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START-UP OPERATIONS AT THE FENTON HILL HDR PILOT PLANT 

Raymond F. Ponden 
Earth and Environmental Sciences Division 

LQS Alamos National Laboratory 

ABSTRACT 

With the completion of the surface test facilities at 
Fenton Hill, the Hot Dry Rock (HDR) Geothermal 
Energy Program at Los Alamos is moving steadily 
into the next stage of development. Start-up 
operations of the surface facilities have begun in 
preparation for testing the Phase 11 reservoir and the 
initial steady-state phase of operations. A test 
program has been developed that wil l  entail a 
number of operational strategies to characterize the 
thermal performance of the reservoir. The surface 
facilities have been designed to assure high 
reliability while providing the flexibility and control 
to support the different operating modes. This paper 
presents a review of the system design and provides 
a discussion of the preliminary results of plant 
operations and equipment performance. 

INTRODUCTION 

The next step in the development of the HDR 
technology is to establish the thermal performance of 
the Phase I1 reservoir a t  Fenton Hill. The 
underground reservoir is located at a depth of 
approximately 12,000 feet and is connected to the 
surface by two wells. Upon completion of this man- 
made reservoir in 1986, it was subjected to a 
circulation test to confirm flow continuity between 
the wells and to get an estimate of its thermal power 
potential. During the test, the temperature of the 
produced fluid rose to 375°F and a nominal l O M W  of 
thermal power production was achieved. The 
reservoir performance was still improving when the 
test was terminated at the end of 30 days. This 
short test demonstrated the potential of the Phase 11 
reservoir to produce high temperature geothermal 
water. Although the test produced encouraging 
results, there still remained the need to demonstrate 
that geothermal energy could be extracted on a 
sustained basis. To be attractive as an alternate 
energy source for commercial power production 
would require further understanding of the 
circulation process and a means to predict the useful 
lifetime of an HDR reservoir. 

To seek the answers to the questions about the 
commercial potential of the HDR technology, a more 
extensive series of tests would have to be conducted 
to verify the reliability and longevity of power 
production from an HDR reservoir. These tests have 
been developed into a test program called the Long 
Term Flow Test (LTFT). The test program includes 
a number of operating modes to characterize the 
steady-state power production and long-term 
reservoir performance. 

To accomplish the goals of the LTFT, surface 
facilities were designed with the flexibility and 
control to conduct the different tests. In designing 
the plant, consideration was taken to allow for the 
use of existing facilities, government surplus 
components, and commercially available equipment. 
Construction of the facilities was completed in the 
summer of 1991. Since then, efforts have been 
focused on accomplishing the first phase of the LTFT 
plan, i.e. start-up operations. The purpose of this 
phase is twofold. The first is to verify equipment 
performance and evaluate overall plant operations. 
The secolid is to assess the relationship between 
operating pressures and production flow rates and to 
establish the operating parameters for optimum 
energy extraction. 

SURFACE PLANT 

The surface plant contains equipment to  perform the 
following major functions: 1) develop the required 
pressures to circulate water through the reservoir, 2) 
remove the heat energy from the hot geothermal 
fluid, 3) measure and control the fluid temperature, 
pressure and flow, 4) remove any gases and solids 
from the fluid, and 5) add water to the process 
stream. 

The plant is designed to operate at pressures above 
the vapor pressure of the circulated fluid. 
Circulation of water through the reservoir is created 
by a pair of positive displacement pumps that deliver 
water under high pressure to the reservoir through 
the injection well. After passing through the 

155 



reservoir and extracting the heat energy from the 
fractured rock, the water is returned to the surface 
via the production well. At the surface, the hot 
geothermal water passes through a pressure 
regulating station then on to a separator where any 
gases or solids are removed from the process stream. 
The hot fluid then flows to the heat exchanger where 
it is cooled and the extracted heat energy is 
measured. ARer cooling, the fluid is returned to the 
injection pumps to complete the cycle. Water that is 
lost during the circulation process is replenished 
from a 5 million gallon storage facility. The makeup 
water is pumped into the low pressure side of the 
plant by two centrifugal pumps. The surface 
facilities are illustrated in the basic schematic of 
Figure 1. 

@ PressureTrmducer 
@ Temperalure Sensor 

Figure 1. Schematic Diagram. 

From a pressure standpoint, the plant can be divided 
into three sections - the production, low pressure, 
and high pressure segments. The production 
segment consists of the regulating equipment 
adjacent to the production well to  reduce the 
pressure of the hot geothermal fluid to the low 
pressure segment of the plant. The low pressure 
segment consists of the separator, heat exchanger, 
makeup pumps and interconnecting piping. The 
high pressure segment consists of the injection 
pumps and the piping to the injection well. 

For the circulation of water through the reservoir, 
the rate of flow is established by maintaining control 
of the pressures at the wellheads. The control 
scheme for plant operations is to maintain constant 
pressures on the production and injection wells. The 
pressure on the injection well is controlled by the 
speed of the injection pumps. On the production 
well, pressure control is achieved by throttling the 

flow through a combination of manual choke and 
pneumatic control valves. The fir& stage of 
throttling is accomplished by the choke valves. The 
pneumatic control valves provide the second stage of 
throttling and maintain the constant pressure on the 
wellhead. Their operation is controlled as a function 
of the production line pressure upstream of the choke 
valves. Pressure in the low pressure segment of the 
plant is maintained by the two makeup pumps. 
Depending on demand, the pumps will operate 
singularly or in parallel to maintain a constant 
suction pressure to the injection pumps. 

SYSTEM PERFORMANCE 

As part of the start-up operations, two circulation 
tests were conducted at different production 
pressures to evaluate the relationship between 
operating pressures and flow rates. The test period 
for each of the tests was three (3) days. A summary 
of the results is presented in Table 1. 

Table 1. Test Results 

Test Number 

Injection Pressure, psi 
Production Pressure, psi 

Production Rate, gpm 
Water Consumption, gpm 

Power Production, kw 
Pumping Power, kw 

1 2 

3,700 3,865 
2,210 1,510 

74 101 
10 12 

2,665 4,225 
65 125 

In the first test, production temperatures reached 
310°F at an average production rate of 74 gpm while 
in the second test the temperature had climbed to 
350°F at an average production rate of 101 gpm. 

The pumping power represents the hydraulic power 
requirements. It is the combination of the power to 
inject the water into the reservoir and to add water 
to  the process. The pumping power for each test was 
less than 3% of the total thermal power production. 

The water consumption is the amount of water that 
was added to the process as a result of circulation 
losses through the reservoir. The water 
requirements of 10 and 12 gpm equate to losses of 
11.9% and 10.6% of the total injected fluid. The 
water consumption is expected to decrease under 
long term operations of the reservoir. 

156 



Samples of the production fluid were also collected 
and analyzed during these circulation testa. As part 
of the analysis, dissolved gases were separated from 
the production fluid. The amount was found to be 
less than .l% of the total weight. As expected, 90 to 
95% of the gas was carbon dioxide. Other gases 
included hydrogen sulfide, nitrogen, and oxygen. An 
analysis was also made for solids. Total suspended 
solids (TSS) were found to be less than 100 ppm. 

EQUIPMENT PERFORMANCE 

Injection Pumps. The pressure for circulating water 
through the reservoir is developed by a pair of 
quintuplex type, reciprocating pumps. The pumps 
can produce flow rates in the range of 84 to 336 gpm 
at pressures from 3400 to 5000 psi. An illustration 
of a pump is provided in Figure 2. 

Figure 2. Injection Pump. 

The pumps were subjected to approximately 700 
hours of operation. Both pumps were used in the 
start-up operations but not in combination. Flow 
rates for the operations required the use of only one 
pump at a time. Early into the start-up phase, one 
of the pumps developed a mechanical problem in ita 
power end that was traced to a defective crank 
bearing. The problem was quickly remedied by the 
pump manufacturer. After the repair, the pump was 
placed back into service without any further 
mechanical problems. 

An inspection of the pump valves uncovered a 

seemingly high rate of wear on the sealing surfaces 
on both the discharge and suction valves. This 
condition was evident in both pumps. However, 
there was no degeneration in the hydraulic 
performance of the pumps. Further pump operations 
will be needed to establish information on the life 
cycle of the valves. 

Separator. The separator is designed to remove any 
free vapor and suspended solids from the hot 
geothermal fluid. It is designed to remove 350 
lbdmin of vapor and approximately 3 lbdmin of 
solids. 

During the circulation tests, there were brief periods 
of operation when undissolved gas was produced as 
part of the production fluid. In these instances, the 
separator operated to effectively remove the gas from 
the process stream. As compared to the 30-day test 
in 1986, the gas production was less frequent and 
shorter in duration. The difference has been 
attributed to the higher production pressures in the 
more recent tests. 

The production of sediment was essentially 
nonexistent. During one of the 3-day circulation 
tests, less than 1 gram of sediment was removed 
from the separator. 

Makeup pumps. Previous testing of the Phase I1 
reservoir confirmed that water is lost in the process 
of circulating water through the reservoir. This loss 
varies depending on the reservoir pressure. To 
compensate for the loss, water is added to the 
process in the low pressure side of the plant by a 
pair of centrifugal pumps. The pumps can supply 
water at rates from 5 to 74 gpm at pressures 
between 250 to 1000 psi. 

A minor problem in commissioning the makeup 
pumps was encountered with the control logic. The 
pumps came furnished with control equipment that 
was to provide for automatic operations. Depending 
on the demand, the control system was to activate 
and sequence the pumps to supply the needed water 
and maintain a steady pressure. The problem was 
remedied by the pump vendor with a redesign of the 
control logic and the installation of additional control 
equipment. 

Heat Exchanger. The thermal energy is removed 
from the geothermal fluid as it passes through an 
air-cooled heat exchanger. The heat exchanger is 
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modular in design and contains four (4) separate 
b e d - t u b e  bundles. The finned tubes are 
constructed from ASTM A-214 carbon steel material. 

The heat exchanger is part of the existing equipment 
at Fenton Hill that was incorporated into the design 
of the surface plant. It has been used periodically 
since the start of the HDR program to support other 
circulation experiments. Because of its age and the 
susceptibility of the tube material to corrosion, m 
internal inspection was made to evaluate the 
condition of the tubes prior to placing it into service. 
The inspection uncovered a buildup of iron carbonate 
scale but no degradation in the material thickness of 
the tube wall. The decision was made to proceed 
with using the heat exchanger in its present 
condition. 

~ 

During the testing, all four bundles were evaluated 
but only two were required at any given time for 
cooling the fluid. The pressure drop through one of 
the bundles was found to be higher than the 
remaining three. This was attributed to the fewer 
number of tubes in the bundle. The operating 
parameters for the next test phase in the LTET 
program are going to be similar to those in the start- 
up operations. The present plan is to use the heat 
exchanger without any additional changes and 
continue to evaluate its performance. 

Plant Control. The plant is designed for automated 
operation. Process control along with the collection 
of opkrating data is performed by a high speed data 
acquisition and control (DA&C) system. The system 
consists of commercial software for process 
automation running on a PC-based computer. 

The implementation of the computerized control 
system progressed smoothly and without major 
problems throughout the start-up phase. The control 
logic has been verified and the system can provide 
for an automated shutdown in the event of an upset 
from n o d  operating conditions. The objective for 
system automation is to provide for extended 
unmanned operations. Work continues on developing 
the necessary operational and control logic to 
accomplish thia goal. 

surface plant. In addition, it provided valuable 
information regarding operating parameters for 
conducting the next test in the LTFT plan. 
Additional operating time will be necessary to 
establish the reliability and maintenance 
requirements of the equipment in the plant. The 
success of the start-up operations completes another 
milestone in the program to develop the HDR 
technology as a commercially viable energy source. 
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SUMMARY 

The start-up operations succeeded in verifying the 
equipment and system performance of the HDR 
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