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ABSTRACT 

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

expectation that adherent scale would form during operation. 
Improvements in machine efficiency of 3.5 to 4 percentage points were 
observed over some test periods with some scale deposition. 

The HSE was designed with oversized internal clearances in the 

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

i i i  



(courtesy o f  DOE) 

Attendees of the August 14, 1984 Keet ing of t h e  Execut ive  Committee 

L e f t  t o  r i g h t :  R.  McKay, C .  C o r v i ,  R .  LaSala,  R .  S t e i d e l * ,  R.  Corsi., A.  Vanon, B .  Carey, 
A .  Adduci**, R .  Sprankle,  P .  Perez,  B .  Frau* 

* U n i v e r s i t y  of C a l i f o r n i a ,  Berkeley ** U.S. Department o f  Energy 



ACKNOWLEDGEMENTS 

This Task was based on the prior work and continuing 
participation of Roger S. Sprankle of Hydrothermal Power Co., Ltd., and 
Dr. Richard A. McKay of Jet Propulsion Laboratory, without whom this 
program would not have been possible. Mr. Sprankle conceived the idea 
of adapting a Lysholm-type machine to wellhead service on two-phase 
fluids as a means o f  exploiting liquid-dominated geothermal energy 
resources and was granted a use patent (No. 3,751,673) by the U.S. 
Patent Office in 1973. He provided invaluable assistance on 
installation, operation, maintenance, and repair o f  the helical screw 
expander power plant Model 76-1 during the Task. 
test planning and operations; data acquisition, analysis, and 
interpretation; and the overall evaluation of the power plant. The 
materials published in his report on the Task (Ref. 4 )  provided the 
basis for this final report to the International Energy Agency. 

Dr. McKay assisted in 

The Participants in the Task and their representatives were: 

Host Countries 

Italy 

Mexico 

Ente Nationale per 1'Energia Elettrica (ENEL): 
Dr. Ing. Corrado Corvi 

Comision Federal de Electricidad (CFE): 
Ing. Hector Alonso Espinosa 

New Zealand Ministry of Works and Development (MWD): 
Richard S. Rolton (and subsequently Brian S. Carey) 

Opera t i ng Agent 

United States 
of America Raymond J .  LaSala 

United States Department o f  Energy (DOE) : 

Together, these representatives constituted the Executive Committee that 
was responsible for the control o f  the Task. The actual field 
operations, test evaluation, and preparation of interim status reports 
by each o f  the Host Countries were supervised or conducted principally 
by Ing. Riccardo Corsi and Ing. Rosario Di Falco for ENEL; by Alfred0 
Manon, Francisco Bermejo, and Pedro Perez for CFE; and by Brian Carey, 
Barry Denton and David Wigley for MWD. Mr. Sprankle and Dr. McKay, the 
Technical Specialists provided by DOE, also participated extensively in 
these activities. Many of these individuals are pictured in the 
photograph on the facing page. 

Editing and revision of the source documents to produce this 
final report were conducted by Raymond LaSala, with help from the other 
members of the Executive Committee, Dr. McKay, and Peter A. Borgo and 
James Kupar of Meridian Corporation. 





CONTENTS 

SUMMARY .......................................................... x i  

A . GENERAL ............................................... x i  

B . CONCLUSIONS ........................................... x i i i  

1 . INTRODUCTION ................................................. 1-1 

2 . H E L I C A L  SCREW EXPANDER POWER PLANT ........................... 2-1 

A . P R I N C I P L E S  OF OPERATION ............................... 2-1 

B . D E S I G N  L I M I T A T I O N S  .................................... 2-4 

3 . T E S T  I N S T A L L A T I O N S  ........................................... 3-1 

A . MEXICO ................................................ 3-1 

B . I T A L Y  ................................................. 3-7 

C . NEW ZEALAND ........................................... 3-12 

4 . T E S T  PROGRAMS ................................................ 4-1 

A . MEXICO ................................................ 4-1 

B . I T A L Y  ................................................. 4-4 

C . NEW ZEALAND ........................................... 4-11 

5 . PERFORMANCE EVALUATION ....................................... 5-1 

A . METHODOLOGY ........................................... 5-1 

B . PROCESS AND PERFORMANCE MONITORING .................... 5-3 

6 . T E S T  RESULTS ................................................. 6-1 

A . MEXICO ................................................ 6-1 

B . I T A L Y  ................................................. 6-11 

v i  i 



C . NEW ZEALAND ........................................... 6-14 

7 . COST/BENEFIT ANALYSIS ........................................ 7-1 

A . MEXICO ................................................ 1-1 

B . ITALY ................................................. 7-9 

C . NEW ZEALAND ............................................ 7-15 

D . COST/BENEFIT ANALYSIS SUMMARY AND DISCUSSION .......... 7-19 

8 . POSTSCRIPT ................................................... 8-1 

REFERENCES 

APPENDICES 

A . MEXICO ................................................ A - 1  

B . ITALY ................................................. B - 1  

C . NEW ZEALAND ........................................... C - 1  

D . Task Agreement: Test and Demonstration o f  a 1MW 
We1 1 -Head Generator ................................... D - 1  

FIGURES 

1- 1 

1-2 

2- 1 

3- 1 

3-2 

3-3 

3-4 

3-5 

3-6 

1-MW He1 i c a l  Screw Expander Power P l a n t  (photograph) ....... 1-2 

1-MW He1 i c a l  Screw Expander Power P l a n t  (1 i n e  drawing) ..... 1-3 

H e l i c a l  Screw Expander. HPC Model 76-1 ..................... 2-2 

Process Schematic and Instruments: Atmospheric Pressure 
Discharge Tests. Mexico .................................... 3-2 

Process Schematic and Instruments: Atmospheric Pressure 
Discharge Tests. Mexico .................................... 3-3 

Back-Pressure P l a t e  ........................................ 3-5 

Back-Pressure Plate.  I n s t a l  l e d  ............................. 3-5 

Process Schematic and Instruments:  Sub-Atmospheric Pressure 
Discharge Tests., Mexico .................................... 3-6 

Water Supply System. Mexico ................................ 3-8 

v i i i  



t 3-7 

3-8 

3 -9 

3- 10 

3-11 

4-1 

4-2 

4-3 

4-4 

4-5 

7-1 

7-2 

7 -3 

7-4 

7-5 

7-6 

7-7 

7 -8 

7-9 

P i l o t  P l a n t  Equipment Flow Sheet. I t a l y  .................... 
Process Schematic: HSE Operat ing from Separator. I t a l y  .... 
Process Schematic: HSE Operating from Wellhead. I t a l y  ..... 
HSE Connection t o  I t a l i a n  E l e c t r i c a l  G r i d  .................. 
Process Schematic. New Zealand ............................. 
Summary o f  Operat ing Periods o f  t he  Cesano 1 P i l o t  P lan t .  
I t a l y  ...................................................... 
F i l t e r  Basket. I t a l y  ....................................... 
Assorted Samples o f  Scale. I t a l y  ........................... 
HSE Exhaust Pipe and Expansion J o i n t  w i t h  Scale. I t a l y  ..... 
HSE Exhaust Pipe a f t e r  Hamnering t h e  Scale. I t a l y  .......... 
Comparison between t h e  HSE and a Steam Turbine; Reservoi r  
Temperature 290'C .......................................... 
Mass and Energy Balances. Well M.43 ........................ 
Turb ine f o r  D i f f e r e n t  Temperatures ......................... 
Turb ine f o r  D i f f e r e n t  Temperatures ......................... 

Comparison between HSE (48% Machine E f f i c i e n c y )  and a Steam 

Comparison between HSE (55% Machine E f f i c i e n c y )  and a Steam 

Cesano 7 Back-Pressure Curve ............................... 
Schematic Diagrams o f  Two Back-Pressure P lan ts  t o  U t i l i z e  
Cesano 7 B r ine  ............................................. 
S p e c i f i c  Power vs . Wellhead Enthalpy f o r  a Sing le-F lash 
Back-Pressure U n i t  ......................................... 
S p e c i f i c  Enthalpy Drop for Various HSE E f f i c i e n c i e s  as a 
Funct ion o f  Cesano 7 Wellhead Pressure ..................... 
Power P o t e n t i a l  Curves f o r  t h e  H e l i c a l  Screw Expander and a 
Steam Turbine .............................................. 

TABLES 

1-1 Task Schedule .............................................. 
4-1 HSE Power P l a n t  To ta l  Test Summary ......................... 

3-9 

3-10 

3-11 

3-13 

3-14 

4-5 

4-7 

4-7 

4-10 

4-10 

7-3 

7-4 

7-6 

7-7 

7-10 

7-11 

7-12 

7-14 

7-17 

1-5 

4-1 

i x  



7-1 Resul ts  o f  Comparison between HSE and a Steam Turbine 
f o r  D i f f e r e n t  Temperatures ................................. 7-8 

7-2 Optimum Power .............................................. 7-18 

7-3 Cost Summary (U.S. $). Cost /Benef i t  Analys is  ............... 7-20 

X 



SUMMARY 

A. GENERAL 

A 1-MW geothermal we1 1 head generator was tested in Mexico, 
Italy and New Zealand as a Task under the auspices of the International 
Energy Agency. The wellhead generator tested was a helical screw 
expander (HSE) power plant, Model 76-1, which had been built and field- 
tested previously for the United States Department of Energy (DOE). The 
HSE was designed with oversized internal clearances specifically to 
operate on mineralized two-phase geothermal fluids that deposit adherent 
scale usually detrimental to operation of geothermal equipment. 

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

The assessment 

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

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

Inlet pressure (psia) 
Inlet quality (%)  
Exhaust pressure (psia) 
Electrical load (kW) 
Electrical frequency (Hz) 
Male rotor speed (rpm) 
Mass flowrate (1 bs/hr) 
Total dissolved solids (ppm) 
Noncondensible gases 

( %  o f  vapor mass flow) 

64 to 220 
0 to 100 
3.1 to 40 
idle and 110 to 933 
50 and 60 
2500, 3000, 3333 and 4000 
14,600 to 395,000 
low to 310,000 
low to 38.0 

Efficiency values in the range of 40% to 50% were demonstrated 
as typical for the machine as tested. The desired closing of the 
oversized internal clearances within the HSE was not achieved during 

xi 



these tests, and so the performance of the HSE with the clearances I 

reduced within normal limits for this type of machine was not determined 
at any site. 

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

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

Endurance tests made to assess the reliability contributed to 
the determination 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 an’improvement in machine efficiency of about 3.5 percentage 
points. At the end o f  the test the machine efficiency was 46.5% and 
evidently sti 1 1  increasing. A greater improvement was determined, during 
the endurance test in Mexico (about 4 percentage points) but the amount 
of increase was uncertain. The corresponding amount of scale growth 
achieved to partly close the oversized clearances was also uncertain but 
small. 

Inlet quality 

1 f +  

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

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

Cost/benefit analyses were performed on the basis of achieved 
performance under noncondensing conditions. Machine,efficiencies of 45% 
were used by Italy and New Zealand, and both 48% and 55% efficiencies 
were used by Mexico. A plant cost of $770,000 to $800,000 U.S., which 
was the,stated cost of the Model 76-1 HSE, was used. The analyses show 
that the Model 76-1 HSE power plant tested cannot in general compete 
with a conventional mass-produced steam turbine considering both cost 
and performance. Even so, the HSE could have advantages for some 
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app l i ca t i ons .  Use o f  t he  HSE i n  Mexico cou ld  be p a r t i c u l a r l y  a t t r a c t i v e  
f o r  r e s e r v o i r  temperatures o f  up t o  275°C based on i t s  having a lower 
s p e c i f i c  t o t a l  mass f l o w r a t e  than a comparable steam tu rb ine .  I n  I t a l y ,  
t he  main use o f  t he  HSE cou ld  be as a wel lhead back-pressure u n i t ,  e.g. 
t o  c o l l e c t  p roduc t ion  data d u r i n g  the  i n i t i a l  development of 
water-dominated rese rvo i r s .  I n  New Zealand i t  was found t h a t  the  HSE 
has the  p o t e n t i a l  on lower-enthalpy resources f o r  g rea te r  power 
p roduc t ion  ( i .e. ,  lower s p e c i f i c  t o t a l  mass f l o w r a t e )  than can be 
achieved by a smal l  noncondensing steam turb ine-generator .  However, the  
r e l i a b i l i t y  o f  t he  HSE must be improved be fore  i t  can be considered f o r  
general  serv ice .  

6.  CONCLUSIONS 

The HSE power p lan t ,  Model 76-1: 

i s  capable o f  generat ing e l e c t r i c i t y  from two-phase wel lhead 
f low produced from l iqu id-dominated hydrothermal rese rvo t r s ;  

e x h i b i t s  a machine e f f i c i e n c y  t y p i c a l l y  between 40 and 50% as 
b u i l t  and t e s t e d  du r ing  t h i s  program, over an approximate 
range o f  i n l e t  pressures of 100-200 ps ia ,  i n l e t  q u a l i t i e s  o f  
10-50%, atmospheric exhaust pressures, mass f l owra tes  o f  
60,000-110,000 lbs /h r ,  and e l e c t r i c  loads o f  400-800 kW; 

i s  genera l l y  rugged, r e l i a b l e ,  and n o t  damaged by t y p i c a l  
geothermal process upsets; 

can operate on an unattended bas is  w i t h  d a i l y  inspec t ions  and 
maintenance; 

has n o t  f u l l y  demonstrated the  in tended c losu re  (by depos i t i on  
of adherent sca le )  o f  i n t e r n a l  c learances t o  the  small s izes  
normal f o r  t h i s  type  o f  machine, b u t  observed t rends i n d i c a t e  
some increase i n  machine e f f i c i e n c y  du r ing  extended operat ion;  

has n o t  demonstrated l ong  se rv i ce  l i f e t i m e  o f  i t s  s h a f t  seals;  

i s  n o t  s u i t a b l e  f o r  cont inuous opera t ion  on a r a p i d l y  sca l i ng  
b r i n e  such as f rom Cesano 1, I t a l y ;  

i s  n o t  s u i t a b l e  f o r  general  se rv i ce  w i t h o u t  f u r t h e r  
development o f  some subsystems such as the:  

- sha f t  seal  system, 
-speed c o n t r o l  system, and 
-s ta r t -up  and shut-down systems; 

can compete w i t h  a commercial steam t u r b i n e  on the  bas is  o f  
machine e f f i c i ency  du r ing  back-pressure operat ion,  bu t  cannot 
compete w i t h  a commercial steam t u r b i n e  on the  bas is  o f  t he  
c a p i t a l  cos t  s ta ted  f o r  t h i s  ana lys is ;  and 

has opera t ing  and maintenance costs ,  and se rv i ce  l i f e t i m e ,  
t h a t  have n o t  been determined. 

x i i i  
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SECTION 1 

INTRODUCTION 

This i s  the final report on a Task entitled "Test and 
Demonstration o f  a 1MW Well-Head Generator,'' which was defined by Annex 
I to the International Energy Agency "Implementing Agreement for a 
Programme o f  Research , Development and Demonstration on Geothermal 
Equipment" (See Appendix D for complete text). 
Task were to: 

The objectives of the 

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

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

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

Participants in the Task were: 

Host Countries 

Italy 
Mexico 
New Zealand 

Ente Nazionale per 1'Energia Elettrica (ENEL) 
Cornision Federal de Electricidad (CFE) 
Ministry of Works and Development (MWD) 

Operating Agent 

United States 
o f  America 

United States Department o f  Energy (DOE) 

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

1-1 
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I ' D I  

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

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

1981 1982 1983 1984 Work Performed 1978 1979 1980 

Delivery of the  Power Plant fo r  
Transport t o  Mexico m 
Development of the  Test and 
Demonstration Programme mm 
Technical S p e c i a l i s t  Support 

Tina1 Report mmm 

S i t e  Se lec t ion  and S i t e  Preparation 

I n s t a l l a t i o n  of the  Power Plant 

mm mmmmmm mmmmmm mmmmmm mmmm mommm mmmmm mmm mm m m m m  mmmmmm 

mmm 

m m  

a r t i c i p a n t  1985 

mmm 

U.S. 
(Operating 
Agent) 

Mexico 
(Host 

Country) 

I t a l  y 
(Host 

Country ) 

Test and Demonstration Proyramme 

Delivery of the  Power Plant f o r  

Interim S ta tus  Report 

S i t e  Se lec t ion  and S i t e  Preparation 

I n s t a l l a t i o n  o f  t h e  Power P l a n t  

Test and Demonstration Programme 

Delivery of t he  Power Plant f o r  
Transport t o  New Zealand 
Interim S ta tus  Report 

S i t e  Se lec t ion  and S i t e  Preparation 

I n s t a l l a t i o n  of t he  Power Plant 

Test and Demonstraxion Programme 

Delivery of  the  Power Plant f o r  
Transport  t o  Unlted S ta t e s  
Interim S ta tus  Report 

Transport t o  I t a l y  

New 
Zealand 
(Host 

b u n t  ry ) 

mmm 

mmm mmmmmm mm 

e __ 
- am mmm ma 

mmmmmm 0 

mmm 

mm mmm - 
0 

mm 
1 

om am 

ma 

om# mmmm 

m 

mo 
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SECTION 2 

HELICAL SCREW EXPANDER POWER PLANT 

A .  PRINCIPLES OF OPERATION 

The HSE i s  a posit ive displacement machine based on a 
compressor designed by Alf Lysholm i n  Sweden i n  the 1930's. 
i s  more correct ly  called an engine than an expander; b u t  i t  i s  usually 
called an expander i n  industry, and therefore i s  called an expander i n  
t h i s  report. I t  was designed specif ical ly  for  wellhead operation on 
scal i n g  f lu ids  from 1 iquid-dominated geothermal resources. Figure 2-1 
provides de t a i l s  of i t s  operation. T h e  geothermal f l u i d ,  a t  
approximately we1 1 head pressure, flows t o  the throttl e or flow control 
valve T ,  and a t  high velocity enters the high-pressure pocket formed by 
the meshed rotors ,  the rotor case bores and the case end face. The 
pocket, designated by A i n  the f igure,  i s  mostly hidden by the rotor 
lobes, b u t  can be seen i n  the plan section view. As the rotors turn, 
the pocket elongates, s p l i t s  into a " V "  and moves away from the i n l e t  
ports to  form the regions designated by B. W i t h  continued r o t a t i o n ,  the 
" V "  lengthens, expanding successively t o  C y  D ,  E ,  and F ,  as the p o i n t  o f  
meshing of the rotors appears t o  r e t r ea t  from the expanding f lu id .  The 
expanded f l u i d ,  a t  low pressure, i s  then discharged i n t o  the exhaust 
ports as they are uncovered by the lobes. W i t h i n  the machine, vapor i s  
continuously being produced from the h o t  l i q u i d  phase as i t  decreases in 
pressure d u r i n g  i t s  passage t h r o u g h  the expander. The e f fec t  i s  of an 
i n f in i t e  se r ies  of steam f lashers ,  a l l  w i t h i n  the prime mover. Thus the 
mass flow of vapor increases continuously as the pressure d r o p s  
t h r o u g h o u t  the expansion process, and the total  energy stream from the 
well i s  carried t o  the lowest expansion pressure. 

The  machine 

Each of three regions o f  the machine, namely the in l e t  region, 
the central region, and the e x i t  region, contributes t o  i t s  performance. 
In the i n l e t  region the f lu id  gains kinetic energy, some of w h i c h  can be 
delivered to  the rotors as impulse. I t  i s  i n  t h i s  region also where the 
i n l e t  p o r t i n g  i s  changed by the operation of control valve T ,  thus 
changing the expansion r a t i o  i n  the central region as the p o i n t  of i n l e t  
cut-off changes. The central  region i s  the region of posit ive 
displacement, where the f lu id  expansion i s  determined by machine 
geometry, load, rotor speed, and i n l e t  and out le t  conditions. The 
contribution of the e x i t  region depends on the degree of under- or 
over-expansion of the f lu id  a t  the out le t  re la t ive  t o  conditions i n  the 
exhaust and i s  dictated by square-card considerations. 

The expander has two mating 16binch diameter, he1 ical ly- 
grooved rotors, 25 inches long. The male rotor i s  the driver and has 
four lobes, the female s ix .  Thus, for a 3000-rpm o u t p u t  shaf t  speed, 
the female rotor turns a t  2000 rpm. Synchronizing timing gears a re  
used. The rotors were machined from sol i d ,  one-piece Type-410 s ta in less  

2-1 



T PLAN SECTION VIEW 

SIDE SECTION VIEW 

c) 

Figure 2-1 Helical Screw Expander, HPC Model 76-1 
(Courtesy o f  JPL) 
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s t e e l  f o rg ings  t o  p rov ide  s u f f i c i e n t  s t reng th  f o r  100-psi d i f f e r e n t i a l  
pressure across the  r o t o r s  a t  speeds up t o  5000 rpm. They are  supported 
i n  t i l t - p a d  r a d i a l  bear ings and are  pos i t i oned  by s e l f - e q u a l i z i n g  t h r u s t  
bear ings. The lobes and end faces o f  t he  . ro to rs  were hard- t ipped t o  
p rov ide  wear - res is tan t  surfaces t o  l i m i t  t h e  growth o f  sca le  on the  
opposing sur face.  The r o t o r  housing midsec t ion  and low-pressure end 
were f a b r i c a t e d  o f  Type-304 s t a i n l e s s  s t e e l  as a concession t o  the  
o x i d i z i n g  cond i t i ons  expected du r ing  i n t e r m i t t e n t  eva lua t i on  t e s t i n g .  
The housing high-pressure end was f a b r i c a t e d  o f  Type-4142 cor ros ion-  
r e s i s t a n t  s t e e l .  

Ro to r - to - ro to r  and ro to r - to -case clearances abnormal ly l a r g e  
f o r  a Lysholm-type machine were b u i l t  i n t o  the  expander t o  p rov ide  space 
f o r  sca le t o  form w i t h i n  t h e  machine. I t  was in tended t h a t  t he  sca le  
depos i t  p rov ide  co r ros ion  p r o t e c t i o n  f o r  o therwise exposed sur faces and 
improve the  machine e f f i c i e n c y  by reducing leakage clearances pas t  the 
r o t o r s .  The p r a c t i c e  o f  us ing  sca le  depos i ts  t o  p rov ide  the  f i n i s h e d  
r o t o r  and case dimensions was in tended t o  lower  f a b r i c a t i o n  cos ts  and 
produce a machine which would adapt i t s e l f  t o  dimensional changes caused 
by d i f f e r i n g  loads, opera t ing  temperatures, o r  pressures. 

Large i n i t i a l  c learances f o r  sca le depos i t i on  make the  
accumulat ion o f  sca le  a necess i ty  f o r  maximum performance. U n t i l  sca le 
accumulates t o  p rov ide  the  f i n i s h e d  dimensions, f l u i d  e n t e r i n g  the  
machine can bypass the  high-pressure pocket A and pass between the  end 
faces of t he  r o t o r s  and the  case d i r e c t l y  t o  the  exhaust. I n  c e r t a i n  
p o s i t i o n s  o f  t h e  r o t o r s ,  t he  c ross-sec t iona l  area o f  the  leakage paths 
from the  high-pressure pocket represents  an est imated 25 t o  30% o f  t he  
t o t a l  enc los ing  sur face area. I n  o the r  p o s i t i o n s ,  t he  r o t o r s  b lock  the  
en te r ing  f low,  and the  f l u i d  f lows a long the  r o t o r  end faces d i r e c t l y  t o  
t h e  exhaust p o r t ,  bypassing the  expansion chambers completely.  The 
leakage o f  work ing f l u i d  along these paths severe ly  degrades the  
performance o f  t he  machine. S i m i l a r  losses occur throughout the  machine 
from regions B through F. 

The speed o f  the  HSE i s  governor -cont ro l led  by means o f  a 
t h r o t t l e  o r  f l o w  c o n t r o l  va l ve  o f  s imple s l i d i n g - g a t e  design, b u i l t  i n t o  
the  i n l e t  o f  t he  HSE and hav ing a 4- inch s t roke .  The purpose o f  t he  
f l o w  c o n t r o l  i s  t o  p rov ide  an exac t  a l t e r n a t o r  speed corresponding t o  an 
e l e c t r i c a l  ou tpu t  o f  exact  frequency such as 50 o r  60 Hz. The va lve  i s  
placed w i t h i n  the  expander so t h a t  t he  f i r s t  s i g n i f i c a n t  pressure and 
temperature drop o f  f l u i d s  l e a v i n g  t h e  wel lhead l i k e w i s e  can take p lace 
w i t h i n  the  expander. As Figure  2-1 shows, t he  i n n e r  face o f  t he  va lve  
gate i s  swept by the  r o t o r s .  The va lve  i s  regu la ted  h y d r a u l i c a l l y  by a 
s igna l  from a mechanical f l y b a l l - t y p e  governor a c t i n g  through a 
h y d r a u l i c  servo-mechanism. The governor system hyd rau l i cs  draw o i l  from 
the same o i l  system which prov ides l u b r i c a t i o n  and c o o l i n g  f o r  the  
expander bear ings and s h a f t  seal  assemblies. 

The s h a f t  seal  system uses seal  assemblies designed f o r  
p r o t e c t i o n  f rom geothermal f l u i d s  by cont inuous i n j e c t i o n  o f  f r e s h  f l u s h  
water i n t o  the  assemblies a t  c o n t r o l l e d  r a t e s .  Fos t  o f  t he  water 
Formal ly  f lows toward the i n t e r i o r  o f  t he  machine where i t  i s  discharqed 
i n t o  the  geothermal f l u i d .  A smal l  f r a c t i o n  migrates pas t  the  o i l / w a t e r  
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seal  and i n t o  the.  o i l .  The o i l / w a t e r  m i x t u r e  i s  passed through a 
c e n t r i f u g e :  t h e b o i l  i s  re tu rned t o  an o i l  r e s e r v o i r  'and t h e  water 
discarded. There i s  a l s o  some o i l  m i g r a t i o n  pas t  t h e  o i l / w a t e r  seal  
i n t o  t h e  f l u s h  water i n  each assembly a t  a r a t e  c o n t r o l l e d  predominantly 
by t h e  o i l  temperature and surface speed o f  t h e  seals. A t  3000-rpm male 
r o t o r  speed a n d 8 w i t h  normal o i l  temperatures, t h e  design r a t e  i s  about 
one g a l l o n  per  day per  seal:assembly, i .e. s t o t a l  loss o f  f o u r  ga l lons  
per  day * f o r  t h e  HSE power ,p l a n t  .... This o i 1 , e i t h e r  i s  discharged w i t h  t h e  . 
f l u s h  water o r  i f  necessary i s b b l e d  o f f  f m m  t h e  seal  assemblies w i t h  
some f l u s h  water f o r  recovery and r e c y c l i n g  w i t h  t h e  r e s t  o f  t h e  o i l .  

The importance of  p r o t e c t i n g  t h e  s h a f t  seals  from damage by 
p a r t i c u l a t e s  i n  t h e  f l u s h  water r e q u i r e s  tha  adequate water t reatment 
be considened as p a r t  o f  t h e  shaf t  seal  system. A r e l i a b l e  water supply 
low i n  ca lc ium hardness ,and p a r t i c u l a t e s  i s ,  r e q u i r e d  t o  p rov ide  an 
expendable b a r r i e r  between t h e  seals  and t h e  br ine .  The design r a t e  o f  
consumption i s  about, 4:gpm. HPC s p e c i f i e d  watey f i l t r a t i o n  t o  a l e v e l  
o f  25 um and on-board f i l t e r s  l i m i t i n g  t h e  p a r t i c l e  s i z e  t o  25 pm o r  
l e s s  were i n s t a l l e d  f o r  t h i s  purpose. 

A d d i t i o n a l  d e t a i l s  o f  t h e  HSE are  g iven i n  Refs. 1 and 2. 

B. DESIGN LIMITATIONS 

The HSE evaluated i n  t h i s  Task was a twenty- fo ld  scale-up o f  a 
50-kW pro to type developed and t e s t e d  with;.$ts, fo rerunner  on we1 Is M-7 
and M-10 a t  Cerro P r i e t o ,  Mexico. While sc r ibed as a commercial u n i t ,  
i t  was t h e  f i r s t  and o n l y  one o f  i t s , , k i  and s i z e  ever b u i l t .  Even 
though a number o f  improvements had , been i d e n t i f i e d  d u r i n g  prev ious 
t e s t i n g  o f  t h e  Model 76-1 HSE (Ref. - l ) ,  a d d i t i o n a l  development by HPC 
was n o t  inc luded as p a r t  o f  t h e  Task< becam*e,of  budgetary and schedule 
l i m i t a t i o n s .  
permi t  t h e  Task t o  proceed w i t h  minimum delay. Th is  e s s e n t i a l l y  f r o z e  
t h e  design o f  t h e  HSE i n  several  areas t h a t  a f f e c t e d  t e s t i n g ,  notably :  

Repairs were included,. b u t  o n l y  t o  t h e  e x t e n t  necessary t o  

1. Rotor Clearances 

The r o t o r - t o - r o t o r  and rotor - to-case clearances i n  t h e  Model 
76-1 HSE were made large,  based,on observed d e p o s i t i o n  o f  
adherent sca le  d u r i n g  t e s t i n g  o f  i t s  forerunners.  The s i z e  o f  
the  i n i t i a l  clearances and, r e s u l t i n g  leakage pas t  t h e  r o t o r s  
were expected t o  prec lude< a t t r a c t i v e  machine e f f i c i e n c y  f o r  
opera t ion  w i t h  any clean, nonscal ing f l u i d .  V a l i d  t e s t i n g  o f  
t h e  HSE f o r  i t s  as-designed performance p o t e n t i a l  was intended 
t o  be based on adherent sca le growth w i t h i n  t h e  machine. 

2. Shaf t  Seal System 

I n  I ta ly ,*+.  th ree  replacement s h a f t  seal  assemblies were 
prov ided wi$h 'b leed ,passages f o r  recovery o f  t h e  o i l  t h a t  
migrates i n t o  t h e  f l u s h  water. Before i n s t a l l i n g  t h e  
assemblies, corresponding passages were d r i l l e d  i n t o  t h e  HSE 
housing. However, t h e  c e n t r i f u g e  was n o t  l a r g e  enough f o r  
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t h i s  added load  and the  system f o r  recover ing  o i l  from the  
f l u s h  water was l i m i t e d  t o  separat ion by g r a v i t y  i n  a second 
o i l  r e s e r v o i r  t h a t  was i n s t a l l e d .  I n  add i t i on ,  the  hardware 
f o r  d i s t r i b u t i n g  and mon i to r ing  the  f l u s h  water had n e i t h e r  
the  capac i t y  nor  the  c o n t r o l  t o  p rov ide  the f l owra tes  requ i red  
f o r  s a t i s f a c t o r y  recovery o f  o i l  t h a t  had migrated through the  
seals  i n  I t a l y  and i n  New Zealand. Both these l i m i t a t i o n s  
r e s u l t e d  from the  excessive o i l  leakage through the  seals .  

3. Speed Contro l  System 

The f l o w  c o n t r o l  va lve  has been mod i f i ed  f o r  use w i t h  e i t h e r  
o f  two s izes  o f  t r i m  designated as high-pressure t r i m  and 
low-pressure t r i m  b u t  remains a s imple s l i d i n g - g a t e  va lve  w i t h  
a 4- inch s t roke,  a l b e i t  o f  interchangeable gate s i ze .  I t  has 
a l l  o f  the  w e l l  known f l o w  l i m i t a t i o n s  o f  a gate va lve:  f l o w  
i s  n o t  l i n e a r  w i t h  s t roke,  and percentage f l o w  v a r i a t i o n  
through a n e a r l y  c losed valve,  as a t  i d l e ,  changes a b r u p t l y  
w i t h  s t roke .  Each t r i m  prov ides i t s  own feed-pressure l i m i t s  
f o r  i d l i n g  o r  f o r  ope ra t i on  under load f o r  var ious  feed 
q u a l i t i e s .  These l i m i t s  vary  w i th  i n l e t  steam q u a l i t y  because 
they r e l a t e  t o  the  c o n t r o l  o f  vo lumet r ic  f l o w r a t e  i n t o  the  
HSE. Therefore,  the  p r e f e r r e d  t r i m  should be se lec ted  f o r  t h e  
a p p l i c a t i o n  so t h a t  t he  s t a b l e  load range can be s e t  
accord ing ly .  I n  s p i t e  o f  t h i s ,  t he  low-pressure t r i m  was used 
throughout the  Task. The corresponding capac i t y  o f  t he  va lve  
l i m i t e d  the  maximum l o a d  a t t a i n a b l e  as shown by i t s  reaching 
100% open p o s i t i o n  before reaching f u l l  load  f o r  some t e s t s .  

S tab le  speed requ i res  t h a t  f l o w  t o  the  c o n t r o l  va lve  be 
un i fo rm o r  change o n l y  s l o w l y  w i t h  time. I t need n o t  
necessa r i l y  be homogeneous b u t  obv ious l y  s l u g  f l o w  w i l l  cause 
i n s t a b i l i t y  because the  governor and speed c o n t r o l  system 
cannot respond instantaneously .  Th is  presented a problem f o r  
t e s t i n g  over the wide range o f  cond i t i ons  planned i n i t i a l l y .  
An 8- inch  diameter feed p ipe  was i n s t a l l e d  fo r  the  l a r g e  flows 
o f  low-enthalpy l i q u i d  feed c a l c u l a t e d  f o r  some o f  the  tes ts ,  
even though i t  was n o t  c e r t a i n  t h a t  t he  HSE cou ld  a c t u a l l y  
handle such f lows.  The idea was t o  ensure t h a t  the  t e s t s  
would n o t  be l i m i t e d  by the  s i z e  o f  the  feed l i n e .  The 
pena l t y  was t h a t  the  l a r g e  feed l i n e ,  w i t h  i t s  two elbows near 
the  f l o w  c o n t r o l  valve,  caused phase separat ion o f  the  
geothermal f l u i d  f o r  many o f  t he  two-phase f l o w  cond i t i ons  
presented. To t r y  t o  a l l e v i a t e  the  separat ion,  and the  
r e s u l t i n g  e f f e c t  on speed s t a b i l i t y  and excessive working of 
the  governor and c o n t r o l  valve,  a passive mixer  was f a b r i c a t e d  
and i n s e r t e d  i n t o  the  feed p ipe  between the  feed - l i ne  
automat ic s top  va l ve  and the  f l o w  c o n t r o l  valve.  This  was a 
compromise, and i t  was recognized t h a t  t he  i n l e t  p i p i n g  should 
be s i zed  t o  the  ac tua l  a p p l i c a t i o n .  Meanwhile, the  s t a b i l i t y  
c h a r a c t e r i s t i c s  o f  the  governor and speed c o n t r o l  system were 
bes t  demonstrated w i t h  a l l - l i q u i d  o r  a l l -  vapor feed. Speed 
c o n t r o l  system hunt ing,  o f t e n  d isp layed w i t h  two-phase f l o w  
under these cond i t i ons  , was t y p i c a l l y  absent. 
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SECTION 3 

TEST INSTALLATIONS 

A. MEX I CO 

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

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

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

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

In order to obtain flowrates corresponding 

The exhaust from the HSE passed through an atmospheric 
separator which vented the steam to the atmosphere through an orifice 
and sent the brine to a weir channel. Measurements on the two streams 
allowed the exhaust flowrate and enthalpy to be determined. 
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MEASURING INSTRUMENTS RANGE 
I-  Wel l  Prrsrurr 0 -  1000 pria 

2--lnlet Rrrswr 0 -  500 p r i g  

3 - Inlet Temprraturr 227-  505  O F  

4 -Current 0 -  1500 omprrr  

5 -Vo l tage  0 - 600 Vol t  

6 - Frrqurncy 5 5  - 6 5  H z .  

r - P O W W  0-4OOO watt 

8 -Outlot Prrrrure 0 - 5 0  pr ia  
9 -ou t lo t  i r m p e r a t u r r  0 - 500'f  

MEASURING INSTRUMENTS 
10- Seporotor Prrrrurr 

I I - Soparator Trmprroturr 

12- Separator Lour1 

13 - Srparatrd Stram Prrrrurr 

14 - Seporatrd Stram Trmprraturr 

I 5  - S ~ p o r a t r d  Steom Dlf t r r rnt io l  Prrrsurr 

16 - S r p a r o t r d  Watrr Trmprraturr 

I 7 -  Water  H o o d  
18- Atmosphrrlc p r r r ru r r  

RANGE 
0 -  5 0  psi0 

0 - 1 3 0  in of Hg 

0 - 5 0  pr ia 

0 - 250°F 

2 1 2 - 4 9 9  OF 

0 - 100 In of HzO 

32-250  O F  

0 - 25 In of HzO 
0 - 5 0  p r l ~  

F igure  3-1 Process Schematic and Instruments:  Atmospheric Pressure 
Discharge Tests, Mexico (Ref. A) 
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This  process l a y o u t  was used i n  1980 f o r  noncondensing 
performance t e s t s  a t  var ious  i n l e t  and o u t l e t  pressures and loads and 
f o r  endurance t e s t i n g  a t  t he  f u l l  capac i ty  o f  the  w e l l .  The p rov i s ion  
f o r  e leva ted  back pressure i s  n o t  shown i n  Figures 3-1 o r  3-2, bu t  t he  
m o d i f i c a t i o n  cons is ted  of a s imple back-pressure p la te ,  w i t h  ad jus tab le  
o r i f i c e ,  i n s t a l l e d  i n  a f l ange  i n  the  expander exhaust pipe. The dev ice 
served as a va lve  t o  c o n t r o l  t he  back pressure (F igures 3-3 and 3-4). A 
s l i d e  gate was moved i n  w i t h  a maul o r  ou t  w i t h  a j a c k  screw t o  ad jus t  
t he  o r i f i c e .  

The process l ayou t  shown i n  Figures 3-1 and 3-2 was mod i f ied  
t o  pe rm i t  some l i m i t e d  vacuum exhaust t e s t i n g .  The p lan  was t o  make use 
o f  e x i s t i n g  o r  r e a d i l y  a v a i l a b l e  equipment. The exhaust separator was 
converted i n t o  a condenser and was f i t t e d  w i t h  a steam j e t  e j e c t o r  and a 
condensate e x t r a c t i o n  pump. Cool ing water from the  b r i n e  evaporat ion 
pond (see F igure A-1) was t ranspor ted  approximately 900 f e e t  t o  the  
condenser through a p i p e l i n e  normal ly  used as a waste l i n e  f o r  the  b r i n e  
from t h e  wel lhead separator  when the  steam from w e l l  M - 1 1  was d e l i v e r e d  
t o  Cerro P r i e t o  power p l a n t  Cerro P r i e t o  1. Scale i n  the  p ipe  had 
reduced the  i n s i d e  diameter t o  about 5 inches. The wel lhead separator,  
n o t  shown i n  Figures 3-1 o r  3-2, was r e i n s t a l l e d  fo r  the  vacuum exhaust 
t e s t i n g  t o  p rov ide  separated steam and water streams, thus p e r m i t t i n g  
measurement and recombining of the  streams f o r  d e l i v e r y  t o  the  HSE a t  a 
known f l o w r a t e  and enthalpy.  The process schematic f o r  the  vacuum 
exhaust t e s t i n g  i s  shown i n  F igure 3-5. This  process i n s t a l l a t i o n  a l so  
pe rm i t ted  t e s t i n g  the  HSE w i t h  atmospheric discharge by ven t ing  the  
condenser t o  the  atmosphere. A bypass on the  steam l i n e  f rom the  
separator  permi t ted  ven t ing  the  steam t o  the  s i l e n c e r  f o r  t e s t i n g  the  
HSE on a l l - l i q u i d  feed a t  low power. Another bypass a l s o  connected the  
wel lhead d i r e c t l y  t o  the  s i l e n c e r ,  again a t  r i g h t  angles t o  the  f l o w  t o  
the  pressure c o n t r o l  va lve and HSE. The main purpose o f  t h i s  bypass was 
t o  regu la te  the  wel lhead pressure t o  g i ve  the  optimum pressure drop 
across the  pressure c o n t r o l  valve.  Use o f  t he  va lve  was cont inued t o  
f a c i l i t a t e  c o n t r o l  o f  i n l e t  pressure and f l u i d  q u a l i t y  t o  the  HSE. The 
combined e f f e c t s  o f  the  amount o f  f l ash ing  and f r a c t i o n a t i o n  w i t h  the  
bypass r e s u l t e d  i n  i n l e t  q u a l i t i e s  t o  the  HSE ranging from 10% t o  34% 
except f o r  the  few t e s t s  on a l l - l i q u i d  feed. 

The condensing t e s t s  i n  1981 were severe ly  l i m i t e d  by the  
amount o f  c o o l i n g  water supp l ied  t o  the  t e s t  s i t e  and by a blockage i n  
the  i n l e t  t o  the  condensate e x t r a c t i o n  pump. The water supply pumps d i d  
n o t  have e n t i r e l y  s a t i s f a c t o r y  ou tpu t  c h a r a c t e r i s t i c s ,  and h igh  vacuum 
was achieved on ly  a t  low loads. The pump t o  e x t r a c t  t he  condensate d i d  
n o t  operate p roper l y  f o r  the d i f f e r e n t  work needs, and i n s t a b i l i t y  i n  
the water l e v e l  i n  the  condenser was observed on d i f f e r e n t  occasions. 

The capac i ty  of  the  w e l l  l i m i t e d  the  continuous e l e c t r i c a l  
ou tpu t  o f  t he  power p l a n t  t o  approximately 880 kW before  the  earthquake 
o f  June 8, 1980 and between 820 t o  860 kW afterwards. Tests w i t h  
a l l - l i q u i d  feed were l i m i t e d  by the  capac i t y  o f  the  w e l l  t o  125 kW 
e l e c t r i c a l  output .  No at tempt  was made t o  synchronize ou tpu t  w i t h  the 
e l e c t r i c a l  g r i d  due t o  the  d is tance from s u i t a b l e  t ransmiss ion l i n e s .  
A u x i l i a r y  power was prov ided by a d iese l  generator.  
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Water for  the shaft  seals  was supplied from the cooling tower 
of power plant Cerro Prieto 1 and transported by 2-inch pipe a distance 
of approximately 1 mile. The water arrived a t  the well s i t e  w i t h  
excessive amounts of calcium ions, and water softening was necessary. 
The water from the transport pipe was passed i n  sequence th rough  a 
booster pump, a f i l t e r ,  standard household cation exchange water 
softeners, a second f i l t e r ,  a second booster pump, a t h i r d  f i l t e r ,  and 
i n t o  a covered h o l d i n g  tank. The f i r s t  and t h i r d  f i l t e r s  were readily- 
avail ab1 e diatomaceous-earth f i l t e r s  made f o r  use w i t h  home swimming 
pools. The second booster pump and the second and t h i r d  f i l t e r s  had 
suff ic ient  capacity t o  al low a stream o f  water t o  be withdrawn from the 
h o l d i n g  tank and recycled th rough  the second and t h i r d  f i l t e r s .  The 
process layout is  shown i n  Figure 3-6. The water chemistry of samples 
taken from the h o l d i n g  tank (or main container) i s  included i n  Table 
A-2. Close attention t o  the water treatment and water quali ty was very 
important. The diatomaceous-earth f i l t e r s  normally remove par t ic l  es 
down t o  1 um s ize  or smal l e r ,  b u t  pol i s h i n g  f i l t e r s  on the power plant 
were l e f t  i n  place t o  remove par t ic les  down t o  25 pm i n  case of upset. 
U n t i l  the diatomaceous-earth f i l t e r s  were instal led,  the pol i s h i n g  
f i l t e r s  plugged i n  about two hours of operation, t r i p p i n g  the safety 
shutdown system. 

B. ITALY 

In I ta ly  the HSE power plant was installed i n  the Cesano 
geothermal f ie ld  located 25 km n o r t h  of Rome t o  make use o f  the Cesano 1 
well for e lec t r ic  power production. The Cesano 1 well produced the 
brine shown i n  Appendix B ,  Table B-1 a t  about 250 tons/h.  I t  was 
recognized tha t  the Cesano 1 brine, w i t h  to ta l  dissolved sol ids  of 
310,000 ppm, was n o t  typical b u t  would present an especially severe t e s t  
of the HSE and i t s  tolerance fo r  scale. 

The process layout was designed as a p i l o t  plant n o t  only t o  
t e s t  the HSE b u t  also t o  investigate the product ion and recovery of 
chemicals from the geothermal reservoir. T h e  p i l o t  p l a n t ,  shown i n  
Figure 3-7, featured two primary or we1 1 head separators instal 1 ed for 
parallel  operation t o  permit a l te rna te  usage and cleaning. Brine from 
the primary separators could be subjected t o  a second controlled flash 
i n t o  a secondary separator for  the chemical studies. Various features 
of the p i lo t  plant tha t  were designed t o  accommodate the severe scaling 
character is t ics  of the well are discussed i n  Ref. B.  For the HSE t e s t s ,  
liquid and vapor streams from the primary separators were measured and 
recombined fo r  delivery t o  the HSE a t  known flowrate and enthalpy, as 
shown i n  the process schematic i n  Figure 3-8. Provisions fo r  venting 
vapor and l i q u i d  from the primary separators permitted varying the 
vapor/liquid r a t io  i n  the feed t o  the HSE, b u t  this was n o t  performed. 
The p i l o t  plant was modified so tha t  the two separators could  operate 
simultaneously, and a l i ne  was installed f o r  operating the HSE direct ly  
from the wellhead as shown i n  the process schematic i n  Figure 3-9. 
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The capacity of the well limited the power production to 550 
kW for a wellhead connection with unmeasured flowrate. The capacity of 
the separators, which were designed to operate at wellhead pressure and 
were undersized for the HSE tests, limited the measured performance to a 
maximum electrical output of 460 kW with both separators working in 
parallel, and to about 260 kW with only liquid from the separators. For 
some of the testing, the power plant was connected with the national 
electrical grid according to the sketch shown in Figure 3-10. 

was treated in a commercial-size water softening system (shown 
schematically in Figure 3-9) before being sent through the polishing 
filters on the power plant. 

Water for the shaft seals was obtained from a shallow well and 

C. NEW ZEALAND 

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

The process layout enabled the fluid quality to be varied 
across the range of fluid compositions, from all-liquid to all-steam, 
and enabled the mass flowrate and enthalpy of the fluid entering the HSE 
to be determined. It consisted of a wellhead leg carrying geothermal 
fluid to a separator plant with associated pipework carrying the fluid 
to the HSE. Flow from the well to the separator was controlled by a 
pressure control valve either automatically from the separator pressure 
by means of a pressure control unit or manually from an auto-manual 
control station. The liquid level in this separator was controlled 
manually with the hand valve on the liquid bypass line to the bypass 
silencer. The separated steam and 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 3-11. 

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

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

TEST PROGRAMS 

A t o t a l  t e s t  summary i s  g iven  i n  Table 4-1. 

Locat ion  

USA* 
Mex i co 
Mexi co 
I t a l y  
I t a l y  
New Zealand 
New Zealand 

Table 4-1 

HSE Power P lan t  To ta l  Test Summary 

Year Power Product ion Time 
h f h  

1977-1979 442 4rF2 
1980 1,064 1,506 
1981 37 1,543 
1981 23 1,566 
1982 98 1,664 
1982 102 1,766 
1983 1,633 3,399 

Generator Output 
kWh ZkWh 

854,820 967,530 
10,110 977,640 
4,740 982,380 

21 , 720 1,004,100 
36,580 1,040,680 

1,330,250 2,370,930 

112,710 112,710' 

*Test ing p r i o r  t o  t h i s  Task. 

A. M E X I C O  

The ob jec t i ves  o f  t he  t e s t i n g  i n  Mexico were to :  

I n v e s t i g a t e  the  HSE performance us ing  a two-phase 
geothermal m ix tu re  under d i f f e r e n t  opera t ing  cond i t ions ;  

I n v e s t i g a t e  the  problems t h a t  a r i s e  i n  the  machine du r ing  
l ong  per iods o f  operat ion.  

The t e s t  a c t i v i t i e s  were c a r r i e d  o u t  approximately as f o l l o w s  (Ref. A):  

(1) Equipment Reception and I n s t a l l a t i o n :  
December 1, 1979 - February 10, 1980 

Dur ing t h i s  p e r i o d  the  power p l a n t  was i n s t a l l e d  a t  w e l l  M - 1 1  
accord ing t o  the  process schematic o f  F igure  3-1 f o r  t e s t i n g  
w i th  atmospheric pressure discharge. A l l  o the r  equipment 
i n s t a l l a t i o n s  were s ta r ted .  

(2 )  A u x i l i a r y  Equipment I n s t a l l a t i o n  and V e r i f i c a t i o n :  
February 11, 1980 - March 30, 1980 

A u x i l i a r y  t e s t  support  equipment was i n s t a l l e d  and tes ted .  
The data a c q u i s i t i o n  system f o r  use w i t h  the  computer was 
v e r i f i e d  and the  inst ruments were c a l i b r a t e d  and i n s t a l l e d .  
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(3) First Performance Test: 
March 31, 1980 - May 31, 1980 

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

May 31, 1980 - July 29, 1980 (4) Endurance Test: 

In earlier tests, it had been observed that the HSE was 
internally self-cleaning, especially during test interruption. 
It was expected that the endurance test would offer the first 
good opportunity for scale growth within the machine and . 
resulting efficiency improvement because the endurance run 
was scheduled to run nonstop. 

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

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

(5) Second or "Downstream" Performance Test: 
July 29, 1980 - August 28, 1980 
During this period, tests were carried out at 3000- and 
4000-rpm male rotor speeds at different inlet and outlet 
pressures, inlet quality and applied loads. The range of 
operating conditions was as follows: 

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

Exhaust pressure 
Electrical 1 oad ( kW) 211 to 857 

Inlet quality, random (%) 10 to 34 
Atmosphere and 25 to 40 psia 
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Approximately 3.45 MWh o f  e l e c t r i c i t y  were generated du r ing  
the  9.23 hours o f  these var ious  t e s t s  u n t i l  they were h a l t e d  
because o f  damage t o  t h e  HSE t i m i n g  gears due t o  blockage i n  a 
l u b r i c a t i o n  passage (See F a i l u r e  No. 13 on p. 6-10). 

( 6 )  Condenser I n s t a l l a t i o n s :  
September 1, 1980 - December 4, 1980 

Dur ing t h i s  pe r iod  t h e  i n s t a l l a t i o n  was rev i sed  t o  c a r r y  ou t  
condensing t e s t s  accord ing t o  the  process schematic o f  F igure  
3-5. The cyc lon i c  separator  p rev ious l y  used a t  t h e  HSE o u t l e t  
t o  measure steam and water f l owra tes  was adapted f o r  use as a 
d i r e c t - c o n t a c t  condenser. The computer program was adapted t o  
analyze the  machine behavior  under the  new t e s t i n g  cond i t ions .  

(7 )  I n s t a l  l a t i o n  V e r i f i c a t i o n :  
December 5, 1980 - January 28, 1981 

The i n s t a l l a t i o n  was tes ted  t o  v e r i f y  t he  r e v i s i o n s  t h a t  had 
been made t o  i t  and the  computer program. Necessary 
adjustments and equipment r e p a i r s  were i d e n t i f i e d  and made 
throughout  t h i s  per iod.  

Th i  r d  o r  "Upstream" Performance Test: 
January 29, 1981 - February 20, 1981 

(8) 

Dur ing t h i s  per iod,  t e s t s  were run  a t  3000- and 4000-rpm male 
r o t o r  speed, a t  d i f f e r e n t  i n l e t  and o u t l e t  pressures and 
a p p l i e d  loads. The range o f  ope ra t i ng  cond i t i ons  was as 
f o l  1 ows : 

I n l e t  pressure ( s i a )  

Exhaust pressure ( p s i a )  
Electrical load (kW) 123 t o  933 

64 t o  183 
near 0 t o  26 
3.1 t o  16.2 

I n l e t  q u a l i t y  ( %  P 
These t e s t s  were performed du r ing  37.35 t e s t  hours du r ing  
which 10.1 MWh o f  e l e c t r i c i t y  were generated. 

(9 )  Equipment Disassembly: 
February 23, 1981 - A p r i l  15, 1981 

The disassembly o f  t h e  equipment and prepara t ions  f o r  shipment 
t o  I t a l y  were c a r r i e d  out .  The power was converted from 60 Hz 
t o  50 Hz and t h e  ou tpu t  vo l tage  was reduced from 480 V t o  
t y p i c a l l y  430 V .  The convers ion y i e l d e d  male r o t o r  speed 
op t ions  o f  2500 and 3333 rpm. The f o l l o w i n g  i tems were 
changed : 

a. A l t e r n a t o r  e x c i t e r  
b. Overspeed sw i t ch  
c. Underspeed sw i t ch  
d. Frequency meter on power p l a n t  
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e. 
f. Kilowatt transducer 
g. Oil booster pump motor 
h. Centrifuge system: transmission gears, clutch, 

Frequency meter in data van 

solenoid 

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

B.  ITALY 

The objectives of the testing in Italy were to: 

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

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

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

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

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

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

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

Following the down-well scale inhibitor tests, it was 
necessary to clean the well and prepare it for testing the 
HSE. At the same time, the instruments were calibrated, 
installed and checked, and the computer program supplied with 
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t h e  equipment was adapted f o r  use a t  t h i s  i n s t a l l a t i o n .  
Program r e v i s i o n s  f o r  t h e  thermodynamics o f  t h e  Cesano 1 
f l u i d s  were deferred. 

( 3 )  I n i t i a t i o n  o f  HSE Performance Test  Operations: 
November 18, 1981 - December 2, 1981 

The HSE was t e s t e d  i n t e r m i t t e n t l y  under var ious  c o n d i t i o n s  t o  
determine i t s  performance on Cesano 1 f l u i d s .  The i n i t i a l  
t e s t  was a%tempted w i t h  o n l y  vapor from t h e  separator b u t  i n  
o rder  t o  produce an adequate f low of vapor i t  was necessary t o  
o v e r d r i v e  .the separator  because i t  was t o o  smal l .  The reason 
f o r  s t a r t i n g  t h e  opera t ion  on t h e  vapor phase was t o  achieve 
s t a b l e  HSE opera t ion  w i t h  a machine f ree of sca le  and then 
mon i to r  performance changes as t h e  sca le  d e p o s i t i o n  occurred, 
b u t  t h e  r a p i d  scale d e p o s i t i o n  made t h i s  impossible.  

Scraping noises and c h a t t e r  i n  t h e  HSE began be fore  t h e  HSE 
was up t o  temperature and f u l l  speed. A t  random i n t e r v a l s ,  
sharper sounds o r  h i t s  and l a r g e r  v i b r a t i o n s  were observed. 
The u n f a m i l i a r  noises and v i b r a t i o n s  were be l ieved t o  be 
caused by s c a l e  t h a t  was deposi ted r a p i d l y  w i t h i n  t h e  HSE f rom 
b r i n e ; c a r r y o v e r  and t h a t  was coming loose w i t h i n  t h e  machine 
and ' i n t e r f e r i n g  w i t h  t h e  rotors, w i t h  l e s s e r  v i b r a t i o n s  o r  
c h a t t e r  be ing caused by sca le  s t i l l  attached. V i b r a t i o n  
p r o t e c t i o n  switches shut  down t h e  power p l a n t ,  and i t  was 
necessary t o  increase t h e  swi tch  s e t t i n g s  i n  o rder  t o  cont inue 
t h e  t e s t i n g .  

Operat ion was resumed us ing  t h e  l i q u ' i d  phase. The scraping 
and c h a t t e r  occurred again and occasional  s t r o n g  v i  b r a t i o n s  
were noted. Th is  behavior was assessed and i t  was decided t o  
cont inue t h e  t e s t s .  Eventua l l y  seals  i n  t h r e e  o f  t h e  f o u r  
s h a f t  seal  assemblies ( a l l  except t h e  low-pressure female 
s h a f t  seal  assembly) became damaged, l e a d i n g  t o  abnormal o i l  
consumption i n  excess o f  10 gph. The t e s t  a c t i v i t i e s  were 
h a l t e d  a f t e r  23 hours t o  r e p a i r  these s h a f t  seals,  t o  c lean 
t h e  process i n s t a l l a t i o n ,  and t o  make minor process changes. 

The t e s t  a c t i v i t i e s  i n  November and December produced a t o t a l  
o f  4.74 MWh o f  e l e c t r i c a l  energy and inc luded 14 hours o f  
opera t ion  w h i l e  connected t o  t h e  n a t i o n a l  e l e c t r i c  g r i d .  The 
t e s t s  showed a need t o  increase the  f l u i d  supply t o  t h e  
expander, bo th  through t h e  separator  f o r  measured performance 
and d i r e c t l y  from t h e  wel lhead fo r  t e s t  and demonstrat ion 
purposes. 

Rapid scale growth throughout t h e  process p i p i n g  impeded t h e  
t e s t  operat ions.  Many s tops-  were necessary t o  c lean t h e  
f i l t e r  basket (F igure  4-2) i n  t h e  i n l e t  separator.  For t h e  
December 2 t e s t ,  t h e  basket was cleaned t e n  t imes. Dur ing 
some o f  t h e  t e s t s  t h e  HSE exhaust p o r t  and exhaust p i p e  
experienced a g l a s e r i t e  sca le  growth of about 2 cm/h. 
o f  sca le  (F igure  4-3) inc luded pieces from w i t h i n  t h e  HSE 

Samples 
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Figure, 4-2-  F i l t e r  Basket 
(Ref. B )  I -. :I 
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Figure 4-3 Assorted Samples o f  Scale ,  I t a l y  
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exhaust region with cylindrical faces shaped by the rotors. 
The problem was partly reduced by injecting fresh water into 
the exhaust through ports in the exhaust housing. 

(4) Shaft Seal Repair :and Process Installation Renovation: 
December 2, 1981 - March 10, 1982 
Inspection of the three damaged shaft seals by the HPC 
Technical Specialist and the seal manufacturer showed that 
some of the carbon segments in the seals had each cracked at 
the center notch where the segment rested against a locking 
pin. No wear on any of the races or other sealing surfaces 
was apparent. In order to continue the Task the three seal 
assemblies were replaced. The total oper ng time on the 
seals (including Utah, Cerro Prieto, and C 
hours. 

The repair involved revising the locking pins to distribute 
the stress in the carbon segments, using an existing set of 
spare seal assemblies. The improve seal assemblies were 
instal 1 ed with secondary passages or leed ports to allow the 
recapture o f  the oil that leaked past the seals into the flush 
water. Appropriate recapture passages were machined into the 
HSE housing to allow recovery of the recaptured oil. However, 
no bleed port or recovery passages were installed for the 
fourth, undamaged assembly, and none of those for any of the 
other shaft seal assemblies was connected for use at this 
time. 

no) was then 1224 

In the process installation, the valves, separators and 
pipelines were cleaned. A new, large cone-filter was designed 
and installed upstream of the HSE to avoid the many stops due 
to the clogging o f  the basket filter. A new pipeline was 
installed between the wellhead and the new filter, and piping 
changes were made so that the S 1  and S2 separators (Figure 
3-7) could be operated simultaneously to increase the fluid 
supply to the HSE. 

(5) 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 ENEL electrical grid for 
part of the operation. 

During the testing, the well began to c Despite the 
flushing with fresh water, the exhaust also began to 
clog. The operation was stopped to clean the well and the HSE 
exhaust pipe. 
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( 6 )  Cleaning o f  the  Well and the  HSE Exhaust Pipe: 
March 12, 1982 - March 23, 1982 

The w e l l  and the  HSE exhaust p ipe  were cleaned. Some 
i n j e c t i o n  t e s t s  on the  w e l l  were c a r r i e d  o u t  t o  v e r i f y  i t s  
cond i t i on .  Preparat ions were made t o  i n s t a l l  l i n e s  t o  
recover  o i l  from the  spec ia l  p o r t s  i n  t h e  s h a f t  seal  
assembl i es .  

( 7 )  Completion o f  Performance and Demonstration Tests:  
March 23, 1982 - A p r i l  1, 1982 

Measured performance t e s t s  were made a t  var ious  loads up t o  
about 450 kW and a t  var ious  i n l e t  pressures and t h r o t t l e  
pos i t i ons .  Recovery o f  o i l  l o s t  from the  l e a k i n g  seal  
assembly was attempted by b leed ing  o f f  f l u s h  water  t o  a 
h o l d i n g  tank f o r  separa t ion  o f  the  o i l  from from the  f l u s h  
water by g r a v i t y .  
was a ided by heat ing  the  mix tu re .  Use o f  the  c e n t r i f u g e  f o r  
separat ion o f  the  b l e d - o f f  o i l  would have been p r e f e r r e d  b u t  
i t s  capac i t y  was n o t  s u f f i c i e n t  t o  handle t h i s  added load. 
Rapid sca le  growth i n  the  HSE exhaust system caused 
i n  the  o u t l e t  pressure, a drop i n  machine e f f i c i e n c y ,  and 
s t i f f e n i n g  o f  t he  f l e x i b l e  sec t i on  o f  t he  exhaust p ipe.  The 
t e s t s  were stopped t o  c lean the  exhaust system. Pieces of 
sca le more than 10 cm t h i c k  were found (F igures 4-4 and 4-5). 

Separat ion i n  the  ho ld ing  tank was poor and 

e l e v a t i o n  

The t e s t i n g  was resumed and coup l ing  t o  the  ENEL g r i d  was 
attempted. Flow i n s t a b i l i t i e s  caused o s c i l l a t i o n s  i n  the  
a l t e r n a t o r  frequency, making the  coup l ing  opera t ion  rough. 
Dur ing one such attempt, t he  p ins  i n  a shear coup l i ng  i n  t h e  
HSE power p l a n t  f a i l e d ,  probably  because the  manual 
synchronizat ion and coup l ing  opera t ion  was inexac t .  New shear 
p ins  were cons t ruc ted  i n  the  ENEL workshop i n  L a r d e r e l l o  and 
then i n s t a l l e d  i n  the  HSE so the  t e s t s  cou ld  resume. Tests 
were then done on l i q u i d  on ly .  A f t e r  a few hours, t he  t e s t  
was h a l t e d  t o  permi t  c lean ing  the  p i p e l i n e  t o  the  d isposa l  
w e l l ,  t he  separator  p l a n t ,  t he  c o n t r o l  valves and the  valves 
near the  wellhead. 

A f t e r  t he  c leaning,  t he  power p l a n t  was operated d i r e c t l y  from 
the  wel lhead t o  demonstrate the  maximum produc ib le  power o f  
550 kW. Under t h i s  cond i t i on ,  the  pressure drop i n  the  
d isposal  p i p e l i n e  and f i l t e r s  was about 24 p s i ,  l a r g e l y  
because o f  sca le  deposi ts .  The opera t ion  was then converted 
t o  measured performance us ing  the  separators,  f i r s t  w i t h  
l i q u i d  on ly ,  then w i th  bo th  l i q u i d  and vapor. Dur ing t h i s  
t e s t  i t  became necessary t o  s top  again t o  c lean the  exhaust 
p ipe  because the  d ischarge pressure s t e a d i l y  increased. 

The f i n a l  t e s t  determined the  performance o f  t he  HSE a t  t he  
maximum produc ib le  power o f  260 kW from the  l i q u i d  phase us ing  
both separators .  The separator  capac i ty  was l i m i t e d  by 
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Figure 4-4 HSE Exhaust Pipe and Expansion Joint with Scale, Italy 
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Figure 4-5 HSE Exhaust Pipe after Hammering the Scale, Italy 
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excessive e n t r y  v e l o c i t y  because o f  sca le  i n  t h e  supply l i n e s .  
The t e s t  was terminated w i t h  a check o f  t h e  governor behavior 
a t  no l o a d  w i t h  l i q u i d  and vapor feed t o  t h e  HSE. The check 
demonstrated t h a t  t h e  power p l a n t  would i d l e  s t e a d i l y  a t  an 
i n l e t  pressure t o  t h e  HSE o f  180 p s i a  i f  t h e  governor were 
ad jus ted  f o r  a h i g h  droop. 

A l l  o f  t h e  o b j e c t i v e s  o f  t h e  HSE t e s t s  were considered reached 
even though t h e  t e s t s  were 1 i m i t e d  and f i n a l l y  ha1 t e d  by t h e  
severe sca le  depos i t ion .  Dur ing t h e  t e s t s ,  t h e  power p l a n t  
produced 26.46 MWh o f  e l e c t r i c i t y  and logged 121 t e s t  hours, 
o f  which 53 were w h i l e  connected t o  t h e  I t a l i a n  e l e c t r i c a l  
g r i d .  

(8)  Disassembly and Packing f o r  Shipment: 
A p r i l  1, 1982 - June 25, 1982 

The power p l a n t  and associated t e s t  equipment were 
disassembled and packed f o r  shipment t o  New Zealand. 

C.  NEW ZEALAND 

The o b j e c t i v e s  o f  t h e  t e s t i n g  i n  New Zealand were t o :  

Determine t h e  performance a t  male r o t o r  speeds o f  3333 and 
2500 rpm over t h e  broadest poss ib le  range o f  load ,  i n l e t  
pressure and i n l e t  q u a l i t y ,  and 

Determine the  r e l i a b i l i t y  and t h e  maintenance requirements o f  
t h e  HSE. 

A t e s t  chronology i s  presented i n  Table C-4.  The opera t ions ,  beginn ing 
w i t h  t h e  a r r i v a l  o f  t h e  HSE, a r e  summarized as f o l l o w s :  

Equipment Reception, I n s t a l l a t i o n  and Prepara t ions :  
September 2, 1982 - October 19, 1982 

The HSE and associated equipment a r r i v e d  a t  t h e  s i t e  and were 
i n s t a l l e d  d u r i n g  t h i s  p e r i o d  (Refer  t o  F igu re  3-11 f o r  a 
l a y o u t  schematic). The instruments were c a l  i b r a t e d  and 
i n s t a l l e d  and t h e  computer program was mod i f i ed  and v e r i f i e d .  
A l l  necessary equipment r e p a i r s  were performed and t h e  
i n s t a l  1 a t i o n  was compl e ted  and tes ted .  

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

Performance t e s t i n g  encompassed a wide range o f  ope ra t i ng  
c o n d i t i o n s  i n  o rde r  t o  map t h e  opera t i ona l  c h a r a c t e r i s t i c s  o f  
t h e  HSE. The t e s t s  were c a r r i e d  o u t  under t h e  f o l l o w i n g  
c o n d i t i o n s :  
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, 
In1 e t  pressure (ps ia )  
In l e t  steam quality ( % )  
Exhaust pressure atmospheric pressure 
Electrical  load (kW) t o  850 
Electrical  frequency (Hz )  50 .f .4 
Male rotor  speed ( rpm)  

100, 140, 180, 220 
0,  10, 25, 50, 100 

2500, 3333 

The HSE was tes ted a t  male rotor speeds of 3333 and 2500 rpm 
t o  assess the e f fec t  of rotor t i p  velocity on performance. 
The plant was preheated for 30 t o  60 minutes before b e i n g  
b rough t  up  t o  speed and excit ing the $1 ternator .  Data logging 
on tape was a t  the discretion of the computer operator, who 
ensured t h a t  the plant and process conditions were s table  
before l o g g i n g  the data of  in te res t .  36.6 MWh of e l ec t r i c i ty  
were generated during 102 hours of intermit tent  operation. 

Several equipment probl ems were encountered d u r i n g  the  
performance t e s t  per iod.  The shaf t  sealing problem previously 
encountered fol 1 owing the rep1 acement of the mal e 1 ow-pressure 
shaf t  seal assembly i n  I t a ly  ( p p .  4-8 and 4-9) continued. The 
discontinuous nature of the New Zealand performance tes t  made 
i t  impossible t o  determine i f  the leakage r a t e  changed d u r i n g  
t h i s  period. 

The voltage regulator on the HSE a l te rna tor  malfunctioned i n  
November 1982. Testing ceased on November 12  a f t e r  61.5 tes t  
hours unt i l  a replacement regulator was instal led on November 
29. The malfunction cu t  short the tes t ing  a t  3333 rpm, 
resulting i n  the  3333-rpm data b e i n g  incomplete for an i n l e t  
pressure of 180 psia and a 10% steam quality.  The regulator 
had fa i led  previously, beginning i n  Mexico, where the ambient 
H S ,  s a l t  spray, humidity and temperature were sometimes very 
h?gh (See Fail ure No. 14, p .  6-10). The 2500-rpm gear set was 
instal led d u r i n g  the interruption and was used f o r  the balance 
of the performance t e s t s .  

( 3 )  Endurance Test Preparations: 
February 6 ,  1983 - February 23, 1983 

Preparations were made fo r  the  endurance t e s t .  The 
preparations consisted principally of (1) replacing the  male 
low-pressure seal assembly i n  order t o  overcome the excessive 
o i l  leakage experienced from this  seal after i t  was replaced 
in I t a l y ,  ( 2 )  modifying the p i p i n g  fo r  the centrifuge and 
shaf t  seal f lush water, ( 3 )  ins ta l l ing  a diatomaceous-earth 
water f i l t r a t i o n  plant ,  and ( 4 )  re ins ta l l ing  the gear s e t  fo r  
the tes t ing  a t  3333 rpm. 

During the shaf t  seal replacement, a f lake of material was 
found lodged under the side face of one of the carbon 
segments. The f lake appeared t o  have spalled from an 
imperfection i n  the  face of the hous ing .  T h i s  f lake could be 
a p a r t i a l  explanation for the o i l  leakage problem experienced 
in I t a ly  and during the New Zealand performance tes ts .  
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Inspec t ion  o f  the seal  a l s o  revealed some f i n e  p a r t i c u l a t e  
ma te r ia l  i n  the  seal  assembly and wear on the  seal  races o r  
sleeves. 
carbon bushings, appeared t o  be undamaged. Two poss ib le  
explanat ions f o r  observed wear have been suggested: 

(a)  Some f i n e  p a r t i c u l a t e  mat ter ,  i n c l u d i n g  pumice and 
fe r rous  co r ros ion  products,  was found i n  the  seal  assembly 
du r ing  the  r e p a i r .  The p a r t i c u l a t e s  were thought t o  be 
e n t e r i n g  the  seal  w i th  the  seal  f l u s h  water. As a precaut ion  
a diatomaceous-earth f i l t r a t i o n  system was i n s t a l l e d  fo r  t he  
endurance t e s t .  Th is  system prov ided f i l t r a t i o n  t o  a l e v e l  o f  
It urn. I t  i s  t o  be noted t h a t  du r ing  a l l  t he  t e s t i n g  
performed i n  New Zealand the  seal  f lush-water  f i l t r a t i o n  
exceeded the power p l a n t  manufacturer 's  s p e c i f i e d  l e v e l  o f  
25 urn. 

However, the  carbon seals  themselves, except f o r  the  

( b )  Dur ing the  seal  r e p a i r s  i n  I t a l y  a d d i t i o n a l  p o r t s  were 
d r i l l e d  and ground i n t o  the  case o f  t he  HSE by the  HPC 
Technical  S p e c i a l i s t .  HPC suggested t h a t  carborundum m a t e r i a l  
may n o t  have been complete ly  cleaned ou t  o f  some o f  the  p o r t s  
and t h a t  t h i s  r e s i d u a l  ma te r ia l  cou ld  have caused the  wear 
observed. 

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

A s  a wel lhead generat ing u n i t  t he  HSE had t o  be capable of 
running unattended. Consequently the  endurance t e s t  was s e t  
up t o  run  f o r  90 days w i t h  a minimum o f  operator  superv is ion.  
P lan t  checks were performed h o u r l y  f o r  t he  f i r s t  t h ree  days of 
t he  t e s t .  The i n t e r v a l  between checks was then increased 
u n t i l  checks were performed d a i l y  a t  8:OO and 14:OO hours 
du r ing  the  working week and once every 24 hours on weekends 
and hol idays.  A p l a n t  check once every 24 hours was 
considered adequate f o r  t h i s  un i t .  

The p l a n t  ope ra t i ng  cond i t i ons  were se lec ted  t o  ensure t h a t  
t he  governor cou ld  ma in ta in  s t a b l e  speed c o n t r o l  i n  the  event 
o f  e l e c t r i c a l  l oad  o r  i n l e t  pressure v a r i a t i o n s .  The 
opera t ing  cond i t i ons  were as fo l l ows :  

I n l e t  pressure ( p s i a )  177 t o  182 
I n l e t  q u a l i t y  (%) 25 t o  27.3 
Exhaust pressure atmospheric 
E l e c t r i c a l  load  (kW) 802 t o  812 
T h r o t t l e  p o s i t i o n  (%) 47 t o  61 
I s e n t r o p i c  e f f i c i e n c y  (%) 43 t o  46.5 

(Ca lcu la ted)  

A performance record  o f  t he  p l a n t  was logged hour l y  by the  
computer du r ing  the  endurance t e s t .  
were logged a t  four-hour  i n t e r v a l s  i s  inc luded i n  Table C-8. 

A t a b u l a t i o n  o f  data t h a t  
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On March 4 the  p l a n t  was shut  down a u t o m a t i c a l l y  by the  s a f e t y  
shutdown c i r c u i t r y .  The overspeed sw i t ch  s e t t i n g  was r e s e t  
and the  t e s t  resumed. 

Dur ing the  t e s t ,  t h e  fo l l ow ing  maintenance was performed on 
the  HSE: 

(1) 3750 1, o f  Cal t e x  Regal R + 0 46 t u r b i n e  o i l  were added t o  
the  o i l  r e s e r v o i r .  

(2)  The 25-urn main o i l  f i l t e r s  were changed f i v e  times. 

(3) The.5-um shaf t -sea l  o i l  f i l t e r  was changed once. 

(4) The c e n t r i f u g e  was cleaned th ree  t imes. 

(5 )  The o i l - c o o l e r  cowl ing  was cleaned twice.  

The number o f  main- o i l - f i l t e r  changes i s  s i g n i f i c a n t l y  more 
than est imated by HPC. It i s  thought t h a t  water en t ra ined  w i t h  
the  o i l  was causing t h e  r a p i d  b lock ing  o f  t h e  paper elements. 
Polypropylene elements were t e s t e d  and t h e y e e x h i b i t e d  super io r  
performance. 

Despi te  replacement o f  t he  d e f e c t i v e  s h a f t  seal ,  o i l  
consumption cont inued t o  be w e l l  above- the design r a t e  and 
p rog ress i ve l y  d e t e r i o r a t e d  throughou t h e  endurance t e s t .  A 
second r e s e r v o i r  was i n s t a l l e d  t o  se r a t e  o i l  from b l e d - o f f  
f l u s h  water by s e t t l i n g ,  b u t  t h e  bleed passages and recapture  
p o r t s  blocked repeatedly ,  and susta ined recovery cou ld  n o t  be 
maintained. The capac i t y  o f  t he  c e n t r i f u g e  was n o t  g r e a t  
enough t o  handle t h e  increased load  due t o  the  supplementary 
o i l  recovery. The t e s t  was terminated ahead o f  schedule a f t e r  
69 days because o ,excessive shaf t -sea l  o i l  leakage, as 
discussed on p. 6-16.$ For the  e n t i r e  endurance t e s t ,  3750 1 
o f  o i l  were l o s t  a t  an average r a t e  o f  55 1 per  day. The 
cause o f  t he  s h a f t  seal  leakage was n o t  determined. 

Inspec t ion ,  Disassembly, Packing and Shipment: 
May 4, 1983 - June 16, 1983 

The separator  p l a n t  was dismantled and re tu rned  t o  NZED 
Wairakei. A p o s t - t e s t  i nspec t i on  o f  t h e  HSE was made t o  
determine t h e  e x t e n t  o f  sca le  b’ui ld-up on t h e  r o t o r s  and 
housing. 
disassembled from the  process i n s t a l l a t i o n ,  packed, and 
t ranspor ted  t o  Auckl and. 

The power p l a n t  and associated t e s t  equipment were 

The Model 76-1 HSE was shipped back t o  t h e  Un i ted  States i n  
J u l y  1983 and p u t  i n t o  s torage a t  t h e  DOE Geothermal Test 
F a c i l i t y  near  H o l t v i l l e ,  C a l i f o r n i a .  
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SECTION 5 

PERFORMANCE EVALUATION 

A. METHODOLOGY 

The h e l i c a l  screw expander power p l a n t  cons i s t s  p r i m a r i l y  o f  
t he  HSE d r i v i n g  a convent ional  a1 t e r n a t o r  through a convent ional  speed 
reducer. Since t h e  c h a r a c t e r i s t i c s  o f  a1 t e r n a t o r s  and speed reducers 
are w e l l  known, i t  was the  e f f i c i e n c y  and performance o f  t h e  HSE i t s e l f  
t h a t  were o f  g rea tes t  i n t e r e s t  i n  t h i s  Task. Therefore, t he  f i g u r e  o f  
m e r i t  used i n  the  performance eva lua t i on  was s teady-state machine ( o r  
i s e n t r o p i c )  e f f i c i e n c y ,  de f ined as t h e  r a t i o  o f  t he  ac tua l  work done by 
the expanding f l u i d  t o  the  work o f  an i d e a l  expansion o f  t h e  same f l u i d  
over t h e  same pressure i n t e r v a l ,  and g iven by t h e  standard equat ion 

where 

rl = Machine e f f i c i e n c y  ( 2 )  
kWs = HSE s h a f t  ou tpu t  power 

i n l e t  pressure P and i n l e t  temperature T 
= S p e c i f i c  enthalpd t h a t  would r e s u l t  from i h e  i s e n t r o p i c  

expansion o f  t h e  f l u i d  from t h e  HSE i n l e t  c o n d i t i o n  t o  
the  o u t l e t  pressure P2 

M 1  = Mass f l o w r a t e  o f  f l u i d  through the  HSE 
hl = S p e c i f i c  enthalpy o f  f l u i d  e n t e r i n g  the  HSE a t  

h2s 

It i s  a somewhat r e s t r i c t e d  f i g u r e  o f  m e r i t  i n  t h a t  t h e  work done may be 
s i g n i f i c a n t l y  l e s s  than t h e  t o t a l  a v a i l a b l e  energy a t  t he  wellhead 
r e l a t i v e  t o  the  s i n k  o r  ambient cond i t ions ,  j u s t  as the  expansion 
between the  i n l e t  and o u t l e t  cond i t i ons  o f  t h e  HSE as r e f l e c t e d  by the  
machine’s vo lumet r ic  expansion r a t i o  may be o n l y  p a r t  o f  t he  complete 
expansion o f  t h e  geothermal f l u i d  from the  wellhead t o  t h e  s ink .  

None o f  t h e  va r iab les  i n  t h e  e f f i c i e n c y  equat ion was measured 
d i r e c t l y .  The value o f  h was c a l c u l a t e d  from h and t h e  thermodynamic 
p roper t i es  o f  t h e  f l u i d  a?’the i n l e t  and o u t l e t  pbessures. kWs, M 1  and 
h were determined exper imenta l l y .  The i n l e t  enthalpy h and two-phase 
f l o w r a t e  M 1  were determined by i n d i r e c t  measurement, e i t h e r  upstream o r  
downstream from t h e  expander depending on t h e  process i n s t a l l a t i o n .  For 
measurements upstream, the  two-phase f l o w  was separated i n t o  vapor and 
l i q u i d  streams whose f lowrates and en tha lp ies  were determined, and t h e  
two streams were recombined t o  g i v e  a stream of known f l o w r a t e  and 
enthalpy t o  t h e  expander. Thus, 
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and 

o r  ¶ 

M1 = M l v  + M l f  

Mlhl = Mlvhv + Mlfhf 

Mlvhv + Mlfhf  - 
hl - M1, f M l f  

where v r e f e r s  t o  the  vapor stream and f r f 
Since the  two streams were assumed t o  be a t  sa 
each was determined from tab les  o r  equat ions 

( 3 )  

(4 )  

(5) 

t o  the  l i q u i d  tream. 
r a t i o n ,  the  enthalpy o f  

o f  t he  thermodynamic 
p r o p e r t i e s  o f  steam and water by measuring the  temperature o r  pressure. 
Thermodynamic co r rec t i ons  f o r  s a l t s  i n  the  1 i q u i d  o r  noncondensi b l e  
gases i n  the  vapor were made i f  t h e i r  concentrat ions were s i g n f i c a n t .  

The c a l c u l a t i o n  of t he  e f f i c i e n c y  by downstream measurement 
was s i m i l a r  t o  the  above. The 'exhaust stream was separated i n t o  two 
single-phase streams f o r  determin ing s p e c i f i c  enthalpy and mass f low.  
For an ac tua l  expander, t he  sum o f  the  s h a f t  power ou tpu t  kWs and the  
thermal losses equals the  product  o f  the  f l u i d  f l o w r a t e  and hp, t he  
s p e c i f i c  en tha lpy  o f  t he  f l u i d  e x i t i n g  the  machine, o r  

kWs f losses = Ml(hl - h2) (6 )  

Thus, 
kWs + losses 

h1  = hp + M 1  ( 7 )  

so t h a t  an equ iva len t  d e f i n i t i o n  o f  machine e f f i c i e n c y  i s  

(8) hl - hz - ( losses/Ml)  
, n' = 

hl - h2S 

I n  t h i s  work, thermal losses were assumed t o  be n e g l i b l y  smal l ,  so 

kWs 
hl = h z  + M1 (9) 

Since the  HSE d r i v e s  an a l t e r n a t o r  whose e l e c t r i c a l  power 
can be measured accura te ly ,  t h i s  was used as the  bas is  f o r  ou tpu t  P 

d e t e r m i n h g  the  s h a f t  power kWs. 
box losses, b, were determined as func t i ons  o f  opera t ing  cond i t i ons  o f  
power f a c t o r  and load. Thus, 

The a l t e r n a t o r  losses, a, and the  gear 

kWs = Pe + a + b 

kW 2 41 a = [29.169 + 5.28 x I f m] 
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and 

where 

( a  + P e l  
b = [ 8.5590 + 6.9750 looo 1 kW 

( a  + P e l  
b = [11.0005 + 6.1069 looo 1 kW 

Pe = a l t e r n a t o r  ou tpu t  i n  kW 

a = a l t e r n a t o r  l oss  i n  KW Q 1800 rpm 

I = armature c u r r e n t  

b = gearbox losses i n  KW 

(3000 rpm 
i n p u t )  

(4000 rpm 
i n p u t )  

The a l t e r n a t o r  and gear box losses were determined from data 
obta ined from the  o r i g i n a l  equipment manufacturer. The a l t e r n a t o r  
losses were a c t u a l l y  measured i n  a comprehensive c a l i b r a t i o n  p r i o r  t o  
d e l i v e r y ;  t he  gear box losses were c a l c u l a t e d  f o r  each o f  t he  gear se ts  
from a computer program based on theo r ies  o f  bear ing  and gear mesh 
losses. The l o s s  equations were mod i f i ed  f o r  50-Hz opera t i on  as 
approp r ia te  (see Refs. B and C). 

The above expression f o r  s h a f t  power kWs does n o t  account f o r  
t he  approximately 74 hp (5.6 kW) l oad  o f  t he  o i l  pump which was 
i n s t a l l e d  on t h e  gear box. Th is  pump load i s  independent o f  power p l a n t  
l oad  and v a r i e s  w i t h  the  temperature o f  the o i l  and the  pump rpm. 

Some o t h e r  losses, such as those associated w i t h  condensing 
operat ion,  were n o t  considered. 

B. PROCESS AND PERFORMANCE MONITORING 

The ins t rumen ta t i on  and data l ogg ing  f a c i l i t i e s  enabled easy, 
r e l i a b l e  mon i to r i ng  and reco rd ing  o f  t he  data generated from the  t e s t  
programs. A l l  i n s t a l l a t i o n s  were instrumented t o  enable performance and 
se lec ted  process va r iab les  t o  be logged. The l o c a t i o n s  of t he  
instruments mon i to r i ng  the  performance va r iab les  a re  shown on the  
process schematics f o r  each i n s t a l l a t i o n .  For the  Cerro P r i e t o  
i n s t a l l a t i o n s  the  process v a r i a b l e s  a r e  1 i s t e d  on the  schematics; f o r  
t he  Cesano and Broadlands i n s t a l l a t i o n s  they  a re  l i s t e d  separately,  as 
nomenclature i n  Table 8-2 f o r  Cesano, and as va r iab les  logged i n  Table 
C-2 f o r  Broadlands. The s i m i l a r i t y  i n  the  l i s t s  o f  va r iab les  i s  r e a d i l y  
apparent and i s  t o  be expected. Table C-2 inc ludes  HSE bear ing  
temperatures and a l t e r n a t o r  wind ing temperatures which were measured a t  
a l l  s i t e s .  

The l i s t  o f  t ransducers used i n  the  Broadlands i n s t a l l a t i o n  i s  
presented i n  d e t a i l  i n  Table C-3 and may be considered t y p i c a l .  A 
r e q u i r e d  o v e r a l l  accuracy o f  two percent was used t o  determine 
ins t rumen ta t i on  s p e c i f i c a t i o n s .  A l l  the  process transducers were 
c a l i b r a t e d  be fo re  the  beginning o f  t he  Task, and most were c a l i b r a t e d  
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for each installation prior to the commencement of the 'testing using the 
same calibration equipment. Checks were performed during the testing to 
ensure reliable data were being logged. 

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

Mexico. In the first process installation in Cerro Prieto 
' m i g u r e  3-1), the measurement of liquid separated from the 
HSE exhaust was by weir. All other measurements of flow o f  
fluid through the HSE were by orifice. The vapor flow 
measurements used flange taps, whereas the liquid flow 
measurement in the second process (see Figure 3-5) used 
pressure taps at D and D/2 locations according to the ASME 
convention. 

Italy. At Cesano 1, the flow of liquid from the.separator for 
delivery to the HSE was measured by a magnetic flowmeter with 
a removable electrode. The metering tube was of PTFE, 
serviceable to 18OOC and 40 barl. Cold water was injected 
upstream of the magnetic flowmeter to avoid boiling within the 
meter. The flowrate of the vapor phase was measured by 
orifice with D and D/2 taps conforming to ASME convention. 

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

The data acquisition system was designed to perform the 
following functions: 

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

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

(3) 

expander. 

Display the test parameters and performance versus ,time 
on printed logs *to provide process control assistance on 
a permanent record. 

(4) Record the data on magnetic tape automatically, or at 
operator discretion. 

(5) Monitor the safety shutdown system in the HSE power 
system for first fault, and record the fault and one 
complete set of measured data existing just before the 
faul t occurred. 
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( 6 )  Mon i to r  ope ra t i ng  parameters and prov ide  a warning i n  the  
event o f  an "out-of-range'' c o n d i t i o n  (Th is  f u n c t i o n  was 
n o t  used du r ing  the  Task). 

(7) Process the  t e s t  r e s u l t s  by r e t r i e v i n g  t h e  data s to red  on 
tape, ana lyz ing  them, and p r i n t i n g  o r  p l o t t i n g  the  
r e s u l t s  i n  a v a r i e t y  o f  ways accord ing t o  opera tor  
i n s t r u c t i o n s .  

The system was composed o f  a Hewlett-Packard Model 9825A 
computer and associated ins t rumenta t ion  such as a multiprogrammer 
i n t e r f a c e ,  s igna l  cond i t ioners ,  p r i n t e r s  and p l o t t e r s ,  a l l  o f  which 
were housed i n  a contro l led-env i ronment  data van. Custom sof tware was 
w r i t t e n  f o r  c a l i b r a t i o n ,  opera t ing  programs, and data ana lys i s .  The 
opera t ing  programs ca lcu la ted ,  on- l ine ,  t he  i s e n t r o p i c  e f f i c i e n c y  of t he  
HSE. A l l  ope ra t i ng  programs logged t e s t  data on tape casset tes 
au tomat i ca l l y  a t  p re-se t  i n t e r v a l s  and by opera tor  command. The 
equat ions s p e c i f i c  t o  t h e  Mexican, I t a l i a n  and New Zealand t e s t  programs 
are  documented i n  Refs, A, B and C, r espec t i ve l y .  Notable d i f f e r e n c e s  
among the  programs used t o  l o g  and analyze the  t e s t  data were as 
f o l l  ows : 

Mexico. The computer program used f o r  l ogg ing  the  t e s t  data 
and f o r  c a l c u l a t i n g  the  t e s t  r e s u l t s  i n  r e a l  t ime du r ing  the  
t e s t i n g  a t  Cerro P r i e t o  was s i m i l a r  t o  t h a t  f u rn i shed  w i t h  the  
data a c q u i s i t i o n  system, except t h a t  t he  subrout ines f o r  
thermodynamic p r o p e r t i e s  w i t h  co r rec t i ons  f o r  s a l t s  and 
noncondensible gases were rep laced by curve f i t  approximat ions 
t o  steam t a b l e  data. Due t o  the  low concent ra t ion  o f  s a l t s  
and noncondensibles (Table A - 1 )  c o r r e c t i o n s  f o r  i m p u r i t i e s  
were deemed by CFE t o  be unnecessary. The opera t ing  computer 
program used o n - l i n e  du r ing  the  t e s t i n g  was n o t  always updated 
w i t h  ref inements i n  c a l i b r a t i o n  data o r  f l o w  measurement 
parameters d u r i n g  the  t e s t i n g ,  b u t  d e f e r r i n g  these r e v i s i o n s  
u n t i l  l a t e r  d i d  n o t  impa i r  t he  use o f  t he  program f o r  data 
l o g g i n g  or t e s t  management. 
process va r iab les  i s  shown i n  Table A - 3 .  

The nomenclature CFE used f o r  the  

I t a l y .  The computer program used f o r  l ogg ing  the  t e s t  data 
and f o r  c a l c u l a t i n g  the  t e s t  r e s u l t s  o n - l i n e  du r ing  the  
t e s t i n g  was based on t h e  computer program inc luded as p a r t  o f  
t h e  data a c q u i s i t i o n  system. The program conta ined 
thermodynzmic c o r r e c t i o n s  tha t  were v a l i d  f o r  s a l t  
concentrat ions i n  the  b r i n e  f rom 0% t o  lo%, b u t  n o t  f o r  t h e  
Cesano 1 s a l t  concen t ra t i on  o f  31%. The i n i t i a l  adapta t ion  o f  
t he  program fo r  t he  Cesano 1 HSE t e s t s  was s a t i s f a c t o r y  f o r  
l ogg ing  the  t e s t  data and mon i to r i ng  t h e  t e s t s ,  b u t  i t  was n o t  
in tended f o r  c a l c u l a t i n g  t h e  e f f i c i e n c y  o f  t he  HSE as 
determined by these t e s t s .  For t h i s  l a t t e r  purpose i t  was 
necessary t o  determine t h e  enthalpy o f  l i q u i d  b r i n e ,  vapor 
enthalpy,  C02 enthalpy,  m ix tu re  enthalpy,  vapor pressure o f  
b r i ne ,  b r i n e  dens i ty ,  b r i n e  entropy, C O  entropy, and m ix tu re  
entropy. 
co r rec t i ons  t o  the  p r o p e r t i e s  o f  steam and water t h a t  were 

These thermodynamic p r o p e r t i g s  were a p p l i e d  as 
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i nc luded as p a r t  o f  the  program. A d iscuss ion  o f  the  
procedure i s  inc luded i n  Ref. B, a long w i t h  an assessment o f  
t he  t e s t  ins t rumenta t ion  r e l i a b i l i t y  and an ana lys i s  o f  the  
e f fec ts  o f  u n c e r t a i n t y  o f  c r i t i c a l  process parameters on the  
c a l c u l a t e d  e f f i c i e n c y .  

New Zealand. The computer program used f o r  ana lyz ing  the  New 
Zealand t e s t  data was based on the  program fu rn ished w i th  the 
data a c q u i s i t i o n  system b u t  w i th  m o d i f i c a t i o n s  t o  the  steam 
and l i q u i d  f l o w r a t e  equat ions and t o  the  gearbox and the  
a l t e r n a t o r  power l o s s  equat ions.  D e t a i l s  o f  the  changes made 
t o  the  computer program are g iven i n  the  performance 
c a l c u l a t i o n  procedure (Table C-5). Computer outputs  se lec ted  
f o r  t a b u l a t i o n  o f  r e s u l t s  a re  i d e n t i f i e d  i n  a l i s t  o f  
va r iab les  (Table C-6). 

A l l  the data were analyzed w i t h  0 ppm t o t a l  d isso lved s o l i d s  
and 0% gas i n  the  steam. A s e n s i t i v i t y  ana lys is  was 
undertaken us ing  5000 ppm t o t a l  d isso lved s o l i d s  and 2.5% gas 
by weight  i n  the  steam, which were rep resen ta t i ve  o f  the t e s t  
cond i t ions .  The i s e n t r o p i c  e f f i c i e n c y  v a r i e d  by 0.3% i n  the  
worst  case, and hence the  d isso lved s o l i d s  and gas conten t  a re  
n o t  accounted f o r  i n  the  tabu la ted  data. 

A t  a l l  i n s t a l l a t i o n s  the  e l e c t r i c a l  energy generated by t he  
power p l a n t  (except t h a t  w h i l e  connected t o  the  e l e c t r i c a l  g r i d  i n  
I t a l y )  was d i s s i p a t e d  i n  a r e s i s t i v e  load bank supp l ied  as p a r t  o f  t he  
t e s t  equipment and descr ibed i n  Ref. 1, p. 2-17. I n  p repara t i on  f o r  the  
t e s t i n g  i n  I t a l y ,  the  power p l a n t  was converted from 60 Hz t o  50 Hz and 
the  ou tpu t  vo l tage was reduced from 480 V t o  t y p i c a l l y  430 V .  Loads 
cou ld  be incremented i n  steps o f  50 kW a t  480 V i n  Mexico and i n  
increments o f  approx imate ly  40 kW a t  430 V i n  I t a l y  and New Zealand. 

See Ref. 1, pp. 2-17 t o  2-51 f o r  more d e t a i l e d  desc r ip t i ons  o f  
t he  process and performance mon i to r i ng  systems. 
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SECTION 6 

TEST RESULTS 

A. MEXICO 

( 1 )  Endurance Test 

The endurance t e s t  was run  i n t e r m i t t e n t l y  f rom May 31, 1980 t o  
J u l y  29, 1980. Dur ing the  t e s t ,  the  power p l a n t  was operated 
a t  the maximum power sus ta inab le  by the  w e l l .  The f u l l  load  
t e s t i n g  was concluded t o  repeat  e a r l i e r  performance t e s t s  a t  
var ious  loads and i n l e t  pressures. 

The opera t i ng  cond i t i ons  were as fo l l ows :  

I n l e t  pressure ( p s i a )  

Exhaust pressure ( p s i a )  
E l e c t r i c a l  load  (kW) 807 t o  882 
T h r o t t l e  p o s i t i o n  (%) 
I s e n t r o p i c  e f f i c i e n c y  ( % )  

173 t o  197 
20 t o  35 
15.0 t o  16.1 

60 t o  78 
50 t o  59 

I n l e t  q u a l i t y  (%)  

(Calcu lated)  

The endurance t e s t  produced 826.5 MWh o f  e l e c t r i c a l  energy 
generated du r ing  985 hours o f  operat ion.  The t e s t  was 
i n t e r r u p t e d  s i x  times f o r  per iods o f  from 24 hours t o  6 days 
f o r  a t o t a l  t ime o f  approximately 430 hours. None o f  the  s i x  
stops were automat ic and none were a t t r i b u t a b l e  t o  the  power 
p lan t .  These f a i l u r e s  a re  ch ron ic led  i n  more d e t a i l  i n  Table 
A-4. 

A record  o f  t he  process and p l a n t  performances was logged a t  
i n t e r v a l s  by the  computer du r ing  the  endurance t e s t .  A t a b l e  
o f  data from the  record  i s  presented i n  Table A-5. D a i l y  
averages o f  machine e f f i c i e n c y  (Rm), t o t a l  mass f l o w r a t e  (Wt), 
and i n l e t  en tha lpy  (He) a re  p l o t t e d  i n  F igure  A-4. I t  was 
p red ic ted  t h a t  the  e f f i c i e n c y  o f  t he  HSE would improve w i t h  
sca le  depos i t i on  du r ing  the  t e s t .  

An e f f i c i e n c y  increase was recorded du r ing  the  t e s t ,  as shown 
i n  F igure  A-4 and Table A-5. Th is  increase was a t t r i b u t e d  t o  
sca le  growth w i t h i n  the  machine, which reduced the  clearances 
between the  h e l i c a l  screw r o t o r s  and the  case. For the  
o v e r a l l  du ra t i on  o f  t he  t e s t ,  CFE repo r ted  an increase i n  
e f f i c i e n c y  on the order  o f  4 percentage po in ts ,  based on the  
d a i l y  averages as shown i n  F igure A-4. Some h igher  and lower 
e f f i c i e n c y  improvements were shown (F igure  A-4 and Table 
A-5). I t  i s  poss ib le  t h a t  the m id - tes t  gains were 
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I 

subsequently cancelled by the observed loss  of scale,  as 
believed by the Technical Spec ia l i s t s .  

1 

( 2 )  Performance Tests 

The performance tes t ing  was done i n  three groups. The f i r s t  
group were atmospheric exhaust pressure t e s t s  done a t  
3000-rpm male rotor speed before the endurance t e s t ,  using the 
noncondensing t e s t  arrangement shown i n  Figure 3-1. The t e s t  
data from t h i s  group or  t e s t  were not considered v a l i d  for  
this evaluation, because the preparation of the computer 
program and the instruments was n o t  completed u n t i l  just pr ior  
t o  the s t a r t  of the endurance t e s t  (See Ref. A ) .  

The second and t h i r d  performance t e s t s  a re  referred t o  as the 
"downstream t e s t "  and the "upstream t e s t  ,'I respectively,  due 
t o  the t e s t  arrangements used. The second group were 
atmospheric and above-atmospheric pressure t e s t s  done a t  3000- 
and 4000-rpm male rotor speeds beginning immediately a f t e r  the 
endurance t e s t ,  s t i l l  using the noncondensing t e s t  arrangement 
of Figure 3-1. The t h i r d  group were ,atmospheric and 
sub-atmospheric exhaust pressure t e s t s  'done a t  both rotor 
speeds us ing  the condensing t e s t  arrangement shown - i n  Figure 
3-5. The downstream and upstream t e s t s  were ,analyzed w i t h  
d i f f e ren t  methodologies because the respecrtive t e s t  
arrangements required d i f f e ren t  equations .j" I t  was the 
o p i n i o n  of the JPL Technical Spec ia l i s t  t h a t  this  would n o t  
a f f ec t  the r e su l t s .  

( a )  Atmospheric Exhaust Pressure 

Table A-6 gives a summary of the most important measured 
and calculated r e su l t s  under s tab i l  ized conditions. The 
r e su l t s  a re  a lso presented graphically i n  Figures A-5 
t h r o u g h  A-16. 

Figures A-5 and A-6 re fer  t o  the downstream t e s t  w i t h  
rotor speeds o f  3000 and 4000 rpm, respectively.  All the 
i n l e t  conditions a re  included. Figures A-7 and A-8 
correspond t o  the upstream t e s t  under speed and i n l e t  
conditions similar t o  those of the downstream t e s t .  
These f igures  show a trend for the machine efficiency t o  
increase w i t h  increasing load. 

Figures A-9 t o  A-13 correspond t o  the 3000-rpm downstream 
t e s t .  The e f f ec t  of i n l e t  pressure and qual i ty  on the 
machine efficiency i s  observed. In Figures A-9 and A-10, 
the i n l e t  pressure varies as shown for i n l e t  qual i ty  
w i t h i n  10% t o  20% and 20% t o  308, respectively.  Although 
the data for each pressure do n o t  cover the complete 
range of shaf t  o u t p u t  power, a s l i g h t  decrease i n  the 
machine efficiency occurs w i t h  increasing i n 1  e t  pressure. 
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In Figures A-11, A-12, and A-13, inlet quality varies 
while inlet pressure is kept at approximately 100, 140, 
and 180 psia, respectively. A slight efficiency increase 
is observed for the lower-quality range of 10% to 20% at 
pressures of 100 and 140 psia. At the inlet pressure of 
180 psia there were not sufficient data to differentiate 
changes in the machine efficiency at different quality 
ranges. 

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

Finally, Figure A-16 shows the efficiencies obtained 
during the downstream and upstream tests for all inlet 
conditions tested. A difference is observed between the 
downstream and upstream test results , especially at the 
lower loads, with the downstream test showing the larger 
eff i ci ency . 
From an analysis of flowrate information, CFE has 
concluded that the difference between efficiencies shown 
in Figure A-16 is not real, but instead is the result of 
error in flow measurements for the downstream test. This 
conclusion is based on differences in the total well 
output flowrates through the machine, measured during 
maximum load tests of the HSE using the two test 
installations, and comparing these rates with the total 
well o u t p u t  rates measured at other times when the HSE 
was not being tested. During these measurements the 
we1 1 head pressure was approximately the same. The 
relevant HSE test data are summarized as follows: 

TEST DATE SPEED OF TOTAL 
MALE ROTOR FLOW 

r Pm RATE 
tons/h 

Endurance '05/3 1/80 - /29/80 3ooo rn 
Downstream 08/ 15/80 3000 43.0 
Upstream 02/05/81 4000 54.6 
Upstream 02/20/81 3000 54.0 

The flowrates for the downstream and upstream tests are 
seen to differ by approximately 10 tons/h. The 
possibility that this discrepancy could be caused by a 
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change i n  the  produc t ion  o f  w e l l  M-11  i n  the per iod  
spanned by the  t e s t s  has been d iscounted by CFE, s ince  
the  w e l l  i s  normal ly  q u i t e  s tab le ,  as demonstrated by i t s  
1979 and 1980 produc t ion  c h a r a c t e r i s t i c  curves (F igure  
A-3), so the  discrepancy i s  a t t r i b u t e d  t o  e r r o r s  i n  
f l o w r a t e  measurement. 

Because the  w e l l  p roduc t ion  measured be fore  and a f t e r  the 
endurance t e s t  agreed more c l o s e l y  w i t h  the  upstream 
values obta ined than w i t h  the  downstream values (F igure  
A-17) ,  the  e r r o r s  a re  ascr ibed t o  the  downstream 
measurements. The measurement procedures, namely steam 
f l o w  by o r i f i c e  and water f l o w  by we i r ,  t h e  hardware, and 
the  c a l c u l a t i o n s  were examined by CFE and found t o  be 
s a t i s f a c t o r y .  Th is  leads CFE t o  conclude t h a t  the  o n l y  
poss ib le  cause of e r r o r  was inaccura te  zero adjustment o f  
t he  inst ruments du r ing  the  downstream t e s t .  

The v iewpo in t  of t he  JPL Technical S p e c i a l i s t  i s  t h a t  the  
f l o w r a t e  measurements and t e s t  r e s u l t s  f o r  the  downstream 
t e s t  a re  probably  co r rec t ,  and t h a t  t he  f l o w r a t e  of the  
w e l l  was d i f f e r e n t  from normal du r ing  these t e s t s .  The 
reasons f o r  t h i s  v iewpo in t  a re  inst rument  d e t a i l s ,  
observed we1 1 v a r i a t i o n ,  compati b i  1 i t y  o f  t e s t  r e s u l t s ,  
and e f f e c t s  o f  scale,  as discussed next :  

r '  
,. 

( i )  Inst rument  D e t a i l s  

The inst ruments f o r  measuring the  steam and water 
were c a r e f u l l y  i n s t a l l e d ,  c a l i b r a t e d  and ad jus ted  
f o r  zero f low.  The zeros were r o u t i n e l y  checked 
be fore  and a f t e r  t e s t i n g ,  and the  zero f l o w  readings 
and c a l c u l a t e d  f l owra tes  were normal ly  logged by the  
computer . Zero e r r o r s  corresponding t o  10 tons/ h 
would have been l a r g e  and should have been easy t o  
de tec t .  The inst rument  t ransducers had been used 
e a r l i e r  i n  Utah and were used subsequently i n  the  
upstream t e s t  i n  Mexico and i n  the  t e s t s  i n  New 
Zealand w i t h  no s i g n i f i c a n t  d r i f t .  A d r i f t  o f  the  
steam transducer ou tpu t  i n  the  downstream t e s t  i n  
Mexico causing a s igna l  s h i f t  o f  0.003 V was 
recorded du r ing  one ins t rument  check, b u t  t h i s  
corresponded t o  o n l y  0.15 inches of water 
d i f f e r e n t i a l  pressure, and was corrected.  This  
o f f s e t  was i n s i g n i f i c a n t  compared w i t h  the  
d i f f e r e n t i a l  across the  o r i f i c e  du r ing  the endurance 
t e s t  o f  about 28 inches o f  water f o r  maximum f low.  

P a r t  way through the  endurance t e s t ,  the  p r e c i s i o n  
o f  t he  f l o w  measurements was improved by 
r e c a l i b r a t i n g  the  steam transducer t o  a span o f  0 t o  
40 inches ins tead o f  0 t o  100 inches on June 12, 
1980, and rep lac ing  the  water t ransducer hav ing an 
18- inch minimum span w i t h  a new one c a l i b r a t e d  f o r  0 
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t o  5 inches p r i o r  t o  the  J u l y  2 t e s t  resumption. 
The zeros were ad jus ted  and checked on- l ine .  This  
work took p lace du r ing  the  shutdowns between June 8 
and June 14, 1980, and between June 26 and J u l y  2, 
1980, respec t i ve l y ,  as shown i n  F igure  A-4 and Table 
A-5. (The c lean ing  o f  the  pressure c o n t r o l  va lve  
and the  m o d i f i c a t i o n  o f  t he  va lve  and i t s  
i n s t a l l a t i o n ,  as discussed e a r l i e r ,  were done du r ing  
the  l a t t e r  t ime per iod. )  The f l o w  data before and 
a f t e r  these changes are  i n  good agreement, 
suggest ing t h a t  there  were no zero e r r o r s  t h a t  cou ld  
e x p l a i n  the  f l o w r a t e  discrepancy o f  10 tons/h 
compared w i t h  normal w e l l  f low.  

(ii) Well V a r i a t i o n  

Al though w e l l  M - 1 1  may be normal ly  s tab le ,  i t  i s  
known t h a t  pressure and f l o w  i n s t a b i l i t y  d i d  occur 
du r ing  the  t e s t i n g  per iod.  The endurance t e s t  was 
i n t e r r u p t e d  on June 8 by an earthquake o f  magnitude 
6.7 on the  R ich te r  sca le  which a l t e r e d  the  
c h a r a c t e r i s t i c s  o f  the  w e l l ,  as  shown i n  F igure  A-4. 
The enthalpy decreased by approximately 7%, w h i l e  
the  t o t a l  f l o w  increased i n  the  same p ropor t i on .  
The endurance t e s t  was a l s o  i n t e r r u p t e d  on June 26 
by v a r i a t i o n s  i n  the  wellhead pressure and on J u l y  
15 by h igh  wel lhead pressure, as repor ted  i n  Table 
A-4. I f  and how the  f l o w r a t e  dilemma i s  r e l a t e d  t o  
the earthquake o r  o ther  c r u s t a l  i n s t a b i l i t y  du r ing  
t h i s  t ime i s  n o t  known. It i s  known t h a t  the  ground 
cracked about 140 paces from the  w e l l  du r ing  the  
earthquake and t h a t  many w e l l  c e l l a r s  and ground 
areas were f looded from below. 

( i i i )  C o m p a t i b i l i t y  o f  Test  Resul ts  

A t  the  beginning o f  the  endurance t e s t  i n  Mexico, on 
May 31, 1980, the  machine e f f i c i e n c y  was determined 
t o  be 50%, us ing  f l owra tes  measured downstream 
(Table A-5 and F igure  A-4). A t  t h a t  t ime the  
inst ruments had been r e c e n t l y  c a l i b r a t e d  and 
checked. La ter ,  on February 20, 1981, du r ing  the  
upstream t e s t  w i t h  approx imate ly  the same t e s t  
cond i t ions ,  t he  e f f i c i e n c y  was determined t o  be 48% 
t o  49% (Table A-6 and F igure  A-5). The disagreement 
o f  o n l y  1 t o  2 percentage p o i n t s  i s  s i g n i f i c a n t l y  
l e s s  than the  disagreement between the  downstream 
t e s t  r e s u l t s  a f t e r  the endurance t e s t  and the  
upstream t e s t  r e s u l t s  shown i n  F igure  A-16. The 
small d i f f e r e n c e  i n  e f f i c i e n c i e s  cou ld  r e s u l t  f rom 
unequal sca le  depos i t  th icknesses w i th in  the  machine 
f o r  the  two t e s t s .  The c lose  agreement i s  n o t  
compat ib le w i t h  a f l o w r a t e  measurement e r r o r  o f  10 
tons/h. I f ,  however, i t  were assumed the re  was a 
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f l o w r a t e  e r r o r ,  c o r r e c t i n g  e i t h e r  t h e  water f l o w  o r  
t h e  steam f l o w  by the  t o t a l  est imated e r r o r  impai rs  
the  c o m p a t i b i l i t y  o f  the  r e s u l t s .  Inc reas ing  t h e  
water r a t e  by the  est imated e r r o r  g ives a machine 
e f f i c i e n c y  o f  53%, which i s  too  h i g h  f o r  the  amount 
o f  sca le  observed on t h e  r o t o r s  a t  t h a t  t ime. A 
corresponding increase i n  t h e  steam f l o w  gives 34%, 
which i s  much too low and i s  n o t  c o r r e c t .  The 
a1 t e r n a t i v e  explanat ion o f ?  a balanced shar ing o f  the  
e r r o r ,  i f  i t  e x i s t s ,  i s  n o t  p l a u s i b l e ,  because t h e  
e r r o r  would have had t o  be s p l i t  i n  approximately 
constant  p r o p o r t i o n  every t ime t h a t  e i t h e r  the  
o r i f i c e  o r  w e i r  t ransducer was r e c a l  i brated, 
replaced, zeroed, o r  o therwise changed dur ing  
downstream t e s t i n g .  

E f f e c t s  o f  Scale 

' 

The disagreement between t h e  downstream and upstream 
t e s t  r e s u l t s  (see F igure  A-16) can be expla ined by 
t h e  ef fects  of sca le on t h e  r o t o r s .  The h ighes t  
e f f i c i e n c i e s  were determined a t  reduced power i n  t h e  
morning of the  te rmina t ion  o f  t h e  endurance t e s t  
(see Table A-6). A t  t h a t  t ime there  had been l i t t l e  
o p p o r t u n i t y  f o r  the  machine t o  l o s e  p r e v i o u s l y  
accumulated scale,  a l though t h e  machine was stopped 
u n i n t e n t i o n a l l y  f o r  a few minutes w h i l e  reducing the  

, load  f o r  the  performance t e s t i n g .  A f t e r  about 43 
hours o f  performance, t e s t i n g  t h e  t e s t  was 
i n t e r r u p t e d  f o r .  17 .days because o f  damage t o  the  
load bank. There i s .  no q u a n t i t a t i v e  i n f o r m a t i o n  
about how much..scale was l o s t  d u r i n g  t h i s  t e s t  
i n t e r r u p t i o n ,  b u t  i t  i s  known t h a t  some sca le  was 
l o s t .  The subsequent performance l e v e l  was lowered, 
b u t  n o t  down t o  the  l e v e l  measured a t  t h e  beginning 
o f  the  endurance t e s t ,  when there  was very l i t t l e  
sca le  w i t h i n  the  machine. 

As a general p o i n t  i t  should be noted t h a t  t h e  
v a r i a t i o n  o f  sca le w i t h i n  t h e  machine and t h e  random 
v a r i a t i o n  o f  o ther  t e s t  c o n d j t i o n s  i n  Mexico made 
determinat ion o f  the  HSE performance c h a r a c t e r i s t i c s  
from t h e  t e s t  data very  d i f f i c u l t .  Deposi t ion o r  
l o s s  o f  sca le changed t h e  i n t e r n a l  dimensions, and 
t h e  performance o f  the  mach'ine d i d  n o t  remain t h e  
same. As an example, compare Figures A-14 and A-15 
showing the  e f f e c t  o f  r o t o r  speed on machine 
e f f i c i e n c y  f o r  downstream and upstream t e s t s ,  
r e s p e c t i v e l y .  The 3000-rpm downstream t e s t s  were 
made a f t e r  the  endurance t e s t  'dur ing which most o f  
the  scale was deposi ted w i t h i n  the  machine. The 
h ighes t  e f f i c i e n c i e s  were those measured f i r s t  a f t e r  
the  te rmina t ion  o f  the  endurance t e s t .  The 4000-rpm 
t e s t s  were made one month l a t e r  a f t e r  an extended 
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p e r i o d  o f  shutdown and observed l o s s  o f  scale.  By 
comparison, the  3000-rpm and 4000-rpm upstream t e s t s  
were a l l  made about s i x  months l a t e r .  I t  can be 
assumed t h a t  by t h i s  t ime the  amount o f  sca le had 
s t a b i l i z e d ,  i n  agreement w i t h  observat ions.  I t  
should be noted t h a t  a l l  performance t e s t i n g  was 
i n t e r m i t t e n t ,  be ing c a r r i e d  o u t  on a daytime bas is  
on ly ,  i n  c o n t r a s t  w i t h  the  endurance t e s t .  From 
these f a c t s  i t  i s  the  v iew o f  the  JPL Technical  
S p e c i a l i s t  t h a t  much o f  the  spread o f  data seen f o r  
the downstream t e s t s  i n  F igure  A-14 was caused by 
ef fects  o f  sca le  r a t h e r  than r o t o r  speed, e s p e c i a l l y  
when compared w i t h  F igure  A-15. The same d i f f i c u l t y  
app l i es  t o  the  i n t e r p r e t a t i o n  o f  a l l  HSE t e s t  data 
a t  w e l l  M-11. The JPL Technical  S p e c i a l i s t  be l ieves  
the d i f f e r e n c e  i n  e f f i c i e n c i e s  between the  
downstream and upstream t e s t s  shown i n  F igure  A-5 
can be s i m i l a r l y  explained. 

(b )  Above-Atmospheric Exhaust Pressure 

P a r t  o f  the downstream t e s t  was conducted w i t h  exhaust 
pressures g rea te r  than atmospheric pressure. 
arrangement was as shown i n  F igure  3-1, except f o r  the  
p rov i s ions  f o r  e leva ted  back-pressure opera t ion .  The 
opera t ing  cond i t i ons  were as fo l l ows :  

The process 

I n l e t  pressure (ps ia )  
I n l e t  q u a l i t y  (%) 
Exhaust pressure ( p s i a )  
Male r o t o r  speed (rpm) 
E l e c t r i c  l oad  (kW) 

100, 140 and 180 
27 t o  35 
24 t o  41 
3000 and 4000 
211 t o  472 

A summary o f  t h e . t e s t  data i s  presented i n  Table A-7. 

An increase i n  the exhaust pressure had a negat ive  e f f e c t  
on the  machine e f f i c i e n c y ,  as shown i n  the  f o l l o w i n g  
rep resen ta t i ve  r e s u l  t s  : 

Exhaust pressure ( p s i a )  
Date 
Time 
Rotor speed (rpm) 
We1 1 head pressure (ps ia )  
I n l e t  pressure ( p s i a )  
I n l e t  q u a l i t y  (%) 
E l e c t r i c  load  (kW) 
To ta l  mass f l o w r a t e  ( l b / h )  
S p e c i f i c  t o t a l  mass f l o w r a t e  (lb/kWh) 
I s e n t r o p i c  e f f i c i e n c y  (%)  (ca l c . )  

14.95 
08/ 28/80 
10: 26: 59 

276.2 
138.0 
20 

27 1 
57599 

212.4 
43.6 

4000 

31.80 
08/ 27/80 
10 :43 : 47 

196.9 
143 .O 
27 

288 
85599 

297.2 
35.0 

4000 

The s p e c i f i c  t o t a l  mass f l o w r a t e  f o r  s i m i l a r  loads 
increases w i t h  the  increase i n  the  back pressure due t o  
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The test results are limited and only the effect of rotor 
speed on machine efficiency can be evaluated. The 
efficiency at 3000 rpm was greater than at 4000 rpm, as 
shown in Table A-8. 

(c) Sub-Atmospheric Exhaust Pressure 

Tests with sub-atmospheric exhaust pressure were 
conducted as part of the upstream, or third, performance 
test. The operating conditions were: 

Inlet pressure ( sia) 

Exhaust pressure (psia) 
Electrical load (kW) 265 to 745 
Rotor speed (rpm) 

100, 140 and 180 
11 to 24 
3.05 to 12.76 

3000 and 4000 

Inlet quality (% ! 

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

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

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

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



(3 )  Discuss ion 

Al though a d e t a i l e d  program was n o t  es tab l i shed t o  determine 
the e f f e c t s  o f  s c a l i n g  on the  system, some observat ions were 
made d u r i n g  the  d i f f e r e n t  t e s t  per iods:  

A t  opportune times, the r o t o r s  were inspected f o r  sca le  
w i t h i n  the  HSE through two 31.8-m (1.25- inch) i nspec t i on  
p o r t s  i n  the  case near the  high-pressure end. The i n s i d e  
o f  the  machine was e s s e n t i a l l y  f r e e  o f  sca le  a t  t he  
beginning o f  the  t e s t s .  Some sca le  formed du r ing  the  
t e s t s  b u t  i n s i d e  the  machine a l l  s c a l i n g  was r e l a t i v e l y  
s o f t  and e a s i l y  detached. 
the  amount o f  the  sca le  on the  r o t o r s  associated w i t h  
each t e s t .  

No i n fo rma t ion  i s  a v a i l a b l e  on 

The Technical  S p e c i a l i s t s  f e l t  t h a t  the patchy appearance 
and broken edges o f  the  sca le  i nd i ca ted  t h a t  detachment 
occurred d u r i n g  running o r  w h i l e  s topping o r  both. Loss 
o f  sca le a l s o  occurred du r ing  per iods w h i l e  the  machine 
was stopped. The reasons f o r  the  loss of sca le  a r e  n o t  
known, bu t  temperature changes, exposure t o  a i r ,  d ry ing ,  
and sur face bond may a l l  be fac to rs .  

The l a r g e s t  observed scale th ickness on the  HSE r o t o r s  
was produced du r ing  the  endurance t e s t .  

A t  the  end o f  t he  endurance t e s t  the  r o t o r s  were 
inspected. Scale depos i ts  were observed b u t  the  
th ickness was n o t  measured. 

The maximum depos i t  o f  record  on the  r o t o r s  was 0.020 
i nch  measured on the  female r o t o r  near the  hard t i p s  on 
August 11, 1980. The measurement was by HPC and 
witnessed by JPL du r ing  the  second performance t e s t  
p e r i o d  w h i l e  the  t e s t  was i n t e r r u p t e d  f o r  r e p a i r  o f  a 
load  bank fan. A un i fo rm l a y e r  o f  t he  th ickness measured 
would have c losed the  leakage passages by a t  most 40%, 
b u t  the  sca le  was observed t o  be patchy. No un i fo rm 
l a y e r  of sca le  depos i t  f rom M - 1 1  b r i n e  w i t h i n  the HSE was 
ever  observed. 

The i n s i d e  o f  the  HSE was inspected a t  the  end of the 
downstream and upstream performance t e s t s  w i t h  l ess  
s c a l i n g  observed than a t  t he  end o f  the  endurance t e s t ;  
t h e  sca le  was n o t  measured. 

E a r l y  i n  the  t e s t i n g ,  sca le  deposi ted i n  the  pressure 
c o n t r o l  va lve  ( V - b a l l )  l oca ted  between the  w e l l  and the  
HSE (F igu re  3-1), as discussed on p .  4-2. 

By the end o f  the  endurance t e s t ,  a sca le depos i t  15 mm 
(0.6 inches)  t h i c k  had been formed i n  the 152-mm (6- inch)  
diameter pipe1 i n e  loca ted  between the pressure c o n t r o l  
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valve and the HSE. The chemical composition of the scale 
is reported in Table A-12. 

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

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

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

Fourteen of the failures were assoc,iated with the power plant. 
The first three were caused by high differential pressure 
across the filter in the oil console. The filters that caused 
the problem had a manufacturer's stated six-month shelf 1 ife, 
but had been stored out of doors for two years in Utah. 
Replacement with new filters eliminated the problem. Failure 
No. 4 was caused by the failuye 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 '77 related to the pilot-operated 
solenoid valves located in the hydraulic system that is 
associated with the safety shutdown system of the power plant. 
The three failures occurred; because one or both of these 
valves failed to seat properly. This valve failure had been a 
recurrent problem during the testing in Utah and resulted 
from dirt in system components as received from the original 
equipment manufacturer. It was recommended that the hydraulic 
system be cleaned to stop this recurrent problem, but the 
disassembly and cleaning were never convenient during any 
phase of the Task. The problem continued throughout the 
testing at each site, more often interfering with starting up 
the plant rather than with stopping the plant. 

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

potent iometers i n  t h e  vo l tage r e g u l a t o r  f o r  t h e  a1 te rna tor .  
The problem was resolved by c y c l i n g  the  potent iometers.  

From the  above d iscuss ion  i t  i s  seen t h a t  n ine  o f  t h e  four teen 
f a i l u r e s  a t t r i b u t e d  t o  t h e  HSE power p l a n t  a re  f u l l y  
understood and e i t h e r  were o r  cou ld  have been e a s i l y  
corrected.  A l l  were ex terna l  t o  t h e  HSE except t h e  f a i l u r e  o f  
the  r o t o r  synchronizat ion gears. The remaining f i v e  f a i l u r e s  
were a l s o  ex terna l  t o  t h e  HSE. These f a i l u r e s  were e a s i l y  
corrected,  b u t  t h e  causes were n o t  as e a s i l y  e l iminated.  Four 
o f  these f a i l u r e s  r e s u l t e d  from contaminants i n  t h e  water f o r  
t h e  s h a f t  seals,  and t h e  f i f t h  r e s u l t e d  from t h e  accumulation 
o f  a i r  i n  t h e  main o i l  pump w h i l e  the  power p l a n t  was shut  
down. 

(4 )  F ind ings 

The CFE f i n d s  t h a t :  

( a )  The use o f  t h e  HSE i s  t e c h n i c a l l y  feas ib le ,  based on the  
opera t ing  behavior. Th is  i s  supported by the  opera t iona l  
i n d i c e s  and t h e  d i s t r i b u t i o n  o f  f a i l u r e s  d u r i n g  the  
t e s t s  . 

( b )  The i s e n t r o p i c  e f f i c i e n c y  o f  t h e  machine improves as the  
s h a f t  ou tpu t  power increases. 

( c )  A t  constant  i n l e t  q u a l i t y ,  t h e  machine e f f i c i e n c y  
decreases s l i g h t l y  as t h e  i n l e t  pressure increases. 

( d )  The e f f e c t  o f  r o t o r  speed on t h e  machine e f f i c i e n c y  i s  
n o t  impor tant  when the  HSE operates a t  atmospheric and 
sub-atmospheric exhaust pressure. With above-atmospheric 
exhaust pressure, an increase i n  t h e  i s e n t r o p i c  
e f f i c i e n c y  i s  observed a t  3000 rpm. 

(e)  With discharge pressures above and below atmospheric 
pressure, t h e  i s e n t r o p i c  e f f i c i e n c y  i s  l e s s  than t h a t  
obta ined d u r i n g  t h e  atmospheric discharge t e s t s .  
d ischarge pressure decreases, the  s p e c i f i c  t o t a l  mass 
f 1 owra t e  ( 1 b/ kWh) decreases. 

As t h e  

( f )  An increase i n  the  machine e f f i c i e n c y  observed dur ing  t h e  
endurance t e s t  i s  a t t r i b u t e d  t o  t h e  e f f e c t  o f  s c a l i n g  
w i t h i n  t h e  HSE. 

ITALY 

(1) Performance Tes t ing  

The r e s u l t s  o f  t h e  performance t e s t  a t  Cesano a r e  shown i n  
Table 8-4 l i s t e d  as unprocessed data. These t e s t  r e s u l t s  
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include data tha t  were averaged by the computer before being 
recorded and data recorded as a se r ies  of instantaneous 
measurements. The recorded data of Table B-4 were examined 
and 18 experimental p o i n t s  were selected. The d a t a  for  the 18 
experimental p o i n t s  were then averaged and the resu l t s  
presented as shown i n  Table B-5 and Figure B-1. 

( 2 )  Discussion 

A theoretical study of the HSE's efficiency w performed 
t reat ing the HSE as a posit ive displacement machine with a 
given in1  e t  vol umetric f l  owrate and a b u i l t - i n  expansion 
r a t io ,  and t a k i n g  i n t o  account f lu id  entry and ex i t  
considerations (Ref. B). For this analysis,  the Utah and 
Mexico t e s t  data from Ref. 1 were used, along w i t h  the Cesano 
data,  as f a r  more data were available from these e a r l i e r  
t e s t s ,  and i n  these t e s t s  no problems were encountered i n  
determining the thermodynamic character is t ics  o f  the brines. 

The eff ic iencies  calculated from the  d a t a  taken i n  Utah d u r i n g  
the previous tes t ing had been examined graphically for  a means 
o f  correlation and found t o  be a strong function f of shaf t  
o u t p u t  power kWs and weak functions g 
r a t i o  P /P and in l e t  quali ty Q, resp&tivelyq(Ref. 1 ) .  The 
resu l t i Jg  Zquations are  given i n  Table 8-6. 

and g of Fressure 

After the compatibility of the Cesano and Utah data was 
establ ished and appl icabil i t y  o f  the correlation analysis 
confirmed, the correlation functions were applied t o  the t e s t  
resu l t s  of Table 8-4 t o  calculate  the modified efficiency n* 
reported i n  the table ,  where 

and 

A perfect correlation of the resu l t s  would have yielded values 
of modified efficiency n* equal t o  10.00, whereas the average 
value i n  Table B-5 i s  10.29, or 2.9% higher. 

An efficiency correlation equal t o  n / f  g g or 0*/10, was 
plotted versus shaf t  o u t p u t  power, shod% Pir!yFigure 8-2, and 
versus t h r o t t l e  position, shown i n  Figure B-3. Both plots 
show values of n/f g g t h a t  center about unity. This 
supports the Val i d i &  pod) the correlat ion,  as seen by comparing 
Figures B - 1  and B-2; and i t  suggests t h a t  the HSE efficiency 
i s  independent of t h r o t t l e  position, as seen in Figure 8-3. 

q = machine effiency %. 

However, the analysis and the interpretation should be 
regarded as tentat ive.  The spread of the data i n  Figures 
B-1, B-2, and B-3 from unity resu l t s  b o t h  from l imitat ions of 
the d a t a  correlation functions as presently developed and from 
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experimental data sca t te r .  When the correlation functions 
were applied to  the 3000-rpm data taken i n  Mexico, the data 
from Mexico d i d  n o t  correlate  w i t h  the data from Utah. This 
was at t r ibuted by the JPL Technical Special is t  t o  deposition 
of  scale w i t h i n  the HSE i n  Mexico (Ref. 1, pp .  7-24 t o  7-28). 
Further improvements i n  the correlations would be necessary t o  
identify c lear ly  the specific influence o f  the d i f fe ren t  
parameters on the HSE's performance (see Ref. B ) .  

Scale deposition from the heavy Cesano 1 brine occurred very 
rapidly a t  the lower pressures and temperatures. For example, 
the r a t e  of growth o f  glaser i te  scale i n  the exhaust port and 
exhaust pipe was about 2 cm/h. However, bond ing  t o  the rotors 
was poor,  and d u r i n g  the Cesano t e s t s  no increase i n  HSE 
efficiency due t o  scale growth was noted. Glaserite scale 
(K Na(S0 ) ) was found i n  the HSE exhaust p o r t  and pipe as i n  
o t i e r  1 ot-qemperature parts of the separator and associated 
equipment, while the scale i n  the well and i n  the h i g h -  
temperature par ts  of the plant essent ia l ly  was composed of 
calcium carbonate. Rapid rates  of scale deposition i n  the 
well and i n  the surface p i p i n g ,  the separators, the separator 
control valves, and the HSE limited the t e s t  periods t o  a 
total  o f  121 hours. 

During the removal of the three damaged shaf t  seal assemblies 
for  repair ,  the HPC Technical Special is t  observed substantial 
corrosion i n  the seal flush-water passages supplying the seal 
assemblies. The corrosion occurred i n  the carbon s teel  
high-pressure end section of the h o u s i n g  i n  which two of the 
assemblies were instal led.  No corrosion was detected i n  the 
1 ow-pressure end section, which i s  stain1 ess s t ee l .  

( 3 )  F i n d i n g s  

ENEL's f i n d i n g s  a re  as fo l lows:  

The HSE efficiency is  independent  of t h r o t t l e  posit ion,  as 
shown i n  Figure B-3,  b u t  this i s  n o t  obvious by a cursory 
inspection of the t e s t  data. However, closer examination 
reveals tha t  t h r o t t l e  position i s  n o t  an independent variable 
b u t ,  as expected, i s  related t o  i n l e t  pressure, i n l e t  qual i ty ,  
load, and perhaps other variables. 

If the influence of i n l e t  pressure (or  pressure r a t i o ) ,  i n l e t  
qual i ty ,  and load  are normalized by the correlation technique 
of Ref. 1, the dependent and independent variables can be 
identified or separated. From Figure B - 1  i t  i s  evident tha t  a t  
shaf t  loads above 250 kW, the Model 76-1 HSE efficiency can be 
taken as 45%. 

For the d a t a  examined w i t h  the aid o f  the theoretical  model, 
HSE efficiency increases logarithmically w i t h  s h a f t  power. 
W i t h i n  the val idi ty  of  the analysis i t  was concluded tha t  the 
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upper limit o the HSE's machine efficiency ranges between 65% ' 
and 68%. In order to reach these values, the pressure losses 
through the throttle or flow control valve andtat the exhaust 
port must be reduced to zero, which *could be achieved with 
reasonable approximation by regulating the flowrate of the 
geothermal fluid and/or the rotational yelocity of the HSE, 
according to the thermodynamic characteristics of the fluid. 
Inlet quality or pressure ratio between inlet and outlet seem 
to have no appreciable influence on the trend of efficiency 
calculated from the model. The analysis indicated that the 
low apparent eff,iciency at reduced loads is due to the 
increased influence of power loss from leakage and friction 
when there is a decrease in shaft power. Considering the 
overall power loss involved, one may.assume that leakage is 
responsible for much of this loss. This.hypothesis also seems 
to be confirmed by the large clearances between each of the 
rotors and between the rotors and the casing. 

ENEL bases the following recommendations either on test 
results or general considerations: 

The shaft seal design was successfully improved to take 
into account the vibrations and mechanicaleshock induced 
from operation with scaling fluids. Additional 
improvement is recommended. 

The rotor-to-rotor and rotor-to-case clearances should be 
diminished in order to improve the HSE efficiency. 

. A  

C. NEW ZEALAND 

(1) Performance Testing 

The inlet pressures at which the performance tests were 
conducted at the Broadlands site were selected so that 
comparisons with the data generated from the Mexican tests at 
Cerro Prieto could be made. The performance test results are 
presented in Table C-7 and F-igures.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 would idle over the lower 
range of operating inlet pressures only. The maximum inlet 
pressure at which the plant could idle with this trim was not 
accurately defined, but it is thought to ..I-ie between 120 psia 
and 140 psia. 

The following trends are evident from the graphs contained 
Appendi,x C: 

n 
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(a )  From the  data w i t h  an i n l e t  steam q u a l i t y  o f  10% o r  
g rea ter ,  F igures C-3 t o  C-6: 

(i) The i s e n t r o p i c  e f f i c i e n c y  o f  the  HSE increases w i t h  
i nc reas ing  shaf t  power f o r  a g iven r o t a t i o n a l  speed 
and i n l e t  pressure. 

( i i )  The i s e n t r o p i c  e f f i c i e n c y  o f  the  HSE decreases w i t h  
i nc reas ing  i n l e t  pressure f o r  a constant  l oad  and 
r o t a t i o n a l  speed. 

( b )  For the  a l l - l i q u i d  case, F igures C - 7  and C-8, the 
i s e n t r o p i c  e f f i c i e n c y  i s  observed t o  peak and then 
dec l i ne  w i t h  i nc reas ing  load f o r  a f i x e d  r o t a t i o n a l  speed 
and i n l e t  pressure.  

( c )  The i s e n t r o p i c  e f f i c i e n c y  increases w i t h  i nc reas ing  i n l e t  
steam q u a l i t i e s  between 0% and 10% and then decreases as 
the  i n l e t  steam q u a l i t y  f u r t h e r  increases from 25% t o  
100% f o r  a f i x e d  l oad  and i n l e t  pressure (F igures C-9 and 
C-14). 

( d )  Trends ev iden t  from the  2500-rpm and 3333-rpm data 
i n d i c a t e  the  2500-rpm speed i s  s l i g h t l y  more e f f i c i e n t  
than the  3333-rpm speed f o r  loads l ess  than 400 kW 
whereas the 3333-rpm speed o f  opera t ion  i s  more e f f i c i e n t  
f o r  loads g rea te r  than 400 kW (see F igures C-15, C-16 and 
C-17). When t r e a t e d  two-dimensional ly ,  the  data s c a t t e r  
spans a broad band bu t  least-squares quadra t ic  curves 
generated from the  data i n d i c a t e  the  same t rend  w i t h  the  
curves i n t e r s e c t i n g  a t  385 kW. 

( 2 )  Endurance Tes t  

The endurance t e s t  was run  f r o m  February 24, 1983, t o  May 3, 
1983 f o r  a t o t a l  o f  69 days. 1.3 GWh o f  e l e c t r i c a l  energy 
were generated du r ing  1632.7 hours o f  operat ion,  1534 o f  which 
were cont inuous. A 90-day t e s t  had been planned. 

A 3.5 percentage p o i n t  improvement i n  the  HSE e f f i c i e n c y  was 
observed du r ing  the  endurance t e s t  as scale b u i l t  up on the  
i n t e r n a l  sur faces o f  t he  machine. A t  the  conclus ion the  
e f f i c i e n c y  was 46.5% and e v i d e n t l y  s t i l l  increas ing.  The 
p o s t - t e s t  i nspec t i on  o f  t he  r o t o r s  and the  housing determined 
the  e x t e n t  o f  t he  sca le  bu i ld-up.  The sca le  on the  r o t o r s  was 
observed t o  be a very  t h i n ,  g lassy  l a y e r  whose depth was 
i n s i g n i f i c a n t  i n  comparison w i th  the  1 .3 -m deep hard f a c i n g  
on the  r o t o r  t i p s .  The depos i t i on  on the housing was 0.13 mm 
t h i c k  i nc reas ing  t o  1.0 mn i n  the  exhaust elbow. 

Dur ing the  endurance t e s t ,  wear and f a i l u r e  o f  severa l  
components occurred. The most s i g n i f i c a n t  f a i l u r e  i nvo l ved  
l o s s  o f  o i l  through the  s h a f t  seals.  The seals  have a des ign 
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o i l  consumption of approximately 3.8 1 (1  g a l l o n )  o f  o i l  per  
day per  seal  , on t h e  average, a t  3000-rpm male r o t o r  speed, 
and perhaps 5 t o  7 1 per  day per  seal  average a t  3300-rpm male 
r o t o r  speed. Th is  o i l  migrates across t h e  seals  i n t o  t h e  f l u s h  
water and can e i t h e r  be discharged t o  waste w i t h  t h e  
geothermal f l u i d ,  as was done i n  New Zealand, o r  be recaptured 
from t h e  seal  assemblies through the  recapture passages. 

A t  t h e  s t a r t  o f  t h e  endurance r u n  t h e  o i l  l o s s  from t h e  HSE 
( f o u r  seals)  was monitored t o  be 35 1 per  day. 
increased s t e a d i l y  u n t i l  100 1 o f  o i l  were l o s t  per  day. This  
o i l  consumption was c l e a r l y  excessive and presented a 
s i g n i f i c a n t  po l  1 u t i  on prob l  em. 

The r a t e  

Four o t h e r  f a i l u r e s  on a n c i l l a r y  equipment occurred: 

The two meter ing pumps used t o  scavenge water from t h e  
bottom o f  t h e  o i l  r e s e r v o i r s  f a i l e d  i n  l a t e  A p r i l .  One 
u n i t  ceased t o  r o t a t e .  The o t h e r  cont inued t o  r o t a t e  but 
ceased t o  pump. One pump removed water from t h e  main o i l  
r e s e r v o i r .  Prolonged f a i l u r e  o f  t h i s  pump would have 
r e s u l t e d  i n  water being f e d  t o  t h e  bear ings and s h a f t  
seals.  A f t e r  t h e  f a i l u r e  was detected, t h e  main o i l  
r e s e r v o i r  was dra ined o f  15 t o  25 ga l lons  o f  water d a i l y .  
The p r e f e r r e d  c o r r e c t i v e  measure o f  r e p l a c i n g  t h e  
c e n t r i f u g e  w i t h  one o f  adequate s ize,  i n s t a l l e d  so t h a t  
no water dra ined from i t  i n t o  t h e  main r e s e r v o i r ,  was n o t  
w i t h i n  t h e  gu ide l ines  o f  the  Task regard ing a d d i t i o n a l  
development of t h e  HSE. One pump was r e p a i r e d  j u s t  p r i o r  
t o  t h e  t e r m i n a t i o n  of t h e  t e s t .  

The p l a n t  was a u t o m a t i c a l l y  shut  down on March 4 by t h e  
s a f e t y  shutdown c i r c u i t r y  when t h e  overspeed swi tch  
t r ipped,  as s t a t e d  e a r l i e r .  The swi tch  was r e s e t  and t h e  
t e s t  continued. I t i s  n o t  known whether t h e  c i r c u i t r y  o r  
s w i t c h  mal funct ioned,  o r  whether t h e  s w i t c h  s e t t i n g  
d r i f t e d  o r  was improper ly  set .  What i s  known i s  t h a t  the  
c h a r a c t e r i s t i c s  o f  t h e  swi tch ,  made q the  s e t t i n g  o f  t h e  
swi tch  imprecise b u t  normal ly  f r e e  o f  d r i f t .  Equipment 
purchased f o r  s e t t i n g  t h e  swi tch  on t h e  bench was n o t  
s a t i s f a c t o r y  so t h e  s e t t i n g  of t h e  swi tch  was u s u a l l y  
done w h i l e  i n s t a l l e d .  

The automat ic greas ing system ceased t o  func t ion  on A p r i l  
7 when a microswi tch f a i l e d .  Greasing o f  t h e  governor 
va lve was performed manually on a d a i l y  bas is  f o r  t h e  
remainder o f  the  t e s t  because a replacement sw i tch  was 
n o t  a v a i l a b l e .  

The j a c k i n g  motor f a i l e d  t o  t u r n  t h e  r o t o r s  upon 
t e r m i n a t i o n  o f  t h e  t e s t  on May 3. The o v e r r i d i n g  c l u t c h  
assembly of t h e  j a c k i n g  motor was known t o  be marginal  i n  
i t s  r a d i a l  misal ignment c a p a b i l i t i e s ,  and consequential 
wear caused t h e  f a i l u r e .  
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(3)  Findings 

MWD f i n d s  tha t :  

The least-squares quadratic curves generated from t h e  New 
Zealand t e s t  data defined the isentropic efficiency of the HSE 
t o  be approximately 40% a t  loads greater t h a n  half fu l l  load 
when operating on low-scal i n g  geothermal f lu ids .  This 
efficiency i s  lower than was reported for the previous t e s t  
s i t e s .  The reason fo r  the differences i s  n o t  known.  

Trends observed d u r i n g  the endurance t e s t  indicate tha t  the 
efficiency of the HSE does increase with adherent internal 
scale formation. A 3 . 5  percentage-point improvement i n  the 
isentropic efficiency of the HSE was observed over the 1632 
hours of operation during the endurance t e s t .  

S1 ightly superior performance was observed a t  the 3333-rpm 
male rotor speed than was observed a t  the 2500-rpm male rotor 
speed for  loads greater than half fu l l  load. 

The HSE can be run on an unattended basis,  as was the case 
d u r i n g  the endurance t e s t ,  w i t h  d a i l y  p l a n t  checks and 
maintenance performed as necessary. 

P l a n t  operators need t o  be trained t o  operate and maintain the 
HSE, b u t  the operation of the plant i s  no more complex t h a n  
any other form of small turbine-generating plant.  

The following modifications and improvements are  recommended: 

(1) Shaft Sealing - The HSE requires proven, re l iab le  shaft  
seals  before i t  can be considered viable for geothermal 
d u t y .  The maximum length of time i t  has r u n  w i t h o u t  
developing a shaf t  seal problem i s  less  t h a n  1750 hours. 
T h e  time between major overhaul m u s t  be increased and 
should be comparable t o  t ha t  achieved by small steam 
turbines. 

( 2 )  Governor - The governor system should be modified t o :  

( a )  overcome rapid h u n t i n g  of the governor valve, and 

( b )  enable the plant t o  id le  over the ful l  range o f  
operating pressures. 

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

( 4 )  P l a n t  Start-up - Excessive e f fo r t  i s  required t o  open t h e  
hydraul ical ly-operated safety shutdown valve. The hand 
pump should be replaced w i t h  an e l ec t r i c  pump actuated 
from the key s t a r t .  
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The hydraulic control system i s  prone to  a i r  entrainment 
upstream of the battery-operated o i l  pump on start-up. 
P i p i n g  modifications and an automatic a i r  bleed would 
overcome this problem. 

The battery-operated o i l  pump could be replaced w i t h  a 
u n i t  w i t h  a larger  capacity and a higher delivery 
pressure to  improve the governor response upon start-up. 

Larger-capacity ba t te r ies  should be instal led t o  power 
the suggested improvements i n  the battery-operated 
equipment and t o  allow f o r  an extended start-up. 

Instrumentation - Instrumentation to  display the bearing 
temperatures should be instal led on the skid mount. 

(5) 

(6 )  P i p i n g  Modifications - An improved layout of the water 
and o i l  supply p i p i n g  t o  the shaf t  seals  and bearings i s  
highly desirable t o  enable easier f a u l t  tracing and 
maintenance of these systems. 
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SECTION 7 

COST/BENEFIT ANALYSIS 

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

(1) The possible applications and potential for the HSE power 

(2) 

plant in each Host Country should be reported, and 

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

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

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

A. MEX IC0 

The analysis was based on a comparison of the specific total 
mass flowrates (tons/h per megawatt) and costs for a 1-MW HSE power 
plant and a 1-MW steam turbine set, both in back-pressure operation. 
Two sets of benefit analyses were done. The first set was for a 
hot-water reservoir temperature corresponding to we1 1 M-11; the second 
set applied to a spectrum of hot-water reservoir temperatures. 

bases : 
Isentropic machine efficiencies were selected on the following 

Steam turbine efficiency of 65% for a portable, noncondensing 
steam turbine operating with inlet pressure ranging between 4 
and 20 bars (58 and 290 psi), according to commercial 
1 i terature, and 
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HSE e f f i c i e n c i e s  (Rm) of 55% and 48%, based r e s p e c t i v e l y  on 
endurance t e s t  r e s u l t s  w i t h  f l o w  measured downstream (F igure 
3-1) and subsequent t e s t  r e s u l t s  w i t h  f l o w  measured upstream 
(F igure 3-5). The same i n l e t  pressure as f o r  t h e  steam 
t u r b i n e  was used, even though opera t ion  o f  t h e  HSE w i t h  an 
i n l e t  pressure as h i g h  as 20 bars was n o t  demonstrated. 

1. B e n e f i t s  

a. Comparison of S p e c i f i c  T o t a l  Mass Flowrate. F igure 7-1 
shows the  v a r i a t i o n  of s p e c i f i c  t o t a l  mass f l o w r a t e  as a 
f u n c t i o n  of i n l e t  pressure f o r  t h e  t h r e e  generator sets  
opera t ing  on a hot-water r e s e r v o i r  w i t h  a temperature o f  
290°C, corresponding t o  w e l l  M-11. As t h e  f i g u r e  shows, the  
HSE w i t h  55% e f f i c i e n c y  i s  super io r  t o  t h e  t u r b i n e  f o r  a l l  
values of i n l e t  pressure, based on s p e c i f i c  consumption. I f  
the  HSE e f f i c i e n c y  i s  48%, t h e  HSE i s  favored o n l y  f o r  i n l e t  
pressures above 14 bars (203 p s i ) .  However, i n  t h e  case o f  
w e l l  M-11, t h e  HSE i n l e t  pressure would be l i m i t e d  t o  12 t o  14 
bars (174 t o  203 p s i )  o r  less ,  s ince t h e  w e l l  product ion 
decreases more r a p i d l y  than the s p e c i f i c  t o t a l  mass f l o w r a t e  
as pressures increase above 14 bars, as shown w i t h  the  a i d  o f  
the well product ion c h a r a c t e r i s t i c s  curve (F igure  A-3). 

b: Comparison o f  Power Generation from Well. An a n a l y s i s  was 
made f o r  w e l l  M-43 t o  c o m a r e  t h e  maximum obta inab le  Dower I -  - 

generat ion us ing  a w e l l  w i t h  s i m i l a r  temperature bu t  g r e a t e r  
product ion than w e l l  M-11  where t h e  HSE t e s t s  were performed. 
Product ion data on w e l l  M-43 are  as f o l l o w s :  

Pressure F1 owra t e  
bars 

-inT 
13.36 
17.00 
23.20 

tons/h 
--iKT 

145.3 
141.0 
118.4 

The i n l e t  pressures used i n  the  analyses were 14 bars f o r  t h e  
t u r b i n e  and 20 bars f o r  t h e  HSE, these pressures being 
considered as t h e  respec t ive  optimum values. The energy and 
mass balances f o r  each generator s e t  a re  inc luded i n  t h e  
process diagram shown i n  F igure 7-2. 

The f o l l o w i n g  data were obtained: 

Machine E f f i c i e n c y  Power S p e c i f i c  Tota 
Mass F1 owrate 

% MW tons/MWh 

Steam Turbine 65 2.60 55.0 
HS E 48 2.65 50.6 
HSE 55 3.04 44.1 
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A thermodynamic benefit is observed for the HSE, if it can be 
operated at an inlet pressure of 20 bars. 

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

The relationship of specific total mass flowrate and inlet 
pressure is compared for the turbine and the 48% and 55% 
efficient HSE's in Figures 7-3 and 7-4, respectively, for five 
reservoir temperatures. The results are summarized in Tab1 e 
7-1 to show the inlet pressure ranges for which the specific 
total mass flowrate for the HSE is less than that for the 
steam turbine. 

Assuming that the maximum inlet pressure of the HSE would be 
20 bars, it was concluded that the HSE with 48% efficiency 
would have a lower specific total mass flowrate than the steam 
turbine and would probably be applicable on geothermal 
reservoirs with temperatures up to 275°C. For the 55% 
efficient HSE, the uti1 ization feasibility could be extended 
to reservoirs with up t o  325°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; 
install ation costs and the cost of auxil iary geothermal 
equipment (in $ U . S . )  are included as follows: 

(1) The cost of the steam turbine unit was $500,000; the cost 
' of the auxil iary equipment such as separator, si1 encer, 
piping, valves and accessories was $104,000; cost to 
install the turbine unit was $25,000; cost to install the 
auxil iary equipment was $40,000; total cost was $669,000. 

(2) The cost of the HSE unit was $800,000; the auxiliary 
equipment such as piping, silencer, valves and 
instrumentation was estimated at $50,000; HSE unit 
install ation was $40,000; auxil iary equipment 
installation was $19,000; and total cost was $909,000. 

3. Findings 

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

Steam Turbine HSE 
i, 

Rm - 48% Rm - 55% 4 

bservoir Optimum ' Specific Pressure Specific Pressure Specific 

(bars) Flowrate (bars) Flowrate (bars) Flowrate 
* (Tons/MWh) (Tone /m 1 

Temperature Pressure Total Mass Range Total Mass Range Total Ma88 

(TO 118 /Mwh) 
("a 

200 4 204 6-14 173-147 4-14 180-128 

225 6 129 8-20 115-97 6-20 111- 84 
+ 

250 8-10 89 10-30 83-68 8-30 78- 59 _ _  

275 10-14 ' 64 14-40 61-51 10-40 58- 44 
* 4 '  , 

300 14-18 47 20-40 45-40 12-40 45- 35 

325 16-20 36 30-40 34-33 16-40 35- 29 

350 18-20 27 > 40 ------ 30-40 25- 23 

... . . , .  

! 
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(2 )  The HSE w i t h  55% e f f i c i e n c y  shows a thermodynamic b e n e f i t  
over  the  t u r b i n e  due t o  i t s  lower s p e c i f i c  t o t a l  mass 
f l o w r a t e  f o r  geothermal w e l l s  i n  hot-water systems a t  
temperatures up t o  325"C, i f  i t  can be operated i n  an 
i n l e t  pressure range o f  about 20 bars. 

For t h e  HSE w i t h  48% e f f i c i e n c y  t h e  thermodynamic b e n e f i t  
over  the t u r b i n e  extends t o  r e s e r v o i r  temperatures up t o  
275"C, prov ided i t  can be operated i n  an i n l e t  pressure 
range o f  about 20 bars. I n  t h i s  a p p l i c a t i o n ,  use o f  the  
HSE i s  f e a s i b l e .  

( 3 )  

From a p r a c t i c a l  p o i n t  o f  view, t h e  use of the  HSE i n  Mexico 
as a wel lhead u n i t  i s  e n t i r e l y  f e a s i b l e .  I t  i s  be l ieved t h a t  
t h e  HSE would be p a r t i c u l a r l y  a t t r a c t i v e  f o r  hot-water 
r e s e r v o i r s  w i t h  temperatures lower than 275°C once t h e  
o p e r a t i n g  problems were so lved and t h e  necessary c a p i t a l  
investment reduced. 

B. ITALY 

1. Technical  Considerat ions 

The Cesano 7 w e l l ,  i n  t h e  Cesano area, was chosen t o  c a r r y  o u t  
t h e  b e n e f i t  analys is .  A t  t h e  t ime o f  t h e  analys is ,  t h i s  w e l l  
was scheduled t o  be t e s t e d  i n  t h e  f u t u r e  t o  evaluate t h e  
p o s s i b i l i t y  o f  i n s t a l l i n g  a condensing power p l a n t  i n  t h e  
Cesano area. This  w e l l  i s  preferable t o  the  Cesano 1 w e l l  f o r  
the  ana lys is .  

The back-pressure product ion curve of the  Cesano 7 w e l l  i s  
repor ted  i n  F igure 7-5. The main thermodynamic 
c h a r a c t e r i s t i c s  o f  the  w e l l  are l i s t e d  below: 

Bottom ho le  temperature 221°C 
Bottom h o l e  s t a t i c  pressure 
We1 1 head enthalpy 
C02 content  

175 bars 
972 kJ/ kg 
8% o f  t o t a l  mass f l o w r a t e  

The economic comparison was c a r r i e d  o u t  by comparing the  
t u r b i n e  and HSE u n i t s  i n s t a l l e d  i n  t h e  two d i f f e r e n t  p l a n t s  
shown schemat ica l l y  i n  F igure  7-6. 

, a .  Technical  Features o f  P l a n t  No. 1. I tem 2 i s  a u n i v e r s a l -  
a c t i o n  type, 1-MW t u r b i n e  w i t h  an i n l e t  pressure c a p a b i l i t y  
ranging between 
c o n t a i n i n g  from 5% t o  40% C02 w i t h  an i s e n t r o p i c  e f f i c i e n c y  o f  
around 75%. 

4 and 20 bars. The t u r b i n e  can use steam 

The optimum u t i l i z a t i o n  o f  geothermal f l u i d  w i t h  var ious t o t a l  
CO content  i s  t r e a t e d  p a r a m e t r i c a l l y  i n  F igure 7-7, which 
sh6ws t h e  s p e c i f i c  power produced by a s i n g l e - f l a s h  
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back-pressure u n i t  as a funct ion of  wellhead enthalpy. From 
Figure 7-7 i t  can be seen t h a t  the optimum separator pressure 
for a wellhead enthalpy of 970 KJ/Kg and 8% CO i s  around 10 
bars. The corresponding specific power is 38 kJ/kg. The 
necessary mass flowrate, G ,  of Cesano 7 fluid will be: 

'Oo0 kW 
= 39 kJ/kg x 3.6 conversion factor = 93 tons/hour 

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

The maximum power from Cesano 7 with this type of p l a n t  
requires a wellhead pressure of 10 bars t o  yield 165 tons /h ,  
and  

165 
93 - x 1000 kW = 1770 kW 

b. Technical Features of P lan t  No. 2.  I n  Figure 7-8 the 
enthalDv droD across the HSE for various Cesano 7 wellhead 
pressuks i s  shown for different HSE efficiencies. By 
coupl ing  this result with the back-pressure curve of Cesano 7 
i t  is  possible t o  find the maximum recoverable power. I f  the 
HSE efficiency were 45%, the maximum power would be around 
1960 kW. Since the maximum upstream allowable pressure of the 
HSE i s  20.7 bars, the energy and mass balances are as shown in 
Figure 7-6. 

2. Economic Considerations 

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

a .  P l a n t  No. 1. The separator should be designed i n  such a 
way so as t o  separate steam from 4 t o  20 bars. The separators 
could be designed with  the following specifications: 

Maximum pressure 21  bars 
Liquid flowrate 100 tons/h 
Saturated steam f 1 owra te 30 tons/h 
Operating pressure 10 bars 
Mater i a1 carbon steel 

The estimated cost  of this separator fi t ted with safety 
valves, regulating valves and piping i s  around $107,000 (160 
ML (million l i r a ) ) .  The estimated cost for mounting the 
separator can be estimated as $40,000 (60 ML). The installed 
cost of the turbine,' generator and ancillary equipment i s  
around $535,000 (800 ML) w i t h o u t  considering the design cost. 
The t o t a l  cost i s  a b o u t  $682,000 (1020 M L ) .  
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, 
b. P l a n t  No. 2. The dec lared c o s t  o f  t he  HSE u n i t  i n c l u d i n g  
a n c i l l a r y  equipment was $636,800 i n  October 1980. The 
est imated c o s t  o f  i n s t a l l a t i o n ,  s a f e t y  valves, etc.,  i s  around 
$40,000 (60 ML). By app ly ing  a c o s t  e s c a l a t i o n  f a c t o r  
(Ref. 3) i t  i s  poss ib le  t o  o b t a i n  t h e  c o s t  i n  1983 $: 

$636,800 x 315 = $768,551, say $770,000, o r  about 1150 ML. 

The t o t a l  c o s t  i s  est imated t o  be about $810,000 (1210 ML). 

3. Findings 

From t h e  above considerat ions ENEL f i n d s  t h a t :  

(1 )  The cos t  o f  t h e  two p l a n t s  can be considered almost t h e  
same: these p l a n t s  should be designed t o  be u t i l i z e d  on 
d i f f e r e n t  we l l s .  The h ighe r  i n s t a l l a t i o n  c o s t  o f  p l a n t  
No. 1 w i t h  t h e  t u r b i n e  w i l l  balance the  h ighe r  costs  o f  
P l a n t  No. 2 us ing  t h e  HSE w i t h  i t s  m u l t i p l e  use. 

( 2 )  P l a n t  No. 2 shows a h ighe r  o v e r a l l  e f f i c i e n c y  than P lan t  
No. 1, assuming an HSE e f f i c i e n c y  o f  45%. The maximum 
recoverable power f rom Cesano 7 i s  1770 kW w i t h  P l a n t  No. 
1 aga ins t  about 2000 kW w i t h  P l a n t  No. 2. I t  i s  thus 
poss ib le  t o  save "geothermal f u e l "  by u t i l i z i n g  P l a n t  
No. 2. 

( 3 )  The r e i n j e c t i o n  costs  a re  lower f o r  P lan t  No. 2. 

The main use o f  t h e  HSE power p l a n t  i n  I t a l y  cou ld  be as a 
wel lhead back-pressure u n i t ,  prov ided t h a t  i t  cou ld  be 
considered r e l i a b l e .  The optimum s i z e  might  be s l i g h t l y  
l a r g e r  than 1 MW cons ide r ing  t h e  p roduc t i on  o f  new I t a l i a n  
water-dominated geothermal we l l s .  The machine cou ld  be used 
conven ien t l y  i n  t h i s  manner du r ing  t h e  i n i t i a l  phase o f  
e x p l o i t a t i o n  o f  water-dominated r e s e r v o i r s  when i t  i s  
necessary t o  c o l l e c t  p roduc t i on  i n f o r m a t i o n  be fo re  the  
i n s t a l l a t i o n  o f  l a r g e r  power p lan ts .  

C. NEW ZEALAND 

The power generat ing p o t e n t i a l  and c a p i t a l  c o s t  o f  t h e  HSE 
were compared w i t h  those o f  a small  steam t u r b i n e ,  w i t h  bo th  u n i t s  be ing 
back-pressure se ts  capable o f  generat ing 1 MW o f  e l e c t r i c a l  energy. 

1. Power P o t e n t i a l  Comparison o f  t h e  H e l i c a l  Screw Expander vs. 
t h e  Steam Turbine 

A b r i e f  t h e o r e t i c a l  study e v a l u a t i n g  the  power-generating 
p o t e n t i a l  o f  t he  HSE and a steam t u r b i n e  us ing  a s p e c i f i e d  
geothermal resource was undertaken. F i ve  f l u i d  en tha lp ies  

7-15 



characteristic of 1 iquid-dom 
used i n  the study. 

Assumptions were: 

(1) Isentropic efficiency wz 

nated geothermal resources were ' . 

; taken t o  be: 

( a )  45% for  a 1-MW HSE (observed d u r i n g  the endurance 
tes ts) ,  and 

( b )  60% for a 1-MW steam turbine. 

(2) Exhaust pressure was taken t o  be 14.5 psia. 

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

( 4 )  Pipeline friction and energy losses were neglected. 

(5)  The power o u t p u t  curves were based on a u n i t  mass 
flowrate of geothermal well fluid. 

For each f l u i d  enthalpy, power o u t p u t  curves were prepared as 
a function of inlet pressure, as shown i n  Figure 7-9. The 
steam-turbine optimum power o u t p u t  occurs as the maximum 
product  of the steam mass flowrate determined by isenthalpic 
flash conditions and the corresponding isentropic drop from 
the flash pressure. 
a given resource using the HSE occurs a t  the maximum stable 
operating pressure. This corresponds t o  the greatest 
available isentropic enthalpy drop a t  which  stable operation 
can be maintained. 

The theoretical maximum power o u t p u t  from 

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

HELICAL SCREW EXPANDER 

F l u i d  Enthalpy I n l e t  Pressure Power 
J /g B t u / l b  p s i a  kW/1 b/s 

900 387 195 12.4 
1000 430 195 16.5 
1100 473 195 20.6 
1200 516 195 24.7 
1300 559 195 28.8 

STEAM TURBINE 

I n l e t  Pressure Power 
p s i a  kW/1 b/s 

79 9.2 
101 13.2 
130 17.8 
166 23.6 
203 29.1 

2. Cost I n fo rma t ion  

Budget c o s t  in format ion was obta ined f o r  bo th  the  HSE and 
steam t u r b i n e  u n i t s .  The equipment inc luded the  a l t e r n a t o r ,  
e l e c t r i c a l  c o n t r o l  equipment and a n c i l l a r y  p l a n t  f o r  the  
proper f u n c t i o n i n g  o f  the generat ing sets.  

The cos t  i n fo rma t ion  ( i n  $ U.S.) was as o f  March 15, 1983: 

( 1 )  HSE Un i t ,  $800,000 - Budget cos t  supp l ied  v e r b a l l y  by 
the  Hydrothermal Power Company ( rev i sed  October 3, 1983). 

( 2 )  Steam Turbine Un i t ,  $220,000 - Budget c o s t  f o r  a 
mu1 t i s t a g e  1-MW standard-frame t u r b i n e  s u i t a b l e  f o r  
geothermal serv ice .  

The separator,  water vessel and a d d i t i o n a l  pipework requ i red  
f o r  t he  steam t u r b i n e  was est imated a t  $50,000 by the  
M i n i s t r y  o f  Works and Development. 

3. F ind ings 

The p o t e n t i a l  o f  the  HSE on lower-enthalpy geothermal 
resources f o r  g rea ter  power p roduc t ion  than can be achieved by 
a smal l  steam turb ine-generator  i s  shown i n  Table 7-2. From 
the Broadlands w e l l  BR 19 w i t h  an average f l u i d  enthalpy o f  
1250 t o  1300 J/g, the  power-generating p o t e n t i a l  f o r  both the  
HSE and the  steam t u r b i n e  are  s i m i l a r .  

Cap i ta l  investment c l e a r l y  favors the  steam tu rb ine-genera t ing  
se t .  Th is  comparison does n o t  cons ider  opera t ing  costs  
because the  endurance t e s t  d isc losed d e f i c i e n c i e s  i n  the  HSE 
t h a t  must be remedied before meaningful opera t ing  and 
maintenance cos ts  can be i d e n t i f i e d .  For the Broadlands BR 19 
s i t e  the re  i s  c l e a r l y  no f i n a n c i a l  b e n e f i t  t o  be gained from 
i n s t a l l i n g  an HSE, based on c a p i t a l  costs.  

A p p l i c a t i o n  o f  t he  Model 76-1 HSE power p l a n t  f o r  general 
geothermal se rv i ce  i n  New Zealand would r e q u i r e  lower p r i c i n g  
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and demonstration of improved reliability. The low pressure 
rating of the exhaust casing may not be compatible with 
reinjection of the waste geothermal liquid. 

D. COST/BENEFIT ANALYSIS SUMMARY AND DISCUSSION 

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

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

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

Mexico 

Italy 

New Zealand( 1 )  

Country 

Turbine 

500 , 000 

220,000 

HSE 

Table 7-3 

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

Installation 

25,000 

135,000 

Installation 

Mexico 
w 

0 
h) I Italy 

New Zealand( 1 )  

800,000 

770,000 

800 , 000 

40,000 

40,000 

135,000(2)  

Installed 

525 , 000 
535,000 

355 , 000 

Installed 

840,000 

810 , 000 

935,000 

Separator & 
Piping, etc. 

104,000 

107,000 

50,000 

Separator & 
Piping, etc. 

50,000 

0 

0 

Installation 

40 , 000 

40,000 

30 , 000 

Installation 

19,000 

0 

0 

Installed 

144,000 

147,000 

80,000 

Installed 

69,000 

0 

0 

Total 

669,000 

682 , 000 

435,000 

Total 

909 , 000 

810,000 

935 , 000 

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

Cost based on the cost to transport and install the HSE in New Zealand using all new equipment. 

Cost does not include transmission lines, disposal of 

( 2 )  



SECTION 8 

POSTSCRIPT 

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

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

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

The durability of the shaft seal assemblies remains a major 
uncertainty, particularly the male low-pressure assembly. Oil should 
not leak into the flush water at the rates observed during the latter 
part of testing, regardless of the cause. With proper operation of the 
shaft seal system, recovery o f  oil from the flush water is not 
necessary. The seal assemblies clearly need to be inspected and the 
excessive oil leakage diagnosed and corrected. Consideration should be 
given to the following possibilities: 
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Particulates entrained in the flush water might have 
entered the seal assemblies, either by being carried 
through the filters or by being shaken loose from 
corrosion deposits in the flush water distribution 
sys tem . 
Vibration and mechanical stress might have degraded seal 
performance, either through wear or creation of excessive 
tolerances. This might apply particularly to the male 
low-pressure seal assembly, because the low-pressure end 
shaft of the male rotor had been damaged and repaired 
following a previous failurk of the male low-pressure 
seal assembly in Utah (see Ref. I ,  p. 6-7). 

Foreign material might have been introduced into the seal 
assemblies, but not during operation (e. ., during 
installation of new seals or bleed passages 3 . 
Thermal stress, such as that caused by blockage of the 
oil flow necessary to keep the seal assemblies cool, 
might have distorted the seals, particularly the female 
high-pressure seal assembly. 

Abrasive material might have precipitated in the seals. 

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

The report concludes that the Model 76-1 HSE cannot compete 
with a commercial steam turbine on the basis of the capital cost stated 
for this analysis. This is not a surprising cohclusion considering that 
the Model 76-1 was manufactured primarily for a research project rather 
than for commercial service. The truly remarkable result was that the 
Model 76-1 as the first of its kind survived the rigors of the test 
programs with no major repairs except for the shaft seals. The 
cost/benefit analyses find that the machine's efficiency, as is, is 
adequate in the sense that it has a specific total mass flowrate 
comparable to that of a small .steam turbine over certain ranges of 
temperature, pressure, and qua7ity. This is! an important finding 
because it suggests that i f  the durability o f  the shaft seals can be 
made satisfactory, then the HSE has potential applications as noted. 
Whether it will be purchased for these applications will depend on its 
actual cost and performance, but the capital cost of the HSE will be 
determined ultimately by its final design, the number built, and for 
international applications, by the relative value of the U.S. dollar. 
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Figure  A-7.  Upstream Test  a t  3000 rpm, A l l  Inlet Conditions (Ref. A ,  Fig .  13)  
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F i g u r e  A-8. Upstream Test  a t  4000 rpm, All  I n l e t  Condi t ions (Ref. A, F i g .  14)  
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F igu re  A-9. E f f e c t  o f  I n l e t  Pressure on Machine E f f i c i e n c y  f o r  Downstream 
Test a t  3000 rpm, I n l e t  Q u a l i t y  10% t o  20% (Ref. A, F ig .  1 5 )  
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Figure  A-10.  E f f e c t  o f  I n l e t  Pressure on Machine E f f i c i e n c y  for  Downstream 
Test a t  3000 rpa, I n l e t  Q u a l i t y  20% t o  30% (Ref. A, F ig .  16) 
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F igu re  A-11.  E f f e c t  o f  I n l e t  Q u a l i t y  on Machine E f f i c i e n c y  f o r  Downstream 
Test a t  3000 rpm, I n l e t  Nominal Pressure 100 p s i a  (Ref. A, Fig. 17 )  
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Test a t  3000 rprn, I n l e t  Nominal Pressure 180 p s i a  (Ref. A, Fig. 19) 
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F igu re  A - 1 7 .  Comparison Between Downstream and Upstream Measurements w i t h  
t h e  1980 Charac te r i s t i c  Curve f o r  Well M-11 (Ref. A ,  Fig.  2 4 )  



Table  A-1 .  Chemical Composition o f  Geothermal B r i n e  from Well M-11  
(Ref .  A ,  Table  3 )  

C hem i c a l  
C o n s t i t u e n t  PPm 

HCO3 

Ca 

c1 

Na 

K 

Rb 

B 

Si02 

Mn 

Mg 

co 

Cr 

L i  

co 3 

H2S 

49 

282 

9354 

4868 

1125 

10.48 

10.48 

695 

0.84 

0 .31  

0.15 

0 .11  

13 

4109 

215 

T.D.S. = 15,133 ppm 

A-20 



Table  A-2. Water Chemistry of Samples Taken During t h e  HSE Test  Programme (Ref. A ,  Table  2 )  

7-IV-80 

1 4 - I V - 8 0 '  

-- 

5-V-80 
-----.-- 

5-V-80 
---.- 
26-VI-80 

--7---1 T - I  

8:30 Storage pond* 198 .O 14.70 
8.60 0.37 

8 : 3 i  -- ------. Storage pond* !5s 2;:;; 
9:00 Main conta iner  43.00 

13.6 1.10 

9:00 Main conta iner  29.00 
8.9 0.7 

8:37 Main conta iner  26.5 0 .o 

-- ------- -I-- --_- 

---.--------- -_-___ 

--- ------------..I_---- -_-_ 

DATE - HOUR LOCAT I O N  Na K 
p.p.m. p.p.m. 
e.p.m. e.p.m. 

34 .oo 
1.70 

60 .OO 
3 .00 

69 .OO 
3.45 

30.10 

-- 

- 

- l - 5  

0.0 
----_- 

3.15 
0.16 

3.60 

e_ 

--- 

329 89.10 1950 7 -25 
9 -30 1.50 - - 

378 35 2980 7 .OO 
10.70 0.60 - - 
601 34.50 3500 6.50 
17.00 0.60 - - 
421 29 .OO 2500 6.95 
11.9 0.5 - - 
15.1 n.d. 1550 7.25 

49 .o n.d. n.d. n o d .  
1.4 

70 61 - 7.18 

- 

..-- 

-----.- - 

-. -- 

---- 

14-V I I -81  8:30 r a i n  conta iner  

14-XI-80 7:50 Main conta iner  

---- - ------_ 

p.p.m. p.p.m. p.p.m. 
e.p.m. e.p.m. e.p.m. mhos/cm 

Ii34 1 0.0 
0 .o 0.28 

1.90 

---- ---.--. 

-----t----t--l 

n.d. = non determined 

* = n o t  used 



VARIABLE 

Enthalpy 
Output Power 
Pressure 
E f  f i c  i ency 
T h r o t t l  e P o s i t i o n  
Mass Flow Rate 
Steam Frac t i on  

VARIABLE 

TABLE A-3. NOMENCLATURE 

Water 
I n l e t  
Machine 
Out1 e t  
We1 1 head 
Tot a1 
S t  eam 

A-22 

SYMBOL 
CFE Others 

H H 
kW, KW kW, KW 

P P 
R e f f  

Thr T r t ,  T r  
W M 
X Q 

- 

SUBSCRIPTS 

f a 
e 1 
m 
0 2 
P 
t 
V V 

CFE Others - 
- 
- - 



ASSOCIATED 
SY S TEM S 

f ’ FM 

A S A  

F A I L U R E  C A U S E  
( O B S E R V A T I O N S )  

- --- 
High d i f fe ren t ia l  pressure i n  the 
f i l ter  of the lubrication system 
High d i f f e r e n t i a l  pressure of the 
lubrication system I 

S A  

6 6  
---. 

6 

6 

6 

6 

1 2  

18 

24 
--- 

30 

F I  
A 

1 

2 

3 

- 

4 

-- 

5 

FM 

S A  

1.5 1.5 

3.5 5.0 

1.5 6.5 

0.5 7.0 

0 . 8  

1 

- 

- 

Impurities i n  the water supply 
3.5 3..5 system 

6 

6 
- 

6 

6 

6 

36 

4 2  

48 

54 

60 

~~ 

O i l  leakage i n  safety valve 

Table A-4. Operat ion and F a i l u r e  Summary (Ref. A, Table l l ) ,  P a r t  1 o f  8 

- 
O EO 

- 
0 
A 
1 
E 

19 so 
1/3 

7 

- 
1 
E 
S 
T - 
1 

2 

3 

4 

5 

b 

7 

8 
. .  

9 

I O  

P M  S T A R T  O M  
1 

B 
I - 

1.7 

- 
A - 

0.7 

1.1 0.8 

4.0 

- -  
0.01 

- t l  1 
i. 2 0 . 2  High d i f fe ren t ia l  pressure i n  the 

f i l t e r  of the lubrication system 

Overload .in the electric system 1.2 

- 
1.6 

5 .2  

7 

6.8 

0 . 4  

0.  7 

D 
I 
h) 
w 

3 . 4  10.2 1.5 

4 . 4  14.6 3 . 3  

9 2 . 1  16.7  4 . 0  - 
4.9 10 

13 

3 . 3  20 .o 

4 . 5  2 4 . 5  - 6 . 0  

A - A C C I I M U L A T E D  



HSE 

F 
A 

6 

7 

AND AUX. 
SYSTEYS 

f H  

S A  

3.0 10.8 

3.5 14.3 

\, 

, 

Table  A-4. Operat ion and F a i l u r e  Summary, P a r t  2 o f  8 

F A I L U R E  I 
1 S T A R T  ore  - 

A - 
6.1 

O H  ? H  

78 

I I A I L U R E  C A U S E  
( O I S L  R V  A T 1 0  N S )  f H  + 

oil leakage in safety valve I n.7 125.2 

4.2 I29!4 6.2 
I 

8.2 1 6 84 

6 90 

6 96 

6 102 

6 108 

6 114 

6 120 

10.0 

10.3 
7 
N 
P Filter obstruction at unit 

entrance 

1.0 40.1 

3.9 44.0 +- 3.7 47.7 

Oil leakage in safety valve 

Abnonnal operation of the 
pneunatic control valve 

I 

10.6 

12.3 

- 

3 

- 

B.0 

14.3 

16.6 - 
18.1 - 

3.9 51.6 

3.4 55.0 1 
s - s'I*nr A - ACCUUULATEO 



A 

126 
- 
132 
- 
138 
- 
144 

150 

- 
357 

- 
453 
- 
477 

-. 

585 

S A 

3.8 58.8 

3.8 62.6 
- 

3.3 65,9 

1 . 1  67.0 
- 

3.0 70.0 

203.5 273.5 

0.9 274.i 

96.0 370:i 

5 

6 2  

3.5 

8 3.0 

Table A-4. Operat ion and F a i l u r e  Summary, P a r t  3 o f  8 

- 
e i e  - 

A - 
20.2 

CH 1 OH ASSOCIATED 
SYSTEMS 

,HSL AND AUX. 
IYSTEYS S T A R T  - 

A - 
26 

FAILURE C A U S E  
(01 S E  R V  AT I O  N 8 )  

- 
I - 
6 

I/L 22.6 27 6 

Bursting disk  f a i l u r e  between 
machine and control valve 23.3 28 

29 
. -- 
30 

6 

6 23.7 

24.9 

!02.9 

6 

- 
31 

- 
207 2.0 Precautious s top when an 

earthquake was present 

96 
- 

24 - 
108 - 

!02.9 Rotors, equipment and instnments  
inspect ion (sand) 

.- 

32 
- 

33 - 

I n s t a b i l i t y  o f  d i f f e r e n t i a l  
pressure regulator 17.3 !02.9 

280.8 - 14 Steam leakage i n  pressure gage 

A - ACCUMULATED 



- 
T 
€ 
S 
I - 
29 

30 

31 

32 
. -  

33 

34 - 

2 

2 
.. 

2 

3 

s -  s r r n i  A - ACCUMULATED 

, 



P H  

S A  

6 

78 

12 

6 
__. 

6 

-. 

- - 

- .- 

2 
- - 

1 

1539 
- 

1671 
-- 

1683 

1689 
-- 

1695 
.- 

_- - 

.- 

169' 

.-- 

169 

O H  

S 

4.2 

-- 

0.1 

3.0 
~ - -  

- 

1.7 

0.7 

A 

1053.! 

1054 

1057 

1058, 
-- 

1059, 

-- - 

-I 9 

--I7 
I Bad operation of the main pmp 

of the lubrication system 

Table A-4. Operation and F a i l u r e  Summary, P a r t  5 o f  8 

F A I L U R E  

OCIATED 
STEMS F A I L U R E  C A U S E  

( O B  s e  R V  A T 1 0  N S )  

I 

aeo .HSE AND AUX. 
SYSTEMS 

- 
T 
E 
S 
7 

D 
A 
T 
E 

S T A R T  - 
A 

- 
45 

- 
S - 

1 

1 

3 

I 

3 
- 

e" 851.4 35 

3b 

37 

38 

39 
- 

Left fan blade damage of the 
1 

14 
- 

Data processing system printer 
in repair 

Bad operation in a seal water 
system valve 

Bad operation of the water and 
oil separation system 

- 
851.4 
-- 

851.4 

853.0 

- 

1.5 18.1 

10 1 . 5  20.: 

853.6 

853.7 11 0 . 3  20.6 - 
5 .  3 1 A N I  A - A C C U M U L A T E D  



S T A R T  P H  O H  

8 A  s 4 A -  

6.0 1704 1.9 10613 854.2 

182.0 1986 1.8 1063.1 854.8 
---- 

-- - 
18 2004 1063.1 854.8 

6 2010 1.3 1064.4 854.8 

6 2016 2.0 10664 854.8 
- 

6 2022 1.7 1068.1 855.0 

6 2028 0.7 1068.8 855.1 

12 2040 

2 

I 
-- -. 

F A I L U R E  

MSE AND AUK. ASSOCIATED 

F '  F n  F I H  (OB S E R V  A l l 0  N I )  
A S A  A Z I A  

FAILURE C A U S E  SYSTEMS SYSTEMS 

Low differential pressure in the 
12 3.0 23.6 lubrication system 

Synchronization gear failure 
13 280.2 303.8 (not sufficient lubrication) 

- -- 

Condenser installation and Test 

Basket type filter breakage at 
15 18 164.9 the machine inlet pipe 

Abnonnal operation of the auto- 
16 4.7 169.6 matic control system of the 

condenser level 
Abnonnal operation of the auto- 
matic control system of the 

l 7  173*6 condenser level 
Abnormal operation of the auto- 

18 4.3177.9 matic control system of the 
condenser level 
Abnonnal operation of the auto- 

19 5.3183.2 matic control system of the - condenser level 

Condenser maintenance 

57 
- .- 

58 

60 

61 
__ 

Table A-4. Operation and F a i l u r e  Summary, P a r t  6 o f  8 

A -  A C C U Y U L A T L D  

L 



0 
A 
1 
E 

29/ I 

30/ 1 

_1 

T 
E 
S 
1 
- 
4 7  

S T A R T  

65 
-- 

66 
- 

b7 

73 
- 

Table  A-4. Operat ion and F a i l u r e  Summary, P a r t  7 o f  8 

F A I L U R E  I 

12 2064 

6 2070 

-- 

6 2076 

36 2112 

30 2142 
-- __ 

6 2148 

6 2154 
-- 

6 2160 

!22. 

!2S. 

231 I 

- 

FAILURE C A U S E  
( O B S E  R V  A l l  0 N S )  

Abnormal operation of the auto- 
matic control system of the 1 condenser level' 
Basket filter change and condenser 
cleanness 

Condensing system pumps out of or- 
der and computer program correc- 
tion - 
Auxiliary diesel plant out of 
order 

Overcurrent in load bank (0.5 h). 
High water level in the condenser 

Condensing system equipments 
checked, computer program and 
transducers' 

Overcurrent in load bank 

Water level control in the 
condenser 

Transducers and the condensing 
system pumps were checked 

Bursting disk operates. 
Seal water pollution. 

A .  ACCUMULATED 



Table A-4.  Operation and Failure Summary, Part 8 o f  8 

ASSOCIATED 
SYSTEMS 

F F H  

A , S  A 

25 1.6 232.8 
~- 

26 236.8 

T 
E 
S 
1 - 

52 

53 

54 

55 

56 
. 

57 

ICAILURE C A U S E  
( O B S E R V  A T 1  0 N S )  

Diesel auxiliary plant out of 
order 
Abnonnal operation in water 
level control in the condenser 

Abnonnal operation in water 
level control in the condenser 

S T A R T  - 
A - 

74 

75 

76 

77 

S l A W  I A - ACCUUULATEO 

I I I 

Abnonnal operation in water 
level cdntrol in the condenser 

Variations in the generation 
voltage 

~ 

Water shortage to supply seals 
(1 hour). High level in con- 
denser 

-. 

(Total accunulated data) 



DATE TIME 

05/31/80 
05/31/00 
05/31/80 
0 6/01/00 
06/01/80 
06/0 1/80 
0 6/01/80 
0 6/01/80 
06/01/80 
0 6/0 2/8 0 

7 0 6/0 2/80 
0 6/02/8 0 
06/02/80 
06/02/80 
06/0 3/80 
06/03/80 
06/03/80 
06/03/80 
06/03/80 
06/0 4/80 
0 6/0 4/ 80 
0 6/0 4/80 
OG/O 4/80 
06/04/80 
06/04/80 
06/05/80 
06/05/80 
06/05/80 
06/05/80 
06/06/80 

0 + 

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

Table  A-5. Endurance Test  Data  (Ref .  A,  Appendix C ) ,  P a r t  1 o f  7 

H E L I C A L  S C R E W  E X P A N D E R  
E N D U R A N C E  T E S T  D A T A  

3000 rpm 

pe P o  wa wv W t  X e  Xo H e  Ho KW K W s  T h r  Rm R t  
~ ~ l a - - - - - -  ) (------ lbm/h -- - - - - - ) ( --%-I ( B t u / l b  1 ( --kW-- 1 (----%--- 1 

PP 
(------ 

240.8 
240.2 
245.8 
247.7 
248.4 
250.8 
250.8 
248.4 
262.2 
259.7 
259.7 
255.9 
240.8 
238.9 
237.0 
235.8 
230.7 
245.8 
249.6 
248.3 
244.5 
245.1 
249.0 
244.6 
243.9 
238.2 
236.3 
248.4 
247.7 
246.4 

186.7 15.7 
179.6 15.7 
190.1 15.8 
187.0 16.0 
190.6 15.4 
176.9 15.6 
181.2 15.8 
178.7 15.4 
182.4 15.1 
185.8 16.1 
189.4 16.1 
172.5 15.2 
175.6 15.4 
184.2 14.9 
183.6 15.6 
183.3 15.5 
176.9 15.2 
173.7 15.6 
181.8 15.6 
186.1 15.6 
190.1 15.8 
173.8 16.0 
173.4 15.7 
180.8 16.0 
183.0 15.7 
175.6 15.7 
172.6 15.6 
179.3 16.2 
188.0 15.5 
187.0 15.4 

56989 
56316 
59025 
56989 
57327 
57665 
50713 
51687 
57665 
56652 
56316 
55981 
57665 
58684 
62127 
61433 
52995 
56989 
59025 
5 9025 
59025 
54646 
55312 
57665 
59367 
58004 
53324 
55312 
58004 
58004 

37261 
36793 
36834 
36756 
36443 
36759 
36642 
35698 
36366 
36834 
36445 
36839 
36764 
37108 
37376 
37065 
36009 
36994 
37183 
37184 
36872 
36756 
36567 
37223 
36877 
37261 
36800 
36332 
37262 
36795 

94250 
93109 
95859 
93745 
93770 
94424 
87355 
87385 
94031 
93486 
92761 
92820 
94429 
95792 
99503 
98498 
89004 
93983 
96208 
96209 
95897 
91402 
91879 
94888 
96244 
95265 
90124 
91644 
95266 
94799 

29 40 599 566 842 895 58 50 47 
30 40 599 566 846 899 59 51 48 
28 38 587 556 836 889 57 50 47 
29 39 596 564 835 888 55 50 47 
28 39 591 559 835 888 55 50 47 
29 39 592 560 840 893 62 51 48 
33 42 624 590 830 883 60 50 47 
31 41 613 578 839 892 62 51 48 
28 39 588 556 830 883 55 50 47 
29 39 598 566 831 884 56 50 47 
29 39 597 565 828 881 53 50 47 
30 40 600 567 870 924 73 52 49 
29 39 593 560 871 925 68 52 49 
28 39 590 557 879 933 61 51 48 
27 38 579 547 8'74 928 61 52 49 
27 38 579 547 873 927 61 52 49 
31 40 609 574 866 919 68 52 49 
30 39 598 564 879 933 71 53 50 
29 39 590 557 877 931 65 52 49 
28 39 591 557 879 933 59 52 49 
28 38 589 556 882 936 61 52 49 
31 40 608 574 877 931 71 53 50 
31 40 603 569 876 930 76 53 50 
29 39 598 564 879 933 64 52 49 
28 38 588 554 883 937 63 53 50 
30 39 596 562 887 941 70 53 50 
32 41 614 579 881 935 76 53 50 
30 40 603 569 875 929 66 53 50 
29 39 595 562 882 936 61 51 48 
29 39 592 559 e76 930 58 52 49 



Table A-5. Endurance Test Data,  P a r t  2 o f  7 

H E L I C A L  S C R E W  E X P A N D E R  
E N D U R A N C E  T E S T  D A T A  

3000 rpm 

DATE TIME PD P e  P o  Wa wv Wt Xe xo H e  Bo KW K W s  Thr Rm Rt 
( ------ psis------ ) (------ lbm/h------- 1 ( - -%-)  (Btu/lb) (--kW--) (----%--- 1 

06/06/80 
06/06/80 
06/06/80 
06/06/80 
06/06/80 
0 6/0 7/80 
06/07/80 
0 6/0 7/ 8 0 
06/0 7/80 

D 0 6/08/80 
I 0 6/08/8 0 

0 6/0 8/ 8 0 
06/14/80 
06/14/80 
0 6/14/80 
06/15/80 
06/15/80 
0 6/15/.8 0 
0 6/15]80 
06/15/80 
0 6/16/8 0 
0 6/16/80 
0 6/16/80 
0 6/ 16/8 0 
06/16/8 0 
06/17/80 
0 6/ 17/8 0 
06/17/80 
06/17/80 
06/17/80 

w 
Iu 

04:46:17 242 .0  
09:32:04 238 .9  
14:20:34 243 .9  
19:06:27 2 4 3 . 9  
23:57:56 241.4  
04:43:50 242.6  
09:29:37 238 .8  
14:15:33 235.7  
23:02:12 243.2  
00:25:49 246.4  
04:04:29 245.8  
08:56:58 236 .9  
12: 41: 26 235 .8  
17: 29: 48 241.4  
22: 15: 43 245 .2  
00:57:43 243 .9  
04:55:48 249 .0  
09:41:42 233.2  
14 :28 :51  234.5  
19: 1 4 :  59 244.0  
01:07:40 248.4  
03:51:33 252 .7  
09: 32: 38 234.5 
17:59:29 240.9  
22:43:14 246.5  
00:36:33 252.2  
05:20:11 244 .6  
10:  03: 42 237.6  
1 4 :  47: 19  238.3  
19:31:04 245 .2  

1 8 5 . 2  15 .4  
1 7 3 . 8  1 6 . 1  
175 .9  1 5 . 7  
176 .8  1 5 . 5  
183 .6  15 .7  
182 .7  1 5 . 6  
177 .2  15 .7  
173 .8  1 5 . 9  
184 .6  1 5 . 9  
189.5  1 5 . 7  
187 .7  16 .5  
179.4  15 .8  
1 7 7 - 5  15 .9  
182 .0  15 .3  
186 .7  1 5 - 8  
189 .2  1 5 . 8  
1 8 8 . 9  1 5 . 8  
175 .0  15 .8  
1 7 7 . 8  15 .7  
180 .5  15 .7  
1 8 8 . 5  1 5 . 8  
185.5  1 5 . 8  
1 7 5 . 0  15 .8  
180 .7  15 .5  
1 8 0 . 2  1 5 . 7  
187 .5  1 5 . 8  
1 8 6 . 0  1 5 . 8  
174 .7  1 5 . 7  
1 7 1 . 5  1 5 . 7  
182 .9  1 5 . 7  

58004 
58344 
5 4 315 
54979 
56652 
57327 
56989 
52667 
5 5 9 8 1  
58684 
57665 
56652 
70884 
65843 
66555 
66912 
70155 
65488 
62325 
62674 
68707 
66555 
67987 
61630 
65488 
67269 
69792 
66555 
59905 
66199 

36355 
36398 
35362 
36567 
36603 
36392 
36085 
36134 
36916 
36125 
36756 
35606 
36509 
35273 
34749 
35967 
35222 
35649 
35366 
35672 
35322 
36147 
35357 
34075 
34862 
35580 
35770 
35317 
34888 
34411  

94359 
94742 
89677 
91546 
93255 
93719 
93074 
88801 
92897 
94809 
94421 
92258 

107393 
101116 
101304 
102879 
105377 
101137 

97691 
98346 

104029 
102702 
103344 

95705 
100350 
102849 
105562 
101872 

94793 
100610 

28 3 9  5 9 0  556  880 934 60  53 50 
29 38  590 556 882 936 6 7  55 5 1  
30  39  6 0 1  565 876 930 73 55 5 1  
30 40 604 5 7 0  876 930 6 7  53 50 
29 39  598  563 876 930 6 2  52 49 
29 39  593 559 880 934 6 2  53 50 
29 39  593 559 874 928 70 54 5 1  
32 4 1  614 578 874 928 6 9  54 50 
30 40  603 569 872 926 6 1  52  49 
28 38  586 552 875 929 5 9  53  50  
29 39  596 562  873 927 6 1  53 49 
29 39  592 557 874 928 68  54 5 1  
23 34 5 4 1  513 8 2 1  873 70 52  49 
24 35 5 5 1  5 2 1  818 870 65 53 49 
23 34 545 516 816 868 5 9  53  50 
24 35 5 5 1  522 810 862 57 5 1  48 
22 33  535 507 816 868 57  53  49 
25 35 555 525 826 878 7 1  53 50 
26 36 564  534 816 868 6 9  52  49 
26 36 565 535 817 869 64 52 48 
22 34 5 4 1  512 8 1 1  863 57  52 49 
24 35 553 524 8 1 1  863 57  5 1  48 
23 34 544 515 8 2 3 -  875 6 8  54  50  
25 36 559 528 813 865 60  54 50 
24 35 549 520 816 868 6 0  53  50  
23 35 547 519 814 866 57  52  49 
22  34 540 512  815 867 56  52  49 
24 35 548 519 816 868 70 53 50  
27 3 7  5 7 1  540  817 869 70  53  50 
23 34 544 515 817 869 5 9  54 5 1  

I 



Table A-5. Endurance Test Data, P a r t  3 o f  7 

H E L I C A L  S C R E W  E X P A N D E R  
E N D U R A N C E  T E S T  D A T A  

0 6/18/ 8 0 
06/18/ 80 
06/ 18 /00  
0 6/18/8 0 
0 6/18/8 0 
06/18/80  
06/19/80  
06/ 19/  80  
0 6/19/ 8 0 
0 6/19/ 8 0 
06/19/80 
06/20/80 
06/20/80 
06/20/80 
0 6 / 2  0/80 
06/20/80 
06/2 1/ 80  
06/21/80 
0 6/2 1 / 8 0  
06/ 2 l / 8  0 
06/21/80 
0 6/2 l / 8  0 
06/22/00 
06/2 2/80 
0 6/2 2/ 00 
06/22/80  
06/22/80 
06/13/80 
0 6/2 3/80 
0 6/2 3/80 

7 
w 
W 

00: 17: 11 
05: 00: 40 
09:44:08 
1 3 :  50: 45 
18: 36: 53  
23: 31:52 
00: 28: 32 
05: 12: 10  
09: 55: 40 
14:45:26 
19:  34: 07 
01: 12 :  43 
05: 08: 05 
09: 55: 1 6  
1 4 :  4 4 :  10 
19:  42: 1 2  
00: 30: 26 
05: 13:  56 
10:  04: 3 4  
14: 51: 09 
1 9 :  37: 48 
23: 45:  23 
01: 5 4 :  39 
05: 35:17 
1 0 :  18: 58 
1 5 :  1 4 :  1 3  
20:03:59 
00: 10:  21 
04: 48: 22 
09: 33: 29 

242 .7  
252.7 
228 .8  
249 .6  
242.7 
245 .8  
245.-2 
243.9 
241 .4  
239.6 
245.2 
247.7 
248..3 
245 .8  
237.0 
246.5 
243.9 
250.2 
252.7 
234.5 
237.7 
243.9 
254.6 
238.3 
231 .3  
244.6 
244.6 
247.7 
243.3 
231.9 

1 8 9 . 2  
183.0 
173.2  
174 .7  
181.1 
187 .0  
188.8 
187 .0  
1 7 9 . 3  
181.1 
182 .0  
1 8 7 . 0  
1 9 0 . 1  
1 8 0 . 3  
178 .7  
186 .0  
1 9 1 . 3  
185 .2  
181 .8  
176 .2  
186 .4  
1 8 6 . 1  
1 8 9 . 2  
191 .9  
1 7 8 . 1  
1 8 1 . 4  
1 8 1 . 1  
189 .4  
190.4 
182.7 

1 5 . 8  
1 5 . 8  
15 .9  
1 5 . 8  
1 5 . 8  
15 .8  
15 .9  
15 .7  
1 5 . 8  
1 5 . 8  
1 5 . 7  
1 5 . 9  
1 5 . 9  
1 5 . 9  
1 5 . 7  
1 5 . 8  
1 5 . 8  
1 5 . 7  
1 5 . 9  
15 .8  
1 5 . 6  
1 5 . 6  
1 5 . 5  
1 5 . 8  
1 5 . 9  
1 6 . 1  
1 5 . 5  
1 5 . 9  
1 5 . 8  
1 5 . 9  

69792 
69068 
63023 
64780 
64428 
68707 
71615 
705'19 
67987 
61630 
64075 
67987 
68347 
65134 
62325 
67269 
70519 
70519 
64428 
62325 
65488 
66912 
73085 
70884 
61630 
64075 
66199 
71615 
70884 
63373 

34671 
35818 
35402 
35407 
36430 
34868 
35488 
35418 
34848 
35602 
35241  
34873 
35717 
35516 
36405 
35123 
34851  
35022 
34889 
35127 
35127 
34906 
35389 
35423 
35289 
35002 
34248 
34835 
34969 
35471 

104463  
104886 

98425 
100187 
100858 
103575 
107103  
105937 
102835 

97232 
99316 

102860 
104064 
100650 

98730 
102392 
105370 
105541  

99317 
97452 

100615 
101818 
108474 
106307 

96919 
99077 

100447 
106450 
105853 

98844 

22 33 533 505 815 867 57 5 3  50  
23 34 542 514 808 860 55 52 48 
26 36 562 532 820 872 72 53  50 
25 35  556 526 8 3 4  887 70 54 5 1  
25 36 563  533 836 889 68 52 4 9  
22 3 4  539  510 838 8 9 1  60 54 5 1  
22 33 5 3 3  505 8 3 1  884 6 1  5 3  50 
22 33 536 507 837 890 59 54 50 
23 34 5 4 1  512 836 889 67 55 52 
26 37  570 538 840  893 69 53  50 
25 35  558 527 837 890 6 3  53  50 
23 34 542 512 836 889 6 1  54 5 1  
23 34 545 516 835 888 6 1  53  50 
25 35  556 526 831  884 65 5 3  50 
27 37  5 7 1  540 840 893 7 1  52 49 
23 3 4  545 516 8 3 4  887 62  54 50 
2 1  3 3  533 504 834 887 6 1  54 5 1  
22 3 3  533 505 8 3 1  884  60 54 5 1  
24 35 554 524 8 3 1  8 8 4  66 54 5 1  
26 36 564 533 834 887 67 54 5 1  
24 3 5  5 5 1  5 2 1  838 8 9 1  64 5 3  50 
23 34 545 515 839 892 60 54 5 1  
2 1  3 3  527 499 837 890 6 1  54 50 
22 33 535 506 839 892 6 1  53 50 
26 36 568 536 8 3 1  884 66 53 50 
25 35  557 527 832 885 66 54 5 1  
23 3 4  543 513 8 3 1  884 6 3  55 52 
2 1  3 3  529 5 0 1  827 879 5 9  54 5 1  
2 1  3 3  532 504 8 3 1  884 58 54 5 1  
25  36 562 5 3 1  834 887 68 53  50 



Table A-5. Endurance Test  Data, Par t  4 o f  7 

H E L I C A L  S C R E W  E X P A N D E R  
E N D U R A N C E  T E S T  D A T A  

3000 rpm 

DATE 

0 6/2 3/8 0 
06/2 3/80 
0 6/2 4/80 
06/24/80 
O6/2 4/80 
0 6/2 4/8 0 
0 6/2 4/ 80 
0 6/2 4/8 0 
06/25/80 
06/25/80 

I 06/25/80 
06/25/80 
06/25/80 
06/25/80 
06/26/80 
06/26/80 
06/26/80 
06/26/80 
06/26/80 
06/26/8 0 
0 7/ 02/80 
07/02/80 
0 7/ 02/ 8 0 
07/03/80 
07/03/80 
07/03/80 
0 7/0 3/8 0 
0 7/04/80 
07/04/80 
0 7/0 4/ 80 

w 
P 

TIME 

14: 26: 02 
19: 22: 45 
00: 48: 11 
04: 54: 57 
10: 00 : 04 
14: 39: 31 
18: 48: 42 
23: 34:15 
01: 27: 37 
05: 17: 56 
10: 02: 43 
14: 06: 47 
18: 52: 23 
23: 36: 10 
00: 32: 59 
05:16:45 
10: 03: 21 
14: 49: 54 
18: 59: 24 
23: 11: 10 
12: 14: 21 
17: 11: 05 
22: 00: 58 
01: 55 : 06 
05: 39: 41 
10:31:03 
15: 07: 43 
01: 52: 39 
05: 13: 50 
09: 22: 30 

249.8 
257.3 
263.0 
252.9 
254.8 
239.1 
238.4 
254.2 
251.6 
252.3 
249.1 
254.8 
249.1 
260.4 
259.8 
250.4 
252.3 
255.4 
257.9 
254.2 
254.2 
256.0 
259.8 
264.8 
260.4 
260.4 
256.7 
271.1 
277.4 
272.4 

175.9 
181.4 
188.2 
191.3 
180.6 
179.0 
185.2 
189.5 
189.5 
192.9 
186.4 
179.3 
185.1 
194.7 
191.3 
190.1 
189.2 
179.6 
184.2 
183.9 
188.3 
184.0 
195.0 
195.7 
195.7 
183.3 
182.4 
194.1 
189.8 
190.1 

16.3 
15.6 
15.6 
16.0 
15.5 
15.8 
15.4 
15.8 
15.8 
15.8 
15.8 
15.5 
15.6 
15.9 
15.6 
15.8 
15.9 
15.8 
15.6 
15.7 
15.9 
16.0 
16.0 
16.0 
16.0 
15.9 
16.0 
15.9 
15.9 
15.9 

59905 
62674 
69430 
69792 
65843 
65488 
70519 
71981 
71981 
74195 
65134 
66912 
66912 
63724 
6870,7 
70155 
65843 
70519 
65843 
70155 
62829 
62036 
62333 
64826 
59000 
67762 
63525 
61543 
62432 
65329 

35293 
34382 
33827 
33994 
34234 
34801 
34538 
34254 
34082 
33620 
33895 
33275 
33892 
33466 
33569 
34065 
33327 
33383 
33226 
33383 
34060 
34761 
35222 
35080 
35393 
33833 
34808 
34490 
34077 
34111 

95198 
97056 

103257 
103786 
100077 
100289 
105057 
106235 
106063 
107815 
99029 

100187 
100804 
97190 

102276 
104220 
99170 

103902 
99069 

10 3 5 38 
96889 
96797 
97555 
99906 
94393 

101595 
98333 
96033 
96509 
99440 

X e  XO H e  HO K W  KWS Thr  Rm R t  
(--%-I ( B t u / l b )  (--kW--) (----%--- 1 

27 37 575 544 827 879 67 53 50 
25 35 557 526 827 879 64 54 51 
21 33 529 500 825 877 57 55 52 
21 33 530 501 827 879 57 55 52 
23 34 544 514 821 873 62 54 51 
24 35 550 520 834 887 67 55 51 
21 33 529 501 825 877 63 54 51 
20 32 524 496 822 874 57 55 52 
20 32 523 495 824 876 57 55 52 
19 31 513 486 824 876 57 56 53 
23 34 545 515 816 868 60 54 51 
22 33 534 505 813 865 64 56 52 
22 34 538 509 818 870 61 55 51 
23 34 548 517 812 864 54 54 51 
21 33 530 501 808 860 56 54 51 
21 33 529 500 817 869 58 55 51 
22 34 539 509 808 860 61 55 51 
21 32 524 495 827 879 64 57 54 
22 34 538 508 822 874 59 56 53 
21 32 524 496 821 873 61 56 53 

25 36 564 532 849 902 61 55 52 
25 36 565 534 847 900 58 53 50 
24 35 555 524 840 893 55 53 50 
27 37 580 547 843 896 52 52 49 
22 33 537 506 848 901 61 57 54 
25 35 558 527 849 902 67 55 52 
25 36 563 532 837 890 - 54 50 
24 35 557 526 835 888 - 55 51 
23 34 547 516 839 892 - 55 52 

24 35, 556 524 837 890 59 55 52 



DATE TIME 

0 7/04/80 
U 7/0 4/ 80 
0 7/0 4/ 8 0 
07/05/80 
07/05/80 
07/05/80 
07/05/80 
07/06/80 
0 7/06/80 
0 7/0 6/8 0 

7 07/06/80 
W 07/06/80 

0 7/0 6/8 0 
0 7 /  0 7/8 0 
0 7/07/ 80 
0 7/07/80 
0 7/07/80 
0 7/ 11/8 0 

07/11/80 
07/11/80 
U7/12/80 
U 7/12/80 

vl 

7/11/80 

CI 7/12/80 
07/12/80 
07/12/80 
07/13/80 
07/13/80 
07/13/80 
0 7/13/80 

14: 00: 55 
19: 09: 29 
22: 54: 24 
13: 59: 22 
09: 44:09 
22: 29: 44 
18: 14: 33 
03: 22: 42, 
05: 48: 45 
10: 13: 44 
14: 40: 22 
18: 55: 35 
23: 10: 48 
01: 11: 58 
04: 20: 17 
09: 13: 47 
15:35:57 
12: 20: 07 
15: 13: 51 
18: 22: 39 
22: 34: 39 
03:07:39 
06:10:39 
10:25:39 
14: 19: 39 
19: 04: 39 
00: 25: 41 
05: 37: 41 
10: 58: 41 
16: 52: 41 

- 
Table A-5. Endurance Test Data, P a r t  5 o f  7 

H E L I C A L  S C R E W  E X P A N D E R  
E N D U R A N C E  T E S T  D A T A  

3000 rpm 

259.8 
256.7 
263.6 
249.8 
257.3 
259.8 
264.2 
264.2 
261.7 
261.7 
260.4 
257.9 
263.6 
266.1 
267.4 
260.4 
263.6 
254.8 
263.0 
260.4 
264.0 
263.0 
249.1 
250.4 
250.4 
257.9 
257.9 
259.2 
251.0 
261.7 

185.1 
182.6 
189.7 
177.8 
186.1 
188.9 
186.6 
194.1 
191.6 
179.6 
186.7 
185.1 
189.4 
194.4 
193.2 
187.3 
186.0 
181.5 
180.5 
182.7 
186.0 
191.3 
187.6 
185.5 
185.5 
185.2 
188.3 
191.7 
185.2 
184.6 

16.1 
15.8 
16.1 
15.8 

15.8 
15.8 
16.1 
16.0 
16.8 
15.7 
15.3 
16.0 
16.7 
15.4 
16.8 
15.7 
15.9 
16.0 
15.7 
15.8 
16.1 
16.0 
15.9 
15.9 
15.8 
15.9 
15.9 
15.8 
15.8 

15. a 

63525 
64325 
61248 
64726 
63925 
66541 
63127 
62531 
60953 
62135 
62630 
66744 
65732 
62730 
62829 
65732 
64425 
60926 
56852 
56948 
54005 
57723 
54854 
55043 
55043 
50854 
56661 
55802 
57332 
57524 

34126 
34008 
34146 
34094 
34161 
35552 
33169 
32700 
33921 
33115 
34739 
33488 
33800 
32921 
33588 
33626 
33610 
34896 
34973 
35003 
35097 
35249 
35343 
35257 
35257 
35277 
35252 
34982 
35216 
34570 

97651 
98333 
95394 
98820 
98086 

102093 
96296 
95231 
94874 
95250 
97369 

100232 
99532 
95651 
96417 
99358 
98035 
95822 
91825 
91951 
89102 
92972 
90197 
90300 
90300 
86131 
91913 
90784 
92548 
92094 

24 35 554 523 848 901 56 56 53 
24 35 550 519 843 896 56 56 53 
25 36 563 531 841 894 52 55 52 
24 35 549 518 849 902 60 57 53 
24 35 552 521 847 900 56 56 52 
22 33 551 521 849 902 50 59 55 
24 34 549 517 840 893 - 57 53 

25 36 563 530 848 901 50 55 52 
25 35 555 523 850 903 - K g  55 
25 36 560 529 847 900 - 54 51 
22 33 537 506 853 906 - 57 54 
23 34 544 513 850 903 - 57 53 
23 34 551 519 846 899 54 58 54 
24 35 552 520 849 902 49 55 52 
23 34 545 514 853' 906 57 58 55 
23 34 547 515 844 897 54 56 53 
26 36 568 537 819 871 - 53 50 
28 38 585 553 817 869 - 52 49 
28 38 584 552 822 874 - 51 48 
29 39 599 565 822 874 - 51 48 
30 40 584 552 822 874 - 51 48 
29 39 597 564 829 882 - 52 48 
29 39 595 562 824 876 - 51 48 
29 39 595 562 824 876 - 51 48 
29 39 615 580 823 875 - 51 48 
28 38 588 555 827 879 - 52 48 
28 39 590 557 823 875 - 51 48 
28 38 584 552 824 876 - 52 49 
27 38 580 547 824 876 - 53 50 

23 34 549 517 a43 896 - 57 54 



Table  A-5. Endurance Test  n a t a ,  P a r t  6 o f  7 

H E L I C A L  S C R E W  E X P A - N D E R  
E N D U R A N C E  T E S T  D A T A  

3000 rpm 

0 7/ 13/ 8 0 
0 7/14/80 
0 7/14/80 
0 7/14/8 0 
07/14/80 
0 7/14/80 
07/15/80 
07/15/80 
0 7/16/8 0 
0 7/16/8 0 7 0 7/16/8 0 

m 07/16/80 
0 7/17/8 0 
0 7/17/8 0 
0 7/17/80 
0 7/17/8 0 
0 7/17/80 
0 7/18/80 
0 7/18/00 
U 7/ 18/8 0 
0 7/18/00 
0 7/18/80 
0 7/19/80 
0 7/ 19/ 8 0 
07/19/80 
0 7/19/80 
0 7/2 0/8 0 
0 7/20/80 
0 7/2 0/8 0 
07/23/80 

w 

23: 49: 41 
01: 01: 41 
08: 13: 39 
12: 18: 04 
16: 48: 04 
21: 18: 04 
01:51:.05 
04: 48: 05 
13:ll:lO 
16: 37: 04 
19: 23: 04 
23: 31: 04 
01: 09: 05 
05: 49: 05 
10: 29: 05 
14: 57: 21 
19: 37: 21 
00: 37: 21 
07: 17: 21 
13: 07: 43 
17: 33: 43 
22: 11: 43 
00: 41: 44 
05:11:44 
09: 49: 44 
14: 01: 44 
01: 24: 29 
05:14: 29 
09:54: 29 
09: 42: 20 

261.1 
257.3 
265.5 
252.3 
250.4 
252.3 
251.0 
257.3 
266.7 
256.7 
259.2 
263.0 
261.7 
266.1 
262.3 
259.2 
257.3 
259.2 
265.5 
251.6 
256 .O 
261.1 
263.6 
268.6 
259.2 
247.2 
253.5 
266.7 
253.5 
210.8 

190.7 
189.5 
183.6 
181.8 
181.5 
190.7 
191.6 
195.3 
183.6 
184.2 
185.4 
188.6 
194.7 
193.7 
185.2 
183.5 
190.9 
196.2 
191.0 
187.0 
191.6 
189.4 
190.4 
197.1 
189.5 
184.8 
194.3 
196.2 
188.2 
177.8 

15.9 
15.8 
15.9 
16.0 
15.8 
15.8 
15.7 
15.7 
15.9 
15.8 
15.7 
15.3 
15.6 
15.7 
16.3 
16.7 
15.0 
16.1 
14.7 
16.1 
15.8 
16.1 
15.9 
15.8 
16.1 
15.8 
15.9 
15.9 
15.9 
15.6 

53068 
55138 
56279 
63028 
64826 
62234 
59973 
60169 
71056 
62730 
70848 
68068 
68785 
62531 
69505 
66035 
70124 
67456 
62333 . 
64726 
63127 
67864 
65530 
64325 
66541 
68068 
67762 
65430 
68273 
*63127 

34387 
34575 
34129 
35288 
34488 
34077 
34606 
34008 
36185 
36631 
35982 
36093 
3,5916 
37158 
35659 
36262 
35763 
36629 
36028 
36693 
36491 
36186 
36113 
35370 
36831 
36496 
35970 
36003 
36048 
31997 

87455 
89713 
90408 
98316 
99314 
96311 
94579 
94177 

107241 
99361 

106830 
104161 
104701 
99689 

105164 
102297 
105887 
104085 
98361 

101419 
99618 

104050 
101643 
99695 

103372 
104564 
103732 
101433 
104321 
95124 

29 39 599 565 825 877 - 52 49 
28 39 590 557 822 874 53 52 49 
28 38 582 549 818 870 54 53 50 
25 36 562 532 825 877 58 53 50 
24 35 550 520 820 872 59 54 51 
24 35 557 526 823 875 52 54 50 
26 37 569 538 822 874 - 52 49 
25 36 565 533 819 871 51 53 50 
23 34 540 511 859 912 59 54 51 
26 36 573 541 878 932 63 55 52 
22 34 539 510 875 929 58 55 52 
23 35 548 518 875 929 56 54 51 
23 34 545 515 874 928 53 54 51 
26 37 576 544 876 930 55 51 48 
23 34 543 513 872 926 59 56 53 
25 35 560 529 877 931 62 55 52 
22 34 538 509 871 925 56 54 51 
24 35 556 525 880 934 53 53 50 
25 37 567 536 864 917 52 52 49 
26 36 566 535 873 927 62 53 50 
26 37 570 538 871 925 56 53 50 
24 35 551 521 872 926 57 54 51 
25 36 559 528 871 925 - 54 51 
24 35 559 527 866 919 51 54 51 
25 36 560 529 867 920 55 53 50 
24 35 552 522 876 930 62 54 51 
23 35 550 520 873 927 53 54 51 
24 35 559 528 866 919 50 53 50 
23 35 549 519 874 928 59 54 51 
23 34 539 509 780 831 50 56 52 



Table  A-5.  Endurance T e s t  D a t a ,  P a r t  7 of 7 

H E L I C A L  S C R E W  E X P A N D E R  
E N D U R A N C E  T E S T  D A T A  

3000 rpm 

0 7/2 3/8 0 

0 7/2 3/8 0 
0 7/2 4/8 0 
0 7/2 4/8 0 
0 7/2 4/ 80 
07/24/80 
07/24/80 
0 7/2 5/8 0 
07/25/80 

2 07/25/80 
07/25/80 

o 7/23/80 

7 07/25/80 

0 7/26/80 
0 7/26/80 
07/26/80 
0 7/26/8 0 
0 7/  2 6/8 0 
Q7/2 7/80 
07/27/80 
07/27/00 
0 7/2 7/ 8 0 
0 7/27/80 
0 7/2  7/8 0 
07/28/80 
o 712 818 o 
0 7 / 2  e/ 8 0 
07/29/80 
0 7/2 9/8 0 

14: 32: 40 
19: 12: 40 
23: 52: 40 
01: 04: 41 
04: 32: 41 
08:55:50 
13:19:37 
20: 38: 20 
00: 08: 20 
05: 23: 20 
10: 32: 20 
14: 58: 4,s 
19: 33:15 
00: 57: 53 
06:12:53 
10: 56: 40 
15:07:52 
20: 19: 52 
00: 33: 53 
05: 48: 53 
10: 06: 53 
15 : 12: 53 
19: 43: 53 
23: 51: 21 
01: 01: 21 
05:27:21 
23: 34:56 
00: 34: 56 
01: 19: 56 

264.2 
264.8 
266.7 
268.6 
262.3 
259.2 
252.9 
254.2 
258.6 
259.2 
256.7 
259.8 
245.3 
256.7 
260.4 
258.6 
258.6 
248.5 
263.0 
261.1 
260.4 
255.4 
252.3 
259.8 
259.8 
261.1 
261.7 
259.8 
257.3 

183.6 
188.8 
190.7 
191.6 
190.9 
183.0 
181.7 
186.3 
190.3 
186.0 
183.9 
181.4 
185.4 
191.6 
190.7 
181.5 
183.6 
188.5 
190.4 
195.6 
182.7 
181.7 
186.3 
187.9 
189.1 
189.4 
189.1 
190.0 
189.4 

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

65128 
62234 
66541 
65833 
65228 
64225 
66846 
72933 
62531 
62730 
69917 
68273 
67966 
64926 
65128 
65128 
67252 
64826 
64124 
65732 
64525 
67762 
68785 
68682 
67049 
65027 
65936 
65532 
69198 

34979 
35502 
34883 
35219 
35700 
35868 
35767 
35200 
35979 
34042 
35242 
35159 
35131 
34852 
34883 
34404 
34574 
34586 
35483 
35510 
35265 
35060 
35015 
35674 
34507 
35690 
35322 
36331 
35410 

100107 
97736 

101424 
101052 
100928 
100093 
102613 
108133 
98510 
96772 

105159 
103432 
103097 
99778 

100011 
99532 

101826 
99412 
99607 

101242 
99790 

102822 
103800 
104356 
101556 
100717 
101258 
101863 
104608 

24 35 552 521 840 893 55 54 51 
25 36 566 535 839 892 54 52 49 
23 34 54.7 517 846 899 49 54 51 
24 35 551 521 846 899 - 53 50 
24 35 557 526 853 906 52 53 50 
25 36 562 531 852 905 59 53 50 
24 35 551 521 856 909 60 54 51 
21 33 527 499 861 914 55 56 53 
26 37 569 537 855 908 54 53 49 
24 35 556 524 853 906 53 56 53 
22 34 537 508 853 906 55 55 52 
23 34 542 512 852 905 58 55 52 
23 34 543 514 847 900 57 55 51 
24 35 552 522 841 894 51 54 50 
24 35 552 521 834 887 50 53 50 
24 35 548 518 831 884 56 55 51 
23 34 541 512 830 883 52 54 51 
24 35 551 520 836 889 49 54 51 
25 36 559 529 844 897 54 53 50 
24 35 553 523 845 898 49 53 49 
25 35 557 526 847 900 57 54 51 
23 34 543 514 849 902 60 55 52 
22 34 540 510 846 899 55 55 51 
23 34 544 514 856 909 57 54 51 
23 34 543 512 858 911 52 55 52 
24 35 557 527 850 903 52 53 50 
24 35 552 522 856 909 - q4 51 
25 36 560 529 855 908 52 53 49 
23 34 541 512 856 909 55 55 51 



Table A-6. 

DATE TIME 

07/ 29/ 80 
0 7/2 9/8 0 
07/ 2 9/80 
07/2 9/8 0 
0 7/2 9/ 8 0 
0 7/2 9/00 
O7/2 9/00 
0 7/2 9/ 80 
0 7/2 9/8 0 
0 7/2 9/80 
07/29/80 
07/2 9/80 
07/29/80 
0 7/2 9/0 0 
0 7/2 9/8 0 
07/29/80 
0 7/2 9/00 
0 7/2 9/ 8 0 
ir7/29/80 
0 7/ 2 9/ 8 0 
(1 7 / Z  9/13 0 
07/29/00 
07/29/80 
U 7/2 9/00 
u7/2 9/00 
07/29/80 
U 7/29/00 
u 7/29/00 
CI 7/2 9/0 0 
07/24/00 

06: 53: 17 
06: 56: 47 
06: 57: 47 
06 : 59: 00 
07: 10: 00 
07: 28: 16 
07: 30: 55 
07: 35:40 
07: 49: 35 
07: 50: 05 
07: 50: 35 
08: 13: 36 
08: 20: 42 
08: 26: 31 
08: 27: 54 
08: 33: 54 
08: 34: 24 
09: 03: 46 
09: 11: 31 
09: 19: 53 
09: 23:Ol 
10: 03: 47 
10: 13: 24 
10: 20: 55 
10: 30:55 
11: 00: 44 
11: 01: 46 
11: 02: 48 
11: 04: 14 
11: 04: 44 

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

H E L I C A L  S C R E W  E X P A N D E R  
2ND P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

3000 rpm 

237.8 
240.3 
200.1 
206.4 
195.7 
191.3 
190.6 
194.4 
183.7 
176.2 
180.6 
165.5 
166.7 
169.2 
163.0 
164.2 
171.8 
198.8 
193.1 
195.0 
195.7 
205.7 
207.0 
207.0 
205.7 
240.3 
238.4 
240.9 
241.6 
232.8 

107.2 
103.5 
87.4 
99.5 

101.6 
95.1 
93.3 
92.1 

101.6 
104.7 
99.8 
97.3 

100.7 
96.1 
95.8 

104.1 
93.3 

138.0 
140.4 
138.0 
140.5 
142.3 
139.3 
144.2 
139.9 
181.0 
180.9 
176.3 
177.2 
176.0 

14.9 
14.8 
14.8 
14.8 
14.8 
14.8 
14.9 
14.8 
14.9 
14.9 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
14.9 
14.8 
14.9 
14.8 
14.9 
15.1 
15.2 
15.2 
15.1 
15.2 
15.2 
15.3 
15.1 
15.4 

43613.0 
45279.0 
44663.0 
45987.0 
56784.0 
52349.0 
54598.0 
52535.0 
54692.0 
53844 . O  
58807.0 
57072.0 
56880.0 
55355.0 
59682.0 
55355.0 
60170.0 
54221.0 
54315.0 
53563.0 
56211.0 
594811.0 
59585.0 
60366.0 
58711.0 
56306.0 
57168.0 
58614.0 
56020.0 
59293.0 

13725.0 
14191.0 
15343.0 
14714.0 
14643.0 
15050.0 
15038.0 
14686.0 
17290.0 
16472.0 
17268.0 
18640.0 
18643.0 
18815.0 
18677.0 
17785.0 
17750.0 
15606.0 
15461.0 
15242.0 
15820.0 
23146.0 
22399.0 
22567.0 
21847.0 
21785.0 
21919.0 
23031.0 
21607.0 
23492.0 

57338.0 14 24 270 39 63 55 
59470.0 15 24 273 43 63 54 
60006.0 18 26 272 66 62 54 
60701.0 15 24 273 51 62 53 
71427.0 11 21 265 46 63 55 
67400.0 13 22 265 50 61 53 
69636.0 13 22 265 59 63 54 
67261.0 13 22 264 59 64 55 
71982.0 15 24 329 59 62 54 
70316.0 14 23 329 57 64 57 
76075.0 13 23 335 64 64 57 
75711.0 16 25 384 81 66 59 
75523.0 16 25 386 87 65 59 
74170.0 17 25 383 81 65 59 
70359.0 15 24 383 80 67 60 
73139.0 15 24 362 64 64 57 
77920.0 14 23 362 77 69 61 
69827.0 10 22 264 31 52 45 
69775.0 10 22 262 30 52 45 
68805.0 10 22 263 30 53 46 
72031.0 10 22 262 27 51 44 
82634.0 17 28 512 49 58 53 
81983.0 17 27 512 50 61 56 
82933.0 16 27 512 49 60 55 
80558.0 17 27 513 49 62 57 
78091.0 15 28 512 35 57 53 
79087.0 15 28 511 32 57 52 
81645.0 16 28 514 33 55 51 
77627.0 15 28 514 34 58 54. 
82785.0 16 28 552 34 57 53 



T a b l e  A-6. Atmospheric Exhaust Pressure T e s t  D a t a ,  2nd and 3rd Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  2 of  11 

H E L I C A L  S C R E W  E X P A N D E R  
2ND P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

3000 rpm 

I) 7/2 9/80 
3 7/2 9/00 
0 7/?  9/8 0 
0 7/2 9/80 
3 1 /  2 9/00 
ir 7/2 9/80 

08/15/80 
0 8/ 15/8 0 

* Od/15/80 
U 8/15/0 0 
0 8/ 15 /8  0 
U 8/ 1 5 / 8  0 
0&/15/80 
08/15/80 
0 8/15/8 0 
08/15/80 
08/15/80 
0 0/  1 5 / 8 0  
0 9/ 1 5 / 8  0 
0 8 /  15/8 0 
05/15/80 
U 8 / 1 5 / 0 0  
08/15/80 
U0/15/80 
u0/15/8 0 
08/15/80 

u7/29/ao 

7- 08/15/80 

os/]  5 \ 8 0  
I, 01 is/a u 

11: 05: 1 4  
11: 05: 44 
11:06: 1 4  
11: 08: 1 4  
11:08: 4 4  
1 1 : 0 9 : 14 
11: 09: 4 4  
12:  47: 26 
12:  48: 0 2  
12 :  48:  38 
12:48:56 
12 :  49: 58 
12:  50: 08 
12 :  50: 26 
12:  50: 44 
12 :  51: 02 
12:  51: 20 
12:52: 32 
12 :  53: 08 
12 :  53: 26 
12 :  53: 4 4  
12 :  54: 20 
12 :  54: 38 
12 :  54: 56 
12:55:14 
12:  56: 26 
12 :  57: 02 
12:  58: 32 
1 2 :  59: 08 
13 :  04: 50 

236.5 
235.3 
237.2 
230.3 
230 .9  
233.4 
234.0 
200.1 
201.9 
203.2 
196 .9  
201.9 
196 .3  
205 .1  
200.1 
1 9 4 . 4  
209.5 
205.7 
204.5 
2 0 1 . 3  
204.5 
201.9 
195 .0  
197.5 
205.7 
198 .2  
212.6 
216.4 
192 .5  
192 .5  

170 .4  
164 .5  
1 6 0 . 8  
152 .2  
150 .7  
1 4 8 . 2  
156.2 
114.6 
113.0 
107.5 
120.7 
109.9 
117.6 
110.3 
131.5 
142 .9  
148.2 
144 .5  
1 4 0 . 1  
145 .1  
1 4 1 . 4  
140.2 
138 .9  
139 .5  
142 .0  
133 .7  
136 .8  
139 .9  
133 .4  
136 .4  

1 5 . 1  
1 5 . 3  
1 5 . 3  
1 5 . 2  
1 5 . 2  
1 5 . 3  
1 5 . 3  
1 4 . 8  
1 4 . 8  
1 4 . 8  
1 4 . 9  
1 4 . 9  
1 4 . 8  
1 4 . 8  
1 4 . 8  
1 4 . 9  
1 4 . 8  
1 4 . 9  
1 4 . 9  
1 4 . 9  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 0  
1 5 . 1  
1 5 . 2  
1 5 . 2  
1 5 . 1  
1 5 . 1  

57360.0 
60170.0 
63029.0 
59196.0 
60073.0 
59682.0  
61446.0 
30553.0 
30630.0 
32651.0 
33282.0 
34477.0 
3633 7 . 0  
35686.0 
35848.0 
36828.0 
35848.0 
38 732 .0  
38149.0 
38398.0 
40499.0 
39570.0 
39654.0 
40584.0 
39234.0 
40160.0 
41865.0 
42209.0 
42123.0 
49385.0 

22829.0 
23900.0 
23857.0 
23957.0 
23957.0 
24488.0 
24206.0 
14485.0  
14340.0  
14614.0  
14297.0  
1 6 8 1  7.0 
1 6 7 8 1 . 0  
16874.0  
16945.0  
16706.0  
16817.0  
17784.0  
19089.0  
18009.0  
18815.0  
20486.0 
19082.0  
19700.0  
19320.0 
21972.0 
21832.0 
22105.0 
22787.0 
23963.0 

80188.0 1 7  28 552 37  5 9  5 5  
84071 .0  17 28  552 4 1  5 7  5 3  
86886.0 1 6  27 550 4 1  58 54  
83153.0 18 29 553  43 58 5 4  
84030.0 18 29 5 5 1  48 59 5 4  
84170.0 1 8  29 553 46 5 8  5 3  
85652.0 1 7  28  5 5 1  42 5 8  5 3  
45038.0 24 32 277 40  55 4 8  
44971.0 23  32 277 4 1  56 49 
47265.0 23  3 1  277 42 5 7  4 9  
47579.0 2 1  30 277 37 56 49 
51294.0 25 33 326 50 56 50 
53118.0 23  32 325 42 55 49 
52560.0 24 32 326 47 56 50 
52973.0 22 32 325 35 r *  46 
53534.0 2 1  3 1  326 3 1  52 46 
52666.0 2 1  32 325 28 50  4 4  
56516.0 2 1  3 1  384 35 56 50  
57238.0 24 33  382 38 52 46 
56407.0 22 32 384 3 4  55 4 9  
59315.0 22 32 383 36 5 3  48 
60056.0 25 34 431 4 1  5 3  48 
58736.0 23  32 4 3 1  4 1  58 5 2  
60284.0 23 33 431 4 1  56  5 1  
58554.0 23  33  431 39 56 5 1  
62132.0 27 35 472 46 55 50 
63696.0 25 34 472 4 4  55 50 
64313.0 25 3 4  1‘13 45 54 49 
64909.0 26 35 ~ y - 2  v f l  3 -  5 3  4 8  
73348.0 23  33  5.80 55 56 52 



Table  A-6. Atmospheric Exhaust Pressure T e s t  D a t a ,  2nd and 3rd  Performance Test,  
3000 rpm and 4000 rpm, P a r t  3 o f  11 

D A'P E TIME 

08/ 15/80 
u u/ 15/00 
08/15/80 
08/15/80 
08/15/80 
U8/15/80 
08/15/80 
u8/15/80 

D 0 9/ 15/8 0 
P I CJS/l5/80 
0 08/15/80 

0 8/15/80 
oe/1s/eo 
0 e/ 15/8 0 
08/15/80 
08 /15 /80 ,  
0 8/ 15/80 

13:05:26 
13:  05: 44  
13:  06: 20 
1 3  : 36 : 4 4  
13:  44:  42 
13: 49: 11 
13: 54: 43 
13:  5'8: 07 
13:  58: 31 
1 4 :  13: 33 
1 4 :  1 4 :  33 
1 4 :  15: 33 
1 4 :  16:  33 
1 4 :  28: 26 
1 4 :  32:13 
1 4 :  35: 43 
1 4 :  49: E4 

H E L I C A L  S C R E W  E X P A N D E R  
2ND P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC! EXHAUST PRESSURE 

196 .9  
1 9 7 . 5  
202.6 
212 .0  
213.9 
213 .3  
215 .8  
208.2 
205.7 
252 .3  
253.5 
254.8 
253.5 
244 .1  
242 ;8 
240.9 
240.9 

148 .5  1 5 . 2  
145 .4  1 5 . 2  
1 4 4 . 4  1 5 . 2  
1 4 4 . 1  1 5 . 4  
140 .7  1 5 . 3  
1 4 4 . 4  1 5 . 5  
1 3 8 . 9  1 5 . 3  
1 7 2 . 5  1 5 . 5  
1 7 6 . 2  1 5 . 5  
179 .9  1 5 . 9  
178 .3  1 6 . 0  
177.4 1 6 . 0  
177.7 1 5 . 9  
1 7 3 . 7  1 5 . 9  
1 7 5 . 2  1 5 . 8  
174 .9  1 5 . 9  
1 7 5 . 0  1 6 . 0  

48477.0 
48565.0 
49658.0 
54955.0 
5'3918.0 
54012.0 
53918.0 
54012.0 
54672.0 
58206.0 
59856.0 
60345.0 
59175.0 
59974.0  
60639.0 
54175 : O  
61031.'0 

23314.0 
2438'8.0 
23390.0 
28534.0 
28860.0 
27996.0 
28636.0 
30117.0 
30491.0 
34301.0 
35222.0 
35085.0 
34947.0 
36040.0 
36292.0 
35914.0 
.34983%. 0 
- I .  

-ii - 
0 .  

71791.0 
72956.0 
73048.0 
83490.0 
82779.0 
82008.0 
82554.0 
84129.0 
85163.0 
95507.0 
95078.0 
95430.0 
94122.0 
95994.0 
96930.0 
95089.0 
96014.0 

2 3  32 
24 3 3  
22 32 
25 34 
26 35 
25 3 4  
26 35 
25 36 
25 36 
27 37 
27 37 
27 37  
27 37 
28 38 
28 37  
28 38 
26 36 

KW Thr Rm R t  
(kW) ( ----8--- 1 

530 49 56 52 
530 5 1  54 50 
5 3 1  49 57  52  
650 6 8  56  52 
648 70 55  52 
650 7 1  57  5 3  
649 7 1  56 52 
698 50  5 3  50 
698 49 52  49 
836 62 55 5 1  
830 64 5 3  50 
834 6 3  54 5 1  
843 6 3  54 5 1  
85& 67  54 5 1  
859 66 53  50 
856 64 54 5 1  
859 6 8  56  52 



Table  A-6. Atmospheric Exhaust Pressure T e s t  Data ,  2nd and 3rd Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  4 o f  11 

H E L I C A L  S C R E W  E X P A N D E R  
2ND P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

0 E/ 2 8 / 8 0  
0 8 / 2  d /80  
08 /28 /80  
d8 /2  8 /80  
0 a /  2 8/8G 
0 B/2 8 /80  
0 8/ 2 8 /80  
Ob/2 8 / 8 0  

P 08 /28 /80  
08 /28 /80  
L) 8/2 8/8 0 
O8/2 8/8 0 
08 /28 /80  
0 8/ 2 8 /80  
08/ 2 8 /80  
0 8 / 2  9/90 
0 9 / 2  8 / 8 0  
0 8/2 8 / 8 0  

08 /2  8/8 0 
u i1/28/8 0 
U 8/ 2 8 /80  
G8/28/80 
u8/2 8/8 0 
uB/28/80  
Gt3/29/80 
GY/2 e/80 
o a /  2 e / s o  
d6/2 8/ 80 

7 08 /2a /eo  

cia/28/80 

09: 38: 02 
09: 40: 1 6  
09: 41: 56 
09: 43: 22 
09:46:23 
09: 46 : 36 
09: 46 : 43 
09: 46: 49 
09: 47: 27 
09: 47: 34 
09: 47: 40 
09: 47: 47 
09:56:44 
09: 58: 52 
09: 59: 48 
10: 01: 1 2  
10:  06  : 0 1  
10: 06:  1 4  
10: 06: 20 
10 :  06: 27 
10:06: 33 
10: 08: 11 
10:08:  3 1  
10:08: 43 
10: 08: 50 
10: 13,: 2 1  
10: 13:  53 
10:  1 4 :  53 
10:15:06 
10:  21: 59 

183 .7  
183.7  
182.4  
181.2  
193.8 
193 .8  
193.8  
193.8 
192.5 
189.4 
191.9 
1 9 3 . 1  
186.2 
186.2 
188.7 
185  .6 
177.4  
173.0  
173.6 
171.8  
169.2  
174.9 
178.0 
176.2 
177.4 
175.5 
173.6 
174 .9  
173.6 
170.5 

99.9 15 .0  
98.0 15 .0  
96.2 1 5 . 1  

101 .4  14 .9  
104.8 1 5 . 1  
105.7 1 5 . 2  
103.0 1 5 . 1  

99.6 1 5 . 1  
100.8 15 .2  
103.0 1 5 . 2  
103.3 1 5 . 3  
105 .1  15 .2  

99.0 1 5 . 2  
101.4 15 .4  
100.5 1 5 . 2  
100.8 1 5 . 1  
102.9 1 5 . 1  
105.1 1 5 . 1  
107.2 1 5 . 0  
113.1  1 5 . 1  
124.5 1 5 . 1  
132.5 1 5 . 0  
134.7 15 .0  
135.9 15 .0  
132.9  15 .0  
136.6 15 .0  
135.6  1 5 . 0  
135.9 15 .0  
136.9 1 5 . 0  
139.3 15 .0  

40924.0 
42381.0 
43246.0 
41951.0 
41779.0 
42899.0 
42209.0 
44030.0  
43420.0  
43681.0 
44907.0 
44819.0 
44030.0 
43594.0 
44732.0 
44732.0 
43420.0 
44556.0 
43073.0 
41951.0 
41951.0 
42986.0 
42726.0 
42986.0 
42209.0 
39234.0  
40584.0 
39486.0 
39570.0 
38565.0  

15767 .0  
16234.0  
16026.0  
15584.0  
20238.0 
19458 .0  
20012.0 
20801.0 
20958.0 
20661.0 
20451.0 
20849.0 
21638.0 
21474.0  
21466.0 
21510.0 
19117 .0  
19502.0  
20157.0  
19489.0  
18790.0  
17541.0  
17612 .0  
18151 .0  
17488 .0  
17700.0  
17857.0  
17255 .0  
17219.0  
16041.0  

56691.0  
58615.0  
59272.0  
57534.0  
62017.0 
62357.0 
62220.0  
64831.0 
64378.0 
64342.0  
65358.0  
65668.0 
65669.0 
65068.0  
66198.0 
66241.0 
62537.0 
64058.0  
63229.0  
61440.0  
60740.0  
60527.0  
60338.0 
61137.0 
59697.0 
56933.0 
58441.0 
56741.0 
56789.0 
54606.0 

1 9  28 2 6 1  - 54 46 
1 9  28 2 6 1  - 53 46 
1 9  27  2 6 1  - 55 47 
1 8  27 2 6 1  - 55 47 
25 33 376 - 55 49 
23 3 1  376 - 57 5 1  
24 32 377 - 56 50 
24  32 377 - 55 49 
25 33 394 - 57 5 1  
24 32 394 - 57 5 1  
23 3 1  394 - 58 52 
24 32 392 - 56 50 
26 33 425 - 59 53 
26 33 426 - 59 53 
25 32 425 - 59 53 
25 32 425 - 59 53 
22 3 1  358 - 57 50 
22 30 358 - 55 49 
24 3 2  358 - 5 3  47 
23 32 359 - 53 47 
22 3 1  358 - 53 47 
1 9  2 9  307  - 50 43 
1 9  29 307 - 49 4 3  
1 9  30 306 - 47 4 1  
1 9  29 308 - 50 43 
2 1  3 1  2 7 1  - 4 3  37 
20  3 1  273 - 43 37 
20 30 270 - 4 4  38 
20 3 0  2 7 1  - 45 38 
1 9  29 2 7 1  - 48 4 1  



Table  A-6. 

DATE TIME 

0 8/ 2 8/80 
o8/ 2 8/80 
08/28/80 
0 8/2 8/80 
U8/2 8/8 0 
08/2 8/80 
08/ 28/60 
0 8/2 8/80 
0 8/2 8/80 

0 8/2 8/ 8 0 
G d / 2  8/80 
08/2 8/8 0 
b8/26/80 
ci8/28/80 
66/28/80 

0 b/28/80 
08/2 8/80 
0 8 / 2  ti/ 8 0 
0 8/2 8/80 
08/2 6/80 
L, 8 / 2  8/80 
0 8/2 8/80 
08/28/80 
08/26/80 

7 08/28/80 
h) 

08/28/8 o 

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

Atmospheric Exhaust Pressure T e s t  Data, 2nd and 3 r d  Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  5 of 11 

H E L I C A L  S C R E W  E X P A N D E R  
ZND P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

176.2 
174.3 
173.6 
171.1 
172.4 
166.7 
176.2 
172.4 
175.5 
174.9 
181.2 
179.9 
179.3 
179.9 
191.3 
188.7 
189.4 
191.9 
198.8 
196.9 
198.2 
200.7 
203.2 
194.4 
194.4 
195.7 

137.8 14.9 
138.1 15.1 
137.2 15.0 
131.0 15.1 
132.2 15.1 
132.9 15.1 
133.5 15.2 
133.8 15.3 
133.2 15.2 
131.9 15.2 
135.9 15.3 
133.8 15.3 
132.9 15.3 
134.4 15.4 
138.7 15.2 
139.3 15.4 
141.5 15.4 
140.9 15.3 
137.8 15.5 
138.7 15.5 
138.1 15.4 
136.9 15.5 
147.3 15.5 
134.1 15.4 
135.3 15.4 
136.9 15.5 

39738.0 
40414.0 
39318.0 
40245.0 
40754.0 

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

41009.0 

15703.0 
15759.0 
16267.0 
19972.0 
18790.0 
19572.0 
21828.0 
21816.0 
20622.0 
21008.0 
22013.0 
23050 .O 
22832.0 
23000.0 
24416.0 
24491.0 
24516.0 
24139.0 
29312.0 
29052.0 
28455.0 
28334.0 
30012.0 
31596.0 
31138.0 
30969.0 

55442.0 
56173.0 
55584.0 
60217.0 
59544.0 
60582.0 
61398.0 
63938.0 
61461.0 
62701.0 
65781.0 
66731.0 
66078.0 
67381.0 
71274.0 
70548.0 
69953.0 
69222.0 
79886.0 
76448 .O 
74512.0 
76179.0 
78399.0 
80073.0 
80979.0 
81727.0 

17 28 271 - 49 42 
17 28 270 - 49 42 
19 29 270 - 47 41 
24 33 373 - 50 45 
22 32 374 - 54 40 
23 32 373 - 51 46 
27 36 416 - 50 45 
25 34 415 - 50 45 
24 34 414 - 53 40 
24 34 414 - 52 47 
24 33 469 - 55 50 
26 35 469 - 53 48 
26 35 469 - 53 49 
25 34 469 - 53 48 
25 34 503 - 52 48 
25 35 503 - 52 48 
26 35 503 - 52 47 
26 35 503 - 53 48 
28 37 636 - 54 50 
30 38 637 - 54 50 
30 38 636 - 55 51 
29 37 636 - 56 52 
30 38 675 - 54 50 
32 39 676 - 53 49 
30 38 676 - 54 50 
30 38 676 - 54 50 



T a b l e  A-6. Atmospheric Exhaust Pressure T e s t  D a t a ,  2nd and 3 r d  Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t - 6  o f  11 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

DATE TIME 

02/02/81 
02/02/8 1 
02/02/81 
02/02/81 
02/02/81 
02/02/81 
02/02/81 
0 2 / 0  2/ 81 

D 02/0 2/81 
P 02/02/6 1 
W 0 2/0 2/8 1 

0 2/0 2/81 
02/0 2/81 
02/0 2/81 
02/02/81 

I 

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

02/03/81 13: 30: 24 
02/03/81 13:34:39 
02/03/81 13:37:15 
02/03/81 13:40: 29 

02/04/81 13: 41: 19 
02/04/81 13: 44: 10 
02/04/61 13:45: 13 
02/04/81 13:45:58 
02/04/81 13: 55: 18 

230.0 
227.0 
237.0 
234.0 
198.0 
217.0 
208.0 
199.0 
182.0 
179.0 
181.0 
188.0 
180.0 
178.0 
176.0 

208.0 
191.0 
193.0 
193.0 

252.0 
249.0 
246.0 
247.0 
237.0 

103.1 14.9 
105.1 15.0 
106.9 14.9 
101.6 14.9 
99.8 14.8 
96.9 14.9 
95.8 15.0 

102.1 15.0 
106.6 15.1 
104.6 15.2 
101.6 15.1 
103.6 15.1 
100.6 15.0 
106.3 15.0 
109.4 13.1 

101.3 14.9 
103.1 15.0 
106.3 15.1 
99.8 14.9 

92.5 15.0 
97.6 14.6 
97.8 14.9 
96.1 14.9 
92.5 14.8 

64.6 
66.1 
63.9 
64.8 
72.3 
70.9 
72.2 
72.5 
73.9 
73.9 
74.4 
73.3 
74.5 
73.4 
71.0 

12.9 
13.0 
12.7 
12.9 
15.4 
15.7 
15.6 
16.3 
17.2 
17.2 
17.6 
16.7 
17.0 
17.3 
15.5 

77.5 18 27 
79.1 17 27 
76.6 17 27 
77.7 17 27 
87.7 18 27 
86.6 19 28 
87.7 19 28 
88.8 19 28 
91.0 20 29 
91.1 20 29 
92.0 20 29 
90.0 20 29 
91.5 20 29 
90.6 20 29 
86.5 19 29 

92.4 20 29 74.9 17.5 
92.1 20 29 74.7 17.4 92.4 20 29 

74.7 17.7 
92.9 20 29 75.6 17.3 

61.2 14.1 75.3 20 28 
60.1 13.7 73.8 19 28 
58.4 13.5 71.9 19 28 
59.1 13.5 72.7 20 28 
64.0 15.1 79.1 20 29 

K W  T h r  R m  R t  
(kW1 ( - - - -%-- -  1 

268 52 42 36 
267 50 41 36 
267 48 42 36 
268 '53 43 37 
372 73 49 44 
372 74 49 44 
372 76 50 44 
373 70 47 42 
417 73 48 43 
420 73 49 44 
419 76 48 43 
410 75 50 45 
418 75 50 45 
419 71 48 43 
419 63 40 43 

416 74 40 43 
415 74 48 43 
416 70 47 42 
415 75 48 43 

263 60 42 36 
265 52 42 36 
262 51 43 37 
261 52 43 37 
274 64 41 35 



Table A-6. Atmospheric Exhaust Pressure Test Data, 2nd and 3rd Performance Test ,  
3000 rpm and 4000 rpm, Par t  7 o f  11 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

P e  PO wa wv W t  Xe  Xo KW T h r  Rm R t  
~ ~ l a - - - - - - -  ) (  -------- klbm/h----------- ) ( - - % - I  (kW) (----%--- 1 

DATE TIME PP 
(------ 

02/04/81 13:56:12 222.0 97.6 14.9 62.7 15.1 77.8 20 29 273 55 40 35 
02/04/81 13: 56: 30 222.0 96.8 14.9 61.4 14.9 76.2 20 29 273 55 41 35 
02/04/81 13: 56: 48 229.0 92.8 14.9 64.1 15.5 79.6 21 29 274 62 40 35 

02/05/81 10:53:02 
02/05/81 10:53:38 
02/05/81 10: 54: 23 
02/05/81 10: 55 : 08 
02/05/81 10: 59: 15 
02/05/81 11:01:12 
02/05/81 14: 22: 20 
02/05/81 14:22:47 
02/05/81 14: 23 : 50 
02/05/81 14: 24: 35 
02/05/81 14: 24: 53 
02/05/81 14:25:02 
02/05/81 14:25:20 
02/05/81 14: 25: 47 
02/05/81 14: 26: 05 
02/05/81 14: 28: 11 
02/05/81 14: 30: 19 
02/05/81 14:32:25 
02/05/01 14: 34: 04 
02/05/81 14: 36: 32 
02/05/81 14: 38: 38 
92/05/81 14: 39: 41 
02/05/81 14:41:20 
02/05/81 14: 42: 45 

D 
I 
P 
P 

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

94.6 
101.6 
101.8 
99.6 

105.1 
103.1 
162.1 
161.1 
171.0 
168.7 
173.2 
169.5 
172.7 
166.7 
174.0 
171.4 
163.9 
160.9 
168.9 
170.7 
170.9 
170.9 
172.4 
168.6 

14.7 
14.7 
15.1 
14.8 
14.9 
15.2 
15.4 
15.8 
15.7 
15.7 
15.7 
15.7 
15.8 
15.6 
15.7 
15.8 
15.6 
16.0 
16.2 
15.8 
15.7 
15.6 
15.7 
16.1 

75.8 
74.4 
74.0 
72.3 
65.6 
63.5 
92.6 
92.6 
92.5 
92.5 
92.5 
92.5 
92.5 
92.5 
92.5 
92.4 
92.4 
92.5 
92.5 
92.4 
92.4 
92.4 
90.9 
90.4 

13.0 
12.5 
12.7 
12.2 
12.7 
13.2 
27.2 
27.0 
26.5 
26.3 
26.4 
26.5 
26.3 
27.0 
27.5 
27.7 
27.2 
28.6 
28.1 
27.1 
27.2 
27.8 
28.2 
27.7 

88.8 16 25 268 65 42 36 
87.0 15 25 268 56 42 36 
86.7 15 25 268 56 42 36 
84.5 15 25 268 56 44 37 
78.4 17 26 268 52 42 36 
76.6 18 27 268 51 43 37 

119.8 24 34 871 73 50 47 
119.6 24 34 871 72 51 48 
119.0 23 34 871 66 50 47 
118.8 23 34 870 67 51 48 
118.9 23 34 881 67 51 48 
119.0 23 34 880 68 51 48 
118.8 23 34 880 67 51 48 
119.5 24 34 882 68 50 47 
119.9 24 35 881 63 49 46 
120.1 24 35 915 72 51 48 
119.6 24 35 914 75 52 49 
121.1 25 35 915 77 51 48 
120.6 24 35 916 71 51 48 
119.5 24 35 896 67 51 48 
119.6 24 35 897 65 50 47 
120.2 24 35 898 66 49 46 
119.1 25 36 895 66 49 46 
118.1 25 35 895 67 50 47 



Table  A-6. Atmospheric Exhaust Pressure T e s t  D a t a ,  2nd and 3rd Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  8 o f  11 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

DATE TIME 

0 2 / 0 5 / 8 1  
0 2 / 0 5 / 8 1  
0 2/0 5/ 8 1 
0 2 / 0 5 / 8 1  
0 2 / 0 5 / 8 1  
0 2 / 0 5 / 9 1  
02/ 0 5/8 1 
0 2 / 0 5 / 8 1  
0 2 / 0 5 / 8 1  1 0 2 / 0 5 / 8 1  

$ 0 2 / 0 5 / 8 1  
02 /0  5/8 1 
0 2 /0  5 / 8 1  
0 2 / 0 5 / 8 1  
0 2 / 0 5 / 8 1  
0 2/0 5/8 1 
O2/05/8 1 
0 2/05/8 1 
0 2 / 0 5 / 8 1  

0 2 / 0 6 / 8 1  
0 2 / 0 6 / 8 1  
0 2 / 0 6 / 8 1  
0 2 / 0 6 / 8 1  
0 2 / 0 6 / 8 1  
02/06/8 1 
0 2 / 0 6 / 8 1  
0 2 / 0 6 / 8 1  

1 4 :  44: 1 5  
1 4 :  44: 42 
1 4 :  45: 36 
1 4 :  47: 06  
14:  48: 36 
1 4 :  49: 37 
1 4 :  50: 0 1  
1 4 :  51: 59 
14:  52: 53 
1 4 :  59: 28 
15 :  01: 20 
15 :  02: 00 
15:  03 : 47 
15:  04: 23 
15: 05: 35 
15:10:28 
15 :  10: 37 
15 :  10 :  55 
15:  11: 1 7  

14:  35: 37 
14:35:52 
14:36:07 
1 4 :  36: 22 
1 4 :  36: 37 
1 4 :  37: 37 
1 4 :  37:52 
1 4 :  38: 07 

239.0 
237.0 
240.0 
244.0 
242.0 
239.0 
240.0 
238.0 
244.0 
248.0 
251.0 
250.0 
242.0 
243.0 
237.0 
257.0 
272.0 
254.0 
306.0 

209.0 
229.0 
236.0 
215.0 
203.0 
194.0 
212.0 
213.0 

169.1  16 .0  
169.7 1 5 . 4  
168.7 15 .6  
168.5 1 5 . 7  
170.7 15.8 
166.9 15 .8  
166.9 15.8 
165.7 15.4 
169.4 1 5 . 6  
167.6 15.3 
169.6 1 6 . 1  
167.9 15.5 
169.2 1 6 . 1  
170.4 1 5 . 7  
176.0 16.2 
185.8 1 5 . 6  
180.5 15.7 
183.8 15.6 
166.2 1 5 . 6  

141.0  15.0 
135.8 1 5 . 1  
138.0 1 5 . 1  
1 4 1 . 0  1 5 . 3  
1 4 5 . 1  14 .8  
131.2 14 .8  
132.0 15 .2  
130.5 14 .7  

90.7 
90.8 
91.4 
91.9 
89.5 
85.7 
86.0 
90.3 
89.2 
90.1 
90.4 
90.3 
91.7 
91.9 
91.9 
81.4 
82.7 
82.4 
82.6 

68.7 
67.8 
67.3 
69.3 
71.6 
85.8 
84.3 
83.6 

28.0 
27.6 
27.8 
28.7 
29.4 
28.9 
29.2 
29.6 
28.6 
28.9 
28.6 
28.4 
29.0 
2 9 . 1  
29.7 
24.8 
25.0 
24.6 
24.4 

13.5 
13.0 
12 .3  
13.9 
13 .6  
17.8 
1 8 . 1  
18.0 

118.6 25 35 
118.4 25 35 
119.2  25 35 
120.6  25 36 
118.9 26 36 
114.6  27 37  
115.2 2 7  37  
119.9 26 36  
117.8 26 36 
119.0 26 36  
119.0 25 36 
118.7 25 36  
120.7 25 36  
121.0 25 36 
121.5  25 36 
106.2 24 35 
107.7 2 4  35 
107.0  23 35 
1 0 7 . 0  24 35 

82.2 1 5  27 
80.8 1 5  2 7  
79.5 1 4  26 
83.3 1 5  27 
85.1 1 4  26 

103.6  1 7  28  
102.3 1 7  28  
101.5 1 8  28 

KW T h r  Rm Rt 
(kW) (----%--- 1 

895 6 7  5 0  47 
896 6 7  5 0  47 
896 66 5 0  47 
929 70 5 0  47 
929 69 5 0  47 
928 6 9  5 1  48 
928 70  5 1  48 
933 7 1  49 47 
915 6 9  50  47 
924 69 49 46 
915 6 8  S O  47 
924 6 7  5 0  47 
933 6 9  5 1  48 
934 6 8  50  47 
934 6 4  49 46 
786 47 48 45 
787 48 48 45 
783 48 48 45 
785 5 8  5 0  47 

267 32  3 6  3 1  
265 33  3 7  32  
265 33  3 9  33 
313 3 4  40 35 
313 35 40 35 
466 5 6  45 4 1  
465 5 2  45 4 1  
468 5 5  45 4 1  



DATE 

02/06/81 
02/06/81 
02/00/81 
02/06/81 
02/06/81 
02/3b/81 
92/06/81 
02/0b/81 

D 02/06/91 
02/06/81 
02/06/81 
02/0b/81 
02/06/81 
0i/06/81 
0 2/0 6/8 1 

I 
P 
Q, 

Tab1 e A-6. 

TIME 

14: 39: 37 
14:40:07 
14: 41:07 
14: 41: 37 
14: 4 3 :  32 
14 :, 45 :'07 
14:45:52 
14: 48: 14 
14: 49: 29 
14: 52: 14 
14: 53: 29 
14: 54: 46 
14: 56: 04 
14: 57: 30 
14: 59: 36 

Atmospheric Exhaust Pressure T e s t  Data ,  2nd and 3rd  Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  9 of 11 

H E L I C A L  S C R E W  E X P A ' N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

204.0 143.8 15.7 
204.0 145.0 15.6 
214.0 136.3 14.6 
217.0 140.3 15.3 
208.0 141.8 14.7 
213.0 137.3 14.5 
213.0 143.0 15.5 
226.0 137.5 14.7 
241.0 145.3 14.5 
245.0 181.8 14.6 
247.0 179.7 14.7 
261.0 173.0 15.5 
253.0 179.4 15.2 
265.0 176.0 15.5 
293.0 173.4 14.8 

82.4 
81.3 
80.3 
80.2 
79.4 
79.8 
78.9 
78.2 
76.8 
74.2 
73.3 
72.1 
72.8 
74.1 
71.7 

18.5 
18.3 
17.9 
17.6 
17.7 
18.3 
18.2 
18.1 
17.2 
17.9 
17.6 
17.4 
17.3 
17.4 
16.3 

100.9 18 29 501 47 46 42 
99.6 18 29 501 48 46 42 
98.2 19 30 501 51 46 42 
97.8 18 29 501 52 47 43 
97.2 19 30 511 50 46 42 
98.1 20 30 511 51 45 41 
97.1 19 30 510 48 46 42 
96.3 20 30 511 52 46 42 
94.0 19 30 511 48 47 43 
92.0 18 31 512 33 43 39 
90.9 19 32 511 33 43 39 
89.5 20 32 511 34 44 40 
90.2 19 32 511 33 43 39 
91.4 19 32 511 34 43 40 
88.0 19 31 511 36 45 41 



Table  A-6. Atmospheric Exhaust Pressure T e s t  D a t a ,  2nd and 3 r d  Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  10 o f  11 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

3000 rpm 

DATE TIME 

02/ 2 0 / 8 1  
0 3 /  2 0 / 8 1  
02/ 2 0 / 8 1  
02/ 2 0 /81  
U1/20/81 
U L /  20/8 1 
u 2 / i o /  8 1  
u2/2i) / t ( l  

D 0 2/20/81  
I 02/20/81  

u 2/2 0 / 8 l  
UZ/20/81 

2/2 0/9 1 
02/20/81 
02/2 0/8 1 
0 2 /20/81  
02/20/81  
i, 2 / 2  0 / 8 l  
02 /20/91  
u z / 2  o/e 1 
0 2 / 2 a/ 8 1 
0 2 / 2  0 /b  1 
~ 2 /  2 o / a 1  
02 /20 /8  1 
Q Z / ? o / a i  
u 2 / 2  o / a 1  
o 21 2o /a  1 
( 1  L /  L o / t !  1 
5 L /  i o/n 1 
'0 ',/ r o /  8 3 

P 
4 

09: 51: 40 
09:52:10 
09: 53: 1 0  
09:54:10 
09: 59: 40 
10 :  00: 40 
10 :  01: 25 
10:  02: 40 
10:00:55 
10:  12 :  1 8  
10:14:54 
10:  17 :  58 
10:  18: 1 3  
10:  20: 2 8  
10:  22 : 13 
12:57:12 
13:  16:  08 
13: 16 :  21  

13: 19:  00 
13:  19:09 
13: 19:  27 
13:  19: 45 
13:19:54 
13:  25 : 28 
13 :  25:52 
13:  27: 1 4  
13: 28: 24 
1 3  : 30 : 5 1  
13 :  34: 31 

13: l a :  33 

1 6 4 . 0  
166 .0  
1 6 2 . 0  
163 .0  
166 .0  
164 .0  
1 5 8 . 0  
1 5 7 . 0  
1 5 5 . 0  
1 5 7 . 0  
154 .0  
154 .0  
160 .0  
154 .0  
164 .0  
233.0 

237.0 
238.0 
236.0 
238.0 
240 .Q 
245.0 
244.0 
208.0 
201.0 
201.0 
200.0 
200.0 
200 .0  

239 .,o 

97 .9  1 5 . 1  
98.4 1 5 . 0  
99.2 1 4 . 3  

101 .5  1 4 . 8  
97.2 1 4 . 3  
98.9 1 5 . 1  
97.7 1 5 . 0  

101.2 1 4 . 1  
98.0 1 5 . 3  
99.0 1 4 . 6  
98.2 1 4 . 9  

100.0 1 4 . 1  
98.5 1 4 . 1  

100.5 1 5 . 5  
99.0 1 3 . 7  

167 .5  1 3 . 2  
171 .5  1 5 . 2  
174 .3  15 .6  
1 7 4 . 0  1 6 . 2  
172 .8  1 5 . 9  
175 .3  16 .0  
179 .8  1 5 . 8  
180 .1  1 5 . 8  
178 .8  15 .6  
174 .8  1 5 . 1  
176 .8  1 4 . 6  
173 .8  1 5 . 0  
176.6 1 4 . 5  
172.3 1 4 . 7  
164.2 14 .8  

57.5 
57 .6  
56 .2  
55 .7  
56 .2  
54.8 
56.4 
5 5 . 1  
52 .3  
53.8 
53 .5  
54 .6  
53.4 
55.4 
5 3 . 1  
92 .6  
87.6 
88 .3  
87.9 
89.7 
86.2 
84 .8  
84.6 
85 .0  
65.2 
65.8 
66.2 
68 .5  
71.4 
73.6 

1 2 . 9  
1 3 . 1  
1 2 . 9  
1 2 . 5  
1 3 . 2  
1 3 . 0  
13.3 
12 .7  
13 .8  
13 .4  
1 3 . 7  
13 .0  
12 .9  
13 .2  
12 .6  
25 .8  
28 .1  
29 .0  
28.6 
28 .9  
27.5 
27.6 
27.6 
27.5 
18.1 
18 .0  
1 7 . 4  
1 7 . 2  
1 7 . 3  
1 7 . 0  

70.4 1 9  28 
70 .7  1 9  2 8  
6 9 . 1  1 9  29 
6 8 . 1  1 9  28 
69 .4  20 29 
67 .7  20 29 
69 .7  2 0  29 
67 .8  1 9  29 
6 6 . 1  22 30 
67 .1  2 1  29 
67 .2  2 1  30 
67.6  20  29 
66 .2  20 29 
68 .7  20  29 
65.6 20 29 

1 1 8 . 4  2 3  34 
115 .7  26 36 
117 .3  26 37  
116 .5  26 36 
118 .6  26 36 
1 1 3 . 7  25 36 
112 .4  26 36 
112 .2  26 36 
112 .5  25 36 

8 3 . 3  22 34 
83.7 22 34 
83 .6  2 1  3 3  
85 .7  2 1  3 3  
88 .7  20 32 
90.6 20  3 1  

K W  T h r  Rm Rt 
(kW 1 ( ----$--- 1 

265 49 45 39 
267 47 4 4  38 
265 46 43 37 
266 46 45 39 
270 50 44 38 
270 49 46 40 

271  46 44 38 
271  4 5  45 39 
2 7 1  4 8  4 4  38 
272 48 4 4  38 
273 4 7  44 38 
271  4 8  45 39 
271  46 45 39 
271  47 45 39 
034 68  46 43 
892 75 49 46 

270 ?io 45 39 

092 72 48 45 
892 7 1  49 46 

a55  57  49 45 

893  73  49 45 
854 6 3  48 45 

955 59 48 45 
854 6 1  4 8  45 
5 1 1  29 43 39 
5 1 1  30 4 2  39 
510 30 4 4  4 0  
5 1 1  30 43 40 
5 1 1  32 43  40 
512 36 4 4  4 1  



Table  A-6. Atmospheric Exhaust Pressure Test  Data ,  2nd and 3rd Performance T e s t ,  
3000 rpm and 4000 rpm, P a r t  11 o f  11 

D 
I 
P 
00 

H E L I C A L S C R E W E X:P A N  D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

ATMOSPHERIC EXHAUST PRESSURE 

3000 rpm I- 
, .  

P e  PO wa wv- Wt Xe. Xo KW Thr  Rm R t  
( - - % - I  (kW) (----%--- 1 k 1bm/ h -- - - - - - - - - - (----- .b-- ps  i a -- ----- ) DATE TIME PP 

(------ 

02/20/81  13:46:37 169 .0  130 .4  1 4 . 8 .  73.6 18;O. 9 i , 5 ” :  2 1  3 1  514 47 47: 43 
0 2 / 2 0 / 8 1  13:,47: 53 169 .0  139 .4  1 4 . 9  74.9 18 .9  93;7 2 1  32 5 1 6 .  48 ;  45 42 

172 .0  1 3 8 . 6  74.0 18; 3 9 2 . 4 -  2 1 -  3 1  515 4 8  46 42 

198 .0  140 .6  1 4 ; 9 ,  86.6: 22 a 0  1 0 8 . 6 ”  2 1  3E 650 6 9 .  48 4 5 -  

02/20/81  13:  50: 24. - 1 7 1 . 0  1 3 8 , l  73.2 18.4 91.6 2 1 .  3 1 %  5162 4 8  46 43 

198.0 138.34 15.4;  86.5 2 2 .* 5 -2 1 0 9 . 1 ,  22 . 3 2 -  649 75‘  48 45 

U2/20/81 H: 53: 01  
02 /20 /b l  13: 5 5 :  29 
02/20/81 13:  57: 27 
1)2/20/81 13:  59: 49  
~ 2 / 2 0 / 8 1  14:01:42 
02/10/81 14,: 1 5 :  26 
02/Q0/8i  - 1 4 :  18:  24 

b2/20/81 1 4 :  30: 26 
02/(20/81 1 4  : 32 : 15 
~ ~ / 2 0 / 8 1  1 4 :  33: 20 
02/20/81  1 4 :  34: 43 
! J Z / 2 O / Y 1  1 4 :  43: 46 
U2/2li/81 1 4 :  46: 1 4  
ci2/20/bl 1 4 :  59: 27 
tl2/2C/!3l 15:01:14 
fJ1/2U/81 1 5  : 02 : 5 1  
0 ? / 2 0 / 8 l  1 5 :  03: G6 

199 .0  
1 9 9 . 0  - 
205.0 . 
203.0  
206.0 
205.0 
194 .0  
210.0 
215.0 
1 7 5 . 0  
170.0.  
177 .0  
160 .0  
161 .0  
1 5 7 . 0  
1 6 3 . 0  
164 .0  
1 6 3 . 0  
168.0.  

1 3 9 . 6 .  
139 .9  
1 3 7 . 8  
1 4 1 . 1  
1 3 8 . 6  
1 4 0 . 9  
145 .9  
1 4 2 . 4  
139 .6  
103 .2  
1 0 5 . 1  
102 .4  
1 0 6 . 4  
106 .4  
1 0 4 . 9  
1 0 3 . 1  
1 0 1 . 9  
1 0 2 . 6  
1 0 2 . 4  

1 4 . 8  
1 5 i. 3 .: 
15.4.  
1 5 . 2  
15 .1 ,  
1 4 . 8  
1 4 . 8  
1 4 . 8  
1 4 . 6  
1 4 . 4  
1 4 . 6  
1 4 . 7  
1 5 . 0  
1 4 . 8  
1 4 . 5  
1 5 . 0  
1 4 . 7  
1 4 . 7  
1 4 . 8  

8 7 ; 3  
85 ;2  
85 i 7  
82.9 
84:7- 
56.4-  
5 6 . 3  
54.8 
54.7 
61.4 
59.2 
58.2 
59.3 
56.7 
55.3 
58.4 
58.5 
59.5 
59 .3  

22.3’  109 ;5  2 1  3 2 -  650 73 48 4 4  
22.7 1 0 7 . 9  22  32 667 73 49 46 
23.3 109.0 23 33 665 75 4 8  45 
22.5 105:4 23 3 3  664 7 1  49 46 
22.7 107 .4  2 2 .  32 666 75 - 49 45 ~ 

11.7 68.0 18  29 276 25 40 34 
1 2 . 1  68.4 18 29  277 23 38 33 
1 1 . 4 -  66.2 1 7  29 277 24 41. 35  
1 1 . 9  66.7 1 8  30 276 26 39  34 
12 .8  74.2 18 28 278 46 43 38 
1 2 . 5  71.8 1 8  28 281 4 4  45 39  
12 .8  71.0 1 9  28 281 47 45 39 
1 3 . 1  72.4 1 9  28 281 43 44 38 
12.9 69.6 1 9  28 280 45 45 39 
12 .9  68.2 1 9  29 281 4 4  45 39 
16.6 75.0 2 3  3 1  377 64 48 43 
16 .7  75.2 2 3  31 377 64 4 8  4 3  
16.4 75.9 22 3 1  377 65  4 8  43 
16.6 75.9 23 31 377 64 48 4 3  



Table  A-7. Above-Atmospheric Exhaust Pressure T e s t  n a t a ,  3000 rpm and 4000 rpm 
(Ref. A, Appendix E ) ,  P a r t  1 o f  2 

H E L I C A L  S C R E W  E X P A N D E R  
2ND P E R F O R M A N C E  T E S T  D A T A  

.WOVE-ATWSPHERIC !?XHAUST PRESSUPF: 

3000 rpm 

08/i 8/80 

08/16/80 

08/18/60 
08/ 18/8G 
08/16/80 
08/18/ 80 
G8/18/80- 
0 6/18/8 0 
0 8/18/8 0 
08/18/80 
06/18/80 
0 8/ 18 /8  0 
08/ 18/80 
I) 8/18/80 

08/18/60 
08/18/8 0 
08/18/80 
08/18/80 

08/18/80 

081 18/80  

o 811 818 o 

12:  51: 05 
12:  51: 55 
12 :  52: 55 
i 2 :  53: 49 
1 2 :  55: 24 
12 :  56: 21 
12:  58: 1 5  
13:15:39 
13:  18: 03 
13:  20: 24 
13: 22: 06 
13: 22: 31  
13: 23: 43  
13:  37: 31 
13:  39: 1 9  
13:  40: 49 
13:  42: 1 9  
13: 48: 34 
13:  49: 28 
13:  50: 08 
13: 51: 34 

1 6 1 . 7  
1 6 7 . 4  
164 .2  
1 7 1 . 1  
1 7 0 . 5  
170 .5  
1 7 1 . 1  

235 .3  
240.3 
241.6 
242 .8  
249.1 
247.9 
246.6 
248.5 
254.2 
258.6 
259 .8  
259.8 
259 .2  

224 .$6 * 

97.9 
99.4 
97.6 
98.8 

102 .2  
98.2 
97.6 

142 .3  
136.7 
139 .8  
146.0 
1 4 4 . 4  
132.7 
176.2 
176 .2  
177 .1  
172 .8 '  
172 .2  
173.7 
168 .8  
179 .2  

25 .9  
24 .4  
24 .8  
24 .9  
24 .8  
24 .8  
24.0 
32 .0  
32.0 
31 .6  
31.7 
30 .8  
32 .3  
39.9 
40 .2  
39.6 
40 .5  
39 .5  
4 1 . 3  
40 .1  
39 .8  

37321.0 
38565.0 
37569.0 
37321.0 
37486.0 
37239.0 
36011.0 
43159.0 
42553.0 
42813.0 
41009.0 
41436.0 
44205.0 
56000.0 
55050.0 
54861.0 
56000.0 
56381.0 
55714.0  
56477.0 
56286.0  

19220.0 
20025.0 
19923.0  
19201 .0  
18483 .0  
19214.0  
17785 .0  
29207.0 
28577.0 
27740.0 
269 47.0 
28472.0 
29499.0 
36128.0 
35679.0 
35560.0 
35050.0 
35416.0 
34611.0 
36432.0 
35821.0 

56542.0 28 34 222 74 49 4 2  

57491.0  29 35 220 70 46 3 9  
56522.0  28 34 220 7 1  48 40 
55969.0  27 33  220 69 48 4 1  
56453.0  28 34 219 69 47 40 
53796.0 27 33  219 70 5 1  43 
72366.0 35  40 383 - 45 40 
71130.0 35  40 385 6 8  47 4 2  
70553.0 34 39 383 68  47 43 
67956.0 3 4  40 303 59 4 3  4 3  
69909.0 35 4 1  384 6 1  45 40 
73704.0 35 40 384 85  47 4 2  
92128.0 3 3  39 472 64 43 39 
90729.0 3 3  39  4 7 1  62 4 4  40 
90421.0 33  39  471 6 3  4 3  40 
91050.0 32 38 471 - 45 4 1  
91797.0 32 39 471 69 4 4  4 0  
90325.0 32 38 472 6 3  46 4 2  
92909.0 33  39 470 73  4 4  40  

58590.0 28 34 222 72 45 jp. 

92107..0 32 39 465 59  4 2  39 



Table A-7. Above-Atmospheric Exhaust Pressure Test Data, 3000 rpm and 4000 rpm 
Part  2 o f  2 

H E  Id I C  A L S C R E W  E X P A N D E R  
2ND P E R F O R M A N C E  T E S T  D A T A  

ABOVE-A'YOSPHERIC EXHAUST PPFSSURE 

4000 rpm 

UA'CE TIME 

08 /27 /80  :'10:15:52 
08 /27 /80  10: 16+:07 

08 /27 /80  10:17:05 
08 /27 /80  10: 18: 20 
uU/27/UO 10: 18:  45 
c18 /~7 /60  10: 1 9 i 0 4  
bB/L7/%0 l G :  15:  56 
rJ3/27/h0 10:  20: 15 
Od/27/YO 10: 20: 53 
uu / i7 /HO 10: 43: 06 
l!!t/ i7/80 10:43:12 
ut3/27/&?0 10: 43: 2 1  
l J i j / ~ 7 / 8 0  10: 43: 27 
! )8/27/80 10: 43: 34 
v t ! / i 7 /00  10 :43 :40  
tra/+!7/bU 10:43 :47  
u U / i 7 / 8 0  10:43:53 
08 /27 /80  10: 45: 03 
.18/27/80 10 :45 :10  
:) !?/27/80 11: 22: 27 
38/-27/80 11: 22: 4 1  
3.?/;7/dO 11: 22: 57 

uY/Z7/YO 1 1 : 2 4 : 4 1  
Gi!/27/YO 1 1 : 2 5 : 1 1  
lit!/?7/YO 11: 25: 58 
68 /27 /80  11 :27 :14  
br i /27/90 11: 27: 23 
08 /27 /80  11 :27 :32  

o e / u / 8 0  i o :  16: 39 

2 : ! / ~ 7 / a o  11: 23: 27 

186.9  
1 8 3 . 1  
181 .2  
183 .7  
186.2  
179 .9  
184.3  
180.6  
179 .3  
179.3  
194.4  
1 9 0 . 6  
195.0  
193.8  
191.5  
193.8  
196 .9  
192 .5  
194 .4  
1 9 6 . 9  
220.2  

217 .7  
219.6  
217.0 
219.6 
217.0  
219.6 
219.6  
217.7  

21a. 3 

93.4 24.4 
100.5  25.3 

93.7 25 .2  
98.3 25.0 

100.5  24.9 
95.8 24.8 
58.0 24.5 
97.7 2 5 . 1  

103 .9  23.8 
101 .4  24.6 
140 .2  32 .9  
141.5  32.2 
1 4 6 . 1  32.0 
143.6 32.2 
141 .8  32.3 
143.3  32 .4  
143.0 31;8 
1 4 4 . 8  3 2 . 1  
144 .6  32.8 
144.2  32.5 
175 .7  40.4 
176.0  38.9 
175 .7  39.4 
174.4  40 .1  
177.5  39.8 
180 .0  39.9 
173.8  39.8 
177 .8  38.5 
177.2  40.7 
178.4 39.3 

W d  wv 
lbm/h-- ( 

43159.0  22268.0 
42726.0 22763.0 
43159.0 23159.0 
42813.. 0 22515.0 
42986.0 23271.0 
42813.0 22682.0 
42640.0 21935.0 
43420.0  23241.0 

44468.0 23.212.0 
53355.0 29230.0 
55050.0 29578.0 
54861.0  28994.0 
55524.0  30377.0 
54766.0 29508.0 
54955.0 30082.0 
56000.0  29600.0 
55714.0  29285.0 
56095.0 29280.0 
53636.0  29446.0 
65712.0  37617.0 
59759.0  37160.0 
63805.0 37624.0 
62512.0  37787.0 
61622.0  37995.0 
60541.0  37579.0 
59369.0  37755.0 
61031.0  37399.0 
59369.0 38554.0 
59369.0  36974.0 

- - - - - - - - - 
. a  

43768%: 0 22628.0 

Wt 
1 

65428.0 
65489.0  
66319.0  
65328.0 
66257.0 
65495.0 
64575.0  
66662.0 
66397.0 
67680.0  
82585.0  
84628.0  
83854.0 
85901.0  
84274.0 
85037.0 
85599.0 
84999.. 0 
85375.0  
83083.0  

103329 .0  
96919.0 

101429 .0  
100299 .0  

99617.0 
I 98119.0 

97125.0 
98430.0 
97924.0  
96343.0 

-------- xe xo 
' ( - -%- 1 

, 2 8  34 
29 35 
29 35 
28 34 
29 35 
29 35 
28 34 
29 35 
2 7  34 
28 34 
29 35 
28 735 
27 35 
28 j 3 5  
28 35 
28 35 
27 35 
27 3 4  
27 34 
28 35 
29 36 
3 1  38 
30 37 
3 1  38 
3 1  38 
3 1  38 
32 39 
3 1  38  
33 39  
3 1  38 

KW 
(kW) 

2 1 1  
2 1  2 
2 5 1  
2 1 1  
2 1  1 
2 1  3 
2 1 1  
212 
2 1 1  
2 1 1  
287 
288 
289 
288 
287 

. 287 
288 
288 
288 
288 
399 
399  
399 
4 0 1  
39 9 
395  
400 
399 
395 
399 

- 42 35 
- 39 33 - 40 34 - 40 33 - 38 32 - 40 34 - 4 1  34 
- 39 33 - 38 3 1  - 38 3 1  - 37 32 
- 36 3 1  
- 36  3 1  
- 35 30 
- 36 3 1  
- 35 30 - 35  3 1  - 36 3 1  - 36 3 1  
- 36 3 1  
- 36 33 
- 36 32 
- 36 32 
- 36 33 
- 36 32 - 36 32 
- 36 32 - 36 32 - 35 32 - 36 32 



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

Line Date PP Pe Po Wa wv W t  Xe KW Rm Speed 

(I - - ps ia  - - ) (- - -lbm/h - - ) CI 1 (kW) CI 1 (rp'") 

1 0 8 / 1 8 / 8 0  168  9 9  25 37359 1 9 1 2 1  56480 28 2 20 4 7 . 7  3000 

2 0 8 / 1 8 / 8 0  240 140  32 42529 28407 70936 35 384 46 .5  3000 

3 0 8 / 1 8 / 8 0  255 175 40 55846 35587 91433  3 3  4 70 4 3 . 8  3000 

4 0 8 / 2 7 / 8 0  183  9 8  24 43196 22764 65963  28 2 1  1 3 9 . 5  4000 

5 0 8 / 2 7 / 8 0  194 1 4 3  32 54996 29538 84534 28 288 3 5 . 6  4000 

6 0 8 / 2 7 / 8 0  219 177  40 61309 37644 9 8 9 5 3  3 1  399 3 5 . 9  4000 7 
VI 
w 



Table A-9. Subatmospheric Exhaust Pressure Test  Data (Ref .  A, Appendix F ) ,  P a r t  1 o f  4 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

SUBATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

0 2/0 3/81 
0 2/0 3/81 
0 2/0 3/81 
02/03/81 
0 2/0 3/8 1 
02/03/81 
0 2/0 3/81 
0 2/0 3/81 
02/03/81 
02/0 3/8 1 
0 2/0 3/8 1 
0 2/0 3/81 
02/03/81 
02/03/81 

02/0 5/81 
02/05/81 
0 2/05/81 
0 2/05/81 
02/05/81 
02/05/81 
02/05/81 
02/05/81 
02/05/81 
0 2/0 5/8 1 
0 2/0 5/81 
02/05/81 
02/05/81 

14: 12: 59 
14: 14: 14 
14:15:44 
14: 16: 29 
14: 17: 29 
14: 18: 44 
14: 19: 44 
14: 22: 12 
14: 24: 33 
14: 25: 03 
14: 25: 28 
14:25:43 
14: 26: 28 
14: 26: 43 

11: 52: 38 
11: 53:OO 
11: 53: 18 
11: 54: 03 
11: 54: 48 
11: 56: 32 
11: 57: 57 
11: 59: 11 
11: 59: 47 
12: 02: 01 
12: 02: 36 
12: 03: 16 
12: 57: 50 

240.0 
201.0 
199.0 
198.0 
217.0 
202.0 
211.0 
206.0 
218.0 
195.0 
198.0 
217.0 
219.0 
193.0 

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

113.6 5.6 
116.7 5.7 
115.9 5.7 
112.6 5.7 
112.6 5.7 
113.2 5.6 
112.9 5.7 
114.4 5.7 
110.1 5.5 
114.9 5.2 
113.7 5.1 
112.6 5.0 
113.9 5.5 
116.1 5.8 

101.1 
102.9 
101.8 
99.4 

105.6 
103.1 
102.9 
104.9 
102.6 
108.4 
98.8 
99.1 

143.3 

6.5 
6.5 
6.6 
6.5 
6.6 
6.6 
6.8 
6.8 
6.9 
6.7 
6.8 
6.5 
5.7 

60.5 
62.9 
64.6 
65.5 
63.7 
66.6 
63.7 
64.4 
65.1 
65.0 
64.2 
62.5 
64.4 
66.2 

53.3 
53.9 
52.4 
53.3 
54.1 
51.4 
52.3 
50.1 
52.4 
52.2 
51.9 
50.7 
53.2 

11.2 
12.4 
13.0 
13.0 
12.6 
13.6 
12.1 
12.2 
12.8 
12.7 
12.2 
11.5 
12.3 
13.2 

11.5 
11.3 
10.5 
11.6 
10.7 
10.6 
11.3 
10.5 
11.7 
10.7 
11.4 
10.8 
9.4 

71.6 16 29 399 40 42 38 
75.3 17 30 416 41 40 36 
77.5 17 30 417 41 38 35 
78.4 17 30 416 42 39 35 
76.3 17 30 416 44 40 36 
80.2 17 31 416 42 37 33 
75.8 17 30 416 41 41 37 
76.7 17 30 416 45 40 3G 
77.9 17 30 416 43 3 9  35 
77.7 17 31 417 40 38 34 
76.4 17 30 416 40 39 35 
74.0 16 30 416 42 41 37 
76.8 17 30 416 41 39 36 
79.4 17 30 416 41 38 34 

64.8 
65.3 
62.9 
64.9 
64.7 
62.0 
63.6 
60.6 
64.1 
62.9 
63.3 
61.4 
62.6 

18 30 268 33 33 29 
18 30 269 3 3  34 29 
17 29 268 36 36 31 
18 30 268 34 34 2 9  
17 29 268 31 35 30 
17 30 268 36 36 3i 
18 30 268 36 34 30 
18 30 271 3 3  37 32 
19 31 271 34 34 29 
17 29 271 32 36 31 
19 30 270 37 35 30 
18 30 271 38 36 31 
15 -30 271 19 32 27 



Table A-9. Subatmospheric Exhaust Pressure Test Data, P a r t  2 of 4 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

SUBATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

0 2/ 0 5/  8 1 
OZ/US/81 
c )2 /05 /81  
0 L ' / C  5 / 8 1  
0 2/ U 5 / 8 l  
cz /os /a :  
0 2 /  0 5 / d  1 
o z / o 5 / 8 l  
o z / o s / a 1  

D 9 2 / 0 5 / 8 1  
v1 0 2 / 0 5 / 8 1  

0 2 / 0 5 / 9 1  
0 2 / 0 5 / 9 1  
U 2 / 0 5 / 8 1  
0 2 / 0 5 / 8 1  
9 2/0 5 / 8  1 
0 2 /0  5 / 8  1 

I 

0 2 / 0 6 / 8 1  
0 2 / 0 6 / 9  1 
0 2 / 0 6 / 8  1 
0 2 /0  6 /8  1 
0 2 / 0 6 / 8 1  
O Z / O  6 / 8 1  
0 2/0 6/8 1 
0 2/11 6/6 1 
O2/06/8 1 
0 2 / 0 6 / 9 1  

13: 03:  1 2  
13:  03: 55 
13:04: 2 1  
13:04: 56 
13:05:32 
13 :  38: 0 1  
13:  40: 1 3  
13:  41: 0 9  
13: 42: 2 1  
13: 42: 5 7  
14:  12:  5 7  
14: 14:  46 
14: 15:  26 
1 4 :  1 5 :  44 
1 4 :  16:  20 
14 :  1 6 :  47 
1 4 :  17:  32 

10: 39: 0 2  
10: 41: 37  
10:42:20 
10: 45: 33  
10: 47: 1 4  
10: 52: 28 
11: 13:'29 
11: 1 3 :  56  
11: 1 4 :  38 
11: 15:  20 

241.0 
240.0 
240.0  
215.0 
223.0 
222.0 
238.0 
248.0 
222.0 
225.0 
215.0 
211.0 
211.0 
221.0 
214.0 
216.0 
276.0 

140.3 
142.8 
142.3 
146.3 
142.8 
138.0 
133.0 
130.5 
140.0 
135.5 
137.8 
137.0 
135.7 
135.2 
132.5 
145.3 
139.3 

5.8 
5.7 
5.8 
5.7 
5.7 
6.4 
6.5 
6.4 
6.5 
6.5 

1 2 . 5  
1 3 . 4  
1 2 . 8  
1 3 . 0  
12 .8  
1 2 . 8  
1 2 . 6  

220.0 105.6 4 . 1  
219.0 106.9 4 . 1  
222.0 99.8 4 . 1  
216.0 104.3 4.0 
228.0 107.3 4.1 
220.0 107.6 4 . 1  
182.0 65.9 5.4 
184.0  65.4 5.5 
200.0 63.4 5 .5  
179.0  68.9 5 .4  

50.4 
52.5 
49.7 
53 .1  
55.2 
70.6 
70 .1  
69.7 
71.3 
70.0 
82.9 
85.5 
85.2 
84.7 
83.6 
84.5 
8 3 . 1  

55.8 
64.6 
64.3 
63.3 
6 0 . 1  
61.5 
51.3 
50.9 
48.0 
50.8 

9.2 
1 0 . 2  

8.5 
1 0 . 1  
1 0 . 1  
15.5 
15.5 
1 6 . 1  
15.9 
15.3 
24.2 
25.0 
24.6 
24.4 
24.3 
24.6 
24.5 

6.9 
7.2 
8.2 
8.3 
7 .1  
8.1 

11.0 
11.0 
10 .2  
11 .3  

59.6 1 6  3 1  266 20 32  28 
62.7 1 6  32  266 1 8  30 25 
58.3 1 5  30  268 20 34 29 
63.2 1 6  3 1  267 1 8  30 25 
65.3 1 6  3 1  264 1 6  29 25 
8 6 . 1  1 8  32  534 40 40 36 
85.6 1 9  32 532 43 40 37  
85.8 20 33 533 4 1  3 9  36 
87.2 1 9  32  534 3 9  39 36 
85.4 1 9  3 2  533 42 4 0  37 

1 0 7 . 1  2 4  34  755 74  48 45 
110.5 24 34 754 76 48 45 
109.8  24 34  753 76 48 4 5  
1 0 9 . 1  24 34  755 80  49 46 
1 0 7 . 9  24 34  555 80  49 46 
109.0 2 3  34 754 6 7  47 4 4  
107.5  24 34  752 7 1  48 45 

62.7 11 2 6  266 28  38 33 
71.8 10 26 265 29 3 4  30 
72.5 1 2  2 7  265 3 1  33  28 
71.6 1 2  27 266 29  32  28 
67.2 11 26 265 29 36 3 1  
69.6 1 2  27 265 29 33 28  
62.3 1 8  29 273 66 42 36 
61.8 1 9  29 273 69 42 37 
58.3 1 9  28 272 7 1  46 39 
62.0 1 9  29 273  62  4 0  35 



T a b l e  A-9. Subatmospheric Exhaust Pressure Test  Data ,  P a r t  3 o f  4 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

SUBATMOSPHERIC EXHAUST PRESSURE 

4000 rpm 

P e  P O  wa wv W t  X e  xo KW Thr Rm R t  
ps ia------- ) (  -------- klbm/h----------- ( - - % - I  (kW) (----%--- 1 

DATE TIME PP 
( ------ 

02/06/81  1 5  : 35 : 16 223.0  137 .0  6 .3  67.9 14.4 82.3 18  32 516 39  4 1  37  
02/06/81  15:  36 : 07 205.0 141 .5  6.4 68.7 14.8 83.5 18  32 516 37 40 36 
02/06/81  15: 39: 56 229 .0  141 .2  6.4 68.2 14.2 82.4 1 8  32 517 38 4 1  37 
02/06/81  1 5  : 4 1  : 26 216.0 144 .5  6.4 68.9 13 .9  82.8 1 7  3 1  517 36 4 1  38 
02/06/81  15:  41:  57 217.0 139 .8  6.4 69.4 15.2 84.5 1 9  32 516 36 39 35 

0 2/0 7/ 8 1 
02/07/81  
0 2 /  0 7/ 8 1  
0 2 /0  7 /81  
li 2/0 7/ 8 1  
0 2/0 7/ 8 1  
0 2/0 7/81 
0 2/0 7/ 8 1  
0 2/0 7/ 8 1 
0 2/  0 7/8 1 
0 2/Q 7 /81  
0 2/Q 7/8 1 
b2/0 7/81 

? 
VI 
P 

11: 49: 24 
11: 51: 12  
11:55:14 
11:56:08 
12:  00: 57 
12:  04: 1 4  
1 2 :  04: 59 
12:  07: 42 
12:  10: 52 
12: 16: 22 
12: 17: 33 
12: 19:  09 
12: 21: 32 

235.0 
223 .0  
222.0 
242.0 
225.0 
244.0 
241 .0  
229 .0  
240.0 
233 .0  
237 .0  
214 .0  
222.0 

110 .7  3.2 
1 1 4 . 2  3 . 1  
111 .7  3.2 
110 .5  3.2 
103 .9  4.2 
1 0 0 . 1  4.2 
101 .9  4 . 2  
105.6 4 . 2  

98.3 4 .3  
97.3 6 . 1  
90.3 6.0 
98.1 6.5 
93.0 6 .4  

46.7 
46.7 
47.8 
46.0 
58.2 
54 .1  
54.6 
55.2 
56.3 
63.9 
66.2 
66.2 
69.7 

8.8 
8.5 
8.4 
8.0 

11 .7  
10.9 
11.3 
11.5 
12.0 
15.5 
1 6 . 1  
15.9 
16.4 

55.5 1 6  3 1  271 2 3  33 28 
55.3 1 5  3 1  271 22 33 28 
56.2 1 5  3 1  271 2 3  33 28 
54.0 1 5  30 271 23 35 30 
69.9 1 7  3 1  377 4 1  37 33 
65.0 1 8  3 1  374 40 40 36 
65.9 18  3 1  373 40 39 34 
66.7 1 8  3 1  376 38 38 34 
68.3 1 8  32 379 43 38 34 
79.4 20 32 504 68 4 5  4 1  
82:2 2 1  32 506 8 2  4 4  40 
82 .1  20 3 1  506 69 4 4  40 
8 6 . 1  20 3 1  507 74 43 40 



Table  A-9. Suhatmospheric Exhaust Pressure T e s t  D a t a ,  P a r t  4 o f  4 

H E L I C A L  S C R E W  E X P A N D E R  
3RD P E R F O R M A N C E  T E S T  D A T A  

SUBATMOSPHERIC EXHAUST PRESSURE 

3000 rem 

DATE TIME 

10: 54: 28 
11: 01: 06 
11: 04: 18 
11: 11: 18 
11: 13: 18 
11: 14: 03 
11: 17': 54 
11: 21: 10 
11: 27: 25 
11: 28: 55 
11: 31: 09 
11: 34: 54 
11: 37: 09 
11: 48: 54 
11: 49: 54 
11: 51: 09 
11: 53: 15 
11:55:00 
11: 56: 35 
12: 15 : 28 
12: 18: 55 
12: 19: 55 
12:45:15 
12: 48: 12 
12: 49: 55 
12: 51: 53 
12: 52: 56 

187.0 
184.0 
188.0 
167.0 
168.0 
155.0 
157.0 
166.0 
163.0 
164.0 
168.0 
160.0 
166.0 
209.0 
227.0 
227.0 
220.0 
240.0 
224.0 
205.0 
206.0 
209.0 
277.0 
280.0 
264.0 
277.0 
282.0 

101.7 
104.0 
103.5 
97.5 
96.9 
98.8 

102.2 
99.2 
94.0 
94.5 
96.5 
91.4 
96.2 

140.2 
139.4 
143.5 
145.7 
138.6 
143.9 
138.7 
137.6 
142.9 
176.3 
181.8 
177.1 
175.3 
176.6 

4.0 
3.8 
3.7 
4.3 
4.5 
4.3 
4.4 
4.5 
5.6 
5.6 
5.6 
5.6 
5.7 
6.2 
6.2 
6.3 
6.2 
6.2 
6.2 
8.6 
8.4 
8.3 
6.4 
6.4 
6.3 
6.5 
6.4 

45.1 
45.1 
44.2 
54.9 
54.7 
56.9 
55.1 
56.1 
63.3 
63.2 
62.8 
64.4 
63.8 
68.3 
67.1 
66.9 
69.3 
67.5 
67.6 
77.8 
77.1 
80.0 
69.4 
68.4 
69.6 
69.8 
70.6 

9.4 
9.7 
8.9 

12.1 
12.2 
13.4 
11.0 
12.5 
14.9 
14.9 
15.0 
16.2 
16.1 
15.7 
15.6 
14.8 
15.7 
14.9 
15.3 
20.0 
19.5 
20.3 
14.8 
14.5 
15.8 
14.9 
15.4 

54.,5 18 31 
54.8 18 32 
53.1 17 31 
67.0 19 32 
66.9 19 32 
70.3 20 33 
66.1 17 30 
68.6 19 32 
78.2 20 32 
78.2 20 32 
77.8 20 32 
80.7 21 33 
79.9 21 33 
84.0 19 33 
82.8 19 33 
81.7 18 32 
85.0 19 33 
82.4 19 32 
82.8 19 33 
97.8 21 33 
96.6 21 33 

100.3 21 33 
84.2 18 33 
82.8 17 33 
85.3 19 34 
84.7 18 33 
86.0 18 34 

K W  T h r  Rm H t  
(kW) ( - - - - % - - -  1 

272 26 35 30 
271 24 33 29 
273 25 35 31 
382 44 30 34 
383 45 39 35 
383 42 35 32 
382 43 41 36 
383 44 38 34 
462 69 42 38 
462 68 42 38 
464 66 41 38 
464 69 40 36 
465 64 39 36 
516 36 38 35 
514 36 38 35 
514 36 39 36 
517 34 37 34 
516 37 39 36 
516 35 38 35 
645 54 42 39 
645 55 42 39 
645 54 40 37 
519 25 36 33 
521 22 37 34 
521 23 34 32 
520 25 36 33 
520 24 35 32 



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

Line 

-1 
2 
3 
4 
s' 
6 

7 ,  
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

P 
m 
QI 

Date PP Pe 
( - - p s i a  

02/20/81 186 103 
02/20/.81 163 99 
02/20/81 164 95 
02/20/81 225 142 
02/20/81 207 140 
02/20/81 276 177 
-.-.-.-.-.-.-.-.-.-.-.- 
02/07/81 231 11 2 
02/06/81 221 10 5 
02/07/81 235 103 
02/06/81 186 66 
02/03/81 208 114 
02/07/81 227 95 
02/05/81 225 10 3 
02/05/81 231 143 

Po Wa wv ut xe KW Rra Speed 
- - I  ( - -  Elb/h - -) (t) (W ( r p d  

3.8 45 9 54 18 272 34.3 3000 
4.4 56 12 68 19 383 38.2 3000 
5.6 64 15 79 20 46 3 40.8 3000 
6.2 68 15 83 19 516 38.1 3000 
8.4 78 20 9 8  21 645 41.3 3000 
6.4 70 15 85 18 520 35.6 3000 

..-.-.-.-. 
3.1 
4.1 
4.2 
5.5 
5.5 
6.2 
6.6 
5.7 

-. -. -. -. 
47 
62 
46 
SO 

' 64 
67 
52 
52 

-.-. -. -.-.-.-.-.-.-.-. -. -. -. -. -.-.-. -.-. -.-. 
8 55  15 271 33. 5 
8 69 11 265 34.3 

11 6 7  18 3 75 38.5 
* 11 61 19 273 42.5 

12 76 17 415 39.4 
16 83 20 506 44.0' 
11 63 18 2 70 35.0 
10 62 16 267 31.2 

-. -. - 
4000 
4000 
4000 
4000 
4000 
4000 
4000 
4000 

02/05/81 218 141 6.4 69 15 84 18 5 16 40.4 4000 * 

02/05/81 2.31 135 6.5 70 16 86 19 533 39.6 4000 
02/05/81 222 137 12.8 84 24 108 24 754 48.1 4000 

I 



Table  A-11. Comparison Between Atmospheric and Subatmospheric Exhaust Pressure T e s t s  
(Ref .  A ,  T a b l e  9 )  

Date 

0 2 / 0 2 / a i  
0 2 / 0 5 / 8 1  

0 2 / 0 2 / 8 1  
02/03/81  

0 2 /02 / 8 1  
0 2 / 0 7 / 8 1  

7 0 2 / 0 6 / 8 1  
VI 
4 02 /05 /81  

0 2 / 0 6 / 8 1  
0 2 /06 /  81 

0 2 / 2 0 / 8 1  
0 2 / 2 0 /  81  

02/20  / 8 1  
0 2 / 2 0 / 8 1  

0 2 / 2 0 / 8 1  
02/20 /81  

T i m e  

13:13:39 
11:56:  32 

13:43:07 
14:24:33  

13 :  21:  4 4  
12 :04:  59 

1 4 :  36:07 
13:03:12  

14:43:32  
15:41:  57 

10:02:40 
10:54:28  

13:51:04  
11: 5 5 : o o  

1 3 :  53:Ol 
12 :15 :28  

L 

2 30 
2 2 7  

176 
2 1  8 

199 
2 4 1  

2 36 
2 4 1  

20 8 
2 1 7  

157 
187  

1 7 2  
2 40 

199 
205 

PP Pe Po 
- - p s i a  - -1 

103 14 .88  
10 3 6 .6  

109.4 13.06 
110 .1  5 .5  

102 .1  1 4 . 9 8  
101.9 4 . 2  

138.0 1 5 . 1  
140 .3  5 . 8  

1 4 1 . 8  14 .69  
139 .8  6 . 4  

101 .2  1 4 . 1  
101.7 4.0 

138 .6  14 .6  
138.6 6 .2  

139.6 14 .8  
138 .7  8 .6  

Wt 
( k l b l h )  

77.53 
6 2 . 0  

86.5 
77.9 

88 .81  
65 .9  

79.54 
59 .6  

97.17 
84 .5  

67.8’ 
54 .5  

9 2 . 4  
82.4 

109 .5  
97 .8  

Xe 
(1) 

17.5  
17.0 

1 8 . 7  
17 .0  

1 9 . 1  
18 .0  

14 .0  
1 6 . 0  

18 .9  
19.0 

19 .0  
1 8 . 0  

21.0 
19 .0  

21.0 
21.0 

Speed 
bpm) 

4000 
4000 

4000 
4000 

4000 
4000 

4000 
4000 

4000 
4000 

5000 
3000 

3000 
3000 

3000 
3000 

Kw 
(kW) 

26 8 

268 

419 
416 

37 3 
373 

265 
266 

5 1  1 
516 

2 7 1  
2 72 

51 5 
516 

650 
645 

Rm 
0) 

42.0 
36.0 

48.0 
39.0 

46.7 
39.0 

38.7 
32.0 

46.0 
39.0 

44.0 
3 5 . 0  

46.0 
39.0  

48.0 
42.0 

Spec i f i c  
Flow rate 
(lb/kWh) 

289.3 
231.3 

286.4 
187 .3  

238.1 
176 .7  

300.2 
2 2 4 . 1  

190 .2  
163 .8  

250.2 
200.4 

179 .4  
159 .7  

168 .5  
151 .6  
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Table  A - 1 2 .  Chemical Composition o f  S c a l e  Samples ( R e f .  A,  Table  10) 
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Chemical C h a r a c t e r i s t i c s  o f  Cesano 1 B r i n e  (Ref. B, Table 1) 

Nomenclature (Ref. 8, Table 2 )  

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

Unprocessed D a t a  - Performance Test Resu l ts  (Ref. 6, Table 3 )  

Cesano Test KesuiLs (Her. t), i a o i e  4) 
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Table 8-1. Chemical Characteristics of Cesano 1 Brine (Ref. B, Table 1)l 

Chemical Constituents p.p.m. 

Calcium 

Magnesium 

Sodium 

Potassium 

Lithium 

Iron 

Ammonium 

Rubidium 

Strontium 

Ceeium 

Arsenic 

Bicarbonate 

Chloride 

Sulfate 

Hydrogen sulfide 

Boric Acid 

Silica 

TDS 

Ca++ 

Ms* 
Na+ 

K+ 

Li+ 

Fe* + 
Fe* 

m 4 +  

Rb+ 

Sr* 

cs+ 

As 

HCO3 

c1- 

SO4-- 

H2S 

H3*03 

SI02 

- 

366 

6.4 

5 3  , 800 
79,400 

158 

4 . 5  

11 

296 

6.5 

5 5 . 4  

1.8 

9,580 

22 , 100 
147,400 

33 

6 , 150 

5 5 . 2  

3 10 , 000 

Noncondensible gases were about 1% of the steady sta te  mass flow rate, and 
consisted of more than 99% C02. 
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Table 8-2 .  Nomenclature (Ref. 8 ,  Table 2 )  

SYMBOL MEASURED DATA 

we1 1 head pressure 

l i q u i d  feed pressure 

HSE o u t l e t  pressure 

l i q u i d  f l o w - r a t e  from separator 

l i q u i d  f l o w - r a t e  t o  HSE 

'11" 

t hX 

v 

I 

f req  

kW 

^ .  

1: . 

steam f l o w - r a t e  t o  HSE 

l i n e a r  t h r o t t l e  p o s i t i o n  as percent o f  
f u l l y  ope? 

separator  pressure 

steam feed pressure 

HSE i n l e t  pressure 

atmospheric pressure 

1 i q u i d  1 eve1 i n  separator 

separator  temperature 

steam feed temperature 

HSE i n l e t  temperature 

HSE out1 e t  temperature 

atmospheric temperature 

generator v o l t a g e  

9enerator c u r r e n t  

generator frequency 

yenerato r power 

p s i  a 

p s i  a 

p s i  a 

1 b /h r  

1 b / h r  

1 b /h r  

p s i  a 

p s i  a 

p s i  a 

p s i  a 

i n .  

"F 

t 'f 

"' 
( ' F  

OF 

V 

a 

HZ 

kW 

8-6 



. 

I 

Table 8-3. Chronology o f  Operations (Ref. B, pp. 21-25), Pa r t  1 of  4 

A. PILOT PLANT OPERATIONS 

- The i n s t a l l a t i o n  o f  t h e  C 1  p i l o t  p l a n t  was f i n i s h e d  a t  t h e  end 
o f  Ju l y  1981 w i thou t  mounting t h e  HSE. 

- The HSE a r r i v e d  on t h e  C 1  s i t e  on J u l y  20, 1981. 

The month o f  August was used f o r  t r a i n i n g  s t a f f .  

- On August 25, 1981, t h e  HSE mounting opera t ions  besan. 

- On September 9, 1981 t h e  w e l l  p roduc t ion  was s t a r t e d  t o  c a r r y  
ou t  p r e l i m i n a r y  t e s t s  on t h e  p l a n t .  
opera t ions  t h e  w e l l  was shut i n  because t h e  separator  d ischarged 
over  t h e  p i t .  It was necessary t o  p lace  t h e  separator  d ischarge 
p i p e  under t h e  water  l e v e l  i n  t h e  p i t .  

A f t e r  about 6 hours o f  

The s t a i n l e s s  s t e e l  p i p e  t h a t  was lowered i n t o  t h e  we l l  t o  
i n j e c t  sca l  i ng i n h i b i t o r  appeared broken when i t  was e x t r a c t e d  
from t h e  we l l  . 
A new p i p e  was lowered i n  t h e  w e l l .  

On September 18 t h e  w e l l  was again p u t  i n t o  product ion.  A f t e r  
about 80 hours o f  p roduc t ion  we were fo rced t o  shut i n  t h e  w e l l  
because t h e  smal l  p i p e  c a r r y i n g  s c a l i n g  i n h i b i t o r  i n  t h e  we1 1 
f a i l e d  i n s i d e  t h e  w e l l .  

- It was t r i e d  t o  recover  t h e  p ipe  b u t  w i thou t  success. 
f e l l  i n  t h e  w e l l .  

The p i p e  

- It was necessary to mount a d r i l l  rig and to proceed with 
f i s h i n g  and c lean ing  operat ions.  

The c lean ing  opera t ions  beyan on 10/7 and were f i n i s h e d  on 11/6. - 
- The HSE hook-up and c a l i b r a t i o n  was f i n i s h e d  on October !jth. 

B-7 



ldulr t$-3. CrironoIo9y o t  Uperations, Pd r t  2 o t  4 

6.  HSE OPERATIONS 

1 -  

2 -  

3 -  

4 -  

5 -  

6 -  

7 -  

The HSE began t o  run  on 11.18.1981. An attempt was made t o  s t a r t  
t h e  p l a n t  w i t h  o n l y  steam coming from t h e  separator. 
q u a n t i t y  was no t  s u f f i c i e n t  t o  ma in ta in  HSE opera t ion  because o f  
separator l i m i t a t i o n s ,  and t h e  p l a n t  stopped due t o  excessive 
v i b r a t i o n s  t r i p p i n g  a s a f e t y  switch.  It was so decided t o  s t a r t  
u t i l i z i n g  t h e  l i q u i d  phase. 
t h i s  l a t t e r  case and an unexplainable noise. 

The steam 

Strong v i b r a t i o n s  were noted a l s o  i n  

A f t e r  a s top  and a f t e r  some m o d i f i c a t i o n s  t o  t h e  p i p e l i n e s  f o r  HSE 
preheat iny,  t h e  HSE s t a r t e d  up again w i t h  t h e  p l a n t  d i r e c t l y  
connected w i t h  t h e  w e l l .  The p l a n t  stopped again due t o  damage t o  
t h e  r i g h t  fan  o f  t h e  l o a d  bank. 

Between 11-19 and 11-24 a bypass was i n s t a l l e d  t o  a l l o w  downstream 
preheat ing  o f  HSE. 

From 11-24 t o  11-26 t h e  HSE again went i n t o  p roduc t ion  b o t h  
d i r e c t l y  from t h e  wellhead and from t h e  separator. 
necessary t o  c lean t h e  f i l t e r - b a s k e t  upstream from t h e  HSE. 
clogged very f a s t  due t o  s c a l i n g  pieces coming from t h e  p i p e l i n e  
upstream from t h e  HSE (see F ig .  11). 
damaged. The fan  appeared t o  have run i n t o  t h e  screen. The male 
s h a f t  seal assemblies exhi lb i ted problems. The seal pressures, 
especi a1 1 y a t  t h e  1 ow pressure end, osc i  11 ated synchronously w i t h  
t h e  r o t a t i o n  o f  t h e  r o t o r .  
showed a y l a s e r i t e  sca le  growth o f  about 2 crn/hr. 
p a r t l y  reduced by i n j e c t i n g  f r e s h  water i n t o  t h e  exhaust a t  t h e  
housing exhaust po r t .  

From 11-26 t o  12-1 t h e  valves o f  t h e  p l a n t  were cleaned and t h e  fan  
o f  1 oad bank rep1 aced. 

The r i g h t  fan  was dismant led and repaired. 

Many stops were 

The load  bank's r i g h t  f an  was 

Th is  

The exhaust p o r t  and exhaust p ipe  
The problem was 

A new s t a r t - u p  was e f fec ted  on 12-1 t o  v e r i f y  t h e  sea ls  damage and 
t o  t r y  t o  connect t h e  generator w i t h  the  g r i d .  The HSE was 
connected w i t h  t h e  g r i d  w i thou t  t r o u b l e  from 8 pm t o  22 pm. 

An excessive o i l  consumption (>lo g a l / h r )  was noted. A t  1 am t h e  
HSE was stopped t o  v e r i f y  t h e  sea ls  damage. 

From 12-2 t o  12-15 t h e  seals were dismantled. "Removal o f  a 
damaged seal assembly revealed 5 ou t  of 15 carbon segments were 
cracked. 
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Table 8-3. Chronology o f  Operations, Pa r t  3 of  4 

The 5 cracked carbons were a l l  f r a c t u r e d  i d e n t i c a l l y  i n  t h e  middle 
o f  t h e  carbon segment w i t h  t h e  f r a c t u r e  o r i g i n a t i n g  a t  a l o c k i n g  
p in .  According t o  R. Sprankle 's op in ion ,  " the  cause of  t h e  
f r a c t u r e  appears t o  be c l e a r l y  r e l a t e d  t o  t h e  impacts on t h e  r o t o r  
from la rge -sca le  fragments. The consensus i s  t h a t  t h e  impact of 
t h e  r o t o r  causes t h e  s h a f t  t o  move ab rup t l y ,  f r a c t u r i n g  t h e  
midsect ion o f  t h e  carbon." 
sea ls  by  u t i l i z i n g  t h e  e x i s t i n g  spare seal assemblies. The r e p a i r  
i nvo l ved  a change i n  t h e  l o c k i n g  p i n s  t o  reduce s t r e s s  on t h e  
carbon segments and t o  p rov ide  a secondary p o r t  i n  t h e  seal 
assembly a l l ow ing  t h e  recapture o f  any o i l  leakage should t h e  
carbons f a i l .  

It was hence decided t o  r e p a i r  t h e  

8 - From 12-15 t o  2-22-1982, the valves, separators, and p i p e l i n e s  were 
cleaned. 
from t h e  HSE i n  o r d e m t o  avo id  t h e  many stops due t o  t h e  basket 
c logging. 
M r .  Sprankle 's suggestions. The da ta  a c q u i s i t i o n  system was 
repa i red  from damage caused by  a r a t .  
w e l l  head and t h e  HSE was i n s t a l l e d .  

A new basket f i l t e r  was designed and i n s t a l l e d  upstream 

The sea ls  were m o d i f i e d  i n  t h e  USA according t o  

A new p i p e l i n e  between t h e  

9 - From 2-22 t o  3-10, t h e  repa i red  sea ls  a r r i v e d  and were mounted on 
t h e  HSE. 

10  - From 3-10 t o  3-12, t h e  HSE was pu t  i n t o  product ion.  A t  5 pm on 
3-10 t h e  HSE was connected t o  t h e  ENEL e l e c t r i c a l  g r i d .  The 
maximum power produced w i t h  t h e  separators working i n para1 1 e l  was 
about 460 kW. Dur ing  t h e  produc t ion  t h e  we l l  began t o  c log.  
Notwithstanding t h e  f l u s h i n g  o f  t h e  exhaust pipe, i t  a l s o  began t o  
c log .  A t  12 pm on 3-12 t h e  w e l l  was shut i n  because o f  w e l l  
cl  oggi ng . 

11 - From 3-12 t o  3-23, t n e  w e l l  was cleaned and t h e  HSE discharge p ipe  
was cleaned. Some i n j e c t i o n  t e s t s  on t h e  we l l  were c a r r i e d  ou t  t o  
v e r i f y  i t s  cond i t i on .  

12 - 3-23: 
connected t o  t h e  g r i d .  
noted from 1 t o  1.2 bar. 
reduc t i on  and t h e  s t i f f e n i n g  o f  t h e  f l e x  coup l ing  mounted 
downstream t h e  HSE. 

The HSE began produc t ion  again and t h e  generator was 
A s t e a d i l y  inc rease i n  o u t l e t  pressure was 

The c logg ing  caused b o t h  a power 

It was decided t o  s top  t h e  expander and t o  c lean again t h e  
dishcarge pipe. 
cm were found (see Figs. 12, 13). 

Pieces o f  s c a l i n g  o f  a th ickness  o f  more than 10 
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T a l e  B-3. Chronology o f  Operations, Pa r t  4 o f  4 

13  - 3-24: The HSE was aga in  i n  opera t ion .  It was t r i e d  t o  connect t h e  
HSE t o  t h e  ENEL y r i d .  
t h e  shear coup1 i n g  f a i l e d .  

14  - From 3-24 t o  3-30, new shear p i n s  f o r  t h e  shear coup l i ng  were 
const ructed i n  t h e  ENEL workshop o f  L a r d e r e l l o  and again mounted on 
t h e  HSE . 

Because o f  t h i s  ope ra t i on  t h e  shear p i n s  i n  

15 - From 30-3 t o  31-3, t h e  HSE was again connected t o  t h e  wellhead t o  
determine what t h e  maximum p roduc ib le  power from C1 we1 1 was. 

The maximum power was 550 KW. The l o a d  was reduced and t h e  p l d n t  
was operated w i t h  t h e  two cyclones. The discharge pressure 
increased s t e a d i l y  and i t  was necessary t o  s top  again and t o  c lean 
exhaust p ipe .  

16 - 4-1: The HSE was aga in  p u t  i n t o  ope ra t i on  t o  determine t h e  maximum 
p roduc ib le  power f rom t h e  l i q u i d  phase. 
reached w i t h o u t  l i q u i d  entrainment from separators. 

260 kW was t h e  power 

A l l  t h e  o b j e c t i v e s  o f  t h e  HSE t e s t s  were considered reached and t h e  
p l a n t  was shut  i n .  
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Table  B-4. Unprocessed Data - Performance T e s t  Resul ts  (Ref .  B ,  Table  3 ) ,  P a r t  1 o f  15 

3!S=360000 D p n j I n e r t  93sses=38.0 ut:! of vapor 
TIHE T2 T f  T i  ai  P I  Pf Tu Pu Ps Pu P2 I H i  Hf Hv L; Tz V TrtY. kW freq eff!: File 
22 56 216.3 348.0 349.1 
0 0 216.6 348.8 349.9 
0 0 216.6 348.8 349.9 
B 0 216.6 348.8 349.P 
0 0 35.6 348.8 350.0 
0 0 216.6 348.8 349.5, 
0 0 216.6 348.8 350.0 
0 0 21b.b 348.8 350.0 
0 0 216.6 348.9 350.0 
0 0 216.5 348.9 350.0 
0 0 216.6 348.9 350.0 
0 0 217.2 34?.1 348.6 
0 0 c)i?.2 34?.1 348.6 
0 0 21?.2 3U.1 348.6 

0 0 X . 1  3V.1 348.5 
0 0 211.1 3V.1 348.5 

0 0 217.1 3V.1 348.5 

i i  ? 217.2 347.1 348.5 
!1 ? 217.2 34?.1 348.5 
If. 40 ?1".9 347.9 349.4 
0 0 2i?.l 348.0 349.5 
0 0 Z1:.4 348.0 348.5 
0 0 21?.? 348.0 349.4 
0 0 21?.4 348.0 349.4 
0 0 21?.4 348.0 349.4 
0 0 21?.4 348.0 349.4  
0 0 21?.4 348.0 349.5 
0 0 217.4 348.0 348.5 
0 0 217.4 348.0 340.5 

11 52 217.4 348.0 349.4 
11 58 217.4 348.0 349.5 
12 28 35.4 343.8 352.0 
0 0 3 5 . 2  343.? 351.9 
0 0 215.2 343.t 351.9 
0 0 215.2 343.? 351.? 

0 0 3 ? . 2  347.1 348.5 

J; 0 0 21?.2 34?.1 348.5 

0 0 37.1 347.2 348.5 c-r 

0 . 0  1?0.3 1 T . 1  222 
0.0 1X.6 179.2 222 
0.0 i?l.t 1 7 . 6  222 
0.0 13.3 179.0 222 
0.0 1?0.? 1V.8 222 
0.0 1?0.9 178.8 222 
0.0 1'3.1 1?9.0 222 
0.0 1 2 . 9  1?8.? 222 
0.0 172.1 1?9.3 222 
0.0 I??.? 180.0 222 
0.0 1 3 . 0  1X.6 222 
0.0 M.? 1?9.3 222 
0.0 1?2.? 185.5 222 
0.0 1 3 . 1  183.1 222 
0.0 169.4 185.5 222 
0.0 166.1 178.5 222 
0.0 1?4.2 186.5 222 
0.0 1?0.8 183.0 222 
0.0 165.5 iX.7 2 2  
0.0 1?4.4 186.5 222 
0.0 1 ? 0 . 9  184.2 222 
0 . 0  1 ? i . 4  183.5 222 
0.0 1 2 . 1  13.9 319 
0.0 174.8 13.9 274 
0.0 170.1 13.9 2?4 
0.0 169.7 13.9 2?4 
0.0 165.? 13.5, ??A 
0.0 16?.7 13.9 274 
0.0 167.9 13.9 274 
0.0 171.9 13.9 274 
0.0 169.9 13.9 2?4 
0.0 1?0.3 13.9 2?3 
0.0 13.3 13.9 2?3 
0.0 1X.6 13.9 3 4  
1.4 169.9 184.6 362 
1.6 166.6 184.8 363 
i . ?  165.3 183.6 363 
1.5 16?.3 183.7 363 

179.1 ias 188 

180.7 187 189 

180.6 186 189 
180.5 186 189 

180.6 io? 190 
180.8 187 189 
180.7 187 189 
180.9 187 190 
180.7 187 189 
180.6 18? 190 
180.8 18? 199 
184.6 191 l?l 
184.6 1?1 191 
184.4 191 191 
184.5 191 191 
184.6 191 191 
154.3 192 1?2 
184.3 191 191 
184.5 I?? 191 
184.6 191 191 
184.5 192 191 
184.5 191 191 
184.3 191 191 
184.5 191 191 
184.4 1?2 172 
184.7 191 192 
184.6 i P 1  191 
189.5 191 191 
184.5 131 191 
184.3 191 192 
184.2 191 191 
184.5 191 192 
184.5 191 192 
154.5 191 192 
184.9 188 17? 
183.5 190 190 
184.8 190 190 
184.6 1?1 190 

14.9 167 231 231 0.0 264 359 4?3 
14.9 1'0 229 229 0.0 3?3 359 4?5 
14.9 168 228 228 0.0 144 360 474 
14.9 ib8 226 226 0.0 388 355, 4?3 
14.9 168 227 2 2  0.0 245 359 4?3 
14.9 169 226 226 0.0 2S2 359 474 
14.8 158 2 3  227 0.0 317 359 4?4 
14.8 168 227 227 0.0 257 359 473 
14.8 168 229 229 0.0 324 360 4?4 
14.8 168 229 229 0.0 241 359 4?3 
14.9 169 229 229 0.0 404 358 4?3 
14.7 225 240 240 0.0 217 365 429 
14.8 220 240 240 0.0 205 365 429 
14.? 220 24i 241 0.0 216 365 428 
14.6 220 240 240 0.0 238 364 428 
14.7 221 240 240 0.0 188 365 430 
14.7 220 239 239 0.0 216 355 428 
14.? 221 290 290 0.0 226 365 429 
14.7 220 240 240 0 . 0  235 365 428 
14.7 220 240 240 0.0 222 365 429 
14.? 220 241 241 0.0 226 364 429 
14.7 220 239 239 0.0 224 365 428 
14.7 218 247 247 0.0 119 365 429 
14.7 217 246 246 0.0 81 366 429 
14.7 220 246 246 0.0 113 365 430 
14.7 220 246 246 0.0 72 366 429 
14.7 220 247 247 0.0 b? 365 428 
14.7 220 248 248 0.0 109 366 428 
14.7 221 249 249 0.0 52 366 430 
14.7 221 250 250 0 . 0  6' 366 430 
14.? 220 249 249 0.0 95 366 428 
14.7 220 247 247 0.0 95 366 428 
14.8 217 248 248 0.0 108 365 428 
14.7 219 248 248 0.0 99 356 420 
14.5 219 i?? 1?3 3.6 346 364 429 
14.6 217 i?5 171 4.1 2P5 364 430 
14.6 217 177 i?? 4.4 314 364 428 
14.6 218 176 1?2 3 . 9  280 362 430 

7 152 49.8 35.2 1? 11.24.81 
? 154 50.5 35.5 18 
? 154 50.0 35.6 i? 
7 154 50.0 35.8 20 
7 iS4 4?.9 35.8 21 
6 154 49.8 35.8 22 
b 153 4$.? 35.3 23 
? 153 48.7 35.3 24 
6 153 4P.9 35.0 25 
? 154 49.P 35.0 26 
? 153 50.0 35.3 2?- 
8 167 4?.? 36.6 2? 11.25.81 
8 16? 49.8 3 6 . 8  30 
8 16?'49.9 36.4 31 
? 16? 40.9 36.3 32 
8 16? 4P.8 36.5 33 
? ib? 4P.0 36.7 34 
7 167 4?.9 36.5 35 
8 167 49.9 36.6 36 
8 16? 49.8 36.4 3? 
7 167 48.8 36.4 35 
8 167 49.8 36.6 30 
S 166 50.0 34.9 40 
8 it6 50.1 34.9 41 
8 167 50.0 35.2 42 
9 167 50.1 35.1 43 
9 167 50.0 35.0 44 
9 168 50.0 35.0 45 
9 167 50.0 34.8 46 
9 167 50.1 34.6 4? 
9 16? 50.1 34.8 48 
9 fb? 50.1 35.0 4? 
8 166 50.1 34.9 50 
9 166 50.1 34.8 51 
20 i b b  4v.3 45.9 52 
23 156 40.7 44.4 53 
22 166 4P.7 44.0 54 
22 156 4?.? 44.8 55 

0 B 215.2 313.? 351.9 1.6 168.2 183.5 363 184.1 191 191 19.6 21? i?b 1?2 4.1 302 364 428 21 155 40.7 44.2 56 



!, l. Table B-4. Unprocessed Data - Performance Test Results, Par t  2 o f  15 
>> 

TDS=360000 p p n i I p r t  g?sses=38.0 ut% of vapor 

0 0 215.2 343.? 351-.? 1.3 166,.8 183.6 363 
0 0 215.2 343.7. 352.1 1.6 166.8 184.8 363 
0 0 215.2 393.8 351.9 1.5 166.2 184.2 363 

0 0 215.2 393.9 352.0 1.7 167.4 184.1 363 
12 54 215.2 343.9 352.0 1.3 165.6 183.3 363 
12 54 215.2 343.8 352.0 1.6 166.6 184.0 363 
13 24 215.0-344.4 351.8 1.7 166.2 183.9 364 
13 55 214.P 344.3 351.? 1.6 166.8 184.3 364 
14 25 214.9 344.5 351.8 1.6 166.6 184.4 364 
14 55 214.9 345.0 350.2 1.4 166.5 184.4 361 
55 30 214.8 344.8 349.8 1.5 166.4 184.6 358 
i b  0 215.2 349.0 353.? 1.8 165.8 184.8 363 
it 30 215.1 348.9 353.6 1.9 165.3 184.8 363 
i? 0 215.0 349.3 353.9 2.0 164.7 184.7 364 
i? 30 215.1 34?.2 353.8 1.9 1b4.3 184.6 364 

0 0 216.8 356.3 357.2 0.0 167.3 183.8 327 
0 0 216.9 356.6 357.6 0.0 164.9 183.1 325 
0 0 216.9 356.6 357.6 0.0 165.0 182.0 325 
0 0 216.9 356.6 357.6 0.0 168.1 184.0 325 
0 0 215.9 356.6 35?.6 0.0 163.9 182.8 .325 
0 0 216.9 356.6 357.6 0.0 164.9 182.1 325 
1 0 216.9 356.6 357.6 0.0 167.1 183.3 325 
0 0 216.9 356.6 35?.6 0.0 168.0 18S.i 325 
0 tl 2ib.9 356.? 35? 6 0.0 164 1 181.3 325 
0 0 At 91356.? 3'2.6 0.0 164 2 184.1 325 
0 0 216.9 356.? 357.6 0.0 166.8 182.8 325 
0 0 205.3 344.7 344.1 0.0 153.0 167.5 316 

23 6 216.2-355.1 358.2 2.1 169.5 186.0 366 
0 0 21b.5 351.6 355.9 2.2 167.6 189.8 366 
0 0 216.5 351.2 356.4 2.3 156.3 186.0 367 
0 0 216.6 351.3 355.9 2.1 165.0 187.3 366 
0 0 216.5 351.1 356 4 1.9 166.8 185.0 367 
0 0 216.5 351.4 355.9 1.8 16?.3 187.1 366 
1 0 216.9 351.2 355.9 2.1 16?.3 185.0 367 
0 0 216.? 351.4 355.9 2.2 168.3 185.2 366 
0 0 216.9 351.1 355.8 2.0 169.8 184.2 366 
0 0 216.5 351.5 355.9 2.4 164.3 187.5 366 
23 30 216.6 351.2 356.3 2.0 168.0 184.5 367 

TIHE . T 2  T f  T) d1 7 %  P i  P f  * T u  

0 0 215.2 343.9 352.1 1.5 * 166.2 183.8 363 

Pv Ps Pw 
183.9 191 190 
189.3 191 190 
184.6 190 190 
184.2 191 190 
104.1 131 190 
183.6 191 190 
184.0 190 190 
184.1 190 190 . 
184.7 191 191 
184.3 191 191 
184.5 200 191 
184.6 200 191 
184.8 191 192 
184.7 191 192 
184.5 191 192 
104.5 191 192 
184.2 191 191 
183.5 190 191 
183&.7 190 192 
184.4, 190 191 
182.7 190 191 
183.5 190 191 
184.6 190 191 

182.6 190 191 
182.1 190 191 
184.8 190 191 
169.3 191 192 
186.4 192 194 
18?.0 593 193 
187.5 194 193 
186.8 193 194 
187.9 193 194 
186.6 193 193 
187.7 193 194 
187.3 193 194 
186.4 193 194 
18?.1 193 193 
187.8 193 194 

'183.9 190 191 

\ 

I 

P2 I Hi H f  Hv LscL Ts V Trt2 ' k b l  freq eff% File 
14.4 217 175 i?1 3.4 323 364 429 22 166 49.8 45.9 57 
14.6 21? 1?6 I?? 4.2 289 364 428 21 ib5 49.7 44.1 58 
14.6 217 175 171 3.9 2?9 363 428 22 166 49.7 45.2 59 
14.7 218 1?5 i?i 3.9 298 363 430 22 166 49.7 45.4 bQ 
14.6 218 t?5 1?1 4.4 326 363 430 22 165 49.7 43.9 61 
14.7 217 i?b 1?2 3.5 330 364 428 23 161 49.7 44.6 62 
14.6 219 i?b 1?2 4.0 311 363 429 22 166 49.7 44.7 63 
14.7 220 175 i?i 4.2 283 364 429 22 167 49.8 44.5 64 
14.8 221 176 172 4.1 288 365 429 22 166 49.9 44.9 65 
14.7 221 177 173 4.2 289 364 429 22 167 49.9 44.0 bb 
14.6 221 i?8 175 3.5 280 363 429 22 167 50.0 45.7 67 
i4.7 220 181 1?8 3.6 286 363 429 22 167 50.0 46.2 68 
14.6 220 174 170 3.9 300 363 429 23 167 49.9 42.4 69 
14.7 220 174 170 4.0 286 362 429 23 167 49.8 42.4 70 
14.7 221 174 169 4.0 264 363 429 24 167 49.8 41.9 71 
14.7 220 174 170 4.0 276 363 429 24 167 49.8 41.7 72 
14.7 169 191 191 0.0 311 363 428 7 128 50.3 32.4 73 
14.7 169 194 194 0.0 267 364 428 7 128 50.2 31.9 74 
14.7 168 1% 195 0.0 2?5 364 428 7 128 50.2 31.6 75 
14.7 168 195 195 0.0 280 364 427 7 128 50.2 31.6 76 
14.7 169 195 195 0 . 0  282 364 429 7 128 50.2 31.6 77 
14.7 168 196 196 0.0 284 364 429 7 128 50.2 31.6 78 
14.7 168 196 196 0.0 303 363 427 7 128 50.2 31.6 79 
14.7 i68 196 196 0.0 296 364 428 7 128 50.2 31.6 80 
14.7 1?0 197 197 0.0 288 363 430 ? 128 50.2 31.3 81 
14.7 169 196 196 0.0 293 363 430 ? 128 50.2 31.5 82 
14.7 169 196 196 0.0 299 363 427 7 128 50.3 31.4 83 
14.7 154 1?9 1?9 0.0 295 364 389 ? 116 49.8 38.2 84 
15.1 317 202 197 4.5 241 367 428 29 241 50.0 46.3 85 
15.5 318 205 200 5.2 248 367 429 31 239 50.0 4?.3 86 
14.7 318 206 200 5.4 294.366 430 31 241 49.9 45.2 87 
15.1 316 204 199 4.9 296 366 428 30 239 50.0 47.0 88 
14.6 319 204 199 4 .6  269 366 429 31 241 50.0 46.9 89 
15.1 316 202 198 4.4 2?2 367 428 30 240 50.0 48.3 90 
14.6 316 203 188 5.0 298 366 428 31 244 50.0 46.7 91 
15.2 316 203 198 5.2 2?i  367 427 31 240 50.0 47.2 92 
14.6 3i6 203 198 5.0 269 366 428 31 244 50.0 46.6 93 a 

15.1 316 203 198 5.3 266 367 427 31 240 49.9 46.4 94 
14.6 318 204 199 5.0 311 365 431 32 241 50.0 4b.1 95 1 



Table B-4. Unprocessed Data - Performance Test Results, Part 3 of 15 - 
TDS-360000 ppniInert qasses=38.0 ut% of vapor 

TINE 12 Tf T i  01 Pi Pf Tu 
23 30 216.6 351.4 356.0 2.1 167.3 185.8 366 
23 41 216.? 351.0 355.9 1.9 167.3 185.9 367 
0 0 216.6 351.1 355.4 1.7 163.4 186.7 366 
0 0 216.3 351.4 355.4 1.9 165.9 185.8 366 
0 0 216.3 351.0 355.9 2.1 167.8 185.8 366 
0 0 216.3 351.4 355.5 2.6 165.5 186.2 366 
0 0 216.3 351.0 355.9 2.0 163.8 185.1 366 
0 0 216.3 351.4 355.4 1.7 165.3 187.1 366 
0 0 216.6 351.0 355.4 1.7 164.8 186.1 366 
0 0 216.6 351.9 355.4 1.5 164.6 185.5 366 
0 0 215.3 351.0 355.9 1.6 167.6 185.0 366 
0 13 216.3 351.4 355.4 2.1 166.0 186.0 366 
0 30 216.3 351.4 355.2 2.0 164.3 185.9 366 
1 0 216.2 351.5 354.8 2.0 161.6 185.9 366 
1 30 21b.0 351.4 354.8 2.1 161.0 184.6 367 
2 0 216.1 351.5 354.8 2.1 160.8 184.4 367 
2 30 216.0 351.? 354.1 2.1 160.6 184.8 367 

21 17 211.4 331.2 341.3 2.7 132.6 139.8 346 
w I 25 17 211.? 331.2 341.4 2.4 133.7 139.5 346 
w 21 18 211.9 331.1 341.4 3.2 132.6 139.8 346 

21 18 211.8 331.1 341.4 2.7 133.6 139.6 346 
21 18 211.9 331.3 341.4 2.8 133.2 139.3 346 
21 18 212.0 331.1 341.3 2.6 132.1 140.0 346 
21 18 212.1 331.0 341.3 2.7 133.1 139.2 346 
21 18 211.9 331.1 341.3 2.4 134.4 139.3 346 
21 18 212.1 331.3 341.3 2.6 133.0 139.5 346 
21 i? 212.0 331.4 341.3 2.9 131.0 139.5 346 
21 31 211.8 331.2 341.4 2.4 133.3 139.7 346 
22 0 212.3 330.8 340.? 2.9 131.0 138.6 346 
22 30 212.4 329.8 339.9 2.7 129.5 136.4 345 
-33 1 212.2 329.6 339.8 2.7 129.4 136.4 345 
23 31 212.1 329.0 339.2 2.8 127.8 135.2 344 
0 1 212.6 328.? 339.0 2.7 12?.0 134.7 344 
0 31 212.3 328.2 338.5 2.6 1 T . O  133.5 343 
1 1 212.5 32?.8 338.3 2.7 125.9 132.8 343 
1 32 212.4 327.6 338.0 2.7 125.0 132.1 343 
2 2 212.6 327.2 337.6 2.9 123.8 131.2 343 
2 33 212.4 327.4 337.6 2.8 123.8 130.8 343 
3 3 212.3 326.9 337.5 2.8 124.2 131.1 342 

W 

P u  Ps Pw 
187.0 193 194 
w . 3  193 194 
186.2 193 194 
187.0 193 194 
187.5 193 193 
186.9 143 194 
187.8 193 193 
186.6 192 194 
186.3 193 194 
186.1 193 195 
186.2 193 193 
187.5 193 194 
186.4 192 194 
186.5 193 194 
185.5 192 193 
185.4 192 193 
185.8 192 193 
139.2 147 153 
138.8 147 153 
138.8 148 154 
139.0 147 154 
138.9 147 153 
139.0 148 153 
138.8 147 154 
138.7 148 154 
138.9 148 153 
138.8 147 153 
139.0 147 154 
138.0 146 152 
135.9 145 151 
135.7 144 151 
134.5 143 150 
133.9 143 149 
132.8 142 148 
132.2 142 148 
131.6 141 14? 
130.6 140 146 
130.1 15 146 
130.3 13 146 

P2 I Hi tlf nu  Ls Ts V TrtX kU freq effX File - 
15.8 317 204 199 5.8 278 366 429 31 241 50.0 46.7 96 
14.6 318 207 202 4.8 306 366 430 31 242 50.0 46.9 97 - 
14.6 316 206 202 4.0 290 367 430 32 240 50.0 47.1 98 11.26.81 
14.8 318 207 203 4.7 303 367 430 31 240 50.0 46.2 99 
14.7 323 206 201 5.1 309 365 430 32 240 50.0 45.8 100 
14.8 317 206 200 5.9 302 367 430 32 240 50.0 44.5 101 
14.6 32i 207 202 4.6 284 365 430 33 240 49.9 46.3 102 
14.9 317 207 203 4.2 286 367 428 31 241 50.0 47.7 103 
14.6 316 208 204 4.2 310 366 429 31 243 50.0 47.0 104 
14.6 316 207 203 3.7 303 365 42P 31 243 49.9 48.0 105 
14.7 321 209 205 4.1 2?9 365 431 32 240 50.0 46.9 106 
14.8 318 208 203 5.1 313 366 420 32 241 49.9 45.6 107 
iS.0 317 209 205 4.8 280 366 429 33 242 49.8 46.3 108 
14.9 316 211 206 4.6 268 366 429 34 242'49.8 45.9 109 
14.8 317 212 207 4.9 287 365 429 35 242 49.8 44.8 110 
14.8 317 217 212 5.0 269 365 429 3? 242 49.6 43.6 111 
11.8 318 213 208 4.8 300 365 429 36 242 50.2 44.6 112 - 
14.9 243 222 214 ? . 4  29 345 488 43 239 49.9 50.1 135 3.10.82 
15.0 ??I 225 218 7.0 46 341 489 44 242 49.9 51.0 136 
14.9 280 1P7 190 7.4 38 347 486 44 261 49.9 58.0 137 
14.9 283 223 215 7.3 41 346 488 45 2?7 49.9 S6.8 138 
14.9 2?5 213 206 7.3 44 345 489 44 269 49.9 57.1 139 
15.0 259 213 206 6.7 25 347 486 44 247 50.0 54.8 140 
15.0 283 245 237 8.1  19 343 488 45 2?7 49.9 52.2 141 
14.8 282 235 228 7.2 37 348 486 45 266 50.0 52.6 142 
14.9 281 234 226 7.5 35 341 487 45 268 50.0 53.0 143 
14.9 287 228 221 7.7 46 341 487 44 268 50.0 53.0 144 
14.9 273 244 237 7.4 41 344 487 44 2?0 50.0 51.9 145 
14.9 267 215 208 7.4 3P 344 485 44 260 50.0 54.9 146 
14.8 281 231 224 7.5 40 342 485 47 262 49.9 52.8 147 
54.4 265 227 220 7 . 5  33 343 487 46 261 50.0 52.3 148 
13.0 2?4 223 Pi5 7.5 27 342 448 47 261 49.9 49.0 149 - 
14.8 272 232 225 7.5 30 342 447 47 263 50.0 53.7 150 3.11.82 
14.9 277 237 230 7.6 2? 341 449 48 258 49.9 52.2 151 
14.8 2?6 233 225 7.7 26 342 493 49 264 50.0 53.7 152 
14.9 323 234 226 ?.5 28 341 497 49 255 49.9 52.5 1'53 
14.8 332 226 219 7.7 28 341 497 44 257 50.0 53.5 154 
14.8 288 231 223 7.7 25 341 493 50 258 49.9 52.2 155 
14.8 282 225 217 7.5 26 341 493 48 255 50.0 54.2 156 



Table  B-4. . Unprocessed Data 
? 

TDS=360000 p p n ; I n e r t  g~sses=38.0 ut% o f  vapor 
TIHE, T 2  4 T f  . T I  U i  P i  P f  Tu. 
3 33 21214 326.4.337.1 2.6 122.9. 130.0 342 
4.. 3 212.6 325.26 336.6. 2.7 122.3 129.3 341 
4 33 212.4 325.8 336.? 2.7 121.9 128.9 340 
5 4 212.5 325.4 336.8 2.9 123.4 129.7 341 
5 34 212.3 33.3 336.5 3.0 122.2 128.5 340 
6 4 21-2.3 325.2 336.8 2.6 123.0 129.6 340 
6 34 212.6 324.1 336.0 2.6 121.8 127.9 338 
? 5 212.? 323.4 334.6 3.1 118.1 124.6 337 
? 35 211.6 323.3 335.0 3.1 119.? 125.5 338 
8 5 211.1 322.0 332.6 3.1 113.2 120.1 334 
9 36 211.2 322.3 335.6 2.5 121.1 127.1 335 
P 6 212.0 322.2 335.2 2.6 119.8 126.0 335 
? 36 211.3 322.0 335.2 2.6 119.4 126.1 334 
10 6 211.0 321.5 334.8 2.6 120.6 125.3 334 
10 36 211.? 321.3 339.4 2.7 118.5 124.3 333 
11 5 213.0 317.5 32?:1 3.4 102.2 110.8 327 
11 5 213.0 317.5 327.0 3.8 103.4 110.4 327 

7 11 5 213.0 317.5 326.9 4.2 101.8 110.7 327 
11 5 213.0 317.6 326.9 4.1 100.4 110.7 327 
11 5 213.0 317.5 326.9 3.7 104.0 110.4 327 
11 6 213.0 317.4 326.9 4.0 103.9 110.6 327 
11 6 213.0 31?.4 326.8 4.3 102.1 110.1 327 
11 6 213.0 317.5 326.7 3.8 101.8 109.7 327 
11 6 213.0 317.5 326.7 3.4 102.3 150.2 327 
i1 6 213.0 317.4 326.7 3.2 103.4 109.7 327 
11 6 213.8 317.5 326.8 3.7 103.9 110.2 327 
12 6 210.3 316.9 326.7 3.2 102.7 110.2 327 
12 10 210.0 316.7 326.6 3.7 99.4 109.7 327 
12 11 210.2 316.7 326.6 3.6 98.9 110.3 327 
12 11 210.1 316.7 326.6 3.9 101.8 109.7 327 
12 11 2iQ.1 3ib.? 326.6 3.1 106.9 110.4 327 
12 11 210.2 316.7 326.6 3.5 103.4 109.9 327 
12 11 210.3 316.9 326.6 3.2 104.6 109.4 327 
12 11 210.3 316.8 326.6 3.5 103.6 110.4 327 
12 11 210.1 316.9 326.6 3.3 102.3 109.8 327 
12 12 210.2 316.7 326.6 3.2 103.7 109.9 327 
12 12 210.1 316.9 326.6 3.3 101.3 109.7 327 
12 36 211.1 316.7 326.8 3.8 103.2 110.2 327 
13 6 211.9 316.3 326.5 3.4 102.8 109.9 328 

P 

P v  
129.2 
128.6 
128.2 
128.9 
127.8 
128.9 
127.2 
123.9 
125.0 
119.3 
126.5 
125. 3 
125. 3 
124.7 
123. s 
110.0 
109.7 
109.6 
109.7 
109.7 
109.6 
109.2 
109.3 
109.7 
109.2 
109.5 
109.4 
109.2 
109.5 
109.i 
109.3 
109.2 
109.2 
109.4 
109.6 
109.4 
108.9 
109.8 
109.4 

- Performance Test  R e s u l t s ,  P a r t  4 of 15 

Ps Pu P2 I HI H f  Hv L; 1s U Trt:! kU f r e q  e f f X  File 
13 145 14.7 2?3 240 232 7.6 24 339 494 49 249 49.9 50.9 157 
12 144 14.8 280 231 223 7.5 17 340 494 48 246 49.9 53.2 158 
14 144 14.7 291 225 218 7.4 21 339 495 49 246 49.9 53.8 159 
13 144 14.7 297 206 199 7.3 26 339 495 46 235 49.9 55.7 160 
12 144 14.7 261 209 202 7.4 26 340 488 47 236 49.9 54.8 i b i  
14 144 14.7 300 221 214 7.1 27 339 489 44 234 50.0 54.0 162 
13 143 14.7 284 220 213 7.0 24 339 483 45 223 49.9 53.8 163 
14 140 14.7 30i 207 200 7.5 17 338 478 49 229 50.0 55.5 164 
12 141 14.7 336 195 188 7.3 22 338 479 47 231 49.9 58.7 165 
12 136 14.7 313 218 210 7.7 i? 336 477 Si 219 50.0 52.5 166 
12 140 14.7 249 212 205 6.7 23 338 470 42 213 49.9 58.3 167 
12 139 14.6 267 211 204 6.9 20 337 470 44 221 50.0 59.3 168 
14 139 14.7 283 209 202 6.8 20 337 4?0 43 221 49.9 60.7 169 
13 139 14.7 232 203 196 6.8 16 336 470 43 206 51.0 58.8 170 
13 138 14.6 219 202 195 6.9 16 336 470 43 213 49.9 60.3 171 
15 129 14.8 243 231 223 8.2 -0 331 475 68 230 49.9 56.8 172 
14 128 14.6 223 216 207 8.5 15 330 474 68 215 49.9 54.6 173 
13 128 14.8 244 200 192 8.4 5 329 474 69 253 49.9 66.5 174 
13 128 14.8 235 206 198 8.4 4 332 4?5 69 236 49.9 61.5 175 
12 128 14.8 246 216 208 8.5 4 330 474 69 219 49.9 55.8 176 
13 128 14.6 249 199 191 8.3 7 331 476 69 242 49.9 64.3 177 
14 129 14.8 265 195 187 8.5 S 328 478 70 235 50.0 62.9. 178 
13 128 14.6 243 217 209 8.4 0 328 4?7 69 232 50.0 58.4 179 
13 128 14.8 2?4 233 225 8.3 -5 330 478 69 247 50.0 60.0 180 
12 128 14.8 254 233 225 8.1 -0 334 476 69 241 50.0 59.1 181 
13 128 14.7 251 220 212 8.4 5 331 476 69 231 50.0 58.0 182 
12 128 14.7 239 244 235 8.4 3 331 439 69 179 49.9 44.1 183 
11 128 14.6 280 224 216 8.3 -3 332 440 69 203 50.0 51.8 184 
13 128 14.6 249 229 220 8.3 19 331 441 69 175 49.9 45.4 185 
11 128 14.6 268 209 201 8.3 12 32? 440 68 187 50.0 50.4 186 
11 128 14.8 274 221 213 ?.9 5 333 439 69 198 50.0 52.9 187 
11 128 14.6 295 222 213 8.3 -0 334 440 68 2\0 50.0 53.8 188 
12 128 14.6 245 230 2:2 8.2 9 333 439 69 150 49.9 40.0 189 
12 128 14.5 265 220 211 8.2 -10 333 439 69 192 49.9 49.9 190 
12 128 14.6 262 231 223 8.0 -2 332 439 68 197 49.9 50.5 19i 
11 128 14.6 286 242 234 8.4 1 333 441 69 207 49.9 50.2 192 . 
14 128 14.8 280 248 240 8.6 12 330 440 68 194 49.9 46.2 193 
11 128 14.6 240 205 196 8.3 16 331 440 6? i6? 50.0 51.3 194 
13 127 14.6 240 224 216 8.2 19 330 443 68 185 49.9 48.0 195 

. 



Table  B-4. Unprocessed Data - Performance Test  Resul ts ,  P a r t  5 o f  15  

TDS=360000 ppniInert qasses=38.0 ut% o f  vapor 
TIHE T,? T f  T i  Q1 P i  P f  Tu 
13 36 212.0 316.2 326.7 3.3 102.4 109.9 328 
14 6 211.9 315.1 325.1 3.4 100.1 107.6 325 
14 36 211.5 314.6 322.6 3.9 95.2 104.2 323 
15 6 212.5 313.5 322.0 3.9 95.5 103.4 323 
15 36 211.? 313.2 322.9 3.7 ?7.2 104.2 323 
16 6 20?.4 313.0 323.4 3.4 97.8 104.9 324 
16 36 20?.? 312.4 323.6 3.4 08.1 105.4 324 
i? 6 209.4 312.2 324.2 3.6 99.0 106.0 324 
1? 36 ?OS.? 312.0 323.1 3.4 98.1 104.6 323 
18 6 20? .?  311.6 323.0 3.6 97.0 104.0 323 
18 22 3 ? . 4  311.3 321.3 4.1 92.1 101.2 322 
18 22 2 0 9 . 2  311.2 321.3 3.9 91.6 101.3 322 
18 22 200.2 311.2 321.3 3.4 96.2 101.9 322 
18 22 3?.3 311.1 321.2 3.4 94.7 102.1 322 
18 23 209.6 311.1 321.3 3.3 96.2 101.7 322 
18 23 209.5 311.3 32t.3 3.7 95.8 101.9 322 
18 23 210.1 311.3 321.3 3.6 96.0 101.6 322 

rn 18 23 209.7 311.2 321.3 4.0 91.8 101.3 322 
18 23 209.4 311.1 321.3 3.5 94.2 102.1 322 
19 23 200.5 311.0 321.2 3.7 93.3 101.9 322 
18 36 20?.?  311.0 320.8 3.8 93.3 101.0 321 
i? ? 209.9 310.5 320.2 3.8 92.6 100.1 321 
19 3? 20?.8 309.0 318.6 3.9 89.? 98.0 319 
20 8 2O?.I3 308.6 318.9 3.6 91.0 98.5 319 
20 38 211.3 308.0 318.1 3.7 89.4 9?.4 319 
21 8 211.6 3U.3 317.0 4.1 88.2 95.5 317 
21 39 211.5 306.? 316.5 4.1 87.1 94.7 317 
22 10 212.0 306.1 315.8 4.0 86.4 93.9 316 
22 40 212.? 305.7 315.5 4.1 86.4 93.4 316 
23 10 212.4 305.5 315.5 4.i 85.? 93.6 316 
23 31 33.0 305.0 315.1 4.1 84.3 93.2 316 
23 31 212.? 305.1 315.0 4.1 85.1 92.6 316 
23 ?i 213.0 305.1 315.0 4.0 85.2 92.9 316 
23 31 212.P 305.0 315.0 4.0 86.0 92.7 316 
13 31 212.? 305.0 315.0 3.9 8t.B 92.8 316 
23 31 212.9 305.0 315.0 4.3 84.2 92.8 316 
23 31 212.8 305.0 314.9 4.2 86.4 93.1 316 
23 31 212.8 305.0 314.9 4.5 82.3 92.6 316 
23 31 212.? 305.0 315.0 4.1 86.1 93.1 316 

Pu 
109.4 
107.3 
103.7 
103.1 
104. 1 
104.7 
105.2 
105.7 
104. 1 
103.2 
100.2 
100.7 
101. 0 
100.7 
101.2 
100.6 
100 .? 
100.6 
100.9 
100.6 
100.2 
9 8 . 3  
97 .2  
9?.6 
96.5 
94.5 
93.8 
93.0 
92.5 
92.6 
92.0 
91.6 
92.0 
91.5 
91.8 
91.6 
91 .8  
91.6 
92.1 

Ps Pu 
11 i?? 
13 126 
12 123 
12 123 
13 123 
12 123 
13 123 
12 124 
12 122 
11 122 
13 120 
i? 120 
14 120 
13 120 
14 120 
14 120 
13 120 
14 120 
12 120 
14 120 
13 120 
13 119 
15 117 
14 li? 
13 116 
12 115 
i b  114 
15 114 
17 113 
17 113 
24 112 
23 112 
19 112 
19 112 
23 112 
21 113 
25 112 
2s 113 
20 112 

P2 I Hi Hf Hv Ls Ts U 
14.6 251 230 222 8 . 1  23 331 444 
14.7 287 228 219 8.3 19 329 443 
14.6 208 231 222 8.7 13 328 437 
14.6 240 220 211 8.6 14 327 440 
14.6 237 218 210 8 4 9 327 438 
14.6 232 221 213 8.2 7 328 438 
14.6 224 221 213 8.1 -2? 328 441 
14.6 251 207 199 8.11038 328 443 
14.6 229 215 207 ?.9 -26 327 442 
14.5 209 209 201 8.0 -16 327 43? 
14.6 225 215 206 8.6 -49 327 435 
14.6 218 218 209 0.4 17 326 435 
14.5 216 222 214 8.3 12 325 435 
14.5 231 227 219 8.2 2 325 434 
14.5 209 224 216 8.2 46 325 435 
14.5 232 215 207 8.5 -48 327 436 
14.5 243 216 207 8.3 -43 328 434 
14.5 238 216 208 8.5 19 328 437 
14.5 220 217 209 8.1 7 329 434 
14.6 216 219 210 8.4 10 329 436 
14.6 254 215 206 8.3 -1 326 436 
14.6 200 213 205 8.3 5 326 431 
14.6 214 215 206 8.4 -24 324 434 
14.6 186 214 206 8.1 -37 324 434 
14.6 195 214 205 8.2 -18 324 437 
14.6 192 203 194 8.3 -29 323 438 
14.6 i?i 205 196 8.3 -36 322 440 
14.6 1?7 204 196 8.3 -38 321 442 
14.6 191 202 194 8.3 -39 321 440 
14.6 179 203 195 8.4 -46 321 440 
14.6 164 202 193 8.2 -32 323 443 
14.5 174 202 194 8.3 -28 322 442 
14.6 190 205 196 8.2 -35 321 444 
i4.5 185 205 196 8 4 -1 325 442 
14.5 1?8 202 193 8.2 -45 324 444 
14.6 151 1?8 190 8 4 -41 322 442 
14.5 1?6 196 18? 8.3 -32 322 444 
14 5 157 196 157 0.4 -57 322 442 
14.6 1?8 193 185 8.1 -19 321 443 

TrtX kU freq effZ File 
66 183 49.9 46.8 196 
69 180 49.9 48.0 19? 
7? 1?9 49.9 46.1 198 
7? 184 49.9 50.0 199 
71 167 5 0 . 0  47.4 200 
6? 173 50.0 48.9 201 
68 1?0 50.0 40.0 202 
66 167 50.0 50.4 203 
66 160 4?.9 48.1 204 
65 14? 50.1 45.3 205 
71 i6? 49.9 47.5 206 
71 155 49.9 45.4 207 
72 161 49.9 46.2 208 
71 162 49.9 46.2 209 
72 154 4?.9 44.9 210 
71 161 49.9 46.4 211 
71 172 49.9 49.4 212 
71 if3 49.9 44.5 213 
71 146 50.0 43.8 214 
?2 139 49.9 4i.5 215 
72 153 49.9 45.6 216 
72 153 49.9 46.4 217 
75 153 49.9 46.6 218 
72 144 40.9 45.2 219 
73 143 49.9 45.5 220 
74 133 4?.9 44.2 221 
75 134 50.0 4 4 . 4  222 
75 130 49.9 44.0 223 
76 130 49.9 44.8 224 
?5 128 49.9 43.6 225 
?b 132 4?.9 45.9 226 
76 119 49.9 41.5 22? 
75 154 49.9 51.5 228 
75 137 4?.9 45.? 229 
76 143 49.9 48.5 230 
?b 112 40.9 40.4 ?3i 
75 116 49.9 41.7 232 
?b 136 49.9 46.7 233 
?6 i?? 49.9 46.1 234 



Table B-4. Unprocessed Data - Performance Test Results, P a r t  6 o f  15 

TDS=360000 ppm,Inert qasses48.0 ut2 o f  vapor 
TIhE T2 T f  T i  Qi P i  P f  Tu 
23 31 212.9-305.0 315.0 4 .3  85.3 91.9 316 
23 40 212.9 304.9 315.0 4 . 0  84.9 92.8 316 

0 11 213.5 305.0 315.4 4 . 0  86.0 93.2 316 
0 42 212.8 304.0 314.6 4.1 84.8 91.8 315 
1 12 212.5 302.7 313.4 4.1 83.3 90.1 314 
1 43 212.? 302.5 313.2 4 . 0  83.1 90.1 314 
2 13 212.3 302.5 313.1 4.1 83.1 89.9 314 
2 44 212.5 301.4 312.0 4 . 0  82.3 88.3 312 
3 14 211.9 301.2 312.7 3 .8  83.0 89.5 313 
3 45 211.8 300.8 311.7 4 . 1  81.4 87.6 312 
4 15 211.2 299.6 310.9 4 . 0  80.5 8?.1 312 
4 46 3 1 . 5  299.3 310.3 4 .2  ?9.? 86.0 311 
5 i? 211.5 299.5 310.7 4.2 ?9.6 86.5 311 
5 47 211.4 298.6 310.1 4.1 ?9.5 85.5 310 
? 2 211.2 297.1 308.1 4.2 78.4 83.2 309 

? 2 211.1 297.2 308.8 4.5 76.2 83.3 309 
? 2 211.2 297.4 308.7 4.8 ? 4 . 0  83.1 309 
? 2 211.2 297.5 308.6 4 .6  76.0 82.8 309 
7' 3 211.2 297.6 308.6 4.5 76.2 82.7 309 
? 3 211.2 29?.6 308.6 4.7 74.0 82.6 309 
? 3 211.2 297.5 308.? 4.1 80.0 83.3 309 
? 3 211.2 297.4 308.7 4.5 76.5 83.4 309 
7 3 211.4 2 V . 3  308.6 4.1 77.4 83.3 309 
? 35 210.4 296.9 308.? 4 . 2  ?7.5 83.4 309 
8 5 210.9 296.? 308.1 4.4 ?6.2 82.4 308 
9 2 210.8 295.1 306.9 4.3 75.3 81.0 307 

I '? 5 PIO.? 294.9 306.7 4.3 75.2 80.7 307 
I 9 ? 210.0 294.6 306.6 4.9 71.0 80.0 307 

9 8 210.? 294.9 306.6 4 .3  ?5.9 81.2 307 
9 8 210.8 294.7 306.6 4.2 76.4 81.1 307 
9 8 210.9 294.6 306.6 4.2 75.4 81.3 307 
9 8 210.8 294.6 306.7 4.2 76.3 80.7 307 
? 8 210.8 294.8 306.5 4.6 73.1 80.4 307 
9 8 210.8 294.9 306.6 4.2 ?b.O 80.8 307 
? 0 210.8 294.8 306.7 4 . 4  73.3 80.6 307 
9 9 210.7 294.7 306.7 4.2 75.4 81.1 307 
9 9 210.7 294.6 306.7 4.2 76.7 88.8 307 
? 19 210.6 294.6 306.5 4.3 74.9 80.5 307 

? 2 211.2 29?.1 308.7 . 4 . 4 '  75.3 83.6 309 

I 

I 

Pu Ps Pu 
91.2 22 112 
91.7 24 112 
92.1 31 112 
90.7 33 111 
89.1 28 110 
88.8 27 109 
88.7 27 109 
87.1 31 108 
88.3 13 109 
86.5 13 107 
86.0 12 107 
84.8 13 106 
85.3 13 106 
84.2 13 105 
82.4 16 103 
82.7 15 103 
82.2 16 103 
81.9 16 103 
81.9 16 103 
81.9 17 104 
81.9 17 103 
52.4 16 103 
81.8 17 103 
82.4 17 103 
82.3 15 103 
81.4 14 102 
80.2 13 101 
79.8 13 101 
79.4 12 101 
79.8 12 101 
79.9 1s 100 
80.1 13 101 
80.2 15 101 
79.8 13 100 
80.2 16 100 
80.2 13 io1 
80.2 13 io1 
79.8 16 100 
79.7 12 100 

P2 I t!i H f  Hv L; Ts V 
14.6 1?0 195 187 8.4 -46 322 442 
14.6 179 204 196 8 .3  -40  320 445 
14.6 1?5 199 191 8 .2  -39 322 445 
14.6 164 197 188 8 . 1  -40  320 442 
14.6 183 194 185 8 . 1  -36 310 441  
19.6 157 198 190 8 . 1  -41 318 440 
14.6 168 197 189 8.2 -40 317 442 
14.6 162 193 185 8 . 0  -29 317 442 
14 .6  158 197 189 7 . 9  -31 318 442 
14.6 162 191 183 8.0 -35 318 443 
14.6 160 193 185 8.0 -32 318 442 
14.6 166 18? 1?9 8.0 -22 317 443 
14.7 155 189 181 8.0 -34 317 441 
14.6 1?3 186 178 ?.9 -38 316 440 
14.5 169 182 174 8.0 -50 313 433 
14.6 175 183 175 7 .9  -29 316 432 
14.5 178 116 168 7 .9  -34 315 434 
14.6 178 117 169 8.0 7 319 434 
14.6 176 177 169 8.0 -68 320 434 
14.6 175 182 1?4 8.0 -62 319 434 
14.5 181 181 1?3 8 .0  -64 314 434 
14.5 178 190 172 7 .9  -8 312 434 
14.5 169 180 172 8.0 -l? 314 434 
14.5 176 188 180 7 .9  -4 313 434 
14.6 170 181 1?3 7.8 -20 315 425 
14.6 111 1?7 169 7.9 -27 314 418 
14.6 112 177 169 7 .8  -37 313 432 
14.7 122 i?b 168 7 .8  -24 312 432 
14.5 129 l?l 163 7 . 8  -23 316 431 
14.5 133 1?3 166 7.7 5 315 431 
14.5 127 175 167 7 . 8  -62 314 433 
14.6 123 174 167 7 .7  12 314 431 
14.6 136. 175 167 7 . 7  5 311 433 
14.6 116 1?2 16s 7 . 8  4 312 431 
14.5 130 174 167 7.7 -68 313 430 
14.5 134 117 1?0 7.? -66 313 432 
14.6 118 176 168 7 .6  9 317 430 
14.5 129 115 167 7 .8  4 314 432 
14.6 116 175 167 7 .8  -19 313 431 

TrtX kW freq effX File 
76 131 49.9 45.3 235 

74 125 49.9 44.2 237 3.12.82 

73 113 50.0 43.2 239 
74 109 50.0 41.6 240 
75 116 50.0 43.4 241 
74 110 49.9 43.2 242 
74 106 49.9 42.2 243 
74 108 50.0 43.3 244 
75 106 50.0 43.3 245 
74 100 49.9 42.5 246 
74 96 49.9 41.1 247 
73 99 50.0 42.9 248 
74 .bS 49.9 32.8 249 
74 85 50.0 40.1 250 
74 96 49.9 43.5 251 
74 108 49.9 47.0 252 
74 85 49.9 39.6 253 
74 78 49.9 36.8 254 
74 103 49.9 44.5 255 
74 86 49.9 40.1 256 
74 76 49.9 36.0 257 
74 94 49.9 41.8 258 
73 88 49.9 41.2 259 
74 8? 49.9 4 i . 2  260 
73 82 50.0 41.1 261 
74 76 49.9 39.5 262 
73 78 50.0 39.9 263 
73 82 5 0 . 0  41.3 264 
74 69 50.0 36.9 265 
74 50 49.9 31.1 266 
73 94 49.9 46.3 267 
73 ?8 49.9 4 0 . 4  268 

72 103 49.9 48.9 270 
74 68 49.9 37.3 271 
73 71 49.9 37.4 272 
74 ?4 49.9 38.6 273 

75 119 49.9 42.0 236 - 
74 118 50.1 43.3 238 

73 92 49.9 45.3 269 . 



Table  B-4. Unprocessed Data - Performance T e s t  Resul ts ,  P a r t  7 o f  15 

TDS=360000 ppnjInert gasses=38.0 ut% o f  vapor 

9 29 210.4 294.3 306.3 4.2 75.3 80.3 386 
9 40 211.9 295.9 318.2 2.6 97.2 99.8 317 
9 SO 212.3 301.8 319.7 1.8 99.9 102.9 319 

10 58 220.5 353.5 356.1 3.8 158.6 174.4 362 
11 1 220.4 353.5 356.1 2.9 160.3 175.9 362 
11 3 220.4 353.5 356.3 2.9 160.9 176.1 362 
11 3 220.4 353.4 356.2 2.7 160.5 176.3 362 
11 3 220.4 353.4 356.1 3.1 160.1 175.1 362 
11 3 220.4 353.4 356.1 3.1 160.2 175.0 362 
i1  3 220.4 353.4 356.0 3.2 158.1 175.2 362 
11 3 220.4 353.4 356.1 3.1 161.4 176.0 362 
i i  3 220.4 353.5 356.3 2.7 161.2 176.8 362 
11 3 220.4 353.4 356.4 2.7 162.6 176.7 362 
11 3 220.4 353.4 356.3 3.0 160.3 175.6 362 
l i  3 220.4 353.4 356.2 3.1 158.9 176.5 362 
1i 5 220.4 353.6 356.1 2.9 160.4 1?5.8 362 
11 5 220.4 353.6 356.2 2.8 160.0 1?6.2 362 
11 5 220.5 353.5 356.3 3.0 159.1 i?b.i 362 
11 5 220.4 353.5 356.2 3.4 159.4 174.8 362 
l i  5 220.5 353.5 356.1 3.1 160.2 175.5 362 
i1 5 220.5 353.5 356.1 2.9 159.2 176.3 362 
11 5 220.4 353.4 356.2 2 . 8  160.0 176.3 362 
11 5 220.4 353.3 356.3 2.8 lb2.5 176.6 362 
i i  5 220.5 353.4 356.2 2.9 162.4 176.5 362 
11 5 220.5 353.5 356.2 2.9 159.6 175.8 362 
11 57 21P.9 353.5 355.6 3.0 158.7 175.2 362 
11 5? 21?.9 353.5 355.5 3.2 158.0 174.7 362 
i i  57 220.0 353.6 355.6 2.9 158.9 175.3 362 
11 57 219.9 353.6 355.6 3.1 158.4 175.2 362 
11 5? 219.9 353.7 355.6 3.0 160.6 175.2 362 
1i 5? 21?.0 353.9 355.6 3.0 is?.? 175.0 362 
11 58 219.9 353.? 355.7 3.3 157.7 174.6 362 
11 58 210.9 353.6 355.? 2.9 159.9 175.1 362 
i 1  58 3?,? 353.7 355.5 2.9 158.0 175.0 362 
1i 58 2iP.Q 353.7 355.4 3.0 157.8 174.2 362 
i i  58 220.0 353.6 355.6 3.1 15?.8 174.8 362 
12 12 21?.8 353.2 355.4 3.0 15?.? 174.8 362 
12 is 219.8 353.3 355.4 3.1 157.6 175.2 361 

TIHE 12 T f  T i  B i  P i  Pf Tv 

io 3 212.9 300.6 319.0 1.7 108.3 102.3 310 

Pu Ps Pu P2 I H i  Hf nu Ls 1s U TrtX kW freq effX File 
79.5 13 100 14.8 125 135 168 7.7 -24 312 431 73 75 49.9 39.7 274 
99.2 13 113 14.5 25 137 131 5.6 -28 321 427 24 12 50.3 25.4 275 
101.9 14 115 14.6 29 151 147 4.4 -32 324 427 22 14 50.5 25.0 2?6 
101.5 12 114 14.6 14 148 144 4.1 -35 323 426 20 6 50.5 22.6 2?7 
173.5 183 188 15.3 537 344 334 9.9 141 359 430 80 435 49.9 44.3 278 
175.3 184 189 15.8 536 345 335 10.0 185 365 434 81 437 49.9 45.9 2?9 
15.6 184 189 15.8 541 343 333 9.8 202 360 433 80 447 49.9 47.1 4 3.23.82 
175.1 184 189 16.0 521 341 332 9.1 220 366 433 80 422 50.0 46.2 5 
1?4.8 184 189 15.7 523 342 332 10.4 18? 364 435 BO 433 40.9 44.9 6 
174.7 184 190 15.9 541 346 335 10.5 171 364 436 80 444 49.9 45.9 7 
1?4.8 185 189 15.8 522 351 340 10.8 158 36? 436 80 426 49.9 43.2 8 
175.1 185 190 15.8 523 356 345 11.1 84 3?3 435 80 429 40.9 42.8 9 
176.3 185 190 15.8 534 350 340 9.5 150 367 435 80 429. 49.9 45.2 10 
i?b.2 185 190 15.9 534 343 334 9.5 205 361 434 80 432 40.9 46.5 ii 
175.3 i85 189 15.8 528 342 332 10.2 176 361 434 80 434 49.9 45.5 12 
175.6 185 189 15.9 525 342 332 10.2 137 363 434 80 425 49.9 45.0 13 
175.2 184 189 15.8 537 343 333 9.7 2 i i  369 434 80 43V 50.0 46.4 14 
175.7 184 189 15.8 525 342 332 9.3 156 3?1 435 80 434 50.0 46.5 15 
175.4 184 189 15.9 543 342 332 9.9 182 361 433 80 437 50.0 46.5 ib 
174.6 185 189 15.7 534 345 333 11.3 202 361 433 80 434 50.0 43.7 1? 
1?4.9 184 189 15.9 531 347 336 10.6 160 360 433 80 431 50.0 44.7 18 

i?6.3 184 189 15.9 537 348 338 9.5 212 360 433 80 445 50.0 4?.3 20 
1?6.1 195 189 15.9 547 344 334 9.8 220 361 433 79 447 50.0 47.6 21 

175.1 185 189 15.9 525 343 333 9.6 168 361 433 ?? 423 50.0 45.3 23 
1?4.9 15 189 16.0 660 356 345 10.4 16 369 444 86 442 50.0 45.5 24 
174.2 12 189 15.9 647 357 346 11.0 -2 3?3 444 86 443 49.9 44.3 25 
175.1 14 189 15.9 644 355 345 ?.8 36 3?0 442 86 445 50.0 46.0 26 
174.4 14 189 15.7 662 353 343 10.4 -41 364 442 86 454 49.9 45.6 27 
175.2 14 189 15.9 679 354 344 1 0 . 4  30 361 442 86 460 49.9 47.0 28 
174.7 14 189 15.7 645 353 343 9.8 -14 366 441 86 438 50.0 44.8 20 
1?4.4 15 188 15.7 653 352 341 10.8 14 362 44i 85 453 50.0 45.3 30 
174.8 15 188 i6.O 637 351 341 10.0 -20 358 441 86 423 50.0 44.4 3i  
1?4 .4  14 189 16.0 653 349 339 9.7 14 365 442 86 444 50.0 46.8 32 
1?4.0 15 189 15.8 650 351 341 1 0 . 1  8 361 443 E6 4 2  50.0 43.5 33 
174.4 14 189 15.9 641 355 345 10.5 -2 365 442 86 438 50.0 44.7 34 
174.2 13 189 15.9 665 354 344 10.3 4‘1 364 443 86 441 50.0 45.3 35 
174.6 13 189 15.8 658 353 343 1 O . S  7 366 442 86 435 49.9 44.5 36 

175.4 185 189 16.0 528 348 338 9.9 108 360 433 .BO 435 50.0 45.9 19 

175.7 185 189 15.9 543 342 332 10.2  207 370 434 80 445 49.9 47.1 ?;! 



Table B-4. Unprocessed Data - Per fo i  

TDS=360000 p p n , I n e r t  qasses=38.0 wtX; of  vapor 
TIHE T2 T f  T i  01 Pi P f  Tv  
12 15 219.8 353.3 355.4 3.1 157.0 174.6 362 
12 15 219.8 353.3 355.4 3.1 158.6 175.0 362 
12 15 219.8 353.2 355.4 3.1 156.7 175.0 362 
12 15 219.8 353.3 355.3 3.2 157.7 174.6 362 
12 15 21P.8 353.3 355.4 3.3 157.? 174.3 362 
12 15 21P.8 353.2 355.3 3.0 157.4 174.7 362 
12 15 219.8 353.2 355.3 3.3 154.4 174.2 361 
12 15 218.8 353.2 355.3 3.2 158.1 175.0 362 

12 22 21?.8 353.2 355.3 3.0 157.5 1?4.8 361 
i 2  32 21P.9 353.3 355.4 3.0 157.9 174.6 361 
12 43 219.4 352.9 356.1 2.9 160.1 1?5.7 362 
12 53 218.9 352.8 356.2 2.8 160.6 175.7 361 
13 0 219.0 353.0 356.1 2.7 160.4 176.0 361 
13 0 3 0 . 0  352.9 356.2 2.8 161.2 175.7 361 
13 0 219.0 352.9 356.2 3.0 158.9 175.0 361 
i? 0 ,319.0 353.0 356.1 2.9 159.5 i?S.i 361 

m I3 G 219.G 353.0 356.0 2.8 161.0 175.1 361 
13 0 219.0 353.0 356.1 2.6 159.4 1 X . O  361 
13 0 219.0 353.0 356.1 3.0 160.1 175.5 36i 
13 0 213.0 353.0 356.2 2.6 161.6 175.8 361 
13 0 213.0 353.0 356.2 2.7 160.9 176.1 361 
13 0 214.0 352.9 356.2 2.7 160.0 175.5 361 
13 3 213.0 352.9 356.1 2.8 160.1 175.5 361 
13 14 213.0 353.0 356.1 2.8 159.8 1?5.3 361 
13 24 219.1 353.0 356.2 2.8 159.9 175.3 362 
13 34 219.3 353.0 356.1 2.4 159.7 175.2 362 
13 44 210.6 353.0 356.2 2.8 159.9 175.4 362 
13 54 219.6 353.0 356.2 2.8 160.6 1?5.6 361 
14 4 219.6 353.2 356.2 2.9 159.6 175.1 362 
14 14 21Y.6 353.3 356.2 2.9 159.4 175.1 361 
14 24 ?I?.? 353.0 356.0 2.9 159.7 175.2 361 
14 34 220.0 353.1 356.0 2.9 159.2 175.0 361 
14 44 220.1 353.4 356.0 2.9 159.8 175.2 361 
14 54 220.0 353.3 356.0 2.9 159.5 175.3 361 
15 4 219.9 353.4 356.0 2.9 159.2 174.9 361 
15 14 220.4 352.8 355.9 2.8 160.1 175.6 361 
15 25 221.0 353.0 355.9 2.8 159.7 175.1 361 
15 35 220.9  353.1 356.0 2.9 159.7 i?S.O 361 

12 16 21?.8 353.2 355.4 3.1 156.2 174.7 361 

P v  Ps Pw 
173.8 12 139 
174.3 14 189 
173.9 13 188 
1?3.3 13 109 
173.9 12 189 
174.2 13 189 
173.3 13 189 
1?3.8 13 189 
1?3.9 13 189 
1?4.1 13 189 
174.2 13 189 
175.3 13 189 
175.4 13 189 
175.6 13 189 
575.3 13 188 
1?4.7 13 188 
1?4.? 13 188 
1?5.2 15 189 
174.6 13 188 
1?4.9 13 109 
175.4 13 189 
175.6 13 189 
175.1 13 189 
175.1 13 189 
174.9 183 109 
175.0 184 189 
1?4.8 184 189 
1 X . O  184 189 
1?5.4 184 189 
174.6 183 188 
174.7 184 189 
174.9 184 189 
174.5 104 109 
174.7 184 189 
174.8 184 189 
174.5 184 189 
1?5.0 184 189 
174.5 184 189 
174.5 183 189 

rlllance Test  Results, Par t  8 of 15 

P2 I Hi Hf MY Ls Tr: V TrtX kW f r e q  e f f X  File 
15.9 663 3% 341 10.2 9S 370 442 86 446 49.9 46.0 3? 
15.9 666 352 342 10.5 33 364 442 86 443 49.9 45.5 38 
15.9 656 350 339 10.4 5? 360 442 86 437 49.9 45.3 39 
i5.9 655 352 341 10.7 69 359 442 86 436 49.9 44.4 40 
15.9 661 354 343 11.0 30 360 442 85 441 49.9 44.5 41 
15.8 667 355 345 10.2 48 359 442 86 436 49.9 44.7 42 
15.9 659 354 344 10.7 48 359 442 86 438 49.9 44.5 43 
16.0 656 357 346 11.2 30 361 442 86 435 49.9 43.8 44 
16.0 656 357 347 10.3 54 361 442 85 436 49.9 44.8 45 
15.9 644 354 344 10.2 36 365 440 86 437 49.9 45.0 46 
15.8 626 355 345 10.3 10 366 438 86 429 50.0 44.0 47 
15.8 592 342 333 9.8 197 364 438 79 413 50.0 44.6  40 
15.7 602 337 328 9.7 216 364 442 76 409 49.9 44.8 49 
15.9 602 343 334 9.3 140 361 442 77 409 49.9 44.9 50 
15.8 591 337 3?? 9.7 211 360 441 77 408 49.9 44.7 Si 
15.8 609 336 326 9.9 190 369 443 7? 412 49.9 44.’9 52 
15.7 603, 339 329 9.7 173 366 442 7? 409 50.0 44.3 53 
15.9 608 339 329 9 5 ib? 367 442 ?? 416 49.9 45.8 54 
15.8 606 340 331 8.8 156 359 443 77 406 50.0 45.0 55 
15.7 599 343 333 10.1 105 368 441 77 407 50.0 43.3 56 
15.7 606 342 333 9.2 144 3?0 444 77 412 49.9 44.9 57 
15.8 617 340 331 9.1 1?3 369 442 77 422 49.9 46.4  58 
15.7 607 340 331 4.3 180 363 444 7? 416 49.9 45.4 59 
15.7 602 338 329 9.6 ib5 365 442 77 409 49.9 44.5 60 
15.8 594 341 332 9.6 144 366 441 7? 403 49.9 43.7 61 
15.9 597 341 332 9.6 120 363 441 77 405 49.9 44.1 62 
15.9 607 337 327 9.7 97 365 441 78 407 49.9 44.6 63 
15.9 606 338 329 9.5 121 365 439 7? 405 49.9 44.7 64 
15.9 598 335 325 9.5 135 364 440 76 402 50.0 44.9 65 
16.0 633 336 327 9.6 -5 363 440 7? 401 49.9 44.3 66 
16.0 603 338 328 9.6 -6 365 432 77 401 49.9 44.1 67 
16.1 589 338 328 9.6 -1 366 432 7? 398 49.9 44.2 68 
16.1 607 337 328 9.6 I 364 435 70 305 49.9 43.9 60 
16.3 600 335 325 9.6 -7 365 434 ?7 395 49.9 44.4 70 
16.3 602 334 325 9.6 -8 369 437 76 387 49.9 43.7 71 
16.4 599 336 327 9.5 -15 363 436 76 388 50.0 43.7 72 
16.5 590 337 328 9.3 124 362 435 76 380 49.9 43.7 73 
16.4 582 338 328 9.4 68 363 435 76 310 4P.9 42.2 74 
16.2 542 334 325 9.5 62 366 430 76 365 49.9 41.5 75 



Table 8-4. Unprocessed Data - Performance Test Results, Par t  9 o f  15 

TDS=360008 pprr jInert gasses=38.0 ut% o f  vapor 
TIME T2 T f  Ti 01 Pi P f  Tu Pu Ps Pw P2 I H i  ttf Hu Ls 1s U TrtX kU freq effZ File 
15 45 220.? 352.9 355.9 
15 55 220.6 353.0 356.0 
16 5 220.6 352.9 355.9 
16 15 220.? 352.8 355.9 
16 25 EO.? 352.8 355.8 
16 43 220.8 352.7 356.0 
I? 29 23.3 352.5 356.0 
17 57 221.3 352.3 356.0 
18 ? 221.4 352.1 356.0 
18 17 221.4 352.2 355.8 
ia ZJ 221.4 352.1 355.0 
23 20 214.3 341.1 344.2 
23 20 214.2 341.0 344.2 
23 20 214.5 341.1 344.3 
23 20 214.3 341.0 344.3 
23 20 214.3 341.1 344.2 
23 20 214.3 341.1 344.2 

w 23 20 214.2 341.1 344.2 
23 20 214.3 341.0 344.2 
23 20 211.3 341.0 344.2 
23 25 214.3 341.3 349.4 
23 23 214.3 341.3 344.4 
13 20 214.3 341.3 344.6 
23 23 214.3 341.3 344.5 
23 20 214.3 341.3 344.5 
22 29 214.3 341.3 344.5 
23 20 214.3 341.3 344.5 
23 2? 214.3 341.3 344.5 
22 2? 214.3 341.3 344.6 
23 2? 214.3 341.2 344.5 
23 29 214.3 341.2 344.5 
23 30 214.1 341.2 344.4 

23 50 213.7 340.3 343.5 
23 50 213.7 390.3 343.5 
23 50 213.7 340.2 343.6 
23 50 213.? 340.2 343.5 
33 50 213.? 340.2 343.6 
23 50 213.? 340.2 343.5 

'C 

23 50 212.8 340.3 343.4 

2.8 159.4 175.1 361 
2.8 159.6 175.0 361 
2.8 159.9 175.0 361 
2.8 159.9 175.2 361 
2.8 159.9 175.1 361 
2.8 159.4 175.0 361 
2.7 160.1 175.3 361 
2.7 160.3 175.4 361 
2.6 168.5 175.3 361 
2.7 159.4 175.0 361 
2.7 160.0 175.2 361 
0.0 173.0 178.7 222 
0.0 173.9 1?9.7 222 
0.0 1??.4 183.5 222 
0.0 i73.8 188.5 222 
0.0 1?3.4 178.2 222 
0.0 i73.6 179.6 222 
0.0 173.5 1?9.8 222 
0.0 173.3 180.3 222 
0.0 172.9 178.5 222 
0.0 175.6 180.9 222 
0.0 172.0 1?8.0 222 
0.0 174.9 179.7 222 
0.0 176.2 182.0 222 
0.0 175.3 181.7 222 
0.0 1??.0 181.3 222 
0.0 176.0 181.5 222 
0.0 1?4.8 181.3 222 
0.0 1??.2 181.8 222 
0.0 1?7.0 182.0 222 
0.0 175.7 181.1 222 
0.0 i?b.B 181.9 2 2  
0.0 1??.5 181.7 222 
0.0 1?7 2 181.1 222 
0 . 0  1?4.5 180.5 222 
0.0 173.4 178.8 222 
0.0 172.9 1T.6 222 
0.0 175.8 I B i . ?  222 
0.0 1?9.0 183.8 222 

174.6 184 189 16.1 536 334 325 9.4 68 365 430 
174.5 184 189 16.1 554 336 326 9.5 63 365 434 
1?4.6 184 189 16.1 512 334 325 9.3 66 365 433 
174.7 184 189 16.2 514 334 324 9.4 85 362 436 
174.4 184 189 16.2 508 333 323 9.3 111 362 435 
174.2 183 189 16.3 507 335 326 9.4 114 366 438 
1?4.3 184 189 16.6 481 335 325 9.2 193 364 441 
174.6 183 189 16.8 463 335 326 9.1 306 365 441 
174.5 183 189 16.7 443 336 326 9.1 296 366 441 
174.1 183 189 16.7 458 335 326 9.2 229 363 441 
174.3 95 189 16.6 460 335 326 9.2 223 362 436 
1?8.5 12 194 14.9 267 295 295 0.0 -31 368 401 
1 T . 7  11 195 14.9 267 288 288 0.0 3 368 401 
180.4 12 195 15.0 267 301 301 0.0 6 368 401 
179.2 11 195 15.0 266 293 293 0.0 -15 368 400 
176.6 13 195 14.9 2?0 298 298 0.0 5 368 399 
181.8 12 195 14.9 266 297 297 0.0 -13 369 399 
1?7.1 12 195 14.9 266 239 299 0.0 -9 368 399 
580.6 12 195 14.9 266 295 295 0.0 12 369 339 
i??.? 12 194 14.9 266 295 295 0.0 -18 369 399 
180.9 13 195 14.9 266 292 292 0.0 -4 366 309 
1P.5 14 194 14.9 266 289 289 0.0 16 368 3P9 
181.0 14 195 14.9 267 287 287 0.0 -? 367 399 
181.4 14 135 14.9 266 298 238 0.0 -11 368 399 
185.1 13 195 14.9 2?0 290 290 0.0 -4 368 309 
180.4 13 196 15.0 266 296 296 0.0 10 368 399 
183.2 13 196 14.9 266 292 292 0.0 -19 367 399 
179.9 13 196 14.9 266 290 290 0.0 -2 368 3?9 
180.7 13 196 14.9 266 290 2% 0.0 -5 368 400 
182.9 13 196 14.9 265 283 293 0 . 0  -1 367 400 
180.4 13 196 14.9 267 294 294 0.0 -? 368 400 
181.8 13 196 14.9 249 291 2% 0.0 -4 367 419 
1'79.8 12 105 14.8 23@ 287 287 0 . 0  35 367 430 
180.1 16 195 14.8 231 282 282 0.0 44 366 431 
179.9 16 i P 5  14.8 230 284 204 0.0 32 366 430 
1??.5 16 595 14.8 230 282 282 0.0 50 366 430 
1?9.0 16 i95 14.8 229 282 282 0.0 24 366 430 
13.5 16 i95 14.8 230 285 285 0.0 4? 366 431 
180.0 i 6  195 14.8 231 285 285 0.0 37 367 431 

75 362 43.9 41.1 76 
75 358 49.9 40.5 77 
75 353 49.9 40.4 78 
75 348 4P.9 40.1 79 
75 345 49.9 40.0 80 
75 341 49.9 39.2 81 
75 3 3  50.0 37.9 82 
75 313 50.0 37.7 83 
74 304 50 .0  36.8 84 
?5 301 49.9 36.4 85 
?5 301 49.9 36.2 86 - 
8 185 50.0 36.0 88 3.25.82 
6 185 49.9 36.8 89 
8 185'49.9 35.5 90 
8 I85 49.9 36.6 91 
8 185 50 .0  35.6 92 
8 185 50.0 35.8 93 
8 185 49.9 35.6 94 
8 185 49.9 36.0 95 
8 185 49.9 36.1 96 
8 185 49.9 36.3 9? 
8 165 50.0 36.5 98 
8 185 50.0 36.9 93 
8 185 50.0 35.5 100 
8 185 50.0 36.5 105 
8 185 50.0 36.0 102 
8 185 50.0 36.2 103 
8 185 50.0 36.4 104 

8 185 50 .0  3?.3 106 
8 185 50.0 36.0 107 
8 181 50.0 35.7 108 
? 1?3 5 0 . 0  35.0 109 
7 1?2 50.0 35.6 110 
7 1?3 50.0 35.4 111 
7 173 50.0 35.? 112 
8 173 50.1 35.7 113 
7 173 50.0 35.4 114 

8 ias 49.9 36.4 10s 

7 i73 50.0 35.3 11s 



0 38‘214.1 347.8 351.2 0.0 171.8 180.0 222 178.9 12 194 14.9 267 261 261 0.0 194 367 409 7 191 50.1 37.6 146 
0 38 214.1 346.8 351.3 0.0 170.8 173.6 222 179.7 12 195 14.9 267 264 264 0.0 224 366 408 7 190 50.1 37.7 147 
0 38 214.1,.345.8 351.3 0.0 180.0 1?6.5 222 180.5 12 195 14.9 267 264 264 0.0 210 367 410 7 190 50.0 38.1 148 
0 38 214.~0’345.1 351.3 0.0 172.2 180.6 222 177.8 12 194 14.9 267 260 260 0.0 219 368 409 7 198 50.1 39.1 149 
.o 53 219.0 353.0 356.0 . O . O  1 3 . 4  182.1 2 2  181.’6 11 195 14:9 267 254 254 0.0 241 366 411 7 190 50.0 35.7 150 

I 0’-53 214.2 352.9 356.0 0.0 178.2 181.5 222 180.4 12 195 14.9 266 253 253 0.0 240 367 439 7 190 50‘.1 35.9 151 . 
0.53--214.2 352.9.355:9 . O . O  f77.9 180.8 222 181.1 11 195 14.9 266 255 255 0.0 216 367 409 7 190 50.0 35.6 1% 
0 53 214.1 352.9 356.0 0.0 175.2 180.1 222 181.5 11 195 14.9 267 252 252 0.0 260 367 411 7 190 50.0 36.0 153 
0 53 2i4.2 352.9 356.0 0.0.. 176.7 177.3 222 180.6 12 194 14.9 267 253 253qO.O 2?1 363.410 7 190 50.0 35.9 554 - 



Table B-4. Unprocessed Data - Performance Test Results, P a r t  11 o f  15 

TDS=360000 pprrjlnert gasses=38.0 utX o f  vapor 

0 53 214.2 352.9 355.9 0.0 173.9 18i.i 222 
TIHE T2 T f  Ti Q1 P i  Pf Tu 

e 53 214.2 352.9 356.0 0 . 0  188.8 18i.7 222 
o 53 214.2 353.0 356.0 o . e  175.9 178.0 222 
o 54 214.2 343.0 356.8 0 . 0  178.9 185.7 222 
0 54 214.2 352.9 356.0 0 . 8  177.3 180.8 222 
0 54 214.1 352.9 356.0 0.0 177.8 181.7 222 
1 24 215.6 353.0 356.0 0 . 0  175.9 18i.O 222 
1 54 215.9 3S2.9 356.1 0.0 177.2 181.8 222 
2 24 215.8 352.6 355.7 0.0 176.8 182.3 222 
2 54 216.0 352.2 355.3 0.0 178.4 182.8 222 
3 24 215.6 352.0 355.1 0 . 0  178.0 183.6 222 
3 54 21S.8 351.9 355.0 0.0 179.7 183.6 222 
4 24 215.9 351.8 354.8 0.0 177.5 182.2 222 
4 54 216.3 351.6 354.7 0.0 177.5 183.0 222 
5 24 215.8 351.7 354.8 0.0 177.7 184.2 222 
5 54 216.0 351.8 354.9 0 . 0  178.6 183.3 222 
6 24 216.0 351.7 354.9 0.0 179.5 182.4 222 

& ? 24 2iS.? 351.7 354.9 0.0 178.0 582.0 222 
w 7 54 21?.0 351.7 354.9 0.0 177.4 182.8 222 

8 24 216.6 351.6 354.6 0.0 178.7 181.4 222 
8 54 216.2 351.7 355.0 0.0 1?8.3 183.6 222 
? 24 216.0 351.5 354.5 0.0 176.3 182.0 222 
? 54 215.8 351.3 354.5 0.0 1X.2 181.2 222 

10 24 155.8 349.1 255.6 0.0 43.5 186.3 222 
18 1 21?.? 351.? 35?.2 0.0 149.7 171.5 222 
18 1 217.9 351.9 39.2 0.0 15i.S 173.0 222 
18 1 217.? 352.0 35?.3 0.0 152.0 1X.5 222 
18 1 217.8 351.9 357.4 0.0 150.3 173.6 222 
18 i 21?.8 351.9 357.5 0.0 150.3 173.0 222 
18 1 217.9 351.9 35?.? 0.0 150.5 172.8 222 
i8  1 21?.? 351.9 3S?.? 0.0 151.1 173.1 222 
18 1 21?.? 351.9 357.8 0.0 150.0 173.0 222 
18 1 21?.0 351.0 357.8 0.0 148.6 172.3 222 
18 1 3?.? 351.8 35?.? 0 . 0  148.5 173.1 222 
i8  S 21?.8 351.8 35?.? 0.0 150.3 172.? 222 
18 6 3 ? . 3  352.8 359.5 0.0 153.5 1?3.7 222 
18 ? 217.4 351.8 358.? 0.0 149.6 171.2 222 
10 ? 21?.5 351.6 358.4 0.0 151.9 1?3.? 222 

m 6 54 216.1 351.8 354.8 0.0 177.3 181.9 222 

P O  
180.5 
181 . O  
180.0 
180.7 
181.4 
i B 0  .e 
180.8 
182. 1 
181. 1 
184.6 
184.3 
184.2 
183.9 
183.5 
183.4 
183.5 
183. 1 
183.3 
183.2 
183.2 
182.7 
182.9 
582.9 
183.5 
184.3 
179.0 
179.0 
179. 1 
179. 1 
1?9. 1 
1?9 . 1 
1%. 8 
1?9.2 
1?9. 1 
1?9.2 
1?9.2 
179.6 
1?9.6 
1?9.4 

Ps Pw P2 I 
12 195 14.9 266 
11 194 14.9 265 
11 195 14.9 266 
11 195 14.9 266 
1 i  195 14.9 266 
12 195 14.9 266 
13 194 15.0 266 
13 194 14.9 266 
13 194 14.9 266 
13 195 14.9 267 
12 194 14.9 266 
i4 194 14.9 26b 
14 194 14.9 267 
15 194 14.9 267 
12 194 14.9 267 
14 194 15.0 267 
13 194 15.0 267 
12 194 15.0 266 
12 194 14.9 263 
13 194 14.8 267 
13 194 15.0 266 
12 194 14.9 265 
13 194 14.9 266 
12 194 14.9 267 
13 194 14.7 16 
14 186 14 .8  244 
14 186 14.8 243 
12 186 14.8 244 
13 187 14.8 242 
12 186 14.8 242 
13 187 14.8 244 
12 187 14.8 243 
13 186 14.8 242 
14 187 14.8 243 
13 186 14.8 242 
13 187 14.8 243 
13 187 14.6 243 
13 107 14.8 243 
12 187 14.8 242 

M i  
253 
252 
251 
250 
251 
252 
259 
263 
260 
255 
259 
255 
254 
251 
252 
250 
252 
254 
251 
250 
254 
253 
251 
255 
43 
281 
282 
281 
2?9 
280 
28 1 
280 
280 
280 
282 
3 1  
2?1 
2?2 
2 3  

Hf 
253 
252 
25 1 
250 
251 
252 
259 
263 
260 
255 
259 
255 
254 
251 
252 
250 
252 
254 
251 
25 0 
254 
253 
?Si 
255 
43 
281 
282 
28 1 
2?9 
280 
281 
280 
280 
280 
282 
291 
2? 1 
2?2 
273 

HV Ls Ts 1‘ TrtX kW freq effX File . 
0 . 0  215 367 409 7 191 50.0 35.9 155 
0 . 0  236 367 409 7 191 49.9 36.0 156 
0.0 271 367 409 7 191 9 . 0  36.2 15? 
0.0 248 367 408 7 191 50.0 36.4 158 
0.8 245 367 409 7 190 50.0 36.2 159 
0.0 254 367 410 7 190 50.0 36.0 160 
0.0 2?? 368 410 7 190 50.0 35.1 161 
0.0 164 368 409 7 i90 49.9 34.5 162 
0.0 222 368 409 7 190 49.9 35.2 163 
0.0 247 365 409 7 190 50.0 36.0 164 
0.0 242 365 409 7 191 49.9 35.6 165 
0.0 233 365 409 7 191 50.0 36.2 166 
0.0 289 364 409 7 191 50.0 36.4 167 
0.0 334 363 410 7 I91 ‘50.1 36.9 168 
0.0 296 364 410 7 191 50.0 36.8 163 
0.0 234 363 410 6 191 SO.1 33.2 170 
0.0 230 364 410 7 191 50.2 37.0 171 
0.0 186 364 410 ? 191 50.1 36.6 1?2 
0.0 185 363 409 7 191 50.1 36.9 1?3 
0.0 137 364 410 7 190 50.1 36.8 174 
0.0 109 365 410 ? 190 50.0 36.6 175 
0.0 226 367 410 6 189 50.0 36.4 176 
0.0 i27 364 410 6 1?1 50.1 3?.0 i?? 
0.0 93 368 410 7 190 50.0 36.4 178 

0.0 1? 357 461 17 tP6 49.7 33.3 199 3.30.82 
0.0 1 356 460 16 i?? 48.9 33.3 200 
0.0 15 356 461 15 198 49.8 33.5 201 
0.0 23 356 458 16 195 49.8 33.4 202 
0.0 15. 355 459 16 1?6 49.8 33.4 203 
0.0 -? 356 461 1? 188 49.8 33.6 204 
0.0 9 355 461 16 1’98 4?.8 33.7 205 
0.0 i i  355 459 i? 106 49.8 33.4 206 
0.0 16 356 459 i6 196 4P.8 33.5 207 
0.0 18 355 450 i? 196 49.? 33.3 208 
0.0 46 356 460 16 1?6 48.8 33.4 209 
0.0 109 356 458 15 iQ5 50.0 33.7 21il 
0.0 110 356 460 16 101 49.0 34.5 211 
0.0 110 357 459 i L  196 49.8 34.4 212 

0.0 382 363 90 18 i l  45.9 46.5 179 - 



. . -. . . .. .~ 

Table B-4. Unprocessed Data - Per 

TDS=360000 ppn;Inert qasses-38.0 ut% o f  vapor 
TIHE T2 ’ T f  ’ T i  Q1 P i  P f  Tu 
18 ? 21?.5 351.6 358.2 0.0 149.9 172.5 222 
18 ? 217.6 351.7 358.1 0.0 152.4 172.6 222 
18 7 217.6 351.5 357.9 0.0 149,1 172.2 222 
18 ? 21?.6 351.5 357.9 0.0 148.8 173.8 222 
18 ? 217.? 351.5 357.? 0.0 149.1 172.6 222 
18 ? X?.? 351.6 357.? 0.0 152.5 174.2 222 
18 ? 21?.? 351.5 357.7 0.0 150.9 172.0 222 
18 ? 21?.? 351.7 357.9 0.0 150.4 172.7 222 
18 3? 216.9 350.8 356.3 0.0 157.5 12.9 222 
19 8 Pi?.? 352.1 358.0 0.0 153.8 170.0 222 
I? 42 21?.6 351.7 35?.? 0.0 157.5 172.7 268 
i? 42 21?.? 351.9 35?.? 0.0 157.1 171.7 266 
i? 42 21?.6 351.9 357.? 0.0 156.6 1?1.6 266 
19 42 21?.6 351.8 357.8 0.0 154.7 170.0 266 
19 42 21?.6 351.9 357:8 0.0 iSb.? 170.3 266 
19 42 ?1?.6 351.9 357.8 0.0 156.7 171.0 265 
i? 42 21?.6 351.9 357.8 0.0 157.7 172.7 265 

7 i? 42 21?.6 355.9 357.8 0.0 155.6 171.7 265 
19 42 21?.6 351:9 35?.8 0.0 156.7 169.8 264 
19 42 21?.6 351.9 357.8 0.0 155.3 171.5 264 
20 9 215.4 353.1 355.? 3.6 148.1 1?4.1 368 
20 39 215.8 352.1 359.4 3.2 158.6 174.7 369 
21 ? 215.5 352.0 359.P 3.2 160.3 1?5.2 366 
21 3? 215.8 353.0 360.0 3.4 157.8 1?4.4 364 
22 ? 216.1 352.9 359.9 3.3 158.4 174.9 364 
22 30 215.6 352.9 360.0 3.3 157.8 175.1 364 
22 31 215.6 352.9 360.0 3.1 160.5 175.2 364 
22 31 215.6 352.9 360.1 3.2 160.0 175.1 364 
22 31 215.6 352.9 360.0 3.2 158.7 175.1 364 
22 31 215.5 352.9 360.1 3.5 156.8 174.6 364 
22 32 215.5 353.0 360.1 3.7 157.8 175.1 364 
22 32 215.5 353.0 360.1 3.3 i58.8 175.5 364 
22 32 215.5 353.0 360.2 3.2 159.9 175.3 364 
22,32 215.5 352.9 360.1 3.2 160.3 175.7 364 
22 32 215.5 353.0 360.1 3.3 157.5 175.2 364 
22 32 215.5 352.9 360.0 3.5 156.? 174.8 364 
22.59 216.3 352.6 .3 3.2 159.5 176.3 364 
23 28 216.9 351.7 3f9.6 3.0 159.0 175.7 364 

B 0 216.8 351.7 359.6 3.0 158.7 175.9 364 

;u 

Pu 
179, 6 
179.3 
1?9.4 
179.3 
1?? .3 
1?9.3 
179.6 
179.3 
1?9.4 
173.0 
3?.8 
36.6 
36.4 
36.3 
36. 1 
35.9 
35.7 
35.5 
35.3 
35.3 
173.4 
174.0 
174.5 
173.5 
174. 1 
174.4 
174.7 
174.2 
174.7 
174. 1 
174.3 
174.7 
174. 1 
174.7 
174.5 
174. 1 
175. 5 
174.9 
175. 2 

P5 Pu 
15 197 
13 187 
15 187 
14 187 
15 187 
13 187 
15 187 
14 187 
13 190 
12 188 
13 189 
1s 188 
13 189 
13 189 

13 188 
12 .189 
13 188 
1s 189 
13 189 
12 189 
13 189 
11 189 
13 189 
13 189 
181 189 
i81 189 
181 189 
181 189 
181 189 
181 189 
181 189 
181 190 
185 189 
181 189 
181 189 
181 189 
12 589 
12 199 

13 189 

*forrnance Test Resul ts,  P a r t  12 o f  15 

P2 I Hi H f  i i v  Ls Ts  U TrtX k# f r e q  e f f X  F i l e  
14.8 242 275 275 0.0 123 357 460 16 196 49.7 34.2 213 
14.6 242 2?6 276 0.0 124 356 459 15 196 49.9 33.8 214 
14.8 241 276 276 0.0 117 356 461 16 196 49.7 34.0 215 
14.8 242 277 277 0.0 116 357 460 16 195 4?.8 33.8 216 
14.8 243 -2?9 279 0.0 103 356 461 i? 195 49.8 33.7 217 
14.6 243 283 283 0 . 0  95 357 461 16 195 49.9 32.9 218 
14.8 243 282 282 0.0 114 355 459 16 196 49.9 33.4 219 
14.7 243 279 2?9 0.0 89 356 460 16 196 49.8 33.6 220 
14.8 244 291 291 0.0 -13 360 461 i? 19? 50.0 32.8 221 
14.9 240 294 294 0.0 115 360 453 16 190 44.9 31.2 222 
14.9 240 293 293 0.0 110 360 453 14 191 50.0 31.5 224 
15.0 241 294 E94 0.0 56 360 453 15 191 49.9 31.6 225 
14.9 240 295 295 0.0 141 360 453 15 191 50.0 31.2 226 
14.8 241 295 295 0.0 73 361 455 16 191 50.0 31.1 227 
15.0 240 294 294 0.0 53 360 453 16 192 5O:O 31.8 228 
14.9 240 294 294 0.0 94 360 453 15 191 50.0 31.4 225, 
14.9 241 293 293 0.0 64 361 455 14 191 50.0  31.5 230 
14.9 242 294 294 0.0 104 361 453 15 191 50.0 31.4 231 

15.0 240 296 296 0.0 36 362 454 16 191 49.9 31.4 233 
14.9 403 242 234 7.4 2 365 454 59 320.49.9 42.5 234 
15.0 405 248 240 “8.0 138 366 454 53 322 49.9 41.3 235 
14.9 405 237 229 7.7 165 365 454 48 322 50.1 45.1 236 
15.0 405 247 239 8.0 89 366 453 53 322 49.8 43.5 23? 
15.1 404 249 241 8.0 148 367 453 54 321 49.8 44.0 238 
14.9 404 247 239 7.9 173 367 453 53 322 4P.8 44.0 239 
14.8 404 244 237 7.6 210 366 453 53 321 49.8 44.7 240 
14.9 404 247 240 7 .8  221 366 453 54 321 49.8 44.1 241 
14.9 405 248 240 7.7 256 366 452 54 321 49.8 44.4 242 
14.9 406 247 239 8.1 261 367 454 52 321 49.8 43.6 243 
14.9 406 248 240 8 . 7  253 368 454 52 321 49.8 42.6 244 
14.8 404 249 241 8.0 209 366 453 52 322 49.8 43.5 245 
14.9 406 247 240 7.8 219 367 455 54 322 49.8 44.2 246 
14.9 405 249 242 7.9 168 367 453 54 322 49.9 44.0 247 
14.9 404 248 240 7.9 148 365 453 53 321 49.8 14.0 248 
14.6 405 247 239 8 . 1  153 367 453 52 322 49.7 43.2 249 
15.0 404 243 235 7.7 443 366 453 54 321 49.7 45.6 250 
15.2 404 250 243 7.6 515 366 453 56 321 49.7 45.5 251 - 
15.3 404 253 245 7.7 445 366 453 57 321 49.6 45.2 252 3.31.82‘ 

14.39 242 295 295 0.0 85 361 455 16 191 50.0 31.2 232 

* 



c 

Table B-4. Unprocessed Data - Performance Test Results, Part 13 of 15 c 
.5 

TOS=360000 ppfijlnert qasses=38.0 ut% o f  vapor 

0 30 216.9 352.5 360.1 3.1 159.1 1?5.9 365 
1 0 21?.0 351.8 359.9 3.0 159.7 176.3 364 
1 30 21?.3 351.8 359.7 3.0 159.0 176.1 364 
2 0 21?.6 352.6 359.8 3.1 157.9 175.9 364 
2 30 21?.9 352.0 359.2 3.2 156.9 175.2 364 
3 0 ?I?.? 352.0 359.9 3.0 158.0 175.9 364 
3 30 218.0 352.1 360.0 3.1 157.8 175.8 364 
4 0 218.1 352.0 359.6 3.1 156.9 175.6 364 
4 30 21?.5 353.4 361.0 3.2 158.4 i?b.i 364 
5 0 218.1 351.8 359.5 3.2 155.6 175.2 364 
5 30 218.2 355.4 361.1 3.6 156.9 175.7 365 
6 0 218.8 352.0 358.9 3.3 154.7 174.6 364 
b 30 218.8 351.9 359.0 3.3 155.1 174.8 364 
? 0 218.? 351.7 358.2 3.4 151.7 173.4 364 
? 30 219.4 351.3 35?.3 3.4 150.4 172.9 363 
8 0 219.8 351.2 35?.? . 3.4 150.7 172.6 363 
8 30 220.4 351.5 355.8 3.6 146.8 171.5 363 

11 3? 219.9 350.4 359.6 2.? 159.2 176.6 364 
I 12 ? 219.5 356.0 362.1 3.4 159.6 176.9 365 
E. 12 37 219.9 355.8 361.2 3.5 157.1 175.9 365 

13 ? 22O.P 355.5 360.2 3.7 154.0 175.1 364 
13 37 221.0 355.4 359.? 3.7 153.6 174.7 364 
14 ? 221.0 352.4 356.4 3.6 147.7 172.3 363 
14 3? 219.7 350.8 359.1 2.9 157.0 176.0 364 
17 47 216.2 353.0 352.0 0.0 W . 7  174.2 247 
i? 4? 216.3 353.0 352.0 0.0 168.1 174.6 247 
17 4? 216.3 353.0 352.0 0.0 167.? 174.3 247 
17 4? 216.3 353.0 352.1 0.0 167.9 174.2 247 
17 4? 216.3 353.0 352.1 0.0 168.0 1 ? 4 . 0  247 
1? 47 216.2 353.0 352.1 0.0 16?.1 1?4.1 247 
17 4? ,316.3 353.0 352.0 0.0 lb?.? 173.8 247 
17 47 216.3 353.0 352.1 0.0 167.6 174.1 246 
1 7  47 216.3 353.0 352.1 0.0 ib?.? 1?4.1 246 
i? 4? 216.2 353.0 352.1 0.0 167.9 1?4.3 246 
i? 4P 216.2 353.1 352.1 0.0 166.8 173.6 252 
i? 49 216.1 353.0 352.1 0.0 W . 5  173.7 252 
17 49 216.1 353.1 352.2 0 . 0  166.8 173.7 252 
i? 49 216.0 353.1 352.2 0.0 lb?.i 173.8 252 
i? 49 216.0 353.1 352.1 0.0 ib?.1 1?3.6 253 

TIHE T2 T f  T i  Q1 P i  P f  Tv  

W 

P v  Ps Pw 
175.1 13 190 
1?5.5 13 190 
175.1 13 190 
175.0 12 190 
174.6 13 190 
175.0 13 190 
175.1 12 190 
174.8 13 190 
13.4 13 190 
174.3 11 190 
174.9 13 190 
173.7 13 190 
173.8 14 190 
172.5 13 190 
171.9 13 190 
171.8 11 190 
170.7 13 190 
176.0 13 190 
176.2 14 190 
1?5.4 13 189 
174.5 12 189 
1?4.1 12 189 
171.7 13 189 
175.5 15 190 
179.8 184 192 
1?9.1 184 192 
1?9.7 184 192 
178.8 184 192 
1?8.6 183 192 
178.7 183 192 
179.4 183 192 
1?9.1 183 192 
179.0 183 192 
1??.2 184 192 
178.3 184 192 
178.7 183 192 
170.1 183 192 
179.1 183 192 
175.9 183 192 

P2 I Hi Hf Hu Ls T5 V TrtX kU freq effX File 
15.1 404 251 244 7.8 263 367 453 56 321 49.7 44.2 253 
i5.2 404 250 242 7.7 403 367 453 56 321 49.7 45.5 254 
15.3 404 253 245 7.8 353 366 453 59 321 50.0 45.0 255 
15.4 405 257 249 ?.9 285 367 453 60 321 4P.9 44.0 256 
15.4 404 261 253 8.1 256 367 453 63 321 49.8 43.6 257 
15.4 404 262 254 7.9 259 367 453 61 321 49.9 43.8 258 
15.5 405 259 251 8.0 244 367 453 61 321 49.9 44.2 259 
15.4 404 264 256 8.1 -12 367 453 63 321 49.8 43.2 260 
15.4 404 255 247 7.9 -12 367 453 60 321 50.1 43.7 261 
15.5 404 267 258 8.4 -11 367 453 64 321 49.8 42.8 262 
15.6 404 266 258 8.5 -11 368 453 64 321 50.2 4 0 . 8  263 
15.7 404 2?8 269 8.7 -10 368 453 69 321 49.9 41.0 264 
15.7 405 275 266 8.6 -12 368 454 67 321 50.0 41.5 265 
15.7 404 294 285 9.3 -15 368 453 72 321 $0.0 38.8 266 
15.8 405 298 289 9.3 -13 369 453 76 321 49.9 38.7 267 
15.9 404 302 293 9.4 -14 369 453 76 321 50.0 38.5 268 
16.1 404 318 308 9.9 -15 368 453 85 321 49.9 36.7 269 
15.8 334 255 247 7.5 482 367 435 61 254 50.0 38.6 2?3 
15.8 335 246 239 ?.6 483 366 434 62 254 49.9 36.4 274 
15.9 334 262 253 8 . 2  108 368 434 65 254 49.7 34.2 275 
16.0 334 271 263 8.6 17 368 435 70 254 48.9 33.2 276 
16.1 334 277 268 8.7 1 368 434 ?? 254 49.7 32.6 277 
16.1 334 308 298 9.3 1 368 435 82 254 49.9 30.8 278 
15.8 314 261 253 7.8 3 368 407 63 223 49.9 33.2 2?9 
14.8 280 304 304 0.0 7 367 445 i? 220 49.8 ‘33.5 4 4.1.82 
14.6 279 304 304 0.0 13 367 446 i? 220 49.8 33.3 5 
14.8 280 304 304 0.0 2 368 446 i? 220 50.0 33.4 6 
14.8 280 304 304 0.0 -7 367 447 17 219 49.7 33.4 7 
14.8 290 302 302 0.0 14 367 446 17 220 49.8 33.7 8 
14.6 2?9 303 303 0.0 -3 367 446 18 220 49.6 33.3 9 
14.8 280 303 303 0.0 -3 36? 446 18 220 50.0 33.6 10 
14.6 2?9 305 305 0.0 5 367 44? 17 220 4?.8 33.1 11 
14.8 2?9 305 305 0.0 13 367 446 1? 220 49.8 33.4 12 
14.6 280 305 305 0.0 -5 367 448 17 220 49.8 33.1 13 
14.8 279 307 307 0 0 7 36? 447 18 220 49.8 33.1 14 
14.8 2?9 307 307 0.0 2 367 446 i? 220 50.0 33.1 15 
14.8 2?9 305 305 0.0 2 36? 446 18 220 49.7 33.3 16 
14.6 279 305 305 0.0 6 368 446 18 230 49.7 33.0 17 
14.8 2?9 305 305 0.0 0 36? 445 15 220 49.7 33.2 18 



Table  B-4. Unprocessed Data - Perfor 

TDS-360000 ppn,Inert qasses=38.0 ut% o f  vapor 
TIHE T2 T f  T i  01 Pi Pf Tv 
1? 49 216.0 353.1 352.2 0.0 167.2 173.7 253 
i? 49 216.1 353.0 352.2 0.0 166.9 173 5 252 
17 49 216.1 353.0 352.2 0.0 167.0 173.5 252 
i? 50 216.1 353.0 352.2 0.0 166.9 173.5 252 
17 50 216.2 353.0 352.2 0.0 166.7 173.5 251 
17 53 216.5 353.2 352.3 0.0 166.3 172.8 251 
17 53 216.4 353.1 352.3 0.0 166.0 172.5 251 
1? 53 216.3 353.2 352.3 0.0 166.7 173.0 251 
I? 53 216.3 353.1 352.3 0.0 166.6 173.2 250 
i? 53 216.3 353.1 352.3 0.0 166.6 172.8 250 
i? 54 216.4 353.0 352.3 0.0 166.7 1?3.1 250 
I? 54 216.4 353.0 352.3 0.0 166.1 172.7 250 
i? 54 216.4 353.0 352.3 0.0 166.7 173.3 250 
i? S4 216.3 353.0 352.3 0.0 167.1 173.2 250 
i? 54 216.3 352.9 352.3 0.0 166.6 173.1 250 
18 29 216.2 352.7 351.9 I 0.0 167.j 173.7 222 
18 29 216.4 352.8 352.0 0.0 167.7 173.5 222 
18 2? 216.4 352.7 351.9 0.0 167.2 173.2 222 

0.0 167.0 173.6 222 
18 30 216.3 352.6 352.0 0.0 167.9 173.8 222 
i8 30 216.3 352.6 352.0 0 0 167.0 173.5 222 
18 30 216.4 352.6 351.9 0.0 167.7 173.5 222 
18 30 216.2 352.6 351.9 0.0 167.8 173.7 222 
18 30 216.3 352.5 351.9 0.0 167.4 173.2 222 
18 30 216.3 352.5 351.9 0.0 168.1 174.2 222 
18 36 ?it.? 353.7 352.3 0.0 163.8 170.6 222 
18 36 216.6 353.7 352.5 0.0 163.4 170.6 222 
18 36 216.6 353.7 352.5 0 0 163.1 170 1 222 
18 36 216.6 353.7 352.5 0.0 153.2 170.1 222 
18 36 216.6 353.7 352.5 0.0 163.1 170.1 222 
18 36 216.6 353.6 352.6 0.0 163.0 170.0 222 
ib36 216.6 353.7 352.6 0.0 162.8 169.8 222 
18 36 2 i b . ?  353.6 35.2.6 0.0 162.8 170.0 222 
18 36 216.6 353.7 352.6 0.0 163.1 170.1 222 
18 36 216.7 353.6 352.6 0.0 163.2 170.1 222 
18 37 216.5 353.2 352.3 0 . 0  161.8 169.0 222 
18 38 ?i6*.5 353.3 352.3 0.0 161.5 168.7 222 
18 38 216.5 353.2 352.3 0.0 161.7 168.6 222 
18 38 216.5 353.3 352.3 0.0 161.7 168.7 222 

1 ‘ 18 29 216.4 352.7 352.0 

Pv Ps Pu 
178.4 183 192 
178.4 183 192 
178.8 183 192 
1m.3 183 192 
178.2 183 192 
177.8 182 191 
177.8 182 191 
178.3 182 191 
177.8 182 191 
178.0 182 191 
177.8 182 191 
177.3 182 191 
177.4 182 191 
17?.4 182 191 
177.8 182 191 
i?6.5 182 191 
176.8 183 191 
175.8 182 191 
176.4 182 191 
176.4 183 i?i 
176.3 182 191 
176.0 182 191 
176.3 182 191 
176.2 182 191 
176.0 182 191 
175.2 181 190 
174.7 181 190 
174.3 181 190 
174.8 181 190 
174.5 180 190 
174.2 180 190 
175.3 181 190 
1X.3 181 190 
174.7 181 190 
174.7 180 190 
174.0 180 190 
173.5 180 189 
173.7 180 190 
173.7 180 189 

“mance Test  R e s u l t s ,  P a r t  14 o f  15 

P2 I H i  H f  Hv Ls Ts V TrtX k Y  freq effY, File 
14.8 280 306 306 0.0 -5 367 448 18 220 49.7 33.2 19 
14.8 278 306 306 0.0 8 368 446 18 220 49.7 33.2 20 
14.6 281 307 307 0.0 3 367 446 18 220 49.8 32.9 21 
14.8 279 307 307 0.0 3 368 446 18 220 49.8 33.2 22 
14.8 280 307 307 0.0 0 368 447 18 220 49.8 33.1 23 
14.8 278 303 303 0.0 6 366 446 17 220 49.8 33.5 24 

14.6 279 304 304 0.0 2? 367 445 17 220 49.8 33.1 26 
14.8 280 303 303 0.0 -5 367 446 17 220 50.0 33.5 27 
14.8 2?9 303 303 0.0 -0 367 447 1? 220 49.7 33.5 28 
14.6 279 303 303 0 . B  11 366 446 17 220 49.8 33.3 29 
14.6 280 303 303 0.0 5 367 448 18 220 49.9 33.3 30 
14.6 280 303 303 0.0 -10 366 446 16 220 50.2 33.4 31 
14.8 279 301 301 0.0 7 366 447 16 220 49.8 33.7 32 
14.8 279 299 299 0.0 -5 367 446 16 220 49.8 34.1 33 
14.8 283 288 288 0.0 5 366 446 14 219 50.0 35.3 34 
14.8 276 287 287 0 . 0  -14 366 448 14 219 49.9 35.4 35 
14.8 277 286 286 0.0 17 366 446 14 219 49.9 35.5 36 

14.8 ??7 287 287 0.0 -10 365 446 14 219 58.0 35.5 38 
14.6 277 287 287 0.0 23 366 446 14 219 49.9 35.2 39 
14.6 2?6 287 287 0.0 -3 366 447 14 218 50.0 35.1 40 
14.6 276 287 287 0 0 7 366 447 14 219 49.8 35.2 41 
14.6 277 288 ,288 0.0 16 366 447 14 219 50.0 35.2 42 
14.6 277 287 287 0.0 2 366 448 14 218 49.9 35.2 43 
14.8 341 323 323 0.0 -8 367 447 21 263 50.0 36.4 44 
14.8 336 323 323 0.0 1 366 446 22 263 50.0 36.5 45 
14.9. 335 324 324 0.0 1 365 447 21 263 49.9 36.7 46 
14.8 335 324 324 0.0 13 365 447 22 263 49.9 36.4 47 
14.9 335 324 324 0.0 -8 365 446 22 263 50.0 36.6 48 
14.8 338 325 325 0.0 19 365 446 22 263 49.9 36.4 49 
14.9 335 325 325 0 . 0  14 366 446 23 263 49.8 36.5 50 
14.9 335 327 327 0.0 -9 366 447 22 264 50.0 36.5 51 
14.8 335 328 328 0.0 12 366 446 22 263 50.0 36.0 52 
14.9 335 327 327 0.0 10 366 447 22 263 50.0 36.3 53 

14.8 336 331 331 0.0 9 366 446 24 263 49.9 35.9 55 
14.8 335 330 330 0.0 -4 366 446 23 263 49.9 35.9 56 
14.8 335 331 331 0.0 14 366 447 23 264 49.9 35.9 D - 

14.9 279 303 303 0 . 0  -9 366 446 18 220 58.0 33.8 25 

14.8 277 287 287 0 . e  11 367 446 1s 219 50.1 35.5 3? 

14.9 332 330 330 0.0 15 366 446 23 262 49.9 36.1 54 



Table B-4. Unprocessed Data - Performance Test  Resul ts ,  P a r t  1 5  o f  1 5  * 

TDS=360000 ppniInert qasses=38.0 ut% of vapor 
TIHE T2 T f  T i  Qi P i  Pf Tu 
18 38 216.5 353.2 352.3 0.0 161.6 168.7 222 
18 38 216.4 353.2 352.3 0.0 161.6 168.3 222 
18 38 216.5 353.2 352.3 0.0 lbi.3 168.2 222 
18 38 216.5 353.2 352.3 0.0 ibi.5 ib8.6 222 
18 38 216.6 353.2 352.3 0.0 161.5 168.3 222 
18 38 216.5 353.2 352.2 0.0 161.5 168.S 222 
19 13 214.8 353.8 352.7 0.0 164.7 171.7 222 
19 13 214.7 353.8 352.6 0.0 165.1 171.6 222 
19 13 214.9 353.7 352.6 0.0 165.1 171.3 222 
i? 13 214.8 353.7 352.6 0.0 164.5 171.3 222 
19 13 214.9 353.7 352.6 0 . 0  164.5 171.6 222 
19 14 215.0 353.6 352.6 0.0 ib5.2 171.6 222 
19 14 215.1 353.6 352.6 0.0 165.0 171.3 222 
19 14 215.0 353.6 352.6 0.0 i63.9 171.0 222 
19 14 214.9 353.7 352.5 0.0 164.0 171.5 222 
19 14 215.0 353.7 352.5 0.1) 165.1 171.0 222 

Pu 
173.3 
173.3 
173.8 
173.5 
173.3 
173.0 
179.5 
179.6 
179.5 
179.8 
179.3 
179.4 
179.1 
179.2 
179.0 
178.9 

Ps Pu P2 I H i  Hf Hu Ls Ts U TrtX kU freq effX File 
180 189 14.8 335 331 331 0.0 8 366 447 24 263 49.9 35.8 58 
179 189 14.8 336 330 330 0.0 -2 366 448 23 263 49.9 35.9 59 
1?9 189 14.8 335 331 331 0.0 5 365 446 24 263 49.8 35.8 60 
179 190 14.6 335 332 332 0.0 -0 365 446 24 263 49.9 35.5 61 
i79 190 14.6 335 333 333 0.0 -7 366 447 24 263 49.9 35.4 62 
179 189 14.8 336 334 334 0 . 0  -2 367 447 24 263 50.0 35.5 63 
184 191 14.6 336 352 352 0.0 5 366 447 25 263 49.7 33.2 64 
184 192 14.6 337 366 366 0.0 24 365 448 24 263 49.9 31.9 65 
184 191 14.6 335 356 356 0.0 3 365 446 24 264 49.9 32.9 66 
i84 191 14.6 335 354 354 0.0 46 365 446 26 264 49.7 33.1 67 
184 191 14.6 336 359 359 0.0 5 365 447 24 263 49.8 32.5 68 
184 191 14.6 335 365 365 0.0 5 364 447 23 263 49.9 32.1 b? 
184 191 14.6 336 355 355 0.0 15 365 446 24 264 49.8 33.0 70 
184 191 14.6 336 357 357 0.0 29 365 448 26 264 49.8 32.8 71 
184 191 14.6 335 359 359 0.0 19 364 446 24 263 49.9 32.6 72 
183 191 14.6 335 355 355 0.0 8 364 446 24 264 49.8 33.0 73 

W 



, 

Q1 
(inlet steam 

quality) p1 p2 K.w I POINT 
( f i l e s )  

l ( 1 7 ~ 2 7 )  128 168 171,3 14,86 090 

2 (29t51) 139 220 170 ,7  14,70 0 90 

3 ( 5 2 ~ 7 2 )  138,s 219 166,s 14,6 196 

4 (73i83) 106,4 168 165,9 14,7 090 

S(85i108) 201 317 165,9 14 ,8  2 90 

6(109+112) 201 317 161,O 14,8 2 9 1  

7(135+161) 216,s 282,6 128,4 14,7 2 9 7  

8(3+19) 433 531 160,2 15,9 3 ,o 

9 (24 +47) 431 657 157,7 15,9 3 ,1  

10 (49 i68) 408 604 160,l 15,8 2 $8 

11(84+86) 302 454 1 6 0 , O  16,7 297 

12(89+107) 185 267 174,9 14,9 0 ,o 

13(109+118) 173 230 176, l  14,8 0 $0 

14(119+139) 150 216 177,8 14,9 0 90 

15(140+149) 190 267 174,8 14,9 0 ,o 

16(150+178) 190 267 177,6 14,9 0 90 

17(199+222) 196 243 151,O 14,8 0 10 

18(234+-250) 321 405 158, l  14,9 393 

Table 8-5.  Cesano Jest Results (Hef. B ,  T a b l e  4 )  

eff.% thr .% U s  rl* 

3 0 9 7  7 167 9,79 

30,85 8 178 9,61 

38,3 22 178 11,95 

27,6 7 145 9,25 

39,9 31 241 11,ll 

38,3 36 241 10,61 

45 ,s  37 257 11,91 

45,4 80 4 i7  9,89 

4 5 , l  86 486 9,73 

44,7 77 452  9,93 

36,s  75 344 8,79 

36,2 8 225 10,39 

35 ,s 10,43 7 213 I 

35 ,9  6 189 11,OO 

37,2 7 2 3 0  10,60 

36,2 7 230 10,35 

33,s 1 6  236 9,21 

44,4 53 363 10,71 
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Table B-6. Data Cor re la t i on  Funct ions (Ref. 1, pp. 7-22 t o  7-24) 

The data  c o r r e l a t i o n  func t ions  a r e  as f o l l o w s :  

f = -21.36 + 10.25 I n  kWs - 0.072[abs(kWs - 520)]0’6 W 

= 1 - 0.019 (E ‘P1  - 15) 
YP 

gQ = 1 - 0.54 (pll;:l)3 t O.O004(Ql - 28) 

where 

kWs = 

P 1  = 

P 2  = 

and 

Q1 = 

s h a f t  output  power; 

i n l  e t  pressure ; 

o u t l e t  pressure; 

i n l  e t  qual i t y  

so  t h a t  exper imental  e f f i c i e n c y  rl = fwgpgq, w i t h i n  t h e  v a l i d i t y  l i m i t s  
o f  t h e  c o r r e l a t i o n  funct ions.  
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APPENDIX C 

NEW ZEALAND/hWD 

F igu re  C - 1  Broadlands Well BR 19 Output Test. (Ref. C, Appendix A )  

F igure  C-2 Broadlands Well BR 19 Casing and Geological I n fo rma t ion  

F igure  C-3 Tabulated Var iables,  Performance D a t a ,  and Graphs 
through 

F igu re  C-19 (Ref. C, Figs. B . l  through 8.17) 

Table C - 1  

Table C-2 

(Ref. C, Appendix A) 

Broadlands Ne11 BR 19 F l u i d  Chemistry (Ref. C, Appendix A) 

Var iab les  Logged by t h e  Data A c q u i s i t i o n  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 C a l c u l a t i o n  Procedure (Ref. C, Appendix C) 

Table C-6 Var iab le  L i s t  (Ref. C, Appendix B) 

Table C - 7  Performance Test Resul ts (Ref. C, Appendix B) 
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F i g u r e  C-1 .  Broadlands Well  BH 19 Output Test  (Ref.  C, Appendix A )  
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Tab1 e C-1 . Broadlands We1 1 BR 19 F1 u i d  Chemi stry--Sampl es Taken 
Dur ing t h e  HSE Test Program (Ref. C, Appendix A )  

Date Col 1 ected 

W.H.P. (Bar g)  
Sep. Pressure (Bar)  
C o l l e c t i o n  Pressure (Bar g )  
PH 
L i  
Na 
K 
Ca 
Mg 
c1 
so4 
L, 
S i  02 
ti C03 
H2S 

Type * 

Date Co l lec ted  
W.H.P. (B) 
Sampling Po in t  Pressure 
Sampl i ng Pressure 
CO mo les /100  moles 
H 5 [mmoles/100 moles ~6~ ( m g / l i t )  

WATER SAMPLES 

24/10/82 
EWB 
27 
11 
1 

8.91 
11.99 
971 
191 
2.4 
0.01 
1658 

7 
44.1 
805 
75 

21 110182 
BWB 
27 
11 
1 

8.64 
12.60 
1025 
202 
2.3 
0.03 
1747 

8 
48.8 
850 
134 

3/3/83 
WHS 
35 

12.8 
1 

7.46 
10.30 
8 24 
167 
1.2 
0.04 
1341 

7 
38.1 
644 
205 
14.7 

* EWB = HSE Exhaust Weir Box 
BWB = Bypass Weir Box 
WHS = Wellhead Separator 
WEB = Webre Separator ( Sampling) 

STEAM SAMPLES 

3/3/83 
WEB 
35 

12.8 
1 

7.39 
9.88 
773 
157 
1 .o 
0.01 
1287 - 

- 
607 
195 
15.6 

3/3/83 
EWB 
35 

12.8 
1 

11.74 
945 
188 
2.1 
0.01 
1528 

- 

- 
- 

709 - - 

21/10/82 3/3/83 3/3/83 28/4/83 
27 35 35 33 - 12.7 12.8 12.6 
- 12.6 12.8 12 .o 

802 862 902 1108 
16.2 17.8 17.9 19.7 - - - 48.6 
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Table C-2. V a r i a b l e s  Logged by t h e  Data A c q u i s i t i o n  System 
(Ref. C, Appendix D) , P a r t  1 o f  2 

VARIABLE 

We1 1 head Pressure 

Steam O r i  f i c e  Upst ream 
Pressure 

Steam O r i f i c e  D i f f e r e n t i a l  
Pressure 

Steam Temperature 

L i q u i d  O r i f i c e  Pressure 

L i q u i d  O r i f i c e  
D i f f e r e n t i a l  Pressure 

L i q u i d  M i x i n g  P o i n t  
Pressure 

L i q u i d  M i x i n g  P o i n t  
Temperature 

P l a n t  I n l e t  Pressure 

P l a n t  I n l e t  Temperature 

P1 a n t  Exhaust Pressure 

P l a n t  Exhaust Temperature 

Ambient Temperature 

Atmospheric Pressure 

T h r o t t l e  P o s i t i o n  

Separator  Level  

Vol tage 

Amperage 

Frequency 

E l e c t r i c a l  Power 

SYMBOL 

Pw 

Pv 

d Pv 

Tv  

Pm 

d Pm 

P f  

T f  

P 1  

T1 

P2 

T2 

Ta 

Pa 

t r t  t r  

Ls 

V 

I 

Hz 

KW 

UNITS 

p s i  a 

p s i  a 

inches  H2O 

deg F 

p s i  a 

inches H20 

p s i a  

deg F 

p s i  a 

deg F 

p s i  a 

deg F 

deg F 

p s i  a 

% 

inches H20 

v o l t s  

amps 

h e r t z  

k i l o w a t t s  

VECTOR 
LOCAT ION 

1 

a 

5 

34 

7 

4 

2 

40 

P 

41 

3 *., 

35 

28 

13 

6 

16 

3 0 

31 

32 

33 
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Table C-2. V a r i a b l e s  Logged by t h e  Data A c q u i s i t i o n  System, 
P a r t  2 o f  2 

VARIABLE 

Journa l  Bear ing  
Temperatures 

Thrus t  Bear ing  

A1 t e r n a t o r  Bear ing  
Temperatures 

A1 t e r n a t o r  Winding 
Temperatures 

Thrus t  Bear ing  Forces 
(Sensors F a u l t y )  

Computer Reference Vol tage 

SYMBOL 

LPJm 
LPJ f 
HPJm 
HPJf 

THRf 
THKm 

a l t  b r g  

a l t  wdg 

Thr Brg  Force 

Vre f 

UNITS 

dey F 
dey F 
deg F 
deg F 

deg F 
deg F 

deg F 
deg F 

deg F 
deg F 
deg F 
dey F 
deg F 

VECTOR 
LOCAT I ON 

18 
19 
23 
20 

21 
22 

36 
37 

24 
25 
26 
38 
39 

42 
43 
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Tab1 e C-3. Transducers (Ref. C, Appendix D) , Par t  1 o f  2 

VAR I ABL E 

( 1 )  PRESSURE 

We1 1 head 

Steam O r i f i c e  

Steam O r i f i c e  
D i f f e r e n t i a l  

L i q u i d  O r i f i c e  

L i q u i d  O r i f i c e  
D i f f e r e n t i a l  

L i q u i d  Mix ing  
Po in t  

P lan t  I n l e t  

P lan t  Exhaust 

Atmospheric 

Separator 
Level 

( 2 )  TEMPERATURE 

P lan t  I n l e t  

P1 an t  Exhaust 

Steam L i n e  

SYMBOL 

Pw 

Pv 

dPm 

Pm 

d Pm 

P f  

P 1  

P2 

Pa 

Ls 

MAKE 

Gould 
PA-1000-1000-15 

Rosemount 
115-1GP8E22MB 

Rosemount 
115-1DP5E22MB 

Goul d 
PG1000-1000-11 

Rosemoun t 
115-1DP4E22MB 

Goul d 
PA-1000-1000-15 

Rosemount 
115-1GP8E22MB 

Goul d 
PA1000-0200-15 

Goul d 
PA1000-0050-15 

Rosemount 
115-1DP5E22MB 

CALIBRATED 
RANGE 

0 t o  600 
ps i  a 

0 t o  300 
ps i  a 

0 t o  150 
inches H20 

0 t o  300 

0 t o  150 
inches H20 

0 t o  300 
p s i  a 

0 t o  300 

Ps ig  

Psi 9 

0 t o  54 
p s i a  

0 t o  50 
ps ia  

0 t o  150 
inches H?O 

Resistance Thermometer Detectors  
Plat inum 100 ohm a t  0 deg C 

T 1  

T2 

Tv 

C-24 

267 t o  413 
deg F 

54 t o  243 
deg F 

267 t o  413 
deg F 

S I N  

15001 

6406 1 

89377 

12172A 

90722 
95286 

15000 

64062 

15002 

15004 

89379 

91  

94 

98 

3 

1 

8 

5 

7 

4 

2 

9 

3 

13 

16 

41  

35 

34 



Table C-3. Transducers (Ref. C, Appendix D)  , P a r t  2 o f  2 

VARIABLE SYMBOL MAKE 

Water L i n e  T f  

Ambient Ta 

( 3 )  ELECTRICAL - S c i e n t i f i c  Columbus Inst ruments 

Vol tage V VT100A2 

Amp e rage I CT- 5 1 OA2 

K i  1 owat t s KW DL31K5A2-2 
D i g i l o g i c  Model 5 
50 hz 

Frequency t req  E x c e l t r o n i c  6281-B 

( 4 )  OTHER 

T h r o t t l e  t r t  Bourns 5184 
L inea r  p o s i t i o n  

C-25 

CALIBRATED 
RANGE 

266 t o  412 
deg F 

120 v o l t s  

0 - 3333.33 
wa t t s  

45 - 55 

0 t o  100% 

S I N  J 

88 40 

99 28 

30 

3 3 

32 

6 



t 

Table C-4. Test Chronology (Ref. C, Appendix E) ,  Par t  1 o f  3 

4 .  

20 . 
26. 

2. 

8. 

9. 

13. 

13/24. 

24. 

27. 

4. 

11. 

12. 

13. 

AUGUST 1982 

Completion o f  t h e  cons t ruc t i on  o f  t h e  p i p e l i n e s  up t o  t h e  
anchors a t  t h e  i n l e t  and exhaust o f  t h e  HSE. 

F isher  Vee 100 B a l l  Valve and F isher  41958 pressure c o n t r o l l e r  
t e s t s .  We1 1 d i  sc harg i  ng t o  waste. 

Safety  va lve  discharge check. F u l l  steam f l o w  discharyed 
th rough t h e  sa fe ty  valves. 

SEPTEMBER 1982 

HSE and load  bank were d e l i v e r e d  t o  s i t e  i n  a n i n e  f o o t  s i x  
high, f o r t y  f o o t  Tong conta iner .  

20 f o o t  con ta iner  w i t h  o i  1 console and a n c i l l  a ry  components 
de l i ve red  t o  s i t e .  

Technical Spec ia l i s t s ,  Messrs. R. McKay and R. Sprankle, 
a r r i v e d  on s i t e .  Data van d e l i v e r e d  t o  s i t e .  

HSE pos i t i oned  i n  t h e  s h e l t e r  b u i l d i n g .  

S i t e  p repara t ion  cont inues. 

Completion o f  e l e c t r i c a l  w i r i ng .  

Tes t ing  o f  computer equipment. 

One computer and one p r i n t e r  requ i red  r e p a i r  by Hewlett-Packard. 

S t a r t  o f  t h e  inst rument  c a l i b r a t i o n .  

OCTOBER 1982 

Computer programme modi f i ca t ions  undertaken t o  s u i t  t h e  
Broadlands BR 19 s i t e .  

The load  bank power cables were connected t o  HSE. 

The inst ruments were i n s t a l l e d  on t h e  process p i p e l i n e s  and t h e  
power p l  ant .  

Instrument c a l i b r a t i o n  completed. 
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Table C-4. Test Chronology, Par t  2 o f  3 

14. HSE ran  f o r  t h e  f i r s t  t ime  on geothermal f l u i d  i n  New Zealand. 

18. 

20. 

F a u l t y  load bank r e l a y s  replaced. 

S t a r t  o f  3333 rpm performance t e s t s .  

22. Rotor  i nspec t i on  - no sca le  depos i ts  ev ident .  
r o t o r s  and housing. 

I r o n  su lph ide  on 

3/5. 

10. 

12. 

15. 

29. 

3. 

14. 

6. 

21. 

24. 

27. 

NOVEMBER 1982 

I E A  execut ive  committee meetings he ld  a t  MWD o f f i c e s ,  Wairakei. 

Vol tage r e g u l a t o r  i n s t a b i l i t y  observed. 

3333 rpm t e s t i n y  terminated, awa i t i ng  a replacement vo l tage  
regu la to r .  

2500 rpm gear se t  i n s t a l l e d .  

Replacement vo l tage r e g u l a t o r  i n s t a l l e d .  

DECEMBER 1982 

S t a r t  o f  2500 rpm performance t e s t s .  

2500 rpm t e s t s  completed. 

FEBRUARY 1983 

S t a r t  o f  t h e  endurance t e s t  preparat ions.  

Completion o f  t e s t  p repara t ions  i nc lud ing :  

( a )  Male low pressure seal  replacement 

( b )  3333 rpm gearset r e i n s t a l l e d  

( c )  

S t a r t  o f  endurance t e s t .  

D ia tomi te  water f i l t r a t i o n  p l a n t  i n s t a l l e d  

I n t e r m i t t e n t  f a u l t  i n  inst rument  power supply t o  h igh  p r e c i s i o n  
RTD temperature probes. 
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Tab le  C-4.  Tes t  Chronology, P a r t  3 o f  3 

4 .  F a u l t  i n  au tomat ic  shut  down c i r c u i t r y ,  shu t  down t h e  p l a n t  f o r  
1 hour. 

RTD power supp ly  rep1 aced. 16. 

APRIL 1983 

7.  Automat ic grease system f a i l e d .  

26. F a i l u r e  o f  t h e  o i l  meter ing  pumps. 

MAY 1983 

3. 

20. 

23. Exhaust bend and be l lows removed f o r  HSE r o t o r  i n s p e c t i o n .  

Endurance t e s t  te rmina ted  due t o  excess ive o i l  l o s s  across t h e  
s h a f t  sea ls .  

Separator  p l a n t  d ismant led  and r e t u r n e d  t o  NZED Wairakei .  

JUNE 1983 

1u. 

16. 

The HSE and t h e  l o a d  bank were packed i n t o  t h e  l a r g e  c o n t a i n e r .  

The d a t a  van and t h e  two c o n t a i n e r s  were t r a n s p o r t e d  t o  
Auckland i n  p r e p a r a t i o n  f o r  s h i p p i n g  t o  t h e  USA. 
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Table C-5. Performance C a l c u l a t i o n  Procedure (Ref.  C,  Appendix C ) ,  
P a r t  1 o f  2 

The computer programme t o  c a l c u l a t e  t h e  i s e n t r o p i c  e f f i c i e n c y  o f  t h e  HSE was 
based on t h e  programme used d u r i n g  t h e  Utah t e s t s .  
f o r  more d e t a i l e d  i n f o r m a t i o n  than i s  conta ined i n  t h i s  appendix. 

Refer  t o  re fe rence ( 3 )  

Minor  changes were made t o  t h e  programme f o r  t h e  New Zealand t e s t s .  
were: 

There 

( 1 )  The f l o w  r a t e  c a l c u l a t i o n s  f o r  t h e  steam and water  o r i f i c e  
p l a t e s  were m o d i f i e d  t o  conform t o  t h e  B r i t i s h  Standard, BS 1042 
P a r t  1. 

( 2 )  The a l t e r n a t o r  power l o s s  equat ion  was m o d i f i e d  f o r  50-Hz 
opera t ion .  

( 3 )  The equat ion  f o r  t h e  3000 rpm ( 6 0  Hz) gear s e t  was used t o  
compute t h e  gearbox power l o s s .  
d a t a  s u p p l i e d  by t h e  P h i l a d e l p h i a  Gear Corpora t ion  who 
manufactured t h e  gearbox ( r e f e r  r e f e r e n c e  ( 1 )  p 6 -3 ) .  

T h i s  equat ion  was d e r i v e d  f rom 

A v e r y  b r i e f  o u t l i n e  o f  t h e  c a l c u l a t i o n  procedure and equat ions r e l e v a n t  t o  
t h e  New Zealand t e s t  s i t e  a r e  d e t a i l e d  below. 

CALCULATION PROCEDURE 

(1) Flow r a t e s  computed t o  B S  1042 p t  1, 1964 

O r i f i c e  p l a t e  d iameters:  ( d )  

Steam 5.921", 4.955", 4.396" 

Water 4.396", 2.8263", 2.069" 

P i p e  Diameter 0 )  

Steam 7.990" 

Water 7.983" 

F low r a t e  equat ion:  

W = 359.2 CZeE(d)ZJf;;; ( l b s / h r )  

e q t n  ( 7 ) ,  page 23, BS 1042 p t  1, 1964 

( 2 )  The e n t h a l p y  o f  f l u i d  f l o w i n g  i n t o  t h e  p l a n t  was determined 
u s i n g  measured temperatures and pressures t o  access t h e  steam 
t a b l e s  programmed i n  t h e  computer. 
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Table C-5. Performance C a l c u l a t i o n  Procedure P a r t  2 o f  2 

( 3 )  The q u a l i t y  o f  t h e  f l u i d  e n t e r i n g  t h e  p l a n t  i s  c a l c u l a t e d  f rom 
t h e  known entha lpy  and t h e  measured f l u i d  c o n d i t i o n s  a t  t h e  
p l a n t  i n l e t  ( P l ) .  

Compute t h e  S h a f t  Power Output (4) 

E l e c t r i c a l  Power generated i s  measured (KW) 

Amperage i s  measured ( I )  

A l t e r n a t o r  Power Loss Equat ion:  

a = 22.854 + 5.28 x 10'61 + .00412 

T h i s  equat ion  d e r i v e d  by R. McKay f o r  50-Hz o p e r a t i o n  

Gearbox Power Loss Equat ion:  

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

Refer  t o  r e f e r e n c e  (1) p 6 - 3  f o r  more d e t a i l s  

S h a f t  Power (KWM): 

KWM = KW + a + b 

programme ( 3 )  f o r  d e t a i l s .  
( 5 )  I s e n t r o p i c  e f f i c i e n c y  c a l c u l a t i o n .  Refer  t o  t h e  Utah computer 

I 
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Table C-6. Variable List (Ref. C, Appendix B) 

VARIABLE 

Plant Inlet Pressure 

Plant Inlet Temperature 

Inlet Fluid Quality 

Inlet Enthalpy 

Mass Flow Rate 

Exhaust Pressure 

Exhaust Temperature 

Throttle Opening 

*Electric Power Output 

**Shaft Power Output 

Frequency 

Isentropic Efficiency 

Data Cassette Number 

Data Cassette Track 

Data File 

SYMBOL 

P1 

T1 

Q1 

H 

M1 

P2 

T2 

Tr 

KWe 

KWM 

Freq 

Eff 

DC 

trk 

file 

* 
** Designated as kWs in this text. 

Designated as Pe in this text. 
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UNITS 

psia 

deg F 

% 

btullb 

klbslhr 

psia 

deg F 

% 

kW 

Hz 

Hz 

% 



T a b l e  C-7. Performance Test  R e s u l t s  (Ref .  C ,  Appendix B ) ,  
P a r t  1 of  10 

INLET PRESSURE (Psi01 1cO INLET PUALITY (Z) 100 RPh 3333 

Date Tim Pi 11 P i  H 111 P2 12 Tr KUe KYM Freq Eff DC trk file 
psi0 OF X btu/lb tlbh psia  OF Z Ht X 

28/18/82 13:19:12 99,6 327.0 100,l 1187.9 15,9 14,2 210,t 19 111,3 143,3 49,9 21,b 1 1 168 
27/10/82 11:51:48 100 ,0  327,i 100,i 1187,9 18,4 14,i 289,3 26 1954 229,7 S0,O 29,7 1 1 277 
28/10/82 13:36:08 106,i 327,O 100,1 1188,2 19.3 14,2 219.8 27 i W , I  231.4 SO,1 28,7 1 1 179 
28/16/82 14:13:33 98.5 325,b 160,l 1188.2 21,i 14,2 219.8 34 251.1 289,s 19,9 33.1 1 1 191 
27/11/62 12:13:42 98,8 326,b ibO.1 1187,9 20.7 14,1 219,2 33 259.6 295.1 50.1 34,1 1 1 4 
27/11/82 12:41:28 102,6 328,3 100,i 1188,7 23,6 14.1 289,3 42 342.0 379.0 49,8 37,9 1 1 25 
28/18/82 14:40:09 102,s 327,9 i00,2 1189.1 24.4 i4,2 219.8 43 343,4 380.4 58.8 36,8 1 1 211 
28/10/82 15:14:47 10087 326.4 109,2 1189,O 26,3 14,2 209.8 56 398,O 436,2 50.1 39,6 1 i 2f2 
27/10/a2 13:00:26 100.2 32S,8 100,2 118a86 2i,3 14.; 209.2 70 448,b 487,4 SG,1 42.5 i : 36 
27/10/82 13-!8:Bb 98 C 324,; i:C 2 11%,5 26,6 148i 207,! 9t 4 h . 6  525.7 5 0 - 8  43.1 1 f 4- 

Pate TlNk F1 T i  GI n h i  P2 72 Ir Kk KYH Freq Eff It trk f i i i  
psia OF X btu/lb klb/h psia OF X H l  x 

27/10/82 16:32:23 179.5 371,6 100,i 1197,4 33.5 14,O 219,6 27 611,O 653,S 50,O 36.0 1 1 135 
27/18/82 16:51:08 181,6 372.6 100,i ii97,6 36,3 14,i 219,i 31 695,b 748,1 50,1 37,s 1 1 146 
27/18/82 17:10:51 189,2 371,b 1 0 0 , i  1197.6 38.5 14,i 218.8 36 758.6 814,8 50.1 38,s 1 1 157 
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Tab le  C-7. Performance Test Resu l t s ,  P a r t  2 of 10 

INLET PRESSURE (Ps i01  1OC I R E 1  WALITY ( X I  58 RPH 3333 

Date Tine P i  T i  Pi H Hi P2 12 Tr K l k  KM F r c q  Eff DC trk f i l e  
psia OF 2 . b t i / l b  klb/h psio OF 2 H l  2 

12/11/82 12:23:47 119,7 327,4 53,O 769,8 31,4 I4.3 211,b 31 196.5 230,9 51,1 31,4 I 1 278 
42/11/82 12:47:28 99,4 325,8 49,s 738,1 38,8 14,3 2il.S 45 283,9 319.6 S0,O 37.5 2 1 14 
02/11/82 14:13:41 99.4 325#5 51.9 759,3  41,2 I4,3 211,5 57 348.3 3 6 3  50,O 40,8 2 1 47 
02/11/82 14:23:37 lQ0,4 325,4 49-6 739.1 4 8 , b  14,s 210,9 83 431,s 478,2 S0,l 43,8 2 1 58 

INLET PRESSURE ( P s i a )  149 M E T  QUALITY (XI 51 RPH 3333 
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Tab le  C-7. Performance Tes t  Resul ts ,  P a r t  3 o f  10 

INLET PRESSURE (Psial 100 INLET PuALITY ( X I  25 RPH 3333 

Date Tine P i  T i  Qi H M i  P2 12 lr Kk K Y I  Freq Eff DC trh file 
psi0 DF Z b t d l b  L l b h  psi0 mF Z Hr z 

t2/11/82 i1:52:fl7 i t t , 6  327,2 25,7 526.9 53.5 14,4 214.8 38 196,b 23i,t 49.9 33,7 1 i 267 
12/11/82 i3:20:27 99.3 325,5 23A S18,t 66.6 14,4 211.0 56 279.5 315,J 49,V 3V,7 2 1 25 
t2/11/02 13:4O:iO 98.6 324.5 26,s 533,O 69.0 14.4 21t,9 72 347,3 304,3 49,9 42.5 2 0 36 

INLET PRESSURE (Psia) 140 IMET U I T Y  (2) 25 RPM 3333 

Date 1iM P i  T i  P i  H H i  P2 12 Tr KUe KUM Freq Eff DC trk f i l a  
psia IF X b t d l b  klb/h psia mF 2 H l  z 

08/11/82 13:52:18 139 1 3 5 1 ~ 3  24.6 539.9 52.5 14.3 210,b 2i 198.9 233.5 49.9 29,3 2 0 15 
08/51/82 14:24:29 13",6 35!,4 ?5,3 543,8 bO,b 14,2  21C.b 28 30.7 3i6,b 49,9 34,O 2 C i24 
08i11/82 i4:41:3 !46.b 352,l 25,9 5508i b7.5 14,3 21087 34 359,8 397.3 50.5 37,4 2 0 i3:. 
08/ii/@ 15:06:13 138.7 358,: 24 4 530,S 81,4 14,3 210,8 47 45b03 495.3 49,9 4C.T 2 C i4.2 

o a / w a 2  1 s : t t : i ~  ~ E J  3 3  3 X J  547.5 87.7 i 4 , 4  c"i0.8 58 s39,o 5 7 ~ 1  50, i  4 2 - 0  2 c E- 
0&/ii/82 55:53:C8 141,4 XC.; ? i ,8  548.6 95,O 14 4 211.9 73 618 7 bbl,? 45,9 44.2 2 b it: 
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Tab le  C-7.  Performance Test  R e s u l t s ,  P a r t  4 o f  10 

INLET PRESSIIRi (Psis) 100 INET QtlcI~17Y ( X )  10 RPR 3333 

Date Tifie Pi Ti P i  H 11 P2 12 lr Kk K Y n  Freq Eff DC trh file 
psia OF L b t u l l b  klb/h psi0 OF Z H I  L 

18/11/82 11:37:34 99.4 325,9 i0,i 307.5 90.5 14.4 211,i 51 215,1 239,4 49.9 36-3 2 1 80 
10/11/82 11:56:4I iO B , 1  325,b 10,1 388.6 115.7 14,4 211.1 68 282,6 318,4 50,i 40,7 2 I 91 
10/11/82 12:23:0b 98.9 323,s 10,1 387,2 133,2 14.4 211,4 93 346,8 383,9 50,1 43,2 2 1 112 

INLET PRESSURE (Psia) 140 IKET QwIlY ( X )  10 R P i  3333 .I 
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Table C-7. Performance Test Results, Part 5 o f  10 

INLET PRESSURE iPsiai 10C INLET QJALITY ( X I  8 RPH 3333 

Dote Tine Pi Ti Pi H HI P2 12 Tr KUe K Y n  Freq Eff #: trk f i l e  
psia uF 2 b t u / l b  k l b h  psia uF 2 Hz 2 

21/14/82 12:!5:23 102,3 328,7 4.0 299,3 174.3 14,3 211,i 14 113.6 146.7 49,8 29,2 1 I 14 
21/11/82 13:%:55 101,4 328,7 0.1 300,5 235,) 14.5 211,3 41 199,s 233,8 SO,1 34,3 1 1 25 
20/10/82 14:14:32 99.1 325,6 0,4 311,s 304,b 14,8 212,4 84 273,1 308,6.50,1 35.0 1 1 36 

INLET PRESSURE (Psio) 144 INLET PUruITY (2) 0 RPH 3333 

INLET PRESSJRE (Psioi 2;C INLET OiGiITY (2) G RPh 3333 

Date T h e  P i  I1 P i  H Hi P2 12 Tr KUe KUtl Freq Eff Dc trk file 
psia OF X b t d l b  klb/h psia uF 2 HZ X 

26/18/82 13:14:12 220,9 389,8 0,O 364.6 301.9 15.2 214.5 28 676A 720,8 56.0 38,3 1 I 222 
26/11/82 13:26:04 220,1 389.4 1,1 3M87 314,3 15,3 214,7 33 714,1 '155.2 SO,@ 38,b 1 I 243 

26/11/82 13:50:59 218.9 388.9 0,2 365.0 339,b 15,s 215.9 40 755,L 801,4 50,O 38,l 1 0 265 
26/18/82 13:52:17 218,7 388,8 0,2 365,O 338.8 15.5 215#9 40 755,4 801,b 50.1 38,2 1 I 266 

26/11/s i3:26:s1 221.0 389,4 o,i ~ 4 ~ 7  3i51 15,3 214.7 33 719,117~9 51.) 38,s 1 t 244 
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T a b l e  C-7. Performance Tes t  Resu l t s ,  P a r t  6 o f  10 

INLET PRESSURE (Psi01 10; INLET OUALITY ( X I  100 RPW 2500 

Date Tine P i  T i  01 H Hi P2 12 Tr KMe 1(Yn Freq ECf C trk f i le  
psi0 OF Z . b t u / l b  klb/h psi0 @F 2 Hz Z 

13/12/82 11:32:58 100,3 327,4 100nO 1i87,6 i4,6 14,1 2i8,b i6 Li8,3 143,4 49.7 23,3 3 1 256 
13/12/02 10:27:51 IO0,l 327.1 100.1 1187.9 18,3 14.1 211.5 25 198.2 232,6 49-8 30,3 3 i 223 
13/12/82 10:44:35 110,3 327-0 i00,i 1188,l 20,4 14,1 210.5 33 2S4,7 290,2 49.8 33.7 3 1 254 
13/12/82 13:16:39 100,3 326,s 100,l i188.2 24.2 14,1 218.6 55 342,8 388.1 49,7 37,s 3 1 267 
13/12/82 11:11:06 99.6 326.1 100,1 i188,I 24.0 14,1 21087 56 343.6 388.7 49.9 37,9 3 1 245 
13/12/02 13:34:14 99,6 326,2 100,1 1i88,3 26.6 14.1 210,s 84 401.3 440,O 49,9 39,6 3 1 216 

INLET PRESSURE (Psi01 140 M E T  QUALITY (2) 110 RPt! 2 9 0  
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Tab le  C-7. Performance Test  Resul ts ,  P a r t  7 o f  10 

INLET PRESSURE (Psial 100 IMLET QUALITY ( X I  59 RPB 2500 

Dote l i w  P i  Ti Pi H W i  P2 12 lr KMe KMM Freq Eff OC trk f i l e  
psia tF 2 b t d l b  klb/h psia OF Z Hz Z 

09/12/82 12:42:33 108.2 327,i 50,5 747, i  30.3 14.2 211.5 29 194,b 229.1 49.9 33.7 3 0 267 
89/12/82 13:84:2S 99.i 326,O 5i.i 7 3 . 8  36.3 14.3 211,s 16 288,3 3ib,2 58,2 30,7 3 8 278 
19/12/82 13:42:26 98.9 325,3 49,3 736'3 41,b 14,4 2ii.5 bB 341,b 378.9 SO,$ 4i,8 3 i 14 

IMET PRESSURE (Psia) 140 IWLET P U A L I l Y  (Z) 58 RPI) 2581 
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Tab le  C-7. Performance Test  Resu l ts ,  P a r t  8 o f  10 

INLET PRESSME (Psia) 180 IKET QUALITY ( X I  25 RPH 2500 

Date Tim Pi 11 Pi H Hi P2 12 lr Kk KM freq Eff #: trk f i l e  
psia OF 2 .  b t d l b  klb/b psia #F Z HI Z 

17/12/82 11:37:53 101,O 327,3 25,9 529,6 58,2 14.2 210,2 34 197,O 231.6 S1,6 35,4 3 0 59 
17/12/82 12:12:38 99.7 325,4 25,2 522,3 b i , b  14,2 219.4 54 278,9 314,9 51,1 48,4 3 C 70 
17/12/82 12:26:06 99.9 325,i 25, i  522.6 70.2 14,2 2i0,4' 77 340,9 378,1 49,9 42,b 3 0 81 

IWLET PRESSURE (Psi01 140 IllLET WITY ( X I  25 UPH EO1 
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Tab le  C-7. Performance Test Resul ts ,  P a r t  9 of  10 

IKST PRESSURE (Psia) 100 IWLET PUALITV ( X I  10 RPll  2589 

Date Tiu Pi Ti Qi H Hi P2 T2 Tr KUe KWI Freq'Eff DC trk f i l e  
psi0 6F X btdlb  klb/h psi0 DF 2 H l  z 

13/12/82 1O:SS5:48 101,l 326.2 i0:l 388.4 09,9 i4,3 210.5 44 213.9 258,s 56,2 39,2 2 1 190 
03/12/82 i1:26:0b 101,3 325,s 9,7 3 S a 9  112,l 14.3 210.6 66 282.2 318,2'S012 42.4 2 1 201 
03/12/82 11:50:34 100,O 325,O 10,l 387,8 i23,4 14,3 210,7 BO 317,8 554,s 49.8 42,6 2 . I 2i2 

INLET PRESSURE (Psia) 140 IKET qUALITY 03 16 RPN 2500 

Date Tine Pi T i  Qi H HI P2 T2 Tr KYC KUM Freq Eff DC trk f i l e  
esia OF X btu/lb k l b / h  psia OF X nz x 

03/52/82 12:44:50 i41,3 352,9 10,8 4i8,i 96,T 14,2 210,4 30 279#b 315,8 49,9 3b,4  2 1 21: 

03/12/92 53:48:M i X . 2  35C.b 5 . C  409.7 141.2 14,3 21C,8 56 447,4 486.6 49,0 41,6  f 1 f5i  
03/12/92 13:58:20 146,; 3 3 , t r  1i.i 412,b 115.3 i4,S 210~6 46 353.3 3 9 6 , 9  49.9 3:,2 2 1 3~ 

C3/12/82 1 4 : 1 i S 5 b  ;4i i 3%,3 f C , I  412#5 153,9 14,b 2!1.3 78 530.5 5Pi.7 5C.l 41 ,E  2 : 2 ~ t  



, 

Tab le  C-7. Performance Test Resul ts ,  P a r t  10 of 10 

INLET PRESSURE (Psia) 106 INLET W K I T V  (Zj B RPH 2500 

Date Tine Pi 11 Pi H Nl P2 12 Tr KUe 11111 Freq Eff DC trk fi le 
psia  OF Z b t d l b  klb/h ps i0  OF Z HZ Z 

14/12/82 19:16:28 98.6 326,l 0 , I  297,4 151,O 14,3 212,. 10 113,S 1 4 , b  St,# 34,7 4 0 102 
14/12/82 19:36:03 98,8 327,O O*l 298,b  212,l 14.5 212.4 33 211,3 234,l 50,2 39,2 4 I 1i4 
14/12/82 19:53:57 99.5 326,b 0 .4  301,2 283,l 14.a 214,2 72 276,2 311,7 49,9 38,3 4 0 126 

INLET PRESSURE (Psia) 140 IMLEI WALITY (Z) I RPM 2500 
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Table C-8. Endurance Test Record (Ref.  C ,  Appendix B ) ,  
Par t  1 o f  10 
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Tab le  C-8. Endurance Test Record, P a r t  2 o f  10 
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Table C-8. Endurance Test Record, Part  3 o f  10 
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Table C-8. Endurance Test Record, Par t  4 o f  10 
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Table C-8. Endurance Test Record, Part  5 o f  10 

t 4 
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T a b l e  C-8. Endurance Test Record, P a r t  6 o f  10 
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T a b l e  C-8. Endurance Test  Record, P a r t  7 o f  10 
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Table C-8. Endurance Test Record, P a r t  8 of 10 

date Tine p i  P: H H i  P2 12 Tr KUe KM Freq Eff DC trk f i l e  

16/04/82 00:15:03 178,b 370,i 26,3 %9,1 114.7 14,4 218,7 52 816.9 8 W 6  51.2 45,4 7 0 56 
16/04/82 14:15:19 179,3 370.4 26,3 %9,4 114,) 14.3 211.8 51 814,5 89,1 51.2 45.3 7 0 66 
16/14/82 18:15:15 178.8 370.3 26,3 %9,1 114.0 14,4 211.1 52 814.1 851.5 51,1 45.5 7 1 64 
16/14/82 12:15:20 177,9 369,4 26,3 269.2 105,l 14.5 211.1 54 815,5 853.1 49,9 45,3 7 1 68 

16/14/82 20:15:30 178.3 369,8 26,2 568,s 114,4 14.5 211.2 23 814,7 852.3 49.9 45.7 7 0 76 

psi0 OF I btu/ lb  klb/h psi0 OF 2 HZ % 

16/04/82 16:15:25 17785 369e4 26,3 %9,1 11487 14,4 211.4 24 816.9 854.5 49.9 45,s 7 1 72 

17/04/82 10:1s:xi 1 7 8 ~  ~ 9 ~ 9  26.4 5 7 ~ 3  i w 3  14.5 211.2 s2 e84.1 m i s  so.) 4 5 3  7 1 80 
17/14/82 14:15:41 179.1 370*5 26e3 569.4 114.1 14,s 211.2 51 813.6 S1,1 51.1 45.5 7 0 84 
17/14/82 18:15:48 177,9 369,8 26,s 570,4 104.1 14,s 211,3 53 814,9 0S2.4 49.9 45.6 7 1 88 
17/04/82 12:15:52 176,9 369,1 26.5 571,) 194,8 14.7 211.3 5s 816.1 853,7 49,9 45.7 7 0 92 
17/84/82 16:06:08 177.4 369,4 26,3 %8,7 104.9 14.6 211,3 56 817.5 855,1 49,8 45,7 7 6 96 
17/04/82 20:Ob:Ob 177,7 369,7 26,6 571,4 104,8 14,6 211,3 53 866.1 853.6 49,9 45.3 7 0 ii:' 
18/04/82 00:Ob: l l  177,6 369,b 26,) 570,9 104.3 1 4 , b  21L,4 54 807,5 8S5,1 49.9 45,8 7 C it: 
1 8 / 0 W Z  84:06:19 177 ? 3?Fj01 26.3 569.3 103.9 1 4 , 4  211,4 52 803,3 850,8 49.9 45,b 7 S :;: 
18/04/82 08-86:24 179.2 37C,4 26.3 St9.3 103,6 14,6 211.5 Si 803.3 850,9 50,O 4 5 , 6  7 ir l ; i  
18/94/82 i2:06:30 i76,l  369,8 2 t . 8  572#b 105,7 14.6 211,4 56 806.1 853.7 49,8 45,7 T I I;, 
18/84/82 i o  06:& 1 X 2 4  3t19.9 26,s 571,O 104,O 14.5 211,4 53 8B7,8 853,5  44,9 4 5 , b  7 i. 12; 
18/114/52 20:66:44 177.9 3b3,6 26,5 571,4 10;,5 14.5 2:1,4 53 816#6 854.2 4?,5 4 5 . 5  ; J i;, 
19/04/82 08:06,49 178.4 369.9 26.4 570.1 104 .0  14.5 211.4 53 804,b 852.2 k5.9  4 5 , s  7 C 2 . 3  
i9/1)4/82 04:06:54 176.6 3 x 1 ~  2 6 s  570,~ 1 ~ 4 . 1  14,s 2 1 ~ 3  si EOSA e w  5 0 . 0  45 s 7 ii is2 
19/04/02 08:06:59 176,s 370.0 26-6 572.0 103.4 14,s 211,4 52 806.4 854.0 45.9 45,7 7 G is: 
19/04/82 12:07:06 :7S.O 370,2 26-6 S71,8 102.9 14,s 211.3 52 804,b  852,1 4?,9 45,? 7 t it: 
19/04/@2 t6:67:l; 176.S 37L0i 26 4 S7004 103.4 14,6 211.1 52 804#4 852.0 49,9 45,? 7 0 i& 
19/04/02 20:07:17 176.7 370.2 2 b . 5  57C,8 103,i 14.5 211.1 52 804,7 852,2 49.9 45.6  7 14, 
20/04/af Git:07:22 178.6 376-1 2b,6 571.7 163.3 14,4 211.1 51 804,3 851.8 49.9 4 5 , s  7 L iX 
2C/04/E2 G4:F7:2P i78,8 370.1 26,4 570.2 103,4 14.4 211,O 52 865.2 852,7 43,9 45.; 7 G ic-  JL 

20/04/8? 08:b7:35 178,5 3b5.9 26.5 570.9 103,b 14.5 211.1 52 804.1 851.7 49.9 45,s 7 C ~b 

2ir/04/a2 12:07:4G i71,8 309,s 26.7 572.1 104.5 14.4 211.1 54 810*7 858,4 49.8 4 5 . 4  io: 
20/04/02 1b:07:45 178.1 369,T 26.6 571,8 103,7 14,4 211.0 54 810,2 857,9 50.0 45 ,b  7 L is; 

2i/fA'91) n n . 0 "  5;. ! " C . O  370,: 26 ,7  572.6 102,b 14.4 211.0 52 805.1 852,7 58.1 45.7 7 0 l 7 t  

2i/04/62 W:Ba:O8 175.3 3?C Z 2: " 573.1 101,9 14,4 211,8 51 804,b 852,2 50,O 45,8 7 tl 161, 
21/04/62 O8:08:05 : la to  36?,5 2o.i 572.2 1lri ,S 14.; i11,O 51 883,4 851.1 50,O 45,s 7 0 164 
21/14/82 12:08:10 178,0 369.4 26,7 572.2 182.3 14:5 211,) 53 805.4 853.8 49,9 46,1 7 0 188 
21/04/82 1&:08:17 176-8 369,3 26.7 572.3 102,b 14,4 211.8 53 816J W,4 50,1 45,9 7 0 192 
21/84/82 21:18:24 1?7,8 369.8 26,7 572.6 103,4 14.4 211.9 52 814.8 852.4 51,2 45.4 7 0 19: 

20/04/8? 20:67:51 178#4 369.9 2b86 572.0 133.2 14.4 211.0 52 80583 852a9 SOU1 45.b 7 r v  1:; 

22/14/82 10:18:29 177.5 369.7 26.6 571.1 183.5 14.4 2111) SZ a317 851.2 51.2 4585 7 0 20C 
22/84/82 0 4 : 1 8 : ~  178,s m.1 2 6 s  571.9 102.4 14.3 2 i ~ 9  s1 813.4 ~ 1 . 9  s1,3 45.8 7 o 204 
22/04/82 18:18:39 178.6 3 7 8 . 0  26.6 571,6 L02.6 14.1 211.1 51 882.9 821e4 50,2 45,8 7 0 208 
22/14/82 12:08:45 177.6 369#4 26,s 578,8 102,8 14,4 211.1 53 81S.B 853.3 50,2 46.1 7 0 212 
22/04/82 1b:M:SI 178,1 369.7 26,8 573.6 103,O 14.5 211.1 52 896,3 853,9 50,2 45,b 7 0 216 
22/04/82 20:18:57 178,4 370,i 26.5 571,1 103,3 14.3 211.1 52 817.3 855,O 50.2 45,b 7 0 226 
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Table C-8. Endurance T e s t  Record, Par t  9 o f  10 

h t ~  Tine F; T i  Q; li tli P2 12 Tr KYe K t N i  Freq Eii l: t : ,  

23/04/82 01:09:02 178,i 369.9 26.6 572,l 102.1 14,4 211,9 51 803,4 BS1.8 50,3 46,O 7 0 
23/04/82 84:89:09 178,9 370,2 Eo.& S71,b iG2,4 14,4 210,8 SO 893,O 850,6 50,3 45,s 7 0 
23/04/82 14:14:03 179,6 378,7 26,7 573,2 iO2,i 14,3 210,8 49 803.9 851,4 50,3 45.6 7 0 
23/04/82 18:14:18 i77,7 369.7 26,8 M , 9  102.0 14,3 210.7 52 805.4 853,. 50.3 45.9 7 0 
23/04/82 22:14:14 178.8 378.2 26,7 572.5 182.2 14,3 218.7 50 803,S 851.1 50,2 45,7 7 0 
24/04/82 02:14:19 178,2 370,2 26.9 573.8 102.4 14.2 210,7 58 805,8 853,4 50.1 4Sm4 7 8 
24/04/82 06:14:26 179,1 370,6 26,8 573,4 108,7 14,3 211.7 49 881.9 849,4 58,3 46.2 7 0 
24/04/82 10:14:33 177,7 369,7 26,7 S72,3 101,S 14,3 218.7 Si 802.2 849.8 9 . 2  46,l 7 I 
24/84/82 14:14:39 177.1 369.5 26.7 572,3 102,s 14,3 211A 51 804.3 8S1.9 50.2 45,7 7 0 

24/94/82 22:14:52 178,0 3 7 0 , 4  26,7 573,O 101,8 14,3 210,7 49 843.2 850,8 50,3 45,7 7 0 
25/04/02 02:14:59 178,9 371,3 26.5 571*2 102.0 14,3 21OS7 49 003,i 850,b 50,2  46,O 7 5 
25/04/02 06:lS:Ob 179,O 370.2 26.8 573,s 101,O 14,4 210,7 50 602,1r 850,3 50,3 4&,1 7 I. 
2304/02 10:iS:ii 177,s 3eqa7 26,9 573,b iOi,7 i 4 , 3  2iC.a i 2  EiQ4,9 052,s 5 8 . 0  Si,': 1 Z 
25/84/i2 14:i'i.iC 177,9 3b? t 27 0 574.i) 102.2 14 4 s ' l t , T  51 815.1 052 7 55,:  4 5 , t  7 F 

25/C4/82 ?2: i5 :26  iX .7  359.; h f 574.2 i L i . 3  14,s  210.3 SO 884.0 85!.0 5i,2 Q . i  7 1 

26/44/32 0?,15:;2 i X , e  3,'i1,4 2e.d W O 2  1 & i o 5  i4,j 2r8,6 4 3  6ij,il &Si85 59.2 4 5 . i  7 : 

26/04/02 10:15:45 178#1 369,R 3.2 577.0 IOC.6 1 4 , 4  2 1 0 ~ 9  SO 004*6 052,2 Sfi, l  45.9 7 i 
26/P4/8i 14:15:50 177.5 369.6 26,9 573.9 102.4 14,; 210,8 Si 805,l 852,7 5C.5 45.6 7 i 
26/04/82 18:15:55 ii6,b 369.4 !bB9 S73#7 iOi,b 14,3 210,7 53 884.9 05?,4 S i , ;  45,L T ! 
26/04/82 22:1bt05 178.9 369#9 26.8 574,O 101,5 14,3 2 1 0 , b  50 8 M 3 7  8 2 , 2  i 8 , 3  45,9 7 i 
27/04/02 02:16:17 179,s 370,1 26,9 5?4.8 M,FI 14,j 210~3 SO 8052 052.6 51.3 4 5 , j  i 
27/04/82 Oe:16:12 181.4 371.; 20,; S72,b 10i,4 14.2 2t030  46 885.1 6 M 8 7  5 L p 4  45.6 7 i 
27/04/82 1O:ib:lb ;78,b 569.9 26,o 57?,i 102,4 1 4 , 1  21ilo5 47 8 0 4 8 5  852.0 59,: 45.4 1 i 
27/0442 14:56:?1 1%,3 369 , :  ?t 9 574,: 101,9  i4#I 209.9 50 804.7 852,3 5C,2 45.4 7 4 
27/04/02 i8:16:28 177.7 369,T L?,O 574.6 I'Ji ,S i4.2 210,3 50 804,b 052.i SJ,2 G,?  7 1 
27/04/82 22:16 33 176#5 361#? 26,7 572-7 102,i i 4 , 2  218.5 59 803,3 8513.5 56,1 45.6 7 i 
28/04/02 02:16:37 180,2 S?1 0 26,: 572,O 16iq7 14,3 ?iG,S 48 8 U 2 2  059,5 S i , 2  4:,7 7 1 
28/14/82 06:16:43 181,G 37i.5 2 b 8 7  5?;,4 i01,3 14,3 210,8 48 802.3 849,E 5 D , i  45.7 7 t 
28/04/82 1O:ib:SO 1?9,0 371,4 P6,b  572,e iOi,6 14,4 2i0,9 49 801,O 848,s 5G,2 45.9 7 i 
28/04/02 14:16:56 175.4 368,8 27,i 575,7 100.7 14.4 210,9 54 8Q3,4 851,O 5 0 , l  4b,2 7 i 
28/04/82 10:17:02 i8080 37lS3 26,s 572#2 iQ1,8 14,s 211,1 48 892.7 850.3 50 .1  45,9 7 1 
28/04/02 22:17:08 100,4 371,2 26,9 574,9 100,0 14,6 211,3 48 802,3 849,8 S 0 , 2  46#2 7 1 
29/04/82 92:17:16 177,b 370,O 27,O 574,E 108,7 14,s 211,3 59 801,6 849,L S1,l 4b,2 7 1 
29/94/82 Ob:17:22 182,2 371,7 26,7 574,2 101,5 14,6 211.4 47 800,8 W , 4  50,1 45,7 7 1 
29/04/82 11:17:28 177,s 369,6 26,8 S73,4 102,O 14,s 2L1.5 52 805,) 852,6 58.0 46,1 7 1 
29/04/82 14:17:33 179#2 370,3 2b09 574,2 101,b 14,4 211.2 50 893,4 850,9 SO,2 45,8 7 1 
29/04/82 18:17:39 177,s 369,8 27,) 574,s 101,9 14,4 211,2 52 894,1 8 9 , b  50,1 45,0 1 1 
29/04/82 22:17:45 179,3 370,6 26.8 574,O 100.9 14,s 211,2 49 861,8 849,3 59,O 4b,2 7 1 
39/04/02 02:17:50 179,8 371,1 2 6 , 8  574,4 100,O 14,s 211.2 40 801.7 849,3 50,2 46,s 7 1 

pi.0 tf i G i r l i t  k l b h  psi0 tF % HZ 5 

24/04/82 18:14:47 1 7 8 ~  369,9 2 6 ~  ~ 7 4 ~ 3  ioi.5 14,2 2 i o ~  si 8949 w.5 50.2 45.8 7 o 

2~/~4/82 ia:is:23  LE 3 6 9 ~  2 ~ 9  574s i 0 1 s  14,s 210 7 si a w  052.8 5 c t 2  45 s 7 I 

26/04/62 Ob:i5:33 i6C.9 371,i; ? b o b  572.5 IC I .2  14,3 2iG.8 48 8ir2.5 6'30,s 51.3 45,5 7 i 
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APPENDIX D 

Annex I 

TEST AND DEMONSTRATION of A 1MW WELL-HEAD GENERATOR 

1. Background and Objectives 

(a) Background 

Small-scale, transportable geothermal electric generators are needed 
for testing geothermal resources and for providing electricity in an early 
stage of the development of large geothermal fields. Such generators must 
be able to operate under a broad range of geothermal resource conditions 
(different salinity, temperature and pressure). A small-scale (1.2MW) 
transportable total flow helical screw expander generator (the "Power 
Plant") suitable for such conditions has been designed. and field tested 
for the United States Department of Energy. 

(b) Objectives 

The objectives of this Task are:' 

(1) To accelerate the developbnt of geothermal resources 
through early introduction of advanced geothermal energy 
conversion technology; 

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

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

2. Means 

A comprehensive field test and demonstration programme of the Power 
Plant shall be carried out in Italy, Mexico and New Zealand (the "Host 
Countries") 

(a) Preparation and Planning of the Tests and Demonstration Programs 
of the Power Plant 

(1) The Operating Agent shall provide the operational Power 

D- 1 



Plant including supporting equipment for use in the Task; 

(2) In consultation with other Participants, the Operating 
Agent shall develop a detailed test and demonstration 
programme. 

(b) Site Selection 

(1) Each Host Country shall propose a primary and an alternative 
test site and shall provide the other Participants with the 
available geothermal resource data as well as the operating 
conditions; 

The final sites will be selected by the Host Country and the 
Operating Agent after consultation with the Executive Committee. 

(2) 

(c) Site Preparation 

Each Host Country shall provide a test bed layout for suitable 
testing of the power plant. 

(d) Data Collection, Analysis and Reporting 

(1) Each host country will measure and collect data according to 
the test and demonstration programme as provided in paragraph 
2(a)(2); 

(2 )  Each Host Country will report the data and its evaluation, 
including an assessment on the costs and benefits of the 
Power Plant, to other Participants; 

The Operating Agent will prepare and distribute to Participants 
a final report on the Task. 

( 3 )  

3. Time Schedule 

The Programme will be carried out in accordance with the schedule 
below: 
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Parti- 
cipant Work to be performed 1979 1980 1981 

Delivery of the Power Plant for 
transport to Mexico X 

Development of the test and 
demonstration programme 
Final report 

x x x  

Site Selection and Site 
Preparation 
Installation of the Power Plant 
Test and Demonstration 
Programme 
Delivery of the Power Plant for 
transport to Italy 

x x x x  

X 

x x  

X 

x x  
-- 

x x x x  

Interim Status Report 

Site Selection and Site 
Preparation 
Installation of the Power Plant 

X x x x x x  

X 

Test and Demonstration 
Programme 
Delivery of the Power Plant for 
transport to New Zealand 
Interim Status Report 

Site Selection and Site 
Preparation 
Installation of the Power Plant 
Test and Demonstration 
Programme 
Delivery of the Power Plant for 
transport to United States 
Interim Status Report 

- 

x x  x x x  

X 

x x  

x x x x  

X 

X < x x x x  

X 

X 
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4. Spec 

I 

Eic Responsibilities 

(a) Specific Responsibilities of the Operating Agent 

The Operating Agent will: 

(1) Provide the operational Power Plant and associated supporting 
equipment to the Host Countries according to the schedule 
indicated above; 

(2) Provide technical specialists to advise on the installation 
and operation of the Power Plant during the test and dem- 
onstration programmes; 

(3) Perform major equipment repair; 

(4) Prepare and distribute to Participants a final report on the 
Task. 

(b) Specific Responsibilities of other Participants 

The Participants carrying out the test and demonstration programmes 
will: 

(1) Provide the test-site for the Power Plant and make the 
necessary site-related preparations prior to the instal- 
lation of the Power Plant; 

(2 )  Be responsible for the installation and routine maintenance 
of the Power Plant; 

( 3 )  Be responsible for the test and demonstration programmes, 
including adequate support by electrical, instrumentation 
and computer programming engineers. 

5. Funding 

(a) The Operating Agent will bear the costs of: 

(1) Technical specialists to monitor and assist in the 
installations and operation of the Power Plant; 

(2) Major equipment repair; 
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( 3 )  The transport of the Power Plant and supporting 
equipment back to the United States at the end 
of the Task. 

(b) The Host Countries will bear the costs of: 

(1) Transporting the Power Plant to its test and demonstration 
site; 

(2 )  The costs of site preparation, Power Plant installation, 
and the costs of conducting its test and demonstration 
programme ; 

( 3 )  Preparing the Power Plant and the supporting equipment 
for shipment from the site. 

(c) Each Participant shall bear the costs it incurs in carrying 
out this Task, including the costs of formulating and trans- 
mitting reports, of reimbursing its employees for travel and 
per diem expenses, and of payments for the salaries, insurance, 
and allowances of its personnel in connection with work carried 
out in the Task. 

6. Operating Agent 

The United States Department of Energy. 

7. Information and Intellectual Property 

(a) Executive Committee's Powers. The publication, distribution, 
handling, protection and ownership of information and intellec- 
tual property arising from this Annex I, and rules and procedures 
related to such information and property, shall be determined 
by the Executive Committee, acting by unanimity, in conformity 
with the Agreement. 

(b) Right to Publish. Subject only to the restrictions applying to 
patents and copyrights, the Annex I Participants (referred to 
in this Annex I as the Participants") shall have the right to 
publish all information provided to or arising from this Task 
except proprietary information. For the purposes of this 
paragraph, proprietary information shall mean information of 
a confidential nature such as trade secrets and know-how 
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(for example, computer programmes, design procedures and 
techniques, chemical composition of materials, or manufacturing 
methods, processes or treatments) which are appropriately 
marked, provided such information: 

(1) Is not generally known or publicly available from other 
sources ; 

(2 )  Has not previously been made available by the owner to 
others without obligations concerning its confidentiality; 
and 

( 3 )  Is not already in the possession of the Operating Agent 
or Participant without obligation concerning its con- 
fidentiality. 

( c )  Marking of Proprietary Information. It shall be the responsibility 
of each Participant to identify information it furnishes which 
qualifies as proprietary information under this paragraph and ensure 
that it is appropriately marked. The Participants shall take 
all necessary measures in accordance with this paragraph, the 
laws of their respective countries and international law to 
protect proprietary information. 

(d) Production of Relevant Information by Participants. Each Participant 
and the Operating Agent should endeavor to make available, or 
identify in the context of the Task, pre-existing information 
and information developed independently of the Task, known to it, 
which is relevant to the Task and which can be made available to 
the Task without contractual or legal limitation. Proprietary 
information owned 0; controlled by the Participants or the Operating 
Agent should be made available to the Task and licensed under 
the provisions of paragraphs (f) and (g). It should be noted 
that certain aspects and the details of the generator to be 
used and tested in this Task are owned by and are proprietary 
to a contractor of the Operating Agent. Such information 
will be provided to the Task, for use only under the Task, 
in accordance with paragraph (f) only to the extent necessary 
for the installation and operation of the generator in ac- 
cordance with the work to be conducted under the Task. Other 
use and licensing of such proprietary information will be 
subject to the restriction of paragraph (g). 

V 
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(e) Reports on Information Relevant to the Task. Information arising 
in the course of or under the Task ("arising information") shall 
be freely available to all Participants for use and dissemination. 
Reports containing arising information and pre-existing information 
necessary for and used in the Task, including proprietary infor- 
mation, should be provided to the Operating Agent by each Partic- 
ipant and shall cover the work performed by each Participant under 
this Task. A report summarizing the work performed under the Task 
by each Participant and the Operating Agent, excluding pre-existing 
proprietary information, shall be prepared by the Operating Agent 
and forwarded to the Executive Committee. 

Licensing Under the Task. Each Participant agrees to license all 
pre-existing information and inventions, including proprietary 
information, owned or controlled by the Participant which are 
necessary for utilizing or testing the generator under this 
Task on a non-exclusive, royalty-free basis for use in the 
Task only. In addition, the proprietary information and patents 
owned and proprietary to the contractor to the Operating Agent 
shall be similarly licensed to the extent that such information 
and patents are necessary for use in the Task. 

(g) Licensing for Commercial Use. Each Participant agrees to license 
all pre-existing inventions and all pre-existing information, 
including proprietary information, owned or controlled by the 
Participant which are necessary for, or utilized in the Task, 
to the other Participants, their governments and the nationals 
of their respective countries designated by them for commercial 
purposes on reasonable terms and conditions. The Operating 
Agent shall ensure that the pre-existing inventions and pro- 
prietary data concerning the generator to be used and tested 
under this Task, and which is proprietary to the contractor 
of the Operating Agent, shall be licensed to each Participant 
on reasonable terms and conditions if said contractor is not 
capable of supplying the materials, equipment or services covered 
by such information and inventions at reasonable prices and 
in sufficient quantities to meet market demands. 

(h) Ownership and Licensing of Arising Inventions. Inventions 
made or conceived in the course of or under this Task ("arising 
inventions") shall be owned by each Participant in its own 
country and by the inventing Participant in other countries. 
Each Participant shall license such arising inventions to the 
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other Participants, their governments and the nationals of their 
respective countries designated by them for commercial purposes 
on reasonable terms and conditions. 

(i) Copyrights. Each Participant may take appropriate measures 
necessary to protect copyrightable material generated by it 
under this Task. Copyrights obtained shall be the property 
of the Participant, provided however, that the other Participants 
may reproduce and distribute such material, but shall not 
publish it with a view to profit. 

(j) Co-operation from Authors and Inventors. Each Participant will, 
without prejudice to any rights of inventors or authors under 
its national laws, take all necessary steps to provide the 
co-operation from its authors and inventors required to carry 
out the provisions of this paragraph. Each Participant will 
assume the responsibility t o  pay awards or compensation required 
to be paid to its employees according to the laws of its country. 

(k) "National" of a Participant. The Executive Committee may estab- 
lish guidelines to determine what constitutes a "national" of 
a Participant. In the event of a dispute as to what constitutes 
a "national" of a Participant, such disputes shall be handled 
in accordance with Article 9 (d) of the Agreement. 

8. Results 

The results of this Task will be a final report, which shall include: 

(a) An assessment of the performance and reliability of the Power 
Plant under the differing geothermal conditions of the test sites; 

(b) A cost/benefit analysis of the Power Plant, relative to each site. 

9. Participants 

The Contracting Parties which are Participants in the Task are the 
following: 

Ente Nazionale per 1'Energia Elettrica [ENEL] (Italy), 

Comision Federal de Electricidad (Mexico), 

Ministry of Works and Development (New Zealand), 

United States Department of Energy. 
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