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1.  Summary -

Three nominal 24 hour tests under summer, winter and spring weather
eondifions, were run on an Ormat geothermal binary power generation
machine. The machine, located at TAD's Enterprises in Wabuska, Nevada is
‘supplied with approximately 830 gpm of gedthermal water at 221°F and has
two spray cooling ponds. During the tests, temperature, pressure and flows
of geothermal water, freon, cooling water and instantaneous electrical

rproduction were recorded hourly.

Af least once during each test, energy consumption of the well pump, freon
feed pump and cooling water pumps were made. These parasitic loads were
assumed to remain fairly constant during each test and, in fact, were the
same during each of the three tests. Parasitic Toads were: 55 kW at ;he
'maehine itself for the feed pump and 0i1 pump, and 186.6 kW for the

~geothermal brine and cooling water pumps.

,Powek output of the machine is limited by spray pond capacity. Net output
..‘nanged from_410.2 kW during summer conditions when cooling water was 65°F

ffe‘610.4'kw dufing winter conditions when cooling water was 55°F. Cooling
"Qater temperature.dufing'the summer test was abnerma11y high due to
 Jipereased brineemakeup to the cooling ponds. Undef ﬁormal summer

‘wfieonditionsg»net outpdt,shbuld be higher.

‘“~e':_Problems'withithe”flow meters used to measure brine, freon and cooling

water flows prevented accurate thermodynamie analyéis of the machine. We

believe the cooling water flow rates to be fairly accurate. Brine flow




rates measured were on the order of 4 to 5% high and freon flow rates were
5% or more too high. Using these assumptions, net resource utilization
“ranged from 1.005 Whr/1b during the summer test to 1.55 Whr/1b during the

winter test.

Spray pond performance averaged 63% for the fall and winter tests. Average
- approach temperature was 11°F, considerably higher than a typical good pond
approach of 4-6°F. During periods of low humidity and light winds,

performance improved dramatically.

Availability of the Ormat unit itself during the eight month test period
-was generally good, averaging 95.5%. Overall system availability,

' inc1uding well pumps, cooling system and electric grid was somewhat less -
aﬁeraging 83%. The lowest monthly system availability of 63.8% was the
result of a pump failure during bad weather and inability to get
replacement parts to the site. Power sales for the 12 month period of
April 1985 through March 1986 amounted to 2809 MW hours, for a capacity
factor of 77.5%. Capacity factors during cold weather can exceed 100%.

For example, December was 101%, even though availability was only 86.6%.

" The largest number of faults have been due to electric grid fluctuations.

These are usually of very shdrt}dufation and the unit was usually restarted

v f ;wi£hin,15'minutes.’ Other prob1éms noted during the period seemed to be the

result of OVer_heating in the generator, circuit breakers and main feeder




TAD's personnel report that the machine was easy to operate and to perform

scheduled maintenance on.




2. Introduction

This is the report of a program to monitor and evaluate the operation of a
small geothermal binary power plant. The program was a joint effort of
Sierra Pacific Power Company (SPPC), Idaho Power Company (IPC), Electric
Power Research Institute (EPRI), Oregon Department of Energy (ODOE), Ormat
Systems Incorporated (Ormat), TAD's Enterprises (TAD's) and the OIT
Geo-Heat Center (0IT). The plant monitored and evaluated was a 600 kW

Ormat binary machine owned by TAD's and located at Wabuska, Nevada.

SPPC coordinated the program and contracted with EPRI for funding to
pqrchase test instrumentation. SPPC, IPC, Ormat and OIT provided support
for carrying out the tests. TAD's provided the machine, allowed personnel
on site to perform the tests and provided operational history. OIT, under
contract to ODOE, assimilated test data and prepared the final report.
ODOE funding was provided through a larger ODOE grant (DE-FGO7-79R000077)

from the US Department of Energy.




3. Objectives and Approach

The objectives of the test program were:

1. To monitor the performance of the system as a whole and of each

subsystem, i.e. production well and pump, binary machine and cooling ponds.

2. Perform energy balance calculations and to compare the results with

predictions of a computer program.

3. Provide TAD's with suggestions for improving the performance of the

tota1 system or subsystems, particularly the spray cooling pond.

4. Provide operational data that could be of value in future binary power

generation installations.

The testing program consisted of monitoring system operation during three
nominal 24 hour test periods at different ambient weather conditions;

' ?”éummer, fail and winter. At one hour intervals, records of temperature,

o preesure and flow rates ofrgeotherma1 fluid, binary fluid and cooling water
_were mede.-rAISo recqrded were instantaneous electrical energy production
ehd running time ofvpumps in'order to obtain net electrical energy output.
It wes'assumed that‘the parasitic load pumping energy for the well, binary
efiuideand cooling‘pohd would remain-relatively constant during the 24 hour

test.




| Aftef the tests, energy balance calculations were made and plots made of
electrical output, cooling water temperature, enthalpy out at the expander
‘and turbine generator efficiency. These calculations were made in order to

yrverify that the test records and procedures were essentially correct.

~ Further analysis of the system was performed to obtain second law
—efficiencies using the exergy analysis method proposed by DiPippo and

: Marcé]le (Geothermal Resources Council Transactions, Vol. 8, August 1984).




4. System Déscription

The system at TAD's, like all binary power generation systems, has three
major subsystems; the production well and pump, the binary machine and the
cooling system. The Ormat binary machine is skid mounted aﬁd consists of
evaporator, turbine/ generator, condenser, binary fluid feed pump and
associated controls system. The cooling system, in this installation, is
‘the spray cooling ponds. Figure 1 shows a simplified schematic diagram of

the system.

Production Well and Pump

The well was drilled in 1959 to a total depth of 350 feet with 12 inch
outside diameter casing to tofal depth. Bottom hole temperature was

reported at 221°F.

A Hughes Centri]ift downhole pump was installed late in 1983. The pump is
a Seriés,875 Model 1 P, Type 1 B - 700, with four stages, driven by a -
'Sefies 544, Model GMB, 100 hp motor. The pump was hung on 7 inch outside
vdiamefer'tubing with-the pump fniet‘origina11y at 285'feet. The pump is
rated at 700 gpm at 353 feet total dynamic head. ‘

A pump test performed by Geothermal Development Associates (GDA) in 1984
indicated a drawdown of 246 feet at 754 gpm and 214 feet at 729 gpm. The

~air line to measure drawdown installed with the pump was found to be
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inoperative during the current first two tests due to corrosion. This

prevented measurement of drawdown during these tests.

Just prior to the third test a cable seal failure necessitated pulling the
vpump, and a new bubbler‘tube was installed with the pump allowing the
pumping level to be obtained in the third test. The pump inlet was lowered

24 feet, at that time, to 309 feet below the wellhead flange.

During the third test, the pumping level remained constant at 208 feet with
an indicated f]ow of 845 gpm. Although this seems to indicate increased
wé]l productivity since the GDA test, it is now known that TAD's well is
affected by neighboring wells and there are no records of neighboring
well's flow rates during either GDA's test or our tests. It is also
be]ieved that‘the flow meters currently used indicated flows higher than

they actually were.

Pipfng from the well to the binary unit is approximately 500 feet of direct
buried Schedule 30, 8 5/8" 0D steel. Discharge from the unit was through
 approximate1y 400 feet of Schedule 30, 8 5/8" 0D steel to an open ditch.
The surface discharge to thé ditch is routed to a neighboring aquaculture

faci]ity and used for growing préwns and catfiSh. During December, between

“  zthe;sécond:and third tests, a pipeline was installed to carry water to the

. ‘aquaculture facility.

'Make¥up water for the cooling ponds was taken‘from‘the discharge line about
‘15 feet before discharge to the ditch. Make-up flow is manually controlled

by a valve at that point and with a valve at the end of the discharge




‘broviding back pressure to the line. Make-up water is routed to a small
precooling spray pond and then pumped to the main cooling ponds. Make-up
~water flow is provided as required based on observation of the cooling pond

level, and usually amounts to about 200 gallons per minute. Pressure on
thé discharge line, measured at the evaporator outlet, varied from a high
of 96 psi when filling the spray pond to a low of 4 psi with normal make up
flowing. This pressure affects the total dynamic head on the brine pump

and therefore the brine flow.
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Binary Machine

The binary unit at TAD's was built in 1982. It was one of the first of the
1arger series of geothermal/industrial process heat recovery units to be
manufactured by Ormat. The unit is of modular construction, the entire
machine including evaporator and condenser being contained in an 8' X 8' X
40' open box frame. The unit was originally designed to operate as a waste
heat recovery unit on Freon 11 with a single stage impulse turbine. That
app11¢ation failed to materialize. For operation at the lower temperature
available at TAD's, the unit was modified to operate on Freon 114.

Although the machine is a nominal 600 kW unit, it has an 800 kW generator.

More than one approach was considered in optimizing the system design. For -
example, one option is to extract heat from a greater mass flow rate of
resource. Using this approach the geothermal fluid at TAD's could, for
example, be cooled from 221°F to approximately 203°F. This would allow a
higher vaporization temperature, and a correspohding increase in'Carnof

efficiency, at the expense of,an‘increased resource flow rate.

_The‘approach taken with the modifications to the Ormat unit operating at
TAD's was to optimiie the system to cool the resource to approximately

- 167°F, therefore extracting the same amount of heat as the first method,
'tfbut:USing one‘thfrd thevgedthermal resource flow rate. This Towers the
 J'Carho§ efffciéncy, since thé wbrking fluid vaporizing temperaturé will
| ’ ne¢és$ari1y be lower; however; the electrical power output per unit-mass of

resource is increased and the brine pumping requirements are lower.

11




The equipment modifications to the unit included a change of working fluids
1from Freon 11 to Freon 114. Modification of the vaporizer heat exchangers,
to change the configuration from the original two passes to four passes,
reduced the flow rate Qf brine through the exchanger about 50%. The
turbine wheel was changed in order to take advantage of the increased
working f]hid flow. The capacity of the working fluid feed pump was
increased, as was the rating of the feed pump motor. In addition, a
coo1ing fan was added to the power control cabinet, since it had been

originally intended for installation in an air conditioned control room.

In order to accommodate a range of operating conditions, the turbine inlet
" manifold is divided into three sections. During start up a 4" throttling
valve (Vl) and associated piping,supp1y‘working fluid flow to nozzles
around 45 degrees of the tdrbine inlet, thus providing a 'soft' start. An
}8" valve (Vz) and piping supply working fluid flow to nozzles around an
additional 225 degrees. This valve is normally open during operation and
supplies working fluid to the turbine under low power conditions, i.e.
reduced geothermal flow or high cooling water temperatures. A 6" valve

| (V35 and pipiﬁg supp1y the nozzles around the remaining 90vdegrees of

turbine manifold and is opened when full geothermal flow is available and

T coqiing watér temperatures are low, thus providing full power to the

. turbiné.rrThis arrangemgnt provides power control while maintaining near
o bptimum nozzléttonditions under varying working'fluid flows, varying
' fiitéméerature and pressuke differential conditions. In the unit at TAD's, .
;the"4" vaTve‘iS pneum&tiéal]y,contro11ed'by evaporator pressure sensors.
The 6" and 8" valves are solenoid controlled. In newer models of these

machines, the valves are computer controlled.

12




The turbine power and, therefore, generator output, appears to be Timited
| by the cooling pond capacity. ODuring warm weather operation, 8" valve V2
is open providing freon vapor flow to 225 degrees of the furbine inlet
manifold. When the condenser can handle the additional flow, 6" valve V3
is opened, providing additional output. Valves V2 and V3 are electrically
controlled by switches located in the control panel. When the operator
notes cooling water outlet temperature is sufficiently low (about 85°F), a
valve is 6pened. If the additional flow causes cooling water outlet

temperature to rise above about 88°F, the valve is closed.

13




Cooling System

As originally installed, the cooling system consisted of a single spray
cooling pond 400' X 125'. Cooling water was pumped from one corner of the
pond by a PACO 50 hp pump. Cooling water flowed through approximately 500
 feet of buried 12 inch PVC pipe with a steel pipe section at both the pump
) outlet and condenser inlet. From the condenser, water flowed back through
‘a similar 12 inch buried pipe and to the pond at the center of the 400 foot
dimension. Desired cooling water flow rate was 2500 gpm. The spray
manifold consisted of a single length of 360 feet of 12 inch steel pipe
’supported three feet above water level. The spray system consisted of 24
sets of five 1 1/2 inch CX-30 nozzles each, mounted at the center and ends
of 2 1/2 inch, 10 foot long steel pipes. Make up water entered at a corner
of the pond throhgh a four inch pipe terminated with a similar noizle
arrangément. See Figure 2. This was‘thé pond configuration when the site

was first visited in February 1985.

Several problems with the cooling system were noted during warm weather

qpération;

. ;;‘ Cop]ing capa¢ity was too low for’efficient.operation of the system.
| ‘2.r5~friction1055'in the piping was excessive.
3. Make-up water “sﬁort §ir¢01ted“ from make-up spray to circulating

pump, raising pond outlet temperature (condenser inlet) above the average

pond temperature.

14
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During the summer before the tests were started, several changes were made

to the cooling system.

1. A second cooling bond was constructed adjacent to the first. This
pond was equipped with a manifold and spray nozzles duplicating those in
the first pond. Two 10 hp 1500 gpm Aurora pumps were installed to pump
 water from the first pond to the sprays in the second. A new cooling pump
inlet box, piping and valves'were installed to take water from the second
pond. Two 8" PVC pipes between the ponds equalize water levels. Make up
water continues to go to the first pond. This arrangement increases the

cooling capacity and eliminates the short circuiting of make up water.

2. AdditionaI cooling water piping of the same size was installed
' para11e1 to the original. This piping is Y'd at the pump outlet, condenser
inlet and outlet and at the inlet to the spray manifold at the first pond.

Typical cooling water pressures before and after modification were:

- Before ; After

v'ﬂpump‘outiet - 24-psi . 21 psi
Cond. inlet .17 psi 17 psi

| Cond. cut1ét e  ,.15 psi 11 psi
"SpfayimanifOTd o 6% psi : 7 psi

The,effect of the second pond on condenser inlet temperature is difficult

to quantify because of lack of data before the addition, but appears to

16




have reduced condenser inlet temperature by at least 15°F under most

conditions.

17




‘37‘;1f4: ~ Instrumentation and Data Acouisition

tdAsJoriginally envisioned, the tests and instrumentation were set up so that
‘veach subsystem; production well and pump, binary unit, and cooling system,

4“"ﬁfoould be monitored and their efficiency and operating characteristics

g f‘?readiiy caicnlated. Figure 3.shows a detailed schematic of the system and
"V?i{ftne.instrument-test points. Table 1 lists the instrumented parameters and
jtneir-nOminal operating values.’ Appendix A provides a list of
;:instrumentation~at the points and instrument data. As can be seen on
a~F§9dre 3, temperatures, pressures and f1ows were measured at the inlet and
':out1et of each subsystem, 1 e. evaporator and condenser inlet and outlet.
‘;E1ectr1ca1 energy production, electrical energy use (for parasitic 1oads)
' :wind.speed and d1rect1on.rand,wet~and dry bulb temperature were also

~ monitored.

,,Dnring the tests, most of the parameters measured were manua11y recorded
.ﬂhcuk1y oAdditioha]ly, temperature was‘recorded on a2 multipoint recorder at
: | 2, T3, T4, TG’ T7, 8 and Tg provtding a cont‘inuou’sv record of these va'l-ues

ﬁf[tf'dur1ng the 24 hour tests.

**{{{;contTHUOUS weather ‘data were prov1ded from a portable weather monltor,
A‘-;!prOVIded by IPc, that was 1nstal]ed at the northwest corner of the coo11ng

°*ffbponds, .t N1nd speed and d1rect1on temperature and relat1ve hum1d1ty were

f:ésampled every two seconds A Campbe]] Scient1f1c CR21 Data Logger reduced

%}ﬁffithe samples prov1d1ng 15 m1nute averages of wind speed wind direction,

‘1temperature and re]at1ve hum1d1ty, maximum wind speed, time of maximum

'”*‘speed and m1n1mum and maximum temperatures. This information was recorded

18
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TABLE 1

- Production Well & Pump

20

Instrumented Operating Parameters

B Well Pump Power 105 A 464V (measured ahead of
- step up transformer)
Hy Pump Setting 285 ft tests 1 & 2, 309 ft test 3
'_Hz Static Water Level Not Avail.
3 Pumping Water Level 2081ft ;est 3, assumed same for
' &
H4“ Positive Pump Head 77 ft tests 1 & 2, 101 ft test 3
, Well Head Temp. 223°F
P0 y Hell Head Pressure 210 - 96 psi
Binary Unit _
.01 Brine Flow Rate 621 - 894 gpm
o Brine Temp. into Evaporator 221°F
Brine Press into Evaporator 17 - 96 psi
T2 Brine Temp. out of Evaporator 160 - 173°F
P2~ . Brine Press out of Evaporator 10 - 87 psi
o Freon Flow L 360 - 607 gpm
3 Freon Temp. into Evaporator 77 - 99°F
Py Freon Press. into Evaporator 133 - 153 psi
T4. Freon Temp. out of Evaporator 186 - 195°F
'P4 Freon Press. out of Evaporator - 113 - 138 psi
P Freon Press. at Nozzle Block 24 psi (test 1 only)
6 Freon Temp. Turbine Outlet/
L Condenser Inlet v 130 - 141°F
‘Ps. Freon Press. Turbine Qutlet/
v Condenser Inlet . 17 - 35 psi
7 Freon Temp. Condenser Outlet/ o
" Feed Pump Inlet 77 - 96°F
7 Freon Press Condenser Outlet/ ,
v Feed Pump Inlet 124 - 30 psi
o Cooling Water Temp. Cond. Inlet 54 - 78°F
8 Cooling Water Press. Cond. Inlet 17 - 20 psi
9 " Cooling Water Temp. Cond. Qutlet 68 - 98°F
9 Cooling Water Press. Cond. Qutlet 10 - 11 psi
Ez”;._ - Generator Output '
- - Feed Pump Power 77 A @ 480 v
. Cooling Water Flow ©1905 - 2315 gpm




” Coo

1ing System

ot

- 2

;'FT

TlO» Cooling Water Temp Pond Out/
T Pump In
Pyo ~Cooling Water Press. Pond Out/
. - Pump In .

T - Cooling Water Temp. Pump Outlet
Pll: - Cooling Water Press. Pump Outlet
‘Ty5  Cooling Water Temp. in Spray

Avg. Temp. lst Pond
T1a Avg. Temp. 2nd Pond
15 Dry Bulb Temp.
151' . Wet Bulb Temp.
Eg Transfer Pump 1 Power
Transfer Pump 2 Power -

21

54 - 78°F
0.43 psi

54 - 78°F
21 psi

50 - 76°F
56°F

54 - 61°F
30 - 98°F
29 - ?°F

13.5 A@ 460 V
13.5 A @ 460 V

Measured at
base of spray.
Avg. of 6

Avg. of 6
Measured near
Ormat unit.
Measured near
Ormat Unit.




i-i_v ‘cans on a tro11ey 1n the spray at two locations, pulling the cans quick]y

‘x‘if‘}gate box.

_on cassette tapes and reduced to printed form by IPC. The weather monitor
,‘Started operation July 10th and ran continuously throughout the seven

" “months except fcr the three days during the first test when the tape was
inoperative and between about November 1st and November 17th when night

time data was erroneous but day time data was correct. The exact cause of

'}this'has not been determined.

Electrical energy use for parasitic loads E1 and E3 through E6 vere é
measured using a clamp type ammeter and clip on voltmeter at some time
during each of the 24 tests. It was assumed that these loads would be
constant during system operation. Power to the 1 hp expander oil pump E8
and the 1nstrument air compressor E7, which runs only intermittently, were
not measured. Power for the feed Pump E3 and compressor E7 is supplied
from the control cabinet circuitry between the generator and output meter.

The output meter therefore measures E2 net power from the modular unit.

* Cooling pond temperature T13'and T14 was measured‘using mercury in glass )
thermometers suspended approximate]y 6 feet out from the bank.
‘:Temperatures were taken at s1x 1ocations in the flrst pond and five

1;%10cations in the second Temperature in the spray was taken by suspend1ng

'fﬁto the bank and measur1ng “the temperature Temperature at the cooling pump

| ?f1nlet and the pump pos1t1ve suct1on head were measured at the pump head

| dwet bulb T16 and dry bulb T15 air temperature were also measured with

- mercury in glass thermometers. These measurements were taken near the

22




bfnary unit about 500 feet from the ponds so that measurements would not be

~affected by the ponds.

: Electrical'energy output during the tests was measured by counting turns
;And timing five or more turns of a kilowatt hour meter at the control panel
'wftn’a stop watch. Shortly after the first test TAD's installed a
recording kilowatt hour and power factor meter, and this was used as a
cross check on electrical output during_ppe second test. This meter was

not available during the third test.

"It appears that electrical output measured by counting turns on the kWh
meter at the Ormat unit may be about 10 kW high. For instance, at 1230 and
1330vhours, March 6th unit output as recorded from the kWh meter was 562
kw;‘ MaJor parasitic 1oads (measured within several hours and assumed to be
fa1r1y constant) totaled 187 kW and site output measured at Sierra
rPacific's bi-directional kilowatt hour meter was 370 kWh during the hour.
Thisleaves 12 kih unaccounted rror ~ Some of this was due to 11ghts and

;equ1pment operation in the ma1ntenance shdb off1ce ]1ght1ng, etc.

'b,However. swm11ar d1screpanc1es were noted between the kWh meter and the

irecording kw and power factor meter which was ava11ab1e during the second
', test During that test there were differences ranging from 0 to 18 kW with

"’tthefaVerage difference 9 k.. The cause for this dlscrepancy could not be

4;*5jgfdeterm1ned however, it is very sma]l amounting to on?y 1.2 to 1.4% of

fgeneretor-output. It therefore appears that site loads and ‘output balanced

~within the accuracy of our instrumentation.

23




¥e

FLOW METERTEST
O brine
1 Vv coollng water
- 87 B> freon
§ v 00
. &
3' Ggf
g 4T v
= FIGURE 4
i
w 2_‘_
¥ '0 § i
10 iow O 10 20

%

HIGH




‘During the fall test it was noted that during a four hour period late in
fhe test, brine flows were low. Subsequent heat balance caiculations
showed the flc.. meter readings to be in error. The flow meters were taken
tO‘the University of California Water Resources Lab at Davis for
- calibration. Although the calibration runs provided somewhat scattered

results, it appeared the meters gave readings 2% to 10% high.

Flow meters were calibrated using the time and known volume method. The

- flow meters indicate flow rate‘and have a totalizer which electronically
multiplies flow rate by time to arrive at total flow. The calibration
facility has a series of known volumes where water level is measured
electrically and time is measured to the nearest second. Typical runs were
4,300 gallons in times ranging from 240 to over 900 seconds, with volume
and time noted at three points during the run. Total flow for the test and
flow rate were compared and a percentage error calculated. Results of the
calibration for the electronfcs/sensor combinations used to measure brine,
cooling water and freon are shown in Figure 4. Note that there appears to
be an increase in error at the lower velocities. Piping sizes on the Ormat
‘machine were such'that'velocities‘were in the 4.8 to 6.5 ft/sec range,

where the average error was about 4%.

;;At,TAD‘s we’believe'the measured cooling water flows are probably fairly

",QQQCuratefsinceIca1ibration runsvindicated‘that the electronics/sensor

' combination appeared to be the most accurate of the three at the velocities

in the cooling water piping and there should be sufficient particles in the
water for good sonic echos. Measured brine flows are probably about 6-7%

high (50-60 gpm) and there should have been sufficient particles and
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‘turbulence to obtain good echos. The measured freon flows are more in
' doubt. There is a large variation in calculated heat balances and there

~may not be enough particles in the freon to obtain steady echos.

: Effects of Measurement Errors

: “In order to check recorded data, programs for hand held TI 59 calculators

'were devé]oped. The programs calculate enthalpies, and using the

1"; calculated enthalpies in and out of the turbine and refrigerant flow, a

'vdlué is calculated for heat out at the turbine. The same procedure is
~employed to determine heat in at the evaporator and heat out at the
T condenser. Theoretical feed pump work is calculated from flow rate and

. dynamic head.

“y1*70n the brine and cooling water sides, flow rate and temperature change are

o . fﬁ§éd"t9’ca1cu1ate heat in and heat out respectively.

”'Lf.The'heat balénces on the two heat exchaﬁgers are then used as a check on
:jf‘the’atcuracy'Of the input data. The working fluid side value (in
f}3?U/mihute) is compared to the brine or cooling water side value (in

'v‘B§UZminute)3and the difference is determined. ‘The difference is then

"::;-dividedjby each of the original values to arrive at an error figure.

* ‘While it should be expected that some heat flow from the generator to the
-environment, and to or from the condenser (depending upon ambient

. ‘ztémperature), will take place, error figures greater than a few percent

26




indicate a problem with input data.

Table 2 presencs error 1nformat1on on the program's calculation of key

~system enthalpies. Note that using the program s calculated enthalpies

' resu]ted in-errors of a few tenths of a percent.

In order to determine the serviceability of the program to changes in input
data, a single data set from the fall test was selected at random. Seven-
teen groups, for a total of thirty-nine runs were made, each changing a
Sing1e input value by 1°F, 1 psi or .1 ft/second. Table 3 summarizes the
results of this test. The results indicate that an instrument error of 1%,
1 ps1 or 0.1 feet/second will result in ca]culated values being in error by

about 2% or less except in the condenser. Since the cooling water

_temperature change across the condenser is relatively small and the mass
flow rate is high, an error of 1°F will result in a 5.4% error in cal-

culated enthalpies.

‘,In 11ght of the prob]ems noted w1th the flow meters dur1ng the fall test
ﬁsand subsequent d1ff1cu1t1es in ca11brat1on of these meters, it is important
~to note the mach1ne performance accuracy was affected by errors in flow
measurement. These errors w111, in general be ‘higher than those caused by
' ~terrors in other measurements A1so, one has more conf1dence in temperature
Vand pressure measurements since these instruments are inherently less prone

“‘ntp deye1op trouble and were calibratedrand/or checked before and after test

runs. This will be discussed further under results of the second test

where there were apparently errors in flow measurement. Unfortunately

| there:appears to be no way it can be determined how much any of the tests
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‘were affected. Readers should keep in mind that stated results may be

‘based on erroneous flows.

A summary of program output for the summer and fall tests is shown in

Tables 4 and 5.

28




~.Yalue

- 125.3 psig
125.3 psig
105.3 psig
105.3 psig

24 psig
24 psig
16 psig
16 psig

20.945
17.959
15.167
23.479

Temp.

190°F
180°F
190°F
180°F

130°F
140°F
130°F
140°F

TABLE 2

Accuracy of Program Calculation of Key Enthalpies

Table Program Error % Error in % Error
Value Calculation Difference % Ah Turbine Ah Cond.
97.960 98.008 +0.048 +0.05 +0.7 -
95.900 95.938 +0.038 +0.04 +0.5 -
98.770 98.744 -0.026 -0.03 -0.4 -
96.762 96.674 +0.012 +0.01 +0.2 -
90.948 90.942 -0.006 -0.007 -0.08 +0.009
92.752 92.762 +0.010 +0.01 +0.13 -0.015
91.231 - 91.240 +0.009 +0.009 +0.12 -0.014
93.023 93.060 +0.037 +0.04 +0.04 -0.055
28.088 - 28.088 0 0 - 0
26.865 26.933 © +0.068 +0.25 - +0.11
25.651  25.778 +0.127 +0.49 - +0.09
29.071 29.012 . =0.059 -0.20 - +0.09
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\ ~ Table 3

:Run #1,

+1°F in Temp.
Error in Temperatdre +0.45%
Evaporator At Error +1.72%
v Evaporator Heat in Error +1.72%
Run #2, +1° Brine out Temp.
Error in Temperature +0.62%
Evaporator At Error ~-1.72%
Evaporator Heat in Error -1.72%
- Run #3, +.1 Ft/Sec Brine Flow
| Velocity Error +2.02%
Evaporator Heat in Error o +2.02%
Run #4, +1°F Working Fluid in @ Evaporator
None
Run #5, +1 psi Working Fluid in @ Evaporator @
None
Run #6, +1°F Working Fluid out of Boiler/in @ Turbine

Error in Temperature +0.52%
Error Enthalpy +0.21%
Error Ah Turbine +2.74%
Error Ah Evaporator +0.29%

- Run #10, +1 psi Working Fluid out Evaporator/in @ Turbine

' ﬁ}fRun #11, 0.1 Ft/Sec WOrk1ng F1u1d Velocity

Errbr in Pressure : - +0.85%

Error Enthalpy -0.03%
Error Ah Turbine : +0.49%
Error Ah Evaporator -0.05%

"Run #12, +1° Coo11ng Water in @ Condenser

Error in Velocity o | +2.13%
Error Heat in (Evaporator) +2.123%
Error Heat out (Turbine) +2.13%

Error Heat out (Condenser) +2.13%

Error in Temperature +1.89%
Error Cooling Water At -5.4%
Error in Heat out (Cooling Wtr) -5.4%
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Run #13,

+1°F Leaving Coo]ing Water Temperature

'}aRun #14,

Error in Temperature +1.40%
Error in CW At +5.4%
Error in Heat out +5.4%

+0.1 Ft/Sec Cooling Water Velocity

Run #15,

Error in Velocity +1.67%
Error in Cond. Heat out +1.67%

+1°F Temperature out °F Turbine/in @ Condenser

Run #16,

Error in Temperature +0.74%
Error in Enthalpy +0.20%
Error in Ah Turbine -2.41%
Error in Ah Condenser +0.28%

+1 psi Turbine out Pressure/Condenser Entering Pressure

Run #17,

Error in Pressure +3.13%
Error in Enthalpy -0.04%
Error in Ah Turbine +0.49%
Error in Ah Condenser -0.06%

+1°F Working Fluid Temp. out of Condenser

Error in Temperature | +1.29%
Error in Enthalpy - +0.87%
Error in Ah Condenser -0.36%
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2218 . 68.6 . 637.3

Table 4

Summary of Summer Test Results

s ' Calculated

Brine Cooling kW out of Machine Measured kW

~ Temp. Water Temp. Turbine Performance Index out of Gen.
221 79.0 513.5 8.2 no data
221 76.0 530.6 8.5 no data
221.5 77.0 491.4 8.5 no data
221.5 77.5 494 .4 8.8 no data
222 , 77.0 471.2 8.9 no data
218 - 74.5 534.3 8.9 no data
222 75.5 536.5 9.0 no data
222 75.0 536.5 9.0 no data
222 - 74.5 _ 540.9 9.4 no data
222 73.7 510.2 9.5 no data
2221 73.0 564.8 9.5 no data
220 73.0 577.7 9.8 no data
221 72.2 549.5 9.7 no data
221 72.0 537.0 9.7 no data
221 70.0 577.4 9.9 no data
221 74.5 544.1 8.6 no data
221 72.5 ' 558.7 8.7 no data
221 74.0 - 559.9 8.7 no data
221 77.0 496.2 8.9 no data
221 . 17.8 . 463.9 8.4 no data
221 78.8 466.0 .8.5 no data
221 79.2 504.1 8.7 no data
221.5 79.5 507.3 8.8 no data
221.5 80.0 524.6 8.8 no data
221.5 78.8 - 508.6 8.8 no data
~221.5 78.0 539.3 8.8 no data
221.5 - 76.0 , 517.0 - 8.8 no data
221 - 74.5 , 523.5 9.2 no data
221 - 74.0 ‘ 526.9 - 8.0 no data
e 220 72.5 504.6 7.7. ‘no data
221 o 71.0 ; 525.6 8.0 no data
221 S 70.0 - ~ 527.1 8.3 no data
221 .. 68.5 .. - 5b7.6 8.7 no data
221 - '67.0 : 580.6 9.1 no data
o221 o 66.5 , 586.6 10.5 no data
22y . 65.5 o 672.9 10.5 no data
- 222 . -.765.0 - 647.2 10.0 no data

9.9

no data
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Table §

SUmmary Qf Fall Test Results

Calculated
Brine Cooling kW out of Machine Measured kW
Temp. ~ MWater Temp. . Turbine Performance Index out of Gen.
i 220 53.5 627.7 10.3 646.3
221 54.5 : 604.3 10.3 640.5
220 55.5 667.7 10.1 638.2
- 220 56.0 630.1 9.9 631.6
- 220 56.5 622.8 9.7 629.8
220 56.0 623.6 9.8 630.7
220 55.0 ' 621.6 9.9 631.9
220 ' 55.8 584.2 9.5 631.6
220 . 55.8 603.6 9.7 631.6
221 85.5 617.1 9.8 634.2
221 55.0 604.8 9.9 637.3
221 -54.5 608.9 9.9 638.9
220 - B5.0 - 551.2 9.0 641.2
220 54.0 513.8 8.8 645.3
- 220 ‘ 53.5 595.7 10.2 649.9
220 53.0 S 573.8 10.3 652.1
. 220 - 852.0 ' 591.7 10.3 655.1
- 220 52.0 636.0 10.4 661.7
220 52.5 603.7 10.4 663.8
220 ' 52.0 , 630.2 10.7 665.4
220 51.5 687.3 10.7 663.3
221 52.0 ~ 688.0 10.6 659.2
220 , 53.0 667.9 10.4 653.1
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6. Measured Performance

Summer Test

- The summer test was scheduled for August 14, 1985. The binary unit had
been operating normally for several weeks with only brief electrical
nuisance trips due to grid voltage fluctuations. On August 12th, the
underground power cable to the production well pump failed. The problem

‘was located and repaired and the system went back on Tine late August 13th.
The test started on schedule. On hand to take and record data were
personnel from SPPC, IPC, Bonneville Power Administration (BPA) and QIT.

‘Ormat personnel were there as observers and to assist with test
‘instrumentation for the unit. TAD's personnel were performing their

‘regelar operational duties. The test started at 6 ph, August 14th and
ended at 11 am, August 16th.

‘1DUe'to'the seepage and evaporation from the cooling ponds during the down

' "time for repa1r1ng the power cable, the water level in the pond had lowered

»'to the point where the cooling water pump was 1nterm1ttent1y taking air due
‘ltp the,formatlon of a vortex over the inlet pipe. In order to correct

*f this,'apprOXimately two thirds 6f'the brine discharge f1ow was being

",:edellvered to the precool1ng system and ponds as make up. At 8 am, August

bv”';ISth, this was increased to near1y a11 the discharge and was reduced to

- about one third flow at 2:30 pm that day. Make-up flow remained constant

'  ;f§Pjthe remainder of the test.

34




: A S

Since the brine discharge valve position affects the pressure head on the
production well pump, as measured at P1 and PZ’ flow rates will change as
the valve is upened or closed. These changes were readily apparent in the

brine flow and pressures. As expected, other parameters quickly affected

.were brine temperature out Tz, freon temperature and pressure into the

turbine T4 and P4, feed pump pressure P3 and to a lesser extent, cooling
water temperature out T9 and feed pump pressure inlet P7. Other parameters
changed more slowly as the unit moved to a new equilibrium condition (see
Figure 5). Obviously, introdﬁcing large amounts of hot brine into the
cooling pond will raise the pond temperature, but also contributing were
solar radiation, lack of any wind and ambient air temperatures approaching

100°F. No attempt was made to separate out these factors.

Unfortunately, the effect of varying geothermal water flows on electrical
energy output could not be obtained. It had been assumed that a kilowatt

hour meter mounted in the Ormat unit control cabinet was reading correctly.

. During the August test run, comparisons of calculated energy and measured

- energy did not agfee. Subsequent to the test it was determined that the
:meter had been incorrectly wfred and was giving;erkoneous readings. 3The

| meter was replaced on October 7 with one that had been tested in SPPC's.

. meter shop and was available for the fall and winter tests.

'ATthOQgh'the meter.did nof give accurate readings andfwas unstable, it did
',.ébpear to follow trends. For instance, when the 6" turbine freon valve was
”ijpehed, the indicated electrical output increased significantly (from 461

: kﬁ to nearly 500 kW) within two hours. Instability was to the extent the

'meter indicated fluctuations of as much as 60 kW at consecutive hourly
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:teadings with no significant changes in any operating temperatures and

_pressures. Figures 6 and 7 are plots of electrical output versus entering
:f»cooling water temperature, and efficiency versus entering cooling water
 <tempéfature respectively. Although the plots show a general trend, the

data are so scattered they are of no value in assessing machine per-

formance. Figure 8 shows the effect of a power change on brine freon and
cooling water temperatures when the 6" turbine inlet valve was opened. Raw

data from the summer test are contained in Appendix C.

~ Table 6 shows a computer printout of the available work analysis method

applied to selected data points from the summer test. The points selected

‘were before and after some change in operating conditions was made. Some

- of the flows have been adjusted to account for fluctuations in flow meter

readings taken (averaged for the time conditions should have been constant)

and all temperatures are from the multi point thermocouple recorder.

At 0800 on August 15th the machine was operating with only the 8" valve to

the turbine inlet open and approximately two thirds of the brine flow going

to the cooling ponds. At 0815 the 4" turbine inlet valve was opened and

the brine discharge valve nearly closed,.diverting almost all the brine to

‘the cooling ponds. By 0900 the following results were noted.

‘Briné f1ow was decreased by appkoximately 20% with accompanying decrease in
brine outlet temperature and a decrease in available exergy (energy

available above a reference temperature - see Appendix C for explanation

and sample calculation) at the evaporator. Evaporator efficiency, however,
increased.
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INPUT: DATA FILE
S . TIME: sdgoo $0900
DEAD STATE: cw cw
“P(0) 72 72
H(0) 40.049  40.048
-8(0) .0783 .0783
 GEO-FLUID
Q(2) 100.19 82.18
VF(2) .016054  .0163%
M(2) 6240.812 %5012.313
T(1) - 221 222
E(1) 189.24  189.24
'§(1) - .3256 L3256
E(1),EW 1942.917 1860.611
T(2) 163 159
H(2) 135.97 126.96
S$(2) T .2441 .2297
E(2),XW 852.4862 %£65.42%59
COOLING WATER
(7Y 72 72
Q(7) 28%8.5 285.5
TELT) .016082 .016082
M(7) 177%2.77T 17752.77
B(7) 40.049  40.049
S(M) L0733 .0783
E({7) EW 0 0
T(8) 83 83.3
H(3) £1.031 51.53
£(8) .098735  .09963
- E(8),%W 34.12687 35.54603
© R-114 S
DEAD STATE: ca cr
T(00) 72 72
K(0Q) 24.926 24.926
${00) .05236  .0522
T(2) 91 89
Q(3) s2.2 £5,43
VF(3) .012135  .0111s3
MC3) 4673.,905 4967.736
"H(3) ©29.828 29,309
SN 0E61 .0601
~E(3) KW 25.73817 23.753%0
T(4) ' 18¢ 132
H(4) '97.38 "96.32
28 (4) L1839 L1585
~E{4), K 862.5646 862.8491
LTS 130 134
CH(S) $0.33 91.2%
§¢5) A w1723 . .173%8
- TE6) : 88 - - 87
-28.825 ' 28.%84

6.271444 1.866931

TABLE 6

§1100
cy

71
3g9.081
0784

82.16
.01639
$012.313
221
189.24
.3256
1531.499
159
126.36

. 2297
$77.8627

71

285.3
.016038
17304:.80
39.081

0

84
52.02%9
-+ %008
2.80218

cq
pd

24.555
.05191
90

56.6
011172
£066.237
2¢.351
- .a60s
27.81198
185
$7.23
.1657
353.9738
136
91.s8
.1738

196.9773

'28.356

0528

2.7862851

41

$1200
cy
71.5
39.55
<0774

82.16
016414
$005.483
221
189.24
.3256
1571.083
163.3
131.48
.2368
632.3552¢0

7.8
285.5
.01603S
17804.30
39.55
<0774

0

84
$2.02¢9
.1006
48.73424

e

1.3
24.308
.08214

83.3

. 49.8
.0111153
4479.327

29.449

.0603.

24.68140
183
$6.35

- .1676
804.4948
128

- 90.0%
171
169.2558
sg
28.332

- .0596
4.998745

$1400
cw

79
47.039
.0914

82.16
016434
4999.3%2
T 221
189.24
«3256
1410.139
167

" 134.97
«2425
574.8170

79

285.3
.01607
17766.02
47.039
<0914

o

90
$8.013
1115
47.39027

cw

79
26.822
. «0%83352
97

4.7
.011259

4417.428

31.3
«0836

25.58565

184
96.36
.1679

730.1643
+ - 1323
8C6.31

1717

132.4324

84
- 30.30%
. .0623
2.703363

81800
c

79
47.039
<0514

1l0.21
016468
6633.136
221
189.2%
.3256
1887.394
172.5
140.48
745.7756

79

288.3
.Qls07
17766.02
47.03%
«0814

0

91
£9.016
.1134
39.43437

e
79
26.622
.055352
87.3
$2.04
.01127
4613.112
.0639
2£.0385%4
184
97.28%
<1588
792.539°
13¢
91.4
1722
160.6326
os
30.861
-+0628
1.413412

S2lo0
cv

74
42.046
.0821

1l0.21
«016451
6699,289
221
189.24

3286

2031.046
170

, 137.87
22473
914.1244

74
©288.3
.0l60s3
1777s.3¢
42.048
.0822

Q

- 86.5
$4.32%
.1052
47.256828

c
] 74
T 25.409
.08327
83
£3.53
,011213

4771.248

30.326
«Q619
26.52231
138
97.17
.1685
861.1143
131.5
90. 8%
J1714
184.4122
81
29.571
061

3.080934 -

$22Q0
c
75.5
43.844
.0849

110.21
.016431
707.443

221
189.24
.3256
1990.50%
166.5

134.47
. .2417

826.7556

75.2
28S.3
.01l6062
17774.37
43.544
0849

0

88
$6.022
«1079
$2.33762

cy

75.2
25.772
.0838:
94

$7.°7

-« QL1227
5139.39¢
30.552
.0622
28.56091
i91
98.29
171
892.3341
141
92.39
1743
199.7010
92
29.817
.0614
$.238843
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" OUTPUT: SECOND LAW ANALYSIS

AI

- PIME:
EVAPORATOR :
EXERGY DROP. IN GED-FIDID (KW) :
EXERGY. RISE IN R-114 (KW):
2ND LAW EFFICIENCY.

CONDENSER
EXERGY DROP IN R-114 (RW)' )
EXERGY RISE IN' COOLING WATER (KW).
2ND LAW EF?ICIE“CY‘ ‘

FEED PUMP
EXERGY RISE IN R-114 (KW)
2ND LAW EFFICIEHCY.

TURBINE
- EXERGY DROP (KW).

UNIT ENERGY DELIVERED (KWH/TON)
BASED ON TURBINE EXERGY DROP:
BASED ON NET POWER TO BUSBAR:

MECHANICAL POWER DEVEtOPBD BY TURBINE:

TURBINE INTERNAL 2ND LAW EFFICIENCY:
TURBINE ABSOLDTE 2ND LAW EFFICIENCY:

NET ELECTRICAL POWER DELIVERED TO BUSBAR.

NET PLANT 2ND LAW EFFICIENCY
BASED ON INLET GEO-FLUID EXERGY:
BASED ON GEO-FLUID EXERGY DROP:
THERMAL EFFICIENCY:
ACTUAL MODULE EFFICIENCY:

OVERALL PLANT EFFICIENCY:

s0800

1090.43
. 836.83
.77

144.61
34.13
.24

19.47

.35

711.68
3.80
.00
.00
.00
.00
.00

.00
.00

.11

50900
995.18

839.10
<84

165.59
35.55
.21

21.89
.40

695,39
4.62
.00
.00
.00
.00
.00

.00
.00

.08

“TABLE 6 cont'd

81100
1003.64

866.16
.86

'194.22
'42.50
.22

25.06
46

697.00
4.63
.00
.00
.00
.00
.00

.00
.00

.08

81200

938.50
779.81
.83

164.26
48.78
.30

19.68
.36

635.24

4.23
‘oo

.00

.00
.00

.00

.00
.00

.10

§1400

835.52
704.50
.84

129.73
47.39
.37

22.97
.42

597.73
3.99
.00
.00
.00
.00
.00

.00
.00

.09

§1500
1142.12

767.56
.67

159.21
39.43
.25

23.62
.43

631.97
3.15
.00
.00
.00
.00
.00

.00
.00

.10

§2100
1116.92

834.59
.75

181.33
47.27
.26

23.44
«43

676.70
3.37
.00
.00
.00
.00
.00

.00
.00

.11

52200
1163.75

863.77
.74

194.46
52.84
.27

23.32
.42

692.63
3.44
.00
.00
.00
.00
.00

.00
.00

.09




Condenser inlet temperature was still being influenced by the previous
night’s cooling and the exergy drop in freon was higher; however, due to
“the increase in freon flow, the efficiency dropped slightly and exergy of

che cooling water increased slightly.
The overall effect was a reduction in the exergy drop across the turbine
and presumably lower electrical output even though more freon was flowing

~through the turbine.

There were no changes in valve settings between 0900 and 1100 and by

- comparing temperatures and exergy available at the measuring points, some

‘effects of the mass temperature inertia in the evaporator and condenser can
~_ be seen. Exergy drop across the turbine; however, changed very little as

the machine reached new equilibrium conditions.

At 1115 hours, the 4" turbine inlet valve was closed and the 1200 data

_showed a decrease in exergy drop across the turbine of 61.7 kNW.

-

":' ffo 1400 hours; turbine exergy drop had decreased to approximately 600 kW

~ due to an increase inv;ooling water temperature. At 1415, the brine
"';diSCharge vélvevwas opened, allowing higher flows through the evaporator

;éﬂdfrééd]ted“in‘anvincrease in exergy drop across the turbine of about 6%.

'”lr-BijIOO exergy drop had increased another 7% due to a decrease in cooling

. water tempekature and at 2132 hours, the 6" turbine inlet valve was opened.

R The'inCrease in freon flow and turbine exergy drop was surprisingly small.

bt
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A]though there were slight changes later that night as the machine reached
‘new equilibrium conditions and cooling water continued to cool slightly,
the overall effect of opening the 6" valve was relatively small.

ﬁSince our primary intent was to measure machine performance, we believed
the kih meter was functioning properly, there were office and living space
cooling loads, and considerable actithy at the maintenance shop which we
wanted to exclude from our data, we did not take readings from SPPC's bi-
directional meter until late in the test when we suspected something was
wrong. Early in the morning of August 16th, four readings of the bi-
directional meter were noted. Between 0600 and 0700, 400.2 kWh had been
fed to the grid, 400.2 kWh between 0700 and 0800, and 405 kWh between 0800
and 0900. Calculated exergy drop across the turbine at that time was

épproximately 685 kW.

The total parasitic load for the Ormat system was 241.6 kW and loads
;ssociated with the 1iving, office and haintenance areas probably were on
the ordér of 4-5 kw. This-would mean that the calculated exergy drop was

- 4.8% high.
. 405 +241.6 + 5 = 651.8 kW

685 - 651 g _
e85

4 8% h1gh

Thls is in the error range for the flow rates determined during the flow

meter ca11brat10n
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If the brine flow meter error was 5% high, then the following conditions

existed during the last few hours of the summer test.

Brine inlet temeprature = 221°F
Brine flow = 833 gpm = 402,839 1b/hr
Cooling water inlet temperature = 64.5°F
Cooling W&ter flow = 2220 gpm
Gross power = 651.8
Parasitic loads = 247.6
Net resource utilization efficiency:

405 kW : 402,839 1b/hr = 1.005 Whr/1b
Net heat rate:

402,839 1b/hr x 55 Btu/1b * 405 kW = 54,706 Btu/kWh
Net thermal efficiency:

3413 Btu/kiWh * 54,706 Btu/kWh = 6.2%

45




Fall Test.

- The fall test was scheduled for October 15, 1985. Four pressure gauges
that had experienced vibration damage were replaced with calibrated gauges
and flow instrumentation installed during the morning. The test started at
1 pm on October 15 and ended at 1 pm October 16. Representatives of the
same utilities and OIT were on hand to take and record data, as were TAD's

and Ormat personnel.

Theitest appeared to be free of the problems éxperienced during the summer
test. TAD's had installed a meter which provided a paper tape record of
electrical output and power factor which agreed within 1.2% to 1.4% with
the‘kw réadings taken by countfhg meter wheel turns and recording times

- from the stop watch. The new kih meter/had recently been calibrated in
SPPC's meter shop. ElectficaT‘output readings from the tape were used in

calculations since it was assumed they were more accurate than the counting

~turps method.

A new‘data sheét for recording spray pohd information had been deve1obed by
" SPPC. The sheet inéludéd a more complete temperature profile of the pond

, (see:Appendix F). Ih}addition, a secohd “thiéf" cuplwas installed in order
to,take.spray}teﬁpér&ture betﬁeen,nozZ]es in the interference area. During

. j thg'Summer tést4températures had been taken only at the end of the spray

o 1and_ffom a single nozzle. ‘Pond readith‘were taken every two hours.




A progfam for Texas Instrument hand held calculator TI 59 had been
devé]oped by the OIT Geo-Heat Center to test the accuracy of the input
fdéta. The program calculates an energy balance for the system using

enthalpies internally calculated from temperature and pressure data.

. The only problem noted during the test was an unexplained decrease in well

1 f1ow readings for a period of 4 hours (0400 through 0700), suggesting there

. may have been a problem with the sensors or instrument electronics.

".'Subéequent floQ meter calibration tests run at the University of
California, DaV}s,.water resources lab indicate that the flow meters read
2.5 - 10% high in the range of flows in the Ormat unit. The reason for the
temporary decrease in readings has not been explained,but energy balance
calculations indicate they wére in error. Flow‘rates were adjusted down 4%

for all subsequent calculations;
Appehdix D contains raw data taken at the site.

During the fallj(Second) test, the machine appeared to run flawlessly.
’On?y One‘oberatfng‘change was madé’when the brine discharge valve was
@pened from nearly open to full open at 1430_hour$. This reduced the brine
‘Vinlet pfessure fromﬁzs.s psi»tq 17 psi. and brine‘outlet pressure from 10
1fpsi,to 2)p$i. }Indica£ed briné'f]dw increased slightly but a brine outlet
,f‘tempefature changé Waé not‘noted unﬁi] 1600 hours when it had increaéed
V1.5‘F and remained ésSentiallyréohstant for the rémainder‘of the test.
Preliminary heat balances calculated at the site indicated no real problems

with data but indicated a higher machine efficiency than during the summer
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test. This was to be expected since the cooling water was nearly 20°F

-cooler than during the summer test.

 Graphs‘of measured output and efficiency vs entering cooling water
‘temperature (Figs. 9 & 10) were prepaéed. Although there was some scatter
_in{xhe efficiency data, it appeared to be less than 1% and the measured

: du#but Vs cdoling water temperature was reasonably close to a straight

.~ Tline. Note that a 5°F decrease in entering cooling water temperature

' reSdits fn‘é 35 kW increase in output. No further analysis of the data

wehe done until after the last test.

Table 7 shows a computer printout of the available work analysis for
‘MSelécted data points of the fall test. This analysis indicates a real

- problem somewhere in the data - probably in the measured freon flow rates

}_(andvindicatesypogsib]e errors~in all flow rates). Note that although

» méésuréd electrical output to the busbar is some 50 to 76 kW higher than

 summer test values (assuming output waé constant during the three one hour

‘1'in£erv61s'busbar output-was‘meaéqred during fhe summer test) exergy drop
"~“  ééfpésvtheftUrbine fs,simiiar;to summer values and turbine efficiencies are

- all greater than 100%.

~ Assuming that measured brihe flow was 5% high and cooling water flow was
K ;f,gbrrgtt5(as,was dohe for the summer test), the following conditions

existed.

" Brine inlet temperature = 221°F

Brine outlet temperature = 161°F
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INPUT:

T(0)
E(Q)

S (0)
GEO~TLUID
Q(2)
VE(2)
M(2)
T(1)
E(2)
sS()
E(1),5W
T(2)
E(2)
S(2)
E(2),KW

CCOQLING WATES

T(7)
Q(7)
VE(7)

me3n iy R
3
4

00~ ~) )~

n
~~
o
~—

E(8),XW

R-11

"DEAD STATE:

T{00)
#(00)
S (00)

(W]

q24

MG AW UEE & A UWLLI-~ )
e

=

' b
(2]

A N St Sl P Ty B i St Yo gt N N Nvailt el el [ st S
: L . -
[j
-
-y

MBI 0N 6
B e Tt L e W W T o W e}

L
C
d

?

N OUTPUT: GE

BUSBAR:

MOD OUTPUT:

- 374.4435

‘DATA FIIZ
. T E:
DEAD STATE:

Fl400
cq

56
24.059
. 0478

100.1
«016395
6.11.00¢
222
189.24
.3258
23255.745
160
127.%6
£2323
©©6.4872

38
268.97
.Ql1l6028
16831..7
24.083
0473

]

71.5
39.33

L0772

-74.84632

Ci

56

- 21.1¢8
80.3

LP3
.01104s

. 4708.013

< +QE83
'2c -1t

- T

123.5
99..§

173

1001.258
135.3

- 91.38.

L1728

79

26.639

.0538
9.63%9442

€95.5
453.5
€40.3

TABLE 7

F1500

' lor']
56
24.059
.0478

l102.6
.016395
6258.005
220
l88.23
«3241
2286.393
160
127.96
«2313
1020.457

56
269.77
.015028
16831.17
24.059
.0478

0

72
40.049
.0783
77.54293

cw

-1
~21.108
.0451
80.5
54.3
.012045
4916.252

27 .24

.0563

31.28434
. 192.5
¢8.88
L1724
1048.127
136
81.58
.1738

154.3092

7.5

26.76

.0558
1l.60%8¢92
697.6

455.6
642.6

51

2100
Cw
58.5
26.56
.Q826

102.6
016403
6254.853
220
188.23
3241
2307.757
16..5
122.486
.2237
996.1919

58.5
269.77
.016032
16826.97
26.56
.0526

0
.74
 42.046
.0821

§2.15¢11s

cw
58.5

21.629

«048624,

8z.s,

'83.2
.011071
4805.347
27.72

28.32282

122.5

..98.88
L1724
897.5731
137
ed745

307.5435

81
27.224
.0Es85
8.172267

€8S
453
€40

.0872 ¢

Fosoo
cw

S5
22.058
.0455

102.6
.016403
6254.953
220
188.23
3241
24138.045
l6l.5
122.4s6
.2337
1071.638

g5
269.77
.016027
16822.22
23.05%
0458

0

71
39.081
.0764
87.16436

W
55
20.872
4044653
79.5
53.2
.011032
4822.335
26.991.
.055
32.74687
123.5
99.08
.1727
1043.135
135.5
91.34
.1723
404.4164
79
26.635
.0556
10.79745

718.8
476.8
663.8




. ’ TABLE 7 cont'd

JUT?UT: SECOND LAW ANALISIS

‘A.

' TIME:
EVAZQRATOR

EXERGY DROP IN GEO-FLUID (KW):
EXTRGY RISE IN R-114 (EW):
2ND LAW EFFICIENCY:

CONDENSER

. .EXERGY DROP IN R-1l4 (EKW):

EXERGY RISE IN COOLING WATEZR (KW):
2ND LAW EFFICIENCY:

FEZD PUMP
EXTRGY RISE IN R~114 (XW):
2ND LAW EFFICIENCY:

TURBINE

EXERGY DROP (KW):

UNIT ENERGY DELIVERED (KWH/TCN)
BASED ON TURBINE EXERGY DROP:
BASED ON NET POWER TO BUSBAR:

MECEANICAL POWER DEVELOPED BY TURBIINE:
TCXEINE INTERNAL 2ND LAW ETTICIZICY:
TURBINE ABSOLUTE 2ND LAW EFTICIZICY:

NET ZIZCTRICAL PCWER DELIVEREZ TO 3USSAR:
NET PLANT 2ND LAW EFFICIENCY
BASZD ON INLET GEO-FLUID EXZRGY:
BASZD ON GZ0-TFLUID EXERGY DRCPE:

THERYAL EFFICIENCY:

. ‘ACTTAL MODULE EFFICIENCY:

CVERALL PLANT EFFICIENCY: -

52

F1400
1359.26

871.34
.71

364.80
74.85
.zl

20.32
37

626.85

3.42

2.47

695.50
1.11
.69
453.50

Olg
.33

.12
.lo
.07

F1500

1365.54
1016.84
74

343.20
77.54

'23‘

19.67
.36

693.32
3.69
2.43

657.60
1.01

«67

455.60

ng
.33

.11
.10
© .07

F2100

1311.57
268.25
.74

298.37
53.16
.20

20.15
«37

690.03"

3.68

2.41

695.00
1.01
.70
453.00

'20
.35

.11
.10
.07

FCs800
1346.36

1010.39
«75

393.62
87.16
.22

21.95
«40

638.72
3.40
2'54

718.80
1.13

.69

476.30

.20
.35

.12




Brine flow = 774 to 813 gpm = 374,306 to 393,167 1b/hr
Cooling water inlet temperature = 55 to 58°F

Cooling water flow = 2150 gpm

Gross power = 821 to 852 kW

Parasitic loads = 241.6 kW

Net resource utilization efficiency = 1.55 Whr/1b
 Net heat rate = 38,761 to 38,647 Btu/kWh

Net thermal efficiency = 8.8 to 9.4%
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Hinter Test

The winter test was finally run March 6 and 7, 1986 after several aborted
schedules. On December 19, all personnel were at the site and
instrumentation_had been installed when a short in the primary power cable
between the main switch gear and the Ormat control cabinet shut the unit
down for repairs and the test was canceled. As noted earlier, another
scheduled test was canceled due to a failure in the well pump power cable
seaT. Although certainly not of benefit to TAD's, this did provide the
’opportunity to install a new bubbler tube in the well allowing pumping

water level to be measured during the third test.

~Although weather conditions for the "winter" test were actually warmer than
 the "fal1” test, the test was run without problems. A1l dial thermometers
were checked in a hot oil bath and thermocouple calibration was checked.
Pressure gauges were checked with a dead weight tester and reinstalled on
fthe unit the afternoon of March 5. Although the electrical output recorder
‘Jwas not ava11ab1e, a TIF meter was connnected at the control cabinet as a
e;check on the count1ng turns method of obta1n1ng output. In addition,
‘~read1ngs were taken from SPPC s bi d1rect1ona1 meter used as the basis for
power payments to TAD's. Th1s_meter reads net power into and out of the

uentire site inc]uding a11‘assoeiatedvuses such as ﬁaintenancevshop; etc.,
f}‘but dur1ng th1s test these uses were smal] compared to the generator

’output

Appendix E contains raw data taken at ‘the site during the test.
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’vAs in the second test, the system operated very well during the test.
There were no valve changes that could have affected brine flow, and

: temperatures and pressures remained surprisingly constant throughout the
test. Cooling water inlet temperature, which is a major factor affecting
- electrical output ranged from a Tow of 59.5°F to a high of 61°F. Measured
'eTectrical output varied from a high of 578.4 kW to a low of 552.7 kW with

eTectrica] output varying inversely with cooling water inlet temperature.

One important factor noted during the test was that the well bubbler tube
pressure did not vary from 32 psi during the test, indicating a constant

| pumping level of 205.5 feet with the tube setting of 283 feet below the
wellhead. Although the evaporator brine inlet pressure gauge was

“inoperative, evaporator brine outlet pressure and wellhead pressure
remained.COnstant at 4 psi and 23 psi respectively. During the test, brine

flow neterlreadings varied from 5.5 feet/second to 5.95 feet/second, a

variation of approximately 8%. Corresponding flow rates are 5.5

‘ feet/second = 877 gpm, and 5. 95 feet/second = 950 gpm There appears to be

. no reasonable explanatlon for such a large var1at1on in flow rates with

ivconstant pump1ng Tevel and pressure except flow meter error.

‘!'Also dur1ng the test, indicated freon f1ow rates varled from 6.6

\':n v feet/second to 7. 4 feet/second wh11e freon temperatures and pressures

'”7'f;rema1ned relat1vely constant Second law analys1s g1ves an inverse

| 1 're1at1onsh1p between exergy drop across the turbvne and generator output

durlng the high freon flow at 1430 hours and one of the low freon flows at
'0230 hours the second day. At 1430 hours, indicated freon flow was 7.4

feet/second, calculated exergy drop 842 kW and measured electrical output
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568.8 kH. At 0730 hours, indicated freon flow was 6.6 feet/second,
~calculated exergy drop 828.7 kW and measured electrical output was 575.7
kW. Temperatures and pressures in the freon loop were identical within
brobable instrument error at both times. There is no explanation except

. that the flow meter readings were in error.

Table 8 shows the second law analysis calculated from data taken at 1430

~“hours and 0730 hours.

Again, assuming a 5% high error in brine flow, and cooling water flow was

correct, the following conditions existed.

Brine inlet temperature = 221°F

Brine outlet temperature = 163°F

Brine flow = 813 gpm = 393,167 1b/hr

Cooling water inlet temperature = 60°F

Cooling water flow = 2100 gpm

Gross‘power = 739.3 to 765 KW
~ Parasitic loads = 241.6 |

Net resource utilization efficiency = 1.27 to 1.33 Whr/Ib
_Net heat rate = 43,568 to 45,818 Btu/Kih

S Net théfmal'éfficiehcy = 7.5 to 7.8%
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L omie)

MOD QUTPUT:

INPUT: DATA FILE
TIME: Wl430
DEAD STATE: cw
T(0) 61
H(Q) 29.06
S(0) .0574
GEQ~TLUID
Q(2) 118.2
VF(2) «.016401
M(2) 7206.878
- T(1) 221
B(1) 189.24
S(1) .3256
E(1) KW 2601.886
T(2) 163
H(2) 130.86
S(2) .2361
E(2),KW 1122.062
- COOLING WATER
T 61.
Q(T) 257.1
VE(7) . .016035
M(7) 16033.68
E(7) 29.06
S(7) . 0574
E(7),KW 0
T(8) 79
H(8) 47.039
S(8) .0914
E(8),KW 77.85869
R-11l4 AR
DEALD STATE: cW
T(00) 61
H(00) . 22.292
S(00) .04738
T(3) 87.5"
Q(3) 80.8
VF(3) .011125
OM(3) 7262.921
CH(3) 1 28.947
- 8(3) . 0594
"E(3),KW 51.40955
T(4) 186.53
H(a) 87.638.
S(4) . « 1706
- E(4),KW 1424.004
oT(s) 137
H(3). - 91.45
S USES). L v.l7l§
E(S),R«& '592.0ogé
E(s) © 28.352
S(8) .0587
E(8) , KW 21.19722
N OUTPUT: GE 623.8
BUSBAR: 381.8
568.8

TABLE 8

w0730
cw
5%8.5
27.56
. 0545

115.4
.016406
7034.012
221
189.24
.3256
2588.533
162
129.96
.2345
1106.664

. 59.5
257.1
+016033
16035.68
27.56
.0545

0

76
44.043
.0858
65.67846"

cwW
59.5
21.937
.0467
. 86,
76.7
.011118

6898.723

- 28.58

. 0587
50.85280
186
97.58
«1704
1385.215
-~ 136
91.32
.1715
556.7439
84.5
27.583

- .0881
15.45853

630.7
. 388.7
575.7
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TABLE 8 cont'd

" .OUTPUT: SECOND LAW ANALYSIS

S TIME: W1430  W0730
. A. EVAPORATOR |
EXERGY DROP IN GEO-FLUID (KW): 1479.82 1481.87
EXERGY RISE IN R-114 (KW): 1382.59 1334.36
2ND LAW EFFICIENCY: .93 .90
B. CONDENSER : :
 EXERGY DROP IN R-114 (KW): 570.81  541.29
EXERGY RISE IN COOLING WATER (KW): 77.86  65.68
2ND LAW EFFICIENCY: .14 .12
' c. FEED puMP
| 'EXERGY RISE IN R-114 (KW): 30.21  35.39
2ND LAW EFFICIENCY: .55 .64
D. TURBINE 4
| EXERGY DROP (W) : 842.00 828.47.
E. UNIT ENERGY DELIVERED (KWH/TON)
BASED ON TURBINE EXERGY DROP: 3.89 3.93
BASED ON NET POWER TO BUSBAR: 1.77 1.84
F. MECHANICAL POWER DEVELOPED BY TURBINE: 623.80 630.70
TURBINE INTERNAL 2ND LAW EFFICIZNCY: .74 .76
TURBINE ABSOLUTE 2ND LAW EFFICIENCY: .44 .46

G. NET ELECTRICAL POWER DELIVERED TO BUSBAR: 381.80 388.70
NET PLANT 2ND LAW EFFICIZNCY

BASED ON INLET GEO-FLUID EXERGY: .15 .15
BASED ON GEO-FLUID EXERGY DROP: , .26 .26

H. THERMAL EFFICIENCY: .10 .10
I. ACTUAL MODULE EFFICIENCY: .08 .08

. J. OVERALL PLANT EFFICIENCY: .05 .05
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Performance Tests Summary

The summer test, which would have been the best one to perform detailed

’ thermodynamic analysis on because of changing flow and temperature
conditions, was unfortunately plagued with problems. Not only was the kW
output meter found to be giving false readings, geothermal water, freon and
cooling water data are probably also in error. Geothermal water flow
rates, although they remained stable between discharge valve changes, are
now suspect because of obvious errors in other flow measurements. Freon
flows, although appearing to be accurate, even in the 1imited thérmodynamic
analysis, cannot be closely checked because generator output and,
therefore, turbine exergy was found to be in error. Cooling water flow
changes were assumed to be caused by intermittent partial pump cavitation
during the test. Although this is still a possible cause of érror, the

~ flow meter, therefore the flow rate data still are suspect.

Possible probiems with the flow meters were first noted late in the second
' fést when four consecutive abhorma11y Tow flow rates were nofed. Sub-
, seddént close sCrutiny of f10w’rafes indicate that early in thé tesf small
 ¢hanges in discharge valve settings rgSU1ted in éhanges in brine‘pressﬁres
'.;bdt did'not'regult in corresponding changes in brine flows as they should.
"V,haVe.; Thermod&namic:anaTysis of'the Drmat unit operation during the second
atestiéubstantiated‘problems with the freon flow meter since calculated
::tdrbiﬂe thérmal‘efficiencies Were greater than unity and exergy drops did

not correspond to changes in generator output.
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Attempts to calibrate the flow meters resulted in mixed data. At this
time, it is not known if this was due to the flow meters themselves,

:_ operation of the calibration unit or both.

Probable flow meter errors were substantially confirmed during the third

test by well pumping data and thermodynamic analysis.
During all the tests, the Ormat unit appeared to operate satisfactorily and

~despite the lack of rigorous thermodynamic analysis due to the flow meter

problems, operation appeared to be as expected.
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Spray Pond Performance
Description of the Spray Ponds

;The heat rejection system for the Ormat unit at TAD's consists of two above
ground diked unlined spray ponds, each of which is about 125' x 400'. The
honds are connected in series with a 50 hp pump circulating the water from
second pond through the unit and then back through the sprays that are over
the first pond. Two 10 hp pumps take water from the first pond and
circu]ate‘it through nozzles over the second pond. Equalizing lines
betweén these ponds assist in maintaining equal water levels in the ponds

and proper suction pressures to the main circulating pump. The main

Circu1ating pump's suction is valved so that it can be pumped from either

.or both ponds.
~ Spray Pond Performance

:'fJ §“Spray pond perform;nce averaged about 63% based on the 25 observations

;;i&ken}over.tWO different 24 hour periods; The average temperatures

“recorded were:

“Dry bulb temperature | 52°F
. Metbulb temperature  4S°F

| ”*vTemperatufé'of water to sprays over
the first pond | 75°F
Temperature of the water from the

ponds 56°F
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Temperature of the water from the _
edge of the spray pattern 56°F
Approach temperature (spray water
temperature - wet bulb tem-
perature) 56-45 = 11°F

Performance efficiency =
(T water in - T wet bulb) - (T water out - T wet bulb)

T water in - T wet bulb

Good spray pond performance would show an approach temperature of 4-6°F and
excellent performance would be in the range of 2-4°F. The apprbach
temperature of the spray water to the wet bulb temperature improved
dhamatica11y when the wind blew during periods of low relative humidity.

On the other hand, the night time performance of the spray pond was
generally poor because the ambient humidity of the air near the ponds was
high and there was little air movement. The Tower ambient temperatures,
however, tended to compensate for this poor performance. The combination

’ of'wind and temperature experienced over the.test period tended to keep the
pond outlet femperatﬁre within a range of 7°F (53-60°F) while the ambient

‘air dry bulb témperature ranged 40°F (70-30°F).

‘The overa11 efficiehcy of the original cooling system was probably
increased 202 by adding the second pond and respraying the water to obtain
édditionaI coolihg,even though the cooling efficiency pf this second pond

is probably in the range of 35% during most period§ of operation.
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8. Reliability and Operational Data

Monthly availability , power sales, capacity factor and average output per
) hdur,bn line for the months of August 1985 through March 1986 are shown in
‘Table 9. Capacity factor was calculated on the basis of the nominal 600 kW
fating of the unit and 186.6 kW of the parasitic load. The parasitic load
includes the well pump, cooling water pump and transfer pumps. Data on
each of the parasitic loads are shown in Appendix G. The feed pump, lube

oil pump and air compressor are considered a part of the unit.

- Capacity factor = Power sales kWh per month divided by (nominal rating

- parasitic loads) x total hours that month

i.e. November power factor = 304,000 divided by (600 - 186.6) x 30 x
224 =1.02

‘Because the nominal rating is based on a cooling water inlet temperature of
65°F and the spray ponds are capable of providing cooler water during cold .
~ weather, the capacity factor can, and did, exceed uhity'dhring some mdnths

- even though availability was less than 100%.

| Ormat uhit.availability is based on the number of hours the unit was
' 7foperatedfand the number of hours the system outside the unit (cooling

_\{water, geqtherma] water and electric grid) wére available.

Unit operating hours divided by support system available hours x

100 = % unit available
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Table 9

Production Data August-March

System System Ormat Avg. Site Avg. Unit Avg. Gen.

Possible Avail. 4 Unit Production Capacity Output/Hr. Output/Hr. OQutput/Hr.
Hours Hour Avail. % Avail. Mih Factor On Line On Line On Line
744 534.2 n.s 90.6 142 .46 265.8 452.4 507.4
720 657.4 71.3 94.9 252 .85 383.3 569.9 624.9
744 6§22.0 83.6 97.5 257 .84 413.2 599.8 654.8
720 671.0 93.2 96.1 304 1.02 453.1 639.7 694.7
744 644.3 86.6 86.5 -3 1.01 482.7 669.3 724.3
| 744 702.3 94.4 98.8 314 1.02 447.1 638.7 688.7
672 428.7 63.8 99.9 245 .88 §71.5 7568.1 813.1
739.5 99.9 292 .94 394.9 581.5 636.5

744

99.4

»{,A1xhough availability data are not shown prior to August, power sales for

“"th¢ 12 mpnth period of April 1985 through March 1986 amounted to 2809 Mw

 f1uctuations and outages.

 restarted, usually within 15 minutes.
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" By far the largest number of faults have been due to electric grid

If the grid was available, the unit was quickly




For the Ormat unit, shut down for scheduled maintenance operations has
"generally been less than two hours. Operations requiring shut down are
- items such as changing lube oil filters, taking samples of the freon for

" - ‘analysis, replacing feed pump packings, and electrical and controls checks.

f '”'ff’Oiher;regular maintenance procedures, such as greasing feed pump and motor

1:beafings and adding 1ubé 0il, do not require shut down.

‘Comments by TAD's indicate they feel the unit is easy to operate and
,maintain. If a failure occurs, the unit automatically shuts down and
indicator lights show what the cause for shut down was. Once the problem
is Tocated and’corrected, restart is accomplished by pushing one start

button.

Al rotating equipment, pumps, motors, turbine and generator are readily
accessible in case of failure. For instance, the daily log shohs that a

shut down of four hours was fequired to replace the feed pump motor.

~fhe‘1ogs indicate the generator has been repaired or replaced three times
siﬁ¢e initial installation. Apparent]y the prob1ems.have been due to
vovefhéating. In December of 1985, the end tufns were banded to prevent

.' gxbansion due to heating and the prbb\em had not recurred as of May 1986.
}The logs aie somewhat incomp]eté,but apparently'the generator can be

'f;fghanged out in one day.

The only other recurring problem has been overheating of circuit breakers

'in the control cabinet. This was probably partly due to the fact that the
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Cohtrol cabinet was designed for operation in an air condifioned room
rather than in the Nevada sun. This could also have been contributed to by
faulfy feeder wiring installation between the control cabinet and the main
:szitch géar cabinet which caused a short to ground in January. Apparently,
each of three conduits carried a single phase rather than one wire of each
of the three phases which resulted in overheating and melting of
inSu]ation. Control cabinet overheating could be reduced by constructing a
simple open sided structure over the control cabinet to prevent direct

exposure to the sun.
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EN 9. Comparison of Actual and Computer Predicted Performance

As a part of the OIT Geo-Heat Center's contract with ODOE, the Center was
¥_ to compare, to the extent pbssib1e, actual performance with performance
predicted by a computer program developed by OIT in 1983. A direct
comparison is not possible since the program was written for a situation
where an injection well and cooling towers are utilized rather than the
situation at TAD's where surface discharge and cooling ponds are used. The
. computer programs predicted net saleable power will be somewhat different

since the parasitic loads for the two situations are different.

Actually, the difference between computer predicted performance and
pérformance at TAD's was rather close. Using the resource characteristics
at TAD's (800 gpm, 221°F, 205' pumping level) and assuming an average wet

bUlb temperature of 43°F, which were the average conditions during the

B  March‘test, the‘brogram predicts a net saleable power of 2,100 MWh in seven

. mbnths. Actual power sales to SPPC for the seven month period September

5Qj 5‘1985-through March 1986 were 1,975 Mih. The program predicted sales 63

'*’highér than actual.

5__Detailed weather data for the Wabuska area are not available; however, the
,i]évefage-ﬁet b@1b ét Stead Air Forbe Base near Reno and Tonopah MAP is close
| 'tb743' and this waé used in the prediction. Changing the program input wet
bﬁ]b tempehature‘to 44°F results in a seven month net saleable power of

2065 MWh which is only 4% higher than the actual sales September through
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-~ March. 1In order to closely predict sales, wet bulb temperatures at the

site would need to be known.
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10. Observations and Conclusions
Performance

Only general conclusions cén be reached about the performance of the Ormat
unit at TAD's. It had been planned to provide a detailed thermodynamic
analysis of unit operation under three operating conditions summer, fall

~ and winter. Since it is almost certain the flow meters gave erroneous
data, The analysis was not done as the results would have also been
~erroneous. The analyses giving turbine efficiencies greater than one are a

‘good example of the results of bad data.

"Raw data indicates that the geothermal water flow rate varied from

§_ "approximate1y 650 gpm, when most of the discharge flow was being used for

cooling water make up, to 870 gpm when all the water is being discharged to
l the aquacu]turé facility. Durihg one of the flow meter calibration runs,
the fiow meter used on the geothermal water indicated flows .78 ft/second

' or”23;8% high. 'Theverror.analysis indicated that errors in flow
‘"méésurement are the most critical and an error of that magnitude would

}resd]t in a ca1cu]ated turbine exergy drop 17.9% higher than actual.

“ff?fBASedfon the pump teSt performed'by G.D.A. and Associates, bubbler

 pressures during our th1rd test the pump performance curves and the flow
jmeter calibration runs, a best guess is that the maximum geothermal flow
 '7was 800 to 825 gpm. At that flow rate, spec1f1c output during the third
v (winter) test was 1.47 watt hours per pound when coo11ng water temperature

 was 59. 9 F. The Ormat unit net output was 575.7 kW and thermal efficiency
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“ '.Spray pond”performahce'aVeraged about 63% during the tests. The approach o

i,beghn, and the second pond was conStructed. This probably increased

approximately 8.6% under those conditions. Net saleable power was 390 kW.

" There was good. agreement on net saleable power as measured by SPPC's
. bi-directional meter and measured Ormat unit output minus measured

-;Rbarasitic Toads.

“Turbine power, therefore generator output, is limited by cooling pond

capacity. During hot weather operation, only the 8" turbine inlet valve is
open. Although on a cool summer night the 6" valve can be opened, the

pbwer output increase appears to be relatively small. Since there is more

- freon avai]able'to extract heat, the brine outlet temperature is reduced,

L but since the condenser now must remove more heat, its outlet water

temperature is raised and turbine inlet and outlet temperature and pressure

/ increaée.‘ During the fall test, a decrease in cooling water temperature of

- 5°F resulted in an increase of 35 kW output.

Cooling pond deficiency was noted early in the summer, before testing was

- p'cooling-efficiency by 20%, although we had no data prior to testing. ' |

temperature averaged 11°F. While good spray pond performance wuld be 4-6°F

ahd'exce11ent wduld‘be‘2-4°F, 'Approach-temperatures improved when the wind

| ' 7’bTeWi but,wefe'genera11y‘poer at night because of little air movement,

reSulting in high relative humidity near the ponds. This was compensated

for by lower ambient temperatures.
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o COmputeh predicted performance is sensitive to wet bulb temperature
| assumptions. A change of wet bulb temperature of 1°F results in a 22
’change in'predicted output. Wet bulb temperature at a proposed site needs

to be accurately known in'order to accurately predict performance.

1

Reliability, Availability and Maintenance

"‘,Examination of the operating logs indicated that before our testing

- started, the unit experienced difficulties primarily due to overheating

';h-ptob1ems in the controls and generator. Some of these problems were in the

| '~?{:hnit itse1f and some were outside the unit and due to faulty installation.

f!u] fControl cabinet overheatang undoubtedly W111 be helped by the recent

”3 ew1r1ng between the cab1net and main SW1tch gear (an installation problem)
‘but cou]d probably be further 1mproved by providing protection from

- exposure.

C By far the largest number of outages were due to electric grid fluctuations

W’-.'fand the un1t was restarted qu1ck1y if the grid was ava11ab1e. Availability

: of the unit 1tse1f was good during the time our testing was in progress,

*averag1ng 95.5% for the e1ght month per1od

'iThe‘operator,'TAD's,,statedVthat'reguIar scheduled maintenance is simple
andkreeuires only a few hours a month. Based on log beok entries it

'iepheare that majof rotating components can be replaced quickly in case of
failure - assuming replacements are available. The remoteness of the site

- has caused some delays in that respect. There have been no problems with
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non-rotating components (the evaporator, condenser and piping) due to
scaling or corrosion. This, of course, is site specific and the geothermal

" water at Wabuska is relatively benign.

During colder weather, when the cooling pond has the most capacity, Ormat
unit capacity factor exceeds unity even though availability might be less
than 1002. For the months of November, December and January, capacity

factor was 1.02 while availability was 93.4%.
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Instrumentation Data -




1-¥

e ' Instrument Data
'1 :f(EPRI project RP1195-16, Ormat at Wabuska)

No.  Parameter Name ~ Unit Range Accuracy Instrument Description

Ol - . Brine Flow o ' Ft/sec 10 2% PoTysonic-accoustic doppler
Q,  R-114 Flow . ft/sec 10 22 Polysonic-accoustic doppler
Q; “Cool. Water Flow ft/sec 10 2% Polysonic-accoustic doppler
E2 .Gross Output Power =~ kHe any 0.1% Cycle counts on kith meter
- Gross Electricity co - CkWh 10 MHh - 1 kWh kHh meter owned by Ormat
Net Electricity - kih 10 Mih 1 kHh kWh meter owned by SPPC
E1 ‘Power to Hell Pump ke any 32 Clip on meter owned by SPPC
E3 " Power-to Feed Pump - ‘kHe any 32 Clip on meter owned by SPPC
E4 ~Power to CH Pump. kiWe any 3% Clip on meter owned by SPPC
‘ES Power to Trans. Pump “kie any 32 , Clip on meter owned by SPPC
E6 - ‘Power to Trans. Pump ke any 3% Cllp on meter owned by SPPC
To ~Well Pump Temp. Out °F 250 1.5°F 5" dia. bimetallic stem thermometer
Tix ‘Brine Temp. In Evap. °F 250 1.5°F 5" dia. bimetallic stem thermometer
Tox | Brine Temp. Out Evap. = °F 250 1.5°F §" dia. bimetallic stem thermometer
13* R-114 Temp. into Evap. °F 250 1.5°F 5" dia. bimetallic stem thermometer
Tax ~ R-114 Temp. into Turb. °F 250 1.5°F 5" dia. bimetallic stem thermometer
Tex - R-114 Temp. Turb. Out °F 250 1.5°F 5" dia. bimetallic stem thermometer
Ton R-114 Cond. Out - °F 250 1.5°F 5* dia. bimetallic stem thermometer
Tox Cool.. Hater into Cond. °F 120 1.0°F 5" dia. bimetallic stem thermometer
Tg Cool. Hater out Cond. - °F 125 1.0°F 5" dia. bimetallic stem thermometer
0 Well Pump Press. Out - psig 200 12 43" dia. ANSI Grade A bourdon tube gauge
P Brine Pressure In Evap. psig - 100 12 41" dia. ANSI Grade A bourdon tube gauge
P, Brine Pressure Out Evap.  psig 100 12 43" dia. ANSI Grade A bourdon tube gauge
Py R-114 Press. into Evap. psig 200 1% 41" dia. ANSI Grade A bourdon tube gauge
Pa “R-114 Press. into Turb. -psig 200 1% 43" dia. ANSI Grade A bourdon tube gauge
P5 ‘R-114 Press. Nozzle Block psig 250 12 41" dia. ANSI Grade A bourdon tube gauge
P6 R-114 Press. Turb. Ex. Out psig . 125 12 41" dia. ANSI Grade A bourdon tube gauge
Py R-114 Press. Cond. Out psig 125 12 43" dia. ANSI Grade A bourdon tube gauge
8 Cool. Hater Press. In Cond. psig 100 1% 41" dia. ANSI Grade A bourdon tube gauge
9 Cool. Hater Press. Out Cond.psig 100 1% 434" dia. ANSI Grade A bourdon tube gauge
12 CH Temp. in Spray °F - 120 1.0°F 12" mercury in glass thermometer
13 CH Temp. in Ist Pond - °F 120 1.0°F 12" mercury in glass thermometer
14 CW Temp. in 2nd Pond °F 120 1.0°F 12" mercury in glass thermometer
15 - - Ambient Dry Bulb °F -20-130 1.5°F 12" mercury in glass thermometer
16 Ambient Het Bulb.Temp. °F 0-110 1.0°F 12" mercury in glass thermometer

*Also measured on an elght point recorder Temperature sensors were J type iron constantan thermocouples mounted
in the thermometer wells used for the dial thermometers.
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'EXAMPLE CALCULATION OF AVAILABLE WORK (EXERGY)

In a geothermal power plant the geothermal fluid does not experience a
cyc1e but rather a series of processes from an initial state to a
final state. This is also true where an internal cycle is part of the

internal energy process as in the case of binary plants.

- A simplified representation of a binary plant operating in a steady-

state manner and as described above is shown in Figure 11.

The basic idea of a Second Law analysis is to calculate the available
work of the fluids at important state points, and to examine each

- major component to determine the change in available work. The
available work characterizes a fictitious reversible operation to a
prescribed dead state of pressure P0 and temperature To. In this
example cooling water temperature and pressure was used as the dead

: state.

e .;The First Law of thermodynamics for the system can be written as:

L ORI

" Where:

Q = heat in
K = work out
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Figure 11

3 Simplified~Schematjc of Binary Plant

PH, IW = production, injection wells; E = evaporator;
T/G = turbine/generator; C = condenser; CP = condensate pump;
- " CHW = cooling water '
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m = mass flow rate
hi = enthalpy at state point
ho = enthalpy at dead state

We ignore the kinetic and potential energy difference terms relative

to the enthalpy difference.

The Second Law for the system and surroundings can be expressed as:
0= m(Si - So) - Q/To

Entropy production 0 will be reduced to zero in the ideal limit of
reversible operation, and represents the upper limit on the perfor-
mance of a given initial state and final dead state for a component.

For this special case, the equation above reduces to:

Q=m To(si - So)

| vwheré:
-Q = heat in
m‘ = mass flow rate
T, = temperaturé.at dead state
'Si = entropy ;t State point |
'$6f= entropy'atvdeadbstate -




By combining the first and third equations above we obtain an
expression for the maximum possible work that could be extracted from
the fluid for a given initial state to the dead state. This ultimate
work is called the exergy (E) and is given by:

The difference between the exergy and actual work is a measure of the
shortcomings of a plant; it represents the work dissipated or lost by
prbcesses such as friction, turbulence, mixing and heat transfer. Any
process that is thermodynamically irreversible robs the f1u€d of

) ’exergy and diminishes its potential to produce useful work.
Plant components may be evaluated on a Second Law basis by:
Exergy lost = exergy in - exergy out
The second tefm consists of exergy carried into the component by means
of mass flow and heat flow and the third term is exergy carried out
~with ma$s flow and produced as work. The exergy lost is a]ways' ‘

~ positive.

The actual poﬁer (W)'ldevelopedrby'a component can now be compared

| "'fwithgthe maximum4pos§ib1eijWer (E)'} The Second Law efficiency for a

: ,1{giVen componentvmay be.definéd as:

1) = W/E
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The performance of the power plant as a whole can be expressed in

“terms of the utilization factor defined as:

u = W/E

o Where W is the net electrical power delivered to the busbar and E is

the exergy of the inlet geothermal fluid. The utilization factor (u)
for the whole plant is the ratio of the work actually delivered to the

busbar and the maximum possible work with the given thermodynamic

~state at the geothermal fluid inlet and the characteristics of the

dead state (geofluid wellhead exergy).

‘The thermal efficiency of the cycle is:

=
1}

4 enthalpy into turbine

-2
]

5 enthalpy out of turbine

S
>
n

6_ enthalpy into feed pump

E=d
"

3= enthalpy out of feed pump

b~
n

1 enthalpy into evaporator

-
f

é’ 'entha1py out of evaporatdr _
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which is not equal to the utilization factor because To (Si - So) and

_hy - h, are of comparable orders of magnitude.

: Fér.example, if we wanted to judge the percentage improvement achieved
by a:we11 operating at Ti = 420°F compared with one at Ti = 220°F with
heat,rejection at T0 = 100°F, we would compare e = 70.64 Btu/lbm with
e = 11.45 Btu/1bm and conclude that the improvement is by a factor of
6.2. On the basis of plant thermal efficiency (calculated by First
Law analysis) we would compare = .22 with = .08 and conclude the

impfovement was by a factor of 2.8.

The difference in the comparison results from the basis of two
different enthalpy differences, (h; - hj, = 328.90 Btu/ibm in the
first case and (hi - ho) = 120.23 Btu/1bm in the second case. Though
‘the results were consistent with the method of cycles, it does not
truly rank the geothermal fluid's capability to proddce electricity.
The first installation would deliver about six times as much power as

the second.
Actual module efficiency is:
= (Hy = We))/m(hy - hy)

and overall plant efficiency is:

=W busbar/m(h1 - h2).
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based on measured values at the generator, feed pump and busbar.

To illustrate the Second Law Analyses method we have chosen the winter
1430 hour test data. The dead state was taken as the cooling water
temperature at T° = 61°F = 520.67R. Based on state-point.data; we may

summarize the aha]ysis in the following way:

- I. INPUT DATA FILE SAMPLE CALCULATION FOR STATE POINT 1.
A.. Dead state: cooling water

1. Temperature, T = 61°F = 520.67R
2. Enthalpy, h° = 29.06 Btu/1bm

3. Entropy, S_ = .0574 Btu/lbm °F

o

B. Geofluid: evaporator inlet

1.  Volume flow rate,’o2 = 118.2 ft3/min
. Specific yo1ume,' £ .016401 ft3/1bm
. Mass flow rate, m=Q,/ . = 7206.9 1bm/min -

. . Enthalpy at evaporator inlet, hy = 189.24 Btu/1bm

2

3

4. 'Temperaturé;at,eVaporator inlet, T, = 221°F

5 |

6.f.fEntropy,at evaporator inlet, S, = ;3256 Btu/1bm °F
7

}','Exergy at évaporator ihlet, E1‘= m(hi - ho)'-'To(Si
; So),'
= 7206.9(189.24 - 29.06) - 520.67 (.3256 - .0574)




(148002.65 Btu/min)(.01758 kW/Btu/min)

2601.89 kW

The exergy of all other state points are calculated in a similar

manner.

Thermodynamic properties of saturated steam were published in

the 1967 ASME Steam Tables, copyrighted 1967 by The American Society

of Mechanical Engineers. Thermodynamic properties of R-114 were

obtained from the REFRIG program, copyrighted 1985 by Software Systems

Corporation.

I1. SECOND LAW ANALYSIS SAMPLE CALCULATION

A.

Evaporator

Exergy drop in geofluid = E1 - E2 = 2601.9 - 1479.8 kW
Exergy rise in R-114 = E, - E5 - 51.4 = 1382.6 kN
.93

Second Law efficiency = 1122.1/1382.6

-~ Condenser

-Exergy drop in R-114 = E5 - E6 = 592.0 - 21.2 = 573.8 kW
: Exergy.rise-in cooling water = E7 - E8 =77.9 -0 = 77.9'kw

Second Law efficiency =..14;

Feed Pump




Exergy rise in R-114 = E3 - E6 = 51.4 - 21.2 = 30.2 kW
Mechanical power delivered to pump = 55 kW

Second Law gfficiehcy = .55

Turbine

Exergy drop, AE, = E, - E; = 1434.0 - 592.0 = 842.0 KN
Unit energy delivered per ton of geofluid

Based on turbine exergy drop = 33.33AEt/m
= (33.33)(842.0)/7206.89 = 3.89 kWh/ton

Based on net power delivered to busbar
= 33.33 W busbar/m = (33.33)(381.8)/7206.89 = 1.77
kWh/ton

1

Mechanical power developed by turbine = 623.80 kW

Turbine internal 2nd Law efficiency = W /AE; = 623.80/842.

= .74




Net electrical power delivered to busbar 2nd Law efficiency

Based on inlet geofluid exergy = W busbar/E1 = 381.8/2601.89

= .15
Based on geofluid exergy drop = W busbar‘/AEevap = 381.8/
1479.0 = .26

Thermal efficiency = (h4 - hs) - (h3 - h6)/(h1 - h2)
= (97.68 - 91.45) ~ (28.947 - 28.352)/(189.24 -
130.96) = .10

Actual module efficiency = (Nt - wfp)/m(h1 - h2)

= (568.8 - 55)/(7206.89)(.07158)(189.24 -~ 130.96) = .08

Overall plant efficiency = W busbar/m(h1 - h2)
= 381.8/(7206.89)(.01758)(189.24 - 130.96) = .05
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ikeup water flow to pond

: mmﬁg Eimé of pump

inning time of pump

end

18-75

- me of Generator OQutput reading

Date /557




.= J-Cooling water temperature OUT e 66; 2% 8L | %1 SALEARL

s % S s
: : » ORMAT TEST LOG SHEET © z ">
/@. 5 Hourly Rea:d:ngs i s F__
- o v
sothermal ¥ell/Pump '2: 3.0 | 490|800 [0 v2 0700 |oUD 0920
- ; q‘.‘( 9117 9% 0 77.1; 159.94 /.97 ot 51}103.51
J-Temperature from pump <
-J-Pressure from pump ] » P
{<Flow from pump TSI 3& | .55 &0, ¢ 15.4 |s9515.5
: éat Exchanger
1-Brine temperature IN | jea | 22 e %/ P21 FX3 .
[-Brine pressure IN 25 |20 |59 1318 | % 13 %S |38
‘Z=Brine temperature OUT v W T T Vet | et | [% 16l |l : !
¢-Brine pressure out 2 45 115 ts | 28 a5

. 3-Freon temp. {Pump OUI/H.E. IN 90'5'7 BE 187! [ 156 i% 1
JFreon pres. (Pump UUV/R.E. IN T 1185 Ties [ \ag [ws /w3 Tivs 1i4s

--§<Freon temp. {(H.t. UUI/Turb. } 100 119° 113 1 Ko |\aw 2 (1L 1141 ;
§-Freon pres. 1

.E. urb. WA L2 Ly e | S {8 11ed e
.&Freon flow N 1.9 &P I W (4T jugys £ F 41 1455
‘ndenser
:3-Cool.1ng water temperature IN 4o Lzl ol leesloss (€5 ledS |etr “
" '3-Cooling water pressure IN ne Sl i-siisins tzg1 12511209 |

~ 3-Cooling water pressure OuT 105 )10 | 104 195 | w05 |45 |05 {07

$-Freon temp. (Turb, 0UT/Cond: IRV 156 (1545|128 |20 (oL 1713 115 163 ||
5-Freon pres. {Jurb, OUI/Cond. INJ| © o) [#) -0 |-¢ ) o |I

(=)
T-Treon temp. (Pump IR/Cond. DUT B 1 81 BT | % ﬂ' 79 ?4 |
T-Freon pres, (Pump IN/Cond, OUV) |- & {LS> 122 | 2V 1t A AEY] al
J-Cooling water flow OUl L 16(e [Cd 6.2

anerator/Turbine

5-Freon pressure nozzle block 4215 1143 1t% 1o Jpo 4 |1te “
T Generator KWh output, meter read | v¥/¢ |ide hrl. lzufe |33 1*V4 |74 Wf“

" I3, [Lgo wN Fokal s o ¥ TIRY
-Freon Circulating Pump ; L1 |6et3 . 16y u tlbio )8

J-Running time of pump B Eules gL | DO 516 | s ec | €9.791 90, 72

-Cooling Water Circulation Pump
‘{0~Temperature IRI0 pump
[D-Pressure INIU pump

{I-Temperature UUI pump
{1-Pressure UUI pump
[-Running time of pump - - v

ray’ Pond

S

‘15-Ambient Air Temperature ‘]A A2 111 14\ 155 Loy 7t
{2-T.W.B. upwind of pond .

43-1.W.8. downwind of pond

] Nind;direction‘
- [8-Temperature out of pond #1
f-Rakeup water flow to pond

~:"y=Running time of pump
. )-Running time of pump

a(/j 7’97¢}
. c?/5 - 7917
| )1/74 g 0315 2937145
o o115 795770

“Time of Generator Output reading . ‘ /




C-3

7 ® x
* » ORMAT TEST LOG SHEET s =7
g Hourly Readings S 5
sothermal Well/Pump ] 73:00| /2:00] 20.00)2¢ .oz zao | 25:00|2¢ 00| I* *°
- . g in? ¢4
)-Temperature~teon_pump r+/ " §§f? 2292 | 90. 9k, 9¢ | v |- B2y tm&'
.- J<Pressure from pump 1l
{=FTow Trom pump St 1l € (326 14571 s.sla | 55 1o 7]
sat_Exchanger , < v>< ><
1-Brine temperature IN 2.5 Ja.f ﬂ/"/ 2>/ 12 L zey |22y .
[=Brine pressure IR 89517 139 38,7125 135 |2 1 9D
; pad s
+-Brine temperature QUT (33 /73 V7T 1773 1\ e (19 || o
$-Brine pressure ouv 25.5 P42 D53 1116811 G | ~S | 2=
~ J-Freon temp. {Pump OUV/R.E. IR} (99.5 |97 77,; 7¢ 9% | S 1 3as | 30
I-Freon pres. {Pump et 4SS Jr5Y _JesY sy 144 NS 1 Jaar [ 43
V-Freon temp. [H-E:. OU/Turb. TN 1730 9 V70 (3L 1135 19?0 \iiz
V-Freon pres. (H.E. OUT/Turb. IN [} \td | (5 {t
TFreon flow N #.75 f t;? A o1 1oy 11 Taos
" ndenser >< B
3-Cooling water temperature IN 3o 5.8 V& 1726 lia¢ laa Img 11
* 3-Cooling water pressure N 12:5 1725 /285 YAY 111<1 s p 11,4
.- )-Looling water temperature OUT ;; DM 1905515 1876 Bl
3-Looling water pressure ;7R Y/ ARV, e 111 TV 1iof
e C ) —$‘< By
»-Freon temp. {Turb., OUT/Cond, INV{ /3% |/3F 1737 ViLs 1 {4l (Lo 1129113
- ‘3-Freon pres. (Turb. ond. O o J o | 0 0 Lo 1o
. T-Freon temp. (Pump IN/Tond. OUIY |92 | 93 |73 1% 22191 191 [Fo
J-rreon pres. {(Pump IR/Tond. OUT) [Xo | Z. 7.5 NV T2 | £6 |25
J-Cooling water flow OUT n% )¢ e Y168 10,4 (0275 (.U |Gt
3 L 3 ) -~ s
merator/Turbine \' * X/ ><
i-Freon pressure nozzle block 27 {26 >¢ e 124 |25 73 (2 &
- c~benerator kWh output, meter read 30/ Yoy W/ Vs Wok [F)s (esfs (Eeds
] i - Jec€7 ot‘;_ TRATE N AT Askal a1 4
=Freon Circulating Pump -~ '’
3-running time of pump (37 176 BN YTVEIT ) T8 21| Boid AALA X 1A
*=Cooling Water Circulation Pump 10,
. ;0-Temperature INTO pump
O-Pressure INT0 pump [7)
<1~lemperature UUT pump :
T-Pressure OUT pump 17
Cb=Running time of pump
oray Pond ’ -
- S-Ambient Afr Temperature % |90 f; £ |2 |95 16 |1«
. .L-1.M.B, upwind of pond :
3= H.8. downwind of pond
Wind direcﬂon ‘
- 4=-1emperature out of pond . #1
.. i-MaKeup water Tow to pond
. =Running ,tlme" ofpump
e r=Running time of pump
bl egd e P v\\
1478478
DI _— gi
‘sTime of Generator Output reading
i Date Thues Aug 1, /965 /




< -
Al . | . ’ u
% » ORMAT TEST LOG SHEET s = 3
“ny Hourly Readings e =
o ) ,‘g- /1780
. othermal Ke]\/Pump ',"’ 120 1ed Ty o2 Je o er eie0 LoD 100
— eS| BIs _ I 1879 [§599 |1v 50 1277‘
-Temperature from pump
-Pressure from pump . i
-Flow from pump F T T4 Y NIV 445 )56 5.t Is €
8t Exchanger ) i
-Brine temperature IN tti]laey 2221 2a/ 22l _[x2] Jzans s f‘ .
-8rine pressure IR 190451503197 [37.5197.5 |39 n |19
~Brine temperature QUT — T\ V| 76751788 |ibe. 1771 L3 1773
-Brine pressure _ OUTV (<3| %’I 3 S 131023, (258 br.&
-Freon temp. {(Pump OUV/H.E. IK 1| Y194 19¢ 191 (151 39 (71.5

. =Freon pres. (Pump OUT/H.E. TN VTP /46 /4 1T Vv g lise_|/75%

ctreon temp. {H.t. UUT/Turb. TN) 1165 | 190 /T 6 /785 | 16 /7. 1141 1777
-Freon pres. (H.E. OUT/Turdb. IR) (139 Tvo 173/ 1737 (13) 1799 |13 /39

. =Freon Tow __IR - Je ol Solfkg I£F ]9 1#¢ [Fb (7

- -ndenser

- =Cooling water temperature IN 15 [ 12.¢ .2l 7701 11.95bhs ¢ [19.2 79,)'“ i : ,
=Looling water pressure IN {11 LSy 2.514-517175 g (1.5 1127 || .
—Cooling water temperature 0UT B | BOIZ35197 IS (77 935 l7z.¢ H

=Lool ing water pressure ({111 \c.$1 |

[4]
14 14/ 0.5 1/ [TERCYAR |
'-Fréon temp. (lurb. UUi/Cond. TN} 124 11571 1/20 /\’(:pl 132 135 |13 /}fﬂ
- 7]
1
le
)

0
=treon pres. {Turb. UOUT/Cond. IN =) 17 -1 2] 2]

3|
AR e
9:5 745 1-0 (4 ’ jL
67183 (. 2516.35]7.15 ;,:?H

~Freon temp. (Pump IN/Cond. OUT &7 1 g
~treon pres. {Pump IN/Cond. OUT 1% 11
—-=Cooling water Tlow OUT 0 &

nerator/Turtine

-Freon pressure nozzle block . 22 1t | 18 a4 (255127 lar |27
- =benerator kWh output, meter read [&%.51/0% 45 ARST 7413016 Veos 1 13975 Jio/e
' i ’ 3 6o Jecrs?

-Freon Circulating Pump 3
~=Running time of pump L) lool 188 | 20.24 17137 172.59173,79 Dre7

-Cooling Water Circulation Pump
U-lemperature INTO pump 1t
0-Pressure IRTO pump

1-iemperature OUT pump
1-Pressure OUT pump _
fRunning time of pump

~ray Pond ' S : Ao 1

.S-Ambient Alr Temperature g4 190 |ve 196 lag¢ 7; % - 19¢
€=V W.8. upwind of pond -

3=-T.W.B. downwind of pond

. Wind direction ‘.
- 8-Temperature out of pond #1
:HaEeup water ﬂow to_pond

23

. v»nRunning time of pump
- =Running time of pump

e ,fS\J TJU ’
U : v('k’}.“'v’ 01(‘: fab-35920 G.94 (9;; ||'u,,
e

v: Wi 0 i ;-\¢2-k5 =068 67 9,:; ,rzs)
7:&“" MTEL: creraton M
‘Time of Generator Output reading
| Date sas-25  /

C-4




®
P » ORMAT TEST LOG SHEET [ z .
E ' g Hourly Readings e 3
. | . . 0100 030 . .,
" .ecthermal Well/Pump 200 | 300 | 40w [giee [Lwo]aieo [ 800 9702
, : : “well FT A58 (439 [79a [1e 11 | A1 ;19.1“
‘0-Temperature {rom pump
U-Pressure from pump . 1}
il-Flow from pump 43 [ J1 148 &L 15 ]18.2 &.\ 1
- \eat Exchanger
‘1-Brine temperature IN . | t|qen ool z2a gt itzg el .
T-Brine pressure  IN @0 | 00 | golve] vo %9 | O ?7
-~ Z-Brine temperature UUI o8 (103 [asi il | Il 11091\ 10]1 ¢
17Brine pressure 00T .5 |uid | 4¢ |40 | 45 YD 140691 9

Freon Tem—(Pamp OUT/W-E. TN | Sal@o | o (97 {9 | 92| FT1

- %5Freon pres. (Pump OUT/H.t. IN 150.0 L 151 (UGl | f&2 | 50 | 190 1si|1%8

T-Freon Temps (W-E- U0T/Turb. TN] |gag | %o [igo [vg0 | 9o L1110 &8 |
Y3-Freon pres. (H.E. urb. 1% e Lne | 19 115w | \20 (150 | 1ol

E-Freon fTow . IN TSIl | gl bt te8-145 [ &3]

,ondenser

f8-Coolin water temperature IR WSl 4y |1 1121l 12 72 ’ID|
“E-Cooﬂng water pressure 1] no 3 o |18 1 f 91179 175l

{9-Cooling water temperature OUV S [ &8 | Bl S| &1 bQ-f 2iledsl 55 |

7 3§-Tooling water pressure _ OUI o o lye L1l Lestiod|vagliosil

IB-Freon temp. (furb. 0U1/Cond, IN} | 131 ]! %] | yofywo 1130 1123 L \nY

S5-Freon pres. (furb. U0I/Cond. INJ] © | O - 7 D | o ) o

[T-Freon Cemp. (Pump IN/Cand. OUT] |16 (W3 |55 E9 | R0 | Z7. 183
~Freon pres, (Pump [N/Cond. OUV 6.0 1 | +5 |14 24 1225 | T4

||
" T3-Cooling water Tiow ouT AEEPTRrEArARVARIAA Y|
3enerator/Turbine .
?5-Freon pressure nozzle block aS iy |44 ler s et |t ]2 “
3 lenorator kWh output, meter read |601L0) 6o 3 [Lofe. §1 o21L] 18 flLole Dleolo- i
.. ..Freon Circulating Pump O LR Y st U i 4 L
T3-Running time of pump S5 |eode |t 16217 | L% LD et bl &5 u,qu
' +.-Cool ing Water Circulatldn Punip . r
- T10-Temperature INIU pump =TI E
. PI0-Pressure INIU pump =
- lﬂemperature OUl pump - T |
- .: PYT=Pressure UUI pump ix 1
- E§<Running time of ‘pump : N
e . 3
““Spray Pond : P4 10 ot
‘ TlS-Ambient Air Temperature s | 4o |5 5Ll |60l 70 18-
- TIZ=V.N.B, -upwind of pond : - sL ' . '
: :-‘.1'[3 T.H.5. dowawind of pod &

"Wind direction -

" TT%~Temperature out of pond i

‘ Wﬂlakeup water flow to pond

= Bzl Bh-Lo Ci0G A . e
'ES-Rurming time of pump - EE .

’ EB-Running time of pump

S 401 wik—w‘-ﬁ*"{ oV qz .’W(ﬂ ‘ RN
SN o - B4h 0 ) e

N 11’006 31 . )t 4‘ \ (’qun
51:(?4’75 4 lote s - (v 45!

jwod e = 4%
ot 1V
Do oZ: '4 p1o = 40
*ﬂmo 61 Generator Output reading (5«, wo “‘“’)
= Date £-/5-85
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L fﬁ L ‘F\r\f . : { i
[ \ ORMAT TEST LOG SHEET s =
o , mu'ﬁ \r,.,. 1pes_Hourly Readings e £
i A ) U" 1" o 3-‘.' T4 lu' ated
" pothermal Well/Pump P (199 L' greop] 1'00 10:00 | ypyg” [12:00 | 1:4%
g v T TIAE FB.W et CIB[ @RIE sl | « %58 [N
J-*lremperature from pump .
‘J-Pressure from pump . : R
-FYow_from Pump. LAl B L 4.8 {5t | ds [¢a Nl4a8
at Exchanger : “'s\
1-Brine temperature IN vel | 2u laas]z2 Sz |0s 1| 2er L
[-Brine pressure _ IN ol k| 65 |edojed.s [ 51 1 wo ! o0}
T-Brine temperature VUV { ;2 K A AW RN 51 A AW AR
2-Brine_pressure QUi &% | 95 | 53 1535 [530 a1 9% | 48 |l

f-Freon temp. {Pump UUI/H.E. IN) | G9 & q1_1 4V qr- | 45 ;H
Y-Freon pres. (Pump OUV/H.E. TN =% | st st sl 1Sl 15t {9l 1150°4

; i
[-Freon temp. (H.E. UUI/Turb, IN 14321 Ig K TIMALARIT AN
c :

<Freon pres. (H.E. OUT/Turb. 1 1] 150 | 13e 2 1360 106 | 130 11D
<Freon flow N 5,0 21496 145 [ 4.~ J 141 14,
mdenser “

3-Cooling water temperature IN 19 (11 T}%{ 110 |AdS | 85 |50 I
§Cooling water pressure T 1 2o |NeD g |5 | ige (1.5

J<Cooling water temperature UUI g% | 64 | 95 (4910 [41.0 [g2.9 |91 FEER!]

J<Cooling water pressure 00T 1> |Gl io.3 | 0 |16 | ito | ito |yl 0 ll
Freon temp, {Turb. UUV/Cond. INT | 124 | 195 |1 |3 (e | o sz Totl
3-Freon pres. {lurb. ond. 1 7. A [ 0 16 ) o1 o 1l
’ -Freon tenp. {Pump IR/Cond. 0OV Clgd 13 195 a1 [l PECID]
~Freon pres. (Pump IN/Cond. OUT ) aF 138 |15 [
T-Cooling water fTlow OUT Coolr 1G5 | o) Gl 1> | bi=1b¥ | bl
serator Tuibine - il B S Rt T s Sl | Reeiete o D

“ - j-Freon pressure nozzle bleck 2y 1271 27 lawes |20} 210 16,0 | 20:0
. TCanerator kWh output, meter read 15991 5995, 33‘1%.51 6993 0600 1 {0025 T Hooie | 600

Freon Circulating Pump 2 U Y U U 3.)! V{f 2lo

j=Running time of pump 52| 504 | 559 & (5581 | v (5117 |38.10 ||

-Cooling Water Circulation Pump : : fo:'t

.D-Temperature INIU pump

O-Pressure INI0 pump P) o

Y-Temperature UUT pump v 1% 17

- J-Pressure UU] pump ) 2t .5

-Running time of pump ) - - o

: A;-ra! Pond Zﬂé:i ,mgg.

N ) “,-.u
v R |-
"é%z ' 20

. S-Ambient Air Temperature N30 et (e

S B

< P+T.W.B,. upwind of. pond

3-T.W.B. downwind of pond

Wind direction

o . §=Temperature out of Jond tl

-~ --Makeup water tiow I:o pond

' *RunnTng TTme of ump

“Running time of. pump .

FJ N
v.;:': 7 b"
b e L pmt down at 20,

restart at W10
on line at Wt

’ ‘.'ﬂ'mo of Gonornor Output roading

Date 3-\\!-&5/2-5-25
C-6




APPENDIX D
Fall Data Set




ORMAT TE

ST LOG SHEET

e,

z
‘ ‘Hourly Readingsueé oc? 18,148 5
‘geothermal Well/Pump 0woo o100 |ppr® |9 /Mfill/dﬁ 2 weerl) PP
I r Td-Tempei;ature from pump
- pO-Pressure from pump . | , -
-QI-Flow from pump . 70 | Laslds | 45S T35 1L 4514,
Heat Exchanger
T1-Brine temperature IN 110|720 vW0|1LO 220 12 |20} 270 .
© PIBrine pressure 1 112 /23 V7.8 4 17 l7|‘|l
' T7-Brine temperature UUV _ T o] [iwl e 7 1767 1/e% | (6 l
. PZUrine pressure 001 - =7l 05 16x 08 (05 |0 1 0d
v tes (Pap WILE N (15 110 I TT 101 V& v} AR YYS)
. PI-Freon. pres. {Pump .k, 1291 4o ol A9 v/ [k L%l
"m______P__-”' Freon temp. (W.E. UUT/Turb. UL Z ARV SN ARTY.Y 79F {199 1 19Y
—Freon pres. (H.E. uro. B I TR/ 2ARY/2 4 JIg_\ /&%
Q2-Frecn flow N T 4.5 |45 | 4ig| 4y le 201t 4.7 14.
Cﬁdenser ‘7
- 18-Cooling water temperature 1N %72 | s sig|l g2\ s - |9 .S‘f"
‘PB-Cool Ing water pressure 1N (N4 TN V5] 7. 8§ V2. 8 in.3 1 I2E “
" T9Cooling water temperature o7 10 (pﬂ)‘ L9 XA 1¢&). 20. 5 s -n;“
. Py-Cooling water pressure OuT 19 130 110 | o /0 10 7o 15
g IF;Fredn temp. 1urb.‘ 00T/Cond. 1 f-o(’rur LAl EAEALS /3 1135 I!(:“i
PG-Freon pres. {Turb. 00T/Cond. TR) | 24 |t | L 190 i 3/ 13t 135 I
TT-Tresn e —(Fums TN/Cord. OUIT |16 (78 | 1B 17 57 177 178 | 1%l
PT-Freon pres. (Pump TR7Cond. OUI! 15 Lot | 29 2% 1L TF |24 il
j3-Cool ing water fiow OUT Colgac] 2.9 |59 ILT &0 )
GeneéatbrlTurbine '
. PS—Freo‘n ressure nozzle block ,
o ¢EZ-Generator kWh output, meter AT AS AT AR 7l 3[g] 2l Yar
-Freon Circulating Pump VELL 14 Ll B (4;19.04 -6t D767 3;2;7@"—\144 /
"ET-Hupning time of pump FREoN Ly ased] (hledi11217 7775 38/174 35 31943 3} k1
-Cool ing Water Clrculatioﬁ Pump '
T10-Temperature 1H1U pump -
PT0-Pressure iNIU pump
TIT-Temperature UUI pump
. PIT-Pressure_ UUI pump
t4-Running time-of pump )
' R ¥1 A § T 3¢ | Ze | IP 14¢ 77 sl |3¢
Spray Pond ____pry . “%e o oo | £2-160 | o4 | O
S [15-Ambient Alp Temperature . ) ‘
+ TIZ-T.W.B, upwind of pond
TI3-T-H.B, downwind of pond
Wind direction :
TI4-Temperature out of pond 7l
: ﬂlfldaieup viater flovw-to pond
',E’S;Rﬁnm'm‘; time ofvpux.npv' : ‘
Eo-Running time of pump s P .
RO Tt L 1g yhamy N | ,
: SRS xwuueren READINGS: vl iy
R -ﬁ‘ AT :,. 7 I, VL:f R .“ ,q) _"; ‘,8-'/..,.
BUTRITAPR AN L4 DMl Readings X160 gt et
AN LA KN * Mo Disk Revs x 3600 x 4.8 x 160 - 7
° : \ “Yime In Secs For No Of Disk Revs

>

S % Time of Generstor Output reading

~

LR,

951/74

D-1

-15




* ORMAT TEST LOG SWEET

8 Z
Mg Hourly Reac::,ngso . 9 -
4 4 ¢ 4
rothermal Well/Pump v X R I 3\50 h %
)-Temperature from pump
J-Pressure from pump L
T=FYow from pump AL AL EE AN TR i ZZo| %O 137

Ceat Exchanger ' \ E

22| 221|124 |220) 220|220 220|220

1-Brine temperature IN :
1-Urine pressure L T v 17 s 7 {71

7-Brine temperature OU} TeC [l |} L1162 [é%_i@i pd]
_"Z-Brine pressure O 0.5 .44 2.5 KRN YXal 08 | —

2o | ¥°

0
[ “J-Freon temp. (Pump OUI/H.E. IR P Bl 1oL 180 7
141 10 1/40 /32

! ~ i3-Freon pres. Pump OUT/H.E. I8 140 \40

T-Treon tewp. (W.E. U0T/Turb. IR 154 [\ 9& | \3% |i¢2. | £a0 794 (729 7% L.
- T§=Freon pres. (W.E. 0UI/Turb. 1H) } 11O no e 1168 L7 g2 e |
JZ=Freon_fTov L Yoz (o | be 4.5 [43c |5 1F/ ‘/.Lcr
E ' sondenser . '
ra-cdo\ i'ng water temperature IN ze § ié ¢ \¢cn 54 (5351550 52.0“
$8-Cooling water pressure TN 17.< 4 o 8. g (1B |78 1% |72:.51)

7r§-_(‘.ooling water temperature OUI A& |1z |49 1 /7 T35 715 | ¥¥ 750

© pY-Cool iny water pressure OUT o L 1o |le j0 Les0o 170 | /O

L TF;Freon temp. {lurb: T0T7Cond. 10 (Vs | DS e | 136 [ 139 /3T RTMATECA|
-Freon pres. L 25

urb. ond. Z\ 1zl |v¥ |20 LI0 1t

TT-Freon temp. (Pump IN/Cond. U1 27 | A0 | 19 ¥ 172.5_| 72-.0 |22.0

]; “Freon pres. (pump TR/Cond. OUT 7= 116129 121213 24 12

! 77-Cooling water flow ouT Z.0, |52 | 4.7 "o | 5,715:9 ?}5
Generator/Turbine : ' “
PS-Freon pressure nozzle block ’ 1 “

E?-Generator kWh output, meter Tead [pe e 17Ye [ire Py TA/AMILE T4

“.freon Circulating Pump { MELL) hwmol 1405 147 134T 139343 703454 13
.

TI-Running time Of pump ) FRioN ) TSR JLY 2] 147,300 V372: 080 38,

-Cool ing Hater Circulation Pump

TT0-Temperature [NIU pump

P10-Pressure INIU pump

" TTT-Temperature UUT pump

PIT-Pressure UUI pump

T4-Kunning time of pump

' WEr o7 |90 | 94 |18 [F4Y 373179 g0 |30
Spray Pond i pey _ps 144 |99 11° 198 s 4131 9O 130

tlS-MbienL Alr Iempérature

" YTZ-T.W.B. upwind of pond

TI3-T./.B. downwind of pond

Wind direction:

TT4-Temprrature out of pond ]

§3-Rakeup water Tlow to pond

Wﬁunning time of‘pump

EB-Running time of pump : i : J
- g
, /b ¢S é4ia éez;l 65s.)
5, L4l 2] t‘lg' R READINGS: T T
- AR . AJ3
) % -Dial Readings x 160 o

‘ 27§00
fd = Mo Disk Revs x 3600 x 4.8 x 160
. Time In Secs For No Of Disk Revs '

% Time of Generator Output reading §51/74-15

' pate W lf—N/uo/:C

.oy 4 e .

AR




4 * 3 -
. ORMAT TEST LOG SHEET . P
N Hourly Readings Jae¢s oct 15118

oy v A E Tl L) UL 1004 §.00| oA

4
)

wothermal Well/Pump

)-Temperature from pump

J-Pressure f{rom pump v .

[“FTow from pump J.25 = (39 |51 0{ 55 co‘ e 4.7
aat Exchanger :
1-8rine temperature 1IN 2200220 122) |220 2¢ |230 |220 |20 lI220 2
T-Brine pressure TH 76l 26 (255 [7 77 Vzx .5 117 ||I‘I7 11
T-Brine temperature UUI 7.0 1 /60 /bor W1 /721. Ve |let L5 ‘[QL ol
Z-Brine_pressure ouT 0 70 1 /6 |— 127 7 (12 | — ‘\“ — 1
$-Freon Uemp. (Pump OUT/W.E. TR > CEERK] 7~ | &L (el X T |
“F-Freon pres. {Pump LE. <1740 [/#0 L 1H /%0 | 1¢ 149p\lde |‘I|l4° 1z
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APPENDIX G

Parasitic Loads Data




GEOTHERMAL WELL/PUMP

‘Hell
Diameter 12 inch
Depth 350 feet
: Static Water Level artesian - shut in
! pressure
Bubbler Tube 283 feet
Pump
" Type/Size . Centrilift Hughes

submersible. Series
875, Type 1B-700

Capacity 700 gpm @ 353 ft TOH
Horsepower (Nameplate)» 100
 Yoltage ‘ 1140 volts
Amperes ' 55 amps
Submergence 285 feet, 309 (2/86)

G-1




AUXILIARY LOADS

Freon Circu1ating Pump

Type Pump/Size
Capacity

Horsepower (Nameplate)
Voltage -
Amperage

Expander 0il Pump

Type Pump/Size
Capacity

Horsepower (Nameplate)
Voltage

Amperage

Instrument Air Compressor

Type/Size

Capacity

Horsepower (Nameplate)
Voltage '
Amperage

Cooling

Type/Size

Capacity

Horsepower (Nameplate)
Yoltage :
Amperage

Spray Pond Transfer Pump
ES
Type/Size
Capacity
Horsepower
Voltage

Amps
Running Time

G-2

5 stage horizontal
GPM

60

480 volts

77 amps

1
400 (nameplate)
1.95 (nameplate)

3 cyl single stage

3
440
3.9

PACO 29-10151-370500
3000 gpm

50

460

87 amp

Aurora Mod 3x4 15563

type 344 size 6x6x12
1500 gpm @ 40' TDH
10 _ :

460
13 ,
continuous
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Auxiliary Loads cont'd |
Spray Pond Transfer Pump
E6
Type/Size

‘Capacity
Horsepower
Voltage

Amps
Running Time

6-3

Aurora Mod 3x4 15563
type 344 size 6x6x12
1500 gpm @ 40' TDH
10

460
13
continuous




]

Well

Pump

 GEOTHERMAL WELL/PUMP

Diameter
Depth
Static Water Level

Bubbler Tube

Type/Size

Capacity

Horsepower (Nameplate)
Voltage |
Amperes

Submergence

12 inch
350 feet

artesian - shut in
pressure

283 feet

Centrilift Hughes
submersible. Series
875, Type 1B-700

700 gpm @ 353 ft TDH
100

1140 volts

55 amps

285 feet, 309 (2/86)




AUXILIARY LOADS

Freon Circulating Pump

Type Pump/Size
Capacity

Horsepower (Nameplate)
Voltage

Amperage

Expander 0il1 Pump

Type Pump/Size
Capacity

" Horsepower (Nameplate)
Yoltage
Amperage

Instrument Air Compressor

Type/Size

Capacity

Horsepower (Nameplate)
Voltage

Amperage

Cooling

Type/Size

Capacity

Horsepower (Nameplate)
Voltage

Amperage

Spray Pond Transfer Pump
ES
Type/Size

Capacity
“Horsepower
Yoltage
Amps

Running Time

5 stage horizontal
GPM '

60

480 volts

77 amps

1
400 (nameplate)
1.95 (nameplate)

3 cyl'sjngle stage

3
440
3.9

PACO 29-10151-370500
3000 gpm - o
50

460
87 amp

Aurora Mod 3x4 15563 o
type 344 size 6x6x12 ‘
1500 gpm @ 40' TDH

10 -

460
13
continuous




Auxiliary Loads cont'd
Spray Pond Transfer Pump
E6
Type/Size

Capacity
Horsepower
Yoltage

Amps

Running Time

Aurora Mod 3x4 15563
type 344 size 6x6x12
1500 gpm @ 40' TDH
10

460
13
continuous




APPENDIX H

Conmeﬁts by Ormat




