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1.0 Summary and Results

A 19-day step-rate flow test of the State 2-14 well, the
Salton Sea Scientific Drilling Program (3SSDP) well, was carried
out from June 1 to June 20, 1988. In the first 13 days there
were thrgg rate steps of two to seven days' duration with flow
rates frﬁﬁ 121,000 lbm/hr to 410,000 lbm/hr. During the final
six days there was an attempt to achieve stable operation at
750,000 1bm/HNr, but operational problems and limitations of the
brine injectiommsystem prevented extended operation at that rate.
A flow rate off768,000 lbm/hr was achieved on June 15, but this
high flow rate was maintained for less than one hour before
problems with the separator level control forced curtailment.
Through the remalining five days, pump mechanical failures and
persistent problemsfwith cavitation in the brine pumps reduced
the brine disposal Tapacity which became the governing factor on
the well flow rate. r the end of the test, it was possible to
increase the flow rat nd maintain an average of 425,000 1lbm/hr
for the last 25 hours. “

For purposes of reserwgir engineering analysis and obtaining
representative chemical ples, the test was scheduled as a
series of rate steps (constantarate flow periods), with stepwise
rate 1increases separating th eriods. The planned duration of
the periods, based on a consgrvative estimate of the time
required to reach essentially 4§§ble operation, was originally
seven days. Early in the test, "when it was recognized that the
well was characteristically very qdyﬁk to stabilize, the plan was
revised to make three-day rate steps with a six-day flow period
at the end of the test.

The operational problems mentione bove resulted in some
frequent flow rate changes and shortene ate steps in the last
six days. However, mogst of the data acqui during that period
are useful for defining the production ch cteristics of the
well. PR

average of 121,000 lbm/hr. This was significant lower than the
planned initial rate of 200,000 to 250,000 lbm/Mr, but this low
flow rate was necessary because the test fac ty was not
entirely complete and tHe residual brine had to bel retained in
the brine pond until the injection system was operational on June
4th. Budgetary and schedule constraints made it imperative that
the test start as scheduled, and the 1injection system was
completed while the test operations proceeded.

During the first rate step, the well wasa§foduced at an

After the injection system was operational, the flow rate
was held at about 113,000 lbm/hr average until June 8, a day
after the separator was placed into service and direct flow
measurements of the separated steam and brine were possible.



Late on June 8, the flow rate was increased to 250,000
lbm/hr and the succeeding rate steps were shortened. For the
second rate step, the well was produced at an average rate of
228,000 1lbm/hr for 3 1/2 days. Figure 1~1 is a plot of flow
rate and wellhead conditions during the test,.

Downhole temperature and pressure profile surveys were run
on June 5, 12, 14 and 20. Pressure drawdown was recorded at the
rate increases on June 12 and 14, and the pressure buildup was
recorded for 44 hours after the final shut-in on June 20.

D)

It wgg planned that after the flow test and pressure buildup
period the—=well would be produced again at a high £flow rate
(>l,OO0,000fibm/hr) directly to the brine pond. The purpose was
to define a higher point on the deliverability curve, within the
expected commegEial operating range. However, the well would not
flow spontaneously when the valves were opened, and two attempts
to induce flow wei; unsuccessful. This was probably because the
wellbore had coolBd during the shut-in and not an indication of
well damage or deple!ion. In the attempts to induce flow, common
techniques of pressfirizing the well with air at the wellhead and
displacing brine fr the wellbore with £fresh water were
employed., More eff ive methods, such as nitrogen 1lift or
allowing the well to heaﬁ up for a few days with fresh water in
the wellbore, would havelinvolved more time and expense and were
precluded by budget constra$@ts.

On August 8, 1988, 44 ,days after the end of testing
operations, Kennecott attempfBd to run a casing caliper log in
the State 2-14 well and discovered a constriction in the
production casing near the surfap#. A caliper logging tool with
clearance for a minimum hole di ter of 3 1/2~inches stopped in
the <constriction about 26 inches bWlow the top of the 9 5/8-inch
production casing. A television Ycamera having a 2 1/8-inch
outside diameter was run in the well a week later and passed
through the constriction. The television image was impaired by
turbidity in the water, but was reporte 0 have shown a buildup
of whitish scale (Tinsley, 1988). FuaE)er limited attempts to
inspect and sample the -suspected scale deposgg$ were unsuccessful.
Az a result, the cause of the constricti has not been est-
ablished with certainty. It is considered most, likely that the
constriction formed during the 19-day flow tesﬁz\in which case it
would have 1impaired the well's deliverability. Although the
effect on well deliverability cannot be quantifiEB with certain-
ty, analysis of the deliverability data inditates that the
constriction (assuming it existed at the time) did t seriously
alter the test results.. . Also, it is virtually cdrtain that it
was not the cause of the well's failure to flow again spontan-
eously for a high-rate flow test.

The test data and analyses yielded the results summarized
below:

a. Reservoir engineering analysis of the pressure build-up
test indicates that the near-well reservoir has a trans-
missivity of about 233,600 md-ft and a skin factor of
+23.1. This is indicative of a highly productive
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reservoir with substantial near-well impairment, probably
caused by the drilling . and workover operations.

The: deliverability curve (Figure 1-2) and the inflow
performance curve (Figure 1-3) defined by the rate steps
show that the well has a high productivity and is capable
of flow rates greater than 800,000 lbm/hr, at 250 psig
wellhead pressure,. At 800,000 lbm/hr, the well would
yield approximately 12 Mwe in a dual-flash power plant.

Analysis of the June 5 temperature survey data indicates
f h initiation _at a depth of about 3,200 feet and a
t erature of 570 F. Based on analyses of brine samples
collected from the flowline and thermodynamic flash
calé@ ations, the pre-flash brine TDS is about 247,000
mg/kg, and the steam flash to atmospheric pressure is
about E percent. .

Well prodfictivity improved during the course of the test.
On at lea two occasions (June 3 and 5) there were rapid
increases o0f}7 and 12 psi in the wellhead pressure which
were not assdciated with any rate change. This strongly
suggests that e productivity suddenly improved. Another
improvement Wlevident in Figure 1-2, where the deliver-
ability for the hast three days (June 18-20) is shown to
be Dbetter than |it was earlier 1in the test. Such
increases in prod ivity are unusual and probably
resulted from clea g of blockages inside the wellbore
or in nearby formatlonﬂiractures by the brine flow.
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2.0 Introduction

The long-term flow test of the State 2-14 well was original-
ly planned as a 30~day step-rate test with three rate steps
scheduled as follows:

Planned
Step Duration Planned Flow Rate
No. (days) {lbm/hr total mass)
1 7 200,000 - 250,000
2 7 400,000 - 500,000
3 16 600,000 - 750,000

D
The plan is diagrammed in Figqure 2-1.

(-
!

This Was_gge first long-term test of the well. Three prev-
ious tests, dwxring and after drilling, were done with a very
simple test £ lity and were limited to 54, 37, and 12 hours
duration, respectlively, by the storage capacity of the brine
pond. To adequately test the well, a more elaborate test facil-
ity, such as the gEe used for this test, was required. It
provides the necesdary capability of brine injection and the
advantages of steam ine separation for separate metering and
sampling of the two p S.

Experience in commer&hal geothermal operations in the Salton
Sea field has shown that lgng-term production tests are plagued
with operational problems used by scale deposition and heavy

precipitation of silica and salts from the brine. Handling and
injecting the brine and keepil the instrumentation in operation
can be particularly difficult. Many features of the flow test
facility and test plan were desi d to circumvent these problems

and allow stable operation of ithe well through the planned
schedule of rate steps. At best, Q?ng-term tests with temporary
flow test facilities are troublesome§ invariably there are devia-
tions from the test plan and uncertainti=s in the data caused by
cperational problems.

The objectives of the test were defiﬂgh as follows:

a. Demonstrate the long-term producibi'qky of the well and
reservoir,

b. Obtain the necessary production daés and downhole
measurements to perform a reservoir engiigbring analysis
of the well's performance and the neardwell reservoir

properties. Tr

c. Obtain samples of the brine, steam and noncondensible
gases for chemical analyses necessary to characterize the
reservoir fluid and calculate its physical and thermo-
dynamic properties. Analyze for changes in composition
associated with rate changes.

d. Measure the preflash temperature of the brine, and obtain
other data necessary to calculate the enthalpy of the
produced fluid and the rate of energy production.
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e. Provide an opportunity for other experimenters to perform
tests in conjunction with the flow test.

It was not within the scope of the test to measure well-to-
well pressure response, calculate areal reservolir properties or
estimate reservoir size.

The step-rate test 1is a standard reservoir engineering
method of obtaining the downhole transient pressure response data
for determination of reservoir properties and a deliverability
curve for the well, (i.e., a graph of production rate vs. well-
head prel&#ure). The planned duration of each rate periocd was
estimated to be adequate for the well to reach essentially stable
operation th respect to flow rate, pressure, and chemistry at
each step. ° Phe schedule of increasing rates also made the opera-
tion of the Elow test facility easier by allowing a step-wise
approach to the=higher rates.

A total oALfive downhole pressure and temperature surveys
were planned to acgjire data for reservoir engineering analysis
and characterizatiogrof the brine before flash. Production logs,
which might normal e run to delineate and quantify zones of
inflow, were not pl d because the mechanical condition of the
well is such that loggipg tools should not be run deeper than
5,500 feet. f

The planned flow rate d duration of each step were revised
during the test on the b s of a number of factors, including
well deliverability, time rf@quired for the well to stabilize
after each rate change, test cility performance, and injection
system capacity. The order and gnitudes of the rate steps were
chosen to provide a broad rang f rates for reservoir engineer-
ing analyses, to allow for shaked of the test facilities, and
to permit preliminary evaluation of{the well at a low flow rate.

The first flow rate period was for the planned 7-day
duration, but at less than the planned ow rate. By the eighth
day of the test, several factors had c to light or had been
confirmed, influencing plans for the Temainder of the test.
These factors were:

a. The remainiﬁg budget would not supp?gt a full 30-day
test. '

b. The State 2-14 well was confirmed tokE; a very high
productivity well, and its flow conditio stabilized
within hours after a rate change. Therefgg;, for pur-
poses of resetvoir engineering and defining the well's
deliverability, shorter duration flow steps would suf-
fice.

c. The well was clearly capable of verv high flow rates, and
to define its deliverability in a useful range of flow
rates, three additional rate steps (for a total of four)
were considered necessary. The total time for the series
of rate steps was reduced to 19 days, from the original
30-~day plan.



d. The maximum flow rate of the well would be constrained by
the test facility; therefore, the full flow rate poten-
tial of the well should be determined by a maximum rate
flow directly to the brine pond. To accomplish this
without compromising the planned reservoir and well
performance analyses, the test at maximum flow rate was
scheduled as a separate test following the planned series
of rate steps and shut-in period. Because the brine
production would exceed injection capacity, this test was
to be of only a few hours duration, as determined by the
mﬁiﬁmum injection rate and brine pond capacity.

The re ed test schedule is shown below. The second rate
step was un@é?way at the time of this revision.

Step Dur a&ion Flow Rate Start End
No. (days) (lbm/hr total mass) Date Date
1 7 125,000 6/1 6/8
2 3 ' 250,000 6/8 6/11
3 3 mvﬂo,ooo - 500,000 6/11 6/14
4 3 650&000 - 750,000 6/14 6/17
- 2 Shut to monitor 6/17 6/19
pressure buildup
~ <1 Maximum te flow 6/20 6/20
directly F% pit
Soon after the above revisign, the test funding was
increased and the final rate step was extended another three days
to a shut-in on June 20, 1988. This was the second and last
revision of the test plan. It is shown graphically in Figure 2-

2, superimposed on the actual flow rate 3fftory.
The detailed discussion which follows describes the test
facilities and operatiphs, documents the p uction, injection,

and downhole survey: data, and presents the Balic reservoir engin-
eering analyses. SR A\

F
. T
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3.0 Description of Testing

test

This section describes features of the test facility and
operations pertinent to acquisition of data for reservoir

engineering analysis.

3.1 Test Facility

The test facility 1is shown schematically in Figure 3-1.

Following the flow path through the facility, the components and
operation are as follows:

A l@Zchh flowline from the wellhead was connected to a
gate "'valve used as a manual throttling valve at the inlet to
the fa¢ility. This valve was used to control the flow rate
of the -well.

—]
The two—ﬁgése brine/steam flow was normally routed through
the separatoy. However, manifolding was provided to allow
diversion dimectly through a blooie line to the brine pond
or through eigher or both of the atmospheric separators,
i.e., the atmosgheric flash tank and the vent silencer.

During normal ﬂ'ﬂeration, the separator was typically
operated at about 200 psig. The nominal ratings of the
separator were 750,0@0 lbm/hr and 500 psig. Steam from the
separator flowed thrdugh an orifice meter and a steam back-
pressure control valv nd was vented to atmosphere in the
vent silencer.

Brine from the separatorﬁaas routed through either of two
parallel piping runs, eac ith an orifice flow meter, a

liquid level control wvalve maintain separator level, and
a fixed throttling orifice reduce the pressure drop
across the control valve. Leg A had an orifice plate for

brine rates up to about 400,000 lbm/hr, and Leg B was set up
for brine rates up to about 900,000 lbm/hr.

Downstream of the fixed throttling oQice, the brine pres-
sure dropped to near atmospheric, sulting in a secondary
flash. The two-phase mixture flowedE!P the atmospheric
flash tank in whic¢h the steam was vent to atmosphere and
the brine flowed by gravity into a weirboﬁle Steam vented
in the atmospheric flash tank could not metered, but
rates could be calculated on the basis of e theoretical
flash to atmosphere from separator conditionp.

Fresh water from an irrigation canal wasj[metered and
injected upstream 0¥ the atmospheric flash tank to prevent
salt precipitation.

Flow through the weirbox was discharged to the brine pond.
The weir served as a redundant measure of the flow rate,
after corrections for dilution water flow and steam flash.

The brine pond provided residence time for precipitation and
settling.

12
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oA

. Two pumps transferred brine from the brine pond through
seven 500-barrel steel tanks piped in parallel. It was
intended that additional settling of solids take place in
these tanks. Three of the tanks were originally designed as
gravity sand filters, but they were used only as settling
tanks for this test.

. Brine was pumped from the tanks through an orifice meter run
and approximately 3/8 mile of 8-inch pipeline to the
Imperial 1-13 well, which served as the injector. The brine
was not filtered before injection because: (1) budget
limitations precluded installation of the filter media and
pipinE@ and (2) the risk of plugging the injection well was
recognized and accepted before the test.

D

Table %31 is a list of the test instrumentation. The in-
strument ident#fication numbers in the list and on the data
sheets correspfnd to the identification tags that were on the
instruments. The , identification numbers PI-10 and TI-10 were
inadvertently us in two places, but the gauges were clearly
identified by their, locations, and it was not a source of
confusion. I '

14



TABLE 3-1

INSTRUMENTATION FOR 19-DAY TEST OF

STATE 2-14

Instrument

Location No.
Wellhead expansion PI-0
spool

i®)
Flowline Héwnstream PR-1
of wellhead— PI-1
=
= TI-1
[ |

L

Throttling valve
on east side of

road
Upstream mﬁrl—9
T3r9
Downstream PI-

N

TI-10

Separator level

Separator, brine
outlet PI-4
TI-109A
Brine orifice run
Brine leg A FPR-108A
Brine leg B e ~ FPR-108B
Downstream of . b
L.C.V.
Brine leg A PI-143A
Brine leg B PI-~-143B

LCR—IOA
R

static range

15

Description
0-1000 psi pressure gauge,
liquid-£filled

Pressure recorder 0-600 psi
0-600 psi pressure gauge,
liquid-~filled

150°-750°F dial
thermometer

0-600 psi pressure gauge,
liquid-filled

50-500°F dial thermometer
(not used)

0-600 psi pressure gauge,
liquid-filled

50-500°F dial thermometer
{not used)

Circular chart recorder
GXSOO gsi pressure gauge
58-500"F dial

thermometer

Circulj:)chart recorder,
0-100 in. ter differential
{({red pen) d 0-500 psi
{Qlue pen)
Circular chaza&recorder,
0-100 in. water differential
(red pen) and 00 psi
static range (Plue pen)

T

0-400 psi pressure gauge,
liquid-filled
0-400 psi pressure gauge,
ligquid~-filled



TABLE 3-1 Continued

Instrument
Location No. Description

Steam outlet from

separ ator PI-155 0-600 psi pressure gauge
PCR-103 Circular chart
recorder/controller
= 0-600 8si
i~ TI-101 50-500"F dial
= thermometer
= FR-102 Circular chart
o recorder, 0-200 in. water
= differential range
= (Changed to 0-300 in. water
&= on 6/15/88.)
Weilr box at outlet ' Weir Sight gauge
of atmospheric Level

flash tank M

Brine pond pomd Sight gauge
Lenel
Fresh water F.W. Totalizing water
supply meter meter
East Brine tank Brine Sight gauge
Tank
Level
Injection pump PI-10 OEZQO psi pressure gauge
discharge
Upstream of TI-10 0-250°Fpial
injection orifice thermom r
run
Injection orifice ,a,"FR-l Circular cE?rt
run , recorder, O—Iﬁ\ in. water
differential
Injection wellhead PI-141 0-400 psi pressEie gauge
| TI+140 0-250°F dial T
thermometer

16



3.2 Test Operations and Data Acquisition

3.2.1 Overview

The State 2-14 well was flow tested in a series of rate
steps for 19 days beginning June 1, 1988, and finishing June 20,
1988. The flow rate history is illustrated in Figure 1-1, and a
listing of the test data is given in Addendum A (Table A-1).

The test was planned and conducted as a step-rate test, but
parts of it deviated from the ideal of long, constant-rate flow
periods. Although the well itself showed no appreciable pressure
decline, igere was a tendency for the flow rate to drift

downward, t robably because of scale deposition in the throttle

valve. Ocgcasional adjustments of the throttle valve were
required to=xestore the desired rate. This is a common occur-
rence in Salton Sea field testing and did not affect the validity
of the test. =

—

The only sdrious problems with maintaining desired flow

rates occurred ing the last five days when high flow rates
were attempted and e brine injection system could not keep up.
This introduced so uncertainty to the classical semi-log
interpretation of ¢t ressure buildup data, which assumes a
stable flow rate prio shut-in. However, multiple regression
analysis wusing a computger code which «could accomodate the
variable rate history id not improve the interpretation

uncertainties in the dat assumed reservoir model were

(discussed later in Sect;ﬁ@ 4.3.2), indicating that other
nd
dominant.

The highest flow rate of é&B,OOO lbm/hr was maintained for

less than one hour because o separator control problem.
Therefore, the deliverability d at that rate do not represent
a fully stabilized condition. How r, stable flow was achieved

at rates up to 640,000 lbm/hr. Asl discussed previously, the
attempts on June 23 and 24 to flow the well for a short, high-
rate test were unsuccessful.

The separator was operated near 200 dE)g throughout most of
the test. This pressure was chosen based on gonsideration of the
following factors: ‘%

a. The brine is known to deposit silica le more rapidly
when it flashes to low pressures. Beda%se rapid scale
buildup in the brine meter runs and levemspontrol valves
should be avoided, an operating separatr pressure of
about 200 psig or above was specified. Tihwe choice was
based on observations of scaling behavior {on previous
SSSDP tests and-other Salton 3Sea field flow tests.

b. Operating at higher pressures would result in a greater
fraction of the steam flow being released in the
secondary flash to the atmospheric flash tank. This
could result in carryover from the atmospheric flash
tank at high flow rates, and would result in less of the
steam flow being metered.
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As shown in Figure 1-1, the well was initially produced at
about 121,000 1lbm/hr. This was significantly lower than the
planned initial rate of 200,000 to 250,000 1lbm/hr. This 1lower
flow rate was desirable because produced fluid had to be retained
in the brine pond until the injection system was completed.
Ideally, test startup would have awaited completion of the injec-
tion system, but budgetary and schedule constraints made it
imperative that the test start on June 1 as scheduled.

Once the injection system was operational, the production
flow rate was held at about 113,000 lbm/hr average until June 8,
a day after the separator was placed into service and direct flow
measuremeﬁ@s of the separated steam and brine were possible.

Late June 8, the flow rate was increased to 250,000
lbm/hr, and e succeeding rate steps were shortened as discussed
in Section 2.0 During this second rate step the well produced

at and averagé<rate of 228,000 lbm/hr for 3 1/2 days. For the
third rate step ft produced at an average rate of 410,000 lbm/hr
for slightly mor&,than two days and reached stable flow condi-
tions. During the jast six days of flow there were four periods
of about one day's ‘uration each, during which the well's flow
rate was maintained approximately constant. Although the planned
six=day final rate sﬁ‘é was not achieved, the four one-day flow
periods provided deliverability data at flow rates up to 640,000
lbm/hr.

After the flow test | pressure buildup, an unsuccessful
attempt was made to prboduce the well at a high flow rate
(>1,000,000 lbm/hr) directly t@\ the brine pond. The purpose was
to define a higher point on th#hdeliverability curve, within the
expected commercial operating r e, However, when the valves
were opened the well would no low spontaneocusly. This was
probably because the wellbore y cooled during the shut-in
period, with a resulting increa in brine density in the
wellbore. It is not an indication that the well was damaged or
depleted. There were two additional attempts on June 23 and 24
to induce flow, but neither was successful. First the well was

pressurized at the wellhead with compress } air, the pressure was
held for two hours, and then the valves™were opened, In the
second attempt, fresh water was injected {fydisplace the denser

brine from the wellbore, the well was allowddlto heat up for nine
hours, and the valves were opened again., Ongeach attempt the
well flowed briefly - and died without achievi flashing flow.
These methods of inducing flow are common technidques and were
chosen to minimize costs. More effective mdfhods, such as
nitrogen 1lift ar allowing the well to -stand for a w days with
fresh water in the wellhore, were ruled out by tf@g and budget
constraints. T

3.2.2 Data Acquisition :

Readings from the instruments listed in Table 3-1 were
recorded manually on data forms every two: hours, or more
frequently when conditions were changing. The data sheets are
included in Addendum B. Data from those forms were manually
entered into a computer file, which is listed as the "Raw Data"
in Addendum A (Table A-2). Many of the readings were of value
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only for operating information, but certain parameters, 1listed
below, were important to the interpretation and analyses of the
test results.

Wellhead pressure, measured on flowline near
wellhead (State 2-14)

Wellhead temperature measured on flowline
near wellhead (State 2-14)

Steam flow from the separator

Steam pressure at the separator outlet

E@eam temperature at the separator outlet
rine flow from the separator

Brine temperature at the separator outlet

WeE%box sight gauge

Injeckdon flow rate (to Imperial 1-13)

InjecEion flowline pressure (at Imperial 1-13)

Calibration checkls were performed on these instruments, as
discussed in Secti 3.3.

Downhole temper'ature and pressure profile surveys were run
on June 5, 12, 14 an 0. Pressure drawdown was recorded at the
rate increases on J 12 and 14, and the pressure buildup was
recorded for 44 hours aftﬁr the shut-in on June 20.

3.2.3 Test Operations Sumeﬁ@

The test operations are suypmarized below. The more detailed
Daily Test Operations Reports Zﬁ@ in Addendum C.

June 1 F%

Well had been shut since ril, 1988, and had 183 psig
pressure on the wellhead. (Welllbore was full of fresh water
which had been injected to cool the well for 1logging in
April.) Opened well at 17:30 and began flow. As flow
became stronger, cut well back to event fluid discharge
from blooie line damaging the pit difgjder curtain. After:
well was on for approximately 25 minut switched well flow
through atmospheric flash tank (AFT) gégmeasure brine flow
rate 1in weirbox. Rate reached 478,000 lbm/hr brine (after
flash to atmosphere) at 18:00 and then wa hrottled back to
90,000 1lbm/hr at 19:05. Well flow g ually increased
without any valve adjustment tc 121,000 ﬁgm/hr brine by
midnight. _ J

Flowing well through AFT because sepazagg; and brine
handling portions of the facility are not yet ready.

June 2, 3, & 4

Continued to flow well at between 90,000 and 120,000
lbm/hr brine through the AFT and intd the brine pond.
Workers continuing to assemble facility, i.e., the brine
pumps and the injection system pumps. Some work also done
on the separator and fresh water dilution system.

Operations problems during this period consisted mainly
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of a gradual flow rate decline, probably due to scaling or
plugging of the throttle valve. The flow rate decline was
corrected by cycling the valve or by opening it slightly.
Other problems included a discrepancy in the two wellhead
thermometers. Investigation revealed that one thermowell
extended farther into the flowstream than the other. By
using the deeper thermowell and insulating the pipe sur-
rounding it, readings became consistent. Check of thermo-
meter at_ this point with an RTD showed dial thermometer
reading 2°F low, Salt formed in weirbox and on weirplate,
making readings difficult.

F;m June 4 the injection system was completed and injec-
tionl of £fluid from the brine pond and storage tanks into
Imperi 1-13 well began. On June 4 the fresh water diluent
system|[Wwas complete enough to allow a water hose to be
placed imn&o the weirbox. This prevented additional salt
buildup &@d dissolved the already deposited salt 1in the
weirbox and E:e lines from the AFT.
&

Continued lto flow well at about 90,000 1lbm/hr brine
rate. On Junefs Pruett ran a pressure and temperature
survey. Survey ime was shortened due to scale buildup on
capillary tube and cpncern about not being able to get back
out of the well Uwith tools. Switched flow through
separator, but operatpd at atmospheric pressure, Modified
weirbox to prevent leigRagc around the sides and bottom of
weirplate, and added an oygfall trough to extend the outfall
farther out in the brine d to prevent berm erosion.

June 5, 6,

At 17:30 on June 6, a F@gll leak developed on the main
flowline just downstream of the throttle valve. The well
was shut 1in, and a patch wé%?

Flow resumed at 20:28.

/welded over the 1leak area.

On June 7, pressured the separator to 200 psig and
placed it in service. Metered zne and steam through
orifice meters for the first time,walthough steam meter

operation was suspect. It was found t the pressure taps
were plugged and the recorder was §lot zeroed. These
problems were corrected. ﬂ\

June 8

Continued to flow well at approximateJE:QG,OOO lbm/hr
post-flash brine rate, or about 117,000 lbm total mass
flow until 19:55. . Pncreased rate at 19:55 to 250,000 lbm/hr
total mass flow. - Separator operation satisfactory except
for a 40-minute period during which the controls had to be
operated manually because the instrument air compressor was
down.

June 9
Continued to flow well at average rate of 250,000

"lbm/hr total mass flow until 19:20, when rate was curtailed
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due to salt buildup in the outlet lines of the AFT. This
buildup restricted the brine flow from the AFT and caused it
to f£fill up and start overflowing. Added fresh water up-
stream of AFT, and it dissolved the salt. At 20:05 re-
opened throttle valve, and by 21:30, operations were back to
normal except that flow rate was a little lower at 232,500
lbm/hr total mass flow.

June 10

Flowed at average rate of 225,000 1lbm/hr, although
flow rate gradually declined, apparently due to plugging of
thro e valve. Actuated throttle valve periodically to
dislddge the scale and allow plugging particles to pass
throug the valve. After actuation, the rate would in-
creaselto nearly 240,000 lbm/hr. Recalibrated all chart
recordersl

June 11

Flow rg?e gradually declined from 230,000 1lbm/hr to
208,500 1lbm/hrjduring day due to scale buildup in throttle
valve or flowline. Attempted to run pressure and temperature
survey prior to@i@planned rate increase, but pressure sen-
sing tubing (capiYiary tubing) plugged. Aborted survey and
postponed rate inczeﬂse.

June 12 $@

Began day with flow gate at 208,400 lbm/hr and declin-
ing. Made throttle valvﬂ&pdjustment at 02:48 and increased
flow rate to 216,000 lbm/hr, but it continued to decline.
By 10:00, flow rate had fafg¥en back to 211,000 lbm/hr. Ran
temperature and pressure survey beginning at 09:55. Hung
capillary tubing at 5,000 fee€§zat 12:12, and by 12:35 pres-
sure had stabilized. During e period 13:14-13:22, opened
throttle valve and increased flow rate up to 415,000 lbm/hr.
Flow rate immediately started a gradual decline, reaching
408,200 lbm/hr by the end of the daﬁi}

June 13

promptly resumed. its decline, and by 22: it was down to
398,000 lbm/hr. During the gradual flow rate_ decline, well-
head pressure and downhole pressure at 00 feet, as
measured by the capillary tubing transducer, were increas-
ing. This indicated that the well was not draﬁzﬁg down, as a
rate decline might mormally suggest. Increaded flow rate
again at 22:25. = At midnight the flow rate was 414,800
lbm/hr. L

At 00&22‘£néreased flow rate to 4202380 lbm/hr. Rate

Pulled capillary 'Eubing and temperature instruments
from the well.

June 14

Maintained flow rate at between 404,000 1lbm/hr and
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415,500 1lbm/hr by adjusting throttle valve to compensate for
scale buildup.

Ran temperature and pressure survey on capillary tubing
prior to scheduled rate change. Temperature survey complete
and capillary tube chamber at previous setting depth of
5,000 feet at 18:01. Increased flow rate to 545,000 lbm/hr
between 19:37 and 20:00. Also increased separator pressure
from normal 200 psig to 250 psig in order to keep steam flow
meter reading within range.

By 24:00 flow rate had declined to 538,000 lbm/hr
)
June EDS

Fﬂ%&ed well between 532,000 and 538,600 1lbm/hr until
19:25 when-the rate was increased. An instrument technician
increased fthe steam meter range by changing the differential
spring and _recalibrating the meter. This range change
allowed theﬂ;eparator pressure to be reduced to about. 200
psi and the eam flow to remain within the chart range.

Pulled caplllary tubing and temperature instrument from
well,

Experienced difificulty in transferring fluid from the
brine pond into thelisettling tanks and from the tanks into
the injection well afp@dequate rates to keep up with the
increased well flow te. At 20:02, the flow rate was
696,000 lbm/hr. By 20:30,,it was 768,000 lbm/hr, but opera-
tional problems with thg\separator 1level controller and
control valve made it necesgary to throttle back. Day ended
with flow rate at 425,000 1 hr.

June 16 \f

Rate gradually declined to 352,000 lbm/hr until 04:00
and remained near that rate until 08:40 when it was in-
creased to 540,000 lbm/hr. Aroun-ﬂi;Z:Oo, the separator

level control system was placed back operation,
From 13:38 to 15:00 gradually incF%ased flow rate up
to 644,500 lbm/hr and kept it there until st of day.

Continued to have problems with brﬁne pond-to~tank
transfer pumps, and the level in brine po§z continued to
rise.

June 17 oL jr

Day began with well flowing 645,800 lbm/hr. By 14:00
flow rate had declined slightly to 641,200 lbm/hr. At 14:13
rate was cut to 435,000 1lbm/hr due to problems with the
brine pond pumps and a high level in the brine pond. The
flow rate was further reduced in incremental steps, and by
22:50, it was down to 170,200 lbm/hr. Pumps remained a
problem. Experienced operational difficulties with both the
pond-to-tank pumps and injection pumps. Injection well
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injectivity appears to have declined approximately 30
percent during the last two days.

June 18

Flowed well at between 160,000 and 180,000 lbm/hr all
day while ¢trying to solve injection pump problems. Made
several modifications without positive result. Also started
having problems with Leg B brine meter.

June 19

11 flowed an average 160,000 lbm/hr from start of day
unti 15:40. During the period between 15:40 and 16:30
gradua increased flow rate to 425,000 1lbm/hr, but by
midnig it had gradually declined to 407,000 lbm/hr.

Probﬂ%@s with injection pumps continued after repair
and reconfiguration. Pumps pulled pond level down below
solids levellgnd transferred some sludge into the tanks. and
probably intd the injection well also. Injectivity appears
to have decline1\by about 20 percent today.

June 20 M

Increased wellp flow rate to 426,000 1bm/hr shortly
after start of day amd kept it near that rate until well was
shut in at 17:54. Pripr to shut-in, ran capillary tubing
and temperature inst@ﬁgent in the well and hung at 5,000
feet. Downhole pressure.,at 472,000 lbm/hr flow rate was
1,965.45 psia; and 33 utes after shut-in of well, it
reached a high of 2,128.2 psia.

Injectivity of injecti@ well continued to decline.
June 21

Well shut-in. Capillary tube pressure declined to
2,125.59 psia at 08:00, down 2.6 i from the high of
2,128.2 psia. Purged capillary tub verified that reading
was correct and that there was not a ggak in the tube or
chamber. Suspect that cooling of Heli in capillary tube
increased density by 2.6 psi or more, accoypting for decline
at surface readout. Zﬂ

" Added and mixed 660 gallons of 12N HClFo brine tanks
to dissolve some of the solids.,

Removed instrumentation from steam and jErine lines.
Moved static pressure recorder from separator to injection
wellhead for injection.falloff test.

i

June 22
In State 2-14, capillary tube pressure reading 2,123.47

psia at 08:00, down 2.12 psi from yesterday. Injected
acidified fluid from tanks into Imperial 1-13.
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June 23

Pulled capillary tubing, chamber and temperature in-
struments from well, Ran in hole with fluid sampler on
braided wireline at 2,500 feet. Opened well valve and
attempted to flow well. Well bled off trapped gas, flowed a
small amount of brine and died. Ran in hole with sampler to
5,000 feet and pulled out of hole.

Depressed well fluid 1level with air by pressuring
casing to 105 psig at the wellhead. Opened flowline valve,
blew ff gas, would not flow. Pumped 11,000 gallons of
fres water 1into well. Will allow water to heat wup in
wellboTﬁ%and try again tomorrow.

M

Injected canal water from tanks into Imperial 1-13.

=

June 24

At 07:0%, pressure on wellhead was 45 psig. Added
additional predsure by pressuring with air to 110 psig.
Opened valve, wdll flowed for a short time then died.

Injected fﬂhﬂh water from tanks into Imperial 1-13.
Rigged up wirelinegp unit and ran in hole to 1,300 feet
(ground level referernice) with pressure and temperature tools
and hung for injectio alloff survey. Injected into well

for approximately 2 urs and 15 minutes at a rate of
approximately 190,000 lbm .
June 25 d

Pulled tools from Impggial 1-13. Reset tools and ran
traverse survey at 20 ft/min ﬁﬁbm surface to 1,470 feet,
where tools stopped.

Put 6,060 gallons of fresh water into State 2-14, then

shut in. [)

3.3 Data Quality Control

The following steps were taken to assure dZS? quality:

a. All flow and pressure recorders we calibrated by
Instrument Specialists Company before t test and at
times during the test as shown in Table 342.

b. All pressure gaugps were calibrated before gﬁe test. The
gauges at the wellhead (PI-1) and steam discharge from
the separator (PI-«155) were checked against a test gauge
at operating conditions during the test. The test gauge
was an Ashcroft 0-600 psi gauge with 0.25 percent
accuracy. The check readings are documented in Table 3-
3, and pressures listed in the Flow Test Data table
(Table A-1) are adjusted accordingly.
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G¢

6/10/88
6/15/88

Wellhead Steanm
Pressure

PR-1

TABLE 3-2

METER CALIBRATIONS

Steam Separator Brine Brine Injection
Flow Pressure Level Leg "A" Leg "B" Flow
FR-102 PCR-103 LCR=-107 FPR~108A FPR-108B FR-1
Tx x x x x  x9 s
X X X ﬂ= mx
X Z —
: TABL%-?:
TEMPERATURE AND P%SURE INSTRUMENT CHECKS
Operating Instruments :Ej Test Instruments
I;;EIG;;;E""EZQSZ""%'T' "Test Gauge RED  ASTY Therm.
Number . (PSIG) { F) (PSIG) ("F) ("F)
T - a0 ae2
TI-101 :IE 410 400
'Hﬁ(? 414 402
ES%TI-IOQA 409 409
PI-1 540-545 535-540
PI-155 207 208

COMMENTS

—— > D O s L D D 3 S . T D T WD . =

Changed range spring

Correction



Coe

The bimetal dial thermometers could not be calibrated in
the field before the test. However, several check read-
ings on the critical parameters were taken at operating
conditions during the test, and the gauge readings were
adjusted accordingly. There were two instruments used as
standards. One was a Wahl platinum RTD digital thermo-
meter, and the other was an ASTM mercury thermometer. The
check readings are documented in Table 3-3.

Weirbox sight gauge readings were taken at normal data
recording intervals. Although the weir 1is inherently
1 accurate than the orifice meters, it was potentially
imMportant as a redundant measurement of the brine flow
rat

Early I the test (until June 7), when the separator was
not i operation, the weir provided the primary flow
measurement. Until injection started on June 4, brine
pond lagel measurements were used to check ° the
cumulative rine production calculated from weir £flow
readings. 1

Pruett Indus@!@es recalibrated their Ruster temperature
instruments aite the June 5, 1988, survey and then
corrected the Juge 5 readings accordingly. The Kuster
KPG gauge has an advertised accuracy of +2°F, although
the results typicalNly suggest that this standard is not
achieved under fiel onditions. Temperature surveys are
discussed in Section 4;3;

Pruett Industries meas d downhole pressures with a
Paroscientific digital rtz pressure transducer on a
helium-filled capillary tubg, The transducer used has a
range of 0-3000 psia, an\gdvertised accuracy of 0.01
percent of full scale, and a repeatability of 0.005
percent of full scale. Probably the greatest source of
inconsistency from survey to survey is in the measurement
to the §5,000-foot datum. This Eﬁconsistency was mini-
mized by Pruett using the same uMfit on all of the State
2-14 runs. The repeatability of th epth measurement is
probably about 0.1 percent.

The correction for the pressure of tg‘ static helium
column in the capillary tube was calcu ed by Pruett
from the measured temperature profile 2%% the measured
pressure at the surface. This correction 8 typically
about 24 psi and would be expected to be duite precise,
except during the pressure buildup when the well was shut
in and cooling off. This problem is discussed further in
Section 4.3.2. Lo

A significant unknown during the test was the rate of scale

deposition in the brine meter runs and its effect on the brine
flow rate measurements. After the test ended, the orifice plates
and piping were disassembled and inspected to measure the scale
buildup
discussed in Section 3.4.

and estimate the magnitude of the effect. Results are
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Another form of data quality control was a routine of fre-
quent review of the data for evidence of instrument malfunctions,
as well as data reduction and review for the daily test
operations reports. These efforts resulted in quick recognition
and correction of flow recorder problems, inconsistent tempera-
ture gauge readings, and several occurrences of scale-plugged
pressure ports, Initially, temperature readings were influenced
several degrees by wind and ambient temperature. This problem
was corrected by insulating around thermowells and using only the
thermowells with adequate penetration into the flow stream.

There was a major problem with the steam orifice meter that
was not disscovered until after the test. Post-test analysis of
the brine d steam flow data led to some suspicion of a problem
with the steap orifice meter. When the required brine chemistry
and final ?;§rrections to the downhole temperature data were
t

available, e__ theoretical flash fraction at the separator was
calculated to: 14.0 percent for average test conditions. By
comparison, fl fractions at the separator calculated from flow

data reported in fhe daily test operations reports were typically
in the range of ™20 to 21 percent. As a result, the orifice
plate was removed foj inspection and some debris was found in the
pipe on top of the oBifice plate, obstructing an estimated 20 to
40 percent of the flo rea. The orifice plate was installed as
one of the last activE“ﬂes during construction. The pieces of
metal or scale debris were apparently dislodged upstream and
carried to the orifice plate when flow was first diverted through
the separator. An empirica eter coefficient was determined for
the steam flow meter to ach e a match between the indicated and
theoretical flash fraction at the separator. Using a value 41
percent less than the steam me&ﬁf coefficient for an unobstructed
orifice gave a consistent matCh' throughout the test, indicating
that the orifice plate was alread®} blocked by the time steam flow
was first being recorded. The hod of calculating flash frac-
tion is discussed in Section 3.4. Qﬁ?

3.4 Data Reduction

Flows, pressures and temperatures g{ Table A-1 were calcu-
lated from the raw data (Table A-2) by t methods detailed in
Addendum D. Corrections to temperature and essure readings are
based on instrument checks listed in Table 3ﬁ§.

As discussed in Section 3.3, the separatdg) steam flow, as
originally measured, was erroneously high ause there was
debris 1lodged against the orifice plate which p ially blocked
the flow. To obtain a reasonable estimate of the true steam
flow, a correction factor was derived which achiev a match with
the theoretical steam flash fraction. Specificaejg, the steam
meter coefficient was adjusted to match the average of the steam
flash fractions at the separator (calculated as #7 in Addendum D)
to the average of the theoretical flash fractions from the
enthalpy condition representing an average of the four downhole
temperature surveys. Flash fractions for a range of separator
pressures were calculated using a computer modél for hypersaline
brines (Addendum E). The model was calibrated by the physical
and chemical data collected during the test.
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Average temperature at 36750 feet on the £four downhole
temperature surveys = 572.6 F

Average of the flow rates for the temperature surveys (Table
3-4) = 291,000 lbm/hr

loss between 3,750 feet and surface (Addendum
Btu/hr

Wellbore heat6
E) = 2.07 x 10
Average heag loss from flowline to separator (Addendum F)
= 0.5 x 10 Btu/hr

(Bot of the above heat loss rates are relatively insensi-
tive flow rate.)

Effect]i preflash brine temperature = brine temperature at
3750 feet minus temperature change corresponding to enthal-
py losses E% wellbore and flowline

572.6% - [ (2.07 + 0.5) x 10° Btu/nr
(o]
291 ,000 lbm/hr x 0.825 Btu/lbm F

562°F l

i}

The theoretical g‘ﬂsh fraction from 562°F, calculated as in
Addendum E, as a funﬂtion of separator pressure is:

Pressur Flash
(psia) Fraction
217.4 0.1392
214.9 0.1399
212.4 E;P.l406
The theoretical flash fraction atmospheric pressure =

0.2664.

Ideally, the total steam flow to atmosphere could be calcu-
lated by subtracting brine flow at the wejg (Table A-1 Column 12)
from the total flow. However, this proce e involves a substan-
tial uncertainty because the result is the__difference of two
large numbers, each subject to some uncerta Y. The total flow
is the sum of brine and steam flows, each measured by an orifice
meter. These would each be expected to have an/Qccuracy of about
+5 percent under favorable conditions. The ¥ is inherently
less precise, and there is more scatter to the adings because
the brine flow commonly cycled up and down sli@htly with the
action of the control valve. The orifice meter remdings taken
from the recorder chart were each averaged over th cycle, but
the weir readings were spot readings. Therefore, the weir flow
data were not used to calculate steam flow.

The normal procedure would be to measure steam flow from the
separator and calculate the secondary flash to atmosphere thermo-
dynamically. For this test, however, the flash fractions were
determined entirely by calculation as described previously. The
calculated flash fraction at the separator for average test
conditions is 0.140 and the total flash to atmosphere is 0.266.
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" TABLE 3-4

SUMMARY OF TEMPERATURE/PRESSURE PROFILE SURVEYS

START FLOW RATE TEMP AT

DATE RUN NO. IN HOLE ON BOTTOM (LBM/HR) 5000' (OF)

6/05/88 01  13:00  14:36 117,000  575.1
6/12/88 02 09:55 12:12 211,000 568.9
6/14/88 3 15:08 18:01 404,000 573.6
6/20/88 E34 14:20 16:40 432,000 582.0
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As would be expected, when the total steam flow to
atmosphere is calculated as the difference of total flow and weir
flow, the scatter 1is so great that the individual numbers are
useless. However, 1f the cumulative total flow and cumulative
weir flow for the whole test are used to calculate an overall
average, a flash fraction of 0.20 results. Considering the
uncertainties in the measurements, this is in reasonable agree-
ment with the theoretical flash fraction of 0.266.

Scale buildup on the brine orifice plates is a common
problem, and its effect on the readings is largely undetermined

during t test, It is principally for this reason that the
weirbox s used as a backup measurement of the brine flow.
After the st, the brine orifice plates were removed and

inspected, L d although there was scale on the plates, it was
relatively minor. Each of the plates (Leg A and Leg B) had a
scale deposit =which effectively reduced the orifice bore and
rounded the edg€s. Both plates, when clean, had standard, sharp-
edged orifices. ost-test observations of the orifice plates are
summarized as fol S:

Original l Average Bore Approximate
Orifice ameter Reduction Radius of Curvature
Bore By Scale on the Entrance
Leg (inches) n {inches) : (inches)
A 4.800 i 0.375 0.188
B 7.1464 Op 25 0.125

Scale on the pipe in the meter_runs after the test was about 1/4
inch thick, which is negligiblﬂ

Qualitatively, rounding a he entrance and bore diameter
reduction have offsetting effdcts on the meter coefficient.
Calculations presented in Addendum show that the observed scale
buildup would cause indicated Leg A flow rates to be 3.9 percent
higher than actual and indicated Leg B rates to be 2.6 percent
higher than actual. Since these values are small, and within the
expected accuracy of the meters, the eff?-’ of scale deposition
could be neglected. Thus, the orific4 heters were used for
calculating brine flow, rather than the weirg . during all portions
of the test when they were operational. E%

F
L T
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4.0 Downhole Surveys and Transient Pressure Testing

Downhole pressure and temperature surveys were run during
the flow test to fulfill the following objectives:

- Measure stabilized flowing pressure at the 5,000-foot
datum at various flow rates to define the well's inflow
performance (Figure 1-3).

- Record the downhole transient pressure response to flow
rate changes and the pressure buildup at the end of the
tejE; These data are used to calculate near-well reser-
voifk properties (Sections 4.3.1.3 and 4.3.2.).

- Measdg% the flowing temperature and pressure profiles
between —the surface and 5,000 feet at various flow rates
to proﬁzye data for thermodynamic flash calculations, to
determine the depth at which flashing begins and to
establish the relationship, if any, of brine temperature
to flow rate,

Typically, a lell test would involve a static downhole

temperature and press survey to establish equilibrium shut-in
conditions before ¢t start of flow. This was not done imme-
diately prior to the Junepl988 test of State 2-14 because: 1) a

suitable static survey had been run on November 18, 1987; and 2)
well conditions immediatel efore the flow test were such that
static survey data would e been misleading. Brine in the
wellbore had been displaced by, fresh water in April, 1988, to
cool the well for a casing igRpection log. The lower density
fluid in the wellbore would have distorted the downhole pressure
measurements relative to measurg@ents in a brine-filled wellbore
during the test. The November 18, 1987, survey was run 79 days
after the last previous flow test d is more nearly represent-
ative of static conditions than any survey that could have been
run immediately before the June 1988 test.

Production 1logs to define the infl s} within the openhole
production interval would have been desirjgle, but were ruled out
because of the risk of losing logging toolg The casing was
suspected to be in poor condition below abogs\5,500 feet, and the
condition of the open borehole (below 6,000 feet) was
questionable after the August, 1987, redrill a mpt. Figure 4-1
is a diagram of the State 2-14 well.

4.1 Description of Surveys E:

The following downhéle surveys were run durinéﬁlhe test:

June 5 - Flowing temperature and pressure profile, 500 -
5,000 feet :

June 12 - Flowing temperature and pressure profile, 500 -
5,000 feet, and pressure drawdown at 5,000 feet
during rate change

" June 14 - Flowing temperature and pressure profile, 500 -
5,000 feet, and pressure drawdown at 5,000 feet
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during rate change

June 20 - Flowing temperature and pressure profile, 500 -
5,000 feet, and pressure buildup at 5,000 feet.

The survey data and plots are in Addendum G. All tempera-
ture surveys were run with Amerada-type Kuster instruments. All
pressure data were obtained with a helium-filled capillary tube
run downhole, connected to a Paroscientific digital quartz
pressure transducer at the surface. Downhole pressure data in
Addendum G for the June surveys are in units of psia and have
been <corrected for the gravity head of the helium column at
flowing tTSPerature conditions in the wellbore.

In each_of the surveys, pressure and temperature were both
recorded o the same trip in the hole by running the Kuster
temperature instrument in tandem with the capillary tube chamber.
Outside diame s of the temperature instruments and chambers
were 1.25 and I550 inches, respectively.

4.2 Flowing Templeature and Pressure Profiles

Four temperatule and pressure profile surveys were run
during the flow testp geach at a different flow rate. The data
are used in Addendum 8 a basis for selecting the flash initia-
tion conditions and t estimate enthalpy losses from the
wellbore. As described in Addendum E, these values and chemical
analyses of brine sampleg from the flowline are used in a
computer model to perform sh calculations and determine the
pre~-flash brine composition., Results based on the June 5 survey
data show a brine with a flash/Anitiation temperature near 572°F,
a pre-flash TDS near 247,000 /kg, and a CO, content near 3,900
mg/kg (total flow basis). The lculated s%eam flash to atmos-
pheric pressure is 25.5 percent The ayerage flash initiation
temperature for the four surveys i 72.6 F and the average flash
fraction to atmospheric pressure is I26.6 percent.

Temperatures measurgd at 5,000 feet, shown in Table 3-4,
vary within a range of 137F. Por all four surveys, the apparent
depth of flash initiation is abowve 5,00 et, so0 the measured
values should reflect the combined temperature of the inflows,
except for a minor Beat loss correction. The wvariation of
temperature among .surveys is greater than' “would be expected
unless it . resulted from changes in the distrijfition of inflow
among production zones of differing temperature? However, the
variationg of temperature in Table 3-4 do not app®ar related to
either flow rate or time, factors which could ¢ rol the inflow
distribution.  Subject to any insight which may drawn from
chemistry data, it ig presumed that the scafiter in the
temperature data reflects inaccuracies in the Kuster instruments.

The depth of flash initiation is indicated on a temperature
survey plot by a departure from the straight line (single-phase
flow/conductive heat loss) profile in the lower portion of the
well. In general, for a constant brine' composition and
temperature, flash depth is a direct function of wellbore
pressure drawdown, and therefore, flashing occurs deeper at
higher flow rates. The flash depths interpreted from the four
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temperature surveys in the State 2-14 well are listed below.

FLOW RATE DEPTH OF FLASH
DATE (l1bm/hr) INITIATION (ft)
6/05/88 117,000 3,160
6/12/88 211,000 3,400
6/14/88 404,000 4,000
6/20/88 432,000 3,600

Dept of flash initiation on June 14 and June 20 deviate
somewhat W§¥om expected values. Based on the average well
productivity _ observed (Figure 1-3), and assuming constant brine
propertles,irxhe flash depth on June 14 would have been predicted
at 3,600 feet instead of the observed 4,000 feet, and the flash
depth on June would have been predlcted at 3,800 feet instead
of the observ 3,600 feet. The flash depth being greater than
expected on Jun 14 could result from an increase in brine
temperature or temporary increase in non-condensible - gas
content. If any of §he observed increases in well deliverability
were due to additidnal fractures opening up, then either the
temperature or gas ¢ ent of the brine could have changed. A
change 1in gas conten ppears more likely. The shallower than
expected flash initiatign on June 20 is consistent with the
observation of an improveg well deliverability in the last three
days.

4.3 Transient Pressure Tes@g and Analyses

Transient pressure tesﬁé%g in wells is conducted for two
main purposes: i.e.; (1) to det ine the production capabilities
and characteristics of the weld and (2) to assess reservoir
properties and long-term behavior the reservoir, The best
test to determine well parametery is a multi-rate test where
" sufficient time is allowed after a change in flow rate for the
pressure to stabilize. More useful information for reservoir
analysis is obtained if the well can be :ggwed at a constant rate
for a relatively long time. Flow tests| ‘ e usually designed to
accomplish both purposes simultanecusly Fo save money and time,
which means that the well is flowed in su@QFssmvely increasing
flow rate steps at the beginning of the te and then allowed to
flow at a constant high rate for as long as 1%i§conom1cally and
operationally feasible,

During a test of this design, downhole presgg;e and tempera-
ture measurements are made before and during each.rate change,
along with surface measurements of flow rate, te%Eérature, and
pressure, and a final downhole pressure build-up. hese data are
used to calculate well deliverability or flow rate available at
varying wellhead pressures, productivity or flow rate at varying
downhole pressures, and important reservoir parameters such as
transmissivity, reservoir storage capacity, reservoir tempera-
ture, and enthalpy. From a carefully planned test under some
reservoir conditions, reservoir size and the nature of reservoir
boundaries and flow regimes can be determined as well. These
latter types of information are usually best obtained from a
long period of constant flow.
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The test of State 2-14 was originally planned as two seven-
day flow rate steps followed by a final extended flow for 16 days
at the highest rate that could be maintained through the test
facility. Unfortunately, operating problems and budget con-
straints prevented obtaining an extended flow period at a high,
constant rate. The interpretation of the data obtained was also
complicated by several unscheduled changes in flow rate
occasioned by operating problems, as well as by the apparent
continued improvement in well deliverability during the course of
the test. Nonetheless, the test yielded quantitative data about
well deliverability and productivity. In addition, qualitative
and semﬂFguantitive statements about the well and near-well
reservoirl parameters can be made which, while less certain, will
aid in ex ding understanding of the reservoir and in interpre-
tation of[ hemical and geologic data obtained from this and
previous well Lests.,

4.3.1 Well Behavior

Well behavior data were obtained from surface and downhole
pressure measuremeniys and from flow measurements. Wellhead pres-
sure measurements re used to plot a deliverability curve and
predict deliverabili at different wellhead pressures. Pressure
transients measured hole during step rate changes were used
to plot a productivity cﬁrve and calculate a productivity index.

4.3.1.1 Deliverabilgﬁxﬂ

Deliverability of geothegmal wells is generally depicted as
a plot of flow rate vs. well d pressure. Wellhead pressure is
controlled by reservoir pressu fluid enthalpy, flow rate,
wellbore flow characteristics, Bﬁéat losses in the wellbore, and
fluid chemistry. As a result, the relationship between reservoir
pressure and wellhead pressure isynot a simple one, and fluid
deliverability at the wellhead can®not be easily predicted from
downhole pressure measurements.

The Salton Sea reservoir is a singl hase, liquid-dominated
reservoir with flow induced by decreasi density in the fluid
column as boiling takes place in the wellbo Flow characteris-
tic of an extensively fractured formatio having significant
matrix storage capacity is typical. Some repregentative deliver-
ability curves for this kind of reservoir arezipown in Figure 4-
2. Curve A represents a liquid reservoir with high permeability.
Curve B represents a relative decrease in reserf%?r temperature,
pressure or gas content, Curve C shows the efrfect of either an
increase in reservoir temperature or gas content GF an increase
in reservoir pressure. . i Curve D shows the effect of scaling in
the wellbore, and curve E shows the effect of a lower reservoir
permeability. : ,

Figure 1-2 shows the .deliverability curve for the State 2-14
well. The date of each data point plotted in the figure |is
written beside it. Data for June 2-17 represent pressure and
flow rate measurements made during step rate increases. Data for
June 18-20 represent data collected at the end of the test after

the highest flow rate step. Several points should be noted about
this plot:
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FIGURE 4-2

FLOW RATE

WELLHEAD PRES%RE

Example Deliverability carbes:form of the variation of mass flow with
wellhead pressure. (From “Geothermal Reservoir Engineering", Grant,
et al, 1982; in part after James, 1980a, 1981.) .
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1. The well was not tested at high enough rates to determine
the maximum f£flow rate at typical commercial operating
wellhead pressures of 250-350 psig. However, by project-
ing the general shape of the curve to lower wellhead
pressures, an estimate of the flow rate in the commercial
operating range can be made. The dashed line represents
the shape of the projected curve. An estimated 770,000
lbm/hour total flow could be expected at 350 psig and,
less certainly, about 810,000 lbm/hr could be produced at
250 psig.

2. Tg@ increased well deliverability observed later in the
t suggests that the well improved during the course of
thergfest. It is likely that flowing the well at higher
ratds’ cleaned up drilling solids from the reservoir rock
and algg may have opened up either the old or new leg of
the we ore.

3. At very l&y flow rates, deliverability curves often show
a curve towajd the origin just before the lowest sustain-
able flow. Points on this deliverability curve for the
low flow r at the beginning of the test are more
likely repr:éiﬁtative of wellbore damage followed by
clean up after high flow rates.

4,3.1.2 Productivity

The productivity inde%™¥(PI) of a well is usually defined as
the flow rate change per unit ange in downhole pressure. PI is
the slope of the inflow perfBmance curve, which is a plot of
flow rate vs. downhole pressur%% The inflow performance, or
productivity, represents the pribduction capability of the reser-
voir as it is affected by well c letion, The influence of
fluid enthalpy, chemistry, and ga&s content are generally not
large in a single-phase reservoir.

made in the liquid coclumn at 5000 feet State 2-14. This 1is
above the probable primary entry zone at out 6200 feet. During
flowing conditions this should not influen the reliability of
either productivity or pressure drawdown surements, because
the temperature in the flowing single-phase liguid column would
be subject to only small amounts of cooling be en 6200 and 5000
feet due to heat losses.

Well productivity was assessed usiné pressure measurements

Figure 1-3 shows flow rate plotted against do ole pressure
for four stabilized flow.rates. An average productivity index of
1527 1bm/hour/psi was féund using these data. The productivity
curve is a straight line through the four flowing points, which
would be expected from a reservoir producing single-phase liquid
from only matrix permeability. However, since well improvement
was noted from other data collected during testing, this produc-
tivity may be conservative. For reservoirs with only matrix
permeability, the static pressure should also fall on this line.
No static pressure survey was run prior to the beginning of the
test, so a static survey from Augqust, 1987, following recomple-
tion of the well and a 1l2-hour flow test was used. The point at
5,000 feet does not fall on the extrapolated productivity curve.
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Fractured reservoirs often show a non-linear relationship between
pressure and flow rate, The Salton Sea reservoir, being exten-
sively fractured, but also having significant matrix storage
capacity, typically exhibits characteristics of both linear and
radial inflow.

4.3.1.3 "skin"

Downhole pressure drop includes not only pressure changes in
the reservoir under flowing conditions, but also pressure changes
due to pressure losses as fluid enters the wellbore, 1i.e.,"skin
effects",and changes due to differences in the amount of fluid
stored in{the wellbore, i.e., "wellbore storage". These pressure
losses are aracteristic of the wellbore and near-wellbore and
are proport al to flow rate, In geothermal wells it is often
very difficult _fo separate these pressure losses from each other,
and they are &gnerally lumped together and calculated as a "skin
factor".

Horner plotL%nalysis of the buildup data yielded a célcu-
lated skin factor, sl of +23.1 where:

. =P j k
s = a r Wf - log ! 2 + b]
E: Sper

s = gkigpfactor

Pi phr = pré&@ure at 1 hour after shut-in

Puf = flowing, bottom hole pressure

m = glope f semi-log straight line (on a
plot of pressure vs. log of time)

k = permeabﬂ&%ty

g = porosit

o = viscosity Y :

c = compressibility of system

L., = radius of wellbore

ar b = unit coefficients

Positive values of the skin factor(E)dicate large pressure
drops as the fluid enters the wellbore., se can be caused by
wellbore damage during drilling, pressureigfop across liners or
through perforations, partial penetration comgletions, and in
some cases, closing of fractures as pressurel&ﬁecreases and/or
turbulent flow as large volumes of f£luid enter the wellbore at
very high rates. Many wells in the Salton Sea thermal field
show high apparent positive skin factors, even “though they are
extensively fractured and would normally be expe d to exhibit
negative skin factors.. i Morris, Campbell and Petty (1985) have
suggested that turbulent £flow in the formation may be the
dominant factor in this effect. In the case of State 2-14, it
seems very likely that the well has sustained major wellbore
damage during drilling and recompletion. However, it is also
probable that the high flow rates in this well contribute to the
apparent skin effect by t¢ausing non-Darcy flow conditions.

4.3.2 Reservoir Behavior

Two measurements of well drawdown were made during rate
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changes on June 12 and June 14, 1988. Figures 4-3 and 4-4 show
the variation of the observed pressures versus time £from the
initiation of the rate change.

Figure 4-3 shows that following the rate change from 210,000
lbm/hr to 414,000 lbm/hr, the well showed an initial drawdown of
104.1 psi, then recovered rapidly and began to drawdown again.
The maximum drawdown of 113.6 psi was reached one hour and 35
minutes following the rate change. Following this maximum draw-
down, the well again began to recover. Small adjustments in the
flow rate immediately following the rate change may explain some

of this served recovery, but during most of the 19.5 hours
following the change, the rate remained fairly constant,
increasing y slightly. During this period the well recovered

a total of[ .5 psi when it would have been expected to continue
drawing down. —

Figure 4§% shows the second drawdown measurement which was
made on June 14 when the flow rate increased from about 404,000
lbm/hr to 538,000 1bm/hr. Following an initial drawdown of 115.5
psi the well recove!ed a total of 42 psi. Since the well was
flowing at a nearly constant rate and no dramatic enthalpy
changes were observed this pressure recovery following drawdown
due to a rate change further evidence for improvement of the
well. Unfortunately, it makes both drawdown curves impossible to
analyze accurately for quantitative reservoir parameters.

Prior to shut=-in of th@ﬁwell on June 20, pressure measure-
ments were again made. The we was shut in at 17:54, but due to
the effects of wellbore stor}&g and the slow rate at which the
valves could be turned, the beginning of build up was not
observed downhole until 18:00 Pigure 4-5 shows a plot of
pressure at 5000 feet versus tine. Following an initial very
rapid build up of 163 psi, the 4 hole pressure began to drop
and continued to drop slowly for “the next 44.5 hours, when
measurement was ended. This drop in pressure is most likely due
to cooling of the fluid between the bottom of the pressure tool
and the inflow zone, and is therefore la ly the result of brine
density changes in the wellbore. Ther s also a possibility
that two or more inflow zones feed this welggaand that differen-
tial pressure depletion between the zoqp% could result in
crossflow after shut-in. However, crossflow geperally causes the
downhole pressure to increase and decrease ?akr shorter time
periods than the 44.5 hours of this build up. nother possible
explanation of this drop in pressure could be iqurference from
the neighboring field area under production y Magma Power
Company. Well testing was going on in a newly c leted Magma
well during the pericd of build up; however, the distance to the
Magma well is more than‘'a mile. The testing of the Magma well is
not 1likely to have had'an effect on the State 2-14 well, given
the high permeabilities and storage capacity in this reservoir.

As a result of the drop in pressure only 1.5 hours after
shut-in, the build up data are not amenable to analysis for
detecting reservoir boundaries, However, a semi-quantitative
estimate of reservoir parameters and skin effect in the well was
made: using a semi-log plot. Figure 4-6 shows pressure plotted
against log time, with the semi-log straight line required for
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FIGURE 4-6
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analysis showing only for a brief period prior to the pressure
dropoff. A transmissivity or "kh" of 233,600 md-ft was calculated
using the final flow rate of approximately 435,000 1lbm/hr. The
skin factor of +23.1 previously discussed was also calculated
from this plot.

Pressure response matching using the nonlinear, multiple
regression computer code ANALYZE was also attempted, because this
code can accomodate the variable flow rate history of the test.
Using the "kh"™ and "skin" calculated from the Horner plot as
initial estimates of reservoir properties and the entire drawdown
and buildup history gs input, ANALYZE calculated a transmissiv-
ity ("khTT/ of 1x10  md-ft, a storage coefficient ("gch") of
0,00053 ft/psi and a "skén" of +13.3. Using the buildup only
resulted im=@ kh of 1x10° md-ft, a storage coefficient 0.00051
ft/psi and a skdin of +12.4. This result for kh is extremely high
and a good matgk of the response curve was not achieved, particu-
larly for the drawdown segments (Figure 4-7 A-C). This suggests
that reservoir nisotropy or wellbore storage effects dominate
response and/or he input data available are insufficiently
accurate to allow a 1ood match using this computer code. Use of
these kh values for'quantitative prediction of future reservoir
behavior is not recomﬂeﬂded.

The reservoir and well parameters indicate qualitatively, at
least, that the reservoir has high permeability and adequate
storage capacity and is t efore capable of producing at high
flow rates for extended per@@és. However, because the data are
not amenable to boundary analysis, neither the 1life of the
reservoir nor the total prod%&tion capacity can be estimated.
Nearby shallower portions of the same reservoir tapped by Magma
Power and UNOCAL have producefiffor long periods with Llittle
observed pressure drawdown, but detailed data are available to
the public from these wells. \vf

4.3.3 Injection Well Behavior

The Imperial 1-13 well was used as injector throughout
the test. Figure 4-8 shows a plot of iEJectivity, defined as
flow rate per psi of pressure at the wellhe versus cumulative
injection. Table 4-} shows daily and cunﬁative injection by
date. From the time that injection started, , the injectivity
began to decline. The injectivity decrease shqﬂ} by the Imperial
1-13 well is typical for a well undergoing formation plugging.
In most cases of injection well plugging, suspe d solids enter
the formation, coating the walls of the pores. Solids are
filtered from the solution by the porous medium, educing the
permeability of the formation near the wellbore amd forming a
filter cake on the wellbore face. The filter cake, once formed,
acts as a fine filter, removing smaller and smaller particles
from the fluid and further reducing the injectivity of the well,
The filter cake produces the effect of a variable skin factor,
with the additional problem that the formation near the wellbore
may have been damaged by the entry of solids prior to formation
of the filter cake. Decrease in injectivity is generally geo-
metric. The curve for Imperial 1-13 displays this pattern.
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TABLE 4-1

INJECTION SUMMARY
KENNECOTT IMPERIAL 1-13

June 4 - June 24, 1988

‘ CUMULATIVE
MASS gNJECTED MASS IgJECTED
(10 1b) (10™ 1b)
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Although at times brine was taken out of the holding pond
and directly injected without allowing for settling, these
periodic 1increases in injected solids did not alone cause the
injection well to plug. Injection of unfiltered brine from the
start of the test resulted in a decrease in injectivity. Even
with the settling in the brine holding tanks, suspended solids
sufficient to cause plugging were injected into the well.

After shut-in of the State 2-14 well, the brine remaining in
the holding pond was injected into the Imperial 1-13 well. The
portion of this fluid held in the tanks at the time of shut-in
was treat with 12N hydrochloric acid. The seven tanks held an
estimated ! 07,016 gallons of brine at the time the acid was
added. The -acid was added as evenly as possible to each tank and
agitated wigi a small pump. The tanks were allowed to stand
overnight, and_ the brine was injected the next day mixed with
added fluid fr the holding pond. During the injection of this
acidified brine, continued build-up of wellhead pressure was
observed. No impgovement in injectivity resulted from this acid-
ification of the&~injection well. In fact, the injectivity
decreased during inlection of this fluid from 2970 lbm/hr/psi to
1900 lbm/hr/psi.

The Imperial l—@vﬂwell was known to have problems with sand
infill from the formationpduring drilling and completion. There-
fore, the injection zoge probably has matrix permeability.
Further sand inflow may hav educed the injectivity of the well
during this test, but ¢t largest impact on the injectivity
appears to have been plugging suspended solids precipitated by
the produced brine. 2&

4.4 Caliper Logging Attempt F%

On August 8, 1988, 44 day after the end of testing
operations, Kennecott attempted ¢t run a casing inspection
caliper log in the State 2-14 well. Details of the operation are
documented in Addendum H. Two different caliper tools were run
and both encountered a constriction that opped the tools in the
9 5/8-inch casing about 26 inches belo e top of that casing
string. The caliper teoels, having clearanc for minimum hole
diameters of 7 1/4-inches and 3 1/2-inches, th stuck at approx-
imately the same ~place and had to be pulled free. The
constricti#®;, - or ak least the top of it, occurjiwhere the 9 5/8-
inch casti¥ comes through the casing head.

dgust 15, 1988, a television camera haviEé a diameter of
2 1/8-ineBilis’ was. run through the wellhead andsPPthrough the
constrictio’ in the 9 .3/8-inch casing to a point about 2 feet
below where the caliper tools stuck. Although the video 1image
was impaired by turbidity in the water, it shows what is thougnht
to be a heavy buildup of whitish scale (presumed to be calcium
carbonate). There was an attempt to obtain a sample of the
scale by dislodging it with a hydroblaster. However, the hydro-
blaster pipe bent when it was inserted downhole and the attempt
was aborted because there was no replacement immediately avail-
able., The upper portion of the wellhead had been dismantled to
run the caliper and television logs, but there was no whitish
scale to sample in those parts. None of the attempts at logging
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or sampling was successful at positively identifying the scale or
defining the profile of the constriction, and budget constraints
prevented further efforts.

The discovery of a constriction 1in the casing prompts
several gquestions regarding its origin and possible effects on
the flow test, Apparently the constriction did not exist at the
time of the casing inspection log in April, 1988. The most
reasonable conclusion is that it formed during the 19-day flow
test. Two possibilities are that (1) it is a partial collapse in
the 9 5/8-1Idch casing which may have occurred at the beginning of
the test, or (2) it is simply a scale buildup. Normally, a heavy
scale builde would be reflected in a declining well deliver-
ability, buftl the deliverability actually increased as the test
progressed. This implies either that the constriction formed
very early in{the flow test, or that factors increasing the
deliverability more than offset the increasing flow resistance.

The guestion of whether or not calcium carbonate scale could
reasonably be expect from the standpoint of the brine chemistry
is not within the gcope of this report. However, the abrupt
nature of the consﬁgﬁction in a region where the pressure
gradient would not be pected to be extreme suggests that it is
not a normal scale buildyp. Likewise, there are problems with
the hypothesis of a casing collapse. It is difficult to envision
a mechanism for a collapse ilure within the wellhead. Collapse
is a well-known means of f re of production casing strings or
tieback strings downhole where a pocket of water trapped in the
annular cement expands therﬁ%lly and exerts pressure on the

casing. However, this mode "of failure is not likely to have
occurred in the State 2-~14 well d because the annular space was
vented to relieve the pressure thermal expansion. Also, there

was no collapse in the three previavs flow tests of the well and
one would not have been expected inilthis test. Other causes such
as weakening of the 9 5/8-inch casing by corrosion, or a mechan-
ical problem in the wellhead, are possible explanations.

Because the profile through the resgglction is not known, it
is not possible to quantify the flow resistance, but it 1is of
interest to explore:. its possible signifldance. The minimum
dimension through the constriction is known be greater than 2
1/8-inches and less than 3 1/2-inches. Assumi that the equiva-
lent minimum inside diameter of the constric is 3.0 inches,
flow velocities shown below are calculated for rage conditions
of the last 25 hours of flow. 1FE

Average Flow Conditions at the Wellhead: jr
Flow rate = 425,000 lbm/hr
Wellhead pressure = 540 psia
Steam mass fraction = 0.0700 (Table E~7)
Specific volume of the steam/brine mixture
(assumed homogeneous) = 0.677 cu ft/lbm (Table E-7)

Calculated Velocities:
Flow velocity in clean 9 5/8-inch casing = 19.5 ft/sec
Flow velocity in 3-inch diameter = 163 ft/sec

The wvelocity 1in the assumed constriction is less than the
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critical velocity of 250 ft/sec for those conditions, and there-
fore the <constriction did not constitute a «c¢ritical choke.
However, the pressure loss could still be significant. Assuming
a round, venturi-~shaped constriction only a few feet long, with a
3-inch diameter throat and the flow conditions stated above, the
pressure drop would be in the range of 40 to 50 psi. However,
deliverability data (Figure 1~2) indicate the flow restriction is
less severe than that. For example, the actual wellhead pressure
on June 17 at 640,000 lbm/hr flow rate is greater than could have
existed 1if the constriction were as severe as the hypothetical
case descrlbed above. Therefore, if the constriction existed at
the end oﬂgkhe flow test as it does now, its minimum clearance 1is
probably Jlarger than three inches or its cross-section is elon-
gate, havin@i% larger flow area than a round venturi.

Further ezgfence that the flow restriction was not severe is
obtained from pressure surveys (Addendum G). Extrapolations
of the four downhole pressure profiles to the surface do not
reveal any gross mi,smatches with the measured wellhead pressures.
Although the extrapolations are not precise, a large, localized
pressure drop would e expected to create a significant discon-
tinuity in the pressuﬁvﬂproflles.

On the basis of the following observations, it is concluded
that the constriction wag not the cause of the well's failure to
flow spontaneously for the high-rate flow test on June 23 and 24,

1988. ﬁ@

1. In the attempt to in%&éate flow on June 24, after the
well had been shut in rnight with fresh water in the
wellbore, the well pr ced the fresh water back at a
peak rate of 120,000 lbmggﬁ, but the flow diminished and
the well died before achievy flashing flow. The nature
of this initial flow of Q§?2r was normal, and it was
expected that flashing would start in the wellbore
accompanied by an increasing flow rate. The fact that
flashing flow did not start is an indication that the
well had not been allowed to heaE)up long enough after
injecting the fresh water.

2. Assuming tha,épnstrlctlon existed JE%the end of the 19-
day flow 7 '+ it did not impose a larga pressure drop at
that time, "at’'a flow rate of 425,000 /hr. During the
aﬁtempt to initiate flow on June 24, t pressure drop
through the same constriction at the muc ower flow rate
of,. 120,000 lbm/hr would have been negligible because the
pressure drop through any constriction |[is a strong
function of flow rate and is not significant at low flow
velocities,

Facts and tentative conclusions about the casing constric-
tion are summarized as follows:

1. It formed sometime after the casing inspection log in
April, 1988, and before the attempt to run a casing
caliper log on August 8, 1988. The most probable time is
during the 19-day flow test.
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The downhole video inspection is not definitive, but
shows the constriction to have the appearance of a
buildup of whitish scale.

The 2 1/8-inch diameter television camera passes through
the constriction, but caliper 1logging tools with
clearances for minimum hole diameters of 3 1/2-inches
and 7 1/4-inches stuck at about 26 inches below the top
of the 9 5/8-inch casing string.

Although it has the appearance of a scale buildup, there
is a possibility that a partial casing collapse 1is at
lerast a contributing factor. Information is incomplete
afd there are questionable aspects to both hypotheses.
Furth;r study of the problem using the available

infoffmation is probably not worthwhile. Instead, it is
recommended that the well be killed and that the tree be
remove down to the top of the lower master valve to
allow visual inspection and sampling. Further work to

describe &%he constriction and remove it would be guided
by the fiff@ings at that point.

If the con!triction existed near the end of the flow
test, 1its emaﬁct on the well deliverability cannot be
quantified w certainty, but apparently it was not
severe. By comparison of wellhead pressures at 640,000
lbm/hr (on June 17) and 425,000 lbm/hr (average for the
last 25 hours) the per bound on pressure drop through
the restriction igNlabout 20 psi at the 425,000 1lbm/hr
flow rate, The downhgle pressure profiles, as discussed
above, suggest the actzil pressure drop was less.

Because the pressure dr imposed by the constriction was
relatively small, wellbo flow modeling is not likely to
yield the precision neces y for a refined estimate of
the effect on deliverability.

The constriction was not the cause of the well's failure

to flow spontaneously for the empted high-rate flow
test on June 23 and 24, 1988.
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TABLE A-1 page 1 of 5
FLOW TEST DATA
STATE 2-14
June 1 - June 20, 1988

DATE TIME WHP WHT SEP. GEP. GEPARATOR FLOW SEP. TOTAL CUM.TOT. KEIR CUM.WEIR  INJEC.
: PRES TEMP STEAM  BRINE FLASH FLOW FLOW BOX FLOW  FLOW FLOW

psig F psia F Ib/hr  lb/hr /e klb  Ib/e kb lb/hr
06/01 1747 178 | [ 0 0 0 0

06701 1FH0 450 479 119,601 113 99,438 34 0

06/01 21300474 483 129,705 368 9,993  27% o

06/01 23:04=430 483 {72,750 663 129,182 496 0

(6/02 01300 487 _470 161,607 937 120,850 746 0

06/07 03:02 AST=474 150,714 1,315 112,704 983, 0

06/02 05:55 486371 129,705 1,719 96,993 1,28 0

06/02 07:12 486 47 134,900 1,889 100,878 1,419 0

(6/02 09:04 433 47 134,900 2,141 100,878 1,601 0

(6/07 11:00 486 ' 119,600 2,387 99,438 1,785 0

06/02 13:01 485 469 114,692 2,623 85,766 1,962 0

06/02 15:03 506 480 M 150,714 2,893 112,704 2,163 0

06/02 17:00 507 483 172,75 3,208 129,182 2,399 0

06/02 19:00 507 430 150,714 3,532 112,704 2,641 0

(6/02 21300 505 480 U © 150,714 3,833 112,704 2,966 0

06/02 23:00 506 481 150,714 4,135 112,704 3,092 0

06/03 00:58 505 480 IN] 150,714 4,431 112,704 3,314 0 :
06/03 02:59 505 478 129,705 4,714 96,993 3,525 i |
06/03 05:03 502 478 A 129,705 4,92 9,93 3,75 0

06/03 07:05 502 478 124,659 5,240 93,220 3,919 0

06/03 08:00 503 476 R 129,705 5,357 96,993 4,006 B

06/03 10:12 505 473 119,601 5,631 89,438 4,21 0

06/03 12:00 505 473 | Y 119,600 5,847 89,438 4,372 «

06/03 14:05 503 480 05971 4,465 0
" 06/03 16:01 S13 492 134,900 6,100 100,878 4,562 0

| 06/03 18:03 514 494 140,078 6,382 104,750 4,773 0

06/03 20:06 509 493 . .. . ¥ T, 6,659 96,993 4,979 0

06/03 22:05 506 gk 134,m 6,921 100,878 5,17 ¢

U6/04 01302 507 140,078 7 104,750 5,479 0

06/04. 03:00- 506 49 S T 129,705 92 96,993 5,677 0
06/04 05i00. 506. -4 Foe 129,705 7,851 _ 96,993 5,871 0
06/04 -07:00. 506 43 » 134,900 s,lﬁou,m 6,069 )
06/04 " 19:00- 508 “ 49 S 119,601 8,371 " 89,438 6,260 a
06/04 . 11320 508 486" 129,705 8,661 5993 6,477 0
06/04°13:03 508" 462 119,601 8,875 99,438 6,637 0
06/04 ~15:02, 507 -4 " 114,692 9,108 kss,'r 6,811 ]
06/04 17:06° 507" 124,659 9,355 93,20 6,9% 0
06/04 19:00 506 . A 109,774 9,578 82,089 7,162 0 ,
06/04 21:01 505 484 . - }z i b 109,774 9,799 92,089 7,328 0
06/04 23:03 503 479 - . T 4 L §£ 104,967 10,017 78,494 7,431 0
06/05 01:09 501 480 o : 106,167 10,239 79,392 7,657 301,622
06/05 03:04 505 492 : 107,370 10,444 80,291 7,810 259,460
06/05 04:55 511 492 3

T : 108,572 10,644 81,190 7,959 467,023 i
06705 06:58 3505 490 ‘ 109,774 10,867 82,089 8,127 162,163

06/05 09:15 314 494 . . 134,838 11,147 100,847 8,335 ¢
06705 11:00 514 492 119,600 11,369 89,438 3,502 278,320

06/05 13:08 513 492 114,632 11,819 85,737 3,689 136,217



DATE

06703
06795
06/00
06/03
06703
06/06
06/06
06/06
06/06
06/06
06/06
06/06
U6/06
06/06
06/06
06/06
06/66
06/07
06/07
06/07
06/07
6/07
06/07
06/67
06707
06/07
06/07
06/07
06/08

. 06/08

06/08
06/68
06708
06/08
06/08
06/08
06/08
06/08

06/09.

06/09
06/09
06/09
(6/09
06799
06/09

- 06/09

06/0%

10:30
12:45
14:10
20030

WHT SEP. SEP.

F

494
491
4594
451
492

504392
S06==493

oL

505
SH
Sio
516
510
32
439
383
435
514
313
a12
313
312
313
512
514
St4
314
314
RH

- 512

il
506
307
508
548
307
306
330
335
532
330
330
332
334
333
397
333
337

492
494
494
494

464
494

PRES
psig

49

493
492
492
492
433
493
487
493

493
492

451

491

492
492
490
491
4390
491
504

50f-
308

301
301
501
301

301

501
301
04

186
212
208
209
218
211
213
212
209
207
204
207
267
204
202
198
19
212

242

. 206

210

207
209
209
210
207
207
202

TEMP STEAM
F Ibthr

w N

262
404 17,04
414 17,699
412 17,346
443 17,442
412 17,546
410 19,796
412 20,247
411 20,203
405 18,628
462 17,627
g&ﬂ
404 17,469
405 18,544
400 19,131
394 18,868
39 18,912
404 527,371
T 405" 23,061
1404 38,712
403 3,9
‘403 - 36,983
- 402. 36,850,
. 402: 36,850
402 - 37,193
402 36,506
403 36,983
40 33,251

. 102,863

17,707 .

TABLE A -1

SEPARATOR FLOW  SEP.

BRINE FLASH
lb/hr

?é§§363 0.14

113, @) 0.14
111,553 0.14
111,092
111,092
106,977
111,092

ou4
.16
0.13
.16
G 16
0.15
0.15
0.15
0.16
0.15
0.16
0.17
0.17.
0. 11
0.10
0.14
0.14
0.14
0.14
0. 14
0.14
0,14
014
0,14

98,748
102,863

98,748

98,748
96,691
106,977

98,748

90,519

94,634
222,183
218,069
222,183
222,183
222,183
220,126
220,126
222,183
218,069
222,133
197,4%

TOTAL CUM.TOT,

FLOW
Ib/hr

124,619
119,801
128,705
113,601
113,604
116,325
113,000
109,774
110,238
110,703
111,167
111,833
112,097

0

a
113,259
113,723
114,188
114,832
119,886
130,808
128,638
128,333
128,638
126,713
131,339

123'
12979
120,6%0

116,455
116,217
113,235
£26,108
17,792
109,387
113,546
249,534
241,129
238,953
239,166

‘239,166

236,976
236,976
239,378
254,574
239, 166
230,747

WEIR  CUM.WEIR

FLOW BOX FLOW  FLOW

kib

11,842
12,087
12,361
12,589
12,843
13,071
13,238
13,597
13,845
14,084
14,313
14,330
14,786
14,830
14,850
15,025
15,246
13,489
15,703
13,938
16,188
16,438
16,3576
16,962
17,362
17,610
17,864
18,104

8,464
1L
9,044

19,2
19,
19,71
2,22
20,441
20,982
21,698
21,99
22,351
22,767
23,326
23,776
24,421
24,871
23,363
26,913

ib/hr

%3,130
83,438
96,993
39,438
83,438
86,988
84,539
82,089
82,436
82,734
83,131
83,479
83,826
0

]
84,699
85,042
83,390
85,737
96,993
89,438
100,847
8,737
89,438
89,438
68,037
74,953
85,737
82,088
89,438
8,737

. 93’ 190

82,088
, 438
, 037

&8

129,

187,691
193,387
187,691
187,691
193,387
197,270
197,270
187,691
187,691

klb

8,83
9,038
7,244
9,414
7,605
9,774

9,544

10,168
10,353
10,532
10,705
10,866
11,053
11,105
11,105
11,23
11,401
11,583

11,743

11,925
12,112
12,310
12,3%6
12,638
12,939
13,089
131232
13,393
13,646
13,898
14,073
14,245
14,442
14,606
14,918
13,032
13,346

15,993
16,406
16,963
16,972
17,306
17,794
18,139
18,508
13,697

page 2 of 5

INJEC.
FLOW
Ib/hr

129,730
308,109
135,676
314,595
155,676
136,217
(]

0
37,298
0

i

0

L=1

194,595
]
0
334,055
285,406
235,406
285,406
194,593
0
0
0
0
¢
0
]
Ul
]
0
0
272,433
259, 460
259, 460
275,676
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DATE

06/09
06/10
16/10
06/10
06/10
~06/10
06/10
06/10
06/10
06/10
06/10
06/10
06/10
06/11
06/11
06/11
06/11
06/11
06/11
06/11
06/11
06/11
06/11
16/11
06/11
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/13
06/13
06/13
06/13
06/13
06/13
06/13
06/13
06/13
06/13
(6/13

TIME

WHP

psig

2303
nt
02¥20

35
335
335

u4:aorF§gg
452551

(8: 00
10:30
12:20
14:11
16:15
1810
20010
22:09
(10:08
02:10
04:05
06:15
07:30
10:00
12:13
14;05
16:09
18:20
20:15
22:05
00:05
02:22
04:02
(6130
08:08
10:00
12:08

14:11
16:08

18:05.
20103
00:03 .
02:06-
04:02
06:08
08:02
10: 44
11:55

14:03

16:03
18:05
20506

537
540
537
541
540
543
533
537
535
537
535
535
537
537
540
545
545
540
535
540
535
537
537
540
540
540
545
507
512
518
515
513
513
514
511
512
517
517
517
518
519
518

WHT SEP. SEP.
PRES TEMP
F psig F

501 196 392
502 199 392
s02 199 391
502 200 393
502 202 395
2 201 397
2 201 408
502, 201 409
s02}{ 198
502 198 401
502 197'397
502 209 296
502 207
502 207
502 208 395
502 210 393
502 209 394
507 208 395
502 208 397
502 208 400
502 208 399
502 206 399
502 203 391
502 202 387
502 202 385
502 207 390
502 208 39
502 202 388
502 201 365
502 199 386
503 203 396
509 204 392
497 214 39
499 211 393
500 212 3%
500 23 9%
500 211 397
499 214 389
500. 214 392
500 213 390
500 213 391
500 213 408
500 213 400
500 214. 406
00 213 400
500 213 394
500 214 332

TABLE A-1

SEPARATOR FLOW
STEAM

Ibthr - 1b/hr

4,962
M,%62
34,421
34,408
32,936
33,299
0,263
30,049
30,052
29,343
29,628
30,090
23,233
28,510

197, 4%
197,49
193,382
195,439
189,267
193,382
193,382
193,382
185, 152
181,03
181,038
213,954
201,611
201,611
2574 197,496
28339 197,4%
28, 27\ [} 93,382
28,5M 493,382
29,081 132§§gg
2,081 168
29,153 163,
29,167 183, 0
28,252 185,153
27,117 181,038
26,760 174,866
27,428 181,038
27,18 172,809
187,210

28,502
23,835 178,991
181,038

29,096
30,044 181,038
29,549 222,711
58,263 367,958
59,943 358,275
60,673 353,433
59,647 348,592
160,424
160,653
50,063
'60,139"
60,139
59,910
60,042
59,834
59,798
60,042

353,433
333,433
43,592
343,750
348,592
343,750
343,750
343, 750
343,750

338,275

SEP.

BRINE FLASH

0.13

— s bt et et a St e e
LA B R, B S A R R |

(=1
-

e
—
w

0. 15

fOTAL  CUM. TOT.

FLOW
1b/hr

232,438
232,438
227,802
229,347
222,223
226,681
223,644
223,430
215,204
210,381
210,666
244,044
230,843
230,121
226,070
225,835
221,657
221,9%
219,981
214,233
212,249
212,262
213,404
208,133
201,626
208,466
199,337
216,1

207,8

218,094
211,082
252,260

- 426,223

417,218
418,814
414,106
408,238
418,698
414,086
413,49
408,731
403,889
408,502
403,792
403,584
403,508
403,792

WEIR ' CUM.HWEIR

FLOW BOX FLOW

klb

27,513
27,978
28,266
28,647
29, 084
25,548
0,11
30,521
30,926
31,366
31,770
32,224
32,679
33,152
33,616
34,049
34,534
34,885
33, 364
33,845
36,243
36,667
37,146
37,550
37,926
38,336
38,802

, 149
39,672

i
49, 486

40,900
41,596
42,362
43,233
44,052
43,697
46,344
47,349
48,218
48,993
49,873
30,977
31,443
52,231
33,071
a3, 880

Ib/hr

187,691
172,347
180,383
183,236
176,941
{80,326
173,968
173,938
181,193
151,801
162,498
193, 113
183,562
181,635
184,545
178,302
179,133
178,188
171,912
162,465
168,665
169,821
169,648
169,417
163,602
170,168
168,203
183,528
178,428
178,544
184,378
60,538
, 168

9
30,196

250,
292,09
295,32

291,333
291,452

1 293,493

291,333
307,197
292,138
293,963

FLOW
klb

20,1382
20,342
20,763
21,067
21,414
21,787

22,230 -

22,554
22,868
23,22
23,533
23,889
24,230
24,624
24,397
23,34
25,732
26,013
26,3%4
26,765
27,074
27,412
27,794
28,119
28,426
28,762
29,148
29,441
29,888
30,179
30,518
30,886
31,34
31,894
32,323
33,109
275
34,877

3,618
37,243
37,752
38,37
38,975
39,384
40,175

page 3 of 5

INJEC,
FLOW
Ib/hr

265, 947
273,920
278,920
]

]

{

]

0

X

0
212,757
220,541
220,541
415,136
395,677
402,163
(]

0

]

0
162,163
240,001
252,974
265,947
27, 1%
269,190
269,190
0

(

0
252,974
233,514
376,217
368,433
324,725
0

355, 460
348,974
259, 460
162,163
291,493
0
324,325
295,136
194, 595
261,947
1]



DRTE

06/13
06/14
06/14
06/14
16/14
D6/ 14
i6/14
06/14
06/14
06/14
06/14
06/14
0e/14
i6/15
6/15
06/15
06/15
06/15
06/15
06/13
06/15
06/15
06/15
06713
{6/15
06/16
06/16
06/16
0é/16
06/16
06/16
06/16
06/16
é/16
/16
06/16
U6/16
06/17
06/17
0e/17
06/17
06717
06/17
06/17
0e/17
06717
(6/17

TIME

2’ .
i
02:0
04:0
015: 53
08:02
10:01
11:57
14:05
16:07
18:07
20:09
22:06
00: 06
02: 07
04:06
06:25
08:04
10:40
12:67
14:02
16:00
18:02
20302
22:03
00:08
§2:08
4:10
06:07
08:19
10:22
12:02
14104
16125
1757
19:53
21:59
00:03
02:08
04:17
i6: 00
03:06
10:04
12:03
13:46
15:08
16:00

r@".ﬂ

~D

HHP

psig

(A ]

19
13
13
{3
a3

wn

LA

WHT SEP. SEP.
PRES TEMP

F

S00
500
00
304
200

5135300
513499

547
517
317
19
436
476
480
476
480
430
489
4835
435
439
430
491
410
459
491
495
499
497
503
. 504
309
- 473
417
419
405
407
397
406
412
439
440
40
445
432
476
491

50
S0

500
500
490
492
492
492
432
492
49
491
491
491
431
492
481
481
493
494
498
498
498
498
498
491
483
484
482
483
483
485
484
485
484
483
436
487
500
500

psig

21
213
215
215
214
243
215
216
216
21

21

268
266
264
265
2635
264
247
260
260
260
260
260
263
263
200
187
17

176 .

175
218
&7
23
252

B3
44

243
243
244
244
243
240
yL|
246
234
23

225

F

332
351
391
392
372
392
394
395
384
37t
391
0

405
406
407
407
408
423
410
408
418
416
410
409
410
400
k)
397
337

45
413.

416

R7s

424
)

TABLE A-1

SEPARATOR FLOW

SEP.

STEAM  BRINE FLASH

ib/hr tb/hr

3%,019 333,909
61,322 333,433
80,939 348,592
61,092 348,392
60,806 343,750
b1,035 343,750
62,089 333,433
63,244 348,592
62,859 347,623
62,8359 343,730
62,744 334,067
80,529 464,789
79,818 464,789
78,258 439,947

;398 439,947

78,113 459,947
77, 7N} 459, 347
74,3787 459,947

72,191 47B\106
77,697 439,947

78,110 45%%
78,710 453,

78,710 453,169
93,770 602,289
90,833 677,817
58,531 366,221
54,097 319,503
51,760 300,591
51,89 301,379
51,760 300,591
7,952 463,804
74,860 421,215
. 86,758 508,363

91,386 561,620

92,577 551,937

90,005 551,937

422: 89,304 551,937
4262 89,003 556,778
421 88,674 556,778

420°

420
420
421
420
420
415
414

" 88,173 351,937
- 87,803 951,937
86,198 550,000
90,981 561,620
90,353 542,254
89,236 551,937
61,344, 972,799
61,036 377,641

15
018
I
4,13
01
0.15
0. 13
115
0.1%
0,15
0.16
0.13
0.13
0.15
0.15
0.15
0.14
0.14
0.15
0.14
0.15
.13

b

0.12
0.14
0.14
8.15
0.15
0.15
0.13
0.15
0,13
0.14
0. 14
0,14
0.14
0.14
14
414
0.14
0.14
0. 14
0.14
0,14
014
0.14

TOTAL CUM.TOT,

FLOW
Ib/hr

197,928
414,755
409,530
409,640
404,556
404,305
415,523
411,835
419,482
406,609
39, 811
545,318
544,606
538,205
538, 46
538, 060
537,921
534,325
532,297
537,644
538,658
531,879
531,879
636,059
768, 650
424,752
373, %
352,
353,275
352,351
535, 756
496,075
595, 121
653,006
644,514
841,942
641,240
643,781
645,452
640,110
639,739
636,198
652,601
632,606
641,172
434,143
438,677

WEIR

CUM.KEIR

FLOW BOX FLOW FLOW

klb

54,747
33,492
56,296
37,122
57,868
58,738
99,352
60,352
61,229
62,039
62,863
63,821
64,883
63,966
67,032
68,119
69,365
70,250
1,281
72,413
73,445
74,498
75,3573
76,807
78,284
79,527
80,325
81,063

i
28
3,438

1b/hr

320,148
321,913
301,321
294,852
274,024
316,614
330,167
37,065
313,624
328,748
430,970

439,660

414,186
396,232
414,482
477,700
414,062
467,667
447,200
381,612
606,278
433,192
432,941
421,567
384,029
385,163
403, 654

84,292§ig7e,612
85,40Y 973,600

86,374
87,868
89,166
90,460
91,789
93,135
94,516
95,615
96,955
98,222
99,518
100,590
101,325
101,703

168
zZ,424
526,
307,186

310,145
309,619
303,702
611,297
937,157
336,663

401,090
400, 249

kib

41,298
42,024
42,653
43,199
43,814

44,3%

43,022
43,712
46,359
47,008
47,801

49,360

52,256
52,925
33,709
34,633
33,08
56,375
97,305
38,34
39,531
60,635
61,321
62,390
63,175
64,021
4,830
65,432
66,348
67,518
68,304
69,342
70,384

72,4%
73,392
74,461
73,632
76,320

77,94

79,394
73,741
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INJEC,
FLOW
lb/hr

149,190
149, 1930
142,703
262,143
759, 460)
246,487
272,433
759,460
240,001
214,055
252,974
285,406
214,058
285,406
298,379
376,217
480,000
314,595
347,028
347,008

0

0
07,298
421,623
415,136
415,136
421,623
544,856
402, 163
405, 406
205, 440
337,298
337,298
421,623

1}

3 B L L)
) — T R
Oy —

<
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[

o

[ PO
[ SN
;“0\
ad e
&
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DATE

06/17
06/17
06/17
06/18
06/18
U6/18
06/18
06/18
06/18
06/18
06/18
06/18
06/18
06/18
fe/18
06/19
06/19
. 06/19
06/19
06/19
6/19
06/19
06/19
06/19
06/19
06/19
06/19
06/20
06/20
06/20
06/20
06/20
06/20
06/20

06720

06/20
06/20
_06/20

TIME

18: 00

KHP

psig

301

20 505

22:
00:08

315

WHT SEP. SEP,
PRES TEMP STEAM

F psig

300
506
505

. 306

02:05 U3

03:55
06:04
08:04
10;03
12:09
14:02
16:14
18:01
20:02
22:02
00:00
02:61
04:09
05:42
g8:11
10:03
12:04
13:42
16:15
17:02
18:01
21:59
00:02
02: 04
04:03
06:08
07:58
10202
11:43
14318
16:02
{121
17:54

560
541
555
563
550
555
559
557
555
554
557
560
560
560
563
562
566
565
516
527
527
527
525
517
523

516

525
525
525
525
525
%23

566

&

303
305
504
305
500
305
504
504
504
504
504
504
502
302
304
503
494
497
494
494
497
494
497

498"

499
437
499
497
457
4493

223
219
217
216
220
21
220
22t

1
219
21
219
219
2t
218
218
217
217

‘216

212
201
215
210
22
prxi
22
23
21

223

224

225.
223

23
243
2
4

E

F o lb/hr

415 60,782
412 41,22
408 32,938
407 24,960
407 25,175
410 25,228
409 25,175
408 25,228
407 26,080
407 25,121
05 25,228
6 295,121
5,121

406 25
405 254pé8
404 24,512

403 24,56
400 24,11

400 24,063
400 23,855
398 23,270
39 24,011
394 23,749
398 61,531
395 59,660
3% 59,534
401 58,726
480 59,479
399 61,531
400 61,660

400° 61,600
400 58,726

401 60,ER
400 60,595
398 60,340

400 68,340
R )

- A
~alias
¥

T
PN
-

TABLE A-1

SEPARATOR FLOW  SEP.
BRINE FLASH  FLOW

Ib/hr

377,641
231,781
242,074
145,247
164,613
145,247
133,563
143,247
193,662
145,247
135,363
133,563
134,930
123,880
123,880
116,197

, 880

930
H6/887
149

ib/hr kib

.14 438,423 102,580

0.14 292,982 103,324
0.12 275,066 103,887
0.13 170,207 104,338
#.13 189,738 104,709
0.15 170,475 103,040
6.16 160,738 105,39
0.15 176,475 105,727
0.12 219,742 106,114
0.13 170,368 106,523
0.16 160,792 106,835
.16 160,685 107,189
0.14 180,031 107,493
0.17 151,109 107,827
0.17 150,948 108,129
0.17 140,709 108,416
8.16 150,445 108,709
8.13 179,045 109, 06!
0.17 146,261 109,308

7 0.14 169,101 109,692

143,2 .14 168,517 110,007

16,1
143,247
377,641
367,958
348,392
338,909
348,392
358,275
377,641
367,953
367,958
367,958

367,938

338,275
J8s, 763
34,420

a

17 140,209 110,311
168,936 110,571
439,172 111,346

0 14 427,618 111,686
0.15 408,126 112,097

0. 13 397,631.113,695
6.14 407,0 4,920
0.15 419,8067115,340

0.14 439,301 “ﬂ"
0,14 429,558 1171

0.14 426,684 117,903
0.14 426,833 118,787
0.14 428,352 119,509
0.14 418,614 120,603
0.13 447,103 121,333
0.14 435,142 121,94

0 122,054

TOTAL  CUM, TOT.
FLOW BOX FLOW

WEIR

Ib/hr

383, 143
242,364
198,014

133, 808
135,489

155,901
147,355
155,901
156,292
170,573
158,791
152,433
146,777
153,011
134,639
140,419
134, 346
146,199
140,419
149,667
149,667
450,526
433,309
452,629
343,325
383,207
364,827
343,163
344,994
0,890
/583

35

34
355,3
45,91
0

CUM. WEIR

FLOW
kib

80,526
31,163
81,602

f.-J
rS =2

1
9

82,
8z,

fJ‘I

83,187
83,487
83,806
84, 100
84,459
84,753
85,067
85, 366
85,61
85,951
86,244
86,457
86,806
87,073
87,358
87,610
88,37
88,722
89,157
90,736
31,481
32,222
92,942
93,659
94,306
95,070
95,683

33 96,390

37,196
97,723
97,846
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INJEC.
FLOW
ib/hr

i
39,731
284,109

0
340,812
330,812
324,305
304,866

"0
298,379
291,893
434,59
389, 190
363,244
363, 244

0
382,704
311,352
343,785

3

{
356,271
353, 514
360, 001
350,27
243,785
334, 055
334,055
330,812
350,271
207,%8
246,487
210,811
246,437



TABLE A-2

RAW DATA
STATE 2-14 FLOW TEST
June 1 - June 20, 1988

DATE TIME  PI-1 TI-1 PI-139 TI-109A FR-102 FR-108 WEIR FRESH [PR-1 METER COEFFICIENTS

iwhp) (wht) (csep,F){sep.T){steam (brine EOX WATER (injec. STEAM BRINE INJEC.

mater) meter) level gpm  meter)

06/01 17:07 183 . oo

06/01 19:00 455 477 2,25

06/01 21 47% 481 2,38

06701 2300 495 48t 2,88

06/02 OI:L‘IULD 492 468 275

06/02 03:02¢ S432 472 2,63

06/02 U5:55 4E 465 2,38

§6/02 07:12 4 468 2,44

06/02 09:04 493 ndé8 7.44

06/02 11:00 491 L 2,25

06/02 13:G61 430 466 2,19

06/02 15:43 51t 478 2,63

06/02 17:08 512 481 2,88

06/02 19:00 512 478 M 2,63

06/02 21:00 510 478 2,63

06702 23:00  S11 479 2,63

06/03 00:58 510 478 " 2.63

06/03 02:59 510 47 2,38

06/03 05:03 507 47 2,38

B6/03 07:05 507 476 2,31

(6/03 08:00 508 474 2.8

06/03 10:12 510 47 2.2

06/03 12:00 510 471 2,25

06/03 14:05 508 478

06/03 16:01 518 430 2.44

06/03 18:03 519 492 2.50

06/03 20:06 514 491 2.8

06/03 22:05 511 490 2.44

06704 01:02 5120 492 2.50

06/04 03:00 511 492 2.38

06/04 05:00 511 492 ;. 2.38 R

06/04 07:00 511 | 491 2,44

06/04 09:00 513 . 450 2.25

06/04 11220 513 - 484 - 2.38 A

06/04 $3:03 513 480 2.25

06/04 15:02 512 . 488 2.19

06/04 17206 512 465 N 2,31

06/04 19:00 511 482 b 2.13

(6/04 21:01 510 482 W 2,13

D6/04 23:03 508 477 : 2.06

06/05 01309 506 478 k. 4,65 4865
06/05 63:04 510 490 ‘ 4,00 64865
06/05 04:55 516 496 7.20 64865
06/05 06:58 510 488 2.13 2,50 £4865
06/05 09:15 519 492 2.44 64365
06/05 11:00 519 450 2,25 4,30 64865
(6705 13108 518 450 2.19 2,10 64865
06/05 15:00 ~ 520 489 2,31 2,00 64365
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DATE

06/05
06/05
06/05
06/05
16/06
06/06
16/06
06/06
06/06
06/06
06/06
06/06
16/06
06/06
06/06
06/06
06/07
06/07
06/07
06/07
06/07
06/07
06/07
06/07
06/07
06/07
06/07
06/08
06/08
06/08
06/08
06/08
06/08
06/08
06/08
06/68
06/08
06/09
06/09
06/09
06/09
06/09
06/09
06/09
06/09
06/09

06/09
06/10

TABLE A-2

TIHE  PI-1  TI-1 PI-155 TI-109A FR-102 FR-108 WEIR FRESH DPR~1  METER COEFFICIENTS

{whp) {wht) (sep.P)(sep,T)(steam (brine BOX WATER (injec. STEAM BRINE INJEC.

meter) meter) level gpm  meter)

17:00 S18 439 2,25 475 64865
1902 518 4% 2,38 2.40 64365
2$F%§ 513 439 2.7 4.95 54365
2310 512 490 2,25 2,40 64365
01:09) 511 490 2.1 64365
o308 Usyp o ge 64365
05:45 %EEE 91 213 54365
08:00 S 491 1.50 64365
10:10 515 490 54365
1715 515 |lag2 250 64865
a1l 515 492 64865
s 57 4o | 64865
17:40 444 64365
17:58 998 M 64865
2103 460 462 | 64365
700 519 492 | 64865
01:08 518 491 263 64365
02:00 517 491 2 2.19 64865
05:00 518 490 186 4% 2.50 2.3 145 64365
07:00 517 490 212 414 2,75 225 M145 6485
09:05 518 490 208 412 270 2.4 $145 64865
10:00 517 491 209 413 J0 219 145 64565
1:00 519 491 200 412 0 225 41145 64365
16:08 519 485 200 40 275 zs? 2.75 2,00 7015 41145 64865
18:03 519 491 212 412 2.80 2.9 1.88 015 41145 64865
20003 519 491 211 41 280 2,50 2.00 M5 41145 64965
22:00 519 490 208 405 2.60 2.40 2.19 S.05 7015 41145 64865
01:04 517 489 206 402 250 250 210 = 440 7015 41145 64865

04:00 516 489 203 460 2.50 2.40 2.25 ﬂ:jﬁ 4,40 7015 41145 64865
06:00 511 490 206 404 2,45 2.40 2.19 40 7015 41145 64365
07:55 . 512 . 490 206 405 2.60 2.35 2.31 ﬁ,oa 7015 41145 64865
10:10 513 488 203 400 2.70 2.60 2.13 7015 41145 64865
{2:05 513 489 200 1398 270 2.40 2.25 7015 41145 64865
16:03 512 488 197 394 .70 2.20 1.88 7015 41145 64885
18:00 511 489 198 0 396 2,70 2.0 1.88 5 41145 64865
20:00 535 499 203, 404 3.80 S.40 2.88 7015 41145 64865
7355 540 499 2107 406 3,20 5.30 70650 41145 64865
88

0105 537 499 206 k. 404 5.40 3.88 25.0 7019 41145 64365
03:15 535 499 267 403 5.40 3.95 25.0 7015 41145 64865
04:05 535 499 ‘20 4 5.40 3.8 25.0 015 41145 64865
06:15 537 499 20% 402 | 5.35 .88 25.0 7015 41145 64365
08:00 539 499 20§ 402 © 535 X95 25.0 7015 41145 64865
10:30 540 49% 2100 402 - 5.40 381 5.0 420 7015 41145 64865
1215 42 499 07+ 402 5.30 381 25.0 4.00 7015 41145 6485
1410 540 499 207 403 5.40 .88 IS.0 400 7015 41145 64865
20030 542 4% 202 40 4,80 388 25.0 425 7015 41045 64865
23:05 540 499 18 I 4,80 .88 Z5.0 400 7015 41145 64865
01:05 540 500 199 392 4.80 2.8 5.2 430 7015 41145 64365

page 2 of 5



DATE

06/10
06710
06/10
06/10
06/10
06/10
06/10
06/10
06710
06/10
06/10
06/11
06/11
06/11
06/11
06/11
06/11
66/11
06/11
06/11
06/11
06/11
06/11
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/12
06/13
06/13
06/13

06/13 -

06/13
06/13
06/13
06/13
06/13
06/13
06713
06/13
06/14
06/14

(whp) (wht) {sep.P)(sep.T)(steam (brine BOX WATER (injec. STEAM BRINE INJEC.
meter)

TIE  PI-1
02:20 540
04: 00 540
03;2; oS40
048300 342
10:30D 943
12: 2001 542
14:11 5
16315 5225
18:16 548
20016 538
22205 542
00:08 540
02:16 542
04: 05 540
06:15 540
07:50 542
10:00 542
12:13 345
14:05 550
16103 350
18:20 545
20:13 540
22:03 545
00:05 940
02:22 542
04:02 342
06:30 545
09:08 345
10:00 345
12:08 550
14:11 512
16:06  "S517
18:05 523
20503 52
§0:03 518
02:06 518
04:02 51%
06:08 . 5l6
08:02 517
10:41 52
1:% 522
14:03 522
16:03 923
18:05 524
20:06 523
22115 524
00:05 518
02:02 518

TABLE A-2

TI-1 PI-153 TI-109A FR-102 FR-108 WEIR FRESH ODPR-1

60
300
S00
360
00
300
500
500
500
ﬂ_?s_tﬁ.w
0
300
00
300
300
300
300
300
500
-360
300
500

" 500

500
300
500
300
300
301

S0l
. 455
497

498
498
498
457

- 498

498

498

498
498:
498

498
498
498

498
- 498
498

meter) meter) level gpm

199 9
200 393
02 395
01 197
198 408
198 409
195
195 401
194 397
06 3%
04 393
04 93
205 W5
ﬂg‘ﬂ 393
394
205 “ 395
205 Y397
05 4
205 3§E§5
203 39
200 39
19 7
199 385
04 390
205 B
199 38
198 385
196 386 -
200 390
8 392
202 395
199 395
199 3%
200 - 3%
198" 387
0 389
204 < 392
200 i 390
208 7" 391
.200, 408
206 400
201 406
200 400
200- 394
T W2
19 392
202 39
202 391

4,30
4,27
4,30
4.20
4.25
4.20
4.10
4,00
4,00
.95
3.95
4.00
4,07
4,87
4.08

A
3.

3.80
3.83
3.80
4.10
4.10
4.15
4.25
4.20

8.5

8.19°
8.40

. 8,30

8,35
8.38
8.32
8,33
8.33
8.30
8,30
&9
8.28
8,30
8.20
8.45
8.40

4,70
4,75 4.06
4,60 3,99
4,70 4,08
4,70 4.00
4,70 4.06
4,50 4.00
4,40 3.83
4.40 375
520 4,13
4,90 4,00
4,90 4,00
4,80 4,00
4,80 3.95
4,70 3.94
4,70 3.9
4,60 3,99
4,50 4,00
4,43 4,13
4,45 4.13
4,50 4.13

40 4,13

29 4,13

4 40,,4.13
4.2¢ 4.13
4.5 4.31

4.3% 4.5
4.4 4.25
4.40 4.31
2,30 4.00
3.8¢ 5.56

370 5.63

3.70 5.63
3.65 - 5.30
3.60 5.50
3.70 5.50
3.65
3.65

3.60 5.50

33 .44
3.60 5.38

3.55 5.50
3.55 5.56
L3 330
135 5,30
3.50

365 0.75
.60 375

4.00 5

L T Y
PO I A

o
w - )
3 - Q0 @0 00 D

90.6
91.0
97.6
89.7
93.1
93.0
93.0
92.8

89.0

93.3
83.8
88.0
86.0
80.4
88.9
31.7
87.8
76.8
63.6
87.0
70,90
5.8
82.8
80.8
73.3
75.2

-
rad
(=]

3.18
3.40
3.40
6.40
&.10
6.20

2,50
3.70
3.90
4.10
4,18
4.15
4.15

3.90
3.60

Re

METER COEFFICIENTS

NS 41143
7615 41145
015 41145
7015 41145
7015 41145
7013 41145
7015 41145
7015 41145
7015 41145
7015 41145
7015 41145
7015 41145
015 41145
7015 41145
7015 41145
7015 41145
7015 41145
7015 41145
7015 41145
7015 41145
7015 41145
7013 41145
7015 41145
7015 41143
7015 41145
7015 41145
7015 41145
7013 41145
015 41145
7015 96831
7015 96831
7013 96831

3.00x 7015 96831

3.48
3.38
4.00
2.50
4,50
0.00
.00
4,55
3.00
3.38
0. 00
2.30
2,30
2.20

7015 96831

3 96831
S 96831
015 _ 96831

7013} 9683t
7015 96831
7015 96831
7015 96831
7015 96831
7015 96831
7015 96831
7015 96831
7015 96831
7015 96831
7015 96831

64865
54883
64865
64863
64865
64863
64365
64365
64865

64865 -

64865
64865
64865
64865
64865
64865
64865
64863
64865
648635
64865
64863
64865
64865
64865
64863
64865
64865
64865
64865
64365

648635

64865
64865
64865
64865
64865
64865
64865
64865
64865
64865
64865
64365
64865
648635
64863
64865
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TABLE A-2

DATE TIME  PI-1  TI-1 PI-153 TI-109A FR-102 FR-108 WEIR FRESH DPR-1  METER COEFFICIENTS

{whp) (wht) (sep.P){zep.T}{zteam (brine BOX WATER (injec. STEAM BRINE INJEC.

meter) meter) level gpm  meter)

ie/f4 04:03 513 498 02 392 R.42 .80 5036 80,2 4.3 7015 9AR3L A4863
06714 0533 513 498 200 392 &40 3T OGS0 BLZ 400 TOMT 96831 64365
6/14 2 513 498 200 392 3,45 95 31 BR300 X300 7015 96331 84865
Gé/14 10:01 518 497 202 ¥M 0 B.55 XED U7 3404 4,200 T0I5 96331 64865
06714 ll:glz 522 493 2 39 R0 3,60 5,83 3LL7 4,00 FMHF 76831 64863
06/14 14:65% 572 438 2027 W4 B.65 A5 575 BRGS0 OIS 96H3! 644D
06714 16:07 Eg%f 498 202 331 R85 55 5.7 792 3,30 /015 96831 44343
16/14 18:07 5 493 24 391 4,600 3,45 5,88 BLE A9 015 96331 64B6T
06714 20209 4l 488 250 403 10,00 4,30 713 9L7 4,40 701F 936831 - 848635
fie/14 Z22:06 48] &=490 243 406 .95 4,30 [0, 0 3,30 701% 96331 A4365
D6/13 00:06 485 49 246 400 3,80 475 6,88 65,8 4,40 7015 Y631 64863
(6/15 02:07 481 49 247 406 4,30 4.7 64.4 4,60 TUIS 96831 64863
06/15 04:06 485 490 £48 407 9,73 4.75 61.6 35,80 7015 96831 64863
(6713 06:25 483 490 47 407 975 - 479 6,63 6L2  T.40 7015 96831 64865
06715 08:04 430 491 247 408 4,75 6,50 74.3 4,83 7015 96331 A4865
06715 10:00 490 489 248ﬂ 42% 793 470 663 K47 SIS 592 F6R31 64865
06/13 12:07 490 48% 248 410 8.00 4,79 4,88 0.0 5.05 2592 96831 64865
f6/15 14:02 494 489 248 N .10 475 6,25 0.0 0,00 3392 96331 A45965
06/15 16:00 495 439 248 418 Q.10 4.68 7.00 40,0 0.00 8392 96831 £4345
06/15 18:02 49 490 248 41§ Aéﬂ 4,68 7.13 9%.2 520 8392 9831 64865
06715 20002 413 479 246 410 Y40 6.2 8,13 6.6 A.I0 8392 96831 &4863
06/153 22:03 414 473 247 409 9.52% 7,00 825 375 6.40 8592 96331 64865
06/16 0D0:08 496 431 191 o .82 6.88 42.4  6.40 8392 6331 4863

8,75 85,0 6.50 8592 96831 64G6T

g6/16 02:08 500 492 179 400 6.30 ‘§f7

06/16 04:10 S04 496 168 297 6.40 6,63 §2.4 8.40 3592 96831 64863

06/16 06:07 502 496 169 397 6.40 6,25 520 6,20 8592 96831 64865
06716 03:19 508 496 168 397  6.40 6,25 50.0 6,25 $592 96831 4365
06/16 10:22 509 496 204 415 8,08 6.50 1.4 3,20 8592 96831 64369
N6/16 12:02 510 496 225 415 8.05 4,35 e.z@a 5,20 8592 96831 4865
06/16 14:04 478 489 . 206 416 960 5,25 7.19 64,5 520 8597 96831 64865
06/16 16:25 422 481 235 423 9.5 5.8 7.53‘&2@5.50 8592 96831 64345
06/16 17:57 424, 482, - 236 424 9.65 570 .50 723 V.00 8592 96831 64865
06/16 19:58  410:  480° . 227 422 9.55 S0 7.63 4.6 0 8592 96831 64865
06/16- 21353 412 481 227 422 9,48 570 750 64.2 499 8592 96831 A4865
06717 00:03 402 . 481 227 421 9.45 S.75 60.7 5.50[F8592 96831 64365

06/17 02:08 - 411 . 483 228 421 440

n
~J
.
-~
w
=
on
]
—

3,250 8392 96831 64965

06/17 04:17- 417 482 228 420 .33 570 7.50 A0.0 3.80 36831 64863
06/17 06:00 435 483 221 420 9.3 570 7.44 58.5 5.00 gggg 96831 64865
06/17 08:06 443 482 224 420 3,22 5.68 33.6 0,00 8592 96831 £4865
06/17 10:04 445 481 224 420 970 5,90 53,3 5,30 8592 966831 64
06/17 12:05 440 484 229 420 955 560 7.75 60.7 5,00 8592 96831 648kS
(6/17 1346 457 483 217 420 9.65 SN £4.9 0,00 3592 96831 64965
06/17 13:08 481 498 215 415 5.78 3,85 K50 5.9 3.40  BI92 96831 4865
De/17 16:00 4% 498 217 414 6,72 G40 6,30 67,3 G0 BE9Z I6R3! A4BET
08717 183:00 306 438 213 415 4,72 1 838 T3 Q.06 8392 B3 64865
06/17 20:02 5100 S04 2153 412 4,60 2,60 4,88 746 570 BI9Z 96831 A486%
De/17 22:00 5200 503 214 488 370 2,50 4,38 77.7 4,38 BGYZ 96831 A4863
pg/1e 00:08 562 S04 215 407 2,80 150 82,0 0.00 8392 36831 e4965
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DATE

06/18
/18
06/18
ne/18
06/18
06/18
06/18
06/18
06/18
06/18
06/18
06/19
06/19
06/19
(6/19
06/19
6/19
06/19
06719
06/19
06/19
06/19
06/19
06/20
06/20
06/20
06/20
(6720
06/20
06/20
06/20
(6/20
6/20
(6/20

TABLE A-2

TIME  FI-1  TI-l PI-135 TI-10%4 FR-102Z FR-163 WEIR FRESH

(whp) (wht) (cep.F){sep.T)(steam (brine BOX WATER

meter) meter) level gpm

(z:05 362 S04 21¥ 407 2,80 L.70 383 836
03;83 963 W3 220 410 z.3¢ L0 3,56 T3
] 46 D02 219 409 2,30 140 76,0
0g:04 350 503 220 48 B0 1,50 3,38 800
10:[11{?3568 W3 2% 47 2% . 3,75 784
12:09° °555 502 218 407 2.80 1,30 3,88 30,0
14:02 SEEE S03 2260 405 2,80 1.40 3,88 a0y
16:14 303 218 406 2.80 [.40 4,13 39,0
18: 01 562 &223 213 409 2,80 LA0 3,88 74,0
20502 360 2 220 486 280 1,30 3.33 8s.0
22:02 359 S6Zg 217 405 2,30 1.3 3,75 790
00:00 562 S028 215 404 2,73 .20 3,88 385.0
(2: 01 565 o902 nI2e 403 2,70 L3 Q.75 1oa.u
04:09 565 302 M 400 2,70 &8 LTS 90.9
05:42 563 302 215 400 2,70 1.20 3,63 34,0
08:11 368 500 2! ﬂ 460 2,70 1,30 3,79 30,0
10:03 567 500 200 338 Z7 LG 375 9.4
12:01 571 502 214 QN 2,70 1,20 3,73 4.8
13:42 570 301 209 3M 2,70 LS AT75 740
16:15 521 492 215 398 ﬁ L9 713 925
17:02 532 455 245 395 6.6} 1.80 6.88 76.8
18:01 932 492 24 396 6.6 b0 7,00 66.0
21:9% 532 492 23 401 6,500 Y5.50 6,13 101.0
00:02 538 495 213 400 6.50 3!3%7 6,13 3210
(2: 81 922 482 2T 3% 630 AW 610 &A%
04:03 3528 495 216 400 6.30 3.90 5.88 60.0
Ge:08 01T 49 217 400 4.78 3,80 5.88 U6.0
{7:58 330 497 215 400 .50 .80 6.06 {
10:62 536 495 215 401 6,73 380 6.13 @
f1:43 530 497 U3 401 6.7¢ 3.80 6.00 60.0
14:18 330 493 gig 398 6,70 3,76 5,88 8¢
16562 330 .. 495 - 213 400 6,70 9.40 6.00 S59.0
i7:2t 330 493 26 400 670 %10 6,88 550
17:54. S 4,00 000 000 0.0

DPR-1  METER
{injec, STEAM
meter)
.08 85%2
510 3592
5,00 8392
4,70 3572
f.ue 8h42
4,60 3592
4,30 8592
6,70 3392
6,00 8532
.60 89%2
S.60 3592
0,00 3592
9 8592
4,80 8592
3,30 2392
0.00 8392
f,00  Bas82
3.40 8592
9.45 3592
3,95 8592
T4 3392
5,30 8592
.15 8592
219 8592
A 8592
.40 8392
.20 8392
3,80 8592
3,25 8592
.80 4592
ﬁ. 0 8u92
.60 8392
SR 3592

[—2 8
- .

P o

3592

F
T

COEFFICIENTS

BRINE

76831
56831
6831
36331
96831
36831
26831
96831
96831
96431
96831
96831
36831
96831
96831
36831
6831
76331
96831
36331
b3
34331
96831
36331
76331
96331
96831
96831
96831
96831
36831
41143
41145
41143

INJEC.

8465
64863
64365
£4863
64865
64853
64365
64863
84865
64803
64865
64865
64865
4863
64865
54865
64865
64063
£4865
54363
84365
R4ES
64865
64863
64865
64863
6488
64863
64365
64863
A4365
84853
84865
64865
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&/2/85

DATA SHEET NO. 1A DATE:
FLOW TEST DATA
KENNECOTT STATE 2-14 PaGE: _/ /_/
Wellhead Throttle Valve Steam Sep.Level Hipgh Pregsure Brine, LEG:
q q PCR-103 | FR-102 | LCR-107
Noaminal | Actual PI-1 | T7-1 | PI-M8 T]-¥ | PI-13 T1-13 | P1-103 | TIZ103| Chart Chart | Chart P@ TI-109A(FR-108 | PR-108 PI-143
| Iime Time | PSIG | F | PSIG F PSIG F PSIG Reading | Reading| Reading . PSIG |Red Pep_ ! Blue Pen |PSIG
o000 | OGS0 ‘96 [F6T| 483 ¥l | 249 | 26o|> I
aploioe | 492 | 46T {482 | &6 | 21 | 254 ™ il
0200 0158 | H9L |47 | 484 | 4T | 2o | 275 ’ U
oy 0302 | 492146 | #8L | HCL] 17 1209 ]
0400 0357\ 493 ’-H.‘) ‘)‘Z? S 19 R h Py __2
o |[OSE | 493 | 7N 4f3| 3| jn | 207
OSTST| 4ql |4l | 483 | 4] /5 243 e
0600 , _ . = ¢
o |02 149 |ues |4gs | <ol 17 =z D ANPN
0800 0808 | 443 |¥6eS |4dY (Yez| 17 |257 | Z '\'\?:Q
naeu |0 oY | 493 | 4L |48%. | Y62 17 LS55 L“/
1000’ looe | 493 Jy (| 4T | #2214 25'7"§Ej > }'\%/
e oo 491 |Hb¥| 482 | 4Ly 17 |2
1so0  |117C |#T0 e | 481 1 Hel | b =§3 T=
N30y 990 |4¢3]| 480 | Yeo| /¢ s/ -
1400 JHo2 | SeA|ake |4fe |4e2| 2¢ |270 -
cool 1503 [ S/ {4k | 505 | ¢ 25 [2L1
1600 o2 |5/ |4} _§°$' B 2 266
neo| 1100 .| 512 |67 * Som%s 33 2637 T TIH was |moved .
1s00 - | 1890 [S512 (479 RSP | 4l | 25 Lbo + [TW-1A N
1asa| 1900 | S11 |a o [ 465 ] 23 | 1M N
1as¥ | S plahg | Sew [ aws | 2% | 27§ '
2000}-1» alov ‘Eﬂ‘lﬁ vl s0% | Quul 2L 12115 \‘\
2200 2200 | Sl (450 sos | aes | 23 | 273
se] 2300 [ SU [474] S05 | 46S] 2 | 212 _
SHIFT SUPERVISOR _C_UL.L«;.Z_ L-1gsF _Olow SHIFT SUPERVISOR _M%:_ 6/15’ { oYse
signature date tine signatzr- 7 date time



B

: DATA SHEET NO. 1B DATE: 54 ’
P : FLOW TEST DATA ‘éﬂ_‘-

KENNECOTT STATE 2-14 : PAGE: _ [ /_{/
. | AFT Brine Pond Fresh Brine Booster Injection Injection Imperial 1-13
JeP. Brine | Weir Box ! Popd Pump Water TJank #1 |Pump Dischg | Pump Dischg low Meter | Injection
Noainal| Actual [:iPI-144%: .| Level | Level |PI-127 [F.W. Meter| Level P1-129 PI-10 | TI-10 -1 PI-141 | TI-140
—Iime | = -~} Inches | Inches FS;G gallons Inches PSI1G PSIG oF——} Red Pen PSIG of
0000 oot ) o s 2.3/.,’, G \ ﬁ’ )
oleco |° 2% | T7n 1[ ].]
015'3 1 2 a/‘i 7’/? i
0200 » ‘
6302 e 1/ ’=‘
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0400 St B :
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0600 7 2 =k
0712 244 lio% ‘
0800 ' 0300 2'%‘ I/ ’/f \O . ;
o904 2% |y 3 S -
[ooce 228 127 \%P(‘
1000 , 0
. 1loo 24 |13 KQL\
1 nse 1% | 13% |
1200 s,
130] 1 2% |13% N ;
|4o2 C 234 |14 ?
SR NET=F 2 JCP L3 '
3 S| -
1600|1003 j{* ¢ . \
[700 3/ 3k 7 . :
. (o0 2 sl'* e (x
1800 b - -
[900 | = 2 11 RN
N { .
I T 2 Slgl 17 N
Y100 2 Yl vy : E
2200 2200 :_i,g 'Y ;
230\ 2 Sigi 19y !
SHIFT SUPERVISOR - e el £ 4 D SHIFT SUPERVISOR U Y 7 2/f5 o53n

signature date time signatﬁ “ date time
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DATA SHEET NO. 1A DATE: L —3-4F

i FLOW TEST DATA
. KENNECOTT STATE 2-14 PAGE: _/ _/_/ : i
Wellhead Throttle Valve Steam Sep.level High Pressure Bripe, LEG;
TWelA q 3 1o ,O/ PCR-103 ] FR-102 | LCR-107 —
Nominal | Actual PI-1 | T3-1 | PI-R| T]- PI-% | T]-28)|PI-103 [ TI.103| Chart | Chart | Chart PZIQJ TI-109A|FR-108 | PR-108 PI-143
Time Time psic | '°F PSIG r_ || psig /| psic F__| Reading | Reading Read;n‘CAJg'JL]] F PSIG |Red Pen | Biue Pen | PSIG

F
ooor | 510 [¢41g |SO05 .%':'/ 22 7(_,/ \
0000 - !

005% | 3o {405 ] 524 || 465
“jotS9 | Sto [ 4717 S°3 Aﬂoj 20 \7;-;3' <
0200 0257|510 |47 500 |Wed| 20 |27 % ]

pHo7 | 507 |47 [ 50 \-:1 19 ‘7Lz =
o400 so3 | 207 | 476 49% 9 i? z?

[

. -
- -

< ocos |5©7 |H 16| 479 :ﬁ; K jc, L =f

0600 ] =
o70S 3%'; 760 499 4o 19 gl = 3

osoo | 0800 | S 09| 474| 5eo ‘-X?‘f K1 «f‘r - ¢ '%FP\
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1200 1200 |S10 |41 5ot | #k4 10{;}?1 N
1Joo [So9 19 | 2/ N
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200(_ ~ a-s — . 1 \

2000 Sl asi| yob /%4\ 10 /25;3\ 5 N
o< ] St 1491 sox Ged] > >SS0 Lep it h
2res | SO [ 490 Sos || 4eu | 2 252 ohth P PE LI STEL

2200 5 ' 5 B ol
Loy L | 49| Sop | aLS] 2y |25 e | 29

SHIFT SUPERVISOR < §, gw b-4 4t Oras” SHIFT_ SUPERVISOR %V %4111’, & St D420
eignature . date time \\_ signatu{j 7 date tine

\

~



DATA SHEET NO. 1B

Eues

DATE: _G-2-3%
FLOW TEST DATA
KENNECOTT STATE 2-14 PAGE: _/_/_/
Brine Pond Fresh Brine Booster Injection Injection Imperial 1-13
Pond Pump Wate Tank #1 |Pump Dischg | Pump Dischg | F ter | Injection d
Nominal{ Actual Level |[PI-127 [F.W. Meter| Level P1-129 PI-10 | TI-10 -1 | PI-141 [ TI-140
Iime | Time che PSIG gallons Inghes PSIG PS1G oF— 1 Red Pen PSIG oF
000 1934 ___ )
0000 ) J
005% 20 20> 5 (i [
oS 297, VNN (SN Stush Sacr .
0200 ' o . = Forming 1 U
02'{7 &]J‘f Top oK Wi te
o4o7 21% | wlef ik =
0400
_los=e3 2274 | Btm Af Red g
n |06 o 2 22 Y| Mdie | of Reed
0600 < i — ,
0705 2|23 Near 2 i
00 27 ‘
0800 21 ¢
o a4
1000 |/ /12 4 j@
1220 2% (25 %« Ced
1200 :
1330 2%l 2ck% | Top of| e
1400 ﬂ j
5i< el e | 3| G
1600 | 9 MR
LS /MPAY S RCIA R T _
oo 1110 __ B INJ BT [T o] wnin | Fide Tanks oo ) :
1800 ; 28% 1 70 21 ¢
(xosl T 2/ bl fa 21 &) - S
19 LU 24| Blot phita Ty v — | &
2000 3 .« - TA 1
20 (\. 2 /el iy /2d Yoo Njay ! nis il
H 12 U LSy 1
2200 < ,'{‘o T2 B jay Gl
P! 2 h) LS5 moanli e
, s ; >
Lyo€ pA /% )_(’, l4 o fd / , . :
SHIFT SUPERVISOR : : o~ 't S& Alg SHIFT SUPERVISOR _ Vv .7 o/‘rA,g ct 2o
. signature date time signatiire 7 date time



DATA SHEET NO. 1A
FLOW TEST DATA
-KENNECOTT STATE 2-14

DATE: _b- 4 -S5¢

PAGE: _| s 7/

lhead Throttle Valve Steam Sep.level High Pressure Bripe, LEG;
R | e Q 10 Te) PCR-103 | FR-102 | LCR-107 -
Nominal 11| PI-®| T | Pl-g¥ 78“’ PI-103 | T1-103| Chart | Chart | Chart_ _ p}@ TI-109A(FR-108 |PR-108 |PI-143
Iime F PSIG F PSIG Psi¢ | " °F | Reading | Reading Readigé"";ﬂl F PSIG |Red Pen | Blue Pen |PSIG
0000 7| Se7 ﬁ‘f >! E53 “iinp 23 Pa T Ty
bs_| So0 ey Jat ').)j : l]—ln] — iz"]- -
. 4’?!— ' \gal “c:} 2t L J P e
0200 " £ —
492 S04 | ¥6ST| 24 |2+ K}x‘
va00 wq x| 505 5 20 <& el
+7 2 ,S'Q:f'" 2.0 % |
, : = :
0600 490 ¢ ﬁ: 29 l\ 1' =" ng . 1
qq, 505 }L Z \(ﬂ Ceilty = J/ZlLL 2n k- *r/uia" :
0800 tar)5os f 22 ' X(\;x o
490 S006 2/ .v' E N Celld. - 3L° &uﬁ Llog el |(=15"p,
¥/ | 507 22 z@ \
1000 =
43415 p 6 2/ L2 k3
ygo |2 ocC LL Z "ﬂ; ‘ N Cella 35" Dovn G5 Faiol :
1200 _ , :
44>| 5ot z/ Zo |2
446 | So6 <5 j? .
1400 ~ - - R
1503 B 449 | >°1 c 2| 31 & Celip 31D, Al Bl
bo ST S0 z B ol
1600 teos™ | S5 %, > m Lti =2 "\ AN
1726 | Siv | ugs ~ —
Tl | S | as1)ghoo raq\ p 7‘.;Y Ctliar| 33" D ™ Flory
1800 , .
1Ay Sl -ﬁ = — — - AN
000 | #7° & | 483] Se¢ /4@3\ o f_\-\\
Lt | S |gga] Sov [lawll ig 2y C ol 33 Do T Sy B
' 230 { S0 | 4L | Se 463 g >8q N
2200
2302 | %% Jan | aca | a3 | 7 Yot =N OVl I ~
i | el Pt P-..p >33 - ST @y e . Suwm ) ;-5\,'7
SHIFT SUPERVISOR C < M £ oY SHIFT SUPERVISOR 7(/7/ oty - M o952
signature date time signatufé date time



DATA SHEET NO. 1B DATE: _b—4-£F
FLOW TEST DATA
KENNECOTT STATE 2-14 PAGE: _[_s_ [
PAFET Brine Pond Fresh Brine Booster Injection Injection Isperial 1-13
L.P. Brine | Weir Box | Pond Pum Water JTank #1 (Pump Dischg | Pump Dischg ] Flow Meter | Injection W ad
Noainal| Actual ?1-144 ’ Level Level |PI-127 |F.W. Meter | Level PI-129 P1-10 | TI-10 1 PI-141 | TI-140
Time pPSIG Ig%ges Inches | PSIG gallons Inches PSIG PSIG ofF 1 Rmen _ 1 _PSIG of
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DAILY WELL TEST REPORTS




NOTES REGARDING DAILY WELL TEST REPORTS

Pressure and temperature data are uncorrected readings,
except as noted on each report.

Brine flow rates in the daily reports were calculated using
meter coefficients which were calculated before the test
using a estimated brine density of 1.2. Flow rates in
Table A-T were recalculated from the raw data using the true
brine pzopiﬂties.

Steam flow es in the daily reports are erroneously high
because of he orifice meter problem described in Section
3.3. ‘

Some daily repor are marked "REVISED". The revisions
consisted soley é correcting typographical errors and
revising unclear wording. Neither the data nor the
intended meaning was changed.

Units of flow rate shown/las lb/hr in the reports mean pounds

mass per hour,

Lty

(-



MESQUITE GROUP, INC.
WELL, TEST REPORT
KENNECOTT STATE 2-14

June 01, 1988 B
i— - Day #0 of test
{This report andﬂmceeding reports cover the period from midnight to midnight.)

Began 30—dayﬂcw test of State 2-14 today. Before starting flow, SIWHP
=183 psig. (Wellbore wgs fullcof caml water because water had been injected
to cool the well for ging last April.)

Checked facility trumentation and discussed startup procedure.
Flowline throttle valve cMed, wellhead valves open, and other valves arranged
to divert all flow through bloocie line to large pit.

Began opening throttle valve at 1730 hrs. Well achieved flashing flow
by 1735 hrs and continued to hea and flow stronger. Throttled well back
to prevent damage to pit divider byfg from bloocie line.

At 1746 hrs started opening 5.0 AFT and closing valve to blooie
line. At 1757 hrs all flow was going ectly to AFT and brine flow (after
flash to atmos.) was being measured in weir box. Brine flow peaked at
478,000 1b./hr at 1800 hrs, then started ttling well back. At 1800 hrs,

= 370 psig; WHT = 455°F (Ti-1l). Grad y reduced rate to 90,000 lb/hr
brine at 1905 hrs. ﬂ

At 1930 hrs it was discovered that brine tarting to erode pit
bank around outlet of weir box. Diverted flow ent silencer and layed
plastic apron under weir discharge. At 1957 hrs regpir complete and switched
flow back to AFT. T

Well continued to flow at average brine rate of 13,000 1b/hxr through
midnight. At midnight, WHP = 496 psig.; WHT = 469°F by Tl=l and 480°F by

TI-1A. {Will check Ti's later with mercury thermometer). of midnight,
cumulative brine productlon {after flash to atmosphere) was 950,000 lb. Pit
level rise = 6.5 inches since start of test. LCJL'

Salt is forming on weir plate and is being chipped off be{gci'fe each
reading.



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14

June 02, 1988 .
.ﬂ=  Day #1 of test
Continued to well directly to AFT, measuring brine flow rate in

weir box and gaugirly/the pit.

¥ Summary of Flow Data -r
d WP W

Brine Flow

Time @ (psig) (& TW-1A) (°F) (1b / hr)
0000 496 480 120,800
0800 493 469 100,900
1355 - Opened throttlg valve 1/4 turn

1660 51 478 120,800
2400 510 478 112,800

Rate declines slowly at a constant throttle valve setting, probably
because of scale buildup in the valve.

Investigated discrepancy in WHT rea s between TI-1A and TI-1l. Switched
positions of the two dial thermometers and found they were in fairly good agree-
ment, indicating that the discepacy is due the thermowells, not the dial
thermometers. TW-1A extends further into the ¥lowline because it has no lagging
extension. Removed dial thermometer from TW-1 i1l use only TW-1A. Still,
WHT readings are somewhat erratic and unconfi .U Wind causes readings to be
lower. Plan to wrap insulation around pipe at th 11. Waiting on ASTM
mercury thermometer to check dial thermometer. '

As of midnight, cumilative brine production (aftg flash to atmosphere)
was 3,565,000 1b. Pit level rise = 19 3/4 inches since stﬁrt of test.

Salt is forming on the weir plate and is being chipf&d off before each
reading. Also, salt sludge is collecting in bottom of weir : and is being
shoveled cut occasionally. Expect to have dilution water sy ready on
June 03, 1988. d
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MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14

nﬂa June 03, 1988

ﬂ ' Day #2 of test

Continued low well directly to AFT, measuring brine flow rate in weir
box and gauging the g and tanks.

WHP WHT* Brine Flow

Fime (Jlesia { °F ) (1b/hr)
0000 510 - 112,800
0800 508 - 97,000
1600 518 492 100,800
2400 514 497 104,700

*See comments below regardin&arperature corrections.

Well producted at a nearly consWnt rate 811 day with no throttle valve
adjustments. Between 1405 and 1440 wellhead pressure and temperature

increased by 7 psi and 5°F with no signif t change in flow rate. The increase
is apparently due to a change in downhole & itions, either in the wellbore or
reservoir zones feeding the well. U

At 1330 hrs insulation was installed aro e pipe and thermowell at
TW-1A. Insulation increased the dial thermome eadings by 7°F. Additional
insulation was wrapped around the base of the th ter.

Removed TI-1 from TW-1A and measured temperat with platinum RID digital
thermometer. Temperature was 492°F with RID and 490°F|with dial thermometer
(both measuements with insulation around pipe and thermowell.) Temperature
values in the above table are Ti-1 readings plus 2°F to g}:rect to RID reading.

Installation of pumps and piping to transfer brine fﬁpit to tanks was
completed. From 1700 to 2000 hrs, transferred 75,000 gall of brine (about
750,000 1b) from pit to tanks. Will hold brine in tanks untilérxjection system
is ready (expected June 04, 1988).

As of midnight, cumulative brine production (after flash to atmosphere)
was 5,907,000 1b. Pit level has risen 26%" since start of test.

Salt is forming on the weir plate and salt sludge is collecting in the weir
box, but sludge buildup diminished late in the day.

Temperature gauges upstream and down stream of the the throttling valve
(TI-9 and T1-10) are intended only for operating information and should be ignored
for other purposes. Readings are affected by wind and ambient temperature.



MESQUITE GROUP,” INC.
WELL TEST REPORT
' KENNEOOTT STATE*2-14

© June 04, 198§
1 ay #3 of- test 4 bode

Lk

Continued é flow well dlrectly to AFT, measur@mg brme flow rate in weir box

and gauging the plvnd tanks.

‘ EE’ Summary of Fl&wagﬁa‘
B
‘ © . WHT* Brine Flow

Time Wsig) . (°F ) ( 1b/hr )
0000 514 494 104,700

0800 512 493 97,000
1600 53 A 487 89,400

2400 509 481 89,400 (est)

*Temperature value shown i$ TI@ reading plus 2° F.

Well produced at a gradually declinifyd) rate all day with no throttle valve
adjustments. Decline is probably due to e buildup in the throttle valve.
As of midnight, cumulative brine production (a[fter flash to atmosphere) was
8,151,000 1b.

Installation of injection booster pump waswnpleted and injection into
Imperial 1-13 started at 1145 hrs. Injection flow rates were calculated from
tank gaugings until flow recorder was hooked up at 5?00 hrs. Injectivity of
Imperial 1~13 was poor at first, but improved rapidly_{normal behavior).
Injection data are given on the attached supplemental sheet. SIWHP
on Imperlal 1-13 before injection was 50 psig.

j
Fresh water (canal water) piping system was complet&? Washed and chipped
away salt from weir box outfall and began to clean out weir and outlets from

AFT at about midnight. Outlets from AFT were-almost totally ted off.

d




SUPPLEMENTAL DATA SHEET
_For Startup of Injection

June 04, 1988

Avg Press. Avg. Bverage Inject. Rate Cum,
p at Inect. TWHP © - Inject
Time Period _Lmrp (psig) (psig)  gpm 1b/hr (1b)
1145-1331 = 200 195 5 44,800 79,000
1331-1340 V% 260 461 277,200 42,000
1450~1712 19B 185 460" 276,000 653,000
2347-2400 100 @ - 492 295,000 64,000
838,000

=

[=—2

i



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14

‘ June Of5, 1988-
“l::ﬂ © Day #4 of test

Continued ow well directly to AFT, measuring brine flow rate in weir
box and gauging th® pit and tanks.

WHP WHT * Brine Flow
Time (psig) (°F) (1b/hr)
0000 509 481 82,100 (est.)
0800 519 493 89,400
1600 5189 491 89,400
2400 512‘ﬁ\ 492 89,400

* Temperature values shown arﬁl-—l readings plus 2° F.

Well produced at a nearly cons rate all day with no throttle valve
adjustments. Between 0300 and 0320 hr8Y/wellhead pressure and temperature increased
by 12 psi and 12° F with no significant ca:ﬁnge in flow rate. This is similar
to the change that occurred on June 03, an®is apparently due to a change in
downhole conditions, either in the wellbore or zones feeding the well.

As of midnight, cumulative brine producti after flash to atmosphere)
was 10,253,000 1b.

Weirbox was out of service from midnight unti} 0600 hrs while cleaning out
salt and plugging leaks that developed around weir plate.

Pruett Industries arrived on location at 1100 hrjlto run pressure and temp—
erature survey in State 2-14. Made up Kuster temperature—gool, cap tube chamber
and sinker bar on cap tubing and rigged up lubricator. Searted in hole at 1300
hrs. Made temperature stops every 500 ft. down to 5,000 ft. _}Them made pressure
stops coming out of hole. Twice while pulling ocut of hole,c%,tubing got stuck
in lubricator packoff (at 1300 and 1069 ft.) because of minor scgle buildup
on tubing. Both times, tubing was freed by loosening packoff. &or remaining

surveys, Pruett will bring hydraulic packoff instead of mechanical packoff.
Pressure and temperature data are given below.

Temperature Data Pressure Data
Depth Depth
from KB from KB
(feet) (°F) (feet) psia
500 517.8 0 528.80
31000 530.6 1300 727.22
1500 545.5 1600 781.56

2000 562.6 1800 : 840.90
(1)



R June 05, 1988

Page 2
Temperature Data B Pressure Data
Deﬂth - . Depth.  F nemwn
from - from )
(fee (°F) Psia
2500 ‘37 577.4 B -896.53
3000 585.7 ’ 974,06
3500 B 588.7 1063.56
4000 590.3 1268.87
4500 591.5 1484.75
5000 593.2 1699.81
1919.20
2140.19

Injected brine into Imperié\ 1-13 at various rates for most of the day.
Injection data are summarized on ﬂHttached sheet.

NMSU expermenters finished samp@g today.



June 05, 1988
\ SUMMARY OF INJETICN INTO IMPERIAL 1-13

Avg. Press
at Inj. Avg. Inj. Rate Cum Inj.
Time Period Pump (psig) gpm 1b/hr (thousand 1b)
0000~0415 JL 80 <471 282,000 1,198
0415-0630 ﬂ ©120 750 450,000 1,013
0630-0701 ' 0 407 244,000 126
0701-0753 ' - 0 0 0
0753-0840 V 640 385,000 302
0840-1020 - 0 0 0
1020-1035 H - 663 398,000 100
1035-1115 @ 460 276,000 184
1115-1610 0 225 135,000 664
1610-1710 4 492 295,000 295
1710-2010 246 148,000 444
2010-2210 ) 523 314,000 628
2210~2400 0 H 246 148,000 271

V 5,225



MESQUITE GROUP, INC.

WELL TEST REPORT

KENNECOTT STATE 2-14

JL June 06,71@88
:ﬂ Day #5 of test

Continued flow well directly to AFT until flow was diverted
through separatdr at 0630 hrs. Temporarily, separator was run at
low pressure, wit team control valve fully open and bypass open
around brine leve ontrol valve, while modifications to the weir
box were done. Brin low rate was constant at 89,400 1lb/hr.
Average WHP = 513 ps , Average WHT = 493°F.

At 1712 hrs a small leak was discovered in the 2-phase
flowline, immediately downsiream of the throttle valve. Leak was
apparently caused by erosig&s Well was S.I. at 1720 hrs and leak
was repaired by welding a half sole patch on the pipe. Well was
opened up again at 2028 hrs a wellhead pressure and temperature
stabilized at previous cormdition by 2200 hrs. After flowline leak
was repaired, welder resumed wo on weir box. Throettle valve
setting was not disturbed and fl¥w rate measurements taken after
weir box was back in service early June 07, 1988 confirm that
flow rate was constant throughout day.

As of midnight, cumulative brineUproduction ( after flash to
atmosphere ) was 12,358,000 1b.

Injected brine into Imperial 1-~13 off _and on between midnight
and 0800. Refer to attached injection datd summary.

Personnel from PNL arrived and began riS@ing up for sampling.

=

=

Shut-in WHP readings on State 2-14 were as fﬂ%ﬁows:
C] H

Time Press. (psig)
— d
1740 444
1758 388
1813 352
1855 285
1942 285

2024 238



INJECTION DATA SUMMARY
IMPERIAL 1-13

June 06, 1988

JL Avg. Press Avg ¥njection Rate Mass

' at Inj Pump - _Injected
Time Period :ﬂ {psig) gpm 1b/hr (thous 1b)
0000-0115 ' 0 230 138,000 172
0115-0730 \# 0 0 0 0
0730~0750 - 250 150,000 50
0750-08157? &ﬂ, 0 B4? 50,0007 21
0803-2400 0 0 0 0

(] 243



MESQUITE GROUP, INC.

WELL TEST REPORT

KENNECOTT STATE 2-14

1 June D7, 1988 ©
:ﬁ ‘Day #6 of test

Continuedw flow well through separator at low pressure
until modifications_to weir box were complete. From (0245 to
0400, level contr on separator was put in operation and pres-
sure was increase p to planned operating condition of approx-
imately 200 psig. B‘EEe flow is through the "A" (north) metering
leg. :

Well produced at a newrly constant rate all day. Production
data are summarized as foligzs:

Sep Press Stm Flow Brine Flow Brine Flow

WHP WHT* (p 55) from Sep from Sep at Weir
Time (psig) {°F) (pEig) 1b/hr 1b/hr 1b/hr
0000 517 492 - - - -
0800 517 492 214 ﬂ N/A 123,750 89,440
1600 519 493 210 ‘ ,480 117,000 89,440
2400 517 491 204 Wiz,ooo 112,500 89,440

*Temperature values shown are TI-1 readfﬁFs plus 2°F.

Flow rates of steam and brine at the end o he day appear to

be consistent with expected levels of flash, butsflash calculations
have not been done yet. Lﬂ
(@

As of midnight, cumulative brine production ( after flash to
atmosphere ) was 14,595,000 1lb. Cﬁ

Injected brine into Imperial 1-13 as required to keep pit
level down. Refer to attached injection data summary. Based on
tank gauge readings, the capacity of the west pit pump is more than
300,000 1b/hr.

Personnel from EMSI { contractor for EPRI ) returned to
the site and collected samples from steam and brine lines at the
separator.



INJECTION DATA SUMMARY

IMPERIAL 1-13

i

June 07, 1988%

JL Avg Press Avg 1% Avg Inj Rate
at Inj Pump IWHP . e TR
Time Period :ﬂ (psig) (psig) gpm - - 1lb/hr
0000-1620 V 0 —' o- . : 0
1620-1637 15 186,000
1637-2050 Ho 0 0
2050-2400 7@ 56 340,000

Mass
Injected

{(thousand)

0
53
0

1,077

1,130



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-~14

June 08, 1988

JL Day #7 of test’

Continuedy to flow well at average of 136,000 lb/hr total
mass rate un 1955 hrs when flow rate was increased to approx-
imately 300,00Q Ab/hr. At 1955 hrs opened throttle valve 1/2
turn, allowed arator conditions to restabilize, then opened

throttle valve an _additiconal 1/4 turn to achieve desired rate.
Brine flow is thr%;&h the "A" (north) metering leg. Production
data are summarized as follows:

Sep Pres Stm Flow Brine Flow Total Brine Flow

WHP WHT* (PI-155) from Sep from Sep Flow at Weir
Time {psig) (°F) {psig) {1b/hr) {1b/hr) 1b/hr 1b/hr
0000 517 491 2%ﬂ\ 30,000 112,500 142,500 82,100%**
0800 512 492 206 30,160 105,750 135,910 89,440
1600 512 490 197 31,900 99,000 130,900 68,000%**
2400 540 499?53! 210 Q@738,960** 238,500 300,000*%202,100

* Temperature values shown are Tlﬂlﬁg%adings plus 2°F.

** Steam orifice meter appears to be out,of calibration. The indicated
steam flow is unreasonably low. The fotal flow of 300,000 lb/hr is
an estimate based on the measured brineﬁigié and expected flash.

*%% Weir box readings at 0000 and 1600 were er than average because
brine ICV was cycling. '

The steam backpressure control valve is being,operated manually
because it sticks and moves in jerks on the ppeumatic actuator.
Manual operation is very satisfactory because well flow is stable.
When rate was increased, the bypass valve aroundsithe brine LCV
and fixed choke had to be opened slightly becau§@ of excessive
pressure drop across the choke. Eﬁ

At about 2150 hrs generator ran out of fuel -~ 1lgfit lights
and instrument air and separator dumped. Generator d instrument
air compressor were back on line and separator operation was
back to normal by 2230 hrs.

As of midnight, cumulative brine production (after flash to
atmosphere) was 17,064,000 1b.

Injected brine into Imperial 1-13 from 0000-0810. Average rate
was 282,500 1b/hr (470 gpm); average pump discharge pressure = 45
psig; averafe IWHP = 35 psig. Total mass injected = 2,307,000 1b.

Personnel from UURI collected samples from steam and brine
lines at separator before the rate change. They expect to return
for more samples on last day of test. EMSI also sampled before
rate change.



MESQUITE GROUP, INC. -
WELL TEST REPORT '
KENNECOTT STATE 2-14 i,
| June 09, 1988~ &
J_L Day #8 of Test R PR

Continued to flow at average rate of 283,000 lb/hr. Canal water was
being added at wei x; but salt was building upa idutlets of AFT enough
to restrict brine flow from AFT and causing excess: .carryover. Carryover
was noticeable after 1& hrs and was worse duna@:mmor separator upset
at 1530 hrs. ' »'w, =

At 1700 hrs motor oﬂnstrmrent air compressor went out, causing
another separator upset. By 1800 hrs separator pressure and level were
restored to normal with steam backpressure control valve and brine level
control valve on manual operation, Well flow is stable and separator level
is held constant with occasional pglve adjustments.

Because of salt problem, a ary connection was made to inject
canal water upstream of the AFT at the downstream end of the brine metering

.. skid. Started injection at that point 1910 hrs. Fresh water apparently

dislodged salt and plugged outlets of . At 1920 hrs brine started
coming over the top &f the AFT. Immediate losed throttle valve 3/4 turn
and opened blooie line to pit to reduce fl1oWw to AFT. Continued fresh water
injection and by 2000 hrs AFT was unplugged. U

At 2005 hrs reopened throttle valve and by 0 hrs had restored
normal operation.

Brine flow recorder appeared to be responding klowly, so at 2100 hrs
the flange taps were rodded out. Recorder was working

Brine flow is through the "A" (north) metering leg. Production data
are summarized as follows: '

|
—

Production Summary FCGJJ
Sep Press Steam Brine Total Brine Flow
WHP* WHT** (PI - 155) (1b/hr) (1b/hr) Flow Uat weir**+
Time  (psig) ( °F ) (psig) from separater  (lb/hr) (1b/hr)
0000 540 501 208 59,500** 224,100 283,600*’* 202,000
0800 538 501 208 59,000** 222,000 281,000** 202,000
1500 542 501 208 59,500** 224,000 283,600** 202,000
2400 538 501 200 52,900%** 199,200 252,100%* 172,000%%*

Ko



June 09,1988 page 2

* Temperature values shown are TI-1 readings plus 2°F.

** Steam orifice meter appears to be out of calibration. Steam flow
and total flows shown above are estimates based on the measured
brine flow and expected flash.

*** Weir box brine rate at 2400 hrs is corrected for fresh water inject-
ion riﬂj and resulting steam condensation.

As of midnight, cumulative brine production ( after flash to atmosphere )
was 21,831,000 %Eg

Injected bri into Imperial 1-13 from 0930 hrs through midnight.
Average rate was 262,000 1lb/hr (436 gpm). Average IWHP = 30 psig; Average
IWHT = 133°F. H

Brine flow rates frgm the separator June 07, and June 08, are in error
because wrong meter coef ent was applied. Reported flows should be re-
duced by 7.8 percent. Revised summary of flow rate data for those dates will
accompany tomorrows report.

Analyses by Unocal of samp2&§ taken June 09, 1988, at separator:

Brine: TDS = 293,374 ppm, Cl 176,025 ppm

Steam Condensate: 7TDS = 8 ppm, Y@% = 6 ppm.

KENNECOTT STATE@%F;Q

1220 hrs 6-10-88

Brine flow at sep= 4.7 x 41,500 = 195,050 &i@hr
Steam flow at sep= 4.27 x 11,900 = 50,813

TOTAL 245,863 lb/ﬂr
50,813 _
Flash at sep= 245,863 207 |
=
—
Brine at weir box, less diluent = .
212,000 - 55 x 575 = 180,375 2;3
_ 195,050 - 180,375 _ .
Secondary Flash - 195,000 - - a
WHP = 542 psig WHT = 502
4o9q
Brine temp at sep. outlet AR

Brine press at sep outlet 214 psig Agrees with ASTM Mercury Therm.

Steam temp at sep outlet = 414°F Bimetal Dial Therm.
Steam temp at sep outlet = 402°F ASTM Mercury Therm.
Steam press at sep outlet = 198 psig



MESQUITE GROUP, INC.
‘WELL TEST REPORT
June 10, 1988
Day #9 of test

Continued to ﬁ&gw at average rate of 246,000 lb/hr. Brine and steam rates were
gradually declining, prgbably due to scale buildup in the throttling valve. At 1940 hrs
opened throttle valve %2 turn then closed back 1/2 turn to clear scale buildup. Flow
rate increased to earli ate. :

Brine flow is through " A " (north) metering leg. Production data are summarized as
follows

p.Press Stm Flow Brine Flow Total Brine Flow

rime  (3%g) O @@ A AR %o enMeE T

0000 540 501 200 52,900** 189,200 252,100%* 172,000
0800 543 502 201 A 51,850%* 195,050 246,900** 180,950
1600 545 502 195 ,000 182,600 232,600 152,400
2400 542 502 204 Q],GOO 203,350 250,950 184,400

* Temperature values shown are TI-1 re%_ngs plus 2°F.

** Steam orifice meter was not in service N readings at midnight and 0800 hrs.
Steam flows and total flows at those times are estimates based on the measured
brine flow and the flash fraction calculatecﬂ from later readings.

**% Weir box brine rate is corrected for fresh wats jection rate and resulting
steam condensation.

Instrument technician from Instrument Specialists arlived before 0800 hrs to
troubleshoot steam flow recorder. He recalibrated the recor and the flange taps
were rodded out. Meter was back on line by 1000 hrs. Calibradtion on all other flow
recorders was checked. =

=
As of midnight, cumulative brine production (after flash to sphere) was
25,969,000 1b. -

Injection Data Summary

Imperial 1-13
Avg Press Avg Avg Inject Rate Mass
at Inject Pump IwHP Injected
Time Period . (psig) _ (psig) gpm 1b/hr {thous. 1b)
0000-0330 45 35 460 276,000 366
0330-1400 0 0 0 0 0

1400-1422 45 - 460 276,000 37



June 10,.1988
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Avg Press Avg -Avg Inject Rate Mass

at Inject Pump IWHP J . Injected
Time Period . (psig) (psig) g ¢ .gpm 1b/hr (thous 1b)
. g . 4"

1422-1720 0 0 %0 0 0
$720-2322 1 22 15 44364 218,000 1,315
2322-2400 87 .50 -, 685 4110004 260

| ] o - 2,578

Between 1230 and 1245%5 checked temperatures at br
separator with the following r ts:

ssteam outlets of the

ps -

@ Dial Thermometer - ASTM Mercury Thermometer
Steam { TI-101 ) A 414° ' 402°
Brine ( TI-109n) A 409° 409°

TI-101 readings should be correctedA subtracting 12° F. Readings on data sheets
are all direct readings with no corrections Hlied.

At 2130 hrs took sample of brine from wei x and measured its specific gravity. Sp.
gr. = 1.26 at 60°F. At the time sample was takely brine flow from separator was 207,500 lb/hr
and dilution water was being added at 52 gpm. N

KENNECOTT STATE 214
U
CORRECTED PRODUCTION DATWB
June 7 and 8, 1988

Sep Press Stm Flow Brixla Flow Total Brine Flow

WHP WHT* (PI - 155) from Sep** from &gp Flow** at Weir
Time (psiq) - (°F) (psig) (1b/hr) 1b/hr (1b/hr) (1b/hr)

6/7 0000 517 492 - - - 2 - N/A
0800 517 492 214 30,330 114,100 144,430 89,440
1600 519 493 210 28,680 107,900 36,580 89,440
2400 517 491 204 27,580 103,750 1,330 - 89,440
| d

6/8 0000 517 491 204 27,580 103,750 131,330 89,440
0800 512 492 206 25,920 97,520 123,440 89,440
1600 512 490 197 24,270 91,300 115,570 68,040

2400 540 501 208 59,500 224,100 283,600 202,100



MESQUITE GROUP§ INC.
WELL TEST REPORT
KENNECOTT STATE 2-14

June 11, 1988 -
.L  Day #10 Of test

Continued to flow gt average rate of 240,000 Ib/hr. Brine and steam rates were
gradually declining, prolfply due to scale buildup in the throttle valve or flowline.
(early on June 12, the rate was increased slightly to adjust for the decline.)

Brine flow is through “&" (north) metering leg. Production data are summarized
as follows: (:H
Sep Press Stm Flow Brine Flow Total Brine Flow **
WHP WHT* {PI-155 ) from Separ from Separ Flow at Weir
Time (psig) (°F) {(psigh (1b/hr) {1b/hr) (1b/hr) (1b/hr)
N
0000 542 502 204 7,600 203,350 250,950 184,400
0800 542 502 205 7,600 195,050 242,650 178,200
1600 550 502 203 48,790 184,680 233,470 169,700
2400 540 502 204 &gﬁszo 182,600 228,420 171,400

* Temperature values shown are TI-1 readiﬁ?é]plus 2°F.

** Weir box brine rate is corrected for fresh water injection rate and resulting steam
condensation. jr

Downhole pressure and temperature survey and fl te increase were scheduled for
today. Pruett arrived at 1245 hrs and rigged up for stirvey. Made up Kuster temperature
tool and cap tube chamber, rigged up wireline BOP and lulfricator and ran in hole to
1,000 feet. Tried to purge cap tube, but tube was plugged®. Pulled out of hole, cut off
100 ft of cap tube and blew helium through tube okay. Picke#flup tools and lubricator again,
ready to rur: in hole. Tried to purge cap tube again, but t was plugged. Tried to clear
tuwe - no results. Layed down lubricator. Pruett ordered pressyre intensifier from
Bakersfield to blow out obstruction, however that will take 24 s. In order to minimize
delay, decision was made to run survey tomorrow morning with a differxent spool of cap
tubing. Pruett crew left the site at 2200 hrs. Rate change is po joned until then.

As of midnight, cumulative brine production (after flash to atngébhere) was 30,192,000
1b.

Injected brine into Imperial 1-13 as required to keep pit level down. Refer to
attached injection data summary.



page 2
Avg Pres

at Inj Pump
Time Period (psig)
0000-0135 87
0135-0152 . -
0152-0453 75
0453-1345 o 1L
1345-1500 10 4
1500-1825 30
1825-1848 0 v
1848-2115 50 |
2115-2150 0
2150-2400 46

June 11,-1988

Avg Avg Injet Rate | Mass
IWHP Injected
(psig) gpm lb/hr (thousand 1b)
50 690 . 414,000 656
- 567 340,000 9.
45 653 3g%époo 1,183
0 0 ‘0 : 0
| 267 160,000 - 200
20 395 237,000, 810
0 0 0T L0
28 428 257,600 ' 630
0 0 0
@ 438 263,000 570
4,145



SALTON SEA SCIENTIFIC DRILLING PROJECT
KENNECOTT STATE 2-14
Revised Test Plan é,

June 11, 1988

=ﬂ= ?-" Ly
. T b ®
Background o b
A flow test of S 2-14 was begun on June 1, 1988 It ‘was or1g1na11y planned
as a 30-day step-rate teVuth three planned rate steps“deflned as follows

Hozr F

A'L
Mk
v ad

lanned
Step ation

No. !fs) (lb/hr‘ total mass)
' 200,000 - 250,000

[

2 7 400,000 - 500,000
3 16 A&\ 600,000 - 750,000
The test began on June 1, 1988, and first flow period was completed on schedule
in seven days, ending on June 8, when the rate was increased. During the first

flow period the well was produced at an aver rate of 150,000 1lb/hr. The rate was
constrained to less than the planned 200,000 W/hr minimum because it was necessary
to store the produced brine in the pit until injection facilities were completed. The
second step is under way with the well producing 250,000 1b/hr.

During the time since the original test plan wds finalized, several factors have
come to light or have been confirmed which influence'plans for the remainder of the test.
These factors are:

1. The remaining budget will not support a full 30-D'y test.

2. State 2-14 is a very high productivity well and its <§low conditions are found
to stabilize within hours after a rate change. Therefore, for purposes of
reservoir engineering and defining the well's dellverabiiity characteristic,
shorter flow steps will suffice. !

3. The well is clearly capable of very high flow rates and in&g%der to define its
deliverability in a useful range, three additional rate steps (including the
one which began on June 8} will be needed. - :

4. While at least one experimenter (UURI) was counting on rate steps of at least
seven days' duration, most are in favor of compressing the schedule.

5. There is broad interest in a short, maximum rate flow directly to the pit
for several hours. The only way this can be accomplished without compro-
mising the planned reservoir and well performance analyses is to do it as
'a separate test after the step - rate test and final shut-in period are over.

Revised Test Plan

The recommended plan is for a 19~Day testing program defined as follows:



Page 2 Revised Test Plan (cont'd)

Step . Duration Flow Rate Start End

No. (Days) (lb/h.r Total Mass Date Date
1% 7 . 150, oqo 6/8
%% 3 250, ooo 6/11
JL 3 450,000 -} § %00, 000, 6/13 |4
4 3 650,000 < 750,000 6/17
- ﬂ 2 Shut in to mom.tor 6/19
v : pressureb" 1 o :
- 1 Maxinunllra

rate mE5/20 6/20
H - directly £d <

* Step No. 1 compl@d
** Step No. 2 underway

Each flow rate increase except thg one on June 8, will be &ccompanied by a downhole
pressure and temperature survey as S| ied in the original program. A profile survey
and pressure buildup test will also be co ted at the end of the fourth flow period,
as specified in the original plan.



MESQUITE GROUP, INC. 1
WELL_TEST REPORT
KENNECOTT STATE 2-14

R
¥
{

1L June 12, 1988 4 ¥
Day #11 of test _

Well was flom.néLt 228 4000 1b/hr at midnight, with rate declining gradually due
to scale in throttle va At 0248 made small throttle valve adjustment and rate
restabilized at 237,600 /hr but continued declining- slw}y. This rate adjustment was
small to avoid an effect org:e pressure and tenperature isurvey scheduled for later.

00

Between 1150 and 12 brine flow from the separator was switched to the south
meter run (leg "B") in anticip@on of increasing the flow rate.

Pruett arrived on location at 0630 hrs, rigged up, and ran pressure/temperature
survey in State 2-14 with cap tubing and Kuster temperature tool. Started in hole at
0955 hrs. Profile survey was complete fand tools were hung at 5,000 ft at 1212 hrs to
monitor pressure drawdown. Cap tube &sure stabilized by 1235 hrs.

At 1314 - 1322 hrs opened throttle %ve 1l turn to increase flow rate. Planned
rate was 450,000 to 500,000 1b/hr. Rate s ized at 460,000 lb/hr.

Production data are summarized as follows;
Sep Press Nﬂ\ Flow

Brine Flow Total Brn Flow***

WHP** WHT* ( PI-155) Frof Sep From Sep Flow at Weir
Time (psig) (°F) (psiq) (15/hr) (1b/hr) (1b/hr) (lb/hr)
0000 535 502 204 45,82(1WJ 182,600 228,420 171,400 .
0800 541 502 196 49,390 I 182,600 231,980 178,700
1200 545 503 198 49,980 182,600 232,580 179,600
1400 . 508 498 193 95,800 370,900 466,700 . 296,260
1600 510 499 - 190 , 97,460 361,100 458,560 298,512
2400 511 500 198 98,770 ,,360 450,130 291,870

* Temperature values shown are TI-1 readings plus 2°F. E'l

** Pressure values shown are PI-1 readings less 5 psi.

*** Weir box brine rate is corrected for fresh water injection rd and resulting
condensation.

Downhole pressure at 5000 ft was 2053 psia before flow rate change and 1945 psia
after.
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Time Period

0000-0239
0239-1000
1000-1340
1340-1705
1705-1850
1850-2400

at I

1

Avg_Rress

Pump

=y
45
Shut off

39

85 -

70
Shut off

=

Injection Data Summary

d

Imperial 1-13 . 4

¥y
H
i

June 12,1988 1% . & &

Avg
IWHP s
(psig) - ¢ L
29 - 2-; '
E% : 407 244,000
52 610 366,000
- 535 321,000

Mass
Injected

(thous 1b)

705
895

6161250
562

A4



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14.

June 13, 1988 .
=ﬂ= Day #12 of Test 1 -

The well was flowikg 450,000 1b/hr at midnight, with rate declining gradually
due to scale in the tle valve. "The well head pressure-was 513 psig. The valve
was adjusted at 0022 hrs the rate restabilized at.460 000 1b/hr. By 2200 hrs the
rate had declined to 439,800 1lb/hr and wellhead pressure.was ‘Up to 519-psig so the
throttle valve was adjusted 2225 hrs .and the rate: wﬁ§,.57 000 lb/hr with a wellhead
pressure at 513 psig at midnggt. A

a3

The capillary tubing remaiﬂgh in the well from yesterday to measure the pressure
drawdown at the higher rate. Pruett personnel arrived on site at 0800 hrs and pulled
the tubing and Kuster temperature instruments from the well by 1000 hrs and rigged down.

Production Sumﬁé}y Kennecott State 2-14

Sep Press&:ﬂ Stm Flow Brn Flow Total Brine***

WHP* WHT** (PI-155) (1b/hr) (1b/hr) flow at Weir

Time (psig) ( °F ) (psig) From Separator. (1b/hr) (1b/hr)
0000 513 500 198 98&\50 351,000 450,000 | 335,000
0800 512 500 200" 99, lOOu 351,000 450,000 292,000
1600 518 : 500 200 98,600 346,000 445,000 307,000
2400 513 500 202 101,000 QRGSG 000 457,000 320,000

PI-1 reading - 5 psi

* WHP
TI-1 reading + 2°F =1

** WHT

*** Weir box brine rate is corrected for fresh water injectiZE rate and resulting
steam condensation. =
=

F



Attachement to June 13, 1988 Daily Report

INJECTION SUMMARY
IMPERIAL 1-13 3,

3
1

.JL, June 13,1988 44
. LT Fiehous 1)

Time Period j] Avg Inj Rate Ib/hr . Mass Injected
0000-0320 v 347,000: . e 1154
0320-0420 270,000 - 270

B ' , 4
0420-0500 | q 0 :
0500-0600 308,160 308
0600-0650 160,500 134
0650-1015 A 270,000 921
1015-1105 o] 0
1105-1200 %,ooo . 238
1200-1330 . 318 b | | 477
1330-1420 o 292,000 | 243
1420-1520 . 360,000 w 360
1520-1710 193,000 ' 160
1710-1950 360,000 T 240
1950-2400 144,000 - 602

s 5107



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 14, 1988
(REVISED)

4
.1

Day #13 of‘Teé%

Wwell was Flowing 457,000 lb/hr at’hidniggt mithgf wellhead
pressure 513 psig. By 0800 hrs. the flow “Vvdecllned to
447,000 lb/Eﬂo due to scale bu1ldup *Thé ﬁtvalve was
adjusted S0 hrs and the flow rate; ncreased *to 458,000
lb/hr. The we!ﬂhead pressure remained. .ati SRR sig "*Contlnued to
operate at néfr this rate until the rate change Yatér in day,
although several hrottle valve adjusfments ‘Wwere necessary to
maintain it. Th adjustments were neéessary to compensate for
what is believed Eggre scale build in‘'the pipeline or valves.

Downhole measureme support this conclusion as capillary tube
measurements obtained after it was rerun in the hole were just a
few points different from when it was pulled the previous day,
indicating very little change in the reservoir conditions.

Pruett personnel arrived oék&ocation at 1300 hrs, rigged up, and
ran pressure/temperature su y with capillary tubing and Kuster

temperature tool. Started iwhole at 1508 hrs, made stops every
500' for temperature measureme , and arrived at final setting
depth of 5000' at 1801 hrs. Rawpurged tubing, hooked up computer

and began recording downhole preSjﬁge data.

Ready to make rate change at 1830 hrg. Waited on EMSI to take
final brine and steam samples then in¢reased the rate at 1937 hrs
by opening the throttle valve (1) turn. While stabilizing rate,
increased separator pressure from 2oo£ﬁ§ 250 psig in order to
make steam meter read in range. Plan t perate at this pressure
until steam meter can be recalibrated forjhigher range tomorrow.
Steam meter now reading maximum. Total fldw after rate change

600,000 1lb/hr+. This is below the schedul 650-750,000 1lb/hr
but carryover from atmospheric flash tank andllimitations of pond
and injection pumps make it a prudent one. =
. —
Production Summary Lﬂ
Sep Press Flows from Sep. Total Brine Flow
WHP* WHT** (PI-155) Steam Brine Fagpw at Weir*»*+
Time (psig) oF psig (lb/hr) (lb/hr) (ib/hr) {lb/hr)
00:00 513 500 202 101,000 356,000 457,000 320,000
08:00 513 500 200 100,600 346,000 447,000 274,000
10:00 513 499 202 102,000 356,000 458,000 316,000
18:00 519 500 204 119,000 337,000 457,000 329,000
20:00 456 490 250 131,000 468,000 600,000 451,000
24:00 480 492 246 128,000 464,000 592,000 440,000
* WHP = PI-1 reading - Sopsi.
** WHT = TI~1 reading + 2 F

*** Weirbox brine rate is corrected for fresh water injection
rate and resulting steam condensation.



Injection Summary
 Imperial 1-13

June 14, 1988

Time Period JL Average Inj Rate, : Mass Injected (thous 1b)
0000-0300 -144,000 . = 432
0300-1920 ﬂ 257,000 4100
1920-2400 V 289,000 T 1350
U



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 15, 1988
(REVISED)

Day #1i4 of Test

At just aftég midnight the well was flowing at an average rate of
582,000 1b/7hr and stayed near that rate until changed at 19:25.
The pit lewv gained 5 during the day due to operationsal
problems (ma®™taining suction) of the pumps. When they had
suction, they Y4gculd pull the level down or at least stay even,
but keeping thef® primed was most difficult. Suspect this problem
is caused by i short circuiting of the hot produced fluid
directly to the p - suction over the sagged pit curtain.

The Instrument Specidigsts Co. technician arrived before 07:30 and
replaced the 200-inch w.c. differentiel spring in the steam rate

recorder with a 300-inch w.c.spring. The addition of this spring

will allow the vessel pressure to be reduced to the original

pressure of around 200 ig and still keep the steam flow

recorder pen within the c¢h range. This reduction will cause a

higher percentage of the bri to flash and be measured by the

steam flow meter and reduce e flow and velocity in the brine

run and AFT which should help tcarryover problem.

Since the previous rate increas had not had a significant
effect on the WHP, it was decided increase the rate to 725,000
ib/hr. At 19:25 the throttle valve was opened {(1/2) turn. By
20:00 the WHP had dropped to 410 psig and the total flow
increased to 720,000 lb/hr. The level trol on the separator
was not working correctly and the ligqui evel was fluctuating.
The carryover from the atmospheric flash tank was excessive. At
23:02 and 23:25 hrs the throttle valve s pinched +to reduce
flow. At 0050 hrs (6~16) the level in tht separator went past
the top of the sight glass so the level contrd)l bypass valve was
opened. A short time later the level contrbdl valve went wide
open and emptied the separator through the brin Lline. The level
indicator still read high and the brine meter —was off scale.
Separator control was put on manual and the brinepmeter was not
working. Plan to repair everything after daybreak&ﬁyls.

d



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 15, 1988
(REVISED)

Day #14 of Test Continued

Production Summary

L

‘ Sep Press Flows from Sep. Total Brine Flow
WHPgﬂ WHT** (PI-155) Steam Brine Flow at Weirx=*x
Time (psig)voﬁ‘ psig (1b/hr) (lb/hr)  (lb/hr}  (lb/hr)
00:00 480 49 246 128,000 465,000 592,000 440,000
10:00 485 4;3 247 128,000 459,000 587,000 414,000
18:00 491 4 248 131,000 457,000 588,000 447,000
20:00%%xx 430 481 246 154,000 566,000 720,000 581,000
22:00%%xx 409 481 247 149,000 673,000 822,000 606,000
24:00%%3%% 491 493 221 92,000 N/A N/A N/A
* WHP = PI-1 reading - 5psi
% WHT = TI-1 reading + 2/@5
x*x® Corrected for fresh wate njection and condensation
*xx* Unstable flow Qtﬁ
Pruett personnel arrived at 03@%0 and pulled cap tubing out of
well. The final pressure at 10:00 at 5,000 was 1,875 psia.
They were out of the hole and in t%ﬁ@lubricator by 11:00, but the
lubricator was salted up and they didn't get off the wellhead

until 14:00.

W
|

t

ar,



MESQUITE GROUP. INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 16, 1488
(REVISED)

Day #15 of Test

as sBtated in vyesterday’s report, the

At midniggk; separator
control and the brine meter were not working.

The estimated flow

rate was 59 00 1lb/hr and the WHP was 491 psig. By 12:00 the
rate had defTined to 548,000 1lb/hr and the WHP increased to 505
psig. At this!ﬁﬁme the separator controller and brine meter were
back in operatdoen and from 13:38 until 15:00 the throttle valve

increased

was opened in sm&%ﬁ increments and the flow gradually
to 707,000 1lb/hr. Lt 17:30 the pond pumps lost suction and there
was no injection unt 21:30 when the suction lines were c¢leaned
and the pumps repri However, one pump would not start and
was left douwn. At midnight the flow was steady at 707,000 1lb/hr

with WHP of 406 psig.
E;#ﬁyction Summary

Sep Pre&ﬁ Flows from Sep. Total Brine Flow
WHP* WHT** (PI-155 Stean Brine Flow at Weipx»x*
Time (psig) oF psig /hr) (lb/hr) (1lb/hr) (1b/hr)
——————————————————— T Tewwr waxr T
00:00 491 483 221 92@&00 516,000 608,000 453,000
Z2:00 505 498 225 124,00 424,000 548,000 378,000
14:00 473 491 206 142,00 512,000 654,000 361,000
18:00 414 484 236 152,000 6,000 709,000 502,000
24:00 406 4823 227 146,000 1,000 707,000 510,000
* WHP = PI-1 reading - 5_psi I
¥*% WHT = TI-1 reading + 2 F

Corrected for fresh water injection and g¢ondensation
*23% Fstimated

d



SALTON SEA SCIENTIFIC DRILLING PROJECT
KENNECOTT STATE 2-14
REVISED TEST SCHEDULE

June 16, 1988

Date o Activity

6/16 ' Increase flow rate to 700,000 1lb/hr

6/17 Reduce rate as needed to avoid carry over

6/18 H\tinue to flow well

6/19 Run@’r survey with capillary tubing and Kuster temperature
tool. Shut in well between 1200 and 2400 hrs with cap tube
in well to measure buildup

6/20 Watch buildfg

6/21 Open well and at 200,000 lb/hr. Rig up DMSTE, Pruett
and make two with downhole fluid sampler.

6/22 Open well for ma;ﬁum flow.

6/23 Run depth determinatm survey in Imperial 1-13 to
and run capillary tubing[]in well, Inject into Imperial 1-13.

6/24 Inject into Imperial 1-13. w

6/25 END



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 17, 1988
(REVISED)

Day #16 of Test

Just after dnight the total flow was 707,000 lb/hr and the WHP
406 psig. m midnight to 14:00 the flowrate gradually declined
and the WHP gradually increased. Did not attempt to adjust rate
because of otl#r operational problems.

The pond pump d‘ich would not start at 21:30 on 6/16, was finally
started at 03:00 opn , 6/17. However, suction problems remained and
the pit continued1¥§ rise. Shortly after getting the second pond
pump started cne ¢ the injection pumps lost the coupling between
the pump and motor aqE]was cut of service.

By 14:13 hrs the pond level was tooc high and the flow rate was
cut to 482,000 1l1lb/hr. Further problems with the pit pumps
necessitated additional raductions to 323,000 lb/hr &t 19:20,
300,000 1b/hr at 21:05, anN189,000 at 22:50. It remained there
until the end of the day. &ﬁ

30% since the 15th when the sh water pump was down for 4
hours. This was probably due to 1t deposition and mav not be
permanent. ﬁj

The injectivity of the injectig%gwell has dropped approximately

Pruett wireline service informed us that a recalibration of the
temparature tools used in some of the'surveys showed a discre-
pancy and the results will be recalculatsﬂﬂ

Production Summary '

Sep Press Flows from Ses Total Brine Flow

WHP* WHT** (PI-155) Stean Brineﬂ Flow at Weirkxsx

Time (psig) oF psig (ib/hr) (lb/hr)zj (ib/hr) (1lb/hn)
00:00 406 483 227 146,000 561,000==J 07,000 510,000
14:00 452 487 217 146,000 556,000 égp,ooo N/A
18:00 491 500 215 101,000 381,000 482,000 385,000
20:00 491 506 215 69,000 254,000 32 - 00 242,000
22:00 560 5085 215 56,000 244,000 3005000 188,000
24:00 557 506 219 43,000 146,000 18¢,000 N/A

* WHP = PI-1 reading - 5 _psi. Is not reading correctly.

** WHT = TI-1 reading + 2°F

*** Welr flow corrected for fresh water injection and condensation.



MESQUITE GROUP. INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 18, 1988
{REVISED)

Dav #17 of Test

Continued
replacement
put into
appeared to

jg flow well at about 200,000 1lb/hr while waiting on a
njection pump. It finally arrived and was promptly
sex¥ice. However, it did not help, as the
' suction limited. Continued to look for
for limitatilc Connected one injection pump to a

outlet on the sWetion header but there was no improvement.
continue to make cEinges in attempt to correct problem.

punps
reasons
different
Will

The wellhead pressu
The gsensing port w
readings.

gauge did not work properly for a while.
rodded out and the gauge resumed proper

on Leg B, after the rate was
even when the well flow appeared to
time permits.

The brine flow reccrder
reduced, fluctuated great
be stable. Will check out

The injectivity of Imperial 1j§ﬂ has improved about 10% since the

i6th. The proportion ¢of fresh ter being injected is large and
is probably dissolving the salt at was deposited on the 15th.

Production éhﬂgary

Sep Press Flows from Sep. Total Brine Flow
WHP* WHT** (PI-155) Steanm ine Flow at Weirxsx
Time (psig) oOF psig (ib/hr) /hr) (l1b/hr) {lb/hr)
00:00 557 506 219 43,000 1488 000 18¢, 000 239,000
10:00 563 505 219 44,000 1517000 15,000 147,000
18:00 557 505 218 43,000 166,0 208,000 159, 000
24:00 557 504 215 42,000 117,00 152,000 153,000
* WHP = PI-1 reading - 5 psi. Eg
** WHT = TI-1 reading + 2°F ;

T
%% Yeir flow corrected for fresh water injection d condensation.

g



MESQUITE GROUP, INC.
WELL TEST REPORT
RENNECOTT STATE 2-14
June 19, 1988
(REVISED)

Day #18 of Test

Well flow tontinued at a low rate of 150,000 lb/hr while the
injection p £ were belng reconfigured again to try and correct

the suction prdblem. The reconfiguration was complete by 02:00,
but when thedsecond pump was started the coupling broke on the
other pump. A upling was removed from the stand-by pump, and

used to replaceWhe broken one. It was operational before 04:00.
The suction prob remained and the injection rate did not
increase. i

The pond level was pugled down to below the sludge line by 06:00
and some s&ludge wag transferred into the injecticn tanks and
probably into the injection well as the injectivity appears to

have declined by about 20% and the wellhead pressure risen. The
injection pumps were unab to buck the increased pressure and
maintain adequate flow. noon the punps were put into series

in order to increase their prjgﬂure cutput.

The rate was incressed to 483,000 1b/hr with a WHP of 416 psig
from 15:40 to 16:30 and then graWually declined to 449,000 1b/hr
by midnight with a WHP of 525 psig

Tonorrow Pruett will run in the l§4e with capillary tubing to
record pressure build up when the wellﬂis shut in.

Production Summarw

Sep Press Flows from Eep. Total Brine Flow
WHP* WHT** (PI-155) Steam Bréine Flow at Weir*x*
Time (psig) oF psig (1b/hr) (1b/ (1lb/hr) (1b/hr)
00:00 357 504 215 41,500 117,000 159,000 153,000
14:00 566 504 214 40,700 97,600 = 138,000 150,000
16:30 516 494 215 103,000 381,000 QS,OOO 451,000
24:00 525 497 213 98,000 351,000 2, 000 383,000
z - - % -
WHP = PI-1 reading - 5_psi. d
¥* WHT = TI-1 reading + 2°F

*2x Yeir flow corrected for fresh water injection and condensa-
tion. The sight gauge seems to be out of zero, and will be
checked when well is shut in.
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MESQUITE GROUP. INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 20, 1988
(REVISED)

Day #19 of Test

Well was f;&ying 449,000 lb/hr at a WHP of 525 psig at midnight.
At 00:41 the rottle valve was opened slightly to compensate for
scale buildupsgnd maintain flow.

At 12:12 the sagbnd injection pump blew a plug and had to be shut
down. Both pbnd suction pumps were then shut down and the pond
began filling. &ﬂ

Pruett wireline pers el arrived on site and began rigging up at
12:45. Started 1 the hole with capillary +tubing and a
temperature instrument at 14:20 and reached 5,000 ft at 16:40.
Downhole pressure at 5,000 ft was 1,865.45 psia.

EPRI arrived on site atA&@:OO to take final gas samples and
finished sampling at 17:30.

At 15:00 noticed pressure on %ﬂe shut in Brine A leg of 210 psig.
It was also hot which indicatSﬂ a leakage by the stop valves.
Since at times the weir box flow had been higher than the orifice
meter flows on leg B decided to s ch back through A leg and see

if the rate changed significantly. Did this at 15:45. Measured
flow on B leg 361,120 1b/hr and on Apleg 377,650 1lb/hr. Not a
significant difference, 4%. u

The well was shut-in at 17:54. Presgﬂ@e at 5,000 ft built-up
from 1,965.45 psia to 2,128.20 psia in 33 pinutes.

Production Summaryvy

Sep Press Flows from Sep. Total Brine Flow
WHP* WHT** (PI-155) Steanm Brine ZE Flow at Weir**x
Time (psig) oOF psig (1b/hr) (1lb/hr)= (1lb/hr) {l1b/hr)
________________________________________ e fm e mm e
00:00 525 497 213 97,800 351,000 92,000 383,000
06:00 510 498 217 102,000 371,000 4745000 345,000
12:00 525 4990 215 101,000 371,000 47§ﬁ000 355,000

* WHP = PI-1 reading - Sopsi.

*¥ WHT = TI-1 reading + 2°F

*x* Weir flow corrected for fresh water injection and condensa-
tion.

Injectivity of Imperial 1-13 continues to decline. AT midnight
injectivity was 3,900 1lb/hr/psi. At 06:00 it was 2,600 1lb/hr/psi.



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14
June 21, 1988
(REVISED)

Day #20 of Test

At 08:00 thHe douwnhole pressure in State 2-14 was 2125.59 psia,

down 2.2 ps#=from 21:30 on 6/20/88. Pruett purged the helium in
the capillaryptubing at about 10:15. By 11:00 the pressure had
stabilized a ,125.65. The decrease in pressure may be due to

either cooclin of fluids below the tool or interzonal flow.
Downhole presg‘#e will continue to be observed until June 22,
1988. ‘

At 11:00 the Statgti—lé wellhead pressure was 84 psig.

Testing of the sludg® from the brine pond with hydrochloric acid
showed that some of the solids dissolved. Twelve 55-gallon drums
of 12 HC1l were added proportionally to all (7)) brine tanks,
agitated with a small pumpnand allowed to settle overnight. At
17:00 the pH of the fluid 1 1.0, no fluid was injected.

Instrumentation from the steé&ﬂanﬂ brine lines is being rigged
down. Steam separator static pressure recorder moved to injec-
tion wellhead for injection teagﬁf

Time Injectiﬂk Rate
00:00 122,600 hr
06:00 173,340 hr

At shut-in the injectivity was 2,500 1b/hrJLsi.

1

Bec7. jul

1y
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MESQUITE GROUP, INC.
KENNECOTT STATE 2-14

June 22, 1988
i Day 21, 13988

Downhole pregsure in State 2-14 at 50007 was 2123.47 at 0800. No
flow planned for %y. Continued to monitor pressure through the night.

Injection of ac ied brine from tanks started at 10:42. Injection
rate averaged 270,000 ™3/hr. Wellhead pressure was 135 psig at 14:15 hrs

when injection stopped foGump repairs. Injectivity was 1300 lb/hr psi
when injection stopped.

Restarted injection at 15:15. Injected from 15:15 to 17:45 and 18:40

to 19:07. A
Imperial 1-13%#hjection Data
Time WHP | Flow Temp
11:00 93 ‘ N 276,000 . 105
13:00 113 E63,000 101
14:00 135 25 0 105
16:00 93 192,60@ -
17:00 97 179,76 ';ﬂ -
19:00 98 160,500 -
=
—
Total mass injected this day = 1,472,000 1b. H



MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14

June 23, 1988

¥

Pruett pulled cap tubing and temperature bomb at 07:00. Temperature
chart was good, it data were not available at report time. Pruett reported that
their Kuster temperature elements had been recalibrated and that temperature data
from surveys earlyw the test will be revised.

Pruett cr rom Bakersfield rigged up braided line unit to run downhole
sampler. RIH to 2500 11:30. Opened well -~ flowed a small amount of brine and

Pruett RIH to 5000' to collect sample, then POH trying to swab well in.
Well did not flow.

Rented air compresso%nd pressured up well with air to 105 psig.
Waited 2 hours, then opened well at 17:00. Well flowed a small amount of brine
and died. Decided to back well doerith canal water and leave it shut in to heat
up until tomorrow morning.

e

Connected fresh water?%g fwvline and pumped in 11,000 gallons of
canal water between 19:35 and 23:40. Fj_nNHP = 8 psig. Shut in well to allow
it to heat up.

Injected canal water from tanks ir&:o, Imperial 1-13 from 15:10 to 15:30.

Estimated average rate = 100,000 lb/hr; average = 60 psig. Estimated mass
injected = 33,000 1b. |

i

1



MESQUITE GROUP, INC.
WELL TEST REPCORT
KENNECOTT STATE 2-14
June 24, 1988

()

Statgj 2-14 SIWHP = 45 psig at 06:55. Starting at 07:05,
pressured u t wellhead with air. Pressure was up to 110 psi at
07:35 - shugzgown compresscr and left wellhead shut in. Pressure
was 115 psi ak 08:05 then started to decline slowly. At 08:54
(with SIWHP - EE2 psi) opened well through AgT. Well flowed for
about 10 minuteg and died. Peak WHT = 242°F; peak flow rate
through weir box @gs 120,000 1lb/hr.

Checked avallapility of coil tubing and nitreogen units.
None available unt?l tomorrow. Decided to abort the downhole
sampling and high ratﬁ“ﬁlow test.

Injected fresh water from tanks inte Imperial 1-13 from
09:15 to 89:50. Averagelrate was 251,500 1lb/hr; IWHP = 155 psig
IWHT = 93°F. ﬁ@

Pruett aslickline unit rived at 16:00 and rigged up on
Imparial 1-13 for injection lloff survey. RIH with Kuster
pressure and temperature tcols _and hung at 1,300° GL (ground
level reference). Tools in pla#F%at 17:15 hrs.

Started injection at 18:30 HE@, lost suction to pumps at
18:32 hrs then regained it at approximately 18:36. Injected at
208,000 1b/hr until 18:50 hrs when it became apparent that this
rate could not be sustained for the estimated two hours. Cut rate
to 181,000 lb/hr and injected at a slightyy declining rate until
17:37 hrs when rate was down to 166,000 hr. Increased rate to
187,000 1b/hr and injected at that average te until injection
complete at 20:48. Injection wellhead pre re was 165 psig at
165,000 lbéhr and 180 at 187,000 lb/hr. Avera injection temp-~
erature 92 F. Downhole tools left in Imperial 13 for falloff.

Put an estimated 800 gallons of fresh water F;to State 2-14.

. | T
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MESQUITE GROUP, INC.
WELL TEST REPORT
KENNECOTT STATE 2-14 AND IMPERIAL 1-13
June 25, 1988

(Final Daily Report)

P

POH wi tools from Imperial 1-13, obtained pressure and
temperature| \rharts. Reset tools and made traverse survey with

. two temperaturs nd 1 pressure instruments at 20' per minute from
surface to 1,4¥®' (GL) where tools set down. POH. Rigged down

and left site.

Put an estim&?ed 5,260 gallons of fresh water into State 2-
14 until wellhead [pressure came up to meet pump discharge

pressure at 60 psig and injection stopped. Shut off pump
shut in well. Total esh water put into well since attempt
flow 6,060 gallons.

N
A

and
to
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ADDENDUM D

DATA REDUCTION METHODS

Parameters in Addendum A, Table A-=1, are defined and calculated
as shown below.

6.

Wellhead Pressure {(WHP) in psig = PI-1 reading -5 psi#*

Wellheﬁs temperature (WHT) in °p = TI-1 reading +2°p*
Separator pressure in psig = PI-155 reading +1 psi* +
pressureﬁQ drop across the steam metering orifice. (The

resulting value approximates the pressure at the brine/steam
interface iéithe separator.)

Separator tempkrature in ®°p = 7I-109A reading. {(This wvalue
neglects any emperature loss in the steam piping from the

separator to the rhermometer.)

Steam Flow in 1lb r = FR-102 reading on a 0-10 square root
chart x

7,015 x [Separat4£ Pressure + 15 ] 0.5
- 215

for the period fr 13:00 on June 7 to 08:04 on June 15
when FR-102 had a Zﬂozggch differential range spring, or

8,592 x | Separator Presgmye + 15 G.5
- 215 #

after 10:00 on June 15 sﬂgn FR-102 had a 300-inch
differential range spring. (Separator pressure in the
above equations is defined in #3 above.)

From 05:00 to 13:00 on June 7, the br§§} orifice meter was in
operation, but not the steam meter. ring that period,

—_

Steam Flow = Brine x [ Separator fli |
l-Separator flasﬂ

Brine Flow = FR-108 reading x 41,145 lbm/hr ( A)
96,831 1bm/hr (§Bg B)

* Correction to match "Standard®. Refer to Table 3jg.



These orifice factors were calculated by the ASME method
(ASME, 1971) for the following conditions:

FR-108A
Dia. Pipe = 11.938 in.
Dia. Orifice = 4.8 in.

Temp. = 414°F
Pres, = 229 psia

F§alinity = ,2933 wt. frac.
Density = 65.88 lbm/£t3
Ciyrt Full Scale = 100 in. water
Réading = 1
FLO%E§ATE = 41144.72 lbm/hr

FR-,—108§L

Dia. Pipe = 11.938 in.

Dia. Orifi 8 = 7.1464 in.

Temp. = 414°F

Pres. = 22 sia

Salinity =".2933 wt. frac.
Density = 65.88 1lbm/£t3

Chart Full Scale = 100 in. water
Reading = 1 J\&

FLOW RATE = 96830.%6 lbm/hr

From 00:08 to 10:22 on Jun&a&ﬁ the brine meter was not func-
tioning. During that period

Brine flow = Steam flow 1~Separator flash
Q%’ Separator flash

Separator Flash = Steam Flow
Total Flow

From June 1 to 03:00 on June 7: [)
Total Flow = Welr Flow x 12
(1-0.2552) F%

The weirbox was the only flow measlUrement ailable in this
interval. The theoretical flagh to atmospjdlre is 0.2552 for
a preflash tegperature of 545°F and preflash  TDS= 247,000
rpm. The 545 F effective pre-~flash tempeta?zre was calcu-
lated as follows: .

T



10.

11.

("F)
Temperature at 3,750 feet from the June 5, 1988
survey (Addendum G) 571.8
Less effective temperature loss in wellbore
= Wellbore heat transfer rate
Brine specific heat x flow rate
=5 _ -2.07 x 10% Btu_ = -21.4
~ED 0.825 Btu/(lbm-~"F) x 117,000 lbm/hr
Less efﬂg%tive temperature loss in surface piping
= 5
0.825 Btu/{lbm-F) x 117,000 lbm/hr
Effective pre-flash temperature = 545,2

From 05:00 on JunL 7 through June 20:
Total Flow = Brinﬁhﬁﬁow + Steam Flow

Cumulative Flow = Cumqﬁative total flow from the start of the
test.

Weir Flow = (Weirbox ﬂ&gel)l's X 26500 -~ (GPM fresh water
x578)

26,500 is the coefficient "for a 14.75-inch square-notch weir
and a specific gravity of 1.X The factor 578 is the conver-
sion from gpm of fresh water 't lbm/hr times the factor 1.156
to account for steam condensed B%Vthe addition of cool water.

From June 1 to 03:00 on June 7, any gaps in the weir box
readings were filled in by interpolation. Gaps occurred
because sometimes there was too much am blowing around the
weirbox to approach it. ﬂ:f

Cumulative Weir Flow = Cumulative flow ;gkough the weir from
start of test. This number doeg not include dilution water
or the steam condensed by it. It repgigents only brine
from the well, after the flash to atmosph ¢« as 1f there
were no dilution water added.

T
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"-12. Injection Flow = ppr-} reading

This orifice factor was calcul.
1971) for the .
following conditions:

FR-1

- Dia. Pipe = 7,981 1in.
Dia. Orificg = 5.5 in.
Temp. = 17¢ F
Pres. = 190 psia
Salinity = ,337g wt. fra
Density = 75.93879 lbm/f
Chart Full Scale = 100 i,
Reading = ]
FLOW RATE = 64865.25 lbm,
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ADDENDUM E

BRINE DATA AND STEAM FLASH MODEL
FOR JUNE 5, 1988

SALTON SEA SCIENTIFIC DRILLING PROJECT
WELL STATE 2-14

SUMMARY

A comput$r model for thermophysical properties of
hypersaline brine8 has been calibrated by the physical and
chemical data col ed during a flow test of State 2-14.
This report focu mainly on assembling an internally
consistent set of data for June 5, 1988, the fourth day of
the flow test. Th; model incorporates thermophysical
properties of NaCl brin having a range of TDS values that
spans those observed ;ii%the gecthermal fluids. It also
models the pressures of multiple gases in any proportions.

Brine samples were collected from the flowline on
June 3, 4, and 5 and from t weirbox on June 5. Downwell
measurements of temperature ahd pressure on June 5 provide a
basis for selecting the flash tiation conditions and an
estimate of enthalpy losses from the wellbore.

Results show a brine with flash initiation
temperature near 570°F, pre-flash TDS r 247,000 mg/kg, COy
content possibly near 3900 mg/kg (to flow basis), and a
steam yield near 25 weight percent of to flow. Scale and
sludge formation is estimated to be ;ight 1400 mg/kg or
nominally 100 pounds per megawatt-hour of produced
electricity.

T



ADDENDUM E

BRINE DATA AND STEAM FLASH MODEL
FOR JUNE 5, 1988

SALTON SEA SCIENTIFIC DRILLING PROJECT
WELL STATE 2-14

INTRODUE%ION

Eae purposes of this addendum are to establish a
pre~flash cqu051tlon of the brine and present computations
that show thg=evolution of the brine through the wellbore and
surface fa ity with computational results matched to
measured data ﬂgfre they are available.

Brine saifjples were taken on June 3, 4, and 5 from
the two-phase fldwline near the wellhead. An additional
sample of brine taken from the weirbox on June 5.
Sampling was don n these days to support a set of
experiments by Dr. pDennis Darnall, New Mexico State
Univesity, Las Cruces,ﬂNew Mexico. Other sampling by EPRI
was done later, but resu are not available at the time of
this writing. $Qr :

Downwell measurem s of temperature and pressure
are available for one of the "sampling days, June 5, and also
for June 12, 14, and 20. F%

At the time of these sagplings, the steam separator
was not in operation, nor was diluent (canal) water being
added to the brine stream.

testing were available at the time of s writing. However,
gas data and complete - brine composit are available for

No data on gas collections Quring the June 1988
the flow test ofig?éember 1985, when thi%well was produced

from depth of 62 Qat&
e 5
‘ The. conputations used 'with éatse data for
hypersaline - brines: are more complicated t for other

geothermal samples.. Density differences mus€ be accounted
for 1g-«native - fluids, preserved samples, a analytical
standards. Flash ca;qnlations must account for ghe high and
changing salt content of the evolving residual liquid which
yields stean. Onesfsample, from the weirbox, 1lost some
material due to supdrsaturatlon of some components, but it
was possible to mathematically reconstitute that composition,
simultaneously giving ‘a quantitative measure of solids
deposition. ‘




SAMPLING

The weirbox sample was obtained by dipping a
container into the active flow stream. Some of that fluid
was then suction filtered and an aliquot placed into a pre-
weighed sample bottle containing dilute acid. The sample was
clearly not complete since suspended solids, mostly related
to silica precipitation, were visibly abundant and provided
the mairm) motive for filtering. Solid sodium chloride was
abundant in the weirbox as a consequence of steam losses
which re ted in its supersaturation. Additional sodium
chloride precipitated from the sample while filtering.

——]

Samples from the flowline were taken with a Teflon-
lined probe/cocling coil assembly. Access was through a gate
valve on the flowline about 40 feet from the wellhead. The
- probe, 1/4-~inch 0.D. stainless steel, was inserted into the
flow space of thef flowline through an access valve assembly
located at a 3-o'Clock position on the horizontal flowline.
Flowline temperatu at the sampling point were essentially
those of the wellh , near 492° F.

Although the Ahowline carried a mixture of steam and
brine, it was intended locate the tip of the probe near
the pipe wall where aj\gontinuous liquid phase might be
encountered. Cooled brine scharging from the coil end was
directed intoc a pre-weiqg sample container containing
dilute nitric acid.

At the time of floiggne sampling, the attempt to
obtain steam-free brine appearedSglccessful. It was possible
to adjust the probe tip positién so that ne gas bubbles
(effervescence) were associated with the discharge from the
sampling assembly. Success 1s further indicated by the
essential identity of apparent in situpegncentrations for the
brine samples collected on successiv ays. Additionally,
the relative difference in salt contents_Qf the sample from

the flowline and the weirbox (aft adjustment for
precipitation) are in good correspondence tg what would be
expected from steam release between the two ations. Scale

deposition in the probe/coil sampling eqUipment appeared
minor and is not considered further.

DATA E | jr

Results of the chemical analyses are presented in
Table 1A. Other data for computing dilution factors and
densities of samples as delivered to the analyst are given in
Tables 1C and 1D. The purposes and applications of the
dilution and density factors are explained in subsequent
sections. ‘



Analyses for most reported elements were made by
inductively coupled plasma {(ICP) with comparative standards
matching the approximate brine composition. In addition,
ammonium was determined by specific ion electrode and
chloride and bromide by titration. Sulfate and bicarbonate
were not determined. Other experience with the Salton Sea
resource indicates their concentrations are negligible. The
ICP scan tests for 37 elements, 16 were above detection

limits.Fi

Measured downwell temperatures and pressures versus
depth are=given in Table 2A and Figure 1, which are based on
data in Appendix D. Temperature data were obtained by Kuster
gauge. L ed temperature values are derived from a
calibration f the tool made after the measurement run.
Pressures were [mneasured with a capillary tubing assembly with
- surface readou Temperature and pressure tools were run
simultaneously ong the same line. Point measurements were
obtained by stopping the tools at pre-selected depths. This
allowed tools ¢t equilibrate at each reported point.
Temperatures are b eved accurate to *3%F and pressures to
+0.3 psi.

Surface temperatures and pressures were monitored by
calibrated dial thermomé@é;s and bourdon-type gauges. Data
were recorded manually. Temperature gauge calibration was
done in the field using a/Aplatinum resistance thermometer
(PRT) as a reference. Some “edrly complications with external

cooling of the thermometer ls were solved by insulating
then. Surface data are reported in Appendix D. The
temperature on June 5 is taken 4929F at the wellhead and

the sampling point. Pressures rdnged from 503 to 513 psig.

the weirbox, including adjustments for)| §team loss. The steam

Brine flow rates were indiciijf by measurements at
separator was not in service on June 5; therefore, separate

measurements of steam and brine a not available.
Mechanical conditions that invalidate steam flow data
were discovered after the test. This alkence of steanm
measurements is a major motive for the steaf®flash modeling
of this section. F:

DATA TREATMENT e 7r

A principal objective of data treatment is to
determine the pre-flash concentration of the brines that is
consistent with measured concentrations in partially flashed
samples and with other data. Five kinds of adjustments to
data are required to accomplish this objective. The last of
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the five involves computing steam yields, including
allowance for enthalpy losses between the measured
temperature at the flash point in the wellbore and the
temperature at the surface sampling point. The proprietary
computer program FLAGASA was used to support this report. It
has been designed to deal with steam flash from gassy, briny
liquids, especially of the Salton Sea resource type.

The flash computations of FLAGASA are best applied
to ana ical results that have been accurately adjusted to
represe the field concentrations. These adjustments
account for: (1) Raw analytical results show small mismatches
between éﬁ; electrically positive and negative components,
The mismatch_is resclved by increasing the concentrations of
selected components. (2) Field preservation of the samples
inveolved acidification and dilution with dilute nitric acid.
Since nitrates|lare not a part of natural geothermal fluids,
" they are not ammlyzed and are inconsequential to the fluid
description. Howgver the dilution effect must be accounted
for. (3) Analytidal results are presented in units of mg/1,

which are unworka for salty brines that involve large
changes in temper e, hence molar volume. Conversion to
units 1like mg/kg are; required. (4) The weirbox sanmple

involved losses of aterial and that sample must be
mathematically reconst ed before it can be used as a
reference with the flash §mputations.

Charge Balance ﬂ%

Analytical data in able 1A show an excess of
positive charge. For each amalysis, a balance is forced by
reducing the concentrations of cagdon (+) species. The total
amount of charge reduction needed for overall balance is
distributed among the several species in proportion the the
fraction of total charge each species represents in the
analysis. Results are given in Table .

Only chloride and bromide are reported. Since bromide is
minor, this is egquivalent to accepting e chloride as a
reference material. This is reasonable becz%ze the chloride
analysis is inherently one of the most accur in the set.

The negative species (aniaons) ﬁ:e not adjusted.

Density Computation E:

The analytical results are presented‘jzx units of
mg/l whereas only weight fractions (i.e. mg/kg) are
practical for describing brines that flash. The difference
can be accounted for by the density of the sample as
delivered to the analyst in the acidified form. Dividing
the mg/l results by density (kg/l) yields the useful weight
fractions. '



Those sample densities were not measured, but they
can be computed from the analytical results; the process is
indicated in Table 1C. The procedure takes advantage of the
brine being dominated by chlorides. Specifically, the
density of a mixed-salt brine can be represented by a pure
NacCl brine of different weight concentration.

Density factors given in Table 1C are used to
generate, the concentration of a fictitiocus NaCl brine which
has t same density as the mixed salt brine sample.
Specifically, the factors represent the number of ppm of Na
(as chloride) which have the same effect on solution density
as one ppm of cation X (as chloride). Values are based on
data given CRC (1986). Unit values are used (Table 1C)

when there is insufficient data to evaluate a density factor.

The Lroduct of density factor and measured
concentration of yields the mg/l of Na required for equal
density. summing the products yields an egquivalent
concentration for mixture, which can be converted to a
molar basis. DengWy of the mixed-salt brine can then be
determined by entering a table for (pure) NaCl brine
densities at the approgriate molar concentration. Values for
g/ml in Table 1C are aISﬁ\Eased on CRC (1986).

pilution Factors

Dilution factors f@& the brine samples account for
the dilution and acidificatio ade in the field at the time
of sampling. Data for co ting those factors and the
results are given in Table 1E. e dilution factor (dil) is
a multiplier for the analytical kesult, converting the lab-
sample concentrations to a field basis. Additional dilutions
were made in the analytical laboratory so that the
concentrations of components in the alyzed aliquots were

‘on scale! for the analytical metho Those laboratory
dilutions are made on a volume, not weigh basis and are not
detailed here. They are presumed ac ted for in the

reported analytical results.
Apparent Field Concentrations ﬁ‘

In situ concentrations for all compoments are given
by X*dil/dens, where X 1is a reportedemanalytical
concentration, 'dil' {s a dilution factor, and |'dens' is a
sample density as described above. Results are listed in
Table 1C; units are mg/kg.

The uniformity of results for the flowline samples
is remarkable —-- many components show variations much smaller
than one percent relative, which in some cases is better than
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the expected analytical precision. It deserves note that the
dilution factors were unknown to the analyst, hence the
analyses were appropriately 'blind'.

Such small contrasts indicate that steam was not
contaminating the brine samples ocbtained by the probe. The
effect of inadvertent amounts of steam in the samples would
be erratic results in the analysis. Furthermore, the
similarity among the flowline results for three successive
days inddicates a remarkable uniformity of the produced fluid.
That in%%cates it is probably free of contamination by other
fluids i oduced into the well by drilling, completion, or
injectioggéksposal.

Reconstréétion of the Weirbox Sample

The welirbox sample (Code 254) was known to have lost
considerable si¥ica and iron from solution before collection,
as well as sodium phloride. It deserves note that deposition
of NaCl at atmosbheric flash conditions requires special
accomodations, sucﬁvﬁs addition of fresh water, to sustain
fluid production.

Additional ma&erials were lost during filtering.
However, not all of 19 measureable components are
depleted during fla ng, cooling, filtering, etc.
Specifically, lithium, boron, manganese, bromide, and others
are known or thought to befAunaffected. Thus, they can be
used as references.

Usually, chloride ijQL reliable reference, partly
because the chloride analysis imgsone of the most accurate.
In this case, however, reconstruction of the chloride content
is necessary, and that can be done by involving the
element/chloride ratios of the flowline samples with the
weirbox sample data.

point and the weirbox, the ratios of com ents would be the
same at both locations, regardless of steam releases.
The procedure used here for reconstrygtion involves
simultaneous adjustment of the chloride and concentrations
in the weirbox sample to obtain a match with e X/Cl ratio
indicated by the flowline samples. Specificelly, equation

(1) applies: ' jr

*

(X/Cl)py, = [(X+ X)/(Cl+"Cl) lyp (1)

where "X and “Cl are test increments for the weirbox sample.
For a single increment “Cl, the ppm amounts of each "X are
found which cause a match with the (X/Cl)pp ratio for the

If no losses occurred between géé&flowline sampling
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flowline samples. The test values for (X/Cl)py are the
average for the three flowline samples.

In Table 3A, a trial is shown for the case where “Cl
= 10,700 ppm. Column headed 'Change in X' is the "X value
which establishes the equality in equation 1 when °Cl =
10,700. The column labeled 'Resid X' is an internal test to
show that the selected "X does yield the equality.

Other descriptors of “X are also presented. The
column hg in X' shows the size of "X in relation to X+°X
and indi es the relative magnltude of “X. The column 'Chg
in sxgmacguts' is the ratio of “X/(sigma)y, where (51gma)x
is the stapndard deviation of X for the three flowline
samples. Iﬁ%s especially useful to note which and how many
components change by less than 3 sigma units, for these are

the tracers wh#E? are not lost due to flashing or cooling.

Selectio of “Cl are tested by reviewing which and
how many componerks are changed by less than three sigma
units when the (W)FL ratio values are established for
(X+°X)/(C1l+°Cl). example, when “Cl = 10,700 (Table 3A)
there are eight components for which “X values are smaller
than 3-sigma; manganege, zinc, strontium, boron, lithium,
barium, magnesium, and b ide.

Alternatively, when “Cl = 11,000 or 10,500 (results
not shown), only seven omponents are fitted to the
corresponding (X/Cl)gy vallies by changes smaller than 3-
sigma. Other, more extrem choices for “Cl give still
poorer correspondences. Acc ingly, the changes shown in
the trial for “Cl = 10,700 are sidered the best estimates
for depositional losses from the weirbox sample.

It seems significant that lead, arsenic, cadmium,
and copper have lost relatively hig ercentages of their
initial concentrations (Table 3A). y are possibly not
related to the silica deposition, but they may be related to
sulfide reactivity. eﬁ

Iron losses are nmostly related o the silica
deposition, but may also be involved with “stlfide. It is
useful +to note that sulfide is scarce this brine
(generally too little to smell), and probably less than 15
ppm. Thus there is not enough to go around=spto all the
'missing' iron and alsg react with the copper, cadmium, etc.

Ammonium is partly lost to the steam in a
distribution effect that is fairly well understood and
dependent mainly on pH during flashing.



Behaviors of calcium and potassium are not clear.
They are not suspected of deposition during flashing, so are
expected to be good tracers. However, in this case, they
appear to have increased significantly in concentration, but
sources are not apparent, suggesting analytical problems.
The apparent increases are substantial in terms of both
relative percent of material and sigma units.

Net Concentrations

FiThe reconstructed composition of the weirbox sample
is shown Table 3B, along with the flowline data repeated
from TablE<1E. Values for the weirbox sample represent what
would have been contained in weirbox brine if no deposition
had occurred These are the proper compositions to compare
directly wi others. It is possible to make comparisons
element by eleﬂﬁft, or with the sum of a set of elements, for
example, the s of all components. These values are useable
as input to the stfam flash model.

Flash InitiatiﬂﬁﬁFemperature

The most pregise method for estimating the flash
initiation temperatu is to plot measured (downwell)
temperatures and pressu versus one another, Below the
flash initiation point ( ) in the wellbore both temperature
and pressure change independently but linearly with depth;
hence their mutual relationgfip is highly linear. Above the
FIP, temperature and pressSure change in non-linear ways,
partly due to physical aspecﬁEBof boiling and partly due to
the exsolving of non-H,0 gas In a plot of temperature
versus pressure, the FIP is indygated by where the plotted
points diverge from a straight line indicted by data in the
one-phase liquid zone. Figure 1 is such a plot and suggests
flash initiation occured between 570 and 570.5°F, The
temperature 570.29F and 1360 psia aresthe flash initiation
conditions. They correspond to a dep of 3160 feet for the
flow conditions on June 5. Those valu are used in the
flash model. @%

Effactive Flash Tamperature ﬁ\

Although the temperature of flash in ation can be
determined accurately, it does not completely derve the flash
model. The computed amounts of steam cannotsipe realist-
ically referenced to: the flash initiation emperature.
Conductive heat loss from the wellbore and the surface piping
causes the actual steam formation to be less than what may be
computed according ¢to the measured f£lash initiation
temperature. This effect is modeled by using an 'effective!
flash initiation temperature which is lower than the value
determined graphically (Figure 1).
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The difference between actual and effective flash
initiation temperatures corresponds to the heat losses up to
the point of interest, especially the sampling locations.
The ‘'effective! flash initiation temperature decreases down
the fluid flow path. Consequently, its value at a specific
point of interest 1is uncertain in proportion tc the
uncertainty of the cumulative heat losses up to that point.

S5As a practical matter, the heat losses through the
wellborg)and piping do not change greatly with a change in
fluid ma flow rate. However, the consequences to effective
flash téﬁ;%rature are almost directly proportional to fluid
flow rate because the relatively constant rate of heat loss
from the welibore, etc., affects a variable mass of material.

Yellbore HJLt Losses

In the ljwer part of the wellbore the heat loss can
be estimated with d accuracy from the temperature change
in the zone of o hase liquid flow. Data and computed
results are shown in TFable 2B. The four downwell surveys,
all reached a depth 5000 feet and involved temperature
measurements at 4000 a 5000 feet, as well as at other
places. By inspection graphed data, the flash initiation
was always shallower than 40Q0 feet. Thus the records can be
interpreted in a straightfqé%érd way. Table 2B is based on
the downwell surveys which “yleld four estimates of the heat
loss, at four different flow ERtes. All are in the vicinity
of 5659, at which point a bfite of about 24 weight percent
dissolved solids has a heat cap ty near 0.825 Btu/lb-°degF.
The average enthalpy change and heat loss wvalue of 354
Btu/hr°ft from Table 2B refers to the section between 5000
and 4000 feet depth where the hole was drilled by a 12 1/4-
inch bit.

At shallower levels in the hole_the heat loss per
linear foot of wellbore is greater, d nding on several
factors of wellbore construction, rock type, and temperature
gradients away from the wellbore axis. Ho er, experience
has shown that the relative rates of heat ss between two
sections of wellbore that carry the s fluid are
proportional to the drilled hole diameter. Using that
principal, the measured heat loss rate for the 00 to 4000
ft zone is used to ;estimate heat loss along the other
sections of the wellbore.

Table 2C indicates the depths in the well versus bit
size and shows the rates of heat loss. The value 1.90x106
Btu/hr applies to the section of wellbore above 3160 feet. A
“T value of 19.6°F is used for modeling the steam flash for
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June 5, when the flow rate was 117,000 lb/hr. That is, the
effective flash temperature of 570.2 - 19.6 = 550.6°F,
applies.

Heat Losses from the Surface Facility

Additional heat losses occur in the surface
facility. These were estimated for pipe-like surfaces
exposed to a 20-mph wind and a temperature differential of
415°F pendix F). Integration over the estimated metal
surfaceES;rea of the facility indicated a heat loss of
1.14x10 u/hr. This value is severe, but reascnable for
some nighttime occasions. At lesser wind speeds the heat
loss is almogt linearly less.

At ;%w wind speed a mechanism of natural convection
becomes dominant, but provides a minimum rate of heat loss.
A value of 26%,000 Btu/hr has been estimated for this

condition. That'amount induces an additional 2.7°F impact
on the effectivel flash temperature between wellhead and
atmospheric separa when the total fluid flow rate is

117,000 1b/hr. Th the effective flash temperature at the
weirbox is 570.2 = 19.ﬁ]- 2.7 = 547.9°9F,

FLASH MODEL FOR THE BRINH\|

The main purpose the steam flash model is to
derive a steam fraction of Tlow at the brine sampling point.
When accomplished, the meas brine compositions can be

adjusted to a pre-flash, reserwéir basis. Secondary purposes
include reviewing the reasonab ess of several numerical
quantities that were estimated.

Results from the foregoing section are used as input
to the calculational model for steam, yield. The brine
composition values work in the model two ways. First,
they provide an estimate for the salt eff on thermodynamic
properties involved with flashing. Secofdly, they serve as
references for salt concentrations which are to be matched by
the model at appropriate temperatures.

In principle, the pre-flash composit is obtained
by iteration beginning with an estimated pre-flash salt
content that is 'concentrated' according to cal ated steam
losses up to the sampling points. The correct selection of a
.pre-flash salt content is indicated by a match between the
computed and measured concentrations from the flowline and/or
the weirbox.
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Thermodynamic Data for Heavy Brines

Computing steam yield from produced fluids is an
elementary aspect in the geothermal industry. Steam tables
list appropriate properties of pure water that are accurate
for some geothermal resources. However, thermodynamic
properties of the heavy brines of the Salton Sea resource are
not adequately described by ordinary steam tables.

Thermodynamic data are - available for pure NaCl
brines r the temperature range of the Salton Sea resource.

Tabular data are awkward to use because the limited number of
tables d%% not provide a convenient way to track the
continuous y¢=increasing salt content of a real flashing
brine. =

It is]| possible to use the tabular data to fit

- equations of convenient form to provide a means for

handling the fljash relationships between any pair of
temperatures. That is the approach used here. Equations for

brine enthalpy, brj density, and enthalpy of vaporization
are based on tabu data in Haas (1976) and incorporated
into the computer model. Related equations for specific

volume of steam and |pressures due to non-H,0 gases are
derived from other s ces Ellis and Golding, 1963;
Himmelblau, 1960; Wisenb and Guinasso, 1979).

Use of NaCl therflodynamics for the Salton Sea
geothermal brines remains approximation. The mixed salt
composition is  far from sim NaCl. Specifically, sodium
ions balance only about 55 p ent of the electrical charge
of the chloride. That is, the on Sea brines differ from
a pure NaCl brine in the sense ofl having about 45 percent of
the sodium replaced by other components. The magnitude of
the thermodynamic effect due to this substitution has not
been clearly reported from laborato studies. One field
experiment showed that the differegié),may be significant
(Michels, 1986b)..s

‘However, in is review, the
thermodynamics fo

brer NaCl solutionsfgfire used for the

7 Infaddition. to the salt effects on JE;perature and
vaparfggggsgggﬁiyﬁgﬂ O, the presence of dissol gases is
importants:to" the~ bri. ‘and steamnm. Particularly, at flash
initiation, the pressures. of dissolved gases add to the vapor
pressure of Hy0, increasing: the measured pressure by hundreds

of psi from pure watef or simple NaCl brines.

£

No data on the gasi content of fluids produced from
the June 1988 testing are available at the time of this
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writing. Data are available from the December 1985 test,
however (Michels, 1986a). Furthermore, the model may be used
to test whether the gas contents observed in 1985 are
approximately the same as in current production as well as to
test for more appropriate estimates. With the nmodel,
computed pressures can be adjusted by selecting different gas
contents to match the observed flash initiation pressure with
the computed pressure. The model also computes the
contribution of non-H;0 gases to total pressure at any point
along t?g two-phase flow path.

Determining Pre-Flash TDS -- The Non-Adiabatic Model

h

hftg; the flash initiation temperature and wellbore
enthalpy lo 8 have been identified, the model may be used
to determiné the pre-flash total dissolved solids (TDS),
based on the Egs of the flowline sample. The model also
" gives a releva estimate of flowline pressure that can be
compared with meaﬂxred values.

Table 4 i computer output showing many physical
properties of th rine and steam mixture at selected
temperatures. All anme referenced to an effective flash

initiation temperature [of 550.6°F, as discussed above. The
pre—-flash TDS, 246,729 g/kg, was selected so that the
computed TDS at 4929F (siWpling temperature) matches the TDS
value of 261,865 mg/kg in Table 3B for sample 173. The pre-
flash TDS determined in tﬁs way 1is considered the best
estimate. The pre-flash va 246,729 mg/kg, is applied in
other runs of the model that|{{flocus on other aspects of the
fluid flow path.

The model also computes‘ﬁge partial pressures of all
gases and the total pressure at any selected temperature
along the flowpath, for example, at the near-wellhead
sampling point, (492°F) . These a shown in Table 4.
Observed pressures at the wellhead on e 5 ranged from 516
to 528 psia which may be compared with t computed pressure
of 540 psia. The computed partial pressui of non-H,0 gases
is 21.7 psi. The mismatch between computed and observed
total pressure may be partly due to an impro assignment of
gas content to the brine. The inaccuracy of“the H,0 pressure
computation is harder to estimate due to modethg the mixed-
salt brine as NaCl brine. Pressures of nonH,0 gases are
negligible at the atmospheric discharge point. Tr

The flash initiation pressure indicated in Table 4
has no significant meaning beyond indicating the pressure
that would exist if flash initiation occurred at 550°F.
Note that the concept of 'effective'! flash temperature has
the actual flash initiation occur at the measured conditions,
but by the time fluid arrives at the sample point, the amount
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of steam, etc., corresponds to a lower effective flash
temperature.

Using the composition of the weirbox sample in the
flash model has two applications. By assigning an
appropriate heat loss, one can obtain an estimate of the pre-
flash composition that is independent of the flowline
sample. Using the temperature impact described earlier
(570.2 - 19.6 - 2.7 = 547.9) and matching the reconstructed
weirbox=composition (Table 3B) yields a pre-flash TDS of
248055 mg/kg. This latter value appears also in Table 3C.
It may be used with the 246,729 mg/kg to obtain an average,
247,3921+93€ mg/kg. -

Altex atively, one may use the pre-flash TDS. based
on the flowlifle sample with the heat loss appropriate for the
weirbox. Thidl approach yields a computed weirbox TDS_ of
© 330,879 mg/kg able 5) which is smaller than the observed
value of 332,474 fmg/kg (Table 3B). The difference, 1595
mg/kg, represents ¥the net effect of all errors involved in
the analyses and the model between the two reference
temperatures (flow and weirbox). :

The size of t&at error may be expressed in several
forms. For example, th bserved difference in TDS between
flowline and weirbox ples is 70,609 mg/kg (Table 3B
samples 173 vs. 254). The computed contrast is 69,014 mg/kg.
The values differ by 2. relative percent. This is
equivalent to a mis-estimat f steam yield of 0.0045 percent
on a total flow basis. F%

For comparison, steam ﬁrtes measured with orifice
meters are uncertain by about 5l relative percent, or 1.25
units for a steam yield of 25 weight percent. Thus, the
FLAGASA computation is internally consistent to a precision
much above what can. be expected from rect measurements in
the field. Cj '

The full: coppositions of the pld-flash brines are
given in Table;3J ong with the compositidn’ obtained from the
December++1985. ¢ Witest: (Michels, 1986b). re are several

minor differenqes hat are beyond the .scope this report.

Resugtlﬁfor an:Adiabatic Model of Steam rlashvng

L
An 1dealized .case for modeling involves the
adlabatlc or no-heat-loss assumption. Table 6 has the same
form as Tables 4 and '5 - but uses: the undegraded flash
initiation temperature as "a basis for computation. The
apparent flash fractions are somewhat higher. The pre-~flash
TDS used for Table 6 is the value from Tablé 4; there is no
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merit in seeking a unique pre-flash TDS value for the
adiabatic computation. Similarly, the mismatches between
computed and observed TDS values at flowline and weirbox
positions have no significant meaning.

One merit of the adiabatic computation is that it
provides a basis for estimating gas contents of the fluid.
The vapor pressure of H;0 over brine at 570.2°9F is not
sufficient to account for the measured pressure.
Accordipgly, a gas content was introduced into the model
which ses the computed pressure to match the measured
value. cifically, the model mixture of CO,, CH4, and Ny
conforms &p the proportions observed in the flow test of
December '198§':, However, to match the June 5 flash pressure,
a greater g content was required, 3702 ppm of (O, versus
1660 ppm, wi the other gases in the same proportions. The
larger amount Pemains reasonable for the Salton Sea resource
~and may be aceepted as a valid estimate until directly
measured values befome available.

No estima for HyS content is provided. In all
reasonable cases £ he Salton Sea resource, it would have a
pressure component tog small to discern among the other
components of pressurej

Steam Yields from theNrine

An estimate of the’maximum steam yield for a single
stage process may be based the adiabatic model. From
Table 6, this is 27.4 weight cent at atmospheric pressure.
The probable steam percentage Ytainable for a commercial
venture is less than that, depénding on the actual heat
losses encountered from the wellbore and surface equipment.
There also is a need to make steam separation at higher than
atmospheric pressure for engineeripng reasons, further
reducing the amount available for commdrkial purposes.

On the other hand, the non-adia ic case described
in Tahle 5 over-estimates the effect of Hedt losses on steam
yield because the modeled flow rate iségfelatively low
compared to a commercial rate. Howeve¥ ,* it does not
incorporate surface heat losses nor a higher-t -atmospheric
separation pressure that would be encountered in a commercial

process. T

Table 7 shows the results for assuming a brine
production rate of 420,000 lb/hr and an enthalpy loss of
2.22x108 Btu/hr between flash point and a low pressure steanm
separation point. These conditions represent a reasonable
commercial application of State 2-14. The computed one-stage
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steam yield is 25.17 weight percent at 23 psia (250°F).
Yields at other nearby pressures are given in Table 7.

The nominal value of 25 weight percent is suggestive of what
might be available for exploitation. Important complications
exist, one involves the tendency of the brine to deposit NacCl
at atmospheric flash conditions, described in the following
section.

A two~-stage steam separation plant might be
practic for resource development. That option yields a
slightly higher net percentage of steam recovered from the
brine ¢ ared to a single stage flash over the same
temperatuj range. Modeling related to evaluating such
options is pogsible but was not pursued at this time.

Implicatg%ns for NaCl Deposition

Deposition of NaCl at atmospheric flash conditions
cannot be toleratled in a commercial situation. In later
stages of the Jure flow test, canal water was added to the
brine upstream th tmospheric flash. This prevented NacCl
supersaturation an abled the test to continue.

Alternatives &o canal water addition are available.
Cne (RGI 1985) involves 1 completions that tap two thermal
resources, one dilute, s hat the mixed production from the
well does not deposit NaCl at the surface, even though the
non-dilute member would ca deposition if produced alone.
Furthermore, partially flashed brine from the combined-fluid
well could be blended with br from saltier wells that feed
the same surface facility. That would serve a similar
function that canal water serve in the flow test, but with
no negative impact on enthalpy and steam yield.

Clearly, the one-stage steam yleld quantified in
this preliminary modeling is only a rgygh approximation for
how State 2-14 might actually be develdpkd.

Scale and Sludge Deposits F%

Deposition from the June 1988 test s significant.
Scale fragments were recovered from the £l ine after the
test which had thicknesses of nominally 1/2 ch. They are
not considered further in this report. In practice,
deposited solids may occur as adherent scwles to be
periodically removed from pipelines, etc., or ds suspended
solids, grown in a crystallizer or reactor/clarifier-type
device and recovered as a sludge. Either way, they
constitute a solid waste, and the collection and disposal
will represent significant plant features.
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Reconstruction of the composition of the weirbox
sample gives a quantitative estimate for the amount of
materials that will become solids. The amount may be
estimated from the data given in Table 3A. Specifically, the
apparent sludge-forming materials are iron, silica, 1lead,
arsenic, cadmium, and copper. The listed mg/kg amounts are
on a basis of flashed brine.

The silica deposit will incorporate chemically bound
water give an approximate relation of Si0;°2H50. Hence,-
the 1i d mg/kg amount of SiO; underestimates the expected
weight of its solids. The other metals will also be
associatL in scale with items not 1listed in the
reconstructigg. Furthermore, a waste sludge will contain
several percent of moisture, either as residual brine or as
water used to displace the brine.

Colleﬂtively, the brine sample reconstruction
indicates that abgqut 930 mg/kg of materials (post-flash brine
basis) will deposit. The recovered amounts of sludge, etc,
will be more tha hat by a factor of about two. That
corresponds to abo 400 mg/kg of solids, on a basis of pre-
flash brine, that woulm require disposal.

by relating to it the en recovered from associated steam.
Nominally, for a 25 percent steam yield and 18,000 pounds of
steam per megawatt-hr, dispaﬁeble solids will amount to about
100 pounds per megawatt-hr. :

That amount may ;e put in terms of power production
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CONCLUSIONS.

A model that is internally and logically consistent
with the observations is presented in this addendun. The
bases for calibrating the model are described in detail,
particularly in regard to identifying the fluid composition.

e model is used to compute some useful results
that wer ot or could not be measured. Selected results
are provided as computer printouts.

Bri from the State 2-14 well has a pre-flaéh TDS
of about 247000 mg/kg that may be produced with an

- effective f1 temperature near 563°F. Under those

conditions it woulgl yield about 25 weight percent steam at 23
psia (250°F). T brine has a tendency to deposit NaCl at
atmospheric flash ditions and eliminating such deposition
may have an impac n steam yield. Other solids, mainly
siliceous sludges wi heavy metal accompaniments, will
deposit at a rate of tg‘l::om: 1400 mg/kg or approximately 100
pounds per megawatt-hour N electricity produced.
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ADDENDUM E
BRINE DATA AND STEAM FLASH MODELING
SALTON SEA SCIENTIFIC DRILLING PROJECT

TABLE 1: BRINE COMPOSITIONS

O

R eI P B--- e c--- e -e-E-e-
"""""" Analytical Data----- ------Charge Balanced------ ---»---Density Computation-------- ---Aﬂrent in situ Concentrations--~
Day 6/3 674 6/5 8/5 - 6/3 674 6/5 6/5
Time 1855 1414 1355 0630 ﬂ ﬂ 1855 1414 1355 0630
Code 180 182 173 254 180 182 173 254 Density 180 182 173 254 180 182 173 254
Type line line Lline atmos factor line line line at line line Lline atmos
Temp (F) 494 492 492 2  eeews mg Na per liter------
-«~-milligrams per Liter--- ~---milligrams per liter--- -for equal density affect- --milligrams per kilogram-
Sodium 34062 31988 29100 689775 33238 31527 28820 67661 1.000 34062 31988 00 69775 Sodium 56092 55830 55495 64135
Calcium 17238 16050 14575 39800 16821 15819 14435 38594 1.228 21168 19709 48874 Calcium 28387 28013 27795 36583
Potassium 10640 9962 ~ 9131 24440 10383 9819 9043 23699 0.642 6831 6396 15690 Potassium 17522 17387 17413 22465
Iron 1051 991 T 89B 2232 1026 or7 889 2164 1.303 1369 1391 1170 2908 Iren 1731 1730 1713 2052
Manganese 928 863 800 2096 906 853 792 2032 0.742 689 642 594 1553 Manganese 1528 1510 1526 1927
Zine 320 299 276 723 312 295 273 701 1 2 299 276 723 Zine 527 522 526 665
silica 301 2 260 148 294 278 257 1464 1 282 260 148 Silica 496 492 496 136
Strontium 254 240 220 579 248 237 218 561 o 177 167 153 403 Strontium 418 419 420 532
Boron 252 236 217 567 246 233 215 550 _ ‘ﬁ 252 236 217 567 Boron 415 412 414 521
Lithium 134 126 115 302 131 124 114 293 1 134 126 115 302 Lithium 221 220 219 278
Ammonium 246 238 212 536 240 235 210 520 &~ 1 246 238 212 536 Ammonium 405 415 404 493
Barium 67.7 66.2 69.0 176.0 66.1 65.2 68.3 %7 0.873 59.1 57.8 60.2 153.6 Barium 111 116 132 162
Lead 60.0 58.3 33.0 130.0 58.5 57.5 52.5 1 1 60.0 58.3 353.0 130.0 Lead 9 102 101 119
Magnes ium 28.1 25.4 23.7 61.8 27.4 25,0 23.5 59.9 1 28.1 25.4 23.7 61.8 Magnesium 46.3 443 45.2 56.8
Arsenic @.57 8.63 8.56 17.80 9.5 &8.51 8.48 17.26 1 9.6 8.6 8.6 17.8 Arsenic 15.8 15.1 16.3 16.4
Cadmiun 1.49 1.28 1.19 1.65 1.45 1.26 1.18 1.60 1 1.49 1.28 1.19 1.65 Cadmium 2.45 2.23 2.2T 1.82
Copper 1.00 1.11 1.10 1.38 0.98 1.09 1.3% 1 1.00 1.11 1.10 1.38 Copper 1.65 1.94 2.10 1.27
Chloride 94000 88900 81300 202000 94000 81300 202000 thloride 154796 155162 155042 185673
Bromide 61 59 55 146 59 55 146 Eq Na mg/L 65708 61527 56005 141849 Bromide 100 103 105 134
Sum of ppm 159655 150397 137316 343733 15 49512 136777 339442 Eq mol/l 2.857 2.675 2.435 6.167 Sum of ppm 262913 262496 261865 315951
g/ml  1.1088 1.1021 1.0933 1.2268
Anion eqs. ~ 2.632 2.508 2.294 5.700 ) 652 2.508 2.294 5.700
Cation egs. 2.718 2.545 2.316 ﬁa 2.652 2.508 2.294 5.700
Chrg Balance 0.012 0.007 0.0%5 5 .000 .000 .000 .000 meeDene
diff/stp == 0 e  mesessee Dilution Factor Computation--------
180 182 173 254
Elements at {ess than detection limits: Bottle Weights
empty 11.136 11.107 11.189 11.35
12 Al 5 Ce 2.5 Ni 2.5 Ti wW/acid 41.120 41.126 41.166 16.66
1 Ag 0.5 Co 2.5 sn 120 U wW/smpl 77.422 73.629 68.798 58.28
2 Au 2.5 ¢cr 15 Sb 25 Vv Diin fetr 1.826 1.924 2.085 1.128
0.02 Be 2.5 La 30 Te 2.5 W :
50 Bi 12 Mo 50 Th 2.5 2r
0.01 Cs 0.01 Rb



~~~~~~ ~~u---Measured Temperatures

Depth
feet
o

500
1000

1500
1600
1800
2000
2250
2500
3000
3500
4000
4500
5000

~~dune 5--- --June 12--
F psig ¥ psig
529.8
503.2 503.6
516.0 511.1 678.8
1300 727.2
530.5 523.8
791.6
840.9
546.8 896.5 536.8 870.2
974.1
560.5 1063.6 553.9
568.3 1268.9 559.7 1196.0
571.0 1484.7 565.8

572.5 1699.8 565.5 1625.5

PRy T

573.6 1919.2 567.5

575.1 2140.2 568.9 205%573.6 1974.9

=

T

TABLE 2:

ard Pressures

“=June 14--
F psig

501.6

512.8 657.3

525.0

535.7 832.1

551.0

562.4 11

568.2

570Pe1535.2

5
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--------------

~~June 20--
F psig

507.4
520.0 659.4

531.8

545.7 837.0

559.2
573.0 1121.9
579.5
580.9 1540.3
581.8
582.0 1968.6

----Bg
-------- Heat Loss Computation-~~-----

—=

-- val 5000 toc 4000 feet--
Date 000-T4000 Rate L

deg F Lb/hr Btu/hr ft
p=>B

2.6 117000 251
June 12 2.4 208000 412
June 14 1.1 402000 365
June 20 1.1 420000 381

Average 352
Std. Dev. 61

C = 0.825 Btu/lb degF at 563F
L = "T*R*C/"Z = Btu/hr ft

iy

DOWNWELL TEMPERATURES, PRESSURES, AND HEAT LOSS RATES

EEEES L LT

-~-Heat Losses Along the Wellbore---

"z 1L*°2
Btu/hr

485 525690

17.5 506 2483 1255689

Depth Bit Die L
5000
12.25 356 1
3515
1032
26 751
150
36 1040
0

Sum above 3515 ft:

Don Michels Associates
1 August 1988

882 662688
150 156049
2074426
Btu/hr



ADDENDUM E
BRINE DATA AND STEAM FLASH MODELING
SALTON SEA SCIENTIFIC DRILLING PROJECT

TABLE 3: PRE-FLASH BRINE COMPOSITIONS

o U

R B--- A .
----- Reconstitute Semple 254------- ---==--=--- NET CONCENTRATIONS --------=--  --PRE-FLASH CONCENTRATIONS--
Trial “cl = 10700 i{Eﬂeﬂs 1988  Dec 30

Code 180 182 173 254 Bagsed on: 1985
Apparent Change Resid % Chg Chg in Type line line Lline atmos ﬁ=== 173 254 avg % diff
comp inX X inX sigma Temp 494 492 492 223
mg/kg  mg/kg my/kg units --milligrams per kilogrammmes

Sodium 646135 -6567 0 8.6 -26.9 Sodium 56092 55830 554%0702 52287 52750 52661 0.2
Calcium 36583 1027 0 -2.6 L2 * Caleium 28387 28013 2 5556 26188 26528 26515 .0
Potass{um 22465 369 g -1.5 6.3 % Potassium 17522 17387 174 2096 16407 16485 16502 -0.1
Iron 20527 -133 g 5.6 -15.9 Iron 1731 1730—4713 2185 1614 1630 1552 4.8
Manganese 1927 -1 0 0  -0,1 %** Manganese 1528 1510 1526 1928 1437 1438 1385 3.7
Zinc 665 -0.6 .0 0.1 -0.3 ** 2ine 527222 526 665 496 496 506 -2.0
Silica 136 -490 0.5 76.8 -291.7 Silica 496 92 496 626 467 467 >475
Strontium 532 1.5 0 -0.3 2.9 ** Strontium ﬁa 419 420 531 395 396 405 -2.3
Boron 521 -2.8 .0 0.5 -2.2 #* Boron 5 412 414 524 390 391 357 8.7
Lithium 278 -1.1% .0 8.4 -2.0 Lithium 221 220 219 279 207 208 190 8.6
Ammonium 493 -85 -0.4 4.5 4.9 Ammon i 405 415 404 518 381 386 336 13.0
Bar{um 162 9.9 -0.4 -6.0 1.1 % B 111 116 132 152 124 113 194 -71.2
Lead 19 -7.9 .0 5.7 -6.3 Le 99 102 101 127 95 95 95 .0
Magnesium 57 -0.5 .0 0.8 -D.6 ** Magnesium 46 44 45 57 43 43 36 15.8
Arsenic 16 -3.5 0 116.4 -6.8 Arsenic 15.8 15.1 16.3 20 15.4 15
Cadmium 2 -1.4 0 45.9 -14.5 Cadmium 2.5 2.2 2.3 2.9 2.1 2
Copper 1 -1.1 .0 444 - Copper 1.6 1.9 2.1 2.4 2.0 2
Chloride 185673 -10700 ] 5.0 -7 Chloride 154796 155162 155042 196373 146080 146512 153668 -4.9
Bromide 134 4 0 -2 2.2 * Bromide 100 103 105 130 99 o7
Sum of ppm 315951 -16523 4] 4m38.3 Sum of ppm 262913 262496 261865 332474 266729 248055 254877 -2.8
** gest tracers r‘? Flash Fraction 0.0578 0.2539
* Other elements not los i lashing

=i

Pon Michels Associates
1 August 1988



ADDENDUM E
BRINE DATA AND STEAM FLASH MODELING
SALTON SEA SCIENTIFIC DRILLING PROJECT

TABLE 4: COMPUTATICN OF COMPOSITION AND PHYSICAL PROPERTIES

FOR FLASHING GEOTHERMAL FLUIDS O
EFFECTIVE FLASH TEMP: 530.6 F INITIAL VAPOR PREMES This computation
FLAGASA STEAM FLASH MODEL PRE-FLASH TDS 246729 ppm H20 N conforms to:
STATE 2-14 (Kennecott) €02 3701.8 ppm co2 || 4p%.5 Heat losses
BASED ON WELLBORE DATA FOR JUNE 5, 1988 Cl4 44.6 ppm CHb 14.4 to the weirbox
and BRINE DATA FOR JUNE 5, 1988 ‘ N2 78.05 ppm [Fﬁ! 24.0 NaCl thermodynamics
FLOW RATE: 117,000 tb/hr, total fluid Excess Enthalpy 0 Temp loss = 19.6 F
' Equiv. wt % Steam 0.00  omem Total: 1214 psia Salinity mismatch
at flowline 0 ma/kg
WEIGHT FRACTION at weirbox -~574 mg/kg
STEAM ! VAPOR OF INITIAL GAS ppin OF GASES
DEG MASS  BRINE NET VOLUME VDS REMAINING IN LIQUID IN VAPOR-PHASE «---PARTIAL PRESSURES~---~ TOTAL
F FRACTION SP VOL SP VOL FRAC ppm  £O2 CHY N2 £o2 CHS N2 o2 Ché N2 H20 PSIA KPA DEG C
550.6 0.0000 0.01630 0.0163 0.000 246729 1.000 1.000 1.000 Z 0 0 293.5 14.4 24.0 882.4 1216 8370 288.1
493 0.0570 0.01587 0.0581 0.743 261656 0.060 0.031 0.019 492 57 1340 19.9 0.7 0.7 522.9 544 3751 256.1
492 0.0578 0.01586 0.0581 0,747 261865 ©.059 0.030 0.019 748 1323 19.5 0.7 0.7 518.0 539 3714 255.6
491 0.0587 0.01585 0.0602 0.752 262119 0.057 0.030 0. 56111 737 1304 19.0 0.6 0.7 513.0 533 3676 255.0
407 0.1295 0.01527 0.2459 0,946 283446 0.010 0.004 O 27513 343 601 3.8 0.1 8.1 211.1 215 1483 208.3
406 0.1302 0.01526 0.2496 0.947 283656 0.010 0,008 0.002 27385 341 598 3.8 0.1 8.1 208.7 213 1466 207.8
226 0.2544 0.01413 5.3945 0.998 330910 .000 . .000 14337 175 307 8.2 .0 8 15.1 15 105 107.8
225 0.2566 0.01413 5.5391 0.998 331900 .000 .000 .00C 14215 174 304 0.2 .0 L0 14.8 15 103 107.2
224 0.2573 0.01412 5.4529 0.998 332191 .000 .000 .000 14180 173 303 8.1 .0 8 145 15 101 106.7
@ Don Michels Associates
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DEG
F

547.9
493
492
491
407
406
226
223
224

ADDENDUM E
BRINE DATA AND STEAM FLASH MODELING
SALTON SEA SCIENTIFIC DRILLING PROJECT

TABLE 5: COMPUTATION OF COMPOSITION AND PHYSICAL PROPERTIES
FOR FLASHING GEQTHERMAL FLUIDS

U

EFFECTIVE FLASH TEMP: 547.9 F  INITIAL VAPOR PRES&@ES This computation

FLAGASA STEAM FLASH MODEL PRE-FLASH TDS 246729 ppm K20 .6 conforms to:
STATE 2-14 (Kennecott) £o2 3701.8 ppm co2 ﬂ%?;9 Heat losses
BASED ON WELLBORE DATA FOR JUNE 5, 1988 CHé 44.6 ppm CHé 14.7 to the weirbox
and BRINE DATA FOR JUNE 5, 1988 N2 78.05 ppm W 26.4 NaCl thermodynamics
FLOW RATE: 117,000 ib/hr, total fluid Excess Enthalpy 0 Temp loss = 22.3 F
Equiv. wt % Steam 0.00 e Total: 1196 psia Salinity mismatch
at flowline -742
WEIGHT FRACTION at weirbox -1595
STEAM YAPOR OF INITIAL GAS ppm OF GASES
MASS  BRINE NET VOLUME TDS REMAINING IN LIQUID IN VAPOR-PHASE ~-~--PARTIAL PRESSURES---- TOTAL
FRACTION SP VOt SP VOL FRAG ppa €02 Chi4 N2 £o2 CH4 N2 co2 Ché N2 H20 PSIA KPA DEG C
0.0000 0.01628 0.0163 0.000 246729 1.000 1.000 1.000 0 0 293.9 14.7 24.4 862.6 1196 8241 286.6
0.0544 0.01587 0.0561 0.733 260910 0.063 0.033 0.020 793 1405 20.7 0.7 0.7 523.2 545 3759 256.1
8.0551 0.01586 0.0571 0.737 261123 0.061 0.032 0.020 96 783 1386 20.3  ¢©.7 8.7 518.3 540 3722 255.6
0.0560 0.01585 0.0581 0.743 261376 0.060 0.031 0. 58476 771 1365 9.8 0.7 0.7 513.3 534 3684 255.0
0.1271 0.01527 0.2414 0.945 282639 0.010 0.004 0. 28030 350 613 3.9 0.4 6.1 211.2 215 1484 208.3
0.1277 0.01526 0.2451 0.946 282849 0.010 0.004%0.002 27896 348 609 3.8 0.1 6.1 208.8 213 1467 207.8
0.2521 0.01413 5.3462 0.998 329905 .000 000 14465 177 309 8.2 .0 .0 151 15 105 107.8
0.2543 0.01413 5.4895 0.998 330879 .000 .000 .000 14341 175 307 0.2 .0 .0 14.8 15 103 107.2
0.2550 0.01412 5.6024 0.998 331169 .000 .000 .000 14305 175 306 8.1 .0 0 145 15 101 106.7
@ Don Michels Associates

m 13 Nov 1988
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ADDENDUM E
BRINE DATA AND STEAM FLASH MODELING
SALTON SEA SCIENTIFIC DRILLING PROJECT

TABLE 6: COMPUTATION OF COMPOSITION AND PHYSICAL PROPERTIES

FOR FLASHING GEOTHERMAL FLUIDS O
EFFECTIVE FLASH TEMP: 570.2 F INITIAL VAPCR PRESE@S This computation
FLAGASA STEAM FLASH MODEL PRE-FLASH TDS 246729 ppm H20 5 conforms to:
STATE 2-14 (Kennecott) €02 3701.8 ppm £o2 5 Heat losses
BASED ON WELLBORE DATA FOR JUNE 5, 1988 CHé 44.6 ppm CH4 2.5 to the weirbox
and BRINE DATA FOR JUNE 5, 1988 ’ N2 78.05 ppm ﬁ? 20.8 NaCl thermodynamics
FLOW RATE: 117,000 lb/hr, total fluid Excess Enthalpy i} Heat loss = none
Equiv. wt % Steam 0.00 ssm Total: 1360 psia Salinity mismatch
, at flowline: 5528 mg/kg
, WEIGHT FRACTION at weir box: 7065 mg/kg
STEAM ) VAPOR OF INITIAL GAS ppin OF GASES
DEG MASS  BRINE NET VOLUME TDS REMAINING IN LIQUID IN VAPOR-PHASE ----PARTIAL PRESSURES---- TOTAL
F  FRACTION SP VOL SP VOL FRAC ‘ppm CO2 CH4 N2 co2 EHA N2 co2 CHé N2 H2o PSIA KPA DEG C
570.2 0.0000 0.01645 0.0165 0.000 246729 1.000 1.000 1.000 0 0 0 290.5 12.5 20.8 1036.5 1380 9377 299.0
493 0.9767 0.01587 0.0727 0.799 267220 0.045 0.023 0.014 84 568 1002 15.3 0.5 0.5 520.7 537 3702 256.1
492 ©0.0773 0.01586 0.0737 0.801 267393 0.044 0.023 0.014 3 564 995 15.1 0.5 6.5 515.8 532 3666 255.6
- 491 0.0782 0.01585 0.0749 0.805 267652 0.043 0.022 0. 43356 558 984 4.8 0.5 0.5 510.8 527 3430 255.0
407 0.1676 0.01527 0.2783 0.953 289463 0.009 0.003 0. 24254 301 527 3.4 0.1 0.1 21C.1 214 1473 208.3
406 0.1483 0.01526 0.2823 0.954 289675 0.009 0. 0.002 24158 300 525 3.4 0.1 0.1 207.7 211 1456 207.8
226 0.2710 0.01413 5.7472 0.998 338432 .000 . .000 13473 165 288 0.1 .0 .0 15.0 15 104 107.8
225 0.2733 0.01413 5.9014 0.998 339339 .000 .000 .000 13357 163 285 8.1 .0 0 167 15 102 107.2
226 0.2740 0.01412 6.0218 0.998 339845 .000 .00C .000 13326 163 285 8.1 .0 0 14.4 15 100 106.7

@ Don Michels Associates

m 13 Nov 1988
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ADDENDUM E
BRINE DATA AND STEAM FLASH MODELING
SALTON SEA SCIENTIFIC DRILLING PROJECT

TABLE 7: COMPUTATION OF COMPOSITION AND PHYSICAL PROPERTIES

FOR FLASHING GEOTHERMAL FLUIDS O
EFFECTIVE FLASH TEMP: 563.5 F INIYIAL VAPOR PRES@S This computation
FLAGASA STEAM FLASH MODEL PRE-FLASH TDS 246729 ppm conforms to:
STATE 2-14 (Kennecott) €02 3701.8 ppm coz [fgzﬁL Heat losses
BASED ON WELLBORE DATA FOR JUNE 5, 1988 CH4 44 .6 ppm CHé to low pressure separator
and BRINE DATA FOR JUNE 5, 1988 ) N2 78.05 ppm ﬂ‘_ﬁZ 21.9 MaCl thermodynamics
FLOW RATE: 117,000 Lb/hr, total fluid Excess Enthalpy o Temp loss = 6.7 F
' Equiv. Wt % Steam 0.00 emmm Total: 1308 psia
Z mg/kg
» WEIGHT FRACTION mg/kg
STEAM = VAPOR OF INITIAL GAS ppin OF GASES
DEG MASS  BRINE NET VOLUME TDS REMAINING IN LIQUID IN VAPORPHASE ~~--~PARTIAL PRESSURES~--- TOTAL
F  FRACTION SP VOL SP VOL FRAC ppm  CO2 CH4 N2 o2 Clié N2 co2 CH4 N2 H20 PSIA KPA DEG C
563.3 0.0000 0.01640 0.0164 0.000 246729 1.000 1.000 1.000 0 i 291.5 13.2 21.9 981.7 1308 9018 295.3
493 0.0700 0.01587 0.0677 0.782 265288 0.049 0.026 0.016 10 621 1097 16.6 0.6 0.6 3521.5 539 3717 256.1
492 0.0706 0.01586 0.0687 0.785 265475 0.048 0.025 0.015 2 615 1087 16.3 0.6 8.6 516.5 534 3680 255.6
260 0.2437 0.01433 2.9374 0.996 326244 0.001 .000 . 14950 183 320 0.3 .0 0 27.2 28 190 126.7
255 0.2485 0.01430 3.2406 0.997 328313 0.001 .000 14669 179 314 0.3 .0 .0 25.0 25 176 123.9
250 0.2517 0.01427 3.5572 0.997 329735 0.001 %{ .000 14484 wr 310 0.2 .0 0 23.0 23 160 121.1
245 0.2549 0.01424 3.9091 0.997 331154 0.001 . .000 14305 175 306 0.2 .0 L0 211 21 147 118.3
225 0.2674 0.01413 5.7736 0.998 336805 .000 .000 .000 13648 167 292 0.1 .0 0 14,7 15 103 107.2
224 0.2683% 0.01412 5.8952 0.998 337181 .000 .000 .000 13607 166 291 8.1 .0 0 1404 15 101 106.7
@ bon Michels Associates

m 13 Nov 1988
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FIGURE 1

FLASH INITIATION CONDITIONS
KENNECOTT STATE 2-14 il
JUNE 5 1988 =
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ADDENDUM F

MISCELLANEOUS SUPPORTING CALCULATIONS

A. Effect of Scale Buildup on Brine Orifice Plates

1. Effect of bore diameter reduction

Flow rate through a clean orifice =

2

m = d4 Fa C \Ich/o(pl-pz)

= 1-B

(ASME,:}971, egn No., I-5-29)
l—"

Where: lgz = mass rate of flow, lbm/sec
d p= diameter of orifice bore, feet
D E; ingside diameter of pipe, feet
Fa = ermal expansion factor
cC = gtifice discharge coefficient
B = d/ 2
9, = 3ﬁeﬂ74 lbm-ft/lbf-sec 2
p{ = upstream pressure, lbf/ft 2
Py = downstlream pressure, %bf/ft
p = £luid “density, lbm/ft

Rearranging the equat v
m= WFixcx <1 —A, ~l/2 (ZgCIaAp)l/2
D

d
dm = f"'Fa x Cx{1l - 1
dd 2 d4 4
...lx

B
a3 x

/2

B /Y%x ad x (ch,oAp)l
Ad

. D
For Leg A: d = 4.8 in.
D = 12 in, Anm = R.lGO
Ad = -0.375 in. m
For Leg B d = 7.1464 in. A
D = 12 in. Am = -0.08
Ad = ~-0.25 in. m ‘
2. Effect of rounded edge on orifice Tr

From Marks, 1958, page 3-64, the effect of rounding the
upstream edge is described by:

Am = 3.1 x
m d

Where r = radius of rounding, inches

For Leg A: 0.188 in. Am = 3.1 x 0.188 = 0.121

4.80 in. m - 4.8

r
a



For Leg B: r
d

0.125 in. Am = 3.1 x 0.125 =
7.1464 in. m 7.1464

o

3. Combined effect

0.054

Am = Am (for rounding) + Am (for diameter reduction)

m m m
For Leg A:
Am = 0,121 - 0.160 = ~0.039 = -3.9%
F@ m
For L B:
v Am = 0.054 - 0.080 = -0.026 = -2.6%
= m
=
B. Estimates of Hgat Loss From Flowline
L

1. Forced convection

Estimated worst case (greatest heat loss) conditions:

Ambient température (Ta) = 75°F

Wind velocity (ﬁ) = 29733 ft/sec (20 mph) perp
to pipe

Temperature at ou surface of pipe (Ts) = 49

Pipe O0.D. (D) = .75 in. = (0.896 ft

Flowline len§th (L) =200 ft

Properties of air at appregximate mean temperature
taken from Kreith, 1958: F;F

Thermal conductivity (k) 3/0.0193 Btu/hr-£t-°F
Kinematic Vviscosity (v) = 0.000306 sq. ft/sec
From Kreith, 1958, egn $#9-3:

Nu = 0.0239 x RD0'805 for 40,00E)< Ry < 400,00

where, : F%

RD = Reynolds number A
h D
Nu = Nusselt number = ¢ ¢
k
hc = convective heat transfer coefficient
VD, _ L _
RD = o = 29.33 ft/sec x 0.896 ft = 85,900
v 0.000306 sgq. ft/sec
nu = 0.0239 x R 803 = 224
h, = Nu k = 224 x 0.0193 Btu/hr-£t-°F
Do 0.896 £t

i

4.826 Btu/hr-sq ft-CF

endicular

0°r

(300°F) ,

4]



Rate of heat loss = q = hcA AT = thrDo L(Ts-Ta)

= 4.826 Btu xwx 0.896 £t x 200 ft x (490-75°F)
-———_—_—-—:—n——u—o
hr~sq £t F

= 1.13 x 10°% Btu/nr

2. Free convection

Estimated conditions for least heat loss:

®
= 100°F
f=
vit g
=
T = &9 0°F
D, = 10&;5 in. = 0.896 ft
L = 200 f‘

Properties of E!% at approximate mean temperature (300°F),
taken from Kreith, 1958:

K = 0.0193 Btu/ﬂr—ft—oF
Prandtl number (P@ﬂ = 0,71

ngz = 0.444 % 106 AOE'- cu ft
2
M

(part of Grashof number) Y

From Kreith, 1958, egn #7-28:

Nu = 0.53 (Gr pr)0°23

where Gr = Grashof number. Ej
Nu = 0.53 x (1.245)%°2% = s56.0 R

hc = Nu k - 56 x 0.0193 Btu/ht-ft-oFA
D 0.896 ft
° F

= 1.206 Btu/hr-£t-°F ™

1o}
i

by 7 DL (T ~T,)
1.206 x 1 x 0.896 x 200 x (490-100)

264,700 Btu/hr

3. Estimate average heat loss from flowline'= 500,000 Btu/hr.
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I DOWNHOLE SURVEYS
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1.

NOTES REGARDING DOWNHOLE SURVEYS

 All temperature data are in units of degrees Fahrenheit.

For the static survey on November 18, 1987, the depth
reference datum is ground level and all pressure data are in
units of psig.

For all surveys in June, 1988, the depth reference datum is

K.ﬁE% 29 feet above ground level, and pressure data are in
uni of psia.
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CO. KENNECOTT GEOTHERMAL

EFF DEPTH WELL STAT

CASING - CASING PRESS

LINER P - TUBING PRESS

DRTE 8711

ELEVATION t% ZONE

MAX TEMP : PICK-UP

PERF Ei CAL SER NO.

TUBING

UNITS ENGL ISH &3 PURPOSE

' SURVEY _DARTA

0. KENNECOTT BEDTHERMALL R
TIME  DEPTH pxrm\ﬂ GRAD
1:0@ 5Q@ 120, 6 . Qe
1:2@ cee 157. 8 . 260G
1:0@ 70@ 176. 4 %. Q@@
1:00 BG@ 135, 8 eﬁﬁga
1: 09 3@@ 212.0 @. cua
1:00 1e00 238.7 2. 22
1:00 1100 241.@ 2. ead S
1:0@ 120@@ 252, 4 @. 22T F%
1:00 130@ eB4. 4 2. ¢a@
1:0@ 140@ 276.3 2. Q@@
1:0@ 150@ =87.3 2. 2o
1:00 1600 298. 3 @. 2o@
1:00 17¢@ 310. 4 @. 2@
1:0@ 1800 323, 8 2. Q@@
1:0@ 1300 335. 4 2. a@
1:0@ 200 343.8 @. a2
1:0@ 210a 357.9 °  @.oen
1:00 2o00 369. 4 @. 20a
1:0@ 230Q 3B8@. 4 2. eea
1:0@ 24Q@ 390.5 a. e
1:0@ esan 400. 7 @. eg@
1:0@ 260 4@3, 2 Q. 2@
1:0@ 27e 417.7 2. a2
1:00 =800 487.8 .. 0,000
1:00 2300 437.@ 2. o
1:00 3000 456, 5 2. 0@
1:00 3100 458, 4 @. eow
1:0@ 3200 457,99 2. eea
1:00 3302 L84, 3 2. eoe
1:00 340@ 47@,.6 2. 20@

PRUETT INDUSTRIES INC.
8915 ROSEDALE HWY, BAKERSFIELD CA.
S89-2768

(8@5)

e o S . o o S-S SN T P § o SN B S B P S — LA PEBD .~ .o Ym0 P A SN

STATIC

ELEMENT RANBE 56 -

6754
28339

RUN @1 FIELD SRALTON BEAR

TOO
ON
OFF

661 ZERD POINT GRD

SHU
ON-—
Mpp

3331z

PAGE 1

WELL &-14 STATE

L HUNG
BOTTOM
BEOTTOM

T—IN
PROD

STATIC TEMPERATURE

UN @1 FIELD SALTON SER

Y

TIME DERPTH
1:0@ 3502
1:0@ 3600
1:00 37e@
1:0@ 3802
1:0@ 35e@
1:@@ 4008
1:0@ 41e@
1:0@ 42@0
1:0@ 4300
1:0@ 440@
1:0@ 4500
1:00 4600
1:0@ 4708
{3 480@
1: 490@
1:0@ Seee
L:0@ F% S510@
1:0@ SZ@e
1:0@ aa
1:@0 e
1:00@ Sjgb
1:0@ S48
1:0Q STaen
1:0@ 554ST
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BT
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GRAD
@a. @
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@. 28a
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@. e
2. 2@
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@. Qe
@, eeQ
2. o0
@. eee
@. aaa
2. Qe
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M

%
]
b

TIME
1:00@

. 1:00

1:0Q
1:00
1:0a
1:0@
1:00
1:00
1:0@
1:00

T

CO. KENNECOTT GEOTHERMAL RUN @i FIELD SALTON SEA

DEPTH

<Y" J=4 "8

6060
61Q@
6140
618@
6

&E200@

ez4
=1={-]

P/T
S5@.6
549.5
54%5. 3
538.9
536. @
S35. 6
537.9
S54@.9
543. 6

6300 Ezsaa.z

L

BY C.WERAVER

SURVEY_DATA

GRAD
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Q. Qe
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@. Qe
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TIME
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1:Q06
1:0@
1:0Q
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@

WELL 2-14 STATE

P/T
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568. 2
571.1

Q.0

GRAD
Q. @@
@. eee
Q. eax
2. 2@
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. o0
Q. age
@. ea@
@. @R
2. 020
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PRUETT INDUSTRIES INC.
- 8915 ROSEDALE HWY, EAKERSFIELD CA. 3331&
(8@5) 589-2768 :

2 TON 94 ML AR M4 PIRYEY S22 A PRy 04

CO. KENNECDTT GEOTHERMAL RUN 1A FIELD SALTON SER WELL &-14 STATE

EFF DEPTH WELL STAT STATIC TOOL HUNG
CASING - " CASING PRESS ON EOTTOM
LINER ED - TUBING PRESS ~ OFF BOTTOM
DATE 871118 ELEMENT RANGE © - 3969  ZERD POINT GRD
ELEVATION E% ZONE SHUT-IN
MAX TEMP - PICK-UP 6754 ON-PROD
PERF EE CAL SER NO. &2335-4R mPp
TUBING .
UNITS ENBL ISH &= PURPOSE STATIC PRESSURE
' SURVEY_DATA
, CO. KENNECOTT GEDTHERMAL N 1A FIELD SALTON SER WELL 2-14 STATE
. TIME DEPTH P/T GRAD TIME DEPTH P/T GRAD
i 1:00 500 66. 9 oo 1:00 4000 1711.8 . 456
A 1:00 1000 310.3 487 1:0@ SQ0@ Z160.6 . 449
i g 1:00 2000 785.3 .47 1:00 6008 2597.1 -~ .436
-4 1:00 3000  1255.3 .%x; 1:00 6754  &935.3 . 449
BY C.WEAVER : ﬂk
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PRUSTT INDUSTRIES IMC.
8315 RUSEDALE HWY,EAKERSFIELD CA. 93312
(BQS) SB9-2768 :

CO. KENNECOTT GEOTHERMAL RUN @1 FIELD SALTON SER WELL &-14 STATE

EFF DEPTH WELL STRT FLOWING TOCL HUNG

CASING 5 - CASING PRESS ON BOTTOM

LINER - TUEING PRESS OFF BOTTOM

DRTE QEO5EE ELEMENT RANBEZ7Z -~ &54  ZERD POINT &%

ELEVATION &E% ZONE SHUT-IN

MAX TEMP PICK~UPR NAA ' ON~-PROD

PERE EE O SER NG, 287350 MR

TUBING . -

UNITS ENGLISH l= PURPOSE FLOWING TEMPERATURE

|  susvey para

CO. HYENNECOTT GEOTHERMAL N @1 FIELD SALTON SER WELL &-14 STATE
TIME . DEPTH FAT BRAD TIME  DEPTRH BT GRAD -
1:62 500 503, 2 oeo 1:00 000 558. 3 L015
1 Q& 1AEQ S516.@ @e5 ©1:20 3500 571.2 . QRE
i:0@ 1500 530.5 . 9 1:60 LQ0 572.5 . 203
1:00 coan S46.8 .35@ 1:08 450 S573.€ . Qe
1:00 gl SEQ. 6 ;@ea/\ 1:00 5@ad 575. % . 003

EY C. WERAVER F%
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e , PRUETT INDUSTRIES INC.
o 8315 RUSEDALE HWY, BAKERSFIELD CA. 93312
= (BRS) SB8I-2T7E8
SUEB~-SURFRACE_PRESSURE_SURVEY
CU. KENNECOTT GEOTHERMAL RUN 1A FIELD SALTON SER WELL 2-14 STRTE
EFF DEPTH ' WELL STAT FLOWING TOOL HUNG
CASING - CASING PRESS oN BOTTOM
LINZR F3 - TUEING PRESS OFF BOTTOM
DATE QE@SS ELEMENT ROANBE @ - =@ ZERD FOINT
ELEVATION %% ZONE SHUT-IN
MAX TEMR P:ICHK-UD ON-PROD
BERF EE CoL SER NO. P1&834 Blets
TUBING = '
UNITS ENGLISH &3 PURPOSE FLOWING PRESSURE
I SURVEY_DATA
CC. KENNEZOTT GEODTHERMA UN 1A FIELD SALTON SEAR WELL 2-14 STATE
TIME DEFRTH psT GREAD ' TIME DERTH PsT GRAD
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PRUETT INDUSTRIES INC.
8915 ROSEDALE HWY, BAKERSFIELD CA. 33312
(B@S) S83-27&8

|43 N33 L ALY PR L2 20, _JEN S RAAS LY

CO. KENNCOTT GEQO. RUN 2R FIELD SALTON SEA WELL 2-14 STATE

EFF DEPTH WELL STAT FLOWING . TOOL HUNG

CRSING - CASING PRESS ON EOTTOM

LINER ED - TUBING PRESS OFF BOTTOM

DRTE 261288 ELEMENT RANGE @ - S@@1  ZERD POINT &3

ELEVATION F% 20NE ' SHUT-IN

MAX TEMP PICK~UP ON-PROD

PERF EE CAL SER NO. P1&34 MPP

TUBING :

UNITS ENGL ISH ma PURPOSE FLOWING GRADIENT

l SURVEY_DATA

CO. KENNCOTT GEO. UN @R FIELD SALTON SEA WELL &-14 STATE
TIME  DEPTH P/T GRAD TIME  DEPTH P/T GRAD
1:00 10 £78.8 . @0Q 1:00 400 1625.5 . 430
1:00 z000 870. = . 191 T 1:0@ SQ0Q¢ =2@53. 3 . 428
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UNITS ENGL ISR l= PURROS FLOWING TEMPERATURE
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A S PRUETT INDUSTRIES INC.
8915 ROSEDALE HWY, BAKERSFIELD CA. 33312
(B@S) S83-2766& o

CO. KENNECOTT BEOTHERMAL RUN 3A FIELD SALTON SEA WELL ‘2-14 STATE
EFF DEPTH WELL STAT FLOWING TOOL HUNG
CASING = - CASING PRESS ON BOTTOM
LINER P - TUBING PRESS OFF EOTTOM
DRTE @61488 ELEMENT RANGE @ - 5@@1  ZEROD POINT 29
ELEVATION F% ZONE SHUT-IN
MAX TEMP PICK-UP N/A ON-PROD
PERF E- CAL SER NO. P1234 MPP
TURING - _ |
UNITS ENGLISH [ PURPOSE FLOWING GRADIENT ‘
| SURVEY_DRTIA Revas e—o(<7/}é’/}‘ i)
CO. KENNECOTT -GEDTHERM RUN 3R FIELD SALTON SEA WELL @~14 STATE
TIME  DEPTH B/ BRAD TIME DEPTH P/T GRAD
; 1:00 100@ 655. 6 . 200 1:00 4000 1519.6 .413
L 1:00 ce00 827.7 | .172 . 1:00 5000  135Q. 2 . 431
¥ 1:00 3000 1106.2 |Fqf'?a @:00 e 0.2 o.e@0
C.WEAVER A




g 43
’ X ) PR
hea . . a ... MY

>
o BAKERSFIELD. CA 10 x 10 TO %2 INCH
T e (805) 589-2768 6 x 9 INCHES

A A
»
AT

“_E o 1 > - : m ¥ N p AN
R T e ' I

2000.0 .
 ’_ ] 4>‘
; i) i /Vf
| Uil | gl ,
b4 /#
- ) . P //"
1800.0 i} :ﬁ | - %
! Jf
. . ¥ : ol gt Lo r l
%

i // i =y

i N HHT /J
1200.0 /

A A‘ f/ :‘ ?‘ L - 4 ik

i

ame ; ”

=) [l Ayl !
800.0 | §

.-—r""r"-
il e «
d an oy
" ﬁ#ﬂﬁa-ﬁ : ﬂ

400.0

0.0 800.0 16800.0 2400.0 3200.0 4000.0 4800.0 85600.0



Al

BY C. WIAVER

. aeirios
PRUETT INDUSTRIES INC.
8915 ROSEDALE HWY, FAKERSFIELD CA. 93312
(BRS) S8F~E766
SLEB-SURFRACE_TEMPERATURE SURVIY
CO. KENNECOTT GEOTHERMAL RUN @4 FIELD SALTON SER WELL 2-14 STATE
EFF DEPTH WELL STAT FLOWING TOOL HUNG
CBSING - CASING PRESS ON EOTTOM
LINER ED - TURING PRESS OFF ROTTOM -
DRTE QEE0AS ELEMENT RANGEE73 - €54  ZERO POINT &30
ELEVATION ?% ZONE SHUT=-IN
MAX TEMP PICK-UP N/A ON-PROD
BERF EE TRl SER NO.  E6739A MPp
TURING -
UNITS ENGLI5H l= PURPOSE FLOWING TEMPERATURE
- | SURVEY _DiTg
CO. KENNECOTT GEUDTHERMAR gRUN @4 FIELD SALTON SEA WELL &-t4 STRTE
TIME  DEPTH pxrﬁ\ﬂ GRAD TIME  DEPTH F/T GRAD
1:00 5@ S67. 4 @. 00 L:0@ 3000 STE. . Q7
1:QQ 1Q@Q SE@. @ ﬂ . @ES 1:Q@ 350 - S57H.5 LQL3
1:e0 1502 531.8 e g S : 00 4D 58@. 3 L QO3
1:00 e@an 545, 7 & 1:00 4500 551. 8 LRRE
1:00 E500 553, 2 .m¢2\ 1:2@ 5@ =82, 0 . CR2



I BAKERSFIELD, CA 10 x 10 TO % INCH
gy W

S\U (805) 589-2768 6 x 9 INCHES
K "lnn!°"~

‘_ ..l.” Sa s . | ” . \} =408 L . THIT I 3
800.0 L LT LRI an T . T gess=evars

TEH sapRuNuRuau ARERESAnEL ANAE

880.0

1 ¥
= & '

| P

v

Ty

8380.0 T H R R BT r Hi

sa0.0 AR T e e T Ao S

) & W

e i
k . ' | i *ﬁ Hf W it

800.0

0.0 800.0 1600.0 2400.0 3200.0 4000.0 4800.0 5800.0



ST Y 17 .
e A e

CO. KENNECOTT GEOTHERMBAL

EFF DERTH .

CRSING -

LINER ED -

DATE eaeF%F

ELEVATION M

MAX TEMP ;

PERF EE—

TUBING -

UNITS ENGLISH &:

CD. KENNECOTT GEOTHERM
TIME  DERTH P/
1:0@ i@ea 659. 4
1:0@ ez 837. @
1:@0 1121.9

3@

BY C. WEAVER

=TT
8515 ROSEDALE

PRLE INDUSTRIES IN

(8@5) S83-2768

RUN 4A FIELD SALTON BEA
WELLL STAT FLOWING
CRSING FRESS

TURING PRESS

ELEMENT RANBE @ - S@01
ZONE

PICH-UPR N/R

CAL SER MNO. PL1E34
PURPOSE FLOWING PRE

SURVEY_DARTA

45 FIELD SALTON SER

c.

HWY, BAKERSFIELD EA.

ESS

r(f'":u_.

3331

WELL Z~14 STRATE
TOOL HUNG
ON ECTTOM
OFF BROTTOM
ZERD POINT &%
SHUT-IN
DN-PROD
MEp

URE

RKJN - PR
GRAD TImz DEFTH RAT GRAD

ﬂ@.@@@ 1:08€ L2 15482, 3 P O1
. 176 1:02 =Lt iB88.6 . 428
@@ @ e. ¢ &. Qo

N

1



BAKERSFIELD, CA

10 x 10 TO %2 INCH

(805) 589-2768

6 x 9 INCHES

VA

T HHE HH Y e i
aid O A __ﬁ##%— LD i
HPH A S ] HHHHH
2000.0 F111] E N 11 1 :‘: ]
HITHTE T H H PR ] T
; i 24 . 1 -
SERUSD : N‘Hm HH 4 . ':’Vj_ . // : 111
: ,ui ‘ :-".V.T»iq““q ' ] Ry . ;’? ) ) : i T
1800.0 g : : A i
i 1HHH H Tt T HUTTHE LT
TR T ’ i IHTHIH
31§ OTHERMAL

1200. 0 Ullgtt I D

e00.0 |/|BIH Lz;;i;-_'m:?;ff%

|

=t

24

B

L

R i

0.0 800.0

1800.0

2400!0

3200.0

4000.0

4800.0

®600.0



PACE i

PRUETT INDUSTRIIZS INC.
82135 ROSEDALE HWY. EAKERSFIELD, CA. 33312
(8S) S83-z7&8&

KENMECOTT GEOTHERMAL START @e/12/1288 1zZ:4

SALTON SER END : BE/13/198E8 G2:42
WELL NUMEER =14 FILENAME 1 RA18SAZ--14.35UR
RUN NUMEBER @l
NUMEBER OF REBDINGS : Se
FRESSURE READINGS ARE TAXKEN IN FSIA
TIME 1S MEQSURE% IN HOURS

m

COMPANY
FIELD

s
(L I

)

]
G &
XY

= SURVEY DATA

COMEAMY MENNECOTT RUN @1 FIELD SALTON SE WELL NAME T-14
TIME FRES La DR DTIME TIME FRES De DTIms

nE-12-19838 12:@7:30 2053, 479 1.@ 0361
12:40: 00 2US53, 21 1.&3 —. 5444 1Z:@7:35 E0S4.05 1.57 7847
Z:41:00 2SI, 94 1.%e ~. 5277 13:Q7:42 2054, 28 1. 8¢ . 283
1242 : 000 SRS3, 46 .z&ﬂ —.Si11  13:07:6% E0S4.43 T.5E 23
12: 4300 @53, 35 . -, 4944 13:@7:5@ ZQ5S4, 1. 5& . aaes
12:44: 000 ZUS3. 46 - H - 4777 13:@7:S5 @S, C 1.0 &7
12:45:000 2053, 67 1.1% -. 4511 13:28:0@ Z@=3, .25 LATTT
18:46:00 Z053. 27 .72 —p L4404  1Z:0B:2S Z0S4, 1,61 - ATEE
12:47 ;@0 2B53.67 1.19 4277 13:08:1Q 2AS4, 1.84 LR7ER
12:48: 00 2054, 43 L 1.25 — 4111 1Z:28:15 oS4, o, 08 - 73
12:4%:00 _@Ja.za 1.87 —.j&§4 13:@8: 2@ 2054, 2 1.77 — QT
1£2:S0: 00 2253, 77 1. 39 -, 3777 13:08:35 ZQE3. E6 1.3 - B70E
12:51:00 ZPSE3.51 1.3 - 35 13:28: 34 2253, 84 1. 38 ~ MEDg
12:52:00 20353, 32 -3 - Z444 13:08:35 0S4, 23 1.75 —. e
12:53: 000 203, 52 1. @4 -. 3277 \fb:@s=4m @54, 34 1. 65 -, QEEE
12:54: 00 2253, 86 i.28 -, 3111 Z:08:45 ZO%4, 44 1,25 - pEsE
12:5S5:0@ 2QS4. A8 1. 62 —. 32944 13:Q08:5Q Z@S4.11 1.683 -, U538
12:56:00 2@S3. 74 1.2 — 2777 13:28:55 2@S3, 75 1.87 - BEEE
12:57:00 =053, 76 1.28 -~ 2611 132:23FQQ 2AS3I.EE 1.18 —.@act:
12:58: 000 2054, 23 1.75 — 2444 1Z:0°005 2054, QR 1. 5% - =27
12:52: 0% 2054, A5 1.57 - 2277 13:09: 102054, 16 1.68 LQLES
132:00:00 2053, 26 1. 48 - 2111 13:@9:13F§@54.33 1.8% - Ds6T
12:01:00 205365 1.17 - 1944 12:09:20 =@53. 721 1.43 ot
12:02:00 2053, 88 1.4@ - 1777 13:02:55 adéi.sz 1. @4 - 541
12:03:00 2253.68 1. 24 -. 15611 13:@9:3@ 2dS3. 32 .91 - 2527
13:04: 0@ POSZ. 57 1.0% —. 1444 13:02:35 emstia 1.38 — s
13:85:0@ 2053, 32 <84 —L1277 13:09:4% 20544 a2 1.54 -, @E0R
13:@6 Q@ SO53. 65 1.17 1111 13:09:45 amsa.sg” 1.38 PN
13:26:38 2053, 61 1.13. 0L —,1@327 13:23:50 =3, 3 . 8a LQGTE
1u=me:u 2054, 12 1.64 -~ 1B13 12:02:55 2032, 19 .71 -, 0458
13:@6:40 2054,18 1.7 - 1202 13:10:00 2QS3I. 24 .75 - D444
13:Q6:45 E0S4, 20 1.78 - 4286 132:1@:05 ZQS3.75 1,27 —. 1430
13:26:5@ =2@53. 85 1.37 -, @272 13:1@:10 2@S3, 87 1. 3% LA415
12:06:55 Z0S3.64 1.16 -, 2358 :1@:15 253, 81 1.33 L DaeE
13:07:02 2053, 72 1.24 ~. @944 13:10:2Q 2253, 41 L23 LAZES
I3:07:05 2AS4, 20 1,72 ~. @230 13:10:8% Z0SILeS .47 -, 2375
12:Q7:10 2054, 24 1.76 - Q216 13:10:300 Z@S3. Q4 .55 ]
13:47:15 2054, 21 1.73 - @302 13:1Q:35 @SI.ED 1. 12 — BE4T
13:07:20 2@53.75 1.27 -. @888 13:1@:4Q 2Q53.47 .2 - M3ZZ

233,52 1. Q4 -0z

13:@7:25 2053, 44 .26 -. @875 13:1@2:45



COMPANY KENNECOTT

TimME
13:1@:50
13:1@4:55
13:11:0&
13:11:25
13:11:1@

11:213

(=]
S

13:11:20
1221125
13: 1 3
13: : 35
12 41
13: 145
13 : S
13: : 55
13: : i
13 5
i3 s 1@
135: :
13t H
13: H
i3 H
13 H
13: H
13: H

[ L LI 11
°s rr &3 23

P b bt b b bl bt b pd bt g b3
gqeuesataearsesagdsaosnieNSU S

SOLWEL P WM o M S 6T M

I I e I I R e O I e e T S O B o S S o N = T T S WU i AP OV U U PR Y
forsy

R R N R 2 B A O O B YO O O (YIS B Y OO N I O B SV (O (R I GO I (U (R (T €3 1 B 4V I S S e

Gi 03 L Gl G G O3 03 G G302 0 G Gt G ) G Ll (3 G 5 G O G GG (e

Tt &3 as w> ¥F 3 T X8 EP B T B3 BT T3 X f3 L2 23 ez Bt XF % 4L

1
'

J U (O [0 =
noMme Lt

14320

O N T = = e = i ST S S R S )

G G G G B G5 L

ot

FRES
ZSE. 12
Sz, 8@
ZASZ. @7
SUSE. 34
E@q o7
ZUTE. 43

ﬁ9534§§

et
CV'-.Ju. =1
-
JSE. A2

253, 42
ZRASE. 44
2

2053, 17

(ORI G

1,

7,
I

Al
[CNORD]
Mg &M

[ IS A S
R
v T

L (I O O Y (]

sz, S8
ZeS2. 67
2SI, €7
ZBEE. 48
ZRATE. 11
2T T4
ZHSi. 6
A5, 56
ZBSil, 1@
US4, 67
ZBsSAa. 26
W42, 73
ZU42, 412
2@48. 64
2Q4T7. 74

2P4E, ST

2046.33
2043, 42
cRss, 29
ZQ4E. S
2@41.52
zasa, 24
2232.63
2@38. 37
237, 31
2@35. 63
234, 20

[ﬁH]

SURVEY DATAH

L

l

. B166 SRR,

LB1E5E Zaae.

PUNn @1 FIELD SALTON SER WELL NAME =Z-14
DR DTImZ Tim=z oRES . DT
.71 -, G305 t15:1@ Z@A23. 26 —-28. 5% .
I ~. BZ391 $135:15 2vzz, 39 30, &= .
. =2 -, Bz77 2 1S 2@ Z@Z1. 1S -31. 3% .
. E& - B2E3 £15:25 ZQ12.0: IZ.27 .
1.0% ~, QS 21Z: 20 Zwis. za —34h.25 .
. 25 ~-. QEZS :15: 38 ZA1g. 8% JZ. 38 "
.78 -, Q22 215140 Q1T 2T ~-37. 12 .
.77 -, azan 115045 2@Q13. 2% —-28. 5% .
.73 - 0124 15:88 @iz, 67 —-2%. 81 .
.25 —-.2313a 15:55 2@il. -41,17 .
4 16::8@
2z 15: @3
&S ig:1@
| [C] 15:13
4 16z
16: 25

WMMEMLue -Jur CE =i arg

(O RO RN (XN O I I A (O ) I o Y B CF B (O (e

T 13:18:43
13:18:5@
13

1375, a7
1874, 30

18:38 1973.

=g
55

1i3:15:@@ 1272

13
13
13
13
13
13
13 z
13 3
13 &
13 3 .
13: =28
13: 7z g
~. 2128 13: 2pR7., 3T —-45, 09 .
~. @155 13: SQQE. 12 —4E. 35 ;
) - @111 13: 2@m4 . B4 —47. 54 ;
] -, Q237  13: SRRZ. S5 —48, 725 )
LES -. Q283 13:16: LERE. 27 -5, 21 ]
.4z U -, Q@55 13:16:35 20Q1.15  -S51,30 )
.05 - BG5S 13:16:40 ZQQG. 04 —SE. 44 .
.13 LQB41  13:16:45 1958.87  -53.5% .
.12 LOAQZ7  13:16:S0 1997.68 -S4, 85 .
.12 - BE1Z 13:16:55 1935.12 -55.29 .
. .E%mm 13:17:0@ 1995, 33  -S7.:15 .
-3 . DY 13:17:05 1294, 0%  -58. 45 .
- 74 .@§§§ 1221710 1983.13  -S%, 35 .
-.88 LERAE L 132173215 199:.9% -850, 53 )
-, 22 . QASE \é: 17: 1992, 48  -£Z. 00 ;
-1.3 . @A7@ 13:17-25 1333, 0@ -&Z. 48
-1.81 L0084 13:17:3@ 1288.78  -£3. 70 )
-3, 28 LB2B8 13:17:35 1887.9% —£4, 4% .
-z.78 LB1LE 13:1121@ 128E.77 —£5.71 .
-3, 08 LB125  13:1 1385.73  —-65.7S ]
~Z, 84 LB132 13 17.JR S84, 74 —87.T4 )
—t., 74 L3S 3:17:5¥ U982, 83  -cL.€5 .
-5 51 LB1E7  12:18:0@ 71 -52. 77 )
-6.15 L2181 13:18:05 1{@&.39 —70. 42 .
-5. 59 .@195 13:18:1@ 128Q.B  -7i.S3 )
-8, 12 L2202 13:18:15 137402 —7Z. 54 .
-9, 58 LBE223 13:18:20 1979, 11 ~73.37 ;
—-10L BE @237 13:18:25 1978.3? -74.18 )
-11.54° L2ESG 13:18:30 12977.4%  -74.9%° .
~12.85 L2854 13:18:35 1976.65 2 —-75.63 ]
-13. 91 LBE78  13:18:4@ 1275.82 2 -7E.S5% .
@az=3 41
ie
13, 1 .71 77 )
-21.@7 L3488 13:12:@5 1STEZ. a5 -8@. 43 .
—E. 55 LA3EE  13:1%:100 1971.88 0 —-8i. 5 .
-24, 25 LB375  13:19:1% 1970.5&8  —-81i.%Z ]
-25. 48 .238% 13:19:20 1962.72  -BF.£%
-27.08 L4623 13:12:25 19282,13 ~83. 2% .

fue

™
G4l
R4321
Q4435

o -
[

-
/

Q472
Vaesv
GEad
Qe L h

U?‘D

—a

[TARGPE

-

ar e
RERAREN fY)

Mmoo

g M
(al

T org Ny S e
[HEE SO I UINYy I

-0 O

<)

R I BRSBTS S ]

Sl ofee Wt U

i

-

o~

D wd w0

S N B 6]
[CS IRV AL TN Y B0 B O Y

SESG8T0

2y
[0
\j

“
)
)

“a ps
Fry o+ 03 30 -

ba b €

P



r)

=Y DATA

SURV

-1

it}

NAME

WELL
S

jul
el

SEA
TIM

@1 FIELD SALTON

RUN
DR

COMEANY KENNECOTT

TIME

D

Dr

-1@21. 61

PR

Z4:@2 1250.87

-t
=

—
o=t

—
-

DTIm

n

FRE
0 1268.58

TIME

1214

e
[

1

m
[M]

4

&
Q)]

M

m

N

iyt

m

o)

i}

Ay}

3
iy}

-4

-84. 54

]

m

Gl

1z,

i
3]

M

-
)]

r4

-
-

i)

153}
m

I

m

m

-—

LB

i

)

0y i

")

o

uj
j

L]

uy

u)

m

)

]

hoy)
t

it

w
0oyl
M
5 m
by &
@M
—
M
< )
[ o
Y1) 10y
"M m
et et
¥p m
o &
-1 1)
4 v
3 &
- M
:w 83}
a) 0
[
b)) M
YD
3 ul
o om
e
[ Iy
)
o m
r4
3 M)
-

e
@ m"
]

S

rd

I

o b
Wl
o m
T T
oW
-1 r
o
£3 -
) )
DY |
5 M
-t o4
"~
T ]
) 0l
o
~
<+ M
P-
uy
(I
vl 3
J
th M
1 4
Yy}
& &
5
o) )
™M
- o

{1

& 0

ri

)

ba¥]

i

%

3
0

HANR G
ny ™
vl )
a) 0y

)

)
i}
i

=
o E—EE‘. B

-
3

—

=

)l
M
-

-
=

S
v

5 5
XY
NIV

re e

W MW@
[N THIRT)]

B
-

)
—
-

4
-

R KPS

=14z
~-1@

T. 1l

4
1348, 95

1248, &8¢

5 2
.z

IR IR €]
TS
[N Ti]
PO U]
P} 1)

4 et

m o oul
&
(i 0y )
1 et w4

i M
[T

_w_\-_ .”..u "4
o3 W
¢ Y
o

K]
M

[ RV
0f 0f M
S5 &
DTN T
[ B o2 IR

P

m

mD
nj
4

&
[nf}
M}
~

11
(13}

-

11

o

ul
]
)
a4
™)

+d

)Y

tif
(1)}
)
)

et

")
i)
-

Q
&

rd

m
e
@

C4

)

M}

™

m
1]
)]
0

i)
gl
"~}
+4

)
0j

™}

I~ 0 S 13 e
D v T~ G M S
(50 I 2 (RS FY BTN T IV
RV RUEURORY ]
A e ) )W W 0 e W
SO SOOI A S
R ELLEEEE:
HHEES88&G98 S
P TR0 TR L IR R B e N S B o |
| T AR H T SR TS A |
W DM &P a ) 0)
TS UETMPe) S
- . . L} L ] L] ] L] .
D OOVODQCODOMDMD
T I T T L
oo n M
rt v4 v4 r4 v — r4 4 4
oo M
NS~ MITNE v
I o e S R e 1}
DY A T R ) B AT
I I IR I I R S I A A S I b
et vd e v et vt ot e v
VI 03 )M

N WO e AN

M) F <+ ol o
v r! o4 4 4 4 i
. - N . v . » [}
[ ——]

D I~ ) w00 G o)
T AUMNS Y DM
B0 M )
MM HBOEOODMHm
LI TR R N N S B I |
M IS al
Mg 0@ o
L] L] L] L] L] L] - L] L]
Crv o) @ a@ b~ P
vl gy 41 3wl Ul el w) ol
OO omamitm
4 v

Wy

S

5 »4

0y aJ

[0 T A0 I B A W A IR A 0 B M) I A
4 yd4 rd T4 i v a4 4 eed

o

..,.8
"y
(53 ERI ]
0y Ty

[S - o
o) W

"« u
~) )

vi

1948. €3
44 1348, 84

Dol

- T
e T
-

H

8

"~

N~ 5
Wy
:m&
M

0
w3 oul

W W
) ul
o m

ri rd

5 1)

g 9

EEE R oL ]
XY
") ™

4

IS I (OO BT B R I IR SRR Ty W e OO N 1
[ ISR FRERTT RN A N ST ) Bl O BERT RN ¢ ) I ASSREYy BN o
ey I 1 6 o Gy 03 ) g u) e O
O T 0 Y ) Y PR SY ) PY ) ) ) )
G e 0l W 0L MY 01 e ) DY
ClW el M@ D oM
Ml e 605000850
S R R R - R R R
I A B BECSL IRYY BT R IS I SR R Rt B |
T T T T T T A R A R
616@6459459?6
RGO R IR o 0 I Ry
R Fb 0} 0 o
< T D0 N WY TN N WD
Mmoo MmN r oo oM
et 1 vi ¢ 4 v ™ vt et o
< & T g T ITTLTIT LT
14@1414141414
ORI ISR ) BT I T o B - Ty BTy |
M EMMAMMMEAE e M
R B BB R Y D) B ) ) )
re rd ot o v v e v o rd v e v vt o
OMOUSTOULDOMIS DD
LT NNOMAaDNOOmS
NNV VLNAL G~
4 r rd vt 1 v e v v v v
-~d
- & RV
T )
:m .._m a“ o“
M oM
P b
NCOMUET WO NMWY
HESMNNMNS OO ND S ~
VDWW WFTTMmEmm
DOV NNOUNYAN O
MEUBONGEOEUNORONEURURURUN G
rd 4 4 4 4 4 T4 4 v i ol v e
S
i)
|
nf Dy
‘ ) ¢
1 v o 4 rd o v o e v e

aj
DUEER]
M
m o<

-393. 87

ol

o

44 1352.61

36

™

13

2
-22.71

]
(g 0

)

i) <

]

m

0j

m

+*4

12:37:14
13:37

0nj

)

1352. 42

44

. 1764

Hp

9]
7y

"
)

v

0] ¥
Ul oy
a) oo
SR
ay o O
[ IR LRy ]
& oo
[~ QN U]
- ||
I

a5 ®m
< D
o) 0!
N dw
oo m
v v
L i i
T e
agaom
3 1 i)
" ()
v 4 4
M 0w
NSO
N~
4 4 ed
oS~
e 3 M)
&8s
[ Y]
4 v i
[
u) @ -+
S
......_ .w_w _‘._H
03 U1 07
monm
- rd vy
5 iNS
[OUND]
) 1 )
0j aj ag
) () 1)
P B T

vl
-t
)

~

44 19253.1@

13:33

. 18202

-1@2. 62
-1@1.Q

1231.7%3

rd =3
HRe-gw]

-
-
)

L]
™

4

£

]

B
ih
]
~F

@a:
Qs

=

o
e
oS

Q4 19

14

3

"

4
-
1
>

. 1887

fn)
(=

-121,31

1281, 46

g

(3]
(3}
i)

4 o



RS t
SURYEY DATA

COMPANY KENNECOTT RUN @1 FIELD SALTON SEA WELL NAME . 2-14
TIm= PRES DTIME TIME RRE DR DTIME

o)
o

13:41:214 1252.%3 ~-22. 53 LAHT7EZ 17:322:31 1%44.78 -107.78 4., 2307
13:41:45 1953. 16 -392. 32 4848 17:37:31 1944.65 -107.85 beb 142
12:42:45 125Z.58 ~-328. 2¢ LS@14 17:42:31 1344,352 107,87 4. 4375
13:243:45 1353, 45 -32. a2 .5181  17:47:31 1944.72 -1@7.72 4,580%
13:44:45 19538270 ~-28.78 .5348 17:52:31 1543.28 2 -1@7.:zv@ 4oe84Z
12:45:45 1334.18 ~38. 3@ L5514 17:37:31 1945.1a —-1@87.38 4.747%
13:46:45 1954.?% ~Z8. 44 .3681 18:028:21 1245.28 -—1lu7.iQ 4,827
13:47:31 1954.1% ~358. 2% . 5843 18:@27:31 134%.3%17 —1@8.37 4.31472
13:82:31 12E84.40 T -~28.08 LEE642 1B:1Z:31 1245.51 -—ige.Z7 4,2270
13:87:31 133E. 20 E:—??.EB L7475 183173331 1248.55 -1l@g. 52 S.uaae
14:0z:31 12958, 2% 7. 1% LB3EZ  18:22:31 124E.88 -—i1Q4.8@ Se 184k
14:27:31 1941.78 —HE@.7E .2142 18:27:31 134E2.82 —1@3.:35 S.z247C
i4:12:31 1237.88 —il4.&2 . TP73 18:32:31 1%46.322 -11QE6.16 SLE30E
14217:31 1238.4@8 —114.;5 1.@32%  18:37:31 13943.31 -—1u7, .7 Te 4z
1422231 1236.38 —il4. 1.1642 18:42:31 154E.322 -—i1@7.16 S. 4275
14:27:31 1238.53 —113.%&& 1.24735 18:47:31 1245.68 —14g.bZ2 . 2T
14:32:21 1238.13 ~-ll4.C32 1.3202 18:58:31 1245.83 -—18&.85 S.88aZ
14:37:31 1238.38 ~114.12 ﬂ 1.4142 18:57:31 13848.93% -~1@Q5.L2 S.747E
14:42:21 1238.51 —112.%27 1,475 12:02:31 1348.88% -—1Ug.862 Z.8302
14:47:31 1238.886 ~113.&=2 [RﬂﬁB@? 19:@7:31 1348.35 —-192&5.%2 .314%
14:32:31 133%.2383 -113.:83 R 6648 19:12:31 1246.03 -106.45 3. 32275
14357:31 133%.43 -—-113.@S 1.2@;5 18:17:31 1345.71 -1Q5.77 €. Q803
iS:08:31 1232.83 -~11E.8% 1. 8382 12:22:31 1243.87 =~1UG. 81 S lB42
15:27:31 19338.64 -11Z.84 1.914=y 138:27:31 1246.07 -—-1Q5.41 S. 2475
15:12:31 12932.61 -11Z.87 1.32 12:22:31 12846.11 —~1im&. 37 £. 33272
15:17:31 12332.8a -—-11z.%&8 2. 03aa2 137:31 134€.42 —1@6.05 Cu 414z
1S:22:31 1%4G.84 -11Z2.44 2. 1642 §$€:43:31 1246, 22 ~106.1%2 &.437%
15:27:31 1342.380 -112.18 Z.2479 19:47:31 1%94%.6G -1035.88 &.358272
10:32:31 1240.33 ~:11&.1C 2,322 19:82:31 124&8.66 —1@5.82 &. 6842
15:37:31 1342.62 -—111.86 R.4142 139:97:31 1946.5&5 —1@8. 8z &.747C5
15:42:31 1240.25 ~111.93 2. 43273 E@:@EE}F 1246. 08 ~1Q@E. 42 &. 8207
15:47:31 1242,65 -111.83 2. 5803 Z2:@7531 1945.73 -1@5.7C &, 2.472
1iZ:852:31 1241.33 ~-111.1& 2. 6642 ZU:1Z2:31P745.65 ~I106.83 &.2275
15:37:31 13941.45 -~111.@3 2.7473 2@0:17:318 BT45, 54 105, T4 7. Q80%
1610231 1941.35% -110.8% 2.830% 2@:22:31 1245.83  ~-1@5.6C T.l84Z2
ier@7:31 1942.18 ~—-11@.385 2.9142 2@:27:31 1 .56 ~—1@5.82 7.E2475
16:12:31 1842.12 —-110.36 2.2873 EZ@:32:31 1S4E,4@ —106.38 TozzZn?
16:17:31 13942.12 —110.23 ‘3.28Q2 Z@:37:31 194581 —-1ws. 17 TohL0T
16:22: 21 1242.64 -—107%, 84 3. 1642 Z@M:42:31 1246.Q8 -1QE. 48 Y. 475
16:27:31 1842.53 —102.49 3.2475 2@:47:31 1946. = -1825. = 7.5807%2
16:32:31 1942.88 -1@2.60 ° 3. 3222 ZS@:S8:31 1246.4% -1028,3°2 78842
16:37:31 1943.13 -1@2.35 3.4142 Z@Q:37:31 1945.Q4 ~10G8, 44 T.7473
16:42:31 134Z2.16 -1@%2. 32 3. 4273 Z1:B2:31 1246.38 106, .0 T.83G2
16:47:31 1343.84 —1803%.44 3.3843 Z1:07:321 1245.94 -10@&.054 T7.2142
16:52:31 12343.72¢ -1@8.78 3.664F T1:12:31 1246.357 109,721 7.2375
16:57:31 1944.@1 —1@8.47 2.7475 21:17:331 13846.82 -—-1R5.&8 8. EeRn=
17:02:31 1844,.26 -1@8.:22 3.82@% D1:22:31 1846.535 -1@S.72C 8.164Z
17:@7:31 1944.60 -127.88 3.2142 21:27:31 1847.12 —-1@5. 38 8.2475
17:12:31 1244.32 -1@8.15 3.29873 Z1:35:31 1247.@08 —1Q5. 4% 8.3za°
17:17:31 1344.37 -1@8.11 4.0822 21:37:31 1245,82 —-1@5. %8 E. 4142
17:22:31 1%44.44 —128.04 4,164 E2l:45:31 1246.14 —108.34 8. N37C
17:27:31 1344.22 -1@28.26 4.2473 21:47:31 18946.12 -—-1@&. 38 g.seaz



b
it
m
3

SURWVEZY DATA

COMPANY KENNECOTT RUN @! FIELD SALTON SEA WELL NAME Z-14
TIME . FRES D& DTIME TImz PRES

o
T

DY ImE

1944.53' 11. 82093

W
P

1944.5?’ -127,872
11.2142 1244, 25 -1@8.:13

R1:@7:31 1244.726

e (B rs G & ) ke

[DURE PR TS RS I i I £ BV 0 B ) I (O V) T O

21:52:31 1246.47 -—-106.0% 8.884% Q@QZ:Q7:31 1243.17 -1@%2.Z! 1Z.5142
21:57:31 194&£.68 -1z, 82 8.7475 Q@QZ:12:331 1243.24 -1@%Z,.Z4 12,927
2231 1246.35 -—-106.12 8,832 WUz:i17:331 iS43.32 2 ~10%,:S 13,0803
22:Q7:31 1246, 72 ~1@Z.7¢& 8.314Z QZ:ZZ:31 12432.37 ~-1Q=Z.:i: 13,1842
22:12: 318 19453%@ -12%. 88 8.2273 Q&:27:31 1243.45 -1@2.0¢3 13,2475
22:17:31 1945, 17 ~1@8. 3% F.Q8729 QZ:32:31 1243.44 -1Q%,.Q24 13,3202
2z:e22: 21 ’946.5% ~1QE. 34 2,184 Q&:37:31 1243.73 -1R3.7% 13,4142
S2:27:31 1724%. ~-1@%5. 41 B.E247T QZ:42:331 71243028 122,102 13437
SZ:iZT:31 1T4€6.41 TZ1Q@6E.GT7 2.3 @IZ:47:31 1243.82 -l@E. 8% 1Z.gaee
223731 1248£.22 iil@:.li Q. 4142  RBE2:S2:31 12432.5Q 103,88 13,6847
= 42:31 1247.@8 —-ifS. 40 D.4273 QID:S7:321 1244, 44 -128. Q4% 13,747
22247331 1347.032 ~1E5.46 22,5802 Q@3I:02:31 1244.16€6 -—-128,3=2 13,8227
ZZiSZ:31 1246.%2  —1QZ.47 2.8642 BI:Q7:3: 1244.65 -1107.83 13,2142
TS TIEL 12947.61 —1@4.‘7 2,747 QZ:12:3Z1 1344,.7 —-127.78 13,2272
23:Q2: 31 1247.7@2 -1Q4,7 S.B82Z22 QIZ:17:31 1T44.6€8 -i1Q7.80 4. QEGT
Z3:QAT 31 1347.40 —1@%.diﬂ 2,2142 RAI:2Z:31 1244,33Z -1RQ7.8% 4. 1E4E
23:12:3Y 13547.24 -1QT. 24 2.2873 E3:27:31 1244.87 17,61 14,2475
ZZ:17:31 1347014 ~105. 34 HIQ.GS@Q RE:32:31 124,20 -10Q7.48 14, 53Q%
ZE:;EZZ:37 1246.84 ~1QI. 54 0. 1648 RI:37:31 1245, @4: —-137, 47 14,4142
23:27:31 1247.12 -1@%. 35 jﬁm:475 3:42:31 1245.Q2 —107.4% Th. 4272
Z23:38:32Y 1247011 ~10E.3 N 22072 Z:147:31 1244.7% ~1@7.73 14a,. T8@72
23:37:31 1947.322 -—-11%5.18 1@.2@g& R3I:52:31 1245.@5 -1@7.4= 4. 684
2214233 1246£.22 -1@5.5SS 1¢. VS Q3:597:31 1244, -1&7.83 14,747
Z22:47:21 1246.57  —~1@T.31 12.58 Q4:Q2:31 1244.60 -—-1@7.8& 4. 8207
Z3:S2:21 1548.5%58 —~1QZ.6&Z i, 86 Q4:27:31 1244,.28 -—-108.:z2¢ 14,3142
23:87:31 1B46.%72 -1QE.56 1. 7473 $12:31 1244.3%7 —-1@7.9: 14,2275
RE—-12—-1288 \gﬁél7:31 1244.835 -—-1Q7.&82 15, ases
@Q2:Qz:31 1247.Q4 12. 83242 Q@4:22:31 1344.5% -—-1Q7.8% 15, 1842
RQE:7:31 1T4E. 20 1%, 2142 @4:27:31 1244.38 -1U03. 1@ 15,247
B2:12:31 1947.22 1@2.3273 Q4:32:31 1344.%S85 -—-1&7.2= 15, 2203
QZ:17:31 1347.0Q8 11.@8¢2 Gé:E?[}F 1244, 24 107,54 1E.4442
@R:2z:31 1942.8 11,1542 Q4:42% 1944, 25 -—-1Q@8.23 15.427S
RQB:27:31 1243. % 1.247S Q4:47: 244,65 —-:107.83 13, S8az
Q@:32:31 134Z.35% 1.3302 @4:32: 244,82 —-1Q7.&% 1S. 8842
QR:37:31 1243.12 11.4142 :3S7: 1S4, S ~127.2C 15.747S
RA:4Z2:31 1343.722 11. 4275 t Q2 1 Q3 —148.43 15,8302
QU:47:31 2243.712 11.58Q% 107 124448 —-1Q8.Q2% 1E.Z14E
QA:52:31 1943.95 11.5542 : 13 194482 —-1Q7,87% 15,2275
Q2:57:31 1344, 34 11.7475 117 1244, 62 -:107.7%2 185, 13032
2 122 b
127 1
1 33 1
2 37 :
42
47
sz
=7
nz
a7
1z
17

Sl G g @@ gr M@ g en it o

(ORCE RO NECESE RO NN RN RSN NSO RO

L I T o T e T e L e O O O S O ST el o)

Q4
Qs )
Qg 4
@5 "I
Qs 9]
QS 154
“0s 47
R1:12:31 1344.71 11,2275 Q% 1344.6@ -—-127.88& L33
1:17:31 1244.865 12,0802 @S 1244.75 -1Q7.7Z2 LGl4h
1:22:31 1344.%2% 12,1842 QT : 1944.53 -1@7.87° 18. 497
Q1:27:21 1245, 44 12,2475 QS: : 1244.41 -1028,47 12,580
1:32:31 1245.867 12. 3303 @5: : 1244.62 —~1Q7.8¢ 1E. 854
Q1:37:21 1545.3%2 12,4142 Q5 : 1244. 65 —-1Q@7.8Z 18.747
Ql:42:31 13544.7°2 12.4375 @S: . 1344.7 —-127.783 1€. 830
1:47:31 143,72 -1@6.7S 1&, 5822 Q& H 1245. 22 -—-iQ7.ZC 18,554
A1:5Z:31 1T43.38 -~1@72.12 12.65842 @& : 1344.78 —-1@7.7@ 15.2%7
Wi:57:31 1843.17 -—-10%.31 1. 7475 26 : i944.38 -1@7.°20 LY. 0802
RZ:QZ:31 13843.1&8 =~-10%2. 38 12.8322 Q@& : 1844,87 -—-147.81 17,184



FacE &

SURVEY DATA

COmMPANY HKENNECOTT RUMN @1 FI1ELD SALTON SEA WeELic NARNME Z-14
TIME PRE D& DT IMmz TIME CPRES D BT Img
QE:27:31 1244,81 -:07.67 IT7.E4TYES O WT:37:31 124E.70  -1@6.78 1204142
QRE:32:31 134Z.32 =-127.1% 17.32Q2 Q7:42:31 1245.22 -14s.:22 18,4275
RE:537:21 1244.81 -1@7.87 174142 WUT7:47:31 124E8,.32 -—-106.15 (ELZEG2
BE:42:31 1544.22% -1Q7.855 17.4273  Q@7:52:31 1245.54  —15. %4 18,8547
QE:47:31 154047 -—-1@7.01 17,2882 Q@Q7:Z7:21 124&.77 —i@3.7T1 TELTAT7E
W5:352:31 1345.41 —1@7.07 17.6542 R3:Q@Z:31 124&8.57 105,20 1E. 830
RE:S7:31 1% S.E% —-iG7.Q0u 17.747S @8B:@7V:31 1T4E.8% -1@S.7CS 1E.214z
R7:Q2:31 1248, ~1@&.77 17.83@82 @QZ:1Z2:31 13548.88 -—-108.8@ 18,297
R7:7: 21 1245.72 =»1@E.7¢& 17.9142 W@8:17:Z: 124E.5: —1@s. 27 IELBERE
B7:12:31 194E.81 s510:5.587 17.2275 @3:32:31 1247.:11  —-1@Q35, 37 12,1842
@7:17:31 1545.53 -—~Iif6.°2 18, Q80T B3:27:3I 1247.29 —1@5.1% 17,2475
@7:22:31 1945.3¢ —1EL.l:f 18,1642 @B:32:31 13947.44 —103.0Q4 12, 230%
TiE7:31 1545.52 ~1Q@€.5% 18.3472 @8:37:31 1247.14 -1QE.Z4 1204142
D7:32:31 13245.37 —1a7.p1 18.230% RE:14Z:31 12847.51 —-104.87 12,4278
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FAGE 1

FRUETT INDUSTRIES INC.

8215 ROSEDALE HWY. BEAKERSFIELD, CA. 23318
(8235) S5B83-z7&8
COMPANY T KENMECOTT GEOTHERMAL START : @6/14/12988 18:18:Q2
FIELD : SALTOM SEA END : QE/15/1388 12:21: 2@
WELL NUMEER : Z2-14 FILENAME : @25Az-14.8UR

RUN MUMEER : @Z
NUMEER OF RE NGS : 442
FRESSURE REQg;iGS ARE TAKEN IN PSIA
TIME IS MEQSUREQEIN HOURS

i

SURVEY DATA

i

COMPANY HENMECOTT RUN @2 FIELD SALTON SEA WELL NAME 2-14

TIME FRES &= D DTIME TIME FRES D DT ItE
RE-14-1338 19:23:13 1948.572 .58 -, 2154
18:18: 02 1250, Q7 3.34 -1.403 12:24:13 1948.77 .74 -.22%8
18:2@: 22 125Q. A= 1.93 -1.3722 19:25:13 19348.8Q .77 -.2831
18:52:00 1242, 20 1.8 -1.3367 15:28:13 1248.5%2 . 66 —-. 2584
18:24:20 19472,83 1.8 -1.3034 139:27:13 1948.77 .74 —-. 2438
18:26:Q2 1242, 72 1.62 -1,272@ 12:38:13 1948.77 .74 -. 2331
18:28:20 19342, 86 1.83 ﬂ—1.3367 12:29:13 1348, 81 .78 - 2164
18:30:0Q 1242, 66 1. 63 -1.2034 12:30:13 1248.88 . 85 ©—.1223
13:32:02 1949, 52 1.55 -Nl172@2 13:31:13 13948.74 .71 -.1831
18:34:00 1242, 44 1.41 ~1.13267 12:32:13 1948.8%3 . 8B& - 1864
18:36:29 1343, 2 1.21 -1.1@84 12:33:13 1948.95 = —-. 14398
18:33: 20 1942, 22 1.26 ~i. @ 1%:24:13 1248.83 . 81 -. 1331
18:4Q2:Q2 1949, 22 z 12:35:13 1348.91 as 1164
18:42:00 124%.11 12:36:13 1248.74 71 @228
18:44:Q 1348, 25 wyp:37:13 1348.63 =P, L2831
18:46:00 1248, 71 2:38:12 1248.51 485 QEE4
18:48: Q0 1343, 85 19:39:13 19548.58 e . R43FE
15:50: 00 1248, 74 12:4Q:132 1248.87 £4 N cS!
18:52: 2@ 1948.81 12: 4242 1248. 7= £ QIS
18:54: 00 12948, 87 19:4@12’ 1248.65 £ Q=36
18:56: 21 1948, 85 13:4Q:52 _1948.63 S0 RQE2=
18:58:40 1246, 67 12:4Q:57 %48.58 =g G guls)
12:00: Q0 13948.63 19:41:@2 713948, 53 =0 e =1
12:02:20 1248, 68 12:41:@7 *oﬂez Sa @18:
13:24:00 1948, 44 - 19:41:13 gz N1E7
13:Q6: 00 1948, 42 t41:17 948f2= 47 .Q1S3
19:28: 22 1948.54 19.41-J' 1948l54 51 @139
12:1Q2: 00 1248::47 12:41:37 1248.5 s& a1y
13:12:22 1948.55 19:41:32 1948.5§r 54 @111
19:14:00 1248, 66 12:41:37 1248.54% S1 Q@328
13:16:2Q 1348. 46 19:41:42 1948.61 54 2284
19:18:00 1248, 51 12:41: 47 1948. 54 51 Q7@
13:20:0@ 1948.73 19 41:52 1948. 47 44 QRSE
13:21:31 1948.66 .41.47 1948. 43 412 QR4
13:21:38 1948. 63 19:42:@3 1948. 27 24 QR &
19:31:41 1248.65 12:42:@7 1248.13 o1 QA1 4
13:21:46 13948.65 19:42:12 1948.03 . QR QRAAR
19:21:51 1948.68 12:42:17 1947.7@ -. 33 . BQ1 4
19:21:56 1348. 66 19:42:22 1947.33 - &4 .az7
12:22:13 1248.63 12:42:27 1246. 2@ -1.13 L @04



file:///-.lM

FAGE =

SURVEY DATA

COMPANY KENNECOTT RUN @z FIELD SALTON SEA WELL NAME =~14
TIME FRES D DTIME TImME PRES o)l DTIME
19:42:328 1946.17 -1. 86 LBUSS  19:46:58 1869.78  ~78.31 L@777
19:142:37 1943, 29 -Z. 74 LQ@53  19:46:57 1869.22  -78.81 LA791
19:42:43 1944, 22 -Z.74 ,ZMB8Z  19:47:02 1868.77 2 —72.8 . a8as
19:42:47 1943. Q& —4,37 L BA97 13:47:27 18E8.41 -72. 82 L2817
19:42:52 -E. 327 L2111 12:47:12 18E8.0200 -82. (03 . 2833
19:42:57 94£:§H -8. @@ LALES 19:47:17 1867.5% —80. 44 . 1847
143:08 1938, -2,77 LA13S  19:47:22 1867.327  -BR.T7E . 851
13:43:07 1935J§% -11.71 L@152 13:47:27 1866.32  -81.11 . 287s
19:43:18 1%34.33 _~13.70 LA1EE 12:47:38 1886.57  —81.45 . uses
12:43:17 1232, @8 15. 95 LB18R2  13:47:37 186E.:24 -81.79 . aBaE
12:143:22 122%.82  -18, 20 L0124 1%:47:432 18EY.86 2 —-83.17 L @216
12:43:27 1927.53 —&3.59 QA8 12:47:47 1885.53  -8Z.S0 A3 ZQ
12:142:38 1925.13 -22.90 LAZEZ 19:47:S2 18E5.17 —-8&. 86 . B34 4
19:43:37 1322, 75 —zs.ie . @23 12:47:57 1854.88  —8Z3.15 . @256
19:43:43 1920.37 -27.86 LEESD 19:48:@3 1864.35% 0 -83. 44 227z
19:43:47 1917.29 *am.m@“ﬂ L2264 12:48:Q7 1854.3%  -83.71 . B33E
19:43:52 1915.63 -32.4 LAZTT7 12:48:18 1884.02  —8Z.24 . 3 ACE
19:43:57 1913.35  -34.88 L2291 19:48:17 1853.838  —-84.1% LI 4
19:44:08 1911, 11 ~36. 82 ﬂ LQAZ0T  1%2:48:88 1863.64 -84, 32 L 10E7
19:44:27 19@8.30  ~32.13 @313 12:48:27 1863.43  —84.60 . 141
19:44:12 1206.75  ~41.2 I2ZZ 19:4L:3% 1BE3.323  —B4. 80 . 1055
19:44:17 1304.64  ~43.3 L@B347 19:48:37 1853.03  —-85. 20 . 1RES
144132 1902.66 2 ~45.3 .§@§1 12:48:42 18E2.85  -85.17 . 1483
18:44:27 1300, 73 —47.3 LAZTE 19:48:47 1862.68 -85, 3% L 12e7
19:44:32 1898, 8% —42. 14 .mziE% 12:48:52 186&.5@ -B85.53 L1111
19:44:37 1836.27 -51.@6 .24t 19:48:57 1862.35 2 ~85,£8 L11EE
D 44242 1895, S2. 76 L Q416 14%:02 18582.18 -85, 85 L1132
19:44:47 1823I,600  -S4,43 L2432 19:49:@7 1861. ~-86. 03 L11sE
19:44:52 1852, 00  -56.03 CB4kh  19:4%:18 1861.77  —-8E.2E . 1166
12:44:57 185@¢, 48 ~-57.55 L2458 19:49:17 1861.55  -85.47 . 1180
12:45:02 1882.02  -59,01 CLBET7E 19549 1861.34  —BE.E" 1124
19:45:@7 1887.68  —~60.43 . Q486 19:49 1861.05  -85.7%8 1308
12:45:12 18686.228 2 ~61.81 LOS0Q  19:4%:32 18E60.75  —-87.35 LlEeE
19:45:17 1884.%2 ~63.11 L5140 19:43:37RBs0.54 —87. 473 L1238
195:45:82 18832.68 - —£4.3S LBS87  1%:4S:42 1860.35 0 -B87.75 L1300
12:45:27 18682.47  ~65.5 LA541  12:49:47 1894 23 -88.08 . 13E4
19:45:32 1851, 32 —EE.70 LS55 12:42:58 18%5. S8 -88. 4% C1277
19:45:37 188Q.24  ~£7.73 L2569 19:49:57 1853 -88. &u L1291
12:45:42 1872, 21 -£8. 82 .83 12:50:22 1858876 -g2. 27 . 130
19:45:47 1878.23  —645.87 L2537 19:50:87 IESB.Eﬁr -82, 7% 13173
13:45:92 1877.32  —~7¢.64 LAEL1 12:50:12 1857.840  -92. 19 L1333
19:4%:57 1876.68  ~71.35 . 2% S@:17 1857.2%  -90.74 L1347
19:46:02 1875.86  —-72.17 .PE32  19:5@:52 1856.73 21. 30 L1381
19:46:07 1875.03 —73.0@ L6352  19:5@:27 1856.139  -21.84 L1375
19:46:12 1874.87 ~73.76 LREEE  12:50:35 18S5.58  ~92. 45 . 13572
19:46:17 1873.6@  ~74.43 LRBSBA  12:5@:37 1854.95  ~23,08 L1402
19:46:582 1873. @1 -75. @& LAES4  19:5@:45 1854.48 2 ~93.63 L1416
19:46:27 1872.30¢  -75.73 .@Q728 19:50:47 18T3.78  —24, 2% . 1430
19:46:32 1871.75  -76. 28 @722 12:50:52 1853.16  —-94,87 L1444
19:46:37 1871.28 -76.83 L@735  19:50:57 1852.53  —-95, 44 L1454
19:46:42 1870.68 -77.35 LR7S@  12:51:08 1851.96  —96. 07 1472
19:46:47 1870. 21 -77.82 LQ764  12:S1:Q7 1851.35 -98.58 . 148¢



COMPANY KENNECOTT

TImE
12:51:12
19:51:17
12:51:22
19:51:87
13:51:3%
19:51:37
13:51:47
19:51:47
19:31:82
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192:87:1@
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13:57:52
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19:58:1@
12:58:
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PREG”
1850. 7%
185,17
184%2.57
1842. 48
16848xs1
184%;§e
1847. 48
184&. B
184€6. 48
1846. a¢&
1845, 48
1844, 3%
1844, 32
1844. 0%
1843. 61
184C. 29
164%. 81
1841.93
i841.52
1841. Q%
164Q. 68
1844, 27
*8“” =1

83%.64
189—'. ‘)6

1332.13
1E36. E7
1833. &4
183E. 4&
1838. 33
1836. &z
1837. 8%
1837.77
1837.62
1837.54
1337. 41

1837.28 -

1837. 18
1837. &
1336.395%
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1836. 52
1835, 42
183€. 26
1836. 27
1836, 2@
1836. 1@
1836. 01
1835. 83
1838.77
183S. &4

SURVEY DATA

RUN @2 FIELD

DF DTIME
-27.24 . 1502
-37.8% . 1514
-38. 46 . 1527
-38. 25 . 15841

= = [ o -y —d
-2%2. 22 . . 1555
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—-1l@a1.5S . 1611

152y

El@'i’. az . 1525
=103, 535 . 16823
-1z, @7 . 1835Z2

-188, 5= . 1666
—1@3.te . 158a

. 1654
. 1728
1782
L1772
ﬂ . 18a@
’ a7
@@1855

. 1882

1o
'z

i
-
S
ED.
& I
u

|
"~
5
N
¢
{

|
[
<
o
Mg Gy Wy
WM JyymeEein-J4&
U (X (YR 1 - »
EEE LD
/ @D =

SALTON SEA

TIME
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1843, 51
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SURVEY DATA

COMPANY KENNECOTT RUN @ FIELD SALTON SER WELL NAME Z-14
TIME FREY DF DTIM= TIiM= FRES ol DTIME

El:12:24 1863, 2% -32. o4 1.0Q22 W1l:237:24 1870.70 ~77. 32 Su TBEE
21:17:34 1885. 49 —-8z. %4 1.5835 Q1:32:324 1871.32 —-76. 71 S. 835k
Z1:22:24 1887.61 -8, 42 1.670@ WQ1:37:24 1874, 3& ~77.71 S. 2200
21:27:24 1868.8%5 -73. 38 1.79322 @1:4Z2:24 13572, 233 ~-73. 72 S. A3
T1:32:84 1876¢=E" =-77. 34 1.8266 Q1:47:24 188%.0& —-73. U1 Z. QAsE
21:37:324 187%;23 -75.51 1.2z @1:5SZ2:54 18&88.30% -7S. 53 &. 178
S1:42:34 1872, 903 ~7&. & S.OAZEE @la:ET 24 1888.76 ~7Z%.77 o. 2523
Z1:47:24 1871, 9% -7&. 1% Z.ese Q224 1838.78 -7=. 7S &. 33&E
S1:52:34 1871.17 —78.85 Z.17an Az :24 1868.70 =72, 32 5. 4202
21:87:24 1870.8% iz—??.lS 2.2533 WB2:1Z2:24 1888.c8 -72. 3% €., 3022
S2ZsA =4 1870, 85 ~77.18 Z. 32366 HAz:17:24 18%8.6¢C ~72.37 &. 35828
ZZA7: 24 1877.51 —E;.SE 2. 4200 QZ:Z2:24 1852, 04 ~-78.723 &. £7Q0
1224 1870 0 -78. 11 ZL.SRZE BZ:27:24 1884, 36 -T2, 67 &.7252
ZZs17:34 1870, 14 —77.!3 Z.588E6 WQBIZ:EZ:24 1867%.4% ~78. 54 &. 8388
S22Es 24 187013 =-77.%3 Z.ETBE QBE:E7:24 1886%. 3% -78. 64 €. 220Q0C
222272324 1852.77 -78. 2 2.75333 QIZ:42:24 1853, 40 -7&. 52 TeRDIE
E2:3a24 188%5.73 -78. EM 2. 8366 QZ:47:24 188%.80 ~-78. 43 7. @8cE
22:37:24 187G.072 ~77.%4 Z.oza@ Q2:5Z2:24 187¢. 83 =772 T 17aR
SZr42:24 18E5. 58 -78.=23 D 3.AAEE BZ:57:24 1871.5%2 ~7E. 44 TP 2532
S22:47:24 1872, 48 -77.5E S @856 QZI:@QZ:24 1871.74 ~-7&., 22 7. Z3IEE
ZZ:5E: 4 1870, 5% =77. 44 17@2 @B3:@A7:24 1871.77 ~-76. 2 7. 4200
Z2:27:24 18790, 358 ~77. 43 3. 2532 WB3:12:24 187z.68 =75, 2% 7. SB3EZ
Z23:02:24 1870, 42 -?7. 61 2. ZBBE KM3:17:24 187E.83 -7Z. 20 7.336E
23:A7:24 1871. 20 -75.33 3. 4280 Q32224 1872073 =75. 32 Vo s7an
231334 1671.41 ~7&. 82 3. SE3 1IE72.7S =7E. & T.T7E3E
F3:17:24 1871.38 —7€. 87 3.358 187z2. 862 —-7S. 41 T.B3ES
23224 187i5. 46 —76. 57 3. &7@0 1872.74 =TS22 T.ZZen
23:27:24 1871.16 ~75, 87 2. 7333 1872. 04 —-74.3% 8. unEz
23: 32224 1871.18 ~76. 85 3. 8285 1873. a3 =74, 24 8. B556
Z3:37:24 1871.°2@ ~75.13 3, B2@@ @3:52:24 1873.324 -74,.792 8. 172
ZI3t42:24 187E.522 -73.11 4, G233 BE:0T pafd 1873.27 —74. 78 5. 2233
23:47:24 1872.8% =-75. 1 4, Q866 G462 1873, =@ ~74,82 8. 2368
23:5=:24 187E. @z ~7E Gl 4, 1700 @4:@7:24 _ABT7E. 00 -7z 3 8, 4z00
23:57:84 13872.83 ~75. @& 4, 2333 @4:3:£4E§t72.79 —-73. 24 5. 3QEE
2e-~15-1288 V4317324 1878, 84 -73. 32 8.E3&8
aA: @224 1872.Q@3 =75, 0@ 4. 335 B4:22:24 1874. S6 =72.47 8. 6702
GA:@B7:24 1873.6% —74. 3 4, 4200 Q4:27:24 1871 -73.7%2 5.7L3E3
B@:12:324 1873.53 74,50 4, 3ASE Q4:32:24 18720 —-76. A3 3. 8356
QL:17:24 1B873.64 —T4H. 2% 4,S8B86 BG4:Z7:Z4 1B71486 -76.17 8. zzad
QB:22:24 1874.2% —~7Z. 81 4, 6700 @4:45:24 1871.8&8= -—-76.18 T, QAaE3
QR:27:24 1875.83 ~7E.5@ {4,753 Q4:47:24 1871.° ~76&. 128 2. 2886
QU 32:24 1878.326 ~71.75 4,836 @4:352:24 1871.91 -76. 12 2. 172a
QG:37:24 1872.@5 -73. 28 4, SEQQ @4:57:24 1872.853 -7Z. 48 Z.Z233
Q@:42:24 186£3.1% ~78. 84 5.@G33 @S:@2:24 1872.71 -73. 32 2. 3388
QR:47:24 18872, 0% -78. %4 S.0886 25:07:24 1872.8% ~-73. 14 S. 4z
Qa:32:24 18%£8.68 ~7%. 37 S. 170 @T:12:24 1872.85 -75.17 9. 5033
Q:37:24 18686, 22 ~7%. 11 S5.2853% WBS:17:24 1873.20 -74.53 <. Z866
B1l:22:24 18&8.537 ~73. 4% 5.33%c BS:2Z2:24 187Z2.32 -74.732 2. E7aR

1:@7:24 186£2.21 -78. 82 S. 2@ US:1Z7:24 1873, 16 ~T4.87 S.VEES
@1:12:24 18&3. 34 ~-78.8%9 S5.5@33 @5:132:34 187,03 —-75. Gau T EZsE

1:17:24 18&%. 47 =-78. 26 S.S8se wE:37:24 187:Z.72C =-73. L% ERRcui
@B1:22:24 138%2.48 ~-78. 35 S.57Q0 @S:432:24 1872, 38 -72.11 1, aRss



FAGE =
‘SURVEY DATA

COMPRANY KENNECOTT RUN @& FIELD SALTON E& WELL NAME Z-14

TIME FREYS D& DTIME TIME FRES jala DTImE
VS:47:24 18T7E.7S -75.28 1@, @866 Q@7:87:34 1876.78 -71.21 12,8533
RS:S2:24 1872. 8= -75. 21 19,1708 @8:22:24 1876.88 - -71.1%5 1Z.3388
@5:57:24 186873, 00 -7Z. Q3 1@, 2532 @Q8:137:24 1877. 3@ -7@.732 1z, 4220
RE:82:24 1872.23 -7S. 8 12. 33586 @B8:12:24 1877.327 =70, 65 12,5033
RE:07:24 1872.1% -7S. 351 12, 4500 @B:17:24 1877. 36 -7Q. 37 1z.383888%
RS:12:24 1875707 -7Z. 2% 1D0.3A3Z wL:2Z:24 1877.322 -7Ra. 27 1Z.eVeS
BE:317:24 1872, 28 -7Z. 62 10, 8868 @&5:=27:24 :1877.8% =72, 14 iI. 7533
RE: 22024 187Z., ' ~-75.55 1. 8700 QB:3Z:34 1877.71 =70, 2z 1Z. 8388
Qe:27:24 1ETE. 66 —~75. 37 1@8.73228 QB:2Z7:24 1877.72 -7¢. 2 i szk0
QE:32:24 1872.3S ;=—75. a8 13.8355 @8:4Z2:24 1877.8v =7, 22 12. 8125
QE:37:54 1873, @2 4.4 1@, 2200 aE:47:24 1877.53 -7C. L@ 12.08s:
Re:42:24 1873, 28 —E. 7E 11.0a22 @8:5z:24 1877.388 -7, 1% PO RELh H
Q5:47:24 1873, 5@ —Ek. 52 11.@3866 QE2:37:24 1877.8&6 -72.:13 13,2823
RBo:32:24 1372.55 -74.8$8 11,172 @2:Q2:24 1877. 4% =73, 27 13,338
QE:57:24 1873.87 =74, [E. 11,2522 @02:07:24 1877.35 -7, £3 13, 4208
Q7:902:24 1873.82 -74.2 11.336& @3:12:24 1875. @2 =7z, 13,533
R7:07:24 1874.27 =-72. ;M 11,4200 @2:17:24 1874.88 ~73.18 13, 5&¢te
Q7:12:24 1874.7& -73. 27 11.5@32 @3:2&8:24 1873, 31 -74. 12 1. 8700
@Q7:17:24 1875.17 -72. 88 u 11.88EE Q2:27:24 1873.6!1 =74, 42 13.75E32
Q7:22:24 187C. 30 -7Z2.73 11,8700 @3:32:24 1873.83 =74, 400 13.838%
B7:27:24 1875.50@ -72.33 7SEE @2:37:24 1873.6% ~74.34 13,2z
@7:32:24 1875.7¢& -72.27 11,8366 @3:34=2:24 1874.0Q7 -73.72¢ 14,0028
@7:37:24 1875, 86 -72.17 11.%@ B2:47:324 1874.3 -72. 87 14,Q3c8
Q7:42:24 1376.17 -71.8¢ 1z, 33 Q@3I:58:24 1874.36 ~-73.47 14.172¢
@B7:47:24 187E. 27 -71.76 12. @6 @2:57:24 1874.74 -73. 22 14, 2533
Q7:52:24 187E&. 44 -71.572 12.17 1@:21:30 1874.34 -73. 17 14,2216
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PRUETT INDUSTRIES INC.

8213 ROSEDALE HWY.
(8035

HENNECOTT GEOTHERMAL
SALTON SEA

COMPANY

FIELD

WELL NUMEER E-14

RUN NUMBER By ©3

NUMEBER OF RE NES e

FRESSURE REQ@?&GS ARE TAKEN

TIME IS MEQSUR%% IN HOURS
I

ws &3 ¥ mo

IN PEIA

EAKERSFIELD.
5839-=7z8

SURVEY DATA

COMEANY KENNECOTT
T1ME FIRES
PE—Z-1385

RUN
DF

U
£

o0
-+

— ]
ESN
mc

196S. 44 ~. 48 -, 2153
1365, 46 - 46 -. 3QBE
1265, 486 ~u b4 - SB72
17:43:11 138365.50 - 47 -, 3ASAH
17:43:16 1585, 48 ~. b4 - 2044
17:432:21 1965, 42
17:43:26 1965, 48 -, S -, 3A17
17:42:31 1985.47 — 45 -, 3023
17:43:36 1965.43
17:43:41 1365, 4% —e 43 i
17:43:46 126S.54 -~ 2 -. 2261
17:43:51 1365.53 - 22 —~a
17:42:56 1965.56 -
17:44:01 1365.65 -
17:44:06 19€5.63 -
17:44:11 1365.58 -
17:44:16 126%.518 -
17:44:21 1965,42 -

17:06:37 1265.77 S 2153
17:@8:57 1985, 5% : 8ai13
17:30:37 1265, 42 —.’M -. 848&
17:12:37 19€5.65% - & ] -. 8153
17:14:37 12635.45 -. 47 -.781%
17216237 136%5,47% —-. 43 n ~-. 748&
17:18:37 1265, 721 -. &1 7153
17:20:37 128&5.6%5 - 27 €£81°72
17:22:37 126%.47 L= 45 ~ 86
17:24:37 13€5.2% -. &3 —.3@?3
T:zB:37 1265, 46 -. 46 -. 58172
17:28:37 1365, 4@ -. 32 -. 54
17:3W:3Z7 1265.55 -. 37 -. 5183
17:32:37 13965.54 -. 38 - 4819
17:34:37 1265.2°9 —-. 63 -. 4486
17:36:37 1385, 38 -~ 54 -. 4153
17:38:37 1363, 46 1) -. 3817
17:40:37 196&.11 - 1% -. 348%
17:4=2:37

17:43:91

17:43:06
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oD OWW WY
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174 ~a
17:44:26 1965, 33 —-. 33 - &
17:44:31 1965, 39 -. 53 -. &
17:44:36 1965.36 -. 56 - 2

SALTOM

TImME
17:44: 42
17:45:52
17:45:03
17:4E6: 46
17:45:55
17:47:001
17:47:05
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17:48:12
17:48:2
17:48:3@
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END :
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FAGE =

SURVEY DATA

COMPANY KENNECOTT RUN 24 F1lELD SALTON SEA WELL NAMZ =-14

TIME PrRES DF DTIME TIME FRES DF DT IME
17:53:11 196S.52 —. 4 -, 1392 18:011:52 1?66.11 .12 . QRSE
17:53:21 1365, S0 - 4= -, 1384 18:@2:02 55, 2% .37 . AI83
17:53:31 12€5. 46 -. 46 -, 1336 1B8:uZ:1E 196o.67 .75 LAt
17:53:41 1955, 43 -. 43 -, 1308 18:@Z:ZF 13E£7.1& 1. 24 L1329
17:53:51 126F%R0S -, 47 -, 12680 18:Q2:3% 1567.77 1.85 LALET
17:54: 01 195%?2‘ - 45 -, 1253 18:@2:44 13£8.5& 2. 54 . QER0
17:54:11 1269, 45 - 47 - 1235 18:@2:55 1570, Q4 G, 1E L @E3
17:54: 2 1965.;% - 48 —. 11397 18:@3:04 1271.75 5.83 LRISE
17:%4:31 1260.42 _, -—.50 -.13168% 18:03:14 1274.1% 8.:23 . Q283
17:54:41 1388, 45 = - 45 -, 1142 1A:Q3:23 1277.45 11. 5@ .2Z08
17:54:31 19635, 51 - 41 -. 1114 18:02:3% 128i.32 15,38 LQEEZE
17:55:@1 13ES, 56 &;.35 -. 1288 18:23:41 1385.73 15. 81 L Z5E
17:55:11 1S6S, & .38 -. 1358 18:23:51 129@ 88 4,28 T
17:S5:21 1965, 0 _.ga -, 1230 18:Q4:3@ 12935, 33 0. 41 RIS S
17:50:31 129635.5%5 -. %7 - 12G3E  18:m4 102 umm_.u, 3&.47 L0426
17:5%:45 1985, 4% —.qguﬂ -, @37 18:@4:13 2OA8. 81 42, 8% L AO6ESL
17:S5:51 12E5, 49 -4 - . B547  18:(4:38 E@:Z. 1@ 49,18 L4332
17:56:001 1352, 44 —. 43 -, 7312  18:@4:37 Z@Z1.51 55, §3 LA g
17:5€211 1953.4% - 47 ﬂ ~. B8YE  18:04:47 FOIZ6. S B2, 52 L AELE
1715625 1955, 45 -. 47 cq@851  18:Q04:55 ZAIEE, 25 £2, 34 L ASET
17:38:3&8 1%65. 52 —. 4 BSZZ  18:GE: @3 Z@41,.75 75,83 LBEss
17:55:42 1285.54 -. 28 ~-. Q8RS 18:@5:15 ZR47.95 8z. 04 L AEEn
17:98:52 1265, SG —. 45 - Y E 1E:@E:Z4 2AS3LET 87.23 LBEAE
17:57:Q2 1985, 45 - 47 -, @F75@  18:@05:33 2@5%.5° =3, 57 LRET
17:57:18 1285, 4@ -,z -, @7 18:835: 43 ZUES. 1S 5. 13 L AEs7
17:57 22 1955, 35 - 5 - 25 18:@Q%: 52 A7 7Y 1@4. 32 L M7IE
17:57:38 1263.33 -. 53 ~. BEET A6l SR7S. 03 102,17 LB747
L7:57 42 12865, 47 ~—a 45 -.B53% 8:25:10 272,68 113,75 LQT77E
1715758 1268, 56 -. 36 -. @611 18:@06:8G 182,55 118,63 . BN
17:58:02 19585, 48 L -, @583 18:@6:3% 2@87.84 121,22 P BEEE
17:58:15 12€3.48 ~. 44 - A555  18:06xR8 2@21.31 125, 32 L 283
17:58:22 196%.43 - 42 ~. @528 15:'5H§§ 294, 55 128,83 . e878
17:38:32 1965, 4% — 43 -, QSBQ  18:1BE:S7 SBI7. 47 121.55 . BR03
17:58:42 19589, 48 - by — @472  18:@7:Q8 aa. 16 134.24 L ABEE
17:S8:9% 156%5. 54 - = —. B44s4  18:@G7:16 S10E, 77 138. 85 . A3EE
17:53:@2 13965.55 ~— 36 ~. G417 18:@7:35 Z10M 9% 133,47 .58t
17:52:12 1963.58 —e 3 -, @B382 18:87:34 =167 @3 141. 11 . 1005
17:59: 3% 1965, 47 - 45 -. @351 18:@7:44 2128 143, @2 L1RE3
17:32:38 1965. 46 Y 46 ~-. A333 18:l7:53 Ei1@861 144,82 .1
17:52:42 1285, 40 - 52 -, B3YS 18:@8:1% 21iZ.qs 145017 L 1Q8E
17:52:32 1%6€5. 44 - 46 f —-.@B278 18:@8:11 &1‘3.43r 147.54 L1168
18:Q0: @ 19845, 49 - 43 - B25@ 18:u8:21 2114.68 148. 7& L1138
18:8@0:12 128S. 4% -, 43 ~.AZEZ  18:08:3@0 2115.77 14%.35 L1181
18:@6w:22 136£%5.39 - 42 -. @124 18:@8:3% Z116.71 150, 73 . 1185
18: 32 1965, &3 - 2% ~. 8167 18:08:48 2117.53 151.61 L12ie
18:Q0:42 1955, 65 -, 27 - 2139 18:18:58 2118.1% 52. 27 L1232
18:001:52 13565, 71 -. 21 ~. %111 18:@2:7 2118.74 152, 82 . 1284
18:21: 2 196%.72 - 2@ -, Q@BZE  18:¥9:186 T113.32 153, 49 . 1285
18:Q1:12 1265.78 -. 1€ -, BASS  18:@%:55 119,85 183,21 L1304
18:@1:22 13255.78 -. 16 -, @Az8 18:@42:35 212w, EZ7 154, 4% . 1342
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IR:1:S8 2183, 21 157. &% L1728 15:51:145 Z1E7.38 16,44 i)
168:11:08 3133.§% 157,42 L1880 18:32:46 2127. 36 181. 45 LIn4T
18:11:17 =123.4 157. S4 L1833 18:2Z:48 Ti1EV.LHT7 181. 65 3T
1351156 2123.63 1 =157.71 LLIESD 18:34:48 TIET.ET 151,72 L3LTE
16:11:36 S183.80 =7, 88 L1678 18:23:48 127,80 181. 68 AR
18:11:45 I123.93 1@2.@1 L1783 18:35:48 2127.75 151. &4 LA2TL
18:11:54 2124,@7 1858, 15 L1728 18:87:48 Z127.75 181. 83 L4378
18:12:04 154,19 158. 7 L1755 18:28:48 2127.84 181. 92 L HELE
18:12:13 184,36 158, b4 L1781  18:2%2:48 122,07 162. 15 L 4T
18: 1235 2124.53 158, £ L1825 18:3@:48 126,16 1EE. 24 . 4ETE
18:12:31 2iZ4.63 15-.%&& L1831 18:31:48 Z1Ze.zd 168, 28 LSRG
iBriZ:4l 214,72 158,87 . 1858 18:32:48 =2128.:17 162, 25 LS31.
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16:1S:20 2125, 28 160, & LEZO0Q  18:4%:46%2z8. 20 162,37 . 8647
18:15:3% 2138, Q8 152, 14 L2325 18:53:48 31%8:36 152, 44 L
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12:12:48 Z1z8. %2 16z, 28 1. 2048 2Z:E82:16 Zi27.:1Z LELL U 4, 45855
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12:1648 Z1248.72 EZISE a7 1.2545 ZZ:a4:16 2127.0% 121. 17 4,720
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12:2@0:48 Z128.85% IE.E‘.E/% 1.3211  E23:@4:16 2125.%7 181,22 5. B4SE
12:221:48 Z126. %6 16204 1. 2278 ZIi:@2::8 Zia7.©: 161,072 . L2a%
12:22:48 2128. %23 IBE.ﬂsﬁl 1. 3845 E3:s3l4:16 2127.002 18i. 1% .22z
12:22:48 Z2128.%4 163. ¢ 12711 E3:19:16 Z127.47 16L.19 . 2288
19:24:48 Z128. %% 162, @4 1.33878 Z23:Z4:16 Z125.87 15@. 35 C.27es
12:25:48 21:8.%28 162, Q4 ﬂ 1. 4@45 ZZ3:E22:16€ 21E7.02008 161,28 S. 4822
19:25:48 2128.35 163,43 g 4321 23:34:116 2128.28 161. Q8 S. o458
12:27:46 2123, @1 163, A% 43278 23:32:1& Zig6. T2 16.. 00 S. 222
19:28:48 Z128.721 182, 32 1. 4945 233443186 2132E.83 160, 36 SLTLEZE
122216 2128.21 162. 2% i. e 23242116 Z126. 84 160, 22 5.7°25¢8
15:34:16 Z128.38 162, 25 1.59458 23:54:16 21326.7% 15, &7 S.872%
1%:3%2:16 Z1:26.85 162. 23 1.6Eﬁ 23:32:16 2126.78 160. 84 5. 2682
19:4418 Z128.83 162,91 1.718338 @ag-21-1538
19:45:16 =Z1z6.61 1E2. 8% 1.7%9S6 W4 le Z1E6.7: 16G. 72 2. BH56
19:24:16 Z128.58 162, 65 1.878% Q:@%2:15 Z125.68 162,76 &.i=ze%
12:8%:16 Z21izZ8. 7@ 162.78 1.S632 @@:14:16 T1iZ26.65 1w, 73 . 132
SAid4:16 2128057 162. 85 2.@458 Q@:13:16 Z1z2&6.61 160, 5% E. 2755
ZR: 316 Z128.35 182, 63 2. 2B QU4 glb Z126.355 1ER, 63 &. Z78%
Z@:14:18 2128.52 182, 60 Z. 2122 @@:E?Ejk 2125.00W 189, 58 &. 4555
Z@e132:16 126,43 162.51 ZL,EP36 Q34116 Z125.48 61, 55 &. 32432
ZQ:Z43:18 Z128.42 168.5Q 2. 378% @@"7G:16F§135.45 160, 3 &. &I&Z
ZBe2216 212E. 34 . 1EE.42 2.4622 Q@44 18 Z1EE.45 163 &. 7122
134516 2128.56 162. 36 2.5455 Q@:42:16 Eié§.48 150, S0 S.732L5
22:3%2:16 2126.3G 162, 38 Z2.628T U:S4:186 ZUES. 42 1&Q. SR £.878%
ZA:44:16 2128.18 16Z. 26 Z.7122 @&a:59:15 EIEEFEU 162, 48 £.25z22
ZQ:4%:16 2128. 15 ez, 23 2.7SS6 @i1:04:16 E21=6M 322 16,47 T.USSE
2R:54:16 2128.24 162,18 2.878%2 @1:@2:16 2178, 35 180, 45 7.128%
S@:352:16 2Z1z28.48 162,16 . L 2.9652 @lsi4:1 2136.§§a 160Q. 423 7.2L22
21:04:16 2128. @1 162,039 - 3.Q0456 @1:19:16 2126 35 16Q, 43 7. 2358
21:@2:16 Z1&87.97 162. @85 3. 128 @1:24:16 Z1&26. 16Q. 42 7.27872
21:14:16 2127.21 161.499 3.2122 @1:29:16 2196 3@ 164, 38 7. A2
2i:1%:16 2127.68 161,296 S. 29258 @1:34:16 Z1 . 28 180, 28 7. 5426
21324316 2127.73 161.87 3. 37872 1:3%:16 DIhG.JS 16Q. 24 T.eZEZ
21:22:16 =2127.812 161,88 3. 4628 @Al:44:18 Z2i26.25 164, 23 T.T7TIED
21:34:16 2127.78 161.6& e T4 Zl:49:16 2126.23 152, 31 7. 7258
Si:3%:16 21z7.8@ 161.88 3. 62872 1:S54:18 2128, 2@ 1e,. 28 T.87az
21:44:16 2127.68 161.76 3. 7122 @A1:592:16 212&.18 1R, & T.BCEL
21:4%2:16 2127.55 161.63 2.7%3 Bz:@4: 18 _lcbulu 1@, 22 &.a458
21:54:15 2127.5@ 161.58 3.878% 2:@2:18 21zEe.13 188, 2. 8.1z8&%3
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SAET 2
SURVEY DATA

COMPANY KENNECOTT RUM 24 FIELD SALTON SER WELL NAME =-14
TimE FRES pr DTIME Time FRES gus DTIans
12:12:48 2125.61 153,87 18,1861 QUW:S7:42 Z122.78  157.8% 0. 2261
12187142 2183.34 152,43 18. 4351 @1 2123.76 157.84 31,1851
12:48:42 Z125.47 152,55 16. 6851 @1 2123.72 157.87 31,4360
12:57:42 2125,45 152,53 18,9351 Ql:42:42 Z1283.74 157.8% 31,6862
1Z:18:48 2105 46  1S%.54 12,1861 @1:S7:4% 21523, 2 157,22 31,2381
13:27:42 2125766 153,74 12,4351 @2:12:42 2133.77 1S7.8% IZ.18&1
13:43:468 2128, 153, 7S 15,6881 OZ:E7:42 21232.75 :ST.83 2. 438
13:57:42 212S. 155. 52 15,9381 Q@2:45:45 2123.7 137,78 I, 6861
14:12:42 125,48  1S8.€ ZU.18E1  BI:S7:4% S123.67 157.75 2. 2361
1427142 2155, 47 EEIEE.Sj 2@, 4351 @3:13:42 2133.6% 1S7.77 I3, .88l
14:42:42 212%5.43 155,51 20, 6681 @I:¥7:4% S1832.68 1S7.7@ 23,4281
14:57:42 215522 1ifR.3 20,9351 @3:142:42 2123.58 157.684 23,8851
1S:18 48 125,46 185,34 21,1881 W3:1S7:4F 213,82 1S7.6: 33,9251
1527542 215,35 1SS.f4 21,4351 @4:12:4% 2123.52 =7, 60 4. 1BEL
15:42:48 2125.12 1527 21,6861 Q4:37:4% Z123.45 1S7.54 34,4251
15:57:42 2125, 18  1S5.30 21,8351 Q@4:45:462 Z123.45  L1E7.54 24,6851
16:12:42 125,23 :se.ihﬂ 25,1881 @4:S7:4F 2123.45 157.33 34,2351
16:27:4% 21235100 15%,18 ZE.4351 @S:1Z:42 2123, 44 157. 52 3T.1551
16:42:45 21ES.12 195,20 ﬂ32.5551 BE: ST 42 Z123. 41 157,45 35, 435:
16:57:42 2124, 21 153, 5% 2T, 9361 @S:42:4% 212341 157,43 35,8885
17:15:48 212S.64 153,18 %Pﬁ:sez @S:IT:43 2123043 LST7.EL 3. 2381
17:27:42 2123.02 152,238 FE. 43581 Q521342 2123.43 157091 36, 1561
17:42:45 2124.%@ 158.28 3.8 @E:TT:4E Z1Z3.44 00 1ET7.EE L. 46351
17:57:42 2125.@8  15%.1% 23,9251 @ME:42:47 2123.4% 157,27 35,5851
18:18:48 Z124.22  1S%.07 24,1690 GE:T7:43 S183.4% 157,37 31,5581
18127342 2134.84  158.9:2 24,4380\ @7:12:42 2123.45 157,53 37,1881
16:42:458 2184.77  156.85 24,8681 §%ﬂ:37=43 2123, 41 157, 4% 27451
18:57:42 2124.82 158, 20 24,2361 W7:42:42 2123.43  157.51 37.65&1
S:12:142 154,63 1S8.7@ 25,1881 @7:S7:42 183,44 1S7.SE V.S535
15:27:42 2184.86  1538.74 25,4387 @B8:12:42 Z183.45 157.54 38.1851
19:42:43 Z1584.3%2 158,47 25,6881 (E:12Ta4S Z123.43 0 157.951 22,4281
13:57:42 2124, 31 158, 23 25,9351 @8:42{4F =i23.44  1S7.53 30,6851
M 124 2124.28  1586.3 26. 1861 @B:S7:42 S122.47  157.SS 3i.5381
SWr27:42 Z124.27 158,35 26.4361 @2:12:4zkR123.45 157,53 22,1851
SO 42142 184,22 158,30 £6.6861 @Ti27:42 423,38 157,40 2. 43618
ZM:S7:42 2124.12 156,20 26.9351 @2:42:47 2150 157.5 2=, 8881
S1:18:42 S124.056  158.14 27.1881 @2:57:42 Z:€EM 70 157.75 35,2381
Z1:27:4% 2124.00 158.08 27.43581 1@:13:4% 5133F31 157.4% 4. 1851
21:42:45 2184.00 158,08 27.88681 1@:37:42 2123044 1s57.S2 42. 4361
21:57:42 2122.85 158,03 27.9361 1Q0:i43:42 215348 157.9S0 40, 5851
S2:1Z:45 21E3.96 1L58.06 7 2B.1881 1@:37:42 a:;z.kaa 157,73 40, T361
222742 ZiE4.Q6  155.16 28.4351 11:12:45 2123.74  157.8%2 41,1861
ER48:42 Z122.%4 158,02 26.6681 11:27:4% 2123.865  157.73 41,4381
22:57:642 2123.9@G 157.98 28.9351 11:42:42 2123.59  157.87 41.5851
23:12:62 2123.88  157.%8 22,1861 11:57:42 2183.33  157.4: 45,5381
23:57:42 2123.86  157.94 22,4351 12:12:42 2123.75 157.832 47,1851
E3:42:42 2i22.82 157.%1 22, 8651 27343 Z123.72 157.80 4. 4381
23:57:45 2123.78  157.8% 22.9351 12:42:42 2123.8%  157.77 £351
RE-ZE—~1268 H1ETi45 Z123.78  1S7T. 86 4. 3361
@@:12:42 2123.77  157.85 3@.1851 13:13:4% 2123.73 1S7.&L 42,1887
@RMIE7s42 Z183.74 1S7.82 30. 43261 13:27:42 Z123.9%  1S6.07 Z. 4361
Qa: 4 2123.78  157.8% 30.6B8&1 13:42:4% 2123.53  157.5: 43. 8861



SURVEZY DATA

COMPANY KENNECOTT RUN 324 FIELLD SALTON ZEAR WELL NAME zZ-14

TImz FRES CF DTImM= TIME FRES Dr Lrime
13:37:42 Z123.58 12802 432, 5ZE 14:ZE:Z8 2122, 27 iC6. 43 G, b45F
14:12:42 21323.47 127.5% 4/4.185:% 14:28:57 Zizz. 33 13&.4: Ga 47X
14:27:48 2122, 4G 156. 465 bGb, 4EET
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&: ADDENDUM H )

SUMMARY OF ATTEMPTI TO RUN A CALIPER LOG IN THE STATE 2-14 WELL

=n»




. RECCIVE
Glen E. Tinsley & Associates |l____AUG 1 1988
—_1 - eotherm
I IMPERIAL, CA o) Tostng
é Product'@n
i . _' . Operoti’ns
To: Mr. Jake Rudisill : August 16, 1988
Geysers ‘Geothermal Co.
1168 N. Dutton, Ste.280
' Santa Rosa,
CA 95406-1279
Sir: F@

State 2-14 'w

Below] a summary of the attempts to run a caliper log on
11 on August 8, 1988'

all tooliZbere zeroed at 48 inches above ground level as
determined by the cement edge of the cellar. Wellhead

pressure = PSIG.

#9580 RIH 64 Alm Caliper Arm Tool (7 1/4" OD) stuck at 5

feet below @, approximately 26" into the 9 5/8" casing.
POCOH with ZGGH#ﬁUgus tool weight (248#) to unstick.

1356 RIH 3 1/2 inimum ID Tool (OD 3 1/2") stuck at
approximately 5 fee& below 8, approximately 26" into the 9
5/8" casing. '
POOH with 24060#%# plus $QO1 weight (18604#) to unstick

On August 15 a short TV mera run was made on the well to

visually inspect the obstruct . An attempt was made to
hydroblast the obstruction, howgger the equipment failed and it
is unknown if this was effectiv A copy of the log is
enclosed. It is on VCR format. Eﬁ%low;ng is an account of the

effort :

The tool was zeroed at 48" above the cement edge of the
cellar. Wellhead pressure = 58 PSIG.

#9d9 RIH with 2 1/8" TV camera (WJE) flow1ng approximately
58 GPM). Observed a whitish scale be ning at about 6.1
feet 1n the 9 5/8% casing. Ran to 18 feet then POOH

(flurdﬁtempera,AreAls the limiting factorgand had risen to
12¢:-degrees F.). K
#945:- RIH with 11,808 PSI hydrobalster to roximately the

center of MCV 1. Downhole rod failed (bentfg=. POCH.
‘QRIH 'with- 2 1/8™ TV camera (well dead, PSI = 08).
Fluid- .too’ turbid fq; visibility. POOH. Shuévin and
secured well. ,

Careful inspectioﬁiofithe log tape shows that scale buildup

at around 6 feet with a well defined buildup around 8 feet.

Well

Enclosed are a copy of Figure 3.4 of the Salton Sea Deep
Scientific Drilling Program, (State 2-14), Test Report

showing the configuration of the wellhead stack and Table 3-2
(pg 3~108), describing the stack.

PO.Box 1928 + Carisbad, (A 92008 » (619) 726-1990



. There: appears to be a discrepancy between the depth of the
9 5/8"-.casing in all of the logging runs and the as-builts as
indicated by Figure 3-4. I talked to Joel Barbour of Bourber
Well Surveys, the owner of the camera equipment and found that
during the -zeroing process the operator had not punched in
"negative" and therefore zero on the tape is eight feet above
ground level. This coincides with the as-builts and the Dialog
runs

Belz&)is a table indicating significant depths in the 1log:

Log Depth Actual Depth Event
()
1.7 fjgiz 6.3 feet above GL . Top of MCV-1l gate
6 feet 2 feet above GL Top of scale
19.9 feet 2.9 feet below GL End of run

The second &g run begins at 5.406 on the counter and has no
significant informaiion in it.

If I can be of any assistance to you please call me at
(619) 726-19949. ﬁvﬁ -

Repectfully submitted, An

Glen E. Tinsley $@ : >
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Figura 3-4 Wallhead Design
see Table 3-2 for Wellhead Equipment List
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Item Number
(rig. 3-4) Quantity
1 1l

n
O - 4F==n:

* | 32
* 1
* 20
8 1
9 1
10 1
11 2

* Not shown in Flgure 3-4

RR:4779r asi:Rev.8

WELLHEAD EQUIPMENT LIST

Table 3-2

Dageription

Casing head 13-5/8 im. API 3000 x 13-3/8 in.
SOW with two 3~1/8 in. API 3000 flange outlets

Bull plug 3 in. LP threads, plai=

Companion flange 3-1/8 in. API 3000 with 3 in.
LP threads

Gate valve 3-1/8 in. API 3000

Bull plug 3 in. LP threads with 1/2 im. NPT
Needle valve 1/2 in. NPT, angle

Not installed, see item 15 |

%ing gasket R~-31 (3~1/8 in. API 3000)

St 7/8 in. x 6 in. ASTM A193 Grade B7,
HR maximum hardness, with two nuts per stud

Ring glgket R-57 (13-5/8 in. API 3000)

Studs l~iFR_in. x 10~1/4 in. ASTM A193 Grade
B7, HRC22 magigum harduess, with twe nuts per
atud ’

Annular seal and centralizer, nominal
13-5/8 in. x 9-5/8 in. casing

Expanaion spool lS“‘E) in. API 3000 x 11 in.
API 5000 with two 3~1/8gdm. API 5000 flange
outlety, 41 in. overall gth with 18 in, of
expansion on 9-5/8 in. production casing. Top
of spool bored to accommo a 7 in. hang
down liner donut assembly

Bull plug 3 in. LF threads, eE%;a heavy plain

. Companion flange 3-1/8 in. APL ;3;0 with 3 1a.
" LP threads

3-10



THE DIA-LOG CO. CHART NO. $#C-840
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