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ABSTRACT

A 1-Mi wellhead generator was tested in 1980, 1981, and 1982 by Mexico,
Italy, and New Zealand at Cerro Prieto, Cesano, and Broadlands, respectively.
These tests were performed with the participation of the U.S. Department of
Energy, the Hydrothermal Power Co., Ltd., and the Jet Propulsion Laboratory,
under the auspices of the International Energy Agency. The total flow helical
screw expander portable power plant, Model 76-1, had been built for the U.S.
Government and field-tested in Utah, USA, in 1978 and 1979. The expander had
oversized internal clearances designed for self-cleaning operation on fluids
that deposit adherent scale normally detrimental to the utilization of liquid-
dominated fields. Conditions with which the expander was tested included inlet
pressures of 64 to 220 psia, inlet qualities of 0% to 100%, exhaust pressures
of 3.1 to 40 psia, electrical loads of idle and 110 to 933 kW, electrical fre-
quencies of 50 and 60 Hz, male rotor speeds of 2500 to 4000.rpm, and fluid
characteristics to 310,000 ppm total dissolved solids and noncondensables to 38
wt % of the sapor. Some testing was done on-grid. Typical expander isentropic
efficiency was 40% to 50% with the clearances not closed, and 5 percentage
points or more higher with the clearances partly closed. The expander effi-
ciency increased approximately logarithmically with shaft power for most opera-
tions, while inlet quality, speed, and pressure ratio across the machine had
only small effects. These findings are all in agreement with the Utah test
results. Condensing tests produced lower machine efficiencies but also lower
flowrates per kW of electricity produced. Based on operating results and
cost/benefit analyses in comparison with 1-Mi turbine generators, Mexico and
Italy rated the screw expander power plant as suitable for noncondensing ser-
vice in some liquid-dominated fields, although the unit tested needs shaft seal
repair before it is returned to service. Improvements of the shaft seal flush
water system and the speed control system are important, and closing of the
rotor clearances, either through manufacturing changes or operating changes, is
necessary for best performance. Lower prices through mass production would
broaden the application.
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SUMMARY

A. GENERAL

A 1-MW wellhead generator was tested in Mexico, Italy and New Zealand as
part of the International Energy Agency (IEA) programme of research, develop-
ment and demonstration on geothermal equipment. The wellhead generator used in
the tests was a total flow helical screw expander (HSE) portable power plant,
Model 76-1, which had been built for the U.S. Government and field-tested in
Utah, USA, in 1978 and 1979. The HSE was designed with oversized internal
clearances for the specific purpose of operating on mineralized geothermal
fluids that deposit adherent scale normally detrimental to utilization. The
test activities with the HSE in Mexico were conducted at Cerro Prieto by the
Comision Federal de Electricidad (CFE) using well M-11 from December 1979
through April 1981. In Italy the tests were conducted by the Ente Nazionale
per 1'Energia Elettrica (ENEL) at Cesano 1 well from July 1981 to June 1982.
Those tests in New Zealand were performed by the Ministry of Works and Develop-
ment (MWD) at the Broadlands field with well BR 19 from September 1982 to June
1983. The U.S. Department of Energy {(DOE) participated in the tests with the
assistance of the Hydrothermal Power Co., Ltd. (HPC) (manufacturer of the power
plant), and the Jet Propulsion Laboratory (JPL). The HSE power plant was made
available by the U.S. Department of Energy for the tests in these other
countries after it was determined that small power plants in the HSE size range
most likely to be built could have international utility. A total test
summary, including the testing in the USA, is listed in Table S-1.

Table S-1., HSE Power Plant Total Test Summary

Power Production Time Generator Output
Location and VYear h Zh kWh X kWh
California, USA 1977* 5 5 nil nil
Utah, USA 1978 337 342 85,170 85,170
Utah, USA 1979 100 442 27,540 112,710
Mexico 1980 1,064 1,506 854,830 967,530
Mexico 1981 37 1,543 10,110 997,640
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 1,040,550
New Zealand 1983 1,633 3,399 1,330,250 2,370,930

* Acceptance test using compressed air at factory.

Wﬁrrrjr\/!\-n ,

xi



The work in Mexico, italy and New Zealand conformed to the IEA programme
objectives to accelerate the development of geothermal resources through early
introduction of advanced geothermal energy conversion technology. The test
objectives for each country were to assess the performance and reliability of
the wellhead generator and to assess the applicability of the power plant to
the test site or an appropriate alternative site within the country. The
assessment of applicability was based on costs and benefits of the HSE power
plant in comparison with a turbine generator set of the same 1-MW size, both i
noncondensing operation. The HSE power plant cost that was used was for a
one-of-a-kind machine and was not the cost of a production model.

The performance testing in the IEA programme encompassed a wide range of
operating conditions in order to map the operational characteristics of the
HSE. The test parameters that were varied were the inlet pressur~ inlet steam
quality, exhaust pressure, electrical load, electrical frequency, male rotor
speed, and geothermal fluid properties, all in various combinations. The
ranges were as follows:

Inlet pressure (psia) 64 to 220

Inlet quality (%) 0 to 100

Exhaust pressure (psia) 3.1 to 40

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

Male rotor speed (rpm) 2500, 3000, 3333 and 4000
Total dissolved solids (ppm) low to 310,000
Noncondensables (wt % of vapor) low to 38.0

The isentropic efficiency of the helical screw expander was taken as the
primary measure of performance of the power plant. This efficiency compares
the actual expander with an ideal expander operating over the same pressure
interval and is commonly known as machine efficiency. Efficiency values in the
range of 40% to 55% were demonstrated as typical for the machine as tested.

The desired closing of the oversized internal clearances within the HSE was not
achieved during these tests and so the performance of the HSE with the clear-
ances reduced to within normal limits for this type of machine was not deter-
mined at any site. In Italy, despite very rapid scale growth, the expected
tests with small clearances were not possible because the scale did not remain
on the rotors. Machine efficiency was found to be around 45%, well below the
65% to 68% 1imit predicted by ENEL for operation with small clearances using a
theoretical model of machine performance based on an analysis of the Utah and
Mexico test data. However, without tests with small clearances, the perfor-
mance available with this HSE remains unknown.

Endurance tests made to assess the reliability contributed to the deter-
mination of performance. In New Zealand the growth of a very thin layer of
scale on the rotors during 1632 hours of endurance testing resulted in a 3.5
percentage-point improvement in the efficiency. At the end of the test the
efficiency was 46.5% and evidently still increasing. A greater improvement was
determined during the endurance test in Mexico but the amount of increase was
uncertain. The corresponding amount of scale growth achieved to partly close
the oversized clearances was also uncertain but small.
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For many operating conditions the expander efficiency increased approxi-
mately 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, bui again the influence was small in the range tested.
Because of the number of parameters that influence the efficiency, correlation
of the data was difficult. Therefore, for some purposes it was convenient to
plot the efficiency of the HSE as a function of the most important variable,
shaft power, and let the effect of the other variables appear as data scatter,
although many of the measurements that appear to be scattered in this treatment
were actually quite reproducible. By this and similar methods of correlation,
representative efficiencies were determined for each test site. With bare
rotors and oversized clearances for noncondensing operation, these efficiencies
ranged from 40% in New Zealand to 48% in Mexico, for half load or more. Corre-
sponding determinations yielded 45% for the HSE operation in Italy (and 48% for
the earlier test operation in the USA). The lower efficiency demonstrated in
New Zealand relative to the other three sites has not been explained.

Some limited condensing testing was performed in Mexico. In all cases
the HSE efficiency decreased with decreasing back pressure but so also did the
flowrate per kW of electricity produced.

The effect of rotor speed on the machine efficiency was small for tests
in Mexico and New Zealand.

A1l testing in Mexico, Italy and New Zealana 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 because of limita-
tions in the speed control system. These same limitations prevented idling at
pressures above about 130 psia with this trim. These limits vary with inlet
steam quality because they relate to the control of volumetric flowrate into
the machine. The results demonstrated a need for further development of the
speed control system to provide stable operation over the full range of load
from idle to full load for all wellhead pressures.

The reliability of the HSE power plant was assessed during the perfor-
mance and endurance testing. The shaft seals were of greatest concern, because
they were newly designed replacements used only for the 100 hours of Utan
testing immediately preceding the beginning of the International Test and
Demonstration Programme. No seal problems occurred Jduring 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 24 hours of operation corrected the break-
age problem. Intensive examination of the broken seals by several parties
indicated no signs of wear resulting from the cumulative 1224 hours of seal
operation.

In New Zealand a seal assembly evidencing 1 materials flaw was replaced
(after 98 hours of operation in Italy and 102 hours in New Zealand). The seals
withirn the assembly were also found to be abraded, apparently by particulates
found in the assembly. During the following 1632 hours of endurance testing,
progressively increasing oil leakage heyond the design specifications occurred,
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resul~ing in prematui'e termination of tusting. The cause of the leakage was
not actually determined, but it may have been caused by abrasive wear by the
particulates. Ouestions regarding seal wear ) damage must be rasolved before
further use of the HSE is considered.

During replacement of the damaged shaft seals in Italy, passages for
recapturing oil from the flush water were installed to make the HSE more reli-
able in case of wear or damage of the shaft seals. Suitable anzillary equip-
ment for operating the recapture system was not available. Deficiencies in the
available equipment resulted in maintenance and reliability problems with oil
filters and with scavenger pumps for removing water from 0il reservoirs.

The operation of the HSE power plant is ..o more complex than any other
form of small turbine generating plant and satisfactory operation with once-
daily inspection was demonstrated in New Zealana.

Cost/benefit analyses were performed by each country on the basis that
the deliberately oversized internal clearance (to be closed by scale deposi-
tion) would not be closed during prolonged service. Machine efficiencies of
45% in Italy and New Zealand and 48% in Mexico were used. A new plant cost of
$770,000 to $800,000 U.S. was used in the analyses, hased on the assumption
that such 4 plant could be purchased. The analyses showed that on these bases,
the HSE power plant tested, Model 76-1, cannot compete with a conventional
steam turbine, considering both cost and performance. For some applications
the HSE can compete on the basis of performance. For exomple, at a 43% effi-
ciency the HSE performance is advantageous for hot-water reservoirs with tem-
peratures up to 275°C in Mexico. In Italy the HSE can coripete on the basis of
both cost and performance for certain applications, mostly because of its ver-
satility and higner overall efficiency. The analysis for Mexico showed that if
the HSE efficiency were to rise to 55% as was demonstrated, it would be pre-
ferred to a turbine for all applicaiions on the basis of performance, but not
on the basis of cost. The estimation of the performance at which the HSE could
compete despite a higher capital cost was outside the scope of these analyses.

B. CONCLUS "ONS
The HSE nower plant, Model 76-.:
e 1is suitable for electric power production in some liquid-dominated
geothermal fields, although the unit testec needs repair of damaged

shaft seals before it is returned to service,

e can compete with a steam turbine on the tasis of pci©ormance for some
applications.

o cannot compete with a mass-produced steam turbine on the basis of the
stated capital cost for a single HSE machine performing as tested.

e is rugged and is not damaged by typical geothermai process upsets.

e can operate on an unattended basis with periodic inspections and main-
tenance.
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can be put on and off grid manually with simple equipment.

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

The HSE Model 76-1 machine efficiency:

is in the range of 45% to 50% with bare rotors for a wide range of
load, inlet pressure and steam quality in noncondensing operation.

increases with scale deposition within the machine, but the perfor-
mance potential with the small internal clearances normal for a
machine of this type has not been determined.

increases with load but is fairly flat over the upper 75% of its load
range.

is insensitive to inlet fluid quality but diminishes at the ex*remes.

is insensitive to rotor speed over the 2500-rpm to 4000-rpm range
tested.

decreases with increasing backpressure,
decreases with reduced tackpressure, but the energy produced per pound

of fluid used increases with decreasing backpressure over the range
tested.

The HSE Model 76-1:

shaft seals have a demonstrated mode of operation in which no detect-
ahle wear is observed after 1224 hours of service, but long service
1ife has not been demonstrated.

shaft seal support system is not correctly sized and installed.

speed control system is not adequate for all loads and all wellhead
pressures in all combinations.

i.ternal clearances are excessive for use on fluids that do not
deposit adherent scale on the rotors.

The IEA Test and Demonstration Programme tests confirmed the results of
testing in Utah,
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SECTION I
INTRODUCTION

This is the final report on a task to test and demonstrate a 1-MW geo-
thermal wellhead generator in the field (the Task), carried out sequentially in
Mexico, Italy and New Zealand (the Host Countries), with the participation of
the U.S. Department of Energy (DOE) (the Operating Agent) and the assistance of
the Hydrothermal Power Co., Ltd. (HPC) and the Jet Propulsion Laboratory (JPL).
The Host Countries were represented by the Comision Federal de Electricidad
(CFE), Mexico, Ente Nazionale per 1'Energia Elettrica (ENEL), Italy, and the
Ministry of Works and Development (MWD), New Zealand. The final report summa-
rizes the work performed in the three countries and reported in interim status
reports by CFE, Ref. A, ENEL, Ref. B, and MWD, Ref. C.

The Task was part of a cooperative program defined in an International
Energy Agency Implementing Agreement for a Programme of Research, Development
and Demonstration on Geothermal Equipment as described in Annex I: Test and
Demonstration of A 1-MW Wellhead Generator. In the Annex, CFE, ENEL, MWD, and
DOE were designated as Participants of the Task and the responsibilities of the
Host Countries and the Operating Agent were assigned. Task management was
vested in an Executive Committee consisting of cne member from each country.
The schedule of the Task as planned and as achieved is shown in Table 1-1,

The wellhead generator used in this Task was a transportable total flow
helical screw expander power plant HPC Model 76-1, which had been designed anua
field-tested earlier for the U.S. Government in a project managed by JPL
(Ref. 1). The expander was designed by HPC with oversized clearances for use
only in liquid-dominated geothermal fields that produce fluids suitable for
producing adherent scale deposits within the machine,

The power plant was made available to the Task by DOE, acting within the
framework of the U.S. membership in the International Energy Agency and under
the auspices of the Committee of Energy Research and Development of the Agency.
The power plant 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
plan. .to a test array designed for operation at a variety of geothermal field
sites. All of this cquipment is described in Ref. 1 and in manuals that were
included with the equipment. Additional fabrication details of the power plant
are described in Ref. 2. The results of the earlier work are summarized later
in this section.

This final report includes (a) an assessment of the performance and reli-
ability 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 as required by the Implementing Agreement, Anrnex I, which assigned the
responsibility for the final report to DOE. By direction of the Executive
Committee, the final report is based on the interim status reports (Refs. A, B,
and C) submitted by each of the three Host Countries. Much of the report is
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presented in country sequence - Mexico, Italy, New Zealand - with the status
reports and the Appendixes coded A, B, and C in the same sequence, as a conve-
nience to the reader.

Some of the material in this report is repeated verbatim from the sources
without quote marks. Figures and tables from the interim status reports were
copieda from the originals in most cases, except for the identification numbers.
To the extent deemed necessary or appropriate by JPL, some information in this
report is from the JPL report on the prior work (Ref. 1) or from the author's
reports and notebooks and general information of the author compiled during
this task or the prior work. In addition, information from HPC is included.

In the prior work (kef. 1), th HSE power plant was tested in Utah in
1978 and 1979. An average machine efficiency of approximately 45% was demon-
strated over a wide range of test conditions in noncondensing operation on
single-phase and two-phase geothermal fluids. The efficiency was fairly flat
above one-quarter load, although efficiencies as high as 54% were demonstrated.
The test data characterize an expander having large internal clearances or
leakage passages past the rotors which, contrary to plan, did not close with
scale deposits during the testing. Analysis of the data showed that the
expander efficiency is a strong function of load, a weak function of inlet
steam quality and of pressure ratio across the expander, and independent of
throttle position. Test conditions included inlet pressure ranging from 84 to
258 psia, inlet steam quality of 0% to 99%, linear throttle position from 7% to
100% open, output shaft load from idle to 1059 kW, with output shaft or male
rotor speed of 3000 rpm. The exhaust pressure was atmospheric at about 12 psia
except for a few tests jrerformed at exhaust pressures of 27 to 30 psia. The
need to improve the spe2d control system to accommodate small loads at high
feed pressure or the sudden loss of large loads was identified. So also was
the need to fabricate the HSE with smaller internal clearances for best effi-
ciency with nonscaling brine. Other design changes for a replacement 5-MW unit
originally planned were also identified and recommended.

A. TASK OBJECTIVES
The objectives of the Task were to:

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

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

(3) Develop a data base for a range of geotherma: resource conditions of
the pcwer plant's performance and reliability in order to assess the
cost/benefits in the application of the power plant.

In addition, each Host Country had its own specific test objectives.
These are described in Section III.
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TASK RESPONSIBILITIES

The main responsibilities of DOE as Operating Agent were to:

1)

(3)
(4)

()

Provide the operational power plant, including support equipment for
the Task;

Provide two Technical Specialists* from the prior work to advise on
the installation and operation of the power plant during the test
and demonstration programmes in each country;

Perform major equipment repair;

Prepare and distribute to Participants a final report on the Task;
and .

Bear the costs of the above and of transporting the power plant and
support equipment back to the United States at the end of the Task.

The main responsibilities of the other Participants were to:

(1)

(3)

{4)

(5)

(6)

(7)

Provide a test site and programme plan acceptable to the Executive
Committee;

Make the necessary site-related preparations prior to the installa-
tion of the power plant;

Be responsible for the installation and routine maintenance of the
power plant;

Be responsible for the test and demonstration programmes, including
the e! ctrical, instrumentation and computer work, and all data
gathering;

Report the data and its evaluation to other Participants, including
an assessment on the costs and benefits in the application of the
power plant;

Prepare the power plant and the support equipment for shipment from
the sit2; and

Bear *ne costs of the above.

At the request of ENEL, and with the concurrence of the Executive Commit-
tee, the nower plant and test support equipment were converted from 60 Hz to 50
Hz in nreparation for the testing in Italy. The purpose was to ailow testing

with tne power plant connected to the ENEL electrical grid. By agreement, the

rsior was the responsibility of DOE and was carried out by HPC; the costs

¢f che hardware for the conversion were shared by DOE and ENEL.

* R, McKay, JtL, author of this report, and R. Sprankle, HPC, designer of the

power .ia t.
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SECTION II
LIMITS AND LIMITATIONS

The assessment of the performance characteristics of the 1-MW helical
screw expander wel Thead generator and of the costs/benefits in its application
were based on the testing of HSE Model 76-1. The test results were influenced
significantly by the limits and limitations that were either implicit to or
imposed on the aquipment and tests. It is essential th-t these be understood
in order to interpret the test results. This was to be an evaluation of an
existing design and there were no provisions for modifi:cations or improvements
to the HSE.

A. DESIGN LIMITATIONS

The helical screw expander power plant used on this programme was HPC
Model 76-1, which was designed in 1974-1975 specifically for use on scaling
fluids from liquid-dominated geothermal resources. This machine was a twenty-
fold scale-up of a 5C-kW prototype developed in 1972-1973. Some changes or
developments were identified as desirable during the 1978-1979 testing in Utah,
but of these only the shaft seals modifications were made. Additional develop-
ment work on the HSE power plant by the manufacturer was not included as part
of the IEA Task because of budgetary and Task schedule limitations. Repairs
were included, but only to the extent necessary to permit the test and demon-
stration to proceed with minimum delay. Notable design areas identified in
Utah as needing change or development in order to broaden the application of
the HSE were rotor clearances, the shaft seal system, and the speed control
system. These impacted test considerations as follows:

1. Rotor Clearances

The rotor-to-rotor and rotor-to-case clearances in HSE Model 76-1
were made large, based on the experience of testing the 50-kW prototype and its
forerunner on Wells M-7 and M-10 in Cerro Prieto, Mexico. Fluids from these
wells had deposited adherent scale within the screw expanders which accumulated
to close the leakage paths past the rotors. Good scale adhesion was not always
immediate, depending on the initial surface conditions within the machires, but
closure olcurred in each case in about 24 hours of testing. The clearances for
Mode! 76-1 were intended to be large enough that the scale deposits would serve
as a cladding to protect the rotors and casing interior from possible corrosion
and to protect the rotors from possible erosion in the inlet areas. Hard tips
were provided on the rotor lobe crests to abrade or limit scale growth on the
opposing surfaces so as to provide finished dimensions lapped to close toler-
ances, as occurred with the 50-kW prototype. The size of the initial clear-
ances and the resulting leakage past the rotors in Model 76-1 were expected to
preclude attractive machine efficiency for operation with any clean, nonscaling
fluid. Valid testing of the machine for its as-designed performance potential
was expected to be limited only to the use of fluids and test conditions that
would result in adherent scale growth within the machine. The building of
scale on the rotors was considered necessary to complete the fabrication of
this model HSE. The importance of the scale is explained by the estimate that



in certain positions of the rotors, the cross-sectional area of the leakage
paths from the high-pressure pocket was calculated to be 25% to 30% of the
pocket envelope (Ref. 1).

2. Shaft Seal System

The original shaft seal system used seal assemblies designed for
protection from the geothermal fluids by oil leakage past them into the
machine. The design failed in Utah in 1978 and was replaced in 1979 with a new
design that used a fresh water barrier. The fresh water was injected into the
new assemblies at controlled rates, with most of the water flowing toward the
interior of the machine and to waste. It was known that some oil would migrate
past the oil/water seal at a rate determined by the temperature and surface
speed. The oil lost in this manner was initially expected to be acceptable.
Under test it was soon discovered that some of the water migrated past the
oil/water seal and into the oil. The water traveled with the oil to the oil
console, where it settled to the bottom of the reservoir and could be tapped
off. However, it is not desirabie to have water in the oil, and better methods
for removal than settling are available. The installation of a centrifuge in
the return 0il line to the reservoir was recommended during the Utah overhaul
confirmation test in 1979 and was installed on the console in Mexico in 1980 in
preparation for the testing there. The centrifuge was of suitable size for the
intended job.

It was known from shop tests that the rate of o0il migration past the
oil/water seal into the flush water in each assembly was controlled predomi-
nantly by the o0il temperature and surface speed of the seals. For operation at
3000-rpm male rotor speed and with normal oil temperatures, the oil loss was
estimated to average about 1 gal. per seal assembly per day. The rate differs
for each assembly since no two have the same speed and pressure distribution.
Since it was known that oil would migrate into the water, it was recognized
during design that the 0il could be recovered by withdrawing the oil-laden
water from each seal assembly through correctly located bleed passages;
increasing the flow of flush water by an amount equal to the amount withdrawn
would maintain the fresh water barrier. The 0il could then he removed from the
withdrawn water and the recovered oil and water recycled. This procedure would
have required performing the difficult job of installing passages in the HSE
housing in the field in Utah. This was not done to save time and money, and
because it was recognized that the new seal design could be verified while
operating with the predicted oil loss. This design limitation was considered
acceptable,

In Italy, three seal assemblies were replacad because of breakage of
some of the seal segments from mechanical shock caused by scale build-up within
the machine. The replacement assemblies were provided with bleed passages for
recovery of oil that migrates across certain seals into the flush water.

Before installing the assemblies, corresponding bleed passages were drilled
into the HSE housing to allow recovery of the oil. The centrifuge was not
large enough for this added lToad and the use of the oil recovery system was
limited to oil and water separation by settling. In addition, the capacity of
the installed hardware for distributing and monitoring the flush water was not
adequate to provide the additional flush water necessary for the oil recovery.
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These design limitations restricted the recovery flows to inadequate rates both
in Italy and New Zealand, and recovery was discontinued.

The importance of protecting the shaft seals from damage by particu-
lates in the flush water requires that adequate water filtration be considered
as part of the shaft seal system. On-board filters Timiting the particle size
to 25 um or less were installed for this purpose. These filters were not ade-
quate to remove the particulates from the filtered river water used initially
in New Zealand, and deposits of particulates within the seal assemblies
resulted. This design limitation was corrected by improving the prefiltration
of the water. Similar prefiltration was necessary in Mexico, since without
adequate prefiltration, the on-board filters plugged in about two hours, shut-
ting down the tests.

3. Speed Control

The speed of the HSE is jovernor-controlled by means of a flow con-
trol valve of sliding gate design, built into the inlet of the HSE and havino a
4-in. stroke. The purpose of the flow control is to provide an exact clterna-
tor speed corresponding to an electrical output of exact frequency such as 50
or 60 Hz. The testing in Utah soon showed that the flow control valve hat all
of the well-known flow control limitations of a gate valve. Flow was nct
linear with stroke, and percentage flow variation through a nearly closed valv~
changed abruptly with stroke. ‘The important determining factors for use were
the capacity of the valve as a function of pressure drop across it, and the
response and stability relating to gate travel controlled by the governor and
system hydraulics. As should be expected, idling was difficult, particularly
for high-pressure fluids, because the valve was nearly closed or in a pinched
condition. The valve problem was exacerbated by the very large range of speci-
fic volumes of assorted iniet fluids over the full range of both pressure and
steam quality desired for machine testing and operation. The added requirement
for flow control over the full range of load, from idle to full load, could not
be met with a singie valve with a 4-in. stroke. Replacement of the original
simple sliding gate valve with a compcund or multiple-gate valve was outside
the scope and budget of the evaluation project associated with the Utah test-
ing. Instead, the valve was modified for use with two sizes of trim designated
as high-pressure trim and low-pressure trim, This was done during the overhaul
following the shaft seal failure in 1978. However, the valve remained a simple
sliding gate valve with a 4-in. stroke, albeit of interchangeable gate size.
In Utah, both sets of trim were used. All of the original limitations remained
wcept that they were displaced. Therefore the preferred trim could be
selected for the application, and the stable load range set accordingly. Each
trim provided its own upper feed pressure limits for idling or for operation
under load for various feed qualities. The corresponding capacity of the valve
limited the maximum load attainable as shown by reaching 100% open position
hefore reaching full load for some of the tests. The design goal was for a
flow control valve to handle the full range of load, from idle to full load at
wellhead pressure, because it would permit a direct wellhead connection without
other requlating valves, resulting in the simplest possihle installation. Then
other requirements such as bypass or pressure relief would be dictated by the
needs of the well and not the HSE. This design goal was not achieved.
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Stable speed requires that the geothermal fluid flowing to the speed
control valve be uniform or change only slowly with time. It need not neces-
sarily be homogeneous but obviously slug flow will cause instability because
the govenor and speed control system cannot respond instantaneously. This pre-
sented a problem for testing aver the wide range of conditions planned ini-
tially for the HSE. An 8-in. diameter feed pipe was installed to handle the
large flows of low-enthalpy i1ijuid feed calculated for some of the tests, even
though it was not certain that such flows could actually pass through the con-
trol valve and into the HSE. 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 speed control valve, caused phase separation
of the geothermal fluid for many of the two-phase flow conditions presented to
the HSE during the tests. To try to alleviate the separation, and the result-
ing effect on speed stability and excessive working of the governor and speed
control valve, a passive mixer was fabricated and inserted into the feed pipe
between the feed line automatic stop valve and the speed 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. Under these conditions, speed control system hunting, often
displayed with two-phase flow, was typically absent. This hunting would not be
expected to occur during base load operation when coupled to a grid because the
speed would be controlled synchronously by the grid, the governor and speed
control system would stay constant, and the load would vary ~ith variation in
the feed to the HSE.

B. TEST LIMITS

Assorted limits to testing the power plant were encountered for each of
the tests, including for the prior work in Utah. The most significant limit
for all tests was the lack of delivery to the HSE of geothermal fluid having
the scaling characteristics for which the HSE was designed. This precluded
closing the large clearances within the machine within the test periods. Other
limits are listed below.

1. Utah: 1978 and 1979

A1l testing in Utah was limited to a single male rotor speed of 3000
rpm. During the 1978 testing, gradual plugging of the well limited the elec-
trical output of the power plant to 754 kW during performance tests and to 380
kW or less during an endurance test. The endurance test was limited to 182
hours by a shaft seal failure which terminated the test one day in advance of
the scheduled shutting in of the well. The testing in 1979 was limited to one
month and was conducted primarily to confirm an overhaul of the HSE which
included the installation of a new type of shaft seal. The testing with the
new seals was limited to 100 hours, leaving endurance testing until later. The
operating conditions of the well and separator plant were dictated by the needs
of a different project, some of which were not compatible with the testing of
the HSE. This limited the available range of test conditions and data
recorded. An example of the consequences is that the HSE power plant was
tested at full load for only one inlet pressure and only one inlet quality.

The preferred method of adjusting the HSE inlet pressure by setting the separa-
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tor pressure was not available because of other site limits or priorities.
Consequently test conditions in close groups or families of inlet pressures and
qualities were not attainable. This test limitation yielded an assortment of
test results d*fficult to characterize by conventional graphical methods. The
data correlations derived for the Utah test results were a result of this dif-
ficulty. The correlations were effective and were subsequently used by ENEL
for treating the test data in Italy where the data were similarly assorted with
respect to test conditions. This could be important to readers interested in
comparing the Utah data with data from the other sites.

2. Mexico: 1980 and 1981

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. Little or no adjustment of inlet quality
was possible for most tests. Tests with all-liquid feed were limited by the
capacity of the well to 125-kW electrical output. During the wellhead testing
in 1980, the desired scale growth within the HSE was severely limited by the
placement of a pressure-reducing valve between the wellhead and the power
plant, causing the majority of the scale to deposit just downstream of the
valve, thus reducing the potential fer deposition within the HSE. The
pressure-reducing valve was used because the <peed governing system cannot con-
trol the speed of the HSE over the full load range over the full range of the
wellhead pressures. The condensing tests in 1981 were severely limited by the
cooling water supply to the test site and by a blockage in the inlet to the
condensate extraction pump.

3. Italy: 1981 and 1982

The capacity of the well limited the power production to 550 kW for
a wellhead connection with unmeasured flowrate. The capacity of the separator
plant 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. Manipulation of the vapor/liquid ratio to intermediate
values was not feasible. The test periods were limited to a total of 121 hours
by rapid rates of scale deposition in the well and in the surface piping, the
separators, the separator control valves, and the HSE exhaust pipe. Although
scale deposited rapidly within the ESE, it did not remain on the rotors.

4. New Zealand: 1982 and 1983

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. The maximum
stable inlet pressure was limited to 220 psia by the use of the low-pressure
inlet trim in the speed control valve. The high-pressure trim was not used.
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SECTION III
TEST OBJECTIVES

The test objectives were essentially the same at all test sites, namely
to determine the efficiency and reliability of the HSE usinj geothermal fluids
under various operating conditions over an extended operating time. The deter-
mination of scaling, corrosion and operaticn problems was included. As a
group, the operating conditions were intended to be broad enough to permit

assessing the application of the HSE to any water-dominated field including the
test site.

The specific test objectives differed among the three test sites but
included the following:

A. MEXICO
(1) Determine the change in HSE efficiency with time;

(2) Investigate the problems that arise in the machine during long
periods of operations;

(3) Perform vacuum exhaust testing of a preliminary nature; and
(4) Acquire technical information and train personnel.

The stated purpose of the tests was to determine under what conditions
the use of the HSE in Cerro Prieto would be advisable.

B. ITALY

(1) Test with high-salinity fluids (310,000 ppm) direct from the well-
head and from a separator glant. (This high salinity precluded con-
densing testing because the lower resulting exhaust temperatures
were predicted to cause excessive scale deposition in the low-pres-
sure zones within the HSE and in the exhaust system); and

(2) Test at 50-Hz generator output, and operate coupled to the grid as
much as possible. (The conversion to 50-Hz operation yielded a male
rotor speed of 3333 rpm,)

Test objectives independent of the HSE were to evaluate scaling inhibi-
tors, to investigate the possibility of the production of sodium and potassium
sulfates, to carry out long-term production tests to investigate the geothermail
reservoir, and to investigate a possible correlation between reinjection and
seismic activity.

c. NEW ZEALAND
(1) Determine the performance at male rotor speeds of 3333 and 2500 rpm

over the broadest possible range of load, inlet pressure and inlet
quality. (These speeds resulted from the frequency change to 50
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Hz and the original male rotor speed options of 4000 and 3000 rom at
60 Hz); and

(2) Determine the reliability and the maintenance requirements of the
HSE.
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SECTION IV
TEST SITES AND WELLS

A. MEXICO

The test installation in Mexico utilized well M-11 in the Cerro Prietec
geothermal field (see Appendix A, Figure A-1), during the period from December
1979 to Aprit 1981, 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. Well M-11 was selected because its characteristics were well-known, it
did not produce sand, and it was normally stable. The well had a capacity of
approximateiy 50 tons per hour (tons/h), which was known in advance to be
undersized for testing the 1-MW wellhead generator. The capacity of the - i
corresponded to approximately 880 kW from the power plant, as discussed
earlier. Production characteristics of the well are shown in the curves
Figure A-3.

B. ITALY

..t 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 364,000 mg/1, was rot typical but would present an
especially severe test of the HSE and its tolerance for scale,

C. NEW ZEALAND

The HSE was sited in New Zealand at well BR 19 in the Bronadiands geother-
mal field. The well offered easily managed fluids at greater flow rates than
the HSE could fully utilize. The fluid chemistry, mass output curve, and
casing information with .orresponding geological information are shown in
Appendix C, Table C-1 and Fijures C-1 and C-2, respectively.
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SECTION V
PERFORMANCE EVALUATION METHODO! .

The helical screw expander power plant consists primarily of {. 4SE
driving a conventional alternator through a conventional speed reducer. The
efficiency and performance characteristics of alternators and speed reducers
are well-known. Since the HSE is the novel piece of equipment in the power
plant, it is the efficiency and performance characteristics of the HSE that are
of most interest in this Task. Other efiiciencies such as power plan. -<€i-
ciercy or thermal efficiency can be determined but were optional.

For the purpose of the performance evaluation of the HSE, the machine
efficiency is defined as

KWM
EFf = W thy = TipeT

where

KWM = HSE shaft output power

Ml = Mass flowrate of fluid through the HSE

hy = Specific enthalpy of fluid entering the HSE at inlet
pressure P1 and inlet temperature T1

and

hps = Specific enthalpy that would result from the isentrop:c
expansion of the fluid from the HSE inlet condition to the
outlet pressure P2

This is the standard equation for machine efficiency or isentropic effi-
ciency under steady-state operation and is equal to 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.

None of the variables in the efficiency equation are normally measured
directly. The value of hpg 1s calculatey from h) and the thermodynamic
properties of the fluid at the inlet and outiet oressures. KWM, Ml and m
must be determined experimentally. The HSE shaft output power KWM is deter-
mined by measuring the electrical output of the alternator KWe, and adding the
alternator and the speed reducer losses. The alternator and speed reducer were
factory-calibrated for 60-Hz operation prior to installation in the power plant
to determine the losses over the entire load range (Ref. 1, p. G-3). The power
lgss equations were modified for 50-Hz operation as appropriate (Ref. B and
C).

The flowrate M1 and the inlet enthalpy h; can be determined for the
typical case by separating the flow 'nto single-phase vapor and liquid streams
whose flowrate and enthalpy can be aetermined and recombined to provide a
stream of known flowrate and enthalpy to the HSt. This procedure was used by
each of the Host Countries and in the prior work.
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Alternatively, the flowrate through the HSE and the exhaust enthalpy can
be determined by measuring the vapor and liquid streams produzed by separating
the exhaust. For an actual expander the sum of the power output plus thermal
losses equals tae product of the flowrate and the actual change in enthalpy.
Since the thermal losses are small and can be neglected, the inlet enthalpy can
be calculated easily. This procedure of HSE efficiency determination by down-
stream determination of fiowrate and enthalpy was used at well M-11 in Mexico
to allow a true wellhead installation of the power plant. (For more details of
these two procedures see Ref. 1, pp. 5-1 to 5-4.)

5-2



SECTION VI
INSTALLATION

A. PROCESS LAYOUTS
1. Mexico

Two process layouts were used at well M-11 in Cerro Prieto. The
first provided a wellhead line that bypassed an existing separator to carry
ftuid through a pressure control valve to the HSE. The exhaust from the HSE
passed through an atmospheric separator which vented the steam to the atmo-
sphere 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,
The process schematic is shown in Figure 6-1 (see also Ref. 1, p. 5-7).

Surplus fluid flcw from the well was bypassed from the wellhead to
waste through an atmospheric silencer. For installation and operating simplic-
ity, and because of the smal® capacity of the well, no provision was made to
manipulate the fluid quality to the HSE. The quality varied among the various
tests 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 bhypassed to waste under selected HSE inlet pressures and loads. The frac-
tionation occurred mostly because the flow path was straight toward the pres-
sure control valve and HSE but turned 90° into the bypass.

This process layout, Figure 6-1, was used in 1980 for noncondersing
performance tests at various inlet and outlet pressures and lnads and for
endurance testing at the full capacity of the well. The provision for elevated
back pressure is not shown in Figure 6-1 but the equipment used is described in
Ref. 1, pp. 5-27 and 5-29.

The process layout shown in Figure 6-1 was modified to permit some
preliminary vacuum exhaust testing. The plan was to make use of existing or
readily available equipment. The exhaust separator was converted into a con-
denser and was fitted with a steam jet ejector and a condensate extraction
pump. Cooling water fror the evaporation pond {see Figure A-1) was transported
approximat=ly 900 ft 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 C.P. 1. Scale in the pipe had
reduced the inside diameter to about 5 in. The wellhead separator, not shown
in Figure 6-1, was reinstalled for the vacuum exhaust testing to provide sepa-
rated steam and water streams, thus permitting measurement and recombining of
the streams for delivery to the HSE at a known flowrate and enthalpy. The pro-
cecs schematic for the vacuum exhaust testing is shown in Figure 6-2. This
process installation also permitted testing the HSE with atmospheric discharge
by venting the condenser to 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
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control valve and HSE. The main purpose of this bypass was to regulate the
wellThead pressure to give the optimum pressure drop across the pressure control
valve. 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.

2. Italy

The process layout at Cesano 1 well 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 reserveir. The pilot plant, shown in Figure 6-3,
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 controlied flash into a secondary separator for the
chemical studies. Various features of the pilot plant that werc designed to
accommodate the severe scaling characteristics of the wel® are discussed ¥
Ref. B. For the HSE tests, liquid and vapor streams from the primary separa-
tors :cre measured and recombined for delivery to the HSE at xnown flowrate and
entaa’phy, as shown in the process schematic in Figure 6-4. Provisions for
venting vapor and liquid from the primary separators permitted varying the
vapor/liquid ratio in the feed to the HSE. These separators were designed to
operate at wellhead pressure and were undersized for the HSE tests. 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 6-5.

3., New Zealand

The process layout at Broadiands well BR 19 consisted of a wnllhead
leg car ying geothermal fluid to a separator plant with associated pipework
carrying the fluid to the HSE. The separated steam and liquid 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 6-6.

Flow from the well tn 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 levei in this separator was controlled manual.y with the hand valve on
the 1iquid bypass line to the bypass silencer.

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.

B. SHAFT SEAL WATER

A reliable water supply low in calcium hardness and particulates was
required for the shaft seal assemblies in the HSE to provide an expendable
barrier between the seals and the brine. The design rate of consumption was
about 4 gpm. A different type of water source was used at each test installa-
tion,
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Figure 6-4, Process Schematic:
HSE Operating from Separator, Italy (Ref. B, Fig. 6)
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Figure 6-5, Process Schematic:
HSE Operating from Wellhead, [taly (Ref. B, Fig. 5)
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1. Mexico

At Cerro Prieto, water for the shaft seals was supplied from the
cooling tower of power plant C.P. 1. and transported by 2-in., pipe a distance
of approximately 1 mile. Because a cooling tower is a wet scrubber that .e-
moves dust from the air, the water was heavily laden with particulates, and
filtration was necessary. Because the transport pipe was old and contained
scale deposits, 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 house-
hold cation exchange water softeners, a second filter, a second booster pump, a
third filter, and into a covered holding tank. The first and third fil .ers
were readily available diatomaceous earth filters made for use with home swim-
ming pools. These filters replaced earlier filters that were not satisfactory.
The second booster pump and the second and third filters had sufficient capac-
ity to allow a stream of water to be withdrawn from the holding tank and recy-
cled through the second and third filters. The process layout is shown in
Figure 6-7. The water chemistry of samples taken from the holding tank (or
main container, is included in Table A-2. The storage pond shown in the layout
was installed originally to hold water brought in by tank truck, but this
method of supply proved unsatisfactory, either because of ground water
encroachment or salt spray fallout from the air for certain wind directions.
Water from the pond was not used. Some of the impurities in the water from the
tower may have been salts scrubbed from the air. Close attention to the water
treatment and water quality was very important. The diatomaceous earth filters
normally remove particles down to 1 nm size or smaller, but polishing filters
on the power plant were left in place to remove particies down to 25 um in case
of upset. Until the diatomaceous earth filters were installed, the polishing
filters plugged in about wo hours of operation, tripping the safety shutdown
system. Hydrogen sulfide carried in the water from the cooling tower was cor-
rosive and was not removed. (See Section IX for a report of corrosion.)

2, Italy

Water for the shaft seals was ohtained from a shallow well and was
treated in a commercial-size water softening system shown schematically in
Figure 6-5 before being sent through the polishing filters on the power plant.

3. New Zealand

Water low in calcium and sodium carbonate hardness was obtained in-
directly from a river that passed near the site. The seal flusn water supplied
to the HSE was orefiltered to levels exceeding the manufacturer's specification
of 25 um. Durirg the performance tests, water filtration to a level of 12 um
was performed using cartridge filters. After these tests, inspection of one
shaft seal assembly showed seal damayge, apparently from abrasion and particu-
late matter within the assembly. Therefore, for the endurance test, a diatoma-
ceous eartn s, stem was installed to perform prefiltration to a level of 1.5 um,

C. LOAD

At all) installations the electrical energy generated by the power plant
was dissipated in a resistive load bank supplied as part of the test equipment

6-9
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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 as in Utah and Mexico and in increments of approximately 40 kW
at 430 V as in Italy and New Zealand. In Italy for some of the testing the
power plant was connected with the Italian electrical grid according to the
electrical sketch shown in Figure 6-8, No attempt was made to synchronize with
the Mexico or New Zealand electrical grids due to the distance of the sites
from suitable transmission lines.

D. AUXILIARY POWER

Auxiliary power was provided by diesel generators at the test sites in
Mexico and New Zealand. In Italy, auxiliary power was provided from the
Italian electrical grid.

E. PROCESS AND PERFORMANCE MONITORING
1. Instruments

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, in Figures 6-1 througn 6-6. For the Cerro Prieto installa-
tions, the process variables are listed on the schematics, Figures 6-1 and 6-2,
and 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 1. the Broadlands installation is pre-
sented in detail in Table C-3 and may be considered typical. This list is part
of a longer list of the transducers that were used in the prior work in U*ah.

A1l the process transducers were calibrated for each installation
prior to the commencement of the testing using the same calibration equipment,
and checks were performed during the testing to ensure reliable data were being
Togged.

In the interest of consistency, wherever possible the same instru-
ments were used at all of the test sites, although in some cases the assignment
within the process schematic was rear anged.

Notable instrumentation differences among the installations were as
follows:

a. Mexico. In the first process installation in Cerro Prieto
(see Figure 6-1), 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 measurements used flange taps as had been done in Utah,
whereas the liquid measurement in the second process (see Figure 6-2) used
pressure taps at D and D/2 Tocations according to the ASME convention.

6-11
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b. Italy. At Cesano 1, the flow of liquid from the separator for
delivery to the HSE was measured by a magietic flowmeter with a removable elec-
troze. The metering tube was of PTFE, sc~viceable to 180°C and 40 bar. Cold
water was injected upstream of the magnetic flowmeter to avoid boiling with:n
the meter. The flowrate of the vapor phase was measured by orifice with D and
D/2 taps conforming to ASME convention.

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

2. Data Acquisition

The data acquisition system was built around Hewlatt-Packard equip-
ment and is described in detail in Ref. 1, pp. 2-17 to ?-42, Each Host Country
adapted the computer programs supplied tn suit the corr~sponding installation,
The operating programs calculated, on-line, the isentropic efficiency of the
HSE. The equations specific to the Mexican, Italian and New Zealand test pro-
grammes are documented in Refs. A, B and C, respectively. All operating pro-
grams logged test data on tape cassettes automatically at pre-set intervals and
by operator command.

The instrumentation and data logging facilities enabl:d easy, reli-

able monitoring and recording of the data generated from the test programs at
all sites.
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SECTION VII
TESTING

A. MEXICO

Tests were done {0 measure the performance of the HSE and power plant
under various process conditions and to assess the durability and operational
problems of the equipment. The test activities were carried out appraaimately
as follows (Ref. A):

(1)

(2)

(3)

(4)

(5)

Equipment Reception and Installation:
December 1, 1979 - February 10, 1480

During this period the power plant was installed at well M-11
according to the orocess schematic of Figure 6-1 for testing with
atmospheric pressure discharge. All 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.

Various Test Exercises:
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
th2 mechanical subsystems throughout the period. Approximately
17.67 MWh of eleccricity were generated during 70 hours of testing.
Data ohtained during this period were preliminery pendirg instrument
installation improvements and completion of the computer program.

Endurance Test:
May 31, 1980 - July 27, 1980

The power plant was cperated at full well capacity to determine dur-
ability and operational problems. Nominal conditions were inlet
prassure 180 psia, inlet quality 22%, and electrical load 850 kW.
The test 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 ruptured disc, on July 15 by high wellhead pressure, and
on July 20 by a load bhank problem. The test totaled approximately
985 hours of operation, during which 826.5 MWh of electricity were
generated.

Various Tests:
July 29, 1980 - August 28, 1980



(6)

(7)

(8)

(9)

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 loads. The range of operating conditions was as
follows:

Intet 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

Approximately 3.45 MWh of electricity were generated during the 9.23
hours of these various tests.

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

During this period the instailation was revised to carry out con-
densing tests according to the process schematic of Figure 6-2. The
auxiliary changes were made, and the computer program was adapted to
analyze the machine behavior under the new testing conditions.

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

The installation was subjected to various exercises to verify the
installation and computer program revisions. Necessary adjustments
and equipment repairs were identified and made throughout this
period.

Various Tests:
January 29, 1981 - February 20, 1981

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

Inlet pressure (psia) 64 to 183
Intet quality (%) near 0 to 26
Exhaust pressure (psia) 3.1 to 16.2
Electrical load (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. During this period the following items were
changed by HPC as part of the conversion of the power plant for the
50~-Hz operation in Italy:

7-2



a. Alternator exciter

b. Overspeed switch

c. Underspeed switch

d. Frequency meter on power plant

e. frequency meter in data van

f. Kilowatt transducer

g. 0i1 booster pump motor

h. Centrifuge system: transmission gears, clutch, solenoid

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

B. ITALY

The testing of the HSE was part of a broader programme of experimental
activity planned for this test installation.

The tests at Cesano 1 well were designed to determine the efficiency and
reliability of the HSE when operating on highly scaling fluids and to
demonstrate the operation of the HSE power plant connected to the national
electrical grid.

It was known in advance that the rapid rates of scale deposition would
create serious test difficulties.

The operating periods of the Cesano 1 test instaliation for September
1981 through April 1982 are summarized in Figure 7-1. The site operations
include tests cf the pilot plant without the HSE, scalz inhibitor tests,
testing of the dSE, and cleaning of the well. As can be seen from the figure,
the testinrg of the HSE occurred mostly during November 1981 and March 1982.
The chronology of site operations, from July 20, 1981 when the HSE arrived at
the site through June 25, 1982 when it was shipped, is presented in Table B-3.
These operations are summarized as follows:

(1) Fquipment Reception and Instaliations:
July 20, 1981 - October 5, 1981

The installation of the Cesano 1 (Figure 6-3) pilot plant without
the HSE was finished at the end of July 198]1. The HSE and
associated equipment arrived on the site July 20, 1981, The HSE
hook-up was finished around October 5 (Figure 6-4). The fluorescent
lights and the air conditioner in the data van were changed for the
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 samne
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(3)

time, the instruments were calibrated, installed and checked, and
the computer program supplied with the equipment was adapted for use
at this installation. 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 deter-
mine 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 separa-
tor because it was too small. Scraping noises and chatter in the
HSE began before the HSE was up to temperature and full speed, and
were believed to be caused by scale deposits from brine carry-over
in the vapor. The reasons for starting the operation on the vapor
phase was to achieve stable HSE operation with a machine free of
scale and then to monitor performance changes as the scale deposi-
tion occurred, but the rapid scale deposition made this impossible.
Test 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.

Rapid scale growth throughout the process piping impeded the test
operations. Many stops were necessary to clean the filter basket
(Figure 7-2) in the inlet separator. For the December 2 test, the
basket was cleaned ten times.

During some of the tests, the HSE exhaust port and exhaust pipe
experienced a glaserite scale growth of about 2 cm/h. The problem
was partly reduced by injecting fresh water into the exhaust through
ports in the exhaust housing. Assorted samples of scale (shown in
Figure 7-3) include, from within the HSE exhaust region, pieces with
cylindrical faces shaped by the rotors.

The strongest vibrations within the HSE were believed to have been
caused by scale coming ‘oose within the machine and interfering with
the rotors, with lesser vibrations or chatter being caused by scale
still attached. Eventually seals in three of the four shaft seal
assemblies became damaged, leading to abnormal 0il consumption in
excess of 10 gph after about 26 hours of operation including idling
without load. The test activities were halted to repair these shaft
seals, to clean the process installation and to make minor process
changes. Before the test activities were halted, the power plant
was connected to the grid for 14 hours.

The test activities in November and December produced a total of
7.74 MUh of electrical energy during 23.46 hours of electricity pro-
duction. 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.
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Figure 7-2. Filter Basket, Italy (Ref, B, Fig. 11)

Figure 7-3. Assorted Samples of Scale, Italy
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(4)

(5)

Shaft Seal Repair and Process Installation Renovation:
December 2, 1981 - March 10, 1982

Thorough inspection of the damaged shaft seals showed that some of
the carbon sagments had cracked at the notch that was provided for a
locking pin. No wear on any of the races or other sealing surfaces
could be detected. The (otal operating time on the seals was then
1224 hours.

The repair involved revising the locking pins to distribute the
stress in the carbon segments, using an existing set of spare seal
assemblies. Secondary passages or bleed ports were provided in the
seal assemblies to allow the recapture of the oil that normally
leaks past the seals into the flush water. Appropriate recapture
passages were machined intn the HSE housing to allow recovery of the
recaptured oil. This oil recapture and recovery scheme was consid-
ered during the designing of seals but was not implemented at that
time (see Section II.A). The improved seal assemblies were instal-
led; the fourth, undamaged assembly remained in the HSE. No bleed
port or recovery passages were installed for the fourth assembly,
and none of the other three was connected for use at this time. The
centrifuge was not large enough for this added load and there was
neither time nor money for alternative measures.

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 c ogging of
the basket filter. A new pipeline was installed between the well-
head and the new filter, and piping changes were made so that the Sl
and S2 separators (Figure 6-3) could be operated simultaneously to
increase the fluid supply tc 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 working in parallel.
Loss of oil through the new low-pressure male shaft seal assembly
was detected almost immediately after start-up. The power plant was
connected to the ENCLL electrical grid for part of the operation.

During the testing, the well began to clog. Notwithstanding 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.

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. Prepar-
ations were made to install oil recovery lines from the special
ports in the shaft seal assemblies.
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(7) Completion of Performance and Demonstration Tests:

(8)

March 23, 1982 - April 1, 1982

Measured performance tests were made at various loads up to a maxi-
mum of about 450 kW and at various inlet pressures and throttle
positions. Rapid scale growth in the HSE exhaust system caused ele-
vation in the outlet pressure, a drop in machine efficiency, and
stiffening of the flexihle 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 7-4 and 7-5). O0il lost from the
lecking seal assembly was recovered through the recapture port and
sent to a holding tank for separation from the flush water. Use of
the centrifuge would have been preferred but its capacity was not
sufficient to handle this added load or similar loads from the other
assemblies should they occur. Separation in the holding tank was
poor and was aided by heating the mixture in the. tank.

The testing was resumed and coupling to the ENEL grid was attempted.
The coupling operation was rough, causing the shear pins in a shear
coupling in the HSE power plant to shear, probably because the syn-
chronization and coupling operation was manual. (For a discussion
of the purpose of the shear coupling, see Ref. 1, p. 2-10.) 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 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 liquid only, then 1iguid 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 pertormance of the HSE at the maximum
producibie power of 260 kW from the liquid phase using both separa-
tors. The separator capacity was limited by excessive entry veloc-
ity 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.

All of the objectives of the HSE tests were considered reached and
the plant was shut in. 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
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Figure 7-4, HSE Exhaust Pipe and Expansion Joint with Scale, Italy

Figure 7-5. HSE Exhaust Pipe After Hammering the Scale, Italy



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

c. NEW ZEALAND

The tests were designed to provide data on the operation of the HSE in
the two main areas of performance and endurance. Performance was monitored at
two rotational speeds over a range of fluid inlet conditions and applied loads.
An endurance test assessed the reliability and maintenance requirements of the
equipment.

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

(1) Equipment Reception, Installation and Preparations:
September 2, 1982 - QOctober 19, 1982

The HSE and associated equipment arrived at the site and was
irstalled according to the process schematic shown in Fiqure 6-6.
The instrunents were calibrated and installed and the computer pro-
gram was modified to suit the site and was verified. All necessary
equipment repairs were done and the installation was completed and
tested.

(2) Performance Tests:
October 20, 1982 - December 14, 1982

The HSE was run intermittently during the performance test period.
The electrical energy generated was 35.4 MWh from 102 hours of oper-
ation. Performance testing ercompassed a wide range of operating
conditions in order to map the operational characteristics of the
HSE. Significant improvement ir the efficiency of the plant was not
expected with deposition due to the low scaling potential of the
Broadlands geothermal fluid. The HSE was tested at two speeds in
order to assess the effect of rotor tip velocity on performance., No
condensing testing was planned.

The tests were carried out under the following conditions:

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 (iz) 5 + .4

Male rotor speed (rpm) 2500, 3333

The plant was preheated for 30 to 60 minutes before being brought up
to speed and exciting the alte-nator. In Italy a shaft sealing
problem cortinued following the replacement of the male low-pressure
shaft seal assembly. This fault taxed the oil/water separation cen-
trifuge beyond its capacity during the New Zealand performance tests
until a replacemert seal assembly was installed in February 1983
prier to the endurance test.
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The voltage regulator on the HSE alternator malfunctioned in
November 1982 and testing ceased on November 12 until a replacement
regulator was installed on November 29. During the test interrup-
tion, the 2500-rpm gear set was installed. The regulator malfunc-
tion 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.

Data loggirg during the performance tests was performed at Lhe dis-
cretion of the computer onerator, who ensured thiat the plant and
process conditions were stable before logging data.

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 low-pressure seal
assembly, (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 testing at 3333 rpm.

During the replacement of the shaft seal assembly, it was discovered
that a flake of extraneous material had lodged under the side face
of one of the carbon seal segments, causing the oil leakage observed
after installation in Italy. The fiake had spalled from an “mnper-
fection in the face of the housing, evidently during the assembly or
installation of the seals in Italy. This explains why the leakage
was immediate and persistent. Inspection also revealed an accumula-
tion of light-colored particulates throughout the seal assembly,
including on the races. At the time of the inspection, these par-
ticulates were identified as pumice from the river, Two types of
wear damage were also seen., The races under the hydraload seals
were grooved, and pumice was found under the seals, although the
seals themselves appeared to be undamaged. The race under the
bushing seal was not damaged, but the carbon was; carbon was easily
wiped off the sealing face. Recause the same water supply fed all
four seal assemblies, it is reasonable to assume that similar pumice
loading occurred in the other three assemblies, hut they were not
inspected or cleaned. A possible alternative to damage by pumice or
other particulates from the river exists. This alternative is
damage by particulates left behind after the grinding or drilling
done in the HSE case during the installation of the oil recovery
passages in Italy. The cause of damage observed in New Zealand
after 98 hours of operation in Italy and 102 hours of operation in
New Zealand must be rationalized with the absence of detectable wear
in the three seal assemblies which were removed in Italy after 1224
hours of prior operation.

The discovery of both pumice and seal damage from wear led to the
installation of the diatomaceous earth water filtration plant. It
should be noted that diatomaceous earth filters were used with
success in Mexico to protect the shaft seals from damage by dirt in



(4)

(5)

the water supply during most of the 1100 hours of operation there;
subsequent inspection of three of the seal assemblies in Italy
showed no sign of seal or race wear.

Endurance Test:
February 4, 1983 - May 3, 1963

The endurance test was terminated ahead of schedule on the 69th day
bacause of axcissive shaft seal oil leakage. A 90-day test haa been
planned. The cause of the shaft sea’ leakage was not determined.

The electrical energy generated was 1.3 GWh from 1632.7 hours of
operation of which for 1534 hours the operation was run continuously
during the test. The plant was automatically shut down on March 4
by the safety shutdown circuitry when the overspeed switch tripped.
The switch was rescc and the test continued.

The plant oper.ting conditions were selected to ensure that stable
governor speed control could be maintained in the event of electri-
cal load or inlet pressure variations.

The operating conditions were as follows:

Inlet prescure (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)

The HSE was designed as a wellhead generating unit. Under these
conditions the plant must be capable of running unattended. Conse-
quently the test w set up to run with a minimum of operator super-
vision,

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.

A performance record of the plant was logged hourly by the computer
during the endurance test.

Inspection, Disassembly, Packing 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 asso-
ciated test equipment were disassembled from the process installa-
tion, packed, and transported to Auckland for shipment to the USA.
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SECTION VIII
TEST RESULTS

Ae MEXICO

The comptter program used for logging the test data and for calculating
the test resulvs on-line during the testing in Cerro Prieto was based on a com-
puter program developed for the Utah tests. The Utah program contained a sub-
routine for the thermodynamic properties of the geothermal fluids using the
steam table data of Keenan and Keyes, with corrections for noncondensable gas-
es, and salts up to a concentration of 10%, Neither this subroutine nor the
thermodynamic corrections were used in the CFE program. Instead, curve-fit ap-
proximations to steam L. .ie data were used, with no corrections for impurities.
For Cerro Prieto woli M-11 fluids, the corrections were deemed hy CFE to he un-
important, due to the low concen*ration of salts and noncondensable gases
(Table A-1). 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. CFE
changed some of the nomenclature used in the computer program, thus making the
nomenclature different from the nomenclature used at the other sites, as shown
in Table A-3.

Site conditions at Cerro Prieto well M-11 were severe and no attempt was
made to operate the power plant unattended. Ambient temperatures to 120°F and
above caused electrical control devices to deform and/or to experience unex-
pected overload. 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 main-
tenance of some of the process instruments and process equipment.

(1) FEndurance Test

Tk« 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 load (kW) 807 to 882
Throttle position (%) 60 to 78
Isentropic efficiency (%) 50 to 59

(Calcuiated)
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The endurance test produced approx.mately 825 MWh of electrical
energy generated during 978 hours of operation. The test was inter-
rupted six times (or periods of from 2-1/2 hours to six days for a
total time of approrimately 43C tours. None of the six stops were
automatic and none were attrioutable to the power plant. One stop
was precauticnary during an earthjuake and two were because of
unstable wellhead pressure; the other three were failure of a rup-
ture disc, a leak in a pressure gauge line on the supply pipe from
the well, and failure of a load bank far. These failures are chron-
icled in more detail in Table A-4,

Endurance Test Results

A record of the pro-<ss and plant performances was logged at inter-
vals by the computer during the endurance test. A table of data
from the record is presented in Table A-5. Daily iverages of
machine efficiency (Rm), total mass flow rate (Wt), and inlet
enthalpy (Ye) are plotted in Figure A-4, It was predicted that the
efficiency of the HSE would improve with scale deposition during the
test. in earlier tests, it had been cbserved that the machine w-s
internally self-cleaning, especially during test interruption. it
was expected that the endurance test would nffer the first good
opportunity for scale growth within the machine and resrlting effi-
ciency improvement, hecause the endurance run was scheduled to run
nonstop.

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 bhetween the
helical screw rotors and the case. For the overall duration of the
test, CFE reported an incrcase in efficiency on the order of 4 per-
centage points, based on the daily averages as shcwn in Figure A-4.
During the test, efficiency improvements as much as a 7 percentage-
point daily average were shown (Figure A-4 and Table A-5). It is
possible that these higher, mid-test gains were subsec..atly can-
celled by the observed 1oss of scale, as was believed at the time,
Or there may have been flow measurement errors, as proposed by CFE,
although none were identified.

Performance Tests

The performance testing was done in three groups. The first group
were atmosphere exhaust pressure tests done at 3000-rpm male rotor
speed before the endurance test, using the nonconcdensing test
arrangement shown in Figure 6-1, The second grcup were atmospheric
and elevated exhaust pressure tests done at 3000- and 4530-rpm mele
rotor speeds beginning immediately after the endurance test, still
using the noncondensing test arrangement, The third group were
atmospheric and subatmospheric exhaust pressure test. done at both
rotor speeds using the test arrangement shown in Figure 6-2. The
second group of tests was halted because of damag: to the HSE timing
gears due to hlockage in a lubrication passage; tnis lubrication
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passage was part of the lubrication system blocked by insects in
Utah (Ref. 1, pp. 6-15 and 6-16), and the blockage material looked
similar, suggesting incomplete cleaning of the insect material.
Repair of the damage and conversion of the process installation were
done concurrently in preparation for the third group of performance
tests.

Pe~formance Test Results

The second and third performance tests were analyzed independently
and will be referred to as the "downstream test" and the "upstream
test," respectively, due to the test arrangements us~d. The test
data from t' irst test or group were not considere. valid for this
evaluation, ..rause the preparation of the computer program and the
instruments was not completed until just prior to the start cf the
endurance test. The endurance test was analyzed with the ownstream
test. The downstream and upstream tests were analyzed independently
because the different test arrangements required different equa-
tions, although this should ..ot 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 con-
ditions 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 effi-
ciency is observed. In Figures A-9 and A-10, the inlet pres-
sure 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 chaft output power, a slight
decrease in the machine efficiency occurs with increasing inlet
pressure.

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 00 & 4 140

*

Another independent aralysis of the downstream test was reported in Ref. 1.
The same test data were used, but the calculations and use of the calibra-
tion data differed in some details. The efficiencies c.ilculated in the
reference tendea to he somewhat lower than those reported here.
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psia. At the inlet pressure of 180 psia there were not suffi-
cient data to differentiate changes in the machine efficiency
at different quality ranges.

Figures A-14 and A-15, which correspond to downstream and up-
stream 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 7200 rpm at shaft outpLt 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 down-
stream test showing the larger efficiency.

From an analysis &f 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
or differences in the total well output flowrates through the
machine, measured during maximum load 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 wellheaa
pressure was approximately the same. The r:alevant HSE test
data are summarized as follows:

TEST DATE SPEED OF TOTAL FLOW
MALE ROTOR RATE
rpm tons/h
Endurance 05/31/80 - 07/29/80 3000 45.0
Downstream 08/15/80 3600 43.0
Upstream 02/05/81 4000 54.6
Upstream 02/20/81 3000 54.0

The flowrates for the downstream and unstream tests are seen to
differ by epproximately 10 tons/h. The possibility that this
discrepancy could be caused by a change in the production of
well M-11 in tho period spanned by the tests has been dis-
counted by CFE, since the well is normally quite stable, as
demonstrated by its 1979 and 1980 production characteristic
curves (Figure A-3), so the discrepancy is attributed to errors
in flowrate measurement.
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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 led 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 author of this report is that the flowrate
measurements and test results for the downstream test are prob-
ably 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 flow-
rates were normally logged by the computer. Zero errors
corresponding to 10 tons/h would have been large and
shouid have been easy to detect. The instrument transduc-
ers had been used earlier in Utah and were used subse-
quently 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-in.
water differential pressure, and was corrected. This off-
set was insignificant compared with the differential
across the orifice during the endurance test of about 28
in. 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 O to 40 in. instead of 0 to 100
in. on June 12, 1980, and replacing the water transducer
having an 18-in, minimum span with a new one calibrated
for 0 to 5 in, prior to the July 2nd 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
value and its installation, as discussed earlier, were
done during the latter time period.) The flow data before
and after these changes are in gnod agreement, suggesting
that there were no zero errors that could explain the
flowrate discrepancy of 10 tons/h compared with normal
well flow.
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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 approxi-
mately 7%, while the total flow increased in the same pro-
portion. 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 fiowrate 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

Based on the results of testing in Utah, a machine effi-
ciency of 48% to 50% was predicted by the JPL Technical
Specialist for the beginning of the endurance test, when
the rotors were nearly free of scale.

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 re-
cently 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 is a 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 aliernative
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 the orifice or weir transducer was recalibrated,
replaced, zeroed, or otherwise changed during downstream
testing.



(iv) 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 termina-
tion of the onduranc test (see Table A-6). At that time
there had been little upportunity for the machine to lose
scale accumulated during the endurance test, although the
machine was stopped unintentionally for a few minutes
while reducing the load for the performance testing.

After about 4-1/2 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
scaie was lost during this test interruption, but it is
known that some scale was lost. The subsequent perfor-
mance level for the downstream test was lowered, but not
down to the level measured at the beginning of the endur-
ance 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 per-
formance 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 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 this author 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 with the effects of scale
applies to the interpretation of all of the HSE test data at
well M-11, The author believes the difference in efficiencies
between the downstream and upstream tests shown in Figure A-5
can be similarly explained.
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(c)

Above Atmospheric Exhaust Pressure

Part of th2 downstream test was conducted with exhaust pres-
sures greater than atmospheric pressure. The process arrange-
ment was as shown in Figure 6-1, except for the addition of a
variable orifice plate placed at the HSE outlet (Ref. 1, pp.
5-27 and 5-29).

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 1oad (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 representa-
tive 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 flow rate (1b/h) 57599 85599
Isentropic efficiency (%) (calc.) 43,6 35.0
Specific flow rate (1b/kWh) 212.4 297.2

The specific total mass flowrate increases with the increase in
the back pressure due to the reduction of avaiiable energy as
the exhaust pressure increases and to the lower 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 40" rpm, as shown in Table A-8.
Subatmospheric Exhaust Pressure

Tests with subatmospheric exhaust pressure were conducted as

part of the upstream, or third, performance test. The operat-
ing conditions were:
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Inlet pressure (psia) 100, 140 and 180

Inlet quality (%) 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 of these tests are considered to be preliminary
because the test arrangement was adapted from the existing
installation and was not optimum. The cyclonic separator pre-
viously used at the HSE outlet to measure steam and water flow-
rates was adapted for use as a direct-contact condenser, as
shown in Figure 6-2. Waste brine from the evaporation pond was
used as cooling water. The water and steam flow measurements
were made upstream from the HSE.

The pumping equipment that was installed to handle the cooling
water and the discharge from the condenser was not suitable for
efficient operation. The water supply pumps did not nave
sufficient capacity and high vacuum was achieved only at low
loads. The pump to extract the condensate did not operate
properly fer the different work needs, and instability in the
water level in the condenser was observed on different occa-
sions.

The results for the subatmospheric exhaust pressure tests are
summarized in Table A-9. Average results for each condition
are shown in iable A-10 and are compared with tests at atmo-
spheric exhaust in Table A-11,

The machine efficiency decreases v =n the inlet pressure
increases (Table A-10, lines 4 and ., .1d 12 and 15), in agree-
ment 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 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 dis-
charge tests.

It is important to observe that subatmospheric 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 subatmospheric pres-
sure. The benefit is more pronounced with lower backpressure.
However, the required energy to obtain condensation, and the
steam flow in the ejector, were not considered.
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(5)

B. ITALY

(1)

Conclusions

(a) The use of the HSE is entirely feasible, based on the operating
behavior. This is supported by the operational indexes 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
stightly 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 subatmos-
pheric exhaust pressure. With above atmospheric exhaust pres-
sure, an increase in the isentropic efficiency is observed for
3000 rpm.

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

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

(g) The author of this report concludes that variations of scale
thickness within the HSE at different times caused variations
in the machine performance and made the determination of per-
formance characteristics difficult.

Performance Testing

The computer program used for logging the test data and for calcu-
lating the test results on-line during the testing was based on the
computer program developed for the Utah tests. Tne Utah computer
pregram 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 adaptation of the Utah program for
the Cesano 1 HSE tests was satisfactory for logging the test data
and monitoring the tests, but was not intended for calculating the
efficiency of the HSE as determined by these tests. For this pur-
pose it was necessary to determine the thermodynamic properties of
the brine and to apply these properties in the program as correc-
tions to the thermodynamic properties of steam and w.ter that were
included as part of the Utah computer program. The thermodynamic
properties of the brine de .~rmined for tne purpose consisted of
enthalpy of liquid brine, vapor enthalpy, CO» enthalpy, mixture
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(2)

enthalpy, vapor pressure of brine, brine density, brine entropy,
CO2 entropy, and mixture entropy, all treated in Ref. B, where the
application to the efficiency calculation procedure is also dis-
cussed. The discussion includes an assessment of the test instru-
mentation reliability and a sensitivity analysis of the uncertainty
of critical process parameters, showing the effects on the calcu-
lated efficiency.

Performance Test Results

The performance test results are shown in Table B-4 listed as unpro-
cessed data. The tabulation includes the data cassette file num-
bers. These test results include data that were averaged by the
computer before being recorded and data recorded as a series of
instantaneous measurements.

The recorded data of Tahle 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, The results are in good agreement with the test results
for Utah, for which correlation functions f, 9p and gg were derived
(see Table B-6). These correlation functions were app?1ed to the
test results of Table B-4 to calculate the modified efficiency n*
reported in the tibie, where

n x 10
fw - 9 - G

n* =

and 1 = eff %.

A perfect correlation of *the results would yield 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 ¢ -~-elation equal to n/f,g p9Q, or n*/10, was plotted
vers's shaft oubpu. nowar, shown in F1gure B-2, and versus throttle
po:1tion, shown in Figure B-3, as was done prev1ously with the Utah
date (R:f, 1). Both plots show values of n/fw9p9q that center about
urity. “his implies that the correlation is va?ig, as seen by com-
paring Figures B-1 and B-2, and that the HSE efficiency is indepen-
cent of inhrottle position, as seen in Figure B-3. The spread of the
cate from unity results both from limitations of the data correla-
tion funztions as presently developed and from experimental data
scatter-,

Conclusions

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 “hat throttle
position is not an independent variable but, as expected, is related
to inlet pressure, inlet quality, load, and perhaps other variables.
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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 are identified or
separated.

From Figure B~1 it is evident that at shaft loads above 250 kW, the
HSE efficiency can be taken as 45%, the same as for the Utah results
(Ref. 1). After the compatibility of the Cesano and Utah data was
established and applicability of the previous correlation analysis
was confirmed, further analysis and interpretation of the data was
attempted (Ref. B). For this purpose a theoretical model of the HSE
operations was developed treating the machine as positive displace-
ment with a given inlet volumetric flowrate and a built-in expansion
ratio, and taking into account fluid entry and exit considerations.
For this analysis, the Utah and Mexico test data from Ref. 1 were
used, along with the Cesano data, as far more data are available
from these earlier tests, and in these tests no problems were
encountered in determining the thermodynamic characteris.ics of the
brines.

For the data examined with the aid of the theoretical model, the HSE
efficiency increases logari*hmically with shaft power. Inlet
quality or pressure ratio between inlet and outlet seem to have no
appreciable influence on the trend of efficiency calculated from the
model. Despite all approximations, the analysis was reported to
indicate that the Tow apparent efficiency, at reduced loads, is due
to 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 hy the
Targe clearances between each of the rotors and between the rotors
and the casing.

Within the validity Timits of the analysis it was concluded that the
efficiency !imit of the machine ranges between 65% and 68%. In
order to reach these values, the pressure losses through the
throttle valve and at the outlet 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. The analysis and the interpretation were considered to be
tentative (see Ref. B).

C. NEW ZEALAND

(1)

Performance Testing

The computer program used for analyzing the New Zealand test data
was based on the program developed for the Utah tests but with modi-
fications to the steam and liquid flowrate equations and to the gear
box and the alternator power loss equations. Details of the changes
made to the computer program are given in the performance calcula-
tion procedure (Table C-5). Computer outputs selected for tabula-
tion of results are identified in a list of variables (Table "-6).
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(2)

A1l 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 dis-
solved solids and gas content are not accounted for in the tabulated
data.

Performance Tect Results

The inlet pressures at which the performance tests were conducted
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 low-pressure inlet trim, the
plant will 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 lie
between 120 psia and 140 psia.

The following trends are evident from the graphs contained in
Appendix C:

(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.

(i1) The isentropic efficiency of the HSE decreases with
increasing inlet pressure for a constant load and rota-
tional 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 130% for 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 is slightly more efficient than the 3333-rpm
speed for loads less than 400 kW whereas the 3333-rpm speed of
operation ic more efficient for lcads greater than 400 kW {see
Figures C-15, C-16 and C-17). When treated two-dimensionally,



(3)

(4)

the data scatter <nans a broad band but least squares quadratic
curves generated 1rom 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.
The test was terminated ahead of schedule because of excessive shaft
seal 0il leakage.

From 1632.7 hours of operation, 1.3 GWh of electrical energy were
generated. The operation ran continuously for 1534 hours during the
test. On March 4 the plant was shut down automatically by the
safety shutdown circuitry. The switch setting was reset and the
test resumed.

The pl-~t operating conditions were selected to ensure that stable
governor speed control could be maintained in the event of electri-
cal 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 €12

Throttle position (%) 47 to 61

Isentropic efficiency (%) 43 to 46.5
(Calculated)

The HSE was designed as a wellhead generating unit. Under these
conditions the plant must be capable of running unattended. Conse-
quently, the test we- set up to run 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 chacks
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.

Endurance Test Results

A performance record of the plant was logged 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. 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 roters and the
housing determined the extent of the scale build-up. The deposition
on the rotors was ohserved to be a very thin, glassy layer, while
that on the housing was observed to be 0.13-mm thick increasing to



1.0 mm in the exhaust elbow. The depth of the scale on the rotors
was insignificant in comparison with the 1.3-mm deep hard facing on
the rotor tips.

Conclusions

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

The design philosophy of providing abnormally larce internal clear-
ances within the HSE to accommodate severe scaling was not properly
tested because of che lov-scaling potential of the Broaclands geo-
thermal fluid, but trends observed during the endurance test indi-
cate 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 fuli load.

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

Plant operators need to be trained to operate and maintain the HSE,
but the operation of the piant is no more complex than any other
form of small turbine generating plant. Modifications to the gover-
nor system should be made to enable the plant to idle across the
full range of operating pressures.

Plant reliability is of the utmost importance in the selection of
small geothermal generators.



SECTION IX
SCALING AND DETERIORATION

A. MEXICO

Although a detailed program was no* established co determine the effects
of scaling of the system, some observations were made during the different test

periods.

(1)

(2)

(4)

(5)

(6)

At opportune times, the rotors were inspected for scaie within the
HSE through two 31.8-mm (1.25-1in.) 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. The patchy appearance of the scale indi -
cated 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. No information is available on the amount of the
scale on the rotors associated with each test.

The largest observed scale thickness on the HSE rotors was producea
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 in, 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 per-
formance test period while the test was interrupted for repair of a
loed bank fan. A uniform layer of the thickness measured would have
closac the leakace 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 less scaling observed than at the
end ¢ the endurance test; the scale was not measured.

Early in th2 {esting, scale deposited in the pressure control valve

(V-ball) located between the well and the HSE (Figure 6-1), causing

the valve to stick and resulting in pressure instability. The valve
was cleaned and additional grease cuns and passages were installed.

The operability of the valve was improved by reinstalling it in the

direction opposite to that recommended by thn manufacturer for nor-

mal sevice.
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(7) By the end of the endurance test, a scale deposit 15 mm (0.6-in.)
thick had been formed in the 152-mm (6-in.) diameter pipeline
lccated between the pressure control valve and the HSE. The chemi-
cal composition of the scale is reported in Table A-12.

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

In the flush water supply system, all the carbon steel fittings corroded
internally, pro*icing a buildup of corrosior products. CFE laboratory analysis
of the corrusion products showed them to be iron sulfide, presumably caused by
the hydrogen sulfide known to be in the flush water.

B. ITALY

Scale deposition from the heavy Cesano 1 brine occurred very rapidly at
the lower pressures and temperatures. For example, in the HSE exhaust port and
exhaust pipe, the scale growth rate of glaserite 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 »roted. No erosion or corrosion was
reported.

During the removal of the three damaged shaft seal assemblies for repair,
substantial corrosion was observed in the seal flush water passages supplying
the seal assemblies. The corrosion occurred in the high-pressure end section
of the housing in which two of the assemblies were installed. This section is
carbon steel. The corrosion was attributed to operation in Mexico where the
flush water contained hydrogen sulfide. No corrosion was detected in the
low-pressure end section, which is stainless steel.

C. NEW ZEALAND

A post-test inspection of the HSE rotors and housing was made. The scale
dexosition on the rotors was observed to be a very thin, glessy layer, while
that on the housinyg w3s observed to be 0.13-mm thick, increasing to 1.0 mm in
the exhaust elbow. The depth of the scale on the rotors was insignificant in
comparison with the raised, hard facing on the rotor tips. MNo corrosion was
reported.
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SECTION X
EQUIPMENT FAILURES

A. MEXICO

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
Operation and Failure Summary (Table A-4).

Fourteen of the failures were associated with the power plant. The first
three were caused by high differential pressure across the filter in the oil
console. The fiiters that caused the problem had a manufacturer's stated
6-month shelf life, but huad been stored out of doors for two years in Utah.
Replacement with new filtars 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 hydrauiic 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 was a recurrent prob-
lem during the testing in Utah (Ref. 1, p. 7-37) and resulted from dirt in
system components as received from the original equipment manutacturer, It was
recommended (Ref. 1, p. 7-40) that the hydraulic system be cleaned to stop this
recurrent problem, but the disassembly and cleaning were never convenient
during any pnase of the IEA Programme. 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 lubricacion passage. The line had been plugged by an insect
in Utah during the shaft seal modification (Ref. 1, p. 6-16), and, unfortu-
nately, the removal of the plugging material was not complete. The material
migrated and plugged a nozzle for spraying oil onto the gears. Failure No. 14,
variatior in the voltage generated, was caused by corrosion on the contacts of
one or more voltage potentiometers in the voltage regulator for the alternator.
The problem was resolved by cyciing the potentioreters.

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 can
be easily corrected. A1l were external to the HSE except the failure of the
rotor synchronization gears. The remaining failures were also external to the
HSE. These failures were easily corrected, but the causes were not as easily
eliminated. Four of these failures resultea from contaminants in the water for
the shaft seals and the fifth resulted from the accumulation of air in the main
0il pump while the power plant was shut down.
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B. ITALY

Unfamiliar harsh noises emanated from thne HSE during testing on Cesano 1
fluids beginning during the first test. Vibration was asscciated with these
noises. Vibration protection switches shut down the power plant early in the
first test and it was necessary to increase the switch settings in order to
continue the testing. 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 and that broke
loose into the path of the rotors. After 26 hours of operation, cumulative
damage to the shaft seals resulted in excessive oil consumption. Inspection
showed that some of the carbon segments in the damaged seals had each cracked
at the center notch where the segment rested against a locking pin. Replace-
ment of three of the four seal assemblies was necessary to continue the test
programme. One of the replacement assemblies leaked immediately, but not
scverely enough to prevent completing the tests. No further segment breakage
was detected.

The connecting of the power plant to the ENEL grid was done manually.
While the connection was being made on March 24, 1981, the ¢ynchronization was
inexact and the shear pins were hroken, as discussed earlier in Section VII.
During one attempt, the vibration switches were tripped. The failure of the
shear pins is not considered a power plant deficiency. Neither are equipment
damage or failures reported for the load bank or other auxiliarv equipment.

c. NEW ZEALAND

Equipment problems were encountered during the performance test period
and during the endurance test. DBuring the peformance test period, the shaft
sealing problem that followed the installation of the defective male low-pres-
sure shaft seal assembly in Italy continued as discussed eariier. The discon-
tinuous nature of the performance test made it impossible to determine if the
leakage rate changed during the test period. A failure of the voltage regu-
lator for the HSE alternator required stopping the performance test after 61.5
hours of test until a replacement regulator was installed. The regulator that
failed had malfunctioned earlier, beginning in Mexico, where the ambient HpS,
salt spray, humidity and temperature wer. ,ometimes very high.

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 oil consumption of approximately 3.8 1 (1 gal.)
of 0il per day per seal, on the average, at 3000-rpm male rotor speed, and per-
haps 5 to 7 1 per day per seal average at 3300-rpm male rotor speed. This oil
migrates across the seals into the flush water and can be discharged to waste
with the geothermal fluid as was done in New Zealand, or it can be recaptured
from the seal assemblies through the recapture passages. At the start of the
New Zealand endurance run the oil loss from the machine (four seals) was moni-
tored to be 35 1 per day, well ahove the design consumption. For the entire
endurance tes: 3750 1 of oil were lost at an average o0il consumption of 55 1
per day for the test.
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The high initial consumption and the increase can be explained if parti-
culates of the types that damaged the low-pressure male seal assembly, which
was replaced (see (3) in Section VII.C), also damaged the other three assem-
blies. The progressive damage during the endurance test can be explained by
damage in the other three assemblies from seal races damaged by particulates
during the performance test or from damage caused during the endurance test by
particulates not removed from the system. The explanation of damage by parti-
cutates is supported by the inspection in [taly of three seal assemblies, which
showed no detectable wear after 1224 hours of operation up to the time of
removal cf the seal assemblies for inspection, failure analysis and
replacement.

A second possible explanation for the increase in oil loss during the
endurance test is thermal distortion in the high-pressure female seal assembly
caused by a blockage of the 0il flow necessary to keep the seal assembly cool.
This explanation is less 1ikely because of the continuing increase after the
blockage was corrected. The correct explanation for the excessive oil leakage
rate may not be known until the seals in all four assemblies used during the
endurance test are inspected.

Four other failures on ancillary equipment occurred:

(1) The plant was automatically shut down on March 4 by the safety shut-
down 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 impre-
cise 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.

(2) The automatic greasing system ceased to function on April 7 when a
microswitch failed. Greasing of the governor valve was performed
~anually on a daily basis for the remainder of the test because a
replacement switch was not available.

(3) The two metering pumps used to scavenge water from the * 'om of the
0il reservoirs failed in late April. One unit ceased t. ctate.
The other continued to rotate but ceased to pump. One pump removed
water from the main oil reservoir. Prolonged, undetected failure of
this pump would result 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 gal. of water daily. One pump was repaired just
prior to the termination of the test. Both pumps were installed
because of problems relating to the centrifuge. The centrifuge was
instalied above the main o0il reservoir so that the case of the cen-
trifuge drained into the reservoir. This was done to avoid loss of
the oil flowing to the centrifuge if the centrifuge were to fail or
stop. Unknown at the time of installation was that some of the
water that the centrifuge removed from the o0il drained into the
centrifuge case and consequently into the reservoir. The second
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(4)

reservoir and pump were installed to provide separation by settling
because the capacity of the centrifuge was not sufficient to handle
an increase in load. The preferred corrective measure would be to
replace the centrifuge with one of adequate size, installed so that
no water from the centrifuge drains into the main oil reservoir.
Otherwise, higher quality pumps are recommended. The installation
of a high-water sensor to actuate a drain valve on the reservoir is
desirable in the event of pump failure.

The jacking motor failed to turn the rotors upon termination of the
test on May 3. The jacking motor assembly had been installed in
Mexico during preparation for testing there. To avoid delaying the
tests, readily available parts had been utilized. 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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SECTION XI
MAINTENANCE: NEW ZEALAND SITE

During the endurance test, the following maintenance was performed on the

HSE :
(1)

(2)
(3)
(4)
(5)

3750 1 of Caltex Regal R + 0 46 turbine o0il were added to the oil
reservoir.

The 25-um main oil filters were changed five times.
The 5-pum shaft seal oil filter was changed once.
The centrifuge was cleaned three times.

The 0il coolter cowling was cleaned twice.

The oil usage has been discussed in the previous sectinn. The number of
main oil filter changes is significantly more than estimated by HPC. Replace-
ment filter elements had to be hrought into New Zealand from the United States.
It is thought that water entrained with the 0il was causing the rapid blocking
of the paper elements. Polypropylene elements were tested and they exhibhited
superior performance. Since a centrifuge of proper size and placement can eli-
minate water entrainment in the o0il, frequent changes and the use of polypropy-
lane elements instead of paper elements should not be necessary.
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SECTION XII
RECOMMENDATIONS

A. MEXICO

CFE recommends that tests he designed and carried out specifically to
measure the effects of scaling on the effiziency of the HSE as the internal
clearances close.

B. ITALY

The following recommendations were based either on test results or
general considerations:

(1) 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,

(2) The rotor-to-rotor and rotor-to-case clearances should be diminished
in order to improve the HSE efficiency. (See also Ref. 1,
p. 7‘38-)

C. NEW ZEALAND

The Ministry of Works and Development recommends the following machine
modifications and imgrovements:

(1) Shaft Sealing - Modifications to protect the shaft seals from abra-
sives carried by the flush water must be undertaken to improve the
reliability of the HSE.

(2) Governor - Medifications to the governor system (see also Ref, 1,
pp. 7-38 and 7-41) are recommended to:

(a) Overcome rapid hunting of the governor valve. (See Section
I1.A.3.)

(b) Enable the plant to idle over the full range of operating pres-
sures. (See Section I1.A.3.)

(3) Centrifuge - It is recommended that a centrifuge with increased
capacity be installed. A self-cleaning centrifuge should be con-
sidered.

(4) Plant Start-Up - Excessive effort is required to open the hydrauli-
caily operated sarety shutdown valve. The hand pump should be
replaced with an electric pump actuated from the key start. (Also
see Ref. 1, p. 7-41.)

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 bieed would overcome this problem,
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(5)

(6)

The battery-operated oil pump could be replaced with a unit with a
larger capacity and a higher delivery pressure to improve the gover-
nor response on start-up of the plant.

Larger-capacity batteries should be installed to provide sufficient
capacity to powe.: the suggested improvements in the battery-operated
equipment and to allow for an extended start-up.

Instrumentation - Instrumentation to display the bearing tempera-
tures should be installed on the skid mount.

Piping Modificatiois - An improved layout of the water and oil
supply piping to the shaft seals and bearings is highly desirable to
enahle easier fault tracing and maintenance of these systems. (Also
see Ref. 1, p. 7-41.)

GENERAL RECOMMENDATIONS

The author of this report recommends that:

(1)

(2)

The following be performed with the HSE Power Plant Model 76-1:

(a) Disassemble the shaft seals and analyze all components for
damage.

(b) Replace all damaged parts.
(c) Install new shaf’ seal assemblies.

(d) Inctall a new shaft seal support systewm of preferred size and
components, including flush water filtration to 1 pm,

(e) Reconvert for 60-Hz operation to restore output rating to 1 MW.
(f) Operate under design conditions to clnse the rotor clearances.
(g) Measure performance as clearances ciose.

(h) Operate with useful load at least long enough to obtain service
life information.

(i) Perform a cost/benefit analysis on the results.

(j) If benefit analysis is favorable, determine the performance
under various conditions.

The HSE Power Plant Model 76-1 be replaced with a new model cf
larger size (such as the 5-MW size replacement originally planned
for the earlier project) having a compound speed control valve and
all other improvements identified during testing as desirable and
possible, and then test for performance and service life.
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SECTION XIII
COST/BENEFIT ANALYSIS

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

(1) The possible applications and potential for the HSE power plant in
each participating country should be reported.

(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 esti-
mates 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 for each site was hased on the HSE performance as measured,
with the clearances and the ’ akage past the rotor assumed to remain as tested.
The possibility that the ef " _.iency gains demonstrated during the endurance
tests might continue as more scale deposited during prolonged use, thus pro-
gressively reducing leakage, was not considered in the analysis. 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 huilt
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, or what model would be available,

In the analyses, all speed reducer and alternator losses were ignored or
assumed equal for comparably sized machines.

A. MEXICO

The :nalysis was based on a comparison of the specific total mass flow-
rates (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 selacted on the following bases:

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

(2) HSE efficiencies (Rm) of 5%% and 48%, based respectively on endur-
ance test results with flow measured downstream (Figure 6-1) and
subsequent test results with fiows measured upstream (Figure 6-2).

1. Benefits
a. Comparison of Srecific Total Mass Flowrate. Figure 13-1 shows the

variation of specific tota' mass flowrate as a function of iniet pressure for
the three generator sets operating on a hot-water reservoir with a temperature
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(t/MWh)

SPECIFIC TOTAL MASS FLOW RATE

1000

100

—=— STEAM TURBINE
-—+— HSE

o 4 8 12 16 20 24 28 32 36 40

INLET PRESSURE (bars)

Figure 13-1. Comparison Between the HSE and a Steam Turbine;
Reservoir Temperature 290°C (Ref. A, Fig. 25)
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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 ahove (4 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
13.07 146.2
13.36 145.3
17.00 141.0
23.20 118.4

The irlet pressures used in the analyses were 14 bars for the turhine and
20 bars for the HSE, these pressures being considered as the respective optimum
values. Operation of the HSE with inlet pressures as high as 20 bars was not
demonstrated.

The energy and mass balance for each generator set is included in the
process diagram shown in Figure 13-2, The following data were obtained:

Specific Total Mass

Efficiency Power Flowrate

Machine % MW tons/MWh
Steam Turbine 65 2.60 55.0
HSE 48 2.65 50.6
HSE 55 3.04 44,1

The choice between installing a steam turbine of 65% efficiency or an HSE
of 48% efficiency on well M-43 will depend only upon cost, if the specific
total mass flowrate advantage of the HSE is not important. The fluid disposal
requirements of the HSE are also smaller. These advantages could be important
when an entire reservoir with a temperature of 290°C is being considered. A
55% efficient HSE is the preferred machine based on performance benefit, if the
cost permits,

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, assumina the same
efficiency values for the machines,
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The relationship of specific total mass flowrate and inlet pressure is
compared for the turbine and the 48% and 55% efficient HSEs in Figures 13-3 «nd
13-4, respectively, for five reservoir temperotures. The results are summa-
rized in Table 13-1 to show the inlet pressure ranges for which the specific
total mass flowrate of the HSE is less than for the steam turbine.

Although each well has a particular production behavior, it is reasonable
to assume that for wellhead pressures greater than 15 to 20 bars, productivity
begins to decrease rapidly with increasing pressure. With this response,
available well productivity is wasted. Based on this consideration and the
result. in Table 13-1, it can he concluded that the HSE with 48% efficiency
would outperform the steam turbine on hot water geothermal reservoirs with
temperatures up to 275°C. For the 55% efficient HSF, the utilization feasibi-
lity could be extended to reservoirs with 300°C temperatures.

2. 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 geo-
thermal equipment are included as fnllows:

(1) The cost of the steam turbine unit was $500,000 U.S., the cost
nf the auxiliary equipment such as separator, silencer, piping,
valves and accessories was %104 000 U,S,; cost to install the
turhine unit was $25,000 U.S.: cost to install the auxiliary
equipment was $4uU,000 U.S.: then the total cost would he
$669,000 11.S.

(2) The cost of the HSE unit is $800,000 U.S.; the auxiliary equip-
ment such as piping, silencer valves and instrumentation is
estimated at $50,000 U.S.; HSE unit in¢tallation is $40,000
U.S.; auxiliary equipment installation s $19,000 U.S.; and
total cost is $509,000 U.S.

3. Conclusions

(1) The eccnomic comparison shcws that the total installed equip-
ment cost favors use of the 1-MW steam genwrator.

\2) The HSE with 55% efficiency shows a thermodynamic benefit over
the turhine, due to its lower specific total mass flowrate for
geothermal wells in hot water systems at temperatures vp to
300°C, if it can be operated in the inlet pressure range speci-
fied in Table 13-1.

v3) For the HSE with 48% efficiency the thermodynamic henefit over
the iarbine extends to reservoir temperatures up to 275°C, pro-
vidcd it can be operated in the inlet pressure range specified
in Tabl~ 13-1. In this application, use of the HSE is feasi-
ble.
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Table 13-1. Results of Comparison Between HSE and a Steam Turbine for
Different Temperatures

Steam Turbine HSE

Rm = 48% Rm = 55%

Reservoir Optimum Specific Pressure Specific Pressure Specific
Temperature Pr~ssure Tctal Mass Range Total Mass Range Total Mass

(°C) (vars) Flowrate (bars) Flowrate (bars) Flowrate
(Tons/MWh) (Tons/MWh) (Tons/MWh)
200 4 204 6 -14 173 - 147 4 - 14 180 - 128
225 6 129 8 -20 115 - 97 6 -20 111 - 84
250 g - 10 89 10 - 30 83 - 68 8 - 30 78 - 59
27% 10 - 14 64 14 - 40 61 - 51 10 - 40 58 - 44
300 14 - 18 4, 20 - 40 45 - 40 12 - 40 a5 - 35
325 16 - 20 36 30 - 40 3 - 33 16 - 490 3% - 29
350 18 - 20 27 > 0 c-eeeee- 30 - 40 25 - 23
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B. ITALY
1. 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 Cesanc area. This weil is preferable to the Cesano 1 well
for this analysis.

The hack-pressure pro“iction curve of the Cesano 7 well is reported in
Figure 13-5. The main the modynamic characteristics of the well are listed
below:

Bottom hole temperature 221°C

g8ottom hole static pressure 175 btars

Wellhead enthalpy 972 kJ/kg

COp content 8% of total mass flow rate

The economic comparison was carried out by comparing the turbine and HSE
generator units installed in the two different plants shown schematically in
Figure 13-6,

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

The optimum utilization of geothermal fluid with various total CO, con-
tent is treated parametrically in Figure 13-7, which shows the specific power
produced by a single fiash back-pressure unit as a function of wellhead
enthalpy. From Figure 13-7 it can be seen that the optimum separator prassure
from wel lhead enthalpy of 970 KJ/Kg and 8% CO» is around 10 bars. The cor-
responding specific power is 39 kJ/kg. The necessary mass flowrate, G, of
Cesano 7 fluid will be:

= 1999_@1* x 3.6 conversion factor = 93 tons/h

39 kJ/kg
From the characteristic curve the wellhead pressure will be around 25
bars for this flowrate. The calculated energy ard mass balances for 1000 kW
are shown in Figure 13-6.

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

165 x 1000 kW = 1770 kW

13-9
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SPEC. POVER - kJ/kg

60
S
The figures on the lines show / 16.3
the optimum separating pressure
(bar). The indicated power
S0 | can be obtained only if the
wellhead pressure is greater
than the optimum pressure,
45}
40}
35}
mn-
=t
20
1S}
10}
S|
0 l 1 ) [
500 600 700 800 900 1000

V.M. ENTH. - ki/kg

Figure 13-7. Specific Power vs. Wellhead Enthalpy for a
Single Flash Back-Pressure Unit (Ref, B, Fig. 17)
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b, Technical Features of Plant No. 2. In Figure 13-8 the enthalpy drop
across the HSE for various Cesano / 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 13-6.

2. Economic Considerations

The cost of the reinjection line, water collecting pit, twin
silencers, pipelines, safety valves and civil works can he considered the same
in the two cases.

a. Plant No. 1. The separator should be designed in such a way sc 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
Saturate steam flowrate 30 tons/h
Operating pressure 10 bars
Material carbon steel

The est .ated cost of this separator fitted with safety valves,
regulating va.ves and piping is around 160 ML (million lira) ($107,000 U.S.).
The estimated cost for mounting the separator can he estimated as 60 ML
($40,000 U.S. .

The in tai:led cost of the turhine, generator and ancillary equipment is
around 800 ! (3535,000 V.S.) without considering the design cost.

The total cost will be 1020 ML ($5682,000 U.S.).

h. Plant No. 2. The declared cost of the HSE univ in October 1980 was
$636,800 U.S. (included ancillary equipment).

The estimated cost of installation, safety valves, etc., is around 60 ML
($40,000 U.S.).

By applying a cost escalation factor (Chemical Engineering, February 7,
1983) it is possible to obtain the cost in 1983 § 1j.S.:

636,800 x g%% = $768,551 U,S., say $7/0,000, or about 1150 ML.

Total cost: 1210 ML {$810,000 1.S.).
3. Conclinsions

Fron the above considerations it was concluded tnat:

13-13
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(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 "geo-
thermal fuel" by utilizing Plant No. 2.

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

C. NEW ZEALAND

The power generating potential and cajpital 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 characteristic of liquid-dominated geother-

mal resources were used in the study.

Assumptions:

(1)

Isentropic efficiency:

(a) 1-MW HSE, 45% (observed during the endurance tests).
(b) 1-MW steam turbine, 60%.

Exhaust pressure 14,5 psia.

Maximum stable operating pressure for the HSE was taken to be 195
psia.

Pipeline friction and energy losses were neglected,

The power output curves were based on a unit mass flowrate of geo-
thermal well fluid.

For each fluid enthalpy, powe* output cu. ‘es were prepared as a function
of inlet pressure, as shown in Figure 13-9,

The steam turbine optimum power output occurs as the maximum product of
the steam mass flowrate determined by isenthalpic flash conditions and the cor-
responding isentropic drop from the flash pressure.
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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,
Figure 13-9, and are tabuiated in Table 13-2.

Table 13-2. Optimum Power

HELICAL SCREW EXPANDER STEAM TURRINE
Fluid Enthalpy Inlet Pressure Power Inlet Pressure Power
J/g Btu/lb psia kW/1b/s psia kW/1b/s
900 387 195 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

For the optimum conditions it can be seen that the HSE requires a smaller
mass flowrate o° geothermal fluid than is required by a steam turbine to pro-
duce 1 MW of electrical power output when operating un 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 che optimized inlet
pressures. This assumption is vaiid 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.

2. Cost InTormation
Budget cost information was chtained for both the HSE and steam tur-
bine units. The equipment includad the alternator, electrical control equip-
ment ana ancillary plant 1c ' the proper functioning of the generating sets.

The cost information was as of March 15, 1933:

(1) HSE Unit, $800,000 U.S. - Budget cost supplied verbally by the
Hydrothermal Power Company (revised October 3, 1983).

(?) Steam Turbine Unit, $220,000 !).S. - Budget cost for a multi-
stage 1-MW standard frame turbine suitable for geothermal ser-
vice,

The separator, water vessel and additional picework required for the

steam turbine was estimated at $50,000 U.S. by the Ministry of Works and
Development,
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3. Discussion and Conclusion

The potential of the HSE on lower-enthalpy geothert.l resources for
greater power production than can be achieved by a small steam-turbine genera-
tor is shown in Table 13-2. 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 inves.ment clearly favors the
steam turbine generating set. This comparison does not consider operating
costs because the endurance test disclosed deficiencies 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.

D. COST/BENEFIT ANALYSIS SUMMARY AND DISCUSSION

The costs presented in the analyses are summarized in Table 13-3, 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 per-
formarice of the machines on easily manageable fluids, The HSE was shown to
cost more hut 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 484 The performance advantage was considered sufficient by CFE and
ENEL for usage of the HSE to be feasible for certain wel’s. For higher effi-
ciencies or lower-enthalpy reservoirs, the advantage of using the HSE
increases.

D.ring the testing of the HSE, it was demonstrated that the machine was
tolerant of process upsets leading to flooding of the inlet or of the exhaust
up to the rotors. The benefits of characteristics such as this, or tolerance
to scaling brine, if any, were outside the scope of ‘he analyses. The possible
decay in field productivity and the neced to operate the prime mover off-design
and the effect on prime mover efficiency were also outside the scope of the
an lyses.
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SECTION XIV
APPLICATIONS

A. MEXICO

From a practical point of view, the use of the HSE in Mexico is entirely
feasible as indicated by the thermodynamic performance and distribvtion of
failures that occurred during the tests. The application of an HSE power plant
using geoth2rmal fluids at the wellhead can bhe attracti - because it can use

the Fluids

mal fields
(1)
(2)
(3)

(4)

B. ITALY

in the natural condiiion of unsepaiaced steam and brine in geother-
under deve . opment, or on eaploratory wells to:

Verify tine operability of highly scalinc¢ fluids at different operat-
ing pressures.

Evaluate procecures to reduce or eliminate scaling in . - zauip-
ment,
Perform production tests to check the geothermal reserves of the

fields.

Investigate the relation between the productive process of the field
and its recharging through reinjection,

The main use of the HSE power plant in Italy would be as a wellhead back~
pressure unit. The machine can be used conveniently in this manner during the
initi.” phese of exploitation of water-dominated reservoirs when it is
neces>ary to collect production inforration before the installation of larger
power plants. (In Italy there are new fields at Latera, Mofete and Cesano
where the HSE could be used for this purpose.)

c. NEW ZEALAND

Application of Model 76-1 HSE power plant for general geothermal service
in New Zealand will ~equire lower pricing and demonstration of improved reli-

ability.

14-1



*

1.+

2.*%

SECTION XV
REFERENCES

Status Report of the Test and Demonstration Programme for 1 MW Wellhead
Generator on Cerro Priev:; Comision Federal de Electricidad, Coordinadora
Ejecutiva de Cerro Prieto, Mexico, October 1981, revised January 1984.

Helical Screw Expander International Test and Demonstration Programme
Status Report of Tests in Cesano (Italy), Ente Nazionale per 1'Energia
Elettrica-Unita Nazionale Geotermica, Pisa, Italy, October 1982, revised
June 1983,

{EA '~ogramre ~ Research, Development and Demonstration on Geothermal
Equiprent, Test and Demonstration of a 1 MW Wellhead Generator, Ministry

of tc ks and Development, New Zealand, prepared by 8., S. Carey, June
1983,

Helical Screw Expander Evaluation Project Final Report, Richard McKay,
March 1, 1982, JPL Publication No. 82-5; DOE/ET-28329-1, Distribution
Category UC-66D. This report may be ordered under the DOE Accession No.,
DOE/ET-28329-1, or the NASA Accession No., N82-22659, from the National
Technical Information Service (NTIS), U.S. Department of Commerce, 5285
Port Royal Road, Springfield, VA 22161,

Design, Fabrication, Delivery, Operation and Maintenance of a Geothermal
Power Conversion System, Hydrothermal Power Co., Ltd., December 1980,
NASA-CR-168653. This report may be ordered under the NASA Accession No.,
N82-20644, from NTIS (see Ref. 1 above).
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Figure A-1

Figure A-2

Figure A-3

Sigure A-4

Fraure 4-5

Figure A-6

Figure A-7
Figure A-8

Figure A-9

Figure A-10

Figure A-11

Figure A-12

Figure A-13

Figure A-14

Figure A-15

Figure A-16

Figure A-17

APPENDIX A
MEXICO/CFE

Well Location, Cerro Prieto Geothermal Field (Ref. A, Fig. 1)

Well Completion and Geological Information of Well M-11 (Ref. A,
Fig. G.1)

Production Characteristic Curves for Well M-11, Comparison Between
1979 and 1980 (Ref. A, Fig. 23)

Endurance Test, Daily Average Values (Ref. A, Fig. 10)

Nownstream Test at 3000 rpm, All iIntet Conditions (Ref. A,
Fig. 11)

Nownstream Test at 400U rpm, A1l Inlet Conditions (Ref. A,
Fig. 12)

Upstream Test at 3000 rpm, All Inlet Conditions (Ref. A, Fig. 13)
Upstream Test at 4000 rpm, A1l Inlet Conditions (Ref. A, Fig. 14)

for Downstream Test
Fig. 15)

Effect of Inlet Pressure on Machine Efficiency
at 3000 rpm, Inlet Quality 10% to 20% (Ref. A,

for Downstream Test
Fig. 16)

Effect of Inlet Pressure on Machire Efficiency
at 3000 rpm, Inlet Quality 20* to 3U% (Ref. A,

Machine Efficiency for Downstream Test
Pressure 100 psia (Ref. A, Fig. 17)

Effect of Inlet Quality of
at 3000 rpm, Inlet Nominal

Effect of Inlet Quality on
at 3000 rpm, Inlet Nominal

Machine Efficiency for Downstream Test
Pressure 140 psia (Ref. A, Fig. 18)

Effect of Inlet Quality on
at 3000 rpm, Inlet Nominal

Machine Efficiency for Nownstream Test
Pressure 180 psia (Ref. A, Fig. 19)

Effect of Rotor Speed on Machine Efficiency for Downstream Test,
A1 Inlet Conditions (Ref. A, Fig. 20)

Effect of Kotor Speed on Machine Efficiency for Upstream Test, All
Inlet Conditions (Ref. A, Fig. 21)

Cemparison Between Downstream and Jpstream Tests at 3000 rpm, ATl
Infev “~nditions (Ref. A, Fig 22)

Comparison Between Downstream and Upstream Measurements with the
1980 Characteristic Curve for Well M-11 (Ref. A, Fig. 24)
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Table A-1 Chemical Composition of Geothermal Brine from Well M-11 (Ref. A,
Table 3)

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

Table A-3 Nomenclature
Table A-4 Operation and Failure Summary (Ref. A, Table 11)
Table A-5 Endurance Test Data (Ref. A, Appendix C)

Table A-6 Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance
Tests, 3000 rpm and 4000 rpm (Ref. A, Appendix D)

Table A-7 Above-Atmospheric Exhaust Pressure Test Nata, 3000 rpm and 4000
rpm (Ref. A, Appendix E)

Table A-8 Above-Atmospheric Exhaust Pressure Test Data, Average Values (Ref.
A, Table 7)

Table A-9 Subatmospheric Exhaust Pressure Test Data (Ref. A, Appendix F)}

Table A-10  Subatmospheric Exhaust Pressure Test Data, Average Values (Ref. A,
Table 8)

Table A-11 Comparison Between Atmospheric and Subatmospheric Exhaust Pressure
Tests {Ref. A, Tabie 9)

Table A-12 Chemicai Composition of Scale Samples (Ref. A, Table 10)
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Tabtie A-1. Chemical Composition of Geothermal Brine from Well M-11
(Ref. A, Table 3)

Chemical
Constituent ppm
HCO3 49
Ca 282
a1 9354
Na 4868
K 1125
Rb 10.43
B 10.48
$i0y 695
Mn 0.84
Mg 0.31
Co 0.15
Cr 0.11
Li 13
0y 4109
L_‘ HpS 215

T.D.S. = 15,133 ppm
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VARIABLE

Enthalpy

Output Power
Pressure
gfficiency
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 -
0 2
p -
t -
v v
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Table A-12.

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

MALUES IN WEIGHY PERCENT
LOGATION | Ng Ce Mg Fe K s $10,
| Q.227 0.660 0. 046 0.810 0.386 0.36 98.276
2 0.245 0. 200 0. 020 0.614 0.130 2.20 97.062
3 0 .253 0.203 0. 051 0.373 0.130 0.20 99.065
4 0.223 0.172 0.031 1. 435 0.136 0.39 89.433
%nu.
”TK "ws
‘—0-0 Ve ] 4
.AEj ;E
Craemie ===
Sepsrater pollettl Weir
x * Serviing disd
O Silencer
SRIGTMAL BT L
F POOR QuALliY
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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
fable B-5

Table B-6

APPENDIX B
ITALY/ENEL

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

Efficiency Correlation vs, Shaft Qutput Power {Ref. B, Fiyg. 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. 21-2b)

Unprocessed Data - Performance Test Results (Ref. B, Table 3)
Cesano Test Results (Ref. B, Table §4)

Data Correiation Functions (Ref. 1, pp. 7-22 to 7-24)
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Table B-1. Chemical Characteristics of Cesano 1 Brine (Ref. B, Table l)l

Chemical Constituents p.pem.
Caicium ca*? 3b6
Magnesium Mg++ b.4
Sodium Na© 53,3U
Potassium K" 79,400
Lithium Lit 153
Iron Fett o+
Fe+++ 4,0
Ammon i um N, 1
Rubidium Rb 296
Strontium srtt 6.5
Cesium s’ 59.4
Arsenic As 1.8
Bicarbonate HCU ™ 9,58U
Chloride C1 22,100
Sulfate NS 147,400
Hydrogen sulfide H,S 33
Boric Acid H ;804 0,150
Silica sy, 55.¢
TDS 310,00

INoncondensebiv gases were about 1% of the steady state mass flow rate, and
consistec o7 mure tian JY%E CUp.




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

SYMBOL MEASURED DATA
Py wellhead pressure psia
Ps liquid feed pressure psia
P HSE outlet pressure psia
M liquid flow-rate from separator 1b/hr
mg liquid flow-rate to HSE 1b/hr
iily steam flow-rate to HSE 1b/hr
th% linear throttie position as percent of

fully open
Pg separator pressure psia
Py steam feed pressure psia
P1 HSE inlet pressure psia
P3 atmospheric pressure psia
L liquid level in separator in,
te separator temperature OF
ty steam feed temperature vF
t HSE inlet temperature or
to HSE outlet temperature o
ti atmospheric temperature 0F
v generator voltage v
[ yenerator current a
treq generator frequency Hz
kW yenerator power kW
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Table B-3. Chronology of Operations (Ref. B, pp. 21-25), Part 1 of 4

A.

PILOT PLANT GPERATIONS

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

The HSE arrived on the Cl1 site on July 20, 19¢1.
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
ot preliminary tests on the plant. After about € hours of
operations the well was shut in because the separater 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 triad 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 cleaniny operations.

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

The HSE hook-up and calibration was finished on October 5tN.
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lavie B-3, ULhronoloyy t Yperations, Part 2 ot 4

B.

fASE OPERATIONS

1

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 liquid phase. Strong vibrations were noted also in
unis latter case and an unexplainable noise.

After a stop and after some modifications to the pipelines for .'SE
preheating, the HSE started up again with the piant directly
connected ith the well. The plant stopoed 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 dismantled 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
necess»ry to clean the filter-basket upstream from the HSE. This
cloyged very fast due to scaling pieces coming from the pipeline
upstream from the HSE (see Fig., 11). The loid bank's right fan was
damaged. The fan appeared 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 injec.ing 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 oil consumption (>10 gal/hr) was noted. At 1 am the
HSE was stopped to verify the seals damage.

From 12-2 to 12-'5 the seals were dismantled. "Removal of a

damaged seal assembly revealed 5 out of 15 carbon segments were
cracked,
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Table 8-3. Chronology of Operations, Part 3 of 4

10

11

12

The 5 cracked carbons were all fractured identically in the middle
of the carbon segment with the fracture originating at a Tocking
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 oi 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 recepture 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 tn

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 werr ..ounted on
the HSE.

From 3-10 to 3-12, the HSL 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 flusiiing of the exhaust pipe, it also began to
clog. At 12 pm on 3-12 the well was shut in because of well
c¢loyging.

From 3-12 to 3-23, tne well was cleaned and the HSE discharge pipe

was cleaned. Some injection tests on the well were carried out to
verity its condition,

3-23: The HSE began production again and the generator was
connected to the yrid. 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.

[t 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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Table B-3. <Caronology of Operations, Part 4 of 4

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 failea.

From 3-24 to 3-30, new shear pins for the shear coupling were
constructed in the ENEL workshop of Larder2llo 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 Cl1 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 aga*n ard tc clean
exhaust pipe.

4-1: The HSC was again put into operation to determine the maximum
producible power from the liquid phase. 260 kW wac the power
reached without liquid ertrainment from separators.

A1l the objectives of the HSE tests were considered reached and the
plant was shut in,
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Table B-5. Cesano Test Results (Ref. B, Table 4)
(22:::) Kw 1 P1 P2 (inleslsFeam eff.$| thr.4| K\'s| n*
quality)
1(17:27) 128 168 171,31 14,86 0,0 30,7 7 | 167 9,79
2(29:51) 139 220 170,71} 14,70 0,0 30,85 8 1178 9,61
3(52:72) 138,.) 219 166,5( 14,6 1,6 38,3 22 | 178 { 11,95
4(73:83) 106,4| 168 165,5| 14,7 0,0 27,6 7 {145 9,25
5(85:108) 201 317 165,9] 14,8 2,0 39,9 31 | 241 111,11
6(109:112) | 201 317 161,01} 14,8 2,1 38,3 36 | 241 ;10,61
7(135:161)  216,5; 282,64 128,4| 14,7 2,7 45,5 47 1 257 | 11,91
8(4:19) 433 531 160,21 15,9 3,0 45,4 80 | 477 | 9,89
9(24:47) 431 657 157,71} 15,9 3,1 15,1 86 ) 486! 9,73
10(49:68) 408 604 160,1| 15,8 2,8 44,7 77 { 452 { 9,93
_11254%86) 302 454 160,01 16,7 2,7 36,5 75 1 344 | 8,79
L__{_2(39%10.’) 185 267 174,9l4}4,9 0,0 36,2 8 | 225110,39
13(109:118) | 173 230 176,1 14,8 0,0 35,5 7 | 213 110,43
14(119:139) | 150 216 177,8| 14,9 0,0 35,9 6 | 189 |11,00
15(140:149) | 190 267 174,81 14,9 0,0 37,2 7 | 230 {10,60
15(150178) | 190 267 177,6| 14,9 0,0 36,2 7 1 230 10,3;—
17{199:222) | 196 243 151,01} 14,8 0,0 33,5 16 | 236 | 9,21
18(234:250) | 321 405 158,1| 14,9 ) 3,3 44,4 52 | 363 10,71




Table B-6. Data Correlation Functions (Ref. 1, pp. 7-22 to 7-24)

The data co.relation functiors are as follows:

-
"

4 = -21.36 + 10.25 n kiis - 0.072[abs(kWs - 520) 106

4

[y
gp = 1 - 0.019 (p’i’ - 15)

3
gg = 1 - 0.54 ( 1 - “) + 0.0004(Q1 - 28)

100
where
kWs = shaft outpui power;
il = inlet pressure;
P2 = outlet pressure;
and
Q1 = inlet gquality

so that experimental efficiency n = fugng, within the validity limits
of the correlation functions.
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APPENDIX C
NEW ZEALAND/MWD

Figure C-1 Broadlanus 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 Broadlands 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, Abpendix C)
Table C-6 variable List (Ref. C, Appendix B)

Table C-7 Performance Test Results (Ref. C, Appendixz 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-2. Broadlanas Well BR 19 Casing and Geothermal Information
(Ref. C, Appendix A)
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Table C-1, Broadlands Well BR 19 Fluid Chemistry--Samples Taken
During the HSE Test Program (Ref. C, Appendix A)

WATER SAMPLES

Date Collected 24/10/82 21/10/82 3/3/83
Type * EWB BWB WHS
W.H.P. (Bar g) 27 27 15
Sep. Pressure (Bar) 11 11 12.8
Collection Pressure (Bar g) 1 1 1
pH 8.91 8.64 7.46
Li 11.99 12.60 10.30
Na 971 1025 824
K 191 202 167
Ca 2.4 2.3 1.2
Mg 0.01 0.03 0.04
A 1658 1747 1341
S04 7 8 7
B 44.1 48.8 38.1
$i0 805 850 644
HCO3 75 134 205
HpS - - 14.7
* EWB = HSE Exhaust Weir Box

BWB = Bypass Weir Box

WHS = Wellhead Separator

WEB = Webre Separator (Sampling)

STEAM SAMPLES

Date Collected 21/10/82 3/3/83 3/3/83
W.H.P. (B) 27 35 35
Sampling Point Pressure - 12.7 12.8
Sampling Pressure - 12.6 12.8
C0§ ﬁmmo]es/loo moles; 802 862 902
H mmoles/100 moles 16.2 17.8 17.9
NR; (mg/lit) - - -

c-21

3/3/83
WEB
35
12.8
1
7.39
9.88
773
157
1.0
0.01
1287

607
195
15.6

28/

3/3/83

EWB
35

12.8

1

1

1.74
945
188
2.1

0.01

4/83

33
12.6
12.0
1108
19.7
48.6

1528

709



Table C-2. Variables Logged by the Data Acquisition System
(Ref. C, Apoendix D), Part 1 of 2

VARIABLE

Wellhead Pressure

Steam Orifice Upstream
Press.re

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
Atmospheric Pressure
Throttle Position
Separator Level

Voltage

Amperage

Frequency

Electrical Power

SYMBOL
Pw

Pv

dPv
Tv
Pm

dPm

Pf

Tf
P1
Tl
P2
T2
Ta

trt tr
Ls

Hz
KW

C-22

UNITS

psia

psia

inches Hp0
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



Tab]e C'20

Va-iables 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
HPJIm
HPJf

THRf
THRm

alt brg

alt wdg

Thr Brg Force

Vref

C-23

UNITS

dey
dey
deg
deg

M T ™|

deg
deg

deg
deg

deg
deg
deg
deg
deg

T T M T ™M -t ™

VECTOR
LOCATION

18
19
23
20

21
22

36
37

24

25
26
38
39
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43



Tab] e C-3 .

Transducers (Ref. -, Appendix D), Part 1 of 2

(1)

(2)

VARIABLE
PRESSURE
Wellhead

Steam Orifice
Steam Orifice
Differential
Liquid Orifice
Liquid Orifice
Differe-tial
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
“A1000-0050-15

Ror.emount
115-1DP5E22MB

CALIBRATED
RANGE

0 to 600
psia

0 to 300
psia

0 tc 150
inches HZU

0 to 300
psig

0 to 150
inches H»0
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
deqg F

S/N

15001

64061

89377

12172A

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

(3)

(4)

VARIABLE SYMBOL
Water Line Tf
Ambient Ta

MAKE

ELECTRICAL - Scientific Columbus Instruments

Voltage v
Amperage I
Kilowatts KW
Frequency treq
OTHER

Throttle trt

VT100A2

CT-510A2
DL31K5A2-2
Digilogic Model 5
50 hz

Exceltronic €281-B

Bourns 5184
Linear position

C-25

CALIBRATED
RANGE

266 to 412
deg F

120 volts
0 - 3333.33
watts

45 - 55

0 to 100%

S/N
88

99

40

28

30

33

32



Table C-4., Test Chronology (Ref. C, Appendix E), Part 1 of 3

AUGUST 1982

4. Completion of the construction of the pipelines up to the
anchors at the inlet and exhaust of the HSE.

20. Fisher Vee 100 Ball Valve and Fisher 4195B pressure controller
tests. Well discharging to waste.

26, Safety valve discharge check. Full steam flow discharged
through the safety valves.

SEPTEMBER 1982

2. HSE and load bank were delivered to site in a nine foot six
high, forty foot long container.

8. 20 foot container with oil console and ancillary components
delivered to site.

9. Technical Specialists, Messrs. R. McKay and R. Sprankle,
arrived on site. Data van delivered to site.

13. HSE positioned in the shelter building.

13/24. Site preparation continues.
24, Completion of electrical wiring.

Testing of computer equipment.
One computer and one printer required repair by Hewlett-Packard.

27. Start of the instrument calibration.

OCTOBER 1982

4, Computer programme modifications undertaken to suit the
Broadlands BR 19 site.

11. The 1oad bank power cables were connected to HSE.

12. The instruments were installed on the process pipelines and the

power plant.

13. 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.

21.

24.
27.

HSE run for the first time on geotherma! fluid in New Zealand.
Faulty loac bank reiays 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 testinyg 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

20.
23,

10.
16.

MARCH 1983

Fault in automatic shut down circuitry, shut down the plant for
1 hour,

RTD power supply repiaced.

APRIL 1983
Automatic grease system failed.

Failure of the oil metering pumps.

MAY 1983

Erndurance test terminated due to excessive oil loss across the
shaft seals.

Separator plant dismantled and returned to NZED Wairakei.

Exhaust bend and bellows removed for HSE rotor inspection.

JUNE 1983
The HSE and the load bank were packed into the large cr-tainer.

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 thic appendix.

Minor changes were made to the programme for the New Zealand tests. There

were:

(%)

The flow rate calculations for the steam and weter orifice

plates were modified to conform to the British Standard, BS 1042
Part 1. -

The alternator power 10ss 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)

CALCULATION PROCEDURE

flow rates computed to BS 1042 pt 1, 1964
Orifice plate diameters: (d)

Steam 5 .2i", 4,95%", 4.39"

Water 4.396", 2.8263", 2.069"

Pipe Diameter (D)

Steam  7.990"

Water 7 987"

Flow rate equation:

W= 359.2 CZeE(d)2/hp  (1bs/hr)

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 enteriny the plant is calculated from
the known enthalpy ard the measured fluid conditions at the
plant inlet (P1).

(4) Compute the Shaft Power Output
Electrical Power generated is measured (KW)

Amperage is measured (I)

Alternator Power Loss Equation:

a = 22.854 + 5.28 x 10701 + .00412

This equation derived by R. McKay for 50-Hz operation
Gearbox Power Loss Equation:

b = 8.559 + 6.975 x (a + KkW)/1000

Refer to reference (1) p G-3 for more details

Shaft Power (KWM):

KWM = KW + a + b

(5) Isentropic efficiency calcuiation. Refer to the Utah computer
programme (3) for details.
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Tab] e C‘6 .

Variable List (Ref. C, Appendix 8)

VARIABLE

Plant Inlet Pressure

Plant Inlet Temperature

Inlet Fluid Quality
Inlet Enthalpy

Mass Flow Rate
Exhaust Pressure
Exhaust Temperature
Throttle Opening
Electric Power Qutput
Shaft Power Output
Frequency

Isentropic Efficiency
Data Cassette Number
Data Cassette Track

Data File

SYMBOL
Pl
T
Q1
H
M1
P2
T2
Tr
KWe
KWM -
Freq
Eff
0C
trk
file

€-31

UNITS
psia
deg F
*
btu/1b
kibs/hr
psia
deg F
%

kW

Hz

Hz

%



Table C-7.

INLET PRESSURE (Psia) 180

Dote Tine

INCET FRESSUR: (Fg 3} f&C

bate Time

<
w

>~

26/10.6c 16:206:45
27/10/62 13:44:52
26/16/82 16:09:4%

148,

4]
psio
8/10/82 13:09:12 9.6 327.0
27/710/82 11:51:48 100.0 327.1
28710/82 13:36:08 100.1 327.0
28/10/82 14:03:33 98.9 325.6
27/10/82 12:13:42 98.8 326.9 100.1 1167.9
27740782 12:41:29 102.56 320.3 100.1 1188.7
28710782 14:40-09 102.5 327.9 100.2 1189.4
20/10/82 £5:04:47 100.7 326.4 109.2 1189.0
27410732 13:00:26 $06.2 325.8 §60.2 1183.6
27/18/82 13:iR: 66 93.9 324.5 {30 2 $135.5

i

14§,

28/10/82 15:53:20 145,

27740782 14:13:44
26/46/82 15:32:38
27710782 14:37:22
27446782 15:03:142
2746782 15:34:48
2718/82 15:932°3°
27/16/82 16 10:53 139

INEY PRESSURE (Psiny 180

Date Tine

140,
14§,
137.
139,
132,
135,

Fi
psia
277407682 §6:32:23 §79.5 374.6 100.4 1197.4 33.S 14.0 209.0 27 b11.0 653.5
27716782 16:54:00 181.6 372.6 190.1 1197.6 36.3 14.1 209.1 31 695.6 740.0
27/16/82 17:10:51 180.2 371.6 100.4 1197.6 38.5 14.1 208.8 35 758.6 804.8

Y r

Vod Cad Cad Cod Cad Vo

Performance Test Results (Ref. C, Appendix B),
Part 1 of 10

INLET QUALITY (2) 106 RPM 3333

n
oF

)| H M P2
T bte/1b k1b/h psie
09.1 1187.9
09.1 1187.9
90.1 1188.2
80.1 1188.2

T2 Tr Kie KUN Freq Eff D0 trk
F 1 2
15.9 14.2 240.8 19 110.3 143.3 89,

18.4 4.1 209.3 2 ¢ 954229.7

9
]
i

e Guin Gl Gui

ZI.71412I92332596 .
23.6 14.1 209.3 2 342.0
24.4 14.2 209.8 43 343.4 300.4
26.3 14.2 209.8 S 398.0 436.2
27.3 14.1 209.2 70 448.6 497.4
25.6 14.1 209.2 §i 4bo.¢ 535.7

A
549
.0 50.4
4468

1)
S8
L
1]
9.
S8

- e eh e e WD

e

SRSV YPrHB VR
AT 0D D e e W) w3 O

1

i

i

i

1

i

(] i
5.4 i
9.4 1
S 6 1

-

Inie? GUALITY %) 1ed RPN 3333

-4
Py

.
-~

b P T2 Tr n
9T % O YU S L |

26.6 14,2 205.9 10 201.6 233.0
22.4 14,0 209.1 20 204.9 320.9
e3.6 14.2 209 7 26 285.5 3:4.5
B 14,2 5.7 23 335.4 1.9
3 14,0 209 2 23 382.6 3719.6
3 14,2 209.7 30 445.5 484.3

4.0 209.1 31 453.3 492.2 S0

Kee Kwh Freg Ef§

h2

[
pre‘lt
1:95.8
1:93.6

3
[
-

(3]

M ENEGEY Y u‘
P PO

O \0&- ?
— e e o

oo D e ) ) PO r-)l‘d"de.'

5.6
56.0
50.0
59.62
56 0
5e.3

Yl el FD
O Ul e

[ ) o-:

lO‘b»“

7.0 3
b 14,1 208.9 38 538.3 578.9 56.1 3<.
b14.1 208 9 49 526.6 669.1 49.9 4%,
6.5 14
3.31

P P X £

wea

.1 208.9 63 710.3 754.6 45.5 4z,
4.4 266.9 75 762.5 B0B.6 50.0 43,

a
1
I
4
4
-!.1
]
4
i
1
4
.
4
i

~3 T 8 O PD 2 a1

;-’I :" m oo 9;7‘ EI'J
wwld Ll P P T P

Qo

b e b s g e e e B et b
P e B S et B i et e B e

hl.)ra

INLET QUALITY (X) 100 RPN 3233

T2 Tr Kie
F 12

i
of

&1 oW P
1 bte/lb k1b/h psia

KM Freq Eff
W 1

50.0 36.0

.1 37 § 1

59.0 38.5
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Table C-7.

INLET PRESSURE (Psia) 100

Dote P4
psia

02/11/82 12:23:47 100.7 327.4

I
of

Time )}

§2/11/82 £14:03:44 99.4 325.5 S51.9 759.3 4.2 14.3 246.5 57 348.3 385.3 50.0 40.
02/§1/82 14:23:37 100.4 325.4 49.6 739.1 49.6 14.3 210.9 83 431.5 470.2 50.1 43,

INLET PRESSURE (Psia) 140

Date Tine Pf T o
psia  oF i b/
02/14/62 10:42:10 139.7 352.4 43.3 744,
02/11/82 15:36-59 139 ¢ 352.1 S6.3 7bi.
0071176 15:07: 41 140.5 352.6 43.7 747,
b2/41/32 §8:47:26 142,12 332.7 50.%7 762.
£8/41/82 §7:17.2¢ 141,11 354.7 471 793
(/3822 42320 T 330 ¢ SLE TR
#843/82 17:4£:59 148,59 356 7 4.6 Ted
IN.TT PRESSURD (Ps,z® 14

Pate Tans Fi Tt &
ps.a  ¢° P ATHS
(911752 16 5% 46 177 T ;.0 47 S ?e7
09/11/82 16 39:49 179.7 372.6 S3.8 77%.
69/11/62 16:19:26 179.9 3738 S6.9 7MW
05,43/62 16:08:48 179.5 3.5 477 T3
§9/14/82 15:%:05 175, 371,58 43 & Tef
09/44/82 15 39:52 1869 274 3 &5 TR

IMLET QUALITY (2} S8

H M P

T b b klb/hpsia oF 2
S3.0 769.8 31.4 14.3 210.6 31 196.5 230.9 50.1 31.4

02/11/82 12:47:28 99.4 325.8 49.5 738.1 38.8 14.3 2{0.5 4S5 283.9 319.4 50.0 37.5
8

8

Performance Test Results, Part 2 of 10

RPN 3333

12 Tr Kb KW Freq EFf D0 trk
B 1

1 1
2
2 !
2 0

71,6 00,5 14,3 2:0.5 44 760.9 80 6 8 56,

TMLET QUALITY (2) S8

P2
1b kib/h psia

RPN 3333

H M

oF 1 Wz 2

[

3.4
32
.3 2106.5 72 692.7 737.1 S0.1 44,

Cad

INLET Guaclly a) 56 kPH 3333
H K P
kib/h psio
{414 1432 ib
3 47,0 14.4 210 2 23 458 S 489,
3 52,2 14.3 216.2 26 S36.§ S7e.
4 :/ 5 :4.2 Ji0.5 33 619.6 o0bd.
7 6 14,3 216.5 40 703.8 748

12 Tr Kie
.FA

-
[
[ A

R Y

¢
0
.4
.1
b
3

Lo B b Gl

ORIGINAL PX7- -
OF pOOR Q’Jhu“

C-33

i 33.7 14.4 210,56 18 197.9 232.4 56.0 26.°
4 37.4 14.3 20,5 23 277.4 313.2 4%.8 3.
9 42.0 44,4 216.5 26 340.4 377.5 S8.¢ 34.
3 47.7 $4.4 216.5 36 456.0 488.9 56.8 3.
210.4 45 537.7 578.4 49.8 4i.

0.9 5% 621.3 962.9 50.0 4%.¢
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Table C-7. Performance lest Results, Part 3 of 10

I ET PRESSURE (Psia) 100 INLET QUALITY (X) 25  RPM 3333

Dote Tile Pf TE M W M P2 T2 Tr Kée KM Freq EFf DL trk fule
psia oF I bte/Ib klb/h psic oF 3 W I

02/11/82 14:52:07 100.6 327.2 25.7 526.9 S3.5 14.4 210.8 38 196.6 235.0 49.9 33.7 1 1 287
/11782 13:20:27 99.3 325.5 23.6 S0B.0 66.6 14.4 240.856 2795 HS3I W97 2 0 5
02/11/82 13:40:40 98.6 324.5 26.5 533.0 69.8 14.4 210.972 347.3384.3 49.9425 2 0 %

INLET PRESSURE (Psia) §40  IMLET QUALITY (X) 25  #PM 3333

Date Tine [ W U )} H M P2 T2 Tr Kie XM Freq EFf DL trk file
psia  oF T bte/lb klb/h psia oF 2 H X

08/41/82 13:52:18 139.1 35:.9 24.6 S539.9 52.5 14.3 210.6 21 198.9 233.549.929.3 2 0 1
08/11/82 14:24:29 139.6 35¢.4 5.3 5S43.8 60.5 14.2 210.6 28 230.7 316.6 49.9 34.0 2 ¢ 38
08/11/82 14:41:39 140.6 352.4 25.9 SS0.4 67.5 44,3 210.7 34 359.8 397.3 56.4 37.4 2 & (iI:
08/14/62 15:66:13 135.9 358.5 24 4 530.3 01.4 14.3 210.8 47 456.3 495.3 49.9 40.7 ¢ ¢ 4
08711/82 15:2¢:45 139.4 330 3 25.7 S47.5 87.7 14.4 210.8 58 539.8 679.850.1 420 2 [ (T
08/11/82 15:53:03 14(.2 326.5 25.6 54B.6 95.9 14.4 240.973 6187 664.2 47.9 44,2 £ | i:F

INCET PRESSURE (Psic) 486 INCET QUALITY (X) 25 RPN 333>

Laze Time Fe 1 & B n1 P2 T2 Tr Kie Kt Freq Eff X 1k 1.ac
psia  oF % bte/ib klb/hpsaa  oF 1 B X

09/11/82 17:29:3¢ 179 2 37:.2 5.3 Sei.4 59.0 14.3 210.5 18 284.5 337.450.4 30.5 2 {§ &9
09/41/82 17:16:41 177,28 322 ¢ 25,5 S6c.4 67.5 14.3 216.6 23 369.3 406.9 90.C 3<.1 & 3 53
05,44/62 13:05:25 480.5 372 4 353 Sof.6 70.2 14.4 211.0 28 450.5489.4 47.5 30,5 & [ A
69/41/82 §3:31:40 179.5 371.4 24,4 553.5 87.0 14,3 210.9 35 546.7 987.5 49,9394 ¢ [ 23
05/11/62 §4-12:42 186.5 371.4 25.2 S6B.6 92.4 14.4 111 44 621.2 663.7 30,3 45, 2 ¢ 234
09/11/82 14.25:05 179 4 37L.6 23,5 DSbc.b 182.2 14.4 211.0 50 704.4 743.6 4.9 i ¢ o &s3
09/11/82 14.54-C~ 180 2 3706 25.7 564.5 100.5 14.5 241.0 56 764.5607.554.1 426 2 ¢ %

ORIGINAL PATC T
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Table C-7, Performance Test Results, Part 4 of 10

INLET PRESSURE (Psia) §08 INLET QUALTTY (X) 40 RPM 3333

Date Tine Pt T @ H N P2 T2 Tr Kée KW Freq EFf DL trk fale
psia  of 1 bte/lb klb/h psia oF I Wz 1

10741782 14:37: 34 99.4 325.9 40.1 387.5 98.5 14.4 244,150 205.0239.449.936.3 2 § 80

10/11/82 11:56:41 100.§ 325.6 10.1 388.6 §15.7 14.4 211.1 6B 202.6 3§8.4 50.1 40,7 2 i 9

§0/11/82 12:23:00 98.9 323.5 0.1 387.2 133.2 14.4 211.4 93 346.3 3839 50,4 43.2 2 § {2

INLET PRESSURE (Psia) 140 IMET QUALITY (Z) 40 RPN 3333

Date Tine (2 TN S W M P2 T2 Tr Kie KN Freq EFf DL trk file
psia  of X btu/lb klb/h psie oF 2 H I

10/41/82 13:12:33 138.7 354.8 9.2 403.7 105.0 14.3 214.0 33 279.2 344.9 50.4 35.4 ¢ { i3
10/44/82 13:34.65 135.3 3556 $5.0 441,95 457.4 14.4 211,94 42 358 4 395.6 50,5 35,4 & . i3
1048762 13:44:20 182 £ 3547 97 M10.0 137.4 14,5 212,465 450.7 489 6 50.0 42,6 2 ¢ 14
10740782 14:02. 43 439 0 350 & b ¢ 447,59 155.434.7 12.0 71 532,257 B 47.6 430 2 1 15
16/43/82 14:2-35 £3°.5 342.2 10,6 410.5472.5 14,5 212.7 90 £16.9 657.4 49,2 43.9 ¢ 1 e
AeDi PRIZAED fman e et Bunddir v g RFn 3533
Date Tane Pi 71 wl n AL Fe TR Tr ke KM Treg EFT OB tra fuax
Pl e bWl xib/hopsid oF he X
$67.082 14:83 32 182 2 0L 9 3.8 SR 0 (IS 4T 2.3 49 HiTLF 605.8 S0 04 2 4T

ORIGINAL | T 4
OF POOR . -
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Tab]e C-7o

INLET PRESSURE

Date M T

psin of

Time

20/10/82 12:55:23 102.3 328.7

20/10/82 13:56:55 101.4 328.7
20710/82 14:44:32 99.4 325.6

INLET PRESSURE
Date PATi
psia of
20/46/82 16:43:13 §42.6 332.¢

b
20/16/62 15:05:44 44,0 352.9
20/16/62 16:24:23 §41.4 352.7
3
{
2

Tine

26/10,/62 15:22:07 $3°.4 33
20/40/82 §5:44-47 141.S 353
26/16/82 15:57:30 43:.§ 336 3

INCET PRESSURE

Pa T
p5it
24/1(/62 +2:55:63 179.2
71110’8“ §3:23.04 §79.5

/38762 13:56:22 1776
3‘./13/92 {41644 18 P
21/1G/82 14:30:59 177 3 371,
26/10/82 12:26:27 175,24 37,
26/46/82 12:29-43 176 9 7.
c1/:0/82 14:4:2:4L 181 & 74,

vote Tami

F

¢
™.
7.
3.
n 3

o lou‘lm’-mmo

INCET PRESSJRE

Time Ps 1§
psia  of
26/40/82 13:04:12 220.9 389.8

26/40/82 §3:26:04 220.0 389.4
26/10/82 13:26:59 220.0 389.4

26/44/82 13:50:59 218.9 386.9
26/10/82 13:52:17 218.7 388.8

Date

Performance lest Results, Part 5 of 10

{Ps10) 106 INLET QUALITY (X) 6 RPM 3333
o H M P2 T2 Tr Kiie KWM Freq EFf D0 1trk
1 bte/1b klb/h psia oOF % 1
0.0 299.3 174.3 14.3 211.1 14 §13.6 146.7 49.8 29.2 § 0
6.4 306.5 235.0 44.5 211.3 41 199.5 233.8 50.1 34.3 1 &
8.4 304.5 304.6 14.8 212,4 84 273.8 308.6 S0.8 35.0 1 8
(Psia) §48 IMLET QUALITY (X) 0 wn 333
u H # P2 T2 Tr Kie KuM Freq Eff DC trk
I bte/lb klb/h psia oF X H 1
§.6 324.3 166.0 14.2 240.9 9 194,56 228.9 49.9 33.3 1 ¢
0.6 324.7 212.4 14,5 211.9 15 274.9 340.6 45.9 35.6 {1 |
{6 32542148145 2:1.5 15 278.9 146606356 §
(.4 325.2 265.6 14,6 2:2.7 36 305.2 402.4 56.6 37.¢ § ¢
0.3 327.9 36.515.4 214.1 56 448.4 467.3 47,7 37 0 &
{5 326.1 358.6 15.5 215.3 83 496.2 936.4 6.4 3=5 § §
{(s10) 180 INGET QUALITY () @ RP# 3333
o HooM P2 12 Tr Kie Kkiin Freq Eri DL tra
1 bre/lb klb/h psia oF % h: 1%
6.0 342.8 1€9.: 14.5 212.3 11 323.9 360.0 47.6 36.5 ¢ 0
E.0 3447 2121 14,0 212.1 43 07,65 40489010 3-F ©
(.0 3631 247,66 14,5 12,923 445.9 476 49 G365 1+ ¢
£1 3670 285.8151 243,733 535.2975.6 S0, 6 327 1 °
(.3 347,2 342.5 45,4 215.257 621.6 664.2 3.5 3" & 0
(.4 343.6 3716 45,7 2161 65 673.7 M7 B SL.L 273 ¢
t.4 345.7 369.8 13.6 216.2 67 674.6 718.9 36.0 7.7 1 &
t.4 M5 73953 L0 4 7774 7(9.2 793950178 1
(Psia) 226 INGET QUALTTY (X)) 6 RPM 3333
@ H H P2 T2 Tr Kie KuM Freq Eff D 1tk
T bto/lb k1b/h psie oF 2 2 1
0.0 364.6 308.9 §5.2 214.5 28 676.6 720.8 50.0 38.3 1 O
8.4 364.7 314,37 §5.3 244.7 33 710.4 755.250.0 36.6 1 O
0.4 364.7 315.0 15.3 214.7 33 749.8 754.9 50.0 385 § ¢
0.2 365.0 339.6 5.5 215.9 40 755.4 804.4 50.0 38.4 { §
6.2 365.0 338.8 15.5 215.9 40 755.4 801.6 50.0 38.2 1 ¥
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ORIGIMAL §. L1 .o
OF POCR QuiliyY,

Table C-7. Performance Test Results, Part 6 of 10

INLE, PRESSURE (Psia) 106 INLET QUALITY (X) 160 RPN 2509

Date Tine M 1 o H # P2 T2 Tr Kie KXWM Freq Eff I
psia of X btu/lb kIb/h psia oF 2 H2 2

13742782 11:32:59 $00.3 327.4 400.0 4187.6 4.6 14.9 210.6 16 118,
13/12/82 10:27:5¢ 108.4 327.90 400.1 1187.9 8.3 14.1 210.5 25 198,
13/42/82 10:44:35 100.% 327.0 $00.1 £188.1 20.4 14.0 210.
13/12/82 13:46:39 100.3 326.5 100.4 1168.2 24.2 14.1 216.
13/42/82 14:00:06 99.6 326.0 100.4 1188.4 24.0 14.0 210,
13/42/82 13:34:44 99.6 326.2 100.1 1188.3 2b6.b 34.1 210,

Ol Ol Gl Ot W W

&
L
6 95
7 5
564

INLET PRESSURE (Psia) 140 INLET QUALITY (X) 100  RPM 2500

Dete Time FE 1 & K K P2 T2 Tr Kee KM Freq EFf N
psia  of I bre/lb kib/h psia of 2 M I

10/12/82 13:95:3¢ 14: .0 353.2 40C.0 $193 5 45.1 14.2 241.4 14 202.1 230.5 49.8 25.
10/1°/82 13:42:51 339.5 352.0 100.4 1193.4 2¢.5 §4.2 244.1 26 286.9 323.0 49.9 29.
10/42/62 §3:30:45 136 7 35:.5 (G § $493.4 24.2 14,2 241.0 23 334.7 371.6 49.8 3
$0/42/82 4342130 w398 3045 a6l § 1133 b Zc.b 16 5 2u0.9 34 433.4 492.4 49,9 }:
13/12/02 13:59:29 135.7 354.9 £00.1 1493.6 29.% £4.4 210.4 34 454.2 493.6 49.7 3
13742/82 14:19:15 138.5 35.0 03,2 §193.6 32.3 14.1 210.2 48 536.8 977.9 45.8 s,
13/12/82 14:43:45 139.2 350.9 $00.5 44939 35.9 44.2 240.1 73 626.2 669.4 49.8 33

i

e
-
4

43
s 3
€3
43
g4
6 4
24

INLE™ PRESSURE (Fsia) §Bv INCET QUALTTY <2) 100 RPH 2500

fore Tare L0 m B M OPC T2 Tr Kie Kuh Freg EFf IX
psic  of pd btu/lb kib’h psic  oF X b X

10/12/82 12:35:49 181, 372.6 100.0 3457.3 26.5 14.3 200.9 {6 371.9 4(9.9 0.0 2¢.¢
§0/12/82 12:26-36 175.8 I7:8 ti0 21?7A3 27.3 44,2 21..8 2V 436.2 487.6 45.7 3.,
$6/153/82 $1:58-47 $79.8 35:.6 309 3 1177.4 32.4 44.3 215.7 25 535.5 576.9 S¢C.4
13742782 §5:05:37 1B1.8 0. 4 4i0 & 11974 0.6 14.2 210.1 25 535.6 577.6 49.8

13/12/02 15:22 -3 160.3 372.4 100.1 1197.5 35.6 §4.2 240.0 306 611.4 655.0 49.8

$3/42/82 45:36:45 §BG.8 372.1 100.5 1197.6 37.0 44.3 10.0 35 690.1 7418 49.8

13742762 15:48. 43 179,6 37:.5 400.¢4 1497.0 41,6 14.1 209.9 4B 760.0 806.8 49.8

8

3
)
)
]
4
13/42/82 §5:59:24 179.6 374.0 160.4 1197.7 45.2 $4.2 209.5 &7 849.4 897.8 49, 4

c-37

0wk

L A N

i

L L

bid

T T S S T2 b e

file

2
23
234
267
245
Y

fais

X



Table C-7. Performance Test Results, Part 7 of 10

INLET PRESSURE (Psiai 100 INLET QUALITY (X) S0 AP 2500

Date  Time PP U H M P2 T2 Tr Kie KW FreqEff X trk ¢

psic oF X bte/lb klb/hpsic oF 1 L .
09/42/62 12:42:33 100.2 327.4 S0.5 747.4 30.3 44.2 211.5 29 19..6 229.4 49.9 33.7 3
09/12/82 13:04:25 99.4 326.0 Si.1 751.8 36.3 14.3 211.5 46 280.3 316.2 0.2 38.7 3
09/42/62 13:42:26 98.9 325.3 49.3 736.3 41.6 $4.4 241.5 68 341.6 378.9 S0.0 44,8 3

INLET PRESSURE (Psia) §40 INLET QUALITY (2) S0 AP 2500

Date  Time Pt T @ W M P2 T2 Tr Kée KWN Freq Eff I
psic  of % bte/lb klb/h psia oF % 1

09/42/82 14:29:24 139.0 352.2 49.9 757.7 31i.0 4.3 211.4 16 198.3 232.9 49.7 28.6
09/42/82 14:44:0. .39.2 352.0 Si.1 768.0 Jo.i §4.2 211.4 22 277.9 313.9 4.8 32.4 ]
09/42/82 14:47:41 143,73 352.4 SC ¢ 766.7 40.0 4.3 219.4 26 339.8 377.4 0.3 354 1]
09/12/82 §5:45:02 137 7 330.4 Si.: 759.0 48.4 14.3 211.6 43 457.7 497.1 49.7 35.4 3
$0/42/82 09:07:27 140.4 35:.6 43.c 753.4 S4.1 $4.2 ¢14.7 57 533.9 579.9 S0.c 4.7 3
$0/§2/82 09:28:43 139.6 354 U %07 Teo.o 53.3 14.2 2i1.7 79 bGo.C 649.1 49.6 41,5 3

INLET PRESSURE (Fs:a) 83 INCET QUALITY (%) SC RPY 2504

Dute Time SR T W Ko Fz T2 Tr Kue Kim Freg E6- D
peic  of % bte/lb klo/h psan  oF % He 1

10712782 09:59-44 180.3 72,6 42,5 747.7 43.0 14,3 211.4 15 374.6 412.6 S0. 2
10/12/82 $6:12:16 180.0 372.2 <32 TeF.o0 4c.i 14.3 211.5 24 450.3 485.9 45,
10/42/82 16:36:50 1804 3700 437 705.3 S5l.e 14.4 211.5 3§ 836.5 977.9
16/12/62 10:55:42 §80 3 371.9 49.9 770.6 S9.0 14.3 244.5 37 620.4 ph3.
18/42/82 15:33:09 181.6 372.4 49.0 768.4 65.5 14.2 211.6 47 700.9 7o,
10/12/82 44:23:95 175.6 37(.9 8.4 7735.C 8.4 14.5 &11.4 35 762.0 807,
06/42/82 15:95:42 179.7 I76.6 90,0 77:.7 71,3 14,2 241.3 45 7bo.Z 833,

U‘Ob:lm
b €3 €00 LI LA ) O
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Tabl? C-7. Performance Test Results, Part 8 of 10

INLE¢ PRESSURE (Psia) 106 INLET QUALITY () 25 RPN 2500

Date Time MM @ # M P2 T2 Tr Kie WM Freq Eff I trk file
psis  oF I bte/lb klb/d psia oF 1 1

07/12/82 11:37:53 104.0 327.3 25.9 S29.6 598.2 14.2 240.2 34 §97.0 234.6 50.6 35.4 3 ¢ 99
07/12/82 12:02:38 99.7 325.4 25.2 522.7 6§.614.2216.454278.9314.950.0 48.4 3 ¢ 7
07/42/82 12:26:06 99.9 325.4 25.2¢ 922.6 7.2 14.2210.4 773009 3/8.0 49.9 2.6 3 ¢ B
INLET PRESSURE (Psia) 140 TNET QUALITY (X) 25 RPN 2500
Date Time M 1M o B M P2 T2 Tr Kie KM Freq EFf DX b file
psis  of 1 bu/lb klb/h psia oF 2 W 2
67:42/82 42:54 17 1455 392.¢ 5.9 S42.3 59 014.2210.226278.1 NA.£ 58,5 34.7 3 & %
07/42/82 12:23:6c 1401 22,0 24.3 5;\: S 5.5 164.2216.2 192602 2346498388 5 1 il
C7/42/82 13:°8 &7 4350 201.2 236 %817 609043246233 397 W74 9.7 306 3 . 14
07/42/62 14 40 35 135,86 350 T 23 SAT.S 79 1 14,3 210.2 90 459.6 499.6 50.3 4.5 3§ 3
67:12/82 14:87:10 1803 350.7 255 545.6 9o.c 14.3 218.3 66 536 3 977.3 SG 043 3 ¢ 1}
07:42/82 4548 47 1403 370 0 231 Sha B 9T L4216 4895%2837.8 9.8 3 1 &
INGET PRESIURT iPsug. i RET QUALITY (B 35 kPn 256¢
Bars T " LS S no W P2 T2 Tr Kde Kp Freq EFF B e -u
050 07 * b/le bbb ps.0 of 2 Hz 1

P2112/82 §2:96.2C 380.» 3725 25.7 5:5.3 6.1 463 231.510 8796 M5S0 &0 303 (L5
66/42/62 13:46:37 $50 2 321 240 356.7 #9.614.2 211.6 23 Jo9.8 407,556 8 335 ¢ 1wt
08,1282 13:35:54 1737 1721 28,8 537.¢ 77.0 14,5 211.5 26 449.2 486.5 56.0 36,5 ¥ [ if.
be/12/BC 15396 e to0.3 31 T 23.7 203 Be.% 14.4 211,06 37 945.9 587.2 9.6 38.. -3 & dit
B2/1252 18 §4-48 {75 £ 3707 230 STV L J0.8 14.4 2116 40 020.3 663.7 49,9353 ¢ [ il
06/42/82 13 .2 1M T X007 Z4 5 ST L £NT 954 4 25,0 SB 704.2 o6 B0.0 48 T . 3
63/§2/82 14:43°97 175 6 3?50 238 %245 3117 18,0 2.4 6F 7496 7963 9.7 KT 3 b &l

RS

W RS
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Table C-7. Perfcrmance Test Results, Part 9 of 10

INCET PRESSURE (Psia) 100 IMLET ALITY (X) 46 RPA 2580

Date Time 13 S 1
psin of
03/12/82 19:55:48 108.1 326.2
13/12/82 11:26:06 101.3 325.5
93712782 11:59:34 100.0 325.0

o H W P2 T2 Tr Kie KW Freq EFF X tri

I bte/1b klb/h psia oF 1 W 1
10.1 388.4 89.9 14.3 210.5 44 203.9 230.5 5.2 39,
9.7 385.9 £12.1 14.3 210.5 66 282.2 318.2 59.2 &2
10.4 387.8 123.4 4.3 210.7 80 317.8 354.5 49.8 42.

INLET PRESSURE (Psia) 140 IMET QUALITY (X) 10 0PN 2500

Date Time P T
psia  of
93/42/82 12:48:58 145.3 352.0
03/12/82 13:18:20 146.2 351.8
63/12/82 13:48:88 i3°.2 L0
£3/12:82 14:44°55 140 1 3583

a B M P2 T2 Tr Kie KuM Freq EFf DL trk

1 btu/lb klb/h psia  oF 2 He 1
10.8 418.5 96.7 14.2 216.4 36 279.6 315.8 49.9 3b.
fo.i 42,6 415.3 14.3 210.6 46 353.3 3%0.9 49.9 3.

%6 489.7 145.2 14.3 210.8 56 447.4 486.6 49.8 4.
te #442.5 159.9 14.6 241.3 76 630.5 S71.7 5E.1 41,

INCEY FRESSURE (Fsigh §E. INET QUALITY (X, {0 RPM 23010

T

Date Tine S
psia of

0371262 17:04:17 172.7 3% §

03/42/82 15:09:¢7 184.{ 0.7
03/42/62 13 3:3e 47 " 7L T

63/42/82 15:8¢ 50 12y ¢ 37, 6
83712782 161153 1ev 3 e

2
4
6

4

) e P

2
2
2

Py Pl B3 N

@ W # Pz Tz Tr Kie KNM Freq EFf K

X bre/lb kib/h psag oF X Ht X
16.% 434.5 $u6.5 14,3 200.4 20 365.7 403.2 49.7 3:.5
fo.v 430.7 122.6 14.3 210.6 32 447.5 48b.6 Si.f 352
1.0 432.3 141.2 14,4 240.9 42 534.3 575.5 5.3 35.¢

5 436 7 fai.1 14,5 211.5 52 614.7 857.9 S6.2 4.3
fo.0 433.2 174.4 §8.0 201.9 62 677.2 72c.2 5.k die
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Table C-7. Performance Test Results, Part 10 of 10

INLET PRESSURE (Psia) 180 INET QUALITY X) & RPN 2500

Dote Tine 2 W PO H M P2 T2 Tr Kie KW Freq £F¢ Dtk

psia oF 1 bte/lb klb/h psia oF I H2
10/12/82 09:46:28 98.6 326.4 0. 4 15§.0 14,3 212.9 10 113.5 145.6 50.0
14/12/82 9:36:03 98.9 327.0 . 6 712.1 14.5 212.4 T3 200.3 234.7 0.2
14/42/82 99:53:97 99.5 X2%6.6 & 2 283.0 14.8 214.2 72 296.2 31.7 49.9

' 29,
i 298.
4 301,

IMLET PRESSURE (Psia) 140 INLET QUALTTY (2) 6 RPH 2500

Bote  Time PP T @ H ®M P2 T2 Tr Kie KW Freq EFf DU trk

psic  of X bto/lb klb/h psia of 2 T §
14/42/82 §0:12:30 141.© 334.2 0.0 326.0 192.8 14.6 212.7 12 275.1 310.9 49.7 3.5 4
14/12/82 16:32 32 137.8 352.¢ 0.2 32b.1 240.7 14.8 214.0 34 305.7 4034 49.6 345 &
14/32/8; 16:52:43 1382 1.2 D7 326.7 3iT.1 15.7 2159 b 4%6.7 466.0 45.9 3.6 4
$4/12/62 21:41:52 1404 321 & (.4 326.4 341 §5.6 217.7 80 437.8 537.6 49.6 3.} <
IMET PRESSIPE (Ps.a) 16 IWMET QUalTY (X 6 REM 2506
Iate Tine U a: i K FE T2 v Ke  Kin Frec B¢7 L
osic  of » btn/lb kibsh psia o % W &
14/12.°8¢ 12:20016 178 £ 3718 0.0 Ti3 145 129 6 T FS L Tb 4
14/12/8¢ 32:40:3 1317 372 8 G a4a 6 204.2 14.7 223.7 10 367.4 AG4.8 50,0 37,7 &
14/42/62 14:53:4% 182 p 3743 [ & 347 9 237.5 14.G 214.6 16 49,5 4B6.6 Su.6 357 4
14/32/82 13:62:29 17°.2 JT2 3 4L 347.1 285.7 15.2 215.7 3o 536.2 977.3 Si.b Jo.5 4
14,42/ 13:23.22 1750 3723 .1 38e.2 3-T.415.0 217.7 Bc 622.6 wbé. b Su.l 3.1 4
14/12/82 13:85: 0T 4814 P2 6 L 34T B TTT loal 215 2 60 674.3 749.0 5. Jo.E -
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Table C-8. Endurance Test Record (Ref. C, Appendix B),
Part 1 of 10

Bate Tame [ TN § U 51 h MW P2 Tz Tr Kee KUk Freq EFf D trie f.lc

psia  of 2 buw/lb klb/h psia  oF L Ha X

24/02/82 16:49:18 176.8 368.2 25.7 5b4.1 111.9 14.6 211.6 61 809.4 856.9 496 43.5 S & 7
24/02/82 20:48:23 184.5 369.7 25.8 Sbb.4 §12.1 §4.6 211.558 010.9 858.4 49.943.0 S 0 f
25/02/82 90:48:29 181.6 376.0 25.5 563.3 110.9 §4.5 211.6 57 887.2854.750.0 43,6 S & 1S
25/02/82 94:07:38 181.4 370.1 25.6 S564.7 111.4 14.6 211.556 006.5054.0 49.943.3 S 0 {9
25/02/82 18:07:44 181.0 369.7 25.8 566.2 145.2 14.4 211,658 909.285.049.843.1 S 0 0
25/02/82 12:07:51 179.1 369.6 25.9 565.9 110.3 14.6 211.559 002.3649.8 49.843.4 S ¢ %
&5/02/82 16:07:57 178.9 368.9 25.8 565.5 111.5 14.5 241.5 60 610.2 857.850.6 43.4 S5 0 3
5/02/82 20:08:02 179.1 378.0 25.8 565.6 111.8 14.5 211.5 60 013.1 660.850.0 43.4 S ¢ X
26/62/82 90:08:07 189.0 369.9 25.6 963.9 111.1 §4.56211.7 59 808.8 356.449.9438 S 0 39
26/02/82 04:08:13 180.6 370.8 25.6 S64.1 115.3 14.4 241,450 807.2854.849.943.3 S § 43
26/02/82 08:49:19 181.6 370.7 25.2 S61.4 $12.4 §4.6 215.4 57 809.8 857,556.043.5 S & 47
26/02/82 12:08:26 179.3 369.6 25.8 585.6 111.3 14.4 211,359 008.7 856.4 49.843.3 5 6  Sf
26/02/82 15:00:33 47°.7 372 0 20.1 567.5 $41.1 14,5 244.3 61 8:9.6 857.2 455 4.3 ¢ ¢ &
26/02/82 20:43:03 175.2 70 2 25.6 S63.3 412.1 14.5 241,459 8101 7.0 SE.R 424 T ¢ 5y
27/82/82 G:46:38 f20.3 37 & 56 98I.0 412.% 14,5 ’i. G SE6E080.64994:8 1 L ol
27/02/82 04:40::2 380 A TFE D 23 S 713140 L4598 67 7655.4 49 €43 & [ 6
27/02/82 06:40:43 18¢.3 365,57 333 Set 3430014525958 B0 E4T A S AZ 2 L Ty
27/62/82 12:46:22 178 © 3258 257 504,28 111.5 145 Zin.7 ob BE B B2 55415 T
Z7rde/Be 10:46:27 1758 3700 230 Sadigtai.l 243 a4 Sroub 3 Bre 0 4 cAIE T

27/02/8% 20:41:41 150 ¢ 360 9 3.3 o3l 1114 435 1.3 % Bi6.2 837,59 455 43 3 L &:
26/02/82 00:43:68 1B1.7 373 4 257 S6f.9 142 1 14,5 215.4 98 612 1 857.9 4f bade = ¢ &
20/02/782 04:44 51 181.2 37i.6 354 502.9 110,95 4.4 2i1.8 57 Bio.4 B34k 45,5 437 % [ w
20762782 06:4::53 18{.6 T1.i 254 Se2 4 4113143211797 Ri9.4 857 1 4 B 42 ¢ [ o
28762787 12:42:63 1727 1€ 3 259 S65.6 112,314,621 3 60 BIB.7 8564 51 . i 4T 3 L T
e3/82,0¢ te 82:(k 37e.0 3293 235 God b ini B 14,5 2100 of BIDL3BS7.9 5.5 43 & ¢ L
20/02/62 Z0:42.15 4773 02 137 Sod o 4109 1452106 50 BeY b D7 & e T b b

84/03/32 14:34:3 176,80 370 237 575 4313145 110 59 BLRLF BT LY 4T S5 i in
§4/03/82 18:34,34 (73 E 30,3 257 Gbs b {400 348 200 5 G5 B85 B0 4.9 42 T ¢ il
01/03/82 22:30:4: 480 6 70,7 254 5501 {11.F 14,2 210.9 57 BUB.T 636 3 45,5 4.6 ¢ & 1

02/03/82 62.46:22 18,3 Jh.c 22 © S503-4 11J.1 14.4 2167 57 B0 5 854.4 45.5 45,0 = & ..
62/03/82 06:48:25 :8:.5 375, 255 S0l € iie.. 1652007 97 Bee 7 8345 506 455 1 b i

82/03/82 18:48:34 $79 5 370.4 25.4 562.7 1310.6 4.5 216.9 98 B06.0 854.2 49.5 46,0 S & N
02/03/82 §4:18:3% $77.4 9.2 25.6 Se4.E 109.6 14.4 210.9 60 808.2 855.8B 49.8 46.6 S ( i3
02/63/82 16:4B:46 4775 370.3 26.0 Sot.b 110.0 14.4 216.9 66 610.6 858.2 45.6 43.9 & ¢ 13

02/03/82 22:18:52 179.9 370.5 25.5 S62.% 110.4 14.5210.9 58 80°.7 856.3 49.9 44.0 5 0 143
03/03/82 92:19:39 180.4 370.8 25.7 S64.9 109.8 14.5 21§.1 $7 807.3 854 949.943.9 5 0 143
83/03/82 06:19:47 179.9 374.3 25.7 Sb4.4 109.5 14.4 210.9 57 007.9 854.6 49.9 4.0 S5 6 452
#3/03/92 10:19:53 180.0 373.14 26.1 568.4 §18.2 14.3 240.7 57 807.4 855.0 49.9 43.§ S ¢ 4%
93/83/82 14:19:98 178.8 369.8 25.7 S64.1 110.3 14,3 210.5 59 809.7 857.3 9.8 43.8 S 0 140
03/03/82 18:41:34 179.4 370,3 25.5 S63.2 141.0 14.2 210.4 56 812.0 859.7 49.9 43.6 & 0 1465
03/03/82 22:41:39 186.4 370.5 25.3 S61.4 109.9 14.3 210.5 57 908.2 855.8 50.0 44.1 S 0 {49
04/03/82 02:41:45 180.6 370.4 25.4 562.4 189.5 4.3 210.7 Sb 805.9 853.4 50.0 44.4 5 0 73
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Table C-8.

Date Tine
04/03/82 0o:44:
$4/703/782 10:4
14/01/82 14:%9:
04/03/82 18:99:
$4/03/82 22:99:
05/03/82 02:99:
15/03/82 06: 99

06/03/82 8o 2‘

66/03/82 100t

06703/82 14:01:

§6/03/82 18:82 ¢

86/03/b2 22:92: 38
37:03.82 02:02:
62/03:82 8614z,
07/63/62 1832

§7/03/82 146232
+7763/82 18:62:
87/63/82 22.62:4C
§3/03/82 BZ:4% 04
06/03/6¢ bo:16-19
08/03/6: 16:49,
08°03/87 1445
$8/03/82 19:19:
(a/63/32 22:1%
09,93/82 62:19:55
§9/03/62 Be.25:

09/63/82 16:20;
97/03/82 14:20:
§9/03/82 18:20.
09/03/82 22:20.
10/03/82 02:20.
10/03/82 06:20:
10/03/82 $9:20:
10/83/82 14:20:
10/03/82 18:20:
10/03/82 22:21:
11/03/82 02:21:

S §
psia  of
49 186.3 5.2

94 178.1 369.9

3 179.8 373.0
43 180.9 373,
48 181.6
53 181
59

it !81

4
S
N}
N
R
N
4
B
.8
¢
o i8¢, 2
g
S

w
-
m
"
5
aﬂ-.—-;:r-;o R e - 8

t i
&4 179 23725
45 18i.6 373.3
55 186.4 373.2
f1 18,4373 2
6o 179.3 372.8
12 176.3 372.3
17 176.6 37¢.5
23 179.6 372.9
29 180.0 IN3.4
3 180.3 373.2
4 179.0 372.6
A7177.4 1.9
S4 175.2 372.7
01 180.5 373.3
07 179.8 373.0

ORIG: 37 -
5F POCR QUALITY

&1

3 btu/lb klb/h psia

5.5
5.8
26.2
26.8
26.9
8.9
a9
26.0
2b.6
2b.4
26.7
K9
e:.6

"~

5.3

3
&L,

2b.
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2.7

Endurance Test Record, Part 2 of 10

Fé& T2 Tr Kie
oF 1 Hz
562.7 489.4 §4.4 211.0 S6 805.7 853.3 53.0
$65.2 109.7 14.3 210.7 S8 805.9 853.4 49,
S69.1 108.4 14.5 211.3 57 845.7 853.2 S0.
574.% 109.2 $4.5 211.2 56 811.9 859.
$67.9 190.1 14.4 210.7 S5 0‘5.
$67.2 108.4 14.5 210.3 4
S66.8 108.0 14.6 218.5
$67.3 197.5 14.4 211.0
$71.5 107.9 14.5 211.3 ©
S78.2 108.4 14.4 211 .1
573.5 109.1 14.5 244.5
S67.1 108.9 14.7 211.9
566.2 187.5 14.4 210.5 54 804
Sa%.6 108.7 14.6 208.6 55 854
b3.3 109.9 14.4 210 4 97 B67.8 355
5b7 4 183.5 14,5 211,08 57 888.5 855.9 49
7.7 108.8 14.6 211.5 5> 606.2 833.5 S6.0
565 1 160.5 14.5 211.3 55 8iS. 6 852.9 9.0 4
505.0 100.5 14.3 i1.8 S4 685.3 891.6 Sc.o 4e.8
576.4 163.4 14.5 211.4 56 896.5 854.0 45.9 43,
$7¢.9 108.5 14.4 211.0 S8 808.2 835.6 47 7 43
S7i.1 107.5 14.4 2:1.0 59 83%.7 857.z 4.7 &,
%5.6 §05.7 14.4 240.9 57 £47.9 355.3 4.8
Soc 4 10B.4 14.5 244.6 Sb 806.1 853.6 49,
571.2 187.4 14.5 211.4 Se 8:5.0 B32.5 45,
S6E.3 $98.% 14.3 218.7 S6 B16.9 337.6 49.
972.3 508.3 14,3 210.8 59 809.7 857.2 45.
S71.9 187.9 14.4 211.0 57 808.8 856.4 4°
S7¢.2 160.3 14 4 210.9 So Bi6.B 854.3
569.7 108.6 14.3 210.8 Sb B1) & 855.2
57¢.¢ 107.5 14.5 211,255 306.3 853.9
§70.7 197.3 14.4 211.1 58 808.5 856.0
572.5 107.5 14.4 214.1 56 810.1 857.7
57¢.4 108.5 14.4 211.6 57 B09.7 857.2
571.6 108.2 14.3 210.5 Sb 809.4 857,
572.7 108.4 14.5 241.2 S6 810.7 858,
$71.5 107.6 14.4 211.0 S6 B97.4 854.
574.6 107.9 14.4 210.9 57 812.1 8959,
$72.9 188.4 14.4 219.9 58 §08.8 856
573.2 106.9 14.4 210.8 57 809.2 8%56.
S70.9 107.9 14.5 211.3 55 806.5 854,
§72.8 108.5 14.6 241.5 S5 008.2 B85S,

W M
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Table C-8. Endurance Test Record, Part 3 of 10

Date Tin: 2 U P R X b M P2 T2 Tr Kie KUM Freq EFf T2 trk #,1:
psia  of 3 bte/lb kio/h psia oF % W X

11/03/82 06:21:14 180.4 373.2 Co.6 S72.1 107.3 14,5 211,355 804.8 852.350.0 43.5 3 § 98
11/03/82 16:21:19 178.5 372.4 26.9 574.0 106.8 14.5 211.4 58 807.1 854.6 9.8 44,0 S { &2
11/03/82 14:21:24 §78.3 372.3 26.9 S74.3 108.1 14.5 211.2 58 809.2 8568 49.8 3.5 S § &b
11703/82 18:21:31 178.8 372.5 26.7 S72.4 107.9 14,5 241.3 56 008.4 85%.0 89,9438 5 1 7
11/703/82 22:21:38 179.9 373.0 26.7 S73.% 107.4 14.5 211.4 55 808.3 855.950.0 43.9 S { M
12/93/82 02:21:44 180.2 373.4 26.5 S571.2 107.6 14.6 241.7 55 847.2854.850.0 448 S | 78
12/03/82 $6:21:56 180.5 373.3 26.6 572.5 107.8 14.5 214.3 55 807.2854.850.9 43.6 S | 82
12/03/82 190:21:56 179.2 372.7 26.9 S574.2 108.2 §4.7 241.9 57 008.0 655.6 49.9 3.5 5 { &
12/03/82 14:22:00 178.6 372.4 26.7 S72.6 107.0 14.5 211,358 809.5857.1 49.843.9 S { 9%
12/03/82 18:22:05 179.0 372.6 26.7 S72.7 107.8 14.5 211.3 56 809.1 856.7 49.8 43.8 S { 9
12/03/82 22:22:11 188.8 373.4 26.6 572.3 107.1 14.6 241.6 55 868.1 855.7 58.0 44.4 S { 98
13/03/82 82:22: iS 180.4 373.3 26.6 572.5 £07.9 14.6 211.8 S5 606.0 854.4 50.0 43.7 S 1 {02
13/03/82 06:22:22 180.4 373.2 20.7 573.2 106.9 14.6 211.6 55 B06.& 834.2 50.0 44.0 S 1 i
13/93/82 10:22.2% 179.1 I72.6 26, 974,14 107.2 14,6 211.5 Sb 80c.b 856.2 45.9 43,9 ¢ . it
13/63/82 14:22:33 178 £ I72.4 6.7 S72.7 107,73 14.5 211.4 57 810.2 857 9 47.6 48,4 53 ¢ 18
13703782 18:22:38 179.4 372.8 Zo.c 37,5 197.1 34.5 245.4 56 BE%.9 857.5 43,9 44,2 5t s
13/03/82 22:22:83 1826 3733 Z.5 STi.e 406.7 14.7 2121 55 B07.6 333.2 Su.i 44,7 3 L L&
14/03/82 62:22:42 183 { T ¢ Z&.C STIB 07.2 14,5 211,84 52 6059 8745 500 440 S Liz
1403782 B8 28 BT LT T IND Y e D OTTE b 3 iSS ZIL4SSRTER 4R T ar g 8 T
14/63/82 10.82:27 420 I02.° G T STI S i6h.7 144 211159 8i7.8855 345430 5 ¢ 2
14/03/82 14:23:82 178.¢ 3724 26.8 573 4 7.2 4.4 2110 57 BU6.7 89%.3 47,8 43.¢ 3 1 1k
14/03/8C 16.c3 08 175 7 372.¢ 265 971 5 :07.2 14.4 2150 So b0b.c 5.7 45,7 440 5 L il
14/03/82 22:33-18 182 £ 3733 Zh.b ST 3 1073 443 216,554 6355 853,955 £ 47 ¢ 3§ :d:
15/03/82 02-23:22 186 3 I73.2 26 6 572.3 107.3 14.4 214,453 BO4.0 852 { S8.¢ 42.7 & 1 i3
15/03-82 06:23:27 179.6 37:.9 26 7 S72.7 467.4 34.5 212.3 54 367.B B55.5 50,0 43.¢ 3 1 i3
19,0382 18:23°33 479.0 I & 22.% 3740 1064 34.4 2010 SH BOT.E B54.6 45,9 43,5 5 1 15
15/03/82 14:23:37 177 2 371 P 268 573.2 :07.8 14.4 2i0.9 98 916.1 878 VB ACE S 1 el
£5/03/82 18:23:42 178,37 372.3 20.%t S7C.7 1022 14.4 211.0 S6 Bi9.2 £56.6 45.5 43.¢ T ist
15703762 22.23:43 179.6 3730 i 3 ST 3 107.2 1453 2.0 54 BU7.F 6355479 455 o 1 it
16/03/82 02°23 53179 S 372 %7 &35 ST 067143 216,353 804.9 8325500437 S5 4 T
16/03/82 06:28:05 47° € 373 1 o 7 SeFCLET 04430 T o¢805.3852.¢ 6.0 45k ¢ § %
16/03/82 10:24:08 178.5 372.4 256 8 S73.0 106 7 $4.3 210,556 805,53 85284792457 & i1 1l
§6/03/82 14:36:35 179.5 375.5 2t.4 570.4 400.4 14.4 210.6 55 8¢7.1 654.7 50 5 442 § i 18
16/53/82 18:33:38 17%.6 370 7 20,3 38%.6 $07.2 £4.3 210.5 5¢ 806.8 854.4 Su.0 44.4 5 1 it
16/03/82 22:38:44 180.4 370.8 26,2 S568.6 106.1 14.4 210.7 54 005.4 852.9 50.0 44.7 S 1 1%
17/83/82 02:38:50 180.2 374.0 26.2 568.8 106.7 14.4 210.8 53 803.9 854.5%6.1 44.4 5 {§ 1%
17/03/82 66:38:55 183.5 371.1 26.1 568.7 106.7 14,5 241.0 S3 802.9 850.4 S0.4 44.4 5 1 264
17/43/62 10:39:01 179.4 370.3 26.2 568.4 §04.6 14,6 211.1 55 B07.7 855.360.0 44.9 S {1 205
§7/03/82 14:39:07 177.7 369.3 26,7 572.f §06.8 14.5 211.1 97 806.7 654.3 49.9 44,3 5 1 269
$7/03/82 18:39:12 179.4 370.5 26.2 S68.7 106.6 14.5 241.1 55 806.6 854.3 50.0 44.6 S 1 243
17/63/82 22:39:18 180.4 370.9 26.3 969.5 106.3 14.6 241.3 63 803,7 854.3 90,1 445 S | 217
18/03/82 02:39:22 180.9 374.4 26.1 S68.1 £06.7 44.5 241.4 53 862.0 849.5 50,1 44.4 5 § 224
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Table C-8. Endurance Test Record, Part 4 of 10

Date Tine 13 U PR ) oM P2 Tc Tr Rile KM Freg EFf L tra f.le
psia  of T bte/lo klb/h psia oF X Hz 1

18/03/82 v6:39:29 180.2 371.4 26.3 So?.5 107.1 14.6 211,95 53 90§.5 849.2 5i.1 440 S § 25
18/03/82 10:39:36 177.7 369.5 26.4 565.7 107.7 §4.5 211.5 57 807.9 855.9 9.9 4.3 § | 29
18/03/62 14:39:43 178.8 369.4 26.7 572.0 106.2 §4.7 211.4 57 806.4 854.0 9.9 4.7 S | 213
18/03/82 18:39:49 179.2 370.3 26.3 S569.9 106.9 14.5 2:1.4 56 805.8 854.4 49.9 44,4 S { 27
18/03/82 22:39:55 180.1 370.8 26.4 570.3 106.1 §4.5 211.4 54 804.5 852.1 50.06 44.5 S5 | 244
19/83/82 02:48:01 106.3 370.9 26.3 S70.%1 106.7 4.6 241.4 54 803.2 850.7 S0.0 4.4 S | 245
19/03/82 06:48:08 180.0 370.8 26.3 569.8 §05.8 14.6 211.4 54 B03.7 854.3 50.0 448 5 { 249
19/03/82 10:35:35 179.0 369.2 26.6 57§.9 106.0 14.6 211.4 S5 805.4 853.6 49.9 446 S | 254
19/03/82 14:20:41 178.2 369.5 26.6 S71.9 167.2 14.6 211.2 56 907.8 855.4 49.8 44.2 S § 759
19/03/82 10:05:48 178.7 370.2 26.6 572.0 106.3 14.5 211.2 56 809.3 857.0 49.9 4.5 5 1 264
19/83/82 22:35:57 179.9 370.3 26.5 S71.2 305.9 14.5 211.4 55 807,6 855.2 9.9 44,6 S 1 2%
20/03/82 02:21:02 179.8 359 3 26.4 S76.3 106.1 14.5 241.1 54 066.3 853.9 50.0 44.6 5 275
c0/03/82 Oe:0o:07 179.8 J07.2 6 4 S70.6 §07.6 14.4 214.0 54 B05.5 857.250.0 44,2 ¢ 23
20/03-82 §9:23.45 170.7 362 7 Zo & 370.3 406.7 14,3 211 0 55 867.7 835.3 49.5 455 ¢ . ¢
ch/i3/82 07047 52570 % JoB.8 Zx.4 STE 4 45,5 14.5 2010 55 8E7.4 B55.0 45 9 42 - -
SR 1104 2o TR T WTD Lo B STl the i 14SUEI SO BITE RS 445945 ¢ ¢ 2
21/67782 §5.44: 3- 1705 365 ¢ 234 Sp%.3 1.7.4 14,4 210 B SE BR9.0 B3c.b 45.7 444 ¢ in
SRR AT A LTS It Seb S 40T.E 14 3 21059 838.1 8557 855 820 ¢
€:o03732 2315843 154 3T T I 307.6 MTI 343 a2 Sn Bib BB 45 44T 2 L 2
3203782 03:44.40 166 3 3750 Ze.r S6r.E fbe.5 14.3 2413 93 653 852.5 Su.i 445 & 1 -
:2';;’8‘ 67:34:54 480 9 I74.0 221 S67.9 {36.8 145 211,491 803.9 81,4 %5.1 458 o & I
209380 10 47T 655 Zed S P A1 14 01497 8078854478467 & 1 N
€&/33782 13105107 0.7 2671 6.3 S0t 7 L9065 14,6 211,258 BiF.8 657.4 49,7 451 = L 4,
22705782 §9::544 179 £ I.T Zell SHS.c 166 G149 U129 80788534438 450 & ¢ -4
227038z 2491¥ fae 1 TP e 20 Soo Z 100 2402454558062 8538 475457 <« U <&
23/8378c 03:45°85 §79 7 SFl.0o oo & S0d.0 107.1 $4.0 2324 55 B0B.B 8365455457 © ¢ a:
c3ideoc 0743032 1806 IT0.T Zeui %277 fio.b 44321104 54 641 B31.645.948% o [ L
EERI AR I P L TLY Ch ot Sen BA6T.3 15,0 2114956071 BT A9 B A4 b [ &
2363/¢ 39-13:22 479, 3 0.l oe.d e, 107.3 345 201,21 S0 Bid .1 8359458445 & [ o
S3LFBZ 471342 17 e 709 261 S0b. U 1679143 211,73 90 8:2.5960.2 45,06 446 & b &l
2374300 231352 378 Fevt Co.d SbB 4 167.4 14,5 211, 3 W B0T.0 895.245.9 444 ¢ ¢ T,
24/03/82 03:45:% §80.2 370.¢ Zo.1 567.6 106.8 14.4 £41.2 95 805.9 853. 4 BIMS & & T
24/03/82 1746201 175.6 370.5 26.1 S6B.1 167.0 14.4 241.2 S0 B09.6 857.549.6 847 & &
24703/8¢ 11:16:06 177.4 376.4 26.% S07.6 107.2 14.5 201.2 55 867.4 855.9 49.8 44.7 & v &5
24/03/82 15:16:43 179.6 370.5 26,1 568.1 106.3 14.4 241.1 56 867.7 855.349.8 44,6 & 0 8B
24/03/82 19:16:20 179.8 370.5 26.2 S69.0 106.6 14.5 294.0 55 897.4 895.0 49.944.6 & ¢ 92
24/03/82 23:46:25 180.4 370.7 26.3 570.2 106.0 $4.4 241.0 54 607.0 854.6 49.943.2 6 0 %
25/63/82 03:16:30 179.6 370.6 25.0 567.6 107.5 §4.4 210.9 55 841,56 859.4 49.9 44,7 & 0 100
25/03/82 §7:16:37 180,3 370.7 26.1 568.2 107.0 §4.4 210.9 54 805.8 853.4 49.9 44,4 & 0 {04
25/03/82 11-30:41 §79.4 370.3 26,2 S68.5 106.7 34.4 210.8 55 808.4 855.8 49.8 446 & © 408
25/03/92 15:16:45 178.9 370.3 20.2 568.8 167.3 14.3 210.7 55 007.4 955.0 49.6 44.2 & 0 12
25/03/82 19:16:51 180,2 370.9 26.1 S0B.4 106 9 14.3 240.7 53 067.4 855.0 S0.0 44.4 6 0 {16
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Table C-8. Endurance Test Record, Part 5 of 10

Date Tine P T
ps.a  &f

25/63/82 23:16:53 188.4 371.0
26/03/82 03:17:15 180.3 3714
26/03/82 67:17:11 180.1 37{.{
26/03/82 11:47:46 178.9 374,
26/01/82 15:47:20 178.4 370,
26/03/82 19:17:26 179.6 IN,
26/03/82 23:17:32 180.4 37
27/03/82 63:17:38 188.2 37
22/03/82 97:47:04 180.1 37
27/03/82 11:17:49 178.6 37
370.

28/04/8’ 03 19 12 179 8 %9
26/93/8; 07:18: 16 179.7 370 8
2883782 11118.20 1808 G ¢
S5 Al 132 1Ty 6 I
26, 083/8; 17-46.37 &8 1”0
28,3782 2314637 456 & 371 .2
29/03-82 £3:1945 435.2 71
29/03/82 07:18°51 188.4 374.4
29/63/82 1148:57 176 1 LS
29/83/8% 15:4%:62 476 8 7% 4
29/63/82 19:19:0% 179 & T7C.
29783762 23:47 24 127 0 Ty
30403782 (349 47 7.9 Ty
33/63/32 07:19:24 18i.6 34
30763782 11:49:34 479, y
M/NTIRE 45:47.38 47
36/03/82 19149 25 32{ .
30/03/8c 23:19:5¢ 126.7
31703782 03:19:56 161.1
34/03/62 07:20-01 180.7
31/03/82 $4:20:06 {77
31/03/82 §5:06:39 177.
31/03/82 19:06:44 178,
31/03/62 23:06:48 179,
01/04/82 93:06:53 179.
05/04/82 07:06:58 179,
04/04/82 $1:97:05 178.
91704782 §5:87:42 178,
08/04/82 19:07:16 478,
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H M P2 T2 Tr Khe WM Freq Eff DT
X bru/lb klb/h psia of 1 Hr %

Seb.S 106.6 14.4 210.9 S 805.8 853.4 50.9 44.6
$67.7 106.4 14.4 210.9 S3 804.6 852.2 S0.0 44,
S68.0 i06.4 4.3 210.9 52 802.6 850.4 SO,
S70.4 106.4 14.4 240.9 54 805.2 852.7
969.2 107.6 14.4 210.8 S5 806.8 854,
$67.7 106.5 14.4 210.8 53 807.3 954,
$67.7 105.9 4.4 210.8 52 804.1 854,
S58.3 105.8 14.3 210.7 S2 863.0 850.
$67.7 106.4 14.3 210.7 S2 883.6 851.
970.0 106.{ 14.3 218.7 S6 809.7 857,
558.5 106.4 14.4 218.6 S4 807.8 855.
568.3 166.2 14.3 210.6 54 806.8 653.
065.6 105.3 14.3 210.6 S3 B04.9 852.
S08.0 105.9 14,3 210.6 53 804.7 85
568.6 135.9 14.3 210.6 S3 B04.6 8
362.7 Lvd.s 14,4 16 7 53 6.7.4
S5 5 i0c 9 14.4 216.0 55 BiL.
9653 1 106.3 14 4 215.7 53 8ib,
9074 105.9 14 3 230 7 53 BiS
565. 18‘.1 14.3 248.7 53 866.¢ 'S b 43,
968.9 1G5 7 14,2 2406.7 92 604.3 85: .8 54,
87¢.7 115, 3 14.3 240.7 94 806.0 853.¢ 49,
567.4 405 7 14.3 210.6 53 806 .0 853.6 45.7 45,
568.3 1065.7 14,4 2i0.6 53 807 3 8%4.5 56.9
Su5.4 105.5 44,3 240.7 52 60S.1 85¢.6 Gi.t
Set.¥ 105 7 14.3 240.7 52 80S.2 852.7 S0.1
So7.8 $06.3 14.4 210.9 52 894.3 851.8 5&.0
S0%.7 445.7 14,5 C53.0 53 804.5 €52.6 5.0 44,
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S0 1 406.4 14.¢ 21,0 95 Bio.7 654,73 4%,
S62.% 103.6 14.9 24:.1 G2 805.5 853.8 S0,
566.5 106 4 14.3 291.3 6: 802.7 85).2 o..
$71.7 187.6 14.5 244.3 51 80S.3 852.9 S8,
S7:.0 166.3 14.4 245.4 51 B01.7 849.2 50,1 43,8
573.8 105.7 14.5 211,3 O6 B04.5 852.0 49.9 44 .4
S74.4 106.9 §4.5 2§1.2 57 807.4 855.0 49.8 44.4
674.8 106.5 14.4 211.2 54 885.4 854.0 49.9 44.6
569.8 105.6 14.4 214.2 53 805.7 853.3 S0.9 44.8
570.2 £05.1 4.4 211.2 53 895.2 852.7 S¢6.
969.4 105.2 14,5 211.2 52 904.2 851.7 §
968.7 186.6 14.5 211.2 54 865.9 853.5
S78.3 106,14 14.5 211.0 S5 867.4 855.0
0
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9.0 45 2
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Table C-8. Endurance Test Record, Part 6 of 10

Date Tine Pf TL Bt H M P2 T2 Tr Kde KiM Freq EFf DC trk file
psia  of I btu/iv klbsh psia oF 1 H: X

01/04/82 23:07:22 179.6 370.5 26.0 567.0 §05.6 4.5 241.0 54 806.3 853.9 49.9 45.2 ¢ 4
§2/04/82 03:07:29 179.1 370.4 20.3 969.2 165.4 14.5 210.9 S3 807.4 855.0 45.9 4.5 o i 8
02/04/82 07:07:36 180.0 376.6 26.4 570.3 £05.2 14.4 210.9 S3 805.9 853.550.0 44.6 & 1§ {2
02/04/82 11:07:43 178.0 370.0 26,6 574.5 105.0 14.4 244.0 54 805.8 853.4 49.9 449 & 1 16
02/04/82 15:07:50 177.8 369.6 26.5 570.7 105.3 14.4 210.9 56 808.4 856.0 49.8 45.4 & {1 2
§2/04/82 19:07:56 179.2 370.4 26.3 569.3 105.8 14.4 210.9 54 807.7 855.3 9.9 M8 b6 1 24
02/04/82 23:08:02 179.0 370.4 26.3 569.2 105.6 14.3 210.9 55 610.8 858.549.945.0 & | 28
03/04/82 03:08:09 179.2 376.7 26.4 570.3 105.0 14.4 210.8 53 806.4 €53.9 49.945.6 ¢ {1 32
93/04/82 07:98:45 179.4 370.6 26.1 567.9 105.2 4.4 210.8 53 896.5 854.1 49.945.2 b {1 36
93/04/82 11:08:21 178.8 370.5 26.3 569.4 105.5 14.4 2106.8 53 698.5 856.1 9.9 45.4 6 {1 40
03/04/82 15:08:26 178.0 370.3 26.3 569.3 £05.2 14.3 210.7 53 805.8 853.4 49.945.0 6 { 44
93/64/82 19:98:34 179.5 370.9 26.0 567.2 £05.8 $4.3 210.8 52 805.2852.850.0 44.9 6 1 48
03/04/82 23:08.3¢ 130.0 37{.4 25.9 560.3 §05.9 14.3 210.9 S2 803.8 851.3 50.6 44,9 & [ I
04/04/82 03:08:42 18{.f 374.0 25.5 S60.9 165.6 14.5 210.9 Sf Bd3.1 850.6 56.0 4.3 ¢ 1 S
04/04/62 £7:00°45 179.9 3716 26.1 S67.7 105.4 14.4 21,0 52 80S.0 852.6 S0.0 45.2 & i &l
£4/84/82 11:68:55 18,1 376 8 Zo.1 3000 fu6.3 34.4 201.4 OZ 602.9 850.4 5.0 446 b 1 r-
§4704/82 15:05 02 478 00 D oo 2 AR S 484.9 14.5 2118 52 6041 8216500 4. ¢ 1 ¢

J4/04/82 15:09::0 187 £ 3769 3.7 Sb- B 166 0 14,5200.1 5360748550 50.045.2 ¢ i °

G4/68 32 B3:03:(7 4F7 ¢ 7L T 39 G4 Jale 1 16,6 210.2 51 893 26507 SR.0 451 & @ T
05/64/8¢ 03:6%.¢8 16..2 371 & &o,v S6E.2 95.1 24,3 248.2 51 BGC.5 85,4 5.0 443 o @ a
09/04/82 §7:96 7 1214 3706 55 Sub.7 409.5 34,6 214.2 Of BO3.1 856.7 SC.4 466 & ¢
05/04/87 1420231 77 € 370 Y 20T Sef 9 406.4 14,4 ’11 395 B04.0 8527 49,5 44,7 p ¢
65/04/82 15°69-30 §77.2 3700 2.4 570 44057 140 210,354 805 4 B53.0 49.9 445 » . &
05/64/62 19: 0“:47 177.8 370 7 b0 567.0 100.6 46.5 211.3 53 608.3 856.0 50.8 45.0 ¢ 1 %
05/64.°82 25:09:4% 386,73 3700 Eo.0 507.5 109.2 14.5 211.4 Of 803.6 851.2 50.6 45.c & 1 &

85/04/82 Bu.ﬂv::: 160,437 6 26.0 567.5 105.7 §4.5 241.4 of Ble.s 853.7 5.1 45,y 6 1 il
06/04/82 £7:09:5% 176.5 37:.4 20.0 Sb6.7 105.5 14,6 211.5 51 B01.6 849.2 S5i.1 45.3 & 1 1¢c
00/64/62 14:46:05 175 & 376.2 26 3 565.5 $05.5 14.6 214.4 53 603.0 850.5 49.7 4.9 & § i
for44°82 §5:40 41 176 9 370,20 26 2 5683 10E.L 4.0 245,35 54 But 9 B54.5 495 435 & 1t
§56/04/62 19:46:00 177.¢ J70.7 26,1 G6B.2 165.B 14,5 241.3 52 8i5.3 852.9 50.6 45.0 & 3 ¥
06/84/B2 23:45:20 <80.2 376.7 26.1 567.8 f06.4 14.3 2:1.3 52 dve.7 854.5 56.0 44.8 o 1 1l¢
07/64/8: (3:46:25 120.4 370.0 2o0.1 567.6 £05.0 44.5 243.3 92 683.7 854.2 56.0 45.3 & 1 1&
67/04/8 97:59:32 18{.¢ 3°6.¢ 2¢.c S569.2 104.9 14,4 2:1.2 51 803.5 854.4 50.0 45.0 & { N
07/04/82 11:59:38 179 6 37(.5 26 § 567.8 105.8 §4.5 214.2 53 805.4 853.0 49.9 45,4 6 1 135
07/04/82 15:59:44 179.8 370.6 26.3 569.8 $04.4 §4.4 244.4 53 805.7 853.3 50.0 45.3 & § 43¢
07/04/82 19:59:49 180.0 370.7 26.2 568.7 £05.6 §4.5 211.4 S3 805.2 852.8 50.0 44.9 6 { 143
07/04/82 23:59:94 180.8 370.9 25.3 S69.7 105.3 14.4 211.4 Sf 805.4 852.7 50.0 4.8 &6 § 147
08/04/82 04:00:00 179.8 374.0 26.3 S70.1 104.6 §4.5 214.0 52 805.3 852.9 50.0 45.2 & § 18}
08/04/82 08:00:06 180.4 370.8 26,2 S568.9 105.5 £4.4 211.§ 51 B04.9 852.550.0 44.9 6 § 55
08/04/82 §2:00:41 180.6 374.0 26.2 569.4 104.7 14.4 211.1 52 807.0 854.6 49.9 45.2 & { {59
08/04/82 16:00:16 184.3 370.9 26.§ S6B.4 105.0 £4.5 211.0 52 808.6 856.3 50.6 45.4 & {§ 167
08/04/82 20:00:22 180.3 370.9 26,1 568.4 £05.4 14.4 214.0 52 806.7 854.3 49.9 45.4 & § 17
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Table C-8. Endurance Test Record, Part 7 of 10

Date Time PE TE G H M P2 T2 Tr Kile Kin Freq EFf DC try file
psia  oF I btu/ip klb/h psia oF % Hz 2

09/04/82 €0:00:27 179.8 370.9 26.2 S569.4 104.6 14.5 211.0 52 805.5 853.0 50.0 45.3 & { 174
09/84/82 04:00:33 180.4 371.1 26.2 568.9 105.0 4.4 240.9 Sf 80S5.5 853.1 50.0 45.4 & { {75
09/04/82 08:40:3% 180.4 371.3 26.5 S571.4 104.0 14.4 211.0 S0 804.0 854.550.0 45.8 & { 1%
09/04/82 §2:00:45 180.3 370.7 25.4 570.7 104.9 14.5 21,0 S 805.9 853.550.0 45.0 & 1 83
09/04/82 16:00:54 176.8 370.0 26.3 569.8 105.3 14.3 214.0 53 805.3852.9 0.0 4.9 b | 187
§9/04/82 20:00:56 180.0 374.4 26.3 569.7 104.0 14.4 211.0 S2 804.5 852.2 50.0 45.4 b { 5!
10704/82 00:01:02 180.4 374.3 26.0 S567.3 105.5 4.5 211.1 Sf 804.2 851.8 90.4 45.4 & {1 {95
10/04/82 04:01:07 180.8 374.3 25.9 S66.4 105.3 14.4 211.1 S0 804.4 854.7 50.1 45.2 6 { {99
10/04/82 88:01:13 181,80 371.2 26.3 S70.5 104.7 4.5 211.3 50 B63.7 851.3 50.1 45.6 & § 203
10/04/02 £2:04:20 184.1 374.0 26.1 S68.4 104.8 14.5 241.4 51 803.3 650.9 50.0 45.2 & { 207
10/04/62 £6:01:26 179.8 37¢.8 26.{ S68.3 105.1 14.6 264.4 52 804.5852.4 50.0 45.4 & § 214
10/04/82 20:01.32 134.7 374.6 2b.2 569.9 104.1 14,5 211.5 56 803.4 850.9 50.0 45.2 6 § A5
11/04/82 00:84:38 179.9 371.3 2b.1 S68.5 103.9 14.5 211.6 51 802.4 849.955.4 406 & 1 &°
11/04/82 §4.0::43 “8L.% I71.3 2t.7 565.9 104,59 14,5 218.7 51 Bli 7 645.4 50,4 450 & 1 T
13/04/82 0c:04+48 4750 3756 C» & SVL.4 404.5 4.6 205,88 5: Bu2.6 850,156,086 1 & @ CZ

11764/82 12:89:93 {772 365 6 a.t 741 f03.B 447 218 753 BIC. 1 85259457 45,4 p 1 I
$1/06/82 16:02:00 173 6 365 7 Zoc STL.41.4.4 586 A1:.6 ST EUR 6 BYS.24FE 455 o 1 I3

31/04782 23:82: 05 3753 370 0 Zo.l 5Th.4 305 134020033 Buay B2 SSRL0 436 ¢ 1 T

12/64/82 00:02:42 379.0 370 & co.d ST M43 140 231 7 Se Bud 4 BOELO Sv.d 451 o 1 X
12/04/82 04:02:4c 179.3 3708 2o © SV 7 4{3.8 14,6 211,752 80 78493501 433 & ;4

12/68/82 06:02:24 7.2 370 ¢ Zo.4 570.8 164.6 14.6 251.6 O2 B2 § B50.9 50,1 43,2 ¢ 1 %
1¢/04/82 12:82:36 173.7 3e2 € o7 SP1.4 4063 5 14,0 231.7 57 B02.S B36.: A5.6 43,8 o 1 25:
12/04/82 16:02 35 179 9 36T & . & S0k §0s.3 14,5 241,05 %0 05 2 852.8 45.F 45.C ¢ {35
13764/8; 20:02:42 378.7 370.4 » 3 O7L.6 404 4 445 H1.S Q2 803769130 452 o 1 2o
$3/04/62 00:02:4¢4 1754 370.c 2o 4 S75.3 103.5 24,6 Q3.6 31 Bbo.Z 8476 3.1 45,5 v 4 &
$3,04/82 08:02 42 T8 3 370 2 o4 S0R.7 4040 146 210,55 B0J.0B50.95L.1 45, & ¢ T
13704702 08:02:54 {78 3374 0 o7 TTLL0 4034 {45 211,562 302.2 849.760.0 45.0 & 1 273
13/04/82 42:83:00 177.7 39 & 5 3 5708 il3.0 14.6 2114 54 Eu3 o 8507 Su.0 458 & 1 T°
13/04/82 16:03:05 176.4 305.9 Zo.b S7i.3 104.2 14,9 231, 1 So 6(5.9853.54.5450 v i Io°
13/04/82 20:83:41 1755 300 0 ooz 20B.6 104.7 14,0 240,353 Bi4.4 852.0 SL € 45.6 ¢ 1 Zc

14/04/62 00:03:54 478 £ 3706 Cp.f 53714052 14,0 214352 863 88543660 455 7 @ £
14/04/82 64:04:62 179.9 370.7 58 965.4 105.0 14.6 2:1.2 54 803.6850.950.3 45.7 7 O i
14/04/82 08:04:67 176.6 370.0 26.2 S68.4 104.9 14.5 211.2 52 803.1 850.7 64,0 45.3 7 O 1
14/04/82 12:04:48 177.4 369.5 26.5 S70.6 184.4 14.4 211.2 64 805.1 852.6 49.945.3 7 0 2§
14/04/82 16:04:20 177.2 369.3 26 3 968.7 104.9 14.5 211.1 S6 B06.6 854.2 49.9 45,5 7 0§ 24
14/04/82 20:04:25 177.5 369.7 26.2 567.9 104.9 §4.4 211.1 53 806.1 853.7 49.9 456 7 0 26
15/04/82 80:904:29 177.4 369.4 26.2 S68.1 105.2 14.4 24,0 56 809.2 856.949.945.5 7 § I
15/04/02 04:94:33 £76.9 369.4 26.2 567.9 185.3 14.4 210.9 55 809.5657.249.945.6 7 6 3
15/04/62 08:94:40 177.2 369.4 26.2 S568.1 405.1 14.4 210,9 S5 0069.3 857.0 49.86 45.6 7 0 &)
15/04/82 12:04:44 176.4 369.1 26.2 S67.7 {04.4 14,4 210.8 56 807.2 854.8 49.8 4586 7 0 44
15/04/82 16°04:50 178.4 369.9 26.1 Sb7.6 165.0 14,3 210.6 53 807.5 855.4 50.6 45.4 7 0 48
15/04/82 20:04:5 178.1 369.6 26.1 $67.8 105.1 §4.3 216.6 54 810.6 B58.3 50.2 455 7 § 92
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Table C-8. Endurance Test Record, Part 8 of 10

Date Tine LSRN § U H M P2 T2 Tr Kie KWM Freq Eff DT trk file
psia  oF 1 btu/lb ilb/h psic  oF % Ht 1

16/00/82 00:05:03 178.6 370.1 26.3 569.0 404.7 14,4 210.7 52 006.9 854.6 50.2 45.4 7 0 S
16/04/82 94:05:09 179.3 370.4 26.3 569.4 104.0 14.3 213.8 54 604.5 0520 50.245.3 7 0 ¢
16/04/82 08:05:45 178.8 370.3 26,3 569.0 184.0 §4.4 211.0 52 604,08 654.550.4 455 7 0 o4
16/04/82 12:45:20 177.9 369.4 26,3 569.2 405.4 14.5 241.4 54 8055 853.1 49.945.3 7 0 8
16/04/82 16:05:25 177.5 369.4 26,3 569.% 194.7 14,4 241.1 54 616.9 054.5 49.945.5 7 ¢ 72
16/04/82 20:05:30 170.3 369.8 26,2 568.5 104.4 14.5 211.2 53 604.7 0523 49.945.7 7 0 %
17/04/82 §8:05:35 179.4 369.9 26.4 570.3 $04.3 44,5 211.2 52 004.0 858.550.0 453 7 & 8
17/04/82 04:05:41 179.0 370.5 26.3 569.4 104.0 £4.5 214.2 51 883.6 858.1 50.0 455 7 0 B4
17/04/82 08:05:48 177.9 369.8 26,5 570.4 104.0 14.5 241.3 53 604.9 052.4 49.945.6 7 ¢ 88
£2/04/82 §2:45:52 176.9 369.4 26,5 570.0 104.8 14.7 211.3 55 8064 853.7 49.9 45.7 7 § 92
17/04/82 16:06:00 177.4 369.4 26,3 S68.7 184.9 14.6 241.3 56 007.5 855.1 49.845.7 7 0 %
17/04/82 20:06:06 177.7 369.7 26.6 S71.4 104.6 14.6 244.3 53 866.4 853.6 49.945.3 7 0 4!
18/04/62 00:06:11 177.6 369.6 26,4 570.0 $04.3 14,6 211.4 54 807.5 855.4 49.9 458 7 © 14
18/08/82 64:06:19 177.7 376.4 26.3 569.3 103.9 14.4 211.4 52 803.3 850.8 49.9 45,0 7 & ii¢
18/0/82 08+06:24 179.2 376.4 26.3 569.3 103.6 14.6 244.5 51 803.3 850.9 69.0 45,8 7 § iz
16/0/82 12:06:30 176.4 369.0 26.8 S72.6 103.7 14.6 211.4 56 806.4 §53.7 49.8 45.7 7 ( 138
18/04/82 16 06:36 176.4 39.9 26.5 571.0 104.0 44.5 211.4 53 807.8 855.5 49.9 45.6 7 { 1%
16/06/62 20:06:46 177.9 369.8 26.5 57C.4 103.5 14.5 241.4 53 B6.6 854.2 45,9 45.5 7 4 1i4
19/04/32 §6:06.49 178.4 369.9 26.4 S70.1 104.0 44,5 211.4 53 604.6 852.2 45.9 43.5 7 ¢ 425
19/04/82 04:06:54 176.5 370.1 26.5 570.8 404. 14.5 241.3 51 805.4 852.7 60.0 45.5 7 ¢ {32
19/04/62 08:06:59 176.5 376.0 26.6 572.0 103.4 14.5 215.4 52 866.4 854.0 4.9 45.7 7§ i
19/04/82 12:07:06 75.0 370.2 26,6 571.8 102.9 14.5 241.3 52 804.5 8524 49.9 45,7 7 ¢ {&
19/08/62 16:67:4Z 176.5 37..1 26.4 570.4 103.4 14.6 211, G2 804.4 852.0 49.9 45.5 7 0 14
19/04/82 20:07:17 176.7 376.2 2.5 576.8 103.1 14.5 211.1 52 804.7 852.2 49.9 45.6 7 § 1%
20/04/82 60:07:22 178.6 370.4 20.6 573.7 163.3 14.4 241.1 51 804.3 651.8 49.9 45,5 7 ( {3
20/04/€2 04:07:20 178.8 370.4 26.4 S70.2 407.4 14.4 24,0 52 805.2 8527 45.9 45.7 7 & %t
20/04/82 08:07:35 178.5 369.9 26,5 570.9 103.6 14.5 201.4 52 804.1 654.7 49,9 45,5 T ¢ ip:
20/04/82 12:07:46 177.8 309.5 26.7 572.4 104.5 14,4 241.4 54 810.7 858.4 49.8 45.4 7 104
20/08/82 16:07:45 178.1 369.7 26.6 571.8 103.7 14.4 244.0 54 B10.2 857.9 50.0 45.6 7 & foi
20/08/82 20:07:51 179.4 369.9 26.6 572.0 133.2 14.4 211.0 52 805.3 852.9 50.1 45.6 7 ¢ 4%
24706792 909754 176,0 370.4 267 572.6 102.6 14.4 21,0 52 80S.1 8527 50.4 45.7 7 0 %
21/08/62 06:09:00 476.3 370 = 3t 7 373.3 404.9 §4.4 214.0 i B04.6 852.2 60,0 45.8 7 O 166
21/04/82 08:08:05 178.6 365, 20.7 5722 14é.7 14.2 211.0 54 B03.4 854.0 50.0 45,5 7 0 48
21/64/62 12:00:40 176.0 369.4 26.7 572.2 102.3 14,5 21,0 53 005.4 853.0 49.9 46.4 7 0 488
21/04/82 16:08:17 176.8 369.3 26.7 572.3 102.6 14,4 210.8 63 806.8 854.4 50,1 45.9 7 0 92
20/04/82 20:08:24 177.8 369.0 26.7 $72.6 103.4 14.4 210.9 52 604.8 852,4 50.2 45.4 7 O 1%
22/04/82 00:08:29 177.5 369.7 26.6 574, 103.5 14.4 211.0 52 83,7 854.2 50.2 45,5 7 § 200
22/04/82 04:08:34 178.5 370.1 26.5 570.9 102.4 £4.3 210.9 50 893.4 850.9 50.345.8 7 0 204
22/04/82 08:08:39 176.6 370.0 26.6 S74.5 102.6 14.4 211.0 51 892.9 850.4 50.245.8 7 0 298
22/04/82 12:08:45 177.6 369.4 26.5 570.8 102.8 4.4 211.0 53 695.0 853.3 50.2 46.6 7 0 212
22/04/62 16:98:51 176.4 369.7 26.8 573.6 103.0 £4.5 211.0 52 806,3 €53.9 60.2 45.6 7 0 21b
22/04/62 20:08:57 178.4 370.4 26,5 S74.4 103.3 14,3 244.0 52 887.3 055.0 50.2 45.6 7 220
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Table C-8.

Tine LI

piad of
23/04/82 00:09:02 §76.§ 389.9
23/04/82 04:49:09 178.9 370.2
23/04/82 14:14:03 179.6 370.7
23/00/82 18:44: 48 177.7 369.7
23/04/82 22::4:14 178.8 370.2
20/04/82 02:44:19 178.2 370.2
24/04/82 06:14:26 179.4 3.6
24/04/82 10:14:33 177.7 369.7
24/0/82 14:44:39 177.4 369.5
20/04/82 18:44:47 178.3 369.9
- 24/04/82 22:14:52 178.8 370.4
25/04/82 02:14:59 178.9 370.3
25/04/82 06:45:06 175.0 370.2
23/04/82 40:.3:3f 177.5 3e9.7
25/04/E2 14:45:4¢ 177.9 360 ¢
25/04/82 18:45:23 176.€ 369.9
e5/04/82 22:45:26 {7B.7 370.3
26/04/32 02:45:32 176.6 3.4
26/04/82 06:15:39 180.9 374,34
26/04/82 10:15:45 {78.1 369.8
26/04/82 14:45:50 177.5 369.6
26/04/82 18:15:55 176.6 369.4
26/04/82 22:16:01 178.9 369.9
27/04/82 82:16:87 £79.5 376.1
27/04/82 D6:16:12 181.4 371.4
27/704/82 10:16:16 178.6 369.9
27/04/82 14:46:21 176.3 369.7
27/04/82 18:16:28 177.7 369.9
27/04/82 22:16°33 176.5 369.7
28/04/82 02:16:37 130.2 374.0
28/04/82 06:16:43 181.0 37{.2
28/04/82 10:46:90 179.8 370.4
28/04/82 14:46:56 175.4 368.8
28/04/82 18:17:02 180.8 374.3
20/04/82 22:17:68 180.4 371,2
29/04/82 62:17:46 177.6 370.0
29/04/82 06:47:22 182.2 311.7
29/04/82 10:47:28 §77.5 369,
29/04/82 $4:47:33 §79.2 370,
29/04/82 §9:17:39 177.5 349,
29/04/82 22:47:45 179.3 370,
30/04/82 02:17:50 §79.8 I

Date
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3
8
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i
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Endurance Test Record, Part 9 of 10

h M P2 T2 Tr Kie

L biwsib klb/n psia  oF X W %

26,6
Zo.é
26,7
26.9
26.7
26.9
26.8
26.7
26,7
26.9
26.7
26.5
26.8
26.9
279
26.9
FL
éo.d
2.8

572.1 102.1 14.4 244,06 S1 803.4 854.0 SO.
S71.6 16c.4 §4.4 210.8 50 893.0 850.6 S0.
§73.2 102.1 14.3 210.8 49 803.9 854.4 S0,
S72.9 102.0 §4.3 210.7 S2 845.4 853.0 S¢.
$72.5 102.2 14,3 210.7 S0 883.5 855.1 S8,
$73.8 102.4 §4.2 218.7 S0 845.8 853.4 S0,
§73.4 108.7 44.3 210.7 49 804.9 849.4 SO,
S72.3 101.5 14.3 210.7 51 802.2 649.8
572.3 102.5 14,3 240.6 S1 804,3 854.
574,3 101.5 14,2 240.7 51 804.9 852,
$73.0 101.9 4.3 210.7 49 803.2 850,
§71.2 102.0 14.3 210.7 45 803.1 850,
§73.5 401.0 14.4 210.7 S0 802.5 850
S73.6 10:.7 16,3 210.8 52 504.9 832.5
S74.0 102.2 14.4 24C.7 54 835.1 852.7
574.5 10:.9 14.3 210.7 95.2 B52.8 oC.
574.2 101.3 14.3 Biﬁ 0 8380 S0,
S"' 2 2018 14,2
2.5 401.2 §4.3
577 £ 100.6 14.4
573.9 102.4 14.3
573.7 101.6 14 3
574.0 104.5 14.3
574.8 161.8 14.3
$73.6 101.4 14.7
4.4
4.1
4,2 ¢
4,2
4.3
4.3
4.4
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574.9 100.8 14.6 211.3 48 802.3 849,
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Table C-8. Endurance Test Record, Part 10 of 10
Date Time PEoTE W H M P2 T2 Tr KMe KNM Freq EFf DL trk file
psic  of X btu/ib klb/h psia  oF 2 Ha %

30/04/82 06:17:56 1779 370.2 26,9 S74.0 100.8 §4.4 214.2 S0 804.5 849.4 50,4 46,2 7 {1 108
30/04/82 10:18:03 179.0 370.0 26.8 573.5 104.6 $4.56 241.3 50 002.7 850.250.2 46 4 7 {4 {12
30/04/82 £4:48:09 178,56 370.0 26.8 S73.6 §01.7 £4.4 214.4 S0 803.4 851.0 50.2 45.9 7 § i
30/704/82 18:10:14 178.2 370.0 27.4 S75.6 104.1 14.5 211.1 S 804.2 854.7 S0.4 46,0 7 § 120
30/04/82 22:18:19 180.3 370.5 26.7 S73.7 101.8 14.4 215.1 48 804,14 851.6 S0.4 45,8 7 1 4N
04/05/82 02:18:25 179.5 370.3 27.0 975.3 100.6 4.5 211.4 49 803.3 850.8 50.2 46,2 7 1 {28
§1/05/82 £6:18:30 176.9 369.5 27.4 S75.7 104.4 14.3 241,2 53 897.7 8553 S0.8 46,4 7 {4 42
01/05/82 10:18:36 178.6 370.0 27.0 S74.9 101.0 14.4 211.2 59 803.6 854.2 0.2 46.4 7 {1 13
§1/05/62 $4:18:44 178,90 369.8 27.0 S75.1 £04.0 14.4 211.4 S8 804.3 854.950.2 46,4 7 1 40
01/05/82 18:18:90 177.8 369.6 27.0 S75.2 104.2 14.4 244,14 51 804.5 852.4 90.4 46.0 7 {1 144
01/05/82 22:18:5% 178.6 370.2 27.0 S74.9 500.9 14.5 214.2 49 802.9 850.5 50.5 46,2 7 1 {48
02/05/82 02:19:33 179.7 370.5 2.7 S73.1 101.5 14.5 244.2 46 800.9 84B.4 50.4 45.9 7 § {52
§2/05/82 66:19:09 179.7 370.S 27.0 S73.6 431.3 $4.4 244.5 49 804.0 851.6 S6.2 46.2 7 § {5
82/05/82 40:49:43 178.3 365.8 27.3 S76.% 400.2 14.4 211.0 49 8(2.1 f.7.6 50.2 45.9 7 { {&
02/05/82 14:19:48 178.3 376.4 2.2 S76.9 100.3 £4.4 216.8 49 804.3 854.9 S6.4 450 7 1 s
62/05/62 18:19:23 178.8 370.3 &7.c S7b.b 160.4 14.6 210.6 49 803.7 854.2 S90.2 40,4 7 1 st
02/05/8c 22:49:31 177.¢ 5 ¢ 27 L 975.4 160.9 14.3 216.6 #9 €02.5 850.0 S(.§ 4.5 7 3 {7
63/05/82 02:49:35 176¢.6 JL § <o ? 574.% 4iD.7 14,3 210.9 SO 864.9 852.5 Sv. 0 4c.c T i 1%
03/69/82 06:19:39 186,64 768 277 S70.% $9.6 14.5210.8 47 831.4 843.55..2 45 7 1 ldi
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