L 
MG/L 

UG/L 
MG/L 
UG/L 

0.0 
. DELETED 

7.0 
7.5 

420 
82 
1 

14000 
83 

43200 
50000 
2400 

1300 0 
830 ' 

CALCIUM DISS 
MA5NE51UM DISS 
POTASSIUM DISS 
SODiUM DISS 

CATIONS 

(HG/L) 
420 
1100 
420 

14000 

(MEO/L) 
20.958 BICARBONATE 
90.486 CARBONATE 
10.740 CHLORIDE DISS 

609.000 SULFATE DISS 

TOTAL 731.183 

ANIONS 

(MG/LI 
440 

0 
1500 0 
13000 

(HEO/L) 
7.212 
0.000 

423.15P 
270.660 

TOTAL 701.021 

PERCENT DIFFERENCE « 2.11 
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Table 5.—Water-Qual i t y analysis--Mission Canyon 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABOKATUKY. DENVER* COLORAOO 

WATER QUALITY ANALYSIS 
LAB ID » lllOll RECORD • 65895 

SAMPLE LOCATION! 01N54E18DOAC 
STATION ID: 455001105024313 LAT.LONG.SEQ.: 455001 1050243 13 
DATE OF COLLECTION! BEGIN—770417 END— TIME—0100 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT! 331MSNC 
HSIJENTS: MISSION myoH 

SULFUROUS ODOR—BLACK SUSPENDED MATERIAL.CLOUDY. MAY BE COMPOSITED AS 
SP COND WAS NOT STABLEI FIELD VALUE USED FOR bICARHI RAD-CHEM SPLIT 
OFFI OEPTH{FT):67y6-7036 

ALK.TOT (AS CAC03) MG/L 330 
ALUMINUM DISSOLVED UG/L 0 
ARSENIC DISSOLVED UG/L 5 
BARIUM DISSOLVED UG/L 100 
BICARBONATE MG/L 407 
BORON DISSOLVED UG/L 1400 
BROMIDE f^O/L 3.0 
CADMIUM DISSOLVED UG/L 1 
CALCIUM DISS MG/L 350 
CARBONATE MG/L 0 
CHLORIDE DISS MG/L 580 
CHROMIUM DISSOLVED UG/L 70 
COPPER DISSOLVED UG/L 0 
FLUORIDE DISS MG/L 4.3 
HARDNESS NONCARB MG/L 820 
HARDNESS TOTAL MG/L 1200 
IODIDE MG/L 0.08 
IRON DISSOLVED UG/L 11000 
LEAD DISSOLVED UG/L II 
LITHIUM DISSOLVED UG/L 600 
MAGNESIUM DISS MG/L 65 
MANGANESE DISSOLVED UG/L 1800 

MERCURY DISSOLVED 
MOLYBDENUM DISSOLVED 
NITROGEN TOTKJD AS N 
PH FIELD 
PH LAB 
PHOSPHORUS OIS AS P 
POTASSIUM DISS 
RESIDUE DIS CALC SUM 
RESIDUE DIS TON/AFT 
RESIDUE DIS lAOC 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVED 
SODIUM DISS 
SODIUM PERCENT 
SP. CONDUCTANCE FLO 
SP. CONDUCTANCE LAB 
STRONTIUM DISSOLVED 
SULFATE DISS 
SULFIDE TOTAL 
VANADIUM DISSOLVED 
WATER TEMP (DEG C) 
ZINC DISSOLVED 

UG/L 
UG/L 
MG/L 

MG/L 
MG/L 
MG/L 

MG/L 

UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
MG/L 
UG/L 

UG/L 

0.0 
0 
0.10 
7.2 
7.2 
0.10 

62 
3210 

4.54 
3340 

7.2 
0 

59 
560 
50 

3600 
4330 
12000 
1300 

3.4 
20 
33.8 

320 

CALCIUM DISS 
MAGNESIUM DISS 
POTASSIUM DISS 
SODIUM DISS 

CATIONS 

(MG/L) 
350 
65 
62 

560 

(MEQ/L) 
17.465 BICARBONATE 
5.347 CARBONATE 
1.586 CHLORIDE DISS 

24.360 FLUORIDE DISS 
SULFATE DISS 

ANIONS 

(MG/L) 
407 

0 
SRO 
4.3 

13QQ 

TOTAL 48.757 TOTAL 

(MEO/L) 
6.671 
0.000 
16.362 
0.227 

27.066 

"50.325 

PERCENT DIFFERENCE -1.58 
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Table 6.—Water-quality analysis—Devonian and Si lur ian 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABORATORY. DENVER* COLORADO 

WATER QUALITY ANALYSIS 
LAB ID « 111008 RECORD • 65867 

SAMPLE LOCATION: 01N54E18DOAC 
STATION ID: 455001105024311 LAT.LONG.SEQ.: 455001 1050243 11 
DATE OF COLLECTION: BEGIN—770414 END— TIME—1700 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 
COMMENTS: DEVONIAN AND SILURIAN 

M 0 D D Y ~ L T BROWN COLOR AFTER SETTLEOI FIELD VALUE USED FOR BICARB! 
OEPTH(FT): 7766-8006 

ALKtTOT (AS CAC03) MG/L 380 
ALUMINUM DISSOLVED UG/L 50 
ARSENIC DISSOLVED UG/L 2 
BARIUM DISSOLVED UG/L 100 
BICARBONATE MG/L 464 
BORON DISSOLVED UG/L 19000 
BROMIDE MG/L 7.4 
CADMIUM DISSOLVED UG/L 1 
CALCIUM DISS HG/L 270 
CARBONATE MG/L 0 
CHLORIDE DISS MG/L 1700 
CHROMIUM DISSOLVED UG/L 140 
COPPER DISSOLVED UG/L 4 
FLUORIDE DISS MG/L 5.9 
HARDNESS NONCARB MG/L 460 
HARDNESS TOTAL MG/L 840 
IODIDE MG/L 0.15 
IRON OISSOLVEO UG/L 5400 
LEAD OISSOLVEO UG/L 2 
LITHIUM DISSOLVED UG/L 4800 
MAGNESIUM DISS MG/L 40 
MANGANESE DISSOLVED UG/L 1500 

MERCURY DISSOLVED 
MOLYBDENUM DISSOLVED 
NITROGEN TOTKJD AS N 
PH FIELD 
PH LAB 
PHOSPHORUS DIS AS P 
POTASSIUM DISS 
RESIDUE DIS CALC SUM 
RESIDUE DIS TON/AFT 
RESIDUE DIS laoC 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVED 
SODIUM OISS 
SODIUM PERCENT 
SP, CONDUCTANCE FLD 
SP. CONDUCTANCE LAB 
STRONTIUM DISSOLVED 
SULFATE DISS 
VANADIUM DISSOLVED 
WATER TEMP (DEG C) 
ZINC DISSOLVED 

UG/L 
UG/L 
MG/L 

MG/L 
HG/L 
MG/L 

MG/L 

UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
UG/L 

UG/L 

0.0 
13 
9.9 
7.0 
6.9 
0.02 

190 
7420 

10.5 
7700 

32 
0 

40 
2100 
81 

8200 
10600 
3400 
2800 
61 
39.2 
140 

CALCIUH DISS 
HAGNESIUM DISS 
POTASSIUM DISS 
SOOIUM DISS 

CATIONS 

(MG/L) 
270 
40 
190 

2100 

(MEO/L) 
13.473 BICARBONATE 
3.291 CARBONATE 
4.859 CHLORIDE OISS 

91.350 FLUORIDE DISS 
SULFATE DISS 

ANIONS 

(MG/L) 
464 

0 
1700 

5.9 
2800 

TOTAL 112.972 TOTAL 

(MEO/L) 
7.605 
0.000 

47.957 
0.311 

58.296 

114.168 

PERCENT DIFFERENCE -0.53 
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Table 7.—Water-quality analysis--Red River 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABORATORY. DENVER* COLORAOO 

WATER QUALITY ANALYSIS 
LAB ID « 111009 RECORD « 65890 

SAMPLE LOCATION! 01N54E18DDAC 
STATION ID: 455001105024310 LAT.LONG.SEQ.: 455001 1050243 10 
DATE OF COLLECTION: BEGIN—770413 END— TIME—0800 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 36IR0RV 
COMMENTS: RED RIVER 

Vi SLIGHT CLOUD—OILY SLICKI FIELD VALUE USED FOR BICARBI HAD-CHEM 
SPLIT OFFI DEPTH(FT): 8II5-B355 

ALK*TOT (AS CAC03) 
ALUMINUM DISSOLVED 
ARSENIC DISSOLVED 
BARIUM OISSOLVEO 
BICARBONATE 
BORON DISSOLVED 
BROMIDE 
CADMIUM DISSOLVED 
CALCIUM DISS 
CARBON TOT ORGANIC 
CARBONATE 
CHLORIDE DISS 
CHROMIUM DISSOLVED 
COPPER DISSOLVED 
FLUORIDE DISS 
HARDNESS NONCARp 
HARDNESS TOTAL 
IODIDE 
IRON DISSOLVED 
LEAD DISSOLVED 
LITHIUM DISSOLVED 
MAGNESIUM OISS 
MANGANESE DISSOLVED 

MG/L 
UG/L 
UG/L 
UG/L 
HG/L 
UG/L 
MG/L 
UG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UG/L 
UG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 

CATIONS 

290 
0 
1 

100 
351 

9500 
3.9 
0 

270 
17 
0 

85u 
30 
0 
6.0 

590 
880 

0.09 
18000 

4 
2000 
47 
480 

(MG/L) 
CALCIUM DISS 27o 
MAGNESIUM OISS 47 
POTASSIUM DISS 140 
SODIUM DISS 1100 

MERCURY DISSOLVED 
MOLYBDENUM DISSOLVED 
NITROGEN TOTKJD AS N 
PH FIELD 
PH LAB 
PHOSPHORUS OIS AS P 
POTASSIUM DISS 
RESIDUE DIS CALC SUM 
RESIDUE DIS TON/AFT 
RESIDUE OIS 180C 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVEP 
SODIUM DISS 
SODIUM PERCENT 
SP. CONDUCTANCE FLD 
SP, CONDUCTANCE LAB 
STRONTIUM DISSOLVED 
SULFATE DISS 
SULFIDE TOTAL 
VANADIUM DISSOLVED 
WATER TEMP (DEG C) 
ZINC OISSOLVEO 

UG/L 
UG/L 
MG/L 

MG/L 
MG/L 
MG/L 

MG/L 

UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
MG/L 
UG/L 

UG/L 

(MEQ/L) 
13.473 BICARBONATE 
3.867 CARBONATE 
3.580 CHLORIDE DISS 

47.850 FLUORIDE DISS 
SULFATE DISS 

0.0 
4 
3.2 
6.8 
6.6 
0.02 

140 
4570 

6.38 
4690 

16 
0 

43 
1100 
70 

5200 
6400 
9000 
1900 

1.0 
18 
45.9 

770 

TOTAL 68.769 

ANIONS 

(MG/L) 
351 
0 

850 
6.0 

1900 

(MEQ/L) 
5.753 
0.000 

23,979 
0.316 

39,55n 

TOTAL 69.605 

PERCENT OIFFE -0.60 
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Table 8.—Water-quality analysis—Roughlock to Precambrian 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABORATORY* DENVER* COLORADO 

WATER QUALITY ANALYSIS 
LAB ID « 116901 RECORD • 67194 

SAKPLE LOCATION! 01N54E1BDDAC 
STATION 101 45500110502^301 LAT.LONG.SEO.: 455001 1050243 01 
DATE OF COLLECTION: BEGIN—770423 END— TIME—1300 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION! 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 
COMMENTS: ROUGHLOCK TO PRECAMBRIAN 
CLOUDY— VERY GASSY SAMPLE: FIELD -VALUE USED FOk 
BICARB 

AL«<»TOT (AS CAC03) 
ALUMINUM DISSOLVED 
ARSENIC DISSOLVED 
BARIUM DISSOLVED 
BICARBONATE 
BORON DISSOLVED 
BROMIDE 
CADMIUM DISSOLVED 
CALCIUM DISS 
CARBONATE 
CHLORIDE DISS 
CHROMIUM DISSOLVED 
COPPER DISSOLVED 
OEPTM(FT.FR.SURFACE) 
FLUORIDE DISS 
HARDNESS NONCARB 
HARDNESS TOTAL 
IODIDE 
IRON DISSOLVED. 
LEAD DISSOLVED 
LITHIUM DISSOLVED 
MAGNESIUM DISS 
MANGANESE DISSOLVED 
MERCURY DISSOLVED 

MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 
MG/L 
UG/L 
MG/L 
MG/L 
MG/L 
UG/L 
UG/L 

MG/L 
MG/L 
MG/L 
MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 
UG/L 

CATIONS 

(MG/L) 
CALCIUM OISS 1000 
MA&NESIUM DISS 200 
POTASSIUM DISS 350 
SOOIUM DISS 6400 

TOTAL 

350 
0 
17 

800 
427 

9700 
9,4 
0 

1000 
0 

15000 
40 
0 

8520 
2.9 

3000 
3400 

1.1 
3900U 

2 
12000 
200 
1700 

0.0 

(MEO/L) 
49.900 
16.452 
8.950 

.365.400 

440.701 

MOLYBDENUM DISSOLVED UG/L 
NITROGEN TOTKJD AS N DETR 
PH FIELD 
PH LAB 
PHOSPHORUS OIS AS P MG/L 
POTASSIUM DISS MG/L 
RESIDUE DIS CALC SUM MG/L 
RESIDUE DIS TON/AFT 
RESIDUE DIS TON/DAY 
RESIDUE DIS 180C MG/L 
SAR 
SELENIUM DISSOLVED UG/L 
SILICA DISSOLVED MG/L 
SODIUM DISS MG/L 
SODIUM PERCENT 
SP. CONDUCTANCE FLO 
SP. CONDUCTANCE LAB 
STREAHFLOw(CFS)-INST 
STRONTIUM DISSOLVED UG/L 
SULFATE DISS MG/L 
SULFIDE IOTAL MG/L 
VANADIUM DISSOLVED UG/L 
WATER TEMP (DEG C) 
ZINC DISSOLVED UG/L 

ANIONS 

(HG/L) 
BICARBONATE 427 
CARBONATE 0 
CHLORIDE DISS 15000 
FLUORIDE DISS 2.9 
SULFATE OISS 790 

TOTAl 

3 
. DELETED 

6.5 
6.5 

: 0.04 
350 

26100 
36.4 

3620 
26800 

63 
0 

46 
8400 

83 
.^8500 
39800 

50 
40000 

790 
1.4 

500 
67.0 
90 

(MEO/L) 
6.999 
0.000 

423.150 
0.153 

16.448 

446.749 

PERCENT DIFFERENCE « -0,68 
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Table 9.--Water quality analysis--Composite of waters from 
Madison into Red River 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVtY 

CENTRAL LABORATORY. DENVER. COLORADO 

WATER QUALITY ANALYSIS 
LAB ID » 123058 RECORD # 22a 

SAMPLE LOCATION; 01N54E18DOAC 
STATION ID: 455001105024303 LAT.LONG.SEQ.! 455001 1050243 03 
DATE OF COLLECTION:.BEGIN—770429 END— TIME —1000 
STftTE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION! 463004900 
DATA TYPE! 2 SOURCE: GROUND WATER GEOLOGIC UNIT! 
COMMENTS: MADISON INTO RED RIVER 

CLOUDY WITH BLACK SPECKS—EFFERVESCENT WITH SULPHUROUS ODOR; FIELD 
VALUE USED FOR BICARB) RAD CHEM SPLIT 

ALK.TOT (AS CAC03) MG/L 
ALUMINUM DISSOLVED UG/L 
ARSENIC DISSOLVED UG/L 
BARIUM DISSOLVED UG/L 
BICARBONATE MG/L 
BORON DISSOLVED UG/L 
BROMIDE MG/L 
CADMIUM DISSOLVED UG/L 
CALCIUM DISS MG/L 
CARBONATE MG/L 
CHLORIDE DISS MG/L 
CHROMIUM DISSOLVED UG/L 
COPPER DISSOLVED UG/L 
DEPTH<FT.FR.SURFACE) 
FLUORIDE DISS MG/L 
IODIDE MG/L 
IRON DISSOLVED UG/L 
LEAD DISSOLVED UG/L 
LITHIUM niSSOLVED UG/L 
MAGNESIUM DISS MG/L 

270 MANGANESE DISSOLVED 
30 MERCURY DISSOLVED 
1 MOLYBDENUM DISSOLVED 
0 NITROGEN TOTKJD AS N 

329 PH FIELD 
9000 PH LAB 

3.3 PHOSPHORUS DIS 4S P 
1 POTASSIUM DISS 

320 RESIDUE OIS TON/AFT 
0 RESIDUE OIS 180C , 

770 SELENIUM DISSOLVED 
20 SILICA DISSOLVED 
0 SODIUM OISS 

8000 SP. CONUUCTANCE FLD 
5.5 SP. CONDUCTANCE LAR 
0.06 STRONTIUM DISSOLVED 

920 SULFATE DISS 
1 SULFIDE TOTAL 

2100 VANADIUM DISSOLVED 
53 WATER TEMP (DEG C) 

ZINC DISSOLVED 

UG/L 
UG/L 
UG/L 
MG/L 

MG/L 
MG/L 

MG/L 
UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
MG/L 
UG/L 

UG/L 

560 
0.0 
0 
5.3 
5.8 
7.0 
0.06 

130 
5.97 

4390 
0 

56 
940 

5900 
5800 
8600 
1800 

5.2 
0.0 

49.2 
20 

CALCIUM DISS 
MAGNESIUM DISS 
POTASSIUM DISS 
SOOIUM DISS 

CATIONS 

(MG/L) 
320 
53 
130 
940 

(MEQ/L) 
15.9b8 
4.3b0 
3.325 

40.890 

BICARBONATE 
CARBONATE. 
CHLORIDE DISS 
FLUORIDE OISS 
SULFATE DISS 

ANIONS 

(MG/L) 
329 

0 
770 
5.5 

1800 

TOTAL 64.542 TOTAL 

(MEQ/L) 
5.393 
0.000 

21.722 
0,290 

37.47ft 

'~b4.aR0 

PERCENT DIFFERENCE -0.26 
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Preliminary results and future testing plans 

Preliminary analysis of some of the infomation obtained during the drill
ing, coring, and testing of Madison Limestone test hole 2 follows: 

Based on the drill-stem and packer-swabbing tests, all significant water
bearing units below the Lakota Sandstone have sufficient head to cause the water 
in them to flow at the land surface, 2,793 ft above sea level. 

The chemical-quality tests indicate that, in the zones tested, there is no 
freshwater (less than 1,000 mg/L dissolved solids). Dissolved solids range from 
a low of about 2,000 mg/L in the Lakota Sandstone and the Madison Limestone to 
about 46,500 mg/L in the Minnelusa. In the Paleozoic section, the water freshens 
relative to the Minnelusa and, with the exception of the Red River, becomes 
saltier with depth. 

None of the units tested yielded significant quantities of water. Flow 
rates ranged from about 5 to 50 gal/min. Pressure heads in the Paleozoic units 
were in general in excess of 750 ft above land surface. (See table 2 for 
complete flow data.) 

Two cement plugs were placed in the bottom of the well—one from 9,37.8 
to 9,084 ft and the other from 8,884 to 8,422 ft below land surface. The plugs 
VTere placed to block upward leakage of highly saline water (about 26,000 mg/L 
dissolved solids) that included a gas show in the basal Cambrian section. 

Drill-stem tests 6A and 7 included the interval of the gas show in the 
Cambrian sand. Apparently the porosity and permeability of this sand are very 
low as the sand did not yield gas or fluid during the testing periods. 

Water from the open-hole part of the well, which begins about 19 ft below 
the top of the Madison Limestone and ends about 120 ft above the base of the 
Red River, has a head at the surface of 333 Ib/in^ or about 768 ft above land 
surface. Because of the well-head equipment, the water cannot flow freely from 
the 13-3/8-in casing at the land surface. However, one of the 2-in valves in 
the well head was opened and the well flowed about 44 gal/min with about . 
3 Ib/in^ back pressure. Using these values, the specific capacity.is about 
0.06 (gal/min)/ft of drawdown. This specific capacity is about two orders of 
magnitude less than that of a similar interval in the Madison Limestone test 
well 1. The. water from the open-hole part of the well has a dissolved-solids 
concentration of about 4,390 mg/L. 

It is planned to ruu additional geophysical logs and tests in the test 
well this fall. The logs will include televiewer, gamma spectrometer, and 
possibly trace ejector and spinner surveys. A vertical seismic profile will 
be run in August. ... 

The well construction and well-head equipment are such that the well can 
be used for several years as an observation point, a test laboratory, and for 
geophysical-tool calibration. 
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