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ABSTRACT 

A bottom gravity meter regional survey of the 
Great Salt Lake (64 stations during 1968) resulted 
in the compilation of a simple Bouguer gravity anomaly 
map (with 5-mgal contour interval) and interpretive 
geologic cross sections along four east-west gravity 
profiles across the lake that provided information 
concerning the geologic structures beneath the lake. The 
large gravity low, that extends for a distance of about 70 
miles, essentially the entire length of the lake, indicates a 
large north-northwestward trending graben beneath the 
lake, herein designated the Great Salt Lake graben. The 
closely spaced gravity contours, with steep gravity 
gradients, indicate that the graben is bounded on each 
side by large Basin and Range fault zones. On the 
northwestern side is the East Lakeside Mountains 
fault zone; on the southwestern side is the East Carring-
ton-Stansbury Islands fault zone; and on the east side is 
the East Great Salt Lake fault zone. AH fault names are 
newly designated. The large gravity low centers that lie 
north and south of the gravity saddle that extends 
between Bird (Hat) Island and the Promontory Point-
Fremont Island area, indicate that at least two Cenozoic 
structural basins of deposition probably formed within 
the great graben between the Dolphin Island-Rozel Hills 
area and the Tooele Valley graben. The two basins are 
designated the "northern Cenozoic basin" and "southern 
Cenozoic basin" to the north and south, respectively, of 
the gravity saddle. 

The geologic cross sections along the gravity pro
files, based on a density contrast of 0.5 gm/cc between 
the bedrock and valley fill, indicate that the maximum 
thickness of the Cenozoic structural basins (valley fill) is 
more than 7,100 feet and 9,700 feet in the northern and 
southern Cenozoic basins, respectively. An assumed 
larger or smaller density contrast would result in cor
respondingly smaller or larger thicknesses, respectively. 

The new gravity data over the Great Salt Lake, 
used in conjunction with the previous gravity data over 
the adjoining mainland (Cook and others, 1966), afford
ed an interpretation of the continuity and interrela
tionships of the geologic structures. For example, the 
Great Salt Lake graben is continuous with the Tooele 
Valley graben. Also, an arm of the northern Cenozoic 
basin within the Great Salt Lake graben probably 
extends southward, with some constriction, between the 
Lakeside Mountains and Carrington Island, to connect 
with the Cenozoic structural basin within the Lakeside-
Stansbury graben. 

INTRODUCTION 

During July and August 1968 a regional gravity 
survey of the entire Great Salt Lake, Utah was made by 
the U. S. Defense Mapping Agency, Topographic Center 
(formeriy designated U. S. Army Map Service) in cooper
ation with the Utah Geological and Mineral Survey 
(formerly designated Utah Geological and Mineralogical 
Survey). Figure 1 shows an index map of the survey 
area. 

Sixty-four new gravity stations were taken at the 
bottom ofthe Great Salt Lake, (plate 2, in pocket) using 
a bottom gravity meter. The new gravity data were 
combined with the gravity data on land peripheral 
to the Great Salt Lake and along the Southern Pacific 
Railroad causeway across the lake that was previously 
published by Cook and others (1966). 

The combined gravity data were used in compiling 
1) a simple Bouguer gravity anomaly map of the Great 
Salt Lake and vicinity (plate 2) and 2) four interpretive 
geologic cross sections indicating the general geologic 
structures under and adjacent to the Great Salt Lake. A 
knowledge of the geologic structures will be helpful not 
only in deciphering the tectonic patterns and geologic 
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STATE OF UTAH 

Figure 1. Index map of Utah, showing survey area. 

history of the region, but also in the evaluation of the 
potential for natural resources. For example, the exis
tence of deep Cenozoic (including Quaternary and 
Tertiary) basins beneath the Great Salt Lake makes the 
area favorable for the exploration of petroleum and/or 
natural gas. 

TECHNIQUES AND BACKGROUND DATA 

Using a LaCoste and Romberg bottom gravity 
meter, readings at 64 stations were taken along east-west 
profiles spaced approximately 5 miles apart. The stations 
were at 2- and 5-mile intervals on alternate traverses. 
Plate 2 shows the station coverage over the Great Salt 
Lake and surrounding areas. In the extreme northern 
part of the lake, the gravity coverage was less detailed 
than in other parts of the lake because of the difficulty 
in taking gravity readings ir the shallow water. In this 
area, the wave action on the surface of the lake caused 
motion of the water at the bottom and hence instability 
(i.e., accelerations) of the bottom gravity meter that 
prevented the taking of accurate measurements. To 
await periods of perfectly calm surface water conditions 
for satisfactory gravity measurements would have 
prolonged the survey unduly. 

Figure 2. The boat G. K. Gilbert at dock in Little 
Valley Harbor, Great Salt Lake. Telluro-
meter on tripod on top of cabin. Bottom 
gravity meter and power winch inside boat 
at stern. Note cable to pulley on wooden yoke 
over stern of boat. Photograph taken by 
K. L. Cook on August 4, 1968. 

The G. K. Gilbert, a boat owned by the Utah 
Geological and Mineral Survey, was used for the survey 
(figure 2). The boat, which was 42 feet long, 13 feet 
wide and 6 tons in weight, was propelled by two water-
jet-type propulsion engines and had a draft of I'/i feet. 
The gravity meter was lowered over the stern of the 
boat on a cable that passed through a pulley to a power 
winch (figure 3). 

Horizontal control was obtained to an accuracy of 
generally a few meters with a Tellurometer (Model 
MRA3). The master was mounted on top of the cabin of 
the boat (figure 2) and the two slave stations were either 
on the mainland or on the islands of the lake. Vertical 
control was obtained to an accuracy of half a foot with a 
lead line dropped over the side ofthe boat. 

Two principal base stations on land were used for 
the survey (plate 2): (1) for the survey of the southern 
part of the lake, the station was on the breakwater 
forming the County Boat Harbor at Silver Sands Beach 
and (2) for the survey ofthe northern part of the lake, 
the station was adjacent to the wharf at Little Valley 
Harbor (northwest of Promontory Point). Using LaCoste 
and Romberg land gravity meter No. 123, these base 
stations were tied to the Salt Lake City K base station 
(at the Salt Lake City airport), which is a United States 
National Gravity Base Net station (Cook and others, 
1971). A description of the location of each of these 
base stations is given in Appendix 1. 
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Figure 3. LaCoste and Romberg bottom gravity meter 
being lifted over side of boat before lowering 
by cable and power winch into Great Salt 
Lake. Note metal flanges on tripod legs of 
instrument housing to facilitate stability in 
muddy bottom of lake. Photograph taken by 
K. L. Cook on August 4, 1968. 

The simple Bouguer gravity anomaly values for the 
bottom gravity stations were contoured on a map using a 
5-milligal (mgal) contour interval. This map was then 
fitted to the corresponding gravity map values of Cook 
and others (1966) along the shores of the lake and the 
causeway across the lake. The resulting simple Bouguer 
gravity anomaly map, at a 5-mgal contour interval, is 
shown in plate 2. Four profiles (A-A' through D-D', 
plate 2) were selected for the construction of the inter
pretive geologic cross sections, which were computed 
using the two-dimensional modeling technique of 
Talwani and others (1959). 

The resulting interpretive geologic cross sections, 
in conjunction with the characteristics and patterns on 
the gravity map and the mapped surface geology, were 
used to delineate the major geologic structures of the 
region. The results of the gravity studies were also 
compared with the results of the available seismic data 
to provide as reasonable a geologic interpretation as 
possible. 

GEOLOGY 

The Great Salt Lake lies along the active rift 
system in the eastern part of the Basin and Range 
province (Cook, 1969). The region is characterized by 
north-south trending mountains and valleys which 
generally are large horsts and grabens, respectively. The 
mountain ranges are generally bounded by major Basin 
and Range fault zones, many of which are seismically 
active today. 

North-south trending mountain ranges surround 
the Great Salt Lake in most areas. These mountains, 
which are generally composed of Paleozoic rocks, 
include the Hogup Mountains, Terrace Mountains, 
Lakeside Mountains, Promontory Mountains, Oquirrh 
Mountains, and Stansbury Mountains (plate 2). 

The gravity data were reduced during 1968 by the 
Gravity Division of the U. S. Army Map Service in 
Washington, D.C. to give simple Bouguer gravity ano
maly values. In making the Bouguer corrections, an 
average density of 1.22 gm/cc was used for the salt water 
of the lake, and a density of 2.67 gm/cc was used from 
the bottom of the lake to mean sea level. Listings of 
the elevations of the Great Salt Lake during the gravity 
survey, the density of the salt waters of the Great Salt 
Lake during the summer of 1968, and the principal facts 
of the bottom gravity stations are given in Appendices 2, 
3, and 4, respectively. 

Several islands and peninsulas of the Great Salt 
Lake are composed of Precambrian and/or Paleozoic 
rocks (plate 2). Antelope Island, Fremont Island, Car
rington Island, and Bird (Hat) Island are composed of 
Precambrian rocks. Stansbury Island and Promontory 
Point are composed of Precambrian and Paleozoic rocks. 
South Little Mountain is cornposed of Precambrian 
rocks. 

Volcanic rocks of Tertiary age are the principal 
composition of (1) the Rozel Hills, (extending northwest 
of Rozel Point) which lie along the northeastern margin 
of Great Salt Lake and (2) the Wildcat Hills and Cedar 
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Hill, both of which lie near the northern margin of Great 
Salt Lake and off the map of plate 2. 

Most of the surficial vclley fill surrounding the 
Great Salt Lake is Quaternary alluvium. However, several 
isolated outcrops of Tertiary age (including the Salt 
Lake group) occur along or near the flanks of the moun
tain ranges adjacent to the lake. 

Within several of the mountain ranges, major 
north-south trending faults and minor east-west trending 
fauhs have been mapped (plate 2). Examples of such 
faulting are found in the Stansoury Mountains, Lakeside 
Mountains, Terrace Mountains, and Hogup Mountains. 

The Great Salt Lake is approximately 75 miles 
long and up to 30 miles wide. At the time of the gravity 
survey (1968), the lake had a maximum depth of 30 
feet, and the surface elevations were 4,194 feet and 
4,195 feet (i.e., a difference of 1 foot) for the north and 
south arms, respectively (see Appendix 2). The Great 
Salt Lake itself is a playa lake, the remanent of the 
historic Lake Bonneville which covered most of western 
Utah and parts of Nevada and Idaho during Pleistocene 
time. In modern times, the lake has receded to its 
present size and has no outlet. 

The Southern Pacific Railroad causeway, com
pleted during 1959 between Lakeside and Promontory 
Point, isolates the northern portion of the lake from the 
southern part, except for tv/o small culverts between 
them. Because all surface water inflow is into the south
ern part of the lake, the southern part is much less 
saline than the northern part and at a higher elevation 
(about 1 foot during 1968). The density of the lake 
waters during 1968 was 1.21 to 1.23 gm/cc in the north 
arm and 1.14 gm/cc (shallow water) to 1.21 gm/cc (deep 
water) in the south arm (See Appendix 3). 

INTERPRETATION 

Gravity Patterns and Geologic Structures 

The simple Bouguer grt vity anomaly map (plate 2) 
of the Great Salt Lake and vicinity contains gravity 
patterns which correspond to geologic structures. The 
correspondence of the broader gravity patterns with the 
broader regional geologic structures of the Great Salt 
Lake region, especially the land region peripheral to the 
lake, are given in a previous publication (Cook and 
others, 1966), and will not be discussed in detail here. 
In the present paper, emphasis will be given to the 

correspondence of the gravity patterns and geologic 
structures in the Great Salt Lake area proper. However, 
the interrelationships of geologic structures and those of 
the surrounding mainland areas will be treated briefly 
to provide an overview. 

On the gravity map (plate 2), the large elongate 
gravity lows indicate grabens. These are generally Ceno
zoic basins that contain sedimentary and/or volcanic 
rocks of Quaternary and Tertiary age possibly up to 
12,000 feet in thickness (Cook and others, 1966, p. 69). 
The large elongate gravity highs indicate horsts, which 
generally form the mountain blocks in the region. The 
zones of closely spaced ("tight") gravity contours, with 
steep gravity gradients, generally indicate Basin and 
Range fault zones. These fault zones generally result in a 
large density contrast between the rocks in the mountain 
blocks and the valley fill material within the grabens. 

The main trend of the gravity contours is north to 
north-northwest and parallel to the principal Laramide 
and older structures, as well as the major Basin and 
Range faults in the region (Cook and Berg, 1961). 
However, some locally pronounced trends are north
eastern and are probably caused by Basin and Range or 
perhaps earlier faulting. 

fforsts. On the northwestern end of the Great Salt 
Lake, the Lakeside Mountains horst (newly designated 
herein) is indicated by an elongate northward-trending 
gravity high (maximum of about -140 mgal) which is 
more than 40 miles long. This high overlies the Lakeside 
Mountains and extends northward over the lake to 
include Gunnison Island, Cub Island, and the lake area 
north thereof (plate 2). The horst is interpreted as one 
large block that includes the Lakeside Mountains, 
Gunnison Island, and Cub Island as outcrops of the 
horst. 

On the western side of the Great Salt Lake, the 
Carrington-Stansbury Islands horst (newly designated 
herein) is indicated by the elongate northward-trending 
belt of gravity highs which is more than 30 miles long. 
This belt overlies Stansbury Island (-140 mgal) and 
extends northward over Carrington Island (maximum of 
about -130 mgal), Bird (Hat) Island (-133 mgal) and the 
lake area north thereof. The horst is interpreted as one 
large block that includes all three islands as outcrops of 
the horst. 

Along the eastern margin of the Great Salt Lake, 
the continuous belt of gravity highs over the Promon
tory Range (maximum of about -130 mgal), Fremont 
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Island (-130 mgal) South Little Mountain (-135 mgal) 
and Antelope Island (-130 mgal) indicates a large es
sentially continuous fault block throughout this area. 
This interpretation was first suggested by Cook and 
others (1966, p. 60). For convenience of nomenclature, 
however, the newly designated "Promontory Mountains 
horst" and "Antelope Island horst" shown on plate 2 are 
used for the respective portions of the large block 
covered by these topographic features, and a single name 
is not given to the fault block as a whole. Moreover, the 
existence of previously mapped east-west trending faults 
within this large block indicates that the block is broken 
in places. Even as recently as Basin and Range faulting, 
this block has probably had internal faulting, but pre
sumably on a minor scale. The same principle also 
applies to the Lakeside Mountains horst and the Carring
ton-Stansbury Islands horst. 

Grabens. In a previous publication (Cook and 
others, 1966), the following grabens and their cor
responding gravity features were described; that dis
cussion will not be repeated here, except in so far as it 
concerns the overall tectonic interrelationships: the 
Strongknob graben (minimum simple Bouguer gravity 
anomaly value of about -155 mgal), the Rozel graben 
(-165 mgal), the Bear River Bay graben (-160 mgal), the 
Lakeside-Stansbury graben (-165 mgal), the East Antel
ope Island graben (-160 mgal); the Farmington graben 
(-195 mgal), and the Tooele Valley graben (-185 mgal) 
(plate 2). 

The Great Salt Lake graben (newly designated, 
plate 2) is indicated by the large gravity low that extends 
for about 70 miles from the Dolphin Island-Rozel Hills 
area on the north to the Tooele Valley graben area on 
the south (Cook and others, 1969). The graben con
stitutes a large Cenozoic structural basin filled with 
thick sequences of sedimentary and/or volcanic rocks. 

In the region between Bird (Hat) Island and the 
Promontory Point-Fremont Island area, the large Ceno
zoic structural basin may have been separated at times 
into at least two major Cenozoic structural basins of 
deposition within the graben during its development. 
This is evidenced by the gravity saddle and the constric
tion of the main gravity low associated with the Great 
Salt Lake graben. The "northern Cenozoic basin" lies 
north of the gravity saddle and the "southern Cenozoic 
basin" lies south thereof. 

In that part of the northern Cenozoic basin 
between the Hogup Mountains and Rozel Hills, the 
gravity data indicate that the thickness of rocks in the 
basin is relatively small in comparison with the area 

within the same basin south thereof. The Bouguer 
gravity values over the lake in this area are about -150 to 
-153 mgal in comparison with values of about -140 mgal 
over the Hogup Mountains and Rozel Hills, a difference 
of only 10 to 13 mgal. 

The gravity data indicate that the deepest part of 
the northern Cenozoic basin, where the rocks are the 
thickest, is probably in the area of the Southern Pacific 
Railroad causeway, at a point about midway between 
Lakeside and Promontory Point (plate 2). Here the 
Bouguer gravity anomaly values form a minimum of less 
than -165 mgal, in contrast with values of about -130 
mgal over the Paleozoic bedrock in the Lakeside Moun
tains to the west and the Promontory Mountains to the 
east, a difference of about 35 mgal. 

The gravity data further indicate that the southern 
Cenozoic basin, within the Great Salt Lake graben, is 
probably longer and deeper than the northern Cenozoic 
basin. South of the gravity saddle (about -160 mgal) 
between Bird (Hat) Island and the Promontory Point-
Fremont Island area, the decrease ofthe Bouguer gravity 
values along the axis of the gravity low, to reach values 
of less than -185 mgal within the Tooele Valley graben, 
indicates southward deepening of the basin. These low 
values are in contrast with gravity values of about -130 
mgal over Carrington Island and Antelope Island, a 
difference of about 55 mgal. It should be noted that 
along the axis of the gravity low, the values do not 
decrease consistently; rather, there are two subsidiary 
gravity low centers over the lake: 1) one (about -170 
mgal) midway between Carrington Island and the 
northern tip of Antelope Island; and 2) another (about 
-175 mgal) midway between Stansbury Island and the 
southern part of Antelope Island. These gravity low 
centers are provisionally interpreted as being caused 
by undulations of the bedrock surface and may be 
related to subsidiary structural basins along the axis of 
the main southern Cenozoic basin. 

The Great Salt Lake graben is continuous with the 
Tooele Valley graben, their trends departing from each 
other by about 45°. An interpretive geologic cross 
section along a gravity profile across the southern part 
of the Tooele Valley graben by Cook and others (1966) 
indicates the depth to bedrock to be 12,000 feet. A 
density contrast of 0.4 gm/cc between the bedrock and 
valley fill was assumed. A well (WGl on plate 2) within 
the Tooele Valley graben and about 2 miles south of 
this gravity profile, was drilled to a depth of 7,993 feet 
without completely penetrating the valley fill of Ceno
zoic age (Cook and others, 1966, p. 68). The great 
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thickness of Cenozoic valley fili penetrated in the Tooele 
Valley graben supports the interpretation that com
parable thicknesses should occur beneath the southern 
Cenozoic basin of the Great Sa't Lake graben. 

It should be noted that the gravity trough be
tween the Lakeside Mountains and Bird (Hat) Island, 
that extends southwest of the gravity low center over 
the northern Cenozoic basin, indicates a southern arm of 
the northern Cenozoic basin. This gravity trough con
tinues southward, with some constriction between the 
Lakeside Mountains and Carrington Island, to join the 
pronounced gravity low center over the Lakeside-Stans
bury graben. Such continuatian indicates that this arm 
of the northern Cenozoic basin probably extends south
ward to connect with the Cenozoic structural basin 
within the Lakeside-Stansbury graben. 

Faults. The gravity data indicate many major Basin 
and Range fault zones, which are shown on plate 2. The 
location of each fault, indicated by the gravity data was 
obtained from either the gravity map (plate 2) or the 
interpretive geologic cross sections along the four 
profiles (to be discussed later). Most of the faults shown 
on plate 2 are newly designated but will be only briefly 
mentioned. 

The Great Sah Lake giaben is bounded by the 
following fault zones: 1) on the northwestern margin, by 
the East Lakeside Mountains fault zone; 2) on the 
southwestern margin, by the East Carrington-Stansbury 
Islands fault zone; and 3) on the eastern margin, by the 
East Great Salt Lake fault zone, which extends con
tinuously from the Rozel Hills south-southeastward 
along or near the western margin of the Promontory 
Range, Fremont Island, South Little Mountain, and 
Antelope Island. 

The Strongknob graben is bounded on the east by 
the West Lakeside Mountains fault zone. The Bear River 
Bay graben is bounded on the west by the East Promon
tory Mountains fault zone. The Lakeside-Stansbury 
graben is bounded on the west by the East Lakeside 
Mountains fauh zone and on the east by the West 
Carrington-Stansbury Islands fault zone. The Antelope 
Island horst is bounded on the east by the East Antelope 
Island fault zone. 

Each of the Basin and Range fault zones are 
generally comprised of indiv'dual step faults that form a 
sinuous and/or braided pattern on the geologic map 
(plate 2). The indicated lo;ations and throws of the 
faults and the configuration of the bedrock are shown 
in the profiles. 

Profiles 

Interpretive geologic cross sections were con
structed along four east-west profiles (A-A' through 
D-D', figures 4 - 7) across the Great Salt Lake, using the 
two-dimensional modeling technique of Talwani and 
others (1959). Simple two-layer models were assumed in 
each cross section. A density contrast of 0.5 gm/cc was 
assumed between the bedrock (bottom layer, with rocks 
of pre-Tertiary age) and the top layer (valley fill, with 
rocks of Quaternary and/or Tertiary age); vertical or 
steeply dipping faults were assumed in all models. It 
should be noted that all interpretive geologic cross 
sections have a vertical exaggeration so that apparent 
dips are greatly exaggerated. The water in the Great Salt 
Lake is too shallow (less than 30 feet during 1968) to be 
included in the cross sections. 

The figure for each profile is divided into three 
parts: (1) part "a", which shows the "observed" simple 
Bouguer gravity anomaly values, in milligals, with the 
assumed regional gravity trend; (2) part "b" which 
shows the residual gravity values, in milUgals, after the 
assumed regional gravity trend has been removed from 
the observed gravity values; and (3) part "c" which 
shows the interpretive geologic cross section with the 
gravity station locations marked on the profile. In part 
"c" of three profiles, "contour stations" are indicated at 
locations along those portions of each profile for which 
the gravity control was based on contoured values only. 
These values were taken from the gravity map (plate 2). 

Because of the inherent ambiguity of gravity data, 
the models should not be considered unique; however, 
based on all available information, they are believed to 
represent a reasonable interpretation of the structural 
configuration of the contact between the valley fill and 
the bedrock. For those faults already mapped at the 
surface (Stokes, 1963), the locations ofthe faults shown 
on the profiles agree with those of the mapped faults. 
For those faults interpreted from the shallow reflection 
seismic survey over the lake during 1969, reported by 
Mikulich (1971) and Mikulich and Smith (1974), the 
location of the faults shown on the profiles generally 
agree well with those interpreted from the seismic 
survey, with a few notable exceptions that will be 
discussed later. This seismic survey had a maximum 
depth of penetration of only 4,000 feet below the 
surface of the lake. It should be noted that the actual 
number of faults along each profile, especially those at 
great depth, may be more or less than those shown in 
the profile. However, for the density contrast assumed 
for each profile and the total thickness of the valley fill. 
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the overall configuration of the bedrock surface is 
considered reasonable. It should be emphasized that if 
the true density contrast between the top (valley fill) 
and bottom (bedrock) layers of rocks is less or greater 
than the assumed value of 0.5 gm/cc, the thickness of 
the top layer (valley fill) will be correspondingly greater 
or less, respectively, than that shown in the models. 

Profile A-A'. Profile A-A' (figure 4) extends for 
about 29 miles along lat 41°28' N approximately across 
the northern Cenozoic basin between the Terrace 
Mountains and the western flank of the Promontory 
Mountains (see plate 2). The model shows the Great Salt 
Lake graben with a small, buried horst in the bedrock 
approximately midway between the Terrace Mountains 
and the Rozel Hills. This small, narrow horst is apparent
ly the northern continuation ofthe Lakeside Mountains 
horst, a large block which forms the Lakeside Moun
tains, and Gunnison and Cub islands, as discussed earlier. 
The maximum depth to bedrock in the Great Salt Lake 
graben along profile A-A' is positioned just west of the 
Rozel Hills, and is indicated as being about 3,600 feet. 

Just east of the Great Salt Lake graben is a small 
horst which comes to within about 600 feet of the 
surface. This horst separates the Great Salt Lake graben 
from the Rozel graben, which lies under the Rozel Hills. 
The Rozel graben has been described elsewhere in detail 
by Cook and others (1966). 

Profile B-B'. Profile B-B' (figure 5) extends for 
about 38 miles at lat 41° 15' N approximately along the 
Southern Pacific Railroad between the Olney siding, 
west of Strongknob Mountain, and South Little Moun
tain, east of Promontory Point (plate 2). The profile 
passes through Lakeside and Promontory Point. Ap
proximately 19 miles of the profile lie along the cause
way which crosses the lake. 

On the west, the model shows the Strongknob 
graben, which has been described elsewhere in detail by 
Cook and others (1966). To the east ofthe Strongknob 
graben are successively, the Lakeside Mountains horst, 
the Great Salt Lake graben, the Promontory Mountains 
horst, and the Bear River Bay graben. Along profile B-B', 
the maximum depth to bedrock is apparently along the 
deep western margin of the Great Salt Lake graben, 
which corresponds with the deep eastern base of the 
Lakeside Mountains horst. Moreover, the northern 
Cenozoic basin is apparently deepest here; and the 
maximum basin fill is indicated as about 7,100 feet. The 
Bear River Bay graben has been described elsewhere in 
detail by Cook and others (1966). 

Profile C-C. Profile C-C (figure 6) extends for 
about 34 miles along lat 40°47' N approximately be
tween the Lakeside Mountains and Antelope Island 
(plate 2). The profile crosses over a narrow peninsula of 
Quaternary rocks extending south of Carrington Island 
and continues eastward for about 20 miles over the lake 
itself. Beneath the western part of the profile is the 
Lakeside-Stansbury graben, which has been described 
elsewhere in detail by Cook and others (1966). Beneath 
the central part of the profile is the Carrington-Stans
bury Islands horst, the top of which is buried beneath a 
thin cover of Quaternary rocks. The Great Salt Lake 
graben lies between Stansbury Island and Antelope 
Island. The maximum depth to bedrock along the profile 
is approximately midway between the two islands and is 
indicated as 7,600 feet. It should be noted that this 
part of the Great Salt Lake graben is in the southern 
Cenozoic basin. 

Profile D-D'. Profile D-D' (figure 7) extends for 
about 41 miles along lat 40°50' N approximately from 
the Lakeside Mountains eastward across Stansbury 
Island (with a slight offset in the profile), the southern 
part of the Great Salt Lake (with a slight bend in the 
profile in the central part of the lake), the southern tip 
of Antelope Island, and along the road causeway be
tween Antelope Island and the mainland (plate 2). The 
profile crosses the following structures, successively 
from west to east: Lakeside Mountains horst, Lakeside-
Stansbury graben, Carrington-Stansbury Islands horst. 
Great Salt Lake graben, Antelope Island horst. East 
Antelope Island graben, and Farmington Bay horst. The 
East Antelope Island graben and Farmington Bay horst 
have been described elsewhere in detail by Cook and 
others (1966). 

Along profile D-D', the basement configuration is 
strikingly asymmetrical. In particular, the Great Salt 
Lake graben is deepest toward Antelope Island where 
the maximum depth to bedrock is indicated as about 
9,700 feet. It should be noted that although the maxi
mum depth to bedrock within the Great Salt Lake 
graben is greater along profile D-D than profile C-C ', the 
deepest part of the southern Cenozoic basin lies south of 
profile D-D', where the Great Salt Lake graben joins the 
Tooele Valley graben (plate 2). Consequently the 
maximum thickness of the valley fill in the southern 
Cenozoic basin probably exceeds 9,700 feet. 

Summary of profiles 

The maximum depths to bedrock indicated within 
the various grabens along the four profiles A-A' through 
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D-D' are summarized in tabe I. Also in the table, 
a comparison between the maximum depth to bedrock 
indicated in this paper with depth estimates given by 
Cook and others (1966) shows good agreement. The 
discrepancy in the estimated depths to bedrock for the 
East Antelope Island graben can be explained partly 
because an assumed regional gravity trend is removed in 
this paper, whereas none was removed by Cook and 
others (1966). 

Although the structures shown in the interpretive 
geologic cross sections are considered a reasonable 
interpretation, based on the available gravity and geolog
ic control, they should not be considered a unique 
interpretation. An equally good fit ofthe computed and 
residual gravity could be obtained by assuming a larger 
number of step faults than those actually shown. Also, 
the angle of dip shown on the faults is subject to much 
uncertainty, but the values assigned are considered 
reasonable. For an assumed density contrast greater or 
less than the value of 0.5 gn/cc used, the interpreted 
locations of the inferred faults would not have changed 
appreciably. However, the total throw ofthe postulated 
taults would be correspondingly less or greater, respect
ively, and the maximum thickness ofthe Cenozoic valley 
fill in the central part of the grabens would be cor
respondingly less or greater, respectively, than that 
shown in the profiles. 

A significant result of the interpretive geologic 
cross sections is that within the Great Salt Lake graben, 
the maximum thickness of the Cenozoic valley fill in the 
southern Cenozoic basin (indicated as about 9,700 feet 
on profile D-D') is much greater than that in the north
ern Cenozoic basin (indicated as about 7,100 feet on 
profile B-B'). 

COMPARISON OF RESULTS OF SEISMIC AND 
GRAVITY SURVEYS 

During 1969, an extensive seismic reflection 
survey was made over the Great Salt Lake (Mikulich, 
1971; Mikulich and Smith, 1974). The maximum depth 
of penetration of the Bolt air gun used for this survey 
was only 4,000 feet. 

A comparison of the results of the seismic and 
gravity surveys shows that most of the faults that were 
indicated by the seismic data (not shown on plate 2) 
correspond well with the faults interpreted from the 
gravity data (shown on plate 2). In particular, the best 
correspondence is noted for the larger, elongate, north-
south trending Basin and Range faults that delineate the 
east and west margins of the complexly faulted Great 
Salt Lake graben. Some of the individual step faults 
along fault zones marginal to the graben probably have 
vertical throws of 1,000 feet or more, and are indicated 

Table 1. Summary of indicated maximum depths to bedrock along profiles. 

Name of graben 

Great Salt Lake (Northern basin) 
Rozel 
Strongknob 
Great Salt Lake (Northern basin) 
Bear River Bay 
Lakeside-Stansbury 
Great Salt Lake (Southern basin) 
Lakeside-Stansbury 
Great Salt Lake (Southern basin) 
East Antelope Island 
Tooele Valley 

Profile 

A-A' 
A-A' 
B-B' 
B-B' 
B-B' 
C-C 
C-C 
D-D-
D-D' 
D-D' 

4 

Maximum depth to 
bedrock - this paper 
(feet) 1 

3,600 
3,900 
6,400 
7,100 
5,800 
3,500 
7,600 
7,000 
9,700 
8,100 

Estimated depth to 
bedrock (Cook and 
others, 1966) (feet)^ 

>2,350 
> 1,500 

>1,500 
>1,500 

>2,500 

6,100^ 
12,000'* 

' Based on an assumed density contrast of 0.5 gm/cc between the bedrock and valley fill. 
^Estimated from the Bouguer approximation and an assumed density contrast of 0.4 gm/cc or 0.5 gm/cc between the 

bedrock and valley fill unless otherwise noted. 
^Value along profile B-B', figure 4, Cook and others, 1966, p. 70. Based on an assumed density contrast of 0.5 
gm/cc. Also depths to bedrock of 4,600 feet and 7,900 feet are indicated for assumed density contrasts of 0.6 
gm/cc and 0.4 gm/cc, respectively. 

"Value along profile A-A', figure 3, Cook and others, 1966, p. 66. Based on an assumed density contrast of 0.4 
gm/cc between the bedrock and valley fill. 



K. L. Cook, E. F. Gray, R. M. Iverson, M. T. Strohmeier, Bottom Gravity Meter Regional Survey ofthe GSL 137 

by both gravity and seismic data at approximately the 
same locations. The faults that show good correspond
ence are in the following areas: 1) along the East Great 
Salt Lake fault zone west of Antelope Island (along 
profile D-D') and west of Promontory Point (along 
profile B-B') and 2) along the East Lakeside Mountains 
fault zone east of Lakeside (along profile B-B'). 

As expected, several faults interpreted from the 
seismic data were not indicated by the gravity data 
because the faults were in either Quaternary or Tertiary 
sediments with insufficient density contrast on either 
side of the fault. Also some faults interpreted from the 
seismic data were of insufficient vertical throw to be 
resolved in a regional - type bottom gravity survey. 

SUMMARY AND CONCLUSIONS 

An assumed larger or smaller density contrast would 
result in correspondingly smaller or larger thicknesses, 
respectively. 

The new gravity data over the Great Salt Lake, 
used in conjunction with the previous gravity data over 
the adjoining mainland (Cook and others, 1966), afford
ed an interpretation of the continuity and interrela
tionships of the geologic structures. For example, the 
Great Salt Lake graben is continuous with the Tooele 
Valley graben. Also, an arm of the northern Cenozoic 
basin within the Great Salt Lake graben probably 
extends southward, with some constriction, between the 
Lakeside Mountains and Carrington Island to connect 
with the Cenozoic structural basin within the Lakeside-
Stansbury graben. 

ADDENDUM 

The bottom gravity meter survey of the Great Salt 
Lake made possible the compilation of a simple Bouguer 
gravity anomaly map and interpretive geologic cross 
sections along four east-west gravity profiles across the 
lake that provided helpful information concerning the 
geologic structures beneath the lake. The large gravity 
low, that extends for a distance of about 70 miles, 
essentially the entire length of the lake, indicates a large 
north-northwestward trending graben beneath the lake. 
The closely spaced gravity contours, with steep gravity 
gradients, indicate that the graben is bounded on each 
side by large Basin and Range fault zones. On the 
northwestern side is the East Lakeside Mountains fault 
zone; on the southwestern side is the East Carrington-
Stansbury Islands fault zone; and on the east side 
is the East Great Salt Lake fault zone. All fault names 
are newly designated. The large gravity low centers that 
lie north and south of the gravity saddle that extends 
between Bird (Hat) Island and the Promontory Point-
Fremont Island area, indicate that at least two Cenozoic 
structural basins of deposition probably formed within 
the large graben between the Dolphin Island-Rozel Hills 
area and the Tooele Valley graben. The two basins are 
designated the "northern Cenozoic basin" and "southern 
Cenozoic basin" to the north and south, respectively, of 
the gravity saddle. 

The geologic cross sections along the gravity 
profiles, based on a density contrast of 0.5 gm/cc 
between the bedrock and valley fill, indicate that the 
maximum thickness of the Cenozoic structural basins 
(valley fill) are 1) about 7,100 feet in the northern 
Cenozoic basin, along profile B-B' and 2) about 9,700 
feet in the southern Cenozoic basin, along profile D-D'. 

Since the final draft of the simple Bouguer gravity 
anomaly map (Plate 2) and interpretive geologic cross 
sections along the four gravity profiles across the Great 
Salt Lake were completed (during April 1975), in 
preparation for oral presentation at scientific meetings 
during 1975 (Cook and others, 1975; Cook and others, 
1976), the Amoco Production Company initiated a test 
drilling program of the Great Salt Lake during May, 
1978. Nine drill holes were planned, five in the north 
arm of the lake and four in the south arm. The locations 
of the test holes were apparently based on the results of 
a deep reflection seismic survey started on July 25, 
1973, by the Amoco Production Company.' This 
survey used a specially constructed barge 60 feet long, 
with a total of 14 air guns (7 air guns mounted on 
each side of the barge). The depth of penetration was at 
least 12,000 feet. 

The locations of all 9 Amoco test holes, presently 
drilled or proposed, in the Great Salt Lake are shown on 
plate 2. Some of the test holes are projected into the 
appropriate nearest interpretive geologic cross sections 
along the gravity profiles. At the time of submittal of 

' The information herein concerning the 
deep reflection seismic survey by the Amoco 
Production Company is based on notes 
taken by K. L. Cook during a joint lecture 
by Craig Hansen and Charles (Bud) Ervin, 
geophysicists of the Amoco Production 
Company, Denver, Colorado. The lecture 
was presented on December 3, 1974, as part 
of a Great Salt Lake Seminar conducted at 
the University of Utah, under the super
vision of Professor James A. Whelan, Depart
ment of Geology and Geophysics. 
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Table 2. Amoco Production Company, State of Utah drilled or proposed well locations in Great Salt Lake (Source - Utah Geological and Mineral 
Survey, August 1979 and Survey Notes, August 1979). 

Well Designation 

NORTH BASIN 
J-1 
(South Rozel) 

K-1 
(North Gunnison) 

D-1 
(West Rozel) 

Indian Cove No. 1 
(IC-1 on plate 2) 

West Rozel No. 2 
(WR-2 on plate 2) 

SOUTH BASIN^ 
E-l 

I - l 

G-1 

H-1 

Section, Towr ship. Range 

C-NE-SWSec.21-8N-7W 

C-NE-SI-: Sec. 11-8N-9W 

C-NW-SW Sec. 23-8N-8W 

C-SW-SL Se;. 23-7N-7W 

S-NW-SW Sec. 15- 8N-8W 

C-NW-SW Sec. 19-3N-4W 

C-NW-SW Sec. 15-3N-5W 

C-SE-NW Sec. 29-3N-5W 

C-NW-SW Sec. 11-3N-6W 

Latitude N^ 
dog 

41° 

41° 

41° 

41° 

41° 

40° 

40° 

40° 

41° 

min 

24.36' 

26.04' 

24.36' 

19.06' 

25.25' 

58.56' 

59.42' 

57.97' 

00.28' 

Longi 
deg 

112° 

112° 

112° 

112° 

112° 

112° 

112° 

112° 

112° 

tude W* 
min 

39.24' 

49.21' 

44.04' 

36.59' 

45.18' 

21.09' 

24.59' 

26.66' 

30.36' 

Total Depth (TD) 
(feet) and Status' 

6,802 
(D) 

4,492 
(D) 

8,503 
(T) 

12,470 
(D) 

2,700 (appro.x.) 
(T) 

Proposed to 
12.000^ 

Proposed 

Proposed 

Proposed 

Lithology 
atTD 

Paleozoic 
carbonates'* 

Paleozoic 
carbonates 

2 

Precambrian 
schist' 

Rozel Point 
basalt^ 

' (T) = Temporarily abandoned. 
(D) = Dry and abandoned. 
Source - Survey Notes, August 1979. 

^Paleozoic carbonates at about 6,325 feet. Tested heavy oil from basalt at 2,300 feet deptli. (Survey Notes, August 1979). 

Pump tests recovered 8,000 barrels of heavy oil at rates as high as 1,500 barrels per day from 2,300 feet to total depth. (Survey Notes, August 1979). 

''Paleozoic carbonates at 6,000 feet (Survjy Notes, August 1979). 

' N O Paleozoic rocks penetrated. Precambrian at 12,450 feet (Survey Notes, August 1979). 

Drilling operations are scheduled to begin in late summer of 1979 (Survey Notes, August 1979). 

^Survey Notes, August 1979. 

^Coordinates of latitude and longitude of the wells were determined from a map (on which the well locations had been determined from the citation by 
section, township, and range) kindly furnished by Howard R. Ritzma, Utah Geological and Mineral Survey. 

this paper for publication (August, 1979), the five test 
holes on the north arm of the lake had been completed, 
and the first test hole on the south arm of the lake was 
still in preparation to be drilled. No well logs were 
available because, under the terms of the state of Utah 
land leases to the Amoco Production Company, these 
data are to be considered proprietary until 7 months 
following the completion of each well. 

Table 2 gives 1) the names and locations (both by 
section, township, and range and also by latitude and 

longitude) of all 9 Amoco test holes in the Great Salt 
Lake (both those already drilled and those proposed); 2) 
the total depth of each test hole drilled to date (August 
1979); and 3) miscellaneous lithologic information that 
has been released by the Amoco Production Company. 

It should be emphasized that in projecting the 
Amoco test holes into the appropriate nearest geologic 
cross sections along the gravity profiles, the projection 
was made along the trend of the gravity contours (plate 
2), and hence along the indicated trend of the geologic 
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structure (i.e.. Basin and Range fault zones). Because the 
distances of the projections were necessarily large for the 
two profiles (A-A' and B-B') along which the Amoco test 
holes have been completed, and especially because the 
complete well logs are not yet available, any comparison 
between the available drilling data and the indicated 
maximum depth to bedrock, as shown on the profiles, is 
of limited value. 

of: 1) Supervisor - R. M. Iverson; 2) Party Chiefs and 
bottom gravity meter instrument operators - Lawrence 
Hunt, during the early part of the survey and M. T. 
Strohmeier, during the latter part of the survey; 3) 
Electronic Technician (for repairs and maintenance of 
gravity meter) - Glen Cobb, 4) Tellurometer operators -
Lewis Phillips, in charge, assited by Ronald Creel, James 
D. Hutchison, Carl Kaywood, and Don Zeal. 

For example, test hole K-1, which is projected 
onto profile A-A' (figure 4), actually lies about 3 miles 
south-southeast of profile A-A' at a point within the 
north Cenozoic basin where the lower gravity values 
indicate a somewhat larger thickness of valley fill than 
along profile A-A'. Similarly, test hole IC-1, which is 
projected onto profile B-B', (figure 5), lies about 7 miles 
north-northwest of profile B-B'; but here a comparison is 
more difficult. In particular, it is reported (Survey 
Notes, August 1979) that in test hole IC-1 (1) no Paleo
zoic rocks were penetrated and (2) Precambrian rocks 
were penetrated at a depth of 12,450 feet. 

These early drilling results indicate that the 
maximum depth to bedrock shown along profile B-B' 
(figure 5) is probably too small and that therefore the 
assumed average density contrast of 0.5 gm/cc between 
the bedrock and valley fill is probably too large for the 
northern Cenozoic basin. This indication has been cor
roborated by the measurement of the density of a dense 
gray siltstone core sample from Amoco test hole IC-1 
(the one projected into profile B-B', figure 5) from a 
depth of approximately 5,500 feet. The density was 
2.54 gm/cc (J. W. Gwynn, Utah Geological and Mineral 
Survey, August 14, 1979, personal communication). 
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APPENDIX 1 

DESCRIPTION OF GRAVITY BASE STATIONS 

1 Little Valley Gravity Base Station 

The station is located on U. S. government bench
mark "BM 4205" on the land surface at Little Valley 

Figure 8. Sketch map showing location of Little Valley 
gravity base station. 
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Harbor northwest of Promontory Point (figure 8). The 
benchmark is shown on 1) the U. S. Geological Survey 
7-1/2 minute topographic quadrangle map "Pokes 
Point, Utah" and 2) the map entitled "Great Salt Lake 
and Vicinity, Utah" pubhshed in 1974 jointly by the U. 
S. Geological Survey and the Utah Geological and Min
eral Survey. The coordinates of the station are: lat 
4 r i 5 . 5 3 ' N and long 112°29.90'W. 

2. Silver Sands Gravity Base Station 

The station is located at Silver Sands Beach near 
the southwest end of the 60-foot-wide breakwater that 
forms the County Boat Harbor about 0.12 mile (0.2 km) 
southwest of U. S. government benchmark "BM 4209" 
that is shown on the 1) Garfield, Utah (1952) 7-1/2 
minute topographic quadrangle map of the U. S. Geo
logical Survey and 2) the map entitled "Great Salt Lake 

and Vicinity, Utah," published in 1974 jointly by the 
U. S. Geological Survey and the Utah Geological and 
Mineral Survey. The station is located on top of a sand 
bar that lies immediately southeast of the breakwater 
about 120 feet northeast of the southwest end of the 
breakwater (figure 9). The elevation of the top of the 
sand bar is about 5 feet below that of the top of the 
breakwater and was about 2 feet above the level of the 
south arm of the Great Salt Lake on July 28, 1968 
during the time of the gravity survey. The station, which 
was marked in 1968 by a metal stake driven onto the 
sand bar, is 15 feet southeast of the bottom of the 
breakwater and 30 feet northeast of the northeast side 
of the boathouse which in 1968 contained the water-
level marker for the Great Salt Lake in this area. The 
coordinates of the station are: latitude 40° 44.11' N 
and longitude 112° 12.81'W. 

" J J L I - * - Sand bar 
j y ^ Silver Sands 

Base Station 

^ 

uses 
Gaging 
Station 

Boathouse 

(4195) 

O 

n 
o 
X 
o 
o 
CQ 

c 
3 
O 

o 

Note: Figure depicts 
configuration of harbor 
at time of survey.(i968). 

Figure 9. Sketch map showing location of Silver Sands 
gravity base station. 

APPENDIX 2 

Elevations of the Great Salt Lake during the grav
ity survey (data supplied by Leonard Hedberg, Utah 
Geological and Mineralogical Survey, August 1968). 

Elevation of Great Salt Lake —South Arm (Boat Harbor 
Gage) For Period July 1-27, 1968 

Elevation (Ft.) 
Date Above MSL 

July 1 4,195.48 
2 4,195.45 
3 4,195.45 
4 4,195.40 
5 4,195.40 
6 4,195.40 
7 4,195.38 
8 4,195.38 
9 4,195.38 

10 4,195.35 
11 4,195.33 
12 4,195.33 
13 4,195.33 
14 4,195.28 
15 4,195.25 
16 4,195.25 
17 4,195.28 
18 4,195.22 
19 4,195.18 
20 4,195.18 
21 4,195.13 
22 4,195.05 
23 4,195.05 
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24 4,195.05 
25 4,195.05 
26 4,195.03 
27 4,195.00 

Considerable storm activity occurred during July 22-23. 
Maximum elevation: 4,195.42 
Minimum elevation: 4,194.05 

Elevation of Great Salt Lake North Arm 
(Saline Gage) For Period July 28-August 9, 1968 

July 28 4,194.30 
29 4,194.28 
30 4,194.30 
31 4,1Q4.30 

Aug. 1 4,194.25 
2 4,194.23 
3 4,194.23 
4 4,194.20 
5 4,194.20 
6 4,194.15 
7 4,194.15 
8 4,194.15 
9 4,194.13 

Large storm occurred on August 3, from about 6:00 
p.m., until midnight. 
Maximum elevation 4,195.25 
Minimum elevation: 4,193.32 

APPENDIX 3 

Data on density of waters ofthe Great SaU Lake during 
the summer of 1968 (data supplied by James A.Whelan, 
Department of Geological and Geophysical Sciences, 
University of Utah, and Leonard Hedberg, Utah Geo
logical and Mineral Survey, September 1968). 

North Arm 

Density varies from 1.21 to 1.23 gm/cc. 
Average density is 1.22 gm/cc. 

South Arm 

Density ofwater from surface of lake to a depth of 20 
feet is 1.14 gm/cc. 
Density ofwater layer between this depth (20 feet) 
and bottom ofthe lake is 1.21 gm/cc. 

APPENDIX 4 

Principal facts of gravity stations for the bottom gravity 

meter survey of the Great Salt Lake (as compiled by the 
U. S. Army Map Service during December 1968) are 
shown on table 3. 

EXPLANATION 

The listing contains consecutively, from left to right: 
Station name. 
Station number. 
Latitude, in degrees and minutes. 
Longitude, in degrees and minutes. 
Elevation of Great Salt Lake, in meters, when station 

was taken. 
Depth to bottom of lake, in meters, at location of sta

tion. 
Observed gravity, in milligals. 
Free-air gravity anomaly value, in milligals. 
Simple Bouguer gravity anomaly value, in milligals 

(using, for the Bouguer correction, an average 
density of 1.22 gm/cc for the lake water and 
2.67 gm/cc for the material between the lake 
bottom and mean sea level). 

Theoretical gravity at mean sea level, using the Inter
national Gravity Formula, in milligals. 

Notes: The observed gravity value at Salt Lake City 
airport base station K was taken as 979,815.444 mgal 
(Cook and others, 1971). Using this value, the ties to 
the Little Valley and Silver Sands gravity base stations, 
which were made with the LaCoste and Romberg land 
gravity meter No. 123, resulted in observed gravity 
values of 979,906.540 mgal and 979,825.407 mgal, 
respectively, for these base stations. It should be noted 
that the arbitrary (and incorrect) values given in the 
listing for the latitudes and longitudes of these two base 
stations only do not affect the accuracy of the values 
ofthe observed gravity of these base stations. 

The simple Bouguer gravity anomaly values used 
in contouring the map shown on plate 2 over the Great 
Salt Lake itself (i.e., for the bottom gravity meter sta
tions only) were obtained by adding algebraically 4.36 
mgal to the simple Bouguer gravity anomaly values 
shown in the listing. This adjustment was made so that 
the gravity contours over the Great Salt Lake would fit 
smoothly with the simple Bouguer gravity anomaly 
contours (obtained from the land gravity meter surveys) 
over the land adjacent to the lake published by Cook 
and others (1966). For these land gravity meter surveys 
(Cook and others, 1966, p. 59), the reference for ob
served absolute gravity was the U. S. Coast and Geodetic 
Survey pendulum station No. 49, in the Temple Grounds 
in Salt Lake City, for which the absolute gravity value 
was accepted as 979,806 mgal (Duerksen, 1949, p. 8). 
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LAW OFFICES OF 

MARTINEAU,ROOKER,LARSEN & KIMBALL 
* PROress tONAL COBPORATION 

laOO BENEFICIAL LIFE TOWER 

36 SOUTH STATE STREET 

SALT LAKE CITY, UTAH 84111 

TELEPHONE (SOl) S3Z-7840 
CLAYTON J . PARR 

January 21, 1980 

Dennis Nielson 
Earth Science Lab 
420 Chipeta Way 
Salt Lake City, Utah 84108 

Dear Dennis: 

Enclosed as v/e discussed are two memoranda with 
attachments pertaining to the proposed Utah Geothermal 
Resource Conservation Act, One is a discussion of the bill 
(which has been introduced as SB 48) and its background. 
We support the bill in that form. 

The other memorandum discussions amendments 
proposed by Utah Power & Light Company which have not 
yet been considered by the Senate. It is our opinion 
that the UP&L amendments would emasculate the bill. 

Let me know if you have any questions. 

Very truly yours, 

Clayton J. Parr 

CJPrpf 
Encl. 



MEMORANDUM 

COMMENTS ON ' 
AMENDMENTS TO PROPOSED UTAH 

GEOTHERMAL RESOURCE CONSERVATION ACT 
PROFERRED BY UTAH POWER AND LIGHT COMPANY 

Introduction 

As the proposed Utah Geothermal Resource Conservation 
Act, S.B. 279, was being considered by the Utah 
Representatives during the waning hours of the 
Session, Utah Power and Light Company prepared 
an amendment which had the effect of grandfatheiding all 
applications to appropriate water for geothermal resources 
previously filed by the power company. The apparent objective 
of the amendment was to cause the bill to lend credence to 
whatever rights UP&L held by reason of its prior water 
applications for geothermal, which were not tied to geothermal 
leases, or to cause the bill's demise, vjhich happened. 

A proposed bill, essentially the same as S 
been approved for introduction in the 1980 Budget Session 
and recommended for passage by the Joint Natural 
Legislative Study Committee. The changes sugges 
discussed in this Memorandum were delivered to the State 
Engineer on January 7, 1980, one week before the 
Session was scheduled to begin. They were not reviewed 

House of 
1979 General 
and submitted 

B. 279, has 

Resources 
ted by UP&L 

Budget 

specifically with geothermal producer proponents 
bill. 

of the 

The changes suggested by UP&L are designed 
protect whatever rights the company holds under 
geothermal water applications. A secondary eff 
completely frustrate the effort that was made iri 
bill to reconcile the realities of geothermal re 
development with the state water laws. Thus, i 
that UP&L has the same objectives in mind as it 
amendment proposed at the 1979 General Session, 
appearances have changed. 

A, Objectives of Original Bill. 

The draftsmen of the Geothermal Resources 
Act had five primary objectives in mind. These 

primarily to 
its prior 
4ct is to 
the original 
source 
appears 

did with the 
Only the 

Conservation 
were: 



(a) to define the resource so that it k-70uld 
adequately identify the resource as found ir̂  nature; 

(b) to give the State Engineer necess 
to carry out his responsibilities to regulat 
development of high temperature geothermal 

a(ry authority 
e the 
sources; re 

(c) to acknowledge proprietary rights 
owner of lands in which geothermal resource^ 

in the 
are found; 

(d) to ensure that the rights of prior conventional 
water users and the power of the state over 
resources were protected; and 

xts water 

(e) to avoid problems created by attempting to 
apply traditional water law concepts, particularly with 
respect to priorities, to activities pertaining to 
the development of a high temperature geothermal reservoir, 

1. Definition of Geothermal Resources 

The definition of geothermal resources, in 
proposed bill, although not identical to, is con 
definitions utilized in federal, state, and fee 
with definitions utilized in other states. The 
of the draftsmen was to describe the resource iri terms of 

the original 
sistent with 
leases and 
objective 

source of 
definition 

its physical characteristics, its function as a 
energy, and its high temperature condition. Th^ 
includes the material medium which serves as a heat transfer 
medium so that the definition will include the physical substance 
that is extracted and utilized. 

Utah Power and Light Company proposes to m<bdify the 
definition to limit it to "the natural heat of the earth in 
the form of solids or gases" but specifically excluding 
water. By excluding water and other material media which 
would perform the function of heat transfer, the definition 
excludes the physical matter containing the heat that is 
extracted to generate power. This definition npt only leads 
to problems with respect to imposing water law rules on 
geothermal resources as is discussed below, but 
inconsistent with definitions generally accepte 
state, and fee leases. 

it is also 
d in federal, 
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The obvious objective of UP&L, however, is not to 
separate 
ect 

create a workable definition, but to provide for 
treatment of water, which they would argue is subj 
to their applications. ! 

2. Authority of the State Engineer. 
i 

One of the principal deficiencies with the Current law 
dealing with geothermal resources in the State oJE Utah, 
Section 73-1-20, Utah Code Annotated, is that itigives 
jurisdiction to the State Engineer to regulate geothermal 
energy production, but it does not specifically give him 
specific authority to take actions that are necessary to 
carry out this responsibility. A geothermal fie 
like an oil and gas field where there is diverse 
over a reservoir containing fluids or gases that 
as part of the same system. Accordingly, the Stkte Engineer 
needs to have spacing, pooling, and unitization authority 
similar to that possessed by the Division of Oil, Gas and 
Mining with respect to oil and gas. The proposed bill 
would give the State Engineer such authority. 

d is much 
land ownership 
are interconnected 

It is, however, not possible for the State Engineer to 
exercise such authority under the state water lalws because 
water rights to subsurface waters are not necessarily related 
to overlying land ownership and because the priority system 
gives the first applicant who perfects his approjpriation the 
right to quantity and pressure without interferejnce from 
junior appropriators. Thus, the authority giveq to the 
State Engineer to exercise necessary regulatory powers over 
geothermal resources has little real significance unless the 
remaining parts of the bill, which attempt to fqrego water 
law principles in favor of the doctrine of correlative 
rights, are also adopted. As is discussed beloxj, the 
changes suggested by Utah Power and Light Company have just 
the opposite effect, thereby leaving the State Engineer with 
the same problems as exist under the current lavjr. 

3. Proprietary Rights to Geothermal Resources. 

Î Ĵhen interest in geothermal resources as a source of 
electrical power began to develop, some interestped parties 
suggested that the resource was water and should be developed 
exclusively under water laws. This approach has been almost 
universally abandoned as being unrealistic and inconsistent 
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with prevailing legal principles. Throughout the entire 
western United States, the acknowledged basis for rights to 
geothermal resources is land ownership. No known challenge 
has been made to the proprietary rights of the landowner 
where there has been no severance of surface from mineral 
rights. In California, three cases involving situations 
where the surface owner claimed he had rights to geothermal 
resources through his ownership of water rights all resulted 
in decisions that ownership of geothermal resources could not 
be claimed through water rights. A decision involving 
federal lands was rendered by the 9th U.S. Circuit Court of 
Appeals and was left to stand by decision of the Supreme 
Court not to hear an appeal. 

The position of Utah Power and Light Company, by reason 
of its geothermal water applications which are not supported 
by leases, has been that proprietary rights to geothermal 
resources can be acquired only under the water law. The 
changes in the bill proposed by Utah Power and Light Company 
achieve the same end, simply in a more circuitous manner. 

The draftsmen of the original bill provided that an 
application to appropriate geothermal fluids be made by an 
owner of geothermal resources, thereby establishing that 
ownership is derived from some source other than the water 
application. Further by applying the doctrine of correlative 
rights as the basis for measuring rights of owners to common 
geothermal resources and associated geothermal fluids (such 
as would be the case where there is diverse ownership of 
tracts overlying a geothermal reservoir), the traditional 
oil and gas practice of basing rights to the resource on 
ownership rights in overlying land was adopted. 

As a result of concern expressed by Senator Waddingham, 
an amendment which explicitly stated that an appropriation 
of geothermal fluids does not in itself establish ownership 
rights to geothermal resources was proposed. Even though it 
was felt that the bill already accomplished such a result, 
the amendment was prepared in response to Senator Waddingham's 
request and adopted in the House of Representatives. 

The changes proposed by Utah Power and Light Company 
lead to just the opposite result. They propose that the 
water associated with the geothermal resource be handled 



completely independently from the resource itself, (as 
defined by UP&L). Their language statesthat "water used a s 
the material medium for geothermal resources shall be acquired 
independently from geothermal resources and in accordance 
with the applicable laws of this state." They further 
state that "any existing applications on the date of this 
enactment for water in a geothermal area shall be deemed an 
application for water as a material medium." The result of 
this is twofold. First, setting up an independent basis for 
acquiring rights to water associated with geothermal resources 
without limiting the exercise of those rights to the owner 
of the resource would lead to possible conflicting claims of 
ownership of the substance which is to be extracted and 
utilized for the generation of power. Second, by in effect 
grandfathering their earlier blanket water applications, 
UP&L would be putting itself in a position where it would 
lay claim to the water and steam that is actually to be used 
to generate power in accordance with a priority system that 
would give them control over many geothermal reservoirs in the 
state. 

Further, UP&L proposes that the owner of the geothermal 
resource, (as defined by UP&L), obtain a separate appropriation 
from the State Engineer to permit him to extract the resource. 
This suggestion is simply ludicrous, if for no other reason 
than that it suggests that heat can be appropriated under the 
water laws. Moreover, UP&L would not only require that 
there be an appropriation of water and steam associati©ft-<z-!̂  
with a geotherm.al resource under the state water laws, but 
they would also require a separate appropriation procedure 
for the resource itself. In the first step, they would 
effectively deprive the owner of any real claim to the 
resource; in the second step, they would add insult to 
injury by requiring the owner go through an appropriation 
procedure for a substance that is not even water before he 
can exercise his ownership rights. 

Adoption of the concept suggested by UP&L would simply 
create a frustrating morass of confusion and uncertainty 
that could only lead to litigation between landowners and 
geothermal water appropriators who do not have leases from 
the landowners, thereby stalling and frustrating the development 
of this energy resource. 

-5-



4 Protection of Prior Water Rights. 
I 

High temperature geothermal reservoirs will [generally 
be separated from near surface fresh water sources that may 
be the subject of prior appropriations. Recognising this, 
some states have adopted a procedure whereby a presumption 
of noninterference is established. This approacl:̂  has been 
supported by.scholars on the subject. 

-

Nevertheless, in Utah, the proposed bill establishes a 
procedure whereby a geothermal owner has to obta'.n an 
appropriation of water and assume a burden of showing non
interference with conventional water users. Although this 
provision imposes a burden on producers that somij feel is 
unneeded, it was nevertheless adopted out of concern that 
prior water rights be protected and the rights of the state 
over water resources be preserved. The intent was to provide 
such protection to conventional water appropriators without 
forcing a confrontation with landowners over proprietary 
rights to the resource itself. I 

By separating geothermal resources entirely from 
associated water, which would be acquired exclusively under 
conventional water law, Utah Power & Light Company would 
frustrate that effort. Although the Utah Power and Light 
position would purport to hold supreme the state system for 
appropriating water, the effort might ultimately backfire 
since there is a strong possibility that landowners, particularly 
the federal government, could by litigation establish that 
ownership of the resource cannot be so limited. This result 
would be especially distressing, since apparently it is only 
Utah Power and Light Company which intends to benefit from 
holding water applications for geothermal which are not 
connected to leases. 

5. Problems Created by Water Law Concepts.! 

Problems are posed in connection with dril 
producing geothermal reservoirs when traditiona 
concepts are applied. A typical hydrothermal r 
the type found in Utah is an interconnected con 
high temperature water and/or steam within defi 
Land ownership over such a reservoir is often i 
parties. Common sense dictates that such a res 
developed according to a single coordinated pla 
regulatory agency insures that this is accompli 
its spacing, pooling, and unitization powers. 

ing and 
water law 
servoir of 
entration of 
.ed boundaries 
different 

irvoir be 
The 

ihed through 



Imposition of the priority system inherent in state 
water law, however, is totally inconsistent with this concept. 
The water law contemplates that the first applicant who has 
his appropriation approved can draw without interference 
from junior appropriators. Consequently, the draftsmen of 
the proposed bill attempted to set up a mechanisTn for coordinated 
development independent of problems created by the water law 
priority system. A water appropriation filed by a geothermal 
owner would establish a priority as between himsialf and 
owners of water that were not geothermal fluids but it would 
establish no priority as between himself and other appropriators 
of geothermal fluids in the same reservoir. Rights among 
appropriators in the same reservoir would be determined by 
the doctrine of correlative rights. 

i 
The proposal made by UP&L completely destroys the 

effort of the draftsmen. By providing for independent 
appropriation of waters associated with the resojurce, UP&L 
in effect causes the traditional water laws of the state, 
including the priority system, to be imposed on a geothermal 
reservoir. UP&L does make reference to correlative rights 
by suggesting that the separate appropriation filed by the 
geothermal owner (the absurdity of which is discussed above) 
would create only correlative rights. Correlative rights in 
the owner of the resource is absolutely meaningless if the 
priority system is imposed by the separate application for 
water that UP&L suggests be required. 

Once again, the attempt to provide order arid a rational 
basis for geothermal development would be totally frustrated 
by the suggestion made by UP&L Company. 

Conclusion 

In summary, the UP&L proposal, rather than being a step 
toward resolution of differences that exist, is a big step 
backward. It would throw unnecessary confusion!into the 
administration of geothermal resources and totally defeat 
the original objectives of the bill. That this proposal 
-is made not out of a good faith concern over achieving an 
effective statutory scheme, but out of a desire 
credence to an effort made by the power company 
control over geothermal resources by blanketing 
areas with questionable geothermal water applications, is 
most disappointing. 

to add 
to achieve 
promising 

C.J. Parr 
1/8/80 
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(GEOTHERMAL RESOURCE CONSERVATION ACT) 

1980 

BUDGET SESSION 

By [ 

AN ACT RELATING TO I'HE DEVELOPMENT OF GEOTHER.••IAL F.ES'PUHCES IN THE 

STATE; DECLARING THE PUBLIC INTEREST IN THIS DEi'ELOPKENT AND 

ASSIGNING REGULATORY AUTHORITY REGARDING THIS TO THE 

DIVISION OF WATER RIGHTS; DEFINING THE RESOURCE .̂ TO ITS 

RELATIONSHIP TO WATER; PROVIDING FOR THE PROTECTION OF 

CO.^RELATIVE RIGHTS AND THE PREVENTION OF WASTE; AUTHORIZING 

A?nD ESTABLISHING PROCEDURES FOR UNITIZING OF GEOTHERMAL 

AREAS; AND PROVIDING FOR PROCEDURES TO GOVERN R^IGULATION BY 

THIS DIVISION. 

THIS ACT REPEALS AJrt) REENACfS SECTION 73-1-20 J UTAH CODE 

AIWOTATED 1953, AS ENACTED BY CHAPTER 189, LAWS OF UTAH 

1973; AND ENACTS SECTIONS 73-1-21 THROUGH 73-l-::7, UTAH CODE 

AJWOTATED l̂ b'i . 

Be it enacted by the Legislature of the State of Utah: 

Section 1. Section 73-1-20, Utah Code Annotated 1953, as 

enacted by Chapter 189, Laws of Utah 1973, is ]("epealed and 

reenacted to read; ', 

73-1-20. It is • declared to be in the public; interest to 

foster, encourage, and promote the discovery, development, 

production, utilization, and disposal of geothermal resources in 

the State of Utah in such manner as will prevent wa^te, protect 

correlative rights, and safeguard the natural environment and the 

public welfare; to authorize, encourage, and provide for the 
1 

development and operation of geothermal resource piroperties in 

such manner that the maximum ultimate economic 

geothermal resources may be obtained through, among either things. 

recovery of 



ArTElJDMENT SHEET 

January 7, 1980 

GEOTHERMAL RESOURCE CONSERVATION ACT: 

Page 2, substitute the entire page for the follovijing: 

agreements for cooperative development, productic^n, injection, 

and pressure maintenance operations. 

Section 2. Section 73-1-21, Utah Code Annotated 1953, is 

enacted to read: 

73-1-21. As used in this act: 

(1) "Correlative rights" mean the rights of each geothermal 

ovmer in a geothermal area to produce without wakte his just and 

equitable share of the geothermal resource underJLying the 

geothermal area. 

(2) "Division" means the division of wateri rights, 

department of natural resources. 
I 

(3) "Geothermal a rea" means the genera l land area which i s 

underlain or reasonably appears to be under la in by geothermal 

resources . 
i 

(4) "Geothermal fluid" means water and stejam naturally 

present in a geothermal system. 

(5) "Geothermal resource" means the natural heat of 

the earth in the form of solids or gasses other than hydrocarbon 

gasses at temperatures greater than 120 degrees'centigrade 
P I 

measured a t the wel l head^ or the energy, in whatever form, 



- .2 -

present in, resulting from, created by, or which may be 

extracted frora that natural heat, including pressure. Water, 

regardless of form or tenperature, is not a geothermal resource. 

(6) "Geothermal system" means any strata, pool, reservoir, 

or other geologic formation containing geothermal resources. 

(7) "Material medium, means geothermal fluids, or water 

and other substances artificially introduced into a geothermal 

system to serve as a heat transfer medium. 

(8) "Operator" means any person drilling, maintaining, 

operating, producing, or in control of any V7ell. 

(9) "Owner" means any person who has the right to drill 

into, produce, and make use of the geothermal resource. 
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2 ' * (10) "Person" means any individual, business entity 

3 (corporate or otherwise), or political subdivicion of this o r any 

4 other state. 

5 (11) "Waste" mcaiis any inefficient, excessive, or improper 

6 prcauction, use, or diss.lpaLion of gc-oLhermal resources. 

7 v.'asteful practices include, but are not limited lo: (a) 

8 transporting or storage methods that cause or tend to cause 

9 unnecessary surface loss of cjoothermal resources; or (b) 

10 locating, spacing, constructing, equipping, operating, producing, 

11 or venting of any well in a manner that results or tends to 

12 result in unnecessary surface loss or in reducing the ultimate 

13 econcinic recovery of geothermal resources. 

14 (12) "Well" means any well drilled, converted, or 

15 reactivated for the discovery, testing, production, or subsurface 

16 injection of geothermal resources. 

17 Section 3. Section 73-1-22, Utah Code Annotated 1953, is 

18 enacted to read: 

19 73-1-22. This act shall apply to all lands in the State of 

20 Utah, including federal and Indian lands to the extent allowed by 

21 law. When these lands are committed to a unit agreement 

22 involving lands subject to federal or Indian jurisdiction, the 

23 division may, with respect to the unit agreement, deem this act 

24 or any part of this act complied with if the unit operations are 

25 regulated by the United States and the division,finds that 

26 conservation of geothermal resources and prevention of waste are 

27 accomplished under the unit agreement. 

28 Section 4. Section 73-1-23, Utah Code Annotated 1953, is 

29 enacted to read: 

30 73-1-23. (1) The division is granted jurisdiction and 

31 authority over all persons and property, public and private, 

32 necessary to enforce the provisions of this act and shall have 

33 the power and authority to promulgate and enforce rules. 

-3-
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2 regulations, and orders and do whatever r.iay roiasonably be 

3 nece:3sary to carry out the provisions of this act. 

4 (2) Any affected person may apply for a hearing before the 

5 division, or the division may initiate proceedings upon any 

6 question relating to the administration of this, act, and 

7 jurisdiction is conferred \:^ox\ the divi-jion to hear and deter::nine 

8 the same and enter its rule, regulation, or order with respect to 

9 the .T.atter. 

10 (3) The division shall t\aiAe the power to suinifion witnesses, 

11 to ad:ninister oaths, and to require the production of records, 

12 books, and documents for examination at any hearing or 

13 investigation conducted by it. 

14 (4) In case of failure or refusal on the part of any person 

15 to comply with a subpoena issued by the division, or in case of 

16 refusal of any witness to testify as to any matter regarding 

17 which he may be interrogated, any district court- in the state, 
y 

18 upon the application of the division, may issue an order 

19 compelling the person to comply with the subpoena and to attend 

20 before the division and produce any records, books, arid documents 

21 covered by the subpoena or to give testimony or both. The court 

22 shall have the power to punish for contempt as in the case of 

23 disobedience to a like subpoena issued by the court, or for 

24 refusal to testify in the court. 

25 (5) Whenever it appears that any person is violating or 

26 threatening to violate any provision of this act or any rule, 

27 regulation, or order made under this act, the division may bring 

28 suit in the name of the state against that person in the district 

29 court in the county of that person's residence, in the county of 

30 the residence of any defendant if there be more than one 

31 defendant, or in the county where the violation is alleged to 

32 have occurred, to restrain that person from continuing the 

33 violation or from carrying out the threat of violation. In the 

34 suit the court may grant injunctions. 
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2 (5) ' Nothing in this act, no suit by or against the 

3 division, and no violation chai.ged or asseitcd against any person 

4 under any provision of this act, or any rule, regulation, or 

5 order issued under it, shall impair or abridge or delay any cause 

6 of ••'ction for damages wliich any person may have or assert against 

7 any person violating any provision of this act, or any rule, 

8 regulation, or order issued under it. Any person so damaged by 

9 the violation may sue for and recover such damages as he 

10 otiierwise .-nay be entitli.-d to receive. 

11 Section 5. Section 73-1-24, Utah Code Annotated 1953, is 

12 enacted to read: 

13 73-1-24. (1) The division shall have authority to require: 

14 (a) Identification of the location and ownership of all 

15 wells and producing geothermal leases. 

16 (b) Filing with the division of a notice of intent to 

17 drill, redrill, deepen, permanently alter the' casing of, or 

18 abandon any well. Approval of the notice of intent must be 

19 obtained from the division prior to commencement of operations. 

20 (c) Keeping of well logs and filing true and correct copies 

21 with the division. Tliese records are public records when filed 

22 with the division, unless the owner or operator requests, in 

23 writing, that the records be held confidential. The period of 

24 confidentiality shall be established by the division, not to 

25 exceed five years from the date of production or injection for 

26 other than testing purposes or five years from the date of 

27 abandonment, whichever occurs first, as determined by the 

28 division. Well records held confidential by the division are 

29 open to inspection by those persons authorized in writing by the 

30 owner or operator. Confidential status shall not. restrict 

31 inspection by state officers charged with regulating well 

32 operations or by authorized officials of the Utah state tax l \ ' * 

33 commission for purposes of tax assessment. 
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2 (d) Tlie spacing, - drilling, casing, testing, operating, 

3 producing, .ind abandorjnent of wells so as to prevent: (i) 

4 geothermal resources, water, gases, or other fluids from escaping 

5 into strata other^than the strata in which they are found (unless 

6 in oi-cordaiice with a subsurface injection program approved by ^he 

7 division); (ii) pollution of surface and grcundwater; (iii) 

8 premature cooling of any geothermal system by water encroachjnent 

9 or otherwise which tends to reduce the ultimate economic recovery 

10 of tl)e geothermal resources; (iv) blov;outs, cavings, and seepage; 

11 •--.lid (v) unreasonable disturbance or injury to neighboring 

12 properties, prior water rights, human life, health, and the 

13 cnviron;nent. 

14 (e) The operator to file cash or individual surety bonds 

15 with the division for each new well drilled and each abandoned 

16 well redrilled. .The amount of surety required shall be 

17 determined by the division. In lieu of bonds for separate wells, 

18' the operator may file a blanket cash or individual surety bond in 
• t 

19 an amount set by the division to cover all the operator's 

20 drilling, redrilling, deepening, maintenance, or abandonment 

21 activities for wells in the state. Bonds filed with the division 

22 shall be executed by the operator, as principal, conditioned on 

23 compliance with division regulations in drilling, redrilling, 

24 deepening, maintaining, or abandoning any well or wells covered 

25 by the bond and shall i secure the state against all losses, 

26 charges, and expenses incurred by it to obtain such compliance by 

27 the principal named in the bond. 

28 (f) The geothermal owner or operator to measure geothermal 

29 production according to standards set by the division and 

30 maintain complete and accurate production records. The records, 

31 or certified copies of them, shall be preserved on file by the 

32 owner or operator for a period of five years and shall be 

33 available for examination by the division at all reasonable 
34 times. 



J 
"i- '; 

, -

• 
n 

• 
* • * 

• ; • : . - * 

1 • » . * 

• • • • • ' . • 

* " i 

• 

1 

• .' 
' i > 

y y y • 
. ' • > • 

' " i 

1 B. No. 

2 (g) Filing with the division any other reasonable reports 

3 which it prescibes regarding geothermal operations vithin the 

4 state. 

5 (2) Any bond filed with the division in confor.-iance with 

6 this act Jr.ay, with the consent of the division', be termir.ated and 

7 canceled and the surety be relieved of all obligations under it 

8 when the well or wells covered by the bond have been properly 

9 abandoned or another valid bond has been substituted for it.. 

10 (3) The division Tr.ay enter onto priv.ite or public land at 

11 any time to inspect any well or geothermal resource, development 

12 project to determine if the well or project is being constructed, 

13 operated, or maintained according to any applicable permits or to 

14 determine if the construction, operation, or maintenance of the 

15 well or project may involve an unreasonable risk to life, health, 

16 property, the environment or subsurface, surface, or atjnospheric 

17 resources. 

18 Section 6. Section 73-1-25, Utah Code Annotated 1953, is 

19 enacted to read: 

20 73-1-25. (1) The division upon its own motion may hold, 

21 and upon the application of any affected person shall hold, a 

22 hearing to consider the need for cooperative or unit operation of 

23 a geothermal area. 

24 (2) The division shall make an order providing for the 

25 cooperative or unit operation of part or all of a geothermal area 

26 if the division finds that this operation is reasonably necessary 

27 to prevent waste, to protect correlative rights, br to prevent 

28 the drilling of unnecessary wells and will not reduce the 

29 ultimate economic recovery of geothermal resources. 

30 (3) An order for cooperative or unit operations shall be 

31 upon terms and conditions that are just and reasonable and 

32 satisfy the requirements of subsection (2). 

^ • 33 (4) An order by the division for unit operations shall 

34 prescribe a plan, including: 
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(a) A description of the geothermal area to be so operated, 

termed the unit area. 

(b) A statement of the nature of the operations 

contemplated, the time they will coirjr.ence, and the manner and 

circ;ii:;staiices under which unit operations shall terminate. 

(c) An allocation to the separately-owned tracts in the 

unit area of the geothcr.'nal resources produced and of the costs 

incurred in unit operations. The allocations shall be in accord 

with the agreement, if any, of the affected parties. If there is 

no such agreement, the division shall determine the allocations 

from evidence introduced at a hearing before the division. 

Production shall be allocated in proportion to the relative value 

that each tract bears to the value of all tracts in the unit 

area. The acreage of each tract in proportion to the total unit 

acreage shall be the measure of relative value, unless the 

division finds after public hearing that another method is likely 

to result in a more equitable allocation and protection of 

correlative rights. Resource temperature, pressure, fluid 

quality, geological conditions, distance to place of use, and 

productivity are among the factors that may be considered in 

evaluating other methods. The method for allocating production 

in unit operations shall be revised if after a hearing the 

division finds that the revised method is likely to result in a 

more equitable allocation and protection of correlative rights. 

The division shall hold a hearing to consider adoption of a 

revised allocation method upon the application of any affected 

person, but the application may not be made until 1f.hree years 

after the initial order by the division or at less than two-year 

intervals after that. 

(d) A provision for adjustmeht among the owners of the unit 

area (not including royalty owners) of their I respective 

investment in wells, tanks, pumps, machinery,! materials, 

equipment, and other things and services of value attributable to 

-8-
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2 the unit operations. Trte amount to be charged unit operations 

3 for each item sh.all be determined by the owners of the unit area 

4 (not including royalty owners), but if the owners of the unit 

5 area are unable to agree upon the amount of the charges or to 

6 igiee I'.pon the correctness of same, the division shall determine 

7 them after due notice and hearing, upon the application of any 

8 affected party. The net amount charged against the owner of a 

9 separately-owned tract shall be considered an expense of. unit 

10 operation chargeable against that tract. The adjustxients 

11 provided for in this subsection may be treated separately and 

12 handled by agreements separate from the unitization agreement. 

13 (e) A provision providing how the costs of unit operations, 

14 including capital investjnents, shall be determined and charged to 

15 the separately-owned tracts and how these costs shall be paid, 

16 including a provision providing when, how, and by whom the unit 

17 production allocated to an owner who does not pay the share of 

18 the cost of unit operation charged to that owner, or the interest 

19 of that owner, may be sold and the proceeds applied to the 

20 payment of the costs. The operator of the unit shall have a 

21 first and prior lien for costs incurred pursuant to the plan of 

22 unitization upon each owner's geothermal rights and his share of 

23 unitized production to secure the payment of the owner's 

24 proportionate part of the cost of developing and operating the 

25 unit area. This lien may be established and enforced in the same 

26 manner as provided by sections 38-1-8 through 38-1-26. For these 

27 purposes any nonconsenting owner shall be deemed to have 

28 contracted with the unit operator for his proportionate part of 

29 the cost of developing and operating the unit area. A transfer 

30 or conversion of any owner's interest or any portion of it, 

31 however accomplished, after the' effective date of the order 

32 creating the unit, shall not relieve the transferred interest of 

33 the operator's lien on the interest for the cost and expense of 

34 unit operations. 
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2 (f) A provision, if necessary, for carrying or otherwise 

3 financing any person who elects to be carried ot otherwise 

4 financed, allowing a reasonable interest charge for ^his service 

5 payable out of that person's share of the production. 

6 (g) A provision for tJie supervision and conduct, of the unit 

7 operations, in respect to which each person shall have a vote 

8 with a value corresponding to the percentage of the cbsts of unit 

9 operations chargeable against the interest of that person. 
• 

10 (h) Such additional provisions that are found to be 

11 appropriate for carrying on the unit operations. 

12 (5) No order of the division providing for unit operations 

13 shall become effective unless and until the plan for operations 

14 prescribed by the division has been approved in writing by those 

15 persons, who under the division's order, will be required to pay 

16 66% of the costs of the unit operation, and also by the owners of 

17 66% of the production or proceeds of same that are free of costs, 

18 such as royalties, overriding royalties, and production payments; 

19 and the division has made a finding that the plan for unit 

20 oper.Ttions has been so approved. If the persoris owning the 

21 xequirod percentage of interest in the unit area do not approve 

22 the plan within six months from the date on which the order is 

23 made, the order shall be ineffective and shall be revoked by the 

24 division unless for good cause shown the division extends this 

25 time. 

25 (6) An order providing for unit operations may be amended 

27 by an order of the division in the same manner and sijbject to the 

28 same conditions as an original order for unit operations; but if 
j 

29 this amendment affects only the rights and interests of the 

30 owners, the approval of the amendment by the owners of royalty, 

31 overriding royalty, production payments, and othir interests 

32 which are free of costs shall not be required] Production 

33 allocation may be amended only according to the provisions of 

34 subsection 73-l-25(4)(c). 
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2 • (7) All operations,-^ includirg, but not limited to, the 

3 commencement, drilling, or operation of a well upon any : portion 

4 of the unit area shall be deemed for all purposes the conduct of 

5 such operations upon each separately-owned tract in the unit by 

6 the several ownei's of tracts in the unit. The portions of the 

7 unit production allocated to a .-separately-owned tract in: a unit 

8 area shall, when produced, be deemed for all purposes to have 

9 been actually produced from that tract by a well drilled on it. 

10 Good faith operations coiiducted pursuant to an order'of the 

11 division providing for unit operations shall constjitute a 

12 complete defense to any suit . alleging breach of lease or of 

13 contractual obligations covering lands in the unit area to the 

14 extent that compliance with these obligations cannot be had 

15 because of the order of the division. 

16 (8) The portion of the unit production allocatped to any 

•̂  17 tract, and the proceeds from the sale of this production, shall 
y - y 

18 be the property and income of the several persons to whom, or to 

19 whose credit, the same are allocated or payable under the order 

20 providing for unit operations. 

21 (9) Except to the extent that the parties affected so agree 

22 and as provided in subsection 73-1-25(4)(e), no order providing 

23 for unit operations shall be construed to result in a tiransfer of 

24 all or any part of the title of any person to the .geothermal 

25 resource rights in any tract in the unit area. Ali property, 

25 whether real or personal, that may be acquired in the conduct of 

27 unit operations shall be acquired for the account of! the owners 

28 within the unit area and shall be the property of these owners in 

29 the proportion that the expenses of unit operations are charged. 

30 (10) An order of the division for unit operations shall 

31 constitute a complete defense to any suit charging violation of 

32 any statute relating to trusts, monopolies, and combinations in 

V 33 restraint of trade on account of unit operations conducted 
34 pursuant to the order. 

-11-



AtffillDIIENT SHEET 

Jâ iuary 7, 1980 

GEOTHERMAL RESOURCE CONSERVATION ACT: 

Page 12, substitute the following for the entire page: 

Section 7. Section 7.̂ -1-26, Utah Code Annot^ated 1953, is 

enacted to read: 

73-1-26. (1) Geothermal resources are deemed to be a 

special kind of underground resource, potentially affecting 

the -t/ater resources of the state. The utilization or 

distribution of the geothermal resource for its thermal 

content and subsurface injection or disposal of siame when 

carried by the material medium of \ j a t e r shall constitute a 

beneficial use of the water resources of the statje. Water 

rights, hov7ever, to water used as a material medilum for 

geothermal resources shall be acquired independerjtly from 

geothermal resources and in accordance with the aipplicable 

laws of this state. Any existing application on the date of 

this enactment for water in a geothermal area sh^ll be deemed 

an application for water as a material meditim. 

(2) (a) Geothermal o\̂ 7ners shall, prior to tlhe commencement 

of, or increase in, production from a V7ell or grQup of wells to 

be operated in concert, file an application with 

appropriate such geothermal resources as will be 

the well or group of wells. Publication of appl:j.cations shall 
i 

be made as provided in section 73-3-6, and protects may be filed 

as provided in section 73-3-7. The division shall approve an 

the division to 

extracted from 

file:///jater


- .2 -

application if it finds that the proposed extraction of geothermal 

resources v/ill not impair existing rights to the jh/aters of the 

state, but this determination shall be made without regard to 

possible impairment of rights to geothermal resources. Rights 

of geothermal ov;ners to common geothermal resourcjes shall "be 

based on the principle of correlative rights. 

(b) The division may grant the quantity of an application 

on a provisional basis, to be finalized upon stabjilization of 

well production. Flow testing of a discovery well shall not 

require an application to appropriate geothermal Resources. 
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Section 8. Section 73-1-27, Utah C'^de Annotate<^ 1953, is 

enacted to read: ; 

73-1-27. (1) Any person adversely affected by any rule, 

regulation, or order issued under this act may within; 60 days 

after the effective date of the rule or r-sgulation olr entry of 

the order bring a civil suit against the division in tHe district 

court of Salt Lake County or in the district court of jthe county 

in which the co.̂ .:plaining person resides, to test the validity of 

the rule, regulation, or order, or to secure an injuntttioh or to 

obtain other appropriate relief, including all rights i>f appeal. 

(2) An action or appeal involving any provision of this 

act, or a rule, regulation, or orde* issued under it; shall be 

determined as expeditiously as feasible. The trial court shall 

determine the issues on both questions of law and fact' and shall 

affirm or set aside the rule, regulation, or order, oi( remand the 

cause to the division for further proceedings. • Thet court is 

authorized to enjoin permanently the enforcement by the division 

of this act, or any part of it, or any act done ori threatened 

under it, if the plaintiff shall show that as to hi^ the act or 

conduct complained of is unreasonable, unjust, arbitrary, or 
i 

capricious, or violates any constitutional right of the plaintiff 

or if the plaintiff shows that the act complained of | constitutes 

or results in waste or does not in a reasonable manner accomplish 

an end that is the purpose of this act. 

(3) Any person who, for the purpose of evading this act or 

any rule, regulation, or order of the division issue(^ under it, 

shall make or cause to be made any false entry in any report. 

or by any 

omit or cause. 

record, account, or memorandum required by this act, 

rule, regulation, or order issued under it or shall 

to be omitted from the report, record, account, orj memorandum, 
i 

full, true and correct entries as required by this ^ct, or by the 

rule, regulation, or order, or shall remove from this state or 

-13-
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2 destroy', rr.utilate, alter, or falsify the record, acciunt. or 

3 n-.emorandum, is guilty of a class A misdemeanor. 

4 (4) No G.uit, action, or other proceeding baseil upon a 

5 violation of this act or any rule, regulation, or o,ider of the 

6 division' issued under it shall be cor-jnenced or naintaineJd unless 

7 san-.e shall have been coir.n.e.iced within two years from the Idate of 

8 the alleged violation. 

9 Section 9. If any provision of this act, or the application 

10 of any prevision to any person or circumstance, is held \ invalid, 

11 the remainder of this act shall not be affected thereby. 

y 

( 
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MEMORANDUM | 

UTAH GEOTHERMAL RESOURCE CONSERVATION A(̂ T 

Attached hereto is a copy of the proposed Geothermal 
Resource Conservation Act together with a summary of the 
Bill. 

Legislation was introduced in 1973 V7hich wou^d have 
given regulatory jurisdiction over geothermal resources to 
the Division of Oil, Gas and Mining. In response to a 
lobbying effort by Utah Power and Light Company, liowever, a 
substitute bill was enacted which gave jurisdiction to the 
Division of Water Rights. Section 73-1-20, Utah Code Annotated, 
simply gives the Division of Water Rights jurisdiction and 
authority to require that all wells for the discovery and 
production of water to be used for geothermal and energy 
production in the State of Utah be drilled, operated, maintained, 
and abandoned in such manner as to safeguard life, health, 
property, the public welfare, and to encourage maximum 
economic recovery. The effect of this statute is to give 
responsibility to the State Engineer without defining the 
resource or giving him the powers to carry out hils responsibility, 
In addition the statute does not effect a reconci 
between water law and real property law aspects o 
resource. 

liation 
f the 

Recognition of inadequacies of the present law prompted 
consideration of more meaningful legislation. The task was 
taken up by the Joint Natural Resources Interim Committee of 
the Utah State Legislation which was active prior to the 
1979 General Session. At the request of the Committee, 
initial drafting of a new Bill was performed by the National 
Conference of State Legislatures. Other interested parties, 
including representatives of the State Engineer, the Attorney 
General, Utah Power & Light Company and producers, also 
participated. ' 

The original draft prepared by the National I Conference 
of State Legislatures defined geothermal resources as mineral 
without any reference to the state water laws. After extensive 



discussion of the possible relationship of high temperature 
geothermal resources to conventional fresh water slources, a 
point which was emphasized by the Utah Power and Light 
Company representative, major revisions were made to deal 
with the problem. 

As modified, the proposed legislation received the 
approval of all participants except Utah Power and Light 
Company which was still concerned about possible adverse 
effects the Bill might have on water applications for geothermal 
resources filed by the power company primarily in 1973. 

The Bill deals just with high temperature (greater than 
120° centigrade or 250° farenheit) resources which are those 
suitable for electric power generation. Although there 
appears to be little likelihood of any interference between 
deep high temperature geothermal reservoirs and near surface 
water sources, the draftsmen thought it vital to insure that 
the law would protect prior vested water rights. This has 
been accomplished by requiring that the geothermal owner 
make a water appropriation prior to developing the resource. 
The burden of showing non-interference is on the geothermal 
producer, which differs from actions taken by some other 
states. The application will establish a priority date as 
between the geothermal user and conventional water users, 
but it will not establish any priority with respedt to other 
geothermal producers. The rights of geothermal producers 
will be determined by application of the doctrine of correlative 
rights. 

Since a geothermal field is much like an oil and gas 
field, regulatory powers similar to those held by the Division 
of Oil, Gas and Mining are needed by the State Engineer. The 
Bill attempts to provide this authority. In order for the 
State Engineer to exercise the powers of spacing, pooling, 
and unitization, however, it is absolutely essential that 
the oil and gas doctrine of correlative rights be applied. 
Application of the priority system inherent in the Utah 
water law, would tie the State Engineer's hands wijth respect 
to dealing with multiple land ownership over a geothermal 
reservoir. 

-2-



The effect of the Bill is to establish a dual system 
for geothermal resource development in Utah. Proprietary 
rights will be acquired from the landowner, but a water 
right must be obtained before the proprietary rights can be 
exercised. The property interests are sometimes referred to 
as the primary right with the water permit being an ancillary 
right. 

The whole thrust of this procedure is to enable geothermal 
resources to be developed under state, federal and private 
leases while insuring that prior water rights are protected 
and the state's interest in managing its water is preserved. 
One result of this is that the State Engineer retains some 
control over the utilization of water in connection with 
geothermal development on federal lands while a confrontation 
with the federal government over the question of proprietary 
rights to the resource is avoided. In view of the decision 
of the United States Court of Appeals for the Ninth Circuit 
in United States v. Union Oil Co., 549 F.2d 1271 (9th Cir. 
1977), Cert. Denied ,434 U.S. 930 (1977) to the effect that 
geothermal resources are mineral resources subject to leasing 
under the Geothermal Steam Act of 1970, there can be little 
doubt that the proprietary rights of the United States to 
geothermal resources found in federal lands will be upheld 
if a challenge is made that the resource can be acquired 
exclusively under state water laws. 

Although the Bill does not deal with the subject, its 
exclusion of geothermal resources found at temperatures less 
than 120° centigrade implicitly gives the State Engineer the 
authority to regulate such resources under the state water 
laws. 

Utah Power and Light Company has steadfastly maintained 
opposition to the Bill since it was first considered. The 
basis for this opposition is UP&L's fear that its passage 
would diminish whatever rights the company holds under 
geothermal water applications filed primarily in 1973. 
(Summary enclosed.) UP&L apparently does not hold geothermal 
leases in the areas affected by their water applications. 
The UP&L applications affect almost every potential geothermal 
area in the state, including Roosevelt Hot Springs. Even 
lands adjoining the areas where the water applications 
describe proposed wells are affected because of possible 
assertions of priority rights to common reservoirs under the 
state water law. 

y k . 



In order to provide substance to their applications, 
UP&L must take the position that geothermal resources, or at 
least the constituent water, should be governed entirely by 
water law. At stake as a result of this position is the 
validity of geothermal leases obtained from landowners, 
including private citizens, the federal government, and the 
Utah State Land Board, which alone has geothermal leases 
covering some 160,000 acres. If, as UP&L argues, rights to 
geothermal resources or rights to constituent water can be 
acquired only under conventional water law, then the 
effectiveness of existing leases, which provide royalties to 
landowners, and which form the basis for operations by 
geothermal producers, will be in doubt. 

Excerpts from an article entitled "Geothermal Development 
and Western Water Law" by Professors Owen Olpin, A. Dan 
Tarlock, and Carl F. Austin published in the Utah Law Review, 
which discusses the Bill and the posture of Utah Power and 
Light Company, are attached. 

CJ. Parr 
1/12/80 

-4-



SUMMARY 

Geothermal Resource Conservation Act S.B. 48 

In general, the Geothermal Resource Conservation Act 
gives the Division of Water Rights authority to regulate the 
development of high temperature geothermal resources similar 
to the authority exercised by the Division of Oil, Gas and 
Mining over oil and gas resources. A limited application of 
the doctrine of water appropriation is made to insure that 
development of geothermal resources does not jeopardize the 
water resources of the state or the prior rights of conventional 
water users. 

Provisions are included which accomplish the following: 

(1) A separate statutory and regulatory framework is 
established in the State of Utah for high temperature 
(greater than 120° centigrade) geothermal resources, which 
are generally used for the production of electric power. 

(2) The Division of Water Rights is given clear authority 
to regulate the development of geothermal resources in the 
State of Utah subject to the provisions of the Act to assure 
that operations are carried out in a safe and nonwasteful 
manner. 

(3) Water resources of the state and the rights of 
prior water appropriators are protected by a requirement 
that a geothermal producer make an appropriation of such 
water as will be utilized in the course of production of the 
geothermal resource and by providing that such appropriation 
will be subject to the rights of prior appropriators of 
conventional water. 

(4) As between owners or lessees of geothermal resources 
in separate tracts of land overlying a single reservoir, 
rights will be determined londer the doctrine of correlative 
rights, in a manner similar to the way that rights to oil 
and gas are determined. 

(5) The Division of Water Rights is given authority to 
unitize separately owned tracts of land over a geothermal 
reservoir in a manner which will ensure that the rights of 
each landowner will be protected. 

(6) The Division of Water Rights is given authority to 
initiate enforcement actions, hold hearings, and subpoena 
witnesses in order to carry out its authority und^r the Act. 
A right of appeal to the District Court is provided. 



The following benefits will flow from the Geothermal 
Resource Conservation Act: 

Private Landowners 

The rights of private landowners to geothermal resources 
found within their lands and to royalties from lessees will 
be strengthened through the avoidance of possible conflicting 
claims to the resource under independent geothermal water 
applications. 

Water Users 

Prior rights will be protected. Geothermal developers 
must appropriate associated water and demonstrate noninter
ference with prior rights. 

Division of Water Rights 

By application of the rule of correlative rights to 
geothermal resources, the State Engineer will be able to 
prevent waste and secure orderly development through the 
exercise of unitization, spacing, and pooling authority 
given to him by the Act. 

State Control Over Water 

The state's control over its water resource will be 
preserved. Geothermal resources which are associated with 
water cannot be developed, even on federal lands, unless an 
appropriation is first made under state water law. 

Division of State Lands 

Development of geothermal resources on state lands 
subject to geothermal leases (currently about 160,000 acres) 
will be facilitated and the receipt of income from royalties 
realized through the avoidance of conflicts arising from 
application of water law principles to geothermal resources. 

Geothermal Producers 

Efforts to produce geothermal resources for the generation 
of electric power will be stimulated due to the establishment 
of clear statutory guidelines and the removal of uncertainty 
arising through application of water law principles to 
geothermal resources. 



/ 3 ' / : J - 7 ^ 

1 (GEOTHERMAL RESOURCE CONSERVATION ACT) 

2 1980 

3 BUDGET SESSION 

4 S - B. No. y ^ j y By 

5 

6 

7 AN ACT RELATING TO THE DEVELOPMENT OF GEOTHERMAL RESOURCES IN THE 

8 STATE; DECLARING THE PUBLIC INTEREST IN THIS DEVELOPMENT ̂'JTO 

9 ASSIGNING REGULATORY AUTHORITY REGARDING THIS TO THE 

10 DIVISION OF WATER RIGHTS; DEFINING THE RESOURCE .«JTO ITS 

11 REIJ^TIONSHIP TO WATER; PROVIDING FOR THE PROTECTION OF 

12 CORREL-Ĵ TIVE RIGHTS AND THE PREVENTION OF WASTE; AUTHORIZING 

13 AND ESTABLISHING PROCEDURES FOR UNITIZING OF GEOTHERMAL 

14 AREAS; AND PROVIDING FOR PROCEDURES TO GOVERN REGULATION BY 

15 THIS DIVISION. 

16 THIS ACT REPEALS AND REENACfS SECTION 73-1-20, UTAH CODE 

17 ANNOTATED 1953, AS ENACTED BY CHAPTER 189, LAWS OF UTAH 

18 1973; AND ENACTS SECTIONS 73-1-21 THROUGH 73-1-27, UTAH CODE 

19 ANNOTATED 1953. 

20 Be it enacted by the Legislature of the State of Utah: 

21 Section 1. Section 73-1-20, Utah Code Annotated 1953, as 

22 enacted by Chapter 189, Laws of Utah 1973, is repealed and 

23 reenacted to read: 

24 73-1-20. It is ' declared to be in the public interest to 

25 foster, encourage, and promote the discovery, development, 

25 production, utilization, and disposal of geothermal resources in 

27 the State of Utah in such manner as will prevent waste, protect 

28 correlative rights, and safeguard the natural environment and the 

29 public welfare; to authorize, encourage, and provide for the 

30 development and operation of geothermal resource properties in 

31 such manner that the maximum ultimate economic recovery of 

32 geothermal resources may be obtained through, among other things. 
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c 

2 agreements for cooperative development, production, injection, 

3 and pressure maintenance operations. 

4 Section 2. Section 73-1-21, Utah Code Annotated 1953, is 

5 enacted to read: 

6 73-1-21. As used in this act: 

7 (1) "Correlative rights" mean the rights of each geothermal 

8 owner in a geothermal area to produce without waste his just and 

9 equitable share of the geothermal resource Underlying the 

10 geothermal area. 

11 (2) "Division" means the division of water rights, 

12 department of natural resources. 

13 (3) "Geothermal area" means the general land area which is 

14 underlain or reasonably appears to be underlain by geothermal 

15 resources. 

16 (4) "Geothermal fluid" means water and steam naturally 

17 present in a geothermal system. 

18 (5) "Geothermal resource" means: (a) the natural heat of 

19 the earth at temperatures greater than 120 degrees centigrade; 

20 (b) the energy, in whatever form, present in, resulting from, 

21 created by, or which may be extracted from that natural heat, 

22 including pressure; (c) the material medium containing that 

23 energy; and (d) all minerals, gasses, or other substances in 

24 solution with or obtained from that material medium but excluding 

25 oil, hydrocarbon gas, and other hydrocarbon substances.y 

26 (6) "Geothermal system" means any strata, pool, reservoir, 

27 or other geologic formation containing geothermal resources. 

28 (7) "Material medium" means geothermal fluids, or water and 

29 other substances artificially introduced into a geothermal system 

30 to serve as a heat transfer medium. 

31 (8) "Operator" means any person drilling, maintaining, 

32 operating, producing, or in control of any well. 

33 (9) "Owner" means any person who has the right to drill 

34 into, produce, and make use of the geothermal resource. 
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2 (10) "Person" means any individual, business entity 

3 (corporate or otherwise), or political subdivision of this or any 

4 other state. 

5 (11) "Waste" means any inefficient, excessive, or improper 

6 production, use, or dissipation of geothennal resources. 

7 Wasteful practices include, but are not limited to: (a) 

8 transporting or storage methods that cause or tend to cause 

9 unnecessary surface loss of geothermal resources; or (b) 

10 locating, spacing, constructing, equipping, operating, producing, 

11 or venting of any well in a manner that results or tends to 

12 result in unnecessary surface loss or in reducing the ultimate 

13 economic recovery of geothermal resources. 

14 (12) "Well" means any well drilled, converted, or 

15 reactivated for the discovery, testing, production, or subsurface 

16 injection of geothermal resources. 

17 Section 3. Section 73-1-22, Utah Code Annotated 1953, is 

18 enacted to read: 

19 73-1-22. This act shall apply to all lands in the State of 

20 Utah, including federal and Indian lands to the extent allowed by 

21 law. When these lands are committed to a unit agreement 

22 involving lands subject to federal or Indian jurisdiction, the 

23 division may, with respect to the unit agreement, deem this act 

24 or any part of this act complied with if the unit operations are 

25 regulated by the United States and the division finds that 

26 conservation of geothermal resources and prevention of waste are 

27 accomplished under the unit agreement. 

28 Section 4. Section 73-1-23, Utah Code Annotated 1953, is 

29 enacted to read: 

30 73-1-23. (1) The division is granted jurisdiction and 

31 authority over all persons and property, public and private, 

32 necessary to enforce the provisions of this act and shall have 

33 the power and authority to promulgate and enforce rules. 
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2 regulations, and orders and do whatever may reasonably be 

3 necessary to carry out the provisions of this act. 

4 (2) Any affected person may apply for a hearing before the 

5 division, or the division may initiate proceedings upon any 

5 question relating to the administration of this act, and 

7 jurisdiction is conferred upon the division to hear and determine 

8 the same and enter its rule, regulation, or order with respect to 

9 the matter. 

10 (3) The division shall have the power to summon witnesses, 

11 to administer oaths, and to require the production of records, 

12 books, and documents for examination at any hearing or 

13 investigation conducted by it. 

14 (4) In case of failure or refusal on the part of any person 

15 to comply with a subpoena issued by the division, or in case of 

16 refusal of any witness to testify as to any matter regarding 

17 which he may be interrogated, any district court in the state, 

18 upon the application of the division, may issue an order 

19 compelling the person to comply with the subpoena and to attend 

20 before the division and produce any records, books, arid documents 

21 covered by the subpoena or to give testimony or both. The court 

22 shall have the power to punish for contempt as in the case of 

23 disobedience to a like subpoena issued by the court, or for 

24 refusal to testify in the court. 

25 (5) Whenever it appears that any person' is violating or 

26 threatening to violate any provision of this act or any rule, 

27 regulation, or order made under this act, the divisiô i may.^ring 

28 suit in the name of the state against that person in the district 

29 court in the county of that person's residence, in the county of 

30 the residence of any defendant if there be more than one 

31 defendant, or in the county where the violation is alleged to 

32 have occurred, to restrain that person from continuing the 

33 violation or from carrying out the threat of violation. In the 

34 suit the court may grant injunctions. 
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2 (6) Nothing in this act, no suit by or against the 

3 division, and no violation charged or asserted against any person 

4 under any provision of this act, or any rule, regulation, or 

5 order issued under it, shall impair or abridge or delay any cause 

6 of action for damages which any person may have or assert against 

7 any person violating any provision of this act, or any rule, 

8 regulation, or older issued under it. Any person so damaged by 

9 the violation may sue for and recover such damages as he 

10 otherwise may be entitled to receive. 

11 Section 5. Section '73-1-24, Utah Code Annotated 1953, is 

12 enacted to read: 

13 73-1-24. (1) The division shall have authority to require: 

14 (a) Identification of the location and ownership of all 

15 wells and producing geothermal leases. 

16 (b) Filing with the division of a notice of intent to 

17 drill, redrill, deepen, permanently alter the' casing of, or 

18 abandon any well. Approval of the notice of intent must be 

19 obtained from the division prior to commencement of operations. 

20 (c) Keeping of well logs and filing true and correct copies 

21 with the division. These records are public records when filed 

22 with the division, unless the owner or operator requests, in 

23 writing, that the records be held confidential. The period of 

24 confidentiality shall be established by the division, not to 

25 exceed five years from the date of production or ' injection for 

25 other than testing purposes or five years from the date of 

27 abandonment, whichever occurs first, as determined by the 

28 division. Well records held confidential by the division are 

29 open to inspection by those persons authorized in writing by the 

30 owner or operator. Confidential status shall not. restrict 

31 inspection by state officers charged with regulating well 

32 operations or by authorized officials of the Utah state tax 

33 commission for purposes of tax assessment. 
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2 (d) The spacing, drilling, casing, testing, operating, 

3 producing, and abandonment of wells so as to prevent: (i) 

4 geothermal resources, water, gases, or other fluids frora escaping 

5 into strata other than the strata in which they are found (unless 

6 in accordance with a subsurface injection program approved by the 

7 division); (ii) pollution of surface and groundwater; (iii) 

8 premature cooling of any geothermal system by water encroach<7ient 

9 or otherwise which tends to reduce the ultimate economic recovery 

10 of the geothermal resources; (iv) blowouts, cavings, and seepage; 

11 and (v) unreasonable disturbance or injury to neighboring 

12 properties, prior water rights, human life, health, and the 

13 environment. 

14 (e) The operator to file cash or individual surety bonds 

15 with the division for each new well drilled and each abandoned 

16 well redrilled. The amount of surety required shall be 

17 determined by the division. In l.ieu of bonds for separate wells, 

18 the operator may file a blanket cash or individual surety bond in 

19 an amount set by the division to cover all the operator's 

20 drilling, redrilling, deepening, maintenance, or abandonment 

21 activities for wells in the state. Bonds filed with the division 

22 shall be executed by the operator, as principal, conditioned on 

23 compliance with division regulations in drilling, redrilling, 

24 deepening, maintaining, or abandoning any well or wells covered 

25 by the bond and shall secure the state against all losses, 

26 charges, and expenses incurred by it to obtain such compliance by 

27 the principal named in the bond. 

28 (f) The geothermal owner or operator to measure geothermal 

29 production according to standards set by the division and 

30 maintain complete and accurate production records. The records, 

31 or certified copies of them, shall be preserved on file by the 

32 owner or operator for a period of five years and shall be 

33 available for examination by the division at all reasonable 

34 times. 
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2 (g) F i l i n g with the divis ion any other reasonable repor t s 

3 which i t p resc ibes regarding geothermal operat ions within the 

4 state. 

5 (2) Any bond filed with the division in conformance with 

6 this act may, with the consent of the division, be terminated and 

7 canceled and the surety be relieved of all obligations under it 

8 when the well or wells covered by the bond have been properly 

9 abandoned or another valid bond has been substituted for it-

10 (3) The division may enter onto private or public land at 

11 any time to inspect any well or geothermal resource development 

12 project to determine if the well or project is being constructed, 

13 operated, or maintained according to any applicable permits or to 

14 determine if the construction, operation, or maintenance of the 

15 well or project may involve an unreasonable risk to life, health, 

16 property, the environment or subsurface, surface, or atmospheric 

17 resources, x 

18 Section 6. Section 73-1-25, Utah Code Annotated 1953, is 

19 enacted to read: 

20 73-1-25. (1) The division upon its own motion may hold, 

21 and upon the application of any affected person shall hold, a 

22 hearing to consider the need for cooperative or unit operation of 

23 a geothermal area. 

24 (2) The division shall make an order providing for the 

25 cooperative or unit operation of part or all of a geothermal area 

26 if the division finds that this operation is reasonably necessary 

27 to prevent waste, to protect correlative rights, or to prevent 

28 the drilling of unnecessary wells and will not reduce the 

29 ultimate economic recovery of geothermal resources. 

30 (3) An order for cooperative or unit operations shall be 

31 upon terms and conditions that are just and reasonable and 

32 satisfy the requirements of subsection (2). 

33 (4) An order by the division for unit operations shall 

34 prescribe a plan, including: 
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2 (a) A description of the geothermal area to be so operated, 

3 termed the unit area. 

4 (b) A statement of the nature of the operations 

5 contemplated, the time they will commence, and the manner and 

6 circumstances under which unit operations shall terminate. 

7 (c) An allocation to the separately-owned tracts in the 

8 unit area of the geothermal resources produced and of the costs 

9 incurred in unit operations. The allocations shall be in accord 

10 with the agreement, if any, of the affected parties. If there is 

11 no such agreement, the division shall determine the allocations 

12 from evidence introduced at a hearing before the division. 

13 Production shall be allocated in proportion to the relative value 

14 that each tract bears to the value of all tracts in the unit 

15 area. The acreage of each tract in proportion to the total unit 

16 acreage shall be the measure of relative value, unless the 

17 division finds after public hearing that another method is likely 

18 to result in a more equitable allocation and protection of 

19 correlative rights. Resource temperature, pressure, fluid 

20 quality, geological conditions, distance to place of use, and 

21 productivity are among the factors that may be considered in 

22 evaluating other methods. The method for allocating production 

23 in unit operations shall be revised if after a hearing the 

24 division finds that the revised method is likely to result in a 

25 more equitable allocation and protection of correlative rights. 

26 The division shall hold a hearing to consider adoption of a 

27 revised allocation method upon the application of any affected 

28 person, but the application may not be made until three years 

29 after the initial order by the division or at less than two-year 

30 intervals after that. 

31 (d) A provision for adjustment among the owners of the unit 

32 area (not including royalty owners) of their respective 

33 investment in wells, tanks, pumps, machinery, materials, 

34 equipment, and other things and services of value attributable to 
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2 the unit operations. The amount to be charged unit operations 

3 for each item shall be determined by the owners of the unit area 

4 (not including royalty owners), but if the owners of the unit 

5 area are unable to agree upon the amount of the charges or to 

6 agree upon the correctness of same, the division shall determine 

7 them after due notice and hearing, upon the application of any 

8 affected party. The net amount charged against the owner of a 

9 separately-owned tract shall be considered an expense of. unit 

10 operation chargeable against that tract. The adjustments 

11 provided for in this subsection may be treated separately and 

12 handled by agreements separate from the unitization agreement. 

13 (e) A provision providing how the costs of unit operations, 

14 including capital investments, shall be determined and charged to 

15 the separately-owned tracts and how these costs shall be paid, 

16 including a provision providing when, how, and by whom the unit 

17 production allocated to an owner who does not pay the share of 

18 the cost of unit operation charged to that owner, or the interest 

19 of that owner, may be sold and the proceeds applied to the 

20 payment of the costs. The operator of the unit shall have a 

21 first and prior lien for costs incurred pursuant to the plan of 

22 unitization upon each owner's geothermal rights and his share of 

23 unitized production to secure the payment of the owner's 

24 proportionate part of the cost of developing and operating the 

25 unit area. This lien may be established and enfolced in the same 

26 manner as provided by sections 38-1-8 through 38-1-26. For these 

27 purposes any nonconsenting owner shall be deemed to have 

28 contracted with the unit operator for his proportionate part of 

29 the cost of developing and operating the unit area. A transfer 

30 or conversion of any owner's interest or any portion of it, 

31 however accomplished, after the effective date of the order 

32 creating the unit, shall not relieve the transferred interest of 

33 the operator's lien on the interest for the cost and expense of 

34 unit operations. 
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2 (f) A provision, if necessary, for carrying or otherwise 

3 financing any person who elects to be carried or otherwise 

4 financed, allowing a reasonable interest charge for this service 

5 payable out of that person's share of the production. 

6 (g) A provision for the supervision and conduct of the unit 

7 operations, in respect to which each person shall have a vote 

8 with a value corresponding to the percentage of the costs of unit 

9 operations chargeable against the interest of that peison. 

10 (h) Such additional provisions that are found to be 

11 appropriate for carrying on the unit operations. 

12 (5) No order of the division providing for unit operations 

13 shall become effective unless and until the plan for operations 

14 prescribed by the division has been approved in writing by those 

15 persons, who under the division's order, will be required to pay 

16 66% of the costs of the unit operation, and also by the owners of 

17 65% of the production or proceeds of same that are free of costs, 

18 such as royalties, overriding royalties, and production payments; 

19 and the division has made a finding that the plan for unit 

20 operations has been so approved. If the persons owning the 

21 required percentage of interest in the unit area do not approve 

22 the plan within six months from the date on which the order is 

23 made, the order shall be ineffective and shall be revoked by the 

24 division unless for good cause shown the division extends this 

25 time. 

26 (6) An order providing for unit operations may be amended 

27 by an order of the division in the same manner and subject to the 

28 same conditions as an original order for unit operations; but if 

29 this amendment affects only the rights and interests of the 

30 owners, the approval of t))e amendment by the owners of royalty, 

31 overriding royalty, production payments, and other interests 

32 which are free of costs shall not be required. Production 

33 allocation may be amended only according to the provisions of 

34 subsection 73-1-25(4)(c). 
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2 (7) All operations, including, but not limited to, the 

3 coiTimencement, drilling, or operation of a well upon any portion 

4 of the unit area shall be deemed for all purposes the conduct of 

5 such operations upon each separately-owned tract in the unit by 

6 the several owners of tracts in the unit. The portions of the 

7 unit production allocated to a separately-owned tract in a unit 

8 area shall, when produced, be deemed for all purposes to have 

9 been actually produced from that tract by a well drilled on it. 

10 Good faith operations conducted pursuant to an order of the 

11 division providing for unit operations shall constitute a 

12 complete defense to any suit alleging breach of lease or of 

13 contractual obligations covering lands in the unit area to the 

14 extent that compliance with these obligations cannot be had 

15 because of the order of the division. 

15 (8) The portion of the unit production allocated to any 

17 tract, and the proceeds from the .sale of this production, shall 

18 be the property and income of the several persons to whom, or to 

19 whose credit, the same are allocated or payable under the order 

20 providing for unit operations. 

21 (9) Except to the extent that the parties affected so agree 

22 and as provided in subsection 73-1-25(4)(e), no order providing 

23 for unit operations shall be construed to result in a transfer of 

24 all or any part of the title of any person to the geothermal 

25 resource rights in any tract in the unit area!' All property, 

26 whether real or personal, that may be acquired in the conduct of 

27 unit operations shall be acquired for the account of the owners 

28 within the unit area and shall be the property of these owners in 

29 the proportion that the expenses of unit operations are charged. 

30 (10) An order of the division for unit operations shall 

31 constitute a complete defense to any suit charging violation of 

32 any statute relating to trusts, monopolies, and combinations in 

33 restraint of trade on account of unit operations conducted 

34 pursuant to the order. 
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2 Section 7. Section 73-1-26, Utah Code Annotat|ed 1953, is 

3 enacted to read: 

4 0 73-1-26. (1) Geothermal fluids are deemed to be a special 

5 kind of underground water resource, related to and potentially 

6 affecting other water resources of the state. The utilization or 

7 distribution for their thermal content and subsurface injection 

8 or disposal of same shall constitute a beneficial use of the 

9 water resources of the state. 
i 

10 (2) (a) Geothermal owners shall, prior to the cbmmencement 

11 of, or increase in, production from a well or group of wells to 

12 be operated in concert, file an application with the division to 

13 appropriate such geothermal fluids as will be extracted from the 

14 well or group of wells. Publication of applications shall be 

15 made as provided in section 73-3-6, and protests may be filed as 

16 provided in section 73-3-7. The division shall approve an 

17 application if it finds that _ the proposed • extraction of 

18 geothermal fluids will not impair existing rights to the waters 

19 of the state, but this determination shall be made without regard 

20 to possible impairment of rights to geothermal fluids. Rights of 

21 geothermal owners to common geothermal resources and associated 

22 geothermal fluids shall be based on the principle of correlative 

23 rights. 

24 (b) The division may grant the quantity of an Application 

25 on a provisional basis, to be finalized upon stabiljization of 

26 well production. Flow testing of a discovery well shall not 

27 require an application to appropriate geothermal fluids. 

28 (3) The date of an application to appropriate geothermal 

29 fluids, when approved by the division, shall be the priority date 

30 as between the geothermal owner and the owners of rights to water 

31 other than geothermal fluids.. No priorities shall he created 

32 among geothermal owners by the approval of an application to 

33 appropriate geothermal fluids. i 
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Section 8. Section 73-1-27, Utah Code Annotated 1953, is 

enacted to read: 

73-1-27. (1) Any person adversely affected by any rule, 

regulation, or order issued under this act may within 60 days 

after the effective date of the rule or regulation or entry of 

the order bring a civil suit against the division in the district 

court of Salt Lake County or in the district court of' the county 

in which the complaining person resides, to test the Validity of 

the rule, regulation, or order, or to secure an injunction or to 

obtain other appropriate relief, including all rights of appeal. 

(2) An action or appeal involving any provision of this 

act, or a rule, regulation, or order issued under ii shall be 

determined as expeditiously as feasible. The trial court shall 

determine the issues on both questions of law and fad: and shall 

affirm or set aside the rule, regulation, or order, or remand the 

cause to the division for further proceedings.• Thi court is 

authorized to enjoin permanently the enforcement by the division 
i 

of this act, or any part of it, or any act done or threatened 
i. 

under it, if the plaintiff shall show that as to hiijn the act or 

conduct complained of "is unreasonable, unjust, arbitrary, or 

capricious, or violates any constitutional right of the plaintiff 

or if the plaintiff shows that the act complained of constitutes 

or results in waste or does not in a reasonable mannei: accomplish 

an end that is the purpose of this act. 

(3) Any person who, for the purpose of evading 

any rule, regulation, or order of the division issued 

shall make or cause to be made any false entry in 

record, account, or memorandum required by this act. 

this act or 

under it, 

any report, 

or by any 

rule, regulation, or order issued under it or shall omit or cause 

to be omitted fiom the leport, record, account, or memorandum, 

full, true and correct entries as required by this act, or by the 

rule, regulation, or order, or shall remove from this state or 
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2 destroy, mutilate, alter, or falsify the record, Recount, or 

3 memorandum, is guilty of a class A misdemeanor. 
• — . — • > 

4 (4) No suit, action, or other proceeding b^sed upon a 

5 violation of this act or any rule, regulation, or ord^r of the 

6 division issued under it shall be coinmenced or maintained unless 

7 same shall have been comnienced within two years from tjie date of 

8 the alleged violation. 

9 Section 9. If any provision of this act, or the Application 

10 of any provision to any person or circumstance, is held invalid, 

11 the remainder of this act shall not be affected thereby. 
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STATE ENGINEER 73-2-111 

Waters appur tcuant t o l.iad. iitnl u|>i>ii it ln'/nre :uii] a l ihv lime «f 
Water arpi i r lcnant to a t r : u l of lu.id tlic^coiive.v:iine. Stephens v. Burton, 546 

is that HDiount which was beneficially *̂- - ^ -•*"• 

73-1-20. Geothennal energy prodtiction—Regulation by division of Wa
ter rights.—(1) The division of water rights is given jurisdiction a îd 
authority to require tliat all wells for the discovery and production of 
water to be used for geothermal energy production in the slate of Utah, !be 
drilled, operated, maintained, and abandoned in such manner as to safe
guard life, health, property, tlie public welfare, and to encourage maximiiim 
economic recovery. 

(2) Jn carrying out its res])onsibil!ly under this act, the division of 
water rights may utilize personnel, equipment, or other assistance of ^ny 
division or department and may transfer funds to that division or depart
ment to reasonably compensate it for use of its personnel or facilities. 

History: C. 1053, 73-1-20, enacted by Cotle Annotated 1953; grant ing to the di-
L. 1973, ch. 1B9, § 1 . vision of water r ights specific au thot i ty 

tn rcpulatc geothermal energy an'l a9."=o-
Title of Act. t in ted resources. ' 

An act enact ing section 73-1-20, ITtali 

Section 
73-2-1.1. 
73-210. 
73-2-13. 
73-2-14. 
73-2-15. 

73-2-17. 
73-2-21. 

C H A P T E R a—STATE E K C I X E E R 

Division of wate r r ights—Creat ion—Power and author i ty . 
Reports to the governor. 
Attorney genrr.-:! and county a t to rneys to counsel. 
Fees of s ta te engineer—P.nyment into general fund. 
Agreements wi th federal and s ta te agencies—Invest igat ions, surveys or 

adjudicat ions. 
Authorization of co-operative invest igat ions of ground-water resources. 
Artesian wel ls—Wast ing public wa te r—Sta te engineer, power to plug, repair or 

control—Co-operative agreements wi th owners. 

court for review of s t a l e engineer'^ de
rision, but ra ther filed action to have 
dcfcndnnt ' s r ights declared forfeited ^l i ich 
resiiltcd in an a t t empt by plaintiff to exer
cise au thor i ty granted specifically to s t a t e 
engineer to enjoin unlawful diversion. 
Glenwood I r r . Co. v. Myers , 24 U. (£d) 78, 
465 P . 2d 1013. 

73-2-1. State engineer, etc. 
Powers and duties of engtneei . 

In action to have defendant ' s right lo 
use water declared forfeited for non-use 
and to enjoin any further use thereof, 
trial court improjicrly gronted summary 
judgment for plaintiff since s ta te engineer 
had granted extension of time for defend
ant to resume use and plaintiff did no t use 
proper remedy of civil action in d is t r ic t 

73-2-1.1. Division of V7ater rights—Creation—Power and a'uthority.— 
TJif-rc is created the division of water rights, which shall be withicj the 
dejiartmcnt of natural resources under the administration and general 
supervision of the executive director of natural resources. The divisitj'n of 
water riglits sha)l be the water rights authority of tlic state of Utah and is 
vested with such powers and required to perform such duties as are set 
forth in law. 

His tory : C. 1953, 73-2-1.1, enacted b y Cros»-Beferences. 
L . 1967, ch. 176, § 8 ; L . 1969, ch. 198, § 5 . Creation of depar tment of iiatui|al re-
_ , , , . . , . sources and boards and divisions Within 
Compiler » Notes . depar tment , 63-34-3. 

The 19(59 amendment subst i tu icd "execu
t ive director" for "co-ordinating council ." 
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I. INTRODUCTION 

Geothermal energy is derived from heat berieath the earth's 
surface. High temperature geothermal resources câ n be used to gen
erate electricity. Moderate and low temperature i-esources are less 
likely to be used in the generation of electricity, but can be used for 
space heating, food processing, and cooling. Geotjhermal resources 
are also potential sources of extractable minerals and irrigation 
water. 

A geothermal deposit is an accumulation of heat within the 
crust of the earth. Temperatures beneath the earth's surface "are 
controlled principally by conductive flow of hfeat through solid 
rocks, by convective flow in circulating fluids, or! by mass transfer 
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dards are liberal. 
Prior to 1972, South Dakota followed the 1933 Idpho Supreme 

Court's opinion in Noh v. Stoner,"* and recognized a senior pum
per's absolute right to artesian pressure. In 1972 the Water Re
sources Commission was given the right to adopt rulfes which pro
vide "for regulation ofthe use of large-capacity wells in the degree 
necessary to maintain an adequate depth of water for reasonable 
domestic needs and for a prior appropriator at his point of diver
sion."^=' Water Rights Commission rules require "reaslonable efforts 
to maintain sufficient artesian pressure in the aquifer to maintain 
water supplies in existing individual domestic wells which are de
pendent upon such artesian pressure but continuance of such arte
sian pressure at all times will not be assured.""' 

The Commission has power to deal with seasonal shortages 
which threaten domestic supplies. It may suspend tjhe doctrine of 
prior appropriation."* Large capacity wells may be subjected to pro 
rata cutbacks or other methods such as rotation and limitations on 
pumping hours "to assure domestic water suppliefs in adequate 
wells.""* 

S?::Vi 

K. Utah 

Utah's water laws grew out ofthe Mormon colonizing practices, 
rewarding those whose industry put the water to use and discourag
ing speculation and monopolization. By statute all ^f'ate^s in Utah, 
whether above or under the ground, are declared public property.'" 
Utah gradually adopted the appropriative water righJLs regime ofthe 
Far West. Rights in all categories ofwater may be obtained only by 
application for appropriation to the State Engineer^ find acquisition 
of water rights by adverse use or adverse possessioili is specifically 
precluded."' 

An application to appropriate water must be approved by the 
State Engineer if the following conditions are met: 

(1) There is unappropriated water in the proposed source; (2) The 
proposed use will not impair existing rights, or interfere with the more 
beneficial use of the water; (3) The proposed plan is physically and 

321. 53 Idaho 651, 26 P.2d 1112 (1933). Ste Comment. South Uahota'a Artesian Pra-
ture—Should It Be a Protected Means of Diversion, 16 S.D. L. REV. 481 (1971). 

322. E.D. RULES, supra note 320, 46B.504-506, 46B.201-217. 
323. Id. 46B.506 (3). 
324. S.D. COMP. LAWS ANN. i 46-6-6.2 (Supp. 1978). 
325. S.D. Ri.xr.5, tupra note 320, 46B.508. 
326. UTAH Conr. ANN. { 73-1-1 (1968). 
327. Id. { 73-3-J. 
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economically feasible unless the application is filed by the United 
States Bureau of Reclamation and would not prove detrimental t4 the 
public welfare; and (4) The applicant has the financial abilitk' to 
complete the proposed works and the application was filed in good 
faith and not for purposes of speculation or monopoly.*" | 

It is up to the applicant to provide evidence of his entitlenient to 
an appropriative right, but, in keeping with the state's policy to 
promote development, the State Engineer must resolve doubts in 
favor of the applicant."' After final proof that the appropriation 
procedure has been followed and the water has been put to jbenefi-
cial use, the State Engineer issues a certificate of appropriation 
which is prima facie evidence of the water right."" 

Utah's system generally follows the customary prior appropria
tion pattern: a senior appropriator is entitled to receive hii whole 
supply before a subsequent appropriator obtains any right."f A sta
tutory hierarchy of preferences, however, qualifies this. In times of 
scarcity, while priority of appropriation gives the better right be
tween those using water for the same purpose, domestic use without 
unnecessary waste has preference over all other purposes and agri
cultural uses have preference over all uses except domestic.*" 

In 1935, the Utah Supreme Court abandoned the oterlying 
ownership and correlative rights doctrine, and held that percolating 
groundwater was publicly owned and subject to appropriation.*" 
Later that same year, the legislature provided that rights in ground
water could only be acquired by appropriation, and presently the 
same appropriation procedures apply to both groundwater ^nd sur
face water."* 

Utah may recognize a senior's right to pressure, which would 
likely impede geothermal development. The Utah Supreine Court 
initially held, over a strong dissent, that the rights of a prior appro
priator extended not only to a quantity of water, but also to the 
static pressure in the underground water source,"* The qourt or-

32B. 
329. 
330. 
331. 
332. 
333. 

Id. i 73-3-8 (Supp. 1979). 
Little Cottonwood Water Co. v. Kimball, 76 Uuh 243, 289 P. 116 (1?30). 
UTAH CODE ANN. { 73-3-17 (1968). 
Id. i 73-3-21. 
Id. 
Wrathall v. Johnson, 86 Utah 50, 40 P.2d 755 (1935). There is a minor qiialification 

in that the overlying owner has been held U> own the nontributary soit moisture that immedi-
•Uly nourishes the planU powing in hii soil. Riordsn v. Westwood, 115 Utah 215. 203 P.2d 
B22 (1949). This qualification appears to cause no significant problems in water ri|;hu admin-
btration. 

334. UTAH CODE ANN. | 73-3-1 (1968). 
335. Current Creek Irr. Co. v. Andrews. 9 Utah 2d 324, 344 P.2d 628 (19^9). 
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dered a junior appropriator to compensate a senior appropriator for 
the cost of pursuing water to greater depths. A Subsequent case 
reached a somewhat contrary conclusion, but did not overrule the 
earlier case. In the later case, a city attempted to change its point 
of diversion, and a claim was made that the city's improved well 
would reduce the pressure for the wells of others."|' The Utah court 
distinguished this case from the earlier one in tliat "this is not a 
situation where [there is] a new withdrawal in aj basin which ad
versely affects the flow of wells prior in time and right. . . .""• The 
court went on to articulate a "rule of reasonableiness.""' With the 
earlier case not being overruled, it may still be tnat Utah law pro
tects static pressure of senior appropriators. If such a rule were 
rigorously applied, the geothermal developers may be liable to ear
lier appropriators and even to early geothermal drillers who possess 
prior water rights. The more recent opinion indicates that a rule of 
reasonableness will control the issue; if so, geothermal development 
will benefit from the change. 

Developed water rights are recognized in Utah. One who can 
demonstrate that he has developed a supply of \f'ater that is not a 
part of a known system or source of supply is entitled to the devel
oped water."' The appropriation procedure, how|ever, must be fol
lowed. 

One ofthe earliest attempts at legal classificB|tion of geothermal 
resources in Utah occurred in 1963. "The Director of the Utah State 
Land Board (the agency responsible for mineral development on 
state lands) requested an attorney general's opiriion on (i) whether 
the state could lease geothermal rights in lands ciontaining reserved 
state mineral rights and (ii) whether the State Engineer had any 
control over geothermal uses. The Attorney General issued a lengthy 
opinion which drew a sharp distinction between minerals in solution 
in geothermal fluids and "water."'" If solution ifninerals are valua
ble in themselves and justify mining, the Attorney General con
cluded they would be covered by the state's resjervation. If, on the 
other hand, the minerals are merely an inseparable part of the 

1 
336. Wayman v. Murray City Corp.. 23 Utah 2d 97, 458 p.2d 861 (1969). 
337. Id at 101, 458 P.2d at 663. 
338. The c»urt explained: 

All users arc required where necessary to employ reasonable and efficient means of 
taking their own waters in relation to others to the tnd that wattage ofwater is avoided 
•nd the greatest amount of available water is put to bcneficjial use. 

Id at 104, 458 P.2d at 865. 
339. UTAH CODE ANN. f 73.3-1 (1968). See. e.g. Bullock v, Tracy, 4 Utah 2d 370, 294 

P.2d 707 (1956): Silver King Consol. Mining Co. v. Sutton. 85 Utah 297,39 P.2d G32 (1934). 
340. Uuh Att'y Gen. Op. No. 63-016 (Mar. 6, 1963). 
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water, the water rights regime alone would cover them and there 
would be no state mineral ownership. Although the opinion is un
clear on the application of water laws, the Attorney General ex
pressed the belief that all associated water would be governed in 
toto by Utah water laws. Thus, the State Engineer would have 
control of geothermal fluid uses—including the beneficial use of 
heated and pressurized fluids—to generate power. 

A Utah statute enacted ten years ago followed the Attorney 
General's lead and gave primary control of geothermal resources to 
the State Water Agency. 

The division of water rights is given jurisidction and authority to 
require that all wells for the discovery and production of water to be 
used for geothermal energy production in the state of Utah, be drilled, 
operated, maintained, and abandoned in such manner as to safe
guard life, health, property, the public welfare, and to encourage 
maximum economic recovery."' 

The geothermal law embodied in this statute and the Attorney 
General's opinion could logically support acquisition of a water 
right, but the State Land Board has taken the position that more 
than a water right is needed to recover geothermal resources from 
state-owned land. The Slate Land Board prepared a lease form for 
state-owned lands indicating an intention to act as proprietor and 
collect royalties. The royalties are expressly payable on the sale of 
"water, steam and any other product."*" In other respects, the lease 
form follows traditional mineral concepts. 

In order to carry out his assigned statutory responsibilities,'" 
the State Engineer has now promulgated regulations which provide 
the first Utah definition of geothermal resources. 

"Geothermal Resource" means the natural heat energy ofthe earth, 
the energy in whatever form which may be found in any position and 
at any depth below the surface ofthe earth, present in, resulting from 
or created by, or which may be extracted from such natural heat and 

.'i^'.tjp 

_,^fy:i!-^*l 

341. UTAH CODE ANN. { 73-1-20 (Supp. 1979). 
342. Utah Stele Land Board form "Geothermal Steam Lease and Agreement." There 

is a provision in the form acknowledging a possibly conflicting claim of state patentees who 
t̂ eceived titles subject to stale mineral reservations. In the event the supreme court adjudges 
geothermal rights to be in such paieniees, the state agrees to refund previously paid royalties 
but not previously paid rentals. In no event, however, does the State Land Board form take 
account of any poasibility that geothermal rights in state lands could be obtained merely by 
appropriating a water right. In lands wholly owned by the state, the form clearly contemplates 
that woule-be geothermal developers need both a geothermal lease and an appropriative 
Water right. 

343. See Wells Used for the Discovery and Production of Geothernial Energy in the 
Slate of Uuh, AD. Ruizs. UTAH { A63-01-2 (1978). 

; iV; 
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Predictably, water notions predominate in the c r̂aft, and one sec
tion would provide redundant proceedings for arjy water used out
side the geothermal operations. An appropriation right would have 
to be obtained prior to drilling and producing 4 geothermal well. 
That appropriation, however, does not make the produced fluids 
interchangeable with water for any other purposes; any water, brine, 
steam, or condensate produced may be subjected to a further appro
priation "if physical conditions permit."*" 

The first full-fledged geothermal appropriation proceeding be
fore the Division of Water Rights occurred in December of 1974, 
when the Phillips Petroleum (Company filed an,application to ap
propriate 1,680 cubic feet per second of groundwater for power pur
poses in the Roosevelt Hot Springs area of Utah,*" The application 
was filed in connection with federal geothermal | leases acquired by 
Phillips under the Geothermal Steam Act of 1970, but the Interior 
Department took no position in the matter and left the entire pro
ceeding to Phillips. 

In a lengthy hearing before the State Engineer in April of 1976, 
Phillips attempted to prove its entitlement to t̂ n appropriation by 
introducing evidence on each of the statutory appropriation require
ments with particular attention to availability ofwater in the source 
and nonimpairment of existing rights. These were important issues 
because the area's conventional groundwater sources were already 
fully appropriated, and there was a moratoriulm on further water 
well drilling. Phillips attempted to counter this by invoking ihe 
developed water doctrine, contending that the water source it 
sought to tap was 5,000 feet below the groundwater source and 
therefore physically distinct. Phillips also argjued that the water 
produced from its geothermal wells would be totally unusable for 
irrigation. Although some interconnection was conceded, Phillips 
contended that the flow from the groundwater spurce to the geother
mal reservoir took hundreds of years and that geothermal produc
tion would not significantly hasten this flow since eighty percent of 
the produced fluids would be reinjected. 

Several protests to the Phillips application were filed, but a 
full-scale water conflict was avoided. Phillips secured the with-

344. Id. i A63-0l-2(2)(k). 
345. Id. ^ A63-0]-2(3)(a)(])(b). 
346. Applications to Appropriate Water No. 44509 (71-3274, 71-3299), filed by Phillips 

Petroleum Company (Dec. 20, 1974). 
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drawal of these protests by promising to monitor any possible inter
ference with prior appropriators.**' 

PrnfPRts wprp akn filed hy Utah Power fc Light Companv and 
an associated genthprmal devplnper. The Ktafpd grnnnd for their 
protests was to protect their prior appliratinns fn flpprnprinfp fnr 
geothermal development.*" Thev alleged that the Phillips appropri
ation "wniilH riiminiRh, rieplefp nr nfhprwigp wrlvprsply nffprt thff 
appropriations" sought by them under their prior applications. Sub-
sequentlv, those protests were also withdrawn, but the withdrawals 
V;prp w i t h n n t p r p j n H i r p fn t h p prnfpcjtwnfg' r i g h t s fn I n t e r pt;«;prt p r i n r 

rights and to seek protection. 
Utah Power & Light has staked out a simple, if not simplistic, 

geothermal-is-water position and hfls hplH fast tn that position. The 
company has blanketed prospective geothermal areas in Utah with 
applications to appropriate water rights and has maintained that 
only appropriative water rights are required to authorize geothermal 
operations. It has not bothered to secure development rights from 
either public or private landowTiers by lease or othprwise. The im-
plausibilitv of the company's positon on federal lands is self-
evident, and there will clearly be no geothermal development on 
federal lands except bv holders of geothermal leases issued pursuant 
to the Geothermal Steam Act of 1970. As to nonfederal lands, the 
company's position is only slightly less ludicrous. Would-be geother
mal developers armed with leases repard the Utah Power & Light 
applications as nuisances that will have to be addressed in adminis
trative process before the State Engineer, in court proceedings, or 
perhaps in direct negotiations with the company.*" 

L. Washington 

Washington, like Oregon, lies outside the Rocky Mountain en
ergy basket. The Cascade range and Eastern Washington have the 
right geology for the existence of geothermal reservoirs, and there 

347. The only protest that has not been withdrawn as of this time is that of a miner 
claiming water rights in the area. 

348. The Phillips' application is still pending before the Slate Engineer. 
349. A bill was introduced in the Utah Legislature in the 1979 general session to provide 

g comprehensive regulatory recime. and in perticuler. to deal specifically with the water law 
issues that here concern ui. Rffulalorv powers would have continued in the water acencv. 
but mechanisms wouldhave been provided to subttanllBliv eitricate Eeothermsl fluids frofp 
the prior eppronriation system and treet eeoihermel richls infer se as correlative. S.B. 279 
^laM^ppin fl97y). Thr hill pmspfi thr •'̂ pnptp hut «n nmynriment in the Hmitp nf R/-pre«.ent-
^ j !v> . giltt>r< »ti> hil l rtt ttrty m f p n i n g unH ite .p r .n t r . r . \r i l^g hill A'tl. l l t x h Pnu..>r S, I jfKt U 

credited with engineering the amendment thnt rtsullf d in the bill'< rtpmi-.i' Thn nncnrrxitfiil 
Uuh bill is discussed el grepter length in the concluding section of this paper. 
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closed reservoir or (2) a reinjection of geothermal brines is not within 
the definition of "pollution or pollutant" because disposal in thlis 
manner is not "likely to create a public nuisance or render such 
waters harmful, detrimental, or injurious to public health, safety, 
or welfare . . . .""• 

State pollution laws are, therefore, also an appropriate place io 
apply the presumption that geothermal reservoirs are separate froU 
conventional groundwater aquifers,"* One objection to this analyslis 
is that there is a difference between the rights of prior water rights 
appropriators against a geothermal operator and the rights of tlpe 
public to clean water. A prior appropriator has a property right in 
the water put to beneficial use, and, should a geothermal develop
ment in fact interfere with the right, after-the-fact compensation 
can make the water right holder substantially whole. If, however, a 
geothermal well causes groundwater contamination, any after-th^-
fact damage remedy will not make the public whole except at grekt 
expense. This risk can be minimized by subjecting geothermal de
velopment to state pollution laws with a recognition that geothelr-
mal development is a special problem, and a regulatory structure 
that allows the developer to present his case for exemption befojre 
making a substantial capital investment should be provided. 

• _ • 

X. CONCLUSION 

There is a temptation to solve new resource allocation problenbs 
by reasoning from analogy to a familiar legal classification. Some
times this process is satisfactory, but if the familiar category is un-

, — , _ _ _ _ i _ 
409. AHIZ. REV. STAT. ASN. { 36-]B51(8) (1974). Aiizona defined pollution as 

such contamination, oi other alteration ofthe physical, chemical, or biological proper
ties of any waters ofthe state, including change in temperature, taste, color, turbidity, 
or odor of the waters, or such discharge of any liquid, gaseous, solid, radioactive, or 
other substance into any waters of the slate as will or is likely to create a public 
nuisance or render such waters harmful, detriroental, or injurious to public health, 
safety, or welfare, or to domestic, agricultural, commercial, industrial, recreational, or 
other beneficial uses, or to livestock, wild animals, birds, fish or other aquatic life. 

Id. Recently, Arizona adopted a more streamlined definition of pollution. "'Pollution' means 
the man-made or man-induced alteration ofthe chemical, physical, biological and radiologi
cal integrity of water." Id. { 36-1851(12) (Supp. 1978-1979). 

410. This was recognized in the well-reasoned California Superior Court opinion in 
Geothermal Kinetics, Inc. v. Union Oil Co., 75 Cal. App. 3d 56, 141 Cal. Rptr. S79 (1977), 
which held that the owner of the severed mineral estate was entitled to the geothermal 
resource because, in part, the reservoir litigated (at Tlie Geysers) was sealed off from shall-
lower groundwater aquifers. Celifomia water pollution laws define pollution as "an alleratidn 
of the quality of the waters of the state by waste to a degree which unreasonably affects: (1) 
such waters for beneficial uses, or (2) facilities which serve such beneficial uses." CAL. WATiiR 
CODE t 13050(1) (West 1971). 

<r-r:^ 

i:».r-.-.-

mi. 
i>V,A:' 
W<frt 

• . • ~ , / \ -

• ». » - • 

f.t.;.--

f'.-k.'-
itf.'.'.--
P'.XP 
h.'r:-.. 

m 
V--' 

^ y 



*y.r 
MUil 

?.W 

882 UTAH LAW REVIEW 11979: 773 
I 

suitable, reasoning by analogy can impede thej development of fair 
and functional allocation rules. The suggested adoption of ground
water rules for geothermal resources illustrates the dangers of rea
soning by analogy. The two resources differ significantly. The appli
cation of water law doctrines to geothermal resources results in a 
legal regime where constraints on development are not offset by 
clear benefits. 

The efficient allocation of geothermal resources will be served 
best by a presumption that geothermal deposits are separate from 
freshwater aquifers. Thus, geothermal resource exploitation can be 
governed by a separate legal regime. In some instances there will be 
a physical interconnection between geothermal and freshwater re
sources. Efficiency will be better served, howe>fer, by a legal regime 
that starts from a presumption of noninterferjence, and provides a 
mechanism for the early assessment of pote|ntial interference to 
assure prior vested water right holders that the geothermal devel
oper will be liable for any injuries caused. [ 

The right to exploit the resource should bf Rssifnpfl fn the 
overlying property owner. Recognizing a presumption of noninter
ference between ground and geothermal resources is a logical corol
lary of this basic principle. A geothermal righjt should be a right to 
capture the resource. Judicial rules designed to prevent waste and 
to protect correlative rights should modify |he right to capture. 
Judicial protection of correlative rights should Ibe supplemented—as 
it already has been in some states—by pooling and unitization stat
utes. Oil and gas law provides useful analogies, although there is a 
need to realize that the geothermal resource is heat, not the heat 
transfer medium. To promote the capture of ijeothermal resources, 
the overlying owner needs the maximum possi ble assurance that his 
right to exploit will not be challenged by otht rs unless he is waste
ful. Because geothermal resources may be phy ;ically interconnected 
with other resources, it is not possible to give an overlying owner 
complete assurance that his exploitation will be exclusive. The best 
that the law can do is to give the overlying owner the benefit of a 
presumption of noninterference. 

The presumption would be implemented by assigning the ap
propriate state agency the responsibility and authority to gather 
information and make findings concerning the relevant physical 
facts early in the development of a geothermal area. In extreme 
cases, it may even be appropriate for the agency to drill additional 
wells to monitor the interrelationships of freshwater pumping and 
geothermal production. The proposed inquiryjwould extend beyond 
the narrow scope of the certificate of primary purpose device avail-

w^-my y i i j ' » . "^ . ' 
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able by statute in California,*" which deals only with geothermal 
wells and inquires only whether the water content of those wells is 
fit for domestic and irrigation uses without further treatment. 
Rather, the proposed inquiry by the state agency would deal with 
all matters that bear on the possible relationship between freshwa
ter pumping and geothermal development. 

Temperature, pressure connection, and depth are the most 
likely variables for monitoring a physical interconnection. As infor
mation is accumulated over time, the agency might be able to for
mulate per se categories of noninterference through administrative 
rulemaking. Although depth and temperature appear to be the best 
basis for per se rules, legislation is not the best way to implement a 
per se rule. A common theme that emerged from our study of west
ern state geothermal legislation is that legislative classifications 
were usually designed to solve jurisdictional conflicts among state 
agencies, and not based on the best available scientific information 
about the resource. For the foreseeable future the presumption will 
have to be applied on a reservoir-by-reservoir basis. 

The presumption of noninterference must, of necessity, be a 
rebuttable one. Vested water rights are protected by the due process 
clause ofthe federal Constitution and by state constitutions as well. 
It might be argued that the presumption is unconstitutional because 
it takes groundwater rights. This should not be the case, however, 
because groundwater pumpers can be adequately protected. The 
presumption rests on a sound scientific basis, designed to insure 
that a geothermal driller's right is not a water right. The presump
tion also recognizes that interference with vested rights is a defense 
to a geothermal well, but it seeks to limit the application of the 
defense to situations where there is a substantial risk of actual inter
ference. 

The major problem with classifying geothermal resources as 
water is that the protection of existing groundwater pumpers is 
accomplished at too high a cost. A water right is only good if the 
holder can make a call against rival claimants under the worst fore
seeable hydrological conditions. The resulting shadow boxing in 
water rights disputes could impede geothermal development since 
a geothermal developer placed in this regime may never be given the 
opportunity to demonstrate noninterference. Socially useful energy 
development may be precluded because of hypothetical situations 
which never materialize. 

411. See note 169 supra and accompanying text. 
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The proposed presumption of noninterference strikes a balance 
between would-be geothermal developers and vested water rights 
holders. At a minimum, a pumper is guaranteed compensation 
should a geothermal driller interfere with his water right. The pum
per also has an administrative remedy equivalent to a suit for in
junctive relief, since arguments about interference can, of course, be 
raised before the administrative agency. The benefit of the agency 
remedy is that a more accurate assessment of impairment can be 
made. Remedies such as physical solutions can be more easily devel
oped before the rival resource claimants commit themselves to rigid 
positions. 

New Mexico and Utah have recently considered legislntion 
w^ich would address geothermal-water conflicts morb directly than 
does California's certificate of primary purpose. The proposed legis
lation, drafted with the assistance of the National| Conference of 
State Legislatures, provides a useful model for other ^tatcs to follow 
with appropriate revisions for local conditions and (jther modifica
tions which we suggest. Unfortunately, the defeat cjf the proposed 
legislation in the Utah Legislature demonstrates the power of one 
strong lobbyist to preclude a rational accommodatiojn in the public 
interest. 

A. New Mexico 

As we discussed in the section on New Mexico, both the State 
Engineer and the Oil Conservation Division presently assert juris
diction over geothermal resources. Legislation proposed in 1978 
would have eliminated the jurisdictional split by limiting the state's 
definition of geothermal resources to "the natural heat of the earth 
at temperatures greater than 120° centigrade."*" A reservoir con
taining thermal water below 120° centigrade is designated as a "low-
temperature thermal reservoir."*'* A geothermal driller must apply 
to the State Engineer for a permit to drill a geothermal well. Protes
tors may appear, but the State Engineer's discretion to deny a per
mit is limited, as a permit must be granted if: 

The intended geothermal operation will not cause substantial 
interference with and impairment of existing surface afnd groundwa
ter rights or existing stream flows; or 

. . . As a condition of the granting or the permit qf amendment, 
. . . the geothermal owner [has obtained] adequate water rights to 

412. See note 296 tupra and accompanying text. 
413. Id 
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offset any impairment to existing water rights or stream flows 

The date of the application for a permit is the priority date 
between a geothermal developer and a conventional water right 
holder. The permit creates no priority among geothermal drillers 
because the rule of capture applies except as modified by rules of 
the New Mexico Oil Conservation Division to protect correlative 
rights. The significance of giving the geothermal developer a water 
priority is basically to protect him against subsequent water users. 
The State Engineer may set economic drilling levels for any ground
water basin associated with a geothermal field, and a geothermal 
driller is not liable for any additional lifting costs imposed on 
groundwater pumpers so long as water levels remain at the desig
nated economic drilling level. New Mexico law does not recognize a 
fixed right to lift on the part of senior groundwater pumpers. The 
State Engineer has the discretion to permit pumpers to lower 
groundwater tables in designated basins without liability to senior | 
pumpers for increased lifting costs. However, the State Engineer 
also has discretion to recognize rights to fixed pumping levels, and 
thus the proposed legislation would somewhat limit the State Engi
neer's discretion to protect groundwater pumpers fi-om geothermal 
developers. The term "economic drilling levels" makes it clear that 
existing pumpers could be made to suffer some disadvantage in the 
interest of geothermal development. 

A second reason why the placement ofthe geothermal developer 
in the New Mexico water rights regime will not benefit prior pum
pers to the same extent as if the new entrant were a conventional 
water user is the burden of proof placed on existing pumpers to 
demonstate impairment of a vested right. After an allegation of 
impairment of vested rights, the proposed legislation provides: 

Tlie State Engineer shall hold a hearing on the matter at which the 
complaining party shall have the burden of establishing such interfer
ence and impairment. Should the complaining party sustain such 
burden of proof, the State Engineer shall instruct the geothermal 
owner to remedy the impairment through the provision of offset 
water, if available, or the payment of compensation. The right of 
eminent domain is hereby granted geothermal owners for the purpose 
of payment of compensation as provided herein. The protection of 
this section shall extend to only those water rights which predate the 
date of an application for a permit to produce geothermal fluids.*" 

414. Id. 
415. Id. 
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UTAH LAW REVIEW 11979: 773 

A New Mexico appropriator must bear the burden of proving that 
unappropriated water exists and that vested rights will not be im
paired. 'The proposed legislation would place on the geothermal de
veloper the burden of demonstrating that unappropriated water is 
available, and give the existing water right holder the burden of 
showing interference and impairment. This allocation effectively 
allows a geothermal developer to enter a basin winh adequate assur
ance that existing pumpers cannot bar the development. The rever
sal of the burden of proof is necessary; otherwise geothermal devel
opment may be frustrated in situations where the risk of impair
ment of vested rights is small. In effect, the proposed legislation 
precludes the award of injunctive relief against a geothermal devel
opment by giving the geothermal driller a preference against con
ventional water users.*" 

renceof StateLeg-
eral session of the 
e provided ways to 
ost to those whose 

That is what 

B. Utah 

ines. 

A comparable bill, also drafted by the Conf( 
islatures, failed to gain passage in the 1979 ge 
Utah Legislature.*" The Utah bill also would ha 
accommodate geothermal development at some 
claims are grounded solely on water law doctr| 
caused the bill's ultimate downfall. 

As indicated in the Utah section above. Utah Power & Light 
Company blanketed many of the state's promisiijig geothermal areas 
yith water rights applications.*'* This course of [conduct was prem
ised on the assumption that geothermal resources are water, pure 
and simple, and that no property riglits other tKan water rights an3 
incidential surface and subsurface user rights \N|ould be required to 
exploit the resource. No attempt was made by the company to se
cure geothermal leases from either private or public landowners. 

Before the legislative session convened, attempts were made to 
accommodate divergent interests, and several n^eetings were held 
which were attended by representatives of coiicerns interested in 
geothermal development in the state. Utah Power & Light particT-
pated in those discussions, but that company fll(j)ne insisted that the 
existing law made geothermal resources simply water. The company 

416. A legislature may not immunize an activity which msults in a taking from all 
common law liability. But, aubject to this Constitutional constraint, the state is free to 
restrict a properly right holder's choice of remedies. See W. Rot̂ EKS, ENVIRONMENTAL LAW { 
2.10 (West 1977). j 

417. See note 349 tupra. 
418. See text accompanying notes 348-49, supra. 
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GEOTHERMAL DEVELOPMENT 

would not agree to any legislative solution that failed to ac|:ord a 
priority or an exception for its existing water applications. Because 
ofthe wide area blanketed bv the Utah Power & Light applicationsT 
^he other participants in the discussion were unwilling to agree to a 
bill that failed to address the status of claims solely grounc^ed on 
prior water filings. An impasse was reached and the bill di^d. 

The Utah problem presents a classic case in the difficijilty of 
achieving idealistic reform in a real and political world. A gre^t deal 
pf give and take in the legislative process by all participant^, save 
one, resulted in a good, but far from perfect, bill being introduced. 
Tbe complete intransigence of Utah Power & Light Compank^ pre
vented reasonable accommodation from becoming law. 
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December 15, 1978 

Mr. Peter J. Murphy 
Utah Geological and Mineral Survey 
606 Blackhawk Way 
Salt Lake City, UT 84108 

Dear Peter: 

The results of the November 7, 1978 pump test of the flowing geothermal 
well near Crystal Hot Springs are encouraging. The aquifer can probably 
support several more low-capacity wells without diminishing the natural 
discharge to the ponds at Crystal Hot Springs. 

The alluvial aquifer is tight, and large diameter wells may not be able 
to produce more water than smaller, less costly wells. All wells should be 
completed in bedrock. 

I believe that the fractured quartzite is leaking hot water to the 
overlying alluvial aquifer. An observation well and an additional pump test 
will be needed to assess this inferred leakage and the accompanying vertical 
movement of water and delayed yield from storage. 

A thin hole within 30 feet of the flowing well, similar to the 
temperature gradient holes but with perforated PVC casing, would be an 
adequate observation well, which might later be adaptable to production. 

Sincerely, 

Christian Smith 

CS/smk 

encl. 

cc: P.M. Wright 
D. Foley 
S.H. Ward 
L.L. Mink 



CRYSTAL HOT SPRINGS PUMP TEST ANALYSIS 

The flowing geothermal well on the grounds of the Utah State Prison near 

Crystal Hot Springs, Jordan Narrows Quadrangle, Utah, was pumped at an average 

rate of 30 gpm for more than six hours on November 7, 1978. This report 

summarizes the data and results of this short-term pump test. 

Figure 1 is a sketch of the well and the geologic units it penetrates. 

The well diameter is 6 in, its total depth 285 ft; it is cased to the bottom 

of the hole. Torch-cut slots in the bottom 110 ft of the casing were used to 

complete the well. The artesian head is inferred to be 9 ft above ground 

level; artesian flow is about 8 gpm at 180°F. The 195 ft thick, fine-grained 

alluvial aquifer is confined above by approximately 90 ft of clay and below by 

pervasively fractured quartzite bedrock. While it is not known whether the 

quartzite yields water directly to the well, all evidence indicates that it 

does leak hot water to Crystal Hot Springs, a few hundred feet to the south. 

The pump test was designed to be, but did not satisfy the strict 

requirements for, a step-drawdown test and numerical analysis. Attempts to 

apply the step-drawdown analysis suggest well-losses are minimal and that the 

well is efficient. Completion of the well may even have improved the 

transmissivity of the aquifer within a short distance of the w^ll. 

The raw pump test data are plotted in Figure 2. Discharge, Q, in gallons 

per minute and drawdown (the increasing depth to water), s, in feet are 

plotted against the logarithm of time. A nearly constant rate of discharge at 

30 gpm was sustained for 288 minutes. During most of this interval the 

drawdown was also nearly constant at 57 feet. Drawdown increased to 93 ft 

only when discharge exceeded 30 gpm between 183 and 188 minutes. These 



observations indicate that there is a source of hot water near ^he well 

capable of supplying about 30 gpm instantaneously to the aquifeK The 

constant drawdown (136 ft) during the final pumping interval indicates that 

the source of hot water may be capable of supplying as much as 35 gpm. 

The source of hot water also fills the ponds at Crystal Hot Springs. It 

is possible but unlikely that the well is pumping water that would otherwise 

rise to these ponds. It is also possible that the quartzite is leaking water 

directly to the well. In either case, pumping 30 gpm should have no 

observable effect upon the natural regime of the ponds. 

Since no observation wells were available, the log-log type curve 

solution for transmissivity, T, and storage, S, cannot be found. To estimate 

T, the 'Harrill time', t̂ ,̂ was used in a conventional straight-line analysis 

of the recovery data (Fig. 3 ) . This value compensates for the changes in 

discharge and the nonequal periods of pumping at the different discharges 

recorded during the test (Harrill, 1970). Two straight-line segments emerged, 

an 'early' segment and a 'late' segment, from which the corresponding 

transmissivities Tg and T] can be computed. 

Te = 34.4 ft2/day 

Tl = 18.7 ft2/day 

These values are low but are typical of tight, fine-grained artesian aquifers. 

The two estimates of T are sufficiently low to limit the rate at which 

the aquifer can deliver water to the well. When pumped at a rate less than it 

can deliver, an aquifer with a low T and a nearby source of water is likely to 

sustain a constant drawdown. The response in an artesian system may be 



instantaneous: an increased discharge can cause the water level to drop 

immediately. If the pumping rate is again dropped to the lower rate, the 

water level will again remain constant, but at a lower level. This is thought 

to be what happened during the pump test at Crystal Hot Springs. 

Given an estimate of T and the pump-test data, it is possible to estimate 

the value of storage, S. The well was pumped for 0.26 days at an average 

discharge of 30 gpm; the total drawdown was 135 ft. The results are: 

Tg = 34.4 ft2/day S = 0.001 

T^ = 18.7 ft2/day S = 0.05 

The solutions are not strictly valid for reasons discussed below. Figure 4 is 

a graph of drawdown as a function of the logarithm of distance from the 

pumping well for these two solutions. Tables 1 and 2 are the values plotted 

in Figure 4. Data from an observation well within 30 ft of the pumping well 

would discriminate between these two solutions. Both values of S are high for 

artesian systems; the value of S = 0.05 is so high that the T] solution is 

less likely. 

The Theis equation has been used to predict the effects of continued 

pumping on the aquifer (Theis, 1935), This general equation assumes an 

ng well, 

ea is present. 

infinite isotropic aquifer with no recharge areas near the pumpi 

conditions violated at Crystal Hot Springs. Since a recharge ar 

the Theis equation will predict drawdowns greater than those that will 

probably be observed. The drawdowns listed in Tables 3a-d and 4a-d and shown 

in Figures 5 and 6 may be excessive and the values of S maybe too great. 

Figures 5 and 6 plot the drawdown as a function of the logarithm of 



distance from a well pumping 10 gpm for periods of one day, one month, one 

year, and ten years. It can be seen that continued pumping of the present 

well is predicted to have little effect on the Crystal Hot Springs area. The 

aquifer may be able to support several properly spaced small-diameter wells 

pumping 10 gpm in a well field. 

Before production is contemplated, an observation well should be drilled 

near the present well and a flow test run. The leaky confined aquifer 

equation of Hantush (1959) could then be used to refine the conclusions 

presented here. 
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Table 1 Solution to pump-test data, Te 

OKAWDOWN 

1 
2 

HOOO S= 
-OISTANCE-

4 
5 
-6-
7 
8 

10 
11 

-12^ 
19 
14 
15 
16 
17 
Ifi 
19 
20 
21 
22 
25 
2'*-
25 
26 
^7-
28 
29 
-30 
31 
32 
^3-
3'* 
35 
36-
37 
38 
-J9-
to 

42 
43 
44 
_45_ 
46 
47 
48 
49 
50 
51 
52 
53 

2 
2 

— 2 
2 
3 

4 
4 
5 
5 
6 
6 
7 
8 

— 9 
10 
12 

-14 
16 
18 

~ 20 
22 
24 
26 
28 
30 

-35 
40 
45 
50 
55 
60 

-65 
70 
80 
90 
100 
120 
140 
160 
160 
200 
220 
240 
260 
280 
300 

,0000 
,2000 
,4000 
,6000 
,8000 
,0000 
,2000 
,4000 
,6000-
,8000 
,0000 
,5000-
,0000 
,5000 
.0000-
,5000 
,0000 
,5000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
.0000-
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 
.0000 
,0000 
,0000 
,0000. 
,0000 
,0000 

,0010 Q= 
DRAWDOWN— 

132,361 
127,490 
123,372-
119,804 
116,657 
113.843-
111.296 
108,972 

- 1 0 6 , 8 3 4 
104,85^ 
103,011 

-__- g8 ,89 i f 
95,327 
92 ,182 
89,369-
86,824 
84.501 

- 82,365 
80,387 
76,825 
73.685-
70.877 
66,022 
^1,922-
58,377 
55,255 
52,468-
49,953 
47,662 

- 45,561-
43,621 
41.820 
37,821-
34,391 
31.398 

- 28,755 
26,397 
24,277 
22.-360-
20.617 
17,567 
14,995 
12.806 
9.327 
6.755-
4.849 
3.442 

- 2.413 
1.669 
1.138 

^ .768-

30.0000TIME= .2600 

.521 

.379 



Table 2 Solution to pump-test 5t data, 71J 
m mm, i>i !• • ••' "'-- ^** 

OKAWDOWN 
Ts 18, 

tt 

n 2 
7000 Ss 
DISIANCI 

1 
2 
_3_ 
4 
5 
_6-
7 
8 
JL 
10 
11 
J.2_ 
13 
14 
15^ 
16 
17 
18. 
19 
20 
21 
22 
23 
24_ 
2b 
26 
27_ 
28 
29 
30-
31 
32 
-33-

1,0000 
1,2000 
1,4000 
1,6000 
1,8000 
2,0000 
2,2000 
2,4000 
2.6000-
2,8000 
3,0000 
3,5000. 
4,0000 
4.5000 

_ 5,0000-
5.5000 
6,0000 

-- 6,5000 
7,0000 
8,0000 

- - 9.0000 
10,0000 
12,0000 

_..14.0000_ 
16,0000 
16,0000 

- 2O,0O00L 
22,0000 
24,0000 
26,0000 
26,0000 
30,0000 
35.0000 

,0500 Qs 
JRAWDQWN-
132,432 
123,499 
115.955-
109,429 
103.683 
—98.552-
93.921 
89,702 

-85.834-
82,255 
78,937 
_71^563-
65,232 
59,706 
54,819 
50,45(t 
46.526 
42.967-
39.727 
34.046 

- 29.237-
25.130 
18.555 

-13.641-
9,954 
7,194 

— 5.142-
3,631 
2,531 

-1.743-1.193 
.835 

-.825 

30,0000TIME= .2600 
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Y« ««.«eo« te 
a 
1 

t 
« 
« 
k 
» 
7 
• 
« 
10 
11 

la 
lA 
i« 
i» 
1* 
17 
1« 
If 

ae 
ai 
aa 
as 
a« 
ak 
a* 
a? 
a« 
39 
30 
31 
i Z 
M 
3« 
3» 
M 
37 
3« 
30 
40 
«1 
•Z 
«3 
•• 
«ft 
«b 
«7 
*» 
«9 
SO 
SI 
i ^ 
S3 
> » 
SS 
So 
S7 
S« 
S9 

etSTANCC 
1,0000 
i.aooo 
l.«000 
l.kOOO 
1.0000 
a.eooo 
a.aooo 
a.»ooo 
a.kooo 
a.Kooo 
3,0000 
a.ftooo 
0.0000 
o.sooo 
k.eooo 
s.sooo 
o.oooo 
o.sooo 
7.0000 
0.0000 

- 9.0000 
10.0000 
la.oooo 
10.0000 
10.0000 
lO.OOOO 
ao.eooo 
aa.OOOO 
a<i.oooo 
ao.oooo 
ao.oooe 
30.0000 
3»,oeoo 
00.0000 
0»,0000 
so.oooo 
Sb.OOOO 
00,0000 
k^.OOOO 
70.0000 
00.0000 
90.0000 
100.0000 
120.0000 
uo.oooo 
100.0000 
ISO.oooo 
200.0000 
220.0000 
aoo.oooo 
260.0000 
200,0000 
300,0000 
3)0.0000 
000.0000 
OSO.OOOO 
SOO.oooo 
SSO.oooo 
000.0000 

.0010 OS 
IlMAaUUMN 

SO.tlf 
•0.*»5 
•7.122 
08.933 
OI.OOO 
•3,94* 
03.097 
•2.322 
•1.O09 
•0.9«9 

•• 00.339 
30,9*2 
37,773 
30.7a« 
30.70« 
30.937 
30.102 
93.«50 
32.790 
31.001 

- 30.bS3 
ao.ois 
27.995 
2».62l 
2».«3« 
21.307 
23.«Sl 
22.609 
21.033 
2l.l2it 
20.H67 
19.0b6 
U.*9<» 
17.317 
10.201 
1S.35S 
10.S26 
13.770 
13.077 
12.«3S 
11.297 
10.301 
9.022 
7.935 
0.720 
0.710 
0.060 
0.137 
3.521 
a.993 
a.soo 
a.iS2 
1.010 
i.t7a 
.7«a 
.069 
.203 
.172 
.119 

lO.OOOOTIMts 1.0000 

a - 1 day 

34 
• 
1 
a 
3 
« 
0 
0 
7 
0 
9 
10 
11 
la 
13 
10 
10 
10 
17 
10 
19 
ao 
ai 
aa 
a3 
2* 
as 
ao 
a7 
an 
ao 
30 
31 
32 
33 
34 
3S 
30 
37 
30 
39 
•0 
•1 
42 
•3 
•• 
OS 
•b 
•7 
HO 
•9 
SO 
51 
52 
S3 

Sb 
Sb 
57 
SO 
59 
60 
61 
6< 
63 
64 
Ob 
60 
67 
6« 
09 
70 
71 
7a 
73 
74 
7> 

.4000 te 
OtSlAMC 

1,0000 
1,2000 
1,4000 
l.kOOO 
l.bOOO 
a.eooo 
a.2000 
a.eooo 
a.kooo 
a.aooo 
3.0000 
3,b000 
4.0000 
4.SOOO 
0.0000 
s.sooo 
6,0000 
•.bOOO 
7,0000 
0.0000 
'9.0000 
10,0000 
la.oooo 
14,0000 
lb,oooo 
lb.oooo 
20,0000 
2^.0000 
24,0000 
2b,oooo 
20,0000 
30,0000 
30,0000 
40,6000 
4b,oooo 
50,0000 
Sb.OOOO 
60,0000 
65,0000 
70,0000 
00,0000 
90,0000 
100,0000 
120,0000 
140,0000 
160,0000 
100,0000 
200,0000 
220,0000 
240.0000 
260,0000 
200,0000 
300.0000 
350.0000 
400,0000 
450,0000 
500,0000 
SSO,OOOO 
600,0000 
650,0000 
700,0000 
000,0000 
900,0000 
1000,0000 
1200,0000 
1400,000b 
1600.0000 
1600,0000 
2000,0000 
aaoo,oooo 
a40o,oooo 
aooo.oooo 
aaoe.oooo 
3000 ,0000 
3500 ,0000 

. 0 0 1 0 Os 
OiUbUObN 

*s.ao9 
•3.641 
4a.2b« 
01.079 
60.030 
S9.091 
SO,243 
97.460 
96.759 
S6.099 
s».4oe 
S4.107 
sa.fit 
91.069 
90.931 
90.002 
•9.307 
•0.594 
«7.93« 
•6.749 
•S.69« 
44,79« 
•3.134 
•1.761 
•0.572 
39.523 
30.509 
37,736 
36,961 
36.24a 
3b.SO* 
34.97« 
33.002 
32.413 
31.3b« 
30,426 
29.57a 
20.SO* 
2«.092 
27.432 
26.245 

25.197 
24.261 

. 22.642 
ai.275 
a0.092 
19.0S0 
10.120 
17.200 
16.515 
lb.013 
lb.165 
14.962 
t3.22<t 
12.075 
11.071 
10.102 
9. SOB 
0.673 
0.024 
7.433 
6.395 
S.S14 
• .760 
3.S47 
a.63« 
1.943 
1.422 
1.029 
.737 
.sai 
.36% 
.as3 
.176 
.124 

le.oeooTiMis 30.0000 

b - 1 month 

Table 3 Predicted drawdown, Te 



C M A M O O M 
In 30. 

• • 
1 
t 
3 
• 
» 
6 
7 
• 
9 
10 
11 
la 
13 
i« 
10 
16 
17 
10 
19 
ao 
ai 
aa 
23 
a6 
as 
ao 
27 
ao 
ao 
30 
31 
3a 
33 
34 
3b 
36 
37 
30 
3« 
•0 
•1 
•2 
43 
44 
•S 
•6 
• 7 
40 
49 
SO 
51 
52 
93 
it 
Sb 
5* 
57 
SO 
99 
60 
01 
02 

.63 
04 
6S 
66 
67 
60 
69 
70 
71 
72 
73 
74 
TO 
76 
77 
70 
79 
00 
•1 
«a 
•3 
•4 

• 3 
OOOO te 
OlSTANCC 

1,0000 
I.aooo 
1.4000 
1.6000 
1.0000 
a.oooo 
a.aooo 
2.4000 
a.oooo 
8.0000 
3,0000 
3,0000 
4.0000 
•.oooo 
0.0000 
0.5000 
6.0000 
O.bOOO 
7.0000 
0.0000 
9.0000 
10.0000 
la.oooo 
14.0000 
16.0000 
10.0000 
ae.ooeo 
aa.oooo 
ao.oooo 
ao.oooo 
ao.oooo 
30.0000 
35.0000 
40.0000 
45.0000 
50.0000 
55.0000 
60.0000 
65.0000 
70.0000 
00.0000 
90.0000 
100.0000 
120.0000 
140,0000 
160,0000 
100,0000 
200,0000 
220,0000 

- 240,0000 
200,0000 
200.0000 
300.0000 
3SQ.0QQ0 
400.0000 
450.0000 
500.0000 
550,0000 
600.0000 
650,0000 
700.0000 
000.0000 
900.0000 
1000.0000 
1200.0000 
1400.0000 
1600,0000 
1000,0000 
2000,0000 
2200.0000 
2400,0000 
aooo.oooo 
aooo.oooo 
3000.0000 
3500.0000 
4000,0000 
•500,0000 
MOO.OOOO 
MOO.OOOO 
6000,0000 
0500.0000 
7000,0000 
0000,0000 
9000.0000 

OMAHOOafi 0 • 
,0010 OS lO.OOOOTlMls 369.0000 Ta 34, 
OhAbUOaN 

70.392 
74.7oa 
73,399 
72,206 
71.1S7 
7o.aia 
09.370 
00.599 
07.002 
*7.aaa 
06.607 
*0.a34 
••.OOS 
M.990 
oa.oso 
01.aoo 
00.43« 
99.721 
99.061 
97.072 
96.oa3 
9b.00« 
94.a6i 
9a.soa 
91.699 
90.650 
•9.711 
•0.062 
••.007 
•7.379 
•0.719 
•o.ioe 
••.727 
•3.53a 
42,409 
41.551 
40.702 
39.927 
39.214 
3«.Sb4 
37.365 
30.316 
35.37a 
33.7SS 
32.302 
31.194 
30.145 
29.20s 
20.359 

. 27.509 
26.073 
2b.2l4 
25.601 
24.231 
23.049 
22.000 
21.065 
20.221 
19.451 
10.744 
10.090 
16.914 
15.000 
14.95s 
13.373 
12.04S 
10.900 
9.910 
9.049 
6.207 
7.S69 
6.940 
6.369 
3.049 
4.73* 
3.037 

- 3.104 
a.909 
a.oi4 

... 1.611 
i.ao9 
1.010 
.oao 
.370 

0 
1 
a 
3 
4 
0 
6 
7 
0 
« 
10 
11 
la 
13 
10 
Ik 
16 
17 
10 
19 
ao 
21 
aa 
23 
a4 
as 
a6 
37 
aa 
a« 
30 
31 
3a 
33 
34 
3b 
3o 
37 
3a 
3W 
40 
41 
42 
43 
44 
4b 
4b 
47 
4b 
49 
50 
SI 
52 
SJ 
54 
Sb 
be 
37 
sa 
59 
60 
61 
62 
63 
64 
6b 
6b 
67 
6» 
69 
70 
71 
72 
73 
74 
7b 
7b 
77 
70 
79 
00 
01 
•a 
03 
•4 

4000 te 
QISTAHCe 

1.0000 
I.aooo 
1,4000 
1,*000 
l.OOOO 
a.oooo 
a.aooo 
2.4000 
a.oooo 
a.oooo 
3.0000 
3,5000 
•.0000 
O.bOOO 
9,0000 
9.5000 
6.0000 
O.bOOO 
7,0000 
0,0000 
v.oooo 
10.0000 
la.oooe 
10.6000 
16.0000 
10.oooo 
20.0000 
aa.oooo 
34.0000 
2».0000 
24.0000 
30.0000 
35,0000 
40,0000 
45,0000 
50.0000 
55.0000 
60.0000 
05.0000 
70.0000 
00.0000 
90.0000 
100.0000 
120.0000 
140.0000 
160.0000 
100.0000 
200.0000 
220.0000 

. 240.0000 
260.0000 . 
200.0000 
300.0000 
350.0000 
400.0000 
450,0000 
500.0000 
550,0000 
600,0000 
650,0000 
700,0000 
aoo,OOOO 
900.0000 
1000.0000 
1200.0000 
1400.0000 
1600.0000 
laOO.OOOO 
2000.OOOC 
2200.0000 
2400.0000 
2600,0000 
2000,0000 
3000.0000 
3500.0000 
4000,0000-
4500.0000 
ftOOO.OOOO 
5500.0000 
6000.0000 
•SOO.oooo 
7000.0000 
oooo,oooo 
9000,0000 

.0010 OS 
OMAMWKN 

•6.645 
•k.02l 
•3.649 
•3.459 
•1.410 
•0.472 
79.623 
70.04a 
7«.139 
77,475 
76.061 
79.4aa 
74,299 
73.250 
73,311 
71.462 
70.60s 
•9.979 
•9.319 
••.139 
•7.076 
•6.136 
•4.514 
•3.141 
•1.952 
•0.903 
99.965 
99.116 
9a.341 
97.62s 
96.968 
96.354 
54.901 
93.792 
92.743 
91.004 
90.955 
90.100 
49.468 
4a.BOS 
•7i61s 
46,569 
45.631 
44.007 
•2.634 
41.445 
40.396 
39.45a 
30.609 
37.834 
37.122 
30.462 
35.647 
34.475 
33.206 
32.237 
31.299 
30.451 
29.676 
2a.964 
ao.3os 
27.117 
20.069 
25.133 
23.513 
22.144 
20.960 
19.917 
10.906 
10.144 
17.378 
16.673 
16.023 
lb.419 
14.074 

— la.oia 
11.906 
11.009 
10.205 
9.400 
•.•20 
0.317 
7.154 
6.345 

lO.OOOOTIMts 3650.0000 

C - 1 year d - 10 years 



OnA.DOlN a I 
Ts 10.7000 te 

a OlSTANCC 
1 

a 3 
4 
k 
6 
7 
• 
9 
10 
11 
ta 
13 
14 
ift 
16 
17 
10 
IV 
30 
31 
U 
33 
34 
3b 
3b 
37 
36 
39 
30 
31 
32 
33 
34 
3b 
36 
37 
30 
39 

1.0000 
I.aooo 
1,4000 
1,6000 
1.6000 
3.0000 
s.aeoo 
3.4000 
3.6000 
3.6000 
3.0000 
3.5000 
4,0000 
•,kOOO 
fc.OOOO 
k,bOoo 
6,0000 
6,b000 
7,0000 
o.oooe 
9.0000 
10,0000 
la.oooo 
14.0000 
16.0000 
10.oooo 
20,0000 
aa.oooo 
24.0000 
26.0000 
20.0000 
30.0000 
35.0000 
40.0000 
45.0000 
50.0000 
55.0000 
60.0000 
65.0000 

.0500 M : 
OKAbUWkH 

95.163 
92.179 
49.656 
47.472 
4S.54a 
43.024 
42.267 
40.046 
39.540 
3a.332 
37.208 
34,700 
32.933 
30.626 
30.926 
37.393 
35.998 
34.721 
33.543 
31.436 
19.597 
17.972 
lb.216 
12.960 
11.077 
9.406 
0.129 
6.966 
b.9bS 
S.lOl 

4.3S5 
3.710 
a.4b9 
1.601 
1.022 
.639 
.394 
.2b4 
.214 

lO.OOOOTIMCa 1.0000 
wnKit/van 
Ts 10. 

0 
1 

a 
3 
4 
b 
6 
7 
0 
9 
10 
11 
12 
13 
14 
lb 
16 
17 
10 
19 
20 
31 
33 
33 
34 
3b 
3b 
37 

aa 
39 
30 
31 
32 
33 
34 
35 
36 
37 
30 
39 
40 
41 
4a 
43 
44 
• 5 
4b 
•7 
40 
49 
50 
91 

sa 
93 
S4 

• s 
7000 te 
UlSTAhCC 

1.0000 
1.2000 
1.4000 
l.bOOO 
1.0000 
a.oooo 
a.aooo 
3.4000 
a.booo 
3.6000 
3.0000 
3.5000 
4.0000 
•.5000 
k.OOOO 
ft.bOOO 
6.0000 
6.5000 
7.0000 
a.oooo 
9.0000 
10.0000 
13.0000 
14.0000 
16.0000 
la.oooo 
20.0000 
32.0000 
34.0000 
36.0000 
3a,oooo 
30.0000 
35.0000 
40,0000 
45,0000 
50.0000 
Sb.OOOO 
60.0000 
6b.oooo 
70.0000 
00.0000 
90.0000 
100.0000 
120.0000 
140.0000 
160.0000 
100.0000 
200.0000 
220.0000 
240.0000 
260.0000 
2SO.O00O 
300.0000 
350.0000 

.0500 OS 
bKAbUOMN 

03.020 
00.033 
77.507 
75.320 
73.390 
71.664 
70.103 
64.677 
•7.366 
66.152 
•b.022 
•2.497 
•0.310 
U.301 
96.6S6 
te.OOS 
93.671 
92.361 
91.14S 
•0.963 
•7.036 
•b.313 
•2.334 
39.818 
37.642 
35.724 
34.012 
3^.466 
31.057 
29.764 
2a.569 
27.460 
24.993 
22.873 
31.019 
19.377 
17.908 
16.504 
1S.3S2 
14.209 
12.354 
10.711 
9.299 
7.015 
0.200 
3.953 
2.998 
2.164 
l.STa 
1.139 
.012 
.S74 
.403 
.213 

le.oeooTiMet 30.0000 

a - 1 day b - 1 month 

Table 4 Predicted drawdown, Tl 
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l a 10.7000 te .0600 ta IO.OOOOTIMCS 369.0000 

• 0|9TA».CC OMAbOOOM 
» l.OOOO 103.00a 
I a.aooo 100.901 
• 3,4000 •7 .176 
4 I.MIOO tb .708 
fc i .»O00 fO.ifcO 
• a.oooo •a. iaa 
9 a.ao»o vo.Mi 
• <,**oe ao.ioft 
t « . * « 0 * • 9 , i 3 4 

» • t . »««o • • • » • 
« i « • • • • • • • . » • • 
U a,MOO M(,«64 
13 • • • • • • M . T 7 * 
14 « . M « « T* .S4r 
u »••••• n . u i 
16 k.ftOOO Tk*»9« 
t r • • • •00 7«.t*« 
to •.kooo Ta.saa 
t f 7.0000 T t .»«0 
t o • . • 0 0 0 • 9 . « a i 
at f.ooeo 0 7 . M l 
12 tO.OOOO Ok.TftS 
13 ta .*Ooe 03.779 
a« 14.0000 • o . t s « 
t k 16.0000 M.boa 
86 la .oooo te.l39 
87 ao.oooo te.«l4 
ao aa.oooo sa.«S4 
If 34.0000 91.^9 
30 36.0000 90.119 
31 20,0000 44.907 
33 30,0000 07.770 
33 35,0000 ok^asa 
3« 40.0000 43.076 
35 4b.OOOO 41,152 
36 90.0000 39.433 
37 Sb.OOOO 37,000 
30 60.0000 36.463 
39 Ob.OOOO 3b,161 
•0 70,0000 33.956 
41 00.0000 31.791 
•a 90.0000 29.007 
43 100.0000 20.109 
44 120,0000 2b.267 
45 140.0000 22.010 
46 160.0000 20.719 
47 100.0000 lb.000 
40 200.0000 17.273 
49 220.0000 lb.032 
50 240.0000 14.S3S 
91 260.0000 13.36S 
92 aaO.OOOO 12«306 
93 300,0000 11.337 
94 3S0.0000 9.2S4 
9k 400.0000 7.963 
96 450.0000 6.17s 
97 500.0000 ».033 
90 SSO.OOOO 4.009 
99 600.0000 3.311 
•0 690.0000 3.669 
•1 700.0000 3.141 
•a aoo.OOOO t.3S7 
•3 fOO.OOOO ,040 
•4 tooe.eooo ,s io 
•9 1300.0000 .817 

Ta 10.7600 te .Okoo o« la.eceeTtMi.* 34k< 
• U W A K l VtUst/OaN 
t 1.0000 I t a . s s i 
8 I.aooo 119.364 
3 1,4000 116,038 
• 1,6000 114,6k| 
k t,aOOO 118,781 
» 8,0000 110,095 
7 a,aOOO 109.433 
• 8.4000 tOa.007 
• 8.MO0 t»6 . *96 
to a.aooo t«k.4«< 
tl a.oooo t»«.3Sa 
ta a.kooo tai.aao 
ta •••ooo ««.^3« 
t « «.kO«0 «7,T»9 
t k • . « • • • • • • • • 8 
t k k .kOM «4.Mt t 
I T k.OOOO va.vn 
t o •.kOOO • l . * « 4 
t « Y.SOOO «0,%To 
ao • .0000 • • •808 
81 9.0000 •6 .853 
aa 10.0000 •o.oao 
83 U,0000 a i . k S t 
84 14,0000 7 0 . 1 U 
85 16.0000 76.924 
86 la.oooo 74.997 
87 80.0000 73.871 
80 82,0000 71.709 
89 84.0000 70.804 
30 26.0000 60.973 
31 ao.SOOO •7.799 
33 30.0000 •o.oas 
33 35.0000 ' 64.10} 
34 40.0000 01.916 
3b 45.0000 99.907 
36 50,0000 90.263 
37 55.0000 te«701 
30 60.0000 99.876 
39 65.0000 93.966 
40 70.0000 92.793 
41 00.0000 90.967 
42 90,0000 48.640 
43 100.0000 46.917 
44 120.0000 43.936 
45 140.0000 41.419 
46 160.0000 39.840 
47 180.0000 37.328 
40 200.0000 3b.60S 
49 220.0000 34.056 
50 240.0000 32.649 
91 260.0000 31.348 
92 200.0000 30.150 
S3 300.0000 29.037 
M 3SO.0O00 26.560 
SS 400.0000 84.428 
96 450.0000 22,561 
97 500,0000 80.904 
SO 650.0000 19.428 
59 600.0000 10.078 
60 650.0000 16.057 
61 700.0000 19.740 
62 000.OOOO 13.766 
• 3 900.0000 U.07f t 
• 4 1000,0000 10,618 
•9 1200.0000 o.au 
66 1400.0000 •.361 
•7 1600.0000 •.910 
60 1000.0000 3.773 
•9 2000.0000 8.000 
70 2200.0000 8.102 
71 3400.0000 t.641 
78 8600.0000 1.832 
73 8800.0000 ,908 
74 3000.0000 .660 
Tk 3500.0000 .301 
TO 4000.0000 .883 

C - 1 year d - 10 years 



June 1 1 , 1^79 

M E M O R A N D U M 
i 

T 0 : Duncan Foley and Howard Ross 

F R O M : Kip Smith 

R E : Field Trip to Midway, Utah. Friday, June 8, 1979 

Jim Kohler, a native of Midway and a MS student in geojlogy at Utah 
State and a six year employee of the USGS, conducted a field trip of his 
thesis area - the Midway hot pot area - for David Chapman, UlUGG, and 
several of his students, including me. Jim gave a lucid account of the 
regional and local geology and explained what is known about the local 
hydrology and heat flow. He also proposed a likely model for a heat 
source and plumbing system for the Midway hot spring system. His thesis 
will be completed in the future. 

He directed a drilling program of four 85m wells from which he 
gathered both water-pressure and temperature data. The legal suit brought 
against UGMS as a result of his success has been dropped. (?) 

The four hot springs and hot pot areas are alined along two structures, 
two thermal areas to each SW-NE structure. The more northerly is a thrust 
fault that covers potentially cavernous Mesozoic and Paleozoic limestones 
with the generally impermeable Weber Quartzite. The more southerly is a 
small anticline that apparently caused intense extensional fracturing of 
the Weber Quartzite. Wells near the thrust and along the crest of the 
anticline produce as much as 700 gal/min of water as hot as 44 C from the 
shattered Quartzite. Elsewhere the quartzite acts as a confining bed for 
thermal fluids in the underlying limestones. 

The alluvium in the Midway Valley is a poorly sorted glacial outwash 
that is impressively permeable and is saturated with cold water. Hot water 
occurs in the alluvium only where the underlying quartzite allows hot water 
in the limestone to escape. The temperature and pressure of'the rising hot 
water decreases resulting in precipitation of CaCO^ and the formation of 
Tufa. Partial to complete self-sealing of the hot-water conduits and the 
alluvium has been noted. 

The thrust fault that runs NW through Midway turns north and heads 
straight for the Mayflower Mine. This mine, five miles north of Midway, is 
the only lead and zinc mine in the area to encounter 150 F water in the mine 
works. The ore and water were found in the Tertiary Mayflower stock and in 
the intruded highly altered Paleozoic limestones. Jim believes that hot 
water like that encountered in the mine may flow south along 
the thrust fault and in the limestones, becoming saturated wi' 
CaCO-j and emerging at Midway. 

the plane of 
th respect to 

This is a novel idea that sounds real good. Jim has ddne a good job 
with the available data. 

Kip Smith 

U 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

August 6, 1979 

Roger Harrison 
Terra Tek 
420 Wakara Way 
Salt Lake City, UT 84108 

Dear Roger: 

On July 17, 1979 you requested a b r i e f analysis of pump-test data from an 
ar tes ian geothermal well a t Monroe, Utah. Cu rve - f i t t i ng techniques were used 
to quan i t i f y the hydrologic propert ies of the a l l u v i a l aqui fer and to estimate 
the distance to an in f i n i te - recharge boundary, the Sevier f a u l t . More 
elaborate tes t ing and modeling w i l l be required to evaluate the hydrologic 
propert ies of the f a u l t . 

This analysis of the 70-hour pump-test Indicates tha t the 1471 foot deep 
wel l can be o u t f i t t e d to produce as much as 609 gpm (gal lons per minute) , 
enough to sa t i s f y the projected near-term requirements f o r the C i ty of Monroe. 
Addi t ional development of the wel l and a larger pump w i l l be required to meet 
t h i s peak demand. I t Is doubtful that the al luvium at the Monroe "Mound" can 
support greater discharges. Any fu ture production wel ls should be s i ted near 
Red H i l l . 

S incere ly , 

KS: ls 

Encl . 

Kip Smith 
Associate Geophysicist 



MONROE KGRA PUMP TEST ANALYSIS 

by 

Christian Smith 

The flowing geothermal well at Monroe, Utah was pumped at a reported 

average rate of 330 gpm for 70 hours. This report summarizes the data, their 

utility, and the results of this successful pump-test. The results favor the 

limited development of the hydrothermal system and can be better appreciated 

In the light of the geologic and geophysical background material provided by 

Mase et al (1978). 

Figure 1 Is a sketch of the pumped well and the geologic units it 

penetrates. The 9 5/8 inch hole enters a 400 foot thick limestone, playa or 

limestone conglomerate below the valley fill. This unit is consolidated and 

may impede the vertical migration of thermal fluids. The well penetrates the 

Sevier fault system that acts as the conduit for upwelling thermal fluids at a 

depth near 1100 feet. The hole bottomed at 1471 feet. Is open below 1313 feet 

and was completed with 7 5/8 inch slotted casing in the Interval between 945 

and 1313 feet. The well is cased off from all formations above 945 feet. 

This construction seriously constrains the performance of the well and 

the response of the two observation wells that a re completed In the alluvium. 

The lime-rich unit separates the producing Interval of the pumped well 

(945-1471 feet) from the alluvium tapped by the monitor wells. Estimates of 

transmissivity from the production well and the deeper monitor well (MC-2) can 

be expected to be lower than those from the shallower monitor well (MC-1). 

The alluvium above the lime-rich unit may communicate only partially with the 

deeper producing Interval especially at early times In the pump test. 



A more serious complication is the presence of the Sevier fault system. 

The hot springs at Monroe and Red Hill occur at apparent changes In the trend 

of the surface trace of the Sevier fault. Several heat-flow holes located 

near the fault trace are Isothermal (Mase et al 1978). An Interpretation of 

precision gravity data Indicates a calculated throw of 1760 meters (5800 feet) 

along three parallel step faults within the fault system. This throw may be 

sufficient to juxtapose a permeable massive granular aquifer (Jurassic Navajo 

Sandstone) against tight welded tuffs (Tertiary Bullion Canyon Volcanics). 

Mase et al (1978) suggest that the Navajo Sandstone yields thermal fluids to 

the fault system at depth and that surface discharge Is controlled by flexures 

In the fault system. Wells that tap the fault system or adjacent permeable 

material respond to the endless quantity of recharge It supplies. They 

respond much like wells drilled i n the shore of a large deep lake: they very 

quickly begin to draw water from the lake and give little information about 

the material in which they are completed. 

The monitor wells do not penetrate the fault system but are In hydraulic 

communication with it. When the pumped well intercepts water flowing in the 

fault system it deprives the alluvial aquifer of this water. The response of 

the monitor wells is Indicative of the hydraulic properties of the alluvium, 

not of the fault. No quantitative assessment of the hydraulic properties of 

the fault system can be made from the data from this pump test. An additional 

pump test will be required and Is recommended in the concluding remarks. 

The results of the pump test analyses are given In Table 1. They are 

internally consistent and are supported with sufficient data'. A brief 

discussion of each analysis follows some general comments on the reliability 

of the various types of analyses used. 



TABLE 1 

SUMMARY OF PUMP TEST RESULTS 

WELL ANALYSIS TYPE TRANSMISSIVITY 

FT2/day 

STORAGE COMMENTS 

Production Semilog Drawdown 170 

Semilog recovery 400 

Unreliable, Fig. 3 

Unreliable. Fig. 4 

MC-1 

MC-2 

Stallman drawdown 

Stall man recovery 

Theis drawdown 

Stallman recovery 

550 

470 

460 

280 

.002 

.004 

.003 

.001 

360 ft. 

400 ft. 

620 ft. 

600 ft. 

deep. Fig. 5 

to fault. Fig. 7 

deep. Fig. 6 

to fault. Fig. 8 

Production Semilog drawdown 350 after stimulation. Fig. 10 

Table 1 shows a range of estimated transmissivities from 170 to 560 

feet2/day. The low value (170 feet^/day) is unreliable. It is the product 

of a straight-line, semi logarithmic approximation to the Theis (1935) solution 

to the equation of transient ground-water flow. The Theis solution assumes 

that a homogeneous isotropic aquifer with a constant storage coefficient has 

been fully penetrated by all wells used in the test. When any of these 

assumptions is invalid, the semilog approximation produces erroneous results. 

It is, however, the only method that can,be used to assess <lata from a pumping 

well. The range between the remaining six estimates of transmissivity is 

small and probably represents the true heterogeneity of the aquifer. 

The semilog approximation cannot be used to estimate the storage 

coefficient. The estimates from the two monitor wells are typical of artesian 

systems in poorly consolidated materials. Table 1 suggests that the aquifer 

is more confined at 620 feet than it Is at 360 feet. 



The values given In Table 1 are representative for the aquifer material 

that separates the pumped well and the monitor wells. Lithologic logs given 

by Mase et al (1978) suggest that the aquifer Is composed of gravel with minor 

clay: coarse valley-fill alluvium. The low values of transmissivity suggest 

a higher percentage of fine material than they indicate. It Is realistic to 

suppose that much of the silt or clay fraction was not observed in drill 

cuttings. The aquifer responds like a fine-grained, fairly tight, poorly 

consolidated sediment. The restricted area of low resistivity near the wells 

(Mase et al 1978) supports the contention that the aquifer is "tight". 

Figure 2 is a log-log plot of drawdown in the pumping well as a function 

of time. Wells that pump compressible fluids display a unit slope at early 

times. Since no unit slope is seen. Figure 2 Indicates that the thermal 

fluids contain only a small fraction of dissolved gasses. It also reveals 

that data taken at small times can be used validly to assess transmissivity 

and storage (Earlougher, 1977). 

Figure 3 is a plot of drawdown in the pumping well as a function of the 

logarithm of time (the semilog plot discussed above). The straight line 

approximation to the Theis solution yields a low estimate of transmissivity 

(170 feet2/day). This low value suggests that the well may have been 

inefficient. (Its efficiency was improved by surging after the test was 

completed.) The most interesting features of the plot are the halving of the 

slope and the horizontal line that appears after about half an hour. These 

features indicate that the well is producing water from a lateral 

inhomogeneity, an "infinite" recharge boundary—the Sevier fault system 

conduit. Unfortunately, the uniform drawdown after half an hour precludes any 

analysis of the transmissivity of the fault system 



After 70 hours of pumping, the well was shut in and the recovery of the 

water level monitored. Figure 4 Is the plot of the recovery as a function of 

the logarithm of the ratio between the time since the pump started (t) to the 

time since the pump stopped ( f ) . This ratio of times is always used when 

plotting recovery data because the recovery Is a function of both pumping time 

and recovery time. When the pump has just been shut off (t»t'), the ratio Is 

large and plots near the right-hand side of the graph. As recovery 

progresses, the data points "move" from right to left. 

Three straight lines appear on Figure 4. The steepest line appears at 

the earliest time and represents the Interval when intersticial storage is 

being replenished. The slope of the second line produces an estimate of 

transmissivity of 700 feet2/day; that of the third line 400 feet2/day, nearly 

half. This halving again suggests the Influence of a recharge boundary. Only 

the third line can be expected to yield a reliable (?) estimate of 

transmissivity 

Since the fault system affected the drawdown and recovery of the pumped 

well, an attempt was made to assess its impact on the monitor wells. Figure 5 

Is a Stallman (1963) analysis of the drawdown in monitor well MC-1. No 

recharge boundary was noted. The curve follows the Theis solution and yields 

reliable estimates for both transmissivity and the coefficient of storage. 

Figure 6 is a conventional Theis curve analysis of the drawdown in monitor 

well MC-2. It too shows no effect of the recharge boundary and yields 

reliable estimates. 

Figure 1 may help explain why the effect of the fault system is not 

apparent in the drawdown data from the monitor wells. When the pumped well 

Intercepts the water flowing up the fault system, the water in the alluvial 



aquifer responds by reversing its usual direction of flow. The fault system 

acts as a drain. The rate at which the aquifer drains Is dependant only on 

the hydraulic properties of the alluvium, not on those of the fault system. 

On the other hand, when the pump Is shut off, water begins to rise along 

the fault system and to infiltrate the alluvial aquifer. The recovery of the 

monitor wells Is dependant not only on the hydraulic properties of the 

alluvium but also on their distance to the source of recharge. The nearer a 

well Is to the recharge boundary, the sooner the recharge will effect its 

recovery. Figures 7 and 8 are Stallman plots of the recoveries in monitor 

wells MC-1 and MC-2 respectively. MC-1 responds to the recharge much more 

quickly then MC-2. Well MC-1 1s estimated by the Stallman method to be about 

400 feet and well MC-2 to be about 600 feet from the fault system. Both 

analyses give reasonable estimates for transmissivity and storage. 

Figure 9 is a sketch map, provided by Terra Tek, of the well localons. 

The circles are the radii to the Sevier fault system recharge boundary 

computed by the Stallman method. If the distances are correct, the 

intersections of the circles ought to reveal the most probable areas where the 

fault system is acting as a conduit. In this case the circles intersect 

northeast of the wells, in the direction of Red Hill. The thermal fluids at 

Monroe may be flowing from near Red Hill. Future exploratory drilling should 

be sited closer to Red Hill. A spontaneous potential (SP) survey may 

delineate the conduit area if cultural noise is sufficiently low. 

After the wells had recovered to near their pre-pumping levels, 

development of the pumped well was undertaken by surging. A short-term (2 hr) 

drawdown test was then performed to evaluate the success of the development. 

Figure 10 is a semilog plot of this drawdown. It displays two distinct 



straight lines, the slope of the second is half that of the first. The fault 

system was again encountered. However, the pumping was not continued long 

enough for the drawdown to become constant, as it did during the 70-hour 

pump-test. Had the test continued for a day, the drawdown would have 

stablized. The estimate of transmissivity (350 feet2/day) agrees well with 

all the estimates given above and indicates that the surging operation was 

successful. 

The success of the surging operation encourages the following proposal 

for continued hydrologic field work. The well can probably be improved even 

more with conventional, commercial techniques (acidizing, etc.). Following 

the additional development a 12- or 24-hr multiple-rate pump test should be 

conducted. The first flow rate should be less than 400 gpm and should be held 

constant until the drawdown level has stablized for at least half a log cycle. 

The flow rate should then be Instantaneously Increased to above 400 gpm and 

the water level again allowed to stablize. If time and pumping power allow, 

this process, of step increases in discharge should be repeated. The final flow 

rate should be about 250 gpm—barely more than the natural artesian flow. The 

resulting drawdowns in the pumped well and the monitor wells can be analyzed 

to assess the hydraulic properties of the fault system. 

The values given in Table 1 suggest that 450 feet2/day and 0.003 are 

reasonable averages for the estimates of transmissivity and storage. To 

determine whether these averages reproduce the observed drawdowns at the end 

of the pumping period, the Theis solution was calculated for 70 values of 

distance from the pumped well. Table 2. The agreement is very good at 340 

feet from the pumped well, the distance to monitor well MC-1 but not so good 

at 165 feet, the distance to well MC-2. This may be due to the lower average 



transmissivity shown for well MC-2 in Table 1. Granting the documented 

stratagraphic and structural inhomogeneity of the area, the disagreement is 

not a cause for alarm. 

Tables 3 and 4 show the predicted drawdowns at distances as great as a 

mile for the Monroe well pumping 600 gpm for periods of 2 and 8 days. These 

predictions reveal that the well can be pumped "safely" for longer than a week 

at 600 gpm. The estimated drawdowns do not take into account the "infinite" 

recharge boundary effect of the Sevier fault system and therefore represent 

greater-than-expected declines in water level. 

CONCLUSIONS 

1) The Monroe well can safely yield 600 gpm for periods as long as a 

week. 

2) The thermal fluids rise along the fault system and communicate with 

the alluvial aquifer in an area northeast of the wells, in the 

direction of Red Hill. 

3) Future exploratory drilling should be sited near Red Hill. 

4) The Monroe well should be further developed and a step drawdown test 

(with recovery) be conducted to assess the degree of hydraulic 

communication between the alluvium and the Sevier fault system. 

8 
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ABSTRACT 

The association of mercury with hot springs and epithernial 

mineral deposits has been noted since man became interested in the 

remarkable substance of liquid metal or, as he called it, "quicksilver". 

Atomic absorption instrumentation allows the measurement of 

less than 0.01 ppb of mercury. Considering the association of mercury 

with hot spring and geothermal sites, the ability to trap or collect 

mercury in soil-gas as an amalgam, and the use of mercury as a trace 

element escapitig from mineralized areas or geothermal sites obviously 

led to the useful application of measuring mercury contents in nature. 

Soil, rock, and water samples were first analyzed with soil 

and rock samples containing between 10 to 50 ppb Hg. Water samples are 

comparatively low in mercury content, generally containing a few ppb or 

less. Background soil-gas samples of mercury generally range between 

k o t o 1 0 0 p p b . •• • - • • ' ' ' ' ' '''•• : 

Collecting mercury in soil-gas by suction devices and passing 

the air through silver or gold screens, whereby the mercury is collected 

as an amalgam, provides larger samples of mercury by a very precise 

measuring technique, and gives more sensitive results. 

The measurement of mercury in soil-gas has been applied to the 

Crystal Springs areas in the southern portion of Salt Lake Valley and to 

the Midway hot spring area, Wasatch County, Utah. 

Mercury soil-gas analyses of l6 samples collected at Crystal 

Springs vay between 82 ppm to a low of 10 ppb. The average is about 

10 ppm with blank samples of silver containing 3.5 PPb Hg. At least 

k prominent anomalous sites were detected that contain about 80 ppm Hg. 



One of these anomalies is corroborated by three juxtaposed collection 

sites (sta 12, 13, and i k ) that cover a linear distance of about 1,000 

feet. 

Although the Midway area still had snow in the fields, samples 

were collected along the road side where snow had melted. Along the 

N-S trending road west of the Homestead, samples varied between ^6 jipb to 

a high of 86 ppm. At first glance there is little correlation of 

anomalous values with the sites of hot springs along this road. Never

theless, these studies do exhibit the higher Hg readings obtained by 

soil-gas samples in contrast to soil samples. The latter contain 11 to 

0.1 ppb Hg. Almost all of the soil-gas samples are considered to be 

anomalous as background values would vary between ^0 to 100 ppb. Additional 

soil-gas samples were collected and analyzed in 1978 near Memorial Hill 

and west and northwest of Memorial Hill in hot spring sediments. As 

Memorial Hill is not a geothermal mound, it is puzzling that anomalous ~ ' 

values of Hg content were obtained there even though a low sample of 

15 ppb did exist there. It is concluded that anomalous Hg values would 

probably be obtained throughout the Midway area, 

A mercury soil-gas survey near the Utah State prison at Crystal 

Springs provided anomalous concnetrations varying from -10 ppb to 85 ppmi 

with an average of about 46 ppm. This is certainly anomalous, which is to 

be expected in this area of potential geothermal development. 



SURFACE EVIDENCE OF GEOTHERMAL SITES 

BY MERCURY SOIL-GAS COLLECTING 

by 
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INTRODUCTION 

The purpose of this study is a preliminary study to determine 

the validity, practical application, and innovative techniques of the 

surface collection and quantitative measurement of mercury vapor that 

escapes to the surface of the earth and the association of greater mercury 

flux from geothennal sites. 

This study was supported by a grant frcm the U.S. Department 

of Energy administered by the Utah Geological and Mineral Survey 

(606 Black Hawk Way, University of Utah Research Park), 



GENERAL BACKGROUND 

Geothermal sites and the development of geothermal energy 

require the application of an array of scientific and technical 

disciplines in order to better understand the feasibility of developing 

economic geothermal energy. Possibly all of these topics for consider

ation could be grouped under two categories, namely (l) Geosciences 

and (2) Engineering. The first is a broad category that utilizes 

geology, geophysics, isotope geology, geochemistry and almost all 

geospecialties. These subjects provide information about the sites 

and sources of the heat; the bearing of structural and stratigraphic 

geology upon the form of the geothermal sites; and allow estimates of 

thermal water volume, pressures, and sources. Geoscience also pertains 

to the environmental factors of thermal water composition (salt 

toxification of vegetation) and re-injection of cooled water to the 

geothermal reservoir without potential dilatant effects that are known 

to trigger earthquakes. The engineering factors deal primarily with 

the development and application of science and technology for economic 

recovery and utilization of the geothermal energy. This study pertains 

to the collection, application, and measurement of mercury soil-gas 

as an aid in locating geothermal sites. 

Geology. Alt houghgeothermal sites have been recognized during 

the history of Man, it has only been during recent ;; ears that develop

ment of such sites has resulted ivi energy production. Of course, 

the Tuscany, Italy; Wairaki, N.Z.; some Japanese sites and Iceland 

geothemal sites are the earlier pioneers of the utilization of geo

thermal energy. The Geysers area in California is a recent development 



by PP&L and Union Oil Co. that with about 9̂ 0 million mega watt production 

in two years will exceed the energy output of all of the above mentioned 

geothermal sites and provide about one-half of the electrical need 

required by the City of San Francisco. 

Prior to the present time, determining the subsurface geology 

of geothermal sites has been done predominately by drill hole exploration, 

sometimes while drilling for other purposes, such as the Niland, 

California discovery. Geophysical techniques have been thought to be 

somewhat of a panacea but it is of primary importance to initially under

take thorough geological mapping and determine the stratigraphic properties 

(units, lithology, porosity and permeability) and the structural con

figurations and positions of the formations, along v/ith the recognition 

of faults, fractures, and jointing. Isotopic studies, especially &D and 

S 0 measurements, are capable of providing important temperature 

estimates, thermal fluid sources, and other important pre-drilling and 

post-drilling information. Geophysical techniques are used as an additional 

"tool" to determine some of these structural and physical factors. 

The economic potential of a geothermal site is determined by 

numerous factors. Some of these factors are the source of heat, the 

reservoir volume and water recharging rates. ITiese factors are in 

the realm of geology, geophysics, and geochemistry. Excessive costly 

drilling may be more readily curtailed if a geological - geochemical 

appraisal of a potential geothermal site is done providing more 

specific information upon the economic potential of the geothermal site 

before even considering drill target sites. 



MERCURY IN GEOTIffiRMAL AREAS 

The association of mercury with epithermal deposits (Dickson, 

and Tunnel, I968) and present or past hot spring and geothermal sites 

is well known. Sulfur Bank, California, for example was a mercury mine 

until the depth of open-pit mining reached temperatures unbearable to 

the miners, not to mention the health hazard through inhalation of mercury 

vapor. Monte Alimata, Italy, is well known for its mercury content. In 

this deposit, the storage reservoir rock apparently underwent post-

volcanic collapse that fragmented the reservoir rock and provided the 

"plumbing system" for deposits that lie below a partially impermeable 

thrust sheet that confined and controlled the mercury vapor escape to 

the atmosphere. 

The- relationship between "mercury mineralization, and hot spring 

activity is observed at many geothermal fields throughout the world." 

(Kruger and Otte, -1973j Berce, I965) . In fact, when nuclear or conven

tional explosive techniques are used to enhance the output of geothermal 

wells, the danger of post-shot mercury escape to the surface and the 

resulting potential toxicity to human beings will have to be considered, 

a subject that has received very little study to date. (Austin, Austin, 

and Leonard, 1971; Siegel and Siegel, 1975; Weissberg, Zobell, 1973; 

Robertson et al., 1977). 

Actually much of the mercury in developed geotheraml areas 

escapes to the atmosphere as elemental mercury vapor in cooling tower exhausts 

The"facts are that mercury has been shown to be associated in elevated con

centrations in a wide variety of natural thermal fluids" (Robertson, 1977). 
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Detailed studies have been made of the mercury released at Cerro Prieto and 

at the Geysers. Roughly 100 to 1000 times as much mercury existed in the 

steam condensates and cooling tower waters than the concentrations in 

most uncontamanated river, lake, or ocean waters. The predominant form 

of the mercury is Hg (elemental mercury). These measurements apply to 

both Cerro Prieto and the Geysers areas. 

THERMODYNAMICS OF MERCURY 

Mercury is an element and the only element and metal that exists 

naturally as a liquid at the surface of the earth. It has an atomic 

number of 80 and atomic weight of 200.59- It has seven stable isotopes 

and is commonly referred to as a chalcophilic element, that is one that 

tends to concentrate in sulfides. It is commonly referred to, especially 

by the layman as "Quicksilver". The silvery liquid metal is approximately 

13 1/2 timcj as heavy as water. Even so, as a liquid, it vaporizes and 

condenses, of course, according to the thermodynamic properties of the 

element. 

In a comparison of the vapor pressures of water to mercury, at 

100 C, water has a vapor pressure of 76O mm of Hg; mercury has the same 

l̂apor pressure at 357 C. At room temperature of 20 C, water has a vapor 

pressure of 17.54 mm of Hg, while the vapor pressure of mercury at this 

temperature is 0.0012 mm of Hg. A temerature of 200°C is required to 

provide mercury with the same vapor pressure of water at 20 C. 

Mercury, however, is present in the atmosphere at concentrations 

of 1 to 20 nanograms per cubic meter or ppb (parts per billion). In 

A 

metallic mineral deposits, the concentrations may exceed several hundred 
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ppb. At hot spring and geothei'iml sites, concentrations exceeding 

100,000 ppb (lOO ppm) are not uncormnon. 

Apparently most mineral deposits contain m.ercury as a trace 

element. But because of its comparatively high vapor pressure, it con

stantly "bleeds off" from such deposits and ultimately reaches the 

surface of the earth. (Vaughn, I967; and Vaughn and McCarthy, I965). 

COLLECTING TECHNIQUE'S 

One of the initial techniques used for collecting mercury in 

soil-gas was first ued by the U.S. Geological Survey (Vaughn,19^7). 

It consisted of a plastic pyramid, scotch-taped at the edges, with an 

orifice at the top of the pyramid consisting of a screen covered with 

fine gold. The "Green house" effect of sunlight shining through the 

plastic caused the expanding warmer interior air to escape through the 

screen where any soil-gas mercury was captured as an amalgam with the 

gold. Of course with this technique, corrections for the hourly 

fluctuation of barometric pressure had to be considered. 

Shortly after this time, I improved upon the technique by using 

plastic hemispheres with an orifice vith a battery powered fan that would 

draw the mercury soil-gas from below the surface forcing it through 

layers of silver screen of 40, 60, and 120 mesh. Of course, silver also 

foiTns an amalgam with mercury (Fig. l) , 

The effectiveness of this technique over other methods of 

measuring H3 soil-gas amounts is that the fan negates the effect of 

atmospheric barometric pressure and the diurnal variations as the fan 

draws several inches of Hg suction and has a capacity of about 10 ft^/min, 

h.5*-' ' ' 
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The fans used are Hico-Micro-kwl V 24lL fans that operate on 

6 V DC. Current requirements are so low that 4-1 l/2 V D cells will last 

for 6 weeks of continuous daily operation. Detailed tests have been 

made of the volume of air/minute of operation with measurements varying 

between 6 to l4 ft'̂ /min. Variations are the result of variable porosity 

of the ground. The collectors are now being fitted with micro Pitot 

tubes to allow the measurement of air flowage in the field. 

Of equal importance is the proof of the precision of repetitive 

Hg collective amounts. Tests used to indicate such have been done in 

laboratory chemical hoods where the collecting apparatus is placed with 

a fixed amount of elemental Hg located within the hood. Various times 

of collection were tested with resultant Hg collection amalgam varying, 

for example, on a specific test by less than 4 percent when am.ounts of 

l40±10 ppb Hg was collected. The precision incidentally of a flameless 

atomic absorption instrument, used to measure the mercury that is 

released by heating the amalgam, is less than 0.010 ppb as verified by 

heating fixed amounts of Hg in the instrument repetitively during the 

assaying of the Hg-Ag screen samples. 

Contaminants, such as organic compounds can be prevented from 

reaching the Hg screen by chemical filtering attachmients. In addition, 

this instrument draws or "sucks" soil-gas through the mercury screen which 

provides a larger sample than an instrument that merely measures the 

mercury at a given position. Mercury samples collected in ambient air 

over a site do not contain anywhere near as much Hg as is obtained by fan 

drawn soil-gas samples. 

The mercury present on the screens is assayed by flameless 

atomic absorption using a model 351 Instrumentation, Ltd. AA with a Control 
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Temperature Graphite Furnace, Model 558. Concentrations of approxiiriately 

two parts per billion with a precision of ±2 ppb are obtained for samples 

containing >5 ppb. Greater precision is obtained on samples containing 

< 1 ppb. The results are plotted at sample locations in plan or profile 

form. In some cases, averaging techniques are employed to smooth the 

scatter that is sometimes evident in the method. This scatter is typical 

of most geochemical surveys and has given rise to many averaging techniques 

of both manual and computer types. 

The third basic technique of measuring mercury at the surface 

is based on the measurable decrease in the electrical resistance of a 

specific amount of gold as it absorbs mercury to form amalgam. The value 

of this technique is that it allows the monitoring of merci(y|y absorption 

amounts in the field at the time of collecting. The initial instrument 

merely measured mercury at the ground level or a few feet above without 

the technique of drawing soil-gas from the ground. Thei'e would be no 

difficulty in modifying this instrument with an enclosure housing a fan 

to draw soil-gas from the ground. 

Finally, soil samples may be collected and assayed in the labora

tory. Repetitive assaying of such samples indicates that much less Hg 

exists in soil samples than the amount collected in soil-gas. 

RESULTS 

1. Geothermal Area. 

One of the earlier applications of collecting mercury from soil-

gas is shown in Fig. 2, a known geothermal ai-ea in New Mexico. Proprietary 



Results: 187 weighted ppb Hg 
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requests prevent indicating the precise site. Nevertheless, the figure 

indicates a general background of predominately less than 100 ppb with 

the most anomalous value of 1,3^0 ppb. The large anomally near the drill 

hole covers an area of 0.25 mi in diameter; the larger anomalous area 

measures about 0.5 mi by 0.4 mi. Neither of the anomalous areas are 

based on single station values but show a half dozen or more consistently 

increasing values from the background measurements to the highest anomalous 

values. More closely spaced soil-gas analyses for mercury in the anomalous 

areas would exhibit more irregularity of the contours showing equal mercury 

values. This survey was made with the plastic hemisphere instrument with 

fan shown in Fig. 1. Collection time equalled 10 min/sample on several 

one inch diamerer, 40 mesh silver screens. 

2. Roosevelt Hot Spring Geothermal Area 
y A • f 

A recent survey line was made across the Roosevelt known geo

thermal area in Millard County, Utah, an area that has been under study, 

including a drilling program, for several years. The mercury analyses 

obtained by Parry, Benson, and Miller (1976) are shown by Fig. 3. 

Anomalous values in excess of 2000 ppb were noted. It would be worthwhile 

to repeat this study using an instrument that would draw soil-gas from 

the ground and determine the expected much higher mercury content of 

these samples for contrast. 

5. Midway Hot Spring Ar̂ ea 

As a test in Utah of the plastic hemisphere collecting unit 

shown by Fig. 1, the Midway, Wasatch County, Utah, area was proposed as a 

test site for a validity test. ̂  

This area is located about two miles west of Heber at the foot 
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of the Wastach Range. Mounds formed by hot springs and composed of 

calcite layers varying in height from a few feet to few tens of feet spot 

the area (Fig. 4). Most of the hot springs are dormant but a few of the 

smaller ones in small concnetrated areas are quite evident (Fig. 4). The 

largest mound, known as Memorial Hill is presumably not a hot spring 

mound but a formational remnant. Cool stagnant water still exists in the 

Homestead mound but hot water for the swimming pool is derived by wells ' ' 

and piped from other existing hot springs, located a short distance 

NW of the Homestead. 

Sample results at Midway 

a. A soil-gas sample collected near the base of the Homestead 

mound contained an anomalous •̂  155 PPb of mercury. In contrast a rock and 

soil sample at the same site contained only 11 ppb (Fig. 4 and Fig. 5). It 

is noticeable in all of the following analyses that soil samples generally 

contain significantly less mercury than do the soil-gas samples. 

Incidentally, the precision of these measurements, made by atomic 

absorption, is about 0.1 ppb, less than usual because of new heating 

techniques. 

b. A small mound, only a few feet high, located about one mile 

northwest of the large mound contained l40 ppb mercury similar to the 

Homestead soil-gas sample. 

c. A line of samples (21 to 28) were collected 35O feet apart along 

the side of the road shown in Fig. 4. The plot of these results is shown 

in Fig. 5. The values varied from a high of 185O ppm to a low of 45 ppb 

but with an average for all samples of about 10 ppm. 
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Numerous studies including hundreds of samples have been made 

by Jensen in non-geothermal and unmineralized areas where background values 

of mercury in soil-gas varied from -̂̂  40 to 100 ppb. Wittcopp (l979) 

reported background values adjacent to a gold deposit in California 

varying between 40 to 80 ppb with values of 1000 ppb correlating with the 

gold veins. Even Fig. 2 shows background values near a geothermal site 

in New Mexico averaging about 70 ppb. Certainly, the average value 

obtained along the road west of the Homestead of about 10,000 ppb indicates 

an anomalous Hg content. 

What is puzzling is the comparatively three high Hg values at 

Memorial Hill, even though the higher values are located near the base of 

the hill. There are at least three suggestions that may explain these 

high values, viz., l) The Midway area releases so much Hg to the surface 

that its redeposition throughout the area can provide anomalous Hg content 

values almost anywhere in the area; 2) The depth of the thermal source 

and the widespread occurrence of present and defunct hot springs would 

not result in vertical conduits to the surface. These may be intricate 

conduits that reach the surface some distance laterally from the deep 

source; and 5) Memorial Hill may be partially, at least, an old defunct 

hot spring mound. Much of the exposed rock appears to be calcareous tufa 

rather than Mesozoic sediments. Of the above suggestion, however, 

number 2 is the most likely explanation. 

There is little doubt that Hg soil-gas samples collected several 

miles from Midway would give < 100 ppb values indicating that the geothermal 

extent of Midway is either widespread or Hg soil-gas values could be 
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expected to be high throughout the area. Additional sampling in the area 

would undoubtedly provide results similar to those obtained. 

4. The results of Hg soil-gas sampling at Crystal Springs in south 

Salt Lake Valley are shown on Fig. 6. The collection sites, 55O feet 

apart are plotted on Fig. 7. 

The results obtained in this area are consistently anomalous at 

least between stations 6 to l4, a distance of half a mile. Temperatures 

measured at drill site 9 should show an anomalous correlation with the 

soil-gas samples. The blank silver screen samples in this area still 

provided the low values of '^5-5 Ppl' as shown by the small square on the 

right margin of Fig. 6. The anomalous values are more than 2500 times 

more anomalous than the blank samples and at least several hundred times 

more anomalous than background values, 

In conclusion, this preliminary study does indicate that mercury 

is an effective indicator of geothermal sites. In addition, not only can 

Hg be collected, but its concentration can be measured in ppb amounts 

with great accuracy and precision. 

What is both surprising and pleasing about these initial mercury 

measurements is the comparatively high amount of mercury in the soil-gas 

samples in contrast to the low amount in rock and soil samples. It has 

been noticed for some time that soil-gas samples contain much more 

mercury than do surface soil or rock samples in any given area. The 

prime reason for this is the large amount of air pumped from the sub

surface that passes through the orifice and is captured as amalgam on 

the silver screen. 
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SUMMARY 

In summary, it does appear that soil-gas samples, measured 

for the amount of mercury therein, provide a prime tool that should be 

used more extensively in the search and study of geothermal sites. 

The cost and use of the collecting unit shown on Fig, 1 is so 

low that it would seem imperative that these mercury measurements in 

soil-gas should be made almost routinely in the study of geothermal 

sites. It is recommended that much more extensive measurements be 

made in geothermal areas to exhibit the significance of these studies. 

The Midway area is a prime area where an extensive mercury in soil-gas 

study should be done. 

In contrast, the measurement of strrface samples of rock, soil, 

and water appear to be much less useful and diagnostic in measuring the 

amount of mercury escaping from below the surface. 
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RECOMMENDATIONS 

1. The collecting apparatus, 80 mesh silver screen, and the 

accurate measurement of even ppb by Atomic Absorption result in a low-

cost geothermal study. Probably no other phase of geothermal study 

provides more significant information at such a low cost as Hg soil-gas 

analysis. 

2. Mercury soil-gas analysis should be done routinely on all 

potential geothermal areas in Utah. In doing so, the spacing of stations 

can be greater than 330 feet and sampling should be done at some distance 

from the anomalous areas in order to determine the background values. 

3. Drilling sites can be located more precisely based on a grid 

map of a mercury soil-gas studied area, even though it is realized that 

the Hg may have moved up-dip and laterally rather than vertically. Even 

so, geothermal areas are so comparatively large that the Hg soil-gas 

isograd map can still be of significance in locating drill sites. 

4. In light of the abnormally high mercury contents released to 

the atmosphere from geothermal developments, an environmental consideration 

of the potential toxidity of mercui-y on life in these areas should be 

addressed. 
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