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CONCLUSIONS

The following conclusions are based on direct observations and ana-

lysis of data collected during the flow test of well "State" 2-14 conducted
during 28-30 December 1985:

1.

The well encountered a permeable zone at 6,100 to 6,227 feet in
depth, with a resource temperature of 581°F measured downhole.

The produced fluid had a calculated pre-flash total dissolved
solids (TDS) content of approximately 27 weight-% and an estimated
enthalpy of 400 BTU/1b. At atmospheric pressure, this resulted in
a steam fraction of 26.5 weight-% and a 37 weight-% TDS content in
the separated brine.

Pre-flash TDS content cé]cu]ated by GeothermEx (27.2 weight-%) and
by D. Michels (24.5 weight-%), are in reasonable agreement.
Michels also estimated the pre-flash gas content to be 0.17
weight-%, consisting of about 99.6% carbon dioxide. Chemical ana-
lyses based on samples collected by Kennecott are suspect, as the
TDS of samples collected at 460 and 195 psig are not in agreement.

The sample collected at 460 psig appears to be diluted by excess
steam.

Under throttled conditions, the flow rate stabilized at approxima-
tely 140,000 1bs/hr at a wellhead pressure of 450 psig. No sta-
bilized data were obtained with the well flowing fully open, because
of the short discharge time. Data collected during this time

showed a decrease in wellhead pressure from 245 to 190 psig, with a
corresponding decrease in flow rate from 490,000 to 360,000 1bs/hr.
Because of the steep rate of pressure and mass flow decline, no
estimate of stabilized conditions has been made.

-1-
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5.

The producing zone has a productivity index of 300 1bs/hr/psi,
based on a pressure survey conducted with the well flowing at
140,000 1bs/hr. )

Pressure-buildup data were analyzed using both constant-pressure
outer-boundary and infinite outer-boundary models. The formation
flow capacity was estihated,to be 6,500 and 11,700 millidarcy feet
(md-ft) respectively from the two models; with skin factors of +6
and +10 respectively. The positive skin factors suggest that the
well is damaged.

Temperature and pressure data from surface and downhole measure-
ments were adequate to define the boiling-point curve for the
brine. Some of the data, however, follow the pure-water boiling-
point curve, and this is believed to indicate that separation of
brine and steam occurred in the flowline between the wellhead and
the sampling loop. It is suggested that pressure and temperature
gauges be installed on the bottom of the pipeline prior to the next
flow test to confirm this interpretation.

During the flow test, problems were encountered with the operation
of the James tube, muffler and weirbox due to mineral deposition.
It is believed that the majority of these problems can be overcome
by simple modifications to the system before the next flow test.
The following modifications have already been discussed with
Bechtel:

a. The James tubes should be extended in length, to ensure that
they discharge directly into the muffler and not into the
baffle pipe.
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An 8-inch line should be installed from the muffler to the
brine pit, to allow the muffler to be drained.

The baffles in the weirbox and the weir plate should be remo-
vable so that sludge can quickly be cleaned out of the weirbox
on a routine basis during the flow test.

A nitrogen bottle should be connected to the lip pressure tap
‘line so that it can be blown down on a routine basis to prevent
scaling.

9. In addition te the above, the following changes are recommended to
improve the quality of the collected data:

The sight glass on the weirbox should be relocated at least two
feet upstream of the weir to ensure that the maximum head is
being measured.

The weir crest length should be reduced from the present 15
inches to 10 inches.

The pressure taps at the measuring orifice should be changed
from flange taps to pipe taps, and gauges should be used to
measure the pressure drop across the orifice.

10. Because of the slow reservoir response noted when the well was
fully opened, it is recommended that the well be flowed at only two

rates during the final flow test to ensure that stabilized con-
- ditions are achieved.



SUITE 201
5221 CENTRAL AVENUE
Geotherm EX, |nc. RICHMOND, CALIFORNIA 94804

N EE B BN EE EE BN BN B BN BN BN BE BN BN BN B ' am

(415) 527-9876

CABLE ADDRESS: GEOTHERMEX
TELEX: 709152 STEAM UD
FAX: (415) 527-8164

1. INTRODUCTION

As part of the Salton Sea Scientific Drilling Program, the well
“State" 2-14 was flowed from 28 to 30 December 1985, after encountering
partial losses of circulation between 6,100 and 6,227 feet in depth, when
drilling out below the 9-5/8-inch casing shoe at 6,000 feet. During the
flow test, the well was discharged to an atmospheric muffler and the well's
output was determined by use of the James lip-pressure method combined with
water-flow measurements across a weir. This method is not normally used
for testing of high-salinity brine wells because of the problems with
mineral deposition. Recognizing this problem, GeothermEx, Inc. recommended
the use of a high-pressure separator, with continuous metering of the
separated steam and brine phases for calculating total mass-flow rate and
enthalpy. However, because of the cost of such an installation, it was
decided to proceed with the atmospheric muffler and weirbox.

GeothermEx personnel were on-site during the period of preparation
for the flow tests and during the actual testing and sampling of 28 to 30
December. However, no GeothermEx personnel were present during the
attempted downhole sampling of 31 December 1985.

GeothermEx, Inc. 1is responsible for the interpretation of physical
and other data collected during the test. In addition, GeothermEx has pro-

vided advice to Bechtel on various aspects of testing, logging and sampling
the well.

The purpose of this report is to present the physical data col-
lected during the flow test and an interpretation of that data.
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Flow-Test Facility

The facility used for testing well "State" 2-14 is shown schemati-
cally in figure 1. Using this facility it was possible to discharge the
well to either:

a) the mud pit used during drilling;
b) directly to the brine pit through the bypass blooie line; or

c) to the atmospheric muffler/separater, with the water being
discharged to a weirbox and then to the brine pit.

The pipeline in the facility was constructed of 10-inch schedule 40
pipe,'instrumented at various points with temperature and pressure gauges.
The locations of these measuring points are shown in figure 1. In the
fluid-sampTing loop, 4 orifice plates were installed at the locations shown
in figure 1 (FO-1 to 4) to provide 4 fluid-sampling environments at dif-
ferent temperatures and pressures. A bypass around the sampling loop was
also provided, so that the discharged fluid only flowed through the
sampling loop during periods of sampling.

The mass flow rate to the muffler was monitored by recording the
1ip pressure at the end of the James tube and by measuring the water flow
rate over a weir. Initially a 90° V-notch weir was installed, but this was
later replaced with a 15-inch rectangular-notch weir. An orifice plate was
also installed upstream of the James tube to provide a further method of
calculating the mass flow rate. A Foxboro recorder was used to con-
tinuously monitor (a) the pressure upstream of the orifice plate, (b) the
orifice plate differential pressure and (c) the lip pressure. The fluid
level in the weir box was measured with both a dipstick and a sight glass.

-5-
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2. DESCRIPTION OF THE FLOW TEST

Well "State" 2-14 was flowed as pért of the Salton Sea Scientific
Drilling Program from 28 to 30 December 1985. The discharge history is
summarized in figure 2 and in the following section. This section is based
mainly on records and data collected by the U.S. Geological Survey on-site
Science Manager and his staff.

The decision to flow the well was made on 24 December 1985 after
partial losses of circulation were encountered between 6,100 and 6,227
feet in depth. After this decision was made, the drilling mud was
displaced from the hole with fresh water, and the rig was put on standby.
A suite of logs, including static temperature and pressure surveys, was
then run in the well, and these were completed by 28 December 1985. By
this time the wellhead pressure had risen to 165 psig, because of heating
and subsequent expansion of the fresh water; and it was felt that the well
could possibly discharge without the need for nitrogen injection.

The well was opened to the mudpit at 1324 hours on 28 December
1985, and the initial flow was estimated to be approximately 35 gallons per
minute (gpm), at a wellhead pressure of 6 psig. The flow continued at this
rate, with discharge temperature increasing from 165°F to 196°F. However,
the temperature stabilized at 196°F, and it was noted that the fluid was
becoming more muddy and the flow rate was decreasing. Therefore, at 1530
hours the decision was made to inject nitrogen in order to initiate a full
disecharge. Tubing was run into the well to 1,500 feet, and nitrogen was
pumped at a constant rate of 250 cubic feet per minute (cfm). By 1800
hours the well was discharging to the mudpit.
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At 1830 hours the flow was bypassed to the brine-pit blooie line,
which was equipped with a lip-pressure tap (figure 1), to give an initial
indication of the flow rate. At 1858 hours the flow was bypassed to the
atmospheric muffler, with the separated water flowing across a 90° V-notch
weir into the brine pit.

At 1938 hours it was noted that water was backflowing out of the
baffle pipe surrounding the James tube. It was believed that this was
caused by flooding of the muff]er,-becadse of limited capacity in the weir-
box, and the flow was diverted back to the blooie line at 1944 hours. To
increase the capacity of the weirbox, it was decided to replace the 90° V-
notch weir with a rectangular-notch weir having a crest length of 15
inches. It was also decided that the first baffle in the weirbox should be
reduced in height.

While waiting for the welder to make the modifications, the flow
was throttled back and rediverted to the muffler at 2151 hours. This was
necessary because spray from the blooie line was being carried beyond the
brine pit.

Modifications to the weirbox were completed at 0327 hours on 29
December 1985. While the modifications were being carried out, the flow
was diverted to the blooie line, and the inside of the muffler was
inspected to see if scale buildup was restricting the two 12-inch outlet
lines. A coating of salt scale of approximately 1/4- to 1/2-inch thickness
was found on the sides of the muffler; scale buildup also had occurred in
the center of the muffler base. However, the two outlet pipes were found
to be clear. '
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It was also decided to replace the 7-inch James tube with a 5-inch
James tube. After the James tube was removed, a buildup of scale was noted
inside the baffle pipe, starting where the fluid would have discharged from
the end of the James tube. This was cleaned out and the 5-inch tube was
installed. A vacuum truck was also utilized to clean out the weirbox,
which was found to be full of sludge.

The flow was diverted back to the muffler after the modifications
were completed. However, at 0413 hours the flow was again diverted to the
blooie line because of excessive fluid backflow past the James tube. The
James tube was removed and the baffle pipe was found to be badly scaled.
The scale was removed and a 10-inch James tube was installed. The flow was
rediverted to the muffler at 0522 hours. However, the same problem was l
encountered, and the flow again was diverted to the blooie line at 0654
hours. After a few minutes it was realised that spray from the blooie line
was still being carried beyond the brine pit, and that it would be
necessary to modify the end of the line to direct the flow down into the
brine pit. The flow was therefore rediverted to the muffler.

At 0753 hours the flow was diverted through the sampling Toop So
that fluid sampling could be started. However,'it was found that the tem-
perature drop between each of the sampling spools was inadequate and that
it was thus necessary to replace the pressure-reducing orifice plates. The
flow was therefore diverted back to the bypass line at 0915 hours. The
orifice plates were replaced, and flow restarted through the sampling
spools at 1234 hours. As before, the temperature drops were found to be
inadequate, and the flow was bypassed at 1244 hours. After further changes.
were made in orifice diameter, the flow was diverted back to the sampling
Toop successfully at 1416 hours.  Sampling continued until 2005 hours.
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While the orifice plates in the sampling loop were being replaced,
the end of the blooie line was modified, to direct the flow down into the
brine pit. Flow was bypassed from the muffler at 1227 hours. With the
flow going to the blooie line, it was possible to remove the 10-inch James
tube and to clean out the baffle pipe. The 10-inch James tube was also
extended in length so that fluid would discharge directly into the muffler
rather than into the baffle pipe, to overcome the problem of backflow from
the baffle pipe. At the same time, preparations were underway to conduct
temperature and pressure surveys with the well on discharge, using the
"dewared" Kuster temperature and pressure tools.

However, prior to conducting the surveys, it was found that the
flange above the master valve was leaking. It was decided to abort the
surveys and shut in the well. The well was shut at 2115 hours, whereupen
the bottom flange on the master valve also began to leak. Both flanges
were retightened and a kill line was installed.

The well was reopened to the brine-pit blooie Tline at 0113 hours,
30 December 1985. At 0328 hours the flow was diverted to the muffler and
the flow rate slowly was increased. The well was fully opened by 0435
hours. No problems were encountered with backflow at the baffle pipe, and
there was no sign of excessive water carryover in the steam. It was found,
however, that the weirbox quickly filled with salt sludge, and by 0515
hours the level was close to the bottom of the weir notch. The sludge was
shovelled out manually, with the well continuing to flow to the muffler.
However, the rate of scale buildup was sufficiently great to make this
method of cleanout impractical. In addition, it appeared that the 1lip-
pressure tap on the James tube also had scaled up by 0548 hours.
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With the well fully open, Kennecott then began to take fluid
samples at sampling point PI-SP-2 (figure 1). It was noted, however, that
the well output was falling off, possibly because of scaling in the well.
Hence, it was decided that the well should be throttled back as soon as
possible. Kennecott completed their sampling by 0613 hours, and the well
was throttled back.

Flow was diverted through the sampling loop at 0743 hours to allow
the second round of fluid sampling. Sampling was completed by 1520 hours.

During the morning of 30 December 1985, rigging was completed for
the flowing temperature and pressure surveys; running in-hole began at 1350
hours. After completing the surveys, the tools were left in the hole at
5,950 feet (measured depth) to record pressure and temperature buildup
after the well was shut-in.

After sampling was completed, the well continued to flow through
the sampling loop until 1700 hours, at which time a thermowell (TI-6) in
the Tow-pressure spool of the sampling loop washed out. The flow was then
bypassed, and the well was shut-in at 1730 hours. The wellhead pressure
had declined to zero by 2008 hours, and the temperature and pressure tools
were recovered at 0100 hours on 31 December 1985,

Following recovery of the temperature and pressure too]é, the
downhole sampler from Los Alamos National Laboratery was rigged up and run
into the well at 0400 hours. The tool was recovered, but it was found that
the sampling valve had not opened, perhaps because of high cable resistance
caused by leaks in the cable head. The cable head was serviced and a

-10-~
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second attempt was made to recover a fluid sample. This was also unsuc-
cessful, and it was concluded that leaks between the conductors in the
cable were preventing the valve from opening when a surface power source
and conductor cable were used. '

Hence it was decided to use a battery pack, supplied by Sandia
National Laboratory, to actuate the valve from downhole. During this run
it was found that the valve did open, but because of the flashing which
occurred when fluid entered the evécuated'sampling vessel, the entry point
scaled up. The motor was unable to close the valve because of the scale;
and when the tool was recovered it was found that the battery pack had
burnt out. After unsuccessful attempts were made to close the valve on the
surface using a spare battery pack, it was concluded that the motor used to
operate the valve also had burnt out.

Downhole sambling was therefore aborted at 2200 hours, and injec-
tion of the discharged brine back into the well was started at 2300 hours
on 31 December 1985, at an approximate flow rate of 600 gpm.

During the downhole surveying and sampling, no evidence of scaling
was found in the wellbore, indicating that the decrease noted in the
flowrate when the well was fully open was a reservoir response and was not
due to choking in the wellbore.

After completion of the flowtest, the pipelines and muffler were
inspected for scale deposition. Pipelines were found to be relatively
deposit-free, but deposits up to 18-inches thick were found in the muffler.
The most severe deposition occurred opposite the tangential inlet, with a
decreasing thickness away from that point. When the manhole cover was
removed, a deposit 6 to 7 inches in thickness was found on the inside sur-
face.

-11-
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3. ANALYSIS OF THE DATA

Data collected from the wellhead, sample spool and muffler during
the flow tests are tabulated in Appendix A and plotted in figures 3, 4 and
5. These surface data, along with data collected from downhole surveys,
are analyzed in the following sections.

Estimation of Fluid Enthalpy and Pre-Flash TDS

The discharge enthalpy has been estimated from the temperature
(581°F) measured at the bottom of the casing with the well on discharge
(figure 6), modified for TDS, using the following formula:

ht = 0.3671.16 . 10-0.6x, | ' . (1)
where: ht = total fluid enthalpy (BTU/1b),
T = temperature (°F), and

x = TDS (weight fraction)

TDS could not be measured directly, because of steam separation.
However, by use of the chemical concentration measured in the weirboi
(370,000 ppm), combined with percentage-steam-flash calculations and
equation (1) in an iterative process, the fluid enthalpy and pre-flash TDS
were estimated respectively to be 400 BTU/1b and 272,000 ppm or 27.2
weight-%. Using this value for enthalpy, the steam fraction at atmospheric
pressure is calculated to be 26.5 weight-%.

-12-
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The calculated pre-flash TDS of 27.2 weight-% is close to the value
of 24.5 weight-% estimated by Michels. Michels also estimated the pre-
flash gas content to be about 0.17 weight-%, consisting of 99.6% weight-%
carbon dioxide. Michels gives no estimate of the fluid enthalpy but indi-
cates that the solution of mixed salts appears to have a smaller heat capa-
city than its weight-equivalent of sodium chloride brine. This would
suggest that the value of enthalpy calculated using equation (1) may be
slightly high. However, for calculations of flow rate, it is believed that
the estimated enthalpy of 400 BTU/1b is reasonable.

Chemical samples were also collected by Kennecott using an LLL
probe to sample at various -points across the pipe. If the sampling was
representative, the measured TDS should be the same as the pre-flash TDS.
However, samples collected at 460 psig and 195 psig had TDS values of
102,430 ppm and 292,735 ppm respectively. The sample collected at 460 psig
appears to be diluted with respect to the sample collected at 195 psig,
probably due to entrainment of a higher percentage of steam. The sample
collected at 195 psig is believed to be more representative of the true
pre-flash TDS. However, unless the enthalpy of the sample is equal to the
enthalpy of the steam and brine mixture in the pipe, the sample TDS will
not be the same as the pre-flash TDS.

Flow Rate Calculations

The separated water flow rates were calculated from water levels
measured in the weirbox (figure 5) using equations (2) and (3):

-13-
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we = 8953.2p H2-481 (90° v-notch weir) (2)
we = 11988 p(1.25-0.2H)H1-® (15-inch rectangular weir) (3)
. wf = 11988 (1.25-0.2H) (H+H,)1-5 - 3600 H,1-5 (4)

where: wf = water flow rate (lbs/hr)
o = water density (1bs/ft3)

H = water level above weir (ft)

(2
Hy = velocity head = xsl%gliz (ft)

The density of water in the weirbox was measured and found to be 72
1bs/ft3. In the calculations of water flow rate, it is assumed that den-
'sity remained constant at this value throughout the flow test.

The calculated values of water flow rate, based on both the
dipstick and sight-glass measurements, are plotted in figure 5.

Equations (2) and (3)assume zero approach-velocity upstream of the
weir. With the buildup of salt sludge in the weirbox, this assumption may
not always be valid. Equation (4) is used for a rectangular weir when the
upstream velocity is not negligible; it indicates that the actual flow rate
will be greater than in the zero-velocity case. Therefore, equations (2)
and (3) yield a minimum water flow rate. For an upstream velocity of 2
ft/s, the actual flow rate could be underestimated by approximately 20%.

-14-
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The total mass flow rates shown on figures 3, 4 and 5 have been
calculated from the estimated enthalpy of 400 BTU/1b and the measured water
flow rate using flash calculations. Where possible, the flow rate also has
been estimated from the lip-pressure measurements, using a James formula
corrected for TDS. The correction to the James formula was made following
the method outlined by Karamarakar and Cheng (1980)* using the Fauske model
for 2-phase flow. The total mass flow rates calculated by this method are
included in figures 3, 4 and 5; the results match closely with flow rates

- calculated from the waterbflow.rates and the estimated enthalpy of 400
BTU/1b. '

Data were available from the orifice plate upstream of the James
tube for only a short period on the night of the 28 December 1985,
Therefore, these data are not analyzed in this report.

From the above calculations, the well was found to produce a stable
total flow rate of approximately 140,000 1bs/hr throttled to a wellhead
pressure of 450 psig. The well also was discharged with the throttling
valve fully open; however, flow rate and wellhead pressure did not begin
to stabilise during the period of observation: wellhead pressure declined
from 245 to 190 psig, with a corresponding decline in flow rate from
approximately 490,000 to 360,000 1bs/hr. Because of the continued high
rates of decline in pressure and mass flow, it has not been possible to
estimate a final stabilized flow rate.

*Karamarakar, M. and Cheng, P.: A theoretical assessment of James method
for the determination of geothermal wellbore discharge charac-
teristics, Report No. LBL 11498, GREMP-12, UC-66a, November (1980).

-15-
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Temperature and Pressure Data

Temperature and pressure data were collected from a number of
points in the surface pipework (figure 1) duringvthe’discharge test, and
from downhole surveys conducted while the well was flowing (figure 6).

Data measured at the surface and the 2-phase data from the downhole surveys
are plotted in figure 7. The data for pure water have been included in
figure 7 for comparison purposes.

‘Measurements taken at the sampling spools and the downhole data lie
" ¢lose to a single curve, which is believed to define the boiling-point
curve for this brine. Data from TI-8/PI-8, located upstream of the
samp]ingvloop (see figure 1), follow the pure-water curve, whereas data
from TI-1/PI-1 follow the brine curve at low pressures and the pure water
curve at high pressures. The data are replotted to a larger scale in
figure 8 to show these trends more clearly.

These data and trends indicate that water énd steam have separated
in the pipeline, and that water is flowing along the bottom of the pipe
with steam at the top. Hence, the measurements at TI-8/PI-8 were made in
steam which is essentially pure, and the measured temperatures and
pressures thus reflect pure-water saturation conditions. Similarly, at
TI-1/PI-1 there are indications that separation is occurring at low flow
rates (high pressures), where the measured temperatures and pressures
follow the pure-water curve; but that at high flow rates (low pressure),
turbulence has reduced the amount of steam separation, and the measurements
follow the brine curve. '
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To test this hypothesis, it is suggested that temperature and
pressure gauges be installed on the bottom of the pipe near TI-8/PI-8 for
the next flow test.

The chemical samples collected by Kennecott also support the above
hypothesis, as the high-pressure sample has only 35% of the TDS measured in
the low-pressure sample. This suggests that the LLL probe was preferen-
tially sampling steam. '

Reservoir Deliverability

From the downhole static- and flowing-pressure surveys (figure 6),
the drawdown during flow at 140,000 1bs/hr was calculated to be approxima-
tely 470 psi. This indicates that the well has a productivity index of 300
1bs/hr/psi, based on this single point.

The measured pressure buildup after shut-in is plotted on semi-log
and log-log coordinates in figures 9 and 10 respectively. The last 4 data
points are at the same pressure, suggesting that a model which includes a
constant-pressure outer boundary should possibly be used to fit the data.
Using this model and fluid properties for a 27.2 weight-% brine, the for-
mation flow capacity and skin factor are calculated to be 6,500 millidarcy
feet (md-ft) and +6, respectively. The positive value of skin factor indi-
cates that the well is damaged and that the measured productivity index is
affected by this damage.

Using the more common infinite outer-boundary solution (see figure
10), the formation flow capacity is calculated to be 11,700 md-ft, with a
skin factor of +10. '

-17-
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WELL STATE 2-14
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WELL STATE 2-14 FLOWTEST

500
T T 1 T 1T 1 T 1 1 T T 1T [ T 1T 71 T T 1 1 A B N S R | T T 1 T T 1 [ B T T T3
| ]
= ' ’ [ t'l t‘ ’*l!‘***¥*'**['* ’? T g l i '[' 'S Sl B Ii 3 4 [ ]
- RN TIIN LR + ’ 7
a00 - "“# MRAAY LI . . * 1 —
e ! -
- t” * ¥ s _
300 — ¢ ’ £, =
- ! _
- ]
200 — t P, § -
- -zt i;ﬁ.l 2 ’ *y -
[ ‘# L] .
f— [ o
100 f— -
- 4 —
0:;j¢ﬂuJ__uéL,l 111 L1 L1 1 1 M T N NAR ST N N N U N A AN NN NN N N T N [ L1 14¢| L4 1 1]
0 5 10 15 20 25 30 a5 40 45 50 55 6
4+ MEASURED AT PI-SP-% TIME (hOUPS)
= MEASURED AT PI-{
+ MEASURED AT PI-SP-2
1 IRED AT PI-8
5°°_u‘i-‘Aﬂurl[T1ll,rl;r L N A N Y O Y N L I T LA D L B N R
| [ ] [ 2 -
- "a“uuﬁml!'ua'ﬂulall”'"“'“"'!ﬂ A ,,u""u.” pogef § Bn RAad a0 BAna -
:— !! g! l". o] .l!..aﬂ _:
400 |- oty e,y o HAN ; : i ]
N LT " N
L— I —
N ]
3oot— ° ]
o ¢ .
200 — g —]
oz Iy :j
jool—L L 1 1 NI IR A RS SN NN A BN N O A A A A R RN A I S N N N R Y I I
0 5 10 15 20 25 30 35 40 45 50 55 6
¢ MEASURED AT TI-4 TIME (hDUPS)
T MEASURED AT TI-2
i MEASURED AT TI-8
el == L L L L L L AL LA B L O LI I N B B B I O N B
600 F— L o =
- * *u -
- * ———y
500 — * —
- = -
400 [— %‘é —
[ <] B =
300 o ffp =
- o o o -
— o '“ n. 0o .
200 — o b —
E o " om® 8 np,  pyp a 9p o g EE
100:_ - o, unnn - 5 5 —E
— —
P S T . [ Lt 1 1 R RN BN R R AT RN O BN A AN B O A Coe g b by
0 5 10 15 20 25 30 35 40 45 50 55 6

O TOTAL FLOW: BASED ON ENTHALPY = 400 BTU/LB AND MEASURED WATER FLONW

* TOTAL FLOW: BASED ON MODIFIED JAMES FORMULA

GeothermEx, Inc.
01-28-1986 A: TMF.PLT

TIME (hours)

500

400

300

200

100

500

400

300

200

100

0

700

600

500

400

300

200

100

0




(psig)

PRESSURE

F)

TEMPERATURE (degs.

(k1lbs/hr)

MASS FLOWRATE

FIGURE 4: DATA FROM SAMPLE SPOOLS, WELL STATE 2-14 FLOWTEST
A0 T T T T T 7T BN L N T O JSN N L N B B ] 400
- -l 7T ]
300 |— —{ 300
L === _
L N
200 — - ~— 200
- +++++++++++ 4 1
= +++ R SR P e + + —
100 — + 100
= pe¥ it 4a gty —
— PHs bbb s g ¥ ‘ <<S<<<< ¢ << << —
= << <K<K <L < < < -
0h141|L1411l|L11 NI B R RN AR R AN RN A S R | Ll 111,
0 5 10 15 20 25 30 a5 40 45 50 55 60
- MEASURED AT PI-3 TIME (hours)
+ MEASURED AT PI-4
+ MEASURED AT PI-B
AN B A A T T7T T T 1T N B B B N B N N e Y Y N B
- _

450 |— gs2%020° %0 p 0o —] 450
: [ ', 2 os 9 8 :
400&:" sxx3zxxx* 131 52 ] 400
;: 1¥xzzxzxzr11 2 .

[ -
350_— phbpgnBRo @ DR O g ] 350
- R PR XY R R E R I =
- o + * -

300 — +1 ++ ¢ — 300
P will N B A AR U A R U ST S SN U N AU N S B ST A SR c v v v b vy by v by 1111:250
0 5 10 15 20 25 30 35 40 45 50 55 60

# MEASURED AT TI-3 TIME (hUUPS)
= MEASURED AT TI-4
0 MEASURED AT TI-5
1 UBED AT TI-6

700 AR AL, [T T Tr [ T 111 IS N L Ny B N A N N B O B A T T T3 7%
— 3

600 *owem g — 600
L. * * % =

500 |— * -3 s00
- o* -
- o —

400 — %‘5 — 400
— o ] =
— oo -3

300 - P F . o 300
— D B o, 0 e

200 [~ 5 " o -+ 200
_:. o om® P ag ghg b Bg o, -

100 £~ 5 o 3 o — 100
- o Doo o | B -

I T RN N DU [ JllllllllLlLlLIlLlJIllllllllllllllLlill—o

0 5 10 15 20 25 a0 35 40 45 50 55 60
D TOTAL FLOW: BASED ON ENTHALPY = 400 BTU/LB AND MEASURED WATER FLOW TIME (hours) GeothermEx, Inc.

» TOTAL FLOW: BASED ON

MODIFIED JAMES FORMULA

01-29-1986 A: TMF.PLT




(psi)

PRESSURE

(ins)

WEIR HEIGHT

(k1bs/hr)

MASS FLOWRATE

150

100

50

0

15

10

700

600

500

400

300

200

100

FIGURE 5: DATA FROM MUFFLER AREA,

WELL STATE 2-14 FLOWTEST

+ 150
I 17T 1T 1 | L LA F 11T 1 T T T T 1 1 T T 71T T 7 T ] 1T T T 1T 1T 1
B l I | | l 1 T rT I L 1 -
|- - —
b— + —
+
= + -
— —1 100
- * -
- N + -
+ +
- +4+ 4+ —
— + —
- + + + ++ + —4 B0
+ + 4 + + + o+
— - + + +4+ T, + -
— + - * + * —
+. + -
N + ++++H o +++++++++ ++++ . . . h
- Py Fhagd + - R I —~
PENE ST it T N N TR T EN B RN BRIRL. Ikl At Wl i e LA e YT T T NNV e Y YT T OO YTl e Rl Aot S - B S I W SN S H
0 5 10 15 20 25 30 35 40 45 50 55 60
= MEASURED AT PI-9 [PSIA) TIME (hours)
+ MEASURED AT PI-40 (PSIG)
# MEASURED AT PI-41 (PSIE)
1 1T 1 LR [ P T T ' T 1T T 1 [ IR L I T 1 1 ’ 71T T [ T 1T | I | 11 T 17T 1T T L 15
- I -
i —
. * ", I
- + M -
*
B n“’mu -
1t -
— By
| . %ap —'s
b [+ —
’ . 3 figf
— " 5 AhE A g Gen, ¥y 5;1 -
B " ag  "aaom g " g ]
| S L I I I | 1 1 1 | N I | ] | S . | L 11 1.1 l | I | L 11 1 1 I B I T A | J 111 1 L 1 1 1 L | I O | 0
0 5 10 15 20 25 30 35 40 45 50 55 60
f MEASURED NITH SIGHT GLASS TIME {(hours)
+ MEASURED WITH DIP STICK
700
| N I I L T T 1T b 71 LR v 1 1 | L T 7 T 1T 1T 1 R 1T 1 T T 1T 17T T 4
E T | r | | | T T E
il N %00t o —4 600
- * 2 3
- * -~
— 2 * — s00
p—— # —
- * . o 3
— "o — 400
— - . ] =
- ! o dn °5 —] 300
- o, & o 23 -
— o B o -~
== o : ", . 9o, ~— 200
— zx '.n § $a o8 9 oy oo %0 g p -
[ x B '] nn § a sasf ® g ill' t g .é - 100
- ° ¥y ’ 1'99 ) [ o -
X
| S T . l L 11 1 Y I | l | N A | S . .| L | N I | l | l_l | I I l 1 1 1 1 J } 11 l | S B . | L i1 1 0
0 5 10 15 20 25 30 35 40 45 50 . 55 60
O TOTAL FLON: BASED ON ENTHALPY = 400 BTU/LB AND MEASURED WATER FLOW TIME (hours) GeothermEx, Inc.

% TOTAL FLOMN:
# WATER FLOW:
1 WATER FLON:

BASED ON MODIFIED JAMES FORMULA
BASED ON SIGHT GLASS MEASUREMENT
BASED ON DIP STICK MEASUREMENT

01-28-4986 A: TMF.PLT




ELEVATION (ft below sea level)

FIGURE 6: TEMPERATURE/PRESSURE SURVEYS, WELL STATE 2-14
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FIGURE 7: BOILING POINT CURVE, WELL STATE 2-14
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FIGURE 8: BOILING POINT CURVE, WELL STATE 2-14
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FIGURE 10: PRESSURE BUILDUP TEST (LOG-LOG PLOT), WELL STATE 2-14
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Data Collected During Flowtest
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DATA FROM WELLHEAD AREA
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~-1.
~-1.
450
458
452
420
-1.
416
412
410
405
401
420
422
438
442
442
442
450
450
452
450
452
452
452
452
450
450
452
452
455
455
-1.
~-1.
1.
-1.
-1.
-1.

PISP2

-1.
-1.
-1.
-1.
-1.
-1,
-1.
~-1.
-1,
~-1.
-1.
-1.
-1,
-1.
-1.
~-1.
-1.
-1.
-1.
-1.
-1,
-1.
-1,
-1.
-1.
-1.
-1.
~-1.
-1.
-1,
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1,

PI8

410
410
420
430
440
450
450
470
450
220
205
210
200
190
180
170
320
300
350
380
410
420
430
450
440
440
443
440
422
442
450

450
450
450
465
-1.
~-1.
-1.
~-1.
-1.
~-1.

TI8

440
440
LG5

445

447

450
450
455
450
392
-1,

388
385
380
380
375
412
412
435
440
442
448
450
450
452
452
452
452
452
452
450
_1,

452
452
455
455
-1,

-1.
1.
1.
1.
1.



DELTIME

25.733
26.200
26.517
27.050
27.600
28.150
28.633
29.200
29.767
30.267
30.833
31.733
37.883
43,233
43.600
44,000
44,383
44,800
45.167
45,633
46.150
46.817
47.367
47.967
48.750
49.337

P13

270
260
275
268
270
275
275
275
275
250
250
250
210
350
325
335
335
350
338
335
323
355
343
340
350
360

A.

2:

DATA FROM SAMPLING SPOOLS

TI3

~-1.
~1.
432
432
432
431
428
428
432
432
434
430
-1.
447
452
454
454
452
454
454
456
457
453
451
452
454

P14

110
110
125
125
120
120
120
120
120
120
100
120
120
180
165
165
170
170
170
165
170
160
170
175
175
175

TT4

~-1.
-1.
372
377
373
373
374
374
372
373
373
373
-1.
392
393
393
393
395
395
394
398
395
395
396
393
395

PI5

62
59
56
59
59
55
58
57
58
56
5S4
58
50
70
82
80
91
84
80
80
85
80
82
79
86
80

TIS

~-1.
~1.
330
331
333
327
325
326
325
326
325
327
-1,
346
348
349
348
348
350
350
350
350
350
350
345
347

P16

40
38
40
40
40
40
40
40
40
40
40
38
30
60
55
59
65
60
60
60
61
58
62
58
58
58

TI6
-1.

307
307
309
309
306
306
~-1.
307
309
310
-1.
328
328
329
329
326
326
329
328
329
329
328
323
328



DELTIME

5.150
5.183
5.267
5.350
5.433
5.517
5.633
6.133
6.317
6.500
6.650
6.867
7.100
7.317
7.683
7.950
8.217
8.483
8.717
9.000
9.267
9.583
9.800
9.867
10.017
10.250
10.517
10.817
14,133
14.433
16.117
16.283
16.600
17.100
17.467
18.067
18.450
19.217
19.833
20.417
20.933
21.683
22.583
23.317
23.350
23.533
23.783
24.500
24.950
25.350

A.

PI10

20.
75.
60.
80.
80.
75.
82.
70.
80.
70.
85.
75.
75.
70.
70.
70.
70.
80.
50.
20.
15.
27.
25.
20.
20,
20.
20.
30.
75.
95.
50.
110.
45.
40.
50.
-1.
-1.
-1.
-1.
~-1.
~-1.
-1.
-1.
35.
25.
22,
25.
23.
25.
25.

ojejolojoBojojolojaojajojoloohololoNololoNoloNoloNoloNoloNoloNoRoNoloNeoRoNolololeoNoloNolololoNoNoNe!

3. DATA FROM MUFFLER AREA
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.000
.000
.000
.000
.000
.000
.000
.625
. 000
.000
.000
.000
.000
.000
.000
.000
.000
.875
.375
.625

7.875

— = = E R R RNWWODN S IO 0 D

| S S A T R SR |
bt et b e s

.375
.875
.000
. 000
.000
.875
440
.000
.875
.125
.125
625
.125
.625
.625
.375
.125
.750
.625
.625
.625
.375
.000
.000
.000
.000
.000
.000
.000

LI1A

-1
-1
-1
-1
-1
-1
-1
10
-1
-1
-1
-1
-1
-1
-1
-1
-1
10

o = = =N HENDWLWNPEEWHE OOV OISO O
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[ S

-

000
000
000
000
000
000
000
438
000
000
000
000
000
000
000
000
000
938

.188
.188
.438
.188
.438
.688

313

.313
.313
.563
.000
.688
.688
.188
.688
.188
.688
.688
.688
.188

.688

.688
.688
.688
.563
.000
. 000
.000

. 000

.000

.000

.000

PI1ll

-1.
10.

13.

12.
12.
-1.
12.
12.
12.
12.
12.
10.
10.

-1.
-1.
-1.
-1.
-1.
-1.
-1.
~-1.
-1.
-1.
-1.
-1.
~-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
~-1.
-1.
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WF1

-1
-1
-1
-1

-1.

-1
-1

710.

-1
-1
-1
-1
-1
-1
-1
-1
-1

490.
436.
203.
220.
256.
220.
229.
229.
229.
220.
191.

-1

63.
199.
272.
165.
133.
103.

S5t.

39.

75.

57.

51.

51.

51.

39.

-1.

-1

-1,
-1.
~-1.
-1.
-1.

.00
.00
.00
.00
00
.00
.00
86
.00
.00
.00
.00
.00
.00
.00
.00
.00
92
81
45
41
78
41
19
19
19
41
43
.00
17
78
76
74
59
56
14
94
95
05
14
14
14
94
00
.00
00
00
00
00
00

WF2

~1.00
~1.00
~1.00
~1.00
~1.00
-1.00
~1.00
443,37
~1.00
~1.00
-1.00
-1.00
-1.00
~1.00
-1.00
~1.00
-1.00
497.95
323.09
121.16
133.68
175.71
133.68
146.93
334,10
334,10
334.10
271.27
~1.00
169.90
240.09
277.52
169.90
137.50
107.19
54.07
54,07
79.26
54.07
54.07
54.07
54.07
48.26
-1.00
-1.00
~1.00
-1.00
~1.00
-1.00
-1.00

TMF

-1.
.00
.00

-1
-1

~-1.
.00

-1

-1.
.00

-1

968.
-1.
-1.
~-1.
-1.
~-1.
-1.

.00

-1

-1.

-1.
668.
594.
277.
300.
349.
300.
312.
312.
312.
300.
260.

-1.

86.
272.
371.
225.
181.
.05

141

69.
54,
103.
77.
69.
69.
69.
54,
1.
-1,
-1.
-1.
.00

-1

-1.
~-1.

00

00
00

19
00
00
00

00
00

00
00
63
94
10
20
73
20
16
16
16
20
72
00
03
10
50
74
95

65
40
45
71

65
65
40
00
00
00
00

00
00



DELTIME

25.767
26.250
26.717
27.167
27.700
28.267
28.783
29.267
29.850
30.333
30.917
31.817
38.050
38.500
38.883
39.183
39.267
39.283
39.350
39.433
39.800
40.033
40.300
40.333
40.717
41,117
41.433
41.833
42.333
42,683
42.967
43,217
43.567
44,267
45,017
45.433
46.637
46.933
47.467
48.033
48.800
49.437
50.383
51.150
51.600
52.367

PI10

25.0
25.0
25.0
25.0
20.0
23.0
28.0
25.0
20.0
25.0
20.0
10.0
20.0
50.0
50.0
155.0
150.0
150.0
135.0
130.0
127.0
120.0
-1.0
110.0
115.0
20.0
30.0
45.0
60.0
45.0
-1.0
40.0
50.0
45.0
40.0
40.0
40.0
40.0
43.0
38.0
45.0
45.0
35.0
40.0
~1.0
0.0

PI9

15,
-1.
10.
10.
10.
10.
10.
12.

N — O N~~~ O

L1

1

.000
.000
. 000
.000
.000
.000
. 000
. 000
.000
. 000
.000
.000
.125
. 750
.500
.875
.250
.250
.000
.625
.500
. 458
.250
. 000
.000
. 750
.500
.375
.625
. 750
. 750
. 750
.875
.875
. 750
.625

.625
.625
.625

.375

. 750
.625
.625
.500
.875

.000

LIlA

1

1.
1.
1.
1.
1.
.000
. 000

1
1

1.
1.
.000
.000
3.
3.
3.
. 000

1
1

1

-1

foun

»—quwmmwmmmmuwuwwuwwr—m

1

L2 I, )

. 000

000
000
000
000
000

000
000

688
688
688

.000
.000
1.
.000
.688
.688
.188
.000
.188
.688
.688
.438
.938
.188
.188
.188
.188
.188
.688
.938
.938
.688
.688
.438
.688
.563
.063
.188
.688
.000

000

PIll

1
1

-1.
~-1.
-1.
-1.
-1,
-1.
~-1.
-1.

-1
-1

-1.
-1.
-1.

-1

NI OODOOO

OOOOOOOOOOOOOOOOOOOOOOOOO

.

.

-1.
-1.
-1.
-1.
~-1.

-1

-1,
~-1.
-1,
-1,

-1

.

-1.
-1,
-1.

-1

.

-1,
-1.
-1.
-1.
-1.
-1,

OOOOOOOOOOOOOOOOOOOOO

WEF1

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
75.95
174,08
157.52
331.18
361.42
361.42
341.19
311.39
301.61
298.35
282.30
-1.00
263.31
57.05
157.52
149.42
165.74
110.86
110.86
110.86
118.29
118.29
110.86
103.56
103.56
103.56
103.56
89.43
110.86
103.56
103.56
96.42
63.17
-1.00

WF2

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
169.90
169.90
166.90
-1.00
-1.00
-1.00
-1.00
-1.00
316.31
316.31
277.52
-1.00
277.52
54.07
169.90
153.45
186.81
137.50
137.50
137.50
137.50
137.50
107.19
122.07
122.07
107.19
107.19
92.91
107.19
99.97
129.72
137.50
107.19
32.14

T™MF

-1.
-1.
-1.
.00

-1

-1.
-1.
-1.
.00

-1

-1.

-1.

-1.

-1.
103.
237.
214,
451.
492.
492.
464,
424,
410.
406.
384,

-1.
358.
.71
214,
203.
225,
150.
150.
150.
161.
161.
150.
141,
141.
.05
.05

141
141

121,

150.
.05

141

141,
131.
86.
-1.

00

00

00

00

00
00
00
00
45
10
54
07
26

70
12
80
35
49
00
64

54
51
74
99
99
99
12
12
99
05
05

81
99

05
33
03
00
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Bechtel National, Inc.

Engineers — Constructors

Fifty Beale Street @

San Francisco, California
Mail Address.: P. Q. Box 3965,8an Francisco, CA 94119
5th May, 1986

Letter No. 16937-400-269

Mr. Harold J. Lechtenberg
U.S. Department of Energy
1333 Broadway

Oakland, California 94612

Subject: March letter re: GeothermEx Flow Test
Salton Sea Scientific Drilling Project
Bechtel Job No. 16937-400

Dear Harold:

On March 14, 1986, you were sent a draft copy of the GeothermEx Flow
Test Report (December, 1985). In order that we may finalize the report,
please provide your comments no later than May 13, 1986.

If you have questions, please contact C. A. Harper (415) 768-9918 or
me at (415) 768-9232.

Very truly yours,

DT Hlt

D. T. Rabb
Site Manager
Research and Development

DTR/jak
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Bechtel National, Inc.

Engineers —Constructors

Fifty Beale Street @

SanFrancisco, California
Mail Address: P O Box3965.SanFrancisco, CA34119

March 14, 1986
16937-300-258

John Sass

U. S. Geological Survey
2255 North Gemini Drive
Flagstaff, Arizona 86001

Wilfred Elders

University of California

Riverside, California 92521

Gentlemen;

Enclosed for your review is a draft of the GeothermEx

report on the first flow test. We would appreciate
your comments back by the end of April

C. A. Harper

cc: H. J. Lechtenberg (w/0)

11565



DON MICHELS ASSOCIATES

P.0. BOX 885 o 213/699:8678
WHITTIER, CALIFORNIA 80608 698-5728

Harch 2, 1735

Dr. W. A. Elders

IB!‘!‘-

University of Lall¥0rn1u
Riverside, California 232

,

Subject: §550F Brine Composition, First Flow Test

After too long a tias, the results ars available. The precision of
the flash fraction determination is anout tws ordsrs of magnituds amors
nrazise than is coamon in the industry. Fart of the reazcn for taking so
long was ay amazement abgut that oucome and a susalcicn that 1t wasn'f
resily so. ['ve looksd very clossly at the factors affecting precisian,
and thsv s=z2n ta be in good order, It looks like we do know the
goasasitian of the brine to better than one part per severil thouszand.

Triz r=pgort accomganying thils lstzer i1s labsied Fart [I1, The firs:t
two parts are description of the surface facility and of the samoiing
methgds, respsctively, n dratt of tnos2 was szni to Sus oofr for her
inclusian 1n the archives dsscriphiion. A gopy i3 enclasszd here alza, for
your informatlion, but without figurss, The full st needs some additiens
and editing before 1t 1s resady for tinal distribution,

Regarding your disszaination of the brins coaposition to the rzst of
taa sgientist most will be intasrsst2d in notning meore than Tabls 4, which

2 =

1
1 anation. fFor those iInterssted in gases,

Table 2 would be important. fs far as ['m concerned, you may send gut the
whole Fart IIIl if you wish, but vyou may divide it any wav you wish for
brevity or econamy.

This has been another episode in a marvelous exercise These results
far exceaded my expectation about sample quality in the sa2nse of internal
consistency of the data. Part of that is due to the good gas samples which
were obtained through the portable separator borraowed from Al Truesdeil at’
the last moment and appended to the in-line separator, It is an adjunct we
rzed to incorporate next time, too. '

Sincerély

o+

Donald E. Michels

encly Fart III, original and one capy
Parts I and II draft
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I. EQUIFMENT AND FROCEDURES

A. Sampling Hardware

Geothermal well State Z-14 was fitted with a flowline
systiem made mainly from 10-inch pipe, scheduls &0. The
completes system, approximately in s=guence from the
wellhead, included:

multiple control valves,

supports for accomodating growth of the wellhead dus to
thermal expansion of the cas=ing, :

diversion line to the mad pit,

test line of flanged spools that comprised the sampling
sz2ction, ’

by-pass for the sampling section,

an expansion loop to accomodate thermal eupansion of
the surface piping,

ez2cond diversion line (bloocie lins) to the main brine
pit, “

metering orifics on the main line,

James tube ass=mbly .

cylindrical shroud entry to a silencsr,

vertical cylindrical silencer,

twin discharge limes from the silencer to a stilling

tank,
mzteEring weir at the end of the= stillinmg tamk (Figure
1.
The +ollowing description concerns the taking of steam and
brine samples from the sampling section mades of flanged

spools.

The axis of the sampling S;ction was colinear with the.
main flow line bevond the diversion point for the bypass.
All the sampling secticn and th=2 nearby piping were at the |
sam2 elevation. Fluid could b2 threttled by a valve located
at the head of the sample section (below the bypass )
connecticn). That valve constituted the major flow contrpol.
point when the sampling section was operational. AR

All spools were constructed in the same way. Each was '
approximately ten feet long and all ends were flanged.

Taps for pressure and temperature indicators were located
about 4 feet upflow from the downstream ends, at the 9- and
1Z2~o0'clock positions. ;

The first spool of the test section was located about
15 feet down the flow direction from the throttle valve and
was numbered S-3. The three subsegquent spools were numbered
sequentially through S—-46. Those four spaools and their
accoutrements comprised the sampling section.

s



Three orifice plates were located, respectively, between
§-% and 5-4, 5-4 and 5-3, and S-5 and S5-&. Their purpose
was to establish a 4-step cascade of temperature-pressure
conditions in the sampling s=ction. Each step would be
characterized by pressure and temperatuwe indictors. The
sampling environments in the spools would be different also,
reflecting sequential increases in the steam/brine ratios.
Having a series of steam/brine ratios was a principal
objective in the design of the sample section.

E. Sample Collection

15)}

1. G amples

u

=

Each spool was eguipped with an in—-line separator
(Figure 2). Essentially, this is a short pip= mounted
radially inside a small chamber sppend=2d to the sposl at the
12-0'clock peosition, benszath and connected to an access
valve. As two-phase fluid moves through the short pipse
toward the valve, brine droplets tend to deposit to thes
walls so that enriched stz2am exits the valve.

In some situaticons, steam from the access valve is
brine—fre= and can be sampled directly. Otherwis=s, an
additicrnal separation =t7+c r+ is neesded. In the case of good

guality steam, & pressure reducticn apparatus (Figure I) was
wsad to lead steam from the im—-line separator to a low-
pressure discharge tubing connected to a condensing coil.
Condensate could be collected into sample containers opsn to
the atmesphere. Mom—condensable gas=s, with condensate,
could then bes collected by sampling trains, evacuated bulbs,

syringes, etc. -
fAlternatively, a portable centrifugal ssparataor was
connected to the in-line ssparator. The steam discharge
from the portable separator could be directed through any of
vairious cooling coil assemblies to condense the steam
fraction. Collection of condensate could be made into
containers open to the atmosphere. Non—-condensable gases,
with accompanying steam condensate, were collected in pre-
- evacuated bulbs or in syringes.

2. Brine Samples

The objectives in brine sampling relate to obtaining a
parcel of liquid that can be characterized in regard to its
status in the flow line at the point of sampling, then
preserving it for transport and analysis. Major factors to
consider are the pressure in the flow line, two-phase
canditions in the flowline, and chemical instabilities of
the sample due to cooling. The cooling instabilities arise
from the in-flowline cooling by steam release prior to
sampling and from the in-sampler cooling.



Technigues of sample collection are aimed mainly at
avoiding two kinds of problems. The first is incorparation
of vapor into the sampling stre=am which, in the cooling
coil, candenses, diluting the sample by an unknown amount.
The SELDnd is to avoid plugging in th= sample tubing that
occurs dus to particulates carried in thes brine, deposition
of silica scale in the mid-tempereture areas, or deposition

of eodium chloride in the cooler z-ones.

Each flowline spool was eguipped with a 4-inch diamster
downcomer about 16 inches long, mounted at & o'clock
positions about three fest up from the downstream flanges.
These served as liquid traps so that a probe inserted into
them would be beslow a liguid level, thereby a/DldlﬁQ thP

nllection of steam or & two—phase mixture.

Two valves were on thess downcomsrs.  One permitted
insertion of & hollow steel probe into the space DF the
that fresh fluid

downcomer, the other allow=2d blowdown =g
cauld b2 assursd in the sampling zons.

The ete=l probes was ins=srted throuaoh a fitting equipped
with an elastomsr glend to control blowout of brinme. It
served as the lezading part of an extsrnal assembly that
included a cooling coil followed by & flow cormtrol ValVHL/Qfme),

Cooled brime exits the flow control valve as a stream
that can b= directed into sample contaimers. For many
camporents collections ars made into containmsErs pre—-loaded
with dilutant watsr or & dilutant-pressrvative, such as
acid. Exact dilutions canm b2 detsrmined by welghings made
before and after the sample collections.

II. SaMFLES
A Brine

1. Analysis of Chloride On-site - .

Samples of chilled brine from the 6-o‘clock downcomers
were collected into weighed amounts of distilled water,
diluted into the sea water range of chloride concentrations
as determined by weighing, and the chloride was titrated by
oceanographic methods. The analyses ware later verified in
the laboratory. The increasing concentrations of chloride,
in the set of samples can be used to compute the incremental
steam releases between the orifice plates.

Z. Basic Composition

Chilled brine from the cocling coil out of the é-

o’'clock downcomers was collected into about 2.3 volumes of



0.1IN nitric acid to make the field samples. These samples
served as stock from which amnalytical aliquots were prepared
later, in the laboratory.

Composition of the lab aliguots was scanned for 33
elements by the method of ICF (inductively coupled plasma)l
and 15 components were typically above limits of detection.

Qdditionally,'analyses were made for chloride and ammonia.

The sst of samples from the sequence of flowline spools
al=so prov1d~s a redundant check on the steam releases
identified in part 1.

. Z. Collection of fArchival Samples

Becauvs2 the purposes of archival samples are not
clearly defined, different pressrvative methods were
enployed. All collections were into polyethylens bott
- with polypropylens caps. Bottles «and caps had bessn pr
rimsed with nitric acid, flushed with distillesd water, and

e

1
=h

air dried.
will unde=rgo s=veral chan

The brinm=z samples a
dus to uncompensated reachtivity of the
d t

storage. Saone ares du E
brines. Others are du=s to in—diffusion of oxvygen through the
container walls and seals.

Thres methods of sample pressrvation were used, none
are pertect, but collectively, thsy will permit a Vqumt/ or
analytical investigations aimed at either brine or
precipitates. Methods a.and b viseld sbundant precipitates.
Method ¢ yields a true sclutiom, although it is
supersaturatad in silica. :

= Mo preservative —— Brine was collected directly

S
into polyethylene bottles, which were filled to the
top, and the caps ssated after squeezing the bottle

slightly to exupel air. Sivteen 1/4-liter bottles .

were used.

b. Distilled water —— Eottles were pre—loadesd with
distilled water and fillings were made to marks so
as to vield a dilution of about 6&:1. Exact
dilutions were determirned later by weighing. Air
remained inside the bottles while the caps were
being seated. Two 1-liter and four 1/4-liter
bottles were used.

€. Dilute nitric acid —-— EBottles were preloaded with
the 0.1 N nitric acid and fillings were made to
marks so as to yield dilutions of about 2.5 to 1.
Remaining treatment was as in part b. Two l-liter
and four 1/4-liter bottles were used.



E. Gases

The suit= of non—condensable gases is dominated by
carbon diaoxide with the other prominent gases being methane,
nitrogen, and hydrogen sulfide. Several other gases can be
found in trace amnounts. Gases were sampled from the in-line
sgparators and from the portable centrifugal separator
attached, in series, to the in—-line separator. Different
investigators had their own methods of trapping and
preserving selected gas species. There was.no attempt to

ollect gas for archive samples.

The basic characterization sseks only the carbon
de, hydrogen sulfide and the collective amocunt of other

dioxi
gaz=es without regard to their identity. The following
description applies to the samples taken for basic
characterization of the gas cont=nts.
i. Field Analysis
The sampling method used is a field aszsay bacsed on

presswre-volume—temperature relationships and the solubility
of gases 1in wahber (condsnsate). A closed syringe (50 ml) is
attached to the discharging cooling coil aftsr flow through
it iz stabilized. The discharges pressure sxtends the
syringe plunger while the mixture of condensats and gasss
fill the syring= body. A clanp limits the plunger motion,
aftezr which the syringe body continues to fill &t cocnstant
volums as the syringe approaches syshtem pressure. Care is
taken to assuwre that the collection corntinues at ice
temperatura, When flow into th=s syringe ceasss, readings
ar= taken of the system pressure, liguid volume and total
volume in the syrings=. The condensates wsrz2 subsequently

collected into tared bottles for later weighing to obtain
mor=z accurate results. )

BEzcause the geothermal gases are a mixture, each ascsay
involves two collections, ane beginning with an empty
syringe, as described. The other collection is similar, -
axcept for beginming with a syringe pre-loaded with a )
hydro ide solution. In the second collection, carbon
dioxide and hydrogen sulfide are totally soclubilized into
the liguid. Temperature, volumes and pressures are treated
as before, although considerably more CDﬂdﬁﬂSth enters thﬂ

syringe upon pressuwization.

The two sets of FVT data permit computation of (i)
weight percent of carbon dioxide in the steam and (ii) mole
fraction of carbon dioxide in the non—-condensable suite.

2. Lab Analysis

The hydroxide—condensate mixtures were saved into
bottles and preserved with a solution of zinc acetate,

15



Analysis for sulfide was made later in a laboratory by
standard methods.

3. Carbon Dioxide as a Steam Tracer

The results of the above methods are all based on the
steam (condensate) as a carrier and concentrations refer to
the steam available at the spscitfic sampling point. By
collecting samples at all four of the sampling spools, the
incremsnts in apparent gas contentse are measures of the.
increm=ntal steam yields.

ause the gases are eszentially all exsoclved at the
first mpling paint%algebrai: manipulations can be made,
yvielding computations of the total steam fraction.
Thereupon, the gas contsnts can be referenced to a basis of
total fluid flow. The brine components are then similarly
reported on a basis of total flow.

Bec
=a
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rine were taken during the first flow test of S5tate

b
2-14, on Dzcember 29 and 20, 1983, Stean =amples wera taken on
Samnp
ent

-
December 30,
to four differs

pling was done through sets of poris that gave access
T-F and flach conditions insids the flowline.

Results from these samples are used to computs the stean
fractions at the various sampling ports as well as the basic
the brine and steam phases. The pre~-flash brine

compositians thers of
measuremesnts of stesam fraction and

composition is derivsd from these
flash teaperaturs.

Enthalpy of the ge=othermal brine 1s computed from egquations for
nthalpy of pur= NaCl brines and steam calibrated through the steam

- b~

=
fractions measursd in the sequence of sampling ports,

Ma Field Canczntrations
1. Brines

'
Y

Brine samples considered in this s=ction were taken from four

-gampling ports on two successive days. Brine issued from the
sampling/ccoling coils (ID = 2 mm) as a continuocus jet into the
atmosphere. Samples far basic characterization were collected intp
dilute nitric acid, without filtering. Field dilution factors were
nominally 2.5. The field samples were further diluted in the
laboratory by an additional facter near 23, again without fllterlng
The second dilution was with about 20 percent nitric acid sclution,

density 1,145 g/ml.

Analyses for 33 elements were made by a commercial laborafory;
using inductively coupled plasma ICF)}. Additional aliquots were
analyzed for chloride by titrimetry and for ammonium by =pec1f1c ion

electrode.
Additional samples were taken in the field, for chloride analyses

by an oceanographic method. Results are listed separately in Table 1.
These highly accurate analyses af chloride were provided to the SSSDF



S35DP FIAST FLOA TEST
TABLE I:

UNADJUSTED FIELD COXCENTRATICHS 1M BRIKE SAHPLES

L I I I N e - I B )

bAY DECEHRER 27, 1943 DECEXBER 10, 1983
HOUR 1750 1755 1739 1215 1215 1341 1341 1430 1255 125
fGAT 3 4 3 k) J 4 4 0] § §
DEGREES F - 411 373 327 455 439 37§ 395 J4é 328 J28
SABPLE COUE B 150 1161 d171 G 164 H 164 C 182 D 162 A 165 E 161 f 18]
FIELD DILUTION 2,2707 3,347 2.2716  2.7314 2,7514 32193 3.2133 2.632 2.7035 2.7035
LAB DILUTION 22,76 22.4% 21.72 22,61 22,35 2171 22,96 21,3 22,14 22.6 DL
UL 7737 61655 64057 STT54 G7427 61444 €113 62848 63925 64081 1D
AlCIEY . 29392 11413 31312 29393 27324 109224 30727 12331 32884 32947 4D
0TASSIUA 18301 19776 20396 13310 18314 12428 12386 20931 20217 20272 12
204 1582 1834 1906 1676 694 1776 1771 1856 18%3  IFG) 1
ASGANESE 1588 1713 176¢6 1588 1534 1734 1685 1745 1753 [7éd 12
1§ 70 504 626 Y 99 665 600 618 621 25 é
1LI1CA 5102 il 470 32 J30 33 444 489 134 330 0 180 2%
TAGHTIUN 433 4582 439 51 449 431 478 475 437 $78 b]
ARRGNIUR 3as 363 383 32 371 437 387 - Jé1 422 406
5080 282 304 I 281 28 3ol 299 3072 31 112 é
Fasigy 220 236 25 218 219 22 225 237 241 245 1
LITHIUN 212 22 237 211 21 223 222 232 235 238 2.3
LE4D 108 114 119 1t 104 108 107 115 123 12112
BACKESIUA 4l g 4] 38 43 40 37 47 48 48 25
LANTHARYA 9 13 9 {1 i1 7 6 ¢ 0 11 b
COPPER J 6 ? 7 " 6 6 N 3 b 3
Caddiv 0 0 J 0 0 0 0 0 3 0 3
TUKGSTEY 0 8 4 0 0 0 0 0 ¢ 0 6
CHLGRIDE (1) 173157 173747 133734 16824 170142 174115 172335 186271 184008 185302 !
SUK 285324 293039 310229 279807 281466 292116 4‘?-)‘270 J08ITT 307613 107173
QCEAN CL (20 171006 179200 1867200 171760 181300 186200 183600
CALL CL (1) 166026 176304 134203 164300 164547 [7+4634 174112 180430 183124 183346
CL/CCL (2 1.0275 1.0164 1.0146 0 1,043 0 1.0442 1.0335 ¢ 1.0276
FOR PGAT 6, DEC 27:; QCEAK CL = 1838600, DEG F = 309
(1) BY COHKERCIAL LAB KITH OARDIXARY PRECISION
{2) BY OCEAKGGRAPHIC KETHOD (HIT) ACCURACY +#,- 400 PP
{3) COHPYTED FROX EAQUIVALEKRTS OF CATIOKS
(4) (2)7(3)
DET. LIXITS FOR URDETECTED AKALYTES ARE:
T & AL 30 BE 0.03 {0 1 SK 6
U 00 A6 2.5 BI 120 R 2.5 §8 35
Y 40 AS 30 0 3 Ho 80 TE &0
k¢ Al S (£ 12 Kl 6 TH 120



Fraoject by A. Campbeil and 5. Teach of MIT. The standardizations and
weighed dilutions used in their procedure yield an accuracy/precision
near +400 ppm for single analyses in the concentration range of the
field samples, near 180,000 ppm chloridae,.

Analytical results and other factors are shown in Table I,
"Unadjusted Field Concentrations in Brine Samples". Values in Table i
appear to be accurate generally to better than +3.5% relative error,
Precisions are better. The values in Table 1 are refined by procedures

described in following sections.

Detection limits (DL) of the ICP method for each of its analytes
were provided by the analyst in reference to the material as analyzed.
Those values were multiplied by the average net dilution factor to
obtain the detection limits listed in Table I. ‘

2. Steanm

The gases in steam were sampled only on Deceamber 30. FResults are
given in Table 2, based on those determinations that appeared sound
after review of the data. Two determinations for Port 4 were

i

defective. A third result for Fort 6 (9572 ppm at 1209hrs) was
rejected for avesraging. :

C0z comprises about 93.5 mole percent of the total gases.
Separate analysis were made for CO- and HzS.

In the analysis procedures, other gases were det=srminesd as an
undifferentiated molar sum, but they are reported in Table 2 in units
of weight, An average molecular weight of 24, based on other wells,
was ucsed to provide entries in Table 2. For data on these gases 1in
State 2-14, see other S5S5DF specialist renorts,

3. Concentration Adjustments and
fAnalytical PFrecision .

Chloride analyssc provide special tools for evaluating brine
data. Mainly this is because analysis for chloride can be made highly
accurate. Also, chloride constitutes almost the sole anion in these
brines. Results for the commercial lab analysis of chloride are given
in Table 1 to show that overall analyses are esssntially complete and
conformable with the results fraom the oceanographic method. The ‘
commercial lab results for chloride are not used futher in this

dl:CUSSlOﬂ.

The oceanographic method for chloride analysis has a high
accuracy and precision, in the range of +400 ppm per analysis.
Replicate analyses were made of the samples so that results shawn in
Table 1 have smaller, but variable uncertainties, some as little as
£#0.06% ({10ppm). Because chloride constitutes almost all the anion
material in the brine, its high accuracy can be partly transferred to
the cation results by a charge balance procedure,
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TABLE 2: FIELD CONCENTRATIONS OF GASES IN STEAM
ppm by weight

Carbon Dioxide

Time\Fort 3 4 S =
1115 10650
’ 1230 9052
12446 8986
1221 15840
1340 15580 .
1245 123500
1421 ' 9629
1426 9415
1432 ‘ 9704
Average 156472 10650 9582 9019

Hydrogen Sulfide

1126 46.2
1507 8.3

Other Non—-Condensable Gases (1)

1126 57
1507 . S0
1507 50

GAS CONCENTRATIONS ON A TOTAL FLOW BASIS
ppm by weight '

- _ Avg
Flash Fraction 0.1094 0©.15S88 0.18B18 0.1891
Carbon Dioxide 1711 1691 1742 1705 1712
Hydrogen Sulfide 7.34 6.96 7.15
Other Gasas (1) 9.05 9.09 ' 9.07

(1) Presuzed aixture of Nitrogen and Methane;
aolar ratio 2:1; avg. mol. wt = 24



In Table 1, the line "COMF CL" is the electric charge eguivalent
of the non-chloride ions. The ratio "OCL/CCL" (oceanographic
chloride/computed chloride) is taken to indicate the relative accuracy
of the summed ICP results, about +1 tpo +3.5%. Table 3 is derived fronm
Table 1 by multiplying the analytical values in columns by the
corresponding values of OCL/CCL. This causes the overall cation
assembly to be as highly accurate as the chloride results. The
accuracy of the individual cation concentrations must also be
improved, although specific improvements cannot be quantified.-

Three pairs of brine samples were replicates prepared from field
samples. The right side of Table 3 shows the commercial lab’s
precision in terms of the deviations (D) given by the differences
betwesn sample pairs (E,F; G,H; J,K) divided by their sums. The
fourth column in Table 3, "Rootsum squares® (RS5S) shows the square
roots of the averages sguare deviations, These are approximately the
standard error/i{.414%, -

Eight =laments have RS55 values smaller than 0.003, indicating a
generally eucellent reproducibility within the ICF system. The
pruceptions are minor components for which the ratios of
concentration/detection limit are smaller than 100, and for ammeonium.

Table 4 is thez bast composite presentation of brine and stzam
data., Coiumn entries reflect charge balancing and include averages
where available. Adoitional information shown, flash fractions, port

tempsratures, and preflash brine concaentrations, are describesd bslow,
Also providaed is a computed composition for brine at Fort & on

December 29, for which there was no physical sample in this seriec.

B. Fre-Flacsh Compasition of Erine

The pre-flash composition of the brine ranges nominally from 10
to 20 psrcent less than the field concentrations. It is useful to
determine the precise flash fractions to convert from one bacis to
another, Additionally, the steam compositions of Table 2 are
transposed ta a whole-brine basis, shaown in Table 4, by the flach
fractions determined in this section.

The surface equipment did not include a steam separator, nor any
independent (mechanical) measurements of separated steam and brine, -
Thus, the flash fractions are not available in the usual commercial}
form. Neither is it possible to compute the steam releases from
temperature-enthalpy relationships. Enthalpy losses were not
quantified between the flash point (about 4500 ft depth in the well)
and the sample paoints, nor are the enthalpy-temperature equations

defined for this heavy mixed-salt brine.

However, the flash fractions can be determined from the changes
in concentrations of natural tracers in brine and steam. Several
tracers are available, particularly the chloride determined by the
pceanographic method and the several cations, identified as being
analyzed with good precision. Also, the carbon dioxide in the steanm



£350p
FIRST fLOK TEST
TABLE 3: CONCENTRATIONS IN BRIKE;

DAy - DECEKBER 29

DECENBER 30, 1985
HOUR 1750 1755 1755 1215 145 1341 {341
PORT 3 3 5 3 ] 4 $
LODE BI50 1161 J MM 6 164 K 164 € 162 D 162
SODIUK 59320 622192 64616 59795 59791 63520 63462
CALCIUN 30594 31736 33602 30432 30425 31948 32099
POTASSIUN 18730 19999 20574 18957 19001 20085 20104
1R0K 1722 1852 1923 (758 1758 18316 1838
NANGANESE 1625 1731 1781 1641 1644 (191 1799
11K 584 610 632 579 5RO 625 623
SILICA §102 521 415 345 548 549 480 487
STRONTIUK 463 487 503 7 466 498 494
ANNONTUN 1¥ur 388 405 384 452 402
BORON W9 W - w2 UL W
BARITUN 29 08 281 ¥ 30 21
LITHIUN 27 18 A0 A8 218 230 23
LEAD s 120 (o g 12
KAGNESTUN 42 46 44 1 45 42 40
DCEAN TL 170980 179160 186890

sux 285822 299643 312225

(1) TD COKFORN RITH THE QCEAKOGRAPKIC CHUORIDE RESULTS
(2) FOR REPLICATE PAIRS, DIFFEREKCE/SUN

ADJUSTED FOR CHARGE BALANCE

DEC 30

1430
3

A 165

64702
RERDD|
20822
1911
1799
634
446
3y
371
39
44
23
138
16

1255

6

£5498
33675
742

1938

1800

618
189
507
LRY;
318
246
241
124

47

()

DEC 30 DEC 30

1235
6

£ 163 F 163

65449
33662
R
1941
1606
636
jgg
507
413
319

']
240
14
149

(71720 171720 181600 181800 186900 188400 188600

287168 257207 303781 303785 312376 113120 315142

APPARENT PRECISIOR (2)

£F 6,

ROOTSUK
J,K SGUARES

00004 00046 -9,E-5 ,00027
L0012 -,0020 ,00019 00119
-, 0012 =.,0005 -.0007 .00085
-§,£-5 ~,0006 -.0007 ,00053
-.0004 01241 -.0016 00723
-.0001 00180 =.0004 00106
-.0009 -,0072 00024 00421
00172 00171 =.0004 00142
02599 05815 ,02039 03872
- 0010 00173 -.0004 00119
-,0027 ~,0068 -.0079 .00625
-, 0004 -,0011 ,00100 ,00088
00987 .00290 ,00839 00747
-, 0620 L01319 -.0046 03733
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CHLORIZE (1)

RESIDUAL SILICA
PREFLASH BASIS
CARBOH DIOXIDE

KYDROGEH SULFIEE

OTHER GASES

l' TA
PREVPAL

30524
18730
1722

1825

a4

cn
4

263
3?7
287
Aac
LLd
217
111

42

170980

Aac09n
LO0vViosd

468

SSSDP FIRGT FLOW TEST
TABLE 4: ELEHENT CONCERTRATIONS 1M BRINE
CHARGE BALANCED AAD AYERAGED
PPY BY REIGHT

FIELD CONDITIOKS FIELD CORRITIGHS

DECEHBER 29, 1985 PECZABER 30, 1985

1755 1755 1215 1341 1430 1255

F 5 6 h{ 4 5 6

1161 J 171 CALC 6,8 C,0 A5 EF
7127w 355 15 34 128
460 L1815 L1394 L0742 .1588 L8176 15913
62292 64515 65403 59721 63471 64702 654631
31736 33802 33630 0428 12034 33511 33443
19399 20574 20326 18979 20074 20622 20747
1352 1921 1910 1753 1837 1311 1340
730 1781 1344 (641 (771 799 1803
610 632 641 §79 424 634 638
475 145 (475 549 431 446 139
457 503 510 47 497 511 509
67 336 405 95 427 311 44
wr 7 32 222 1Ly s
238 251 251 226 232 244 248
228 40 240 28 00 33 240
15 120 12 163 12 13 12§
46 44 46 42 41 4P
179160 186870 138607 (71720 181800 136300 189500
277641 312225 115279 287198 303983 312376 31513!
405 282 489 406 35 IS

PRELIfRARY S33pp DAIA
NOT FOR REPRODUCTION
R

o
PUBLIC INSPECTION

~]

RE-FLASH

COHDITIONS

{ 29 DEC 39 REL DIF
0 0

33037 §3188 -.0012
2738 27130 00235
14887 18847 00055
1365 1982 00078
1463 1472 -.0030
32 $17 00054
I8 IM -.0102
414 416 -.0028
328 339 -.0149
25 260 .00¢0!1
208 199 ,01113
195 195 00033
93 97 00723

I8 37 00274
152938 152930 00045

L0002

255050 255637



samples constitutes a tracer which is essential for the compﬁtation
method used below. Since this approach for determining steam
fractions has not been reported before, its description will be given

in detail.
1. Computational Fathway

The inverse {(I) of a concentration represents the amount of
solution that accompanies a unit amount of a tracer. GSelected inverse
concentrations for brine components are shown in Table SA, based on
Tables 2 and 4. Successive decreases in the inverses for the series
of brine samples represent the relative weights of water lost as steanm
between the sample points., Concommitantly, the inverses of gas ’
concentrations in steam increase through the series of sample points,
due to identically the same steam that atfected the brine samples.

Converting inverse concentrations to flach fractions on a basis
pf pre-¥lash brine is a five-step process. First, the flash fractions
pf steam generated betwesn sampling ports are caomputed far the brine
tracers based on an intermediate brine. Let subscripts i,j represent
sampling parts, with i being upstream (hotter). Then, the flash
fraction (Fy4)y is the weight fraction of steam released between ports
i and j on the basis of i-Fort brine, Equation 1.

(Fagdy = (1=-14)/1, (1)

Letting subscript o represent the pre-flacsh condition, the flash
fraction at the ith sampling port, based an i-port briney (Foi):, is
proportional to other increments of steam as determined by the gas
tracers. Lstting ICy,s represent the concentration invercses for
carbon dionide at the successive sampling paorts, Egquation 2 applies.

(Fail)y = (Fys)LICL/CIC,-1C,) ] (2)

The flash fraction at Fort i, given by (2) is converted to a
bagis of pre-flash brine by Eguation 3.

(Foi)o': (Fo1)1/[1+(Fo1)x] (3)

The flash fractions for intermediate steps, computed from (1),
are converted to a basis of  pre-flash brine by Equation (4).

(Fisda = (Fig)il(For)o/{Fag),] {3)

The cumulative flash fractions through the series of sampling
ports, on a basis of pre-flash brine, are given by addition, as in

Equation (5).
(Foslo = (Fatdo + (Fyilo (s)

In principle, each brine tracer provides a quasi-independent
estimate of the flash fraction. All share the only suitable gas
tracer, carbon dioxide. Those estimates can be averaged.
Alternatively, if several brine tracers are available, values faor
(Fes)s, computed in the first step abave, can be averaged for the
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A COSCENTRATION INVERSSS
DEC 29 DEC 19 DEC 30 DEC 30
1755 25 1341 1430
5 3 4 5
J 171 G, 0,0 A L5
29760 12,864 31,217 22,841
75,1 45799 4342,5 4130.3
43,606 52,670 49,766 48,491
520,10 563,24 544,13 52324
15.476 16,724 15,750 15,455
353.0 3425.4 1217.4 3138,
1563.1 1725.8 1601.7 1577.0
5,3507 $.3214 5,506 5.1505
53,91 93,397 104,35
FLARH FRACTION ESTIAATES
BASED 0N PORT 3'9RINE

,08952 05012 09200
09514 05183 08726
L08%51 05550 ,07968
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Carrying thase

soveral tracers. A geometric average is appropriat
provides for a

2,
averages through the rest of the computation (Egs. 2-3)
talanced estimate of flash fractions.

2 Computation aof Flash Fractions

Ay

Beginning with data of December 30, values for flash fractions
(Egq. 1) are given in Table 3B. The individual brine tracers yield
slightly different results because their accuracies are less than the
accuracy of their collective sum or of the chloride.. The geometric
average for the eight most precisely determined brine components
constitutes a tracer, Chloride determinations by the oceanographic
method (0-CL) were aimed especially at this computation because of
their high accuracy. Chloride results are treated separately as well

as being included with the group for averaging.

e

Making parallel computations from squations 2-3, based separately
on the 0-CL and geometric average tracer valuss of Table 2B, pravides
a range of values which tends to quantify the degres ot uncertainty

that may accompany this method of detemining flash fraction. Each
basis yields three ectimates of (Fos)s from Eg. (2)., They are given
in Table 6. '
Table b: Estimates of Flash Fraction at Fort 3
Tracer
Fort 0-CL Geom. Ave.
4 11830 . 11819
3 .12842 L3160
b .12138 12197
avg 12287 L, 12392

The flash fraction at Port 3 on a basis of pre-flash brine can be
computed by Eq. (3). Results based on Table 6 averages are (Fozle =
0.11026 and 0.10942, for the Geom. Avg and 0-CL tracers, respectively.

The flash increments between Fort 3 and the other ports, on a

basis of preflash brine, are given by applying Egs. (3) and (4) to
values in Tables SB and 6. Results are shown in Table 7.

Table 7: Increments of Flash Fractiaon
at Successive Sampling Ports

Tracer
: Geom. Avg 0-CEL
(Fza)o 0.04929 0.04938
(Fas)o 0.07403 0.07233
(Fzalo 0.07949 0.07971

The cumulative flash fractions at successive sampling parts can
be computed for a pre-flash basis, by Eq. (5). Results are in Table

8.

10



Table 8: Cumulative Flash fFractions

Tracer
Port Geom. Avg 0-CL
(Foslo 3 0.11026 0.10942
(Foa)lo 4 0.1395%5 0.15880
(Foslo & 0.18431 0.18176
(Faslo b

0.18993 0.18913

3. Pre-Flash Brine Compositiaon on December 30

The pre-flash brine composition can be estimated by applying the
flash fractions determined above to the field brine compositions
listed in the left sides of Tables 3 or 4. Data for each sampling
port yields independent estimates of pre-flash concentrations.

Example estimates are given in Table 9 for chloride and TDS. They are
based on the 0-CL tracer. :

Table 9: Estimates of_Preflash Concentrations in Brine

CHLORIDE 7DS
Port (1-F) Mzasured FPreflash Table 4 Freflash
R .3570358 171720 52930 287198 253772
4 .84120 181800 152930 303983 233710
o .B81824 1846900 152929 3123746 253598
6 .31087 188600 52930 315131 295530

Although the four estimates for preflach chloride concentraticns
are identical, their uncertainties range from about 160 to 300 ppm,
gestimated from propogation of errors stemming jointly from the
thlorinity measurement and the measurement of pressure inside the
sampling syringe used for the COz measurement. Counterpart
uncartainties in the preflash TDS values are about 260 ta 500 ppm,
Counterpart values for individual brine components are given in the
right side of Table 4 [FREFLASH] as the averages of estimates based an
the 0-CL tracer. Four values were averaged for each entry; one per

sampling port. _ . .
4, Brine Compositions on December 29

There were no steam samples taken on December .29 to correspond
with the brine samples of that date. Consequentlyy it is not
possible to derive the flash fractions with the procedure above.
Flowline temperatures at the respective sampling parts were
substantially cooler on December 29. This is reasonable because :
wellbore heat losses would be larger on the earlier day of flow. But,
as a consequence, it is not feasible to use temperature as a correlate
of flash fractions between the two days.

However, brine samples were taken far ICP analysis and for
chloride by the oceanagraphic method. These results can be compared
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with the December 30 data to providEAan indirect method for estimating
the flash an Deceaber 29, and consequently, the preflash brine

concentrations.

The December 30 results for flash fractions were plotted versus
measured chloride to establish a curve (not shown). Then the measured
thipride values for December 29 are used to enter the graph and read
flash fractions from the curve. This approach succeeds when the
preflash brines have the same chloride content. Results are shown in

Table 10.

Table 10: Estimates of Freflash Chloride Concentration
on December 29

Fort 3 4 9 b

Measured Chloride 170930 1791460 184890 1B8550
- Flash Fractian {graph) 0.1037 0.14561 10,1818 0.1891

Freflash Chloride 152907 152985 152913 152928

The computed preflash chloride vaiues of December 29 are uniform
among themselves and indistinguishable from those of December 30 --
the variations are less than the uncertainties. This cutcome appears
to validate the presumption that preflash chloride contents were the

same on both sampling days.

Results for other elements were computed similarly and averaged
to provids valu=s in Table 4 for {Dsc 29 PREFLASHI. The extreme right
hand column in Table 4 shows the relative differences between the
individual element concentrations for ths two sampling days
(difference/sum). Most differ by significantly less than one percent.

This outcaome is significant for 1ts indication that well
production was compositionally stable, and thus accurately represents
the brine that was in chemical equilibrium with the rocks.,.

J. Silica Content

-

The precision of lab analyses for silica is among the best of
those indicated by replicates (Table 3). However, the silica results
for successive sampling ports show prominent decreases, on the order
of 170 ppm from a base near, or exceeding, 500 ppm (Table 4}, These
are stunning laosses in terms af both chemical reactiaon rate and the

implied rate of buildup of silica scale.

For example, residence time of the fluid through the set of four
sampling spoals is less than 1.5 seconds, based on mass flaw rates,
specific volumes, and flash fractions. Residence time in Spool 6 is
only about 0.13 seconds.

Internal surface area of the four spoals is about 11 square

meters. If the missing silica were to deposit as Si0z°2H20 with a
density of 2.2 g/ml, then a flow rate of 200,000 pounds per hour would

12



yield a silica deposition rate of about 1 mm/hr. Observed deposition
rates are less thanm 1/10 that amount. Thus, the fate of silica is not
clear, §&ilica losses in the sampling equipment have not been

estimated.

C. Enthalpy—-Temperature Relationships

The heat content of brine and steam comprise an escsential feature
of the resource. The data developed so far can be used to compute
csgme other importamt quantities, such as the effective preflash
temperature during the tests and the preflash enthalpy at other places

in the wellbore.

The computaticnal approach described next uses equations relating
temperature and salt content to enthalpy of brine and enthalpy of
steam-over-brine. The eguations are based on solutions of pure NaCl.-
It is asserted here that the mixed-salt geothermal brine praoperties
follow essentially similar eguaticons, except for the values of
coefficients for t=rams involving salt concentration. That is, any
mixed~salt brine of a given gross concentration (bas=d on TDS or
chlorinity) has the enthalpy relationships of a specific NaCl brine,
fut with a somewhat different numerical concentration. For practical
enginesring purpoces, the two concentrations are related by a simple
multiplier. Part of the task in the subsequent s=2ction is to deduce a
numerical value for the multiplier that applies to the geothermal

brine,

i. Salt Effect on Steam and Brine Enthalpy

Equations for brine enthalpy, HE, and and for heat of
vapgrization, HY, are given by Equations 6 and 7. Temperature is
Fahrenheit, N reprzsents weight percent NaCl in a simple brine, n is
the multiplier that relates a mixed brine of N weight percent TDS and
a simple brine with the same N-value. Units ares Btu/lb. Thess
gquations are based on tables presented by Haas (1976).

HB = 0,36(T)*-*®[leup;o(-.006RN)1] {6)

HY = 1124 = (,7969)(T) + 2.482(Nn) A7) o

The enthalpy af total fluid, HF, at the sample ports is given'by"
Egquation (B), where (f) represents steam fractions determined in the

previous sectian,

HF = HR + (f}HV . (8)

2. Brine Equivalent NaCl Content

The steam fractions have been determined independently of
temperature, and the temperatures at the sampling ports have been
determined by direct measurements. Egquations 6-8 can be used to
estimate values of HF for each sampling port. The abjective is to
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“4* find a value for (n) which yields the minimum variance among the four

pctimates of total fluid enthalpy. The appropriate value of (n) can
be determined by iterating with equations (6) and (7). Results are:

Table t1: Enthalpies of Total Fluid on December 30, 1983
Paort 3 4 3 b
Temp °©F 433 393 345 328
HF 333.8 339.3 33h.4 353.3 Btu/lb

1.

D3

TCc
o

n

average HF = 353.5 Btu/lb n

The enthalpy of total fluid was less during the December 29
sampling session. The value on that day can be estimated from
gquations 6-8, using the measured temperatures, flash fractions fronm
the pre?ious section, and the n-value derived above. Results are

339.8 Bfu/lb.

3. Effective Fre-Flash Temperature

The true flash temperature was measured directly in the wellbore
by Kuster tools, but there are real losses of enthalpy from the
wellbore betwezen flash lesvel and wellhead. The steam fractions at the
csampling ports derive from an effective temperature corresponding
to the measured flash teamperature diminished by the effect of enthalpy
losses from the wellbore and surface egquipment.

The preflash enthalpy of the previous section, which is
determined concommitantly with the n-value, can be used in Eg. (6) to

compute the flash temperature,.

Results are 572,353 and 530.9 F (300.3 and 288.3 C) for December 30
ard 29 respectively. The differance reprecents diminishing effects of
wellbore heat losses as the period of flow is extended.

The flash temperature in the wellbare was measured late on
December 30, at a .-depth near 4300 feet while the well was still
flawing. The result was 301.5 C, only 1.2 degrees hotter than the
temperature calculated above. :

One would expect the computed and measured temperatures to differ
by much mare -- tens of degrees -—- depending on the nature of heat
losses in the wellbore and the flow rate of the gszothermal fluid.

This apparently small contrast represents some combination of
discrepancies in Eguations 6 and 7 and in the wellbore measurement.
Resolution requires data beyond the scope of this report.
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