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I. Summary 

The Geothermal Reservoir Well Stimulation Program (GRWSP) 
group planned and executed two field experiments at the Raft 
River KGRA during 1979. Well RRGP-4 was stimulated using a 
dendritic ("Kiel") hydraulic fracture technique and Well RRGP-5 
was stimulated using a conventional massive hydraulic fracture 
technique. Both experiments were technically successfuli 
however, the post-stimulation productivity of the wells was 
disappointing. Even though the artificially induced fractures 
probably successfully connected with the natural fracture 
system, reservoir performance data suggest that productivity 
remained low due to the fundamentally limited flow capacity of 
the natural fractures in the affected region of the reservoir. 

Other accomplishments during the first year of the program 
may be summarized as follows: 

(a) 

(b) 

( c) 

(d) 

An assessment was made of current well stimulation 
technology upon which to base geothermal applications. 

Numerous reservoirs were evaluated as potential 
candidates for field experiments. 

A recommended list of candidates was developed which 
includes Raft River, East Mesa, Westmorland, Baca, 
Brawley, The Geysers and Roosevelt Hot Springs. 

Stimulation materials (fracture fluids, proppants, RA 
tracer chemicals, etc.) were screened for high temp
erature properties, and promising materials selected 
for further laboratory testing. 

(e) Numerical models were developed to aid in predicting 
and evaluating stimulation experiments. A symposium 
to disseminate results thus far to the geothermal 
community will be held in February 1980. 

The GRWSP has spent approximately 40 percent of the total 
budget as of December 31, 1979. The first year costs were 
significantly higher (about $400,000) than originally planned, 
principally because the second field experiment was accelerated 
into the first year at the DOE's request. Acceleration of the 
second experiment has also resulted in minor delays in 
completing some of the other tasks on the original schedule. 

The proposed second year of the GRWSP will include the 
completion of all laboratory testing of geothermal stimulation 
materials and four field experiments in moderate to high 
temperature geothermal reservoirs. This work is expected to be 
completed 'within the time frame originally provided in the 
contract. A symposium will be held in early 1981 to present the 
results of this contract and to disseminate the appropriate 
information to the geother~al industry. 



II. Program Overview 

The Geothermal Reservoir Well Stimulation Program (GRWSP) 
is proceeding into its second year of activity with significant 
progress made in the area of promoting industry interest in geo
thermal well stimulation work and in pursuing technical areas 
directly related to geothermal well stimulation activities. 
Republic Geothermal, Inc. and its subcontractors have formulated 
a development plan which will lead to the completion of six full
scale well stimulation experiments by March 1981. The project 
is organized into two phases. Phase I consists principally of 
studies (literature and theoretical), laboratory investigations, 
and numerical work. The main purpose of this work is to 
establish the technological base for geothermal well stimulation 
designs. The primary objectives of Phase II are to plan, 
execute, and evaluate six well stimulation treatments which 
utilize the technology developed in Phase I activities. 
Different types of geothermal well stimulation techniques will 
be used in appropriate reservoirs offering representative 
characteristics of industry applications. 

The success of the GRWSP is highly dependent on the active 
participation of geothermal resource developers. In February 
1979, letters were sent to all geothermal resource developers 
outlining the stimulation program and requesting any parties 
interested in participating in the well stimulation experiments 
to respond. In addition, the contract award and its objectives 
were announced in geothermal industry and government publi
cations. As a result, six resource developers expressed an 
interest in actively participating in the field experiments. 
In several cases the operator restricted the possible field 
sites to specific reservoirs and wells, and a number of others 
did not choose to participate because of the requirements for 
releasing proprietary resource data. The reservoirs indicated 
to be available for stimulation experiments were: East Mesa, 
Westmorland, Raft River, Roosevelt Hot Springs, Baca, Desert 
Peak, Brawley, The Geysers, and Chandler. 

It should be noted that, although the program ~ill compen
sate the well operator for his activities directly related to a 
stimulation treatment, the participation represents a signifi
cant cost sharing with the GRWSP by the operator of the field. 
The wells, surface facilities, and injection systems are 
utilized at the risk of the operator and can be valued at 
several million dollars. 

General information on the nine geothermal resources listed 
above was obtained from the public files of the U.S. Geological 
Survey and from the Lawrence Berkeley Laboratory geothermal data 
storage system. Additional data were requested from the 
developer on specific well sites to be considered for stimu
lation experiments. Although several operators were reluctant 
to provide this data without a commitment to stimulate the well, 
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it is believed that a sufficient quantity of information was 
obtained to allow a valid reservoir selection process. The 
selection involved not only an analysis of the data, but a 
correlation of the specific types of stimulation experiments 
with the wells having the characteristics most likely to result 
in a successful job. Even with the best of data, experience in 
the petroleum industry has shown that well stimulation is a high 
risk business. The selection process (described in the report 
"Geothermal Reservoir Well Stimulation Project - Reservoir 
Selection Task," of November 1979) resulted in the following 
recommended program: 

Field Tests 

1 
2 
3 
4 

5 (2 experiments) 

Reservoir 

Raft River 
East Mesa 
Baca 
Westmorland 
Brawley and 
The Geysers or Roosevelt 
Hot Springs 

This program schedule should be considered tentative at 
this time. The proposed program will be reviewed after each 
field experiment to determine if any alteration of this sequence 
of field tests would be beneficial to the overall success of the 
GRWSP. 

In mid 1979 the proposed sequence of field tests was 
altered at the request of the Department of Energy (DOE)/ 
Division of Geothermal Energy (DGE) to include two field 
experiments at the Raft River KGRA. The Raft River reservoir 
was not considered to be the best candidate for the first field 
experiment for several technical reasons outlined in the report 
"Proposal for Producing Well Hydraulic Fracture Stimulation -
Raft River Field" of June 1979. The probability for a 
successful stimulation job was considered to be low and the cost 
of the experiments was expected to be high because of the 
mechanical condition of the wellsi i.e., multi-legged, rugose 
open-hole completions. But the Raft River Project is of great 
importance to DOE/DGE and the geothermal industrYi therefore, 
well sites RRGP-4 and RRGP-5 were selected for the first two 
hydraulic fracture stimulation treatments. 

In addition to the Phase II field experiment schedule 
change, the Raft River jobs also had a negative effect on the 
completion of several Phase I tasks. The technology transfer 
task, the equipment review task, the review of stimulation 
technology development, the development of laboratory plans and 
the screening of frac fluids and proppants have all been delayed 
to some extent because the GRWSP personnel involved in these 
tasks were active in the planning and execution of the Raft 
River jobs. The 1980 project sched~le, discussed later, 
reflects these changes, but the overall project schedule is not 
expected to be adversely affected significantly. 
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The subcontractors are proceeding with the Phase I tasks 
required to develop a viable geothermal well stimulation 
technology. The following sections detail the field experiments 
first and then the specific activities of the subcontractors, 
Maurer Engineering Inc., Vetter Research and Petroleum Training 
and Technical Services. It should be noted that all the 
subcontractors were involved to varying degrees in the two field 
experiments and that these efforts represent a considerable part 
of the GRWSP accomplishments to date. 

III. Technical Review of Tasks 

A. Field Experiments 

1. The first geothermal reservoir well stimulation 
experiment under the GRVlSP was performed at Raft River Well 
RRGP-4 on August 20, 1979. The stimulation treatment used the 
Kiel fracturing process (dendritic or reverse flow technique) to 
pump in 8,000 barrels of polymer-water solution carrying 108,000 
pounds of frac sand at rates up to 52 BPM. This experiment 
utilized conventional petroleum industry techniques without 
difficulty because of the relatively low reservoir temperature. 
No significant equipment or material problems were encountered. 
Post stimulation production data indicate that the well RRGP-4 
productivity was improved, but not to the hoped-for level of 
other wells in the field. The well was essentially 
non-productive prior to the fracture treatment. 

A 20-hour flow test was run on August 25-26, 1979. The 
flow rate declined from an initial 250 gpm to about 60 gpm; how
ever, at that point two-phase flow began to occur in the pipe
line used to measure flow rate. The test was terminated and 
plans were made to test the well again for a longer period with 
improved flow monitoring and control equipment. The measured 
downhole flowing temperature was lower than expected (i.e., 
25loF vs 290°F); however, the temperature appeared to be 
increasing. Downhole pressure transient data and fluid samples 
were obtained for analysis. The U.S. Geological Survey ran an 
acoustic televiewer survey of the wellbore which indicated that 
the fracture job had created a 200 foot vertical fracture in the 
wellbore open interval from 4705 feet to 4900 feet, as planned, 
with an east-west orientation. 

A second production test of Well RRGP-4 was performed 
during September 6-12, 1979. A stable artesian flow rate of 60 
gpm was maintained during the test while monitoring the 
transient downhole pressure response. Because of equipment 
failure, the late time pressure drawdown data were lost; 
however, the complete pressure buildup data were obtained. 
Fluid samples were taken from the well production so that the 
frac fluid content could be monitored in the return fluids. 
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A report detailing the first field stimulation experiment 
at Raft River Well RRGP-4 will be prepared when the data 
analyses and evaluations are complete. The report will also 
include the second experiment at Raft River as discussed below. 

2. The second geothermal reservoir well stimulation 
experiment under the GRWSP was performed on Well RRGP-5 at Raft 
River on November 12, 1979. The stimulation treatment was a 
massive hydraulic fracture in which 7620 barrels of polymer
water solution, carrying 440,000 pounds of sand proppant at an 
average rate of 50 bpm, were injected into the open interval 
between 4587 feet and 4803 feet. The fracture treatment. 
utilized conventional petroleum industry stimulation techniques. 
Definite formation pressure breakdown was observed during the 
fracture job. The post-treatment borehole televiewer survey, 
run by the USGS, indicated a new vertical fracture in the top 
100+ feet of the open interval with a north-south orientation. 

A six-hour production test was performed on November 25-26, 
1979 in which the flow rate stabilized at about 200 gpm after 20 
minutes with a wellhead pressure of 30 psia. Lawrence Berkeley 
Laboratory provided the downhole pressure and temperature survey 
equipment for this test. The pressure drawdown and subsequent 
buildup in the wellbore occurred very rapidly (on the order of 
minutes). A total pressure drawdown of 103 psi was measured 
with a maximum flowing temperature of 264°F at the 4550 foot 
setting depth. A static temperature survey was obtained after 
an 8-hour pressure buildup period. Sand fill was found at 4730 
feet. 

The well was cleaned out to 4900 feet following the 
production test. On November 27, 1979 a 2-hour production test 
resulted in a flow rate of 210 gpm with a 31 psia wellhead 
pressure. Water samples taken from the flow stream throughout 
the post-stimulation production tests did not indicate 
significant quantities of sand being produced. Return fluid 
samples will be analyzed for frac fluid products. 

These tests produced flow rates not unlike the pre
stimulation well test data for RRGP-5. Preliminary evaluation 
of the pressure data does not indicate a long term response 
resembling the classical fracture flow phenomena. A final field 
stimulation experiment report on the Raft River RRGP-4 and 
RRGP-5 wells is being prepared. Data analyses and evaluation 
are currently underway by RGI, its subcontractors, and the USGS. 

B. Maurer Engineering Inc. 

During 1979 Maurer Engineering Inc. (MEl) made significant 
progress in almost all phases of the Geothermal Reservoir Well 
Stimulation Program. The main tasks assigned to MEl were the 
examination of fracturing fluids, proppants, and stimulation 
techniques as well as the physical testing of specific materials 
for high temperature applications. In order to complete this 
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work, lab equipment was designed and built where required, and 
lab techniques were adapted or modified for the higher 
temperatures (up to 260°C) of geothermal wells. 

Other tasks that were completed during 1979 were the 
literature surveys on various aspects of stimulation in oil and 
gas wells, and the technology transfer of analytical calculation 
methods which are required in engineering design of hydraulic or 
acid fracturing treatments. Also, computer programs were 
written and debugged so that they could be used for specific 
field experiments. Planning, design, and execution of two field 
experiments was participated in during 1979. The experiments 
were documented with planning and summary reports. 

The following sections detail the 1979 accomplishments in 
each of the work areas as broken down by task. The most 
important tasks with the highest funding are discussed first to 
show where most of the emphasis and actual work was done. 

1. Fluids and Fluid Testing 

At the start of the project, requests for thermally stable 
polymers and additives used for compounding high-temperature 
fracturing fluids were submitted to BJ Hughes, Western, 
Halliburton, Dowell, Cardinal, Dresser Titan, General Mills, 
Stein Hall, and Hercules. Early responses were largely nega
tive, and most companies delayed their response until after the 
April conference meetings. API standard tests and other high
temperature test procedures were considered as to how they best 
can be applied to test a potential geDthermal stimulation fluid. 
A literature survey of all available fluids and their properties 
was made. 

After the April meetings with the service companies, 
response to our request for data and samples greatly improved. 
All types of frac fluids were tested and check points were made 
on nata that were provided. Test procedures are being finalized 
for physical fluid testing. The design of a high-temperature 
falling ball viscometer to measure proppant carrying capacity 
was prepared and completed because no commercial instrument was 
found to be available. 

During June a screening test was devised in order to make a 
rapid determination of the temperature stability of potential 
fracturing fluids. The screening tests consist of measuring the 
shear stress-shear rate properties of a fixed concentration, 25 
Ib/lOOO gal, of each polymer in Houston tap water at room 
temperature. The fluid is then exposed to a temperature of 
300°F at a pressure of 100 psi for 3 hours. After cooling to 
room temperature, the fluids are retested. A total of 25 
polymers shown in Table 1 were tested in this manner. 

Several of the polymers retained a large portion of their 
starting viscosity after exposure to 300°F. To explore the 
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TABLE 1 

POLYMERS EVALUATED IN SCREENING TESTS 

POLYMER 

Methocel K-15 

Galactasol 416 

Gendril Thik 

Gengel E-9 

Natrosol 150 HHWR 

Natrosol 250 HHXR 

Natrosol 250 HHW 

NGL-6829 HP-8 

Cellosize QP-IOOMH 

Cellosize QP-lOOM 

Romax RM-95 

Romax RM-66 

Cellosize QP-50,000 

Hydroxypropyl Guar 

Driscose 

Impermex 

Drispac 

HV Driscose 

Cypan 

XC Polymer 

Gengel E9-P 

Guartec UF 

Galactosol 210 

ASP-711 

ASP-WFR-ll 
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GENERIC NAME 

Hydroxpropyl Methylcellulose 

Guar Derivative 

Guar Derivative 

Hydroxypropyl Guar 

Hydroxyethyl Cellulose 

Hydroxyethyl Cellulose 

Hydroxyethly Cellulose 

Guar Gum 

Hydroxyethyl Cellulose 

Hydroxyethyl Cellulose 

Hydroxyethyl Cellulose 

Carboxymethyl Cellulose 

Corn Starch 

Carboxymethyl Cellulose 

High Viscosity Carboxymethyl 

Cellulose 

Polyacrylate 

Xanthan Gum 

Hydroxypropyl Guar 

Guar Gum 

Guar Derivative 

Cationic Polyacrylamide 

Anionic polyacrylamide 



physical properties of the polymers further, many of those shown 
in Table 1 will undergo Fann Model SOC viscometer testing to 
150°C and later to 275°C. Some of the materials already tested 
retained a large portion of their starting viscosity as measured 
by the Fann Model SOC. Physical properties were obtained at 
polymer concentrations of 83.3 lb/1000 gal (1% by wt) in Houston 
tap water to allow for scaled up or scaled down concentrations 
for actual field experiments. This level is easily measured on 
the Model SOC Fann Viscometer. 

Samples of each of the polymers listed in Table 1 were 
submitted to Vetter Research for chemical identification. 

During July many viscosity tests were completed. Shear 
stress-shear rate data were obtained on the Fann Model SOC 
Viscometer at 100°F, 200°F, and 300°F for the following polymers 
at a concentration of 83.3 lb/l,OOO gal (1% by wt) in Houston 
tap water: 

Hydroxypropyl Guar Gum; 
Hydroxyethyl Cellulose; 
XC Polymer; 
Acrylic Polymer; 
Blends of Hydroxypropyl Guar/XC Polymer. 

The effectiveness of methanol as a retarder was tested in 
HEC, XC Polymer and in the 5:1 blend of HP Guar/XC Polymer. 
Methanol, at 5% by volume, had very little effect on the 
high-temperature viscosity of these polymers. The 5:1 blend of 
HP Guar/XC Polymer was also ~reated with 10% by volume of 
methanol and little change in viscosity was detected at 
temperatures up to 300°F. 

Sodium bisulfite, an oxygen scavenger, was also used to 
treat the 5:1 blend of HP Guar/XC Polymer. Addition of 11.8 
lb/l,OOO gal has little effect on the high-temperature viscosity 
of the blend. Combinations of sodium bisulfite and methanol 
were also found to have little effect in improving the stability 
of the blend at high temperature. 

Dowell's recommended YF "HC" frac fluid was also tested. 
~his frac fluid formulation contains almost twice as much 
polymer as those which were previously tested and, therefore, 
had a much higher viscosity at 300°F than any of the other 
previously tested fluids. It also retained a large portion of 
this viscosity during the one-hour test at 300°F. When the 
polymer concentration was reduced in half, the resulting frac 
fluid had similar viscosity characteristics to the other 
cellulosic polymer fluids at high temperatures. 

Fluid loss tests on many fluids and fluid loss additives 
were made to find out the fluid properties required for fracture 
design informati9n. Detailed physical testing on potential Raft 
River stimulation fluids were run at the expected reservoir 
conditions of 300°F. 
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First drafts of reports were completed on the following 
aspects of the project during August: 

a. ~vailable data compilation from the major 
service companies 

b. Historical development qf fracturing fluids 
c. Standard lab test procedures for frac fluids 
d. Literature search for new fluids 
e. Matrix of fluid properties tested to date 
f. List of remaining fluids to be tested 

Construction on the falling ball viscometer began in 
~ugust, and testing of the first design for feasibility and 
practicality was started. The first design was not successful 
because of lack of sensitivity of the electromagnetic pickups; 
therefore, a second design was started in September. The 
falling ball viscometer with a new electronic circuit and 
revised sensitive pickups was completed during December of 1979. 
Testing at high temperature (to 260°C) remains to be completed 
during 1980. 

Reports a. and b. were started during 1979. Report No.1 
is now completed. It is a summary of all available physical 
property data on fracturing fluids. This is a lengthy report in 
two volumes that gives: 

a. The viscosity versus temperature behavior for 
various concentrations of the available polymer 
fluids. 

b. The fluid loss behavior of these fluids. 

c. The stability of these fluids for extended times 
at high temperatures. 

d. The tubing friction loss of these fluids through 
the normal tubular goods used in wells. 

Report b. contains the MEl test data taken on available and 
new or experimental fluids specifically for geothermal 
applications. It is now being written and will issue during 
1980. 

Many new polymers have been tested at 350°F to look for the 
most desirable fluids in that range. This fiuid temperature 
will be encountered during the next set of field treatments 
during 1980 in the East Mesa field. Some of the 350°F fluids 
(and their costs) have been sent to us from the service 
companies for testing so that their fluids and, of course, their 
companies may be considered for future work. 
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2. Proppants and Proppant Testing 

A literature survey and a gathering of all available 
proppant data started out this phase of the work. No elevated 
temperature or geothermal temperature data on proppants was 
available. An MEl technical report was issued to include 
available data and the pertinent references and services. It 
was found that industry proppant testers were not commercially 
available. Therefore, MEl obtained engineering drawings of 
actual proppant testers using an API linear flow cell, and 
modified these designs and the seals for geothermal triaxial 
testing of proppants. 

After the design was set, long lead time items were ordered 
and construction of the proppant test system began. Figure I 
shows a schematic of the final design of the proppant test 
system. 

By May the proppant tester was completed and low 
temperature tests were begun. Coordination with Los Alamos 
Scientific Labs, LeGarde, and high temperature elastomer 
suppliers allowed MEl to obtain high temperature seals for the 
tester. 

Samples of all types of proppants were gathered from many 
different sources and high temperature testing started in June 
and July. A report was issued on a detailed evaluation and 
testing plan. 

A single grain proppant tester was also designed and built 
to obtain a physical strength (load divided by diameter squared) 
parameter for each proppant. This tester is used on single 
grains at elevated temperatures to test temperature sensitivity 
of the various proppants. This L/D2 measurement on prop-
pants as well as the measurement of density, acid solubility, 
roundness, etc., was made to complete the matrix of proppant 
properties. Samples of proppants before and after testing were 
collected and each of the samples was marked and forwarded to 
Vetter Research lab for further study of the crushing mechanism 
and chemical properties of each proppant. 

A verified proppant test result found during 1979 was the 
extremely detrimental effect that temperature has on frac sand. 
This effect may eliminate or minimize the use of sand in most 
geothermal applications, and it will be reported upon as a major 
finding at the Geothermal Symposium in February of 1980. 

High temperature testing of proppants at 350°F and 500°F 
was largely completed during 1979. The results show that most 
sands and glass beads are temperature sensitive proppants and 
may be unusable in higher temperature geothermal wells. 
Proppants such as resin coated sand and bauxite and uncoated 
bauxite showed almost no temperature sensitivities. These tests 
were run with both silica saturated and unsaturated water 
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FIGURE 1 
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without appreciably different results; however, a complete 
redesign of the system would be required to test silica 
saturated water on a routine basis. 

3. Stimulation Techniques 

A literature and patent search was completed to search out 
all techniques that have been used for stimulation. A survey of 
thirty+ petroleum producers and service companies was made to 
find out which stimulation techniques they favored and which 
ones they felt might work in geothermal wells. The study also 
included the latest reported techniques in stimulation from 
various symposia and from Society of Petroleum Engineers 
lectures. All of these techniques were categorized and 
discussed in great detail in the first draft of a report on this 
subject. The completed work will consist of two volumes on 
"Physical and Mechanical Stimulation" Volume I by MEI and 
"Chemical Stimulation" Volume II by Vetter Research. It will be 
completed early in 1980. 

Table 2 shows a fold-out page where matrix stimulation 
techniques are discussed and commented on as to applicability 
to geothermal wells. 

4. Technology Transfer 

During 1979 key technical articles, on which fracture 
technology is based, were identified and studied. In addition, 
fracture design/data manuals were reviewed to determine what 
variations in standard practice woald be required to apply 
design procedures to geothermal wells. The literature survey 
was expanded and completed during May, and the basic references 
were supplied to Vetter Research. All service companies and 
many oil companies were contacted and asked to share current 
technology in well stimulation. Most of the companies were very 
cooperative. 

A computer program, based on "A Rapid Method of Predicting 
Width and Extent of Hydraulically Induced Fractures" by Geertsma 
and deKlerk, was written and checked out against data prepared 
by MEl. The project now has a fracture program based on 
approaches commonly used by the petroleum industry. This 
program was also made available to PTTS. 

A list of thirty different companies was prepared so that 
personal and phone interviews could be made for the maximum 
technology transfer of current practices to our geothermal work. 
The people on the list were interviewed during July. The 
results of these interviews were written into the report on 
Technology Transfer along with actual data, schedules and 
results of high-temperature well stimulation treatments. 

12 

::z: 
o 

I
<J') 

... 
o 
x 

N 

. 
I
H 

,H 

.! 
I! 
It 

1 

i 
i . 

! i 
11 
I 

'i 

Ii 

I~ 
I i 
I • 
1· 
~ 

I 
i .i 

IH 

, . 
I,; 

1 

\ .00 

I -5.E! 

13 

! 
1 i 
I ~ i 
~! ; z-; 

, 
i . 
j .! 

~ ~ 4 

i i 

c 
, 

1 
: 

. 
i 
! 

-

I! 'I - - 'i 

!in~~ ! ..=. •. ;: 

1 



5. Field Engineering and Testing 

During 1979 two Raft River wells were selected for 
stimulation. During May detailed planning discussions took 
place to determine how best to stimulate these wells. Detailed 
fluid testing on specific fracture fluids for the Raft River 
wells were made to gain input for dynamic fracture design. 

Discussions were held with service companies and consultant 
Othar Riel (Riel Consultants) to find the most effective 
fracturing techniques that were available to us. For the first 
job in an unknown area, the safest job was found to be the Riel 
Frac or dendritic frac. As it turned out, it was also the least 
expensive technique available. A proposal report was submitted 
to DOE in June by RGI which discussed the hydraulic fracture 
design alternatives that were available for the specific 
conditions. 

The Raft River RRGP-4 job was the first hydraulic 
fracturing treatment of a domestic geothermal well in a 
water-dominated reservoir. About 8,000 barrels of fluid and 
100,000 pounds of sand were used to fracture the RRGP-4 well. 
Wellbore fracture height was measured at 200 feet with the USGS 
wellbore acoustic televiewer. A planar fracture design or 
conventional treatment was chosen for the next experiment in 
RRGP-5. It used 8,000 barrels of a viscous polymer frac fluid 
to carryover 400,000 pounds of sand into the well. A wellbore 
fracture height of about 100 feet was observed after the 
treatment using the acoustic televiewer. 

6. Numerical Modeling 

During 1979 several fracture design programs were written 
and debugged. MEI concentrated on writing programs based on 
those analytical calculations published in the literature. The 
programs were for calculating the dynamic fracture growth and 
the heat transfer effects during fracturing and during flow in 
the wellbore. Efforts were directed toward helping PTTS in 
their combining of the fracture growth and heat transfer program 
since these programs are essential to the engineering designs of 
the geothermal well stimulation program. MEI will continue to 
keep all of these fracture design programs operative during 1980 
for use on the specific field experiments. 

C. Vetter Research 

The efforts of Vetter Research (VR) have been divided into 
the three categories of field studies and experiments, 
laboratory efforts, and data evaluation and reporting. The 
division into these three categories rather than into the tasks 
described in the Statement of Work was chosen because this 
format seems to lend itself better for a summary repo~t of VR 
activities. 
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1. Field Studies and Experiments 

Two field experiments at Raft River have been conducted. 
VR personnel were involved in designing and performing both 
these jobs. Use of a radioactive tracer in the first job 
(RRGP-4) was abandoned because of an equipment failure. 
However, the "tracer behavior" of the added polymers (frac fluid 
additives) will still allow study of the reservoir response in 
some de tail. 

A chemical tracer was used in the second Raft River job 
(RRGP~5). This tracer, plus the polymer behavior in this second 
job, will allow determination of the frac fluid behavior within 
the reservoir and wellbore. 

In addition, two matrix acid jobs were conducted in RGI's 
East Mesa field before the work under this contract was started. 
The chemical evaluation of these acid jobs will be performed 
under this contract. Neither of these acid jobs was a signi
ficant success in the sense of increasing the commercial 
potential of the treated wells. However, these jobs are of high 
value for this project because they revealed some facts and 
relationships pertinent to high temperature acidizing which were 
suspected but never determined or measured before. These acid 
jobs are expected to provide some highly interesting know-how 
about high temperature acidizing. 

All four jobs, i.e., the two fracture jobs in the Raft 
River field and the two acid jobs in the East Mesa field, must 
be described and analyzed in detail. This evaluation is in 
progress (see below). 

2. Laboratory Efforts 

The laboratory effort on the chemical aspects of the 
Geothermal Reservoir Well Stimulation Program has been 
structured into the following broad areas: 

(a) Development of analytical methods and acquisition of 
special purpose equipment for characterizing chemical 
changes of materials under simulated and real (i.e., 
field) geothermal conditions. 

(b) Conducting both static and dynamic experiments in the 
laboratory in order to define chemical reactions that 
will most likely be encountered in a geothermal 
reservoir during and after well stimulation. 

(c) Interfacing with other organizations involved in the 
project by providing chemical data input and suppo~t 
in designing labo~atory tests and field expe~iments. 
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The highlights of activities in 1979 in each of these 
areas are as follows: 

Chemical Characterization - A variety of techniques is being 
useo to investigate the properties of stimulation materials. 
These include high performance liquid chromatography (HPLC) for 
detailed characterization of the frac polymers, a scanning 
electron microscope, energy dispersive analyzer, and X-ray 
diffractometer - the latter three for characterization of solid 
materials. 

While significant progress has been made by Vetter Research 
in using the HPLC, some problems still remain in fully 
characterizing the polymers and their degradation products. If 
these oroblems can be solved, HPLC will be a useful tool for 
frac p~lymer characterization. This result will be well worth 
the effort, and VR is working with polymer and instrument 
manufacturers to accomplish this. Until satisfactory HPLC 
methods are available, alternate methods of characterizing frac 
polymers have been developed and are being applied to the 
chemical analysis of produced fluids from the two Raft River 
jobs as well as the on-going laboratory effort. 

Much of the laboratory equipment needed for the static and 
oynamic work is made from a special order of Hastalloy C 
material. There have been problems with equipment delays -
primarily because of Hastalloy C material availability - and 
equipment on order since June 1979 has only recently been 
received. Minor but critical items such as special fittings are 
still on backorder. Where possible, work is continuing to get 
all this equipment operational. 

Laboratory Testing - Testing has been confined thus far to the 
evaluation of frac polymer (i.e., guar, HP guar, and xanthan 
gum) reactions under static conditions. To some extent, the 
reactions observed have been related to changes that have been 
seen in the same materials used during the frac work at RRGP-4 
and RRGP-5. The area of laboratory testing will receive 
increased emphasis during the next year as the equipment becomes 
operational. 

Vetter Research has received and analyzed the produced 
fluids collected during the various flow tests for each of the 
two field Raft River experiments. In the case of RRGP-4, the 
waters have been characterized for make-up (i.e., pit water) 
content, formation water content, frac polymer and frac polymer 
decomposition products. Similar laboratory work is in progress 
on the samples collected from RRGP-5. In addition, these 
samples are being analyzed for ammonium nitrate, a chemical 
tracer added during the injection of the frac fluid. Separate 
reports are being prepared and will be issued shortly. 
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3. Data Evaluation and Reporting 

VR is presently behind with respect to report requirements. 
The major first-year reports remaining to be finalized are: 

( a) Technology Transfer and Literature Search 

( b) Laboratory Plan 

( c) Evaluation of the East Mesa Acid Jobs 

( d) Evaluation of the Raft River Frac Jobs 

D. Petroleum Training and Technical Services 

In the first year of this project, Petroleum Training and 
Testing Service (PTTS) was primarily involved in three tasks. 
These were: 

(a) Technology transfer from previous stimulation 
operations 

(b) Numerical Modeling: development and conversion 
of computer codes for use in contract projects 

(c) Symposium on geothermal stimulation: organization and 
delivery of a one-day symposium on the results of the 
first year's work. 

In task (a), a comprehensive literature search was made on 
the hydraulic fracturing aspects of stimulation operations and 
this information was collected, compiled and edited into a 
Technology Transfer report. A current bibliography of pertinent 
publications was also prepared. 

In task (b), several workable computer codes were put 
together by modifications and enhancements of existing codes. 
These include: 

(1) An interactive fracture design model including 
temperature dependent fluid parameters 

(2) A wellbore temperature model 

(3) A single phase geothermal reservoir model with 
fractured systems capability. 

In task (c), the first Geothermal Stimulation Symposium was 
initiated, developed and planned for San Francisco on 
February 7, 1980. There will be 14 speakers (authors) at this 
symposium, and a total of 10 presentations. 

The objectives, technical accomplishments and results of 
the three tasks are indicated below. These tasks were run 
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concurrently by the PTTS staff and included on-going meetings, 
exchanges and coordination with the prime contractor, Republic 
Geothermal, Inc. and the other subcontractors, Vetter Research, 
Maurer Engineering and MAPCO. 

1. Technology Transfer 

The objective of this task was to assess the stimulation 
technology developed in the oil and gas industry and to evaluate 
it as to applicability to the geothermal industry. In 
developing the technology transfer, PTTS determined which of the 
available online data bases of bibliographic information were 
pertinent and then performed an online search which provided 
over 500 articles and reports of possible interest to this 
program effort. These references covered governmental sources, 
industry and private sources and academic publications. Copies 
of these documents were purchased and a detailed analysis was 
made in the following areas: 

(a) Stimulation Process Variables 
(b) Frac Fluid Interactions 
(c) Fracturing Problems 
(d) Temperature Effects in Fracture Design 
(e) Fracture Evaluation 
(f) Stimulation Case Histories 

An integral part of the analysis involved a breakdown of 
each stimulation report into seven categories with a total of 65 
parameters. Th{s allowed the investigators to quantify the 
efficiency of various treatments and design criteria in a more 
objective fashion to provide an ordered ranking according to 
productivity increase. The results of this phase are summarized 
in a final report on Technology Transfer. 

2. Numerical Modeling 

An interactive numerical design model and a reservoir/well 
response model were developed under this task. PTTS was 
involved in the development and/or modification of che following 
five computer codes: 

(a) FRAC - an interactive fracture design model with 
temperature dependent fluid properties. 

(b) WELTEM - a simplified wellbore temperature code 
using published closed form solutions. 

(c) GEOTEMP - a finite difference transient heat 
simulator for wellbore temperatures. 

(d) DIFFUS - a three-dimensional finite difference fluid 
or heat conduction model with fracture simulation 
capability. 

18 

(e) SHAFT78 - a multidimensional, multiphase energy and 
mass transfer simulator for geothermal systems. 

The first tasK attempted was to get the respective codes 
compiled on a given computer system. Of the four codes obtained 
from other sources - GEOTEMP, DIFFUS, WELTEM, SHAFT78 - none 
would compile on either the IBM 370 or the CDC 6600 system. The 
reasons for these initial problems were: 

(1) Incomplete code - missing statements, subprograms 
or data blocks 

(2) Dead-end code - statements that did nothing or put 
the program in an infinite loop; e.g., 10 G¢ T¢ 10 

(3) Machine dependent code - subscript notation, 
machine dependent I/O; conversion to standard 
FORTRAN 

(4) Programming errors - incorrect FORTRAN 

(5) Program Size - core and storage requirements were 
much greater than the industry norm; e.g., single 
arrays of 98,011 elements, data storage of 3.17 
million elements. 

Each code required specific technical enhancements or 
modifications for use by engineers or analysts in an operating 
environment. These efforts on each code may be summarized as 
follows: 

(a) Interactive Fracture Design Program - (FRAC): This 
program was developed by combining the following functional 
elements: 

WELTEM - a wellbore temperature model (to be 
discussed later) 
GERTSM - a fracture parameter model (using the 
GERTSM approach to fracture design) 

A fracture fluid temperature model utilizing 
the SINCLAIR approach or the WHITSITT-DYSART 
approach. 

PTTS modified the GERTSM model provided by Maurer 
Engineering Inc. to accommodate a variation in input fluid 
temperature at the upstream end of the model and a time
distance dependent temperature profile in the fracture. 
The temperature effects in the fracture can be determined 
by either or both of the two published techniques, i.e., 
Sinclair (constant leakoff at a given time) or Whitsitt
Dysart (variable leakoff); or by a prescribed leakoff rate 
as a function of distance into the fracture. 
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The program is designed to provide either batch or interactive 
processing (from a terminal or cards) and to provide output to a 
plotter, a CRT or to a line printing device. 

(b) WELTEM: This code is based on a Romero-Juarez 
publication ("A Simplified Method for Calculating Temp
erature Changes in Deep Wells," SPE Journal, June 1979). 
As published, the code determines the temperature profile 
within the flowing stream for a 7-1/8" casing and a 4-1/2" 
tubing at a time of one hour. PTTS modified the code to 
include any arbitrary wellbore size, tubular goods and 
pumping time by using a regression analysis on the 
independent variables. The model can now determine any 
bottomhole temperature for any geometry at any given time. 
Secondly, the WELTEM code was integrated into the inter
active fracture design program to allow a realistic 
determination of the downhole temperature at the sandface 
during the fracture job. 

(c) GEOTEMP: This code was developed by ENERTECH under 
Contract to SANDIA Laboratory. It simulated heat flow in 
and around the wellbore. To make the code operational for 
use by the contractors, PTTS removed all machine dependent 
code and modified the software to generalize the fluid 
properties allowed, remove limitations on tubular good 
geometry, and add interactive graphics capability. 

This program can be used in batch mode or interactively to 
determine the wellbore temperature profile. 

(d) DIFFUS: This program was obtained from the Department 
of Energy Morgantown Energy Technology Center. It is a 
comprehensive model capable of three-dimensional flow 
simulation within a fractured system. 

The model worked for one-dimensional systems and some 
two-dimensional systems, but was not fully operational on 
fractured systems. 

PTTS began by correcting the code to allow it to 
compile without errors. As a result of its size, the 
program was segmented into a manageable ove-rlay structure 
to conserve computer resources and improve running 
efficiency. As published, the program requires two passes 
to complete a simulation run; the first pass determined the 
variable storage requirements, while the second pass 
performed the actual simulation run. The software has been 
modified to perform the simulation with only a single pass, 
thereby reducing the need for engineer or analyst 
intervention. The DIFFUS program can now simulate a 1-0, 
2-D or 3-D system with a single fracture. The multiple 
fracture option is still not operational. Analysis and 
modifications of the code are being carried out at this 
time. 
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(e) SHAFT78: This program was obtained from Lawrence 
Berkeley Laboratory. Attempts were made to compile this 
program on the CDC 6600 in order to develop a predictive 
tool for geothermal reservoir work. The program was found 
to be too large for this system. The sheer size of the 
program and magnitude of errors made compilation a slow and 
very expensive process. The program would not run on an 
IBM system. The program overlay structure as received 
would not compile or execute on the Network CDC 6600 
system. Modifications were made and the program compiled 
on the CRAY-I machine. The significant changes were on 
machine word size, code conversion and overlay modifi
cation. At this time, the code is not operational and work 
has been terminated on its conversion. 

This task has produced four workable tools for the 
numerical modeling of geothermal stimulation work: WELTEM, 
GEOTEMP, DIFFUS and FRAC. In addition, these tools are designed 
to assist the engineer/analyst by providing interactive, 
readable information in a format that fits his needs. The only 
significant lack of accomplishment has been in making the 
SHAFT78 program operational. 

3. Geothermal Symposium 

PTTS will initiate, organize and deliver a symposium on 
Geothermal Reservoir Well Stimulation to facilitate the 
interchange of information on geothermal well stimulation 
technology. A list of attendees has been developed from the 
geothermal community and those industry groups which are 
currently involved in stimulation work. The speakers have been 
selected from the contractor and subcontractor groups involved 
in this project and also from several organizations and 
companies actively involved in geothermal stimulation work. The 
symposium will take place in San Francisco on February 7, 1980. 
A set of proceedings will be published after the presentations 
at the conference. 

The following ten presentations are planned: 

1. Bob Hanold - Opening speaker 
2. Don Campbell - Contract Status Report 
3. James Albright - Active and Passive Seismic Techniques 

in Mapping Fractures 
4. Henry Crichlow - Fracture Design Modeling 
5. Ali Daneshi - Proppants and Proppant Transport 
6. Bob Hanold - Explosive Stimulation of Geothermal Wells 
7. Richard Sinclair - High Temperature Proppants and 

Fluids 
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A. Charles Morris, Rob Verity, Bob Nicholson, Scott Keys -
Case History: (a) Raft River: Mechanical Design 

and Operations 
(b) Raft River Evaluation 

9. Ralph Veatch - ~1assive Hydraulic Fracturing 
10. Otto Vetter, Don Tysee, Viv Kandarpa 

(a) Mathematical Treatment of Tracer Behavior in a 
Fracture 

(b) Thermal Stability of Fracture Fluids in Aqueous 
Systems 

IV. Program Reorganization, Budget and Schedule 

A. Program Reorganization 

As discussed in the foregoing, the original program 
schedule has been changed by the accelerated completion of a 
second field experiment at Raft River. Figure 2 illustrates the 
revised program schedule for the completion of all activities 
contained in the Statement of Work. The completed and planned 
field stimulation experimental program (based mostly on 
recommendations contained in the report "Geothermal Reservoir 
Well Stimulation Project - Reservoir Selection Task" of 
~ovember 1979) is as follows: 

(1) Dendritic ("Kiel") hydraulic fracture treatment of~a low 
temperature reservoir - Raft River Well RRGP-4. 
(completed August 1979) 

(2) Massive hydraulic fracture treatment in a low temperature 
reservoir - Raft River Well RRGP-5. 
(completed November 1979) 

(3) and (4) Combined multi-stage hydraulic fracture and 
shallow hydraulic fracture ("mini-frac") treatment of a 
moderate temperature reservoir - probably East Mesa 
'(.I7ell 58-30. 

(5) An advanced type stimulation treatment (acid frac or ... ?) 
of a high temperature reservoir - Baca, NM; Brawley, CA; 
Roosevelt Hot Springs, UT; The Geysers, CA. 

(6) Multistage hydraulic fracture treatment with scale 
inhibitor experiments in a high temperature reservoir -
probably Westmorland, CA. 

It should be noted that the future experimental program is 
flexible. The final choice of field locations will depend upon 
the success and technology development obtained by the GRWSP in 
preceding experiments and laboratory work. As indicated, the 
program has made a preliminary choice of the East Mesa reser
voir for the next field experiment. A proposal for the East 
Mesa job is being prepared for submission to the DOE/DGE at 
present. 
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In addition to the experiment schedule changes, the tasks 
outlined in the original contract reporting documentation have 
been combined into more descriptive and appropriate groups. 
These combined task activities are shown in Table 3; e.g., tasks 
1.1.1, 1.2.1 and 1.3.1 are now combined into the "technology 
review" activity. It is expected that this arrangement will 
simplify the project reporting and communication functions. 
Internally, RGI will continue to monitor all original task 
activities individually for administrative and budgetary 
control. 

B. First-Year Financial Status 

The financial status of the first year of the GRWSP is 
illustrated on Figure 3 and summarized on Table 4 according to 
the task categories discussed above. Tables 5 and 6 show the 
estimated total of costs associated with the Raft River 
experiments by task and contractor. A further detailed 
breakdown of all first-year funds spent is provided in the 
Appendix. 

The project expenditures were $1,617,000 through 
December 31, 1979, which is approximately $400,000 more than 
planned for the first-year activities. The principal reason for 
the increased expenditures was the second Raft River field 
experiment. The original project schedule called for the 
completion of only one field experiment during 1979. The second 
field experiment performed in 1979 represents 85 percent of the 
excess: i.e., $342,000 for the Raft River RRGP-5 stimulation 
treatment (it should be noted that approximately $192,000 in 
expenses associated with the Raft River experiments has not been 
billed or included in this first-year summary as of December 31, 
1979), and $58,000 for increased labor and labor related 
overhead costs. 

Table 4 also includes an estimate of the percent complete 
for each task category. Only the technology transfer and 
stimulation materials categories show significant contrast 
between the percent spent and estimated percent complete values. 
The Technology Transfer category is primarily a literature 
survey and "state-of-the-art" technology assessment task. 
Documentation of the work on this task has been delayed because 
of the field experiments, but is expected to be completed within 
budget. The Stimulation Materials 8valuation category shows a 
high percentage of the funds spent because this task includes 
the development of special equipment required to evaluate 
materials for geothermal application. Activities during the 
second year on this latter task will be labor intensive charges 
because all major equipment orders have now been received. All 
the other task activities are essentially on schedule or even 
ahead of schedule. 
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TABLE 3 

Task Reorganization 

Technology Review 

1.1.1 
1. 2.1 
1.3.1 

Technology Transfer 
Equipment Review - Surface 
Equipment Review - Downhole 

Stimulation Materials Evaluation 

1. 4.1 
1. 4.2 
1. 4.3 

1. 5.1 

Frac Fluid Evaluation 
Frac' Proppant Evaluation 
Recent Stimulation Technology 
Development Analysis 
Chemical Stimulation Analysis 

Numerical Simulation 

1. 6.1 
1.6.2 

Numerical Model Development 
Numerical Analysis (Job) 

Planning Field Experiment 

2.1.1 
2.2.1 
2.3.1 
2.4.1 
2.5.1 
2.6.1 

Reservoir ID, Evaluation and Oualification 
Well ID and Recommendation -
Prepare Specific Well Experiment 
Environmental and Permitting 
Field Experiment Administration Planning 
Specifications and Subcontracting 

Field Experiment and Analysis 

1. 6.3 
2.7.1 

2. 8.1 
2.8.2 
2.8.3 

Radioactive Tracer 
Design and Provide Surface Production 
Facilities 
Field Experiment and Production Testing 
Monitoring and Data Collection 
Data Analysis and Interpretation 

Project Management and Reporting 

2.9.1 
2. 9.2 

Project Reporting and Management 
Geothermal Well Stimulation Symposium 
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':'able 4 

GRWSP Financial Status - (SOOO) 
December 31, 1979 

Estimated Es tima ted Category(l) Costs ( 2 ) Spent(3) % Spent % Complete 
Technology Review S 103 $ 94 91 Stimulation 681 447 65 Materials P.valuation 
Numerical Simulation 124 81 65 Experiment Planning 164 58 35 Field Experiments 2,442 717 29 Management 490 220 --..i2 

Total $4,004 Sl,6l7 40 

(l)See Table 3 for grouping of major tasks by category 
(2)8ase0 on contract estimates 
(3)Sased on actual billings 

C. Second-Year Schedule and Budget 

70 
50 

70 
33 
33 
40 

40 

As previously noted, Figure 2 shows the revised schedule 
proposed for completion of the program. Although t~ere is a 
significant rearrangement of the field experiments, the project 
is expected to be completed within the original time frame while 
meeting all the requirements of the original Statement of Work. 

The proposed budget for the completion of the program 
is given on Table 7. A $543,000 cost increase relative to 
the current contract amount is anticipated. The cost areas 
accounting for the increase are: inflation, changes in 
planned frac materials, labor and overhead. The largest 
single category, i.e., Field Experiment & Analysis, accounts 
for more than $363,000 of the overage. Specifically, the 
significant areas of cost concern may be summarized as follows: 

(1) S306,000 Labor and labor related indirect overhead 
costs have increased over original estimates due to 
an error in the original estimate (recoginized at the 
time of contract negotiation), provision for increased 
on-site field experiment supervision, a higher hourly 
rate, and cost growths in departmental overheads and 
general and administrative expenses. See Appendix A 
for a more detailed explanation. 
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TABLE 5 

FIELD EXPERIMENT BUDGET SUMMARY - (SOOO) 

EXPERIMENT 1 

Experiment Type: Dendritic ("Kiel") frac intended to improve communication 
with natural fracture system 

Reservoir Type: Low temperature, fractured 

Location: Raft River t/4 

RGI SERVICE 
LABOR VR MEl MAP CO COMPAlTI TOTAL 

Field Experiment and AnalYSis 

Design and Provide Surf. 
Production Facilities 0 0 0 0 0 0 

Field Experiment and 
Production Testing 24 3 4 0 306 337 

Monitoring and Data 
Collection 1 26 0 0 0 27 

Data Analysis and 
Interpretation 15 8 0 0 0 23 

Radioactive Tracer 0 25 0 0 0 25 

TOTAL FIELD EXPERIMENT 
AND ANALYSIS 40 62 4 ° 306 412 

Planning Field Experiment 33 0 0 0 6 39 

TOTAL FIELD EXPERIMENT 73 62 4 0 312 451 
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TABLE 6 

FIELD EXPERIMENT BUDGET SUMMARY - (SOOO) 

EXPERIMENT 2 

Experiment Type: Conventional massive planar frac intended to establish 
communication with natural fracture system in deep, hotter 
portion of reservoir. 

Reservoir Type: Low temperature, fractured 

Location: Raft River tl5 

RGI SERVICE 
LABOR VR MEI MAPCO COMPAl'1Y 

Field Experiment and Analysis 

Design and Provide Surf. 
Production Facilities 0 0 0 0 0 

Field Experiment and 
Production Testing 33 31 3 0 394 

Monitoring and Data 
Collection 8 1 0 0 0 

Data Analysis and 
Interpretation 14 3 0 0 0 

Radioactive Tracer 0 0 _0 _0 _0 

TOTAL FIELD EXPERL~NT 
AND ANALYSIS 55 35 3 ° 394 

Planning Field Experiment ....ll --.Q _0 _0 _4 

TOTAL FIELD EXPERIMENT 67 35 3 0 398 
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TOTAL 

() 

461 

9 

17 

0 

487 

J.Q. 
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TARLE 7 

GRWSP Second-Year Budget - (SOOO) 

-------2nd Year Estimate-------
Category Spent RGI VR MEI MGI/PTTS Total 

Technology Transfer 94 10 12 0 3 119 

Frac Materials 
Evaluation 447 3 218 37 0 705 

Numerical Simulation 81 18 0 10 45 154 

Planning Field 58 76 41 19 15 209 
Experiment 

Field Experiment 717 1,7:26 274 30 58 2,805 
& Analysis 

Project Management 220 211 73 8 43 555 
& Reporting 

TOTAL 1,617 2,044 618 lOll. 164 4,547 
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Original 
Budget Difference 

103 16 

681 24 

124 30 

164 45 

2,442 363 

490 65 

4,004 543 

(2) $145,000 Actual field experiment costs at Raft River, 
excluding RGI labor, exceeded proposal estimates by 
$244,000 due to the nature of the jobs and remoteness 
of the location. Contract cost estimates were based 
on less extensive jobs and did not assume the Idaho 
location. However, a cost saving of $99,000 in pro
duction testing was realized because the test facili
ties were installed and o~erated by EG&G under separate 
funding from DOE. 

(3) $86,000 An increase in expenditures for rigs, equip
ment, rentals, field services and stimulation materials 
is expected in the remaining field experiments. This 
figure is the net result of inflation and revisions 
in the procedure and materials for field experiments 
36. This is an increase of 6.4% over the $1;343,000 
originally budgeted in this category. 

(4) $6,000 Other budget changes result in a net increase 
for this amount. 

The items discussed above represent significant increases 
over the original contract cost estimates. However, it should 
be noted that several conservative assumptions were made in 
arriving at the estimated future experiment costs for proppant 
materials, production test facilities, inflation, and super
visory effort. The budget presented herein, reflects the 
best estimate of the cost of completing the remaining project 
activities. Tables 8 through 10 summarize the estimated costs 
for each of the future field stimulation treatments. 
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TABLE 8 

FIELD EXPERIMENT BUDGET SUMMARY - (SOOO) 

EXPERIMENT 3 & 4 

Experiment Type: Multi-stage hydraulic frac intended to enhance productivity 
of deep, low permeability zones and a mini-frac to penetrate 
near-wellbore impairment in more shallow, high permeability 
sands 

Reservoir Type: Moderate temperature, sandstone-shale formation 

Probable Location: East Mesa 58-30 

RGI SERVICE 
LABOR VR MEl MAP CO COMPAl.\fY --

Field Experiment and Analysis 

Design and Provide Surf. 
Production Facilities 8 0 0 0 60 

Field Experiment and 

TOTAL 

68 

Production Testing 30 6 8 0 462 506 

Monitoring and Data 
Collection 19 30 0 0 23 72 

Data Analysis and 
Interpretation 7 16 2 0 0 25 

Radioactive Tracer 0 31 0 0 0 31 

TOTAL FIELD EXPERIMENT 
AND ANALYSIS 64 83 10 0 545 702 

Planning Field Experiment 27 14 7 0 5 53 

TOTAL FIELD EXPERIMENT 91 97 17 0 550 755 
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TABLE 9 

FIELD EXPERIMENT BUDGET SUMMARY - (SOOO) 

EXPERIMENT 5 

Experiment Type: Acid frac or another advanced type stimulation treatment 
intended for productivity enhancement 

Reservoir Type: High temperature, fractured 

Probable Location: Baca, The Geysers, or Roosevelt Hot Springs 

RGI SERVICE 
LABOR VR MEl MAP CO COMPAJ.\fY 

Field Experiment and Analysis 

Design and Provide Surf. 
Production Facilities 4 0 0 0 60 

Field Experiment and 
Production Testing 20 6 9 0 312 

Monitoring and Data 
Collection 12 30 0 0 23 

Data Analysis and 
Interpretation 6 16 2 0 0 

Radioactive Tracer _0 -1Q. _0 _0 -9. 
TOTAL FIELD EXPERIMENT 

AND ANALYSIS 42 82 11 0 395 

Planning Field Experiment 26 .....li _6 _0 _5 

TOTAL FIELD EXPERIMENT 68 95 17 0 400 
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TOTAL 

64 

34J 

65 

24 

-1Q 

530 

...2Q 

580 



Experiment Type: 

Reservoir Type: 

Probable Location: 

TABLE 10 

FIELD EXPERIMENT BUDGET SU~Y - ($000) 

EXPERIMENT 6 

Two-stage hydraulic frac with scale inhibitor intended 
to reduce near-wellbore pressure drop and resultant scale 
deposition 

High temperature, sandstone-shale formation 

Westmorland 

SERVICE RGI 
LABOR VR MEl MAP CO CaMP A..."1Y TOTAL 

Field Experiment and Analysis 

Design and Provide Surf. 
Production Facilities 

Field Experiment and 
Production Testing 

Monitoring and Data 
Collection 

Data Analysis and 
Interpretation 

Radioactive Tracer 

TOTAL FIELD EXPERIMENT 
AND ANALYSIS 

Planning Field Experiment 

TOTAL FIELD EXPERIMENT 

4 

16 

5 

6 

° 
31 

57 

0 0 

6 8 

30 0 

16 2 

31 0 

83 10 

14 6 

97 16 

34 

0 60 64 

32 409. 471 

26 23 84 

0 0 24 

0 0 31 

58 492 674 

0 5 .-ll 

58 497 725 

Proposal (2 Years) 

Rates 
Effort 

Actual (11 Mos to 12/31/79) 

Rates 
Effort 

Balance Remaining 

Estimate to Complete 

Projected Variance 

Increases Due to 

Omitted Hours 
Field Experiments 
Higher Hourly Rates 
Departmental Overhead 
G&A 
Rounding 

Total Increases 

Labor Cost 

Hours 

12,864 

5,461 

7,403 

9,054 

1 2651 

816 
835 

1,651 

GRWSP 
Variance 

Labor 
Dollars 

$187,034 

88,239 

98,795 

157,829 

$ 59 2034 

$ 13,848 
18,353 
26,836 

Analysis 

Overhead 

76.87% 
$143,783 

100.79% 
88,935 

54,848 

158,564 

$103 2716 

$ 10,645 
17,986 
20,629 
54,470 

(3) (14) 

$59,034 $103 2 716 

A-1 

G&A 

58.00% 
$108,480 

95.42% 
84,199 

24,281 

167,299 

$143,018 

$ 8,032 
19,454 
15,565 

99,967 

$143 2 °18 

Total 
Labor Costs 

$439,297 

261,373 

177 ,924 

483,692 

$305,768 

$ 32,525 
55,793 
63,030 
54,470 
99,967 

(17) 

$305,768 



GR\{S? 

!~crease Jue :0 Omi::ed ~ou:s 

:~c=aase in Labo: Cos~s due ~o Omi::ad ~ours 

Omi~tad :!ours 
~sti~ted laboc 1ate 

Toeal Increase 

816 
S 16.97 

LJ ,3 4 3 
10,54 5 
8,032 

532,525 

Approximately one-half man-year of senior engineering time was included 
in work program but inadvertently omitted from proposed costs. This 
effort was included in the Statement of Work and, therefore, is not an 
overrun or change in the scope of the work. 

A-2 

GRWSP 

Increase in On-Site Field Experiment Supervision 

Field Experiment Supervisor 

Hourly Rate $ 21. 98 

Increased Hours 835 

Direct Labor 18,353 

Department Overhead @. 98% 17,986 

G&A @ 106% 19,454 

Total Increase $ 55,793 

On-site supervision by RGI personnel was substantially underestimated 
in the performance of experiments 1 and 2. The average was approximately 
200 hours per job. Therefore, it is estimated that an additional 835 hours 
will be required during the remaining four experiments. 

A-3 



GR(';S? 
rncr~asa Jue :0 ~!3~er ~ourly ~aces 

?:-ooosad 

Lahor Dol2.ars 
:lours 

Ac!;ual 

Labor Do llars 
;tours 

A~erage Race per aou= :0 12/31/79 

lealized r~c=ease 

!scimaced Race 2~d laar 

Ai:ac:ad ~ours 

5187,034 
12,864 

1" .54 

S 38,239 
5,::'61 

16.1S(1) 

1.62 

5, ~6 L 

514.54 

1.S .15 

L .05 

516.97 

2.::'3 

7''''03 

:~c=~asa :~ Ji:ac: ~aoor 3,347 ... ,,89 

Overhead @ ?rouosad Raca (75.87%) 
GSA @ Proposed'lace (58.00%) 

!ocal Increase 

(1) Average labor rate is higher due to: 
(a) Technician was not hired; work had to be performed by senior 

engineering staff. 

'J .1 

(b) Labor hours spent on field experiments by senior staff were 
significantly higher than planned due to unanticipated com
plexity of actual experiments performed. 

-,--

3Z5,336 

20,S29 
1· ~, • 
• .:J,.:JO.:J 

563,030 

Oeoartmental Overhead 

Proposed Composite Race 
Actual Composite Rate 

Increase 

Affected Direct Labor 

GRWSP 
Increases Due co Indirect Races 

R.ealized 
Increase 

76.87% 
100.79% 

23.92% 

S 88,239 

Increase in Department Overhead (1) S 21,107 

GSA Exoenses 

proposed Rate 58.00% 
Actual Rate 95.42% 
Estimated Rate 

Increase 37.42% 

Affected Direct Labor S 88,239 

Increase in GSA (2) S 33,019 

Estimated 
Increase 

76.87% 
100.79% 

23.92% 

5139,476 

S 33,363 

58.00% 

106.00% --
48.00? 

5139,476 

$ 56,948 

Total 
Increase 

S 54,470 

S 99,967 

(1) Increase is due to delays in other projects anticipated in original rate 
computations. Fixed overhead costs have not increased significantly While the direct 
labor base has not increased as projected. 

(2) Original proposed rate was based on a 3ubjecti~e estimate of the base for 
allocation. ?~asent method allocates G&A expenses based on ~ecorded direct labor. the 
increase is also due in par~ co the reason stated in (1) abo~e. 
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