
EGG-2140 
Distribution Categories: UC66-a, b, c, d, e, 9, j 

Geothermal Energy 

EGG--2 140 

DE82 007874 

SEMIANNUAL PROGRESS REPORT 
FOR THE IDAHO GEOTHERMAL PROGRAM 

APRIL I THROUGH SEPTEMBER 30,1981 

John T. Parker, Ed. 

Published January 1982 

EG&G Idaho, Inc. 
Idaho Falls, Idaho 83415 

~ _ _ _ _ ~ _ ~  ~~ - 

I DISCLAIMER 

Prepared for the 
U.S. Department of Energy 

Idaho Operations Office 
Under DOE Contract No. DE-AC07-761DOl570 

! 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



ABSTRACT 

This document summarizes progress of the 
Idaho Geothermal Program from April 1 to 
September 30, 1981. The report summarizes 
modifications incorporated in the 5-MW Pilot 
Power Plant at Raft River Geothermal Test Site, 
system operational testing and maintenance acti- 
vities at that plant, and the water treatment pro- 
gram’s corrosion studies. Progress is reported on 
performance tests of the ORNL condenser and the 
direct-contact heat exchanger in the Prototype 
Power Plant. Production-injection tests asso- 
ciated with pump installation in monitor wells at 
Raft River are reported. Case studies conducted 
and publications prepared for the program of low- 
to moderate-temperature hydrothermal resource 
development are also reported. The report 
describes monitoring activities and studies of the 
environmental program at Raft River and 
discusses two new areas of research under the 
Environmental Support Injection Research 
Program: pressure monitoring, and dispersion 

studies. It also summarizes progress of three 
successful proposers under the User-Coupled 
Confirmation Drilling Program. A program to 
encourage use of geothermal energy at Federal 
facilities was developed and initiated. Investiga- 
tion of direct use of hydrothermal energy is 
reported. Progress is reported on the Marketing 
Assistance Program, through which technical 
information and assistance are provided to poten- 
tial users and developers of geothermal resources. 
Also reported is progress on DOE’S Program 
Opportunity Notice (PON) Program demonstra- 
tion projects and the Program Research and 
Development Announcement (PRDA) Program 
study projects. 

Geothermal applications development for the 
M-X missile system’s Renewable Energy Systems 
(RES) package is reported. This program was 
terminated during this period. 
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SUMMARY 

The objectives of the Idaho Geothermal 
Program, sponsored by the Department of 
Energy, are to develop, demonstrate, and 
encourage the use of hydrothermal energy. This 
document outlines progress during the semiannual 
reporting period of April 1 to September 30, 
1981. 

During this reporting period, the 5-MW Pilot 
Power Plant at the Raft River Geothermal Test 
Site was prepared for startup. All startup 
modifications have been completed, all construc- 
tion component tests have been performed, and 
only three system operation tests remain to be 
done. DOE-ID approval has been received to 
proceed with startup testing. 

Two new pumps were received and installed in 
Supply Wells RRGE-I and RRGE-2, and 
modifications at Injection Wells RRGI-6 and 
RRGI-7 are underway. 

In the Materials Evaluation and Water Treat- 
ment Program, approximately 40 alloys were 
tested for corrosion in aerated brine, and a report 
summarizing the results is being prepared. 
Galvanic corrosion tests were run on three 
dissimilar materials, but the data obtained have 
not yet been analyzed. In a 6-month corrosion test 
of four potential tubing materials, Sea Cure and 
70/30 copper nickel did not pit and showed 
excellent resistance to general corrosion. 
Investigation into methods for removing silica 
from geothermal brine continued during this 
reporting period. 

At the 60-kW Prototype Power Plant, two 
sequences of tests have been conducted with the 
direct contact heat exchanger (DCHX). The first 
was directed toward evaluating the performance 
of the DCHX column. Data taken are presently 
being analyzed. Completion of the second 
sequence, with the objective of measuring the 
effects on plant performance of introducing non- 
condensible gases into the cycle in the DCHX, 
awaits the setup and calibration of chemical 
analysis equipment needed for the tests. 

A new working fluid charging and storage 
station was installed, and the heat exchangers for 
the supercritical modifications were thermally 
designed, specified, and ordered. 
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A number of binary geothermal cycles using 
three mixed hydrocarbon working fluids were 
analyzed for a 182°C geothermal resource to 
evaluate the performance augmentation of 
regenerative preheating techniques. Where basic 
cycles without regenerative preheating showed a 
loss in geofluid effectiveness when a geofluid 
outlet temperature of 71 "C was maintained to 
prevent silica precipitation in the injection wells, 
in the same cycles with regenerative preheating, 
nearly all the loss of performance was regained 
while maintaining the 71 "C outlet temperature. 

A study to determine whether any unforeseen or 
detrimental operating characteristics would be 
encountered in cold-weather operating revealed no 
major problems. 

During this reporting period, the geoscientific 
data collected at Raft River since 1974 were 
compiled into a single document, The Raft River 
Geoscience Case Study, to be published in 
November 198 1. 

Production and injection testing during this 
period was confined to short-duration tests, 
primarily associated with the installation of the 
new shaft pumps. 

Monitor well and water chemistry data were 
collected as part of the continuing effort to deter- 
mine the impact of geothermal development on 
shallow aquifers. No noticeable changes in 
groundwater level or water chemistry were 
attributed to the pumping and injection tests 
conducted in mid-March and late August of 1981. 

During the reporting period, no microseismic 
events were recorded within 40 km of the Raft 
River Sampling array intended to detect 
microseismic activity associated with fluid 
withdrawal and injection. 

Temperature and precipitation during the 
reporting period were near normal, except for 
record precipitation in May. 

The air quality monitoring program continued 
during this reporting period. 

Monitoring of the ferruginous hawk and golden 
eagle populations continued during this period. As 



expected, both species continued to decline during 
1981. This decline is related to the black-tailed 
jackrabbit population cycle. 

Under the Low- to Moderate-Temperature 
Reservoir Engineering Program, two major 
publications were developed during this reporting 
period-the Case Studies of Low- to Moderate- 
Temperature Hydrothermal Energy Development 
(IDO-10098), and the Low- to Moderate- 
Temperature Hydrothermal Reservoir Engineer- 
ing Handbook. Both projects were prepared as a 
joint effort of EG&G Idaho and Lawrence 
Berkeley Laboratory for the Idaho Operations 
Office of the Department of Energy. 

Two new areas of research were initiated in the 
Environmental Support (Injection) Program: 
(a) pressure monitoring, and (b) dispersion 
studies. The pressure monitoring research is 
designed to relate observable pressure changes in a 
geothermal reservoir and associated groundwater 
aquifers to observed and anticipated solute move- 
ment as a result of spent geothermal fluid injec- 
tion. The objective of the dispersion research 
program is to increase the accuracy of models that 
predict the movement of geothermal fluids in 
fractured rock systems. 

A cooperative agreement was signed with the 
Wine Valley Inn, Calistoga, California, under the 
User-Coupled Confirmation Drilling Program. 
Work is underway on this project and on those at 
Geoproducts Corporation and the City of 
Alamosa under this program. One project remains 
in negotiation. 

A Federal Building Program plan was 
developed and initiated in compliance with the 
Energy Security Act of 1980 to encourage the use 
of geothermal energy at Federal facilities located 
near geothermal resources. Energy use data 
indicate potential geothermal energy applications 
of significant scope and savings. 

Comparison of advanced binary electric power 
plant performance with that of conventional 
binary and dual flash steam plants has shown 
significant performance improvement for resource 
temperatures in excess of 260°C. Power plant and 
field surface equipment capital costs have been 
developed for the advanced binary power plants. 

Additional detail has been developed for the use 
of hydrothermal energy for industrial process heat 
by 24 screened potential users. The application of 
this additional data will provide increased 
accuracy in determining the site-specific 
economics for each potential user industry. 

Under the Marketing Assistance Program, one 
additional exhibit was placed, bringing the total 
for the year to nine. Forty requests for technical 
assistance and 157 requests for technical informa- 
tion were received during the reporting period. 
The number of technical assistance requests still 
outstanding is 22. Under the Community 
Assistance effort, 10 communities were selected 
for consultory assistance in examining financing 
vehicles available for district heating systems. An 
Institutional and Financial Guide to Geothermal 
District Heating has been prepared. 

During this period, EG&G provided program 
management and technical support for 
12 demonstration projects in the Program 
Opportunity Notice (PON) Program and five 
engineering and economic studies in the Program 
Research and Development Announcement 
(PRDA) Program. 

The M-X/RES project has been terminated 
following the administration decision to base the 
missile in existing silos. The main accomplishment 
for the reporting period was a draft report on 
advanced binary power plants and hybrid 
fossil/geothermal plants. Equipment for a 
possible 20 MW(e) power plant was sized for the 
purpose of generating “order-of-magnitude” 
costs. Further work was done in the area of 
geothermal space conditioning systems and 
equipment that could be used at an operating 
base. 

Publications completed during this reporting 
period include the annual Raft River Environ- 
mental Report; the annual Monitoring Well 
Report; a paper on operation of the prototype 
plant, presented at the 16th IECEC Conference; a 
paper, “Analyses of Mixed Hydrocarbon Binary 
Thermodynamic Cycles for Moderate Tempera- 
ture Resources,” also presented at the 16th 
IECEC Conference; a report, Condensing Curves 
for a Number of Mixed Hydrocarbon Working 
Fluids; and a report, Epidemiology of the 
Madison Aquver, South Dakota. 
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SEMIANNUAL PROGRESS REPORT 
FOR THE IDAHO GEOTHERMAL PROGRAM 

APRIL 1 THROUGH 

INTRODUCTION 

The Idaho Geothermal Program, sponsored by 
the Department of Energy (DOE), has conducted 
field experiments and demonstrations at the Raft 
River Geothermal Test Site since 1973. Located in 
south-central Idaho, this area is the center of 
wide-ranging studies into various uses of its 
medium-temperature (1 SOOC) geothermal fluids. 
Activities there involve electric power generation, 
conversion technology (including research into 
direct-contact heat exchangers), various direct 
applications, studies of water treatment methods, 
reservoir engineering, and environmental 
protection. 

Personnel from DOE’s Idaho National 
Engineering Laboratory (INEL) perform 
experiments and support functions at Raft River 
and, from DOE’s facilities in Idaho Falls, assist 
DOE in conducting studies and in monitoring and 
administering various other programs. Among 
these are programs for providing technical 
assistance and information to potential developers 
of geothermal energy resources. Progress of these 
activities is summarized in this report. 

FIVE-MEGAWAlT PILOT 
POWER PLANT 
(L. Walrathl 

The Objective of this activity is to demonstrate 
the technical, economical, and environmental 
feasibility of using geothermal fluids with 
temperatures lower than 150°C to generate electric 
energy. The facility is a 5-MW(e) (gross power) 
pilot plant using standard state-of-the-art 
components and an organic Rankine cycle. The 
program provides for all elements of manage- 
ment, engineering, testing, and operation of the 
plant. 

During the reporting period, the plant was 
prepared for startup. Equipment deficiencies 
noted during component testing were corrected, 
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and final operating procedures were marked up in 
conjunction with system operational tests. 

All startup modifications have been completed 
and included the following: 

Heat tracing of the Process Area 

Vapor compressor cooling water modifica- 
tions 

Electrical modifications of the Water 
Treatment System. 

Interlock between the generator heater and 
the generator main breaker 

Support  blocks under the vapor 
compressor 

Underfrequency relay in the substation 
panel 

Pressure sensitive cutout for Pumps P-801 
and P-802 

Steel pipe supports for the geothermal 
piping 

Thermowells in the Isobutane Flare System 
to replace sight glasses 

Pressure cutout switches in the control 
room for stopping the geothermal injection 
line actuators 

Isobutane strainer AP gauges 

Flare System drip leg flame arrester 

Modification of isobutane tank excess flow 
valves for manual operation 

An air dryer in the air supply line to the 
Flare System 

Additional access platforms in the Process 
Area. 



All construction component tests have been 
completed, and the only system operation tests 
remaining to be done are those of the Isobutane 
Process System and the Turbine-Generator 
System. Also, the Injection System is being 
modified and when completed will need to be 
system tested. 

A final readiness review was conducted on 
September 10, 1981, to evaluate plant readiness 
for fill of the process isobutane system and 
subsequent testing. DOE-ID approval has been 
received to proceed with the startup testing. 

The annual Raft River Environmental Report 
was completed and issued. An H2S ambient air 
monitor has been retrofitted and installed at Raft 
River. This equipment will collect baseline data on 
H2S entering the valley from the Wasatch Front 
and will be operating during plant startups. 
Editing of the Raft River Geoscience Case Study 
has been completed, and the document will be 
published in November 1981. The annual monitor 
well report was completed and published in 
September. A reservoir engineering sampling plan 
for the startup test has been prepared and will be 
implemented during the startup test. 
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RAFT RIVER 
FACI LlTY OPERATIONS 
(L. Walrath) 

The objective of this project is to provide 
general and systems maintenance functions for the 
5-MW(e) Power Plant and associated support 
systems. Items covered include instrumentation 
calibration and maintenance, electrical and 
computer maintenance, and general site and 
systems maintenance. Warehousing, facility 
upkeep, and operational support of the Raft River 
well field and the power plant are provided in this 
account. 

The machine shop and the instrument and 
electrical shops were moved from the Site 1 area 
into the maintenance building at the 5-MW(e) site. 
The new guard station building was put in place, 
and the electrical hookup was completed. A con- 
trolled parking area for employees, visitors, and 
government vehicles was constructed. 

Two new Peerless line shaft pumps were 
received at the site. The 500-hp, 305-m (1000-ft) 

pump was installed in RRGE-1, and the 350-hp, 
305-m (1000-ft) pump was installed in RRGE-2. 
These two pumps deliver 70.65 L/s (1120 gpm) 
and 42.9 L/s (680 gpm), respectively. Following 
the installation of the pumps, a flow test was run 
from supply wells RRGE-1, RRGE-2, and 
RRGE-3 to injection wells RRGI-6 and RRGI-7. 
This test accomplished a scheduled major 
milestone at Raft River. During testing, filter 
plugging at the injection pumps caused unstable 
flow conditions. A procedure change and system 
modification were prepared to correct the 
problem. The change involves having the geo- 
thermal water flow to a reserve pit rather than in a 
completely closed system. Modifications at well 
sites RRGI-6 and RRGI-7 were started. This 
included excavating, fabricating concrete forms, 
pouring concrete, and fabricating valve, pipe, and 
strainer assemblies to incorporate the revised 
injection flow process. This modification will be 
completed prior to the scheduled startup time. 

CONVERSION TECHNOLOGY 
(J. F. Whitbeck) 

Materials Evaluation and 
Water Treatment Program 
(D. F. Suciu) 

The objective of this program is to define 
proper material selection for the various 
components in heat rejection systems using treated 
geothermal or other highly saline brines, and to 
determine chemical requirements for prevention 
of scale and corrosion in these systems. 

A spinner test apparatus was used to evaluate 
corrosion of approximately 40 alloys in aerated 
brine having chloride levels of 10,000 and 
80,000 ppm at 35°C. Of those 40 materials, 70/30 
copper nickel and Sea Cure, as well as several very 
costly alloys (such as Hasteloy and Inconel), had 
very low corrosion rates and, in the 30 day spinner 
tests, showed essentially no pitting. A report that 
summarizes these results is being prepared. 
Galvanic corrosion tests were also run to evaluate 
the corrosion effects of-dissimilar materials for the 
60-kW Prototype Power Plant. Materials involved 
were carbon steel, 90/10 copper nickel, and 
aluminum bronze. Galvanic corrosion influenced 
material loss rates for the carbon steel coupons. 
The data have not been analyzed; results will be 
included in subsequent progress reports. 
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Pilot cooling towers were used in a 6-month cor- 
rosion test of four potential tubing materials. Sea 
Cure, 70130 copper nickel, Admiralty Brass, and a 
12% chrome iron-based alloy were exposed to a 
pretreated (processed for silica and hardness 
removal) and cycled cool geothermal brine. Data 
show that Sea Cure and 70/30 did not pit and had 
excellent resistance to general corrosion. The 
Admiralty Brass and the 12% chrome alloy pitted 
severely. Sea Cure appears to be an excellent con- 
denser tubing material. A report on the corrosion 
work is in preparation. 

Silica must be removed from geothermal brine 
and other high-silica-bearing water before using 
the water as a coolant. Tests of silica removal 
methods showed that while ion exchange is not 
economical for treating makeup water, it may be 
applicable in a sidestream treatment process if 
cooling water can be used at an increased number 
of cycles of concentration. The use of sand for 
silica removal shows some promise, but results to 
date have been inconclusive. Data indicate that 
dissolution of iron from scrap iron, where the 
silica precipitates along with iron hydroxide as the 
pH of the solution is increased to about 8.6, is a 
potentially economic alternative for silica 
removal. 

Prototype Power Plant 
(0. J. Demuth and G. Mines) 

Two tests sequences have been conducted with 
the direct-contact heat exchanger (DCHX) and 
with the Oak Ridge National Laboratory fluted 
tube condenser using the 60-kW Prototype 
Geothermal Facility at the Raft River Site. The 
first sequence was directed toward evaluation of 
the thermodynamic and hydraulic performance of 
the DCHX column. Data taken are presently 
being analyzed and will be presented separately in 
a topical report. Typical working fluid (WF) and 
geofluid (GF) temperature profiles in the column 
are shown in Figure 1. These profiles were 
obtained during a period when the column was 
operating near its maximum throughput condi- 
tions (as limited by column operational stability 
and excessive isobutane loss in the effluent 
geofluid stream). Figure 1 illustrates a very small 
approach temperature difference between the 
working fluid and geofluid (pinch point) occurring 
at the upper end of the preheating section of the 
sieve trays. (Energy balances performed on the 
data suggest that pinch points were well under 
03°C  for some of the runs.) 

The second test sequence had the objective of 
measuring the effects on condenser (and plant) 
performance of noncondensible gases introduced 
into the cycle in the DCHX. These noncondensible 
gases (primarily nitrogen) originate in the geofluid 
(at a concentration of about 50 ppm), come out of 
solution in the DCHX, and pass into the 
condenser as a mixture with the working fluid 
vapor. Unless the condenser is vented, the 
noncondensibles accumulate there and reduce the 
overall heat transfer coefficient markedly, causing 
an increase in condensing temperature. Plant per- 
formance is affected by the increase in condenser 
pressure that results from the increase in working 
fluid vapor pressure as well as by the presence of a 
significant noncondensible gas partial pressure. 
As an example, during one 7-hour period without 
condenser venting and with constant cooling water 
flow and temperature, the condenser total 
pressure increased by about 1.7 atmospheres as 
the noncondensible partial pressure built up to a 
level of about 1/4 atmosphere. By the end of this 
reporting period, chemical analysis equipment to 
measure noncondensible and water levels in the 
working fluid streams or noncondensible and 
working fluid levels in the geofluid streams had 
arrived on site but had not been set up. This test 
sequence will be completed when the analysis 
equipment is set up and calibration has been 
completed. 

The data acquisition and storage and 
performance-analysis computer programs for the 
DCHX tests were put on the Raft River computer. 
The analysis program is being used to review the 
data taken to date. 

A new working fluid charging and storage 
station was installed that allows the working fluid 
to be added to the plant without the use of 
nitrogen gas to pressurize the storage tank. The 
system also allows a second working fluid 
component to be added to the plant independ- 
ently. This system was set up primarily for the 
working fluid mixture testing. 

The heat exchangers for the supercritical modi- 
fications were thermally designed, specified, and 
ordered. These heat exchangers are shell and tube 
units that will be used in the next phase of the 
prototype test program involving the supercritical 
operation using working fluid mixtures. The 
design of this plant modification was initiated and 
approximately 90% completed during the 
reporting period. 
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Figure 1. Typical DCHX working fluid and geofluid temperature profiles. 
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In August, 1981, a paper was presented at the 
16th Intersociety Energy Conversion Engineering 
Conference (IECEC) on the operation of the 
prototype plant during the automatic test run 
period. 

During this report period, the Ed Wahl 
Company performed and reported a study on 
potential modifications to the prototype direct 
contact heat exchanger that could improve the 
mass transferlheat transfer characteristics of sieve 
tray columns. This study is currently being 
reviewed. 

A paper titled Analyses of Mixed Hydrocarbon 
Binary Thermodynamic Cycles for Moderate 
Temperature Resources was presented at the 16th 
IECEC in August 1981 and is included in the 
proceedings of that meeting. 

Advanced Conversion Systems 
(0. J. Demuth) 

This task, initiated late in the previous semi- 
annual reporting period, provides for the evalua- 
tion of various advanced technologies and 
concepts for converting geothermal energy to 
electrical energy. 

A report, EGG-GTH-5466, titled Condensing 
Curves for  a Number of Mixed Hydrocarbon 
Working Fluids, was completed and submitted to 
DOE in July 1981. The condensing curves were 
those used in the mixed hydrocarbon working 
fluid cycle analyses (mentioned above under 
“Prototype Power Plant”), and were assembled 
to provide background information for studies of 
heat rejection systems for advanced geothermal 
power plants using mixed hydrocarbon working 
fluids. 

A number of binary geothermal cycles using 
three mixed hydrocarbon working fluids were 
analyzed for a 182°C geothermal resource to 
evaluate the performance augmentation of 
regenerative preheating techniques such as turbine 
bleed and turbine exhaust recuperation. Working 
fluids considered include (by mass) 88% 
isobutane/l2% isopentane, 96% isobutane/ 
4% heptane, and 95% propane/5% hexane. 
Previous studies have shown these to be the best 
performing working fluids for the 182°C resource 
temperature. 

Studies of the basic cycles without regenerative 
preheating show a loss in geofluid effectiveness 
(net plant power, W-hrlkg geofluid) of 7 to 14% 
when a geofluid outlet temperature of 71°C was 
maintained to prevent silica precipitation in the 
injection wells. Examination of the same cycles 
with recuperator or turbine bleed regenerative 
preheating of the working fluid shows that nearly 
all of the loss of performance can be regained by 
regeneration while maintaining the 7 1 “C geofluid 
outlet temperature. The mixture judged to be the 
most promising of the three investigated, 
96% isobutane/4% heptane, showed the same 
geofluid effectiveness for the regenerated case 
with the 71 “C geofluid outlet temperature restric- 
tion as for the nonrestricted case without 
regeneration. An important added benefit of 
regeneration is the decrease in the amount of heat 
rejected in the cycle, thus decreasing the cooling 
tower size and cooling water makeup requirements 
by as much as 14%. 

A brief probing study was made to investigate 
the recuperated plant behavior during winter 
operation using 96% isobutanel4Vo heptane, and 
assuming the same plant components as defined 
for summer operation at 4137 kPa (boo psia) 
turbine inlet pressure (peak performance condi- 
tions). The study was intended to determine 
whether any. unforeseen or detrimental operating 
characteristics would be discovered for cold- 
weather operation. No major problems were 
revealed. The geofluid effectiveness increased by 
28% as the ambient wet-bulb temperature was 
decreased from 16°C to about -11°C while 
holding the working fluid flow constant. While 
the geofluid flow rate changed insignificantly, the 
geofluid outlet temperature dropped from 71 O C  to 
62°C. Therefore, at specific sites for which wet- 
bulb temperatures reach sufficiently low values, 
silica precipitation may present a problem requir- 
ing a change in operating procedure (such as 
changing the working fluid flowrate or turbine 
inlet conditions) at the coldest ambient 
temperatures. 

RAFT RIVER 
RESERVOIR ENGINEERING 
(B. F. Russell) 

The reservoir engineering research conducted 
includes three primary technical efforts: geother- 
mal reservoir engineering, monitor well support, 
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and geochemistry. In general, a significant effort 
was undertaken to prepare for the startup and 
operation of the 5-MW(e) facility. 

The geothermal reservoir engineering work 
included the compilation of the geoscientific data 
collected at Raft River since 1974 into a single 
document. This Raft River Geoscience Case Study 
details information regarding geology, 
geophysics, hydrology, and geochemistry. An 
extensive appendix is also provided to augment the 
data in the body of the report. The document will 
be published and made available during 
November 1981. The Raft River Geoscience Case 
Study concludes that fractures play a dramatic 
role in fluid production. The reservoir is 
anisotropic, with the major axis of hydraulic 
conductivity coincident to the Bridge Fault Zone; 
this is typical of many Basin and Range systems. 

Production and injection testing at Raft River 
over the past 6 months was confined to short- 
duration tests, primarily associated with the 
installation of the new Peerless & Line shaft 
pumps. These pumps were installed during the 
month of August. The injection system was 
modified to allow the spent fluids to flow into the 
lined injection ponds immediately prior to injec- 
tion downhole. The benefits of this procedure, 
primarily a function of available plant operation 
options, greatly outweigh the weaker aspects of 
the modification. A geochemical-hydrologic 
analysis to evaluate the effects of the modification 
was initiated and will continue during plant 
startup and operation. 

Work performed on Raft River monitor well 
support is covered in the following section on the 
Raft River Environmental Program. 

The geochemical data collected from previous 
research was loaded into a computer data bank to 
provide greater accessibility and easier analysis. 
Research is continuing in the area in conjunction 
with the development of a better understanding of 
the hydrogeology of the Raft River area. 

RAFT RIVER 
ENVl RON M ENTAL PROGRAM 
(T. L. Thurow) 

The Raft River Geothermal Environmental 
Program is designed to assess beneficial and 
detrimental impacts to the ecosystem resulting 

from the development of moderate temperature 
geothermal resources in the valley. The results of 
the research contribute information needed to 
develop an understanding of the ecology of the 
region. This insight provides a basis for making 
management decisions that reduce the potential 
for long-term environmental problems. Much 
previous research has been conducted over the 
past 6 years that categorizes the baseline environ- 
mental parameters. ,2 This section summarizes 
the environmental monitoring and research efforts 
during the past 6 months. 

Monitor well and water chemistry data were 
collected as part of the continuing program that is 
designed' to provide information that enables 
evaluation of the impact of geothermal develop 
ment on the shallow aquifers. A detailed discus- 
sion of these data can be found in the annual 
progress reports.394 Seven monitor wells are 
located in the Raft River geothermal resource 
area. The depth and location of these wells were 
planned so that groundwater response to geother- 
mal production or injection can be detected before 
it becomes noticeable at the irrigation or domestic 
wells. Each monitor well is equipped with a con- 
tinuously reading water level recorder. 

Groundwater level changes consist of long-term 
trends and annual seasonal fluctuations. The 
shallow aquifers of the Raft River Basin have had, 
a declining long-term trend due to extensive irriga- 
tion demand. Historically, the seasonal water level 
reaches its peak at the end of April. At this time, 
recharge from snowmelt starts to decrease, and 
the irrigation demands of agriculture begin. 
Consequently, the water levels decline through the 
end of September. A steady water level rise is seen 
from the beginning of October until the end of 
April, ending an apparent annual cycle. In 
general, the data collected during the reporting 
period followed the expected seasonal trends. 
Water chemistry showed no change. The pumping 
and injection tests in mid-March and late August 
were erratic and of relatively short duration; no 
noticeable changes in groundwater level or water 
chemistry were attributed to these tests. 

The seismic monitoring program in the Raft 
River Valley consists of three stations recording 
microseismic events. This continuing monitoring 
program is necessary to detect if any microseismic 
activity associated with fluid withdrawal and 
injection is being induced. During the reporting 
period, no microseismic events were recorded 
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within 40 km of the Raft River sampling array. A 
first order, second class land survey designed to 
detect subsidence of the well field was conducted 
during the March production test. Preliminary 
data indicated that a dilation of up to 20 cm had 
occurred near the injection wells. This observation 
could not be confirmed, either on the same day 
after other readings were taken or during sub- 
sequent tests in April, May, and October. 
Therefore, it is currently believed by the surveyor 
that the apparent rise in ground elevation recorded 
in March was an anomalous sighting that may 
have been due to distortion caused by heat waves. 

The weather station east of RRGE-2 continually 
monitors wind velocity and direction, precipita- 
tion, ambient air temperature, and dew point. 
These data are used to provide information 
needed by other research programs. Temperature 
and precipitation during the reporting period were 
near normal except during the month of May, 
when a record amount of precipitation for any one 
month (10.35 cm) was received. 

The air quality monitoring program is designed 
to collect baseline data and to enable identifi- 
cation of impacts associated with suspended 
particulates released due to geothermal develop- 
ment. Four stations are located in the valley and 
have been operated on a continuous schedule 
during the reporting period. Samples are collected 
every 6 days for a 24-hour period. The total 
suspended particulate (TSP) concentrations are 
correlated with the hourly average wind data from 
the sample period to identify sources of partic- 
ulates. Background particulates are generated 
primarily by construction, farming, and vehicular 
activity at or near the geothermal site. All TSP 
concentrations are well below the maximum levels 
allowed by the National Ambient Air Quality 
Standards. An H2S monitor was installed late in 
the reporting period. This equipment continuously 
records H2S concentrations in the Raft River 
Valley and aids in establishing baseline levels for 
comparison with levels recorded after the 
5-MW(e) plant begins operation. Current H2S 
levels are associated with inversions that cause 
H2S generated by industries along the Wasatch 
Front in Utah to move into Raft River Valley. 

Monitoring of the ferruginous hawk (Buteo 
regalis) and the golden eagle (Aquila chtysaetos) 
populations continued. These raptors have been 
declining across the west and are very sensitive to 
human disturbance. This program is designed to 

7 

assess what impact, if any, the increased human 
activity and development of the valley have on the 
population. To accomplish this, the nesting suc- 
cess of these raptors is monitored. The population 
and the fledging rate of both species continued to 
decline in the valley, as expected, during the 
1981 season. This decline is directly correlated to 
the black-tailed jackrabbit (Lepus californicus) 
population cycle. In 1978 the jackrabbit popula- 
tion was at a peak density of about 309 individuals 
per km2. This abundant prey base provided ample 
food for the ferruginous hawk and golden eagle, 
encouraging many pairs to nest and enabling a 
high fledging success. In 1981, the jackrabbit 
population was down to 91 individuals per km2. 
This reflects the pattern of a steady downward 
trend that was triggered by an epizootic outbreak 
in the rabbit population. This decline is part of the 
natural 10-year predatodprey cycle and has not 
been impacted by geothermal development in the 
region. 

Environmental research for FY-82 will assess 
the effects of plant operation on the environment, 
resample many of the environmental parameters 
measured during the previous research in the 
valley, and summarize in detail the results of the 
whole environmental program. 

LOW- TO MODERATE- 
TEMPERATURE RESERVOIR 
ENGINEERING PROGRAM 
(6. F. Russell) 

During FY-81, the objective of this program 
was to ensure that appropriate methods of reser- 
voir testing and analysis are available to facilitate 
the development and use of low- to moderate- 
temperature hydrothermal resources. The INEiL 
activities have now shifted toward long-term, 
high-risk research pertinent to the resource 
definition and development. 

Two major publications were developed during 
the report period to assist industry. These were the 
Case Studies of Low- to Moderate- Temperature 
Hydrothermal Energy Development, IDO-10098, 
and the Low- to Moderate-Temperature Hydro- 
thermal Reservoir Engineering Handbook. 

Case studies were conducted for the following 
localities: 
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St. Mary’s Hospital, South Dakota . 

White Sulphur Springs, Montana 

Pagosa Springs, Colorado 

UtahRosfi, Utah 

Monroe,Utah 

Susanville, California 

Each case study discusses geology, hydrology, 
geothermal background, exploratory programs, 
production drilling, aquifer testing, and current 
project status, and presents conclusions. The 
report also provides a critique of procedures used 
in the developments and makes recommendations 
for similar future hydrothermal projects. 

Work was completed on the draft Low- to 
Moderate-Temperature Hydrothermal Reservoir 
Engineering Handbook. This handbook will serve 
as a guideline to developers and consultants for 
evaluation of reservoir characteristics. Presently, 
the document is undergoing a peer review by 
industry. Comments from this review will be 
collected for incorporation in the final product to 
be published later this year. The handbook 
addresses the following major topics: 

Reservoir classification 

Reservoir engineering 

Conceptual modeling 

Testing during drilling 

Theory of testing 

Test planning and methodology 

Geochemistry 

Reservoir monitoring 

Both projects were prepared in a joint effort of 
EG&G Idaho and Lawrence Berkeley Laboratory 
for the Idaho Operations Office of the 
Department of Energy. 
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ENVIRONMENTAL SUPPORT 
PROGRAM: INJECTION 
PROGRAM RESEARCH 
(B. F. Russell and M. R. Dolenc) 

Two new areas of research were initiated in the 
Environmental Support (Injection) Program: 
(a) pressure monitoring, and (b) dispersion 
studies. 

The pressure monitoring research is designed to 
relate observable pressure changes in a geothermal 
reservoir and associated groundwater aquifers to 
observed and anticipated solute movement as a 
result of spent geothermal fluid injection. The ini- 
tial phase of this task was to acquire a numerical 
model for use in predicting chemical contamina- 
tion in potable resources. Two computer models 
were studied, the Survey Waste Injection Program 
(SWIP) available from the USGS and a Mass 
Balance/Energy Balance code to simulate pressure 
response and the velocity field within the 
hydrothermal system. The latter code appears to 
be the better one for this program because of code 
size, logic problems with SWIP, and the need for 
multispecies. 

The objective of the dispersion research pro- 
gram is to increase the accuracy of models that 
predict the movement of geothermal fluids in frac- 
tured rock systems. Emphasis is being placed on 
improving the accuracy of dispersion coefficients 
in the fluid models. A literature search of 
available dispersion coefficient data from both 
laboratory and field tests has been completed. 
Experiments are being designed to obtain addi- 
tional needed data in volcanic and fractured 
rocks. 

In conjunction with the dispersion coefficient 
work, the Prickett and Lonnquist code was 
adapted to an Apple Minicomputer. The program 
is used to simulate nonleaky artesian conditions 
for a reservoir with given hydraulic character- 
istics. One extension of the original code that has 
been implemented is an option for variable grid 
spacing. This permits greater detail near pumping 
wells. The program automatically scales all 
aquifer coefficients on the basis of grid spacing 
entered by the user. The orientation of the pro- 
gram is toward the casual user with some hydro- 
logic experience. The final product should be an 
easily used tool to make rather simplified simula- 
tions of groundwater flow. 



An internal report entitled Epidemiology Study 
of the Madison Aquger, South Dakota was 
prepared. This report was an initial assessment of 
the use of Madison Aquifer as a domestic water 
source and a correlation of such use to mortality 
rates for cancer, heart disease, cerebrovascular 
disease, and natural causes. Although preliminary 
in nature, the report notes that no significant 
differences were detected in mortality rates of 
counties overlying the Madison Aquifer and those 
not overlying the aquifer. 

Woodward-Clyde Associates, under contract to 
EG&G, prepared a detailed report on a multiple- 
completion injection-monitoring well for a typical 
Basin and Range environment. That report will be 
completed and released to the general public 
during the next quarter. 

Work will continue in FY-82, with the main 
efforts directed toward pressure monitoring 
research and dispersion coefficient work for 
injection wells. 

USER-COUPLED 
CONFIRMATION DRILLING 
PROGRAM 
(J. A. Strawn and M. R. Dolenc) 

The User-Coupled Confirmation Drilling 
Program is a program designed to absorb some of 
the risk and costs of exploring for, drilling, and 
testing hydrothermal resources by cost-sharin 
those elements of the well development process. 
During this reporting period, this program became 
an active drilling program. Cooperative agree- 
ments were signed earlier with Geoproducts 
Corporation and the City of Alamosa, and a 
cooperative agreement with Wine Valley Inn, 
Calistoga, California was signed during this 
period. One project remains in negotiation at this 
time. 

s 

Geoproducts Corporation, 
Susanville, California 

Geoproducts Corporation plans to dehydrate 
wood residues and preheat boiler feedwater in a 
55-MW hybrid geothermal wood-waste power 
plant at a location 30.6 km east of Susanville, 
California (Ref. 5) .  

The WEN-W geothermal well was spudded on 
August 1, 1981, and completed to a depth of 
1779 m (5837 ft) on September 18, 1981. The well 
was completed open hole from 1545 m (5068 ft) to 
total depth, with a 13-318-h. surface casing to 
307 m (1006 ft) and a 9-5/8411. intermediate string 
partially cemented at 1545 m (5068 ft), as shown 
in Figure 2. A lightly-gelled mud was used for 
drilling until the first major lost circulation zone 
was encountered at 1617 m (5305 ft). Aerated 
water was used for the final 12 m (39 ft) before 
flashing through the rotary seals prevented drilling 
further. 

A short term (160 minutes) artesian flow test 
revealed a flow of 40 L/s (635 gpm) with a flow 
line temperature of 111°C. An Amerada bomb 
also indicated a downhole temperature of 119°C. 
A preliminary specific capacity of 0.183 to 
0.238 L/s/kPa (20 to 26 gpm/psi) has been 
calculated from the data. 

During November, a long-term artesian test will 
be conducted, and plans for drilling the injection 
well will be prepared. 

City of Alamosa, Colorado’ 

The City of Alamosa hopes to find a 93°C 
resource flowing at least 44 L/s (700 gpm) for use 
in a barley malting plant. The project is located in 
the San Luis Valley of southern Colorado. 

The drilling site has been prepared and drilling 
will begin early in November. Colorado Well 
Services will drill the well to a projected depth of 
2438 m (8,OOO ft). 

Wine Valley Inn, 
Ca I istoga, Ca I if or n ia 

The Wine Valley Inn, Calistoga, California, is a 
project proposing to use geothermal fluid as 
energy for space heating, as a domestic hot water 
supply, and for heating of pools and spas. The 
project site is within the city limits of Calistoga, 
California. Plans are to intercept a reservoir at 
approximately 152 to 305 m (500 to 1OOO ft) with a 
temperature of 82°C. 

Ground breaking ceremonies for the geothermal 
project were held on September 3, 1981, with offi- 
cials from DOE/DGHT and DOEAD attending. 
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17 112-in. hole 4 i ;  

13 318-in. 

12 114-in. hole - 

9 518-in. casing 

8 3/4-in. hole -B 

Not to scale 
Total depth 

depth of conductor 

1008 ft (307 m) 
depth of 13 3/8-in. casing 

5068 ft (1545 m) 
depth of 9 5/8-in. casing 

5837 f t (1 779 m) INEL-A-PO 156 

Figure 2. (Casing plan, GeoProducts Corporation WEN-W Well, Wendel Hot Springs, California. 

10 



The Environmental Evaluation has been com- 
pleted, and testing of the Wilson No. 1 well is 
scheduled to start during November. However, 
the project has been temporarily suspended 
pending restructuring of the management team. 

FEDERAL BUILDING 
PROGRAM 
(T. W. Lawford & B. C. Lunis) 

A Federal Building Program plan was 
developed and initiated in compliance with the 
Energy Security Act of 1980 to encourage the use 
of geothermal energy at Federal facilities located 
near geothermal resources. Reduced energy costs 
and energy independence are the main objectives 
of the program. Representative types of geother- 
mal applications were selected, and Federal 
facilities that could use geothermal energy were 
identified for each category. Energy use data were 
assembled, and the resulting information indicates 
potential geothermal energy application of signifi- 
cant scope and savings. Military installations 
appear to have the greatest possibilities, and so, as 
a first level of effort, information is being 
compiled to encourage use of geothermal energy 
at bases located mostly in the western states. 
Similar information will be prepared for other 
agencies. Program funding limits activities to 
matching geothermal resources and Federal uses, 
and to briefly analyzing the technical and 
economic feasibility of using geothermal energy at 
specific sites. Additional efforts to develop the 
geothermal systems will be provided on an 
“at-cost” basis, and effort is being expended to 
encourage this type of involvement. I 

HYDROTHERMAL 
R&D EVALUATION 
(T. W. Lawford and M. K. Shane) 

The goal of this project, an extension of the 
“Hydrothermal Market Share Estimate” (Ref. 5, 
p. 8), is to evaluate the effectiveness of DOE 
geothermal R&D programs in bringing hydrother- 
mal power on line by the year 2000. Toward this 
end, EG&G Idaho developed additional data on 
the applications of hydrothermal energy for 
advanced binary electric power plants and 
industrial users of direct process heat. 

Advanced Binary Power Plants 

A series of advanced binary electric power plant 
cycles developed for the MX-RES project 
(described in the last semiannual report, Ref. 5, 
p. 18) have been used to define performance and 
cost parameters for advanced binary power 
plants. Figure 3 compares the performance of 
these advanced binary plants with conventional 
binary and dual flash steam plants. Significant 
performance improvements over the conventional 
binary plants have been noted for resource 
temperatures in excess of 260°C. 

Power plant capital costs have been developed 
for the advanced binary power plants by costing 
major equipment items and systems in a manner 
similar to that used for the more conventional 
plants. The power plant capital costs shown in 
Figure 4 are in January 1980 dollars to be 
compatible with those of the other power plant 
types. 

Field surface equipment capital costs, which 
include surface piping and valves, were also 
developed for the advanced binary power plants, 
as shown.in Figure 5 .  The costs of surface equip- 
ment for the advanced binary plants is less than 
that for conventional binary plants by virtue of 
the lower brine flow requirements for the 
advanced plants. 

Industrial Process Heat Data 

Additional detail has been developed for the use 
of hydrothermal energy for industrial process heat 
by 24 screened potential users. The application of 
this additional data will provide increased 
accuracy in the determination of the site specific 
economics for each potential user industry. The 
additional data, shown in Table 1, encompasses 
the three areas described below. 

Heat exchanger rejection temperatures are 
based on the lowest process temperature and 
represent a reasonable temperature difference 
between the exiting geothermal fluid and the 
incoming process fluid in a counterflow heat 
exchanger. 

The “use factor” information was develL2ed by 
questioning personnel in a small sample of each of 
the screened SIC industries. The number of shifts 
per day, days per week, and weeks per year have 
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Table 1. Industrial process heat data 

Heat Exchanger 
Rejection 

Temperature 
("C) 

65 

Energy Intensity 
Multiplication Factor 

for Space Heating 

Energy Intensity 
Per Establishment 

(10l2 J/yr) 

12.67 

Process 
Temperature 

("C) 

60-95 

40-205 

70-175 

50-175 

45-140 

70-175 

75-205 

100-120 

65-190 

45-175 

65-120 

Use 
Factora 

0.65 

0.45 

0.65 

0.96 

0.24 

0.48 

0.48 

0.65 

1 .o 

O.% 

0.48 

SIC Code Title 

1.230 2011/13 Meat packing plants, 
sausages, etc. 

2022/23 Cheese & condensed milk 24.28 

36.% 

45 

75 

1.120 

1.079 2034/37 Dehydrated & frozen 
fruits & vegetables 

1 .ocn 

1.003 

2046 Wet corn milling 399.1 

1040 

55 

50 L 2062/63 
P 

Cane & beet sugar 
refining 

Soybean, animal, & 
marine oils 

75 1.051 2075/77 57.02 

Beer & distilled liquor 136.2 

145.7 

80 

105 

1.021 

1 .om 
2082/85 

2421/35 Softwood veneer & 
PlYWOOd 

261 1 /2 1 / 
31/41/53/ 
& 61 

2812/19/ 
22/23/24 

2833/34 

Pulp & paper products 1330 70 1.002 

1.005 

1.086 

Chemical products 603.9 45 

70 Medicinals & 
pharmaceuticals 

33.79 



Table 1. (continued) 

SIC Code 

2865 

2879 

2873 

301 1 

L 3371 

3275 

3295 

VI 

0181 

025 

0279 

1311 

Title 

Cyclic crudes & 
intermediates 

Industrial organic 
chemicals 

Nitrogenous fertilizers 

Tires & inner tubes 

Concrete block & brick 

Gypsum products 

Minerals, ground 
& treated 

Ethanol plants 

Nurseries & greenhouses 

Poultry & eggs 

Fish farms 

Tertiary oil recovery 

a. Based on 8,760 houdyear. 

Process 
Temperature 

("C) 

1 20- 1 75 

95-175 

145-190 

120- 170 

75-180 

150-165 

70- 120 

100-175 

40-95 

65-95 

20-40 

120-205 

Energy Intensity 
Per Establishment 

( 10l2 J/yr) 

233.3 

54.91 

86.58 

31.68 

13.73 

196.4 

28.51 

1352 

137.3 

- 

- 

- 

Heat Exchanger 
Rejection 

Temperature 
("C) 

125 

100 

150 

125 

80 

155 

75 

105 

45 

65 

25 

125 

Use 
Facto9 

1 .o 

1 .o 

1 .o 

0.7 1 

0.24 

0.95 

0.44 

0.93 

0.50 

0.36 

1 .o 

0.95 

Energy Intensity 
Multiplication Factor 

for Space Heating 

1.012 

1 .OS3 

1.034 

1.092 

1.212 

1.015 

1.102 

1.002 



been used as input, and the result is based on the 
ratio between total plant hours per year and 
8,760 hours per year. 

The “energy intensity multiplication factor for 
space heating” assumes that the geothermal fluid 
is used for the process and also for space heating 
of a typical 4645-m2 (50,000-ft2) plant with a heat 
load of 2.787 Btu/h/m2 (30 Btu/h/ft2). 

MARKET ASSISTANCE 
PROGRAM 
(W. J. Toth, 1. A. Engen) 

P rog ra m Description 

Under the DOE Commercialization Program, 
which is to be discontinued in FY-82, EG&G 
Idaho, Inc. provided technical information and 
assistance to anyone interested in the direct 
applications of geothermal energy. Information 
was provided to the public, private, and technical 
sectors either directly on request, indirectly 
through the State Commercialization Teams, or 
generally through exhibits, displays, workshops, 
and presentations at conferences and meetings. 
Information consisted of general brochures and 
pamphlets, application-specific fact sheets, 
detailed design data, and copies of technical 
reports and papers. 

Technical assistance, which consisted of 
engineering and economic feasibility analyses, was 
provided in a consulting manner to requesters in 
Idaho, Montana, Wyoming, North and South 
Dakota, Utah, Colorado, New Mexico, Nebraska, 
and Texas. Such assistance was limited to 
100 man-hours on a first-come, staff-available 
basis and was performed either by in-house engi- 
neering staff or by subcontracted architectural- 
engineering firms. By assisting requesters with 
such technical information and preliminary 
feasibility analyses, energy users were encouraged 
to explore the development of geothermal 
resources as a viable alternative and replacement 
for fossil fuels. 

The Market Assistance Program also includes 
other specialized efforts that are directed at 
particular sectors of the energy-consuming public. 
In the Community Assistance effort, communities 
with potential for geothermal district heating are 

provided with information on public and private 
funding sources and with assistance in applying 
for funding from these sources. In the District 
Heating Product Team effort, EG&G Idaho has 
participated with other DOE contractors to pro- 
vide specialized technical assistance to commu- 
nities selected under the HUD/DOE District 
Heating and Cooling Solicitations. 

Through the Industry Advisory Team activities, 
which are coordinated by EG&G Idaho, selected 
industrial sectors such as the food industries are 
provided with technical information, displays and 
exhibits, technical papers at industry conferences, 
workshops, short courses, seminars, and technical 
assistance in order to increase awareness that 
geothermal energy can be used to provide process 
heat. Through this program, potential users of 
geothermal energy have been informed and 
assisted in their initial efforts to develop and use 
geothermal resources. 

Program Results 

With most of the fiscal year’s exhibiting being 
done during the first half of the year, only one 
additional exhibit was placed, bringing the total 
for the year to nine (eight were required). The Hill 
Air Force Base Energy Fair drew 75,000 people, 
bringing the total number of people available to 
view the exhibit materials to over 275,000 for the 
year. In addition, exhibit materials were provided 
to two state teams for local energy fairs. The 
binary electrical generation model was loaned to 
the NASA Goddard facility for a high-technology 
show and to the Brookhaven National Laboratory 
for the summer for use in their museum of 
technology. Fact sheets, in some cases more than 
500,  were supplied to each of the State Teams. 

Forty requests for technical assistance and 157 
requests for technical information were received 
during the reporting period, bringing the totals for 
the fiscal year to 73 and 294, respectively. During 
the previous reporting period, EG&G Idaho 
began coordinating these efforts more closely with 
the State Teams. All technical assistance requests 
now go to the State Teams initially, and those 
requiring expertise not immediately available to 
the State Teams are forwarded to EG&G Idaho 
for further assistance. The net result initially was a 
decrease in the number of requests to EG&G 
Idaho, but an increase in involvement required for 
each assistance effort. Following the trends of 
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previous years, interest in the private and public 
sectors has continued to grow, so that despite the 
State Teams involvement the number of technical 
assistance requests nearly equaled that of each of 
the previous 2 years. The number of information 
requests did decrease during the year, primarily 
due to the State Teams’ assistance. 

During the reporting period, increased subcon- 
tracting activity, additional manpower availa- 
bility, and the withdrawal or referral to other 
agencies of a number of requests has reduced the 
number of outstanding technical assistance 
requests to 22. These commitments will be 
honored in FY-82 as part of the technical 
assistance program phase-out. 

Representative projects receiving technical 
assistance in this reporting period include: 

Space heating and process water for a 
concrete plant in Bismarck, North Dakota 

Downhole heat exchanger evaluations for a 
subdivision developer in Idaho Falls, Idaho 
and an office building in Glenwood 
Springs, Colorado. 

Proposal review for space heating in the 
South Dakota State Capitol Building at 
Pierre, South Dakota. 

Distribution and space heating systems for 
selected facilities at Nebraska Western 
College, Scottsbluff, Nebraska. 

Geothermal greenhouse heating at Avon, 
Montana; Midwest, Wyoming; and Butte 
City, Idaho. 

Under the Community Assistapce effort, 10 
communities have been selected by Eliot Allen and 
Associates, EG&G Idaho, Inc., and the respective 
State Teams for consultory assistance in examin- 
ing financing vehicles available for district heating 
systems. Preliminary presentations have been 
made, except for Las Cruces, New Mexico. Com- 
munity response has been good. Stanley, Idaho; 
White Sulphur Springs, Montana; Thermopolis, 
Wyoming; and Dickinson, North Dakota have 
expressed a desire for further assistance. An 
Institutional and Financial Guide to Geothermal 
District Heating has been prepared and will be 
distributed to the State Teams for other 
communities not in the program. 
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Efforts to assist awardees under the HUD/DOE 
District Heating and Cooling Program have 
included technical assistance considerations 
for Missoula, Montana; Provo, Utah; and 
Thermopolis, Wyoming. The first two were found 
to have insufficient resources to warrant further 
effort. The latter was found to have geothermal 
considerations included in the scope of the award. 
A direct-use presentation was made to the Santa 
Ana Pueblo in New Mexico. 

The Industry Advisory Team has offered 
presentations to a number of food associations, 
with only limited interest being expressed. A 
presentation has been given to the Al-Sar-Ben 
Section of the Institute of Food Technologists. A 
second presentation has been scheduled for the 
Intermountain Section of the same association in 
January. The Team met in Boise, Idaho at the end 
of September and decided to redirect its efforts 
towards the greenhousing industry. The Geo- 
thermal Applications Bibliography noted in the 
last progress report (Ref. 5 )  is also to be 
published . 

The multifaceted approach of the Market 
Assistance program has proven to a ‘be very 
effective method of presenting geothermal energy 
as a viable energy source and in stimulating 
interest in geothermal development. In FY-82, the 
new administration’s emphasis will dictate the 
phase-out of most of the above efforts and the 
reorientation of efforts to stress the transfer of 
geothermal high technology to the technical 
engineering community. In this manner, it is felt 
that the free market forces will carry on the 
development of geothermal energy resources. 

PON AND PRDA PROJECTS 
(F. Childs, R. Sanders, 
and J. Strawn) 

The EG&G Idaho Geothermal Program Office 
provides technical assistance to DOE for the 
Program Research and Development Announce- 
ment (PRDA) Program and the Program Oppor- 
tunity Notice (PON) Program. Both programs 
were instituted to assist the development of the 
direct application of geothermal energy. The 
PRDA Program consists of a series of studies 
designed to investigate the engineering and 
economic feasibility of geothermal direct applica- 
tions. The PON Program consists of demonstra- 
tion projects in which project costs are shared 



between DOE and the private companies, 
municipalities, or organizations that are 
conducting the demonstrations. During this 
reporting period, EG&G Idaho provided program 
management and technical support for 12 
demonstration projects and five engineering and 
economic studies. Each project is summarized 
below. 

Pon Projects 

Ore-Ida Foods, Inc., Ontario, Oregon. The 
project for the Ore-Ida Foods, Inc., plant at 
Ontario, Oregon, planned to provide geothermal 
energy for potato processing heat, space heat, and 
hot potable water in the amount of about 
97,200 MWh/yr (33.2 x 101o Btu/yr). Produc- 
tion was predicted to be 50 L/s (800 gpm) at 
160°C from two production wells. 

Bottom hole temperature of the initial produc- 
tion well was 182"C, but flow was inade- 
quate-only about 0.82 L/s (13 gpm) with a water 
level at 1525 m (5000 ft). Because of the cost 
overrun for the well, no additional drilling is 
planned. 

CH2M Hill, Los Alamos National Laboratory, 
EG&G Idaho, and Ore-Ida conducted five 
formation breakdown tests on the Ore-Ida No. 1 
well. 

Despite previous tightness, the shallowest 
perforated zone, 1823 to 1829 m (5980 to 6OOO ft), 
accepted the injected water at over 31.55 L/s 
(500 gpm) with a well head pressure of 9653 kPa 
(1400 psig). 

The tests proved that a low-cost plug and 
abandon by pumping cement from the top was 
feasible (no workover rig needed). An attempt to 
seal off the shallow sandy zone with perforation 
sealing balls so that deeper volcanics could be 
fractured was unsuccessful. Project closeout will 
be initiated since no improvement in flow was 
obtained. 

Monroe City, Utah. The project planned to 
install a core district heating system that could 
later be expanded to include the major areas of 
Monroe. 

The production well produced 75°C at 38 L/s 
(600 gpm), but this was only 43% of its expected 

capability. In addition, at the preliminary design 
stage, 100% project cost overrun and inadequate 
operating revenues were predicted. 

During this report period, the city has not been 
able to find an economic alternative use for the 
resource. Project closeout will be started since the 
cooperative agreement expired in July, 1981. 

Haakon School District, Phillip, South 
Dakota. The project was expanded to include 
eight business buildings on the discharge line route 
in addition to the space heating of the school 
complex. The Environmental Protection Agency 
required that the Ra-226 levels in the well water be 
reduced to 5 pCi/L prior to discharge to the Bad 
River by the injecting a 10% aqueous solution of 
barium chloride into the geothermal effluent and 
holding in a settling pond for 48 hours. 

The school system was on-line for the 1980-81 
heating season, and system monitoring is in 
progress. 

Periodic clogging of the static mixer and 
discharge line is being caused by barium sulfate, 
which precipitates from the sulfate-rich water 
being used in the aqueous solution. EG&G Idaho 
conducted a feasibility field test of a pilot model 
system which used a barium sulfate bed to remove 
the Ra-226. 

Initially the barium sulfate bed removed 99.9% 
of the Ra-226, but its effectiveness deteriorated 
too quickly for economic full-scale application. A 
mixer which can be cleaned more easily and a 
throwaway discharge line will be investigated as a 
modification of the original system. 

An improved method of analysis for Ra-226 has 
been developed by Dr. Claude W. Sill of EG&G 
Idaho. It separates Ra-223 from Ra-226 so that a 
single radiation count can be used rather than the 
two counts separated by a 22-day waiting period 
that were necessary with the isotope mixture. 

St. Mary's Hospital, Pierre, South Dakota. 
This project demonstrates the feasibility of using 
very-low-temperature water from the Madison 
Aquifer for space, domestic hot water, and ven- 
tilation air heating. The well flows at a 
temperature of 41 "C. 

The system functioned properly during the 
1980-81 heating season, and the monitoring phase 
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of the project is in progress. In addition to pro- 
viding heat to the 7432-m2 (80,000-ft2) "old" 
building, the geothermal system, with a heat 
pump, also provides heat to the "new" 6503-m2 
(70,000-ft2) hospital building. The geothermal 
system provides all space heating down to -12.2"C 
and domestic hot water and boiler water preheat 
up to 37.8"C. 

A pinhole leak developed in a 0.91-m (3-ft) 
piece of 6-in.-diameter black iron pipe just 
downstream from the pressure-reducing valve 
coming off the wellhead. The horizontal pipe was 
replaced and was found to have severe internal 
corrosion flaking. The corrosion pattern indicated 
the presence of stagnant water halfway filling the 
pipe at some time, and possibly the presence of 
oxygen. The pipe was sent to the South Dakota 
School of Mines and Technology for analysis. 
About 45 m (150 ft) of the pipe will be replaced. 

Diamond Ring Ranch, Haakon County, South 
Dakota. Geothermal water from an existing 
artesian well is being used for grain drying and 
space heating on the Diamond Ring Ranch in 
South Dakota. After flowing through the central 
heat exchanger, the geothermal fluid is used as 
stock water and then discharged into a reservoir 
system used for both geothermal well and runoff 
catchment. 

The system functioned properly during the 
1980-81 heating season, and the monitoring phase 
of the project is in progress. 

In preparation for fall reactivation, cracks were 
soldered at the tube ends of two tube and fin heat 
exchangers in the mobile home to repair freezing 
damages from last year. Also, four small leaks in 
the owner's house were fiied. The recirculating 
loops were then pressure tested to assure that there 
will be no loss of the relatively expensive anti- 
freeze solution which will be used instead of 
water. 

Elko, Nevada. The Elk0 Geothermal Project 
will use hydrothermal fluids for process heat in a 
commercial laundry and for space heating a motor 
hotel and a bank building. 

The geothermal production well, EHC GP-1, 
was drilled in August, and flow testing was 
completed in September. The well is 260 m 
(852 ft) deep. It has 12411.-diameter casing to a 

depth of 78.9 m (259 ft) and an 8-in.-diameter 
casing, which overlaps the 12-in. casing from 
73.8 m (242 ft) to a depth of 165.2 m (542 ft). 
Open hole completion was used below the 8-in. 
casing. A 24-h artesian test was conducted at a 
flow rate of 30.3 L/s (480 gpm) with a 62.1 kPa 
(9 psig) backpressure at 82.2"C. A 24-h pump test 
at 49.53 L/s (785 gpm) and 82.2"C was used to 
predict a 5-yr continuous-flow drawdown of 
42.1 m (138 ft). 

The chemical analysis showed a TDS of 
600 mg/L with a Ra-226 level of 4.8 pCi/L- 
essentially within drinking water standards. 

The Elk0 Heat Company is now completing the 
final design and evaluating their disposal options. 

Warm Springs State Hospital, Montana. This 
project would develop the geothermal resource at 
Warm Springs (near Butte, Montana) to provide 
both domestic water heating and space heating at 
the Warm Springs State Hospital. Water from the 
production well would be pumped through two 
plate-type heat exchangers and discharged into a 
wetlands disposal area. 

Flow tests showed that the well would produce 
5.68 to 6.31 LIS (90 to 100 gpm). This was inade- 
quate for both space and domestic water heating 
loads. Therefore, a system is being designed to use 
the 71.1"C resource to heat 4.73 L/s (75 gpm) of 
domestic water from 12.8 to 6O.O"C. The design 
was reviewed by EG&G Idaho and DOE-ID, and 
comments were returned to the prime contractor 
on September 25. The name of the prime con- 
tractor has been changed from MERDI to 
MultiTech, Inc., by the formation of a subsidiary 
company. 

Pagosa Springs, Colorado. The geothermal 
resource in Pagosa Springs has been in limited use 
since the early 1900's. Nearly 30 wells have been 
drilled for heating and recreational purposes. 
Flow and disposal rights from some of these wells 
will be transferred to the demonstration project's 
district heating system. Many of the town's public 
and private buildings will be heated by the 
geothermal project. 

The reservoir capacity appears adequate for the 
peak 63.09 L/s (loo0 gpm) district heating sys- 
tem. The distribution system was designed to 
handle twice this capacity. 
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Corrosion tests of material coupons were 
performed with an apparatus and procedures 
furnished by EG&G Idaho. Construction bids 
were opened, evaluated, and approved and con- 
tracts were awarded in the period from April 30 
through June 22. Distribution pipelines and 
insulation were installed and .acceptance pressure- 
testing in progress by September 30. Sixty nine 
prospective users had signed preliminary use 
agreements. The construction,attracted significant 
media interest, particularly from Denver. 

Utah State Prison, Draper, Utah. The Utah 
State Prison is located in Salt Lake County 
approximately 27 km (17 mi) south of Salt Lake 
City. The project would retrofit the minimum 
security section of the prison for domestic water 
and space heating. The resource surface expres- 
sion, known as Crystal Hot Springs, is adjacent to 
the prison. A geothermal well has recently been 
drilled at the springs for a commercial greenhouse 
project, and there is some concern about 
interference between the two projects with a 
limited resource. 

CH2M Hill was placed under contract and 
completed the preliminary system design and the 
study of geothermal fluid disposal alternatives. 
An application for the disposal of geothermal 
water into the Jordan River was prepared and 
submitted. The Utah Water Pollution Control 
Committee met on September 25 and generally 
favored the application, but they may wait for the 
results of the planned 30-day flow test of well 
USP/TH-1 before ruling on it. EG&G Idaho is 
supplying a 25-hp pump and downhole pressure 
and temperature instrumentation for the flow test. 

Madison County, Idaho. The Madison County 
Geothermal Project planned to demonstrate a 
low-temperature geothermal resource for food 
processing and district space heating. 

In the previous report period, the well MCG-1 
was drilled to 1199 m (3933 ft), but the water 
temperature never exceeded 21.7"C. A 3.8 L/s 
(60 gpm) downward flow ran from 731 to 853 m 
(2400 to 2800 ft) where the hole had sluffed in and 
bridged across after drilling. It was postulated that 
warm lower zones may be masked by the cold 
downward flow, particularly since the lower 
143 m (470 ft) had never been logged. 

During this report period, the hole was 
reopened to total depth, deepened about 3 m 

20 

(10 ft), and a 5-1/2-in.-diameter liner hung from 
658 to 1070 m (2160 to 3510 ft). The water 
temperature increased to 22.8"C during airlift 
flow tests, but cool water was still entering the well 
bore at the liner hanger. A seal assembly was set 
over the hanger joint, but it did not stop the cold 
water entry. The seal assembly was removed. It 
will be refurbished and reinstalled. 

Utah Roses, Sandy, Utah. The Utah Roses 
greenhouse complex is located in the town of 
Sandy, which is approximately 17 km south of 
Salt Lake City, Utah. The complex consists of 
23,500 m2 (6 acres) of greenhouses that produce 
cut roses for the national floral market. A produc- 
tion well drilled to a depth of 1525 m (5009 ft) 
produces water at a pumped flow rate of 12.6 L/s 
(200 gpm) and a temperature of 50°C with a 
drawdown of about 366 m (1200 ft). 

The geothermal water will be piped to 55 unit 
heaters located in the greenhouse to produce 
3,387,930 Btu/h. The system will provide 100% 
of the heat load down to an outside temperature 
of 4.4"C. The spent geothermal water will be 
discharged to the Jordan River via the Aaranall 
Ditch. 

During the reporting period, the NPDES permit 
for discharge into the Jordan River was issued, all 
major system components were purchased, and 
installation was begun. System startup is expected 
in November. 

Boise, Idaho. The objective of the Boise 
City/Boise Warm Springs Water District 
(BWSWD) Geothermal Project is to develop a 
geothermal space heating system to serve th; 
largest possible commercial and residential market 
in the Boise central business district and 
neighboring residential areas. 

The fourth Boise City well was completed, 
resulting in an estimated combined artesian flow 
from all city wells of 157.7 L/s (2500 gpm). Well 
temperatures are typically just under 76.7"C. To 
supplement two existing wells, the BWSWD-3 well 
was completed but production was inadequate. A 
BWSWD-4 well is being considered. 

The BWSWD pipeline design was completed, 
and bids for construction were opened 
September 30. Design of the Boise City distribu- 
tion system was started. Users for 208.2 L/s 
(3300 gpm) of the City's resource have been 



identified. Of this amount, 77.35 L/s (1220 gpm) 
have committed to join the system, and it is 
considered highly probable that the balance will 
join. After the EPA declined consideration, a 
state discharge permit was approved which 
authorized discharge into the Boise River in the 
vicinity of Veteran’s Park. A second permit is 
pending that would allow discharge further 
upstream, Le., above the Americana Bridge. If 
granted, this will result in a large cost saving since 
the discharge point would be much closer to the 
user area. 

PRDA Projects 

Engineering, Marketing, and Economic 
Study of a 4.5-Million-Gallon Geothermal 
Fuel Alcohol Plant for the Vale Geopark Site. 
Renewable Energy, Inc. (REI), formerly 
Technology International, Inc., is conducting a 
feasibility study and generating a preliminary 
design for a fuel alcohol plant. Data from a 457-m 
(1 500-ft) production well will be used in the study. 

Four thermal gradient holes were drilled to total 
depths from 39.6 to 86.9 m (130 to 285 ft), and 
water samples were taken. The resource analysis, 
environmental analysis, and plant design pro- 
ceeded. Computer models of a market and 
economics analysis and of a plant operating model 
were partially completed. The first quarterly 
report was issued. 

Drilling of the production well, part of REI’S 
cost share for the project, has been delayed and 
may delay completion of the study. 

Resource, Engineering, and Economic Stydy 
for Direct Heat Applications of Geothermal 
Energy at the Salida (Colorado) Geothermal 
Project. Chaffee Geothermal, Ltd., is studying 
the direct heat application of the Poncha Springs- 
Salida Geothermal Prospect to the industrial 
process heat requirements of CoZinCo, Inc., and 
to other prospective energy users in Salida. 

During the reporting period, a retrofit design 
for process and space heat at CoZinCo, he., was 
completed, and the information on the resource 
was assembled. Preparation of the draft final 
report is in process. 

Commercial Production of Ethanol in the San 
Luis Valley, Colorado. Westec Services and 
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McCulloch Geothermal Corp., are investigating 
the feasibility of using geothermal energy in the 
San Luis Valley, Colorado, to provide all or part 
of the total energy requirements of a 75- to 
190-million L/yr (20- to 50-million gpy) ethanol 
production plant. 

A proposal to generate a computer code to 
study the sensitivity of ethanol production to 
feedstocks and resource parameters was not 
accepted due to a lack of available funding. At the 
end of the reporting period, the draft final report 
was 98% complete. The period of performance 
was extended from September to November 30, 
1981. 

Resource, Engineering, and Economic Study 
for the Great Western Malting Co. Geo- 
thermal Project. Trans Energy Systems, Inc., is 
determining if drilling wells and constructing a 
heat recovery system to use geothermal energy in 
processing barley malt is justified. 

During the reporting period, the resource 
definition was completed, allowing the 
preliminary design of an air preheat system to 
proceed. The environmental and institutional 
portions of the project were completed. 

Research and Development of Information 
on Geothermal Direct Heat Application 
Projects. ICF, Inc., is conducting a study of the 
more mature PON projects to compile, evaluate, 
and analyze the data for selected issues; identify 
and, if possible, circumvent barriers to 
development; and report on the project. 

Data were gathered on selected projects. A 
report on the economic analysis of five projects 
was issued. The five projects were: Diamond 
Ring Ranch, South Dakota; Klamath Falls 
YMCA, Oregon; Pagosa Springs, Colorado; 
Philip School, South Dakota; and St. Mary’s 
Hospital, South Dakota. Each project was found 
to have been capable of standing on its own 
economic merits if investor confidence had been 
sufficient to gain financing through normal 
channels. 

These results were presented at a State Commer- 
cialization Teams meeting on September 9 and 10; 
to the PON Semiannual meeting in Boise, Idaho 
on September 24 and 25; and in a paper accepted 
for the Geothermal Resources Council Annual 
Meeting. 



PON/PRDA Support 

PON Semiannual Review. DOE-ID and 
EG&G Idaho hosted the PON semiannual review 
meeting at Boise, Idaho on September 24 and 25. 
Presentations were made for 19 projects, 
including those administered by DOEISAN and 
DOE/NV, and a 150 page summary report was 
distributed. The group toured tbe Mott House and 
Boise Warm Springs Water District pump house 
historic structures and witnessed an artesian flow 
test of the Boise City No. 2 well. 

GRC Special Session. The special session on 
the DOE-sponsored Direct Heat Application 
Projects was held on Wednesday, October 25 at 
the GRC Annual Meeting in Houston, Texas. 
Dr.  James C. Bresee, Acting Director, 
DOE/DGHT, gave the opening Program Over- 
view. The session was divided into two parts of six 
presentations each: (a) Systems Design and 
Operation, and (b) Nontechnical Considerations. 
PON projects presented were: City of Klamath 
Falls, Boise, Susanville, Pagosa Springs, Moana, 
Reno, and T-H-S Hospital. A status report on all 
active PON projects was available, and a handout 
was distributed describing PON and general 
direct-use information sources. 

M-X/RES GEOTHERMAL 
APPLICATIONS 
DEVELOPMENT 
(T. W. Lawford and M. K. Shane) 

The M-X/RES project has been terminated 
following the administration decision to base the 
missile in existing silos rather than the original 
relocatable basing mode in southern Nevada and 
Utah. DOD funding projected to supplement the 
DOE funding did not materialize, requiring 
revisions to schedules and a reduction in the scope 
of work. 

The principal accomplishment for the reporting 
period was a draft report on advanced binary 
power plants and hybrid fossiVgeothermal plants. 
The report discusses variations in plant per- 
formance and component sizes over a resource 
temperature range of 182 to 232°C. Also covered 
are topics such as the optimum hydrocarbon 
mixture as a working fluid for an advanced binary 
cycle, the sizing of an advanced binary power 
plant for three possible resource temperatures, 
and the possible advantages of using a combined 
fossil fuel-geothermal (hybrid) power plant for 
M-X/RES applications. 

The results of the study indicate that, to the 
extent the resource can now be characterized, 
advanced binary plants operating with 90% 
isobutane and 10% hexane in a supercritical 
Rankine cycle give a performance as much as 30% 
higher than those in previous studies. Also, the 
hybrid concepts appear to be potentially com- 
petitive, and they warrant additional study. 

Equipment for a possible 204°C reservoir 
temperature was sized for a 20-MW(e) power 
plant for the purpose of generating “order-of- 
magnitude” costs for power plants in the 
temperature range and size that will be required at 
the operating base locations. Figure 6 illustrates a 
possible configuration for this concept. 

Also, additional work was completed in the area 
of geothermal space conditioning systems and 
equipment ,that could be used at an operating base 
like Milford, Utah. A computer code that simu- 
lates the entire production, distribution, and waste 
disposal process for geothermal district heating 
systems was put on line and debugged. Cost sur- 
faces were developed as functions of possible 
resource characteristics, and a simplified method 
was developed to obtain cost estimates for a given 
district space conditioning system. District heating 
system data required as input are: heat load, well 
cost and flow rate, reservoir temperature, 
distribution system area and building density, and 
transmission pipeline length. 
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APPENDIX A 

PUBLICATIONS OF THE IDAHO GEOTHERMAL PROGRAM 

Table A-1 lists reports published for the Idaho National Technical Information service, U.S. 
Geothermal Program. Printed or microfiche Department of Commerce, 5285 Port Royal 
copies of these reports may be ordered from the Road, Springfield, Virginia 22161. 

Table A-1. EGBG, Idaho, Inc., formal reports of the Idaho Geothermal Program 
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