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ABSTRACT

A 1-MW geothermal wellhead power plant incorporating a Lysholm
or helical screw expander (HSE) was field tested between 1980 and 1983
by Mexico, Italy, and New Zealand with technical assistance from the
United States. The objectives were to provide data on the reliability
and performance of the HSE and to assess the costs and benefits of its
use. The range of conditions under which the HSE was tested included
loads up to 933 kW, mass flowrates of 14,600 to 395,000 1bs/hr, inlet
pressures of 64 to 220 psia, inlet qualities of 0 to 100%, exhaust
pressures of 3.1 to 40 psia, total dissolved solids up to 310,000 ppm,
and noncondensible gases up to 38% of the vapor mass flow. Typical
machine efficiencies of 40 to 50% were calculated. For most operations
efficiency increased approximately logarithmically with shaft power,
while inlet quality and rotor speed had only small effects.

‘The HSE was designed with oversized internal clearances in the
expectation that adherent scale would form during operation.
Improvements in machine efficiency of 3.5 to 4 percentage points were
observed over some test periods with some scale deposition.

A comparison with a 1-MW back-pressure turbine showed that the
HSE can compete favorably under certain conditions. The HSE was found
to be a rugged energy conversion machine for geothermal applications,
but some subsystems were found to require further development.
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SUMMARY

A. GENERAL

A 1-MW geothermal wellhead generator was tested in Mexico,
Italy and New Zealand as a Task under the auspices of the International
Energy Agency. The wellhead generator tested was a helical screw
expander (HSE) power plant, Model 76-1, which had been built and field-
tested previously for the United States Department of Energy (DOE). The
HSE was designed with oversized internal clearances specifically to
operate on mineralized two-phase geothermal fluids that deposit adherent
scale usually detrimental to operation of geothermal equipment.

The objectives of the Task were to provide data on the
performance and reliability of the HSE and to assess the costs and
benefits of its application at each of the test sites. The assessment
of applicability was based on comparison of the Model 76-1 HSE power
plant and a commercial steam turbine-generator set of the same 1-MW
size, both in noncondensing operation.

Test activities with the HSE in Mexico were conducted at Cerro
Prieto by the Comision Federal de Electricidad using well M-11 from
December 1979 through April 1981. In Italy tests were conducted by the
Ente Nazionale per 1l'Energia Elettrica at Cesano 1 well from July 1981
to June 1982. Tests in New Zealand were performed by the Ministry of
Works and Development at the Broadlands field using well BR 19 from
September 1982 to June 1983. DOE, which made the HSE available for the
tests in these other countries, participated with the assistance of
Hydrothermal Power Co., Ltd., manufacturer of the HSE, and the Jet
Propulsion Laboratory, California Institute of Technology.

Performance testing in the Task encompassed a wide range of
operating conditions in order to map the operational characteristics of
the HSE. Parameters that were varied were as follows:

Inlet pressure (psia) 64 to 220

Inlet quality (%) 0 to 100

Exhaust pressure (psia) 3.1 to 40

Electrical Toad (kW) idle and 110 to 933
Electrical frequency (Hz) 50 and 60

Male rotor speed (rpm) 2500, 3000, 3333 and 4000
Mass flowrate (1bs/hr) 14,600 to 395,000

Total dissolved solids (ppm) Tow to 310,000
Noncondensible gases low to 38.0

(% of vapor mass flow)
Efficiency values in the range of 40% to 50% were demonstrated

as typical for the machine as tested. The desired closing of the
oversized internal clearances within the HSE was not achieved during
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these tests, and so the performance of the HSE with the clearances
reduced within normal limits for this type of machine was not determined
at any site.

For many operating conditions the expander efficiency
increased approximately logarithmically with shaft power. Inlet quality
and the ratio of inlet to outlet pressure had a small influence on the
efficiency. The optimum speed varied with shaft power, but again the
influence was small in the range tested.  Because of the number of
parameters that influence the efficiency and data scatter, correlation
of the data was d1ff1cu1t

~Some - 11m1ted condens1ng test1ng was performed in Mex1co. In
a]1 cases the HSE efficiency decreased with. decreasing back pressure but
so also did the flowrate per kW of electr1c1ty produced «

Endurance tests made to assess the re11ab111ty contr1buted to
the determination of performance. In New Zealand the growth of a very
thin 1ayer of scale on the rotors during 1632 hours. of endurance testing
resulted in an’improvement in machine. efficiency of about 3.5 percentage
points. At the .end of the test the .machine efficiency .was 46.5% and
evidently still 1ncreas1ng “A greater improvement was determined. during
the endurance test in Mexico (about 4 percentage points) but the amount
of increase was uncertain., The corresponding amount of scale growth
achieved to partly close the overs1zed c]earances was also uncertain but

small.

For the endurance testing, the shaft seals were of greatest
concern, because they were newly designed replacements that had been
used for only 100 hours of testing in Utah :immediately prior to the .
Task. No seal problems occurred“during the 1100 hours of operation in
Mexico, but seal damage occurred in Italy and.in New Zealand. In Italy
the damage was caused during the first:18 hours of operation by impacts
resulting from scale that had been rapidly deposited within the machine.
A seal design modification after about 23 hours of operation corrected
the breakage problem. ‘ Inspection of the broken seals indicated no
apparent signs of wear resulting from the cumulative 1224 hours.of seal
operation. In New Zealand the seal performance deteriorated throughout
the endurance test until sustained oil recovery could not be maintained
and testing was terminated.

A1l testing used the low-pressure inlet: trim-in the speed
control valve in the HSE. - The resulting stable operating range of inlet
pressure was limited to below about 200 psia. This same limitation
prevented idling at pressures above about 130 psia.

Cost/benefit analyses were performed on the basis of achieved
performance under noncondensing conditions. Machine efficiencies of 45%
were used by Italy and New Zealand, and both 48%.and 55% efficiencies
were used by Mexico. A plant cost of $770,000 to $800,000 U.S., which
was the :stated cost of the Model 76-1 HSE, was used.  The analyses show
that the Model 76-1 HSE power plant tested cannot in general compete.
with a conventional mass-produced steam turbine considering both cost-
and performance. Even so, the HSE could have advantages for some
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applications., Use of the HSE in Mexico could be particularly attractive
for reservoir temperatures of up to. 275°C based on its having a Tower
specific total mass flowrate than a comparable steam turbine. 1In Italy,
the main use of the HSE could be as a wellhead back-pressure unit, e.q.
to collect production data during the initial development of
water-dominated reservoirs. In New Zealand it was found that the HSE
has the potential on lower-enthalpy resources for greater power
production (j.e., lower specific total mass flowrate) than can be
achieved by a small noncondensing steam turbine-generator. However, the
reljability of the HSE must be improved before it can be considered for
general service.

B. CONCLUSIONS
The HSE power plant, Model 76-1:

o is capable of generating electricity from two-phase wellhead
flow produced from liquid-dominated hydrothermal reservoirs;

o exhibits a machine efficiency typically between 40 and 50% as
built and tested during this program, over an approximate
range of inlet pressures of 100-200 psia, inlet qualities of
10-50%, atmospheric exhaust pressures, mass flowrates of
60,000-110,000 1bs/hr, and electric loads of 400-800 kW;

o is generally rugged, reliable, and not damaged by typical
geothermal process upsets;

o can operate on an unattended basis with daily inspections and
maintenance;

o has not fully demonstrated the intended closure (by deposition
of adherent scale) of internal clearances to the small sizes
normal for this type of machine, but observed trends indicate
some increase in machine efficiency during extended operation;

o has not demonstrated long service lifetime of its shaft seals;

° is not suitable for continuous operation on a rapidly scaling
brine such as from Cesano 1, Italy;

o is not suitable for general service without further
development of some subsystems such as the:
-shaft seal system,
-speed control system, and
~-start-up and shut-down systems;

° can compete with a commercial steam turbine on the basis of
machine efficiency during back-pressure operation, but cannot
compete with a commercial steam turbine on the basis of the
capital cost stated for this analysis; and

o has operating and maintenance costs, and service lifetime,
that have not been determined. .
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SECTION 1
INTRODUCTION

This is the final report on a Task entitled "Test and
Demonstration of a IMW Well-Head Generator," which was defined by Annex
I to the International Energy Agency "Implementing Agreement for a
Programme of Research, Development and Demonstration on Geothermal
Equipment" (See Appendix D for complete text). The objectives of the
Task were to:

(1) Accelerate the development of geothermal resources
through early introduction of advanced geothermal energy
conversion technology;

(2) Provide prospective users of geothermal energy experience
in operating advanced technology geothermal equipment;
and

(3) Develop a data base for a range of geothermal resource
conditions of the Power Plant's performance and
reliability in order to assess the cost/benefits in the
applications of the Power Plant.

Participants in the Task were:

Host Countries

Italy Ente Nazionale per 1'Energia Elettrica (ENEL)
Mexico Comision Federal de Electricidad (CFE)
New Zealand Ministry of Works and Development (MWD)

Operating Agent

United States United States Department of Energy (DOE)
of America

The wellhead generator selected for the Task was the. Model
76-1 helical screw expander power plant (HSE) manufactured by
Hydrothermal Power Co., Ltd. (HPC), which previously had been designed
and field-tested for DOE at Roosevelt Hot Springs, Utah in a project
managed by the ‘Jet Propulsion Laboratory, California Institute of
Technology (JPL).. Details of this prior work are given in Ref. 1. The
power plant is illustrated in Figures 1-1 and 1-2. It was accompanied
by test support equipment including a computer-equipped data system, an
instrumentation and control van, and a transportable 1000-kW variable
load bank, all of which had been integrated with the power plant into a
test array designed for operation at a variety of geothermal test sites.
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Figure 1-1 1-MW Helical Screw Expander Power Plant
(Courtesy of U.S. Department of Energy)
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Figure 1-2 1-MW Helical Screw Expander Power Plant
(Ref. 1, Courtesy of HPC)



The Host Countries provided test sites, installed and
maintained the HSE, conducted their respective test programs, evaluated
the results, documented their findings in interim status reports (Refs.
A, B, and C), and provided technical and support personnel to conduct
these activities. DOE as Operating Agent provided the HSE power plant
and associjated test support equipment, performed major equipment repair,
provided two Technical Specialists (from HPC and JPL) to assist in the
operation and evaluation of the HSE, and was responsible for preparation
of this final report. Task management was vested in an Executive
Committee consisting of one member from each country. The schedule of
the Task as it was actually accomplished is shown in Table 1-1.

This report includes (a) an assessment of the performance and
reliability of the power plant under the differing geothermal conditions
of the test sites, and (b) a cost/benefit analysis of -the power plant
relative to each site. Much of it is presented. in:country sequence -
Mexico, Italy, New Zealand - with the status reports:and the Appendices
coded A, B, and C in the same sequence as a convenience to the reader.
By direction of the Executive Committee, it is based on the interim
status reports submitted by the Host Countries. Some information is
from the report on the prior work (Ref. 1) or from the Technical
Specialists' reports, notebooks, and general information compiled during
this Task or prior work. Much of the material is repeated verbatim from
the referenced sources without quotation marks. Figures and tables have
been copied from these sources, except for the identification numbers.
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TABLE 1-1.

Task Schedule

Participant Work Performed 1979 1981 1982 1983 1984 1985
Delivery of the Power Plant for
Transport to Mexico [
u.Ss. Development of the Test and
(Operating | Demonstration Programme
Agent) Technical Specialist Support
0 00 (000000 90000 | ceces| o0e 00000 (000000
Final Report
000 0e 000 000
Site Selection and Site Preparation
. °
Installation of the Power Plant
Mexico
(Host Test and Demonstration Proyramme
Country)
DeTivery of the Power Plant for
Transport to Italy
Interim Status Report
o0 o009
Site Selection and Site Preparation
o ocones e
“Installation of the Power Plant
Italy
(Host Test and Demonstration Programme
Country) 000
PDelivery of the Power Plant for
Transport to New Zealand [
Interim Status Report
(1
Site Selection and Site Preparation
o0 o0
Installation of the Power Plant
New [1]
Zealand Test and Demonstration Programme
(Host 000
Country) DeTivery of the Power Plant for
Transport to United States
Interim Status Report
[







SECTION 2
HELICAL SCREW EXPANDER POWER PLANT

A. PRINCIPLES OF GPERATION

The HSE 1is a positive displacement machine based on a
compressor designed by Al1f Lysholm in Sweden in the 1930's. The machine
is more correctly called an engine than an expander; but it is usually
called an expander in industry, and therefore is called an expander in
this report. It was designed specifically for wellhead operation on
scaling fluids from 1iquid-dominated geothermal resources. Figure 2-1
provides details of its operation. The geothermal fluid, at
approximately wellhead pressure, flows to the throttle or flow control
valve T, and at high velocity enters the high-pressure pocket formed by
the meshed rotors, the rotor case bores and the case end face. The
pocket, designated by A in the figure, is mostly hidden by the rotor
lobes, but can be seen in the plan section view. As the rotors turn,
the pocket elongates, splits into a "V" and moves away from the inlet
ports to form the regions designated by B. With continued rotation, the
"V" lengthens, expanding successively to C, D, E, and F, as the point of
meshing of the rotors appears to retreat from the expanding fluid. The
expanded fluid, at Tow pressure, is then discharged into the exhaust
ports as they are uncovered by the lobes. Within the machine, vapor is
continuously being produced from the hot liquid phase as it decreases in
pressure during its passage through the expander. The effect is of an
infinite series of steam flashers, all within the prime mover. Thus the
mass flow of vapor increases continuousiy as the pressure drops
throughout the expansion process, and the total energy stream from the
well is carried to the lowest expansion pressure.

Each of three regions of the machine, namely the inlet region,
the central region, and the exit region, contributes to its performance.
In the inlet region the fluid gains kinetic energy, some of which can be
delivered to the rotors as impulse. It is in this region also where the
inlet porting is changed by the operation of control valve T, thus
changing the expansion ratio in the central region as the point of inlet
cut-off changes. The central region is the region of positive
displacement, where the fluid expansion is determined by machine
geometry, load, rotor speed, and inlet and outlet conditions. The
contribution of the exit region depends on the degree of under- or
over-expansion of the fluid at the outlet relative to conditions in the
exhaust and is dictated by square-card considerations.

The expander has two mating 16%-inch diameter, helically-
grooved rotors, 25 inches long. The male rotor is the driver and has
four lobes, the female six. Thus, for a 3000-rpm output shaft speed,
the female rotor turns at 2000 rpm. Synchronizing timing gears are
used. The rotors were machined from solid, one-piece Type-410 stainless
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Figure 2-1 Helical Screw Expander, HPC Model 76-1
(Courtesy of JPL)

2-2




steel forgings to provide sufficient strength for 100-psi differential
pressure across the rotors at speeds up to 5000 rpm. They are supported
in tilt-pad radial bearings and are positioned by self-equalizing thrust
bearings. The lobes and end faces of the rotors were hard-tipped to
provide wear-resistant surfaces to limit the growth of scale on the
opposing surface. The rotor housing midsection and low-pressure end
were fabricated of Type-304 stainless steel as a concession to the
oxidizing conditions expected during intermittent evaluation testing.
The housing high-pressure end was fabricated of Type-4142 corrosion-
resistant steel.

Rotor-to-rotor and rotor-to-case clearances abnormally large
for a Lysholm-type machine were built into the expander to provide space
for scale to form within the machine. It was intended that the scale
deposit provide corrosion protection for otherwise exposed surfaces and
improve the machine efficiency by reducing leakage clearances past the
rotors. The practice of using scale deposits to provide the finished
rotor and case dimensions was intended to lower fabrication costs and
produce a machine which would adapt itself to dimensional changes caused
by differing loads, operating temperatures, or pressures.

Large initial clearances for scale deposition make the
accumulation of scale a necessity for maximum performance. Until scale
accumulates to provide the finished dimensions, fluid entering the
machine can bypass the high-pressure pocket A and pass between the end
faces of the rotors and the case directly to the exhaust. In certain
positions of the rotors, the cross-sectional area of the leakage paths
from the high-pressure pocket represents an estimated 25 to 30% of the
total enclosing surface area. In other positions, the rotors block the
entering flow, and the fluid flows along the rotor end faces directly to
the exhaust port, bypassing the expansion chambers completely. The
leakage of working fluid along these paths severely degrades the
performance of the machine. Similar losses occur throughout the machine
from regions B through F.

The speed of the HSE is governor-controlled by means of a
throttle or flow control valve of simple sliding~gate design, built into
the inlet of the HSE and having a 4-inch stroke. The purpose of the
flow control is to provide an exact alternator speed corresponding to an
electrical output of exact frequency such as 50 or 60 Hz. The valve is
placed within the expander so that the first significant pressure and
temperature drop of fluids Teaving the wellhead Tikewise can take place
within the expander. As Figure 2-1 shows, the inner face of the valve
gate is swept by the rotors. The valve is requlated hydraulically by a
signal from a mechanical flyball-type governor acting through a
hydraulic servo-mechanism. The governor system hydraulics draw oil from
the same o0il system which provides lubrication and cooling for the
expander bearings and shaft seal assemblies.

The shaft seal system uses seal assemblies designed for
protection from geothermal fluids by continuous injection of fresh flush
water into the assemblies at controlled rates. Most of the water
rormally flows toward the interior of the machine where it is discharged
into the geothermal fluid. A small fraction migrates past the oil/water
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seal and into the oil. The oil/water mixture is passed through a
centrifuge: the.o0il is returned to an o0il reservoir and the water
discarded. Theré is also some o0il migration past the oil/water seal
into the flush water .in each assembly at a rate controlled predominantly
by the o0il temperature and surface speed of .the seals. At 3000-rpm male
rotor speed -and.with ‘normal oil temperatures, the design rate is about.
one gallon per day per seal, assembly, i.e. 2 total loss of four gallons .
per day for the HSE power .plant..:This oil.either is discharged with the -
flush water.or if necessary is:bled off from. the seal assemblies with
some flush water for recovery and-recycling with the rest of the oil.

The . 1mportance of protectlng the shaft seals from damage by
particulates in the flush water requires that adequate water treatment
be considered as part.of the shaft seal system A reliable water supply
Tow in calcium hardness-.and: part1cu]ates is, requ1red to provide an
expendable barrier between the seals and the.brine. The design rate of
consumption is about 4..gpm. - HPC specified water filtration to a Tevel
of 25 um and on-board f11ters limiting the part1c1e .size to 25 um or
less were installed for this purpose. .

Additional details of the HSE are given in Refs. 1 and 2.

B. DESIGN LIMITATIONS

The HSE evaluated in this Task was a-twenty-fold scale-up of a
50-kW prototype developed and tested with.-its. forerunner on wells M-7
and M-10 at Cerro Prieto, Mexico. While descrwbed as a commercial unit,
it was the first and only one of its: k1nd -and ‘size ever built. Even
though a number of improvements had . been identified during previous
testing of the Model 76-1 HSE (Ref. 1), additional development by HPC
was not included as part of the Task. because of budgetary and schedule
limitations. Repairs were included,. but on]y to the extent necessary to
permit the Task to proceed with minimum delay. This essentially.froze
the de51gn of the HSE in several areas that affected testing, notably:

1. Rotor Clearances

The rotor-to rotor and rotor-to-case c]earances in the: Model
76-1 HSE were made large, based.on observed deposition of .
adherent scale during test1ngwof.1ts forerunners. The size of
the initial clearances and:resulting leakage past the.rotors
were expected: to preclude attractive machine efficiency for. .
operation with any clean, nonscaling. fluid. Valid testing of
the HSE for its as-designed performance potential was intended
to be based on adherent scale growth within the machine.

2.  Shaft Seal System

In Italy,«three replacement shaft seal assemblies- were .
provided with-bleed passages. for recovery of.the oil that
migrates into the ‘flush ‘water. Before installing the -
assemblies, corresponding passages were. drilled- into the HSE

housing. However, the centrifuge was not large enough for -

2-4




this added load and the system for recovering oil from the
flush water was limited to separation by gravity in a second
0il reservoir that was installed. In addition, the hardware
for distributing and monitoring the flush water had neither
the capacity nor the control to provide the flowrates required
for satisfactory recovery of oil that had migrated through the
seals in Italy and in New Zealand. Both these limitations
resulted from the excessive oil leakage through the seals.

Speed Control System

The flow control valve has been modified for use with either
of two sizes of trim designated as high-pressure trim and
low-pressure trim but remains a simple sliding-gate valve with
a 4-inch stroke, albeit of interchangeable gate size. It has
all of the well known flow limitations of a gate valve: flow
is not linear with stroke, and percentage flow variation
through a nearly closed valve, as at idle, changes abruptly
with stroke. Each trim provides its own feed-pressure limits
for idling or for operation under load for various feed
qualities. These limits vary with inlet steam quality because
they relate to the control of volumetric flowrate into the
HSE. Therefore, the preferred trim should be selected for the
application so that the stable load range can be set
accordingly. In spite of this, the low-pressure trim was used
throughout the Task. The corresponding capacity of the valve
limited the maximum load attainable as shown by its reaching
100% open position before reaching full load for some tests.

Stable speed requires that flow to the control valve be
uniform or change only slowly with time. It need not
necessarily be homogeneous but obviously slug flow will cause
instability because the governor and speed control system
cannot respond instantaneously. This presented a problem for
testing over the wide range of conditions planned initially.
An 8-inch diameter feed pipe was installed for the large flows
of low-enthalpy liquid feed calculated for some of the tests,
even though it was not certain that the HSE could actually
handle such flows. The idea was to ensure that the tests
would not be limited by the size of the feed line. The
penalty was that the large feed line, with its two elbows near
the flow control valve, caused phase separation of the
geothermal fluid for many of the two-phase flow conditions
presented. To try to alleviate the separation, and the
resulting effect on speed stability and excessive working of
the governor and control valve, a passive mixer was fabricated
and inserted into the feed pipe between the feed-line
automatic stop valve and the flow control valve. This was a
compromise, and it was recognized that the inlet piping should
be sized to the actual application. Meanwhile, the stability
characteristics of the governor and speed control system were
best demonstrated with all-liquid or all- vapor feed. Speed
control system hunting, often displayed with two-phase flow
under these conditions, was typically absent.
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SECTION 3
TEST INSTALLATIONS

A. MEXICO

The test installation in Mexico utilized well M-11 in the
Cerro Prieto geothermal field (see Appendix A, Figure A-1). This well
was selected because its characteristics were well known, it did not
produce sand, and it was normally stable. The chemical composition of
the brine is listed in Table A-1, and the well completion and geological
information are shown in Figure A-2. Production characteristics of the
well are shown in the curves of Figure A-3 and Table A-13.

Site conditions were severe and no attempt was made to operate
the HSE unattended. Corrosion of electrical and mechanical equipment
was a serious problem. The heavy particulate burden in the water supply
for the shaft seals required close attention to and maintenance of the
seal water system, and scale deposits from the brine required frequent
checking and maintenance of some of the process instruments and process
equipment. Ambient temperatures to 120°F caused electrical control
devices to deform and/or to experience unexpected overload.

Two process layouts were used. The first, shown in Figures
3-1 and 3-2, bypassed an existing separator and provided fluid to the
HSE through a wellhead line. In order to obtain flowrates corresponding
to the desired range of loads, surplus fluid flow from the well was
bypassed from the wellhead to waste through an atmospheric silencer in
some cases. A pressure control valve was placed between the wellhead
and the power plant in the interest of avoiding exposing the HSE to high
wellhead pressures in case of a process mishap. Use of the valve caused
the majority of scale to deposit just downstream of it, affecting the
fluid chemistry and reducing the potential for deposition within the
HSE. For the sake of installation and operating simplicity, no other
provisions were made to manipulate the fluid going to the HSE.

Little or no adjustment of inlet quality was possible for most
tests. The quality varied from approximately 10% to 30% according to
the amount of flashing that occurred as the fluid passed up the well and
through the pressure control valve and according to the amount of
fractionation that occurred as part of the fluid was bypassed to waste
under selected HSE inlet pressures and loads. The fractionation
occurred mostly because the flow path was straight toward the pressure
control valve and HSE but turned 90° into the bypass.

The exhaust from the HSE passed through an atmospheric
separator which vented the steam to the atmosphere through an orifice
and sent the brine to a weir channel. Measurements on the two streams
allowed the exhaust flowrate and enthalpy to be determined.

3-1



2-¢

ol

Discharge Tests, Mexico (Ref. A)

_’, —_
«— Control Valve o .
! @~ ®
N Cyclonic " Y I
#] ) Separator Cipolietti Weir
- Bursting Disk
4
OO Silencer
MEASURING INSTRUMENTS RANGE MEASURING‘ INSTRUMENTS RANGE
i- Well Pressure 0- 1000 psia 10- Separator Pressure 0- 50 psio
2-'Intet Pressure 0-500 psig ti- Separator Temperature 0-250°F
3-Iniet Temperature 227-505°F . 12- Separator Laevel 0-130 in of Hg
4 -Current O- 1500 ampere 13 - Separated Steam Pyossuro 0 - 50 psia
5 -letagc 0 - 600 volt 14 - Separated Steam Temperature 212 - 499 °F
6 - Frequency 55-65Hz. 15 - Separated Steam Differentiol Pressure 0 - 100 in of-H,0
‘7 -Power 0-4000 watt. 16 - Separated Water Temperature 32-250 °F
8- Outlet Pressure 0-50 psia 17- Water Head 0 - 25 inof HO
9 -OQutiet Tempaerature 0-500°F 18- Atmospheric pressure O - 50 psio
Figure 3-1 Process Schematic and Instruments: Atmospheric Pressure




BYPASS
-

PCV

L

WELLHEAD

e PP

Y

?CP@

SEPARATOR

Figure 3-2 Process Schematic and Instruments:
Discharge Tests, Mexico (Ref. 1)

~ P9

-
WASTE

Atmospheric Pressure



This process layout was used in 1980 for noncondensing
performance tests at various inlet and outlet pressures and loads and
for endurance testing at the full capacity of the well. The provision
for elevated back pressure is not shown in Figures 3-1.or 3-2, but the
modification consisted of a simple back-pressure plate, with adjustable
orifice, installed in a flange in the expander exhaust pipe. The device
served as a valve to control the back pressure (Figures 3-3 and 3-4). A
slide gate was moved in with a maul or out with a jack screw to adjust
the orifice.

The process layout shown in Figures 3-1 and 3-2 was modified
to permit some limited vacuum exhaust testing. The plan was to make use
of existing or readily available equipment. The exhaust separator was
converted into a condenser and was fitted with a steam jet ejector and a
condensate extraction pump. Cooling water from the brine evaporation
pond (see Figure A-1) was transported approximately 900 feet to the

condenser through a pipeline normally used as a waste line for the brine
from the wellhead separator when the steam from well M-11 was delivered
to Cerro Prieto power plant Cerro Prieto 1. Scale in the pipe had
reduced the inside diameter to about 5 inches. The wellhead separator,
not shown in Figures 3-1 or 3-2, was reinstalled for the vacuum exhaust
testing to. provide separated steam and water streams, thus permitting
measurement and recombining of the streams for delivery to the HSE at a
known flowrate and enthalpy. The process schematic for the vacuum
exhaust testing is shown in Figure 3-5. This process installation also
permitted testing the HSE with atmospheric discharge by venting the
condenser to the atmosphere. A bypass on the steam line from the
separator permitted venting the steam to the silencer for testing the
HSE on all-liquid feed at low power. Another bypass also connected the
wellhead directly to the silencer, again at right angles to the flow to
the pressure control valve and HSE. The main purpose of this bypass was
to regulate the wellhead pressure to give the optimum pressure drop
across the pressure control valve. Use of the valve was continued to
facilitate control of inlet pressure and fluid quality to the HSE. The
combined effects of the amount of flashing and fractionation with the
bypass resulted in inlet qualities to the HSE ranging from 10% to 34%
except for the few tests on all-liquid feed.

The condensing tests in 1981 were severely limited by the
amount of cooling water supplied to the test site and by a blockage in
the inlet to the condensate extraction pump., The water supply pumps did
not have entirely satisfactory output characteristics, and high vacuum
was achieved only at low loads. The pump to extract the condensate did
not operate properly for the different work needs, and instability in
the water level in the condenser was observed on different occasions.

The capacity of the well limited the continuous electrical
output of the power plant to approximately 880 kW before the earthquake
of June 8, 1980 and between 820 to 860 kW afterwards. Tests with
a11-11quid feed were limited by the capacity of the well to 125 kW
electrical output. No attempt was made to synchronize output with the
electrical grid due to the distance from suitable transmission lines.
Auxiliary power was provided by a diesel generator.
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Water for the shaft seals was supplied from the cooling tower
of power plant Cerro Prieto 1 and transported by 2-inch pipe a distance
of approximately 1 mile. The water arrived at the well site with
excessive amounts of calcium ions, and water softening was necessary.
The water from the transport pipe was passed in sequence through a
booster pump, a filter, standard household cation exchange water
softeners, a second filter, a second booster pump, a third filter, and
into a covered holding tank. The first and third filters were readily-
available diatomaceous-earth filters made for use with home swimming
pools. The second booster pump and the second and third filters had
sufficient capacity to allow a stream of water to be withdrawn from the
holding tank and recycled through the second and third filters. The
process layout is shown in Figure 3-6. The water chemistry of samples
taken from the holding tank (or main container) is included in Table
A-2. Close attention to the water treatment and water quality was very
important. The diatomaceous-earth filters normally remove particles
down to 1 um size or smaller, but polishing filters on the power plant
were left in place to remove particles down to 25 um in case of upset.
Until the diatomaceous-earth filters were installed, the polishing
filters plugged in about two hours of operation, tripping the safety
shutdown system.

B. ITALY

In Italy the HSE power plant was installed in the Cesano
geothermal field located 25 km north of Rome to make use of the Cesano 1
well for electric power production. The Cesano 1 well produced the
brine shown in Appendix B, Table B-1 at about 250 tons/h. It was
recognized that the Cesano 1 brine, with total dissolved solids of
310,000 ppm, was not typical but would present an especially severe test
of the HSE and its tolerance for scale.

The process layout was designed as a pilot plant not only to
test the HSE but also to investigate the production and recovery of
chemicals from the geothermal reservoir. The pilot plant, shown in
Figure 3-7, featured two primary or wellhead separators installed for
parallel operation to permit alternate usage and cleaning. Brine from
the primary separators could be subjected to a second controlled flash
into a secondary separator for the chemical studies. Various features
of the pilot plant that were designed to accommodate the severe scaling
characteristics of the well are discussed in Ref. B. For the HSE tests,
1iquid and vapor streams from the primary separators were measured and
recombined for delivery to the HSE at known flowrate and enthalpy, as
shown in the process schematic in Figure 3-8. Provisions for venting
vapor and liquid from the primary separators permitted varying the
vapor/liquid ratio in the feed to the HSE, but this was not performed.
The pilot plant was modified so that the two separators could operate
simultaneously, and a line was installed for operating the HSE directly
from the wellhead as shown in the process schematic in Figure 3-9.
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The capacity of the well Timited the power production to 550
kW for a wellhead connection with unmeasured flowrate. The capacity of
the separators, which were designed to operate at wellhead pressure and
were undersized for the HSE tests, limited the measured performance to a
maximum electrical output of 460 kW with both separators working -in
parallel, and to about 260 kW with only liquid from the separators. For
some of the testing, the power plant was connected with the national
electrical grid according to the sketch shown in Figure 3-10.

Water for the shaft seals was obtained from a shallow well and
was treated in a commercial-size water softening system (shown
schematically in Figure 3-9) before being sent through the polishing
filters on the power plant.

C. NEW ZEALAND

The HSE was sited in New Zealand at well BR 19 in the
Broadlands geothermal field. The well offered easily-managed fluids at
flowrates that were more than sufficient for all tests. The fluid
chemistry, mass output curve, and casing information with corresponding
geological information are shown in Appendix C, Table C-1 and Figures
C-1 and C-2, respectively. Because of the low scaling potential of the
Broadlands geothermal fluid, the design philosophy of providing
abnormally-large internal clearances within the HSE to accommodate
severe scaling was not properly tested. ‘

The process layout enabled the fluid quality to be varied
across the range of fluid compositions, from all-liquid to all-steam,
and enabled the mass flowrate and enthalpy of the fluid entering the HSE
to be determined. It consisted of a wellhead leg carrying geothermal
fluid to a separator plant with associated pipework carrying the fluid
to the HSE. Flow from the well to the separator was controlled by a
pressure control valve either automatically from the separator pressure
by means of a pressure control unit or manually from an auto-manual
control station. The liquid level in this separator was controlled
manually with the hand valve on the liquid bypass line to the bypass
silencer. The separated steam and 1liquid flows were measured,
recombined, directed to the HSE, and finally discharged through an
atmospheric silencer to waste. Surplus fluid flow from the well was
bypassed to waste through a second atmospheric silencer. A process
schematic is shown in Figure 3-11.

The electrical output of the power plant was limited to 850 kW
because of the allowable torque on the drive shaft and the reduced speed
resulting from the conversion to 50 Hz for the testing in Italy. No
attempt was made to synchronize with the electrical grid due to the
distance from suitable transmission lines. Auxiliary power was provided
by a diesel generator.

Water low in calcium and sodium carbonate hardness was

obtained indirectly from a river that passed near the site. The seal
flush water supplied to the HSE was pre-filtered to levels exceeding the
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manufacturer's specification of 25 um. During the performance tests,
water filtration to a level of 12 um was performed using cartridge
filters. Inspectjon of the male low-pressure seal prior to the
endurance test revealed wear on the seal and some fine particulate
matter within the seal assembly. As a precautionary measure a
diatomaceous-earth filtration system was installed to filter the flush
water to 1.5 um for the endurance test.
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SECTION 4

TEST PROGRAMS

A total test summary is given in Table 4-1.
Table 4-1
HSE Power Plant Total Test Summary

Location Year Power Production Time Generator Output

h 2h kWh 3kWh
USA* 1977-1979 142 482 112,710 112,710
Mexico 1980 1,064 1,506 854,820 967,530
Mexico 1981 37 1,543 10,110 977,640
Italy 1981 23 1,566 4,740 982,380
Italy 1982 98 1,664 21,720 1,004,100
New Zealand 1982 102 1,766 36,580 1,040,680
New Zealand 1983 1,633 3,399 1,330,250 2,370,930

*Testing prior to this Task.

MEXICO
The objectives of the testing in Mexico were to:

o Investigate the HSE performance using a two-phase
geothermal mixture under different operating conditions;

o Investigate the problems that arise in the machine during
long periods of operation.

The test activities were carried out approximately as follows (Ref. A):

(1)

(2)

Equipment Reception and Installation:
December 1, 1979 - February 10, 1980

During this period the power plant was installed at well M-11
according to the process schematic of Figure 3-1 for testing
with atmospheric pressure discharge. A1l other equipment
installations were started.

Auxiliary Equipment Installation and Verification:
February 11, 1980 - March 30, 1980

Auxiliary test support equipment was installed and tested.

The data acquisition system for use with the computer was
verified and the instruments were calibrated and installed.
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(3) First Performance Test:

(4)

(5)

March 31, 1980 - May 31, 1980

The HSE was operated at different inlet pressures and loads at
3000-rpm male rotor speed. Necessary changes were identified
and made in the mechanical subsystems throughout the period.
Approximately 17.67 MWh.of electricity were generated during
70 hours of testing. Data obtained during this period were
preliminary pending instrument 1nsta11at1on 1mprovements and
completion of the computer program. :

Endurance Test: :
May 31, 1980 - July 29, 1980

In earlier tests, it had been observed that the HSE was

internally self-cleaning, especially during test interruption.
It was expected that the endurance test would offer the first
good opportunity for scale growth within. the machine and .
resulting efficiency improvement because the endurance run -
was scheduled to run nonstop '

The power plant was operated at full we]] capac1ty to
determine durability ‘and operational problems. Nominal
conditions were inlet pressure 180 psia, inlet quality 22%, -
and electrical load 850 kW. The test totaled approximately
985 hours of operation, during which 826.5 MWh of electricity
were generated.

Testing was interrupted on June 8 by an earthquake, on June 18
by a steam leak, on June 26 by variation in the wellhead
pressure, on July 8 by‘a burst rupture disc, on July 15 by
high wellhead pressure, and on July 20 by a load-bank problem.
During the shutdown that took place between June 26 and
July 2, the pressure control valve (V-ball) located between
the we]] and HSE (Figure 3-1) was cleaned and its installation
modified because scale had deposited in it, causing the valve
to stick and resulting. in pressure instability. Additional
grease cups and passages were installed, and the operability
of the valve was improved by reinstalling it in the direction
oppos1te to that recommended by the manufacturer for normal
service.

Second or "Downstream" Performance Test:
July 29, 1980 - August 28, 1980

During this period, tests were carried out at 3000- and

4000-rpm male rotor speeds at different inlet and outlet
pressures, inlet quality and applied ]oads The range of
operating conditions was as follows: :

Inlet pressure, nominal (psia) 100, 140, 180

Inlet quality, random (%) - 10 to 34
Exhaust pressure Atmosphere and 25 to 40 psia
Electrical load (kW) 211 to 857
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(8)

(9)

Approximately 3.45 MWh of electricity were generated during

the 9.23 hours of these various tests until they were halted
because of damage to the HSE timing gears due to blockage in a
lubrication passage (See Failure No. 13 on p. 6-10).

Condenser Installations:
September 1, 1980 - December 4, 1980

During this period the installation was revised to carry out

condensing tests according to the process schematic of Figure
3-5. The cyclonic separator previously used at the HSE outlet
to measure steam and water flowrates was adapted for use as a
direct-contact condenser. The computer program was adapted to
analyze the machine behavior under the new testing conditions.

Installation Verification:
December 5, 1980 - January 28, 1981

The installation was tested to verify the revisions that had
been made to it and the computer program. Necessary
adjustments and equipment repairs were identified and made
throughout this period.

Third or "Upstream" Performance Test:
January 29, 1981 - February 20, 1981

During this period, tests were run at 3000- and 4000-rpm male
rotor speed, at different inlet and outlet pressures and
applied loads. The range of operating conditions was as
follows:

Inlet pressure (psia) 64 to 183
Inlet quality (%? near 0 to 26
Exhaust pressure (psia) 3.1 to 16.2

Electrical ioad (kW) 123 to 933

These tests were performed during 37.35 test hours during
which 10.1 MWh of electricity were generated.

Equipment Disassembly:
February 23, 1981 - April 15, 1981

The disassembly of the equipment and preparations for shipment
to Italy were carried out. The power was converted from 60 Hz
to 50 Hz and the output voltage was reduced from 480 V to
typically 430 V. The conversion yielded male rotor speed
options of 2500 and 3333 rpm. The following items were
changed:

Alternator exciter

Overspeed switch

Underspeed switch

Frequency meter on power plant

oo o
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Frequency meter in data van

Kilowatt transducer

0il1 booster pump motor

Centrifuge system: transm1ss1on gears, clutch,
solenoid

T —Hh D
o e v o

In addition, the 50- and 60-Hz kilowatt transducers and the
kilowatt hour meter were factory-calibrated.

B. ITALY
The objectives of the testing in Ita]y.weke tb:

o Test with high-salinity fluids (310,000 ppm) direct from the
wellhead and from a separator plant, and

o Test at 50-Hz generator :output, and operate coupled to the
grid as much as possible.

- Test objectives 1ndependent of the HSE were -to evaluate
sca11ng inhibitors, to investigate the possibility of the production of
sodium and potassium sulfates, to carry out long-term production tests
to investigate the geothermal reservo1r, and to investigate a poss1b1e
correlation between reinjection and seismic activity.

The operating periods of the Cesano 1 test installation for
September 1981 through April 1982 are summarized in Figure 4-1. The site
operations included tests of the pilot plant without the HSE, scale
inhibitor tests, testing of the HSE, and cleaning of the well. As can
be seen from the figure, the test1ng of the HSE occurred mostly during
November 1981 and March 1982. The chronology of site operations, from
the arrival of the HSE at the site through its departure, is presented
in Table B-3. These operations are summarized as follows:

(1) Equipment Reception and Installations:
July 20, 1981 - October 5, 1981

The installation of the Cesano 1 pilot plant (Figure 3-7)
without the HSE was finished at the end of July 1981.  The HSE
and associated equipment arrived on the site July 20, 1981.
The HSE hook-up (Figure 3-8) was finished around October 5.
The fluorescent lights and the air conditioner in the data van
were changed for 50-Hz operation, and a 115-V, 3-kW
transformer power supply was installed.  Down-well scale
inhibitor tests were done during this period.

(2) Well Cleaning and Data System Preparation:
October 6, 1981 - November 17, 1981

Following the down-well scale inhibitor tests, it was
necessary to clean the well and prepare it for testing the
HSE. At the same time, the instruments were. calibrated,
installed and checked, and the computer program supplied with
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the equipment was adapted for use at this dinstallation.
Program revisions for the thermodynamics of the Cesano 1
fluids were deferred.

Initiation of HSE Performance.Test Operations:
November 18, 1981 - December 2, 1981

The HSE was tested intermittently under various conditions to
determine its performance on Cesano 1 fluids. The initial
test was attempted with only vapor from the separator but in
order to produce an adequate flow of vapor it was necessary to
overdrive .the separator because it was too small. The reason
for starting the operation on the vapor phase was to achieve
stable HSE -operation with a machine free of scale and then
monitor performance changes as the scale deposition occurred,
but the rapid scale deposition made this impossible.

Scraping noises and chatter in the HSE began before the HSE
was up to temperature and full speed. At random intervals,
sharper sounds or hits and larger vibrations were observed.
The ‘unfamiliar noises and vibrations were believed to be
caused by scale that was deposited rapidly within the HSE from
brinecarryover and that was coming Toose within the machine
and “interfering with the rotors, with lesser vibrations or
chatter being caused by scale still attached. Vibration
protection switches shut down the power plant, and it was
necessary to increase the switch settings in order to continue
the testing.

Operation was resumed using the liquid phase. The scraping
and chatter occurred again and occasional. strong vibrations
were noted. This behavior was assessed and it was decided to
continue the tests. Eventually seals in three of the four
shaft seal assemblies (all except the low-pressure female
shaft seal -assembly) became damaged, leading to abnormal oil
consumption in excess of 10 gph. The test activities were
halted after 23 hours to repair these shaft seals, to clean
the process ‘installation, and to make minor process changes.

The test activities in November and December produced a total
of 4.74 MWh of electrical energy and included 14 hours of
operation while connected to the national electric grid. The

tests showed a need to increase the fluid supply to the

expander, both through the separator for measured performance
and directly from the wellhead for test and demonstration

purposes.

Rapid scale growth throughout the process piping impeded the
test operations. Many stops  were necessary to clean the
filter basket (Figure 4-2) in the inlet separator. For the
December 2 test, the basket was cleaned ten times. ODuring
some of the tests the HSE exhaust port and exhaust pipe
experienced-a glaserite scale growth of about 2 cm/h. Samples
of scale (Figure 4-3) included pieces from within the HSE
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exhaust region w1th cylindrical faces: shaped bv the rotors
The problem was partly reduced by injecting. fresh water 1nto
the exhaust through ports 1n the exhaust hous1ng '

Shaft Seal Repa1r -and Process Insta]]at1on Renovation:
December 2, 1981 - March 10, 1982

Inspection. of the three damaged shaft sea]s by the HPC
Technical Specialist and- the seal manufacturer showed that
some of the carbon segments in the seals had each cracked at
the center notch where the segment rested against a locking
pin. No wear on any of the races or other sealing surfaces
was apparent. In order to continue the Task the three seal
assemblies were replaced. The total operating time on the
seals (including Utah Cerro Pr1eto and Cesano) was then 1224
hours N

The repair invo]ved.revising the locking pins to distribute
the stress in the carbon segments, using-an existing set of
spare seal assemblies. The improved seal assemblies were
installed with secondary passages or ‘bleed ports to allow the
recapture of the oil that leaked past the seals into the flush
water. Appropriate recapture passages were machined into the
HSE housing to allow recovery of the recaptured oil. However,
no bleed port or recovery passages were installed for the
fourth, undamaged assembly, and none of those for any of the
other shaft seal assemblies was connected for use at this
time. :

In the process installation, the valves, separators and
pipelines were cleaned. A new, large cone-filter was designed
and installed upstream of the HSE to avoid the many stops due
to the clogging of -the basket filter. A new pipeline was
installed between the wellhead and the new filter, and piping
changes were made so that the S1 and S2 separators (Figure
3-7) could be operated simultaneously to increase the fluid
supply to the HSE.

Continuation of Performance Tests:
March 10, 1982 - March 11 1982

. Performance tests were made at loads up to 460 kw “the maximum

available with fluid from ‘the. two separators work1ng in
parallel. Loss of 0il through the new’ low-pressure male shaft
seal assembly was detected almost: immediately after start-up.
The power plant was connected to the ENEL electrical grid for
part of the operat1on .

Dur1ng the testvng, the we11 began to. c]og Desp1te'the
flushing with fresh water, the exhaust pipe-also began to

- clog. The operation was stopped to clean the well and the HSE

exhaust pipe.
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Cleaning of the Well and the HSE Exhaust Pipe:
March 12, 1982 - March 23, 1982

The well and the HSE exhaust pipe were cleaned. Some
injection tests on the well were carried out to verify its
condition. Preparations were made to install lines to
recover oil from the special ports in the shaft seal
assemblies.

Complietion of Performance and Demonstration Tests:
March 23, 1982 - April 1, 1982

Measured performance tests were made at various loads up to
about 450 kW and at various inlet pressures and throttle
positions. Recovery of o0il lost from the leaking seal
assembly was attempted by bleeding off flush water to a
holding tank for separation of the oil from from the flush
water by gravity. Separation in the holding tank was poor and
was aided by heating the mixture. Use of the centrifuge for
separation of the bled-off o0il would have been preferred but
its capacity was not sufficient to handle this added load.
Rapid scale growth in the HSE exhaust system caused elevation
in the outlet pressure, a drop in machine efficiency, and
stiffening of the flexible section of the exhaust pipe. The
tests were stopped to clean the exhaust system. Pieces of
scale more than 10 cm thick were found (Figures 4-4 and 4-5).

The testing was resumed and coupling to the ENEL grid was
attempted. Flow instabilities caused oscillations in the
alternator frequency, making the coupling operation rough.
During one such attempt, the pins in a shear coupling in the
HSE power plant failed, probably because the manual
synchronization and coupling operation was inexact. New shear
pins were constructed in the ENEL workshop in Larderello and
then installed in the HSE so the tests could resume. Tests
were then done on liquid only. After a few hours, the test
was halted to permit cleaning the pipeline to the disposal
well, the separator plant, the control valves and the valves
near the wellhead.

After the cleaning, the power plant was operated directly from
the wellhead to demonstrate the maximum producible power of
550 kW. Under this condition, the pressure drop in the
disposal pipeline and filters was about 24 psi, largely
because of scale deposits. The operation was then converted
to measured performance using the separators, first with
Tiquid only, then with both liquid and vapor. During this
test it became necessary to stop again to clean the exhaust
pipe because the discharge pressure steadily increased.

The final test determined the performance of the HSE at the

maximum producible power of 260 kW from the liquid phase using
both separators. The separator capacity was limited by

4-9



Figure 4-5 HSE Exhaust Pipe after Hammering the Scale, Italy

4-10




(8)

excessive entry velocity because of scale in the supply lines.
The test was terminated with a check of the governor behavior
at no load with 1iquid and vapor feed to the HSE. The check
demonstrated that the power plant would idle steadily at an
inlet pressure to the HSE of 180 psia if the governor were
adjusted for a high droop.

A11 of the objectives of the HSE tests were considered reached
even though the tests were limited and finally halted by the
severe scale deposition. During the tests, the power plant
produced 26.46 MWh of electricity and logged 121 test hours,
of which 53 were while connected to the Italian electrical
grid.

Disassembly and Packing for Shipment:
April 1, 1982 - June 25, 1982

The power plant and associated test equipment were
disassembled and packed for shipment to New Zealand.

NEW ZEALAND

The objectives of the testing in New Zealand were to:
Determine the performance at male rotor speeds of 3333 and
2500 rpm over the broadest possible range of load, inlet

pressure and inlet quality, and

Determine the reliability and the maintenance requirements of
the HSE.

A test chronology is presented in Table C-4. The operations, beginning
with the arrival of the HSE, are summarized as follows:

(1)

(2)

Equipment Reception, Installation and Preparations:
September 2, 1982 - October 19, 1982

The HSE and associated equipment arrived at the site and were
installed during this period (Refer to Figure 3-11 for a
tayout schematic). The instruments were calibrated and
installed and the computer program was modified and verified.
A11 necessary equipment repairs were performed and the
installation was completed and tested.

Performance Tests:
October 20, 1982 - December 14, 1982

Performance testing encompassed a wide range of operating
conditions in order to map the operational characteristics of
the HSE. The tests were carried out under the following
conditions:
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Inlet pressure (psia) 100, "140, 180, 220

Inlet steam quality (%) -0, 10, 25, 50, 100
Exhaust pressure atmospheric pressure
Electrical load (kW) - to 850

Electrical frequency (Hz) 50 + .4

Male rotor speed (rpm) - 2500, 3333

The HSE was tested at male rotor speeds of 3333 and 2500 rpm

“to assess the effect of rotor tip velocity on performance.

The plant was preheated for 30 to 60 minutes before being
brought up to speed and exciting the alternator. Data logging

.on tape was at the discretion of the computer operator, who

ensured that the plant and process conditions were stable’
before logging the data of interest. 36.6 MWh of electricity
were generated during 102 hours of intermittent operation.

Several equipment problems were encountered during the
performance test period. The shaft sealing problem previously
encountered following the replacement of the male low-pressure
shaft seal assembly in Italy (pp. 4-8 and 4-9) continued. The
discontinuous nature of the New Zealand performance test made
it impossible to determine if the leakage rate changed during
this period.

The voltage regulator on the HSE alternator malfunctioned in
November 1982. Testing ceased on November 12 after 61.5 test
hours until a replacement regulator was installed on November
29. The malfunction-cut short the testing at 3333 rpm,
resulting in the 3333-rpm data being incomplete for an inlet
pressure of 180 psia and a 10% steam quality. The regulator
had failed previously, beginning in Mexico, where the ambient
H,S, salt spray, humidity and temperature were sometimes very
hggh (See Failure No. 14, p. 6-10). The 2500-rpm gear set was
installed during the interruption and was used for the balance
of the performance tests.

Endurance Test Preparations:
February 6, 1983 - February 23, 1983

Preparations were made for the endurance test. The
preparations consisted principally of (1) replacing the male
Tow-pressure seal assembly in order to overcome the excessive
0il leakage experienced from this seal after it was replaced
in Italy, (2) modifying the piping for the centrifuge and
shaft seal flush water, (3) installing a diatomaceous-earth
water filtration plant, and (4) reinstalling the gear set for
the testing at 3333 rpm.

During the shaft seal replacement, a flake of material was
found lodged under the side face of one of the carbon
segments. The flake appeared to have spalled from an
imperfection in the face of the housing. This flake could-be
a partial explanation for the oil leakage problem experienced
in Ttaly and during the New Zealand performance tests.
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Inspection of the seal also revealed some fine particulate
material in the seal assembly and wear on the seal races or
sleeves. However, the carbon seals themselves, except for the
carbon bushings, appeared to be undamaged. Two possible
explanations for observed wear have been suggested:

(a) Some fine particulate matter, including pumice and
ferrous corrosion products, was found in the seal assembly
during the repair. The particulates were thought to be
entering the seal with the seal flush water. As a precaution
a diatomaceous-earth filtration system was installed for the
endurance test. This system provided filtration to a level of
14 um. It is to be noted that during all the testing
performed in New Zealand the seal flush-water filtration
exceeded the power plant manufacturer's specified level of
25 um,

(b) During the seal repairs in Italy additional ports were
drilled and ground into the case of the HSE by the HPC
Technical Specialist. HPC suggested that carborundum material
may not have been completely cleaned out of some of the ports
and that this residual material could have caused the wear
observed.

Endurance Test:
February 4, 1983 - May 3, 1983

As a wellhead generating unit the HSE had to be capable of
running unattended. Consequently the endurance test was set
up to run for 90 days with a minimum of operator supervision.
Plant checks were performed hourly for the first three days of
the test. The interval between checks was then increased
until checks were performed daily at 8:00 and 14:00 hours
during the working week and once every 24 hours on weekends
and holidays. A plant check once every 24 hours was
considered adequate for this unit.

The plant operating conditions were selected to ensure that
the governor could maintain stable speed control in the event
of electrical load or inlet pressure variations. The
operating conditions were as follows:

Inlet pressure (psia) 177 to 182

Inlet quality (%) 25 to 27.3

Exhaust pressure atmospheric

Electrical load (kW) 802 to 812

Throttle position (%) 47 to 61

Isentropic efficiency (%) 43 to 46.5
(Calculated)

A performance record of the plant was Togged hourly by the
computer during the endurance test. A tabulation of data that
were logged at four-hour intervals is included in Table C-8.
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On March 4 the plant was shut down automatically by the safety
shutdown circuitry. The overspeed switch setting was reset
and the test resumed :

Dur1ng the test, the fol]ow1ng maintenance was performed on
the HSE: ¢

(1) 3750 1.of Caltex Regal R + 0 46 turbine .0il were added to
the 011 reservoir.

(2) The 25-um ma1n 011 filters were changed five times.

(3) The' 5-um shaft seal oil f11ter was changed once.

(4) Thevcentrlfuge was cleaned three times.
(5) The ¢il-cooler cowling was cleaned twice.

The number of main-oil-filter changes is significantly more
than. est1mated by HPC. It is thought that water entrained with
the oil was -causing the. rapid blocking of the paper elements.
Polypropylene e1ements were tested and they exh1b1ted superior
performance. #

Despite replacement of the defective shaft seaT. 0il
consumption continued to be well above .the design rate and
progressively deteriorated throughout: the endurance test. A
second reservoir was installed to separate oil from bled-off
flush water by settling, but the bleed passages and recapture
ports blocked repeatedly, and sustained recovery could not be
maintained. The capacity of the centrifuge was not great
enough to handle .the increased load due to the supplementary
0il recovery. The test was terminated ahead of schedule after
69 days because of..excessive shaft-seal oil leakage, as
discussed on p. 6-16.--For the entire endurance test, 3750 1
of 0il were Tost at an average rate of 55 1 per day The
cause of the shaft seal leakage was not determined.

Inspection, Disassehb]y; Packfhg and Shipment:
May 4, 1983 - June 16, 1983

The separator plant was dismantled and returned to NZED
Wairakei.” A post-test inspection of the HSE was made to
determine the extent of scale build-up on the rotors and
housing. The power plant and associated test equipment were
disassembled from the process installation, packed, and
transported to Auckland. ' :

The Model 76-1 HSE was'sh1hped'back to the United States in

July 1983 and put into storage at the DOE Geothermal Test
Facility near Holtv111e Ca11forn1a
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SECTION 5

PERFORMANCE EVALUATION

A. METHODOLOGY

The helical screw expander power plant consists primarily of
the HSE driving a conventional alternator through a conventional speed
reducer. Since the characteristics of alternators and speed reducers
are well known, it was the efficiency and performance of the HSE itself
that were of greatest interest in this Task. Therefore, the figure of
merit used in the performance evaluation was steady-state machine (or
isentropic) efficiency, defined as the ratio of the actual work done by
the expanding fluid to the work of an ideal expansion of the same fluid
over the same pressure interval, and given by the standard equation

0 = kWs
M1 (h1 - hZS) (1)
where
n = Machine efficiency (2)
kWs = HSE shaft output power
M1 = Mass flowrate of fluid through the HSE

h1 Specific enthalpy of fluid entering the HSE at

inlet pressure P, and inlet temperature T
Specific entha1p} that would result from %he isentropic
expansion of the fluid from the HSE inlet condition to
the outlet pressure P2

h25

It is a somewhat restricted figure of merit in that the work done may be
significantly less than the total available energy at the wellhead
relative to the sink or ambient conditions, just as the expansion
between the inlet and outlet conditions of the HSE as reflected by the
machine's volumetric expansion ratio may be only part of the complete
expansion of the geothermal fluid from the wellhead to the sink.

None of the variables in the efficiency equation was measured
directly. The value of h,_ was calculated from h, and the thermodynamic
properties of the fluid a%sthe inlet and outlet pressures. kWs, M1 and
h, were determined experimentally. The inlet enthalpy h., and two-phase
f*owrate M1 were determined by indirect measurement, eitﬁer upstream or
downstream from the expander depending on the process installation. For
measurements upstream, the two-phase flow was separated into vapor and
liquid streams whose flowrates and enthalpies were determined, and the
two streams were recombined to give a stream of known flowrate and
enthalpy to the expander. Thus,
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| Ml = M]V + le (3)
and Mih; = ML h + Mlch, (4)
or,
- M1h, + Mlche (5)
1 Mlv + le

where v refers to the vapor stream and f refers to the liquid stream.
Since the two streams were ‘assumed to be at saturation, the enthalpy of
each was determined from tables or equat1ons of the thermodynamic
properties of steam and water by measur1ng the temperature or pressure,
Thermodynamic corrections for salts in the liquid or noncondensible
gases in the vapor were made 1f,the1r concentrat1ons were signficant.

The calculation of the efficiency by downstream measurement
was similar to the above. The ‘exhaust stream was separated into two
single-phase’ streams for determining specific enthalpy and mass flow.
For an actual expander, the sum of the shaft power output kWs and the
thermal losses equals the product of the fluid flowrate and h the
specific enthalpy of the fluid exiting the machine, or

kWs + losses = M](h1 - hz) (6)
Thus, '
- kWs + losses - .
hy = hy + g (7)

so that an equivalent definition of machine efficiency is

o h1 - h2 - (losses/M1) (8)
n hl-h

2s

In this work, thermal losses were assumed to be neglibly small, so

; , ks |

Since the HSE dr1ves an alternator whose electrical power
output P_-can be measured accurately, this was used as the basis for
determinfng the shaft power kWs. The alternator losses, a, .and the gear
box losses, b, were determined as functions of operating conditions of
power factor and load. Thus,

kWs Pe +a+b

-6

a = [29.169 + 5.28 x 10
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(a +P)

b =[ 8.5590 + 6.9750 —mro-] kW (3000 rpm
1000 X
input)
and (a + Pe)
b = [11.0005 + 6.1069 —#rr—1] kW (4000 rpm
1000 :
input)
where Pe = alternator output in kW
a = alternator Toss in KW @ 1800 rpm
[ = armature current
b = gearbox losses in KW

The alternator and gear box losses were determined from data
obtained from the original equipment manufacturer. The alternator
losses were actually measured in a comprehensive calibration prior to
delivery; the gear box losses were calculated for each of the gear sets
from a computer program based on theories of bearing and gear mesh
losses. The loss equations were modified for 50-Hz operation as
appropriate (see Refs. B and C).

The above expression for shaft power kWs does not account for
the approximately 74 hp (5.6 kW) load of the oil pump which was
installed on the gear box. This pump load is independent of power plant
load and varies with the temperature of the oil and the pump rpm.

Some other losses, such as those associated with condensing
operation, were not considered.

B. PROCESS AND PERFORMANCE MONITORING

The instrumentation and data logging facilities enabled easy,
reliable monitoring and recording of the data generated from the test
programs. A1l installations were instrumented to enable performance and
selected process variables to be logged. The locations of the
instruments monitoring the performance variables are shown on the
process schematics for each installation. For the Cerro Prieto
installations the process variables are listed on the schematics; for
the Cesano and Broadlands installations they are listed separately, as
nomenclature in Table B-2 for Cesano, and as variables logged in Table
C-2 for Broadlands. The similarity in the lists of variables is readily
apparent and is to be expected. Table C-2 includes HSE bearing
temperatures and alternator winding temperatures which were measured at
all sites.

The list of transducers used in the Broadlands installation is
presented in detail in Table C-3 and may be considered typical. A
required overall accuracy of two percent was used to determine
instrumentation specifications. All the process transducers were
calibrated before the beginning of the Task, and most were calibrated
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for each installation prior to the commencement of the ‘testing using the
same calibration equipment. Checks were performed during the testing to
ensure reliable data were being logged.

In the interest of consistency, wherever possible the same

instruments were used at all of the test sites, although in some cases
the assignment within the process schematic was rearranged. Notable
instrumentation differences among the installations were as follows:

o

following

Mex1co In the f1rst process 1nsta]]at1on in Cerro Prieto
(see Figure 3-1), the measurement of liquid separated from the
HSE exhaust was by weir. All other measurements of flow of
fluid through the HSE were by orifice. The vapor flow
measurements used flange taps, whereas the liquid flow
measurement in the second process (see Figure 3-5) used
pressure taps at D and D/2 locations according to the ASME
convention, n . .

ltaly. At Cesano 1, the flow of liquid from- the:separator for
deTivery to the HSE was measured by a magnetic flowmeter with .
a removable electrode. The metering. tube was of PTFE, :
serviceable to 180°C and 40 bar. Cold water was 1nJected _
upstream of the magnetic flowmeter to avoid boiling within the
meter. The flowrate of the vapor phase was measured by

orifice with D and D/2 taps conforming to ASME convention.

New Zealand. In the Broadlands installation, flowrates were
metered using D and D/2 orifice p]ates conforming to the
British Standard, BS 1042 Pt. 1. As in Mexico, the water
orifice plate was installed with sufficient head to avoid
flashing at the orifice. .

The data acquisition system was des1gned to perform the
functions:

(1) Collect data from transducers in the power system and the
. test process.

(2) Reduce the data and calculate the performance of the
expander.

(3) Display the test parameters and performancé'versus time
on printed logs -to provide process control ass1stance on
a permanent record.

(4) Record the data on magnetic tape automat1ca11y, or at_
operator discretion. ,

(5) Monitor the safety shutdown system in the HSE power
system for first fault, and record the fault and one
complete set of measured data existing just before the
fault occurred.
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(6) Monitor operating parameters and provide a warning in the
event of an "out-of-range" condition (This function was
not used during the Task).

(7) Process the test results by retrieving the data stored on
tape, analyzing them, and printing or plotting the
results in a variety of ways according to operator
instructions.

The system was composed of a Hewlett-Packard Model 9825A
computer and associated instrumentation such as a multiprogrammer
interface, signal conditioners, printers and plotters, all of which
were housed in a controlled-environment data van. Custom software was
written for calibration, operating programs, and data analysis. The
operating programs calculated, on-line, the isentropic efficiency of the
HSE. A1l operating programs logged test data on tape cassettes
automatically at pre-set intervals and by operator command. The
equations specific to the Mexican, Italian and New Zealand test programs
are documented in Refs., A, B and C, respectively. Notable differences
among the programs used to log and analyze the test data were as
follows:

o Mexico. The computer program used for logging the test data
and for calculating the test results in real time during the
testing at Cerro Prieto was similar to that furnished with the
data acquisition system, except that the subroutines for
thermodynamic properties with corrections for salts and
noncondensible gases were replaced by curve fit approximations
to steam table data. Due to the low concentration of salts
and noncondensibles (Table A-1) corrections for impurities
were deemed by CFE to be unnecessary. The operating computer
program used on-line during the testing was not always updated
with refinements in calibration data or flow measurement
parameters during the testing, but deferring these revisions
until later did not impair the use of the program for data
logging or test management. The nomenclature CFE used for the
process variables is shown in Table A-3.

° Italy. The computer program used for logging the test data
and for calculating the test results on-line during the
testing was based on the computer program included as part of
the data acquisition system. The program contained
thermodynamic corrections that were valid for salt
concentrations in the brine from 0% to 10%, but not for the
Cesano 1 salt concentration of 31%. The initial adaptation of
the program for the Cesano 1 HSE tests was satisfactory for
logging the test data and monitoring the tests, but it was not
intended for calculating the efficiency of the HSE as
determined by these tests. For this latter purpose it was
necessary to determine the enthalpy of liquid brine, vapor
enthalpy, C02 enthalpy, mixture enthalpy, vapor pressure of
brine, brine“density, brine entropy, CO, entropy, and mixture
entropy. These thermodynamic properti%s were applied as
corrections to the properties of steam and water that were
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included as part of the program. A discussion of the
procedure is included in Ref. B, along with an assessment of
the test instrumentation reliability and an analysis of the
effects of uncertainty of critical process parameters on the
calculated efficiency. ‘

o New Zealand. The computer program used for analyzing the New
Zealand test data was based on the program furnished with the
data acquisition system but with modifications to the steam
and liquid flowrate equations and to the gearbox and the
alternator power loss equations. Details of the changes made
to the computer program are given in the performance
calculation procedure (Table C-5). Computer outputs selected
for tabulation of results are identified in a list of
variables (Table C-6).

A11 the data were analyzed with O ppm total dissolved solids
and 0% gas in the steam. A sensitivity analysis was '
undertaken using 5000 ppm total dissolved solids and 2.5% gas
by weight in the steam, which were representative of the test
conditions. The isentropic efficiency varied by 0.3% in the
worst case, and hence the dissolved solids and gas content are
not accounted for in the tabulated data.

At all installations the electrical energy generated by the
power plant (except that while connected to the electrical grid in
Italy) was dissipated in a resistive load bank supplied as part of the
test equipment and described in Ref. 1, p. 2-17. In preparation for the
testing in Italy, the power plant was converted from 60 Hz to 50 Hz and
the output voltage was reduced from 480 V to typically 430 V. Loads
could be incremented in steps of 50 kW at 480 V in Mexico and in
increments of approximately 40 kW at 430 V in Italy and New Zealand.

See Ref. 1, pp. 2-17 to 2-51 for more detailed descriptions of
the process and performance monitoring systems.
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SECTION 6

TEST RESULTS

MEXICO
Endurance Test

The endurance test was run intermittently from May 31, 1980 to
July 29, 1980. During the test, the power plant was operated
at the maximum power sustainable by the well. The full load
testing was concluded to repeat earlier performance tests at
various loads and inlet pressures.

The operating conditions were as follows:

Inlet pressure (psia) 173 to 197

Inlet quality (%) 20 to 35

Exhaust pressure (psia) 15.0 to 16.1

Electrical Toad (kW) 807 to 882

Throttle position (%) 60 to 78

Isentropic efficiency (%) 50 to 59
(Calculated)

The endurance test produced 826.5 MWh of electrical energy
generated during 985 hours of operation. The test was
interrupted six times for periods of from 24 hours to 6 days
for a total time of approximately 430 hours. None of the six
stops were automatic and none were attributable to the power
plant. These failures are chronicled in more detail in Table
A-4.

A record of the process and plant performances was logged at
intervals by the computer during the endurance test. A table
of data from the record is presented in Table A-5. Daily
averages of machine efficiency (Rm), total mass flowrate (Wt),
and inlet enthalpy (He) are plotted in Figure A-4. It was
predicted that the efficiency of the HSE would improve with
scale deposition during the test.

An efficiency increase was recorded during the test, as shown
in Figure A-4 and Table A-5. This increase was attributed to
scale growth within the machine, which reduced the clearances
between the helical screw rotors and the case. For the
overall duration of the test, CFE reported an increase in
efficiency on the order of 4 percentage points, based on the
daily averages as shown in Figure A-4. Some higher and lower
efficiency improvements were shown (Figure A-4 and Table
A-5). It is possible that the mid-test gains were
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subsequently cancelled by the observed loss of scale, as
believed by the Technical Specialists.

Performance Tests

The performance testing was done in three groups. The first
group were atmospheric exhaust pressure tests done at
3000-rpm male rotor speed before the endurance test, using the
noncondensing test arrangement shown in Figure 3-1. The test
data from this group or test were not considered valid for
this evaluation, because the preparation of the computer
program and the 1nstruments was not completed until just prior
to the start of the endurance test (See Ref. A).

The second and th1rd performance tests are referred to as the
"downstream test" and the ' upstream ‘test," respectively, due
to the test arrangements used. ‘Thé: second group were
atmospheric and above-atmospheric pressure tests done at 3000-
and 4000-rpm male rotor speeds beginning immediately after the
endurance test, st111 using the noncondens1ng test arrangement
of Figure 3-1. ' The third group were: atmospheric and

sub- atmospher1c exhaust pressure tests done at ‘both rotor
speeds using the condensing test arrangement -shown-in Figure
3-5. The ‘downstream and upstream tests were ana]yzed with
different methodologies because the respect1ve test
arrangements required different: equations.: It ‘was the
opinion of the JPL Technical Specialist that this would not
affect the results.

(a) Atmospheric Exhaust Pressure

Table A-6 gives a summary of the most important measured
and calculated results under stabilized conditions. The
results are also presented graphically in Figures A-5
through A-16.

Figures A-5 and A-6 refer to the downstream test with
rotor speeds of 3000 and 4000 rpm, respectively. All the
inlet conditions are included. Figures A-7 and A-8
correspond to the upstream test® under speed and inlet
conditions similar to those of “the downstream test.
These figures show a trend for the machine efficiency to
increase with increasing load.

Figures A-9 to A-13 correspond to the 3000-rpm downstream
- test. The effect of inlet pressure and quality on the
‘machine efficiency is observed. In Figures A-9 and A-10,

the inlet pressure varies as -shown for inlet quality

“ within 10% to 20% and 20% to 30%, respectively. Although

the data for each pressure do not cover the complete
" range of shaft output power, a slight decrease in the
machine efficiency occurs with increasing inlet pressure.
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In Figures A-11, A-12, and A-13, inlet quality varies
while inlet pressure is kept at approximately 100, 140,
and 180 psia, respectively. A slight efficiency increase
is observed for the lower-quality range of 10% to 20% at
pressures of 100 and 140 psia. At the inlet pressure of
180 psia there were not sufficient data to differentiate
changes in the machine efficiency at different quality
ranges.

Figures A-14 and A-15, which correspond to downstream and
upstream tests, respectively, show the machine efficiency
at male rotor speeds of 3000 and 4000 rpm for all inlet
conditions. For the downstream test, the efficiency
observed at 3000 rpm was greater than at 4000 rpm at
shaft output power below 400 kW. Above that power, the
difference between the efficiencies obtained for each
speed is nil (Figure A-14). In contrast, the performance
of the machine in the upstream test is similar for both
speeds at all machine loads tested (Figure A-15).

Finally, Figure A-16 shows the efficiencies obtained
during the downstream and upstream tests for all inlet
conditions tested. A difference is observed between the
downstream and upstream test results, especially at the
lower loads, with the downstream test showing the larger
efficiency.

From an analysis of flowrate information, CFE has
concluded that the difference between efficiencies shown
in Figure A-16 is not real, but instead is the result of
error in flow measurements for the downstream test. This
conclusion is based on differences in the total well
output flowrates through the machine, measured during
maximum Toad tests of the HSE using the two test
installations, and comparing these rates with the total
well output rates measured at other times when the HSE
was not being tested. During these measurements the
wellhead pressure was approximately the same. The
relevant HSE test data are summarized as follows:

TEST DATE SPEED OF TOTAL

MALE ROTOR FLOW

rpm RATE
tons/h

Endurance 05731780 - 07729780 3000 .
Downstream 08/15/80 3000 43.0
Upstream 02/05/81 4000 54,6
Upstream 02/20/81 3000 54.0

The flowrates for the downstream and upstream tests are
seen to differ by approximately 10 tons/h. The
possibility that this discrepancy could be caused by a
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- change in the production of well M-11 in the period
spanned by the tests has been discounted by CFE, since
the well is normally quite stable, as demonstrated by its
1979 and 1980 production characteristic curves (F1gure
A-3), so the d1screpancy 1s attributed to errors in
flowrate measurement.

Because the well production measured before and after the
endurance test agreed more closely with the upstream
-values obtained than with the downstream values (Figure
A-17), the errors are ascribed to the downstream
measurements. ‘The measurement procedures, namely steam
flow by orifice and water flow by weir, the hardware, and
the calculations were examined by CFE and found to be
satisfactory. This leads CFE to conclude that the only
possible cause of error was inaccurate zero adjustment of
the instruments during the downstream test.

The viewpoint of the JPL Technical Specialist is that the
flowrate measurements and test results for the downstream
test are probably correct, and that the flowrate of the
well was different from normal during these tests. The
‘reasons for this viewpoint are instrument details,
observed well variation, compatibility of test results,
and effects of scale, as discussed next:

(i) Instrument Details

The instruments for measuring the steam and water
were carefully installed, calibrated and adjusted
for zero flow. - The zeros were routinely checked
before and after testing, and the zero flow readings
and calculated flowrates were normally Togged by the
computer. Zero errors corresponding to 10 tons/h
would have been large and should have been easy to
detect. The instrument transducers had been used
earlier in Utah and were used subsequently in the
upstream test in Mexico and in the tests in New
Zealand with no significant drift. A drift of the
steam transducer output in the downstream test in
Mexico causing a signal shift of 0.003 V was
recorded during one instrument check, but this
corresponded to only 0.15 inches of water
differential pressure, and was corrected. This
offset was insignificant compared with the
differential across the orifice dur1ng the endurance
test of about 28 inches of water for maximum flow.

Part way through the endurance test, the precision
of the flow measurements was improved by
recalibrating the steam transducer to a span of 0 to
40 inches instead of 0 to:-100 inches on June 12,
1980, and replacing the water transducer having an
18-inch minimum span with a new one calibrated for 0

6-4




(i)

(ii1)

to 5 inches prior to the July 2 test resumption.
The zeros were adjusted and checked on-line. This
work took place during the shutdowns between June 8
and June 14, 1980, and between June 26 and July 2,
1980, respectively, as shown in Figure A-4 and Table
A-5. (The cleaning of the pressure control valve
and the modification of the valve and its
installation, as discussed earlier, were done during
the latter time period.) The flow data before and
after these changes are in good agreement,
suggesting that there were no zero errors that could
explain the flowrate discrepancy of 10 tons/h
compared with normal well flow.

Well Variation

Although well M-11 may be normally stable, it is
known that pressure and flow instability did occur
during the testing period. The endurance test was
interrupted on June 8 by an earthquake of magnitude
6.7 on the Richter scale which altered the
characteristics of the well, as shown in Figure A-4.
The enthalpy decreased by approximately 7%, while
the total flow increased in the same proportion.
The endurance test was also interrupted on June 26
by variations in the wellhead pressure and on July
15 by high wellhead pressure, as reported in Table
A-4. If and how the flowrate dilemma is related to

- the earthquake or other crustal instability during

this time is not known. It is known that the ground
cracked about 140 paces from the well during the
earthquake and that many well cellars and ground
areas were flooded from below.

Compatibility of Test Results

At the beginning of the endurance test in Mexico, on
May 31, 1980, the machine efficiency was determined
to be 50%, using flowrates measured downstream
(Table A-5 and Figure A-4). At that time the
instruments had been recently calibrated and
checked. Later, on February 20, 1981, during the
upstream test with approximately the same test
conditions, the efficiency was determined to be 48%
to 49% (Table A-6 and Figure A-5). The disagreement
of only 1 to 2 percentage points is significantly
less than the disagreement between the downstream
test results after the endurance test and the
upstream test results shown in Figure A-16. The
small difference in efficiencies could result from
unequal scale deposit thicknesses within the machine
for the two tests. The close agreement is not
compatible with a flowrate measurement error of 10
tons/h. If, however, it were assumed there was a
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(iv)

flowrate error, correcting either the water flow or

‘the steam "flow by the:total estimated error impairs
‘the compatibility of the results. Increasing the

water rate by the estimated error gives a machine
efficiency of 53%, which is too high for the amount
of 'scale observed on the rotors at that time. A
corresponding -increase in the steam flow gives 34%,
which is -much too low and is not correct. The
alternative explanation of:a balanced sharing of the
error, if it exists, is not plausible, because the
error would have had to be split in approximately

constant proportion every time that either the

orifice or weir transducer was recalibrated,
replaced, zeroed, or otherwise changed during
downstream testing. '

Effects of Scale

The disagreement between: the downstream and upstream
test results (see Figure A-16) can be explained by
the effects of scale on the rotors. The highest
efficiencies were determined at reduced power in the
morning of the termination of the endurance test
(see Table A-6). At that time there had been little
opportunity for  the machine to. lose previously
accumulated scale, although the machine was stopped
unintentionally for a few minutes while reducing the

; Toad for -the performance testing. After about 41

hours of performance: testing the test was
interrupted -for: 17 -days because of damage to the
load bank. ‘- There is:.no quantitative information
about how much..scale was. lost during this test
interruption, but. it is known that some scale was
lost. The subsequent performance level was lowered,
but not down to the level measured at the beginning
of the endurance test, when there was very little
scale within the machine.

As a general point it should be noted that the
variation of scale within the machine and the random
variation of .other test. conditions in Mexico made
determination of the HSE performance characteristics
from the test data very difficult. Deposition or
loss of scale changed the internal dimensions, and
the performance of the machine did not remain the
same. As an example; compare Figures A-14 and A-15
showing . the effect of rotor speed on machine
efficiency: for downstream and. upstream tests,
respectively. - The 3000-rpm- downstream tests were
made after the endurance :test:during which most of
the scale was deposited within the machine. The
highest efficiencies were .those measured first after
the termination of the endurance test. The 4000-rpm
tests were made one month. later after an extended
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period of shutdown and observed loss of scale. By
comparison, the 3000-rpm and 4000-rpm upstream tests
were all made about six months later. It can be
assumed that by this time the amount of scale had
stabilized, in agreement with observations. It
should be noted that all performance testing was
intermittent, being carried out on a daytime basis
only, in contrast with the endurance test. From
these facts it is the view of the JPL Technical
Specialist that much of the spread of data seen for
the downstream tests in Figure A-14 was caused by
effects of scale rather than rotor speed, especially
when compared with Figure A-15. The same difficulty
applies to the interpretation of all HSE test data
at well M-11. The JPL Technical Specialist believes
the difference in efficiencies between the
downstream and upstream tests shown in Figure A-5
can be similarly explained.

(b) Above-Atmospheric Exhaust Pressure

Part of the downstream test was conducted with exhaust
pressures greater than atmospheric pressure. The process
arrangement was as shown in Figure 3-1, except for the
provisions for elevated back-pressure operation. The
operating conditions were as follows:

Inlet pressure (psia) 100, 140 and 180
Inlet quality (%) 27 to 35

Exhaust pressure (psia) 24 to 41

Male rotor speed (rpm) 3000 and 4000
Electric load (kW) 211 to 472

A summary of the test data is presented in Table A-7.

An increase in the exhaust pressure had a negative effect
on the machine efficiency, as shown in the following
representative results:

Exhaust pressure (psia) 14.95 31.80
Date 08/28/80 08/27/80
Time 10:26:59 10:43:47
Rotor speed (rpm) - 4000 4000
Wellhead pressure (psia) 276.2 196.9
Inlet pressure (psia) 138.0 143.0
Inlet quality (%) 20 27
Electric load (kW) 271 288
Total mass flowrate (1b/h) 57599 85599
Specific total mass flowrate (1b/kWh) 212.4 297.2
Isentropic efficiency (%) (calc.) 43.6 35.0

The specific total mass flowrate for similar loads
increases with the increase in the back pressure due to
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(c)

the reduction of available energy as the exhaust pressure
increases and to the Tlower isentropic efficiency
obtained. :

The test results are limited and only the effect of rotor
speed on machine efficiency can be evaluated. The
efficiency at 3000 rpm was greater than at 4000 rpm, as
shown in Table A-8.

Sub-Atmospheric Exhaust Pressure
Tests with sub-atmospheric exhaust pressure were

conducted as part of the upstream, or third, performance
test. The operating conditions were:

Inlet pressure (psia) - 100, 140 and 180
Inlet quality (%9 11 to 24

Exhaust pressure (psia) 3.05 to 12.76
Electrical load (kW) 265 to 745

Rotor speed (rpm) - 3000 and 4000

The results for the sub-atmospheric exhaust pressure
tests are summarized in Table A-9. Average results for
each condition are shown in Table A-10 and are compared
with tests at atmospheric exhaust in Table A-11.

The machine efficiency decreases when the inlet pressure
increases (Table A-10, lines 4 and 6, and 12 and 15), in
agreement with the results obtained from atmospheric
pressure tests. The machine efficiency also decreases
when greater exhaust vacuum is achieved (Table A-10,
lines 7, 8 and 13, and Table A-9). This is counter to
the trend seen when comparing atmospheric exhaust
pressure and above-atmospheric exhaust pressure.

In regard to the effect of rotor speed, no clear
difference in the efficiencies was observed (Table A-10,
lines 1, 7 and 8, and 4 and 16), in general agreement
with the atmospheric discharge tests. :

It is important to observe that sub-atmospheric exhaust
pressure produced a reduction in the specific total mass
flowrate in every case, despite a reduction in machine
efficiency (Table A-11), due to-the additional energy
available from the fluid while passing from atmospheric
to sub-atmospheric pressure. The effect is more
pronounced with Tower back pressure. However, the
required energy to obtain condensation, and the steam
flow in the ejector, were not considered.
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(3) Discussion

Although a detailed program was not established to determine
the effects of scaling on the system, some observations were
made during the different test periods:

(1)

(4)

(7)

At opportune times, the rotors were inspected for scale
within the HSE through two 31.8-mm (1.25-inch) inspection
ports in the case near the high-pressure end. The inside
of the machine was essentially free of scale at the
beginning of the tests. Some scale formed during the
tests but inside the machine all scaling was relatively
soft and easily detached. No information is available on
the amount of the scale on the rotors associated with
each test.

The Technical Specialists felt that the patchy appearance
and broken edges of the scale indicated that detachment
occurred during running or while stopping or both. Loss
of scale also occurred during periods while the machine
was stopped. The reasons for the loss of scale are not
known, but temperature changes, exposure to air, drying,
and surface bond may all be factors.

The largest observed scale thickness on the HSE rotors
was produced during the endurance test.

At the end of the endurance test the rotors were
inspected. Scale deposits were observed but the
thickness was not measured.

The maximum deposit of record on the rotors was 0.020
inch measured on the female rotor near the hard tips on
August 11, 1980. The measurement was by HPC and
witnessed by JPL during the second performance test
period while the test was interrupted for repair of a
load bank fan. A uniform layer of the thickness measured
would have closed the leakage passages by at most 40%,
but the scale was observed to be patchy. No uniform
layer of scale deposit from M-11 brine within the HSE was
ever observed.

The inside of the HSE was inspected at the end of the
downstream and upstream performance tests with Tess

- scaling observed than at the end of the endurance test;

the scale was not measured.

Early in the testing, scale deposited in the pressure
control valve (V-ball) located between the well and the
HSE (Figure 3-1), as discussed on p. 4-2.

By the end of the endurance test, a scale deposit 15 mm

(0.6 inches) thick had been formed in the 152-mm (6-inch)
diameter pipeline located between the pressure control
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valve and the HSE. The chemical composition of the scale
is reported in Table A-12.

(8) After the sub-atmospheric exhaust pressure test, a scale
deposit with thickness from 0.2 mm to 17 mm (0.008 to
0.67 inches) was observed in the 610-mm (24-inch)
. diameter exhaust pipeline located between the HSE and the
condenser. The chemical compos1t1on of the scale deposit
is reported in Table A-12.

The HPC Technical Specialist observed that the carbon steel
fittings in the flush-water supply system corroded internally,
producing a build-up of corrosion products. -

A log of all equipment failures was maintained for both the
HSE power plant and the site installation. These are
tabulated and identified in the 0perat1on and Failure Summary
(Table A-4). .

Fourteen of the failures were assoqiated with the power plant.
The first three were caused by high differential pressure
across the filter in the o0il console. The filters that caused
the problem had a manufacturer's stated:six-month shelf life,
but had been stored out of doors for two years in Utah.
Replacement with new filters eliminated the problem. Failure
No. 4 was caused by the failure.of 30-A fuses that supplied
auxiliary equipment. The auxiliary load had been increased.
The problem was corrected.by installing.40-A fuses.

Failures Nos. 5, 6, and 7 -.related to the pilot-operated
solenoid valves located in the hydraulic system that is
associated with.the safety shutdown system of the power plant.
The three failures occurred. because one or both of these
valves failed to seat properly. This valve failure had been a
recurrent problem during ‘the: testing in Utah and resulted
from dirt in system components as received from the original
equipment manufacturer. It was recommended that the hydraulic
system be cleaned to stop. this recurrent problem, but the
disassembly and cleaning were never convenient during any
phase of the Task. The problem continued throughout the
testing at each site, more often interfering with starting up
the plant rather than with stopping the plant.

Failure No. 13, failure of the synchronization gear, was
caused because of blockage of a lubrication passage. The line
had been plugged by an insect in Utah during -the shaft seal
modification and, unfortunately, the removal of the plugging
material was not complete. The material migrated and plugged
a nozzle for spraying oil onto the gears. Repair of the damage
was done concurrently with conversion of the process
installation in preparation for the third group of performance
tests. Failure No. 14, variation -in the voltage generated,
was caused by corrosion on the contacts-of one or more voltage
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(4)

(1)

potentiometers in the voltage regulator for the alternator.
The problem was resolved by cycling the potentiometers.

From the above discussion it is seen that nine of the fourteen
failures attributed to the HSE power plant are fully
understood and either were or could have been easily
corrected. A1l were external to the HSE except the failure of
the rotor synchronization gears. The remaining five failures
were also external to the HSE. These failures were easily
corrected, but the causes were not as easily eliminated. Four
of these failures resulted from contaminants in the water for
the shaft seals, and the fifth resulted from the accumulation
of air in the main o0il pump while the power plant was shut
down,

Findings
The CFE finds that:

(a) The use of the HSE is technically feasible, based on the
operating behavior. This is supported by the operational
indices and the distribution of failures during the
tests.

(b) The isentropic efficiency of the machine improves as the
shaft output power increases.

(c) At constant inlet quality, the machine efficiency
decreases slightly as the inlet pressure increases.

(d) The effect of rotor speed on the machine efficiency is
not important when the HSE operates at atmospheric and
sub-atmospheric exhaust pressure. With above-atmospheric
exhaust pressure, an increase in the isentropic
efficiency is observed at 3000 rpm.

(e) With discharge pressures above and below atmospheric
pressure, the isentropic efficiency is less than that
obtained during the atmospheric discharge tests. As the
discharge pressure decreases, the specific total mass
flowrate (1b/kWh) decreases.

(f) An increase in the machine efficiency observed during the
endurance test is attributed to the effect of scaling
within the HSE.

ITALY

Performance Testing

The results of the performance test at Cesano are shown in

Table B-4 listed as unprocessed data. These test results
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include data that were averaged by the computer before being
recorded and data recorded as a series of -instantaneous
measurements. The recorded data of Table B-4 were examined
and 18 experimental points were selected. - The data for the 18
experimental points were then averaged and the results
presented as shown in Table B-5 and Figure B-1.

Discussion

A theoretical study of the HSE's efficiency was performed

treating the HSE as a positive displacement machine with a
given inlet volumetric flowrate and a built-in expansion
ratio, and taking into account fluid entry and exit
considerations (Ref. B). For this analysis, the Utah and
Mexico test data from Ref. 1 were used, along with the Cesano
data, as far more data were available from these earlier
tests, and in these tests no problems were encountered in
determining the thermodynamic characteristics of the brines.

The efficiencies calculated from the data taken in Utah during
the previous testing had been examined graphically for a means
of correlation and found to be a strong function f  of shaft
output power kWs and weak functions g_ and g ofvﬁressure
ratio P,/P, and inlet quality Q1 respebtively Y(Ref. 1). The
resu]ti&g gquations are given in Table B-6.

After the compatibility of the Cesano and Utah data was
established and applicability of the correlation analysis
confirmed, the correlation functions were applied to the test
results of Table B-4 to calculate the modified efficiency n*
reported in the table, where

n* = T__n.lo
ahd wgng ,
n = machine effiency %.

. A perfect correlation of the results would have yielded values

of modified efficiency n* equal to 10.00, whereas the average
value in Table B-5 is 10.29, or 2.9% higher.

An efficiency correlation equal to n/f g g,, or n*/10, was
plotted versus shaft output power, shodﬁ‘ﬁ& Figure B-2, and
versus throttle position, shown in Figure B-3. Both plots
show values of n/f g g, that center about unity. This
supports the va]idieyi%é)the correlation, as seen by comparing
Figures B-1 and B-2; and it suggests that the HSE efficiency
is independent of throttle position, as seen in Figure B-3.

However, the analysis and the interpretation should be
regarded as tentative. The spread of the data in Figures
B-1, B-2, and B-3. from unity results both from limitations of
the data correlation functions as presently developed and from

6-12




(3)

experimental data scatter. When the correlation functions
were applied to the 3000-rpm data taken in Mexico, the data
from Mexico did not correlate with the data from Utah. This
was attributed by the JPL Technical Specialist to deposition
of scale within the HSE in Mexico (Ref. 1, pp. 7-24 to 7-28).
Further improvements in the correlations would be necessary to
identify clearly the specific influence of the different
parameters on the HSE's performance (see Ref. B).

Scale deposition from the heavy Cesano 1 brine occurred very
rapidly at the lower pressures and temperatures. For example,
the rate of growth of glaserite scale in the exhaust port and
exhaust pipe was about 2 cm/h. However, bonding to the rotors
was poor, and during the Cesano tests no increase in HSE
efficiency due to scale growth was noted. Glaserite scale
(K Na(SO4) ) was found in the HSE exhaust port and pipe as in
otﬁer low-temperature parts of the separator and associated
equipment, while the scale in the well and in the high-
temperature parts of the plant essentially was composed of
calcium carbonate. Rapid rates of scale deposition in the
well and in the surface piping, the separators, the separator
control valves, and the HSE limited the test periods to a
total of 121 hours.

During the removal of the three damaged shaft seal assemblies
for repair, the HPC Technical Specialist observed substantial
corrosion in the seal flush-water passages supplying the seal
assemblies. The corrosion occurred in the carbon steel
high-pressure end section of the housing in which two of the
assemblies were installed. No corrosion was detected in the
low-pressure end section, which is stainless steel.

Findings
ENEL's findings are as follows:

The HSE efficiency is independent of throttle position, as
shown in Figure B-3, but this is not obvious by a cursory
inspection of the test data. However, closer examination
reveals that throttle position is not an independent variable
but, as expected, is related to inlet pressure, inlet quality,
load, and perhaps other variables.

If the influence of inlet pressure (or pressure ratio), inlet
quality, and load are normalized by the correlation technique
of Ref. 1, the dependent and independent variables can be

" identified or separated. From Figure B-1 it is evident that at

shaft 1oads above 250 kW, the Model 76-1 HSE efficiency can be
taken as 45%.

For the data examined with the aid of the theoretical model,

HSE efficiency increases logarithmically with shaft power.
Within the validity of the analysis it was concluded that the
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upper limit of the HSE's machine efficiency ranges between 65% ’
and 68%. In order to reach these values; the pressure losses

_through the throttle or flow control valve .and-at the exhaust

port must be reduced to zero, which ‘could -be achieved with
reasonable approximation by regulating. the flowrate of the
geothermal fluid .and/or the rotational velocity of the HSE,
according to the thermodynamic characteristics of the fluid.
Inlet quality or pressure ratio between inlet and outlet seem
to have no appreciable influence on the trend of efficiency
calculated from the: model. The analysis indicated that the
low apparent. efficiency at reduced Tloads is due to the
increased influence of power loss from leakage and friction

- when there is a decrease in.shaft power. Considering the
“overall. power loss involved, one may-assume .that leakage is

responsible for much of this loss. This:hypothesis. also seems
to be confirmed by the large clearances between each of the

. rotors and between-the rotors and the casing

ENEL bases the fo]]ow1ng recommendat1ons e1ther on test
resu]ts or general considerations:

(a) The shaft seal design was .successfully improved to take
into account the vibrations and mechanical “shock induced
from operation with scaling fluids. Additional
improvement is recommended. o

(b) The rotor-to-rotor and rot6r4td;case clearances. should be
diminished in order to improve the HSE efficiency.

NEW ZEALAND
Performance Testing

The inlet pressures at which the performance tests were
conducted at the Broadlands site were selected so that
comparisons with the data generated from the Mexican tests at
Cerro Prieto could be made. ' The performance test results are
presented -in Table -C-7 and Figures_ C-3 through C-19. Figures
C-18 and C-19 define the stability envelopes for the 3333-rpm
and 2500-rpm data. The maximum inlet pressure at which the
governor could maintain stable operation of the plant with the
HSE equipped with the low-pressure inlet trim was found to be
220 psia for all-liquid feed, but stable operation at 220 psia
could not be maintained on all-steam feed. With the

~ Tow-pressure inlet trim, the plant would -idle -over the lower

range of operating inlet:pressures ‘only. The maximum inlet

-pressure at which the plant could idle with this trim was not

accurately defined, but it is thought to 11e between 120 psia
and 140 psia.

The following trends are ev1dent from the graphs contained in
Append1x C: : ,
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(a) From the data with an inlet steam quality of 10% or
greater, Figures C-3 to C-6:

(i) The isentropic efficiency of the HSE increases with
increasing shaft power for a given rotational speed
and inlet pressure.

(ii) The isentropic efficiency of the HSE decreases with
increasing inlet pressure for a constant load and
rotational speed.

(b) For the all-liquid case, Figures C-7 and C-8, the
isentropic efficiency is observed to peak and then
decline with increasing load for a fixed rotational speed
and inlet pressure.

(c) The isentropic efficiency increases with increasing inlet
steam qualities between 0% and 10% and then decreases as
the inlet steam quality further increases from 25% to
100%)f0r a fixed load and inlet pressure (Figures C-9 and
C-14).

(d) Trends evident from the 2500-rpm and 3333-rpm data
indicate the 2500-rpm speed js slightly more efficient
than the 3333-rpm speed for loads less than 400 kW
whereas the 3333-rpm speed of operation is more efficient
for loads greater than 400 kW (see Figures C-15, C-16 and
C-17). When treated two-dimensionally, the data scatter
spans a broad band but least-squares quadratic curves
generated from the data indicate the same trend with the
curves intersecting at 385 kW.

Endurance Test

The endurance test was run from February 24, 1983, to May 3,
1983 for a total of 69 days. 1.3 GWh of electrical energy
were generated during 1632.7 hours of operation, 1534 of which
were continuous. A 90-day test had been planned.

A 3.5 percentage point improvement in the HSE efficiency was
observed during the endurance test as scale built up on the
internal surfaces of the machine. At the conclusion the
efficiency was 46.5% and evidently still increasing. The
post-test inspection of the rotors and the housing determined
the extent of the scale build-up. The scale on the rotors was
observed to be a very thin, glassy layer whose depth was
insignificant in comparison with the 1.3-mm deep hard facing
on the rotor tips. The deposition on the housing was 0.13 mm
thick increasing to 1.0 mm in the exhaust elbow.

During the endurance test, wear and failure of several

components occurred. The most significant failure involved
loss of o0il through the shaft seals. The seals have a design
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0il consumption of approximately 3.8 1 (1 gallon) of oil per
day per seal, on the average, at 3000-rpm male rotor speed,
and perhaps 5 to 7 1 per day per seal average at 3300-rpm male
rotor speed. This 0il migrates across the seals into the flush
water and can either be discharged to waste with the
geothermal fluid, as was done in New Zealand, or be recaptured
from the seal assemblies through the recapture passages.

At the start of the endurance run the o0il loss from the HSE
(four seals) was monitored to be 35 1 per day. The rate
increased steadily until 100 1 of o0il were lost per day. This
0il. consumption was clearly excessive and presented a
significant pollution problem. '

Four other failures on ancillary équipmentAoccurred:

o The two metering pumps used to- scavenge water from the
bottom of the 0il reservoirs failed in late April. One
unit ceased to rotate.. The other continued to rotate but
ceased to pump. One pump removed water from the main oil
reservoir. Prolonged failure of this pump would have
resulted in water being fed to the bearings and shaft
seals. After the failure was detected, the main oil
reservoir was drained of 15 to 25 ga]lons of water daily.
The preferred corrective :measure of replacing the
centrifuge with one of adequate size, installed so that
no water drained from it into the main reservoir, was not
within the guidelines of the Task' regarding additional
development of the HSE. One pump was repaired just prior
to the termination of the test.

o The plant was automatically shut down on March 4 by the
safety shutdown circuitry when the overspeed switch
tripped, as stated earlier. The switch was reset and the
test continued. It is not known whether the circuitry or
switch malfunctioned, or whether the switch setting
drifted or was improperly set. What is known is that the
characteristics of the switch. made ‘the setting of the
switch imprecise but normally free of drift. Equipment
purchased for setting the switch on the bench was not
satisfactory so the setting of the switch was usually
done while installed.

o The automatic greasing system ceased to function on April
7 when a microswitch failed. Greasing of the governor
valve was performed manually on a daily basis for the
remainder of the test because a rep]acement switch was
not available. .

o The jacking motor. failed to turn the rotors upon
termination of the test on May 3. The overriding clutch
assembly of the jacking motor was known to be marginal in
its radial misalignment capabilities, and consequential
wear caused the failure.
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(3)

Findings
MWD finds that:

The least-squares quadratic curves generated from the New
Zealand test data defined the isentropic efficiency of the HSE
to be approximately 40% at loads greater than half full Toad
when operating on low-scaling geothermal fluids. This
efficiency is lower than was reported for the previous test
sites. The reason for the differences is not known.

Trends observed during the endurance test indicate that the
efficiency of the HSE does increase with adherent internal
scale formation. A 3.5 percentage-point improvement in the
isentropic efficiency of the HSE was observed over the 1632
hours of operation during the endurance test.

Slightly superior performance was observed at the 3333-rpm
male rotor speed than was observed at the 2500-rpm male rotor
speed for loads greater than half full load.

The HSE can be run on an unattended basis, as was the case
during the endurance test, with daily plant checks and
maintenance performed as necessary.

Plant operators need to be trained to operate and maintain the
HSE, but the operation of the plant is no more complex than
any other form of small turbine-generating plant.

The following modifications and improvements are recommended:

(1) Shaft Sealing - The HSE requires proven, reliable shaft
seals before it can be considered viable for geothermal
duty. The maximum length of time it has run without
developing a shaft seal problem is less than 1750 hours.
The time between major overhaul must be increased and
should be comparable to that achieved by small steam
turbines.

(2) Governor - The governor system should be modified to:
(a) overcome rapid hunting of the governor valve, and

(b) enable the plant to idle over the full range of
operating pressures.

(3) Centrifuge - A centrifuge with increased capacity should
be installed. A self-cleaning centrifuge should be
considered.

(4) Plant Start-Up - Excessive effort is required to open the
hydraulically-operated safety shutdown valve. The hand
pump should be replaced with an electric pump actuated
from the key start.
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The hydraulic control system is prone to air entrainment
upstream of the battery-operated oil pump on start-up.
Piping modifications and an automatic air bleed would
overcome this problem.

The battery-operated oil pump could be replaced with a
unit with a larger ‘capacity. and .a. higher delivery
pressure to improve the governor response upon start-up.

Larger-capacity battefies should be installed to power
the suggested improvements in the battery-operated
equipment and to al]ow‘for an extended start-up.

(5) Instrumentation - Instrumentation to display the bearing
temperatures should be-installed on the skid mount.

(6) Piping Modifications' = An improved layout of the water
and 011 supply piping to the shaft seals and bearings is
highly desirable to enable easier fault tracing and
maintenance of these systems.
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SECTION 7
COST/BENEFIT ANALYSIS

The cost/benefit analysis for each site was guided by the
following specifications from the Executive Committee:

(1) The possible applications and potential for the HSE power
plant in each Host Country should be reported, and

(2) An economic comparison of the 1-MW Model 76-1 HSE power plant
with a 1-MW back-pressure steam turbine set should be made.
The cost estimates should be on the basis of commercial
production of electric power, excluding geothermal well costs.
The assumptions made in the analysis should be reported.

The analysis was to be based on the HSE performance as
measured, with the clearances and leakages assumed to remain as tested.
The possibility that the efficiency gains demonstrated during the
endurance tests might continue as more scale deposited during prolonged
use, thus progressively reducing leakage past the rotor, was not to be
considered. A1l speed reducer and alternator losses were to be ignored
or assumed equal for comparably-sized machines.

The HSE price was assumed to be the cost of Model 76-1, as
used, without improvements. It should be recognized that since the
Model 76-1 is a one-of-a-kind machine built for test purposes, this
price may not accurately reflect what the actually-quoted price would be
to a prospective purchaser of a commercial HSE power plant.

A. MEXICO

The analysis was based on a comparison of the specific total
mass flowrates (tons/h per megawatt) and costs for a 1-MW HSE power
plant and a 1-MW steam turbine set, both in back-pressure operation.
Two sets of benefit analyses were done. The first set was for a
hot-water reservoir temperature corresponding to well M-11; the second
set applied to a spectrum of hot-water reservoir temperatures.

Isentropic machine efficiencies were selected on the following
bases:

o Steam turbine efficiency of 65% for a portable, noncondensing
steam turbine operating with inlet pressure ranging between 4
and 20 bars (58 and 290 psi), according to commercial
literature, and



HSE efficiencies (Rm) of 55% and 48%, based respectively on
endurance test results with flow measured downstream (Figure
3-1) and subsequent test results with flow measured upstream
(Figure 3-5). The same inlet pressure as for the steam
turbine was used, even though operation of the HSE with an
inlet pressure as high as 20 bars was not demonstrated.

Benefits

. a. Comparison of Specific Total Mass Flowrate. Figure 7-1
shows the variation of specific total mass flowrate as a
function of inlet pressure for the three generator sets
operating on a hot-water reservoir with a temperature of
290°C, corresponding to well M-11., As the figure shows, the
HSE with 55% efficiency is superior to the turbine for all
values of inlet pressure, based on specific consumption. If
the HSE efficiency is 48%, the HSE is favored only for inlet
pressures above 14 bars (203 psi). However, in the case of
well M-11, the HSE inlet pressure would be limited to 12 to 14
bars (174 to 203 psi) or less, since the well production
decreases more rapidly than the specific total mass flowrate
as pressures increase above 14 bars, as shown with the aid of
the well production characteristics curve (Figure A-3).

b.:- Comparison of Power Generation from Well. An analysis was
-made for well M-43 to compare the maximum obtainable power
generation using a well with similar. temperature but greater
production than well M-11 where the HSE tests were performed.
Production data on well M-43 are as follows:

Pressure Flowrate
bars tons/h
13.07 T 146.2
13.36 145.3
17.00 141.0
23.20 118.4

The inlet pressures used in the analyses were 14 bars for the
-turbine and 20 bars for the HSE, these pressures being
considered as the respective optimum values. The energy and
mass balances for each generator set are included in the
process diagram shown in Figure 7-2. : '

The following data were obtained:

Machine Efficiency Power . Specific Total
Mass Flowrate
% MW tons/Mih
-Steam Turbine 65 2.60 - 55,0
HSE 48 2.65 50.6
HSE 55 3.04 44.1
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A thermodynamic benefit is observed for the HSE, if it can be
operated at an inlet pressure of 20 bars.

c. Comparison for Hot-Water Resources of Other Temperatures.
The analysis was extended to investigate the benefit that
could be obtained with the HSE on hot-water reservoirs having
other temperatures, assuming the same efficiency values for
the machines.

The relationship of specific total mass flowrate and inlet
pressure is compared for the turbine and the 48% and 55%
efficient HSE's in Figures 7-3 and 7-4, respectively, for five
reservoir temperatures. The results are summarized in Table
7-1 to show the inlet pressure ranges for which the specific
total mass flowrate for the HSE is less than that for the
steam turbine.

Assuming that the maximum inlet pressure of the HSE would be
20 bars, it was concluded that the HSE with 48% efficiency
would have a lower specific total mass flowrate than the steam
turbine and would probably be app11cab1e on geothermal
reservoirs with temperatures up to 275°C. For the 55%
efficient HSE, the utilization feasibility could be extended
to reservoirs with up to 325°C temperatures.

Economic Comparison

Neither the cost of the geothermal well nor the cost of the
fluid discharge system was considered in this analysis. The
costs of the generator sets are for complete units;
installation costs and the cost of auxiliary geothermal
equipment (in $ U.S.) are included as follows:

(1) The cost of the steam turbine unit was $500,000; the cost
"of the auxiliary equipment such as separator s11encer
piping, valves and accessories was $104,000; cost to
install the turbine unit was $25,000; cost to install the
auxiliary equipment was $40,000; total cost was $669,000.

(2) The cost of the HSE unit was $800,000; the auxiliary

: equipment such as piping, silencer, valves and
instrumentation was estimated at $50,000; HSE unit
installation was $40,000; . auxiliary - equipment
installation was $19,000; and total cost was $909,000.

Findings

(1) The economic comparison shows that the total installed
equipment cost favors use of the 1-MW steam turbine.
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Table 7-1. Results of Comparison Between HSE and a Steam Turbine for
Different Temperatures

Steam Turbinéw’ ' © HSE
— Ra =45 TS
Reservoir ,Optimumjé Speéific Pressu;e Specific Pregsure Specific i
Temperature Pressure: Total Mass Range Total Mass Range Total Mass
(°C) (bars)  Flowrate (bars) . Flowrate (bars) Flowrate
. (Tons/MWh) '(tons/MWh) (Tons/Mwh)
200 ‘4 v éOﬁ 6-14 173-147 | 4-14 180-128
225 6 i297 © 8-20 115-97 6-20  111- 84
250 810 88 1030 8368 8-30 78- 59
275 10-14 .64 14-40 6151 10-40  58- &b
300 14-18 47 2040 45-40  12-40 45- 35
325 - 16-20 36 30-40 34-33 16-40 35- 29
350 . 18-20 27 > 40 —mmmee 30-40 25- 23




(2) The HSE with 55% efficiency shows a thermodynamic benefit
over the turbine due to its lower specific total mass.
flowrate for geothermal wells in hot-water systems at
temperatures up to 325°C, if it can be operated in an
inlet pressure range of about 20 bars.

(3) For the HSE with 48% efficiency the thermodynamic benefit
over the turbine extends to reservoir temperatures up to
275°C, provided it can be operated in an inlet pressure
range of about 20 bars. In this application, use of the
HSE is feasible.

From a practical point of view, the use of the HSE in Mexico
as a wellhead unit is entirely feasible. It is believed that
the HSE would be particularly attractive for hot-water
reservoirs with temperatures lower than 275°C once the
operating problems were solved and the necessary capital
investment reduced.

ITALY
Technical Considerations

The Cesano 7 well, in the Cesano area, was chosen to carry out
the benefit analysis. At the time of the analysis, this well
was scheduled to be tested in the future to evaluate the
possibility of installing a condensing power plant in the
Cesano area. This well is preferable to the Cesano 1 well for
the analysis.

The back-pressure production curve of the Cesano 7 well is
reported in Figure 7-5. The main thermodynamic
characteristics of the well are listed below:

Bottom hole temperature 221°C

Bottom hole static pressure 175 bars

Wellhead enthalpy 972 kJ/kg

CO2 content 8% of total mass flowrate

The economic comparison was carried out by comparing the
turbine and HSE units installed in the two different plants
shown schematically in Figure 7-6.

.a. Technical Features of Plant No. 1. Item 2 is a universal-
action type, 1-MW turbine with an inlet pressure capability
ranging between 4 and 20 bars. The turbine can use steam
containing from 5% to 40% CO2 with an isentropic efficiency of
around 75%.

The optimum utilization of geothermal fluid with various tofa]
C0, content is treated parametrically in Figure 7-7, which
shgws the specific power produced by a single-flash
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back-pressure unit as a function of wellhead enthalpy. From
Figure 7-7 it can be seen that the optimum separator pressure
for a wellhead enthalpy of 970 KJ/Kg and 8% CO, is around 10
bars. The corresponding specific power is 38 kd/kg. The
necessary mass flowrate, G, of Cesano 7 fluid will be:

_ 1000 kW

= 39 kd/kg X 3.6 conversion factor = 93 tons/hour

G

From the characteristic curve the wellhead pressure will be
around 25 bars for this flowrate. The calculated energy and
mass balances for 1000 kW are shown in Figure 7-6.

The maximum power from Cesano 7 with this type of plant
requires a wellhead pressure of 10 bars to yield 165 tons/h,
and \

;g_g x 1000 KW = 1770 kW

b. Technical Features of Plant No. 2. In Figure 7-8 the
enthalpy drop across the HSE for various Cesano 7 wellhead
pressures is shown for different HSE efficiencies. By
coupling this result with the back-pressure curve of Cesano 7
it is possible to find the maximum recoverable power. If the
HSE efficiency were 45%, the maximum power would be around
1960 kW. Since the maximum upstream allowable pressure of the
HSE is 20.7 bars, the energy and mass balances are as shown in
Figure 7-6.

Economic Considerations

The cost of the reinjection line, water collecting pit, twin
silencers, pipelines, safety valves and civil works can be
considered the same in both cases. Costs are given in $ U.S.

a. Plant No. 1. The separator should be designed in such a
way so as to separate steam from 4 to 20 bars. The separators
could be designed with the following specifications:

Maximum pressure 21 bars
Liquid flowrate 100 tons/h
Saturated steam flowrate 30 tons/h
Operating pressure 10 bars
Material carbon steel

The estimated cost of this separator fitted with safety
valves, regulating valves and piping is around $107,000 (160
ML (million lira)). The estimated cost for mounting the
separator can be estimated as $40,000 (60 ML). The installed
cost of the turbine, generator and ancillary equipment is
around $535,000 (800 ML) without considering the design cost.
The total cost is about $682,000 (1020 ML).
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b. Plant No. 2. The declared cost of the HSE unit including
ancilTary equipment was $636,800 in October 1980. The
estimated cost of installation, safety valves, etc., is around
$40,000 (60 ML). By applying a cost escalation factor
(Ref. 3) it is possible to obtain the cost in 1983 §$:

$636,800 x Si2 = $768,551, say $770,000, or about 1150 ML.
261

The total cost is estimated to be about $810,000 (1210 ML).
Findings
From the above considerations ENEL finds that:

(1) The cost of the two plants can be considered almost the
same: these plants should be designed to be utilized on
different wells. The higher installation cost of plant
No. 1 with the turbine will balance the higher costs of
Plant No. 2 using the HSE with its multiple use.

(2) Plant No. 2 shows a higher overall efficiency than Plant
No. 1, assuming an HSE efficiency of 45%. The maximum
recoverable power from Cesano 7 is 1770 kW with Plant No.
1 against about 2000 kW with Plant No. 2. It is thus
possible to save "geothermal fuel" by utilizing Plant
No. 2.

(3) The reinjection costs are lower for Plant No. 2.

The main use of the HSE power plant in Italy could be as a
wellhead back-pressure unit, provided that it could be
considered reliable. The optimum size might be slightly
larger than 1 MW considering the production of new Italian
water-dominated geothermal wells. The machine could be used
conveniently in this manner during the initial phase of
exploitation of water-dominated reservoirs when it is
necessary to collect production information before the
installation of larger power plants.

NEW ZEALAND

The power generating potential and capital cost of the HSE

were compared with those of a small steam turbine, with both units being
back-pressure sets capable of generating 1 MW of electrical energy.

1.

Power Potential Comparison of the Helical Screw Expander vs.
the Steam Turbine

A brief theoretical study evaluating the power-generating

potential of the HSE and a steam turbine using a specified
geothermal resource was undertaken. Five fluid enthalpies
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characteristic of liquid-dominated geothermal resources were '
used in the study. '

Assumptions were:
(1) Isentropic efficiency was taken to be:

(a) 45% for a 1-MW HSE (observed during the endurance
tests), and

(b) 60% for‘a»l-Mw steam turbine.
(2) Exhaust pressure was taken to be 14.5 psia.

(3) Maximum stable operating pressure for the HSE was taken
. to be 195 psia. :

(4) Pipeline friction and energy losses were neglected.

(5) The power output curves were based on a unit mass
flowrate of geothermal well fluid.

For each fluid enthalpy, power output curves were prepared as
a function of inlet- pressure, as shown in Figure 7-9. The
steam-turbine -optimum power output occurs as the maximum
product of the steam mass flowrate determined by isenthalpic
flash conditions and the corresponding isentropic drop from
the flash pressure. The theoretical maximum power output from
a given resource using the HSE occurs at the maximum stable
operating pressure. This corresponds to the greatest
available isentropic enthalpy drop at which stable operation
can be maintained. . ,

The optimum conditions have been extracted from the generated
curves and are tabulated in Table 7-2. It can be seen that
the HSE requires a smaller mass flowrate of geothermal fluid
than is required by a steam turbine to produce 1 MW of
electrical ‘power output when operating on a geothermal
resource with an enthalpy of -1200 J/g (516 Btu/1b) or 1less.
It has been assumed that the mass flowrate of geothermal fluid
required for 1 MW of electrical power output can be sustained
at the optimized inlet pressures. This assumption is valid
for the Broadlands well BR 19, where the wellhead discharge
pressures to sustain the required mass output occur above 435
psia (30 bar abs). For geothermal wells where this is not
valid, the mass flowrate with wellhead pressure has to be.
considered.
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Table 7-2 Optimum Power

HELICAL SCREW EXPANDER | STEAM TURBINE

Fluid Enthalpy Inlet Pressure Power Inlet Pressure Power
J/g Btu/1b psia kW/1b/s psia kW/1b/s
300 387 195 - -12.4 79 9.2
1000 430 195 16.5 - 101 13.2
1100 473 195 - 20.6 - 130 17.8
1200 516 195 24.7 166 23.6
1300 559 195 - .28.8 203 29.1

Cost Informétion

Budget cost information was obtained-for both the HSE and
steam turbine units. The equipment included the alternator,
electrical control equipment and ancillary plant for the

- proper functioning of the generating sets.:

The cost information (in $ U.S.) was as of March 15, 1983:

(1)  HSE Unit, $800,000 - Budget cost subp]ied’verba]]y by
the Hydrothermal Power Company (revised October 3, 1983).

(2) Steam Turbine -Unit, $220,000 - Budget cost for a
multistage 1-MW standard-frame turbine suitable for
geothermal service. . :

The separator, water vessel and additional pipework required
for the steam turbine was estimated at $50,000 by the
Ministry of Works and Development.

Findings

“The potential of the HSE-on lower-enthalpy geothermal
resources for greater power production than can be achieved by

"a small steam turbine-generator is shown in Table 7-2. From
the Broadlands well BR 19 with an average fluid enthalpy of
1250 to 1300 J/g, the power-generating potential for both the
HSE and the steam turbine are similar.

‘Capital investment: clearly favors the steam turbine-generating
set. This comparison does not consider operating costs
because the endurance test: disclosed deficiencies in the HSE
that must be remedied before meaningful operating and

~maintenance costs can be identified. For the Broadlands BR 19
site -there is clearly no financial benefit to be gained from
installing an HSE, based on capital costs.

- Application of the Model 76-1 HSE power plant for general
geothermal service in New Zealand would require lower pricing
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and demonstration of improved reliability. The low pressure
rating of the exhaust casing may not be compatible with
reinjection of the waste geothermal liquid.

D. COST/BENEFIT ANALYSIS SUMMARY AND DISCUSSION

The costs presented in the analyses are summarized in Table
7-3, which shows the cost of the equipment, the installation costs, and
the cost totals. Costs of operation, maintenance, overhaul, and
depreciation of the equipment were omitted from the analysis for lack of
data.

In the analyses, the benefit of using the Model 76-1 HSE power
plant in comparison with the turbine-generator set was based on the
thermodynamic performance of the machines on easily manageable fluids.
The HSE was shown to cost more but have a performance advantage over the
turbine for each of the test locations, although the advantage was not
large for HSE efficiencies taken as 45% to 48%. The performance
advantage was considered sufficient by CFE and ENEL for usage of the HSE
to be feasible for certain wells. For higher efficiencies or
lower-enthalpy reservoirs, the advantage of using the HSE increases.

It is apparent from Table 7-3 that the budgeted costs of a
1-MW steam turbine and a separator, piping, etc. for New Zealand are
much lower than those for Italy and Mexico. These differences are due
principally to the much lower quoted steam turbine price received by MWD
and clearly play a major role in determining the negative conclusions
about a possible HSE installation in New Zealand.
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Country
Mexico
Italy

New Zealand(l)

Country
Mexico
Italy

New Zealand(1l)

(1) Costing is comparative and not absolute. Cost does
waste liquid, grid synchronization equipment, etc.

(2) Cost based on the cost to transport and instail the HSE in New Zealand using all new equipment.

Table 7-3

Cost Summary (U.S. $), Cost/Benefit Ahalysis

Separator &

Turbine Ingstallation Installed Piping, etc.
500,000 25,000 525,000 104,000
535,000 107,000
220,000 135,000 355,000 50,000
: Separator &

HSE Installation Installed Piping, etc.
800,000 40,000 840,000 - 50,000 |
770,000 40,000 810,000ﬂ -0
800,000 135,000(2) 935,000 0

not include transmission lines, disposal of

Installation Installed Total
40,000 144,000 669,000
40,000 147,000 682,000
30,000 80,000 435,000

Installation 'Inétalled | Total
19,000 69,000 909,000

0 0 810,000
0 ‘0 935,000




SECTION 8
POSTSCRIPT

DOE, the Operating Agent, wishes to make the following
comments on the HSE and its evaluation:

In order for the Model 76-1 HSE to operate as intended, two
processes must accompany the expansion of geothermal fluid within it.
First, some adherent scale must be deposited within the region of
positive displacement to reduce the clearances between the rotors and
the housing. Second, shaft work must be produced by the expansion. The
extent to which each takes place is dictated by the fluid chemistry and
by the inlet and outlet conditions within the HSE. Since the presence
or absence of scale can seriously compromise the performance of the HSE
or other components, the first consideration in operating it should be
management of the thermodynamic states and chemical kinetics of the
fluid between the wellhead and the sink so as to deposit and maintain
scale preferentially within the HSE but not in those portions of the
system where it would be detrimental. The range of conditions over
which these two processes are compatible has not been established, and
the degree to which one process can be accommodated within the HSE may
serve as a limitation on the other.

Although described as a wellhead generator the HSE was not
really tested as one in this Task, because in none of the tests was the
full expansion between the wellhead and the sink taken entirely across
the HSE. Either a pressure control valve, a separator, or a scale-
restricted pipe was used upstream; or a back-pressure plate, separator,
or scale-restricted pipe was used downstream. All of these produced
pressure drops but no useful work, thereby reducing the efficiency of
the overall wellhead system of which the HSE was a part. Prime movers,
helical screw expanders or otherwise, could replace these devices to
improve the specific total mass flowrate of the system. In principle, a
single HSE might even take the full expansion between the wellhead and
the sink at least as efficiently as the Model 76-1 did the more
restricted expansions during this Task, but this would require
improvements to the flow control valve and in the rotor clearances.

, The durability of the shaft seal assemblies remains a major
uncertainty, particularly the male low-pressure assembly. O0il should
not leak into the flush water at the rates observed during the latter
part of testing, regardless of the cause. With proper operation of the
shaft seal system, recovery of oil from the flush water is not
necessary. The seal assemblies clearly need to be inspected and the
excessive oil leakage diagnosed and corrected. Consideration should be
given to the following possibilities:
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° Particulates entrained in the flush water might have
entered the seal assemblies, either by being carried
through the filters or by being shaken loose from
corrosion deposits in the flush water distribution
system,

o Vibration and mechanical stress might have degraded seal
performance, either through wear or creation of excessive
tolerances. This might apply particularly to the male
Tow-pressure seal assembly, because the low-pressure end
shaft of the male rotor had been damaged and repaired
following a previous failure of the male Tow-pressure
seal assembly in Utah (see Ref. 1, p. 6-7).

° Foreign material might have been introduced into the seal
assemblies, but not during operation (e.g., during
installation of new seals or bleed passages).

° Thermal stress, such as that caused by blockage of the
0il flow necessary to keep the seal assemblies cool,
might have distorted the seals, particularly the female
high-pressure seal assembly.

o Abrasive material might have precipitated in the seals.

Other possibilities should not be ignored. Because of the differences
in temperature, pressure, mechanical load, and design, each seal is
important to the diagnosis. Some indication of the general rate of wear
might be obtained by comparing the female low~pressure seal assembly
that remained intact throughout the Task to the two that remain from the
repair in Italy and the one from New Zealand.

The report concludes that the Model 76-1 HSE cannot compete
with a commercial steam turbine on the basis of the capital cost stated
for this analysis. This is not a surprising conclusion considering that
the Model 76-1 was manufactured primarily for a research project rather
than for commercial service. The truly remarkable result was that the
Model 76-1 as the first of its kind survived the rigors of the test
programs with no major repairs except for the shaft seals. The
cost/benefit analyses find that the machine's efficiency, as is, is
adequate in the sense that it has a specifi¢c total mass flowrate
comparable to that of a small steam turbine over certain ranges of
temperature, pressure, and quality. This 1is an important finding
because it suggests that if the durability of the shaft seals can be
made satisfactory, then the HSE has potential applications as noted.
Whether it will be purchased for these applications will depend on its
actual cost and performance, but the capital cost of the HSE will be
determined ultimately by its final design, the number built, and for
international applications, by the relative value of the U.S. dollar.
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Comparison Between Downstream and Upstream Measurements with the
1980 Characteristic Curve for Well M-11 (Ref. A, Fig. 24)
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Table 3)

Water Chemistry of Samples Taken During the HSE Test Programme
(Ref. A, Table 2)

Nomenclature
Operation and Failure Summary (Ref. A, Table 11)
Endurance Test Data (Ref. A, Appendix C)

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance
Tests, 3000 rpm and 4000 rpm (Ref. A, Appendix D)

Above-Atmospheric Exhaust Pressure Test Data, 3000.rpm and 4000
rpm (Ref. A, Appendix E)

Above-Atmospheric Exhaust Pressure Test Data, Average Values (Ref.
A, Table 7)

Subatmospheric Exhaust Pressure Test Data (Ref. A, Appendix F)

Subatmospheric Exhaust Pressure Test Data, Average Values (Ref. A,
Table 8) - :

Comparison Between Atmospheric and Subatmospheric Exhaust Pressure
Tests (Ref. A, Table 9)

Chemical Composition of Scale Samples (Ref. A, Table 10)

A-2




EVAPORATION POND

Figure A-1. Well Location, Cerro Prieto Geothermal Field (Ref. A, Fig. 1)
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Table A-1. Chemical Composition of Geothermal Brine from Well M-11
(Ref. A, Table 3)

Chemical
Constituent ppm
HCO3 49
Ca : 282
c1 9354
Na ' 4868
K 1125
Rb 10.48
B . 10.48
Si07 695
Mn 0.84
‘ Mg 0.31
Co 0.15
Cr 0.11
Li ' 13
€0, 4109
HoS 215

T.D.S. = 15,133 ppm
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Tab] e A‘Z.

Water Chemistry of Samples Taken During the HSE Test Programme (Ref. A, Table 2)

Conduc-
DATE HOUR LOCATION Na K Ca C1- HCO3- tivity pH
p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.
e.p.m e.p.m. e.p.m e.p.m. e.p.m, mhos/cm
7-1v-80 8:30 Storage pond* 198.0 14,70 34,00 329 89.10 1950 7.25
. 8.60 0.37 1.70 9.30 1.50 - -
14-1v-80 8:35 Storage pond* 311 23.51 60.00 378 35 2980 7.00
13.52 0.60 3.00 10.70 0.60 - -
5-v-80 9:00 Main container 312 43.00 69.00 601 34.50 3500 6.50
—_— - 13.6 1.10 3.45 17.00 0.60 - -
5-V-80 9:00 Main container 204 29.00 30.10 421 29.00 2500 6.95
_ 8.9 0.7 1.5 11.9 0.5 - -
26-VI-80 8:37 Main container 26.5 0.0 0.0 15.1 n.d. 1550 7.25
14-VI1-8Q¢ 8:30 Main container 6.34 0.0 " 3.15 49.0 n.d. n.d. n.d.
B 0.28 0.0 0.16 1.4
14-XI-80 7:50 Main container 78 1.90 3.60 70 61 - 7.18

n

*

.d. = non determined

= not used




VARIABLE

Enthalpy

Output Power
Pressure
Efficiency
Throttle Position
Mass Flow Rate
Steam Fraction

VARIABLE

Water
Inlet
Machine
Outlet
Wellhead
Total
Steam

TABLE A-3. NOMENCLATURE

SYMBOL
CFE Others
H H
kW, KW kW, KW
P p
R eff
Thr Trt, Tr
W M
X Q
SUBSCRIPTS
CFE Others
a f
e 1
m _
o] 2
p -
t -
v v
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Table A-4. Operation and Failure Summary (Ref. A, Table 11), Part 1 of 8

. FAILURE
START PH oM GEG HSE AND AUX. ASSOCIATED
e i avsriys ’Y’T‘1: FAILURE CAvSE
z ? s A s A s N A F H F F (OBSERVATIONS)
- A s A A ] A _ _ _
1980 - —High differential pressure in the
31/3 vl ! 6 6 [0.7 J0.7}10.00f 1 |1.5 |L5 filter of the lubrication system
. High differential pressure of the
2/4 2 |1 2 6 |12 Jo.1 |o.8Jo0.00}) 2 |35 |s.0 lubrication system.
- N - -
9/14 311 3 6 |18 3.2 |4.0 }0.2 3 ]1.5 |6.5 High differential pressure in the
A filter of the lubrication system
/4 4 1 4 6 24 1.2 {5.2 0.4 4 0.5 |7.0 Overload -in the electric system
Impurities in the water supply
At s 1 fs fe |30 [1.6 |6.8]0.7 1 |3.5(3.5 | octen
14/49 6 1 6 6 36 3.4 {10.2] 1.5
15/4 7 2 8 6 42 4.4 |14.6] 3.3
25/4 8 1 9 6 48 2.1 {16.7]4.0
244 9 1 10 6 54 3.3 {20,049
25/4 10 13 13 6 60 4.5 }24.5]6.0 5 0.8 Oil leakage in safety valve
S - 8TAND A- ACCUMULATED




Table A-4,

Operation and Failure Summary, Part 2 of 8

ve-v

FAILURE
TART "N on 0Ee | MWSE_AND AUX. ASSOCIATED
0 1 $ SYSTEMS SYSTEMS FAILURE CAUSE
Tl 3 1s | a A | s A A f FH (0OBSERVATIONS)
¢ ' A s | A
-1 14 66 0.7]25.2] 6.1 6 10.8 0il leakage in safety valve
1 | s 72 | 4.2]20:4] 6.2
1 16 - 78 4,3 ;3,7 8.2
1 17 84 4.6138.3]110.0
Filter obstruétion at unit
1 | s 90 | 0.8{39.1}10.3 3.5 [7.0 | entrance é
2 |20 96 | 1.0[40.1]10.6 | 7 14.3 01l leakage in safety valve
L Abnomal operation of the
2 22 ]02 3.9 44.0 12.3 ‘.0 8.0 ppemt;’c control va]_ve
1 23 108 3.7147.7 14.3
1 24 114 3.9[51.6] 16.6
s 120 | 3.4|ss.0| 18.1

A+ ACCUMULATED
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Table A-4,

Operation and Failure Summary, Part 3 of 8

FAILURE
T STYART PH oM eé. HSE AND AUX. ASGOCIAT!E
2 I . SYSTEMS SYSTEMS FAILURE CAUSE
: ] s | a s | Ao | s A A f FH FH (CBSERVATIONS)
A s A 3 A
1s/51 21 1 26 6 | 126 | 3.8 | 58.8{ 20.2
/5| 22 1 27 6 |132 | 3.8 | 62.6] 22.6
28/5 | 23 1| 28 6 |138 {3.3165.9|23.3 0.5 | 8.5 | Bursting disk failure between
' machine and control valve
29/5 | 24 1 29 6 |144 |1 1.1 | 67.0] 23.7
30/5 | 25 1 30 6 [150 | 3.0 | 70.0] 24.9
el 2e | v | 3 f20r | 357 J203.5]273.5(202.9 3.5 2.0 | Precautious stop when an
earthquake was present
9/6 96 | 4s3 202.9 Rotors, equipment and instruments
12/6 5 inspection (sand)
Instability of differential
13/6 27 1 32 24 477 0.9 |274.41202.9 8 3.0 117.3 pressure regulator
::;2 28 |- 1 | 33 |108 [s8s |96.0 {370:4]280.8 2 114 | steam leakage in pressure gage
sliakntd - ACCUMULATED
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Tab]e A'4.

Operation and Failure Summary, Part 4 of 8

] FAILURE
HSE AND AUX. ASSOCIATED
0 ! STARY PH oH 9EG SYSTEMS SYSTEMS" FAILURE CAUSE
: ] s A s | a | s A A F Fu F FH (OBSERVATIONS)
€ T ] A A 8 A
18/61 29 | 1 | 34 | 206 | 789 |203.4]573.8] 449.5 7 | 0.6[14.6 | Variations in the well head
26/6 s K _ pressure
27/6 Well under observation.
1/7 144 | 933 Inspection and maintenance period
ﬁ;; 30 2 | 36 {168 [1101 |144.1|717.9]570.7 8 | 1.0\15.6 | Bursting disk operates
9/7| 31 | 2| 38 | 24 |1n2s | o0.4]718.3570.7 9 |11.5[27.1 | Overcurrent in load bank
10/7 24 {1149 10 |24 [|S1.) Unit does not start due to
relay repair
1/7 High well head pressure
ley7| 32 2 d0 {120 |1269 | 93.3]812.2| 647.3 11 |15 66.1 R
orr] 33| 3| a3]120 [1389 | 96.6]908.8] 730.9 12 | 1 [67.1 | Overcurrent in load bank
217 24 1413 730.9 Cleannes in separated water pipe-
L N line
2271 24 1437 Air conditioned on mobile lab
: . out of order
;gj; 34 | 1 | 44150 [1587 {140.9]1049.7 849.6 Endurance tests end
S - STAnl " A- ACCUMULATED
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Table A-4.

Operation and

Failure Summary, Part 5 of 8

FAILURE
START PH OH GEQ HSE AND AUX. ASSOCIATED
A E SYSTEMS SYSTEMS FAILURE Cause
M 3 s A 3 A 3 A A F FH F FH (OBSERVATIONS)
s A A s A
) Left fan blade damage of the
_.){7 35 1 45 6 [1539 | 4.2 |1053.9 851.4 13 | 1.8]68.9] § 1 bank
30/7 .
11/8 78 167 851.4 14 |78 |146.9] Fan repair
12/8 Data processing system printer
13/8 12 {1683 851.4 in repair
Bad operation in a seal water
14/8 | 3o 1 46 6 [1689 | 0.1 |1054 | 851.4} 9 1.518.8 system valve
Bad operation of the water and
15/8 37 3 49 6 1695 | 3.0 |1057 | 853.0] 10 1.5]20.3 0il separation system
18/8 1 38 ] 50 2 |1697] 1.7 |1058.71 853.6
Bad operation of the main
20/8 1 39 3 53 1 16981 0.7 1059.4‘ 853.71 1 0.3120.6 of thgelubrication system P
S - S1ANKI A- ACCUMULATED
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Table A-4.

Operation and Failure Summary, Part 6 of 8

FAILURE
. HSE AND AUX. ASSOCIATED
o I STARY "“’ oM 6EO SYSTEMS . SYSTEWS FAILURE CAuSsE
E % s A s A s A A F FH L FH (OBSERVATIONS)
s A A ) A
' "Low differential pressure in the
27/81 40 1 54 6.01 1704{ 1.9 {10613 854.2 1 12 3.0 23.6 lubrication system
B E o ) - Synchronization gear failure
25/8 | 41 1 ss [282.0| 1986] 1.8 [1063.1) 854.8| 13 [280.2 {303.8 (not sufficient lubrication)
"15 ?1 Condenser installation and Test
, - | Basket type filter breakage at
3;:1 a2 |1 | s6 |18 | 2000 1063.1| 854.8 15 | 18 [164.9| the machine inlet pipe -
I Abnormal operation of the auto-
10/14 43 | 1 s7 | 6 | 2010| 1.3 1064.4] 854.8 16 | 4.7169.6] matic control system of the.
A N P _condenser level
_ . Abnormal operation of the auto-
1214 44 [ v | s8 | 6 | 2016] 2.0 f1066.4| 854.8 17 | 4 [173.6] matic control system of the
N e T condenser level
Abnormal operation of the auto-
13/14 45 2 60 6 2022} 1.7 |1068.1] 855.0 18 4.3{177.9] matic control system of the
I R condenser level _
i Abnormal operation of the auto-
1412 46 ] 61 6 | 2028] 0.7 lo68.8] 855.1 19 | 5.3|183.2| matic control system of the
_ N condenser level
‘7);: 12 2040 Condenser maintenance
S5 - STANT A- ACCUMULATED
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Table A-4. Operation and Failure Summary, Part 7 of 8

FAILURE
HSE__AND AUX. ASSOCIATED
o T START PH oN GEQ
o ! SYSTEMS SYSTEMS FAILURE  CAUSE
I 3 s A s | a s A A F Fu F FH (OBSERVATIONS)
s | A A | s ]

i Abnormal operation of the auto-
8/1 47 1 62 6 {2046 | 0.8 1069.d 855.2 20 5.2 {188.4] matic control gystem of the
. — ) condenser level

: Basket filter change and condenser

/! 6 12052 cleanness

o i Condensing system pumps out of or-
1/ 12 2004 der and computer program correc-
12/} tion

i ili diesel plant out of
13/1 6 (2070 order ) oL P
ta/r ) a8 1 3 6s | 6 [2076 | 1.8 [1071.4 855.7 21 | 4.2 192.6| Overcurrent in load bank (0.5 h).

High water level in the condenser

15/1

Condensing system equipments

/1 36 2112 checked, computer program and
R [ : transducers’

, .

Wbl ao | 1| ee | 30 faraz | 0. 1071.4 855.7 | 22 [29.6 [222.2| Overcurrent in load bank

Water level control in the

29/1 1 50 1 67 6 (2148 | 2.9 1074.74 856.3 23 | 3.1225.3} condenser

; Transducers and the condensing
3071 6 2154 system pumps were checked

/1) st 6 | 73| 6 |2160 | 0.1 [10748] 856.3 24 | 5.9|231.2 Bursting disk operates.

Seal water pollution.

STANT A- ACCUMULATED
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Tab] e A'4o

Operation and Failure Summary, Part 8 of 8

" FAILURE
T START PH oM GEG HSE AND AUX. ASSOCIATED
ru SYSTEMS SYSTEMS FAILURE CAUSE
I $ s A s | a s A A F FH F FH (0OBSERVATIONS)
8 A A ] A
1981 , — -
1/2 6 | 2166 211;::1 auxiliary plant out of
N : tion in wat
2 s2 1 1| 74| 6 | 2172] 4.4 [10792| 857.3 25 | 1.6 232.8 ﬁ{,‘g?‘gﬂ‘t";ﬁ{ai’ﬁ°’t‘h§"¢z§d§:ser
320 83| 1| 75| 6 |2178f 2.0 0812} 858.1 26 | 4 [s36.8] Abnomal operation in water
a2 sa | 1| 76 | 6 |2184] 1.0 p0822| 858.2 27 | s |oar.s] fhnommal operation in water
s/20 ss | 11 77 6 {2190 4.6 1086 8] 860.5] 14| 1.4 305.2 ‘\fzﬁzgéms in the generation
; . 1
w2l se | 2| ] 6| 219 3.7 hooos| s61.7 28 | 2.3[244.1 ":"}tﬁf,uﬁ')‘“ﬁigﬁ to supply seals
). - S denser
7721 s7 ] 1| 80| 6 | 2202] 3.8 [109a3| s62.5
w72 s8 | 1| 8t | 6 |2208] 6 [1003| 865.0
58 81 2208 1100.3] 865.0] 14 305.9 28 244.1] (Total accumulated data)
START A- ACCUMULATED
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DATE

05/31/80
05/31/80
05/31/80
06/01/80
06/01/80
06,/01/80
06/01/80
06/01/80
06/01/80
06/02/80
06/02/80
06/02/80
06/02/80
06/02/80
06/03/80
06/03/80
06/03/80
06/03/80
06,/03/80
06/04/80
06/04/80
06/04/80
06/04/80
06/04/80
06/04/80
06,/05/80
06/05/80
06/05/80
06/05/80
06/06/80

Table A-5.

TIME

20:40:17
21:43:01
23:25: 20
00:25:53
04:39:43
08:29: 34
12:13:23
18:41:17
23:37:29
00:11:07
04:49:28
09:10:05
16:06: 24
23:12:54
00:59:27
05:50:15
10:26:52
18:03:29
23:10:46
01:40:59
05:53:43
09:37:55
14:32:35
19:28:23
23:16:42
09:55:11
14:06:33
18:13:52
23:03:18
01:22:21

Endurance Test Data (Ref. A, Appendix C), Part 1 of 7

HELICAL

ENDURANCE

SCREW

EXPANDER

TEST
3000 rpm
Wa Wv Wt

(===~ lbm/h~==v=-~ )
56989 37261 94250
56316 36793 93109
59025 36834 95859
56989 36756 93745
57327 36443 93770
57665 36759 94424
50713 36642 87355
51687 35698 87385
57665 36366 94031
56652 36834 93486
56316 36445 92761
55981 36839 92820
57665 36764 94429
58684 37108 95792
62127 37376 99503
61433 37065 98498
52995 36009 89004
56989 36994 93983
59025 37183 96208
59025 37184 96209
59025 36872 95897
54646 36756 91402
55312 36567 91879
57665 37223 94888
59367 36877 96244
58004 37261 95265
53324 36800 90124
55312 36332 91644
58004 37262 95266
58004 36795 94799

DATA
Xe Xo
(==%~)
29 40
30 40
28 38
29 39
28 39
29 39
33 42
31 41
28 39
29 39
29 39
30 40
29 39
28 39
27 38
27 38
31 40
30 39
29 39
28 39
28 38
31 40
31 40
29 39
28 38
30 39
32 41
30 40
29 39
29 39

He Ho
(Btu/lb)
593 566
599 566
587 556
596 564
591 559
592 560
624 590
613 578
588 556
598 566
597 565
600 567
593 560
590 557
579 547
579 547
609 574
598 564
590 557
591 557
589 556
608 574
603 569
598 564
588 554
596 562
614 579
603 569
595 562
592 559

KW KWs
(--kW--)
842 895
846 899
836 889
835 888
835 888
840 893
830 883
839 892
830 883
831 884
828 881
870 924
871 925
879 933
874 928
873 927
866 919
879 933
877 931
879 933
882 936
877 931
876 930
879 933
883 937
887 941
881 935
875 929
882 936
876 930

Thr Rm
(=~--%
58 50
59 51
57 50
55 50
5% 50
62 51
60 50
62 51
55 50
56 50
53 50
73 52
68 52
61 51
61 52
61 52
68 52
71 53
65 52
59 52
61 52
71 53
76 53
64 52
63 53
70 53
76 53
66 53
61 51
58 52

ot
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DATE

06/06/80
06/06/80
06/06/80
06/06/80
06/06/80
06/07/80
06/07/80
06/07/80
06/07/80
06/08/80
06/08/80
06/08/80
06/14/80
06/14/80
06/14/80
06/15/80
06/15/80

106/15/80

06/15/80
06/15/80
06/16/80
06/16/80
06/16/80
06/16/80
06/16/80
06/17/80
06/17/80
06/17/80
06/17/80

06/17/80.

TIME

04:46:17
09:32:04
14:20:34
19:06:27
23:57:56
04:43:50
09:29:37
14:15:33
23:02:12
00:25:49
04:04:29
08:56:58
12:41:26
17:29:48
22:15:43
00:57:43

04:55:48

09:41:42
14:28:51
19:14:59
01:07:40
03:51:33
09:32:38
17:59:29
22:43:14
00:36:33
05:20:11
10:03:42
14:47:19
19:31:04

Table A-5.

HELICAL

SCREW

ENDURANCE

15,6

15.9

16.5

15.9
15.7
15.8
15.8
15.8
15.8
15.7
15.7
15.8
15.8
15.8
15.5
15.7
15.8
15.8
15.7
15.7
15.7

TEST
3000 rpm
wa wv wt
(———=—- lbm/h=="===- )
58004 36355 94359
58344 36398 94742
54315 35362 89677
54979 36567 91546
56652 36603 93255
57327 36392 93719
56989 36085 93074
52667 36134 88801
55981 36916 92897
58684 36125 94809
57665 36756 94421
56652 35606 92258
70884 36509 107393
65843 35273 101116
66555 34749 101304
66912 35967 102879
70155 35222 105377
65488 35649 101137
62325 35366 97691
62674 35672 98346
68707 35322 104029
66555 36147 102702
67987 35357 103344
61630 34075 95705
65488 34862 100350
67269 35580 102849
69792 35770 105562
66555 35317 101872
59905 34888 94793
66199 34411 100610

Endurance Test Data, Part 2 of 7

DATA

590
601

EXPANDER

He Ho
(Btu/lb)
590 556
556
565
570
563
559
559
578
569
552
562
557
513
521
516
522
507
525
534
535
512
524
515
528
520
519
512
519
540
515

604
598
593
593
614
603.
586
596
592
541
551
545
551
535
555
564
565
541
553
544
559
549
547
540
548
571
544

KW

KWs

(--kW--)

880
882
876
876
876
880
874
874
872
875
873
874
821
818
8lé
810
816
826
816
817
811
81l

823 -

813
816
814
815
816

817

817

934
936
930
930
930
934
928
928
926
929
927
928
873
870
868
862
868
878
868
869
863
863
87S
865
868
866
867
868
869
869
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DATE

06/18/80
06/18/80
06/18/80
06/18/80
06/18/80
06/18/80
06/19/80
06/19/80
06/19/80
06/19/80
06/19/80
06/20/80
06/20/80
06/20/80
06/20/80
06/20/80
06/21/80
06/21/80
06/21/80
06/21/80
06/21/80
06/21/80
06/22/80
06/22/80
06/22/80
06/22/80
06/22/80
06/23/80
06/23/80
06/23/80

TIME

00:17:11
05:00:40
09:44:08
13:50:45
18:36:53
23:31:52
00:28:32
05:12:10
09:55:40
14:45:26
19:34:07
01:12:43
05:08:05
09:55:16
14:44:10
19:42:12
00:30:26
05:13:56
10:04:34
14:51:09
19:37:48
23:45:23
01:54:39
05:35:17
10:18:58
15:14:13
20:03:59
00:10:21
04:48:22
09:33:29

Table A-5.

HELICAL

186.0

ENDURANCE

15.8
15.8
15.9
15.7
15.8
15.8
15.7
15.9
15.9
15.9
15.7
15.8
15.8
15.7
15.9
15.8
15.6
15.6
15.5
15.8
15.9
16.1
15.5
15.9
15.8
15.9

300

SCREW
TEST
0 rpm
Wv Wt
lbm/h-==c=== )
34671 104463
35818 104886
35402 98425
35407 100187
36430 100858
34868 103575
35488 107103
35418 105937
34848 102835
35602 97232
35241 99316
34873 102860
35717 104064
35516 100650
36405 98730
35123 102392
34851 105370
35022 105541
34889 99317
35127 97452
35127 100615
34906 101818
35389 108474
35423 106307
35289 96919
35002 99077
34248 100447
34835 106450
34969 105853
35471 98844

Endurance Test Data, Part 3 of 7

DATA

EXPANDEHR

He Ho
(Btu/1lb)
533 505
542 514
562 532
556 526
563 533
539 510
533 505
536 507
541 512
570 538
558 527
542 512
545 516
556 526
571 540
545 516
533 504
533 505
554 524
564 533
551 521
545 515
527 499
535 506
568 536
557 527
543 513
529 501
532 504
562 531

KW KWs
(-~kW--)

815
808
820
834
836
838
831
837
836
840
8137
836
835
831
840
834
834
831
831
834
838
839
837
839
831
832
831
827
831
834

867
860
872
887
889
891
884
890
889
893
890
889
888
884
893
887
887
884
884
887
891
892
890
892
884
885
884
879
884
887

.
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DATE

06/23/80

06/23/80°

06/24/80
06/24/80
06/24/80

06/24/80.

06/24/80

06/24/80
06/25/80.

06/25/80
06/25/80
06/25/80
06/25/80
06/25/80
06/26/80
06/26/80
06/26/80
06/26/80
06/26/80

06/26/80

07/02/80
07/02/80
07/02/80
07/03/80
07/03/80
07/03/80
07/03/80
07/04/80
07/04/80
07/04/80

TIME

14:26:02
19:22:45
00:48:11
04:54:57
10: : 04
14:39:31
18:48:42
23:
0l:
05:
10:
1l4:
18:
23:

05:13:50
09:22:30

Table

A-5.

Endurance Test Data, Part 4 of 7

HELICAL SCREW
ENDURANCE TEST
3000 rpm

Po wa Wv Wt

—===) (====-- lbm/h-===="~ )
l6.3 59905 35293 95198
15.6 62674 34382 97056
15.6 69430 33827 103257
16,0 69792 33994 103786
15.5 65843 34234 100077
15.8 65488 34801 100289
15.4 70519 34538 105057
15.8 71981 34254 106235
15.8 71981 34082 106063
15.8 74195 33620 107815
15.8 65134 33895 99029
15.5 66912 33275 100187
15.6 66912 33892 100804
15.9 63724 33466 97190
15.6 68707 33569 102276
15.8 70155 34065 104220
15.9 65843 33327 99170
15.8 70519 33383. 103902
15.6 65843 33226 99069
15,7 70155 33383 103538
15.9 62829 34060 96889
16.0 62036 34761 96797
16.0 62333 35222 97555
16.0 64826 35080 99906
16.0 59000 35393 94393
15.9 67762 . 33833 101595
16.0 63525 34808 98333
15.9 61543 34490 96033
15.9 62432 34077 96509

"15.9 65329 34111 99440

DATA

© 524

EXPANDER

He Ho
(Btu/1b)

575
557.
529
530
544
550
529°
524
523
513
545
534
538
548
530,
529
539
524
538

544
526
500
501

520
501
496
495
486
515
505
509
517
501
500
509
495
508
24 496
556
564
565
555"
580
537
558
563
557
547

524
547
506
527
532
526
516

514.

524
532
534

KW  KWs
(=-kW--)
827 879
827 879
825 877
827 879
821 873
834 887
825 877
822 874
824 876
824 876
816 868
813 865
818 870
812 864
808 860
817 869
808 860
827 879
822 874
821 873
837 890"
849 902
847 900
840 893.
843 896
848 901
849 902
837 890
835 888
839 892

Thr Rm
(==--%
67 53
64 54
57 55
57 55
62 54
67 55
63 54
57 55
57 55
57 56
60 54
64 56
61 55
54 54
56 54
58 55
61 55
64 57
59 56
61 56
59 55
61 55
58 53
55 53
52 52
61 57
67 55
- 54
- 55
- 55
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DATE

07/04/80
u7/04/80
07/04/80
07/05/80
07/05/80
07/05/80
07/05/80
07/06/80
07/06/80
07/06/80
v7/06/80
07/06/80
07/06/80
07/07/80
07/07/80
07/07/80
07/07/80
07/11/80
07/11/80
07/11/80
07/11/80
u7/12/80
u7/12/80
07/12/80
07/12/80
07/12/80
07/13/80
07/13/80
07/13/80
07/13/80

TIME

14:00:55
19:09:29
22:54:24
13:59:22
09:44:09
22:29:44
18:14:33

03:22:42

05:48: 45
10:13:44
14:40:22
18:55:35
23:10:48
01:11:58
04:20:17
09:13:47
15:35:57
12:20:07
15:13:51
18:22:39
22:34:39
03:07:39
06:10:39
10:25:39
14:19:39
19:04:39
00:25:41
05:37:41
10:58:41
16:52: 41

Table A-S.

HELICAL

Endurance Test Data, Part 5 of 7

ENDURANCE

15.7
15.8
16,1
16.0
15.9
15.9
15.8
15.9
15.9
15.8
15.8

300

SCREW
TEST
0 rpm
Wv Wt
lbm/h======- )
34126 97651
34008 98333
34146 95394
34094 98820
34161 98086
35552 102093
33169 96296
32700 95231
33921 94874
33115 95250
34739 97369
33488 100232
33800 99532
32921 95651
33588 96417
33626 99358
33610 98035
34896 95822
34973 91825
35003 91951
35097 89102
35249 92972
35343 90197
35257 90300
35257 90300
35277 86131
35252 91913
34982 90784
35216 92548
34570 92094

DATA
Xe Xo
(=--%-)
24 35
24 35
25 36
24 35
24 35
22 33
24 34
23 34
25 36
25 35
25 36
22 33
23 34
23 34
24 35
23 34
23 34
26 36
28 38
28 38
29 39
30 40
29 39
29 39
29 39
29 39
28 38
28 39
28 38
27 38

EXPANDER

He Ho
(Btu/lb)
554 523
550 519
563 531
549 S18
552 521
551 521
549 517
549 517
563 530
555 523
560 529
537 506
544 513
551 519
552 520
545 514
547 515
568 537
585 553
584 552
599 565
584 552
597 564
595 562
595 562
615 580
588 555
590 557
584 552
580 547

KW KWs
(==kW-~)
848 901
843 896
841 894
849 902
847 900
849 902
840 893
843 896
848 901
850 903
847 900
853 906
850 903
846 899
849 902
853 906
844 897
819 871
817 869
822 874
822 874
822 874
829 882
824 876
824 876
823 875
827 879
823 875
824 876
824 876
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DATE

07/13/80
07/14/80
07/14/80
07/14/80
07/14/80
07/14/80
07/15/80
07/15/80
07/16/80
07/16/80
07/16/80
07/16/80
07/17/80
07/17/80
07/17/80
07/17/80
07/17/80
07/18/80
07/18/80
07/18/80
07/18/80
07/18/80
07/19/80
07/19/80
07/19/80
07/19/80
07/20/80
07/20/80
07/20/80
07/23/80

TIME

23:49:41
01:01:41
08:13:39
12:18:04
16:48:04
21:18:04
01:51:05
04:48:05
13:11:10
16:37:04
19:23:04
23:31:04

"01:09:05

05:49:05
10:29:05
14:57:21
19:37:21
00:37:21
07:17:21

13:07:43

17:33:43
22:11:43
00:41:44
05:11:44
09:49:44
14:01:44
01:24:29
05:14:29
09:54:29
09:42:20

Table A-5,

HELICAL

Endurance Test Data, Part 6 of 7

SCREW

ENDURANCE

15.9
15.7

15.6
15.7
16,3
16.7
15.0
16.1
14.7
16.1
15.8
16.1
15.9
15.8
16.1
15.8
15.9
15.9
15.9
15.6

TEST
3000 rpm
Wa Wv Wt

(——=—- lbm/h—=~==== )
53068 34387 87455
55138 34575 89713
56279 34129 90408
63028 35288 98316
64826 34488 99314
62234 34077 96311
59973 34606 94579
60169 34008 94177
71056 36185 107241
62730 36631 99361
70848 35982 106830
68068 36093 104161
68785 35916 104701
62531 37158 99689
69505 35659 105164
66035 36262 102297
70124 35763 105887
67456 36629 104085
62333 36028 98361
64726 36693 101419
63127 36491 99618
67864 36186 104050
65530 36113 101643
64325 35370 99695
66541 36831 103372
68068 36496 104564
67762 35970 103732
65430 36003 101433
68273 36048 104321
63127 31997 95124

DATA
Xe Xo
(--%=)
29 39
28 39
28 38
25 36
24 35
24 35
26 37
25 36
23 34
26 36
22 34
23 35
23 34
26 37
23 34
25 35
22 34
24 35
25 37
26 36
26 37
24 35
25 36
24 35
25 36
24 35
23 35
24 35
23 35
23 34

566

EXPANDER

He Ho
(Btu/lb)

599
590
582
562
550
557
569
565
540
573
539
548
545
576
543
560
538
556
567

565
557
549
532
520
526
538
533
511
541
510
518
515
544
513
529
1509
‘525
536
535
538
521
528
527
529
522
520
528
519
509

570
551
559
559
560
552
550
559
549
539

.871

871

KW KWs
(——kw--)

825
822
818
825
820
823
822
819
859
878
875
875
874
876
872
877

877
874
870
877
872
875
874
871
912
932
929
929
928
930
1926
931
925
934
‘917
927
1925

880
864
873

872
871
866
867
876
873
866
874
780

925
919
920
930
927
919
928
831

926
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DATE

07/23/80
07/23/80
07/23/80
07/24/80
07/24/80
07/24/80
07/24/80
07/24/80
07/25/80
07/25/80
07/25/80
07/25/80
07/25/80
07/26/80
07/26/80
07/26/80
07/26/80
07/26/80
07/27/80
07/27/80
07/27/80
07/27/80
07/27/80
07/27/80
07/28/80
07/28/80
07/28/80
(7/29/80
07/29/80

TIME

14:32:40
19:12:40
23:52:40
01:04:41
04:32:41
08:55:50
13:19:137

20:38:20

00:08:20
05:23:20
10:32:20
14:58:44
19:33:15
00:57:53
06:12:53
10:56:40
15:07:52
20:19:52
00:33:53
05:48:53
10:06:53
15:12:53
19:43:53
23:51:21
01:01:21
05:27:21
23:34:56
00:34:56
01:19:56

Table A-5.

HELICAL

Endurance Test Data, Part 7 of 7

ENDURANCE

Pe Po
psia==~-~- )
183.6 15.6
188.8 15.7
190.7 15.7
191.6 15.7
190.9 15.8
183.0 15.9
181.7 15.8
186.3 15.7
190.3 15.8
186.0 15.7
183.9 15.7
181.4 15.7
185.4 15.8
191.6 15.7
190.7 15.8
181.5 15.7
183.6 15.6
188.5 15.6
190.4 15.8
195.6 15.7
182.7 15.8
181.7 15.7
186.3 15.7
187.9 15.7
189.1 15.5
189.4 15.7
189.1 15.8
190.0 15.9
189.4 15.9

300

SCREW
TEST
0 rpm
Wv Wt
lbm/h==~=—-- )
34979 100107
35502 97736
34883 101424
35219 101052
35700 100928
35868 100093
35767 102613
35200 108133
35979 98510
34042 96772
35242 105159
35159 103432
35131 103097
34852 99778
34883 100011
34404 99532
34574 101826
34586 99412
35483 99607
35510 101242
35265 99790
35060 102822
35015 103800
35674 104356
34507 101556
35690 100717
35322 101258
36331 101863
35410 104608

EXPANDER

DATA

Xe Xo He Ho
(--%-) (Btu/lb)
24 35 5%2 521
25 36 566 535
23 34 547 517
24 35 551 521
24 35 557 526
25 36 562 531
24 35 551 521
21 33 527 499
26 37 569 537
24 35 556 524
22 34 537 508
23 34 542 512
23 34 543 514
24 35 552 522
24 35 552 521
24 35 548 518
23 34 541 512
24 35 551 520
25 36 559 529
24 35 553 523
25 35 557 526
23 34 543 514
22 34 540 510
23 34 544 514
23 34 543 512
24 35 557 527
24 35 552 522
25 36 560 529
23 34 541 512

KW KWs
(~-kWw--)
840 893
839 892
846 899
846 899
853 906
852 905
856 909
861 914
855 908
853 906
853 906
852 905
847 900
841 894
834 887
831 884
830 883
836 889
844 897
845 898
847 900
849 902
846 899
856 909
858 911
850 903
856 909
855 908
856 909

Thr Rm
(==~-%
55 54
54 52
49 54

- 53
52 53
59 53
60 54
55 56
54 53
53 56
55 55
58 55
57 55
51 54
50 53
56 55
52 54
49 54
54 53
49 53
57 54
60 55
55 55
57 54
52 55
52 53
- g4
52 53
55 55



Table A-6.

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,
3000 rpm and 4000 rpm (Ref. A, Appendix D), Part 1 of 11

HELICAL SCREW EXPANDER
2ND PERFORMANCE TEST DATA
ATMOSPHERIC EXHAUST PRESSURE
3000 rpm
DATE TIME Pp Pe Po wa wWv Wt Xe Xo KW Thr Rm Rt
(=== psia-=—=~-- ) L lbm/h~—mermme e )} (==%-) (kW) (=~~=g~=-)
07/29/80 06:53:17 237.8 107.2 14.9 43613.0 13725.0 57338.0 14 24 270 39 63 55
07/29/80 06:56:47 240.3 103.5 14.8 45279.0 14191.0 59470.0 15 24 273 43 63 54
07/29/80 06:57:47 200.1 87.4 14.8 44663.0 15343.0 60006.0 18 26 272 66 62 54
07/29/80 06:59:00 206.4 99.5 14.8 45987.0 14714.0 60701.0 15 24 273 51 62 53
07/29/80 07:10:00 195.7 101.6 14.8 56784.0 14643.0 71427.0 11 21 265 46 63 55
07/29/80 07:28:16 191.3 95.1 14.8 52349.0. 15050.0 67400.0 13 22 265 S50 61 53
07/29/80 07:30:55 190.6 93.3 14.9 54598.0 15038.0 69636.0 13 22 265 59 63 54
07/29/80 07:35:40 194.4 92.1 14.8 52535.0 14686.0 67261.0 13 22 264 59 64 55
> 07/29/80 07:49:35 183.7 101.6 14.9 54692.0 17290.0 71982.0 15 24 329 59 62 54
& 07/29/80 07:50:05 176.2 104.7 14.9 53844.0 16472.0 70316.0 14 23 329 57 64 57
® 07/29/80 07:50:35 180.6 99,8 15.0 58807.0 17268.0 76075.0 13 23 335 64 64 57
07/29/80 08:13:36 165.5 97.3 15.0 57072.0 18640.0 75711.0 16 25 384 81 66 59
07/29/80 08:20:42 166.7 100.7 15.0 56880.0 18643.0 75523.0 16 25 386 87 65 59
07/29/80 08:26:31 169.2 96.1 15.0 55355.0 18815.0 74170.0 17 25 383 81 65 59
07/29/80 08:27:54 l163.0 95.8 '15.0 59682.0 18677.0 78359.0 15 24 383 80 67 60
07/29/80 08:33:54 164.2 104.1 15.0 55355.0 17785.0 73139.0 15 24 362 64 64 57
07/29/80 08:34:24 171.8 93,3 14.9 60170.0 17750.0  77920.0 '14 23 362 77 69 61
07/29/80 09:03:46 198.8 138.0 14.8 54221.0 15606.0 69827.0 10 22 264 31 52 45
07/29/80 09:11:31 193.1 140.4 14.9 54315.0 15461.0 69775.0 10 22 262 30 52 45
67/29/80 09:19:53 195.0 138.0 14.8 53563.0 - 15242.0 68805.0 10 22 263 30 53 46
U7/29/80 09:23:01 195.7 140.5 14.9 56211.0 15820.0 72031.0 10 22 262 27 51 44
67/29/80 10:03:47 205.7 142.3 15.1 59488.0 23146.0  82634.0 17 28 512 49 58 53
07/29/80 10:13:24 207.0 139.3 15.2 59585.0 ° 22399.0 81983.0 17 27 512 50 61 56
07/29/80 10:20:55 207.0 144.2 15.2 60366.0 22567.0 82933.0 16 27 512 49 60 55
07/29/80 10:30:55 205.7 139.9 15.1 58711.0 21847.0 80558.0 17 27 513 49 62 57
v7/29/80 11:00:44 240.3 181.8 15,2 56306.0 21785.0 78091.0 15 28 512 35 57 53
U7/29/80 11:01:46 238.4 180.9 15.2 57168.0 21919.0 79087.0 15 28 511 32 57 52
v7/29/80 11:02:48 240.9 176.3 15.3 58614.0 23031.0 81645.0 16 28 514 33 55 51
v7/29/80 11:04:14 241.6 177.2 15.1 56020.0 21607.0 77627.0 15 28 514 34 58 54,
07/29/80 11:04:44 232.8 176 .0 15.4 59293.0 23492.0 82785.0 16 28 552 34 57 53
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DATE

07/29/80
37/29/80
07/29/80
07/29/80
07/29/80
07/29/80
07/29/80
08/15/80
08/15/80
08/15/80
08/15/80
u8/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
68/15/80
u8/15/80
08/15/80
08/15/80
u8/15/80
08/15/80
08/15/80
u8/15/80

Table A-6.

TIME

11:05:14
11:05:44
11:06:14
11:08:14
11:08:44
11:09:14
11:09:44
12:47:26
12:48:02
12:48:38
12:48:56
12:49:58
12:50:08
12:50: 26
12:50: 44
12:51:02
12:51:20
12:52:32
12:53:08
12:53:26
12:53:44
12:54:20
12:54:38
12:54:56
12:55:14
12:56:26
12:57:02
12:58:32
12:59:08
13:04:50

3000 rpm and 4000 rpm, Part 2 of 11

ICA
ERF
ATMOS

L
0]
P

H

SCREW EXPANDEHR
R MANCE TEST DATA
ERIC EXHAUST PRESSURE

3000 rpm

Wa Wv Wt Xe Xo
(~=—memmeeme lbm/h=—e=mme——- ) (=-%-)
57360.,0 22829.0 80188.0 17 28
60170.0 23900.0 84071.0 17 28
63029.0 23857.0 86886.0 16 27
59196.0 23957.0 83153.0 18 29
60073.0 23957.0 84030.0 18 29
59682,0 24488.0 84170.0 18 29
61446.0 24206.0 85652.0 17 28
30553.0 14485.0 45038.0 24 32
30630.0 14340.0 44971.0 23 32
32651.0 14614.0 47265.0 23 31
33282.0 14297.0 47579.0 21 30
34477.0 16817.0 51294.0 25 33
36337.0 16781.0 53118.0 23 32
35686.0 16874.0 52560.0 24 32
35848.0 16945.0 52973.0 22 32
36828.0 16706.0 53534.0 21 31
35848.0 16817.0 52666.0 21 32
38732.0 17784.0 56516.0 21 31
38149.0 19089.0 57238.0 24 33
38398.0 18009.0 56407.0 22 32
40499.0 18815.0 59315.0 22 32
39570.0 20486.0 60056.0 25 34
39654.0 19082.0 58736.0 23 32
40584.0 19700.0 60284.0 23 33
39234.0 19320.0 58554.0 23 33
40160.0 21972.0 62132.0 27 35
41865.0 21832.0 63696.0 25 34
42209.0 22105.0 64313.0 25 34
42123.0 22787.0 64909.0 26 35
49385.0 23963.0 73348.0 23 33

KW
(kW)

552
552
550
553
551
553
551
277
277
277
277
326
325
326
325
326
325
384
382
384
383
431
431
431
431
472
472
473
72
5.0

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,

Thr Rm
(----%
.37 59
41 57
41 58
43 58
48 59
46 58
42 58
40 55
41 56
42 57
37 56
S0 S6
42 55
47 56
35 -
31 52
28 50
35 56
38 52
34 55
36 53
41 53
41 58
41 56
39 56
46 55
44 55
45 54
52 53
56 56
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DATE

08/15/80
u8/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80
08/15/80

08/15/80.
08/15/80

Table A-6.

TIME

13:05:26
13:05:44
13:06:20
13:36:44

13:44:42

13:49:11
13:54:43
13:58:07
13:58:31
14:13:33
14:14:33
14:15:33
14:16:33

'14:28:26

14:32:13
14:35:43

- 14:49:14

Atmospheric Fxhaust Pressure Test Data, 2nd and 3rd Performance Test,

3000 rpm and 4000 rpm, Part 3 of 11

HELICATL S CR
ND PERFORMAN
P
3000 rpm
Pe Po Wa
psia------- ) (-=====-
148.5 15.2 48477.0
145.4 15.2 48565.0
144.4 15,2 49658.0
144.1 15,4 54955.0
140.7 15.3 53918.0
144.4 15.5 54012.0
138.9 15.3 53918,.0
172.5 15.5 54012.0
176.2 15.5 54672.0
179.9 15.9 58206.0
178.3 16.0 59856.0
177.4 16.0 60345.0
177.7 15.9 59175.0
173.7 15.9 59974.0
175.2 15.8 60639.0
174.9 15.9 54175.0
175.0 16.0 61031.0

E
Cc
ATMOSPHERIC EXHAUST PRESSUR

W E X
E T E
RES

23314.0

‘24388.0

23390.0
28534, 0
28860, 0
27996.0
28636.0
30117.0
30491.0
34301.0
35222.0
35085.0
34947.0

36040.0

36292.0
35914.0

34983.0

g
KT

NDER
DAT

71791.0
72956.0
73048.0
83490.0
82779.0
82008.0

82554.0

84129.0
85163.0
95507.0
95078.0
95430.0
94122.0
95994, 0
96930.0
95089. 0
96014.0

28
26

A

Xe Xo
(--%-)

23
24

32
33
32
25 34
26 35
25 34
26 35
25 36
25 36
27 37
37
37
37
38
37
38
36

27
27
28
28

Kw
(kW)

530

530
531

650

648
650
649
698
698
836
830
834
843
858
‘859
856
859
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r-v

DATE

08/28/80
08/28/80
08/28/80
08/28/80
0s8/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
u8/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
u3/28/80
08/28/80
vid/28/80
08/28/80
G8/28/80
u8/28/80
ug/28/80
68/28/80
68/28/80
L8/28/80
u8/28/80

Table A-6. Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,

3000 rpm and 4000 rpm, Part 4 of 11

HELICAL SCREW EXPANDER
2ND PERFORMANCE TEST DATA
ATMOSPHERIC EXHAUST PRESSURE
4000 rpm

TIME Pp Pe PO wa wWv Wt Xe Xo KW
(=m———- psia~-===-~- ) (- lbm/h-~~=~ceeeee ) (==%-=) (kW)

09:38:02 183.7 99.9 15.0 40924.0 15767.0 56691.0 19 28 261
09:40:16 183.7 98.0 15.0 42381.0 16234.0 58615.0 19 28 261
09:41:56 182.4 96.2 15.1 43246.0 16026.0 59272.0 19 27 261
09:43:22 181.2 101.4 14.9 41951.0 15584.0 57534.0 18 27 261
09:46:23 193.8 104.8 15.1 41779.0 20238.0 62017.0 25 33 376
09:46:36 193.8 105.7 15.2 42899.0 19458.0 62357.0 23 31 376
09:46:43 193.8 103.0 15.1 42209.0 20012.0 62220.0 24 32 377
09:46:49 193.8 99.6 15,1 44030.0 20801.0 64831.0 24 32 377
09:47:27 192.5 100.8 15.2 43420.0 20958.,0 64378.0 25 33 394
09:47:34 189.4 103.0 15.2 43681.0 20661.0 64342.0 24 32 394
09:47:40 191.9 103.3 15.3 44907.0 20451.0 65358.0 23 31 394
09:47:47 193.1 105.1 15.2 44819.0 20849.0 65668.0 24 32 392
09:56:44 186.2 99.0 15.2 44030.0 21638.0 65669.0 26 33 425
09:58:52 186.2 101.4 15.4 43594.0 21474.0 65068.0 26 33 426
09:59:48 188.7 100.5 15.2 44732.0 21466.0 66198.0 25 32 425
10:01:12 185.6 100.8 15.1 44732.0 21510.0 66241.0 25 32 425
10:06:01 177.4 102.9 15.1 43420.0 19117.0 62537.0 22 31 358
10:06:14 173.0 105.1 15.1 44556.0 19502.0 64058.0 22 30 358
10:06:20 173.6 107.2 15.0 43073.0 20157.0 63229.0 24 32 358
10:06:27 171.8 113.1 15.1 41951.0 19489.0 61440.0 23 32 359
10:06:33 169,2 124.5 15.1 41951.0 18790.0 60740.0 22 31 358
10:08:11 174.9 132.5 15.0 42986.0 17541.0 60527.0 19 29 307
10:08:31 178.0 134.7 15.0 42726.0 17612.0 60338.0 19 29 307
10:08:43 176.2 135.9 15.0 42986.0 18151.0 61137.0 19 30 306
10:08:50 177.4 132.9 15.0 42209.0 17488.0 59697.0 19 29 308
10:13:21 175.5 136.6 15.0 39234.0 17700.0 56933.0 21 31 271
10:13:53 173.6 135.6 15.0 40584.0 17857.0 58441.0 20 31 273
10:14:53 174.9 135.9 15.0 39486.0 17255.0 56741.0 20 30 270
10:15:06 173.6 136.9 15.0 39570.0 17219.0 56789.0 20 30 271
10:21:59 170.5 139.3 15.0 38565.0 16041.0 54606.0 19 29 271



-y

DATE

08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
68/28/80
08/28/80
08/26/80
08/28/80
06/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/28/80
08/26/80
08/28/80
08/28/80
08/28/80
08/28/80

Table A-6. Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,
3000 rpm and 4000 rpm, Part 5 of 11

"TIME

10:23:39
10:26:29
10:27:37
10:29:12
10:29:18
10:29:25
10:29:57
10:30:03
10:30:10
10:30:22
10:31:16
10:31:29
10:31:42
10:31:48
10:38:56
10:39:09
10:39: 47
10:40:00
10:51:04
10:51:29
10:51:55
10:52:08
10:52:46
10:53:12
10:53:18
10:53:37

39738.0
40414.0
39318.0
40245.0
40754.0

41009.0

39570.0
42123.0
40839.0
41693.0
43768.0
43681.0
43246.0
44380.0
46859.0
46057.0
45437.0
45084.0
50573.0
47396.0
46057.0
47845.0
48387.0
48477.0
49841.0
50757.0

15703.0
15759.0
16267.0
19972.0
18790.0
19572.0
21828.0
21816.,0

20622.0

21008.0
22013.0
23050.0
22832.0
23000.0
24416.0
24491.0
24516.0
24139.0
29312.0
29052.0
28455,0
28334.0
30012.0
31596.0
31138.0
30969.0

55442.0
56173.0
55584.0
60217.0
59544.0
60582.0
61398.0
63938.0
61461.0
62701.0
65781.0
66731.0
66078.0
67381.0

71274.0

70548.0
69953.0
69222.0
79886.0
76448.0
74512.0
76179.0
78399.0
80073.0
80979.0
81727.0

A

Xe Xo
(~--%-)
17 28
17 28
19 29
24 33
22 32
23 32
27 36
25 34
24 34
24 34
24 33
26 35
26 35
25 34
25 34
25 35
26 35
26 35
28 37
30 38
30 38
29 37
30 38
32 39
30 38
30 38

KW
(kw)

271
270
270
373
374
373
416
415
414
414
469
469
469
469
503
503
503
503
636
637
636
636
675
676
676
676

Thr Rm
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DATE

02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81
02/02/81

02/03/81
02/03/81
02/03/81
02/063/81

02/04/81
02/04/81
02/04/81
02/04/81
02/04/81

Table A-6.

TIME

13:13:39
13:14:39
13:16:30
13:19:20
13:21:17
13:21:26
13:21:35
13:21:44
13:27:57
13:32:13
13:35:38
13:39:21
13:39:40
13:41:01
13:43:07

13:30:24
13:34:39
13:37:15
13:40:29

13:41:19
13:44:10
13:45:13
13:45:58

13:55:18

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,

208.0
191.0
193.0
193.0

252.,0
249.0
246 .0
247.0
237.0

3000 rpm and 4000 rpm, Part 6 of 11

HELICAL S CREW EXPANDEHR
RD PERFORMANCE TEST DATA
ATMOSPHERIC EXHAUST PRESSURE
4000 rpm
Pe Po Wa Wv Wt Xe Xo KW
psia-=-~----- ) T klbm/h===vevm—m—- ) (--%-) (kW)
103.1 14.9 64.6 12.9 77.5 18 27 268
105.1 15.0 66.1 13.0 79.1 17 27 267
106.9 14.9 63.9 12.7 76.6 17 27 267
101.6 14.9 64.8 12.9 77.7 171 27 268
99.8 14.8 72.3 15.4 87.7 18 27 372
96.9 14.9 70.9 15.7 86.6 19 28 372
95.8 15.0 72.2 15,6 87.7 19 28 372
102.1 15.0 72,5 16.3 88.8 19 28 373
106.6 15.1 73.9 17.2 91.0 20 29 417
104.6 15,2 73.9 17.2 91.1 20 29 420
101.6 15.1 74.4 17.6 92.0 20 29 419
103.6 15.1 73.3 16.7 90.0 20 29 418
100.6 15.0 74.5 17.0 91.5 20 29 418
106.3 15.0 73.4 17.3 90.6 20 29 419
109.4 13.1 71.0 15.5 86.5 19 29 419
101.3 14.9 74.9 17.5 92.4 20 29 416
103.1 15.0 74.7 17.4 92,1 20 29 415
106.3 15.1 74.7 17.7 92.4 20 29 416
99.8 14.9 75.6 17.3 92.9 20 29 415
92,5 15.0 61.2 14.1 75.3 20 28 263
97.6 14.6 60.1 13.7 73.8 19 28 265
97.8 14.9 58.4 13.5 71.9 19 28 262
96.1 14.9 59.1 13.5 72.7 20 28 261
92.5 14.8 64.0 15.1 79.1 20 29 274

Thr Rm
(----%
52 42
S0 41
48 42
53 43
73 49
74 49
76 50
70 47
73 48
73 49
76 48
75 50
75 50
71 48
63 48
74 48
74 48
70 47
75 48
60 42
52 42
51 43
52 43
64 41

43
43
42
43

36
36
37
37

-



2%}

DATE

02/04/81
02/04/81
02/04/81

02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81

02/05/81 .

02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81

Tab]e A'6u

TIME

13:56:12
13:56:30
13:56:48

10:53:02
10:53:38
10:54:23
10:55:08
10:59:15
11:01:12
14:22:20
14:22:47
14:23:50
14:24:35
14:24:53
14:25:02
14:25:20
14:25:47
14:26:05
14:28:11
14:30:19
14:32:25
14:34:04
14:36:32
14:38:38
14:39:41
14:41:20
14:42:45

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,
3000 rpm and 4000 rpm, Part 7 of 11

3

224.0
212.0
213.0
218.0
236.0
241.0
273.0
281.0
272.0
256.0
262.0
271.0
257.0
267.0
254.0
249.0
257.0
230.0
236.0
239.0
245.0
238.0
240.0
239.0

HELICAL SCR
RD PERPFORMAN
ATMOSPHERIC EXH
4000 rpm

Pe PO Wa

psia------- ) (===

97.6 14.9 62.7
96.8 14.9 61.4
92.8 114.9 64.1
94.6 14.7 75.8
101.6 14.7 74.4
101.8 15.1 74.0
99.6 14.8 72.3
105.1 4.9 65:6
103.1 15.2 63.5
162.1 15.4 92.6
161.1 15.8 92.6
171.0 15.7 92.5
168.7 15.7 92.5
173,2 15.7 92.5
169.5 15.7 92.5
172.7 15.8 92.5
166.7 15.6 92.5
174.0 15.7 92.5
171.4 15.8 92.4
163.9 15.6 92.4
160.9 16.0 92.5
168.9 16.2 92.5
170.7 15.8 92.4
170.9 15.7 92.4
170.9 15.6 92.4
172.4 15.7 90.9
168.6 16.1 90.4

13.0
12.5
12.7
12,2
12,7
13.2
27.2
27.0
26.5
26.3
26.4
26.5
26.3
27.0
27.5
27.7
27.2
28.6
28.1
27.1
27.2
27.8
28.2
27.7

88.8
87.0
86.7
84.5
78.4
76.6
119.8
119.6
119.0
118.8

118.9

119.0
118.8
119.5
119.9
120.1
119.6
121.1
120.6
119.5
119.6
120.2
119.1
118.1

Xe Xo
(=-%-)

20
21

29
29

KW
(kW)

273
273
274

268
268
268
268
268
268
871
871
871
870
881
880
880
882
881
915
914
915
916
896
897
898
895
895
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DATE

02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81

02/06/81
02/06/81
02/06/81
02/06/81
02/06/81
02/06/81
02/06/81
02/06/81

Tab] e A'6 -

TIME

14:44:15
14:44:42
14:45:36
14:47:06
14:48:36
14:49:37
14:50:01
14:51:59
14:52:53
14:59:28
15:01:20
15:02:00
15:03:47
15:04:23
15:05:35
15:10:28
15:10:37
15:10:55
15:11:17

14:35:37
14:35:52
14:36:07
14:36:22
14:36:37
14:37:37
14:37:52
14:38:07

3000 rpm and 4000 rpm, Part 8 of 11

HELICAL SCREW EXPANDER
3RD PERPORMANCE TEST DATA
ATMOSPHERIC EXHAUST PRESSURE
4000 rpm
Pp Pe Po wa Wv Wt Xe Xo KW
(mm=——— psia-=-=--=- ) (~——mamm klbm/h==seceeeeeau ) (=~=%-) (kW)
239.0 169.1 16.0 90.7 28.0 118.6 25 35 895
237.0 169.7 15.4 90.8 27.6 118.4 25 35 896
240.0 168.7 15.6 91.4 27.8 119.2 25 35 896
244.0 168.5 15.7 91.9 28.7 120.6 25 36 929
242.0 170.7 15.8 89.5 29.4 118.9 26 36 929
239.0 166.9 15.8 85.7 28.9 114.6 27 37 928
240.0 166.9 15.8 86.0 29,2 115.2 27 37 928
238.0 165.7 15.4 90.3 29.6 119.9 26 36 933
244.0 169.4 15.6 89.2 28.6 117.8 26 36 915
248.0 167.6 15.3 90.1 28.9 119.0 26 36 924
251.0 169.6 16.1 90.4 28.6 119.0 25 36 815
250.0 167.9 15.5 90.3 28.4 118.7 25 36 924
242.0 169.2 16.1 91.7 29.0 120.7 25 36 933
243.0 170.4 15.7 91.9 29.1 121.0 25 36 934
237.0 176.0 16.2 91.9 29.7 121.5 25 36 934
257.0 185.8 15.6 81.4 24.8 106.2 24 35 786
272.0 180.5 15.7 82.7 25.0 107.7 24 35 787
254.0 183.8 15.6 82.4 24.6 107.0 23 35 783
306.0 166.2 15.6 82.6 24 .4 107.0 24 35 785
209.0 141.0 15.0 68.7 13.5 82.2 15 27 267
229.0 135.8 15.1 67.8 13.0 80.8 15 27 265
236.0 138.0 15.1 67.3 12.3 79.5 14 26 265
215.0 141.0 15.3 69.3 13.9 83.3 15 27 313
203.0 145.1 14.8 71.6 13.6 85.1 14 26 313
194.0 131.2 14.8 85.8 17.8 103.6 17 28 466
212.0 132.0 15.2 84.3 18.1 102.3 17 28 465
213.0 130.5 14.7 83.6 18.0 101.5 18 28 468

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,

36

39
40
40
45
45
45

31

33
35
35
41
41
41



9p-v

DATE

02/06/81
02/06/81
02/00/81
02/06/81
02/06/81
02/%06/81
N2/06/81
02/06/81
02/06/81
02/06/81
02/06/81
U2/06/81
02/06/81
Uz/06/81
02/06/81

Table A-6.

TIME

14:39:37
14:40:07
14:41:07
14:41:137
14:43:32
14:45:07
14:45:52
14:48:14
14:49:29
14:52:14
14:53:29
14:54:46
14:56:04
14:57:30
14:59:36

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,
3000 rpm and 4000 rpm, Part 9 of 11

HELICAL SCR
3RD PERPFORMAN
ATMOSPHERIC EX

4000 rpm

Pp Pe Po wWa

(== sia-====w- ) (-==v-mm--
204.0 143.8 15.7 82.4
204.0 145.0 15.6 81.3
214.0 136.3 14.6 80.3
217.0 140.3 15.3 80.2
208.0 141.8 14.7 79.4
213.0 137.3 14.5 79.8
213.0 143.0 15.5 78.9
226.0 137.5 14.7 78.2
241.0 145.3 14.5 76.8
245.0 181.8 14.6 74.2
247.0 179.7 14.7 73.3
261.0 173.0 15.5 72.1
253.0 179.4 15,2 72.8
265.0 176 .0 15.5 74.1
293.0 173.4 14.8 71.7

W
E
S

usT

P

EX
TE
RES

‘N

D E
DA

97.8
97.2
98.1
97.1
96.3
94.0
92,0
90.9
89.5
90.2
91.4
88.0

A
Xe Xo
(--%-)
18 29
18 29
19 30
18 29
19 30
20 30
19 30
20 30
19 30
18 31
19 32
20 32
19 32
19 32
19 31

KW
(kW)

501
501
501
501
511
511
510
511

511

512
511
511
511
511
511
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Table A-6. Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,
3000 rpm and 4000 rpm, Part 10 of 11

HELICAL SCREW EXPANDER
3RD PERFORMANTCE TEST DATA
ATMOSPHERIC EXHAUST PRESSURE
3000 rpm

DATE TIME Pp Pe PO wa Wv Wt Xe Xo KW
(e=———— psia-=-=-==- ) (rmmmemm klbm/h-=-wee—aue- ) (--%-) (kW)

02/20/81 09:51:40 164.0 97.9 15.1 57.5 12.9 70.4 19 28 265
02/20/81 09:52:10 166.0 98.4 15.0 57.6 13,1 70.7 19 28 267
02/20/81 09:53:10 162.0 99.2 14.3 56.2 12.9 69.1 19 29 265
02/20/81 09:54:10 163.0 101.5 14.8 55.7 12.5 68.1 19 28 266
v2/20/81 09:59:40 166.0 97.2 14.3 56.2 13.2 69.4 20 29 270
uez/20/81 10:00:40 164.0 98.9 15.1 54.8 13.0 67.7 20 29 270
02/20/81 10:01:25 158.0 97.7 15.0 56.4 13.3 69.7 20 29 270
u2/20/81 -10:02:40 157.0 101.2 14.1 55.1 12.7 67.8 19 29 271
62/20/81 10:00:55 155.0 98.0 15.3 52.3 13.8 66.1 22 30 271
02/20/81 10:12:18 157.0 99.0 4.6 53.8 13.4 67.1 21 29 271
02/20/81 10:14:54 154.0 98.2 14.9 53.5 13.7 67.2 21 30 272
02/20/81 10:17:58 154.0 100.0 14.1 54.6 13.0 67.6 20 29 273
v2/20/81 10:18:13 160.0 98.5 14.1 53.4 12.9 66.2 20 29 271
02/20/81 10:20:28 154.0 100.5 15.5 55.4 13.2 68.7 20 29 271
02/20/81 10:22:13 164.0 99.0 13.7 53.1 12.6 65.6 20 29 271
02/20/81 12:57:12 233.0 167.5 13.2 92.6 25.8 118.4 23 34 834
02/20/81 13:16:08 239.0 171.5 15.2 87.6 28.1 115.7 26 36 892
02/20/81 13:16:21 237.0 174.3 15.6 88.3 29.0 117.3 26 37 892
02/20/81 13:18:33 238.0 174.0 16.2 87.9 28.6 116.5 26 36 892
v2/20/81 13:19:00 236.0  172.8 15.9 89.7 28.9 118.6 26 36 893
02/20/81 13:19:09 238.0 175.3 16.0 86.2 27.5 113.7 25 36 854
02/20/81 13:19:27 240.0 179.8 15.8 84.8 27.6 112.4 26 36 855
02/206/81 13:19:45 245.0 180.1 15.8 84.6 27.6 112.2 26 36 855
02/20/81 13:19:54 244.0 178.8 15.6 85.0 27.5 112.5 25 36 854
02/20/81 13:25:28 208.0 174.8 15.1 65.2 18.1 83.3 22 34 511
c2/20/81 13:25:52 201.0 176.8 14.6 65.8 18.0 83.7 22 34 511
v2/720/81 13:27:14 201.0 173.8 15.0 66,2 17.4 83.6 21 33 510
02/20/81 13:28:24 200.0 176.6 14.5 68.5 17.2 85.7 21 33 511
ye/20/81 13:30:51 200.0 172,3 14.7. 71.4 17.3 88.7 20 32 511

wa/20/81  13:34:31 200.0 l64.2 14.8 73.6 17.0 90.6 20 31 512
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-DATE:

02/20/81,
0’/70/81
02/70/81
’/10/81;
02/20/81:
02/20/81
v2/20/81
02/20/81"
02/20/81-
v2/20/81
uz/20/81
Oz/zO/BIf

02/20/81 -

02/20/81.
02/20/81%
02/20/81
02/20/8]
uz/20/81
02/20/81
02/20/81
v2/20/81
02/20/81
02/20/381
02/20/81
02/20/81

Table A-6,

PIME

13:46:37. -
13:47:53
13:50:24
13:51:04
13:52:43
13:52:52.
13:53:01
13:55:29

13:57:27
13:59:49
14:01:42
14:15:26
14:18:24
14:19:43
14:21:44
14:30:26
14:32:15
14:33:20
14:34:43
14:43:46
14:46:14
14:59:27
15:01:14
15:02:51
15:03:06

N

(----f—;-klbm/h

73.6
74.9
732 -
74,0
86.5.: -
86:6x -

87:3:
85.2

85.:7°
82,9
84:7
56,4~

56.3
54.8
54.7
61.4
59,2
58, 2
59.3
56.7
55.3
58. 4
58.5
59.5
59,3

74 2
71.8
71.0
72.4

69.6

68.2
75.0
75.2
75.9
75.9

Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test,
3000 rpm and 4000 rpm, Part 11 of 11

KW

(kw)'

514¢
5)6.:
516

515

649

650

650
667 .

665
664

666
276 .

277
277
276
278
281
281
281

280,

281
377
377
37
377

43

45 .

45
44
45
45
48
48
48

48




Table A-7. Above-Atmospheric Exhaust Pressure Test Data, 3000 rpm and 4000 rpm

(Ref. A, Appendix E), Part 1 of 2

6v-v

HELICAL SCREW EXPANDER
28D PERFORMANCE TEST DATA
ABOVE-ATMOSPHERIC EXHAUST PRESSURE
3000 rpm

DATE TIME Pp pPe Po wa Wv Wt Xe Xo KW Thr Rm Rt
(=====- psia------- ) (m=mmmmeee lbm/h-~-------- ) (==%-) (kW) (--==%---)

08/18/80 12:51:05 161.7 97.9 25.9 37321.0 19220.0 56542.0 28 34 222 74 49 42
08/18/80 12:51:55 167.4 99.4 24.4 38565.0 20025.0 58590.0 28 34 222 72 45 3¢9
08/18/80 12:52:55 164.2 97.6 24.8 37569.0 19923.0 57491.0 29 35 220 70 46 39
08/18/80 " 12:53:49 171.1 98.8 24.9 37321.0 19201.0 56522.0 28 34 220 71 48 40
08/18/60  12:55:24 170.5 102.2 24.8 37486.0 18483.0 55969.0 27 33 220 69 48 41
08/18/80 12:56:21 . 170.5 98.2 24.8 37239.0 19214.0 56453.0 28 34 219 69 47 40
08/18/80 12:58:15 171.1 97.6  24.0 36011.0 17785.0 53796.0 27 33 219 70 51 43
08/18/80 13:15:39 224.6 142.3 32.0 43159.0 29207.0 72366.0 35 40 383 - 45 40
08/18/80- 13:18:03 235.3 136.7 32.0 42553.0° 28577.0- 71130.0 35 40 385 68 47 42
08/18/80 13:20:24 240.3 139.8 - 31.6 42813.0 27740.0 70553.0 34 39 383 68 47 43
08/18/80 13:22:06 241.6 146.0 31.7 41009.0 26947.0 67956.0 34 40 383 59 48 43
08/18/80 13:22:31 242.8 144.4 30.8 41436.0 28472.0 69909.0 35 41 384 61 45 410
08/18/80 13:23:43 . 249.1 132,7 32.3 44205.0 29499.0 73704.0 35 40 384 85 47 42
08/18/80 13:37:31 247.9 176.2 39.9 56000.0 36128.0 92128.0 33 39 472 64 43 39
08/18/80 13:39:19 246.6 176.2 40.2 55050.0 35679.0 90729.0 33 39 471 62 44 40
08/18/80 13:40:49 248.5 177.1 39.6 54861.0 35560.0 90421.0 33 39 471 63 43 40
08/18/80 13:42:19. 254.2 172.8 40.5 56000.0  35050.0 91050.0 32 38 471 - 45 41
08/18/80 13:48:34 258.6 172.2 39.5 56381.0 35416.0 91797.0 32 39 471 69 44 40
08/18/80 13:49:28. 259.8 173.7 41.3 55714.0 34611.0 90325.0 32 38 472 63 46 42
08/18/80 13:50:08 259.8 168.8 40.1 56477.0 36432.0  92909.0 33 39 470 73 44 40
08/18/80 259.2 179.2 39.8 56286.0 92107.0 32 39 465 59 42 39

13:51:34

35821.0
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DATE

08/27/80
08/27/80

08/27/80
08/27/80
w8/27/80;
L8/27/860

08/27/40
O8/27/40
68/27/80
u8/27/80
u4/27/80

w8/27780

us/27/80

" u8/27/80
- vv/e17/80

ve/27/80
uy/27/80
08/27/80
28/27/80
8/27/80
38/:27/80
u%/27/80
w8/27/80
ug/27/80
cg/27/80
6E/27/80
08/27/80
LB/27/80
08/27/80

Table A-7.

TIME

08727780 10%15:52
110:16307
©10:16:39

10:17:05
10:18:20

©10:18:45
"10:19:04

10:19:56
10:20:15
10:20:53
10:43:06
10:43:12
10:437%:21
10:43:27
10:43:34
10:43:40
10:43:47
10:43:53
10:45:03
10:45:10

11:22:27

11:22:41
11:22:57
11:23:27
11:24:41
11:25:11
11:25:58

11:27:14

11:27:23
11:27:32

Part 2 of 2
HELICAL S CRE
2ND PERFORMANC
ABOVE-AT™NSPHERIC EX
4000 rpm
Pe Po wa
psia-====-- ) (===————=-
93.4 24.4 43159.0
100:.5 25.3 42726.0
93.7 .25.2 43159.0
98.3 25.0 428130
100.5 24.9 42986.0
.85,8 24,8 - 42813.0
8.0 24.5 42640.0
97:7 25.1 43420.0
103.9 23.8 437680
101.4 24.6 - 44468.0
140.2  32.9 53355.0
141.5 32.2 55050.0
146.1 32.0 54861.0
143.6 32,2 55524.0
141.8 32.3 54766.0
143.3 32.4  54955.0
143.0 31.8 56000.0
1448 32.1 -55714.0
144,6 32.8 56095.0
144.2 32.5 53636.0
175.7 40.4 65712.0
176.0 38.9 59759.0
175.7 39.4 63805.0
174.4 40,1 62512.0
177.5 39.8 61622.0
180.0 39.9 60541.0
173.8 39.8 59369.0
177.8 38.9 61031.0
177.2 40.7 59369.0
178.4 39.3 59369.0

22268.0.
22763.0
123159.0

225150
23271.0
22682.0
21935.0
23241.0
22628, 0
23212.0
29230.0
29578.0
289940
30377.0
29508.0
30082.0
296000
292850

29280.0.

29446.0

37617.0

37160.0
376%4.0
37787.0
37995.0
37579.0

37755.0

37399.0
38554.0
36974.0

A NDER
T DATA
SURE
Wt Xe Xo
——=tmemm) i (-—%-)
65428.0 .28 34
65489.0 29 35
.66319.0 29" 35
65328.0 28 34
66257.0 29 35
65495.0 29 35
.64575.,0 28 - 34
66662.0 29 35
. 66397.0 27 34
67680.0 28 34
82585.0 29 35
84628.0 28 -35
-'83854.0 27 35
85901.0 <28 '35
84274.0 - 28 35
85037.0 28 35
- 85599.0 27 - 35
- 84999.0 27 34
' 85375.0 27 34
83083.0 28 35
103329.0 29
96919.0 31 - 38
101429.0 30 37
100299.0 31 38
99617.0 31 38
. 98119.0 31 38
97125.0 32 39
97924,0 33 39
96343.0 31 38

Above-Atmospheric Exhaust Pressure Test Data, 3000 rpm and 4000 rpm

KW
(kW)

211
212
251
211
211
213
211
212
211
211
287
288
289

288

1287

- 287

288

288

288
288

+ 399
1399

399
401
299
399
400
399

399

399

Thr Rm

- 42
- 39
- 40
- 40
- 38
- 40
- 4]
= 39
- 38
- 38
- 37
- 36
.- 36
- 35
- 136
- 35
- 35
.= 36

- 36 .

- 36
- 36
- . 36
- 26
- 36
- 36
- 16
- 36
- 35
- 16
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Table A-8. Above-Atmospheric Exhaust Pressure Test Data, Average Values (Ref. A, Tahle 7)

Line Date Pp Pe Po Wa Wy Wt Xe KW Rm Speed

(- - psta - -) (- -1bm/h - - ) ) (kW) ) (rpm)
1 08/18/80 168 99 25 37359 19121 56480 28 220 47.17 3000
2 08/18/80 240 140 32 42529 28407 70936 35 384 46.5 3000
3 08/18/80 255 175 40 55846 35587 91433 33 470 43.8 3000
4 08/27/80 183 - - 98 24 43196 22764 65963 28 211 39.5 4000
S 08/27/80 194 143 32 54996 29538 84534 28 288 35.6 4000
6 08/27/80 219 177 40 61309 37644 98953 31 399 35.9 4000
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Table A-9,

DATE

02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81
02/03/81

02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81

TIME

14:12:59
14:14:14
14:15:44
14:16:29
14:17:29
14:18:44
14:19:44
14:22:12
14:24:33
14:25:03
14:25:28

14:25:43

14:26:28
14:26:43

11:52:38

11:53:00

11:53:18
11:54:03
11:54:48
11:56:32
11:57:57
11:59:11
11:59:47
12:02:01
12:02:36
12:03:16
12:57:50

226.0
223.0
226.0
226.0
222.0
227.0
224.0
217.0
221.0
220.0
227.0
237.0
227.0

112.9

101.1

102.9

101.8

99.4
105.6
103.1
102.9
104.9
102.6
108.4

98.8

99.1
143.3

taruummouvuuntuouoouonooum
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60.5
62,9
64.6
65.5
63.7
66.6
63.7
64.4
65.1
65.0
64,2

62.5

64.4
66.2

53.3
53.9
52.4
53.3
54.1
51.4
52.3
50.1
52.4
52,2
51.9
50.7
53.2

11.5

11.3
10.5
11.6
10.7
10.6
11.3
10.5
11.7
10.7
11.4
10.8

9.4

64.8
65.3
62.9

- 64,9

64.7
62.0
63.6
60.6
64.1
62.9
63.3
61.4
62.6

Subatmospheric Exhaust Pressure Test Data (Ref. A, Appendix F), Part 1 of 4

KW
(kw)

399
416
417
416
416
416
416
416
416
417
416
416
416
416

268

269

268
268
268
268
268
271
271
271
270
271
271
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DATYE

02/05/81
v2/05/81
02/05/81
02/05/81
02/05/81
c2/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81
02/05/81

02/06/81
02/06/81
02/06/8)
02/06/81
02/06/81
02/06/81
02/06/81
u2/06/81

02/06/81
02;06481

Table A-9.

TIME

13:03:12
13:03:55
13:04:21
13:04:56
13:05:32
13:38:01
13:40:13
13:41:09
13:42:21
13:42:57
14:12:57
14:14: 46
14:15:26
14:15:44
14:16:20
14:16:47
14:17:32

10:39:02
10:41:37
10:42:20
10:45:33
10:47:14
10:52:28
11:13:29
11:13:56

11:14:38
11:15:20

Subatmospheric Exhaust Pressure Test Data, Part 2 of 4

HELICAL SCREW EXPANDER
3RD PERFORMANCE TEST DATA
SUBATMOSPHERIC EXHAUST PRESSURE
4000 rpm
PP pe PO wa wv Wt Xe Xo
(mmm——- psia-~------ ) (=== klbm/h--=--cceeuao ) (--%-)
241.0 140.3 5.8 50.4 9.2 59.6 16 31
240.0 142.8 5.7 52.5 10.2 62.7 16 32
240.0 142.3 5.8 49,7 8.5 58.3 15 30
215.0 146.3 5.7 53.1 10.1 63.2 16 31
223.0 142.8 5.7 55.2 10.1 65.3 16 31
222.0 138.0 6.4 70.6 15.5 86.1 18 32
238.0 133.0 6.5 70.1 15.5 85.6 19 32
248.0 130.5 6.4 69.7 16.1 85.8 20 33
222.,0 140.0 6.5 71.3 15.9 87.2 19 32
225.0 135.5 6.5 70.0 15.3 85.4 19 32
215.0 137.8 12.5 82.9 24.2 107.1 24 34
211.0 137.0 13.4 85.5 25.0 110.5 24 34
211.0 135.7 12.8 85.2 24.6 109.8 24 34
221.0 135.2 13,0 84.7 24 .4 109.1 24 34
214.0 132,5 12.8 83.6 24.3 107.9 24 34
216.0 145.3 12.8 84.5 24.6 109.0 23 34
276.0 139.3 12.6 83.1 24.5 107.5 24 34
220.0 105.6 4.1 55.8 6.9 62.7 11 26
219.0 106.9 4.1 64.6 7.2 71.8 10 26
222.0 99.8 4.1 64.3 8.2 72.5 12 27
216.0 104.3 4.0 63.3 8.3 71.6 12 27
228.0 107.3 4.1 60.1 7.1 67.2 11 26
220.0 107.6 4.1 61.5 8.1 69.6 12 27
182.0 65.9 5.4 51.3 11.0 62.3 18 29
184.0 65.4 5.5 50.9 11.0 61.8 19 29
200.0 63.4 5.5 48.0 10.2 58.3 19 28
179.0 68.9 5.4 50.8 11.3 62.0 19 29

KW
(kW)

266
266
268
267
264
534
532
533
534
533
755
754
753
755
755
754
752

266
265
265
266
265
265
273
273

272
273

Thr Rm
(—=—-~%
20 32
18 30
20 34
18 30
16 29
40 40
43 40
41 39
39 39
42 40
74 48
76 48
76 48
80 49
80 49
67 47
71 48
28 38
29 4
31 33
29 32
29 36
29 33
66 42
69 42
71 46
62 40
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DATE

02/06/81
02/06/81
02/06/81
02/06/81
02/06/81

02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81
02/07/81

Table A-9,

TIME

15:35:16
15:36:07
15:39:56
15:41:26
15:41:57

11:49:24
11:51:12
11:55:14
11:56:08
12:00:57
12:04:14
12:04:59
12:07:42
12:10:52
12:16:22
12:17:33
12:19:09
12:21:32

Subatmospheric Exhaust Pressure Test Data, Part 3 of 4

HELICAL SCREW EXPANDEHR
3RD PERFORMANCE TEST DATA
SUBATMOSPHERIC EXHAUST PRESSURE
4000 rpm
Pp Pe Po wWa wv Wt Xe Xo
(=== psia-=--=-=- ) (———m———m klbm/h-ceoecvnec=- ) (--%-)
223.0 137.0 6.3 67.9 14.4 82.3 18 32
205.0 141.5 6.4 68.7 14.8 83.5 18 32
229.0 141.2 6.4 68.2 14,2 82.4 18 32
216.0 144.5 6.4 68.9 13.9 82.8 17 31
217.0 139.8 6.4 69.4 15,2 84.5 19 32
235.0 110.7 3.2 46.7 8.8 5.5 16 31
223.0 114.2 3.1 46.7 8.5 55.3 15 31
222.0 111.7 3.2 47.8 8.4 56.2 15 31
242.0 110.5 3.2 46.0 8.0 54.0 15 30
225.0 103.9 4,2 58.2 11.7 69.9 17 31
244.0 100.1 4.2 54.1 10.9 65.0 18 31
241.,0 101.9 4.2 54.6 11.3 65.9 18 31
229.0 105.6 4,2 55.2 11.5 66.7 18 31
240.0 98.3 4.3 56.3 12,0 68.3 18 32
233.0 97.3 6.1 63.9 15.5 79.4 20 32
237.0 90.3 6.0 66.2 16.1 82.2 21 32
214.0 98.1 6.5 66,2 15.9 82.1 20 31
222.0 93.0 6.4 69.7 16.4 86.1 20 31

KW
(kw)

516
516
517
517
516

271
271
271
271
377
374
373
376
379
504
506
506
507

Thr Rm
(-—---%
39 41
37 40
38 41
36 41
36 39
23 33
22 33
23 33
23 35
41 37
40 40
40 39
38 38
43 38
68 45
82 44
69 44
74 43
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Table A-9, Subatmospheric Exhaust Pressure Test Data, Part 4 of 4

HELICAL SCREMW EXPANDER
3RD PERFORMANCE TEST DATA
SUBATMOSPHERIC EXHAUST PRESSURE
3000 rpm

DATE TIME Pp Pe Po Wa wWv Wt Xe Xo KW
{(—=-=---- psia~--=---~- ) (=-=mm—- klbm/h-==me-c-u-~ ) (--%-) (kW)

02/20/81 10:54:28 187.0 101.7 1.0 45.1 9.4 54.5 18 31 272
02/20/81 11:01:06 184.0 104.0 3.8 45.1 9.7 54.8 18 32 271
02/20/81 11:04:18 188.0 103.5 3.7 44,2 8.9 53.1 17 31 273
02/20/81L 11:11:18 167.0 97.5 4.3 54.9 12,1 67.0 19 32 382
02/20/81 11:13:18 168.0 96.9 4.5 54.7 12.2 66.9 19 32 383
02/20/81 11:14:03 155.0 -98.8 4.3 56.9 13.4 70.3 20 33 383
02/20/81 11:17:54 157.0 102.2 4.4 55.1 11.0 66.1 17 30 382
02/20/81 11:21:10 166.0 99.2 4.5 56.1 12.5 68.6 19 32 383
02/20/81 11:27:25 163.0 94.0 5.6 63.3 14.9 78.2 20 32 462
02/20/81 11:28:55 164.0 94.5 5.6 63.2 14.9 78.2 20 32 462
0z/20/81 11:31:09 168.0 96.5 5.6 62.8 15.0 77.8 20 32 464
02/20/81 11:34:54 160.0 9l.4 5.6 64.4 16.2 80.7 21 33 464
02/20/81 11:37:09 166.0 96.2 5.7 63.8 l16.1 79.9 21 33 465
02/20/81 11:48:54 209.0 140.2 6.2 68.3 15.7 84.0 19 33 516
02/20/81 11:49:54 227.0 139.4 6.2 67.1 15.6 82.8 19 33 514
02/20/81 11:51:09 227.0 143.5 6.3 66.9 14.8 8l1.7 18 32 514
02/20/81 11:53:15 220,0 145.7 6.2 69.3 15.7 85.0 19 33 517
02/20/81 11:55:00 240,0 138.6 6.2 67.5 14.9 82.4 19 32 516
Uz/20/81 11:56:35 224.0 143.9 6.2 67.6 15.3 82.8 19 33 516
02/20/81 12:15:28 205.0 138.7 8.6 77.8 20.0 97.8 21 33 645
02/20/81 12:18:55 206.0 137.6 8.4 77.1 19.5 96.6 21 33 645
02/20/81 12:19:55 209.0 142.9 8.3 80.0 20.3 100.3 21 33 645
02/20/81 12:45:15 277.0 176.3 6.4 69.4 14.8 84,2 18 33 519
02/20/81 12:48:12 280.0 181.8 6.4 68.4 14.5 82.8 17 33 521
02/20/81 12:49:55 264.0 177.1 6.3 69.6 15.8 85.3 19 34 521
02/20/81 12:51:53 277.0 175.3 6.5 69.8 14.9 84,7 18 133 520
02/20/81 12:52:56 282.0 176.6 6.4 70.6 15.4 86.0 18 34 520
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Line’

L P
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10
11
12
13
14
15
16
17

Table A-10.

Date

02/20/81
02/20/81
02/20/81

02/20/81

02/20/81
02/20/81

Wa
(

45
56
64
68
78
70

Wy
kib/h -

9
12
1§
15
20
15

Subatmospheric Exhaust Pressure Test Data, Average Values (Ref. A, Table 8)

Speed
(rom)

3000
3000
3000
3000
3000
3000

e S S et w8 e ® @ T ® e e § e § 8 e ® e ® el e ? mam® e § it $ 2 d wm® =l T ? m$ mn$ rf b el el =S mt mnf v mm§ e =S e S —m b b O —

02/07/81

1 02/06/81

02/07/81
02/06/81
02/03/81

02/07/81
- 02/05/81
. 02/05/81

02/05/81
02/05/81
02/05/81

Pp Pe Po
(- - psia - -)
186 103 = 3.8
163 99 4.4
164 95 '5.6
225 142 6.2
207 140 8.4
276 177 . 6.4
S231 112 - 3.1
221 105 4.1
235 103 4.2
186 66 5.5
208 114 5.5
227 95 6.2
225 103 6.6
231 143 5.7
218 141 6.4
231 135 6.5
222 137 12.8

47
62
56
50
64
67
52
52
69
70
84

8

8
11
11
12
16
11
10
15
16
24

Wt Xe KW Rm
S IO N ¢ ) I ()
54 18 272 34,3
68 19 383 38.2

19 20 463 40.8
83 19 516  38.1
98 21 645 41.3
85 18 520 35.6
55 15 271 33.5
69 11 265 34.3
67 18 375 38.5
61 19 273 42.5.
76 17 415 39.4
83 20 506  44.0
63 18 270 35.0°
62 16 267 31.2
84 18 516 40.4
86 19 533 39.6
108 24 754 48.1

4000
4000
4000
4000
4000
4000

- 4000

4000

4000 -
4000
4000
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Table A-11.

Date

02/02/81
02/05/81

02/02/81
02/03/81

02/02/81
02/07/81

02/06/81
02/05/81

02/06/81
02/06/81

02/20/81
02/20/81

02/20/81
02/20/81

02/20/81
02/20/81

Time
13:13:39

11:56:32

13:43:07
14:24:33

13:21:44
12:04:59

14:36:07
13:03:12

14:43:32
15:41:57

10:02:40
10:54:28

13:51:04
11:55:00

13:53:01
12:15:28

Pp
(--

230
227

176
218

199
241

236
241

208
217

157
187

172
240

199
205

Pe
psia -

103
103

109.4
110.1

102.1
101.9

138.0
140.3

141.8
139.8

101.2
101.7

138.6
138.6

139.6
138.7

Po

-]
14.88

6.6

13.06
5.5

14.98
4.2

15.1
5.8

14.69
6.4

14.1
4.0

14.6
6.2

14.8
8.6

Wt

(k1b/h)
77.53

62.
86.
77.

88,81

65.

79.54

59.

97.17

84.

67.
54.

109.
97.

0

5
9

9

6

5

@

(-]

Xe
(%)

17.5
17.0

18.7
17.0

19.1
18.0

14.0
16.0

18.9
19.0

19.0
18.0

21.0
19.0

21.0
21.0

Speed
(rom)

4000
4000

4000
4000

4000
4000

4000
4000

4000
4000

3000
3000

3000
3000

3000
3000

KW

(kW)

268
268

419
416

373
373

265
266

511
516

271
272

515
516

650
645

Comparison Between Atmospheric and Subatmospheric Exhaust Pressure Tests
(Ref. A, Table 9)

Rm
(V)

42.
36.

48.
39,

46.
39.

38.

0
0

0
0

7
0

32.0

46.
39.

44.
35,

46.0

39.

48.
42,

0

Specific
Flow rate

(1b/kWh)
289.3
231.3

206.4
187.3

238.1
176.7

300.2
224.1

190.2
163.8

250.2
200.4

179.4
159.7

168.5
151.6



Table A-12. Chemical Cbmposition of Scale Samples (Ref. A, Table 10)

|LocaTion

VALUES IN WEIGHT

Ce

PERCENT
Fe

S10,

0.227

0.660

0. 046

0.810

0.386

0.36

98.276

0.245

0. 200

0. 020

0.614

0.130

2.20

97.062

0 .253

0. 051

0.373

0.130

0.20

99.065

0.223

0.172

0.031

1. 435

0.136

0.39

89.433

0,0y

Cydenis
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Table A-13 Production Characteristics of Well M-

(Ref. A)

11, January 9, 1979

Separator Production

Wellhead Separator (ton/hr) Ratio Enthalpy Temperature
Pressure Pressure Vapor Water Mixture Water/Steam (kcal/Kg) (°C)
(psig) (psig)

90.5 90.5 14.95 | 36.35 51.30 2.43 311.55 293.0
166.0 90.0 14.51 | 36.84 51.35 2.54 307.03 289.0
266.0 89.8 13.81 | 35.82 49.63 2.59 304.89 287.0
385.0 90.0 12.45 | 33.32 45.77 2.68 301.83 285.0
494.0 89.0 10.77 | 28.01 38.78 2.60 304.46 287.0
576.0 87.8 7.99 | 23.01 31.00 2.88 249.15 279.0
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Figure B-1
Figure B-2
Figure B-3
Table B-1
Table B-2
Table B-3
Table B-4
Table B-5
Table B-6

APPENDIX B
ITALY/ENEL

Efficiency vs. Shaft Output Power (Ref. B, Fig. 10)

Efficiency Correlation vs. Shaft OQutput Power (Ref. B, Fig. 8)
Efficiency Correlation vs. Throttle Position (Ref. B, Fig. 9)
Chemical Characteristics of Cesano 1 Brine (Ref. B, Table 1)
Nomenclature (Ref. B, Table 2)

Chronoloyy of Operations (Ref. B, pp. 21-25)

Unprocessed Data - Performance Test Results (Ref. B, Table 3)
Cesano Test Kesulls (keT. b, iable 4)

Data Correlation Functions {Ref. 1, pp. 7-22 to 7-24)
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Figure B-1. Efficiency vs. Shaft Output Power (Ref. B., Fig. 10)
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Figure B-2. Efficiency Correlation vs. Shaft Output Power (Ref. B., Fig. 8)
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Figure B-3. Efficiency Correlation vs. Throttle Position (Ref. B., Fig. 9)




Table B-1. Chemical Characteristics of Cesano 1 Brine (Ref. B, Table 1)1

Chemical Constituents p.p-m.

Calcium catt 366
Magnesium Mgtt 6.4
Sodium Nat 53,800
Potassium xt 79,400
Lithium Lit 158
Iron Pett +

Fettt 4.5
Ammonium NH4+ 11
Rubidium RbH 296
Strontium srtt 6.5
Cesium cst 55.4
Arsenic As 1.8
Bicarbonate HCO4~ 9,580
Chloride Cc1~ 22,100
Sulfate 804" 147,400
Hydrogen sulfide HoS 33
Boric Acid H3BO3 6,150
Silica SI0, 55.2
TDS 310,000

1 Noncondensible gases were about 1% of the steady state mass flow rate, and

consisted of more than 99Z CO;.




Table B-2. Nomenclature (Ref. B, Table 2)°

SYMBOL MEASURED DATA

Pw wellhead pressure ' psia

Ps liquid feed pressure psia

P2 HSE outlet pressure psiq

m liquid flow-rate from separator 1b/hr
. Mf liquid flow-rate to HSE 1b/hr

ity steam flow-rate to HSE 1b/hr

th% linear throttle position as percent of

fully open

Ps separator pressure psia

Py steam feed pressure psia

P1 HSE inlet pressure psia

P4 atmospheric. pressure psia

Lg liquid level in separator in.

tg separator temperature OF

ty steam feed temperature v
t HSE inlet temperature or

to HSE outlet temperature 07

t3 -atmospheric temperature oF

v generator voltage )

I yenerator cUrrent a

freq generator frequency Hz

gkw generator pgwéf | § kW

B-6




Table B-3. Chronology of Operations (Ref. B, pp. 21-25), Part 1 of 4

A.

PILOT PLANT OPERATIONS

The installation of the C1 pilot plant was finished at the end
of July 1981 without mounting the HSE.

The HSE arrived on the C1 site on July 20, 1981.
The month of August was used for training staff.
On August 25, 1981, the HSE mounting operations began.

On September 9, 1981 the well production was started to carry
out preliminary tests on the plant. After about 6 hours of
operations the well was shut in because the separator discharged
over the pit. It was necessary to place the separator discharge

pipe under the water level in the pit.

The stainless steel pipe that was lowered into the well to
inject scaling inhibitor appeared broken when it was extracted
from the well.,

A new pipe was lowered in the well.

On September 18 the well was again put into production. After
about 80 hours of production we were forced to shut in the well
because the small pipe carrying scaling inhibitor in the well
failed inside the well,

It was tried to recover the pipe but without success. The pipe
fell in the well.

It was necessary to mount a drill rig and to proceed with
fishing and cleaning operations.

The cleaning operations beyan on 10/7 and were finished on 11/6.

The HSE hook-up and calibration was finished on October sth,

B-7



lavie B-3. Chronotoyy of Uperatibns, Part 2 ot 4

B.

HSE OPERATIONS

1

7 -

The HSE began to run on 11.18.1981. An attempt was made to start
the plant with only steam coming from the separator. The steam
quantity was not sufficient to maintain HSE operation because of
separator limitations, and the plant stopped due to excessive
vibrations tripping a safety switch. It was so decided to start
utilizing the Tiquid phase. Strong vibrations were noted also in
this latter case and an unexplainablie noise.

After a stop and after some modifications to the pipelines for HSE
preheatiny, the HSE started up again with the plant directly
connected with the well., The plant stopped again due to damage to
the right fan of the load bank, ‘

Between 11-19 and 11-24 a bypass was installed to allow downstream
preheating of HSE. The right fan was dismantied and repaired.

From 11-24 to.11-26 the HSE again went into production both
directly from the wellhead and from the separator. Many stops were
necessary to clean the filter-basket upstream from the HSE. This
clogged very fast due to scaling pieces coming from the pipeline
upstream from the HSE (see Fig. 11). The load bank's right fan was
damaged. The fan appéared to have run into the screen. The male
shaft seal assemblies exhibited problems. The seal pressures,
especially at the low pressure end, oscillated synchronously with
the rotation of the rotor. The exhaust port and exhaust pipe
showed a glaserite scale growth of about 2 cm/hr. The problem was
partly reduced by injecting fresh water into the exhaust at the
housing exhaust port.

From 11-26 to 12-1 the valves of the plant were cleaned and the fan
of load bank replaced.

A new start-up was effected on 12-1 to verify the seals damage and
to try to connect the generator with the grid. The HSE was
connected with the grid without trouble from 8 pm to 22 pm.

An excessive o0il consumption (>10 gal/hr) was noted. At 1 am the
HSE was stopped to verify the seals damage.

From 12-2 to 12-15 the seals were dismantled. "Removal of a

damaged seal assembly revealed 5 out of 15 carbon segments were
cracked.

B-8




Table B-3. Chronology of Operations, Part 3 of 4
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11

12

The 5 cracked carbons were all fractured identically in the middle
of the carbon segment with the fracture originating at a locking
pin. According to R. Sprankle's opinion, "the cause of the
fracture appears to be clearly related to the impacts on the rotor
from large-scale fragments. The consensus is that the impact of
the rotor causes the shaft to move abruptly, fracturing the
midsection of the carbon." It was hence decided to repair the
seals by utilizing the existing spare seal assemblies. The repair
involved a change in the locking pins to reduce stress on the
carbon segments and to provide a secondary port in the seal

assembly allowing the recapture of any oil leakage should the
carbons fail.

From 12-15 to 2-22-1982, the valves, separators, and pipelines were
cleaned. A new basket filter was designed and installed upstream
from the HSE in order@to avoid the many stops due to the basket
clogging. The seals were modified in the USA according to

Mr. Sprankle's suggestions. The data acquisition system was
repaired from damage caused by a rat. A new pipeline between the
wellhead and the HSE was installed.

From 2-22 to 3-10, the repaired seals arrived and were mounted on
the HSE.

From 3-10 to 3-12, the HSE was put into production., At 5 pm on
3-10 the HSE was connected to the ENEL electrical grid. The
maximum power produced with the separators working in parallel was
about 460 kW. During the production the well began to clog.
Notwithstanding the flushing of the exhaust pipe, it also began to
clog. At 12 pm on 3-12 the well was shut in because of well
clogging.

From 3-12 to 3-23, the well was cleaned and the HSE discharge pipe
was cleaned. Some injection tests on the well were carried out to
verify its condition.

3-23: The HSE began production again and the generator was
connected to the grid. A steadily increase in outlet pressure was
noted from 1 to 1.2 bar. The clogging caused both a power
reduction and the stiffening of the flex coupling mounted
downstream the HSE.

It was decided to stop the expander and to clean again the
dishcarge pipe. Pieces of scaling of a thickness of more than 10
cm were found (see Figs. 12, 13).
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13

14

15

16

3-24: The HSE was again in operation. It was tried to connect the
HSE to the ENEL grid. Because of this operation the shear pins in
the shear coupling failed.

From 3-24 to 3-30, new shear pins fdf the shear coupling were
constructed in the ENEL workshop of Larderello and again mounted on
the HSE.

From 30-3 to 31-3, the HSE was again connected to the wellhead to
determine what the maximum producible power from Cl well was.

The maximum power was 550 KW. The load was reduced and the plant

was operated with the two cyclones. The discharge pressure
increased steadily and it was necessary to stop again and to clean

exhaust pipe.

4-1: The HSE was again put into operation to determine the maximum

producible power from the liquid phase. 260 kW was the power
reached without 1iquid entrainment from separators.

A1l the objectives of the HSE tests were considered reached and the
plant was shut in.
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Table B-4. Unprocessed Data - Performance Test Results (Ref. B, Table 3), Part 1 of 15
DE=350000 ppn;Inert gazses=38.0 uwtl of vapor

TINE T2 Tf T4 01 Pt Pf T Pv Ps Pu P2 1 ML Mf Mv Lz Tz V¥ Trtd kW freq effl File
22%6 216.2 348.0 342.4 0.0 170.3 §77.4 222 179.4 185 4BB §4.9 467 231 234 0.0 264 359 473 7 152 49.8 35.2 {7 11,24.81
0 8 216.6 348.8 349.9 0.0 471.6 §79.2 222 180.6 186 8% 14.9 (70 229 229 0.0 373 359 475 7 154 50.1 35.5 48

0 0 216.6 348.B 349.9 0.0 71.& 177.6 222 i80.5 186 {B? 14.9 168 228 228 0.0 144 360 474 ? 154 50.0 35.6 {°

0 0 216.6 248.8 349.¢ 0.0 {74.3 {79.0 222 180.7 187 4189 14.9 {468 226 226 0.0 388 359 473 7 154 50.0 35.8 20

0 02456 348.8 350.0 0.0 {i70.2 i77.8 222 i80.6 187 %0 14.9 468 227 227 0.0 245 359 473 7 154 49,9 35.8 24

0 0216.6 348.8 349.9 0.0 i70.9 {i78.8 222 180.8 487 8% 14.9 {69 226 226 0.0 292 359 474 6 154 4°.B 35.8 22

0 0216.6 348.8350.0 0.0 i71.§4 179.0 222 180.7 187 489 14.8 168 227 237 0.0 317 359 474 6 {53 49.7 35.3 23

0 0 286.5 348.8350.0 0.0 {72.4 178.7 222 i80.9 187 190 14.8 168 227 227 0.0 257 359 473 7 153 49.7 35.3 24

b 0 2456.6 348.9 350.0 0.0 72,1 {793 222 1B0.7 {87 189 {4.8 1&B 229 229 0.0 324 360 474 6 153 49.9 350 2

0 0 245.5 348.9 350.0 0.0 {72.2 iB0O.0 222 {BO.6 487 190 4148 168 229 229 0.0 241 359 473 7 154 429 35.0 26

0 0 216.6 248.9 350.0 0.0 {71.0 (78,6 222 180.B {B? 139 14.9 169 229 229 0.0 404 358 473 7 153 50.0 35.3 27 e
0 0247.2 3474 348.6 0.0 16B.7 1793 222 i84.6 191 494 147 225 240 240 0.0 217 365 429 B 167 49.9 36.6 29 11,25.81
0 0247.2347.4 348.6 0.0 §72.7 4855 222 i84.6 491 {491 14.8 220 240 240 0.0 205 365 429 B 167 42.8 368 30

0 0 247.2 3471 34B.6 0.0 475.§4 4B3I.4 222 1B4.4 491 191 4.7 220 241 241 0.0 246 365 428 B 467 49.9 3.4 3

0 0217.2 347.4 348.5 0.0 169.4 1B5.5 222 1845 191 191 14.6 220 240 240 0.0 238 3464 A28 7 167 42,9 36.3 32

0 021741 3474 348.5 0.0 i6b6.4 1785 222 iB4.6 191 41 14.7 224 240 240 0.0 188 365 430 B 167 49.8 36.5 133

0 02474 347.4 748.S 0.0 174.2 {865 222 1843 492 {92 14.7 220 239 23¢ 0.0 216 35 428 7 167 49.8B 36.7 34

0 02472 347.4 3485 . 0.0 170.8 {i83.0 222 184.3 193 194 447 224 240 240 0.0 226 365 429 7 167 42.9 365 35

B 02174 3471 3485 0.0 165.5 1757 222 484.5 192 {191 14,7 220 240 240 0.0 235 365 428 B 167 49.9 36.6 36

0 0 247.4 J47.2 348.5 0.0 174.4 1B6.S 222 i184.6 {491 {491 147 220 240 240 0.0 222 365 429 B 167 49.8 36.4 37
ff 229472 347.4 348.5 0.0 470.9 184.2 222 {B4.5 {92 191 447 220 244 241 0.0 226 164 429 7 167 49.8 36.4 38
4 9 217.2 347.4 348.5S 0.0 174.4 183.5 222 1845 49§ 191 147 220 239 239 0.0 224 35 428 8 167 49.8 36.6 3°
11 40 247.4 347 9 349.4 0.0 1724 139 M9  184.3 19 191 14.7 248 247 247 0.0 119 365 429 B 166 50.0 34.9 4

0 0 2i7.4 348.0 342.5 0.0 174.8 13.% 274 184.5 194 {94 14.7 217 246 246 0.0 B4 366 429 8 166 50.4 34.9 4f

0 0 2i7.4348.0 342.5 0.0 1704 13.9 274 {84 4 192 {92 14.7 220 246 246 0.0 113 365 430 B 167 50.0 35.2 42

0 0 247.4 348.0 349.4 0.0 169.7 13.9 274 iB4.7 191 192 14.7 220 246 246 0.0 72 3bb6 429 9 167 50.4 35.4 43

0 0217.4 348.0 349.4 0.0 165.7 139 274 §Ba 6 194 1%% 14.7 220 247 247 0.0 69 345 428 9 167 50.0 35.0 44

D 0 217.4 34B.0 349.4 0.0 167.7 13.9 274 iB4.5 {191 {°f 447 220 248 248 0.0 109 366 428 9 168 50.0 35.0 45

0 0217.4 348.0 349.4 0.0 167.9 13.%9 274 1845 {194 19% 147 221 24% 249 0.0 52 366 430 9 167 S0.0 34.8 46

6 0 247.4 34,0 34%9.5 0.0 174.9 139 274 1843 194 192 14.7 2214 250 250 0.0 &7 366 430 9 167 50.4 346 &7

0 0217 4 348.0 3425 0.0 169.9 13.9 274 1842 491 {91 147 220 24% 249 0.0 95 366 428 9 167 50.1 34.8 48

B 0217.4348.0 3425 0.0 170.3 13.9 273 184.5 {19f 192 14,7 220 247 247 0.0 95 3bb 428 7 167 50.4 35.0 4°
11 52 217.4 348.0 349.4 0.0 {75.3 13.9 273 1B4.S 191 192 14.8 217 248 248 0.0 108 365 428 B 166 50.1 34.9 S0
i1 58 217.4 348.0 34%2.5 0.0 i74.6 13.9 274 184.5 {%i {192 147 219 24B 248 0.8 99 3o 429 9 166 S06.4 34.8 54
£2 28 215.4 3438 352.0 1.4 169.9 1Ba.p 362 184.9 8B {77 445 219 477 {73 3.6 346 364 429 20 156 49.3 45.% SZ

6 02152 243.7 354.9 §.6 166.6 1848 363 183.5 {470 190 44.6 217 475 171 4.4 2°5 364 430 22 1566 4.7 44.4 53

0 0 245.2 343.6 354.9 4.7 165.9 183.6 33 1B4.B 190 190 14.6 247 177 472 4.4 314 364 428 22 166 49.7 440 54

0 0 245.2 3437 354.9 1.5 167.3 {83.7 363 1BaA.6 191 190 f4.6 218 176 472 3.9 280 362 430 22 15b 49.7 44.8 &5

0 02452 343.7 3549 1.6 16B.2 1835 363 iB4.4 491 194 f4.6 217 {i76 172 4.1 302 o4 428 21 165 49.7 44.2 96
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-
TDS-360000 ppn,Inert qasse5'38 0 utZ nf vapor

TIEE T2 TF T4 @4 P4 PEoTy - Py Ps Pu . P Ls~Ts ¥ Trex "k freq- effY File

I M

2 v

r\ﬂ;‘0~2i5 2 343 ? 35149 4.3 ibﬁuB 183.6 363 183.9 191 190 - 14.4 217 475 471 3.4 323 364 429 22 §b6b 49.8-45.9 57

00 245.2 343 2 35‘31 4.6 166.8 1848 363  184.3 191 490 $4.6 217 176 172 4.2 2B9 364 A2B 21 155 49.7 44,4 5B

0 0 215.2 38 351.9 1.5 166.2 1B4.2 363 .1BA.6 190 190 4.6 217 475 471 3.9 279 363 428 22 16b 49.7 45.2 59

0 0 245.2343.9 352.4 £.5.166.2 183.8B 363 184.2 191 190 14.7 248 475 {74 3.9 298 363 430 22 166 49.7 45.4 60

8 02452 343.9 352.0 1.7 167.4 1BA.1 363 §BA.4 591 190 414.6 21B 175 474 4.4 326 363 438 22 145 49.7 43.9 i

£2 54 245.2 343.9 352.0 {.3 165.6 83.3 363 4B83.6 4191 190 44.7 217 176 472 3.5 330 364 428 23 (b1 49.7 44.6 62

12 54 245.2 343.8°352.0 1.6 166.6 1B4.0 363 1BA.0 190 198 14.6 219 4176 472 4.0 314 363 429 22 1bb 49.7 44.7 3

13 24 2450 344 4 350.B 1.7 166.2 1B3.9 364 1B4.4 190 190 14.7 220 475 71 4.2 283 364 429 22 167 49.8 44.5 b4

13 S5 244. 9_344 3 391.7 1.6 i66.B 1843 364 1B4.7 191 (91 148 221 176 472 4.1 288 36S 429 22 166 49.9 44.9 45

14 25 214.9 344.5354.8 4.6 166.6 1B84.4 364 184.3 191 191 44.7 220 {77 473 4.2 289 364 429 22 1467 49.9 44.0 66

£4 55 214.9 345.0 350.2 1.4 1665 £84.4 364 1845 200 191 4.6 224 178 475 3.5 280 .363 429 22 167 50.0 45.7 &7

C 30 214.8 344.8 349.8 1.5 166.4 1846 358 1B4.6 200 194 147 220 4181 478 3.6 286 363 429 22 167 S0.0 46.2 68

$5 0 245.2 349.0 353.7 1.8 165.8 1B4.8 363 184.8 491 492 §4.6 220 474 470 3.9 300 363 429 23 4§67 49.9 42.4 &9

£6 30 245.14 348.9 353.6 1.9 165.3 184.8 363 184.7 491 192 44.7 220 174 170 4.0 286 362 429 23 167 49.8 42.4 70

£7 0 215.0 349.3 353.9 2.0 164.7 184.7 364 184.5 191 192 44.7 221 174 169 4.0 264 363 429 24 167 498419 71

£7 30 24S.4 349.2 353.8 1.9 164.3 1B4.6 Jb4 184.S 191 192 14.7 220 174 170 4.0 276 363 429 24 147 49.B 4.7 72

0 0 216.8 356.3 357.2° 0.0 167.3 183.8 327 4B4.2 191 191 14.7 449 191 191 0.0 3if 363 428 7 12850.3 32.4 73

@ 0 02469 356.6 357.6 0.0 164.9 B3.4 325 1B3.5 490 191 14.7 169 194 194 0.0 267 364 428 7 12850.2 31.9 74

— 0 0 236.9 356.6 357.6 - 0.0 145.0 iB2.0 325 -183.7 {90 492 4.7 168 195 {95 0.0.275 364 428 7 12850.231.6 75

~ 0 0 246.9 356.6 357.6 0.0 168.1 184.0 325 184.4 190 {191 14.7 {68 195 195 0.0 280 364 427 7 128 50.2 31.6 . 76

0 0. 215.9 35.6 357.6 0.0 163.9 182.8 325 i82.7 190 191 14.7 469 195 495 0.0 282 64 429 7 12850.231.6 77

0 0 216.9 356.6 357.6 0.0 £64.9 182.4 -325 - 1B3.S 190 194 14.7 168 196 196 0.0 284 364 429 7 128%50.231.6 78

0 0 216.9 356.6.357.6 0.0 167.4 1B3.3 325 {BA.b 190 194 14.7 (6B 19 196 0.0 303 363 427 7 1285S0.238.6 79

D 0.246.9.356.6 357.6 0.0 168.0 185.1 -325 ..183.9 190 191 14.7 468 196 196 0.0 296 3647428 7 128 50.2 31.6 80

0 0 215.2.356.7.357.6 - 0.0 is4.4 1843 325 482.6 190 491 147 {70 197 -497 0.0 288 363 430 7 128.90.2 31.3 8%

i ¢ 02459 3 56.7 357.6 0.0 164.2 184 4 335 1B2.4 490 194 147 169 196 196 0.0 293 363 430 7 42850.2 315 82

i 8 0 246.9 356.7 357.6 0.0 166.8 1B2.8 325 i84.B {190 191 44.7 469 196 196, 0.0 299 I63 427 7 128 50.3 31.4 83

0 0 205.3344.7 344.4 0.0 153.0 167.5 316 169.3 191 192 14.7. 154 179 479 - 0.0 295 364 -3B9 7 146 49.8 38.2 84

27 6 216.2 355.4 358.2 . 2.1 169.5 1B6.0 366 1B6.4 192 194 4S.1 317 202 197 4.5 241 367 42B 29 241 S0.0 46.3 85

0 0245.5354.6355.9 2.2 167.6 1848 36b 187.0 193 193 45.5 348 205 200 5.2 248 -367 429 31 .239 50.0'47.3 86

; 0 02465 354.2 356.4 2.3 186.3 1B6.0 367 4B7.5 194 93 14.7 348 206 200 5.4 294366 430 If 241 49.9 45.2 87

i 0 0.246.6 354.3 355.9 2.4 165.8 187.3 366  186.8 193 194 5.1 316 204 199 4.9 296 366 428 30 239-50.0 47.0 68

| 0 0 216.5351.1 35.4 1.9 166.8 185.0 367 187.9 493 194 {4.6 319 204 199 4.6 269 366 429 3Ii 241 S0.0 46.9 89

| -0 0 216.5354.4355.9 1.8 167.3 187.4 366 186.6 193 193 5.1 346 202 198 4.4 272 367 428 30 240 50.0 48.3 90

| 0 0 246.9 354.2 355.9 2.1 {467.3 85.0 367 i87.7 193 194 14.6 346 203 {98 5.0 298 364 428 31 244 S0.0 46.7 N

| -0 0 216.7 354.4 355.9 2.2 1683 185.2 366 187.3 193 194 §5.2 316 203 198 5.2 271 367 427 31 240°50.0 47.2 92

3 0 0.246.9 354.4 355.9 2.0 149.8 184.2 366 186.4 193 194 14.6 346 203 198 5.0 269 366 428 3I1 244 50.0 46.6 93 -

| 0 0 246.5 354.5355.9 2.4 164.3 187.5 366 487.1 193 193 i5.4 346 203 198 S.3 266 367 427 31 240 49.9 46.4 94

| 22 30 246.56 354.2 3563 2.0 16B.0° 184.5 367 187.8 4193 194 {4.6 3i8 204 199 5.0 311 365 434 2 241 S0.0 46.4 95 N ,
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Table B-4. Unprocessed Data - Performance Test Results, Part 3 of 15 .
TDS=360000 ppn;Inert gasses=38.0 wtX of vapor

TIME T2 T¢ T4 01 Pi Pf Tv Pv Ps Pu P2 1 ML NWf Mv Ls Ts V Trtd kW freq effl File
23 30 246.5 354.4 356.0 2.1 167.3 485.8 366 187.0 193 194 5.0 317 204 199 5.0 278 366 429 3L 241 S0.0 46.7 95
23 41 246.7 351.0 355.9 1.9 467.3 185.9 367 187.3 493 194 146 348 207 202 4.8 306 3b6b 430 31 242 50.0 46.0 97 0

0 0246.6 354.4 355.4 1.7 163.4 86.7 36b 1B6.2 193 194 f4.6 316 206 202 4.0 290 367 430 32 240 S0.0 47.1 98 11,26.81

0 02453 351.4355.4 1.9 {65.9 185.8 366 187.0 193 94 44,8 348 207 203 4.7 303 367 430 31 240 S0.0 46.2 99

0 0 246.3 354.0 355.9 2.4 167.8 i85.8 366 1B7.S 493 {93 14,7 323 206 204 S.{ 309 365 430 32 240 S0.0 45.8 100

0 02163 354.4 355.5 2.6 £45.5 86.2 3b6 186.9 197 194 14.8 317 206 200 5.9 302 367 430 32 240 S0.0 44.5 {04

0 0 216.3 354.0 355.92 2.0 163.8 185.1 366 187.8 193 193 f4.6 321 207 202 4.6 284 365 430 I3 240 49.9 46.3 102

0 0 2§6.3 354.4 355.4 {.7 {65.3 487.4 3I66 1Bb6.6 192 194 149 347 207 203 4.2 286 367 428 Ii 241 S0.0 47.7 403

0 0 216.6 351.0 355.4 (.7 164.8 186.1 366 186.3 {193 194 4.6 316 208 204 4.2 310 366 429 31 243 50.0 47.D 104

0 0 216.6 354.0 355.4 4.5 f64.6 1855 3Ib6 1B6.1 193 495 14.6 346 207 203 3.7 303 365 429 31 243 49.9 48.0 105

0 02163 351.0 355.9 4.6 467.6 485.0 346 186.2 193 193 {47 3I21 209 205 4.1 279 365 431 I2 240 S0.0 46.9 106

0 13 246,73 354.4 355.4 2.4 4§66.0 1B86.0 366 187.5 193 4§94 £4.8 318 208 203 5.1 313 36b 428 32 241 49.9 45.6 107

0 30 246.3 354.4 355.2 2.0 164.7 1B5.9 366 186.4 192 194 1S.0 347 209 205 4.8 280 366 429 33 242 49.8 46.3 108

£ 0216.2351.5354.8 2.0 $64.6 1859 366 186.5 193 194 14.9 316 211 206 4.5 268 346 429 I4 242 49.8 45.9 109

£ 30 246.0 354.4 3548 2.4 461.0 1B4A. 6 367 185.5 492 193 14.8 347 212 207 4.9 287 35S 429 IS5 242 49.8 44.8 {10

2 0 246.4 351.5 354.8 2.4 160.8 $BA. A4 367 1B5.4 192 493 44.8 3Ii7 217 212 5.0 269 365 429 I7 242 49 6 A3.6 i}

D30 246.0 354.7 3548 2.4 i6D.6 iB4AB 367 4185.8 192 193 14.8 3B 213 208 4.8 300 365 429 36 242 S0.2 44.6 112 ——
24 17 244.4 334.2 3443 2.7 132.6 139.8 6 139.2 147 53  14.9 243 222 214 7.4 29 345 488 43 239 49.9 S0.4 135 3.10,82
24 47 244.7 334.2 344.4 2.4 133.7 1395 346 13B.B8 147 1S3 45.0 27% 235 248 7.0 46 344 489 A4 242 49.9 S1.0 {36
21 18 241.9 335.4 344.4 3.2 132.6 139.8 346 138.8 148 154 £4.9 D280 497 190 7.4 I8 347 486 44 265 49.9 SB.D 137
24 18 241.8 3314 344.4 2.7 433.6 139.6 46 139.0 47 154 449 283 223 215 7.3 41 346 488 4S5 277 49.9 S6.8 138
21 18 211.9 334.3 344.4 2.8 $33.2 1393 36 1389 147 153 44.9 275 213 206 7.3 44 345 489 44 269 49.9 57.4 139
24 18 22,0 334.4 344.3 2.6 132.4 140.0 46 139.0 $48 53 15.0 259 213 206 6.7 25 347 484 44 247 S0.0 54.8 140
29 48 242.4 331.0 344.3 2.7 133.1 139.2 34 138.8 147 {54 15.0 283 245 237 B.41 19 343 488 45 277 49.9°52.2 {af
21 18 244.9 331,14 344.3 2.4 134.4 1393 46 1387 448 {54 414.8 282 235 228 7.2 37 348 4B6 A5 266 S0.0 S2.6 142
24 18 2424 331.3 344.3 2.6 133.0 139.5 346 138.9 148 453 14,9 28f 234 226 7.5 35 341 487 45 268 50.0 S3.0 143
21 49 242.0 334.4 3443 2.9 §34.0 139.5 346 138.8 147 1S3 149 287 228 221 7.7 46 3A1 487 44 268 S0.0 S3.0 144
24 34 241.8 334.2 344.4 2.4 133.3 139.7 a6  {39.0 447 154 449 273 244 237 7.4 Af 344 487 44 270 S0.0 S51.9 145
2 0 242.3330.8 340.2 2.9 434.0 138.6 J46 13B.0 146 152 14,9 267 215 208 7.4 30 344 4BS 44 260 50.0 S4.9 146
2230 242.4 329.8 339.9 2.7 129.5 §36.4 WS {35.9 145 154 148 284 231 224 7.5 40 342 485 47 262 49.9 S2.8 {47
33 0§ 242.1329.6°339:8 2.7 129.4 13b6.4 345 435.7 144 {51 14.4 265 227 220 7.5 33 343 487 4b 264 S50.0 S2.3 148
23 34 242.4 320.0 339.2 2.8 127.8 135.2 344 134.5 443 S0 43.0 274 223 2iS 7.5 27 342 448 47 261 49.9 490 {49 =

0 1 212.6328.7 339.0 2.7 127.0 1347 344 1339 143 149 448 272 232 225 7.5 30 342 447 47 263 50.0 S3.7 150 3.11.82

¢ If 242.3 328.2 338.5 2.6 {127.0 {33.5 343 $32.8 {42 {48 149 277 237 230 7.6 27 34{f 449 4B 258 49 9 52.2 i5§

i 421253278 338.3 2.7 125.9 1328 343 132.2 {42 148 448 276 233 225 7.7 26 3IA2 493 42 264 50.0 53.7 i52:

{32 242.4 327.6 338.0 2.7 125.0 32.§ 343 131.6 441 147 449 323 234 226 7.5 28 344 497 49 255 49.9 52.5 153

2222 632723376 2.9 123.8 131.2 343 130.6 140 146 148 332 226 249 7.7 28 34§ 497 4% 257 S0.0 53.5 154

233 212.4327.4 337.6 2.8 123.8 130.8 343 130.4 1S 146 148 288 231 223 7.7 25 341 493 S0 258 49.9 92.2 159

1 3242332693375 2.8 424.2 1314 342 130.3 {3 {46 14.B 282 235 217 7.5 25 344 493 4B 255 S0.0 54.2 156
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Table B—4

Unprocessed Data - Performance Test Results, Part 4 of 15

TDS 360000 ppn Inert qasses-38 0 utz of vapor

TIKE. T2 CTf
3.33 212.0
4 3212.6
433 242,432
S 4 2125 325
S 34 2423 32
b 4242332
6342426 32
7 §2{2.7 32
7 35 21,6 32
8 5 211.4 32
8 36 211.2 32
o & 242.0 32
936 244.3 32
10 & 244.0 32
10 36 241.7 32
14 523,03
i+ 5 213.8 34
11 5213.0 3t
11 5 213.0 3
11 S 213.0 317.
11 b 213.0 }7.
11 6 213.0 347
1 6 213.0 347,
11 b 213.0 347
1 6 243.0 347
11 b 213.0 317
12 6 210.3 316.
12 10 210.0 316.
12 11 210.2 316.
12 11 210.1 316,
12 11 210.1 346.
12 11 210.2 346,
12 11 210.3 316.
12 11 210.3 316,
12 14 210.4 316.
12 12 319.2 3b.
12°42.210.1 6.
12 36 2141 346.
13 6 241.9 346,
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Table B-4. Unprocessed Data - Performance Test Results, Part 5 of 15
TDS=360000 ppm;Inert gasses=38.0 wti of vapor

TIME T2 Tf T a1 Pi Pf Tv Pv Ps Pu P2 1 Mi Mf Mv Ls Ts V Trtl kW freq eff! File ~
13 36 212.0 346.2 326.7 3.3 102.4 109.9 328 109.4 ii 127 14.6 254 230 222 B.§{ 23 331 444 b6 483 49.9 46.8 196
14 6 211.9 345.14 325.4 3.4 §00.4 107.6 325 107.3 43 126 14.7 287 228 219 B.3 19 329 443 569 4180 49.9 48.0 197
14 36 244.5 3446 3226 3.9 95.2 i04.2 323 163.7 12 423 f4.6 208 231 222 8.7 43 328 437 77 179 429 45.4 198
i6 6 212.5 343.5322.0 3.9 955 §03.4 323 §03.4 §2 123 146 240 220 211 B.& 14 327 440 77 B4 49.9 S0.0 199
15 36 2941.7 343.2 322.¢ 3.7 ©7.2 41042 323 i04.1 43 123 44.6 237 218 210 B. 4 9 327 438 74 167 S50.0 47.4 200
16 6 202.4 343.0 323.4 3.4 97.8 1049 324 104.7 {2 423 44.6 232 221 213 B.2 7 32B 438 &9 4173 50.0 48.9 204
16 36 209.7 342.4 323.6 3.4 98.4 105.4 324 105.2 13 423 {4.6 224 221 213 B.1 -27 I2B 444 6B 170 S0.0 49.0 202
{7 6 209.4 342.2 324.2 3.6 99.0 §06.0 324 105.7 12 424 f4.6 254 207 {99 B.11038 228 443 66 167 S50.0 S0.4 203
17 36 208.7 342.0 323.4 3.4 98.1 (04.6 323 1044 12 422 i4.6 229 215 207 7.9 -25 327 442 b6 160 4°.9 4B.{ 204
18 6 207.7 341.6 323.0 3.6 97.0 404.0 323 103.2 {f 422 44.5 209 209 204 B.0 -46 327 419 65 147 S0.4 45.7 205
18 22 269.4 344.3 324.3 4.4 92,4 104.2 322 100.2 43 120 i4.6 235 215 206 B.6 -49 327 435 74 167 49.9 47.5 206
1822 209.2 344.2 3243 3.9 91.6 101.3 332 {00.7 42 420 4146 218 218 209 8.4 {7 326 435 7{ 155 49.9 45.4 207
18 22 200.2 344.2 324.3 3.4 96.2 104.9 322 404.0 14 420 445 216 222 244 B.3 2 IS 435 72 161 49.9 4.2 208
18 22 209.3 314.4 320.2 3.4 947 024 322 100.7 43 426 14.5 234 227 219 B.2 2 325 434 71 {62 49.9 46.2 209
18 23 209.6 341.4 324.3 3.3 96.2 (014.7 322 104.2 14 420 £4.5 209 224 246 B.2 46 325 435 72 154 49.9 44,9 210
18 23 209.5 341.3 320.3 3.7 95.8 401.9 322 100.6 14 {20 {4.5 232 215 207 B.5 -48 327 436 71 161 49.9 4b .4 21f
18 23 2401 344.3 326.3 3.6 °6.0 §04.6 322 100.7 13 120 (4.5 243 216 207 8.3 -473 328 434 74 172 49.9 49 .4 242
18 23 209.7 344.2 324.3 4.0 91.8 164.3 322 100.6 14 420 14.5S 238 216 208 8.5 {9 328 437 74 {53 49.9 44 5 213
18 23 209.4 344.4 324.3 3.5 942 402.4 22 100.9 {2 420 145 220 247 209 8.1 7 329 434 74 146 S0.0 43.8 214
18 27 2005 3440 320.2 3.7 93.3 401.9 322 100.6 14 130 {46 216 219 210 8.4 40 329 435 72 {39 49.9 41.G 215
18 36 209.7 314.0 320.8 3.8 93.3 {04.0 324 100.2 43 20 44.6 254 245 206 8.3 -1 326 436 72 {53 49.9 45 46 216
1 7 208.2 340.5 320.2 3.8 92.6 {00.1 32 990.3 13 119 146 200 243 209 B.3 S 326 431 72 193 49.9 46.4 247
192 37 209.8 309.0 3i18.6 3.9 897 98B0 39 97.2 19 117 14.6 214 24S 206 B.4 -24 324 434 75 {53 49.9 44 b 218
20 8 209.8 308.6 318.9 3.6 Q1.0 985 349 97.6 14 {17 146 186 214 206 8.1 -37 324 434 72 {44 49 9 45 2 249
20 38 214.3 708.0 218.4 3.7 B9.4 97.4 1i9 96.9 13 416  14.6 185 214 205 8.2 -18 324 437 73 143 49 .9 45 5 220
24 B 2446 307.3317.0 44 88.2 955 347 945 {2 115 146 192 203 194 8.3 -29 323 438 74 {33 49.9 44 2 224
24 39 2445 306.7 3465 4.4 87.4 947 37 3.8 16 114 14 6 174 205 {9 8.3 -36 322 440 75 134 50.0 44.4 2722
2240 212.0 306.1 31S.8 4.0 B6.4 939 b 93.0 1S 414 {4 6 177 204 {96 8.3 -38 321 442 7S {30 4°.9 44 .0 223
22 40 212.7 305.7 34S.S 4.4 B6.4 914 36 2.5 17 113 146 194 202 {194 B.3 -39 321 440 76 {30 49.9 44 .8 224
33 40 242.4 305.9 345.9 4.3 857 936 36 2.6 17 143 4.6 179 203 199 B.4 -46 321 440 7S {28 49.9 43 4 225
23 34 213.0 305.0 3454 44 843 93.2 I 92.8 24 112 146 154 202 193 B.2 -32 323 443 76 {32 49.9 45 9 226
2324 242.9 305.4 34S.0 4.4 851 92.6 6 91.6 23 {12 145 {74 202 {94 B.3 -28 322 442 76 {19 49.9 41 5 227
23 18 243.0 305.4 345.0 4.0 85.2 92.9 36 92.0 19 {12 14.6 490 205 196 8.2 -IS 324 444 75 {54 49 9 Si G 228
21 31 242.9 305.0 34S. 0 4.6 B6.0 92.7 6 24.5 19 {42 14.5 485 205 {196 B.4 -1 325 342 75 437 49.9 457 229
2331 242.9 305.0 34S.0 3.9 B&.B 92.8 36 01.8 23 {42 145 {78 202 193 8.2 -45 324 444 76 143 49 9 48 .5 23D
2311 2422 305.0 34S. 0 4.3 Ba.2 92.B b 946 21 413 146 151 198 190 8.4 -4f 322 442 76 112 49.9 40 .4 2Y
23 34 2428 305.0 144.9 4.2 B6.4 934 i 94.8 25 {42 145 §76 196 187 B.3 -32 322 444 7S {ib 49.9 41 .7 232
2331 242.8 305.0 314.9 45 823 926 b 91.6 25 443  14.5 157 196 {487 B.4 -57 322 442 76 {36 49.9 46.7 233
23 34 2122 305.0 315.8 4.4 B6.4 934 b 924 20 112 146 178 193 185 B.i -19 321 443 76 427 49.9 45 .1 234



Table B-4. Unprocessed Data - Performance Test Results, Part 6 of 15

TDS'360000 ppn Inert qasses-38 0 wtX of vapor

TINE = T2 T¢ T4 '} Pi PF Tv Pv Ps Pu P2 1 H HF My Lz Ts V  TrtXl kW freq effX File
23 311213.9'305;0 34S5.0 4.3 B5.3 914.9 36 9.2 22 412 14.6 170 {95 1iB7 8.4 -46 I22 442 76 131 49.9 45.3 235
2340 212.9 304.9 34S.0 . 4.0 B84.9 92.8 36 9.7 24 {42 14.6 {79 204 {96 8.3 -40 320 445 75 119 49.9 42.0 236 —
0°§847243.5 305.0 315.4 4.0 B6.D 93.2 36 921 3 412  14.6 175 {99 191 B.2 -39 322 445 . 74 125 49.9 44.2 237 3.12.82
042 212.8 304.0 344.6 4.4 B84.8 9i.8 315 90.7 33 141 14.6 164 197 188 B.1 -40 320 442 74 418 50.0 43.3 238
i 42 212.5 302.7 313.4 4.4 83.3 90.1 344 89.4 28 110 14.6 483 4194 185 B.1 -3b 318 444 73 {143 50.0 43.2 239
143 242.7 302.5 313.2 4.0 831 90.f 344 88.8 27 109 14.6 {57 198 {190 B.1 -41 318 440 74 109 S0.0 41.6 240
2 43 212.3 302.5 343.4 4.4 834 89.9 344 88.7 27 109 14.6 468 197 (89 8.2 -40 317 442 7S 116 S0.0 43.4 24§
244 212.5 304.4 3120 4.0 823 88.3 342 87.4 3 108 14.6 162 193 185 8.0 -29 317 442 74 110 49.9 43.2 242
314 244.9 304.2 312.7 3.8 83.0 89.5 33 883 13 109 14.6 158 497 B9 7.9 -3 318 442 74 106 49.9 42.2 243
345 211.8 300.8 344.7 4.1 8i.4 876 342 865 13 107 4.6 162 {91 183 8.0 -35 318 443 74 108 50.0 43.3 244
445 241.2 299.6 310.9 4.0 80.5 87.14 342  86.0 42 107 14.6 160 193 {85 8.0 -32 318 442 75 £06 S0.0 43.3 245
4 46 241.5 299.3 310.3 4.2 .79.7 86.0 3ii 84.8 13 106 14.6 166 187 §79 8.0 -22 317 443 74 100 49.9 42.5 246
S 17 24152995 310.7 4.2 79.6 865 34 85.3 13 186 14.7 455 189 iBi B.0 -34 317 44f 74 96 49.9 41.8 247
547 211.4.298.6 340.4 4.4 79.5 855 30 B4.2 13 105 f4.6 473 186 478 7.9 -38 316 440 73 99 50.0 42.9 248
702214.2297.4 308.7 4.2 78.4- 832 309 2.4 {6 $03 44.5 169 482 {74 B.0 -SB 313 433 74 &S 49.9 32.8 249
7 2214.2297.1 308.7 4.4 753 B3.6 309 827 1S 103 i4.6 175 183 {75 7.9 -2 346 432 74 85 50.0 40.4 250
7 2211.4297.2308.8 4.5 76.2 833 309 82.2 6 103 14.5 478 176 168 7.9 -34 315 434 74 96 49.9 43.5 254
w - 2211.2297.4308.7 4.8 740 831 309 81.9 16 103 14.6 178 177 169 8.0 7 319 434 74 {08 49.9 47.0 2%2
— 7 2211.2297.5308.6 4.6 760 828 309 BL.9 46 103 14.6 176 177 169 B.0 -68 320 434 74 85 49.9 39.4 253
> 7 3 211.2297.6308.6 4.5 762 827 309 B1.9 17 104 14.6 175 182 {74 B.0 -62 319 434 74 78 49.9 356.8 254
T 3244.2297.630B.6 4.7 740 826 369 BL.9 17 103 14.5 181 48f1 173 8.0 -64 314 434 74 {03 49.9 44.5 255
7 03244.2292.5308.7 4.4 80.0 83.3 309 82.4 16 103 4.5 {78 {30 172 7.9 -8 312 434 74 86 49.9 40.1 2%
7 03244.2 297.4 308.7 4.5 765 83.4 309 Bi.8 {7 103 44.5 469 180 472 8.0 -19 314 434 74 76 49.9 3b6.0 257
7 03214.4 20733086 4.4 77.4 833 309 B2.4 {7 403 449 176 488 480 7.9 -4 313434 74 94 49 .9.41.8 258
735 210.4 296.9 308.7 4.2 77.5 83.4 1309 82.3 15 103 14.6 170 1§81 473 7.8 -29 3iS 425 73 88 49.9 41.2 259
j B S 210.9 29.7 308.4 4.4 762 2.4 308 81.4 14 102 14.6 141 177 469 7.9 -27 314 418 74 B 49.9 41.2 260
1 9 2210.8 295.1 306.9 4.3 75.3 8i.0 307 86.2 13 104 14.6 412 177 69 7.8 -37 313432 73 B2 S0.0 4i.4 264
| 9 S 210.7 294.9 306.7 A3 752 80.7 307 79.8 i3 101 14.7 {22 76 168 7.8 -24 312 432 74 76 49.9 39.5.262
{ 9 7210.8294.6306.6 4.9 740 BO.D0 307 9.4 12 104 14.5 129 {174 463 7.8 -23 316 431 73 78 50.0 39.9 263
i 9 8210.7 294.9 306.6 4.3 759 8.2 307 79.8 12 104 14.5 433 473 feb 7.7 5 345 431 73 B2 SD.0 41.3 264
? 8 210.8294.7 306.6 4.2 76.4 814 307 79.9 S 100 44.5 427 7S 467 7.8 -b2 344 433 74 4$%.50.0 35.9 265
9 8240.8 294.6 306.6 4.2 75.4 81.3 307 80.4 13 104 14.6 123 74 (67 7.7 {2 344 431 74 S0 49.9 31.1 266
9 8210.8 294.6 306.7 4.2 76.3 80.7 307 80.2 15 401 14.6 136 175 167 7.7 5 311 433 73 94 49.9 46.3 267
9 8210.8294.8 3065 4.6 73.4 B80.4 307 79.8 13 100 4.6 116 172 465 7.8 4 J42 A3 73 7B 49.9 40.4 268
9 B210.8294.9 306.6 4.2 750 80.8 307 B0.2 16 160 4.5 £30 174 167 7.7 -68 313 430 73 92 49.9 45.3 269 -
? B8.210.8294.8306.7 4.4 73.3 80.6 307 80.2 13 101 14.5 134 {177 {70 7.7 -6b 313 432 72 103 49.9 48.9 270
9 9210.7 294.7 306.7 4.2 754 Bi4 307 80.2 43 104 146 118 {76 16B 7.6 9 317 430 74 68 49.9 I37.3 2N i
9 ©9210.7 294.6 306.7 4.2 767 80.8 307 79.8 16 100 14.5 129 {75 467 7.8 4 344 432 73 71 49.9 37.4 272
919 210.6 294.6 306.5 4.3 749 BO.S 307 79.7 12 100 4.6 116 475 467 7.8 -19 JI A 74 74 49.9 3B.6 273 -
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Table B-4. Unprocessed Data - Performance Test Results, Part 7 of 15

TDS=360000 ppm;Inert gasses=38.0 wtX of vapor

TIME T2 T T '} Pi PF Tv Pv Ps Pw P2 1 M MF Mv Ls Ts V  Trtl kW freq effi File
929 210.4 294.3 306.3 4.2 753 80.3 306 79.5 43 106 14.8 {425 {75 168 7.7 -24 342 434 73 7S 49.9 39.7 274
940 241.2 295.9 318.2 2.6 97.2 99.8 37 99.2 43 {13 145 25 {37 {43f S.6 -20 321 427 24 42 50.3 25.4 275
950 242.7 301.8 319.7 1.8 99.9 102.9 319 104.9 44 1S 4.6 29 1S 4§47 4.4 -32 324 427 22 {4 50.5 25.0 276

10 3 242.9 300.6 349.0 1.7 100.3 102.3 3418 401.S 12 414 4.6 14 148 144 4§ -35 323 426 20 6 50.5 22.6 277

10 S8 220.5 353.5 3S6.4 3.0 1S8.6 {174.4 362 173.5 183 188 45.3 537 344 334 9.9 i4f 359 430 BO 435 49.9 44.3 278

i1 1 220.4 353.5 356.4 2.9 160.3 175.9 362 175.3 184 1B? 15.8 536 34S 335 10.0 185 365 434 8f 437 49.9 45.9 279

f4 3 220.4 393.5356.3 2.9 160.9 176.4 362 175.6 484 89 45.8 S41 3J43 3IIT 9.8 202 360 433 B0 447 49.9 474 4 3,23.82

11 3 230.4 353.4 356.2 2.7 160.5 176.3 362 17S5.4 184 489 16.0 S2% 34 332 9.1 220 366 433 B0 422 S0.0 46.2 S

ff 3 220.4 353.4 356.4 3.4 160.1 1754 362 174.8 184 189 5.7 S23 342 332 §0.4 187 364 435 BD 433 4°.9 449 b

{1 3 220.4 353.4 356.4 3.1 160.2 175.0 362 174.7 B4 190 1S.9 S4f 3J46 335 0.5 174 364 436 B0 444 49.9 459 7

i1 3 220.4 353.4 35.0 3.2 158.4 175.2 362 i74.8 485 189 45.8 S22 351 340 10.8 158 367 436 B0 426 49.9 43.2 B

14 3220.4353.4 3%6.4 3.1 164.4 176.0 362 179.4 485 90 45.8 523 356 345 ii.1 B4 373 435 B0 429 429 428 9

i1 3 220.4 353.5 356.3 2.7 {61.2 176.8 362 176.3 4BS 190 45.8 534 IS0 340 9.5 450 367 435 B0 429 49.9 45.2 {0

f1 3 220.4 353.4 3%.4 2.7 162.6 176.7 362 176.2 185 190 1S5.9 534 34T 334 9.5 205 364 434 80 432 49.9 46 5 i

14 3 230.4 353.4 356.3 3.0 160.3 §75.6 362 175.3 185 B9 15.8 S28 3J42 332 10.2 176 361 434 B0 434 49.9 455 {2

i1 3 220.4 353.4 3%.2 3.4 158.9 176.5 362 475.6 485 {189 45.9 S25 342 332 10.2 137 363 434 B8O 425 49.9 45.0 {3

f1 5 220.4 353.6 3%6.1 2.9 160.4 175.8 362 175.2 484 {89 45.8 S3I7 343 333 9.7 211 369 434 B0 439 S0.0 4b.4 {4

14 5220.4 353.6 356.2 2.8 160.0 476.2 362 175.7 B4 489 15.8 925 342 332 9.3 156 374 435 B0 434 S0.0 46.5 45

1 5 220.5 353.5 3%.3 3.0 159.1 176.4 362 175.4 184 189 5.9 543 342 332 9.9 182 364 433 B0 437 50.0 46.5 b

f1 5 220.4 353.5 3%.2 3.4 159.4 174.8 362 174.6 185 189 457 S34 3I4S 3IIF {1.3 202 361 433 B0 434 S0.0 43.7 {7

14 5220.5 353.5 356.4 3.4 160.2 475.5 362 174.9 B4 (B9 5.9 S34 347 336 10.6 460 360 433 B0 431 S0.0 44.7 {8

i1 S 220.5 353.5 356.4 2.9 159.2 176.3 362 175.4 18S 1§89 6.0 S28 348 338 9.9 108 360 433 B0 435 50.0 45.9 {9

i1 S 220.4 353.4 3%5.2 2.8 160.0 i76.3 362 176.3 184 {89 1S.9 S3I7 348 3IIB 9.5 212 360 433 B0 445 S0.0 47.3 20

f1 5 220.4 353.3 356.3 2.8 162.5 176.6 362 176.4 485 189 i5.9 547 344 334 9.8 220 J6i 433 79 447 S0.0 47.6 24

i1 S5 220.5 353.4 3%.2 2.9 162.4 {76.5 362 175.7 185 189 45.9 G543 342 332 10.2 207 370 434 B0 445 499 47 .4 22
i1 5 220.5 353.5 3%.2 2.9 159.6 175.8 362 175.1 485 {89 45.9 S25 343 333 9.6 168 361 433 79 423 S0.0 45.3 23

11 57 249.9 353.5 355.6 3.0 4S8.7 475.2 362 1749 4S5 B9 16.0 660 356 345 10.4 16 369 444 B6 442 50.0 455 2

i1 S7 242.9 353.5 3%9.5 3.2 1S8.0 {74.7 362 {74.2 {2 B9 45.9 647 357 346 §1.0 -27 373 444 86 443 49.9 443 25

11 57 220.0 353.6 355.6 2.9 1SB.9 175.3 362 175.4 14 189 15.9 644 355 345 9.8 36 I70 442 86 445 50.0 46.0 26
11 57 219.9 353.6 355.6 3.4 158.4 175.2 362 174.4 14 {89 45.7 662 353 343 10.4 -4 364 442 Bb6 454 49.9 458 27
11 57 249.9 353.7 355.6 3.0 160.6 175.2 362 179.2 {4 189 459 679 354 344 10.4 30 361 442 Bb6 460 49.9 470 2
i1 57 249.9 353.9 355.6 3.8 157.7 475.0 362 1747 {4 B9 §5.7 645 353 343 9.8 -14 366 441 B6 438 S0.0 448 2°
11 58 249.9 353.7 355.7 3.3 i57.7 {74.6 362 174.4 15 B8 45.7 4653 352 344 10.8 14 362 443 8BS 453 50.0 453 30
11 S8 249.9 353.6 355.7 2.9 159.9 475.4 32 i74.8 15 188 i6.0 637 351 344 10.0 -20 358 444 86 423 50.0 44.4 I
11 S8 249.9 353.7 355.5 2.9 4SB.0 i75.0 362 174.4 14 189 16.0 653 349 339 9.7 14 365 442 B6 444 50.0 46.8 32
11 58 219.9 353.7 355.4 3.0 157.8 {742 362 174.0 15 189 45.8 450 351 341 40.1 8 36f 443 Bb 422 50.0 43.5 33
i1 58 220.0 353.6 355.6 3.4 157.8 i74.8 362 174.4 14 4B? 15.9 641 355 345 10.5 -2 365 442 B6 438 50.0 447 14
12 12 249.8 393.2 355.4 3.0 457.7 1748 32 174.2 13 1B9 15.9 465 354 344 0.3 44 364 443 B6 444 S0.0 45.3 35
12 15 219.8 353.3 355.4 3.4 157.6 1752 364 174.6 13 189 15.B 658 353 343 10.5 7 36b 442 86 435 49.9 445 36



. Table B-4. Unprocessed Data - Performance Test Results, Part 8 of 15

TD5=360000 ppn;lnért gasses=38.0 wtil of vapor

TIME T 1 131 Pi Pf Ty Pv Ps Py P2 1 ML W My Ls Tz V TrtX kW freq eff’ File
1245 249.8 353.3 355.4 3.1 457.0 474.6 362 173.8 42 189 15.9 663 352 341 10.2 95 370 442 86 446 49.9 46.0 3I7
12 15 219.8 353.3 355.4 3.4 S8B.6 175.0 362 174.3 {4 8% 5.9 bbb 352 342 10.5 3T 364 442 B6 443 49.9 45.5 38
12 15 219.8 353.2 355.4 3.4 $56.7 175.0 362 173.9 13 188 15.9 656 350 337 10.4 S7 360 442 B6 437 49.9 45.3 39
{2 45 249.8 353.3 355.3 3.2 157.7 474.6 362 173.3 13 189 1S5.9 655 352 41 0.7 b4 359 442 Bb 436 49.9 44.4 4D
£2 45 219.8 353.3 355.4 3.3 4S7.7 {74.3 362 173.9 12 189 15.9 664 354 JAT 1.0 30 360 442 8BS 441 49.9 445 4f
12 45 219.8 353.2 355.3 3.0 157.4 1747 362 174.2 i3 189 15.8 667 355 345 10.2 48 357 442 86 436 49.9 447 42
1215 249.8 353.2 355.3 3.3 154.4 174.2 364 173.3 43 189 45.9 659 354 344 10.7 48 359 442 B6 438 49.9 44.5 43
{2 15 219.8 353.2 355.3 3.2 15B8.1 175.0 362 173.8 13 189 46.0 656 3IS7 3J46 11.2 30 J61 442 86 435 49.9 43.8 44
12 16 219.8 353.2 355.4 3.4 156.2 474.7 361 173.9 13 189 16.0 656 357 347 10.3 G4 364 442 8BS 436 49.9 44.8 45
§2 22 249.8 353.2 355.3 3.0 157.5 {74.8 3J6i 4744 13 89 1S5.9 644 IS4 344 10.2 36 365 440 Bb 437 49.9 AS.0 46
12 32 249.9 353.3 355.4 3.0 157.9 174.6 364 474.2 {3 489 458 626 3ISS 345 10.3 10 366 438 €6 429 S0.0 44.0 47
£2 43 219.4 352.9 356.4 2.9 160.4 {75.7 3Jb62 175.3 13 189 5.8 SO2 342 333 9.8 197 364 438 79 413 S0.0 44.6 48
£2 53 248.9 352.8 356.2 2.8 160.6 {175.7 361 175.4 3 489 15.7 602 337 328 9.7 216 364 442 76 409 49.9 44.8 49
£3 0 219.0 353.0 356.1 2.7 160.4 176.0 364 175.6 43 189 459 602 343 334 9.3 140 361 442 77 409 49.9 44.9 SO
13 0 249.0 352.9 356.2 2.8 161.2 175.7 36 175.3 13 488 15.8 591 337 327 9.7 211 360 444 77 408 49.9 44.7 Si
{3 0 249.0 352.9 356.2 3.0 158.9 175.0 36t 41747 43 8B 415.8 609 3II6 326 9.9 190 369 443 77 442 49.9 4479 52
13 0 219.0 353.0 356.4 2.9 159.5 475.1 36i i74.7 13 188 5.7 602 339 329 9.7 173 J6b 442 77 409 S0.0 443 S3
w 13 0 212.0 353.0 35%6.0 2.8 161.0 175.%4 36t 175.2 45 489 15.9 608 3II9 3I29 9.5 167 367 442 77 416 49.9 45.8 54
o 13 0 219.0 353.0 356.14 2.6 159.4 175.0 36f 174.6 43 188 5.8 606 340 334 8.8 156 359 443 77 406 50.0 45.0 SS
® 13 0249.0353.0 356.4 3.0 460.4 475.5 36y 174.9 43 4BY 5.7 S99 343 333 10.1 105 368 441 77 407 S0.0 43.3 Sb
i3 0 249.0 353.0 3%6.2 2.6 $6i.6 175.8 364 175.4 13 489 15.7 606 342 3II3 9.2 144 I70 444 77 A2 49.9 44.% 7
13 0 219.0 353.0 356.2 2.7 160.9 176.1 361 175.6 43 189 45.8 617 340 334 9.1 173 369 442 77 422 49.9 46.4 S8
i3 0 219.0 352.9 356.2 2.7 60.0 175.5 364 17S.4 43 189 15.7 607 340 331 9.3 180 363 444 77 446 49.9 45.4 S9
£3 3 249.0-352.9 356.4 2.8 160.1 4755 364 175.1 {3 489 45.7 602 338 329 9.6 165 365 442 77 409 49.9 44.5 &0
13 14 219.0 353.0 35%6.4 2.8 159.8 175.3 361 174.9 483 189 15.8 594 344 I32 9.6 144 366 4L 77 AD3 49.9 43.7 i
13 24 249.14 353.0 356.2 2.8 159.9 475.3 362 175.0 184 {489 15.9 597 344 332 9.6 120 363 441 77 405 49.9 444 b2
£3 34 249.3 353.0 356.4 2.9 159.7 175.2 362 174.8 184 489 15.9 607 337 327 9.7 97 365 441 78 407 49.9 44.6 b3
£2 44 242 6 353.0 3%6.2 2.8 159.9 475.4 362 175.0 B4 489 {5.9 606 338 329 9.5 121 365 439 77 405 49.9 44.7 A
13 54 249.6 353.0 356.2 2.8 160.6 175.6 3Ib64 175.4 184 489 5.9 598 335 325 9.5 135 364 440 76 402 S0.0 44.9 65
14 4 249.6 353.2 356.2 2.9 159.6 175.4 362 174.6 183 488 16.0 833 336 327 9.6 -5 363 440 77 404 49.9 44.3 6
14 14 249 6 353.3 356.2 2.9 159.4 175.1 361 174.7 1B4 4B9 16.0 603 338 328 9.6 -6 365 432 77 401 49.9 44§ 47
£4 24 249.7 353.0 356.0 2.9 159.7 175.2 364 174.9 184 {189 6.1 589 338 328 9.6 -1 Jbb 432 77 398 49.9 44.2 48
14 34 220.0 353.1 356.0 2.9 15%.2 {75.0 bt 174.5 1B4 {189 16.4 607 337 328 9.6 4 364 435 7B 395 49.9 43.9 6°
14 44 220.1 353.4 356.0 2.9 159.8 17572 36f 174.7 184 1B9 16.3 600 335 325 9.6 -7 365 434 77 395 49.9 44.4 70
14 54 220.0°353.3 356.0 2.9 159.5 175.3 361 174.8 B4 189 16.3 602 334 325 9.6 -B 369 437 76 387 49.9 43.7 74
15 4.219.9 353.4 356.0 2.9 {59.2 174.9 341 174.5 484 1B9 16:4 S99 336 327 9.5 -15 363 436 76 388 50.0 43.7 72 .
15 14 220.¢.352.8-355.9 2.8 §60.1 175.6 361 175.0 184 4B? 16.5 S0 337 328 9.3 124 362 435 76 380 49.9 43.7 73 i
£5 35 221.0 353.0 355.9 2.8 159.7 175.4 361 174.5 B4 1B9 16.4 SB2 338 328 9.4 468 363 435 76 I70 49.9 42.2 74
15 35 220.9 353.1 35%.0 2.9 159.7 175.0 361 174.5 483 B9 16.2. 542 334 325 9.5 62 366 430 76 365 49.9 44.5 75 N -
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Table B-4. Unprocessed Data - Performance Test Results, Part 9 of 15 :

TDS=360000 ppm;Inert gasses=3B.0 wtX of vapor
TIHE T2 1¢ 1§ o1 Pi PF T Pv Ps Pu P2 I N Mf

Mv Ls Ts V  TrtX kW freq efff File

15 45 220.7 352.9.355.9 2.8 1S9.4 {751 364 §74.6 (B4 B9 16.f S36 334 325 9.4 68 IS AI0 7S I62 49.9 ALy Th
15 55 220.6 353.0 356.0 2.8 159.6 {175.0 361 41745 4B4 489 16.4 5S4 336 326 9.5 63 365 434 75 358 49.9 40.5 77
16 5 220.6 352.9 355.9 2.8 159.9 {75.0 3Ibi {746 B4 iBY 46.f Si2 334 I35 9.3 66 365 433 75 353 49.9 40.4 78
16 15 220.7 352.8 355.9 2.8 {59.9 {75.2 364 {747 (B4 B9 16.2 514 3II4 324 9.4 85 362 436 7S 4B 499 AD.4 79
16 25 220.7 352.8 355.8 2.8 459.9 {754 361 174.4 B4 {89 16.2 SO0B 333 323 9.3 141 362 435 75 345 49.9 40.0 B0
16 43 220.8 352.7°356.00 2.8 159.4 175,90 361 41742 B3 189 46.3 S07 335 326 9.4 114 365 438 75 344 49.9 39.2 Bi
{7 29 22¢.3 352.5 3%.0 2.7 60.1 175.3 364 (743 B4 1B9 f4.6 48f 335 325 9.2 193 Jp4 444 75 320 S0.0 37.9 82
17 67 221.3 3%2.3 3%6.0 2.7 160.3 175.4 36f 174.6 183 189 46.8 463 3IS 326 9.1 306 J6S 441 7S 343 S0.0 37.7 83
i8 7 224 .4 352.§ 356.0 2.6 160.5 1753 361 1745 48B3 189 16.7 443 336 326 9.1 296 Ibb 441 74 304 50.0 36.8 B4
18 17 224.4 352.2 355.8 2.7 159.4 175.0 361 i74.4 {4B3 189 16.7 4S8 I35 326 9.2 229 363 441 7S I0{ 42.9 3H.4 8BS
19 37 221.4 352.1 355.8 2.7 60.0 175.2 361 1743 9SS B9 (6.6 460 335 336 9.2 223 362 436 75 30f 49.9 36.2 Bb ——
2300 244,73 3441 38442 0.0 {73.0 1787 222 178.S 12 194 149 267 295 295 0.0 -3f 368 401 8 18550.0 36.0 88 3.25.82
2320 244.2 344.0 3442 0.0 473.9 (79.7 222 177.7 {f {195 14.9 267 288 288 0.0 3 368 40§ 8 485 49.9 36.8 89
23720 244.3 341.4 3443 0.0 {77.4 1B3.S 222 1B0.4 {2 {495 1S.0 267 3I0L 304 0.0 & 368 404 B 185 49.9 35.9 90
23 20 244.3 341.0 3443 0.0 473.8 {80.S 222 179.2 i1 {95 §S5.0 266 293 293 0.0 -5 348 400 B 185499 36.6 91
2320 244.3 344.4 3442 0.0 173.4 178.2 222 §76.6 13 495 4.9 270 298 298 0.0 S 368 399 B {8550.0 35.6 92
2320 214.3 341.1 344.2 0.0 $73.6 179.6 222 1B1i.8 {2 195 14.9 266 297 297 0.0 -13 369 399 B 4B5 50.0 35.8 93
2120 244.7 3444 3442 0.8 {73.5 4798 222 1774 42 195 449 266 299 299 0.D -9 348 399 B 4§85 49.9 356 94
2320 2144.73 341.0 344.2 0.0 §73.3 {80.3 222 i80.6 f2 195 14.9 266 295 295 0.0 42 349 399 8 185 49.9 36.8 95
2320 244.3 341.0 344.2 0.0 {72.9 (78.5 232 177.7 12 194 {49 266 295 295 0.0 ~48 349 399 B 185 49.9 364 96
2335 2447 341.3 3444 0.0 {75.6 §80.9 222 180.9 43 195 44.9 266 292 292 0.0 -4 3bb 399 B iBS 49.9 36.3 97
2339 244.3 341.3 3444 0.0 $72.0 1780 222 179.5 {4 194 149 266 289 289 0.0 15 348 399 8 {85 50.0 36.5 98
232902443 344.3 3446 0.0 1749 §79.7 222 4B1.0 44 {95 14.9 267 287 287 0.0 -7 347 399 B 185 50.0 36.9 99
23 20 244,73 341.3 3445 0.0 {762 182.0 222 1Bi.4 44 195 14.9 266 298 298 0.0 -1} 388 39% 8 185 S0.0 35.5 100
2329 2§43 341.3 3445 0.0 1753 §B1.7 222 {685.4 {3 195 {4.9 270 290 290 0.0 -4 368 399 B8 185 S0.0 36.5 104
2329 244,73 34§.3 3445 0.0 477.0 iB4.3 222 180.4 43 196 1S.0 266 296 29 0.0 40 368 399 8 185 SD.0 36.0 102
2329 2443 344.3 3446 0.0 176.0 181.S 222 183.2 {3 {96 14.9 266 292 292 0.0 -19 I67 399 8 1B5 50.0 36.2 103
2320 2443 34£.3 3445 8.0 1748 B1.3 222 179.9 {3 196 14.9 266 290 290 0.0 -2 368 399 8 185 50.0 346.4 104
2320 2447 341.3 3446 0.0 §77.2 iBL.B 222 4B0.7 i3 4% §4.9 2466 290 290 0.0 -5 348 400 B 1B% 49.9 36.4 105
2739 2443 341.2 3445 0.0 177.0 182.0 222 {B2.9 {3 196 44.9 246 283 283 0.0 -1 167 400 8 189 50.0 37.3 106
2329 244.3 344.2 3445 0.0 175.7 iBi.1 222 1B0.4 {3 49 34.9 247 294 294 0.§ -7 3468 400 8 185 50.0 36.0 107
23 30 294,14 341.2 3444 0.0 176.8 1B1.9 222 4Bi.8 i3 (%6 14.9 249 299 291 0.0 -4 367 449 8 4Bf S0.0 35.7 108
2350 243.8 340.3 343.4 0.0 {77.5 181{.7 222 179.8 42 195 {4.8 230 287 287 0.0 35 347 43D 7 173 50.0 35.0 109
23 50 243.7 340.3 3435 0.0 177.2 1Bf.1 222 1B0.4 16 495 14.8 231 282 282 0.0 44 366 4A3d 7 172 S0.0 35.6 140
23 60 243.7 340.3 343.5 0.0 §174.5 1B0.S 222 {79.9 16 495 {48 230 284 28B4 0.0 32 366 430 7 473 S0.0 35.4 iii
23 50 243.7 340.2 343.6 0.0 {73.4 178.8 222 179.5 f6 {75 14.8 230 282 282 0.0 S0 366 43D 7 173 %0.0 35.7 112
2350 243.7 340.2 343,95 0.0 472.9 177.6 222 i79.0 46 495 14.8 229 282 282 0.0 24 364 430 B 173 50.1 35.7 113
2350 243.7 340.2 343 6 0.0 175.8 4B3.7? 222 {795 {6 199 14.8 230 2685 285 0.0 47 366 434 7 173 50.0 35.4 {14
23 50 243.7 340.2 343.5 0.0 479.0 183.8 222 1B0.0 i6 95 44.8 234 285 285 0.0 37 367 43 7 473 50.8 35.3 §4S
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‘Unprocessed Data - Performance Test
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283
280
286
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257
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253
256
256
256
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259
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267
262
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269
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264
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283
280
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259
259
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Results, Part 10 of 15

ls Ts V¥
1? 367 430
7 366 430
2 366 429
275 366 404
292 365 404
278 365 400
- 279 364 399
302 363 399
294 363 400
272 364 Ald
264 365 404
285 364 Ad4
284 365 399
2B3 365 400
272 367 402
271 366 401
288 3466 404
309 366 400
309 366 400
307 346 399
29§ 367 400
290“367 400
21 366 400
286 366 402
146 345 410
194 365 Af4
159 367 409
192 366 409
202 366 409
184”367?411
194 367 409
224 3h6 A0S
210 367 ai0
219 368 409
241 3b6b 44i

240 367 a8

216 367 409
260 367 414
271 367440

\1\1\1\:'\1\:\1\)\1\1\1\1\1\1\:o~ﬂ~o~o~o~o~o~o~'o~o~o~oio~u~o~o~o~u~o~o~o~\l~4\l

TrtX kW freq eff% File

173 50.0 35.5 116

173 50.90

173 50.
150
150
150
154
is4
154
150
150
150
154
§50
150
150
154
150
154
154
154
150
150
150
190 S0.

> B O R N T N T A B -
$v$‘$$'$~o~o~o~o‘~o~o=~o-o~o~o:o;ofo:ojo

199 S0.
190 SD.
191 50
190 50.
199 50,
191 58.
190 501
190 S0:
198 0.
190 50
190 S0
190 S0.
190 50.
190 S0.
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137
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118
119
120
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j22
{23
124
125
126
127
128
129
130
134
132
133
134
135

138
139
140
144

142

143
144
145
146
147
148
149
150
15§
152
153
154
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Table B-4.

TDS=360080 ppn;Inert gasses=3B.0 wtl of vaper

TINE
¢ 53
853
053
0 54
b 54
b 5S4

24

54

24

)

24

54

24
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e -0 ~0 MO0 3 "JO 0 VTV Do td d TO (3 =

-~ e e e
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- e e e e s e
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DR T B e A e e el
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O T
214.2 352.9 355.9
214.2 352.9 356.0
244.2 353.0 356.0
214.2 353.0 356.0
214.2 352.9 356.0
244.1 352.9 356.0
215.6 353.0 356.0
215.9 352.9 356.
215.8 352.5 355.
246.0 352.2 355.
215.6 352.0 355.
245.8 351.9 355
215.9 354.8 354
216.3 351.6 354
2{5.8 351.7 354
216.0 354.8 354
246.0 351.7 354
246.1 354.8 354
245.7 351.7 354.
247.0 354.7 354.
216.6 351.6 354.
216.2 354.7 355.
216.0 351.5 354.
215.8 354.3 354.
155.8 349.1 255.
247.9 351.7 357
217.9 351.9 357.
2479 352,90 357.
2478 354.9 357.
217.8 354.9 397.
217.9 351.9 357.
247.9 354.9 357.
2179 354.9 357.
247 0 354.8 357.
247.9 351.8 357.
247.8 354.8 357.
247.3 352.8 359.
2474 354.8 358.
217.5 354 .4 358.
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14.9
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14.9
i4.9
149
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i4.9
14.9
15.
iS.
is
14.
is.
15.
4.
i4.
i4.
14.
14.
i4.
i4.
i4.
14,
4.
i4.
14,
i4.
i4.
i4.
14.
14,

@O OV OO O OO DNV IO SV S

S
E_J
w©

I
266
265
266
266
266
266
266
266
266
267
266
26b
267
267
267
267
267
266
267
267
266
265
266
267

16
244
243
244
242
242
244
243
242
243
242
243
243
243

242

Unprocessed Data - Performance Test
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254
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259
263
260
255
259
255
254
254
252
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252
254
254
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254
253
254
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284
282
284
279
e
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Results, Part 11 of 15

HF
253
252
254
250
254
252
259
263
260
255
259
255
254
251
252
250
252
254
251
250
254
253
251
255

43
281
282
281
279
280
281
280
280
280
282
281
27
272
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P - R E— R - X - - IR _BF I BN B BB

x

v Ls Ts
0 215 367
0 236 367
8 271 367
0 248 367
§ 24% 367
0 254 367
0 279 368
0 164 368
0 222 368
0 247 365
0 242 365
0 233 365
0 289 364
0 334 363
0 296 364
0 234 3463
0 230 364
.0 1B6 344
0 £85 3463
0 137 364
0 §09 345
0 226 367
B 427 364
0 93 368
0 382 343
0 17 397
0 4§ 35
b 15 356
0 23 35
¢ 15 355
0 -7 3%
0 9 355
§ 1t 35%
0 16 356
0 18 3%%
o 46 356
.0 109 356
.0 110 356
.0 110 357

v
409
409
409
408
409
410
410
409
409
409
409
409
409
410
410
410
410
410
409
410
40
ALl
419
440

90
464
450
464
458
459
464
46}
459
459
459
450
458
460
459

TrtZ kW freq effy File

—
JONMNMOOC TN ININOIVIUNNNNN NN NNNNNNTNY

-
-

A
o~ o~ Ul O~

S N
g o0~ oM

- e e e
ot

194
1
194
194
190
190
190
190
190
190
194
194
194
191
194
194
191
194
191
190
190
189
1°4
190

{1
176
197
198
195
196
i°8
198
1%
196
196
1%6
195
197
196

50.0
49.9
S0.
S0.
S0.
S0.
S0.
49.
49.
S0.
49,
S0.

50.
0.
S0.
S50.
S0.
S0.
S0.
S0.
S0.
50.
50.
S0.
45,
49,
49,
49.
4%.8
4%.8
49.8
42.8
49.8
49.8
49.7
49 .8
50.0
49.8

M0N0 OO0 e o Moo V0000 ©

35.9
36.0
36.2
36.4
36.2
36.0
35.4
34.9
35.2
36.0
35.6
36.2
36.4
36.9
36.8
37.2
37.0
36.6
36.9
36.8
36.6
36.4
37.0
36.4
46.5
33.3

3.3

33.5
33.4
33.4
33.6
33.7
33.4
33.5
33.3
33.4
33.7
34.5

155
156
157
158
159
160
164
i62
163
164
165
166
167
168
169
70
i
£72
173
174
175
176
177
178
179
199
200
204
202
203
204
205
206
207
208
209
210
211

49.8 34.4 212

3.30.82
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Tab]e B-4.

. TDS*360000 pon; Inert gasses=38.0 wtX of vapor

TIME
18
18
18
18
18
18
18
18
18 »
19 8
19 42
19 42
1942
19 42
19 42
19 42
19 42
19 42
{9 42
19 42
< R
2 39
<) S
21 39

e I )
—

J ~3 2 3 g g 9 Y

2230
a2 3
23
23
22 1§
22 32
22°32
232

2232
3232

2259

23 29

217.6 351.5 357.

7 247.7 354.7 357

o 316 1 352.9.359.

2 215.5 353.0 360.
32.215.5 353.0 360.
22.32°215.5 352.9 360.
2 215.5 353.0 360.
245.5352.9 360.

T2 1 T
217.5 354.6 358,
247 .4 351.7 358.

2176 351.5 397.
247.7 354.5 357.
217.7 354.8 357.
247.7 354.5 357.

216.9 350.8 356.
247.7 352.1¢ 358.
247.6 351.7 357.
247.7 351.9 357
247.6 351.9 357.
247.6 354.8 357.
247.6 354.9 357.
217.6 354.9 357.
2{7.6 354.9 357.
247.6 354.9 357.
247.6 351.9 357.
217.6 351.9 357.
215.4 353.1 355.
215.8 352.1 359.
215.S 352.0 3%9.
215.8.353.0 340.

215.4.352.9 360.
215.4 352.9 360.
215.5 352.9 340.
25,6 152.9 360.
2(5.5 352.9 360.
215.5 353.0 360.

246.3 352.6 360.
246.9 351.7 359.4
216.8 351.7 359.4

uew»ru;—~.—-»=ne'=~oe~0b~d OO T ] Jd I 03330 o+ o

RN R AR R AT PR RERERE R vy g ey gy 3 W el et adb ettt bttt e
P BRI N dUI R L s NN, O OO D OO oS

Pi
149.9
152.4
149.
148.
149.
2.
150,
150,
157,
153
157,
157.
i56.
154.
156.
156.
157.
{55,
156,
§55.
148.
158.
160.
157.
158.
57.
160.
160.
158.
156.8
157.8
158.8
159.9
160.3

157.%

156.7
1595
159.0

158.7

174.

\lemm-su:uo»wxlox:xlu\:o»mwm.bcm&m»

175.

Pf
£72.5
i72.6
172.2
£73.8
i72.6
174.2
i72.0
i72.
172
170.
172.
171,
171,
176,
170.
174.
i72.
i74.
i69.
{74,
174.

175.
174.
174.
175.
175.
175.
175.
174,
175.
175,
175,
175.

PJ'\IMU'\D*U“'MO*T\JF"Q-Dfd\iﬁ“'mm\)\ieuooﬁ\‘l@@\’

174.8
176.3
175.7
175.9

Ty
222
2

o

ro

J o Mo

2
2
2

ro o M

e e
222
222
222
222

222

268
266
266
266
26b
265
265
265
264
264
368
369
366
364
364
364
364
364
364

364
364

364

364

364
364
364
364
364
364

Py
179.6
179.3
179.4
179.3

1793

179.3
179.6
179.3
179.4
173.0
37.8
36.6
36.4
36.3
36.4
35.9
35.7
35.5
35.3
3%.3
173.4
174.9
174.5
173.5
174.1
174.4
174.7
174.2
174.7
174 .4
174.3
174.7
174 .4
174.7
£74.5
174.4
17S.5

174.9
175.2

Ps
iS
13
1S
14
iS
13
15
i4
13
i2
13
15
13
13
13
i3
12
13
15
i3
12
13
ii
13
i3
iB{
184
iB§
18§
184
184
164
184
181
184
184
184
i2
i2

Pw
187
187
187
187
187
187
187
187
190
igs
189
188
189
189

189

i88

189
188

189

189 -
- 189

189
189
189
189
189
189
189
189
189
189
189
190
189
189
189
189
i89

190

Unprocessed Data - Performance

242
242
244
242

243

243
243
243
244
240
240
244
240

244

240
240
244

9 242

242

240
403
405
405
405
A04
404
404
404
405
406
406
404
406
405
404
A05
404
404
404

L
a7%
276
276
277

279
283

282
279
294
294
293
294
295
295
294
294

293

294
295
296

242

248

237

247
249
247
244
247
248
247
248
249
247
249
248
247
243
250
253

Hf
275

27%

276
277
279

283 0.

282
279
291
294
293
294
295
295
294

294

293
294
295
296
234

240 8.
229

239
24
239
237
240
240
239
240
244
240
242
240
239
235
243
245

Ls Ts.
123 357
124 3%
147 3%
116 357
103 356
95 357
114 355
89 356
-13 360
115 360

110 360

56 368

144 360
73 364

53 340
94 360
b4 364

‘104 364

85 Jbi
36 362

2365
138 366

465 345

89 366
148 367

173 367

iS 366
45 366

y
460
459
461
460

464

A6t
459
460
464
453
453
453
453
455
453
453
455
453
455
454
454

454
454
453
453

453
453
453

452

454
454
453
4S5
453
453
453
453
453

453

Test Results, Rértﬂlz of 15 .

16
15

16

16

47
46
b
16 .

i°
i6
14
5

5

16

15
14
15
i6
i
59

53 3

48
53
o4

3

53
54
54
52
52
82
54
54
53
52
S4
Sé6
57

Trt% kW freq effX File

196 49.7 34.2 213

196 49.9 33.8 214
196 49.7 34.0 215
195 49.8 33.8 216
195 49.8 33.7 217
195.49.9°32.9 218
196.49.9 33.4 219
196 49.8 33.6 220
197 50.9°32.8 224
190 49.9-31.2 222
191 50.0 34.5 224
191 49:9 34.b 225
194 S0.0 31.2 22
194 50.0 3i.4 227
192 5.0 31.8 228
194 50.0 31.4 229
191 50.0 31.5 230
194 50.0 3{.4 234
194 50.0 31.2 232

4,
321:49.8 14.0 248
322 49.7 43.2 249
321 49.7 45.6 250
321 49.7 45.5 254
321 9.6 45.2 2

Arn P e R P F s IF




Table B-4.

TPS=360000 ppm;Inert gasses=38.0 wti of vapor

TIME T2 1f i
0 30 216.9 352.5 360.1
£ 0 217.0 351.8 359.9
i 30 247.3 354.8 359.7
2 0 217.6 352.6 359.8
2 30 217.9 352.0 359.2
3 0 247.7 352.0 359.9
3 30 248.0 352.1 360.
4 0 218.1 352.0 359.
4 30 247.5 353.4 3b8.
S 0 218.1 351.8 359.
S 30 2§8.2 355.4 36i.
6 0 2i8.8 3%2.0 3S8.
5 30 218.8 351.9 359.
7 0 218.9 351.7 3%8.
7 30 219.4 354.3 357.
B 0 219.8 351.2 357.
8 30 220.4 351.5 35S.

11 37 249.9 350.4 159.

12 7 249.5 356.0 362.
2 37 219.9 355.8 3b4.

13 7 220.9 355.5 360.

13 37 221.0 355.4 359.

f4 7 221.0 352.4 356.

14 37 249.9 350.8 359.
i7 47 2i6.2 353.6 352.
17 47 216.3 353.0 352.
17 47 216.3 353.0 352.
17 47 246.3 353.0 352.
17 47 246.3 353.0 352.
{7 47 216.2 353.8 352.
17 47 246.3 353.0 352.

17 47 216.3 353.0 3%52.

17 47 246.3 353.0 352.

17 47 246.2 353.0 352.

17 49 216.2 353.4 352.

17 49 216,14 353.0 352.

{7 49 246.1 353.1 3%52.

17 49 216.0 353.4 352.

{7 49 21560 353.1 3%2.

»raroo—-»»»o—-a»»»eecw.b\qraror-cra:rouroc@»me:rc

04

3
3
3
3
3
3
3
3
3
3
3
3
3
]
3
3
3
2
3
3
3
3
3
2
0
0
0
0
]
0
0
0
0
0
]
0
0
0
0

P T A S S N S SR B N S I S . A A L AR R N S I R

P
159.
159.
159.
157.
156.
i58.
i57.
iSe6.
158.
£55.
156.
154.
§55.
i51.
150.
150.
46,
159.
159.
157.
154.
153.
147.
157.
167.
i68.
167.
167.
168.
167.
167.
167.
167.
167.
§166.
167.
i66.
167.
167.

v-'-v-—ccmco~o~qa~ro»o~o\|-—\:cwoo»orom\lb\l»\:@o.b~aa:<=~o~o-=\1u~»

P
175.9
176.3
£76.4
175.9
175.2
175.9
{75.8
175.6
176.4
175.2
175.7
174.
174,
i73.
i72.
i72.
171,
i76.
176,
i75.
175.
174.
{72
176.
174,
174.
174,
174
174,
174.
173.
174

;hr—m»ergu@rqeu\!»oﬂomcrﬂbwo

Ty

365
364
364
364
364
364
364
364
364
364
365
364
364
364

363

363
363
364
365
365
364
364
363
364
247
247
247
247
247
247
247
246

Py
175.1

Ps
13
i3
i3
i2
i3
i3
12
i3
i3
1§
i3
i3
i4
i3
13
ii
13
13
i4
13
12
i2
i3
iS
184
184
184
184
183
183
183
183
183
184
184
183
183
183
183

Pu
190
199
190
190
190
{90
190
190
190
§90
190
190
i9¢0
190
190
{90
190
190
190
189
189
189
189
190
i92
i92
192
192
{92
i92
192
192
192
{92
192
192
192
192
{92

2
4
.2
3
4
4
4
S
4
4
S
b
7
7
7
B
9
i
8
.8
9
0
i
i
8
8
b
8
8
8
)
8
b
8
b
8
8
8
6
8

1
404
404
404
A0S
404
404
it
404
404
404
404
404
405
404
405
404
404
334
335
334
334
334
334
314
280
279
280
280
280
27
280
279
279
280
279
279
279
279
279

Hi
254
250
253
257
264
262
259
264
255
267
266
278
275
294
298
302
318
255
246
262
274
277
308
264
304
304
304
304
302
303
303
305
305
305
307
307
305
305
305

Lig
244
242
245
249
253
254
254
256
247
258
258
269
266
285
289
293
308
247
239
253
263
268

298

253
304
304
304
304
302
303
3603
305
305
305
307
307
385
305
305

My Ls

Ts

7.8 263 367

cemoeeaoceeaeac\iwmmm‘Q\Iﬂowﬁmmmm\lmm\lw\l \I\‘l

7 403
7.8 353
9 285
4 256
9 259
0 244
1 -12
9 -12
4 -14
5 -1
7 -10
6 -12
3 -5
3 -3
4 -14
9 -15
5 482
b 483
2 108
b 17
7 1
3
8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

367
366
367
367
367
367
367
367
367
368
368
368
368
369
369
368
367
366
368
368
368
368
368
367
367
368
367
367
367
367
367
367
367
367
367
367
368
367

v
453
453
453
453
AS3
453
453
453
453
453
453
453
454
453
453
453
453
435
434
434
435
434
435
407
445
445
445
447
444
446
a4b
447
445
448
447
445
446
444
445

Unprocessed Data - Performance Test Results, Part 13 of 15

TrtX kW freq eff File

56
56
59
60
63
b1
61
63
60
b4
64
69
67
72
76
76
85
bl
62
65
70
72
82
63
17
17
17
17
17
18
18
17
17
17
i8

"

;

18
i8
ig

324
324
32
324
324
321
324
321
324
321
321
324
321
324
324
324
324
254
254
254
254
254
254
223
220
220
22

219
228
220
220
22

220
22

2%

e

g raro
g o o -J
[N ]

49.7 44.2 253
49.7 45.5 254
50.0 45.0 255
49.9 44,0 256
49.8 43.6 257
4%.9 43.8 258
47.9 44 2 259
49.8 43.2 260
S0.4 43.7 261
49.8 42.8 262
50.2 40.8 263
49.9 44,0 264
50.0 41.5 265
%0.0 38.8 266
49.9 38.7 267
50.0 38.5 268
49.9 36.7 269
50.0 38.6 273
49.9 36.4 274
49.7 3422
49.9 33.2 276
49.7 32.6 277
49.9 30.8 278
49.9 33.2 279
49.833.5 4
49.833.3 S
0.0 33.4 &
49.7 33.4 7
49.8 33.7 8
49.6 33.3 9
50.0 33.6 10
49.8 33.1 {4
49.8 33.4 {2
49.8 33.1 {3
49.8 33.1 14
50 b 33.4 S
$.7 33.3 16
2.7 33.6 {7
49 7 33.2 18

75"

4,1,82
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Table B-4. Unprocessed Data - Performance Test Results, Part 14 of 15

TDS=360000 ppm;Inert gasses=38.0 wtX of vapor

“TIME .

17
i7
17 49
17
i7 So
17 S3
£7 S3
£7 S3
17 83
17 53
17 54
{7 54
17 54
17 54
17 54
18 29
i8 29
i8 29

49

18 29

i8 3o
18 30
18- 30
18 30
18 30
ig 30
1836
18 36
18 36
18 36

18 36

18 36

i8.36 216.6 353.7 3s2.
18 36.216.7.353.6 352.
18 3& 216.6 353.7 352.
18 36 216.7 353.6 352.

i8 37

. 18 38~

i8 38

2 T
246.0 353.4

49 216.1 353.0

216.14 353.0

50-216.1 353.0

216.2 353.0
216.5 353.2
216.4 353.1
216.3 353.2
216.3 353.1
216.3 353.1
216.4 353.0
216.4 353.0
216.4 353.0
216.3 353.0
216.3 352.9
216.2 352.7

216.4 352.8.3%52.

216.4 352.7
216.4 352.7
216.3 352.6
216.3 352.6
216.4 352.6
216.2 352.6
214.3 352.5
216.3 352.5
2167 353.7
216.6 353.7
216.4 353.7
216.6 353.7
216.6 353.7
216.6 353.6

216.5 353.2
2165 353.3
216.5 353.2

T
352,
352.
352.
352.
352.
352.
352.
352.
352.
352.
- 352.
352.
352.
352.
352.
351,

354.
352.
352.
352.
351.
354.
351
354 .
352.
352.
352.
352.
352.
352.

352,
352,
352.3

18 38 216.5 353.3 352.3

uu:ra~c~o~o~mmmmu~o~o~o~o==eeeoauuuuuuuuumrawraw

13
0.

P
i67.
166.
167.
f66.
i66.
166.
166.
166.
f6b.
166.
166.
166.
166.
i67.
166.
167.
167.
167.
167.
167.
f67.
167,
167.
167.
168.
i63.
163.
163.
163.
163.
163.
f62.
i62.
i63.

-163.
161,
168

61,
i61.

v\lmow»wme»mw.bcnw-Jsmuooemﬂ\:so»\z»\Io~o~\1=w\:~o=~ora»

Pf
173.7
{735
173.5
173.5
173.5
i72.8
172.5
£73.0
173.2
i72.8
173.4
i72.7
173.3

173.2

173 .4
173.7
173.9
i73.2
173.6
173.8

173.5

173.5

Tv

253
252
252
252
254
254
254
254
250
250
250
250
250
250
250
222
222
222
222
222
222
222
222

222

£ PO P PO PO RO R
RPN
o RFS TS R

H

oot roOro o

Pv
178.4
178.4
i78.8
178.3
178.2
177.8
177.8
178.3
177.8
178.0
177.9
177.3
177.4
177 .4
177.8
176.5
176.8
175.8
176.4
176.4
176.3
176.0
176.
176.
176.
175.
174,
174.
i74.

‘I'J;JWON\INGNN

Ps
183
183
183
183
183
182
182
182
182
182
182
182
182
182
182
182
183
182
i82
183
182
182
182
182
182
184
181
184
184
180
180
181
184
181
180
180
180
180

180

Pw
192
192
§92
192
192
i9
194
194
194
194
19
194
194
194
194
191
191
194
194
194
194
19
194
194
19
190
190
i%90
190
190
190
190
190
190
190
190
189
190
189

14

P2
14.8
is.8
i4.
4.
i4
4.
i4.
4.
i4.
ia.
14.
14
i4.
i4.

14.
is.8
i4.8
i4.8
i4.8
14.6

€0 G0 O O~ O~ O~ OO ©O O~ -0 0O O O O~

14.6 -

14.6
i4.6
i4.6
14.8

14.8.

14.9:
14.8

14.9
14.8
14.9

i4.9.

14.8
14.9
14.9
14.8
14.8

i4.8

I
280
278
281
279
280
278
279
279
280
279
279
280
280
279
279
283

276

277
277
277
277

276

276

277
277
344
336

335
335

335
338
335
335
335
335
332
336
335
335

ML

306
306
307
307
307
303
303
304
303
303
303
303
303
304
299
288
287
286
287
287
287

287

287
288

-287
323

323
324
324
324
329
325
327
328
327
330
334
330
334

L1
306
306
307
307
307
303
303
304
303
303
303
303
303

304

299
288
287
286
287
287
287
287

.287
.288

287
323
323
324
324
324
325
325
327
328
327

330

33
330
331

x

Ls Ts
-5 367
8 368
3 367
3 368
0 368
b b6
-9 366
27 367
=S 367
-0 367
i1 366
S 367
-0 366
7 lbb
-5 367
S 366
-i4 366
17 366
11 367
-10 365
23 36b
-3 366
7 366
i6 366
2 36k
-8 367
i 366
i 365
£3 3465
-8 365
19 365
14 Jb6b
-9 366
12 366
10 3b6b
15 366
9 366
-4 3bb

14 366

v
A48
A4b
44p
a6
a7
Ab
M
s
A4
a7
A46
a8
M
M7
A
Mb
448
b
A
M
a4
47
M7
47
448
A7
A4
a7
47
446
446
M6
M7
A6
447
46
446
446
A7

Trtdl kW

is
i8
i8
i8
i8
17
i8
i7
17
17
17
i8
i6
16

i6

14
i4
14
15
14
i4

14

14
i4
i4

2

22
21
22
a2
a2
23
a2

a2

a2

23
24

23

- 23

220
220
220
220
220
220
220
220

220

220

220

220

220

220

220
219
219
219
219
219

- 249
218 -
219

219
218
263
263
263
263

freq- effX File

49.7 33.2

19
20
21
22
23
24
25
26
27
28
29
3
3
32
33
34
35
3b
37
38
39
&
Af
A2
A3
44
a5
46
47
48
49
50
54
52
53
54
55
56
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Table B-4.

TDS5=360000 ppn;Inert gasses=38.0 wtZ of vapoer
TIME
i8 38
18 18

38

18 318
ig 18

i8
19
19
19
i°
19
19
19
19
9
19

38
13
i3
13
13
13
L
14
i4
14
14

T2 T U
216.5 353.2 352.3
216.4 353.2 352.3
216.5 353.2 352.3
216.5 353.2 352.3
216.6 353.2 352.3
216.5 353.2 382.2
214.8 353.8 352.7
2447 353.8 352.6
2{4.9 353.7 352.6
214.8 393.7 3%52.
214.9 353.7 352.
215.0 353.6 3%52.
215.4 353.6 352.
215.0 353.6 352.6
214.9 353.7 352.5
215.0 353.7 352.5

oo~ O~ O~

04

164

eeeeeoeeeaeeeeee
'tn'eeeeeceeeceeeee

i
f61.6
161.6
f6d.3
164.5
161.9
164.5

.7
165.4
165.4
164.5
164.5
§65.2
165.0
163.9
{64.0
165.14

pf
168.7
168.3
168.2
168.6
168.3
168.5
174.7
174.6
171.3
174.3
174.6
174.6
174.3
174.0
174.5
i74.0

Tv
222
222

Py
173.3
173.3
i73.8
i73.5
173.3
173.0
179.5
179.6
179.5
179.8
179.3
179.4
179.4
179.2
{79.0
178.9

Ps
180
179
179
179
179
179
184
184
184
184
184
184
184
184
184
183

Pu
189
189
189
190
190
189
194
192
124
194
191
19
194
194
194
191

P2
i4.8
14.8
i4.8
id.6
14.6
148
i4.6
14.%
i4.6
i4.6
i4.6
14,6
14.6
i4.6
14.6
i4.6

I
335
336
335
335
335
336
336
337
335
335
336
335
336
336
335
335

[}
33
330
334
332
333
334
352
366
356
354
359
365
355
357
359
355

Mf
334
330
331
332
333
334
352
366
356
354
359
365
355
357
359
355

OO0 GC OO0 0O Do OoO O

= 3

Unprocessed Data - Performance Test Results, Part 15 of 15

ks 75 V
8 366 447
-2 366 448
5 365 444
-0 365 444
=7 366 447
-2 367 A47
S 346 447
24 365 448
3 365 446
456 365 444
5 365 447
S 364 447
1S 365 446
29 365 448
19 364 44p
B 364 446

TrtZ kW freq effX File

24
23
24
24
24
24
25
24
24
26
24
23
24
26
24
24

263 49.9 35.8
263 49.9

d O G Gd Gl Gl G Gd Gl Gl
&%%ﬁ%mum»ummmmm

.9
.8
.5
A
.5
.2
.9
.9
1
.5
A
.0
.8
b
.0

g8
59
60
b1
62
63
64
65
b6
67
68
6?
70
71
72
73



Table B-5. Cesano Test Results (Ref. B, Table 4)

(Fi1es) | 1 | P | P (inleglsFeam eff.4 | thr.b| Kis |
quality) - :
117:27) | 128 | 168 | 171,3| 14,86 0,0 0,7 | 7] 167] 9,79
2(20:51) | 138 | 220 | 170,7|14,70] 0,0  |30,85| 8 |178] 9,61
3(52:72) | 138,5| 219 | 166,5| 14,6 | 1,6  |38,3 | 22 |178|11,95
4(73:83) | 106,4| 168 | 165,9] 14,7 0,0 27,6 | 7 | 145 9,25
5(85:108) | 201 | 317 | 165,9] 14,8 2,0 39,9 | 31 | 201 11,11
6(109:112) | 201 | 317 | 161,0| 14,8 2,1 38,3 | 36 | 241 10,61
7(135:161) | 216,5| 282,6| 128,4| 14,7 2,7 45,5 | 47 | 257 |11,01
8(4:19) | 433 | 531 | 160,2] 15,9 3,0 45,4 | 80 | 477 9,89
9(24:47) | 441 | 657 | 157,7|15,9 3,1 45,1 | 86 | 486 | 9,73
10(49:68) | 408 | 604 | 160,1| 15,8 2,8 48,7 | 77 | 452 9,03
11(84:86) | 302 | 454 | 160,0| 16,7 2,7 36,5 | 75 | 344 | 8,79
12(89+107) | 185 | 267 | 174,9| 14,9 0,0 36,2 | 8 | 225 10,39
13(109:118) | 173 | 230 | 176,1] 14,8 0,0 35,5 | 7| 213/10,43
14(119:139) | 150 | 216 | 177,8] 14,9 0,0 35,9 | 6 | 189 |11,00
15(140:149) | 190 | 267 | 174,8] 14,9 0,0 37,2 | 7 | 230 | 10,60
16(150:178) | 190 | 267 | 177,6[ 14,9 0,0 36,2 | 7 | 230 |10,35
17(199:222) | 196 | 243 | 151,0] 14,8 0,0 33,5 | 16 | 236 | 9,21
18(234:250) | 321 | 405 | 158,1| 14,9 3,3 44,4 | 53 | 363 10,71
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Tab] e B"’60

The data correlation functions are as follows:

where
kWs =
P1 =
P2 =
and
Ql =

-
n

W -21.36 + 10.25 1n kWs - 0.072[abs(kWs - 520)

/
gp = 1 - 0.019 (% - 15)
3 |
gq = 1 - 0.54 u) + 0.0004(Ql - 28)
100

shaft output power;
inlet pressure;

outlet pressure;

inlet quality

Data Correlation Functions (Ref. 1, pp. 7-22 to 7-24)

]0.6

so that experimental efficiency n = fwgpgq, within the validity limits
of the correlation functions.
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APPENDIX C
NEW ZEALAND/MWD

Figure C-1 Broadlands Well BR 19 Output Test. (Ref. C, Appendix A)

Figure C-2 Broadlands Well BR 19 Casing and Geological Information
(Ref. C, Appendix A)

Figure C-3 Tabulated Variables, Performance Data, and Graphs

through

Figure C-19 (Ref. C, Figs. B.1 through B.17)

Table C-1 Broadiands Well BR 19 Fluid Chemistry (Ref. C, Appendix A)

Table C-2 Variables Logged by the Data Acquisition System
(Ref. C, Appendix D)

Table C-3 Transducers (Ref. C, Appendix D)

Table C-4 Test Chronology (Ref. C, Appendix E)

Table C-5 Performance Calculation Procedure (Ref. C, Appendix C)
Table C-6 Variable List (Ref. C, Appendix B)

Table C-7 Performance Test Results (Ref. C, Appendix B)

Table C-8 Endurance Test Record (Ref. C, Appendix B)
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Figure C-1. Broadlands Well BR 19 Output Test (Ref. C, Appendix A)
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Figure C-3. Helical Screw Expander Data--100% Inlet Steam Quality (Ref. C, Fig. B.1)
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Table C-1. Broadlands Well BR 19 Fluid Chemistry--Samples Taken
During the HSE Test Program (Ref. C, Appendix A)

Date Collected

Type *

W.H.P. (Bar g)

Sep. Pressure (Bar)

WATER SAMPLES

24/10/82

Collection Pressure (Bar g)

pH
Li
Na

K

Ca
Mg
C1
S0q
B
Si0yp
H C03
HoS

Date Collected

W.H.P. (B)

Sampling Point Pressure
Sampling Pressure

COg immoles/IOO mo]es;
H mmoles/100 moles
NR; (mg/1it)

EWB
BWB
WHS
WEB

EWB
27
11

1
8.91
11.99

971

191

2.4

0.01
1658

7
44.1

805
75

Bypass W

21/10/82
BWB
27

11

1
8.64
12.60
1025
202
2.3
0.03
1747
8
48.8
850
134

eir Box

STEAM SAMPLES

21/10/82
27

802
16.2

c-21

Wellhead Separator
Webre Separator (Sampling)

3/3/83

12
12

35
.7
.6

862

17

.8

3/3/83 3/3/83

WHS
35
12.8
1
7.46
10.30
824
167
1.2
0.04
1341
7
38.1
644
205
14.7

HSE Exhaust Weir Box

3/3/83
35
12.8
12.8

902
17.9

WEB
35
12.8
1
7.39
9.88
773
157
1.0
0.01
1287

607
195
15.6

28/

3/

1

4/83

33
12.6
12.0

1108
19.7
48.6

3/83
EWB
35
12.8
1

1.74
945
185
2.1

0.01

1528

709



Table C-2. Variables Logged by the Data Acquisition System
(Ref. C, Appendix D), Part 1 of 2

VARIABLE

Wellhead Pressure

Steam Orifice Upstream
Pressure

Steam Orifice Differential
Pressure

Steam Temperature
Liquid Orifice Pressure

Liquid Orifice
‘Differential Pressure

Liquid Mixing Point
Pressure

Liquid Mixing Point
Temperature

Plant Inlet Pressure
Plant Inlet Temperature
Plant Exhaust Pressure
Plant Exhaust Temperature
Ambient Temperature
Atmosphefic Pressure
Throttle Position
Separator Level

Voltage

Amperage

Frequency

Electrical Power

SYMBOL
Pw

Pv

dPv
Tv

Pm

dPm

Pf

Tf
P1
T1
P2
T2
‘Ta
Pa
“trt tr

Ls

Hz

KW

C-22

UNITS

psia

psia

inches H»0
deg F

psia

inches H20

psia

deg F
psia
deg F
psia
deg F
deg F
psia
%
inches Hp0
volts
amps
hertz

kilowatts

VECTOR
‘LOCATION

1

40

41

35
28
13

16
30
31
32
33

dpcens ol T SEEG 2 ST LIS




‘Table C-2. Variables Logged by the Data Acquisition System,

Part 2 of 2

VARIABLE

Journal Bearing
Temperatures

Thrust Bearing

Alternator Bearing
Temperatures

Alternator Winding
Temperatures

Thrust Bearing Forces
(Sensors Faulty)

Computer Reference Voltage

SYMBOL

LPJm
LPJf
HPJm
HPJ f

THRf
THRm
alt org

alt wdg

Thr Brg Force

Vref

c-23

UNITS

deg
deg
deg
deg

Tt MM ™M

-n

deg
deg

-n

deg
deg

deg
deg
deg
deg
deg

M T M T M M ™"

VECTOR
LOCATION

18
19

23
20

21
22

36
37

24

25
26

38
39

42
43



Table C-3. Transducers (Ref. C, Appendix D), Part 1 of 2

(1)

(2)

VARIABLE
PRESSURE
Wellhead

Steam Orifice
Steam Orifice

Differential

Liquid Orifice

Liquid Orifice

Differential
Liquid Mixing
Point

Plant Inlet
Plant Exhaust
Atmospheric
Separator
Level
TEMPERATURE
Plant Inlet

Plant Exhaust

Steam Line

SYMBOL

Pw
Pv

dPm

dPm
Pf
P1
P2
Pa

Ls

MAKE

Gould
PA-1000-1000-15

Rosemount
115-1GP8E22MB

Rosemount
115-1DP5E22MB

Gould
PG1000-1000-~11

Rosemount
115-1DP4E22MB

Gould
PA-1000-1000-15

Rosemount
115-1GP8E22MB

Gould
PA1000-0200-15

Gould
PA1000-0050-15

Rosemount
115-1DP5E22MB

CALIBRATED
RANGE

0 to 600
psia

0 to 300
psia

0 to 150
inches H20

0 to 300
psig

0 to 150
inches H20
0 to 300
psia »

0 to 300
psig

0 to 54
psia

0 to 50
psia

0 to 150
inches H20

Resistance Thermometer Detectors

Platinum 100 ohm at 0 deg C

T1

T2

Tv

c-24

267 to 413
deg F

54 to 243
deg F

267 to 413
deg F

S/N

1500i
64061
89377
121728
90722
95286
15000
64062
15002

15004

89379

91
94

98

13

16

41
35

34




Table C-3. Transducers (Ref. C, Appendix D), Part 2 of 2
CALIBRATED
VARIABLE SYMBOL MAKE RANGE S/N J
Water Line Tf 266 to 412 88 40
deg F
Ambient Ta 99 28
(3) ELECTRICAL - Scientific Columbus Instruments
Voltage v VT100A2 120 volts 30
Amperage I CT-510A2
Kilowatts KW DL31K5A2-2 0 - 3333.33 33
Digilogic Model 5 watts
50 hz
Frequency treq Exceltronic 6281-B 45 - 55 32
(4) OTHER
Throttle trt Bourns 5184 0 to 100% 6

Linear position
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Table C-4. Test Chronology (Ref. C, Appendix E), Part 1 of 3

20.

26.

13.
13/24.
24.

27.

11.
12.

13.

AUGUST 1982

Completion of the constfucfion of the pipelines uplto the
anchors at the inlet and exhaust of the HSE.

Fisher Vee 100 Ball Valve and Fisher 4195B pressure controller
tests. Well discharging to waste.

Safety valve discharge check. Full steam flow discharged
through the safety valves.
SEPTEMBER 1982

HSE and load bank were delivered to site in a nine foot six
high, forty foot Tong container,

20 foot container with 0il console and ancillary components
delivered to site.

Technical Specialists, Messrs. R. McKay and R. Sprankie,
arrived on site. Data van delivered to site.

HSE positioned in the shelter building.

Site preparation continues.

Completion of electrical wiring.

Testing of computer equipment.

One computer and one printer required repair by Hewlett-Packard.

Start of the instrument calibration.

OCTOBER 1982

Computer programme modifications undertaken to suit the
Broadlands BR 19 site.

The load bank power cables were connected to HSE.

The instruments were installed on the process pipelines and the
power plant.

Instrument calibration completed.
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Table C-4. Test Chronology, Part 2 of 3

14.
18.
20.
22.

3/5.
10.
12.

15.
29.

14.

21,

24,
27.

HSE run for the first time on geothermal fluid in New Zealand.
Faulty load bank relays replaced.
Start of 3333 rpm performance tests.
Rotor inspection - no scale deposits evident. Iron sulphide on
rotors and housing.

NOVEMBER 1982
IEA executive committee meetings held at MWD offices, Wairakei.
Voltage regulator instability observed.

3333 rpm testiny terminated, awaiting a replacement voltage
regulator. ‘

2500 rpm gear set installed.

Replacement voltage regulator installed.

DECEMBER 1982
Start of 2500 rpm performance tests.

2500 rpm tests completed.

FEBRUARY 1983
Start of the endurance test preparations.
Completion of test preparations including:
(a) Male low pressure seal replacement
(b) 3333 rpm gearset reinstalled
(c) Diatomite water filtration plant installed

Start of endurance test.

Intermittent fault in instrument power supply to high precision
RTD temperature probes.
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Table C-4. Test Chronology, Part 3 of 3
~ MARCH' 1983
4. Fault in automatic shut down circuitry, shut down the plant for
1 hour. -
16. RTD power supply replaced.
APRIL 1983
7. Automatic greasé system failed.
26. Failure of the oil metering pumps. g?
o i
MAY 1983 i
. . ¢
3. Endurance test terminated due to excessive o0il 1oss across the. g
shaft seals. » é
20. Separator plant dismantled and returned to NZED Wairakei. g
o : B
23. Exhaust bend and bellows removed for HSE rotor inspection. ]
JUNE 1983
10. The HSE and the load bank were packed into the large container,
16. The data van and the two containers were transported to

Auckland in preparation for shipping to the USA.
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Table C-5. Performance Calculation Procedure (Ref. C, Appendix C),

Part 1 of 2

The computer programme to calculate the isentropic efficiency of the HSE was
based on the programme used during the Utah tests, Refer to reference (3)
for more detailed information than is contained in this appendix.

Minor changes were made to the programme for the New Zealand tests. There

were:

(1)

(2)

(3)

The flow rate calculations for the steam and water orifice

plates were modified to conform to the British Standard, BS 1042
Part 1.

The alternator power loss equation was modified for 50-Hz
operation.

The equation for the 3000 rpm (60 Hz) gear set was used to
compute the gearbox power loss. This equation was derived from
data supplied by the Philadelphia Gear Corporation who
manufactured the gearbox {refer reference (1) p G-3).

A very brief outline of the calculation procedure and equations relevant to
the New Zealand test site are detailed below.

(1)

(2)

CALCULATION PROCEDURE

Flow rates computed to BS 1042 pt 1, 1964
Orifice plate diameters: (d)

Steam 5.921", 4.955", 4,396"

Water 4.396", 2.8263", 2.069"

Pipe Diameter (D)

Steam 7.990"

Water 7.983"

Flow rate equation:

W = 359.2 CZeE(d)2/hp  (1bs/nr)

eqtn (7), page 23, BS 1042 pt 1, 1964

The enthalpy of fluid flowing into the plant was determined

using measured temperatures and pressures to access the steam
tables programmed in the computer,
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Table C-5. Performance Calculation Procedure Part 2 of 2

(3)

The quality of the fluid entering the plant is calculated from
the known ‘enthalpy and the measured fluid conditions at the
plant inlet (Pl). C

Combute the Shaft Power Output | |

Electrical Power generated is meésured (KW)

Amperage is measured (I) |

A]ternétor Power Loss Equation:

a = 22.854 + 5.28 x 10761 + 00412

This equation derived by R. McKay for 50-Hz operation

Gearbox Power Loss Equation:

b = 8.559 + 6.975 x (a + KW)/1000

‘Refer to reference (1) p G-3 for more details

Shaft Power (KWM):
KWM = KW + a + b

Isentropic efficiency calculation. Refer to the Utah computer
programme (3) for details.
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Table C-6.

Variable List (Ref. C, Appendix B)

VARIABLE

Plant Inlet Pressure
Plant Inlet Temperature
Inlet Fluid Quality
Inlet Enthalpy

Mass Flow Rate
Exhaust Pressure
Exhaust Temperature
Throttle Opening
*Electric Power Output

**Shaft Power Output

Frequency

Isentropic Efficiency
Data Cassette Number
Data Cassette Track

Data File

* Designated as Py in this text.
** Designated as kWs in this text.

SYMBOL

Pl

Tl

qQl

M1l
P2
T2

Tr

Freq
Eff
DC
trk

file
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Table C-7. Performance Test Results (Ref. C, Appendix B),
-Part 1 of 10

INLET PRESSURE (Psio) 180 INLET QUALITY (1) 100 RPM 3333

Date Time M T o H M P2 T2 Tr Kie KWK Freq Eff D trk file

psia  oF X btu/Ib klb/h psia  oF X W 2
28/10/82 13:49:42 99.6 327.0 100.1 1487.9 15.9 14.2 210.0 19 110.3 443.349.921.6 § 1 148
27/10/82 11:51:48 100,08 327.1 100.1 1187.9 18.4 14.1 209.3 26 195.4 229.7 50.0 29.7 § ¢ - 277
268/10/82 13:36:08 106.1 327.0 100.1 1188.2 19.3 14.2 209.8 27 197.1 231.450.1 28.7 § § (N9
26/10/82 14:43:33 98.5 325.6 100.1 1188.2 21.1 14.2 209.8 34 254.1 289.549.933.4 1 ¢ 90
27/18/82 12:13:42 98.8 326.0 100.1 §187.9 20.7 §4.1 209.2 33 259.6 295.0 50.1 34,4 § § 4
27/10/82 12:41:28 162.6 328.3 100.1 1188.7 23.6 14.1 209.3 42 3420 379.0 498378 § { 25
28/19/82 14:40:09 102.5 327.9 100.2 1189.1 24.4 4.2 209.8 43 343.4 380.4 50,0 36.8 § {1 20§
26/10/82 19:04:47 100.7 326.4 109.2 1189.0 26.3 14.2 209.8 56 398.0 436.2 50.4 3%.6  { 212
27/10/82 13:00:26 100.2 325.8 100.2 1183.6 2; 344,141 209.2 70 448.6 487.4 5C.4 42,5 § i 3%
27/10/82-13:48:66 93.9 324.5 130 2 1185.5 26.6 14.1 209.2 90 486.0 525.7 50.6 43.6 v { &
INLET FRESSURT (Psia) s INCET QUALTTY X5 L RPh 3333
bate Time Fi Ty gt W K PZ T2 Tr KWe KwH Freg £ff ol -re 4ilc
psis oF % pre/lit wlp/h psin or X h1 &

26/10/82 16:26:45 140.0 352 6 1004 14956 20.0 14.2 205.9 10 201.0 235.650.0 24.¢6 1 1 23:
27/10/82 13:44:52 140.7 352.8 100.1 1:93.6 22.4 14,6 209.1 20 204.9 320.9 5.0 29.2 { 1 S5
28/40:8 16:07:40 145.7 352.4 160.4 3153.7 23,0 {4.2 209 720 2855 324.950.0 25,6 & 1 &4
@8/10/82 15:53:28 145.2 152.4 100.1 1193.3 24.6 14,2 209.7 23 335.4 374,9 90.0 3.9 1 i &34
27740782 14:43:44 140.0 352 4 {00.5 44938 24.7 14,0 209 22332.6379.650.031.8 £ &Y
26/10/82 15:32:38 14i.¢6 3524 1641 $194.6 28,3 14.2 209.7 36 445.5 484.3 Su.3 35.0 12 4 &3
27/10/8¢ 14:37:22 137.2 354.4 106 .4 3153 6 £7.0 14,0 205.1 31 453.F 492.2 50,0 361 1 1 we
27/40/82 §5:03:42 139.6 351 .4 (62,1 1193.8 30.6 14.1 208.9 38 538.3578.9%6.§ 3¢.6 & & 9
27/10782 15:34:40 133.4 350.2 100.4 {153.9 23 6 14.1 208.9 49 626.6 607.4 49.9 406 § { {i:
2710782 15:52:35 1357 350.7 {{0.4 51540 Jo.5 14,10 208.9 63 740.3 754.8 45.9 42,7 1 1 113
27710782 $6:40:53 139.9 3514 {06 § {94.2 33.3 14.1 208.9 75 762.6 808.6 50.0 43,1 1 1 g4

INET PRESSURE (Psis) 180 INLET QUALITY (X) 100 RPM 3333

Date Time 3 SR F S )1 W M P2 T2 Tr Kée KWH Freq EFF D0 tri fiic
psia  oF I btru/ib klb/h psia of X 2 1
27/40/82 16:32:23 179.5 371.6 100.4 4497.4 33.5 14.0 209.0 27 644.0 £53.550.0 36.0 § {§ {35
27/46/82 16:51:08 181,56 372.6 100.1 1197.6 36.3 14.1 209.4 31 695.6 740.0 50.4 37,5 § 1 i4e
27/18/82 17:10:51 180.2 374.6 100.1 1197.6 38.5 14.1 208.8 36 758.5 B04.8 S9.0 38,5 & {1 157
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Table C-7. Performance Test Results, Part 2 of 10

INLET PRESSURE (Psin) 100 IMEY QUALITY (X} S8 RPM 3333

Date Tine P T W R M P2 T2 Tr Kie KWM Freq Eff D trk file
psia o I bte/lb klb/h psia oF 1 Wt 1

02/41/82 12:23:47 100.7 327.4 S53.0 769.8 31.4 14.3 210.6 31 196.5230.950.4 31.4 § 1 278
§2/11/82 12:47:28 99.4 325.8 49.5 738.4 38.8 14,3 210.5 45 283.9 319.6 50.8 37.5 2 ¥ {4
82/44/82 14:03:44 99.4 325.5 S1.9 759.3 41,2 14,3 240,557 348.3 385.350.040.8 2 ¢+ ¥
02/11/82 14:23:37 100.4 325.4 49.6 739.4 48,6 14.3 210,983 A31.5470.250.4 438 2 ¢ S8
INLET PRESSURE (Psin) 140 IMLET QUALITY (Z) S0 RPH 3333
Date Time S W F R H M P2 T2 Tr Kde KWN Freq EFf DL trk file
psia  of T btu/lb kib/h psia  of X Hx X
02/14/82 16:12:10 139.7 352.4 43.3 744.1 33.7 14.4 200.6 18 197.9 232.4 S0.0 26.5 & § 42
02/14/B2 15:36:59 139.9 392.1 S0.3 7bi.4 37,4 §4.3 210,523 277.4 313.2 4.8 3.6 = & 9
02/11782 15:07: 41 140.5 352.6 48.7 747.% 42.0 14,4 246.5 26 340.4 377,5 50.8 3.7 ¢ ¢ ¢
(2/41/82 14:47:26 142.1 332.7 S0.3 762.3 47.7 14.4 216.5 36 450.0 488.950.0 35.4 & [ 67
pa/11/82 17:47:2¢c 141,1 3507 49.7 753.3 S3.b £4.4 210.4 45537.7 5768.4 45.8 42,3 ¢ 0 {7y
Po/34/57 {705 4% a4 B TR0 S0 8 TS5 SR 447 2409 59 8243 562,09 880 420 & 4=
98714 /8“ 17:46:59 140.6 356 7 1.6 7R3 4.7 14,3 210,572 £92.7 737.4 50.1 44,5 ¢ K
INCET PRESSURZ (Fzazt 13 INLET GOALTTY (X)) 5§ kPH 3333
Dote Time 5 S R} W W P2 T2 Tr Kée KWK Freg Eff IDi 1rp file
ps.a  o° ~ bte/l kib/hopsie oF X kr &%

§9-45/52 16:5%:44 177 5 3720 45 % 727 i 414143 20249 F72.9 4105300 2.2 ¢ :
09/11/62 16:39:45 179.7 372.0 5).8 776.3 47,0 $4.4 249.2 23 450.5 489.4 5¢.0 34,7 2 4
09/14/62 16:19:26 179.% 3718 5.5 779.3 S2.Z 14,3 240.2 26 536.4 576.8 50.4 36.7 ¢ 4 ¢
05/43/82 16:0B.46 179.% 3715 49.7 Téa.4 57,5 14.€ 2i.5 33 b19.6 062.4 50.4 365 ¢ i s
§9/44/82 15:%::05 175.9 3741 475 Te5.7 2.6 14.3 240.5 40 703.B 748.3 6.6 40,4 £ ITs
09/41/82 15:39:62 166.9 3743 495 FFi.0 oe.S 14,3 2i6.C 44 760.9 806.8 56,3 4. I [ 7
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Table C-7.

INLET PRESSURE

3 S ¢
psia - of
92/11/82 11:52:87 §8¢.6 327.2
$2/11/82 13:20:27 99.3 325.5
02/11/82 13:40:40 98.6 324.5

Date Time

INLET PRESSURE

P{
psia
08/11/82 13:52:18 139 .1
08/11/82 14:24:29 133.0
08/11/82 14:41:30 140.¢
08/41/82 15:06:13 138.9
08/11/82 15:26:15 139.4
08/41/82 15:53:00 140.4

Date Time T

INCET FRESSURE

Fo 1
psin  oF
09/41/82 17:29:3¢ 179.2 372.2
09/41/82 17:46:11 177,82 372 4
§7/11/82 13:05:25 {8t.%
§9/11/82 13:34:40 179.6
§9/11/82 14:42:12 180.4

3

Late Time {

ann
(=8

4
371.4
371.4
I7t.e

5

370.¢

§3/11/82 14:25:05 179,
05/14/82 14:54: 2 {di .2

Performance Test Results, Part-3 of 10

{Psia) {00 INLET QUALITY (X) 25 RPH 3333

12 Tr NKike
oF I

o H M P2
1 bte/lb klb/h psia
25,7 526.9 S3.5 14.4 210.8 38 §96.6 231.9 49.9
23.6 508.0 66.6 14.4 210.8 56 279.5 315.3 49.9
26,5 S33.0 69.8 14.4 210.9 72 347,3 384.3 49.9

Hz

SS9 25 e
R R

(Psia) 140 INLET QUALITY (X) 25 RPN 3333

'} H M P2 T2 Tr Kie
% bte/lb k1b/h psia oF 1 Ht 1
$39.9 S2.5 14.3 210.6 21 §98.9 233.5 49,
S43.8 60.6 14,2 210.6 28 280.7 316.6 49,
550.1 67.5 14,3 210.7 34 359.8 397.3 %
536.3 Bi.4 14,3 210.8 47 455.3 495.7 4
547.5 87.7 14.4 210.8 58 539.0 579.8 §
S4B.6 95.0 14.4 210.9 73 618.7 681.2

I A frA B3 M P
M o m

U LY 3 U UT B

w

¢
45.9
0.
47,

(Fsic) 186 INLET GUALITY (X) 25 RPN 3333

T2 Tr Kie
of 1

6 hoom Fe
% bte/ib kib/h psia
Sbi. 4
562.4
Sot.§
553.5
568.6
562.¢

564,

H: %

76,2 14.4 241.0 28 450.5 489.4 47.%
87.0 14.3 210.9-35 S46.7 S87.5 47,
11,1 41 621.2 863.7 3i.30
11.0 50 704.4 749.0 49,
11,0 56 764.5 807.5 Si.

I UT PO B s Ut G

o~ ra o
(W4 I N A Y
T-J L]

< Q NO

14.4
14.4
14,5

- -~

PR )
-
-

[P -4
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59.0 14,3 210.5 18 281.5 317.4 S0.1 3§,
67.5 14.3 210.6 23 369.3 406.9 S6.C 3s.

B e

3
0
A
7
b

KW Freg Eff

w

[aOh I A C I % B U i X )

(=
<y

LS I SO ok S B SR T R 8 ]

i
2
2

KW Freq EFf D0 trk

i
’
!

KW Freq EFf DL trk

—
-
-

CY T T T B e e

file

267
s
36

file
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Table C-7. Performance Test Results, Part 4 of 10

Date Tine

psia  of X bte/lb klb/h psia oF X Ht 1
10/11/82 14:37:34 99.4 325.9 0.1 387.5 98.5 14.4 241.1 S0 205.0 239.4 49.9 36,
10/11/82 11:56:44 100.4 325.6 0.1 388.4 §15.7 14.4 214.1 68 282.6 318.4 58.1 40,
10/41/82 12:23:00 98.9 323.5 0.4 387.2 133.2 14.4 211.4 93 346.8 383.9 S0.1 43,

Date Time

10/11/82 13:42:
10745782 13:34
10/44/6¢ 13:44:
10/11/62 14:02.
16741782 14:2¢:

Date Tine

INLET PRESSURE (Psia) §60 INLET QUALITY (X) 40 RPH 3333

PE T8 o H K P2 T2 Tr Kde KiM Freq Eff I

INLET PRESSURE (Psia) 140 INLET QUALITY (X) 10 RPN 3333

PO~

"y

Gy POy P B

P T @ B HE P2 T2 Tr Kiée KWM Freq Eff I
psia  of X btu/lb klb/h psia oF X Ht I
35 138.7 351.8 9.2 403.7 105.0 14.3 214.0 33 279.2 314.9 S¢.4 35.4
§5 135,27 3356 45,0 4815 437.4 14.4 244.1 AC 358 4 395.6 50,5 35.4
2o 142 4 3307 97 410.€ 137.4 14,5 211.4 S5 4507 489 6 50.0 4. ¢
£3 4356 350 % :.6 447.9 1514 14,7 212,06 71 532,2 572.6 47,6 434
35 4355 3827 106 410,85 472,50 145 22,7 90 514.5 657.4 49,7 43,9
IRLIT FRIGSuRL rin. ot Iheot WuAllin Uhr o i RP¥ 333
Pi T4 wi % fi fe T2 Tr Kke Ku# Freg £77
psit tr Lootusit wibdn p514 (1 h: %
AT YR TN 36 8308 57,5 44,7 2i2.3 49 Hit.9 6558 5 40

1(./ uﬂL i“ ‘
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Table C-7. Performance Test Results, Part 5 of 10
INLET PRESSURE (Psig) 06 INLET QUALITY (%) € RPM 3333
Date Time 3 W PR /1 H M P2 T2 Tr Kie KWM Freq Eff X trk file
psia  oF I bte/1b kib/h psia oF I Ht 1 "
20/14/82 12:55:23 102.3 328.7 0.0 299.3 174.3 14.3 241.4 14 §13.6 146.7-49.8 29.2 § § {4
20/40/82 13:56:55 104.4 3287 0.f 300.5 235.4 44,5 241.3 41 199.5233.860.1 4.3 4 & 25
20/40/82 14:44:32 99.1 325.6 0.4 3815 304.6 14,8 212,484 273.0 208.6 50.0 35.0 § & 3
INLET PRESSURE (Psia) 140 INCET QUALITY () 0 RPH 3333
Date Tine PL T4 @ ‘W P2 T2 Tr Kee KiM Freq Eff I trk file
psia  oF % bte/lb klb/h psia oF 1 Hr 1 -
20/16/82 16:43:13 142.6 352.6  C.0 324.3 166.6 14,2 210.9 9 194,56 228.9 49,9 33.3 1 ¢ . il2
20740763 15:05:44 181.0 352.9 (.6 324.7 212.4 4.5 211.9 {5 ’74 9 30,6 47.935.6 { ¢ &
20716752 16:24:53 41,6 3527 [ ¢ J25.1 244.8 145 2i1.8 16 276.9 4.6 560 356 § O o
20740762 15:22:67 §39.4 3323 (.4 3252 264.8 14,68 2:2.7 36 3é: 2A02.450.037¢ 8 ¢ %
20/16/62 15:44:47 141,85 353.¢ .3 327.9 346.5 15.1 214.1 58 446.4 457.3 47.9 37,0 1 ( ¢
20/16/62 15:57:26 132.¢ 336 5 .S 325.4 353.6 §5.5 215.3 63 49,2 938.1 36,1 3.5 & § &
INCET PRESSURE (Psin} {80 INCET QUALITY (X0 € RPH 3333
pote Tims & S SR Ho oM P2 T2 Tr Kee KWN. Freg Brf Do tri f.i:
psic  of I bte/lb kib/h psia  ofF X Hz I
24740/62 +2:85:63 179.2 374.9  §.0 344.8 §69.3 14,5 212,311 323.5 Jad.0 45.6 36,5 & 0 i3
Q8/40/82 §3:253.04 475,35 3708 6.0 344.7 212.1 14,6 212.1 13 J07.5 464.8 500 .6 1 G ids
21/1(/5; £3:54:22 177.8 371,868 GG 3431 247.0 §4.9 212.9 23 445.9 467 . 45.5 385 1 & {dét
0/82 14:16:44 181 .0 3734 L[4 347,14 285.9 45,1 213.7 33 935.2975.6 G0.6 387 ¢ ¢ 4%
21/18[82 14:30:52 177 3 3706 0.3 347.2 J42.5 45.4 2i5.2 57 621.6 664.2 47,5 37 F L B 147
26/40/82 $2:3:27 175,4 3725 (.4 343.8 I71.6 15.7 2i6. 1 65 673.7 7478 SL.6 37 1§ b
26/16/82 12-29:43 178 9 371.2 (.4 345.7 369.5 15.6 2i6.2 07 674,86 718.9 56.0 7.7 1 ¢ 2L
ci/i0/82 14:42:40 480 .6 3716 L4 X459 7 375.3 f6.d 2177 74 709.2 7539 50,1 378+ i3
INLET PRESSJRE (Psia) 226 INCET QUALITY (X) 6 RPH 3333
Date Tine PE T4 Qi H M P2 T2 Tr Kie KM Freq Eff DX trk file
psio  oF I bte/lb k1b/h psia oF 1 Hr 2
26/10/82 13 $4:42 220.9 389.8 0.0 364.6 301.9 15.2 214.5 20 676.6 720.8 5C.0 38.3 { ¢ 222
26/10/82 $3:26:04 220,90 389.4 0.1 364.7 3143 15.3 214.7 33 7404 755.2 50.0 38.6 1 8 243
26/710/82 §3:26:59 220.0 389.4 0.4 364.7 345.0 5.3 214.7 33 H9.8 754.958.0 38,5 § 8 244
26/§8/82 13:50:59 218.9 386.9 0.2 365.0 339.6 5.5 2i5.9 40 755.1 804.4 50.0 38.4 1 ¢ 265
26/10/82 13:52:47 218.7 388.8 0.2 385.0 338.8 5.5 215.9 40 755.4 804.6 50.0 38.2 1 & 266
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Table C-7. Performance Test Results, Part 6 of 10

INLET PRESSURE (Psia) 10

Date Tinme P Ti Qi H

INLET QUALITY (X) 189 RPN 2500

)

pe

psia  of I "bte/1b Xlb/h psia

13/42/82 11:32:58 100.3 327.4 100.0 1187.6
13/12/82 10:27:54 100.4 327.0 100.1 1187.9
13/42/82 10:44:35 1#9.3 327.0 100.1 1188.§
13/12/82 §3:16:39 100.3 326.5 106.1 1188.2
£3/42/82 11:08:06 99.6 326.0 100.1 1188.4
13/712/82 13:34:44 99.6 326.2 100.1 1188.3

INLET PRESSURE (Psia) {40

x

Drte Time 9

-

4
166,
156,
{06,
it
R LI
{63,
.

4
)
£

—

I
(S
o O N e U O

(2]
o

10/12/85 13-55:
10/12/82 13:42:
10/42/62 13:30:
16/42782 13:4:
13/12/82 §3:9%:
13/42/82 14:19:
1371787 14:43:

+
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o
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Y s
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INCET PRESSURE (Fsia) §Bv

-

Pote Tir: £ 'i - h
peis  of obn/lb

§4/42/82 12:35:4% 161§ 376 100.F 1457.3
§5/742/82 1222038 477,80 37204 400 L 0503
16712782 14295 47 £75.8 371 6 S0 1 3574
£3/742/32 15:05:37 1825 I7¢ 4 {00 01197 .4
$3/12/82 §5:22:43 180.3 372,41 180.1 1457.5
13/12/82 §5:36:45 186.8 372.4 104.5 1i57.6
$3/42/82 15:48.43 175.6 171,07 166 4 1157.0
13/12/82 15:59:24 179.6 371.06 460.1 1197.7

£4.6 14.9 210.6 16 110.3 143.4 49.7 23.3
18.3 14.4 210.5 25 198.2 232.6 49.8 30.3
20.4 14,0 210,533 254.7 290.2 49.8 31.7
24.2 14.1 210,56 55 342.8 380.4 49.7 37.5
24.0 £4.0 210.7 Sb 343.6 380.7 49.9 37.9
26.6 14.1 210.5 84 401.3 440.0 49.9 39.6

T2 Tr Kie KM Freq Eff K trk

oF 1 W2 1

INLET QUALITY (X) 180 RPM 2500

Ki P2 T2 Tr Kee KWK Freq EFF
kib/h psia  of X Ht %
15,4 14,2 211.1 14 202.1 23b.0 47,6 25.4
325 44,2 211.1 20 266.9 323.0 45,9 29.¢
26,7 14,3 211.0 23 334.7 371.6 45.6 31.¢
SE.b 545 0.9 34 4331 4524 45,8 130
25,1 14,4 2i0.4 34 434.2 453.6 49.7 34,7
32,3 14,1 210.2 48 536.8 577.9 49.8 Jt.6
35,9 §4.2 216,41 73 625.2 669.4 49.8 3¢.:

INCET QUALITY {2) 106 RPH 2580

i Pe 2 Tr Kie Kok Freg EFf

klb/h psic oF X Ht %

26,5 14,3 210.9 b 371.% 469.9 50,0 2¢.6
27.3 44.2 210.8 2L 430.2 487,56 45.7 3.1
32.4 44,3 216.7 25 535.5 576.9 SG.4 33,
3.9 14,2 215.1 25 53S.6 577.6 47.6 32.4
35,6 14.2 210.0 36 511.4 655.0 49.8 33.9
37,6 14.3 216.0 35 6%0.1 741.5 49.8 35.C
4i.6 14,1 209.9 48 7o0.0 606.8 45.5 35.8
45.2 14.2 269.5 47 B49.4 897.8 49,8 Jb.7

C-37

5% A P A Te) el O G Fg Wl 0 Gl W G

o Be A e B 0,0 L L

e b e G e

~
~
-

—t
TN S € e e - ~. L i - T
i~

- e

file

2%
223
234
267
245
276

oo
Tait

L]
i
i3
.z
e
An

07
i
7y



Table C-7. Performance Test Results, Part 7 of 10

INLET PRESSURE (Psiaj 100 INLET QUALITY (X) SO RPN 2500
Date Tine P T H M P2 T2 Tr Kie KM Freq Eff ‘lC trk file

psia  oF 1 bte/lb klb/h psia oF % W2 1
09/42/82 12:42:33 100.2 327.4 S0.S- 747.4 30.3 14.2 211.5 29 194.6 229.1 49.9 33.7 3 § 2
19/12/82 13:00:25 99.1 326.0 S51.1 754.8 36.3 14.3 211.5 46 280.3 316.250.2 38.7 3 ¢ 27
09/12/82 13:42:26 98.9 325.3 49.3 736.3 4.6 14.4 241.5 68 341.6 378.9 0.0 44.8 3 { 14

INLET PRESSURE (Psia) 146 INLET QUALITY (2) SO RPN.ZSO.

Date Time PE T4 Q1 H # P2 T2 Tr Kie Kil  Freq Eff DL trk file
psia  of I bte/lb klb/h psia ofF 2 W2 2

09/42/82 14:29:24 139.0 352.2 49.9 757.7 31.0 14.3 211.4 {6 198.3 232.949.728.6 3 { 3
09/42/82 14:14:08 129.2 352.0 Si.t 768.0 3o.i §4.2 211.4 22 277.9 313.945.832.4 3 1
09/42/8: 14:47:41 1453 3524 SL.§ To6.7 46,0 14.3 211.4 26 339.8 377.4 50,3 351 1 4 &

§9/12/88 45:45:02 4377 3504 SE.§ 757.0 48,1 14,3 2116 43 457.7 4974497 35.4 3§ SE
£0/§2/782 09:07:27 1454 35:.6 29.¢ 795.4 S4.4 14,2 34,7 57 538.5979.9 50.2 457 3 &
10/42/82 £9:28:43 39.6 351 ¢ S0.F 7o, 55.3 14,2 2i1.7 79 b06.C 649.1 49.8 415 3§ &

INLET PRESSURE (Fsind {83 INLET QUALITY (%) SE RPE 2564
Pate Time SN S A H KL Fc T2 Tr Kee Kim Freq EFF D tri ruie
peiz  of % obtu/ib kip/hopsic oF X Ht 1

10742782 €9:57:44 180.3 72,6 4%.° 757.7 A3.0 4.3 241.4 £9 3746 42,690,032, 3 § 9
10742732 10042146 $60.C 3722 292 TeF.0 46.1 14.3 211.5 24 430,73 487.9 45,9 34.5 3 1 {63
16/42/52 16:35:50 804 3720 45,7 7u%.3 S3.e 4.4 241,530 936.5977.9 %60 366 3 4 i3
16742/82 10:55:42 188.3 3711.9 49.9¢ 770.6 59.0 44,3 241,537 620.4 663.856.1 38,0 3 { 24
08/12/82 15:33:09 181.6 373,14 47,0 763.4 65.5 14,2 241.6 47 700.9 746.3 45.9 38.4 1 0 4
10/12/82 £4:23:55 1758 370.9 50.4 773.C 66,4 4.3 211,439 7010 B07.9 498330 3 4 133
f5/12/82 1555 1’ 179.7 3706 500 777 7103 14,2 214.3 65 7bo.2 8335 50.6 39,4 3§ 5%
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Table C-7. Performance Test Results, Part 8 of 10

INLET PRESSURE (Psia) 100 INLET QUALITY (1) 25 RPN 2500

Date Tine PE T o H W P2 T2 Tr Kée KW Freq Eff X trk file
psia  oF 1 bte/lb klb/b psia oF 1 B 2

07/42/82 13:37:53 104.0 327.3 25.9 529.6 S0.2 14.2 240.2 34 197.0 234.6 S#.6 35.4 3 & 9
07/12/82 12:82:38 99.7 325.4 25.2 S22.3 b1.6 14.2210.4 54 278.9 34,9500 40,4 3 ¢ 70
07/42/82 12:26:06 99.9 325.4 25.z S22.6 78.2 14.2 210.4 77 JA0.9 378.0 49.9 42.6 3 B1

INLET PRESSURE (Psia) 140 INLET QUALITY (X) 25 RPK 2500

Date Time S T PO ! H M P2 T2 Tr KWe KWM Freq Eff D trk file

psie  of T btu/lb klb/h psia  oF 1 H: 2
07/42/82 12:54.32 140.5 3%2.6 25.0 542.3 59 0 14,2 210,2 26 278.1 314.4 5b.4 34,7 3 ¢ %
07/42/82 §3:23:6¢ 14,1 322.0 24,3 535.% 90.B 14,2 210.2 19 200.2 234.8 49.8 3i.6 o 162
67/12/82 13:48 &7 {377 3342 230 5417 6& §14,3216.235359.7397.4 497376 3 i a4
07/42/62 14:40:35 435.0 350.7 235.% S47.9 79.4 14,3 240.2 S0 459.6 499.6 56.3 4.5 3§ iEF
§7/92/82 14:57;4¢ 140.3 350.7 25.7 585.0 90.6 14,3 240.3 66 535.3 577.3 56.0 41,3 3 & ik
§7/42/82 15:98:4% 440,23 376 2 E3.z S43.B 9%.% 45.4 216.4 89 595.2 637.8 49.9 48 T 0 40

INLET PRISSURE Fsig: {&u INGET QALITY (1) 25 KP# 256k

X
w
—

(=]

Pat: Tin: i B! Qi A M OPZ 12 Ir Kée Kk Freq Eff LT v iy
5ic  of % btu/le Mib/h psit ofF 2 Hz

] 1
02442782 42:50.2¢ 6.6 372.5 25.7 9£5.3 58.1 14,3 24,5 16 277.0 35,0 45,6 34,3 3 45F
08/42/62 13:46:37 4602 3724 24.¢ 936.7 69.6 14.2 211.6 23 309.5 407.550.4 33.5 ¢ L 1
08,32/82 §3:35:54 £73.7 1724 24,5 537.2 77.0 34,3 211.5 20 449.2 4BB.S S0.0 365 3 b ik
06/12/82 13:58:4¢ 180.3 3717 25.3 983.1 Be.§ 14.4 211,637 545.9 587.2 4¥.6 36.2 -3 v i
05712752 14:44:88 175 £ 3700 Z3.3 ST 6.8 14.4 211.8 4o 620.3 663.7 49,9 39,3 ¢ ¢l
06/42/62 15:13:2: {79 7 3707 Z4.8 S5T.UA0T.G 154 212.0 OB 704.2 T40.b 56.0 4* £ 1 i &
08/12/82 14:43:57 1750 375.¢ 258 524.5 {11.7 34,5 212.4 67 745.6 790,3 49.7 46,3 3§ &l
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Table C-7. Performance Test Results, Part 9 of 10

INLET PRESSURE (Psia) 100 INLET QUALITY Q) 16 RPH 2500

Date Time P4 Ti @ H ML P2 T2 Tr Kie KN Freq’EFf K trk File
- psia  oF 1 btu/lb klb/h psia oF I ’ H 1

03/12/62 10:55:48 100,14 326.2 10.1 388.4 §9.9 14,3 210.5 44 203.9238.550.239.2 2 § {9
03/12/82 11:26:06 101.3 325.5 9.7 385.9 112.1 14,3 210.6 b6 282.2 318.2°50.2 42.4 2 1 214
03/12/82 11:50:34 100.0 325.0 10.1 387.8 123.4 14.3 210.7 80 317.8°354:5°49.8 42.6 2 { 212

INLET PRESSURE (Psia) {40 IMCET QUALITY (X) 18 RPN 2508

Date Tine P T @t H M P2 T2 Tr Kde KXW Freq EFf DL trk file
psia  oF . 2 btu/lb klb/h psia oF X H X

03/42/82 12:44:50 140,3 352.0 §0.8 418.5 96.7 14.2 210.4 30 279.6 315.8°49.9 3b.84 2 { 23
03/42/82 13:48:20 140.2 354.6 40.. 412.6 £15.3 14.3 210.6 40 353.3 396.9 49.9 37,2 2 { 2
03/12/82 13:48:08 $32.2 35656 5.5 409.7 {40.2 14,3 216.8 56 447.4 4B6.6 49.8 4.0 Z i 5%
03712782 14:44:55 46 § 356.3 6.2 #42.5 §59.9 14,6 244.3 78 630.5571.75C0.4 1.6 2 i sk
INEY FRESSUAL (Psind 18y INLET QUALTTY (X {0 RFM 2301
Dnte Time R S W M PE T2 Tr Kde KWK Freg Eff KX trv 7ils
psia  of 1 bte/ib kib/h psia oF X Ht X
03/12/62 17:04:47 172.7 3744 40.% 434.8 f06.5 14,3 210.4 25 365.7 403.2 49.7 3.5 T & 4
03/12/82 15:09:27 180.¢ 37:.7 45,0 430.7 422.6 14.3.210.6 32 447.5 486,86 56,0 35y 2 {77
03/42/82 15:35:36 176.7 370.7 0.0 432.3 141.2 14.4.240. §:42 534.3 575.55(.3 39, 3 ¢ 5
03/42782 15:54:57 1316 37u.6 5.5 430.7 foi.1 14,5 211.5 52 614.7 657.9 56,2 46,3 3 0 16
03/12/82 16:15:30 166.3 3700 4o, 433.2 174.4 14,6 2119 63 677.2 7222 456 4i0 3§ &
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Table C-7.

INLET PRESSUR

Pf T
psia  of
14/12/82 19:16:28 98.6 326,
14/12/82 19:36:03 98.8 327
14/12/82 99:53:57 99.5 326.

Date Tine

INLET PRESSUR

Date Time S . 1
14/42/82 $0:4
14/12/82 18 3
14/52/8c 10:51:
1

14712782 3

2
3
[
.
i
1

Fi Ti
psic  of
{7e.6 371,

{51.7

Pate Time
14/12/82
14/i2/8¢
14/42/8¢
4/i2/82
14/12/6¢

12:20;

§24¢;
11:53
13:02;
13:23:

16
3 372
32 6 374
RICH
§75 n
EEN A

oL

Performance Test Results, Part 10 of 10

£ (Psin) §60 INLET QUALITY (2) 0 RPM 2500

& H M P2 T2 Tr Kile KWN Freq EFf D0 trk
1 bte/lb klb/h psia oF X Wt 1
0.8 297.4 151.0 14.3 212.0 10 §13.5 146,6 50.0 34.7 4 §
A0 0.1 298.6 212.4 14.5 212.4 T3 200.3 234,77 50.2 39.2 4 ©
6 0.4 304.2 283.0 14.8 214.2 72 276.2 311.7 49.9 38.3 4 §
£ (Psia) 140 INLET QUALITY (2) ¢ RPN 2500
a H M P2 T2 Tr Kde KM Freq Eff K 1trk
1 btu/lb klb/h psia ofF 1 W2 1%
2 0.0 326.6 192.8 14,6 212.7 42 275.1 310.9 49.7 36.9 4
B8 0.0 32b6.1 243.7 14.8 2:4.0 34 385.7 403.4 49.6 37.5 &
9 7 J26.7 3i7.1 15,3 243.% b0 4357 4bb.0 45.9 350 4
& (.6 326.4 3o4.1 1S.6 2i7.7 80 477.8 837.6 49.8 0.2 & €
SRE (Psini {6s IET QUAITY (%0 RFM 2508
W Ak Fe T2 Tr Kwe Kém rrec Ef- Ll 1y
~ bte/lb kibsh psia oF X H2 &
2 0.6 3447 4831 14,5 2159 B 327 55450 38 4 L
S t.e Mo.b 204.2 14,7 2139 10 J67.4 464,88 50.0 3.7 ¢ @
TOLE 347.5 237.9 14,9 214.6 18 449.6 4Be.6 SU.L 32T &
3O6.0 347.1 289.7 i5.2 215.7 30 6362 9773 S0 32 4
50 1.I 6. 3-T .45, 6 217.7 So 622.6 #bE.§ 5. 3Py 4
b &2 3.8 TF5.T fo.l 9.2 6E 6743 717.0 562 Jek &

b

9.1 i
3
¢

e
s

-~
ci.

>t P e

o PO D
b’~ [N

14/12/82 13:45;
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Table C-8. Endurance Test Record (Ref. C, Appendix B),

Part 1 of 10

Date Time PE T4 & U

psia  of 2 br/lb kib/h psia oF % Ht %
24/02/82 16:43:18 176.8 368.2 25.7 S64.1 {11.9 14.6 241.6 61 809.4 856.9 49.8 43,
24/82/82 20:48:23 181.5 369.,7 25.8 Sbb.4 112.1 14.6 244.5 58 810.8 858.4 49.9 43,
25/82/82 99:48:29 i81.6 376.0. 25.5 Sb3.3 140.9 14.5 211.6 57 807.2 854.7 S0.9 43,
25/02/82 04:07:38 181.4 370.4 25.6 564.7 114.4 14,5 211.5 56 896.5 854.9 49.9 43,
25/02/82 18:07:44 181.0 369.7 25.8 Sbb.2 §11.2 14,4 211,56 58 809.2 856.8 49.8 43,
25/02/82 12:07:51 179.4 369.0 25.9 S565.9 110.3 4.5 211.5 59 802.3 849.8 49.8 43,
25/02/82 16:87:57 178.9 368.9 25.8 565.5 111.S 14.5 241.5 64 816.2 857.8 S6.9 43.
25/02/82 29:98:02 179.1 370.0 25.8 565.6 111.8 14.5 241.5 69 813.1 840.8-50.1 43,
26/02/82 00:98:87 180.0 369.9 25.6 563.8 {1i.1 14,6 241.7 59 848.8 856.4 49.9 43,
26/02/82 04:08:43 189.6 370.8 25.6 SbA.1 111.3 14.4 211.4 58 807.2 854.8°49.9 43,
26/02/82 49:00:49 181.6 370.7 25.2 Sb1.4 112.4 £4.b 211.4 57 809.8 857.5 S56.0 43,
26/02/82 12:08:26 179.3 369.6 25.8 S6S5.6 114.3 14.4 241.3 59 808.7 856.4 49.8 43,
26/02/82 14:08:33 177.7 372.0 26.1 567.5 1i1.1 14.5 244.3 61 Bo9.6 857.2 49.% 4%
26/02/82 20:40:03 175.2 370.2 25.4 563.5 f12.1 14.5 241.4 59 840.1 857,58 50.0 41
27/02/82 €0:46:08 480.3 I76.8 25,4 5820 §12.2 14.5 241.5 58 8iE.0 B55.6 49.9 4
27/42/82 04: 4012 §86.4 3700 Z5.& 953.7 {11.3 f4.6 214.4 56 BE7.7 635.4 49 ¢ 43
27/02/82 06:49:13 186.3 65,5 25,3 Sei J {1c.5 44,5 214,556 807.1 B94.7 49.¢ 4
27/62/62 12:40:22 178.7 355.8 25.7 Sod.& 111.5 $4.5 Z11.7 of B0%.6 B57.9 49,9 43
27/08/8 10186227 1756 370,07 23,0 %2d3.0 14107 8405 2114 57 0ub.3 83d.0 47,5 4:,
27/02/82 20:41:41 486 ¢ 36E 9 25,5 S0d.C i1l.4 14,5 21,3 S0 BiG.c 857.% 4%.7 43
28/02/32 00:45:44 180.7 373.4 25.3 961.9 412.1 14,5 215,4 58 612.1 B857.9 47,5 43,
28/02/82 04:4{ 51 131.2 3748 254 %027 111.5 §4.4 244.0 57 Glo.4 854, 45,9 41,
258/02/82 06:41:52 1808 71,4 254 Sec.4 141.3 14,5 231,357 Bi9.4 857.4 4%.F 4%
28762782 12:42:03 172,27 9.3 25.% G8S.6 40,3 44,95 2§1.3-60 BI8.7 BSh. 4 SL.{ 47.
c8/02/32 {6:42:06 172.0 39,5 23.6 502.8 111, 14,5 214.0 b B14.3 §57.9 49.9 45,
26/02/82 20:42:45 1773 1262 537 Se4.3 110.9 14.5 211.0 55 B9 0 335.7 4.5 40,
01763732 14:34:30 176.0 3e5.5 35,7 583.5 141,37 14.5 210,86 57 66%.7 857.3 47.7 43,
§4/03/92 18:34:34 §73.5 370.3 5.7 9646 {10.2 i4.4 210.8 95 BIB S BSh.1 45.9 4%,
01/63/82 22:34:4: 188.6 I75.7 25.4 96C.4 111.0 14.4 240.9 57 BUB.7 856.3 45.5 4.,
02/03/62 02:46:22 180.1 I70. & 23.5 5ol 4 11d.14 {4.4 210 57 B05.5 654.4 45.9 45,
62/63/82 06:48:28 480,95 I76.¢ 255 Sald. € 1if.: 36,5 ¢il.7 57 Biéc.7 854.5 S9G.0 43,
82/03/82 10:48:34 1795 370.4 25.4 5Sec.? 110.6 14,5 210.9 58 805.6 B54.2 49.9 44,
§2/03/82 £4:16:35 177.4 369.2 25.6 504.8 §69.8 14.4 210.9 60 808.2 855.8 49.8 44,
02/63/32 18:16:46 177.5 370.3 26.0 So66.0 £10.0 $4.4 240,9 60 810.6 855.2 4%.8 43,
§2/03/82 22:18:52 179.9 376.5 25.5 562.9 {10.4 14,5 218.9 5B 808.7 856.3 49.9 A4,
03/03/82 062:19:39 480.4 370.8 25.7 564.9 109.8 14.5 241.4 S7 807.3 854.9 49.9 43,
03/03/82 06:19:47 179.9 374.3 '25.7 5b4.4 §09.5 14.4 210.9 57 807.0 854.6 49.9 44,
93/03/82 19:19:53 180.8 373.4 26.1° 568.4 110.2 14.3 210.7 57 807.4 855.0 49.9 43,
§3/03/82 $4:19:98 178.8 369.8 25.7 Sé4.{ 110.3 14,3 210.5 59 809.7 857.3 49.8 43,
83/03/82 18:41:34 179.4 370.3 25.5 %553.2 111.0 14.2 210.4 S6 Bi2.4 859.7 49.9 43,
03/03/82 22:41:39 180.4 370.5 25.3 S6i.4 109.9 14.3 210.5 57 808.2 855.8 S0.0 44,
04/03/82 02:41:45 189.6 370.4 25.4 562.4 109.5 14,3 210.7 Sb 805.9 853.4 50.0 44,
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Table C-8. Endurance Test Record, Part 2 of 10

Date Tine Fi T4
psia  of
94/03/82 0o:41:49 186.3 365.2
84/03/82 10:41:54 178.1 359.9
$4/03/82 14:59:36 179.8 373.0
04/03/82 18:59:43 180.8 373.4
84/03/82 22:59:48 181.6 374.5
05/03/82 02:59:53 81.S 371.4
85/03/82 06:59:59 181.3 371.7
#5/03/82 10:06:03 186.3 389.8
95/03/82 §4:58:%7 177.1 374.7
05/63/82 18:23:23 177.8 372.4
05/03/82 22:23:29 180.2 373.4
06/03/82 02:23:35 180.9 370.8
06/03/82 06:23:44 §81.6 37¢C.
B6/03/22 $0:06::50 186.3 373,
06703/82 14:04:57 175,
bo/63/82 1B8:02 §3 179,
§e/03/82 Z2:02:41 130,
37/03/82 03:02:14 184,
(7703782 G&:62,
07703762 1962
§7/03/82 14:02:
v7/G3/82 18:62:38 178,
67/03/82 22:02:47 1BE.
§8/03/8Z £z:40:04 183,
08/03/E2 bo:1:10 179,
§8/03/82 $6:49:33 179,
§8/03/87 14:45:19 {77,
§8/03/82 13:19:44 175,
§3/63/32 22:19:49 18§,
69,03/82 62:19:55 180.
67/0378z2 0623003
$9/03/82 10:20;0¢6 179 3
07/03/82 14:20:12 176.3
§9/03/82 18:20:17 17¢.6 37
09/03/82 22:20:23 §79.6 372.
£0/03/82 02:20.29 §80.0 373.
18/03/82 06:26:36 180.3 373,
10/03/82 §0:20:44 £79.0 372.6
19/03/82 14:20:47 177.4 371.9
10/03/82 18:20:54 §79.2 372.7
10/03/82 22:21:04 188.5 373.3
11703782 02:21:07 179.8 373.8
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S62.7 109.4 14.4 2§1.0 Se 805.7 853.3 Si.

4

9
S69.1 108.4 14,5 244.3 57 805.7 853.2 50.0
574.1 109.2 $4.5 244.2 56 811.9 859.6 49.9
567.9 108.1 14.4 210,7 S5 80S.6 853.2 50.0
$67.2 188.4 14.6 20,3 54 844.4 852.0 S0.4
S66.8 108.0 14.6 219.6 54 804.7 852.2 56.4
567.3 187.5 14.4 241.0 S5 802.4 850.0 49.9
$71.5 107.9 14.5 211.3 59 887.7 855, 8
570.2 108.4 14.4 21§.4 59 809.4 856, 7
573.5 109.1 14.5 241.5 56 812.9 859, 9
9
0
9
]

9
567.4 108.8 14.7 211.9 54 805.3 852,
i,
9

566.2 107.5 14.4 210.5 54 804.2 85

569.6 106.5 14,0 211.6 55 604.7 85
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8 49
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7 Si,
3 349,
555.3 109.0 14,4 210.4 57 B07.8 835.4 49,
S67.4 103.5 $4.5 211.0 57 808.5 855.9 49.9 44,
S67.7 $0B.8 14,6 211.5 55 B06.2 853.5 S6.§ 43,
Set.1 §06.5 14.5 2i1.3 55 BiS.6 852.9 Su.i 43,
505.0 105,53 14,5 Zi1.B 54 B04.3 @51.6 Si.b 44,
S7i.4 168.4 4.5 211.4 S5 B16.5 854.0 49.9 43,
S7¢.9 108.5 14.4 211.0 S8 808.2 855.6 49.7
S71.1 107.6 14.4 231.0 59 809.7 857.C 47.7 4.,
569.6 $66.7 14.4 210.9 57 Bi7.9 B855.3 45.5 43,
952.4 §68.4 14.5 241.6 56 Bl6.i B853.46 49.9 43,
574.2 187.4 14,5 211.4 56 8iS.0 B32.5 47.9 45,
G6E.3 108.9 14.3 2i0.7 S8 Bi6.0 857,56 49,
572.3 $08.3 14,3 210.8 59 B09.7 897.2 45.
571.9 $67.9 14.4 211.6 S7 808.8 856.4 4°.
S7¢.2 160.3 14.4 210.9 5o Bi6.8 B54.3 49,
569.7 108.6 14,3 210.8 S6 B11.6 895.2 49.
37¢.0 137.5 §4.5 211.2 55 306.3 853.9 47,
570.7 1067.3 14.4 211.1 S8 808.5 856, 9
§72.5 107.9 $4.4 214.1 S8 8i0.1 BS
57¢.4 108.5 4.4 211.0 S7 809.7 85
671.6 108.2 14.3 210.5 S6 809.4 BS
§72.7 108.1 14.5 211.2 S6 810.7 858,
S74.5 107.6 211.0 56 8i7.0 854,
574.4 182.9 210.9 97 Bi2.1 85
572.5 188.4 219.9 58 0808.8 B8Ss,
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9
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Table C-8. Endurance Test Record, Part 3 of 10

Date Tine FEOT4 @ B M P2 T2 Tr Kde KWM Freg Eff IZ trik file

psis  of 1 btu/lb kidb/h psin  oF X Hi X

11/03/82 06:24:14 180.4 373.2 Z6.6-572.1 197.3 14,5 241,355 804.8 852.3 50.9 43.2 5 {§ 9B
11/03/82 10:21:19 178.5 372.4 . 26.9 S74.0 106.8 14,5 211.4 58 807.1 854.6 49.8 44,0 S { &2
14/03/82 14:21:24 178.3 372.3 26.9 574.3 108.1 14.5 211.2 58 809.2 856.8.49.8 43.5 S { &b

11/03/82 18:21:31 178.8 372.5 26.7 S72.4 107.9 14,5 211.3 56 808.4 856.0 49.9 43.8 S § 70

11/83/82 22:21:38 179.9-373.0 26.7 S73.4 107.4 14.5-211.4 56 808.3 055.958.043.9 5 { 74

12/63/82 02:21:44 180.2 373.1 2b.5 571.2 107.6 14.6 241.7 55 807,2854.8 50.0.44.0 S { 78
12/03/82 #6:21:50 186.5 373.3 26.6. S72.5 107.8 14,5 241,3 55 897.2 854.8.50.443.6 S { 82

12/03/82 10:21:56 179.2 372.7 26.9 574.2 108.2 14,7 241.9 57 808,98 855.6 49.9.43.5 S { 8
12/03/82 14:22:00 178.6 372.4 26,7 S72.6 107.6 14.5 211,3 S8 899.9857.1 49.843.9 S { 90

12/03/82 18:22:05 179.0 372.6 26,7 572.7 107.8 14,5 211,73 56 809.4 856.7 49.8 43,8 § {1 94

£2/03/82 22:22:1% 180.9 373.1 -26.6 S72.3 107.1 14.6 241,655 808.1 855.7 8.0 44,4 5 § 98
13/03/82 02:22:15 180.4 373.3 26.6 572.5 107.9 14.6 211.8 S5 806.8 854.4 S0.0 43.7 S 1 {02
13/03/82 06:22:22 186.4 373.2 26.7 573.2 106.9 14.6 211.6 55 806.5 854.2 50.0 44.0 S i i
13/03/82 10:22:28 179.1 372.6 26,5 .574.4 107.2 14,6 211.5 56 B08.5 856.2 49,9 43,9 ¢ : iy

13/03/82 14:22:33 178 & 372.4 26.7 5727 107.3 14.6 211.4 57 Bi0.2 BS7.9 49.8 44,1 35 ¢ {:&
13/03/82 16:22:38 179.4 372.8 Zh.6 5735 497.1 145 245.4 55, 809.9 857.5°49.9 84,2 5 ¢ 11
13/03/82 22:22:43 183,56 373.3 Zs.5 S7:i.b 106.7 14.7 212.1 55 807.56 833.2 Si.b 43,5 5 L i
14/03/82 02:22:45 180.0 714 205 5TA.6 407.2 445 511.4 54°606.9 8545 50,0 44,0 5 ¢ i
$4/03/62 §£:20:83 270 7 17207 Ze % TTAL 1053 145 2144545078 8554500 444 8 1 4T

14/03/82 $0:22:57 17%.7 372.° E6.7 5735 i05.7 14,4 2141 95 B07.8 8353 499 43,9 5 ¢ il

14/03/82 14:23:02 178.¢ 372.4 26.8 . 573.0 107.2 34.4 21:.0 57 808.7 896,73 4%.8 43.% 5 | 1%
14/03/82 18:23:08 179.7 372.5 265 G715 407.2 (4.8 245,10 50 B0B.Z BSS.9 45,5 #4.0 5 o 4l
14/03/82 22:23:44 18%.4 3733 26.6 -572.5 §07.3 14,7 210.5 54 805.9 833.5 56.0 42.¢ 5§ 4
§5/03/82 02:23:2% 180 3 373.2 26.6 G72.3 107.3 14.4 2i1.1 G3 804.6 852.1 50.0 43.7 S 1 i3]
15/03:82 06:23:27 179.6 372.9 267 S72.7 107.4 14,5 2i1.3 54 307.6 855.5 5.0 43.¢ 3 1 i34
$5/03/82 10:23:33 4798 373 & 25,9 374.9 166.4 14,4 241.0 56 B07.0 B34, 5 47.9 43,5 5§ 1%
15/03/82 14:23:37 177.2 371.8 26.8 573.2 '07.8 {4.4 210.9 98 810.1 857.8 49,5 42 F & | &
15/03/82 18:23:42 178.3 372.3 26.% 570.7 10c.2 14.4 241.0 G& 805.2 656.6 45.5 43.§ = 1 it
15/03/62 22:23:43 179.6 373.% 265 S71.3 i07.2 14,3 210.8 54 807.9635.947.943.9 & 1 7§
16/03/82 02:23:53 179.5 37¢.9 &s.5 573.5 106.7 4.3 210.3 33 804,9 852.550.0 43.7 § 1 74
16/03/82 06:24:05 §79.6 373.0 ce T Se%.9 070 443 2107 54 3053 852.956.0 446 S i (7
16/03/82 10:24:08 178.5 372.4 235.8 '573.{ i06.7 4.3 240.5 S6°805.3 852.8 47,9 43.7 S i &
§6/03/82 14:38:33 179.5 370.5 2t.4. S7¢.4 106.4 14.4 210.6 S5 807.1 654.7 6.0 445 & 1 133
16/33/82 18:33:38.1759.6 376.7 2¢.3 56%.& 107.2 14.3 216,554 806.8 B54.4 53,0 44,4 5 1 13-
16/03/82 22:38:44 180.4 370.8 26.2 S568.6 106.1 14.4 210.7 54 805.4 852.9 90.0 44.7 S 1 433
§7/03/82 02:38:50 180.2 374.0 26.2 .568.8 106.7 14.4 210.8 SJ 803.9 854.550.1 44.4 5 { {97
17/03/82 96:38:55 180.5 371.1 26.1 568.7 106.7 14,5 211.0 53 802.9 850.4 50.1 44,4 S § 201

17/03/82 16:39:04 179.4 370.3 26.2 568.4 106.6 14.6 211.1 55 807.7 855.3 60.0 44,9 S § 205
17/03/82 14:39:07 177.7 369.3 26.7 572.1 106.8 14.5 214.1 57-806.7 854.3 49.9 44.3 S { 29
17/03/82 18:39:42 179.4 370.5 26.2. 568.7 106.6 14.5 24f.1 55-806.6 8543 60.0 44,6 S § 243
17/03/82 22:39:18.180.4 376.9 26,3 56%.5 106.3 14.6 211.3 53 803.7 54,3 50.1 44,5 S { 2{7
18/03/82 02:39:22 180.9 374.4 26.1 568.1 106.7 14,5 244.4 S3 802.0 849.550.1 44.4 & § 22f
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Table C-8.

Pate Tine
18/03/82 06:39:
18/03/82 10:39:
18/03/82 14:39:43
18/03/82 18:39:49
18/43/82 22:39:55
19/03/82 02:40:01
19/03/82 06:40:48
19/03/82 10:35:35
19/03/82 14:20:41
19/03/82 18:05:48
19/03/82 22:35:57
20/03/82 02:21:92
c0/03/8¢ Be:05:09
2070382 10:23:45
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36

T O] -, R .
ci/i3/82 §7.45:82

Hitd6c 1151428
21763762 15:14:3:
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24/03/87 (3:45:%
24/03/82 £7:16:04
24/03/8¢ 11:16:06
24/83/82 15:46:43
24/03/82 19:§6:20

4 ipe e
237937 0c

24/03/82 23:16:25.

25/83/82 03:16:30

25/03/82 97:16:37

25/03/82 11:16:44
25/03/82 15:46:45
25/03/82 19:16:54

178.9

P 14
psia  of
180.2 374 .4
£77.7 369.5
178.8 369.4
i79.2 0,
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§88.0 37
179.4
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Y bte/lb klb/h psin  oF X

2b.3

26.4

26.7
26.3
26.4
26.3
26.3
26.6
2b.b
2b.6
26.5
26.4
Zb.
co
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o
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o

iy

LI g ]
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AR LS

XA I R )
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PO PRI e € Gl R e b e ke P i R
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DO B IS S IS I
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569.5 §07.1 14.6 211.5 53 804.5 849.1 Si.{ 44.1
569.7 187.7 14.5 211.5 57 887.9 855.5 49.9 44.3
§72.0 106.2 14.7 211.4 57 806.4 854.0 49.9 44.7
569.9 106.9 14.5 211.4 Sb 806.8 854.4 49.9 44.4
$70.3 106.1 14.5 241.4.54 804.5 852.4 50.9 44,5
S70.4 106.7 14.6 211.4 54 893.2 850.7 50.0 44.4
569.8 105.8 14.6 211.4 54 803.7 854.3 50.0 44.6
571.9 106.0 14.6 211.4 55 805.4 853.0 49.9 4.6
571.9 107.2 14.6 211.2 56 807.8 855.4 49.8 4.2
§72.0 186.3 14.5 211.2 56 809.3 857.0 49.9 44.5
$71.2 105.9 14.5 211.1 55 807.6 855.2 49.9 44.%
576.3 106.1 14,5 241.1 54 806.3 853.9 50.0 44.¢
70.6 107.0 14,4 211,0 54 B809.5 857.2 50.0 44.2
576.3 466.7 4.5 211.6 55 807.7 855.3 49.7 44.%
$7.1 $06.5 16.5 242.6 55 B67.4 855.0 45.9 42,
731 thb.i 145 248.9 56 8i7.6 855.4 47,9 44 ¢
56%.3 17,4 14,4 240 .8 Sb BiY.0 B856.0 47.7 444
S06.9 §07.5 14.5 2i1.6 55 Bi8.1 835.7 45,5 42t
%76 34673 34,3 2ii.2 55 Bib.1 B57.8 47.9 4.0
567t 160.5 16.5 F11,3 53 645.3 852.5 5.0 44.5
5¢7.9 106.8 14.5 242.4 53 B03.9 B51.4 Si.f 45.¢
507,80 167.4 14.5 2i1.4 57 Bu7.5 635.4 45.8 42,7
S07.9 106.5 14.6 211.2 56 805.8 857.4 49.7 42
S65.¢ 106 § 14,5 241.2 55 007.8 855.4 49,8 45,1
%05 & 106.6 14,6 211.4 55 Bub.2 853.6 47,9 45.7
56d.8 107.1 14.b 211.4 55 B0o.B 856.5 49,7 4~.7
SE7.7 4lo.8 14.5 241.4 54 664.4 B531.6 45.9 44.%
So3.F 107.3 4,6 2:1,4 G5 8074 B54.7 49.8 44.¢
S66.3 107.3 14,5 21,3 56 Bid.3 835.9 45.8 44.5
Seb. 6 107.9 4.5 241.3 56 812.5 860.2 49.6 44.¢
Sb8.% 1i7.4 14.5 213,3 54 807.6 835.2 45,9 44.4
567.5 106.8 14.4 £41.2 55 805.9 853.4 49.9 4.5
S68.1 167.0 14.4 214.2 56 B8(9.8 857.5 49.6 44.7
S67.6 107.2" 14,6 211.2 55 807.4 855.0 49.8 44.7
568.1 106.3 14.4 211.1 56 887.7 855.3 49.8 44.6
S69.0 106.6 14,5 241.9 55 B07.4 855.0 49.9 44,
570.2 106.8 14.4 211,90 54 807.0 854.6-49.9 M4.2
567.0 107.5 14.4 210.9 5SS 811.6 859.4 49.9 4.7
S68.2 167.0 14.4 210.9 S4 805.8 853.4 49.9 44.4
568.5 106.7 14.4 219.8 S5 808.1 855.8 49.8 44.6
"568.8 167.3 14.3 210.7 S5 867.4 855.0 49.8 44.2
S08.4 106.9 14.3 210.7 53 807.4 855.9 50.0 44.4
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Table C-8. Endurance Test Record, Part 5 of 10

file

Pad
o
E

Date Time PE T4 6f H M P2 T2 Tr Kde KWN Freq Eff DT
psia  of 2 bte/lb klb/h psia  ofF 1 H1 %

25/03/82 23:16:58 180.4 374.0 25.9 S66.5 186.6 14.4 210.9'53805.8 853.4 50.0 44.8 ¢ § iZ¢
26/703/82 03:17:05 180.3 371,14 26.0 567.7 106.4 14.4 210.9 S3 804.6.852.2 50.0 44.7 & 6§ 124
26/03/82 97:17:11 180.4 374.1 26.4 568.0 106, 4 14,3 210.9.52 802.6 850.1 50.0 44.4- 6 ¢ 426
26/03/82 11:17:16 178.8 370.2 26,4 570.4 106.1 14.4 210.9 54'805.2952,7 49.9 4.5 b & 132
26/03/82 15:47:20 178.1 370.80 26.3 569.2 107.6 14.4 210.8 S5 806.8 854.4 49.8 4.3 6 0§ ik
-26/03/82 19:47:26 179.6 370.8 26.4 567.7 106.5 14.4 210.8 53 807.3 854.9 49.9 4.8 & 0 140
26/03/82 23:17:32 180.4 374,14 26.0 S67.7 105.9 14.4 210.8 52 804.1 854.7.50.0 44.7 &6 0 144
27/03/82 03:17:38 180.2.374.4 26.4 568.3 105.8 14.3 210.7 52 893.0 850.6 S0.0 44.6 & & {43
27/03/82 07:47:44 180.4 374.4 26.0 S67.7 106.4 14.3 210.7°52 803.6 851.1 S0.0 44.4 & 0 {52
27/83/82 11:17:49.178.6 370.0 26.4 S70.0 106.1 14.3 210.7 Sb 889.7 857.4 49.9 44.7 b 0 {5
27/93/82 15:17:55 178.9 30,4 26.2 5685 106.4 14.4 210,56 54 897.8.855.4 49.9 4.8 b & 160
27/03/82 19:18:02 179.4 370.6 26.2 S568.3 1686.2 14.3 210.6 S4 8060 853.6 49.9 44,6 b6 ¥ 164
27/63/82 23:18:18 £79.7 370.3 26.1 569.6 105.3 14.3 210.56 S3 B04.9 852.550.0 44,8 & 0 &
26/03/82 03:48:42 175.8 375.9 6.2 S08.6 105.9 14.3 210.6 53 804.7.852.2 50.0 44,6 ¢ 0 17
26/03/82 07:18:16 179.7 I70.8 2b.c 568.8 135.9 14,3 210.6 53 B04.6 852.1 49.% 44,6 b & il:
2803782 10018:38 199.4 370.9 Zo.i S6E.7 10b.4 14,4 210.7°53 B897.1 854.7.90.0 4.5 ¢ b 4
23:93/30 15:18:27 179 & 370,46 36,0 593.5 106.9 §4.4 210,56 55 61.1 856.8 49,9 24,7 & 5 8
c6/03/80 19:18:37 486.3 370.9 234 568.1 106.3 44.4 210.7 53 806.4 8540 457 446 &6 ¢ 109
230178 23118137 150.4 170.0 Za. 0 507.4 4059 143 20,7 53 805,37 852.850.0 428 ¢ ¢ 92
25703782 ©3:18°45 §30,2 2711 @b.f 568.0 106.1 14.3 240.7 53 606.2 855.6 47.9 44,6 b § 199
29/63/82 07:18:51 180.4 374,41 Co.c S68.9 105.7 14.2 210.7 G2 604.3 8SL.6 S2.0 4.5 & ¢ M
29/63/82 11+48:57 479.4 I7C.5 2b.&4 S76.7 §05.3 14,3 210.7 54 806.0 853.6 49,5 44,7 ¢ §  Zid
29/03/62 15:45:02 176.8 I70.4 Cb.3 569.4 £05.7 $4.3 240.6 S3 835.0 853.6 4.5 45,7 & © Z(:
29/63/82 19:49:09 179.6 70,0 2.1 568.3 $00.5 14.4 210.6 53 807.3 854.9 56,0 44.5 o {2
29/03/62 23:1%:14 {86 0 01 0 283 Sb%.4 £05.5 14,3 240.7 52 805.4 852.6 Si.¢ 446 o § it
J0/03/82 (3:19:47 179.9 3701 25,2 SeB.9 165.7 14,3 210.7 52 605.2 852.7 50.0 446 6 ¢ ¥
J0/03/782 07:47:24 180.6 371.2 26,0 So7.8 10u.3 14.4 216.9 52 804.3 851.8.56.0 44.6 & & 2&¢
30/03/82 $1:45:30 479,40 370.% 263 559.7 405.7 14.4 241.0°53 804.5 852.0 56.6 44.7 & § Cic
M3/B2 15932 477 9 FTE0 Ev.2 568.7 £06.4 §4.5 Z44.0 95 Bie.7 8543 47,5 449 ¢ ¢ i
30 03/82 19:19:44 320.5 371.6 26,2 568.5 1058 14.5 Zf1.1 52 805.5 853.0 SU.0 44.9 & & 2k
30/03/8 23:19:54 180.7 371.3 25.9 Sew.5 106.4 14.3 211.3 52 802.7 850.2 50.1 44.5 & 0 24l
34/03/62 03:49:56 184.4 3713 26.5 S71.7 107.6 14.5 204,354 805.3 852.9 50.4 43.6 &  C4é
31/03/62 87:20:01 130.7 371.2 26,0 5730 106.3 14.4 211.4 Gf B01.7 849.2 50,1 436 & 0 24
34/03/82 11:20:06 177.2 369.6 26.9 573.8 105.7 14.5 211.3 56 804.5 852.0 49.9 44,4 & 0 25:
31/03/82 15:06:39.177.3 367.5 26.6 S71.1 106.9 14.5 241.2 57 807.4 855.0 49.8 44.4 & 0 2%
31/03/82 19:06:44.178,7 370.2 26,5 S70.8 106.4.14.4 211.2 54 846.4 B54.0 49.9 44,6 &6 0 260
31/03/82 23:06:48 179.5 370.5 26.3 569.8 105.6 14.4 241.2 53 805.7 853.350.0 44.8 & 0 264
- 01/04/82 93:06:53 179.5 370.6 26.4 570.2 £05.1 14.4 211.2 53.805.2 852.7 S0.0 44.9 & ¢ 268
01/04/82 §7:06:58 179.2 370.6 26,3 569.1 $05.2 14.b 21,2 52:804,2 854.7°50.8 45.2 & § 272
01/04/82 11:07:05 178.9 370.2 26.2 568.7 186.6 4.5 211.2 54 805.9-853.549.9 44,7 6 & 2%
01/04/82 15:47:42 178.6 370.0 26.4 S70.3 106.1 £4.5.214.9°55:807,4 8S5.0 49.9 44.7 & 0 280
81/04/82 19:97:16 178.5 370.2 26.4 S569.8 105.6 14.4 211,09 55 808.4 856.0 49.9 45.0 & 0 284 .
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Table C-8. Endurance Test Record, Part 6 of 10

Dnte Tine PE T G K Mf P2 T2 Tr KWe KWM Freq EFf DC trk 4ile
paie  of I bte/ib klb/h psia oF % Hz X
04/04/82 23:07:22 179.¢ 370.5 26.0 567.2 105.6 34.5 211.0 G4 806.3 853.9 49.9 45.2 ¢ | 4
92/04/82 63:87:29 179.4 370.4 26.3 569.2 §06.4 §4.5 210.9 53 B807.4 855.0 49.9 446 o i g
02/04/82 §7:87:36 180.9 370.6 26.4 570.3 105.2 §4.4 210.9 S3I B05.9 853.550.0 44,6 o { 42
82/04/82 14:97:43 178.0 370.0 26.6 S571.5 105.0 14.4 241.0 54 805.8 853.4 49.9 44,9 & 1 {6
82/04/82 15:07:50 177.8 369.6 26.5 570.7 £05.3 14.4 240.9 Sb B08.4 856.0 49.8 45.1 & { Z(
62/04/82 19:47:56 179.2 370.4 26.3 569.3 105.8 14.4 210.9 54 807.7 855.3 49.9 44.8 &6 1 24
82/04/82 23:08:02 179.0 370.4 26.3 569.2 105.6 14.3 210,955 810.6 858.549.945.0 & | 28
§3/04/82 03:00:09 179.2 376.7 26.4 S70.3 105.0 §4.4 210.8 53 806.4 853.9 4.9 45.0 & 1 3
§3/04/82 07:08:45 §79.4 370.6 26.1 S67.9 105.2 14.4 240.8 S3I B#6.5B54.1 49.945.2 & § 36
03/04/82 11:08:24 478.6 370.5 26.3 569.4 105.5 {4.4 20,8 53 866.5856.1 49.945.4 & { 4
83/04/82 15:08:26 178.0 370.3 26.3 569.3 105.2 14,3 210.7 53 605.8 853.4 49.945.0 & {1 4
03/04/82 19:08:34 179.5 370.9 26.0 567.2 105.8 14,3 210.8 52 B0S.2 852.86 S0.6 44.9 6 1 48
 03/04/82 23:08:3¢ 130.0 3754 25.9 566.3 105.9 4.3 240.9 52 803.8 B51.3 50.0 44.9 o 1 =2
D4/04/82 03:08:42 180.1 374.6 25.9 S6b.9 105.6 14.5 210.9 5 BI3.1 B5C.6 S6.6 45,1 & 1 ¢
§4/04/62 (7:08:45 179.9 371.0 26.4 S&7.7 105.4 14.4 214.0 52 805.0 852.6 50.0 45.4 & i &b
04/04/82 11:08,35 1800 370 8 Io.1 30G.01 £06.3 14.4 213,91 52 B02.9 850.4 Su.0 44,6 & 3 £
P4/04/82 150902 179 F o0l 2o 2 S6R 54845 145 Zis. i 92 Be4 i BRLASLL0 4T v 2w
BA/D4/BZ 45:09::0 187 € I70.5 23,7 Gbs B L0 0 §4.5 241.4 S3 807.4 8550 50,0 45,2 ¢ i '
(4/04:32 F1:0317 487 ¢ 71 ¢ S6e 3 ilb.: 14.6 211,27 5 BE3.2 BR0.7 SO0 451 & ¢
95/64/82 03:09:24 18:..¢ 371 .4 . 5hE.2 403,41 14,3 214.2 51 BOZ.6 Bo:.4 SE.0 433 o @ 3
05/04782 §7:06 27 1231 3704 257 Seb.7 40%.5 14,4 Gif,2 54 8031 BS6.7 50,1 449 & i s
05704782 14:02:31 776 370 1 207 Sef 9 {0h.4 14.4 2i1.3 95 B04.6 BSZ.Z 47.5 44,7 & ¢ 2
§5/04/82 15:09:30 {720 3707 264 570 4 4057 1645 211,354 B)5. 4 B30 495 449 & 5 I
05/64/6C 19:09:47 175.6 370 7 Z&.G S87.0 i0o.b 14.5 241,73 53 898,35 856.0 S0.0 45.6 ¢t 1 %
{5/04/82 23:0%:4% 180,32 374y &5.0 S&7.5 405.2 14,5 211.4 51 8§3.6 851.2 50.0 45.c & 3 il
B5/04/87 03:09:55 60,4 3740 26,0 567.5 405.7 14,5 241.4 Of 806,21 B53.7 5é.1 451 &6 § i
06/04/82 €7:09.55 179.5 37:.4 2o.0 Svb.7 105.5 §4,6 241.5 51 804.6 B47.2 56, 45,3 & 1 1c
Gb/04/82 14:46:05 479 .4 376,2 26.3 S8%.S L05.5 14,6 211.4 S3 BU3.6 850.5 49.7 44.§ & § i
fo/04:82 i5:10:18 476.9 3707 262 S68.3 106.! 44,0 2443 54 Eve.G BS4. 5 45,5 430 & 1 it
§6/04/82 19:40:16 177.¢ 3707 26.1 S568.2 {0S.B 14.C 244.3 52 8i5.3 852.9 50.0 45.6 » 1 il
06/04/82 23:40:20 (BC.2 370.7 6.4 Sb7.8 10&6.1 14,3 211.3 G2 30e.9 BS4.5 50.0 44,8 b 1 il
07/04/8¢ 63:46:2% 186.1 374.0 20.1 S67.6 105.0 14,5 213.3 52 603.7 851.2 54,6 45,3 & 1 1o
§7/04782 07:59:33 i80.0 376.9 2¢.2 S69.2 104.9 14,4 241,251 803.9 854.4 50.0 45.0 &6 {4 {2
07/04/82 14:59:38 §79.5 I70.5 261 567.8 105.8 14,5 2i4.2 53 B05.4 853.0 49.9 45,3 & 1 {:F
07/04/82 15:59:44 179.8 370.6 26.3 569.8 104.4 14,4 241.4 93 B05.7 853.3 50.0 45.3 & § 3%
07/04/82 19:59:49 180.0 370.7 26.2 S6B.7 105.6 14,5 214.4 S3 805.2 852.8 50.0 44.9 & 1 {4
07/04/82 23:59:54 180.8 370.9 25.3 S69.7 105.3 §4.4 211.4 51 B805.1 852.7 50.0 44.8 & { {47
08/94/82 04:00:00 179.8 374.0 26.3 S70.1 104.6 14,5 211.0 52 B65.3 852.9 50.0 45.2 & {1 Y
08/04/82 #8:00:06 180.4 370.8 26.2 568.9 $05.5 f4.4 241.1 Sf B04.9 852.550.0 44,9 6 {1 {55
068/04/82 12:00:1% 180.6 374.0 26.2 S69.4 104.7 §4.4 246.1 52 807.0 854.6 49,9 45.2 & {1 {59
08/64/82 16:00:46 185.3 370.9 26.1 568.4 105.0 14,5 241.0 52 868.6 856.3 50.0 45.4 & 1 163
88/04/82 20:00:22 180.3 370.9 2t.1 568.4 105.4 14.4 241.0 52 B06.7 854.3 49,9 45,1 & {1 167
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Table C-8. Endurance Test Record, Part 7 of 10

Date Time MM T4 Qi H M P2 T2 Tr Xde NKWM Freq Eff DL tri file
psia  of I btv/ib klb/h psia  oOF % Hz

1
09/04/82 08:00:27 179.8 370.9 26,2 569.1 104.6 14,5 241,0 52 895.5 853.0.56.0 45.3 6 4 7
09/64/82 94:90:33 180.4 371.1 26,2 568.9 105.0 4.4 210.9.51 805.5 853.1 50.0 45.4 6 1 {75
09/04/82 08:99:39 180.4 374.3 26,5 574.4 £04.0 14.4 241.0 50 B04.0 851.550.0-45.0 & § 179
09/04/82 12:90:45 180.3 370.7 26.4 570.7 104.9 14.5 211.0 51 805.9 853.550.0 45,4 & { 483
99/04/82 16:99:54 178.8 370.0 26.3 569.8 105.3 14,3 241.0 53 895.3852.9 S0.0 44.9 & { 187
09/04/82 20:00:56 180.0 374.1 26,3 569.7 104.0 14.4 211.0.52 804,6 852,.2 0.0 45.4 b 1 191
10704782 00:04:92 180.4 371.3. 26.0 567.3 105.5 4.5 211.1 51 804.2 85,8 50.4 454 6 { {95
10/04/82 04:91:07 180.8 374.3 25.9 Sb6.4 105.3 14.4 214.1 S0 B04.1 851,7 50.1 45,2 & § 199
10/04/82 08:94:43 184.8 374.2 26,3 S70.5 104.7 14.5211.3 S0 B03.7 854,3 60.4 45.6 & { 203
10/64/82 12:04:20 184.1 374.0 26,1 S68.4 104.8 14.5 211,451 803.3 850.950.0 45.2 6 { 27
10/04/82 16:01:26 179.8 37C.8 26.1 $68.3 105.1 14.6 214.4 S2.804.5 852.1 50.0 45.4 & § 2i1
10/04/62 20:04:32 181.7 371.6 26.2 569.9 104.1 14,5 214.5 50 803.4 850.9 50.0 45,2 & {1 2i%
$11/64/82 00:04:38 179.9 374.3 26.1 568.5 103.9 14.8 211.6 51 802.4 849.9 50.4 46,0 & 1 &iF
11/04/82 84:05:43 180.7 I74.3 26,2 568.5 104.9 13,5 2187 51 1.7 649.4 S0.4 45.0 & 0t  IE:
14704/82 02:41:43 $75.0 375.6 5.4 S76.6 104.9 14,6 205.8 52 B02.6 850.1 50,5 45.4 & ¢ EX
11/54/82 12:01:53 477.3 3656 20,5 3744 103.8 14.7 214.7 53 603.6 952.545.5 454 b 1 IH
14704782 56:02:00 175 5 365.7 Zo.0 572.4 1v4.8 14,6 215.6 97 Blo. 6 854.2 49,8 45,93 & i I3
11/04/82 23:02: 00 §7%.3 Te.i 203 5714 4041 15,0 2:1.0 33 8059 B31.5 500 4.4 & 1 D i
12/04/82 06:02:12 179.0 3704 0.4 570.2 104.5 14.6 211.7 SC 6G2.4 B50.0 56.1 43,3 o 1 40 by
12/04/82 04:02:45 179.3 376.4 25,5 57:.7 {03.2 14,¢ 248,752 861.7 849.3 60,1 45,3 & 3 45 p
12/04/82 06:02:24 179.2 I76.4 T6.4 570.8 164.6 14,6 241.6 52 862.5 850.5 50,1 45,2 & { &5 &
{2/08/82 $2:02:35 175.7 3e3.6 35.7 S571.4 161.5 f4.0 221.7 57 B0Z.5 850.1 45,6 45,6 & 1 255 5
12/08/82 16:02:35 475.9 367 & 25,5 S75.6 404.4 14,5 201.5 So 605.2 BSZ.8 49.6 43,5 » f 2% ik
12/64/82 20102:40 178.7 370.4 26,3 S57H.0 104.4 14,5 241.5 52 603.7 351.3 §0.0 45.2 & 4 2&
13/08/62 00:03:44 175.1 3To.6 20.4. 575.3 103.7 14,6 21L.6 51 862.2 635.5 30.1 45.5 » ¢ Zu
§3,04/82 04:02.45 175.9 3703 Za.4 55,7 104.4 14.6 214.5.5i B03.0 85C.5 56.1 45,0 ¢ 1 T
13/04/82 08:02:54 176.3 376 .0 267 %7i.6 €03.4 14,5 241,552 802.2 849.7 50.0 45,6 & 4 273
13/04/82 12:03:00 177.7 369.6 26.5 570.2 163.0 14.6 211.4 56 §G3.2 850.7 50,0 45.8 & 1 7%
13/04/82 16:03:05 176.1 366.9 25.6 S7i.3 104.2 14.5 211.3 5 805.9 853.5 45,5 43,0 b 1 2aF
$3/04/82 2000304 1755 3700 Zc.: 5666 104.2 14,6 214.3 53 804.4 852.0 56,0 43.6 & 1 &
14/04/87 09:03:54 175.6 37¢.6 25,0 Sa7.1 4054 14,5 214.3 52 (3.8 850.356.0 455 7 ¢ &
§4/04/82 04:04:02 179.5 376.7 25.8 $65.4 105.0-14.6 2:1.2 51 803.0 850.5 56.0 45.7 7 0 {2
14/04/82 08:94:07 178.6 370.0 26.2 568.4 104.9 14,5 211.2 52 863.1 850.7 56.0 45.3 7 & 16
14/04/82 12:04:14 177.4 369.5 26,5 S70.6 104.4 14.4 211,2 54 805.1 852.6 49.9 45.3 7 ¢ 2%
§4/04/82 16:04:20 177.2 369.3 26.3 568.7 104.9 14.5 211.1 56 B06.5 854.2 49.945.5 7 8 M4
14/04/82 20:04:25 177.5 369.7 26.2 S67.9 104.9 14.4 211.1 53 806.1 853.7 49.945.6 7 0 26
15/04/82 09:94:29 177.4 369.4 26,2 S68.1 105.2 14.4 241.9 56 899.2 856.9 49.945.5 7 ¢
15/04/82 04:94:33 176.9 369.4 26,2 $67.9 105.3 14.4 210.9 S5 809.5857.249.945.6 7 0 %
15/04/82 08:94:40 177.2 369.4 26.2 568.1 105.1 14.4 210.9 55 889.3 857.0 49.8 45.6 7 & 40
£5/04/82 12:04:44 176.4 369.1 26.2 S$67.7 104.4 14,4 210.8 55 807.2 854.86 49.8 45.8 7 0 44
£5/04/82 16:04:50 178.4 369.9 26.1 Sb7.6 105.0 14,3 240.6 53 867.5 855.1 50.6 45.4 7 0 48
15/04/82 20:04:56 178.1 369.6 26.4 567.8 105.1 14,3 210.6 54 810.6 858.3 0.2 45,5 7 8 82
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Table C-8. Endurance Test Record, Part 8 of 10

Date Time Pf  T§ Qi H ¥ P2 T2 Tr Kie KK Freq Eff DL 1trk file
psic o I btu/lb klb/h psic oF X H

1
16/04/82 00:05:03 178.6 370.4 26,3 569.0 104.7 §4.4 210.7 52 896.9 854.6 0.2 45.4 7 &  Sp
16/04/82 04:95:09 179.3 370.4 26,3 569.4 194.0 14.3 219.8 54 804.5 852.6 50.2 45.3 7 0 &
16/04/82 08:95:15 178.8 370.3 26,3 569.0 104.0 §4.4 215.0 52 804.0 854.550.4 45.5 7 ¢ 44
16/04/82 12:05:20 177.9 369.4 26.3 569.2 105.4 14.5 241.4 54 895.5 853.1 49.945.3 7 4 48
16/04/82 16:05:25 177.5 369.4 26,3 569.1 104.7 14.4 241.4 54 806.9 654.5 49,9455 7 § 72
16/04/82 20:05:30 178.3 369.8 26,2 568.5 104.4 14,5 21,253 8047 852.3 49.945.7 7 & 7
17/04/82 90:05:35 178.4 369.9 26.4 S70.3 104.3 14.5 241.2 52 804.0 854.550.0 453 7 ¢ 80
17/04/82 04:95:41 179.0 370.5 26,3 569.4 104.0 14.5 211.2 51 003.5 85,4 50.0 45,5 7 0 84
17/04/82 08:45:48 177.9 369.8 26.5 570.4 104.0 14.5 241,353 804.9 852.4 49.945.6 7 ¢ 88
17/04/82 12:05:52 176.9 369.1 26.5 570.0 184.8 14.7 241.3 55 806.1 853.7 49.945.7 7 § 92
17/04/82 16:06:00 177.4 369.4 26,3 S68.7 104.9 14.6 241.3 56 847.5 855.1 49.845.7 7 § 9
17/04/82 20:06:06 177.7 369.7 26.6 575.4 104.8 14.6 211.3 53 BG6.1 853.6 49.9 45.3 7 ¢ 4if
18/04/82 00:06:141 177.6 369.6 26.4 570.0 104.3 14.6 211.4 54 807.5 855.4 49.9 45.8 7 < 1
18/04/82 04:06:19 177.7 376.4 26,3 569.3 103.9 14.4 211.4 52 803.3 850.8 49.9 45,6 7 & iif
18/04/82 08:06:24 179.2 370.4 26,3 569.3 103.6 14.6 241.5 51 803.3 850.9 0.0 45.6 7 § i1z
18/04/82 12:06:30 176.1 369.0 26.8 572.6 103.7 14.6 241.4 56 806.1 853.7 49.8 45.7 7 {  i1é
18/04/82 16 B6:36 176.4 305.9 26.5 S71.0 104.0 14.5 211.4 53 807.8 855.5 49.9 45.6 7 12
§6/04/62 20:06:44 177.9 369.8 26.5 57C.4 103.5 14.5 211.4 53 BGb.6 854.2 49.9 45.5 7 ¢  i:s
19/04/82 00:06.49 178.4 369.9 26.4 S70.1 104.0 14.5 211.4 53 B04.5 852.2 45.9 43.5 7 ¢ 43
19/04/82 04:06:54 176.6 370.4 26.5 570.8 164.5 14.5 241.3 S1 B0S.4 852.7 G0.0 45.5 7 § 132
19/04/82 68:06:59 176.5 370.0 26.6 572.0 103.4 14,5 211.4 52 B06.4 B54.0 49.9 45.7 7 o ii:
19/04/82 12:07:06 175.0 370.2 26,6 S571.8 102.9 14,5 211.3 52 B04.6 852.1 49.9 45.7 7 { 12
19/08/82 16:07:42 176.5 370,40 26.4 570.4 103.4 14,6 2144 52 804.4 8520 49,9 45.5 7 0 14¢
19/04/82 20:07:47 175.7 376.2 20.5 S576.8 103.1 4.5 211.1 52 804.7 852.2 49.9 45.6 7 & 145
20/04/32 60:07:22 178.6 370.4 2.6 571.7 163.3 44.4 244.1 51 804.3 851.8 49.9 45.5 7 © i3:
20/04/82 04:07:20 178.8 370.4 26,4 570.2 103.4 14.4 211,052 805.2 852.7 45.9 43.7 7 ¢ i%
20/04/82 08:07:35 178.5 369.9 26.5 S70.9 $03.6 14.5 214.4 52 B04.1 851.7 49.9 45.5 T © is:
20/04/82 12:07:46 177.8 369.5 26.7 S72.4 $04.5 14.4 214.1 54 80,7 858.4 49.8 45.4 7 [ 164
20/04/82 16:07:45 178.4 369.7 2b.6 S71.8 103.7 §4.4 211.0 S4 810.2 857.9 50.0 45.6 7 & foi
20/04/82 20:07:55 178.4 36%.9 26.6 572.0 103.2 14.4 211.6 52 805.3 852.9 56.1 45.6 7 ¢ 17
2070482 100754 175,0 370.4 26,7 S72.6 102.6 14.4 211.0 52 805.1 52,7 50.1 45.7 7 0 %
21/04/62 08:03:90 175.3 370.7 22 7 373.% 404.9 44.4 211.5 51 804.6 52,2 50.0 45.8 7 0 16
21/04/82 08:08:05 173.0 369.5 26.7 S72.2 $62.7 14.2 211.0 51 B883.4 B54.0 50,0 45.5 7 0 464
24/04/82 12:08:40 178.8 369.4 26.7 572.2 102.3 {45 214.0 53 865.4 853.0 49.9 4.4 7 0 188
21/04/82 16:08:17 176.8 369.3 26.7 572.3 102.6 14.4 2108 53 846.8 BS4.4 50,1 45.9 7 0 492
20/04/82 20:08:24 177.8 369.8 26.7 572.6 103.4 14.4 210.9 52 84,8 852.4 50,2 45.4 7 § 19
22/04/82 00:08:29 177.5 369.7 26.6 S71.1 103.5 14.4 211.9 52 893.7 854.250.2 455 7 0 200
22/04/82 04:08:34 178.5 370.4 26,5 S70.9 182.4 14.3 210.9 50 893.4 8509 50,3 45.8 7 0 204
22/04/82 98:08:39 178.6 370.0 26.6 S71.b $02.6 14.4 214.0 54 892.9 8504 50,2 45.8 7 § 208
22/04/82 12:08:45 177,56 369.4 26,5 570.8 102.8 4.4 211.0 53'005.8 8533 50.2 46.6 7 0 212
22/04/82 16:08:51 178.1 369.7 26.8 573.6 103.0 £4.5 211.0 S2 806.3 853.9 50.2 45.6 7 0 216
22/04/82 20:98:57 178.4 370.4 26.5 S74.4 103.3 14.3 214.0 52 887.3 855.0 50.2 45.6 7 0 226

C-49



Table C-8.

Tine Fi Ti
pia of

23/04/82 00:99:02 176.1 3:9.9

23/94/82 04:09:49 178.9 I70.2

Date

23/04/82 14:14:03 179.6 374.7

23/04/82 18:14:10 177.7 349.
23/04/62 22:14:14 178.8 -
24/04/82 92:14:49 178.2
24/04/82 86:14:26 179.4
24/04/82 10:14:33 177.7
24/04/82 14:14:39 177.4
24/04/82 18:14:47 178.3
24/64/82 22:14:52 178.8 371.
25/04/82 02:14:59 178.9 I,
25/04/82 06:45:06 79.0 370,
25/04/82 10:15:41 177.5 3e9.7
25/04/82 14:15:4¢ 177.9 Jef.
25/04/82 18:15: 23 176.% 369,
25/04/82 22:15%:28 (78.7 370,
26/04/32 02:4
26/04/82 06:4
i9:4

{

7
2
2
]
7
.5
.9
4
3

l'd

S

= 1 o

S

S
26/04/32 S:
26/04/82 14:45:
26/04/82 18:15:
26/04/62 22:16:0¢
27/04/82 02:46:€7
27/04/82 06:16:12
27/04/82 10:16:16
27/04/32 14:16:21 176.3 389.7
27/04/82 18:16:28 177.7 369.9
27/04/82 22:16:33 178.5 389.7
28/04/82 02:16:37 180.2 37§
28/04/92 06:16:43 4840 371.¢
28/04/82 10:16:508 179.8 371,
28/04/82 14:16:56 175.4 368,
28/04/82 18:17:02 180.8 374.
28/04/82 22:17:08 180.4 374,
29/04/82 92:47:16 177.6 370,
29/04/82 06:47:22 182.2 371,
9.

g.

9,

f.

i.

177.5 369.6
176.6 3569.4
178.9 369.9
179.5 376.1
181.4 374 .4
i78.6 369.9

n.nu‘\.»uu:ra
Ut @ o O re 0O

—

~3

[+ <3

—

(7]

o

~

~

29/04/82 16:17:28 177.5 3
29/04/82 14:17:33 179.2 37
29/04/82 18:47:39 177.5 3
29/04/82 22:17:45 179.3 37

0
4
8
3
2
0
7
b
3
8
6
30/04/82 02:17:50 179.8 374.4
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i biw/ib kib/n psia o X Ht %
26.6 572.% 102.1 14.4 214.6 51 803.4 854.0 50.3 44.0
Zo.6 S71.6 102.4 14,4 210.8 50 893.0 850.6 50,3 43.5
26,7 S73.2 102.1 14.3 210.8 49 B803.9 B51.4 50.3 45.6
26.8 572.9 £02.0 14.3 210.7 52 845.4 §53.0 50.3 45.9
26,7 572.5 102.2 14.3 210.7 S0 B843.5 851.1 5.2 45.7
26,9 573.8 102.4:14,2 210.7 S0 845.8 853.4 58.1 45.4
26,8 573.4 100.7 14,3 20,7 49 804.9 849.4 50.3 46,2
26,7 572.3 £04.5°14.3 240.7 S 882.2 849.8 50.2 4.1
26,7 S72.3 102.5 14,3 210.6 51 804.3 854.9°58.2 45.7
26.9 574.3 104.5 14,2 240.7 51 804.9 852.5 50.2 45.8
26,7 573.0 101.8 14,3 210.7 49 883.2 850.9 50.3 45.7
26.5 571.2 102.0 14.3 210.7 49 803.1 850.6 50.2 46.0
26.8 . 573.5 104.0 14.4 210.7 50-802.8 850.3 50.3 45.1
26.9 S73.6 10:.7 14,3 210.8 52 .804.9 832.5 5.0 45.%
27.0 974.p 162.2 14.4 216.7 51 B0S.1 852.7 5.2 4%.¢&
26,9 574.5 10i.5 14.3.210.7 51 8i5.2 852.8 50.2 45.7
Zo.5 574,2 104.3 14.2°210.2 S0 804.0 838,08 50,2 45.F
2h.d 573.2 101.5 14,3 2:10.6 47 B03.D 834.5 0.2 43.8
26,6 572.5 101.2 14.3 2:0.5 48 Bi2.9 630.5 5i.3 45.%
27.2 577.0 106.6 14.4 210.9 S0 B804.6 852.2 S0.1 45.%
26,9 573.9 102.4 14,3 210.8 51 80S.1 852.7 50.C 45,6
2.9 573.7 104.6 14,3°210.7 53 804.9 852.4 50,0 45§
26.8 5740 104.5 14:3°210.6 50 804.7 852.2 59.3 43.9
26.9 574.8 101.6 14,3 2106.3 50 805.2 852.8 S0.3 45.%
¢o.7 S573.6 104.4 14.2°240.0 45 BIS.1 652.7 50.4 45,0
26,0 S72.4 102.4 14.1.210.0 45 804.5 852.0 50.2 4.4
269 574,2 101.9 14,1 209.9 SO0 804.7 852.3 6.2 43.4
27.0 574 B 104.5 14.2 240.3 50 804.6 852.1 S0.2 45.7
26,7 572.7 102.4 14.2 240.2 56 B0O3.3 850.9 5.1 45.¢6
2h,7 973.0 1G4.7 14,3 210.5 48 803.2 B50.6 50,2 45,7
26,7 573.4 101.3 14.3 210.8 48 B02.3 849.6 50.§ 45.7
2b.6 572.0 101.6 14.4 210.9 49 805.0 848.5 506.2 45.9
27.& 575.7 100.7 14.4 210.9 54 B03.4 851.0 50.6 468.C
26,5 572.2 101.8 14,5 211.1 48 882.7 850.3 0.1 45.9
26.9 S74.9 100.8 14.6 211.3 48 B02.3 849.8 S0.2 45.2
27.0 S74.8 108.7 4.5 244.3 S0 804.5 849.1 58.1 45.2
26.7 S574.2 104.5 14,6 211.4 47 810.8 B48.4 50,1 45.7
26,8 S573.4 102.9 £4.5 211,5 52 805.4 852.6 56.0 45,1
26.9 S74.2 104,56 14:4 214.2 50 863.4 850.9 50.2 45.8
27,0 5745 101.9 14.4 211,2 52 804.1 854.6 50.1 45.8
26.8 574.0.100.9 $4.5 211.2 49 861.8 849.3 56.0 4.2
26.8 574.4 100.0 14.5 211.2 48 B01.7 849.3 50.2 46.5
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Table C-8.

Dote Time Pi
psiG

30/04/82 06:17:56 177.9 370.2

30/04/82 10:18:03 179.0 370.0
30/04/82 14:18:09 178.6 370.0
30/04/82 18:18:44 178.2 370.0
30/04/82 22:48:19 180.3 370.5
01/05/82 §2:18:25 179.5 370.3
01/05/82 06:18:30 176.9 369.5
01/05/82 10:18:36 178.6 370.0
04/05/82 14:18:44 178.0 369.8
01/05/82 18:18:50 177.8 369.6
01/05/82 22:18:58 178.6 376.
02/05/82 02:1%:33 179.7 374,
02/15/82 05:15:09 179.7 375,

§2/05/82 16:19:43 78,
Q2705787 1419468 {78,
§z2/05/8 16:19:23 174,
02/0578: 22:49:21 177,
§3/05/02 62:19.33 i7¢ &
§3/05/762 65:19:39 18,4
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H M P2 T2 Tr Khe KWN Freq Eft

$74.0 100.8 14,4 241.2 50 801.5 849.1 S0,
§73.5 101.6 14,6 211.3 50 802.7 850.2 S0.
$73.6 101.7 14.4 211.5 S0 803.4 851.8 50,
675.6 104,14 14,5 244.1 51 804.2 854.7 S0,
$73.7 101.8 14,4 214.1 48 804.1 854,56 S0.
575.3 100.6 14,5 211.4 49 893.3 850.8 S0,
$75.7 104.1 14.3 241.2 53 887,7 855.3 S0,
574.9 104.0 14.4 241.2 S0 883.6 851.2 S0.
575.4 104.0 §4.4 294.1 S0 804.3 851.9 56,
$75.2 104.2 14.4 241.1 Si 804.8 852.4 S0,
$74.9 160.9 4.5 241.2 49 B802.9 850.5 S0.
573.1 104,5 14.5 2§1.2 45 800.5 B48.4 S0,
6 180,37 14.4 211.1 49 B04.0 851,56 S0,
$00.2 14.4 G11.0 45 Bi2.§ 647.6 5[;
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APPENDIX D
Annex 1
TEST AND DEMONSTRATIOﬁ of A 1MW WELL-HEAD GENERATOR
1. Background and Objectives
(a) Background

Small-scale, transportable geothermal electric generators are needed.
for testing geothermal resources and for providing electricity in an early
stage of the development of large geothermal fields. Such generators must
be able to operate under a broad range of geothermal resource conditioms
(different salinity, temperature and pressure). A small-scale (1.2MW)
transportable total flow helical screw expander generator (the "Power
Plant”) suitable for such conditions has been designed-and field tested
for the United States Department of Energy.

(b) Objectives
The objectives of this Task are:-
(1) To accelerate the development of geothermal resources

through early introduction of advanced geothermal energy
conversion technology;

(2) To provide prospective users of geothermal energy experience
in operating advanced technology geothermal equipment; and

(3) To develop a data base for a range of geothermal resource
conditions of the Power Plant's performance and reliability
in order to assess the cost/benefits in the application
of the Power Plant.

2. Means

A comprehensive field test and demonstration programme of the Power
Plant shall be carried out in Italy, Mexico and New Zealand (the “Host
Countries”).

(a) Preparation and Planning of the Tests and Demonstration Programs
of the Power Plant

(1) The Operating Agent shall provide the operational Power
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Plant including supporting equipment for use in the Task;

(2) 1In consultation with other Participants, the Operating
Agent shall develop a detailed test and demonstration
programme. ;

(b) Site Selection

(1) Each Host Country shall propose a primary and an alternative
test site and shall provide the other Participants with the
available geothermal resource data as well as the operating

: conditions; |

(2) The final siéesvwill be selected bybthe Host .Country and the
Operating Agent after consultation with the Executive Committee.

(c) Site Pteparatioﬂ

Each Host Country shall provide a test bed layout for suitable
testing of the power plant.

(d) Data Collection, Analysis and Reporting

(1) Each host country will measure .and collect data according to
the test and.demonstration programme as provided in paragraph

2(a)(2);

- (2) Each Host Country will report the data and its evaluationm,
including an assessment on .the costs and benefits of the
Power Plant, to other Participants;

A e e B p B g Bl S o ANE e ey

V(3) The_Opérating Agent will prepare and distribute to Participants
a final report on the Task.

3. Time Schedule

The Programme will be carried out in accordance with the schedule
below:
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Parti-
cipant

Work to be performed

1979

1980

1981

Operating
Agent (U.S.)

Delivery of the Power Plant for
transport to Mexico

Development of the test and
demonstration programme

X XX

Final report

XX XX

Mexico

Site Selection and Site
Preparation

XX XX

Installation of the Power Plant

Test and Demonstration
Programme

X X X X

xX X

Delivery of the Power Plant for
transport to Italy

Interim Status Report

Italy

Site Selection and Site
Preparation

XX XXX

Installation of the Power Plant

Test and Demonstration
Programme

X X

X X X

Delivery of the Power Plant for
transport to New Zealand

Interim Status Report

New Zealahd

Site Selection and Site
Preparation

XX XX

Installation of the Power Plant

Test and Demonstration
Programme

XXX XX

Delivery of the Power Plant for
transport to United States

Interim Status Report

D-3




4.

5.

Specific Responsibilities

(a) Speci

The Operating Agent will:

(1)

(2)

(3)
()

(b) Specific Responsibilities of other Participants

The Participants carrying out the test and demonstration ptoéraﬁmes

will:

(1)

(2

3

Funding

(a) The Operating Agent will bear the costs of:

(1)

(2)

fic Responsibilities of the Operating Agent

Provide the operational Power Plant and assoclated supporting
equipment to the Host Countries according to the schedule
indicated above; :

Provide technical specialists to advise on the installation
and operation of the Power Plant during the test and dem—
onstration programmes;

Perform major equipment repair;

Prepare and distribute to Participants a final report on the
Task.

Provide the test-site for the Power Plant and make the
necessary site-related preparations prior to the instal-
lation of the Power Plant; /

2

Be responsible for the installation and routine maintenance
of the Power Plant; '

=gl L B

Be responsible for the test and demonstration programmes, .
including adequate support by electrical, instrumentation
and computer programming engineers. :

e PR B B e

Technical specialists to monitor and assist in the
installations and operation of the Power Plant;

Major equipment repair;

E TR
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(b)

(c)

(3) The transport of the Power Plant and supporting
equipment back to the United States at the end
of the Task.

The Host Countries will bear the costs of:

(1) Transporting the Power Plant to its test and demonstration
site;

(2) The costs of site preparation, Power Plant installation,
and the costs of conducting its test and demonstration
programme ; :

(3) Preparing the Power Plant and the supporting equipment
for shipment from the site.

Each Participant shall bear the costs it incurs in carrying

out this Task, including the costs of formulating and trans-
mitting reports, of reimbursing its employees for travel and
per diem expenses, and of payments for the salaries, insurance,
and allowances of its personnel in connection with work carried
out in the Task.

Operating Agent

The United States Department of Energy.

Information and Intellectual Property

(a)

(b)

Executive Committee's Powers. The publication, distribution,
handling, protection and ownership of information and intellec-
tual property arising from this Annex I, and rules and procedures
related to such information and property, shall be determined

by the Executive Committee, acting by unanimity, in conformity
with the Agreement.

Right to Publish. Subject only to the restrictions applying to
patents and copyrights, the Annex I Participants (referred to
in this Annex I as the Participants”) shall have the right to
publish all information provided to or arising from this Task
except proprietary information. For the purposes of this
paragraph, proprietary information shall mean information of

a confidential nature such as trade secrets and know-how
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(for example, computer programmes, design procedures and
techniques, chemical composition of materials, or manufacturing
methods, processes or treatments) which are appropriately
marked, provided such information:

(1) 1Is not generally known or publicly available from other
sources;

(2) Has not previously been made available by the owner to
others without obligations concerning its confidentiality;
and :

(3) 1Is not already in the possession of the Operating Agent
or Participant without obligation concerning its con-
fidentiality.

(¢) Marking of Proprietary Information. It shall be the responsibility
of each Participant to identify information it furnishes which
qualifies as proprietary information under this paragraph and ensure
that it is appropriately marked. The Participants shall take
all necessary measures in accordance with this paragraph, the
laws of their respective countries and international law to
protect proprietary information.

(d) Production of Relevant Information by Participants. Each Participant
and the Operating Agent should endeavor to make available, or
identify in the context of the Task, pre—existing information
and information developed independently of the Task, known to it,
which is relevant to the Task and which can be made available to
the Task without contractual or legal limitation. Proprietary
information owned or controlled by the Participants or the Operating
Agent should be made available to the Task and licensed under
the provisions of paragraphs (f) and (g). It should be noted
that certain aspects and the details of the generator to be
used and tested in this Task are owned by and are proprietary
to a contractor of the Operating Agent. Such information
will be provided to the Task, for use only under the Task,
in accordance with paragraph (f) only to the extent necessary
for the installation and operation of the generator in ac-
cordance with the work to be conducted under the Task. Other
use and licensing of such proprietary information will be
subject to the restriction of paragraph (g).
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(e) Reports on Information Relevant to the Task. Information arising
in the course of or under the Task ("arising information") shall
be freely available to all Participants for use and dissemination.
Reports containing arising information and pre—-existing information
necessary for and used in the Task, including proprietary infor-
mation, should be provided to the Operating Agent by each Partic-
ipant and shall cover the work performed by each Participant under
this Task. A report summarizing the work performed under the Task
by each Participant and the Operating Agent, excluding pre-existing
proprietary information, shall be prepared by the Operating Agent
and forwarded to the Executive Committee.

(f) Licensing Under the Task. Each Participant agrees to license all
pre~existing information and inventions, including proprietary
information, owned or controlled by the Participant which are
necessary for utilizing or testing the generator under this
Task on a non-exclusive, royalty—-free basis for use in the
Task only. In addition, the proprietary information and patents
owned and proprietary to the contractor to the Operating Agent
shall be similarly licensed to the extent that such information
and patents are necessary for use in the Task.

(g) Licensing for Commercial Use. Each Participant agrees to license
all pre-existing inventions and all pre-existing information,
including proprietary information, owned or controlled by the
Participant which are necessary for, or utilized in the Task,
to the other Participants, their governments and the nationals
of their respective countries designated by them for commercial
purposes on reasonable terms and conditions. The Operating
Agent shall ensure that the pre-existing inventions and pro-
prietary data concerning the generator to be used and tested
under this Task, and which is proprietary to the contractor
of the Operating Agent, shall be licemnsed to each Participant
on reasonable terms and conditions if said contractor is not
capable of supplying the materials, equipment or services covered
by such information and inventions at reasonable prices and
in sufficient quantities to meet market demands.

(h) Ownership and Licensing of Arising Inventions. Inventions
made or conceived in the course of or under this Task (“arising
inventions”) shall be owned by each Participant in its own
country and by the inventing Participant in other countries.
Each Participant shall license such arising inventions to the



9.

other Participants, their governments and the nationals of their
respective countries designated by them for commercial purposes
on reasonable terms and conditionms.

(1) Copyrights. Each Participant may. take appropriate measures
necessary to protect copyrightable material generated by it
under this Task. Copyrights obtained shall be the property
of the Participant provided however, that the,other Participants
may reproduce and distribute such material, but shall not
publish it with a view to profit. :

(3) Co-operation from Authors and Inventors. Each Participant will,
without prejudice to any rights of inventors or authors under
its national laws, take all necessary steps to provide the
co-operation. from its authors and inventors required to carry
out the provisions of this paragraph. Each'Participant will
agsume the responsibility to pay awards or compensation required
to be paid to its employees according to the laws of its country.

(k) "National” of a Participant. The Executive Committee may estab-
1ish guidelines to determine vhat constitutes a “national” of

" a Participant. In the event of a dispute as to what constitutes
a "national” of a Participant, such disputes shall be handled
in accordance with Article 9 (d) of the Agreement.

Results

The results of this Task will be a final report, which shall include:

(a) An assessment of the petfotmance and reliability of the Power
Plant under the differing geothermal conditions of the test sites;

(b) A cost/benefit analysis of the Power Plant, relative to each site.
Participants

Tne,ccnttacting Parties which are Participanta in the Task are the
following:

Ente Nazionale per 1'Energia Elettrica [ENEL] (Italy),
Comision Federal de Electricidad (Mexico),
Ministry of Works and Deve10pment (New Zealand),

United States Department of Energy.
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