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CONVERSION FACTORS

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

in the following table:

English

in (inches)

£z (feet)

£t} (cubic feet)

ai? (square miles)

gal (galloms)

gal/min (gallons per
nisute)

(gal/min)/fr (galloms per
minute per foot)

1b (pounds)

1b/in* (pounds per square
inch)

md (millidareys)

Multiply by

25.4
«305
.02832

2.59
3.785
.0631

.207

.4536
6.89438

.000987

iv

Metric

mn (millimeters)

m (megers)

m” (cubic meters)
(square kilometers)

L (liters)

L/s (liters per second)

(L/s)/m (liters per second
per metzer)
kg (kilograms)

~ kPa (kilopascals)

uz? (squars micrometers)

soconsenan.
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PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL 2,
SE%SZ% SEC. 18, T. 1 N., R. 54 E., CUSTER COUNTY, MONTANA

By
D. L. Browmn, R. K. Blankemnagel, J. T. Busby, and R. W. Lee

Abstract

This report provides the preliminary data for the Madison Limestone test
well 2 inecluding test-well history, geology of the test well, hydrologic

tasting, and geochemistry. It also discusses the preliminary results and
future testing plans. : :

The test well was drilled as part of the study to datermine the water-
rescurce potential of the Madison Limestone and associated rocks to meset
future water needs in a. 188,000-square-mile region that ifncludes the coal-rich
area of the Northern Great Plains., Drilling and testing ware designed to yield
a maximum of s:ra:igraphic, structural, geophysical and hydrologic infar:a:.on.

The test well was drilled in the SEZXSEY% sec. 18 T. l ¥., R. 54 E.,
Custer Ccunty, Montana, to a depth of 9,378 feet below land surface. The well
i3 cased with 13-3/8-inch casing frem land surface to 4,681 feet and 9-5/8-inch
casing from 4,519 to 6,487 feet below land surface. It is an 8-1/2-inch-
diamettr open hole from 6,487 faet to 8,422 feet. The well is plugged below
that depth by two cement plugs--ocne from 9,378 to 9,084 feet and the other frem
8,884 to 8,422 feet. The well is so comnstructzed that additiomal hyu:olcgic
tasts and geophysical logs can ba made at a 1a:e: da:a. o

Nine:ezn coras were takan fram selec:ed in:ervals tataling 754 fee:,
722.4 feet of core was recovered. The cores were photographed, slabbed, and
plugged, and selected parts were tested for demsity, porosity, and vertical
and horizontal permeabilify. Gamma and density scans of the cores were nade,
and :hin sec:icns are-being prepared for detailed exzmina:.on.

Seven:een cnnventional drill-stem tests and packer-swabbing tests were
attempted, 13 of which give clues to the pressures heads of water in the

intervals tested. Watar sanples were cbtained during 10 of :he tasts, 7 of
which were flow tasts.

- e - ,‘._-_.-..:_og.--x,_» e el —r'g-' . -._

Water from :hz 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 Sandstoné, ne major poteatial

- sources of ground water were found in the test well. Also, no freshwater

(less than 1,000 milligrams per liter dissolved solids) was found im any of
the zones tested in the well. Water salinitias ranged from about 2,000 to
46,500 milligrams per liter dissolved solids.
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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-
tromecsr, trace ejector, and spinner-surveys. A vertical seismic profile will
be made in the well in August.

Introduceion

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

In 1975 the U.S. Geological Survey, in cooperation with the 0ld West
Regional Commission, prepared a plan of study (U.S. Geological Survey, 19735)
for evaluating the water-supply potential of the Madison Limestonre and
associatad rocks. That rTeport not only presents a plan of study for the
Madison, but also gives references rslating to the ragional geology and
hydrology, citas the current gecohydrologic studies being made by Federal and
State zgencies and by private companies, and summa:izes the available data

and the defi:ian:ies o1 these da:a.

' Du:ing :he davelopment of :he study plan, a liaisan cammi::ae was
forzed. The members were drawn from agencies of State governments that have
an zczive interest in or respousibility for control. or development of water

- £rom 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 commitzze is to

maintain cpen communicatisn-between Iinvestigating hydrologists amd-State

officials relative to all aspects of the U.S. Geological Survey's studies of
tha Madison aquifer.

During the 1976 fiscal year, the U.S. Geological Survey, in cooperaticn
with the States of Montana, North Dakota, South Dakota, and Wyoming, began a
study to determine the watar-resource potential of the Madison Limestome and
associated rocks to meet the future water needs in a 188,000-mi2 region that
includes the coal-rich area of the Northern Great Plains, and to evaluate
these rocks (the Madison aquifer) as a source of water Ior iadustrial,
agricultural, public, and domestic supplies. The study area includes eastern
Montana, western North and South Dakota, a small part of Nebraska, and northe-
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 cbjectives include:

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

2. The chemical and physical properties of the watar.

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

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

5. The locations of wells and the type of comstruction and develoumen: of
deep wells that wuuld obtain optimum yields.

Many o0il taests 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 tasts on known geologic structures. Few data from
these tests were collected for hydrologic purposes, but the information.is useful
in dafining che geologic framework and some of the aquifer characteristics such
as water quality, temperature, porosity, and potentiometric head.

To obtain berter subsurface hydrologic and geologic information, it was
recognizad that test wells would have to be drilled. Drilling and testing were
designed to yield a maximum of stratigraphic structural, geophysical, and '
hydzrologic information. Stratigraphic and structural information, obtained from
dzill cuttings, cores, and geophysical logs, is ecritical for recomstructing the
paleogeologic history of the region as well as defining the presen: structural
and sedimentary framework. Careful analysis of cuttings and cores, and correla-

- tiom with geophysical log characteristics will have transier value with da:a

obtained frem oil-well :ests and surface geophysical surveys.

Hydraulic tests are designed to yield pressure data and subsurface water
samples from discrete intarvals. These data are used to determine the degre= of
isolation and (or) intaerconnection of aquifers, the watar yield of isola:ed zones,
the composite yield of the well, and the quality of water.

Madison Limesgtone test well 2 is the second in a series of prcposed tast
wells that are designed to tast a preliminary regional conceptual model relating
porosity to li:helagy, and, in turm, :ransmissivity to structura and other rTock
properties.

Tesc well 1 (Blankennagel, Miller, Browm, and Cushing, 1977) was drilled in
the NE%SEX sec. 15, T. 57 ¥., 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 perceatage 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 paorosity was indicated. Other considerations in selecting the site
vere (1) depth to Precambrian rocks at about 5,000 £t below land surface,

(2) adequate pressure to be reascnably 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) nearmess to source of electrical pewer. The

4
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: well, although not complaetely developed at this time (June 1977), will yield

at least 700 gal/min. It penectrzated formations having good porosity,
permeability, and open fractures to a depth of at least 3,200 fr below land
surface (3lankemnagel, Miller, Brown, and Cushing, 1977).

The site for Madison test well 2 wvas chosen with comsiderations 2-6
(1istaed in previocus paragraph) being the same. The main differences in this
site selection were in the depth to Precambrian basemenat and lithology of the
Madison and associatad 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 £t below land surface.”

L 4

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

limestone in the section?

Madison test well 2 is iz the SENSEXZ sec. 18, T. 1 N., R. 54 E., Custer
County, Mont. (£igs. 2 and 3). It is along an all-weather gravele-surfacad road,
about a quarter of a3 mile west of the Powder River. The well is about 6 ai
northeast of Powderville, Mont., and 55 mi scutheast of Miles City, Monc.

The well was spudded in the Hell Creek Formation of Late Cretaceous age
on November 17, 1976, and botrtomed 94 ft below the top of the Pracambrian rocks
at 9,378 £t below land surfacs on March 23, 1977. It is cased with 13-3/8-in
diametar casing frem land surface to 4,661 ft, and with 9~5/8-in diametar
casing frem 4,519 to 6,487 fr. It is 8-1/2-in diameter ocpen hole from 6,487 to
8,422 ft. The well is sealaed off below 8,422 ft by two csment plugs-—one from
9,378 to 9,084 £t and the other from 8,884 to 8,422 £t below land surface--to
isolate the upper part from the Cambrian sandstomes that contained saline water
and gas shows (fig. 4). The well is so constructed that addiziomal hydrolsgic
tests and geophysical logs ¢an be run at a later date (figs. 5 and 6).

Seventeen drill-stzn and packer-swabbing tests were attemptad; 13 yielded
head and quality-of-water informatiom for the intervals tested. Based on the
tast data, all water-bearing units in the Paleozsoic rocks had sufficient head
to cause the water in them to flow at land surface. Water fzom the uncased par:
of the well, 6,487 to 8,422 fz, had a head of 333 lb/inz above land surfaca.

Nineteen cores were takan from selected in:ervals to:aling 754 fr; 722.4 £t
of core was recovered. The cores weras photographed, slabbed, plugged, and
selectad parts were tested for deasity, porosipy, and vertical and herizontal
perneability. Gamma and density scans of the cores were made, and thin sections
are being prepared for detailed examination.

This raport provides the preliminary data for Madison Limestone test well 2
including test-well history, geology of the test well, hydrologic testing, and
geochemistry, and it discusses the preliminary results and future plans.
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Figure 5.—Well-head equipment of Madison Limestone test well 2.
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'; Analysis of core and hydrnlogic prope:ties was by Core Labora:nries, Inc.,
Denve:, Cola. , . . o

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 persconnel invelved 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 comtributions in the site selection, drilling operations, and
testing of the well.

Fenix and Scissom, Inc., of Tulsa, Okla., prime contractor for the Energzy
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 sita. Fenix and Scisson alse prapared the well history
included in this repor:. :

J. R. Kerns and E. T. Hegna of Hegna, Rarms, and Trauz, consulting
geologists, Casper, Wyo., were employed by the drilling contractor during
drilling operations. They assistad with selacticn of cored intervals and
identified formation tops. Their descriptions of cutting and cores are included
in this report. Continental Laboratories were employed by the drilling contzac-
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 vere zun by Lymes, Inc., with interpretation by Roger L. Hoeger.
Other companies, too numersus to mention, wers involved in the drilling, co:ing,
fishing, and cenen:ing opera:ions. . o

Core prepa:a:ian, photngraphs, and gamma-ray-a:tenua:ed-pornsi:y-evalua:or
(GEAPE) logs wers provided by Marathon 0il Research Cemter, Demver, Colo.

N — e
cee T L

Iest-well his:ory

" . hole history, core record, bit record, deviaziom surveys, and log index sheet

vere photocopied from the Fenix and Scisson report provided to the U.S.
Geological Survey at the completion of the drilling, coring, and preliminary
logging and testing of Madison Limestone test.well 2. The mud report is from
the Hegra, Kerns, and Traut report. IR : -
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I LNIX & 5C1350m, INC,
HOLE HISTORY DATA

DATE: 616=77 APPROVED:
nOLY %Q. Madisen #2 | ¥, 0. NO. ’ }. D. MO.s
UsTRy USCS ’ TYPr woLE: Explorarory
LocATION Montana | counrr. Custer ARga:r  Powderville
SURFACT CIORCIMATES: SE/&4 . SE/4, See. 1B, TIN, RS4E
CACUND £LIYATION: 27%3° PAC ELEVATION: TOP CLING ELFVATION:
RIC OM LOCATION: 11-10-74 STUDDED: 11-17-76 COMPLITED: 4=28=77
CINCULATING MEDIA: Mud
HalN RIG & CONTRACTON ' NO. OF COMPRESSORS & CAPACITY:
SORE MOLEZ RECORD CASING RECDRD _
Fru 10 uze .o, | vt warl | c=aoe | crus. | rRow To | Cu.rT.cuT.
a* 7' | Exeav. (8' A 8' eeriar) o'l 7' Ipire
7] sat{ 3% 30" oo 7l sarl s
54' | 407° | 26" 19.124" | 9es H=40 Burrres 3'] 407 1003w
407' | 4663' | 174" (See Page 4) | 0* | 4682 | 6305wwn
4663° 6439 | 12" 8.835" 40¢ S-80 | sTsC ‘4519' 6487 | 1122
5439 | 9378 | g i ] |

TOTAL pEPTH: 9378 ex.i AYERAST MANBREL DEPTHI

FROM REFPERENCYE ILEIVATION ¢

Plugzed dack from 8422' o 3378

JUNE & PLUGCS LEFT I HOLZ:
SURVEYS PAGE: 14 l CORING PACTs 12 ’ €U, FT. CUT, TOTAL IN PLUCS, ETE: ;_2__:;
LO8GING DATAr  Paps 15
SOTTOM MOLE COSROMATES: [ REFERINCE:
' RICS USTD (Sita Prep Rigs *)
e wa. | Naug TYPE caa8s | ongairma] 5 eany. | wio cxew | ow woce
8 | JR® Drit1ing co. Nariomal 803 [162.08 | 0.45 - 162.53
(Anderson Drilliae | S
Ca. Rig)
}

remargss * Sue Prep ltexs

8 Approximatelv 200 £:3 cireulated to surface.

#%* Aporoximacaly 728 ft3 cireculated to surface.

ROTE: . Depthr ghown are froe cround level elevation 16' below kelly bushing

elevstion., T.D. 9378' (C.1.) = 9394° (X®)

PREPARTD Y, WNSIg4vw

TIME BRTAZDOWY O NEXT PACT

12
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Madison 22
T4 BREAKDOWN

SITE PRCPARATION

DRILLING QPERATION TIME (DOT) OTHER SCNCBULLID TIME (OST) OPERATIONAL OELAY TIME (30T}
| omiLL ugvg ‘ RIG REPAIRS
™mes. UM CASING ¥, O, DRILLING SUPPLIES
] e} . R
sysvers —a— CIMENT CASING CLEAM QUT FiLL _
' SECURED WITH CREYS
e ] e ] - R
sirever . DATS sTrE 037 DaAYS SITE 00T
TOTAL SITC PREP TIME DATS REMARKS,

MAIN HOLE CONSTRUCTION

TOTAL ILAPSED TME

162.53 oars

DRILLING SPERATION TIME (BOT) OTHER SCHEDULLD TIME (OST) OPERATIONAL SELLY TINE (O8T)
smiLL 29.19% HORILIZATIONA DEMOBILIZATION MG REPAIRS 1.32
T™PS 10.567 cong 16.19 Y, o goutuent & Supplias 2.23
OREIY DRILLING AISEMELT Lo 6.00 4ot ] 10.17
SNCLL SHAT BLY, SURYETS 0.30 CASED WOLZ DIR. SURYETS CLEAM OUT PILL 0.99
OPEN HOLZ DIRECTION SURYETS UNLSAD CASED MOLZ UMLSAD WATER INFLOY
Opez Hole 34.10 RUM wANDREL REAK CROGKZD HOLZ

S NYOROLOGICLL TESTS 29.86 UG a4RZ -
B Rippla Up  _4.37 | sanyout rucs
mae worg ot 74.76 oars | Cirzulaza Sazples 1.37 | secoommecazys 9.453
CASING OPERATION TIME (CDT) Plug Back ) 1.00 - ’ '. ‘ SIRRE
aw 20°  csme _0.43 | lay Down Dr<ll Pipe  _0.92 [Cleam Oue Plugged 32z _1.40
aun  13-3/8" casine 1.49 : . - o
CzuewT 20" casne 0.87 ...foren _ |Repaiz Blow Out Prevencar 1.18
cxugnt 13-3/8" casine 1.12 Circulage & Mix Mud 1.18
DAILL SUT SHOL 1.84 Thaw Out Rig 1.18
. ——I..79 . m——— e sea V ———
wam worgezr_7.34  oavs wamworz os7_59.71 oars uatn werg 0ot__20-72 oavs
TOTAL MAIN MOLEZ CONST. Ting 162.33 DaYs REMARKS, '
TOTAL ELAPSED TIME
TOTAL 3ITR PREP Ting DAYS NEMARKI,
TOTAL Mai NOLE CONST. Ting 162.53 oars . . )
S4C. v/0 Cxtw UTT PRLP ' BAYS * Run 8-5/8% !_éggf 0.37 Davs
STC. ¥/ CREY MaIN NOLE CONST, bars Cazenr 8-5/8" Lizer 1.42 Days
| T9taL 3USPEINOED (M0 MIG) DATS

13
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11-7-78

11-17-76

11-18-7§

11-19=76
13~20-75

11-21-78

MADISON #2
HOLE EISTORY

Size prep work consistad of an 8' x 8' cellar ser at 7' below ground
level with 30" CF set at 54' below ground level in a 356" hole and
csssnted with ready =ix cament.

Andersen Drilling Company tig 8 was ooved in and crews starzed
Tiggiag up.

All depths raporzed #rom kally bushing elsvation (X2) 16' above
ground level (GlL) unlass otherwise notad.

Rigging up was complatcad az 0330 hours. Drilled 174" hola frem 70
o 330 using comvencisnal cizeulacion wizh mud.

Drilled 17%" hola frem 330' to 430'. Pulled out of hole and =ade up
25" hole opener. Opened 174" hole to 25" from 70' to 146'.

Opened 17%" hale go 28" Srom 148" o 357°.
Opened 174" hole to 26" from 357' £o 423°. Rigged up to Tum casizg.
Ran 10 joines (425.62°) of 20" 0.D., B=40, 947 bucssess thread casizg

zad landed a2.406.52° (GL). Casing had a Baker 3X guide shoe on
botgzom and a 3akar latch-in type floaz eollar ac 363.52' (GL). Cen=-

' gralizers vers placed ac 406", 367°, 326, 283, 243", 201', 159' and
117'. All ground level =ezsuremenss. 2Ran lazzh~in 2ol in the hole

. and lacched ingo the floac eollir. Camencad amaulus using Eallfdurzen

1-22-76

L-23=76

1-24~76

11-25-76

11-26-76

wizh 520 sacks (801 £:3) of "Lighe" cemens, 32 calciuz chlorids and

.. 1/4d per sack of Tlocala followed by 200 sacks (230 $z3) of Clasa "G"
. camsng, 2% ecaleiumm chloride and 1/44 per sack of Floecmlis., Cazant in

placs at 1118 hours. Approxizacaly 200 f£23 of "Light™ cesent gizeue-

. latad to surfaca. Waitad on camang,

.......

Cut off 20 O.D. casing and velded om a 20" Nacional Savias 600 easing-
head. Starzted conmecszing up blow cue cqui:nnn:.

Ccmplatad e:nnc::.ng up bisw ocut cquipmt cocnsissing o! a 20" Shafifer

. single ram pravencer cm top of the casinghead followed by a 20" Eydril

¥SP=2000 preventar wizh a Graat rstating haad on top. Drilled ocut

" float collar with a 174" Bit and prassurad up om the Bydzil prevester,

- top seals were out of the preventes. Removed connections and waited

~on Tepairs at 1918 hours.

Vaized on Rydril serviceman to 0600 hours. Worked om praventer asd
found piston cezented in. Replacad with a new Rydril preveasers.

Connected uUp new preventar ind tasted to 1000 psi for 30 mu’:es.
Drilled cut ceceat and shoe with a 174" bis, Made tzip for 8%" bi:.

Ran 84" bit in the hole with a junk sub, Circulaced hole clesn azd
dzilled 84" hole from 430' to 778'. Circulated hole, ran out of
vazer at 1300 hours.

14
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- 12edem76

12576
12676
S e gl up cora bavrel with an 84" core biz and Tam in bole. Caoza BarTel vas

. plugged, pu.uzd out of hola. S R

12-7=76

| 22-3-76

Madison #2
Hole History
Page 2

11-27-76

11-23-75
13-29-76
11-30-78

12-1-78
12-2-76

12~3~76

12-3-76

12-10-76

. A2-11=76

12-12-76

Thaved out rig £o 1230 hours, ice in diesei ail lines. Drilled 3%"
hole from 778' eo 850'. Shut down at 2130 hours to thaw oug diesel

lines.

Thawed out Tig 2o 1245 hours., Drilled 84" holz 2from 950°' 2o 1073°.
Pullad out of hols.

}'.ade up Curistensen azcrs barrsl vith an 84" x 4" diamond biz and exe
eora §1 frem 1073' o 1108°, recoverad 23°.

Ran 8" bit inm the hole, washad and reawmed 8§0' o botzom amd drxilled
fzom 1108° to 1430'.

Drilled 84" hola from 143Q°' e 1335°.

Drilled 8%" hole from 1935' t2 19569' and pulled ocus of hole. Made
up cors barrsl wvith 84" cors bis and cut cors #2 fvom 1563%' £z 1899',
racoversd 25°'. Ran 8k" bit in the hole, Teamed 30' o botzom and
drilled from 1999° =o 225Q°.

Drilled 3%" hole frzom 2250 to 30S55°.

Drilled 84" holae Zzom 3055' to 3621'. Made tzip for diz az 3442' and

ik _nmd €0' oo bogzom. et . .

' n:m.d £4" hale fren 3621 415:.'

Drilled B4" hole from 4154' to 4343% and pﬁ.uad out of hole. Made

' Clesned cut eora barval. Ran 84" biz in the halc and wvashed 106' eo

botzom at 4343°. Pullad biz and ran cora barTal back 4in hole. Claaned.

----------

out 23' of £111 and cuc coze #3 fzom 4343° o 4369°.

Recoversd 26' on core 3. Ran 84" biz in the hole, reazed care hole
and drilled from 4369' oo 4640°.

| Drilled 85" hole from 4640° to 4682°. Measurad ouc of hols aad
... ecorzectad depth 2o 4577'., Ran Birdwell logs.

Continued ruaning logs.

Complated logging. Ran 84" bi:t in the hole and washed 25' to bot:ca.
Conditioned hols for testing and pulled dis, .

Made up Lynes tast toel and ranm drill stem zest #1 £rom 4300° to 4630'.
Tool openad at 0512 hours and completed test at 0830 hours. Llaid dowvn

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

Opened 84" hole to 12k™ fzom 430" 2o 746°.
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Madison £2
Hole Hiszory
Page 4

1=4=77

1=3=77

1=5-77 -

Pulled cuz of hole, no racovery. Made secoud toip wish che baskes,
no recovery. Ran 104" 0.D. magmet in the hole, racoverad approxi-
sataly 1 quazt of bearings and piacss of comes. Ran z=agnat back ia

hols.

Pulled =agnec, 30 Tacovery. Mada tTip with 174%™ hole opener and
condisioned hole 2o Tun casing. Scxrzed Tumaning 13-3/8" 0.D. casiag.

Completed rumnisg 13-3/8" 0.D., ST3C casing, set at #677.7Q°
(4661.70° GL) wizh a Zaker guide shoe on bogzom and 2 lazzh-in cype
float esllar az 4631.13' (4615.13' CL). The casing was run as

follows:

Waighe
No. Joines Per Foot Grade Interval (GL)
22 68,000 S=-30 4661.70' - 3733.48°
a7 61.00¢ 5-30 3733.48' - 2086.63"
53 - 84,504 K=55 2086.63" - o'

Cancoalizers vara placed ac 4649°, 462S', 4533' and 43520Y, all ground
lavel measutemects, Then onas caatralizer oo every other callar 23
1136° and onm om every fourth eallar to 515°' and than ona az 250
fzrom surfaca., Ran lacgch-in tool iz the hole on 4™ dvill pipe and

- latghad into callar. Cazented amnulus using Halliburzon wizh 6017.5

" - #23 (2085 sacks) of Class "G” csmené, 162 gal, 32 salz, 0.2% CFR-2

asd 1/44 par sack of Flocalae followed by 287.5 223 (250 sacks) of

" Class "G" cement and 1/44 per zack of Flocala. Cameng in placs at

1-8-77
1=9=77

1-10~77

1-11-77

1-12-77

7 1520 Bours. Circulated ouz 250 sacks (728 £23) of caceas. Waitad com

Vaized on cecenc o 0900 hours. Cur off the 20" 0.D. casing below .

- ground level and welded a flaage sa thae 13-3/8" 0.D. casisg.

cosvesnn.

Inscallad Camercn and Eydril blow cut pravenczars on tha"flange aad
stazzad nippli=zg up. ) )

Cozplatad nippling up. Prassura tasted blow ouz egquipmenz o 1000 psi.
Ran 12%" bit in the hols and drilled ous flocat equipeesnc.

Completed drilling out cement snd shoe. Pressurs testad blow out
equipment to 1000 psi. Pulled out of hole and made up 8%" drilli=g
asse=bly. Ran 4n hole and corTected total depth from 45677' to 4679
for hole made while fishing with a 11-3/4" Globe baskesz. Dt!l.lled 8"

hglc Srom 4679' o 4831°.

Drilled 8%" hole from 4831' to 4870', measurad our of the hole and
eorreczed depth to 4877°'. Made trip with a3 magnet, no recovery. Mads
up Christensen 6=3/4" cora barrel vith an 34" diazond core bit and

cut ecore 14 from 4877' to 4507°.

Pulled out of hole and recovered 25' om core #4. Made wp 8%" driliisg
assembly and drilled from 4907° zo 5108'. 7

17
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¥adison 2

Hole BEistory
Page 3
31-13-77 Drilled 84" hole from 5108° o 5410°.
1+14=77 Drilled 84" holas from S410' co 5854°.
1=13=77 Drilled 8&" hole fram S56354' to 5330°.
11677 Drilled 84" hole frem $850' to 6085°. ' ' R
1=17=77 Drillad 84" hola frum 6035 za 6140'.
1-18=-77 Drilled 8%™ hola fzom 6140' to 6327°.
1-19=77  Drilled 84" hole fzom 6327° to 6470'. Circulazad samplas to surfacs.
1-20-77  Pulled ocuz of hole and made up core barzel with 84" bis. Cut caﬁ o]
from 6470° o 6340°. :
1-21-77  Continued cuezing core #5 from 6540' 3 63567, recoversd 88°. Raz
Schlumbarger logs. ’
1-22-77 -Camplatad rumeing logs. Made trip wich 84" biz and esndiziozed =ud.
. 1=23=77  Made up Lymes sgraddle packars zzd zan i hole om 44" drill pipe for
- .dz4ll stem tast #2. Sat packars from §138' to §243° and cpened zoal
. ag 0715 hours, packer failed at 0930 hours. Pulled cut of hole. Re- _
. paired tsol and Tan back in hole for d=ill stem zest #3. Set packars
L s z'aa &13&‘ ta 6266', opensd :nol at 2310 hnur:. A A L
Ry 1-24=77 . Ca:plcud :ts: a: 0700 hnuz:. Worked packsrs looss and pu.llsd sut cf -
. S " hols. Mads t=ip wizh %" dit and condizdiomed =mud. o ST
1-25-77  Mada wp test tool and Tam in hole, set packars from 4898' to 4916'
for drill stes test #4. Cpened tool at 0537 hcur: and campleced Sast
at 1007 hours. Made up 12%" hole cpener and ranm iz hole.
1-26=77  Opemed holae from 4679' 2o 4976'. Made t=ip faor hole openar at 4715°,
_ ‘bdz lockad. :
- 12T Opened 85" hele to wx" frem 4976 to 5337,
1228=77 - epqud 3%" hole 2o 12’:" £m 5337' to 5583'. Made trip for hole
_ ~epensr at 5485'. ‘ _ .
1-29-77 Opened 8%" hole zo-12%" from 5588° to $625°. ua_a. tzip for hele
: epcaa' sz Ss2°'., - , o
1-30-77 . Opened 84™ hola to 124%™ from 5625' to 5789'. Pulled ouc of hola.
1-31=77 Changed ouz hole cpener and raa in hole. Opened 8%™ bols to 12%" frem

3789’ o 5900°',

18
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¥adison 02

Hole History

2age &

2«-1=77 Opened 8Y" hole to 12%" from 5900' to 6056'. DPulled out of hels.

2=2=77 Changed out reamer and ram iz hole. Opened 84" hole to 12%" frecm
6056’ to 6107°. ’

2=3=77 Cpenad Q‘z" hola 2o 12%" £r=a 6107 =o 6231°.

2=bm77 Cpenad 34" hole o 12%" from 6181' to 6230'. Made tz<p for rTeamer

- “ 62“’. ) *

2=5=77 Openad 84" hola to 12%" fzo= 6230' to 6291°.

2=6=77 Cpanad 84" hola tn 12%" from 6291' to 6357°.

2=7=17 Opened 84" hole to 12%"™ from 6357' to 6388'., Made t=ip for hole

opeaar at 6367°'.

2=8=77 Opaned 84" hola 2o 12%’' from 6388' o 6429'. Made t=ip for hole
openar at 6§409°.

2=3=77 Opened 84" Bale o 12%" from 6429' to 6461°.

2«10=77  Opensd 34" hole £o 12%" from 6461' to §505'. Condizicmed hola and

pulled bole opeuer.

|2-11-77 R 3izduell caliper log. Ran 45 faines of 9-5/8" 0.D., 404, $-30,

;. Range 3, ST3C casing for a liner in the hole on 415" dzill pipe wizh
- & Browm 01l Tool float shoe om bezsom and a Browm type 1 landisg
S collaz at 6453' (6439 GL). Overall leungeh of lizmer asse=bly vas ,
77777 1968.20°. . Tagged dotzom at 6305 and linded linar ac 6503' (6487 GI)
CoLc with the top of the Browa CMC linar hanger az 4535' (4519 GL).
© Camszralizers at 64937, 6468' and 6445° K3 with esmeTalizers on every
em: ce.ua: fzoa joiznt #4 thry 225, joiac #35 and 729,

P ke o

| 2e12-77 Cazsntad annulu: usiag HalliSureen wich 532 223 (350 sacks) of Tlighs"

cemant, 102 salf and 0.75Z CTR-2 followed by 530 f£23 (300 sacks) of
Class "G" cameng, 102 salz and 0.752 CFR-2. Cemene in placs ac 03500
hours. Displaced cement with 5 barTels of vater followed by 151
.~ barTals of =us, ;ooi Teturns to surfacs. Released liner rumaing tool
-2 sod pulled out of hols.. Waited om cement £5 2000 bours. Raa 1255"
T bi: in the holae uxd tagged cament at 3508°. . . e

2-13=77 Vaited on cement wntil 0500 hours. Drilled cement from 3903' to 4820,

' ¥ade tzip for 84" bir and drilled cezmeat from 452:!' to 4579',
~woid to 6379°'. Top of liner at 4538'. .

2=14=77 ' Prassured up to 1000 psi for 30 minutes. Drilled ouz cament, landing

- ¢ollar and shoe froa 6379' to 6503 and clesned ous £11) zo 63554°.

19
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Madison {2
Hola History
Page &

3=2-77 Recovered 22.5'an core #1l. Cuc eore 712 from 7623 ez 782S5', re-
caverad 2'. Ran 8% biz in the hole aad drillad fzom 7825' =o 7548°.

Clzzulaced sarplas.

3377 Pulled out of holae. Ran 84" cora biz ia the hola and cut cors 13
: 2oom 7648° £o 7853°.
3be=T7 Complegnd core 13 fzom 7693' 2o 7700°, Tacovered 53, Cue esre 714
: fzam 7700 ta 7750'.
3-5-77 Racoverzd 59 en cara #14. Cut core #185 Zrz= 776Q° o 7320, ra=
eaverad 83°'.
3=b=i7 Cuz core #1656 from 7320° =3 7865', racoversd 38'. Ran 8k" biz inm the
hph and dzilled from 7B65' o 7%24°'.
3=7=77 Drillad 84" hole fzom 7924' 2o 8033°. Cizsulasad samples as 7973°.
3-3-77  Drillsd 84" hale fzoz 3083° to 8215'. Cizsuliced sasples to sust
g m:.-a oug of bola.
2=9=77 !ada up 34" cora bit and cuf core #17 from 8215' o 8238' , TEcoverad

- .'..21.' lla 4" biz in the hola and drilled from 8238' z3 531.1'

m.u.a e m.. fren 831" =0 8532°.

" Drilled 84 hole from 8532° ta 8624'. Mada s=ip for bis at 86237 )
ad Taamad 30' :g hggm ' : e enetine T

31277 Drilled 84" hnl. £°== aszn' zo 8782°. éi:;ula:ad_saﬁpla at 8668°.
3=13=77 .Brﬂlnd " hnlc .’.rna 8732' to 8934', 34ir plugged, 'pu.und ous of hols.

... etsoney
seucssnnss

3=14=77 Bam 3%™ diz in the hole and hiz cop of limer 22 4535'., Pulled cus of

.. bola and found bit spliz. Quanged out biz and =ada =Tip. Drilled 8%"
 bols fzom 8934' £3 9045°. Circulatad cue apprnx.‘..anly 200 barTals of
vacsr afsar bd.n; shut dm for zig sarvica.

. csay
ae . A R Y © SR . - -

31877 nz:.u.a 8y" Bole fzom 9045' to 9215°,

3=18-77 Drmcd 84™ hole £m 9215' s 95291°. Pulled eu: of hole, hkad inflev
-~  of wager., Changed out biz, remamed and washed 115' ta botzem, had
wvacar inflow., Drilled 84" holn Szom 9291’ oo 9298' Mized =ud to

" eomtzol vatar flow.

| 3=17«77  Drilled 8%™ hols from 9298° to 9340' nd hclc s:zrtid floving vasas.

Pullad bit inco easing asd closed dlov out praventsr rams. Shut ia
pressurs ves 125 psi. Mixed =ud bduilding veight to approxiz=stely
10.5# per gallon, Ran ia hole wich bit and tagged 47° of £11) iz 2ha
hole, plugged biz. Pulled out 5§ stands and clesred diz, pumped in
approxizately 750 barrels of =ud. Pulled biz inside easing and =ixad

addizional =ud.
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Hola History
Page 9

3=18-77
Ze19=77

3-20-77

2077

22-77

3=23-77
3=24=T2

. 32577

=26=77

Ran back in hole and displacad wvater wizh mud. Starzed vashing and
Teaming 175' off bozzom. Drilled 8%" hole fzom $340° o 9375'. Cir-
culaged samplas.

Made tzip for birz, vashed and reamed cut of gauge hols to 9375'. Made
tzip wizh a2 magnef, 20 racovery.

Raa 34" cora bit iz the hole, washed to bogZom and zotary table locked
up. Pulled cors barzel and replace =3zary table.

Completed rapairs. Ram core barrel back in the hole and wvashed 2o
botzom. Cut cora #18 fzom 9375' to 92388°,

Recsverad 11' ocn core #18. Cut cors 19 fzom 93838' o 9394°, ze—
covered &', Ran Sghlumhaerger logs.

Complecad Schlumberger logs. Ran 3irdwell logs.
nunp.nnnm 3irdwell logs. Made trip to condizdcz hole for t=sting.

Ran lynes dual packasrs iz tha kole cm 2-7/8" 0Q.D. zubing. Waigted on
daylighe ¢ cpen tsal. _

Set packars from 9300° o2 9394°, ounuum toel ag 0805 houxs for dzill
seam tase #5, fludd scarzed dropping iz the amaulus. E dovn

- - unnw_nuua packar zubber had rupturad.

3=27-77

Changed out packars. 2an back ia hole with uunw-n uﬂ-nluu 2xom 9228°

ty 9252' snd sec ac 1305 hours for dzill scem tesz #6. Rigged up o2
- swab sud esuld not get below 30°. Raplacad tubing subs and Taset

32877
3-29~77
3-30-77

3=3=-77

4=1-77

Waizad unzil daylighs o cpen toel. Ran drill szam gesz #6A 2oz Q0630
hours to 1500-hoursz. Opened ool tao tesz balow and betwesn packars
for drill scem tast §7 as 1600 hours. .

nunnu.uﬁm tegeing., Filled tubing with watesr and csuld ot raleass

vsng.. Workad nuvuua -nunnunu.u» to free vunrunu
; nuunuuﬁm conxtum unﬁr naun toel.

ﬁb:nu vorking stuck zasz tool. Ran Otds baller and sand pu=p and

© esught vater sazples. Ran MzCullough free poiat indicastsr, tool mot

vorkiag properly.
Coazinued vorking stuck tase noou... MeCullough free point iadicaser
shoved 2-7/8" 0.D. tubing frae at §900'. Perforated tubisg with

Ma€ullough Chea Shot, two 3/8” hole 180° apars az 5119.5'. 3Broks cir-
culazion aand cirsulated hole vhile working subiag.

.-
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Madison 42
Hole Hissory
Page 10

4=2-77

4=3=77
beliw 77
&4=5=77
4et=77
&=7=77

4m=TT

dm3=TT

#~10-77

4=11=77

4=12-77

Conzinued working tubing and circulating =ud. Waited on Qtis tools
uasil 1930 hours. Ran 02is sand pusp inside the 2-7/8" 0.D. suding.

Ran sand pucy to 9185’ for several runs and tubing began sa £ill uwp
to 9150‘. Racovered heavy mud wich some sand and shals. Ran
MeCullough Irae poine indicazor, tcubing stuck ac 6845°'. Ran chemical
shot and cug tubing az 6807'. Starced pulling cubing.

Complazed pulling »ubing. Ram Rucker Ac=e overshst, jars and bu—per
sub in che bole. Worksd over Iish and jarrzed locosa. Pullad cuz of hola.

laid down 2-7/8" 0.D. tubing and Lymes packess, reegverad all of fish
except top rubber off of the top dual packer. Made tzip wicsh 84" biz
and conditioned mud for tascing,

Mads up Lynes cest toocl for drill scem tasc 78, Made 4 tTips with toel,
could not get past lizer 2sp on 2 tzips and could not sac packers om
2 t=ips. -

¥ade szip with straddle pz:ke:s and alse with a scandazd cesc .:ol.
ecould not set packers. Made up Lynes szraddlas packezs aznd s:a::zd
iﬂ hﬁll [~;-3 2’7/8" OOD. mingc .

Set packars to tast zone fzom 5115’ to 8333’ for drill scem tast J8.
Searzed tesz ac 0805 hours. L . E

Complaced tast at 0320 hours. Ralsasad packars and pulled out of hola.
Dressad tast tool and ran in hole to tesz zome fzo= 8030° o 8230°
for dzill stam tast #9. Could not sat packars. A

Pulled tsol and found bottem packar had rupturad. Mada t:ip wish 3&"
%12 to 8700’ and condi{ctiored =ud.

Ran 3izduell logs. Madae up lymes stoaddle packars and-eam-in hole on
2-7/8" 0.D. tubing for dzill szam tast #10.

Set packers fzom 8115' to 8355'. Opened tool at 0854 hours and scarsed

. Sast. . i . ) EITIN

&=13=77
&=14=-77

&=13=-77

4=16=77

Caa:inh:d tasting to 1330 hours. Pulled uwp :SA hole and Tesesz packsss
from 777S' to 8015' for drill stem ctesc 11,

s:zrted test at 0118 hours and continued 29 2100 hours. Released
packars and pulled out of hola. .

Completad pulling ocut of hola. Changed out test tool and raa ia hola.
Sat packers frem §449' 2o 6689° for drill stem test f12. Started
tast at 1330 hours.

Coutinued tasting to 0245 hours. Resat packers from £814' oo 7054°
dor drill scem tesc 13, Scazted test at 0711 hours.
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Page 11

4=17-77

4=18-77

4=13-77

4=20-77

4~0-77

4=22=77

4=23=77

Concinucd testing %o 0515 hours. Reset packers frem 7074' co 7314
for drill stam test #14., Started test 2t 0932 hours and complated
ac 1515 hours. Reset packers frum 7064' to 7304' for drill scem
test Jl4A. Scarzad cest az 1700 hours.

Completad testz at 1130 hours. Reset packars from 6449' to 6639° oo
check dzill szam tasz 212. 2eleasad packars az 1630 hours and pullad
out of hole. Searted iz hole with aa 84" biz.,

Cozpleced tzip to condition mud for furzher tastiag. Made up tast
ool wich dual packers and szartad in hole wigh 2-7/8" 0.D. cubiag.

Completed £zip iz hola and set packers fzom 7305 o 7545' for dzill
sten tast #15. Szartad tast at 080Q hours and complerad as 1500 hours.
Reset packers from 7525' to 7785' for drill scam cess £18. Scazzmad
gast az 1730 hours.

Cozpleted tase ag 1700 hours. Moved up hole 10' and sat packers Stex=
7515' %o 77353' for bypass tast. Cpened tool at 1330 hours.

Complacad tast at 0100 hours and pulled cut of hole. Made up double
packar tast tool and Tan in bole on 2-7/8" 0.D. tubing.

" Sag packars at 3520' to tast zone frem 3520 to toral depch az 93947

~ for dvill ste= tast #17. Startad test at 0300 hours and contizued

4=24=77
4=23=77
4o286=T7

to 1430 hours. Released packers and csndizicned =ud and build up
valuoe., ’

Candi:inncd ==d, wrkad :ncl lcose and laid dm :uhing and tast tsal.

Laid devu axbing and loaded cuz tese hnle.s.
Ladd dm dr411 cauzrs. Ran 434" drill pipe in hola open ended and

" pushed packer-rubber to bottom at 9394'. Plugged dack hole--using

4=27-77

4=28-77

Balliburzon with 220.8 £23 (120 sacks) of "Lighs" cement, 17 of mud
kill per sack and 0.22 of ER-4. Top of camemz 22 5100'. Cament in
place at 1905 hours. Pulled up the hole to 3%00Q' and sas plug 42
with 304.2 f£23 (180 sacks) of "Light” cemanz, 17 of mud kill per sack
and 0.22 of HR~4. Top of cezeae az 8450°, Cemeas iz placs ac 1930

hours. Pullad out of hols.

Rmvcd blow out pnvcnnrs and iastalled well hud cquip-an:. Ran
drill pipe iz the hole and tagged cement at 8438°'. Displaced zud
from the hole. Laid down drill pipe. Hols flowing =uddy water.

laid dowan drill pipe and connected 2" flow line from hole to pit.
Rig rzalsasad at 1500 hours. Drilling cperations completed.
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Madison 2
Hola History

Page 12
CORE RECORD
Waighe Circulating
Care Intesval Gn B4t Prassurs
No. Fe. M 10004 osi
1l 1078' - 1108’ 60 15-18 850
2 1969' - 1399' 50 15 850
3 4343' - 4389’ 50 15-18 gca
4 4877 - 4507° 4Q 20 900
L] 6470' - 65558’ 42 20 8C0
6 6574' - 6664° 40 20 750
7 6715' - 6745° 4Q 20 800
3 6745' - 6775' 40 29 800-850
9 7070' - 7128' 43-40 29 900
10 7370' = 7422'  40-44 20-22 3sg-1000
n 7500' - 7623' 45 20=-25 1000
2 7623' - 7625° 42 3 1000
13 7640 - 7700° 40 20-25 1000
14 7700 - 7760° 40 23 1000
- 18 ° 7760°' - 7820° 40 A ] 1000
.18~ 7820' - 7863’ 40 23 1000
© 17 8218' - 3238" 40 = 750
13 937S' - 9388° 44 pi-] 1100
19 93388 = 9334 36 23 1450
I0TALS
25

Teet
Carad

30
30
25
30
8s
90
30
30
S8
52
23

2
60
60
60
45

Faet

Racovarsd
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Madison #2
Hole History
Page 13

Make

Bughes
Grant
Securizy
Secuzizy
Securily
Securizy
Securizy
Security
Grang
Grane
Granc
Gzant
Gransg
-Gzant
Grans
Crane
Secunrisy
Secuzizy

i

g

Securizy
Securizy
Security
Security

Kﬂﬂﬂgg

E

L) Securirty
36 Security .
a7 Security

as Security
39 Security

Size

17"

3IT RECORD

Ize
OSC3A
Hole Cponar
§35
S35
§37
S4TCT
SATGS
MLLN
Hole Cpeczer
Role Opener
Hole Opener

Hola Opener

Hola Cpener
Eole Opener
Hola COpener
Hole Opener
473

84107

S36F

MB9F

Eole Opener
Eola Opener
Hole Openar
Hole QOpener
Hole Qpemar
Enola Cpeser
Holas Opener
Hole Opener
Hole Opensr

MANG
M44L
M3
M89T
MB4T

MB4T
2:2:3
MBSTTF

¥8SF

:akale} 3

Depth

Qut

430°
423"
1078
1965
3442
4343

4877°
2538’
3658’
4152
4677'
3286°
4158’
4640
4877

4877°
6133°

6470°

47157
5438
L1 >l
5789°
6038°
6204"
6367
6409
é505°

6574
6713°
6343*

- 7070°

7370
7600°
7640°
8215
8621°
8934°
9291
9375'
9375

26

2108’
1160
484°
315’
28568"
870*
484"
3z

198°
1228
337

as*
770°

163°
2677
143°
163

56*

ls'
s
164
122
242°
178

aso*
- 383’
13
357

°|

........

234 Reti

Fi1l

Cizzulaca

Cazant
§ Cement
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Hole History
Page 14
34z
No. Hake Size
1l Christensen "
2 Qiricsansen 8™
14 ) DentheFs,

I=17-75 128

250

2

11-18-75 397

11-25=78 499

11=27=78 826

11-28-~76§ 982

11-30=-76 1196

12359

1339

12=1=76 1432

1558

1747

12-2=76 2027

2374

CORE 31ITS

Dapth

Qut

1108°
1999
4369°
4507°
6339
66684"

6745 .

6775°
7128
7422
7625

7365
8238'

- 9396°

DETIATION SURVEYS

Deviasion-Desrees

1/4
3/4
12
3/4
/4
3/4
. 34
3/4

b
34
3/4
3/4
3/4
2
/2

27

Dace
12-3=7§
12=4=75

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

Feet Rotazding
Drilled Hours
3o hALY
3o0* -
25' 2-3/4
30! 3-3/4
89! 15=3/4
90* 17-3/4
30! 6
20 12%
58" pat
52 26=3/4
- 28! 17
490' 140=3/4
2258 473
23 3
29t 3y
. 267 &4
Depth=F2, Deviacion-Dagrnas
23 1/2
2901 . 3/4
3149 3/4
3335 3/6-
- 3645 3/4
T 3900 p
4142 3/4
‘4500 b
71 b §
5560 1/4
5968 1/4
6375 3/2
8215 b
8934 3/4
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Page 15

Iype Log
Birduell Loss
El‘cc::i:
Gazma Ray-Induction
Guazrd

Caliper
3<D Velocity = 3!
3-D Velocicy - 6'

Density Borzhols Cozpensatad
Temperature
Veloecity

Elastic Properties

Caliper
Heurzzon Borshole Compensated

Caliper =~
Calper
runpe:z:n:a.j: _
Gamaa R:yA-:c=11Per

Schltmberzer Logs

Cenent Bond

Electzical

Cozpensated Neutron =
Formation Densicy

Dual lLaterolog : o

Dual Induction - Laterolog

3orehole Coxpensated Soailc

Coatinuous Dipmeter
Tezperaturs

Dual Induction - Laterolog
Fracture Identification

10G INDEX SESTT
Run Depch

Dats No. Driller

" 12-9-76 1 | 4677
12-9-76 1 4677°
12-9-76 1 4677
12-10-76 1 4677°
12-10-76 1 4677
12-18-76 1 4677°
12-11-76 1 4677°
12-11-76 1 . 4677°
12-11-76 1 4677
12-20-76 1 4€77°
1<3-77 1 4577
1-3-77 ° 1 4677°
77 2 esest
327 3 9394

- R , . i . .v-_. - ~
3277 0 3 93ss!
4=10-77 3. 93%at
1-21.77 2 6559°¢
1-21-77 2 6559
1.21-77 2 = 6539°
1-21-77 = 2 6559°
1-21-77 2 6559°
'1221-77 2 esse
1-22-77 . 2 6559'
1-22-77 2 6559°"
3-22-77 3 9394"
32277 3 9394
98 -

4657.5°
4657.57
4657.5!

4558
4658

4858

4658
4658'
4658

4658

4659
4659

6505'3.;t ;l
et
934"  :fi:.A

SRR

R

6556’

6566'

6567°
6567
6566°

65656"'
6567

9396°
9396"*

9382

8sgo*

logged
From Ia
416" 4635.5°
416" 4552"
416" 4651.5°
280° 4654
100* 454"
60" 4655"
416" 4655°
300° 4558
430" 4658"
430" 4638°
0! 4849"
0 4634
4610°  6304°
6400 ,
100t 9384’
0! 4678
. 4678" 565"
| ag78'  6385"
4673° 6553°
4578* 6361'
4878" 6355"
477" 6565" -
62 6366
§51S’ 9390°
6512° 9295 °
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Type Loz Daca

Sehli=berzer Lags {cong'd)

Cament Qualirzy 3-23-77
Electrical 3-23.77
Dual lLacesolog " 3e23-77
Copensated Neutzon - 3-23-77

Formation Density
Borzhola Compensated Somiz  3-23-77
Tenperatuzs 3-23-77

XOTE: Logs furnished by the. USGS.

Run
Na.

ww WWww

29

~

10C_INDEX SEEZT

Depth
Driller

9394°
9334°
9394'
9394

9394
9394

Depth

lLogger
EE——

9397°

939s5*
9397

939s*
9396

Logged
Imm  Ie
4663  6327°
6513 9396
651S' 9382
6516'  9396°
651S' 9384

o' -9396"
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Date Dapth ve.
11-28-76 1073 3.3
12~ 1-78 1536 g.1
& 3304 9.2
5 3879 9.5
8 4317 9.2
7 4343 9.4
3 4404 9.2
9 4682 8.2

Reaming to 122"

12=13-78 1270 8.3
15 1543 9.2
15 2042 . 8.2
16 25493 9.2
7 3102 9.3
18 3465 9.4

- 20 4282 %.3

. 2l L4877 8.3
:  Reaming to 173"
C12=22~78 880
oo 23 ... 1033 9.1

25 1657 9.2

25 2049 8.3

27 3400 9.3

28 3583 9.4

29 3991 9.4

.30 4156 9.5

31 52839 2.5

"l el- 4579 9.4 .
2 k640 945

o5 K877 9.2

11 4870 8.8

15 5543 9.0
. 18 N7 .1

16 53884 S.0

17 6119 9.1

18 62487 8.1

6386 - 9.1

MUD SUMMARY

(Wyeaing “ud Ca.)

Yid. wer.
Vise. Pe. Loss
45 5 8.9
38 10 10.0
35 5 9.8
38 5 10.2
35 s 10.0
36 5 10.4
L4 5 10. 4
52 10 9.8
52 5 10.1
33 S %.8
4o 10 14.0 .
37 s 12.4
40 5 9.8
4o 5 12.4
4o 5 10.9
Lo 5 12.0
52 5 10.5%
ko . 10 . 13.4
kl .5 12-0
n 5 11.8
42. . 5 9.8
43. 5" 12.0
4o 5 10.5
40 5 10.2
50 20 8.9
&4 5 8.8
A 5 - 8.0
s 5 5.8
33 5 10.2
Y 10 6.4
-1 10 10.4
36 5 18.2
38 s 10.6
- 38 5 10.2
38 5 1.4
30

]
x

9
.
[~ ]

b b s
mOOPD\om
(LU NeRU RV RV RV e )

10.0
‘O.o
10.0
10.0
10.0
10.0

10.0
10,0

" 10.0

‘o.o
10.0
10.0
10.0
10.0
10.0
10.0
10.0

“ 10.0

10.0
10.0
10.0

- 10.0

3.5
10.5
11.0
10.5
10.5

2.4
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Mud Summary ~ 2

Dats We.
'-20-77 648& 3‘ 1
24 6553 3.2
Reaming to 12"
1=28-77 5511 9.1
29 5815 3.3
30 5681 9.3
2= =77 - 9.1
2 6078 3.1
5 6139 9.1
5 6283 9.1
6 6311 . ‘9.1
3 6413 9.1
9 6439 3.1
10 6471 9.1
Drilling new hole .
2=15-77 6585 8.7
16 - 6574 &7
17 8624 8.8
18 ~ 8703 3.8
20 £33s 8.9
2 7070 8.9
23 7123 8.9
- 24 n7m 8.3
25 7292 8.9
286 7376 3.9
27 7 8.9
28 74399 8.3
3= 1=77 7621 3.0
2 - 7823 3.0
-3 - - 7648 3.8
| 7703 S.0
.5 7778 .
7 7985 8.8
8 8157 3.3
11 8533 8.8
12 8673 8.7
13

- Desth

1

Yld. Wer.
Vise. Pe. Loss
50 10 10.6 -
.1 10 10.3
40 5 14.0
39 5 10.2
38 -] 16.0
33 10 11.8
34 5 12.4
n s 10.8
38 5 11.2
40 10 11.8
38 5 10.8
39 5 10.8.
43 10 10.4
3% 5 16.2
4s 10 10.4
51 10 10.8
43 IO~. 11.54
T 42 10 11.2
45 10 11.0
43 10 10.8
42 S 10.8
38 4] 20.0
3s 5 10.8
52 5 10.58
50 5 10.8
40 -] 11.1
43 10 10.8
© &40 10 11.2
40 5 - 11.4
. 4 15 - 10.8
&1 10 11.4

o

10.5
1.8

9.0

10.9
10.5

]0.5
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
,005
10.5
10.5
10.5
10.5
10.5

10.5
18.5
10.5
10.5
10.5
10.5

10.5
. 10.8

So

2
3

33

2
1

-
2
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Mud Sum=ary - 3

Dacte

16
17
18
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Dasath We. Visc. Pe. Loss

8476 8.7 4o [ 11.8%

9125 3.8. 50 10 11.0

‘9341 9.9 48 5 16.0
9341 9.9 58 5 18.0

9376 10.0 ¥ 10 14.2
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Gaology of tast well

The following log tdps (formation tops) and lithology were photocspiad
from the report from Hegna, Kerams, and Traut.

The stratigraphic nomenclature

‘- from their report and that on table 1 have not been checked for conformance
_ with the nomenclaturs presently used by the U.S. Geological Survey.
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Labaratories, Inc., Denver, Calg.

The core-analysis results are from the TEepoTt furnished by the Core

Table l.—~Core intervals

[Depths are from kelly bushing (2,809 ft above sea level),
which 1s 16 £t above land surface]

Interval Cored Recoverad
Core Formation
(depth in £t) (f2) (£)

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

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

3 4,343-4,369 26 26 Newcastle Sandstome

4 4,877~4,907 0 25 Lakota Sandstome

5 6,470-6,556 86 88 Mionelusa and Madison (Charles)

6 6,574-6,666 . 90 89 Madison (Charles and Mission Canyonm)

7  6,715-6,745 30  27.2  Madison (Mission Caayon) |

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

9 7,070-7,128 58 S4 Madison (Mission Canyom)

16 7,370-7,422 2. s Madisen (Lodgepole) |

11 7,600-7,623 23 22.5 = Madison (Lodgepole)

12 7,623-7,625 2 2 Madison (Lodgepole)

13 7,640-7,700 60 59 Madison and Devenian

14 7,700-7,760 60 59 Devoulan (Three Forks-Jefferson)
15 7,760~7,820 60 60 ‘Devonian (Three Forks-Jeffersom)
15 7,820-7,865 45 38 Devonian and Silurian’ (Interlake)
17 8,215-8,238 23 21 Red River | -
18 9,375-9, 388 13 i1 Precambrian -

19 9,388-9,394 6 6 Precambrian

Totals 754 722.4
33
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LoG TOPS

(Formation Tovs)

Bearpaw Shale

. Judith River
Clagger
Eagle
Shannen Sandstone Member.
Telegraph Creak
Nlobrara
Greenhorn
Mowry
Newcastle
Skull Cresk
Colorade Silt
Logger TD
Driller TD
Sgrap
Dakota

JURASSIC

Horriscn
Swi ft

. Spearfish
Mianekahta
Opechs
Minnelusa

© MISSISSIPPIAN

Hadisen
.Logger 1D
. Driller TD
- on=l2
.’".Bos .
Llodgepole
-3

DEVONIAN

Three Forks=Jefferson

SILURIAN

iateriake

ORDOVICIAN

Sgoay Mountain=Gunton Mesmber
Penitentiary Shals Member
Rad River
Roughlock Sandstone

~ lesbox Shale
Winnipeg Sandstone

. CAMBRIAN

Deadwoed
Gros Veatre Shale
Flathead fandstone

PRECAMIRIAN

Total Depth

3

k20!
1163*
1284
1672°
1840
1852°
2764°
3406°
Lo81°
4282¢
4388
4535
4655°
Lé682°
4677°
4680°*

4926
5085°

- 5692°

6024*
6034

604"

L eagwe
ot 6587°
6539
o 67420
-7 7182
T
7662¢

7846°
7377¢

. - 80s0!
-~ 8106

8553
8s23"

8667°

g676"
8876’
g224"
9300°
9394°

19
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Lithslegy = 2

Shale, gray and brownish gray, very beatonitic, soft
Siltstone, madium gray, very argillacegus, very bentonitic
Siltstone and shale, medium gray, sofz, s)cght)Y calcaresous

Siltstone, medium/light gray, calcaracus, very argillacaous
Shale, medium gray, soft, bentanitie )

Shale, medium gray, soft, benteonitic w/faw inocsramus prisms

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

Shale, medium/dark gray, soft w/white bentonite, calcarecus
Sandstone, "gray, mushy, very argillacscus, very fine grained
Siitstone, dark gray, argillaceous w/abundant white bentonite
Siltszone and shale, dark gray w/white bentenite

Shale 3s above w/traca sandstone, lighe gray, very fine, grsined,
glaucenitic, soft, mushy, argillacsous, SL4 correctica down 4!

- Shale, dark gray, soft, mushy, ben:nni:xc, very low fissilicy,

vertical fraczure 3 1963-1970', locally silty, sandy @ 1973,
1988, 1992*, and 1994', scae shell debris @ ISSI' w/pyrits in

Shale, dark gray, lecally silty w/white ben:anita, trace shell

Shale, mediun gray, soft, calcareous, silty, traca pyrite
Shale, medium gray, soft w/white bentonite, silty, calcarecus
Shale, dark gray, soft, spliatery, calcarecus, occzsacnal shejl

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

Siltstone, light gray w/shale, medium gray .

1400~1480
1480~1500
1500-1540
1540-1580 Shale, gray, beatonitic
1580-1570
1570~1580
1580~-1550 Shale, brown, bentonitit, carbonacacus
1530-1680
: and shells

1680=1700

infill
1700=1710 Shale, medium gray w/whita bentonita
1710=1720 Shale, dark gray, limy
1720-1820
1820-1830
1830-1850
1850-188¢
1880~-1965
1869-1999 Lore #2 = recovered 25°'

T hanr!ine frac:ures

2000-2190

fragments, traes pyrites
2190-2370 Shale, medium gray, soft, bentonitie
2370-2410 Shale as 3bove, very bentonitic
25410-2490
2450-2530
2630-2730

fragment .
2730-2770 Shale, uedtgm gray, soft, beatonitic
NIOBRARA
2770=3000
3000-3300 Shale, dark gray, bentonitic, scft
3300-3350
3350-3400 Shale, medium gray, silcy
GREENHORN
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15

3400-3490 Shale as above w/white chaiky Iimes:cne. occasicnal tan lima=-
stone

3490-3530 Shale, madium/dark gray, soft, splantary

3530-3700 Shale as above, bentonitic

3700-3729 Sandstone, gray, fine grained, subangular, very calcarecus,
very argillacacus, friable, very low effective poresizy

3720-3770 Siltszone, dark gray; calcareous, argillacecys w/shale,
splintery, dark gray . _

3770=-3920 Shale, dark gray, soft, splintery, locally hen:onx:ic, scme

, siltstone intarbeds

3520-3950 Sandstone, madium gray, very fine grained, very argillacscus,

‘ white clay infill, very low effective porosity, slightly

. calecarsous, traca glauconite

3950-4070 Shale, and siltstone, medium gray, trace glauconits, soma
intarbeddad sandstone, light gray, very fine grained, low
poresity -

4070-4030 Shale, dark gray, soft w/light gray ben:ona:e, few fres coarse
quartz grains

40504250 Shale, dark gray/brownish grzy, chunky, silicaous, scme silt-
stone laminae, oczasicnal interbedded light gray bentonite

5260-4280 Siltstone, gray, very argillacecus, slightly calcarecus w/scma

e . white beatcnite w/brown mica
4280-4320 Shale, dark gray, soft, beatonitic, siley
NEWCASTLE SANDSTONE
- 4330 Clreculating s
.. Sandstone, light gray,- very f?ne graxned, glaucznatlc. friable,
. " low porestty
. 43483 ' Clreulating

Sandsteone, whit=/1ight tan, very fine grained/fine grauned
hard, suBanqular, very silicscus, noncalcarecus, traces white
chert, tracs pyri:a, lew poresity, no fluorsscencs, no cut

A4242-4349 Core #3 = recovered 26‘

4343 =344
h3443-4349%

h3493-4351
4351 543555

Saudstene, fight gray, very ftne grained, subanguiar, friable,
nencalearecus,- scme white slay fafill, altamating w/thin bedded

dark gray shale, falr porosity

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

angular, trace mica, nencalcareous, bleeding water, good

" porosity, few Isolated shale partings

Sandstone as above w/increasing shale, very thin bedded

As above, light gray, very fine grained w/shale partings, low/
good porosity, some white clay Iafill, moncalearecus, bleeding
water

37
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4355%
k35534361

16

2 inch section of dark gray skhale
Sandstone, medium gray, very fine grained, argiilacacus, mica

. commen, very thin varved bedding, Y'soker chip!* fraciure, low

4361 -4364%

H36%3-43663

h3663-4367
4367 -4363

§363-4350
4330-4410
4h10-4550
COLORASC SILT

4580-4600

" L600-4680
4660-4430

]

4677-4478

porosity
Sandstone, light gray, flne grasned, Subangular nencalcareous,

few isolated shale partings, good porosity, bleeding water
Sandstone and shale, alternating in varved bedding, sandstone,
light gray, acncalcarsous, clay infill, mica edmmen, low poresicsy
Sandstone, light gray, very fine grained, argillaceous, fair/

low porosity, bleeding water

Sandstone and shale interbedded, badding mere distortaed than
above thin beds, fair/low perosity in sandstone

Sandstone, light gravy, very fine grained, whits clay infill w/
thin shale laminae, low porosity

Sandsione, light gray/white, fine grained, subangular, friabdle,
abundaat white clay infill, low porosity, mica commen

Shale, dark gray, soft, beatocnitie, splintery, calcaresus

Shale as above w/s(ltstane Ian:naa, 1ight gray, nencalcareous,

¢racs pyrite
Shale, dark gray, splintery w/s!ltstune, gray, bentenitic
Siltstone, dark gray, hard, very argtllaczeus calcaresus w/

shale as aboeve ‘

Circulacing : .
Silcstone, medium gray, hard, calcareous, eczasaonal grad!ng

to very fine grained sand::cne, very low porasity, argilla-
ca0us . _ -

Core 73A (Junk Sub)

4677-4678

 5678-4630

{NYAN KARA

' K630~4720

- h720-4760

§760~4820

Shale, dark gray w/interbeddad silztsteone, light/medium gray,

~ abundant sedimentary flow and slump structures, thin beddad

Shale, dark.gray w/siltstene, light gray, mushy, bentonitia

Sandstone, light gray, medium grained, whits clay matrix w/
slltstone as above, traces orange chert, few free csarse quar:z
grains (sample mostly cement)

Siltstene/sandstone, light gray, very fine grained argilla-
ceoys, mushy

" Sandstone, clear/whste, very fine grained/coarse, subangular,

most]y unconsolidated, goed porosity
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4820-4870
4870

4877-4907

17

Sandstone, white/clear, very fine grained/meadium grained, sili-
cezous, subangular, frisble, fair/gued porosicy

Cirsulating
Sandsctone as sbove w/trace orange chert

Core 4 = pacoversd 25!

4877 -4386%

48863-4888

4888 -48s0
5890 =-4s02

4g02-4520
- 4920-4s30

-

MORR1SONM

' 5930'5020

5020-5050
- . grained/fine grained, subangqular, fair/geced porosi:y, few free

' coarse quartz grains -

5050-5060

5060~-3100

SWIFT

© §100-5150

5150-5170

5170-5250
" 5250-5350

§350-5400

solidated, scme froszed grains

Sandstone, medium gray, verf fine grained, hard, britsle, sill=-
cecus, noncalcarecus, subangular, trace mica, thin bed, low
porosity w/sandstone laminae and interbeds, light gray, fine

grained/medium grained, subangular
Sandstene, white/light gray, fine grained/coarse, subangular,

abundant white clay matrix, scme low grade coal, low porssity,

bieeding water
Sandstone, medium gray, very fine grained, hard, lew porosity,

siliczous
Sandstone, whita/clear, coarse, subangular, clean, fair/gocd

sort, friable/unconsciidatad, soft, excz=llent porosity, blesd=
ing.water

No samplea

Sandstone, light gray/whtte, coarse, subangular, mestly uncon~

- . . . - - 3 S et

Shale, green!sh gray, waxy. soft, trace uareon, bruwn and yel~ '

. low

Sand:tane, light gray/greenish graylyellew gray, very ane

Shale, yelliow, marcen, gray, green, purple, tracs pyri:a, soft
Shale as above w/sandstone, white, very f!nc grained/fins grained,

' clay lnfill. fasr/lau porasity

" Shale, green/greeanish gray, mottled, red, soft, subwaxy

Sandstene, white, fine grained, subangular, slightly caleareous,

fair/low poresity, trace glauconita
Shale, greenish gray, mottled, marocn/purple. traces pyrite,

scma browa/yellow shale
Shale, gray/greenish gray, mottled, marocon, waxy, locally inter~

bedded w/siltstone and sandstone, very fsne granned light gray,

glaucenitic
Shale, gray/light gr:y/sreennsh gray, very splintcry, subwaxy
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5460-5510
5§510~5530
5530-5570
5570-5530
5530-5820
5620~5830
§850~5750
5750-5730
5790-5380
58805930

5930-5330

5390-46029

6020-5030
6030-604Q
8040~60S0

6050-6080

" 6080-60%0

6030-6110

HINNELUSA

6110-5140
6140-6150

6150-6170
-6170-6150
6130-6210

6210-5250
6250-6300

6300-£350

18

Shale, greenish gray, mottled, marson, subwaxy, soft, splintery
w/some sandstone, very fine grained, whits, low porosity, glau=
conitic, calcarecus, traca limestone, gray, dense

Limestone, light gray/whica, chalky, lceally sandy

Shale, light graeaish gray, subwaxy, soft w/scas limestone, tan,
light gray, argillacacus, chalky, low percsity

Shale, greenish gray, motzled, yvellow, splintary, very calcarz-
m - .

Shale as above, mottled, marcen

Limestone, tan, earthy, low poraesity w/gray shale as abcve
Shale/siltstone, red, very calecarsous, tracs whita gypsum w/tan
limestone, dense and gray green shale

Vary poor sample, mostly green shale cavings, tracs red/maracn
shale

Shale, marcen, sllty w/scme white anhydrits, scme white chalky
limestone

Shalae, marsen/brick red w/some gypsum interbeddad

Shale, marcon/brick rad, silty, some intarbedded white anhydrltz
and light gray limestone

Shale/siltstone, brick red w/scme lnterbedded white dalcnx:x:

anhydrite
Limestone, light gray/:an, :halky, argillaczous, pelleto:dal
Limestone as above w/red shale .

Dolemite, light grav/whlce, chalky/sucrosic, lew poresn:y
Shale, sllts:cne, brick rad w/whlte anhydri:a, faw frea gcsarse

| quartz graians SR

Sandstone, brick red, very flne gralned/:aarse, calcar:cus, lcw
porosicy, traca dolamite, pink S

 Limestone, whita/light gray, delemitic, eart hy, Iaw pcrasltv,

tracs white sandsticne, very fine grained, subangular, anhydritic

Dolemits, light gray, sandy/sucrosic, low poreosity, hard
Sandstone, white, fine grained/very fine grained, subangular,
abundant white ¢lay infill, low poresicy '
Dolemite, light gray/pink, denzg, 1= porssicy

Sandstona, white, fine grained, very dolamitie, some whnta

" anhydrite, low/falr porosity, scme white clay inflll, friable,

traca white chert

Sandstone, whits, fine grauned w/white dolomite ln:arbeddzd and
abundant white cherst

Dolomite, white/light gray, sandy, hard w/abundan: white chert
Dolomite, light gray/whizte, fsnely crys.a!!nne. dense, low
poresity

Dolemite, light gray/pink, )aw pcras!ty w/scme lavender shale,
trace clear anhydrlte :
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6350-6330
6390-5400

64006420

$420-8430
64308450
6450-6460

6470

8470-6558

T 19

Delemite, pink/lavender, argillacsous, dense w/lavendar/marcen
shale

As above w/trace anhydrica, witita/elear

Silestone/shale, arange/bright rad, dolemitic, mottled, yellow
w/lavender shale and dolemite, pink/whita, argillacsous

Shale, brick red and lavendar w/dolcaite, coarsa crystalline,
traca sandstcne, wiite/grange, very fine grained, fair porusicy
Dolomite, wihiite, very sandy/ccarse crystalline w/scme br:ck

red silzstone, lew parcsicy

Sandstone, very fine grained and siltstone, brick red, dolo-

mitic, argillacsous w/lavender dolomx.xc shale, ma:tled gresn
loeaily -

Circulating
Shale, orange and lavender, dolemitic

Core #5 = recoversd 88!

8470-6475

MADISTN

. ga75-6481

6481-6431

T 6A91-8510

€510-6518

- 65186524
© 6524-6533

. 65336546

6546~6552

6552-6556 .

(correct to- log depths 6479-6585%)
Llaystone, brick red, subwaxy v/few small dolemite clasts

- LIucsrane, lagh: gray, hard, scma bre:::a texsure

Limestone, dolemitic, brec:ia, red argxllacanus maerix w/!sght _
gray clasts, very angular

Lizeszone, light gray, hard, densa w/scmn red shale partings,
stylolita @ §491-6495, braczia w/very angular limeszona elascs

@ 6496-6497*, 6499, and 6501-6510‘ w/marnan/?avender argxlla- _f
. csous matrix '

Claystone, Iavender/rad dolcmitic w/whata anhydr::g nedes and '
bore filling '
Limestzone, breczia, gray green and marven argillacacus na:rax,
subwaxy

Limestone, light gray, micrite w/gray green mottled red shale
partings, hard, dense, scme brecgia tsxture, very s:ylola:ic
@ 6524-6527*, and 6530-5532°

Limestone, light gray/reddish gray, hard, densa, scme In:ra-
clast and pellet grainstene in spar cezent, some green shale
partings, vertical fracture @ 6337-6539%, 6540-6542', and
6544'; stylolite 8 6538-6540', £5452-6543", and 6545-6546"
Limestone, light gray/reddish ¢ray, argillaceous, scrme breceia
Lizmastone, light gray, argillaczous, kRard, dense, mottled,

" maroon/green, pelletoidal grainsicne w/clear spar cament w/

some clear crystailine anhydrits, vertical frac.ure e
6552-6555'
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.20
Shale, marcon w/some gray and lavendsr, motzled, subwaxy, very
Limestone, whitz=buff-cream, microerystalline, no visible

90 min. - limestone as above, much cement, tracs dolemite, off~
whits, microcrystalline, no vusxble porosity, traca anhydrite,

Anhydrite, white w/intercalagions limestone, light gray

6556-6558
Vsligh:ly calcareous, medium hard
drill samples
6559-6580
porusity.
6580-6570 Much cement, soma limestone as above
6574 Clreulating
white
G57u=6684 Core £8 = eut and recoversd 8q¢
6574 -6575
6575 -6576% Dolemita, tan, microcrystalline, dansa
8376%-6577% Anhydrite, white, slightly dolomitic

- 657736580 3/4

6580 3/4-63582%
65824-6583%

. 65831-6584
658k -6389
6539 -6530
. 6530
6530 =-5531
6531 -6532
6532 -6533%

65932-6533 3/4
6593 3/4~6535

6535 -6600

6600 -4508.
8508 -6612

 §612 -6615

6815 -6616
6616 -5619%

. 6819

Dolomite, brown=tan, microcrysctalline, thin clay laminae up to
&' ghick, broken and fracsured @ 65804-6530%', slighzly bleed=
ing water, low=fair porosity o .
Dolemita, brown=tan, dense, some snhydrite laminae

Dolemitic limeszone, tan w/anhydrita laminae, vertical fracsures,
brokan

Dolemitic limestone, tan w/thin laminac dark gray clay

Bolomicic limestone, tan, few ‘anhydrize lencils, lew=fair poros-
fey, few clay laminae, fractures 8 63535', wet :
Dolemita, gray=brown w/few blebs dalcmlta as above

Stylolitic surfacs . .

Dolomite, gray-brown i

Dolemite as above w/lavender laminae gray clay

folomitic limestone, - gr3y=-srown, micritic, vertical fracsura
Dolomitic limestona, gray-brown w/angular classs, light brewn
Dolomitic limeszene, buff-gray-brcun, mieritic, dense, high
angle fracture

Limestone. aravy-medium gray, cryptc:rvsta!lcna te sublitho-~
graphic, hard, vertical fracsure

Licestone, ‘dolemitic, gray-brown, sucrosic-microerystalline,

few pitted, erosicnal ?, surfaczs w/black shale lamnnae. bleed~
Ing water @ 6602-65619"

Limestone as above, fracture

Dolomitic limeszone, tan-buff, mscrccrystalIinc-sucros:c. anhy=
drite bed 1'* @ 6813 3/4'

folomitlic limestone as above, vertlcal fraclures

Dolomite, light brown, mcrecrystallme-sucrouc w/erystals and
nodules, anhydritic, clear

s:ylolntlc_
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66193~68623
6629 -8632
8632 -8639

- 6639 ~8646

2t

Limestone, brown, microcrystalline w/scme coarsar calcite
crystals, dense, few fracturas w/some polished fracsure fil1
Limestone, brown, argillacocus w/laminae dark gray dolemitic
shales, fossiliferaus crinoid columnars and brachiopods .
Limestone, dark gray-brown, very argillacsous, fossiliferous
brachicpods and crinoids

Limestone, gray-brown, microerystalline w/aragenice fossilif-
erous casts

Limestone, gray-drown, micrecrystalline, coral or spenge fossil

Lamestnne,'buff-lagh: brown, micritic to mscrocrys.al]nne, densa,

6739 =6742.2

Dolcmite, gray=-brown, mncrecrys:allang w/crys:als brown, dolo= ;

abundant anhydrite intarcalaticns, contorted bedded, bleeding

66486 ~8854 Limestone as abcve. fractured vertical to high angle, style=-
litic @ 6851 and 64852%!
5654 -§853
@ 642!
. 1! missing due to brokan zcne loss
6680-6700
some piecas w/a faw small pellets inbedded in micritic macrix,
very low perosity
§700~6715 Limastone as above w/trace anhydrits, rose colored
6715-6745 Core #7 = cut 30% and rmecoverad 27.2!
6715- ~6718 Limestone, dolemitic, buff, micritle, erys: als brown doiomite,
. few anhydrite nedules
8718 .~8719 Shale, light gray-medium gray, dolomitic w/clas:: and nodules
of anhydrita, whits
6719 -4720 Anhydrite, whita, angular chunks w/shale ma:rix, medium gray.
. - dolomitic ’
6720 <=5723.5 Anhydrite, light gray=whita, chicken wire pattzrn w/few inter=
: beds dolemitic shale, ==dium gray
6723.5-8725.3 Anhydrits, white w/erssional surfacas, lntarbedded w/shale,
‘ ‘ medium gray, dolemitic
6725.3~6725.4 Shale, dark gray, dolamitic
672504-6726
- mitle
6726 <-6729.5 Shale, dark gray, dolemitic, subfissile
8729.5~6731.5 Anhydrits, light gray=white, chicken wire
6731.5-6733.5 Limestone, dolemitic, light brown, microerystalline=sucresic,
: water slightly, lew poresity
§733.5-6735 Dolemita, gray=brown, very argillacsous, fractured
6735 =~6736 Shale, dark gray, calcareous
86736 <6736.5 Clay, gray, calcareous, scft. and shale, dolemitic
6736.5-6733 Anhydrite, white

Anhydrite, white=gray, abundant shale In:er:zlat!cns
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6745-3775

Anhydrite, whita, pure w/few inclusions dolomite, buff, danse

Core #8 = rmcoversd 30.7'
6745 =48745.3
6745.3-67358 Anhydrite, light gray, pure, hard
87586 -6751 Anhydrita, light gray, chicken wire

6761 =6762

6762 =6783.3
6763.3-6785.4
6766.4-6783.7
6766.7-8783

6768 -5770

8770 ~8771.4

677'1 - 4‘6772.2
677202'6775- 7

- 6780-6730

6790-6320

© 6820~6330

6330-6840
6840-6350

6350-6380
6880-6300
6500-6340

6940-6350

© 6550-6960

Anhydritas, white, fracsure

Annydrice, gray w/shale motzling’

Anhydrite, light gray

Dolomite, light brown, sucrosic, laminatad finely w/thin blaék
varves )

Anhydrice, light gray w/angular to subround clasts of whita
anhydrite

Anhydrita, light gray-white w/few dolomitas laminations, buff
Bolezmize, light brewn, sucrasic, anaydritic

Anhydrite, medium gray w/irreguiar inclusicns of whita anhydrxta
Anhydrita, light gray, hard

*drill samples

9' downhale correczicn
SLH = 6784 = 8775

Anhydrita, white=light gray w/limestone, cream, mostly sub-
lithograpghic to microerystalline, few piecas of clastic to
peilecal limestone, wall camentad, very low porosity

Limestone, light brown~cre=am, mastly microcrystalline, 20%

Is finely fragmsntal, a few chips pellecal limestona, well _
cementad, very low porosity, 103 anhydrite, light gray-waite
Limeszone as above w/dolcmate, whize~bluys=-gray, cryptoerystal-
line, dense

Limestone and dolezita as above, trace anhydrits, white, sucresic
Dolomite, blue=gray-white, cryptocrystalline, limestane, crzam=
brewn, fragmenzal to microcrystalline, traces pellets and eoalitas,
low=fair porosity

Limeszone, cream—brown, dolemitic, finely erystalline-sucrosic,
fair porosity, light yellow fluorescsnca, very weak cut w/dolo=~
mitic anhydrite, waite=blue~gray

Limaszene, crsam-brovm, slightly delemitic, finely crystalliae~
sycrosic, pcor=fair 7 porssity w/dolemitic anhydrite, whita=
blue=gray, traces anhydrite, white ’

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

grace poresity, dull mineral fluorescencs, traces anhydrite,
blue=gray _

Limestone, light brown~buff, 503 micrite, 5C3 finely frag=meatal,
tracs indistinet fossil fragments, well cemented, peer porosity
Limestane as above, some sucrosic limestone, light brown w/
ealeite clusters, scme fair porosity, dull mineral fluorascance
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6360-6380

6980-7000
7000-7010

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

23

Limestone, light brown, micritic 2o fragmental, well czmanted,
poor porosity, dull fluorescancs, no cut

Limestone as above, trace anhydrite, white

Limestone, light brown=tan, mostly micritic o finely erystal-
line, tracs vuggy perosity

Limestone as above w/5% black asphaltic staining In argztlaceeus
2ones, dull cut

Limestone, cream=buff, micritic to finely crysialline, very
litzle porosity, trass anhydrite, white-ross

Limestone 3s above w/anhydrite, whita~light gray, shaly

Core {9 ~ rmcoversd 54!

7070 -7078
7078 -7083z2

7093%-7023

7033 <7105

7105-=7103
7109 -7115

7115 -7121

7121 =7124

7128-7150
7150-7182

LODGEPOLE

7180-7200
7200-7260
7260~ /250

7290-7310
7310-7340
7540-7360

Anhydrite, white/light gray, chickan wire w/scme tan-doleszitic
limestone chalky micrite intarbedded matrix

Limestone, light gray/light brewn, hard, dense w/scme anhydrite
nodes, algal pisoliczes, pe!le:s cummon in spar, stylolite 8
7079%*, 7082¢, and 7050%', sealed vertical fracturs ¢ 7081-7082°
Dolomite, brown, fsir intergranular porosity, bleedxng water,
stylolite 8 7055' N

Limestone, brewnish gray, dease,.encalites, algal pellets, soma
secondary anhydr:ze infill, abundant secnndary spar, low paresity,
hard

Dolemitz, brown, fair intargranular porssity, hard, b]eedang
watar

Limestone, light gray, pisalitie, hard, dense, secondary spar,
sealed vertical fraczture § 7109-7110°

Dolemite, brown, good intergranular porosity, few isolatad whita
anhydrite nodes, blesding water A

Limestone, gray, a)gal pisolites and pellets grainstone, hard,
dense, very low porasity due to spar infill, stylelits 8 71213°
saaled vertical fracsurs @ 7122° ,

Limestone, tan, locally dolemitic w/pisslites and pelless, spar

Infill, low/fair porosity
Limestone as above w/fair/gocd pinpeint vuggy porcslty

Dolemitzs, dark gray, argillacecus, sucrosic, low peresity
Dolemite as above, fair intergranular poresity

Limestone, dark gray, dolemitic, argullacsous. low perasity,
locally chalky

Limestone as above, becoming very chalky

Dolomite, gray/dark gray, sucrosic, low/fair porosity.
.Limestone, gray, chalky, pellets, some interbedded cdark gray

sucrosic dolomite

45



L

™

I |

1]

24

- Litholegy = 12

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

370=7422 Core #10 =~ recovere=d 51°

7370 =7374 Dolemita, dark gray, very argillac=ous w/scme whita crystalline
calecite nodas up o 2' x 2**, low porosity, alsc scme white
anhydrite

7374 =7380 Limestone, dark gray, argillacssus, very fossilifersus (meszly
shell caszz and mclds) hard, low porosity, szaled vertical
fractures 2 7374-7 76'. and 7‘;,-7378%‘ _

7380 -7381 Dolemite, dark gray, argillacecus, low porasity

7381 -7385% Limeszone, dark gray, loeally dolemitic, low porosity, fossile

. iferous, sealed vertical fraczure 8 7382-738%'

7385%~-7388 Dolemite, dark gray, medium/coarsa crystalliae, pcor/‘anr
intargranular porosity w/white anhydrite nodas 8 73863

7388 =-7383% Limestone, dark gray, argillacasus, hard, dense, low porosity

7388:-7331% Dolcemits, dark gray, very argi llaceous w/sgar c3icite iater-
bedded, hard, low porosity, sesaled vertical fraczure €

i 7385‘7391‘
7391=73552 Limeszone, dark gray, very argillacsous,.very dolemitic w/

soma dark gray shale interbeds, burrowed conzuriasd bedding 8
7396~7398', carbonacecus material and stylolize 8 base, sealed

- . wvertical fracsure & 7393-73S5', low porusity
Dolemite, dark gray, low poresity, very argillacscus w/uhctz

73932~7400
anhydrite, vertical fraczure
- 7500 ~7401 Limeszone, dark gray, dolemitic, argillacscus
T 7401 ~7405 Dolomite, brownish gray, sucresiec, stylolitie, peor/fair

intargranular porosizy, bleeding wazer :
Limestone, light gray/tan, algal pellezs, some secondary cal-
cits infill, shell casts and mclds commen, very stylolitie,
hard, low poresity, algal pellet grainstone @ 7412-7415°
w/fair porosity, sealed vertical fractures 8 7412-7414°,

7505 ~742)
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7416-7419", and 7&20—7&21',.whi:= annydrite 8 7412'
7422-7480 Limestone, tan/light gray, pellezs and pisclitas m spar
na:rxx. chalky. low porosity . .
7486-7#30 Ne sauple
* 7430-7500 Limestons, tan/gray, chalky, mestly micrita w/socme pelless,
low parosicy
7500~-7530 Dolemlte, tan, sucrosic, fair porosity w/lizesctone, Tight
gray/dack gray/tan, pellets and pisolites
7530-75580 Limeszone, dark gray/tan w/pellezs, chalky, fossi) shell
' molds and casts, trace pink dolemiza, low poresity
7560-7530 Limestone, tan/gray, subchalky, mostly micrite, low poresity
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28
Shale and dolamitz, light gray/gre=anish gray, Iroue

Lizestone, gray, argillacsous, low porasity
Shale, gray/gresnish gray, calecareous w/some brown/tan lime-

Shale, very calcarsous, light greesnish gray, tracs pyrits
Limeszons, brown/tan, shell casts, pellats, some hairline
fraceures filled w/clear caleite, low porosity

Dolemiza, zan, sucrosic, finely cryszalline, fair/goed intar=
granular porpsity, scma yel‘lcw_ﬂuorescance. ne cug

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

Dolomite, tan, ext:zllen: m:gr:ry:tallme porasity w/scme cal=~

8050-8100
shale
RED RIVER
8100-8110
8110 Circulating
stone, low parosity
8110-38120
2120-8150
8150-8170
8170-2210
- lecally chalky w/traca pyrita
210-8215
: cits infill _ .
. 3215-8238 Core f£17 = recovered 21° .

8215 -82172
821738220

8220 -8230
8230 -8232

&232 -8236
8238-32k0
240-8270
8270~8320
8320-8579
8370~3533
8430~8430
8450~-8460
8460-8580

Dolemits, cream/lighs gray, eryptocrystalline w/few gray shale
laminae, s=all disconnectad vugs to 3 o
Dolemite, gray, sucraosic, fair mtercr{stantna porusity w/dark

gray argillacecus laminae .

Dalcmice as abave, low poresity, micrice

Dolemita, llay, gray, micrits w/gray shale laminae, low poresity,

shattersd intarval, some frictures appear open
Dolemite, gray, low perosity, vertical fractures

Very poor samples = nearly all cavings

Limeszone, brown/tan, cryptogrystalline, doleaitic loeally,
low/fair porosity w/trace dark gray argillaczqus limeszone
Dalcaits, tan, sucrosic, scme dead oil stain, yellaow flucres—-
cance, no eut, fair/good intercrystalline porosity, finely

© erystalline -

Limestone, buff/bSrown, m:r!te w/gray argillacecus laminae, low

porosicy
Dolemite and limestone, brown/buff, fmnly ecrystalline, pocr-

fair porosicy
Lizestone, tan/brown w/scme dolemitea as above

No sample
Limestone, brown/gray/tan, pellets, caleite Infill, lew porosity

50
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Lizhology

85860~-3570 Limestone as above w/gray green subwaxy shale, pyritic
ROUGHLOCK SANDSTUNE

8570-8620 Sandstone, white, very fine grained, subangular/well rounded,

jCEB0X SHALE

8620-8668

friable, fair/good psrosizy, silicacus, pyritic, some intar=
baedded graz=n shale

Shale, green/gray green, splintery, subwaxy, ncnealearsous

WINNIPEG SANDSTONE

8658

DEADWOOD

8870-8700

| g700-8720
- g720-870
| 8790-8800
8800-8840
" 38k0-8880
 8880-8330
- 8330-8330

8990-3010

.. S010-3100

9100~3150

Circulating

Shale as abgve w/sands:one. white, very fine grained, sub-
angular/well rounded, pyrizic, well sorted, hard, slightly
¢alcarecus, low poresity, very silicecus (ses::néary)

Limestone, tan/light gray, very chalky, fragm=n:al w/inter—
l':ended gray green shale, splintary/blocky, subwaxy, locw poros—-
Ty

Sandstone, whnta/eream, very fine grained, very calcareous,
subrounded, clay infill, glauconizic limeszons in part
Limestone, white/cream, sandy, glauconitic, pyritic, fossil-
iferous, locally chalky, loecally translucenz, lew poresity
Limestone, whzte/gray. sandy, glaucenitic w/interbedded green

" gray shale, low porosity

Limestone as above w/few free well rounded, aarsa quartz
grains, scme shale as above intarbedded, low peresity
Limestone, white, chalky, argnllamus, glau:.nm:i:, low
porosizty . -
Limeszone as above w/gray graen shale intarbedded, waxy,
splintery, low poresicy

Shale, green/gray green, splingary, waxy
liaestone, chalky, glaucenitie
Shale, green, splinzary, tracs maroon shale w/scme yellow
limeszecne

Shale, green/gray green, mttled brown, subwaxy w/few inter=

w/some llght gray

" bads haest.cne, white, sandy, glaueamti:, chalky, low poros=

tey

Shale, gray green, slightly calczreous. some subwaxy, soze
limestone as above, some sandstone, light gray, very fine
grained, glauconitic 2, tite, no fluoresgence or cut, mica-
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9150-5240

FLATHEAD
9250-3250

9250-5260

9260-5270

$270-5220
9280-3300

 PRECAMBRIAN
. 9300-3320
- 9320-3340
- 93h0-3350
8350-9375

- 8375-9388

- 30

Shale, gray=-green, slightly calcarecus, subwaxy in pars, tracs
Jimestone as above, same interbadded sandstene, silty, light
gray, very fine grained, round, micacsous, glauconitic ?,

very low porosity, no fluorescencs

lag tims incorrect

As above, traces sandsione, whita-glear, coarse to fine w/
large, frees, round grains, poor sorting, subround, abundant
secondary quariz csment, poor—fair paresicty )

As 3bave,. ingcreasing sandsione, clear-white, fine~coarsas
grained, poor serting, subangular-subround, sbundant secandary
quartz csment, scme large fras quartz grains, poor poresity,

no fluorescance

Scme sandstone as above, some w/red-brown flattened hematitze 7,
pellets, and irsn stained zznes

:rip for bit followed by water flow = samples lost

Abundant green shale cavings ?, scme sandstons, white-clear,
slightly calcar=ous, fins-medium grained, few coarses grains,

. Subangular, scme clear gquartz pebbies, quartz csmenz, fair

porosity, traces calcareous pyritic sandstone _

' Sh:fa as abd;e'uisandstané.hQﬁftﬁ?elear-qutf,.éed?chczarse

grained w/granites pebbles 7, subangular—angular, traca pirk

: faldsaar, abundant quarts. cament. fair 2 peresity

No recavery of samples

Sandstane, caarse, clear quarz. and granl:a, clear quar:z,
feldspar, pink and bietize
Quartz, clear-whize, feldspars, salwnn*:snk, and biotite,

Prtcanbrsan granite o
Core #18 - cut 13' and recuvered !1'

9375 ~3330

8380 -53823
- 8382:-3356

Granite, pink!sh-salmcn. numersus herlzontal fra::ures. core

came out in 1=4* slabs
Sranite, coarse feldspar phenccrysts, falrly solud
Granite, ver:i:al fr:c:ures _

32
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Lithology = 19

9388-9334

31

Core #19 = recoverad §!

9388-3334

Granite, biotite and hombleade abundant, horizontal frac=
tures, poker chips 1'=3'" thick

53
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LS &57h.7 2.89 MADISON (CZARIES)
U7 6575.3 .01 7.4
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53  6585.8 . , 2.77

Sh  6586«37 VROLS COES. ANALZSTS
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& 6&07.6  0.60 0.83 15.8 2.80

a 6810.3 1.0 1.  18.8 2.79 .

62 5 5.9 2.0 2,80

83 6&6-17.5 WHOIE CORE LAIXSTS

& . _ k.2 2,76

65 6221 2.7 : 2.73

66 62k <01 2. : 2.

&7 682Lh.6 <C.1 S.S 2.83
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0 65328 1.3 2.59
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i 7a1.8 ' > 9813
172 74185.8 0.5
173 1418.0 1.0
2k 7825 /%% §
175 7623.3 . 1L
176  76L0.7 .04 8.8 T :
178 76hk2.3 2.2
179 78L3.0 : 1.3 '
180  7€lL3.2-LbL.7 . REOIE OO LADYsS:S
181 76L5.0 1.5
182 76LS.L 0.1 . LS , ' .
183 76511  0.02 Se3 . °.
18k 7653 , T 6e0 S
185 765L.9 0.08 55 -
186 7658.0 o.2 1.5
187 7658.6 1.2
188  7659.7 0.2 9.2 -
- 189  7660.8 0.0L. - 8.5 -
350 764.8  0.0L 5.5 | ,
191 76620h . 1.3 mm“ (h--— m -
192 7665.5 0.3 5.2 . JEFFZRSON)
193 76862 2.7k
AWSUTIARIE FOR ARALYSIS
nore,
[ m:::::r emtcovumnnmn‘nm- RELLRVED. (31 OFF LOCATION AMALTSLS—~O INTIRPRITATION ' 1L L8,
Thew » ® Yo e - wolal
T it [ P s iy T A B B ey G L (R S
proper v o pract -dmrul.unuwmu-nu'mum-m-m...mu.‘.."m""""r eair.
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CORE LABORATORIZS. ING&
Patrolenrm Reservorr Engineening
DALLAS. TEXAS

Page 8 of

= ED-2-5292
. Date Repore. 5"25.7?
Coasty Seace MONTAR Eleration Asslyra, =
Locstion Ranarks
CORE ANALYSIS RESULTS
(Vignoes in Jurwnibwwrs refew 18 [ocivete rweswis)
PERMCARILITY AEBIOUAM.
NRLIDARCYS "m"_‘ SATURATION — Gtain REMARRS
manes LAY noncserss | vorrcss % vewuae % sene| Jo7E% Dengity
(x:.)

19k 7648.0 7.0 DETONIAN (TS FOESS -
155  7670.2 0.03 8.8 JEF=RSaN)

196 '7672.2 0.15 10.9

157 7873.5 32 )

3198 7671.0 2.82

199  7575.8 2.82

200 7679.0° - 0.4 3.2

XL 78822 LS

202 7685.8 - 0.53 3.7

203 7638.L 0.CL 3.2

20L . 7689.5 - 32

205 7851.4 2.8

2086 7601.8 " Be?

207 7693.8 .l Q. 6.0

21 70 " Ce?

22 TMALT 3.4 -

23 T7ok.3 0.28 6.0

Qb  7708.2 0.01 é.0

235 TIe9.9 013 035 1.5 2.5

28 7709.3 . .2

27 T09.5 8.k

28 TNoL 0.02 5.0

asy T2l 1.3 - © 83 : o

20 730 : 2,86

22 71nbk.2 J 2.85

222 TnkL.s . 8.5

23 TS : : 0.9

22k TN7.S 0.2 o.M 1.8

225 TR.9 L8

20 T2.7  0.0L 1.3

27 T128.9 0.02 0.02 0.5 2.80

228 7727.5 1.9 5.2

229 787 2.k

230 2.7

[ a2 ]

2=
L]
-.

RCFIR TO ATTACHED LLYTER :
m-u.su cong uuvtav—cmannaﬂu ACSCRVED |

| 187 OFP LOCATION ANALYECS=NG ITTRPACTATION OF = LTUWTY

Thew ? o ........-.w-mmmmwmunmmu-mmtw“mmmwmu
-—.mmh-« Tre muevyw w:vwmsmmxuamcdc‘nuo--muu.nummmnmv-o
weied): Yt Cove Loversmrire, jne. ond ite " 7 ANG MAke Ne werranty er resw 20 8 W ¥ uy.
i ac d urumdmro&;uumtmm.mum'mtwmmh“.nuvn

@ e w0 e amt— -
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CORE LABORATORIES, ING
Pearolemm Reservore Engineering
BALLAS, TEXAS

Campaay ZILTED STATES GEDILCTCAL SUETEY  Sormadea Pt of

#UTSTITASIE TOR ANALISIS

Vel MADTEON 0, 2 Corm. File _AP-2-5292
Feld___¥TIo0L™ Delliag Fluid Date Reporr9=25=T7
Councey. Seaee  YENIANA  Floyacon. Assiyse. i
Location Remarie..
CORE ANALYSIS RESULTS
{Figuren i yarvathosws veire (8 [oatnnts remevis)
PLRMCASILITY RCSIDUAL |
ssawr — MILLIDARCTYS PR | SaTURATION Grain:l AEMARKS
WA T aesaeran| vermeai | M7 o o205 rene| oo |Densit :
(51.)
221 T710.5 2,65 DEVONIAN (T=9=< FORXS -
32 TS 07 : .zz-.: TRSQN)
233 77374 3.7 \
3L 771385 025 6.8
236 77&05 0.02 3.2
237 Tkl ' 3.5 ' 2.84
238  Th3.5 . 0.10 6.0
239  Tkh$ . S
- 240 TTkS.S » » » » .
23 82,9 0.3 5.3
22  77h9.5 1M 5.2
2k3 | 7751.9 0.9
- 2k 7753k » LA -
S a7 s 0. a.8 LT
A8 e kL
2hy  7785.2 0.04 5.2
© %0 T188.6 3.5 - ,
29 TITe.8 13 2.9
253 T8 c.&L 8.8
28k  TT18.3 0.36 0.3k 15.4
255 7780.9 o.a 8
T 2586 T782.0 0.QL 0.4
257 Ti85.8 0,09 0,02 20.9
- 258 7786.3 0.02 0.02 11.8 2.8
255 7799.8 1.3 0.54 184 . 2.82
20 TS 6.0 :
. 21 T77195.0 33 15 a.3 2,79
. 262 T7198.6 sl aQ 2.3 2.80
283 T191.9 Se3 0.07 1L.2 2,78

#WISUTTAZIS FOR AMALISIS

¥ = SUPLE YDUNTED LM SGALDG YAX

Ld s 3] :
(%) ACPER 70 ATTACHED LITTYR.
39 INCOMMETE CONE ALCOVERANINTEAPACTATION RCSCRVED.

(29 OFF LOCATION ANALTSCHI=MO INTERFRETATION OF RISULYTS.

Thawe sasiyses, o » i
e, Vs TFTWTR g medr. The
o) tut Cve Lalmvswavwn, [ne.

TR

propee gprTetan, of ¢

.

are uorg en chwer wnd i 4 ¥P Qwe climt 10 wham, snd for wheow erciugwe sad rarflc i

IMPTPITISUWS o7 SOWINS eanrrare Feoresent e Bemt Iutment of Cotn Laiberatorien. Ine, (3L FY79M snd amicsuione rle

ond Ny CLILTITY Snd TN DIGYE™L, IRENE A MPTORNLIULY And male e WAITRALY OF TTPRALILIANS, A4 18 e STEEUCUTILY,

o sny ol §a4 4F H3AE TUNSTAL el OF 1403 IA CSACICLON WIA BAXD SUPD IYTINL 8 WeeY T [914) ey,
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' CORE LASORATCRIZS. INC.
- Prirolesm Reservoir Eginesring
i - DALLAS, TEXAS
’ Carmpaay Unli=D STATES CIDILCCICAL STURVEY =.emstion Page. 10 ¢
el EADISON XD, 2 Corex e RP=2-5292
| 3eld . WIIDCAT Drilling Fluid : Dite Reporz—5=2=T7
Cauacy. Suare JONTAMA ____ Zlevacion. Analyses, bin
Ls CORE ANALYSIS RESULTS
(Tiguors in yovendin vofev te | remavds)
~— LIDARCTS | gREsouaL Grain
_3\_.---'” iy "“L s jrombp - w;;::. -;:':'Eg Density REMARKS
- (B
| 28, T7800.9 010 0.06 b0 :
265 T807.3 L ] 0.k . 2.20
__ 265 T808.6=09.7 - WIS CORS ANALISTS
, (287 7610.0 170 1k3 243 2,82
26% TRl 0.06 10.9
- 270 T0L2.3 3.7 L83 1k.5 ’ 2.85
(22 T8Lh.T 1.5 2.3 11.5
272z 7818.3 C.72 0.52 ol ) : 2,32
213 7822.0 * Q.00 T :
2 T82k.2 0.07 8.4 - 2.7 -
275 7827.5 Ll 2.3 24,0 .
278  782%.L 0.03 . 1.8
v 7835.8 01 0.1 k.2
~ 278 7834.8 0.02 . 9.0
279 1837.5 9.1
286 78Lk2.5 3 0.37 - 10,7 . ,
BEL w0 come e
283' 781908 . 0.0h W ' 702‘ - 2485 ( )
28 78%1.9 0.03 8.8
25 & & | =
. L > ' 7
288 8219.0 1.8 12.7 .. '
289 8220.2 135 128 3.8 2.8
290 8227 3 2 A '. 8
292 8227.7 13w 12 281 o .8
. 203 823L.0 167 89 28,7 . 2,82
| VP = VEXTICAL FRACTVEE
i
-
‘}__g??;‘-on Josmacesuerre — (X3 OFP LOCATION ANALTSCI-NO INTERPRCTATION OF ALBULTE.
D T T, T e o oy ooy i BT 27,32 S b, 47, iy S g il

. . e o .
: - wpied]: but Cate Loturawovies. Ine. and i1s o(fivery and emmeyews, ne LY ana Mae N warranty er L & .
. ” proger op o pe ‘dm'll.n-nmmmr“hmm-“mm:m“mmnmunmw.
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CORE LAEORATCORIES, INC
.f- "+ Putroleurs Reservoir Eagincering
’ DALLAS, TEXAS '
—  CompanyUETIZD STATES GEOLSGICAL SEVEY rormasian. ' D SRR |
L ol PADTSOT IR, 2 | Cores il RP-L-39L5
. Rad_ WIIDOAT Drilliag Fluid Dute Reparr__6=29=T7
‘ '—; Couary. Seace JIIRSNE Elevaden, Azslysen =
’ L Location Remerks WEOLS COFE ANALYSIS
] RS CORE ANALYSIS RESULTS
¥ V-I ) (Figueen in povewthnes veiev 10 ieatnate remavds)
; E PERMLATGILITY luIOUAL” l .
S { 3"‘? MILLIDAACYS ronossre{ SATURATIO! m"l Grain REMAR XS .
_ vix, | 90® % verut % see| e,‘.':.'g =Sy Densitw
b L332.5-53.5 1.6 1.b 12.0 0.0 52,3 0.06 2.8L NEVCASTIZ SANDSTOIE
! r: 15 L§O0.0-33.5 .5k 53 18.5 0.0 » 9.8 2.88 wmnrEnss
11 SL 6326.0-27.0 018 {0.08 3.2 0.0 29.3 <0.QL  2.83 - MADISON (CRARTSS)
— 63 6816.0-17.5 ¥ 37 k.8 0.0 63.5 22 2.88 MaDTISON (CEARLES)
; §7 67:.L-33.9 1677 13la 28k Q.0 . 39.9 292 2.83 1ADISN (.crss:o" ANTYON)
i 710 T7119.0-20.0 3.5 32 15.0 0.0 88.2 031  2.88 aprsen (LISSICN carven)
L) 159 7k02.0-93.0 1.8 2.8 2k.5 0.0 * 0.2k - 2.86 ADISQN ( LomeEzeLs) -
180 7843.2-Lk.7 %8 55 2k.0o 0.0 2,9 112 2.68  aprson (1orezrorz)
, 26 7808.6-09.7 0L 0,08 7.7 0.0 #* <. 2.87 DEVONIAN (TEREE FOEXS-
10
*: .
—  MOTL
..“ :".) %:r‘:‘ﬁeg:‘ga.‘m‘a. reRETATION - (2) OFF LOCATION ANALYSTI™NG IKTERSRLTATION oF RASL .-,
-; - :u':u m”‘m:‘:m .;h:?':‘m"::uu‘:‘::“am byt in.'"mmw;s -._.-'iu‘":."c".?.ﬂm".‘. '&'ﬂ?gmf :zw:‘::
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Hydrologic tasting

Seventeen conventional drill-stem tests and packar-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 tasts pressure

heads were not obtained because of tool malfunctiom, ruptured packers, or bypass
around lower packers. Also, numerical values of pressure heads in 6 of the 13
tests ars questionable because of tool malfunction, very low permesbility, or
bypass around lower packers. Flowing water was obtained during seven of the
tests, but the ratas of flow from two of them are not respresentative of the zore
tested becausa of bypass around lowar packers. . - :

Intervals for testing with packers ware 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
penetratad in the hole. The intervals tasted (6,593-9,3%4 ft below Relly
bushing) covered approximately 60 percent of the Paleozoic sectiom belew the
9-5/8-in casing.

Ihree types of inflatable packer tools were used during the testing. The
first four tasts were made using conventional straddle drill-stem tasting tools

con 4=1/2-1in drill pipe (fig. 7). Tests 5 and 17 were made using dual seal

production~-injecticn packers om 2-7/8-in EUE 8-round tubing (fig. 8), and the
remaining tests were made using a modified versicn of a dual-seal straddle
treating and tasting tool on 2-7/8-in EUE 8-round tubing (fig. 9). The straddle

treating and testing tool was used for most tests because drilling mud and muddy

water entering the parts of the tool from the. iaterval isclated by packers

could be removed from the tubing by swabbing. Lowering the head om the interval’

by swabbing ofter induced water to flow to the surface. Aftar collecting water
samples from producing intervals, the packars were deflated and the toel reset
to test other intervals, higher or lower in :he hole, wi:hour making a crip
out of :he hole. .. e m,.: ey Sl

. After comple:ing all packar tasts, ‘and spocting cement plugs from 9, 378-
9,086 £t and 8,884~8,422 £t below land surface, a well head (£fig. S5) was
installed. Drilling-mud was removed from the hole and the well began to flow.
It flowed about 44 gal/min through a 2-im valve in the well head with about
3 1b/in? back pressure. Measured at the well head, the shut-in pressure was
333 1b/in?. The :emperarura of water was about 48°C.

Table 2 summarizes the drill-s:en and packer-swabbing tests made in

- Madison test well 2 and indicates the test data that are included in this

report.
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Table 3.-8nqnnry of drill-stem-test data :

{Xelley bushing (k8) fs 16 £t sbhova land surface (L8) and 2,809 €t above sea level. A constant of 2.307 was used

to convert shut-in pressure to feet of head. 8IP) Initial shut-in prassure. SIP; Socond shut-in prossure.)

Interval .Shut-in Depth to Dlecharga
Test FYormation (fc bolow KB) preasure pressure xecorder or flow Romarks
. {1blin3) {fc below KkB) . (gal/min)
1 MNewcascle Sandstone 4,300-4,680 1,540 4,210 = e -~  DPBottom-hola tempevature (BUT) 129° ¥ (54°C).
' ' : Water leval (hoad) 701 ft baelow LS.
"2 Minnelusge———m——— 6,138-6,248 eo—mccemcceana 6,143 ———— - DNT 152°F (67°C). Packer acat failed.
B % ~da 6,134-6,244 2,936 6,139 ———— BUT 165°F (TA°C). Mead 696 €c above LS.
. 4 Lakota Sandstone~—- 4,098-4,916 1,820 4,903 e BMIT 127°F (53°C). Mead 688 fr below L.
3  Precambrian-—- 9,300-9,394  cevmcmvmmamne 9,110 ~=—w-=w-=  Pack falled.
" 6a Flathead Sandstons  9,218-9,262 4,149 Q1) 9,253 svamwanaw  Interval has very low permcabilicy.
(gas show) o .
7 . Nathecad SAndanno 9.238-9,394 veme——————— 9,25 evcemeeaa Intoxval hag vory low pormoability,
N and Precanbrian . .
8  Red River 8,115-8,138 3,899 (1) .7 8,138 10 to 0  Moad calculation wet valid becauac of bypasa
. ‘ around lower packer aftor ahaut 150 min of flow.
9 - do 8,030-8,250 Lower packer ruptured.*
0o do 8,113-8,313 819 1,849 8,123 18 to 13 Temparature of fluid at surfaca 114°F (46°c).
§IP; J,848 8,125 laad basecd on down-hole pressure gauge,
SIP' s - 3 £t above KB 760-771 ft ahove 18. HNoad hased on surface
sIP, 326 _ 2 ft abova XB predsure gauge, 745-770 fr above LS.

‘1 Devontsn (undiff- -  7,773-8,013 L2 (0 1,18 10 to 8  Temperatura of fluld at surfaca 103°F (39°C). ;
ferentiated) and ) _ .. 81y 312 i;i.‘ £t sbove Kb - llcad based on down-Jiolo presaure gauge, 887 ¢ }
Intexlake ! §Iv; 317 ) :3;,3 £t abova KB abova 1S. licad baved on surface preasure !

/ . Ty Quuge, 7IB-749 €t abave LS.
12 Madlson (Chsrles) 6,449-6,689 3,292 1) 6,450 s=a-ww==  Interval tested tuicoj mo effective permunblltty..
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Table 3.-&“-5!.,: of drill-stom-test data-~Coutinued
{xelley bushing {KXB) s 16 ft above land surface {(L5) and 2,809 ft sbove sea level. A constant of 2,307 vas usod

to convext shut-in prassure to feet of head. B5IP; Initial shut-in presaurs.

SIP; Second shut-in pressure,)

d

S Interval Shut-in . Depth-to Dlsecharge
Test Yormation (£c below XB) pressuve pressura vecorder . or flow Remarks
(1b/1a,) * (fc bolow KB) (gal/wmin)

#13 ' Hadison (Mission 6,814-7,034 3,303 6,824 s Temparaturae of fluld at surface 93°F (34°C).
Canyon) Ji0 2 £t above Ki - llcad baued on down-hole preasure gauge,

. ' ’ 812 ft above LS. MHead bascd on surfaco
preasura gauge, 802 fr above 1S,

s1l4a Madison (lowver 7,064-7,304 3,4 7,018 . ’ 9 Temperature of fluld at surface 106°F (41°C).
part of Misaion - 340 2 £t abaovo KB llcad based on doun-hole pressurc gouge, 833 fc
Canyon and upper . ] . . above LS. MHoad based on surface pressuse gauge,
pact of Lodgepole) 802 fc abova LS.

13  Madison 7,305-7,343 3,568 (0) - 7,325 (1) ewe~v~==  jlead based on dawn-hale pressure chare, 922 f¢

. (Lodgepole) ' g 0. G L above L8, :

16 Madison (basal part 7,325,765 . 3,515 (1) - 1,336 23 to O Bypass around lowcr packer. naset‘packera 10 (t
of Lodgepole) end B ) higher and toatedy had bypass around lower
uppex part of S packer again. )
Devonian : ‘

"7 Winnipeg Sandstone 8,520-9,394 4,038 - °8,3533 . 50 Temperature of fluid at surfaca 153°F (672°C).
to, Precambrian . i * 3 £t above KB - Mzod based on down-hola pressure gauge, 797 ¢

abova LS. Nead bosed on surfacy pressure gauge,
749 £t above LS.

* Original drfll-stem-test data included in roportk,
(1) Numerical veluea is of quastionable reliabtlity.
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Figure 7.—Inflatable straddle packer tool for comveational drill-stem

tests.
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(Courtesy Lynes, Inc., Houston, Texas)

Inflatable straddle packer used in open hole or casing.
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=1 TESTS

Sox 712

-]

Phong 1 )
§22-1208 Ares 303 LYNES P) INC. Sirting, Cole. 8073
>
&
Cmm Andgg;an Neln. Co. Tep Ciaks k= Flow Na. 1 1;5 Min, =
Rig No...3______ Battom Chaka._3/ 18" Swytein Na, 10 Mia. |
© $poten SE-SE Size Hole 8t Flow No. 23 Min, |G
Secs. 18 Siza fat Hale = S Shyt-in Na, 2 °E Mia, =
T e i N S &awe 0, p 82" 156.50 Flow Na. 352 Min, (=
, S8 E Size We. Fipe_— Dutia N, 3270 Min, |
Feld. Yildcat LOof0.C 23" %
Counzy__ Custer Length of 0. 361" Bottam
State Hontana Tetal Cepth 8367 Hole Temp, 163°F =
Blevation_2509¢ _“K.8." lncerval Testad  S1356-8244! | Mud Waighe 9.3 3
Formation Minnelusa Tyee of Test Inflata Gravity -
Straddlie Visznsity, —
) Q;tsfdu Rm-n:v-rl--
PRO Make__Kustes K3
— ~ Na, 6381 €:2.8000 _@6139'
;‘F,?:“' : Press Correctyd
- . :{ Initial Hydreseaatic A | 2983
(.i . Final Hvadrostaue K | 2960 -
b - S T R BT |
- " .o ] Finad Inital Flow  C 693 2
g Imital Shutin D 132820 =z
o Second Initiat Flow € &89 ¢
- . Second Finzi Flew £ | 1207 ~
| | Secondt Shuein G 2812 13
L . ;"] Thisd Initial Ficw  H 1 282
o S 7| Third Final Flew 1| 1950 .
e . +f{ Third Shut-in 4 2903
ST . g
: Qur Tester: Pag; Robbins @
- . | ad
' Vfitnesed Bv: Con_8rown o
A g
CidWell Flaw -Gas_Na__cu_No__‘water_1o . ~
RECOVERY IN PIPE: 5200' Saltwater = 56.28 bbl.
. : 1st Flow~ Tool opened with fair blow, increased to streng blow
o after 3 minutes and remalned thru flow period.
o 2nd Flow~ Tool opened with fair flow, lncreased %5 strong blow
.after 3 minutes and remained thru flow period. 3 :
3rd Flow- Tool cpened with fair blow, {ncreased to strong blow -
* REMARKS: after 3 minutes and remained thru flow period. Flow 3
gauged at 10 psig. on ¢" choke. : oy
(=)
(-,

J01eaadp

‘s .305‘“

20 OSPEY opg pus ouiey iy

‘oN 1Sa

t



C o mpeeeen

RO I

l‘i;f:)

[ SR

IR P M

i Bt AP cairn oy Bl =8 e 2 4o

1
i

I~

N
—-d

L.

g

L.

Coarator__1:5:C-S.

LYNES,

Lzase & No.

Madisond?2

INC.

OST No..3

Cutside Recordar

PRD Make_Kustaew 1.3
Ne 8632 Cap 8200 _@61239:

- e e a . ...._.-=. — — =
) » ﬁuu‘ Hydmstauc A 2977
. 2§ Final Hydrestatie [3 2956
. " Initial Flow 8 S83__
4 -~ Final initiai Ficw [ 711
1 Initial Shut-in 0 32327 .
I Sesond Initial Fiow € &85 __
. J Second Final Flaw  F 1222
*_Second shutin G 1 2820
il Third Initiai Fiaw H 1287 -
. { _Third Final Flaw___| 1959
- ¥ Third Shut-in f] 2305
r'm Sied To
. Inaide Re-ar:!er
. PRD Make_ Kustesr K3
| No2083 "o 000G EI0ET Zlos
- . Carevered
__Initial Hvdremne A 2980
- Finsl Hyudrestatie X 2954
Initial Flow 8 S6l
Final Initial Flow c 65L
Initiad Shut-in [#] 28135
Second Initial Flew € 658
Second Final Flow & 1195
|__Second Shutdn G 2811
_Thtrd Imitial Fiow M 1281
|__Third Final Flow 1 1951
Third Shut-in J 2911
o <o Promure Selow Bortam
Pogxov Siled To
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No 12355 C:p35-249
Prove

Carreates

{nitial Hydrosate

Finai MHydrostatic

Initial Flow

1 Final Initial Flow

Initial Shut-n

Second Initial Figw

Secord Final Flow

Seconz Shut-in
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| _Third Final Flow
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Third Shut-in
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LYNES, INGC.

Fluid Sample Report

Date 1-23-77 Tickst No. 3219
&mp‘w “.s.c. s. -
. Well Name & No. }adison #2 DST No. 3

c‘m Qustar Siate Montana

Sampler No. == Tes? Interval §134-6254"

Pressure ia Samgler 33 PSIG BHT 163 of
Tatal Yoluma of Sampler: 3000 e
Total Yalume of Samplez_ 3000 <z,

Ox.__None ce.

Water-_lone oy

M— 3000 e,
T Gens Nene. . |
. Olherz. NN "

- . . Resistivity

Water: @ of Chlaride Contant PPm.
M«H Pi? Sample @ of Chlaride Conteat ppﬂl.
Gas/Q1 Ratio Gravity OAPt @ oF

.| Where was sample drained On_Location
) Remackss Jool was open momentarily t.msettiftg pédeer. causing samples to fill with

mud,
i
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80X 12

STERLING, COLORADQ £0751
PHON® 303-522-1208

Comments relative to the analysis of the pressure chart from DST #3
Interval: 6134-6244', in the U.S.G.S., Madison #2, SE SZ Sec. Hm.
TIN-RS4E, Custer County, Montana: }

For purposes of this analysis, the following nmma..«or and DE.m. proper-
ties and test parameters have been used:

BET = 165° F, p=1.0 cp., t= 105 minutes, h= 10 feet (est-
) mated). v

1. Extrapolation of the Initial Shut-in pressure build-up curve indi=
" cates a maximum reserveir pressure of 2943 osi at the recorder

depth of 6139 feet. Extrapclztion of the Second Shut-in pressure
bufld-up curve indicates a maxirmum reservoir pressure of 2917.9
psi. Extrapolation of the Final Shut-in pressure. build-up curve
indicates 2 maximum reservoir pressure of 2953. 8 psi. The dif-
. fevence between the three extrapolated pressures is considered
_insigmificant and is indicated to be due to the use of insufficient
v _time for the First and Second Shut-in periods. Numerical values
.. for the various reservoir propertiss shown below and om the sum-
" 'mary pages have been czalculated independexntly in (1) analysis of
the Second Shut-in pressure build-up curve and (2) anzlysis of the
" Final Shut-in pressure build-up curve, The results described be-
low are based upon the znalysis of the Final Shut-in pressure build-
up curve and compariscn of these results can be made by referring
to the summary page which shows the calculated results which are
based on the mbnwu.mu..u of the Second Shut-in pressure build-up curve.

‘2. ﬂua calculated bean»ma Mﬂoann&ou Rate which was used in this
analysis, 771.8 BPD, is based upen the totzl fluid recovery of
' 56.28 barrels and the total flowing time of 103 =inutes.

3. The nuponuuu.na Damage w»»wo of 0. 5 indicates that no mwmuu.bnubn
inﬁ.&onm damage was present at t the time of Em formation test.
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U.S.G.S., Madiscn 72
Interval: 6134-6244', (DST #3)

i " Comments - Page 2
[ _ 4. The calculated Effective Transmissibility of 339.2 md.-ft. [en,
. indicates an Average Permeahility to the produced fluid of 33.92
' ' md, for the estirzated 10 faet of effective porosity within the
= _ . * total 110 feet of interval tested. D
) S. The Radius of Invest:ga::.on of this test is indicated by ‘the rela-
- tionship, b= 4 » 1o be about 60 feet,

- . .. 6. The evaluation critaria used in the Drill~-Stem=-Test Analysis

' System indicate that the resulis obtained in this anmzalysis should
o Co be relizble within reascnable limits rela.tive to the assnmptinns

T e which h:.ve been. m:.de. i , .
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| LYNES, INC.
Ommm- Losse & No.__Madison #2 OST Na 3
— " Recorder Mo. 6381 @ §139"
0 .
i -

N

FIRST SHUT IN PRESSUR:

‘X

.
—
]

.

I

(=

)

{
Porm !

EXTRAPLN OF FIRST  SHUT IN : 2943 .3

77

= TIMECMIND ST PHI) Psiq
Dk PHI . i /PH1

8.3 8.334da 693

o - 211 6.0009 2438

D. - Ui 6e@. 3.530a 2534

Lo Tl el 2.6667 28524

. 12.8 2.2530 273s

ﬂ ' 0. 188 . . 2.3G88 2733

L R L 71868 . 193333 27862

B R Y- . 147143 .a782

T © 20e8 . 1e6252 - 2799

: ‘27,8 155536 2812

- 38.9 1.5828 2523




3 .
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LYNES,

INC.

Leass & No_Madison #2

DST Ne

omm U.5.6.5,

DA |

v |

Porm 3

Recorder No. 6331 @

§139¢

SZCOND SHUT IN PRZSSURZ:

. TIMECMIND ¢TwPHI) PS1G
PHI JPHL"
8.3 d.aa00 1287
6.3 8.%5ada 2513
12,3 2.7588 2821
18,9 3.504a 2578
22.3 2.8753 2715
30.0 2 .5000 2755
38.3 2.2533 2762
42.3 2.871a 2779
48,43 19375 2792
. s4.8 1.8333 2305%
_68.2 1.7535, 2312

CALCULATIGNS ¢
EXTRAP PRESS(PSIGles~
”o O? p?s U ED.OCO..'O...O.

RMS DEV!ATIO”(PS‘)C..’.’O’.
TQTL FLO Txt't‘uxN)QOQQQOQOCQ

‘®ecevee

AVE PROD RATE(SELS/DAY)esecese
TBANSHISS(&D-FT/CPJ-p....,....

- IN SITU c&P(ﬁD‘FT)ooooooocoppo

AVE EFFECT PERM(MD)ecvecescsoe
PROD INQX(SSLS/DAY-PSIJp......
nmsz RAT:0.0QCQOOOCQOCC.....
PROD INDX~DAMAGZ(B3LS/DAY-PS1)
RAD OF ANVESTCFT)eeesscsocscne
DM"DOWN(P;RC@T).-.-....., eos
POTENMETRC SURF(FT)essccccncas

78

szzcun saur xu T

.ExTRAPLN CF S‘CQ&D SAUT N : 2917 9

2917.9

11.8

- 7Y
g.ad3
48.3

771.8
287.9

28.79
B.RSI
8.7
8.324

36.3
8.1

34908.9




LYNES, INC.
Qcerstor__U-S.C.S. Lease & No Hédiscn 72 OST No 3
L
;f )
'ii ‘= Recorder No. 6381 @ £139'
o . '
i THIRD SHUT IN PRSSSURS:
Doi TIMEMIN) | (T PHI) PSI1G
Do PHI /PHI
b= 8.2 @.08a3 1958
I 5 Q7.8 4,8889 2738
P 51,3 2.9424 279s
: . 8le8 2.2962 2826
- 188.3 1.9722 2849
[} 13%.3 147778 2862
: 162.8 1.6481 2876
N 189.8 1.5556 2883
R 21648 1.4861 2893
T E 243.8 1.43218 2399 .
e R -+ 278.8 © 1+3889 _ 2983
1n . Extrapln of Third Shut fn ; 2955.8 M: 36&9.9
Y Sl RESERVOIR PARAMETZRS: . , , N
VR COLLAR RZCOV  361.3@3 PIPE RECAV  3839.832 INT FLO TIM 15.33a
e F FINL FLO TIM 69.333 MUD ZXPANS 1.389 BT HOL TP  164.333
S Iy APl GRAVITY 18833 SPSC GRAVTY 1,333 VISCOSITY 1.323
q4 PAY THICKNES 18.838 SUSSZA DPTH =3330.232 VATR GRADNT 8.433
CALCULATIONS: THIRD SHUT IN
i .~ EXTRAP PRESS(PSIG)ecccecsccess  2955.3
@ .Ea_ : NO OF PTS ENTZRZDecccccacas 11.8
‘: .. ad NO 0!‘ PTS _usznooooo.ooooo,op 4-3
1. RMS DEVIATIONC(PSI)eccecsose 8.393
2 ﬂ TOTL, FLO TIMCMINIeeeocevone 1858
U  AVE PROD RATE(3SLS/DAY)eceesee 771.8
B E . . " TRANSHMISS(MD=FT/CPJlsececssnces 3392
XN SZTU CAP(‘S(D-FT)..-......... 33902
[j AVE EFFECT PERI(MD)eccececccas 33.92
; PROD INODX(BBLS/DAY=PSI)ececcee B¢767
DMAGE “TIO.....‘:........... s.s *
~ PROD INDX~DAMAGE(2BLS/DAY-PSI) 8.382
i ! RAD OF INVEST(FT)eccccecccsces 5947
R DRAVDOUNCPERCENT e oo s000ccccce - Y-
349643

£

i

. POTENMETRC SURFAFT)escccccvece

79



N

)

(I

4

N

]

-

C

S v T e B

cT® + PHI2/PHI
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' weLw “gmsm 2 JREOIL @ WOCN CATE: plez=-m
K s osT NG. <

REC. NQ. E==1

DEPTH

'

<2Ed

(] 3
s=pa ' =sa@ | Zs20 sz2g ssza
PEIE COIL DR WATER)?

| PRESSURE EXTRAPOLATION PLOT

3 &
] 13

280

T Pena 236 12.76
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ING.

0ST No._10

Operator_U.S. Geological Survev lease & No.—_Madfson Test Well #2

Brre3?

| Top fka.hP
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st =/ A

e o

Cor b pgn vy pe W =

weore

P23 LA

|

Abave Intesval
n Kuster K-3

PRO 32397&9 200 2

Carrented

2 C.

4108

{nitial Hvdramtic

Fingl Hydrostatic

Initial Flow

Final Initiai Flow

Initiai Shut-in

Second |nitial Fiow

Second Final Flow

[
Second Shut-in

™ Third Initial Flow

Third Finai Flow

Third Shut-in
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PRAO M ke'
No. § Cap

Kustar K-3

@

Prove

Coevearedl

{nitial Hyrrostatic

4130

Final Hydrestatie

Initiai Flow

3337

Final Initial Flow

3584

{nitial Shut-<in

3808

! Second Initial Flow

3575

IES.LL!

-

od
.

Second Final Flow

3553

]

Secend Shut-in

3800

| Third Imitial Flow

3579

{1 Third Final Flow

3555

Third Shut-in
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Operator__\1:S:_Geslogical Survey Lassa & Neo._Madlscn Test Well 42 oSTNe 10
1y - PAO Make__Kustor €3
11 32 Ase Belwrew . /52 vz No_ 15287 cio. 5650 @ ==
H Y ro Pravs Carveutry
. Initial Mvdrostatic A 4131
. @ Finat vadrostati: X -
e Initial Flow 8 338
v Final [nitial Fiow C 3587
i Initial Shutan ) 3516
: Secung (aitial Flow & 3578
o Secana Final Flow i 3553
. 4 Second Shut-in G 3312
: |_Third Initial Flow___ M 3533
. . ) Third Final Fiow 1 3560
- * ~"Third Shutin 4 —
o !
’ '! ————
L - -
T } L. Pugiter §ledt Ta
Below Intzrval
PRO Make Ruster K-3
. Na 15240 Cip. 545Q a__—
m—— Pron Chrrorsnt
H o T de BTG v34 Nsso se - =N __Initial Hydrostatie A Gl
'; Burow Roerdes D00 Th D4 Finl Hycrosatic K
. ) Initial Flow 8
- . Finsl Initisl Flow [
{ —
éz Second Initial Flow  E
- : Second Final Fiow _ F
S a Second Shutin______ G
b . [ Thied tnitiat Fiow ___H
H ' Third Final Fliow ]
) = Lt
b JIEST UL Third Shutin 3
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.73 I vowr

+ e b cas

- ROGER L. HOEGER
pr— hd Conruiting Ceolegut
HE 1780 Se. Seilaire Street, Suite 301
. Denver, Colenndo 50222
b (S03} 739+4491
_ ) Orill-Stemniest Pressure Analysia 2egoart
F“_-“ i ] P fnjtial: 1348 mins. [
: 'IAE:IRAI#— ec‘ion 1 1milal, Wﬁgi(nﬁ-l: lg_s-?ins - ["-N ﬁ(cn .
MONTANA. CUSTER 187 minutes L=6453
B e Tueals SRIT-n Tisds " CaiL ComruTion
U.S. Geological Survey 105 minutes 6/3/17
] hb Aundsh F{ Y —r T 24l 18310
- Madiscn Tast Well 32 10 4/12/77T
Vol ORI TY N ] 1Y ‘3. Fom Chld TASION. Som
- Red River 8115-8355 K3 2809

7

" Fluid to surface in 8 minutes of First Flows reported flow rate range:
13.83 2z = 18.5 g, ) )

HOLE, TOOL AND RECOVERY DATA

Tact t00] oam | 48] o e -uovucfnT‘m
on 2.7/ 8“ SAELT OF wallR wallh "lﬂ:l“l
ohing . TP QINER IRLA FURCINTASE
7943 87 Ol Ot FURGINT AGE
240 TR TS | Flowed water] S a1 | 53378
-:. AP ".._‘::-mun i - - T
7 1673, SREALCSTAT vSiiad P TLCTVERY L LT3 THAM LoRA S VOLUNE, () D
A . — . GAUGE SUMMARY p o, t:ce Recorder T
ALCDAONA sunstR f‘"‘ A sl ALEDAGLA fmadR | O4P T Salime
2219 81_2.5, -5316, [ TN 2' {on R B. +2811’
A [xrr romt summazy] B SR S SUMMARY OF RESULT
First Flow . FPCEIIVE TRARUMALARITY, Magd -t it g

Thle 7 WO NG 7 RETIeR — g 2305.5 S——

333?. ‘] -sapan : SENCATIED AVERAGE 'll.?“u".l.l -—dle
P FLOnG FRLLLA T = . 230. 6 (lor ast, 101effact, &)
___gi@. l o A : B ¥ IROE L I =TT
| Second Flow ] EXTRAPQOULATION SUMMARY | 1.83 ——

Toutias InovnG Fatiian mlum"ww 29 {UNTlAl O eSO G SAATED PAGH 8da%hildd Oalae Somagd R RATUN

3575, —— 10.27- | 10.27 1.61 e
Toiad, S\ Ovins PRAIIATS 750 peAmeG LA OF POM TS ULAD FOR 2w (1Al CWAVISITe ARG PATLINAL o add WO Y

3553, | e 5. | . — T —

e’ OF BATIML SURDUF CIAYE poriupsia
YO Py a:u;a: uummnT;-ﬁ“ — o Tias FATER NORETIIC P ACE =~
3308. | 287, 3849. | 31s. 3537. Jn3s36,
"“""""“'"",‘“T F40n As4IRLD DAt Ft. of Head above K. B.
| 16.93. 17.40 _T28, | 727
OF POWTS U340 FOR Fwwas, CUAVIFiTee 8, | .y
6. [ .
or n.lusuw QIAve peisupale .
38. 31.
T e S (FWnas, (X TRAPTLAT (D FRATAMG e | FRLLASTIRTIONETRIC WeP ACL e

3800, | 286.8 3843, | 326, 3534, l23s61.

SHTIAL RTDASIIANG g /e mals -~ Ft. of Head above K. B.

41130. ——- |# Conversion Constant of 798 729
- s e =t 2,30 ft./psi used to caleu~ [ o

—— | — late P.S. Flevation. {
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ROGER L. HOECER
. Consuiting Gealagist
1780 So. Beilaise Street, Suite 301
Denver, Calorade 0222
(303) 739 - 4491

Comments relative to the analysis cf the pressure chart {rom DST #10, Interval:
8115-8355!, in the U.S. Geclogical Survey, Madison Test Well #2, Section 18, TIN-
RS4E, Custer County, Montanas

1.

Wuﬂ.u.nogoa of the Initial Shut-in pressure build-up curve indicates 2 maxi-
Tmum reservoir pressure of 3849 psi at the recorder depth of 8125 fest. Ex- .
»Hﬂnogon of the Final Shut-in pressure build-up curve indicates 2 maximum

" reservoir pressucre of 3848 psi. These extrapolated pressures are onru..sﬁ.mu;

2.

to potentiormetric surface elevations of +3537 feet and +3534 feet, respectivel
based on the conversion censtant of 2.30 fi. /psi. These potantiometric sur-
face elevations indicate a head of water above the elevaticn of the Kelly Bush=~
ing (+2809') of 728 feet and 725 f{eet, respectively,

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

pressure build-up data which were obtained by the surface pressure recorder
locatad 2' above the K.B. The results of these extrapolations are shown on
the summary page and, when converted to poteatiometric surface elevations, -
compare very closely with those determined by the analysis of the pressure
bufld-up data recorded by the down-hole pressure instTument.

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

BPD, is based upon the reported flow rates which were gauged throughout the

: po.ﬂhm pericds used in this test. This average production rate has been used

in the basic Borner equation, along with the measured slope of the n.h»lu.ﬂoﬁw..

. 'tion plot for the Final Shut-in pressure build-up curve, 38 nu»h.om cycle, as 2

3.

4.

S.

mezns of calculating numerical values for the various resesvoir nﬂonolﬂnu

A ‘shown below uunounvnmdgnuq page.

.Hwn calculated Uﬁd.u.na Ratis of 1,61 indicates that uwumu» well-bore damage

‘was present at the tirme of this formation test; however, in view of the volume-

rate of production which occurred, this indicated ﬁmb..doﬂd darmage may be due
to .En choke effect of »wn test tocl rather than formation damage.

The calculated Effective .Hunbuﬂmuumum.w»w of 2305.5 md. =(t, /en. E&nn»nu an
Average Permeability of 230, 6 md. lcp. for the estimated 10 feet of effective
porosity within the total 240 feet of interval tested.

The evaluation criteria used in the UﬂBam»o.Hu.Huu» Analysis System men»»m
that the results cbtained in this analysis should be reliable within reascrable
Umits relative to the assumptions which have been made, -
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company U.S. Geological Survev
Well Name & No. __Madison Test Well #2

 Loecation Seg. 18, TIN=RS4E. Custer County, Montana

Formation Testad: Rod Rivew

DST Ne. 19 Test Interval: g§115~3353!

Recorder No. 2512 Recorder Depth 8125 feet,

INITTIAL SEUT-IN FINAL SEUT-IN

1

il Total Flow Time. t= 1673

Initial Flow Time, t= 13548

|
- Pressure 1 =8 Pressure
e t+8 ] (p.s.i.) m € t+@ ' ' (p.s.i.)
14,7 1564 .7 23,568 3762 4 10,5 1433,5 1 160,33 37590
13,4 15814 | 47.35 1774 M 21,9 1684.0 80,47, 3766
0. 1598.1 1 31.90 3788 i} 31.8 1704.5.1 84, 11 3778
64,8 1414.8 24,17 3792 42.9 1715.0 40,83 3786
3.8 1631.5 1 19,54 195, 52.5 1725.5 32.37 3780
100.2_ 15643 .2 ) 16,45 18040, 3.0 1T26.0 27 SA_ 3793
1149 1£44 9 14, 24 802 7.5 17445 29 74 3796
122 .4 1481 4 12.59 2808 84_0 . 17870 20..82 37393
180 2 14981 11.20 1207 a4, 8 17475 14,70 3798
187. 0 17150 10 97 18038, 1089 17780 14913 3800
i}
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA
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Company _ U.S.G.S.
= Well Name & No. Madison Test 17a11 32
- Locaticn Sec. 13, TIN-RS4E, Custer Countv, Mantana
L DST No. 10 Test Interval: §115-3353? Formation Testad:_ Red River
~ Recorder No. Recorder Depth feet.
INITIAL SEUT-IV FINAL SHUT-IN
| Initial Flow Time, t= 1548 il Total Flow Time, t= 1673
' $+0 Pressure | :_:-ﬁ Pressure
- é ‘ t+@ (p.s.i.) lﬂ 9 t+8 (p.s.i.)
. [s 1553 310.60 | 239.0 il S 1678 | 335.50| 233.0
- 10 1553 155. 80 250.0 ! 10 1683 168.20] 251.5
. 16 1564 97.15 257.5 W 14 1687 120.501 233.0
il 20 1568 738.40 261,0 il 20 1693 84.65] 264.0
- an 1578 52,40 266.5. 25 1698 | 67.92] 267.5
40 1583 19,70 270.9 30 1703 §6.77] 270.5
M 50 1598 31,96 272, 8 3s 1708 48,801 273.0
Lo 40 1408 26.80 1 273,85 W 49 1713 42.83| 27s5.0
=, 20 1418 22,11 276,55 M _s0 1723 34.461 278.0
80 1428 20,38 279.0__t &0 1733 28.88] 280.0
[ g 1433 18,20 220. 0 W 70 ..1743 24,90] 282.5
- 100 1248 16,43 sg1. 8 W g2 1755 21,401 284.0
120 1848 13.97 233. 8 | a0 1763 1 19,591 28s5.5 |
137 1438 12,30 2es . a il 109 1778 12.40! 286.5
E 1487 1715 10.27 297 o !
) |
_ |
. i
sl
1
!
T
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LYMNES, ING.

Qm. Q.§. gﬂl Qgi gaL Survey

OST No

Rkl

Lems & No.__Madison Test Wall #2

A

i'
!

sepnags Mo - S
.

.
\Guvg omes Sre
.
.

Top. Rac ‘;‘-/:uf

» &S00
P2 KA

]

——

R EYRIYS

Above In&erval

PRO Make = Kystee K3

No_ 15239 c;9 5500 o
Press

Carregtad

Initial Hydrostate

. 3s0l

Final Hydrostatic

initial Flow

Final initial Flew

Initiat Shut-in

e

Secand Initial Fiow

Secend Final Flaw

Secand Shut-in

™~ Third lnitial Flaw

| Third Final Flow

“I~1xlofn|jmlolalelx])»

Third Shut-in

-
-
—-—
-
-
-
-
-
—
-

RO Make Kister K3

[ 13

YapBeiwetY Zan. WAz
g 790 ANA. 7%

DST=g-1; -

. ﬂ Na_2 Can 3 e_ri/83'

) 2 Proes Caevestee

' Initiat Hydrostatic A 3925
) Q . ()] Final_Hydrostatic K —

: ,.UJV'L, -1 /© Tnitial Flow _ 8 2583

NO) {"V:'.., 474 H Final Initial Flow  C 3408

dééé AN, initisl Shut-in D J6/8

Yy @ \© " | Seccna Inial Flow__E 3621
. e L Second Final Flow B -
. ’ .« = [l Second shutin G -
. JEST U | _Third Initial Flow H -
c } _Third Final Flow } —-—
. " Third Shutdin J -

'hcn- Sted To
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. ROGER L. HOEGER
. Consuiting Geslagiat

| TIN-RS4E, Sectt

‘”l' ana BAla

MONTANA. CUSTER
(o

T.S. Gaological Surrev

o (443

Madison Test Well #2
Tehmalion (831 08

1720 So. Beilaire Strent, Suite 301
Dwaver, Colonada 30232
{33} 759 - 4491
Orill-S1emelast Pressure Anaiysis Repart
Twa rem [DAT121 S4= WIS, | 71N memedm
ion 13 ____Final: 376 Mins. Scecial

o § 1y ST Tueds . Ge Manad iy
70 Minutes 1.=-46658

7 Wedin 3w Tose Tildr GAlL Comsulion
180 Minutes YAV i

TUST Samadm Gata 143TNON
11 4/13/717

[T 1N TE3s fous Lhd Valiong =
77T75-8015 X3 2809

Devonizn & SRurian

(AT

-

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

- -

HOLE, TOOL AND RECOVERY DATA

IW«IH Test tool PCET GF wuld E) 'u?i-r:sl
DRk sd CAPAGTT M 71T 0F vallR VaTEN PUSCINTAGE
1 Samuie ouw bt on 2-7 [ 8 [y
DRI O Lad FOITICE | Svrimirer FULT GF QtRaR GIREA P UACINTAGA
1Pawed tubinz. <
FOLE Diamd TTR a A0S FULT OF Ol G :.""""nn‘utm
38 Lot T —== i R
{RTAvR TRRT g_g_ rﬂﬂ@:—ﬁ Flowed wetad nt-.a_:_"'-'ga:f'_lon als 201. S
1 wlini Gk MLLTY WP ARSmILUE
(Founde pus peilunt - 1 S wewniad - hd
) g ik 920. CAS4L 82EIVERY YOLUmA i FECTVERY LLTS THAN Jommn il YOLUME, (XY G
A , GAUGE SUMMéRY B- Surface Recordar .
LACOR0LR Mgttt | 04P e Gafums . : [ R4C320¢a mimad® | OCP Tom Galine "
I 2512 7785 -49767 . 2faBove K. B, %2811
_A_IraY POINT SUMMARY| B . [ TUmmary CFEGLUS L 3
First Flow s ° CPPUCTIVE SRanimsManiTy, injs - 40 o ap
=y ou--snuwna‘ ~ . - .. 824.4 ==
2883, ) * @ ) . BONCATLD AVERAGK FUONCaanalT, Lind —aren
7t FLAVRG PHLLTuAES r—
3406. - ’ l ———— A
Second Flow | EXTRAPOLATION SUMMARY .
Sailas, 7LaRMEG FALLA 20 |HUTIAL 2 OW® CRLEAAT L0 F AGH 2 LASAED OATle Gamasd AATI
3421. - 8.77 8.77 0.8 I ———
o Fwes FRGIAG 0= HEumadR OF POTNTY UIAD FOR 1N Thak CURYR-1Ts | PLCs s FRALGAS Cind 41300 >
—-—— l —ona 4.. 9‘ -———rem —ewan
. TATT OF BATIML D VG T
‘ 78. S 42.
PaTiel, ST PUCIUS & oove |lonTtat, SATAAPOLATLD PREIIAL ] wa Tk, POT CTMC uarAcs ™~
3478, l 270.5 3752, 311. 3654. =3526,

*#% Chart tim'e expired.

il 8o dye Gu.qu Figm ndAMRLD Dalle

Ft. of Head above K. B.

Pnan, WWT-0 PRESNAL
** None l

BRatiag, ATDAALTALIC aus Setiwial,

L~ 6,11 8457 717,
PSSR OF FOWTS VL0 FOR Pt CURVE-IiToe 4 o o
. pmcnded 8.
hOre 08 n-u. MRLOYP CUAYES snsopaie .
-~ 24,
sy |FiNad, L1TRAPOLATED PRESWAG paiy Suiad, POTENTIONG TR P ACTy =
i 300- n 319 . ewees = 54
=l Conversion Constant of . ead a.n'ovens. B.

3929,
Sumal, av

TALKE a0

2.30 ft./psi used to calecu-
late P.S. Elevation.

93
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ROGER L. HOEGER
Compniting Ceovlogist
1730 So. Bellaire Street, Suite 301-
Derwer, Calorado 30222
{503} 739 - 4491

!

Comments relative to the analysis of the pressure chart from DST #11, Interval:
7775-80157, in the U.S. Geological Survey, Madison Test Well 2, Section 18, T1N-

1.

" RS4E, Custer Couwnty, Montana:
" Extrapolation of the I:ntia.l Shut-in pressure build-up curve indicates 2 maxi-

mum resarvoir pressure of 3752 osi at the recorder depth of 7785 feet, The
chart time expired shortly aiter opening the tool for the Second Flow pericd.
Consequently, a Final Shut-in pressure build-up curve was not recorded dur-
ing thig test. The indicated maximum reservoir presgsure is equivalent to a
potentiometric surface elevation of 3634' above sea level, based upen the

' conversion constant of 2,30 ft. /psi. This potentiometric surface elevation

3.

'4.

in turn indicates a head of water above the K.B. (#2309') of 845 faet,

Extrapolation plots, using the Eorzmer methed, for the shut-in pressure build<
up data that were recorded by the surfice recorder during this test izdicate

the following: exirapolated Initial Shut-in pressure, 311 psi and extragolated
Final Shrt-in pressure, 3192 psi, These extrapolated surface pressures con-
vert to potentiometric surface elerations of +3528' and +35457 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 Fina.‘L Shut-in.

There is cansiderzble d:.tfere::.ce hetween the czlc"..hted res'.'lts which were
cbtained by analysis of the subsurfzce pressure recorder data and the surface
pressurs recorder data, The cause of thisg differcnce hzs not been d:.sce'm’.ble .

. by the writer, , . _ _

The caleulated Average ﬂroducﬁau Rate which was used in this analysis 301 S .
BPD is based upon the reported flow rates which were measured during the How=
ing pe.rioda used in this test. This average producticn raie and the measured
slope of the extrapolation plot for the Initial Shut-in pressure build-up curve,

. 78.8 psi/log cycle, bave been used in the basic Horner equation to caleulate

" numerical values for the va:ious TeseTvoir properties shawn below a.nd cn the

summary page. .

The calculated Dan:age Ratlo of 9.8 indicates that no signiﬂca.nt well-bore dam-
age was present at the time of tais formation test, ‘

~

The calculated Effective Transmissibﬂity of 624.4 md. -ft. /ep. indicates an
Average Permeability of 62.4 md. /cp. for the estimated 10 feet of effective

porosity within the total 240 feet of interval tested.

The evaluation eriteria used in the DST Analysis System indicate that the pe=
sulls obtained in this analysis should be reliable within reasonable limits rela=

tive to the assumptions wb.ich have been made,
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1.5.6.5, Lease & No Madfeon Test Wall 42  nsT No__ 11
RS Recorder #2512 @ 7785S!

"?EBS? SHUT IN PRESSURE:

TIMECHIND ¢TPHI) P5IG
PHI’ . /PRI’ :

6.a g.a02d 3436

7,0 78.7143 3615

12.8 39.8571 3535

21,8 2649848 3547

28.3 28,4286 35524

 3S.3 1695429 3659

42,8 13.9524 3863

c 49,8 12,1829, 3867

1 86,8 18,7143 3871

N, 63.8 *9+6349 357

. 78.8 847714 3678

-

' © . EXTRAPLYN OF FIRST SHUT IN 3 3752+ N t 73.%
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PRESSURE BUL.D-UP CURVE INCREMENTAL-READING DATA

U.S. Geological Surver

Well Name & No.

Madicon Taet \Wall 39

Section 18, TIN-RS4E., Custer County, Montana

Racorder No.

DST No.___ 1] Test Interval: 7775-2015"

Recorder Depth 2'above K.B.

INTTIAL SHUT-IN

FINAL SEUT-

N

Formation Tested:_Devonian &
. Siluzrizan

Imitial Flow Time, t= 544

Total Flow Time, ¢t

= 920

Pressucre

BN -

t+e | S5 |REEERT )l e tre | 58 [RERISET
546 278.00 ig1.0 S 92s 185.00 242.85
848 137,00 212.5 10 930 93.00 258.0
852 69.00 229.5 16 93§ 58. 50 2567.0
£56 46_32 7238.5 20 840 47.00 271.0
5£0 35.00 244.5S. 30 50 31.67 278.0
544 29_20_ 248 0 40 940 24,00 282.5
548 ETRIN 253.§ s0 - 970 19. 40 286.0
574 1913 25460 i 40 agn 16,33 283. 5
579 14 584 9ga 0 | 70 899 14,14 291.0
504 14 60 2810, 20 1000 12.50 282.0
534 1318238 265 8 Sq 10109 11.22 294.0
A04 10 07 2¢3. 0 | 100 1190 10. 290 29s5. 0
14 277 270..5 120 1040 8.67 296.5
© 140 1040 7.57 288.0
168 _lo8q 5.75 _289.0
180 1100 6,11 200.0

n

il

1
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LYNES, INC.

Lease & No.__Madison Test Well 42

ST No...
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‘e Rk esmder

Cix 2 g3y
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/5237 N
le SSTYV

Nao 72,

Above Intarval
PRD Make _Kustax K-3

No_ 15239 ¢.0. 5500
Prow

@

i

intial Hydrosatie

L 9]
E
—~

Final Hverostatic

g 9

‘TEST 1&  TEST i@é

Initial Flow

P
.
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ROGER L. BOEGER
. -Conmiting Gealogat :
1780 Sou Beilaire Street, Suite SO1

Denwer, Calorado $0222
(303} 739 - 4491
Drill-Slem=Jo1t Pressure Analysis Regart
feacatiom Tina GPUN PINE s As
TIN-RS4E, Section 18 ¥ S® 1128 minutes Special
?z.m - ialts Dot Tiad D Tost TUSEE DY I
MONTANA, CUSTER 132 minutes L-666Q
1 et wdTem Tieds Gall CORPUTEON
U.S. Geological Survey — 4/16/77
I Yry——v7~ T mumadin Ba(l 113740k
Madison Test Well #2 13 6/7/77
Tination TGIIa WTUAYan (37408 Toa | (LA VATIONG s
L_Mission Canvon 6814-7054 KB 2808

Te

Fluid to surface in 35 z:unmes.

minmste,

Flowed at average rate of § gallons pexr

HOLE, TOOL AND RECOVERY DATA

Toact toa] o | T ELXT) S 7 ERCINACh
on 2=7/ 8" FLLT OF walid TallR nn:u:uﬂ
tubing. FCLT GF QINGR GIndA i“ua:c-ﬂ
—-_Q.TZ g FELT OF Gl i FARCIRT2CT
I FELT OF cuDuon Wu
Py YSTAG Aﬂﬂur > - uumx:i"—z"_tia: ioR Aall .
40 = . E!O‘fff‘ water 171.4
——— | Ic——hi
[Tt 1128. daﬁncszv voLuue == | aXCOVERY LLIS THA M st VL LME, (33 ¢ G
A GAUGE SUMMARY g5 _ gurface Recorder ) )
rm it [T Catie . . TICOS04A monedR | GaF - Py
2512 632" 4015°~ ' . 2 zhove K.B. | +2811' °
{KEY POINT suMmaRY| B ) A IOmmaay OFILIOS L 3
- AP PRETIVE IR4nuINERLTT, 2l - it pur o9
fonl . 662.0 ———
® wmeven PIOICLATED AVERAGE PLRAASITY, b ios ="
- A - HPAODUCTIVITY Imddle Savvuse oo ey gu gt
| EXTRAPQLATION SUMMARY | g.51 ' ——
O e r— P OV® CACAAl LD FWGie ndAIRED Gilde Gamecd RATIS
4990 —— . T.26 T.20 1.8 '
Feiad, FLA™RS P RLLMAES Pow PAUSALR OF FOMMTS UMD FOR waTion CURVGAITE | Fhovies PRLISUAL Condadiiore >
2969. I . 10. — —_
- OF SuTIAL LS QURVE pesrayne .
I 42.1 |
BUTIAL i Tios PRI LS pove (1246 EATRAPOLA (LD PREIIIALS e 1 Tk POTINTIONATANG AP ACL [~
3267. l 299.5 3303. 33s. 33582, »3584.
sk petve “‘““"T RN R4ARLD 0Tl Ft. of Eead above K.B.
J— Y - 771. { 178,
r-ulw POMTS USLD FOR Fivad CORVE-FIT0e N o
Py :_:-:M avs —_— pro—— .
mn — .mum':T-::'—IﬁT LM o= 7 ik nl_:u-rn-?r"nc Raracia o
. '"""""""""“"" N ! sConversion Constant of ¢ :
'-'-_E'f';u]:ummvnmu — o 2.30 fr. IPSi used to calcu= ‘
= | — -| late P.S. Elevation. |
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ROGER L. HOEGZR
Conrelting Ceolaging
1730 Sau Bellaire Street, Suits 301
Denver, Calonndo 80222
(803} 759 - 4451

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

N

)

L

i T S T s

3

oy T o N i

3

.

-

6814-7054!, in the U.S. Geological Survey, Madison Test Well #2, SE SE Ses. 13,
.Huﬁommmﬁ. Custer nog Montana:

H Extrapolation of the Shut-in pressure build-up curve indicates a maximum
reservoir pressure of 3303 osi at the recorder depth of 4815 feet. This indi-
cated maximum reservoir pressure is equivalent to a potentiometric surface
elevation of 3531' above sea level, basad upon the conversion constant of

: 2.30 f2./psi. This potentiometric surfzce elevation, in turn, indicates a
“.  head of water above the K.B. (2809') of 782'.

m.on comparison purposes, an mu.ﬂ.u.noub..m.on plot, using the Horner method,

.. has been made for the pressure huild-up data which were recorded by the

" surface pressure recorder during the shut-in pericd. This extrapolaticn

* plot indicates 3 maxirmum pressure of 336 psi at the elevation of the surizce
recorder, This exirapolated pressure is equivalent to a potentiometric sur-
face elevation of +3584', based on the conversion constant of 2.30 ft. /psi.

~ This potentiometric mdﬂ.unn ownqu.nbu is oAE....upnun o a wnu.n om iu.»nu. abave

’ .Euﬂ.w. of qqu. N - - o

* 3« The nnunﬁuunm Pqﬂ..umm m..omunﬂou mu.»n dﬁn& was nuum. Hn Eu nunb‘uwu
.7 . 171.4 BPD, is based upon the reported average flow rate of 5 gallons per
| minute, This average production rate and the measured slope of the ex-
trapolation plot for the shut-in pressure build-up curve that was produced
’ by the down-hole pressure recorder have heen used in the basic Horzer
equation to calculate numerical values for'the various resesvoir nnonn..,ﬂmu
mwodﬂ below nnn on the summary unma. . ,

3. The nn....n&b.»mm Damazge Ratin of 1.5 mu.aunu.»mu nwu.w slight well-bare damage wa:
present at the time of this formation test. The damage ratic implies that the
production rate should have been 1.3 times greater than that which ocsurred &
well-bore damage had not been present; however, it should he noted, in view
of the fact that the well flowed throughout the flow period used in this test that

. the indicated well-bore damage may be muo to Eo n.wown ohmnn» Om the nn«» ."oou.
rather than formation damage. A

4, The ouunnu.n»nu Effective A.unbunumuumuﬂmq of mmu 0 md. -ft. /ep. indicates an
Average Permeability of 66.2 md. /cp. for the estimated 10 honn of effective
porosity within the total 240 feet of Fﬁnudn.._. tested,

S. The evaluation criteriz used In Eu DST Analysis System indicate that En re-
sults obtained in this analysis should be reliable within nu»moumgn lirmpits rela-
- tive to the ».umﬁnnnonm which w»ﬁu been B»aa
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LYNES, INC.

OperaterY:-S.G.S. Laase & No__ Makisen Test Well 72 aST No

13

DD R

."—

2

] .

Recordsr No. 2512 @ &£324°

o ' . eceommm . . veemmn -

FIRST szrUT IN PRISSURZ:

TIMECMIND (T PHI) PSIS
“pur /PHI

8.3 T 2967
18.2 63.6374 . 3216

- .. 36e4 32.3187 3228 | .
L. s, 21.8791 3238 e
b 72.3 166593 3248

oE 7 9148 135275 ' 3234

. 189.2 11.4396 - 3288

S 12744, . 9.9482 3268

. 14866 ' 88297 J254
" 163+8 79597 3256

“} 0 L 1s28 742637 3267

EXTRAPLN OF FIRST SHUT IN & 3383.3 M & 42.1

(3
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PRESSURE BUILD-UP CURVE INCREMENTAL-READEIG DATA

Company U.S. Geological Survew

Well Name & No. __Madison Tegt Well 52

Location N-R54T -
- DST No.__13 Test Interval: _ 6814-7054!
' Sm'i'ace

Recorder No.

INTTIAL SEUT-INV

Recorder Depth Jtahove X, B,

FINAL SEUT-IV

Formation Tested:__Mission Canvom

Total Flow Time, t=

Initial Flow Time. t= 1128 il
; tve | LHE Eressime e tre | Lz |RTegspos
i 10 1138 113.80 251.5
20 1143 57.40 265.0
39 1158 338. 460 271.8
49 1168 | 29.20 276.0
—50 11781 _23.56 T 279.0 _
P80 1188 18.80 283.0
79 1200 16. 67 285,90 . NONE
a0 1208 ) 15,10 1 287.0
an 1213 12.53 283.0
. 100 1228 12,28 290.5
: 190 1248 10,40 282.90
, 1409 1248 9. 08 293,5
140 1288 8.0s_.1. 2929
180 1308 227 299,58
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ROGER L. HOEGCZR

e Commiting Cemiagist
1730 So. 3«ilaire Street, Suite 301
Denwer, Colonado §0222 *
- (S03) 759 < 4491
BritleStamelast Pressure Analysis Regaet
LOCAL IO . i . {led OPUM Pt mumat i
| TIN-RS4L, ST SE Section 18 950 minutes Special
COUmLY 40 LTALLS 1 fhas, WSl Tleds Ay Y™
MONTANA, CUSTER 180 minutes Liééa
&y St D) T Tlnds CALR COMAUTTO
1. T.S. Geological Survevr -— 6/7/77
- "thin Aamdidn T35 nuse L Galy TEITECe
s Well 42 14-4A 4/17/717
tham LA TEGe . Wi GAvaL TL3THGe T | Gk VATIGNN 3
| L. Mission Canvon & U. Lodgerole T064-7304! X3 2809

"™ Fluid to suriace after swabbing.

3.3 gallons per minute.

Flowed water at average rate ot

HOLE., TOCOL AND RECOVERY DATA

__Tlest TOO0L un |7 T or w0 "0 PUACINT 154
m, | FLRT OF wailn STER FUACINTAEA
t1hing Fed3 OF QTFEA Wnnm:tdﬂ
Q- 6.25 FeAT OF Gik Gk, 7UACTRT 2
_:_ PUAT GF Cummon [ ;c.':a‘vu'
240, TS AeSy e Flowed watem ' . ice e =t | 333, 4
TFATTGF TRRGLTd ——— y -
85Q. CAGLR AR ED Ty Jouume —— RECTVERY 1133 Thas sswnnle voLuue, 33 - D
A e GAUGE SUMMARY 3 guyrface Recorder )
A4COSCER Mt  CEPTM Saiume : . " SGCOAGEA e dA [ OLS i Fryp— )
- 2513 7075 -42667 . atdbeve K.B. | +2811f
A __[KEY POINT sumMaRY] B Al TURMARY GF RESULIS LB
‘ First Plaw APFACTIVE TRANUMALANITY, \ans . -t & pur ap
T Somne Fu o) 822.7 ' s
2993. .] ¢ - - DONGATLIO ATIRAGE FUANEAGILATY, bine weden
Gy Y —y e — . 82.3 (for 10t effect. &)
30820 I S A B VIYY INGERs [ )
Second [ low | EXTRAPOLATION SUMMARY | 1.0 l ———
(W Tiak 7LoPwG F RATIIAL P8 | DUTIAL (80 41® Chla Cuted 120 £ WO #44MIIED Oalle Cassacs RATION
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ROGER L. HOEGER
Conmiting Geologist
1730 So. Bdlaire Street, Suite 301
Denver, Colarade $0222
(303) 759 - 4491

Comments relative to the analysis of the pressure chart from DST F14-a, Interval:
7064~7304', in the U.S. Geological Survey, Madison Test Well 72, SE SE Section 18,
TIN-RS4E, Custer County, Montana:

L

Extrapolation of the Shut-in pressure build-up curve indicates 2 maximum
reservoir pressure of 3421 psi at the recorder depth of 7075 feet. This indi-
cated maximum reservoir pressure is eguivalent t0 2 potextiometric surface
elevation of 3602 feet zbove sea level, based upon the conversion constant of
2.30 ft. /psi. This potentiometric surface elevation, in tm.-n, indicates a
head of water above the K.3. of 793 feet. . .

For comparison pruposes, an exirapolation plct, using the Horner method,

2.

S.

has beexn made for the pressure build-up data which were recorded by the
surface pressure recorder during the shut-in period. This exirapolation

plot indicatas 3 maximurm pressure of 340 psi at the elevaticn of the surface
recorder. This extrapolatad pressure is equivalent to a potenticmetric sur-
face elevation of #3553', based on the conversion constant of 2.30 fi. /psi.

This potentiometric surface elevation is equivalent to a head of water above
the K. B. of 784, It should be noted that there is very close agresmentbetween

- the potentiometric surface elevations which have been caleulated on the

basis of the two e:n-agola.ted pressures, that recorded by the down-hole pres-
sure instrument and that recorded by the surface pressure recorder.

The calculated Average Production Rate which was used in this znalysis, 338.4
BFD, is based upon the raported average flow rate which was measured at the
surface, about 9.3 gallons per minute. This average preduction rata 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 equaticn to calculate numerical vaiues for the various
reservoir prcperties shown below and on the summaq page.

The calculated Damage Ratio of 0. 0.9 indicates that no sxgm.ﬂcz.nt well-bore da.:n—
age was present at the t:.m.e af. this formation test. .

The calculated Effective Transmissibility of 822.7 md.-f. /cp. indicates an
Average Permeability of 82,3 md. /cp. for the estimated 10 feet of eﬂective
porosity within the total 240 feet of interval tested.

The evaluation criteria used in the DST Analysis System indicate that the re-
sults obtained in this analysis should be relizble within reasonable li.rmts rela-
tive to the assumptions which have been made.
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LYNES, INC.
Operator, U.5.G.5. Lease & No. M_a.giscn Jast Wall 42 £ST No_ 184
Recorder 32512 @ 7073
~
" ! - FIRST SKUT IN PRESSURZ:
- TIMECMIN)  CTWPHI) PS1G
—_ PRI’ /PHL’ N
i 3.8 8.3880 3982
18.8 53.7778 3313
- - 3648 27.3889 3332
3 $4.3 18.5926 334t
e : 72.8 18.1944 3349
; 98.2 11.5556 33s3
- : 188.3 "9+7963 3356
L i . 128.8 - 85397 3359
£ R VTN 725972 3382
’ : ... 162,8 $.8642 3368
.  lse.s 62778 3368
i_  EXTRAPLN.OF FIRST SHUT IN 3 3421.4 M & 66.9 -
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FSIE COIL OR WATER)D

- LYNES UNITED SERVICES LTD..
WELL: By ISSt 2 BSES LOCNS DATE:. .mquld
SO.. OST NO. iy
REC. NG, 2:12
DEPTH B
* -
-1
»
) 205 L+
A
'3
0] -
T Y -
o b .
o~ .
n .
g . .
ML
.o .|+ . ml -
s ’
-
c -
o .
1 $ —t t f $ $ - —f
e 111 3133 3287 34zp 3533 3Ss57 ' Ssew

fosa 290 12.7¢

PRESSURE EXTRAPQLATION RPLAT
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA

Company IT.S. Ganlaginal Supmae
Well Name & No. Mag_son Test Wen 32
ec. 138 uste \/Iontana
DST No. 14-A Test I:rterva.l: 7064-7304' Formatmn Tegﬁ-w‘
S . and U.Lodgepcle
Surface :
Recorder No. ——— Redorder Deptk _2'zbove K. B,
. INITIAL SEUT-IN FINAL SEUT-IN

Initial Flow Time. ¢t = 950 i Total Flow Time. t =

<
R N 2
10 360 96.00 261.5
20 970 43. 350 276.0
10 __980 32. 67 283.0 |
4n - 990 24.75 283.0
50, 1000 20.00 291.5 :
50 _1010 16.83 294.0 NONB -
70 1020 14,57 296. 5. ]
30 1030 _12.88 298.5
an 1040 11.56 300.0
_100 _loso___ | 10.50 301.5 |
120 1070 8,92 304.5
L__140 1090 7.1% 306.5
160 1110 _6,94__1 308.8
180 1120 6,23 310.0 |

Iit
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Form B

]

L.

LYMNES, INC.

Lesse & No._M2disan Test Well #2 oST No.___ 17

cm‘a Uos vc 15 -

Above Intarval
PAD Make __Kuster K-3

]sl(.;?s-d 9] Rocaider = /51 ,0 =4 Na 15280 ci5 3430 @
s s' 72“ Preve Carvesyse

-k ‘051 n Q @ ?~ Initial Hydrostatic &20S
k\_‘/— Final Hydrestatc
. . initial Flow

Final lnitial Flaw

.  |nitiad Shyt-in
: Second laitial Flow

TEST~17 o Secend Fimal Flow

. 1 Seecond Shut-in
Third Initiat Plow
[ Third Final Flow

Third Shut-in

V]

it xiol nlmjolojs] x])-

naaaannn:

o W mee e . ’ _ )
o Prossuse Saiew Sorsom
Paghor filaa Te

B 'PﬁDMlh Kuste: K~3
== C1p. 9900 @ 532

#7539
D,y

' TEY R [ (oitiai Hvdmstanc A h.j_99
Finsl Mydrostatic 3 4218
Initial Flow ] 3402
Firesl initial Flow < 3799
{nitial Shut-in Q a027

) Second Initisl Flow € -

- Second Final Flow [ —

s Secong Shyt-in G .

Thifd Initial Flow 2] -

 |_Third Final Flow ] —

-t Th‘rd amﬂﬂ J -

;nuru«'r-




e e e b b cabe e o

- LI
j‘l e

oo

PSE P

DRI K

AT
S

4

- - LYNES, INC.

-~ 4.S.6.S. Lease & No.__!M2dison Test Well #2 OSTNe. 17

. - PRO Make Kuster K-3
=T\ 2512 cip 3700 o _5535°
e - =
- VIV Initiad Hyerosatic A 4220
@? [ Fiml Hydrmaue K| 4239
q \I\{W‘ | initiai Fiaw 8 3433
- , : Final Inival Flow G 3808
- initial Shut-in 5) 4029
Second Initial Fiew & -
Secnnd Final Fiew F -
Secand Shuyt-in G -
[ Third Imitial Fiow __H —
Third Finat Flow 1 -
Third Shut-in J -
. Pressurs §oiow Sattem
Pashar Sled To

J’
1)
-

L‘ o T ‘ T . No Cip, ®.
2 IR . . : S . - Prews . CIrreares
. . Initial Hydrestate A
: - Final Hydreseatic X
; B _ [ invtial Flow 8
] ‘ . , Final Initial Flaw___ C
i Initial Shut-in 0
fa Second Initial Flow €
: G L . X Second Firal Flow _ F
P I . . Second Shut-in G
! _I_hirdjt_!itial Flow 2]
S | Third Final Flow 1
U Third Shutn 3
E : Preveuve Selow Setrom
y . Packor Slog To

|
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ROGER L. HOEGZER -
. Consiing Caniagist

27

Fluid to surface in 3 minutes;

50 gallons per minumte.

flowed at approximate-average rate of

1780 S Beilairs Strent, Suite 201
Dewver, Colannds 50232 .
{303) 1594451
DritleSiemelast Pressure Analyeis Recert

(G asscm Timd GP I S runa gt

STIN-RS4D . ST ST Ceasian 18 4 mirnteas Snpnial
IRRaty o \Taits AT i sk WG Toise {nda & w——d

B'IONTANA,_CTUSTER 60 minutes L-6662

—q T yirrn BATL CORPUTID

U.S. Geological Surrer None &8/8/77
(wev- g —yT -\u_—-g———mh TOT mometar BaTC 11311t

Madison Test Well 22 17 4/23/17

YT i aAvaL TI3TA0N Fowe | (havaticem Y=
Wimines §520-9394 K3 2809
£l Ve A&Te

HOLE, TOOL AND RECOVERY DATA

Tast tool o 7CLT GF i -ucvl.l—u.nt:sl
on 2-7/8" PALT GP vailR vaTin pu?;:na
ihing FLLT OF GTNAR GINER FRasIntact
WXL G mu-tm
:__ FEAT 07 Coimon ;mu
874. TSTAL ZgeTaaY Flowed water "““".’-:.‘."’.'.‘.z...” Gt 11714, 3
- et /::d:o“u et
——i o 11t S04. e b === 2ECTVERY LIS THAMN AmitLA® VELLME, (T3 D
_A _ GAUGE SUMMARY B Surface Recorder
S4CCRGIA BUMeLR | 24P T Gallies S5CRA0EA mumaan | CLF TR A Tu
2512 8338? -5726? . 2' ibove K.B. | +23111
- [KEY roNT SUMMARY] B A TormaaT Lo L B
First Flow CPPESIIVE TRARMNAMRULTY, Mgy = o wp
u--onu-m-l r— 29972. 4 l
3433, * e PURCATLD AVERAGE PURRCAANITT. hios =
MOV SELINEE ] o= . 997. O'effacd
3808. ' - A B VST INGERe [roeymrg—p——
{Second Flow T EXTRAPGLATION SUMMARY | 7.45 |
-lus n.n'—auulu1 . P9 {BNTIAL 281/ CMCMATED FEQK REAMIRLO AT ot s RATICE
Nene —— ' 9.4 9.4 4.5 l
levum 729 unall GF POMITS VLD F08 wa Tla, CURYE-ST, PLAMING PRAMMAL Cou A0 3G »
Nang ' —enes 6. e )
.. AF BaTIM, SIS QUAYE o
. 9.3 | e
ATl S TaN PREIMMES e (W Tias SATEAPOATLD PRESIIA & r— Tial FOTERTIONS TRIG Weas acls —
L4029, ' 309. 4038, 317.(?) 33561, #3540 (?)
PN, (32610 CA.CAATED FRON MAANSCD Oalde 2 le O R€2A I00VE MeDe
ea -_-'. * 752. 731o
MAdR OF FORIIS USED FON Fummd CUAVEFITES 3, -
h’ﬁ!u P ok OO CURVEs - preyo——— .
o wnan BT FRAOEEs Y o ws T oo 7iia FOTENTIONE TAIC JUns 40Es ™
Y YT p-es M TIAL S0 PULLIME Comd 421 \ase s
4220. | ——— #Conversion Constant of —_—
T~y 210C e PO proson 2.30 ft. /pSi used to cal=- PURAL, SO PRELTIRE COnP A XTI [y
4239. - | culate P.S. Elevation —
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RCGER L. HOEGER
Comsulting Geologut
1720 S Seilaire Street, Scite 301
Denver, Colorado 80222
{803) 739 - 4491

Comments relative to the analysis of the pressure chart from DST 717, Interval:
8520-8334', in the U.S.Gaological Survey, Madison Test Well 32. SE SE Sec. 18,
TIN-RS4E, Custer County, Moxntanas:

1.

4.

Extrapolation of the Shut-in pressure build-up curve indicates 2 maximum
reservoir pressure of 4038 psi at the recorder depth of 853§ feet. This in~
dicated maximum reservoir pressure is equivalent to a potantiometric sur-
{face elevation of 3561 faet above sea level, based upon the conversicn con~
stant of 2.30 ft. /psi. This potentiometric surface elevation, im turn, indi=
cates a head of water above the K.B. of 732 feet. 4

For comparisen pur'poses, an e:u-apolat:’.on glot, using the Horner methed,
has been made for the pressure build-up data which were recorded by the
surface pressure recorder during the shut-in period, This extrapclation
plot indicates a mazimurm pressure of 317 gsi at the elevaticz of the surfzce
recorder, This extrapelated pressure is eguivalent to a petentiometric sur-
face elevation of +3540', based on the conversion constant of 2.30 f2./psi.
This potentiometric surface elevation is equivalent to a head of watar zbove
the K.B. of 731 faet. . .

The calculated A.verage P-oductmn Rate which was used in this analysis,

© 1714.3 BPD, is based upon the reportad average flow rate of 50 gallons per

minute which was recorded at the surface throughout the 504-minute flaw
pericd. This average production rate and the measured slope of the exizap-
olation plot for the shut-in pressure build-up curve that was produced by the
down~hole pressure recorder have been used in the hasic Eorner equation
{0 caleulate numericzl values for the various reservoir properties skown
below and on the summary page.

The calculated Damage Ratio of 4.5 indicates that significant well-tore 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 ocsurred, this indi-
cated well-bore damage is most probably due to the choke effect of the test
teol rather than formation da.:nage.

The calculated Effective Transmissibility of 29972.6 md.-ft. /ep. indicates
an Average Permezbility of 2997.3 md./¢p. for the estimated 10 feet of ef-

fective porosity within the total 874 feet of interval tested.

The evaluation eriteria used In the DST Analysis System indicate that the re-

- sults obtained in this analysis should be relizble within reascnable limits rela-

tive to the assumptions which have been made,
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LYNES, INC.

Operator. _15.5.C.S. Leass & No_ Madison Test Well 42 DET No L7
Recorder #2512 @ 8535’
T resT s oemmssuas T T T
: TIMECHIND (T PHI) PSIG
f PHI - /PHI" '
L. Be8 8.8833 38238
-TX- ] 85.28a4a aglg
1L 128 43.3933 adls
) ] ‘. 18.8 29.8384 2319
- i 23.43 . 22.8038 4322
I 33.8 " 17.8838- 232s
. 6.3 : 1S.4d9@0 ag27
Tt 42.43 . 13.3880 _ 4928 /
' 2s8.3 11.53¢8a 4329
. $3.3 18.3333 4829
' y 63.3  '9<4888 4829 %‘
i EXTRAPLY OF 7FIRST  SHUT IN M3 9.3
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3 PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA
- Company U.S. Geological Survev
. i ’L Well Name & No. Modicon Taat Wall 39
N P . Loecation _s¥ 9P Sas, 13 TIN-RS4E Custer County, Momtzna
l - DST No.___17 Test Interval: _ 8520-9394  Formation Testad:s__Winnises
o Surface |
' . Resorder No. — Regorder Depth _2' above K. B.
.~
A ' . INTTIAL SEUT-IV ' FINAL SEUT-IN
— Initial Flow Time, t= 304 Total Flow Time, t=
. - Pressure ;i
i - L. 9 2 RREsET Reesst
o 4 508 127.00 316.0 ¢
] = & 510 85.00 317.0 |
7 8 512 64, 00 317.0 |
4 M 10 514 51.40 | 317.8__i NONE
= U 1s 519 34.60 | 316.5_ i
Bt I 20 524 26, 20 315.5 _H
25 529 21.16 314.5 i
s D 30 534 17. 80 313.0_ i
i _40 544 13. 60 313.0 |
1. 50 554 11,08 310.0 |
g 60 584 2.40 | 309.0
H ]
;.' - “
| u
_ ﬂ ' )
4
ARt
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Geschenmistry-

Water samplas were collected from drill-stsm test zones that were
selected to represent major rock types, formations of variocus ages, and types
of porosity. The water chemistry from the selected intervals in Madisoun test
wells 1 and 2 and subsequent tests will be usad as control points for inter-
preting regional geologic, geophysical, isotopic, and chemical data.

1f the interval flowed when the inflatable packars were set above and
below the zome to be sampled, measurements were made of the pE and conductivity
of the fluid until stabilization of these values and clearing of the water weze
obtained, indicating formation water was being monikored. If the interval did
not £low, swabbing was begun to remove sufficient heavy drilling mud from the
water column and formation to develop the zome. If possible, water samples
were collectad for amalysis only afzer pH and conductivity measuraments
indicated that the watar represented the formation fluid in the iznterval
tasted. Characteristics subject to variation with time such as pH, temperaturse,
alkalinity, and conductance wera measured in the £ield at the time of csllection.
Alkalinity was determined by pHE titration using a standard sulfuric acid
solution and preparing a titration curve. The f£lald data ars included with the
laboratory data in the analyses tables.

The analyses of water samples from the Lakota Sandstone, Minnelusa,
Mission Canyon, Devomian and Silurian, Red River, Rough Lock to Precambriam,

and a composite of waters from the Madison into the Red River ars showm in
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Table 3.--Water-quality analysis--Lakota Sandstane

UNITED STATES CEPARTMENT OF THE INTERIQR
GEOLOGICAL SURVEY
CENTRAL LAHQRATORYs OENVERe COLORAQC

WATER QUALITY anNalLYSIS
LAB ID » 43902 REZORD s 57059 : .

-

SARPLE LOCATION: QINS&E120DAC :
STATION ID3 455001105024304 LATLONG.SEQ.3 #55001 1050243 02

DATE OF COLLELTION: BEGIN==7T70125 END== TIME-=1200
STATE CODE! 30 COUNTY CODES 07S PROJECT IDENTIFICATIONS 463004500
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNITS: 2317LXOT
COMMENTS: . LAXQTA SANDSTONE
BICARBONATE MG/L 1130 MERCURY OISSQLVED UG/t
BROMIDE MG/ 1.0 NQ2+NQ3 AS N (1S3 QETRe
CALClum DISS MG/, Ge8 PH FlELD : :
CARBONATE MG/L 69 P LAS *

CHLORIDE Q1SS . MG/ 300 POTASSIUM DISS HG/L
FLUORIDE 0ISS MG/, 3.8 SAR . )

HARDNESS NUNCARS MG/ ] SELENIUM QISSOLVED uG/L
HARONESS TOTAL MG/ 18 SCoIuUM 01Iss "G/
10010 MG/, 0.22 S00IUM PERCENT

IRON 0ISSCLVYED uG/L 13400 SP. CONOUCTANCE FLD

IRON TOTAL UG/t 164400 '8P, CONOUCTANCE (A8
LITHIUM DISSOLYED uG/L 120 STRONTIUM OISSOLVED UG/L
MAGNESIUM 01SS MG/ 0.7 SULFATE 01ss . MGJL,

MANGANESE QISSOLVED UG/L 70 ZINC DISSOLYED UGy

. aNtons

- (MG/L) T Y. T gLy
CALSIUM DISS 800 " 0300 BICARBONATE 1130
MAGNESIUM 0OISS QGe7 - © Qe058 CARSONATE &3
POTASSIUM O1SS- 3.8 0.098 CHLORIDE 01SS 100
SO01UM DISS 7% . 30.450 FLUORIDE DISS 3.8
. | | | SULFATE 01Ss 130
.- .. TOTAL ~ 30e96e . TOTAL

_ PERCENT DIFFERENCE =  =2.04

700

0.0
BELETED
Bed
85
3.8
72
)

S9
2796
25S0

130
i30

30

(MES/L)
18.521
2.300
8.463
0.201
24707

32.19%0
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L SAMPLE LOCATION: 0INS&E18002C
“STATION 1D #55001105024303

. DAIE OF COLLECTION: BEGIN==770123 ENDe==
"STAIE CODE: 30 COUNTY CCOE! 075 PROJELT IDENTIFICATION: 463004900

CENTRAL LABUNATORTYT,

Table 4.—-Watsr-quality analysis--Minnelusa

UNITED STATES DEPAHTHMENT 0F THE INTERIOR

GEOLOGICAL SUNVEY

DENVERe COLCORADD

VATER OQUALITY ANALYSIS

LA8 ID =

[:oAXA TYPE: 2 SDURCE: GROUND WATER

COMMENTS?

!

—. BICARBONATE
. BROMIDE
{ . CaLCIum DISS
CARBONATE
- CHLORIDE DISS
: PLUORIDE DIsSS
HMARDNESS NONCARR
HARDNESS TOTAL
% I00I0E .
E IRON DISSOLYED
IRON TQTaL e
LITHIUM DISSOLYED
"MAGNESIUM DISS

 p—

MG/L

MG/L,
MG/
ML/
MG/L

o4l
9.5
29
0
i1Sg000

DETR. DELETED

MG/
MG/
MG/sL
UG/L
yGsL
UG/t
" MG/

.|| MANGANESE DISSOLVED UG/L

Tlanms

- tMG/L)
CALEIUM D1SS 420

{7 masweSTUM DISS 1100

[l potassIum DIss 428

T~ Spgolum DISS 14300

R 1

5200
5600
0.03

1800
40000
15000
1100
710

tMEQ/L)
20,953
90086
106740
609,000

TAL ~ 731.183

o ———

%3901 RECORD s 57097

TIME-=1200

LAT<LONG.SZD.1 455001 1050243 03

-GEOLOGIC UNIT: JloMNLs

MINNELUSA

MERCURY DISSOLVED
NO2eND3.AS N D1SS
PH FIELD

Pe LAB : TeS
POTASSIUmM DISS MG/L 4290
SAR 82
SELENIUM DISSOLVED UG/L I
SOpIum DISS MG/ 14000
SC0IuUM PERCENT a3
SP . CONDUCTANCE FLD L3200
SP,. CONCUCTANCE LAS s00040
STRONTIUM DISSOLYED UG/L 2400
SULFATE D1Iss MG/L 12000
ZINC DISSOLVYED uG/L 830
ANIONS

(MG/L) (MED/L)
BICARBONATE &40 Te212
CARSONATE 9 0.000
CHLORIDE D1IsS 1sa00 &23.,150
SULFATE D1Ss 13000 2704860

TOTAL

PERCENT DIFFERENCE =  2.11

128

uGsL

8.0

OE7TRe. DELETED

Te0

R ———
701,021



CENTRAL LASORATURY.

[ SAMPLE LOCATION: 0

Table 5.~-Watar-Quality analysis--Mission Canyon

UNITED STATES OEPARTMENT (OF THE INTERIOR

GEZOLOGICAL SURVEY

DEINVER. CDLCRADO

WATER QUALITY ANALYSIS :
LAB 1D » 111011 RECOURQ s 65855

INS&LELl8D0AC .
LATLONG.SER.: 4553801 10SQg2e3 13

- STATION ID? &55001105024313

DATE OF COLLECGTION: BEGIN==770417 ENQwe

TIME==Q100

STATE CO0E: 30 CcOUNTY CUBE: 017 PROJECT IDENTIFICATION: 463004300

' DATA TYPE: 2 SOURCE: GRQUND wATER
" COMMENTS?

SP CONO wAS NOT STABLES FIELD VALUE USED FOR BICARBI

T OFF3 DEPTH(FT)16T96=7036

ALReTOT (AS C2C23)
T~ ALUMINUM DISSOLVEDR
ARSENIC DISSULYED
... BARIUM OISSQLVED
. BICARBONATE
- BORGN OISSOLVED
_ [E SROMIDE
{ < cagMium OISSOLYED
f CALCIUM DISS '
CARBONATE
CHLORIDE DISS
&4 CHAOMIUM DISSOLVED
. COPPER DISSOLYED
[ . [ FLUORIDE OISS
, HARONESS NONCARR
HARDNESS TOTAL
© 1001D0E '
- [ ITROM DI1SSOLVED
| [l LEAO DISSOLVED
= LITMIUM OISSOLYED
MAGNESIUM 0ISS
- {? MANGANESZ O0ISSQOLVE
. { )

=}

MAGNES]IU DISS |

[} CaLCIum DISS

POTASSIUM DOISS
S00lum DISS

——

MG/, I3u MERCUAY DISSOLYED uG/L CBY)
uG/L 2 MOLYBOENUM DISSOLVED UG/L 0
uG/y ] NITROGEN TOTKJD AS N MG/L 8.10
uGr/L 100 PHM FIELD T2
MG/L . &a7 PH LAB . Te2
UG/yL 1400 PHOSPHORUS OIS AS P KG/L Gel0
MG/ 3.0 POTASSIUM DISS G/ 62
uG/L 1 RESIOUE OIS CALC SUM MG/L 3210
MG/ 3so RESIDUE OIS TON/AFT oS
MG/, ] RESIDUE DIS 1R0C MG/L 3348
MG/L 580 SaR : T Te2
uGs/L g - SELENIUM OISSOLVED {7/ g
uG/L 0 - SILICA O1SSOLVED MG/, 59
MG/L 4.3 SO0IUM DISS MG/L S&80
MG/L 820 SODIUM PERCENT o 50
MG/ 1200 SP. CONQUCTANCE FLD ' 3800
MG . 0408 SP. CONOUCTANCE LAS "+ 4330
UG/, 11000 STRONTIUM DOISSOLYED UG/L 12800
uG/L 11 SULFATE 01ISS T MG/ 1300
uG/L 600 SULFIDE TOTAL MG/ e P
MG/ 65 vaNaADIUM DISSOLVED UG/L 20
D UG/L 1800 WATER TEMP (DEG Q) 338
o - ZINC DISSOLYED UG/L a29
TIioNS X ‘ X ANJONS
tMG/L) {MEQ/L) 7 AMG/ZL)Y {HED/L)
35¢ . 174045 BICARBONATE 407 $.671
65 © 54347 CARBONATE 0 00000
62 1586 CHLORIDE DISS 530 16,362
580 264360 FLUORIDE DISS . be3 Q.2727
: SULFATE 01ISs 1300 27,0686
TOTAL 50.325

TbTAL. 48,757

PERCENT DIFFERENQE =

GECLOGIC UNIT?: 331

MSNC

MISSION CANYOM
SULFURQUS QDOR-=3LACX SUSPENDOED MATERIAL.CLOUDYe. MaAY 8E COMPOSITED AS

=1.58

129

RAD=CHEM SPLIT
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Table 6.--Watsr-quality analysis—Deveonian and Silurian

UNITED STATES OEPARTMENT OF THE INTERIOR
GEOLUGICAL SUKVEY
- ' CENTRAL LAZOKATURYs QENVER. COLORADO

WATER QUALITY ANALYSIS
LA8 1D » 111008 RELORD s 465887

—

L SAMPLE LOCATICN: OINS4E1800aC .
“STATION [0t 5500110S024311 LATJLUNG,SEQe: 455001 1050243 11

DATE OF COLLECTION: BEGIN==7704l4 ENOw= TIME==]1700
[]57ATE cooEt 30 COUNTY CODES 017 PROJECT IDENTIFICATION: 463034500
{DATA TYPE: 2 SOURCE: GROUNU waTER GEDLOGIC UNIT:
. COMMENTS!? DEYCHIAN AND SILURIAN

,  WUODY=-LT BROWN COLOR AFTER SETTLEDV FIELD VALUE USED FOR BICiRS3
[T DEPTM(FTI: T7¢6-8006

I~

PERCENT DIFFERENCE =

130

=3.53

T e et e —— - s

— ALKeTOT (AS CaAC3d) MG/ 380 MERCURY  DISSOLVED uG/L - 0e0
" ALUMINUM DISSOLYED  UG/L 50 MOLYBDENUM DISSOLYED UG/YL 13
— ARSENIC OISSULVED uGsL 2 NITROGEN TOTKJDO AS N MG/L %%
BARIUm DISSOLVED ° uGsuL 100 PH FIELD ° 7.0
— BICARBONMATE MG/, bbb PH LAS 6e9
; BORON DISSCOLYED UG/l  1%000 PHOSPMORUS OIS 4S P MG/L ‘G8a02
BROMIDE HG/L Telo POTASSIUM D1SS MG/ 190
CADMIUM QISSSLYED uG/y 1 RESIDUE D13 CalC SUM MG/L 7420
; CALCIUM DISS MG/L 270 RESIODUE DS TONV/AFT 105
b CARBONATE MG/ e RESIDUE QIS is0cC NG/L T700
CHLORIDE DISS MG/ 1700 SAR . 32
: CHROMIUM DISSOLVED  UG/L 140 SELENIUM Q1SSOLYVED UG/ o
-3 COPPER OISSOLVED T UG/ b SIL1Cs DISSOLVED MG/ &0
i [] FLJUORIDE 0ISS MG/ 569 sSapDium 0IsS . mMen, 2100
HARONESS NONCARSB MG/ 80 SQDIUM .PERCENT . 81
MARDNESS TOTAL MG/L 840 SP. CONGUETANCE FLD - 8200
1 10010E T MG/ 0e1S5 SP., CONOUCTANCE LAR 108400
3-'§ IRON OISSOLVED uG/L 5400 STRONTIUM DISSOLYED UG/L 3400
LEAD OISSQLYED uG/L 2 SULFATE QISS MG/L 2800
" LITHMIUM DISSOLYED uG/y «800 VANAQIUM OISSOLVED  UG/L 6l
't MAGNESIUm 0153 mG/L 43 WATER TEMP (DEG C2 39.2
| MANGANESE DISSOLVED UG/L 1500 ZINC DISSCSLVED uG/u 10
[] CATIONS ANTONS
(MG/L) (MEQ/L) (MG/L3 (HEO/L)
CaALCIUM D1ISS 270 13,473 BICARSONATE - bbo 75605
[} MAGNESIUM D1SS “9 3.291 CARSONATE 0 0.000
POTASSIUM DISS 1%0 ».859 CHLORIDE 01ss 1700 &7.957
So01uM 0ISS 2100 91350 FLUORIDE DISS S.9 0.311
. SULFATE DISS 2300 584296
D TOTAL 112,972 TOTAL 114,168
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Table 7.--Water-quality analysis--Red River

UNITED STATES UEPARTHMENT 0F ThE INTERIOR
GEOLULUGICAL SUSVEY

= ' CENTRAL LABORATORY, OENVER, COLORADO

—

| SAMPLE LOCATION: G1NS4E1500aC
“STATION IDs «55001105024310
. _DATE OF COLLECTION: BEGIN==770413 ENC=—

WATER QUALITY ANALYSIS
LAB ID s 111009 RECORD s 65850

LAT.LONG.SEQe: &#530Q1 1056243 10

TIME-=Q3800

‘STATE CODE: 30 COUNTY CODE: Q17 PROJECT TOENTIFICATION? 483004900
‘DATA TYPE: 2 SOURGCE: GRUUND wATER

COMMENTS?

¥s SLIGHT CLOUD=~~OTLY SLICXK: FIELD VALUE USED FOR SICiRS3 RAD~CMEM

fﬁ SPLIT OFF} DEPTH(FTI& 8115-83S3

ZALKeTOT (AS CaCdd)
. ALUMINUM OISSOLVED
. ARSENIC DISSCLYED
BARIUM DISSOLVED
8ICARBUNATE
[ BORON DISSULVED
: BROMIDE
ca0MIUM DISSCLVED
v CALCIUM OISS -
CARSON TOT ORGANIC
4 CARBONATE
CHLORIDE DISS
CHROMIUM DISSOLYED
COPPER DISSOLVED
=~ FLUORIDE 0ISS
HARDNESS NONCARR
F} HARONESS TOTAL
1 ¢ 10010E
IRON 0ISSOLVED
-LEAD DISSOLVED
LITHIUM OISSOLVED
MAGNESIUM D1ISS

-

(-7

|

MG/L
uG/u
uersL
uGsu
MG/t
uG/u
MG/L
uG/s/uL
MG/,
MG/L
MG/,
MG/

uG/L’

uG/L
. MG/
MG/L
MG/L
MG/L
UG/L
uG/L
uG/L
MG/L

MANGANESE DISSCLVED UG/L

CATIONS

— (MG/L)
{ CALCIuM D1SS 270
L. MAGNESIUmM OISS &7
PQTASSIUM DISS 1490
[j S00lum DISS - 1100

TOTAL

GEOLOGIC UNITS 361RORV
RED RIVERR

MERCURY OISSOLVED

PERCENT OIFFE

-0060

131

290 uG/L
g MOLYBDENUM DISSOLVED UG/L
1 NITRQGEN TOTKJD AS N MG/L
100 PH FIELD °
351 PH LASB 3
gs4qQ0 PHOSPHORUS DO1S AS P MG/L
3.9 POTASSIUM DISS MG/L
o] © RESIDUE OIS CaALC SUM MG/L
270 RESIDUE OIS TON/AFT
17 RESIDUE OIS 18a¢C MG/L
] SAR
8Sy SELENIUM 0ISSOLVED uGs/L
30 SILICA DISSCLVED MG/
e SapIumM Q1SS MG/
8.0 SOBIuM PERCENT
550 SPe CUONDUCTANCE FLD
880 S”7e CONDUCTANCE LAS
0409 STRONTIUM DISSQOLYED UG/L
13000 SULFATE DISs MG/L
o SULFIDE ToTaL nG/L
- 2000 . YANADIUM DISSOLVED  UG/L
&? wATER TEMP (DEG &3
4680 2INC DISSOLVYED uG/L
. ANIONS
{MEQ/L) (HG/L)
13,473 BICARBONATE asy
3.867 CARSONATE a
3.580 CHLORIDE DISS 8So
&£7.850 FLUORIDE DISS Se0
SULFATE DISS 1900
08,769 TOoTAL

0.0

3.2

4.8

88

882
. 140 )
4579

8438
654

16

&3
1100

52040

6440

Sag0

1900
1.0

18
4849

770

(MEQ/L)
S5.753
G.000

23.97%
0.316
39.58A

A —————
69.605
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Table 8.--Water-quality analysis-~Roughlock to Precambrian

hEH

UNITED STATES DEPARTMENT OF THE INTERIOR
GZOLLGICAL SURVEY
° CENTRAL LASOKATORY. DENVER, COLORAQO

WATER QUALITY ANALYSIS
LAB ID » 11890] RECORD = 67154

SAMPLE LOCATION: 0INS4E]1S00AC .
STATION ID? 455001105024301 LAT.LUNG.SEQ.: 455001 1050243 01

DATE OF COLLECTION: B8EGIN==770423 END== TIME«=1300
STATE CODE! 30 cOUNTY CODES 017 PROJECT IDENTIFICATION: 463004500
DATA TYPE: 2 SOURCE: GROUND wWATER . GEZOLOGIC UNIT:
COMMENTS AMBRIAR
CLOUDY== YERY GASSY SAMPLE: FIELD -VALUE USED_ &3?5“ LOCK TO PRECAMBRILA
BICARS ’
ALK+ TAT (AS CACD) MG/L 359 MOLYSOENUM DISSOLYED UG/L 3 .
ALUMINUM D1SSCLVED uGsu Q NITROGEN TOTKJD AS N DETRe OELETED
ARSENIL 0ISS0LVED uG/L 17 PH FIELD 6.5 -
8ARIUM QISSQLVED uaGa/L 80¢ PH LAS 8.5
BICARBONATE MG/ 427 PHQOSPHORUS DIS AS P MG/U 0e04
BORON DISSQOLYED UG/L $700 POTASSIUM DISS MG/t 389
BROMIDE MG/ . Fet RESIDUE 0IS CaALC SUM MG/L 26100
CADMIUM DISSOLVED uG/L 0 RESIDUE 0O1S TONM/AFT 36esn
CALCIUM DISS MG/L 1000 RESIDUE DIS TON/DAY 3628
CARSONATE , MG/ 0 REZIDUE 0IS 130C HG/L 253800
CHLORIDE D1SS . MG/L 18000 °  SaR oo -~ 83
CHROMIUM DISSOLVED uG/y &0 SELENIUM DISSOLVED uG/L 0
COPPER DISSOLVED _UG/L 0 SILICA OISSOLVED MG/ v
CEPTH(FT+FR.SURFACE] 8s29 SQDIuM DIssS MG/ 84400
FLUORIDE 0ISS MG/, 249 SODIUM PERCENT a3
HARDNESS NONCARS MG/ 30480 . SP, CONBUCTANGCE FLD 385400
HARDNESS TOTAL HG/Y, 3400 5P, CONDUCTANCE LASB ) 39800
I001DE . MG/Y, D 99 § STREAMFLON(CFS) =INST S0
~ IRON DISSDLYED . uGssL 39000 STRONTIUM DISSOLYED UG/L 43000
L.EAD DISSOLVED uG/L 2 ., SULFATE DISsS . MG/ 750
LITHIUM OISSOLVED uGe/L 12000 SULFIDE 10TAaL KG/L led
HMAGNESIUM DISS MG/ . 200 ’ VANADTIUM DISSQOLVED uG/L =11
MANGANESE DISSOLVED UG/L . 1700 WATER TEMP (DEG C) 670
MERCURY DISSOLVED UGs/L 8.0 ZINC DISSOLVED Us/s/L 90
CATIONS - . ANIONS
- S MG/L) (MEO/L) . (MG/L) (MED/L)
CaLCIuM DISS 1000 69,900 BICARBONATE 427 ' 64989
MAGNESIUM DISS 200 1&.&52 CARBONATE Q 0,000
POTASSIuUM D1SS 3sa . B8e4%$50 CHLORIDE DISS 15000 - 623,150
SQ01luM DISS 84490 654400 FLUORIDE DIsSsS 2.9 . 84153
SULFATE D1lss 799 16,448
TOTAL 4484701 ) i TOTAL ebb4749

PERCENT DIFFERENCE = =0.638
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Table 9.--Water quality analysis--Composite of watars from
ladison into Red River

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
CENTRAL LABCRATORKY, DENVER, CCLORADQ

WATER QUALITY ANALYSIS
- LAB ID » 123058 RECORO = 223

SAMPLE LQCATION: 01NS4E1300AC

STATION ID: 455001105024303  LAT.LONG.SE0.! 435001 1050243 03

DATE OF COLLECTION: BEGIN==770629 ENO== TIME~=1000

STATE COOE: 30 cOUNTY CODE: 017 PROJECT xosnrrfchrro~- 463004900

DATA TYPE: 2 SQURCE: GROUND WATER GEOLOGIC UNT

COMMENTS S MADISONM IMTO RED RIVER
CLOUDY WITH BLACK SPECXS—-EFFERVESCENT wITH SULPHUIGUS ONOR3 FIELD
VALUE USED FOR BICAkB3 RaD CHEM SPLIT

ALXeTOT (AS CACDHI) MG/, 270 MANGANESE DISSOLYED UG/L 560
ALUMINUM DISSOLVED uG/L 30 MERCURY DISSOLYED =~ UG/L . 0.9
ARSENIC DISSOLVED uG/L : 1 MOLYBOENUM DISSOLVED UG/L *)
BARIUM DISSCOLVED uG/L 0 NITROGEN TOTKJD AS N MG/L S.3
BICARBUNATE. MG/L 329 PH FIELD 5.8
BORON DISSOLVED uersL 9000 PY LASB T.0°
8ROMIDE MG/L 3.3 PHOSPHORUS D1S aS P MG/L 8.38
CAOMIUM DISSOLVED UuG/L 1 POTASSIUM '01SS MG/L 130
CALCIUM DOISS . MG/L 3290 RESIDUE 01S TON/AFT Se57
CARBONATE | MG/ 0 RESIDUE D1IS 18qC MG/L &390
CHLORIDE DISS MG/L - 770 " SELENIUM DISSALVED ($/cPA 0
CHROMIUM QISSOLVED uG/L 20 * SILICA DISSOLVED MG/L -1
COPPER DlSSOLYED uG/L 0 SO0TuM DISS MG/L S40
DEPTH(FTFR<SURFACE) 8000 . SPe CONUUCTAMCE FLD §50¢0
FLUORIDE QLSS MG/ ° 845 SP. CONDUGCTANCE LAR s800
1001DE MG/L 0,06 STRONTIUM DISSOLVED UG/L 860¢
IRON DISSQLVED uG/L 929 " SULFATE DISS MG/L 1800
LEAD DISSOLVED uG/L 1 " SULFIDE 10Tay MG/L Se2
LITHIUM DISSOLVED uG/L -2100 VANADIUM DISSOLVYED uG/L 0.0
MAGNESIUM DISS - MG/L s3 wATER TEMP (DEG C) 49,2
2INC DISSOLVED UG/L 20
CATIONS - ANIONS
_ (MG/L) (MEQ/L) {(MG/L) {MEQ/L)
CALCIUM DISS 320 15.968 81CARBONATE 329 $.393
HAGNESIUM 0O1S5S %3 4,350 CAK3IONATL 0 0.000
POTASSIUM DISS 130 _ 3,325 C~ ORIDE OISs 770 2l.722
sS00Ium D1IsSS 940 60,890 FLUORIOE 0O1Ss S5 0,290
SULFATE OISS 1800 37.475
TOTAL 64,542 B TOTAL 64,8R0

PERCENT DIFFERENCE = =025

133
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P . - Praliminary results and future testing plans

———— e

Preliminary analysis of some of the infomation obtained during the dzill-
r ing, coring, and tasting of Madisom Linestone test hole 2 follows:

Based on the drill-stem and packer-swabbing testcs, all significant water-
bearing units below the Lakota Sandstome have sufficient head to cause the watzar
in them to flow at the land surface, 2,793 £t above sea level.

The chemiéal—quali:y tests indicate that, in the zones tasted, thera is no
freshwater (less than 1,000 mg/L dissolved solids). Dissolved solids range from
a8 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 fresheas
relative to the Minnelusa and, with the exception of the Red River, becomes
saltier with depth. :

1 = )

Noune of the units tested yielded significant quantities of watar. Flow
rzates ranged from about 5 to 50 gal/min. Pressure heads in the Paleozoic units
were in gemeral in excess of 75Q £t above land surface. (See table 2 for
complete flow data.)

[

_,'

R R

Two cement plugs were placed in the bottom of the well-—one from 9,378
to 9,084 £t and the other from 8,884 to 8,422 ft below land surface. The plugs
vere placed to block upwazrd leakage of highly saline water (about 256,000 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 du:ing the tasting periods.

Whtar from the open-hole part of the well, which begins abou: 19 £t belaw

- the top of the Madison Limestome and ends about 120 £t above the base of the

- Red BRdver, has a head at the surface of 333 1b/in2 or about 768 £t above land
surface. Because of the well-head equipment, the water camnunot 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 opemed and the well flowed about 44 gal/min with about

" 3 1b/4in? back pressure. Using these values, the specific capacity is about
0.06 (gal/min)/ft of drawdewn. 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-sclids
concentration of about 4,390 mg/L. . .

I: is planmed to ruu additiocnal geophysical logs and tests in the tast
well this fall. The logs will include televiewer, gamma spectrometer, and
possibly tracs ejector and spinmer surveys. A vertical seismic profile will
be run in August. . '

The well construction and well-head equipment are suéh that the well can

be used for several years as an observation point, a test laboratory, and for
geophysical-tool calibration.

o
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