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CONVERSION FACTORS 

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

Enjflish 

In (laches) 
ft, (feet) 
ftj (cubic feet) 
ai^ (square ailes) 
gal (gallons) 
gal/ain (gallons per 
aisuts) 

(gal/oln)/ft (gallons 
alnute per foot) 

lb (pounds) 

per 

Ib/in^ (pounds per square 
inch) 

ad (alllidarcys) 

Multiply by 

25.4 
.305 
.02832 

2,59 
3.785 
.0631 

.207 

.4536 
6.8948 

. 

.000987 

Metric 

laa (ailliaeters) 
a (aeters) 
a (cubic aeters) 
loir (square kilometers) 
L (liters) 
L/s (liters per second) ' 

(L/s)/a (liters pe.x second 
per meter) 

kg (kilograms) 
kPa (kilopascals) 

ua^ (square aicroaetsrs) 
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PRELIMINARY DATA FOR MADISON LIMESTONE TEST WELL 2, 

Ŝ sSESs SEC. 13, T. IN., R. 54 E. , CUSTER COUNTY, MONT-^LNA 

By 

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

Abstract 

Thia report provides the prellainary data for the Madison Liaestone test 
well 2 including test-well history, geology of the test well, hydrologic 
testing, and geocheaistry. It also discusses the prellainary results and 
future testing plans. 

The test well was drilled as part of the study to deteraine the water-
resource potential of the Madison Liaestone and associated rocks to meet 
future water needs in a^lSS,000-square-tBlle region that includes the coal-rich 
area of the Northern Great Plains. Drilling and testing were designed to yield 
a ma-xlmia of stratigraphic, structural, geophysical, and hydrologic inforaation. 

The test well vas drilled in the SZkSlEh, sec. 13, T. 1 N., R. 54 E., 
Custer County, Montana, to a depth of 9,373 feet below land surface. The well 
is cased with 13-3/3-lnch casing froa land surface to 4,661 feet and 9-5/8-inch 
casing froa 4,519 to 6,437 feet below land surface. It is aa S-l/2-inch-
diaaetcr open hole from 6,487 feet to 3,422 feet. The veil is plugged below 
that depth by tvo ceaent plugs—one froa 9,378 to 9,084 feet and the other froa 
8,884 to 8,422 feet. The veil is so constructed that additional hydrologic 
tests and geophysical logs can be aade at a later date. 

Nineteen cores vere taken froa selected Intervals totaling 754 feet; 
; 722.4 feet of core vas recovered. The cores vere photographed, slabbed, and 

n plugSed, and selected parts vere tested for density, porosity,, and vertical 
!-̂ ' and horizontal peraeability. Gaaaa and density scans of the cores vere aade, 

and thin sections are-being prepared for detailed exaainatlidn:'." 

Seventeen conventional drlll-stea tests and packer-svabbing tests vere 
attempted, 13 of which give clues to the pressure heads of vater in the 
intervals tested.' Water saaples were obtained during lO'of the tests, 7 of 
which were flow tests. ,...^..:,.-. ..-.:.-•..-•. •̂ .-.'. 

Vater froa the open-hole part of the well had a shut-in pressure of 
i : 333 pounds per square inch and flowed about 44 gallons per alnute. The 
^ teaperature of the water, measured at the surface, vas about 48 degrees Celsius. 

• * Vlth the possible exception of the Lakota Sandstone, no aajor potential 
[_̂  sources of ground vater vere found in the test veil. Also, no freshwater 

(less than 1,000 ailligraas per liter dissolved solids) was found in any of 
p. the zones tested in the well. Water salinities ranged froa about 2,000 to 
I : 46,500 ailligraas per liter dissolved solids. 



Additional geophysical logs and tests will be aade in the test well during 
the suaaer and fall of 1977. The logs nay include televiewer, gamma spec-
troaeter, trace ejector, and spinner-surveys. A vertical seisaic profile will 
be aade in the well in .August. 

Introduction 

Development of coal in the Northern Great Plains will place a heavy 
deaand on the available vater resources of the region. Surface vater in the 
region is poorly distributed in tiae and space. Its use for coal developaent 
ia places vould require storage reservoirs and distribution systeas; in the 
rest of the region, surface vater is fully appropriated and its use vould 
deprive present users of their supply. The Paleozoic rocks vhich underlie 
aost of the region contain water-bearing zones that aight supply, at least on 
a teaporary basis, a significant percentage of the total water reqtiired for 
coal developaent. One such source of vater supply is the Madison aquifer, 
vfaich includes the Madison Liaestone and associated rocks. 

.~" In 1975 the U.S. Geological Survey, in cooperation vith the Old West 
L.̂  Regional Coaaission, prepared a plan of study (U.S. Geological Survey, 1975) 

for evaluating the water-supply potential of the Madison Liaestone' and 
n associated rocks. That report not only presents a plan of study for the 
I , Hadlson, but also gives references relating to the regional geology and 
" hydrology, cites the current geohydrologlc studies being made by Federal and 
—, State agencies and by private coapanies, and suaaarlzes the available data 
; I and the deficiencies ox these data. 

During the developaent of the study plan, a liaison coaaittee vas 
fozaed. The aeabers vere drawn froa agencies of State govemaents that have 
aa active Interest in or responsibility for control or developaent of vater 
froa the Madison aquifer. These agencies include Montana Bureau of Mines 
and Geology, Montana Departaent of Natural Resources and Conservation, 
Horth Dakota State Water Coaaission, South Dakota Division of Geological 
Survey, and Wyoalng State Engineer. The purpose of the cosoittee is to 
aalatain open confflnmlcation"betveen investigating hydrologlsts asd-State 

n officials relative to all aspects of the U.S. Geological Survey's studies of 

Q 

Q 

-1 U the Madison aquifer. 

'I n During the 1976 fiscal year, the U.S. Geological Survey, in cooperation 
I y vith the States of Montana, North Dakota, South Dakota, and Wyoalng, began a 
I study to deteraine the water-resource potential of the Madison Liaestone and 

r-> associated rocks to aeet the future vater needs in a 188,000-ai^ region that 
I i Includes the coal-rich area of the Northern Great Plains, and to evaluate 
— these rocks (the Madison aquifer) as a source of vnter for industrial, 

agricultural, public, and doaestic supplies. The study area includes eastern 
Montana, vestem Horth and South Dakota, a saall part of Nebraska, and north­
eastern VyoiBlng (fig. 1). The area of greatest interest, however, is the 
Powder River Basin of Montana aiid Wyoalng, and the area surrounding the 
Slack Bills in Wyoalng, Montana, the Dakotas, and Nebraska. 

n 
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*"• within the scope of available funds and manpower, the objectives and approach 
are those outlined in the plan-of-study report. The objectives include: 

— 1. The quantity of water chat may be available froa the Madison aquifer. 

2. The chemical and physical properties of che water. 

__ "3. The effects of existing developments on che potantioaetric head, scorage, 
recharge and discharge, springs, screaaflow, and the pattern of ground­
water flow. 

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

5. The locations of wells and the type of construction and development of 
f - . deep wells that vould obtain optiaua yields. 

• - Many oil tests have been drilled to the Madison aquifer in the study area. 
Most did noc completely penetrate the aquifer, but were drilled to develop oil 
fields or vere exploration tests on known geologic structures. Few data from 

: .. these tests vere collected for hydrologic purposes, but the inforaation is useful 
in defining che geologic framework and some of the aquifer eharacteriscics such 

^ as vater quality, casperature, porosity, and potentiometric head. 

To obtain better subsurface hydrologic and geologic inforaation, it was 
_ recognized chat cest wells would have to be drilled. Drilling and testing were 
i designed to yield a aaxiaua of stratigraphic structural, geophysical, and 
— hydrologic inforaation. Scratigraphic and structural inforaation, obtained fron 

drill cuttings, cores, and geophysical logs, is critical for reconstructing che 
n. paleogeologic history of the region as well as defining the present structural 
-j and sedimentary fraaework. Careful analysis of cuttings and cores, and correla­

tion vith geophysical log characteristics will have transfer value with data 
P obtained frea oil-well tests and surface geophysical surveys. 
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Hydraulic tests are designed to yield pressure data and subsurface water 
saaples froa discrete intervals. These data are used to deteraine the degree of 
Isolation and (or) interconnection of aquifers, the water yield of isolated zones, 
the composite yield of the well, and the quality of vater. 

I n Madison Liaestone test veil 2 is the second in a series of proposed test 
.; ij wells that are designed to test a prellainary regional conceptual model relating 

porosity to lithology, and, in turn, transaissivity to structure and other rock 
—J properties. 

h u 
-̂  Test veil 1 (Blankennagel, Miller, Brovn, and Cushing, 1977) was drilled in 
^ the ^iSkSSk sec. 15, T. 57 N., R. 65 W., Crook County, Wyo. (fig. 1). Prellainary 
P| geological facies maps showed this area along the eastern part of the Montana-
_• Wyoalng border to have a high percentage of dolomite in the Madison and 

associated rocks, thus indicating possible high primary porosity. Also, because 
this area was apparently structurally active, good potential for secondary 
fracture porosity was indicated. Other considerations in selecting the site 
vere (1) depch to Precaabrian rocks at about 5,000 ft belov land surface, 
(2) adequate pressure to be reasonably certain that the'veil vould flow at land 
surface, (3) location on State or Federal land, (4) good accessibility to the 
drllliag sice, (5) availability of water for drilling and an area for disposal 
of vater from the veil, and (6) nearness to source of electrical power. The 
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well, although not completely developed at this tiae (June 1977), will yield 
at least 700 gal/min. It penetrated foraations having good porosity, 
peraeability, and open fractures Co a depch of at least 3,200 ft below land 
surface (Blankennagel, Miller, Brown, and Cushing, 1977). 

The site for Madison test well 2 vas chosen vich considerations 2-6 
(listed in previous paragraph) being che same. The main differences in this 
sice selection were in Che depch co Precaabrian basement and lithology of che 
Madison and associated rocks. Prellainary geological facies maps showed che 
Madison and associated rocks, at the sice for cesc 2, co be predominantly 
liaestone and deeper Chan 6,000 ft below land surface.~ 

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

Madison test well 2 is ia the SESsSÊ t sec. IS, T. IN., R. 54 E., Custer 
County, Mont. (figs. 2 and 3). It Is along an all-weather gravel-surfacsd road, 
about a quarter of a aile west of the Powder River. The well is about 6 ai 
northeast of Powderville, Mont., and 55 ai southeast of Miles City, Mont. 

The well vas spudded in Che Hell Creek Foraatlon of Late Cretaceous age 
on Noveaber 17, 1976, and bottoaed 94 ft below the top of the Precaabrian rocks 
at 9,378 ft below land surface on March 23, 1977. It is cased vith 13-3/8-in 
dlaaeter casing froa land surface to 4,661 ft, and vith 9-5/8-in diaaeter 
casing froa 4,519 to 6,487 ft. It is 8-1/2-ia diaaeter open hole froa 6,487 to 
8,422 ft. The veil is sealed off below 8,422 ft by tvo ceaent plugs—one froa 
9,378 to 9,084 ft and the other froa 8,884 to 8,422 ft belov land surface—to 

! y isolate the upper part froa the Caobrian sandstones that contained saline vater 
and gas shows (fig. 4). The veil is so constructed that additiotial hydrologic 
tests and geophysical logs can be run at a later date (figs. 5 and 6). 

Seventeen drlll-stea and packer-swabbing tests vere atteapted-; 13 yielded 
,^ head and quality-of-water inforaation for the intervals tested. Based on the 
i ; test data, all vater-bearing units in the Paleozoic rocks had sufficient head 
U to cause the vater in thea to flov at land surface. Water froa che uncased part 

of the well, 6,487 to 8,422 ft, had a head of 333 Ib/ln^ above land surface. 

Nineteen cores were taken froa selected intervals totaling 754 ft; 722.4 ft 
of core was recovered. The cores were photographed, slabbed, plugged, and 
selected parts were tested for density, porosis, and vertical and horizontal 
peraeabillcy. Gaaaa and densicy scans of the cores vere aade, and thin sections 
are being prepared for detailed exaaination. 

This report provides the prellainary data for Madison Liaestone test veil 2 
Including test-well history, geology of the test well, hydrologic testing, and 
geocheaistry, and it discusses the prellainary results and future plans. 
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Many individuals froa che U.S. Geological Survey, ocher Federal agencies. 
State agencies, and industry contributed to che successful cbaplstion of che 
Madison cest well 2. No atteapc will be aade Co Use all che U.S. Gisological 
Survey personnel involved in che operation; however, special recognition aust 
be given co'Jaaes A. Fecerson, Thad W. Custis, Jaaes R. Marie, Williaa J. Head, 
Gilbert Ortiz, Wilbur C. Ballance, Donald L. Coffin, Robert W. Maclay, Lewis W. 
Howells, Williaa R. Miller, Williaa B. Borchert, Sceve A. Strausz, and Marvin A. 
Crist, for their contributions in the site selection, drilling operations, and 
testing of the well. 

Fenix and Scisson, Inc., of Tulsa, Okla., priae contractor for the Energy 
and Research Developaent Adainistration (ESI3A) at Las -Vegas, Nev., assisted with 
preparatioa of the drilling specifications and provided a drilling specialist. 
Ken Ward, at the drill site. 7 sa±x and Scisson also prepared the veil history 
included in this report. 
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J. R. Kems and E. T. Hegna of Hegna, Kems, and Traut, consulting 
geologists, Casper, Wyo., vere eaployed by the drilling contractor during 
drilling operations.. They assisted vich selection of cored intervals and 
identified foraatlon tops. Their descriptions of cutting and cores are included 
in this report. Continental Laboratories were eaployed by the drilling contrac­
tor to supply a hydrocarbon veil log (pl. 2). Geophysical logging was done 
by Birdwell Division, Seisaograph Service Corp., and Schluaberger Well Services. 
Packer tests vere run by Lynes, Inc., vith Interpretation by Roger L. Hoeger. 
Other coapanies, too nuaerous to aention, vere involved in the drilling, coring, 
fishing, and ceaenting operations. 

Core preparation, photographs, and gaxana-ray-atteauated-parosity-evaluator 
(GRAPE) logs vere provided by Marathon Oil Research Center, Denver, Colo. 
Analysis of core and hydrologic properties vas by Core Laboratories, Inc., 
Denver, Colo. .'./.•.?•:;•;-

Test-veil history 

The following historical data on the test veil includlng"*tiae breakdown, 
hole history, core record, bit record, deviation surveys, and log index sheet 
vere photocopied froa the Fenix and Scisson report provided to the U.S. 
Geological Survey at the coapletion of the drilling, coring, and prellainary 
logging and testing of Madison Liaestone test.well 2. the aud report is froa 
the Begna, Kems, and Traut report. 

Q 
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aatwuMC 0PT«ATioM TIMC (OBTI oTNca iCMrauLsa TIMC (OSTI O P t t A T I O M A L O C L A T T I M C ( O a T ) 

I •• 

amu. 

T«IW 

siiavrrs 

STTf 88T. , 9AT^ 

MOVC 

tUMCASMS 

eXMCNt CAUMC 

j r r t a iT. .BATS 

116 u r A u n 

V, 0. aaiLUNC sur^Lies 

euAM OUT rruL 

s i e i u o «TM d t n 

s m aoT. 

TOTAL s r r t P f t r n u t BATS ICHAMSi 

MAIN HOLE CONSTRUCTION 

B«tLLJM6 Oft lATiaM T1M« (BOTI OTMCX SeMCBULZa T1U8 (QST) 8F«tATtOMAL 0CLA7 TIMX (OSTI 

u 

0 

: 0 
; 0 

8«LL 29.19 

- m n 10.67 

8XX3S aaiLUMS AUuiLr , ^ _ _ ^ 

SW6LX SHOT arr , suavrrs 0.30 

9MM MOLX BiaecnaK suavcfS 

Optsa 2 s l * 34.10 

MAIM MOtX BOT 7 4 . 7 6 g^y^ 

CASMs a^«»ATioM TIMC reoTi 

RUM 20" euiM6 

awN 1 3 - 3 / 8 " CAsaM6 

gMCffSO** c i s n a 

etMMT 1 3 - 3 / 8 " euM6 

aaiLLOvTSMet 

* 

MAIM MOLS ear 

uaaiLJZATJOM A acMoaiuzATiOM 

csxe 

L S S 

CAIXO HOLS 8IK. SUavSTS 

UMLOAS CASXO MOLX 

ailN MAMOaCL 

HTaaoLaeaeAL TSSTS 

Hlppla Up 

Cireulaca Sasplas 

Plag Baek 

l a y Oewtt O z U l ?1?« 

16.19 

6.00 

I t e Kt^Aias 1.92 

». a. scuifticJiT & Suyplias 2.25 

10.17 

29.86 

4 .37 

1.37 

1.00 

0.92 

MAINMOLt orr 59.71 94ts 

mil 

cuAMeurnu. 

gNLOAS WATXa IMrtfiV 

MAM exooaxo NOLX 

RJ i e iACZ 

aaiLL OUT PUI8S 

sieaacs WITH c a m 

d a a a Oae Flagjad 3 1 : 

0.99 

0.45 

1.40 

Itapair Slew Out Travangar 1.18 

Clxcalasa & 2£iz Kud 1.18 

Tb*u Oat Slj 1.18 

MAIN XOLt BBT 2 0 ^ 7 2 a ^ T , 

TOTAL MAKt MOLX C3MTT. TiMf . 162.33 BATS acHAacs, 

TOTAL BLArsCO TtHt 

n 
TSTAL siTt r a t r TMX 

TOTAL MAM MOLX CSMXT. TIMX 

SIC. W/O excv srrx n t * 

u e . « / o e a t * MAIM MBLX caMST. 

TOTAL SWPXM8C8 (MO ai6> 

TOTAL SLAMXa TIM( . 

PATS 

1 6 2 . 3 3 BATS 

BATS 

BATS 

BATS 

1 6 2 . 3 3 BATS 

acMAan< 

* Ran 8 - 5 / 8 " U a e r 0.37 BaTS 

Camcac 8 -5 /8" L iae r 1.42 Sara 
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KAQiso:; 92 
HOts HisTony 

11-7-76 Slss prsp work eonslscad of an 3' x 3* cellar sec ae 7' below greuad 
level vleh 30" CS* sec ac 54' below ground level la a 36" bole aad 
easaaead with ready &lz eamaac. 

12-10-76 Aadersea Drllliag. Corspaay zlg f8 v«s saved In aad erewa seareed 
rigsing ap. 

ITOTS: All depths reporeed froa kelly buahlsg elevseloa (S) 16' above 
— ground level (d.) ualesa oeherwlae aoted. 

L. 11-17-76 Rlgglas up was eospleced ae 0330 hours. Drilled 17U" hole fren 70' 
ea 320' uslag eoavenclonal eirealaeion vlch sad. 

I i 11-18-76 Drilled 17V hole frma 330' co 430'. Palled oue of hole aad aade up 

Li 26" hole opener. Opeaed 17%" hole eo 26" froa 70' ca 146*. 

-| 11-19-76 Opeaad I7%" hale eo 26" froa 146' eo 357'. 

U 11-20-76 Opeaed 17%" hole eo 26" froa 337* ea .423*. Slgged up eo rua cxslsg. 
1I-2I-7S 5aa 10 jolaes (423.62*) oi 20" O.I>., B>40, 94^ baetress ehraad easlsg 

aad laadad ae.406.62' (G2.}. Casing had a Bakar 32 guide shoe on 
. betraa aad a Bakar laesh-ls type float eallar ae 363.62' (CL). Caa-

; erailaara were placed ae 406*. 367*. 325', 233', 243', 201', 139' aad 
\ \ ^ 117*. All grauad level saaaareseaea. Raa laesh-la esel la the hole-

' . . aad laecisad laea eh« flaas collar. Caaaacad aaaulus uslag Hallibureoa 
' m s b 320 sacks (801 f:3) of "Ughe" eeaaae, 32 ealdts ehlorlda aad 

. 1/44 par sack of naeala fallowed by 200 sacks (230 fe3) of dasa "C" 
•.. •-. easeae, 2S ealclas chloride aad 1/44 per sack of Plaeala. Cazaae la 

plaea ae 1113 hours. Appraxlsaealy 200 ft^ of "Ughe" eessae drsa-
laead ts aarfaea. Valead oa eeaaae. 

Q 

11-22-76 Cue off 20" 0.0. easlag and velded oa a 20" 5aeloaal Sarlaa 600 eaalag-
bea^. Seazead eaaaeeclag up blow sue aqalpaane. 

11-23-76 Caaplaeed coaneeelng up blow oue equlpaane canalselsg of a 20" Shaffer 
-, n alagl's raa praveaeer oa cop of tba eaalaghead followed by a 20" Bydrll 
t n . . KSP-20Q0 prevcaeer vleh a Graae raeaelag hoad on cop. Drilled oue 

float collar vleh a 17%" ble aad prasaurad up oa the Bydrll prevcaeer. 
cap aeals were oue ef the preveater. Keaoved eoaneeeleaa aad valesd 
OS repairs at 1913 hours. 

21-24-76 Valeed oa Hydril scrvleesua ta 0600 houra. Vorked ea praveaeer aad 
fouad plaeea easenced la. Raplaeed vleh a aaw Hydril praveaeer. n • 

•_! 11-23-76 Csaaeeead up aev preveater and tasted ta 1000 pal for 30 slautea. 
SrlUad eat eessat and shoe with a 17%" ble. Made trip far 8%" bit. 

n 11-26-76 Saa 8%" bit la the hole with a juak sub. Clrealaeed hale clean aad 
U dzlllttd 8%" bole froa 430' te 778'. Circulated hole, ran out ef 

vaeaz at 1900 hours. 

FI 



Madlaon iZ 
Hole Blatory 
Page 2 

: 
( ! 

J 

D 

Q 

Q 

Q 

Q 

a 
0 

11-27-76 

21-28-76 

11-29-76 

11-30-76 

12-1-76 

22-2-76 

12-3-76 

12-4-76 

22-3^76 

12-6-76 

22-7-76 

22-8-76 

22-9-76 

22-10-76 

22-12-76 

22-12-76 

Thawed ouc rls ea 1230 hours, les in d±ess l a i l l l a e a . Dzl l led S%" 
hole froa 773' ea 930'. Shut down ac 2130 hotirs eo ehav ouc diesel 
lines. 

Thawed oue rig ea 1245 houra. Drilled S%" hole frea 930' ea 1073'. 
Pulled oue of hole. 

Hade up Chrlseeasea cars barrel vleh an 3%" x 4" dlaaend ble aad eae 
eara ^1 froa 1078' ea 1108', rsesvered 23'. 

Haa 3%" ble ia eha hole, vashed and reaaed 60* ea boeeaa asd drilled 
fraa 1108' to 1430'. 

Denied 8%" hole froa 1430' ea 1933'. 

Drlllad S%" hole froa 1933' eo 1969' asd pulled oue of hole. Made 
up eara barrel vleh S%" core blr aad cue c a r s If2 froa 1569' eo 1999', 
raeavered 23'. Saa S%" ble la ehe hole, reaaed 30' ta boeeoa asd 
dsUIad froa 1999' Co 2230'. 

Drilled Sh." hole fraa 2230' eo 3033*. 

Drlllad 8%" hole fraa 3033* ea 3621*. Had* trip far bis as 3442' aad 
zaaaed 60' ea boesaa. 

Dslllad 8%" hala fsaa 3621' ea 4134*. 

Oniled S%" hola fraa 4134* ea 4343* aad palled eus ef hole. Hada 
up eara barrel wleh aa S%" care bis aad ras la hale. Cera barrel waa 

'• plaggad, pulled eus ef hele. 

daaaed oue eara barrel. Saa 8%" bis la eh* hola aad vashed 106' ta 
boesaa ae 4'34-3*. Pulled ble aad ran eara barrel back In hole, daaaed. 
eas 23* ef fill aad eac ears #3 fsaa 4343* ta 4369'. 

2aeav«red 26* ea ear* #3. Haa S%" ble la eh* bole, rsased care hole 
asd drlllad froa 4369' ea 4640'. 

Dslllad 8%" hole fraa 4640* ea 4682*. Heaaurcd eus ef hole aad 
essreeeed depch ea 4677*. Saa Birdwell logs. 

Coaelaued suaalag legs. 

Coapleced logslag. Saa 8%" ble la ehe hele aad washed 23' ea beeeoa. 
Ceodlsleaed bels for taselng aad pulled bis. 

Hade up L/nes ease eeel aad raa drill aeea test #1 fraa 4300* te 4680*. 
Tool epcaed at 0312 hours aad eaapleted test at 0830 hours. laid down 
• eaol. Kade up X2V hele epeaer and reaaed hole froa 406* te 430*. 
Opened 8%" hele ee Uk'* fsaa 430' ea 746'. 
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Hadlson S2 
Bole History 
Page 4 

1-4-77 

1-3-77 

l-*-77 

Pulled oue of hole, no recovery. Made second trip wleh she baskee, 
no recovery. Saa 10%" O.D. isassec ia che hole, recovered approxi-

eely 1 quare ef bcarlags and pieces of cones. San aagnec baek In 
hale. 

Pttllad sagaee, so racavery. Hade erl? wleh 17%" hole opener aad 
eaadlsleoed hole ea ran eaalsg. Seareed rsaalag 13-3/8" O.D. easlag. 

Coapleced raanlsg 13-3/8" O.D., STSC casing, sac ae J»677.7Q' 
I — (4661.70' CI) wleh a Baker guide shoe on boesaa aad a laesh-in cype 
j floae eallar ae 4631.13' (4613.13* CL). The easlag was rua as 
'— follows: 

Valghe 
n He. Joints Per Fooe Crade Interval (Ct) 

^ 21 68.00* • S-30 4661-70' - 3733.48' 
37 61.00tf S-aO 3733.4S' - 2086.63' 
33 34.30tf K-55 2086.63' - 0* 

Caneralieara were plaeed ae 4649', 4623'. 4333* aad 4320', all ground 
lav«l aeaaureaenea. Then one eenerallzer on every ether eallar to 
1236' aad eaa ea evexy fourth eallar eo 313* and ehea eaa as 230' 

,. i fsaa sasfaea. Saa lasch-ia eaol la ehe hola ea 4%" drill pipe aad 
"̂  . . laeebad Iseo cellar. Caaeneed aaaulus uslag HalUburssa wleh 6017.3 

:'. .. fe3 (2063 sacks) of daaa "G" eeaaae, 162 gal, 32 sals, 0.22 CTS-l 
' . aad 1/44 ^mv sack ef Pleeale followed by 2S7.3 fs3 (230 aaeks) of 
. daas "C" eeaeas aad 1/44 pes sack ef'Ploeela. Caaeas la plaea as 
1610 hours. Clsealasad eus 230 aaeks (723 fs3} of eaaeae. Valead ea EI 

D 
Li 

Q 

ID 

0 
0 

1-7-77 Valsad oa eeaaae ea 0900 hours. Cue off eha 20" 0.9. easlag belov 
gsauad level aad w«ldad a flaaga ea eha 13-3/3" O.D. eaalag. 

1-4-77 Xassslled Caaersa aad Hydril blow ons preveasass. ea th:e"fiaage aad 
atassad alppUsg up. 

1-9-77 Caaplaeed alppUag up. Pressure ceased blew out cqulpaene eo 1000 psi. 
Pj Saa 12%" ble la ehe hole and drilled oue fleae equlpaaae. 

1-10-77 Caaplaeed drllliag oue eeaenc and shoe. Preaaure eesead blev out 
equlpaeae eo 1000 pal. Pulled eus ef hole and aade up 8%" dslUlas 
aaaeably. Saa la hele aad eerreeeed eoeal depch froa 4677* ee 4679* 
for hole aade while flshlag with a 11-3/4" Cleb* baakee. Drilled 8%' 
bela froa 4679' eo 4231'. 

n 2-U-77 Onilad 8%" hole frea 4831* to 4870', aeasured out ef ehe hole aad 
ij earreeeed depth ta 4877*. Hsde erlp with a aagaet, no reeavery. Had* 

sp Chrlateasan 6-3/4" care barrel with an 8%" dlaaend car* ble aad 
cae eere #4 frea 4377' ee 4907'. 

2-12-77 Pulled out ef hola and recovered 23' on core i U , Hade op 8%" drllUsg 
asacably asd drlllad froa 4907* eo 3108*. 

17 



Kadlson 92 
Hole Blstery 

_ Page 5 

L 
1-13-77 Drilled 8%" hole froa 5108' to 5410'. 

p 1-14-77 Drilled 8%" hole froa 5410' eo 3634'. 
U 

1-13-77 DsUled S%" hole frea 3634* ta 3330'. 

n 1-16-77 Drilled 8%" hola fraa 3330* to 6083'. . 

1-17-77 Drlllfid 8%" hola fraa 6083* to 6140'. 

I 1-18-77 Drlllad 8%" hele fraa 6140' ea 6327*. 

1-19-77 Drlllad 8%" hole fsea 6327* eo 6470*. Clreulaesd saaples ca surface. 
1-20-77 Palled oue of hele and aade up care barrel wish 8%" ble. Cue core 45 

froa 6470* ta 6540*. 

1-21-77 Caaelsued eueslag care #3 froa 6540' ca 6556*, recovered 38'. Saa 
Schlumberger logs. 

1-22-77 Csaplacad ruaslag logs. Hade eslp wleh 8%" ble and eeadleleaed aud. 

. 1-23-77 Had* up Lyaes assaddl*^ packers aad raa la hols ea 4%" drill pip* for 
.drill ataa ease 12. Sas packara froa 6138' ea 6248' asd epeaed teel 
at: 0713 hsuss, packer failed ae 0930 hours. Palled out of hala. Se-
palsad eaol aad raa back la hole for drill area sass #3. See packers 

• fsaa 6134' ta 6244', opeaed taol as 2310 hours. 

. r' 1-24-77 Csaplaead tmat as 0700 hours. Vorked packers loess aad fulled oue ef 
hola. Hada eslp wish 3%" bis aad esadlsloacd aod. 

1-2S-77 Hada up tass eaol aad- raa ia bole, see packers fraa 4898* eo 4916' 
far drill.9.s.fiB eese #4. Opeaed cool ae 0337 hours aad...e;389lec8d ease 
at 1007 hsuss. Made up 12%" hole epeaer aad raa la hole. 

1-26-77 Opeaed hole fraa 4679' ea 4976'. Hade esl? for hole ep«aar ae 4713', 
bis locked. 

:.,.. 1-27-77 Opeaed 8%" hoi* eo 12V* froa 4976' ta 3337*. 

2-28-77 • Op«a*d 3%* hel* ta 22%" frea 3337* ea 3388*. Had* csip for hole 
ep«a*r ae 3483*. 

2-29-77 Op«a*d 8%" hel* ea-22%" frea 3588* to 5625*. Had* trip far hele 
j (ip«a«r ae 5622*. 

2-30-77 Opened 8%" hele eo 12%" frea 3623' eo 3789*. Pulled esc ef hele. 

1-32-77 Chaaged oue hele epeaer aad raa la hel*. Opeaed 8%** hole es 12%" frea 
3789* to 3900*. 

i u 

10 
Q 

0 

10 

i ^ 
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n U 
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Page 6 

2-1-77 Opened 8%" hole to I2k" froa 5900' eo 6036'. Pulled oue of hole. 

2-2-77 Changed euc reaaer and ran in hole. Opened S%" hole to 12%" froa 
6036' to 6107'. 

2-3-77 Opeaed 8%" hole ta 12%" fraa 6107' ta 6181'. 

2-4-77 Opeaed 3%" hola ta 12*4" froa 6181' ta 6230'. Hade trip for reaaer 
as 6204*. 

p 2-3-77 Opeaed 8%" hole ea 12%" fsaa 6230' eo 6291'. 

'•- 2-6-77 Opeaed 8%" hols ea 12V' fsaa 6291' co 6337'. 

2-7-77 Opeaed 8%" hele to 12%" froa 6337' ta 6388'. Hade trip for hala 
epeaer as 6367'. 

2-3-77 Opeaed 8%" bole to 12%' fraa 6388' to 6429'. Hade eslp for hols 
ep«a*r ae 6409'. 

2-9-77 Opened 8%" hale ea 12%" fsaa 6429' eo 6461'. 

2-10-77 Opeaed 8%" hel* ea 12%" froa 6461* eo 6303*. Catidleloaed hele aad 
-'/;' palled hel* opener. 

: 2-22-77 Saa Birdwell eallp*r log. Saa 43 jolaes ef 9-5/8" O.S., 404, 5-80, 
/ Saag* 3, S7SC caalng for a Uaar la eh* hel* ea 4%" dslll pipe wish 
... s BsawB Oil Teel fleas she* ea boesaa aad a Browa eyp* 1 landlag 

'̂' eallar as 6433* (6439* CI}. Overall leagsh of User asseably was 
;" 1968.20*. . tagged boesoa ae 6303* and laadad User ae 6303' (6487* CL) 
V •' vtsh cha cap ef eh*-Browa CHC Uaar haager ae 4333' (4519* CI). 

CaasrsUzers as 6493*, 6466* aad 6445* IQ wish eeaesallcara ea evesy 
oeher rnTlar fsaa jolas #4 ehsa i33, Jolas #33 aad #39. 

. . . .utnst . 

2-12-77 Ceaeaeed aanulus aslag BalUbureos wish 332 fe^ (330 sacks) ef 1.1ghe" 
. eaaeat. lOZ sale aad 0.73Z C?S-2 foUovmi by 590 fs^ (500 sacks) ef 
Class "C" caasas, 102 sale aad 0.75Z Cfll-2. Caaeae la place as 0300 
bears. Olsplaeed eeaeae wish 3 barrals ef wacer followed by 191 

... basrals ef sas, r s o i reearss eo surfaee. Seleaacd liner running cool 
... o d puUad euS ef hole.x Walced en eeaenc eo 2000 hours. Saa 12%" 
bis la ehe hole aad eagged eeaeae ae 3908 *. 

2-23-77 Valead en eeasae onell 0300 hours. Drilled eeaeae fraa 3908' eo 4320'. 
Hade eslp for 8%" bit aad drilled ccscne froa 4320' eo 4379', had 
void eo 6379*. Top ef User at 4333'. 

2-24-77 Praaaured up eo 2000 pal for 30 alnutes. Drilled out eeaenc, landlag 
eallar aad shoe frea 6379' eo 6303' aad eleaaed oue fill ea 6334'. 
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r 

•Q 

3-2-77 

>3-77 

3-4-77 

3-S-T7 

3-6-77 

>7-77 

3-8-77 

3-9-77 

>10-77 

3-U-77 

^ 

i 

J • 
-

- 7 

>.U-77 

>13-77 

3-14-77 

3-23-77 

>l«-77 

3-17-77 

Seeavered 22.3*on core /11« Cue care #12 froa 7623' ea 7623', re-
eavesed 2'. Saa 8':" bis in ehe hola aad drilled fraa 7625* eo 7640'. 
Clrealaeed sax^les. 

PuUsd eus of hele. Baa 8%" eor« bis la eh* hel* aad eue cere #13 
fsaa 7640* es 7693*. 

Coapleced care #13 frea 7693' ea 7700', recovered 39'. Cae ears #14 
fsaa 7700' ea 7760*. 

Saeoversd 59' ea eara i?14. Cue care #13 fssa 7760* ea 7320', re-
cavered 60*. 

Cas ear* #16 fraa 7820* ea 7863', recovered 38*. Saa 3%" bis la ehe 
bals aad dslUed fraa 7863* ea 7924'. 

Dslllad S%" hale fsaa 7924' ea 3083'. Clrealaeed saaples as 7973'. 

Drlllad 8%" hale froa 3033' ta 3213'. draalated sasplea ts surf sea. 
Palled eus ef hols. 

Hada sp 8%" cars bis aad eas care #17 fraa 8213* ta 8233*. rsesvered 
.2I*. Saa 8%" bis la eha hoi* aad dslllad fsaa 3233* ss 8311*. 

amitd 8%" hel* f s a n 8311* to 3532*. . "-*••' 

Dtl22*d 8%" bol* fssa 8332' Sa 3624*. Had* eslp far blS as 8621* 
'aad raaaad 30* ts boesaa. 

Drlllad S%" hsl* fssa 8624* Sa 3782*. Clsealasad aasplaa as 3668*. 

SrlUad 8%" hel* iram 3732* es 8934*. Sis plugged, pulled eus ef hola. 

Saa 8%" bis la eha hel* aad bis esp ef User as 4333*. Palled eus ef 
hsl* aad fouad blS spUS. Changed euS bis aad aade sslp. Drilled S%" 
bols fssa 8934* es 9043*. Clreulaead eue appraxlaasaly 200 barrals ef 
tmear afsar belsg shue dewa for rig sarvlea. 

Bslll*d 8%" bol* froa 9043* es 9216*. 
• ' • • 

Drilled 3%" hsl* fraa 9216* ea 9291*. Pulled eus ef hele, had iaflev 
of wacer. Oiaaged eue blS, reaaed aad washed 113' ea beeeea, had 
watar laflow. Drilled 8%" hole froa 9291' to 9298*. Hlsad aud to 
esaesol waear flsu. 

Drilled 8%" hele fssa 9298* es 9340' aad hole searsad flowing waear. 
Pulled ble lace easlag aad elesed blow eue prevencer raaa. Shue ia 
presaus* was 123 pal. Mixed aud building welghe ta approxiastely 
20.3# per gallsa. Saa la hole with ble and eagged 47' of fill la tha 
hola, plugged bis. Pulled eat 3 seanda asd cleared ble, pusped ia 
apprsxlaately 730 barrels of aud. Pulled ble Inside easlag and slxad 
addltleaal aud. 

21 



^ • • : V I : » 1 I — . . ^ 

i 
V V 

:3 :i 

9 iH 

•« k M 
•d rd q 

g M «• c 
B" rt H. r^ 

I 
s 
»l 

rt 

8 
n 
8 
o 

V 
? 5 

V V V 
? r ? 
:̂  :̂  :l 

5 
8 o. 

V 
• » * 
•>^ 
cn 
a 

o 

l 
If 

rt 
It a. 
a n 

n 
m 

I 88- *" 
« U gn 

3 0 

t l . 

n 
3 
ft 
II 
3 

M 
It 
H I 
a 
M 
rt 

K 
rt 

1 
rt 

g. 

n 
H 

a 
n u 

o 
M 
U 

I 

rt 
O 

M 
n 
n 
It a. 

P M 
rt It •a 
SR. 
H H 
m u 

M 
? 

V 
f 

Co 

3 
I k 
•c 

8 
H w _̂  vj a* 

o I-* 
>o o* 
u u 
oa n 
i» x* 

8-
» 

sr 

a. 

u a* n 

» 

S I 

n 

Sir 
n rt 

'"If rt 
tr 
n 

n 

t t < 
fc-g 
i> a* 
M It 

a. 
8 r t 

rt O 

rt 

^.3 
8 
8 

8 

o 
n 

E 

a" 

a. 

It « 1^ 
U 

\ 0 K O 

8 M 



Hadlson #2 
Hole Kiseory 
Page 10 

i Li 

n 
• ' D 

• t 

I • 

( n 

4-2-77 Cancinued uorkisg tubing and elreulaclng sud. Waited an Otis tools 
uncll 1930 hours. Saa Oels ssnd pvsp inside ehe 2-7/8" O.D. ::»iag. 

4-3-77 Saa sand pusp to 9133' far several runs and tubing began eo fill up 
ea 9130'. Seeavered heavy sad wich seae sand aad shale. San 
HeCuUough free peine ladleaeor, cublag stuck ae 6843*. Saa chealcal 
shoe aad ess ssblag as 6807'. Seareed pulling eublag. 

4-4-77 Caspleeed pulling eublag. Saa Sucker Aese overshoe, jars and btsper 
sub la ehe hola. Uorkad over fish and jarred looaa. Pulled oue af hole. 

4-5-77 Laid down 2-7/S" O.D. cubing aad Lyses packers, recovered all of fish 
execpe top rubber off of the tsp dual packer. Hade trip wleh S%" bis 
aad eoadleloned sad for tesslng. 

4-6-77 Hada up Lynes test eeel for drill sssa eese #3. Hade 4 erlps with eool, 
eauld nee gee pass User cap on 2 trips and could nst s«e packers oa 
2 tslps. 

4-7-77 Had* sslp wish seraddla packers and also wleh a seaadard esse eaol, 
eauld aee see packers. Hade up Lynes seraddle packers asd searssd 
ia hele oa 2-7/8" O.D. Sablag. 

4-8-77 SaS paekars ea cess can* fraa 8113* ca 8333* far drill seea ease #8. 
Seareed esse as 0803 hours. 

4-4-77 Caaplaeed ease as 0330 heuss. Saleased packers asd pulled eue ef hols. 
Ossssed ease tool asd raa ia hale to teas ssas frea 8030' eo 8230' 
far drill ssaa tass #9. Cauld aee sas packers. 

4-10-77 Fulled tsel and found boeeaa packer had ruptarad. Had* eslp wleh 8%" 
bis es 3700' aad csad'<cloaed aud. 

4-21-77 Saa Birdwell logs. Hada up Lyaes seraddle paeJcars aad-raa-la hole oa 
2-7/8" 0.0. sablag for drill ssaa Z B S Z #10. 

4-12-77 Sat packers fraa 3113' es 8333'. Opeaed eeel ae 0834 hears asd s t z r s z d 
ease. 

4-23-77 Ceaslaued easelsg ea 1830 houra. Pulled up eh* hele aad resec packers 
fraa 7773' ea 8023* for drill seea case #11. 

4;-14-77 Seareed ease ae 0113 houra and coaelaued ee 2100 hours. Seleased 
packers aad pulled euS of hole. 

4-23-77 Caopleeed pulllag oue ef bole. Chaaged eue test eeel aad raa la hola. 
Sat packers frea 6449* ee 6689' for drill seea east #12. Searsad 
case ae 1930 hours. 

4-16-77 Coaelaued eeselag eo 0243 hours. Sesee packers frea 6814' ea 7034' 
fas drill seea cesc #13. Started eese ae 0711 hours. 
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4-17-77 Concinucd testing to 0513 hours. Reset packers frea 7074' co 7314' 
for drill stea cest rl4. Scarced cesc ac 0932 hours aad eoaalecsd 
ac 1313 hours. Seaec packers iron 7064' co 7304' far drill scea 
ease #14A. Scarced esse ac 1700 hours. 

4-18-77 Caaplaeed eese ae 1130 hours. Seuce packers froa 5449' cs 6689' ca 
ehaek drill scea cest #12. Seleased packers at 1630 hours aad pulled 
oue of hols. Seareed ia hole wich aa 8%" ble. 

4-19-77 Csapleeed erlp co eondlcloa oud for further eeselag. Hade up case 
eeel wleh dual packers aad seareed ia hole wish 2-7/8" C D . tubing. 

4-20-77 Caspleeed erlp la- hole aad see packers frea 7305' ea 7345' for drill 
seea eese #13.. Scarced cesc ac 0300 hours and eospleced ae 1600 hours. 
Sesee packers froa 7523* cn 7763* for drill scea eese #16. Searrsd 
tMat ae 1730 hours. 

4-21-77 Cosplecsd case ae 1700 hours. Hoved up hole 10' and see packers frea 
7313' eo 7733' far bypass cesc. Opened cool ac 1330 hours. 

4-22-77 Caaplaeed cesc ae 0100 hours and pulled ouc of hole. Hade up double 
packer esse cool aad san in hale on 2-7/8" O.D. cubing. 

4-23-77 S«s packers ae 3320' eo case son* frea 8320* eo eaeal depch ae 9394' 
far drill scea ease #17. Seareed test at 0300 hours aad eontlsued 
ta 1430 hours. Selessed packers aad condieloned aud aad build up 
valsa*. 

4-24-77 Caedldoaed sod, worked cool lees* and laid dews tubing and ease eaol. 

4-23-77 Laid dewa cubing aad loaded oue cess holes. 

4-26-77 Laid down drill cellars. Saa 4%" drill pipe in hole op«a ended asd 
pushed packer—rubber to botsoa at 9394'. Plugged back hole-using 
Balllbursoa with 220.3 ft3 (120 sacks) ef "Ught" ceaent, 1# ef sud 
kill pmr sack and 0.22 of B5-4. Top of eassac ac 9100*. Caaenc la 
place ae 1903 hours. Pulled up ehe hole to 3900' and set plug #2 
with 304.2 fe^ (130 sacks) ef "Llghc" eeaenc, li of sud kill per sack 
asd 0.22 of RS-4. Top ef eeaeae ae 8430'. Ccasae ia place ae 1930 
heoss. Pullsd eue ef hole. 

4-27-77 Scaevad blow oue prevencers and inscalled well head equlpaene. San 
drill p i v is the hele asd tagped cescat ae 8438'. Olsplaeed sud 
frea eha hele. Laid down drill pipe. Hele flowing suddy wacer. 

4-28-77 laid dews drill pipe and eonneeeed 2" flew line froa hele te pit. 
Slg released at 1600 hours. Drilling operations eospleced. 
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8 
9 
10 
11 
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-13 
14 
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16 
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latarval 
7« 

1078' 
1969' 
4343' 
4877' 
6470' 
6574' 
6713' 
6745' 
7070' 
7370' 
7600' 
7623' 
7640' 
7700' 

• 7760* 
7820* 
8213* 
9375* 
9388* 

^ 

-
-
-
-
-
-
-
-
-
-
-
-
. 
— 
-
-
-
-

1108' 
1999' 
4369' 
4907' 
6356' 
6664' 
6745' 
6775' 
7128' 
7422' 
7623' 
7623' 
7700' 
7760' 
7820' 
7863' 
8238' 
9388' 
9394* 

HPH 

60 
30 
50 
40 
42 
40 
40 
40 

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

COSE HECOSD 

Voighe 
On Ble 
1000# 

15-18 
16 

13-13 
20 
20 
20 
20 
20 
20 

20-22 
20-23 
23 

20-23 
23 
23 
23 
23 
23 
23 

Clsculacisg 
Pressure 

osl 

850 
330 
SOO 
900 
SOO 
750 
800 

300-850 
900 

830-1000 
1000 
1000 
1000 
1000 
1000 
1000 
730 

1100 
1430 

?e«e 
Cared 

30 
30 
26 
30 
86 

. 90 
30 
30 
58 
52 
23 
2 
60 
60 
60 
43 
23 
13 
6 

Teet 
Saeoversd 

23 
23 
26 
23 
38 
39 
27.2 
30.7 
54 
51 
22.3 
2 
39 
39 
60 
38 
21 
U 
6 

TOTALS 734 722.4 

u 

D 
n 

I ! 

! 1 

jn 
25 
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Bis 
He. Hake 

1 Saghes 
2 Graat 
3 Secarley 
4 Seeurlcy 
3 S«earley 
6 Security 
7 Seearley 
8 5«caslty 
9 Craat 
10 Graae 
11 Craac 
12 Graae 
13 Graae 
14 -Craac 
13 Crane 
16 fraae 
17 Seearlsy 
IS S«sssley 
19 S«s33Zley 
20 ' Seearlsy 
6 S a n a Seearlsy 
22 Gsaas 
22 Gsaas 
23 Craas 
24 Gsaas 
23 • Craas 
2& Graae 
27 Sacaslsy 
28 Graae 
29 S«esrlsy 
27 S*ssa 
7 Basaa 
30 Sceasley 

32 Seearley 
33 Secsslcy 
34 Seearley 
33 B*rua 
35 S«curley 
36 S*earssy 
37 S«eazley 
33 X*rua 
38 S«eurley 
39 S«eurley 

Size 

17%" 
26" 
8%" 
8%" 
8%" 
8%" 
8%" 
8%" 
12%" 

• 1 2 ' - t " 

12%" 
12%" 
17%" 
17%" 
17%" 
17%" 
12%" 
3%" 
8%" 
8%» 

12%" 
12%" 
12%" 
12%" 
12%" 
12V* 
12%.'..... 
12%" 
12%" 

8%" 
•8%" 
8%" 
8%" 
8%" 
8%" 

8%" 
8%" 
8%" 

8%" 
8%" 

BIT RSCORD 

Trpe 

0SC3A 
Bole Opener 
S33 
SJ3 
S3J 
S4TttJ 
S4TCJ 
H44i1 
Hole Opeoer 
Hole Opener 
Bole Opener 
Hole Opener 
Bole Opener 
Hole Opener 
Hole Opener 
Bole Opener 
S4TJ 
S4acj 
S867 
HS9F 

Eel* Opener 
Bel* Opener 
Sol* Open*r 
Bel* Opeaer 
lol* Opeaer 
Hele Opener 
Eel* Opeaer 
Hal* Opener 
Bel* Op«a*r 

H4KC 
H441 
H4HJ 
H89? 
K847 

H84P 
5887 
H89T7 . 

K&ST 
BlOO? 

Depch 
Ouc 

430* 
423* 

1078' 
1963' 
3442' 
4343' 

4677' 
2338' 
3698' 
4162' 
4677' 
3236' 
4136' 
4640' 
4677' 

4877* 
6133* 
6470* 

4713* 
3433' 
3621* 
3789' 
6036* 
6204* 
6367* 
6409* 
6303* 

6374' 
6713* 
6943* 
7070* 
7370* 
7600* 
7640* 
8213* 
8621* 
8934* 
9291* 
9373* 
9373* 

Peec 
Drilled 

360* 
333* 
643* 
387* 
1443' 
901' 

313' 
2108' 
1160' 
464' 
313' 
2836' 
870' 
484* 
37' 

198* 
1228* 
337* 

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

13* 
31* 

164' 
122* 
242* 
178* 
13* 
330* 
383' 
313' 
337' 
84* 
0* 

Soeaelag 
Hours 

23% Saelp 
31-3/4 
30% 
39% 
40% 
33-3/4 

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

117% . • 
32 
65% 
7% 

14-3/4 
17% . 
46 

Clssalac 
3 
45% 
24% 
19 
43% 
31 
62% 
"21 
30% 

Caaaae 
4-3/4 4 Ceaeas 
Mr 
19% 
18% 
44-3/4 
24-3/4 
2% 

Al% 
45% 
37% 
46% 
13-3/4 

26 
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COSE BITS 

; I 

Ble 
No. Hake 

Cis lseeasea 

Sisa 

8%" 

CStdssasses 8%" 

lOfZAL 

HC23 

lOXU. 

1108* 
1999' 
4369' 
4907' 
6339' 
6664' 
6743' 
6773* 
7128' 
7422' 
7623' 

7863' 
8238* 
939** 

Pees 
Drilled 

30* 
30* 
26* • 
30' 
89' 
90' 
30' 
30* 
38' 
32' 
23* 

Saeaelag 
Hours 

11% 
5% 
2-3/4 
3-3/4 
13-3/4 
17-3/4 
6% 

12% 
21% 
26-3/4 
17 

490* 

267* 

140-3/4 

47% 
3 

13t̂  

64 

L 

- , 
•*mi 

p 

P 

P 1 
1 • 

L. 

n 
1 i 
1 : 

I 
. 1 

Dace 

11-17-76 

21-18-76 
11-26-76 
11-27-76 
21-28-76 
11-30-76 

12-1-76 

12-2-76-

• 

0esch-7e. 

128 
260 
321 
397 
499 
826 
982 
1196 
1239 
1339 
2432 
2338 
2747 
2027 
2374 

" ^ ' •-•- ' ' ? ' : • • - • 

0E71ATT0H 

Dev±atlan-De«re«s 

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

SURVEYS 

Dace 

12-3-76 

22-4-76 

22-5-76 

12-«-76 
22-8-76 
1-13-77 
2-24-77 
2-26-77 
2-29-77 
3-8-77 
3-13-77 

• ' ^ . - • • 

^ 

Deoth-7t. 

2371 
2901 
3149 
3393 
3643 

• 3900 
4141 
4300 
3171 
3360 

- 3968 
6375 
8213 
8934 

• . • • ' " • • • - • • ': 

Devlaclon-Oe»Teea 

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

u 
r-t 
I 

I 

27 
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' n 

n 
Li 

n u 

i 
B 
Q 
.D 

• 0 
•Q 

Birdwell Leas 

Slecssle 
Gamsa Ssy-Iadueslea 
Guard 

Caliper 
3-D Velocity - 3' 
3-0 Velocity - 6' 

« 
DeaslCy Borehole Ceapeasaced 
Tesperaeure 
Veloeisy 

Slassle Prspessles 

(UUper 

Beoesoa Sevafaol* Caapeaisaeed 

Callpcs 

Caliper 

TcBpesaesra 

Say - Caliper 

SehliaAerggr Lags 

IOC ISDE 

Daee 

U - 9 - 7 6 
12-9-76 
12-9-76 

12-10-76 
12-10-76 
•12-10-76 

12-11-76 
12-11-76 
U - U - 7 6 

U - 2 0 - 7 6 

1-3-77 
1-3-77 

2-11-77 

3-22-77 

3-23-77 

4-10-77 

Sua 
So. 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 

1 
1 

2 

_ 3 _ 

3 

3 •• 

X sH=rr 

Depc2l 
D r i l l e r 

4677* 
4677 ' 
4677 ' 

4677* 
4677' 
4677' 

4677 ' 
4677* 
4677 ' 

4^77* 

4677 ' 
4677* 

6305* 

9394 ' 

^ 9394* 

9394* 

Depch 
Lesse r 

• 

4657.5* 
4637.3*' 
4 6 3 7 . 3 ' 

4653 ' 
4638 ' 
4658 ' 

4633 ' 
4638 ' 
4638 ' 

4638*' 

4659 ' 
4659* 

6505* 

9384* 

9384* 

HEL 

Logged 
Fron To 

416* 
416 ' 
416* 

280* 
100 ' 

60 ' 

416 ' 
300* 
430 ' 

430« 

0* 
0* 

4610* 

6400' 

. . 1 0 ° ' 

6490* 

4653 .3* 
4 6 5 2 ' 
4 6 5 1 . 5 ' 

4654* 
4654 ' 
4655 ' 

4655* 
4658 ' 
4658* 

4653* 

4 6 4 9 ' 
4 6 5 4 ' 

6504* 

9382* 

9384* 

8300* 

C^MSS Bead 
S l e e c r l c a l 
Ceapeasaced Heueron -

Posaaeiea Oeasley 
Deal Laterolog 
Ooal laduceloa - Laeerelog 
Borehole Csapcssaeed Scale 

Ceeelaaeus Dipaeecr 
Z^iperaeasa 

Dual laduceloa - Laeesoleg 
Praeesse Zdeacl f leaelea 

1-22-77 
2-21-77 
> 2 1 - 7 7 

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

1-22-77 
1-22-77 

3-22-77 
3-22-77 

2 
2 
2 

2 
2 
2 

2 
2 

3 
3 

6559* 
6359' 
6359* 

. 6559' 
6359* 
6559* 

6359* 
6339' 

9394* 
9394* 

BS 
6366' 
6566* 

6367* 
6367 ' 
6566* 

6566 ' 
6567 ' 

9396* 
9396 ' 

0* 
4678' 
4678* 

4678* 
4678* 
4678 ' 

4677* 
62* 

6515* 
6512' 

4 6 7 8 ' 
6565* 
6565* 

6553* 
6361* 
6355* 

6565* 
6566* 

9390* 
9395 ' 

28 



n 

n 
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r B 

Q 

D 
0, 
•D 
Q 

Kadlsoo ^2 
Bele History 
Page 16 

i i Tya* Log 

Ll Sehlueberser Loss (coac'd) 

Caaaae Qualley 
BLecerleal 
Dual Laceralog 
Cospeosaced Heucson -
FetBaclos Densicy 

Borehole Coapensaeed Soslc 
Tcaperseasa 

SOTS; Logs furnished by the. USGS. 

Data 

d) 

3-23-77 
3-23-77 
3-23-77 
3-23-77 

3-23-77 
3-23-77 

LOG 1OTE5 

Sua 
No. 

3 
3 
3 
3 

3 
3 

ssrr 

Depch 
Driller 

9394' 
9394* 
9394' 
9394' 

9394' 
9394' 

Depeh 
Losses 

m 
9397' 
9395' 
9397' 

9393' 
9396' 

Logged 
Frora To 

• 

4663* 6327* 
6513' 9396' 
6515' 9382' 
6516' 9396' 

6515' 9384' 
0* -9396' 
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I r. 

n 

il 

iM 

i 
0 
D 
D 
i-

Oats 

n-28-76 

U- 1-76 
k 
5 
6 
7 
3 
9 

Seaming to 

12-13-76 
U 
\5 
16 
-.7 
18 

. 2U 
. 21 

Seaaing to 

U-22-76 
23 
2.4 
25 
27 
28 
25 
•30 
31 

1 - 1-77 
2 
5-

n \k 
IS 
16 
17 
18 
19 

Deoth 

1073 

1536 
3304 
3879 
4317 
A3A3 
AA04 
4632 

IZi" 

1270 
15A3 
20A2 . 
2A93 
3102 
3A65 
A282 
AA77 

17i" 

880 
• 1033 

1657 
20A9 
3AOO • 
3563 
3991 
4156 
42S9 

4573 
4640 

• 4677 
4870 
•5543 
5717 
5384 
6119 
6267 
6386 

3.3 

9.1 
9.2 
9.5 
9.2 • 
9.4 
9.2 
9.2 

.9.3 
9.2 
9.2 
9.2 
9.3 
9.4 
9.3 
9.3 

9.3 
9.1 
9.2 
9.3 
9.3 
9.4 
9.4 
9.5 
9.5 

9.-4 • 
9.4 
9.2 
8.3 
9.0 
9.1 
9.0 
9.1 
9.1 
9.1 

MUD SUfyWRY 
(Vyeaing 

Vise. 

b5 . 

38 
35 
36 
35 
36 
44 
52 

42 
39 
40 
37 
40 
40 
40 
40 

42 
40 
41 
41 
42. 
43. 
40 
40 
50 

44 
49 
55 
39 
45 
55 
36 
38 • 
38 
38 

.".ud Cs.) 

Yld. 
P t . 

5 

10 
5 
5 
5 
5 
5 
10 

5 
5 
10 
5 
5 
5 
5 
5 

: . 

5 
10 
5 
5 
5 
5' 
5 
5 
20 

5 
5 
5 
5 
10 
10 
5 • 

5 
5 
5 

Wtr. 
Loss 

8.9 

10.0 
9.8 
10.2 
10.0 
10.4 
10.4 
9.8 

10.1 
9.8 
14.0 
12-4 
9.8 
12.4 
10.9 
12.0 

10.4 
13.4 
12.0 
UmZ 
9.8 
12.0 
10.6 
10.2 
8.9 

8.8 
• 9.0 
9.8 
10.2 
6.4 
10.4 
18.2 
10.6 
10.2 
11,4 

£2. 
9.0 

9.0 
9.5 
10.5 
10.5 
10,5 
10.0 
9-5 

• 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

10.0 
10.0 
10.0 
10.0 
10.0 
9.5 

10.5 
11.0 
10.5 
10.5 

•* 
Solids 

1.7S 
2 

2 
2 
2,1 
2.3 

1.75 
1.5 
2 
1.5 
2.2 
2.1 
2.2 
2.3 

2.4 
2.3 
2.1 
2.3 
2.2 
2.2 
2.3 
4 
4 

2.3 
2.2 
2.3 
1.8 
1.8 
4.2 
1.5 
1.75 
2.1 . 

. 2.1 
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U 

n 

Date 

1-20-77 
24 

Death 

6434 
6559 

n 
Li 

j r 
i u 

' r 
i ^ 

n 

RaaoingL M Mi" 

1-28-77 
29 
30 

2- 1-77 
2 
4 
5 
6 
8 
9 

to 

5511 
5615 
5681 

Son 
6078 
6139 
6268 
6311 
6413 
6439 
6471 

Drilling new hole 

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

3- 1-77 
2 
3 
4 
5 
7 
8 

n 
12 
13 

6566 
6574 
6624 
6703 
6835 
7070 
7123 
7177 
72S2 
7376 
7417 
7499 

7621 
7623 
7648 
7703 
7778 
7985 
8157 
8533 
867S 

Wt. 

9.1 
9.2 

9.1 
9.3 
9.3 

9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 

8.7 
8.7 
3.8 
8.8 
im3 
8.9 
8.9 
8.3 
8.9 
8.9 
8.9 
8.9 

9.0 
9.0 
8.8 
9.0 

8.8 
8.8 
8.8 
8.7 

VTse. 

50 
45 

40 
39 
38 

33 
34 
41 
38 
40 
38 
39 
43 

34 
45 
41 
44 
43 
42 
A5. 
43 
42 
36 
35 
42 

40 
40 
40 
41 
43 
40 
40 
46 
41 

5it Solids 

5 
5 
5 

\0 
5 
5 
5 
10 
5 
5 
10 

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

5 
5 
•5 
5 
10 
10 
5 
15 
10 

10.6 
10.8 

14.0 
10.2 
10.0 

U.S 
12.4 
10.8 
11.2 
\ ] . & 
10.3 
10.3, 
10.4 

16.2 
10.4 
10.8 
11.2 
U.4 
11.2 
11.0 
10.8 
10.6 
20.0 
10.3 
10.6 

10.3 
11.2 
ll.l 
11.2 
10.6 
11.2 
11.4 
10.8 
11.4 

10.5 
10.0 

9.0 
10,0 
10.5 

10.5 
lO.S 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

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

10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

2.8 
2.2 

2.6 
2.9 
3.0 

2.8 

1.3 
2.} 
2.0 
2.2 
2.2 
2.1 
2.2 

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

1.9 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 

p 
•u 

u 31 
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\ L 

!n 

Oats 

3-14-77 
15 
16 
17 
18 
19 
21 

. 
Death 

8476 
9125 

•9341 
' 

9341 
9376 

Vt. 

8.7 
3.8. 

9.9 

9.9 
10.0 

VTse. 

40 
40 

48 

48 
44 

Yld. 
Pt. 

5 
10 

5 

5 
10 

Wtr. 
Loss 

11.9 
11.0 

16.0 

16.0 
14.2 

£2. 

10.5 
9.5 

9.0 

9.0 
9.0 

k « 
Solids 

1.8 
\mS 

5.0 Sarits 

5.0 " 
5-0 " 

• p -

Li 

; 

n 

I * 
Ll 
-

32 



Geology o£ t e a z veil 

The followiag log tops (foraatlon tops) and lithology were photocopied 
froa the report from Hegna, Kern's, and Traut. The stratigraphic nomenclature 
from their report and that on table 1 have not been checked for conformance 
•with the nomenclature presently used by the U.S. Geological Survey. 

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

Table 1.—Core Intervals 

[Depths are from kelly bushing (2,309 ft above sea level), 
vhich is 16 ft above land surface] 

Gore 
Interval Cored Recovered 

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

r" 

n 
Lj 

pi 

- • 

e 
n 
Ll 
1—1 

^ 

1 
2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

1,078-1,108 

1,969-1,999 

4,343-4,369 

4.377-4,907 

6,470-6,556 

6,574-6,664 

6,715-6,745 

6,745-^,775 

7.070-7,128 

7,370-7,422 

7,600-7,623 . 

7,623-7,625 

7,640-7,700 

7,700-7,760 

7,760-7,820 

7,820-7,865 

8,215-8,238 

9,375-9,388 

9,388-9,394 

Totals 

30 

30 

26 

30 

86 

. 90 

30 

30 

58 

52 

23 

2 

60 

60 

60 

45 

23 

13 

6 

754 

28 

25 

26 

25 

88 

89 

27.2 

30.7 

54 

51 

22.5 

2 

59 
59 

60 

33 

21 

11 

6 

722.4 

Pierre Shale (Zearpav Shale) 

Telegraph Creek 

Newcastle Sandstone 

Lakota Sandstone 

Minnelusa and Hadlson (Charles) 

Madison (Charles and Mission Canyon) 

Madison (Mission Canyon) 

Madison (Mission Canyon) 

Madlaon (Mission Canyon) 

Madison (Lodgepole) 

Madison (Lodgepole) 

Madison (Lodgepole) 

Madison and Devonian 

Devonian (Three Forks-Jefferson) 

Devonian (Three Forks-Jefferson) 

Devonian and Silurian'(Interlake) 

Red River 

Precambrian 

Precambrian 

0 
33 
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c 

0 

IQ 
l o 

LOG TOPS 10 

(Formation Tops) 

Bearpaw Shale 420' 
Judith River 1163' 
Clagget 1284' 
Eagle 1672* 
Shannon Sandstone .̂ssiher . 1840' 
Telegraph Cresk 1852* 
Niobrara 2764' 
Greenhorn 3I1Q8 * 
Mowr7 AO8I * 
Heweastle 4282* 
Skull Cresk U3SZ* 
Colorado Silt 4556' 
Logger TD 4656' 
Driller TO 4682' 
Scrap 4677* 
Oakaca 4680* 

JURASSIC ' 
Mrrison 4326' 
Swift* 5095* 
Spearfish 5692* 
Hinnskahca 6024' 
Opechs 6034' 
HInnelusa 6094' 

[J * MISS-ISStPPfAN 
iladison . 6484' 
Logger.TO ' 6567* 
.Driller To • , 6553* 
M-12 • 6640' 
•M-8.5 6742* 
Lodgepole 7182' 
»-3 7374' 

DEVONIAH 
Three Forks-Jefferscn 7662* 

SILURIAN 
i i i ter iake 7846' 

ORDOVICIAN 
Stony Kountain-Cunton Mesber 7977* 

j ?caitentiary Shale t̂eaiber 8050' 
I ! Red River ' 8106' 

Roughlock Sandstone 8558' 
Icebox Shale 8623* 
Winnipeg Sandstone 8667' 

CW8RIAN 
Oeadweod $676' 

n 

u 

ID 

firos Ventre Shale 8876' 
Flathead Sandstone 3224' 

PR£CAf.3RIAN 3300' 
Total Depth 9334* 
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Lithology - 2 

n 

0 

1400-1430 
1480-1500 
1500-1540 
1540-1560 
1560-1570 
1570-1580 
1580-1530 
15S0-16S0 

1680-1700 

1700-1710 
1710-1720 
1720-1820 
1820-1830 
1830-1350 
1850-1880 
1880-1965 

1969-1999 

2000-2130 

2130-2370 
2370-2410 
2410-2430 
2430-2630 
2630-2730 

2730-2770 

NIOBRARA 

2770-300O 
3000-3300 
3300-3350 
3350-3400 

GREENHORN 

Shale, gray and brownish gray, very bentsnici'e, soft 
Siltstone, mediua gray, very argillaceous, very bentonitic 
Siltstone and shale, nedius gray, soft, slightly calcareous 
Shale, gray, bentonitic 
Siltstone, fflediusu'light gray, ealeareous, very argillaceous 
Shale, mediun gray, soft, benconttie - / 
Shale, brown, bentanicift, carbonaceous 
Shale, RiediuB gray, soft, bentonitic w/few inocsramus prisms 
and shells 
Shale and siltstone, mediua/dark gray, soft, abundant clay 
infill 
Shale, medium gray w/whics bentonits 
Shale, dark gray, limy 
Shale, mediuai/dark gray, soft w/white bentontce, calcareous 
Sandstone,"gray, mushy, very argillaceous, very fine grained 
Siltstone, dark gray, argillaceous w/abundant white bentonite 
Siltstone and shale, dark gray w/white bentonite 
Shale as above w/tracs sandstone, light'gray, very finegrained, 
glauconitic, soft, siushy, argillaceous, SUi eorreetjon down 4' 

Core i 2 - recovered 25' 

Shale, dark gray, soft, mushy, bentonitic, very low fissilicy, 
vertical fracture § 1363-1370', locally silty, sandy § 1373'. 
1388», 1332', and 1334', soae shell debris S 1331' w/pyrlta in 
hairline fractures 

Shale, dark gray, locally silty w/whits bentonite, tracs shell 
fragments, trace pyrite 
thsie, mediua gray, soft, bentonitic 
Shale as above, very bentonitic 
Shale, mediua gray, soft, calcareous, silty, tracs pyrite 
Shale, mediua gray, soft w/white bentonite, silty, ealeareous 
Shale, dark gray, soft, splintery, calcareous, occasional shell 
fragiaent 
Shale, fflediua gray, soft, bentonitic 

Shale, mediuffl/dark gray w/tan, calcareous specks, very soft 
Shale, dark gray, bentonitic, soft 
Siltstone, light gray w/shale, mediua gray 
Shale, mediua gray, silty 

i . 
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3D 
D 
n. 
•J 

Q 
n 

10 
I 

10 

3400-3420 Shale as above w/white chalky limestone, occasional tan lime­
stone 

3430-3530 Shale, mediua/dark gray, soft, splintery 
3530-3700 Shale as above, bentonitic 
3700-3720 Sandstone, gray, fine grained, subangular, very calcareous, 

very argillaceous, friable, very low effective porosity 
3720-3770 Siltstone, dark gray,' calcareous, argillaceous w/shale, 

splintery, dark gray . 
3770-3320 Shale, dark gray, soft, splintery, locally bentonitic, sorae 

siltstone interbeds 
3320-3950 Sandstone, medium gray, very fine grained, very argillaceous, 

white clay infill, very low effective porosir/, slightly 
calcareous, trace glauconite 

3350-4070 Shale, and siltstone, medium gray, tracs glauconite, some 
Intsrbedded sandstone, light gray, very fine grained, low 
porosity -

4070-4030 Shale, dark gray, soft w/light gray bentonite, few free coarse 
quarts grains 

4030-4260 Shale, dark gray/brownish gray, chunky, siliceous, some silt­
stone laminae, occasional interbedded light gray bentonite 

4260-4280 Siltstone, gray, very argillaceous, slightly calcareous w/soias 
, whits bentonite w/brown mica 

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

NEVCASTLSSANOSTONE 

4330 

4343 

Circulating 
Sandstone, light gray,'very fine grained, glauconitic, f r l a b ] ^ , 
lew porosity 

Circulating 
Sandstone, white/light tan, very fine gralned/flne grained, 
hard, subangular, very siliceous, noncalcareous, cracs white-
chert, trace pyrite, low porosity, no fluorescsnes, no cut 

Core /3 - recovered 26' 

4343 -43444 Sandstone,- light gray, very fine grained, subangular, f r i 9 b \ e t 
noncalcareous,- soae white clay Infill, alternating w/thin bedded 
dark gray shale, fair porosity 

4344i-4343i .Sandstone, light gray, fine grained/very fine grained, sub-
.. angular, trace aiea, noncalcareous, bleeding water, good 

porosity, few isolated shale partings 
4343^-4351 Sandscone as above w/inereasing shale, very thin bedded 
4351 T^355J AS above, light gray, very fine grained w/shale partings, low/ 

good porosity, some white clay infill, noncalcareous, bleeding 
water 
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4355i 
4355S-4361 

4361 -4364i 

4364ir436fii 

4366i-4367 

4367 -4363 

4369-4330 

4330-4410 

4410-4560 

COLORADO SILT 

45QO'-4600 

4600'-4660 
4660-4630 

4682 

4677-A678 

4677-4678 

4678-4630 

INYAN KARA 

4630-4720 

4720-4760 

4760-4820 

2 inch section of dark gray shale 
Sandstone, mediua gray, very fine grained, argillaceous', mica 
esesen, very thin varved bedding, "poker chip" fracture, low 
porosity 
Sandstone, light gray, fine grained, subangular, noncalcareous, 
few Isolated shale partings, geod porosity, bleeding water 
Sandstone and shale, alternating in varved bedding, sandstone, 
light gray, noncalcareous, clay infill, mica ed'sncn, low porosity 
Sandsto.-:e, light gray, very fine grained, argillaceous, fair/ 
low porosity, bleeding wacer 
Sandstone and shale interbedded, bedding more distorted than 
above chin beds, fair/low porosity in sandstone 

Sandstone, light gray, very fine grained, white elay I n f i l l w/ 
thin shale laminae, low porosity 
Sandstone, .light gray/white, fine grained, subangular, friable, 
abundant whits c!ay infill,' low porosity, mica esncsn 
Shale, dark gray, soft, bentonitic, splintery, calcareous 

Shale as above w/slItstone laminae, light gray, noncalcareous, 
tracs pyrUe 
Shale, d a r k gray, splintery w/slltstone, gray, bentonitic 
Siltstone, dark gray, hard, very argillaesous. calcareous w/ 
shale as above 

Clrealaclng 
Siltstone, medium gray, hard, calcareous, occasional grading 
to very fine grained sandstone, very low porosity, argilla­
esous 

Core /3A fjunk Sub) 

Shale, dark gray w/lnterfaedded siltstone, light/mediua gray, 
abundant sedimentary flow a ad sluasp structures, chin bedded 

Shale, dark .gray w/siItstone, light gray, mushy, bentonitic 

Sandstone, light gray, medium grained, white clay matrix w/ 
siltstone as above, trace orange chert, few free coarse quartz 
grains (sample mostly cement) 
Slltstone/sandstone, light gray, very fine grained, argilla­
ceous, mushy 
Sandscone, clear/white, very fine grained/coarse, subangular, 
B»stly unconsolidated, geod porosity 

0 
•J 
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4820-4870 

• 4870 

4S77-4q07 

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

Circulating 
Sandseone as above w/crace orange chert 

Core ?4 - reeevered 25' 

4877 -4886r Sandstone, mediua gray, very fine grained, hard, brittle, sili­
ceous, noneaicireoub, subangular, trace ntca, chin bed, low 
porosity w/sandstone lacrinae and interbeds, light gray, fine 
grained/medium grained, subangular 

48867*4333 Sandstone, white/light gray, fine grained/coarse, s u b a n g u l a r , 
abundant white clay matrix, seme low grade coal, low porosity, 
bleeding water 

4888 -4330 Sandstone, medium gray, very fine grained, hard, low porosity, 
silicsous 

4330 -4302 Sandstone, white/clear, coarse, subangular, clean, fair/good 
sort, friaSle/unconsoiidatsd, soft, excellent porosity, bleed­
ing, water 

4302-^320 No samples 

4920-4530 Sandstons, light gray/white, coarse, subangular, mostly uncon-
•solIdated, seme frosted grains 

MORRISON '•.-•••;•. v':;'- :..i -•.••; - ;-;. 

4330-5020 Shale, greenish gray, waxy, soft, trace maroon, brown and yel-
. loir . . . 

5020-5050 Sandstone, light gray/greenish gray/yellow gray, very fine 
grained/fine grained, subangular, fair/good porosity, few f r e t 
coarse quartz grains • > 

5050-5060 Shale, yellow, maroon, gray, green, purple, trace pyrite, soft 
5060-5100 Shale a s above w/sandstone, white, very - f l n a grained/fine grained, 

clay Infill, fair/low porosity 
• ^ • • . 

StflFT 

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

fair/low porosity, trace glauconite 
5170*5250 Shale, greenish gray, mottled, aaroen/purple, trace pyrite, 

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

bedded w/s!ltstone and sandstone, very fine grained, light gray, 
glauconitic 

5350-5400 Shale, gray/light gray/greenish gray, very splintery, subwaxy 

P 

! * 
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5400-5510 

5510-5530 
5530-5570 

5570-5530 

5530-5620 
5620-5690 
5690-5750 

5750-5730 

5790-5380 

5880-5330 
5330-5330 

5330-6020 

6020-6030 
6030-6040 
6040-6050 
6050-6080 

6080-6030 

6030-6110 

HtWWELUSA 

6110-6140 
6)40-6150 

6150-6170 
•6170-6130 

• 

6130-6210 

6210-6250 
6250-6300 

6300-6350 

- 6 

18 

Shale, greenish gray, mottled, maroon, subwaxy, soft, splintery 
w/seme sandstone, very fine grained, whits, low porosity, glau­
conitic, ealeareous, cracs limestone, gray, dense 
Liaestone, light gray/white, chalky, locally sandy 
Shale, light greenish gray, subwaxy, soft w/scms limestone, can, 
light gray, argillaesous, chalky, low porosity 
Shale, greenish gray, mottled, yellow, splintery, very calcare­
ous 
Shale as above, oSbttled, maroon 
Liaestone, tan, earthy, low porosity w/gray shale as above 
Shale/siIcscone, r s d , vs r f calcareous, trace white gypsum w/tan 
liaestone, dense and gray green shale 
Very poor sample, mostly gresn shale cavings, tracs red/maroon 
shale 
Shale, maroon, silty w/some white anhydrite, some whice chalky 
Iloestone 
Shale, oaroon/brick red w/some gypsua interbedded 
Shale, maroon/brick n d , sMty, some interbedded white anhydrite 
and light gray limestone 
Shale/siItstone, brick red w/some interbedded white dolcaitic 
aniiydrlte 
Liaestone, light gray/can, chalky, argillaesous, pelletoidal 
Liaestone as above w/red shale 
Oolonite, lighc gray/whits, chalky/sucroslc, lew porosity 
Shale, siltstone, brick red w/whIts anhydrite, few free coarse 
quartz grains 
Sandstone, brick n d , very fine grained/coarse, calcareous, low 
porosity,, tracs dolemite, pink 
Limestone, white/light gray, dolomitic, earthy, low porosity, 
tracs white sandstone, very fine grained, subangular, anhydritic 

Oeleaite, light gray, sandy/sucrosic, low porosity, hard 
Sandstone, white, fine grained/very fine grained, subangular, 
abundant white clay infill, low porosity 
Dolomite, light gray/pink, dense, 1;̂.* porosity 
Sandstone, white, fine grained, very dolcaitic, some whits 
aniiydrlte, low/fair porosity, some white clay Infill, friable, 
tracs white chert 
Sandstone, whits, fine grained w/white dolomite Interbedded and 
abundant white chert 
Dolomite, white/light gray, sandy, hard w/abundant white chert 
Dolomite, light gray/white, finely crystalline, dense, low 
porosIty 
Dolomite, light gray/pink, low porosity w/setne lavender shale, 
tracs clear anhydrite 
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6350-6330 

6330-6400 
6400-6420 

6420-6430 

6430-6450 

6450-6460 

6470 

6470-6556 

Ooloaite, pink/lavender, a rg i l laceous , dense w/lavender/maroon 
shale 
As above w/trace anhydrite, whi te /c lear 
SUts tone/shale , orange/brighc red, dolomitic, mottled, yellow 
w/lavender shale and dolomite, pinic/white, argil laceous 
Shale, brick rnd and lavender w/doica i te , coarse c rysca l l i ne , 
t racs sandstone, white/orange, very fine grained, f a i r porosi ty 
Dolemite, white, very sandy/coarse c r y s t a l l i n e w/some brick 
red s i l t s t o n e , low'porosity 
Sandstone, very fine grained and s i l t s t o n e , brick n d , do lc ­
a i t i c , argil laesous w/lavender do loa i t i e shale , mottled green 
locally 

Circulating 
Shale, orange and lavender, dolomitic 

Core r5 •- recovered 38' 

(correct to-log depths 6473-6565') 

6470-6475 .Claystone, brick red, subwaxy w/few small doloalte c l a s t s 

M A O I S O N . • .. : . ... 

6475-6431 Liaestone, l ight gray, hard, soma breccia texture 
648I-643I ' LlfiMStone, d o l c a i t i c , breccia, red argil laceous matrix w/1 Ight 

gray e lases , very angular 
6491-6510 Liaestone, l ight gray, hard, iensa w/soma red shal-s pa r t ings , 

s t y l o l i t e 9 6491-6495, breccia w/very angular limestone c l a s t s 
8 6496-6497', 6499', and 6501-6510' w/oaroon/Iavender a r g i l l a -

. eseus matrix 
65IO-65I8 Claystone, lavender/red, do lca i t i c w/white anhydrite nodes and 

bore f i l l ing 
'65I8-6524 Limestone, breccia, gray green and aaroon argillaceous o a t r i x , 

subwaxy 
6524-6533 Limestone, l ight gray, micrite w/gray green mottled red shale 

par t ings , hard, dense, seme breccia t ex tu re , very s t y l o l i t i c 
9 6524-6527', and 6530-6532' 

6533-6546 Uoes tone , - l igh t gray/reddish gray, hard, densa, some i n t r a ­
c ie s t and pe l l e t grainstone In spar cessent, some green shale 
par t ings , ver t ica l fracture @ 6537-6539'. 6540-6542', and 
6544'; s t y l o l i t e g 6538-6540', 6542-6543', and 6545-6546' 

6546-6552 Limestone, l ight gray/reddish gray, a rg i l laceous , some breccia 
6552-6556 . Liaestone, l ight gray, argi l laceous, hard, dense, mottled, 

oaroon/green, pelletoidal grainstone w/clear spar cement w/ 
some c lear c rys ta l l ine anhydrite, ver t ica l fracture 8 
6552-6556' 

i n 
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6556-6558 

6559-6560 

6560-6570 

6574 

G574-6664 

6574 -6575 
6575 -6576i 
6576i-6577i 
6577i-6580 3/4 

6530 3/4-6582* 
6582^6583i 

6583i-658^ 
6584 -6539 

6589 -6590 
6590 

6590 -6591 
6591 -6592 
6592 -6593i 
65934-6533 3/4 
6533 3/4-6535 

6535 -6600 

6600 -6608. 

S608 -6612 
6612 -6615 

6615-6616 
6616 -66133 

6619i 

Shale, maroon w/some gray and lavender, mottled, subwaxy, very 
slighcly calcareous, medium hard 

drill saaples 

Limestone, white-buff-eream, aicroerystalline, no visible 
porosity. 
Much cement, some limestone as above 

CIreulaeing 
30 nin. - limestone as above, much cement, trace dolomite, off-
whits, microcrystalline, no visible porosity, tracs anhydrite, 
white 

Core ^6 - cut and recovered 89* 

Anhydrite, white w/interealations limestone, light gray 
Dolomite, tan, microcrystalline, dense 
Anhydrite, white, slightly dolomitic 
Ooiomite, brown-tan, microcrystalline, chin clay laminae up to 
4" thick, broken and fractured g 65804-65S0i', slightly bleed­
ing water, low-fair porosity 
Ooiomite, brown-tan, dense, some anhydrite laminae 
Dolomitic limestone, tan w/anhydrits laminae, vertical fractures, 
broken 
Ooloaitie limestone, tan w/thin laminae dark gray clay 
Ooloaitic limestone, can, few'anhydrice lentils, low-fair poros­
ity, few elay laminae, fracture 8 6585'• wee 
Oolomits, gray-brown w/few blebs dolomits as above 
Stylolitic surfacs 
Dolomite, gray-brown 
Dolemite as above w/lavender laminae gray clay 
Dolomitic limestone,-gray-brown, micritic, vertical fracture 
Dolomitic limestone, gray-brown w/angular clasts, light brown 
Ooloaitie limestone, buff-gray-brewn, micritic, dense, high 
angle fracture 
Limestone, orav-nedlum gray, cryptocrystalline to sublitho-
graphie, hard, vertical fracture 
Limestone,-dolomitic, gray-brown, sucrosic-oicrocrystalllne, 
few pitted, erosional ?, surfaces w/blaek shale laminae, bleed­
ing water 8 6602-6613* 
Liaestone as above, fracture 
Dolomitic liaestone, can-buff, aicrocrystalllne-sucrosic, anhy­
drite bed 1" 8 6613 3/4' 
Ooloaitie liaestone as above, vertical fractures 
Ooloaite, light brown, oierocrystalline-sucrosic w/crystals and 
nodules, anhydritic, clear 
Stylolitic 

in 
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66l3t-6623 

6623 -6632 

6632 -6633 

6633 -6646 

6646 -6654 

6654 -6663 

6660-6700 

"6700-6715 

6715-6745 

6715- .•6718 

6718 .-6715 

6713 -6720 

6720 -6723.5 

6723.S-6725.3 

6725.3-6725.4 
6725.4-6726 

6726 -6723.5 
6729.5-6731.5 
6731.5-6733.5 

6733.5-6735 
6735 -6736 
6736 -6736.5 
6736.5-6733 
6733 -6742.2 

Liaestone, brcwn, microcrystal l ine w/some coarser ca l c i t e 
c ry s t a l s , dense, few fractures w/sorae polished fracture f i l l 
Limestone, brown, argil laceous w/laainae dark gray d o l c a i t i c 
sha les , foss i l i fe rous crinoid eolumnars and brachiopods 
Liaestone, dark gray-brown, very a rg i l l aesous , foss i l i ferous 
brachiopods and crinoids 
Limestone, gray-brown, a i c roe rys t a l l i ne w/aragonice fo s s i l i f ­
erous casts 
Lloestone as abovej fractured, ve r t i c a l to high angle, s t y l o ­
l i t i c 8 6651' and 6652^' 
Litaestone, gray-brown, mic rcc rys t an ine , coral or sponge foss i l 
8 6662' 

1' alss'ing due to broken zone loss 

Liaestone, buff- l ight brown, m i c r i t i c to microcrystal1ine, dense, 
sone pieces w/a few small pe l le t s inbedded in micr i t i c matrix, 
very low porosity 
Llmsstone as above w/trace anhydri te , rose colored 

Core f7 - eue 30' and recovered 27-2 ' 

Liaestone, d o l c a i t i c , buff, m i c r i t i c , c rys ta ls brown dolomite, 
few anhydrite nodules 
Sliale, lighc gray-medium gray, dolomltic w/elasts and nodules 
of anhydri te , whits 
Anhydrite, whi t s , angular ehunics w/shale matrix, medlta gray, 
dolomltic 
Anhydrite, l igh t gray-white, chicken wire pattern w/few I n t e r ­
beds dolomltic sha le , osdium gray 
Anhydrite, white w/erosional surfaces , interbedded w/shale, 
mediua gray , dolomitic 
Shale, dark gray, dolemitic 
Dolomite, gray-brown, microcrysta l l ine w/crystals brown, dolo­
mlt ic 
Shale, dark gray, dolomitic, sub f l s s l l e 
AatiYdrlta, l ight gray^<^hite, ehicken wire 
Limestone, d o l c a i t i c , l ight brown, microerys ta l l ine-sucros ic , 
abundant anhydrite in te rca la t ions , contorted bedded, bleeding 
water s l i g h t l y , low porosity 
Doloalte, gray-brown, very a rg i l l aceous , fractured 
Shale, dark gray, calcareous 
Clay, gray, calcareous, sof t , and sha le , do lca i t ic 
Anhydrite, white 
Anhydrite, white-gray, abundant shale Intercalat ions 

; L 
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6745-6775 Core »8 - recovered 30.7' 
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u 

6745 -6745.3 
6745.3-6736 
6756 -6761 
.6761 -6762 
6762 -6763.3 
6763.3-6766.4 
6766.4-6756.7 

6766.7-6763 

6768 -6770* 
'6770 -6771.4 
677-1.4-6772.2 
6772.2-6775.7 

6780-6730 

6730-6320 

6820-6330 

6330-6340 
6340-6350 

6350-6330 

6S8O-6300 
• 

6300-6340 

6940-6950 

6950-6960 

Anhydrt t e . 
Anhydrite, 
Anhydrite, 
Anhydri t e , 
Anrrydri t e . 
Anhydrite, 
Dolomite, 
varves 
Anhydrice, 
anhydrite 
Anhydrice, 
Oolost ee, 
Anhydrice, 
Anhydrice, 

whi ts , pure w/few inclusions dola'sice, buff, dense 
l ight gray, pure, hard 
l ight gray, chicken wire 
whice, fracture 
gray w/shale mottling 
Iight gray 

l ight brcwn, sucros ic , la.'ninaced finely w/chin black 

l ight gray w/angular-to subround c las t s of whits 

l ight g.-ay-whiCB w/few dolaaice laminations, buff 
l ight brcMn, sucrosic , anhydriz'tc 
medium gray w/l r regular inclusicns of white anhydrice 
l ight gray, hard 

d r i l l saaples 

3* downhole correction 
SLM - 6784' - 6775' 

Anhydrite, white- l ight gray w/1imestone, cream, mostly sub-
lithographic to microcrystal l ine , few pieces of c l a s t i c co 
pe l l e ta l l iaes tone, well cemented, very low porosity 
Liisestone, l ight brcwn-ereaa, tsostly microcrystal l ine, 20% 
Is finely fragmental, a few chips pe l l e ta l limestone, well 
esoented, very low porosity, IQZ anhydri te , l ight gray-white 
Limestone as above w/dolomite, white-blue-gray, c ryptocrys ta l ­
l ine , dense 
Liaestone and doleai te as above, t race anhydrice, whice, sucrosic 
Dolomice, blue-gray-white, c ryp tocrys ta l l ine , limestone, craata' 
brohrn, fragmental co microcrys ta l l ine , t race pe l le t s and eoi i t s s , 
low-faIr poros i ty 
Liaestone, cream-brown, dolomitic, finely crystal 1ine-sucrosic, 
f a i r porosi ty, l ight yellow fluorescence, very weak cut w/dolo-
a l t i e anhydrite, white-blue-gray 
Limestone, eream-brov/n, s l i gh t l y dolemitic, finely c r y s t a l l i n e -
sucrosiCi poor-fair 7 porosity w/dolomitie anhydrite, whi te-
blue-gray, t race anhydrite, white 
Liaestone, l ight brown, buff, cream, i&icritic to sucrosic , 
t race porosi ty , dull mineral fluorescence, trace anhydri te , 
blue-gray 
Limestone, l ight brown-buff, 50$ a i c r l t e , 50* finely fragmental, 
t r acs ind is t inc t fossi l fragments, well cemented, poor porosity 
Liaestone as above, soae sucrosic limestene, l ight brown w/ 
c a l c i t e c lu s t e r s , soae fa i r poros i ty , dull a ineral fluorescence 
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636Q-698O Limestone, lighc brown, micricic to fragmental, well cemented, 
poor porosity, dull fluorescence, no cut 

6380-7000 Limestone as above, trace anhydrite, white 
7000-7010 Limestone, light brown-tan, ixastly micritic to finely crystal-

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

tones, dull cut 
7030-7050 Lliaestonc, cream-buff, micritic to finely crystalline, very 

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

7070-7128 Core /9 - reeovered 54' 

7070 -7078 

7078 -7033r 

7033i-7033 

7039 -7105 

7105-7103 

7103 -7115 

7115 -7121 

7121 -7124 

7128-7150 

7150-7180 

LOOSEPOIE 

7180-7200 
7200-7260 
7260-/2S0 

7290-7310 
7310-7340 
7340-7360 

Anhydrite, white/light gray, chicken wire w/some tan»dolcaitic 
liaestone chalky micrite incerbedded macrix 
Limestone, lighc gray/light brown, hard, dense w/some anhydrite 
nodes, algal pisolites, pellets common in s p a r , stylolite 8 
7073i'. 7082'. and 70S0i', sealed vertical fracture 8 7C81-70S2' 
Dolomite, brown, fair intergranular porosity, bleeding water, 
Stylolite 8 7033' 
Liaestone, brownish gray, dense,'Oncal Ites, algal pellets, soae 
secondary anhydrite infill, abundant secondary*spar, low porosity, 
hard 
Ooloaite, brown, fair intergranular porosity, hard, bleeding 
water 
Limestone, light gray, pisolltic, hard, dense, secondary spar, 
sealed vertical fracture 6 7103-7110' 
Ooiomite, brown, good intergranular porosity, few Isolated white 
anhydrite nodes, bleeding water 
Limestene, gray, algal pisolites and p e l l e t s grainstone, hard, 
dense, very low porosity due to spar infill, stylolite 8 7I2I3'. 
sealed vertical fracture 8 7122' 

Liaestone, tan, loeally dolomltic w/pisolites and pellets, spar 
Infill, low/fair porosity 
Liaestone as above w/fair/good pinpoint vuggy porosity 

Doleaite, dark gray, argillaceous, sucrosic, low porosity 
Doleaite as above, fair intergranular porosity 
Limestone, dark gray, dolomitic, argillaceous, lew porosity, 
locally chalky 
Limestone as above, becoming v e r y chalky 
Dolomite, gray/dark gray, sucrosic, low/fair porosity. 
^Limestone, gray, chalky, pellets, some in terbedded dark gray 
sucrosic dolomite 

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

7170-7422 Core jPlO - reeovered 51' 
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7370 -7374 

7374 -7380 

7380 -7381 
7331 -7385i 

73354-7388 

7388 -7389i 
7383i-733lT 

. 

7391i-733Ss 

* 

73S9S-7400 

• 7400 -7401 
' 7401 -7405 

7405 -7421 

D 
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7422-7430 

7430-7430 

'7490-7500 

7500-7530 

7530-7560 

7560-7590 

Ooloaite, dark gray, very argillaceous w/some white crystalline 
calcite nodes up to 2" x 2", low porosity, also some white 
anhydrite 
Limestone, dark gray, argillaceous, very fossiliferous (mostly 
shell casts and molds), hard, low porosity, sealed vertical 
fracture* 5 7374-7376', and 7377-737Si' 
Ooiomite, dark gray, argillaceous, low porosity 
Limestone, dark gray, locally dolomitic, low porosity, fossil­
iferous, sealed vertical fracture 8 7382-7384' 
Dolomite, dark gray, medium/coarse crystalline, poor/fair 
intergranular porosity w/white anhydrite nodes 8 73863' 
Liaestone, dark gray, argillaceous, hard, dense, low porosity 
Dolomite, dark gray, very argillaceous w/spar calcite inter­
bedded, hard, low porosity, sealed vertical fracture g 
7383-7331' 
Limestone, dark gray, very argillaceous,.very dolomltic w/ 
soae dark gray shale interbeds, burrowed contorted bedding 8 
7336-7398', carbonaceous material and stylolite 8 base,- sealed 
vertical fracture 8 7393-7335*. low porosity 
Ctoloaite, dark gray, low porosity, very argillaceous w/whtts' 
anhydrite, vex^ical fracture 
Limeseone, dark gray, dolcaitic, argillaceous 
Dolomite, brownish gray, sucrosic, stylolitic, poor/fair 
Intergranular porosity, bleeding water 
Limestone, light gray/tan, algal pellets, some secondary cal­
cite infill, shell casts and molds common, very stylolitic, 
hard,, low porosity, algal pellet grainstone 8 7412-7415' 
w/fair porosity, sealed vertical fractures 8 7412-7414', 
7416-7413', and 7420-7421',. white anhydrite 8 7412' 

Limestone, tan/light gray, pellets and pisolites in spar 
aatrix, ehalky, low porosity 

No sample 

Limestone, tan/gray, ehalky, mostly aicrlte w/some pellets, 
low porosity 
Ooiomite, tan, sucrosic, fair porosity w/IImestons, Tight 
gray/dark gray/tan, pellets and pisolites 
Liaestone, dark gray/tan w/pellets, ehalky, fossil shell 
molds and casts, trace pink dolemite, low porosity 
Liaestone, tan/gray, subchalky, mostly micrite, low porosity 
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Lithology - 16 

8050-8100 

RES RIVER 

8100-8110 

8110 

3110-8120 . 
8120-8150 

8150-8170 

8170-8210 

8210-8215 

I Q 

0 
Q 

ID 
•D 

.D 

821^-8238 

8215 -82173 

82171-8220 

8220 -8230 
8230 -8232 

8232 -8236 

8238-8240 

8240-8270 

8270-8320 

8320-8370 

8370-5430 

8430-6450 

8450-8460 

8460-8560 

Shale and dolomite, light gray/greenish gray, traw. 
shale 

Liaestone, gray, argillaceous, low*porosity 

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

Shale, very calcareous, light greenish gray, cracs pyr.ics 
Limestone, brown/tan, shell casts, pellets, some hairline 
fractures filled w/clear calcite, low porosity 
Dolomite, tan, sucrosic, finely crystalline, fair/good inter­
granular porosity, some yellow fluoreseance, no cut 
Liaestone, tan/brown, micrite w/few peilets, hard, low porosity, 
locally chalky w/tracs pyrite 
Dolomite, tan, excellent intercrystalline porosity w/some eal-
eits infill 

Core #17 - recovered 21* 

Dolomite, eream/IIghe gray, cryptocrystalline w/few gray shale 
laminae, small disconnected vugs to i" 
Ooloaits, gray, sucrosic, fair intercrystalline porosity w/dark 
gray argillaceous laminae 
Doleaits a s above, low porosity, aicrlte 
Dolcalts, Hay, gray, micrite v / q r a y shale laminae, low porosity, 
shattered interval, some fractures appear open 
Deloaits, gray, low porosity, vertical fractures 

Very poor samples - nearly all cavings 

W . . , W . , t o a , % « . . , 9 W W . W — . — , to — ....to., .to.. toto—..., j ^ . . . . . . . . t o w * . 

eanee, ne cut, fair/good intererysealllne porosity, finely 
cryscalline 
Liaestone, buff/brown, aicrlte w/gray argillaceous laolnae, lew 
porosity 
Doloalte and liaestone, brown/buff, finely crystalline, poor-
fair porosity 
Liaestone, tan/brown w/soree doloalte as above 

No sample 

Liaestone, brown/gray/tan, pellets, calcite Infill, low porosity 
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Lithology - 17 

8560-3570 Limestone as aboye w/gray green subwaxy shale, pyritic 

ROUCHLOCK SAKDSTONS 

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

tCSBOX SHALE 

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

WINNIPEG SA.\'DSTONS 

8668 Circulating 
Shale as above w/sandscone, whice, very fine grained, sub-
angular/well rounded, pyritic, well sorted, hard, slightly 
calcareous, low porosity, very silicsous (secondary) 

DEADWOOD 

SS7O-87OO Limestone, tan/light gray, very chalky, fragmental w/lnter-
bedded gray green shale, splintery/blocky, subwaxy, low poros­
ity 

8700-8720 Sandstone, whits/ereaa, very fine grained, very calcareous, 
subrounded, elay infill, glauconitic limestone in part 

8720-8730 Limestone, white/'creaa, sandy, glauconitic, pyritic, fossil­
iferous, locally ehalky, locally translucent, low porosity 

8730-8800 Limestone, white/gray, sandy, glauconitic w/interbedded g reen 
gray shale, low porosity 

8800-8840 Liaestone as above w/few f r e e well rounded, coarse quartz 
grains; some shale as above I n t e r b e d d e d , low porosity 

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

8880-8330 Liaestone as above w/gray green shale Intsrbedded, waxy, 
splintery, low porosity 

^30-8330 Shale, green/gray 5reen, splintery, waxy w/some light gray 
lloestone, ehalky, glauconitic 

8330-3010 Shale, green, splintery, tracs maroon siiale w/some yellow 
limestone 

3010-3100 Shale, green/gray green, mottled, brown, subwaxy w/few inter­
beds limeseone, white, sandy, glauconitic, chalky, low pores-

• - • • • " • • • i t y " 

3100-3150 Shale, gray green, slightly calcareous, some subwaxy, soae 
liaestone as above, some sandstone, light gray, very fine 
grained, glauconitic 7, tite, no fluorescence or cut, mica­
ceous 

51 



30 
Lithology - 18 

3150-3240 

c 

r 

Q 

0 
0 
0 

FLATHEAD 

3240-5250 

3250-3260 

3260-3270 

3270-9220 

3280^300 

PRECAMSRIAN 

9300-9320 

3320-9340 

9340^350 

9350-9375 

9375-9388 

Shale, gray-green, s l i gh t ly calcareous, subwaxy in pa r t , t race 
limestone as above, some interbedded sandstone, s i l t y , l igh t 
gray, very fine grained, round, micaceous, g lauconi t ic ? , 
very low porosi ty, no fluorescence 

lag time Ineorrset 

As above, t race sandstone, whi te -c lea r , coarse to fine w/ 
.large, free, round gra ins , poor so r t i ng , subround, abundant 
secondary quartz cement, poor- fa i r porosity 
As above, increasing sandstone, c lear-whi te , f ine-coarse 
grained, poor so r t ing , subangular-subround, abundant secondary 
quartz cement, some large free quartz g ra ins , poor porosi ty , 
no fluorescence 
Some sandstone as above, some w/red-brown f la t tened hematite ?, 
p e l l e t s , and iron stained zones 

cr ip for b i t followed by water flow - samples los t 

Abundant green shale cavings ? , sorae sandstone, whi te -c lear , 
s l igh t ly calcareous, flne-medlua grained, few coarse g r a i n s , 
subangular, some clear quartz pebbles , quartz camene, f a i r 
ponpsity, t r ac s ealeareous p y r i t i c sandstone 

Shale as above w/sandstone, wh I t e - e l e a r - ru s ty , aedlum-esarse 
grained w/granite pebbles 7, subangular-angular, t r acs pink 
feldspar, abundant quartz cement, f a i r 7 porosity 

No reeavery ef samples 

Sandstone, esarse, c lear quartz and g ran i t e , c lea r quar tz , 
feldspar, pink and b i o t i t e 
Quartz, c lear-white , fe ldspars , salmon-pink, and b i o t i t e , 
Precaabrian grani te 

Core /18 - cut 13 ' and recovered 1 1 ' 

5375 -9380 Granite, plnklsh-salison, nuaerous horizontal f rac tures , core 
came out in 1-4" slabs 

9380 -9382i firanlte, eoarse feldspar phenocrysts, f a i r l y sol id 
9382^-3386 Sranl te , ver t ica l fractures 
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Lithology - 13 

9388-3394 Core if 13 - reeovered 6' 

5388-3334 Grani te , b i o t i t e and hornblende abundant, horizontal f r ac ­
t u r e s , poker chips l"-3'* th ick 
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lED ÎZLDSA 
JilDISffl; (CHAHLZS) 
iODISO:: (CHASLIS) 
iwnssi (icrssio:: ci;.'!ra:o 
lifflisc:: ( I S S S I K ; CAi.'YGr) 
liASlZW (LODCZPCIZ) ' 
IKDISai (LOCCSPOLZ) 
IgTOIilAM ( c a s FQPJS-

« s a : s p s I3SZ53 OUT 

SSSSSS3S!SiJm I S l C T u S 

"0 

0 

D" 
« . I a t r t a T O ATTACMCO u m r a 
t t t i a«c« * tn .m eeac aceov i a^ntoMrrcaaaCTATMai acsrawxa. 

l a * o r r hocATiOM A*aAi.T«c»-*to iKTcaaacTATiait o r KAS 

mr . uua r«i , r t la aua*. T>. auMmaatiaiM a. aaiAia,a ri 
caatrai; kia Cttw L.!.»a>an»a. ina. a<w na aatmn an, 
f . f n a<,iaMaWi ar »«,<iia>iawaia a« aar art. t M ar aiAir 

. aaa «ia«rtl»a *<reMir4 k r tlia allnat 1 , - iMat. aerf far ,na«a Ma l i r tw MK* «aa.<!««atU 
i^ i iMJU l i t . k ru n_;.V!!Tm a< Cara Laftarauna. Inc. lau m a n aaa nTti-«im ra . 

- aBMit* I t . fn . ta i i i . j i i wi4 ntala* a . —anaiUT mt 1 . . " . . ^ 44 ; . UM pt,a.cutni7. 
«aM « aaaa la aaawMutn ,raa vataa atiaa jaaact w luaa — 

n 64 

http://26.lt


• "I 

L, 

Eydrologic tasting 

— Seventeen conventional drill-stem tests and packer-svabbing tests vere made 
I is the open hole (table 2). Thirteen of these tests give clues to pressure 

heads of water In the intervals tested, but in the other four tests pressure 
heads vere not obtained because of tool malfunction, ruptured packers, or bypass 
around lover packers. Also, nusxerical values of pressure heads in 6 of the 13 
tests are questionable because of tool malfunction, very lov permeability, or 
bypass around lover packers. Floving vater vas obtained during seven of the 
tests, but the rates of flov from tvo of thea are noc representative of the zone 
tested because of bypass around lover packers. 

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

Three types of inflatable -packer tools vere used during the testing. The 
first four tests vere made using conventional straddle drill-stem testing tools 
on 4-1/2-in drill pipe (fig. 7). Tests 5 and 17 vere made using dual seal 
production-injection padcers on 2-7/8-in EUE 8-round tubing (fig. 8), and the 
remaining tests vere made using a modified version of a dual-seal straddle 
treating and testing tool on 2-7/8-in EUE 3-round tubing (fig. 9). The straddle 
•treating and testing tool vas used for most tests because drilling mod and muddy 
-water entering the parts of the tool from the. interval isolated by packers 

>'xj could be removed from the tubing by svabbing. Loverlng the head on the interval 
by svabbing often induced vater to flov to the stirface. After collecting vater 
saaples from producing intervals, the packers vere def la ted. and the tool reset 
ts test, other Intervals, higher or lover In the hole, vithout making a trip 
out of the hole. • v>:'.'-.'. • :..:--:-̂'̂-

li 
H 

Q 

0 

D 

G 

After completing all packer tests, and spotting cement plugs from 9,378-
9,086 ft and 8,384-8,422 ft below land surface, a veil head (fig. 5) vas 
Installed. Drilling mud vas removed from the hole and the veil began to flov. 
Zt floved about 44 gal/min through a 2-in valve in the veil head vith about 
3 Ib/ln^ back pressure. Measured at the veil head, the shut-in pressure vas 
333 Ib/in^. The temperature of vater vas about 48"C. 

Table 2 summarizes the drill-stem and packer-svabbing tests made in 
Iladison test veil 2 and Indicates the test data that are Included in this 
report. 
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Tablo 3.—Simmiry of drill-at«n-t«at data 

(K«ll«y buahtnt (KB) to li (t «bova land sucCaco (L8) ani 2,809 Ct abovo sea level. A constant o( 1.307 vas used 
to convert ahut-ln prassura to laet of head. SIPi Initial shut-In prasaura. SIP2 Second ahut-tn pressure.1 

Feraatton Interval 
(ft balow KB) 

fihut-in 
pressure 
(lb/In j) 

Depth to 
pressure recorder 

(ft belou KB) 

Discharge 
or flow 
(aal/uln) 

Bonarfcs 

a 

*3 

4 

3 

7 

8 

9 

*10 

Newcastle Sandstone 4,300-4,&SO 

Hlnnelusa-

-do-

lakota Jiandstone— 

Frecawbrten ••—-— 

6m Flathead Sandstone 
(gaa ehow) 

Flathead Sandstone 
and Frecsabrian 

Rod Blvec 

—do-

—do-

*11 Devonian (undiff-
ferentlated) snd 
Interlake 

12 Hadlson (Chsrlea) 

6.13S-6.24a 

4,134-(.244 

4.S9B-4.916 

9.300-9,394 

9,23a-9,2«2 

9.238-9,394 

8.11S-8.33S 

8.030-8.2S0 

8.11S-8.3M 

7,773-8,011 

«,449-«.«89 

1.940 

2.9S6 

1.B20 

4.149 (t) 

1,899 ( n 

S1F| 3.849 
SIFa 3.848 
SI? 
SIP 

313 
326 

3.752 0 ) 
SIFi 312 
SIF2 317 

3,292 ( t ) 

4,270 

6,143 

6,139 

4,903 

9.310 

9.253 

9.233 

6,133 

v-l 

8,123 
8.123 

2 ft above KB 
2 It above KB 

7,785 
2 ft sbove XB 
2 ft above KB 

Botton-hola tenpecatura (BUT) 129* F (34*C). 
Water level (hosd) 701 ft below 14. 

BUT 1S2*F (67*C). Packer scat failed. 

BUT 16S*V (74*0. Head 696 ft above LS. 

BUT 127*F (S3*C). tiesd 688 ft below LS. 

Pack failed. 

Interval has very low peraoabllity. 

Interval han very lou pornoublllty. 

10 to 0 llond calculation wot vol Id bccnuHO nf bypaua 
around lowor packer after aliaut 130 nln of flow. 

6.430 

— — Lowor packer ruptured.' 

18 to 13 Tenperature of fluid at surface I14*F (46*C). 
Iload haaed on down-hole prosuuro Aaueo, 
760-771 ft obove LS. Head haKcd on surface 
prouuure eaufie, 743-770 ft above LS. 

10 to 8 Tempcratura of fluid «t aurfaca 103*F (39*C). 
Head bnsod on down-liolo prcaauro eauge, 887 ft 
abovo LS. lluad baued on aurface preaaure 
ftuuftu, 7)8-749 ft above LS. 

—-to—to Incerval tested tulcof no effective pcroiuablllty. 
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Test 

Tsble 2.—SusMScy of 4clll-sten-t«et date—Continued 

(Kelley bushing (KB) la 18 ft abovs land eutfaca (LS) and 2,809 ft sbove sea level. A constant of 2.307 was used 
to convert shut-^ln pressure to feet of heed. 8IF| Initial shut-in pressure. SIP] Second shut-in pressure.] 

Forastlon 
Intervsl 

(ft below KB) 

Shut-in 
pressure 
(Ibyin,) 

Depth to 
pressure recorder 

(ft bolow KB) 

Discharge 
or flow 
(gal/nln) 

Kcnarks 

•13 

*14a 

13 

16 

*17 

Hadlson (Mission 
Csnyon) 

Madison (lower 
part of Hlsslon 
Canyon snd upper 
part of Lodgepole) 

Hadieon 
(Lodgepole) 

Hadlson (bsssl psrt 
of Lodgepole) end 
upper psrt of 
Devonlsn 

Winnipeg Sandstone 
to, Precambrian 

6.814-7.0S4 

7,064-7.304 

7.303-7,343 

7,323-7,763 

a 

8.320-9.394 

3.303 
340 

3.421 
340 

3,J68(I) 

3.373 

4,038 
317 

(t) 

6,824 
2 ft sbove KB 

7.073 . 
2 ft shove XB 

7.323 (t) 
* * 

7,336 

•8.333 
2 ft above KB 

* Original drlll-ateM-test data included in report. 
(I) Numericel velue le of queetloneble reliability. 

23 to 0 

SO 

Tenperatura of fluid at surface 93*F (34*C). 
Head baued on down-hole proa»ura gauge, 
812 ft above LS. Head baaed on surface 
pressure gauge. 802 ft above XS,. 

Temperature of fluid at surface 106*F (41*C). 
Head baaod on dcwn-hole pressure gaufte, 833 ft 
above LS. Head based on surface ptcasure gauge. 
802 ft above LS. 

Head based on down-hole preaaure cliart. 922 ft 
above LS. 

Bypass around lowor packer. Roaet packers 10 ft 
higher and teated| had bypass around lower ^ 
packer again. 

Tcroporaturc of fluid at surface 1S3*F (67*C). 
Head based on down-hola prcuuuru gauge, 797 ft 
abovo LS. Hoad bosed on eurfacii pressuro gauge. 
749 fc above LS. 
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Lviqtti of 0. C - i i L L . 
Tool CsBtft, 45671 
lnt«vai T . 6 1 3 f e - 6 2 ^ ' 
Typa of rm» Inflate 

seraddle 

I'-
( -

Row No. 1 
SiuC'tit No. I _ 
R A W Nrt ^ 

SHit-«n No. 2 to 
Row No. 3 
Shut^n No. 3 . 

SoctOiTi 

.'.bid f t* :<^t 

Tool opansd (3 

15 
30 
30 
60 
60 
270 

1 6 3 ^ 
5 . 3 

_ 

1 1 : 1 0 

Ot i t s i d i . 
s o n M=ifc- ICua te r K 

• 

PM. 

R>»«-?i 

- 3 

_.Vfirt. 
Mirt. 

_».! in. 
_vt ; r t . 
« M r o . 
__M«n. 

Frf<«.» 

M« 6331 e..^.gQOO a 6 1 3 ? ' 
CSfP>CWq 

Iniuai Hydrcstatie 

eu 

a 

(I* 

Q 
•a 

cn 
p 

Rnal Hvijmtaue 
Initial flaw 
Final Iniciai Flov 
Initial Snjt-tn 
Second Initial P IOM S 

, 25^9 

Ssesnd Final Row F 1207 
Seecnd Shut^n 
TTtifd Initial Flow 
Third Final Flew 
Third Shut-in 

iSSJto 

22i51_-i -
.563 
693 

689 

2912 
12S2 
1950 
2903 

<3to»T««t«rr Paul Rebblns 

WlnsMd R<<rt?on Browi 

OM W«0 Row - Sa« ffa on Wa '/tofr ffo 
RECOveHY IN RF& 4200* Sa l twa te r * 5^.28 bbl . 

REMARKS; 

l a t Flow- Tool opened with f a i r blow, If iereased to s t r o n g blow 
a f t e r 3 lainuCes and remained thru flow p e r i o d . 

2nd Flow» Tool opened with f a i r flow. Inc reased .to s t r o n g blow 
. after 3 nlnutes and reaalned thru flow period. 

3rd Flow- Tool opened with fair blow, Increased to strong blow 
after 3 nlnuCes and renainod Lhru flow period* Flow 
gauged a t 10 psig. on k" choke. 

(VI a 

O 

( \ t 

i 

O 

Z e 
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L.YES2ES, 3^3C 

L 

; D 
n 

Q 

Q 

D 
- 0 

D 
I •' i 

Cpoator. U.S.CS. 1 , ^ t. M» Hadl3ontf2 , OST No.. 

Outside Recorder 
PRO Make JSil£fi2_2i2 
M,.a6a2 g.a 6200 a 6139' 

Cm 
Initial Hydrsstatte 2977 
FTnal Hytireatatie < I 2956 
Initial Flow 533 
Rnal Initial Flow 
Initial Shut>in 

J U . 
Second Initial Flow 

° I ?3?7 
63 5 

. SscanO Rnal Flow 1222 
Second Shut-in 2820 
Third Initial Flow 1237 
Thirt Final Flow I • 1 1 9 5 9 
Third Shut-in 

PMkwSMriTA 

2905 

PRO Maiea. 
Zhaide Recorder 
Kuster K-3 

M« 906^ r.p 9000 a 6106' 
ear 

Initial Hvdrostatie 
Ptnal Hyqrwtatie 
Initial Flow 
Final Initial Flow 
Initial Shut-in 
Seeand Initial Flow I 65S 
SnsnO Final Flow 

Second Shut-in 
Third Initiai Flow 
Third Final Flew 
Third Shut-in 

^MtarSla^T* 

2980 
295* 
561 
691 
2315 

1195 
2911 
1281 

2 ? i l 

0 
in 72 



LYf^ES; l^O. 

Operator. U . S . G . S . , Lease L M^ Had l son ^2 , OST No i . 

n 
I • 

PRO r.'.3k«_ 
w^ 1 2 3 5 ! 

K u s t e r !gto3T 
5 I 3 T 

Initiai HytircKaqc 
Final Mydfoatatie 
Initiai Flow 
Final Initial Flow C I 
Initial Shut-in 
Second Initial Flow 
Second Final Flow 
SeeonS Shut-in 
third Initial Flow 
Third Rnal Flow 
Third Shut-in 

t-laxlrxia t e n t j e r a t u r g 3 

r n n u . . ••<•<« S< 
f t t u r SIM T a 

urr. 

•n 

ri u 

PRO r<tak«_ 
Nd .Cao. 

Initiai Hydrostatic 
Rnal Hydrostatic 
Initial Flow 
Final Initial Flow 
Initial Shut-in 
Second Initial Flow 
Second Final Flow 
Second Shut-in 
Third Initial Flow 
•Third Final Flow 
Third Shut-in 

SMlMr •* .* T« 
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L.VMES, I f^O. 
Ruid Sample Report 

Diie 1-23-77 TTclcâ  No. J219 

U.S.CS. Carapaay . ^ _ _ _ 

WeO Nam. & No. "adiaon « 

Coviriy _ _ _ _ Ouster 

OST No. 

Sfai* Montana 

S*mpt*r No. Tesi lttf«rv«I 613*-62« . ' 

Pnuaur* in Sampler 35 PSIG BHT 16S to«F 

T.,f,I v-f.;^.,-f^ «?..-.-i-.-, 3000 

T-*«i V«Ja«- <»; SAm^Ui .JSP9.. 

Cit- ^ " * 

W.*.. . , Hone 

U„Jm 3000 

^Sft **°"* 
• 

flW. ft^ 
• 

• 

Seauthitr : 

e.«/o" *'*'" arm.M.f oaoi ^ 

wii-« w« ««pU J..:«-J On Location 

ppm. 

pptB. 

1 
* 

aM...#tT7 Tool was open nomentarily unsettlng packer, causing sampler to f i l l with 

aud. 

. 

, * * 

• 
• 

1 — : ~ . ,——. i 
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; L 

; n 

B: 

Q 
R u-

• D 
•R 
Li 

n 

Xr.StoG.S., Madison §2 
Interval: 6134-6244'. (DST #3) 

Coxni&ests - Fag« 2 

4 . Tlie calaalated Effective Transmissibility of 339.2 md.-f t . / eg . 
indicates an Average Permeability to the prodiiced fluid oi 33.92 
mti, for the estimatsti 10 feet of effective porosity within the 
total 110 feet of interval tested. 

• 

5. The Hadiss of Investigation of this test is indicated by the re la -
tionshi;^ b s */kt^, to be about 60 feet. 

6. The evaluation cri teria used in the Drill-Stem-Test Analysis 
^jrsteai Intiieate that the res^Ilis obtained in this anslys'^.s should 
be reliable mthin reasonable liTm'ts relative to the assutaptions 
which have been made* . 

er JL. Hoeger 
.tast for'Lynes, Ihe. 
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np-«««> U.S.G.S. 

L Y N E S , .ISH2G 

i«.««AM« Madison 42 JOSTtia.. 

'< I I 

r • 
Recorder Ko. 6381 g 6139' 

Q 

n -

Q 

Q 

u 
n 

in 
^.to. 

P 

FIHST SHUT IM PRESSUR: 

TIMSCMIM3 
PHI . 

0 . 0 
3 . 0 

: « « 0 . ' 
9 . 0 

I 2 « 0 
. 1 5 . 0 

4 8 « 0 

ai ,0 
2 4 . 0 . 
27^0 
3 0 . 0 

SXTRAPUt QF 

<T«PH13 
/PHX 

0 . 0 0 0 0 
4 . 0 0 0 0 
3.4S000 
2 . 4 6 6 7 
2 . 2 5 0 0 
2 . 0 0 0 0 
1 . 0 3 3 3 

. 1 . 7 1 4 3 
r . 6 2 S 0 
1^5536 
1 . 3 0 0 0 

FZaST SHUT 

P S I G 

6 9 3 
2 4 3 0 
2 5 0 4 
2 6 5 4 
2 7 0 S 
2 7 3 0 
2 7 6 2 

. 2 7 8 2 
2 7 9 9 
2 8 1 2 
2 0 2 0 

223 : 2?4 

<-i C 

r -

I i 77 
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ID 

.Q 

D 
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LYASES, J N C . 

npiir,,^. U . S . C S . Lease & M« Madlaon ^2 QST No 2. 

Recorder Wo. 6331 g 6139* 

SZCONO SHUT IN PRZSSUHS: 

.T1MSCMIN3 <T-PH2) PSIS 
PKl /PHI 

0.0 0.0000 1207 
6,.0 8:*S000 2 5 1 3 

12.0 4.7500 2621 
ISpB 3 . 5 0 0 0 2 6 7 8 
2 4 . 0 2 . 8 7 5 0 2 7 1 5 

, . 30,0 2 .5000 27M 
^ 36. . 0 2 . 2 5 0 3 2 7 6 2 

4 2 . 0 2 . 0 7 1 4 2 7 7 9 
4 8 , 0 1 .9375 2792 
5 4 . 0 1 . 8 3 3 3 2 8 0 5 

. 6 0 . 0 1 . 7 5 0 0 2 8 1 2 

_ EXTRAPLM OF SSCQMO SHUT IM t 2 9 1 7 . 9 

CALCOIATXQHSJ SSCQND SHUT IM 

rXTSAP P R E S S C P S I G 3 . . - . . . . . . • « • 2 9 1 7 . 9 
MO OF PTS E N T S a D . . . . . . . . , . . « X I . 0 
MO OF PTS U £ 0 4 . a 
SMS O E V X A T I Q N < P S X . > « . . . . . . ^ . 0 . 0 0 3 
TOTX. n . 0 TXMCMXM}.,. . 4 S . 0 

AVE PROD a A T S < 3 S X . S / D A Y ) ' . * . . . . . . 7 7 1 . 8 
TSAMSMXSSCMD-FT/C?) , . . . . 2 8 7 . 9 
IM SITU C A P < f t D - F T ) . . . . . . • 2 8 7 . 9 
AVE EFFECT PEart<MO) 2 8 . 7 9 
PROD XM0X?S3I.S/DAY-PSX3,. 0 .4SX 

•• DAMAGE RATIO ; '. . 8 . 7 * 
. PROO XMDX'DA.MAGECSai.S/0ArrPSI3 0 . 3 2 4 

RAD OF .INVESTCFT) . * . . . . 36 . f l 
DRAVDOVM< PERCENT 3 fl.l 
POTENMETRC SUHFCFT3 3 4 0 8 . 9 

78 
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LYMES, IMC. 

nf«fn> U . S . C S . Laaai & M« Madlaon g2 QST NO. 

Recorder Ko'. ^3S1 ^ ^139 ' 

TK2R0 SHUT IN PRESSURE: 

PSIG 

1950 
• ! i ' 2 7 . 0 4 . 8 8 8 9 2 7 3 8 

2 7 9 5 
2826 
2 8 4 9 
2 8 6 2 
2876 
2 8 8 3 

m 2 1 6 . 0 1 . 4 8 6 1 2 8 9 3 
B - • 2 4 3 . 0 1 . 4 3 2 1 2399 

ID 
...U-

.Q 

0 

«-y c 

TIMSiKlH) 
PHX 

0 . 0 
• 27.. 0 

54,^0 
• 8 1 . 0 

1 0 8 . 0 
1 3 5 . 0 
162^0 

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

gxtrapln of 

CT-PHI) 
/ P K l 

0 . 0 0 0 0 
4 . 8 8 8 9 
2 ^ 9 4 4 4 
2 . 2 9 6 2 
1 . 9 7 2 2 
U 7 7 7 8 
1 . 6 4 8 1 
1 . 5 5 5 6 
1 . 4 8 6 1 
I . 4 3 2 1 
1 . 3 8 8 9 

Third Sh 

2 9 0 3 

Shut In ; 2555.3 Hs 369.9 

RESERVOIJl PAiWMETSSS: . \ , • [ ' - '•• 

COLLAR RECOV 3 6 1 . 0 0 3 P I P S RECOV 3 8 3 9 . 0 0 0 INT F W TIM 1 5 . 0 0 0 
FXML FLO TIN 6 0 . 3 3 0 MUD SXPA.^S 1 . 0 0 0 BTM HOL TOP I 6 4 . i 3 3 3 
API GRAVITY 1 0 . 0 0 0 SPEC SRAVTY 1 . 3 3 3 VISCOSITY l . , 3 a 3 
PAY TKXC^OISS 1 0 . 0 0 0 SU3SSA DPTH - 3 3 3 3 - 0 0 3 VATR GRADNT 3 . 4 3 3 

CALCULATIONS* THIRD SHUT IN 

EXTRAP PRESSCP32G3*.".*.*.*..'.*..*..*. 2 9 5 5 . 3 • 
MO OF PTS ENTERED 1 1 . 3 
MO OF PTS USED * 4 . 0 
RMS DEVIATION CPS I 3 .•* 0 . 0 0 3 

. _ TOTL FLO TIMCMXM3 1 0 5 . 0 

U AVE PROD B A T E C 3 S L S / D A Y 3 . . . . . . . . 7 7 1 . 8 
1 • TRANSMISSCMD-FT/CP3 3 3 9 . 2 

XM SITU CAPCJI0-FT3 • • 3 3 9 . 2 
AVE EFFECT P S R : 5 C M 0 3 3 3 . 9 2 
PROD INOXCaSLS/DAY-PSI) • 0 . 7 6 7 
DAMAGE RATIO T 0 . 5 

p - PROO rNDX-0AMAGS<BSLS/DAY-?SI3 0 . 3 8 2 
i j RAO OF 1NVBSTCFT3 J * . . . S 9 . 7 
ito.) D R A V D 0 V N C P E R C E N T 3 * . . . . . 0 . 0 

. POTENMETRC SURFCFT3. . . 3 4 9 6 . 3 

0 
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Oporaior United States Geological &irve)r W«ir Nnmt and No. Hadlson Tost IToll §Z />y/'/'/(» Out 4-12-77 

Dox ZSQH, Denver Federal Center^ Stop til2 
Adflrni Lakewood, Colorado 80Z25 . Typo Tool Straddlo Treating A Testing Tool Tickat No. C653 
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f̂ ,̂...̂ ..., U.S. Cgaloeieal Sirvwy 

L Y P ^ E S , IgSSC. 

,Xjgasmk M« Marff-^nn r * ^ l - ty^TT /?? , OST No.«lQto 

i 
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1 
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I 

• 1 
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Tor N* * -? ' ^ * ^^ 

l TFiT Ifl 
1 - * 

!l -1 . . 

i ' * • ' 

\ f ^ mr. . » . . i % t * * ^ iLz.e.. i«<\ to>>« 

f 

• 

• 

• 
t 

r 

^ 

j ,T£.aT.,.lQ 

• 

• 

• f • 
"y 

> 

TEST IL 

' - . • — : - : - : : = - = i ^ 
• * 

« * • • ' • . 

— *: ' ''•'*^'' 

• 

T.F*5T ft 

• 

Above Inter 

InirtaJ Hvdrostaiic A 

val 

.-a 
CSfTWIM 

i 4108 
FinaJ Hvdrojat jc <• 1 
Initial Flow B 1 
Fina< Initiai Fiow C 1 
Initiai ShutM'n 0 | 
Second Initiai Row £ 1 
Second Pinai Plow F | • 
Second Shut-in G | 

. Third Initiai Plow H | 
Third Final Row t \ 
Third Shut-in J | 

PiHkw«l . r tTa \ 

• 

• 

, pan u,fc. ttJStar IC-3 

I « . 2/12 r,. 570(1 

Initiai Hydrostatic A 
Final Hydrcstatjc < 
Initial Flow 3 
Rnai Initial Plow C 
Initial Shut<4n 0 
Second Initiai Fiow E 
Second Final Flow F 
Second Shwt-in G 
Third Initial Flow H 

1 Third Final Flow 1 
Third Shut-in J 

• 

PMkw SIM T * 

a ^125' 
earfmm.\t* 

4130 

3337 
3534 
3303 
3575 
3553 
3300 

• '5579 ' 
' 3555 • 

— 

* 
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LYr>5ES, i W C . 

. G 

0 
n 

• D 

Q 

n 

/ip..^«»' ><.S. Ceological Survey I ^ M.. Hadlsen Test Well n .OSTNO._1£L 

i ) 

: i 

(g) • 

. jsaitoja T £ S i J L 

. i to/ 

q - * - ' ' ^ r - ' ^ A ry*-

l i 

y«» ' ^ A < . . ^ a ? * ' / " 

; T g « i T t n T g ^ T 11 

>•* • toi 
p, 

rao M»i.. Ifuater tf-3 

Initial Hvdrenatic 
Final Hydrostatic 
Initiai Flow 
Final Inifiat Flew 
Iniiial Shut-in 
Seuarui tniiiai Flow 
Seeand Final F<ow 
Seond ShutWn 

Third Initial Flow 
TTlird Final Ficw 
Third Shut-in 

e«<T«.n<l 

_M31 

3333 
35S7 
3S16 

^573 
T 5 5 r 
3312 

TsaT 
3 5 ^ 

B«lo» Ih t s rva l 
awn u,i» KUater tC-3 

Initial Hvdrwtane 
Final Hvdro ja t ic 
Initial P<ow 
Final Initial Flew 
Initial Shut-in 
Second Initial FIo<* 
Steend Final Flew 
S * a n d Shutnn 
Third Initial Flow 
Third Final Flew 
Third 9>utHn 

• a . 4w . t . 
«M<tr* 

"5253" 
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ROCZS. L. HOEGER 
Ctm».ilmf Cmo^fi.* 

n t O Sa. AtiUira StKKt. Sui t . 301 
titwmir,Cai*ndo S0232 

(SOS) 799.-4491 

Ot«i t .Sl«t i»T.s l f r . M M r « A««ly<i« 8 . « a * t 

i T1N-RS4E. Section 13 

1 MONTAJTA. CTTSTSH 

1 U.S. Geological Sorrrey 
» H H .toto* . « h b !»«•«»• 

Red Hirer 

"-*«•"• Initial: 1548 mins. 
Pinal: 125 aiins. 

••tof U k i m t . 4 « lUMl 

167 minutes 

IQS mimxtes 

10 

811S-83S5 

Soecial 

L-4653 

6/8/77 

4/12/77 

K3 2809 

i n 

I U 

msststr Flvid to siirface in 3 mimites of F i r s t Flow; repor ted Caw r a t e range ; 
13.8 g p a - 18.5 gpai . 

HOttoS, TOOlto ANO f?ECOVERY DATA 
BSSTw* c ^ . a i T ' I T » g t t o o l r t w 

in^^lif" Ion 2-7/8" 
aaHX-cskkM MarMT" 

f ^ . t o . 

9.625 

M t r a # S i o 

m i 90 . . ( ( • 

t w a f t i ic iMr.«a 
4 m^ltM r « » C l M I < « a 

TnrsrsTBn" 
TliraFoifc 

) s i i u . rtaClMfjMa 

T9iC7t5«S5T3g4 

TutorSuMOM 

' ?4Q. 75T5CTRS71ST-

I 
167:1. 

IT 0# ANMUU** 
PTQwedwater | """ t ; i . : r . t f i r "" I 538. 8 

11 

Q 

€AUGS SUMMARY 

! 9«?19 

e w t i * 

812S» 

OkfUM 

-5316» 

B Surfaee R e c o r d e r 

^ .-» 

i t « w M « i jaavTM 

!• ab lOtre TC-. B. -}.2811» 

A f Krr POINT SUMMAST ( B 
FirstFIa 

3337. 1 
3584. 

S^comiFlew t t X T K A f O l A T I C N SUMMABT 

4toC SOMMART Of gESULTS 

2305.5 I ~ 

L-2 

230.6 ffor es t . 10* effect. 6) 
MCaUCZniTT IMMK 

1.83 

3575. 
l U M ^ 

10.27 
19 f •SMtoa.iu.ta o.(Ai 

I 10-27 
a». i« i * *» ia i 

1.61 

3553. 
• ta •# fOMta u«aa *«• wmium, euMt.n u 

5. I 8. 
utamm 

Q 
D 
n 

.Q 

Koee or iMtt i t . «M»«ir c M v b 

af Wh jtwiuM »«<aaM<t. 

3808. 1 287. 
wtHfc <»T««»aito>t«» r*tutu,4. 

3849. I 315. f»3S37. 1*3536. 
rauh # . av* <;ifcaa.t»ap rao . aaAwata a«>4. 

1^ .93- I 17.40 
a#pewn iMaMarw. fc«u«««- ' i i i . ^ 

6̂  1 9̂  

F t . of Head above K. B . 
728. I 727. 

I 
er 

38. 
«M1I.»«» 0«»«« 

I 31. 
»aM< IM<I;M r«(uiM«i . 

3800. ' I 286.5 
fmu. u ia , 

3848. 
t t a n u M n u 

i 326. 
'mu.. Ml( i iTia>tTBc war .Cl l 

>>3534. i '»3S6 l . 
•iMk Mtsagii . I K 1 

4130. 
irMUMMa 

• « . « « * a . . » I . I < i w . MUMMb 

* Conversion Constant of 
2 .30 ft. / p s i used to caleu-
la te P . S . Elevation. 

F t . of Head above K. B. 
723- . i 7S9. 

t 
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PRESSURE BUn-D-UP CURVE iyCHEr.IZNTAL'READING DATA 

n 

U.S. Geological Survev Company ^ 
WeU Name & No. Madison Test ^ e l l #2 
Location See. 18. T1N-R54E. Custer Cotintv. Montana 
DST No. 10 Test Ihtervai: 8115-3355' Formation Tested: -Parj ^AV^, 

Reiwrder No. 2512 Recorder Depth 3125 feet. 

n 
I 

n 

8 

1 6 . 7 
3 3 . 4 
5 0 . 1 
6 6 . 3 
8 3 . S 

f n n f 
I I A . O 

ir?rt A 

I '^n 7 

i A 7 . n 

I N i r i A l - S H U T - I N 

I n i t i a l F l o w T i m e , t = 

t - J -8 

1 5 6 4 . 7 
1 S 8 1 . 4 

.1 1S98.,1 „ 
1 6 1 4 . a 
1 6 3 1 . S 

T 6 4 a f 

1f ,AJ. 0 

K f l l 6 

l A a f l 7 

i 7 n q n 

• 

^ 

9 3 . 6 9 
4 7 . 3S 

2 4 . 1 7 
1<».?5«l 

1 6 . 4 3 
1 4 . - 4 . 

1 9 - ^ q 

11 i n 

i n 9 7 

1543 li 

P r e s s u r e 1 
( p . s . i . ) 1 

3762 il 
:?776 II 
3788 |l 
3792 1 

_2IS[S 1 
3fiOO 1 
" isns 
'?nr>f; 
-TsnT 1 
i n n s II 

tl 

II 
1 
1 
1 

1 
1 
1 

1 
e 

1 0 . 3 
5 1 . 0 

t 3 1 . S 
4 2 . 0 
.«55.S 
6 3 . 0 
7'?.R 
«4 0 
a d 1̂  

i n s . o 

F I N A L S H U T - I N 

T o t a l F l o t v T i m e , t 

t + 9 1 1 ^ 

1 6 3 3 . 5 
16PA.0 

1 7 0 4 . 5 
171 S.O 
17<7«?.!i 

17'?6.0 
I T d A . S 

• 17<^7.rt 
1 7 6 7 . !i 

1 7 7 S . n 

• 

1 6 0 . 3 3 
a n . 67 
5 4 . n 

1 4 0 . 8 3 
3 r > . S 7 

9 7 . f?6 

9 3 7 6 

9 0 Qt? 

I f l . 7 0 

1 6 . Q3 

• 

s 1673 

i P r e s s u r e 
1 ( p . s . i . ) 

1 37S0 
1 3766 • 
I 3776 

3736 
3790 
3793 
3796 
3793 
3799 
3300 

, 

0 86 
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PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

V: 

Company U. S. G. S. 
Afrrrff'^OTl T P « » » ^ V A T ? 3 ? WeJl Name &. No. 

Locaiion Sec. 18.' T1N-R54S. Custer Cotmtv. MoTrtana 
DST No. 10 Test Interval: sn5-83Sa» Formation Tested: Red River 

Recorder No. Recorder Depth _ feet. 

U-

"0. 

0 

' o 

e 

5 
10 
16 
20 

4 0 

«!fl 

6 0 

7 0 

3 0 

<»o 
1 0 0 

1 2 0 

1 3 7 

1 6 7 

INnTAL SHUT-IN 

Initial Flow Time, t = 

t-t-8 

1553 
1553 
1564 
1563 
1 5 7 8 
1 5 8 8 
issa 
1 6 0 8 
1 6 1 8 
1 6 9 8 
1 6 3 8 
1 6 4 8 
ICAfl 
ifia<? 
171!5 

^ 

310.60 
155.80 

97.75 
78-40 
f55.60 
3 9 . 7 0 
3 1 - 9 6 
9 6 . 8 0 
9 3 . 1 1 

9ft. 3 5 
1 8 90 
16.43 

1 1 3 . 0 7 . 
1 9 . 3 0 
1 0 . 9 7 

1543 
P r e s s u r e 
( p . s . i . ) 

239.0 
250.0 
257.5 
261.0 

_ J i 6 . 6 * 5 - ^ 

1 
J 

!! 

II 
li 
!l 

L 270.0 ,„{i 
.„272r ? ,. il 

2 7 S . 5 II 

1 i , . 2 7 6 r 5 , , il 

2 7 9 - 0 II 
9 8 0 . 0 

9'S1 «5 

9 3 3 . .«? 

93«! 0 

9flT n 

II 
II 
il 
!| 
il 
!! 

11 
ii 

. 

II 

8 

5 
10 
14 
20 
25 
30 
35 
40 • 
SO 
60 
70 
8 9 

<30 

1 0 9 

PINAL SHUT-IN 

Total Flo-w Time , t 

t + 9 

1673 
1683 
1637 
1693 
1698 
1703 
1708 
1713 
1723 
1733 

, 1 7 4 3 
1 7 S S 
1 7 6 3 
1 7 7 ^ 

^ 

335.60 
168.30 
120.50 

34.65 
67.92 
56.77 
43.80 
42 .83 
34.46 
28.88 

„ii . i„24f?0 
2 1 . 4 0 

1 9 . 5 9 
1 7 . 4 0 

• 

= 1673 
P r e s s u r e 

233.0 
251 .5 
233 .0 
264 .0 
2 6 7 . 5 
270 .5 
273 .0 
275 .0 
278 .0 
280 .0 
232 .5 
284 .0 
235 .5 
286. 5 

88 
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Initial Flow 
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Second Pinal Pfo%v 
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CammUimic CtmitfiMt 

17W So. 3«il<wc Stnc t . i u i w 301 
O t a m , Cfliofirfa 80332 

<Sa3)7S9-449I 

Ori l t .Sl«a».r««t Pr««>u*« AA« ly«n Bapar t 

T1N-ES4S. Section 13 

AlONTArTA. CTJSTER 

TT. S. Geolorical Stir-rev 

Matiison Tes t Wen #2 

Devoniaa & Silurian 

"-*«'*" [nitiai: 3's-i ivims. 
P ina l : 376 Mins. 

utollM. WUT.M t l a « i 

70 Mintites 
^IMtok .MMir-M* Ttto4« 

130 Minutes 

11 

7775-3015 

>l| .( -toW<«I 

Scecial 
u a . .i«n>«» 

L-66S8 
M i ( eaarvxta. 

4/13/77 
«4«rtolMna / . « 

KB 2809 

UCSHt 
Fluid to surface in 22 minutes of F i r s t Flow P e r i o d . Flowed at r a t e of 

' S to 10 gaJIocs per minute . 

HOLE. TOOL ANO RECOVEHY DATA 
" SSSSwrcT^STT" T e s t t o o l T t m ' < ( ! Bt mva muar*mcwf...M 

r«—to. .—. I . . ! on 2-7 /8 ' TtxTSfmrntim 

> U f Q> aiiKA 

• * t i i i »««eXMrAea 

S lhM»UeXMC.«4 tubing. 

TO . . . U k U l t^to.» 
-£2S. T t i T S r S k s<k /t«cixc.«e4 

0-
Q. 

f W Of CUMMM 

. 1 4 ^ 
V « . . « i .̂OOVtCTIOM . * ; ^ 

Flowed waters .. . . . . . . . . . ' :^gi.5 
MMOVOSNT^ 

i f f t C 7 i v c # k a * i « 4 >u3r 920. icasu<tUT<iiT .ouiM* I •(cavcar u n tiuu> jwi i . j« ««fciaM«. m n 
€AUGS SUMMARY 

2512 
Mvna 

7785' -4976» 

B - Surface Reco rde r 

2^aBove K, B . •«.2aii> 

2983. 

A {KtTfOIWTSUMMAg'rl B 
Firs* Ffo 

iUiuui 

f aufc /i.a>itoa « M U U M I . 

3406. I 
S«<and F i o w 

B_ 
IX7RAPOIATION SUMMARY 

AX SUMMAKT Of a t i u T f S 
«mcn*a tiMMiutMuTr. t * ^ 

624.4 I 

L.a 

• • i C i T i a A««a.«« r%ma* ,mur t . \ ^ * " . 

62.4 (for lj)« effect, ĵ > 

0.87 I 
•«lUh /ba«to« ^«uaMi 

3421. 1 IM1IM. tf.av* O f c o x n o f asMtoCMuata OAtj. 

8.77 8.77 
OMuacaAtiai 

0.8 
aaa a» r o o m u«a roan* tut . cuava-^i u 

4 . 9. 
rvanii«M«UMa« S I . ^ M > : laaa 

78.5 42. 

n. 
iMtMb MftoM aaauidd 

3678. \ ' 270.5 
0 . . mt lM. UTa^MCk lu MUMjaai 

3752. 311. 
••fUik fVT«»na.«Tnc iua«*cxi 

I * » 3 6 5 4 . 3 5 2 6 . 

to I • 6 . 1 1 
laaMU o* fOHt i HMD r o f f u , a t K , * . * n . . ^ 

8, 

F t . of Head above KL. B . 
8457 I 717. 

aoac aa r m t . t i i iu ixo cuavu 

** Chart t ime expired. 24. 

** None 
raiM. (x ia^^Oi^xa ratuuaaa 

300. 1 319. 
f W M . fQ I (« l ia>«T*a« l u a r x i a 

. . . . I « 3545. 
i ) 

B 

mttM. aia«oMAtM.iu*«««i3ua«a 

3925. 
»«§«>. aTeaatTAiieauaaauiuM. 

* Conversion Constant of 
2.30 ft. / p s i used to ealcu-
la ie P . S . Elevat ion. 

a t , ox Head aoove K . B . 
I 736. 

I 
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ROGER L. H0ECE3, 

ITU So. SaOiirt Strtct. iuic* 301 • 
Oai««ivCaJa»j0 10322 

(SOS) 739 . 4491 

CoxBinents relative to the analysis of the pressure chart from DST #11, ^ t e rva l : 
777S-801S', ia the U.S. Geological Survey, Madison Test WeH 12, Section 18, TIK-

' H54Sr Custer County; Montana: 

{' (-> 1.' Ibctrapolatian of the Iniiial Shtzt-in piressure btiiZd-up curve ia^cztea a. Tnaxf.-
i \ ' mum reservoir pressure of 3752 asi at the recorder depth of 7785 feet. The 
! chart ti2se ^n^i^^^^ shortly after opening the tool for the Second Flow period. 

^ Consequently, a Final Shut-ia pressure build-up curve was not recorded dur­
ing this test. The indicated maximuin reservoir pressure is equivalent to a 

'— potentiometric surface elevatioa cf 26S4' above sea level, based upon the 
conversion constant of 2. 30 ft. /psi . This potentiometric surface elevation 

• p ia torn indicates a head of water above the K.B. (+2809') of 345 feet, 

I^eirapolation plots, using the Homer methoci, for the shut-ia pressure build-
up data that were recorded by the surface recorder during this test indicate 
the following: extrapolated Initial Shut-in pressure, 311 psi and extrapola.ted 

^ Plaal Shut-in pressure, 319 psi. These extrapolated surface pressures con­
vert to potentiometric surfacs elevations of •{•3526' and •(•3545' cn the basis uf 

f] ' the conversion constant of 2.30 f t . /ps i . These poteatiozaetric surface eleva­
tions indicate the following head elevations above I C B , : 717* for the Tnitial 
Sbnt-ia aad 736'for the FiaaLShat-in. 

There Is eoasiderable difference betweea the calculated results which were 
obtained by aaialysia pf the subsurface pressure recorder data aad the surfacs 
pressare recorder data. The cause of this differeacs has not beea discez^ible 
by the writer. 

.2. The calculated Average Production Sate which was used in this aaalysis, 301. 5 
n BPD is based upoa the reported flo"w rates wiiich were measured during the flow-
[^ iag periods used ia this test . This average produeticn rate aad the measured 

slope of the extrapolation plot for the Initial Shut-ia pressure build-up curve, 

FT .- . 78. 5 psi/log cycle, have been used in the basic Homer equation to calculate 

I sxmierieal values for the various reservoir properties shown below and oa the 
*"* siTiTimary page, 
n 3 . The calculated Damage Hatio of 0.8 iadicates that no significant weU-bore dam-
Ll age was present at the time of this formation test . 

4. The calculated Effective Transmissibility' of 624.4 md. -ft. /cp . indicates aa 
Average Permeability of 62.4 md. /cp. for the estimated 10 feet of effective 

~ porosity within the total 240 feet of iaterval tested. 

M S. The evaluation criteria used ia the DST Analysis System indicate that the r e -
U suits cbtaiaed ia this aiuilysis should be reliable within reasonable limits re la ­

tive to the assumptieiu which have beea made, 

D " . ". • . • " • 
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Reeartier i?2512 (? 7785 ' 

T I S S T SHUT IH P R S S S U S E J 

: I 

» ' 
; I 

n 

TXMEC»I»} 
PKl" 

sla 
7, a 

14. a . 
21^3 
28.a 
38 . a 
42^a 
49»a 
96,. a 
63*a 
7a. a 

CT*PH2) 
/ P K l ' 

a.aeaa 
78.7143 
39.8571 
26.9048 
23*4286 
16.5429 
13.9524 
I2 . i a2a . 
ia,»7143 
•9J.6349 
8.7714 

PSXG 

3426 
3615 
3635 
3647 
3654 
3659 
3663 
3667 
3671 
36 73 
3678 

SXTHAPUl 07 72BST SHUT XM I 3752.3 » t 73.5 
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PRZSSTTHE BUILD-UP CURVE INCnEMSNTAL-READING DATA 

U. S. Geological Surve'r 
^.f^fl^^r-.. T a c t W a n 3? 

Company 
WeU Name & No, 
Location Sectionl^. T1N-R54E. Custer Countv. Montana 
DST No, n TMt Interval: 777S-g0l5» Formation Tested: Dgvenian & 

SHurias 
Surface 
Keeorder No, Recorder Depth 2*above K . B . 

• 

1 ^ 
1 2 

1 ' ^ 
a • 

1 ''̂  
1 '"̂  1 9n 

f̂  
1 ^n 
1 ^̂  
1 i n 

1 '" 1 An 
1 70 

l-

I N T T I A l - a H U T - i N 

fiiitial F l o w T i s i e . t a 

t-H 9 

1 546 
1 548 
i 552 
1 556 
1 .^AO 

< ; A 4 . • 
«?A.«? 
i^TA 
^7Q 
^ A i t 
^04 
ArtA 
614 

1 ^^ 
I 2 7 8 . 0 0 
1 1 3 7 . 0 0 

6 9 . 0 0 
4f i .33 
!?.«;. f»f» 
•?fl 9 n 
9r> 7A 
t o f ? 
Tf,.^4. 
14 . AO 
11 fffl 
i n nT 

« 77 

544 
P r e s s u r e 
( p . s . i . ) 

1 9 1 . 0 
9 T ? . 5 
2 5 9 . 5 
rj-^s.s 

. ?-^^- 5 
, 9 * 9 „ n 
9 5 5 . S 
9i?A rt 
r>«ia rt 
!>A1 rt 
9A^ e, 
9Aa rt 
9 7 n «; 

II 

II 
l l 
ff 
II 
lj 
t , . 
1 
j " 

11 

1 
1 
... 

a 

5 
10 
16 
20 
nn 
40 
50 
AO 
70 
«0 
90 

100 
120 
140 
160 

i l 1 8 0 

11 . 
ill 
III 

PINAI - SH UT-LV 
m 

T o t a l F l o w T i m e , t = 920 1 

"t-J-9 1 ^ 
925 1 1 8 5 . 0 0 
930 
936 
940 
9'?n 
9An 
970 
9sn 
990 

TOOO 
1010 
i n ? o 
1040 
irtArt 
1080 
IIQQ 

1 9 3 . 0 0 
5 3 . 5 0 
4 7 . 0 0 
3 1 . 67 
2 4 , 0 0 
1 9 , 4 0 
1 6 . 3 3 
1 4 , 1 4 
1 2 , 5 0 
1 1 . 2 2 
1 0 . 2 0 
8.67 1 
7 . 5 7 

[ P r e s s u r e 1 
1 ( p . s . i . ) 

1 2 4 2 . 5 
1 2 5 3 . 0 
I 2 6 7 . 0 

271-0 1 
2 7 3 . 0 
2 8 2 . 5 
2 8 6 . 0 
2 8 3 . 5 
2 9 1 . 0 
2 3 2 . 0 
2 9 4 . 0 
2 9 5 . 0 
2 9 6 . 5 
2 9 8 . 0 

6 . 7 5 1 2 9 9 . 0 1 
6 . 1 1 1 3 0 0 . 0 ] 

1 1 
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Initiai Hydfonatie A | J&Al 
Final HVerestatie 
Initiai Plow 
Ftnai Initiai fiow 
initiai Shut-in 
Second Initial Piovw 
Second f inai Fiov» 
Second Shut-in 
Third Initial Flow H 
Third Final Flow 
Third Shutnn 

I tmumm « • 
taUar t l M Ta 

^ 'TC i^T l? T ? q T > - ^ TP«?T r4 T g g T 14ft 

Initiai Flow 

V 

pan u,i.to tCuster tC-3 
M^ 2512 r,p 5700 a 622<»' 

Initial Hydfonatie 
Ftnal Mydroatatie 

3231. 

2300 
Final Initial Flow 
Initial Shut-in 
SccSfld Initial Flew 
Second Final Flow 
Second Shut-in 
Third Initial Flow 
Third Final Flow 

22£L 
32 g7 
2990 

2252. 

Third Shut-in 

I t«<OT* fl< 
f M * * * t U ^ T * 
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LVSSaES, i W C 

Opentor, U.S.C.S. ,Leasa & M ^ Hacf^<^nn T - . - f y * n ••?? OST No. 12-

r 

r 

3 a l « » Ito'iatSV— ^ 

•Tyg;7 t? 'TFctT r?; T P ^ T r̂  ' T P ' S T I^|^'-

. / 

yto3 PHO Mako.Kustar. 
No..I22&2-Cae.Si2il a — 

Initiai Hydreaatic 
Final HydfOiratie 
Initial Flow 
Final Initiai Flow 
Initial Shut-in 
Second Initial Flow 
Second Final Flow 
Sees»d Shut-in 
Third Initial Flow 
Third Final Flow 

-2222-

2309 
•2?g3 
•22SS.. 
299! 

J2u2. 

Third Shut-in 

PMlMrf l lar iT* 

ifl' 
I.i 

iO 
I 
I 

n 

1'^ 

r to? / r s y ' 

•5 
P ^ T t ? T p g T l ? T P ^ T t < \ T p g T t ^ lq 

- • 

Below I n t e r v a l 
p a n M.I . - g i t i iCg - (C-3 
M« 152ftQ r . . S&50 a 

Initial Hydrostatic 
Final Hydreitatic 
Initial Flow 
Final Initiai Fiow 
Initial Shut-in 
Sicond Initial Fiow 
Second Final Flow 

????, 

Seew>d Shut-in 
Third Initial Flow 
Third Final Flow S 
Third Shut-in 

Pwk«r ••,« T* 

in 101 



ROGZ21 L. HOECSS. 

VnaSama^XmrniUttuSmtmini 
OormvCatenda 10223 

(SOS) 739.4491 

Ori i i .Sl«m.T«4( r t . m v r m A M M I V I I S S«9a r t 

T1N-R54EL Section IS .<:-p «;Tr 

MONTANA. CTISTSn 
CSa»4l.fl 

U . S . GeolojTical Surrev 

Madison Test Wen #2 

Missaon CaTtron 

tlto« «»«JM 

1128 minu tes 

182 minu tes 
naufc 4MUI-W IW4> 

13 

6814-7054 

f I U l i i i . H * . 

Soecial 

L-6660 

4 / 1 6 / 7 7 

6 /7 /77 

KB 2809 

D 
j -
i LJ 
i 

l;0 

HSRSTT* 
Fltud to surface ia 35 isintztes. Flowed at ave rage r a t s of 5 gallons p e r 
ss isute . * 

HOLS. TOOL AND RECOVERY DATA 
-'ll.ViL'gL^ I Tacttn<^7 

""^^S^nii::."" I on 2 -7 /8 ' 
223. I ' f i T s ^ w a 

SSSSSskCtolfTcansr* 
i r . tot 

nekAoutodUi 
tubing. 

9.625 
TO .totol^u* l^to.. , to..^ 

I ?An, 

vncT)«( f u n i u l i s r ' 1128. 

TtlroFoi i 

rUT or «uima>i 

rsTSZTitsiTsr 
IT C» 
Igto-to 

oaeuiics.titT 

toWa'CKUNCfit 

<3Iii«artaCI»i.A4 

9«./(iicai><.«« 

oweo water! ittto-.̂ . —....» i iTx. ' t 

•teavciTT t.u« "nuM i • MI.UH*. t n 

GAUGE SUMMARY 

2S12 
SVTM 

682* •• toJWlS*'-

B - Surface Recorder 
u r n * 

2« sfeove K. B , 

n 
OtolUM 

•«.2aii» 

nnM./ui i 

" A I KIT ypINT SUMMAKT ( B 

F i r s t F low 

2300 
•«««auuMi 

rMM. Mdnaa /au iUM. 

2967. I _ 
U t x K t i F i o w 

2990. L 
nAmm»rmltMU.U . 

2969. I 

AI 

B_ 
CXTKArOlATION SUMMARY 

SUMMABT 0 » gJauTTs" 

a m e n * * -numtmtMfLO^. M ^ 

662.0 
JIT. i -2. 

• w i r t a to*u««« »w«<««i i iT. I 

66 .2 i 
mesw<n>nT UM«J« 

0 .51 
MitUfc«.• ! / • '•n.nn t t i a r«ai.to«.ius(0 a..t.m 

7.26 I 7.20 

4 . i 10. 
ftjOM •« • • n ' C •>«*<» cuavb 

4 2 . 1 i • 

aAttoi 

1.5 
fi.a < »a«Mu<tt qa»»<nni> 

L 

•• tub im«.ia nusMia . 

3267. ' 299.S 3303. I 336. 

faub Mi(t.M racuuaci 

None 

3231. I 
. af aaott Aiic «HO fMia iMi , 

waltM. /OTiMf iaMT»< i u a r * « i 

*35a2. I *3S84. 
«I.«V« ff«I.O*»tl» f IMHa4MU«4B 

to. » » t o . . I to.... 

«•«» roMtauuafoa r««ib aMT«.«ii4. 

F t . of Head above K. B . 
771. • i 775. 

a»nmfc wajMjrQMvtt 

#i«M. <3Ma*#akittto r a t u M b 

I 
ruub f«i iMTiaMTBCua*.<l i 

*Conversion Constant of 
2.30 ft. / p s i used to calcu­
l a t e P . S . Elevation. 
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LYMES, !^5G. 

U 
Opcfstofto U.S.G.S. t . a « A M« Hak laon T e a t Wel l ifZ J3STNO- 13 

' u 

•: 1 : 

i t ! 

I U 

: U 
.sa 

Reeortter No. 2512 9 saz^' 

r iHST SHUT IN PSSSSURSi 

TXMSJM1M3 
- PHI 

-' em.a 
18.2 

*. 36.4 
S4*4 
7 ^ 9 
9t.a 
lfl9«2 
12T?4 
14S.4 
163^3 

. lS2aa 

SXTSAPLM 

• 

or 

CT-PKli 
/PHI 

alaeoo 
63.6374 
32*3187 
21-8791 
16.6393 
I3.S27S 
11.4396 
9.9482 
8-8297 
7.9S97 
7.2637 
• • 

riRST SHU-

PSIS 

2967 
3216 
322S 
3238 
324S 
32sa 
3225 
3260 
3264 
3266 
3267 

• 
T IM t 33i a I 42 .1 

-Q 

0. 
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D 

0 
Q 

D 

PRESSTTRE BUrLD-CP CURVE INCHSMENTAL-RSADING DATA 

U. S. Geqlogjcal Sarvev Cozspas]^ 
Well.Nam^ U No. Madi.^on T ^ ^ X7gn 32 
LocallOtt S?! S-R Sec. 13. T1Tvr-a54^. r u 3 t g ? r Q . . Montana 
DST No. 13 Test Interval: 6814-7054' Formation Tested; Migs-ton d^n-roa. 

Surface 
Recorder No. Recorder Depth ^t^bovi. y.-R. 

D n n A L SHTTT-IN F I N A L S H U T - I N • 

In i t ia l Flovr T i m e , t s 1128 II! T o t a l FIOAV T i m e , t = t 

' 1 «*» ^ iTuTrnw ' 
10 
20 
30 
40 
SO 
An 
T"? 

1 nn 
oo 

100 
ir5rt 
i d h 
lAn 
i « n 

• 

1138 
1148 
1158 
1168 
1178 
naa 
1?»flO 
t f n n 
1 9 1 3 

ir?58 
1 9 4 « 

T«T<« 

113 .80 
5 7 . 4 0 
3 8 . 6 0 
2 9 . 2 0 
2 3 . 5 6 
1 9 . 8 0 
1 6 . 6 7 
1 5 . 1 0 
1 3 . 5 3 
1 2 . 2 8 
1 0 . 4 0 

fl.nA 
1588 fl.OS 
1308 7 . 5 7 

2 5 1 . 5 ill 
2 6 5 . 0 II 
2 7 1 . 5 1 
2 7 6 . 0 
2 7 9 . 0 
2 8 3 . 0 

_2S.s.,.o_ 
2 8 7 . 0 
2 8 8 . 0 
2 9 0 . 5 

j 5 9 5 , 0 
5 9 3 . 5 
5 9 8 . 0 
5 9 9 . 5 1 

1 

t + 8 • 1 ^ 

NONE 

• 

• 

P r e s s u r e 
( p . s . i . ) 

t 

. 

n 106 
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' V 

Opoator. U.S.C.S. 

L-V fv5ES, 3f' '5C. 

, U s a & M^ Madlaon Tes t ^ e l l i?2 .OSTNoUis i . 

U 

I 

. • l y . I' 

G 

v2 

cu-zwa*^ 

. ^ ©*. 

f / < f i T ' 

K«.V4to 

-V. 

F ^ T i ^ T g ^ T t ^ 1£S2toJ£.. .TSST^ 143 

y 

"ftf s** -A«toMi . . : ; ' • " : > - • : 
4^ i r / i . 

7 ' * . « 4 . 

T ' S T I ? T r ^ T ' , 1 l E S l H . • Tg«^^ !4S^ 

- / 

Lzrrrr 

Above In t e rva l 
PRO Maka. 

lntna< Hydrostatic 
Finaj Hydrostatic 
Initial r iow 
Rnai Initiai Flow 
Initial Shut-in 
Second Initial r iow 
S«esnd Finai Flow 
Second Shut-in 
Third Initial Flow 
Third Finai Flow 
Third Shut-in 

HmMmraumrm 

I2£&. 
??27 

PHOMaka. 
No—2512 

Xuater K-3 
r^^ 5700 10 7 0 7 5 ' 

Initiai Hydrortade 
Final Hydrostadg 
Initiai Flow 
Final Initial Flow 
Initial Shut-in 
Saesnd Initial Flow 
Saeond Finai Flow 
Saesnd Shut-in 
Third Initial Flow 
Third Final Flow 
Third Shut-in 

rMfear i iMT* 

3555 
3608 
2993 
3082 
33ga 

•0 
n 109 



L.VWES, lUO. 

u Operator. U,S.C.S. , l.pifft & M>% H a d l s o n T e a t W e l l !?2 , OST No. n.,A 

? 

I D 

Q. 

-D' 
•0 

i 
. . . 

•0 

Q 

v2 

- ^ a U » ?.»•»•*<«» 

H e I t 

i ^ r ^ ^ ^ i " - ^ ^ 
iTC«^T I? T g ^ T t:^ T P « ^ T t A 

d 

rao r^taka. 
M.̂  132»2 

t f u a t e y K - J 

Initial Hycfoitatic A | 3 5 5 ^ 
Final Hydrostatic ;605 
Initial Flow B I 3000 
Final Initial Fiow C I 3093 
Initiai Shut-in 
Second Initial Flow 
Second Final Flow 
Second Shut-in 

33o5 

Third Initial Flov/ 
Third Finai Flow 
Third Shut-in 

ApccTt? T g ^ T i : ^ . T f S T ^ 4 T - ^ " ^ ' ^ ^ 

Below I n t e r v a l 
PRO M»i>- faster tC-3 
M« 152^0 r.to S»SO ffl -

Initial Hydrostatic 
Final HyCrestatie 
Initial Flew 
Final IniTial Fiow 
Initial Shut-in 
Second Initiai Row 
Second Final Flew 
Second Shut-in 
Third Initiai Flow 
TWrd Final Flow 
Third Shut-in 

Pmakmr l i a ^ T« 

3656 
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ROGER I . HOZCZR 
Camtm/tmt CtaiafU* 

n t a So. 2«iU<« Scmt. Suitm JOI 
DtmvnCa ianaa S0223 

(303}7S9.44»t 

Ori}M««m.T««r fr.mtar» A»alr*>m S'^o** 

La&AiuMk 

T1N-RS4E. SE SE Section 18 

MONTANA. CUSTER 

TT.S. Geoloirical Survev 
fclM* .tod . U k maM.Ht 

Madison Te«rt Wall if2 
• 

L . Mission Canron & U. Lotiffeoole 

950 mintites 
i«*flA^ Uaur*4M rua4t 

180 minutes 
f m . ^ IMAXtoN ritoA* 

t t t > M « M « l h 

14-A 

7064-7304' 

Soecial 
1.A «iM»«llt 

L-6660 

6 / 7 / 7 7 

4 /17 /77 

KB 2809 

nzROT" Eluid to STsrface a i t e r STsrabbiag. Flowed wa te r at ave rage r a t e oi 
9 .3 gallons pe r miaTzte. > • 

HOLE. TOOL ANO RECOVERY DATA 
Igtoto j . . t o l . t o« TesT tool run i^""--*" 
I f t . t o t o . . . . *. to* ^ ^ ?-? / f^ ' 

M k « a i . t o 4 i M 
! t r i b i n g - . 

T O < t o t o < A « * I . - . . . , I to-to^ 

iLZl. 
mTntrTCTMSuuSir* 

. < l « » f I 
240. 

M«4eTn< ^kamia uST 950. 

rwa»t4«iM>.«4 

i>tlT S* . to lU 
TiSTWoTSIT" 

I . . ! ( • rf«CiHr>«4 

I SIH*a ^MCIMftoM 

MiroFouT I oik f t«cu» .<« 
> U T « » CUVHOM 

T«IAk*<CSVI«T 

CA'.CjZT Q^ MMMIkuA 
Flowed water^"""t?j:iyil'I^*'** I 3^?7T 

eaouateairtiir <cbuto« i KeovtuT U U TiMM i»Mw.ji» >«^iw*. t a n 
• 2512 

BurvH 

707S» 
OAtUM 

-4266» 

GAUGE SUMMARY g g ^ ^ ^ ^ . Reco rde r 

2 « i b o v e K . B , .(•2311' 

A JKIT yplHTSUMMAaTJ B 

First Fiow 
••n«fc Ma<to4 jSuMuii 

2993. 1 .— "̂  
3082. I — 

Sacand F i o ^ 

amout, t\j»mm« »atuui )iia*-rt y n i m n i t 

A£ 

I I X I g A P O t A T I O N S U M M A a f " 
• « t U k i t . 4 W « C M . O « » H « 0 f • « • to«toiu«*a « * t J . 

6.28 6.23 

suMMAgT Of gtsuirs 

822.7 I 

L2. 

82.3 (for lb 'e f fec t . 4) 
unnucnntT tae«ib 

1-0 

0 .9 
rauk /tawiiB»«t*«iM< 

Is-
faioMo^MnM 

i 66.9 

5. I 12. 
9f IMnM. IMIfc»<» O i n O 

I 
a I . 

3368. 310. 3421. I 340. 

raw*. iMtCtoa M t i i i u n i 

None 
iMtUk insautAIKawo #«uaM(a 

3955. 
r--^m.*m»mma 

3608. 
>»«( t lUMl 

r a u ^ # . •< / • c iLa«.«ng raoMaCAiuato a«rja 

Mae# rai>mn(ora«ranka'«vc.«<i>< t 

mjaft Q» nmM. am. * *^ awvct 

, u iMeoLAt ta r«i>iu*i< 

I — 
* Conversion Constant of 

2.30 f t . / p s i used to calcn-
la te P . S . Elevation. 

fKoama fnttiu** nm',m.tnm 

imtuk /aTCi>no4T«« itMf * cb 

*3602to I *3593. 
F t . of Head above K. 

793. \ • 784 
B . 

ruuk/«TiMtia.«Tnc>iMi»iiCIi 

i l l 
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ROGZX L. HOEGZR 
Camimilmf Cmolacdt 

nSO S*. 3«ilut« Stmt . Suit* 101 
Oaamr. CaUn4o S0Z22 

(SU) 739. 4491 

Comments relative to the analysis of the pressure chart from DST #14-A. Interval; 
7064-7304', in the U.S. Geological Survey, Madison Test Well S2, SE SE Section IS, 
TlN-RS4i:^ Custer County, Montana; 

1« Sstrapolation of the Shut-in pressure btrild-ap curve indicates a sazizanza 
reservoir pressure of 3421 psi at the recorder depth of 7073 feet. This indi ­
cated maximum reservoir pressure is equivalent to a potentiometric stirface 
elevation of 3602 feet above sea level, based upon the conversion constant of 
2.30 ftto /psi . This potentiometric surface elevation, in turn, indicates a 
head of water above the K.B. of 793 feet. 

For comparison prsposes, an extrapolation plot, using the Homer methoii, 
has been made for the pressure btuld-up data wiiich were recorded by the 
surface pressure retzorder during the shtct-in period. This extrapolation 
plot indicates a ^^^•• '̂•^"•^ pressure of 340 psi at the elevation of the surface 
recorder. This extrapolated pressure is equivalent to a potentiometric s u r ­
face elevation of •{•3593*, based on the conversion constant of 2. 20 ft. /ps i . 
T3:is potentiometric surface elevation is equivalent to a head of water above 
the K. B. of 784'. It should be noted that there is very close agreement between 

• the potentiometric surface elevations which have been calculated on the 
basis of the two extrapolated pressures, that recorded by the domi-hole p r e s ­
sure instrument and that recorded by the surface pressure recorder. 

Li 2 . The caleulateti Average Production Rate wiiich was used in this analysis, 328.4 
BPD, is based upon the reported average flow rate which was measured at the 
surface, about 9. 3 gallons per minute. This average production rate and the 
aeasured slope of the extrapolation plot for the shut-in pressure buUd-up 

j . csrve that was produced by the down-hole pressure recorder have been used 
r ŷ : in the basic Homer equation to calculate nuznerlcal values for the rariotxs 
i ! reaervoir properties shown below and on the summary page. 

1 .. 3. The calculated Damage Ratio of 0.9 indicates that no signiScant well-bore dasa.-
i i : age was present at the time of this formation tes t . 
J • _ ; 

4to The calculated Effective Transmissibility of 822.7 md. - f t . / cp . indicates an 
Average Permeability of 82. 3 md. /cp . for the estimated 10 feet of effective 
porosity within the total 240 feet of interval tested. 

5, The evaluation criteria used in the DST Analysis System indicate that the r e ­
sults obtained in this analysis should be reliable within reasonable limits r e l a ­
tive to the assumptions which have been made. 

112 



L.Vf^ES, IMC. 

Operator. U.S.CS. .tease k M« ttadison T>»«;t t v n a? rTT M« la-A 

Recorder ^2512 ^ 7075' 

Q 

iQ 
a 

I >. 

\ u 

FIHST SHUT ZN PRSSSUHEi 

TXMECMXN3 
PHI 

0^0 
18«0 

• 36*8 
SA.a 
72«a 
90*0 

20S.0 
126.3 

. 144.0 
262*0 
180.0 

SCTSAPUl OF 

CT-PHID 
/ P H I 

0 .0000 
S3-7778 
27 .3889 
18.5926 
14 .1944 
11.6356 
•9 .7963 
8.S397 
7^3972 
6,. 8642 
6 .2778 

• * 
FIHST S2 

PSZ6 

3082 
3313 
3332 
3341 
3349 
33S3 
3336 
3339 
3362 
3365 
3368 

M t 66.9 

w S 

i 1 
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' tajw 

0 

D 

PRESSURE BUILD-UP CURVE INCREMENTAL-READING DATA 

U 

Li 

r 
i ; 
! T 

Company 
Wen Name & No. Madison Tgst Well 32 

J T ^ . fZ^f-iTf^frtfal g i t T - . . o " 

l o c a t i o n SE SE See. 18. T1N-R54E. Cus te r Co . . MoTrtana 
DST No. 14-A T e s t Interval ; 7064-7304' Format ion Testeti ; 'L.MissionCanvtan 

Surface 
Recorder No. 

and U.Lodgepole 

Retforder Depth 2'above K . B . 

<S" 

9 

10 
20 
30 
40 
SO 
An 
.rn 
an 
en 

100 
irjo 
140 
1*0 
i « n 

. INITIAI-SKUT-iN 

Initial Flow Time, t = 

t + 8 H ^ . 
960 
970 
980 
990 

1000 
1010 
1020 
1030 
1040 
1050 
1070 
1090 
1110 
iir?n 

96.00 
48.50 
32.67 
24.75 
20.00 
16.83 
14.57 
12.88 
11.56 
10.50 

8.92 
7.79 
6-94 
6-28 

FINAL SHUT-IN • 

950 ill Total Flow Time, t s 
P r e s s u r e |j 
( o . s . i . ) li 8 

261- 5 til 
276.0 II 
283.0 1 
283.0 1 
291,5 
294-0 
296. 5 
298.5 1 
300.0 
301.5 
304.5 
306.5 
308.5 
310,0 i 

1 
1 
1 
1 
1 
1 

• 

t - t e 

NONE 

H^ 

; 

-

P r e s s u r e 
( o . s . i . ) 
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ROGER L. H0EC2R 
. Cww/rwf Cmaimgut 

x m 3 * amiljitm Slnmt. Smta Set 
D t m n . C a l M t ^ i022S 

CSn) 799.<H9I 
Oritl.Si«<M.Ta«t r r v M w r * Ammlr*,* Za««r« 

' V J l ' ^ ^ ' ^ ^ ' ^ • ' ^ ^ g^.'-^-n'n i a 

rito4 er«m 

504 TnJTitstgg 
H * l t o « > l * l l l 

MONTANA. CU5TSR i lMIMb tfwr.M Ilto4a 

60 minutes 
k a mwMin 

L-6662 

U. S. Geological Survev 
/UM«, 1MI(-M IIM«a 

None 6/8/77 

Madison Tes t WeH #2 

Winnipeg 

I U t • 

17 
wiMvM. ruixai 

8520-9394 

SAtc i d i i s a 

4/23/7T 

K33 2809 

insns»~ 
Fluid to surface in 9 miniztes; Eowed at approxiznate- average r a t e of 
50 gallons per minute . 
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-5726» 
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SMsndFlew 
B 

f X T 8 A P O l A T l O N SUMMAKT 

noowennTT iiw<Jk 

7 . 4 5 

AL SUMMAJtT O f atSULfS 
(«rcci l«« la^MtMHmiurr, >*.w 

.MItotolL 

2 9 9 7 2 . 6 
w i i i M i i a MfSAfi* r(*to4A«iurr. >« . 

2 9 9 7 . 3 ( f o r e U - 1 Q ' g f f g g t . A > 

I 
None T - 9 . 4 \ 9 . 4 4 . 5 

None I _ 
•MM•• o* NMt> u*4a 0om 

6. I 
•Mtvtfc atav«-*4i< nu>«Ma rauMMA r;ii»t«iini« 

9.3 

^929. ' 309. 
• • fUb «<ta<#«t.kTaa miuiuab 

4 0 3 8 . t 317 . f ? ^ 

iMllab rat ( i i iM»«l* t< K iaxn i i t 

" 3 5 6 1 . 1*3540 (?) 

n 
; t o j 

c 

f a u b <I .«V« CM f l« .< t«p >asM acAMiata o a l M . <I .«V« CM f l« .< t«p >ai 

o7755Sr3uo73875«r3S»Cf!KrT" 

JTL. OI n e a a aoove r^. j i , 
752. ( • 7 3 1 . 

mjartat >«WL iMt>,»4» aw>ia 

None 
> u i a w « k A i t a f tuaM«< 

I 
> a u v / « l ( M T i a B « T M C I u a f . < I < 

4220. I 
•aMfc«T««a»ia»Cawaf««uw(i 

4239. I 

^Conversion Constant of 
2 . 30 ft. / p s i used to c a l ' 
d i l a t e P . S . Elevation 

•MTi4k M<o M<uua« eaii».«»ai 

»«u^ auo »a<ttuaa cOto*.** 

I— 

Lj 120 



H.QCSS. L. HOEGER 
C*.auitimt Cmoiaful 

— n t a S«. UiUitm ittcct. iuicc 301 
Oinnr.Calafnia iOiSS 

(SOS) 739-HSt 

_ Coaanents relative to the analysis of the pressure chart from DST #17, Interval: 
3520-9394', ia the U.S.Geological Survey, Madison Test WeU #2, SE SE Sec. 13, 

' w T1N~E54E, Custer County, Montana: 

"* 1* Sdrapolation of the S2iut-in pressure build-up curve indicates a maxfTTmna 
reservoir pressure of 4038 osx at the recorder depth of 8S3S feet. This in­
dicated Tna-yT-̂ iiTT! reservoir pressure is equivalent to a potentiometric sn r -

. - face elevation of 3561 feet above sea level, based upon the conversion con­
stant of 2. 30 f t . /psi . This potentiometric stirface elevation, is turn, indi­
cates a head of crater above the K.B. of 722 feet. 

' " For comparison purposes, as extrapolation plot, using the Homer method, 
bas been made for the pressure build-up data which were recorded by the 
surface pressure recorder during the shut-in period. This ertrapolation 

— plot inciieates a TnaxT-mum pressure of 317 psi at the elevation of the surfacs 
< ' recorder. This extrapolated pressure is equivalent to a potentiometric stnr-

l ' ^ £ace elevation of -̂ 3540*, based on the conversion constant of 2.20 f t . /ps i . 
I This potentiometric s u r ^ c e elevation is equivalent to a head of water above 
I n the 2C.B. of 731 feet. 

j u 
j 2. The calculated Average Production Hate-n-hich was used hi this analysis, 

1714.3 BPD. is based upon the reported average How rats of 50 gallons per 
minute whic±i was recorded at the surfacs throughout the 504-minute flow 
period. This average production rate and the measured slope of the extra|>-
olatlon plot £br the shut-in pressure build-up curve that was produced by the 
down-hole pressure recorder have been used in the basic Homer equation 

\ '-̂  to calcnlate atxmerical values for the variotis reservoir properties shown 
'j below aad on the smszaazy page. 
- M 
I I J 3. The calculated Damage Ratio of 4.5 indicates that signincaat well-bore dam-
j age was present at the time of this formation test; however, it should be 

aoteti, in view of the volume'rate of production which occurred, this indi­
cated well-bore damage is most probably due to the choke effect of the test 
tool rather than formation damage. 

i 4. The calculated Effective Transmissibility of 29972.6 md.-ft . /cp. indicates 
I j • an Average Permeability of 2997.3 md . / cp . for the estimated 10 feet of ef­

fective porosity within the total 374 feet of iaterval tested. 

> : S. The evaluation criteria used In the DST Analysis Systezn indicate that the r e -
'~ suits obtained in this aaalysis should be reliable within reasonable Uaiits rela-
._ tive to the asstuaptions which have been made. 

n 

L 
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0 
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u 

TIMECMIU: 
PK2 

a.a 
6 .Z 
12«0 
I8,.a 
24.fl 
305 0 
36.0 
42-0 
48«0 
S4.0 
60*0 

<T-?KJ5 
/PHZ 

0.0000 
85-0000 
43*0000 
29*0000 
2Z*ZQZZ 
17.8000 
15.0000 
13*0000 
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10.3333 
'9*4000 

PSZS 
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4022 
40 SS 
4027 
4028 
4029 
4029 
4029 

SXnUPLM OF 7ZSST . 5aUT IU S 4038*1 H I 9*0 
V 
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LJ 

PRESSURE BUILD-UP CURVE INCHST.IENTAL-REA DING DATA 

Company U.S. Geological Survev 
Weil Name & No. Mr»HTgnr̂  T*'»i' Wâ T so 
Location <nr. <9r> <!».m ia 'n;vr.aS4"g- r a s t e r Conntv. Montana 
DST No, !7 Test Interval: 8520-9394 Formation Tested; Wlnniaeg 

Surface 
Becorder No. . ~ . Reqorder Depth 2 ' a b o v e K . B . 

•D 

0 
0 

n 

• 

9 

2 
4, 

f, 
a 

in 
•"? 
<>•» 

r>«; 
30 
M 
fn 
An 

INITIAL SHUT-IN 

Initial Flow Time, t = 

t- i-8 

506 
508 
510 
512 
514 
519 
524 
529 
334 
544 
554 
nfiJ. 

H^ 
253.00 
127.00 

85.00 
64.00 
51.40 
34.60 
26.20 
21.16 
17.80 
13.60 
11.08 

9.40 

304 
P r e s s u r e 
( D . S . i . ) 

FINAL SHUT-IN * _ 

!!| Total Flow Time, t = 

il « 
313.5 :i| 
316.0 ill 
317.0 i( 
317.0 
317.0 
316.5 
315.5 
314.5 
313.0 
313.0 
310.0 

il 
li 
ii 
lj 

li 
ii 
!! 
II 

309.0 ii 
, 

II 

1 

t + 9 ^ 

1 

NONE 

p r e s s u r e 
( p . s . i . ) 

• 

, 

0 
•D 
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D 
D 

•u 

G«aehemlstr7 

\7at8r samples vere collected from drill-stem test: zones that vere 
f" selected to represent major rock types, foraations of various ages, and types 
L of porosity. The vatar chemistry from the selected intervals in Madison test 

veils 1 and 2 and subsequent tests vill be used as control points for inter-
r~ prating regional geologic, geophysical, isotopic, and chemical data. 

If the interval floved vhen the inflatable packers vere set above and 
below the zone to be sampled, measurements vere aade of the pE and conductivity 
of the fluid until stabilization of these values and clearing of the vater vere 

'-̂  obtained, iadicatiag formation vater vas being monitored. If the interval did 
not flow, swabblag vas begun to remove sufficieat heavy drllliag mod from the 
vater column aad formation to develop the zoae. If possible, vater samples 
vere collected for aaalysis only after pH aad conductivity measurements 
indicated, that the vater represeated the foraatioa fluid ia the iaterval 
tested. Characteristics subject to variation vith tiae such as pH, temperature, 
alkalinity, aad conductance vere measured in the field at the time of collection. 
Alkaliaity vas determined by pH titration using a standard sulfuric acid 
solution aad preparing a titration curve. The field data, are included r^th the 
laboratory data ia the analyses tables. 

The analyses of vater samples from the Lakota Sandstone, Minnelusa, 
Mission Canyon, Devonian and Silurian, Red River, Rough Lock to ?recambriaa, 
aad a composite of vaters from the Madison into the Red River are shovn ia 
tables 3-9. 
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Table 3.~Watar-quality analysis—Lakota Sandstone 

UNITED STATES OEPiflTMENT OT THE IHTESIOR 
GEOLOGICAL SURVEY " 

CENTRAL LAaOXATOKY, DENVER. COLORAOO 

WATER QUALITY AMALTSIS 
LAB ID i» 43902 KECORO • 57099 

^X^?\JL LOCATIONt OlNS^EiaOOAC 
STATION lo: 45500n0502<>304 LAT.LONG.SEO*! ^SSQOl 1050343 04 
OATS or COLLECTTONJ SESlN—77012S ENO— TIME—1200 
STATE COOEt 30 COUNTY COOE J 075 PROJECT lOENTinCATIONJ 463004900 
OAIA TYPE: 2 SOUflCEl GROUNO WATER GEOLOGIC UNIT: 217LK0T 
COMMENTS: . LAXDTA SWaJSTKlS 

C 
G 
0 

BICARBONATE 
BROMIOE 
CALCIUM DISS 
CARBONATE 
CMLORIOE DISS . 
FLUORIDE DISS 
HARDNESS NUNCARS 
HARDNESS TOTAL 
lOOIOE 
IRON DISSOLVED 
IRON TOTAL 
LITMIW OISSOLVEtJ 
HAfiNESIUM DISS 
MANGANESE DISSOLVED 

HS/L 
M6/L 
MG/L 
MG/L 
HG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 

1130 
1.0 
6*0 
69 
300 
3*5 
0 
la 
0.22 

1300 
16000 
120 
0*7 

70 

MERCURY DISSOLVED 
N02*N03 AS N DISS 
PH FIELD 
PH LAS 
POTASSIUM DISS 
SAR 
SELENIUM DISSOLVED 
SODIUM DISS 
SODIUM PERCENT 
SP* CONDUCTANCE FLD 
S P . CONDUCTANCE LAS 
STRONTIUM DISSOLVED 
SULFATE 0155 
ZINC DISSOLVED 

UG/L 
DETR. 

HG/L 

UO/L 
MG/L 

UG/L 
HG/L 
UG/L 

0*0 
0EL£TSa 

8*3 
a.s 
3*a 
72 
0 

700 
99 

2790 
29S0 
130 
130 
30 

f ' 

„ CALCIUM DISS 
MAGNESIUM DISS 

•J. POTASSIUM DISS 
SOOIUM DISS 

:^- Li 

CATIONS 

CMG/LJ 
6*0 
0*7 
3*5 

700 

TOTAL 

ANIONS 

CHEQ/L) 
0.300 bICARBONATE 
0*058 CARBONATE 
0.098 CHLORIDE DISS 

30.4S0 FLUORIDE OXSS 
SULFATE DISS 

30.9U4 

CMG/LJ 
1130 
69 
300 
3*8 

130 

(MES/L) 
18.521 
2.300 
S.463 
0.201 
2.707 

TOTAL 32.190 

PERCENT DIFFERENCE -2.04 

f 
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Table 4.—Watar-cuality analysis—Minnelusa 

UNITED STATES OEPAWTHtHT* OF THE INTERIOR 
GEOLOGICAL SURVEY 

— CENTWAL LAaOMATORY, DENVER. COLORADO 

WATER DUALITY AMALYSIS 
LAS ID • 43901 RECORD ». 57097 

i SAMPLE LOCATION: 01NS4£18OOAC 
'-̂ STATION ID: 4S500H05324303 LAT.L0NG.S20-» 4S5001 2 050243 03 
. DATE OF COLLECTION: BEGIN—.770123 END— TIME—-1200 

OSTAlE CODE: 30 COUNTY CODE: 075 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SnURCE: GHOUND WATER GEOLOGIC UNIT: 310W{LS 
COMMENTS: KIXNELUSA 

r 
1 

~. BICARBONATE 
BROMIDE 

i . CALCIUM DISS 
CARBONATE 

p CHLORIDE DISS 
FLUORIDE DISS 

1̂  HARDNESS NONCARB 
HARDNESS TOTAL 

n IODIDE 
j IRON DISSOLVED 
" IRON TOTAL 
LITHIUM DISSOLVED 

•* HASHES IUM DISS 
MANGANESE DISSOLVED 

HG/L 
H6/L 
MG/L 
MO/L 
MG/L 
DETR 

MG/L 
MG/L 
HG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 

443 
0,5 

420 
0 

15000 
. DELETED 
5200 
5600 

0.03 
IBOO 

40000 
15000 
1100 
710 

MERCURY DISSOLVED 
N02-N03.AS N DISS 
PM FIELD 
P** LAB 
POTASSIUM DISS 
SAR 
SELENIUM DISSOLVED 
SODIUM DISS 
SODIUM PERCENT 

• SP . CONDUCTANCE FLD 
SP. CONDUCTANCS LAB 
STRONTIUM DISSOLVED 
SULFATE DISS 
ZINC DISSOLVED 

UG/L 
DETR 

MG/L 

UG/L 
MG/L 

UG/L 
MG/L 
UG/L 

0.0 
. DELETED 

7.0 
7.5 

420 
82 
1' 

14000 
83 

43200 
SOOOQ 
2400 
13000 
830 

:J 

U . 
_ CALCIUM DISS 
n MA3NESTUM DISS 
Ll POTASSIUM DISS 

SiOOJl̂ M DISS 

CATIONS 

(MG/L) 
420 
1100 
420 

14000 

O 

tHEO/L) 
20.958 BICARBONATE 
90.«46 CARBONATE 
10.740 CHLORIDE DISS 

609.000 SULFATE DISS 

TOTAL 731.183 

ANIONS 

<MG/LJ 
440 
0 

15000 
13000 

{MEO/LJ 
7.212 
0,000 

423*150 
270.660 

TOTAL 701.02] 

D 
PERCENT DIFFERENCE 2.11 
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Table 5.—Water-Quality analysis—tMisslon Canyon 

UNITED STATES 0EP4HTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABOWATUKY. DENVER. COLCRADO 

WATER DUALITY ANALTSIS 
LAS ID • 111011 WECURO « 65395 

r SAMPLE LOCATiaNi 01NS4E18OOAC 
r STATION ID: 455001105024313 LAT.LONG.SEO*: 455001 1050743 
DATE OF COLLECTION: BEGIN—770417 END— TIHS—OlflO 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 

O DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 331HSNC 
COMMENTS: MISSION CANYON 
SULFUflOUS OOOS—3LACX SUSPENDED MATERIAL.CLOUDY. MAY BE COMPOSITED AS 

^ SP COND WAS NOT STASLEI FIELD VALUE VSZD FOR &ICARBI RAO-CHEM SPLIT 
i OFF! OEPTH(FT)16796-7036 

13 

ALK*70r (AS CACD3} 
'-. ALUMINUM DISSOLVED 
ARSENIC DISSOLVED 

... BARIUM DISSOLVED 
BICARBONATE 
BORON DISSOLVED 
BROMIDE 
CADMIUM DISSOLVED 
CALCIUM DISS 
CARBONATE 
CHLORIDE DISS 
CHAOHIUM DISSOLVED 
COPPER DISSOLVED 
FLUORIDE DISS 
HARDNESS NONCARB 
HARDNESS TOTAL 
IODIDE 

n IRON DISSOLVED 
rl LEAD DISSOLVED 

LITHIUM DISSOLVED 
MAGNESIUM DISS 
MANGANESE DISSOLVED 

0 
0 

MG/L 
UG/L 
UG/L 
UG/L 
HG/L 
UG/L 
MG/L 
UG/L 
MG/L 
HQ/L 
MG/L 
UG/L 
UG/L 
HG/L 
MG/L 
HG/L 
MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 

330 
0 • 
5 

IOO 
407 
1400 

3.0 
1 

350 
0 

SSO 
TO 
0 
4.3 

820 
1200 

0.08 
11000 

11 
600 
65 

1800 

MERCURY DISSOLVED 
MOLTBOENUM DISSOLVED 
NITROGEN TOTKJD AS N 
PH FIELD 
PH LAB 
PHOSPHORUS OIS AS P 
POTASSIUM DISS 
RESIDUE OIS CALC SUH 
RESIDUE OIS TON/AFT 
RESIDUE DIS lAOC 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVED 
SOOIUM DISS 
SODIUM PERCENT 
SP. CONDUCTANCE FLD 
SP* CONDUCTANCE LAS 
STRONTIUM DISSOLVED 
SULFATE DISS 
SULFIDE TOTAL 
VANADIUM DISSOLVED 
VrATER TEHP (DES C3 
ZINC DISSOLVED 

UG/L 
UG/L 
HG/L 

MG/L 
MG/L 
MG/L 

MG/L 

UG/L 
MG/L 
HG/L 

UG/L 
MG/L 
MG/L 
UG/L 

UG/L 

0.0 
0 
0.10 
7.2 
7.2 
0.10 

62 
3210 

4.54 
3340 

7.2 
0 

59 
560 
50 

3600 
4330 
12000 
1300 

3.4 
20 
3 3 . 8 

320 

0 
0 

CATIONS ANIONS 

CALCIUM DISS 
MAGNESIUM DISS 
POTASSIUM DISS 
SODIUM DISS 

(K6/U 
350 
65 
62 

560 

IHEQ/L) 
17.465 BICARBONATE 
5.347 CARBONATE 
1.586 CHLORIDE DISS 

24.360 FLUORIDE DISS 
SULFATE DISS 

(MG/L) 
407 
0 

SBO 
4,3 

1300 

{HEO/L) 
6;671 
0.000 
16.362 
0.277 

27.066 

TOTAL 48.757 TOTAL 50.325 

PERCENT DIFFERENCE • - 1 . 5 8 
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Table 6.—Water-quality analysis—Devonian and Silurian 

UNITED STATES OEPAWTMENT OF THE I.STSRIOR 
GEOLOGICAL SURVEY 

— CENTRAL LAaOKAlOHT, DENVER. CaLOVAOO 

WATER QUALITY ANALYSIS 
_ LAS ID • lllOOa HECORD » 65887 

; SAMPLE LOCATION: 01NS4£iaOOAC 
STATION ID: 4S500lltiS0243U LAT.LONG.SEQ*: 453001 1050243 11 
DATE OF COLLECTION: SEQIN—77041^, £ N 0 — TlH£—1700 

0STATE CODE! 30 COUNTY CODE: OIT PROJECT IDENTIFICATION; 463004900 
DATA TYPE: 2 SOURCE: GROUNU WATER GEOLOGIC UNIT: 
COMHENTS: OEVCNIAN AilD ZIlURUit 

MUDDY—LT BROVN COLOR AFTER SETTLED: FIELD VALUE USED FOR BICARB: 
DEPTH(FTJ: 7766-8006 r 

.- AL;««T0T (AS CACa3) 
ALUMINUM DISSOLVED 

_ ARSENIC QISSCLVEO 
BARIUM DISSOLVED " 

• p BICARBONATE 
i j BORON DISSOLVED 
1 U BROMIDE 

CAOHIUH DISSOLVED 
i n CALCIUM DISS 
] IJ CARBONATE 
1 " CHLORIDE DISS 
1 CHROMIUM DISSOLVED 
j n COPPER DISSOLVED 

FLUORIDE DISS 
"" ^ HARDNESS NONCARB 
f HARDNESS TOTAL 

• f f] IODIDE 
'•••]• U IRON DISSOLVED 
:i ^ LEAD DISSOLVED 

LITHIUM DISSOLVED 
.: R MAGNESIUM DISS 

IJ MANGANESE DISSOLVED 

MG/L 
UG/L 
UG/L 
UO/L 
HG/L 
UG/L 
HG/L 
UG/L 
HG/L 
MG/L 
MG/L 
UG/L 
UG/L 
MG/L 
HG/L 
MG/L 
HG/L 
UG/L 
UG/L 
UG/L 
HG/L 
UG/L 

n CATIONS 

' * (MG/LJ 
_ CALCIUM 01SS 270 

MAGNESIUM DISS 40 
Ll POTASSIUM DISS 190 

SOOIUM DISS 2100 

n 
1 -u 
i 
i _ 

TOTAL 

330 
50 
2 

100 
464 

19000 
7. 
1 

270 
0 

1700 
140 
4-
5. 

460 
840 
0. 

5400 
2 

4«00 
40 

1500 

4 

9 

IS 

CHEQ/L) 
13 

• 3 

4 
91 

112 

.473 
•291 
• 859 
•350 

.972 

MERCURY-DISSOLVED 
MOLTBOENUM DISSOLVED 
NITROGEN TOTKJD AS N 
PH FIELD • 
PH LAB 
PHOSPHORUS OIS AS P 
POTASSIUM DISS 
RESIDUE DIS CALC SUM 
RESIDUE DIS TON/AFT 
RESIDUE DIS ISQC 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVED 
SODIUM DISS 
SOOIUM PERCENT 
SP* CONDUCTANCE FLD 
SP* CONDUCTANCE LAS 
STRONTIUM DISSOLVED 
SULFATE DISS 
VANADIUM DISSOLVED 
W.ATER TEMP (DEG CJ 
ZINC DISSOLVED 

UG/L 
UG/L 
MG/L 

MG/L 
MG/L 
MG/L 

MG/L 

UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
UG/L 

UG/L 

ANIONS 

(MG/Ll 
BICARBONATE 464 
CARBONATE Q 
CHLORIDE DISS 1700 
FLUORIDE DISS S 
SULFATE DISS 2800 

PERCENT DIFFERENCE « -0.53 

* 

» 

• 9 

TOTAL 

0.0 
13 
9.9 
7.0 
6.9 
0.02 

190 
7420 

10.5 
7700 
32 
0 

40 
2100 
. 81 
8200 
10600 
3400 
2800 
bl 
39.2 
140 

{HEO/LJ 
7.60S 
0.000 

47.957 
0.311 

58.296 

114.168 
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Table 7.—Water-<qual1ty analysis—Red River 

UNITED STATES DEPARTMENT OF T>t£ INTERIOR 
GEOLUGICAL SURVEY 

CENTRAL LABORATOHY. 0£Nv£S, COLORADO 

WATER QUALITY ANALYSIS 
__ LAB ID « 111009 RECORD » 65890 

SAMPLE LOCATION: 01N54E1S0OAC 
'"STATION ID: 4S300110S02431Q LAT.LONG.SEQ.: 455001 1050243 10 
• DATE OF COLLECTION: BfetilN-770413 ENO— TIME-0600 
"STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 361R0HV 
COMMENTS: RB3 RIVES 

_ V; SLIGHT CLOUD—OILY SLICX: FIELD VALUE USED FOR BICARBl RAO-CMEM 
SPLIT OFFJ DE?TH(FTJ: 8115-3353 

lALX.TOT (AS CAC03) 
ALUMINUM DISSOLVED 

-ARSENIC DISSOLVED 
BARIUM OISSOLVEo 

r- BICARBONATE 
BORON DISSOLVED 

L- BROMIDE 
CADMIUM DISSOLVED 
CALCIUM DISS 
CARSON TOT ORGANIC 
CARBONATE 
CHLORIDE DISS 
CHROMIUH DISSOLVED 
COPPER DISSOLVED 
FLUORIDE DISS 
HARDNESS NCNCARp 
HARDNESS TOTAL 

N IODIDE 
IRON DISSOLVED 
•LEAD DISSOLVED 
] LITHIUM DISSOLVED 
MAONESIUM DISS 
MANGANESE DISSOLVED 

Li 

r n 
1. 

MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 
HG/L 
UG/L 
MG/L 
MG/L 
HG/L 
MG/L 
UG/L 
UG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 

290 
0 
1 

100 
351 
9500 

3.9 
0 

270 
17 
0 

S5U 
30 
0 
6.0 

590 
880 

0.09 
laooo 

4 
2000 

' 47 
480 

MERCURY DISSOLVED 
MOLYBDENUM DISSOLVED 
NITROGEN TOTKJD AS N 
PH FIELD 
PH LAB 
PHOSPHORUS OIS AS P 
POTASSIUM DISS 
RESIDUE OIS CALC SUM 
RESIDUE OIS TON/AFT 
RESIDUE OIS I30C 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVED 
SODIUM DISS 
SODIUM- PERCENT 
SP. CONDUCTANCE FLO 
SP. CONDUCTANCE LAS 
STRONTIUM DISSOLVED 
SULFATE DISS 
SULFIDE TOTAL 

. VANADIUM DISSOLVED 
WATER TEHP (DES C3 
ZINC OISSOLVEO 

UG/L 
UG/L 
MG/L 

MG/L 
MG/L 
MG/L 

MG/L 

UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
MG/L 
UC/L 

UG/L 

0.0 
4 

3.2 
6.8 
6.6 
0.02 

. 140 
4570 

6.33 
4690 

16 
0 

43 
1100 
70 

5200 
6400 
9000 
1900 

1.0 
IS 
4S.9 
770 

iU 
f l 

I 

I 
CALCIUM DISS 
MAGNESIUM DISS 
POTASSIUM DISS 

-, SODIUM DISS -

CATIONS 

(HG/L) 
.270 
47 
140 

1100 

TOTAL 

ANIONS 

CHEQ/L) 
13.473 BICARBONATE 
3.867 CARBONATE 
3.580 CHLORIDE DISS 

47.850 FLUORIDE DISS 
SULFATE DISS 

68.769 

CMG/LJ 
351 
0 

850 
6.0 

900 

{HEQ/LJ 
5.753 
0.000 

23.979 
0.316 

39.5Sfl 

TOTAL 69.605 

PERCENT OIFFE -0.60 
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r Table a.—Water-quality analysis—Roughlock to Precambrian 

0 

UNITED STATES DEPARTMENT OF THE INTERIOR ' 
GEOLOGICAL SURVEY 

. ' CENTRAL LASOWATOKY, DENVER. COLORAOO 

VATER QUALITY A.NALYSIS 
LAS ID « 118901 HECORD * 67194 

SAMPLE LOCATION: 01N54£l800AC 
STATION I D : 455001105024301 LAT.LONG.SEQ.: 455001 I0SO?43 01 
DATE OF C O L L E C T I O N : S £ G I N — 7 7 0 4 2 3 END— TIM£—1300 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT: 
COMHENTS i 5DUGHL0CX TO PRECAMBRIA;! 

CLOUDY— VERT GASST SAMPLE; HELD -VALUE USED FCk 
BICARB 

AL<*TOT (AS CACn3) 
ALUHINUM DISSOLVED 
ARSENIC DISSOLVED 
BARIUM DISSOLVED 
BICARBONATE 
BORON DISSOLVED 
BROHIDE 
CADMIUM DISSOLVED 
CALCIUM DISS 
CARBONATE 
CHLORIDE DISS 
CHROHIUH DISSOLVED 
COPPER OISSOLVEO 
DEPTH (FT.FR.SURFACEJ 
FLUORIDE DISS 
HARDNESS NONCARB 
HARDNESS TOTAL 
IODIDE 
IRON DISSOLVED 
LEAD DISSOLVED 
LITHIUH DISSOLVED 
MA6NESIUH DISS 
MANGANESE DISSOLVED 
MERCURY DISSOLVED 

HG/L 
UG/L 
UG/L 
UG/L 
MG/L 
UG/L 
HG/L 
UG/L 
HG/L 
HG/L 
HG/L 
UG/L 
UG/L 

HG/L 
HG/L 
HG/L 
MG/L 
UG/L 
UG/L 
UG/L 
HG/L . 
UG/L -
UG/L 

350 
0 

17 
800 
427 
9700 

9.4 
'0 

1000 
0 

15000 
40 
0 

as2o 
2.9 

3000 . 
3400 

1.1 
3900U 

2 
12000 
200 
1700 

0.0 

H0LY80ENUH OISSOLVEO 
NITROGEN TOTKJD AS N 
PH FIELD 
PH LAB 
PHOSPHORUS OIS AS P 
POTASSIUM DISS 
RESIDUE OIS CALC SUM 
RESIDUE OIS TON/AFT 
RESIDUE OIS TON/DAY 
RESIDUE OIS 130C 
SAR 
SELENIUM DISSOLVED 
SILICA DISSOLVED 
SOOIUM DISS 
SODIUM PERCENT 
SP. CONDUCTANCE FLD 
SP. CONDUCTANCE LAS 
STREAMFL Dw(CF S;-1NST 
STRONTIUM DISSOLVED 
SULFATE DISS 
SULFIDE TOTAL 
VANADIUM DISSOLVED 
WATER TEHP (DEG C) 
ZINC DISSOLVED 

UG/L 
DETR 

MG/L 
MG/L 
MG/L 

HG/L 
-

UG/L 
MG/L 
MG/L 

UG/L 
MG/L 
MG/L 
UG/L 

UG/L 

3 
. DELETED 

6.5 
6.5 
9«0A 

350 
26100 

36.4 
3620 
26800 

63 
0 

46 
8400 

83 
38500 
39800 

50 
40000 
790 
1.4 

500 
67.0 
90 

• 

CATIONS ANIONS 
- - » • . . . . . 

CALCIUM DISS 
MAGNESIUM DISS 
POTASSIUM DISS 
SOOIUH DISS 

(MG/LJ 
1000 
200 
350 
8400 

(MEO/L) 
49.900 
16.452 

. 8.9b0 
365.400 

BICARBONATE 
CARBONATE 
CHLORIDE DISS 
FLUORIDE DISS 
SULFATE DISS 

CH6/LJ 
427 

0 
ISOOO • 

2.9 
790 

CHEO/L) 
6.999 
0.000 

423.150 
0,153 
16,448 

TOTAL 4^0.701 TOTAL 446.749 

PERCENT DIFFERENCE -0.68 
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Table 9.—Watar quality analysis—Conposite of watars from 

Madison Into Red River 

Q 

UNITED STATES 0EP4HTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

CENTRAL LABORATOKY, DENVER. C0L0RA(30 

WATER QUALITY ANALYSIS 
LAB ID 9. 123058 RECORD » 222. 

SAMPLE LOCATION: 0INS4£laODAC 
STATION ID: 455001105024303 LAT.LONG.SEQ*: 435001 10S0243 03 
DATE OF COLLECTION: BEGIN-770429 END— TIME—IOOO 
STATE CODE: 30 COUNTY CODE: 017 PROJECT IDENTIFICATION: 463004900 
DATA TYPE: 2 SOURCE: GROUND WATER GEOLOGIC UNIT! 
COMMENTS: MADISON INTO RED RIVER 

CLOUDY WITH BLACK SPECKS—cFFERVESCENT WITH SULPHU=CUS QnO»; FIELO 
VALUE USED FOR BICAhS; RAO CHEM SPLIT 

JQ 

-f u 

ALi<»TOT (AS CACn3J MG/L 
ALUMINUM DISSOLVED UG/L 
ARSENIC OISSOLVEO UG/L 
BARIUM DISSOLVED UG/L 
BICARBONATE. MG/L 
BORON DISSOLVED UG/L 
BROMIDE HG/L 
CAOHIUH DISSOLVED UG/L 
CALCIUH DISS MG/L 
CARBONATE MG/L 
CHLORIDE DISS MG/L 
CHROMIUH DISSOLVED UG/L 
COPPER OISSOLVEO UG/L 
OEPTH(FT,FR.SURFACE) 
FLUORIDE DISS HG/L 
IODIDE MG/L 
IRON DISSOLVED UG/L 
LEAD DISSOLVED UG/L 
LITHIUH OISSOLVEO UG/L 
HAGNESIUM DISS HG/L 

270 MANGANESE DISSOLVED 
30 MERCURY DISSOLVED 
I MOLYBDENUM OlSSrLVED 
0 NITROGEN TOTKJD AS N 

329 PH FIELD 
9000 PH LAB 

3.3 PHOSPHORUS DIS AS P 
1 POTASSIUM DISS 

320 RESIDUE DIS TON/AFT 
0 RESIDUE OIS ISQC 

770 • SELENIUH DISSOLVED 
20 SILICA DISSOLVED 
0 SOOIUH DISS 

8000 SP. CONUUCTANCE FLD 
5.5 SP. CONDUCTANCE LAfl 
0.06 STRONTIUM DISSOLVEP 

920 SULFATE DISS 
1 SULFIDE TOTAL 

2100 VANAOIUH DISSOLVED 
53 WATER TEHP (OEG C). 

ZINC OISSOLVEO 

UG/L 
UG/L 
UG/L 
MG/L 

MG/L 
MG/L 

MG/L 
UG/L 
MG/L 
MG/L 

UG/L 
HG/L 
MG/L 
UG/L 

UG/L 

560 
0.0 
0 
5.3 
5.8 
7.0 • 
0.08 

130 
5*97 

4390 
0' 

56 
940 

5900 
5800 
8600 
1800 

5.2 
0.0 

49.2 
20 

i 

i 

iG 

CALCIUM DISS 
HAGNESIUM DISS 
POTASSIUM DISS 
SOOIUM DISS 

CATIONS 

CH6/L) 
320 
53 
130 
940 

TOTAL 

CHEQ/LJ 
15*968 
4,360 
3.325 
40.890 

64.542 

BICARBONATE 
CAH30NATL 
CMLOPIOE DISS 
FLUORIDE DISS 
SULFATE DISS 

ANIONS 

CHG/L) 
329 
0 

TTO 
5.5 

1800 

TOTAL 

(HEO/L) 
5.393 
0.000 

21.722 
0.?90 

37,476 

b4,flflO 

PERCENT DIFFERENCE -0.26 
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.X.. "V Preliminary results aad future testiag plans 
L. 

Preliminary aaalysis of some'of the lafomatioa obtaiaed during the drill-
' iag, coriag, aad testiag of Iladison Limestone cest hole 2 foUovs: 

Based on the drill-stem and packer-svabbing tests, all significant vater-
beariag uaits belov the Lakota Sandstone have sufficient head to cause the vater 

:.._ ia them to flow at the land surface, 2,793 ft above sea level. 

i Li 

G 

iO 

The chemical-quality tests indicate that, la the zones tested, there is no 
freshwater (less than 1,000 mg/L dissolved solids). Dissolved solids range from 
a low of about 2,000 mg/L ia the Lakota Saadstone aad the Madisoa Liaestone to 
about 46,200 mg/L in the Miaaelusa. In the Paleozoic section, the vater fresheas 
relative to the Misaelusa aad, vith the exception of the Bed River, becomes 
saltier vith depth. 

ITone of the units tested yielded significant quantities of vater. Flow 
rates ranged from about 5 to 50 gal/min. Pressure heads in the Paleozoic units 
vere in general la excess of 750 ft above land surface. (See table 2 for 
complete flow data.) 

Two cement plugs were placed in the bottom of the veil—one from 9,378 
to 9,084 ft aad the other from 3,884 to 3,422 ft below land surface. The plugs 
vere placed to block upward leakage of highly saline vater (about 26,000 mg/L 
dissolved solids) Chat included a gas show ia the basal Cambrian section. 

13rill-stem tests 6A and 7 included the interval of the gas show in the 
' Cambrian saad. Appareatly the porosity aad permeability of this sand are very 
low as the sand did not yield gas or fluid during the testiag periods. 

Water from the opea-hole part of the well, which begins about 19 ft below 
the top of the Madisoa Limestoae aad eads about 120 ft above the base of the 
Red River, has a head at the surface of 333 Ib/ia^ or about 768 ft above land 
surfaee. Because of the vell-head equipment, the vater cannot flow freely from 
the 13-3/3-la casiag at the land surface. However, one of the 2-in valves ia 
the veil head vas opeaed aad Che veil flowed about 44 gal/min with about 
3 Ib/ia^ back pressure. Using these values, the specific capacity is about 
0.06 (gal/min)/ft of drawdown. This specific capacity is about two orders of 
magnitude less than that of a similar Interval in the iiadison Limestone cest 
veil 1. The vater from the open-hole part of the veil has a dissolved-solids 
concentration of about 4,390 mg/L. 

It is planned to ruu additional geophysical logs and tests la the test 
well this fall. The logs vill iaclude televiever, gamma spectrometer, aad 
possibly trace ejector aad spiaaer stirveys. A vertical seismic profile vill 
be rua ia August. 

The veil construction and vell-head equipment are such that the veil can 
be used for several years as an observation point, a cest laboratory, and for 

p geophysical-eool calibration. 

•I u 

I II 
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