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ABSTRACT 

Renewed flow testing of the HDR reservoir at Fenton Hill, NM 
began on May 10, 1995 after a 2-year hiatus following the end 
of long-term flow testing in May 1993. Subject to the lirnita- 
tions of available funding, this new sequence of reservoir 
Verification flow tests will include the following operating 
phases: 

Base  1: An initial 5 weeks of flow testing to reestablish the 
steady-state operating conditions that existed at the end of the 
Second Phase of the Long-Term Flow Test (LTFT) in April 
1993. These operating conditions were an injection pressure of 
3960 psi and a production backpressure of 1400 psi. 
Phase 2: Several weeks of operation at a higher production 
backpressure of 2200 psi, replicating one of the off-design 
steady-state opemting COnditiGCS thar was established during the 
Interim Flow Test in December 1992 (between the two phases of 
the LTFT). 
Phase 3: Several weeks of operation at a backpressure of 2200 
psi, with daily 4-hour surges of production flow accomplished 
by temporarily dropping the backpressure to 500 psi. These 
cyclic tests will first be performed in pressure control, with the 
flow rate expected to rapidly increase at first and then gradually 
taper off over the 4-hour periods of reduced backpressure. 
Then, similar testing will be conducted in a flow control mode, 
with the production backpressure being decreased from 2200 psi 
to 5W psi in a period of 4 hours to maintain an eleva:ed, but 
constant, production flow. 
Phase 4: A pump to seismicity, wherein the reservoir injection 
pressure will be increased stepwise from an initial value of 3960 
psi until the onset of fracture extension at the periphery of the 
reservoir is seismically derected 
phase 5: An extended period of production flow under optimum 
conditions of injection pressure arid production backpressure to 
maximize the rate of heat extraction from the reservoir. 

As of this writing (June 29), only reservoir verification phases 1 
and 2 have been completed. Therefore, this paper is a summary 
of only these parts of the planned flow testing for 1995. The 
most significant feature of the cumnt resting is that the reservoir 
flow behavior after 5 weeks of circulation is intermediate 
between that measured near the end of the Second Phase of the 
LTFT in April 1993, and that measured after a spontaneous flow 
increase that occurred on May 6, 1993 during a 3-dsy cyclic 
flow experiment. This would suggest that thermal recovery 
within the reservoir region during the intervening 2 years has 
nullified about two-thirds of that sudden reduction in reservoir 
impedance. This assenion is supponed by recent tncer studies 
that indicate a flow dismburion wihin the reservoir mermediax 
between that existing near the beginning of the First Phase of the 
L?FT in May 1991 and that existing near the end of the Second 
Phase of the LTFT in Aprit 1993. 

The rate of water loss from the boundaries of the reservoir 
indicates that we have “reset” the ambient far-field pressure level 
which controls the diffusional loss of fluid. In 1992, the LTFT 
was begun after a multi-year period of reservoir pressurization at 
2180 psi, while the current reservoir verification flow testing 
was initiated after many months of reservoir pressure mainten- 
ance at 1450 psi. At equivalent times following the initiation of 
circulation in 1992 and 1995, and under similar reservoir 
operating conditions, the water loss rates were 14 gpm and 17 
gpm, respectively. primarily reflecting the difference in the 
ambient far-field pressure levels between these two tests. 

INTRODUCTION 

This report is a summary of the first two phases of renewed 
ffow testing of the HDR reservoir at Fenton Hill, New Mexico. 
The period covered is the 7 weeks from May 10 through June 
28, 1995. A new 218-stage high-pressure centrifugal injection 
pump, purchased from REDA of Banlesville, Oklahoma, is 
being used for this flow testing. This pump is powered by a 
450-HP commercial Caterpillar diesel engine already owned by 
the Los Alamos National Laboratory. 

Phase I 
For the first 5 weeks of flow testing in 1995, the reservoir was 
operated in pressure control with an injection pressure of 3960 
psi and a production backpressure of 1400 psi. These are the 
same operating pressures that existed near the end of the second 
phase of the LTFT in April 1993 (Brown, 1994al. It should be 
noted that 5 weeks were required to establish steady-state 
nservoir operating conditions in 1995 because the reservoir was 
inirially at a fairly low ambient pressure of 1570 psi and because 
only two days had been provided to repressurize the reservoir 
prior to beginning circulation. When production was initiated at 
noon on May 10, the pressurc at the injection well was 3960 psi, 
but the shut-in pressure at the production well had risen to only 
u)oo psi, indicating that the reservoir was not yet fully pres- 
surized. This conclusion was based on the observed shut-in 
pressures of about 3500 psi that typically existed prior to 
initiating production flow following numerous production shut- 
ins during the Iatter pan of the LTFT in 1993 (Brown, 1994a 
and 1995). 

After a 2-year hiatus in flow testing. it was uncertain as to where 
the production flow would stabilize because. during a %day 
sequence of cyclic flow tests in early May of 1993 (just after the 
LTFT), there had been a sudden drop in the reservoir flow 
impedance as evidenced by an almost 50% increase in the 
production flow rate (Brown. 1993 and 1994b). One of the 
primary objectives in reestablishing steady-state operating 
conditions during the present testing was to determine whether 
this change in the character of the reservoir flow, which 



apparently resulted from a sudden redismbution of flow paths in 
the interior of the reservoir, would persist given the thermal 
recovery within the reservoir region in the intervening 2 years. 

To funher investigate changes in the nature of the flow through 
the interconnected network of joints comprising the Fenton Hill 
reservoir, a 3-day tracer test was conducted from June 6 through 
June 9, 1995. Two different conservative tracers were used for 
this study: sodium fluorescein dye and para-toluene sulfonic 
acid. 

€!b.a 
When steady-state reservoir operating conditions were finally 
reestablished after 5 weeks of circulation, the production 
backpressure was increased to 2200 psi on the morning of June 
14, 1995. This change in backpressure produced a further 
pressure dilation of the joint network in the vicinity of the 
production well, rapidly increasing the storage capacity of the 
reservoir in this region and briefly decreasing the production 
flow rate. The reservoir pressure distribution required about 8 
days to stabilize after this perturbation, with the net production 
flow rate finally reaching a steady-state level of 99 gpm, 
compared to a 105 gpm rate previously observed at a 
backpressure of 1400 psi. 

A temperature log of the prodaction well was conducted on 
Thursday, June 22, to determine whether any significant 
changes had occurred in the outlet temperatures of the set of 
flowing joints connected to the production interval. This 
temperature log was compared to the final LTFT flowing 
temperature log conducted on March 16, 1993. and to several 
earlier L m  temperature. logs. 

RESULTS OF '1995 PHASE 1 TESTING AT A 
BACKPRESSURE OF 1400 PSI 

The most significant observation from the initial 5-weeks of 
flow testing in 1995 is that, following a 2-year shut-in, the 
reservoir returned to almost the same operating conditions that 
had existed at the end of the LTFT. This in itself is a rerrarkable 
result and lends credence to the viability of engineered HDR 
geothermal systems following possible long periods of 
dormancy. 

Table I compares reservoir performance near the end of Phase 1 
testing in 1995 to the measured performance (1) at the end of the 
Second Phase of the LTFT in April 1993 and, (2) after the 
sudden drop in flow impedance that occurred on May 6, 1993 
(Brown, 1993). 

I Table 1 
Comparison of Current Reservoir Performance at a 

3ackpressure of 1400 psi with that Measured in Mid-1 993, 
Near "Iie End of the LTFT 

(1) (2) 
I.nay 1 1  April 12-15 May '13 1 1995 I 1993 1 1993 1 Date Measured: 

lnjection Conditions: 
Flow Rate. gprn 127.1 103.0 130.2 
Pressure, psi 3960 3965 3860 

Production Conditions: 
Flow Rate. gpm 104.8 90.5 122.0 

Temperature, 'C 185 184 153 
Backpressure, psi 1400 1400 1400 

The most obvious conclusion to be drawn from the data 
presented in Table i is that the present production flow behavior 

of the reservoir at 104.8 gprn is intermediate between that 
existing just prior to the end of the Second Phase of the L m - -  
on April 12-15,1993 (90.5 gpm) and that following the sudden 
increase in the production flow on May 6, 1993 (122.0 gpm). 
Fmm these flow rate values, it appears that the present reservoir 
flow impedance is about halfway between the levels existing 
directly before and after the sudden drop in impedance. it is 
suggested that the thermal recovery of the reservoir during the 
past 2 years may account for this observed impedance behavior. 

Near the end of the f i t  phase of the current reservoir flow 
testing, a tracer test was conducted to investigate the nature of 
the flow distribution through the reservoir. When these tracer 
results are compared to previous tracer data, it again appears that 
the reservoir flow response is intermediate between previously 
measured results -- but this time intermediate between the 
response early during the LTFT in 1992 and near the end of the 
LTFT in 1993. 

In Figure 1, the present tracer response for the reservoir is 
compared to that measured on May 18, 1992, during the First 
Phase of the LTFT, and on April 12,1993, near the end of the 
Second Phase of the LTFT. Based on the results from the 
current tracer test, the first arrival of the tracer in a normalized 
time of about 3-l/2 hours suggests that the more direct flow 
paths within the reservoir have been reestablished as they were 
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Figure 1. Recovery of fluorescein dye tracer on three occasions: early 
and late during the LT€T in 1992-1993 and 4 weeks after renewed flow 
resting in 1995. 

in early 1992. In addition, the peak in the tracer response is 
intermediate in time between the two LTFT tracer curves, 
suggesting that there is presently somewhat less dispersion in 
the reservoir flow paths than had developed over the 8-months 
of flow testing in 1992-1993. Although speculative, the very 
broad peak in the present tracer response may indicate a 
developing set of more uniformly distributed flow path lengths 
within the body of the reservoir. One thing is clear. however: 
the high degree of reservoir flow dispersion that had developed 
during the LTFT has been somewhat reduced by either the 
stepwise change in reservoir flow impedance that occurred 
during the 3-day cyclic flow test following the end of the LTFT, 
or by two years of reservoir dormancy. 



RESULTS OF 1995 PHASE 2 TESTING AT A 
BACKPRESSURE OF 2200 PSI 

On the morning of June 14,1995, the production backpressure 
was increased from 1400 psi to 2200 psi. Initially, there was a 
very sharp decrease in the production flow rate with flow being 
diverted into further inflating the reservoir sumunding the 
production interval. However, this behavior was anticipated: 
increasing the pressure within a fluid-filled joint further dilates 
that joint, nsulting in additional fluid storage. What was 
unknown was how long it would take to satisfy this increased 
reservoir storage capacity, not only in the vicinity of the 
production wellbore but also extending out to the boundaries of 
that part of the reservoir which normally is influenced by the 
lower pressures surrounding the production well. Our previous 
experience during the Interim Flow Test in December 1992, 
when a very similar set of reservoir operating conditions 
obtained, suggests that the slow decrease and final leveling-off 
in the apparent rate of water loss provides a good indication of 
when a new state of pressure equilibrium across the reservoir 
has finally been achieved. During the present test, the time 
required to reestablish pressure equilibrium following the 
increase in backpressure from 1400 to 2200 psi was about 8 
days. 

Table I1 provides a comparison of the TWO 2200-psi back- 
pressure operating points; the fmt  measured after 14 days of 
circulation at the higher backpressure of 2200 psi during current 
testing, and the second measured in December 1992 during the 
Interim Flow Test. The most significant difference between 
these two steady-state tests is the 17% higher production flow 
rate observed during current testing. This increase in flow un- 
doubtedly resulted from the change in the reservoir impedance 
on May 6, 1993 discussed above, It is almost the same as the 
16% increase in the production flow rate at a backpressure of 
1400 psi observed during phase 1 of the current testing, as 
shown in Table L 

Table II 
Comparison of Present Reservoir Performance at a 

Backpressure of 2200 psi to that Determined Between 

I June 27-29 I December 10 I 
1995 1992 Date Measured: 

Injection Conditions: 
Flow Rate, gpm 124.2 11 6.2 
Pressure, psi 

Production Conditions: 
Flow Rate, gpm 99.0 
Backpressure, psi 2200 
Temperature, 'C 183 

84.6 
220 1 
177 

I I Water Loss Rate, gpm I 18.6 I 17.5 

On June 22,1995, a temperatux log of the production well was 
performed. Figure 2 presents a typical temperature profile 
through the producuon interval in this well, highlighting the 4 
points that have been previously used to follow the redismbution 
of fluid temperatures with time (Brown, 1994a). Table III 
compares the temperatures at these 4 specific points across the 
production interval for times during the First and Second Phases 
of the L m  and for the most recent temperature log. 
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Figure 2. A typical temperature profile across the reservoir 
production interval. 
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Table 111 
Comparison of Fluid Temperatures at Four Specific Points 

Across the Production Interval 

I I I I 1 

(1 1,320 fi) 233.4.C 232.9.C 232.4.C 230'C lPoint I I I I 
Point C I (10,990 fi) I 232.0.C I 231.7.C I231.5'C I 230'C 

(10,750 ft) 228.2.C 228.1.C 227.8.C 227'C lPoint I I I I 
Unfortunately, during the June 22 temperature log, a bad 
amplifier in the surface electronics caused the indicated 
temperatures to read low by from 20 to 26OC. depending on 
temperature level. Using the bottom-hole temperam of 245OC 
(which has been repeatedly verified during a number of different 
temperature logs since 1989). and the surface production 
temperature as measured by a calibrated Platinum-resistance 
thermometer as reference points, the June 22 temperature data 
were corrected with a linear adjustment equation of the form: 

ATrnn = a + bT,, 

The corrected temperature data suggest that the mixed-mean fluid 
temperature at the top of the production interval (Point D) is now 
227°C about 1 degree lower than it had been at the end of the 
LTFT, in spite of the fact that there had been no thermal energy 
production from the reservoir between May 1993 and May 
1995. However, during these 2 years, the reservoir had been 
maintained at a pressure level of at least 1450 psi above hydro- 
static. It is suggested (and supported by the temperam data 
given in Table 111) that natural convection within the pressure- 
dilated reservoir region during this 2-year period would tend to 
drive the reservoir region toward a more isothexmal temperature 



distribution. Perhaps this same phenomenon has led to the 
apparent slight decrease in the current temperature at the 
reservoir outlet. 

CONCLUSIONS 

Recent flow testing of the Fenton Hill HDR reservoir has 
demonstrated that engineered geothermal systems can be shut-in 
for extended periods of time with apparently no adverse effects. 
However, when this particular reservoir at Fenton Hill was shut- 
in for 2 years in a pressurized condition, natural convection 
within the open-jointed reservoir region appears to have leveled 
out the preexisting temperature gradient so that the gradient has 
now approached a condition more typical of liquiddominated 
hydrothermal reservoirs which are invariably almost isothermal 
due to natural convection. 

As a result of the sudden flow impedance reduction that led to an 
almost 50% increase in production flow near the end of the 
Second Phase of the LTFT in May 1993, we were uncertain as 
to the state of the reservoir after being shut-in for 2 years. The 
flow performance observed d u n g  the current testing was found 
to be intermediate between that at the end of the Second Phase of 
the LTFT and that following the subsequent sudden flow 
inmase, implying that whatever caused the sudden reduction in 
impedance in the fust place is probably somehow associated 
with the cooldown of the reservoir near the injection interval, 
since temperature recovery at the surfaces of the surrounding 
open joints is the most obvious phenomenon expected to occur 
over time within the reservoir. 
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