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EXECUTIVE SUMMARY 

The Shell Valley Deep Well Project consisted of a Level II 
Feasibility Study to determine the feasibility of developing 
groundwater sources for agricultural irrigation water supply to 
supplement surface water sources utilized by the Shell Valley 
Watershed Improvement District. Satellite imagery interpretation 
performed by the U.S. Bureau of Land Management was used by the 
wyoming Water Development Commission geohydrology staff to iden
tify potential drilling sites within the irrigation District 
service area suitable for constructing exploration wells into the 
Paleozoic aquifer system including the Madison, Bighorn, and 
Flathead strata. 

The groundwater exploration and development feasibility 
study resulted in the construction of two wells. The first well, 
the Shell Valley Well No.1, penetrated to a depth of 3,041 feet. 
The initial artesian flow of the well was 176.5 gpm from the 
Madison aquifer. The Madison aquifer was subjected to high 
pressure hydro fracture stimulation with gelled sand with a resul
tant increase in the artesian flow of the well to 367 gpm. Sub
sequently, the well was deepened through the entire thickness of 
the Bighorn Dolomite; however, the Bighorn strata did not yield 
groundwater and the well was plugged back to 2,421 feet near the 
base of the Madison aquifer. The Shell Valley Well No. 1 shut-in 
pressure at the end of construction and testing was 143 psi with 
the initial artesian flow rate of 367 gpm decreasing to 224 gpm 
over a 10-day flow test. 

The second well, Shell Valley Well No.2, was drilled to a 
total depth of 3,379 feet and penetrates both the Madison and 
Bighorn aquifers. The Bighorn aquifer, which is deeper than the 
Madison aquifer, yielded an artesian flow of 796.8 gpm after 
several months of unrestricted flow. The Madison aquifer yielded 
292.2 gpm of artesian flow providing a total artesian flow from 
the well of 1,090 gpm at the time of geophysical logging of the 
well during the final stages of construction. Subsequent testing 
after completion of the well revealed a shut-in pressure of 161 
psi and an initial artesian flow of 1,280 gpm declining to 1,091 
gpm during the period of a 20-day flow test. The long-term 
artesian discharge rate of the well is projected to decline to 
879 gpm after 20 years of continuously uninterrupted maximum 
artesian discharge. Intermittent operation of the well or sus
tained operation at less than maximum flow will result in a 
lesser decline of maximum artesian flow yields with time. 

The chemical quality of the groundwater from the Madison and 
Bighorn aquifers is excellent for use as agricultural irrigation 
water with total dissolved solids concentrations of 234 mg/l and 
264 mg/l for the Madison and Bighorn, respectively. The ground
water is hard water exhibiting about 225 mg/l total hardness as 
CaC03. The chemical quality is well suited for use as a munici
pal water supply source as well as being suited for agricultural 
irrigation. 



1. INTRODUCTION 

The Shell Valley Deep Well Project consisted of a Level II 

Feasibility Study as described in Enrolled Act No. 44 of the 1982 

Session of the 46th wyoming Legislature. The purpose of the 

Level II Feasibility Study was twofold. One objective was to 

obtain information on the productivity of the Paleozoic aquifer 

system in the vicinity of Shell, Wyoming by constructing an 

exploration/observation well and a test/production well into the 

Paleozoic formations and conducting an aquifer test of selected 

Paleozoic aquifers. The results obtained from the aquifer test 

program were to be evaluated to determine the potential long-term 

yield available from the aquifer system and to develop data 

required for predicting the aquifer response to long-term ground

water withdrawal. The second objective of the study was to 

provide a production well that could produce a minimum sustained 

yield of about 1,000 gallons per minute for use by the Shell 

Valley Watershed Improvement District to augment their existing 

irrigation water supply. Greater sustained yield would also make 

it possible to supply additional water to the Town of Greybull, 

Wyoming, if the necessary irrigation requirements were satisfied. 

Implementation of the Level II Feasibility Study resulted in 

the construction of two wells as planned. However, drilling 

technology was selected and applied that permitted construction 

of both of the wells as aquifer testing and production wells 

rather than as one small diameter exploration/observation well 

and one test/production well. Project objectives were satisfied 

in that (1) the two wells constructed for the project have pro

vided the required hydrologic and hydraulic characterizations of 

the long-term yield capabilities of the Paleozoic aquifer system 

and (2) the combined instantaneous yield of the two wells avail-
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able for use as supplemental irrigation water supplies and other 

uses exceeds 1300 gpm. Total footage drilled for the project is 

6,429 feet which is well in excess of the approximately 5,000 

feet of drilling anticipated by the modified project scope after 

receipt of the initial competitive cost proposals from short

listed consultants. Moreover, the provision of two production 

wells instead of the originally planned one exploration well and 

one production well is a sUbstantial increase in the benefits of 

the Level II Feasibility study as implemented. 

2. ACKNOWLEDGEMENTS 

The kindly cooperation and assistance of K. L. Reid for 

providing access to his property for placement of the discharge 

pipeline to Trapper Creek is greatly appreciated. Likewise, the 

cooperation of Jack Klucas and other members of the Shell Valley 

Watershed Improvement District was very helpful. Mr. Jon Wade, 

geohydrologist for the Wyoming Water Development Commission, 

rendered invaluable assistance in obtaining the necessary State 

and Federal permits and in providing continued participation in 

decisions pertaining to all aspects of the well construction 

activities. Special recognition is given to the drilling crews 

of the Sargent Irrigation Company of Casper, Wyoming who perse

vered through adverse weather conditions, numerous technical 

difficulties, and extended periods of 24-hour per day operations. 

Mr. Mike Purcell, Administrator of the Wyoming Water Development 

Commission, and the members of the Wyoming Water Development 

Commission merit special commendation for their support of the 

exploration project and perseverance in the face of numerous 

difficulties in the accomplishment of the project. 

3. GEOLOGY AND GEOHYDROLOGY 

A general location map for the Shell Valley Deep Well Pro-
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ject is shown on Figure 1 with a generalized geologic map and 

geologic cross section of the local area of the Shell Valley Deep 

Well Project. The site is located adjacent to the Trapper Creek 

Road in the NE 1/4, NE 1/4, section 35, T53N, R91W, approxmately 

9,500 feet from the synclinal axis of the Bighorn Mountains 

monocline. The project location is structurally down dip from a 

major recharge area for the Madison Group strata and for other 

water-bearing strata such as the Tensleep, Bighorn, and Flathead 

formations. The dip of the strata east of the axial trace of the 

lower limb of the monocline ranges from 12 to 17 degrees whereas 

the dip of the strata west of the monocline and in the vicinity 

of the well sites for the project ranges from about 4 to 7 

degrees. The hydraulic gradient in the Madison Group strata is 

from the recharge area on the west flank of the Bighorn Mountains 

in a westward direction into the Bighorn Basin. The potentio

metric surface of the groundwater levels at the Shell Valley Deep 

Well project site is 330 feet above the land surface at Well No. 

1. 

The location of the exploratory well site was selected 

largely on the basis of satellite imagery interpretation per

formed for the WWDC by the u.s. Bureau of Land Management. The 

second major consideration in selecting the drilling site was the 

relationship between the drilling site and the existing irriga

tion project conveyance system and plans to improve the irriga

tion project water supply. Other factors taken into considera

tion in siting the well included field inspection of the local 

surface geology, topography, and local land ownership and access 

conditions. As shown on Figure 1, the drilling site is located 

near the end of a lineament trace identified by the satellite 

imagery interpretation. 
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The significance of lineations and curvilinear traces iden

tified by imagery interpretation is that the traces may delineate 

zones of structural deformation such as faults or master joints 

in the earth's strata. The presence of fractured rock along 

faults or joints provides so called secondary permeability in the 

rocks in addition to the intrinsic permeability provided by the 

intergranular or intercrystalline interstices of the rocks. The 

presence of secondary permeability in bedrocks tends to enhance 

the availability of groundwater to water wells penetrating the 

zones of secondary permeability. The enhanced groundwater yields 

are the result of the relatively greater potential for ground

water to be stored and transmitted along the zones of fractured 

rock. 

The lineament trace upon which the Shell Valley Wells Nos. 1 

and 2 were drilled is not evident to visual examination of the 

terrain or geology at the land surface. Field inspection of the 

lineament location does not reveal an indication of faulting or 

other structural deformation in the strata exposed at the land 

surface. This is a typical characteristic of lineaments which 

extend from terrain on relatively brittle rock such as the 

Madison Group into terrain on relatively plastic rock such as the 

siltstones and shales of the Amsden, Chugwater, Gypsum springs, 

and Sundance Formations underlaying the drilling site. The plas

tic shales tend to absorb most of the deformation that finds 

expression in the brittle rocks; however, satellite imagery may 

detect the trace of the structural feature in the plastic rocks 

even where the structural deformation in the subsurface does not 

extend to the strata exposed at the land surface. 

Consequently, the absence of evidence of structural deforma

tion in the surface exposures of strata at the drilling site is 

5 



not necessarily a discouraging sign. Evaluation of the results 

of the two exploration/production wells drilled at the site 

provides some strong indications that secondary fracture enhance

ment of permeability in the carbonate rocks of the Madison Group 

and Bighorn Dolomite was a major factor influencing the well 

yields. The rational for this conclusion is provided by a com

parison of the results of the two wells drilled at the site. 

Well No. 1 yielded an artesian flow of 176 gpm from the Madison 

Group and did not yield any groundwater from the Bighorn Dolomite 

which did not display any particular evidence of either intrinsic 

or secondary permeability. In comparison, Well No.2, a scant 

567 feet distant from Well No.1, yielded 364 gpm from the Madi

son (as measured with a packer isolating the Madison from the 

lower strata) and 916 gpm from the Bighorn Dolomite. 

Obviously, there is a drastic difference in the permeabili

ties of the carbonate rocks at the two well sites, only 567 feet 

apart, particularly in the Bighorn Dolomite. Circumstantial 

evidence suggests the main difference between the two sites may 

be secondary fracture openings in the carbonate strata penetrated 

by Well No. 2 that are not present at Well No.1. Secondary 

fracture fillings were recovered in the drill cuttings from the 

Madison Group strata penetrated by Well No. 1 but were not parti

cularly prevelant in the cuttings from Well No.2. This suggests 

that the refilled fractures penetrated by Well No. 1 are probably 

of a different age than the open fractures presumably penetrated 

by Well No. 2 and were the result of a different tectonic event. 

Well No. 1 penetrated two caverns or voids in the Madison Group 

yet Well No.2, which did not penetrate cavernous zones, yields 

more water from the Madison. This fact again implies that 

intrinsic permeability and secondary porosity and solution open-
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ings played a subordinate role to secondary fracture permea

bility. Examination of the geophysical borehole logs shows a 

number of zones of increased porosity in the carbonate rocks. 

However, comparison the the zones of porosity to the zones of 

greatest groundwater inflow indicated by temperature differential 

logs of the borehole at Well No. 2 shows that the greatest 

groundwater inflow zones do not always correspond to the zones of 

greatest porosity. This again suggests that fracture permeabil

ity played a significant role in providing the water-bearing 

zones in Well No.2. 

Although the evidence is circumstancial, it is probable that 

the relatively large yields of flowing artesian groundwater ob

tained at Well No. 2 are the result of secondary fracture 

enhancement of permeability. If this conclusion is correct, it 

points out another aspect of utilizing satellite imagery inter

pretation and lineaments as a groundwater exploration tool. 

Namely, the lineament trace observed on the imagery is a general 

trend, often interpreted from landform shapes and other indirect 

information, and which may have considerable width as an inter

pretive feature. The width and exact line of the lineament are 

not defined by the imagery interpretation. In the absence of 

observable structural phenomena in the strata exposed at the land 

surface, there is considerable question as to the exact location 

of the lineament and the structural feature in the subsurface 

which the lineament is supposedly related to. 

This problem is succinctly demonstrated by the experience at 

the Shell Valley wells where a difference of 567 feet in the well 

site locations resulted in a SUbstantial difference in the well 

yields. The conclusion that must be drawn from this experience 

is that in areas where SUbstantial thicknesses of shale and other 
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soft rocks conceal the precise location of a lineament related 

structure in the subsurface, it is highly desirable that addi

tional subsurface investigations be conducted by geophysical 

means if at all possible. Intensive deep earth resistivity 

profiles combined with detailed seismic investigations of a site 

like the Shell Valley wells site may provide the resolution 

necessary to identify the precise location of a target zone for 

drilling in the absence of surface indications of the structure. 

4. PROJECT IMPLEMENTATION 

Although the overall objectives of the Shell Valley Deep 

Well Project remained unchanged throughout the duration of the 

program, the implementation of the groundwater exploration and 

aquifer testing studies was subjected to a number of modifica

tions during accomplishment of the program. 

4.1. Program Philosophy 

The initial scope of the Shell Valley Deep Well Project was 

to consist of drilling and completion of one small diameter 

exploration/observation well and one large diameter test/produc

tion well, both fully penetrating the entire Paleozoic aquifer 

system with a maximum estimated depth of 3,500 feet per well. 

The philosophy of the initial program concepts was governed by 

two considerations. One consideration was that the relatively 

inexpensive small diameter exploration well would be used to 

verify the presence of aquifer production zones suitable for 

development and testing. If the small diameter exploration well 

did not reveal the presence of suitable aquifers, the site could 

be abandoned and an alternate location selected for implementa

tion of the exploration program. The second consideration was 

that reliable measurement of aquifer storage coeficients requires 

the use of an observation well. If suitable aquifers were pene-
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trated by the exploration well, it would be completed as an 

observation well to provide test data necessary for calculating 

the aquifer storativity. Aquifer testing was anticipated to 

consist of a seven-day constant rate test, followed by a recovery 

test, in the case of a flowing well; and a stepped rate test 

followed by a constant rate test (with associated recovery tests) 

in the case of a non-flowing well. 

4.2. First Program Revision 

Preliminary competitive cost proposals received by the Wyom

ing water Development Commission (WWDC) for the originally 

requested scope of work revealed that the original scope of work 

required a budget considerably in excess of the funding approved 

by the Wyoming state Legislature for this project. Subsequently, 

a revised scope of work was developed which reduced the Level II 

Feasibility efforts to drilling, completion, and testing of one 

small diameter exploration/observation well and one large diame

ter test/production well, both to fully penetrate the Madison 

Group, with an estimated maximum depth of 2,500 feet per well. 

4.3. Second Program Revision 

Investigation of the types of drilling technology available 

for construction of the relatively deep water wells required for 

implementation of the exploration program indicated that applica

tion of air-reverse circulation rotary drilling methods would 

permit the construction of a relatively large diameter explora

tion/observation well, which would be suitable for later utiliza

tion as a production well, for construction costs comparable to 

the costs for a smaller diameter exploration/observation well 

constructed by other conventional rotary drilling techniques. 

Consequently, the second change to the scope of work was made in 

which the WWDC directed that the first well be constructed to 
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specifications which would render the well suitable for use as a 

production well after completion of the exploration and testing 

program. This change was motivated by the philosophy that if 

suitable conditions were encountered, the program implementation 

would not only provide the observation well required for aquifer 

testing, but would also result in provision of two production 

wells upon project completion. It was hoped that the provision 

of a two-well field would provide more groundwater to supplement 

irrigation water supplies than would be provided by a single 

test/production well paired with a small diameter exploration/ob

servation well. 

Accordingly, air-reverse circulation rotary drilling methods 

were used to construct the initial exploration well through the 

Madison Group aquifer system to a total depth of 2,440 feet. The 

exploration well minimum diameter of 8-3/4 inches was large 

enough to permit the well to function as a high capacity produc

tion well. In addition, the upper 600 feet of 14-inch diameter 

well casing was large enough in diameter to accommodate high 

capacity pump bowls in the event that the water users elected to 

supplement 

ever, the 

the natural artesian flow by pumping the well. How

natural artesian flow of 176 gpm from the well was 

disappointing and did not satisfy the project requirements for a 

minimum flow of 1,000 gpm. Moreover, flow tests of the well 

indicated that even if the water users elected to install a pump 

(an objectionable cost of service from their standpoint) the well 

would only yield about 600 gpm when pumped. 

4.4. stimulation by Hydrofracturinq 

Consequently, the well was evaluated to determine if appli

cation of high pressure hydro fracturing techniques might reason

ably be expected to increase the natural artesian flow yield. 
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The evaluation indicated that the Madison Group aquifers would 

respond to hydro fracture stimulation; however, the presence an 

eight inch high cavern penetrated at 2,110 feet and another 1.5 

foot high cavern from 2,126 to 2,127.5 feet in the lower third of 

the Madison Group presented zones that might consume the pressure 

needed to propagate fractures. Further evaluation indicated that 

relatively high rates of downhole flow would be necessary to 

create the volume needed to sustain the pressure gradient neces

sary for hydrofracturing. In addition, it was determined that 

utilization of acid to etch the fracture faces, a conventional 

and highly effective fracturing technique, was undesirable due to 

the problems associated with disposal of any unneutralized acid 

and due to the potential to contaminate Trapper Creek. Accord

ingly, a gelled sand hydrofracturing application was recommended 

as most suitable for the specific site conditions. 

After careful consideration of the alternatives, the WWDC 

staff decided to proceed with the gelled sand hydro fracture 

treatment in an attempt to stimulate an increase in the artesian 

flow from the exploration well. Accordingly, a casing packer was 

installed at a depth of 1,396 feet and a hydro fracture stimula

tion treatment was conducted at the average flow rates and 

average pressures depicted on Table 1. 

Table 1: summary of rates and pressures for hydrofracturinq. 

Treatment Volume 

Clear water injection: 476 BBL 

Gelled water and sand: 815 BBL 

Clear water flush: 83 BBL 

Rate 

37 BPM 

45 BPM 

50 BPM 

Pressure 

2,200 psi 

2,300 psi 

2,800 psi 

In summary, a total of 1,374 barrels (BBL), i.e. 57,708 gallons, 

of fluid was injected into the well at an average tubing pressure 
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of 2,400 psi, at rates ranging from 37 barrels per minute (BPM) 

to a peak of 56 BPM (1,554 to 2,352 gpm), including 35,000 pounds 

of 20/40 "frac" sand in 815 BBL (34,230 gallons) of gelled water. 

Peak tubing pressure during the treatment was 2,600 psi and 

instantaneous shut-in pressure was 1,500 psi indicating friction 

flow losses in the tubing and packer of 1,100 psi for an effec

tive pressure against the formation of 1,300 psi average and 

1,500 psi peak pressure. A summary of post-fracturing shut-in 

pressures is shown on Table 2. 

Table 2: Post-hydro fracture treatment shut-in pressures. 

0 minutes shut-in 1,500 psi at well head 

5 minutes shut-in 850 psi at well head 

10 minutes shut-in 700 psi at well head 

15 minutes shut-in 600 psi at well head 

The slow dissipation of the differential pressure between the 

formation pressure of 143 psi and the post treatment pressures 

demonstrates that the hydro fracturing treatment was successful in 

building up significant pressure in the Madison Group aquifers 

and in overcoming the effects of the cavernous limestone zones 

between about 2,110 and 2,128 feet. Following development by 

reverse-circulation conditioning and removal of a considerable 

amount of "frac" sand, the natural artesian flow of the well in

creased to 367 gpm, or more than twice the pre-fracturing yield. 

4.5. Deepening the Exploration Well 

The fact that the gelled sand fracture stimulation of the 

exploration well did not increase the yield to the desired mini

mum artesian flow of 1,000 gpm resulted in further evaluation and 

redirection of the program. Geophysical logs of the borehole 
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completed prior to the hydro fracture treatment indicated that 

with the exception of the cavernous zone just below 2,100 feet, 

the primary or intrinsic porosity of the Madison Group carbonates 

was the principal source of groundwater storage and movement and 

that little or no evidence of secondary fracture enhancement of 

permeability was present. Therefore, there was no reason to 

believe that drilling a second exploration well at any location 

along the lineament identified in the satellite imagery interpre

tation would lead to discovery of a highly productive zone by 

virtue of secondary fracture enhancement of the rock permeabili

ties in the Madison Group strata. 

Moreover, one of the initial objectives of the program had 

been to explore the availability of groundwater from other Paleo

zoic strata below the Madison Group strata. This objective had 

not been accomplished by the initial exploration well which 

penetrated only a short distance into the strata below the Madi

son. Considerable local interest was expressed on the part of 

the local water users' association to determine the availability 

of groundwater from strata deeper than the Madison Group. Thus, 

there was considerable motivation to deepen the existing explora

tion well to investigate the aquifer potential of the deeper 

strata. However, concomitant with a decision to investigate the 

deeper strata was the consideration that such an effort would 

utilize most of the remaining project funds and therefore would 

rule out any possibility of constructing an observation well to 

the same depth for use in aquifer testing. 

After considerable deliberation over the alternatives of 

constructing another exploration well at a new location versus 

deepening the existing exploration well, the WWDC opted to stay 

with the original program philosophy of exploring the entire 
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Paleozoic sequence of strata from the Madison Group on down to 

the basement complex. Considerations contributing to this deci

sion included (1) the lack of any evidence of secondary fractur

ing to be exploited for greater yields by a new well on the 

lineament being explored, (2) the undesirable location with res

pect to the agricultural irrigation project of other sites favor

able to large groundwater yields, and (3) strong interest in 

determining the availability of groundwater from strata deeper 

than the Madison Group. 

Accordingly, work began to re-enter the exploration well and 

deepen it. Plan formulation for this phase of the project in

cluded three potential types of well completion, depending on the 

results of tests in the exploration borehole. state Engineer's 

Office regulations prohibit multiple completion of a water well 

in the state of Wyoming, that is, water wells penetrating more 

than one major aquifer system must be completed in a manner such 

that the groundwaters from the different aquifer systems are 

isolated and cannot comingle. Thus, if the exploration well were 

to encounter aquifer production zones in the Bighorn Dolomite and 

Flathead Sandstone in addition to the Madison Group aquifers, the 

final well construction would have to prevent hydraulic communi

cation between any of the three aquifer systems. The three 

options for final well completion were designed to comply with 

the State Engineer's Office regulations. 

The requirements of the state Engineer's Office were one 

element contributing to the level of technical difficulty and the 

risks inherent in re-entering the exploration well. A second 

source of risk was the fact that the well had been hydrofrac

tured. An extensive survey of qualified water well and oil and 

gas well drillers in the State of wyoming did not identify a 
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single drilling company who had experience in re-entering a well 

that had been subjected to fracture stimulation treatment or who 

had even heard of re-entering such a well. Moreover, the survey 

did not identify a drilling company willing to take on the job of 

re-entering the well, other than the drilling subcontractor who 

drilled the well prior to the hydro fracture treatment. 

The original drilling subcontractor agreed to re-enter the 

well and the first step in deepening the well was initiated. The 

first step consisted of reaming the 8-inch nominal borehole below 

the end of the casing at 1,855 feet to a new diameter of 9-7/8 

inches so that adequate borehole diameter would exist to install 

8-5/8 inch diameter casing necessary to obtain high capacity 

yields from the anticipated depth range of 2,500 to 3,500 feet. 

Smaller diameter casing would have severely limited potential 

production from any high capacity aquifers encountered in that 

depth range. Thus, the deepening efforts continued to be consis

tent with the philosophy of providing an exploration well that 

would 

the 

the 

be suited to use as a production well after completion of 

exploration and testing program. 

total depth of 2,440 feet were 

The reaming operations to 

completed without serious 

difficulty and deepening of the exploration well began. 

The first step in the deepening process was to drill through 

the combined thickness of the Bighorn Dolomite and the Gallatin 

Limestone. These strata act as an aquifer system in some areas 

and would be the first target of ongoing testing as the explora

tion well was deepened. When the basal contact of the Gallatin 

Limestone was encountered at a total depth of 3,041 feet, dril

ling activities were suspended to conduct a pressure and flow 

test of the Bighorn-Gallatin interval. A Halliburton Well Ser

vices mechanical packer was installed near the top of the Bighorn 
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Dolomite and used to isolate the Bighorn-Gallatin interval from 

the overlying strata penetrated by the well. The test of the 

Bighorn-Gallatin 

indicated that 

interval did not show any flow or pre sure 

the carbonate strata in this interval did 

yield groundwater. 

and 

not 

The Halliburton packer and appurtanent tools were installed 

with approximately 380 feet of tools hanging below the packer 

including 60 feet of Halliburton perforated tubing and 320 feet 

of 7-1/2 inch diameter drill collars. As the packer assembly was 

being removed from the well, the perforated tubing below the 

packer became unscrewed and about 360 feet of tubing and drill 

collar fell to the bottom of the well at 3,041 feet from an 

estimated depth of about 500 feet. Substantial and extensive 

fishing efforts to recover the lost tools ensued. The fishing 

efforts were successful in recovering all of the tools except the 

last five feet of perforated tubing that had been on the bottom 

of the tool string. Fishing and milling operations had deepened 

the well to 3,050 feet by this time where the last five feet of 

tubing remained lodged in the bottom of the hole, at a diagonal 

from top to bottom, similar to a whipstock that would be placed 

into a borehole to change the direction of the drilling from 

vertical to an angle. 

When extensive efforts with various fishing tools, sidewall 

hooks, and milling tools failed to dislodge or destroy the tubing 

at the bottom of the well, it was clear that the remaining alter

natives were to (1) abandon further efforts on the project, (2) 

move to a new location and start a new well, or (3) plug back 

from the lost tubing and then use directional drilling to go 

around the lost tool and continue to deepen the well. 

Directional drilling was feasible but presented a number of 
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uncertainties regarding the ability to control the direction of 

the borehole, the capability to install casing into the direc

tional borehole, and the ability to accomplish directional dril

ling efforts within the remaining project funds. However; 

reevaluation of the project objectives and remaining budget indi

cated that it was still possible to construct a new well, includ

ing provision for completion of the well as a production well, to 

the base of the Paleozoic strata with the remaining project 

funding. This fact was made possible in large part by a signifi

cant financial contribution to the project by the drilling con

tractor who remained committed to successful completion of the 

project. 

The possibility of starting a new exploration well nearby on 

the same lineament was attractive from two standpoints. The 

first exploration well had shown that there was not a yield of 

groundwater from the Bighorn-Gallatin interval below the Madison 

Group. The only remaining target for the exploration well was 

the Flathead Sandstone, which from a purely interpretive 

standpoint did not present a high probability of success in 

completing a high yield artesian well although local interest in 

exploring the Flathead remained high. Therefore, it was clear 

that if a second exploration well failed to discover SUbstantial 

yields of groundwater in the deeper strata, there was at least 

the probability of completing it in the Madison Group to equal 

the artesian flow yield of the first exploration well and 

therefore double the availability of groundwater to the agricul

tural irrigation project. 

Moreover, the local water users indicated that even a re

duced groundwater source of supply yielding flows in the 500 to 

700 gpm range would be of use in mitigating the impacts of the 
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droughty conditions prevailing at the time. Accordingly, the 

WWDC concluded that the most reasonable alternative was to plug 

the existing exploration well back to the base of the Madison 

Group and complete it as a Madison production well while pursuing 

construction of a second Paleozoic strata exploration well at a 

nearby location with the thought that if deeper strata, namely 

the Flathead Sandstone, did not provide the desired groundwater 

yields, the second exploration well would also be plugged back to 

the base of the Madison and completed as a Madison production 

well. 

4.6. Second Exploration Well Construction 

Preliminary flow test data from the first exploration well, 

referred to herein as the Shell Valley Well No. 1 or simply Well 

No.1, were evaluated to estimate aquifer hydraulic parameters 

and to determine a minimum reasonable distance that should exist 

between two production wells in the Madison aquifer at the ex

ploration drilling site so that the two wells could be utilized 

concurrently without excessive drawdown interference and resul

tant adverse reduction of well yields. A minimum desirable well 

separation of 500 to 600 feet was established and used in con

junction with land access considerations to select a drilling 

site for the second well on private land where an easement was 

available. The second well is referred to herein as the Shell 

Valley Well Number 2 or simply Well No. 2 and is located a 

distance of 567 feet from Well No. 1 in the SE 1/4, SE 1/4, 

section 26, T53N, R91W. 

Air-reverse circulation rotary drilling methods were uti

lized to construct Well No.2, which like Well No. 1 was also 

designed to be a production well. Well No. 2 proved to be more 

productive than Well No. 1 with an artesian flow of about 364 gpm 
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from the Madison aquifers compared to a pre-hydro fracture flow of 

about 176 gpm from the Madison in Well No. 1 and an artesian flow 

of 916 gpm encountered from an aquifer in the Bighorn Dolomite, 

where Well No. 1 did not yield groundwater. Both wells exhibited 

artesian flows of about 30 gpm from the Tensleep Formation above 

the Madison. 

4.6.1. Borehole Caving Problems 

Despite the presence of strong artesian flows from the 

Madison and Bighorn aquifers, drilling of Well No. 1 continued 

with the objective of penetrating the Flathead Sandstone and 

testing the potential of the formation as an aquifer. Drilling 

of the entire well, below the 179 feet of 16-inch diameter sur

face casing, was conducted as open hole drilling using clear 

water as a drilling fluid once the Tensleep Formation was pene

trated and artesian flows began. At a depth of 3,324 feet, 

borehole caving problems began in the Gros ventre Formation 

shales. Intermittent caving problems continued to a depth of 

3,379 feet where caving was so severe that further progress could 

not be made with clear water as a drilling fluid. 

The artesian flow from the Bighorn and Madison aquifers, 

with the drilling tools in the hole, was about 700 to 800 gpm at 

this time, a fact which precluded the circulation of conventional 

bentonite gel drilling fluid in the borehole to stabilize the 

caving interval. The use of a drilling fluid with adequate 

density and viscosity to supress the artesian flows would also 

result in invasion of the artesian aquifers by the drilling fluid 

and would possibly prevent full development of the artesian 

aquifers if it was later decided to complete the well in those 

aquifers. Therefore, heavy drilling fluid could not be circu

lated into the borehole to stabilize the Gros Ventre Formation. 
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Consequently, it was necessary to install casing down to the 

caving zone so that bentonite gel drilling fluid could be circu

lated inside the casing where dilution by artesian flows and 

plugging of the artesian flow zones would not occur. If the 

Flathead Sandstone did not prove to be a productive aquifer, the 

casing would be pulled back above the artesian zones to be deve

loped in the Bighorn or the Madison. Drilling operations were 

suspended for approximately 72 hours while 3,500 feet of 9-5/8 

inch diameter threaded well casing was delivered to the site. 

Geophysical logs of the borehole were to be completed before 

the casing was installed because electrical logging devices will 

not log borehole through casing. Operation of the geophysical 

logging tools revealed that the borehole had caved and bridged in 

the Amsden Formation at a depth of about 1,751 feet with minor 

bridges present in the Amsden at 1,695 feet and 1,714 feet. 

Attempts to drill out the bridges of caved material resulted in 

further caving and after several days of effort to clear the 

caved area the top of the caved material was at about 1,681 feet. 

Artesian flows ranging from 600 to 750 gpm continued to discharge 

from the well during the entire effort to clear the caved mater

ial from the borehole. 

4.6.2. Casing Installation 

When it became evident that the caved zone in 

would continue to cave and enlarge the borehole if 

the Amsden 

further ef-

forts were made to drill out the caved materials, it was decided 

to pressure cement the caved zone in an attempt to stabilize it 

so that a new borehole could be drilled back through the cemented 

materials. A formation packer was installed in the open borehole 

at a depth of 1,465 feet and a total of 145 sacks of cement were 

injected into the caved materials at a final pressure of 700 psi. 
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The cement failed to stabilize the caved material and when the 

drill bit reached a depth of 1,598 feet while clearing the cement 

a full artesian discharge of 600 to 700 gpm resumed. Moreover, 

borehole caving continued in the same interval. Borehole logging 

with a special oversized caliper logger revealed that the top of 

the caved material was at 1,680 feet. 

The conditions in the borehole at this time necessitated 

several decisions that resulted in modification of the final 

scope of the project. A major consideration was the fact that 

the budget remaining after the attempts to drill out and stabi

lize the caved zone in the Amsden Formation was not adequate to 

pursue installation of the casing into the Gros ventre and con

tinued drilling of the well into the Flathead Sandstone. A 

second major consideration was that the strong flows from the 

Bighorn and Madison aquifers provided a good indication that the 

combined flows from Well No. 1 and Well No. 2 would satisfy the 

water users' requirements for an artesian flow of 1,000 gpm. It 

was clear from a pragmatic standpoint that the ultimate goal of 

providing the required water supply from artesian flow could 

possibly be realized within the remaining project funds if the 

casing could be installed to the top of the Madison Group strata 

without too much additional cost. 

The main problem, both technical and financial, was how to 

install the well casing past the caved interval beginning at 

1,680 feet. Data provided by a specially modified caliper tool 

indicated that much of the borehole was enlarged to 14 inches in 

diameter or more. The 48-inch caliper tool also indicated a 

SUbstantial void, projected to be in excess of 60 inches in 

diameter, in the borehole just above the caved material at 1,680 

feet. Based on this information and on the presence of a strong 
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artesian flow through the caved material, it was concluded that 

it would be possible to wash the well casing down through the 

caved material by pumping water down through the casing to use 

the casing as a large jetting tool. 

Two centrifugal pumps intregal to the drilling rig, rated at 

1,200 gpm each under the estimated operating heads in the well, 

were connected to the casing through the kelley swivel on the rig 

so that the casing could be rotated and moved up and down during 

the jetting process. Washing and jetting operations began with 

pump pressures ranging from 108 to 110 psi at a circulation rate 

of 2,400 gpm and casing weights placed on the caved material 

generally ranging between 500 and 5,000 pounds and being careful

ly increased to ranges between 10,000 and 32,000 pounds where 

exceptionally hard spots were encountered in the bridged mater

ials. A conical washing shoe placed on the end of the casing 

caused casing rotation as the casing advanced. strong returns of 

water and Amsden Formation cuttings up to 3 inches in mean dimen

sion were received from the annulus at the surface. The casing 

was washed down from 1,680 feet to 1,760.5 feet where the bottom 

of the bridged interval was passed and the casing could then be 

lowered to its final installation depth of 1,813 feet just into 

the top of the Madison Group strata. 

4.6.3. casing cementing operations 

The next technical difficulty was that of cementing 

feet of casing into more than 3,000 feet of open borehole 

1,813 

with 

artesian flows now in excess of 754 gpm coming up both the casing 

and the annulus. An additional complication was provided by the 

fact that a layer of stream rounded gravels on the eroded surface 

of the Madison strata in the 1,750 to 1,800 foot interval was 

caving behind the casing and the artesian flows were carrying the 
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gravels up the casing. The presence of gravel ranging in size 

from 1 to 4 inches floating up the inside of the casing meant 

that drilling tools and logging tools could not be run into the 

casing for fear of getting them stuck inside the casing. Conse-

quently, operations were suspended to wait until the material 

caved to a stable condition and gravels ceased to be discharged 

from the well, a condition which was obtained after about three 

days. 

Borehole logging below the end of the casing at 1,813 feet 

indicated that the borehole was obstructed at 1,834 feet by a 

gravel bridge. The presence of the gravel bridge made the use of 

an open borehole formation packer for cementing risky since the 

packer could not be chased to the bottom of the hole if it could 

not be retrieved following the cementing operations. If an open 

hole packer was stopped on top of the gravel bridge at 1,834 

feet, the packer would restrict the flow of water from the well 

and would have to be ground up with a milling bit, a risky 

business at best. Consequently, an attempt was made to set a 

cement plug just below the end of the casing. The attempt failed 

and revealed the presence of a pressure gradient of at least 210 

psi in the annulus which displaced the cement plug leaving the 

borehole open. As later events revealed, the pressure gradient 

was to a zone of water loss in the Chugwater Formation only about 

307 feet down in the annulus. 

In view of the pressure differential between the bottom of 

the casing and an unidentified (at that time) zone in the annu-

lus, the risk of using a retrievable open hole packer was 

accepted and an inflatable borehole packer was set below the end 

of the casing, released from the tool string, and covered with 

about 20 feet of sand to protect it from being cemented into the 
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borehole. A total of 2,167 cubic feet of cement was displaced 

up the annulus including 1,145 cubic feet of 50:50:2 light weight 

fly ash cement on top of 1,022 cubic feet of Type G cement. The 

cement filled the annulus from 1,813 feet back up to 307 feet 

where the cement was displaced into a fracture in the Chugwater 

Formation as evidenced by the loss of returns from the annulus 

during displacement of about the last 300 cubic feet of cement 

and 8 barrels of additional displacement water. 

The zone where the cement was lost shows clearly on the 

electrical geophysical logs of the borehole. After the cement 

was provided with time to gain shear strength, introduction of 

water into the borehole revealed that the lost zone was still 

taking several hundred gallons per minute of flow. Subsequently, 

the annulus was backfilled with sand from 162 feet to 307 feet to 

prevent additional cement from flowing out into the loss zone and 

then cemented from the top with Portland Cement (Type A) back up 

to the discharge pipe on the surface casing. 

4.7. Completion 

Upon completion of the casing cementing operations, Well No. 

2 was re-entered with a drill bit and cleared to a total depth of 

3,108 feet, below which caved material from the Gros ventre 

Formation was present and would continue to cave back into the 

borehole. Geophysical logging of the interval below 1,834 feet 

was completed and the well was shut in. Shut-in pressure re

covered to 161 psi and initial artesian flow discharge upon 

opening the recovered well was 1,280 gpm from the combined Madi

son-Bighorn aquifer systems. Stabilized artesian flow at the end 

of 30 days, including 10 days with Well No. 1 flowing at a 

stabilized rate of 224 gpm, was 1,090 gpm from Well No.2. 

4.8. Summary of operations 
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A summary of daily construction activities for the drilling 

and completion of Well No. 1 to its initial depth of 2,440 feet 

is shown on Table 3. 

Table 3: Abbrviated summary of Well No. 1 construction Progress 

Date 

January 10, 1984 

January 11, 1984 

January 12, 1984 

January 13, 1984 

January 14, 1984 

January 15, 1984 

January 16, 1984 

January 17, 1984 

January 24, 1984 

January 25, 1984 

January 26, 1984 

January 27, 1984 

January 28, 1984 

January 29, 1984 

January 30, 1984 

construction Progress 

Move drilling rig onto site and begin set-up. 
Excavate mud pit under supervision of BLM 
archeologist. Determine route for pipeline 
and location of discharge point with repre
sentative of WWDC. 

Begin drilling 22 inch hole for surface con
duit at 8:00 a.m. Drill direct rotary to 50 
feet depth, then switch to air-reverse rotary 
with mud to seal fluid loss zone in 15-30 
foot interval. Drill to 118 feet by 
midnight. 

Drill to 130 feet by 3:15 a.m., 18 inch cas
ing set and grouted by 8:20 a.m. 

Begin drilling 17 inch hole at 130 feet at 
2:45 p.m. 318 feet depth at 12:00 midnight. 

Drill to 366 feet at 11:00 a.m. Pump used to 
mix mud breaks down. Shut down at 11:00 a.m. 
and send for replacement pump. 

No drilling performed this day. wait for 
pump being trucked in from Nebraska. 

Begin drilling at 366 feet at 2:35 p.m. 
feet depth at 12:00 midnight. 

478 

612 feet depth at 6:30 p.m. Unable to keep 
fluid in mud pit from freezing in -20 to -30 
degree temperatures. Shut operations down 
until weather moderates. 

Begin drilling 12-1/4 inch hole at 612 feet 
at 7:50 p.m. 702 feet depth at midnight. 

939 feet depth at 12:00 midnight. 

1177 feet depth at 12:00 midnight. 

1186.5 feet depth at 12:00 midnight. 

1198.5 feet depth at 12:00 midnight. 

1254 feet depth at 12:00 midnight. 

1290 feet depth at 12:00 midnight. 
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Table 3: (continued) 

Date Construction Progress 

January 31, 1984 

February 1, 1984 

February 2, 1984 

February 3-6 

February 7, 1984 

February 8, 1984 

February 9, 1984 

February 10 -
March 4, 1984 

March 5, 1984 

March 6, 1984 

March 7, 1984 

March 8, 1984 

March 12, 1984 

March 13, 1984 

March 14, 1984 

March 15, 1984 

1443 feet depth at 12:00 midnight. 

1648.7 feet depth at 12:00 midnight. 

1737 feet depth at 11:10 a.m. Chemical con
constituents in formation water cause drill
ing mud to flocculate, cuttings drop out of 
circulating fluid and settle to bottom of 
hole. Drill tool string breaks off in hole 
at 6:10 p.m. while tripping out. 

Fishing operations to recover stuck tools. 

Clean and condition borehole to 1732 feet. 

Finish cleaning hole and resume drilling at 
1737 feet at 8:00 p.m. 1751.8 feet depth at 
9:14 p.m. Stabilizer in tool string hanging 
up in borehole at 1715 feet, ream interval to 
clear obstruction. 

continue reaming interval from 1715 - 1751.8 
feet. Tool joint rod breaks while reaming at 
2:36 p.m. 

Fishing operations to recover stuck tools. 
Hole depth increased to 1780 feet as a result 
of fishing operations. 

Begin drilling at 1780 feet at 5:26 p.m. Bit 
catching on piece of broken air pipe at 1781 
feet. 

Fishing operations to recover broken air pipe 

Begin drilling with coring bit at 1781 feet 
at 2:30 p.m. 1784 feet depth at 9:00 p.m. 

Begin coring at 1784 feet at 11:00 a.m. 1789 
feet depth at 10:00 p.m. Trip out of hole, 
crew takes time off from March 9 - 11. 

Begin drilling with 12-1/4 inch bit at 1789 
feet at 10:00 p.m. 1798 feet at midnight. 

Reach top of Madison Formation at 1834 feet 
at 1:00 p.m. 1836 feet depth at midnight. 

1855 feet depth at 10:35 a.m. Trip out, and 
begin geophysical logging of borehole at 8:15 
p.m. 

Complete geophysical logging at 2:33 a.m. 
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Table 3: (continued) 

Date Construction Progress 

March 16 -21 

March 22, 1984 

March 23, 1984 

March 24, 1984 

March 25, 1984 

Begin running 14 inch casing to 597.7 feet 
and 10-3/4 inch casing from 597.7 - 1850 feet 
Halliburton Services Company begins grouting 
operations at 3:15 p.m. and casing grouting 
complete at 5:00 p.m. 

Allow grout to set. Drilling crew cleans out 
mud pit and disposes of barite drilling mud. 

Begin drilling 8-3/4 inch hole at 1855 feet 
at 3:00 p.m. 1924 feet at 12:00 midnight. 

2280 feet depth at 12:00 midnight. 

Drill through basal contact of Madison Forma
tion at 2421 feet. Terminate drilling opera
tions at 2440 feet depth at 9:50 p.m. 

Trip out and begin geophysical logging at 
6:40 a.m. Unable to get some logging tools 
past casing separation discovered at 1810-
1815 feet depth. Geophysical logging com
pleted at 12:15 p.m. Cap well and shut-in. 

A summary of the hydrofracturing activities conducted in 

Well No. 1 with the well depth at 2,440 feet is provided on Table 

4. 

Table 4: Abbreviated Summary of Fracture stimulation operations 

Date 

April 12, 1984 

April 13, 1984 

April 14, 1984 

Construction Progress 

Halliburton crew fills frac tanks with water 
in preparation for fracture stimulation of 
of Madison Formation. 

Halliburton crew arrives at well site at 7:00 
a.m. and begins set-up for gelled-sand frac
ture stimulation. start mixing gel at 8:00 
a.m. Attempt to thread nipple into well cas
ing collar from 9:30 - 11:55 a.m. Begin 
stimulation operations at 12:30 p.m. Nipple 
threaded into well casing blows out when 
casing pressure reaches 920 psi. Shut-down 
operations for this day at 1:00 p.m. 

Ron's Anchor Service arrives on site at 7:45 
a.m. and begins setting anchors for work-over 
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Table 4: (continued) 

Date Construction Progress 

April 15, 1984 

April 16, 1984 

rig. Anchor installation completed at 9:00 
a.m. Corbin Well Service workover rig on 
site at 9:15 a.m. Halliburton casing packer 
arrives at site at 12:15 p.m. Rented 3-1/2 
inch tubing arrives at site at 1:11 p.m. 
Finishing tripping into hole with packer at 
3:10 p.m. Fracture stimulation operation 
commences at 3:32 p.m. and is completed at 
4:04 p.m. Well shut-in at 4:05 p.m. 

Begin post-fracture stimulation flow-back at 
8:47 a.m. Begin getting frac sand in flow 
at 10:30 a.m. No frac sand in flow after 
1:15 p.m. Control valve opened fully at 9:05 
p.m. 

Truck arrives at site to pick-up rental tub
ing at 8:20 a.m. Corbin Well Service crew on 
site to trip out packer at 8:40 a.m. Finish 
tripping out tubing and packer at 10:19 a.m. 
Corbin Well Service work-over rig leaves well 
site at 11:45 a.m. 

A summary of activities related to re-entering Well No. 1 to 

deepen the well is provided on Table 5. 

Table 5: Abbreviated Summary of Deepening Activities Well No.1. 

Date 

November 16 -
November 30, 1984 

December 1, 1984 

December 2, 1984 

December 3, 1984 

Construction Progress 

Move drilling rig back over hole, begin 
reaming operations. 

Reaming operations in progress to enlarge 
8-3/4 inch diameter borehole to 9-7/8 inch 
diameter. Mechanical problems with hydraulic 
system on drilling rig cause delays. 

Complete reaming hole to 2440 feet depth at 
5:15 p.m., and begin drilling new hole. 
Drill to 2507.5 feet depth at 12:00 midnight. 

2633.9 feet depth at 1:15 p.m. when drill 
rods twist off. Trip out of hole. Part of 
crew goes to Casper for fishing tools. 
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Table 5: (continued) 

Date Construction Progress 

December 4 -
December 6, 1984 

December 7, 1984 

December 8, 1984 

December 9, 1984 

December 10, 1984 

December 11, 1984 

December 12, 1984 
to 

February 8, 1985 

February 9, 1984 

Recover drill stem left in borehole when rods 
twisted off, and make repairs to kelly which 
was damaged during fishing operations. 

Resume drilling new hole at 3:45 a.m. 
feet depth at 12:00 midnight. 

2977 feet depth at 12:00 midnight. 

2716 

Terminate drilling operations at 3041 feet 
depth at 3:00 p.m. and trip out of hole to 
set-up for flow test of Big Horn and Gallatin 
Formations. 

Trip packer and sidewall anchor assembly into 
borehole. Unable to get anchor to operate. 
Trip out sidewall anchor and replace it with 
perforated pipe run to bottom of borehole. 
set packer at 8:45 p.m. but unable to deter
mine whether a tight seal has been attained. 
Monitor water levels inside tubing until 
11:10 p.m. 

Begin tripping packer out of borehole at 8:40 
a.m. after measuring water level inside 
tubing. continue to monitor water level un
til packer is inside casing at 1,855 feet 
depth. At 12:17 p.m., driller reports that 
packer is out of hole but that drill collars 
and some of perforated pipe below packer have 
separated and fallen to bottom of hole. 

Fishing operations to recover perforated pipe 
and drill collars; and to mill out pipe 
to mill out pipe embedded in bedrock at 
bottom of borehole. 

Fishing and milling operations suspended. 
Decide to plug well back to base of Madison 
Group strata and complete in Madison aquifer. 

A summary of the construction activities for Well No. 2 is pro

vided on Table 6. 
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Table 6: Abbreviated Summary of Well No. 2 Construction Progress 

Date 

June 18,1985 

June 19, 1985 

June 20, 1985 

June 21, 1985 

June 22, 1985 

June 23 to 
July 19, 1985 

July 20, 1985 

July 21, 1985 

July 22, 1985 

construction Progress 

Drilling contractor's crew completes rig set
up on site for Shell Well No.2. 

Begin drilling 22 inch borehole for surface 
conduit using direct (mud) rotary method. 
Morrison-Maierle, Inc. geologist arrives on 
well site at 11:03 a.m. Drilling progress 
slow due to lack of weight on bit. switch 
from 22 inch bit to 17 inch pilot bit at 51 
feet depth. 64 feet depth at 12:00 midnight. 

66 feet depth at 1:15 a.m. Unable to keep 
17 inch diameter borehole clear when adding 
small diameter drill collar to pipe string. 
Shut-down at 3:20 p.m. and send part of crew 
to Casper for large drill collars. Collars 
arrive at 10:00 p.m. Begin reaming 17 inch 
pilot hole to 22 inch diameter at 12:00 mid
night. 

159 feet depth at 12:00 midnight. 
day. 

Quit for 

At 6:15 a.m., resume drilling at 159 feet 
depth. 183 feet depth at 7:00 a.m. Begin 
tripping out of hole at 7:25 a.m., and 
prepare to run 16 inch diameter surface 
casing to 179 feet. Morrison-Maierle, Inc. 
geologist leaves site at 8:20 a.m. 

Contractor drills 12 1/4 inch diameter bore
hole to a depth of 2971 feet. Morrison
Maierle, Inc. geologists arrive on site at 
10:20 p.m. on July 19 to resume logging well. 

3132.5 feet depth at 9:51 p.m. Shut-down to 
repair compressor pressure gauges at 10:01 
p.m. Begin tripping out of hole to change 
bit at 11:00 p.m. Flow from Madison and Big 
Horn Formations is about 714 gpm. 

Contractor must ream tight spot in Amsden 
Formation while tripping back into hole with 
new bit. Back on bottom at 8:36 a.m. 3242 
feet depth at 12:00 midnight. 

3324.6 feet depth at 11:34 a.m. Gros ventre 
Formation begins sloughing into borehole 
while adding next piece of drill pipe and 
while trying to get back to bottom of bore
hole. Resume drilling new hole at 2:17 p.m. 
3352.5 feet depth at 12:00 midnight. Gros 
ventre Formation continuing to slough into 
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Table 6: (continued) 

Date Construction Progress 

July 23, 1985 

July 24, 1985 

July 25, 1985 

July 26, 1985 

July 27, 1985 

borehole causing intermittent loss of 
circulation and binding of drill rods. 

3370 feet depth at 6:05 a.m. continued 
sloughing of Gros ventre Formation and worn 
out drill bit slow progress. Begin tripping 
out of hole to change bit at 6:31 a.m. Must 
ream tight spot in Amsden Formation once 
again while tripping back into borehole. 
Back in hole to 3350 feet depth at 4:47 p.m. 
when Gros Ventre Formation sloughs causing 
circulation loss. Unable to regain circula
tion. Begin tripping out to clean plugged 
drill rods at 7:17 p.m. Finish cleaning rods 
and start tripping back into hole at 12:00 
midnight. Flow from Madison and Big Horn 
Formations is still about 714 gpm. 

Back in hole to 3330 feet depth at 3:45 a.m. 
when Gros Ventre Formation sloughs again 
causing circulation loss. Unable to clear 
plugged drill rods. Begin tripping out of 
hole at 5:20 a.m. At 12:00 noon, rods appear 
to be clear after tripping out to 1600 feet 
depth. start back down hole. About 112 feet 
of caved material at bottom of borehole. 
Borehole clean to 3325 feet at 12:00 mid
night. 

Back on bottom (3370) at 7:40 a.m. 3379 feet 
depth at 12:00 noon. Gros Ventre Formation 
continues to cave into open hole throughout 
the afternoon and evening. contractor unable 
of advance hole past 3379 feet depth. Decide 
to trip out of hole and remove stabilizer. 
still tripping out at 12:00 midnight when 
crew quits for day. 

Crew on site at 6:50 a.m. Finish tripping 
out of hole. Remove lowest stabilizer and 
trip back into hole. Must ream tight spot in 
Amsden Formation at 1753 feet depth while 
tripping in. About 50 feet of caved material 
in bottom of hole. At 11:00 p.m., rod become 
plugged while cleaning hole when Gros Ventre 
Formation caves causing circulation loss. 
Unable to clear plugged drill pipe so crew 
starts tripping out of hole. 

Decision is made to terminate further at
tempts to deepen well until caving problem in 
Gros Ventre Formation can be eliminated by 
casing off caved interval. At 1:45 a.m., 
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Table 6: (continued) 

Date Construction Progress 

July 28 to 
August 7, 1985 

August 8, 1985 

August 9, 1985 

August 10, 1985 

arrange for strata Data to run borehole logs 
later today. strata Data arrives on site at 
7:30 a.m. Unable to get logging tools past 
obstruction in borehole at 1751 feet depth in 
Amsden Formation. Run caliper and natural 
gamma logs on hole above 1751 feet depth. 
Most of borehole exceeds the 13 inch maximum 
diameter of caliper tool. Tight spots are 
also present at 1696, 1698, and 1714 feet 
depths. At 1:10 p.m., try running drill pipe 
down hole to clear obstruction. At 5:00 
p.m., attempt to log borehole is terminated 
when contractor is unable to get drill rods 
past 1751 feet. Work is suspended and crew 
is sent back to Casper until casing can be 
delivered to the well site. 

Crew resumes work on morning of July ~1, but 
attempts to drill out caved interval 1n Ams
den Formation are unsuccessful and borehole 
continues to cave in as fast as the fill 
material is drilled out. Attempts to drill 
out caved interval which now extends back to 
1690 feet are suspended at about 10:00 p.m. 
on August 1. On August 6, the WWDC instructs 
Morrison-Maierle, Inc. to terminate efforts 
to drill into the Flathead Formation and to 
complete the well by running casing to the 
top of the Madison Formation. Decision is 
made to attempt to stabilize Amsden Formation 
by pressure grouting caved zone. 

At 7:00 a.m., crew prepares to run inflatable 
packer down hole for cementing operations. 
Flow from Madison and Big Horn Formations is 
still about 714 gpm. BJ-Titan cementing crew 
and equipment arrive on site at 8:05 a.m. 
Packer set at depth of 1465 feet at 10:00 
a.m. 118.2 barrels of 50:50:2 pozzolan (Type 
G) cement and 26.7 barrels of displacement 
water pumped down well by 10:51 a.m. 750 psi 
squeeze developed during displacement opera
tions. Shut-down for remainder of day while 
cement cures overnight. 

Packer released at 12:15 p.m., but crew is 
unable to free packer until 2:47 p.m. After 
tripping out packer, trip back into hole with 
bit to drill out cement. At 9:41 p.m., begin 
drilling hard cement at 1503 feet depth. 

At 1:00 a.m., drill out of cement at 1598 
feet depth. Full flow of water from Madison 
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Table 6: (continued) 

Date Construction Progress 

August 11 to 
August 12, 1985 

August 13, 1985 

August 14, 1985 

August 15, 1985 

and Big Horn Formations returns. At 2:00 
a.m., hit to of caved zone in Amsden 
Formation at about 1681 feet depth. Hit 
cement again at 1687 feet. At 4:50 a.m., 
formation caves into hole while cleaning at 
1695 feet depth causing loss of circulation. 
Unable to clear plugged drill rods. start 
tripping out of hole at 5:40 a.m. Back in 
hole to 1669 feet at 11:30 a.m. Hit top of 
caved zone at 1683 feet. Clean caved zone 
down to 1696 feet throughout afternoon. 
Amsden Formation continues to slough into 
hole each time rods are pulled back. At 6:00 
p.m., formation caves while cleaning at 1696 
feet causing circulation loss and plugging of 
drill rods. start tripping out of hole. 

Operations are suspended while solutions to 
caving problem are evaluated. Decision is 
made to try washing casing down through caved 
zone in Amsden Formation. 

Crew on site at 9:10 a.m. to complete equip
ment change-over for running casing. 

strata Data arrives on site at 11:27 a.m. to 
log borehole above caved zone. Logging tools 
include a specially fabricated three-arm 
caliper with a maximum expansion capacity of 
47 inches. Top of caved zone is now at 1680 
feet depth. Logging of borehole indicates 
that several large cavities have formed above 
the caved zone, one of which is in excess of 
5 feet diameter. 

Begin running casing down well at 8:00 a.m. 
At 1:21 p.m., casing down to top of caved 
zone at 1680 feet. start washing casing 
through caved interval. At 6:52 p.m., casing 
washes out through bottom of caved zone at 
1760.5 feet depth. Run casing down to 1813 
feet. Begin tripping into casing with 
milling bit at 11:32 p.m. 

start milling backflow valve and casing drag 
bit at 4:09 a.m. strata Data on site at 
10:20 a.m. Complete milling operations at 
1:46 p.m., start tripping out of hole. 
strata Data starts logging open hole below 
casing at 3:15 p.m., but logging tool hits an 
obstruction in the borehole at 1848 feet 
depth. Repeated attempts to jar obstruction 
loose by hitting it with a hoisting plug 
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Table 6: (continued) 

Date Construction Progress 

August 16, 1985 

August 17, 1985 

August 18 to 
August 20, 1985 

August 21, 1985 

August 22, 1985 

lowered on the sand line are unsuccessful. 
At 7:15 p.m., sand to +3 inch diameter stream 
rounded cobbles are observed coming up 
through the open casing. Flow from Madison 
and Big Horn Formations is now about 745 gpm. 

Decision is made to place cement plug in an
nulus at bottom of casing to seal off the 
Amsden-Madison contact, the interval where 
the gravel is though to be coming. with the 
annulus between the 16 inch surface casing 
and the 9 5/8 inch well casing sealed at the 
surface, BJ-Titan pumps a cement plug, 
consisting of 9 sacks of bentonite gel, fol
lowed by 10 sacks of cement with 10% gypsea1 
and 2% calcium chloride, and 23 sacks of Type 
G cement with 10% calcium chloride, into the 
annulus at the bottom of the casing. The 
casing was then shut-in and the cement is 
allowed to cure overnight. 

When valve on cementing cap is opened in 
morning, water under high pressure is dis
charged. Flow up the annulus is also 
observed when the trench pipe valve is 
opened. Cement plug did not seal the 
annulus. When pressure gauge is installed on 
the wellhead and the well is shut-in, the 
pressure recovers to only about 80 psi. 
Based upon the pressure gauge reading of Well 
No.1, corrected for elevation differences, 
the gauge on Well No. 2 should read about 136 
psi. The pressure differential observed is 
probably due to recharge of the Tens1eep 
Formation by water flowing up the uncemented 
annulus. This flow in annulus caused disper
sion of the cement plug before it could set
up. 

Well completion operations are suspended un
til a satisfactory cementing plan can be 
devised. 

set-up to run inflatable packer into borehole 
below casing. start running packer into well 
at 5:15 p.m. Packer hits obstruction in 
borehole below casing at 1860.9 feet depth. 
Packer inflated at 9:35 p.m. Finish pumping 
sand backfill into borehole at 12:00 mid
night. 

Top of sand backfill covering packer tagged 
at 1835.5 feet. Begin circulating water up 
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Table 6: (continued) 

Date Construction Progress 

August 23, 1985 

August 24, 1985 

August 25, 1985 

annulus at 2:00 a.m. Pump 204 bbls. of 
50:50:2 pozzolan (flyash) cement and 182 
bbls. of Type G cement into borehole between 
3:10 a.m. and 5:00 a.m. Displace cement with 
131 barrels of +9 lb./gal. gel and 7 barrels 
of water. Cementing operations completed at 
5:45 a.m. At 10:00 a.m., top of cement is 
tagged at 307 feet depth. Contractor back
fills annulus above cement with sand to a 
depth of 162 feet. 

Contractor completes backfilling of 
with sand to 144 feet depth. Annulus 
backfilled with cement to a depth of 
feet. Trip into casing, drill out 
and clean out sand above packer. 
released at 11:35 p.m. 

annulus 
is then 
about 4 
cement, 

Packer 

with packer out of hole at 2:40 a.m., flow 
form Madison and Big Horn Formations is 1068 
gpm. At 2:50 a.m., start tripping into hole 
to drill out obstruction in borehole below 
casing. Tools out of hole at 12:30 p.m. 
Only obstruction was bridge at 1847 feet. 
Flow from Madison and Big Horn Formations is 
1090 gpm at 1:00 p.m. strata Data on site at 
2:50 p.m. Begin logging hole at 4:00 p.m. 

Borehole logging completed at 4:00 
Total depth of borehole is now 3101 
Well construction operations completed. 
up for aquifer testing of Madison and 
Horn Formations. 

a.m. 
feet. 
set

Big 

5. GENERAL AS-BUILT CONDITIONS OF WELLS 

The following paragraphs provide a general description of 

the two exploration/production wells as completed. This informa

tion is provided for future reference in the event that the water 

users decide to install a pump on either of the wells or if plans 

are made to deepen Well No. 2 at some time in the future in an 

attempt to evaluate the groundwater yield of the Flathead Forma-

tion. It should be noted that the completion of Well No. 2 

anticipated the possibility that the well might be re-entered and 
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every attempt was made to leave Well No. 2 in a condition in 

which it could be deepened. 

5.1. Well No.1 

Surface casing for Well No. 1 consisted of 18-inch diameter 

steel casing installed to a depth of 125 feet into a 22-inch 

diameter borehole which was drilled to a depth of 130 feet. The 

surface casing was pressure grouted into the borehole by positive 

displacement from the bottom up. Circulation was lost several 

times to the 19 feet of gravel from 15 to 34 feet in depth during 

drilling of the surface casing hole and cement failed to reach 

the surface when the surface casing was cemented in, presumably 

because cement rising up the annulus was lost into the gravel 

zone between 15 and 34 feet. 

Open borehole 17 inches in diameter was bored from the 

bottom of the surface casing at 125 feet to a total depth of 612 

feet. At 612 feet, the bit diameter was reduced to 12-1/4 inch 

and 12-1/4 inch diameter open hole was drilled from 612 feet to 

1,855 feet. A casing string consisting of 14-inch 00 steel water 

well casing to 600 feet over 10-3/4-inch 00 steel API line pipe 

from 600 to 1,850 feet was floated into the borehole in one 

piece. The bottom of the casing was equipped with a cement guide 

shoe and the first joint 40 feet up from the bottom end of the 

casing was equipped with an aluminum backflow baffle into which a 

3/8-inch diameter hole had been drilled to permit controlled 

sinking 

nected 

which 

of the casing string. The 14-inch 00 casing was con

to the 10-3/4 inch 00 casing by means of a bell reducer 

was welded to both casings. All other joints in the 14-

inch 00 casing were beveled, butt-welded joints and joints in the 

1-3/4 inch 00 casing were connected with weld collars. Central

izers were installed on the casing string about every 200 feet 
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with several closely spaced centralizers placed near the guide 

shoe. 

The casing string was cemented by means of single wiper plug 

displacement of the cement out through the guide shoe at the 

bottom of the casing and cement was returned to the surface up 

the annulus. The wiper plug was landed on the backflow baffel 40 

feet up from the bottom of the casing string and evidently caused 

a casing separation forcing the bottom 40-foot long joint of 

casing down to the bottom of the borehole at 1,855 feet. The 

casing separation left an uncased interval in the borehole from 

1,810 feet to 1,815 feet which shows clearly on the electric 

logs. The displacement fluid used inside the casing was barite 

weighted bentonite gel weighted to overcome the buoyancy effects 

on the casing. The cementing head was left shut-in until the 

cement had time to set. The combination of weighted fluid and 

the shut-in cement head prevented the cement in the annulus from 

backflowing up into the casing when the casing separated. 

Following casing installation, milling out of the backflow 

baffle, and drilling out of the cement and guideshoe, 8-3/4 inch 

diameter borehole was drilled from 1,855 feet to the final depth 

of the first phase of the drilling at 2,440 feet. After the well 

was subjected to high-pressure hydrofracture treatment, the 

interval from 1,855 feet to 2,440 feet was reamed out to 9-7/8 

diameter and the open borehole was deepened to 3,041 feet with a 

9-7/8 diameter bit. Subsequent milling and washing operations 

associated with fishing for lost tools further deepened the open 

borehole to a final depth of 3,050 feet. Approximately five feet 

of 4-inch perforated tubing remained unaccounted for after the 

fishing and milling operations and were jammed into the bottom of 

the borehole, preventing further drilling progress. Consequent-
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ly, the well was completed by setting a 200-foot long cement plug 

in the 2,421 to 2,621 foot depth interval. The well cap is 

attached to the l8-inch OD surface casing with a bolted flange 

and the surface casing is equipped with an 18-inch diameter 

horizontal discharge pipe and gear operated butterfly valve. 

The purpose of the design of the foregoing well was twofold. 

First, provision of the 14-inch OD casing to a depth of 600 feet 

was intended to provide the opportunity to supplement the natural 

aretesian flow that was anticipated from the well by virtue of 

installing a high capacity pump. The 14-inch OD casing is large 

enough to accept a reasonably large pump bowl if the water users 

ever elect to exercise this option. Secondly, the 10-3/3 inch OD 

casing and the 8-7/8 open borehole below the casing were the 

minimum diameters necessary to prevent the possibility of exces

sive friction losses from flow up the well. Reduction of the 

borehole to a 6-inch nominal diameter would have substantially 

increased the potential head loss due to friction and the well 

design was intended to prevent such a head loss from becoming a 

significant factor in reducing the natural artesian flow of water 

from the well. 

5.2. Well No.2 

Surface casing for Well No. 2 consisted of 16-inch OD dia

meter steel water well casing installed to a depth of 179 feet 

into a 22-inch diameter borehole 183 feet deep and cemented by 

positive displacement from the bottom up with cement returning to 

the surface. Open borehole was drilled with a 12-1/4 inch diame

ter bit size from 183 to 3,379 feet. Subsequently, 9-5/8 inch OD 

casing was installed from the invert of the trench pipe (present 

discharge pipe at the well head) to a depth of 1,813 feet. The 

top of the 9-5/8 inch OD casing is equipped with a threaded 
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coupler and the 9-5/8 casing is assembled with threaded couplers 

on 40-foot joints. cement was forced up the annulus on the 

outside of the casing from 1,813 feet back to 307 feet where the 

cement flowed into a fracture zone in the formation. Subsequent

ly, the annulus was backfilled by washing down sand from the 

surface without a tremie pipe to a measured depth of 144 feet, 

followed by neat cement grout (Type A Portland Cement) poured 

from a Readi-Mix truck from 144 feet back to the invert on the 

trench pipe. The well cap is attached to the 16-inch diameter 

surface casing with a bolted flange and the surface casing is 

equipped with a 16-inch diameter horizontal discharge pipe with a 

gear operated butterfly valve. 

The foregoing well design was intended to provide an oppor

tunity to drill the exploration well as deep as the Flathead 

Sandstone while still staying within the remaining project bud

get. Threaded casing was used so that if the Flathead Sandstone 

was not productive or yielded water with unacceptable chemical 

quality, the threaded casing could be pulled back for a comple

tion in either the Bighorn or the Madison. If the casing had 

become stuck, it would have been shot off with wireline explo

sives and pulled back. The design also allowed for isolation of 

the Bighorn and Madison aquifers by running a liner to the deeper 

Bighorn and producing from the Madison up the annulus between the 

liner and the outside casing. The outside casing was originally 

intended to be 10-3/4 inch OD but was reduced to 9-5/8 as a cost 

saving step when it was apparent that the project budget would 

not encompass drilling to the Flathead after caving problems 

began in the Amsden and Gros ventre Formations. 

Although tolerences are tight, it would still be possible to 

run a welded liner through the existing well, drill the liner 
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down into the caved part of the Gros Ventre, and continue dril

ling down to the Flathead Sandstone. The resultant well could 

possibly be completed as a production well but would preclude the 

very favorable production presently obtained from the Bighorn and 

Madison aquifers. The only purpose of such a scheme would be to 

drill the estimated 400 to 600 feet remaining to test the yield 

of the Flathead Sandstone. The test bore could then be plugged 

back, the casing withdrawn, and production from the Bighorn and 

Madison aquifers resumed. 

It should be noted, however, that the metal shoe used in 

washing the existing casing through the caved zone in the Amsden 

was milled off and is still somewhere in the bottom of the well. 

The washing shoe consisted of three 1/4 inch by 2-inch straps 

welded into a conical spider and coated with cut-Rite tungsten

carbide hardfacing. The shoe was milled off of the casing from 

the backside with a flat-bottomed milling bit once the casing was 

in place and fell or was chased by the bit back down to the final 

depth tagged by the geophysical logger at 3,128 feet. The re-

mains of the washing shoe probably do not pose a serious 

to deepening the hole, in view of the enlarged nature 

problem 

of the 

borehole in the Gros Ventre; however, any driller reentering the 

well should be aware of the presence of metal somewhere at the 

bottom of the open borehole. 

6. BOREHOLE LOGS 

In addition to logs of construction activities and construc

tion details of the completed well, full-time, 24-hour per day 

logging of the drill cutting returns and identification of forma

tion tops by a qualified geologist was provided for Well No.1. 

On Well No.2, logging was provided for the surface casing dril

ling to make sure the surface casing was below a carbonate zone 
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that caused lost circulation in Well No.1. However, geologic 

logging on Well No. 2 ceased until the well was near the same 

stratigraphic depth as nearby Well No.1, when geologic logging 

of the remainder of the well depth was provided. In addition, 

geophysical borehole logging was performed on both of the wells. 

6.1. Geologic Logs 

Geologic and lithologic logs for Wells Nos. 1 and 2, are 

displayed in Appendices A and B, respectively. The logs are self 

explanatory and show the depths to formation tops and provide 

lithologic descriptions of the strata penetrated. The scientific 

color nomenclature used on the logs is based on the application 

of Munsell soil color charts. The logs also provide information 

on the hole diameter, casing sizes, drilling methods, bit types, 

drilling fluid, fluid losses and gains, and character of dril

ling. 

The geologic log for Well No. 2 (Appendix B) is blank from 

183 feet to 2,970 feet due to the fact that a geologist was not 

present during the drilling of this interval on the second well 

as a cost saving measure. The strata penetrated in the interval 

not logged by a geologist are the same strata penetrated by Well 

No.1, some 567 feet distant, for which a geologic log is pro

vided (Appendix A). Composite five-foot interval samples were 

collected by the drillers for the last 200 feet of the Madison 

Group strata and were examined later by the field geologists on 

the site to pick the top of the Madison aquifer. 

and 

logs 

The relationship between strata penetrated by Wells Nos. 1 

2 is shown on Figure 2 which compares generalized geologic 

of the two wells and shows the relative elevations of the 

formation tops. The elevation difference between the two wells, 

as measured from flange to flange on the top of the flanges 

41 



31: 
o 
::0 
::0 
iii 
o 
Z 

I 

31: 
~ 
IT! 
::0 
r 
!T1 
z 
fl 

"II -G) 
C 
:J:I 
m 
N 

cnm 
:J:Z mm 
.:J:I 
.:1> 

:e~ mm .e 
IG') 
cnm 
ZO 
0'
,ft 0 
!''' G) -
..... (") 

Rob 
I\)G') 

tn 

ELEVATION 

4400 

4200 

4000 

3800 

3600 

3400 

3200 

3000 

2800 

2600 

2400 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

WELL 
DEPTH NO.2 

(FT.) 

38' 

WELL 
DOPTH NO.1 

FT.) r: ....... ~ .. ""!"~":'p. .... 
34' - rt: o : .... ~ 

~.=.. ~-= 
96' ~-=::-= 

E~~-~===~ __ S_T_R_A_T_IG_R_A_P_H_I_C~_ ~ 
F:: =-
g~ CORRELATION 

(I) ,. 

1413' 

() 
:::t 
c: 
Ci) 

~ 
> .... 
m 
:u -:u 
m 
c 

" m 
> 

'" :c 
m 
:c 
m 
m 
:XJ -
"TI 
o 
:XJ 
:c 
> .... 
(5 
z 

--- --1--

I 
I I I 

I I 
1 

I 

I I 
/ L 
/ r , / 

/ / , 
r / 

f f 
f f 

/ f 
/ / 

i" / 
/ / 
/ .~ 

I 
I I 

f f 

/ / 

~ 
> c 
o 
o 
Z 
"TI 
o 
:XJ 
~ 
> 
::! 
o 
z 

r 
r ,. 
.... 
Z 

I 

2644 ,t~~ ---1--

I / / ." 
." 
o 
:XJ 
~ ,. 
.... 
(5 
z 

I I om 
/ I :u-
/ / :ceil 

/ I >:::t 
/ / ... 0 

/ / I (5~ 
/ I Z 
/ / 

;)0 
r
() 

o 
< 
;)0 

r-
~ 
m 
(I) .... 
o 
z 
m 

I 
~ 
z 
o 
r
m 
m 

" .." 
o 
:XJ 
~ 
> .... 
o 
z 

2941' 

2983 '~I~~~..l5..L~-IQJ·j-':;:;;:;~ ___ _ 
3050' 

f,fb 
--~ .. . .... 

.,,(1) 
0:XJ 
:u O 
~0 
,.< 
.... m -z 
0 ... 
z:xI 

m 

Ci) 

> r
r
> .... 
Z 

." 
o 
:::D 
:c 
> 
:! 
o 
z 

I 
Ci) 

-< 
" (I) 

c: 
~ 
(I) 

" ~ 
z 
Ci) 
(I) 

.,.. 
o 
:::D 
~ 
> 
:! 
o 
z 

I 
" :t 
o 
o 

" :::t 
o 
:xl 
); 
"TI 
o 
:xl 
~ 
> 
:! 
o 
z 

I 
... 
:t 
:xl 
m 
m 
." 
o 
;:0 

'" o ..... 
c.. 
m 
.." 
." 
m 
:XJ 
o 
o 
Z 

$(: 
:xl 
:c 
> 
:! 
o 
z 

en 
c: 
z 
c 
;)0 
z 
() 
m 
"TI 
o 
:XJ 
~ 
> 
:! 
o 
z 

I 
2 
z 
~ 
o 
o 
c 
-< .,.. 
o 
:XJ 
~ ,. 
.... 
o 
z 

LEGEND 

SAND AND GRAVEL 

SHALE 

SILTSTONE 

SANDSTONE 

LIMESTONE 

DOLOMITE 



welded onto the surface casings, is 50.91 feet with Well No. 2 

being at a lower elevation than Well No.1. stratigraphic corre

lation between the two wells is based on a limestone unit in the 

Gypsum Springs Formation that was used as a marker horizon and on 

the location of the top of the Madison Group. 

Table 7: Formation top elevations and depths. 

Well No. 1 Well No. 2 
Elevation De12th Elevation DeEth 

Sundance Land surface 0 
Gypsum Springs 4,304 96 Land surface 0 
Alcova 4,135 265 
Chugwater 4,126 274 
Dinwoody 3,288 1,112 
Phosphoria 3,231 1,169 
Tensleep 2,987 1,413 
Amsden 2,839 1,561 
Madison 2,566 1,834 2,574 1,775 
Three Forks/Jefferson 1,979 2,421 
Bighorn 1,754 2,646 
Gallatin 1,461 2,941 
Gros Ventre 1,359 3,041 1,366 2,983 

Formation top elevations and the depth from the land surface 

to the top of each formation are summarized for both wells on 

Table 7. The thicknesses of the strata may be determined by the 

differences between either the elevations or depths to the 

Table 8: Formation top elevations and thioknesses. 

Sundance 
Gypsum Springs 
Alcova 
Chugwater 
Dinwoody 
Phosphoria 
Tensleep 
Amsden 
Madison 
Three Forks/Jefferson 
Bighorn 
Gallatin 
Gros Ventre 

Elevation 

Land surface 
4,304 
4,135 
4,126 
3,288 
3,231 
2,987 
2,839 
2,566 
1,979 
1,754 
1,461 
1,359 
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Depth 

o 
96 

265 
274 

1,112 
1,169 
1,413 
1,561 
1,834 
2,421 
2,646 
2,939 
3,041 

Thickness 

Unknown 
169 

9 
838 

57 
244 
148 
273 
587 
225 
293 
105 

Unknown 



formation tops shown on Table 7. Examination of the data 

presented on Table 7 shows that the elevations of the formation 

tops penetrated in Well No. 2 are seven to eight feet higher than 

the formation top elevations in Well No.1. Table 8 is the same 

data shown on Table 7 for Wells Nos. 1 and 2 compiled to show the 

thicknesses of the strata penetrated. 

6.2. Geophysical Borehole Logs 

Electrical resistivity logs (Dual Normal Electric Log with 

S.P.), formation density logs (Compensated Density Log), caliper, 

and natural gamma (Gamma Ray) logs were completed for both Well 

No. 1 and Well No.2. 

Wells Nos. 1 and 2 

respectively. 

Camera copies of the geophysical logs for 

are presented in Appendices C and Df 

In addition to the conventional logs listed above, a special 

49-inch diameter three-arm caliper tool was fabricated by strata 

Data, Inc. and used to log Well No. 2 where considerable enlarge

ment of the borehole had occurred in some intervals due to bore

hole caving. A copy of the 49-inch caliper log operated in 

conjunction with the Gamma Ray tool is included in Appendix H. 

Also included in Appendix D are copies of a Spinner Flowmeter 

Log, Temperature Log (absolute temperature), and Differential 

Temperature Log (rate of temperature change). The spinner and 

temperature logs were used to identify water-bearing intervals 

within the artesian aquifers in the Madison and Bighorn units and 

to identify the separate rates of yield from the two aquifer 

systems. 

6.2.1. Resistivity Logs 

In water well applications, the most important use of the 

resistivity logs is to identify zones of porosity which may be 

indicative of permeability. Resistivity logs cannot be run in a 
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cased borehole nor can they by conducted above the fluid level in 

the borehole. Resistivity logging must be conducted in an un

cased, open borehole filled with fluid. 

The mere presence of porosity does not mean that the forma

tion is permeable unless the voids creating the porosity are 

interconnected and large enough in size so that they may transmit 

fluid through the formation at the prevailing viscosity of the 

formation fluid. Thus, a high resistivity reading associated 

with high porosity mayor may not be indicative of a zone of 

permeability and other factors must be considered in addition to 

and in conjunction with the resistivity logs to identify water

bearing zones. 

The Dual Normal electric logs consist of a short normal tool 

with a 16-inch electrode spacing and a long normal tool with a 

64-inch electrode spacing. The short normal tool measures resis

tivity at a shallow depth of investigation out from the borehole 

wall which is the resistivity of the zone invaded by the drilling 

fluid during boreing of the hole. The long normal tool measures 

the resistivity further out from the borehole which is the resis

tivity of the formation outside of the zone of invasion by dril

ling fluid near the borehole. The presence of invasion is impor

tant in interpreting the logs because it indicates that the 

formation is permeable. The separation between the curves for 

the short and long normal tools is indicative of the invasion of 

the formation by the borehole fluids. In the case of Wells Nos. 1 

and 2, interpretation of the resistivity logs from the top of the 

Madison aquifer on down must take into consideration the fact 

that the well was flowing 500 gpm or more and little or no 

invasion of the formation by drilling fluid was occuring, thus 

the short and long normal tools show congruent resistivities. 
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The short normal tool will provide reliable resistivities 

for bed thicknesses as small as four feet whereas the long normal 

tool requires thicker beds. Alternating beds of materials less 

than four feet thick per bed will often result in an inversion of 

the resistivity log results where one tool shows increasing 

resistivity and the other tool shows decreasing resistivity for 

the same zone. Other considerations in interpreting the resisti

vity logs are responses to factors other than porosity. For 

example, on the log of Well No.1, high resistivity occurs from 

about 340 to 390 feet (Appendix C). Examination of the geologic 

log (Appendix A) indicates that the high resistivity corresponds 

to an interval of the Chugwater Formation containing a consider

able amount of anhydrite and gypsum which are poor electrical 

conductors. Similar responses of the electric log are seen in 

the Phosphoria Formation and other intervals. 

Examination of the resistivity logs for Wells Nos. 1 and 2 

indicates that both the Madison and Bighorn aquifers exhibit 

considerable porosity throughout their thicknesses. A relatively 

constant separation exists between the short normal and long 

normal curves as is best observed on the logs for Well No.2. 

The relatively constant separation of the short and long normal 

curves, combined with the fact that the fluid in the well bore 

during logging was formation water because the well was flowing 

more than 750 gpm during the geophysical logging, indicates that 

the congruent curves of the short and long normal tools are 

simply parallel measurements of the formation resistivity and 

that little or no invasion of the carbonate aquifer rocks was 

present during logging. 

However; distinct zones of increased formation resistivity 

are present in the carbonate aquifer rocks of the Madison and 
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Bighorn. For example, the Dual Normal log of Well No. 2 (which 

is easier to read than the logs of Well No.1) shows increased 

resistivity in the Madison Group at intervals from 1,822 to 1,880 

feet; 1,906 to 1,990 feet; and 2,206 to 2,278 feet. Conventional 

interpretation of the resistivity logs in which an invaded zone 

is present in the formation around the borehole would erroneously 

indicate that the zones of increased resistivity represent per

meable zones which have been invaded by drilling fluids. How

ever; in view of the reverse circulation drilling method used and 

the artesian flows from the formation to the borehole, the cor

rect interpretation of the resistivity logs is that the zones of 

high resistivity are intervals that do not yield significant 

groundwater and the remainder of the carbonate rocks in the 

Madison aquifer are permeable and yield groundwater. 

The Compensated Density logs are a resistivity derived poro

sity log based in part on the short normal tool which provides 

resistivity measurements close to the borehole (normally in the 

flushed or invaded zone). Comparison of the Compensated Density 

log for the Madison interval in Well No. 2 to the resistivity 

logs of the same interval shows that the three cited zones of 

high resistivity correspond closely to zones of relatively low 

porosity whereas the remainder of the carbonate interval in the 

Madison exhibits good carbonate porosity. This correlation sug

gests that although aquifer permeability may have been enhanced 

by secondary fracture opennings in the rocks as suggested by 

other data, there is a good component of intrinsic porosity in 

the carbonate rocks of the aquifer. However, the logs described 

so far do not indicate the degree of interconnection of the 

porosity or the resultant permeability and it must be assumed 

that porosity is equivalent to permeability. The spinner flow-
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meter 

report 

and temperature logs described in following parts of this 

further identify the actual water-bearing zones in the 

aquifers. 

Spontaneous potential (S.P.) logs are used in water wells 

primarily to identify impermeable zones such as shale and perme

able zones such as sandstone. The SP response of shales is 

relatively constant and follows a straight line called a shale 

baseline. SP curve deflections are measured from the shale 

baseline and a deflection of the SP curve to either side of the 

shale baseline indicates the presence of a permeable zone. The 

factor determining whether the curve deflects to the right or the 

left of the shale baseline is the relative difference between the 

resistivity of the borehole fluid and the formation fluid. If 

the borehole fluid is more resistant than the formation fluid, 

the curve will deflect or "kick" to the left of the shale base

line. If the borehole fluid has lower resistivity than the 

formation fluid (a typical condition next to a permeable fresh 

water aquifer), the SP curve will kick to the right. 

The permeable bed boundaries are detected by the point of 

inflection from the shale baseline. However, where the resisti

vity of the borehole fluid is equal to the resistivity of the 

formation fluid (a strong probability in the borehole of a 

strongly flowing artesian well such as Wells Nos. 1 and 2), the 

SP curve will not deflect from the shale baseline even though 

intervals of different permeability are being logged. This is 

exactly the response exhibited in the carbonate aquifer intervals 

in Wells Nos. 1 and 2. In the example intervals described for 

the Dual Normal and Compensated Density logs, the SP curve re

mains relatively close to the shale baseline through the inter-

vals of relatively low resistivity and h1gh porosity. However; 
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in the three intervals of relatively high resistivity and low 

porosity, the SP curve kicks to the left indicating that the 

resistivity of the water flowing up the borehole is greater than 

the resistivity of the formation water in those three intervals. 

The fact that the formation water in the three intervals of 

higher resistivity and lower porosity has lower resistivity than 

the water flowing up the borehole from the water-bearing zones in 

the well indicates the three intervals are zones of restricted 

permeability and poor circulation with relatively higher mineral

ization of the pore waters as compared to permeable water-bearing 

zones. 

6.2.2. Gamma Ray Log and Caliper 

Gamma ray logs measure the natural radioactivity in forma

tions. Gamma ray logs can be conducted through steel well casing 

and can be obtained in the interval above the fluid level in the 

borehole. In general, shale-free sandstones and carbonates have 

low concentrations of radioactive material and give low gamma ray 

readings whereas shales contain relatively greater amounts of 

radioactive materials and give high gamma ray readings. There

fore, increasing shale content in a formation causes increased 

gamma ray response on the logs. Other formation conditions that 

may give a high gamma ray response include feldspathic and glau

conitic sandstones or sandstones containing uranium water. Quan

titative application of gamma ray logs is for calculation of the 

volume of shale in a porous reservoir or aquifer. Application of 

the gamma ray logs on the Shell Valley Deep Well Project is 

limited to identification of lithologies (shale versus sandstone 

and carbonate rocks) and correlation. 

Caliper logging tools measure and record the average dia

meter of the drill hole. Caliper logs have a number of applica-
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tions both in the construction of the well and the interpretation 

of other logs. A primary construction application of caliper 

logs is the calculation of the volume of cement required to fill 

the annulus between the borehole wall and the outside of the well 

casing. A primary application of caliper logs in interpreting 

other logs is provision of correction factors for borehole dia

meter effects on porosity logs such as the Compensated Density 

log. Caliper logs are required for compensation (correction) of 

all geophysical logs subject to effects from changes in borehole 

diameter. 

Caliper tools use either pads (referred to as arms) or 

bowsprings to ride against the borehole wall and measure the 

borehole diameter. The graphic record produced by the sonde is 

conventionally the average hole diameter. Average diameter is 

used so that an increase in hole radius in one direction will not 

cause the recorded increase in diameter to be as great as an 

equal radial increase that is symmetrical around the axis of the 

hole. None of the tool configurations necessarily give correct 

measurement in eliptical holes where special tools with indepen

dently recording arms are needed. The caliper tools used for 

logging Wells Nos. land 2 were three-arm tools. A specially 

modified three-arm caliper tool with a 49-inch diameter capabil

ity was fabricated to log Well No. 2 in order to provide a 

reasonable caliper log of the borehole intervals enlarged by 

caving. The 49-inch diameter caliper was required to provide an 

accurate enough log to reasonably calulate the volume of cement 

required to cement the casing on Well No.2. 

6.2.3. Flowmeter Logs 

Shell Valley Well No. 2 is completed in two flowing aqui

fers, the Madison aquifer and the Bighorn aquifer, and the flow-
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ing artesian discharge of water from the well is the sum total of 

flows from both aquifers. A spinner flowmeter log was made in 

Well No. 2 for the purpose of identifying major water-bearing 

zones in each aquifer and to determine how much flow was coming 

from the Madison aquifer versus the Bighorn aquifer. The spinner 

flowmeter tool consists of a helictical gear or "spinner" rotat

ing on a vertical axis. The spinner is lowered to the bottom of 

the well and then raised up the borehole at a known and constant 

rate. The revolutions per minute of the spinner (corrected for 

the rate of movement of the tool) are converted to the velocity 

of fluid or gas flow in the borehole. 

In order to calculate the rate of flow for any specific 

location in the borehole, the spinner flow velocity must be used 

in conjunction with the caliper log of the borehole diameter. 

The borehole diameter determined by the caliper log is used to 

calculate 

sectional 

the cross-sectional area of the borehole. 

area multiplied times the flow velocity 

The cross

provides the 

rate of flow at the specific cross-sectional area being examined. 

Changes in the rate of flow at different locations in the bore

hole reveal the presence of water-bearing zones as well as "theft 

zones" where water is being lost to the formation. 

In practice, it is necessary to select segments of the 

borehole which have relatively consistent diameter over a 

reasonable length and then average the caliper diameter for the 

selected interval. Cross-sectional borehole diameters measured 

in areas of rapidly changing borehole diameter do not give good 

results when used with the spinner flow velocities. The flowing 

artesian discharge of Well No. 2 at the time the spinner log was 

made was 1,090 gpm as measured in a Parshall flume. A summary of 

flow rates calculated from the spinner and caliper logs at 
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different depth intervals with borehole wall conditions suitable 

for application of the method is shown on Table 9. The sum of 

the flows from the different depths shown on Table 9 is 1,089 gpm 

which is in good agreement with the measured surface discharge of 

1,090 gpm. 

Table 9: Borehole flows calculated from spinner and caliper logs 
for Shell Valley Well No.2. 

Cross Flow Incremental 
section Rate Flow Increase 

DeEth (gEm) (gEm) Aquifer 

2,860 ° Bighorn 
2,842 480.7 480.7 Bighorn 
2,810 599.7 119.0 Bighorn 
2,780 755.5 155.8 Bighorn 
2,770 796.8 41.3 Bighorn 

796.8 

2,400 822.3 25.5 Madison 
2,050 824.3 2.0 Madison 
2,150 857.9 33.6 Madison 
2,070 874.6 16.7 Madison 
2,020 874.6 0 Madison 
1,990 965.0 90.4 Madison 
1,942 1,057.9 92.9 Madison 
1,920 1,057.9 0 Madison 
1,846 1,089.0 31.1 Madison 

292.2 

Calculated well flow 1,089.0 gpm 
Measured well flow 1,090 gpm 

The information shown on Table 9 indicates that 797 gpm or 

about 73 percent of the artesian flow from Well No. 2 comes from 

the Bighorn aquifer and 293 gpm or 27 percent of the flow comes 

from the Madison aquifer. The end of the well casing is at 1,813 

feet or 33 feet above the last cross section used to calculate 

the flow rate in the borehole. The concentrated yield of 480.7 

gpm from the lowermost 18 feet or less of the Bighorn suggests 

that enhancement of the rock permeability by secondary fracture 

opennings may be a factor in the groundwater yield in this inter-
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val. The overall high rate of groundwater yield from the Bighorn 

in Well No. 2 as compared to no yield from the Bighorn in Well 

No. 1 also suggests that secondary fractures played a role in the 

permeability of the Bighorn aquifer at Well No.2. By compari

son, yields from the Madison are somewhat more evenly distributed 

over long intervals of borehole and appear to be more likely the 

function of intrinsic permeability or well distributed secondary 

solution enlargement of natural porosity enhancing permeability 

with at least three zones present that do not yield groundwater. 

6.2.4. Temperature Logs 

Temperature and Differential Temperature logs were obtained 

in Well No. 2 and are shown on the spinner Flowmeter Log in 

Appendix D. The temperature log is calibrated in terms of abso

lute temperature and therefore provides a measure of the ambient 

temperatures of the flowing water in the borehole. The tempera

ture log is conventionally referred to as the gradient tempera

ture log and shows the change in temperature from the top to the 

bottom of the borehole. The differential temperature log shows 

the relative rate of change of the gradient temperature and is 

very sensitive. 

The gradient temperature in Well No. 2 remains constant at 

about 64.90 F from the bottom of the well casing at 1,813 feet to 

a depth of 1,958 feet where the gradient begins to increase and 

the differential temperature shows an abrupt and strong increase 

in the rate of temperature increase. The gradient temperature 

increases steadily from 1,958 feet to the bottom of the Madison 

at about 2,420 feet where the temperature is 660 F. The dif

ferential temperature log indicates inflows of groundwater from 

1,958 to about 2,100 feet in depth with some interspersed imper-

meable zones. This information is consistent with the spinner 
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flowmeter data shown on Table 9, however, neither the gradient 

temperature nor the differential temperature indicate all of the 

water-bearing zones detected by the spinner, a fact which re

flects greater yields per foot of borehole in some water-bearing 

zones than in others. 

The gradient temperature rises only about one-quarter of a 

degree Fahrenheit from the base of the Madison to a depth of 

2,900 feet about 40 to 50 feet above the base of the Bighorn. 

The gradient abruptly increases from about 66.250 F at 2,900 feet 

to 67.750 F at the base of the Gallatin Formation at 3,038 feet. 

The differential temperature indicates a small inflow of ground

water from the Bighorn in the 2,840 to 2,880 foot interval and a 

strong inflow from about 2,900 feet to the base of the Bighorn 

around 2,950 to 2,960 feet. The gradient temperature in the Gros 

Ventre, below the water-bearing zones, is very eratic and the 

differential temperature from the top of the Gallatin (base of 

the Bighorn) on down is extremely eratic showing large increases 

and decreases in the rate of the gradient in short distances. 

These phenomena occur to some extent where borehole caving was 

experience, especially in the Gros Ventre, and may be some type 

of borehole effect that is masked in flowing portions of the 

borehole but show up where there is no flow in the borehole. 

The temperature logs indicate a water temperature of about 

67 0 F to 68 0 F in the Bighorn and 660 F in the Madison with the 

gradient temperature decreasing to about 650 F at the lower end 

of the well casing at 1,813 feet depth. Water temperatures 

measured at the surface during aquifer flow tests with a packer 

isolating the Bighorn from the Madison were 57.20 F for the 

Madison and 590 F for the Bighorn (as converted from field 

measurements of 140 C and 150 C, respectively. This information 
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indicates about a 90 F temperature differental for water flowing 

up from both the Bighorn and the Madison. 

7. AQUIFER TESTS 

Aquifer and well tests were conducted at Wells Nos. 1 and 2 

at four different times during the project implementation. A 

summary of information pertinent to the various tests is 

presented on Table 10. 

Table 10: Summary of aquifer test rates and durations. 

( 1) 
(2) 

(3) 

(4) 

(5) 

(6) 

Flow Test 
Test Well Aquifer Rates Duration 
Date No. System (gpm) (1) {mi,nutes) 

4/ 3/84 -1- Madison 176.5 1,470 
4/20/84 1 Madison 104- 95 (2) 14,280 
8/26/85 2 Madison(3) 359 40 

8/26/85 to 8/27/85 step tests with packer at 2,390 feet(4) : 
step 1: 2 Madison 318.7 99 

2 Bighorn 16.5 98 

step 2: 2 Madison 94 80 
2 Bighorn 26.9 80 

step 3: 2 Madison 332 100 
2 Bighorn 67.3 100 

step 4: 2 Madison 363.6 880 
2 Bighorn 170.6 880 

step 5: 2 Madison 363.6-345.6 440 
2 Bighorn 170.6 440 
1 Madison(5) 367-309 440 

9/ 9/85 to 10/11/85 long-term ftow tests: 
step 1: 2 Madison/Bighorn (6 1280-1090 29,500 

Step 2: 2 Madison/Bighorn (6) 1090-1023 15,500 
1 Madison(5) 293- 224 15,500 

Pre-hydrofracture flow. 
Post-hydrofracture flow; initially 104 gpm decreasing to 95 
gpm over test duration of 9.9 days. 
Test to insure that packer between Madison and Bighorn at 
2,390 feet is isolating pressure between the two aquifers. 
Flow from Bighorn severely restricted throughout step tests 
due to friction losses in 2,390 feet of tubing from packer to 
surface. 
Flow started from Madison at Well No. 1 without interrupting 
flow from previous step at Well No.2. 
Combined flow from both aquifers. 
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7.1. Tests of Well No.1 

The first test conducted to determine the hydraulic para

meters of the aquifers penetrated by the Shell Valley Wells was a 

flow test of the Madison aquifer at Well No. 1 on April 3, 1984 

(Table 10), prior to the hydro fracture stimulation of the well. 

As shown on Table 10, the test was conducted for 24.5 hours at a 

flow rate of 176.5 gpm which was essentially the total artesian 

flow available 

enable readings 

from the well with just enough backpressure to 

of the flowing well pressure to be conducted. 

Initial measurements of well pressure were made with a pressure 

gage until the pressure dropped below the range of sensitivity of 

the gage. A manometer tube was used to replace the gage and 

sight readings of the head above the port on the well were made 

with a 25-foot glass surveyor's rod for pressures below the gage 

sensitivity. Discharge measurements were conducted by applica

tion of the Manning equation to partial pipe flow through a 

discharge pipe of measured gradient and were verified frequently 

with timed volumetric measurements in a container of known 

volume. The discharge rate remained constant throughout the 

test. An observation well was not available for this single well 

test as no other wells penetrated to the Madison aquifer in this 

area at the time of the test. 

Time-drawdown data for the pre-hydro fracture test of the 

Madison in Well No. 1 are shown on Table 11 and logarithmic plots 

of the time-drawdown curve are shown on Figure 3. Drawdown due 

to formation losses and friction losses of the flow up the well 

bore are in the range of 281 to 292 feet, depending upon where 

the point of inflection on the early flow test data is selected. 

Curve 1 on Figure 3 is based on assumed formation and well losses 

of 281.29 feet (drawdown observed at 0.25 minutes elapsed time 
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Table 11. Time-Drawdown Data, April 3, 1984 Test of Well No.1 

Elapsed 
Time 

(min.) 

o 
.25 
.50 
.75 

1.00 
1.25 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
80 
90 

100 
150 
200 
250 
300 
350 
400 
450 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1470 

Pressure 
Head 

(feet) 

302.54 
21.25 
17.32 
15.25 
13.86 
13.17 
12.70 
11.55 
10.39 
10.13 
9.86 
9.75 
9.58 
9.43 
9.28 
8.89 
8.54 
8.43 
8.27 
8.19 
8.11 
8.07 
7.99 
7.89 
7.81 
7.81 
7.72 
7.67 
7.61 
7.54 
7.51 
7.40 
7.36 
7.27 
7.20 
7.17 
7.14 
7.09 
7.02 
6.98 
6.95 
6.92 
6.89 
6.86 
6.84 
6.81 
6.80 

Head Loss Corrected 
Drawdown Correction Drawdown 

(feet) (feet) (feet) 

o 
281.29 
285.22 
287.29 
288.68 
289.37 
289.84 
290.99 
292.15 
292.41 
292.68 
292.79 
292.96 
293.11 
293.26 
293.65 
294.00 
294.11 
294.27 
294.35 
294.43 
294.47 
294.55 
294.65 
294.73 
294.73 
294.82 
294.87 
294.93 
295.00 
295.03 
295.14 
295.18 
295.27 
295.34 
295.37 
295.40 
295.45 
295.52 
295.56 
295.59 
295.62 
295.65 
295.68 
295.70 
295.73 
295.74 

281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 
281.29 

o 
3.93 
6.00 
7.39 
8.08 
8.55 
9.70 

10.86 
11.12 
11.39 
11.50 
11.67 
11.82 
11.97 
12.36 
12.71 
12.82 
12.98 
13.06 
13.14 
13.18 
13.26 
13.36 
13.44 
13.44 
13.53 
13.58 
13.64 
13.71 
13.74 
13.85 
13.89 
13.98 
14.05 
14.08 
14.11 
14.16 
14.23 
14.27 
14.30 
14.33 
14.36 
14.39 
14.41 
14.44 
14.45 

57 

Elapsed 
Time 

(min.) 

o 
.25 
.50 
.75 

1.00 
1.25 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
80 
90 

100 
150 
200 
250 
300 
350 
400 
450 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1470 

Pressure 
Head 

(feet) 
Drawdown 
(feet) 

302.54 0 
21.25 281.29 
17.32 285.22 
15.25 287.29 
13.86 288.68 
13.17 289.37 
12.70 289.84 
11.55 290.99 
10.39 292.15 
10.13 292.41 
9.86 292.68 
9.75 292.79 
9.58 292.96 
9.43 293.11 
9.28 293.26 
8.89 293.65 
8.54 294.00 
8.43 294.11 
8.27 294.27 
8.19 294.35 
8.11 294.43 
8.07 294.47 
7.99 294.55 
7.89 294.65 
7.81 294.73 
7.81 294.73 
7.72 294.82 
7.67 294.87 
7.61 294.93 
7.54 295.00 
7.51 295.03 
7.40 295.14 
7.36 295.18 
7.27 295.27 
7.20 295.34 
7.17 295.37 
7.14 295.40 
7.09 295.45 
7.02 295.52 
6.98 295.56 
6.95 295.59 
6.92 295.62 
6.89 295.65 
6.86 295.68 
6.84 295.70 
6.81 295.73 
6.80 295.74 

Head Loss 
Correction 

(feet) 

292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 
292.15 

Corrected 
Drawdown 
(feet) 

o 
.26 
.53 
.64 
.81 
.96 

1.11 
1.50 
1.85 
1.96 
2.12 
2.20 
2.28 
2.32 
2.40 
2.50 
2.58 
2.58 
2.67 
2.72 
2.78 
2.85 
2.88 
2.99 
3.03 
3.12 
3.19 
3.22 
3.25 
3.30 
3.37 
3.41 
3.44 
3.47 
3.50 
3.53 
3.55 
3.58 
3.59 



Table 11. (continued) 

Elapsed 
Time 

Total Since 
Elapsed Well was Pressure Residual 
Time Shut· in Head Drawdown 

(min. ) (min.) (feet) (feet) 

1470 0 6.80 295.74 
1470.25 .25 138.57 163.97 
1470.50 .50 170.90 131.64 
1470.75 .75 184.76 117.78 
1471.00 1.00 196.30 106.24 
1471.25 1.25 205.54 97.00 
1471.50 1.50 214.78 87.76 
1471.75 1.75 219.40 83.14 
1472 2 224.02 78.52 
1473.5 3.5 244.80 57.74 
1474 4 250.58 51.96 
1475 5 251.73 50.81 
1476 6 255.20 47.34 
1477 7 258.66 43.88 
1478 8 262.12 40.42 
1479 9 264.43 38.11 
1480 10 266.74 35.80 
1485 15 272.52 30.02 
1490 20 277 .14 25.40 
1500 30 282.91 19.63 
1505 35 284.06 18.48 
1510 40 286.37 16.17 
1515 45 286.37 16.17 
1520 50 287.53 15.01 
1525 55 288.68 13.86 
1530 60 288.68 13.86 
1540 70 289.84 12.70 
1550 80 290.99 11.55 
1560 90 290.99 11.55 
1570 100 292.15 10.39 
1620 150 294.46 8.08 
1670 200 295.61 6.93 
2898 1428 302.54 0 
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into the test) and Curve 2 is based on assumed formation and well 

losses of 292.15 feet (observed at 4 minutes elapsed time into 

the test). The time-drawdown data for the two curves have been 

corrected by subtracting the assumed formation and well losses 

from the total observed drawdown. The drawdown remaining after 

the correction factor is subtracted from the observed drawdown is 

the drawdown attributed to a change in storage in the aquifer due 

to the groundwater abstraction rate of the well. 

The correction factors applied to subtract the formation and 

well losses from the observed total drawdown in order to estimate 

aquifer drawdown cover a wide range which includes the true 

values of drawdown for the test. Thus, the two curves shown on 

Figure 3 depict the limits of aquifer drawdown within which the 

true values of aquifer drawdown are contained. The true values 

of aquifer drawdown will proscribe a time-drawdown curve that is 

congruent with the curves on Figure 3 and which will plot some

where between the curves on Figure 3. 

Examination of the range shown on Figure 3 for the time

drawdown curve for the Madison aquifer in Well No. 1 reveals that 

the curve is not suitable for conventional analysis by curve

matching methodology utilizing the Theis nonequilibrium type 

curve or other type curves. The problem is in the shape of the 

curve. The curve shows rapidly increasing drawdown to 4 minutes 

where an abrupt inflection point is present in the data. The 

drawdown response prior to the inflection point at 4 minutes is 

attributed mostly to the initial drawdown due to friction losses 

in the formation around the well bore (formation losses) and in 

the flow up the well bore and casing (well losses) and probably 

contains only a very small component of drawdown due to change in 

storage in the aquifer. 
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From 4 minutes to 10 minutes, the logarithmic curve is 

essentially a straight line, possibly due to adjustments occuring 

in the flowing discharge rate in the first 10 minutes as the well 

discharge adjusted to the initial large changes in the differen

tial head causing the well to flow. The data points for the 

first 10 minutes of the test can be fitted to type curves for 

leaky aquifer conditions, however, there is no reason to antici

pate that the Madison aquifer is a leaky aquifer and use of leaky 

aquifer type curves is not appropriate. After 100 minutes of 

elapsed time, the time-drawdown data diverge from the trend of 

the curve established in the first 100 minutes and turn upward in 

the direction of an increasing rate of drawdown. The upward 

inflection of the curve after 100 minutes of flow is characteris

tic of a negative boundary in the test and suggests that the cone 

of depression expanding out from the flowing well encountered 

some type of decrease in the transmissivity of the aquifer mater

ials or encountered a barrier to groundwater flow. 

The net conclusion drawn from evaluation of the time-draw

down data for the 24.5-hour flow test of the Madison aquifer 

system at Well No. 1 prior to the hydro fracture treatment of the 

well is that the data cannot be used reliably to calculate the 

hydraulic parameters of the aquifer. The test data does indicate 

that the 24-hour specific capacity of Well No.1, prior to hydro

fracture stimulation, was about 0.6 gallons per minute per foot 

of drawdown. 

After the April 3, 1984 test of Well No. 1 was completed, 

the well was subjected to hydro fracture treatment. On April 20, 

1984, a second flow test of the well was initiated to determine 

the effectiveness of the hydro fracture stimulation. However; 

initial flowing discharge from the well was only 104 gpm, some 72 
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gpm less than the natural artesian discharge prior to the hydro

fracture treatment. The discharge of copious amounts of frac 

sand from the well indicated that flow from the well was impeded 

by sand plugging the formation and perhaps by sand bridges in the 

well bore. Accordingly, it was decided to continue to flow the 

well without interruption for a period of time in an attempt to 

let the sand clean out of the well and to develop unrestricted 

flow out of the aquifer formation and up the well bore. This 

effort was not successful and, as shown on Table 10, after nearly 

10 days of continuous flow the discharge had decreased to 95 gpm 

as the result of drawdown effects. 

After completion of the April 20, 1984 test of Well No.1, 

there were plans being considered to reenter the well and deepen 

it in order to explore the availability of groundwater from 

deeper aquifers. Because of these tentative plans, development 

of the well to further remove the frac sand and improve flows was 

deferred with the thought that reentry and deepening of the well 

with reverse circulation drilling techniques would also develop 

and clean the hydro fractured Madison aquifer during the well 

drilling activities. Subsequently, the WWDC decided to reenter 

the well and cleaning and development of the Madison aquifer was 

accomplished by reverse circulation reaming and drilling opera

tions. Following completion of the well deepening activities, 

flows from the well measured during packer test isolation of the 

Madison from the Bighorn showed that the Madison flow had in

creased from the 104 to 95 gpm measured prior to development to 

about 380 gpm initial flow rate. This was an increase of 203.5 

gpm over the pre-hydro fracture flow or an improvement of the 

short-term well yield of about 115 percent. 
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7.2. Tests of Well No.2 

The first tests of Well No. 2 were conducted on August 26 

and 27, 1985. Well No. 2 is completed in both the Madison and 

Bighorn aquifers and flows water from both aquifers. By August 

26, 1985, an inflatable open-hole packer had been installed at a 

depth of 2,390 feet (top of packer element) with tubing connect

ing the interval below the packer back to the atmosphere at the 

land surface. Thus, the packer isolated the Bighorn aquifer 

below the packer from the Madison aquifer above the packer. 

Artesian flow from the Bighorn aquifer was conveyed to the sur

face through the tubing connected to the packer and artesian flow 

from the Madison aquider was conveyed to the surface separately 

up the annulus between the packer tubing and the exterior circum

ference of the well bore and well casing. 

The initial test with the packer in the hole was conducted 

to test the effectiveness of the packer in isolating the two 

aquifers. Shut-in pressures at the surface were 161 psi for the 

Bighorn aquifer and 143 psi for the Madison aquifer. As shown on 

Table 10, the Madison side of the packer was allowed to flow 

"wide open" at 359 gpm while the Bighorn side of the packer 

remained shut-in. If the packer was not separating the two 

aquifers, the shut-in pressures would not have been different on 

each side of the packer. Moreover, the Bighorn side of the 

packer would have responded to the flow test of the Madison. 

However, the Bighorn aquifer pressure remained constant at 161 

psi throughout the 40-minute flow test of the Madison thus demon

strating that the inflatable packer element was effectively seal

ing the borehole between the two aquifers and demonstrating that 

the Madison and Bighorn aquifers are geologically and hydraul

ically isolated by intervening strata. 
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Additional testing of Well No. 2 on August 26 and 27, 1985 

consisted of stepped rate tests of both the Madison and Bighorn 

aquifers. The various rates and durations of the tests are shown 

on Table 10. As anticipated, the 2,400 feet of 4-1/2 inch dia

meter oil field drill tubing conveying water from the Bighorn 

aquifer to the surface placed a severe restriction on the rate of 

flow from the Bighorn aquifer. The maximum rate of flow obtained 

through the drill tubing from the Bighorn aquifer was 170.6 gpm 

as compared to the 796 gpm measured in the 9-5/8 well casing with 

the spinner log. Thus, the principal result of testing the 

Bighorn aquifer was determining the shut-in pressure and obtain

ing separate water quality samples from the aquifer. 

Discharge from the Bighorn aquifer was measured in a 6-inch 

portable Parshall flume. Discharge from the Madison aquifer was 

measured in a 12-inch Parshall flume which was installed on the 

mud pit used for drilling the well. The storage capacity of the 

mud pit was considerable with the consequence that 15 to 20 

minutes were required for the mud pit fluid level to stabilize 

after each change of flow from the Madison aquifer before a 

reliable measurement of the new discharge rate could be obtained. 

The effects of the mud pit on obtaining discharge measurements 

coupled with the operation of the gear operated butterfly valve 

on the well head made it very difficult to set the well discharge 

to proper increments for the stepped test. 

The foregoing details of the stepped rate tests are provided 

in regards to their influence in regards to subsequent events of 

the stepped rate tests. Pressure in the two aquifers being 

tested was monitored and recorded by means of In-situ, Inc. 

SE1000B microchip data loggers connected to pressure transducers. 

After completion of the stepped rate testing, both aquifers were 
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shut-in and recovery data collection was initiated. Unfortunate

ly, some time during the recovery period, the pressure transducer 

connected to the tubing to the Bighorn aquifer failed. The 

failed transducer permitted artesian pressure in the aquifer to 

force water up the temperature compensation vent in the trans

ducer cable with the result that the SEI000B instrument was 

filled with water. All of the time-drawdown data from the step

ped rate tests were lost and the electronics in the SEI000B were 

destroyed. 

The only data remaining from the test were the field note

book entries regarding discharge rates which are shown on Table 

10. It is worth noting that the discharge from the Madison 

aquifer during the final step of the test was 363 gpm. The 

Madison discharge declined to 345 gpm (Table 10) over the 440-

minute duration of the test due to the effect of beginning to 

flow Well No. 1 wide open at the beginning of the final step. 

The only difference between step 4 and step 5 (Table 10) is that 

Well No. 1 was started flowing with the result that the flow from 

the Madison in Well No. 2 decreased by 18 gpm. 

The 363 gpm discharge rate is a higher discharge rate than 

the 293 gpm measured from the Madison aquifer by the spinner log; 

however, the spinner log was conducted after the well had been 

flowing for several months during the various problems with the 

casing installation and the water levels were drawn down. The 

well discharge at the time of the spinner logging was 1,090 gpm 

which is exactly the discharge at the end of 20 days of flow 

testing (step 1, Table 10). This indicates that after 20 days of 

flow, the discharge from the Madison in Well No. 2 stabilizes at 

about 293 gpm as compared to the 363 gpm observed in the less 

than 24 hours of stepped rate testing. 

65 



In view of the costs being placed against the project budget 

for drilling rig standby, packer rental, and other costs asso

ciated with repeating the stepped rate tests, it was decided that 

stepped rate retesting would not provide information of comen

surate value to the costs. Considerations in this conclusion 

included the fact that the tests had been successful in determin

ing the independent shut-in pressure of each aquifer and indivi

dual water quality samples had been collected from each aquifer. 

An additional consideration was that the tubing to the packer 

prevented meaningful testing of the Bighorn aquifer and the 

differences in flow from the Bighorn versus the Madison aquifers 

were already established by the spinner flowmeter log. Accord

ingly, Well No. 2 was shut-in to recover for a long-term test. 

The long-term test was started on September 9, 1985 and 

included more than 31 days of "wide open" flow from both aquifers 

followed by shut-in of the well and observation of the recovery 

of the artesian pressure in the well for an additional nine days. 

The 31 days of flow testing in Well No. 2 consisted of two 

phases; 20 days of testing with Well No. 1 shut-in and an addi

tional 11 days of testing with Well No. 1 also flowing wide open. 

Well No. 1 was used as an observation well for the Madison aqui

fer during the first 20 days of testing and then was flowed for 

the final 11 days of testing in order to evaluate the effects on 

discharge due to flowing both wells simultaneously. The 

discharge from Well No. 2 started at 1,280 gpm and declined to 

1,090 gpm over the first 20 days of flow. When Well No. 1 was 

opened up at the end of 20 days, the discharge rate from Well No. 

2 declined from 1,090 gpm to 1,023 gpm over 11 days and the 

discharge rate from Well No. 1 declined from 293 gpm to 224 gpm 

over the same 11 day period. 
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7.3. Calculation of Aquifer Parameters 

Loss of the stepped rate test data due to the pressure 

transducer failure and destruction of the monitoring electronics 

ruled out the use of the stepped rate test data for calculating 

separate aquifer parameters from the test with a packer in Well 

No.2. As previously described, the data from the single well 

test in the Madison aquifer in April of 1984 do not support 

reliable calculation of transmissivity or storativity for the 

aquifer. However; data from the long-term flow test of Well No. 

2, using Well No. 1 as an observation well, do support calcula

tion of transmissivity and storativity for the Madison aquifer. 

Time-drawdown data for the Madison aquifer as observed in 

Well No. 1 are shown in Appendix E for the first 20 days of the 

test. The data shown in Appendix E reflect only the drawdown 

associated with artesian flow from the Madison aquifer because 

Well No. 1 only penetrates water-bearing strata in the Madison 

aquifer. Conventional analysis of the time-drawdown data by 

curve matching to the Theis nonequilibrium equation is shown on 

Figure 4. The discharge rate from the Madison aquifer in Well 

No. 2 is assumed to be equal to the spinner log flow rate of 293 

gpm. This is a conservative assumption of the discharge rate and 

the actual average discharge rate for the test is somewhat 

greater than 293 gpm; however, it is somewhat speculative to 

apportion flow from the Bighorn from flow from the Madison at 

discharge rates greater than 1,090 gpm so the conservative dis

charge rate is used in this analysis. The measured distance 

between Well No. 1 and Well No. 2 of 567 feet is also used in the 

analysis. 

As shown on Figure 4, the time-drawdown data from the obser

vation well in the Madison aquifer (Well No.1) for the first 
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1,000 minutes of the 29,500 minute (20-day) flow test do not 

conform to typical drawdown curve for a constant discharge test. 

The shape of the time-drawdown curve shown on Figure 4 is due to 

the fact that discharge from the flowing artesian well was not 

constant during the test. In a pumped well, the water over the 

pump inlet available for drawdown in the well provides the pump 

an opportunity to create as much differential head between the 

inside and the outside of the well as is necessary to obtain the 

desired constant discharge rate (within the operational range of 

the well) and the drawdown at any given time is a function of the 

discharge rate. However; in a naturally flowing artesian well, 

the discharge rate is a function of the head above the land 

surface at the well (the differential head between the aquifer 

head elevation and the well head elevation at any given time). 

This means that as drawdown occurs in association with the flow 

of water from the well, the differential head causing the flow is 

reduced in direct proportion to the drawdown and the rate of 

flowing discharge from the well is reduced accordingly. The 

result is that the flowing discharge from wells such as Wells 

Nos. 1 and 2 decreases with increasing flow duration and asso

ciated drawdown. 

The discharge rate from Well No. 2 for the combined produc

tion of the Madison and Bighorn aquifers is shown on Figure 6 

plotted versus elapsed time. Regression analysis of the dis-

charge versus time curve for Well No. 2 shows that the data 

define a power curve which is mathematically described as 

follows: 

Q = 1,592.0882 X t-·036756 Equation 1 

where Q = discharge, gpm 
t = elapsed time of "wide open" flow, minutes 
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Table 12: Projected maximum artesian flow for Well No. 2. 

Elapsed Maximum 
Time Discharge 

Rate 
Minutes Days Years (gEm) 

Field Data: 
3,000 2.08 1,186 
4,000 2.78 1,174 
5,000 3.47 1,164 
6,000 4.17 1,156 
7,000 4.86 1,150 
8,000 5.56 1,144 
9,000 6.25 1,139 

10,000 6.94 1,135 
12,000 8.33 1,127 
14,000 9.72 1,121 
16,000 11.11 1,115 
18,000 12.50 1,111 
20,000 13.89 1,106 
22,000 15.28 1,102 
24,000 16.67 1,099 
26,000 18.06 1,096 
29,500 20.49 1,091 

Projected data: 
43,200 30 1,075 
86,400 60 1,048 

129,600 90 1,033 
172,800 120 0.3 1,022 
216,000 150 0.4 1,014 
259,200 180 0.5 1,007 
302,400 210 0.6 1,001 
345,600 240 0.66 996 
388,800 270 0.7 992 
432,000 300 0.8 988 
475,200 330 0.9 985 
525,600 365 1 981 

1,051,200 730 2 956 
1,576,800 1,095 3 942 
2,102,400 1,460 4 932 
2,628,000 1,825 5 925 
3,153,600 2,190 6 919 
3,679,200 2,555 7 913 
4,204,800 2,920 8 909 
4,730,400 3,285 9 905 
5,256,000 3,650 10 901 
6,307,200 4,380 12 895 
7,358,400 5,110 14 890 
8,409,600 5,840 16 886 
9,460,800 6,570 18 882 

10,512,000 7,300 20 879 

Equation 1 may be used to predict the discharge rate of Well 
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No. 2 for any given duration of "wide open" flow. Table 12 shows 

the maximum anticipated flows from Well No. 2 projected out to 20 

years of continuously uninterrupted artesian discharge from the 

well, based on Equation 1. If the well is not left flowing at 

maximum uninterrupted discharge for 20 years, the artesian 

discharge rates between periods of recovery will be greater than 

the discharge rates predicted on Table 12. 

It is important to examine the observed and predicted flow

ing discharge rates for Well No. 2 in order to evaluate the 

validity of the curve matching analysis shown on Figures 4 and 5. 

For example, if the relationship between discharge and drawdown 

in the well were known and could be described and predicted 

mathematically, the predicted discharge rates shown on Table 12 

could be used to predict the drawdown at any given time. The 

relationship between discharge and drawdown is conventionally 

expressed as the discharge rate divided by the drawdown and is 

referred to as the specific capacity of a well. Specific capa-

city is a concept that is used to express well capacity in rela

tion to an arbitrary, but constant, standard so that the relative 

productivity of different wells may be compared. Theis and 

others1 demonstrated that the specific capacity of a well (ignor

ing well losses) can be determined from the Theis nonequilibrium 

equation or an abbreviated form thereof as follows: 

.Q = T 
s 2 

Equation 2 

264 log(Tt/l.87 r S) - 65.5 

Thus, the specific capacity of a well is directly proportional to 

T, and inversely proportional to log t, log l/r2, and log liS. 

lTheis, C.V., R.H. Brown, and R.R. Meyer: Estimating the tran-
smissibility of aquifers from the specific capacity of 
wells, in Methods of determining permeability, transmis
sibility, and drawdown, u.s. Geol. Surv., Water Supply 
Papers, 1536-I, pp. 331-340, 1963. 
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This means that specific capacity is not particularly sensitive 

to changes in t, r, or S; however, changes in T (transmissivity) 

cause corresponding changes in g (specific capacity). 
s 

The relationship between discharge from Well No. 2 and the 

drawdown observed in the Madison aquifer at Well No. 1 is shown 

on Figure 7. It is necessary to use the drawdown data from the 

observation well (Well No.1) due to the fact that the well head 

configuration on Well No. 2 resulted in a vacuum in the pressure 

transducer port during flowing conditions and drawdown data were 

not obtained from Well No. 2 during the flowing part of the test. 

Drawdown in the Madison aquifer at Well No. 1 is less than the 

drawdown in the Madison at Well No.2; however, it is impossible 

to separate Madison drawdown from Bighorn drawdown in Well No. 2 

even if data were available and it may safely be assumed that the 

drawdown in Well No. 1 responds to the Madison flow from Well No. 

2 in a similar manner as would be observed in Well No. 2 had 

there been a way to measure the Madison drawdown in Well No.2. 

Accordingly, the discharge versus drawdown curve shown on 

Figure 7 is not a true specific capacity curve. However, it is 

an accurate reflection of the trend of the relationship between 

drawdown and discharge in the Madison aquifer. The curve on 

Figure 7 shows a straight-line relationship between discharge and 

drawdown, or in other words, the specific capacity of Well No. 2 

in regards to the flows from the Madison aquifer is a constant 

relationship. Since it has been demonstrated that specific capa

city is directly proportional to transmissivity (Equation 2), the 

constant specific capacity for the Madison aquifer flow in Well 

No. 2 indicates that the transmissivity of the Madison aquifer 

penetrated by Well No. 2 is constant even though the 

rate of discharge declines as drawdown increases. The analysis 

75 



thus presented demonstrates that the decreasing discharge obser

ved in Well No. 2 is strictly a function of the drawdown de

creases in the differential head driving the discharge and that 

the transmissivity of the artesian Madison aquifer remained con

stant during the test. 

Accordingly, the time-drawdown curve shown on Figure 4 is 

simply a function of the rate of change in storage in the aquifer 

due to abstraction of groundwater and fullfills the assumptions 

and requirements of conventional non-steady state flow to a point 

sink as required by the Theis nonequilibrium equation. After 

1,000 minutes of flow, the rate of the change of the discharge 

rate is small enough that the data converges on the Theis type 

curve and curve matching methodology is appropriate for evalua-

tion of the time-drawdown curve. The discharge rate controlling 

the change in groundwater storage resulting in the time-drawdown 

curve is the average discharge rate from the Madison for the test 

period. As is previously describe, the 20-day discharge rate of 

293 gpm is used in the analysis as a conservatively low value of 

average discharge. 

The match point derived from curve fitting to the Theis 

nonequilibrium curve provides values of transmissivity and stora

tivity for the Madison aquifer as follows: 

W{u) = 1 
u = 10-3 

for T 

and S 

where 

lit = 10-5 ; t = 100,000 min 
s = 14.5 feet 

= 

= 

114.6 Q W{u) Equation 3, 
s 

uTt Equation 4, 
2 

2,693 r 

T 
S 
Q 
s 

= 
= 
= 
= 

transmissivity (gallons per day per foot, gpd/ft) 
storativity (dimensionless) 
well discharge (gallons per minute, gpm) 
drawdown (feet, ft) 
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t = elapsed time since pumping started (minutes) 
r = distance from flowing well to observation well or 

effective radius in single well test (feet, ft) 

so T = (114.6) (293) (1) = 2,31.6 gpdjft 
14.5 

and S = (.001) (100,000) (2316) = 2.67 X 10-4 
2 

(2,693) (567) 

The foregoing analysis indicates that application of conven

tional straight-line solutions to a semilogarithmic plot of the 

time-drawdown data for the observation well in the Madison aqui

fer (Figure 5) is also appropriate. Application of the straight

line solution (Figure 5) provides a value of transmissivity of 

2,209 gpd/ft and a storativity of 2.91 X 10-4 for the Madison 

aquifer. The slope of the straight line across one log cycle and 

the zero drawdown time intercept were determined by linear re

gression analysis of the data and the aquifer parameters calcu

lated by a sofeware program developed by Morrison-Maierle, Inc. 

specifically for that purpose. These values are in good agreement 

with those derived from the nonequilibrium solution. Transmis-

sivity and storativity values for the Madison aquifer are sum

marized on Table 13. 

Table 13: Madison aquifer transmissivity and storativity. 

Theis 
Aquifer nonequilibrium 

Parameter solution 

Transmissivity (gpdjft) 2,316 gpdjft 

Storativity (dimensionless) 2.67 X 10-4 

7.4. Inter-aquifer Flow in Well No.2 

straight-line 
solution 

2,209 gpdjft 

2.91 X 10-4 

As previously described, the well head configuration pre

vented the collection of time-drawdown data from the flowing well 

(Well No.2) during the long-term test. It was possible to valve 
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the flow of Well No. 2 back until pressure could be recorded in 

the well head; however, determination of the maximum discharge 

rate of the well and its interaction with Well No. 1 was deemed 

more important than obtaining time-drawdown data, particularly in 

view of the difficulties that would prevail in interpreting the 

data from the multiple aquifer well. Review and analysis of the 

residual drawdown data collected from Well No. 2 during a nine

day recovery period following 31 days of flow testing of Well No. 

2 provides some insight into the difficulties of interpreting the 

data from the multiple aquifer well. 

Residual drawdown data for Well No. 1 

Appendix G and for Well No. 2 in Appendix H. 

are presented in 

Both wells were 

shut-in within a minute of each other. Residual drawdown curves 

for the two wells are shown on Figure 8 based on the data com

piled in Appendices G and H. The residual drawdown curves are 

plotted in terms of actual feet of head with respect to the gage 

elevation rather than as drawdown. The pressure gage port for 

Well No. 1 was 50.91 feet higher in elevation than the port on 

Well No.2, therefore 50.91 feet of head was added to the water 

level elevations calculated for Well No. 1 from the residual 

drawdown data in order to bring the Well No. 1 data to a common 

reference datum with Well No.2. In other words, if the Well No. 

1 pressure gage had been at the same elevation as that at Well 

No.2, it would have read an additional 50.91 feet (22.06 psi) 

greater. 

It is readily evident from the residual drawdown curves on 

Figure 8, as corrected to a common datum, that the residual 

pressure in both wells converged to the same static water level 

during the nine days of recovery in the shut-in wells. Well No. 

1 is completed in only the Madison aquifer whereas Well No. 2 is 
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completed both the Bighorn and Madison aquifers. Unless the 

pressures were the same in both aquifers, it would be anticipated 

that the water level in Well No. 1 would recover to a different 

elevation than that in Well No.2. The tests conducted with the 

inflatable open hole packer showed that there was about 20 psi 

more pressure in the Bighorn aquifer than in the Madison aquifer. 

Therefore, it would not be anticipated that the pressure in Well 

No.2, penetrating both the Bighorn aquifer and the Madison 

aquifer, would be the same (corrected for elevation difference) 

as the pressure in Well No. 1 which penetrates only the Madison 

aquifer. The fact that the two wells show the same shut-in 

pressures, when corrected to a common gage datum, indicates that 

water from one aquifer is recharging the other with the result 

that the shut-in pressure is reflective of only the formation 

pressure of the lower pressure aquifer. 

Further evidence indicates that the shut-in pressure of Well 

No. 2 is essentially the shut-in pressure of the Madison aquifer 

and that the water from the Bighorn aquifer is flowing up the 

borehole of Well No. 2 and recharging the Madison aquifer when 

the well is shut-in. The shut-in pressure in Well No. 1 at the 

start of the long-term flow test was 143 psi or 18 psi lower than 

the 161 psi at Well No.2. When the 50.91 foot (22.06 psi) 

elevation difference between the two wells is taken into account, 

Well No. 1 exhibited a pressure about 4 psi greater than Well No. 

2 despite the fact that the Bighorn aquifer penetrated by Well 

No. 2 exhibited 20 psi more pressure than the Madison aquifer 

when the inflatable packer was used to isolate the two aquifers 

on August 25 through 27, 1986. The slight difference of 4 psi 

between the two wells is within the potential error of the pres

sure gages used to measure the shut-in pressures and it is prob-
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able that the shut-in pressures of the two wells prior to the 

long-term flow test were essentially identical. Again, the simi

lar pressures in the two wells when shut-in is contradictory to 

the difference in aquifer pressure measured between the Bighorn 

and the Madison with the inflatable packer isolating the two 

formations. 

The forgoing observations indicate that one aquifer is 

stealing pressure from the other in the borehole of Well No.2. 

Since the pressure differential will go from the higher pressure 

aquifer to the lowere pressure aquifer, the observations indicate 

that the Madison aquifer is receiving recharge from the Bighorn 

aquifer and the pressure differential between the Bighorn and the 

Madison is absorbed by the Madison when Well No. 2 is shut-in. 

Accordingly, the shut-in pressure in Well No. 2 represents only 

the pressure of the Madison aquifer. Two lines of analysis can 

be pursued to demonstrate the basis for this conclusion. 

The first line of evidence showing the recharge of the 

Madison by the Bighorn due to interformational differential under 

static conditions in the borehole of Well No. 2 is the residual 

drawdown curves shown on Figure 8. Application of a conventional 

straight-line solution for transmissivity and storativity to the 

late residual drawdown data is shown on Figure 9 and provides 

values of 5,783 gpdjft for transmissivity and 11.59 for stora

tivity. The value of transmissivity of 5,783 gpdjft is consider

ably greater than the transmissivity of 2,316 gpdjft derived for 

the Madison from the observation well data. The storativity 

value of 11.59 is patently in error since it would require the 

aquifer to yield 11.59 cubic feet of water for each cubic foot of 

aquifer material. Assumption of a wide range of effective radii 

for the flowing well does not reduce the calculated storativity 
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value to a physically possible value, based on the recovery data 

measured in the flowing well. The excessively high values of 

transmissivity and storativity provided by the residual drawdown 

data are reflective of the recharge of the Madison aquifer by the 

Bighorn aquifer. The flow of water from the Bighorn aquifer to 

the Madison results in an apparently impossible value of storati

vity and distorts the transmissivity value as well. Moreover, 

examination of Figure 9 indicates that the residual drawdown 

recovery rate never does reach a true straight line but that the 

recovery rate accelerates throughout the recovery period, presum

ably due to the effects of recharge from the Bighorn aquifer. 

A second line of evidence supporting the conclusions regard

ing flow from the Bighorn to the Madison in the borehole of Well 

No. 2 under shut-in or static conditions is that of the pressure 

differentials for the two aquifers. The surface shut-in pressure 

of the Madison aquifer of 143 psi is equivalent to a downhole 

pressure (formation pressure) of 1,131 psi at a depth of 2,280 

feet which the geophysical logs (Appendix D) show to be the base 

of the lowermost major water-bearing zone in the Madison aquifer. 

Similarly, the downhole pressure (formation pressure) at the top 

of the major water-bearing zone in the Bighorn aquifer at a depth 

of about 2,900 feet is 1,418 psi. The separation of 620 vetical 

feet between the two water-bearing zones requires about 269 psi 

to cause water to rise from the top of the Bighorn zone to the 

base of the Madison zone. The downhole pressure of 1,418 psi 

minus the pressure of 269 psi required to cause water to rise to 

the elevation of the base of the first major water-bearing zone 

in the Madison leaves a downhole pressure from the Bighorn at 

2,280 feet of 1,149 psi. Since the formation pressure in the 

Madison aquifer at the same elevation is only 1,131 psi, the 
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pressure of 1,149 psi remaining from the Bighorn exceeds the 

Madison formation pressure by 18 psi and water can flow from the 

Bighorn into the Madison formation when the well is shut-in to 

static conditions. The 18 psi is very close to the pressure 

differential of 20 psi measured across the inflatable packer and 

is essentially the same differential when the accuracy of the 

pressure gages is taken into consideration along with the ac

curacy of the locations of the water-bearing zones identified 

from the geophysical logs. 

An estimate of the rate of flow from the Bighorn to the 

Madison when Well No. 2 is shut-in and is under "static" condi

tions may be obtained from the specific capacity values for Well 

No.2. The shut-in pressure of the well has been demonstrated to 

be equal to the Madison aquifer pressure and is 161 psi. The 

packer test demonstated that the pressure of the Bighorn aquifer 

is about 20 psi greater than that of the Madison, so the Bighorn 

aquifer shut-in pressure may be estimated to be about 181 psi 

which is equivalent to a static water level 417.7 feet above the 

gage elevation at the land surface. The spinner flowmeter log of 

Well No. 2 demonstrated a flow of 796.8 gpm from the Bighorn 

aquifer. If it is assumed that the yield of 796.8 gpm from the 

Bighorn used essentially all of the 417.7 feet of differential 

head available to artesian flow, then the specific capacity of 

the Bighorn aquifer can be calculated by dividing 796.8 gpm by 

417.7 feet to derive a value of 1.91 gallons per minute per foot 

of drawdown (gpm/ft-dd). In turn, the 18 to 20 psi differential 

between the two formations is equivalent to 41.5 to 46.2 feet of 

differential head which when multiplied by the specific capacity 

of 1.91 gpm/ft-dd indicates a potential flow from the Bighorn to 

the Madison of 79 to 88 gpm. 
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7.5. Long-term Well Yields 

It was recognized from the onset of testing of Well No. 2 

that derivation of separate values of transmissivity for the 

Bighorn aquifer versus the Madison aquifer would require a cer

tain number of assumptions; however, there appeared to be a 

reasonable chance of estimating a value of transmissivity for the 

Bighorn aquifer because the spinner logs were available to use in 

conjunction with the time-drawdown data from the flowing well. 

This approach changed when it was discovered that flowing Well 

No. 2 at maximum artesian discharge did not leave enough pressure 

in the well to cause the water to rise above the discharge pipe 

and create pressure at the well cap. In fact, the flow of water 

out of the discharge pipe created a negative pressure (vacuum) at 

the well cap. 

When this condition was discovered, there were two alterna

tives to be selected between as a scheme for the aquifer test. 

One scheme would be to valve back the well until the well head 

was still pressurized under flow so that continuous drawdown and 

recovery data could be collected during the test. This alterna

tive would mean that the discharge from the well would be reduced 

from the maximum potential yield but there would be an oppor

tunity to estimate the aquifer constants. The alternative scheme 

would be to allow the well to flow at maximum discharge at the 

sacrifice of time-drawdown data needed to determine aquifer con

stants. Consideration of the alternatives produced the conclu

sion that the ultimate objective of the groundwater exploration 

program and of testing the well was to determine the maximum 

yield. The second alternative was selected and the well was 

tested at maximum discharge. 

Consequently, the aquifer constants of transmissivity and 
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storativity, which are normally used in projections of long-term 

declines in groundwater levels around a well and in predicting 

long-term safe well yield, were not determined for the Bighorn 

aquifer. However, the aquifer test yielded other data which is 

just as useful in determining the long-term potential yield of 

Well No. 2 at maximum flow. The data referred to is the 

relationship determined between the maximum rate of artesian 

discharge and elapsed time of flow (Equation 1) as shown on Table 

12. The values presented on Table 12 are for the discharge from 

Well No. 2 if Well No. 1 is not flowing. 

Table 14 shows the effects of maximum discharge from Well 

No. 1 on the discharge rate of Well No. 2 after Well No. 2 has 

been flowing at maximum discharge for 20 days. The discharge 

Table 14: Well No. 2 Discharge as affected by Well No.1. 

Time Elapsed Since 
Well No. 1 Opened 

1.00 minute 
7.92 hours 

15.92 hours 
19.92 hours 

2.33 days 
3.33 days 
4.33 days 
5.33 days 
5.83 days 
6.33 days 
6.83 days 
7.33 days 
8.33 days 
8.83 days 
9.33 days 

10.33 days 
11.00 days 

Well No. 2 
Maximum Discharge 

(gallons per minute) 

1,090.7 
1,085.1 
1,079.5 
1,073.9 
1,068.3 
1,068.3 
1,068.3 
1,068.3 
1,068.3 
1,062.7 
1,057.1 
1,052.6 
1,051.5 
1,045.8 
1,045.8 
1,045.8 
1,045.8 

rate of Well No.2 declined from 1090 gpm to about 1,046 gpm over 

the approximately 11 day period following the start of flow from 

Well No.1. The interference effect of Well No. 1 on the maximum 

predicted yield for Well No. 2 is shown on Figure 10. The 
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uppermost curve on Figure 10 is the predicted yield of Well No. 2 

from Table 12 without interference from Well No.1. The lower-

most curve on Figure 10 is the predicted yield of Well No. 2 with 

Well No. I in simultaneous and continuous operation with Well No. 

2. 

It must be recognized that the predicted decline in well 

yield shown on Figure 10 is based on continuously uninterrupted 

discharge from Wells Nos. 1 and 2 for the 20-year period shown. 

The predicted yield does not take into account a number of fac

tors that may influence the yield of the well over the long-term. 

For example, if the wells are not operated continuously without 

ceasing for 20 years, the maximum yield of Well No. 2 (and Well 

No.1) will remain greater than that predicted on Figure 10. The 

analysis shown on Figure 10 also assumes that there is no 

recharge of the aquifer system. It is not known to what extent 

long-term fluctuations in the recharge and groundwater levels 

will affect the maximum yield of Well No. 1 or Well No.2. 

However, the data presented in this analysis indicates that the 

flowing artesian discharge of groundwater from Well No.2, with 

or without interference from Well No. 1 should remain in excess 

of 800 gpm for the next twenty years. 

In order that the logarithmic time frequency used on Figure 

10 might be easier to read, the following table is provided to 

show the relationship between logarithmic values and real time. 

Table 15: Logarithmic values of time. 

Minutes 
1 

10 
100 

1,000 
10,000 

100,000 
1,000,000 

10,000,000 

Time 

6.9 
69.4 

694.4 
6,944.4 

Years 

1.9 
19.0 
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8. WATER QUALITY 

water quality samples were collected from Well No. 1 at two 

different times. The first sample was collected on April 30, 

1984 at the end of a 10-day flow test of the Madison aquifer 

following the hydro fracture stimulation of the well. The total 

depth of the well at the time of the sampling was 2,440 feet and 

the deepest potential aquifer formation penetrated was the Madi-

son Group. Measurements conducted at the well head on April 30, 

1984 indicated the following water quality parameters for 

groundwater from the Madison aquifer: 

pH = 6.5 Temperature = 140 C 

Specific Conductance = 430 umbos/cm @ 250 C 

Bicarbonate Alkalinity as HC03 = 303 mg/l 

Total Alkalinity as CaC03 = 248 mg/l 

The results of laboratory analysis of the April 30, 1984 water 

quality sample of the Madison aquifer groundwater are shown on 

Table 15. 

The second water quality sample collected from Well No. 1 

was collected on December 11, 1984 after the well was deepened to 

3,041 feet and penetrated both the Madison and Bighorn strata; 

however, packer testing of the well indicated that the Bighorn 

formation was not permeable and was not yielding groundwater. 

Therefore, the December 11, 1984 groundwater sample is regarded 

to be a sample of Madison aquifer groundwater. Well head water 

quality parameters were as follows: 

pH = 6.7 Temperature 140 C 

Specific Conductance = 434 umbos/cm @ 25 0 C 

Bicarbonate Alkalinity as HC03 = 307 mg/l 

Total Alkalinity as CaC03 = 251 mg/l 

The results of laboratory analysis of the December 11, 1984 
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sample of Madison aquifer groundwater are shown on Table 15. 

Well No.2 was sampled for groundwater quality on August 27, 

Table 16: Water quality parameters, Madison aquifer, Well No.1. 

Total Coliform Bacteria 
pH, Standard units 
Specific Conductance, umhos/cm 
Total Dissolved Solids, mg/l 

CATIONS 

Total Hardness as CaC03 
Calcium 
Magnesium 
Sodium 
Potassium 

ANIONS 

Total Alkalinity as CaC03 
Bicarbonate Alkalinity as Hco3 
Carbonate Alkalinity as C03 
Hydroxide Alkalinity as OH 
Acidity as CaC03 
Chloride 
Fluoride 
Nitrate + Nitrite as N 
Sulfate 

TRACE ELEMENTS 

Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Selenium 
Silver 
Zinc 
Silica as Si02 

RADIONUCLIDES 

Gross Alpha 
Gross Beta 
Radium 226 
Uranium as U 

04/30/84 12/11/84 
Greater than 16 colonies/100 mI. 

7.3 7.3 
342 388 
253 242 

~ 
240 

50 
28 
11 
-1 

205 
250 

o 
o 
o 

19 
0.50 
0.39 

17 

-0.005 
-0.1 
-0.1 
-0.005 
-0.02 
-0.02 
-0.05 
-0.02 
-0.02 
-0.001 
-0.005 
-0.02 
-0.02 
1.4 

o + 2 pCi/1 
2 + 3 pCi/l 

0.7 + 0.6 pCi/l 
0.003 mg/l 

~ 
237 

52 
26 

5 
1 

206 
251 

o 
o 
o 

32 
0.28 
0.05 

12 

A minus sign (-) means less than the reported value was present. 
A dash (--) means the parameter was not analysed. 
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1985. The water quality samples were collected while an inflat-

able packer was seated in the borehole separating the Bighorn 

aquifer water from the Madison aquifer water. The first suite of 

water quality samples from the respective aquifers were collected 

after 819 minutes of stepped rate testing of the two aquifers. 

The second suite of water quality samples from the two aquifers 

was collected at the end of the 1,509 minute test. The inflat-

able packer remained properly sealed throughout the testing pro

cedures and there was no evidence of hydraulic communication or 

comingling of waters of the two aquifers during the tests. The 

results of field measurements of pH, temperature, and specific 

conductance at the well head are shown on Table 16. 

Table 17: Well No. 2 field measurements of water quality parameters. 

Madison Bighorn 

Elapsed Flow Flow 
Time Rate Temp. Rate Temp. 

{minutes} {gEm} --E!! s.c. 12 £L {gEm} --E!! s.c. 12 £L 
90 318.7 6.2 470 14.5 16.5 6.2 450 15.0 

159 94 6.3 455 14.0 26.9 6.4 448 15.0 
219 332.2 6.2 465 14.0 67.3 6.2 450 15.0 
289 363.6 6.3 460 14.0 170.6 6.2 450 15.0 
819 363.6 6.2 460 15.5 170.6 6.3 445 16.0 

1,184 363.6 6.2 468 16.0 170.6 6.1 468 16.0 
1,509 345.6 6.2 454 16.0 170.6 6.2 454 16.0 

The results of laboratory analysis of water quality samples 

collected from the Bighorn and Madison aquifers at approximately 

the midpoint of the 24-hour stepped rate test with a packer in 

the borehole separating the two aquifers are shown on Table 17. 

The results of laboratory analysis of water quality samples 

similarly collected from the Bighorn and Madison aquifers at the 

end of the 24-hour stepped rate test are shown on Table 18. 

The results of the tests as shown on Tables 15 through 18 

indicate that the quality of the groundwater from the Madison and 
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Table 18: Interim water Quality Analysis from Well No.2. 

pH, Standard Units 
Specific Conductance, umhos/cm 
Total Dissolved Solids, mg/l 

CATIONS 

Total Hardness as CaC03 
Calcium 
Magnesium 
Sodium 
Potassium 

ANIONS 

Total Alkalinity as CaC03 
Bicarbonate Alkalinity as HC03 
Carbonate Alkalinity as C03 
Hydroxide Alkalinity as OH 
Acidity as Caco3 
Chloride 
Fluoride 
Nitrate + Nitrite as N 
Sulfate 

Madison 

7.4 
433 
266 

!!!9L.!. 
218 

46 
25 
-1 
-5 

197 
240 

o 
o 
o 
1 
0.4 
0.69 

11 

Bighorn 

7.4 
416 
286 

!!!9L.!. 
218 

46 
25 

1 
-5 

194 
237 

o 
o 
o 

-1 
0.4 
0.21 
8 

A minus sign (-) means less than the reported value was present. 
A dash (--) means the parameter was not analysed. 

Bighorn aquifers is of excellent quality for use as a municipal 

water supply as well as for agricultural irrigation. The concen

trations of minerals present as dissolved solids in the ground

water from the two aquifers does not even approach recommended 

limits for concentrations of dissolved solids in drinking water 

let alone the maximum permissible concentrations permissible 

under the U.S. Environmental Protection Agency (EPA) Interim 

Primary Drinking water Standards. In addition, the data shown on 

Tables 17 and 18 reveal that the chemical quality of the Madison 

and Bighorn groundwater is essentially identical, a fact which is 

not surprising in view of the geological/mineralogical similarity 

of the two aqufers and their common recharge area. 
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Table 19: Final water quality analysis from Well No.2. 

Total Coliform Bacteria 
pH, Standard units 
Specific Conductance, umhos/cm 
Total Dissolved Solids, mg/l 

CATIONS 

Total Hardness as CaC03 
Calcium 
Magnesium 
Sodium 
Potassium 

ANIONS 

Total Alkalinity as CaC03 
Bicarbonate Alkalinity as HC03 
Carbonate Alkalinity as C03 
Hydroxide Alkalinity as OH 
Acidity as CaCo3 
Chloride 
Fluoride 
Nitrate + Nitrite as N 
Sulfate 
Cyanide 
Phenol 

TRACE ELEMENTS 

Aluminum 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Vanadium 
Zinc 
Silica as Si02 

RADIONUCLIDES 

Gross Alpha 
Gross Beta 

Madison 
TNTC 

7.5 
428 
234 

~ 
225 

47 
26 

3 
-5 

194 
237 

o 
o 
o 

-1 
0.5 
0.61 

16 
-0.02 

0.012 

-0.1 
-0.010 
-0.1 
-0.1 
-0.005 
-0.02 

0.04 
0.07 

-0.02 
-0.02 
-0.001 
-0.05 

0.04 
-0.005 
-0.02 
0.07 

0.11 
4.58 

pCi/l 
0.0 + 1.0 
0.7 :;: 1.4 

Bighorn 
TNTC 

7.4 
433 
264 

~ 
222 

46 
26 

3 
-5 

197 
240 

o 
o 
o 

-1 
0.4 
0.54 

12 

-.01 
-0.010 
-0.1 
-0.1 
-0.005 
-0.02 

0.03 
0.13 

-0.02 
-0.02 
-0.001 
-0.05 

0.03 
-0.005 
-0.02 

0.05 
0.02 
0.02 

pCi/l 
0.0 + 0.8 
1.0 :;: 1.4 

TNTC means the coliform colonies were too numerous to count. 
A minus sign (-) means less than the reported value was present. 
A dash (--) means the parameter was not analysed. 
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the 

Similarly, 

groundwater 

analysis of the radionuclide concentrations in 

of the two aquifers shows the radionuclide 

concentrations to be well below threshold concentrations that may 

affect suitability of the water for public supplies and require 

additional analysis. For example, gross alpha concentrations, 

including radium 226, may be as high as 15 pCi/1 before it is 

necessary to conduct separate analysis for uranium and subtract 

the uranium concentration from the gross alpha concentrations. 

Gross beta concentrations must be 50 pci/l or more before it is 

necessary to do analysis to determine the major radioactive 

constituents in the water. The threshold value for combined 

radium 226 and radium 228 concentrations is 5.0 pCi/l. The 

concentrations of radionuclides in the Madison and Bighorn 

groundwaters are substantially less than the threshold values of 

concern to use of the water for drinking water supplies. 

Only two chemical characteristics of the groundwater are 

present in concentrations that should be considered if the 

groundwater is to be used as a public drinking water supply. One 

chemical characteristic is the hardness which is in excess of 200 

mg/l for both aquifers thus classifying the groundwater as very 

hard groundwater. The hardness is not a hazard to health and is 

an acceptable condition for many water users in the western 

united states. The second chemical constituent meriting further 

consideration is the presence of 0.012 mg/l of phenol detected in 

the flow from the Madison aquifer in Well No.2. 

Phenol is an organic hydrocarbon compound which is present 

in natural petroleum as well as in many refined oils and greases. 

Federal and State regulatory agencies have not established a 

drinking water standard for the presence of phenol in drinking 

water; however, the Wyoming state Department of Environmental 
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Quality requires that where groundwater becomes contaminated by 

an oil spill, the aquifer must be restored so that only 0.001 

mg/l of phenol concentration or less remains in the contaminated 

aquifer. The nondegradation standard does not stem from a health 

hazard presented by the phenol but is simply a nondegradation 

policy. 

There are two potential sources of the phenol detected in 

the Madison groundwater flow from Well No.2. One potential 

source is a tar sand which was drilled through in a zone above 

the Madison aquifer. Although the tar sand is cemented off 

behind the well casing, it is possible that some of the petroleum 

residue continued to circulate into the well from the mud pit as 

the well was drilled. If this was the case, the concentration of 

phenol should become less as the well is used over a period of 

time. A second, and more likely source of the phenol may be the 

lubricant used on the tubing joints used with the packer placed 

in the well for the testing and water quality sampling. If the 

tool joint lubrication was the source of the phenol, the phenol 

should not be present in tests in the future. A third, but 

unlikely, source of phenol that might be possible is petroleum 

residue that could be present in the Madison formation. However, 

natural hydrocarbon residue was not observed in the drill cut

tings of the Madison aquifer rocks. 

A final possibility, which is the probable source of the 

phenol in the Madison aquifer water quality sample, is a zone of 

oil-bearing sand at the base of the Bighorn Dolomite in the depth 

interval equivalent to the 2,939 to 2,941 foot zone in Well No. 1 

(see lithologic log, Appendix A). Although the phenol appeared 

in the Madison water sample, it is quite possible that the entire 

borehole was contaminated with phenol from the water flowing up 
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the well prior to installation of the packer. A separate phenol 

sample was not taken from the Bighorn aquifer water. Consequent

ly, it is recommended that Well No. 2 be retested for phenol if 

the well is to be utilized as a public drinking water supply 

source. 

The phenol is not present in concentrations great enough to 

be detectable to humans drinking the water and standards and cri

teria for public drinking water supplies do not list phenol as a 

health hazard. If the phenol were present at concentrations 

significant to public health, the water would probably be unpala

table. The best way to deal with the phenol concentration mea

sured in the Madison aquifer water at Well No. 2 is to resample 

for phenol if the well is to be used for a public water supply. 

Retesting for phenol may reveal that the phenol concentrations 

were a transient condition somehow related to the well construc

tion activites. 

A final consideration in the use of the two wells for public 

drinking water supply sources, is the high concentrations of 

coliform bacteria detected in every bateriologic sample collected 

from the two wells. This should particularly be a concern in 

Well No. 1 which was subjected to a gelled sand hydro fracture 

treatment. The gelled fluid used in the hydro fracture treatment 

is an organic base and may provide a media for microbiologic 

growth. Although the well was flowed for 10 days prior to col

lection of the first coliform sample, it is possible that resi

dual decomposition of the gelled fluid was still occuring some

where in the formation. The coliform samples collected from Well 

No. 2 were subject to several potential sources of sample contam

ination during the collection process, namely the oilfield tubing 

used to install the packer, the packer assembly, and the dis-
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charge pipes from which the samples were collected. If the wells 

are to be used for a source of public drinking water, additional 

coliform sampling should be performed to determine whether or not 

microbiologic contamination remains in the wells requiring disin

fection of the wells prior to their use as a public water supply. 
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APPENDIX A 



MORRISON-MAIERLE1 INC. 
GEOLOGIC LOo 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 1 OF 31 
HOLE NO.: 1 LOCATION: NEl/4 NEl/4 Sec. 35, T .5~., R.91W. STATE: Wyming 
TOTAL DEPTH: 3041 GROUND ELEUATION: 4400 ELEUATiON SOURCE: 7.5 Min. Topo QUid. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: + 330.00 ELEUATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

I----·~--+----~}··ft~-~~~~w.~~~~~;-.----.:-------~-------------------------------------------~-------------------------~ 
: CASING: DEPTH: SAMPLE :GEOLOGIC :GRAPHICI CLASSIFICATION AND DRILLING: 
: TALLEY : (FEET) : DEPTHS I UNIT I LOG : PHYSICAL DESCRIPTION , INFORMATION : 
i--:-I:-------:i-:------·---------~~~------O:5-TopsoiL~SPARSE-GRAVELS-------------------i---DRiLLiNG-EQuiPMENl----, 
:: • -: : T :.:..~-.,.;-~l I ------------------
:: ' -: : 7-9 E t:~:~~:~~-.J ISargent Irrigation Co. 
: I • -. CC R l~·;{:::~:-.:l lproprietary air-reverse 
• • 'IN 10 --: : R ::-_~.:.~:>::J 5-15 ~D, Weathered dolcoih grit, somewhat :circulation rotary rig 

8:~ -: : A :-::';::.1:-.::;:: gypsiferous. : DRILLING METHOD 
N -: : C :;7-, ~-:'~ t .. :: : ---------------

IN E :9:o~·;;6;: : 0-50, HR. 
NN :"O.oC:d~: : 50-100, ARR. 
CN 20 -- G ::~:~ 0: 15-34 GRAVEL, LiQht gray (10YR-7/2) to white ! 
H N RIo .... " t> (j (1 OYR-8/2), rounded 1-3 inch • BIT TYPE 

IH: 15-34 A :~~~~ gravel with scattered cobbles,: --------
D:A: CC: V :~~~ mostly dolomite ~ith some lime- : 0-10 22 inch drag bit 
I:Ll E 19~~.~: stone. :10-50 22 inch soft 
A:Ll 30 -- L :k\~g,;'t.: I roller bit 

:1: IgQ:7o~: /50-100 22 inch medium 
S:ll • l~.~_~::: 34-63 S~LE, 01 ive gray (SY-512) to 01 ive : roller bit 

E ; ~ l : 135c~0 l lII;3!~ ~~~~~~~ !.y; n ~ '~i~~~!~8)s ~ot ir:~ .l ~~~~~~~~-~~~:~ 
En: 40 --. : t~~ Occassional bellemnih fossils. : 0-50 Clear l,rIater 
LlO: -I I :···;:;'":·:0.'~l 150-100 CMS Gel 

C: I - CC : ~:"':~J 
IGI - : ~~ ... ~~ 
IN: -_I · 45-50 I ~::::-:-.::-;'J 

• SIRI 50 -- : S r~;~'~Z~5 DRILL FLUID LOSS 

i 4 N~ ~ ~ ~ : ~ ; 55-60 i ~ i~<:;~}~ I 15-34--H~d;;~t;-----
I ~NG:r: =1 CC: ~ LL~ 

i ;!r 60 -~Il ! 65c~01 ! !~~ 63-96 S~LE,~~~:r!m~~:~~H~~:~~ m~l!~~)' 
I All 70 -- : M I~:·~~~:-~ bel1emnite fossils to 76 ft. 

• • 
CASED INTERVAL 

I 0-127 181 Dia. 
: 0-597.7 141 Dia. 
:597.7-1855 10,751 Dia. 

: : I - : : : : =;~:.: '~=~J 
: SIB -: : 75-80: : .... ".::.,:::::.: 
,• T.'U -_I CC.' .-......... J r - ....... '.'-'.' 

E : R I: ":~~~~'fi: 
En 80 -- I :.:: ·:· .. :' .. :·.i-: 
Ll 0 -: I : l .... :.:.~ 'J 

IN -: ' 85-90: ~::'~ :~~5 . - . . .... '''' .... ~ 

Grout to 1850 feet 
CasinQ separation irom 
1810-1815 

CHARACTER OF DRILLING 

0-34 Some caving of 
gravel into open hole 

C • I CC· r ... . -:': .. -'::;' 

AS!,G
R 

90 _-_. ~. 1 - .. :::~;:., 34-100 Drilled smoothly 
r-=~.~:::.:;~ I pene tr a t i on rate is abou t 

I 10 -1 : : :~·-~::~·.:~:..-::~l :16 ft .Ihr • : 
N:U -: : : : .:.::.~::~.: 96-102 GYPSltl, 1 ight brf*n <7.SYR-6/4) with : : 

-'_197-100 ~. Interbedded pale yel1~ (2.5Y-7/4) : : 
- CC I GYPS.SPR. ",c' claystone. : : 

1 ________ . ------l---------~-~i~~:---------------------------------------------------:-------------------------: 
EXPlANATION I 

I ______ -----------------------------------~-----------_____________________________________________________________________ : 

:--: 
•• •• 

I 
NO 

~PlE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
HR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
we --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAllER SAMPLE • . --------------------------------------------------------------------------------------------------------------------------: 



MORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 2 OF 31 
HOLE NO.: 1 LOCATION: NE1/4 NE1/4 Sec. 35, T.5aN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEUATION: 4400 ELEUATiON SOU~CE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

�--------;--------;--------}---------~-------;---------------------------------------------------!-------------------------j 
I CASING: DEPTH: SAMPLE :GEOLOGIC : GRAPHIC: CLASSIFICATION AND DRILLING: 
: TALLEY I (FEET) : DEPTHS I UNIT : LOG : PHYSICAL DESCRIPTION I INFORMATION : 

IN 
4N 
N 

IN 
NIH: 
CIAI 
H:Ll 
III 

Dl I: 
I liB: 

AlUI 
lR: 

SlT: 
TlOl 
EINl 
EI I 

I I 

L1G: 
lR: 

ClOl 
A:U: 
SlT: 
I ~,J 
N~',J 
N 

--------l--------l---- ----l~~~ :---------------------------------------------------:-------------------------1 
1 N -: : : ~~~= 96-102 GYPSlI1 : DRILLING EQUIPMENT 
8N -II 1105- I F':::3--=~ 102-105 CLAYSTONE, Pale yell()I,IJ (2.5)'-7/4), : ------------------
N - 110 I b_-=-...;5ti1 gypsiferous. lSargent Irrigation Co. 

IN - CC: ~I 105-114 S~LE, Light olive gray (5'(-612), :proprietaryair-reverse 
:G: 110 -- : t-'.,~ gypsiferous. :circulation rotary rig. 

CIR: -I : : f~::~: 114-118 S~LE, Dark gray (SW), intercalated with: DRILLING METHOD 
HIO: -~.i115-: mtiiiiiil2fulWll I ight gray dolomi te and 1 ight br()I,IJn: ---------------
:u: -. l18Ce' ~.~~.'~ to reddish brCMn vuggy gypsum. l 100-200, ARR. 

Dn: - 118- Hard fissile shah. I 
IN 120 --~ 120 L' ,' •. ,' 

t., :., : I 

N -l l CC I .,' .'. I 118-146 DOUr-tITEl Light gray (2.5Y-7/0) to pale I BIT TYPE I -II I yel1Cf.11 «2.5)'-714), laJIinated,: --------
- 125- ~l' .. 'f very fine sandy dolomite. l100-200 17 inch medium 

130 -= 1 ~~O II~iI:· .. ~~.','_:,:"_',~_',:~·.:.~,,·ll ~7~~~~~Jl~dg~~!~m~tr~~~g~~Cf.lln roller bit. 
-: : G Sme light brCMnish QNY (10YR-
-I 1135- Y 6/2) sucrose anhydrite also 
-.. 138CC PI], 'Z" 1 present. : DRILLING FLUID 
-11 138-: 5 :;~l~!';' Dolomite becomes alternating : --------------

140 --~ 140 l U ~'-' ',I 1 iQht gray (2.5Y-6I0) and brl»ln : 100-200 CMS Gel ~i th 
-: : CC: M :i':'~ :Z=-. -:-: (10YR-513) beds from 137-141 ft.: O.Slb/bbl Driscose 

:~I:~6Cd S f'&f':'·~ 146-185 S~lE,srf~~~ ~.n~~m(~-~~~,o~i~~n;, 1180-200 LCM added to mud 
-.146- l P r:;=h:~~~.1 gypsiferous shale. 

150 -- I 150 1 R ~-:~~;::::;:r2.:1 DRILL FLUID LOSS 
-: : CC I r- >:<~~.l ----------------
-I : N ~,~~=~~ 180-200 Losing about : 
-1155- G ~~;;'~;~~l 2800 9a1./br. throuQh: 
- 160 S ~:-':;'::-;7~t doloou te un it at 121-1 

160 -- CC ~,~~~:~~ 146 feet. 
- : l F::-: ,. _.,; ,~ CASED INTERVAL 
-: : H r-:=:~,:-::~ --------------
-I : L~,~~-~~:..~ 0-127 181 Dia. 
- .. 168- ::f~;~1 Becanes gray (2.5Y-S/O), ~ith 0-597.7 141 Dia. 

170 --~ 170 L-~':'::~:~~~ be hmni te and brach iODOd fossi 1 s 597.7-1855 10.751 Di a. 
-: I CC : ·),'.~,~:'l frm 168-185.' : Grout to 1850 feet. -:11 ~;~0~C~~~ l Casing separation from 
- 175- r--~--:-~~l : 1810-1815 fee t. : 
- 180 : O"'-'".:...~: : C~RACTER OF DRI LUNG : 

180 -- CC r', :~~l : --------------------- l -1 181 - :-:~~.,:,:;;~5": IDrill ing smoothly, 

:~It~~l !! :,~lc~!1 185-189 LIHEST~;lt~~ari~;~~~;~O). gypsiferous, l~~n~l~J:;~n rate is about 

190 --1190- l t:'.s;~.=;;~: 189-261 SHALE, Light brownish gray (2.5Y-6/4) to : 
1 - 195 l ~-:::-::::.::.~~t to strong brown (7.5)'R-4/6) shale. l 

l-.-------~~~~~~~~l---- ----f~~---------------------------------------------------1-------------------------. 
EXPLANATION I 

:-------------------------------------------------------------------------------------------------------------------------_. 
I 
I 

:--1 
I I 
I I 

I 
NO 

SAMPLE 

SAMPLED 
lNTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AI R ROlARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- A1R REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 

:--------------------------------------------------------------------------------------------------------------------------



MORRISON~IERLE, INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 3 OF 31 
HOLE NO.: 1 LOCATION: NE1/4 NE1I4 Sec. 35, T.5~., R.91W. STATE: Wyming 
TOTAL DEPTH: 3041 GROUND ELEUATION: 4400 ELEUATiON SOUkCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROH HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEUATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek , --------: -------- ~ --------- ~-------"-i-------: .. ----------------------~--~P-----.. -----.. ~~-~-~-----.--} --.----------------------: 

: CASING: DEPTH I SAMPLE lGEOLOGIC IGRAPHIC: CLASSIFICATION AND DRILLING: 
: TALL[Y : (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFORMATION : 
: ---- ~ -------- : -------- I ---- ---- t__ .. d ---------------------------------------------------: -------------------------: 

,~ -: :,,=--~ 189-261 SfJALE, Reddish-brCMn (SYR-4/6),fissi1e I DRILLING EQUIPMENT 
~ -: : :-,~:~'5:~g;~ shale. : ------------------

-1205- f'=~-:-Ed :SarQent IrriQation Co. 
- 210 ~:~_:~~-_~::;~ lproprietary air-reverse 

210 -- CC :,~-=;;-=-~?: : e i reu 1a t i on rotary rig. 
-: : L~~~~~~;:~j:: : DRILLING METHOD 
- : I :::-'-~"~~';"'-'3 ---------------

I -1 215- I G t)~';~~J : 200-300, ARR. 
- 220 Y t_ ..::::;;-.;-~: : 

220 -- CC P !~~~}~: I 
-: : S r ·"""~:?=-~:I BecOOles alternating red (2.S1R-4/8 : BIT TYPE 
-: I U L···~:'~~l~·: to 5/B) and gray (2.SYR-6/0) beds ,1

200 
300 --17--:---h- d' 

-: : t1 I . I frOOl 221-261 - Inc me lum 
-' '228- t=;-::;~~ ro 11 er bit. 

230 --~ 230 S r . ..:~:~~·~~~~·: 
- : I CC P :~~::::~:-:]: 

-: 1235- R :~~;~~~1 
: I"J -I 240 I t:-:?:--'~:~;:~:l 
I I N 240 _= 24CI_C N !,;.-.:~~_~~~_: 
:N:HI G , ·-···.··~I 
I CIA I -. 243 S t ... -:-~.: 
IHILl -: I ce : .. :~.r..-~; 

I . __ : ___ I 

: D I I I - 250 t1 t::-.:.-:;::~~ 

DRILLING FLUID 

200-300 CMS Gel with 
O.Slb/bbl DriscDsel 
and LCM. 

I, ',L', -1 245- Fl'::' ..... , 

11 I B: 250 -- ce ~::..-:: '::-c;;-=::::} DR! LL FLUI D LOSS 
: A I U: - I : ::.- --- -"'1 I ----------------
I :Rl -I :255- i~~-:=;~: 261-265 eLAYSTI1~E, White (S'fR-B/l), soft, c1ay- :200-300 LosinQ about 
:S:T: -I 260 : .~ .. :~~: stone. : 2800 Qal.lhr. throuoh: 
:T:O: - CC ~-=c.c"-.~_~~ I dolOOlite unit at 127-: 
:EINI 260 --I 261- , I .~ 265-274 LIMESTONE, Grayish-brown (2.SY-6/2) , palel 146 feet. 
IE: : -I 265 I ~~=-:; red (2.SYR-6/2), red (10R-4/8), : CASED INTEfNAL 
:UGI - CC I 1-::..;:.::,..-:..--:' weak red (10R-4/4) I and grayish I --------------
: IR: -_265-: -J brCMn (2.SY-6/2) silty rrllcrite : 0-127 lSI Dia. 
lela: -I 1 267CCI ALCOVA g3.='±.:-} and micrite. interbedded with : 0-597.9 141 Dia. 
:AIU: 270 --.270- LS. 1-- - •• .1 red, hard, fissile shale. :597.7-1855 10.75' Dia. 

il8 : ~ gs R f~t1J 274-311 SAAlE, s~:~ e ~ 2 '1f~k~~~gr !~f ~ 7 • M~~lJi) i fiiI;? :i5~m: !~~ t frm 
:G~ 280 _=1 I ~ ~ }:~_;~;;~~ !~:j;t~~~ i2~~~281~ted wi th the l ~~~~~~~_~~_~~~::~~~ 

: II 2~~6CC , ~ p fin ~~~mi~6~ ~3~ ~ olive-gray (SY -518) i ~~~!l~~ t ~~o:~ l~ , i s about 
-1286- I lsi E ~ 120 ft.lhr. 
- 289CCI A A r::~ __ :::::-= Ye 11 O\IIi sh-red (SYR-5/S), soft t 9YP-: 

290 --I : I T K ~Z:::-::~ si ferous shale contai n ing wh i te I 
-: : E ~~;:-~~ anhydrite nodules from 289-300. : 

"-J - : : 295- I R F f-f';7r;~ : , -I 300 : M ~-.:;:;.;:;.~~ : 
: - CC: ~.-~:.'.~~~~ :: 

:---- :--------1 ------l---------~-~--~~-l---------------------------------------------------1-------------------------: 
: EXPLANATION : 
:--------------------------------------------------------------------------------------------------------------------------: 

:--: 
I , 
I I 

I 
NO 

~PLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- C(~INUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
: CC -- CONTINUOUS WASH SAMPLE as -- BAILER SAMPLE I 

:--------------------------------------------------------------------------------------------------------------------------l 



HORRIS~-MAIERLEJ. INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 4 OF 31 
HOLE NO.: 1 LOCATIfJi: NEI/4, NE1I4, Sec. 35, T.5~., R.91W. STATE: Wyming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Hin. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATI~ OF WATER LEVEL: 4730 DATE WATER LEVEL HEASURED: 16 APR. 84 : 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +339.00 feet of head. : 

: LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek : 
:--------~--------~--------~------~--:-------~---------------------------------------------------:-------------------------: 
: CASING: DEPTH: SAMPLE :6EOLOSIC :SRAPHIC: CLASSIFICATION AND : DRILLING : 
: TALLEY : (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFORMATION : 
i---- -:-------:1' 300:--:--- ----ii,-i-rii--274:3ii-sHALE:-R;d-t~-~;;;~:i~t;;~;1;t;d-~ith----l---DRiLLiNG-EguiPHENT----' 

, - 303 : ~..:;:::;f':;1 anhydr i b. Gray limestone un i t frml ------------------
, -I : cc : ~~ 300-303. ISargent Irrigation Co. 

-I : ~_ .~. -,- Interbedded shale and dol mite frm lproprietary air-reverse 
, 310 --_310- -- -----~--: 308-311. Icirculation rotary rig. 

- 315 • : 311-315 DOLOMITE, Light gray (2.SY-7/2), hard : DRILLING METHOD 
- CC I: dolomicrite. Conchoidal. : ---------------
-: : r?~;~~;;;: 31 5-354 S~LE Red (2. SYR-c1/8) to 1i gh t red : 300-400, ARR. 
-l l F;;;'-:;-;::-~:-::...J h.SYR-618), ~ell indurated shale l 

, 320 --1320- ~~1 with 500ft, white, sucrose gypsum andl 
- 325 k-_~:~~~~-::i hard, translucent anhydrite in 1-2 I BIT TYPE 
- CC t~:~?;:J inch beds. I --------
-I , ~ Massive anhydrite present from 348- 1300-400 17 inch medium 
-: l t~:=:-:~=~ 349.5 • : roller bit. 

--l 330 --I : ~~ 
I 1 t'--l - 1 l bg;~l-<r! , 
: 4 N -: 1335- tT::'"-:;c.Zf.,T".E::l , 

i 1 Q : I ~~O r!~~E i ~~~~~:~~-~:~~~ 
IN:HI 340 -- g~~~ l300-400 OMS Gel ~ith 
lCIA: -: : R ~::.~:-----: j Driscose and LCM 
IHlLl -' '345- C E ~ 1351-400 Add Quik Seal to. 

IDI~\ :J ~~8 ~ D ~~ ! gel. 
: II B 1 350 -- G P ~ :~~~~0:~ ! DRI LL FLUI D LOSS , 
IA:U: -I : W E 1_:':::::'-:::-:.:=':-1 • ---------------- , 

: lRI -"354- A A t")',§{@Mj 354-380 ANHYDRITE AND S~LE, Red to 1 ight red :300-400 Losing about : 
:SIT: -~ 356 T K ~~-i~~.~~ shale interbedded ~ith bluish~hite,: 3000 9al./hr. throuQhl 
lTlOl -l l CC E ~'-(;~ massive, crystalline anhydrite in : dolmlte unit at 127-' 
IEINI 360 --J360- R F :i4·;~,g;i@9j 1-1.5 foot thick beds. : 146 feet. 
: E : I - 365 M: :=~-=~~ : CASED INTERVAL 
: L : G I - CC :{'S1~~ l --------------
I lRI -, ,I-~-~-'-c--"-'-J : 0-127 181 Dia. 
lCIOl -l I :'~~~~") I 0-597.9 141 Dia. 
lAW: 370 --_370- i·~~~::~~4~ :597.7-1855 10.751 Dia. 
IS:T: - 375 t~,~;~V.'~:~l1 I Grout to 1850 feet. 
lIN - CC fl~,<Q.380-383.5 GYPStJ1, Wh!t~, sof~, sucrose gypsum I Casing separation from 
INkJ -: I ~?h;~;~ containing th!n red shale and trans-: 1810-1815 feet. 
lGN -: : I~--";:---'--'?~ lucent anhydrite. : C~RACTER OF DRILLING 

• 380 -:1I3~~3.5 ~383.5-389 SHALE, Red (2.5YR-516l,soft shale with iDriii;d-~~thi;:------
-, , CC 1 ~iK~ white, translucent anhydrite. !?00-366 Penetration rate 
-I : I-:-----~ tiS about 6 ft.lhr. 
-: 1389- , ~389-392.5 SILTSTONE, Weak red (10R-6I2), hard, 1366-400 Penetration rate 

, 390 -:13~~.5i ~ blocky siltstone. i is about 10 ft./hr. 

- 392.5-l :--,=:~-::-,,-:;:o:;;'7J392.5-444 S~LE, Light brownish-gray (2.SY-6/?> to : 
-l : 395 l ~ .-~,,:~ pale red (10R-614), soft, gypsl- : 

} -l : CC : 1_~1'~4l{~ ferous shale. : .____ _: ________ : ________ : ____ ____ :·_~~u~ ___________________________________________________ : _________________________ , 
: EXPLANATION I 
,--------------------------------------------------------------------------------------------------------------------------, 

l--: 
I , 
I , 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
HR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SI'liPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
W8 --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SI'liPLE BS -- BAILER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------, 



I 
I 

MORRISON1MAIERLE1 INC. 
GEOLOGIC LOll 

l FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 5 OF 31 
l HOLE NO.: 1 LOCATION: NE1/4, NE1/4, Sec. 35, T.5~., R.91W. STATE: Wyming 
: TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
: BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
: METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
: LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek 
~--------~--------~--------;---------;-------:---------------------------------------------------:--------------.----------, 
I CASING: DEPTH: SAMPLE IGEOLOGIC I GRAPHIC I CLASSIFICATION AND I DRILLING l 
: TALLEY : (FEET) I DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFO~TION : 
, ---- ~ -------: '1400:--1--- -l,~~ 392:S:444S~LE:-R;d-(2:5Yii:5iB)-;;d-d;;k;;~di;:-: --DiiilliNG"EiiiiiFHOO----' 

"-J - 405 : L~~~~':~.~:·: brrMn (2.SYR-3/4), soft, gypslferousl ------------------
I -I I CC I tCfH..S shale ~ith traces of anhydrite. ISargent Irrigation Co. 
~ -I : I r::.;;~\~~ lproprietary air-reverse 
~ 410 --1410- t;~:_:.-.. -~.:-~';.o:'~: 'circulation rotary rig. 
~ - 415 r .. ::-; :.. ... ~ 1 DRI lLlNG METHOD 
J - CC f U S dP~ ---------------

, -I I L ·-.,..:':..~:':1 400-S00, ARR. 
I - : : }'~"C;:~~i 

420 --1420- t .... ;.-.:.:;-~; .. c~' 
- 42S :.!?:'.\'}!; 
_ CC r c· 'C'''':-:":; 

: i i f ~'--~~.::~ 
430 --1 430- :-.: .. '~'."'~."J : 1 N - 435 rm:7:7r';±iA 

14N - CC r.~ ~'-:'=':~'::1 
l N -: l : ~ :'-'~<~l 
: 1 N -: : : _ ..... ,.-;c: .• -; 

:N:H: 440 --1440- R: .. ~. .... ~ ·.·.1. lClAI - 445 C E l .... ,,.,.a' .. rd 
: H: L: -_ I, 'I CC Hu D h.i£~ 444-478 S~lE AND 51 l TSTONE, Red (SYR-5I8), sof t , 
l IL: c1ay shale inhrbedded ~ith red 
:DIIl -l l G P :~~:: (2.5 YR-3/6) siltstone. Scattered 
ili~i 450 -:11 

145~55 ~ ~ ~~" .~~ ~~~rn:~:~. gypsum and anhydrite 
I IR: - CC T K t:;. • ..::;:;r: Red (2.5YR-3/6)1 hard, blocky, silty 
:SITI -_I •• :1' ER F ~_.' .. '.'!,._'~.~' ... ' shale at 461-46l. 

BIT TYPE 

400-500 17 inch medium 
roller b it. 

DRILLING FLUID 

400-S00 OMS Gel with 
Driscose and LOM. 

DRILL FLUID LOSS 

NCflE 

ITlO: ~ Shale becomes red to orange irom 
i~iNi 460 -:1' '46~65 M L~ 462-478. CASED INTERVAL 
IllG: - CC :: .• ~ --------------
I IRI -l : R::~·.~~ 0-127 181 Dia. 
ICIO: -l l r·~: .. ···-:":;·':~1 0-597.9 141 Dia. 

1~1¥1 470 -:11 

147~c7C5 ~.~~" :5~~~~t1~~518~~·~~;t~ia. 
i~f;j -l l t~ i f8iJ~f8i~p:~::~on frm 
lGN -l : ~ .~ 478-626 SWtLE, SILTSTONE, AND ~DSTONEi Red I C~RACTER OF DRILLING 

480 -:14S~85 ~~ (2,5YR~fjtsl~;V~~~~;d~~tw~~~ :a~~:r :Driiii;~-;;~~thi;:-----
- CC •.. ,.:~:'':~ J beds of very fine grained sandy Ipenetration rate IS 10-16 
-l : ~~: shale and shaly lIery Hne grained IH.lhr. 
-I l ~:~ sandstone. Gypsum and anhydrite : 

, 490 -: Ii 49~;5 {:;j~~~~:Z~ i ~r {~~:ri n :~~v: ~~os t en tire 1 y absen t i 
-I cc ,---'-'-~I Light greenish-gray (S8G-7/1) I 
-: I ~~t mottles surround {10m pyrite cubes : 

: -: : F-~.!;;;? freo 481.5-S09. I 
.---- ,--------,--------.---- ----1-------1---------------------------------------------------l-------------------------I 
: EXPLANATION : 
,-------------------------------------------------------------------------------------------------------------------------_. 

1--1 . , 
I I 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- COOlNUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAllER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------. 



MORRISON1MAIERLE1 INC. 
GEOLOGIC LOti 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 6 OF 31 
HOLE NO.: 1 LOCATION: NE1/4 NEl/4 Sec. 35, T.53N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELeuATION: 4400 ELeuATiON SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELeuATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

l--------~--------~--------~---------~-------l---------------------------------------------------:-------------------------, 
: CASING: DEPTH: SAHPLE (GEOLOGIC : GRAPHIC: CLASSIFICATION AND DRILLING: 
: TAlLEY : (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPT](14 ,INFO~TION : 
,---- ~-------:I' 500:--

1

---- ----~~!--47B:626-SHALE--siLTSTDNE:-SAN~STONE--~;d-(5YR:Si6i---DRiLLINS-E9UiPHENT----i 
, - 505 r~:: to 416) alternating 1-3 Inch beds of: ------------------ : 
~ -, : CC !~:~~i soft, silty to clay shale, and sandylSargent Irrigation Co. : 
~ -: : t~~~~~~ shale and shaly very fine grained :proprietary air-reverse : 
J 510 --J' 151O- :- -~~ sandstone. :circulation rotary rig. : 
1 - 515 :;~~r.~: : DRILLING METHOD I 

, - cc :7~:~~~4 Shale beds are moderately calcareous: ---------------
-: , :-:=.~ . -:,;~ frm 506-568. : 500-600, ARR. 
- : : tlt=--±£¥!l : 

520 --15205-25 '~ 56Jca
1
t)terhedl verty.thin bflUiSh-5grOaY5A6(5B-: BIT TYPE 

- l_':::O~;:~, s a e s ringers rm 1 - '1. , 

- CC ~~;';;'~:<j : --------
- : : f~.;t~-;V~ : 500-600 17 inc h med i un 

,! -' , .~;iiif:~ 11 bot '" , , .. ~"";:-::::,,.:Z1 ro er I • 

~ 530 --1530- f~~ 
:1N - 535 ~~~~~I 
:4N - CC :!...~L1 

;I~ :; i Et¥~ 
;i;~! 540 -~_54~~5 ~ i ~~ 

HardfsandY shale beds become dark 
reddlsh-br~n (SYR-3I3) at 546. 

DRILLING FLUID 

500-600 OMS Gel ~ith 
Driscose and LOM. 

:D:1: -:: GP ~ 

!:!i! 550 -~~55~5. i! I 
:E:N: 560 --1560- M m~ 

DRILL FLUID LOSS 

NIl1E 

I, E '. " - 565 ;;;::;7#= I.~ 

lUG: - CC ~ 

!~m! 570 _:1

1
' !570- ~~ 

: S:T: - 575 "·~\\i 

i~~ ::, CC i~~~ 
:GN -: : 1_._.'-4 

, 580 -:~5sg85 ~ 
-~ cc f1:;~:::l 

, 590 -~U59~9s rJ~ 
: ~ cc t.f~1: .. !.2J 
-I : l;~~·:.l.i 

CASED INTERVAL 

• 0-127 181 Dia. 
: 0-597.9 141 Dia. 
1597.7-1855 10.751 Dia. 
I Grout to 1850 feet. 
: Casing separation from 
1 1810-1815 feet. 
: CHARACTER OF DRILLING 
1 ---------------------:Drilling smoothly, 
:penetration rate IS about 
'14 H.lhr. 

,---- ~--------:--------:---- ----f:~-~==:1---------------------------------------------------,-------------------------, 
I EXPLANATION : 
1 ______ -----------------------------------------------_____________________________________________________________________ , 

:--: . , 
, I 

I 
NO 

~PLE 

~PLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF ~PLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 

.--------------------------------------------------------------------------------------------------------------------------, 



MORRISON-HAIERLE1 INC. 
GEOLOGIC LOti 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 7 OF 31 
HOLE NO.: 1 LOCATION: NEI/4, NEI/4, Sec. 35, T.53N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek : 

,--------;--------;--------:---------:-------;---------------------------------------------------:-------------------------: 
: CASING: DEPTH 1 SAMPLE IGEOLOGIC ISRAPHICI CLASSIFICATION AND DRILLING: 
: TALLEY 1 (FEET) : DEPTHS 1 UNIT I LOG I PHYSICAL DESCRIPTION ,INFORMATION : 

1---- :-------:1' 600:--i---- ----~;~J.--426:626-SHALE~-SiLTSTONE-i-AND-SANDsiONE~-A~f;~---:---DRiLLiNS-EGuiPMENT----j 
- 605 , ~~~_m : very th J n ( 00) anhydr de str J ngers 1 ------------------ I 

1 lIce I :::Jli illMil. t f 600 62'1 1 S t I . t· C 1 -, 1 1 1'--"--<-: .• e~E"l' presen rom - D. 1 argen rr J ga Ion o. I 

1 - 1 I 1 L:.:'-;:::::z3 I propr i e tary air-reverse : 
I 610 --1 610- 1 ~,' :: lcirculation rotary rig. : 

- 615 : r:';=~':~7:::~ I DRI LLING METHOD 
- CC: : -" .,-; 1 ---------------:;1 I ~ 1 600-700, ARR. 

1 620 -:11 

'62~25 ~:;~~ BIT TYPE 
'l - cc :7'c:: . .::--,o,: ~j I --------

II N -I : I- .. ~ .-~·:~1626-669.5 S~lE AND SIlTSTtlIE. Lioht red (2.5YR- 1600-612 17 inch medium 
IoN -: : 6~ ':~ 6/6) clay shale alhrnating with roller bit. 
:'N 630 --J' 630- L.~=;.~~ siltstone, in 1-12 inch beds that 1612-700 12.25 inch med. 
17N - 635 r::~:~",'7~~:1 thicken tward base of unit. I roller bit. 
15 N - CC L."-\'~ Beds are gypS i ferous and anhydr i tic. : 
I N -I 1 :-:-:~_:c-c-:c'? I DRILLING FLUID 
I I N -: I F- -. ~ : --------------
:NIHI 640 --II '640- I R : .• ~ :600-700 O1S Gel \!lith : 
IClAl - 645 CE ':.::.::::;) : DriscoseandLCM.: 
:HIL: - CC H 0 1-:--··-.. ·:::1 :668 Add 5 aal. Easy Mud. 
: It: -\ I U L_ .. - ;:'..,-~: : -
lOll: -I I G P ~ : 
lllBl 650 --1650- W E ~ .. -;,~ .. _;t .. '.,'_. __ ~JI Gray (10YR-5/l> shale beds at 650- I DRILL FLUID LOSS 
lAW: - 655 A A L - 651 and 669-669.5 : ----------------
: IRl - CC T K r-::":=;1{1 1600-nC Sl iaht loss 
15:11 -: l E~. ':': White sucrose gypsum beds 112-1 inch: through dolmite unit 
:1101 -I I R F I..s.;=:--~:'I thick scattered throughout interval: at 127-146 feet. I 

l~l:l 660 -:166~~5 i !1 ~~ frm 651-669. : ~~~~_~~~~~ 
~cl~~ :~ i : ~ l ~:§~;.918;4~iDia. 
lAIUI 670 --1670- r,~~~~.~669.5-701 SHALE AND SIlTSTONE t Red (SYR-5/S), 1597.7-1855 10.751 Dia. 
15:1: - 675 ~~'~~::~~~:~td alternating l-q inch beds of shale I Grout to 1850 feet. 
lIN - CC I-'-~.'-:J and siltstone. Shale beds are I Casing separation from 
INN -I I 1 ~,~ prominent frm 669.5-688. Siltstonel 1810-1815 feet. 
lGN -: I t-;~:~.:~:.:;..~I beds become more numerous from 688-: CHARACTER OF DRILL1NG 

1 680 --1 680- ::';~'<':~l 701, and they consist of hard silt-: ---------------------
- 685 6;;'3 stone and sandy siltstone units. IDrilled smoothly and 
- CC ~,_~ .. =: lwithout difficulty. 
-, : r~'::~0:;~t 1600-648 penetration rate 
-I : ~~ lis about 20 ft./hr. 

690 --_690- I~~~~ 1648-700 penetrat ion rate 
- 695 ~7~ lis about' 25 ft .Ihr. 
- CC ::., .. :';~~~ 
-I: :.~-g 

1---- 1-------:;-:------1---- ----~~~;~---------------------------------------------------:-------------------------: 
I EXPLANATION : 1---------------------------------------------------------__________________________________________________ ---------------1 
I TYPE OF HOLE 
1 
1 

1 
1 

1--1 
1 I 
I 1 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

OS -- DRIVE SAMPLE 
TYPE OF SAMPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- ~SH BORE 

SC -- STATIC BORE WASH SAMPLE 
BS -- BAllER SAMPLE 

t--------------------------------------------------------------------------------------------------------------------------, 



HORRISON-HAIERLE1 INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 8 OF 31 
HOLE NO.: 1 LOCATION: NE1I4, NEl/4, Sec. 35, T .5~., R.91W. STATE: WYOOling 
TOTAL DEPTH: 3041 GROlND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Hin. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: + 330.00 ELEVATI ON OF WATER LEVEL: 4730 DATE WATER LEVEL HEASURED: 16 APR. 84 
HETHOD HEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 ieet of head. : 
LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek : 

»------! .. ~+ ..... ~--.- ~-.. ----.-- ~ -------.~ -------------------------... ----------------~---------..:----.--------------------: 
: CASING: DEPTH: SAMPLE :GEOLOGIC :GRAPHIC: CLASSIFICATION AND DRILLING 
: TALLEY : (FEET) : DEPTHS: UNIT : LOG: PHYSICAL DESCRIPTION I INFORMATION 
1---- ~-------:I' 700:--'---- ----~:::~--70i:7i6-SHAlE~-R;d-(5Y~:5I8i~;~fi-;h;i;-i~i;;:---l---DRILLINS-EGUIPMENT----l 

I - 705 ~~~ calated With some hard shale beds. : ------------------ , 
I -: : CC :-:.'c;_~::~1 Trace oi anhydrite. :Sargent Irrigation Co. 

-: : r-··-;o--::~ Iproprietary air-reverse 
, 710 --'1'710- = .... ',~;-~.~f} lcirculation rotary rig. 

- 715 L·~~~:-':'::1 : DRI LUNG METHOD 
- CC : ~:.'.: :'.~~;"::.:.:-:::~ ; ---------------
-; : L;.···.:;:,:;~S 716-752 SHALE, Very dusky red (7.5R-2.5/2). very: 700-S00,ARR. 
-; : L-,.~~ well indurated shale. Trace of : 

I 720 --1720- ~~,:~._ d anhydrite. Sme yelltv.r1ish-red (SYR-: 
- 725 I r~~ 5/8), ~eaklY calcar~ous, ~oft silt- ! BIT TYPE 
- CC :.~_~ .. ~. stone Interca1 ated Interral ttently. I --------

:1N -: ;~ :700-800 12.25 inch med. 
ION -: I ~ roller bit. 
~7~ 730 -=173~35 ~~ 
:5N - CC ~ 
: N -: ; E.::~;:,...;.."§ 
:IN -: : , t!-----=~ 
:NIH: 740 --II 1740-: R ~~c..::.::~ 
:CIA: - 745 C E ~1d2 
:HIU - CC H 0 l·:~~;'~~~ 

~D~i~ =~ ~ ~ P ~ 
11 :BI 750 --1750- W E t~·" . .:g 
:A: U: - 755 A A E~"'=~-==:¥J 
: :R: - CC T K :~?;:::.~ 
:Snl -: I E I:·'-·o..;~a 

:T;O: -; : R F f~ 

!~!~! 760 -=_76~~4 H ~ 
: :RI -I : 
ICIO: -I : 
:A:U: 770 --1770-, :S:TI - 774 
II N - CC 
INN -: : 
:GN -: ; 

I 780 --I ; 
-111 782-
-. 785 
-; : CC 
-: : 

I 790 --1790-- 795 
- CC 
-: : 

l_ .• .:.:·::;.::.-.: .... ~ 
I ... · ."'::..:::1.=" 
:~;';"E.~c~ 
I~ . ...:.~'·;;='"'·l 
.:.-.-_::.: ;;:,1 
l-.:-~ ---',:..",.; 
.. =: ";') 

f~~ 
:~~:j~~-,:;1 
. l. -: .. ;;;.,,-:---:..-~ 

!- -:T--:::':.'":;~; 
, . __ ~;J.i:J 
,-.!'"·":--·~I 

L:.::!::: .•. _:::.:' 
I--~~~=-':::j 

!'.~ .. ~~ 
~-~~:3 
I" ..... ~-"';~-;, 

I , 
I 
I 

DRI LUNG FLUID 

:700-800 OMS Gel with 
Driscose and LeM.: 

: DRILL FLUID lOSS 
752-861 SHALE, Weak red (2.SYR-4/2) to dark : ----------------

reddish-br~n (2.5YR-3/4), hard :700-800 losing about : 
shale. Weakly calcareous. : 2800 9al.lhr. throughl 
Occassional gray (2.SYR-210) mottles: dolomIte unit at 127-: 
and 1-4 inch interbeds. I 146 fe~t. : 

; CASED INTERVAL : 
: -------------- : 
: 0-127 lSI Dia. 
: 0-597.9 141 Dia. 
1597.7-1855 10.751 Dia. 
I Grout to 1850 feet. 
: Casing separation from 
: 1810-1815 feet. 
I CHARACTER OF DRILLING 
: ---------------------:Drilled smoothly and 
lwithout difficulty • 
1700-716 Penetration rate 
lis about 30 it./hr. 
:716-800 Penetration rate 
lis abou t 15 it .lhr . 

- : I : ;: -:::E~}}~ I 

1---- 1--------:--------:---- ----:---~~~.:---------------------------------------------------:-------------------------: , 
I EXPLANATICN 

1 ______ --------------------------------------------------------------------________________________________________________ 1 

:--: 
I I 
I I 

I 
NO 

SAMPLE 

SlV'tPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SPl'1PLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

OS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAllER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------: 



HORRISON~IERLEl INC. 
GEOLOGIC LOb 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 9 OF 31 
HOLE NO.: 1 LOCATION: NE1I4 NEl/4 Sec. 35, T .5li., R.91W. STATE: Wyming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATiON SOURCE: 7.5 Hin. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LE'JEL HEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

1 --------; -----.~-- ~ .. ------- ~ ---------: -------: ----------------------------------------------------~ ------------------------- i 

1 CASING: DEPTH: SAMPLE lGEOLOGIC :GRAPHICl CLASSIFICATION AND : DRILLING I 
I TALLEY I (FEET) I DEPTHS l UNIT : LOG l PHYSICAL DESCRIPTION l INFORMATION : 

1---- il-------: 'Iaoo:-- '---- ----~~~_-·~:-:'--752:a6i-sHALE~-W;;k-~;d-(2~5YR:4i2)~-h;~d~-------l---DRiLLiNG-EDuiPMENT----: 
Il - 805 l-::r.i.::J sandy, slightly calcareous shale. : ------------------
II -l : CC i7;;~:~~:;4 Occassional gray (2.SYR-VO) lSargent Irrigation Co. 
Il -I 1 t,~~ mottles. Sucrose gypsum strinQers Iproprietary air-reverse 
Il 810 --1810- ~-'~-=:-:~~~:;;~ scattered throughout interval ~rom 'circulation rotary rig. 
I: - 815 r~~ 800-861. DRILLING METHOD 

~ ! = lice ~ -8iiii:9iiii~-;;RR~-
Il 820 --1820- f:~;~_:~~;._._~-~~~ Becomes weak red (2.SYR-4/2) to red 
.ll - 825 :;:;;/2;_:"';"-::'1 (SYR-5/5) to dusky red (7.5R-V2) BIT TYPE 
.II - CC l :~~:-,,:~~,1 beds with occassional gray mottles --------

11:/1 -I : }=--- :,~-.~~ from about 820-861. 800-900 12.25 inch raed. 
10 111 - 1 , 1-!=~:"~:--7.::J ro 11 er bit. 

i.:/! 830 --I' :830- ~~ 
17lJl - 835 '-_:-_~-"-_I 
1 5lJ 1 - CC L~.-~::d 

i~i~i 840 -~'I: 1 B4~45 c ~ ~~~ 
lH1LI - CC H 0 !~_~:_d='~ 
I IU -l 1 U 
10l I 1 -: l G P ~~I-='::::~~~ 
: UBI 850 --1850- W E ,~~~ 
:AIU: - 855 1 A A r:~~TEJ1 
I I R I - CC T K r~-~ 

: S :r : -l : E f·:"· '-'- ~;~.; 
:r 1 0: - I : R F ~::::-- "---,:-, 

1 
J 

DRI LUNG FLUID 

1800-900 CNS Gel with 
Driscose and LCM. 

DRILL FLUID LOSS 

N~E 

:~-~--::.:,:-~ 
lElNl 860 --I 1861- M t -. -"~-I 861-872 !W~DSTONE, Reddish-br~n (SYR-4/4), very 
:E!G! -I 865 ~I_,~.~.~ .. :~.·-\~:~&~ .. ': fine grained

t
, SiltY'tSlightT1Y cal-

f 
CASED ItflERVAL 

ILl 1 - CC ~~.!-.--:r-r.ol careous quar 2 sands one. race 0 1 --------------
llR: -: : tt{',S-,.:J.'1 biotite. light brrun <7.SYR-716) 10-127 18' Dia. 
lC10l -I l ~~ clay shale s.tringers s.cattered I 0-597.9 14' Dia. 
:AlU: 870 --1870- r~~::::.~ throughtout interval. 1597.7-1855 10.75' Dia. 
lS:r: - 875 t2...-:;·w 872-1112 SILTSTCNE, Dark reddish-brOl,lln (SYR-3/4) : Grout to 1850 feet. 
111/: - CC c- ~ -. ·!I with reddish-yellow (7.SYR-7/6) 1 Casing separation from 
IN:!: -: 1 : ... ~.'-_.~ mottles, sandy to shaley, calcareousl 1810-1815 feet. 
:GI/I -: : ~.~ siltstone. : CHARACTER OF DRILLING 

II - 885 E~;3 lOr i 11 ing smoothly and 
I I 880 --1 880- :-::-t .-- .• ~l : ---------------------

II - CC :.~~:;'.~ lwithout difficulty. 
I: -I I r···· ...:.':'; 1800-882 penetration rate 
II -I I ~::;:: : is about 15 ft.!hr. 
II 890 --111890- t;:""" .. ~ 1882-900 penetration rate 
I: - 895 r::s=:~5iJ lis abou t 26 ft ./hr • 
II - CC I •• ~.I 
I: -I: ~~ I I 
II -: 1 fi"'.JI ..... "J :: 

1---- -1--------1--------,---- ----~~---:---------------------------------------------------l-------------------------: 
EXPlANATI ON 

:--------------------------------------------------------------------------------------------------------------------------, 
l--: NO I 1 SAMPLE 1 J 

I SAMPLED 
INTERVAL 

I I 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

OS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------, 



MORRISON-HAIERLE1 INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 10 OF 31 
HOLE NO.: 1 LOCATION: NEl/4, NEl/4, Sec. 35, T.5aN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATIDN OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

l--------t--------t------~-~-~-------l------~l----·-~--------------------------------------------1-------------------------j 
I CASING: DEPTH I SAMPLE :GEOLOGIC I GRAPHIC: CLASSIFICATION AND DRILLING: 
I TALLEY : (FEET) I DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTIa~ : INFORMATION : 
,---- i~-------:1900:--i---- ----~;~-872:iii2-siLTSTONE~-D~;k-;;ddi;h:b;~~-(SYR:3i4)~-i---DRiLliNG-EauiPMEN1----1 

I: - 905 : ~-:: sandy to shaley calcareous si It- : ------------------ : 
I: -l I CC : ~~~ stone. Traces bf mica and gypsum. lSargent Irrigation Co. : 
I: -l : : ~~.~ Scattered light red (2.5YR-6/6) clay:proprietary air-reverse : 
I: 910 --1910- : ~ shale stringers. Occassional gray Icirculation rotary rig. : 
I: - 915 I ...,:...= •. I mottles. DRILLING METHOD : 
I I - CC' :-;-.. .:: --------------- l 
I ' , I ,~ 00 RR , -, "~.' 900-1 0 ,A . 
.II -: I ~ .• t-'-t 
I: 920 --1920- ~:~~.::;.: 
I: - 925 ~".~ 
I: - CC r::-~ 

lUI: -I : »-re __ 
:0:1: -: : ~.~ 
: • :I: 930 --1930- : •. --!...:!.: 
:71/: - 935 , ~ 
:5:1: - CC ~.~ 
: II: -: : r;=- :1 
:1:/: -: : ~~: 
:N:HI 940 --'11940- R ~.-- •. ~ 
:C:A: - 945 C E ::-:-'~l 
IH:Ll - CC H D ~.'-..!.!-, 
: :Ll -: : U F-'~~ 'D'}' , , G P -_., , , , -, , r:::==.~ 

: I :B: 950 --1950- W E ~..!:.: 
:A:U: - 955 A A .~., 
: lR: - CC T K E:::;:~ 
:5:1: -: : E r.::=.:l 
:1 : 0: - : : R F C::::::Z 
i~iN~ 960 -:1' '96~65 M ~~~:~_-~.! 
:LlG: - CC ~~, 
: IR: -, , ~:-.~~ 
'C'O' -II " .4 ••. ,,' , , , , ..... ,., 
lAW: 970 --1"970- ~ 
:S:1: - 975 ~: 
: 1:1: - CC ~--;:::: 
:N:I: -, , r,,~ 
:G:/: -: : ~.: 

I: 980 --1980- :,\': ... -f. I: - 985 ~o,. "I 
"'_'''i~ I: - CC ~ •. _ 

I: -I : ;:;:=""-=.=:: 
I: -I : r;--. --.• : 
I: 990 --1990- F~~ 
I: - 995 :;:'·4 
I I - CC ~::::...::=: 
II ' , ,---., 
I,' :! : F·~ 

BIT TYPE 

,900-1000 12.25 inch med. 
roller bit. 

, , , , , , 
DRILLING FLUID 

1900-1000 OMS Gel with I 
Driscose and LaH.: 

DRILL FLUID LOSS 
: ----------------
:900-915 Slight loss : 
: through dolomite unit: 
: at 127-146 feet. : 
:915-1000 NONE 
: CASED INTERVAL , , 
: 0-127 lSI Dia. 
: 0-597.9 141 Dia. 
:597.7-1855 10.751 Dia. 
: Grout to 1850 feet. 
: Casing separation from 
: 1810-1815 feet. 
: CHARACTER OF DRILLING 
: ---------------------IOrilled smoothly and 
:without difficulty. 
:900-910 penetration rate 
:is about 26 ft./hr. 
1910-1000 penetration rate 
lis about 15 ft./hr. 

I I r:=. .' " 
,---- -:--------:--------,---- ----:~~-~---------------------------------------------------1-------------------------: 
: EXPLANATION : 
:--------------------------------------------------------------------------------------------------------------------------, , , 

:--: , , , , 

I 
NO 

SfYiPLE 

£W1PLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

OS -- DR}VE SAMPLE SC -- STATIC BORE WASH £W1PLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------



MORRISON1HAIERLE1 INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 11 OF 31 
HOLE NO.: 1 LOCATION: NE1/4 NE1/4 Sec. 35, T.5~., R.91W. STATE: Wycning 
TOTAL DEPTH: 3041 GRGLtm ELEVATION: 4400 ELEVATict4 SOURCE: 7.5 Min. Topo Quad. \fi th 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: + 330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Qiegand LOG REVIEWED BY: H. Kaczmarek 

t--------,--------:--------:---------:-------~------------------~----.-~-.--.~~~----------------:-------------------------. 
I CASING: DEPTH I SAMPLE IGEOLOGIC I GRAPHIC I CLASSIFICATION AND DRILLING 
: TALLEY : (FEET) IDEPiHS: UNIT : LOG I PHYSICAL DESCRIPTION 1 INFORMATION 
,---- ii-------:I'iooo:-;---- ----~:~-872:iii2-silTSTONE~-B;~~;;-;li;htl;-~;;;i~;;~~;--l---DRilliNG-EQUiPHENT----' 

I: - 10051 I~~ below 1012 feet, with a fe~ scatter-: ------------------
;: -: : CC : (:~~: .• :~ ed anhydrite stringers. :Sargent Irrigation Co. 
II -I : I ~.~ Iproprietary air-reverse 
I: 1010 --11010- : ~.:::::!f lcirculation rotary rig • 
.I: - 1015: I=;--!...l : DRILLING METHOD 
I: - CC: 1-.1 ---------------
II -: : : :;=.!-~ 1000-1100, ARR. 
I: -I: : :.~ 
I: 1020 --I 11020- : ~ •. ~ 
II -I 10251 ~\'.2: 
I: - CC: L~'~ 

11:1: -I : : I·~ 
:0:1: -I I : :.--.~ 
1.:1: 1030 --_1030- : ~.~ 
:7:1: - 1035: :=-;-....!..J 
15:11 - CC I ~ 
: :II -I : : r~~ 
11:1: -:: : ~ 
:NIH: 1040 --1111040- : R 1.:...=:-;-1 
ICIAI - 1045: C E ~~-;i 
:HILl - CC I H D r;-e_--1 
: : Ll - I I : U I----.,--.;;J 

:~.d lD11: -: : I G P I~_.~ 
11181 1050 --11050-: W E :---- ~',; 
IAIUl - 10551 A A l-;-...:..=:j 
: IRI - CC I T K ~ 
:S:rl -I : : E :~ 
:rIO: -: : : R F L:---:=f 
:E:Nl 1060 --11060- l M I!..=;--.:j 
:E: I - 1065: ~"'I 
lUG: - CC: ~:~,c:: .. : 
: :RI -: I : ~:\I~ 
:C:Ol -: : : l_o---J 

:A:U: 1070 --11070- I ~ 
IS:r1 - 10751 C::.:::-;l 
: Ill: - CC: L . ~ 
INI/: -: : : L.=:3 
:GI/: -: I : 1:=7..:J 

II 1080 --11080- : L:-~ 
I: - 1085: ~~~ 
I: - CC: ~-;i 
II -: I I :-;-~ 
I: -I : I ~~ 
I: 1090 --11090- : ~. .: 
II - 1095: I· .1 
II - CC: ~~ 
I: -: I : ~~ 

BIT TYPE 

1000-1100 12.25 inch 
medium roller bit. 

DRILLING FLUID 

1000-1100 CMS Gel with I 
Driscose and l~~.: 

DRILL FLUID lOSS 

N~E 

CASED INTERVAL 

0-127 181 Dia. 
0-597.9 141 Dia. 

597.7-1855 10.751 Dia. 
Grout to 1850 feet. 
Casing separation from 
1810-1815 feet. 
C~RACTER OF DRI LLING 

Drilled smoothly and 
without difficulty. I 

IPenetration rate is about: 
lIS ft./hr. 

: II -:1 I ~ : I 
:---- -1--------1--------1---- ----l!~-~:---------------------------------------------------l-------------------------l 
I EXPLANATION I , ___________________________________________________________________________________________________________ ---------______ 1 

:--: 
1 1 
1 1 

I 
NO 

Sft1PLE 

SftlPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- SiATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 



MORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 12 OF 31 
HOLE NO.: 1 LOCATION: NE1I4, NE1/4, Sec. 35, T .5~., R.91W. STATE: WYOOling 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 

, LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 
t--------t--------t--------:---------~-------~---------------------------------------------------~-------------------------. 
: CASING l DEPTH: SAMPLE lSEOLOGIC ISRAPHIC: CLASSIFICATION AND DRILLING 
: TALLEY : (FEET) I DEPTHS l UNIT : LOG : PHYSICAL DESCRIPTION I INFORMATION : 
;---- jl-------:liioo:-i---------~~~-872:iii2-siLTSTONE~-s~;-~;-;b~~;~--Whit;~-;;~l;~-i---DRiLLiNG-EQuiPMENT----I 
I I: - 1105CC:CHUGWATER~~ SOft, shaley gypsum bed ~ith bluish-I ------------------

II -~1105- IRED PEAK ~ Qray (59-5/1) to dark greenish-Qray ISargent Irrigation Co. 

I 

• , 
• , , , , 
:----

I: -: I 1106: AM :.~ i5G-4/t) shale partings from 1105- :proprietaryair-reverse 
I: 1110 --: : CC : l!.='i'=!: 1106. :circulation rotary rig. 
I: -: :' .. -;_ - 1112-1114 f'I~HYDRITE 1 Wh i te to. weak. red (7 .5R-4/4),: DRILLING METHOD 
I: -~1113- : • . massive anhydrite With some gypsum: ---------------
I: -l : 1114: ~ marl. : 1100-1200, ARR. 

I I: -: : cc : ~ 1114-1169 SILTSTONE, Dark reddish-brown (S'fR-5/l), : 

I: - 1125: t::::=~ reddish-yellow (SYR-6/6) shale part-: BIT TYPE 
I: 1120 --11120- : t;=.:..=-;l well indurated siltstone ~ith soft: 

I: - CC: ~. I ings and a trace of gypsum marl.: --------
:U/: -: , : ~~ :1100-1200 12.25 inch I 

:0:1: -: : : t::::::-;--=.J medium roller biLl 
:':1: 1130 --11130-: 0 L---;--.:l 
:7:1: - 1135: I ~ 
: 5:1: - CC: N ~.: 
: :I: -: : : W ~~ 
:l:l: -: : : 0 :-;-.---: 

DRI LLING FLUID , 
I 

:N:H: 1140 --11140-: 0 ~ 1100-1200 CHS Gel with : 
:e:A: - 1145: 0 L-.-=t 
I H : Ll - CC: Y l::::::-;-..:J 
: :Ll -I : 1 L=-..~: 
:011: -I : I F ~ 
:IlB: 1150 --11149- I M ~~ 
:AW: - 1155: t=;-~ 
: : R: - CC: i!.=:=.:.l 
: s n : -: : : L:.---;-::::l 
n:o: -: : : ~~.~f 

Becanes a Qreenish-Qray (56-5/1), 
hard! blocky siltstone with shale 
partings at 1149-1169. Traces of 
light bluish-gray (5b-7/1) gypsum 
and micropyrite cubes also present. 

Driscose and LCH.: 
1155 Add 5 Qa1. Easy Mud: 
1198.5 Add 3 Quarts of : 

: deterQent. 
DRILL FLUID LOSS 

NONE 

:EI : - 1165: ~ CASED INTERVAL 
:EIN: 1160 --11160- : :--"-;1 

: L: 13: - CC: ~-;-i --------------
: lR: -I : : ~--7, 0-127 181 Dia. 
:eIO: -I : ' ~·~1169-1182 DOLOMITE, Pinkish-gray (7.SYR-6/2), hard 0-597.9 141 Dia. 
:A: U: 1170 --11169- : " dol omi te with pink i sh-wh i te (7.SYR- 597.7-1855 10.75 1 Oi a. 
Isn: - 1175: P _: 8/2) clay shale interbeds. Thin : 6rout to 1850 feet. 
:1:1: - CC: H V;:Z;-.. ~ ({1em) red chert beds. Traces of : Casing separation from 
IN:I: -: : : 0 '.' bluish anhydrite and white gypsum. I 1810-1815 feet. 
IG:I: -I : : s ~ Interval is oil shined and odorous.: CHARACTER OF DRILLING 

ji 1180 -:_llr~83: ~ ~1182-1184 SILTSTONE, Pinkish-gray <7.SYR-7/2>' hardlDril1i~~-;;~~thl;~-----
.I: -: : CC: 0 t-.-,~:l siltstone with pinkish-gray dolOO1iteI1100-1155 penetr·ation 
I: -I : R ~;;m and pinkish-white shale stringers. Irate is about 12 H.lhr. 
I: -: : , I ~~ Traces of anhydrite. :1155-1177 penetration 
I: 1190 -- '1'1190-: A f-:_~~·;{~~~~ 1184-1209 SHALE ~D ANHYDRITE, Dark green i sh-gr ay : rate is abou t 6 f t./hr · 

ji : tt95
i F ~ ~~~~;4~~~/}~ ~!~~! ~i~~i~~:/~l:~d l~!i~-t;O~b~~~ei~~t~~~/hr.l 

I: -, : : M ~ shale, beeaning interbedded shale IClay and anhydrite pJug- I 
I: -I :: '"_"'=.~~ and shaley anhydrite at 1187. 19in9 bit. : 
-:--------l--------:---------l~~~~==~i---------------------------------------------------1-------------------------: 

EXPLANATION : 
1 ______ -----------------------------------------------_____________________________________________________________________ 1 

1--: , , , , 

I 
NO 

Sfl1PLE 

SA.J.fPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF ~PLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC 90RE WASH SAMPLE 
CC -- CCtfTINUOUS WASH S6.MPLE BS -- BAILER SAMPLE 

--------------------------------------------------------------------------------------------------------------------------, 



MORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No. I PROJECT: WWDC - Shell Valley Deep Well Project SHEET 13 OF 31 
HOLE NO.: I LOCATION: NEl/4i NE1/4, Sec. 3S, T.S3N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVAT ON SOURCE: 7.S Min. Topo Ouad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: + 330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

,...-~!"'"---... ---:. -----.-,.-- ~ -............... ~------.. --J--------: ---------------------------------------------------: --------~----------------, 
: CASING I DEPTH I SAMPLE IGEOLOGIC I GRAPHIC: CLASSIFICATION AND DRILLING: 
: TALLEY : (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION ,INFORMATION : 

il-------:li2oo:-:---- ----~~~ii84:i20;-SHALE-AND-ANHYDRiTE~-D;;k-;;ddi;h:b;~~--i---DRiLLiNG-EGUiPMENT----l 
I: - 1205: ~ (2.SYR-3I4) and dark greenish-gray : ------------------ : 
I: -: : CC : ~ (SG-4/1> shale interbedded \lJith :Sargent Irrigation Co. : 
J: -: : : ~~~~ bluish to whih massive anhydrite. lproprietary air-reverse ' 
I: 1210 --11209- I ' 1209-1223 DOLOMITE, Very pale brown (10YR-7/3) to :circulation rotary rig. 
I: - 121S: ,~ Dinkish-Qray (SYR-7/2) dolomicrite DRILLING METHOD 
II - CC I '-,J it, i th \lJh i te to b lui sh anhydr i te ---------------
II -: , : ed' I! stringers. Oil stained and odorous. 1200-1300, ARR. 
/I -: I I ' , 
II 1220 --.-1220- : ' 

~~ :11}~~~~Ci ~=~~~~1223-1228 SHALEta~~~~~i~~f~:a~h~~Gl~~~a;h~~er~d~- ~:~_::~~ 
: 1:/: -I 1227: !L.~ _:~;;, di sh-brown shale and str ingers of 1200-1290 12.25 i nth : 
:0:/1 -I / CC I I white to bluish anhydrite. Becomes medium roller bit.: 
Ll/l 1230 --11230- : dark reddish-brO\lJn shale at 1227. :1290-1300 12.25 inch : 
:7l/: - 1235: ~ 1228-1235 ANHYDRITE, White to pinkish-Qray(SYR-7/2): button bit. : 
/5l// - CC / massIve anhydrite with H inch dolo-I : 
I l/: -: : : " micrite stringers. DRILLING FLUID : 
: I II: -I : I , t., ".' 1235-1238 DOLONITE, Light gray (SYR-7/l) hard --------------: 
:NIHI 1240 --11240-: P ~B1 dolomicrite !Rith thin stringers of 1200-1300 O1S Gld !Rith : 
ICIA: - 1245: H I' J anhydrite. Driscose and LCM.: 
IHIL: - CC: 0 ~-' 11238-1252 ANHYDRITE, Same as above; !Rith very thin : 
: :U -I : : S, dark red shale laminae. 
:DII: -: I I P 
I I :8: 1250 --I I : H ' DRILL FLUID LOSS 
!A!U! -I' 11252-: 0 ~_~~_.f~-~--_i-,-~-~-;1252-1266 SHALE,. Dark red (2.SYR-3I6), hard, fis- ----------------, ,R, - 1260, R ~":.! slle shale. Shale becomes dusky red, N~E 
:SI1: - CC: I ez. ... ~ (2.SYR-3/2) to \lJeak red (2.5YR-4/2) : 
:T:O: - : A ~:=J:~=J at 1262. White to pink (SYR-7/4) 
IE:N: 1260 -- I ;r:::~~~ anhydrite stringers and very thin 
IE: : -11261-: F ~~~j~lJ red (10R-5/B) chert stringers. CASED INTERVAL 
: L: G: - 1266: M C:::~~.. I --------------
: IRI - CC :,.-. : 0-127 lSI Dia. 
IC:O: -: I I I 0-597.9 141 Dia. 
:A:UI 1270 --'1'1270- : '1266-12B1 DOLOMITE, Pinkish-gray (7.SYR-6/2), hard,IS97.7-1855 10.751 Dia. 
IS:T: - 1275: ' dolomite, with thin white to Dluish I Grout to 1850 feet. 
IIl/: - CC / ' anhydrite and red chert stringers. : CasinQ separation from 
INl/: -, : : I 1810-1815 feet. 
161/1 -I : : : CHARACTER OF DRILLING 

I: 1280 --: : 1281- : / : ---------------------
I: -_ 128S1 ~;~=~~~12BI-1318 SHALE AND ANHYDRITE, Dark reddish-brown :Drilled smoothly. 
II -~ CC I ~\~ (2.SYR-3I4) and dark greenish-gray 11200-1205 penetration 
II -I , : r~ (S6-4/1> shale interbedded \lJith Irate is about IB ft.lhr. 
II -I : : r;:.;1'~~'" white to bluish massive anhydrite. 11205-1254 penetration 
II 1290 --11290- I )-{~. _.:.~ Beds are 1-4 inches thick. A few Irate is about 9 ft.lhr. , 
II - 1295: ~ .5-1 inch stringers of dolomite and 1254-1290 penetration : 

I I: - CC: :~~~~~ a trace of chert also present in Irate declines from 5 to 2: 
: I: -: I : :l4fi'iI@t~ this interval. :ft.lhr. due to bit !Rear. : 
I I: -: : : r=~~i~ : 1290-1300 10 ft .Ihr. : 
, ---- -: --------1--------: ---- ----: -..:~.:.:..;.;~.: ---------------------------------------------------: -------------------------: 

1 , , , 
I , , 

EXPLANAT10N : 
--------------------------------------------------------------------------------------------------------------------------, 

:--1 , , 
1 , 

I 
NO 

StttPLE 

StttPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

DS -- DRIVE SAMPLE 

TYPE OF HOLE 

TYPE OF :#IPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

SC -- STATIC BORE WASH SAMPLE 
BS -- BAILER SAMPLE 

1--------------------------------------------------------------------------------------------------------------------------, 



I 
I 

MORRISON1MAIERLE1 INC. 
GEOLOGIC LOu 

: FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 14 OF 31 
: HOLE NO.: 1 LOrATION: NE1I4 NE1/4 Sec. 35, T.S~., R.91W. STATE: Wycoing 
: TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATiON SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
l BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
: METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
: LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek 
~--------~--------t--------\---------~-------~---------------------------------------------------~-------------------------1 
: rASING: DEPTH: SAMPLE lGEOLOGIC lGRAPHIC: CLASSIFICATION AND : DRILLING 
: TALLEY : (FEET) : DEPTHS: lNIT : LOG: PHYSICAL DESCRIPTION I INFORMATION : 

1---- /~-------:'li300:-!---- ----~iiBi:i;iB-sHALE-AND-ANIHYDRITE:-R;d-(SYR:4iBi-~h;i;-!---DRILLINS-EQUIPMENT----! 
I: - 1305: ~,~ interbedded tAl i th wh i te anhydr i te. I ------------------ : 
I: -: : CC : L:~;;: Beds are .5-4 feet th i ck. : Sargent Irr i gat i on Co. : 
Il -l l : ~ lproprietary air-reverse : 
I: 1310 --11310- : "'::':':.';'_:~ 'circulation rotary rig. : 

ji : ~E15l ~1~~ ~~:~~:~~-~~~~~ 
I: -: : : 1««'0:G'i1 1300-1400, ARR. 

111320 -- 1325: .~, (2.SYR-4/8) shale laminae. 
I: -I' '1318- : .1318-1325 IVlIfYDRITE, White anhydrite with thin red 

I: - CC: .' .,.:,.. BIT TYPE 
II - 1325-: ~ 132S-1327 DOLt:ttITE, Reddish-gray (SYR-S/2) dolo- --------

Ill/: -.1327CC: z:z::z: soarite with whib anhydrite string-.1300-1400 12.25 inch 
:Oll: -.1327- : :,';.~~~~~ ers and calcite nodules. : button bit. 
:.1I: 1330 --11329CC: ~1327-1329 SHALE, Weak red <7.5R-5/2), soft, fissile! 
1711: -11329- I ~~, shale. • 
15:/: - 1332CC: r~~~"'~~~1329-1332 DOLOMITE, light brownish-gray (10YR-6/2) : 
1 1I: - 1332-: F<:.:=---::::.:r1 dolomicrite with traces of anhydrite: DRILLING FLUID 
:1:/1 - 1340CC: ~~~ I --------------
INIHI 1340 --.1340-: P ~~~=~~~.,.,'1332-1377 SHALE AND ANHYDRITE, Red (2.5YR-4/8), :1300-1400 eMS Gel with I 

ICIA: - 1344: H ~~=~~ fissile shale Interbedded ~ith white' Driscose and LCH.: 
IHILl - CC: 0 f~~z~;;~~ to pin~ (SYR-7/3), hard, massive 
: : Ll -: I S I' ::,~~='=-:.:.) anhydr de. 
mIll -I : ,P L===-~ 

ili~i 1350 -:113~~55i ~ 1:3 
: : R : - CC: R ~"C::::=:l 
:S:TI -: : : I f~;,":~"!"J 

:T:O: -: : : A ~ 

DRILL FLUID LOSS 

NONE 

;~iN~ 1360 -:113t~65i F r '''!'?2~ CASED INTERVAL 
: L I G: - CC: M ~ --------------
: :R: -: : : ~~~ .. _:~_::ct : 0-127 lSI Dia. 
le:o: -I : : ,.,-'-=-; I 0-597.9 141 Dia. 
lAW: 1370 --I : : f~~':~~:'~~ 1597.7-1855 10.751 Dia. 
:S:r: -: :1373- : :. ,:,,;~,-~ 1 Grout to 1850 feet. 
1I111 -I 1377: ~ I Casing seoaration from 
:NlI: - CC I t '~ .. -"'=:;: 1377-1378 DOLIJ1ITE, Pink ish-gray <7 .5YR-7/2) , hard I 1810-1815' feet. 
IGlI: -""1377- : t6 2 q dolOOlicrite. Conchoidal fractures. : CHARACTER OF DRILLING 

I: 1380 --I : 1378CC: 111378-1379 SHALE. Red (2.5YR-4J8), same as above. : ---------------------
II -I :: 1379-1383 AN~1DRITE, white to pink (SYR-7/3), IDril1ed smoothly and 
I: -~1383- : • massive anhydrite. Gypsiferous. :without difficulty. 
J: -11384CC: ~:-;p383-1384 GYPSlJ1, White, sucrose gypsum with 11300-1327 penetration 
II - 1385-: CZ:::-:-...!L.J anhydrite strinQers. Irate is about 10 ft.lhr. 
I: 1390 -- 1390: r;r;:-:r--.!.:l384-1391 SILTST~E, Pink (SYR:7/3), laminated, 1327-1400 penetration 
I: -: CC ~~~ dolomitic siltstone. Traces of Irate is about 15 ft./hr. 
I: -: k"c_~~ anhydrite. 
I: -: :~~~~~:~~1391-1413 SHALE, Red (2.5YR-4/8), fissile shale. 
Il -: : ,f'-~-=-!~~==1 Traces of anhydrite. I : 

I ---- -: --------: --------: ---- ----: .;::.:;::,~.:::::: ---------------------------------------------------: ------------------------- : 

EXPLANATION : 
,--------------------------------------------------------------------------------------------------------------------------: 

:--: , , , . 

I 
NO 

MMPLE 

Sfl1PLED 
INTERVAL 

CT -- CABLE TOOL 
HR -- HUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
we --- WASH BORE 

OS -- DRIVE SAMPLE SC -- STATIC BORE WASH MMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------: 



MORRISON-MAIERLE. INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 15 OF 31 
HOLE NO.: 1 LOCATION: NE1/4, NE1/4, Sec. 35, T.53N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. B4 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF ~TER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek --""'I.aJ!!: : : : : ___________________________________ . '_ .• 

CASING 1 DEPTH 1 SAMPLE lGEOLOGIC lGRAPHICl CLASSIFICATION AND DRILLING: 
TALLEY : (FEET) : DEPTHS l UNIT l LOG: PHYSICAL DESCRIPTION I INFORMATION : 

;;-------:1
1 

i400:-:---------~~~;;;ii39i:i4i3-SHALE~-R;d-(2~5YR:4;8)~-;~;-;;-;b~~;~---i---DRiLliNG-EQuiPMENT----; 
I: - 1405: L-'~~ : ------------------ : 
/l -: : CC : PHOS- ~~:~:--~~::::-==::~ :Sargent Irrigation Co. : 
I: -l : : PHORIA p~ lproprietary air-reverse : 
I: 1410 --I : : .~ lCirculat ion rotary rig. 
I! -i.J1413-: FM b~:~'d1413-1414 SILTST~E! Gre!nish-gray (56-SID, soft,: DRILLING METHOD 
I. -11414CCI .......... fISSile sIltstone. I ---------------
I: - 1414-: r~~··::::·(::1414-1434 5mDSTONE, White to 1 ight gray (SYR-7/1>,1 1400-1500, ARR. 
I: - 1420: lEJ~::\:.\~1 medium grained t well sorted quartz : 
I: 1420 -- CC: ~::';:";:'::"J sandstone. Soft. : 
;: -: : ::: .•. ~':., :-;1 I BIT TYPE 
I: -: : I :.::.~: •• : ••• :!:: ~ --------

:1 UI -11425- : :::;.:~~.~.:~:::: : 1400-1500 12.25 inch 
IOU: - 14301 :~,:.;S{:.;: button bi t. 

i71j~ 1430 -:1 : CC ; ;;fi[~:~·./1 : 
ISU: -1.11434- : 1·:~~::.·~;L11434-1435.5 SANDSTONE, gray (SYR-6/1), fine grained: 
: u: -~1436CCI I' ~ ". :"1 arkosic sandstone. : DRILLIN6 FLUID 
11:/1 -J1438- : I.: '" -:., 1435.5-1444 DOLOMITE, Gray (SY-6/1), very fine : --------------
:N:H: 1440 -- 1442: I:' .;.'. I grained sandy, fine dolosparite. '1400-1500 rns Gell,t/ith 
ICIA: - CC I ... -. ". Becomes very dark gray (SYR-3/1) at Driscose and LCM. 
I H / LI -I I : T _ "., 1443. I 
: : L: - .1446-: E ~ 1444-1450 SHALE, SANDSTIJiE, AND DOLOMITE; Pink, 
:Olll - 1450: N ~ gray, and brcun interbedded shale, 
1118: 1450 -- CC: S ~ ~ quartz sandstone, and dolomite in DRILL FLUID LOSS 
lAW: -.1451-: L I I 3-4 inch beds. ----------------
: :Rl -~ 1454: E " ......... '. 1450-1454 DOLOMITE, Gray (SY-6/1), very fine dolo- None. Making about 20 
, SIT I I I CC' E , ..... • : .• '., . t ' 1 I' , T 1 , I • -I • I 1:":·-::~-!i;."'1 sP!rl e. ,ga • m!n. 1r~ !ns:eep 
:TIOI 1460 _='11 :1460- II' P 14:.:.: .... /1454-1474.5 SANDSIO/';E, Very pale brown (10YR-7/3) :Formatton beginning at 
IEIN: :.::~.;.:.\.;~: to pink (SYR-7/3 to 7/4), very fine 11414 feet. 
IE: : - 1465: F :~'::::4-:: to fine grained, subangular to sub- : CASED INTER'v'AL 
ILlG: - CC I M IC:',:.:.::,,/1 rounded, well sorted, quartz sa.nd- I --------------
I IRI -: : : :::.:-~~.:.,: stone. Dolomitic. Very soft and 10-127 18 1 Dia. 
lelO: -: : I L: ~~ <:<:1 friable frOOl 1462-1471. CuttinQs : 0-597.9 141 Dia. 
IAlUl 1470 --'.11470- I t:~·.: :0':'il are primarily individual grains: :597.7-1855 10.751 Dia. 
IS:TI - 1474: l-,:~'/":-:':~': I Grout to 1850 feet. 
:1:/: - CC: ~1474.5-1483 DOLOMITE, Gray (7.5YR-o/0), very fine : Casing separation from 
lNlI: -I l .' I dolosparite. Red to green mottled, I 1810-1B15 feet. 
IGljj 1480 _:1I14r~83j ~ thin shale stringer at upper contacti ~~~~:~_~~_~~:~~:~~ 

I: -_ CC : iT7/1 lOr i l1ed smoothly and 
;: -I : : :::~·:~;:'!-:1483-1500.5 SANDSTONE, Light gray (SYR-7/1) to leasily. 
/: -I : I :';:,?.~~.~: pinkish-9ray (SYR-7/2), very fine to11400-1414 penetration 
II -: : : f:!?~,~~::: fine graIned, subangular, moderatelylrate is about 15 f~.Jhr. 
I: 1490 --11490- : ~:~~~ •. ~~-:~.I well sorted, Quartz sandstone. Cal-:1414-1500 penetration 
II - 1495: :;.\::~ff .. ~: careous cement. 6ra.y shale string- !rah is about 23 H.Jhr. 
Il - CC: I.:"~·*"::-::' ers at 1498.5-1499.5 • I 
I: -I : : ::.':':-~:.:.l II _, , I I. ••. ~.: •• 4',1 I. 

1____ -:--------:-:------:---- ____ ~t~~~~---------------------------------------------------:-------------------------: , 
I EXPLANATION 
1 ______ -----------------------------------------------_____________________________________________________________________ : 

:--: 
I I 
I I 

I 
NO 

~PLE 

SfI1PLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAI LER SAMPLE 

1--------------------------------------------------------------------------------------------------------------------------1 



I 
I 

MORRISON-MAIERLE1 INC. 
GEOLOGIC LO\; 

: FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 16 OF 31 
: HOLE NO.: 1 LOCATION: NE1/4 NE1/4 Sec. 35, T.53N., R.91W. STATE: Wyoming 
: TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
: BEGUN: 11 Jan. S4 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORI2.): 90 
: DEPTH OF WATER LEVEL: +330. DO ELEVATI ON OF WATER LEVEL: 4730 DATE ~TER LEVEL MEASURED: 16 APR. 84 
: METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
: LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 
'i -------- •• -------- '. --------'. --------- ~ ------- ~ --------------------------------------------------- : ------------~~~~~~.~~-!"!~~~ : 
: CASING: DEPTH: SAMPLE IGEOLOGIC :GRAPHIC: CLASSIFICATION AND DRILLING 
: TALLEY I (FEET) : DEPTHS: UNIT I LOG : PHYSICAL DESCRIPTION I INFORMATION 1 

:---- ;;-------=1' 1500:-;---- ----~~1483:1500~5-SANDSTONE----------~-------------------;---ORllliNS-EQuiPHENT----' 
II - 1505: h-:.; ..... . 11500.5-1506 DOUJilTE Dark reddIsh-gray (IOR-3ll) I ------------------
II -I I CC : .~-~:. :".~:.: from 1500.5-1501.5 pinkish-gray ISargent Irrigation Co. 
II -: I : :>;~::::-~~ (SYR-7/2) fran 1501.5-1506, sandy, :proprietary air-reverse 
I: 1510 --_1510- : 1:.<~!.t2i:: very fine dolosparite, Basal con- lcirculation rotary rig. 
II - 1515: 1·;;?·:~Tj tact is gradational with sandstone I DRILLING METHOD 
II - CC 1 :::. ~ '.' -.:.;~ un i t be 1 QI.II. : ---------------

I: -! ! : l~#)tr::1506-151S SANDST~E, Pin~ish-gray (5YR-7/2) ~o : 1500-1600, ARR, 
I. -. I ~:.cit=e"-=.,~ light gray (lOYR-7/1), very fine I 
II 1520 --11520- : Ft~:p:.lJi1 grained, subangular, well sorte~. : .,. 
I: - 1525: T I--·:----~l clean, quartz sandstone. DoloolltIC.: BII TYPE 
I: - CC: E lfi;/&/~151B-1523 SPALE, Li9ht red (2.SYR-6.16) to 1 ight: -------- . 

:1:/1 -11526-: N . ~.:....'! reddlsh-brQl.lln (2,SYR-6/4), soH, 1500-1600 12,25 Inch 
!OV! - 1530! S t:'9~;~::: l~inated shale. ~ery cal~areous, button bi t. 
I'.!' 1530 -- CC I L ~_. '.' -.. :-~i with numerous calcite partlnQS, 
: 7l1: - I : : E r-';--",-r:t.~'?U 1523-1526 DOL£.t1lTE, Same as above excep t th r s 
:5l1: -Ill : E LL::z::J interval contains numerous small 
1 :/l - 1535- I P ~.<.~:~:-~~ solution cavities. DRILLING FLUID 
:1:1: - 15401 ~:1526-1527 SHALE! White (Sf-S/l) to light gray (Sf- -------------- . 
INlH: 1540 -- CC l F t~~:-·~ 111> shale. .1500-1600 eMS Gel WIth 
:e:A: -: : M L.·~~:1527-1530 SM-4DSTCNE, Same as above. Driscose and LCM.: 
IHIL: -I : v_.=1:;~~1530-1558 SHALE AND DOLOMITE, Red (2.SYR-4/B) to 

mIll - 1550 l~,,-~:-:-;::;:s Interbedded With plnklsh-oray (SYR- : 
I III -11545- 17 i-A dark reddish-brQl.lln (2,5YR-3/4) shale: 

: IlBI 1550 -- CC ! >.~ 6/2 to 7/2) to pink (SYR-iI3) very I DRILL FLUID LOSS 
lAW: -I 1 t·=/::=::;: fine dolosparite. Beds are general-I ------~--------- • 
I IRI -I 1 :T-'T-"-~ ly 1-2 feet thick, Sane are sandy. INone. Making about 30 I 
Isnl -11555- B;~"5~~ D~lanite~ ~ontain very small solu- ~ga1./min. fran Tens1ee~ ! 
:1:0: - 1560 l!L_",-.:...~:..J tlon cavItIes. .Fm. at 1500 feet, declln-. 
:ElNI 1560 -- CC I 1~~"i:'~~1155S-1561 SANDST~E, li9ht gray (10YR-7/2), very ling to 5 gal/min. at 1600: 
IE: : -II 11562- : F.: .. -..>:J fIne Qralned, subangular to sub- I CASED INTERVAL I 

:LlG: - 1568: fT'::rc:"-J rounded, wel1.s~rted quartz sand-:- I ---------:------ : 
: IR: - CC rZI-··:z1 stone. Do1001lt1C. Red clay strlng-: 0-127 lSI Dla. I 
ICIOI ~-~::~: :·<"-1 ers present frOOl1558-1559. 10-597.9 141 Dia. I 
lA:U: 1570 --I t:L;:--/~1561-1607 SHALE. DoLOMITIC SHALE, AND DOLOMITE, :597.7-1855 10.75· Dia. 
IS:11 -: A r:~':::iL'~~ Reddish-gray (SYR-5.12) to reddish- : Grout to 1850 feet. 
Ill/: -I : M ¥ 3/= "Wi brCf,lJn (SYR-5/4 and.2.5YR-4/4) t~ redl CasinQ separation from 
INIII -11575- S :;~_-' __ ;~~_~.:;;'_;'_. (2.5YR-5/S) shale Interbedded with : 1810-Is15 feet. 
:Gl/I - 1580 D f _ .-~-~~_~ braAn (10YR-513) to 1 ight Qray (10YR: CHARACTER OF DRILLlNG 

II 1580 -- CC E ~_ :'~_£Zj -7/1 to 7.12) dol om it i c sha fe and : ---------------------
/1 -: : N rr;;z light Qray (SY-7/2) to liQht olive- lDrilled smoothly and 
II -I 1 r-·~:··:·~'~~-1 gray (SY-6l2) dolomite. Cherty land easily. . 
/! -1 1585- F :,L--:~-4_~~: dolanite bed at 1574-1575, !1500-~561 penetration 
II - 1590 M ,-- - -I Irate IS about 25 ft.lhr. 

I : - 1598 12 Z .?) I I 

I: 1590 -- CC j :Z=Z ___ Ll 1561-1600 penetration 
I: -JI592- ::,..t;;:t.'j irate is about 15 ft.!hr. 

./: - CC I l~::-~·;-~: :: 

.II - : : :rz~:: :: 
:---- -1--------:--------1---- ----:~------:---------------------------------------------------1-------------------------1 
: EXPlANATION : 
,--------------------------------------------------------------------------------------------------------------------------: 

1--1 
I I 
I I 

I 
NO 

MMPLE 

~PLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE ~PLE SC -- STATIC BORE WASH SAMPLE 

I 

• 

• CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE : 
:--------------------------------------------------------------------------------------------------------------------------: 



HORRISON~IERLE, INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 17 OF 31 
HOLE NO.: 1 LOCATION: NEl/4, NE1/4, Sec. 35, T .5]-4., R.91W. STATE: WYOOling 
TOTAL DEPTH: 3041 GROUND ELEUATION: 4400 ELEUATION SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek 

~--~-----~--------~--------~---------~-------;---------------------------------------~----------~l---------------~---------r 
I CASING I DEPTH I SAMPLE IGEOLOGIC I GRAPHIC I CLASSIFICATION AND DRILLING: 
: TALLEY : (FEET) : DEPTHS: UNIT : L06 : PHYSICAL DESCRIPTION INFO~TION 
1---- -:--------1--------1---- ----~~~---------------------------------------------------1-------------------------1 

~: :116~~07; it-I, )i 1561-1607 SIJALE, DOLOMITIC S~LE, AND DOLIJ1ITE 1 ~~~~~~~~_~~~~~~ 1 

II - CC I ~' _I .. '''-11607-1614 DOLOMITE, Light gray (SY-]/l and 7/2) to ISargent Irrigation Co. I 
II -11608- : " (lOYR-7/1 to 712), very fine dolo- Iproprietarr air-reverse 
II 1610 -- 1613: " sparite. Very thIn, pink (7.SYR- lcirculation rotary rig. 
II - CC I ~/j 7/4) to yellowish-red <7.SYR-6/8) I DRILLING METHOD 
II -I I : --';'--::;;:" chert stringers at 1610-1611. A 4: ---------------
II -I : ~~ inch chert bed is present at 1611. I 1600-1700, ARR. 
II -I : II r--/~ DolOOlite becooes very vuggy, with : 
II 1620 --'1'1620- I L"--:-.~~ numerous solution cavities at 1611.5: 
II - 16261 I, 7 11614-1650 SAALE, DOLOMnE, ~D ~H""DRITE; Varie- Bn TYPE 
I: - CC: r~~~~:·~~~·~·:~~ gated red (2.SYR-4/6 and 4./8) to I --------

lll/l -11626- : I _'-_-0:: weak red (10R-4/2 and 4/3) and green11600-1700 12.25 inch 
10111 - 16331 I· ~ ish-gray (56-6/1) shales interbeddedl button bit. 
1.1/1 1630 -- CC: ~~ with pinkish-gray (7.SYR-7/2) dolo- I 
171/1 - 1633- I .-,,-~,-_-==, mite and white to bluish anhydrite. I 
15UI -. 16361 LL=z] Beds are about 1 foot thick. Anhy- I 
I UI -~ CC : ~ dr i te beds are present frOOl 1629-: DRILLING FLUID 

:~;~; 1640 _:116~~42i ~ 1631 and 1637-1642. 11600-i700--rns-s;i-with 
lClA: -, CC: A ~it~~~ Driscose and L01.1 
I H: U - I I 1645-: t1 I : ____ ..=:~ 
I ILl -. 1648: S u'----r-: 
ID I 1: -~ CC: D ,- - -- ~\ 
:IlBI 1650 __ I '1651- I E !;::::LjI1650-1656 S~LE, Red (10R-4/8), soft, clay shale DRILL FLUID lOSS 
IAIUI -~ 1654' N :-:~- -:~~;::I with scattered anhydrite partings. ----------------
: IRI -~ CC r- -'--:-::.: INone. Making about 4-6 
:S:TI -I F E!3"---,- 1656-1660 DOLOMITE, Red (10R-4/6), hard dolospariteloal./min. from Tensleep 
ITIOI -: M - with interbedded massive blue anhy- :Formation. 
lEINI 1660 --I ~~ __ ,-,~= drite. : 
lEI I -I :z:,,-c;77.-~~!1660-1670.5 SHALE AND DOLcttITE, Red (10R-4/6 to CASED INTEI\\.'Al 

iL~~j :1"
16

1169, j" .. ::;'---: 1~~~r~!~~e~h~1th a~~a1~~oi~~~~;i te I 0-127--18;-Di;~---
IC:O: - cc I : 7 ( __ J and gypsum. : 0-597.9 148 Dia. 
IA: U: 1670 -- .1670.5: h i+~; 1670.5-1672.5 GYPSltl, Wh i te (SYR-8/l), soft gypsum 1597.7-1855 10.751 Oi a. 
:S:11 -~1672.51 ~':'.l?~{ '! with very thin red shale partings. : Grout to 1850 feet. 
IIlI: -: I CC I ~-~~:"'=-~"':~-?11672.5-1741.5 SHALE, Red (lOR-4/6), ciay shale. I Casing separation frOOI 
IN:;: -11675- : :-~ Becomes Qray (2.SYR-6/0) from 1684- : 1810-1815 feet. 
161/: - 1680: ~~~ 1685, then red again. Beds are 0.5-1 C~RACTER OF DRILLING 

II 1680 -- , CC I :~~~:~:o.}:S 5.0 feet thick. Numerous 1-3 mm I ---------------------
II -: I I :~;~~~: gypsum stringers from 1672.5-1684. lDrilled smoothly and 
II -11684- I R=C~ Gypsum str i ngers are almost ent ire 1 y Iwithout di ff i cul t~. , 
I: - 16891 --"i--~hi-'_, absent belO\lJ 1684. Very thin (1-4 IPenetration rate IS about 
I: - CC I : ~~~ mm) anhydrite partings from 1682- 110 ft./hr. 
II 1690 --I I I l~c::~~ 1683. Gray dolomite beds at 1685-
II -: I l }~-:-_:C2:=:-~ 1685.5 and 1686.5-1687. , 
I I -: '1695- I I -"'-:~--'~~'!l : 

:---- ~!-------=l--H~~!---- ----I----j---------------------------------------------------1-------------------------. 
EXPLANATI~~ I 

I ______ ---------------------------------~-------------_____________________________________________________________________ , 

1--: , , , , 

I I , 

NO 
SAMPLE 

SPI1PLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

DS -- DRIVE SAMPLE 

TYPE OF HOLE 

TYPE OF SAMPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

SC -- STATIC BORE WASH SAMPLE 
BS -- BAILER SAMPLE 

, , , 
,--------------------------------------------------------------------------------------------------------------------------: 



, , 

MORRISON~IERLEl INC. 
GEOLOGIC LOti 

: FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 18 OF 31 
: HOLE NO.: 1 LOCATION: NEl/4i NEl/4, Sec. 35, T.5aN., R.91W. STATE: Wyoming 
: TOTAL DEPTH: 3041 GROUND ELEUATION: 4400 ELEVAT ON SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
: BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
: METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
: LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 
;--------:--------:--------:---------:-------;---------------------------------------------------l-------~~~--~~~~~~-------~ 
: CASING: DEPTH I SAMPLE IGEOLOGIC IGRAPHIC: CLASSIFICATION AND DRILLING: 
: TALLEY : (FEET) : DEPTHS: lIiIT : LOG : PHYSICAL DESCRIPTIIJi INFO~TION J____ _: ________ : ________ : ________ ~~~~~.:--------_-----------------------_--------__________ : _________________________ : 

II -: : : L:=~~~mI672.5-1741.5 SHALE I DRILLING EQUIPMENT 
I: -: : : ~~~~ : ------------------
~i :117~~10i ~~~~;~J~ i~~~~~i!t~~~ii~:~~~~~~~e 
I: 1710 -- CC: r~~:~~¥~t Carbonated formation water at 1729- :circulation rotary rig. 
I: -: : L _.:c: :-~.;~~ 1730 and at 1737. Cu t t i ngs are poor: DRI LUNG METHOD 
II -: : ,f:_:::~:~~'-l~! or absent in inter~al from 1729-17371 ---------------
I: -11715- I ~:~ when initially dril1ed. CuttinQs: 1700-1BOO, ARR. 
I: - 1720: :.::.~ .:'i~ft obtained while subsequently cleaning: 
I: 1720 -- CC: ' .. _ .... _, hole in this interval indicate that 

~~-:-:::;~: I: -: : L::~~~-! there were probably thin chert and BIT TYPE 
I: -: : I i __ . __ ·_:~:;:' anhydrite or gypsum stringers scat- --------

11:/; -11725- : L::~~··-:-:~d bred throughout this inter~a1. 1700-1781 12.25 inch 
IOU: - 1730: L_:_·_ ,---, button bit. 
:. U: 1730 --I CC : ~~ 1781-1790 12.25 inch 
17 U 1 - 1730-; ; .... - -: cor i nQ bit. 
15:/: - 1737: ~~~~:.~ 1790-1800 12.25 inch 
: U: - CC: I : medium roller bit. 
: I U: -: : : ~~ , DRILLING FLUID 
:NIH: 1740 --I : : :::--~1741.5-1785 LIMESTIJ.IE, Light 01 i~e-brtJ.tIn (2.5Y-5/4): --------------
:,CH~,AL:, ::1: 1743-~' A ~ I I! to light gray (2.5'(-7/2) limestone :1700-1781 CMS Gel with 

M 'i I I with red (2.5YR-518) shale partings.: Driscose and LCN. 
1 : Ll - 1750 I S :1' i d Sparse, very th i n gypsum str i ngers. : 1781-1800. CMS Ge 1 ,be~to-
:Dlll - CC: 0 'I I I , nlte, and barite. 
: I :8: 1750 -- __ I E r---;-11 : DRILL FLUID LOSS 
: A: U I - : N ~ Ii: : ----------------
: :RI -:! :None. Making about 4-6 
: SIT: - : NO F i I : Qa I .1m in. {r 001 Ten s 1e e D 
IT: 0: -1M: : ~orma t ion wh i 1e dr i 11 ina 
:E:NI 1760 --I S 'I I Inter~al {rOO! 1751-1781 was drilled while :inter~al {rctn 1700-1751: 
:E: : -: A b I I: trying to retrieve section of air pipe : CASED INTERVAL 
:L:G: -; M ~1 I. I~!: which broke off durinQ drilling and fell: --------------
I :R: -: P , I" to the bottom of the fiole. No cuttinos : 0-127 181 Dia. 
:elo: -I L ' Ii' were reco~ered frOOl this inter~a1. - : 0-597.9 141 Dia. 
:AW: 1770 --I E ! 'L I '1 : 597. 7-1855 10.75' D i a. 
:S:1: -: S '-1 . ..!.-J : Grout to 1850 feet. 
: I U: -: \-.l-l,l : Casino separat ion frOO! 
INU: -: '._,-r-rl : 18IO-1815· feet. 
:GU: -; ,t:--L-4 : CHARACTER OF DRILLING : 

~i 1780 -:1 i------: I~~; iI7oo:i75i-D;iii;d-~~~ih-i 
;: -: :1785- : 6 :Jy. Penetration rate is : 
I: -11791: I '"'-,- 1785-1791 LIMESTlJ.IE SOLUTIIJ.I BRECCIA, P~rp1e, tan, labout 10-12 ft.lhr. Rods: 
I: - CC: " and yellow, fractured and recementedlbinding on broken air : 
II 1790 -- : :. \1 1 imestone. :pipe when pull ing back : 
I: -11791- : ~1791-1801 INTERBEDDED SHALE, ANHYDRITE, GYPSUM, AND:below 1737 feet. I 
I: - 1801: L;j;jJ L1MEST~E. SOOIe amber chert stringers. :1781-1790 Coring bit : 
II - CC I ~I~ :bouncin8 on air Dipe. : 

~~-------:, ------i---- ----r:~~~---------------------------------------------------i:~~~::~-~--~~:::~:-!:~~~:l 
EXPLANATION : 

--------------------------------------------------------------------------------------------------------------------------, 
:--: , , , , 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

DS -- DRIVE SAMPLE 

TYPE OF HOLE 

TYPE OF SAMPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

SC -- STATIC BORE WASH SAMPLE 
BS -- BAILER SAMPLE I 

.--------------------------------------------------------------------------------------------------------------------------, , 



MORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 19 OF 31 
HOLE NO.: 1 LOCATION: NEl/4, NE1/4, Sec. 35, T.5aN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATHli OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

t--------:--------:--------:---------:-------:---------------------------------------------------:------~----------·-------1 
: CASING: DEPTH: SAMPLE :GEOLOGIC : GRAPHIC: CLASSIFICATION AND : DRILLING I 
: TALLEY I (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFORMATION : 

:----i-iii-------:I'--i80i:-:----i----!~~~iBOi:iBj4-INTERBEDDED-SHALE:-ANHYDRITE:-SVPSUM:-ANO;---ORlllINS-E9UIPMENT----I 
':111: - 1810: L,~;' .. ~·~~1 LIMESlONE, Same as above except limestonel ------------------ : 

IOU: - CC L-=-',:.~l..:;;;+l beds have small hairline fractures lSaroent IrriQation Co. ' 
loll: - A ,:" I : filled with red silica. :oroDrietaryair-reverse 
:7:/: 1810 -- M t:-'--:--,-~.l :Circulation rotary rio. 
:SlHI -I : S r. "J;g : DRILLING ME/HOD -
I I A I - : I D F~"·:'~-::: ---------------
I I IL: -I I E ,fT-'TT: 1800-1900, ARR. 
:NILl -: : N t='-';::::~~ 
ICIII 1820 --1 1820- t:_-,-: --:'I 
'H'S' 1830 F F~".<§~ I J I - , __ .:-:- .~j--~:I 

I : lI: - CC, M b'''-;--:'.---~~ : --------
:DIRI - I : I -- j_.'--: :1800-1836 12.25 inch 
: I IT: - : r':~:=-'~:::;{£J med i um roller bit. 
IA 10 l 1830 -- I L;;~::~-:::':1 : 1836-1855 12.25 'i nch 

BIT TYPE 

: :N: -: rcrr: button bit. 
:e: : -I ----~ 1834-1848 LIMESTtJiEr light gray (S,(-7/2) to ~hite :1855-1900 8.75 inch 
IAIG: -: !L_L LI (10YI<-8/2), very hard limestone. button bit. 
lSIR: ' -:, ,~: Rock IS ~eathered and broken, with: DRILLING FLUID 
: I: 0: 1840 --I' '1840- : }-r-~ th in ~h i te to br~n ish-ye 11 CIA (10YR-: --------------
INlU: - 1848: :-trj-----r: 6/8) clay stringers or fracture :1800-1855 O1S Gel,bento-l 
IGn: - CC: :: fillinQs. : nite, and barite.: 

I: - : .~-' - :1855-1900 Clear water. : 
I: -: .1848-1900 LIMESTCNE, White (lOYR-8/2) to 1 !ght : 
I: 1850 --','1850- : ,: br()!,IJnish-gray (2.5'1-6/2), hard spar-: DRILL FLUID LOSS 
I: - l8SSCC: I ite. Fresh rock. Soft, sucrose : ----------------
, - __ I , n' gypsum present in 0.5-1.0 inch beds.: NONE 

_,' "" I , , 
n n ' , 

; 1860 -~! ~ i l~~il ; ~~~~_~~~~: 
: : - : SO, l I 0 -127 18· D i a • 
:0: -: A N Lw. : 0-597.9 14' Dia. 

i~; 1870 -:; ~ F j-rTi: l5~~~~tl~~518§~·~~:t~ia. 
:Nl -l L M;-r-n Casing separation from 
: : -: E h-I.!l~ 1810-1815 feel. 
IH: -: S ! I ! ! CHARACTER OF DRILLING , 

:r: 1880 -:; : :JTL(i 18oo:i855-D;ill;d-~~~th-: 
:E: -l : ___ : I, I " ty, penetration rate is : 

-: : : ~----~ about 3-5 ft.lhr. to 1836: 
-: : : : I : I ~ land about 8 ft/hr to 1855: 

l 1890 --11890- I ' , :1855-1900 Drilled s,'IIooth-: 
: - 1895: :-I-]T-,JJ: l1y, penetration rate is : 
: - CC: , , : abou t 23 ft .Ihr. Rubber: 
: -I I : }"?-ll l\IJiper plug fragnents pluQ: 
I • , I '-1-' , b . t . d t 1892 ' , -, , , r T 1 , I openings ~n 0 , 

--------1--------:--------:---- ----:-------1---------------------------------------------------1-------------------------: 
, EXPLANATION I 
,--------------------------------------------------------------------------------------------------------------------------: 

:--: , , , , 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

DS -- DRIVE SAMPLE 

TYPE OF HOLE 

TYPE OF SAMPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

SC -- STATIC SORE WASH SAMPLE 
BS -- BAILER SAMPLE , 

,--------------------------------------------------------------------------------------------------------------------------: 



MORRISON1MAIERLE, INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 20 OF 31 
HOLE NO.: 1 LOCATION: NE1/4 NE1/4 Sec. 35, T .5~., R.91W. STATE: Wycning 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. B4 FINISHED: 9 Dec. B4 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF ~TER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. B4 1 

METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. : 
LOGGED BY: M. Kaczllarek, P. Dun laVY, P. Wiegand LOG REVI EWED BY: M. Kaczmarek 1 : 

r--------~--------~--------:---------~-------f .. -------____________ w~---~--~~~~p~~~~~~~----------~~~~~~--~~-------------~--, 
: CASING: DEPTH l SAMPLE IGEOLOGIC IGRAPHICI CLASSIFICATION AND DRILLING: 
: TALLEY I (FEET) : DEPTHS: UNIT : LOG I PHYSICAL DESCRIPTION : INFO~TION I 

i--------
I

-------:

l

li900:-i---- ----~~~~i90o:i9i2-LIMEsTONE~-whit;-t~-;i~ki;h:~~;;-(5YR:---i---ORILLINS-EQUIPMENT----i 
- 1905: }:... _1 __ 1 7/2) to brownish-gray (2.SY-612), : ------------------ 1 

-I : CC I , __ ' hard, biosparite. Fossils are ISargent Irrigation Co. : 
-: : : 1-,.... _ .... 1 brachiopods. Interval contains Iproprietary air-reverse : 

1910 --I : oyrite cubes surrounded by iron lcirculation rotary riQ. : 
-1111912- I " ,... '" stain halos, and stained fracture DRILLING METHOD -
- 19151 : __ I surfaces. Traces of gypsum. ---------------
-I l CC : :" 1912-1924 LIMESTONE, Pinkish-gray (SYR-7/2) to 1900-2000, ARR. 
-: I I ~~ pinkish~hite (7.SYR-7/2) biospar-

1920 --.1920- 1 I": ,... --,...: ite. Fossils are brachiopods. 
- 1924: , _ .- ' Trace of pyrite. BIT TYPE -I CC I 1924-1936 LIMESTONE, Pinkish-gray (7.SYR-6/2), --------
- 1924- I 1 I I clean, disrnicrite. Sparry calcite 11900-2000 B.7S inch 
- 1930: , I fracture fillinQ. Thin ({I cm) gyp-l button bit. 

1930 --I 1 CC :~ " I I sum stringers scattered throughout : 
-: I, interval. 1 
-I I : 1936-1945 LIMESTCt~E, Pinkish-gray (7.SYR-6/2) bio- 1 
-11936- : '-'1_ i- sparlte. FossIls are brachiopods.: DRILLING FLUID 
- 1940: lj~ .... i~"i: Becmes gray (10YR-6/l) and pinkish-I --------------

I 1940 -- I CC : !~I':"'I~~ gray from 1941-1945. T~in «I-Scm)! Clear Water 
:0 - 1941-: M ':"1 ~!I soft, sucrose gypsum stringers scat-I 
:Pl - 1945: A 1- - -~ bred throughout interval. Pyritic.: 
:E: -I : CC: 0 1- 1945-1953 LIMEST~E, Gray (10YR-6/l) to oink ish- : 
IN: -I : : I f white (7.SYR-7/2) to green sparite. : 
: : 1950 --I : : S t - _ , Beds are about 1-2 inches thick. : DRILL FLUID LOSS 
IHI -: 1 1 0 ' Soft, white, sucrose gypsum string-: ----------------
:0: -I 1 : N ' ers scattered throughout interval. INone. Making a ~.mall 
III -11955- : 1953-1966 LIMESTm-4E1 Light gray (lOYR-7/2) to white:amount of water from the 
:E: - 1960: F 1 (SY-~/1), thIn bedded micrite. Py- IMadison Formation. 
: : 1960 -- , CC I M ritic, with numerous pyrite micro- : 
: : - .. 1962- : cubes. Very thin ({1-1 cm) gypsum: CASED INTERVAL 
I -~1964CC: ~I: and white clay stringers. Some : --------------
I -11 '1966- I / limonitic staining. Grades to a 10-127 IBI Dia. 
I - 1970CC: , dolomitic very fine sparite from 10-597.9 141 Dia. 
: 1970 --.1970- : +--=;L 1962-1966. :597.7-1855 10.751 Dia. 
1 -~ 1972: ~1966-1970 DOLOMITE1 Gray (SY-5/1) to light gray (10: Grout to 1850 feet. 

-: : CC : ~ YR-112) dolomicrite Scattered : CasinQ separation from 
-.1975- : ~ ver~ thin white to light gray day : 1810-IB15 feet. 
-~ 197BCC: ~: strlnQers. 1 CAARACTER OF DRILLING 

1980 --I : II / :1970-1972 SHALE, VerY oale brQl,ljn (10YR-B/4) to 1 ---------------------
-I' '19B2- : r~! white (SY-Bl2), soft, sticky, dolo- :Drilled smoothly and 
- 19871 ~ mitic clay shale. LImonitic stained:easily. Penetration rate 
- CC: ~:1972-21B6 DOlct1lTEI Very pale brCf.lln (10YR-7/4), lis about 17-23 ft.!hr. 
-: : : !-,- II wh i te (lOYR-S/2), and 1 i aht gray : 

1990 --11990- : ~: (10YR-7/2), very fine dolosparih. : 
1 - 19951 i1J.1j-1 A few dol omi cr i te interbeds also : I 

I - CC: :--L~I present in this interval. Very : : : -: : : ~ d vuggy. Some vugs are filled with : : 

1--------:-------:1-~------i---- ----:1C~-f-~l---------------~~~~~:-~~~~~~:-~~-~~~~~~:~---------1-------------------------1 
: EXPLANATION I , __________________________________________________________________________________________________________________________ 1 

1--: NO 
1 , 

MMPLE I , 

I SAMPLED 
INTERVAL 

I 1 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

os -- DRIVE SAMPLE 

TYPE OF HOLE 

TYPE OF SAMPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

SC -- STATIC BORE WASH SAMPLE 
BS -- BAILER SAMPLE I 

1--------------------------------------------------------------------------------------------------------------------------: 



I 
I 

MORRISON-HAIERLE1 INC. 
GEOLOGIC LOu 

I FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 21 OF 31 
I HOLE NO.: 1 LOCATION: NE1/4, NE1/4, Sec. 35, T.53N., R.91W. STATE: Wyoming 
: TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
: BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
I HETHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
I LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek 
:.-------- ~ --------1-------- ~ ---------1-------1------------------.. --------------------------------: ------------------------- I 

: CASING I DEPTH: SAMPLE IGEOLOGIC IGRAPHICI CLASSIFICATION AND : DRILLING 
I TALLEY : (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFORMATION 
1--------'--------1' ------1---- ----~-~--z:~---------------------------------------------------1-------------------------1 
: : - 2000-: 'I 1972-2186 DOLIJ1ITE. I DRILLING EQUIPMENT I 
I : - 2005: ~ L=i : ------------------ : 
I : -I I CC I fT - I b White sucrose gypsum strinQers {l-l :Sargent Irrigation Co. I 
, I -: : : }r-T7 ~ cm thick scattered throughout inter-lproprietary air-reverse : 

I 2010 --I : I I --[--71 val. lcirculation rotary rig. : 
-_2012- : 1/'- ;r-'/{ DRILLING METHOD 
- 2017: t' _-r,·----l ---------------
- CC: :,I.I ..I'i 1 2000-2100, ARR. 
-I : I ~ "j'-- I. I 

2020 --I : I :-7;-1'jJ Dolomite becomes entirely light grayl 
-I , , (lOYR-7/2), very ~ine doloSDarite: BIT TYPE 
-: : ' I "."'1--7, from 2020-2061. ' : ---------1 2025- tz=L: 12000-2100 8.75 inch 
- 2030 I ~ Very thin (1-3 mm), white (2.5Y-8/0)I button bit. 

2030 -- CC :7!.T/: calcareous clay stringers fran 2028-1 
- 1 1 I I I : 2047 • : 
-I : :--l----;~ Light yellCYish-brcyn OOYR-6/4) to : -12035- ~/-'7~ pale yellow (2.St-7J4) chert in (1-1: 
- 2040, : l-'-r~: em sfringers fran 2034-2048. 

2040 -- CC 1 r--' /' -'-1' 1 

!~l =.: :20iri48l ~ b~~ ~~:~~~~!\~:~!~!~~ present on a fell i 
INI - CC l I ~i_,.!: VUQS are almost entirely absent from: 
: : 2050 --I I S I' )L71 20~5-2070. l DRILL FLUID LOSS 
l H: - I l 0: r'·-j.f I ----------------
: 01 - 1 : ,N' '-ru INone. Mak i nQ about 50 
:U -12055- : :~ :gal.lmin. frem Madison 
IE: - 20601 F l7-T't Very thin chert stringers present IFormation. 

1 2060 --, I CC 1 M ~ ---.} from 2058-2073. : 

:/11 ;2065- : Y :/~ ~~~~; t~r:(~~~_~nte Iy whi te (2 .51 0-12~~~~;~~;~~ 
- 2070: I / (-~~ 0-597.9 141 Dia. 

2070 --, , CC : : i I "1 Soarry calcite filled fractures 597.7-1855 10.75' Dia. 
-: I Il; /-;.1: 0'.2-1 em thick scattered throughout Grout to 1850 feet. 
-l I I :---,.-L--~ interval frOOl 2069-2105. Casing separation frm. 
-12075- 1 Il-Ln~ 1810-1815 feet. 
- 2080 I r-r---,,-L{ C~RACTER OF DRI LUNG 

DRILLING FLUID 

Clear Water 

2080 --I I CC : Ij/. I- .. r! ---------------------
, , , ~- - ' LJ I Dr ill ed smooth 1 y and 

=12083- : ~/I-;-~i leasily except for irregu-, 
- 2088l !---!-r1~'/JII :lar cuttings return be- I 
- CC: ; II I tween 2032-2047 feet. : 

2090 --I: }-r-"-: IPenetration rate is about: 
, -I 1 I :,' , /1: 126-30 ft.lhr. : 
: -' '2095- : t[ j' -,.. : :: : -I 2100: : __ ,_...L __ ' :: 
, - CC' ,/ J, " , I r:----;,.---L) 'I 

:--------.-------- ------:---- ----:~--~--~:---------------------------------------------------:-------------------------: 
: EXPLANATION 
,--------------------------------------------------------------------------------------------------------------------------~ 

1--: NO I , Sfl'tPLE , , 

I £ttiPLED 
lNTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

DS -- DRIVE SAMPLE 

TYPE OF HOLE 

TYPE OF SAMPLE 

CC -- CONTlNUOUS l~SH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

SC -- STATIC BORE WASH SAMPLE 
BS -- BAILER SAMPLE , 

I 

,--------------------------------------------------------------------------------------------------------------------------: 



MORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 22 OF 31 
HOLE NO.: 1 LOCATION: NEI/4, NEI/4, Sec. 35, T.SaN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek .... --------~----~--~---~--- ~ -------~ ----------------------------------------------: -------------------------, 

: CASING: DEPTH: SAMPLE lGEOLOGIC lGRAPHICl CLASSIFICATION AND DRILLING 
: TALLEY : (FEET) : DEPTHS: UNIT : LOG I PHYSICAL DESCRIPTION : INFORMATION : 
:--------'--------J--------:---- ----!';;~--1---------------------------------------------------J-------------------------: 
1 -I : l 11972-2186 DOLOMITE. : DRILLING EQUIFt1ENT : 
: -: : : " : ------------------ : 
1 -12105- : ~,-r.. / Dolomite is very pale brl»ln (10YR- ISarQent Irrigation Co. : 
I - 21101 '/' 7/3) from 2105-2125. Fracture sur- lproprietary air-reverse I 

2110 -- I CC I I' faces are limonitic stained. Icirculation rotary riQ. : 
-: : : : .~' ·/.-r-j An 8 inch hioh cavern is present at : DRILLING METHOD - : -: : : G 'I -I 2110. - , ---------------

, -1 2115- : !/7~ 2100-2200, ARR. 
- 2120: ~ A 1.5 foot hiQh cavern is present 

2120 -=~ ~ cc : t'7 I ! from 2126-2127.5 • , , ~..l Dolmite is brl»ln (10YR-Sl3) from BIT TYPE 
-: : : ~ 2125-2172, and has a granular tex- , --------
-12125- : lCAv6J(.iJ I ture fran 2132-2172. There is very '2100-2200 8.75 inch 
- 21301 ~-l~ little limonitic staining on the . button bit. 

2130 -- CC I b'.,.T.
7

., fracture surfaces. and gypsum is 
-: : ~ / ~ absent from 2125-2132. 

, -: : '~ From 2132-2172, many of the frac-
: -12135- : : -'- ":' tures are again limonitic stained. 
: - 2140: :_.1 .. I.r-... I, 5001e fractures are also filled ~ith 

: : 2140 --, , CC : L /. dark brown calcite. Thin (1 cm) 

DRILLING FLUID 

Clear Water 
: 0: -: : M :/ ...... / .... - .J sucrose gypsum s tr i ngers, and pyr i te 
JP: -: : ,A: "[ I~ micro-cubes, are scattered through- : 
IE: -12145- I D ',I out interval from 2132-2172. : 
:N: - 2150 I I Vl·l 
: : 2150 --I , CC: S i / ',-1 : DRILL FLUID LOSS 
: H: -: : 0 ~71 : ----------------
:0: -: : IN· .. -n :None. Making about 50 : 
III -1 2155- : V-1·_-_...L.: loal.Jmin. from Madison to: 
E: - 2160: F 1 7-L : :2110, increasing to about: 

2160 -- CC: M r-r--4: :150 ga1./min. by 2200. : -: : ;;-74 : CASED INTEML : 

= :1: 2165- i ~_-=z=r.~ : 0-127--i8:-Di~~---
- 2170: :T.7.i: Dolomite becooes white (10YR-B/2) : 0-597.9 141 Dia. 

2170 --, i CC 1 :_I/L7: dolosparite from 2172-2179. Frac- :597.7-1855 10.751 Dia. 
-: : r·'7-L~ ture surfaces are 1 imonitic shined.: Grout to 1850 feet. 

- 2175-: ~/ I_~ throughout this interval. : 1810-iB15 feet. 
-I' ': I ' Thin gypsum stringers are scattered: CasinQ separation frm 

- 21BO: :I'.-~: Dolomite is brcun (lOYR-5/3) frm : CHAPACTER OF DRILLING 
21BO --, , CC : Y-/·--·r{ 2179-2186. : ---------------------

-: : : l-7"--'?12186-2190 LIMESTct-lE, White to very pale brown (lOYR:Orilled smoothly and 
-: : : ~-T·-1. -7/3) sparite. Some fractures are :easily. Penetration rate 
-.' '2186-:~' filled with sparry calcite. Thin, : is about 30 ft.Jhr. at 
- 2190:, sucrose gypsum stringers present. 12100, increasina to about 

: 2190 -- CC: I' ,2190-2229 DOLOMITE1 White and very pale brcun (lOYR:40 ft./hr. at 2200. 
: -: : : ~_~ -7/j) to brOl,aJn (10YR-5l3) dolospar- : 
: -: :2195-:~: ite. Thin, sucrose gypsum stringers: 

!--------,-------:IIl--~~~~!---- ----~---------------!~~~~;~~~~;;~:~~;:!!~~~!!~~:~i~~~;~~!-------------------------, 
: EXPLANATION : 
l--------------------------------------------------------------------------------------------------------------------------: 
: TYPE OF HOLE : 

:--: , , 
, I 

I 
NO 

£AMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE as -- BAILER SAMPLE , 

:--------------------------------------------------------------------------------------------------------------------------: 



HORRISON~IERLEl INC. 
GEOLOGIC LO!; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 23 OF 31 
HOLE NO.: 1 LOCATION: NE1/4, NE1/4, Sec. 35, T.53N., R.91W. STATE: WYOIing 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.S Hin. Topo Quad. with 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

,-------- ~ -~------l----·---... l·---------: -------: -----------------... --------------------------------: -------------------------: 
: CASING: DEPTH l SAMPLE lGEOLOGIC IGRAPHIC: CLASSIFICATION AND DRILLING 
: TALLEY I (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFORMATION 
:--------:--------:--------:---- ----!~~--j---------------------------------------------------1-------------------------: 
: : : -: :: / 2190-2229 DOLOMITE, Brown (10YR-S/2) dolosparih : DRILLING EQUlPMENT I 
: : : -: : : I --: 1,11 i th gypsum s tr i ngers frOOl 2202-2206: ------------------ : 
: : : -1220S- : : II Becomes 1 iQht reddish-brown (SYR- :Sargent Irrigation Co. : 
: I : - 2210: I I : 6/3) frOOl 2206-2211. : propr i etary air-reverse I 
: : 2210 -- CC: I • lcirculation rotary riQ. : 

-: : : DolOOlite becOOIes alternatino brown: DRILLING METHOD - : 
, -: : : (10YR-5/2) and very pale brOwn (10YR: ---------------
: -1221S- 1 -7/3) frOOl 2211-2229. : 2200-2300, ARR. 
: - 2220: 1 
: 2220 -- CC 1 

-: 
-: 
-: 
-: 

'2230 --I 
-I 
-: 
-1223S-

I - 2240: 
I 2240 -- CC: 
:0, -: : I 
IP: -: ' : 
IE: -12245- : 
:N: - 2250: 
I : 2250 -- CC I 
:HI -l : 
:0: -I : : 
: L: -12255- : 
IE: - 2260: 
I : 2260 -- , cc : 

M 
A 
D 
I 
S 
o 
N 

, 
I , , 

BIT TYPE 

12200-2300 8.75 inch 
:-+--......-~,2229-2262 L1MESTIJ.IE, Alternating white, light brOAn: button bit. 
~--L-r-': (7 .5YR-6/4) , and weak red (SR-4/2) : 
,I , 1 imes tone beds. 1-3 crn sucrose gyp-: 
~~~ sum stringers. Occassional yellow : 
h- i l (10YR-7/S) siltstone stringers. 
~LLd 
'.--.' r===. ===t 
"I ; " I I :, 

Li.-L-; 
" ' 1" 

Yel101,11 siltstone interbeds with 
sucrose gypsum stringers at 2240-
2242 and 2256-2257.5 • 

DRILLING FLUID 

Clear Water 

:..L1--LJ "": Becmes entirely ""eak red (SR-4/2) 
:1-

1
1 1 I; limestone ~ith gypsum and siltstone DRILL FLUID LOSS 

, stringers frOB 2242-2262. ----------------
~·--"T-tl INone. Making about ISO 
:J ' '.: loal.!min. frOOl Madison 

M' : : F 5;~ :Formation. 

: -: I '2262-2298 DOLOMITE, Varicoloredl weak red (10R-5/2): CASED INTERVAL 
: -: : ,~: reddish-gray (101'<-5/1) I 1 ight br(j,'m-I --------------
: -1226S- : ~/-'-/-I ish-gray <10YR-6/2), pinkish-gray : 0-127 181 Dia. 
: - 2270: I-Z---,A (SYR-6/2), and white dolo~.parite in : 0-597.9 141 Dia. 
: 2270 -- CC 1 1";-'-7,.Jj 0.5-3 foot beds. A few I,IIhite to 1597.7-1855 10.751 Dia, 

-: : V-Z--!"T.i.-{ Qray 1 imestone interbeds scattered I Grout to 1850 fHt. 

- 2280: 7- / er·s. limonitic shins on fracture : lB10-181S feet. 
-1 2274- : j- Ti-7: ihroughout interval. Gypsum string-l Casing separation from 

- CC: !'-;-- -r'~ surfaces. I., ~~~~~~_~~_~~~~~~~~ 
2280 -- ! '/ ,1 -: : , ~/ J" :Orilled smoothly and 

: -: : : • I 7 : eas i 1 y. 
: -12285- : I I i :2200-2228 penetration 
: - 2290: tr'-,T /J, : rate is about 37 ft .!hr. 
: 2290 -- Cc: ,- , -I :2228-2300 penetration 
: -: : : }-L.,_L_-: Irate is about 23-29 ftlhr 

: : -I : 1 ~7_L}. 2298-2302 LIMESTONE, Wh i te, chan, spar i te. : 
: : -I :2298- 1 ~/i7. White gypsum strinQers present in : 

;--------;-------=JiL:~~~~~;---- ----~-L--j--l---------------!~~:-~~!~~~~::----~-----------------;-------------------------1 
EXPLANATION 

1 ______ -----------------------------------------------_____________________________________________________________________ 1 

:--: , , , , 

I 
NO 

SAMPLE 

SAMPLED 
ItffERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF ~PLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAllER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------, 



HORRISON~IERLE, INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 24 OF 31 
HOLE NO.: 1 LOCATION: NE1/4i NEl/4, Sec. 35, T.S3N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVAT ON SOURCE: 7.5 Hin. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: + 330.00 ELEVATI ON OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD HEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: H. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek 

-------- : -... ~----: ..,--..,-----: ~ .... ---.--: ---.. _.--: ----... -... ----... ------------.. --------~----------------~: ------.-~----~-.-~-~--------: 
CASING I DEPTH I SAMPLE IGEOLOGIC lGRAPHIC: CLASSIFICATION AND DRILLING 
TALLEY l (FEET) : DEPTHS: UNIT : lOG : PHYSICAL DESCRIPTION ,INFORMATION I 
--------l--------i.r------:---- ----I --1-- l---------------------------------------------------l-------------------------: 

: -~2298- I , 2298-2302 LIMESTONE. : DRILLING EQUIPMENT : 
: -: l2302CC: ' '2302-2325 DOLOMITE AND LIMESTa~E. Varicolored (same: ------------------
l -12305- : ' as 2262-2298 interlJaD, fine to med-lSarQent Irrioation Co. 
: - 2310CCl ium dolosparite interbedded with lproprietary air-reverse 

2310 -- ------, white, fine sparite in 0.5-3 foot :circulation rotary rig. 
-: S beds. Very vug9Y <primary porosity): DRILLING METHOD 

: A l ( 7 I with secondary sparry cal cite f i 11- : ---------------
-: : N M ! j I ' i ! I inQ some vugs. Gypsum stringers.: 2300-2400, ARR. 
-: : 0 P :2 'II i2325-2392 DOUJ1ITt AND LIHEST~E, Br[J.IJn (7 .5'fR-S/2): 

2320 --I L I. I to pinkish-gray <i.5'fR-6I2) dolo- : 
-:, E ~=z_~ sparite interbedded with ~hite spar-I BIT TYPE 

, - 2325-: , I , secondary sparry calc i te fill i n9 : 2300-2400 8.75 inch 
-I' '_5_ ~ ite in 0.5-2 foot beds. Vuggy, ~~ith: --------

: - 2330: " sane vugs. Scattered thin stringersl button bit. 
I 2330 --I , CC : :=z::z:J. : of wh i te gypsum. 

I -I: ~ 
, , I , , , I j L 

11 :_23~~401 ~ 
I : 2340 --I , cc : f2~ 

DRILLING FLUID 

Clear Water 
: 0: -l 1 H, I I ' 
:P: -: 1 : A l~l 
lE: -12345-: D : i n 
:t~: - 2350 : I : 7~?73 

~H~ 2350 -:: : CC: ~ ~~~ : ~~:~~_~~~:~_~~~: 
:0: -I : ,N V 7 ~ :None. Haking about 150 
:Ll -12355- : ~iJ _1.7 " Limestone beds decrease in freQuency;aal.1min. at 2300 feeL 
:E: - 2360: F ~- and thickness belm~ 2355. . llncreasina to about 175 ~ - 7-~ 
: : 2360 ---II ,: CC: H ,,'_l~_LT5._-,: Igal./min.-at 2400 feet. 

-L. I CASED INTERVAL 
I -: : , ; > I ( .: : --------------

: -12365- : ,. : 0-127 18' Dia. 
I - 2370; : 0-597.9 141 Dia. 

2370 -- CC: :597.7-1855 10.751 Dia. 
-: 1 : : Grout to 1850 feet. 
-: : : I CasinQ separation from 
-12375- : " I; ,: : 1810-1815 feet. 
- 2380 I : I I 1: I CHARACTER OF DRI LUNG 

2380 -:;; CC I f~7!~2392-239S DOLOMITE, Reddish-brown (2.5YR-51S) dOIO-;23io:i3i5-pi;~;~-~f-;~b-
-: :2385- : sparite. Several thin interbeds of lber wiper plug block bit -I 2390:}y-r-z:! gypsum and yellow siltstone. Second-:openings preventing cir-
- CC: ::Z~7J. ary sparry calcite. lculation of cuttings. 

2390 -- I 11i~ ~!239S-2402 SILTSTONE AND GYPSUM, Red (IOR-4/6) to ISit binding in hole. 
-12392- : yel1CM (10YR-7/8) siltstone inter- :2300-2310 and 2325-2400, 
- 2398CC: ,.'1. bedded with white gypsum. A few ldrilled smoothly and 
- 2398-: ,- .: thin, sandy dolanite interbeds also :easily. Penetration rate, 

:--------,-------:~~~~~~~~---- ____ ~uu~---------------~~:::~!-~~-!~~:-~~!:~~~::-----------l~:-~~~~!-::=:~-~!::~~:---l 
EXPLANATI~ 1 __________________________________________________________________________________________________________________________ : 

:--: 
, I 
I , 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
HR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

OS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAllER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------: 



, , 

MORRISON1MAIERLE1 INC. 
GEOLOGIC LOu 

: FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 25 OF 31 
I HOLE NO.: 1 LOCATION: NE1I4 NEl/4 Sec. 35, T.S3N., R.91W. STATE: Wycning 
l TOTAL DEPTH: 3041 GROlND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
: BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
I METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
I LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 
:--------:--------:--------:---------:-------:---------------------------------------------------l~-~~----------~-------~~-: 
I CASING: DEPTH I SAHPLE :GEOLOGIC : GRAPHIC: CLASSIFICATION AND DRILLING 
: TALLEY: (FEET) : DEPTHS: ~1T : LOG : PHYSICAL DESCRIPTION • INFORHATUN , 
'--------:--------IIi------:---------L:::r---I---------------------------------------------------1-------------------------1 

:0: -I 12398-: M r-,I -1-i!2398-2402 SILTST(J.fE AND GYPSlt1. I DRILLING EQUIPMENT 
IP: -I I 2402CCI A .:.,,::.::?~.-.12402-2414 DOLtJ1ITE, Weak red (lOR-5/3), hard dolo-: ------------------
lEI -12405-: D 1";",/"1. sparitt. Sene beds are sandy dolo- :Sargent Irrigation Co. 
IN: - 24101 I .,:.: ..... i.'.': sp~rite~ Not.as vuggy as ~arbonate lp~opriet~ry air-reve~se 
I I 2410 --I , CC I S 1/ I ': units higher In the fomatlon. 'circulation rotary rig. 
:H: -: : : 0 L::/<.~:/,: Sparry cal~itt filling ~Clle frac- DRILLING METHOD 
:01 -.2414-: N . tures. Thin gypsum stringers. ---------------
IL: - 2418CC: '2414-2418 DOLOMITE AND SHALE, Weak red (10R-S/3) 2400-2500, ARR. 
IE: -12418- : dol ospar i te interbedded ~i th red 
:_1 2420 -- 2421CC' (10R-4/6), silty shale. Beds are 
~ -12421- : gL'':',r7J about 2-3 inches thick. Scattered, BIT TYPE 
N - 24301 ::Z::Z~ thin, ~hite gypsum stringers. --------
~ - CC: T ~~.'.~,~:;:i:,~:2418-2421 DOLOHrfE, Whit~, hard dolcnicrite. lino-F400-2440 8.75. inch 
~ - I {-'?"-:.~:;:u-:J nit I c stal ns on stJlle fracture sur-, button bl t. 
N 2430 --12430-: H r:~-':7.·~l faces. :2400-2440 Hole reamed 
~ - 2436 I R f ~ 2421-2436 SHALE 1 DOL(tIITE, ft4D DOLOHITI C stliDST(J.fE; I ~ i th 9.875 inch 
~ - CC I E ~-:.~,;:; Ked (2.SYR-518) to reddi sh-brown I button bi t. 
~I -12436- lEY'). ~1 (2.SYR-S/4) shale interbedded with 12440-2500 9.875 inch 
:---.; - 2440CC: : I I }, white to pinkish-gray dolenite and button bit. 
N 2440 -- 2440-: F I .. _en I white dolcraitic quartz sandstone. 
~ - 2445: 0 t$)~'! Beds are 1-4 inches thick. A fe", DRILLING FLUID 
~ - CC I R ~/ .... :') very thin, ye11«*, quartz sandstone --------------
t--.J -_2446-: K ~:~.~f4:1 beds are present at 2425. Sucrose Clear Water 
N - 2450; S :~.: gypsum stringers present throughout 
IC: 2450 -- CC: / 1._, I: Interval. Fracture surfaces in DRILL FLUID LOSS 
lEI -I I : J 1~~J dolcraite beds are limonitic stained. ----------------
:M: -I' I I E 1=~2436-2440 DOLOHlTE, Dark breMn <7.SYR-3I4), very .None. Making abou~ 175 
:E: - 2455-: F :~ hard l clean, granular (recrystal- 19a1./nin. frDII MadIson 
:N: - 24601 F :~J 1 ized) dolosparite. IFormation. AHer frac. 
n: 2460 -- CC E r#/~ ')·'-12440-2460 DOLOHlTE,_ SHALE, DOLOHITIC stliDSTaiE; I job, flow dropped to 113 
I : -: : R a33~ I PinKish-aray (SYR-7/2) to light red-lgal./min. Flow increased 
IPI -JI lSI dish brr*n (2.5YR-6/4) dolosparite Ito 144 ga1./min. "'hile I 
ILl - 2465- 0 . . and dolomitic sandstone interbedded lreaming hole to 2440 feetl 
:Ul - 2470 N ~ If4 ",ith red (2.SYR-5/8) shale in 1-4 I CASED INTERVAL 
~ 2470 -- CC II· T~ inch thick beds. limonitic shined.: --------------
~ -: : F 4--;42460-2466 DOLOHlTE, Pinkish-gray (SYR-6/2) dolo- l 0-127 181 Dia. 
~ -: I H ¥~ sparih ~ith very thin «1 inch) redl 0-597.9 141 Dia. 
~ -12475- S L-#f (10R-5/6) shale and siltstone beds. 1597.7-1855 10.751 Dia. 
~ - 2480. ~: ~2466-2472 DOLOMITE AND SHALE, Same as 2440-2460 I Grout to 1850 feet. 
~ 2480 -- CC I U r=~ .3 foot interval. I Casing separation frDII h: -I I N F:~2472-2475 SIL1ST(t4E.t Brown (10YR-513) to dark gray: 1810-1815 feet. . 
~I - I I l 0 :·~E (1 OYK-'Vl> do ~ 001 it i c s i I ts !one • A I CHARACTER OF DRI LUNG I 
~ -12485-: I b:-.-. 't few thin reddIsh shale strIngers I --------------------- I 
~ - 24901 F ~:.:-:: scattered throughout interval. :Drilled moothly and : 
~.1 2490 -- CC I F 1~2475-2509 SILTSl(t4E ft4D SHALE, Gray (10YR-6/1 to leasi ly. : 
, 1 -: : : :: -:_:~-:.-:~ 2.SY-5/0) to pinkish-gray (SYR-6/2) 12400-2440 penetration : 
~ -_I :2495- I r------- I hard siltstone and dolootitic silt- Irate is about 23-26 ft/hrl 
N - 25001 L!- .. ~ stone interbedded with soft, white 12440-2500 penetration : 

I------~-------:I --~~--:---------~~~---------------~~~:!:~~~-~~-~~~~~:~-:~~~~~--------i~~~~-~:-~~~~!-~:~~-~~~:~~l 
l EXPLANATION : : ____________________________________________________________________________________________________________ --------______ 1 

: TYPE OF HOLE 
: 1--1 NO CT -- CABLE TOOL ARR -- AIR REVERSE ROTARY 
I : I Sft1PLE MR -- MUD ROTARY CA --- COOINUOUS AUGER ! I :~~ AR -- AIR ROTARY lYPE OF SN1PLE W8 --- WASH BORE 

I DS -- DRIVE SAHPLE SC -- STATIC BORE WASH SAMPLE 
I CC -- COOINUOUS WASH SAMPLE BS -- BAILER SAHPLE 
:--------------------------------------------------------------------------------------------------------------------------1 



I 
I 

MORRISON~IERLEl INC. 
GEOLOGIC LO" 

: FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 26 OF 31 
: HOLE NO.: 1 LOCATION: NE1/4i NE1/4, Sec. 35, T.53N., R.91W. STATE: Wyoming 
: TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVAT ON SOURCE: 7.5 Min. Topo auad. with 20 Ft. Contours. 
: BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
~ METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +33B.00 feet of head. 
: LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: H. Kaczmarek 
t--------l--------1--------~---------1------~l~----------------~----~----------------------------~-------------------------
: CASING: DEPTH: SAMPLE IGEOLOGIC : GRAPHIC: CLASSIFICATION AND DRILLING 
1 TALLEY : (FEET) 1 DEPTHS: tt4IT : LOG : PHYSICAL DESCRIPTION 1 INFO~THJi 

1--------:--------1--------:---- ----:---~~---------------------------------------------------1-------------------------~ -I : : :i>-.12475-2509 SILTSTONE AND SMLE 1 DRILLING EaUIPHENT 
~ -: :2505- I ~ Siltstone beds are 1-5 feet thick. ------------------
~ -I 2509: ~--;l Shah beds are 1-4 inches thick. :Sargent Irrigation Co. 
~ - CC 1 t~ Scattered 5-10 III gypsum stringers. Iproprietary air-reverse 
~ 2510 --12509- : :022509-2514 LIHESTItIE, lIhi b (SYR-811l very fine :tirculation rotary rig. 
~ - 2514: ,I, dolcnitic sparite. DRILLING METHOD 
~ - CC: 2514-2516 SILTSTONE Same as interval from 2475- ---------------
~ -: : : ~~ ~! 2509: Siltstone is laninated, and 2500-2600, ARR. 
I , -I : 1 T ' calcareous to dolomitic. 
~ 2520 --II I : H' 2516-2526 LIMESTONE AND DOLOMITE, Light gray (10YR 
~ - 2521-: R:, -7/1 to SY-7/l) and white (10YR-Sll BIT TYPE 
~ - 2526: E to SY-Sll) very fine sparite, dolo- --------
~ - CC: E __ flitic sparite, and dolosparite. 2500-2600 9.875 inch 
~ -: : : ie'=!.I Thin bedded. Sl ightly vuggy. Red button bi t. 
l.1 2530 --I I I F F • --:: to dusky red sha 1, s tr i ngers frm 
I 1 -: I : 0 F • ~ 2523.5-2525. 
~ -12533- I R ~. :2526-2538 SILTSTcr~E, Gray (10YR-6fl to 5/1), 
~ - 25381 K r-.!----:: calcareous to dolcni tic si ltstone. 
~ - CC: S '-,- • PI Becrnes breMn <7.SYR-5I2) si I btone 

DRILLING FLUID 

Clear Water Ie, 2540 --_ 2540- I I I I frrn 2536-2538. 
IE: - 2545: J t2:d2538-2614 LIMESTONE. Pale red <7.5R-6I2), ",eak red 
1M: - CC: E tcJj (7 .5R-5I4), and dusky red <7.5R-3I4) DRILL FLUID LOSS 
lEI -, I I F I 1 ' very fine to fine s~arite and dolo- ----------------
:N: -: : : F" mitic sparit!! and micrite. Thin ,None. Making about 144 
ITI 2550 --12550-' E : Ij II~ bedded. Dolosparite interbed at 'ga1./min. frm Madison at 
: : - 2555: R I··· I 2545-2546. Wh i te to red shale 12500 feet depth, increas-I 
:p: - CC I S :»1 stringers scattered throughout : ing to about 166 gal.!lain' 
III -: I : 0 I I interval. Ifrcn Madison FII. at 2600 
lUI -: : : N II I: Becenes pinkish-gray (SYR-6f2) at :feet depth. Frac sand 
~ 2560 --12560- : l~l I I 2547, and alternating pinkish-gray :cming out of Madison Fm. 
~ - 25651 F': and reddi sh-gray (SYR-5I2) beds at: CASED INTERVAL 
~ - CC M, I I 2553 • I --------------
~ -I I :0=11 Becomes entirely sparite frcn 2558- : 0-127 181 Dia. 
~ -I : U J', I I 2573. Very mall solution cavities I 0-597.9 141 Dia. 
~ 2570 --I 1 N :~~'''r' sc~tt!red throughout this interva1. 1597.7-1855 10.751 Dia. 
~ -: I D 1,-' -, '-,--1 Hairline fractures also present, butl Grout to 1850 feet. 
~ -I' , I :~I e.11.1 all are tight and many are cemented I Casing separation frm 
~ - 2575- F U ~ Ie 1"1 with calcite. : 1810-1815 feet. 
L I - 2580, F :e e, Ie-I Beemes variegated grayish-br(M,lln I C~RACTER OF DRILLING 
Ii 2580 -- CC I • U eo ~ (2.SY-5I2), dark gray (2.SY-4/0) I ---------------------
~ -: : 1 te.l e ~' and very dark gray (2.SY-3I0) dolo- :Drilled SIIoothly and 
~ -I : , 'ra: mitic biosparite at 2573, with 1 ightlwithout difficulty. 
~ -1 2585- , : f) 10 1 gray (SY-7/1) shale stringers at :Penetration rate is about 
1 I - 25901 '-,~.~ 2577.5-2594. 19-13 H./hr. 1::j 2590 -- CC: I I I eJ Fossi I content decreases wi th depth,' 
~ -: : : :1 ~J .iJ and fossils are absent at 2595 where: 
:-..: -' '2595- : ~ unit becmes a pale brwn (IOYR-6/3): 

,------~-------:IIl--~~~I---- ----;--- ---i---------------;~;~l!~-~:::-~~~~:~~~~-::::-:~::-!-------------------------, : EXPLANATION : 
1 ______ -----------------------------------------------_____________________________________________________________________ , 

1--1 
I , , , 

I 
NO 

SfttPLE 

SfttPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYP~ OF SfttPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SfttPLE SC -- STATIC BORE WASH SfttPLE 
CC -- CONTINUOUS WASH SfttPLE BS -- BAILER SAMPLE 

.--------------------------------------------------------------------------------------------------------------------------. 



MORRISON~IERLE, INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 27 OF 31 
HOLE NO.: 1 LOCATION: NE1/4 NE1/4 Sec. 35, T.53N., R.91W. STATE: Wy~ing 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATiON SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.}: 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Qiegand LOG REVIEWED BY: M. Kaczmarek 

.--------~--------~--------~---------l-------\---------------------------------------------------~-------------------------1 
I CASING I DEPTH: SAMPLE ISEOLOGIC I GRAPHIC: CLASSIFICATION AND DRILLING 
1 TALLEY I (FEET) I DEPTHS 1 ~IT : LOG : PHYSICAL DESCRIPTION I INFORMATION : 
'--------1--------1--------1---------1- --- -1---------------------------------------------------1-------------------------: 

IC: -: : 1 i,2538-2614 LIMESTONE. becomes pale br~n (10YR-6/3): DRILLING EQUIPMENT : 
:E: -II '2605-: T to light yell~ish-br~n (10YR-614): ------------------
:M: - 2610:"H , very fine sparite to micrite at ':Sargent Irrigation Co. 
:.: - CC 1 R • I ': 2604.5. Sparry calcite filled frac-:proprietary air-reverse 
ipi 2610 -:: : : ~ jI I. l: tures bec(J1f more numerous at 2608. ICirCu~R}tL~NGo~ETkoDig. 
IL: -: :2615- 1 17 I 7 '42614-2629 DOLOMITE, light br~nish-gray (2.SY-6/2) ---------------
:U: -I 2620: F 1.1 I ' to graYlsh-br~n (2.SY-5/2) very 2600-2700, ARR. 
:G: - CC: 0 i )7; I !-~ fine dolosparite. 
_: 2620 -- 1 R ;' 

-I : : K ' ~--;-7. 
-: :2625- I S :~ 

BIT TYPE 

2600-2700 9.875 inch 
button bi t. - CC: J il I 1,2629-2646 DOLOMITE, pale br~n (10YR-6/3) to red--1 2630

: I ! II I: 
2630 -- 2631-: E ' dish-gray (SYR-S/3) very fine dolo-

- 2634' F' , sparite. Very vuggy. Some limoni-
- CC F' , tic fracture filling. A fe~ thin 
-:N: E (0.5-1.0 foot thick) limestone beds DRI LUNG FLUID 
-:0: R scattered throughout interval. 

2640 --IR: S 
, 0 - : C : 0 r L I J i: NO SAHPLE RECINERY FROM 2634-2644 FEET DUE, 

Clear Water 

IP -:YI N r-:~ TO FAULTY FLWCHECK VALVE IN DRILL STRING.: DRILL FLUID lOSS 
IE: -12546- I I / / I : ----------------
IN: - 2650: ~ I 112646-2663 DOLOMITEl pinkish-gray (7.SYR-7/2 to 7/1)INone. Making about 166 
: 1 2650 -- CC 1 lor ( : at :l646-2652 , becoming 1 ight-Qray Iga1./lIin. from Madision 
:H: -: 1 t±"-+-I (10YR-7/D to ~h i te <7.SYR-BlO) at :Fm at 2600 feet increas-, 
10: -12654- : r;;-~~ 2652 1 very fine dolosparite to dolo-ling to about 240 gal./ain: 
III - 2658: B '/ /' micrite. Very thin (1-3,..) red Hrm Madison Fm. at about: 
IE' - CC 1 I:: shale stringers from 2649-2652. :2685 feet. Frac sand 
: 2660 --I I G:~ Scattered thin, light gray (10YR- :coming out of Madison Fm. 
, -'1'2663- I 1/ / II 7/D siltstone stringers at 2653. I CASED INTERVAL 

- 2670: H ~ Becomes a moderately vuggy very I --------------
- CC I 0 I~ fine to fine dolosparite at 2654.5. 1 0-127 181 Dia. 
- 'R ~ Unit appears to be tight above 2654 : 0-597.9 141 Dia. 

2670 -- 1 i N ~~ but has moderate porosity bel~ 26541597.7-1855 10.751 Dia. 
-I : : V 1 1:2663-2680 DOLOMITE, same as above but n~ inc1udes 1 Grout to 1850 feet. 

- 26801 0 1 / 1 A fe", thin red shah stringers are : 1810-1815 fut. 
-I' '2675- I F tz./:;~ some gray (SY-S/l) dolosparite beds.: Casing separation from 

- CC I R : I 1 : also present from 2675-2680. Some : CHARACTER OF DRILLING 
2680 -- : M . ..--- -"..- I ilion i tic s ta i n i ng. 1 ---------------------

-I : A ,2680-2690 DOLOMITE, light gray to ",hite very fine 12600-2631 Drilled smooth-I 

- 26901 I Recrystallized calcite filling some :Penetration rate is about 
- CC: 0 , fractures. 118 H./hr. 

-I' '2685-: T dolosparite to dolomicrite. Vuggy. fly and ~ithout difficulty: 

2690 -- IN, /,2690-2712 DOLOMITE, ~hite (SYR-8I1)t massive l dolo-:T~ist-off at 2634 feet. 
-: I : :: sparit!. Tight, little porosity. 12631-2700 Irregular 

I -~2695- I , , :circulation to 2675 feet • 

. ------!-.-------:~--~~~!---------i ----~l---------------------------------------------------!!~~!!;~-~!~!~~:!~~!~~~:. 
: EXPlANATl~ I 
1 ______ -----------------------------------------------_____________________________________________________________________ , 

:--: 
I , 
I , 

I 
NO 

SAMPLE 

~PLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SItIPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE ~PLE SC -- STATIC BORE WASH ~PLE 
CC -- CONTINUOUS WASH SItIPLE BS -- BAILER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------1 



I 
I 

MORRISON~IERLEI INC. 
GEOLOGIC LOti 

: FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 28 OF 31 
: HOLE NO.: 1 LOCATION: NE1/4, NE1/4, Sec. 35, T.5aN., R.91W. STATE: Wyoming 
: TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Tooo Ouad. with 20 Ft. Contours. 
1 BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
1 DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
I METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
1 LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 
~--------;~-----~~~-~~-.~~.'-.. ---.--:-------l---------______ ~ ___________________________________ :-e~~=~~:~------------~:~I 
: CASING I DEPTH I SAMPLE IGEOLOGIC IGRAPHICI CLASSIFICATION AND DRILLING 
I TALLEY I (FEET) I DEPTHS I UNIT I LOG I PHYSICAL DESCRIPTI~ 1 INFORt1ATl~ 1 
'--------1--------1--------:---- ----:-- ----J---------------------------------------------------:-------------------------' 

I -I I I I / 12690-2712 DOLOMITE, wh i te (SYR-B/l), nassive
l 

: DRILLING EOUIPMENT 
: -I 12705- I I dolO11icrite. Clean. Tight ittle I ------------------
I -I 27101 I I prinary porosity. Linonlti~ ISargent Irrigation Co. 
I - CC I J / /1 staining. lproprietary air-reverse 
I 2710 -- I I I : Icirculation rotary rig. 
I -I I I ~J2712-2714 INTERBEDDED DOLOMITE AND S~LE, white I DRILLING METHOD 
I -12714- 1 t ! / / 1 (SYR-B/l) dolcnicri te interbedded I ---------------

- 2719: I~ / .1 with dark red (lOR-3/6) shale. B!dsl 2700-2800, ARR. 
- CC I ; 7 ) /: are about 1 cn thick. I 

2720 --I I I ~I 112714-2719 DOLfJ1ITE, white (SYR-B/J) to light gray: 
-I I I ,I (SYR-71J) dolcnicrite. I BIT TYPE 
-I I 2725- : r'. 2719-2737.5 INTERBEDDED DOUJ1lTE AND LIMESTONE,: ---------I 27301 1 /. ';1 my dark gray (2.5Y-3I0), black 12700-2000 9.875 inch 
- CC I L: ... L. __ d (2.SY-210), 1 ight gray (10YR-7/l), I button bi t. 

2730 -- I I LT_i_, I 1 i ght breMn i sh gray (1 OYR-6/2), and : 
-I I ~~ gray (10YR-511 to 7.SYR-610), thin I 
-I : ,B I.Z.----'-J bedded dolmicrite, very fine dolo- I 
-I 12737- I 1 1"'~1 sparite, and very fine doltUitic : DRILLING FLUID 
-III 27401 G ~ sparite and nicrite. SOlIe banding I --------------

2740 --~ CC I V /! evident. Dark brown to black stain-I Clear Water 
,0 -I 1 1 H LZ ing on ~ractures and bedding plane 1 
IP, -I 12745- I 0 I .i I surfaces. Fairly tight interval, I DRILL FLUID LOSS 
lEI -I 27501 R I / 1 with only scattered SIlal1 solution I ----------------
INI - CC I N 1/' ;1 cavities. INone. Making about 240 
I I 2750 -- I I / 12737.5-2908 DOlOHITEl pinkish-gray (SYR-7/2) frm Igal./nin. frm Madison Fn 
IHI -I I : F I~) J 2737 .~-2740 .5, becOlling pink ish-graylat 2700 feet, increasing 
101 -' 12755- I 0 1;11 (SYR-6/2) to brown (10YR-5/3) at Ito about 260 Qal./nin. 
III -I 27601 R ' iii 2740.5, very fine to fine dolo- lfrOll Madison FII. at 2800 
El - CC I M 71' I /: sparite. Sl ight1y to very vuggy. Heet. Frac sand still 

2760 -- I A '/ Massive. ICOlling out of Madison FII. 
- 1 : T: I I CASED INTERVAL 
-1112765- I I I L I~ I --------------
- 2770' 0 I I : 0-127 181 Dia. 
- CC i N i --/-~1 I 0-597.9 141 Dia. 

2770 -- I I ,I Thin (5-10 ell) dark br~n to black 1597.7-1855 10.751 Dia. 
-I I IL-=-I_l shale stringers at 2671-2673. I Grout to 1850 feet. 
-I :2775- I :I:;f ---:?i, III Becmes light gray (2.SY-7/2) at I Casing separation frm 

- CC I I; i I stUe fracture surfaces. : C~RACTER OF DRILLING 
-I 2780; 2772. limonitiC stains present on I 1810-1815 feet. 

2780 I I : i , , 

-: I : I i /: : 2700:2800-D;iii;d-;~~th- I 

-' 12785- I ; / /! 11y and with difficulty. I -I 2790: !L...........L. IPenetration rate is about I 

- CC I I' 'I :9 ft.lhr. frm 2700-2751 
2790 -- I : / / I : and about 16-20 ft .Ihr. 

-I I : ;/ : lfrm 2751-2800. 
_I 12795- I LL-J: : 

,--------,-------:~l---- ----i-~~---------------------------------------------------l-------------------------, 
I EXPLANATION I 
1 ______ ------------------------------------------------____________________________________________________________________ 1 

1--1 
I I 
, I 

I 
NO 

!W1PLE 

!WIPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF !WIPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE !W1PlE SC -- STATIC BORE WASH SAMPLE 
CC -- C~INUOUS WASH !WIPLE BS -- BAILER SAMPLE 

1--------------------------------------------------------------------------------------------------------------------------1 



HORRISON~lERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 29 OF 31 
HOLE NO.: 1 LOCATION: NE1/4, NEl/4, Sec. 35, T .5~., R.91W. STATE: Wycning 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Hin. Topo Quad. with 20 Ft. Contours. 
8EGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FRDH HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. 84 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

.--------l--------~--------,---------~-------,-------------------------~-----------~~---------.---~~-------.~~-----~------~~. 
: CASING 1 DEPTH: SAMPLE :GEOLOGIC : GRAPHIC: CLASSIFICATION AND DRILLING 1 
: TALLEY : (FEET) : DEPTHS: lIiIT : LOG : PHYSICAL DESCRIPTION I I NFORft\T I ON : 
'--------1--------1--------:---- ----1- --- 1---------------------------------------------------1-------------------------, 

-: : I I 12737.5-2908 DOLOMITE, li9ht gray (2.5Y-7/2), very I DRILLING EQUIAMENT 
-: 12805- I I I fine to fine dolosparite. Massive.: -------------------I 28101 /~ Sli9htl y to very vuggy. Limonitic ISargent Irrigation Co. 
- CC 1 : stains on many fracture surfaces. Iproprietary air-reverse 

2810 -- I 1'1 SOOIe fractures are filled with whitelcirculation rotary rig. 
-I I I : dolomicrite. DRILLING METHOD 

: 'I: 28~i20 i /' /1 2800:2900~-ARR: 
- cc I I ' 

2820 -- : ~ 
- I : I LL-1j 8IT TYPE -12823- 1 :U' I: --------- 28281 I' , 2800-2900 9.875 inch 

2830 --I : : I I 
- CC 1 :L[' /'~ button bi t. 

:1: 12834-: 8 ; 7-i 
- 2839: I : / : DRILLING FLUID 

2840 -: 1 : cc i G ~ -n' : --ci;;;-w;t;;-
10 -I 1 : H: : 
IP -II 12845-: 0 :- / .... -: DRILL FLUlD LOSS : 
1 E 1 - 2850 : R: il ---------------- 1 
IN: - CC: N I " None. Making about 260 1 
1 I 2850 -- : :7--'": I ga 1 .1m in. from Mad i son FIB 1 
IH: -: : 1 F L __ ._1 lat 2800 feet, increasing 
: 0: -' 12855- I 0 I I : : to abou t 270 ga LIra in. 
IU -I 2860: R: : ffrat Madison Fra. at 2900 
E' - CC I M i I lfeet. Frac sand sti 11 

2860 -- 1 A I : leming out of Madison Fra. 

-_-:11 b8
2
6
8
5
7
-
0 

II: TOI :.I

I
.7! ~I: i ~:~~-~~~~~ 

: 0-127 18' Dia. 
- CC: N : 0-597.9 14' Dia. 

2870 -- : 1/.1 1597.7-1855 10.75' Dia. 
-: I I : / I: : Grout to 1850 feet. 

- CC 1 I 1 : ~RACTER OF DRI LUNG 

-I' 1'875- I }~ I Casing separation frm 
- Ao 2880: 1 L Ii: I 1810-1815 feet. 

2880 -- : :- --,-1 I ---------------------
-I 1 : / /: 1 Dr i 11 ed smooth 1 y and 

- CC I : 1 :20 ft./hr. frm 2800-28141 
-I! 12885- I 7L/ _.--lJ Iwithout difficu1ty. 
- 2890: 1 II IPenetration rate is about, 

2890 -- 1 I-r-~ : and 16 ft .Ihr. from 2814-1 
-: 1 1 1 / 1 :2900 feet depth. 1 
-I 12895- : I J :: -I 29001 i~.': : 1 
- CC: t-:-t--r--~ : I: 

1--------1-------- ------1---- ----f---L---:---------------------------------------------------1-------------------------1 
: ~P~TION : , ___________________________________________________________________________________________________________ ---------______ 1 

:--1 
I • 
I I 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- Al R ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
W8 --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC 80RE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE 8S -- BAILER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------, 



HORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 30 OF 31 
HOLE NO.: 1 LOCATION: NEI/4 NEl/4 Sec. 35, T.53N., R.91W. STATE: Wy~ing 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. 84 FINISHED: 9 Dec. 84 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +330.00 ELEVATION OF WATER LEVEL: 4730 DATE WATER LEVEL HEASURED: 16 APR. 84 
HETHOD HEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 

I LOGGED BY: H. Kaczmarek, P. Dunlavy, P. ~iegand LOG REVIEWED BY: H. Kaczmarek 
:--------~--------;--------:---------:-------:---------------------------------------------------:-------------------------; 
( CASING ~ DEPTH ( SAMPLE (GEOLOGIC :GRAPHJC~ CLASSIFICATION AND DRILLING 
: TALLEY 1 (FEET) I DEPTHS: ltfIT I LOG : PHYSICAL DESCRIPTION • INFORMATION , 

'--------'-------:~-i------i---------i-- --J7i2737~5:2;08-DOLOMiTE~-ji;ht-;~;;~-;;~;-fi~;-t~-fi~;i---DRILLINS-EQUIPHENT----' 
-: : I B" dolospar i te. Hassive. : ------------------
-: I : I : /' :Sargent Irrigation Co. 
-12908- I G I 2908-2939 LIHESTONE, reddish-brown (SYR-513) to Iproprietary air-reverse 

2910 -- 29131 ~;-I pinkish-gray (7.SYR-7/2), medium :circulation rotary rig. 
- CC: H l~~ grained dolcnitie sparite. Beemes DRILLING HETHOD 
-I : : 0 :--rY': vuggy at 2930. Scattered very small ---------------
-: :2917-: R IT-~.L.l pyrite crystals. Recrystallized 2900-3000, ARR. -I 2922: N ~~j' ': calcite filling sme fractures. 

2920 -- CC I L,..J~_,I 
- I F tLL,.!1 BIT TYPE 
-' " '0' J . I ' --------
-: : : R t[ 'I I: 2900-3000 9.875 inch 
-12928- I H 11J....,..L: button bit. 

2930 -- 29331 A ; '"T-Ll.I 
- CC T L. __ --.l_J 
-I I I I': U 

=i 12939- ~ :~2939-2941 SANDSTONE, dark grttnish-gray (58G-4II), 
2940 --. 2941 '-.. ~':::n.'" f i ne-gra i ned, subrounded to rounded, 

o -: : CC ~ell sorted, quartz sandstone. Cal-, 

DRILLING FLUID 

Char Water 

lP, -I : careous. Scattered, thin (1-3 cm.) I DRILL FLUID LOSS 
:E: -12945- pinkish-gray (7.SYR-7/2) limestone: ----------------
:N: - 2950, interbeds. Interval is heavily oil :None. Making about 270 
: : 2950 -- CC I :Y:"i1:j'il stained and odorous. !gal.lmin. frlJl.Madiso~ Fm 
lH: -l I L" .. ,,,,,,,,,_,-..- ,at 2900 feet, Increasing 
:0: -I 12955-: G F.f">I":F941-2960 INTERBEDDE~ LIMEST~E AND SHALE, da~k lt~ about.280 ga1./llin. 
III -I 29601 A ,,,~~~ greenish-gray (5G-4/1) sandy Ilme- Ifrm Madison fri. at 3000 
:E: - CC: L i)::.~:l:;;1J stone interbedded with dark greenishlfee~. Frac sand ~till 

2960 -- : L _~.:I .. ',. gray (5BG-4/1) shale. Scattered leming out of Madison Fra. 
-I : I A ~~ pyrite cubes in 2941-2960 foot 1 CASED INTERVAL 
-'1'2965- I T r;·~ interval. A fe~ thin beds of pink- : --------------
- 29701 I 1;-=. '.1 ish gray dolallite also present frm I 0-127 181 Dia. 
- CC r N ~~~ 2941-2960. I 0-597.9 141 Dia. 

2970 --I I ti~; 1':2960-3018 INTERBEDDED LIHESTONE, SHALE, AND SILT- 1597.7-1855 10.7S1 Dia. 
-I : : F t·>-'.("~'f":1 STmE, gray (7.SYR-6/0) 1 illestone inter- I Grout to 1850 feet. 
-I :2975-: 0 :_:.::_~,_~I bedded with greenish-gray shale and I Casing separation frm -I 2980: R :;:rf:-;:'I siltstone. Lillestone is sandy, finel 1810-1815 feeL 
- CC I H 1:_·_. ~ sparite. Shah and siltstone oeds : CHARACTER OF DRILLING 

2980 -- I A :~~;~. -l ~re more numerous than in overlying: :--------------------
-I : T 14..i...!~~: I nterva 1. Beds are 1-5 CII. th I ck. : Dr 11 led smooth 1 y and 
-I '2985-: 1 r:::-:... ' . J Th in, p ink ish-gray (7.SYR-7/2) dolo-lwi thout diff iculty. -I 2990: 0 q~ mite beds scattered throughout IPenetration rate is about 
- CC I N r.=c.:.-::~ interval. Becmes dark blue-gray :12-15 H ./hr. frm 2900-

2990 -- : : .. r~:·k.: (5B-4/1) frail 2975-2989.5 and 2992- 12969 and about 8 H./hr. 
-I I : [S~r 2995. A thin (7-12 01) bed of flat lfrm 2969-3000. 
-: :2995- : ~_,~ .. ,; pebble conglmeratic lillestone is I -I 30001 r~J···f:·J present at 2979 feet. Glauconitic I 

,--------.-------=, --~~--:---------i~~~l~·i---------------~~~-~~~~~~~~~~-~~~~~~-~~~~~~~~~-----i-------------------------, 
I EXPLANATI~ : 
1--------------------------------------------------------------------------------------------------------------------------, 
I TYPE OF HOLE 

, , , , , , , , 

1--1 , , 
I , 

I 
NO 

SlttPLE 

SttIPLED 
INTERVAL 

CT -- CABLE TOOL 
HR -- HUD ROTARY 
AR -- AIR ROTARY 

DS -- DRIVE SttIPLE 
TYPE OF SAMPLE 

CC -- CONTINUOUS WASH SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB -~- WASH BORE 

SC -- STATIC BORE WASH SlttPLE 
BS -- BAILER SAMPLE 

1-------------------------------------------------------------------------------------------------------------------------, 



MORRISON1MAIERLE, INC. 
GEOLOGIC LOG 

FEATURE: Shell Valley Well No.1 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 31 OF 31 
HOLE NO.: 1 LOCATION: NE1/4, NE1/4, Sec. 35, T.5aN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3041 GROUND ELEVATION: 4400 ELEVATION SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 11 Jan. S4 FINISHED: 9 Dec. B4 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF w\TER LEVEL: +330.00 ELEVATION OF ~TER LEVEL: 4730 DATE WATER LEVEL MEASURED: 16 APR. B4 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 143 psi = +330.00 feet of head. 
LOGGED BY: M. Kaczmarek, P. Dunlavy, P. ~iegand LOG REVIEWED BY: M. Kaczmarek 

I--------:--------:------~-:---------:-------:---------------------------------------------------:------------·-~----------I 
: CASING: DEPTH: SAMPLE IGEOLOGIC lGRAPHICI CLASSIFICATION AND DRILLING 
: TALLEY : (FEET) : DEPTHS I UNIT I LOG : PHYSICAL DESCRIPTION ,INFOAtlATION : 
'------:-:-------:i-:------i---------t~I:J:J2960:30iB-iNTERBEDDED-LiMEST;;E~-s;LE~-~D-siLT:--i---DRiLLiN6-EiiuiPMENT----, 

I : -J' '3005-: G ~_r. -·r::-I STONE gray 1 imestone interbedded ~i th I ------------------
I I - 30101 A ~I g~eenish-gray shale a~d ~i1tstone. ISarge~t Irrig~tion Co. 
I : - CC I L :;~I Limestone becomes a ml~rlte at 3001,:p~oprlet~ry alr-reve~se 
: I 3010 -- I L :; ~:-'":;:r.:r and the shale content Increases to :clrculatlon rotary rig. 
:01 -13012-: A ~. . I about 30 ptreent. Beds are very : DRIlllN6 HETHOD 
IPI - 3017: T f'(~I"~'~1 thin (.75-2.5 01.). Very thin (Smm)1 ---------------
:E: - CC I I L .. - • fine-grained, subrounded 1 ight breMnl 3000-3041, ARR. 
IN: -13018- I N 1.1'-·~-'I'11 sandstone stringers at 3013. Lime- I 
I I 3020 -- 30231 :~:~'.;i..'': stone btc~es a very fi~e spar i te 1 
lHI - CC F ~~ and shale IS almost entirely absent 1 BIT TYPE 
10: -I I 0:' ~ from 3014-3018. I --------
IU -: I R ~~:::~1301B-3041 INTERB~DDED llME~TmE AND 5mDSTmE, 13000-3041 9.87~ inch 
El -I: M :':~ . ..-:~.: light greenish-gray (5GY-7/n and button bit. 
I 3030 --I I A :~.: ... :'~<~' greenish-gray (5G-5Il and 58G-5/1) 

-: I T I~~~::~'~";I to dark greenish-gray (5G-4Il) very 
1 -I' '3035- I ~"J;.::%t:-: fine-grained sandy sparit! and mic-
: - 3040 0 :~~.~:~t: rit! Interbedded ~ith very fine- DRIllING FLUID 
, - CC N '~1',~~;;':l~.1 graIned, rounded, ",e11 sorted, cal- --------------

T.D. _I 3040 -- I~~,~·~:y~: careous quartz sandstone. Bedding Clear Water 
-I I contacts are gradational. Scattered. 
-I : dark greenish-gray shale stringers: DRILL FLUID LOSS 
-: throughout,become prevalent at 3038.1 ----------------
-I limestone and sandstone beds appear INone. Making about 280 

3050 --I to be glauconitic (?). Salt and 19pmat 3000, same at 3041 
-I pepper. lfeet. All of ~ater com-
-I ling out of Madison NI., 
-I I~hlch is still ~ashing 
-I lout considerable sand 

3060 --I IfrDl Frac job of April 14 
-I I CASED INTERVAL I 
-I I -------------- I 
-I I 0-127 lSI Dia. I 
-I I 0-597.9 141 Dia. I 

3070 --I 1597.7-1B55 10.751 Dial I 
-I 1 Grout to IB50 feet. I 

-I I Casing separation from 
-I : 1810-1BlS feet. 
-I I CHARACTER OF DRILLING 

30BO --I I ---------------------
-I :Drilled smoothly and 
-I l~ithout difficulty. 
-I • IPenetration rate is about 
-I 114 ft.lhr. from 3000-3031 

3090 --I land about 10 ft./hr. from. 
-I 13031-3041 ieet depth. I 
-: : 
-I I 
-I I I 

,--------.--------1- ------.---------,-------,---------------------------------------------------1-------------------------1 
: EXPlANATIm I 
,--------------------------------------------------------------------------------------------------------------------------, 

1--1 , , 
, I 

I 
NO 

SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAllER SAMPLE 

,--------------------------------------------------------------------------------------------------------------------------, 



APPENDIX B 



MORRISON~IERLE! INC. 
GEOLOGIC LOD 

FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 1 OF 7 
HOLE NO.: 1 LOCATION: SE1/4 SEl/4 Sec. 26, T.5aN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3379 GROUND ELEUATION: 4349 ELEUATiON SOUkCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 19 June 85 FINISHED: 24 Aug. 85 DIP(ANGLE FRDM HORIZ.): 90 
DEPTH OF WATER LEVEL: +371. 54 ELEVATI ON OF WATER LEVEL: 4720.54 DATE WATER LEVEL HEASURED: 9 Sep t. 85 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 161 psi = +371.54 feet of head. 
LOGGED BY: P. Wiegand LOG REVIEWED BY: M. Kaczmarek 

,--------:--------:--------:---------:-------:---------------------------------------------------:-------------------------, 
I CASING: DEPTH 1 SAMPLE IGEOLOGIC : GRAPHIC: CLASSIFICATIa~ AND : DRILLING 
: TALLEY : (FEET) : DEPTHS: UNIT : LOG I PHYSICAL DESCRIPTION I INFO~TION , 
1-- - '--------:--------'---------:;;~~==:---------------------------------------------------1-------------------------I 
III -: : I~';;~,?;:'I (Geologist not on site when interval frOOl: DRILLING EQUIPMENT : 
III -I I I:~~I 0-38 feet was drilled. Log based upon : ------------------
III I -I ' T 1;~~~o.J s~ples collected by dr!ller, and upon :Sarge~t Irrig~tion Co. 
l/I I -I E L~~Ag-i drIller's log for that Interval) Iproprletaryalr-reverse 
III I 10 --I R IO~~~~ 0 - 6 TOPSOIL, silty, with,sparse grave~s. 'circulation rotary rig. 
III I -I R 1·~d~C£;~ 6 -24 GRAVEL, rounded 1-3 Inch gravel with 
l/I 119: -I A :'~~~E·I scattered cobbles in a sandy silty 
l/I II I -I C ~·o~O£:'2~ to silty clay matrix. 
l/I 1:51 -: E 'fO~:'-c~Ct:' 
l/ I Ill: 20 -- I ,l.tf .. ··f.~~~,: 
III 1181 -I G r~o.~o.:, 
III II I -I R I .. : .. :::~I 24 - 30 ~D AND GRAVEL, clayey sand ~ith fine 

i~i~i~~~i:i e r~tt~~~~ gravel. 
lI/l lIIC: 30 --I E IA",. .. ~'j'J 30 - 38 GRAVEL ~D COBBLES, rounded 1-3 inch 
',1/',1 ',I',H', ' L ,q".,oo"'. 1 ·th bbl -. ,,,O'Jr, .'. grave ~I numerous co es, sOOIe 

DRILLING METHOD 

0-100, MR 

BIT TYPE 

0-100 22 inch roller 
bit ~ith re~ers. 

lI/lNlI: : -: :"0,,000:: larger than 6 inches diameter. 
lI/lC:/:O: -I :~j)Q~~1 , DRILLING FLUID 
lIl:HlI1I: -I ---- ____ f"T'C 138 - 49.5 SHALE, light olive-gray (SY-6/2) to pah I --------------
I C: ICIA: 40 --I ..: 01 ive (SY-6/3) , silty to very silty I 0-100 CHS gel with 
I EID:E: : -I ~;;'" ....... J shah. Calcareous to very calcar- I Driscose. 
I MIIlMIT: -: ' ~ eous. Laminated. limonitic stains. I 
: EIAIEIH: -I ~~~ Scattered 0.1-.25 foot thick very : 
: HI IHIR: -: ~~ fine grained sandstone stringers. : 
: TISn:E: 50 --I I.·;.:.: .. ;,49.5 - 78 SttJDSTIJiE, brtMn (10YR-S/3), very fine : DRILL FLUID LOSS 
: nl IAI -I L~:;:···.::l grained, very calcareous, well I ----------------
I GIEIGIDI -: G :~7C·.' ':;.-: cemented, thin bedded sandstone. I 
: RIE:RIEI -I Y I.. :' .• ~ limonitic stains. Beccoes very thinl 
: O:UO:DI -: P :~:.>.: ~ :.~ bedded to laminated (0.05-0.1 foot> : 

NfJiE 

: UI lUI: 60 --I S : •. ~.;~ ... <.,'.,:., .. :: brtMn sand?to_ne altern_ating ~ith : 
I TICnlSI -I U '.,':,; ........ ' dark Qreenlsh gray (5G 4/1) to J CASED INTERVAL 
IIIIA:/IT: -: M ~.-~;~:~ greenish-gray (5G-5/1) sandstone. I --------------
lI/lSlIIEI -: ~~~:~;·/~~f·~·1 Very thin white dolomite stringers: 0-179 16 inch Diameter 
lIIIIl/IE: -l S ~~;~i~~ scattered throughout interva1. :0-1813 9 5/8 inch Dia-
Ll/lNlIlU 70 --I P t·.<:·:~ White, sandy clay stringers at 60-771 meter, threaded. 

:~~l6:~ici :i ' ~ ~~~~:~~ !t~~; aro~~~77°~~!r.cemented sand- i 
II IlIA: -I N }":(:.' . .:.:::.: I 
LlI liS: -I G t~~.:~.··.~~:-~J 78 - 115 SJ.lqLE, 01 ive gray (SY-5/2) to 1 ight 01 ive: CJ.lqRACTER OF DRILLING 
III /111 80 --I S ~~~~~;~ 9ray (SY-6!2),.fissile.shale. Shalel ~--~-----------------
III IINI -: ~:~~~: IS cl~yey. Drill c~ttlngs are.most-lDrll1Ing smoothly but. 
III IIG: -: : F ~) ly stIcky and plastiC. Shale IS Isl(J,tJly aue to large bit 
II I I - I I M :. __ • d i sso 1 vi ng in dr i 11 i ng flu i d. lsi ze and 1 (J,tJ bit we i gh t. 
III I -I : 1 .- --. , IPenetration rate is about 
III I 90 --I : L_~--_--:===1 : 1-5 ft ./hr. Shal e di s- I 
III I -I : fS..~ Isolving in dri 11 ing fluid: 
lI/ I -: I ~-=-=a Icauses circulation prob- : 
1/1 I -l I I :.=--=~.~ l1ems and ~it to float, I 

~~~ I _______ :~-:------~---- ----r~---------------~~:~~:-~~~~-~~:~~:-:~~~~-~!-~~-~!:i~~:~-:~~:~~-~~~~!~~!:~~:l 
EXPLANATIfJi 

1 ______ -----------------------------------------------_____________________________________________________________________ : 

I I 
I , , , , , 

I 
NO 

Sf1iPLE 

SAMPLED 
ItofTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AI R REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 



MORRISON1HAIERLE1 INC. 
GEOLOGIC LOu 

FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 2 OF 7 
HOLE NO.: 1 LOCATION: SE1/4

i 
SEl/4, Sec. 26, T.SaN., R.91W. STATE: Wyoming 

TOTAL DEPTH: 3379 GROUND ELEUATION: 4349 ELEUAT ON SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 19 June 85 FINISHED: 24 Aug. BS DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +371.54 ELEUATION OF WATER LEVEL: 4720.54 DATE WATER LEVEL MEASURED: 9 Sept. 85 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in_pressure = 161 psi = +371.54 feet of head. 
LOGGED BY: P. Wiegand LOG REV I EWED BY: M. Kaczmarek : 

,--------1--------1--------1---------1-------1---------------------------------------------------1-------------------------1 
l CASING: DEPTH l SAMPLE IGEOLOGIC IGRAPHICl CLASSIFICATION AND 1 DRILLING l 
I TALLEY I (FEET) l DEPTHS 1 UNIT I LOG : PHYSICAL DESCRIPTION I INFORMATION 1 
1-- --------1--------:---- ----'-------1---------------------------------------------------l-------------------------: 
:II I -I I _::::J 78 - 115 S~LE, gray (N-S/O), fissile shale. I DRILLING EaUIPNENT 
"II I '" , -: ; 32222224 ' ------------------
:II I I I ... ) lSargent Irrigation Co. 
:I I I - I ts:. 0; I propr i e tary air-reverse 
III CliO --I :~.~~ lcirculation rotary rig. 
:I I E - I r~~--==-l : 

l}j ~l9l =1 !~ I -;:rJ11S - 119 LIMESTONE, dark gray (SY-4/1l to very I 
;/lllINI51 -I I I dark gray (SY-3/1), fine sparite. : 

DRI LLING METHOD 

100-183, HR 
183-200, ARR :11161T:/: 120 --I c::=:=:J Becomes gray (2.SY-S/O to SY-6/1) atl 

lll: : 18: -: r~ 117 feet. Pyritic. 
:l/11:Gl I -l r====='3119 - 183 SHALE, light br()/,IJnish-gray (2.SY-6/2), 
:l/INlRlI: -: &l&&ii!d pale br()/,IJn (10YR-6/3), and brcun 

BIT TYPE 

ClClOINl -: '44J (7.SYR-4/4) fissile shale. 100-183 22 inch roller 
bit with remers 

183-200 12 1/4 inch med.l 
button bi t. 

E:H:UlC: 130 --l :;F~ 
Ml nlHl -l t==':--=-=a 
E l 0:1: l -: G j- _ .. -~. I 

Nl I :lID: -: Y t:ZE=:l 
T:AI/lll -I P ~ 

I lIlA: 140 --I S i , 
GlS:I: : -l U f~';--~~~ 
Rn:-n: -: M r ==: 
OIEI: lHI -I -F-.~ 
UlE:: IR: -: S 6·"'''' -,J 
T l L l : IE: 150 --: P: .... ---~;::;;-=] 

II: l:IA: -: R I I 
:l/lCl:lDl -l I I -M 
:l/:Al:lEl -: N 6~ 
llllSl:lol -I G ~~ 
:1/11::: l 160 --I I S ~:-~~ 
:I/lNl:lSl -l 
:l/IGlsn: -I 
III AlEl -l 
III NlEl -I 
III DlLl 170 --I 
:II l I -l 
III FlCl -l 
:/1 UAI -I 
1_ US: -I 

: Ll I : 180 --: 
: ::N: 
:: :S: 

, : 

-: 
-l 
-: 
-: 

190 --I 
-I 
-: 
-: 
-I 

F 
M 

I 

Becomes reddish-br~n (2.SYR-4/4) 
with olive-gray (SY-S/2) mottling 
from 159 - 183 feet. 

I , 

DRILLING FLUID 

100-183 eMS gel ~ith 
Driscose. 

183-200 Clear ~ater. 

DRILL FLUID LOSS 

N~E 

CASED INTERVAL 

l 0-179 16 inch Diameter 
:0-1813 9 SIB inch Dia. 

: C~RACTER OF DR1 LUNG 
: ---------------------
loril1ed smoothly and 

Geologist stopped logging upper part of lwithout difficulty. 
well at 183 feet, where drilling of 22 lAverage penetration rate 
inch diameter borehole for surface casinglwas about S it,/hr. at 
was terminated. Interval from 0 - 183 :100 feet, increasing to 
feet used to correlate stratigraphy of labout 30 ft./hr. at 1B3 
Well No. 2 ~ith that of Well No.1. lfeet as bit weight in

lcreased. 

:------ --------:--------:---- ----.-------:---------------------------------------------------:-------------------------: 
EXPlANATION 

,--------------------------------------------------------------------------------------------------------------------------: 
, , 
I , 

I I 
I I 

NO 
SPliPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AI R ROTARY 

TYPE OF HOLE 

TYPE OF SPiiPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUSER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 



MORRI S~~I ERLE 1 INC. 
GEOLOGIC LOu 

FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 3 OF 7 
HOLE NO.: 1 LOCATl~: SE1/4 SE1/4 Sec. 26, T.53N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3379 GROUND ELEVATION: 4349 EL~TfON SOURCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
BEGUN: 19 June 85 FINISHED: 24 Aug. 85 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WlTER LEVEL: +371.54 EL~TION OF WATER LEVEL: 4720.54 DATE ~TER LEVEL MEASURED: 9 Sept. 85 
METHOD MEASURED WlTER LEVEL: Pressure Gage, shut-in pressure = 161 psi = +371.54 feet of head. 
LOGGED BY: P. Wiegand and J. Eifealdt LOG REVIEWED BY: M. Kaczmarek 

,--------:--------1--------1---------1-------:---------------------------------------------------:-------------------------. 
: CASING: DEPTH: SAMPLE :GEOLOGIC :GRAPHIC: CLASSIFICATION AND 1 DRILLING : 
: TALLEY: (FEET) : DEPTHS: ~IT I LOG : PHYSICAL DESCRIPTI~ : INFO~TION I 
'--------:--------1- ------:---------:-------1---------------------------------------------------:-------------------------~ 

: -:: NOTE: Based upon sa~~1t5 collected by the: DRILLING EQUIPHENT I 
-:: drilling contractor and examined by I ------------------ I 
-I: Morrison1Maierle, Inc. geologists, the ISargent Irrigation CD. : 
-I: Amsden Fm.1Madison Fm. contact in this :proprietary air-reverse : 

2910 --I I well is at a depth of about 1775 feet. :circulation rotary rig. I 
-: . , 
-: 
-: 
-l 

2920 --I 
-: 
-: 
-: 

I 

DRILLING METHOD 

2900-3000, ARR 

BIT TYPE 

-: 2900-3000 12 1/4 inch : 
2930 --I G medium button : 

-I A 
-: L 
-: L DRILLING FLUID 

I - : A --------------
: 2940 --I T Char Wahl' 

0: -I I 
,p: -: N 
:E: -: 
:N: -: F 
: : 2950 --I M DRILL FLUID LOSS 
IH: -: ----------------
101 -I 1 :None. Making about 714 
It: -I 'LL Igpm from MadIson and Big, 
'EI -I I r,; 1- r,;l,1 Geologists began logging well at 2970 IHorn Formations. I 

2960 --I feet, and examined drill cuttings collect-I I 
-I ~,:-1';'-'--"~, ed by drilling contractor from 2950 - 2970: CASED INTERVAL : 
-: ._ -1 . feet depth. : -------------- I 
-: ~ j I: : 0-179 16 inch Diamehr : 
-I ~.1 .t .J :0-1813 9 5/8 inch Dia-

2970 -- I c.:r=...:n -2983 LIMESTONE, green ish-gray (56-5/1 to 5B6- I mehr, threaded. 
-I : r ~-. 5/1) to dark greenish-9ray (SG-4/1) : 
-I I j -r: fine sparite. Very thin gray to : 
-12975- ~.! greenish-gray shale stringers scat- : 

2980 _: E~80: ~~-rj bred throughout interval. i ~~~~~~_~~_~~:~~:~~ 
-I : r [ __ 112983-3034 INTERBEDDED SWtLE AND L1MEST~E, greenishlDrilled smoothly and 
-' : : t:~~ gray to gray, slightly to moaeratelylwithout difficulty. -12985- I V ~.~ .. l ~alcareous, l~inated,.fissile shalelPenetration rate is about 
- 29901 G E ---~'-:f: Interbedded WIth greenIsh-gray to 17-8 ft.Jhr. 

2990 -- CC: R N ~;.,: __ :. f" -:~~ gray I very th into th in bedded, fine: 
, -I I lOT ,~.:s5f spar I te. Beds are about 0.5-4 feet : 
: -_" 2995-: S R F~'-:::;ID thick. SOlIe limestone beds are very: 
: - 3000 I E: I I: fine sandy I ines tone. Sha hs are I 
: - CC: F-=-_===:3 fa i r 1 y hard. : 

.--------1--------. ------I---------~~~:-~~---------------------------------------------------1-------------------------, 
: EXPLANATION : 
,--------------------------------------------------------------------------------------------------------------------------, 

, I 

•• I , 
I , 

NO 
~PlE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONT1NUOUS AUGER 
WB --- ~SH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 



MORRISON~IERLEI INC. 
GEOLOGIC LO\; 

FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 4 OF 7 
HOLE NO.: 1 LOCATION: SEl/4 SE1/4 Sec. 26, T.5aN., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3379 GROUND ELEVATION: 4349 ELEVATiON SOURCE: 7.5 Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 19 June 85 FINISHED: 24 Aug. 85 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +371.54 ELEVATION OF WATER LEVEL: 4720.54 DATE WATER LEVEL MEASURED: 9 Sept. 85 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in_pressure = 161 psi = +371.54 feet of head. 
LOGGED 8Y: P. Wiegand and J. Eifealdt LOG REVIEWED BY: M. Kaczmarek 

,--------:--------:--------:---------:-------:---------------------------------------------------:-------------------------, 
: CASING: DEPTH: SAMPLE lGEOLOGIC : GRAPHIC: CLASSIFICATION AND I DRILLING : 
: TALLEY : (FEET) : DEPTHS: UNIT I LOG : PHYSICAL DESCRIPTION I INFO""TIIJ't : 

'------:-'-------:;-:------:---- ----!iI-~-I~!29B3:3034-iNTERBEDDED-SHALE-AND-LiHEsTONE~-;~;;~i~hi---DRiLLiNG-EQuiPMENT----' 
l -I' : : E:'-_._:-==:I gray to gray shale and limestone. : ------------------
: - 3005- I r:lf~~r~ Shales are slig~tly to moderately :Sarge~t Irrig~tion Co. 
: - 3010: t:~~l'~~~ calcareous, lamInated, and most are lproprletary aIr-reverse 
: 3010 -- CC: tLr --r-! fissile. limestones are laminated, Icirculation rotary rig. : -: : : bbd:-" T1 and very thin to thin bedded fine I 
I -I : I '~""-:~--:~.X1 sparites. Alternating shale and : DRILLING METHOD 
: -13015- : r~~:-.T:t.S I i~estone units are about 0.5-4 feet: ---------------
I - 3020, t:=:=:·~~7~~1 th I ck frcn 2983-3024, then becooe 3000-3100 I ARR 

3020 -- CC I ~~~ about 0.1-1 foot thick from 3024-

-: : : _:~==~ sandy. Shales are fairly hard, and: BIT TYPE 
-: : : [215 3034. Scme 1 illestone beds are , 

-13025- : ~~~j.3 the interval is tight. Several thinl --------
- 3030: ~==--""" flat pebble I illestone conglmerate 13000-3100 12 1/4 inch 

3030 -- CC: GL~L:j beds are also present in this inter-: medium button 

! : ::1: 13035- l G ~ ~~b ri~~~t~l: ~t h~U~am~:-! DRILLING FLUID 
: : - 30401 R ~ stone beds are present from 3014- --------------
: : 3040 -- CC: 0 f~~~;1 3030 feet. A few very thin red Clear Water 
:01 -: : S ;1. -·~-···H shale stringers are present at 3025-: 
IPI -: : I r~:~~~ 3026 feet. : 
IE: -13045-: V :~~~~~3034-3275 S~LE! same as above, ",ith scattered veryl 
IN: - 3050: E ~_"'"="'~_~) thin to thin (0.1-.5 H.), very fine: 
: : 3050 -- CC: N t~ to fine sparry limestone beds. : DRILL FLUID LOSS 
:H: -: : T ~ A 0.3 foot thick red (lOR-SIS) 1 im@-: ----------------
:0: -I : ,R ~===--:s stone bed is pr~sent at 3048 feet. INone. Makin9 about 71~ 
'Ll -13055-: E =::e.~ 0.1-0.5 foot thick, dark greenish- :gpm from Madison and Big 
EI - 3060: F ~ gray (~GY-4/1) to ~ark gray (SY-4/1~!Horn Formations. 

3060 -- CC: ~~~~~~i very fine sparry limestone beds pre, 
-: : : M !j:f.:"""'~#1 sent in interval frOOl 3056-3066. : 

, " -I---tf 
CASED INTERVAL 

- 3070: ===--4: :13065-: ~ 
3070 -- CC: f.E~~~~ 

- : : : I c,::":z,: :,~~:l Shales become more fissile at 3071 
and are greenish-gray (5BG-6/1). 

: 0-179 16 inch Diameter 
'0-1813 9 5/8 inch Dia

meter, threaded. 

-: : I ~~~:.-:"=~ 

- 3080: f~~J~':;;:".i1J Shales are fairly hard. CHARACTER OF DRILLING 
-13075- : t~?=.· ... ~~ 

3080 -- CC: ~~~~ ---------------------
-: : I rI-' r' t: Dr i I led SlIooth 1 y and 
-: : I ~::~~~~7.:~l lwithout difficulty, 
:13°~~;oi r==F.:"~=! Limonitic staining present in sIDe i~~~~~~Bt~t~A~~~e is about 

3090 -:, , CC ~ ~~~ 1 imestone units. ! 
" , f~=!:t , 

- 31001 ~Jd I 
-1"3095- : Pc .. _-. : 

,--------,-------:. --~~--i---- ----~~~---------------------------------------------------;-------------------------, 
EXPlANATI~ 

:--------------------------------------------------------------------------------------------------------------------------, 
, , , , , , , , 

I 
NO 

SPliPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AI R ROTARY 

TYPE OF HOLE 

TYPE OF Sfl1PLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

OS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH Sfl1PLE BS -- BAILER SAMPLE 



MORRISON-MAIERLE l INC. 
GEOLOGIC LO!; 

FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 5 OF 7 
HOLE NO.: 1 LOCATION: SE1/4 SE1/4 Sec. 26, T.53N., R.91W. STATE: Wyoming 
TOTAL DEPTH: 3379 GROUND ELEUATION: 4349 ELEUATiON SOURCE: 7.S Min. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 19 June 85 FINISHED: 24 Aug. 85 DIP(ANGLE FROM HORIZ.): 90 
DEPTH OF WATER LEVEL: +371.54 ELEUATION OF WATER LEVEL: 4720.54 DATE WATER LEVEL MEASURED: 9 Sept. 85 
METHOD MEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 161 psi = +371.54 feet of head. 
LOGGED BY: P. Wiegand and J. Eifealdt LOG REVIEWED BY: M. Kaczmarek • 

. --------:--------:-~------:---------:-------:---------------------------------------------------l-------------------------: 
: CASING: DEPTH: SAMPLE :GEOLOGIC IGRAPHICl CLASSIFICATION AND : DRILLING 
: TALLEY I (FEET) I DEPTHS: UNIT : LOG I PHYSICAL DESCRIPTION : INFORMATION : 
;------ -1--------:--------:---- ----:.~~-----:---------------------------------------------------:-------------------------1 
: : -I : f ··~·-:-~=J3034-3275 S~LE : DRILLING EQUIPMENT 
: : - : : : t?::~ I ------------------
: : -13105- : r:2.c:.z~'·:·:: :Sargent Irrigation Co. 

- 31101 r·- ____ ~: Light olive-brown (2.SY-S/6) 0.4 Iproprietaryair-reverse 
3110 -- CC I ~~~~-~J foot thick limestone bed at 3107. :circulation rotary rig. 

-: I l r-~·~·:)S?1 .. . ~----. DRI LUNG METHOD 

- 3120 : t .?-~:=.i-~:.:::;;;q :13115- : ~i1 
3120 -- CC: W:::::t:l 

3100-3200, ARR 

-: : ~.~-~~~~=~ 
-: : I F I BIT TYPE 

- 31301 I~I 
-13125- : ~-=-:.:-~- .. -;:,! 

3130 -- CC I ~ 
3100-3200 12 1/4 inch 

medium button 
_: : 1 I -:. 

-I: : ~ 
DRI LUNG FLUI D 

- 3140: R ~ 
-13135- I G F~ 

3140 -- CC: 0 I:-~:;;~,=-:~ Clear Uater 
10 -I: S r~:;:;:~ 

I!! 3150 _~~3Ii~;0! ~ I ~~~i~*~~;~~M:mh!~:~:~g~~U9h ~~~~~_~~~~~_~~~~ 
:0: -; : : R I • INone. Makin9 about 714 
'U -13155-: E ~W Light gray (SY-6/1) to ",hite (SY- Igpm froo MadIson and Big 
E: - 3160~ Q; ---z:;;: 8/1), 0.3-0.5 foot thick limestone :Aorn Formations. 

3160 -- CC: F ~_ ~ and dolomitic limestone beds present: 
:; ; i M F!Z. ' . ' : bel~ 3155 feet. i ~~~~_:~~~~ 
-13165- : l~~::~ Shales become dark Treen i Sh-~ray : 0-179 16 inch Di ameter 

3170 -= ~~70' ~~~ ~~~-:~;~ti~ef~o!h~16b-~fB~n;e:f: iO-1813 ~ei~~, it~~e~~:d. 
-I: ~3 : 
-' 1 g.:::==-:-~ Very thin, flat pebble limestone : 
-13175- ~'::':~~I conglomerate beds scattered through-l 
- 3180 ~~ out interval from 3172-3184 feet. : C~RACTER OF DRILLING 

3180 --I 1 CC ~~~ I ---------------------

- J • t~_::~="'I : Dr i 11 ed SlIooth I y and 
1 • J -~_·c·c·_1 :",ithout difficulty. • 

=1I31~~90' ~ Sparry limestone and flat pebble 1~~~!12~~i~~.j~~~ }~a:boutl 
3190 --__ CC 1 ~ limestone conglomerate beds become /3100-3132 feet depth, andl 

-I : / ~=~--.-.-~~J thinner and less numerous bel~ :about 6.7-8.1 ft./hr. : 
• -: :3195- : ~ 3188 feet. :from 3132-3200 feet. : : -I 3200: ~=-.::::::=:d Pyrite content is shale decreases I : 
: - CC: t~:~?::~~ noticeably bel~ 3188 feet.: : 

.--------1-------- ------1---- ----:-~~-~-~l---------------------------------------------------1---------------------·---1 
: EXPlANATICt~ I 
,--------------------------------------------------------------------------------------------------------------------------: 

I 1 
1 1 
1 • 
I I 

NO 
SAMPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
NR -- MUD ROTARY 
AR -- Al R ROTARY 

TYPE OF HOLE 

TYPE OF SANPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
UB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH SAMPLE BS -- BAILER SAMPLE 



HORRISON~IERLEl INC. 
GEOLOGIC LOt; 

FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 6 OF 7 
HOLE NO.: 1 LOCATION: SE1I4

f 
SE1/41 Sec. 26, T .5~., R.91W. STATE: Wyming 

TOTAL DEPTH: 3379 GROUND ELEVATION: 4349 ELEVAT ON SOUKCE: 7.5 Hin. Topo Quad. ~ith 20 Ft. Contours. 
BEGUN: 19 June 85 FINISHED: 24 Aug. 85 DIP(ANGLE FROH HORIZ.): 90 
DEPTH OF WATER LEVEL: +371.54 ELEVATION OF WATER LEVEL: 4720.54 DATE WATER LEVEL HEASURED: 9 Sept. 85 
HETHOD HEASURED WATER LEVEL: Pressure Gage, shut-in pressure = 161 psi = +371.54 feet of head. , 
LOGGED BY: P. Wiegand and J. Eifealdt LOG REVIEWED BY: H. Kaczmarek : 

,--------:--------1--------1---------:-------1---------------------------------------------------l-------------------------1 
: CASING: DEPTH: SAMPLE IGEOLOGIC IGRAPHIC: CLASSIFICATION AND I DRILLING 
: TALLEY: (FEET) : DEPTHS: ~IT : LOG : PHYSICAL DESCRIPTION : INFO~TION 
'--______ 1 ______ --:--------:---- ____ : __ ~:~:_----_--------_--------_---------------_---------__ : _________________________ : 

-: : I : i .. r~::?U3034-3275 S~LE : DRILLING EQUIPMENT 
-I' , : f::;L~~~~ Very thin, micritic limestone beds: ------------------
- 3205-: Lj~o-C51 present frOOl 3203-3209 feet. :Sargent Irrigation Co. 
- 3210: ~~~~~ . . .. :p~opriet~ry air-reve~se 

3210 -- CC: I ::?::::~i;;;:" Shales are very fiSSIle and pyrltll: ,CIrculatIon rotary rIg. 
-: : r~o:~~~~9 frcn 3210-3232 feet; and contain : -'J' : ~~~ s~attered 0.1-0.4 foot thick sparry: DRILLING HETHOD 
- 3215-: f::_~:..;··~";:;:.i, lImestone and flat pebble conglOOIer-: ---------------
- 3220: : _~n._ - ;.3 ate beds. : 3200-3300, ARR 

3220 -- CC: lliiiii£kii4 : 
-: : : ::::~~ : 

I , , ,_I I I ' BIT TYPE 

)j32~~30! ~~ !3200-3300--j;-j/4 inch 
3230 --__ CC ~~ medium button ' 

-: : ~ 
" I~·:O~ 

: )1I32~~40 ~ ~ 
: 3240 --JIt CC 0 ~::~~~~~ 

Unit becooes a softer 1 calcareous, 
fissile, clay shale at 3233 feet. 

DRILLING FLUID 

Clear Water 

I!) =J.! ;3245- ~ ~~ ~~~~ef!~~i~~:~!t~.:~~o~lC~!!; l~~~k : 
INl - 3250, E fl~~~~ present from 3245-3260 : 
: : 3250 -- , CC I N ::--- -- .J : DRILL FLUID LOSS 
: H: -: I : T :~ : ----------------
10: -'_' : R g[:.",,~ INone. Haking about 714 
:L: - 3255-: E r~~~~7.:1 19pm from Hadison and Big 
'E - 3260: r=;::::::::: Light greenish-gray (56-7/1) silt- lHorn Formations. 

3260 --, I CC l F rJc--r;] stone stringers present from 3259- : 
-: : M 3259.5 feet. : CASED INTERVAL 
-: l I Light olive-brown (2.SY-5/4) very: --------------
-13265- l fine sparite bed 0.1 foot thick at : 0-179 16 inch Diameter 
- 3270: 3263 feet. :0-1813 9 S/8 inch Dia-

3270 -- CC: Gray, very fine grained, calcareous,l meter, threaded. 
-: : : quartz sandstone stringer at 3268 : 
-' I , e---- --J feet. : 
-J3275- : ~7~==~=~~3275-3379 SHALE, alternating dark greenish-gray (56: 
- 3280: t1~zb~€:;J -4/1), dark blueish-gray (5B-4/1), . : CHARACTER OF DRILLING 

3280 -- CC: ~~::,~~: and very dark gray (2.SY-3/0), laml-: ----------------------: : : e"'---'-·-d nated, very fissile, non-calcareous lDril1ed smoothly and 
-' , '}-------j to slightly calcareous shale. :~ithout difficulty. 
-13285- i ~ Hoderately hard. Very thin sparite,lPenetration rate is about 
- 3290: ::C='~J micr i te, and conglooerat i c limestone: 10.1 ft .Ihr. fren 3200-

3290 -- CC: ~-I:;.::.':,:,'~~~: stringers present from 3282-3288. :3231 feet, and about 8 ft 
-: : f-==l Uhr. frOOl 3231-3300 feet.: 
-: : 3295- : Es§'":-~ 0.05 foot th i ck 1 imestone str i nger : : -I 3300: r~:~E;:~:g at 3292 -feet. : : 

,------ -:-------: --~~--i---- ----~~!~?~---------------------------------------------------i-------------------------l 
: EXPLANATION : 
,--------------------------------------------------------------------------------------------------------------------------: 

I , NO I , 
I , stliPLE I , 
I , 

I stliPLED 
INTERVAL 

,-

CT -- CABLE TOOL 
MR -- HUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF SAMPLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- ~SH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAHPLE 
CC -- CONTINUOUS WASH SAHPLE BS -- BAILER SAHPlE 



, 
I 

MORRISON~IERLEl INC. 
GEOLOGIC LOt;; 

: FEATURE: Shell Valley Well No.2 PROJECT: WWDC - Shell Valley Deep Well Project SHEET 7 OF 7 
: HOLE NO.: 1 LOCATION: SE1I41 SE1/41 Sec. 26, T .5:fl., R.91W. STATE: Wymi ng 
1 TOTAL DEPTH: 3379 GROUND EL~TJON: 4349 ELEVATJON SOUKCE: 7.5 Min. Topo Quad. with 20 Ft. Contours. 
1 BEGUN: 19 June 85 FINISHED: 24 Aug. 85 DIP(ANGLE FROM HORIZ.): 90 
: DEPTH OF WATER LEVEL: +371.54 ELEVATION OF WATER lEVEL: 4720.54 DATE WATER LEVEL MEASURED: 9 Sept. 85 : 
1 METHOD MEASURED ~TER LEVEL: P~essure Gage, shut-in pressure = 161 psi = +371.54 feet of head. : 
1 LOGGED BY: P. Wiegand and J. Elfealdt LOG REVIEWED BY: M. Kaczmarek 1 
'--------:--------1--------1---------1-------:---------------------------------------------------1-------------------------1 

CASING 1 DEPTH I SAMPLE IGEOLOGIC IGRAPHIC: CLASSIFICATION AND I DRILLING I 
TALLEY 1 (FEET) : DEPTHS: UNIT : LOG : PHYSICAL DESCRIPTION : INFORMATION 

-------- I --------: -------- : ---- ---- t~ __ ...... .. ?!I!: --------------------------------------------------- ; ------------------------- • 
-' I I L_ =13275-3379 SAALE 1 DRILLING EQUIPMENT 
-13303- I r~I ... Pf:'.; 0.05 foot thick very fine grained : ------------------
- 3308: l __ .. ~_5 sandstone stringer at 3301 feet. :Sargent Irrigation Co. 
- CC I t .~.. ~: Gray (2.5Y-510) to black (2.5Y-210),lproprietary air-reverse 

3310 --I : 1 ~~~~ subangular to rounded, ~ell sorted, lcirculation rotary rig. 
-: 1 1 •. -'~ quartz sandstone str ingers 0.02-0.051 
-1"3314- I ::T=~="':::9 feet thick fran 3303-3304 feet. DRILLING METHOD 
- 3319: ~?~~ Quartz grains are frosted. ---------------
- CC: r:~ Scattered, very thin siltstone 3300-3379, ARR 

I 3320 --I : : L:-~~;~=-f0~ stringers present in shalts below 
-: : : .---=:-:--~1 3304 feet. 
-: : : S ; BIT TYPE 

13330 _:J33~~301 ~ 
0: -I I : r:f.~~5~~ 

Gray to black, subangular to rounded 3300-3370 12 1/4 inch 
well sorted, calcareous quartz sand-: medium button 

• p : _ I , : l ~~:-=::i::-;-::;"l 

I E I -13335-: G h~Jj~;iit1 
stone stringer at 3329. 13370-3379 12 1/4 inch 

short tooth 
button bi t. 

: N: - 3340: R t;;~;~~J 
I : 3340 -- CC: 0 ::.:.:.:::.:;:::.::=: 
:H: -l I S k~ .,.-)~ 
:0: -I: I ~-:I 
III -13345-: V r:,~~~~ 
: E ' - 3350: E ~.'=--=-:=-1 

: 3350 -- CC: N 

, 
I 
I 
I , 
I 

-I : : T 

:1' '3355- i ~ 
- 3360: 

3360 -- CC: F 
-: : : M 
-: 1 : -13365- : - 33701 

3370 -- CC: 
-: 
-: 
-: 

TD ~ -: 
: 3380 --I 
I 
I , , , 
I 

-I 
-: 
-: 

: -: 
: 3390 --I 

-I 
-I 
-I 

:~';'~ 
:~¥1 , , 
, I , , 

I 
I 
I , 
I , 

, , I 
, -, , I 

Slight oil staining in shales from 
3345-3348 feet. Shale is pyritic 
below 3345 feet. White (2.5Y-8/0) 
to gray (N-6/0), very thin, micrite 
to very fine sparry limestone 
stringers in shale from 3344-3352. 

I 

DRILLING FLUID 

Clear Water 

I DRILL FLUID LOSS : 
Flat pebble limestone conglomerate: ---------------- : 
at 3352 feet. Limestone pebbles are:None. Making about 714 : 
vuggy sparite. 19pm from Madison and Big: 

IHorn Formations. : 

CASED INTERVAL 
, , , 
I 

Very hard, gray, calcareous quartz -------------- : 
sandstone stringer at 3364.5 feet. : 0-179 16 inch Diameter I 
Flat limestone pebbles present in :0-1813 9 5/8 inch Dia-
shale at 3366 feet. Very hard, non-l meter, threaded. 
calcareous sandstone stringers at I 
3369 and scattered throughout inter-l 
val from 3370-3379 feet. : 
Light greenish-gray limestone : CHARACTER OF DRILLING 
stringer at 3371.5 feet. Siltstone I ---------------------
laminae in shale at 3371.5 feet. lDrilled smoothly and 

:~ithout difficulty from : 
Drilling terminated at 3379 feet :3300-3325 feet. Caving : 
depth due to unstable borehole (on- :of formation caused rods: 
ditions. Ito bind in borehole from I 

:3325-3379 feet. Unable : 
Ito keep borehole open be-l 
:low 3325 feet. Penetra-: 
:tion rate is 2.5-4 ft/hr.l 

1--------1--------:--------,---- ----:-------,---------------------------------------------------:-------------------------1 
: EXPLANATION : 
,--------------------------------------------------------------------------------------------------------------------------, 

, , 
, I , , 
I , 

NO 
SPliPLE 

SAMPLED 
INTERVAL 

CT -- CABLE TOOL 
MR -- MUD ROTARY 
AR -- AIR ROTARY 

TYPE OF HOLE 

TYPE OF ~PLE 

ARR -- AIR REVERSE ROTARY 
CA --- CONTINUOUS AUGER 
WB --- WASH BORE 

DS -- DRIVE SAMPLE SC -- STATIC BORE WASH SAMPLE 
CC -- CONTINUOUS WASH ~PLE BS -- BAILER SAMPLE 



APPENDIX C 
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STRATA 

~g COMPENSATED DENSITY LOG 
WITH CALIPER AND GAMMA RAY DATA 'NC 

FILE NO 3087 COMPANY WYOMING WATER .,,'"'''' "n .. " .. ~ COMM 

WELL SHELL VAll EY NO 2 

FIELD _____________ ~ 

COUNTY BIG HORN STATE WYOMING 

lOCATION Other Service) 

NEINE G~~~~L 
SPINNER 

SEC~TWP~'GE~ DIFV:¥~MP 
Permanent G>alvm 

log MeOu,Hed from 
Drilling MI!I:UUf.d from 

Run No 
Depth-Driller 

Depth-loQger 
8ollom lo~g_ed Inttrval 

Top logged Interval 

ealing-Driller 

Casing-loooer 

Type Fluid In Hole 

08/25/85 
TWO 
3369 
3108 
)lUI 

1694 
9 S/8@ 1817 
1817 
12 114 
FORMATION 

WATER 
Densjty and VilCOlily N/A N/A 
pH and FlUid lon N/A NfA c:c 

Sovrce of Sample FLOWLINE 

_R~ @ Me-os Temp 27.00@ 82 F 

Rmf @ Me-os. Temp N/A @ 

Rme @ Meol. Temp N/A @ 

Sourr.- 01 Amf ond lime N/A N/A 

EqUip No and 10(01l0n 101 CASPER 
li1e(orded By R. McDONALD 

@ 

@ 

Wllnt:Hed By MR. KACZMARE MR. WADE 
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STRATA § ~ THREE - ARM CALIPER LOG 
WITH GAMMA RAY DATA.NC: 
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~ I~ 
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De-pth-Logger 1680 I 3108 
801l0m Loggeod lnf.rvol 1676 1 ~ 
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I~ ~ 
Top logged Interval 1755 
Co>'ng, D.'".. ,. 1M 9 5/8:> 1817 @l 

Co.i"g~logger 1817 
8'. Sin 12 1/4 
Type fluid in Hole 'lRMJ,TTmol fORMATION 

lATER WATER 
De'H.ty end V'5C!Hity MIA N/A N/A 
pH o ... d fluid lou N/. (c N/A : NJA cc 

Sou'ce of Sampl. NONE fLOWLINE 
Ilm @ Mto~ hII'll' NJA @ F 27.000: 82 @ @ 

IllY'f (§J Me-a,_ Tell'lp N/A @ F N/A @ @ @ 

Rmc @ Meal. Temp N/A ~ F N/A @ @: @ 

Source' of Rmf Dod Arne N/A N/A' N/A N/A 
Ilm @ BriT NIA \~ F 32.4~ 68.3 @ @ 
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ijr,I,,;~;1 SPINNER FLOWMETER LOG 
WITH TEMPERATURE 

DATA 'NC AND DIFFERENTIAL TEMPERATURE 

filE NO 3087 COMPANY WYOMING WATER COMM, 

WELL SHELL VALLEY NO, 2 

FIELO, __________ --I 

COUNTY BIG HORN 5T A TE WYOMING 

lOC .... TION Olh~r SerwlCei 

GR/CDL 
NE/NE 

DNEL 

SEC~TWP~RGE~ GR/CAL 

Po,mo.o" Do'"m GROUND LEVEL Ele. 4345 '8 ~!5~;o" 
Log Meo$\,lred from K.B. -LFI Above Permcmcnt Oolvm OF'-,-..,.,,-----j 
Drilling Measured from K.B. Gl 4345 

001. 08'25/85 
Run No TWO 
Depth-Driller 13369 
Depth logger l')lUO 
80tlom Lo ed I"t.rval 
Top logged Intervol 1600 

@ @ 

Cosin;-logger 1817 
12 1/4 

.1 ; 
5 I 
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a::: 
~ ~ I-
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Elapsed 
Time 

(min. ) 

o 
.0033 
.0066 
.0099 
.0133 
.0166 

.02 
.0233 
.0266 

.03 
.0333 

.05 
.0666 
.0833 

.1 
.1166 
.1333 

.15 
.1666 
.1833 

.2 
.2166 
.2333 

.25 
.2666 
.2833 

.3 
.3166 
.3333 
.4167 

.5 
.5833 
.6667 

.75 

Pressure 
Head 

(feet) 

330 
329.56 
329.56 
329.49 
329.43 
329.49 
329.43 
329.43 
329.49 
329.43 
329.43 
329.94 
329.94 
329.94 
329.94 
329.94 
329.94 
329.94 
329.88 
329.88 
329.88 
329.88 
329.88 
329.88 
329.88 
329.88 
329.94 
329.94 
329.94 
329.94 
329.94 
329.94 

330 
330 

OBSERVATION WELL (WELL NO.1) DRAWDOWN DATA FOR MADISON AQUIFER 
WITH 

Drawdown 
(feet) 

.00 
- .44 
-.44 
-.51 
- .57 
-.51 
-.57 
- .57 
-.51 
- .57 
- .57 
- .06 
- .06 
- .06 
- _06 
- .06 
- .06 
- .06 
-.12 
-.12 
- .12 
-.12 
- .12 
-.12 
-.12 
-.12 
-.06 
- .06 
- .06 
- .06 
- .06 
- .06 
.00 
.00 

WELL NO. 2 FLOWING 

Well Name: Shell Well No. 1 
Shut'in Pressure: 143 psi 
Static Water Level: 330.00 feet above gage datum. 
Distance to Flowing Well: 567 ft. 
Flowing Well: Shell Well No.2 
Average Flow Rate: 1139 gpm 
Test Starting Date: September 9, 1985 
Test Termination Date: September 30, 1985 
Test Starting Time: 22:25:00 

Elapsed 
Time 

(min.) 

.8333 

.9167 
1 

1.0833 
1.1667 

1.25 
1.3333 
1.4166 

1.5 
1.5833 
1.6667 

1.75 
1.8333 
1.9167 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 

10 
12 
14 
16 

Pressure 
Head 

(feet) 

329.94 
329.94 
329.94 

330 
330 

329.94 
329.94 
329.94 
329.94 
329.94 
329.88 
329.88 
329.94 
329.94 
329_88 
329.81 
329.81 
329.75 
329.68 
329.62 
329.62 
329.56 
329.49 
329.43 
329.37 
329.31 
329.24 
329.18 
329.12 
329.05 
328.99 
328.73 
328.48 
328.29 

Page E - 1 

Drawdown 
(feet) 

- .06 
- .06 
- .06 

.00 

.00 
- .06 
- .06 
- .06 
- .06 
- .06 
-.12 
-.12 
- .06 
- .06 
-.12 
-.19 
-.19 
- .25 
- .32 
- .38 
-.38 
-.44 
-.51 
- .57 
- .63 
- .69 
- .76 
- .82 
- .88 
- .95 

-1.01 
-1.27 
-1.52 
-1.71 

Elapsed 
Time 

(min.) 

18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 

Pressure 
Head 

(feet) 

328.04 
327.85 
327.6 

327.34 
327.15 
326.96 
326.77 
326.58 
326.33 
326.14 
325.95 
325.76 
325.57 
325.44 
325.25 
325.06 
324.94 
324.75 
324.62 
324.43 
324.3 

324.11 
323.99 
323.8 

323.67 
323.54 
323.42 
323.23 
323.16 
322.97 
322.85 
322.72 
322.6 

322.47 

Drawdown 
(feet) 

-1_96 
-2 _ 15 
-2.40 
-2.66 
-2.85 
-3.04 
-3.23 
-3.42 
-3.67 
-3_86 
-4.05 
-4.24 
-4.43 
-4.56 
-4.75 
-4.94 
-5.06 
-5.25 
-5.38 
-5.57 
-5.70 
-5.89 
-6.01 
-6.20 
-6.33 
-6.46 
-6.58 
-6.77 
-6.84 
-7.03 
-7.15 
-7.28 
-7.40 
-7.53 



Elapsed 
Time 

(min.) 

86 
88 
90 
92 
94 
96 
98 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 

Pressure 
Head Drawdown 

(feet) (feet) 

322.34 ·7.66 
322.21 -7.79 
322.09 -7.91 
322.02 -7.98 
321.83 -8.17 
321.77 -8.23 
321.64 -8.36 
321.52 -8.48 
321.01 -8.99 
320.5 -9.50 

320 -10.00 
319.55 -10.45 
319.05 -10.95 
318.6 -11.40 

318.29 -11.71 
317.84 -12.16 
317.47 -12.53 
317.15 -12.85 
316.77 -13.23 
316.45 -13.55 
316.13 -13.87 
315.76 -14.24 

315.5 -1.4.50 
315.19 -14.81 
314.93 -15.07 
314.62 -15.38 
314.36 -15.64 
314.11 -15.89 
313.86 -16.14 

313 .6 -16.40 
313.35 -16.65 

313.1 -16.90 
312.84 -17.16 
312.59 -17.41 
312.4 -17.60 

312.15 -17.85 
311.96 -18.04 
311.71 -18.29 
311.52 -18.48 
311.26 -18.74 
311.07 -18.93 
310.88 -19.12 
310.69 -19.31 

310.5 -19.50 
310.31 -19.69 
310.06 -19.94 
309.93 -20.07 
309.74 -20.26 

Elapsed 
Time 

(min.) 

510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 

740 
750 

760 
no 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 

Pressure 
Head Drawdown 

(feet) (feet) 

309.55 -20.45 
309.36 -20.64 
309.17 -20.83 
309.11 -20.89 
308.92 -21.08 
308.79 -21.21 
308.67 -21.33 
308.48 -21.52 
308.35 -21.65 
308.22 -21.78 
308.1 -21.90 

307.91 -22.09 
307.84 -22.16 
307.59 -22.41 
307.4 -22.60 

307.21 -22.79 
307.09 -22.91 
306.89 -23.11 
306.77 -23.23 
306.64 -23.36 
306.52 -23.48 
306.32 -23.68 
306.2 -23.80 

306.01 -23.99 
305.82 -24.18 
305.69 -24.31 
305.5 -24.50 

305.44 -24.56 
305.31 -24.69 
305.18 -24.82 
305.06 -24.94 
304.93 -25.07 
304.87 -25.13 
304.81 -25.19 
304.68 -25.32 
304.55 -25.45 
304.49 -25.51 
304.36 -25.64 
304.24 -25.76 
304.17 -25.83 
304.04 -25.96 
303.92 -26.08 
303.86 -26.14 
303.79 -26.21 
303.67 -26.33 
303.54 -26.46 
303.48 -26.52 
303.35 -26.65 
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Elapsed Pressure 
Time Head Drawdown 

(min.) (feet) (feet) 

990 303.29 -26.71 
1000 303.16 -26.84 
1100 302.21 -27.79 
1200 301.2 -28.80 
1300 300.25 -29.75 
1400 299.3 -30.70 
1500 298.47 -31.53 
1600 297.72 -32.28 
1700 296.89 -33.11 
1800 296.13 -33.87 
1900 295.44 -34.56 
2000 294.8 -35.20 
2100 294.23 -35.77 
2200 293.66 -36.34 
2300 293.09 ·36.91 
2400 292.59 -37.41 
2500 292.02 -37.98 
2600 291.45 -38.55 
2700 290.94 -39.06 
2800 290.43 -39.57 
2900 289.93 -40.07 
3000 289.42 -40.58 
3100 288.92 -41.08 
3200 288.53 -41.47 
3300 288.09 -41.91 
3400 287.58 -42.42 
3500 287.08 -42.92 
3600 286.57 -43.43 
3700 286.13 -43.87 
3800 285.75 -44.25 
3900 285.43 -44.57 
4000 285.05 -44.95 
4100 284.61 -45.39 
4200 284.04 -45.96 
4300 283.6 -46.40 
4400 283.22 -46.78 
4500 282.84 -47.16 
4600 282.52 -47.48 
4700 282.27 -47.73 
4800 281.89 -48.11 
4900 281.57 -48.43 
5000 281.26 -48.74 
5100 280.94 -49.06 
5200 280.69 -49.31 
5300 280.37 -49.63 
5400 280.18 -49.82 
5500 279.99 -50.01 
5600 279.61 -50.39 



Elapsed Pressure Elapsed Pressure 
Time Head Drawclown Time Head Drawclown 

(min.) (feet) (feet) (min.) (feet) (feet) 

5700 279.23 -50.77 12500 267.07 -62.93 
5800 278.91 -51.09 13000 266.44 -63.56 
5900 278.66 -51.34 13500 265.87 -64.13 
6000 278.41 -51.59 14000 265.3 -64.70 
6100 278.22 -51.78 14500 264.67 -65.33 
6200 2n.96 -52.04 15000 264.22 -65.78 
6300 277.71 -52.29 15500 264.16 -65.84 
6400 277.58 -52.42 16000 263.59 -66.41 
6500 277.27 -52.73 16500 263.15 -66.85 
6600 277.01 -52.99 17000 263.02 -66.98 
6700 276.82 -53.18 17500 262.45 -67.55 
6800 276.63 -53.37 18000 262.01 -67.99 
6900 276.57 -53.43 18500 261.63 -68.37 
7000 276.32 -53.68 19000 261 -69.00 
7100 276 -54.00 19500 260.62 -69.38 
7200 275.75 -54.25 20000 260.3 -69.70 
7300 275.49 -54.51 20500 260.11 -69.89 
7400 275.24 -54.76 21000 259.73 -70.27 
7500 275.05 -54.95 21500 259.41 -70.59 
7600 274.92 -55.08 22000 259.03 -70.97 
7700 274.67 -55.33 22500 258.72 -71.28 
7800 274.54 -55.46 23000 258.47 -71.53 
7900 274.35 -55.65 23500 258.34 -71.66 
8000 274.16 -55.84 24000 258.21 -71.79 
8100 273.91 -56.09 24500 257.89 -72.11 
8200 273.78 -56.22 25000 257.51 -72.49 
8300 273.72 -56.28 25500 257.13 -72.87 
8400 273.59 -56.41 26000 256.63 -73.37 
8500 273.28 -56.72 26500 257.32 -72.68 
8600 273.02 -56.98 27000 256.25 -73.75 
8700 272.77 -57.23 27500 257.83 -72.17 
8800 272.52 -57.48 28000 258.97 -71.03 
8900 272.33 -57.67 28500 255.68 -74.32 
9000 272.2 -57.80 29000 257.77 -72.23 
9100 272.07 -57.93 29500 255.17 -74.83 
9200 271.89 -58.11 
9300 271.95 -58.05 
9400 271.76 -58.24 
9500 271.63 -58.37 
9600 271.5 -58.50 
9700 271.44 -58.56 
9800 271.32 -58.68 
9900 271.13 -58.87 

10000 270.87 -59.13 
10500 269.99 -60.01 
11000 269.48 -60.52 
11500 268.53 -61.47 
12000 267.71 -62.29 
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Elapsed 
Time 

(min. ) 

o 
.0033 
.0066 
.0099 
.0133 
.0166 

.02 
.0233 
.0266 

.03 
.0333 

.05 
.0666 
.0833 

.1 
.1166 
.1333 

.15 
.1666 
.1833 

.2 
.2166 
.2333 

.25 
.2666 
.2833 

.3 
.3166 
.3333 
.4167 

.5 
.5833 
.6667 

.75 

DRAWOOWN DATA FROM WELL NO.1 FOR INITIATION OF FLOW FROM WELL NO.1 
AFTER 20 DAYS OF FLOW FROM WELL NO.2. WELL NO. 2 REMAINS FLOWING DURING THIS TEST 

Pressure 
Head 

(feet) 

49.74 
48.47 
45.31 
41.76 
40.24 
38.47 
36.63 
34.74 
33.47 
32.71 
31.89 
28.28 
27.33 
27.01 
26.32 
25.62 
25.11 
24.73 
24.23 
23.97 
23.72 
23.47 
23.21 
23.02 
22.33 
22.14 
22.07 
21.95 
21.88 
21.38 
20.93 
20.49 
20.24 
19.98 

Drawdown 
(feet) 

-280.26 
-281.53 
-284.69 
-288.24 
-289.76 
-291.53 
-293.37 
-295.26 
-296.53 
-297.29 
-298.11 
·301.72 
-302.67 
-302.99 
-303.68 
-304.38 
-304.89 
-305.27 
-305.77 
-306.03 
-306.28 
-306.53 
-306.79 
-306.98 
-307.67 
-307.86 
-307.93 
-308.05 
-308.12 
-308.62 
-309.07 
-309.51 
-309.76 
-310.02 

Well Name: Shell Well No.1 
Shut-in Pressure: 143 psi 
Static Water Level: 330.00 feet above gage datum. 
Distance to Flowing Well: 567 ft. 
Flowing Well: Shell Well Nos. 1 and 2 
Average Flow Rate: Shell 1 = 229 gpm, Shell 2 = 1114 gpm 
Test Starting Date: September 30, 1985 
Test Termination Date: October 11, 1985 
Test Starting Time: 16:05:00 

Elapsed 
Time 

(min.) 

.8333 

.9167 

1.0833 
1.1667 

1.25 
1.3333 
1.4166 

1.5 
1.5833 
1.6667 

1.75 
1.8333 
1.9167 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 

10 
12 
14 
16 

Pressure 
Head 

(feet) 

19.73 
19.79 
19.6 

19.48 
19.29 
19.29 
19.1 
19.1 

18.91 
18.84 
18.78 
18.72 
18.66 
18.59 
18.53 
18.28 
18.09 
17.96 
17.83 
17.77 
17.71 
17.58 
17.52 
17.45 
17.45 
17.39 
17.33 
17.33 
17.26 
17.26 
17.26 
17.26 
17.26 
17.2 
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Drawdown 
(feet) 

-310.27 
-310.21 
-310.40 
-310.52 
-310.71 
-310.71 
-310.90 
-310.90 
-311.09 
-311.16 
-311.22 
-311.28 
-311.34 
-311.41 
-311.47 
-311.72 
-311.91 
-312.04 
-312.17 
-312.23 
-312.29 
-312.42 
-312.48 
-312.55 
-312.55 
-312.61 
-312.67 
-312.67 
-312.74 
-312.74 
-312.74 
-312.74 
-312.74 
-312.80 

Elapsed 
Time 

(min.) 

18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 

Pressure 
Head 

(feet) 

17.14 
17.14 
17.07 
17.07 
17.01 
17.01 
17.01 
17.01 
16.95 
16.95 
16.95 
16.88 
16.88 
16.95 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.82 
16.82 
16.82 
16.82 
16.44 
16.82 
16.76 
16.76 
16.76 
16.76 

Drawdown 
(feet) 

-312.86 
-312.86 
-312.93 
-312.93 
-312.99 
-312.99 
-312.99 
-312.99 
-313.05 
-313.05 
-313.05 
-313.12 
-313.12 
-313.05 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313 .12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.18 
-313.18 
-313.18 
-313.18 
-313.56 
-313.18 
-313.24 
-313.24 
-313.24 
-313.24 



Elapsed 
Time 

(min.) 

86 
88 
90 
92 
94 
96 
98 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 

Pressure 
Head 

(feet) 

16.76 
16.76 
16.76 
16.76 
16.76 
16.76 
16.76 
16.76 
16.76 
16.69 
16.76 
16.69 
16.69 
16.69 
16.69 
16.63 
16.69 
16.63 
16.63 
16.63 
16.57 
16.57 
16.57 
16.57 
16.57 
16.57 
16.5 

16.57 
16.57 
16.57 
16.5 

16.57 
16.5 

16.57 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 
16.5 

Drawdown 
(feet) 

-313.24 
-313.24 
-313.24 
-313.24 
-313.24 
-313.24 
-313.24 
-313.24 
-313.24 
-313.31 
-313.24 
-313.31 
-313.31 
-313.31 
-313.31 
-313.37 
-313.31 
-313.37 
-313.37 
-313.37 
-313.43 
-313.43 
-313.43 
-313.43 
-313.43 
-313.43 
-313.50 
-313.43 
-313.43 
-313.43 
-313.50 
-313.43 
-313.50 
-313.43 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 
-313.50 

Elapsed 
Time 

(min. ) 

510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 

Pressure 
Head 

(feet) 

16.5 
16.44 
16.5 
16.5 
16.5 
16.5 

16.44 
16.44 
16.44 
16.5 

16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.44 
16.38 
16.38 
16.38 
16.44 
16.38 
16.38 
16.38 
16.38 
16.44 
16.44 
16.38 
16.38 
16.38 
16.38 
16.38 
16.38 
16.38 
16.38 
16.38 
16.38 
16.44 
16.44 
16.44 
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Drawdown 
(feet) 

-313.50 
-313.56 
-313.50 
-313.50 
-313.50 
-313.50 
-313.56 
-313.56 
-313.56 
-313.50 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.62 
-313.62 
-313.62 
-313.56 
-313.62 
-313.62 
-313.62 
-313.62 
-313.56 
-313.56 
-313.62 
-313.62 
-313.62 
-313.62 
-313.62 
-313.62 
-313.62 
-313.62 
-313.62 
-313.62 
-313.56 
-313.56 
-313.56 

Elapsed 
Time 

(min.) 

990 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5300 
5400 
5500 
5600 

Pressure 
Head 

(feet) 

16.5 
16.5 
16.5 

16.57 
16.5 
16.5 

16.44 
16.44 
16.44 
16.44 
16.44 
16.5 
16.5 

16.63 
16.57 
16.69 
16.76 
16.82 
16.82 
16.82 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.88 
16.95 
16.95 
16.95 
16.88 
16.88 
16.88 
16.95 
16.95 
16.88 
16.88 
16.95 
16.95 
16.95 
17.01 
17.14 
17.14 
17.2 

Drawdown 
(feet) 

-313.50 
-313.50 
-313.50 
-313.43 
-313.50 
-313.50 
-313.56 
-313.56 
-313.56 
-313.56 
-313.56 
-313.50 
-313.50 
-313.37 
-313.43 
-313.31 
-313.24 
-313.18 
-313.18 
-313 .18 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.12 
-313.05 
-313.05 
-313.05 
-313.12 
-313.12 
-313.12 
-313.05 
-313.05 
-313.12 
-313.12 
-313.05 
-313.05 
-313.05 
-312.99 
-312.86 
-312.86 
-312.80 



Elapsed Pressure Elapsed Pressure 
Time Head Drawdown Time Head Drawdown 

(min. ) (feet) (feet) (min. ) (feet) (feet) 

5700 17.2 -312.80 12500 16.95 -313.05 
5800 17.2 -312.80 13000 17.39 -312.61 
5900 17.2 -312.80 13500 17.26 -312.74 
6000 17.14 -312.86 14000 17.39 -312.61 
6100 17.14 -312.86 14500 17.45 -312.55 
6200 17.14 -312.86 15000 17.33 -312.67 
6300 17.14 -312.86 15500 17.45 -312.55 
6400 17.14 -312.86 
6500 17.07 -312.93 
6600 17.14 -312.86 
6700 17.14 -312.86 
6800 17.2 -312.80 
6900 17.26 -312.74 
7000 17.26 -312.74 
7100 17.26 -312.74 
7200 17.26 -312.74 
7300 17.26 -312.74 
7400 17.26 -312.74 
7500 17.2 -312.80 
7600 17.26 -312.74 
7700 17.2 -312.80 
7800 17.26 -312.74 
7900 17.26 -312.74 
8000 17.2 -312.80 
8100 17.2 -312.80 
8200 17.26 -312.74 
8300 17.33 -312.67 
8400 17.26 -312.74 
8500 17.26 -312.74 
8600 17.26 -312.74 
8700 17.33 -312.67 
8800 17.33 -312.67 
8900 17.33 -312.67 
9000 17.33 -312.67 
9100 17.33 -312.67 
9200 17.26 -312.74 
9300 17.26 -312.74 
9400 17.26 -312.74 
9500 17.26 -312.74 
9600 17.26 -312.74 
9700 17.26 -312.74 
9800 17.26 -312.74 
9900 17.26 -312.74 

10000 17.2 -312.80 
10500 17.14 -312.86 
11000 16.25 -313.75 
11500 17.26 -312.74 
12000 17.14 -312.86 
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Elapsed 
Time 

Total Since 
Elapsed Well was 

Time Shut- in 
(min. ) (min.) 

45796 0 
45796.003 .0033 
45796.007 .0066 
45796.010 .0099 
45796.013 .0133 
45796.017 .0166 
45796.02 .02 

45796.023 .0233 
45796.027 .0266 
45796.03 .03 

45796.033 .0333 
45796.05 .05 

45796.067 .0666 
45796.083 .0833 

45796.1 .1 
45796.117 .1166 
45796.133 .1333 
45796.15 .15 

45796.167 .1666 
45796.183 .1833 

45796.2 .2 
45796.217 .2166 
45796.233 .2333 
45796.25 .25 

45796.267 .2666 
45796.283 .2833 

45796.3 .3 
45796.317 .3166 
45796.333 .3333 
45796.417 .4167 

45796.5 .5 

LONG-TERM FLOW TEST RECOVERY DATA - SHELL WELL NO_ 1 

Pressure 
Head 

(feet) 

21.3 
22.95 
23.64 
24.02 
24.47 
24.91 
25.8 

26.87 
28.83 
29.53 
29.66 
30.16 
32.13 
36.94 
41.81 
47.38 
53.4 

53.59 
59.54 
66.82 
73.91 
79.35 
88.6 

88.47 
95.31 
99.04 

101.45 
106.13 
107.9 

119.58 
126.96 

Well Name: Shell Well No.1 
Shut-in Pressure: 143 psi 
Static Water Level: 330.00 feet above gage datum 
Distance to Flowing Well: 567 ft. 
Flowing Well: Shell Well Nos. 1 and 2 
Average Flow Rate: N.A. 
Test Starting Date: October 11, 1985 
Test Termination Date: October 20, 1985 
Test Starting Time: 15:40:00 

Total 
Residual Elapsed 
Drawdown Time 

(feet) (min. ) 

-308.7 45796.583 
-307.05 45796.667 
-306.36 45796.75 
-305.98 45796.833 
-305.53 45796.917 
-305.09 45797 
-304.2 45797.083 

-303.13 45797.167 
-301.17 45797.25 
-300.47 45797.333 
-300.34 45797.417 
-299.84 45797.5 
-297.87 45797.583 
-293.06 45797.667 
-288.19 45797.75 
-282.62 45797.833 
-276.6 45797.917 

-276.41 45798 
-270.46 45798.5 
-263.18 45799 
-256.09 45799.5 
-250.65 45800 
-241.4 45800.5 

-241.53 45801 
-234.69 45801.5 
-230.96 45802 
-228.55 45802.5 
-223.87 45803 
-222.1 45803.5 

-210.42 45804 
-203.04 45804.5 
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Elapsed 
Time 

Since 
Well was 
Shut- in 

(min.) 

.5833 

.6667 
.75 

.8333 

.9167 

1.0833 
1.1667 

1.25 
1.3333 
1.4166 

1.5 
1.5833 
1.6667 

1. 75 
1.8333 
1.9167 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

Pressure Residual 
Head Drawdown 

(feet) (feet) 

133.16 -196.84 
138.23 -191. 77 
142.66 -187.34 
146.46 -183.54 
149.88 -180.12 
152.85 -177.15 
155.58 -174.42 
158.11 -171.89 
160.39 -169.61 
162.41 -167.59 
164.38 -165.62 
166.21 -163.79 
167.86 -162.14 
169.38 -160.62 
170.83 -159.17 
172.23 -157.77 
173.49 -156.51 
174.69 -155.31 
180.n -149.23 
185.46 -144.54 
189.13 -140.87 
192.17 -137.83 
194.76 -135.24 
196.93 -133.07 
198.88 -131.12 
200.59 -129.41 
202.11 -127.89 
203.5 -126.5 

204.77 -125.23 
205.91 -124.09 
206.93 -123.07 



Total 
Elapsed 
Time 

(min.) 

45805 
45805.5 

45806 
45808 
45810 
45812 
45814 
45816 
45818 
45820 
45822 
45824 
45826 
45828 
45830 
45832 
45834 
45836 
45838 
45840 
45842 
45844 
45846 
45848 
45850 
45852 
45854 
45856 
45858 
45860 
45862 
45864 
45866 
45868 
45870 
45872 
45874 
45876 
45878 
45880 
45882 
45884 
45886 
45888 
45890 

Elapsed 
Time 

Since 
Well was 
Shut· in 

(min. ) 

9 
9.5 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 

Pressure 
Head 

(feet) 

207.87 
208.75 
209.58 
212.55 
214.71 
216.67 
218.31 
219.64 
220.85 
221.73 
222.68 
223.57 
224.45 
225.21 
225.97 
226.67 
227.3 

227.87 
228.44 
228.95 
229.46 
229.46 
230.47 
230.85 
231.29 
231.67 
232.05 
232.43 
232.81 
233.13 
233.44 
233.76 
234.08 
234.33 
234.65 
234.9 

235.15 
235.41 
235.66 
235.91 
236.17 
236.36 
236.61 
236.8 

237.05 

Residual 
Drawdown 
(feet) 

'122.13 
'121.25 
'120.42 
'117.45 
'115.29 
-113.33 
-111.69 
-110.36 
-109.15 
-108.27 
-107.32 
-106.43 
-105.55 
-104.79 
-104.03 
-103.33 
-102.7 

-102.13 
-101.56 
-101.05 
-100.54 
-100.54 
-99.53 
-99.15 
-98.71 
-98.33 
-97.95 
-97.57 
-97.19 
-96.87 
-96.56 
-96.24 
-95.92 
-95.67 
-95.35 
-95.1 

-94.85 
-94.59 
-94.34 
-94.09 
-93.83 
-93.64 
-93.39 
-93.2 

-92.95 
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Total 
Elapsed 

Time 
(min. ) 

45892 
45894 
45896 
45906 
45916 
45926 
45936 
45946 
45956 
45966 
45976 
45986 
45996 
46006 
46016 
46026 
46036 
46046 
46056 
46066 
46076 
46086 
46096 
46106 
46116 
46126 
46136 
46146 
46156 
46166 
46176 
46186 
46196 
46206 
46216 
46226 
46236 
46246 
46256 
46266 
46276 
46286 
46296 
46306 
46316 

Elapsed 
Time 

Since 
Well was 
Shut-in 

(min.) 

96 
98 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

Pressure 
Head 

(feet) 

237.24 
237.43 
237.62 
238.57 
239.33 
240.16 
240.85 
241.48 
242.05 
242.56 
243.13 
243.64 
244.14 
244.59 
245.03 
245.57 
245.92 
246.3 

246.68 
247.06 
247.44 
247.75 
248.13 
248.45 
248.76 
249.08 
249.4 

249.72 
250.03 
250.28 
250.6 

250.85 
251.11 
251.42 
251.68 
251.93 
252.18 
252.44 
252.69 
252.94 
253.2 

253.45 
253.7 

253.89 
254.15 

Residual 
Drawdown 
(feet) 

-92.76 
-92.57 
-92.38 
-91.43 
-90.67 
-89.84 
-89.15 
-88.52 
-87.95 
-87.44 
-86.87 
-86.36 
-85.86 
-85.41 
-84.97 
-84.43 
-84.08 
-83.7 

-83.32 
-82.94 
-82.56 
-82.25 
-81.87 
-81.55 
-81.24 
-80.92 
-80.6 

-80.28 
-79.97 
-79.72 
-79.4 

-79.15 
-78.89 
-78.58 
-78.32 
-78.07 
-77.82 
-77.56 
-77.31 
-77.06 
-76.8 

-76.55 
-76.3 

-76.11 
-75.85 



Total 
Elapsed 

lime 
(min.) 

46326 
46336 
46346 
46356 
46366 
46376 
46386 
46396 
46406 
46416 
46426 
46436 
46446 
46456 
46466 
46476 
46486 
46496 
46506 
46516 
46526 
46536 
46546 
46556 
46566 
46576 
46586 
46596 
46606 
46616 
46626 
46636 
46646 
46656 
46666 
46676 
46686 
46696 
46706 
46716 
46726 
46736 
46746 
46756 
46766 

Elapsed 
Time 

Since 
Well was 
Shut·in 

(min. ) 

530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 

Pressure 
Head 

(feet) 

254.4 
254.59 
254.84 
255.09 
255.29 
255.47 
255.66 
255.92 
256.11 
256.3 

256.49 
256.68 
256.87 
257.12 
257.31 
257.5 

257.69 
257.88 
258.07 
258.26 
258.45 
258.64 
258.77 
259.02 
259.15 
259.34 
259.53 
259.65 
259.84 
259.97 
260.16 
260.35 
260.48 
260.67 
260.79 
260.92 
261.11 
261.24 
261.36 
261.49 
261.68 
261.81 

262 
262.12 
262.31 

Residual 
Drawdown 

(feet) 

-75.6 
-75.41 
-75.16 
-74.91 
-74.71 
-74.53 
-74.34 
-74.08 
-73.89 
-73.7 

-73.51 
-73.32 
-73.13 
-72.88 
-72.69 
-72.5 

-72.31 
-72.12 
-71.93 
-71. 74 
-71.55 
-71.36 
-71.23 
-70.98 
-70.85 
-70.66 
-70.47 
-70.35 
-70.16 
-70.03 
-69.84 
-69.65 
-69.52 
-69.33 
-69.21 
-69.08 
-68.89 
-68.76 
-68.64 
-68.51 
-68.32 
-68.19 

-68 
-67.88 
-67.69 
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Total 
Elapsed 

Time 
(min.) 

46776 
46786 
46796 
46896 
46996 
47096 
47196 
47296 
47396 
47496 
47596 
47696 
47796 
47896 
47996 
48096 
48196 
48296 
48396 
48496 
48596 
48696 
48796 
48896 
48996 
49096 
49196 
49296 
49396 
49496 
49596 
49696 
49796 
49896 
49996 
50096 
50196 
50296 
50396 
50496 
50596 
50696 
50796 
50896 
50996 

Elapsed 
Time 

Since 
Well was 
Shut- in 

(min.) 

980 
990 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 

Pressure 
Head 

(feet) 

262.44 
262.57 
262.69 
264.02 
265.29 
266.55 
267.69 
268.77 
269.78 
270.67 
271.55 
272.38 
273.26 
274.15 
275.04 
275.86 
276.56 
277.38 
278.14 
278.9 

279.72 
280.42 
281.18 
281.62 
282.13 
282.7 
283.2 

283.77 
284.41 
285.04 
285.55 
286.05 
286.62 
287.26 
287.83 
288.4 
288.9 

289.28 
289.72 
290.1 

290.42 
290.8 

291.24 
291.75 
292.19 

Residual 
Drawdown 
(feet) 

-67.56 
-67.43 
-67.31 
-65.98 
-64.71 
-63.45 
-62.31 
-61.23 
-60.22 
-59.33 
-58.45 
-57.62 
-56.74 
-55.85 
-54.96 
-54.14 
-53.44 
-52.62 
-51.86 
-51.1 

-50.28 
-49.58 
-48.82 
-48.38 
-47.87 
-47.3 
-46.8 

-46.23 
-45.59 
-44.96 
-44.45 
-43.95 
-43.38 
-42.74 
-42.17 
-41.6 
-41.1 

-40.72 
-40.28 
-39.9 

-39.58 
-39.2 

-38.76 
-38.25 
-37.81 



Elapsed Elapsed 
Time Time 

Total Since Total Since 
Elapsed Well was Pressure Residual Elapsed Well was Pressure Residual 

Time Shut-in Head Drawdown Time Shut-in Head Drawdown 
(min.) (min. ) (feet) (feet) (min.) (min. ) (feet) (feet) 

51096 5300 292.64 -37.36 55596 9800 306.44 -23.56 
51196 5400 293.14 -36.86 55696 9900 306.82 -23.18 
51296 5500 293.59 -36.41 55796 10000 307.07 -22.93 
51396 5600 294.03 -35.97 56296 10500 307.89 -22.11 
51496 5700 294.54 -35.46 56796 11000 308.84 -21.16 
51596 5800 294.85 -35.15 57296 11500 310.49 -19.51 
51696 5900 295.29 -34.71 57796 12000 311.12 -18.88 
51796 6000 295.42 -34.58 58296 12500 311.88 -18.12 
51896 6100 295.74 -34.26 58796 13000 313.34 -16.66 
51996 6200 295.99 -34.01 
52096 6300 296.37 -33.63 
52196 6400 296.63 -33.37 
52296 6500 297 -33 
52396 6600 297.45 -32.55 
52496 6700 297.83 -32.17 
52596 6800 298.21 -31.79 
52696 6900 298.78 -31.22 
52796 7000 299.22 -30.78 
52896 7100 299.66 -30.34 
52996 7200 299.98 -30.02 
53096 7300 300.3 -29.7 
53196 7400 300.49 -29.51 
53296 7500 300.74 -29.26 
53396 7600 300.93 -29.07 
53496 7700 301.12 -28.88 
53596 7800 301.31 -28.69 
53696 7900 301.56 -28.44 
53796 8000 301.72 -28.28 
53896 8100 302.07 -27.93 
53996 8200 302.39 -27.61 
54096 8300 302.83 -27.17 
54196 8400 303.21 -26.79 
54296 8500 303.46 -26.54 
54396 8600 303.84 -26.16 
54496 8700 304.16 -25.84 
54596 8800 304.35 -25.65 
54696 8900 304.35 -25.65 
54796 9000 304.54 -25.46 
54896 9100 304.73 -25.27 
54996 9200 304.92 -25.08 
55096 9300 305.05 -24.95 
55196 9400 305.5 -24.5 
55296 9500 305.49 -24.51 
55396 9600 305.74 -24.26 
55496 9700 306.12 -23.88 
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APPENDIX H 



Elapsed 
Time 

Total Since 
Elapsed Well was 

Time Shut-in 
(min.) (min. ) 

45796 0 
45796.003 .0033 
45796.007 .0066 
45796.010 .0099 
45796.013 .0133 
45796.017 .0166 
45796.02 .02 

45796.023 .0233 
45796.027 .0266 
45796.03 .03 

45796.033 .0333 
45796.05 .05 

45796.067 .0666 
45796.083 .0833 

45796.1 .1 
45796.117 .1166 
45796.133 .1333 
45796.15 .15 

45796.167 .1666 
45796.183 .1833 

45796.2 .2 
45796.217 .2166 
45796.233 .2333 
45796.25 .25 

45796.267 .2666 
45796.283 .2833 

45796.3 .3 
45796.317 .3166 
45796.333 .3333 
45796.417 .4167 

45796.5 .5 

LONG-TERM FLOW TEST RECOVERY DATA - SHELL WELL NO.2 

Pressure 
Head 

(feet) 

.7 
1.33 
1.41 
1.51 
1.57 
1.57 
1.65 
1.65 
1.57 
1.57 
1.57 
1.1 
1.1 

1.41 
1.65 
2.12 
2.51 
3.14 
3.77 
4.25 
4.88 
5.58 

7 
9.36 

12.98 
15.87 
17.78 
20.46 
22.9 

35.02 
52.18 

Well Name: Shell Well No.2 
Shut-in Pressure: 161 psi 
Static Water Level: 371.54 feet above gage datum_ 
Distance to Flowing Well: N.A. 
Flowing Well: Shell Well Nos. 1 and 2 
Average Flow Rate: N.A. 
Recovery Test Starting Date: October 11, 1985 
Test Termination Date: October 20, 1985 
Test Starting Time: 15:40:00 

Elapsed 
Time 

Total Since 
Residual Elapsed Well was 
Drawdown Time Shut- in 
(feet) (min.) (min.) 

-370.84 45796.583 .5833 
-370.21 45796.667 .6667 
-370.13 45796.75 .75 
-370.03 45796.833 .8333 
-369.97 45796.917 .9167 
-369.97 45797 1 
-369.89 45797.083 1.0833 
-369.89 45797.167 1.1667 
-369.97 45797.25 1.25 
-369.97 45797.333 1.3333 
-369.97 45797.417 1.4166 
-370.44 45797.5 1.5 
-370.44 45797.583 1.5833 
-370.13 45797.667 1.6667 
-369.89 45797.75 1.75 
-369.42 45797.833 1.8333 
-369.03 45797.917 1.9167 
-368.4 45798 2 

-367.77 45798.5 2.5 
-367.29 45799 3 
-366.66 45799.5 3.5 
-365.96 45800 4 
-364.54 45800.5 4.5 
-362.18 45801 5 
-358.56 45801.5 5.5 
-355.67 45802 6 
-353.76 45802.5 6.5 
-351.08 45803 7 
-348.64 45803.5 7.5 
-336.52 45804 8 
-319.36 45804.5 8.5 
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Pressure Residual 
Head Drawdown 

(feet) (feet) 

112.24 -259.3 
219.52 -152.02 
256.51 -115.03 
263.52 -108.02 
266.12 -105.42 
267.77 -103.77 
268.87 -102.67 
269.58 -101.96 
270.29 -101.25 
270.84 -100.7 
271.31 -100.23 
271.78 -99.76 
272.1 -99.44 

272.49 -99.05 
272.81 -98.73 
273.12 -98.42 
273.36 -98.18 
273.67 -97.87 
275.01 -96.53 
275.96 -95.58 
276.82 -94.72 
277.61 -93.93 
278.39 -93.15 
278.95 -92.59 
279.42 -92.12 
279.73 -91.81 
280.2 -91.34 
280.6 -90.94 

280.91 -90.63 
281.31 -90.23 
281.54 -90 



Total 
Elapsed 
Time 

(min. ) 

45805 
45805.5 

45806 
45808 
45810 
45812 
45814 
45816 
45818 
45820 
45822 
45824 
45826 
45828 
45830 
45832 
45834 
45836 
45838 
45840 
45842 
45844 
45846 
45848 
45850 
45852 
45854 
45856 
45858 
45860 
45862 
45864 
45866 
45868 
45870 
45872 
45874 
45876 
45878 
45880 
45882 
45884 
45886 
45888 
45890 

Elapsed 
Time 
Since 

Well was 
Shut-in 
(min.) 

9 
9.5 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 

Pressure 
Head 

(feet) 

281.78 
282.02 
282.25 
283.12 
283.83 
284.53 
285.01 
285.48 
285.95 
286.42 
286.9 

287.21 
287.68 

288 
288.39 
288.7 
289.1 

289.34 
289.54 
289.89 
290.2 
290.6 

290.91 
291.23 
291.54 
291.54 
291.7 

291.85 
292.01 
292.25 
292.4 

292.64 
292.88 
293.03 
293.19 
293.35 
293.59 
293.74 
293.9 

294.06 
294.37 
294.61 
294.61 
294.69 
294.85 

Residual 
Drawdown 
(feet) 

-89.76 
-89.52 
-89.29 
-88.42 
-87.71 
-87.01 
-86.53 
-86.06 
-85.59 
-85.12 
-84.64 
-84.33 
-83.86 
-83.54 
-83.15 
-82.84 
-82.44 
-82.2 

-82 
-81.65 
-81.34 
-80.94 
-80.63 
-80.31 

-80 
-80 

-79.84 
-79.69 
-79.53 
-79.29 
-79.14 
-78.9 

-78.66 
-78.51 
-78.35 
-78.19 
-77.95 
-77.8 

-77.64 
-77.48 
-77.17 
-76.93 
-76·.93 
-76.85 
-76.69 
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Total 
Elapsed 

Time 
(min.) 

45892 
45894 
45896 
45906 
45916 
45926 
45936 
45946 
45956 
45966 
45976 
45986 
45996 
46006 
46016 
46026 
46036 
46046 
46056 
46066 
46076 
46086 
46096 
46106 
46116 
46126 
46136 
46146 
46156 
46166 
46176 
46186 
46196 
46206 
46216 
46226 
46236 
46246 
46256 
46266 
46276 
46286 
46296 
46306 
46316 

Elapsed 
Time 
Since 

Well was 
Shut- in 
(min.) 

96 
98 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

Pressure 
Head 

(feet) 

295 
295.24 
295.32 
296.1 

296.81 
297.44 
297.99 
298.54 
299.02 
299.49 
299.96 
300.43 
300.91 
301.3 

301.69 
302.17 
302.48 
302.87 
303.27 
303.58 
303.97 
304.29 
304.6 

305 
305.23 
305.63 
305.86 
306.18 
306.49 
306.73 
307.05 
307.36 
307.6 

307.83 
308.15 
308.38 
308.62 
308.86 
309.17 
307.41 
309.64 
309.88 
310.12 
310.35 
310.59 

Residual 
Drawdown 
(feet) 

-76.54 
-76.3 

-76.22 
-75.44 
-74.73 
-74.1 

-73_55 
-73 

-72_52 
-72_05 
-71.58 
-71. 11 
-70.63 
-70.24 
-69.85 
-69.37 
-69.06 
-68.67 
-68.27 
-67.96 
-67.57 
-67.25 
-66.94 
-66.54 
-66.31 
-65.91 
-65.68 
-65.36 
-65.05 
-64.81 
-64.49 
-64.18 
-63.94 
-63.71 
-63.39 
-63.16 
-62.92 
-62.68 
-62.37 
-64.13 
-61.9 

-61.66 
-61.42 
-61.19 
-60.95 



Total 
Elapsed 
Time 

(min.) 

46326 
46336 
46346 
46356 
46366 
46376 
46386 
46396 
46406 
46416 
46426 
46436 
46446 
46456 
46466 
46476 
46486 
46496 
46506 
46516 
46526 
46536 
46546 
46556 
46566 
46576 
46586 
46596 
46606 
46616 
46626 
46636 
46646 
46656 
46666 
46676 
46686 
46696 
46706 
46716 
46726 
46736 
46746 
46756 
46766 

Elapsed 
Time 
Since 

Well was 
Shut-in 
(min.) 

530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 

Pressure 
Head 

(feet) 

310.82 
311.06 
311.3 

311.53 
311.69 
311.93 
312.16 
312.4 

312.63 
312.79 
312.95 
313.19 
313.34 
313.58 
313.82 
313.97 
314.21 
314.37 
314.52 
314.68 

315 
315.15 
315.31 
315.47 
315.7 

315.78 
316.02 
316.18 
316.33 
316.49 
316.73 
316.81 
316.96 
317.2 

317.28 
317.43 
317.59 
317.75 
317.91 
317.99 
318.22 
318.3 

318.46 
318.62 
318.77 

Residual 
Drawdown 
(feet) 

-60.72 
-60.48 
-60.24 
-60.01 
-59.85 
-59.61 
-59.38 
-59.14 
-58.91 
-58.75 
-58.59 
-58.35 
-58.2 

-57.96 
-57.72 
-57.57 
-57.33 
-57.17 
-57.02 
-56.86 
-56.54 
-56.39 
-56.23 
-56.07 
-55.84 
-55.76 
-55.52 
-55.36 
-55.21 
-55.05 
-54.81 
-54.73 
-54.58 
-54.34 
-54.26 
-54.11 
-53.95 
-53.79 
-53.63 
-53.55 
-53.32 
-53.24 
-53.08 
-52.92 
-52.77 
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Total 
Elapsed 
Time 

(min. ) 

46776 
46786 
46796 
46896 
46996 
47096 
47196 
47296 
47396 
47496 
47596 
47696 
47796 
47896 
47996 
48096 
48196 
48296 
48396 
48496 
48596 
48696 
48796 
48896 
48996 
49096 
49196 
49296 
49396 
49496 
49596 
49696 
49796 
49896 
49996 
50096 
50196 
50296 
50396 
50496 
50596 
50696 
50796 
50896 
50996 

Elapsed 
Time 
Since 

Well was 
Shut-in 
(min.) 

980 
990 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 

Pressure 
Head 

(feet) 

318.93 
319.09 
319.25 
320.43 
321.61 
322.87 
323.97 
325.07 
326.02 
326.88 
327.75 
328.61 
329.48 
330.27 
331.21 
331.92 
332.7 

333.33 
333.96 
334.52 
335.14 
335.92 
336.64 
337.11 
337.74 
338.22 
338.77 
339.32 
339.87 
340.42 
340.97 
341.36 
341.84 
341.23 
342.62 
343.1 

343.65 
344.04 
344.51 
344.83 
345.22 
345.53 
346.01 
346.4 

346.87 

Residual 
Drawdown 
(feet) 

-52.61 
-52.45 
-52.29 
-51.11 
-49.93 
-48.67 
-47.57 
-46.47 
-45.52 
-'44.66 
-43.79 
-42.93 
-42.06 
-41.27 
-40.33 
-39.62 
-38.84 
-38.21 
-37.58 
-37.02 
-36.4 

-35.62 
-34.9 

-34.43 
-33.8 

-33.32 
-32.77 
-32.22 
-31.67 
-31.12 
-30.57 
-30.18 
-29.7 

-30.31 
-28.92 
-28.44 
-27.89 
-27.5 

-27.03 
-26.71 
-26.32 
-26.01 
-25.53 
-25.14 
-24.67 



Elapsed Elapsed 
Time Time 

Total Since Total Since 
Elapsed Well was Pressure Residual Elapsed Well was Pressure Residual 

Time Shut-in Head Drawdown Time Shut-in Head Drawdown 
(min.) (min.) (feet) (feet) (min.) (min.) (feet) (feet) 

51096 5300 347.27 -24.27 55596 9800 359.15 -12.39 
51196 5400 347.66 -23.88 55696 9900 359.23 -12.31 
51296 5500 347.9 -23.64 55796 10000 359.31 -12.23 
51396 5600 348.05 ·23.49 56296 10500 360.41 -11.13 
51496 5700 348.45 -23.09 56796 11000 361.28 -10.26 
51596 5800 348.76 -22.78 5n96 11500 362_14 -9.4 
51696 5900 349.16 -22.38 57796 12000 363.09 -8.45 
51796 6000 349.47 -22.07 58296 12500 363.95 -7.59 
51896 6100 349.86 -21.68 58796 13000 364.58 -6.96 
51996 6200 350.1 -21.44 
52096 6300 350.49 -21.05 
52196 6400 350.73 -20.81 
52296 6500 351.12 ·20.42 
52396 6600 351.52 -20.02 
52496 6700 351.91 -19.63 
52596 6800 352.23 -19.31 
52696 6900 352.54 -19 
52796 7000 352.7 -18.84 
52896 7100 352.93 -18.61 
52996 7200 353.17 -18.37 
53096 7300 353.49 -18.05 
53196 7400 353.8 -17.74 
53296 7500 354.11 -17.43 
53396 7600 354.35 -17.19 
53496 7700 354.51 -17.03 
53596 7800 354.74 -16.8 
53696 7900 354.98 -16.56 
53796 8000 355.22 -16.32 
53896 8100 355.45 -16.09 
53996 8200 355.85 -15.69 
54096 8300 356.08 -15.46 
54196 8400 356.24 -15.3 
54296 8500 356.4 -15.14 
54396 8600 356.48 -15.06 
54496 8700 356.79 -14.75 
54596 8800 357.11 -14_43 
54696 8900 357.26 -14.28 
54796 9000 357.5 -14.04 
54896 9100 357.75 -13.79 
54996 9200 357.89 -13.65 
55096 9300 358.05 -13.49 
55196 9400 358.29 -13.25 
55296 9500 358.52 -13.02 
55396 9600 358.68 -12.86 
55496 9700 358.99 -12.55 
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