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GEOPHYSICAL SURVEYS AT PAGOSA SPRINGS AND GLENWOOD SPRINGS, COLORADO 

ABSTRACT 

The Geophysics Department of the Colorado School of Mines 

has carried out surveys in the vicinity of Glenwood Springs and 

Pagosa Springs to assist in locating test wells to evaluate 

geothermal potential. At Pagosa Springs, a seismic reflection 

survey indicates that the main springs issue along a fault that 

bounds an anticline with a closure of approximately 500 feet. 

Electrical resistivity surveys indicate anomalously low values 

over an area of several square miles extending northeastward 

from the main hot springs. This area is also characterized 

by a slightly higher content of mercury in the soil than is 

present in surrounding areas. 

At Glenwood Springs, only electrical resistivity surveys 

were carried out. An area of anomalously low resistivity was 

mapped along the Colorado River but centered beneath Lookout 

Mountain which lies two miles east of Glenwood Springs. The 

resistivity surveys show progressively better potential for 

the presence of a geothermal reservoir as one goes from the 

west end to the east end of the anomaly. 



GEOPHYSICAL SURVEYS AT PAGOSA SPRINGS AND GLENWOOD SPRINGS, 

COLORADO 

INTRODUCTION 

During the period from June to November, 1977, students 

and faculty from the Department of Geophysics, Colorado School 

of Mines, carried out various geophysical surveys at Pagosa 

Springs in southwestern Colorado and Glenwood Springs in 

western Colorado to assist in the location of boreholes 

intended to evaluate geothermal potential in these areas. 

At Pagosa Springs, surveys included electrical resis­

tivity, soil mercury content, and seismic reflection. At 

Glenwood Springs, only electrical resistivity surveys have 

been carried out up to the present time. 

i 

i 
PAGOSA SPRINGS AREA , ,i 

At Pagosa Springs, warm springs issue fronf Jurassic^y \ 

Mancos shal^. These springs are among the hottest and have 

the highest flow rates in the State of Colorado. Temperature 

ranges from 54° to 60° C. and total discharge is approximately 

700 gpm. 

The town of Pagosa Springs is located on the south flank 

of the San Juan Uplift, which is a southern extension of the 

Uncompaghre Uplift. The San Juan Uplift is covered in the 

central, north, and eastern parts by the San Juan volcanic field 



which includes at least ten calderas with associated flows. 

The town of Pagosa Springs lies on the central-northeastern 

edge of a 30-35 mile long fault zone with a N45 W trend. The 

fault zone is about six miles wide. The town is also about 

10 miles north of a six-ten mile wide north-northeast trending 

(Oligocene?) dikes form that intersects the fault zone at 

nearly right angles. The town is near the center of a semi­

circle described by six Tertiary intrusives to the north, east, 

and south at a radius of ten miles. The nearest recognized 

caldera complex is 30 miles to the north. 

Seismic Survey 

During July, 1977, approximately seven miles of six-fold 

and one mile of twelve-fold reflection seismic data were 

collected along traverses passing through the town of Pagosa 

Springs as indicated on the map in Figure 1. The survey was 

done using a vibrator source from the Colorado School of Mines. 

A long north-south seismic line (Line 1) was selected to maxi­

mize the amount of geologic information provided by the survey. 

Regional dips of geologic units were predicted to be south or 

southwest away from the San Juan volcanic field. Two short 

crosslines (Lines 2 and 3) were shot in an east-west direction 

to provide some three-dimensional structural control in the 

vicinity of the Hot Springs. Line 2 was centered to cross the 

surface expression of the Pagosa Hot Springs. Because of topo­

graphic relief and urban obstacles, the line was limited to 



approximately two-thirds of a mile in length. Line 3 was 

located I-J5 mile south of Pagosa Springs. It was acquired 

to investigate the possibility that potential thermal reser­

voir rocks may occur immediately south of Pagosa Springs. 

The data obtained in the field were processed using 

standard computer routines and interpretations of the three 

lines are shown in Figures 2-4. Identification of geologic 

units is based on surface geologic control and postulated 

correlation to the section in the Gramps Oil Field, located 

20 miles southeast of Pagosa Springs. Seismic and well log 

information are available at the Gramps Oil Field to provide 

control (Figure 5). Similarities in the seismic character 

of the records from Pagosa Springs and those from the Gramps 

Field are striking. Three marker horizons are picked; Pre-

cambrian top (PE), top of the Dakota (Kd), and the Mancos-

Mesa Verde marker (Kmm). Assuming that these horizons have 

been correctly identified on the Pagosa Springs sections in 

Figures 2-4, the following interpretation may be made: 

Line 1 - the north-south regional line shows that 

a) the Hot Springs is situated on the hinge line of a 

monoclinal fold, 

b) this hinge line is fault controlled, 

c) the axis of the hinge line trends northwest to south­

east, and 

d) the south limb of the monocline dips steeply while the 

north limb dips gently to the north. 



It is particularly important to note that the sedimentary sequence 

of Mesozoic rocks is predicted to have a thickness of 3500 to 

4000 feet in the Pagosa Springs area. 

Line 2 - the east-west line centered across the Hot Springs shows 

a) the plunge of the axis of the monoclinal fold is to the 

east-southeast, 

b) the warm springs appear to be located within a fault 

block on the highest structural position on the mono­

clinal axis, 

c) the disruption of data quality on the extreme left side 

of the section may be due to a thermal and/or chemical 

change of acoustic impedance properties of the rocks 

directly associated with the mineral springs. 

The Dakota "dim-spot" is particularly noticeable. The Dakota 

could be the main aquifer for the geothermal system. 

Line 3 - the east-west line, 1-h miles south of Pagosa Springs 

illustrates 

a) the southeast plunge of the monoclinal hinge line or 

fold axis, 

b) fault control of the hinge axis, 

c) that the Mesozoic sequence has thickened to approximately 

5000 feet. 

In summary, the Pagosa Springs geothermal features are 

located on a southeasterly-plunging monoclinal hinge line or 

fold axis. The surface expression of the geothermal anomaly is 

located on the apex of the fold axis. The fold axis is fault 

controlled. A tectonic map. Figure 6, shows the structural 

features and maps the surface of the Dakota Formation. 



Reconnaissance Resistivity Survey 

A reconnaissance resistivity survey was carried out over 

an area of approximately 150 square miles more or less centered 

on, the town of Pagosa Springs (see Plate 1). This survey was 

carried out using the dipole mapping technique. In this 

technique, the area to be surveyed is energized using a fixed 

bipole source. For the survey of the Pagosa Springs area, the 

source bipole was located along U. S. Highway 84 approxiately a 

mile and a half south of Pagosa Springs. The length of the bipole 

source, that is, the distance between grounding electrodes, was 

approximately 750 meters. The source was energized with peri­

odically reversed direct current, with the peak to peak amplitude 

of current supplied to the ground being approximately 360 amperes. 

The direction of current flow was reversed six times per minute; 

thus, the frequencies contained in the transmitted current wave 

form were sufficiently low that direct current behavior could be 

assumed. 

The behavior of the current flow from this bipole source 

was mapped by making measurements of electric field intensity at 

numerous stations over the survey area, as indicated on Plate 1. 

In order to measure the electric field at a receiver station, 

two 100-meter lengths of wire were laid out at right angles to 

one another, and connected to the ground through nonpolarizing 

electrodes. The voltages from the two legs of the electrode 

setup were amplified and recorded on a graphical recorder. 

Signals with amplitudes as low as 50 microvolts could be 

measured with an accuracy of a few percent. 



Values of apparent resistivity were computed from the 

measured currents and the measured electric fields by using 

standard formulas for uniform earth. Contours of values of 

apparent resistivity are shown on Plate 1. 

For the most part, the area around Pagosa Springs is 

characterized by resistivities ranging from 150 to 300 ohm-

meters or more. These resistivities are relatively high for 

a sedimentary sequence, and probably reflect the presence of 

relatively fresh waters in the sedimentary sequence. A 

striking feature of the reconnaissance resistivity survey is 

the region of anomalously low resistivity mapped in and 

immediately around the town of Pagosa Springs. The very 

lowest resistivity values - 31 ohm-meters - was recorded in 

the inmiediate vicinity of the Hot Springs. All of the 

region within the 100 ohm-meter contour can be assumed to 

be anomalous. This area of low resistivity probably reflects 

the limits of the reservoir in which thermal waters are 

present. 

Structurally, the area of low resistivity appears to 

terminate abruptly along a northwest-southeast trending line 

along the southwestern edge of the town. The regions of 

lowest resistivity tend to be elongate to the northeast. 

It is possible that recharge of the geothermal reservoirs 

may take place by water flowing from northeast to southwest, 

and being blocked by fault boundaries as observed with the 

seismic survey. 



A listing of the bipole mapping survey data and calculations 

is included in Table 1 and Table 2. 

Detail Resistivity Survey 

Following the reconnaissance resistivity survey, a detailed 

survey was carried out in the immediate vicinity of Pagosa Springs 

using the dipole-dipole profiling technique. This is a standard 

method, commonly used for locating lateral changes in resistivity 

along profiles. The layout of electrodes used in making a single 

determination of apparent resistivity is shown in Figure 7. Four 

electrodes are used, placed along the profile to be traversed. 

The two electrodes at one end of the array are used to drive 

current into the ground; these are indicated as electrodes C. and 

Cj on Figure 7. The other two electrodes, P and P^, are used 

to detect the voltage generated by the current flowing from the 

source electrodes. The distance between the current electrodes 

or between the receiver electrodes is used as a parameter to 

characterize the spacing of the electrode array, a. The inner-

spacing between the two sets of electrodes is set equal to some 

integer multiplying the length of either one of the electrode 

pairs as shown in Figure 1. In making a set of measurements, 

the two source electrodes are fixed on location while the two 

receiver electrodes are moved away from the source as a sequence 

of measurements are made. In presenting the results of a dipole-

dipole survey, data are plotted in cross-section form. The 

observed voltage at any receiver pair is converted to a value for 

apparent resistivity, and this value is plotted on a cross-section 



at a point midway between the centers of the source and receiver 

dipoles. This method of presentation of the data has been 

accepted as standard, and no implication that the resistivity 

being measured is that at the plotting point should be made. 

In making a resistivity cross-section along a traverse, many 

different source electrode and receiver electrode positions are 

occupied. To minimize the effort involved in laying out cables, 

in the surveys done at Pagosa Springs and Glenwood Springs, a 

set of multi-conductor cables with takeouts for electrode place­

ment was used. Each cable consisted of six conductors. Takeouts 

were provided at intervals of 30 meters along each cable, for a 

total length of 150 meters. In making a set of measurements, two 

such cables were laid end to end along the proposed traverse. The 

contacts on one cable were used as current points while the con­

tacts on the other cable were used as measuring points. The source 

and receiver equipment were located at the junction of the two 

cables. This equipment included switches which allowed selection 

of any pair of electrodes along either cable for use as a source 

dipole or receiver dipole. 

With a single setup of the cables and equipment, 24 individual 

determinations of apparent resistivity were made without moving 

the equipment. Using the convention for plotting the data shown 

in Figure 7, for each location thus occupied j, 24 apparent resis­

tivity values corresponding to a diamond-shaped area on a cross-

section are obtained. 



Sets of measurements were made at 70 locations sited on 

25 profiles as shown on the map in Figure 8. From one to 

six sets of measurements were made per profile. Because of 

interference from structures within the town of Pagosa Springs, 

many of the profiles were very short. Resistivity sections 

for all but one of the profiles are contained in Appendix I 

accompanying this report. Profile #1 was directed along an 

east-west line passing through the Pagosa Hot Springs. 

Unfortunately, because of problems that developed in making 

good contact through the Hot Springs' deposits, the data from 

Line 1 were unsatisfactory and are not included in this report. 

No detailed interpretation of these profiles has yet been 

made. In exeunining the profiles, there are a nvimber of anomalies 

confined to one or two measurements at a single measurement site; 

these are most likely caused by buried metal structures along the 

profile line. Such structures must be common within the town of 

Pagosa Springs. 

The resistivity measurements of most interest are the low 

values such as were recorded at Location 5 on Line 2, at Location 

9 on Line 3, at Location 31 on Line 9, at Location 35 on Line 11, 

at Location 38 on Line 12, and at Location 40 on Line 14. These 

areas of low resistivity are closely associated with observable 

and known warm water seepage. In each of these cases, areas 

with resistivities below 10 ohm-meters were located, with the 

lowest resistivities being 3 ohm-meters or less. The very large 

contrast between these low resistivity values and the more normal 

values of 50 to several hundred ohm-meters observed further away 

from hot springs indicates that the warm water seepage has had a 
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very strong effect on the properties of the rock. 

Except for the few locations just mentioned, no distinctive 

changes in resistivity are observable on these resistivity cross-

sections. Rather, it appears that resistivity changes gradually 

as one goes away from the Pagosa Hot Springs. This is clearly 

shown by the svunmary map for the dipole-dipole measurements in 

Figure 9. Here, the four individual measurements made at each 

setup for a 120 meter separation between dipoles were averaged 

together and plotted at the mid-point for the array. The lowest 

resistivity is immediately to the northeast of the main hot 

spring. Apparent resistivity increases gradually in all directions 

away from this minimum value to values of 100 ohm-meters or more. 

The location of the area of low resistivity mapped with the dipole-

dipole array is the same as that mapped in the reconnaissance 

survey. For a 120 meter separation between dipoles, the greatest 

depth to which resistivity effects the measurement is probably 

60 meters. In contrast, for the reconnaissance dipole measure­

ments, where the offset distance from the source was approximately 

2000 meters, the likely depth to which the rock contributes signifi­

cantly to the resistivity measurement would be approximately 1000 

meters. There is no marked change in the character of the resis­

tivity anomaly for the shallow part and for the deeper part of the 

feature. In summary, both the shallow and deep penetration resis­

tivity surveys indicate a well-defined zone of low resistivity 

which probably represents the area of the reservoir feeding the 

hot springs. 
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Soil Mercury Survey 

A method used to locate geothermal reservoirs is the 

detection of mercury in soil or soil gas. The element mercury 

is.not easily trapped in rocks, and tends to defuse continuously 

to the surface of the earth. If subsurface temperatures are 

unusually high, the rate of defusion is accelerated and anomalously 

high concentrations of mercury will occur in the soil. High 

concentrations of mercury may also occur if rocks with unusual 

amounts of mercury are present in the geologic section, or if 

open jointing and faulting is present to permit easy movement 

of mercury to the surface. 

The normal concentration of mercury in soil is 10 to 100 ppb 

(parts per billion). In known geothermal areas, the concentra­

tion of mercury is 100 to 1000 times greater. At The Geysers 

in California, at Roosevelt Hot Springs in Utah, and at the 

Hawaii Geothermal Test Well #1 in Puna, the concentration of 

mercury in the soil which is levels of 1000 to 10,000 ppb. These 

three geothermal areas are characterized by relatively high reser­

voir temperatures, in the range from 250 to 300 C. While no 

definitive relationship has been established between the concen­

tration of mercury in soil and subsurface temperature, these high 

mercury levels around known geothermal areas encourage one to 

believe such measurements can be used in exploration. 

Soil samples were gathered at 40 locations in the vicinity 

of the Pagosa Springs resistivity anomaly, as shown in Plate 2. 

These samples consisted of 30 to 50 grams and were taken at a 
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depth of 6 to 12 inches. The material was sieved to separate 

the fine sand sizes for analysis. The fine sand separate was 

heated in a small oven to volatalize the metallic mercury 

present. The fumes derived from the sample were passed through 

a silver thimble to separate the mercury from organic compounds 

volatalized along with it. After heating for three minutes, 

the thimble was removed and it in turn was placed in the oven. 

On heating, the thimble released the amalgamated mercury which 

was then passed through a dual atomic absorption cell. The 

accuracy of mercury determinations made with this device is 

±20%. 

Mercury contents observed in the Pagosa Springs area were 

for the most part unusually low. The background level to the 

west and north of Pagosa Springs appears to be approximately 

20 ppb. In town, and generally in the area where the resis­

tivity was anomalously low, the mercury concentration is 

higher, amounting to 30 or 40 ppb. This two-fold increase in 

mercury concentration is appropriate for a relative low tempera­

ture geothermal system. 

An interesting feature of the mercury survey is the presence 

of a linear zone with quite high mercury concentrations south­

east of town. Here, concentrations in excess of 200 ppb were 

measured at two locations. These high concentrations may result 

from the presence of a mercury-rich member of the section, or 

they may represent accumulation of mercury along an active 

fracture, or the effect of temperature. It appears that a more 

detailed and complete mercury survey would provide interesting 

information. 
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GLENWOOD SPRINGS AREA 

There are nine major hot springs at Glenwood Springs, 

most of them within the city limits, flowing from both the 

channel and the aluvium on both sides of the Colorado River. 

Seven springs flow from the Leadville Limestone (Mississippian) 

and its surface trace beneath the river. Yampa Spring discharges 

2500 gpm at a temperature of 51 C. It feeds the municipal pool 

which is 750 feet long and 65 to 110 feet wide. The remainder 

of the springs have flow rates from a few to 160 gpm, at 

temperatures within a few degrees of Yampa Spring. They are the 

most highly mineralized springs in the state, with up to 20,000 ppm 

disolved solids. Sodium and chlorine make up 90% of the solutes. 

Glenwood Springs is located on the southwest flank of the 

White River Uplift, which borders to the west and southwest with 

the Piceance Basin. The White River Uplift is a broad flat-

topped arch which is the last of the major laramide uplifts. The 

northern flank of the uplift is monoclinal, but on the west and 

southeast flanks the strata are steeply upturned. At Glenwood 

Springs, this flank is structurally complex with extensive 

antethetic faulting. 

The stratagraphic section contains 25,000 feet of pre-

Tertiary sedimentary rocks with Precambrian rocks exposed only 

in a few small areas in deep canyons. The section contains 

6900 feet of Paleozoic rocks, 11,300 feet of Mesozoic rocks, and 

6600 feet of Cenozoic rocks. 
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The Paleozoic is primarily a marine section with quartz 

sandstones, galuconitic dolomite, limestone and shale. 

The carboniferous section consists of massive redbeds with 

shales and limestones. In the Paradox Basin to the southwest, 

the section above the Leadville Limestone (Mississippian) con­

tains large amounts of salts and evaporites. 

The Mesozoic section is typical of that in most of the rest 

of the state with thick sequences of varigated shales, conglom­

erates, sandstones, and minor limestones. 

The Cenozoic section consists of clay, shale, sandstone, 

coal, conglomerates and glacial deposits capped by basalt 20 

miles north in the Flat-top Mountains. In the Dotsero area, 

20 miles to the east, a cindercone has been dated at 4000 years 

B.P. There are two other basalt flows that overlie modern 

topography and several other small uninvestigated piles of 

volcanic ash on the plateaus to the south and north. It is 

possible that dikes or sills were implaced at shallow depth 

in Glenwood Springs during this recent period of sporadic 

volcanism. 

Reconnaissance Resistivity Survey 

A reconnaissance resistivity•survey was carried out over 

an area of approximately 80 square miles, mainly along the 

valleys of the Colorado and Roaring Fork Rivers (Plate 3). 

As at Pagosa Springs, the dipole mapping technique was used. 

The source bipole, which was 800 meters in length, was located 

along a northsouth road in Section 34, four miles south of 
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Glenwood Springs. The current obtained with this source varied 

from 40 to 60 amperes, peak to peak, during the survey. 

The behavior of the electric field was mapped in the same 

manner as described earlier for the Pagosa Springs area. At 

Glenwood, considerable difficulty was encountered in making 

measurements anywhere except along the two river bottoms. Away 

from the rivers, the topography is difficult, and because measure­

ments were made during hunting season, many gates were closed. 

The pattern of apparent resistivities mapped during the 

reconnaissance survey is shown on Plate. 3. Resistivities are 

approximately in order of magnitude lower than those observed 

during a reconnaissance survey at Pagosa Springs. The areas to 

the west of the Roaring Fork River and to the north of the 

Colorado River have the highest resistivities measured, being 

above 20 to 40 ohm-meters. Anomalously low resistivities were 

measured beneath the summit of Lookout Mountain, which lies 

south of the Colorado River and east of the Roaring Fork River. 

The lowest values were 2.0 to 2.5 ohm-meters. The low resis­

tivity area is elongate to the west and northwest along the 

Colorado River in the immediate vicinity of the known hot springs. 

The reconnaissance electrical data indicate that the princi­

pal reservoir for the hot springs lies immediately east of 

Glenwood Springs beneath Lookout Mountain, rather than beneath 

the river bottom where the springs now issue. However, because 

of the complex terrain and the possibility that the apparent 
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resistivity pattern is controlled by some extent by the terrain, 

this interpretation must be considered tentative until further 

electrical surveying can be done. 

Detail Resistivity Survey 

Detail resistivity surveys were made along the banks of 

the Colorado River near the hot springs at the locations 

indicated on Figure 10. As at Pagosa Springs the dipole-

dipole method was used. Measurements were made at 62 loca­

tions on 18 profiles. The resistivity cross-sections for these 

18 profiles are contained in Appendix 2. 

Resistivities of 5 ohm-meters and less were measured for 

the short separations at locations where hot springs are known 

to be present. These areas of low surficial resistivity include 

Location 4 on Line 1, Locations 9, 10 and 11 on Line 1, Locations 

24 and 25 on Line 8, and Location 44 on Line 12. 

The dipole-dipole data are siommarized into plan-maps in 

Figures 11 and 12. Average resistivities for a dipole separation 

of 120 meters are shown on Figure 11, while average resistivities 

are shown for dipole separation of 240 meters on Figure 12. The 

data characterize two relatively small areas of anomalously low 

resistivity, both located in the immediate vicinity of hot springs. 

The eastern-most of these two locations is at the Hot Springs 

Lodge, and this area has a lower resistivity than the area 

immediately to the west. 
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Both the shallow and deep resistivity surveys indicate 

a decreasing quality to the electrical anomaly as one goes to 

the west. The reconnaissance resistivity survey shows that 

the most likely area for the main reservoir is to the east of 

Glenwood Springs where no detailed measurements were made 

because of problems with topography. 
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SUMMARY 

Geophysical surveys at both Pagosa Springs and Glenwood 

Springs provide clear evidence for limited zones supplying 

thermal fluids to warm springs. The geophysical data provide 

no additional insight with respect to the probable temperature 

of the reservoir than has been previously been available from 

geochemical studies. It is probable that optimum drilling 

locations for test holes lie in the centers of these areas 

of low resistivity. However, in a complete evaluation of the 

geothermal prospects of these two areas, much additional 

exploration effort would be needed. 

At Pagosa Springs, the hot springs appear to rise at the 

crest of a fault-bounded anticline. The structure is very 

similar in character to the one at the Gramps Oil Field, 

located 20 miles to the south. Consideration should be given 

to the possibility that a hole drilled at the top of this anti­

cline will find hydrocarbon-saturated reservoir rocks. 



Figure 1: Locations of vibrator points occupied during seismic 
reflection survey at Pagosa Springs. 
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Figure 3: Seismic section along Pagosa Line 2 
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at Chromo. 



Figure 6: Structure on the top of the Dakota Sandstone as determined 
from the sr' mic reflection survey. 
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.5 ppb 
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.0 ppb 

.5 ppb 

.5 ppb 

23. 

24. 

25. 
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38. 

39. 

40. 

41. 

41a. 

42. 

15.0 ppb 

29.5 ppb 

33.5 ppb 

41.0 ppb 

32.0 ppb 

43.0 ppb 

37.5 ppb 

13.5 ppb 

22.0 ppb 

17.0 ppb 

17.5 ppb 

31.0 ppb 

25.5 ppb 

23.0 ppb 

225.0 ppb 

26.0 ppb 

38.0 ppb 

23.0 ppb 

24.5 ppb 

70.5 ppb 

215.0 ppb 



Key to Table I 

n: Index Number for Receiver Station 

Rx: Distance from Transmitter to Receiver Station, Northerly Component 

RY: Distance from Transmitter to Receiver, Easterly Component 

Rl: Radial Distance From One End of Transmitter to Receiver Station, 
Kilometers 

R2: Distance from the Other End of the Source to a Receiver Station 
in Kilometers 

D: Angle Included Between the Radaii Rl and R2 from Receiver Station 
to the Transmitter 

Bl, B2: Bearings of the Two Lines Used to Detect Components of the 
Electric Field 

El, E2: Observed Electric Field Components Along the Two Measuring 
Lines at a Receiver Station, In Microvolts per Meter 



Table 1: Observed data, dipolo mapping survey. 
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Table 1 (Continued) 
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Key to Table II 

N: Station Index Number 

X: North Component of Distance Between Source and Receiver in 
Kilometers 

Y: East Component of the Distance Between The Source and Receiver 
In Kilometers 

Rl: Distance from One End of the Source to a Receiver Station, in 
Kilometers 

R2: Distance from the Other End of the Source to a Receiver Station 
in Kilometers 

p : Apparent Resistivity Computed from the Magnitude of the 
a Observed Electric Field, in ohm-meters 



Table 2: Apparent rusintiuity valuos computed for dipole 
mapping survey 
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T a b l e ? ( C o n t i n u e d ) 
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APPENDIX 1 

RESISTIVITY CROSS-SECTIONS FROM PAGOSA SPRINGS 
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APPENDIX II 

RESISTIVITY CROSS-SECTIONS FROM GLENWOOD SPRINGS 
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Dote 8/10/77 

^ W Beoring E '•• 

Line: 9 Center: 33 

Dole 8/10/77 

Hot Spring Area 

C«<l«, 39 

Dote 8/11/77 

•* W Bearing E 

Line. II Center: 38 

Dote: 8/11/77 
Center- No center here 

^ W Bear ing E ! 

Line: 10 Center: 36 

Dole: 8/11/77 

Center: No center here 

^ W Beoring E 

Line 9 Center 35 

Dolr. 8/10/77 



GLENWOOD SPRINGS 

Center: 49 

Dote 8/16/77 

• < — W Bearing E • 

Line< II Center- 48b 
Survey; Glenwood 
Dote 8/16/77 
Initiate: PP 

Center: No center here 

• 9 — W Bearing E i 

Line: II Center: 42 

Dote 8/11/77 

Center: 41 

Dote 8/11/77 

4 — W 6e9:ng E 1 

Line- II Center «C 

Dote- 8/11/77 

GLENWOOD SPRINGS 
GLENWOOD SPRINGS 

- — W BEARING E — • 

LINE: 12 CENTER: 44 

SURVEY: GLENWOOD 

OATE: 8/12/77 

INITIALS-- O.H. 

67, e« ^44729 

NW BEARING SE — 

LINE: 15 CENTER: 50 

SURVEY: GLENWOOO 

DATE: 8/16/77 

INITIALS: OH. 

GLENWOOD SPRINGS 

«9 2l-J-' 4384 

— — W BEAPiNG E — 

LINE: 16 CENTER 53 

SURVEY GLENWOOO 

DATE 8/17/77 

INITIALS OH 



GLENWOOD SPRINGS 

SO 

Ctnler: 56 
Dote: 8/17/77 

4 — M W Beoring SE 
Line; 16 Cer>ter: 55 
Survey: Glenwood 
Dote. 8/17/77 
Initials; OH. 

Center; 54 
Dote; 8/17/77 

,< NW Bearing S E — 

Line: 16 Center: 53 
Dote: 8/17/77 

GLENWOOO SPRINGS 

— — N BEARING S • 

LINE: 17 CENTER 60 

SURVEY: GLENWOOO 

DATE: 8 /20 /77 

INITIALS: RP 

OLENWOOD SPRINGS 

— — W BEARING E — — 

LINE: 18 CENTER 58 

SURVEY: GLENWOOD 

DATE. 8/18/77 

INITIALS: OH. 
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SUCCESSFUL PAGOSA SPRINGS DISTRICT HEATING SYSTEM TO BE DEDICATED 

According to Bill Ray, Pagosa Springs City Manager, the Pagosa Springs District 
Heating System, which will start operation this fall, will be dedicated 
sometime during the middle of October. This project is one of, if not the 
major, successful U.S.D.O.E. geothermal project and its story deserves to be 
retold. 

The project started a little over 3 years ago in 1978, when the City was 
awarded a Program of Opportunity Notice (PON) Grant from D.O.E. for 
$935,000.00. Additional funding has raised total D.O.E. contriubtion to 
$1,110,000.0 (See later story about additional funds). 

In 1979 three wells were drilled behind the county courthouse on the north bank 
of the San Juan River. After testing it was determined that only two of the 
wells had adequate flow and temperatures. These two wells having an average 
depth of 285 feet will produce 1800 gallons per minute (gpm) of 142 F waters. 

The system is capable of deliverying a total of 56,700,000,000 B.T.U.'s of heat 
energy (equivalent to 9,450 barrels of oil) annually. This winter thermal 
energy will be supplied to 65 customers at a cost of $3.35/Million B.T.U's of 
heat energy, approximately 40% of the equivalent cost of natural gas. The area 
being served by the district heating system extends along U.S. 160 from the 
U.S. Forest Service Building on 
west side of town. 

the feast,'through the downtown area, to the 

Bill Ray further states that the ^ \ t ^ will soon be applying to the Colorado 
Division of Housing for a grant tq uRgrad^ and retrofit 5 low income housing 
units on the southside of town. 

As stated above this project is one of the major successes of the U.S. Dept. of 
Energy's geothermal energy hydrothermal energy program and is a y ^ r y good 
example of the direction the nation should be going in its energy independence 
drive. The Pagosa Springs project demonstrates visibly the need for federal 
government assistance in developing low to moderate temperature geothermal 
projects. It would have been impossible for the community of Pagosa Springs to 
have funded and constructed this district heating system on its own. 
Unfortunately we will be seeing less and less of these successful projects in 
the future with the curtailment of the federal geothermal program. 

The citizens and officials of Pagosa Springs as well as the U.S. Dept. of 
Energy can be very proud of their efforts in bringing this program to a 
successful conclusion. 



TWO COLORADO COMMUNITIES RECEIVE GRANTS FROM U.S. DEPT. OF ENERGY 

Tom Stroud, U.S. Dept. of Energy, Denver, recently announced that the Cities of 
Ouray and Pagosa Springs have been awarded grants for 1981-1982 under the 
Small-Scale Appropriate Energy Technology Grants Program. Ouray will receive 
$10,000.00 to fund a feasability study for the development and use of 
geothermal energy within the city. Pagosa Springs will receive $44,000.00 to 
be used towards the cost of extending the district heating distribution system 
into a low income area on the southside of the city. (See above related 
article). Congratulations to both communities. 

STATE-FEDERAL GEOTHERMAL COMMERCIALIZATION REVIEW MEETING 

The Colorado Geothermal Commercialization T^am attended the joint State-Federal 
Commercialization Team meeting Sept. 9-10 at Custer State Park, South Dakota. 
Representives from commercialization teams in New Mexico, Colorado, Utah, 
Wyoming, Montana, North Dakota and South Dakota attended. The purpose of this 
meeting is for the individual states to report on the progress of their program 
to the Dept. of Energy. The individual • teams reported on the growth of 
geothermal energy within their state during the time their team has been in 
existence. It was very encouraging to see the amount of development that has 
occurred in the seven states over the last 3 years. 

In addition to the state reports, talks were presented by knowledgable and 
experienced persons on alternative funding sources for district heating 
projects. In this time of reduced federal funding for geothermal development 
any community wishing to develop a district heating system will have to look 
for alternative sources of financing. 

A discussion was held regarding the future of the Geothermal Commercialization 
Project. Mike Tucker, U.S. D.O.E. Project Manager, stated that the individual 
states should be starting to plan for phasing out the project or to locate 
other sources of funding. He stated that D.O.E. will not be providing any more 
funds after the present project year funds are expended. For Colorado this 
means that the project will probably terminate sometime during the summer of 
1982. 

GEOTHERMAL DEVELOPMENT UPDATE 

Redstone Corp. Glenwood Springs: Jay Dick, of Chaffee Geothermal, consultant to 
Redstone Corp. has told Geothermal News, that they have successfully drilled 
and completed a 155 ft. deep well which preliminary testing has determined 
produces 1200 gallons per minute of 122 F waters. Plans call for the waters to 
used to heat an existing new 40,000 sq. ft. office building and in the future 
to heat planned town homes, and commercial area. Keck Consulting Services, 
Denver, will be hydrologicaly testing the well in two weeks. 



Wright Water Engineers, Glenwood Springs: Wright Water Engineers have drilled 
their well, located on the south bank of the Colorado River, near the downtown 
area, to a depth of 345 feet. Waters having a temperature of 126 F were 
encountered in the Leadville limestone aquifer. Wright Water Engineers are 
presently determining if the well should be drilled deeper. 

Alamosa City Well: Energy Services Inc., consultants to the city, report that 
the drill site is being prepared in anticipation that drilling will commence 
sometime between Oct. 1 and 10th. GRC Colo. Well Co., Rangely will be the 
drilling contractor. 

COLORADO RESOURCE ASSESSMENT TEAM BUSY DURING SUMMER OF 1981 

During this past summer the Colorado Resource Assessment Team conducted a wide 
range of resource assessment programs at the following thermal area: Ranger and 
Cement Creek Hot Springs northwest of Gunnison; Hartsel Hot Springs in South 
Park; Hot Sulphur Springs; and the Steamboat Springs and Routt Hot Springs in 
northwest Colorado. Electrical resistivity surveys were run in all of these 
areas. In addition temperature gradients were measured in a number of drill 
holes throughout western Colorado. A program in cooperation with the U.S. 
Geological Survey, Water Resources Division, was initiated to evaluate thermal 
mine drainage waters in Ouray, Lake City and Cripple Creek areas. This program 
consisted of locating all thermal mine drainage then sampling the waters for 
temperature, pH, conductivity, discharge, and dissolved mineral matter. A 
program of measuring the soil-helium-gas content in the Steamboat Springs area 
was conducted by the U.S. Geological Survey. The results of this program in 
conjunction with the temperatures measured in 1 meter deep drill holes helped 
to further define the extent of the Steamboat Springs thermal resource. In 
addition to the field work, office work continued on the preparation of a state 
geothermal gradient map based on oil well bottom hole temperatures. A map was 
also prepared during the summer depicting temperatues of the ground waters of 
Colorado. The gradient map and the ground-water temperature map will be 
published by the Colorado Geological Survey in the near future. 

HEAT PUMP PAMPHLET DELAYED 

As reported in the August issue of Colorado Geothermal News a pamphlet 
describing ground-water heat pumps in,Colorado was to have been available for 
free distribution. Many persons have' wriften in requesting this pamphlet. 
Unfortunately, due to unforseen printing delays, the pamphlet has not yet been 
printed. It is anticipated that it will be published by the middle of Oct. 
Copies of it will be sent to all persons, companies, agencies, etc. who recieve 
the newsletter. 



GEOTHERMAL RESOURCES COUNCIL MEETINGS 

The Rocky Mountain Section of the G.R.C. will hold its monthly meeting at noon 
Oct. 22nd at the Quality Motel, 1840 Sherman St., Denver. The speaker will be 
Ron DiPippo, Brown University, who will speak on World Wide Geothermal Electric 
Production. For reservations call Valorie Smith at 771-0900 x 366. 

The Geothermal Resources Council's annual meeting will be held at the Hilton 
Shamrock Hotel, Houston, Texas Oct 25-29. Four days of papers and talks on all 
facets of geothermal energy exploration, development and utilization will be 
presented. For more information and registration contact Geothermal Resources 
Council headquaters P.O. Box 98, Davis CA (916) 758-2360. 

The Colorado Geothermal News is published'by the Colorado Geological Survey 
with funding from the U.S. Dept. of Energy. The Colorado Geological Survey is 
solely responsible for any and all statements expressed or implied in the 
newsletter. For more information a^out articles in the newsletter or to 
receive copies please contact the Colorado G'eothermal Commercialization Team at 
the address below. 
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DEVELOPMENTS IN GLENWOOD SPRINGS 

The Redstone Corp. is presently building a 40,000 square foot office building 
on the north bank of the Colorado River near the Colorado Dept. of Highways 
office building. The Corp., who would like to heat this building with thermal 
waters, is having a feasability study made to determine if adequate amounts of 
thermal waters are available. 

Wright Water Engineers plans on drilling a 600 ft. deep thermal water well in 
the very near future on the south bank of the Colorado River approximately 1 
block east of the railroad station. Thermal waters from this well will be used 
to heat a 2,000 square ft office building which Wright Water Engineers will 
construct on the site. 

PAGOSA SPRINGS HEATING DISTRICT UPDATE 

Bill Ray, City Manager of Pagosa Springs, stated that bids have been received 
for construction of the distribution system. The District plans on awarding 
the bid at a meeting on June 1st. Ray noted that the city drilled two 
successful production wells last summer. The combined yield of these two wells 
is approximately 1,800 gallons per minute with a temperature of 144°F.'' 
Unfortunately Ray noted that one unsuccessful well was drilled, which reduced 
their budget; therefore the distribution system for the south side of the San 
Juan River has been omitted. Ray stated that some of the residents having old 
wells on their property will be tying into the new system as it is cheaper than 
maintaining the old wells. Maintance sometimes exceeds $2,000/year. A local 
restaurant has volunteered to be a "guinea pig" for retrofitting materials. 
All data from line points will be constantly montored and transmitted to a 
computer for printout. The grand opening of the system is scheduled for early 
October. 

GEOTHERMAL PROGRAM AVAILABLE 

Any professional, civic, or other group desiring to learn more about Geothermal 
energy and the geothermal resources of Colorado and their potential should 
contact the Geothermal Commericalization Office at (303) 866-2611. The 
Commercialization office has available a professionaly prepared slide show that 
they will be most willing to present. 



ALAMOSA ENERGY FAIR 

On June 6 and 7, 1981 the Sunshine Fair will be 
Park. The Geothermal Commercialization Team 
distribute information on geothermal energy and 

held in Alamosa Colo, at Cole 
will attend this fair and 
its uses. 

JUNE GEOTHERMAL RESOURCES COUNCIL PROGRAM 

The June program of the Rocky Mountain Section, Geothermal Resources Council 
will be given by Jo Chanaud, Colo. Technical Reference Center, Boulder. The 
program will be titled "Information Retrieval for Geothermal Resources". For 
information or reservation call Aldona Rayt'on 363-7205 by June 24, 1981. 

NEW SOURCE OF THERMAL WATERS REPORTED 

Charles Steel, Mineral County Land Use Administrator, reported that a water 
well drilled recently southwest of Creede encountered hot waters at a depth of 
65 ft. As the well owner was looking for cold waters thermal waters were cased 
off the well drilled deeper. 
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OPPORTUNITY AT GLENWOOD SPRINGS . . . . 

The U.S. Bureau of Reclamation is considering several options for diverting and 
treating the hot saline waters at Glenwood Springs, as part of the Colorado 
River Water Quality Improvement Project. The Bureau is open to proposals from 
private industry to utilize the heat available from the springs during the 
desalinization process. Inquiries or proposals should be directed to Nick 
Mezei, U.S. Bureau of Reclamation, 764 Horizon Drive, Grand Junction, CO, 81501 
(303) 243-4992. 

DRILLING 

U.S. Dept. of Energy and Sandia National Laboratories have indicated that a 
90 percent reduction in the corrosion of drill pipes in geothermal wells may be 
obtained by adding nitrogen to drilling fluids. This determination was made 
with the assistance of E.G.&G. Energy Measurements Group. A nitrogen/water 
mist drilling fluid was compared with a chemically treated air/water mist in 
drilling a northern New Mexico geothermal well. By using the inert gas in deep 
drilling, pipe could last 10 times longer, which could amount to $2,000/day in 
savings. 

Sandia is now studying the feasability of a portable will site nitrogen 
generator, to avoid the prohibitive cost of transporting liquid nitrogen. This 
work is being done as part of D.O.E.'s Geothermal Drilling and Well Completion 
Technology Development Program managed by Sandia Labs, (from Geothermal Energy 
Magazine). 

USER TARGETING 

The Colorado Geothermal Commercialization Project has hired an independent 
consultant, Ms Barbara Coe, to study industries that could most effectively use 
geothermal energy in the state. Major industries studied have included 
manufacturing, mining, tourism, and agriculture. Both co-located and 
potentially relocatable businesses are being considred. 

Preliminary results indicate that although a large variety of manufacturing 
processes could use geothermal energy, the most likely candidates are: 
Food and kindred products Lumber and forest products 
Furniture and fixtures Chemicals 
Stone, clay and concrete products. Leather goods 

n 
• } ^f. 



NEW PUBLICATION 

The Colorado Geothermal Resource Assessment Project has announced the 
publication and availability of Map Series 21, Groundwater Temperature Map of 
Colorado, by F.N. Repplier, M.M. Rel f and R.K. Columbia, Scale 1:1,000,000. 
Copies of this map may be obtained for $0.75 mailed, free over the counter at 
Rm. 715, 1313 Sherman St., Denver, CO 80203. Payment to accompany order. 

GEOTHERMAL DISTRICT HEATING GUIDE AVAILABLE 

Oregon Institute of Technology, has recently published a 75 page guide to 
district heating using geothermal energy. This guide is designed to aid 
developers in the preliminary evaluation of the feasibility of district heating 
using heat produced from geothermal fields. The analysis is accomplished 
through five analysis steps: 1) estimating geothermal heat production; 2) 
procedures for identifying district hea'ting'market areas and estimating their 
peak heating loads and annual energy uses; 3) preliminary design considerations 
for district heating systems; 4) analysis^of economic aspects of district 
heating systems; and 5) evaluation of diVtr'ict heating feasibility. 

Any Colorado municipility wishing to borrow this report for a short period of 
time may do so by contacting the Colorado Geothermal Commercialization Project 
Office, Rm. 715, 1313 Sherman St., Denver 80203, (303) 866-2611. 

"Colorado Geothermal Newsletter" is published to disseminate information to the 
public concerning the potential and application of geothermal energy in 
Colorado and is mailed free of charge. If you know of anyone who would like to 
be included on the mailing list or would like additional information, contact 
the Colorado Geothermal Commercialization Project, Colorado Geological Survey, 
Rm. 715, 1313 Sherman St., Denver, Colorado 80203 (303)866-2611. 

Program Coordinator: Richard H. Pearl.I 
Geologist: Kevin P. McCarthy 
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HEAT AND COOLING WITH GROUNDWATER HEAT PUMPS 

Groundwater is not given much consideration as an energy resources, yet due to 
the heat adsorption properties of water being higher than any other natural 
material, it is a natural source of energy. The most efficient method of 
extracting heat contained in water is with heat pumps. 

A heat pump is a mechanical device that removes heat from one place and 
delivers it to another place. A heat pump works on the principal that a fluid 
adsorbs heat when it evaporates to a gas and gives off heat when it condenses 
back into a liquid. 

Most heat pumps that we are familar with, refigerators and air conditioners are 
air-to-air heat pumps. These pumps are very efficient when the air temperature 
is high. However once the air temperature drops below 40°F then the efficiency 
of the heat pumps drops off. Therefore for a heat pump to be used for heating 
purposes in the winter a source of heat is needed whose temperture is above 
45°F. One such source is groundwater. Studies have shown that the groundwater 
temperatures in those parts of the country needing winter heating are usually 
above 50°F. In Colorado groundwater temperatures varys from a low of 50°F to a 
high of 65°F and are very stable, usually not varying more than one degree 
throughout the year. 

Water-to-air pumps normally work in the-fotlowing manner. Groundwaters are 
pumped to a heat exchanger coil where the heat from the waters are adsorbed by 
a low boiling liquid such as freon. The liquid evaporates becoming a hot gas. 
The gas is then compressed, making it even hotter. The dense hot gas is pumped 
into the building heat exchanger where it is allowed to condense back into a 
liquid. In so doing it gives off heat, heating the cool building air being 
blown through the heat exchanger. This warm air is then distributed throughout 
the building being heated. The pressure on the refrigerant is relieved and the 
cycle starts over again. For cooling purposes the heat pump cycle is run in the 
reverse direction with heat energy being removed from the home and delivered to 
the groundwater. 

Economic analysis have shown that groundwater heat pumps are cost effective. 
In almost all instances, groundwater heat pump annual operating costs are equal 
to or are less than the annual operating cost of natural gas forced air heating 
systems. When compared to other heating systems they are much more economical. 
If air conditioning operating costs are included then groundwater heat pump 
costs are far cheaper than any other form of energy. 

More information may be obtained about groundwater heat pumps from the the 
Colorado Geothermal Commercialization Project, Rm. 715, 1313 Sherman St., 
Denver, CO 80203, or National Water Well Association, 500 West Wilson Bridge 
Rd. Worthington, Ohio, 43085. 



ALAMOSA PROJECT UPDATE 

According to Terry Hunt ley, C i t y Manager and Leroy Payne, Pro jec t Manager; 
a f t e r review of comphrensive geo log ica l and geophysical data o f f i c i a l s of the 
C i t y of Alamosa have decided to proceed w i t h the d r i l l i n g of the 
e x p l o r a t o r y / p r o d u c t i o n wel l being funded under the U.S.D.O.E. User Coupled 
D r i l l i n g Program. Pending rece ip t of D.O.E. permission and the necessary 
permits from the Colorado D i v . of Water Resources i t i s a n t i c i p a t e d t h a t 
d r i l l i n g w i l l s t a r t by the middle of Sept. and be completed by the f i r s t of 
January, 1982. The wel l w i l l be d r i l l e d at a s i t e adjacent to the C i t y ' s 
i n d u s t r a l park on the south s ide of Alamosa and west of the a i r p o r t . As 
c u r r e n t l y planned the wel l w i l l be d r i l l e d to a depth of approx imate ly 7,000 
f t . and i t i s a n t i c i p a t e d t h a t waters of approx imate ly 200°F w i l l be 
encountered. 

ENERGY COORDINATING COUNCIL FORMED 

A new recen t l y enacted law (Senate B i l l 23) c a l l s f o r the estab l ishment o f the 
Colorado Energy Coord ina t ing C o u n c i l . This C o u n c i l , which i s to be composed of 
members of the l e g i s l a t u r e , governors appointments, energy r e l a t e d bus iness , 
and a consumer r e p r e s e n t i v e , has many charges but the pr imary ones a re : 1) 
Inventory a l l s t a t e agencies and a c t i v i t i e s which d i r e c t l y or i n d i r e c t l y a f f e c t 
the research , development, or implemen1;,ation of energy p o l i c y of Colorado; 2) 
To review and recommend l e g i s l a t i o n per ta in ' ing to ene rgy - re la ted a c t i v i t i e s ; 
and 3) To i n v e n t o r y , s tudy , and analyze a l l f edera l agenc ies, programs, 
a c t i v i t i e s , and p o l i c i e s in Colorado which d i r e c t l y or i n d i r e c t l y a f f e c t the 
research , development, or implementat ion of energy p o l i c y o f Colorado. 

The Council i s to g ive advice and i n f o r m a t i o n and make recommendations to the 
Governor and general assembly concerning coopera t ion of s t a te government energy 
a c t i v i t i e s and the cooperat ion of s t a te and l oca l governments w i t h bus inesses, 
i n d u s t r i e s , and consumers to achieve o r d e r l y energy development and s u b s t a n t i a l 
energy conse rva t i on . 

The Council w i l l be ho ld ing hearing during, the summer and f a l l of 1981 as must 
repo r t to the general assembly by December 3 1 , 1981, and again by December 3 1 , 
1982. A c t i v i t i e s of the Council as they r e l a t e to geothermal energy 
development i n Colorado w i l l be repor ted i n l a t e r issues of the Colorado 
Geothermal News. 
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ENERGY DEVELOPMENT ^N THE 1980'S 

A. U.S. Dept. of Energy seminar 
stressing government and industry 
cooperation for energy development was held 
April 21 - 23 in Denver. The Geothermal 
workshop, held on the first afternoon, 
featured a distinguished panel including 
Barbara Coe,Western Energy Planners, Ltd., 
Bill Dolan, AMAX Geothermal, Stan Green, 
Utah Div. of Water Rights; George Gault, 
economic development consultant to City of 
Ouray, Colorado; and Jay Dick, Chaffee 
Geothermal. Impediments to geothermal 
developmentwerediscussed, and suggestions 
made to D.O.E. regarding legislative and 
institutional revisions. 

STATE-FEDERAL GEOTHERMAL MEETING \ ^ 
GLENWOOD SPRINGS 

A meeting of the Federal-State Resource 
Assessmjent Teams will be held in Glenwood 
Springs May 5-7, 1981. Papers will be 
presented by each state team on their 
research, and its accomplishments and 
failures. This meeting is unique in that 
it is one of the few held by the Resource 
Assessment Program and it will allow the 
various state teams to discuss in depth 
with each other common areas of interest. 
The Colorado Resource Assessment and 
Commercial ization Teams will be attending. 

VERSATILITY 0F_ GEOTHERMAL ENERGY 

The thermometers at the left were adapted 
from the Wyoming Geothermal News, and 
illustrate the many possibilities for 
directr use of geothermal resources. 



GEOTHERMAL WELL PERMIT APPLICATIONS 

An application was received from Alamosa Mushroom Farm, Inc. by the Colorado 
Oil and Gas Conservation Commission, for authorization to drill a 2,500 ft 
exploration well in T. 38 N, R. 10 E., Sec. 26 El/2,SEl/4 in Alamosa County. 

BIBLIOGRAPHY OF GEOTHERMAL REPORTS IN COLORADO 

The Colorado Geological Survey announces the recent publication of 
Bulletin 44, Bibliography of Geothermal Reports in Colorado by Richard H. 
Pearl, Ted Zacharakis, Frank Repplier and Kevin P. McCarthy. Bulletin 44, the 
first compilation of all reports pertaining to the geothermal resources of 
Colorado, lists all reports published up until 1980 by author and subject 
index. Copies of Bulletin 44 may be obtained from the Colo. Geological Survey, 
Rm. 715, 1313 Sherman St., Denver, Colorado 80203 for $5.00 + $1.00 mailing 
fee. Make all checks payable to the Colo. Geological Survey. 

FINANCIAL ASSISTANCE PROGRAMS AVAILABLE FOR GEOTHERMAL DEVELOPMENT 

Following is a brief summary of several federal financial assistance programs 
currently available for potential developers "of geothermal resources. Recent 
Federal cutbacks may have eliminated or modified many of these programs. Foe 
more information about these programs please contact the respective federal 
agency. 

DEPARTMENT OF AGRICULTURE: Farmers Home Administration--
Business and Industrial Loans: $ll,000-$33,000,000 loans, applicants must 

provide min. of 10%. Contact (202) 477-3479. 
Community Facilities Loans: Rural State and Local Agencies, Tribes and 

non-profit corp.; Amounts $1,600 to $18,000,000. Contact (202) 447-7667. 
DEPARTMENT OF COMMERCE: Economic Development Administation--
Business Development Assistance Loans: Private sector; Amounts: $260,000 to 

$5,200,000. Contact (202) 377-2607. 
DEPARTMENT OF INTERIOR: Bureau of Indian Affairs--
Eligible Parties: Native American organizations and individuals: Amounts; 

$100 to 1,000,000. Contact (202) 343-5875. 
SMALL BUSINESS ADMINISTRATION-Small Business Loan? 

Independently owned and operated small busisness: Amounts; $1,000 to 
$500,000. Contact (202) 653-6570. 
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COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING —1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 866-2611 

March 3, 1983 

Ms. Susan Prestwich 
U.S. Department of Energy 
550 Second Street 
Idaho Falls, ID 83401 

Dear Susan: 

Re: DOE/ET/28365 

Being mailed to you under separate coyer are five (5) copies of the 
final technical report for the above contract, A camera ready copy 
of this report will also be mailed to NTIS. The preparation of this 
report completes all work on the project. 

Sincerely, 
^7 

Richard H. Pearl 
Project Coordinator 

bn 

c c : Leon Lehr 
Duncan Foley 
Marshal l Reed 

G E O L O G Y 
STORY OF THE PAST... KEY TO THE FUTURE 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 64108 

TELEPHONE 801-581-5283 

February 15, 1983 

NENORANDUN 

TO: Richard H. Pearl 

FROM: Carl A. Ruscetta, Technical Program Coordinator 

SUBJECT: Review of Draft: Final Technical Report, Geothermal, Reservoir 
Assessment and Confirmation Program for Direct Heat Applications 
in Colorado. DOE Contract No. 0E-AS07-77ET-28365. 

Dear Mr. Pearl: 

Please f ind enclosed a marked copy of the subject f inal report draf t . 0. 
Foley and I have reviewed th is draft and f ind no problems with technical 
content or format. A number of minor typographical errors wejre detected and 
marked for your convenience. Thank you for the opportunity t ^ review th is 
dra f t . I have also reviewed the status of report deliverable^ against the 
subject contract. Including your l i s t of pertinent reports published or In 
press* contained In the f ina l report dra f t . The publication ^f the two 
reports contained in your l i s t i ng now In press and the Final technical Report 
would, in our opinion, constitute completion of the work detailed in the 
subject contract as modified. I also note that monthly progress reports on 
f i l e at ESL are complete through January, 1983. 

Dr. Foley and I would also l i ke to take th is opportunity to congratulate 
you personally, and the Colorado State Team, for a job well done. I t has been 
a pleasure to work with you. 

< ^ ^ -
:arT 
Technical 

ffmuscetta 
Program Coordinator 

CAR:jp 

cc: D. Foley 
S. Prestwich/DOE, ID 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

November 30, 1982 

Mr. Richard H. Pearl 
Colorado Geological Survey 
1313 Sherman Ave., Rm 715 
Denver, CO 80203 

Dear Dick: 

Enclosed please find reviewed copies of the Shaws and Steamboat area 
reports. As usual, I have made many comments that you are free to reject If 
you wish. Jon Zeisloft looked briefly at the Shaws report, and I have 
included his comments with mine. 

I discussed the presentation of the resistivity data In both reports with 
Howard Ross, and have made several notations on the pseudosections based on 
his comments. He has a fair number of misgivings about the data and their 
presentation. One comnent he made is that all the faults seem to be drawn at 
the same angle, usually about 45" along the diagonal with low resistivity. 
Resistivity model catalogs suggest that in many cases the actual dip of the 
fault may be opposite to the dip of the low resistivity zone on the 
pseudosectlon. I wonder, given the uncertainty of the data In some cases and 
the uncertainty of the interpretations in other cases, if it might be best to 
put the pseudosections into the appendices with tables and identify Ted as the 
author? This would give him credit for the specific section, ahd absolve you 
of having to resolve many problems now that Ted Is gone. I am sorry that It 
•is too late to do modeling of the data, as this could resolve many of the 
problems. 

I have, as per usual, kept copies of these reviews, so I can explain In 
more detail any of my quizzical canments. Please call with any questions you 
have. 

Sincerely, 

Duncan Foley 
4 

DF:jp, 

enclosure 
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RICHARD D. LAMM \ V i v X V Z y * / JOHN W. ROLD 
GOVERNOR V N ^ ^ ^ ^ V DIRECTOR 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 866-2611 

December 8, 1982 

Ms. Susan Prestwich 
Idaho Operations Office 
U.S. Department of Energy 
550 2nd 
Idaho Falls, ID 83401 

RE: CONTRACT NO DE-AS07-77ET28365 

Dear Susan: 

Being sent to you under seperate cover are five copies of our latest 
report titled "Geothermal Resources Assessment of Canon City, Colorado 
Area" by Ted Zacharakis and myself. 

Sincerely, 

Richard H. Pearl 
Project Coordinator 

vt 

cc: Leon Lehr 
Duncan Foley 
Marshal Read 

G E O L O G Y 
STORY OF THE PAST... KEY TO THE FUTURE 
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RICHARD D. LAMM 
GOVERNOR 

JOHN W. ROLD 
DIRECTOR 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING — 1313 SHERMAN STREET 
DENVER. COLORADO 80203 PHONE (303) 866-2611 

February 24, 1983 

Ms. Susan Prestwich 
U.S. Department of Energy 
530 2nd Street 
Idaho Falls, ID 83401 

RE: DOE/ET-28365 

It gives me great pleasure to inform you that being sent to you under separate 
cover is our final site specific report titled "Geothermal Resource Assessment 
of Ranger Warm Spring, Colorado," by Zacharakis, myself and Ringrose, With the 
exception of the final Technical Report, which you should recieve within a 
month, this completes all work on the project. 

I want to take this opportunity to express the State of Colorado's, this office's 
and my appreciation to the U.S. Department of Energy and your office for funding 
this project. I can't begin to describe the benefits that we here in Colorado 
have received from the project. In summary, I think the main benefit that 
Colorado has received is that we now have a sound and firm foundation from which 
the development of our low to moderate temperature geothermal resources can go 
forward in the future. Also, there is now a good group of highly trained 
professionals working in the private sector who are actively involved in 
developing geothermal resources. 

To be associated with a government program that was so successful and 
professionally conducted is very rewarding, especially when there is so much 
publicity about government programs th?- are complete failures. I am very 
sorry and disappointed that this prograui has never received the recognition 
that it richly deserves. Please pass on my compliments to the rest of your 
staff and contractors for an outstanding job. 

Sincerely, 

") 

• '̂ f . o -' y ' . {^i<. 

Richard H. Pearl 
Project Coordinator 

vt 

cc: Leon Lehr 
Duncan Foley 
Mar<shfll Rppd G E O L O G Y 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

February 15, 1983 

MEMORANDUM 

TO: Richard H. Pearl 

FROM: Carl A. Ruscetta, Technical Program Coordinator 

SUBJECT: Review of Draft: Final Technical Report, Geothermal Reservoir 
Assessment and Confirmation Program for Direct Heat Applications 
in Colorado. DOE Contract No. DE-AS07-77ET-28365. 

Dear Mr. Pearl: 

Please f ind enclosed a marked copy of the subject f inal report draf t . D. 
Foley and I have reviewed th is draft and f ind no problems with technical 
content or format. A number of minor typographical errors were detected and 
marked for your convenience. Thank you for the opportunity to review this 
draf t . I have also reviewed the status of report deliverables against the 
subject contract. Including your l i s t of pertinent reports published or In 
press, contained In the f inal report draf t . The publication of the two 
reports contained In your l i s t i ng now In press and the Final Technical Report 
would. In our opinion, constitute completion of the work detailed In the 
subject contract as modified. I also note that monthly progress reports on 
f i l e at ESL are complete through January, 1983. 

Dr. Foley and I would also l ike to take th is opportunity to congratulate 
you personally, and the Colorado State Team, for a job well done. I t has been 
a pleasure to work with you. 

rvou>--<j cc_N 
lar\ A. "Ruscetta 
Technical Program Coordinator 

CAR:jp 

cc: D. Foley 
S. Prestwich/DOE, ID 
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Cont rac t No. EG-77-S-07-1678 

R E C E I V E D 

=SEP 12 Wf 
CONTRACT BETWEEN 

STATE OF COLORADO 

GEOTHERMAL EMSuC 
gR^NCH COLORADO GEOLOGICAL SURVEY 

a n d 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

THIS AGREEMENT, entered into the 29th day of August , 
1977, effective as of the 27th day of June, 1977, by and between the 
UNITED STATES OF AMERICA (hereinafter referred to as the "Government"), 
acting through the ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
(hereinafter referred to as "ERDA"), and the COLORADO GEOLOGICAL SURVEY, 
an agency of the State of Colorado, Department of Natural Resources, 
existing under the laws of the State of Colorado, with principal offices 
in Denver, Colorado (hereinafter referred to as the "Contractor"); 

WITNESSETH THAT: 

WHEREAS, ERDA desires to have the Contractor perform certain 
research work, as hereinafter provided; and 

WHEREAS, this agreement is authorized by the Energy Reorganization 
Act of 1974 (P. L, Law 93-438), and other applicable laws; 

NOW, THEREFORE, the parties hereto agree as follows: 

ARTiaE I - THE RESEARCH TO BE PERFORMED 

The Contractor shall, to the best of its ability, furnish personnel, 
facilities, equipment, materials, supplies, and services, except such as 
are furnished by the Government, necessary for the performance of the 
research provided for in Appendix A hereto, and shall perform the 
research and report thereon pursuant to the provisions of this contract. 
It is understood that Appendix A, a guide to the performance of this 
contract, may be deviated from by the Contractor subject to the specific 
requirements of this contract. 

ARTICLE II - THE PERIOD OF PERFORMANCE 

The period of performance under this contract shall commence on 
June 27, 1977 and expire on June 26, 1978. Performance may be extended 
for additional periods by the mutual written agreement of the parties. 
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ARTICLE III - CONSIDERATION 

(a) In full consideration of the Contractor's performance here­
under, ERDA shall furnish the equipment, supplies, materials, and 
services, if any, listed in Article A-II(b), and pay the Contractor the 
sum of One Hundred Fifty-Four Thousand One Hundred Thirty Dollars 
($154,130.00), hereinafter called the "Support Ceiling", which sum shall 
be subject to adjustment as hereinafter provided. 

(b) Payments to the Contractor shall equal the "Cumulative 
Support Cost" of the performance of this contract, as the term "Cumula­
tive Support Cost" is defined in Article B-XXVIII; Provided, however, 
and notwithstanding any other provisions of this contract, that the 
Government's monetary liability under this contract shall not exceed the 
Support Ceiling specified in (a) above. ERDA shall not pay more than 
the Support Ceiling or an amount equal to the Cumulative Support Cost, 
whichever is less. The Contractor shall be obligated to perform under 
this contract throughout the agreed-upon period of performance, and to 
bear all costs which ERDA has not agreed to pay; Provided, however, 
that the Contractor shall have the right to cease to perform the re­
search provided for in this contract, upon written notice to ERDA to 
that effect, at any time when or after the Cumulative Support Cost 
equals or exceeds the Support Ceiling. 

(c) The Support Ceiling specified in (a) above may be increased 
unilaterally by ERDA by written notice to the Contractor and may be 
increased or decreased by written agreement of the parties (whether or 
not by formal modification to this contract). In the event the stated 
period of contract performance is extended, the Support Ceiling may be 
revised to reflect any increased ERDA support for the extended period or 
periods. 

(d) Upon termination, or expiration of the total period of 
performance, the Contractor shall promptly refund to ERDA (or make such 
disposition as ERDA may in writing direct) any sums paid by ERDA to the 
Contractor under this contract, through direct payment or under letter 
of credit, in excess of the Cumulative Support Cost incurred in perform­
ance under the contract. 

ARTICLE IV - GOVERNMENT PROPERTY 

The following items of property procured or fabricated by the 
Contractor are hereby listed as "Government property": 

None 

ARTICLE V - ADDITIONAL CONTRACT PROVISIONS 

Appendix B attached hereto and made a part hereof, sets forth 
additional general contract provisions of this contract. 
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IN WITNESS WHEREOF, the parties hereto have executed this document 
as of the day and year first above written. 

THE UNITED STATES OF AMERICA 

BY THE ENERGY RESEARCH AND DEVELOPMENT 
ADMINISTRATION 

By /s/ R. E. Slmonds 
R. E. Slmonds, Director 
Contracts and Procurement Division 
Idaho Operations Office 
Contracting Officer 

Contractor 

STATE OF COLORADO 
RICHARD D. LAMM, GOVERNOR 

Colorado Geological Survey 
John W. Rold, Director 

/s/ John W. Rold 

By /s/ David W. Walker 

for Executive Director 

DEPARTMENT 
OF Natural Resources 

APPROVALS 

ATTORNEY (XNESAL J. D. MacFarlane CONTROLLER Dan S. Whltteiwre 

By /s/ A. H. Jewell, Jr. 
A. H. Jewell, Jr. 
Assistant Sollclter General 
General Legal Services 

By /s/ not legible 



Contract No. EG-77-S-07-1678 

CONTRACTOR: State of Colorado 

Colorado Geological Survey 

APPENDIX A 

For the Contract Period June 27, 1977 through June 26, 1978 

Article A-I RESEARCH TO BE PERFORMED BY CONTRACTOR 

(a) The scope of the work under this contract is unclassified, and 
the Contractor under this agreement with the Energy Research and 
Development Administration will perform research consisting of the 
following: 

1. The Contractor will accomplish a preliminary synthesis 
of data presently available concerning the distribution 
of low and moderate temperature geothermal reservoirs 
in the State of Colorado potentially suitable for direct 
heat applications. Data gathered during this review will 
be provided to the USGS GEOTHERM data base. 

2. The Contractor, in cooperation with the U. S Geological 
Survey, the U. S. Forest Service, and representatives of 
U. S. ERDA-Division of Geothermal Energy, will select 
individual sites for detailed site assessment studies. 

The Contractor will manage these studies which may include: 

a. Geological and hydrological mapping. 

b. Geophysical investigations. 

c. Heat flow drilling and measurements. 

3. The Contractor will subcontract for preliminary environ­
mental assessments and reports on non-Forest Service land 
as required by ERDA-DGE Enviroimiental Reporting Procedures. 

4. In cooperation with the other parties to the Colorado low 
temperature reservoir assessment and confirmation project, 
the Contractor will recommend sites for confirmation during ' 
follow-on work, if any. 

(b) The scope of work shall include such other studies, investigations, 
and services as may be mutually agreed upon. 
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A-II WAYS AND MEANS OF PERFORMANCE 

(a) Items for which support will be provided as indicated in 
A-III below: 

1. Salaries and Wages - Professional $36,930.00 
Other 1.000.00 

$37,930.00 

2. Vehicle lease and operation 4,500.00 

3. Travel and per diem 6,300.00 

4. Materials, equipment and supplies ' 5,000.00 

5. Publication expense 500.00 

6. Subcontract actions 

a. Contract geophysics 40,000.00 

b. Test drilling and aquifer testing 46,307.00 

c. Chemical water analysis 1,500.00 

d. Environmental impact statement 8,400.00 

96,207.00 

7. Indirects (10% overhead on salaries of 3,693.00 
professionals) 

Total $154.130.00 

(b) Items, if any. significant to the performance of this contract, 
but excluded from computation of Support Cost and from consideration in 
proportioning costs: 

None 

(c) Time or effort of Principal Investigator(s) including indirect 
costs and fringe benefits contributed by the Contractor but excluded from 
computation of Support Cost and consideration in proportioning costs: 

$7,000.00 
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Article A-III FUNDING 

The total estimated cost of items under A-II(a) above, for the 
contract period stated in this Appendix A, is $154,130.00. ERDA will 
pay lOOZ of the actual costs of these items incurred during the con­
tract period stated in this Appendix A, subject to the provisions of 
Article III and Article B-XXVIII. The estimated ERDA Support Cost 
for the contract period stated in this Appendix A is $154,130.00. 

The estimated ERDA Support Cost is funded as follows: 

(a) Estimated unexpended balance from prior period(s) $ 

(b) New funds for the current period $154.130.00 

Article A-IV ADMINISTRATION AND REPORTS 

(a) Principal Investigator - Richard H. Pearl *̂  

ERDA Program Manager - Clayton R. Nichols - ERDA HQ. - ^ 
Division of Geothermal Energy 

The Principal Investigator shall direct the work as outlined in 
discussions and in periodic letters from the Program Manager. 

(b) Reports 

1. General - General reporting requirements for ERDA/DGE 
contractors are presented in ERDA-76/72, "Requirements and 
Procedures for Reporting Geothermal Information", dated 
July 1976. Reports should be prepared for this contract 
as follows: 

Administrative 
Letter Report 

Technical Progress 
Report 

Frequency 

Draft to 
Program Manager Distribution 
for Concurrence Program Manager TIC 

N/A 

3 weeks after 
end of report­
ing period 

10 

10 

N/A 

1 camera-
ready 
copy 
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Draft to 

Final Report 

Topical Reports 

2. 

Frequency 

Completion 
of contract 
effort 

As required 

Program Manager 
for Concurrence 

3 weeks after 
end of reporting 
period 

As agreed with 
Program Manager 

Distribution 
Program Manager TIC 

10 

10 

1 camera-
ready 
copy 

1 camera 
ready 
copy 

Reports Formats 

The following will apply to all technical progress reports, 
topical reports and final reports: topical report! 

(a) The cover page will be supplied by ERDA/DGE unless 
the Contractor intends to use its corporate cover. 

(b) Reports under this contract will all carry the number 
prescribed by the Program Manager. Report numbers will 
be assigned sequentially. 

(c) The distribution category for reports prepared under 
this contract will be UC-66A as defined on page 16 of 
ERDA-76/72. 

/ 
3. Content of Reports 

Administrative Letter Reports — Progress memo to Program 
Manager on personnel and fiscal matters, -including such in­
formation as rate of expenditures, equipment ordering/avail­
ability/receipt, loss or gain of personnel, etc. 

Technical Progress Reports — Full account of progress, 
problems encountered, plans for future reporting periods, 
and an assessment of prospects for future progress, 
identifying clearly all facts with both positive and 
negative impact on expectations for completely achieving 
task objectives on schedule and within contract funds, should 
include, as appropriate, accounts of activities aimed at 
utilization of task results. 
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Final Report — Comprehensive report of objectives, 
results and conclusions of task effort, should identify 
accomplishments, problems encountered and solutions 
applied, conclusions reached and recommendations for 
applications of results. It shall also include a suimnary 
of the available geological, geochemical, geophysical, 
hydrological, and environmental data relevant to the 
distribution of the low and moderate temperature geo­
thermal resources in Colorado. The report will contain 
a prioritized list of candidate sites for reservoir 
confirmation studies during follow-on work, if any. A map 
will be prepared_in coopera^qn_with_NOAA whicji will"]̂ ^ 
graphically portray tHe~distribution of the.resource. The 
repoFt~shouId be in sufficient detail that the work could 
be duplicated by others. 
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Modification No. AOOl 
Supplemental Agreement to 
Contract No. EG-77-S-07-1678 

), 
•'-O 

SUPPLEMENTAL AGREEMENT 

LEMENTAL AGREEMENT, entered into the ^ t f ^ day of 
1978, by and between the UNITED STATES OF AMERICA 

rhereinafter called the "Government"), acting through the DEPARTMENT OF 
ENERGY (hereinafter called "DOE")(formerly the Energy Research and 
Development Administration "ERDA"), and the COLORADO GEOLOGICAL SURVEY, an 
agency of the State of Colorado, Department of Natural Resources with its 
principal office at Denver, Colorado (hereinafter called the "Contractor"); 

WITNESSETH 111 AT: 

WHEREAS, on August 29, 1977, effective as of the 27th day of June 1977, 
the Government and the Contractor entered into Contract No. EG-77-S-07-1678 
for the Contractor to perform certain research work; and 

WHEREAS, the parties desire to modify said contract as hereinafter 
provided; and 

WHEREAS. DOE certifies that this Supplemental Agreement is authorized 
by and executed under Section 302(c)(5) and (15) of the Federal Property 
and Administrative Services Act of 1949, as amended, and the Department of 
Energy Organization Act of 1977 (Public Law 95-91), and other applicable 
laws; 

NOW. THEREFORE, said contract is hereby amended as follows: 

A. ARTICLE I, "THE RESEARCH TO BE PERFORMED." is amended by 
adding a new paragraph as follows: 

"Appendix Al. attached to this Supplemental Agreement 
and made a part hereof, provides for the research to be 
performed by the Contractor during the contract period 
specified therein." 

B. ARTICLE II, "THE PERIOD OF PERFORMANCE," is amended as follows: 

"The period of performance for the work performed under 
this Supplemental Agreement shall commence on January 1, 
1978 and expire on December 31, 1978. The period of 
time for performing the research work under Appendix Al 
may be extended for additional periods by the mutual 
written agreement of the parties." 

020678 
br:FF-B-5 

-1-
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M o d i f i c a t i o J J ' ^ o . AOOl ( C o n t ' d ) 
Supplementa l Agreement t o 
C o n t r a c t No. EG-77-S-07-1678 

C. ARTICLE I I I , CONSIDERATION," p a r a g r a p h ( a ) i s he reby 
r e v i s e d t o i n c r e a s e t h e c o n t r a c t Suppor t C e i l i n g t o 
a t o t a l of Three Hundred E i g h t e e n Thousand Seven 
Hundred F i f t y - O n e D o l l a r s ( $ 3 1 8 , 7 5 1 . 0 0 ) . 

Except on ly t o t h e e x t e n t mod i f i ed by t h i s Supp lementa l Agreement 
o r t o t he e x t e n t r e n d e r e d i n c o n s i s t e n t h e r e w i t h , a l l of the te rms and 
p r o v i s i o n s of s a id c o n t r a c t EG-77-S-07-1678 s h a l l r emain unchanged and 
c o n t i n u e in f u l l f o r c e and e f f e c t . 

IN WITNESS WHEREOF, t h e p a r t i e s h e r e t o have e x e c u t e d t h i s Supplementa l 
Agreement as of t h e day and y e a r f i r s t above w r i t t e n . 

THE UNITED STATES OF AMERICA 

BY THE DEPARTMENT OF ENERGY 

By 
ds. Director R./E. Slmonds, 

Contracts and Procurement Division 
Idaho Operations Office 
Contracting Officer 

Contractor 

STATE OF)COLORADO 
RICHARD D.r LAMM(̂  GOVERNOR 

, j \ \ 
By . - ^ . ' - ' • o - r ' •• ) ^ v - ^ - ' ^ - - -

T i t l e Rober t D. S i e k 

Deputy D i r e c t o r 

(Name typed) 

Colorado G e o l o g i c a l Survey 
John W. Rold, D i r e c t o r 

7 /. 

DEPARTMENT 
OF N a t u r a l Resources 

APPROVALS 

D A N 0 . v v n i i lE i i / i J i ^ i : ATTORNEY GENERAL J. D. MncFARLAIME CONTROLLER 

By .. • • • \v . i^^>: , r \ By ^ : ^̂ . >vv.\n-t \ v \ - -^^X 
' \ 

020678 

A. H. JZ^^'ELL, JR. 
As;iJt;:!it ii'.;;i(..(!r_(jener3l 
Geiier..i Lctjal Services 



M o d i f i c a t i o n No. AOOl ( C o n t ' d ) 
C o n t r a c t No. EG-77-S-07-1678 

CONTRACTOR: S t a t e of Co lo rado 

Colorado Geological Survey 

APPENDIX Al 

For t h e C o n t r a c t P e r i o d J a n u a r y 1 , 1978 th rough December 3 1 , 1978 

A r t i c l e A-I RESEARCH TO BE PERFORMED BY CONTRACTOR 

( a ) The scope of t h e work under t h i s c o n t r a c t i s u n c l a s s i f i e d , and 
t h e C o n t r a c t o r under t h i s agreement w i t h DOE i s now per forming and s h a l l 
c o m p l e t e t h e fo l l owing r e s e a r c h : 

1 . The C o n t r a c t o r s h a l l accompl i sh a p r e l i m i n a r y s y n t h e s i s 
of d a t a p r e s e n t l y a v a i l a b l e c o n c e r n i n g t h e d i s t r i b u t i o n 
of low and modera t e t e m p e r a t u r e g e o t h e r m a l r e s e r v o i r s 
in t he S t a t e of Colorado p o t e n t i a l l y s u i t a b l e for d i r e c t 
h e a t a p p l i c a t i o n s . Data g a t h e r e d d u r i n g t h i s r ev iew w i l l 
be p r o v i d e d t o t h e USGS GEOTHERM d a t a b a s e . 

2 . The C o n t r a c t o r , i n c o o p e r a t i o n w i t h t h e U. S G e o l o g i c a l 
Su rvey , t h e U. S. F o r e s t S e r v i c e , and r e p r e s e n t a t i v e s of 
U. S . DOE-Divis ion of Geothermal Ene rgy , w i l l s e l e c t 
i n d i v i d u a l s i t e s for d e t a i l e d s i t e a s se s smen t s t u d i e s . 

The C o n t r a c t o r w i l l manage t h e s e s t u d i e s which may i n c l u d e : 

a . G e o l o g i c a l and h y d r o l o g i c a l mapping . 

b . G e o p h y s i c a l i n v e s t i g a t i o n s . 

c . Heat flow d r i l l i n g and measu remen t s . 

3 . The C o n t r a c t o r w i l l s u b c o n t r a c t for p r e l i m i n a r y e n v i r o n ­
m e n t a l a s s e s s m e n t s and r e p o r t s on n o n - F o r e s t S e r v i c e land 
as r e q u i r e d by DOE-DGE Env i ronmenta l R e p o r t i n g P r o c e d u r e s . 

4 . In c o o p e r a t i o n w i t h t h e o t h e r p a r t i e s to t he Colorado low 
t e m p e r a t u r e r e s e r v o i r a s ses smen t and c o n f i r m a t i o n p r o j e c t , 
t h e C o n t r a c t o r w i l l recommend s i t e s for c o n f i r m a t i o n d u r i n g 
f o l l o w - o n work, i f any . 

(b) In c o n n e c t i o n wi th the above work t h e C o n t r a c t o r s h a l l perform 
s p e c i f i c r e s e r v o i r con fo rma t ion s t u d i e s c o n s i s t i n g of t h e f o l l o w i n g : 

1 . T e s t d r i l l w e l l s 300-600 m e t e r in d e p t h . 

2 . Perform f o l l o w i n g h y d r o l o g i c a l a s s e s s m e n t : 

020678 
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a. Aquifer testing 
b. Isotope determination 
c. Recharge areas and rates 
d. Affect on water resources of area 

3. Furnish reports as set forth in Article A-IV (b) below: 

(c) All subcontracts and consultant agreements will require the 
prior written approval of the Contracting Officer. 

A-II WAYS AND MEANS OF PERFORMANCE 

( a ) I t ems fo r which suppor t w i l l be p r o v i d e d as i n d i c a t e d in 
A - I I I be low: 

1. S a l a r i e s and Wages -
P r o f e s s i o n a l 
Other 

2 . V e h i c l e l e a s e and o p e r a t i o n 

3 . T r a v e l and p e r diem 

4 . M a t e r i a l s , equipment & s u p p l i e s 

5 . P u b l i c a t i o n expense 

6 . S u b c o n t r a c t a c t i o n s 

a. C o n t r a c t g e o p h y s i c s 
b . T e s t d r i l l i n g and a q u i f e r 

t e s t i n g 
c . Chemical w a t e r a n a l y s i s 

$ 3 7 , 7 5 2 . 0 0 
6 , 1 5 6 . 0 0 

$43 ,908 .00 

6 , 7 5 0 . 0 0 

9 , 2 4 4 . 0 0 

7,400 .00 

3 , 5 0 0 . 0 0 

$ 8 ,000 .00 

163 ,000 .00 
1 ,500.00 

d. Env i ronmen ta l impact s t a t e m e n t 4 , 2 7 9 . 0 0 

I n d i r e c t s (10.265% overhead on s a l a r i e s of 
p r o f e s s i o n a l s ) 

TOTAL 

176 ,779 .00 

3 ,875 .00 

$251 ,456 .00 

(b) I t e m s , i f any , s i g n i f i c a n t t o t he per formance of t h i s Appendix Al , 
b u t exc luded from c o m p u t a t i o n of Suppor t Cost and from c o n s i d e r a t i o n in 
p r o p o r t i o n i n g c o s t s : 

None 
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Modification No. AOOl (Cont 'd) 
Contract No. EG-77-S-07-1678 
Appendix Al - Page 3 

(c) Time or e f fo r t of P r inc ipa l I n v e s t i g a t o r ( s ) including ind i r ec t 
cos t s and fr inge bene f i t s cont r ibu ted by the Contractor but excluded from 
computation of Support Cost and cons idera t ion in proport ioning c o s t s : 

None 

Ar t i c l e A-I I I FUNDING 

The t o t a l est imated cost of items under A-I l (a ) above, for the 
con t rac t period s t a t ed in t h i s Appendix Al. i s $251,456.00. DOE wi l l 
pay 100% of the ac tua l cos t s of these items incurred during the con­
t r a c t period s t a t ed in t h i s Appendix Al, subject to the provis ions of 
A r t i c l e I I I and Ar t i c l e B-XXVIII.. The est imated DOE Support Cost 
for the cont rac t period s t a t ed in t h i s Appendix Al i s $251,456.00. 

The est imated DOE Support Cost is funded as follows: 

(a) Estimated unexpended balance from p r io r per iod(s) $ 86.835.00 

(b) New funds for the cur ren t period $164,621,00 

A r t i c l e A-IV ADMINISTRATION AND REPORTS 

(a) Principal Investigator - Richard H. Pearl 

DOE Program Manager - Clayton R. Nichols - DOE HQ. 

Division of Geothermal Energy 

The Principal Investigator shall direct the work as outlined in 
discussions and in periodic letters from the Program Manager or his 
representative. 

(b) Reports 

1 General - General r epor t ing requirements for DOE/DGE 
con t r ac to r s are presented in ERDA-76/72. "Requirements and 
Procedures for Reporting Geothermal Information", dated 
July 1976. Reports should be prepared for t h i s cont rac t 
as fol lows: 

020678 
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Administrative 
Letter Report 

Technical Progress 
Report 

Final Report 

Topical Reports 

Frequency 

Completion 
of contract • 
effort 

As required 

Draft to 
Program Manager 
for Concurrence 

N/A 

3 weeks after 
end of report­
ing period 

3 weeks after 
end of reporting 
period 

As agreed with 
Program Manager 

Distribut: 
Program Manager 

10 

10 

10 

10 

Lon 
TIC 

N/A 

1 camera' 
ready 
copy 

1 camera-
ready 
copy 

1 camera-
ready 
copy 

2 . Reports Formats 

The following w i l l apply to a l l t echnica l progress r e p o r t s , 
t o p i c a l r e p o r t s and f ina l r e p o r t s : 

(a) The cover page w i l l be supplied by DOE/DGE unless 
the Contractor intends to use i t s corporate cover. 

(b) Reports under t h i s cont rac t w i l l a l l car ry the number 
prescr ibed by the Program Manager. Report numbers wi l l 
be assigned s e q u e n t i a l l y . 

(c) The d i s t r i b u t i o n category for r epor t s prepared under 
t h i s con t rac t w i l l be UC-66A as defined on page 16 of 
ERDA-76/72. 

3 . Content of Reports 

Administrative Letter Reports — Progress memo to Program 
Manager on personnel and fiscal matters, including such in­
formation as rate of expenditures, equipment ordering/avail­
ability/receipt, loss or gain of personnel, etc. 

Technical Progress Reports — Full account of progress, 
problems encountered, plans for future reporting periods, 
and an assessment of prospects for future progress, 
identifying clearly all facts with both positive and 

020678 



/ 

• 
Modification No. AOOl (Cont'd) 
Contract No. EG-77-S-07-1678 
Appendix Al - Page 5 

negat ive impact on expecta t ions for completely achieving 
task ob jec t ives on schedule and wi th in cont rac t funds, should 
inc lude , as appropr i a t e , accounts of a c t i v i t i e s aimed at 
u t i l i z a t i o n of task r e s u l t s . 

Final Report — Comprehensive repor t of ob j ec t i ve s , 
r e s u l t s and conclusions of task e f f o r t , should iden t i fy 
accomplishments, problems encountered and so lu t ions 
appl ied , conclusions reached and recommendations for 
app l i ca t ions of r e s u l t s . I t sha l l a l so include a summary 
of the ava i l ab le geo log ica l , geochemical, geophysical , 
hydro log ica l , and environmental da ta re levant to the 
d i s t r i b u t i o n of the low and moderate temperature geo­
thermal resources in Colorado. The repor t wi l l contain 
a p r i o r i t i z e d l i s t of candidate s i t e s for r e se rvo i r 
confirmation s tud ies during follow-on work, i f any. A map 
wi l l be prepared in cooperat ion with NOAA which wi l l 
g r aph ica l l y por t ray the d i s t r i b u t i o n of the resource . The 
repor t should be in s u f f i c i e n t d e t a i l tha t the work could 
be dupl ica ted by o t h e r s . 

020678 
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Oiractor 

COLORADO GEOLOGICAL SURVEY c . -
DEPARTMENT OF NATURAL RESOURCES 

7 I 5 STATE CENTHNNIAL BUILDING - 1313 SHERMAN STREET 
DENVER. COLORADO 30203 PHONE (303) 839-2611 

October 31, 1978 

Or. L. R. Mink 
U.S. Department of Energy 
Division of Geothermal Energy 
Idaho Operations Office 
550 2nd Street 
Idaho Falls, ID 83401 

Dear Mr4?wnk: 

Following is a summary of work required to be done in 1978 as outlined in 
Contract ET-77-S-07-1673 and a proposal and budget for work that we would 
like to do during 1979 as part of the State Coupled Program. 

1. The contractor has been working with Mr. J. Swanson of the 
USGS on the GEOTHERM file. Water quality data for thermal 
wells and springs here in Colorado has been coded and sub­
mitted to Mr. Swanson. This data was entered into the 
computer and printed out. The print-outs have been returned 
to this office for editing. 

The contractor is preparing a major report assessing the 
potential of low temperature geothermal resources in 
Colorado. This report will attempt to delineate the size 
and extent of each individual resource area in Colorado. 
In addition the estimated amount of heat contained in the 
system will be estimated. This report will soon be sent 
out for review by colleagues. It is hoped that the completed 
report will be sent to DOE/DGE by the first of the year. 

2. The Contractor picked two sites for detailed site assess­
ment work - Pagosa Springs and Glenwood Springs. 

Geological and hydrological mapping, geophysical investi­
gations, and heat flow drilling and measurements were 
done in the vicinity of these two conrounities. In 
addition a 1,500 foot production-type well was drilled 
at Pagosa Springs. 

3. Preliminary environmental assessments and reports of 
Pagosa Springs and Glenwood Springs were contracted 
for through the University of Denver's Research 
Institute. The report for Pagosa Springs was submitted 
and accepted by the Washington Office of D6E/D0E. The 
Glenwood Springs report is in the final stages of prep­
aration. 

GEOLOGY 
STORY OF THE PAST , , . KEY TO THE FUTURE 
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(a) All conditions of this subsection were met during 
drilling of the well at Pagosa Springs. 

Modification of proposedresearch under contract EG-77-S-07-1578. 

1. While not specifically spelled out, it was proposed that 
a production-type well would be drilled at Glenwood Springs 
during 1979. In light of the fact that the reservoir 
conditions are not completely understood we propose that 
more work be done and that the well be postponed until 
some time in the future. 

PROPOSED NEW WORK 

1. In order that geothermal development may progress in Colorado in 
an orderly manner we propose that a complete geophysical evaluation of 
the San Luis Valley plus other areas in Colorado be started next year. 
In order that this evaluation might be done properly it is believed that 
it should be a long term (2-3 year) on-going project. It is proposed 
that the U.S. Geological Survey undertake this project. To that end we 
have initiated contact with the representatives of the U.S. Geological 
Survey, Branch of Regional Geophysics (Don Hoover, and Frank Friscknecht) 
and they were receptive to the idea and are now discussing the matter 
with the Reston, Virginia office. 

2. The Colorado Division of Corrections is now in the process of 
building a new maximum security pentitentiary 5 miles east of Canon City 
(approximately 40 miles wesi of Pueblo, Colorado). We have talked with 
representatives of the Division of Corrections and they told us that they 
could use all the hot waters that we could provide them with. Therefore, 
a program of resource definition in the Canon City area is recommended 
leading to the drilling of a well some time in 1980. The following thermal 
waters have been found in and adjacent to Canon City: Canon City Hot 
Springs; a deep well on the north edge of Canon City, and a deep well at 
Florence 11 miles east of Canon City. 

Officials from the City of Alamosa, located in the San Luis Valley, 
visited with Jack Salisbury during the summer of 1978 regarding the 
possibility of developing a geothermal resource for heating purposes within 
the city. 

It is proposed that detailed geophysical, geological, hydrogeological 
investigations be undertaken during 1979 in and adjacent to both Canon City 
and Alamosa to fully delineate the size and extent of the geothermal 
resources. It is planned that this work will lead to drilling of exploratory 
wells during 1980. 

3. We also propose to initiate geophysical studies around some of the 
other thermal systems in Colorado. For year 1979 we propose that regional 
geophysical studies be done in the Waunita Hot Springs - Ranger Hot Springs 
area northeast of Gunnison. 
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4. We would also li.ke to do a small amount of geophysical work at both 
Glenwood Springs and Pagosa Springs to try and further define the limits of 
those systems. 

5. Depending upon decisions reached by Coury and Associates regarding the 
use of the production well drilled in 1978 at Pagosa Springs, it is planned 
that a minor amount of work will be done to this well. 

(a) At the present time the well is shut in. Gradient 
temperatures will be measured in this well some time later 
this spring. If the gradient measurements and geophysical 
surveys indicate that a heat source might be found at a 
greater depth we would like the option to reenter the well 
and deepen it. 

6. After all the above work is contracted for and if any monies remain it 
is proposed to initiate a program of heat flow drilling and measurement. 
Marshall Reiter, New Mexico Bureau of Mines and Geology and Ed Decker, 
University of Wyoming, have measured heat flow rates at a number of locations 
here in Colorado. It is proposed that their unpublished data will be acquired 
and analyzed to determine where more holes, if any, should be drilled. It is 
proposed that, providing money remains, to drill heat flow holes in and 
adjacent to Canon City and Alamosa to help delineate the location of the 
resources in those two areas. 

Sincerely, 

Richard H. Pearl, Chief 
Ground Water Investigations Section 

RHP/vt 



1979 BUDGET 

Salaries: 

Project Chief 
Geophysicist 
Draftsman/Secretary 

$22,193 
20,872 
3.000 

Travel: (Per D'iem, Meetings and Conf.) $ 7,000 

Equipment and Supplies: 

Vehicle Rent $ 5,000 
Vehicle Operation 2,000 
Publication expense 2,000 
Supplies and equipment 10,000 

Geophysics, heat flow drilling, 
and further work at Pagosa Springs $83,935 

Overhead (22% or subject to negotiation) $44,000 

$46,065 

$ 7,000 

$19,000 

$83,935 

44.000 
$200,000. 

RHP/vt 



• ^ . 

o ^ •* ^ Modification No. A002 
^ ^ ^ Supplemental Agreement to 

*rfE,«i*'̂ bH ^ ° " ^ " * ^ ^ '''°* D2-AS07-77ET28365 

SUPPLEMENTAL AGREEMENT 

THIS SUPPLEMENTAL AGREEMENT, entered into the 23rd day of 
March 1979 (effective as of the 1st day of January 1979), by 

and between the UNITED STATES OF AMERICA (hereinafter called the 
"Government"), acting through the DEPARTMENT OF ENERGY (hereinafter 
called "DOE") (formerly the Energy Research and Development Administration 
"ERDA"), and the COLORADO GEOLOGICAL SURVEY, an agency of the State of 
Colorado, Department of Natural Resources with its principal office at 
Denver, Colorado (hereinafter called the "Contractor"); 

WITNESSETH THAT: 

WHEREAS, on August 29, 1977, effective as of the 27th day of June 1977, 
the Government and the Contractor entered into Contract No. EG-77-S-07-1678 
for the Contractor to perform certain research work; and 

WHEREAS, the parties desire to modify said contract as hereinafter 
provided; and 

WHEREAS, DOE certifies that this Supplemental Agreement is authorized 
by and executed the Department of Energy Organization Act of 1977 
(Public Law 95-91), and other applicable laws; 

NOW, THEREFORE, said contract is hereby amended as follows: 

A. The contract designation number of "EG-77-S-07-1678" is hereby 
changed to "DE-AS07-77ET28365." 

B. ARTICLE I, "THE RESEARCH TO BE PERFORMED." is amended by 
adding a new paragraph as follows: 

"Appendix A2, attached to this Supplemental Agreement 
and made a part hereof, provides for the research to be 
performed by the Contractor during the contract period 
specified therein." 

C. ARTICLE II, "THE PERIOD OF PERFORMANCE." is amended as follows: 

"The period of performance for the work performed under 
this Supplemental Agreement shall commence on January 1, 
1979 and expire on December 31, 1979. The period of 
time for performing the research work under Appendix A2 
may be extended for additions^, periods by the mutual 
written agreement of the parties." 

012679 
br-MM-A-l 



Modification No. A002 (Cont'd) 
Supplemental Agreement to 
Contract No. DE-AS07-77ET28365 

D. ARTICLE III, "CONSIDERATION". paragraph (a), is hereby 
revised to increase the contract Support Ceiling by 
$100,000.00 to a new total of Four Hundred Eighteen 
Thousand Seven Hundred Fifty-One Dollars ($418,751.00). 

Except only to the extent modified by this Supplemental Agreement 
or to the extent rendered inconslste'nt herewith, all of the terms and 
provisions of said Contract No. DE-AS07-77ET28365, as previously amended, 
shall remain unchanged and continue in fiill force and effect. 

IN WITNESS WHEREOF, the parties hereto have executed this Supplemental 
Agreement as of the day and year first above written. 

THE UNITED STATES OF AMERICA 

BY THE DEPARTMENT OF ENERGY 

By I s i Lois D. Anderson 
Lois D. Anderson 
Contracts Management Division 
Idaho Operations Office 
Contracting Officer 

Colorado Geological Survey 
John W. Rold, Director 

I s i John W. Rold 

STATE OF COLORADO 
RICHARD D. LAMM, GOVERNOR 

By I s i Robert D. Siek 

for Title Executive Director 

Harris D. Sherman 

(Name typed) 

DEPARTMENT 
OF Natural Resources 

APPROVALS 

J. D. MacFarlane CONTROLLER ATTORNEY GENERAL 

J- I s i A. H. Jewell, Jr. 
Assistant solicitor LreneraJ. 

012679 General Legal Services _2-

Dan S. Whittemore 

By I s i Dan S. Whittemore 



Modification No. A002 (Cont'd) 
Contract No. DE-AS07-77ET28365 

CONTRACTOR: STATE OF COLORADO 

APPENDIX A2 

For t h e Con t r ac t Pe r iod January 1, 1979 th rough December 3 1 , 1979. 

A r t i c l e A-I RESEARCH TO BE PERFORMED BY CONTRACTOR 

(a ) (1) Coopera te wi th t h e US Geo log i ca l Survey in g e o p h y s i c a l 
i n v e s t i g a t i o n of t h e San Luis Va l l ey and /o r o t h e r a r e a s of Colorado 
with geothermal p o t e n t i a l . The work in t h e San Luis Val ley shou ld 
i n c l u d e s i t e s p e c i f i c g e o l o g i c a l , g e o p h y s i c a l and h y d r o l o g i c a l s t u d i e s 
in t h e Alamosa a r e a . 

(2) Conduct geo thermal r e s o u r c e e v a l u a t i o n of the Canyon 
C i ty a r e a for p o t e n t i a l n o n - e l e c t r i c u s e s . 

(3) I n i t i a t e geophys i ca l s t u d i e s in a r e a s of Colorado where 
geothermal i n t e r e s t e x i s t s . These a r e a s may i n c l u d e , bu t a r e not 
l i m i t e d t o Wauni ta Hot Sp r ings -Range r Hot Sp r ings a r e a , Glenwood 
Spr ings and Pagosa S p r i n g s . 

(4) Complete t h e t e s t i n g and a n a l y s i s of t h e Pagosa Spr ings 
Wel l . Th i s work should be c o o r d i n a t e d w i t h Coury and A s s o c i a t e s , and 
t h e C i ty of Pagosa Spr ings wi th r e s p e c t t o the r e c e n t l y awarded PON. 

(b) A l l s u b c o n t r a c t s and c o n s u l t a n t s agreements w i l l r e q u i r e t h e p r i o r 
w r i t t e n approva l of t h e C o n t r a c t i n g O f f i c e r . 

A r t i c l e A - I I WAYS AND MEANS OF PERFORMANCE 

(a ) I tems fo r which suppor t w i l l be p rov ided as i n d i c a t e d in A r t i c l e 
A - I I I below: 

1. Salaries and Wages 
Professional $ 43,000.00 
Other 3,000.00 

$ 46,000.00 

2. Vehicle Lease & Operation 7,000.00 

3. Travel and Per Diem 7,000.00 

4. Materials, Expendable Equipment and Supplies 10,986.00 

012678 
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A r t i c l e A - I I WAYS AND MEANS OF PERFORMANCE ( C o n t ' d ) 

5. P u b l i c a t i o n Expense 2 ,000 .00 

6. Subcon t r ac t Ac t ions 
a. Geophysics 20 ,000 .00 
b . Heat flow d r i l l i n g 52 ,500 .00 
c . Pagosa Sp r ings ( t e s t i n g ) 11 ,500 .00 

TOTAL DIRECT COST $156,986.00 

7. Overhead ( D . O . I , n e g o t i a t e d 27.4% of 
TOTAL DIRECT CpST) $ 43 ,014 .00 

$200,000.00 
II II II in r 

(b) I t e m s , i f any , s i g n i f i c a n t t o t h e performance of t h i s Appendix A2, 
but excluded from computa t ion of Support Cost and from c o n s i d e r a t i o n in 
p r o p o r t i o n i n g c o s t s : 

None 

( c ) Time or e f f o r t of p r i n c i p a l I n v e s t i g a t o r ( s ) i n c l u d i n g i n d i r e c t ' 
c o s t s and f r i n g e b e n e f i t s c o n t r i b u t e d by t h e C o n t r a c t o r but excluded from 
computa t ion of Support Cost and c o n s i d e r a t i o n in p r o p o r t i o n i n g c o s t s : 

S a l a r y of Richard H. P e a r l , Chief , Ground Water 
I n v e s t i g a t i o n S e c t i o n w i l l be c o n t r i b u t e d by 
t h e S t a t e of C o l o r a d o . 

A r t i c l e A - I I I - FUNDING 

(a ) The t o t a l e s t i m a t e d c o s t t o DOE fo r performance of a l l work 
under A r t i c l e A - I I above i s $200 ,000 .00 . An amount of $100,000.00 i s 
hereby o b l i g a t e d fo r t h e p e r i o d from January 1, 1979 through December 3 1 , 
1979 t o s t a r t t h e work. The b a l a n c e of $100 ,000 .00 w i l l be o b l i g a t e d when 
and i f such funds become a v a i l a b l e . The C o n t r a c t o r s h a l l perform t h e 
r e s e a r c h s e t f o r t h under A r t i c l e A-I u n t i l 90Z of t he $100,000.00 i s cos t ed 
and commit ted . At t h i s t ime i f a d d i t i o n a l funds have not been a u t h o r i z e d , 
t h e C o n t r a c t o r s h a l l d i s c o n t i n u e work and n o t i f y DOE t h a t work has been 
s topped u n t i l a d d i t i o n a l funds a re a u t h o r i z e d . I f a d d i t i o n a l funds w i l l 
no t be a u t h o r i z e d , DOE w i l l n o t i f y t he C o n t r a c t o r in w r i t i n g w i t h i n 30 days 
and a t t h a t t ime t h e C o n t r a c t o r s h a l l submit a f i n a l r e p o r t for the work 
t h a t has been per formed. DOE w i l l pay 100% of t h e a c t u a l c o s t s enumerated 
i n A r t i c l e A - I I s u b j e c t t o t h e p r o v i s i o n s c o n t a i n e d in t h i s a r t i c l e , 
A r t i c l e I I I , and A r t i c l e XXVIII. 

012679 



M o d i f i c a t i o n No. A002 (Con t ' d ) 
C o n t r a c t No. DE-AS07-77ET28365 
Appendix A2 - Page 3 

A r t i c l e A-IV AIMINISTRATION AND REPORTS 

( a ) P r i n c i p a l I n v e s t i g a t o r - Richard H. P e a r l 

DOE Program Manager - Gera ld Bro thy , DOE-HQ 
D i v i s i o n of Geothermal Energy 

The P r i n c i p a l I n v e s t i g a t o r s h a l l d i r e c t t h e work as o u t l i n e d in 
d i s c u s s i o n s and in p e r i o d i c l e t t e r s from t h e Program Manager or h i s 
r e p r e s e n t a t i v e . 

(b) Report s 

(1) General - Genera l r e p o r t i n g r e q u i r e m e n t s for DOE/DCS 
c o n t r a c t o r s a r e p r e s e n t e d in ERDA-76/72, "Requirements and 
Procedures for R e p o r t i n g Geothermal I n f o r m a t i o n , " da ted J u l y 1976. 
Repor t s should be p repa red for t h i s c o n t r a c t as f o l l o w s : 

Techn i ca l P r o g r e s s 
Report 

F i n a l Report 

Topical Reports 

Frequency 

Quart erly 

Draft to 
Program Manager 
for Concurrence 

3 weeks after 
end of reporting 
period 

Distribution 
Program 
Manager TIC 

Completion 3 weeks after 
of contract end of reporting 
effort period 

As required As agreed with 
Program Manager 

10 

10 

10 

1 Camera 
Ready Copy 

1 Camera 
Ready Copy 

N/A 

(2) Reports Formats 

The fo l lowing w i l l apply t o a l l t e c h n i c a l p r o g r e s s r e p o r t s , 
t o p i c a l r e p o r t s and f i n a l r e p o r t s : 

( i ) The cover page w i l l be s u p p l i e d by DOE/DGE 
u n l e s s t h e C o n t r a c t o r i n t ends t o use i t s 
c o r p o r a t e cove r . 

012679 



Modification No. A002 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A2 - Page 4 

Ar t i c l e A-IV AOIINISTRATION AND REPORTS (Cont'd) 

( i i ) Reports under t h i s contract w i l l a l l carry 
the number prescribed by the Program Manager. 
Report numbers wi l l be assigned sequent ia l ly . 

( i i i ) The d i s t r i b u t i o n category for repor ts prepared 
under t h i s contract wi l l be UC-66A as defined 
on Page 16 of ERDA-76/72. 

(3) Content of Reports 

Technical Progress Reports — Ful l account of progress, 
problems encountered, plans for future report ing 
per iods , and an assessment of prospects for future 
progress , ident i fying c l ea r ly a l l facts with both 
pos i t ive and negative impact on expectations for 
completely achieving task object ives on schedule and 
within contract funds, should include, as appropr ia te , 
accounts of a c t i v i t i e s aimed at u t i l i z a t i o n of task 
r e s u l t s . 

Topical Report - A spec ia l t echnica l report prepared 
when a project has reached a point at which a major 
milestone or a s ign i f i can t phase has been completed, 
when unexpected r e s u l t s have been achieved, when i t is 
logical t o summarize r e s u l t s achieved, or when a new 
s c i e n t i f i c or technological finding is deemed to 
warrant prompt publ ica t ion . 

Final Report — Comprehensive report of ob jec t ives , 
r e s u l t s and conclusions of task e f fo r t , should identify 
accomplishments, problems encountered and solut ions 
appl ied, conclusions reached and recommendations for 
appl ica t ions of r e s u l t s . I t sha l l a l so include a 
stjnmiary of the ava i lab le geological , , geochemical, 
geophysical, hydrologica l , and environmental data 
relevant to the d i s t r i b u t i o n of the low and moderate 
temperature geothermal resources in Colorado. The 
report wi l l contain a p r i o r i t i z e d l i s t of candidate 
s i t e s for r e se rvo i r confirmation s tud ies during 
follow-on work, if any. A map wi l l be prepared in 
cooperation with NOAA which wi l l graphical ly portray 
the d i s t r i b u t i o n of the resource . The report should 
be in suff ic ient d e t a i l tha t the work could be 
duplicated by o the r s . 

012679 



OOE Form CR-SS7 
a-7«) 

~N U. 3. OCPARTMCNT OF ENEROY 

r._i>ORTING REQUIREMENTS CHECKLIS. 

(See Insavctions on Reverse) FORM AfPHOVEC 
OMBNO, 38n^}190 

1. IDENTIFICATION Geophysica l I n v e s t i g a t i o r 
i n P a r t s of Colorado 

2. OBLIGATION INSTRUMENT: pR Unnumbered 
Con t r ac t No. DE-AS07-77ET28365 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

T. a Managtmcnt Plan 

2. a Miltstone Schadula & Status Report 

3. O Cost Plan 

4. a Manpower Plan 

5. O Contract Management Summary Report 

6. Q Project Status Report 

7. D Cost Management Report 

8. Q Manpower Management Report 

9. Q Conference Record 

to . a Hot Line Report 

Frequency B. TECHNICAL INFORMATION REPORTING 

1. D Notice of Energy RD&D Project (SSIE) 

2. B Technical Progress Report 

3L SI Topical Report 

4. 9 Final Technical Report 

C PMS/MINI-PMS 

1. Cost Performance Report 

a Format 1 WBS 

D Format 2 Functional 

a Format 3 Baseline 

D Format S Problem Analysis 

2. a Cost/Schedule Status Report 

3. Q Management Control System 
Description 

I 

4. Q Summary System Description 
5. D w a s Dictionary 

Frequency 

Q 
A 
Y 

FREQUENCY CODES: A - As Required 
C - Contract Change 
F - Final {.End of Contract) 
M - Monthly 
0 - One Time (Soon After Contract Award) 

Q - Quarterly 
S — Semi-Annually 
X - Mandatory for Delivery with Proposals/Bid 
Y - Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS 

The Colorado Geological Survey will mall one camera-ready copy of 
the "Final Report" to TIC upon completion of the work. 

S. ATTACHED HEREWITH: 

Q Report Distribution List 

a WBS/Reporting Category 
a 
a 

7. REVIEWED BY (Signature and date): 
I s l C lay ton R. N icho l s 

S. PREPARED BY (Signature and date): 
I s l J . E. Detmer 2 / 8 / 7 9 2/8/79 



o o e Form CR437 
a-7S) 

U. S. O0ARTMENT OF ENSiraV 

REPORTING REQUIREMENTS CHECKLIST 
fSee InstrtKtions on Reverse) FORM AFFROVED 

OMB NO. 3aR4190 

1. IDENTIFICATION Geophysical Invest igat ior 
in Par t s of Colorado 

2. OBLIGATION INSTRUMENT: PR Unnumbered 
Contract No. DE-AS07-77ET28365 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 
1. 0 Management Plan 
2. a Milestone Schedule & Status Report 
3. a Cost Plan 
4. Q Manpower Pfan 

5. Q Contract Management Summary Report 
& D Project Status Report 

7. O Cost Management Report 
8. G Manpower Managament Report 

9. O Conference Record 
to. a Hot Line Report 

Frequency B. TECHNICAL INFORMATION REPORTING 
1. a Notice of Energy RD&O Project (SS(E) 

2. B Technical Progress Report 

3. B Topical Report 
4. S Pinal Technical Report 

C PMS/MINI-PMS 
1. Cost Performance Report 

a Format 1 WBS 
a Format 2 Functional 
a Format 3 Baseline 
• FormetS Problem Analysis 

2. a Cost/Schedule Status Report 
3. D Management Control System 

Description 
4. Q Summary System Description 
5. n WBS Dictionary 

Frequency 

Q 
A 
Y 

FREQUENCY COOES: A — As Required 
C - Contract Change 
F - Final (End of Contract) 
M - Monthly 
0 - One Time (Soon After Contract Award) 

Q — Quarterly 
S — Semi-Annually 
X . - Mandatory for Delivery virith Proposals/Bid 
Y - Yearly or Upon Contract Renewel 

4. SPECIAL INSTRUCTIONS 

The Colorado Geological Survey w i l l mail one camera-ready copy of 
the "Final Report" to TIC upon completion of the work. 

5. ATTACHED HEREWITH: 

a Report Distribution List 
a WBS/Reporting Category 

a 
a 

a. PREPARED BY (Signature and date): 7. REVIEWED BY (Signature and data): 
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GOVCRNOR 
RICHARD D. LAMM l * V H 1 ^ , 1 W * l JOHN W. ROLD 

Director 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER, COLORADO 80203 PHONE (303) 839-2611 

January 18, 1980 

Dr. L. L. Mink 
Division of Geothermal Energy 
U. S. Department of Energy 
Idaho Operations Office 
550 2nd Street 
Idaho Falls, Idaho 83401 

Re: Contract No. DE-AS07-77-ET28365 

Dear Roy: 

Enclosed please find a copy of a contract for jrour review and 
approval between this office and Geophysics Fund, Inc. for a geo­
physical appraisal of the San Luis Valley. 

Have you followed up yet on the request that I made earlier 
regarding our obtaining excess government property? I would like 
to get started on obtaining this property as soon as possible so 
that we could have it by the start of the field season this spring. 

Sincerely, 

Richard H. Pearl, Chief 
Ground Water Investigations Section 

KHP:sd 

cc: Joe Lee ^ < V ^ ^ ^^^^^"^ 

G E O L O G Y 
STORY OF THE PAST . . . KEY TO THE FUTURE 



Hi.rn f> .\C02A Dt , .iRT.MENT OR AGE.Vt Y .NL.MBKR 
34-11-00 

COMKACT ROUTING .NLMBER 

CONTRACT 

THIS CONTRACT, made this I f i t h Any n( . U n n a r y ]980_ , by and between the 
State of Colorado for the use and benefit of the Department of ' ' N a t u r a l R e s o u r c e s 

Colorado Geological Survey 
hereinafter referred to as the Swte. and ' ^ GeOPhySJCS F u n d . I n c . . 9 1 7 1 8 t h S t . . G o l d e n . 

Colorado 80401 
hereinafter referred to as the contractor, 

WHERE.A.S, authority exists in the Law and Funds have been budgeted, appropriated and otherwise made 
available and a sufficient unencumbered balance thereof remains available for payment in Fund Number_L~Hl__, 
C/L Account Number_22r2i_ , Contract Encumbrance Number ; and 

WHEREAS, required approval, clearance and coordination has been accomplished from and with appropriate 
agencies; and 

WHEREAS, '̂  the Colorado Geological Survey is conducting investigations of the 
geothermal resources of several areas in Colorado leading to the development of 
those resources; and 

WHEREAS, the Colorado Geological Survey, as part of this investigation,wishes 
to evaluate the geothermal resources of the San Luis Valley of Colorado; and 

WHEREAS, the successful completion of this investigation necessitates the 
collection, collation, and interpretation of published and unpublished geophysical 
data; and 

''-:°.EAS, the Contractor has unique capabilities and has developed the expertise 
.-•,'2r and interpret said data; and 

WHEREAS, the Contractor has access to the sophisticated equipmeflt and highly 
qualified personnel required to collect and interpret said data; and 

WHEREAS, the Colorado Geological Survey and the Contractor agree that the 
collection and interpretation require a degree of flexibility in the methodology 
and time spent on each phase. 

NOW THEREFORE, it is hereby agreed that 

1. •« This contract shall cover professional services rendered by the 
Contractor and shall Include interim letters and a final report detailing 
results of findings. The final report shall include tabulations and photos 
of field data, interpretations of layer thickness, velocities, apparent 
resistivities. Interpretation of structural conditions, cross sections, and a 
description of the interpretive methods. 

Interim letter reports shall be submitted by May 15, 1980 and September 1, 
1980. The text and all maps and illustrations of the final report, which shall be 
completed and submitted by December 31, 1980, shall be camera ready. 

2. The cost of this contract shall not exceed nine thousand nine hundred 
fifty-five and no/100 dollars ($9,955.00), and will be paid In the following 
manner: 

20% payment upon full execution of this contract $1,991.00 
30% progress payments: 

Upon acceptance of first interim report 2,986.00 ' 
Upon acceptance of second Interim report 2,987.00 

20% upon acceptance of final report 1.991.00 
$9.^55.00 

3. Field investigations and collection will be towards defining the 
geophysical conditions of that part of the San Luis Valley north of the Rio 
Grande River and south of Villa Grove, Colorado, Details of the project will 
be established in meetings between representatlaves of the Colorado Geological 
Survey and the Contractor. 
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4. The Colorado Geological Survey shall have the first right, if it 
so wishes, to publish the Contractor's findings as part of its professional 
publication series. Any publication printed shall acknowledge the Contractor 
as the source of the data. 

5. The Contractor shall have the right to publish Its findings in 
professional journals or other suitable media. Any publication shall contain 
the following statement: Done in cooperation with State of Colorado, Department 
of Natural Resources, Colorado Geological Survey. A preprint copy of any papers 
proposed to be published shall be furnished the Colorado Geological Survey. 

6. Dr. Phillip R. Romig, Vice President of Geophysics Fund, Inc., 
will be classified as the Principal Investigator of the project by the 
Contractor. 

7. The Contractor shall absolve and hold the Colorado Geological Survey 
harmless from all liability from any and all such damage, loss, or costs Incurred 
or sustained by the Contractor resulting from operations associated with this 
contract. 

8. Scope of work as outlined by Geophysics Fund, Inc. In their letter 
(Attachment A) dated December 7, 1979, to the Colorado Geological Survey shall 
guide and direct the project. Attachment A is appended hereto and made a part 
hereof. 

9. The Contractor is an Independent contractor and as such is not 
entitled to any benefits of the State Personnel system. 

10. This contract will be in effect until March 1, 1981, or completion 
of the project, whichever comes first. 
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; .,r^ t : \c -nR - SPECl.^L PROVISIONS 

CONTROLLERS APPROVAL 

1. Thii contract shall not be deemed valid until it shall have been approved by the Controller of the Stale of 
Colorado or such assistant as he may desisjiiate. This provision is applicable to any contract involving the payment of 
money by the Slate. 

FUND .WAILABILITY 

2. Financial obligations of the State payable after the current fiscal year are contingent upon funds for lliat 
purpose being appropriated, budgeted and othe^^vise made available. 

BOND REQUIRE.MENT 

3. If this contract involves the payment of more than ten thousand dollars for the construction, erection, repair, 
maintenance, or improvement of any building, road, bridge, viaduct, tunnel, excavation or other public work for this 
State, the contractor shall, before entering upon the performance of any such work included in this contract, duly 
execute and deliver to and file with the official whose signature appears below for the State, a good and sufficient 
bond or other acceptable surety to be approved by said official in a penal sum not less than one-half of the total 
amount payable by the terms of this contract. Such bond shall be duly executed by a qualified corporate surety, 
conditioned for the due and faithful performance of the contract, and in addition, shall provide that if the contractor or 
his subcontractors fail to duly pay for any labor, materials, team hire, sustenance, provisions, provender or other 
supplies used or consumed by such contractor or his subcontractor in peformance of the work contracted to be done, 
the surety will pay the same in an amount not exceeding the sum specified in the bond, together with interest at the 
rate of eight per cent per annum. Unless such bond, when so required, is executed, delivered and filed, no claim in 
favor of the contractor arising under this concract shall be audited, allowed or paid. A certified or cashier's check or a 
bank money order made payable to the Treasurer of the State of Colorado may be accepted in leiu of a bond. 

.MLMMUM WAGE 

4. Except as otherwise provided by law, if this contract provides for the payment of more than five thousand 
dollars and requires or involves the employment of laborers or mechanics in the construction, alteration or repair of 
any building or other public work, (except highways, highway bridges, underpasses and highway structures of all 
kinds) within the geographical limits of the State, the rate of wage for all laborers and mechanics employed by the 
contractor or any subcontractor on the building or public work covered by this contract shall be not less than the 
prevailing rate of wages for work of a similar nature in the city, town, village or other civil subdivision of the State in 
wtirh ft., huilding or other public work is located. Disputes respecting prevailing rates will be resolved as provided in 
8- . "S 1973, as amended. 

DISC vTION AND AFFIRMATIVE ACTION 

5. The contractor agrees to comply with the letter and spirit of the Colorado Antidiscrimination Act of 1957, 
as amended, and other applicable law respecting discrimination and unfair employment practices (24-34-301, CRS 
1973, as amended), and as required by Executive Order, Equal Opportunity and Affirmative Action, dated April 16, 
1975. Pursuant thereto, the following provisions shall be contained in all State contracts or sulxontracts. 

During the performance of this contract, the contractor agrees as follows: 

(1) The contractor will not discriminate against any employee or applicant for employment because of 
race, creed, color, national origin, sex, marital status, leligion, ancestiy, mental or physical handicap, or age. 
The contractor will take affirmative action to insure that applicants are employed, and that employees are 
treated during employment, without regard to the above mentioned characteristics. Such action shall include, 
but not be limited to the following: employment, upgrading, demotion, or transfer, recruitment or 
recruitment advertisings: lay-offs or terminations: rates of pay or other forms of compensation; and selection 
for training, including apprenticeship. The contractor agrees to post in conspicuous places, available to 
employees and applicants for employment, notices to be provided by the contracting officer setting forth 
provisions of this non-discrimination clause. 

(2) The contractor will, in all solicitations or advertisements for employees placed by or on behalf of the 
contractor, state that all qu^ified applicants will leceive consideration for employment without regard to 
race, creed, color, national origin, sex, marital status, religion, ancestry, mental or physical handicap, or age. 

(3) The contractor will send to each labor union or representative of workeij with which he has collective 
bargaining agreement or other contract or understanding, notice to be provided by the contiacting officer, 
advising the labor union or workers' representative of the contractor's committment under the Executive 
Order, Equal Opportunity and Affirmative Action, dated April 16, 1975, and of the rtiles, regulations, and 
relevant Orders of the Governor. 

(4) The contractor and labor unions will furnish all information and reports required by Executive Order. 
Equal Opportunity and Affirmative Action of April 16, 1975, and by the rules, regulations and Orders of the 
Governor, or pursuant thereto, and will permit access to his books, records, and accounts by the contracting 
agency and the office of the Governor or his designee for purposes of investigation to ascertain compliance 
with such rules, regulations and ordeis. 

(5) A labor organization will not exclude any individual otherwise qualified from full membeiship rights in 
such labor organization, or expd. any such individual from membeRhip in such labor organization or 
discriminate against any of its members in the full enjoyment of woik opportunity, because of race, creed, 
color, sex, national origin, or ancestry. 

(6) A labor organization, or the employees or members thereof will not aid, abet, incite, compel or coerce 
the doing of any act defined in this contract to be discriminatory or obstruct or prevent any penon from 
complying with the provisions of this contract or any order issued thereunder; or attempt, either directly or 
indirectly, to commit any act defined in this contract to be discriminatory. 
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r '̂ mr-\(.-ii2': 

{') in tl.sr event of u.- contractors non-compliance with the non-discrimination clauses of ihis contract or 
with an; uf such rules, regulations, or orders, this contract may be cancelled, terminated or suspended in 
whole or in part and the contractor may be declared ineligible for further State contracts in accordance with 
procedures, authorized in Executive Order. Equal Opportunity and Affirmative .Action of April 16,197S and 
the rules, regulations, or orders promulgated in accordance therewith, and such other sanctions as may be 
imposed and remedies as may be invoked as provided in Executive Order. Equal Opportunity and Affirmative 
Action of April 16. 1975. or by rules, regulations, or orders promulgated in accordance therewith, or as 
otherwise provided by law. 

(S) Tlie contractor will include the provisions of paragraphs (I) through (8) in every sub-contract and 
sub-contractor purchase order unless exempted by rules, regulations, or orders issued pursuant to Executive 
Order. Equal Opportunit)' and Affirmative .Action of April 16, 1975, so that such provisions will be binding 
upon each sub-contractor or vendor. The contractor will take such action with respect to any sub-contracting 
or purchase order as the contracting agency may direct, as a means of enforcing such provisions, including 
sanctions for non-compliance: provided, however, that in the event the contractor becomes involved in. or is 
threatened \vith. litigation with the subcontractor or vendor as a result of such direction by the contracting 
agency, the contractor may request the State of Colorado to enter into such litigation to protect the interest 
of the State of Colorado. 

COLORADO LABOR PREFERENCE 

6. Provisions of 8-17-101. & 102, CRS 1973 for preference of Colorado labor are applicable to this contract if 
public works within the State are undertaken hereunder and are financed in whole or in part by State funds. 

GENERAL 

7. The laws of the State of Colorado and rules and regulations issued pursuant thereto shall be applied in 
the interpretation, execution and enforcement of this contiact. Any provision of this contract whether or not 
incorporated herein by reference which provides for arbitration by any extra-judicial body or peison or which is 
otherwise in conflict with said laws, rules and regulations shall be considered null and void. Nothing contained in 
any provision incorporated herein by reference which purports to negate this or any other special provision in 
whole or in part shall be valid or enforceable or available in any action at law whether by way of complaint, 
defense or otherwise. Any provision rendered null and void by the operation of this provision will not invalidate 
the remainder of this contract to the extent that the contract is capable of execution. 

8. The signatories hereto aver that they are familiar with 18-8-301. et seq., (Bribery and Corrupt Influences) 
. ' 1S-8-40I. et seq.. (Abuse of Public Office). C.R.S. 1973. as amended, and that no violation of such provisions is 
present. 

9. The signatories aver that to their knowledge, no state employee has any personal or beneficial interest 
whatsoever in the service or property described herein. 

IN WITNESS WHEREOF, the parties hereto have executed this Agreement on the day first above written. 

COLORADO GEOLOGICAL SURVEY 
STATE OF COLORADO 
RICHARD D. LAMM. GOVERNOR 

John W. Rold, D i r e c t o r 

Contractor 

Position. 

^KXEcuTivEDIRECTOR. Har r i s D. Sherman 
DEPARTMENT 
OF Natura l Resources 

Social Security Number 

or Employer I .D . 

ATTORNEY GENERAL 

By 

APPROVALS 

CONTROLLER . 
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nubaci i i i ic i i u n 

UPPER SAN LUIS VALLEY PROJECT 

BUDGET ESTIMATE 

Salaries and Benefi-ts: 

Project Geophysicist 
8̂5 months @ $600/iao. $5/100. 
2 Mos. @ $l,200/ino. 2,400. 

Project Supervisor 500. 
Subtotal 8,000. 

Direct Expenses: 

Travel 
3 t r i p s @ $150. 450. 

Computer Charges 300. 
Miscel laneous (Xerox, e t c . ) 300. 

S\abtotal 1,050, 

I n d i r e c t Cos t : 
10% of S a l a r i e s and Di rec t 905. 

Tota l $9,955. 
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6 0 p h y s i c s ~^ VICEi»i»esioeNT 

"und. Inc. 

December 7, 1979 

I-lr. Richard C. Pearl 
Colorado Geological Survey 
1313 Shermaii 
Denver, CO 80203 

Dear Mr. Pearl: 

During the past few years several organizations have sponsored 
geological and geophysical surveys in the San Luis Valley, Colorado. 
The Colorado Geological Survey has sponsored several programs re­
lated to geothermal energy. The U. S. Geological Survey and related 
federal agencies have studied groiand water distribution and acquifer 
characteristics. The Colorado School of Mines Geophysics field camp 
has been collecting geophysical data throughout the Valley. The 
proposed San Marcos project has provided detailed information about 
a small region near San Lxiis. Several oil cor:5>anies have conducted 
preliminary exploration programs, and wildcat drilling is underway. 
As a result of this recent activity, additional information has been 
and is being accumxilated that will make it possible to construct 
better interpretations of the overall structure of the Valley. 

Under the sponsorship of the U. S. Geological Survey, the 
Department of Geophysics at the Colorado School of Mines is currently 
collecting, processing and interpreting geophysical data from the 
southern half of the San Luis Valley- The purpose of that study is 
to attempt to better describe the structxiral and stratigraphic rela­
tionships in the Valley south of Alamosa. Clearly the San Luis Valley 
is composed of several geologic provinces or regimes. However, these 
are more properly subdivisions of one major geologic/tectonic fea­
ture. It would seem to be more efficient and productive to conduct 
a parallel, coordinated study of the entire San Luis Valley. 

Therefore, t he Geophysics Fund, Inc. herein proposes to conduct 
a regional study of the San Luis Valley north of Alamosa. The pur­
pose of the study would be to collect, organize and interpret all 
available geophysical data covering that portion of the Valley. The 
Geophysics Fund, Inc. study would be coordinated with the Colorado 
School of Mines study of the lower portion of the Valley so that 
duplication'of effort would be minimized and sharing of data would 
be maximized. The study would also be coordinated with the Colorado 
School of Ilines field camp so that data collected therein during May 
and June, 1980, would be used to the maximum extent possible. 

The study v/ould begin as soon as possible, preferably during 
January, 1930. Initial accumulation and assimilation of data would 
be accomplished and a first interim letter report prepared by 
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May 15/ 1980. Collt-cion of any additional da and preliminary 
interpretation of all data would be completed, and a second interim 
letter report would be presented by September 1, 1980. The final 
report would be completed and delivered by December 31, 1980. The 
Geophysics Fund, Inc. is a non-profit corporation, and as such all 
results and reports are in the Public Domain and must be considered 
non-proprietary. 

The program would be under the direct supervision of Dr. Philip 
R. Romig, Vice President, Geophysics Fund, Inc. The person actually 
conducting the study would work half-time on the project for'the 
calendar year and would also be a graduate student in geophysics at 
the Colorado School of Mines. This would insure close cooperation 
with the CSM study of the lower San Luis Valley. The total cost of 
the project would be $9,955.00; a budget estimate is outlined on the 
attached sheet. 

Please feel free to call me if you have questions or need 
additional information. 

Yours very.truly, 

\ 

P h i l i p R. Romio/^ 
Vice P r e s i d e n t v ^ 

PRR:dn 

enc . 

c c : R. Major 
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State of Colorado 
Colorado Geological Survey 
Department of Natural Resources 
715 State Centennial Building 
1313 Sherman Street 
Denver, Colorado 80203 

ATTENTION: Richard H. Pearl, Chief 
Ground Water Investigations Section 

SUBJECT: MODIFICATION NO. A002 TO CONTRACT NO. DE-AS07-77ET28365 

Gentlemen: 

As requested in your letter dated November 5, 1979, to L. L. Mink, 

the attached, revised budget for Modification No. A002 is approved. 

Very truly yours, 

I s l J. P. Anderson 

Attachncnt 

bcc w/attach: 
M. A. Widmayer 
E. G. Jones 

J. P. Anderson 
Contracting Officer 
Chief, Contract Administration Branch 
Contracts Management Division 

RECORD NOTE: Approvals and comments 
from RDB and FMD are 
attached. 

CAB 
JOLee:mh 
1/25/80 

CAB 
JPAnderson 
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S a l a r i e s : 
Geologises and Geophysicist 
Sec-/Drafts person 

$32,234.55 
3,303.76 

Vehicle operation 

Travel (?.D. rates are $40.00/da>') 

Publication 

Par. Equipment 
Computer Program 
Geophysical equip. 
Map file 
Soil mercury detector 

E.Kpendabie equip, and supplies 

Geophysics 
Grad. Student 
Summer Student 

$ 2,000.00 
9,000.00 
1,500.00 
4,579.15 

9,000.00 
L2,24L.09 

Gradient Drilling 

Favosa Spgs (Misc. bill from drl^. program) 

Overhead 
TOTAL 

333,533.31 

3,000.00 

5,300.00 

12,473.09 

$17,079.15 

10,000.00 

$21,241.09 

110,000.00 

446.10 

7,134 .36 
$222,262.10 
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- mTitrnal ag reement of t h e p a r t i e s . 
12. 

2. i o a a v o n cf AMC«Meir/.<«cancxncN 

A. This contract is hereby changed from a "Special Research Support Agreement" to a 
"Special Research Contract." Wherever the words "Special Research Support Agreement" 
are used, they shall mean "Special Research Contract." 

B. ARTICLE I, "THE RESEARCH TO BE PERFORMED." is amended by adding a new paragraph as 
follows: 

"Appendix A5, attached to this modification and made a part hereof, 
provides for.the research to be performed by Che Contractor during the 
contract period specified therein." 

C. ARTICLE II, "THE PERIOD OF PERFORM.AIi'CE." is amended as follows: 

"The period of performance for the work performed under this Supplemental 
Agreement shall commence on March 1, 1980, and expire on February 28, 
1981. The period of time for performing the research work under Appendix 
A5 may be extended for additional periods by the mutual written agreement 
of the parties." 

—continued 
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John W. Rold, Director & State 
Geologist 
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J. p. Anderson, Chiet 
Contract Administration Branch 
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Modification No. A005 (Cont'd) 
Supplemental Agreement to 
Contract No. DE-AS07-77ET28365 

D. ARTICLE III, "CONSIDERATION," paragraph (a), is hereby revised to 
increase the contract Support Ceiling by $199,995 to a new total of 
Seven Hundred Eighteen Thousand Seven Hundred Forty-Six Dollars 
($718,746.00) summarized as follows: 

Original Contract $154,130.00 

Modification No. AOOl 164,621.00 

Modification No. A002 100,000.00 

Modification No. A003 100,000.00 

Modification No. A005 199,995.00 

TOTAL $718,746.00 

E. ARTICLE VI, "DATE OF INCURRENCE OF COSTS," is added to read as follows; 

"ARTICLE VI - DATE OF INCURRENCE OF COSTS 

The Contractor shall be entitled to reimbursement for costs 
incurred in an amount not to exceed $50,000 on or after 
March 1, 1980, which, if incurred after this modification 
had been entered into, would have been reimbursable under 
the provisions of this modification." 

-2-
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ST.Ml' Ol- (OI.ORADO 
KlCIIAIll) I), \ . . \ ym, CUVKHNOU 

•'ixKUTivKDiKi-CniRTHarrjis D. Sherman 

Natural Resources 

Sxci'jl hivitiriiy Niiiuln;« iit I mpl i iy t t II) 

,J . D. MacFARLANE 
Al luu.M V ^;l ryf KAi. ^ .'' •' , 

Assistant vS^iicitor '^^'^»''sl 
/General Legai Services 

Arr«ovAj.s j DAN S. WiilTTc^jJORS' 

Piigo -whicli is Ihc l;i\l iifj l>;it;i-s 
*.Srr iiiNlfUCliiMU nil ri'^cis*' sidr. 

dUiWMiiMI 
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Modification No. A005 (Cont'd) 
Contract No. DE-AS07-77ET28365 

CONTRACTOR: STATE OF COLORADO 

APPENDIX A5 

For the contract period March 1, 1980 through February 28, 1981. 

Article A-I > RESEARCH TQ BE PERFORMED BY CONTRACTOR 

(a) The Contractor shall perform the following research: 

Task 1 - In the Canon City area a resistivity survey and a seismic profile 
will be conducted. A report detailing the findings of the 
investigation will be prepared. 

Task 2 - In the San Luis Valley an electrical resistivity survey and a 
seismic survey will be run" in the vicinity of Shaw Hot Springs. All 
available geophysical information will be collected for the northern 
portion of the valley. A report detailing these findings will be 
prepared. 

Task 3 - In the Idaho Springs area, a reconnaissance study will be conducted ' 
and will include investigation into the geologic, hydrologic, and 
geophysical conditions of the area. A resistivity survey will be 
conducted in the vicinity of the hot springs. A report detailing 
these findings will be prepared. 

Task 4 - In Ouray a reconnaissance study will be conducted and consist of a 
thorough appraisal of the geological, hydrological, and geophysical 
conditions of the area. 

Task 5 - Reconnaissance studies similar to task 4 will be conducted in the 
Animas Valley in the Tripp-Trimble-Pinkerton Hot Springs areas. 

Task 6 - This task will consist of acquiring available thermal gradient 
measurements from existing wells in the State of Colorado. 

Task 7 - A state-wide assessment of groundwater temperatures will be .continued; 
the Contractor will perfonn a compilation of tables and a preparation 
of a preliminary field map of state-wide temperatures. Bottomhole 
temperatures from water wells and oil and gas v^ells in Eastern Colorado 
will be obtained. 

Task 8 - Acquisition and interpretation of any available geophysical data 
from the State of Colorado will be pursued on an as-available basis. 

Task 9 - Soil mercury surveys will be performed at Hot Sulphur, Cement Creek -
Ranger Hot Springs, and Waunita Hot Springs. 

Task 10 - Continued assistance will be given to NOAA, in the preparation of a 
State Geothermal Map, and to the USGS in the update of their 
GEOTHERM files of geothermal information. 

012330 
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M(^fication No. A005 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A5, Page 2 

Article A-II - WAYS AND MEANS OF PERFORMANCE 

(a) The estimate research budget is as follows: 

1. SALARIES: 

Geophysicist 
Geologist 
Geologist (6 mos.) 
Secretary 
Draftsman 
Summer Student IV 
Summer Student IV 
Summer Student II 
Summer Student II 
Summer Student II 
Part time Student II 
Summer Student (H.S. $4.50/hr.) 
TOTAL SALARIES 

2. FRINGE BENEFITS ON STAFF SALARIES: 

3. TRAVEL: 

Geophysicist - Per Diem (40x81) 
Geologist - Per Diem (40x81) 
Geologist - Per Diem (40x30) 
Vehicle mileage for Assessment 
Team Rate of ($.15/mile) 

Attend meetings called by DOE 
Professional Society meetings 
Training courses: 
Summer Students Travel: 
Summer students travel expenses 
Vehicles for summer students 
Vehicle mileage for summer 
Student rate of ($.15/mile) 

TOTAL TRAVEL EXPENSES 

4. PERMANENT EQUIPMENT: 

Two-way radios to be used by 
geophysical crew 
Temperature probe: 

TOTAL PERMANENT EQUIPMENT 

$24,255.00 
20,961.00 
9,055.00 
4,450.00 
4,450.00 
3,474.00 
3,474.00 
2,700.00 
2,700.00 
2,700.00 
655.00 

2,160.00 

$ 3,240.00 
3,240.00 
1,200.00 

2,600.00 
2,00C.00 
1,500.00 
2,000.00 

10,500.00 
10,000.00 

2,250.00 

300.00 
5.000.00 

$81,034.00 

7,776.00 

$38,530.00 

5,300.00 

012380 



offf MoWfication No. A005 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A5, Page 3 

A r t i c l e A - I I - WAYS AND MEANS OF PERFORMANCE (Cont'd) 

5. PUBLICATION COSTS: 16,000.00 

6. EXPENDABLE EQUIPMENT: 

Plastic Pipe and rent of auger $ 2,000.00 

Expendable equipment and supplies 5,000.00 
Black Iron Pipe (2" x 1700') 4,000.00 

TOTAL EXPENDABLE EQUIPMENT $11,000.00 

7. SUBCONTRACTS FOR GEOPHYSICAL DATA: 15,000.00 

8. ACQUISITION OF PRIVATE COMPANY DATA: 6,260.00 

TOTAL DIRECT COSTS 180,900.00 

9. OVERHEAD OF 20% ON 66.5f, OF $180,900: 24,095.00 

TOTAL $204,995.00 

(b) No allowance has been made in Article A-II for paying overhead on 
direct cost for the period from March 1, 1980 through June 30, 1980, as no 
overhead was allowed in the "Indirect Cost Negotiation Agreement" between the 
U.S. Department of Interior and the Colorado Department of Natural Resources for 
the period from July 1, 1969 through June 30, 1980. The maximum allowable 
overhead rate for the period from June 1, 1980, through February 28, 1981, shall 
be 20% of $120,479.00. If the negotiated overhead rate is less than 20%, the 
above budget shall be adjusted downward accordingly. 

(c) Items, if any, significant to the performance of this Appendix A2, 
but excluded from computation of Support Cost and from consideration in 
proportioning costs: 

None 

(d) Time or effort of principal Investigator(s) including indirect 
costs and fringe benefits contributed by the Contractor but excluded from 
computation of Support Cost and consideration in proportioning costs: 

Salary of Richard H. Pearl, Chief, Ground Water 
Investigation Section will be contributed by 
the State of Colorado. 

Article A-III - FUNDING 

The total estimated cost of items under A-II(a) above, for the contract 
period stated in this Appendix A5, is S204,995.00. The amount obliuated by 
this Modification No. .A005 is $199,995.00. The balance of $5,000.00 for purchase 
of the temperature probe will be authorized v/hen and if funds i r e available. 
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Modification No. A005 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A5, Page 4 

Article A-IV - ADMINISTRATION AND REPORTS 

(a) Principal Investigator - Richard H. Pearl 

DOE Program Officer - M. A. Widmayer 
U.S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls. Idaho 83401 

The Principal Investigator shall direct the work as outlined in discussions 
and in periodic letters from the Program Officer or her representative. 

CF-537. 

(b) Reports 

Reports are to be furnished in accordance with attached DOE Form 
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' r* 
form C«-SJ7 

U. S. DEPARTMENT OF E N £ I 

REPORTING REQUIREMENTS CTfECKLJST 
(See InszructJons an Reverse) 

CMS NO. 33R.a i9 I 

I. IDENTIFICATION Confirmation of Geothermal 
Resources i n S t a t e of Colorado 

2, 08LIGATI0N INSTRUMENT: Modificat ion No. 
Contract No. DE-AS07-77ET28365 

A005 

REPORTING REQUIREMENTS 

A. PROJECT iMANAGcMENT 

1. C Management Plan 

2. G Milestone Schedule & Status Reoort 

3. a Cost Plan 

4. G Manoower Plan 

5. S Contract Management Summary Report 

5. 2 Project Status Report 

7. C Cost Management Repon 

8. G Manpower Management Repon 

9. SO Conference Record 

TO. 23 Hot Line Report 

Frequency 

M 

M 

A 
A 

8. TECHNICAL INFORMATION REPORTING 

1. 33 Notice of Energy RO&O Project (SSIE) 

2. E Technical Progress Report 

3. & Topical "Report 

4. u Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

G Format 1 WBS 

G Format 2 Functional 

G Format 3 Baseline 

G Format S Problem Analysis 

2. a Cost/Schedule Status Repon 

3. G ManagefTfent Control System 

Description 

*• G Summary System Description 

5- 0 WBS Dictionary 

Frequency 

0 
Q 

Y 

F 

.= REQUENCY COOES; A - As Required 
C - Contract Change 
F. - Final (End of Contract) 
M - Monthly 
0 — One Time (Soon After Contract Award) 

Q - Quarterly 
S — Semi-Annually 
X - Mandatory for Delivery with Proposals/Bid 
Y - Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS 
Submii: all reports to the OOE Program Officer at Idaho Operations Office (ID) as indicated 
below: 

A.5 and 6 - Six copies are due a t ID wi th in f i f t een days a f te r end of the calendar month. 

3.1 - Two copies are due at ID w i th in f i f t e e n days a f te r Cooperative Agreement Award. 

3.2 - Six copies are due at ID wi th in f i f t .een days af ter end of the calendar auarter. 

8.3 - Six copies are due not less than f o r t y - f i v e days pr io r to completion of the 
yearly term. 

3.4 - Submit in d ra f t f o r t y - f i v e days pr io r to completion date of Cooperative Agreement. 
Af ter t h i r t y days for DOE review, submit eleven copies including one camera-ready 
copy. 

5. ATTACHED HEREWITH: 

C neoon Distribution List 
G V/BS/Reooning Category 

G 
n 

o. PREPARED 3Y (Signature cino date): 

/ ! • ' • > • • i - - ? W ^ w ^ ' / . Y : - / ^ 7 / i 
^ 

^ ^ . K ; . 'Isla^ 
7. REVIEWED 3Y (Signature ana date): 

— - ^ . - ; 



ra..:i-x 

4UH 1 8 

R£C 
^ ^ 

Stat* of Colorwio Q^Thtm. 
Colorado G«ologle«l Simnqr ^ 

.Dopartiwnt of Hatural Sasoarces 
715 Stata Can tua l a l BttUdlng 
1313 Siiaznaa Streat 
DMrvar, Colorado 80203 

AZTEBnOir: Sichard Paarl 

SGBJSCT! CĈ TBACI HO. DS-AS07-77Er2S365 

Caatlaaea: 

Tott ara aottorlxad to oaa a aairiiiiwB of $13,413 froa foada. obligated 
uodar Modlfleatlcma Noa. AOOl and AOOS to l a a t a l l eoNmt plugs in 
tvo th^naal s^adlaat walla a t Pa ^ a a Sinrliigs, Colorado, vhich vera 
drllleMl under tha subject eimtract. 

AM discussed duriog telepfaoBe converaatlons aaong J . 0. Las and 
M. A. Widatayer of DOE aad Sick Pearl of Colorado Geological Survey > 
there la ap^roxlaateljr $18,000 available froB the aopport cel l ing 
uzMier ModlflcatlOQ ^ , A002. The Colorado Geological Sonrey (CCS) 
i s attthorlaed to spei^ $13,413 fren tiaeae reMUnlng foada aad advise 
DOE tfhat CGS plana to do with the balance of $4,587. 

lis anderstand that you nay have trnderestiaated the coat of capi ta l 
equipaent under ^ id i f lea t loa So. ACK)5. Please l e t us knoir the aetoal 
coat of equipaent and DOE wi l l deteratne irtiether I t can fund the 
addit ional coat . 

If you have any quaatlona, pleaae contact J . 0. Lee of aqr s taff . 

Very t ruly yours, 

J. P. Anderson 
Contracting Officer 
Chief, Contract Operationa Branch 
Contracts Manageaeat Division 

bcc: M. A. Widraayer-

COB EDB COB 
JOLee:inh MAWidmayer JPAnderson 
6/17/80 
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'(4« a n t . i « . i o i 

iwtHaww/wooficxnow no. 
A006 

A ^ '^y^s<r 
//C dr:;gr" 

OF SOUCITATION/MOr now OF COKTRAa 
f»a* I 

1 
Of 
3 

3. wec i v t OAflt 

6-25-80 
3. uaucaiCH><'u«c?iASc i s a j n t MS. 

,<i-' ,02. • • • ^ ' i£i 
* . « 0 J « 0 NO. (•//,( 

j . uuaa i r COOS 
U. S. Department of Energr 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

d. .CNUNisrsis ty .'J/ «̂Mt- ' M M JWM .;./ CSOfi 

m.3.a 
// 

7. C5Mn«c3oe 

rr* 

C0G2 faOLfTV C0O8 

C ^ i 

n State of Colorado "~! 
Colorado Geological Survey 
Department of Natural Resources 
715 State Centennial Building 
1313 Sherman Street 

L . Denver, Colorado 80203 _J 
ATTN: Richard Pearl 

' SOUCTAnOH N O . . 

O A I S . ^SmUm*9l 

„Moo^ t«H o. DE-AS07-77ET28365 
Q caMiMcr/oeoa MO. . 

(Formerly EG-77-S-07-1678) 

•f. n<is Stoat *^r \ ia ONLT TO Amanamota a t SOUOTAJICNS 
n » )«w«i4< t»<a#«e»^ % t \ im i , Q ;»••«< 

(•I »T 

9Ar« 

• < •<»« a w i i i i i w w «• .acn c a » »t m» mtmr mmminmi) «r («1 I r • • • « • • I' 
fAJlU«l O f f O 0 « A O C O w a O O M N f TO 51 ^SCt'.VtO A t m t ISJUIMO C f f « S m e t TO 

M A r aSUtT IN W e C I O N C^ r o u a O f f U . ir. W <<««* ,< Ma n m i ^ n n * r«« M M * t« <»««« an aih< aiwaay I M M M » 4 . U M I diawq* may b» « 
TM< H C U I > M > 

M a i M i ^ M a q n a ar >• aa, a«4 ia i a i i n 4 afiaa n Mw naiwiw^ twar < 

0. ACCSUNIXO AM0 AflvomAnoN CUXA ( i f mr* I I 

: 1. T>!a l occ >m]a o»«r TO . M O S K M I O M CI> c s H n u c v c n e e 

> < 0 1 1 >in mt i m t t at Madl 13 avMaMs • • * • a k M i M i i t a i i i r i a 

(bl f j ?>• aiMaa miBt iwi j i l l li t \ t / m i m h naatf flaai m d i M | i i in a « r « « aAea, i im in i i i a i l a i l daM, aM.) laf fant i 'm atmdL ! 3 . 

i«) £ J >J» S«Mi< • l A « * a M l * ^ mutual agreement of the parties 

»aa tat to* la V a d i 12. 

; - s o a m o N or AMe«Me4r/A*cano>noN 

ARTICLE H I - CONSIDERATION, Paragraph ( a ) , is hereby revised to increase 
the contract Support Cei l ing by $5,000.00 to a new to ta l of Seven Hundred 
Twenty-Three Thousand Seven Hundred Forty-Six Dollars (5723,745.00) summarized 
as fo l lows: 

Original Contract 

Modif icat ion No. AOOl 

Modif icat ion No. A002 

Modif icat ion No. AOOS 

Modif icat ion No. AOOS 

Modif icat ion No. A0G6 

Total 

5 154,130.00 

164,621.00 

100,000.00 

100,000.00 

199,995.00 

5,000.00 

3 723,7'-i6.G0 

i l I I f 9% anvw^M 1«N«*<". ^ *ev«M .mrt ewMfe'iiani <î  **«• < •n 3<«cit I . n ^ersivMfv <y*m v̂im m/t wft^Mnw^afl SRQ <tt ̂ v ^w^a OVMM •**<irt. 

" Z ^ r a o r ^ o * 3 C c S I e . T "**"' * * " " * * O =»<nt»o=i/aTOc« s «8St««fo -o ::c»« --:s iccvivic^ « ^ s r v w . ccr-s '0 ssiiiHC tfF*s 

; . . ..«Maf . 3^ 

. : n. 

.̂•sfTia J7A;ES zr **<tiuo. 

Jonn W. Rold, Directoc &State 
beoTogist 

i x SA<z .;iO>«a 

5/15/80 
: J . -<AM« Of ::SNTlACr:NG . i m c a i i 7,T>« ^ r p r m i ) 

u. ?. Anderson, Chief 
Contract Adminis-ra'.-?n Branch 

;». ;>•-? i«>.63 



Modif icat ion Mo. AOOS to 
Contract No. DE-AS07-77ET23355 
Page 2 of 3 

ARTICLE IV -. GOVERNMENT PROPERTY, is revised to read as follows: The 
following items of property procurred or fabricated by the contractor 
are hereby listed as "Government Property:" 

Map File $ 1,500 
Soil Mercury Detector 4,579 
Temperature Probe 5,00Q 
Scintrex Ra:x Eight 9,000 
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a f A N b A l i f l FORM 3 0 , JULY 1966 
StNHlAt, SCtVICES AOMIMSTVATION 

fta. Noc. na. {*i cm i-i«.ioi 
A M B ^ O M S ^ OF SOUClTATlON/MOOiRCATION OF C O N T R A a 

rtkOt Of 

1 AMCNOM&IT/MOOinCATICN NO. 

AGO? 
2. EFKCnvC OATE 3. teouisiTiON/njKCHASi nfouesT NO. 

07-81ET2a365.501 
* . PKOJECT NO ' I f a p p i i e a U i i 

S. ISSUED (Y CODE 6. AOMWNSIBB IV ( I f M ie r tbmm Utck 5) CODE 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l ls , Idaho 83401 

CODE I T. C O N T I A C T O * 
NAIME ANO ADOXESS 

F A a U T Y CODE 

I State of Colorado I 
Colorado Geological Survey 

io^:' i2i. Department of Natural Resources 
w^/p 715 State Centennial Building 

1313 Sherman Street 
L_Denver, Colorado 80203 _J 

At tn : Richard Pearl 

CtJ tJ 

_ _ AMENDMENT OT 
M SOUOTATION NO. 

DATED. . (Sn i leekg) 

, AitoDinCATiON or C3^S^Hi^To^. NO. DE-ASP7-77ET28365 

8-29-79 DATED. , (Stt black 11) 

9 rnis uocx AmiES O M Y TO AMCNOMCNTS or SOUOTAIIONS 

[~1 H M IIIGI I m—biiwl miul i iH— i< m a n t t t « M tartk in Mack 12. Tha haw and <M> ip»riBrt far racaipl a< Offan Q a »inaiidai<. I I i< m* astandad. 

WrWVfOn n i M t QCkfMWt#VQ9 rVCMtf* OT IIMA O H W A Q I R M M p rMr tQ ln# n o w OfMI flow SyOCInSO M fnO tOHCiMVIQHr-Or SB OMSMMVt V)' OAO Of tf lo tOtlOWHIQ fMfllOallt 

(a l - t r l iy i iag m i i i i l i ini inii iiapin a« Km lanndmiKi (b| l y admaotidgiat raaaipt a< iMa amawdiaat a« aoch capr af il«a a*a« wbaiinadj a> (cl I r Mparata lattar ar talagrem 
^ c h iMiadaa a rafatanca lo Iha taticiMmm and aaiaadaiaa> awakan. F M U H OT YOUR ACXNOVWEOCCMCNr TO IE n C a V U AT THE ISSUING OmCS FMOR TO THE HOUI / N O 
OAH S K O n t O M A Y ECSUIT 1 H I C n c n O N 0» Y 0 U « 0 » « « . H , by •nmm 9 i ««i« aiaaadaiiai y « i dawa »a «hM«a a« a«ar alnody ubaiiOad, ludt chanqa mar ba laada by lala^ram 
ar la«ar, »ra»iJa< wch l a l a y a ar laitar nafeat rateraaaa M tha »ollci>aHaii aod lM« aawadwaar. and i< faaanad priar la iha aaaniiH) haur and data loaciliad. 

10. A C C O U N T M O ANO AFWOMMTION DATA ( I f r t q u i n d ) 

AM 15-10 89X0224.91 Increase obligations and consideration by $173,676 
to revised to ta l of $897,422 

'> 

11. TMS MOOC AMIES OMY TO MOOMCATIONS Of CONTRACTS/OEDEKS 

(al ^ J Tlin Chonga Qfdar i t ittaad pawaai* la 

Tlla CluagH • » h r * i« biadi 12 ara laoda » Hia a b i n miajiand rm 

lb) ^ J T)ta »ba»« naaibmd eammd/ardar i t wadlBad n raflaO <ba adiiiiiiiiliMil«a tbanoai Itudi at cbonaat in poyinq aAca, apptaarioMan doM, VK.) TM la<ih -n black 12. 

1.1 a ^ • « — • •>, : . - . - . : ^ , ^-^-. mutual agreement of the par t ies. 
It laedillai Hia aba<ra naoibarad tannoa a* >at fonb in black 12. 

12. oESottpnoN or AMEHOMENT/AHOOWCATION " -^^V 

1. ARTICLE I - "THE RESEARCH TQ BE PERFORMED," is amended by adding a new paragraph as 
fol lows: 

"Appendix A7, attached to th is modif ication and made a part hereof, 
provides for the research to be performed by the Contractor during the 
contract period specif ied there in . " 

2. ARTICLE I I - "THE PERIOD OF PERFORMANCE>" is amended as fol lows: 

"The period of performance for the work performed under th is Supplemental 
Agreement shall commence on March 1 , 1981, and expire on February 28, 
1982. The period of time for performing the research work under Appendix 
A7 may be extended for addit ional periods by the mutual wr i t ten agreement 
of the par t ies . " 

CONTINUED. 

txcapt at praoidad liaraia, oN larmt and candiMam at Hia dawian t ra<van«ad « Wack I , at haiawkwa thangad. lamain unckangad aad In full farca and • # • « . 

13. ^ _ ^ ^ 

C ro'^wifwa^ooaSJoIff ' * ^ «<QUI«EO g j CONTRACTOR/O«BWR IS IIEOUMB) TO SIGN ntis DOCUMENT AND « « T U « N ^ _ S — C O I ' I E S TO ISSUING o m a 

14. NAME 

/ u ('ii||a—m al panaa uulKaiiiad <• i m 

17. UNITID STATES or AMUICA 

(SignaniraTTSmennq atllcaf7 

IS. NAMC AMD T I T U o r SICMR (Type er p r m i ) 

A.L. Hornbaker 
Acting Director 

16. OATE SICNCD 

7/28/81 

I I . N A M o r CONTRACTING O m a R ' Typ* or p rmt ) 

W i l l i a m C. Drake 

19. OATE SIGNED 

3 0 - 1 0 1 >U.S.QM:iaa»(KI11-193/S6aO 



Modification No. A007 (Cont'd) 
Supplemental Agreement to 
Contract No. DE-AS07-77ET28365 

3. ARTICLE I I I , "CONSIDERATION." paragraph (a) i s hereby revised to increase 
the contract Support Celling by $173,675 to a new total of Eight Hundred 
Ninety-Seven Thousand Four Hundred Twenty-Two Dollars ($897,422) 
suinnarlzed as follows: 

Original Contract 
Modification No. AOOl 
Modification No. A002 
Modification No. AOOS 
Modification No. AOOS 
Modification No. A006 
This Modification No. A007 

Total 

$154,130 
164,621 
100,000 
100,000 
199,995 

5,000 
173,676 

S897.422 

E. ARTICLE VII, "DATE OF INCURRENCE OF COSTS." 1s added to read as 
follows: 

"ARTICLE VII - DATE OF INCURRENCE QF COSTS 

This Contractor shall be ent i t led to reimbursement for costs 
Incurred in an amount not to exceed $50,000 on or after 
March 1, 1981, which, If Incurred af ter th is modification had 
been entered Into, would have been reimbursable under the 
provisions of th is modification." 

H2-0641H -2 - of 3 pages 



ST.ATE OF COLORADO 
RICHARD I 

IN WfTNESS WHEREOF, the parties hereto have executed thb Agreement on the day Hist above vtrrit:en. 

[y\:>if. GOv$».NOR 

^ , I^^UU-yTL 
**EXECUTIVE WRECTOK. D.. Monte Pascoe 

DER^RTMENT 
Position Z ' = > - s r r ' OF N a t u r a l Resfiiirnps 

RICH4RC 

Sociai Security iNumber or Employer ID 

.APPROVALS 

A'll'UKi^El OUilinikU 

3 3 
P'a- M.hi.-h is the lu>t o t _ d _ _ pages 

*Sci.- in\(ru(.ii)in> im rK>'ur̂ e •wit. 



Modification Ho. A007 (Cont'd) 
Contract No. DE-AS07-77ET28365 

CONTRACTOR: STATE OF COLORADO 

APPENDIX A7 

For the contract period March 1, 1981 through February 28, 1982. 

Article A-I - RESEARCH TO BE PERFORMED BY CONTRACTOR 

(a) The Contractor shall perform the following research 

Task 1. Resistivity Surveys 

Resistivity surveys will be run at the following areas: 
Steamboat-Routt Hot Springs; Hot Sulphur Springs; Ranger Hot 
Springs, and Wagon Wheel Gap Hot Springs. The resulting surveys 
will be analyzed along with other existing geoscience data for each 
area in order to develop an interpretation of the geothermal 
potential at each site. A map of the resistivity profile lines, 
generated data, and an Interpretation of the survey results will be 
compiled for each site and included in the final report for this 
contract modification work. 

Task 2. Heat Flow Map 

A heat flow map of a scale of 1:1,000,000 will be produced for the 
State of Colorado using all available heatifl,ow data for the State. 
The map will be part of the final product for this contract 
modification work, however the Colorado Geological Survey will be 
responsible for publication and distribution of the map as a survey 
document. 

Task 3. Ground Water Temperature Map 

A ground water temperature map at a scale of 1:500,000 will be 
produced showing location, well depth, and bottomhole temperature 
for all available well Information In the State of Colorado. This 
map will be published as a Colorado Geological Survey document, as 
well as being part of the final product for this scope of work. 

Task 4. Temperature Gradient Map 

A temperature gradient map at a scale of 1:500,000 will be produced 
using all available temperature gradient information generated for 
the eastern portion of Colorado during FY 1980, and all temperature 
gradient measurements and calculations for the rest of the state. 
The map will be part of the final product for this contract 
modification work, and will be published as a Colorado Geological 
Survey document. 



Modification No. A007 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A7, Page 2 

Task 5. Temperature Profile Measurements 

Holes of opportunity wi l l be used, as available, to acquire 
temperature profi le infonnatlon. Temperature gradients wi l l be 
determined from prof i le information and included in the data base 
for Task 4. 

Task 6. Geophysical Characteristic Evaluation 

As part of the geoscience data base for Colorado, a series of 
state-wide compilation maps at appropriate scales (1:500,000) w i l l 
be made. Maps wi l l depict gravity, magnetic,,, fracture lineaments, 
and other available geophysical data. Accompanying these maps wi l l 
be a report discussing In detail the Integrated Interpretation of 
these data as they related to geothermal exploration in the state. 

Task 7. Evaluation of Thennal Waters in Mining Districts 

Waters from select mining dist r ic ts near Ouray in Southwest Colorado 
wi l l be sampled and analyzed for chemical content. A preliminary 
determination w i l l be made of the thennal potential In and around 
the mining areas as compared to water geochemistry. Findings wi l l 
be presented as part of the f inal report for this year's ef for t . 

Task 8. Reporting Requirements i -^ '4 'x t 

All reporting requirements as set forth in DOE Form 537 will be 
executed. In addition, alT programmatic meetings arranged between 
OOE-IO and Colorado Geological Survey will be attended. 

Task 9. Information Dissemination 

All requests for Information regarding geothermal resources in 
Colorado will be responded to the best abilities of the CGS Resource 
Team. Any requests beyond the capabilities of the CGS Resource Team 
will be forwarded to the Colorado CommercialIzation Team or to the 
UURI User-Assistance Program. Copies of the Geothermal Resources of 
Colorado map will be distributed free of charge. 

Article A-II - WAYS AND MEANS OF PERFORMANCE 

(a) The estimate research budget is as follows: 



Personnel: 

Modif ication No. A007 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A7, Page 3 

Geophysicist 
Geologist 
Geologist B 
Draftsperson 
Summer Student Gr. 55 
TOTAL SALARIES 

Total Travel 
Expendable Equipment 

and Supplies 
Subcontracts: Geology 
Publication Costs 
Word Processor Costs 
Water Analysis 
Total Direct Costs 

Overhead (15%* on a l l 
costs a f te r July 1 , 

Rent of Off ice Space 
($10.00 sq. f t / year ) 

TOTAL ESTIMATED COSTS 

Base 
Salary 

$26,740 
23.104 
19,799 
14,960 

d1rect 
1981) 

Fri nge 
Benefits 

$3,742 
3,298 
2,895 
2,305 

• / * 

$17,499 

•avooo 

Total 

$ 30,482 
26,402 
22,694 
17,265 
7,464 

$104,307 

$ 23,420 

$ 5,000 
6,000 
5,250 
7,200 
2,000 

$153,177 

$173,675 

* This Is a ce i l i ng rate; actual rate reimbursable w i l l be that 
negotiated with the U. S. Department of In te r io r . 

(b) Items, i f any, s ign i f i cant to the performance of th is Apendix A2, but 
excluding from computation of Support Cost and from consideration in 
proportioning costs: 

None. . . 

(c) Time or e f f o r t of Principal Investigator(s) including ind i rect costs and 
fr inge benefits contributed by the Contractor but not excluded from 
computation of Support Cost and consideration i n proportioning costs: 

Salary and Fringe Benefits of Richard H. Pearl, Chief. Ground Water 
Investigation Seciton w i l l be contributed by the State of Colorado. 
$17,376. 
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Modification No. A007 (Cont'd) 
Contract No. DE-AS07-77ET28365 
Appendix A7, Page 4 

Ar t i c le A - I I I - FUNDING 

The tota l estimated cost of items under A- I I (a) above, fo r the contract 
period stated in th is Appendix A7, Is $173,676. The amount obligated by th is 
Modification No. A007 is $173,676. 

(a) Principal Investigator - Richard H. Pearl 

DOE Program Off icer - Susan Prestwich 
U.S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Fa l l s , Idaho 83.401 
Telephone: (208) 526-1147 

The Principal Investigator shall d i rec t the work as outl ined In 
discussions and in periodic le t te rs from the Program Off icer or his 
representative. 

(b) Reports 

Reports are to be furnished in accordance with attached DOE 
Form CR-537. 

•I'-M 



DOE Form CR417 
(1-78) 

U. S. DEPARTMENT OF ENERGY 

REPORTING REQUIREMENTS CHECKLIST 
(See Instructions on Reverse) FORM APPnOVED 

0 M 8 NO. 38R.a i90 

1. IDENTIFICATION Qeothermal Resource 
Assessment in Colorado 

2. OBLIGATION INSTRUMENT:Mo^i^.^^nation Noi A007 
to Contract No. DE-AS07-77ET28365 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

1. D Management Plan 

2. a Milestone Schedule & Status Report 

£ a Cost Plan 

4. D Manpower Plan 

5. % Contract Matugetnent Summary Report 

6. QQ Proiea Status Report 

7. D Cost Management Report 

8. O Manpower Management Report 

9. n Conference Record 

10. • Hot Line Report 

Frequency 

M 
M 

B. TECHNICAL INFORMATION REPORTING 

1. a Notice of Energy RO&O Project (SSIE) 

2. • Technical Progress Report 

3. !^ Topical Report 

4. dj Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

a Format 1 WBS •* 

D Format 2 Functional 

D Format 3 • Baseline 

D Format 5 Problem Analysis 

2. Q Cost/Schedule Status Report 

3.' D Management Control System 
Description 

4. Q Summary System Description 

5. D WBS Dictionary 

Frequency 

A 
Y 

FREQUENCY CODES; A - As Required 
C - Contract Change 
F " Final (End of Contract) 
M - Monthly 

' 0 - One Time (Soon After Contract Award) 

Q — Quarterly 
S — Semi-Annually 
X - Mandatory for Delivery with Proposals/Bid 
Y - Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS ;.i>v. 

A.5 . , A.6. - Copies are due wi th in f i f t een days af ter end of the calertdar month. 

B.3. 

B.4. 

- Submit in dra f t a f ter completion of work as indicated in Statement of Work. 
After DOE approval is received, submit copies as required on attached 
"Report D is t r ibu t ion L i s t . " 

- Submit 2 copies in draf t f o r t y - f i v e days pr io r to completion date of 
contract term. After DOE approval is received, submit in f i na l 
including one camera-ready copy. 

5. ATTACHED HEREWITH: 

OS Report Distribution List 
O WBS/Reporting Category 

q 
a 

6. PREPARED BY (Signature and date): 7. REVIEWED BY (Signature and date): 



10 F.I29 (Rev. 08-79) 
n**. OOE 13302 
(uw witn OOE CH-S37) 

U.S. DEPARTMENT OF ENERGY 
IDAHO OPERATIONS OFFICE 

REPORT DISTRIBUTION LIST 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

L. L. Mink, Program Manager 
Energy & Technology Division 

Nell W. Fraser, Director 
Contracts Management Division 

E. G. Jones, Director 
Financial Management Division 

Bob Gray 
U. S. Department of Energy, DGE 
MS 3344, Federal Building 
12th and Penn. N.W. 
Washington, DC 20461 

Duncan Foley 
UURI 
420 Chipeta Way, Suite 120 
Salt Lake City, UT 84108 

Special Instructions 
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rtr: HB 2 7 I'î -'i 

Stdtn.̂  of Color<jdo 
Colorado Geolc«3ical Survey 
71S Strit.^ Cferttonmal Bulldiny 
1313 Shfirrtan Straet 
Dyfiver, CO c0:?03 

ATTENTIOf̂ : Kichard Fearl 

SiJBOeCT: nOOIFICATION «;). A007 - CONTî AGT '10. Uc-AS07-77cTa8365 

. ient le ien: 

Yo-j arc uer^iiy authorlzad y f fec t i ys Marc!) i , 1931, to begin v,-or̂  an;; 
incur costs yp to a i'laxIn.iKa of Sbu.OGU mvSfiT proposed ;'od1f1catlon i;o. ;,ijj7 
T.a the subject contract aendinn execution uf tho fnr^a l tr.oa^ficatian. 
rfork is to be nerfonsad In accord.nnce v^itsi ths attaciietl Stata-;;;r5t of ;k;rk. 

T*)-j resuitiTc? nodi f ica t lon w i l l Iricludo trnji f o l loi;1n<j . i r t i c t c : 

" "ntc of .'nc:;rr<^ng« of Costs - Tne Lantrsct-jr snail u? c=n':u^"i no 
rf:i'Ui;tr'5e;!ent for costs" incurred In m otinunt rot. to OKCCUCI •;:>.!,•-•,0 
0'-? or a f t r r narch i , i'JfiU, vfhich. I f i i icurr"d f i f t^r tnl^^ i ^^ j^ i f i c^ ' i : ^ 
\v-vi bt'^n -'nterea i r ; ta , would nayt; beon rei.;r)urse5Dl': wifier t n -
prov ls io is of th is :od i t i cd t iou . " 

In the event tne Stats of Colorado a/u; tn-: Govfirfs-'mMt ar*? unc.)lo to r-*?aci; 
aqrticscnt and i: Ko i i i f ic^ t lon Is not execucod, th-? '^nvr;r;in2cit s^'-^ll nyt '-^ 
i idb le for any oDiia-.tlons ar is ing our. cf th is h.-tvor. 

/i-^as« indicci-i.,: yo:jr acceptance of Ciiis action by s1«.̂ !n'u; in tue speoo 
In.iicated ie lo . and returning uni cc/v to th is ovv'lce. 

RECEIVED 
MAR0 3\S81 

02;!581 I •' f U t i * ^ 
/ " 'Aid t i ^ 

file:///v-vi


FEB 2 ? !931 
State of iJ3ici'..do 

I f you have any questions, pleasa contact .<ent k. Hastings of ny staff at 
telephone 20ii-b2'i-lo33, 

Very truly yours, 

wn i i f t i ! C, Urake 
Contracting .:)f f leer 
i-viiU Contracts urancn 
Contr-ictG -'-lanactoiiwt d iv is ion 

AUtacn ".ent 

Uir f i 

l i t i s 



STANDARD FORM 3 0 , JULY 1 9 6 6 
GFNERAL SERVICES A D M I N I S T R A T I O N 

lED PROC REG. (41 CFR) I - 1 6 . I 0 I 
AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 

PAGE 

1 
OF 

1 
1 AMfrNDMENT/MODIflCATION NO. 

MOOS 
2. EFfEOIVE DATE 3. REQUISITION/PURCHASE REQUEST NO. 

07-82ET28365.501 
4. PROJEa NO. ( I f appl ical l l t ) 

5 ISSUED BY CODE JtD BY c o t , 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

6. ADMINISTERED BY ( t f o lh t r l l jan hloci i ) CUDF. 

7 CONTRACTOR 
NAME AND ADDRESS 

CODE rAciuTY com-

( Siret l . lily, 
if/i/nty. it,i/r, 
, i i i J / I F 
(II J t I 

r~ s tate of Colorado i 
Colorado Geological Survey 
Department of Natural Resources 
715 State Centennial Bui lding 
1313 Sherman Street 

L_ Denver, Colorado 80203 _ | 
A t tn : Richard Pearl 

D 
AMENDMENT OF 
SOLICITATION NO. 

DATED . . (Stt blott 9) 

MODIFICATION OF DE-AS07-77ET28365 
1X1 CONTRACT/ORDER NO. 

DATED. 
8-29-79 

_ (St t block 11) 

THIS RIOCK APPIIES ONLY TO AMENDMENTS OF SOLICITATIONS 

I J T)t. above numb.r.d solicitotion is amend.d os Mt forth in block 12. The hour ond dot. tpecified for receipt of Offers I j is exiertded. I I is not extended. 

Offerors must acknowledge receipt of this amendment prior lo the hour and date specified in tf>e solicitotion, or as amended, by one of the following methods: 

(a}"By signing ond returning copies of Ihis amendment; (b) By ocknowledging receipt of this omendmeni on eoch copy of the ofler submitted; or (c) By seporole letter or telegram 
which includes a reference lo the solicitation ond amendment numbers. FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THC HOUR AND 
DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If, by virtue of this omtndment you desire to change on offer olreody submitted, such change may be made by telegrom 
or letter, provided such telegrom or letter makes reference to the solicitotion and this amendment, and is received prior to the opening hour and dote specified. 

10 ACCOUNTING AND APPROPRIATION DATA ( I f re i /u i r t i l ) 

No Change in Funding. 

1 I This BLOCK APPLIES ONLY TO MODIFICATIONS OF CONTRAOS/OROERS 

ifz) \ j This Change Order is issued pursuont to 

The Changes set forth in block 1 2 ore mode to the above numbered controct/order. 

;b) I I The obove numbered contract/order is modified to reflect the administrative chonges (such as changes in paying office, appropriation doto, etc.) set forth in block 12. 

(.1 [ ^ Th.s Supplemental Agreement is entered into pursuant lo authority of m U t U a l a q r e e m e P t O f t h g p a r t l C S . 

II modifes ttie above numbered contract as set forth in block 12. 

IV DCCRII'UON Of AMENDMENT/MODIFICATION 

ARTICLE I I - THE PERIOD OF PERFORMANCE, is amended to extend the term of the contract 
through August 3 1 , 1982. 

6.c*pl OS provided herein, all terms and conditions of the document ref^enced in block 8, os heretofore changed, remoin uncfionged and in full force and effect. 

13 _ O ~ 

L J T O T I G N ^ \ ° I S ° 0 O C U M E N T * * ° ^ " ° " ' " ^ ° [ X ] CONTRACTOR/OFFEROR IS REQUIRED TO SIGN THIS DOCUMENT AND RETURN £ COPIES TO ISSUING OFFICE 

14 NAME Of/CONTRACTOR/OFFEROR ' " 1 

in au (Blgnatura of pvnorr authortzvd to sign] 

15 NAME AND TITLE OF SIGNER (Type or p r i n t ) 

Jonn W. Rold 
Director and State Geologist 

16. DATE SIGNED 

n/20/81 

18. NAME OF CONTRAOTNG OFFICER ( I f f ie or p r i n t ) 

Kent R. Hastings 

19. DATE SIGNEO 

3 0 - 1 0 1 OU.S.GPO:198(M)-311-1S3/5S20 
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;NIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

MEMORANDUM 

March 5, 1982 

TO: 

FROM: 

SUBJECT: 

Richard H. Pearl 
Colorado Geological Survey 
1313 Sherman Ave. Room 715 
Denver, CO 80203 

Carl A. Ruscetta, Technical Program Coordinator 

Deliverable Status on DOE Contract DE-AS07-77ET28365 
(Formerly EG-77-S-07-1678) 

At the request of Susan Prestwich, DOE/ID, please find 
enclosed copies of the f-lodifications and Deliverables summary 
prepared by ESL for the subject contract. These summaries are 
being made for each of the state coupled resource assessment con­
tracts to aid DOE in the orderly closing-out of this program 
during FY82. 

I note that many contracts and modifications, as written, 
list various tasks that are to be performed as part of the 
contracted research but do not always identify a specific 
deliverable that should result from that research. In some cases 
a specific product (such as a reconnaissance report or a map) is 
obviously required; in other cases the work accomplished for a 
specific task will be combined with other results and appear in 
a summary or general report. 

In the case of the Colorado contract, I have listed the 
various tasks as listed in the original contract and modifications 
001 thru 008. Checking thru the ESL library and publication 
bibliographies (Colorado Geol. Survey Bulletin 44 and the Glenwood 
Springs Proceedings, Volume II), I have attempted to match 
published reports with specific contract tasks and thus catalog 
the deliverables received to date, against the contract require­
ments. 

Please review this listing and let me know if I have missed 
any deliverables and/or provide references for the data specified 
in each task that has, or perhaps will, appear in a general or 
summary report. 



Richard H. Pearl -2- March 5, 1982 

I feel that the Colorado team has done a good job of 
reporting their excellent work and meeting contract requirements 
for timely submission of periodic reports. I also wish to 
thank you and your team for the fine cooperation and assistance 
you have extended to me in the conduct of the RA program. 

Best regards. 

Carl A. Ruscetta 

CARrnlr 
Enclosures 
cc D. Foley 

S. Prestwich 



,_'*-

Mm&z mi. 

State of Colorado 
Colorado Geological Survey 
Department of Natural Resources 
715 State Centennial Bull.ding 
1313 Sherman Street 
Denver, Colorado 80203 

AnENTION: Richard Pearl 

SUBJECT: MODIFICATION NO. MQ09 TO CONTRACT NO. DE-AS07-77ET28365 

Gentlemen: 

We are enclosing three copies of the subject modification which have been 
signed on behalf of DOE. Please have all three copies signed by an 
authorized official and return two fully executed copies to this office. 
The third fully executed copy is for your retention. 

Should you have any questions, please contact me on 208/526-1510. 

'^QTy truly yours, 

Origiricil Sigiicd 3iy-. 

Kent R. Hosting* 

Kent R. Hastings 
Contracting Officer 
R&D Contracts Branch 
Contracts Management Division 

3 Enclosures 

bcc: S. M. Prest*ich 

R&OCB 
KRHastings:db 
8/23/82 



^jTOKHi 30, JULY 1966 
t . JfRVICES ADMINISTRATION 

TJgc. REG. (•>! Cf»l I - U . 1 0 1 
AMENDMENT OF SOLICITATION/MODIHCATION OF CONTRACT 

PAGE OF 

i 
, XMENDMENT/MOOIFICATION NO. 

M009 
2. E F F E O I V I DATt 3. XEQUISITION/PUKHASI REOUEST NO. 

07-82ET28365.502 
4. PROJEa NO. ( I f a p p l i c a b i t ) 

ISSUED tY CODE 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

6. A O M I N I S T I I K D tV ( I f e tht r than block i ) CODE 

J FACILITY CODE [ CONTRACTOR 
NAME AND ADDRESS 

CODE 

I Street, city, 
county, stale, 
and / .IP 
Cndt) 

r~State of Colorado 
Colorado Geological Survey 
Department of Natural Resources 
715 State Centennial Bui lding 
1313 Sherman Street 

[_Denver, Colorado 80203 
A t tn : Richard Pearl 

n 

J 

AMENDMENT OF 
I I SOIICITATION NO. 

DATED . - (See block 9) 

acoN«ACT/°oRD°R NO.nF-A .Sn7-77FT?R^ f i5 

DATFn 8 / 2 9 / 7 9 f ^ „ 1,1^^ , , ) 

IHIS BLOCK APPLIES ONLY TO AMENDMENTS OF SOLICITATIONS 

I 1 The above nunsWred solicitotion It amended at M> forth in block 12. The hour ond do)* iptci i i td for receipt of Offers |__J it extended, [_J i i not emended. 

Offerors must acknowledge receipt of this omendment prior la the hour ond dole specified in th« solicitation,.or as amended, by one of the following methods: 

|o |«y signing and letvming copies of Ihis onondment,- (b| »y ocknewle'dging receipt of this amendment on eoch copy of the offer submitted; or (c) «y separate letter or telegram 
which includes a reference !• the lolicitotion ond omendment numbers. FAIlUItt OF YOUR ACKNOWIEDGCMENT TO K RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND 
OATE SPECIFIED MAY RESULT IN REJECTION Of YOUR OFFER. If, by virtue of Ihis amendment yeu desire to change on offer already submitted, such chonge may be mode by telegrom 
or Utter, provided such telegram or letter mokes reference lo the toUcilolion and this amendment, ond is received prior to the apeninq hour ond dale specified 

fo. ACCOUNTING AND APPROPRIATION DATA ( I f require J ) 

No Change in Funding. 

1 I. THIS BLOCK APPLIES ONLY TO MODIFICATIONS OF CONTRAaS/0«DERS 

(o) \ I This Chonge Order is issued pursuont to 

The Chortges sel for1t^4n block 12 ore mode to the above numbered contract/order. 

(b) The above numbered contract/order is modified to refiect the odministrotive chonges (such as chonges in poying offi'-r. .ppropriotion dota, etc.} set forth in block 12. 

,c) [ S Th,. Supplementol Agreement is entered into pursuont lo authority of M u t U a l a g r e e m e n t O f t h e P d r t i e S . 

It modifies the obove numbered controct os set forth in block 12. 

1 1 DESCRIPTION OF AMENDMENT/MODIFICATION 

ARTICLE I I - THE PERIOD OF PERFORMANCE, is amended to extend the term of the contract 
through D'ecember 31 , 1982. 

Except 01 provided Kefetn, all terms ond conditions of the document refv*nced in block 8, os heretofore chonged, remain unchonged and in full force and effect. 

d TO*Sc5f'nM*ooaS«m '*°^ * ' ° " ' " ' ' Q CONTRAOOR/OFFEROR IS REQUIRED TO SIGN THIS DOCUMENT AND RETURN_2__COPIES TO ISSUING OFFICE 

U NAME Of CONT«AaO«/OfFE»Ot 

(Siyialwc* e l person oulhsriicd to sign) 

17. UNITED STATES OF AMERICA 

»Y 
(Signature of Contracting Officer) 

IS NAME ANO T m i Of SICNE* ( T j p t or p r i n t ) 

30 -101 

16. DATE SIGNEO 18. NAME Of CONTRAQING OFFICER (Type or p r i n t ) 

Kent R. Hastings 

19. DATE SIGNED 

8/23/82 
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M009 

STANDARD FC}RM 3 0 , JULY I V M 
GENERAL SERVICES ADMINISTRATION 
FED. mOC. REO. (41 CFI| 1 - IA . tOI 

AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 
PAGE I OF 

1 1 
2. EFFEaiVE DATE 3. REQUISITION/fURCHASE RECKJEST NO. 

07-82ET28365.502 
4. PROJEa NO. ( I f a p p l i c a b i t ) 

y^A 
i . ISSUED lY CODE 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Fal ls, Idaho 83401 

6. ADMINISTERED 8Y ( I f o lh t r than block i ) CODE 

PACIUTY CODE |_ 7. CONTRACTOR 
NAME AND ADDRESS 

CODE 

r~State of Colorado 
Colorado Geological Survey 

(Street, city. Department of Natural Resources 
'ounty.ua.t. 7^5 3^^^^ Centennial Building 
'̂"''> 1313 Sherman Street 

|_Denver, Colorado 80203 
Attn: Richard Pearl 

n 

J 

AMENDMENT OF 
L J SOLICITATION NO. . 

DATED (S i t block 9 ) 

|JcomRAa°o''RD°R No.nF-A.Sn7-77FT?R365 

DATED 8/29/79 ,....;,..,,. 

THIS BLOCK APPLIES ONLY TO AMENDMENTS Of SOLICITATIONS 

I I The above numbered solicitation i t amended at tot iorth in block 12. The hour ond dote specified (or receipt of Offers ^ j j is extended, [ { is not extended. 

Offerors must ocknowledge receipt of this omendment prior to the hour and dot* specified in the solicitation,.er as omencJed, by one of the following methodi: 

(o)-By signing and returning cepiet of this amendment^ (b) By ocknowledging receipt of this omendment on each copy of the offer submitted; or (c) By seporole letter er telegram 
which includes o reference te the seticilolien ond omendmeni numbers. fAILUU OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR ANO 
OATE SPECIFIED MAY RESULT IN REJECTION Of YOUR OffER. I I , by virtue of this amendmenl yev desire to change on oiler olreody submitted, such chonge may be mode by telegram 
or letter, provided such lelegro* or letter mokes reference to the solicitotion ond Ihis amendment, ond i t received-prior to the opening hour and dote specified. 

10. ACCOUNTING ANO APPROPRIATION DATA ( I f r t q u i r t J ) 

No Change in Funding. 
I I . THIS BLOCK APPLIES ONLY TO MODinCATICNS OP CONTRACTS/ORDERS 

(a) I I This Chonge Order is iuued pvrtuont to . . . . ^ ^ _ _ _ _ . _ . . . 

The Changes set forth in blodi 12 ore mode to the obove numbered controct/oMer. 

(b) I The above numbered contract/order is modified to reflect the odministrotive chonges (such as changes in poying offirp, .:ppropriotion data, etc.) set forth in block 1 2. 

(cl [ 3 This Supplementol Agreement is entered into pursuant to authority of M u t U a l a g r e e m e n t O f t h e p a r t i 6 5 . 

It modifies the obove numbered contract os set forth in block 12. 

12. DESCRIPTION OF AMENDMENT/MODIFICATION 

ARTICLE I I - THE PERIOD OF PERFORMANCE, is amended to extend the term of the contract 
through December 31, 1982. ' " ' ~~ 

Except at provided herein, oil terms and conditions of the document ref^enced in block 8, at heretofore changed, remoin unchonged and in full force and effect. 

D To l ^ lG^ -mts ' r oCUAt fh lT ^ ° ^ * ^ ° ' J " ' ' ' > [ 3 CONTRAOOR/OfPEROR IS REQUIRED TO SIGN THIS DOCUMENT AND RETURN__2__COPIES TO ISSUING OFFICE 

3 0 - 1 0 1 



1 vVs'y 
STANDARD FORM 30, JULY 1966 
GENERAL SERVICES ADMIN ISTRATION 

FED. PROC. REG. (<1 CFR) 1 - 1 4 . 1 0 1 
AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 

I . AMENDMENT/MODIFICATION N O . 

MOlO 
2 . EFFEOIVE OATE 3 . REQUISITION/PURCHASE REQUEST N O . 

07-83ET28365.501 
4. PROJECT N O . ( I f t l l i l i l i i a h l t l 

i . ISSUED BY CODE 6 . ADMINISTERED BY ( I f o t h e r t h a n b lock } ) a mi l 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

7. CONTRACTOR 

N A M E A N D ADDRESS 
CODE F A C I L I T Y CODE 

Fs ta te of Colorado 
Colorado Geological Survey 

(Street, city. Department of Natural Resources 
and ZIP 715 State Centennial Building 
^°^'^ 1313 Sherman Street 

LDenver, Colorado 80203 
A t t n : Rirhard Pparl 

n 

J 

n 
AMENDMENT OF 

SOLICITATION N O . . 

D A T E D . .(See blink 9) 

Bc^So'oRDrR NO. DE::AS01-_77,EJ2836i 

8/29/79 . (See bli-ck I I ) 

9. THIS BLOCK APPLIES ONLY TO A M E N D W N T S OF SOLICITATIONS 

[ ] The obove numbered sol ic i tat ion i t amet>ded o t set forth in block 12 . The hour and dote specified for receipt of Offers | j is extended, \__j i i n'^l ex tended. 

Of ferors must acknowledge receipt of Ihis o m e r ^ m e n t pr io r t o , I h e h o w r a n d do te specified in ttie sol ic i tat ion,.or os omended, by one of t h . fo l low ing m«ihodi-. 

(o)-By s igning a n d re turn ing cepies o l this o m e n d m e n t ; : ( b ) ' t ^ ocknowledg ing receipt o l Ih is o m e n d m e n t on eoch copy o f the of fer l u b m i t l . d , or (c) By s e p o r o t . letter or t f l e g r o m 

which inctudes a reference to the so l i c i l o l i on a n d omendmen t nu inber t . FAILURE OF YOUR A C K N O W L E D G E M E N T TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR / N D 

DATE SPECIFIED M A Y RESULT I N REJECTION O f YOUR OFFER. ' i i l , by v i r tue of this amendment you desire to chonge an offer o l reody submined , luch chonga moy be mode by te legram 

or letter, p rov ided such te legram or letter mokes reference to the to l i c i to t ion e n d Ihis omendment , o n d is received pr ior to the open ing hour and d o t . i p e c i f i . d . 

10 . ACCOUNTING A N D APPROPRIATION DATA ( I f r e q u i r e d ) 

No Change in Funding. 

I I . THIS BLOCK APPLIES ONLY TO MOOI f lCAT lONS OF CONTRAOS/OROERS 

(o) j This Change Order is issued pursuant to _ ^ _ _ _ ^ 

The Changes set forth in bk>ck 12 ore mode to the above r « i n ^ t * i cont roct /order . 

(b) I ! The obove numbered con t rac t /o rde r is mod i f ied to reflect the odmin i l l ro t i ve changes (such os changes in p a y i n g of f ice, app rop r i a t i on da ta , etc.) tet forth in block 12 . 

"•"• I l " - ' '̂ ' "- -• ,c) [ 3 This Supplemento l Agreement red into pursuant to author i ty o f M U t U a l a g r e e m e n t O f t h S P d r t i e S . 

It modi f ies th« a b o v * numbered contract a» i « l for th i n block 12 . 

1 2 . DESCRIPTION OF AMENDMENT/MODIFICATION 

ARTICLE I I - THE PERIOD OF PERFORMANCE, is amended to extend the term of the 
contract through March 3 1 , 1983. 

Except OS prov ided herein, o i l terms and condit ions o f the document referenced in block 8, as heretofore changed, remain unchanged and in ful l force ond effect. 

13. 

D T O ' S C N " W I S ° W X I W E N T * * ° ^ " ^ " ^ " ' " ^ ^ ra CONTRACTOR/OFFEROR IS REQUIRED TO S IGN THIS DOCUMENT ANO R E T U R N _ . _ 2 _ _ . C O P I E S TO ISSUING OFFICE 

I S . NAME A N D TITLE OF SIGNER ( T y p e o r p r i n t ) 

John W. Rold 
Director and State Geologist 

16 . DATE SIGNED 

12/30/82 
1 8 . NAME OF C O N T R A O I N G OFFICER r " v / ' f o r p r i m / 

Kent R. Hastings 

19, DATE SIGNED 

L. 
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