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This report was prepared for the British Columbia Hydro and Power Authority (“BC
Hydro”). BC Hydro does not:

(a) represent, guarantee or warrant to any third party, either expressly or by implication: (i)
the accuracy, completeness or usefulness of; (ii) the intellectual or other property rights
of any person or party in; or (iii) the merchantability, safety or fitness for purpose of;
any information, product or process disclosed, described or recommended in this
report,

(b) assume any liability of any kind arising in any way out of the use by a third party of any
information, product or process disclosed, described or recommended in this report, or
any liability arising out of reliance by a third party upon any information, statements or
recommendations contained in this report.

Should third parties use or rely on any information, product or process disclosed,
described or recommended in this report, they do so entirely at their own risk.



CONTENTS

Section Page
1 INTRODUCTION | | 11
Location and Access i : " 1-1
Previous Work 1-1
Work Done in 1983/84 : 1-1
EPRI Turbine Separator Installation : 1-5
EPRI Turbine Separator Testing - 1-5
2 RESOURCE CHARACTERISTICS ‘ ~ , 2-1
Geological -Setting ‘ 2-1
Discharge Assessment 2-1
Well Status 2-2
3 WELL CHEMISTRY 3-1
4 TURBINE AND SEPARATOR TESTING ' 4-1
Equipment Assembly ‘ ' 4-1
Separator Rework ‘ 4-1
Skid-mounted Turbine Generator Assembly 4-3
Turbine Design and Manufacture 4-3
Operation and Performance 4-4
Separator 4-4
Turbine ] 4-5
Separator and Turbine Controllability . 4-6
Separator 4-6
Turbine 4-6
Turbine Performance 4-7
5 CONCLUSIONS 5-1

REFERENCES 6-1

(=)}




(=3}

(X

10

11
12
13
14

ILLUSTRATIONS

Figure

1 Locality Map and Plate Tectonic Setting of Cascade Range

'2 Deep Exploration Drilling Programme Targets and Well Tracks
3 Summary Map of Drill Sites

4 MC-1 Temperature Surveys 1983/84

MC-2 Temperature Surveys 1983/84

‘MC-3 Temperature Surveys 1983/84

Silica-Temperature Correlation Surface and Thermal Waters of
South Meager Area

Variation of Quartz, Na-K and Na-K-Ca Geothermometers with

-Time (Data from MC-1)

PR NI WY IR, PR o

Sodium=Potassium Correiation

Sodium Lithium Correlatfon (South Meager Area)
Meager Creek Project Separator-Turbine Test Loop
Turbine Efficiency V.S. U/CO

Kato 60 kWe Generator Efficiency

Gearbox Bearing and Seal Power Losses

Page

1-3

1-4

2-4
2-5

4-10
4-11




Table

1

TABLES

List of Proposed Test Runs Meager Creek Project - Well MC-1

2 Meager Creek Geothermometry November 1984

Page
1-6
3-8




APPENDIX A
APPENDIX B
APPENDIX C

DATA FROM POWER SYSTEM TESTS 1-26

EPRI CHEMISTRY DATA
GEOCHEMICAL ANALYSIS RESULTS




ABSTRACT

E A fracture dominated geothermal resource with a reservoir temperature in excess of
195°C has been identified in the South Reservoir area of the Meager Creek Project.
Geothermal fluids have been intersected in all three deep exploratory wells,
although the host rocks are characterized by Tow overall permeability and porosity.
The flash steam separator, originally designed and built for EPRI for testing at
East Mesa, California, was reworked, installed and tested at Meager Creek. EPRI
contracted Barber-Nichols to supply the skid-mounted turbine-generator module from

| ~ existing equipment, with modifications for use with geothermal steam at Meager
Creek. The test turbine-generator was installed in order to acquire initial operat-
ing experience with geothermal fluids available from the Meager C;eek~geothermal
area. The turbine and separator were successfully operated over a period of

6 months at pressure ranges designed by EPRI, but modified in response to the site
conditions. The test fluid flowrate at the wellhead was approximately 57 000 pounds
per hour, with a surface temperature of 125°C. Ongoing temperature and flow testing
on well MC-1 has improved the understanding of the chemical and physical parameters
f

of the geothermal resource at Meager Creek.




Section 1

INTRODUCTION

LOCATION AND ACCESS

The Meager Creek Project area is located approximately 200 km north of Vancouver in
the rugged Coast Mounta1ns of southwest B.C. (F1g 1). A good grave] surfaced
logging road follows the Lillooet River valley for 50 km to the Meager area from the
end of the paved highway at Pemberton Meadows.

PREVIOUS WORK

Geothermal investigations at Meager Creek have been in progress since late 1973.
B.C. Hydro became involved in 1974 with a sma11~sca1e diamond drilling project ;
designed to evaluate the thermal characteristics of the'Meager Creek Hotsprings and
“the surrounding area (Figs. 2 and 3). Subsequent investigations identified and
~localized a potent1a1 ‘resource ‘area on-the lower flanks of Pylon Peak, some 5 km
upstream from the main vent of the Meager springs.

Exploration culminated with the drilling of three large diameter rotary holes during
1980 to 1982. Reaching depths of 3000 to 3500 m, the holes were drilled to assess
various targets identified in earlier studies. The program resulted in one well,
MC-1, capable of long-term, sustained two-phase fluid production. The two other
wells, although unab]eyto produce steam spontaneously in their present state, have
assisted in the development of interpretive models for the geothermal reservoir.

WORK DONE IN 1983/84

The geothermal drilling program was suspended in August 1982. Since that time,
activity at the Meager Creek Project has been restricted to testing and monitoring
of the three deep exploratory wells.

In July 1983 preparations began for the installation of a small turbine on the

producing well MC-1. Arrangements were made with the Electric Power Research
Institute (EPRI) to supply a Rotary Separator Turbine.

1-1
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Howevér, this equipment could not be supplied on time, and instead, Barber-Nichols
Engineering of Denver, Colorado, supplied a 20 kW skid-mounted axial flow steam
turbine for EPRI. This single-flash, steam turbine was installed and tested under
varied conditions during spring and summer 1984. The test program was completed in
October 1984. However, flooding stranded the equipment on site before it could be
demobilized. The separator, turbine and generator were winterized and remained at

- Meager Creek until May 1985.

EPRI TURBINE SEPARATOR INSTALLATION

On-site preparations for the steam turbine began in late 1983, with thé delivery of

the generator, separator, and turbine to Meager Creek in mid-November. Installation

proceeded slowly because of logistical difficulties imposéd‘by the approaching
winter season.

The first 3 months of the installation period were required for the reconditioning

of the separator unit. The equipment supplied had been previously used and arrived
at the site in only fair condition. Installation was completed by April 1984, and

the testing program began shortly thereafter. ' ‘

EPRI TURBINE SEPARATOR TESTING

In order to provide a reasonable working assessment of the steam turbine, a Variety
of tests were designed as part of a program which was conducted during summer 1984.
The tests as originally laid out by EPRI could not be conducted because of the
quality of the fluid at the wellhead (Table 1). However, 26 tests ranging in length
from 1 to 6 hours were run, observations of temperature, pressure, flow rate and
power output were made at a number of points in the séparator-turbine test loop
(desigated, for example, T1l, P1l, F6a, W8 in Fig. 11). Data from these tests are
included as Appendix A. The power generated was dissipated in a load bank.
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] ‘ ' Section 2

RESOURCE CHARACTERISTICS

GEOLOGICAL SETTING

The Meager Volcanic Complex comprises a series of late Tertiary to Quaternary
andesitic to rhyodacitic eruptive centers which intrude rocks of the Jurassic-
Cretaceous Coast Plutonic Complex of southwestern B.C. Basement rocks in the.
‘vicinity of Meager Creek consist predominantly of altered, biotite quartz diorite of
probable Mesozoic age with less commmon septa of metamorphic rocks. Volcanic dikes
of rhyolite, dacite, and éndesite transect the basement and are associated with the

g intrusions of the Meager Volcanic Complex. ' ‘

A wide, normal fault zone, the Meager Creek Fault, strikes east-west, dips 45-50°
north and appears to be the major structure providingkpermeabi1ity for the flow of
geothermal waters.

DISCHARGE ASSESSMENT

After MC-1 was completed it was found to have a positive wellhead pressure. On

22 December 1981, the well was first discharged through the 2-inch bleedline until
flashing started; a 10-inch side valve was then opened. The discharge stopped after
30 minutes of operation and the well was subsequently put on bleed to maintain
wellhead pressure and continue increasing the flow temperature.

During July 1982 the well output was measured using a total flow calorimeter. The

calorimeter consisted of a 6 m length of 2-inch diameter casing in which the well

fluid was condensed and cooled. By measuring the condensing water and outlet water

temperature and flowrate, the well fluid enthalpy and flowrate were calculated. The

results indicated a flow of 32 000 1b/h. The liquid had a deep well temperature of
1 194°C. Because of the inability to maintain pressure to the surface and the cooling
% effect of near surface waters, temperature at the wellhead dropped to approximately
125°C.

: By October 1982 the well could sustain discharge through a 4-inch pipe. To obtain the
g ~well output, a silencer was installed and the water flow measured with a 90° V-notch

2-1




weir. The flowing surveys indicated deep well temperatures of 194°C and a wellhead
pressure of 18 psig, a temperature of 106°C and a flowrate of 50 000 1b/h. '

After the airlift stimulation in the fall of 1982, the discharge from the well
improved to the point where it could sustain discharge for an indefinite period.

The well was left discharging with periodic well maintenance (twice per year) until
June 1985. The final flowrate measurements in November 1984 indicated a deep well
temperature of 194°C, a flowrate of 57 200 1b/h and a wellhead pressure of 43.5 psig
(300 kPag). The discharge was vented to the Meager Creek. The maximum temperature
measured in MC-1 to date is 237°C at a depth of 2400 m (Fig. 4).

Well MC-2 was completed in the spring of 1982. An initial étep—réte injection test
showed the injectivity to be 17 percent higher than the one from MC-1. The bottom
hole temperature was measured as 270°C at 3500 m depth (Fig. 5). At that time, the
injectivity appeared too low to conduct any additional testing.

Well MC-3 was completed in the mid-summer of 1982 and the initial step-rate injec-
tion test showed the injectivity to be 92 percent higher than MC-1. The total
circulation loss at 3025 m during the drilling was encouraging. However, the
material uséd to regain the circulation loss was more effective than expected and
this permeable zone was sealed off.

The bottom hole temperature of the well MC-3 increased by approximately 10°C

(Fig. 6) over the l-year period after drilling. Therefore, an airlift stimulation
was conducted during November 1983. The permeability of the well improved.

However, the flow could not be sustained at that time, the tests had to be concluded
and no further testing work was done since.

WELL STATUS

The MC-1 discharge tests were conducted between November 1982 and mid-1984. Thermal
fluid was discharged to a silencer/separator unit where the wellhead pressure was
recorded constantly and flow rate was measured daily. Periodic temperature surveys
and chemical sampling were conducted to monitor changes in the thermal regime.

During the course of production, the MC-1 well bore became obstructed by a
substantial carbonate scale deposit. However, the blockage was successfully removed
by mechanical means and further scale deposition was inhibited by maintaining
constant pressure at the wellhead.

2-2
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MC-2 and MC-3 remained dormant for most of the 1983/84 period. Standing water
levels in the wells were recorded regularly and periodic temperature surveys were

run.

Increased temperatures and indications of improved crossflow at depth in well MC-3
prompted a flow test in early November 1983. Continual airlifting for a period of
20 hours resulted in a series of discharges achieving peak wellhead pressures of
850 kPag (123 psig). However, it is believed that cooler surface water downflow
quenched the flow approximately 20 minutes after the airlift was terminated because
the casing did not extend to sufficient depth.

2-6




Section 3.

WELL CHEMISTRY

Samples of the fluids were taken approximately once a week, except during special
testing, and analyses were done in B.C. Hydro's lab. In addition, an EPRI mobile
chemical sampling unit was brought to the site in early August 1983, in order to
evaluate various chemical parameters of the production fluid. The EPRI lab analyzed
for chemical components expected to be important for scale or corrosion. This lab
performed a variety of other evaluations including analyses of trace elements in
waste water and steam. Toxicity determinations are listed in Appendix~B.‘

The analyses of samples taken periodically from the production fluid of well MC-1
was reviewed by Dr. Morteza Ghomshei, working for the Meager Creek Project under a
UNESCO post-doctorate fellowship. Raw water chemistry data used in the study and
ionic strength versus time interpretations are presented in Appendix C. Examination
of the correlations between K, Na, and C1 indicated that discharge from well MC-1 is
probably a mixture between a single brine and high-chloride cool waters (Fig. 7).

Various geochemical thermometers were assessed with some interesting results. At
Meager Creek, the residual silica, SIL2, is 395 ppm prior to mixing, and construc-
tion of line PNM results in an original silica, SIL1 of 305 ppm and a temperature of
210°C where the 1ine intersects the silica saturation curve. Although this
calculated temperature is slightly higher, the results are more or less comparable
to observed temperatures of 180°C to 195°C at the production level of 1200 m to

1600 m in MC-1 (Fig. 7). '

Silica data from MC-1 give a quartz temperature of 200°C to 210°C (Fig. 7), similar
to predictions using data from the hot springs. Surveys in MC~1 indicate a maximum
of 230°C to 240°C at 2500 m, but production level temperatures are around 180°C

to 195°C, which are somewhat lower than the calculated quartz temperature. However,
if a correction for steam loss is considefed, the predictions using the MC-1 silica
geothermometer would be closer to the 185°C to 195°C predicted by the Na-K and
Na-K-Ca geothermometers and the observed temperature at the production level

(Fig. 8).




8 °AANIEMIIT T €N

L ‘914

0oe

VERIV WEDVHN HINOS 40 SYAIVA TVINWEHL ANV HOVINS
NOLLVERMYO00 SUNIVYHIWELVOITIS

Je - FUNLYUIINIL

0st 001 0s 0
< ] ] | 51 ©
_ ® ]
JUIHASONLY T LV
JYNLYYISNAL ONII108 o
ViVQ ONI¥dS @ \ \
[SSOT NV3LS ¥3Ldv) o — oot
viva 1734
aNBDHT
Z18VNO
va1I1s »
SNOHAYONY 0oz
R o
SOES20TS | ymaLvh ANDQIITYHI
102=4 ) WNIS1U0 ‘
INIT ONIXIN | ooe
ONIXIN 340438
v2111S 1vno1s3y / \\.mmn
£S507 NY3ILS) i HEP
ON11002 J1LVaviQY N ~~w_
n T~
I:Ill
II
S
—
W

Ndd 201IS




40 40 40
1Z iz iz
u o 4o K *. Lo a M ’ 410
Lo : ; o o
a ”. .s m . .- Ls 1 q. 4
mw m {< " {« Vﬂ N d«
... .J“ .. . .JM M . AJ“
4=y 4= 4
. 1= . 1= . 1=
.I da« da
is i= i=
., 4. ., du. L . 4
L] o 3
ot . . ™ .n. L o [ -

o

ASONOD
AS ONTO
Geothermometers with Time (data from MCl)

Variation of Quartz, Na-K and Na-K-Ca

3

83

-

J

83
FMAMGJGUJ ASGONTD

83

0- . L]
i, 9 . s 4= ° .t L
~l J . .Cl . 'Q-
o} i= e 1= o 1
' m. * L L. ¢ .o-n 4 .-non L
& is I 4i= * e <
L] . [3 .« *
. ..n du . \ . L du . . oo, O 4
”.m i I Yol L~ TS i
-o .noc .on
* M ie ML ’ 1@ .a.u- ' 1°
DX T R M 3 ‘e N hahd . .
_u.u o . 4z AT i 3 LRI RL {4z
¢ ' 10 . 10 u. 10
. . . s o ey ., . . e .. e
N 1N
. % ) 1ng . o
e e 1< 1< TN 1«
. . is . j . I=
L E0Y 4= L &)
{ U U YR TSN Y YU TN YOI NS TSN WY SRS SN W VY | S VO WG OGO TENCY TR S SN T T AN WAL SURY WS ST e o o B RS SR S N N MY PN PR
° [ [ Y Y b L] » L) [
AR o8 8¢ O o:o% o3 A N D IR
(De) ®unijviadwe; 23199 (De) ®aMIvIdwE] HN-wvnN (De) dwe®) OO~-N-"N

LY. ER -~ [ [P— [E— R FOS—: JR—

FIG.8



The Na/K and Na/Li geothermometers should be more accurate than quartz geothermo-
meters. Neither is affected by steam loss or mixing with meteoric waters and there
are no significant potassium or lithium temperature-dependent reactions with the
environment during the relatively fast ascent of the brine. The sodium-potassium
correlation for the Meager Creek hot springs extrapolates 1inearly to the origin
(Fig. 9) which indicates the lack of potassium re-equilibrium, as depicted by the

reaction:

Na* + K (silicate) & K* + Na (silicate) | (3-1)

The Na/K ratio obtained from this correlation is about ten and gives a base temper-
ature of 195°C. The Na-K correlation of MC-1 is ultimately affected by a mixing

‘with M12 waters. As described above, the slope of the correlation line indicates an

original Na/K ratio of around 9.2 and a base temperature close to 200°C, comparable
with that of the hot springs. If mixing of MC-1 brine with M12 waters is disre-
garded, the measured Na/K ratios would yield a lower temperature of around 180°C,
which is compatible with Na-K-Ca temperatures. It should be noted that mixing of
MC-1 brine and M12 high-chloride waters (with a relatively high Na/K ratio of around
26 and a lower base temperature of around 115°C) would explain the decrease in Na-K
temperatures for MC-1.

The sodium-1ithium geothermometer gives a higher temperature than either the silica
or sodium-potassium geothermometers. The data from MC-1 do not demonstrate a
distinctive linear correlation between sodium and 1ithium. Nevertheless, when the
avefage Tithium and sodium concentrations of MC-1 brines are plotted together with
data from other deep exploration wells and hot springs, a linear correlation extra-
polating to the origin is observed {Fig. 10). This correlation has a Na-Li ratio of
approximately 350 and a temperature of approximately 280°C using the formula:

T °C = 1195 / (log Na/Li - 0.39) - 273 - (3-2)

It was noted that, in contrast to the hot springs, the high chloride waters of
Mlz-type have a Na-Li correlation which does not extrapolate to the origin. For
this reason the sodium-Tithium ratios of these waters are not reliable for
temperature calculations. The high 1ithium concentration of these waters is not
necessarily indicative of a geothermal origin.

The relatively high sodium-1ithium temperature for the South Meager geothermal
system (280°C) can be considered as the maximum temperature that the geothermal
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waters have reached. Indeed, temperature measurements in well MC-1 at 2500 m
approach those predicted by the Na/Li geothermometer. The difference between the
calculated Na/Li temperature of 280°C and the observed 190°C at the production level
(1500 m) probably reflects the geochemical signature of the primary thermochemical
equilibrium attained by the thermal waters at depths exceeding 2500 m. This
evidence supports the findings of Moore et al. (1983) in suggesting that a deeper
and hotter reservoir may yet be discovered. Calculations of various geothermometers
based on the data as analyzed by EPRI in November 1984 closely correspond with

B.C. Hydro's calculations (Table 2).

If this is so; thermal fluids could have then migrated up the Meager Creek Fault

~ zone to the production level where potassium has re-equilibrated at Tower prevailing

temperatures. Lithium, by contrast, has remained non-reactive to the new environ-
ment and has preserved the-chemical memory of the high temperature geothermal fluid
in the lower parts of the Meager Creek Fault zone.
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Section 4

TURBINE AND SEPARATOR TESTING

EQUIPMENT ASSEMBLY

Separator Rework

On-site preparations for the steam turbine began in late 1983 with the delivery of
the generator, separator and turbine to Meager Creek in mid-November. Installation
proceeded slowly because of logistical difficu]tieskimposed by the approaching
winter season.

The flash steam separator was originally designed and bui]tkby the Bechtel Group
(Research and Engineering Division) for testing at East Mesa and South Brawley,

~ California. The past performance of the separator unit was described by Mr. L.
Awerbuch in the paper entitled "Geothermal Steam Separator Performance Evaluation"
published in the 1983 EPRI Proceedings of the Seventh Annual Geothermal Conference
and Workshop.

Since the separator had not been used for some time after its exposure to high
salinity geothermal brine at South Brawley, some of the threaded pipe was rusted,
all control valves were rusted shut and most hand valves were rusted in their open
or closed position. Approximately 3 months were required for reconditioning the
separator unit.

Rework on the separator involved some reworking of 4-inch steam lines, replacing all
control valves, cleaning all hand valves, replacing most of the threaded pipe,
cleaning the level and pressure controllers, installing new burst disks on the
pressure vessels, rerouting of brine and steam lines, and replacing pneumatié lines.

These changes provided flow to the turbine as well as a bypass around the turbine
for use during separator warmup. The flow element originally in the bypass line
around the moisture separator, was moved to the turbine bypass 1ine so that steam
flow could be measured both to the turbine and through the bypass (Fig. 11).
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Skid-mounted Turbine Generator Assembly

The skid assembly consisted of the turbine-gearbox with an air-cooled lube system, a
Kato model 60ER9F 60 kWe synchronous generator, a Vectral VPAC 5106-480-35E-LSER
power controller with a Woodward 2301-8271-347 governor and two Singer 3470T
electric Space heaters. '

The controls for starting and stopping the turbine and for protection of the gearbox
were installed in the generator control panel by Barber-Nichols and described in the
report (unpublished) to EPRI by Barber-Nichols Engineering Company, Contract
RP1196-4, January 1984 entitled "Steam Turbine Power System Operating Manual.

Since there was no control power available until after the generator was running,
the controls were battery operated and used the 24 Vdc power supply in the power
controller to recharge the batteries. |

The turbine-generator controls consisted of a pressure switch to protect the gearbox
in the event of a loss of lube pressure or flow, an overspeed switch to protect the
turbine in the event of loss of load, a controls enable switch, a turbine start push
button, a speed control potentiometer and indicator 1ights for low 0il pressure and
overspeed. The switches and 1ights were added to the front of the generator control
panel with the existing meters and switches previously installed by the generator
manufacturer.

A1l components were mounted on a skid frame to make them easily transportable to the
site at Meager Creek. At Meager Creek, the skid was placed in a shed near the
wellhead to protect it from geothermal brine and inclement weather.

Turbine Design and Manufacture

The short schedule required the use of the existing turbine hardware wherever
possible. The hardware reused by Barber-Nichols consisted of the gearbox with
high-speed shaft, bearings and seals and the turbine rotor. The new hardware
comprised the nozzle plenum, nozzle block and exhaust housing. The new nozzle was
required since the available nozzle did not meet the steam flow requirements at
Meager Creek.

From the review of the Meager Creek MC-1 well test data, an inlet pressure of

50 psia was specified. The local atmospheric pressure (@ 2700 ft) is nominally
13.5 psia. Since the turbine was an axial flow impulse turbine, all the pressure
drop occurred across the nozzle. The turbine rotor simply changed the direction of
the flow of the gas with no change in gas pressure. This resulted in a pressure
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- ratio across the nozzle of 3.70. However, since wellhead conditions were somewhat
uncertain, it was decided to design the nozzle for a lower pressure ratio (PR=3, and
44 psia inlet pressure) and run it underexpanded. Running the nozzle underexpanded
does not hurt nozzle performance and if the inlet pressure is lower than expected,
the nozzle conditions approach the nozzle design pressure ratio.

Since the existing rotor was used, the blade height was already established as well
as the nozzle height (80 percent of the blade height). The maximum steam flow was
also fixed by the downhole conditions (382°F and 200 psia) and the wellhead
conditions (278°F and 48 psia). Based on these parameters, the nozzle throat and
exit areas were calculated. From these calculations, a partial admission nozzle
block with an arc of admission of 64 percent resulted. This arc .consisted of 11
rectangular nozzles with a nozzle height of 0.343 inches and a throat width of
0.2656 inches to satisfy the throat area of 1.0021 square inches which was
calculated from the maximum steam flow available. The nozzles were converging -
diverging with an area ratio of 1.2267.

With the nozzles designed, a plenum was then designed to fit between the nozzle
block and the gearbox housing with sufficient cross-sectional area to ensure that
the gas velocity in the plenum was less than mach 0.1 to reduce flow losses and
ensure maximum nozzle performance.

To reduce losses and pressure drop, it was necessary to have two, 2-inch inlets into
the nozzle plenum from the 3-inch turbine inlet manifold. The steam line from the
separator was 4-inch schedule 40. The turbine inlet manifold and turbine stop valve
were 3-inch in order to reduce the cost. The pressure drop across the 3-inch valve
was only 0.3 psia. To reduce pressure drops in the long steam lines between the
separator and the turbine stop valve, this line, the gate valve and the Y-strainer,

were all 4-inch.

OPERATION AND PERFORMANCE

Separator

The separator, in conjunction with a pressure control valve in the separator bypass
line between the wellhead and the silencer (P7), had the capability of controlling
wellhead pressure between about 20-50 psia. Below 20 psia, the well was wide open
and the pressure was too low to obtain a net power output from the generator. The
pressure peaked at 45-50 psia, and if the well was further closed in to raise the
pressure above this value, the bressure started to drop again because the flow rate
was too low to overcome the heat leakage from the well casing. Eventually well flow
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stopped completely and it took 24 to 36 hours for the downwell pressure to rise
sufficiently to start the flow again.

The separator had a level controller on the flash vessel, a level control valve in
the liquid Tine to the brine disposal area, and pressure control valves in the
separator bypass and the turbine bypass lines. When flow was established in the
separator bypass to the silencer and the pressure control valve in this line was set
to maintain a wellhead pressure, the pressure control valve in the turbine bypass
line at the separator was set at a value slightly less than that of the valve at the
silencer.

The manual flow valve at the separator was then opened to start flow through the
separator. The separator bypass at the silencer would close allowing all the brine
to flow to the separator because the separator pressure was less than the wellhead
pressure. The level control valve and pressure control valve would start to control
fluid level and pressure to provide dry steam for turbine operation as the flash

- vessel filled and the pressure increased. When steady flow was established in the

separator and it was fully warmed up, the blowdown valve in the Y-strainer and the
gate valve to the turbine were opened to start warming up the 4-inch line to the

turbine.

Turbine

When the 4-inch line to the turbine was cleared of all condensate and warmed up, the
gate valve in the Y-strainer as closed and the turbine valve was opened. The gate
valve was then slowly opened to start the turbine. When turbine speed reached

3400 rpm, the voltage regulator was turned on and the gate valve was opened while
adjusting the speed control potentiometer on the Woodward governor to achieve and
maintain a generator speed of 3600 rpm (60 Hz). With the turbine running at 60 Hz,
the gate valve was opened fully to achieve full power from the turbine and

generator.

With the turbine running at steady-state conditions, the turbine bypass pressure
control valve was then set at a pressure slightly higher than the turbine inlet
pressure to ensure that all of the flow from the separator was flowing through the
turbine and that the bypass was fully closed. If for some reason the turbine valve
closed (low oil pressure or turbine overspeed), the bypass would then automatically
reopen to bypass the turbine.
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SEPARATOR AND TURBINE CONTROLLABILITY

Separator

The separator was originally designed and built to be used at East’Mesa, California.
It was tested and operated there and was then modified for South Brawley. At Meager
Creek, the separator worked at lower brine temperatures and pressures than at South
 Brawley, and the steam was generated at a higher specific volume. The steam flow
rate to the turbine was low enough (1900 1b/h maximum) that the high specific volume
could be handled by the 4-inch line to the turbine. The maximum velocity in this
line was 73 ft/s. The 2-inch liquid drain from the primary separator with the

level control valve in it was not large enough to handle the two-phase flow from the
separator to the silencer.

The level controller could not control the level in the separator when operated at
the normal total flow rates from the well. These flow rates were required for
supplying the 1900 1b/h steam flow rate to the turbine. A bypass with a hand valve
was first used to handle the additional flow volume. This was later changed to a
4-inch line in parallel with the 2-inch 1ine and the level control valve was moved
to the 4-inch Tine. This improved controllability of the separator by allowing the
level in the primary separator to be controlled by the level control valve alone in
most cases. All other controls worked without modifications.

Turbine

When the turbine was first started, the speed could not be controlled and the
voltage output from the generator was no greater than 310 Vac. The problem was
traced to the Woodward governor. A resistor to reverse the output of the load
controller had to be added. The Woodward governor was designed originally for
diesel engine operation. In that application it controlled the throttle on the
inlet to the diesel engine. As speed increased, the governor output decreased to
close the engine throttle. However, for this steam turbine - generator application,
the governor output had to be reversed in order to increase output (by increasing
load on the generator) as turbine speed increased.

When this problem was corrected, the turbine and generator could be operated at the
design speed and the voltage could be adjusted to 480 Vac. The generator speed
could be controlled until the turbine inlet pressure was increased to about 50 psia.
At this point the turbine began to overspeed because the generator output exceeded
the 30 kWe capacity of the load bank and the load switching capability of the load
controller. The load controller could not switch any more than 25 kWe without




upsetting the voltage regulator. The generator output at the 50 psia turbine inlet
pressure was estimated to be 33 kWe.

At turbine inlet pressures above 45 psia (310 kPa) the generator output was above
30 kWe and the load controller caused the voltage regulator to become unstable, in
turn causing the turbine to overspeed and shut down. Because the load controller
was a single stage unit, it had to switch the entire load from the generator.
According to Barber-Nichols, only 45 to 50 percent of the generator output could be
switched with a single load controller without causing problems with the voltage
regulator. The turbine operators chose to keep the turbine inlet pressure below
40 psia to ensure this did not happen.

TURBINE PERFORMANCE

The turbine was operated at turbine inlet pressures ranging from 28 to 37 psia (195
to 255 kPa). The exhaust pressure was constant at 14.7 psia. This represented a
pressure ratio variation from 2.37 to 2.76 and an insentropic velocity ratio (U/Co)
variation from 0.265 to 0.280. The design pressure ratio and U/Co were 3.70 and

Table 1 includes the original test plan for the turbine and separator, and gives
the wellhead, separator and turbine inlet pressures for ten test points. It also
gives the liquid steam flow rates for each test point and the expected generator
output. Since the maximum wellhead pressure was 60 psia and the turbine would "run
away" at turbine pressures above 45 psia, only test points 6 and 7 of Table 1 were
conducted. The generator output for test points 8 and 9 were too low to be of any
value.

Fig. 12 is a plot of predicted turbine efficiency versus U/Co for turbine inlet
pressures ranging from 15 to 50 psia. Since the turbine inlet pressure is measured
under saturated conditions the efficiencies were corrected for wetness. To correct
for wetness, the actual nozzle exit steam quality was calculated using a nozzle
efficiency of 92 percent (nozzle velocity coefficient = 0.922). The turbine
efficiency was then reduced to adjust for the moisture in the nozzle exit in order
to obtain the turbine efficiency corrected for wetness.

Generator efficiency decreases with decreasing load. Tests of generator efficiency
under various loads are illustrated in Fig. 13.
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The effect of gearbox output shaft speeds on horsepower losses resulting from
gearbox bearing and sealpower losses are illustrated in Fig. 14. The effects are
plotted at three oil temperatures.
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Section 5 \/f
CONCLUSIONS

The testing and monitoring program at the south side of the Meager Mountain Volcanic
Complex indicates a fracture-dominated geothermal resource with a base temperature
of approximately 200°C about 1600 m from the surface. Uti1izat19nf~ is resource
for commercial electric power generation by conventional means (appears jto be
restricted by the flow capacity of the rock due to insufficient ¥ permeability.
It may be possible to extract a portion of the available energy by Hot Dry Rock
techniques and binary or multi-flash cycles but these'technOTOQies are not

sufficiently proven at present. Further research and‘deveIOpment work would be
required to gain more understanding of the resource and of inter-well spacings,
fluid flow rate and economic viability based on the state of available technologies.

Two primary exploration targets were identified from exploration at Meager Creek,
the Meager Creek Zone and the No-Good Zone. These are fault related structures
which control the production of geothermal fluids on the south side of the Meager

Mountain Volcanic Complex.

The installation and operation of é flash steam separator and a 20 kW steam turbine
generator on well MC-1 has improved the understanding of the chemical and physical
parameters of the resource. The production fluids appear to be relatively free of
toxic elements and calcium and silica contents are within acceptable limits. No
extraordinary treatment of the geothermal production fluid should be necessary.
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APPENDIX A

DATA FROM POWER SYSTEM TESTS 1-26




) ut-Jnys das ‘umop jays auyqung
S0t

oot
Xy
Y]y
. _ ‘ oe
cag
(41
. pavade aajea ssed-Ag [4]%
(4 GBGT 8)°2as | - Gye peas gy ot
(22113qe3s 03 1dmajyy) psd AlA ssed-Ag Y1y
: #1£-Gog
g1g-50f
#1£-cos
gIg
e
(119
e
e
”ne
e
‘ fIg
£°¢ = 104INGD AT e
A)=81 (4 Bap)=g1 'L 81g
[1sd)=2mn'cd [ed1)=1d'1d

uo autquny ‘vado sojesedag
tB AWR 22 ‘1RsaL waishs sanog

Sjuanen) :1] R |

1 abeg
$8/L2/58 3G

I3

LU
]
11}
G4
L)
Se1

e

i

9 (374 111
89z 89z L4
9 1174 |4
[ 174 374 L
a9t 374 14
vz g9z . 9
414 1374 9
174 [ 724 [:14
444 292 144
#92 892 (24
. 174 424 )%
[ A]4 9w 44
892 99 14
9 174 44
89z 474 ¥4
124 99z 9%
374 99 L[4
574 9 L4
374 192 %
1174 , 8% 9
474 a9z L[4
S9e .14 [:14
474 8z 8z
1374 124 g -8
89 e9d 91 L\l Sl Sd E} " 12} ¥ od

T4 58| WORSAL 48MO4  TMATHI
W TI3M - adaloay 1aa.an) Jdabeasy)

4]

i

t8
L
#12-582
oz
o8
02
82
TR
o
891
coz
s
HH
e
s1z
o2z-022
e
)
o
852-02¢
w
Sez-052
52
the

[:1}Y
(119

Id

0891
§561
8551
{]
(T3]
S
#es!
24|
gest
sIg1
8161
cost
8851
o
shl
St
81l
5o
(Y]]
sovt
4]
iyl
vt
(X1
oyl
9581
#sel
cifl
ol

any



4 £ UT y3eq [13n g=gHR-Aluo 0}s - Aupsq 808 -

(144 [ 111 g (174 85 05 L)
ou - ps[3 das‘udo ATA s3uls‘unop qung ]y (144 (13 (114 g 114 05 gc eyt
auLsg jo ss0) ‘ ooe 922 - (114 S (174 85 oS #581
g 5 992 69 74 (] (574 8 [ 41
f1sd]=g4topzin (10 892 11 892 b4 474 3] 621 TN
[A)=6M (4 Bapi=0p‘ci‘ei'2y cog 92 o1 114 H] 592 #51 oSy sest
uo augqn} ‘pauado AfA avigunj cog 314 691 (174 4] (574 172 T A 11\
¢'f = burnas 11 [edn)=pd'cd'94'zd' 14 892 2/ [LI 2, 41
1641 vt psya ssedAqtvado afa 3eqlS . (144
sjuaweo) BY U W €91 7] 91 94 4] 8d 71 9| td H} ud id ayy
1 :abey

S8/L2/68  ieQ

TH 189 walsdg Ltamod IMJIA/HIA
-9 TE8M  ~  natoug xaaan aabeay




ps12 das‘udo ssedAq ‘uwop qung 51

812
o oL 1411 292 621 (74 I (174 B8z 6oz
oot oL 1] 892 73] 92 7] 592 002 (714
4y 8L 91 997 81 (S74 (74 ($74 [T14 (174
({9 (1] 91 v/ a1 592 ¥ (<74 08z 124
18G = 5uJn} G pS[I AfA sseddg (L] L] #91 (444 841 ) (374 114 892 [T 34 G4l
uo. autquny sl i 881 (174 [ 52 B 092 c81 912
[1sd)=04'02 I8 - (4 Bap)=e91‘zy ] St 892 4] 852
[Bd1)=4d"49d"24 14 251 (¥4 414 852 449
1081 uado saja das ‘ssedig

g = Buryyas 17 uw gg=pn 992

18 AUN 1£°CH 1531 vayshg samog ]
SJu3ne0) Y [}]] 1 ud 171 e9d 9 2] ol (] oon td £l £d i 2] (F]

1 "maﬁm
C8/1L/58  (27eq

THOIBAYL WALSAG AAMOS TMIH/HIE
-0 T Tam Inafoag qaaan aabeay




(4] 81 oyt

, 881 8501

1091 vdo d-q*ynys das‘yjo qung . 141
oor i (4] ({94 (4] (174 ¥4 114 bl 691 ({71}

5o o 851 (474 o1 892 (14 9 po1 591 #1901

oo T 851 44 51 792 1 092 81 I 3041

coe L 951 (¥4 851 . 892 i 892 81 91 B£01

11 o’ L] (344 8c1 9z 14 992 L] A sz81

[1sd)=g4tpsein 49 ol 51 (344 #st 992 144 892 13 3] [14]]

(A1=6n (4 Bap)=tg)'criel‘zL o L 891 (44 '] 892 u 992 081 #91 cial
[2411=1d"e94"54"2d 14 (1] ] 8.1 892 8Ll 92 4 9 114 o8z g1l
2°'€=1412 [asay°vado aul[ autug jenuvew 7 91g 8 cll 892 1 892 24 34 52 01z el
e gy =1ybray Jray 8ig ] 41 892 [ 992 14 314 852 851 #0681

vo ug)‘udo dastygg psia ssedig #81 §54
Y8 NDP 5B°Y8 153 waysdg sawng 881 (379
sjuaveo) By BN i d e} 17} 91 2] gl 4 (711 M o Y] 4} d 14 vt}

1 :abeg
S8/LT/SH a0

i JSa{ wIsAg
T~ TvaM -~ 3oalo

371
aaan aaboay

e

A=l



b1
8!
o1
81
81
&1
soyeauab wouy 81
118 42320 vo drpa 3y 41 8l
£1 -2t
£ -2
£ -2
suny ¢ pasold 4-§
Y8 NP 81°CH 353) wayshg sanog
5juane0) By
7 sabey

G8/LT/8H :aie

LL14
#84
[ L]4
#8b

113

(10

ey

13
Sl
SL
6L
St
5t
St
Gl
4
8
86
[}
(1}

td

£
£
1314
£4z
£
474
1 J4
1114
e
474
1]/
e
114

€9l

T--0OW

851
st
#s1
act
st
951
(4]
851
851
st
as1
851
851

ey

"

G 3158 walsAg
1120

anafo.uay

662
Y4
44
86z
444
(444
|14
514
652
S6T
344
14
444

A0 IMAT/HIA
qaa.ay aabeayy

51
#s1
281
851
#s1
51
851
3]
st
1

951

L]

1]}

d

344
(444
314
8N4
544
214
18V
374
544
44
44
44
344

€1

£d

14
092
114
(174
174
9z
992
09z
(174
Y/
562
[ 344
86z

il

()]
841
b1
(]
a6l
(]
B61
(3]
G4l
841
#o1
(3]
73]

i

4]
s
821
141
Bl
sn
14]
sl
{18}
s
an
il
93]

Id

Shod
[111)
(3¢.1)
8oee
4.1
741}
Cle8
1168
Shse
8868
580
#5860
S
Sioe

oy

A=A



umop seajsis e

#1 3 Japjosquod Hy
uo autqunyyaoyesedas

8 3 J3[10J3v03 He
uNop Inys waysis - S31p 11

(1sd)=¢4° 07110

[A1=8n (4 Bap)=y91'crier'ny

(ed11=1d"94"'ad 24" 14

uo auiquny ‘das niyy weajs

w98 = ybiay s13y
1B NP £1°90 353) wayshg o

sjuanen)

L]

2] #8
3] (L]
" a8y
91 #8y
9 1113
88y
a8y
98y
(1]
98y
88y
By [:1]
| :abey

SB/LL/SH :31e0

1

14
.14
14
52
(44
14

8L
79
St
SL
8

IZ]

8 14
874
174
174
174
174

Y4
354
4¥4
(544
85z

eq

-0 T1am -

) [3¥4
Sé []]4
1} 1174
L] L1]A
L1 [174
L1} (1]
o1 1444
8l Stz
m 34
[1]] [3¢4
441 (144
eod 91 9d St
Ff N8R WBNGAG. AAMOY IMIT/HIA

113
Gh
€6
(4]
881
81

8%1
(11}
s
Sl
51

Cd

3natoag qaaan aobe

LE} ¥ 2]

474
174
$14
1174
4 74
[4 74

114
384
4§44
44
(¥4

£1

£d

S¥e
1174
Sk
S
174
pi 14

[AYA
582
(214
56¢

66T

]
13

[)9]
(Y]

[N

[4]]
e
a8l

891
(23]
281
81
891

2]

s9
St
St
8
G4
[[3]
S8
[L3]
51
4]
SL
2!

A




(Y=Y (A2=BN (4 Bapj=e9p‘ciie)‘zt

tbisdy=o1zim'eg'ed  edr1=4d'e94 24" 14
¥8 NNP BZ - (1 ¥53) wajshg Jawmog

[ R——

sjuanen)

91 S8y

91 3217

91 S8y

91 [3:13

;] A L]
1 cabeg

S8/L2/56 g

[ 1}
&
89
89

Ll U

N 74 431

I A en

414 &n

T4 [14]

€91 294
L3 FBaY

E=00 T 1M

[S——

#oz 1 9tz 91
BIZ ] o5z 821
o 81 : g5z - B2l
95z 8l Py 52
9 9 gl ] VR b £1 £d

WARHEAR ADMOY [T/ HIS
- aDnafoay yanan sebeap)

o6
14
S6t
85t

4]

()]
851
(1Y)
/.14

i

(14
(111
19
(129

Z]

[}
aizn
fnn
een

auy

A=-7




(61=0¢ (A)=BN (4 Dapy=eqi‘si‘ei‘zl 8t -91
61sd1=ga  rydn1-rd’eod‘sd'zd‘id 81 -91

152} 01 10130 4y gag=dHM ‘o9 gaI=HN 81
¥B NN &2 - BN 353 waysAg sawog bl
Sjuaven) a

y - sabeyg

tesL2/c8  aieq

a8y
L 1]
(L1
88y
a8y
a8y
L1
28%
88k
L1}

B

i

"
m
81
m
121
281
941
()]
Bt
ol

id

[N I, —

852 #51 (13 ]

Y ] (154 ]

952 ] 952 8

(13 81 852 )] .
2 o1 . 852 8

952 ] iz 8

95 851 652 8l

(1 ] 1Y ]

952 951 3%/ o

052 85t 373 81

91 w9l 94 81 o T TR Y

Bt IS walsAg J8moy TMA/HIE
1I-91 T1am - 3nafouay yaaun Jabeaw

[:144
85z
;14
:[¥4
85z
;114

544
344
344

£l

861
i
(24}
ol
a5t
851
(1]}
[1]]
51
st

£d

(314
314
1174
474
1514
59
874
374
S9C
4174

il

744
244
144
;144
(141
81z

aiz
(141
pat

id

882
962
982
(1%
L%
#e2
052
[0y
0s
#s

Id

8201
aiel
soot
8540
(121
[J41]
(143
8168
2060
#1566

any

A-R




ug auiquny 3 sojesedag
¥B N ¥8 - bF 1531 w3shs samog

5}u3ve0)

81 -1
81 -l
8l -1l
8l -l
a -0
Bl -1
B -L1
-0
81 -4
Br -}

By

1 cabey
S8/12/58

984
(13
96
98y
o0y
989
785

an 13

#c1-69
#c1-69
#c1-59
ag1-89
SL1-69
GLi1-69
SZ1-6L
SZ1-GL
SZ1-6¢
GL1-48

td

852
g5z
{114
95z
(134
ez
1414
95

psz
892

w9y

b
T

B

I¥1-8¢1
f1-eg1
ovi-6c1
ai-e51

0y1-8£1

#1-8£1
A
#51-6n1
051-641
891-841

Ril]

yEa )
T1oM

{144 #51-8E1 562 &1 -Gt
952 #51-981 882 &1 -5t
14 #s1-pc1  SGZ 81 -§1
144 #c1-g81 - oQ2 b1 -Gl
(4 gci-g€1 582 a1 -6l
[ 144 #ci-g11 &gz 8z -91
(94 #91-gb1 - GGZ fz -1
[ 44 #91-901  SGZ 62 -8l
e #91-8v1 ST 87 -1
1174 8S1-8¢v1 B9 8z -81

i 9 SL Sd 2] 1 2] £l &d

WaRSAG ABMOY TMAT/HIE
-~ - 3nalouag yasdn aabeay

89
29
LA
[A]4
"
09
9z
(174
144
see

141

ovZ-882
[1245 114
[ 13411
akl-08C
124114
ghz-00r
2¥Z-207
{114 114
#yZ-087
avz-0e

id

#8z-092
86z-092
882-992
86z-492
082-697
#82-092
86z-007
20¢-007
SoC-Gal
#5£-0¢8
Saz-892

Id

1444
SiLt
661
Sh91
"
Sl
pe91
il
#£51
sist
#est

anyy

A-Q



#51-6L #z-ocz 19y

851-9y ‘ 962-092  SA91

$j0 augang 691

8l -2l eer 88 #y1-89  SSZ . @91-8G1 692 eul-eMl (82 8L -9 9T AST-90T  SLT-0% 0N

Br -L1 98¢ 8 #H1-09 -GSz B9I-6S1 69T BLI-BNL L2 1T-91 £97  8S2-087  SIT-997 GS1

8l -U1 8y 88 gv1-8S -GSz SSI-8G1 . 69 #u1-oMb ST W -9 $92  0SZ-99  9BL-097 4SS

g1 -L1 8y 88 PYI-96 662 SCI-aGt 89T - #L1-GM1 182 87 - 892 0SI-887  08Z-09  SISI

81 -1 (11} 8 #51-85 G52 SSI-OSE  #9C  MI-SM (ST W -9 S9Z  4SI-867  9BZ-99C . 961

woyjoq sseib wbis gy /1 1) 8 poI-88 602 oCI-gSl 89T eL1-Gyl 162 6L -91 €9z 9SZ-0L  0BZ-097  SHM

vo)j p seaw [aAaj wol} §-1 81 -4J goy a8 SZI-59 - G5z SSI-8GT 897  S9I-6G)  (SZ 67 -9 £97  05-08C  0BI-99  BEWY

I #8¢ 88 SZ1-69 662 GSI-g61 g9z C91-8S1 Sz 12 -91 €92 #52-607  e8z-89Z  Sil

SUJN} § Paydesd wis qUny 03 AJA yIeqg 1 a8y 88 85189 G6Z . [S1-6GT 89z GSE-BS1 L8z - £92  #SZ-687  9BZ-097 08V
u o8¢ 88 #vI-09  SGZ  4S1-8G1 89z 8SI-eSt (ST T -9 £97  eSz-8el  o8Z-997  #5Ei

. S}deyd aunssasd 0] Jajas 94 ¢ 44 404 n (11 28 8E1-69 652 6SI-8G1 8%z e9I-SMl A% AL -} $97  0GZ-887  SIT-59  e¥Sl
[Y1=8Y [A)=8N . [W9)=[3A3] MO1J [-L‘HN 0 8¢ 88 BEI-89 65 - nGI-AST g9 #91-6el @9z 8z -1 89 6Sz-40r  SLI-S9T  OSSH
(3 bapy=z) (4 bapi=eyt9y‘cr L I gav 4] CZ1-89 GGz SSI-AS1 @9 B9I-GHI @9 8L -LV 897 0SZ-80  0BZ-0L2 NSV
(bisd=paezin‘cd [eda)=2d'e94'9d'2d 14 81 L1 88¥ 8 czI-86 - 66z SCI-SHl @97 5S-G 892 - 897 952-807  0BI-8/Z 61T}
: o autqung gt -4t (113 8 #81-95- 652 851 ey GLI-85t 89z 82 -8l 89 0SZ-007  A6Z-9L7 8efl
81 -1 #8r 8 651-85  @yZ  eal-86  S4Z-  051-841 867 8Iz-8B1 - #L-8B7  SH2I

vado sojeuedag ¥ 8CI-8C 457 8 -8L  @vZ - 691-08 €T aTI-081  git-08f 0421

1800 L8 - 818 153) WAIshg Janoy 8 82-001 p 082-9L1 o5t
Sjuanwn) 8Y B i} Iz} B9t eg4 9 9 gt 5d (27 ¥ 1 £d U 4 14 avy

1 :abey
§8/LL/58 3%
@BTH ISD) WAYSAG 4AM04  TMA/HIA
T T18M -~ A2afoag gaa.an aabtea

A-10




9Z-90 892-027 . 8091
4gshy @ uwop sojesedag 89 -0¥ ai-g91 A5t
2 86 03 7 gy bubues ¢f ] §CI-95 78T AZI-OT1 - SHZ  evl-8NY 14} (74 (52 ezz-eL1 0Lz-897 Sl
$j0 auigny 88 S21-88 . -8 Sk egl-eH 79 44 89  oTZ-9B1  BLI-097 SOV
61 -81 18y 1L} 051-6y S8 SG1-#81 @Sz  G9I-6M1 89T Ul -BI 897 BKZ-00C  BLZ-897 85!
b1 -81 cey-28¢ 88 oc1-6y 667 651 85z - sL1-gS1 89z 2 -Bi 89 ovi-8ez  S9Z-89L  SIM
] oBy-28y - 88 CE1-Gy - §5Z  SSI-AS1 BGZ  G9I-#S1 . 69T 2 -Bt 897 ObZ-807  S9Z-65C 8RNI
1] 8y 88 coI-gy 602 3} BSz  eLl-pS1 897 2T -8t 99 OvI-80T  OLZ-851  S¥SY
. 81 80 88 S91-88 682 851 85z 8L1-6S1 6%z 2T -8t 897  ;-907  0L7-857  #est
8! cey-8r 88 891-05 652 #91-GK) 62 em1-éh1 @9 2T -B1 892 evE-89C 0LZ-8ST  SIf)
&1 -81 SBy-08r B8 S91-95  GSZ  #9I-S1 (ST  emBI-g1 B9 €L - 892  evi-88  492-85C 4RS!
{suny €1 41 -8t 8y 88 cl1-Gy 862 CUl-sSr B9z #L1-8CI 89 T -BI 997 dvi-g0r  9BI-097 GHU1
1981 udo Ala w3s ye(q) v Auiqan) 41 -[} cor-68y . 88 gc1-6L 7Sz #91-v) IS BLY-BM1 @Sz 27 -BY 81 99 #5C-687  @SZ-SYZ  SEll
8 cz1-89 SeZ SHI-@8T W2 6S1-Pb 9 44 85z SIZ-Se1 SBZ-99T  ef)
[Y)=69 (AJ=BN [W9)=1AT w014 1-1"HN 8 gSI-Gr - SKZ BI1-Ch CKZ - ehi-8b £9 114 86z SIZ-S(1  #s2-89 - @62l
13 bapy=21's1 €3 Bapi=e9‘ei‘cr‘zy 8 81-68  ShZ  601-88 (12N 178 1} £9 [N TR < Y A A 2 Y 962-897 0511
(1501=paRzIN‘Gd*Cd (2dN)=1d"89d"9d Td 14 88 BII-Sy  #yZ  SL -89 T BIl-f8 2] (AR TARN - AN 121 TA 628-80C 0011
uado uojeaedag 88 gOT-881  gvZ 08 -S9 KX @11-89 89 82 S5 621-9S1  BLC-@E  Sdl
¥8 NC B8 - 118 3531 waysAg sanog 88 : , g8z-9L2 181
sjuasen) 8y t i eg) LY} 91 94 ol od ool 7] £l £d i u 1d any)
1 :abey

ca/Lzise e
TIH 3581 WaYSAG 4aMOy THAR/HIM
-7 T1aM  —  398louag jaa.a0 sabeay

etz [S— i bt st e R R —— O [N [O—— PO

A1t



T (A2 330 10jexedag

- - ooy
- = 019-0I¢
330 auFqang ‘
61-81 08% 085-00%
6181 087 079-OFE
61-81 08y OY9-OEE
61-81 087 009-00F
61-81 08y 029-00€
61-81 087 009-082
61-81 08y 079-S9€
61-81 08y SI9-0ZE
61-81 087 00S-O0E
81 08y 095-092
61-81 08y 07/-08E
81 08y 0€9-0ZY
61-L1 08y 029-00%
61-L1 087 009-0SY
0z-L1 08y 0L9-07%
81 08y 019-09%
aaTep Terus 7 990TD  #61-L1 087 009-011
TI' 3ATBA Teruey - U0 aupqang
- - 08907
- 029092

£€ d 9ADd ST § LADd wopieIedag -

-6
01-6

0751
6141
0z-Ss1
0z-51
0z-st
01
0Z-s1
(17421
0z-s1
1251
1¢-i1
oz-11
0z-51
12-61
1251
1261
0z-st

-8
11-8

oo RRRARRARRARARRRARARARARR ee

3|
-]

Speuy
mo[g

2804

YA

ToAo] ndang upaes gL

oyi-o1t
071-001

081-091
051-551
SLI-091
081-091
SBI-6S1
061~091
00zZ-5S1

. 00Z-091

61551
S61-091
061-091
00Z-061
00Z-051
00Z-051
00Z-051
002-051
091-051

S11-66
011001

Ex ]
vod

17419

08-0L 26 STI-06
SL-0L 26

08-GL 26 SET-05
08-0,L 6 STI-OL

S-0L T6 OE1-S9
S8-0L 26 STI-SL
08-GL 6 CET-09
S8-6L 76 05T-SL
0g-SL 76 081-09
08-SL 76 OE1-09
08-SL 6 SST-09
08-GL 6 SS1-09

08-0L 26 091-09
SL-0L 6 0ST-09
S0t 26 SSTSY%

SL0L 26 SST-08
SL-59 76 001-05
GL-0L T6 SSI-SY%
¥SL-0L T6 0ST-0S

SL-0L T6 0ST-0E
SL-0L 76 0ST-0%
Si-0L 26 091-SL

AN d

7861 g1 ATr

71 ‘o JSAL JHISAS WIMod

-0H THM

1374
1Y/

09z
092
09z

114
09
092
09

09z
092

65T

65¢
6SC

Vi[A
e

Ov1-001
ov1-001

081-051
081-05T
<BI-051
081-051
081-061
061-051
SBI-SSF
<91-SS1
<B1-061
<g1-051
S61-051
002-051
002061
00z-0S1
002-051
002-051
061-0%1

0E1-06

0Z1-001

e &

09C %202
09Z y7-0¢
192 S2-0¢
192 S2-0¢
19z ST-0C
192 §2-0¢
092 ST~
092 S¢-0¢

‘092 92-61

092 ST-61
092 ST-0C
192 S2-81
09z SZ-81
09 S8l
092 SZ-61

092 %81

&
g -

eSS

897D
) )
Ie37)
BLoing
837D

xS
P
1y

Aypporyg
MG

Sz 0106 050 8
T 0U106 050 OF-82

69z 081-5ST
€9z 081-SYI
<9z 081-0s1
€9z 081-0s1
S9z SL1-SST
€9z S8I-Shl
€9z S8I-SYI
€9z SL1-SYT
€97 781-0S1
€9z SBI-SY1
€9C 061-5S1
€91 Z81-061
69z 0S1-0S1
€92  081-0S1
€9z 081061
S9Z 081-0S1
9z SBI-OMT

sye SIS
€yZ 01108

i, W
wd

€L 081
€L 81
€ 061
€L 81-6l
€L 06t
YL St
9L s1
(/4 St
(/A st
9 Sl
SL (91
St (41
SL St
St <1
St St
SL st
sl 51
08-0L S€-6C
90 SE-S2
5, ®M
€1 €

g°zo1 81
et 9%
sLtzo1 8¢

gsaid 9,
-oxeg

34
1174

59z
<9z
<9z
<9z
59z
<9z
<9z
g9z
<92
9z
<9z
92
e
29¢
e
9t
£92

02061
ovz-081

117 1] 14
09Z-01¢
65201
052012
09Z-01¢
092-01¢
092-01¢
0sZ-012
0sZ-012
0s2-012
0L2-00C
092-861
09Z-00C
€92-002
092-00C
0L2-002
0L2-002

0ez-0Lt
0%Z-081

0060
0090
00£0
00zt
0060 1atIeap
0ST-0€Z  S%60
091-05T 160
0SZ-0%Z 2580
0580
GLZ-06Z  S¥80
2UT-09C O8O
0180
692-062 0080
G9z-G%Z  00L0
§1Z-05 0090
0£2-0SC 0050
SLZ-6SC  00%0
0£2-09¢  00E0
G17-097  0FZ0
GLz-06¢ 0020
0L2-092 OtI0
0L2-092 0010
(Yo S TARN XA
09Z-06¢ 0021
092-8%¢  OFTl
09z-¢yz 0011
697-05¢  S¥O1
692-66Z  0€01
€9z-66C 2201
0z01
c8z-6Sz <101
09€-02€ 0001,
06262 0060
ey A
u

A-19



woq IS 61-L1  08Y
S 8833d TI0 61~L1 08y
T30 ~ W UFQINL 61-L] 08y

18d 67 = £A0d

 7od 9z + paadareno - supqung
*upm ¢ 330 03810dag

18d O = £00d ~ CHT

Soo wEs. . !pISOD aupq 7
€ = 9\ {67 = (A0d woFjmIRdag
18d g = 00d

bt atonc]

069-09¢
00L-01E
089-097
O1L-09¢
069-0L€

0z-L1

0T-L1

0z-81

[4 5 B

(4111

CORRR

aupqig yed ¢z g ds1ano ¢z/0z

0s€

0z/0

aupquny y8d ¢z § daxamo gz/0
aupqm yod ¢z § dsxano 0c/o
aupqim yad ¢z p dexano /9

w

LN B R I RN I BT I I IO R R Y

o

28TP w01q 0/05
079-SSE - 2T 0
0290 81zl 0
029-0EE 2101 0
06900 018 0
09508 I o0
09-0% Z1-6 0
L 0090SE 6 0
09906 28 0
06501y 26 0
02905y 116 0
or-0zy 11-6 0 .
0901y 08 0
089026 016 0
006E O 0

Toral a0 BayaIeg

morq
1L

Y4

YA

S0l
Si-0L
S0
S0l
S0l

08-SL

06-08

SL-0L
SLoL
SL-0L
0L-59

08-5L
08-S,
08-5¢
08-St
08-5¢
08-5L
08-5L
St-0L
St-0L

& g
& &

B228IINARRIRIN

Tel

0S1-§L

0ET-0§
ovI-Sy 04T
ov1-09  O%Z SBI-SST
OYI~SL  OYZ 08I1-SSI
STI-09  SET SBI-SST
S1-0S 0% OET1-Oll
0ST-0E1
(14 o4 S(1 74
OST-OIT  2%Z S91~SSI
OET-011 LEZ S91-0SI
01106 - SEZ 091-0%1
0Z1-06 862 SZI-SIT
051-0,L  SET OST-OY1
091-€9  SE7  SHI-001
0St-09  SEZ. OYi-001
SYI-09  Sez  oy1-ool
o¥I-0Y - SEZ  O%I-001
0s1-%  SeT 0S1-011
0S10Y 06T OST-OT1
ovI-09  0cZ  SSI-011
091-0S - 061 OST-OT1
002-00T oYv1-011
N 4, W
d el wgq
¥861 ‘61 Amp

“ON IS4L WAISAS WIMOd

09z
SST
[474

8z
8z
8z
8z
8z
8z
8vz
o5z

2

061-0ST 092 %2-0¢ 092
061-0ST 092 %Z-0CZ 092

SBI-SSI 09 wZ-(¢

ov1-011
ov1-02t

0L1-081

. SL1-081

0S1-6E1
seI-ozy
oyT-0LT
oy1-0zt
ov1-o11
o71-011
0oy1-001
osT-011
ost1-ont
091-501
0ST-001
oer-olt

£ 5|

-

ns

L I R I O B I I O A

) awr) 6
¢ W7D oS 6°z01 %2
) Tea[) oS 6°201 €2
g  4pror) °a €S 6°z01 (i
] Isea1ang 199 6°201 21
5o1g 0I5 P 8913 9,
Lyppy  oxeg
‘™
OEI-O1T Y8-% SI <92 0SZ-0zZ°
OLI-O%T 08-ZL S  S9Z 052072
09z SLI-Sy1 €L ST S9Z 0S2-0Z2
YT O11-0L  ¥%8-9L O0%-SC 09Z OYZ-061
SYZ 0Z1-001 Z8-9L SE-O€ 297 0SI-072
S
*daxano ¢z ¢
*dg12A0 GZ <
*dsxano 67 <
26T OSTSET Y6-8L 06-S% 192 (097-0ST
IS OS1-OET S6-SB . 0S-G% S9T 09Z-OMT
05 0Z1-S0T 0608 6% $9Z 0SZ-OfZ
Sy¢ OI1-001 06~9L SE SST Q0%
0ST 0ZI-OIT %-08 0SSy 29Z 0SZ-O4
05 0Z1-001 06~9L Ty-07 092 0SZ-0ZZ
Wz OZI-S8 06~%L ZW-6C 65T 097-081
e 01-68 06~%L SY9E€ 65C 0SZ-031
9T 0Z1-S8 06-0L Tv-OY 8SC 09Z-061
9 STI-S8 090  Ov (09T OYZT-00Z
9% 0€T1-08 29 TrOY 09T 04%2-002
9T STI~S6 06-ZL SY-0% 092 OYZ-00Z
9% 0C1-06 79  Ty-6¢ 092 062-00Z
S SII-S6 290 S%Ov. 797 092-002
i, '3, W 3, WA
wl, o € W u

6201 9z

00£0
ooet
0011
0060
0££0 323wy
SLT-SST - 0EED
012081 01€0
SLZ-05Z  00€0
082-092 0€20
082-0£Z  §020
062-0(Z 0020
026062 0510
oo .
<€10
. 010
0z10
<10
0110
<9Z-0SZ 0010
09Z-0%C 0ezl
0Ez-0ez SIzt
00Z-061 Q02T
092-05Z ST
082092 OETT
0£2-00Z 0OIT
SL2-092  0F01
0£2-09C 0001
08259 0€60
082-S9 0060
082-S9Z 0680
00£-06Z 0080
OvE-0CE S0
82092 OEL0
D R T
u

A-13




POWER SYSTEM TEST NO. 14
July 25, 1984

Air Baro
*C kPa Humidity Remarks

Pl T?T F1 PWI W A8 Tenp Press Rel
gV Amps

°C mm  Sett

—— oy o——

P62 T6a Marmal
kPa °F 2" Valve kPa

Flow .
level

FCV6
Sett

F

Ph
W

? T BT KV RV
kPa °F kPa °C Settirg Output

Pl
. kP

Time
a,m

Separator/Turbine On
Turbine/Separator Off

19 102,7 57.5%
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POWER SYSTEM TEST NO. 16
August 2, 1984

Remarks
Chart Ref. Nos.

{57

" Afr Baro

PN W A8 Temp Press Rel

v

Lt

Se

7 ¥
X m

P7

°F 2" Valve kPa

Flow
Th PCV6 level P6a Téa Mamal
kPa

°F Sett

.

F F6 Féa

)
°

£ &

B &

»
4 pst

B

1)
Kea

Time Pl P2 12 PIT3 PKCV4 PCV4
pme Ka  kPa °F kPa °C Setting Output

°C__kPa Hmid

. oy R R e

0445 270-290

(1) Separator On

05-115 240

27 102.5 51%

10-115 242
05-115 242

- - o

245 3.3 400-570
245 3.3 330-620

25 3.3 440-59%0

110-130 250
10-130 248
10-130 248

-

ot ot

b ]

888

0500 350-370 240-260
0530 270-295 200-240
0545 275-295 200-240 262

(2) Turbine On

(3) Turbine Off/
Separator Off

24 102.6 50.5%

25 480 17-18
89 70-75 25 480 18
89 70-75 25 480 18-19
89 70-75 25 480 18-19
89 70-75 25 480 18-19
0 -

100-175 89 75-80

25

15

20

25
75-17589 75
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28 _83
24745
22822
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75

e et ot ot ot

ot ot ot

R R R

0550

- d o

0745 260-270 220-280 26.

0615 270-275 220~250 26
0715 260-270 220-250 26
0755

0600 270

0645 265-275 215-250
0800 220-240

0930 245-280
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TOL

10

EPRI
"SPECIAL TEST DATA
ON |
GEOTHERMAL FLUID CHEMISTRY
FOR

Site: Meagre Creek, British Columbia

Well: | MG-1

CONTENT:

* System Diagram
* ‘Chemical Analysis Request(s)
* Chemical Analysis Report(s)

DATE: August 1983

Prepared by: Rockwell International
-as a result of field operations of
EPRI's Mobile Geothermal Chemistry
Lab., RP741-1




Special Test, Well MCG-1 Brine, Stream ard Solids

Samples were collected on 29 July 1983; the well was flowing under stable
conditions at approxdimately thirty percent of full flow. 2 sampling port (&)
was available and used for collection of brine samples. The fluwid sampling
system was attached at port A, but no noncondensable gas was measured, irdicating
_thatthesteamfractionwasgoingtothe:mffleraxﬂnottoportA. Only
brine samples were collected at the wellhead; these included raw, acidified,
flow, and sulfide samples.

"Ihe]iquidfracti.onfrunthenmfflerwas allowed to form a stream and flow

down the hillside. Four raw samples were collected fram the stream:

2015 ~20 yards from well
2016 ~75 yards fram well

2017 just before the rcad
2018 pord near well.
Two solid samples were collected: 2018 weir box

2020 stream.

The diagram on the next page demonstrates the location of the sampling sites
and flow streams.

All values reported represent tho samples as collected, prior to stabilization,
dilution or analysis.
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CHEMICAL ANALYSIS REQUEST - CHEMLAB

REQUEST NO: 83 -~ 8,9 . TOL: 10
SITE _ rleagre Creek, British Columbia
System Diagram
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APPENDIX C

GEOCHEMICAL ANALYSIS RESULTS
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MEAGER CREEK. GEOTHERMAL FROJECT

Saeple Nusber

Comaents

§2/96/82
93/86/82
#3/86/82
94/96/82
#8/85/82

98/86/82

21718782 246¢
22/19/82 #adé
23/18/92 1889
23/18/82 4298

23/16/82 2498
24/18/82 448
25/18/82 d46¢
25718/82 4209
13711782 1948

13/11/82 1143
13/11/82 1498

13/11/82 1488
13/11/82 1948

L TR Y TR -

13/11/82 1989

NOTES:

unpreserved
pH 2 21,4C
pH 8 23C

unpreserved

oH @ 23.6C

pH 8 28.5C
pH @ 28.8C

pH @ 21,3C

pH.

8.3

8.8
8.6

8.3
8.5

1.3

Silica

233.3
244.3

2188

178.3
268.9

4388

348.9

438.4
444.9
474.9
484.9
24.8

24,8
3248.4
i18.8
439.4
138.4

_ *¢* designates below detection liait

cl

978,46

999.44
954,88

948.98
128.94
58d.4¢
1#78. 9%
87¢.9¢

1229. 38
1348. 44
1498.94
1394.54
1829.3¢

716856
318,38
175836

4.88

8.8¢
1.38

.38

2.38
2.48
1.88
2.28
7.28

20d.4

184.8
184.8

168,98
159.8

18d.4

9649
429.4
168.8

1444.8

WELL MC-2 GEOCHEMICAL ANALYSIS RESULTS

DATE: 15 JUN 84
PAGE! L of !

fis 3 Na X Ca Mg

d A - - - - --  Carbonate ---
as (02
7.8 7244 48 W 42 LM
85 5.6 TH T4 33E A3 238 168.8
’ 1#4.4

7.7 1888 728 208 3.7 2.3

149.8
524.9 534 9.8
4.26 3.t 4ed.9 W8 48 L5 1,28 38.3
§.23 6.8 7888 S84 588 1,7 2.68 423
: 588.8 ~ 49.9 819.9

77.8. 3.8 8.8

g.17 9.4 8248 T1.8. 354 !

g.47 18,5 9.8 938 498 4.
899.4  84.4. 549

.58 12.7 . 11688  92.8 1349 &4 3.18 4.8

8 238 1.9
& 248 32.9

4,22 2.1 2.8 284.3 438.9 8.5 - 4,48 3.4
4.95 19.9 2818.8 - 184.9 144.9 63 5.2 3.8
4,75 12.8 11144 923 1488 %.1 3.3 42.9
8,77 12,9 1196.8 - 1948 1869 178 13.28 5.4
4.68 52.§ 5289.9- 434.8 7448 2.2 18.48 58.4

All values in ppa (agfl}

Analysis by EBE.C. Hydrao - Surrey Research Lab

Li Total NHs

.3




MEAGER CREEK GEOTHERMAL PROJECT WELL MC-3 GEOCHEMICAL ANALYSIS RESULTS

DATE: 15 JUN 84
PaGE: 1 of |

Sasple Nusber Cosaents pH  Siliea cl F S0, As B Na K Ca 4 Li Total  NHa

- mem— - — — - - - - - - - Carbonate -—
as Clz

15/18/82 1746 t78.4 778.98 396.4 M. 289

16/19/92 1968 %l a4 838.04 1,76 4289 4.96 69 7788 528  32.9 .3 L.7¥ 1918 (.S

16/19/32 8168 8.8 386.  749.88 1,26 3589 (.85 4.8 G464 444 158 4.7 1.58 197.9. (3

16/19/82 19489 396.9 829.96 756.4 55.4 249

19/18/32 2669 i 258.4 1378.46 1968.8 76.9  41.8

28/18/82 1448 9.4 458.4 1360.08 2.6 599.4  8.26 9.4 1188.9 78.4 144.8 2.7 2.4 3.8 (.5

20/18/82 1368 27188 1438.98 1696.9 848 329

21718482 1448 8.5 266.9 476.68 1.20  466.9 8.3 9.4 LI3F4 - TRE 2.8 2.9 2,48 14,8 35

21/18/92 2469 348.8 1996.496 938.6 89.8 258 :

21/18/82 1489 . 328.4 988,99 48,4 83.8 528

25/18/82 2896 pH 8 21C 8.3 8.9 239.96 9.79  378.4 (.85 1.6 2968 27,4 5.9 1.9 478 8.8 (S

26/18/82 9468 pH- 3 28.9C 8.4  296.9 456.48 1.9 3994 (.85 3.3 . 4584 3.4 5.8 1.8 .88 87.8 - <(.§

26718182 2996 9.3  384.8 99996 1.88  358.9 .12 6.1 8184 bl.8  118.8 23 .78 MW S

26/18/82 1298 299.8 . 474,46 628.9 - 464 254

27718482 9948 pH @ 21C 8.7 328.8 136.48 (.26 398.8 4.86 5.0 4389 514 28.8 2.4 148 1. (S

27118/82 2988 2A48.4 1276.86 14698 649 4.3

28/18/82 1998 pH @ 21.2C 9.1 294.9 98.09 1.28 3989 843 7.1 ggd 5.8 125 .9 L% LY S .1

92/11/92 1498 pH 2 21,3C 8.8 3288 958.46 1.3 4.4 B.16 &7 7783 T1.8 2.8 1.6 1.88 18,8 (5

92/11/92 2288 8.6 338.9 %%4.9¢ (.48 - 3988 404 7.3 8683 388 254 2.2 1.98 112,48 (.35

99/11/82 1268 8.8 348.8 133996 1.3 - 348.8  §.42. 8.9 9444 788 19.3 .4 2.38 187.8  (.§

9/11/82 2969 9.4  288.% 1276.96 1.78 398.4 4.4 9.3 97HF s48 9.9 1.9 2.8 9.4 (S

99/11/82 todd - 3288 1244.4¢ : §78.8 9.4 144

14711782 1434 pH 220,38 8.9 3.8 120946 1,46 3584  4.33 9.9 9784 718 138 4.8 2.3 128.4 (.5

11711782 1834 9.8 2464 1378.88 1.9 . 418.9  §.43 9.7 18188 T.F 354 1.3 248 e (&

11/11/82 1248 299.9 1449.96 11384 783 178 '

11/11/82 1634 324.9 1219.96 978.8 48.8  12.8

NOTES: *(* designates below detection limit ALl values in ppe (ag/1)

Analysis by B.C. Hydro - Surrey Research Lab
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