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EPRI PERSPECTIVE

PROJECT DESCRIPTION

This final report under RP301 documents the findings of an experimental research
effort to develop a data base on reactor coolant pump single- and two-phase
performance behavior. Tests were performed on a geometrically scaled model of an
actual reactor coolant pump. Both steady-state and transient blowdown tests were
performed over sufficiently large ranges of thermal-hydraulic operating conditions
and typical pump performance parameters to cover calculated hypothetical loss-of-
coolant accident (LOCA) conditions.

PROJECT OBJECTIVES

Current analytic pump models used in LOCA analyses are based on a limited amount of
experimental data, The goals of this project were (1) to establish a sufficiently
large data base of steady-state and transient pump performance data to substantiate,
and ultimately improve, analytic pump models currently used for reactor coolant pump
LOCA analysis; and (2) to obtain data on pump characteristics under two-phase tran-
sient blowdown conditions to aid the evaluation of reactor coolant pump overspeed,

PROJECT RESULTS

The pump data base collected in this project is considered sufficiently large and
diverse to cover a significant range of pump performance of primary impartance to
LOCA analysis. Initial evaluation of the test results indicates that pump rated
head and torque degrade significantly under two-phase flow conditions. Pump free-
wheeling speed (pump motor power off) is closely coupled to the volumetric flow rate
through the pump during a blowdown transient. The maximum free-wheeling speed
observed was near twice the rated speed for a discharge break equal to the flow area
of the pump, For smaller size discharge breaks, the peak speed observed was less
than twice the rated speed. With electric power to the pump drive motor on
throughout the blowdown, however, the pump speed was maintained at an almost
constant value.

Additional reduction and analysis of this data base is required before it can be

used to support the development of an ijmproved analytic model for pump two-phase
performance.
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This final report consists of eight volumes, as presented in the table of contents
in the first volume. Volumes 1, 2, 3, 4, and 7 present the results and conclusions,
as well as substantial discussion and description, of the entire project and the
test data. Volumes 5 and 6 present the tabulated test data in computer printout and
graphic format, which will be useful for further analyses. Volume 8 contains a
description of the data processing methods. Volumes 2 through 8 are available from
the Research Reports Center* upon request.

Kjell A. Nilsson, Project Manager
Nuclear Power Division

*Research Reports Center
P.0. Box 50490
Palo Alto, CA 94303
(415) 965-4081
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ABSTRACT

The primary objective of the C-E/EPRI Pump Two-Phase Performance Program was ta
obtain sufficient steady-state and transient two-phase empirical data to substan-
tiate and ultimately improve the reactor coolant pump analytical model currently
used for LOCA analysis. A one~fifth scale pump, which geometrically models a
reactor coolant pump, was tested in steady-state runs with single- and two-phase
mixtures of water and steam over ranges of operating conditions representative of
postulated Joss-of-coolant accidents. Transient tests were also run to evaluate the
applicability of the steady-state-based calculational models to transient
conditions,

This project has produced test data which can appropriately be utilized for reactor
coolant pump modeling in LOCA analyses, The steady-state test data show general
coherence of the test results and overall pump performance trends for a model pump
that should be representative of a reactor coolant pump to the extent that scaling
laws apply. Both head and torque data correlate well in the form of homologous
curves, Two-phase head degradation curves are approximately comparable to head
degradation curves obtained in other test programs. Two-phase torque degradation
curves have also been developed, The collected data shauld be useful for analytical
mode] development,






Volume VIII: DATA PROCESSING METHODS

CONTENTS
Section
1 INTRODUCTION
2 INSTRUMENT CALIBRATION METHODS AND HISTORY
2.1 Introduction
2.2 Instrument Calibration Methods
2.3 Instrument Conversion Constant Updates
2.4 Instrument History
3 STEARY-STATE DATA REDUCTION METHODS
3.1 Introduction
3.2 Steady-State Data Reduction Process
3.3 Steady-State Review Code and Summary Table Code
4 TRANSIENT DATA REDUCTION METHODS

4.1 Introduction

4.2 FM System Transient Data Reduction Process

4,3 Data Scanner System Transient Data Reduction
Process

vii

2-16
2-22

3-1
3-1
3-]
3-58

4-1
4-1
4-1
4-37






Section 1

INTRODUCTION

This volume describes the data processing methods used to convert the raw test
data to engineering units and plots for both the steady-state and transient
tests conducted during the CE/EPRI pump project, The material presented is
intended to be sufficiently complete so that the reader can understand the
methods used by C-E to process the data, The material contained in this docum-
ent is not, however, sufficiently complete to permit the reader to conduct a
thorough audit of the data processing. In many cases, the material has been
condensed to the extent that the reader is expected to be capable of reading
computer programs in order to completely understand the presentation. By
applying the methods presented in this volume and by employing the calibration
constant histories and channel arrangement records also provided in this volume,
the reader can independently process test data if desired.

The flow diagram given in Figure 1-]1 is an overview of the total data processing
approach. Analogue transient data were provided using an FM multiplex system.
The analog data were converted to digital data which were, in turn, converted to
engineering units using appropriate calibration data and then plotted. Discrete
steady-state data and supplementary transient data were obtained using a data
channel scanner. For each steady-state test point, five discrete readings of
each channel were recorded 1/2 minute apart, and for the supplementary transient
data, each channel was sampled every five seconds during the transient. The
steady-state scanner data were converted to engineering units and several forms
of hard copy autput were produced. The output also included a variety of dey-
ived parameters calculated from the measured data. The transient scanner data
were converted to engineering units and plotted directly. As indicated in the
flow chart, extensive use was made of computer files and computer programs to
accomp)ish management of the data and computations using the data. These meth-
ods are described in the sections to follow.
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As additional background, three numbering systems were utilized to identify the
data as they were processed through the calibration and reduction steps. These
numbering systems were the Instrument Location Numbers (ILN's), the Data Scanner
Channel Numbers (SCN's), and the FM Channel Numbers (FM's). The ILN specified
the physical location of a measuring point as schematically portrayed on the P&l
Diagram, Figure 1-2. The SCN specified the data scanner channel number on which
the data were recorded. An instrumentation history was maintained for each data
scanner channel to record scanner channel and FM Channel assignments during the
steady-state test series, The FM number primarily pertained to transient data,
and it specified the FM channel number on which the data were recorded. These
three numbering systems, plus the description of the measuring instrument,
related the output data to the location and type of instrument producing those
data and were documented for each test series.

Because of the complexity of the various processing methods and the significant
detajl required to adequately describe them, a format different from that used
in previous volumes has been used in this volume. The summary table of contents
provided at the front of this volume provides the reader with a path to the
specific information he or she desires. This table of contents itemizes the
methods presented in this volume and indicates the location (section) in this
volume where the specific information is described in detail. In addition to
this summary table of contents, a detailed table of contents is included at the
front of each section which follows to provide a further breakdown of the
material described in that section.
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2.1 INTRODUCTION

This section briefly describes (1) how each instrument type was calibrated, (2)
how the results of the calibrations were used to update the conversion constant
files and (3) how changes in instrumentation were documented. Descriptions of
each instrument type can be found in Section 4 of Volume VII, Test Facility
Description.

Each instrument type was calibrated using a standard laboratory procedura.
These procedures are considered briefly in this saction, Each calibration
resulted in a set of calibration data which was processed by a computer program
to produce a group of conversion constants. These programs used a regression
analysis by the method of least squares. During the course of the test program
at least three full calibrations were performed on each instrument with the
exception of the magnetic flow meter. Results from each new calibration were
compared with all previous calibrations. Significant deviations in calibration
data usually led to the replacement of the instrument.

The conversion constants produced by the calibrations performed on each instru-
ment were used to update two different types of conversion constant files: (1)
steady-state conversion constant files and (2) transient conversion constant
files. The steady-state conversion constant or "zero" files were utilized by the
Steady-State Data Reduction (SSDR) Code which reduced data from steady-state
tests to output in engineering units. Zero files were alsc utilized by the
program TP4TPT which reduced data obtained by the data scanner from transient
tests to plots in engineering units versus time. The transient conversion
constant or "CAL" files were uytilized by the Transient Data Reduction (TDR) Code
which reduced data obtained by the FM multiplex system from transient tests to
plots of measured and calculated parameters versus time.

After each change to the steady-state or transient conversion constant file the
new file was assigned a unique number and stored permanently. The data from
these conversion constant files were used to compile a conversion constant
history which shows the correct conversion constants for any instrument for any
test.

In order to keep track of the many changes in instrumentation which occurred
during the testing phases an Instrumentation History was compiled. This history



shows which instrument was connected to any given data scanner channel (SCN) at
any given time. It also shows which channel from the FM multiplex system (FM)
was connected to that data scanner channel.

Using the information presented in this section and the appropriate data reduc-
tion code, it is possible to take any raw, digital data value from a steady-
state or transient test, find the correct conversion constants, and calculate
the output from that instrument in engineering units.

Detailed calibration procedures, calibration results, calibration reduction
program 1istings, and printouts from these programs are not included in this
report but are available in EPRI files.

2.2 INSTRUMENT CALIBRATION METHODS

2.2.1 Pressure Ce]]\Ca]ibration

A1l pressure cells utilized in the pump test loop were calibrated with a dead
weight calibration tester. Each calibration consisted of fifteen or more

points which covered the entire range of the transducer. Cell output was
manually recorded for each point. Readout was from the data scanner digital
voltmeter. Electrical connections and equipment were identica)l to that used
during testing. That is, the same lead wires, power supply, amplifier, and data
scanner were utilized for both calibration and test data acquisition. Figure
2.2-1 is an example of calibration data.

The calibration data was analyzed by the program CALFTP which used a least
squares method to fit the data to a quadratic curve. The output of the pro-
gram for a set of calibration data consisted of a set of three conversion
constants and the standard error or scatter around the average difference
between the measured and calculated pressures.

Conversion constants generated for each set of calibration data were compared
with previous constants for that cell. If the calibration was judged satis-.
factory the constants were used to update the steady-state and transient conver-
sion constant files.
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2.2.2 Differential Pressure Cell Calibration

Differential pressure cells were calibrated with one of three available stan-
dards depending on the cell range. Low range (0-4.5 psi) cells were calibrated
with a 60-inch manometer using an organic manometer fluid, tetrabromoethane.
Intermediate range (0-25 psi) cells were calibrated with a 60-inch manometer
using mercury. High range (0-250 psi) cells were calibrated with two dead
weight test gages.

Previous experience indicated that the type of differential pressure cells used
were sensitive to static (casing) pressure. Therefore, each cell was calibrated
at three different static pressures which covered the range of static pressures
over which they were expected to operate. At each static pressure ten or more
calibration points were taken to cover the differential pressure range of that
cell.

As with pressure cells, the same electronics were used for both calibration and
test data acquisition. Manually recorded calibration data such as the example

in Figure 2.2-2 were reduced by one of three computer programs depending on the
type of tester used to produce the data. The three programs are:

() HGDPFT, far the mecury manometer,
(2) DPTBFT, for the tetrabromoethane manometer, and

(3) DPDWFT for the dead weight testers.

These programs were similar except for the conversion of the calibration test-
er's output to psid. A1) three programs produced an output of four conversion
constants for each cell's calibration data and the standard error for that
calibration. The conversion constants represented the best fit of the cali-
bration data to the equation,

AP = Cy ot C2(V-V0) + CaP + C4P(V-V0), where

AP = output of cell (psid)

V = cell electrical output (volts)

V_ = cell electrical output when aAP=0 (volts)
P = static pressure {psia)

C], C2’ C3, C4 = conversion constants
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The conversion constants produced from a calibration were compared with previous
constants for that cell. If satisfactory, they were used to update the conver-
sion constant files.

2.2.3 Resjstance Temperature Device Calibration

Al1 resistance temperature devices (RTD) were initially calibrated against four
temperature standards: the boiling point of water and the freezing points of
lead, tin, and water. In each case the RTD was allowed to stabilize in the
temperature standard before output was recorded.

The calibration obtained was analyzed by the program RTDFT which used a linear
regression technique to achieve a least squares fit of the calibration data to
a quadratic equation. Output from this program consisted of a set of three
conversion constants and the standard error of the calibration data.

The conversion constants generated by the initial calibration were used in all
conversion constant files. Calibration checks were made during the test program

using water, lead, and tin freezing point standards.

2.2.4 TJorque Meter Calibration

Both high and Tow range torque meters were calijbrated by applying known forces
(weights) at a known position on a specially constructed lever arm attached to
the pump end of the torque meter shaft. The motor end was held fixed. To cover
the entire range for both types of torque meters approximately 60 points were
taken for each high range torque meter calibration and 17 points were taken for
each low range torque meter calibration. Torque meter output was manually
recorded from the data scanner digital voltmeter,

Calibration data was analyzed by the linear regression program MULFT which
calculated the two conversion constants which best fit the calibration data to
a linear equation. These constants were used to update the conversion constant
files.

2.2.5 Magnetic Flowmeter Calibration

The magnetic flowmeter was calibrated before the start of testing by its manu-
facturer, Foxboro Company. Because the range of the transducer unit was changed
during testing, it was returned to Foxboro at the conclusion of testing for



recalibration., This revised calibration data was then used for all tests
conducted after making the range change. Each calibration consisted of 12
points which covered the range of the flowmeter.

Data from the calibration was analyzed by the linear regression program MULFT
which calculated the two conversion constants which best fit the calibration
data to a Jinear equation. These constants were used to update the conversion
constant files.

2.2.6 Thermocouple Calijbration

Because of the relatively slow response time of the resistance temperature
devices (RTD's), thermocouples (TC's) were used as the primary temperature
measurement devices for transient tests. Their inferior accuracy was recog-
nized, however, and a procedure was devised to calibrate them against the RTD's.
Only two thermocouples were calibrated, the suction TC(L-13) and discharge TC(L-
14),

Calibration test points were performed as part of the blowdown procedure de-
scribed in Section 5 of Voiume VII, Test Facility Description, prior to each
transient. The calibration was performed by obtaining stable single-phase water
conditions at a series of temperatures. Data was taken and consisted of five
scans of all test instruments. Data from the test points were then analyzed
with a linear regression program (MULFT) which produced constants for an equa-
tion of actual (RTD) versus measured (TC) temperature. These constants were
entered into the appropriate transient conversion constant file for use by the
Transient Data Reduction Program.

2.2,7 Drag Disc Calibration

In situ calibration tests were performed to determine (1) the relation between
single-phase flow and output signal at 625°F and (2) the sensitivity of each
drag disc to temperature. The latter tests were necessary because each device
showed a unique linear relation between output and temperature,

The first type of calibration tests were performed with subcooled water at 525°F
+ 5°F, Temperature was measured at one suction and one discharge drag disc by
thermocouples (L-30 and L-31)., The reference temperature (525°F) was chosen
because it was an intermediate value for the test sequences run, Calibration
tests were performed in the same manner as single-phase water points (see

2-9



Section 5 of Volume VII, Test Facility Description). Flow was varied in steps.
At each step the loop was allowed to stabilize and a test point was acquired by
taking five scans of all test instruments. Data was reduced with the Steady-
State Data Reduction Code to obtain drag disc voltage output and water orifice
flow. The results were used in a linear regression analysis program (MULFT) to
arrive at the slope and intercept of the best fit linear equation for each drag
disc at 525°F.

Temperature sensitivity tests were performed by bringing the loop to a stable
single-phase water condition at the specified temperature. Zero flow conditions
were then obtained by stopping all circulating pumps and closing a loop flow
control valve (either HPW-6 or HPSW-1). A test point was acquired by taking
five scans. The data was then reduced with the Steady State Data Reduction
Program and used with a linear regression analysis (MULFT) to determine the
slope of the best fit between drag disc output at zero flow and temperature.

The above calibration tests and data analysis resulted in three conversion
constants for each drag disc. The calibration procedure was performed as often
as necessary to account for changes in drag discs including target changes.
The resulting constants were used to update the conversion constant files.

2.2.8 Turbine Meter Calibration

Turbine meters were calibrated in situ using the steam flow orifice as a
standard. Single-phase steam was used in order to achieve velocities high
enough to cover the entire range of the turbine meter.

Caljbration tests were performed by setting the loop up for single phase steam
operation (see Section 5 of Volume VII, Test Facility Description). Flow was
varied in steps and data taken after the loop stabilized. The data was then
reduced with the Steady State Data Reduction Program to obtain turbine meter
voltage output and steam orifice flow. A linear regression analysis program
(MULFT) was used to determine the best fit conversion constants. These two
constants were used to update the conversion constant files.

2.2.9 Gamma Densitometer Calibration

Two types of gamma densitometers were used in this project. One system manufac-
tured by Measurements Incorporated, was mounted on each of the instrumented test



sections. This type of system contained tungsten shims which could be inserted
into the gamma beam between the source and the detector for use during calibra-
tion. The second system, manufactured by Atomic Energy of Canada Limited

(AECL), was mounted on the pump suction immediately adjacent to the pump housing,
This system did not contain any shims and, as a result, the calibration process
was different for each system,

Both densitometer systems were calibrated in situ using known loop fluid density
based on local temperature and pressure measurements. Both systems were cali-

brated using the following equation:

C1 - In{V - €3)/C2 (1)

©
L]

Where o = density of the fluid in the pipe
V = the output voltage
Cl, C2 & C3 = constants,

This equation is derived from its expanded form:

o= IN(Vy = Vopp) - mgp

Ot - 'ln(V - VOff) (2)
a t

Q

in which
= the length of the beam path within the pipe I. D.

o the length of the beam path excluding that within the pipe
I. D

) = the measured output voltage corresponding to density p

V] = the theoretical voltage {f there were no material in the
beam path

Voff = the offset voltage when the source is stored

a = the mass attenuatjon coefficient of the material in the pipe

a, = the mean mass attenuation coefficient of the material in the
the path excluding that within the pipe I. D.

p = the mean density of the material along the length of the
beam path within the pipe I. D.

CI the mean density of the material along the beam path ex-

cluding that section within the pipe I. D.
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From this, the definitions of the coefficients in equation 1 are as follows:

2 =at ' (4)
€3 = Ve (5)

2.2.9.1 Measurements Incorporated System. For this system a "cold" calibration
was performed using air and water and inserting the tungsten shims in each case.
This gave a total of four data points. These data points were defined by using
the subscripts 1 through 4 as follows.

Subscript 1 refers to air data
Subscript 2 refers to air & shim data
Subscript 3 refers to cold water data

Subscript 4 refers to cold water & shim data

The response equation (1) for each of these cases is given below:

py = (C1 - 1n(V] - C3))/c2 (6)
py = (C1 - In(v, - C3))/C2 = py * C4 (7)
oq = (c1 - 1n(v3 - €3))/C2 (8)
pg = (€1 - In(v, - C3})/C2 = pq + Cl (9)

Where the shim density is defined as a constant C4. Therefore, assuming stable
conditions, it can be shown that

- (o)
1 2 37 Y
) Ve - C3 (1)
C2 e _ ]n V - C3
3 = 7 3
V, - C3
1 3 (12)
C4 = C—— ]l’l ———“v4 - C3
€l = pyC2 + 1n (v] - €3) (13)
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Normally it would be expected that this would be sufficient calibration.
Unfortunately this approach resulted in coefficients which gave inconsistent
results at test conditions. As a result some kind of updating process had to be
developed, In the process developed for updating prior to a blowdown the only
value used from the cold calibration was the current value of the shim density,
C4. This process used data at two different fluid densities plus data with the
shims inserted at one of those two densities. The response equation is then
written as follows:

pg = (C17 - In(vg - €3;))/C2, (14)
pg = (C1y - In(Vg - €3;))/C2, (15)
py = (€1 - (v, - €3,))/C2, (16)

where conditions 5 and 7 are the two fluid densities and:

pg = pg T C4 (17)

From 14, 15, 16 and 17

mVs -3 V; - 03 (18)

%Z V. -3 - MV T
6 1 P T Py 5 ]

CS] is obtained by salving (17) {teratively.

Then, from 14 and 15

V. - C3
-1 5 1
6 ]
and from 14
Cly = €2y o5 *+ 1n (Vg - 03]) (20)

This gives the solution far the coefficients in the hot condition. The two
fluid conditions used were at the approximately 525°F calibration point prior to
the blowdown (equation 14) and at a superheated steam point towards the end of
the blowdown (equation 16).



A second process had to be developed for daily updating. In this case only two
single phase data points were available. These were single phase water and
single phase water plus shim points.

For this case both C2 and C4 were assumed to remain constant. C2 involves only
geometric and physical properties and is therefore the most likely of the con-

stants to remain constant. The equations for this condition are

98 = (C]Z = ]n(VB - C32))/C2 (2])

Pg (C]2 1n(V9 - C32))/C2 (22)

where g = fg + C4

From these
y c2c4 y
e
3, = egw*r—g (23)
and
Cl, = C2 pg + 1n [Vg - C3,] (24)

AECL System

The system provided by AECL did not have the capability of inserting calibration
shims into the beam path. As a result, a different process had to be used to
obtain calibration coefficients. The process used was based on four calibration
points, the equatians for which are:

C]h - 1n(V] - C3)

Py = 2 ” (25)
P2 c?2

_ C]c - ]N(V3 - C3) (27)
P3 ~ €2



i a, - In(v

] g - ) (28)
Pa c?

Where the subscripts 1, 2, 3 and 4 refer to steam, hot water, air and cold water
respectively, and h and ¢ refer to hot and cold conditions, Using these equa-
tions,

V] - C3 ) 1 V3 - C3

n In (29)
V2 - C3 p4 Pq V4 - (3

PZ - p]
This is solved iteratively for C3.

From 25 and 26

1 V) - 3
2= o 0y (30)
And €1, = C2 0, + In(V, - C3) (31)

This gives a full calibration for the AECL and also takes account of the pos-
sible variability of the most sensitive coefficient, C1, with temperature.

This type of calibration was performed to provide the coefficients prior to each
phase and at each blowdown.

An update procedure was used whenever a set of air and cold water data were
available,

This update used equatians 27 and 28 and assumed C2 to be constant. Thus:

(vje0q = £3) vy (32)
€3 = 02(94 - 93)

e -1
Cl = €2 5y + In(V, - C3) (33)
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Finally a daily update was used. In this case, the only variable assumed was C1}.
The hot water data point was used and Cl1 was evaluated from eguation 26 as:

Cly = C2p, + 1n(v2 - C3) (34)

The calibration data analysis just described was performed by the Instrument
Calibration Constant Update Program (ICCUP) which is discussed further in
Section 2.3. Conversion constants generated by this proaram were used to
update steady-state conversion constant files. Conversion constants were also
generated for the transient constant files using a slightly different formula-
tion of equation 1 (see Section 4.2).

2.3 INSTRUMENT CONVERSION CONSTANT UPDATES

The conversion constants qenerated by the calibration methods described in the
previous section were used to update the steady-state and transient conversion
constant files. In addition, frequent zero checks were made on the pressure and
differential pressure transducers. These checks resulted in revised values for
each cell's zero which were used to update the conversion constant files.

The actual updating process was done by editing the old computer constant file
and inserting the new constants. The new steady-state or transient conversion
constant file was then assigned a number and stored permanent]y. Certain
constant updates, such as pressure and differential pressure zeros and gamma
densitometer constants were performed by the program ICCUP, which is briefly
discussed in the next section. A permanent record was made of all conversion
canstants tabulated by steady-state conversion constant file number (zero
number), This record formed a Conversjon Constant History which is described in
Section 2.3.2.

2.3.1 Pressure and Differential Pressure Cell Zero Update and Gamma

Densitometers Calibration

The process of updating the calibration constants for particular instruments was
a repetitive procedure and as a result a computer program was written to perform
this function. This proaram was named Instrument Conversion Constant Update
Program (ICCUP). The calibration constants concerned are the zeroes for the
pressure and differential pressure transducers and all of the coefficients for
the gamma densitometers. The proaram is written so that one of fouroptions is
available.



Option 1. Update only the zero values of pressure and differential pressure
transducers, and write the results into a new steady-state conversion
constant file.

Option 2. Update the zero values of pressure and differential pressure trans-
ducers and the gamma densitometers calibration coefficients using hot
water data. Then write the results to a new conversion constant file.

Option 3. Update the zero values of pressure and differential pressure trans-
ducers and the gamma densitometers calibration cosfficients using air
and cold (& 170°F) water data. Then write the results into a new
conversion copstant file.

Option 4. This is the pre-blowdown option. It performs Option 2 above and then
using high temperature data and the current values of effective shim
density from Option 2, it repeats the updating of the pressure and
differential pressure transducers zeroes and the gamma densitometer
calibration coefficients. This second updating is written to a second
new conversion constant file,

Option 2 was used to generate gamma densitometer conversion constants for all
steady-state conversion constant files. Constants from Option 4 were manually
input into the appropriate transient conversion constant file. In this

case, 1f the constants showed significant inconsistancy, constants from Option 2
were used.

A listing of ICCUP appears in Appendix 2.3A.

2.3.2 Conversion Constant History

Table 2.3-1 is a sample of the Conversion Constant History compiled for all test
instruments with variable calibration constants (e.g., thermocouples were not
included). "Instrument No." refers to the scanner number of the instrument in
question. Steady-State Conversion constant files, or "Zera Filas", were used by
the Steady-State Data Reduction (SSDR) Program to reduce the raw voltage signal
from each transducer. These zero files are numbered and correspond to a defin-
ite group of tests. Table 2.3-2 shows the correspondence between Zero File
number and test numbers applicable to that conversion constant file. The date
column of Table 2,3~1 gives the day on which the original calibration file was
set up. The remaining columns give the values for the instrument zero (if any)
and each conversion constant. These constants are used by the program to calcu-
late the instrument output, in engineering units, for that instrument. Equations
used for this conversion may ha found in the discussion of the SSDR Program.
C(7,N) in every case is the standard error of the instrument calibration data.



This standard error is used in the accuracy analysis sections of the data re-
duction program.

The complete Steady-State Conversion Constant History appears in Appendix 2.3B.
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85>

882

895

927

955

9643
1000
1103
1109
1131
1144
1161
117s
1182
1189
1209
1212
1228
1241
1257

DATE

09/723/17
08722777
09729717
10703777
10704777
10705777
10711777
10/14777
10720717
10721717
10722717
107257117
10725717
Lo0721/7117
107217717
10723777
10728717
10731717
11702717
11703717

ZEPL
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C.000C
0.000
G.00C
0.000
D.000
C.00C
G.J00
C.00C
0.000
0.200
0.00C
0.000C
Ce0UO
0.000
C.00C
0.000
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G.00C
0.0090

CE-EPRI TwiL PLASE PUMP PERFCRMANCE PRUGRAM

SAMPLE CONVERSION CONSTANT HISTORY

INSTRUMENT NCo 1=

Cll+M)
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~e 2663 11E¢05
—e266371E+05
«25508BE404
« 95G08RE+U4
«559088E+04
+55G0HBE+04
- 559088E+04
» 5550B8BE¢04
«559088E+04
+555088E+04
+559088BE+04
«559088E404
« 32B044L+04
«328044t+04
«328044E+04
«35595LE¢04
«355956F+04
«355956E+¢C4
«35595¢€E¢u4

CL2,N)

«520254E+04
«520254E+C4
«520254E+04
«60STTIE+04
«60G5773E+404
«60S773E404
«6057T73E¢04
«605773E+04
«060GT73E+04
«60%T7T3E+04
<60STT3E+04
«6USTT3E+04
«609TT3E+04
«5BEBL1SE+04
«5B8H815E404
«583315E+04
+ 740234E+04
«740234E+04
«14C234E+04
- T4U234E+04

Table 2.3-1

Cl3,N)

J.

O

Ce
«919017-03
«919017E-03
-919017£-03
«919017E-03
«91S017E-C3
«919017£-03
-919017E-03
«919017£-03
+S515C17E-03
«519017£-03
«111561E~u2
«111561E~-02
«111561£-02
«2C7143E-C2
«2CT143£-02
«2C7143£-02
«2CT143E-02
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Cl4.N)

C{5,0)

00
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Je
o.
Je

O«
Oe
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Oa
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Oe
Je
Oe
[¢ 2%

Oe
Ve

CL6uN)

LLTyN}

=133162E405
«133162E+05
«133162E+05
«355221E+04
+555221E+04
«555221 £404
«555221€+04
«555221£404
«555221E+C4
«555221E+¢04
«555221E¢04
=555221E+04
«555221E+04
«4T70938E+C4
«4T0938BE+04
- 470S38E+04
«835G4TE+04
«83504TE+04
«B35C04TE+04
« 835047404



Table 2.3-2

STEADY-STATE TESTS ZERO FILE INDEX

Zero File Applicable
Number Tests
Phase 1
207 209-217
218 218-226
227 227-243
244 244-246
250 250-251
252 252-256
257 257-260
261 261-271
272 272-281
282 282-289
290 290-294
295 295-297
298 298-302
303 303-320
321 321-327
328 328-339
340 340-364
365 365~371
372 372-384
385 385-390
391 391-399
400 400-406
407 407-409
410 410-428
435 429-439
440 440-453
466 454-476
490 477-500
501 501-508
509 509-518

2-20

Zero File Applicable
Number Tests
Phase I1
855 849-879
882 880-894
895 895-922
927 923-954
955 955-967
968 968-999
1000 1000-1075
1103 1076-1105
1109 1108-1126
n3 1127-1141
1144 1142-1156
1161 1157-1169
1176 1170-1179
1182 1180-1188
1189 1189-1199
1209 1200-1211
1212 1212-1223
1228 1224-1236
1241 1237-1254
1257 1255-1267
1272 1268-1288
1292 1289-1307
1308 1308-1319
1322 1320-1335
1337 1336-1351
1354 1352-1363
1364 1364-1367
1368 1368-1380
1281 1381-1397
1398 1398-1435



Table 2.3-2 (Cont'd.)
STEADY-STATE TESTS ZERO FILE INDEX

Zero File Applicable Zera File Applicable
Number Tests Numbep Tests
Phase 1 Phase 11
519 519-535 1440 1436-1454
536 536-544 1455 1455-1465
545 545-558 1466 1466-1480
567 559-573 1483 1481-1498
574 574-598 1502 1499-1514
599 599-609
614 £610-619
620 620-628
634 629-644
645 645-652
658 653-663
667 664-680
685 681~890
693 691-705
714 706-732
735 733-757
758 758-773
774 774-786
792 787-822
827 823-833
838 834-847
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2.4 INSTRUMENT HISTORY

Table 2.4-2, presented in this section, gives a detailed accounting of the
history of each test instrument. The only instruments excluded from this list
were thermocoupies and the blowdown event sequence timer. Thermocouple conver-
sion constants are contained in the Steady-State Data Reduction code. The
constants used were the standard ASME data pack. The Transient Data Reduction
code also used this data pack. This code also appiied a correction factor. The
procedure for obtaining the correction factor is described in Section 2.2.5, for
the suction and discharge thermocouples (L-13 and L-14).

The Instrument History is organized according to scanner channel numbers (SCN's),
Each SCN is the channel number on the data scanner to which the instrument was
connected. (The data scanner was the primary data recording device for all
steady-state tests.) The history shows, at any instant during testing, what
instrument was connected to a given scanner channel. Information on instrument
type, range, and serial number js presented in first column. The second column
gives the date at which the recorded change was made. The third column lists
the FM channel (if any) that the device was connected to. Because many tests
might have been run on a single day, the fourth column shows the number of the
test immediately preceding the change and the test number immediately after.
That is, the change recorded in the fifth column applies to the later number in
the fourth column and all tests thereafter.

In this way changes that might affect test results can be related directly to
the tests involved. In some instances, the ftem entered in Column Five did not
affect test instrument performance; in those cases no entry was made in the
"Test No., Before/After" column. An example of this was calibration checks
which were done only to insure no significant change in calibration had taken
place.

In order to simplify references to test instruments, an Instrument Location
Number (ILN) has been assigned to each physical location in the test loop. Each
ILN specifies a unique pressure tap, set of differential pressure taps, RTD
location, etc. More than aone instrument could be connected to a single location,
particularly in the case of differential pressure instruments with averlapping
ranges. However, only one instrument could be connected to each data scanner
channel., Table 2.4-1 is a guide to the correspondence between locater and
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scanner numbers. Use of this table and the Instrument History table allows the
reader to determine all pertinent information about the instrument(s) attached
at any location on the test loop. A further discussion of test instrumentation
may be found in Section 4 of Volume VII, Test Facility Description.
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TABLE 2.4-1
INSTRUMENTATION LIST

L-38L Main Water Orifice AP Cell

LOCATION SCANNER
NUMBER NUMBER
(ILN) DESCRIPTION RANGE _(SCN)
L-1 Suction Leg Drag Disc (UPPER) Varied S-1
L-2, Discharge Leg Drag Disc {UPPER) Varied 5-2
L-3, Suction Leg Turbine Meter (LOWER) Varied S-3 or S-28
L-4 Discharge Leg Turbine Meter (LOWER) Varied S-4 or S-29
L-5 Suction Leg Pressure Cell 0-1500 PSI S-5
L-6 Discharge Leg Pressure Cell 0-1500 PSI S-6
L-7H Pump Leg-To-lLeg AP Cell (BLH)- + 500 PSID S-7
Transient
L~-7H Pump Leg-To-Leg AP Cell - Varied S-7A
Steady-State
L-7L Pump Leg-To-Leg AP Cell (BLH) - + 200 PSID S-8
Transient
L-7L Pump Leg-To-Leg AP Cell - Varied S-8A
Steady-State
L-9 Pump Injection Inlet AP Cell 0-25 PSID S-9
L-10 Pump Injection Inlet Pressure Cell 0-1500 PSID S-10
L-1N Pump Torque Meter 0-200/0-1200 FT-1B S-1
L-12 Pump Speed Meter 0-10,000 RPM 5-12
L-13 Suction Leg Thermocouple 0-600°F S-13
L-14 Discharge Leg Thermocouple 0-600°F 3 S-14
L-15 Suction Leg Densitometer, Beam #] 0-62.4 LB/FT3 5-15
L-16 Suction Leg Densitometer, Beam #2 0-62.4 LB/FT3 S-16
L-17 Suction Leg Densitometer, Beam #3 0-62.4 LB/FT3 S-17
L-18 Discharge Leg Densitometer, Beam #1 0-62.4 LB/FT3 S-18
L-19 Discharge Leg Densitometer, Beam #2 0-62.4 LB/FT3 S-19
£-20 Discharge Leg Densitometer, Beam #3  0-62.4 LB/FT 5-20
L-21 Pump Injection Inlet Thermocouple 0-600°F s-21
L-22 Pump Injection Outlet Thermocouple 0-600°F S-22
L-23 High Pressure Drum ID Thermocouple 0-800°F §-23
L-24 High Pressure Drum OD Thermocouple 0-800°F S-24
L-25 High Pressure Drum Level AP Cell 0-2.5 PSID $-25
L-26 Suctjon Leg Drag Disc (LOWER) Varied S-26
L-27 Discharge Leg Drag Disc (LOWER) Varied S-27
L-ZBE Suction Leg Turbine Meter Varied S-28 or S-3
L-29 Discharge Leg.Turbine Meter Varied S-29 or S-4
L-30 Suction Leg Drag Disc Thermocouple 0-600°F S-30
L-31 Discharge Leg Drag Disc Thermocouple 0-600°F §-31
L-32 Pump Injection Outlet Flow Varied S-32
L-33 Inlet Across Pipe aP + 500 Inches, 5-33
L-34 Inlet Densitometer, Beam #3 0-62.4 LB/FT3 S-34
L-35 Inlet Densitometer, Beam #] 0-62.4 LB/FT3 S$-35
L-36 Inlet Densitometer, Beam #2 62.4 LB/FT S-36
L-37L Main Steam Orifice AP Cell .5 PSID 5-37
S-43
S-38
S-44

O_
0-3
L-37H Main Steam Orifice AP Cell 0-25 PSID
0-3
L-38M Main Water Orifice AP Cell 0-2
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TABLE 2.4-1

INSTRUMENTATION LIST (Cont'd)

LOCATION SCANNER
NUMBER NUMBER
(ILN) DESCRIPTION RANGE (SCN)
L.-38H Main Water Orifice AP Cell Varied S-69
L-39L Bypass Steam Orifice AP Cell 0-3.5 PSID S-39
L.-39H Bypass Steam Orifice AP Cell 0-25 PSID S-45
L-40L Bypass Water Orifice AP Cell 0-3.5 PSID S-40
L~-40H Bypass Water Orifice AP Cell 0-25 PSID S-46
L-41 Main Steam Orifice Pressure Cell 0-1500 PSI S-41
L-42 Main Water Orifice Pressure Cell 0-1500 PSI S-42
L-47 Bypass Steam Orifice Pressure Cell 0-1500 PSI S-47
L-48 Bypass Steam Orifice Pressure Cell 0-1500 PSI S-48
L-49 Main Steam Orifice Thermocouple 0-600°F 5-49
L-50 Main Water Orifice Thermocouple 0-600°F S-50
L-51 Bypass Steam Orifice Thermocouple 0-600°F S-51
L-52 Bypass Water Orifice Thermocouple 0-600°F 5-52
L-53 Bypass Water Orifice RTD 0-600°F S-53
L.-54 Bypass Steam Orifice RTD 0-600°F S-564
L-55 Suction Leg RTD 0-600°F S-b5
L-56 Discharge Leg RTD 0-600°F S-56
L-57 Ambient Temperature Thermocouple 0-200°F S-57
L-58 Main Water Orifice RTD 0-600°F S-68
L-59 Main Steam Orifice RTD 0-600°F S-69
L.-60 Loop Flow Control Valve AP Cell 0-200 PSID 5-60
L-61 Suction Leg to Inlet Flange AP Cell  0-10 PSID S-61
-62 PAC 16 AP Cell 0-200 PSID S-62
L-64 Blowdown Leg Pressure Cell 0-1500 PSI S-64
L-65 H. P, Drum Pressure Cell 0-1500 PSI S-65
L-66 Test Pump Flange to Flange aP Cell Varied S-66
L-68 Pump Volute to Impeller Back 4P Cell 0-25 PSID S-68

4 -3 was read by scanner port $-28 for tests 209-243 and 298-453, L-28 was read
by S-3 for the same tests, At all other times L-3 was read by S-3 and L-28 by
5-28,

bL-4 was read by scanner port 5-29 for tests 209-609. L-29 was read by S5-4 for the
same tests, At all other times L-4 was read by S-4 and L-29 by S-29.
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Table 2.4-2
INSTRUMENT HISTORY
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L2-¢

1052/ js-1

Scanner No. S-1

Pump Suction Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 3728 0-600,000 #/ft-sec2 1-5-77 F-2 -/209 Prephase 1 verification (inserted
in L-1)
" 1-24-77 F-2 2177218 Calib. check span adjust
" 2-28-77 F-2 390/391 D.D. reversed
" 3-24-77 F-2 558/- D.D. returned to forward flow
inst.
" 3-25-77 F-2 -/559 Resistor network changed so that
FM input to be -2.5V to +2.5V for
+ full scale on the instrument
" 4-11-77 F-2 628/~ D.D. removed
" 4-28-77 F-2 -/629 D.D. reinstalled
N 5-27-77 F-2 B49A/ - D.D. removed, End of Phase 1
Ramapo 3728 0-400,000 #/ft—sec2 9-16-77 F-2 -/849B Prephase II verification
# 9-24-77 F-2 894/895 D.D. 3728 removed, inoperative
Ramapo 4160 0-600,000 #/ft—sec2 10-2-77 F-2 922/923 D.D. 4160 installed
N 10-7-77 F-2 999/- D.D. 4160 removed and calibrated



82-¢

1052/js-2

Scanner No. S-1

Pump Suction Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 4160 0-600,000 #/ft-sec2 10-8-77 F-2 -/1000 D.D. 4160 reinstalled
“ 10-11-77 F-2 1024/ - D.D. 4160 removed target broke
of f
Ramapo 3728 0-600,000 #/ft-sec2 10-11-77 F-2 -/1025 D.D. 3728 installed
" 1-9-77 F-2 1319/- D.D. 3728 removed
" 11-9-77 F-2 -/1320 D.D. 3728 reinstalled
" 11-12-77 F-2 1351/- D.D. 3728 removed for range
change
! 0-200,000 #/ft-sec2 11-13-77 F-2 -/1352 D.D. 3728 reinstalled with new
target disc
" 11-15-77 F-2 1380/ - D.D. 3728 removed, broken
Ramapo 3729 0-600,000 #/ft-sec2 11-15-77 F-2 -/1381 3729 installed in 0-600,000 Disc
Ramapo 3729 0-600,000 #/ft-sec2 11-21-77 F-2 1435/1436 D.D. reversed
" 12-2-77 F-2 1480/ - D.D. 3729 removed
Ramapo 4160 0-300,000 #/ft-sec2 12-2-77 F-2 -/1481 D.D. 4160 installed with

0-300,000 disc
" 12-5-77 F-2 1514/- D.D. removed, end of testing



6¢-¢

1052/js-3

Scanner No. S5-2

Pump Discharge Drag Disc

Instrument
Calibration Test No. .
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 3729 0-600,000 #/ft—sec2 1-5-77 F-3 -/209 Prephase I verification (Inserted
in L-2)
" 1-24-77 F-3 2177218 Span adjusted .
" 2-28-77 F-3 390/391 Drag disc reversed
" 3-24-77 F-3 558/~ Drag disc returned to forward
flow
" 3-25-77 F-3 -/559 Resistor diodes network changed
to allow +2.5V input to FM
" 4-14-77 F-3 628/- D.D. 3729 removed
" 4-28-77 F-3 -/629 D.D. 3729 reinstalled
" 5-27-77 F-3 849A/- D.D. 3729 removed at end of
Phase 1
Ramapo 3729 0-400,000 #/ft-sec2 9-16-77 F-3 -/849B Prephase I1 verification
" 9-24-77 F-3 894/895 D.D. 3729 removed for inspection
Ramapo 3729 0-600,000 #/ft-sec2 10-2-77 F-3 922/923 D.D. 3729 reinstalled with
0-600,000 disc
" 10-7-77 F-3 999/~ D.D. 3729 removed for calib.
check
" 10-8-77 F-3 -/1000 D.D. 3729 reinstalled
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1052/js-4

Scanner No. S-2

Pump Discharge Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 3729 0-600,000 #/ft—sec2 11-8-77 F-3 1319/- D.D. 3729 removed and checked
" 11-8-77 F-3 -/1320 D.D. 3729 reinstalled
" 11-12-77 F-3 1351/- D.D. 3729 removed for range
change
Ramapo 3729 0-200,000 #/ft-sec2 11-13-77 F-3 -/1352 D.D. 3729 reinstalied with
0-200,000 disc
" 11-15-77 F-3 1380/1381 D.D. 3729 removed for use in S-1
Ramapo 4160 0-600,000 #/ft-sec2 11-17-77 F-3 1397/1398 D.D. 4160 installed in S-2 with
new range
! 11-21-77 F-3 1435/1436 D.D. reversed for reverse flow
" 12-2-77 F-3 1480/ - D.D. 4160 removed for range
change
Ramapo 4160 0-200,000 #/ft—sec2 12-2-77 F-3 -/1481 D.D. 4160 reinstalled with
0-200,000 disc
" 12-5-77 F-3 1514/- D.D. removed, end of testing
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1052/ js-5

Scanner No. S-3*

Pump Suction Turbine Meter

Instrument
Calibration Test No.
MEG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950977 0-300 fps 1-5-77 F-4 -/209 Prephase 1 verification (inserted
in L-28)
" 1-25-77 None 223/224 S-3 preamp no good
" 1-27-77 None 243/244 This instrument being read on
5-28 (See 5-28)
" 2-4-77 F-4 297/298 This instrument wired to read on
S-3 again
" 2-19-77 F-4 364/365 TM 0850977 removed, shaft damaged
" 3-13-77 F-4 453/454 Repaired and reinstalled for
: reverse flow (inserted in L-3)
" 3-16-77 F-4 479/480 Bearings changed and reinstalled
" 3-17-77 F-4 500/501 TM 0950977 failed (bearings
seized) removed
" 4-5-77 F-4 609/610 Reinstalled with sealed ball
bearings
" 4-7-77 F-4 628/- 0950977 Removed for checkout
" 4-28-77 F-4 -/629 0950977 reinstalled
" 4-29-77 F-4 652/ - 0950977 removed for checkout
" 5-5-77 F-4 -/653 Bearings changed, reinstalled

5-9-77



1052/js-6

Scanner No. S-3

Pump Suction Turbine Meter

2e-¢

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950977 0-300 fps 5-10-77 F-4 680/681 Bearings changed, reinstalled

5-10-77

" 5-12-77 F-4 705/706 Removed and bearings changed

" 5-21-77 F-4 786/787 Reinstalled

" 5-24-77 F-4 822/823 Bearings changed, reinstalled
5-24-77

" 5-26-77 F-4 849A/- Removed - End of Phase I

“ 9-20-77 F-4 -/8498 Prephase Il verification

" 9-24-77 F-4 894/895 Removed for inspection

" 10-8-77 F-4 999/1000 0950977 installed and checked

" 10-12-77 F-4 1075/1076 Bearings changed, reinstalled
10-12-77

" 10-14-77 F-4 1105/1106 Bearings changed, reinstalled
10-17-77

" 10-21-77 F-4 1126/1127 Bearings changed, reinstalled
10-21-77
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1052/ js-7

Scanner No. S-3

Pump Suction Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950977 D0-300 fps 10-22-77 F-4 1156/1157 Bearings changed, reinstalled

10-24-77

" 10-26-77 F-4 1179/1180 Bearings changed, reinstalled
10-26-77

" 10-28-77 F-4 1211/1212 Bearings changed, reinstalied
10-30-77

" 10-30-77 F-4 1223/1224 Reinstalled

" 11-3-77 F-4 1267/1268 Bearings changed, reinstalled
11-3-77

" 11-9-77 F-4 1319/1320 Bearings changed, reinstalled
11-9-77

» 11-11-77 F-4 1351/1352 Bearings changed, reinstalled
11-13-77

" 11-15-77 F-4 1380/1381 Bearings changed, reinstalled
11-15-77

" 11-21-77 F-4 1435/1436 Bearings changed, reinstalled

and reversed 11-21-77
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1052/ js-8

Scanner No. S-3

Pump Suction Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950877 0-300 fps 12-2-77 F-4 1480/1481 Bearings changed, reinstalled
12-2-77
" 12-5-77 F-4 1514/~ Removed, end of testing

*The turbine meter connected to scanner channel S-3 was inserted in location L-28 for tests 209-243 and 298-453

and in location L-3 for all other tests.
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1052/ js-9

Scanner No. S-4*%

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950978 0-300 fps 1-5-77 F-5 -/209 Prephase I verification (inserted

in L-29)

" 1-28-77 F-5 243/244 Preamp bypassed

" 2-19-77 F-5 364/365 Removed, shaft damaged

" 3-13-77 F-5 453/454 0950978 installed for reverse
flow

" 3-16-77 F-5 479/480 Bearings changed, reinstailed
3-16-77

" 3-17-77 F-5 500/501 Removed, bearings snug

" 4-5-77 F-5 609/610 0950978 installed bottom hole
discharge side - old type ball
bearings (now inserted in L-4)

" 4-7-77 F-5 628/ - Removed

" 4-28-77 F-5 -/629 0950978 installed

: 4-29-77 F-5 652/- 0550978 removed

" 5-9-77 F-5 -/653 0950978 reinstalled

" 5-10-77 F-5 680/681 Changed bearings, reinstalled

5-10-77
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1052/js-10

Scanner No. S-4

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950978 0-300 fps 5-12-77 F-5 705/706 Removed and bearings changed

" 5-21-77 F-5 786/787 Reinstalled

" 5-24-77 F-5 822/823 Bearings changed, reinstalled
5-24-77

" 5-26-77 F-5 B49A/- Removed, end of Phase I

! 9-20-77 F-5 -/849B Prephase 11 verification.
Preamp back in

v 9.24-77 F-5 894/895 Removed for inspection

" 10-8-77 F-5 999/1000 0950978 reinstalled

" 10-12-77 F-5 1075/1076 Bearings changed, reinstalled
10-12-77

" 10-14-77 F-5 1105/1106 Bearings changed, reinstalled
10-17-77

! 10-21-77 F-5 1126/1127 Bearings changed, reinstalled
10-21-77

" 10-22-77 F-5 1156/1157 Bearings changed, reinstalled
10-24-77

" 10-26-77 F-5 1179/1180 Bearings changed, reinstalled
10-26-77
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1052/js-11

Scanner No. S-4

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950978 0-300 fps 10-28-77 F-5 121171212 Bearings changed

" 10-30-77 F-5 1223/1224 Reinstalled

" 11-3-77 F-5 1267/1268 Bearings changed, reinstalled
11-3-77

" 11-9-77 F-5 131971320 Bearings changed, reinstalled
11-9-77

" 11-11-77 F-5 1351/- 0950978 removed for bearing
change, damaged during change

Flow Technology 03601282 0-300 fps 11-13-77 F-5 -/1352 03601282 installed as

replacement

" 11-15-77 F-5 1380/1381 Bearings changed, reinstalled
11-15-77

" 11-21-77 F-5 1435/1436 Bearings changed, reinstalled
and reversed 11-21-77

" 12-2-77 F-5 1480/1481 Bearings changed, reinstalled
12-2-77

" 12-5-77 F-5 1514/- Removed, end of testing

*The turbine meter connected
and in location L-4 for all

to scanner channel S-4 was inserted in location L-29 for tests 209-364 and 454-500,

other tests.
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1052/ js-12

Scanner No. S-5

Pump Suction Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 1104 969 0-1500 psig 1-19-77 F-6 - Inserted in L-5

" 3-26-77 F-6 -

M 5-3-77 F-6 -

! 6-1-77 F-6 - This calibration used for all

tests except 1499-1514
" 12-6-77 F-6 - This calibration used for tests

1499-1514
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1052/ js~13

Scanner No. S-6

Pump Discharge Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. _Span Date FM No. Before/After Comments
Rosemount 1104 970 0-1500 psig B-7-77 F-7 - This calibration used for tests
209-364 Inserted in L-6
Rosemount 1104 455 0-1500 psig 2-19-77 F-7 364/365 New cell calibrated and installed
" 3-26-77 F-7 -
" 5-3-77 F-7 -
" 6-1-77 F-7 - This calibration used for tests
365-1514
" 12-6-77 F-7 -
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1052/ js-14

Scanner No. S-7*

Test Pump DP (High) BLH Bidirectional Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
BLH 405138 45602 +500 psig 9-21-76 F-8 - This calibration used for tests
209-463 (Inserted in L-7H)
BLH HMD
417715 48557 +500 psid 3-14-77 F-8 463/464 New cell instalied
u 3-15-77 F-8 New cell calibrated and installed
" 6-3-77 F-8 - This calibration used for tests

464-1514
" 12-16-77 F-8 -

*During the test program either the BLH cells (scanner channels 5-7/5-8) or the Rosemount DP cells (scanner channels
S-7A/S5-8R) were connected hydraulically to the test loop. Whenever a different pair of cells was connected to the
loop the electrical connections to the data scanner and FM system were changed. Only one pair of cells, Rosemount
or BLH, was connected hydraulically and electrically in the loop at any given time. A key to when the different
types of cells were connected is given on the following page.



Cell Connected

Tests Rosemont BLH
From -~ To (5-7A/S-8A) (5-7/5-8)
207-243 X
244-25) X
252-453 X
454-499 X
501-619 X
620-705 X
706-822 X
823-847 X
849-1126 X
1127-1351 X
1352-1363 X
1364-1380 X
1381-1435 X
1436-1465 X
1466-1480 X
1481-1514 X

2-41
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1052/ js-16

Scanner No. S-7A*

Test Pump DP (High) Rosemount Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount
T1151HP 68853 0-200 psid 1-19-77 F-8 - This calibration used for tests
209-297 (Inserted in L-7H)
" 2-5-77 F-8 297/- Cell calibration prior to range
change
" (-100 to 200 psid) 2-5-77 F-8 -/298A Range change to (~100 to 200
psid)
" 3-26-77 F-8 -
" 6-4-77 F-8 - This calibration used for test
298A-1514
Y 12-13-77 F-8 -

*See fpotnote for S-7
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1052/3s-17

Scanner No. S-8*

Test Pump DP {Low), BLH DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
BLH 405138 44081 +200 psid 9-22-76 F-9 - Inserted in L-7L
" 6-4-77 F-9 - This calibration used for all
tests
" 12-16-77 F-9 -

*See footnote for S-7
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1052/3s-18

Scanner No. S-8A*

Test Pump DP (Low) Rosemount DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount
1151DP 12795 0-25 psid 8-4-76 F-9 - This calibration used for tests
209-297 (Inserted in L-7L)
" 2-5-77 F-9 297/- Cell calibration prior to range
change
" (-8 to +16 psid) 2-5-77 F-9 -/298A Range change
" 3-26-77 F-9 -
" 5-20-77 F-9 770/771 Module from channel F-11
substituting for defective F-0
module
" 6-2-77 F-9 - This calibration used for tests

*See footnote for S-7

298A-1514
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1052/ 3s-19

Scanner No. S-9

Test Pump Inlet Injection DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date M No. Before/After Comments
Rosemount
1151DP 12792 0-25 psid 8-4-76 F-10 - Inserted in L-9
" 4-5-77 None 609/610 F-10 removed from S-9, no
replacement
" 6-2-77 None - This calibration used for tests
209-849A
" 9-13-77 F-22 849A/849B F-22 added to S-9
" 11-9-77 F-21 1317/1318 F-22 is replaced by F-21 on S$-9
Y 12-15-77 F-21 - This calibration used for tests

949B-1514
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1052/ js-20

Scanner No. S-10

Pump Inlet Injection Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Barton 753 402 0-1500 psig 12-13-76 F-11 - Inserted in L-10
" 3-16-77 None 488/489 Removed from F-11
! Prior to Prior to
5-10-77 F-1 676 Returned to F-11
" 5-20-77 None 770/771 F-11 amplifier module removed
" 6-2-77 None - This calibration used for tests
209-849A
Rosemount
T1151GPYE 68872 0-1500 psig 6-8-77 F-11 849A/849B New cell installed, this calibra-

tion used for tests B49B-1514,
F-11 connected

" 10-20-77 None 1118/1119 FM-11 removed from S-10
" 12-6-77 None -
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1052/ 3s-21

Scanner No. 11

Pump Torque Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

1605-10K

Lebow Assoc. 83 1200 ft. 1b. 1-19-77 F-12 -/209 Calibration - Used throughout
Phase 1 (Inserted in L-11)

1605-2K

Lebow Assoc. 94 2000 in. 1b. 1-22-77 F-12 217/218 Installed

" 1-22-77 F-12 - Calibration - Used throughout
Phase I

1605-10K 1-27-77 F-12 243/244 Installed

1605-2K 1-30-77 F-12 256/257 Installed

1605-10K 2-11-77 F-12 320/321 Installed

1605-2K 2-16-77 F-12 339/340 Installed

1605-10K 3-5-77 F-12 428/429 Installed

1605-10K,

1605-2K 3-14-77 F-12 465/466 Changed polarity on FM

" 3-16-77 F-12 479/480 FM wiring change to allow +2.5V
input

" 3-16-77 F-12 488/489 Leads reversed

1605-2K 3-19-77 F-12 508/509 Installed

"

3-24-77 F-12

Calibration Check
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1052/ 3s-22

Scanner No. 11

Pump Torgue Meter

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
1605-10K 83 1200 ft. 1b. 3-24-77 F-12 - Calibration Check
" 3-25-77 F-12 558/559 Installed
1605-2K 94 2000 in. 1b. 4-1-77 F-12 590/531 Installed
1605-10K 4-5-77 F-12 609/610 Installed
! 4-5-77 F-12 - Calibration Check
! 4-27-77 F-12 - Calibration Check
" 5-9-77 F-12 - Calibration Check
1605-10K 5-10-77 F-12 - Calibration Check
" 5-16-77 F-12 - Calibration Check
" 5-24-77 F-12 - Calibration Check
" 9-26-77 F-12 - Calibration Check
1605-2K 9-27-77 F-12 894/895 Installed
" 9-27-77 F-12 - Calibration Check
1605-10K 10-10-77 F-12 1002/1003 Installed
" 10-11-77 F-12 - Calibration Check
1605-2K 10-17-77 F-12 1105/1107 Installed
" 10-17-77 F-12 - Calibration Check
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1052/ js-23

Scanner No. 11

Pump Torque Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

1605-10K 83 1200 ft. 1b. 10-21-77 F-12 1126/1127 Installed

" 10-21-77 F-12 - Calibration Check

" 10-22-77 F-12 - Calibration Check

Y 10-26-77 F-12 - Calibration Check

" 10-31-77 F-12 - Calibration Check

" 11-3-77 F-12 - Calibration Check

" 11-9-77 F-12 - Calibration Check
1605-2K 94 2000 in. 1b. 11-12-77 F-12 1351/1352 Installed

" 11-12-77 F-12 - Calibration Check
1605-10K 11-23-77 F-12 1435/1436 Installed

" 12-1-77 F-12 - Calibration Check

" 1-4-78 F-12 - Calibration, used for all

Phase II data
1605-2K 1-5-78 F-12 - Installed and calibrated,

calibration used for all Phase
11 data
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1052/ js-24

Scanner No. 12

Pump Speed Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
1605-10K
Lebow Assoc. 83 10,000 RPM 1-19-77 F-13 -3209 Installed (Inserted in L-12)
1605-2K
Lebow Assoc. 94 10,000 RPM 1-22-77 F-13 217/218 "
1605-10K 1-27-77 F-13 | 243/244 "
1605-2K 1-30-77 F-13 256/257 "
1605-10K 2-11-77 F-13 320/321 "
1605-2K 2-16-77 F-13 339/340 .
1605-10K 3-5-77 F-13 428/429 "
1605-2K 3-19-77 F-13 508/509 !
1605-10K 3-25-77 F-13 558/559 !
1605-2K 4-1-77 F-13 590/591 "
1605-10K 4-5-77 F-13 609/610 "
1605-2K 9-27-77 F-13 894/895 !
1605-10K 10-10-77 F-13 1002/1003 "
1605-2K 10-17-77 F-13 1105/1107 "
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1052/js-25

Scanner No. 12

Pump Speed Meter

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
1605-10K 10-21-77 F-13 1126/1127 Installed (Inserted in L-12)
1605-2K 11-12-77 F-13 1351/1352 "
1605-10K 11-23-77 F-13 1435/1436 "
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1052/js-26

Scanner No. S-15

MI Pump Suction y-Densitometer, Beam 1 (Lower Beam)

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
Measurements A-566 0-62.4 1b/ft3 1-6-77 F-16 -/209 Prephase 1 verification, power
Inc. Q-438 supply voltage adjusted (Inserted

in L-15)

" 3-9-77 F-16 429/430 Power Supply voltage adjusted

" 3-28-77 F-16 558/559 "

" 9-19-77 F-16 B849A/849B Prephase 11 verification, power
supply voltage adjusted

" 10-26-77 F-16 1179/1180 Power supply voltage adjusted
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1052/3s-27

Scanner No. S-16

MI Pump Suction vy-Densitometer, Beam 2, (Center Beam)

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
Measurements Q-365 0-62.4 ]b/ft3 1-6-77 F-17 -/209 Prephase I verification, power
Inc. A-102 supply voltage adjusted

(Inserted in L-16)

" 3-9-77 F-17 429/430 Power supply voltage adjusted

" 3-28-77 F-17 558/559 "

" 5-24-77 F-17 822/823 "

" 9-19-77 F-17 B49A/849B Prephase 11 verification, power
supply voltage adjusted

" 10-26-77 F-17 1179/1180 Power supply voltage adjusted

" 11-12-77 F-17 1351/1352 "
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1052/ js-28

Scanner No. S-17

MI Pump Suction y-Densitometer, Beam 3, (Upper Beam)

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
Measurements Q-441 0-62.4 1b/ft3 1-6-77 F-18 -/209 Prephase I verification, power
Inc. A-111 supply voltage adjusted

(Inserted in L-17)

" 3-9-77 F-18 4297430 Power supply voltage adjusted

" 3-28-77 F-18 558/559 "

" 9-19-77 F-18 849A/8498 Prephase 1I verification, power
supply voltage adjusted

" 10-28-77 F-18 117971180 Power Supply voltage adjusted

" 11-12-77 F-18 135171352 "
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1052/ js-29

Scanner No. S-18

MI Pump Discharge v-Densitometer, Beam 1 (Lower Beam)

Instrumenf
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
Measurements Q-443 0-62.4 lb/ft3 1-6-77 F-19 -/209 Prephase I verification, power
Inc. A-569 supply voltage adjusted

(Inserted in L-18)

" 3-9-77 F-19 429/430 Power supply voltage adjusted

" 3-28-77 F-19 558/559 "

" 5-24-77 F-19 822/823 "

" 9-19-77 F-19 849A/849B Prephase II verification, power
supply voltage adjusted

" 10-26~77 F-19 1179/1180 Power supply voltage adjusted
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1052/js-30

Scanner No.

5-19

MI Pump Discharge y-Densitometer, Beam 2, (Center Beam)

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
Measurements Q-437 0-62.4 1b/ft3 1-6-77 F-20 -/209 Prephase 1 verificqtion, power
Inc. A-567 supply voltage adjusted (Inserted

in L-19)
" " " 3-9-77 F-20 429/430 Power supply voltage adjusted
Measurements 0-439 0-62.4 Ib/ft3 3-24-77 F-20 558/559 Preamp & detector replaced
Inc. A-103
" " " 3-28-77 F-20 558/559 Power supply voltage adjusted
Measurements BE-138 0-62.4 1b/ft3 9-19-77 F-20 849A/- Prephase II verification (actual
Inc. A-101 replacement occurred 9-16-77)
" " " 9-18-77 F-20 -/849B Power supply voltage adjusted
" N " 10-27-77 F-20 1179/1180 "
" " " 11-12-77 F-20 1351/1352 "
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1052/ js-31

Scanner No. S5-20

MI Pump Discharge y-Densitometer, Beam 3, (Upper Beam)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Measurements Q-442 0-62.4 ]b/ft3 1-6-77 F-21 -/209 Prephase 1 verification, power
Inc. A-101 supply voltage adjusted
{Inserted in L-20)

" " " 3-9-77 F-21 429/430 Power supply voltage adjusted

" " " 3-28-77 F-21 558/559 "

Measurements Q-437 0-62.4 1b/ft3 5-13-77 F-21 705/706 Preamp and detector replaced

Inc. A-567

" " " 9-19-77 F-21 849A/849B Prephase II verification, power
supply voltage adjusted

v " " 10-26-77 F-21 1179/1180 Power supply voltage adjusted

" " " 11-4-77 F-1 1280/1281 F-21 replaced by F-11
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1052/ js-32

Scanner No. S-25

HP Drum Water Level DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 29066 0-2.5 psid 12-10-76 F-24 - Inserted in L-25
1151DP
" 3-10-77 F-24 436/437 FM wires reversed
" 6-6-77 F-24 - This calibration used for tests
209-1335
" 12-8-77 F-24 - This calibration used for tests
1336-1514
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1052/3s-33

Scanner No. S$S-26

Pump Suction Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 4160 0-600,000 #/ft—sec2 1-5-77 F-27 -/209 Prephase I verification
(Inserted in L-26)
" 1-24-77 F-27 217/218 Span adjusted
" 2-28-77 F-27 380/391 D.D. reversed for reverse flow
" 3-24-77 F-27 558/~ D.D. returned to forward flow
Y 3-25-77 F-27 -/559 Resistor networked changes to
allow +2.5V input to FM
" 4-11-77 F-27 628/~ D.D. 4160 removed
" 4-28-77 F-27 -/692 D.D. 4160 reinstalied
" 5-27-77 F-27 B49A/ -~ D.D. 4160 removed at end of
Phase 1
Ramapo 4160 D-400,000 #/ft-sec2 9-17-77 F-27 ~/849B Prephase II verification
" 9-24-77 F-27 894/895 D.D. 4160 removed broken off
Ramapo 4987 0-1,000,000 10-2-77 F-27 922/923 New D.D. 4987 installed, range
#ft—sec2 change
" 10-7-77 F-27 999/~ D.D. 4987 removed for calib.

check



09-¢

1052/

5-34

Scanner No. S-26

Pump Suction Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 4987 0-1,000,000 10-8-77 F-27 -/1000 D.D. 4987 reinstalled
#/ft-sec2
! 10-27-77 F-27 1188/- D.D. 4987 removed, target and
stem broken off
Ramapo 4159 0-600,000 #/ft—sec2 10-27-77 F-27 -/1189 D.D. 4159 installed with 484
target
" 11-9-77 F-27 1319/- D.D. 4159 removed & checked
" 11-9-77 F-27 -/1320 D.D. 4159 reinstalled
" 11-12-77 F-27 1351/- D.D. 4159 removed for range
change
Ramapo 3730 0-120,000 #/ft-sec2 11-13-77 F-27 -/1352 New D.D. 3730 installed
" 11-15-77 F-27 1380/- D.D. 3730 removed
Ramapo 4159 0-600,000 #/ft—sec2 11-15-77 F-27 -/1381 D.D. 4159 installed with
0-600,000 target
" 11-21-77 F-27 1435/1436 D.D. 4159 reversed for reverse
flow
" 12-2-77 F-27 1480/ - D.D. 4159 removed
Ramapo 3730 0-120,000 #/ft—sec2 12-2-77 F-27 -/1481 D.D. 3703 installed
" 12-5-77 F-27 1514/- D.D. removed, end of testing



19-2

1052/ js-35

Scanner No. S-27

Pump Discharge Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Beforeg/After Comments
Ramapo 4159 0-600,000 #/ft-sec2 1-5-77 F-30 -/209 Prephase 1 verification
(Inserted in L-27)
" 1-24-77 F-30 2177218 Span adjusted
" 2-10-77 F-30 314/315 D.D. 4159 inoper. broken off in
pipe
" 2-11-77 F-30 320/321 D.D. 4159 removed
" 4-28-77 F-28 628/629 D.D. 415% repaired, reinstalled.
Now read »n F-28 +25V input
" 5-13-77 F-28 705/706 F-28 1input tied across 52052 on
terminal strip
" 5-27-77 F-28 849A/- D.D. 4159 removed, end of Phase I
Ramapo 4159 0-400,000 #/ft—sec2 9-17-77 F-28 -/8498B Prephase II verification
" 9-20-77 F-28 B863/864 D.D. 4159 removed defective,
S-27 capped
Ramapo 4986 D-1,000,000 10-2-77 F-28 922/923 D.D. 4986 installed with
#/ft-sec2 0-1,000,000 target
" 10-7-77 F-28 999/- D.D. 4986 removed for calib.
check
" 10-8-77 F-28 -/1000 D.D. 4986 reinstalled



¢9-¢

1052/ js-36

Scanner No. 5-27

Pump Discharge Drag Disc

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Ramapo 4986 0-1,000,000 10-22-77 F-28 1148/1149 Ramapo electronics module noise,
#/ft—sec2 replaced
" 11-9-77 F-28 1319/- D.D. 4986 removed & oper. checked
" 11-8-77 F-28 -/1320 D.D. 4986 reinstalled
" 11-12-77 F-28 1351/- D.D. 4986 removed for range
change
Ramapo 3731 0-120,000 #/ft-sec2 11-13-77 F-28 -/1352 D.D. 3731 installed with
0-120,000 target
" 11-15-77 F-28 1380/- D.D. 3731 removed
Ramapo 4986 0-1,000,000 11-15-77 F-28 ~-/1381 D.D. 4986 installed with
#/ft-sec2 0-1,000,000 target
" 11-21-77 F-28 1435/1436 D.D. reverczad for reverse flow
" 12-2-77 F-28 1480/- D.D. 4986 rzmoved
Ramapo 3731 0-120,000 #/ft-sec2 12-2-77 F-28 ~/1481 D.D. 3731 installed
" 12-5-77 F-28 1514/- D.D. removed, end of testing



£9-¢

1052/ js-37

Scanner No. S-28*

Pump Suction Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950979 0-90 fps 1-5-77 None -/209 Prephase I verification (Inserted
in L-3) open ball bearings
" 1-27-77 " 243/- 0950979 removed
Flow Technology 0950977 0-300 fps 1-27-77 " -/- 0950977, which was reading on S$-3
(L-28), switched to this channel
! 1-28-77 F-4 -/244 5-28 wired to F-4
" 2-4-77 F-4 297/~ 0950977 wired to read on S-3
again
Flow Technology 0950979 0-90 fps 2-4-77 None -/298 0950979 reinstalled at L-3
" 2-19-77 " 364/365 0950979 removed shaft damaged
Flow Technology 0950979 0-300 fps 4-5-77 F-10 609/610 0950979 reinstalled with 0-300
fps turbine and Roulon-A journal
bearing. F-10 added. Also it
was installed at the center of
pipe at L-28.
" 4-6-77 F-10 619/620 Preamp bypassed
" 4-7-77 F-10 628/- 0950979 Roulon-A TM removed,
bearing frozen
" 4-7-77 F-10 -/~ Preamp modified for noise

attenuation



¥9-2

1052/])s-38

Scanner No.S5-28*

Pump Suction Turbine Meter

Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950979 0-300 fps 4-28-77 F-10 -/629 0950979 reinstalled w/Roulon

bearings

! 4-29-77 F-10 652/~ TM 0950979 removed

! 5-9-77 F-10 -/653 TM 0950879 reinstalled

! 5-10-77 F-10 680/681 Removed & reinstalled

" 5-12-77 F-10 705/706 TM 0950979 removed

! 5-21-77 F-10 786/787 TM 0950579 installed

" 5-24-77 F-10 822/823 0950979 Roulon-A replaced with
sealed ball bearings & installed

" 5-26-77 F-10 849A/- Removed, end of Phase 1

" 9-20-77 F-10 -/849B Prephase 1I verification

" 9-24-77 F-10 894/895 Removal for inspection

! 10-8-77 F-10 999/1000 Reinstalled

" 10-12-77 F-10 1075/1076 Bearings changed, reinstalled
10-12-77

" 10-14-77 F-10 1105/1106 Bearings changed, reinstalled
10-17-77

" 10-21-77 F-10 1126/1127 Bearings changed, reinstalled
10-21-77



G9-¢

1052/3s-39

Scanner No. S-28

Pump Suction Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950979 0-300 fps 10-22-77 F-10 1156/1157 Bearings changed, reinstalled

10-24-77

" 10-26-77 F-10 117971180 Bearings changed, reinstalled
10-26-77

“ 10-28-77 F-1D 1211/1212 Removed and checked

" 10-30-77 F-10 1223/- Reinstalled

" 10-31-77 F-10 -/1224 T™ 0950979 removed and
reinstalled at 1/3 R instead of
centerline.

" 11-3-77 F-10 1267/1268 Bearings changed, reinstalled
11-3-77

! 11-9-77 F-10 1319/1320 Bearings changed, reinstalled
11-9-77

" 11-11-77 F-10 1351/1352 Bearings changed, reinstailed
11-13-77

" 11-15-77 F-10 1380/1381 Bearings changed, reinstalled
11-15-77

b 11-21-77 F-10 1435/1436 Bearings changed, reinstalled

for reverse flow 11-21-77



1052/3s-40

Scanner No. S5-28

Pump Suction Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 09509739 0-300 fps 12-2-77 F-10 1480/1481 Bearings changed, reinstalled
12-2-77
" 12-5-77 F-10 1514/ - Removed, end of testing

*The turbine meter connected to scanner channel S-28 was inserted in L-3 for tests 209-243 anc 298-364 and in

L-28 for all other tests.



£9-2

1052/ js-41

Scanner No. S§-29*

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950980 0-80 fps 1-5-77 None -/209 Prephase I verification (Inserted

in L-4) Open ball bearings

" 1-25-77 None 223/224 TM Inoperative, bearing frozen

" 1-27-77 " 2437244 TM D950980 removed

" 2-8-77 " 297/298 TM 0950980 bearings changed &
reinstalled at L-4

! 2-19-77 " 364/365 TM 0950980 removed shaft damaged

Flow Technology 0950980 0-300 fps 4-5-77 F-23 609/610 D950980 installed with 0-300 fps

turbine and Roulon-A bearing,
F-23 added, installed at center
1ine of pipe at L-29

! 4-6-77 F-23 619/620 Preamp bypassed

u 4-7-77 F-23 628/~ TM 0950980 removed Roulon Bearing
frozen

" 4-7-77 F-23 -/- Preamp modified for noise
attenuation

" 4-28-77 F-23 -/629 T D95098BD reinstalled

" 4-29-77 F-23 652/~ T™ removed for checkout

" 5-9.77 F-23 -/653 TM 0950980 installed

" 5-10-77 F-23 680/681 TM removed, defective



89-¢

1052/ js-42

Scanner No. S-29

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950880 0-300 fps 5-24-77 F-23 B22/823 TM 0950980 installed Roulon

bearing replaced by sealtd ball
bearings

" 5-25-77 F-23 831/832 Bypassed preamp again

" 5-26-77 F-23 849A/- TM removed, End of Phase 1

" 9-20-77 F-23 ~/859B Prephase II verification

" 9-24-77 F-23 894/895 TM removed for inspection

" 10-8-77 F-23 999/1000 0950980 reinstalled

" 10-12-77 F-23 1075/1076 Bearings changed, reinstalled
10-12-77

" 10-14-77 F-23 1105/1106 Bearings changed, reinstalled
10-17-77

" 10-21-77 F-23 1126/1127 Bearings changed, reinstalled
10-21-77

" 10-22-77 F-23 1156/1157 Bearings changed, reinstalled
10-24-77

" 10-26-77 F-23 1179/1180 Bearings changed, reinstalled

10-26-77



69-¢

1052/js-43

Scanner No. S5-29

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950980 0-300 fps 10-28-77 F-23 1211/1212 Bearings changed
" 10-30-77 F-23 1223/1224 Reinstalled
" 11-3-77 F-23 1267/1268 Bearings changed, reinstalled
" 11-4-77 F-23 1280/1281 Changed preamp
" 11-9-77 F-23 1319/1320 Bearings changed, reinstalled
11-9-77
" 11-11-77 F-23 1351/1352 Bearings changed, reinstalled
11-13-77
u 11-15-77 F-23 1380/1381 Bearings changed, reinstalled
11-15-77
" Mn-21-77 F-23 1435/ - 0950980 removed, pick up coil
open
Flow Technology 03601283 0-300 fps 11-21-77 F-23 -/1436 New TM installed 03601283, set
: for reverse flow, sealed ball
bearings
" 12-2-77 F-23 1480/ - Bearings changed, reinstalled
12-2-77
Flow Technology 0950978 0-300 fps 12-2-77 F-23 -/1481 Replaced TM 03601283 (Bad coil)

with 0950978



0L-¢

1052/ js-44

Scanner No. S-29

Pump Discharge Turbine Meter

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Flow Technology 0950978 0-300 fps 12-2-77 F-23 1493/1494 Replaced Anadex module with
PI-608
" 12-3-77 F-23 1508/1509 Changed back to old Anadex
module
" 12-5-77 F-23 1514/- Removed, end of testing

*The turbine meter connected to scanner channel S-29 was inserted in location L-4 for tests 209-243 and 298-364
and in location L-29 for all other tests.



L£-2

1052/ js-45

Pump Injection Outlet Flow {Magnetic Flowmeter)

Scanner No. S-32

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Foxboro 3246257 0-50 gpm 1-5-77 F-33 -/209 Prephase 1 verification
(Inserted in L-32)
3194359 3-19-77 F-33 508/- Electrical calibration
Foxboro 3246257 0-100 gpm 3-19-77 F-33 -/509 Range change & electrical
calibration
3194359 9-20-77 F-33 B49A/849B Prephase II verification
" 12-21-77 F-33 1514/~ Post Phase I1 flow calibration
check
" 3-17-78 F-33 - Calibration by manufacturer,

this calibration used for tests
509-1514, pre-delivery calib.
used for earlier tests



al-2

1052/ js-46

Scanner No. S-33

Pump Suction DP(BLH) Inlet/Across Pipe - 90°

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
BLH 1500HLD 45077 +500 in HZO 12-9-76 F-34 - Inserted in L-33
" 6-8-77 F-34 - This calibration used for all
tests
" 9-14-77 None B849A/849B F-34 removed from S-33
! 12-16-77 None -



€L~

Y

10527 js-47

Scanner No. S-34

AFCL Pump Inlet y-Densitometer Beam 3 (Outer)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
AECL 6Q125 0-62.4 ]b/ft3 1-6-77 F-35 -/209 Prephase I verification (Inserted
in 1-33)
AECL HJ457 0-62.4 ]b/ft3 9-16-77 F-35 849A/8498 Installed for Phase 11



vL-2

1052/ js-48

Scanner No. S-35

AECL Pump Inlet y-Densitometer Beam 1 {Inner)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
AECL HJ459 0-62.4 'Ib/ft3 1-6-77 F-36 -/209 Prephase I verification
(Inserted in L-35)
" 3-16-77 F-N 488/489 F-36 replaced by F-11 (Internal
FM change)
" Prior to F-36 Prior to Returned to F-36
5-10-77 676
AECL 6Q125 0-62.4 ]b/ft3 9-16-77 F-36 849A/849B Installed for Phase 11



§/-2

1052/ js-49

Scanner No. S-36

AECL Pump Inlet y-Densitometer Beam 2 (Center)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
AECL HJ457 0-62.4 1b/ft3 1-6-77 F-37 -/209 Prephase I verification
{Inserted in L-36)
" 3-16-77 F-22 488/489 F-37 replaced by F-22 (Internal
FM change)
" Prior to F-37 Prior to Returned to ¥-37
5-10-77 676
AECL HJ459 0-62.4 1b/ft3 9-16-77 F-37 849A/849B Installed for Phase 1I, back

on FM Channel F-37
" 10-25-77 F-30 1164/1165 F-37 replaced by F-30



9L-2

1052/ js-50

Scanner No. S5-37

Main Steam Orifice DP (Lo) Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 49282 0-3.5 psid 7-30-76 None - Inserted in L-37L
1151DP

" 6-4-77 None - This calibration used for all

tests
" 12-8-77 None -



LL-2

1052/ js-51

Scanner No. S-38

Main Water Orifice DP (Lo) Cell

Instrument
Calibration Test No.

MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 49280 0-3.5 psid B-4-76 None - Cell repaired & calibrated
1151DP (Inserted in L-38L)

" 6-6-77 " - This calibration used for all
tests

" 10-20-77 F-1 1118/1119 F-11 placed on 5-38

" 11-4-77 F-21 1280/1281 F-11 removed from $-38 and
replaced by F-21

" 11-9-77 None 1317/1318 F-21 removed, no replacement

" 12-7-77 None -



8/-2

1052/ js~52

Scanner No. S-39

Bypass Steam Orifice DP (Lo) Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 49283 0-3.5 psid 7-30-76 None Inserted in L-39L
1151DP

" 6-4-77 " This calibration used for all

tests
" 12-8-77 "



6L-2

1052/3s-53

Scanner No. S-40

Bypass Water Orifice DP (Lo) Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 49281 0-3.5 psid 7-30-76 None Inserted in L-40L
1151DP

" 6-6-77 " This calibration used for all

tests
" 12-7-77 "



08-2

1052/3s-54

Scanner No. S-41

Main Steam Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 18385 0-1500 psig 11-20-76 None Inserted in L-41
1106

" 2-15-77 "

" 6-1-77 " This calibration used for all

tests
" 12-6-77 "



18-2

1052/ 3s-55

Scanner No. S$-42

Main Water Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 18386 0-1500 psig 1-5-77 None Inserted in 1-42
1106

" 6-1-77 "

" 6-10-77 " This calibration used for all

tests
" 9-14-77 F-25 F-25 placed on S5-42
" 12-6-77 F-25



¢8-¢

1052/ js-56

Scanner No. S-43

Main Steam Orifice DP Cell (Hi)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 12797 0-25 psid 8-2-76 None Inserted in L-37H
1151DP

" 6-2-77 " This calibration used for all

tests
" 12-9-77 "



£g~¢

1052/ js-57

Scanner No. S-44

Main Water Orifice DP Cell {Hi)

Instrument
Calibration Test No.
MFG Serial No. Span Date - FM No. Before/After Comments
Rosemount 12794 0-25 psid 8-2-76 None Inserted in L-38M
1151DP
" 6-4-77 “ This calibration used for all
tests
" 10-10-77 " Cal check with air calibrator @
zerp static pressure
1l ‘] 'l _2_77 n 1"
" ) 12-7-77 “ Post Test Cal showed bypass
leakage
" 12-19-77 " Post Test Cal w/o manifold no

bypass leakage



¥8-¢

1052/ 3s-58

Scanner No. S-45

Bypass Steam Orifice DP Cell (Hi)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 12793 0-25 psid 8-3-76 None Inserted in L-39H
1151DP

" 6-3-76 " This calibration used for all

tests
" 12-9-77 "



g8-2

1052/ js-59

Scanner No. S$-46

Bypass Water Orifice DP Cell (Hi)

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 12796 0-25 psid 8-2-76 None Inserted in L-40H
1151DP
" 3-3-77 " Cal. done before securing wires
at terminal board
" 3-3-77 " Cal. done after securing wires
at terminal board
" 6-3-77 " This calibration used for all

" 12-7-77 N

tests



98-¢

1052/ js-60

Scanner No. S-47

Bypass Steam Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 968 0-1500 psig 8-5-76 None Inserted in L-47
1104

" 6-1-77 " This calibration used for all

tests
" 12-6-77 "



LB-2

1052/ js-61

Scanner No. S-48

Bypass Water Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 971 0-1500 psig 8-6-76 None Inserted in L-48
1104

" 6-2-77 " This calibration used for all

tests
" 12-6-77 "



88-¢

1052/ js-62

Scanner No. S5-53

Bypass Water Temperature RTD

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 104 88159 0-600°F 9-27-76/ None Inserted in L-53

10-9-76

" 6-6-77 " This calibration used for all

tests
" 12-12-77 v



68-¢

1052/ js-63

Scanner No. S$-54

Bypass Steam Temperature RTD

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 104 88160 0-600°F 9-29-76/ None Inserted in L-54

10-9-76

" 6-10-77 " This calibration used for all

tests
" 12-12-77 "



06-2

1052/ js-64

Scanner No. S-55

Pump Suction Temperature RTD

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 104 88162 0-600°F 9-29-76/ None - Inserted in L-55

10-9-76

" 3-19-77 " - Ice point only

" 6-9-77 " - This calibration used for all

tests

» 10-13-77 " - Ice point only

" 10-31-77 " 1223/1224 RTD removed from Loop

" 1-1-77 " 1351/1352 RTD reinstalied & ice point

12-12-77

checked



16-¢

1052/ js-65

Scanner No. S-56

Pump Discharge Temperature RTD

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 104 14374 0-600°F 10-20-76/ None Inserted in L-56

10-28-76

" 3-19-77 " Ice point only

" 6-3-77 " This calibration used for all

tests
" 12-13-77 n



¢6-2

1052/ js-66

Scanner No. S-58

Main Water Orifice Temperature RTD

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 104 88163 0-600°F 9-29-76/ None Inserted in L-58

10-9-76

" 3-19-77 " Ice point only

" 6-6-77 " This calibration used for all

tests
" 12-12-77 "



£6~2

1052/ js-67

Scanner No. S$-59

Main Steam Orifice RTD

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount RTD 88158 0-600°F 9-29-76/ None Inserted in L-59
104 10-9-76

! 2-16-77 " Ice point only

1] 3_]9_77 n o

" 6-8-77 " This calibration used for all

tests :
" 12-12-77 "



¥6-2

1052/ js-68

Scanner No. S5-60

Loop Flow Control Valve DP Cell

Instrument
Calibration Test No.
MEG Serial No. Span Date FM No. Before/After Comments

Rosemount 45516 0-200 psid 7-29-76 None Inserted in L-60
1151DP

" 6-6-77 " This calibration used for all

tests
" 12-8-77



G6-¢

1052/ 3s-69

Scanner No. S-61

Pump Suction Inlet Leg to Flange DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 47673 0-10 psid 7-29-76 F-25 - Inserted in L-61
1151DP

" 3-26-77 F-25 -

" 6=-3-77 F-25 - This calibration used for all

tests
! 9-14-77 None 849A/849B F-25 removed from 5-61
" 12-15-77 None -



96-2

1052/ js-70

Scanner No. S-62

Pacific-16 Pump DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments

Rosemount 45518 0-10 psid 7-29-76 None - Inserted in L-62
1151DP

" 6-7-77 " - This calibration used for all

tests .
" 10-19-77 " 1116/1117 Removed, see note

Cell removed from S-62 installation on 10-19-77 for use on S-69.
calibration is found with 5-69 sheet. (Note, however, the range was changed to 0-100 psid when moved to S-69).

There was no replacement. Post Test Phase II



L6-2

1052/ 3s-71

Scanner No. S$-64

Blowdown Leg Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 1106 18384 0-1500 psig 1-3-77 F-29 - Inserted in L-64

" 2-24-77 F-29 -

" 6-2-77 F-29 - This calibration used for all
tests

" 11-8-77 F-39 1317/1318 F-29 removed, F-39 placed on
S-64

" 12-6-77 F-39 -



86-2

1052/ js-72

Scanner No. S-65

High Pressure Drum Pressure Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 1104 1035 0-1500 psig 12-6-76 - - Inserted in L-65
" 3-14-77 F-30 462/463 $-65 placed on F-30
" 6-2-77 F-30 - This calibration used for all
tests
" 10-25-77 None 1164/1165 S-65 had F-30 removed
" 12-6-77 None -



66-2

1052/ 3s-73

Scanner No. S-66

Test Pump Flange to Flange DP Cell

Instrument
Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 45517 0-200 psid 7-29-76 F-38 ~ This calibration used for tests
1151DP 209-297 (Inserted in L-65)
" - F-28 -/209 F-38 removed and replaced by
F-28 sometime in Dec 76
" 2-5-77 F-28 -
" -100 to +200 psid 2-5-77 F-28 297/298A Range changed to -100 to +200
psid
" 3-26-77 F-28 -
" 5-25-77 F-28 843/844 F-28 replaced by F-39
» 6-6-77 F-39 - This calibration used for tests
298A-1514
" 11-8-77 F-29 131771318 F-39 replaced by F-29

" 12-9-77 F-29 -



ooL-¢

1052/ js-74

Scanner No. S-68

Pump Impeller DP Cell

Instrument
, Calibration Test No.
MFG Serial No. Span Date FM No. Before/After Comments
Rosemount 47674 0-25 psid 7-29-76 F-39 - Inserted in L-68
1151DP
" 5-25-77 F-38 843/844 F-39 replaced by F-38 on S-68
" 6-7-77 F-38 - This calibration used for all
tests
" 9-14-77 None B49A/B49B F-38 removed from S-68 and not
replaced
" 12-14-77 None -



Lot-¢

1072/js-175

Scanner No. S-69

Main Water Orifice Hi/Hi DP Cell

Instrument
Calibration Test No.
MFG Serijal No. Span Date FM No. Before/After Comments
Barton 752 848 0-50 psid 2-9-77 None 304/305 S-69 added to main water orifice
(L-38H)
" 6-7-77 " - This calibration used for Tests
305-894
" 9-14-77 F-38 849A/8498B F-38 connected
Rosemount 11968 0-100 psid 9-24-77 F-38 894/895 New Rosemount replaced Barton,
1151pP New range 0-100 psid, this
calibration used for tests
895-1116
" 10-10-77 F-38 - Field Cal. using air calibrator
Rosemount 45518 0-100 psid 10-19-77 F-38 1116/1117 New cell again, this calibration
1151DP used for tests 1117-1514
" 11-2-77 F-38 - Field Cal. using air calibrator
" 12-19-77 * F-38 1514/- Cell showed zero shift after

removal from loop






Appendix 2.3A
ICCUP PROGRAM LISTING

2.3A-1






PROGRAM [CCUP 137112 0PT=1 FIN 4.7¢476 19/06/06. 15.31.23 PAGE 1

1 C INSTRUMENT CONVERSIGN CONSTANTS UPDATE PRCGRAM (ICCUP) 000100

C CREATED 3/72/79 0¢0110

PROGRAM ICCUP(TAPE3 «TAPE4OUTPUTINPLT,TAFES=0UTPUT, 000120

STAPES s TAPEL2,TAPEL34TAPEL4, TAPEL1S5,TAPEL6.TAPELT, 000130

5 *TAPE1B+TAPELS,TAPE20D) 000140

DIMENSION X(7Q)eRITCsS5)sKCAL20),KP(L1),KDPE20) 000150

DIMENSION KRTDI20)¢KTMI20)4KDD(20)¢KT(20) 4KSM120)4KGD(20) 000160

DIMENSIDON KFPL20) oZP(20)+ZDP120)¢2THI(20),20D120)+2T1201,25M20) 000170

DIMENSION C{7,70)02GD{10),D{4,5) 000180

10 DIMENSION Y{4470)4514,40),PACITY) 000190
CALL CONNEC(6LDUTPUT) 000200

PRINT 100 000210

100 FORMAT (2X,*hHICH KIND OF UPDATE IS THIS?*,/) 000220

PRINT 101 000230

i5 101 FDRMAT{S5Xx+*P AND DP ZERD*,16X+*— TYPE 1%) 000240
PRINT 102 000250

102 FORMAT (SX,*DAILY P, DP AND G.D. UPOATE®,2X, % TYPE 2#) 000260

PRINT 103 000270

103 FORMAT {5X y*GAFMA DENSITOMETER AIR/NATER — TYPE 3%) 000280

20 PRINT 104 000290
104 FORMAT (5X ¢ SPRE-BLONDOWN®, 17X *— TYPE 4%) 000300

READ #,M11 000310

105 FORMAT (T X, SDUTPUT 1S TAPE19%,//) 000320

107 FORMAT {TX, *OUTPUT 1S TAPE20%,//) 000330

25 C READ TAPE3, TAPE4 — UPDATE TAPE4 MITH P AND DP ZEROS 000340
RENIND 3 000350

REWIND & 000360

READ{45171) ZDATE.NDATE 000370

PRINT 218,2DATE.NDATE 000380

30 218 FORBATUZ v4X o *TAPES 15 *, A& 15:/77777177) 000390
READ(4+®) NTCAeIKCALI) I=1,NTCA) 000400

READ(44%) NP+ (KP{]1) 41=1,NP) 000410

READ(4,¢) NDP,(KDPLI),I=]1,NDP) 000420

READ(4+% ) NRTDy (KRTD{1I)yI=1,NRTD) 000430

35 READ(%¢%) NTMo{KTMII) 4I=1,NTN)} 000440
READ(4¢%) NDD, (KDD(I)sI=14NDD? 000450

READ{(4 4% ) NT,{KT{1)+I=1,NT) 000460

READ{(44®) NSM{KSMII)I=1,NSM) 000470

READ{4 %} NGD.(KGD(1),I=1,NGD) 000480

40 READ(4 %) (KFP(I)oi=1.T} 000490
READ{%,%) (ZP{1)s1I=1,NP} 000500

READ(4 %) (2ZDP{1)+1=1+NDP) 000510

READ(4y%) (ZTMI1)+I=1,NTH) 000520

READ(4y#)} (ZDD{1),1=1,NDD) 000530

45 READ{4+8%) (2T(I)s1=14,NT} 000540
READ{(&,®) (ZSM{1)eix1¢NSM),2INF 000550

IFINDATE.LT.567) GOT0 50 000560

READ(4,%) {ZGD{I)eI=1,NGD) 000570

50 CONTINUE 000580

50 N=6B 000590
If (NDP.EL.19) N=69 000600

DD 220 I=1sN 000610

READ(4y%) IL{Js1ded=1,T) 000620

220 CONTINUE 000630

55 M10=3 000640
READ{3,51) TEST 000650

51 FORMAT(AB) 000660

203001



60

65

70

75

100

105

110

PROGRAM ICCUP

1711

116

117

125

130

140

150
135

210
200

73/172 CPT=1

READ(3,%) ITESY
ITEST1=ITEST
READ(3,%) ILAB
READ(3,%) TwFLC.IFLCW
READ(3+*) ISFLC.IFLCS
READ(3,%) P,VF,GCyPSC
READ{3,*) PABS,TBAR
FORMAT (A4, 14)

DO 135 [J=1,5
READ(34E1T7) TH,TML
READ{3,1186) DQ2
READ(3,116) DC4
READ{3,116) DQ3
READI3,116) DG5S
FORMAT(A10)
FORMAT (64X A3, A6)

DO 140 I=l,14
IF(1.6T.1) GO 70 130

FTN 4.7+4706

READ(3,125) ZERJRELoIJIeRE291J)aRI3,1JD4R(4,01J)

FORMAT {5FS. 6}

J=5

NI=Jed

GO TO 14C

READ(3,125) (RIKyIJ)K=xJ,MI)
Japi+l

NJ=J+4

CONTINUE

ZER=ZER*1000.

DO 150 I=1,.N
R{T+1JI=RIT+1J3%1000.-2ER
X{1)=0.

CONTINUE

CONT INVE

DO 200 1J=1,5

DD 210 I=],N

X(E)=X(L)IoR (1,13}

CONTINUE

CONTINUE

DD 300 J=1.N

XLI=X(JI) /5.

CONT INUE

IVIME=]IL AB/1000000
IDATE=ILAB~ITIRE*1000000
1MO0=1DATE/Z10000

IDAY=( IDATE-1M0*10000) /100
1YR= IDATE=10000%1M0—100%IDAY
PRINT 1002

PRINT 10244M10,1TESToIMDIDAYIVRL,ITINE
IMO1=1INO

IDAY1=1IDAY

1VR1=JYR

ITIMEL=1TVINE

PRINT 1006

PRINT 1000

DO 400 I=1,NP

K=KP{1)

IP{1)=X{K)

19/06/06+. 15.31.23

000670
000680
000690
000700
000710
000720
000730
000740
000750
000760
000770
000780
000790
000800
000810
000820
000830
000840
000850
000860
000870
000880
000890
000900
000910
000920
000930
000940
000950
000960
000970
000980
000990
001000
aol1010
001020
001030
001040
001050
001060
001070
001080
001090
001100
oo0lllo
001120
001130
001140
001150
001160
001170
001180
001190
001200
001210
001220
001230

PAGE
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115

120

125

130

135

140

145

150

155

160

165

170

PROGRAM ICCUP

400

500

1000
1010
1002
100¢

1599

C
[
C

1161
1251

1301

1401

13/112 0PT=1 FIN 4.7+476

PRINT 101C,KeX{K)

CONT INUE

DO 500 1=1,NDP

K=KDP(1)

IDPLI)=X{K)

PRINT 101C,K,XIK}

CONT INUE

FORMATI10X,*SCR NO.*,10X,*CELL ZERC*./)
FORMAT(13Xe12¢13XeF7.3)

FORMAT (2Xy *CE—~EPRI TWO PHASE PUMP PERFORMANCE PROGRAMS®,/)
FORMAT {2 Xo®PRESSURE AND DP CELL ZERC SHIFTS®,/)
PRINT 1599

FORMAT(/7471177177111774¢7)

IF({M11.EQ.1) GOYO 1

IFI{M11.EQ.2) 60TO 2

CALCULATE COLD GD CONSTANTS AND UPDATE TAPE4

PRINT 1002

PRINT 1012

DD 603 L1=1,4

L=L1+14

REWIND L

READ{L+51) TESY

READ(L,*)} ITEST

READEL #*) ILAB

READIL*) [WFLD,IFLOMW

READIL »*) ISFLLC,IFLCS

READIL +*) PoVF+LoPSD

READIL +*) PABS.TBAR

P3=PABS

PABS={1.~.000622%I TBAR-22)) *PABS
PABS=PABS*{.9999924-1.811241FE-48TBAR+2.075103£~B¢*TBAR®TBAR)
PABS=PARS~.2
PABS=,019336761T#PABS
P=P+PABS

DO 1351 14=1+5

READ{L,1161) XTA

READIL,1161) DQ2
READIL,1161) D%
READ{L,1161) DG3

READ(L,1161) DQ5

FORMAT(AL1D)

DO 1401 I=1.14

IF(1.GT.1} GO 7O 1301
READ(L¢1251) ZEReR(1s1JIoR{2o1J)eR(391J)R1%4,1J)
FORMAT I5F9.6)

J=5

Ni=J+4

G0 TO 1401

READIL 412513 (REUKel1J)oK=deMJ)
J=Nj+1

MJI=J+4

CONTINUE

ZER=JER®1000.

DD 1501 1I=leN
R{I,10)=R(1,1J)*1000.—2ER

79/00/06. 15.31.23

001240
001250
001260
001270
001280
001290
001300
001310
001320
001330
001340
001350
001360
001370
001380
001390
001400
001410
001420
001430
001440
001450
001460
001570
001480
001490
001500
001510
001520
001530
001540
001550
001560
001570
001580
001590
001600
001610
001620
001630
001640
001650
001660
Q01670
001680
001690
001700
001710
001720
001730
001740
001750
001760
001770
001780
001790
001800

PAGE
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17

180

185

190

195

200

205

210

215

220

225

PROGRAM ICCUP

1501
1351

2101

2001

3001

178

183

148
192

602

4971

41111

1606

137172 CGPT=1 FIN 4.T¢4706

X{i)=0.

CONTINUE

CONT INUE

DO 2001 IJ=l,5

DO 2101 I=14N
XII)=X{Y)+RE1,1J)
CONTINUE

CONT INUE

DO 3001 J=1,N
Y(L1eJi=X1J) /5.
CONT INUE

DATA PAC/=1.8533063273E+1,3.8918344612E¢14+1.6645154356E-2,

2 T.87023440E~5+2.2835785557E~74-3.5700231256E-10,
£2.9932909136E-13,~1.2849848798E-1642.2239574336E~20/

T3=Y{L1ls13)/1C.

IF(T3.LT .~2.65) GOTO 192

IFIT3.6T.20.) 6OTO 192

El=1000.2(73+2.6621)

T3=,0242¢E}

T=l.

EL=0.

DO 183 J=1.9

EL=EL*PACLJIOT

T=T#T3

CONTINUE

EL=EL 125 0EXP(—.58 ({1 (T3-127.0765.)%82)})
IF(ABS{EI-EL).LTal.) GOTO 188
TI=T34.0242%(EI-EL)

607D 178

T3=T3¢9. /5. +32.

CONT INUVE

DD 602 I=1,NP

KeKPLI)

Y{LLs K=Y L1l K}-ZPLI)

CONTINUE

=56

T2=CE2sM)+CI3oMICIVELLM)-CUL MIDSCEAMITLEYILILMI-CLLND) #52)
T2={T2¢9,./5.2¢32.
TFIITEST.LTL1223.0RLITESY.GT.1351) GOYO 4971
T1=T3

607041111

Mx55

TI1sCU2oM)+CI3 oMLV ILLMI-C (Lo M) I4CLLMISLUYILLoMI-ClL M]})022)
T1=({T1%9./5.1 432,

T4=ABS{T1-72)

IF{T4.6T.25.) T2=T1

PRINT 1606+T1,72

FORMAT (/4 6Xo2T] = 2,F6.0,% T2 = ¢4F6.0,/}
IF(L1.LT.3)60 TO 600

Vil . /(VPT1{P,T1)*1728)
V2=1.7{VPT1IP,T2)%1728)

PlaC {1+5)8V1IeCE2,5)¢CH3,5)SVILLS)¢C 149508V (L]1,5)%92
P2uC {146)9V24C (2461 2C(3,60%Y{L1 6140 {4,602V (L1,6)%*2
P1=P) +PABS

P2=P2+PABS

Vi=1./(VPTL1(P1,T1}*1728)
V2=1./(VPTL(P2,T2)*1728)

19/06/06.

001810
001820
001830
001840
oula50
001860
001870
001880
001890
001900
001910
001920
001930
001940
001950
001960
001970
001980
001990
002000
Q02010
002020
002030
002040
002050
002060
002070
002080
002090
002100
002110
002120
002130
002140
002150
002160
002170
002180
002190
002200
002210
002220
002230
002240
002242
002243
002245
002247
002250
002260
002270
002260
002290
002300
002310
002320
002330

15.31.23

PAGE
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230

235

240

245

250

255

260

265

270

275

280

285

PROGRAM

1605

601

600

604
&06

3023

ccup 73/172 GOPT=1 FIN 4.74476 t9/06/06. 15.31.23 PAGE 2
PLl=C (1 +5)%VE+C(245)+C1395)3YILL1+50+4C14+5)8Y (L 1y5)%*2 002340
P2=C(1+6)3Vi+C1256)+C(3¢6)%YIL1+6)+L {496} 2Y{L] 6} %52 002350
Pl=P1+PAES 00236¢
P2=P2+PABS 002370
PRINT 16C5,PLeT1sP2,T2 002372
FORMAT (/46X 9 %P L = %4F6.0,% Tl = #4FbaCe® P2 = $,4,F0.C.* T2 *,F6.00023%4

*4/) 302375
DG 601 J=1,3 002380
J1=14+J 082390
J2=17+J 002400
J3=33¢J 002410
S{L1,31)=1.7VPTLIPL,T1) 002420
S{L1+42)=1./VPT1iP2,12) 002430
S(L1J3)=51L14J1) DO2440
CONTINUE 002450
GO TO 606 002460
CONT INUE 002470
DO 604 J=1,3 002480
J1=14+J 002490
J2=17+J 002500
J3=33+¢J 002510
SULL 9J1)22692%,0001138%P3/114.0022385¢71) 002520
S{L19J2)=,6%2%.0001138¢P3/(1¢.0022385¢72) 002530
S{L1+33)=S{L1.J1) 002540
CONTINUE 002550
CONT INUE 002560
ITIME=1LAB/1000000 002570
IDATE=1LAB—-1TINE*10300000 002580
IRD=IDATE/Z10000 002590
1DAY=( IDATE~IN0*10000) 72100 002600
IVR=IDATE~-10000%IMO-100*1DAY 002610
PRINT 102494+ ITEST, N0, IDAY,IVR,ITINE 002620
CONT INUE 002630
PRINT 4014 002640
PRINT 3021 002650
DO 3022 ¥I=1,NED 002660
K=KGD( 1} 002670
PRINT 3023¢K9SE19K) 9S51825K) ¢S5134K) 951 4,K) 002680

3022 LCONTINUE 00269
PRINT 4017 002700
3021 FDRMATIS5Xe®SCRB,6Xs*TAPELS* 34X STAPEI6% 44 X *TAPELT* . 4X o*TAPEL 8%, /7002710

*) 002720
FORMATISXo1392X44F1C.31 002730
PRINT 1014 002740
DD 2303 1=14N6D 002750
K=KGD{ 1) 002760
IFIK.GT.25)60T0 605 002770
VeVl Le K) 3Y 1 4o K1Y {2,K)*Y(3,K) 002780
V22Y (1 gKI-Y {2+ KI-Y 13K )4V (44K} 002790
Ci3eKI=V/IV2 002800
Cl2o KISALCGUIY L1 o KI-CE3oK I/ IY{ 24K -CL3,KII/1SE3,K)-S11.K)) 002810
ClleKI=C{24K)&S{3 K} +ALOGIY I3 K}~CI34K}) 002820
Clae KI=ALOGI VI3 KI-TLIeKID /A VL 49K -C(I4KD) M /TT24K) 002830
6070 2301 002840
CONT INUE D02B50
V3=EXPIC{2+K)#I513,Kd-5(1eK))) 002860
Ci3+K)I={VISY(3 KI-Y(1eKI)/TVI-1) D02870

203005



290

295

300

305

310

315

320

325

330

335

340

PROGRAM ICCUP 737172 0PT=]1 FIN 4.7+476

2301
2301
2302
1024

1012
1014

1016
1598
1511

1502

1504

1503
1505

Cl{loK)=CU24K}*S{3,KI+ALOGIY{3,KI-C(3,4K))

PRINT 10169KoCUlLlsK)oCl2:K)2CU34K)oCl44K)

CONTINUE

CONT INUE

FORMAT (4 X o8 TAPE®y 12,4 IS TEST #,14,% DATA $,12,%/%8,124%/%,12,
** TIME*,15.,//)

FORMAT [/ 42X y®AIR~WATER CALIBRATION FGR GAMMA DENSITOMETERS®,/)
FORMAT(2Xg%2SCR NO 46X o%C {1 oK% oB8X 98l (2,K)%48Xy*C{3,K)*8X,
*xC{44K)*,/)

FORMATIS5 X912 94 X9E130691XoELl3.691X9EL3belXyEL3.6)

PRINT 4017

FORMATL//1747172777717)

PRINT 1511

FORMAT (SX o #RECALCULATEL BASE DENSITIES®,/)

PRINT 15C2

19/06/06. 15.31.23

002880
002890
002900
002910
002920
002930
002940
002950
002960
002970
002980
0€2990
003000
003010
003020

FORMAT{5X ¢ #SCR* 24X o STAPE15% 2X»#TAPELO®* ;2 X, ¢TAPELT* 42X »*TAPELB*,/)003030

DO 1503 I=1,NGD

K=KGD(1)

DO 1504 J=l.,4

DiJe 1) ={CUL o KI-ALOGIVLJIoKI-CUI KD II/CE24K)
CONT INUE

DI2s 11 =012 1) ~Cl4 4K}

Dl4y 1)2D( 4y 1)-C(44K)

PRINT 1505¢K 0014 1)+08201)eDi3¢1deDl4e1)
CONTINUE

FORMAT (5X41342Xs4F8.3)

C SETUP VOLTAGES AND DENSITIES FOR AECL BASE CAL

2310
1506

D0 2310 I=34,36

Stés 1)=51(3,1)

S{3,1¥=5{1,1)

Yi4e Id=Y(3,1)

YI3,13=Y(1,1)

CONT INUE

PRINT 1598

FORMAT(LX /27441117102

IF{M11.EQ.3) GOTO 1

WRITE(19,6001) ITEST1,IMOleIDAY1,IYRALITINMEL
WRITE(19,6002) NTCA.(KCALX),I=1,NTCA)
MRITE(19+6003) NP, (KPUI) 41=1,NP}
WRITE{1926004) NDP,(KOPLI) I=]1,NDP)}
WRITE(19,6005) NRTD,{KRID{I), I=1,NRTD)
WRITE(19,6006) NTMyIKTMII)oIml ATN)
WRITE(19+6007) NDD, {KODI1)+1=1,NDD}
WRITE(1946008) NTo(KTL{I)sI=1,NT}
WRITE(19,6009) NSM EKSHII) oI=]l ,ASN)
WRITE(19¢6010) NGOy (KGD{I)eI=1,NGD)
NRITE(194,6011) (KFPLL) 1=1,7)
WRITE(19,6012) (ZP{1),1=1,4NP)
WMRITE(19,6012) (20P(1)+1=1,9)
MRITE(19,6012) (ZDP(1),i=10,18}

IF (NDP.EC.19) WRITE{19.,6013) ZDP{(19)
WRITE(19,6014) (ZTMUI) I=1,NTM)
WRITE(19,6015) (Z0DI1)4I=1,NDD}
WRITE(19,6015) (ZTUI),1=1,NT}
WRITE(19,6016) (ZSMUI)oI=1+NSM)ZMF
IF(NDATELLT.567) GOTC 771

WRITE( 19,6017} (ZGDULI)oI=146)

003040
003050
003070
003080
003090
003100
003110
003120
003130
003140
003150
003160
003170
003180
003190
003200
003210
003220
003230
003240
003250
003260
003270
003280
003290
003300
003310
003320
003330
003340
003350
003360
003370
003380
003390
003400
003410
0u3420
003430
003440
003450

PAGE
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345

35¢C

355

360

3865

370

375

380

385

390

395

PROGRAM ICCuUP

171

701
6001
6002
6003
6004
6005
6006
6007
6008
6009
6010
6011
6012
6013
6014
6015
6016
6017
6018
6019
6020
[

[4 PR

1130

1140

7371712 GPY=1l FIN 4.7+476

WRITEL19,6018) (ZGDUIMi=7+9)
CONTINUE

N=68

IF INDP.EQ.19) N=69

DO 701 I=1.N

WRITE(19,60193 {ClJellod=1,4)
WRITE(19,6020) (C(Jv1)43=5,T7)
CONT INUE
FORMAT(#ZERU* 4 141Xy 12 4%/ %, 12,%/%,12,15)
FORMAT (7X012,1313)

FORMAT (TX412:913)
FORMAT(TX51241513)

FORMAT {(TX,124€13)

FORMAY {TX4124113)
FORMAT(TXe12,413)

FORMAT (7X4124413)
FORMAT{7X4124113)

FORMAT {TX,12,913)

FORMAY (TX,124£13)

FORMAT (3X+9F7.3)

FORMAT (3X+FT.3)
FORMAY(2X,F6.3)
FORMAT {1 X»4F7.3)
FORMAT(1X¢2F7.3)

FORMAT (6E12.6)

FORMAT(3F4.1)
FORMAT(TXy4E13.6)

FORMAT [2X,3E13.6)

E-BLOWDONN P AND DP 2ERDES
N10=5

REWIND 5
READ(5,51) TEST
READ{S,*) ITESY
ITEST1=ITEST
READIS,*} ILAB
READ{5,%) IwFLU.IFLON
READ{5,%) ISFLC.IFLOS
READ(5.%) PoVF,QoPSD
READ(5,%) PABS,T8BAR
DO 1135 1J=1,5
READ(S,117) TN,TH]
READ{S5,116) DQ2
READ{5,116) DQ4
READ{5.,1216) DQ3
READ{S,116) DQ5
DO 1140 I=1,14

IFi{l.ET.1) &D 7O 1130
READ (55125) ZERGRIL¢IJ)sRU241J)4R1351J)5RM4&01J)
J=5

Mi=Jed
G0 TO 1140

READ15,125) (RIKs1J)eK=JsMJ)
J=MJ+1

MNi=J+4
CONTINUE
ZER=ZIER*1000.

197067064

003460
003470
003480
003490
003500
003510
003520
003530
003540
003550
003560
003570
003580
003590
003600
003610
003620
003630
003640
003650
003660
003670
003680
003690
003700
003710
003720
003730
003740
003750
003760
003770
003780
003790
003800
003810
003820
003830
003840
003850
003860
003870
003880
003890
003900
003910
003%20
003930
003940
003950
003960
003970
003980
003990
004000
004010
004020

15.31.23

PAGE

203007



400

405

410

415

420

425

430

435

440

450

455

PROGRAM

1CCuP 7371

1150
1138

1210
1200

1300

1400

1500

1600 FORMAT/ /1147077471187 1772110770177)

C
C

C UPDATE M.l.

00 1150 I=

RII,1J)=R{1,1J)%1000.~ZER

X(1)=0a.
CONT INUE
CONTINUE

DO 1200 14

00 1210 I=

X{1)=X{1)+
CONTINUE
CONTINUE

DO 1300 J=

XiJ)=xt4ds
CONTINUE

ITINE=ILAB/1000000

IDATE=ILAB-~ITIME®]1000000

1MO=IDATE/

IDAY={ IDATE~1M0%10000) /100
IYR=IDATE-10000¢IM0—100*I DAY

PRINT 1002

PRINT 1024+MLOoITEST oIN0¢JDAY ¢ IYRe ITINE

IMO1=1KO
1DAY1=IDAY
IYRI=1YR
ITIMEL1=ITI
PRINT 1006
PRINT 105
PRINT 1000
DO 1400 1=
K=xP(I)
ZP1)=x(K)
PRINT 1010
CONTINUVE
DO 1500 I=
K=KDP(I}
IDP{I)=X(K
PRINT 1010
CONTINUE
PRINT 160C

REMIND 12
REWIND 13
REWIND 14
PRINT 1002
PRINT 4012

72 0PT=1

IIN

=1e5

14N
Rils1J)

1N
5

10000

NE

1.NP

o Ko XKD
1o NDP

}
1Ko XKD

DO 4603 L1=],3

L=Ll+11
READ(L,51)
READIL,*)
READ(L,%*)
READ(L «*)
READ(L ,*)
READ(L*)
READ(L o %)
P3=PABS

TEST

ITEST

ILas
IWFLCIFLCH
ISFLG,IFLCS
PeVF +Q¢PSO
PABS.TBAR

FTN 4.7¢476

GD CEGASTANTS WITH HOT PRE-SLOWDOWN GD CHECLK

19/06/06.

004030
004040
004050
004060
004070
004080
004090
004100
006110
004120
004130
004140
004150
004160
0604170
004180
004190
004200
004210
004220
004230
004240
004250
004260
004270
004280
004290
004300
004310
004320
004330
004340
004350
004360
004370
004380
004390
004400
004410
004420
004430
004440
004450
004460
004470
004480
004490
004500
004510
004520
004530
004540
004550
004560
004570
004580
004590

15.31.23
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460

465

470

475

480

485

490

495

500

505

510

PROGRAM TCCuUP

4650

411¢€

4125

4130

4140

4150
4135

4210
4200

42%0
4300

278

283

137172 0PT=1 FIN 4. T+4T6

PABS={1.—<000622%[TEAR-22) ) *PABS
PABS=PABS*{ .9999524~ 1. 811241E—4*TBAR+2,07T5103E-8*%TBAR®TBAR)
PABS=PABS-.2
PABS=.01%53367617%PABS
P=P+PABS

DO 4135 [J=1,5

READ{L,%4116) XTM

IF(L1.GT.1) GCTO 4650
IF{1J.6T.1) GOTG 465C
ITN=ITEST

XTT=XTM

READ(Ly4116) DQ2

READ(L ,4116) DC4

READ(L.4116) DC3

READ(L,4116) [C5

FORMAT{ALID)

DO 4140 I=lel4

IF(I.GT.1) GO TO 4130

READIL +4125) ZER+RUL91J)oRE291D)4R(341J)sR14,14)
FORMAT (5F9.6)

J=5

LN R 2

GO TD 4140

READIL 9125) (RUKold) oK=dyMJ)
Ju=pJel

Ri=Js+4

CONT INUE

1ER=ZER*1000.

DO 4150 I=1,.N

R{1y 1J3=R{I,LJF*1000.-ZER
X{1)=0.

CONTINUE

CONT INUE

DD 4200 1J=1,5

DO 4210 I=1.N
X{Id=X{1)eR1],1J)

CONTINUE

CONT INUE

DO 4300 J=1l4N

IFIL1.LT.3) GOTO 4290
IF1Ja6T<33.aND.J.LT.37) GOTD 4300
Y{lleJ)=X{J} /5.

CONT INUE

T3=¥{l1le13)/10.
IFIT3.1T.—2.65) GOTOD 252
IF(T3.GT.20.) GOTO 292
EI=1000®{T3+¢2.6621)
T3=.0242¢EI

T=l.

EL=0.

DO 283 J=1,9

EL=EL+PALL.J)*T

T=T*T3

CONTINUE
EL=EL4125.%EXP{=.5%{{{(T3~12T7.)/¢€5.0%%2)}} )
IF(ABS{EI-EL).LT.1.) GOTD 288
T3=T3+.,0242%(EI1-EL)

T79/06/06+ 15.31.23

U0460U
004610
0040620
004630
004640
004650
004660
004670
004680
004690
004700
004710
004720
004730
004740
004750
004760
Q04770
004780
004790
004800
004810
004820
004830
004840
004850
004860
004870
004880
004890
004900
004910
004920
004930
004940
004950
004960
004970
004980
004990
005000
005010
005020
005030
005040
005050
005060
005070
005080
005090
005100
005110
005120
005130
005140
005150
005160
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515

520

525

530

535

540

545

550

555

560

565

570

PROGRAM [CCuP

288
292

4602

4970

41000

41160

41180

4601

4603

737172 @PT=1 FIN 4.T7+476

GOTD 278

T3=T3%9,/5.432,

CONTINUE

DD 4602 1=1,NP

K=KPLI)

Y{LL oK)=V (L1, K)-ZPLI}

CONTINUE

M=56

T2=CU2,MI+C{3 ¢4MI®IYILL,M)-CULMII+CL4A,MI*LTIYILL,MI-C(1,M))*%2)
T2=({T2%9./5.)432.

IF(ITESTolY41223.0R.ITEST.G6T.1351) GOTO 4S70

T1=73

GOTO 410C0

M=55

Tl=CL2 ,M)+C (3 MITLY{LLoM)I—C(L MID#CI4 ,MIRLIYILL,MI-C{1,M))2%2)
T1=(T1%9./5.) ¢+32.

T4=ABS({T1-T2)

IFIT4.67.25.) T2=T1

PRINT 1606,T1,T2

Vi=l . JIVPTLIP,T1}*1728)

V2=1./(VPTL{P,T2)#1728)

PLaC 1 oS5) V140 {250¢0{3,5)8YIL1,5)¢C(4,5)2Y(L1,5)%%2
P2=C(1,6)%V2¢C (2,61 +C{3,6)3Y(L1,6)+C {4360V (L1,0)%%2
P1=P1+PABS

P2=P2+PABS

Vi=1./7/{VvPT1{P1,71)%1728)

V2=1./(VPT1(P2,T2)*1728)
PL=CLLl,S)IPVI4CI2:5)4CU3,5)%Y L1 50+0(4,5)3Y(L1,5)%%2
P2uC U1 ¢6)8V24C12,6)4CL3,60%Y{L1,6)4C14,6)3Y(L1,05)%3%2
P1=Pl¢PABS

P2=P2+PABS

PRINT 16059P1,T1,P2,72

DO 4601 J=1,3

Ji=l4¢J

J2=17+J

J3=33+¢J

IFIL1.EQ.2) 6070 41160

IF{L1.EQ.3) GOTO 41180

SCL1.J13=1/VPT2(P1,T1)

S{L14,J2)=1/VPY2(P2,T2)

SiLl+J3)=sS{L1l,J1)

GOTO 4601

SILLoJd1)=1./VPT1{PL,T1)

S{L1,J2)=1./7VPTL(P2,T72)

S{LLyd3)=S(L1l,J1)

6070 4601

S(LLsJ1)=1./VPTRIPL,T1)eL(4e4])

SUL1 9J2)=1./VPTLIP2,T2)¢C14¢J2)

CONT INUE

ITIME=ILAB/1000000

IDATE=ILAB-ITIME*1000000

IM0=IDATE/ 10000

IDAY={ IDATE-IMG*10000} /100

1YR= IDATE—-10000¢I1M0~-100%1DAY

PRINT 10244Ls ITESToIMO.IDAY IYR,ITINME

CONT INUE

PRINT 4013,XTT,1TN

79/06/06.

005170
005180
005190
005200
005210
005220
005230
005240
005250
005260
005270
005280
005290
005300
005310
005320
005322
005323
005325
005330
005340
005350
005360
005370
005380
005390
005400
005410
005420
005430
005440
005442
005450
005460
005470
005480
005490
005500
005510
005520
005530
005540
005550
005560
005570
005580
005590
005600
005610
005620
005630
005640
005650
005660
005670
005680
005690

15.31.23
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575

580

585

590

595

600

610

615

620

625

PROGRAM ICCU

41400

4021
4022

P 737172 0OPT=} FIN 4.74476
PRINT 401§
PRINT 4021
DO 41400 I=1,NGD
K=KGD(I}
TF{K.G6T.25) GOTO 41400
M13=0

PRINT 4022+KeSU1eK) pSU25K) 9SE34K) o Y{ 1K) sY¥{24K) oY (3,K)
CONY INUE

PRINT 4017

FORMAT(SX s #SCR*92X s 2(2X+*TAPEL2% 32X *TAPEL3%,2X,*TAPEL4®*) /)
FORMATIS5X ¢ I342Xs611X4FT.3))

PRINT 4015

DC 4230 I=1,NCD

K=KGDI 1)

IFIK.GT-25) 6070 4230

Pl=]

P2=—Y( 34K }1+.00001

Mé6=1

M7=1001

DO 41780 W8=1,10

DO 41781 MS=N6,MT

T=P2+(N9-1)%P1

Fl=(SU2¢K}-S{LeK) JZALOGULVI2,K) T I/(Y{14K)eT))
F2=C {4+ KD /ALOGUIYID 4K)#T) Z{Y(2,K}+T))
F3=(S{1lyK}=S{3,K)}7ALOGULYI1,KITI/IVL3,K)+T))
Fa=(F1+F2+4F31/3
F5=SQRTULIF1-F4)**2+{F2-F4) %8 2¢(FI-F4)*22)/3)}
IF(M9.1T.2) 60TO 41782

IFIF5.1T.A6) GOTO 41782

M1l=M9—2

GOTD 41785

41782 A6=F5

41781

CONTINUE

41785 P2=P2+M1*P]

M13=M13+N1
P1=P1/10
MT=20

M6=1

41780 CONTINUE

4230
4012
4013
4014
4015

4“01¢
4017
4019

C{3,K)=-P2
IF(M13.EQaDa0R.M13.67.950) Ci3eK)=20a
Cl24K)=>~1./F4

79/706/06. 15.31.23

005700
005710
005720
005730
005740
005750
005760
005770
005780
005790
005800
005810
005820
005830
005840
005850
005860
005870
005880
005890
005900
005910
005920
005930
005940
005950
005960
005970
005980
005990
006000
006010
006020
006030
005040
006050
006060
006070
006080
006090
006100
006110

IF{M13.EQuD.ORM13.56T.950) CU24KI=ALOGEYI1eKI/Y(24KDID/LS5124K)-5{1,006120

*K))
CHL1KI=L{2,KI®SE2yK)+ALOGIYI24K)~-CI3,4K})
PRINT 4D164KoL11eK) 9CH24K) sC(39K) 4L144K)
CONT INUE

FORMAT(/ ¢2X+*PRE~-BLUOWDOWN UPDATE FOR NMoli. GAMMA DENSITOMETERS®+/)

FORMAT {5X.STARY OF TAPEL12 IS %,A10+* IN BLO®,14,47/)
FORMAY (5X,*BASE DENSITIES (LE/FT3)%,/)

FORMATII X o*SCR NOL % ,5Xo%C L1 oK) *oBXgP3CI2oK)% (B8Xo*L{3,K)%,
EBX kL 14e K%/ /)

FORRATISX I3 33 X4E13.6e1XoE13.691X9EL3.641XsEL3.6)

FORMAT (7))

FORMAT (11X +*BASE DENSITIES (LB/FT3)8,10X,*MILLIVOLTS®*s/)
PRINT 4017

PRINT 1511

006130
006140
006150
006160
006170
006180
006190
006200
006210
006220
006230
006240
006250
006260
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630

635

640

650

655

660

670

675

680

PROGRAM ICCuP 137172 0OPT=1 FIN 4.74476 19/06/06« 15.31.23

PRINT 4017 006270

PRINT 5013 006280

5013 FORMATISX ¢*SCR¥*,4X,¢TAPE12%,2X,#TAPEL3%,2X,*TAPEL14%,/) 006290
D0 6503 I=1,NGD 006300
K=KGDU 1) 006310
IF(K.GT.25) GCTO 6503 006320

D0 6504 J=1,3 006330

Dl 1) ={C(l4KI)=ALGG (YL JoKI—C(39KIII/CL(2,K} 006340

6504 CUONTINUE 006350
PRINT 6505¢KsDC1,1)20(241),D8(341) 006360

6505 FORNATIS5X413¢2Xe3F8.3) 006370
6503 CONTINUE 006380
PRINT 1598 006390

PRINT 1601 006400

1601 FORMAT(/777177777) 006410
PRINT 1002 006420

PRINT 1602 Q06430

1602 FORMAT(/ ,2X *PRE~BLOWDONN UPDATE FOR AECL GAMMA DENSITOMETERS®*,/) 006440
PRINT 4019 006450

PRINT 6521 006460

DD 6540 I=1,NGD 006470
K=KGD{ 1} 006480
IF{K.LT.25) GCTO 6540 006490

PRINT 6522+KsS{0sK)9SU2eKD)9SU39K) ¢S{ooK) oYl 14KI eV I2¢K) 2Y(3:K) Y(4,006500

*K) 006510

654C CONTINUE 006520
PRINT 4017 006530

6521 FORMATISX $SCRE¢2Xo202XoSTAPEL2%,2X,STAPEL3®,2X o STAPELS%2X, *TAPEL006540
*7%),/) 006550

6522 FORMATIS5X,13+2X9811X+FT7.3)) 006560
PRINT 4015 006570

00 6530 I=1,NGO 006580
K=KGO(T) 006590
IF{K.LT.25) GOTO 8530 006600

M13=0 006610

Pl=] 006620
P2=-Y(44K)+.00001 006630

ne=1 006640
M7=1001 006650

D0 6580 M8=1,10 006660

DO 6581 M9=M6E.MT7 006670
T=P24+(M9-1)8P] 006680
F1=ALOGUIY{3 4 K)¢T)Z7UVI43K)I*TIDI/(S{4eK)=5(3,K)} 006690
F2uALOGL IYI1oKIOTI/ZIVI2,KDeTID/1SE2,K)-SE1oK}) 006700
Foa=(F1e¢F2)/2. 006710
ES=SQRTILF1-F4)e*22+(F2-F&)s82) 006720
IF(M9.LT.2) GOTD 6582 006730
IFtF5.LT.A6) GCTO 6582 006740
H1=M9~2 006750

GOTO 6585 006760

6582 A6>F5 006770
6581 CONT INUE 006780
6585 P2=P2+M1%P] 006790
M13=M13eM1 006800
P1=P1/10 006810

MT=20 006820

MoH=1 006830
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685

690

695

700

705

710

715

T20

725

730

735

T40

PROGRAM 1CCUP 737172 QOPT=1 FIN 4.7+476 719/00/06. 15.31.23

658C CONTINUE 006840
Cl{3,K)==P2 306850
ITF(MI3 ECeDeURMLI.6T.950) C{34KI=0a 006860
Cl2sK)=F4 006870
IF(M13.EC.0.0RM1I3.6Ta950) CU2+KI=ALOGIVI14K) /V(2,KDD/L5(2,K)-5(1,006880

*K) ) 006890
ClLoK)I=CU2KIFS{2,KI+ALOGEIY(24KI-C U3 9K)) 006900

PRINT 40169KoLl1¢K)oCl2¢K)sCU34K)oCl4sK) 006910

653C CONTINUE Q06920
PRINT 1511 006930

PRINT 6502 006940

6502 FORMATISXo#SLR* 14X 1S TAPELIZ® o2 Xo9TAPELI® o 2X s *TAPELS*2Xo*VAPELT#,/ 1006950
DO 6563 I=1,NGD 006960
K=KGD{I) 006970
IF(K.LT.25) GOTO 6563 006980
DO 6564 J=1,4 006990
IFlJ.1T7.3) GOATL 6565 007000
DU 1)=(CL2eK 105 (4o KI#ALOGL Y1 4o KI-CL 34K ) )—ALDGIY(IoKI-C (34K I} 7CL2007010

*,K) 007020
GOTD 6564 007030

6565 DUIeII=(LU1eKI-ALOGIYEJeKI-L(34KIIMCL24K]) 007040

6564 CUONTINUE 207050
PRINT 1505¢KeDile 1)eDU2,1)D13,1)eDl 4 1) 007060

6563 LCONTINUE 007070
6070 1 007080

2 CONTINUE 007090

C 007100

C UPDATE GD CCASTANTS #ITH HOV GD CHECK 007110

C USE AVG 2 007120
RENIND 13 007130
REWIND 14 007140
PRINT 1002 007150
PRINT 5012 007160
DO 5603 Li=1,2 007170
L=lle)12 007180
READIL,51) TESY 007190
READ(L,*) ITEST 007200
READ({L.*) ILAB 007210
READIL+#*) IWFLO,IFLOMW 007220
READ(L,*) ISFLG,IFLOS 007230
READ{L %) PoVF(oPSD 007240
READ{L*) PABS,TBAR 007250
P3=PABS 007260
PABS={ 1.—.000622%{ TBAR-22) } *PABS 007270
PABS=PABS®{.9999924-1.811241E-4*TBAR+2.075103E~B*TBAR®TBAR) 007280
PABS=PAB §—.2 D072%90
PABS=.0193367617%PABS 007300
P=P+PABS 007310
DO 5135 1J=1,5 DO07320
READ(L,4116) XTM 007330
IF(L1.GT.1) &0T0 5650 007340
IF{1J.GT .1) GOTO 565C 007350
ITIN=ITEST 007360
XTT=XTM 007370

5650 READIL,4116) LQ2 007380
READ{L+4116) DL4 007390
READ{L,4116) DQ3 007400
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T45

750

755

760

765

770

7

780

785

790

795

PROGRAM 1CCuUP

5130

514C

5150
5138

5210

5200

5300

583

588
592

5602

5970

51000

13/172 0PT=1 FTN 4.7+476

READ(L+4116) CCS

DO 5140 1=1,14

IF(1.GY.1}] 6O TO 5130
READ (L 41253 ZERsR{LoIJIoRU2,TJIRII41JDeRI4,1J)
J=5

MI=Je+é4

GO TO 5140

READ (L2251 (RIKeIJI K= NS)
J=MJel

Mi=J+4

CONT INUE

1ER=ZER*1000.

DO 5150 I=1.N
RiI,[J)=RE1,1J)#*1000.—-2ER
X{1)=0.

CONT INUE

CONTINUE

DO 5200 1J=1,5

DO 5210 I=1.N
X{I)=X{I)eR{1,13)

CONT INUE

CONTINUE .

DD 5300 J=1,N

YL »J¥=X(3}/5.

CONT INYE

T3=Y(L1,13}/10.
IFIT3.4T.-2,65) GOTC 592
IF{T3.6T .20.) GOTO 592
EIl=1000%(Y3+42,6621)
T3=,0242¢E]1

T=l.

EL=0,

DO 583 J=1,9

EL=EL+PACLJI)*T

T=T*T13

CONT INUE
EL=EL4125.%EXP{~.5%8{{(T3-12T7.)/65.3%82)})
YF{ABS(EI-EL).LT.1.) GOTO 588
T3=T3+,0242¢EI-EL)

6070 5718

T3=T73%9./5.432.

CONTINUE

DO 5602 I=]1,NP

K=KP(I)}

Y{L1oK)=Y(L1,K}-ZP(1)

CONT INUE

M=56
T2aC(2oMIC{3oMISEYILYIMI-CUL o MIDeCLA,MISLIYILL,MI-CLL, M))002)
T2=(V2%9e/5.1432.
IF(ITEST.LV.2223.0R.1TEST.GT.1351) GOTO 5970
T1=73

GOTO 51000

=55

TI=CLZyMICCUI o MIS LY (LD oMI—C UL MII4CL&,NISIIYILIM)-Ci1sM))2e2)
Ti={T1#%9./5.0¢32.
T&=ABS(T1-T12)

IFIT4.6T<25.) T2=T1l

79/06/06. 15.31.23

007410
007420
007430
007440
007450
007460
007470
007480
007490
007500
007510
007520
007530
007540
007550
007560
007570
007580
007590
007600
007610
007620
007630
007640
007650
007660
007670
007680
007690
007700
007710
007720
007730
007740
007750
007760
007770
007780
097790
007800
007810
007820
007830
007840
007850
007860
007870
007880
007890
007900
007910
007920
007930
007940
007950
007952
007953
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800

805

810

815

820

825

830

835

860

850

855

PROGRAM IcCCuUP

51160

51180
5601

5603

51400

5021
5022

5220
5225
5230
5012

T3/112 COPT=1 FIN 4.T7+¢476

PRINT 160€,T1,72

V1=i./{VPTLIP,T1}*1728)

V2=1./(VPT1(P,T2)%1728)
Pl=Cl1,Sh¥V1I+C{2,504C(3,5)%Y(L1+5)4C14,5) %YL 1,5)%*2
P2=C (1 4632V2+40 (2460 +CI3,6)12Y{L1s6)4L(4,06)2Y(LL1,6)2%92
P1=P1+PABS

P2=P2+PABS

Vi=1./(VPTLIP1,T1)%1728)
V2=1./(VPT1(P2,T2)%1728)
PI=Cl1,5)#V1I+C{2,5)+C(3+5)%YILL+5)4C(4,5)%Y(L1,5)%e2
P2=C (1,6 18V2+4C12,6)+CI3,6)8Y (L 1,6)+L14,6)%Y {1 1,0)%s2
Pl=P1+PABS

P2=P2+PABS

PRINT 1605,P1,T1eP2,T2

DD 5601 J=1,3

Jl=14+J

J2=1T+J

J3=33+J

IF(L1.GT .1} GOTO 51160

SIL1¢41)=1/VPTLIP1,T1)

SiL1+32)=1/VPTLIP2,T2)

GOTD 51180

SI{L1+JLI=1L/VPTL(PL.TLI+L{40J1)
SIL19J2)=1./7VPTLLP2,T2)¢L14,42)
S{Ll,J3)=1./VPT1IP1,T1)

CONTINUE

ITIME=ILAB/10C0000

1DATE=ILAB-IT INE®1000000

IMO=1DATE/10000

1DAY={ IDATE-IMO*10000) /100
I1YR=1DATE-10000¢INM0~-100*10AY

PRINT 10249l ¢ I TEST ¢IMOIDAY 41 VYR¢ITINE

CONT INUE

PRINT 4019

PRINT 5021

DO 51400 I=1,NGD

K=KGDt 1}

PRINT 50224K9ST1eKioS12eK1aV11sK)¥12,K)
CONTINUE

PRINT 4017

FORMATIS X o*SCR®,2X 42 {2X+STAPE139,2 X STAPE14%) /)
FORMATI5X21392Xe 411 XsFT.3))

PRINT 4015

DO 5230 I=1¢NGD

K=KGD{ 1}

IF{K.GT.30) BOTQ 5220

V&=EXPIC12,K)*Cl4,K))
CU3+4K)={Y{2+K)WL-Y1,K)M/ V4 1)
ClleKI=CU24,KI*S{1,KICALOGI(Y(1,K}-C(3:K})}

GOTD 5225
C(1eKI=CL2,KISS(1,K)*ALOGIVI1,KI-CI3.+K))

PRINT 4016,KgCll9K oL 124K} L3 4K} 4LL4,K)

CDONT INUVE

FORMAT (/22X o*HCT UPDATE FOR GAMMA CENSITOMETERS®*,/)
PRINT 1511

PRINT 7506

DD 7503 1=1,NGD

19/06/06.

007955
007960
007970
007980
007990
008000
008010
008020
008030
008040
008050
008060
008070
008072
008080
008090
008100
008110
008120
008130
008140
008150
008160
008170
008180
008190
008200
008210
008220
008230
00B240
008250
008260
008270
008280
008290
008300
008310
008320
008330
008340
DOB350
008360
008370
008380
008390
008400
008410
Q08420
008430
008440
008450
008460
008470
008480
008490
008500

15.31.23
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PROGRAM 1CCuP 737172 0PT=1

K=KGD( 1}
DG 7504 J=1,2

DUde II={ {14 KI~ALOGUY L 4 K)}—CU34K)DD/CL12:4K)

7504 CONTINUE

860 PRINT T5CT4KoeDilel) ¢D12,1)

7503 CONTINUE

7506 FORMATISXs*SCR3 44X ¢ TAPELD*,2X ,*TAPEL4%,/)

7507 FORMAT(5Xs1342X42F8.2)
PRINT 1506
865 1 CONTINUE

FIN 4.7+476

WRITE{20,6001) ITEST1l,IMOL,IDAYL,IVYRI,ITINEL
WRITE{20,6002) NTCAL(KCA{I} +1=1,NTCA}
WRITE(2046003) NP+ (KP{l)y1=1eNP)
WRITE(20,6004) NOP, {KDP(I),I=1,A0DP)

870 MRITE(20,6005) NRTD o (KRTD{1) y1=1,NRTD)?

WRITE£20+6006) NTM; (KTM{ED2I=1,NTM)
WRITE(20,6007) NDD, (KDCUE)oi=1,NDD)
WRITE(20,6008) NTo(KT(1),oI=1,NT)
WRITE(2046009) NSMy EKSM{I)o1=1,ASH)
875 WRITE(20,6010) NGD,§KGD(1)sI=]1sNGD)
WRITE(20,6011) (KFP{l)sI=1,7)
WRITE(20,6012) LZP{1).1=1,NP}
WRITEL20,6012) (Z0P(1),1=1,9)
HRITE{20+6012) (ZDP{1)+1=10,18)
880 IF (NDP.EQ.19) MRITEI(20,6013) IDP(19])
WRITE(20,6014) (ITMIL1),1=1,NTM)
WRITE{20,6015) (ZDDU1},I=1,NDD)
WRITE{20,6015) (ZT(1),1=1,NT}
WRITE(20,6016) (ZSMIL1) oI=LeNSN)IMNF

885 IFINDATE.LT.567) GOTO 7711

WRITE(20,6017) (IGD11},1=1.6)
MRITEL20+6010) §ZGDLI)o1=7,9)

7711 CONTINUE
N=68
890 IF (NDP.EQ.19) N=6%
DO 7701 I=1,N

MRITE{(2046019) (ClJel1)4I=144)
WRITE[2046020) (CUJs1)43=35:7)

7701 CONTINUE
895 sTQP
END

SYMBOL IC REFERENCE MAP (R=1)

ENTRY POINTS
35174 ICCUP

VARIABLES SN TYPE RELOCATION
44321 A6 REAL

46643 D REAL ARRAY

44242 DQ3 REAL

44243 DQ5 REAL

44267 FEL REAL

45657
4424C
44241
4426°
44314

DQ2
0Q4
El
Fl

REAL
REAL
REAL
REAL
REAL

ARR AY

79/06/06.

0a8510
008520
008530
008540
008550
008560
008570
008580
008590
008600
008610
008620
008630
008640
008650
008660
008670
008680
008690
008700
008710
008720
008730
008740
008750
008760
008770
008780
008790
008800
008810
008820
0408830
008840
008850
008860
008870
008880
0088%0
008900
008910

15.31.23
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PROGRAM

VARIABLES

44315
44317
44202
44252
44226
44235
44251
44225
44221
44257
44223
44256
44300
44302
45170
45227
45617
45253
45347
44261
44270
44322
44176
44310
44312
4214
44207
44212
44205
44210
44206
44233
44232
44277
44231
47337
44234
44236
44272
44264
44303
44274
%4304
44324
44306
44177
45513
46631
454567
45607

F2

Fa

1
1DAY
1FLOS
IJ
1m0
1SFLO
ITEST1
ITIMEL
IWFLD
IYR1
Jl

J3
KCA
KDP
KGD
KRTD
KT

L

M

Ml
H11
L
s

N
NDD
NBD
NRTD
NT
NTH
PABS
PSD
P2

Q

S
TBAR
™
Tl
3

v

Vi

v3

X

XTY
ZDATE
zopP
2GD
P
IT

FILE NAMES

6204
16464
26744

2054

INPUT
TAPEL4
TAPE18
TAPE4

1Ccup

SN TYPE

REAL
REAL
INTEGER
INT EGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INT EGER
INTEGER
INTEGER
INTEGER
INT EGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INVEGER
INTEGER
INTEGER
INT EGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE
WREE

MIXED

737172 0OPI=1

ARRAY
ARRAY
ARR AY
ARRAY
ARR &Y

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

4130
20540
31020
10260

RELCCATION

4431¢
4432C
44250
4425¢
44224
44222
44254
44220
44247
44308
44253
44215
44301
4424¢€
45323
45443
45214
45373
4521
44260
44245
44216
44307
44311
44313
4420C
44204
44203
44211
44201
44227
41577
44276
44262
44432
4426¢
44217
44227
44271
44273
44230
44275
44323
44262
46707
45562
44244
44213
45633
45537

ouTPUT FNT
TAPELS

TAPE1S FuaY
TaPES MIXED

F3

F5
IDATE
IDAY]
IFLOW
ILAB
iM01
ITEST
ITINE
ITN
1YR

J2

KDD
KFP
KP
KSH
KTN
L1
nJ
nio
M3
"7

NDATE
NDP
NP
NSN
NTCA

PALC
Pl
P3

TEST
Nl
T2
T4

v2
ve

DD
ZER
IMF
sM
1N

12334
22614
33074

4130

FIN 4.T¢4706

REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INVEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TAPEL2
TAPE16
TAPE20
TAPES

ARR AY
ARR AY
ARRAY
ARR AY
ARRAY

ARRAY

ARR AY

ARR AY
ARR AY

ARRAY
ARRAY

FAT

19/706/06. 19.31.23

14410 TAPELl3
24670 TAPE™L?
0 TAPE3
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PROGRAM

EXTERNALS

ALOG
EXP
VPT1

REAL
REAL
REAL

INMLINE FUNCTIONS

ABS

REAL

STATEMENT LABELS

41172
41641
41414
41447
41737

0
41701
36045

[+]
37320
37353

0
40607

1

51
102
105
117
135
171
188
210
278
292
500
588
601
604
701
1002
1012
1024
1140
1200
1300
1400
1501
1504
1511
1600
1605
2101
2303
3021
4012
4015
4019
4116
4135
4200
4290
4602
4970
5013
5130
5150
5220
5300
5603
6001
6004

FMT
FMT
FMT
MY

FMT

FMT
FMY
FMT

FMT
FNT
FRT

FMT
FNT
M7
FMT
FMT

FNT

FMT
FNT

1ccue

cPr=1

40355
41374
41425
41453
41752
35475
36015
36050
41474

40557
40612

36372
36644
42034
42326
36145

35722
35735
42364
42403
42346
43367
42202
36412

43265
43310
432131
43145
37232

37304
36100
43677
41117

g
40434

42573
42603

100
103
107
125
140
178
192
218
283
300
578
592
602
605
m
1006
1014
1130
1150
1210
1301
1401
1502
1505
1598
1601
1606
2301
2310
3022
4013
4016
4021
4125
4140
4210
4300
4603
4971
5021
5135
5200
5225
5601
5650
6002
6005

CONNEC
SQRT
VPT2

FMT
FMT
FMT
FNT

FNT

FMT
FMT

FMT
(.1}
FMT
FMT
FNY

FMT
FNT
FNT
FMT

T

FMT
FMY

NO REFS

FIN 4.T7¢470

REAL
REAL

1

1 LIBRARY

2

35371
41404
4l4e3s
41735
35462

37350

0
36232

36265
42015
42022
42336

42153
42166

42411
42045
43400

42270
43273
43315
43240
37217

40014
371571
37167
43723
43705
40477

40642
42576
42605

79/06/06. 15.31.23

50
101
104
116
130
150
183
200
220
288
%00
583
600
603
606
1000
1010
1016
1135
1161
1251
1351
1500
1503
1506
1599
1602
2001
2302
3001
3023
4014
4017
4022
4130
4150
4230
4601
4650
5012
5022
5140
5210
5230
5602
5970
6003
6006

FuT
FNT
FMT

FMT
FNT
FuT

Fny
FMT

FMT
MY
FAT

FNT
FAY
FMNT
FNY

FNT
FMTY

FNT
FuT

INACTIVE

PAGE
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PROGRAM

STATEMENT LABELS

42607
42615
42623
42631
42637
400560
43434
40122
40324
40204

0

[}
35t11
37641
37733
40767

LOOPS
35376
35430
35443
35506
35517
35525
35536
35572
35605
35631
35670
35703
35746
35757
35765
36000
36022
36054
36206
36252
36311
36334
36436
36441
36503
36651
36713
36726
36771
37002
37010
37021
37057
37072
37121
37156
37200
37243
37254

6007
6010
6013
6016
6019
6503
6521
6540
6565
6582
7504
7701
41111
41400
41782
51160

LABEL
220
135
140
150
200
216
300
400
500
603
1351
1401
1501
2001
2101
3001
183
602
601
604
3022
2303
1503
1504
2310
701
1135
1140
1150
1200
1210
1300
1400
1500
4603
4135
4140
4150
4200

FMT
FMY
FMT
FHT
FMT

FMT

INDEX

» L XX ]
-, - ol
[ G

[ N NN
-
[ S 4

L}
bt ot gt et g G Dot g Bt g ot (ot G e By B et G G e P e e

[ R

#8 8 HEne &
(8

»
[

[ ]

IR N RN

*
—
t

737172 OPT=1

52

66

T4

86

91

92

96
112
117
135
151
158
170
175
176
180
192
203
236
246
2564
273
302
304
313
347
383
389
400
405
406
410
427
432
447
462
4713
4B5
490

FROM-TO

54

90

84

89

S5

%

S8

116
121
261
174
168
173
179
178
182
196
206
243
253
267
288
310
3086
318
350
404
398
403
409
408
412
431
436
569
489
483
488
494

42611
42617
42625
42633
42641

0
43444
40351

0
40210
43745
41322
37535

0
377137
41005

LENGTH
118
668
358

4B
148
38
38
128
128
454B
668
358
4B
148
38
38
58
58
248
12B
168
738
378
148
p-1:}
178
668
358
48
14B
38
38
128
128
4728
758
358
48
148

6008 FMT
6011 FMT
6014 FrY
6017 FMT
6020 FNT
6504
6522 MT
6563
6580
6585
T506 FMT
7711
41160
41780
41785
51180
PROPERTIES
EXT
EXT
EXT
OPT
NCT
aeT
oPT
EXT
EXT
EXT
EXT
EXT
arT
NOT
oPY
[:14]
oPY
oPT
EXT
oPT
EXY
EXT
EXT
EXT
oPT
EXT
EXT
EXT
orT
NCT
aev
oPT
EXT
EXT
EXT
EXT
EXT
oPY
NCT

FTIN 4.7+476

REFS
REFS NOT INNER
REFS

INNER

REFS
REFS
REFS NOT INNER
REFS NOT INNER
REFS

INNER

REFS

REFS
REFS
REFS NDT INNER
REFS

REFS
REFS NOT INNER
REF S

INNER

REFS
REFS
REFS NOT INNER
REFS NOT INNER
REFS

INNER

42613
42621
42627
42635
43470
43356
40264
40336

D

[}
43752
37414
37553

]
40653

4]

19/06/06. 15.31.23

6009
6012
6015
6018
6502
6505
6530
6564
6581
7503
1507
41000
41180
41781
51000
51400

FMT
FMT
AT
FMT
FMT
FMT

FMT
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LoOPS
37262
37276
37325
371357
37507
37621
37651
37683
37665
40030
40035
40100
40132
40145
40147
40274
4030
40366
40423
40445
40510
40521
40527
40542
40564
40616
40746
41040
41063
41140
41143
41327

PROGRAM ICCUP

LABEL
4210
4300
283
4602
4601
41400
4230
41780
41781
6503
6504
6540
6530
6580
6581
6563
6564
5603
5135
5140
5150
5200
5210
5300
583
5602
5601
51400
5230
7503
7504
7701

STATISTICS
PROGRAM LENGTH
BUFFER LENGTH

520008 CM USED

® BN NRR R RN

[ NN WY )
e bh e bt o G G ey By

INDE X

bt EE o e ot Rt ot o
- -

-
e

[

7371712

451
495
507
517
54¢
573
583
59C
591
631
634
648
659
667
668
697
700
718
733
743
754
759
760
T64
T4
T84
813
B34
842
855
857
891

136118
340018

FROM-TC

453
499
510
520
562
578
617
609
603
635
636
653
692
685
679
708
706
831
758
152
157
163
762
766
m
787
824
837
851
861
859
894

OPT=1

LENGTH
3B
108
58
58
658
238
1468
668
528
338
148
258
1358
558
418
608
408
4468
758
358
4B
148
3B
38
5B
58
478
168
508
308
148
178

6025
14337

PROPERT [ES
cePy
oPT
cPT
oPY

orPY

orT
orPT
oPTY
oPY

EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
EXT
€XT

EXT
EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS
REFS

INNER

REFS
REFS
REFS
REFS

REFS

FTN 4.7+476

NOT INNER
NCT INNER
EXITS
NOT INNER

NOT INNER
NOT INNER
EXITS
NDT INNER

NCT INNER
NOT INNER

NOT INNER

719/00/06. 15.31.23
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Appendix 2,38

STEADY-STATE CONVERSION
CONSTANT HISTORY

2.3B-1



2.38-4



ZERD
FILE

207
218
227
244
250
252
257
261
212
282
290
295
298
303
321
328

365

3712

385
391
400
407
410
435
440
466
490
501

DATE

01720777
01724777
01/257717
01728777
01729771
01730777
01730777
oL/3 /717
oL/31/71
02/01/777
02702777
22/02/717
02708777
02709777
02711777
02714777
02/718/77
02720777
02722711
027237717
03702777
03/03/77
03703717
Q3703777
03/10/77
03710/ 77
0371777
0371067117
03718777

ZERO
{Mv)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
£.000
G.000
0.000
0-.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000

CE-EPRI TwWwlL PHASE PUMP PERFORMANCE PROGRAM

INSTRUMENT NL. 13

Ctl,N)

-« 112002E+05
-+ 112002E¢05
~«112002E+05
~« 112002E+05
~+112002E+05
=+ 112002E+05
-« 112002E+05
—«112002E+05
-« 112002E+05
-« 112002E+05
—«112002E+05
~«112002E+05
—=112002E+05
~« 112002E+05
—«112002E+05
~« 112002E+05
~«112002E+05
~« 112002E405
-« 112002E¢05
-«112002E405
~« 1120026405
~«112002E+05
—e 112002E405
-« 112002E¢05
—«112002E+05
~e 112002E+05
-« 112002E+05
-« 112002E+05
~«112002E¢05

C1 2N}

«T62538E+04
«T62538E+04
= 76253 BE+04
« 76253 8E+04
«T62538E+04
«T62538E+04
+T62538E+04
« T6253BE+04
« 76253 8E+04
«T62538E+04
«T76253BE+04
«762538E+04
«T62538E+04
« 716253 8E+04
«T62538BE+04
« T62538E+04
«T6253BE+04
«T62538E+04
« 76253 BE+04
« 16253 8E+04
« 76253 8BE+04
«762538E +04
«T62538BE+04
«T162538E404
«T762538E+04
« T6253 BE+046
«T62538E+04
« T62538E+D4
«T62538E+04

Ci3,N)

«193547£-02
«193547E-02
«193547E-02
«193547E~02
«193547E-02
«193547E-02
«193547E~-02
193547602
«193547£-02
«153547E-02
«193547£-02
«193547E-02
«193547E-02
«193547E-02
=«193547€-02
«193547E-02
«1935476-02
«193547E~02
«193547E-02
«193547E-02
«193547E-02
«19354TE- 02
«193547£~-02
«19354TE~02
2193547E~02
«193547E~02
«193547E-02
«193547E-02
«193547€-02

0.
0.
C.
0.
0.
[ 2
O.
[+2%
0.
0.
0.
0.
0.
D.
G.
[ 2

'
0.
o.
0.

Oe

0.
o.
O.
Q.
°.

CONVERSIUN CONSTANT HISTORY

Cl4,yN)

0.
0.
0.
0.

O.
0.
0.
0.
0.
[«
[+ 2
0.
0.
B.
0.
O
0.
0.

0.
[+

[+ 1%

o‘
0.
0.
o.

CL5,N}

0.
0.
0.
0.
0.
0.
0.
Q.
0.
0.
G.
O.
0.
0.
Q.
[+
0.
O
0.
0.
[+ 24

0.
0.
0.
0.
Q.
[ 28

C{6yN)

CiTeN)

«557959E+06
«55T959E+04
«53T959E+04
«55T959E«¢ 04
-557959E+04
«357959E+04
«557959E+04
= 557959 E+04
«55795%E+¢+04
«557959E+04
«557959E+ 04
«S57959E+04
«557959£+04
«557959E+ 04
«557959E+04
«55T7959E+04
«557959E+04
«55T959E+04
«557959E+04
«557959E404
«55T7959E+04
«55T7959E¢04
«557959E+ 04
«S5T959E+04
« 557959+ 04
«557959E+04
« 357959 E¢04
«557959E+ 06
«537959E+04

23000t



ZEROD
FILE

509
519
536
545
567
574
599
614
620
634
645
658
667
685
693
Ti4
735
758
174
792
827
838

DATE

03/21/17
03721777
03/23/7117
03/23777
03/728/T7
037297711
04/01/777
04705771
047086777
047287717
04728/77
05709777
05/710/77
05711777
05712777
0571171717
057197717
057207711
05720777
05/23/717
05725711
057257711

ZERO
(MV)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
C.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000

CE-EPRI TwC PHASE PUMP PERFCRMANCE PROGRAM

INSTRUMENT NU. 13

C(l1.N)

-.112002E+405
~«112002E+05
~+1120C2E+05
~«1120C2E+05
~+112002E+05
~« 112002E+05
~«112002E+05
~<«112002E405
~« 112002E+05
~«112002E+05
~+ 112002E+405
~« 112002E+05
~.112002E+05
~«112002E+05
~«112002E+05
~«112002E+05
—~«112002E+05
~«112002E+05
~« 112002E+05
~« 1202002E+05
~« 112002E+05
~+112002E+05

C12Z24N)

«T62538E+04
«T62538E+04
«162538E+04
«T762538E+04
«762538E404
«762538E+04
« 76253 8E+04
«T6253BE404
« 76253 8E+04
«762538E+04
«762538E¢04
« 76253 8BE+04
«T762538E+04
« T62538E+04
«T762538E+04
+762538E+04
« 16253 8E¢04
= 76253 8E+04
« T62538E+04
«762538E¢04
« T62538E+04
«T62538E+04

Cl{3,N)

«193547E~02
«193547£-02
«193547E-02
«19354TE-02
«193547€-02
«193547E-02
«1593547E-02
«193547E~-02
«193547E-02
«193547E-02
«193547E-02
« 19354702
«193547E-02
«193547E-02
«153547E-02
«193547€~-02
«19354T7E~02
«193547E-02
«19354T7E-02
«153547E-02
«193547E-02
«193547€-02

CONVERSION CONSTANT HISTORY

C{44N)

C.
0.
G.
0.
0.
0.
0.
o.
0.
0.
o.
0.
Q.
[¢ 2
0.
0.
0.
0.
0.
o.
Q.

CL54N)

0.
0.
g.
Oe
0.
0.
0.
Q.
0‘
Qe
O.
[« 2
0.
Q0.
O.
Q.
[+ 2
0.
0«
0«
0.
0.
