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SECTION 1 

INTRODUCTION 

PURPOSE 

To determine the water development potential of the Paleozoic aquifers 
along the east flank of the Bighorn Mountains west of Sheridan, Wyoming. 

BACKGROUND AND AUTHORIZATION 

The City of Sheridan obtains its municipal water supply from Big Goose 
Creek at the mouth of Big Goose Creek Canyon. The water is diverted 
through an intake structure, screened, chlorinated, passed through 
a settling basin, and conveyed to town through pipelines. Since the 
Sheridan water treatment plant is located in town, users tapped into 
the water transmission lines are receiving unfiltered water. If adequate 
supplies of groundwater could be developed in the vicinity of the 
current water intake facility, this source could be used to service 
the on-line users. If sufficient quantities of groundwater could 
be developed without adversely affecting surface water flows, the 
city could also increase its water supply. In addition, continued 
residential development along Little Goose Creek, southwest of Sheridan, 
suggests the need for increased future water supplies in that area. 

In 1982, Western Water Consultants completed a state-funded investigation 
titled "Potential for Ground Water Development, City of Sheridan, 
Wyoming - 1982." This report identified three broad target areas 
for possible development of the Madison Aquifer (Madison Limestone, 
Jefferson Limestone [Devonian-unnamed in this report], and Bighorn 
Dolomite). 
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As part of the "Tongue River Level I Reconnaissance Study - 1984" 
by Banner Associates, Inc., specific exploration well sites were located 
in the previously identified target areas along Big Goose Creek and 
Little Goose Creek. The local geology, well designs, and estimated 
drilling depths were presented in that study. 

The 1985 Wyoming legislature authorized the Wyoming Water Development 
Commission (WWDC) to conduct Level II Sheridan area water supply inves
tigations. The scope of work on the entire project is contained in 
the contractual agreement between the WWDC and Howard, Needles, 
Tammen, and Bergendoff (HNTB). This report addresses the drilling 
and testing of exploration wells at the previously identified Big 
Goose and Little Goose well sites, and presents information and inter
pretation of groundwater development potential in this area. 

OBJECTIVES 

The objectives of this study are: 1) to determine the quantity of 
groundwater available at the Big Goose and Little Goose well sites; 
2) to develop recommendations for additional development of groundwater 
at these sites; and 3) to provide data and interpretations to refine 
understanding of the hydrogeology of the east flank of the Bighorn 
Mountains. 

PROJECT GOALS 

The goals of this project are: 1) to locate a supplemental water 
supply for the City of Sheridan; 2) to provide a high-quality water 
supply to users tapped into the Sheridan water transmission line; 
and 3) to identify a water supply to meet anticipated demand increases 
along Little Goose Creek. 
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SUMMARY OF FINDINGS 

Big Goose Site 

• The well is cased and cemented through the Chugwater, Goose Egg, 
Tensleep, and Amsden Formations, and completed as an open hole 
in the Madison Limestone, Bighorn Dolomite, Gallatin Formation, 
and Gros Ventre Formation to a total depth of 2538 feet. 

• The long-term, continuous yield of the well is estimated to be 
25 gallons per minute (gpm), predominantly from the Gallatin Formation. 

• Aquifer flow and recovery tests determine a transmissivity of about 
100 gallons per day per foot (gpd/ft), a storage coefficient of 
5 x 10-3, and a shut-in pressure of 230 psi. 

• Development potential at the Big Goose site is small, because of 
low transmissivities. 

• There is little chance that use of the well will effect stream 
flows in Big Goose Creek. 

• The potential for increasing water supply by drilling additional 
wells is not sufficient to justify drilling expense. 

• Test data do not indicate a potential for more than modest production 
increases through well stimulation. 

• It may be possible to develop additional water by deepening this 
well to include production from the Gros Ventre Formation and the 
Flathead Sandstone. 
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little Goose Site 

• The well is cased and cemented 560 feet into the Madison limestone, 
and completed as an open hole through the remainder of the Madison 
limestone, Bighorn Dolomite, Gallatin and Gros Ventre Formations, 
and Flathead Sandstone to a total depth of 2499 feet. 

• The long-term, continuous yield of the well is estimated to be 
90 gpm, predominantly from the Gallatin Formation. 

• Aquifer flow and recovery tests determine a transmissivity of 400 
gpd/ft, a storage coefficient of 10-4, and a shut-in pressure of 
260 psi. 

• Development potential at the little Goose site is moderate. long-term 
yields of 100-200 gpm are possible from multiple wells into 
the Gallatin Formation. 

• It may be possible to develop an additional 100 gpm water by cleaning, 
deepening, and casing the little Goose well to include production 
from the Gros Ventre Formation and Flathead Sandstone. 

• It is estimated that 200 to 300 gpm can be developed from 2 or 
more wells completed through the Flathead Sandstone in this area. 
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General 

• The water from both wells meets all Environmental Protection Agency 
(EPA) primary and secondary drinking water standards. 

• Water production characteristics of these wells, monitored during 
drilling, indicate the Paleozoic section in this area is hydrologically 
separated into at least three aquifers consisting of: 

1) the Tensleep Sandstone, perhaps including portions of the 
underlying Amsden Formation; 

2) the Madison Limestone, perhaps including the underlying Devo
nian-age rocks; and 

3) the lower Bighorn Dolomite and the Gallatin Formation (whether 
portions of the Gros Ventre Formation and Flathead Sandstone 
are effectively part of this aquifer was not determined). 
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SECTION 2 

DRILLING PROGRAM 

This project included the drilling and testing of two wells completed 
in the Madison, Bighorn, and Gallatin Formations, and flow-testing 
of these wells to evaluate the groundwater development potential. 
The area discussed in this report is along the east flank of the Bighorn 

Mountains approximately 15 miles southwest of Sheridan (Figure 2-1). 
Since these wells were funded as exploratory wells, considerable data 
were collected on the Paleozoic hydrogeology of the area beyond that 
strictly necessary to evaluate a specific, pre-defined aquifer. This 
information is presented on a formation-by-formation basis in the 
section on Hydrogeology. Included are water flow and chemistry data, 
summarized lithologies, and discussion of geologic structure, outcrop 
areas, and recharge relationships. 

A section on Aquifer Characteristics outlines the basic concepts and 
procedures used in aquifer testing, then presents analyses and inter
pretation of extensive test data, including determination of aquifer 
transmissivity and storage coefficient, and discussion of potential 
long-term yields. 

Detailed lithologic descriptions, well histories, and mud and bit 
records, water analyses, aquifer test data, and geophysical logs are 
compiled as appendices. 

This section is a summary of the drilling program. Complete data 
are provided in the Drilling Data and Lithologic Descriptions Appendices. 
Details of water production, pressure, and lithologic characteristics 
are incorporated as necessary into the Hydrogeology and Aquifer Charac
teristics discussions. Individual well specifications are summarized 
in the following pages; as-built diagrams with stratigraphic columns 
are provided as Figures 2-2 and 2-3. 
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Big Goose Well 

The Big GOQse Well is located beside Big Goose Creek in the SW 1/4, 
SW 1/4, NE 1/4, Section 35, T55N T86W. This was the first well drilled 
on the project; mobilization began May 30, 1985. The well was drilled 
using standard, direct-circulation, rotary methods. Thirteen and 
three-eighths-inch surface casing was set to 66 feet. A light mud 
was used as a drilling fluid to a depth of 855 feet (just into the 
Madison Limestone), at which point a string of 9-5/8" diameter casing 
was pressure cemented in place from the bottom to near ground surface. 
(While the exact location of the top of the annular cement is not 
known [only cement-cut mud was circulated to the surface], it is clear 
that the well is completely sealed, despite the 230 psi shut-in pressure.) 
Water flow increasing to 20 gallons per minute (gpm) was encountered 
during the drilling of this upper part of the hole; production is 
believed to be primarily from the Tensleep Sandstone. 

The lower portion of the Big Goose Well was drilled using only fresh-water 

circulation. Flow was encountered at a depth of 1054 feet and increased 
intermittently to 43 gpm over the remainder of the hole. Water production 

is believed to come predominantly from the Gallatin Formation. Drilling 
was completed July 2, 1985. The well was subsequently air-developed 
for 12 hours on July 11 without appreciable increase in water production. 

Little Goose Well 

The Little Goose Well is located alongside Little Goose Creek in the 
NW 1/4, NE 1/4, NE 1/4, Section 12, T53N, R85W; mobilization for drilling 
began on August 14, 1985. The well was drilled using standard, direct
circulation, rotary methods. With some difficulty, 110 feet of 10-5/8" 
surface casing was set and drilling continued using a light mud as 
a drilling fluid. Seven-inch casing was set to 552 feet and pressure 
cemented from the bottom to a depth of approximately 140 feet. Drilling 
continued with 800 cubic feet per minute (900 psi) compressed air 
as the drilling fluid. Flow was first noted at 1560 feet, increasing 
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intermittently to 240 gpm over the remainder of the hole. Most of 
the water production comes from the Gallatin Formation. Drilling 
was completed August 28, 1985, and no further development work was 
done. 
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TABLE 2-1: BIG GOOSE WELL SUMMARY 

Owner: State of Wyoming - City of Sheridan 

Wyoming Permit Number: UW 70179 

Location: SW 1/4, SW 1/4, NE 1/4, Section 35, T55N, R86W 

Elevation: 4630 feet 

Total Depth: 2538 feet 

Formation Tops: Artifical fill I Quaternary alluvium - surface; Chugwater 
Formation - 43 ft; Goose Egg Formation - 119 ft; Tensleep Sandstone 
- 346 ft; Amsden Formation - 719 ft; Madison Limestone - 844 
ft; Devonian unnamed - 1789 ft; Bighorn Dolomite - 1920 ft; 
Gallatin Formation - 2355 ft; Gros Ventre Formation - 2510 ft. 

Hole Diameter: Surface to 66 feet - 18-1/2", 66 feet to 855 feet 
- 12-1/4", 855 feet to 2538 feet - 7-7/8". 

Casing: Surface to 66 feet: 13-3/8", 61#, A-55, STC, cemented 
66 feet to surface. 

Surface to 855 feet: 9-5/8", 36#, JIK-55, LTIC I STC, 
cemented 855 feet to surface. 

Drilling Dates: 6/1/85 to 7/2/85 

Testing Dates: 7/17/85 to 7/18/85; 8/16/85 to 8/17/85 

Engineering and Geology: Anderson I Kelly, Laramie, Wyoming 
Project Supervision and Well Design: Larry Wester 
Geologic Logging: Mark Hillenbrand 
Testing Supervision: Larry Wester and Todd Jarvis 

Drilling Contractor: Materi Exploration, Inc., Upton, Wyoming 
Drilling Equipment: Failing 2500 CF drill rig with 5 x 10 duplex 

mud pump 

Cementing Contractor: Sun Cementing of Wyoming, Inc., 

Geophysical Logging: Strata Data, Inc., Casper, Wyoming 
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TABLE 2-2: LITTLE GOOSE WELL SUMMARY 

Owner: State of Wyoming 

Wyoming Permit Number: UW 70444 

Location: NW 1/4, NE 1/4, NE 1/4, Section 12, T53N, R85W 

Elevation: 5180 feet 

Total Depth: Drilled T.D. 2499; 
Logger T.D. 2465 DN-EL 

2454 GR-D due to hole filling in 

Formation Tops: Quaternary to Recent colluvium and alluvium - surface; 
Madison Limestone - 150 ft; Devonian unnamed - 1040 ft; Bighorn 
Dolomite - 1174 ft; Gallatin Formation - 1634 ft; Gros Ventre 
Formation - 1780 ft; Flathead Sandstone - 2408 ft. 

Hole Diameter: Surface to 110 ft: 14-1/2"; 128 ft to 560 ft: 9-7/8"; 
560 ft to 2499 ft: 6-1/8" 

Casing: Surface to 110 ft: 10-5/8", 38#, recernented 110 ft to surface. 

Surface to 552 ft: 7" 0.0., 23#, N 80, BT&C R-2, recemented 
552 to 140 ft. 

Drilling Dates: 8/16/85 to 8/28/85 

Testing Dates: 9/5/85 to 9/15/85 

Engineering and Geology: Anderson and Kelly, Laramie, Wyoming 
Project Supervision and Well Design: Larry Wester 
Drilling Supervision and Geology: Todd Jarvis 
Testing Supervision: Sue Spencer, Larry Wester and Bern Hinckley 

Drilling Contractor: Materi Exploration, Inc., Upton, Wyoming 
Drilling Equipment: Failing 3000 drill rig with two mud pumps 
- Gardner Denver Triplex 5 x 8 and Gardner Denver Duplex 5 x 
10 

Cementing Contractor: Western Company, Gillette, Wyoming 

Geophysical Logging: Goodwell, Inc., Upton, Wyoming - surf. to 560; 
Strata Data, Inc., Casper, Wyoming - 560 to T.D. 
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STRATIGRAPHIC COLUMN AND AS-BUILT DIAGRAM 

LITTLE GOOSE WELL 
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SECTION 3 

HYDROGEOLOGY 

GEOLOGIC SETTING AND STRUCTURE 

Both the Big and Little Goose wells are on the eastern dip slopes 
of the central structural segment of the Big Horn Mountain Range. 
This segment is characterized by steeply-dipping Paleozoic- and Meso
zoic-age strata along the edge of extensive, high-elevation Precambrian 
rock outcrops forming the core of the Range. Eastward-directed thrust 
faulting is common in this segment. Individual thrust blocks are 
bounded by high-angle faults trending obliquely to the mountain range. 

The geology along the east flank of the Big Horn Mountains has received 
considerable study ever since Darton's pioneering work in 1909. Walsh 
(1957) studied and measured the Bighorn Formation in Big Goose Canyon. 
Sando, Gordon, and Dutro (1975) examined the stratigraphy of the Amsden 
Formation in Big Goose Canyon. Langenheim, Reinbold, and Tissue (1976) 
did extensive geologic mapping along this section of the Big Horn 
Mountains. Sando (1976) measured the Madison and Devonian sections 
in Big Goose Canyon. Huntoon (1982) examined the groundwater develop
ment potential of the area. Huntoon's work is included in "Potential 
for Ground Water Development, City of Sheridan, Wyoming - 1982" by 
Western Water Consultants (WWC). 

The WWC (1982) report identified three target areas for possible develop
ment of the Madison Aquifer (Madison Limestone, Jefferson Limestone 
[Devonian unnamed in this report], and Bighorn Dolomite) based on 
potential structural enhancement of permeabilities. Both well sites 
are near the western (shallowest) edges of these target areas. Actual 
siting of the Big Goose and Little Goose Wells within the identified 
target areas was done in the "Tongue River Level I Reconnaissance 
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Study - 1984" by Banner Associates, Inc. The estimated drilling depths, 
local geology, well designs, and recommended well sites are presented 
in that study. 

Big Goose Well Site 

Dips along the mountain front in the area of the Big Goose site are 
generally between 30 and 40 degrees NE, creating long bands of outcrop 
parallel to the range. The Big Goose Well penetrates an unfaulted 
lower Mesozoic and Paleozoic section from the Chugwater Formation 
to the Gros Ventre Formation (Figure 2-2). All of these strata outcrop 
within 1.5 miles southwest of the drill site in the canyon of Big 
Goose Creek (Figure 3-1). No significant faults have been mapped 
in the vicinity of the Big Goose well. Huntoon (1982) identified 
a broad fold trending obliquely to the range in this area and suggested 
locally enhanced permeabi1ities in the Madison aquifer because of 
a proposed increase in fracture density. 

Little Goose Well Site 

At the Little Goose site, the geologic structure is considerably more 
complicated. Due to the variation in formation dips from 40 degrees 
NE to overturned, and a lack of information on the structure at depth, 
the Little Goose Well was sited in the outcrop of the Madison Limestone. 
The well apparently penetrates an unfau1ted geologic section, from 
the Madison Limestone to the Flathead Sandstone (Figure 2-3). Northwest 
of the well site these formations outcrop in long bands parallel to 
the mountain front; dips range from 15 to 80 degrees NE as small NW-SE 
trending folds are superimposed on the general eastward dip (Figure 
3-2) . 
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Just southeast of the well is the Little Goose Creek fault, a major, 
NE-SW trending high-angle fault along the north margin of the Piney 
Creek Thrust Block. Horizontal offset along this fault is approximately 
three miles, juxtaposing the severely deformed Paleozoic section against 
Precambrian rocks. Huntoon (1982) proposed that the Madison aquifer 
(Bighorn Dolomite, Devonian rocks, Madison Limestone) is "intensely 
fractured" along the Little Goose fault, and consequently WWC (1982) 
described this area as having "potentially the greatest ••• fracture 
permeabilities, and therefore well yields" in the entire Sheridan 
area. 

HYDROSTRATIGRAPHY 

The following pages present information and interpretations developed 
on the hydrogeology of each formation penetrated. Since the two wells 
penetrated somewhat different sections, several formations are represented 
in only one well. Where data are available from both wells, a more 
general correlation and interpretation is possible. Thicknesses reported 
have been corrected for dip, for comparability between sites. 

Quaternary to Recent Deposits 

Both the Big Goose and Little Goose wells penetrated recent alluvial 
and colluvial deposits which unconformably overlie the structurally 
tilted Mesozoic and older rocks. 

Big Goose Site - Forty-three feet of alluvial clay, silt, sand, and 
gravel were penetrated near the confluence of Red Canyon and Big Goose 
Creek. This material was not explicitly investigated for water-bearing 
potential. Drilling fluids were slowly lost to a cobble-rich zone 
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from 26 to 34 feet in the well (imposed head = approximately 35 feet). 
This zone would probably yield small quantities of water to shallow 
wells. 

Little Goose Site - The well penetrated 150 feet of locally-derived, 
colluvial and alluvial cobbles and boulders representing the surrounding 
outcrop lithologies. While these deposits should be suited texturally 
to water production, the proximity to Little Goose Creek, over 100 
feet lower than the site, probably precludes a significant degree 
of saturation. Some permeability is indicated by the loss of drilling 
fluid to the hole before this interval was cased off. 

Chugwater Formation 

Big Goose Site - The youngest bedrock formation encountered on this 
drilling program is the Triassic Chugwater Formation. This formation, 
approximately 800 feet thick, is predominantly red siltstones and 
shales. The lowest 76 feet of the Chugwater Formation were penetrated 
at the Big Goose site. Localized sandstones in the Chugwater Formation 
are known to yield small quantities of water elsewhere but no significant 
loss or production of water was observed at the Big Goose site. 

Goose Egg Formation 

Big Goose Site - Below the Chugwater Formation is the Goose Egg Formation. 
This unit is 190 feet thick at the Big Goose site and consists chiefly 
of gypsum, anhydrite and red mUdstone. Well-indurated red siltstone 
beds dominate the lower 50 feet of the Goose Egg Formation. No sign 
of substantial permeability was observed in this formation; flow from 
the underlying Tensleep Sandstone demonstrates that the Goose Egg 
Formation acts as a confining layer. 
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Tensleep Sandstone 

Big Goose Site - The Tensleep Sandstone is the first formation encountered 
which is generally considered to be an aquifer. The formation at 
this site is 313 feet thick. The upper half is predominantly very 
fine grained, well-sorted sandstone; the lower half is mostly aphanitic 
dolomite with interbedded shale, limestone, and siltstone. 

Flow was first observed from the Tensleep Sandstone (against light 
drilling mud) at 450 feet. As drilling proceeded, flow increased 
gradually from the initial <1 gpm to approximately 20 gpm between 
680 and 695 feet. 

Flow was not expected from the Tens1eep Sandstone due to the proximity 
of Tensleep outcrops in the adjacent creek bed (450 feet away, 30 
feet lower than the drill site). Flow from the Tensleep Sandstone 
demonstrates that Big Goose Creek must be gaining water as it crosses 
outcrops of this formation. Recharge occurs as surface water infiltrates 
into high outcrop areas to the south (and presumably north) of Big 
Goose Creek and then migrates through the formation towards the creek. 
Artesian conditions should be encountered in the Tensleep Sandstone 
over most areas east of the mountain front. 

Since the well was never shut in while open to the Tensleep Sandstone, 
the magnitude of the shut-in pressure could not be directly measured. 
However, the pressure required to lift 9 lbs/gal drilling mud out 
of the hole from a depth of 450 feet indicates a minimum shut-in head 
of 36 feet. This also means the hydraulic gradient in the Tensleep 
Sandstone between the well and the creek must be at least as steep 
as .080 (420 ft/mile). 
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The water quality from the Tensleep Sandstone at the Big Goose site 
is marginally within Environmental Protection Agency (EPA) drinking 
water standards. (Further discussion of formation water quality is 
included in the Water Quality section.) 

Amsden Formation 

Big Goose Site - Beneath the Tensleep Sandstone is the Amsden Formation. 
At the Big Goose site the Amsden Formation is 105 feet thick. Dolomite 
and siltstone beds are common near the gradational contact with the 
overlying Tensleep Sandstone; the lower 80 feet are predominantly 
red shale. 

No increase in water production was observed during drilling of the 
Amsden Formation. The fact that there was initially no flow from 
the underlying Madison Limestone (once the 20 gpm of Tensleep flow 
had been cased out of the well) demonstrates that part or all of the 
Amsden Formation acts as a confining layer. 

Madison Limestone 

The target aquifer for this drilling program was the Madison Limestone. 
At the Big Goose site, the Madison is 790 feet thick (the Little Goose 
well was started in the Madison and thus did not penetrate a full 
section). In both wells the upper half of the Madison Limestone is 
almost entirely pale yellow to light gray, predominantly aphanitic 
limestone. Dolomitic limestones and dolomites also occur in the upper 
half of the formation. In addition, at the Little Goose Well, the 
upper Madison Limestone included minor siltstone and sandstone beds 
and limestone breccias. The lower half of the formation at both wells 
is predominantly aphanitic to fine-grained dolomite with lesser amounts 
of limestone. 
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Big Goose Site - Flow was first observed from the Madison Limestone 
at 1054 feet, about 200 feet below the top of the formation. This 
flow was approximately three gpm. Flow increased to six gpm over 
the next 250 feet, then remained in this range for the remainder of 
Madison drilling. No opportunity to shut the well in to measure pressure 
was available. The drilling fluid used was fresh water. 

Little Goose Site - The Madison Formation did not flow, but water 
was produced from the well during drilling with compressed air circula
tion. Approximately 16 gpm was produced immediately below the casing 
string at 550 feet (the pOint at which air drilling started). When 
drilling reached 936 feet (100 feet short of full penetration), a 
water level of 507 feet was measured. This is not a true pumping 
water level since the well had recovered for about one-half hour following 
the "pumping" of 16 gpm during drilling. A true static water level 
at least as high as the adjacent creek bed outcrops (100 feet) can 
be assumed. A minimum drawdown would then be about 400 feet at a 
production rate of 16 gpm. This is equivalent to a transmissivity 
of about 50 gallons per day per foot (gpd/ft), which is a reasonable 
value for unfractured limestone. 

Artesian flows from the Madison Limestone should be obtainable over 
most areas east of the Big Goose site. While artesian conditions 
are almost certainly present in most of the Madison Limestone east 
of the Little Goose site as well, the great depths to this aquifer 
anywhere but in or near outcrops virtually preclude groundwater develop
ment. 

Recharge to the Madison Limestone at either well site is probably 
through local outcrops (Figures 3-1 and 3-2). At the Big Goose site, 
the creek is presumably gaining flow as it crosses Madison Limestone 
outcrops, although no quantitative data were acquired on the hydraulic 
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gradient. At the Little Goose site, an accurate static water level 
was never obtained, so hydraulic gradients towards or away from the 
creek cannot be assessed. 

Field analyses of Madison Limestone water show it to be a hard, alkaline 
water with total dissolved solids of about 200 mg/l from the Little 
Goose well and 400 mg/l from the Big Goose well (Tables 5-1 and 5-2). 
In either case, the water is well within EPA standards for domestic 
and municipal water supplies. 

Devonian Rocks Unnamed 

The Madison Limestone is underlain by an unnamed Devonian-age section. 
Langenheim, et al. (1976) map this unit as the Darby Formation; Huntoon 
(1976) has compiled a geologic column calling this the Jefferson Forma
tion. Mapel (1959) recognized no Devonian-age formations just south 
of the Sheridan study area, but correlated 18 feet of strata at the 
bottom of the Madison Limestone with beds classified as Devonian at 
the north end of the Bighorn Mountains. 

Both the Big Goose and the Little Goose wells penetrated about 108 
feet of Devonian section. These strata are predominantly dolomites, 
with interbedded sandstones, shales, and limestones. The most notable 
lithologic difference between the two sites is the greater sandstone 
content in the upper Devonian section at the Little Goose site. 

At neither site was a significant change in water production observed 
as drilling proceeded through the Devonian section. The water chemistry 
also showed no indication of new input. The presence of the Devonian 
strata is most conspicuously marked by the increase in gamma ray activity 
shown on the geophysical logs. This increase matches the appearance 
of clay and silt fractions found in samples examined during drilling. 

There was not opportunity to collect sufficient data to determine 
whether the Devonian section hydraulically separates the Madison Limestone 
from the Bighorn Dolomite. 
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Bighorn Dolomite 

The Bighorn Dolomite is commonly grouped with the Madison Limestone 
as a single aquifer (Huntoon, 1976; WWC, 1982). A Bighorn Dolomite 
thickness of 363 feet was penetrated at both the Big and Little Goose 
wells. This formation is predominantly aphanitic to finely crystalline 
dolomite with thin interbeds of shale, dolomitic limestone, and limestone. 

In many sections in this area, a basal sandstone member is recognized 
in the Bighorn Dolomite, which is thought to be correlative to the 
Lander and Harding Sandstones elsewhere (Walsh, 1957). Drill cuttings 
from the basal Bighorn indicate no lithologic break from the carbonate 
beds seen in the overlying strata. Examination of outcrops near the 
Little Goose site, however, reveals that a three- to six-foot thick, 
white, very fine-grained, quartz-rich sandstone overlies the Gallatin 
Limestone. 

Big Goose Site - No significant increase in flow was observed during 
penetration of the upper Bighorn Dolomite. Flow was measured at seven 
gpm when the well reached 2112 feet, approximately halfway through 
the Bighorn Dolomite. The flow increased to 10 gpm over the next 
42 feet, and continued to increase on through the formation. As before, 
no opportunity for pressure measurement was available. 

Little Goose Site - Air-lifting during drilling produced 12 gpm at 
1310 feet, again approximately halfway through the Bighorn Dolomite. 
In this case, the production was actually less than was observed during 
drilling of the Madison Limestone. Production increased to 85 gpm 
over the next 130 feet, and increased at a similar rate on through 
the formation. By 1560 feet, 150 gpm was being produced from the 

well and, when air circulation was stopped, 17 gpm of flow was measured. 
The additional water production in the lower Bighorn Dolomite was 
accompanied by a change in water quality (approximately 20% increase 
in conductivity, hardness, and alkalinity, and a 60% decrease in sulfate). 
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Similar water qualities were measured from the mid-Bighorn Dolomite 
on through the first appearance of flow. This indicates that the 
first observation of flow was not the first point at which flow would 
have occurred had drilling ceased. More likely, the well would have 
flowed all through the section had drilling stopped long enough to 
allow water to fill the hole and appear at the surface. 

The similarity in the flow and production response of these two wells 
divides the Bighorn Dolomite into an upper, relatively impermeable, 
unproductive section and a lower, more permeable, moderately productive 
section. The change from non-flowing to flowing conditions between 
the Madison Limestone and the lower Bighorn Dolomite at the Little 
Goose well requires the presence of a separating confining unit. 
Water production characteristics indicate the upper Bighorn Dolomite 
(and possibly the unnamed Devonian rocks) are the confining layer. 
Lack of pressure data from the Big Goose well precludes confirmation 
of hydraulic separation at that site. 

Recharge to the Bighorn Dolomite at the Big Goose site is similar 
to that of the Madison Limestone. Extensive, high-elevation outcrops 
north and south of Big Goose Creek are adequate to provide the artesian 
flow observed. At the Little Goose site, recharge relationships are 
considerably less straightforward. Outcrops of the lower Bighorn 
Dolomite in the bed of Little Goose Creek are only 1000 feet from 
the drill site, at the same or slightly lower elevations. (Discussion 
of recharge at this site is included with that of the Flathead Sandstone.) 

Gallatin Formation 

Due to poor water production from the targeted Madison/Bighorn aquifer, 
both wells were continued on into the underlying Gallatin Formation. 
The formation is approximately 120 feet thick in these wells and consists 
predominantly of dolomites similar in character to the overlying Bighorn 
Dolomite. Minor lithologic differences between the two formations 
include generally darker colors in the Gallatin Formation at the Big 
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Goose site and somewhat greater shale proportions in the Gallatin 
Formation at the Little Goose site. It should be noted that these 
formations can be readily distinguished in outcrop by weathering character 
and macroscopic texture, neither of which is apparent in drill cuttings. 

Water production characteristics, like lithology, show little evidence 
of the Bighorn/Gallatin contact. The gradual increase in water production 
which began in the mid-Bighorn Dolomite continued two-thirds of the 
way through the Gallatin Formation. Below this pOint, flows from 
both wells increased at a much higher rate as additional strata were 
penetrated (up to one gpm for each additional foot in the Little Goose 
well). Flows measured during drilling of the middle and bottom of 
the Gallatin Formation at the Big Goose site were 23 and 43 gpm respec
tively. Flows measured at the top and bottom of the Gallatin Formation 
in the Little Goose well were 50 and 150 gpm, respectively. 

The doubling of flow encountered through the Gallatin Formation at 
the Big Goose site was accompanied by a dramatic improvement in water 
quality. Conductivity, hardness, and sulfate dropped by 40% or more 
from a 17 gpm sample taken when the hole was open through the basal 
Bighorn to a 43 gpm sample taken when the hole had penetrated the 
Gallatin Formation. Considering the dilution from overlying units 
with poorer water quality, the Gallatin water is likely of very good 
quality. At the Little Goose well, a slight decrease in conductivity, 
hardness, and sulfate was also indicated as flow increased during 
penetration of the Gallatin. 

Big Goose Site Recharge - The Big Goose Well was terminated in the 
uppermost Gros Ventre Formation, from which no additional water was 
developed. Considering that the shut-in pressure of a flowing well 
is controlled by the most permeable unit open to the well (if other 
units had higher pressures they would simply lose water via the well 
bore to the most permeable unit), the shut-in pressure of the Big 
Goose well should measure hydraulic head in the Gallatin Formation. 
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Following one day of recovery, this well had 216 psi wellhead pressure 
for a head elevation of 5128 feet (MSL). 

Outcrops of the Gallatin Formation in the bed of Big Goose Creek are 
at elevations between 4900 and 5000 feet. Extensive outcrops away 
from the creek range as high as 6400 feet within 1.5 miles of the 
drill site and up to 8400 feet within the obviously available recharge 
area. Presumably, as with the Tensleep Sandstone and Madison Limestone, 
Big Goose Creek gains water as it crosses the Gallatin and lower Bighorn 
outcrops. Recharge to this aquifer occurs as direct infiltration 
of precipitation falling on outcrops and by infiltration through the 
beds of numerous streams less incised (higher in elevation) than Big 
Goose Creek. These streams drain extensive Precambrian outcrop areas 
to the west. (See following discussion for consideration of Little 
Goose recharge.) 

Gros Ventre Formation and Flathead Sandstone 

Thirty-two feet of the Gros Ventre Formation were penetrated at the 
Big Goose site; full penetration of the formation in the Little Goose 
well indicates a total thickness of 495 feet, assuming a 38-degree 
dip. At the Little Goose site, the Gros Ventre Formation consists 
predominantly of dark green and gray shale, with minor occurrences 
of mudstone and traces of siltstone, sandstone, limestone, anhydrite, 
and pyrite. The 72 feet of Flathead Sandstone penetrated in the Little 
Goose well consist of white, friable, fine- to medium-grained sandstone. 

Lithologically, the Gros Ventre Formation is poorly suited to significant 
water production. Nonetheless, flow from the Little Goose Well increased 
30 gpm as the upper half of the Gros Ventre Formation was penetrated, 
then increased an additional 60 gpm between 2025 feet and 2091 feet, 
in the middle of the formation. This interval roughly corresponds 
to a significant increase in formation porosity as measured by the 
compensated density porosity log (in pocket). No further flow increase 
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was observed as drilling proceeded on through the Gros Ventre Formation 
and into the Flathead Sandstone. 

Flow measurements during drilling were made with a bucket and stopwatch, 
so minor flow variations could not be monitored. The final flow measured 
from the well at the conclusion of drilling was about 240 gpm; the 
well had been flowing approximately this amount for the final day 
of drilling. 

Little Goose Site - The total depth drilled at the Little Goose site 
was 2499 feet. At this depth the drill string was removed and after 
a short wait the first logging tool was lowered down the hole. This 
tool reached a depth of 2465 feet; the second logging run reached 
a depth of 2454 feet. Although the caliper log showed no indication 
of hole enlargement in the remaining Flathead Sandstone section, stability 
of the filled-in portion of the hole cannot be assessed. Cuttings 
recovered from the Flathead Sandstone identify a poorly consolidated 
lithology which may be prone to collapse. Alternatively, the caliper 
log clearly shows significant hole enlargement through the Gras Ventre 
Formation, all lower samples were heavily contaminated by continuing 
detachment of Gras Ventre Formation material, and the well flow carried 
fragments of Gros Ventre Formation for several days following drilling. 
Thus, the loss of hole prior to logging may be due to settling of 
Gras Ventre cuttings in the bottom of the hole. 

Flows were accurately measured with an orifice weir during well testing, 
reaching a maximum of 220 gpm. Within a day, flow had decreased to 
150 gpm, comparable to the flow measured as drilling proceeded through 
the lower Gallatin Formation. Although water from the well cleared 
up during the flow period following drilling, considerable quantities 
of shale, clay, and silt were present at several times during testing. 
The appearance of such debris in the flow coincided with erratic flow 
rates varying as much as 40 gpm. At one point during testing, such 
an episode of erratic flow stabilized at a higher flow, then continued 
to slowly decline in a regular manner (Figure 4-5). 
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Considering the above, and the collapse problems encountered drilling 
the Gros Ventre Formation elsewhere, it seems probable that the Little 
Goose well filled in through at least the mid-Gros Ventre during the 
week between drilling and testing. If so, flow from the Gros Ventre 
has been largely shut off, with occasional influxes of sediment occurring 
as the well "clears its throat." The caliper log of this hole indicates 
the "ragged" character of the Gros Ventre, but indicates the Gallatin 

is relatively stable. Collapse problems may thus be largely confined 
to the Gros Ventre section and may not affect flow from overlying 
formations. 

As at the Big Goose site, the shut-in pressure of the Little Goose 
well is believed to measure head conditions primarily in the Gallatin 
Formation (the effective aquifer may also include the lower Bighorn 
Dolomite). A head elevation of 5780 feet was measured on two different 
occasions following recovery of the well. Assuming the upper Bighorn 
Dolomite is the confining layer above the Gallatin/lower Bighorn aquifer, 
recharge must occur to rocks below the upper Bighorn. (The lower 
limit of this aquifer is unclear; the Gros Ventre and Flathead formations, 
and even fractured zones in the Precambrian rocks,may be included.) 

Rocks below the upper Bighorn Dolomite outcrop at elevations from 
5800 to 7200 feet on the north side of Little Goose Creek, from one 
to three miles northwest of the drill site. No significant drainages 
cross these outcrops (Figure 3-2), so potential recharge is limited 
to direct infiltration of precipitation. Furthermore, between the 
drill site and this outcrop area, the entire Ordovician and Cambrian 
section is exposed in the bed of Little Goose Creek at elevations 
from 5100 to 5400 feet. Because the creek is in hydraulic connection 
with these rocks, the creek level is the potentiometric surface elevation 
at this pOint. As at the Big Goose site, the implication is clear: 
the creek should gain flow as it crosses these outcrops, the creek 
"cuts off" recharge from the north, and recharge to the well area 
should be from the south and west. 
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The minimum elevation of Gallatin aquifer recharge is the head elevation 
in the well itself (5800 feet), assuming a zero hydraulic gradient. 
Gallatin outcrops at or above 5800 feet on the same side of Little 
Goose Creek as the well are limited to about three acres near a local 
drainage divide 2000 feet to the southeast. It is thus clear that 
a more complex recharge system than direct infiltration on the outcrop 
must exist. As has been discussed, head differences preclude recharge 
from stratigraphically higher units, at least in the immediate area. 
Stratigraphically lower units outcrop only at elevations lower than 
the Gallatin, so also are an unlikely source for recharge. 

Attention is thus directed across the Little Goose Fault to the extensive, 
high-elevation Precambrian rock outcrops southwest, south, and southeast 
of the well site. Blackstone (1981) proposes that the Piney Creek 
Thrust dips westward at an angle as low as 45 degrees, requiring continuity 
of the Paleozoic section beneath the thrust block (Figure 3-3). Berg 
(1983) proposes that the dip of the Little Goose fault also decreases 
with depth. A petroleum well located in Section 9, T53N, R84W, approxi
mately three miles east-southeast of the Little Goose well, penetrated 
5800 feet of Precambrian and then encountered Paleocene rocks, demon
strating the qualitative accuracy of Blackstone's and Berg's model 
and restricting the thrust fault angle to approximately 30 degrees. 
The above well went on to a total depth of 15,790 feet in the Madison 
Formation. Presumably, the Paleozoic section is dipping eastward 
beneath the Piney Creek Thrust block, and at some point west of the 
petroleum test well the Gallatin Formation is in contact with the 
fault plane. 

The strata of interest to this investigation are thus in contact with 
Precambrian rocks along several thousand feet of the Little Goose 
Fault and across several miles beneath the Piney Creek Thrust block. 
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Permeability in the Precambrian basement rocks is commonly assumed 
to be quite small. There is virtually no primary permeability in 
these rocks; only through joints and fractures is significant water 
transmission possible. Given the large fault displacements in the 
Precambrian along both the Little Goose and Piney Creek Faults, con
siderable attendant fracturing is likely. This is the source of fracturing 
which led Huntoon (1982) to suggest that permeability in the Madison 
Aquifer may be significantly enhanced along the Little Goose Fault. 
The lost-circulation problems commonly encountered in exploratory 
wells drilling through the Precambrian rocks of mountain flank thrust 
blocks provide direct evidence of fracturing in these blocks. 

Hudson (1965; 1969) observed well-developed zones of jointing and 
fracturing in the Piney Creek Thrust block specifically. Examination 
of Madison outcrops in the area suggests that considerable fracturing 
may also have occurred in this formation, but that many fractures 
have been closed by calcite and fine-grained material deposition within 
this carbonate section. Such healing mechanisms are not readily available 
in the largely insoluble Precambrian rocks. 

It is possible that infiltrating precipitation and stream flow across 
an extensive area of Precambrian outcrops south of the Little Goose 
well are migrating through fractured zones associated with the Little 
Goose and Piney Creek Faults. Discharge of this water is available 
via topographically low exposures of the Precambrian rocks and through 
transfer into permeable sedimentary strata like the Gallatin Formation 
which are in contact with the Precambrian rocks along the fault zones. 
Discharge downdip into the Powder River Basin is believed to be precluded 
by the Buffalo Deep Fault (Blackstone, 1981). 

Water infiltrating the Precambrian block would enter the permeable 
strata, with hydraulic heads controlled by Precambrian rock permeability 
and surface elevations. Much of the Precambrian outcrop in this area 
lies above 8000 feet, more than sufficient to produce the observed 
well shut-in pressure. 
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SECTION 4 

AQUIFER CHARACTERISTICS 

TERMS AND CONCEPTS 

Aquifer tests are made to determine the ability of an aquifer to produce 
water to a well. This may be done by actually producing the well 
at the desired rate for a long time and observing the final drawdown. 
Alternatively, if the hydrologic characteristics of the aquifer which 
determine production can be measured or estimated, it is possible 
to theoretically calculate well performance over a wider range of 
conditions, such as time intervals much longer than can be directly 
tested. These principal aquifer characteristics are transmissivity 
and storage coefficient. 

Transmissivity (T) - The rate at which water of the prevailing 
temperature is transmitted through a unit width of the aquifer 
under a unit hydraulic gradient. T is the product of permeability 
and aquifer thickness. This report uses the transmissivity unit 
of gallons per day per foot (gpd/ft). A common range of values 
for T is from 10 to 500,000 gpd/ft. 

Storage Coefficient (S) - The volume of water an aquifer releases 
from or takes into storage per unit surface area of the aquifer 
per unit change in head. The storage coefficient is a dimensionless 
ratio. Values for S in confined aquifers typically range from 
10-3 to 10-5. 

In general terms, transmissivity a measure of the ability of an aquifer 
to transmit water; storage coefficient is a measure of how much water 
a given volume of aquifer will yield. 
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The mathematics of the most common methods of aquifer testing are 
built upon the work of Theis (1935). Based on aquifer transmissivity 
and storage coefficient, Theis worked out equations for predicting 
water production and drawdown with respect to time and well diameter. 
Use of these equations require a number of simplifying assumptions: 

1. The aquifer is homogeneous and isotropic. 
2. The aquifer is infinite in areal extent. 
3. The well penetrates the entire saturated thickness of the 

aquifer. 
4. The transmissivity is constant at all times in the aquifer. 
5. The well is infinitesimal in diameter. 
6. Water is instantaneously released from storage with change 

in head. 

While these assumptions may appear to be highly restrictive, in practice 
it is very common for aquifers to behave as though all assumptions 
were met. No aquifer is infinite, for example, but if the drawdown 
of a well has no effect beyond 2,000 feet away, conditions at 10,000 
feet are irrelevant. 

Careful measurement of drawdown and flow with respect to time are 
combined with a known well size to establish the interrelationship 
of these variables, and so to determine T and S. Knowing these parameters, 
one can theoretically predict beyond the test to any combination of 
time, drawdown, production rate, well size, and well spacing. 

A wide variety of more elaborate aquifer analysis techniques have 
been developed for use where the quality and quantity of input data 
are sufficient to justify their use. Most of the analyses of this 
report are based on variations of the Theis equations. 
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AQUIFER TESTS 

Single-well aquifer tests consist of withdrawing water at a known 
rate (or rates) from the well, while carefully monitoring drawdown 
and time. Since the rate at which a well recovers from a period of 
water withdrawal is also a known function of T and S, water levels 
or shut-in pressures are also normally measured following production. 
Water is produced from a well either by pumping or, if natural flow 
;s sufficient, by controlled flow. Considering the high shut-in pressures 
of the wells of this report, and the considerable cost savings of 
flow tests over pump tests, all testing of these wells was done using 
the natural flow. A variety of combinations of flow and drawdown 
are used over the course of a testing program. 

Step tests consist of a series of flow periods, generally of increasing 
flow. In each period, the flow is held constant by adjusting a discharge 
valve; the reduction in backpressure is monitored as flow proceeds. 
Step tests are used to determine the desirable flow for a long-term 
constant-discharge test (usually the maximum flow which can be reliably 
sustained for the duration of the long-term test), and to investigate 
the well efficiency at various flow rates. 

Well efficiency decreases from 100% as water entering the well encounters 
restrictions, e.g. casing perforations; or loses pressure due to friction 
while moving up the well; or as the flow of water moving toward the 
well bore becomes turbulent (commonly a function of velocity as flow 
is concentrated in fractures). The susceptibility of a well to these 
energy losses is understandably a function of production rate. Losses 
will be expressed as more drawdown (reduction in pressure) for each 
additional increment of production. Theoretically, in a 100% efficient 
well the ratio of yield to drawdown (specific capacity) will be constant 
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at a given time into the test, no matter what flow rate is used. 
In a less efficient well, specific capacity will decrease markedly 
at high discharge rates (Kelly, 1981). 

The presentation of step-test data used in this report is the log-log 
plot of 10910 flow rate vs. 10910 drawdown (Figure 4-1). An ideal, 
100% efficient aquifer will plot as a straight line with a slope of 
one. 

Constant-discharge tests consist of a flow period, commonly one day 
or more, during which discharge is held constant by adjusting a valve 
and monitoring the reduction of backpressure with time. From these 
tests, values for T and S are estimated based on the time-discharge
drawdown relationships. A variety of algebraic and graphical techniques 
are used to analyze these data; the most common graphical presentation 
is a plot of drawdown vs. 10910 time (Figure 4-3). An ideal aquifer 
(one effectively meeting the assumptions listed above) will produce 
a straight line plot beyond the very early time data. Deviations 
from linearity are generally interpreted as spatial changes in aquifer 
transmissivity which become apparent as larger areas of the aquifer 
are influenced by continuing production at the well. 

Constant-drawdown tests consist of a flow period, commonly one day 
or more, during which drawdown is held constant and flow is monitored 
as it declines with time. This is usually accomplished simply by 
fully opening the valve on a flowing well, thus maintaining the back
pressure at zero. Analysis techniques similar to those used on constant
discharge tests are used here, and again the standard presentation 
plot is semi-log, flow rate vs. 10910 time (Figures 4-2, 4-5). An 
ideal aquifer will produce a straight line plot beyond the very early 
time data. 
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Recovery tests consist of stopping production (shutting a valve in 
the case of a flowing well) and monitoring the rise in pressure or 
water level with time. As above, these data are analyzed through 
a variety of techniques; presentation is made on a semi-log plot of 
drawdown vs. 10910 time. An ideal aquifer will produce a straight 
line plot beyond the very early time data. 

BIG GOOSE WELL 

Aquifer Testing 

In view of the high shut-in pressure (225-230 psi), and the relatively 
low flow of the Big Goose well (30-40 gpm), it was decided to flow 
test rather than pump test the well. The production from the well 
might have been doubled by pumping it, but this could have required 
a pumping level in excess of 600 feet. 

The first phase of the testing program at the Big Goose well consisted 
of a step-test. Six steps were run with flow rates of 5.6, 10, 18, 
30, 40, and 50 gpm (Figure 4-1). This test showed that non-linear 
head losses in and around the well were not significant over this 
range of flows. With an assumed storage coefficient of 10-4, the trans
missivity would be between 80 and 90 gpd/ft. Since the well appeared 
to be highly efficient, both constant-drawdown and constant-discharge 
analyses are appropriate, and each type of test was run for a period 
of 24 hours. 

A constant drawdown test was conducted first. The well flowed in 
excess of 100 gpm initially. Over one minute, however, the flow rate 
decreased to about 86 gpm and by the end of 24 hours had decreased 
further to 35 gpm (Figure 4-2). 
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Using the early portion of the test data on the semi-log plot, a trans
missivity as low as 80 gpd/ft was calculated. On the later portion 
of the plot a transmissivity of 105 gpd/ft was calculated. Assuming 
that the well bore has an effective radius of 0.33 feet (the open 
hole radius), the storage coefficients calculated from these portions 
of the curves are about 3 x 10-4 and 6 x 10-5 respectively. Assuming 
an average flow rate of 40 gpm throughout the constant-drawdown test, 
the transmissivity based on the recovery data calculates to be 93 
gpd/ft. Using a Jacob- Lohman curve matching analysis of the constant
drawdown data, a transmissivity of about 90 gpd/ft and a storage coeffi
cient of about 2.2 x 10-3 was calculated. 

The storage coefficient from the curve-matching analysis appears to 
be about one order of magnitude too high based on our previous tests 
of this aquifer in Sheridan County. However, the theoretical flow 
rates for a constant-drawdown test using a transmissivity of 93 gpd/ft 
and a storage coefficient of 3.1 x 10-3 very closely approximate what 
was observed during the constant-drawdown test (Figure 4-2). 

A constant-rate test was conducted following one month of recovery. 
Based on the data from the constant-drawdown test, a flow rate of 
35 gpm was selected for a 24-hour test. A semi-log plot of the data 
from this test is shown in Figure 4-3. Assuming an effective well 
radius of 0.33 feet, the transmissivity and storage coefficient calculate 
to be 93 gpd/ft and 3.6 x 10-3 respectively. A transmissivity of 
85 or 98 gpd/ft can be calculated from the recovery data, shown in 
Figure 4-4, depending on whether the early or late data are used. 
A Theis curve-matching analysis of the data indicates a transmissivity 
of about 95 gpd/ft and a storage coefficient of about 3.2 x 10-3• 
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Conclusions 

The flow testing showed the transmissivity of the aquifer to be about 
90 to 100 gpd/ft and the storage coefficient to be about 5 x 10-3• 
When the transmissivity is low, as at the Big Goose site, the storage 
coefficient has a major influence on how the effects of withdrawing 
water propagate away from the point of discharge. The following are 
the theoretical drawdowns at a point 2500 feet away from the well 
after discharging 50 gpm for one year, with a transmissivity of 100 
gpd/ft, but with various storage coefficients: 

Storage Coefficient Drawdown (ft) 

5 x 10-3 4.9 
1 x 10-3 49 
5 x 10-4 81 
1 x 10-4 166 
5 x 10-5 205 

Alternatively, the theoretical drawdowns at a point 2500 feet away 
from the well after discharging 50 gpm for one year (assuming a storage 
coefficient of 3 x 10-3) at various transmissivities are: 

Transmissivity (gpd/ft) 

100 
200 
500 

1000 
1500 

Drawdown (ft) 

13.4 
16.7 
14.4 
10.0 
8.5 

As the tables show, the effects on the system 2500 feet away from 
the well are strongly influenced by the storage coefficient. When 
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the transmissivity increases, the effects are spread over a much larger 
area and for this reason the drawdown decreases at transmissivities 
of 1000 and 1500 gpd/ft (drawdown is increased at some point further 
from the well). 

The low transmissivity found at this well is not particularly surprising. 
Very low transmissivities have been encountered in other wells in 
this aquifer in Sheridan County. The storage coefficient observed 
at the Big Goose well is, however, the highest for this aquifer encountered 
anywhere in the area. Usually, the storage coefficient for this aquifer 
is on the order of 10-4• The reason for the high storage coefficient 
is uncertain. A positive boundary such as a zone of higher transmissivity 
near the well could cause the storage coefficient to appear higher 
than normal. However, no definite boundaries were detected in either 
the flow tests or subsequent recoveries. 

It should be noted that it is not reliable to determine the storage 
coefficient using only the data from a producing well because the 
effective radius of the well bore has to be assumed. Observation 
wells are typically used for these calculations becuase their radial 
distance from the producing well can be determined accurately. However, 
the data clearly indicate that the storage coefficient is higher than 
usual. If the storage coefficient is as high as calculated from the 
constant-rate and constant-drawdown tests, the potential drawdown 
effects away from the discharge pOint will be minimal. 

LITTLE GOOSE WELL 

Aquifer Testing 

Seven days after the Little Goose Well was shut in following drilling, 
a pressure of 259 psi was measured. Testing began on the Little Goose 
Well with a step test. The well was allowed to flow at 76, 126, and 
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176 gpm. Silt and clay continued to be developed from the well inter
mittently during step testing. At one point, fragments of shale were 
carried in the flow. This is taken as evidence of hole collapse, 
probably in the Gros Ventre Formation. The step test indicates the 
well approaches 100% efficiency. The transmissivity indicated by 
the step test (assuming a storage coefficient of 1 x 10-4) is 500 
gpd/ft. 

One day of recovery following the brief step test produced a shut-in 
pressure of 257 pSi. Flow testing continued with a six-day, constant
drawdown test during which flow declined from 220 gpm to 123 gpm. 
As discussed above under Hydrogeology of the Gros Ventre and Flathead 
Formations, the well apparently was collapsing during this flow test. 
Brackets on Figure 4-5 denote the range of flow fluctuation. Flow 
from the well was cloudy through most of the first four days of testing, 
with an episode of heavily sediment-laden flow (including shale fragments) 
from 130 to 230 minutes. A second episode of fluctuating flow around 
1500 minutes was also accompanied by an increase in sediment production. 

The deviation from the performance of an ideal aquifer (straight line 
in Figure 4-5) around 1500 minutes fits a model of hole collapse and 
clearing. The flow is initially decreased (collapse), jumps briefly 
as the "plug" is overcome, then returns to normal as the sediment 
is cleared from the well. The deviation around 200 minutes cannot 
be explained so simply, for the flow does not return to the previously 
defined flow/time line. Instead, a new line is defined at a higher 
flow rate as though a formerly excluded portion of the well has been 
opened up. 

Due to obvious hole collapse problems (believed to be largely confined 
to the Gros Ventre Formation), the present depth of the Little Goose 
Well is unknown. Water production from the Gallatin Formation was 
150 gpm following approximately one day of flow during drilling. 
That the flow, after the jump at 250 minutes, reached 150 gpm in just 
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over one day suggests the Gallatin Formation as the predominant source 
during testing. It may be that repeated flow and recovery periods 
could clear additional material from the well and thus increase produc
tion. It appears doubtful, however, that an open hole could be maintained 
for an extended period through the Gros Ventre Formation. Assuming 
that the Little Goose Well has cleared accumulated sediment from the 
Gallatin Formation, and that collapse has largely excluded Gros Ventre 
and Flathead production, the latter portion of the flow test provides 
a means of predicting long-term Gallatin Formation productivity. 

Both straight line and curve matching solutions applied to the Little 
Goose Well data give transmissivity values from 400 to 450 gpd/ft 
and a storage coefficient on the order of 10-4• These values a~e 
quite reasonable, and typical of relatively unfractured carbonate 
aquifers. It should be noted that flows in excess of 100 gpm were 
produced with nearly 600 feet of pressure drawdown. Were it not for 
the very high shut-in pressure on this well, water production would 
be small. 

The recovery data from the Little Goose Well are plotted on Figure 
4-6. As would be expected in a hole with collapse problems, this 
test is considerably more stable than the flow test. The analytical 
techniques applied to the recovery data are rigorously applicable 
only to recovery following a period of constant discharge, but give 
close approximations of transmissivity when a weighted average flow 
is computed (Lohman, 1979). Total flow over the 7449-minute test 
was approximately 1.03 million gallons, for an effective flow rate 
of 139 gpm. Applying this value to the recovery data from the Little 
Goose Well produces values for T ranging from 555 to 475 gpd/ft. 
The slight decrease in T beyond 200 minutes probably reflects a small 
change in permeability some distance from the well. Such variations 
are commonplace in carbonate aquifers where permeability is chiefly 
secondary and therefore unevenly distributed. 
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Conclusions 

With the understanding that the integrity of the lower portion of 
the Little Goose Well will remain in doubt until further data are 
acquired, the most reasonable hypothesis is that the well is producing 
predominantly from the Gallatin Formation with a transmissivity of 
approximately 450 gpd/ft and a storage coefficient of 10-4. These 
parameters indicate that, if left free-flowing (drawdown = 594 feet), 
the well would be producing at the following rates: 

Time (years) 

1 

5 

10 
20 

.25 

.5 

Flow Calculations 

Flow (gpm) 

109 
106 
103 
96 
93 
90 

A potentially important problem with wells as close to streams as 
the Little Goose Well is conflict with streamflows. Considering the 
relatively low transmissivity of the aquifer at the Little Goose site, 
streamflow impacts are probably quite small. A cursory, theoretical 
estimation of the magnitude of this effect can be made based on the 
measured aquifer characteristics. The shut-in pressure of the Little 
Goose Well identifies a hydraulic gradient of .300 (1600 ft/mile) 
within the Gallatin Formation between the well and the Gallatin outcrops 
in the bed of Little Goose Creek (2000 feet away). If the aquifer 
is hydraulically continuous between the area of the well and the creek, 
this gradient requires that the creek be gaining water as it crosses 
Gallatin Formation outcrops. 
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Application of the Darcy equation (discharge = hydraulic gradient 
x hydraulic conductivity [transmissivity divided by aquifer thickness] 
x cross-sectional area) provides an approximation of the flow rates 
involved. Assuming an aquifer tranmissivity of 450 gpd/ft, an aquifer 
thickness of 100 feet, the above gradient, and a creek outcrop area 
of 10,000 square feet, inflow to the creek should be only 10 gpm. 
Even if this inflow were totally eliminated due to production from 
the Little Goose Well, the impact on streamflow would be imperceptible. 
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SECTION 5 

WATER QUALITY 

GENERAL 

The water from both the Big Goose and Little Goose Wells meets all 
of the primary and secondary drinking water standards set by the EPA 
as shown in Tables 5-3 and 5-4. The analyses of the water from the 
two wells are similar; the water is a calcium-magnesium-bicarbonate 
type with moderate hardness. Chlorination to inhibit bacteria growth 
in pipelines and fluoridation should be considered if this water is 
used. 

The water from both wells contained relatively low concentrations 
of iron. The iron concentration in the Big Goose Well was less than 
one-tenth of the EPA limit. Water from many of the wells completed 
in the Madison Limestone and Bighorn Dolomite in northern Sheridan 
County contain much higher concentrations of iron. The lower iron 
concentrations measured from the Big Goose and Little Goose Wells 
is probably the result of water production predominantly from the 
Gallatin Formation (the Gallatin Formation was not penetrated in the 
wells in northern Sheridan County). 

WATER QUALITY DURING DRILLING 

Tables 5-1 and 5-2 summarize the chemical constituents measured during 
drilling of the Big Goose and Little Goose Wells. These constituents 
include (1) conductivity, (2) alkalinity as CaC03' (3) hardness as 
CaC03, (4) iron, (5) pH, and (6) sulfate. 
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Examination of these tables reveals that the waters developed from 
the Paleozoic rocks at the Little Goose Well are of generally better 
quality than the waters produced from the Big Goose Well. With the 
exception of the Tensleep-Amsden and upper Madison waters, the waters 
at both sites are similar with respect to alkalinity, hardness, and 
iron. However, the waters developed at the Big Goose site have higher 
conductivities, pH, and sulfate, which may indicate a longer residence 
time within the source formation. 

Big Goose Well - Notable changes in water qualities were observed 
between the Tensleep-Amsden and Madison waters, and between the Madison
Devonian-Bighorn and Gallatin waters at the Big Goose Well. With 
the exception of pH, all constituents were observed to decrease by 
50% or more between the Tensleep-Amsden and the upper Madison Limestone. 
Changes in hardness and sulfate concentrations were noted in the transition 
between the undifferentiated Madison and Devonian rocks and the Bighorn 
Dolomite, where sulfate increased to 110 mg/l. The transition between 
the undifferentiated Madison-Devonian-Bighorn rocks and the Gallatin 
Limestone was not only marked by an increase in flow, but also by 
a sUbstantial decrease in all constituent concentrations. In particular, 
the sulfate concentration decreased by 50% or more. Consequently, 
the water quality in the Gallatin Limestone is better than in the 
overlying aquifers. 

Little Goose Well - Fluctuations in constituent concentrations in 
the waters produced at the Little Goose Well were not as significant 
as at the Big Goose Well. Measured conductivities, alkalinity and 
hardness increased steadily until the middle Bighorn Dolomite was 
penetrated. Conversely, measured pH decreased steadily to this depth. 
Deeper formations did not produce increases in these constituents 
and may have produced a slight decrease. The sulfate concentrations 
did not show any variations within the margin of error of the analytical 
technique used. 

5-2 



WATER QUALITY DURING TESTING 

During testing of the two wells, measurements of conductivity, alkalinity 
as CaC03, hardness as CaC03, iron, pH, and sulfate were taken. Measure
ments of these constituents remained fairly constant throughout the 
testing and were in the range of the analyses conducted at the laboratory. 

One exception was noted during the early phase of the constant-drawdown 
test at the Big Goose Well, when large concentrations of iron were 
measured. Once the well bore volume had been discharged, the dissolved 
iron concentration dropped below the level detectable by the field 
laboratory equipment. The initial high iron concentration is attributed 
to the steel well casing. 

Tensleep Sandstone - Amsden Formation Water Quality 

During the drilling of the Big Goose Well, flow was encountered in 
the Tensleep Sandstone and Amsden Formation. Prior to casing and 
cementing, a water sample was taken. The analysis of this water (Table 
5-3) shows it to be wi"thin EPA drinking water standards for all consti
tuents analyzed. However, the overall quality is much poorer than 
the water obtained from underlying formations. 
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TABLE 5-1: WATER QUALITY ANALYSES DURING DRILLING 

BIG GOOSE WELL1) 

Conduc-
tivity Alka-

Hardness Iron Sulfates Depth (micro- linity pH 
Formation2) (ft) mhos/em) (mg/l) (mg/l) (mg/l) (units) (mg/l) 

Pt-Pa 

Mm 

Mm 

Mm 

Mm 

Mm-Du 

Mm-Du-Ob 

Mm-Du-Ob 

Mm-Du-Ob-
Obl 

Mm-Du-Ob-
Obl-Cg 

838 1100 188 342 0.8 8.0 >200 

1390 550 34 188 0.3 8.0 82 

1483 630 71 188 0.6 8.0 

1586 580 103 222 0.75 8.0 75 

1694 730 188 239 0.5 7.5-
8.0 

1872 680 205 239 0.6 8.5 55 

2012 670 205 308 0.3 8.0 110 

2203 700 205 359 0.3 8.0 125 

2324 670 239 325 0.5 8.0 115 

2538 420 205 0 7.8 <50 

1) All analyses completed using HACH AL-94/WR Boiler 
Water Test Kit 

2) Pt = Tensleep Formation 
Pa = Amsden Formation 
Mm = Madison Limestone 
Du = Unnamed Devonian rocks 
Ob = Bighorn Dolomite 
Obl = Basal Bighorn Dolomite 
Cg = Gallatin Limestone 
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TABLE 5-2: WATER QUALITY ANALYSES DURING DRILLING 

LITTLE GOOSE WELL1) 

Conduc-
tivity Alka-

Hardness Iron Sulfates Depth (micro- linity pH 
Formation2) (ft) mhos/em) (mg/l) (mg/l) (mg/l) ( un its) ( mg / 1 ) 

Mm 

Mm 

Mm-Ou 

Mm-Du-Ob 

~1m-Du-Ob 

Dominantly 
Obl 

Dominantly 
Cg 

Cg and Cgv 

Cg and Cgv 

Cg, Cgv & 
Cf(?) 

700 *290 @ 680 F 130 100 0.7 8.8 6.0 

936 325 @ 580 F 130 120 0.4 8.5 6.0 

1108 370 @ 580 F 170 140 0.0 7.7 4.0 

1310 380 @ 570 F 170 190 0.25 7.6 3.0 

1447 440 @ 590 F 210 220 1.0 7.2 1.0 

1603 450 @ 600 F 230 230 7.4 2.0 

1650 *405 @ 830 F 220 210 0.35 7.2 1.0 

1780 430 @ 620 F 230 220 0.2 7.3 1.0 

2091 430 @ 610 F 225 230 0.45 7.3 4.0** 

2499 425 @ 610 F 230 200 0.1 7.3 6.0 

1) All analyses completed using HACH DR-EL Field Laboratory 
Kit 

2) Mm = Madison Limestone 
Du = Unnamed Devonian rocks 
Db = Bighorn Dolomite 
Obl = Basal Bighorn Dolomite 
Cg = Gallatin Limestone 
Cgv = Gros Ventre Formation 
Cf = Flathead Sandstone 

* Sample collected by driller and analyzed the following 
day 

** No measurable H2S 
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TABLE 5-3: WATER QUALITY - LABORATORY ANALYSES 

BIG GOOSE WELL 
Intermediate 

EPA Intermediate Final Tensleep 
Parameter Maximum Sample Sample Formation 
(mg/l except Contaminant Sample 

as noted) Level 7/18/85 7/19/85 6/19/85 

pH (units) 6.5-8.5 7.9 8.1 7.8 
Total Dissolved Solids 500 210 198 400 
Conductivity (micro-

mhos/sq cm) NS 368 368 658 
Alkalinity NS 200 205 190 
Hardness NS 216 225 
Calcium NS 42 44 89 
Magnesium NS 27 28 23 
Potassium NS 1 1 3 
Sodium 250 2 2 5.8 
Bicarbonate NS 244 250 240 
Carbonate NS 0 0 0 
Chloride 250 4 7 1 
Fluoride 1.4-2.3 0.12 
Sulfate 250 15 18 120 
Arsenic 0.5 <0.004 
Boron NS <0.1 
Barium 1 0.03 
Cadmium 0.01 <0.01 
Chromium 0.05 <0.05 
Copper 1 <0.01 
Iron 0.3 <0.03 
Lead 0.05 <0.05 
Manganese 0.05 <0.01 
Mercury 0.002 <0.0004 
Nitrate (as N) 10 0.03 0.4 
Selenium 0.01 <0.001 
Silica NS 9.4 
Silver 0.05 <0.02 
Zinc 5 <0.01 

Radium 226, pCi/l 51) 0.6 + 0.4 
Radium 228, pCi/l 51) <1.4 "+ 0.9 
Gross alpha, pCi/l 15 1.8 +" 2.1 
Gross beta, pCi/l NS <0.9 +" 1.8 

NS = No Standard 
1) The combined radium 226 + 228 may not exceed 5 pCi/l. 

5-6 



TABLE 5-4: WATER QUALITY - LABORATORY ANALYSES 

LITTLE GOOSE WELL 

EPA Intermediate Final 
Parameter Maximum Sample Sample 
(mg/l except Contaminant 

as noted) Level 9/8/85 9/13/85 

pH (units) 6.5-8.5 7.7 7.7 
Total Dissolved Solids 500 190 204 
Conductivity (micro-

mhos/sq cm) NS 327 359 
Alkalinity NS 190 220 
Hardness NS 213 235 
Calcium NS 44 48 
Magnesium NS 25 28 
Potassium NS 1 1 
Sodium 250 3 3 
Bicarbonate NS 232 268 
Carbonate NS 0 0 
Chloride 250 12 6 
Fluoride 1.4-2.3 <0.1 
Sulfate 250 9 8 
Arsenic 0.5 <0.004 
Boron NS <0.1 
Barium 1 <0.01 
Cadmium 0.01 <0.01 
Chromium 0.05 <0.05 
Copper 1 <0.01 
Iron 0.3 0.08 
Lead 0.05 <0.05 
Manganese 0.05 <0.01 
Mercury 0.002 <0.0004 
Nitrate (as N) 10 0.45 
Selenium 0.01 <0.001 
Silica NS 10.5 
Silver 0.05 <0.02 
Zinc 5 <0.01 

Radium 226, pCi/l 51) 0.6 + 0.4 
Radium 228, pCi/l 51) <1.4 "+ 0.9 
Gross alpha, pCi/l 15 1.8+2.1 
Gross beta, pCi/l NS <0.9 "+ 1.8 

NS = No Standard 
1) The combined radium 226 + radium 228 may not exceed 5 pCi/l. 
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SECTION 6 

DEVELOPMENT POTENTIAL 

GENERAL 

The objective of this project was to evaluate the groundwater development 
potential of the Madison Aquifer along the east flank of the Big Horn 
Mountains west of Sheridan. An earlier feasibility report (WWC, 1982) 
defined the Madison Aquifer as consisting of the Madison Limestone, 
Jefferson Formation (Devonian unnamed in this report), and Bighorn 
Dolomite, and targeted three large, exploratory drilling areas based 
on probable structural enhancement of fracture permeability. This 
project has provided several important revisions to that previous 
concept: 

1) The Madison Limestone and Bighorn Dolomite do not form a single 
aquifer in this area; 

2) Both the Madison Limestone and the Bighorn Dolomite were found 
to have low permeabilities despite any structural enhancement of permea
bility; and 

3) The previously-overlooked Gallatin Formation appears to be the 
most productive aquifer in this ·area (the Flathead Sandstone was not 
evaluated), although it too has fairly low permeability. 

Because of the generally steep dips (>30 degrees) of the Paleozoic 
rocks along this stretch of the Big Horn Mountains, drilling depths 
increase rapidly away from the mountain front. Substantial artesian 
pressure almost certainly prevails in these aquifers for several miles 
east of the mountain front, where it should be possible to develop 
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flowing wells. It appears unlikely, however, that more than small 
yields can be developed. While one cannot exclude the possibility 
of hitting a zone of great water production in any of the carbonate 
aquifers of this section (Madison, Bighorn, Gallatin), it is doubtful 
that the possibility is sufficient to justify the expense of such 
deep well construction. 

The Paleozoic aquifers may provide economical water supplies near 
outcrop areas, although convenient drilling sites are few. Given 
the findings of this report, drilling projects seeking more than small 
quantities of water should probably be undertaken with the option 
of penetrating Cambrian-age strata as well as the overlying Bighorn 
Dolomite and Madison Limestone. The Gallatin has been clearly shown 
to be a useful aquifer in the context of the Paleozoic section; the 
Gros Ventre Formation and Flathead Sandstone should probably be explored 
further. 

The effect of geologic structure on permeability in the study area 
is difficult to assess. On one hand, the Gallatin Formation is con
siderably more productive in the severely deformed setting of the 
Little Goose site than in the broadly folded setting of the Big Goose 
site. Also, fracturing of Precambrian rocks along the Little Goose 
Fault may be responsible for high-elevation recharge to the Gallatin 
Formation at the Little Goose site. On the other hand, the Gallatin 
Formation is not highly productive at either site, and the Madison 
Limestone and Bighorn Dolomite show no indication of permeabilities 
above those expected in any other structural setting. At least in 
these two wells, it is clear that structural enhancement of permeability 
is, at most, a minor effect. 

It should be noted that, geologically, the Little Goose site is among 
the most intensely deformed locations along the Bighorn Mountains. 
Cursory field investigations suggest that fracturing associated with 
folding and faulting of the Paleozoic carbonate aquifers may be signifi-

6-2 



cantly healed through precipitation of carbonate minerals. Such a 
process would not be unique to the Little Goose site, but would be 
a complex function of the paleohydrology and geochemistry of any area. 

Big Goose Site 

The development potential of the Gallatin aquifer is limited by the 
low transmissivity. After the Big Goose Well was completed, some 
consideration was given to hydraulically fracturing the well to try 
to increase the flow. Unfortunately, there is no documentation of 
artificial fracturing of water wells with the low permeability of 
the Big Goose Well. It is therefore difficult to predict how much 
a stimulation procedure would increase the flow. Considering the 
low transmissivity, however, it is unlikely that the flow could be 
increased beyond 100 gallons per minute. 

If a stimulation procedure is to be performed on the well, it may 
be desirable to video-survey the well with a downhole television camera 
prior to conducting the fracturing procedure. This would help determine 
the permeability distribution throughout the aquifer system and may 
identify certain zones which should be isolated for the fracturing 
procedure. Observations made during the drilling of the well indicate 
that the bulk of the present flow is coming from the Gallatin Formation. 
Water analyses conducted in the field during the drilling of the well 
show the Gallatin Formation also has better quality water than the 
Madison Limestone and Bighorn Dolomite. Thus, it may be preferable 
to increase water production from the Gallatin section of the hole. 

An alternative to increase the yield of the Big Goose Well is to deepen 
the well to include production from the Gros Ventre Formation and 
Flathead Sandstone. A significant increase in flow was encountered 
in the Little Goose Well as the Gros Ventre Formation was penetrated; 



no additional flow was observed as the upper 90 feet of the Flathead 
Sandstone (one fourth to one third of the formation) were drilled. 
The implication for the Big Goose site is unclear. Considering the 
predominantly shale lithology of the Gros Ventre Formation, fracturing 
associated with the intense deformation at the Little Goose site may 
be a more likely source of permeability than some stratigraphic feature 
which could be anticipated at other sites. Data from the penetrated 
portion of the Flathead Sandstone is similarly inconclusive: this 
sandstone appears lithologically well-suited to water production, 
yet no significant flow increase was observed at the partially penetrating 
Little Goose Well. Potentiometric relationships were not determined 
at the Little Goose site, however, nor were potentially productive 
zones in the remainder of the formation explored. In summary, the 
conclusion that water supplies can probably be increased by deepening 
the Big Goose Well is based on the lithology of the Flathead Sandstone, 
the success of Flathead wells elsewhere (most notably on the west 
side of the Bighorn Mountains), and the possibility that the Gros 
Ventre Formation may contribute additional water production. 

From an exploration point of view, it is important that deepening 
the existing Big Goose Well would be a considerably less expensive 
approach to investigating the groundwater potential of the Gros Ventre 
Formation and Flathead Sandstone than would construction of a new 
well. 

Little Goose Site 

The main problem with evaluating the Little Goose Well is uncertainty 
in the well completion. Test data, believed to be derived primarily 
from the Gallatin Formation, identify a transmissivity of approximately 
450 gpd/ft, a storage coefficient on the order of 1 x 10-4, and a 
shut-in head of 600 feet. Based on these parameters, theoretical 
calculations indicate continuous flows in excess of 90 gpm can be 
expected from the well for more than ten years. 
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Given the large drawdowns involved, considerable interference should 
be expected between multiple wells in this aquifer. At the dip encountered 
in the Little Goose well (38 degrees), depth increases 780 feet every 
1000 feet horizontally. This probably confines future drilling sites 
to within 1/4 mile of the existing well. Calculations for a ten-year 
period indicate two wells within this area could flow approximately 
65 gpm each. Production could, of course, be increased by pumping, 
but large drawdowns would be required to make a significant difference. 
It is probably unreasonable to expect a total, long-term production 
rate in excess of 150 gpm for the Gallatin Formation even from multiple 
wells. 

During drilling of the Little Goose Well, water flow increased about 
60% as Gros Ventre Formation and Flathead Sandstone production was 
added. It was not possible to make transmissivity determinations 
for these formations due to hole collapse in the Gros Ventre Formation. 
It would probably be significantly less costly to re-work the existing 
well than to develop additional water by drilling another well. One 
could reasonably expect to initially regain the 100 gpm these formations 
produced during drilling. The complete Flathead Sandstone has not 
been explored for groundwater in this area (the Little Goose well 
penetrated only 90 feet), but is known to include major sandstone 
beds (Mapel, 1959) which may be productive. The Flathead is 300-350 
feet thick at this site; exploration drilling should attempt full 
penetration. 

Differences in pressure between the Flathead and the Gallatin Formations 
were not defined by this project. Given the similar geometry of the 
two formations, however, it is reasonable to expect similar recharge 
relationships and a similarly high shut-in pressure for the Flathead 
Sandstone. If the Flathead Sandstone is as permeable as the Gallatin 
Formation, the potential exists to double or triple the combined aquifer 
transmissivity through addition of the greater thickness of the Flathead 
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Sandstone. If such were the case, production from individual wells 
could be as high as 200 gpm. Interference between wells would still 
be a problem, as discussed above, but a long-term, multiple well production 
rate of 300 gpm is certainly possible. 

Continued drilling of the Little Goose well will almost certainly 
encounter a variety of hole stability problems. The original drilling 
was trouble-free in terms of such problems as losing hole at connections 
or the hole caving in around the bit. However, the ragged character 
of the caliper log through the Gros Ventre Formation, the major sample 
contamination problem, the loss of hole during logging, and the instability 
of the flow test all demonstrate a tendency to collapse. 

One solution to this problem would be placement of a liner through 
the Gros Ventre Formation (perforated opposite the Gallatin Formation). 
To preserve the stability of the hole long enough to allow liner place
ment, it might be necessary to use a weighted mud circulation system 
which could be removed from the well once a liner was in place. At 
this depth and pressure a mud weight of 11.3 lb/ga1 should be sufficient 
to balance formation pressure. 
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APPENDIX A1.1 

DRILLING DATA - BIG GOOSE WELL 

Well History 

5/30/85 Dig pits; level location. 

5/31/85 Move in rig; begin rig up. 

6/1/85 Continue rig up; mix mud, commence drilling 12-1/411 hole; 
add reamer above bit and drill 0 to 28'; lost table pin 
down hole; wait on magnet. 

6/2/85 Wait on magnet; fish for table pin; drill 28' to 69'; losing 
small amount of mud to hold all along; trip for bit #2; 
trip for reaminq bit; ream 0' to 46'. 

6/3/85 Ream 46' to 72'; trip out to run 13-3/8 11 surface casing; 
Run and cement casing with 115 sks, just get circulation 
to surface with 140% excess; wait on cement. 

6/4/85 Wait on cement; drill out cement; drill 72' to 238'; trip 
for bit #4. 

6/5/85 Drill 238' to 381'; hard drilling at 280'; reset jacks on 
rig. 

6/6/85 Drill 381' to 440'; trip for bit #5; replace pop-off valve; 
remove broken bolt from rotary table. 

6/7/85 Drill 440' to 475'; first water flow at 450', < 1 gpm; 
service rig; work on swivel packing. 

6/8/85 Drill 475' to 506'; change to 4-1/211 pipe; trip for bit; 
replace weight indicator; repair elevators; work on brake. 

6/9/85 Drill 506' to 547'; especially hard at 510'. 

6/10/85 Drill 547 1 to 574 1
; drilling indicates fractures around 

566 1
; adjust table clutch. 

6/11/85 Drill 587 1 to 598'; trip out; lost bolt down hole; break 
tongs; wait for tongs; trip in; circulate. 
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6/12/85 Trip out; rig up to fish; trip in; circulate to bottom; 
trip out; fish; trip in; drill 7-7/8" hole; drill 598 1 to 
601 1; circulate; trip out; fish. 

6/13/85 Trip in with 12-1/4" bit; drill 601 1 to 635 1; drilling indicates 
fracture at 626 1. 

6/14/85 Drill 635 1 to 668 1; repair pulley. 

6/15/85 Drill 668 1 to 708 1; ream and clean out hole at connection; 
hole making about 20 gpm; picked up extra flow at about 
690 I. 

6/16/85 Drill 708 1 to 7411; repair kelly. 

6/17/85 Drill 7411 to 806 1; repair kelly hose. 

6/18/85 Drill 806 1 to 855 1; circulate to run logs; run gamma ray/com
pensated density log 842 1 - surface. 

6/19/85 Mix mud for sweep; trip in; recondition mud; circulate; 
trip out; run Dual Induction - Laterlog; trip in with one 
joint of casing; trip out; run 28 joints (851.1 1), 9-5/8", 
36#, J&K 55 LT&C, & STC casing; set casing at 853 KB; rig 
up to cement; Sun Cementing of Wyoming, Inc. cemented with 
170 sacks Lite with 3% Cacl and 1/4# Floseal followed by 
100 sacks regular class "Gil cement with 3% CaC1 and 1/4# 
Floseal; cement cut water to surface; float did not hold. 

6/20/85 Finish cementing; wait on cement; move and level rig; weld 
valve on casing. 

6/21/85 Nipple up 8" valve; move and level rig; pick up collar; 
pull float; pick up pipe and run one collar; weld casing; 
trip in; drill out cement; drill 853 1 to 877 1. 

6/22/85 Drill 877 1 for 963 1; replace kelly bushing bolts; trip for 
bit #8; fish for socket; ream to bottom; remove 8" valve; 
repair air line on mud pump. 

6/23/85 Drill 963 1 to 12541; air compressor broke down; attempt 
to repair; run rig off truck compressors; first flow below 
casing observed, 3.2 gal/min at 10541. Note: flow measurements 
during drilling were taken with a bucket and stopwatch. 

6/24/85 Drill 1254 1 to 14171; trip for bit #9; lay down collars; 
well flowing 7.5 gpm at 1311 1; 6 gpm at 13601. 
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6/25/85 

6/26/85 

6/27/85 

Drill 

Drill 
1586' . 

Drill 
1781' . 

1417' to 

1535' to 

1628' to 

1535' ; flowing 4.5 gpm at 1452'. 

1628' ; trip for bit #10; flowing 4.5 gpm 

1793' ; flowing 6 gpm at 1723', 4.5 gpm at 

6/28/85 Drill 1793' to 1950'; flowing 6 gpm at 1872', 4.5 gpm at 
1931'; replace springs and gaskets on mud pump. 

6/29/85 Drill 1950' to 2125'; flowing 7 gpm at 2112'. 

6/30/85 Drill 2125' to 2245'; trip for bit #11; flowing 7 gpm at 
2143'; flowing 10 gpm at 2160'. 

7/1/85 Drill 2245' to 2489'; flowing 12 9pm at 2203'; flowing 17 
gpm at 2324'; flowing 23 gpm at 2437'; flowing 35 gpm at 
2477' . 

7/2/85 Drill 2489' to 2507'; circulate two hours; trip out; run 
Dual Induction - Laterlog and Compensated Density log; flowing 
43 gpm at 2507'; drill 2507' to 2538'; no significant increase 
in flow; trip out; rig down. 
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APPENDIX Al.2 

DRILLING DATA - BIG GOOSE WELL 

Bit Record 

Footage Footage Total Bit 
Date In In Out Footage Number Size & Type 

6/1/85 0 42 42 1 12-1/4" ShO-75 

6/2/85 42 69 (27) 2 12-1/4" DTTJ 

6/2/85 0 72 72 3 18-1/2" OSC-3AJ 
(Reaming Bit) 

6/4/85 47 223 203 2 12-1/4" DTTJ 

6/4/85 223 381 158 4 12-1/4" HPIIJ 

6/6/85 381 598 217 5 12-1/4" FP52J 

6/13/85 598 855 257 6 12-1/4" FP52J 

6/21/85 855 896 43 7 7-7/8" X3A 

6/22/85 896 1311 415 8 7-7/8" J33H 

6/24/85 1311 1586 275 9 7-7/8" J22 

6/26/85 1586 2160 574 10 7-7/8" J22 

6/30/85 2160 2538 378 11 7-7/8" J22 
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Depth (ft) 
69 

102 
133 
164 
223 
253 
282 
310 
336 
363 
393 
421 
449 
477 
509 
540 
570 
628 
658 
689 
719 
750 
957 

1054 
1144 
1234 
1329 
1573 

APPENDIX Al.3 

DRILLING DATA - BIG GOOSE WELL 

Deviation Record 

Drift (degrees from vertical) 

Al-5 

1 

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

1 
1-1/2 
2 
2 to 2-1/4 
2 
3 
3-1/2 
4-3/4 
5-1/4 
5-3/4 
6-1/4 

>6 (off chart) 
9-1/2 

10-1/4 
10-1/2 
12 
12-1/2 
12-1/2 



APPENDIX A1.4 

DRILLING DATA - BIG GOOSE WELL 

Mud Record 

Viscosity Weight 
Date Depth (ft) (sec/gt) (lbs/ga1) Comments 

6/1/85 Surface Mix mud to commence 
dri 11 i ng; 52 
bags gel, two 
bags lime 

6/2/85 64 43 Add 41 bags gel 
through day 

6/3/85 Add eight bags 
gel 

6/4/85 Add 95 bags gel 

6/5/85 Add 91 bags gel 

6/6/85 430 37 9.0 Add 25 bags gel, 
one bag lime 

433 36 9.0 
440 39 8.9 

6/7/85 477 36 8.9 Add 20 bags gel, 
two bags lime 

471 35 Add 22 bags gel, 
two bags lime 

6/8/85 480 39 Add 42 bags gel, 
5 bags lime 

6/9/85 530 Add 85 bags gel, 
10 bags lime 

6/10/85 560 30 Add 20 bags gel, 
two bags lime 
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6/11/85 595 Add 58 bags gel, 
four bags lime 

6/12/85 600 Add 20 bags gel, 
2 bags lime 

6/13/85 620 Add 50 bags gel, 
5 bags lime 

6/14/85 650 Add 20 bags gel, 
two bags lime 

6/15/85 680 Add 33 bags gel, 
three bags lime 

6/16/85 720 Fresh water -
hole making about 
20 gpm 

Notes: 1) Rather than mixing sufficient mud weight to kill formation 
flow, the mud system was simply maintained to the casing depth 
(855 feet). 

2) Drilling below the casing used only fresh-water circulation. 
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APPENDIX A1.5 

DRILLING DATA - BIG GOOSE WELL 

Penetration Rate 

(10-foot average in min/ft) 

Depth 00 10 20 30 40 50 60 70 80 90 

0 8.9 6.5 7.9 9.5 6.5 7.0 5.8 

100 5.8 4.4 4.8 5.7 6.3 5.2 6.6 4.5 6.3 5.3 

200 2.9 2.7 6.6 6.1 4.2 4.6 3.9 3.3 4.7 9.6 

300 10.0 5.1 5.0 8.3 6.9 11.1 6.2 19.0 15.6 17.5 

400 13.6 12.2 9.2 29.0 33.0 40.4 22.·3 23.2 56.8 39.2 

500 34.8 17 .1 39.7 24.1 31.9 28.1 33.9 33.7 39.9 19.9 

600 21.6 17.9 28.1 68.5 23.7 34.3 36.5 36.2 32.4 

700 25.8 36.6 59.0 33.5 19.5 21.2 19.0 21.4 23.0 19.2 

800 16.9 16.4 16.1 17.7 11.3 18.9 4.3 10.1 

900 13.8 17.4 13.8 4.4 4.5 4.0 4.3 3.9 4.8 4.3 

1000 5.1 4.9 2.4 3.7 2.8 3.7 2.5 3.5 3.8 3.5 

1100 4.2 2.7 1.9 2.4 5.7 3.0 5.7 4.4 4.1 2.6 

1200 3.1 1.6 2.6 2.5 2.6 3.3 5.8 6.0 3.5 4.2 

1300 4.6 6.7 14.7 8.8 8.3 6.7 8.3 7.7 4.5 5.1 

1400 3.4 5.9 5.3 4.3 14.1 15.2 15.5 12.4 11.3 10.1 

1500 15.4 11.8 14.0 10.3 9.0 8.9 7.4 9.5 12.8 19.3 
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1600 14.2 13.7 13.3 12.5 11.8 13.7 12.8 13.1 13.1 13.4 

1700 10.6 4.2 2.6 2.4 4.9 6.3 4.9 4.7 5.1 8.2 

1800 8.7 7.4 8.8 8.0 9.4 5.6 7.6 5.8 10.3 8.4 

1900 9.8 10.0 11.6 5.6 6.9 8.8 12.5 6.8 10.0 8.5 

2000 10.0 10.6 12.2 11.8 8.9 5.4 6.9 5.0 4.2 4.9 

2100 7.0 8.2 5.8 7.2 5.3 9.9 10.0 9.1 12.4 9.7 

2200 4.5 7.8 9.7 5.3 8.1 7.9 7.0 5.2 6.5 6.7 

2300 8.8 5.1 4.9 7.7 8.9 8.1 5.1 5.7 5.2 5.5 

2400 6.9 5.2 5.8 5.2 4.5 4.3 3.4 3.6 3.4 3.2 

2500 3.3 
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APPENDIX A2.1 

DRILLING DATA - LITTLE GOOSE WELL 

Well History 

8/14/85 Begin mobilization to rig site; equipment skidded by CAT 
because of wet conditions; negotiate water usage with local 
water commissioner. 

8/15/85 Rig up. 

8/16/85 Finish rigging up; mix mud; drill 0 - 105 ft. 

8/17/85 Trip out at 105 ft to run 10-5/8" 0.0. surface casing; 
run 60 ft of casing; hit obstruction; trip out to ream; 
trip in to ream; rerun casing; hit obstruction; trip out 
to ream; trip in with stabilizer and bit #2. 

8/18/85 Drill 105 - 128 ft; trip out and run 110 ft of casing; hit 
obstruction; cement casing from TO to 26 ft below ground 
level with 70 sks Redi-mix concrete; wait on cement; repair 
mud pump and clean out porta-pits; prepare to drill with 
fresh water; trip in with bit #3. 

8/19/85 Drill out cement; lose some of porta-pit water volume to 
underlying alluvium; cuttings not returning to surface; 
mix mud to regain circulation of cuttings; wait on mud; 
drill 128 - 230 ft. 

8/20/85 Drill 230 - 558 ft; circulate and condition hole for logging; 
short trip up to 100 ft below surface to ream; trip in; 
circulate; trip out and run Dual Induction - Laterlog and 
Compensated Density Log. 

8/21/85 Run 552 ft 7" 0.0., 23#/ft, Buttress thread and collared 
casing; rig up to cement; cement TO to approximately 140 
ft below surface (based on no return and washout zone shown 
on caliper log); total cement used = 75 sks Western Pacesetter 
Lite with 2% CaCl floating on 60 sks of Class G cement; 
wait on cement; rig up and trip in with bit #4 to drill 
out plug; plug won't drill out; trip out to check if bit 
jammed; trip in. 
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8/22/85 Drill 550 - 936 ft; trip out to install bit #5; trip in; 
commence drilling with air at 190 psi airline backpressure 
supplemented with mist foamer injected at a rate of 1-2 
gpm; blow formation water and mist foamer at 16 gpm as gauged 
by a six-gallon bucket and stopwatch; analyze sample (see 
Table 5-2); at 936 ft, blowout formation water for 20 min 
at 16 gpm; analyze sample; trip out to install bit #6; static 
water level measured at approximately 507 ft below ground 
level; trip in. 

8/23/85 Drill 936 to 1310 ft; blow well at 1108 ft for 20 min at 
17-18 gpm; analyze sample; blow well at 1310 feet for 20 
min at 12 gpm; analyze sample. 

8/24/85 Drill 1310 to 1620 ft; blow well at 1440 ft at 85 gpm; notable 
increase in well blow at 1442 ft; driller suggests that 
the change may be due to borehole communication with a cavity; 
blow at 1447 ft at 85 gpm; analyze sample; blow at 1560 
ft at 150 gpm; trip out for bit #7; well flowing at 17 gpm 
with no pipe in hole; analyze sample. 

8/25/85 Drill 1620 - 1780 ft; water sampled at 1650 ft; stop drilling 
with air at 1750 ft and rig up to drill with fresh water; 
porta-pit overflow gauged at 130 gpm; analyze sample; trip 
out to install flange and valve gate at 1780 ft; well flowing 
150 gpm; analyze sample; trip in with bit #5. 

8/26/85 Drill 1780 - 2025 ft; well flow gauged at 180 gpm through 
411 0.0. orifice on wellhead at 2025 ft. 

8/27/85 Drill 2025 - 2388 ft; trip out at 2091 and install bit #8; 
well flow gauged at 240 gpm; analyze sample; trip in. 

8/28/85 Drill 2388 - 2499 ft; driller reports some loss of flow; 
well flow gauged at 240 gpm at TO; analyze sample; trip 
out; wait on logger; log hole with Dual Normal Electric 
Log and Compensated Density Log; initial shut-in pressure 
= 150 psig; pressure increases to 174 psig in approximately 
40 minutes; release rig. 

8/29/85 Shut-in pressure after 15 hours = 230 psig; some spray noted 
around 411 0.0. coupling. 
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APPENDIX A2.2 

DRILLING DATA - LITTLE GOOSE WELL 

Bit Record 

Footage Footage Total 
Date In Out Footage Bit No. Bit Size & Type 

8/16/85 0 105 105 1 14-1/2" used long-tooth 
steel 

8/18/85 105 128 23 2 14-1/2" used long-tooth 
steel 

8/18/85 128 558 422 3 9-7/8" used button 

8/21/85 558 634 84 4 6-1/8" mill tooth 
steel 

8/22/85 634 936 (302) 5 6-1/8" button 

8/22/85 936 1560 624 6 6-1/8" button 

8/24/85 1560 1780 220 7 6-1/8 11 button 

8/26/85 1780 2091 613 5 6-1/8 11 button 

8/27/85 2091 2500 409 8 6-1/8" button 
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APPENDIX A2.3 

DRILLING DATA - LITTLE GOOSE WELL 

Depth (ft) 

90 

273 

535 

634 

936 

1200 

1861 

2256 

Deviation Record 

Drift (degrees from vertical) 

A2-4 

1 

3/4 

4-3/4 

4-3/4 

5 

5 

10 

12 



APPENDIX A2.4 

DRILLING DATA - LITTLE GOOSE WELL 

Mud Record 

Date Depth (ft) Comments 

8/16-18/85 0-128 Add 80 sks gel; 8 sks lime 

8/19/85 128-130 Drill w/ fresh water; lose pit volume; 
mud up. 

8/19-22/85 130-558 Add 96 sks gel; 2 sks caustic; 2 sks 
soda ash; 11 sks lime 

8/22-25/85 558-1750 Drill w/ mist foamer; add 5 gals mist 
foamer periodically 

8/25-28/85 1750-2499 Drill w/ fresh formation water 
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APPENDIX A2.5 

DRILLING DATA - LITTLE GOOSE WELL 

Penetration Rate 

(10-foot average in min/ft) 

Depth 00 10 20 30 40 50 60 70 80 90 

0 0.7 0.8 1.4 4.7 0.8 1.4 0.8 1.5 7.1 

100 2.7 31.8 26.0 1.0 5.2 8.1 5.8 6.9 9.1 5.8 

200 6.1 10.2 4.5 4.5 5.5 2.6 3.7 4.0 2.8 3.0 

300 4.0 2.3 4.5 2.2 1.8 1.4 1.4 1.0 1.7 1.2 

400 1.4 1.0 1.2 1.7 1. J 1.1 1.0 1.4 1.2 1.0 

500 1.4 1.1 0.75 1.0 1.2 0.6 1.4 1.3 1.0 2.2 

600 1.7 2.0 1.5 2.3 3.6 3.2 2.4 2.6 2.3 1.4 

700 1.8 1.2 1.2 1.4 2.3 1.7 2.2 2.0 1.5 2.2 

800 1.9 1.0 0.9 1.1 3.4 3.4 2.4 3.8 3.8 3.5 

900 1.6 2.4 3.6 4.1 7.5 5.7 3.6 3.3 2.0 2.7 

1000 1.8 2.6 2.8 3.3 3.0 2.7 1.9 2.6 2.3 3.6 

1100 3.2 3.4 1.9 2.3 3.2 1.6 1.7 1.6 3.6 3.1 

1200 2.0 1.7 1.1 2.7 3.2 2.7 2.0 2.2 3.0 3.9 

1300 5.4 6.0 6.8 6.1 3.0 5.0 2.3 2.9 3.0 3.2 

1400 3.6 2.6 2.0 2.1 2.4 1.9 2.3 28 3.1 3.1 

1500 3.0 2.1 1.6 2.0 1.9 1.7 1.9 1.4 1.6 2.5 

1600 2.0 3.6 2.6 3.3 2.8 4.0 4.2 

1700 2.2 1.9 2.5 2.2 2.5 1.9 5.7 5.9 3.0 2.3 
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1800 2.6 1.3 1.1 3.4 5.5 7.7 5.7 3.6 4.4 3.1 

1900 4.8 4.2 4.3 4.3 3.5 5.0 5.3 6.0 6.1 6.6 

2000 4.8 3.9 4.8 5.9 4.3 5.1 3.9 4.9 5.6 4.5 

2100 2.4 2.0 2.6 3.1 2.1 2.3 3.9 2.0 2.2 2.9 

2200 1.9 1.5 1.9 1.8 1.3 2.2 1.8 2.0 2.0 2.0 

2300 2.5 2.3 2.5 2.8 3.1 2.8 2.7 3.6 3.5 3.9 

2400 3.3 5.1 2.8 2.9 2.5 2.0 2.6 1.8 1.8 1.5 

2500 2.2 
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APPENDIX B1 

LITHOLOGIC DESCRIPTIONS - BIG GOOSE WELL 



Footage 
( KB) 

0-26 

26-34 

34-48 

48-63 

63-70 

70-85 

Principal 
Lithology 

APPENDIX B1 

LITHOLOGIC DESCRIPTIONS 

Big Goose Well 

Description 
Drilling 
Character 

Quaternary Alluvium & artificial fill - surface 

silt & sand 

cobbles 

silt & clay 

mUdstone 

mudstone & 
sandstone 

sandstone 

red slt & vf snd; scattered 
pebbles & cobbles 

cream, gry, brn, maroon lms 
& white, buff, gry f-mg sst 
cobbles; red, soft, vf-fg, 
slty sst 

red, sli calc, vf sndy slt & 
c1y; some red, soft, calc, 
slty, vfg sst; minor lms & sst 
cobbles aa; minor red, mod ind, 
calc, homo sltst below 40 ft 

Chugwater Formation - 43 ft 

red, soft, calc, sli slty, 
mudst 

mudst aa, soft-mod ind, grad
ing into: red, soft, calc, 
slty, vfg sst wi finely 
disseminatd gyp crystals 

red, soft, sli calc, slty, vfg 
sst wi fine gyp crystals, lo
cally wi b1k stained blotches 
on parting surfaces; small cal
cite inclusions noted at 80 ft 

B1-1 

rough on rocks, 
smooth in between 

very rough, uneven 

consistent, sli 
rough 

smooth, steady 

increasing 
roughness 

smooth, steady 



85-105 sandstone & sst aa, fg; pink wi 19t gry smooth, steady 
mudstone mottling, mod ind, non-calc, 

f-mg sst wi tr mica grains; 
wi thinly interbedded red, 
soft-mod ind, non-calc, homo 
mudst; mudst fraction increas-
ing, locally well ind 

105-123 mudstone red, soft, non-calc, sli slty smooth, steady 
mudst wi fine gyp crystals 

Goose Egg Formation - 119 ft 

123-128 gypsum white-1gt gry, opaque-s1i smooth, steady 
translucent, vf-fg gypsum 

128-145 gypsum & gyp aa wi finely interbedded penetration rate 
mudstone red, sli slty mudst aa; pink varies, but all 

& 19t grn mottled, well ind, drills smooth & 
fg, sli slty sst wi minor steady, rough on 
gyp crystals at 139-140 ft; sst bed 
mudst fraction increasing 

145-152 mudstone red, soft, slty, non-calc smooth, steady 
mudst wi fine gyp crystals 

152-158 gypsum & mudst aa; gypsum aa smooth, steady 
mUdstone 

158-164 gypsum white, opaque-s1i translu- sli rough, slower 
cent, dense, very well ind, 
fg gyp wi tr fn red mudst 
partings; tr red, fg, well 
ind, gyp-rich sst 

164-174 mUdstone red, soft, non-calc, slty smooth, steady, 
mudst wi fine gyp crystals faster 

174-183 gypsum & red, mod ind, non-calc, slty, very rough, but 
sandstone vf-fg sst wi tr 19t gry grn still good pene-

mottling; gyp aa; minor red, tration rate 
soft, homo mudst; mudst frac-
tion decreasing 
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183-190 siltstone red, soft-mod ind, non-calc abruptly smoother; 
sltst wI tiny gyp veins & sli rough, steady 
& minor disseminated gyp crys-
tals & wI tr tiny green spots; 
some gyp aa; tr satin spar gyp 

190-193 gypsum hard, dense gyp aa very rough 

193-214 mudstone red, soft, non-calc, slty mod rough, faster 
mudst; tr white, soft, pow-
dery gyp; mudst becomes mod-
well ind as gyp content in-
creases over interval 

214-217 mudstone, thinly interbedded red, non- slower, steady 
sandstone & calc mudst varying soft to 
gypsum well ind wi increasing content 

of disseminated & vein gyp; 
red-maroon, gyp-rich, vf-mg, 
heterogeneous sst; white-gry, 
hard, dense gyp 

217-232 gypsum white-gry, opaque-s1i trans- hard, rough, 
lucent, hard, dense gyp; tr slow 
white, soft, powdery gyp; tr 
red, soft mudst aa wi 2 mm 
veins of satin spar gyp; tr 
grn, soft, non-calc, vf sndy 
sltst 

232-278 siltstone red, mod ind, non-calc, clay- faster 
rich sltst wi disseminated gyp 
& tr 1mm gyp veins; tr tiny 19t 
grn spots; sli decrease in dis-
seminated gyp over interval 

278-296 gypsum white, 19t gry & pink, opaque- mod rough, much 
sli translucent, hard, dense slower than above 
gyp; minor red, mod ind, non-
calc, slty mudst wi tr satin 
spar gyp veins; tr 19t grn, 
mod ind, non-calc, slty, homo 
mudst; tr white, soft, powdery 
gyp 

81-3 



296-350 

350-360 

360-380 

380-390 

390-400 

400-410 

410-420 

420-430 

430-440 

siltstone 

sandstone 

siltstone 

sandstone 
siltstone 

sandstone 

sandstone 

no sample 

sandstone 

dolomite 

sandstone 

sandstone 

19t maroon, very well ind, hard, rough, slow 
non-calc, homo sltst; tr red 
mudst aa, well ind; tr pink-
gry grn mottled, well ind, 
non-calc, vf-fg, heterogeneous 
sst 

Tensleep Sandstone - 346 ft 

v pale orange to pale tan, vf, smooth, steady, 
v well sorted, ang-subang, slow 
sli calc, quartzose, 80% 
aa, 20% 

aa, 99% 
aa, tr 

aa, becoming v pale yellow/ 
orange w/ stk yellow/orange 

aa, v pale orange to pale 
ye1low/gry 

gry/pink, vf, v well sorted, 
ang-subang, sli calc, quart
zose 

pink/gry to gry/pink, 
aphanitic, 95% 
grn/gry & mod red, vf-f, 
slty, mod sorted, subang, 
arg, quartzose, 5% 

pale pink/gry to yel10w/ 
orange, vf, v well sorted, 
ang-subang, mod ind, sli 
calc, quartzose 

Bl-4 

6,000-8,000 lbs 
on bit; smooth 
& slow 



440-450 

450-460 

460-470 

470-480 

480-490 

490-496 

496-500 

500-510 

510-520 

sandstone 

dolomite 

limestone 

sandstone 

sandstone 

shale 
limestone 

no sample 

sandstone 

siltstone 

sandstone 

siltstone 

dolomite 

1 imestone 

sandstone 

siltstone 

aa, becoming mod pink/gry, 
60% 
dk pink/gry to dk gry/pink, 
aphanitic, 20% 
gry/yellow, gry/pink & mod 
gry, mottled, aphanitic, mango 
staining, v arg in mod gry 
areas, some iron staining esp 
along fractures, 20% 

pale grn/gry, vf, v well making water 
sorted, ang-subang, sli calc, 
sli arg, quartzose 

yellow/orange to gry/pink to 
v 19t gry, vf, v well sorted, 
ang-subang, sli calc, sli arg, 
quartzose, 95% 
v dk gry, laminated, 5% 
gry/pink to ye11ow/gry, 
aphanitic, sli sndy, dolomitic, 
sl i arg, tr 

v 19t gry to pale pink/gry, vf, 
well sorted, ang-subang, v calc, 
quartzose, 90% 
mod red, sli sndy, arg, v sli 
ca 1 c, 10% 

aa 

ye1low/brn to v 19t gry to gry/ 
pink, w/ mod red/brn & mod red/ 
gry stks, v sndy to slty/ss, arg, 
calc 

med gry/pirik, aphanitic to vf 
crystalline, sndy & slty in spots, 
some calcite, 70% 
v 19t gry, aphanitic, dolomitic, 
many small vugs, sli-mod arg, 30% 
v 19t gry, vf, well sorted, ang
subang, v calc, quartzose, tr 

mod to dk gry, sli sndy, sli-mod 
calc 
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520-530 

530-540 

540-550 

550-560 

560-570 

570-580 

580-590 

590-600 

600-620 

limestone 

dolomite 

siltstone 

dolomite 
sandstone 

siltstone 

limestone 

siltstone 
dolomite 
sandstone 
1 imestone 

shale 

siltstone 
dolomite 
sandstone 
limestone 

dolomite 
siltstone 

siltstone 

sandstone 

siltstone 

siltstone 
dolomite 

sandstone 

1 imestone 

shale 

dolomite 

shale 
limestone 

v 19t gry to ye11ow/brn, aphani
tic, sli slty in spots, 70% 
mod gry/red, aphanitic, sli slty 
in spots, 30% 
aa, tr 

aa, 50% 
v 19t gry to pink/gry, vf, well 
sorted, v calc, slty, arg, subang, 
quartzose, 30% 
mod red/brn, sli sndy, sli calc, 
20% 
aa, tr 

mod red/gry, sli sndy, 90% 
aa, 10% 
aa, tr 
aa, tr 

19t gry/grn, slty & sndy in 
spots, 50% 
aa, 40% 
aa, 10% 
aa, tr 
aa, tr 

v 19t brn/gry, aphanitic, 80% 
mod red/brn, sli sndy, occ calc 
spot, 10% 
med gry, v sndy, 10% 

v pale grn/gry, vf-f, occ med, 
mod-well sorted, ang-subang, v 
calc, quartzose 
med gry, v sndy, tr 

aa, 60% 
19t gry/brn, aphanitic, sli 
sndy, sli arg, 30% 
aa, 10% 

pale pink/gry, aphanitic, dolo
mitic, 95% 
mod red/brn w/ gry/grn speckles, 
occ slty stks, 5% 
aa, tr 

aa, 95% 
aa, 5% 
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620-630 

630-640 

640-650 

650-660 

660-685 

685-690 

690-695 

695-700 

700-705 

705-710 

710-715 

1 imestone 
shale 

1 imestone 

shale 

dolomite 

shale 

dolomite 
sandstone 

shale 

dolomite 
sandstone 
shale 

dolomite 
siltstone 

dolomite 
siltstone 

shale 

dolomite 

dolomite 
shale 

dolomite 
siltstone 
shale 

dolomite 

dolomite 
shale 
siltstone 

aa, 60% 
aa, 40% 

aa, w/ some quartz crystals & 
chert, 80% 
aa, 20% 

v 19t gry to pale yellow/pink; 
aphanitic becoming f cystalline 
in spots, some chert, 100% 
aa, tr 

aa, 70% 
19t gry to red/brn, vf-f, well 
sorted, subang, sli calc, some 
hematite staining, quartzose, 
30% 
aa, tr 

aa, becoming mod brn/gry, 99% 
aa, tr 
aa, tr 

aa, 90% 
mod red/brn, w/ some sh and 
sst stks, 10% 

aa 
aa, tr 

mod red/brn, occ sand grain, 
slty, 50% 
aa, 50% 

aa, 95% 
aa, 5% 

aa, 99% 
purp1e/gry, tr 
aa, tr 

mod red/gry, aphanitic, arg, 
90% 
v 19t gry, aphanitic, 5% 
aa, 5% 
aa, tr 
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flow increased 
to 20 gpm through 
680-695 



715-725 

725-730 

730-745 

745-750 

750-755 

755-765 

765-775 

775-800 

dolomite 

shale 
siltstone 

dolomite 

siltstone 

dolomite 

siltstone 
dolomite 

dolomite 

dolomite 

shale 
shale 
siltstone 

shale 
dolomite 
shale 

shale 
sandstone 

shale 
dolomite 

shale 
dolomite 

shale 
dolomite 
sandstone 

Amsden Formation - 719 ft 

v 19t gry to gry/pink, 
aphanitic, 95% 
aa, 5% 
aa, tr 

mod yellow/brn to mod brn, 
aphanitic, 85% 
mod red/brn, sli sndy to v 
sndy, sli arg to v arg, 10% 
v 19t gry to gry/pink, 
aphanitic, 5% 

aa, 90% 
mod yellow/brn to mod brn, 
aphanitic, 10% 
v 19t gry to gry/pink, 
aphanitic, tr 

v 19t gry to gry/pink to yel
low/brn, aphanitic, 40% 
purple/gry, 30% 
mod red, v sndy, slty, 30% 
aa, tr 

mod red, aa, 99% 
aa, tr 
purple/gry, aa, tr 

mod red, aa, 70% 
v 19t yellow/brn, v fine, v 
slty, arg, well sorted, sub
ang, calc, quartzose, 25% 
purple/gry, aa, 5% 
aa, tr 

mod red, aa, 70% 
aa, 30% 

mod red, aa, 70% 
aa, 30% 
v 19t gry to pale yellow/brn, 
vf-f, slty, mod sorted, sub
ang, v sli arg to v arg, mod 
calc, quartzose, tr 
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800-815 

815-825 

825-840 

840-842 

842-845 

845-850 

850-855 

855 (30 
min circ 
sample) 

shale 
dolomite 
shale 

shale 
shale 

dolomite 

shale 
dolomite 
shale 

siltstone 
shale 

dolomite 

shale 
siltstone 
dolomite 

shale 
dolomite 
siltstone 
limestone 

1 imestone 
siltstone 
shale 
dolomite 

1 imestone 
siltstone 
shale 
dolomite 

mod red, aa, 85% 
aa, 10% 
purple/gry, 5% 

mod red, aa, 50% 
purple/gry, v dk gry, gry/ 
grn, probably cavings, 40% 
aa, 10% 

mod red, aa, 80% 
aa, 10% 
purple/gry, aa, 10% 

mod red, sli to v sndy, 60% 
gry/purple to dk purple/gry, 
dk gry, rel large cuttings, 
prob cavings, 40% 
pale yellow/orange to brn/gry, 
aphanitic, tr 

aa, 95% 
aa, 5% 
aa, tr 

Madison Limestone - 844 ft 

aa, 75% 
aa, 15% 
aa, 10% 
pale yellow/orange, aphanitic, 
cuttings are vf-m, tr 

aa, 90% 
aa, 10% 
aa, tr 
aa, tr 

aa, 90% 
aa, 10% 
aa, tr 
aa, tr 

Pipe tally error - actual depth 14 ft below tally, sample depths corrected. 

874 1 imestone v pale yellow/orange, aphani
tic, cuttings fine to v 
coarse in size 
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874-884 

884-894 

894-904 

904-914 

914-924 

924-944 

944-954 

954-964 

964-974 

974-994 

994-1014 

1014-1024 

1024-1034 

1034-1044 

1044-1090 

1 imestone 
limestone 

1 imestone 
limestone 

1 imestone 

1 imestone 

limestone 
limestone 

limestone 

1 imestone 

1 imestone 

dolomite 

1 imestone 

limestone 

1 imestone 

dolomite 

1 imestone 

1 imestone 

dolomite 

19t yellow/brn, aphanitic, 95% 
v pale yellow/orange, aphanitic, 
5% 

v pale yellow/orange, aphanitic 
19t yellow/brn, aphanitic, tr 

19t gry/pink to mod gry/red, 
aphanitic, mottled appearance 
in spots 
v pale yellow/orange, aphanitic, 
tr 

v pale yellow/orange, aphanitic 
19t gry/pink to med gry/red, 
aa, tr 

v 19t pink/gry, aphanitic 

v pale yellow/orange, aphanitic 

v 19t gry to ye11ow/brn to mod 
red; aphanitic 

v 19t gry w/ stk gry/pink to 
mod gry/red, aphanitic to f 
crystalline 

19t olive/gry, aphanitic, sli 
dolomitic 

19t olive/brn, aphanitic, some 
v small vugs, dolomitic w/ 
calcite crystals 

mod olive/gry, aphanitic, sli 
dolomitic, sli arg 

v 19t gry to mod gry to 19t 
ye11ow/brn, aphanitic 

19t gry to 19t ye1low/brn, 
aphanitic, sli arg, mod 
dolomitic 

19t brn/gry, aphanitic, mod 
arg, mod-v dolomitic 

19t ye11ow/brn, succrosic, v 
clean 
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1090-1220 

1220-1230 

1230-1240 

1240-1250 

1250-1270 

1270-1280 

1280-1310 

1310-1350 

1350-1360 

1360-1370 

1370-1400 

1400-1410 

1410-1430 

dolomite 

1 imestone 

limestone 
dolomite 

dolomite 

dolomite 

1 imestone 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

19t brn/gry to v 19t brn/ 
gry, succros i c 

v pale yellow/orange, aphani
tic, sli dolomitic 

aa, 90% 
19t brn/gry, aphanitic, some 
chert, 10% 

aa 

19t yellow/brn, aphanitic, 
some chert 

v 19t yellow/gry, aphanitic, 
mod-v dolomitic, tr chert 

19t yellow/orange/gry, 
aphanitic, succrosic & vuggy 
in spots, limonite stained 
in spots 

v pale yellow/orange, f-vf, 
subang to subrd, mod sorted 
grains w/ abdt aphanitic cal
cite matrix 

19t yellow/brn, vf, detrital, 
subrd, well sorted, slty, 
some calcite 

med-dk yellow/brn, detrital, 
vf, subrd, well sorted, slty, 
some calcite 

19t yellow/orange/gry, detri
tal, vf, slty, subrd, well 
sorted, some thin calcite veins 

dk brn/gry, detrital, vf, slty, 
subrd, well sorted, some cal
cite 

mod to dk gry w/ 19t red to 
red/brn stks; detrital, slty to 
vf, subrd, well sorted, some 
calcite, some hematite stain
ing 
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1430-1440 dolomite 

1440-1450 dolomite 

1450-1460 dolomite 

1460-1470 dolomite 

1470-1490 dolomite 

1490-1500 1 imestone 

1500-1510 dolomite 

1510-1530 dolomite 

1530-1540 dolomite 

1540-1550 dolomite 

19t yellow/gry, detrital, vf 
to slty, subrd, well sorted, 
abdt calcite, some thin cal
cite veins 

mod brn/gry w/ gry/pink to 
red/gry stks, detrital, vf to 
slty, subrd, well sorted, 
abdt calcite, some thin cal
cite veins 

mod to dk brn/gry w/ red/ 
gry stks; detrital, vf to 
slty, subrd, well sorted, 
abdt calcite, some hematite 
staining, some thin calcite 
veins 

med gry/brn, detrital, vf to 
slty, subrd, well sorted, 
abdt calcite, some hematite 
staining, some thin calcite 
veins 

dk brn/gry, detrital, vf to 
slty, subrd, well sorted, tr 
calcite, some hematite staining 

19t brn/gry to red/gry, 
aphanitic, abdt hematite 
staining 

dk olive/gry w/ gry/red stks, 
aphanitic, spotty hematite 
staining 

mod gry to gry/yellow/orange, 
aphanitic, some limonite stain
ing 

pale yellow/orange/gry, 
aphanitic, some limonite stain
ing 

v 19t gry to pale yellow/orange 
to mod gry/brn, aphanitic, 
some limonite & hematite stain
ing 
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1550-1560 dolomite 19t gry, aphanitic, some 
limonite staining 

1560-1570 1 imestone pale yellow/orange to 19t 
gry/pink, aphanitic 

1570-1580 limestone 19t to mod yellow/brn, 
aphanitic, v dolomitic 

1580-1730 1 imestone 19t yellow/brn, aphanitic to 
vf crystalline, succrosic in 
spots, w/ some thin, v 19t 
gry, aphanitic stks 

1730-1790 dolomite mod yellow/brn, aphanitic to 
vf crystalline, succrosic in 
spots, abdt calcite 

Devonian - Unnamed - 1789 ft 

1790-1800 dolomite 19t to mod yellow/brn, aphani-
tic to vf crystalline, succro-
sic in spots 

1800-1810 dolomite 19t yellow/gry, aphanitic, 
sli sndy, 85% 

sand 19t gry, med-crs, rd-subrd, 
mod sorted, occ v crs grain, 
quartzose, loose unconsoli-
dated grains, 15% 

1810-1820 dolomite mod gry to mod brn/gry, 
aphanitic, sli to mod sndy, 
80% 

sandstone 19t gry, vf to crs, occ vcrs 
grain, rd to subrd, poorly 
sorted, sli calc, v slty, v arg, 
quartzose, many loose grains, 
20% 

shale med gry/grn, sli calc, tr 

1820-1840 dolomite mod yellow/brn, aphanitic, 
abdt calcite 

1840-1850 dolomite mod to dk yellow/brn, aphani-
tic, abdt calcite 
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1850-1860 dolomite aa, sample has a pink/gry 
tinge, appear to have drilled 
thru a v soft sltst at 1857, 
water becoming pink/gry 

1860-1870 1 imestone v pale ye1low/orange/gry, 
aphanitic, 40% 

dolomite 19t to mod gry, aphanitic, 
20% 

dolomite purp1e/gry, aphanitic, 20% 
shale med gry/grn, 20% 

1870-1880 shale mod gry/red, sndy, 60% 
limestone pale pink/gry to med ye1low/ 

orange, aphanitic, 40% 
shale med gry/grn, tr 

1880-1890 dolomite 19t gry to med red/gry, 
aphanitic, 50% 

shale med gry/grn & dk red/brn/gry, 
50% 

1890-1910 dolomite med brn/gry, aphanitic, 90% 
dolomite dk red/brn, aphanitic, 5% 
shale med gry/grn, 5% 

1910-1920 limestone 19t brn/gry to med gry/brn, 
aphanitic, v dolomitic, slty 
in spots, 90% 

shale dk olive/gry, 10% 

Bighorn Dolomite - 1920 ft 

1920-1930 dolomite 19t pink/gry, aphanitic 
shale aa, tr 

1930-1940 dolomite 19t gry/brn, aphanitic, sli 
slty 

1940-1950 dolomite aa, 75% 
shale sample contains a pink/gry 

muddy film, cuttings are be-
coming vf to med-grained in 
size 

1950-1960 dolomite v 19t gry to dk red/brn/gry, 
aphanitic, occ v arg stk, 95% 

shale pink/gry film, 5% 
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1960-1970 

1970-1980 

1980-1990 

1990-2010 

2010-2030 

2030-2040 

2040-2100 

2100-2110 

2110-2120 

2120-2140 

2140-2150 

2150-2160 

2160-2170 

2170-2200 

dolomite 

shale 
shale 

dolomite 
shale 
shale 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 
dolomite 

dolomite 

dolomite 

dolomite 

limestone 

dolomite 

pale ye11ow/orange/gry, 
aphanitic, 50% 
v dk gry/brn, sli calc, 40% 
mod gry/grn, 10% 

aa, 90% 
v dk gry/brn, sli calc, 10% 
mod gry/grn, tr 

dk olive/gry, aphanitic, v 
arg, mod-s1i slty, 80% 
pale yel1ow/orange/gry, 
aphanitic, 20% 

mod olive/gry, aphanitic, 
sli slty, sli-mod arg 
pale ye11ow/orange/gry, 
aphanitic, tr 

19t gry to mod gry, 
aphanitic, v arg 

19t orange/gry, aphanitic, 
70% 
med to dk gry/o1ive, aphani
tic, 30% 

19t ye1low/orange/gry, 
aphanitic, sli-mod arg, some 
chert 

dk olive/gry, aphanitic, 51i 
arg 

med brn/gry, aphanitic, 95% 
dk olive/gry, aphanitic, sli 
arg, 5% 

med brn/gry, aphanitic 

med gry/brn, aphanitic 

19t gry, aphanitic 

19t pink/gry, aphanitic, 
mod dolomitic 

19t to mod brn/gry, aphanitic 
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2200-2210 

2210-2230 

2230-2240 

2240-2250 

2250-2260 

2260-2290 

2290-2320 

2320-2340 

2340-2350 

2350-2360 

2360-2380 

2380-2440 

2440-2480 

2490-2507 

dolomite 

dolomite 

dolomite 

dolomite 

dolomite 

19t orange/gry, w/ stks of 
yellow/orange, aphanitic, abdt 
chert 

19t pink/gry, aphanitic 

19t-med brn/gry, aphanitic 

19t pink/gry, aphanitic 

19t gry/brn, aphanitic 

Basal Ordovician sandstones correlative to the Lander
Harding Sandstones are found below this point in the strati
graphic section at other localities (including a section 
description by Walsh, 1957, one mile north of Big Goose 
Creek). No cuttings of sandstone were observed in the 
Big Goose well. 

dolomite 

dolomite 

1 imestone 

dolomite 

dolomite 

19t gry/brn, aphanitic to 
vf crystalline, some calcite 

v pale yellow/orange/gry, 
aphanitic 

v pale yellow/orange/gry, 
aphanitic, mod dolomitic 

v 19t brn/gry, aphanitic 

19t pink/gry, aphanitic 

Gallatin Formation - 2355 ft 

dolomite 

dolomite 

dolomite 

dolomite 

pale yellow/orange/gry to 
mod gry/pink, aphanitic, w/ 
some calcite cleavage fragments 

pale yellow/orange/gry, 
aphanitic 

19t brn/gry, aphanitic to vf 
crystalline, some calcite 
fragments 

19t to med gry/brn, aphanitic 
to vf crystalline, some 
calcite fragments 
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2507 (one dolomite aa 
hour circ 
sample) 

2507 (two dolomite mod yellow/brn, aphanitic to 
hour circ vf crystalline 
sample) 

Gros Ventre Formation - 2510 (?) ft 

2515-2538 dolomite mod yellow/brn, aphanitic 
shale 19t yellow/grn/gry, sli to 

mod calc 
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APPENDIX B2 

LITHOLOGIC DESCRIPTIONS - LITTLE GOOSE WELL 



Footage 
Principal 
Lithology 

0-60 cobbles & 
boulders 

60-128 cobbles & 
boulders 

128-130 shale 

130-150 cobbles & 
boulders 

150-170 1imestone-
dolomitic 
limestone 

APPENDIX B2 

LITHOLOGIC DESCRIPTIONS 

Little Goose Well 

Description 

Drilling 
Character 

and 
Comments 

Quaternary to Recent Colluvium - surface 

highly variable lith of float 
from surrounding carb rocks; 
tan to buff, f xta1, dolo; 
white, f xta1 dolo, red mot
tled, slty dolo; red chert; 
some frags tubular coral; 
tr brn-grn, slty calc, fg ss; 
spar calc; hematite/limonite 
stn along bed/frac planes 

aa w/ red-white qtz, 
feldspar (ortho-p1ag) & 
dispersed dk mafics & biotite 
& muscovite from nearby Pre
cambrian outcrop 

red shale 

intermittently 
rough on rocks 

aa 

turned mud pits 
red 

Sample 

10, 20, 
30, 40, 
50, 60 

70, 80, 
90, 100, 
110, 120 

no sample 

pale yellow, aphanitic to f rough - wash out 130, 140 
xta1 1s, w/ red & purple stn & zone shown on 
streaks, some 2 mm vugs filled caliper log pro-
w/ spar calc; spar calc veins; bab1y indicative 
tr red chert of alluvium 

Madison Limestone (Woodhurst member?) - 150 ft 

pale yellow, f-m xtal; red to 
maroon slt partings in frac 
planes; red/maroon & white, 
calc, slt & fg friable sst @ 
160-170 
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170-180 limestone, pale yellow, pelletal or 170 
dolomite coarse xta1 1s w/ red mottling; 
sandstone, gry, m xta1, sucrosic dolo; 
& siltstone red to pink friable calc, well 

sort, qtz rich sst; tr gry 
chert; white, soft, calc sltst 
@ 176 

180-210 1 imestone buff, olive gry to maroon 180, 190, 
& dolomitic speckled, aphanitic to m xta1 200 
limestone 1s; f frac & breccia w/ vein1ets 

of spar calc & red slt; tr red 
chert & red/orange, fg, calc 
sst; tr crinoid frags; 1t ma-
roon 1s/do10 @ 190-210; slicken-
sides inc @ 190; more homo pale 
yellow to 1t pink inc @ 200 w/ 
interbeds of red/orange f xta1 
1s 

210-230 1 imestone ye11ow-gry, f xta1 to apha-
nitic, sli bioclastic (brach 

210, 220 

frags?), abdt spar calc pods 
& veins, sli slty w/ qtz grains; 
some red/orange f-m xta1 1s; 
red slt along frac surf & as 
thin interbeds; gry-white chert 
from 220-230; abdt pinpoint 
vugs 

230-240 1 imestone, ye11ow-gry to 1t pink, aphani- 230 
sandstone & tic, massive to thin lam, 
dolomitic abdt white to 1t gry spar calc 
1 imestone rhombs & vein1ets; red stn 

along frac; red to 1t maroon, 
fg, qtz-rich, calc, well sort-
ed,sst; red-orange to ye11ow-
gry, sli sucrosic, f xta1, abdt 
pinpoint & sli larger vugs in 
dolo 1s 
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240-270 dolomitic ye11ow-gry to 1t pink, f xta1, 240, 250, 
1 imestone, sucrosic, dolo ls wi abdt 1 mm 260 
limestone & & smaller vugs; ye11ow-gry, f 
breccia xta1 ls wi red, calc, qtz-rich, 

fg sst-s1tst, well rnd, some ls 
& calc mudst breccia interbeds; 
minor olive gry, calc mudst; tr 
gry chert, red sst-s1tst & 
breccia wi red calc, sltst 
cement @ 250-260; rare brach 
(?) shell imprints; slicken-
sides (?) inc @ 260 

270-290 1 imestone 1t pink to gry, m xta1, some sli rough 270, 280 
pelletal, sli slty; hematite 
stn along frac surf; red-
orange crude strat sltst; tr 
2 mm & smaller dog-tooth spar 
encrustations; red, sli calc, 
friable sltst @ 280 

290-310 limestone & ye1low-gry to gry, mod ind to sli rough 290, 300 
breccia ind, f-m xta1; red-orange, @ 294 

calc, lam, mod ind sltst; tr 
gry chert & ls breccia wi red 
-orange, calc, sltst cement 

310-320 dolomite, maroon, pink-orange, grn-gry, rough @ 310 
1 imestone & fossil (crinoid frags?), dolo; 312 
breccia sli slty; some ls/do10 breccia 

in red-orange, calc, slt/mudst 
matrix; gry to ye11ow-gry ls; 
frac filled wi red stn & spar 
calc 

320-330 siltstone, red, calc, mod to poor ind, sli rough 320 
dolomite & tr mafics, qtz-rich sltst wi 
1 imestone angular white chert frags; 

olive gry, f-m xta1, limoni-
tic stn dolo; grn-brn, f xta1 
to aphanitic dolo; gry aphani-
tic ls 
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330-340 sandstonel 
siltstone & 
breccia 

340-350 breccia, 
siltstone & 
shale 

350-360 dolomite, 
limestone & 
sandstone 

360-410 dolomite & 
dolomitic 
1 imestone 

410-440 dolomite 

440-520 dolomite & 
dolomitic 
1 imestone 

520-560 dolomite 

red to maroon, poor ind to 
well ind, sli calc to calc, 
qtz-rich wi inter1ayers of 
gry, sli calc, angular granule 
to pebble c1ystn (?) clasts in 
red sltst matrix; tr gry ls 

aa; wi thin c sst layers; 
thinly laminated red & white 
& pink calc sh; tr ls derived 
from caving (?) 

dec in c sst aa; 1t grn-gry to 
gry, aphanitic, sli slty, mod 
ind dolo wi pinpoint vugs; gry, 
m-f xtal ls; red to pink, vfg, 
calc, qtz-rich, well sort, sst; 
tr grn-gry, sli calc, sand, 
mod to poorly ind c1ystn; tr 
gry chert 

gry, vf xta1, mod to v hard, 
pelletal to sucrosic, abdt pin-
point vugs or small colonial 
cora1s{?); gry-brn chert inc 
wi depth; tr red sltst, possi-
bly as cavings (?) 

ye11ow-gry to 1t pink, sucro-
sic, mod hard; tr hematite stn; 
tr brn-gry chert; tr white 
chert wi red stn 

gry, vf xta1; tr hematite 
stn; tr pink dolo & brn 
sucrosic dolo, all mod to sli 
hard; tr limonitic (?) stn 
along frac surf; tr pink 
mudst; becomes v sli slty wi 
depth. 

aa; abdt pinpoint vugs; tr 
white calc, soft clystn 
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Mud pits turn 
pink-gry indi-
cating a thin 
sh/s1tst layer 
at 490 

rough 

330 

340 

350 

360, 370, 
380, 390, 
400 

410, 420, 
430 

440, 450, 
460, 470, 
480, 490, 
500, 510 

520, 530, 
540, 550 



560-570 dolomite gry wi lt pink tint, mod smooth, 560, 565 
hard, f xta1 to aphanitic; steady; sam-
tr gry chert; tr limonite (?) contaminated 
stn; red-orange, calc, fg, wi plug chips 

qtz-rich sst 

570-580 dolomite gry to 1t gry aa; inc in hard- 570 
ness as evidenced by larger 
chip size; white spar calc; 
some dolo 1s; inc in gry chert 

580-590 dolomite & gry wi pink tint, mod ind but 580 
mUdstone less hard than above as evi-

denced by smaller chips; abdt 
white, soft, sli calc to calc, 
mudst; tr red stn 

590-630 mudstone 1t brn, white to lt pink, samples 590, 600, 
soft, calc mudst; tr red disaggregated 610, 620 
chert; tr lt brn 1s; pink 
color @ 610 

630-640 limestone ye1low-gry, f xta1, hard; 630 
lt brn to buff dolo 1s; vein-
lets of spar calc; tr red stn 
& breccia (?) 

640-650 1 imestone ye11ow-gry, f xtal, mod hard samples partly 640 
to soft; tr pink, aphanitic, disaggregated 
mod hard dolo 1s 

650-660 1 imestone yel1ow-gry, aphanitic, tr aa 650 
limonite stn; tr pink dolo 
& lt gry dolo; some white spar 
calc 

660-700 1 imestone & ye1low-gry, detrital, f-mg, sample 660, 670, 
dolomite poorly sort, bioclast; wi 680-690 680, 690 

tr dk grn, aphanitic, hard mostly 
dolo; pink to buff, firm, disaggregated 
aphanitic dolo; gry, sucrosic 
dolo; tr white spar calc; tr 
red stn along frac; dec in 
dolo @ 670 & inc @ 690; calc 
veinlets common 
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700-720 dolomite red-grn, sucrosic to aphanitic, 700, 710 
hard, red-maroon mottled, some 
faint bedding wi red mottling 
along bedding surface; abdt pin-
pOint vugs; tr gry f xta1 ls; 
inc in pink, calc, m-fg, poorly 
sorted sst @ 710; tr limonite 
stn 

720-740 dolomite & gry to very sli red-gry & red 720, 730 
limestone mottled, sucrosic, tr to abdt 

pinpoint vugs; brn-red, detri-
tal, m-cg, fossil ls (mod amt 
of rugosan frags); mod red stn 

740-770 dolomite & aa; spar calc & gry & white sample 760-770 740, 750, 
1 imestone banded dolo; detrital ls has mostly disaggre- 760 

small bivalve frags gated & lighter 
in color 

770-780 dolomite & gry, dk gry & brn-gry, aphani- 770 
dolomitic tic to sucrosic, stylolitic, 
1 imestone red mottled; some veins & vein-

lets of calc; abdt limonite stn 

780-810 1 imestone & tan & red mottled, detrital, sample 790-810 780, 790, 
dolomite vug ls; yellow-gry sucrosic mostly disaggre- 800 

dolo; gry, sucrosic dolo; gated; limonite 
abdt limonite stn; sli slty stn 
@ 790; tr lt pink, aphanitic 
ls 

810-850 1 imestone, ls aa; brn-gry, f xta1 sample 820-840 810, 820, 
dolomite & sucrosic dolo; white-gry, aa; more dis- 830, 840 
mUdstone soft, s11 calc mudst; inc aggregated 

in pink, soft sltst @ 840; 
foam turns pink - tr in sam-
ple; pink & red sand & slt 
particles @ 840-850 and buff, 
aphanitic ls & red & red-brn 
mottled dolo 

850-870 1 imestone buff, lt pink to red-brn mot- aa 850, 860 
t1ed aphanitic to detrital; 
tr red stn; tr dk brn-grn, 
aphanitic dolo; tr red & white 
banded, soft, calc mudst 
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870-890 1 imestone buff to med brn, aphanitic sample 880-890 870, 880 
to sli detrital; hard spar mostly dis-
calc veins; rare red stn 
along frac surf; abdt soft 

aggregated 

white 1s & 1t grn-white, sli 
ind, calc mudst; tr red stn 

890-910 1 imestone buff to med brn, oolitic, 890, 900 
mod hard 1s; approx 10% ye1-
low-gry aphanitic dolo; tr 
gry frac 1s, wI calc filling 
& red, soft, sli calc sh; tr 
red speckled stn 

910-940 1 imestone & buff, brn, oolitic & detrital sample partially 910, 920, 
dolomite to aphanitic, some calc veins; disaggregated; 930 

some red speckled, gry to brn, sample 930-940 
f xta1 dolo; tr white to 1t mostly dis-
pink mudst aggregated 

940-1000 1 imestone & aa; tr pink sltst & abdt frags samples 940- 940, 950, 
dolomite orange-red, soft sh 1000 mostly 960, 970, 

disaggregated 980, 990 

1000-1030 1 imestone, aa; pink sltst; orange-red, samples mostly 1000, 1010, 
dolomite & slty, soft sh @ 1010; some disaggregated 1020 
siltstone limonite stn @ 1020 

1030-1040 limestone, aa; drk maroon-gry dolo & sample mostly 1030 
dolomite & maroon speckled sltst & dolo disaggregated 

Devonian Unnamed - 1040 ft 

1040-1050 sandstone & pink to maroon speckled, sample mostly 1040 
mudstone poor sort, ang to sub-ang disaggregated 

sli calc, f-mg, qtz-rich; 
1t brn-white, calc, soft 
mudst 

1050-1070 sandstone white to pink-orange, red sample mostly 1050, 1060 
speckled, fg, well sorted, disaggregated 
rnd, calc, qtz-rich sst wI 
white, clear & rose qtz 
grains 
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1070-1080 sandstone 

1080-1090 sandstone, 
dolomite & 
1 imestone 

1090-1100 sandstone, 
conglom
ate{?), & 
dolomite 

1100-1110 dolomite & 
limestone 

1110-1120 dolomite & 
limestone 

1120-1130 dolomite & 
1 imestone 

1130-1140 dolomite 

1140-1160 dolomite 

1160-1170 dolomite 

sst aa; mod well sort, sub aa 
rnd; olive grn, vfg-fg, carc, 
well sort, qtz-rich sst 

drk grn to grn-brn, ang to 
subang, qtz-rich; drk olive 
grn, gry & brn, f xtal dolo; 
drk brn, aphanitic, hard dolo; 
some brn-grn mudst or sltst 

lith aa; cg1 wi buff, ang, ls 
frags; lt gry-grn fg, mod well 
sort, calc, mod ind sst; lt 
brn to buff, aphanitic to f 
xta1 dolo 

brn, ye1low-gry, brn-gry, f 
xta1, tr limonite stn; drk brn, 
hard, very dolo; breaks in 
fissile manner; orange-brn, 
aphanitic, frac wi calc fil
ling; some loose qtz granules 

gry-grn to ye11ow-gry, f xta1, 
grn & b1k speckled dolo; drk 
brn-grn aphanitic dolo; gry 1s 
& dolo; small chips of gry-brn, 
thin lam to cg1 dolo; tr b1k sh 

aa; brn to brn-grn, f xta1, 
dolo & gry sndy dolo wi f-m 
qtz floating grains 

1t brn, aphanitic to f xta1, 
dolo wi 1t grn tint; drk grn & 
gry, aphanitic dolo; tr drk grn, 
fissile, sli calc sh 

drk grn to gry, aphanitic, 
mod hard 

grn, gry-grn & brn, aphani
tic to f xtal, v dolomitic 
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mudst content 
based on color 
change in 
reserve pit 

samples 1140-
1160 mostly 
disaggregated 

1070 

1080 

1090 

1100 

1110 

1120 

1130 

1140, 1150 

1160 



Bighorn Dolomite - 1174 ft 

1170-1210 dolomite & gry to 1t gry, f xta1 to 1170, 1180, 
shale aphanitic; drk gry, firm 1190, 2000 

sh, tr b1k mottling; tr 
fibrous calc along frac plane; 
inc in 1t gry, aphanitic dolo 
@ 1190 & 1t pink to buff, brn 
mottled, aphanitic ls 

1210-1220 dolomitic gry to 1t gry, f xta1; tr of mudst based 1210 
limestone brn & 1t pink ls aa; gry, on color 

soft mudst-sltst change in foam 

1220-1240 dolomite gry, gry & white mottled & 1220, 1230 
white-gry, f xta1 dolo 

1240-1250 dolomite & varicolored (brick red, 1t sltst content 1240 
1 imestone red, b1k, 1t brn, brn-gry, may be cement 

gry) dolo, aphanitic to med contamination 
xtal; tr gry to gry-grn, soft by caving 
sltst & orange-red sltst; tr 
dead oil stn in vugs & frac? 
surf in 1t brn dolo; tr red 
stn 

1250-1270 dolomite & 1t gry, homo, dolo aa; tr red sample partially 1250, 1260 
shale sh disaggregated 

1270-1285 dolomite 1t to med gry mottled, aphani- 1270, 1280 
tic, f xta1, v hard dolo; tr 
limonite stn; tr drk grn fis-
sile sh 

1285-1300 dolomite & dolo aa; buff, f xta1, mod 1290, 1300 
mUdstone hard dolo; gry-grn & white, 

orange-red, thinly lam, soft 
mudst 

1300-1320 shale & lt brn-gry, sli calc, mod hard; 1300, 1310 
dolomite mixed wi thin chips gry dolo 

aa; fissile; gry dolo aa @ 1310 

1320-1340 dolomite & yellow brn & gry, f xtal, red 1320, 1330 
shale mottled dolo; gry-grn sh & thin, 

blk lam mudst 
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1340-1350 dolomitic gry, grn-gry, gry wi red tint, 1340 
limestone f-m xtal dolo; tr vugs; tr 
& shale yellow-brn ls; grn, sli fissile, 

mod hard sh; tr limonite stn 

1350-1360 shale, dolo- gry to grn, fissile, mod hard 1350 
mite & 1ime- to soft, sli calc sh; brn-ye1-
stone low, f xta1 dolo; 1t gry 1s; 

abdt limonite stn inc in dolo 
@ 1350 

1360-1370 dolomite & gry wi red tint, & ye11ow-gry, 1360 
shale aphanitic to f xta1; tr of 

limonite stn; gry-gry, b1k thin 
lam mudst; gry-white, calc sh; 
tr white, f-mg, calc, qtz-rich 
sst 

1370-1380 shale & drk gry, gry & grn-gry, hard, sh has sli 1370 
dolomite fissile, sli calc to calc; tr greasy text 

grn-brn, soft mudst; tr ye1-
low-brn dolo aa; microfrac in 
sh filled wi calc 

1380-1390 shale & drk gry to drk grn-gry & tr 1380 
dolomitic brn-grn fissile, hard, sli 
limestone calc to calc, breaks wi 

greasy text; gry, f xtal dolo 
ls wi drk gry-si1ver to gold 
blebs & veinlets of ore, gry 
streak, f xtal; some fibrous 
calc on slickensides (?) 

1390-1400 dolomite & ye1low-gry to gry, aphanitic 1390 
shale to f xtal, vug dolo; drk grn-

gry firm mudst & sh; buff, red 
thin lam, sli calc sh; gry, 
firm, sli calc sh 

1400-1420 mudstone, grn-gry to gry wi thin red 1400, 1410 
shale, & laminae, soft, v sli calc 
limestone mudst; gry, fissile, firm sh; 

reddish brn, calc, soft, vfg-
fg, qtz-rich sltst; yellow-gry, 
f xtal ls; tr red maroon, mg, 
poor sort, sst wi purplish gry 
ore (galena?) in veinlet; tr 
white, hard, well sort sltst 
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1420-1430 dolomite ye110w-gry, f-m xta1; tr gry 1420 
sh 

1430-1440 dolomite & gry & 1t pink, f xta1 to smooth, 1430 
shale aphanitic; drk gry fissile, steady, 

firm sh fast 

1440-1500 argillaceous white to lt pink, mod soft, aa 1440, 1450 
dolomite aphanitic to vf xtal 1460, 1470 

1480, 1490 

1500-1550 argillaceous white dolo aa; brn-orange, aa 1500, 1510 
dolomite & soft, sli calc mudst; tr grn- 1520, 1530 
shale gry, sli hard, fissile sh; tr 1540 

pink, aphanitic dolo 

Basal Ordovician sandstones correlative to the Lander-Harding 
Sandstones are found below this point in the stratigraphic 
section at other localities. No cuttings of sandstone were 
observed in this well. Outcrop examination proximal to this 
well revealed the presence of a white, very fine-grained, 
friable, quartz-rich sandstone on the order of three to five 
feet thick. 

1550-1562 dolomite buff to yellow-gry, f xta1, 1550 
mod hard; tr mg size oolites 

1562-1585 shale & variegated sh & mudst as found 1560 
mudstone at 1530 

1565-1580 dolomite aa as in 1550; tr drk gry, 1570 
firm, sli calc, fissile sh 

1580-1610 dolomite buff to lt brn; hard, some sample 1590- 1580, 1590 
dolo rhombs; tr gry-grn mudst 1610 partially 1600 
& drk gry sh; tr orange-brn, 
sli calc sltst; tr red stn & 

disaggregated 

orange chert 
1610-1620 dolomite & dolo aa; gry-grn to drk grn, sample cement 1610 

shale fissile, firm, sli calc sh wI contaminated (?) 
shiny & greasy text 

Gallatin Formation - 1634 ft 

1620-1640 dolomite & dolo aa; sh aa; orange-brn, contact based 1620, 1630 
shale thin lam, sli calc sh & brn- on GR log 

gry sh wI greasy text; pink- character 
orange to brn-orange chert 
@ 1630; tr red-orange stn 
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1640-1670 dolomite & dolo and sh aa, dolo wI vug 1640, 1650, 
shale porosity; grn, sli calc, mod 1660 

ind sh sst; abdt chert aa; 
tr ye11ow-brn, sucrosic, 
vuggy dolo; tr grn-gry, sli 
calc mudst wI gry ore blebs, 
gry streak @ 1650 

1670-1680 shale & variegated sh (drk gry, grn- 1670 
dolomite gry, orange-brn, 1t brn), fis-

sile to greasy text; grn, sli 
calc, mod ind sh sst 

1680-1720 dolomite & buff to 1t brn, mod hard, f 1680, 1690, 
shale xta1; drk gry to drk grn sh 1700, 1710 

& mudst aa; brn-grn, grn sh 
& mudst aa @ 1690; grn, vfg, 
sli calc sst aa, chert & soft 
orange-brn mudst @ 1700 

1720-1740 dolomite & aa; white, sli calc, vfg sst; 1720, 1730 
shale white & pink mottled, soft, 

fissile sh 

1740-1750 dolomite buff to 1t brn, some dolo 1740 
rhombs; tr grn, brn mudst; 
tr limonite stn 

1750-1780 dolomite & aa; drk gry, grn, tr brn sh 1750, 1760, 
shale wI greasy text; sst less ind 1770 

@ 1770 wI some m-c loose grains 

Gros Ventre Formation - 1780 ft 

1780-1800 shale & variegated (orange-brn, drk smooth, 1780, 1790 
mudstone gry, red-brn, buff) to drk steady 

grn, v sli calc to calc, fis-
sile, firm to soft, greasy 
text; sli sndy to slt; some 
thin lam; white-gry, fg, mod 
sort, sli calc sst & fossil 
frags @ 1790 

1800-1840 shale & aa; f xta1, soft anhydrite; aa 1800, 1810, 
mUdstone tr f xta1 pyrite; drk grn sh 1820, 1830 

& pyrite @ 1840 
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1840-1860 shale, mud- variegated sh & mudst aa; smooth, 1840, 1850 
stone & predominantly drk grn; gry- steady, sli 
siltstone white to grn speckled, mod slower than 

ind, sli calc sltst above 

1860-1870 shale, sand- predominantly drk grn, & drk aa 1860 
stone & 1ime- gry, non calc to sli calc sh; 
stone some wi greasy text; grn-

speckled to gry-white fg sst; 
grn mottled, m xta1 ls 

1870-1970 shale, mud- varigated sh & mudst aa; tr aa 1870, 1880, 
stone & 1s aa; gry & grn speckled, 1890, 1900, 
sandstone calc, fg, mod sort, qtz-rich 1910, 1920, 

sst; tr gry chert @ 1890; tr 1930, 1940, 
grn-gry, m xta1 1s 1950, 1960 

1970-2000 shale drk grn & gry sh aa; tr gry- aa 1970, 1980, 
white, vfg, well sort, fria- 1990 
b1e,sli calc, qtz-rich sst; tr 
grn, f xta1 1s; grn speckled 
sst aa 

2000-2030 shale drk grn & gry sh aa; orange- aa 2000, 2010, 
brn mudst wi varying degrees 2020 
of hard; tr grn-brn mottled 
aphanitic dolo 

2030-2060 shale variegated sh (drk grn, grn, 2030, 2040, 
orange-brn, brn & red mottled 2050 
brn), firm to v firm, v sli 
calc; tr grn to grn-speck1ed, 
fg, well sort, calc, qtz-rich 
sst; tr dolo aa; gry-white, 
calc, soft sltst @ 2040 

2060-2400 shale & sh aa; grn to grn-speck1ed, samples are 2060-2400 
sandstone vfg-fg, mod well sort, calc, considered pre-

qtz-rich sst dominantly hole 
cavings as evi-
denced by the 
erratic charac-
ter on caliper 
log 
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2400-2499 sandstone 

Flathead Sandstone - 2408 ft 

white, v friable, f-mg, poor
ly sort, well rnd, qtz-rich 
sst 
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Samples com- 2400-2499 
pletely dis-
aggregated; sam-
ples mostly hole 
cavings from Gros 
Ventre section; 
sample descrip-
tion based on 
cuttings settled 
from flow near 
wellhead. Top 
picked on basis 
of GR log 
character. 
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APPENDIX Cl.l 

AQUIFER TEST DATA - BIG GOOSE WELL 

Type of Test: Step and Recovery 
Date: 7/17/85 
Tested by: Wester/Jarvis 
Well Tested: Big Goose Well 
Monitoring Equipment: 300 psi bourdon tube gauge; 1" x 2" and 1.5" 

x 2" orifice weir 

Time t4anometer Flowrate Back- Drawdown Remarks 
Reading (GPM) Pressure (Feet) 
(Inches) (PSIG) 

7/17 16:34 0 0.00 222.5 Shut-in Pressure 
16:45:30 Start of Test 
16:46 4.90 215 17.33 2 X I-Inch Orifice 
16:47 212 24.26 4.9 GPM 
16:48 210.5 27.72 
16:49 209.5 30.03 
16:51 208.5 32.34 
16:53 5.31 10 Qts/28.25 sec. 
16:54 207.25 35.23 
16:58 206 38.12 
17:02 5.77 9 Qts/23.39 sec 

Cond. 410, Temp. 16C 
17:07 203.5 43.89 Inc. Flowrate 
17:08 9 11.15 184 88.94 Adjusting Flowrate 
17:09:30 184 88.94 Adjusted Flowrate 
17:11 7.5 10.18 180 98.18 
17: 12 181 95.87 Adjusted Flowrate 
17:13 7.5 10.18 180 98.18 
17: 15 7.5 10.18 15.64 sec/10.5 Qts 
17: 17 179.25 99.91 Temp. 13.5C, Cond. 440 
17:20 178 102.80 
17:22 7.5 10.18 
17: 23 178 102.80 Inc. Flowrate to 18 GPM 
17:25 23.5 18.02 
17: 26 169 123.59 
17:28 4.52 sec/5 qts 

Temp. 12C, Cond. 460 
17:29:30 21.5 17.24 165.75 131.09 Adjusted up 
17:32 24 18.21 163 137.45 
17: 37 23.5 18.02 160.75 142.64 
17:40 159.5 145.53 Change to 1.5X2-Inch Ori. 
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17: 48 158 149.00 Temp. 12.5C, Condo 435 
17:50 157.5 150.15 Inc. to 30 GPM 
17:53 9 30.19 121.5 233.31 Flowrate Adjusted 
17:55 8.75 29.76 119 239.09 Adjusted up 
17: 56 9 30.19 117 243.71 
17: 58 9 30.19 
17: 59 112.25 254.68 
18:00 111.5 256.41 Temp. 12.5C, Cond. 425 
18:02 9 30.19 
18:03 109.5 261.03 
18:07 9 30.19 
18:08 107 266.81 
18:10 9 30.19 106 269.12 Inc. Flowrate 
18:11 16 40.25 86.5 314.16 Adjusted Flowrate 
18: 11: 30 16 40.25 84 319.94 Adjusted Flowrate 
18:12 16 40.25 80.75 327.44 Adjusted Flowrate 
18: 13 16.25 40.56 77.75 334.37 Adjusted Flowrate 
18:14 76 338.42 
18: 15 75 340.73 Temp. 12.8C, Condo 430 
18:16 15.5 39.61 70 352.28 Adjusted up 
18:17 16.5 40.87 
18: 18 16.25 40.56 69.75 352.85 H20 slightly red 
18:21 15.75 39.93 69 354.59 Adjusted up 
18:23 16 40.25 66 361.52 
18:26 15.5 39.61 
18:28:30 

65 363.83 Adjusted up 

18:31 15.75 39.93 62 370.76 Inc. Flowrate 
18:31:30 44 412.34 Adjusted up 
18:32 40 421.58 Adjusted up 
18:32:30 36 430.82 Adjusted up 
18:33 24.75 50.06 34 435.44 Adjusted up 
18:33:30 24.5 49.80 32.5 438.90 Adjusted up 
18:35:15 25 50.31 27 451.61 Adjusted up 
18:36 25 50.31 26 453.92 Adjusted up 
18:37 25 50.31 23.5 459.69 
18:38 25 50.31 22 463.16 
18:39 Temp 13C, Condo 400 
18:40 24.5 49.80 22 463.16 Adjusted up 
18:42 24.5 49.80 20 467.78 Adjusted up 
18:43 18 472.40 
18:44 16 477.02 
18:45 15.5 478.17 
18:46 15 479.33 
18:47 14 481.64 
18:48 14 481.64 
18:49 13 483.95 

18:51 12 486.26 
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* * * * * * * RECOVERY * * * * * * * * 

Time Elapsed Time t/t' Shut-in Drawdown 
(Minutes) Pressure (Feet) 

(PSI) 

7/17 18:52:00 0.00 
18:52:10 0.50 2. 5600E+02 70.0 352.28 
18:52:20 0.75 1.7100E+02 82.0 324.56 
18:52:30 1.00 1. 2850E+02 94.0 296.84 
18:52:40 1.25 1.0300E+02 102.0 278.36 
18:52:50 1.50 8.6000E+01 109.0 262.19 
18:53:00 1.75 7. 3857E+01 114.0 250.64 
18:53:10 2.00 6.4750E+01 118.0 241.40 
18:53:30 2.33 5.5721E+01 125.0 225.23 
18:54 2.67 4.8753E+01 131.8 209.52 
18:55 3.00 4. 3500E+01 141.8 186.42 
18:56 3.50 3.7429E+01 149.5 168.63 
18:57 4.00 3. 2875E+01 155.0 155.93 
18:58 4.50 2.9333E+01 159.8 144.84 
18:59 5.00 2. 6500E+01 163.9 135.37 
19:00 5.50 2.4182E+01 167.0 128.21 
19:01 6 2.2250E+01 169.0 123.59 
19:02 7 1.9214E+01 171.5 117.81 
19:03 8 1.6938E+01 174.0 112.04 
19:04 9 1.5167E+01 176.0 107.42 
19:07 10 1.3750E+01 180.5 97.02 
19:10 12 1. 1625E+01 184.0 88.94 
19:13 14 1.0107E+01 187.0 82.01 
19:16 16 8. 9688E+OO 190.0 75.08 
19:19 18 8.0833E+00 192.0 70.46 
19:22 20 7. 3750E+00 194.0 65.84 
19:25 23 6. 5435E+00 195.0 63.53 
19:28 26 5.9038E+00 197.0 58.91 
19:31 30 5. 2500E+00 197.5 57.75 
19:34 36 4. 5417E+00 199.8 52.44 
19:37 40 4. 1875E+00 200.0 51.98 
19:40 45 3.8333E+00 202.0 47.36 
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APPENDIX C1.2 

AQUIFER TEST DATA - BIG GOOSE WELL 

Type of Test: Constant-Drawdown and Recovery 
Dates: 7/18-7/20/85 
Tested by: Wester/Jarvis 
Well Tested: Big Goose Well 
Monitoring Equipment: 300 psi bourdon tube gauge; 1.5" x 2" orifice 
weir 

Note: Drawdown equals 508 feet throughout test. 

Time 

7/18 9:48 
9:50:10 
9:51:20 
9:51:52 
9:52:45 
9:53:00 
9:53:08 
9:53:19 
9:53:28 
9:53:40 
9:53:53 
9:54:08 
9:54:24 
9:54:43 
9:55:02 
9:55:18 
9:55:41 
9:56:03 
9:56:35 
9:57:10 
9:57:44 
9:58:27 
9:59:18 

10:00:11 
10:01:21 
10:02:36 
10:03:30 

Elapsed 
Time 

(Minutes) 

0.00 

1.16 
1.70 
2.58 
2.83 
2.96 
3.15 
3.30 
3.50 
3.71 
3.97 
4.23 
4.55 
4.87 
5.13 
5.52 
5.88 
6.42 
7.00 
7.57 
8.28 
9.13 

10.00 
11.20 
12.60 
13.50 

Manometer 
Reading 
(Inches) 

0 

73.5 
64.5 
55 
53.5 
52.5 
51.5 
50.5 
49.5 
48.5 
47.5 
46.5 
45.5 
44.5 
43.5 
42.5 
41.5 
40.5 
39.5 
38.5 
37.5 
36.5 
35.5 
34.5 
33.5 
33 

Flowrate Remarks 
(GPM) 

0.00 220 PSI Back Pressure 
Start of Test 

86.26 1 1/2 X 2-Inch Orifice 
80.81 
74.62 
73.60 
72.91 
72.21 
71.50 
70.79 
70.07 
69.35 
68.61 
67.87 
67.12 
66.36 
65.60 
64.82 
64.03 
63.24 
62.43 
61.62 
60.79 
59.95 
59.10 Sample: 12.8 oC, 
58.24 Hardness - 14 grains, 
57.80 pH 6-6.5, 
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10:05 
10:07 
10: 10 
10: 14 
10:16 
10: 18 
10:20 
10:25 
10:31 

10:33 

10:38 
10:39 

10:44 
10:52 
10:53 

11:01 
11:11 
11:17 

11:25 
11:41 
12:10 
12:29 
13:17 
13:20 

14:38 
15:35 
17 :02 
18:15 

15 
17 
20 
24 
26 
28 
30 
35 
41 

43 

48 
49 

54 
62 
63 

71 
81 
87 

95 
111 
140 
159 
207 
210 

288 
345 
432 
505 

32 
31 
29.625 
28.375 
27.75 

26.625 
25.75 
24.875 

24 

23.5 
22.75 

22.125 
21.5 

20.75 
20.25 
19.5 
19 
18.25 

17.25 
16.625 
16 
15.5 

56.92 
56.02 
54.77 
53.60 
53.00 

51.92 
51.06 
50.18 

49.29 

48.78 
47.99 

47.33 
46.66 

45.83 
45.28 
44.43 
43.86 
42.98 

41.79 
41.03 
40.25 
39.61 

Cl-5 

S04 < 50, 
Iron 2.3 
H20 slightly red 
8 psi backpressure 

sample: 
13.5 oC, 
Condo 420, 
Hardness - 13 grains, 
Iron 5, 
pH 7.5 
Sheridan intake approx. 0 iron 
sample: 
Iron 8.8 wI 50% dilution of 
Sheridan water, 
pH 7.5, 
14.50C, condo 425 
H20 clearer 
sample: 
13.50C, condo 420, 
Iron 1.8, pH 7.5, 
Hardness - 12 grains 

sample: 14oC, 
condo 415, 
pH 7.7, iron approx. 0, 
Hardness - 12 grains 

sample: 150 C, 
condo 420, 
pH 7.8, hardness - 12, 
Iron approx. 0 

samp 1 e : 150C , 
Condo 410, hardness -
12 grains, 
pH 7.8, iron approx. 0 



20:25 635 

21:57 727 
7/19 8:35 1,365 

8:40 1,370 

10:25 1,475 

Time 

7/19 10:35:00 
10:35:30 
10:35:45 
10:36:00 
10:36:15 
10:36:30 
10:36:45 
10:37:00 
10:37:20 
10:37:40 
10:38:00 
10:38:30 
10:39:00 
10:39:30 
10:40:00 
10:40:30 
10:41 
10:42 
10:43 
10:44 
10:45 
10:47 
10:49 
10:51 

14.875 38.81 sample: 160C, 
Condo 405, pH 7.8, 
Hardness - 11 grains, 
Iron approx. 0 

14.5 38.31 
13.125 36.45 

sample: Hardness - 13 grains, 
Condo 420, 16.20C, 

pH approx. 7.8 
12.625 35.75 4.5# backpressure 

* * * * * * * RECOVERY * * * * * * * 

Elapsed Time 
(Minutes) 

0.00 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.33 
2.67 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6 
7 
8 
9 

10 
12 
14 
16 

tit' 

2.9710E+03 
1. 9810E+03 
1. 4860E+03 
1. 1890E+03 
9. 9100E+02 
8. 4957E+02 
7.4350E+02 
6. 3834E+02 
5. 5718E+02 
4. 9600E+02 
4. 2529E+02 
3.7225E+02 
3. 3100E+02 
2. 9800E+02 
2.7100E+02 
2. 4850E+02 
2. 1314E+02 
1.8663E+02 
1. 6600E+02 
1. 4950E+02 
1.2475E+02 
1.0707E+02 
9.3813E+01 

Cl-6 

Shut-in Drawdown 
Pressure (Feet) 

(PSI) 

Shut-in 
61.0 367.29 
71.0 344.19 
76.3 331.95 
82.0 318.78 
85.8 310.00 
90.0 300.30 
93.0 293.37 
96.3 285.75 
99.3 278.82 

101.8 273.04 
104.3 267.27 
107.8 259.18 
110.3 253.41 
112.0 249.48 
114.0 244.86 
115.8 240.70 
119.5 232.16 
121.8 226.84 
124.3 221.07 
126.3 216.45 
130.3 207.21 
133.0 200.97 
136.0 194.04 



10:53 18 8. 3500E+Ol 138.3 188.73 
10:55 20 7.5250E+Ol 140.3 184.11 
10:58 23 6. 5565E+01 143.5 176.72 
11:01 26 5.8115E+01 145.5 172.10 
11:05 30 5.0500E+Ol 148.5 165.17 
11:11 36 4.2250E+Ol 150.5 160.55 
11:15 40 3.8125E+Ol 152.5 155.93 
11:20 45 3.4000E+01 155.0 150.15 
11:25 50 3.0700E+Ol 157.0 145.53 
11:42 67 2.3164E+01 162.5 132.83 
11:50 75 2.0800E+Ol 164.3 128.67 
12:13 98 1.6153E+01 168.8 118.27 
1:2:47 132 1.2250E+01 174.3 105.57 
13:16 161 1.0224E+01 177.3 98.64 
14:03 208 8. 1394E+00 182.0 87.78 
14:33 238 7. 2395E+00 184.0 83.16 
15:02 267 6. 5618E+00 185.5 79.70 
18:00 445 4. 3371E+00 195.0 57.75 
19:00 505 3. 9406E+00 200.0 46.20 

7/20 9:00 1,345 2.1041E+00 212.0 18.48 
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APPENDIX Cl.3 

AQUIFER TEST DATA - BIG GOOSE WELL 

Type of Test: Constant-Discharge and Recovery 
Dates: 8/16-8/18/85 
Tested by: Wester 
Well Tested: Big Goose Well 
Monitoring Equipment: 300 psi bourdon tube gauge; 1-1/2" x 2" orifice 

weir 

Time 

8/16 10:52 

Elapsed 
Time 

0 
10:55:00 
10:56 1 
10:57 2 
10:58 3 
10:59 4 
11:00 5 
11:01 6 
11:02 7 
11:03 8 
11:04 9 
11:05 10 
11:06 11 
11:07 12 
11:08 13 
11:09 14 
11:11 16 
11:13 18 
11:15 20 
11:18 23 
11:21 26 
11:25 30 
11:30 35 
11:36 41 
11:42 47 
11:54 59 
12:05 70 

Manometer 
Reading 

(Inches) 

0 

12.5 
12.25 
12 
12 
12.25 

12.25 

12.25 

12.25 

12.25 

12.25 

12.25 
12.25 
12.25 
12.25 
12.25 
12.25 

Flowrate Back- Drawdown Remarks 
(GPM) pressure (Feet) 

(PSIG) 

0.00 224.5 PSI Shut-in Pressure 
Start of Test 

35.57 145 183.65 1 1/2 X 2-Inch Orifice 
35.22 136.5 203.28 Adjusted up 
34.86 130 218.30 Adjusted up 
34.86 126 227.54 Adjusted up 
35.22 121.75 237.35 Adjusted up 

118 246.02 
115 252.95 

35.22 113 257.57 Adjusted up 
110 264.50 

35.22 108.5 267.96 Adjusted up 
106 273.74 
104.5 277.20 

35.22 Adjusted up 
102 282.98 

35.22 100.5 286.44 Adjusted up 
97.5 293.37 

35.22 96 296.84 
93 303.77 
91 308.39 

35.22 88.25 314.74 Adjusted up 
35.22 85 322.25 Adjusted up 
35.22 82.5 328.02 Adjusted up 
35.22 80 333.80 Adjusted up 
35.22 76.25 342.46 Adjusted up, H20 colored 
35.22 73.75 348.23 Adjusted up, H20 reddish 
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12:20 85 12.2 35.15 70.25 356.32 Adjusted up, H20 clearing 
12:35 100 12.25 35.22 66 366.14 Adjusted up 
12:55 120 12.2 35.22 63 373.07 Adjusted up, H20 clear 
13:30 155 12.25 35.22 58.25 384.04 Adjusted to 12 3/4 in. 
15:44 289 12 34.86 50.5 401.94 Adjusted to 12 3/4 in. 

16:05 310 12.5 35.57 44 416.96 
20:20 565 12 34.86 37.5 431.97 Adjusted to 12 1/2 in. 
20:30 575 34 440.06 Adjusted to 13 in. 

8/17 9:26 1,351 11.5 34.12 25.5 459.69 Adjusted to 12 1/2 in. 
9:30 1,355 12.5 35.57 19.5 473.55 

11:50 1,495 11.75 34.49 Adjusted up 
11:55 1,500 12.5 35.57 14.5 485.10 

* * * * * * * RECOVERY * * * * * * * 

I 

Time Elapsed Time tit' Shut-in Drawdown 
(Minutes) Pressure (Feet) 

(PSI) 

8/17 11:55:05 0.00 Shut-in 
11:55:35 0.50 3.0010E+03 63.0 373.07 
11:55:50 0.75 2.0010E+03 82.0 329.18 
11:56:05 1.00 1.5010E+03 88.0 315.32 
11:56:20 1.25 1.2010E+03 93.0 303.77 
11:56:35 1.50 1.0010E+03 97.0 294.53 
11:56:50 1.75 8. 5814E+02 100.0 287.60 
11:57:25 2.33 6. 4478E+02 106.0 273.74 
11:57:55 2.83 5. 3104E+02 110.0 264.50 
11:58:35 3.50 4. 2957E+02 114.0 255.26 
11:59:05 4.00 3.7600E+02 117.5 247.17 
11:59:35 4.50 3. 3433E+02 120.0 241.40 
12:00:05 5.00 3.0100E+02 122.0 236.78 
12:01:05 6.00 2. 5100E+02 125.5 228.69 

12:02 7 2. 1529E+02 128.5 221.76 
12:03 8 1.8850E+02 130.5 217.14 
12:04 9 1.6767E+02 133.0 211.37 
12:05 10 1. 5100E+02 135.3 206.05 
12:07 12 1. 2600E+02 139.0 197.51 
12:09 14 1.0814E+02 141.5 191.73 
12:11 16 9.4750E+01 144.5 184.80 
12:13 18 8.4333E+01 146.8 179.49 
12:15 20 7.6000E+01 148.5 175.56 
12:19 24 6. 3500E+01 152.0 167.48 
12:23 28 5.4571E+01 155.0 160.55 
12:27 32 4.7875E+01 157.5 154.77 
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12:32 37 4. 1541E+01 159.8 149.46 
12:35 40 3.8500E+01 161.5 145.53 
12:40 45 3.4333E+01 163.5 140.91 
12:45 50 3.1000E+01 165.5 136.29 
12:55 60 2.6000E+01 168.5 129.36 
13:07 72 2. 1833E+01 171.5 122.43 
13:29 94 1.6957E+01 175.0 114.35 
13:52 117 1.3821E+01 179.5 103.95 
14:11 136 1.2029E+01 181.5 99.33 
15:07 192 8.8125E+00 187.0 86.63 
15:59 244 7. 1475E+00 191.0 77.39 
16:59 304 5. 9342E+00 194.0 70.46 
17:43 348 5. 3103E+00 196.0 65.84 

8/18 14:45 1,610 1.9317E+00 216.0 19.64 
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APPENDIX C2 

AQUIFER TEST DATA - LITTLE GOOSE WELL 



APPENDIX C2.1 

AQUIFER TEST DATA - LITTLE GOOSE WELL 

Type of Test: Step Test and Recovery 
Date: 9/5/85 
Tested by: Wester/Spencer 
Well Tested: Little Goose Well 
Monitoring Equipment: 6 x 3" orifice, 300 psi bourdon tube gage 

Elapsed Wellhead Inches 
Time Backpressure Drawdown on Flow 

Time (Min) (PSIG) (Feet) Manometer (GPM) Remarks 

15:48 259 Shut-in 
16:15 Start 
16:18 3 190 159.4 5 76 
16:19 4 185.5 169.8 
16:20 5 184 173.3 
16:21 6 184+ 173.3 
16:22 7 180.5 181.3 
16:24 9 180.5 181.3 
16:25 10 180 182.5 14.5 126 
16:26:30 11.5 121 318.8 
16:27:30 12.5 122 316.5 
16:28 13 119.5 322.3 
16:29:30 14.5 117.5 326.9 
16:31 16 114 335.0 
16:32 17 113 337.3 
16:33 18 112 339.6 
16:36 21 109 346.5 
16:36:30 21.5 62 455.1 27.5 176 
16:38 23 50 482.8 
16:40 25 42 501.3 
16:41 26 41 503.6 Water green 

& mungy 
16:46 31 33 522.1 
16:47 32 0 598.3 36 200 
16:48 33 0 598.3 34 195 
16:49 34 0 598.3 33 192 
16:50 35 0 598.3 32.5 191 
16:53 38 0 598.3 30.5 185 
16:53:30 38.5 0 598.3 31 186 Flowrate jumped 

up momentarily 
16:57 42 0 598.3 30.75 185.5 Water clearing 

slightly 
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17:00 45 0 598.3 30.25 184 Chunks of 
shale coming 
out 

17:03 48 0 598.3 29 180 
17: 10 55 0 598.3 29.75 182.5 5# backpres-

sure 

* * * * * * * RECOVERY * * * * * * * 

17:12 0 Shut-in 
17:12:33 .5 170 205.6 0 0 
17:12:45 .75 178 187.1 
17:12:50 .82 181 180.2 
17:13:00 1.00 185 170.9 
17:13:15 1.25 188 164.0 
17:13:30 1.50 192 154.8 
17:13:45 1.75 194 150.2 
17:14:00 2.00 195 147.8 
17:14:30 2.50 198.5 139.8 
17:15:00 3.00 201.25 133.4 
17:15:30 3.50 203.5 128.2 
17:16:00 4.00 204.75 125.3 
17:16:30 4.50 206 122.4 
17:17:00 5.00 207 120.1 
17:17:30 5.50 209.5 114.4 
17:18:00 6.00 209.75 113.8 
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APPENDIX C2.2 

AQUIFER TEST DATA - LITTLE GOOSE WELL 

Type of Test: Constant Drawdown and Recovery 
Date: 9/6/85 - 9/12/85 
Tested by: Spencer/Wester/Hinckley 
Well Tested: Little Goose Well 
Monitoring Equipment: 6 x 4" and 6 x 3" orifices 

Note: Drawdown was a constant 594 feet throughout test. 

Elapsed 
Time 

Time (Min) 

11:25 

11:35 
11:36:08 1.13 
11:37:16 2.27 
11:37:30 2.50 
11:38:00 3.00 
11:38:15 3.25 
11:38:30 3.50 
11:38:45 3.75 

11:40:07 5.12 
11:40:30 5.50 
11:40:45 5.75 
11:41:15 6.25 
11:41:45 6.75 

11:42:30 7.50 
11:43:00 8.00 
11:43:30 8.50 
11:44:00 9.00 
11:44:45 9.75 
11:45:15 10.25 
11:45:45 10.75 
11:46:30 11.50 
11:47:00 12.00 
11:48:00 13.00 
11:49:00 14.00 
11:50:00 15.00 

Inches 
on Orifice 

Manometer 

11 
11.5 
11 
11.5 
11.25 
11.13 

35 
36.25 
35.5 
35.75 
35.5 

35.25 
34.75 
34.25 
34 
33.5 
33.25 
33 
33.25 + .25 
32.75 
32.13 
32.5 
31.5 

Flow 
(GPM) 

215 
220 
215 
220 
217.5 
216 

197 
200.5 
198 
199 
198 

197.5 
196.5 
195.5 
195 
194 
193 
192 
193 
191.5 
189 
191 
188 

C2-3 

Remarks 

Shut-in 6 x 4" orifice 
Shut-in pressure 257 
Start 
Open 

Change plates - lost 
data; now 6 x 3" 
orifice 

Cloudy, md grn/gry; 
T=130C, cond=455 

T=13.50C, cond=450 
Fluctuations + .5" 

Fluctuating + .25" 



11:51:00 16.00 31.25 187 Md grn/gry color 
11:52:00 17.00 30.88 186 

11:53:00 18.00 30.75 185.5 T=14.50 C, cond=465, 
sli clearer 

11:54:00 19.00 30.5 185 
11:55:00 20.00 29.75 182.5 Fluctuating! .25" 
11:56:00 21.00 29.63 182 
11:57:00 22.00 29.5 + .25 182 
11:58:00 23.00 29.75- 182.5 Total hardness = 230 mg/l, 

clearing slightly 
11:59:00 24.00 29 + .25 180 T=150 C, cond=450 
12:00:00 25.00 28.88 180 
12:01:00 26.00 29.25 + .25 181 
12:03:00 28.00 28.75 - 179.5 Ca hardness = 130 mg/l, 

cloudy (It grn) 
12:05:00 30.00 28.25 178 
12:07:00 32.00 28 177 
12:09:00 34.00 27.5 176 T=150 C, cond=460, 

cloudy, sli grn 
12:11:00 36.00 27.5 + .25 176 
12:13:00 38.00 27 + :13 174 
12:15:00 40.00 26.88 174 
12:18:00 43.00 26.5 + .25 173 
12:24:00 49.00 26 + :25 171 T=150 C, cond=461, 

sli cloudy, 1t grn 
12:30:00 55.00 25.25 168 
12:37:00 62.00 26 171 
12:48:00 73.00 24.5 165 sli cloudy, lt grn 
12:55:00 80.00 24.75 + .25 166 T=150 C, cond=461 
12:58:00 83.00 24.5 +-.25 165 
13:05:00 90.00 23.5 162 Fe (ferrover) = 25 mg/l, 

c 1 ea re r , s 1 i 9 rn 
tint 

13:10:00 95.00 23.75 163 pH = 7.1 
13:15:00 100.00 24.5 + .5 165 jumping up about 3-4" 
13:20:00 105.00 24.25-+ .5 164.5 CaC03=225, S04=<10ppm 
13:32:00 117.00 23 jumps to 160- total hardness = 225 

28 177 ppm 
13:44:00 129.00 23 jumps to 160-

31 186 water turning v cloudy, 
+ grn/gry, lots of 
shale frags & gunk 
behind orifice plate 

14:20:00 165.00 22 jumps to 156-
31 186 

C2-4 



14:40:00 185.00 21 jumps to 152-
24 164 T=15.50C, cond=520, 

too cloudy to test 
(let it settle), 
pH=7.28, a1k=220ppm, 
hardness=200ppm, Fe=.07ppm 

15:10:00 215.00 20.5 jumps to 150-
31 186 

15:40:00 245.00 19.5 jumps to 146-
31 186 still v cloudy & grn 

16:10:00 275.00 26.5 (stable) 173 
16:45:00 310.00 27.5 (stable) 176 less cloudy - clearing up 
17:25:00 350.00 27 (steady) 174 T=16oC, cond=462, 

pH=7.08, a1k=210ppm, 
hardness = 170ppm, 
Fe=.03ppm; clearing 

18:15:00 400.00 26.25 
(steady) 172 still clearing; sli 

cloudy 
19:16:00 461.00 25.5 

(steady) 169 clearing; T=16oC, 
cond=422, pH=6.6, 
alk=210ppm, hardness= 
190ppm, Fe=.2ppm 

19:50:00 495.00 25 (steady) 167 
20:22:00 527.00 24.75 166 
21:17:00 582.00 24.25 164.5 
22:10:00 635.00 24 164 
9/7/85 
05:03:00 1048.00 22 156 cloudy 
07:45:00 1210.00 16.5 134 clear 
8:40:00 1265.00 16.38 + .25 133 very clear 
9:45:00 1330.00 16.38 "+ .13 133 T=14.50C, cond=400, 

pH=7.4, Fe=.2ppm, 
a1k=200ppm, hardness= 
210ppm 

10:45:00 1390.00 16.5 + .25 134 
12:34:00 1499.00 16.5 Jumps 134-

to 18 140 water grn/gry as before 
13:40:00 1565.00 18 jumps to 140-

24 164 grn/gry, cloudy 
14:25:00 1610.00 21.25 + .13 153 water clearing 
15:05:00 1650.00 21 + .13 152 still cloudy, lt grn 
16:00:00 1705.00 21 ! .13 152 sli cloudy; T=150C, 

cond=450, pH=6.8, 
Fe=.lppm, turbidity= 
148JTU, a1k=190ppm, 
hardness=180ppm 
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16:43:00 1748.00 20.5 + .13 150 51i cloudy, clearing 
17:34:00 1799.00 20.25-+ .25 149 cloudy 
18:35:00 1860.00 20.13 + .13 148 cloudy 
19:28:00 1913.00 19.88 + .13 148 cloudy 
20:05:00 1950.00 19.75 "+ .13 147 cloudy 
21:17:00 2022.00 19.75 "+ .13 147 cloudy 
22:40:00 2105.00 19.63 + .13 146 cloudy 
9/8/85 
06:50:00 2595.00 18.75 + .25 143 51i cloudy 
08:08:00 2673.00 18.75 "+ .25 143 v sli cloudy 
09:05:00 2730.00 18.63 '+ .25 142 v sli cloudy 
10:08:00 2793.00 18.63 "+ .25 142 turbidity=47JTU, T=150C, 

cond=415, pH=7.2, 
Fe=.15ppm, hardness= 
200ppm, a1k=210ppm 

10:43:00 2828.00 18.5 + .13 142 sli cloudy 
11:25:00 2870.00 18.5 "+ .13 142 v 51; cloudy 
12:25:00 2930.00 18.25-+ .13 141 v sl; cloudy 
15:25:00 3110.00 18.25+ .13 141 v 51; cloudy 
17:05:00 3210.00 18.13 "+ .13 140 turb;dity=58JTU, pH=6.8, 

T=150 C, cond=440 
18:10:00 3275.00 18 + .25 140 sli cloudy; a1k=180ppm, 

hardness=180ppm, Fe=.05pprn 
19:20:00 3345.00 17.63 + .13 138 
20:20:00 3405.00 17.5 +-.25 138 water becoming more 

cloudy 
21:45:00 3490.00 17.5 + .25 138 51i cloudy 
23:00:00 3565.00 17.38-+ .25 137.5 51i cloudy 
9/9/85 
06:30:00 4015.00 17 + .25 136 51i cloudy 
08:00:00 4105.00 17 + .25 136 
11:11:00 4296.00 17 ! .25 136 51i cloudy; T=150C, 

cond=425, turbidity= 
30JTU, pH=7.0, a1k= 
200ppm, hardness= 
190ppm, Fe=O.lppm 

13:30:00 4435.00 16.88 + .25 135 
16:40:00 4635.00 16.75 "+ .13 135 cloudy 
21:05:00 4900.00 16.5 +-.25 134 cloudy 
9/10/85 
06:53:00 5488.00 16.25 + .25 133 clear 
09:25:00 5640.00 16.25 133 clear; t=150 C, cond=420, 

turb;dity=20JTU, pH=7.2, 
a1k=190ppm, Fe=.08ppm, 
hardne55=210ppm 

12:15:00 5810.00 16.13 + .13 132 clear 
14:05:00 5920.00 16 + .13 132 clear 
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9/12/85 
14:30:00 7385.00 

Elapsed 
Time 
(min) tit' 

0 0 
.08 89748 
.30 24831 
.53 14056 
.68 10955 
.85 8765 

1.07 6963 
1.23 6057 
1.67 4461 
2.07 3600 
2.38 3131 
2.67 2791 
3.17 2351 
3.83 1946 
4.82 1546 
5.92 1259 
7.22 1033 
8.93 835 

12.00 622 
16.00 467 
20.50 364 
26.00 288 
36.00 208 
46.00 163 
66.00 114 
72.00 104 
89 85 

112 68 
129 59 
150 51 
183 42 
214 36 
250 31 
360 22 

14 123 clear; T=60oF, cond=420, 
H2S=1.1ppm, S04=2ppm, 
Fe=.05ppm, pH=7.2, 
hardness=210ppm, alk= 

* * * * * * * RECOVERY * * * * * * * 

Wellhead 
Pressure Drawdown 

(psig) (ft) Remarks 

Shut-in; 15:34 
90 388.08 

115 330.33 
120 318.78 
122 314.16 
124 309.54 
126 304.92 
128 300.30 
132 291.06 
134 286.44 
136 281.82 
138 277.20 
140 272.58 
142 267.96 
144 263.34 
146 258.72 
148 254.10 
150 249.48 
154 240.24 
157 233.31 
160 226.38 
163.5 218.30 
168 207.90 
171.5 199.82 
177.5 185.96 
179 182.49 
182.5 174.41 
186 166.32 
188.5 160.55 
190.5 155.93 
194 147.84 
195 145.53 
198 138.60 
203 127.05 
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493 16 207 117.81 
9/13/85 

705 12 212 106.26 
1000 8 216 97.02 
1062 8 217.5 93.56 
1318 7 218 92.40 
1488 6 222 83.16 
1830 5 224 78.54 
2670 4 230 64.68 
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APPENDIX D 

WATER LABORATORY ANALYSES 



CORE LABORATORIES, INC. 
P. O. BOI 2794 

Casper. Wyominl 

ANAlYTICAL REPORT RECEIVED SEP 0 6 1985 

From ..•. J.\{l9~.~S.QQ. K~J.1y. .......................... Product ... ,Water. ................................. . 
Address .• ~~r~!,!i.~~ . ~Y .............................. Date ..... 7.-.25-:85 ................................ . 
Other Pertinent Data ....•........•.•....•...•.......••...............•....••.••..••..•.••.••••••.••••••. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • eo· ••••••• 

Analyzed by ..•••...••.•.......•.......•.••.•........ Date ...•.. ~.-.q-:~~ .............. lab. No .. ~~~~~~:-~ •.. 

WATER ANALYSIS 
Sheridan Co., WY 

Madison Gallatin Formation 
Big Goose f/1 

Midway 7-18-85 8:30 PM 

Total suspended solids, mg/l ----------------------------
Total dissolved solids (calc.), mg/l ---------------------211 
Total dissolved solids (obs.), mg/l ----------------------210 
Conductivity @ 77oF., micromhos/cm -----------------------368 
Total alkalinity as CaC03, mg/l --------------------------200 
Total hardness as CaC03' mg/l ----------------------------216 

Sodium (Na}{calc.), mg/l ---------------------------------2 
Sodium (Na}(obs.), mg/l ----------------------------------2 
Potassium (K), mg/l --------------------------------------1 
Calcium (Ca), mp/l ---------------------------------------42 
Magnesium (Mg), mg/1 -------------------------------------27 
Sulfate (504)' mg/l --------------------------------------15 

Chloride (Cl), mg/l --------------------------------------4 
Carbonate (C03), mg/l ------------------------------------0 
Bicarbonate (HC03), mg/l ---------------------------------244 

pH, units -~-~-------------------~------------~-~---------7.9 
Cation-Anion Balance -------------------------------------0.19 

Gross Alpha~ pCi/l---·--------------------------------------* 
LlD,-p€i/t~------,-----------------------------------------* 

Gross Beta, pCi/l ~----------------------------------------. 
Radi urn 226, pC i /1 --------------------------------.---------* 
LLO, pCi/1 --~---------------------------------------------* 
Radium 228, pCi/l -----------------------------------------* 
LLD, pCi/l ------------------------------------------------* 
Uranium, (U308), mg/l ------------------------------------... 

WATER IABORATORY ANALYSES - BI'G GOOS·E WE~L D -1 



CORE LABORATORIES/INC. 
P. O. BOI 2794 

Casper. Wyominc 

ANALYTICAL REPORT 

RECEIVED SEP a 6 1985 

From........... . .. ................... Product ... ~.~ ~~~ .................................. . 
Address ...... . . . . . . . •. . . . . . . . . . . . . . • . • . . . . . . . . . Date ..........................•.....•....•........ 

Other Pertinent Data .............•......•.....•.......................................•.......•..•....... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -................................................ . 
Analyzed by ....................•.................... Date .... ~:-?~~S. . .............. Lab. No. ~.s.o.Qe~:-~ ... . 

l~ATER ANALYSIS 
Sheri dan Co., Wy 

Madison Gallatin Formation 
Big Goose #1 
Ena 7-19-85 10:30 AM 

Total suspended solids -------
Total dissolved solids (calc.) -
Total dissolved solids (obs.) -
Conductivity @77oF., micrcmhos/cm 
Total alkalinity as CaC03 ----
Total hardness as CaC03 ------
Sodium (Na)(calc.) -----------
Sodium (Na)(obs.) ------------
Potassium (K) ----------------
Calcium (Ca) -----------------
Magnesium (Mg) ---------------
Sulfate (S04) ----------------
Chloride (Cl) ----------------
Carbonate (C03) --------------
Bicarbonate (HC03) ------------
pH, units ---------------------
Aluminum (Al) ----------------
Arrmonia (as N) ---------------
Arsenic (As) ------------------
Boron (8) ---------------------
Barium (Sa) ------------------
Cation-Anion Balance ----------
Cadmium (Cd) -----------------
Chromium (Cr) -----------------
Cobalt (Co) --------------------

* = Tests not requested. 

mg/l 

224 
198 
368 
20S 
22S 
3 
2 
1 
44 
28 
18 
7 
o 
250 
8.1 
* 
* ND(0.004) 
NO(O.I) 
0.03 
0.57 
NO(O.Ol) 
NO(O.OS) 
* 

NO :: riot detected at level given in parentheses. 

Copper (Cu) ---------------
Fluoride (F) --------------
Iron (Fe) (total) ---------
Iron (Fe) (dissolved) ------
leac (Pb) -----------------
Mang~nese (Mn) -------------
Mercury (Hg) --------------
Molybdenum (Mo) ------------
Nickel (Ni) ---------------
Nitrate (as N) ------------
Nitrite (as N) ------------
Phosphorus (P04) ----------
Selenium (Se) -------------
Silica (Si02) -------------
Silver (Ag) ---------------
Zinc (Zn) -----------------
Vanadium (V20S) -----------
Uranium (U30S), mg/l---------
Eh. millivolts ------------
Chemical Oxygen Demand (COD)-
Radium 226, pCi/l ---------
Radium 226 (LLD), pCi/l ----
Gross Alpha, pCi/' --------
Gross Alpha (LLO), pCi/l _a. 
Gross Beta, pCi/l ---------
Gross Beta (LLD), pCi/l ----
Radium 228, pCi/l ---------
Radium 228 (LLD), pCi/l ----

WATER LABORATORY ANALYSES - BIG GOOSE WELL 

D .. 2 

mQ/l 

ND(O.Ol 
0.12 
* 
ND(O.03 
NO(O.05 
NO(O.Ol 
NO(O.OO, 
ND{0.02 
* 
0.03 
* 
* 
NO(O.OO· 

. 9.4 
ND(0.02: 
NO(O.Ol: 
* 
ND(O.Ol: 
* 
* 
0.6 : O. 
0.5 
1.8 ! 2. 
1.0 
<0.9 !1. 
0.9 + 
<1.4 _ 0 
1.4 



WDA·287 08015 WATER ANALYSIS LAB NO. 86-11811 
Wyoming Department of Agriculture 

Division of Laboratories 
P. O. Box 3228, University Station RECElVED S£P 2 7 1985 

Laramie, WY 82071 

OWNER OR USED Anderson & Kelly 

ADDRESS P.O. Box 29, Laramie, WY 82070 

SOURCE ________________ LOCATION _______________ _ 

DESCRIPTION 

DATE COLLECTED 

Tensleep Form. Well #1 

CATIONS meql1 

Calcium 

Magnesium 

Sodium 

PotaSSium 

4.45 

1.86 

0.25 

0.08 

Total Cations 6.64 

E.P.A. 
STANDARD 

Ammonia 

Boron 

C.O.D. 

Conductance (umholcm2) 

Cyanide 

Hardness (as CaCO~ 

M.B.A.S. 

Nltrate-N (N03 + N02 as N) 

Nitrite 

pH 

Phenols 

Phosphate Ortha-Total 

ROE (180- C) 

Silica 

Sodium(%) 

SOlids,Suspended 

SolidS, Total 

Solids, Volatile 

Sulfide 

Total Alkalinity (as CaCO~ 

Total Carbonate 

Total Kjeldahl Nitrogen 

Turbidity (N.T.U.) 

011 & Grease 

Chloroform 

Bromodlchloromethane 

Chlorodlbromomethane 

m9l1 

89 

23 

5.8 

3.0 

FOUND m9l1 

658 

7.8 

400 

]90 

DATE RECEIVED 

ANIONS 

Carbonate 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Fluoride 

Total Anions 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Endrln 

Lindane 

Methoxychlor 

Silvex 

Toxaphene 

2,4-0 

Bromoform • V 
Date September 20, 1985 \}JD 

Laboratory Fee $ 69 00 (~ (Charged-to be billed monthly) 

Please make checks payable to: Wyoming Oe.,.rtment of Agriculture 
2219 Carey Avenue 

Cheyenne. WY 82002 

WATER IABORATORY ANALYSES - LITTLE GOOSE WELL 

D -3 

September 5, 

meql1 

0 

3 S9 

2 60 

o 03 

Q 02 

E.P.A. 
STANDARD 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

0.Q1 

0.05 

0.0002 

0.004 

0.1 

0.01 

0.005 

0.1 

1985 

m9l1 

0 

2/i0 

120 

0 

0 4 

6 S4 

FOUND m9l1 



(rORE LABORA70fHE5, !fJC. 
P. O. Box 2794 

Casper. Wyoming 
RECE{VEO NOV 0 6 1985 

ANALYTICAL REPORT 

From ..... ~~~~ !":;~.n .. ~ . ~~ ~ .1 Y .. I.~c: •................... Product ........ . 

Ad::ress ..... ~~ !"~!TI.i.e, . '1~ ........................... Date ....... 0~~.1.8.-.~~ ............................ . 
O~her Pertinent Data . ................................................................................... . 

An;;!yzed by ......................................... Date .... 1.Q-: 31-:-?5 ............... Lab. No.~?~~8.9.~ 1 .... . 

\.JATER ANALYSIS 

Little Goose Creek Beginning 

Tota1 suspended solids -------
Total dissolved solids (cclc.) -
Total dissolved solids (obs.) -
Conductivity @77oF., micrcmnos/em 
Total alkalinity as CaC03 ----
Total hardness as CaC03 ------
Sodium (Na)(calc.) -----------
Sod~:.l~ (t-la)(obs.) -------------
Potassium (K) -----------------
Caleiu~ (Ca) ------------------
Mag~esium (Mg) ----------------
SUlfate (SOi) ----------------
Chloride (Ci) ----------------
Carbonate (C03) --------------
Bicarbonate (HC03) ------------
pH, units . ---------------------
Aluminum (Al) ----------------
Affimonia (as N) ---------------
Arsenic (As) -----------------
Boron (8) --------------------
Barium (3a) ------------------
Cation-Anion Balance ----------
Cac~ium (Cd) -----------------
Chrc~iu~ (Cr) ----------------Cobalt ~Co)----------------------

* = Tests not requested. 

moll 
,,;': 

206 
190 
327 
190 
213 

1 
3 
1 

44 
25 
9 

12 
0 

232 
7.7 
.;': 

-;': 

-;', 

.;: 

-;': 

1. 03 
-;': 

-;': 

1: 

r~o = ilot detected at level given in parenth2ses. 

CORE LABORATORIES, HiC. 

Copper (Cu) ----------------
Fluoride (F) ---------------
Iron (Fe) (total) ---_ ... _----
I r'on (Fe) (dissolved) ------
Lead (Pb) ~--------------~-~ 
Nanganese ·(:·1n) -------------
~iercury (Hg) -------_._---_-..-
~10 lybdenu;n (:·10) ----------_ .. 
N; eke 1 (Ni ) -------------_ ..... 
Ni tia te (as N) --------_ .. -.- .• 
Nitrite (as N) -------------
Phosphorus (P04) -----------
Selenium (Se) --------------
Silica (Si 02) ... _------------
Si 1 ver (Ag) ----------------
Zinc (Zn) ------~-----------
Vanadium (V 205) --c~lf------
Uran; urn (Natural~-~-~--------
Eh, mi 11 iva I ts -------------
Chemical Oxygen Demand (COD)-
Radium 226, pC; 11 ----------
Radium 226 (LLD), pCi/l 
ThOi~; urn 230,pCi/l------------
Tho}~i LIm 230, (LLD) , pCi/l-----

WATER IABORATORY ANALYSES - LITTLE GOOSE WELL D-4 

mell 

* 
,,;': 

E. 
.,': 

* 
-;': 

;: 

-;': 

i': 

* 
it.: 

.,,: 

-I: 

i'; 

* 
* 
-;": 

,': 

* 
* 
-I: 

I': 

,;': 

-;': 



C"DRE ~ABO~ArDRB~5, 3rJC. 
P. O. Box 2794 

Casper. Wyoming 

ANALYTICAL REPORT RECEJVED NOV 0 S 1985 

From .......... A11-~.e.~!? 9.11- . ~. ,I.<~)') Y." , r~<; ~ ....... Product ........ , , 

Ac:ress. , ...... J:..~r,aTI).:t~., .. WY ....... ' " ..... " ... Date ., . . q~ ~ 1. 8 ~,8 5. , ............................. . 

Other Pertinent Data, ...................... , ............................................................ . 

Anaiyzed by ......................................... Date .... ~.q -:- .3.~ -:- .8~ ............ Lab. No .. !~ ~ ~.~ ~ ~ .. ~~ 

t~ATER A~JAL YS IS 

Little Goose Creek end 

Tot~1 suspended sOlids -------
Total dissolved solids (calc.) -
Total dissolved solids (obs.) -
Conductivity @77oF., micrc~hos/cm 
Total alkalinity as CaC03 ----
Total hardness as CaC03 -------
Sodium (Na)(calc.) ------------
S001;Ji71 (it:) (obs. ) -------------
Potassium (K) ----------------
Calcium (Ca) -----------------
Ma~~25ium (~S) ---------------
SUlfate (S01) ----------------
Chloride (Ci) ----------------
Carbcna~e (CO~) --------------
Bicarbonate (HC03) ------------
pH, units . ---------------------
Aluminum (Al) ----------------
A~monia (as N) ---------------
Arsenic (As) ------------------ NO 
Boron (8) --------------------- NO 
Barium (Sa) ------------------
Cation-Anion Balance ----------

mq/l 

223 
204 
359 
220 
235 

2 
3 
1 

48 
28 
8 
6 
o 

263 
7.7 

-1: 

(0.004) 
(0.1) 
0.01 
1 .26 
(0.01) 
(0.01) 

Cad~ium (Cd) ------------------ NO 
Chrc~ium (~r) ----------------- NO 
COD' alt )Co ----------------------\ 1: 

* = Tests net requested. 
r·m = rIot detected at 1 eve 1 gi'len in parentheses. 

CORE LABORATORIES, INC. 

09-12-85 

mall 

Copper (Cu)---------------- NO (0.01) 
Fluoride (F) --------------- NO (0.1) 
I ron (Fe) (total) ---------- ~'L 
Iron (Fe) (dissolved) ------ 0.08 
Lead (Pb) -----------------~ NO (0.05) 
r-tanganese ·(Nn) ------------- NO (0.01) 
Nercury (Hg) -------------~- NO (0.0004) 
Molybcenu;n (i-io) -----------.• NO (0.02) 
Nickel (Ni) ---------------.. * 
Nitrate (as N) -----------.-,~ 0.45 
Nitrite (as N) ------------- * 
Phosphorus (P04) ----------- * 
Selenium (Se) -------------- NO (0.001) 
Silica (5;02) -------------- 10.5 
Silver (Ag) ---------------- NO (0.02) 
Zinc (Zn) ------------------ NO (0.01) 
vana~;um( (V 20S)1 \ -pcf7f------ ~I, 
Uranl urn Na tura r------------ 3.5 
Eh, millivolts ------------- * 
Chemical Oxygen Demand (COO)- * 
Radium 226, pC;/l ---------- 0.0 + 1.1 
Radium 226 (LLD), pCi/l 1.2 
Thorium 230,pCi/l------------ * 
Thorium 230,(LLD), pCi/l----- * 
Radium 228, pCiil ----------- 0.0 + 1.3 
Rad i urn 228, (LLO), pC i / 1 -- - - 1:-8 
Gross Alpha, pei/1 ---------- 4.0 + 2.0 
Gross Alpha, (LLO) pCi/1 ---- O.S 
Gross Beta, pCi/l ----------- 1.3 + 2.0 
Gross Beta, (LLO) pCi/l ----- 0.8 

WA'I'ER IABORATORY ANALYSiS - LITTLE GOOSE WELL D-5 
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