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ABSTRACT

The operation of the emergency core cooling system and its related steam-binding
problems in pressurized water reactors is the subject of a cooperative study by
the United States, Germany, and Japan. Lawrence Livermore Lahoratory and EGRG,
Inc., San Ramon Operations, are responsible for the design, hardware, and soft-
ware of the 80.8-mm and 113-mm spool piece measurement systems for the German
Primarkreislauf (PKL) Test Facility at Kraftwerk Union in Erlangen, West
Germany. This work was donz for the U. S. Nuclear Regulatory Commission, Divi-
sion of Reactor Safety Research, under its 3-D Technical Support and Instrumen-

Four instrumented spools capable of measuring individual phase parameters in
two-phase flows were constructed. Each spool contains a flow turbine, drag
screen, three-bean densitometer, and pressure and temperature probes. A com-

puterized data acquisition system is also provided to store and analyze data
from the four spools.

The four spools were shipped to the PKL Test Facility in West Germany for ac-
ceptance testing in a water-flow loop. Spool measurements of velocity and
momentumn flux were compared to the values obtained from an orifice meter
installed in the loop piping system.

The turbine flowmeter velocity data for all tests were within allowable toler-
ances. Drag screen momentum flux measurements were also within toleranca with
the exception of a few points.



INTRODUCTION

The operation of the emergency core cooling system (ECCS) and its related steam-
binding problems in pressurized water reactors (PWR's) is the subject of a co-
operative German, Japanese, and United States steam-binding study. The German
Primarkreislauf (PKL) Test Facility at Kraftwerk Union (KWU) in Erlangen, West
Germany, was constructed to perform loss-of-coolant experiment (LOCE) reflood
tests. In order to measure fluid flows during these reflood tests, a spool
piece measurement system* was developed to measure both single-phase and two-
phase water and steam flows in the various coolant loop iegs of the PKL reactor.
Lawrence Livermore Laboratory (LLL) and EG&G, Inc., San Ramon Operations,
developed the spool piece measurement system for the U. S. Nuclear Regulatory
Comission, Division of Reactor Safety Research (NRC-RSR) under its 3-D Tech-
nical Support and Instrumentation Program.

The spool piece measurement system basically consists of four spools and a
computerized data acquisition system (DAS). Each spool piece contains a flow
turbine, drag screen, three-beam densitometer, and pressure and temperature
probes. The DAS is capable of receiving and storing data signals, converting

data to engineering unit values, and calculating flow parameters in two-phase
flow.

The contractual testing requirements for the spools call for prototype testing
of the spools in single-phase water flow and in two-phase water-steam flows[l]
and acceptance testing in single-phase water at the PKL Test Facility. The
acceptance testing is the subject of this report.

The acceptance testing involved disassembling the spool pieces and related elec-
tronic equipment for packing and shipping to the PKL Test Facility in West
Germany. The spools and related equipment were reassembled at the PKL Test
Facility and checked for proper ovperation.

*In this report, the spool piace measurement system is also referred to as a
spool piece or a spool.



Testing involved placing the individual pipe spools in the PKL water-flow loop
and then flowing water through the spool at low, nominal, and high flow rates.
Comparisons of spool-determined velocities and momentum fluxes were made with
velocities and momentum fluxes obtained from an orifice-meter instrumentation
system instalied on the PKL water-flow loop.



PKL SPOOL PIECE DESIGN AND INSTRUMENTATION

SPOOL PIECE PHYSICAL DESCRIPTION

A total of four spool piece measurement systems were tested at the PKL Test
Facility. Each spool consists of a flanged pipe that is 830 mm long. Three of
the spools have an inside diameter of 80.8 mm, and one 'spool has an inside
diameter of 113 mm. The spools are designed for horizontal installation except
for one of the 80.8-mm spools which is designed for vertical installation.

Each spool contains the following instruments:
@ Three-beam densitometer.
Full-diameter flow turbine.
Full-diameter drag screen or plate.
Wall temperature probe.
Fluid temperature probe.
Superheated-steam temperature probe (vertical spool only).
Abzolute pressure praobe.

Differential pressure probe across the drag screen.

The pertinent physical details for each of the spools are given in EG&G drawing
nos. 13700f, 137087, and 137083 (refer to Appendix A).

SPOOL PIECE INSTRUMENTATION

A description of the instrumentation used on the spool pieces is given below.
For each system, accuracy of 1% of full scale is required, and a response time
of 350 ms is required for a 10 to 90% response due to a step excitation.

Turbine Flowmeter

A whole-duct, bidirectional turbine flowmeter is used to measure volumetric flow
in the snool piece. Passage of fluid through the instrument causes the nine-
bladed ‘-utor to turn at a rate proportional to the flow ratz of the fluid. The



rotation of the rotor is sensed by two magnetic nickup devices, and the direc-
tion of rotation is determined by the phase shift between these twc devices.
The flowmeter consists of the rotor, stainless-steel ball bearings, and flow
straighteners attached to both ends of a stationary shaft. The range of opera-
tion is from 2 to 60 wm/s in steam-flow conditions.

Orag Screen System

A full pipe drag screen or plate is used to measure momentum flux in the spool
piece. The drag screen is held in place by a three-pin suspension system.
Screen deflections, under flow conditions, are sensed by three variable reluc-
tance transducers. The sum of the three outputs is proportional to the momentum
flux. The range of operation is from 70 to 7,200 kg/m-sz.

Absolute and Differential Pressure Measurements

The fluid differential pressure is measured across the drag screen, and the
absolute pressure is measured upstream of the drag screen. Both measurements
are made using water-cooled, water-filled standoff tubes connecting the trans-
ducers to the spool piece. The absolute pressure transducer has a range of

operation from O to 700 kPa. The differential pressure transducer has a range
nf operation from Q0 to 7 kPa.

Wall, Fluid, and Steam Temparature Measurements

Probes consisting of chromel-alunel thermocouples and an ice-bath reference are

used to measure the wall, fluid, and superheated-steam temperatures in the spool
piece.

Densitometer System

The density of single-phase and two-phase flow is measured by a three-beam,
low-energy (6-22 keV) X-ray densitometer. The chordal average density is deter-
mined by the amount of attenuation of the radiation beam by the fluid in the
spoal. The densitometer contains a single silicon-1ithium-drifted, lTow-energy



photon detector collimated tY three sources through the beryllium window of the
spool piece. The radiation sources are Iron-55, Cadmium-109, and Americium-241.
The range of measurement is from 0.7 to 1,000 kg/mj. A densitometer statistical

error ana1ysis[2 is given in Table 1.
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PKL SPOOL PIECE DATA ACQUISITION SYSTEM

SYSTEM DESCRIPTION

The computer system used to monitor and control spool piece testing is an LSI-11
microprocessor system with 32,000 words of uewmory. The peripherals include the
following:

¢ Line printer.

@ CRT terminal (TTY).

e Cartridge tape recorder/reproducer.

& Analog-to-digital converter and multiplexer.

e Three floppy-disc drives.

SOF TWARE

Computer programs wers developed to allow the acquisition of 50 data channels
and to provide the capabilities for:

e Data acquisition and storage on cartridge tape.

o Data retrieval from taps and analysis of the data.

e Real-time acquisition and analysis of the data.

The analysis of the data consists of converting the data signals to engineering
units., This is accomplishad primarily by a calibration-table, look-up scheme
with straiqht-lin2 interpolation between the points. After conversion of the

data to engineering units, calculations ire made to determine the two-phase flow
parameters.

ANALYTICAL RELATIONSHIPS

A major portion of the calculations involves converting the data signals into
engineering units, and then using these endineering unit values to determine the
phase velocities, mass flow rate, and void fraction.



Engineering Unit Conversions

Data signals, received from the following channels, are first converted to
voltage values, which are then used to determine the appropriate engineering
unit values from available calibration tables:
e Wall temperature (°C).
Fluid tamparature (OC).
Steam temperature (°C).
Fluid absolute pressure (kPa).
Differential pressure (kPa).
Flow turbine velocity (m/s).
Individual drag screen transducer force ().

T2 deteraine velocity from the flow turbine, two calibration tablas are avail-

able. One table is based on a water calibration and tha othar on an air
calibration.

To determine womentun flux from the drag screen, calibratinn tables relating

total force to momentun flux are available. Tha total forc2 is determined by
algebraically summing the force valuss from the threz drag transducers. I[f one
of the drag transducers is over-range, an alternate calculation for total force

is obtained from the differential pressure transducer signal.

The d2nsity along each of the three beam paths is obtained from “*he voltage

signal. The voltaye signil is given by the following re]ationship:L3J

V=y __+DeCP ‘

off (h
vihere
v = vyoltage signal
VOff = offset voltage in system
D = calibration constant proportional to the radiation source intensity



(@}
n

attenuation calibration constant

kel
"

average density along beam path.

Engineering unit values for density along each hean are obtained by inverting
equation (1) to give:

_ J
u—f]n VTT)H: . (2)

Flow Parameter Calculations

The individual phase parameters calculated include density, velocity, mass flow
rate, void fraction, and average pipe cross-sectional density.

Density. The vapor density (QS) and liquid density (pw) are calculated froaw
steam table routines with measured va.ues of fluid temperature and pressure as
input. The average cross-sectional density is calculated by fitting a density
distribution modal to tha individual beam density measurements.[4]

o
Individual Phase ‘Ielocities[J‘l and Void Fraction. The average density of

two-phase flow is given by:

pp = apg * (1 - oy (

(¥5)
—

vhers
a = void fraction
pg = steam density

T Water density.




The void fraction is given by solving equation (3):

I
s'w - x"S

o =
where
ng = average density.
The mass flux (ﬁf) is given by:
£ =Pl = oeglg + (1 - ale

where

Vf = average velocity.

Solving equation (4) for Vf gives:
v - B aegVg + (1 - alpyy,
f Pe apg + (T - u)pw

The momentum flux (I) is measured from the drag screen and is given by:

2 2
I = apSVS + (1 - u)pwVw .

The turbine velocity (Vt) is calculated, based on the Rouhani mode],[ﬁ] as:

v 2 2
p oL eVt (L - ey

t pfuf (!DSVS + (1 - urpwvw

The drag screen and turbine outputs above have been normalized by their
calibration censtants.

10

(5)

(6)

(7)



Another forw of this equation shows that the Rouhani model is a flowing quality

weighted velocity as follows:

-
i

p = R (- Y,

where

X = flowing quality.

(3)

Solving equations (6) and (7) simultaneously gives the following individual

phase velocities:

Vo =V, + n-]/ZAV

Wo

where

(19)

()

(12)

(13)

From an analysis of equation (7), the turbine valocity (Vt) is equal to or
greater than the average fluid velocity (Vf). Therafore, from equation (13),

the following is obtained:

L Loy
2
£

and, in general, the following relationship holds true:

i-I—.<p {p .

Pe
S 70 L
Vt f W

11

(14)

(15)



The relationship given by equation (15) is one of the tests used in the software
to determine if the data is satisfactory for proceading with the calculations.
If the test is not found to hold true, then unity slip wodels are assumed. If
the average density (pF) is found not to satisfy the following test

pS = pf i Dw ’ (16)

then the unity slip velocity (VUS) is assuaed to =qual the turbine velocity (V)
and the density (pf) is set equal to I/Vi. [f tha following test,

ng £ —5 Lo 0ar)

Mass Flow Rate. The calculations for mass flow rates for single-phase and
two-phase water and steam flow conditions are presented below.

Single-Phase Water Flow Conditions., The wass flow rate (M4) for single-phase
water flow conditions is calculated by tha following relationship:

Md = A xp, xV (19)

whero

>
i

pipe cross-sectional area

=
i

W water velocity.



Vw is cilculated from the relationship:

Al 1 '
' (20)

Single-Phase Steam Flow Conditions. For single~phase steam flow conditions, the

mass flow rate (MS) is calculated by the following relationship:

MS = A x pg x Vg (21)

where

-
i

S turbine velocity reading basad an an air calibration.

Two-Phase Flow Conditions. For the case of two-phase {low, the steam mass flow

rates (MS) and the water mass flow rates (MW) are given by:

MS = A x ux pg X VS (22)
and

Md = A x (1-«) x oy X ‘»I!I‘J (23)

wherz VS and VN are obtained from aquations (9) and (13), respectively.



PKL WATER-FLUA TEST FACILITY

The PKL water-flow test facility was designed for testing the four spools in
single-phase water flows. The spools ware flange-mounted in the facility
piping. The facility allowed flow in one direction only, but the flow direction
in the horizontal spools could be reversed by turning the spools around and
installing them in reverse order. The vertical spool cannot be turned upside
down and, therefore, testing was possible only in one flow direction. A
schematic of the water-flow test facility is shown in Fig. 1.

Operation of the facility during testing involved starting the punp and manually

opening the control valve to obtain an orifice-neter signal that corrasponded to
a1 desired flow rate.

15



Orifice meter

Control valve

80.8 or 113-mm diameter

Horizontal

\<' spool nos. 1,2,0r 3

Recirculation line

80.8-mm diameter Vertical spool no. 4

Water pump

Figure 1. PKL water-flow test facility schematic.

i 16



PKL ACCEPTANCE TESTS

TEST DESCRIPTIONS

The four spools tested are identified below:
¢ Spool no. 1--80.8-mm diameter, right-hand, horizontal spool.
¢ Spool no. 2--80,.8-mm diameter, left-hand, horizontal spool.
e Spoo! no. 3--113-mm diameter, horizontal spool.
¢ Spool no. 4--80,8-pm diameter, vertical spool.

Testing was intended to be in accordance with the acceptance testing p]an,L7]
with each spool undergoing water-flow rates representative of the following
momentum fluxes:

Water-flow rate Momentum f1ux (ft/m-szl
Low flow condition 72
Nominal flow condition 700
High flow condition 7,200

Due to a malfunction of the control valve in the PKL flow loop, the high-flow
condition was not attainable for tests inve’ving spool nos. 2 and 3. Spool nos.
1 and 2 were tested in both forward flow and reverse flow conditions. Spool no.
3 was tested only in forward flow due to a complete failure of the loop control
valve in reverse flow tests. Spool no. 4 was tested only in reverse flow.

The testing procedure involved initially establishing a Tow flow rate through
the spool. The spool DAS was started as soon as the initial flow rate appeared
steady. After maintaining this f]oq rate for one minute the flow rate was in-
creased to the nominal flow condition and then to the high flow condition with
flow maintained for one minute at eacn condition. From the high flow condition,
the flow was decreased to the nominal flow condition and then back down to the
Tow flow =ondition. The time to complete this test sequence was on the order of
500 s, with the DAS collecting data every 10 s for this entire sequence.

17



Each test sequence was given a test number starting with number 5. The conputer
printout of angineering unit data and calculatad flow parameters for all test
sequencas is given in Appendix 8. Within each test sequence, five steady flow
conditions representative of low, nominal, and high flow rates are usually
astablished and they are each identified by a letter (i.e., A, B, C, D, or E)
combined with the test sequencz number (e.q., 5A). The time interval witiin
each sequence which is applicable to a particular test is given in Tabla 2 in
the "Time I{nterval" colunn.

TABLE 2. PKL test facility orifice-meter test results.2/

Time Jrifice-meter signal, mA Calculated Calculated
Test  interval, Jensity, velocity, moment ym,
no. s Hi gh Low Average Offset kg /m” m/s kg/m-s
5A 0- 50 3.13 3.11 3.12 7.99 994 0.303 94
53 130-194 3.97 3.95 3.96 7.99 994 0.841 702
aC 330-3490 13.10  17.69  17.35 7.99 793 2.631 7,138
50 495-555 9.00 5.97 22935 7.99 993 0.852 724
5E 592-630 3.10 3.09 3.09% 7.99 993 0.277 76
5F 720-7179 18,10 17.93  13.015 7.99 793 2.703 1,257
oA 0- 69 3.10 8.09 3.095 3.0 994 0.2063 59
63 130-180 3.97 8.96 8.955 3.0 993 0.839 599
6C 275-330 18.02 17.63 17.35 3.0 993 2.680 7,131
63 430-475 8.97 8.96 2.965 3.0 993 0.339 699
AE 490-520 8.10 3.09 3.095 3.0 993 0.263 69
7A 0- 60 3.11 2.10 3.1U5 8.0 293 0.277 76
8 120-130 3.98 3.95 3.97 3.0 993 0.841 702
iC 240-300 18.01 17.77 17.39 3.0 293 2.635 7,160
70 370-420 8.93 3.96 3.97 3.0 292 0.841 702
7E 440-500 8.11 8.10 3.105 8.0 992 0.277 76
9A 0- 50 8.10 3.09 3.095 3.01 395 0.249 62
923 90-105 8.96 8.94 8.95 8.01 195 0.327 680
9C 210-270 18.05 17.77 17.91 8.01 995 2.68% 7,167
PN 430-1455 10.54 10.49 10,515 3.01 994 1.351 1,813
10A 0- 60 8.11 8.10 3. 15 8.01 994 5.263 69
108 90-150 8.98 3.96 8.97 8.01 994 0.836 695
10C 210-270 10.01 9.97 9.99 8.01 294 1.201 1,433
100 320-380 8.97 8.95 8.96 8.01 994 0.832 638
10E 400-465 8.10 8.09 8.095 3.01 994 0.249 52

18



TABLE 2. PKL test facility orifice-meter test resu]ts;g/ (Continued)

Time Orifice-meter signal, mA Calculated Calculated
Test interval, Densigy, velocity, moinentym,
no. s High Low Average (ffset kg/m ws kg/m-s
11A 0- 60 8.10 8.09 8.095 8.01 997 0.248 62
118 105-180 8.97 8.96 8.965 8.01 996 0.833 691
11C 220-280 10.03 10.00 10.015 8.01 995 1.208 1,451
11D 330-390 8.97 8.96 8.965 8.01 995 0.834 691
11E 410-470 8.11 8.10 8.105 8.01 995 0.263 69
12A 0- 60 8.10 8.09 8.095 8.01 995 0.249 62
128 90-150 8.97 8.95 8.96 8.01 995 0.831 688
12C 195-260 10.02 10.00 10.01 8.01 995 1.206 1,448
12D 300-360 8,98 8.96 8.97 8.01 0994 0.836 695
12E 375-450 8.10 8.09 8.095 8.01 994 0.249 62
13A 0- 60 8.11 8.09 8.10 8.01 996 0.256 65
138 90-150 8.98 8.96 8.97 8.01 995 0.836 695
13C 200-260 10.03 9.99 10.01 8.01 994 1.207 1,448
13D 320-380 8.98 8.96 8.97 8.01 994 0.836 695
13E 410-470 8.11 8.09 8.10 8.01 994 0.256 65
14A 0- 60 8.11 8.10 8.095 8.01 994 0.249 62
148 90-150 8.96 8.94 8.95 8.01 993 0.828 680
14C 215-270 10.02 9,98 10.00 8.01 993 1.204 1,441
14D 350-410 8.97 8.94 8.955 8.01 993 0.830 684
14E 425-480 8.11 §.09 8.10 8.01 993 0.256 65
15A 0-100 10.02 9.99 10.005 8.015 993 0.616 376
158 150-200 8.96 8.95 8.955 8.015 993 0.423 178 .
15C 290-360 10.04 9,97 10.005 8.015 993 0.616 376
15D 420-460 12.44 12.35 12,39 8.015 963 0.914 829

a/ Test results based on calculations of equations (24) and (25).
ORIFICE-METER RESULTS

Only one size orifice meter was used to obtain flow rates jn the water loop.
The velocity of the flow (vorifice
(MA) in mA, from the offset (OFFSET) in the instrument in mA, and from the fluid
density (pw) in kg/m3 from the following re]ationship[gj:

_0.1952 \[ MA - OFFSET .
Vorifice (™S} = glosms\ —2 — — (24)

) is determined from the orifice-meter signal

19



During testing, the orifice-meter signal varied between a high and low value
with the average of these signals used in the above equation. The offset
usually remained steady at one value. Density was obtained from steam tables
based on a measurement of temperature by the spool thermocouple.

Table 2 gives results for the above described calculation for all the acceptance

tests. Also given in Table 2 are the results of a calculation of momentum f1ux
obtained from:

2

Momentum f1ux (kg/m-sz) PuVorifice

. (25)

SPOOL TEST RESULTS

During each of the acceptance tests, the PKL DAS acquired data and performed
calculations at 10-s intervals. The average of the turbine velocity and
momentum flux measurements during a test are given in Table 3. Also shown and
repeated from Table 2 are the velocity and momentum flux results obtained from
the PKL water-loop orifice meter. The percentage difference of the readings
between the spool-determined and orifice-determined velocities and momentum
fluxes is shown in Table 3 and is calculated by:

Y Y s
% giff =  Spool - orifice , yq9 (26)
orifice
where
Yspoo] spool-determined average velocity or momentum flux
Yorifice orifice-determined average velocity or momentum flux.

Allowable percentage errors in reading due to instrument tolerances of 1% of
full scale are given in the "Allow +%" column of Table 3. The tolerance for

20



velocity measurements is 0.6 m/s. The tolerance for momentum flux is 72
kg/m—sz. The allowable percentage error is calculated by:

Alow #% = 1ok (27)
orifice
where
TOL = spool velocity or momentum flux tolerance.
a/

TABLE 3. PKL spool piece water-flow test results.=

Flow

direc- Velocity (m/s) Momentum f1lux jkg/m—sz)
Test Spool tion % diff A]b9w Drag % diff A1&9w
no. no. b/ Turbine Orifice ¢/ = Screen Orifice ¢/  +%—
5A 1 F 0.292 0.308 -5.2 195.0 95 94 1.1 717.0
5B 1 F 0.819 0.841 -2.6 71.0 686 702 -2.3 10.0
5C 1 F 2.615 2.681 -2.5 22.0 7035 7138 -1.4 1.0
5D 1 F 0.831 0.852 -2.5 70.0 704 724 -2.8 9.9
5E 1 F 0.245 0.277 -12.0 217.0 80 76 5.3 95.0
5F 1 F 2.650 2.703  -2.0 22.0 7219 1257 0.3 1.0
6A 1 F 0.278 0.263 5.7 228.0 75 69 8.7 104.0
68 1 F 0.821 0.839 -2.1 72.0 686 699 -1.9 10.0
6C 1 F 2.585 2.680 -3.5 22.0 7104 7131 -0.4 1.0
6D 1 F 0.813 0.839 -3.1 72.0 681 699 -2.6 10.0
6E 1 v 0.244 0.263 -7.2 228.0 79 69 15.0 104.0
7A 1 R 0.247 0.277 -11.0 217.0 131 76 72.0 95.0
7B 1 R 0.844 0.841 0.4 71.0 679 702 -3.3 10.0
7C 1 R 2.726 2.685 1.5 22.0 6860 7160 -4.2 1.0
7D 1 R 0.831 0.841 -1.2 71.0 693 702 -1.3 10.0
IE 1 R 0.255 0.277 -7.9 217.0 179 76 135.0 95.0
9A 4 R 0.146 0.249 -41.0 241.0 58 62 6.5 116.0
9B 4 R 0.761 0.827 -8.0 73.0 675 680 0.7 11.0
9C 4 R 2.605 2.684 -2.9 22.0 7857 7167 9.6 1.0
PD 4 R 1.277 1.351  -5.5 44.0 1871 1813 3.2 4.0
10A 4 R 0.157 0.263 -40.0 228.0 62 69 10.0 104.0
108 4 R 0.761 0.83 -9.0 72.0 697 695 0.3 10.0
10C 4 R 1.090 1.201  -9.2 50.0 1469 1433 2.5 5.0
10D 4 R 0.761 0.832 -8.5 72.0 688 688 0.0 0.0
10E 4 R 0.136 0.249 -45.0 241.0 58 62 6.5 116.0
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/

Table 3. PKL spool piece water-flow test results.=’ (Continued)
Flow 2
direc- Velocity (m/s) Momentum flux {kg/m-s")

Test Spool tion % diff Ala9w Drag % diff A1h9w
no. no. b/ Turbine Orifice ¢/  +5— Screen Orifice ¢/  +4
11A 2 F 0.130 0.248 -48.0 242.0 23 62 -63.0 116.0G
118 2 F 0.739 0.833 -11.0 72.0 589 691 -15.0 10.0
11¢ 2 F 1.122 1.208 -7.1 50.0 1246 1451 -14.0 5.0
11D 2 F 0.738 0.834 -12.0 72.0 592 691 -14.0 10.0
11E 2 F 0.142 0.263 -46.0 228.0 31 69 -55.0 104.0
12A 2 F 0.142 0.249 -43.0 241.0 32 62 -48.0 116.0
128 2 F 0.735 0.831 -12.0 72.0 593 688 -14.0 10.0
12¢C 2 F 1.123 1.206 -6.9 50.0 1254 1448  -13.0 5.0
12D 2 F 0.748 U.836 -11.0 72.0 591 695 0.6 10.0
12E 2 F 0.144 0.249 -42.0 241.0 32 62 -48.0 116.0
13A 2 R 0.357 0.25  39.0 234.0 99 65 52.0 111.0
138 2 R 0.937 0.836 12.0 72.0 708 695 1.9 10.0
13¢C 2 R 1.284 1.207 6.5 50.0 1529 1448 5.6 5.0
13D 2 R 0.924 0.836 11.0 72.0 709 695 2.0 10.0
13E 2 R 0.357 0.25%  39.0 234.0 108 65 66.0 111.0
14A 2 R 0.347 0.249 39.0 241.0 108 62 74.0 116.0
148 2 R 0.920 0.828 11.0 712.0 697 630 2.5 11.0
14¢C 2 R 1.300 1,204 8.0 50.0 1501 1441 4.2 5.0
14D 2 R 0.920 0.830 11.0 72.0 698 684 2.0 11.0
14 2 R 0.357 0.25 39.0 234.0 110 65 69.0 111.0
15A 3 F 0.631 0.616 2.4 97.0 325 376 -14.0 19.0
158 3 F 0.420 0.423 0.7 142.0 139 178 -22.0 40.0
15C 3 F 0.630 0.616 2.3 97.0 325 376 -14.0 19.0
15D 3 F 0.916 0.914 0.2 66.0 769 829 -7.2 8.7

E/Test results based on calculations of equations (24) and {25).
lJ-/F is forward flow, and R is reverse flow.

E/% diff is the percentage difference of the readings between the spool-determined
and orifice-determined velocities and momentum fluxes.

d/

= Allow +% is the allowable percentage reading errors due to instrument tolerances of
1% of full scale.
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SUMMARY AND CONCLUSIONS

The performance of the turbine flowmeter during acceptance tests was well
within the allowable tolerance limits for all of the tests. This is shown
in Table 3 by comparing the percentage of reading differences columnn (%
diff) and the allowable percentage difference column (Allow +%).

The performance of the drag screen in measuring momentum flux is generally
Wwithin allowable tolerances. Some tests exceed tolerances; however,
considering the possible error of the orifice meter, the results appear
reasonable. For test no. 9C, a 9.6% difference is observed versus an
allowable 1% difference and is an indication of a possible bad data point.
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APPENDIX A

PKL SPOOL PIECE DRAWINGS
(EG&G DRAWING NOS. 137086, 137087, AND 137088)
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APPENDIX B

PKL SPOOL PIECE TEST RESULTS DATA
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APPENDIX B

Data obtained from PKL acceptance tests are presented in this appendix. For

each of the tests, one spool was tested at a time and the data channels were
scanned at 10-s intervals.

The date of each test is shown in the heading of the data printout. The test
sequence number is given in the heading for each test and identified as “RUN
NO." Also identified and repeated for each 10-s interval is the number of the
spool tested (i.e., 1, 2, 3, or 4). Two lines of data are printed out by the
DAS for each 10-s interval starting at time equal to zero. The time in seconds
from the start of the test is printed at the left of each data line. The first
line of data presents primarily engineering unit data and the second line
presents primarily calculated parameters. Headings for the data in each line
are printed out only for the initial set of data lines. For subsequent 10-s
intervals, the letters E or A are printed to the left and right of each data
Tine. The letter E identifies the line containing primarily engineering unit
data. The letter A identifies the line containing calculated parameters.

Identification of abbreviations and symbols used in the printout is given below:

™ = spool wall temperature

TF = fluid temperature

TS = steam temperature (spool no. 4 only)

PA = fluid pressure

PD = differential pressure across the drag screen

DIT = momentum flux

DF1, DF2, DF3 = drag force sensed by drag screen transducers nos. 1,

2, and 3, respectively
GD1, Gb2, éB3 = density along densitometer beam nos. 1, 2, and 3,
respectively
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FTW

FTA

RHOF

voIb
MAFT

WATER-DENS
WATER-VEL
WATER-MAFW

turbine meter velocity obtained from a turbine water
calibration

turbine meter velocity obtained from a turbine air
calibration

average pipe cross sectional density obtained from
densitometer beam readings

fluid void fraction

total water mass flow rate based on a calculation
using values of RHOF and FTW for density and velocity
density of the water phase '

water velocity based on equation (20)

water total mass flow rate based on equation (19)

In calculations of the average pipe cross-sectional density (RHOF) in subcooled
water flows, the readings from densitometer beam no. 3 (DB3) are not used. The
upper range of density that this beam can measure is 44.3 kg/m, and this value
is printed out whenever densities along this beam exceed its upper range.

For tests involving spool nos. 2 and 3, the densitometer was not in operation
due to an equipment failure and the data presented represents values due to a

dunmy input signal.

WS/ar/LSM #5
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ENGINEERING UNITS CONVERSION RESULTS

DATE O3~JUL-7? RUN NO. 1

TIME TW TF TS PA
{SEC) (DEG. CELSIUS) (KPA)
SFOOL 2
G.Q0E 21.47 21.62 0.00 &95. 75

ANALYSIS OF DATA
—-TURB VELOCITY--

TIME FLUEID FTuW FTA RHOF
TEMF
(SEC) (CEL) {M/SEC) (M/SEC) (KG/M##3)
0.00A 21.62 0,121 0,142 1001,09?
SFOOL 2
10,00E 21.74& 22,04 .00 &95.75
10,004 22.06 0.151 0.175  1001,097
SFPOOL 2
20.00E 22.06 21.62 0,00 &95.75
20.00A 21.62 0.121 0.142 1001,097
SPOOL 2
30,00E 22.04 21.76 0.00 &99. 70
30.00A 21.76 0.121 0.142 100.0%99
SPOOL 2
40.00E 21.42 22.046 Q.00 693.75
40.00A 22.06 0.151 0.17S 1001.0%9
sPOOL 2
S50.00E 21.17 22.04& Q.00 495,79
§0.00a 22.06 0.121 0.142 1001,0%99

PD
(KPA)

=0.000

valn

0. 000

-0, 000

0,000

-0.000

0.000

=0.000

0.000

-0,000

0.000

-0.000

0,000

jung

DF1

(KE/MESEC#R2)

28.2

MAFT

(KG/SEC)

0. 621

11,621

21.1

0.775

0.007

DENS

(KG/Mue3)

P96.717

0.001

6. HO2

-0,001

?96.717

0. 001

9R&,. 680

0.007

96,602

0. 005

PRb, 602

FLAGS

DF2 DF& Gl GOz GDa
(KG=-M/SEC##2) (K3/M3)
0,017 =0.001 1001, 100 1001.100 44, 300E
WATER STEAM
VEL MAFW DENS VEL MAFW
(M/SEC) (KG/SEC) (KG/M#»#3) (M/SEC) (KG/SEC)
0,148 0.860 0.000 0.000 0.000 A
.09 0,002 1001,100 1001.100 44, 300E
0.1354 0.736 0. 000 0. 000 0,000 A
0. 015 0.003 1001.100 1001.100 44.300E
0,146 0.746 0.000 ¢.000 0.000 A
G037 0,003 001,100 1001.100 44, 300E
0.161 0.824 0.000 0.000 0.000 A
0.013 -0.003 1001,100 1001.10Q 44.300E
0.146 0.744 0.000 0.000 0.000 A
0.01S =0.001 1001,100 1001, 100 « 4, 300E
0,154 0.785 0.000 0. 000 0.000 A

WTR

WTR

WTR

WTR

WTR

WTR
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ENGINEERING UNITS CONVERSION RESULTS

DATE 04-JUL-7% RUN N 12

TIME TW TF TS Fé FD OTT nF1 (B} K [ Eloaai

(SEC) (DEG. CELSILS) (KFA} (HFAY  (RG/MBSESHRT) (RO
SPOOL. 2

0. 00E 28.34 27,09 0,00 =Q. Q00 20, 0,007 015 ~0, 001 1A 100 TO0T L oo A3, TF
ANALYSIS DF DATA
——=TURE VELOCITY-- WATER ——— B I ST S
TIME FLUL. FTW FTA RHIOF vorn MAFT NENT VEL MAFW HFENA it HaFN

TEMP
{SEC) (CEL) (M/SEC) (M/SEC) (KG/M#E#E) [} (KG/Ms3) (M/SEC) ) CHISAMs 40 [RUERN I {hy )
Q.00A  27.0% 0. 121 0,142 1001023 0,000 ki % 1Al g [T Dkt L0 B WTR
SPOOL 2
10,00E 28.92 0,00 &S, 70 =, QO 30,1 [N 0.0 TRCE LA UT RIS CUTI RTINS IS FE 1Y
10, 00A 27,33 0,121 0,147 1001.07% 0,000 [ S RGO T 0n, ot 1,0 O, O S, OO0 DLO00 A WTR
SPOQL 2
20.00E 28,69 27.52 0,00 &F5, 70 0,013 SIS 0,003 AT} ¥et Q.00 TO0TL 100 1001, 100 4. H00E
20,.00A 27.52 O,207 1001, 0% 0,000 Y074 0,158 Ol TEA O 0, OO0 0,000 A WTR
spPad. 2
J0.00E 22,12 27.32 .00 £95. 75 40,1 a.010 0,017 0,000 1801100 1003 . 100 44, 200F
30,008 27,33 0,181 Q.207  1001.0%9 0,000 PIT LT G0 0, 000 D.000 A WIR
SPOOL o
40.00E 29,13 27.9& 0. 00 L9575 ©.014 40. 1 0.z .07 O.00% 1001, 100 1001, 100 A48, ZONE
40, N0A 27.76 0,151 0,175 1001099 0,000 0,770 W3, 945 N, 201 1.02% Q. 000 DORNTETR] O.000 & WTR
sPoOL 2
S0.00E 27,13 27.¢47 .00 &%, 750 =0, Q00 ¥7.7 Q.01 [ g C.ON2 Q0L TO0 1001, 100 A4, B0F
S0,008 27.47 d. 121 O, 147 1001079 0,000 RANLL 031 0,195 0,933 [APRRISTY] Q. DO0 A.000 A WIR
- '
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SPOOL 2

&0.00E  28.49 27.38 0,00 &PR. 75 0. 007 18,9 -0, 003 0,013 0,000 1001100 1001, 100 443, 300E

&0.00A 27.38 0.121 0. 142 5001.007 O, Qa0 J.521 PRI 11T 0,133 O.703 Q.00 0. Qa0 O.000 A WIR
SPOOL 2

70.00E 29.42 27.52 0. 00 &93.75 0.112 G&60.9 Q.24% . 282 =0, 00T 1001,100 1001, 100 44, ZO0E

70.00A 27.52 0. 683 0,756 1001, 092 0,000 3,532 PI5.074 0.7%1 3.831 0.000 Q. 000 2,000 A WTR

SPOOL 2

80.00E 29.27 258.11 0.00 &95.7G ¢.112 o54. 4 0.2%1 Q. 281 ~0.002 1001.100 1001, 100 44.300E
80,.00A 23.11 0.718 0,783 1001,0%% 0,000 3,685 FIG L 02 0. Thir 3. 710 0. 000 Q. 000 0.000 A WTR
SPoaL 2 '
0. 00E 29.42 28.25 .00 &95,75 Q. 208 TGP0, 0,265 O.245 Q008 1001, 100 1001, 100 44, IO0NE
20.00A 23.25 0.712 0.733  1L001.029% 0,000 R, A85 74, 0,770 XL VIO QL 000 G000 Q.000 A WTR
SPOOL 2
100.00E 29.42 23.40 [ ] &VE. 7T QL1032 534.5 0. 25 [l | =0, 000 1001.100 100,100 {44, ZA0E
,
100, 00A 22,40 0.713 0.723  1001,099 0,000 3. 6875 R4, 214 O, 766 3.910 0,00 Q. 000 0. 000 A WIR
SPoOOL 2
110.00E 29.57 23.54 Q.00 LIS, 70 0. 108 GE8. 3 G. 247 0. 263 0,001 1001, 100 1001, 100 44, 200E
110.00A 0.777 0.833  1001,0%% 0,000 3,971 ?3R4,771 0,767 3.923 0,000 0,000 0,000 A WTR
sPoOL 2
120.00E 27.57 23.4% . a0 [S2Mra) a.12z &1a.1 . 267 0. 273 =0 005 1001, 106 1001, 100 44, 30GE
120, 00A 22,69 0n.743 .80 1001, 0%% 0,000 3 w8727 0,733 3.994 0,000 G000 0.000 A WTR
aoL 2
130, 00E 29.%7 28,69 00 9GS, 70 0.112 4.1 0. 244 0. 25% G.014 1001, 100 1041, 100 44, 300E
130.00A 23.6% 0.713 N.733  1001.0%% 0,000 3.680 ¥V, 727 G.,773 .74z 0,000 0,000 Q.000 A NTR

SPOOL 2
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ENGINEERING UNITS CONVERSION RESULTS

DATE 0A4-JIL-7? RLIN NO., 13

TIME TW TF TS FA
(SEE) (DEG. DELSIUS) (KPR}
SPOOL 2

O.00E 21.76 24.45 .00 &95. 79

ANALYSTS DF DATA
-~TURE VELOCITY--

FD
{KPA)

=0.027

vorn

=3.G27

Q.00

-0,024

Q. 000

~1.0z4

0.000

-0,027

0.000

-0.027

TIME FLUIID FTW FTa RHOF
TEMF
{SEC) (CEL) (M/SEC) (M/SEC) (KG/MuR3)
0.00A 24.45 -0,307 —0.374 1001072 0,000
SPOOL 2
10,008 22.36 24.00 0.0 &90. 70
10.00A 24,00 -0.3%7 -0.374 1001, 09%
SPOOL 2
Z20.00E 22.36 24.00 Q.00 &I9T. 7T
20,00A 24,00 -0.357 -0.374 1001.099
SPOOL 2
30,00E  22.3 23.85 €. 00 495,75
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. 073

~0., 043

P96.OTS

~0. 039

PFh. 117

~0.045

996,119

~0,. 045

YL 117

OF 2

{HG~M/EECHT)

-0. 038

R U ¢k

-0, 330

-0. 038

-0.3

-0.052

~0, 294

=00, 036

-0.316

~0. 052

=0.304

~3,001 LOOL, 16O LG, 100

~ 1. &3

—~0, 001 1001100 1001.100

~1.462

=0, 003 1001.100 1001.100

~1.512

=0, 001 1001,100 1001, 100

-1.614

=0.001 1001100 1001.100

-1.564

(4, Q0O 0,

Q. 000 0.

O, 000 0.

2.000 0,

0,000 0,

44. JIOF

o

34, ZQ0F

000 0. 000

44, S00E

Q0N 0. 000

44, Z00E

[aleli] 0.000
44, Z00F
ono 0.000

A

A

A

DF3 fic) i3] GD2 o] FLAGS;
(KG/M3)
=0, 005 1001.100 1001, 100 44, ZO0F
—————————— STEAM
MAFW LENS VEL MAFW
(KG/HED ) ¢(M/SEC)  (RG/SEC)
~t. 2.000 0.000 A WTR

0,000 A WTR

WTR

WTR

WTR

WTR



¥6

60,008 .

SPQOL 2
70.00E

70.00A

sPQOL 2
30.00E

a0.008

SPOOL 2
20. 00E

<0.00A8

SPQaL. 2
100. 00E

100,004

SPODL 2
110.00E

110, 00AR

SPOOL 2
120.00E

120.004

SPOOL. 2
130. G0E

130.004

sPooL 2

A e

[
[
]

[
1
[

Q.00

~0. 28

0,00

~0.738

0. 00

—~1.020

0. 00

-=1.020

0. 00

Q.00

-1,020

0. 00

~1.020

"o

-
r}

~a.00%

-1.5R3

0. 007

-4,.313

Q. 0m

=4, 270

0. 009

-4,

G.o07

-4, 232

0.00% 1001100

-4,

0,081

-4,31%

.01t

~4,.31%

34, 200E

G, 000 O, 000

44, 30C0E

0,000 0,000

44, Z00E

0. 0N 0. 000

44, S0O0E

0, 000 Q. 000

443, Z00F

0,000 0, Q00

a4,

0,000 O.000

44, ZO0E

. OO0 Q. 000

44, 2ouF

0, 000 0, 000

a

A

a

A

A

WTR

WTR

WTR

WTR

WTR

WTR

WTR

WTR
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Laeu. v

140.00A

sPOOL 2
150.00E

150.00A

SPoOL 2
1460. 00E

160.00A

SPOOL 2
170.00E

170,004

SPOOL 2
180, O0E

130.00A

sSPOOL 2
190, Q0E

120, 00A

SPOOL 2
200.00E

200.00A

SPOOL 2
210.00E

210.00A

sPOOL 2
220.00E

PR T

29.57

31.46

29,71

31.41

22.36

31.75

30.44

31.%0

30.44

31.%0

2%

“0.920

29.71

~0,920

22,86

-1.063

—-1.0%3

30,29

-1,187

30. 2%

-1.27¢&

30.44

~1,274

0
[=]
~N
(4]

UV

=0, 733

.00

~0, 738

0.00

=1.14%

Q.00

-1.181

0. 00

[N

1001, 099

&95, 79

1001, 099

&9G.75

1001, o3

495,75

1001, 092

SHP5. 7S

1001, 0?2

100, 09y

&95.75

1001, 079

L9575

1001, 099

&9G, 7!

L]

. s

0,000

-0, 1462

0,000

-0, 223

0, 000

=0, 230

0,000

Q, 000

=0, 307

O, 000

=0,318

0, 000

—traa

-~1017.3

-5, 485

~1043 . &

-129%.7

=i, 93

~1529.3

~&.G547%

~1020. 6

—~h 549

e

293, 461

P4, 316

-0, 473

LT Wt

-Q.872

IR, P36

=0, 807

g, L34

=0, &I

w9, 171

-0, 487

@191

~0,70%

g bt

-0. 325

-0, 344

-0, 4461

—-1.001

=0 560

-1.141

=0 &bt

~1.293

~Ch &&T

~1.240

=0, 471

~1. 237

=0, &65

S T I T VRN R TN ARV )

-3.757

Q.03 1001100 1001, 100

-4,301

Q. 088 1001.100 10501.100

~5.157

QL0007 1001.100G 1001100

G014 101,100 1001, 100

Q020 1001100 1001100

G 00% LOAL. 100 1001,100

G, 051 {001,100 100,100
—ih, 300 0. 0N .,

0,014 1001100 1011, 100

O, 000 o,

0. 000 [N

0, 000 0.

0,000 .,

0,000 .

0.000 .

0.

EETRRINIe

[RIx]0] 0, 000

44

ONE

aQ0 0,000

44, ZO0F

CHOO O 000

44, ZOOF

oo OO

44, JnF

(aluti} O, 000

44, ZauE

Q00 QL 000

43

[¥INTa] 0, Q10D

443, ZO0E

[RIx]x} Q000

a4, ZO0OE

A

)

A

A

A

N

WTR

WTH

WTF

Wl

WTi

Wik

W1k

TLIAED L


http://44.30.iF

96

220.00A

SPOQL 2
230.00E

230.00A

SPOOL 2
240, 00E

240. 007

SPOOL 2
250. 00E

250.00A

SPQOL 2
260, 00E

260,008

SPOOL. 2
270.00E

270.00A

sSPOOL 2
280. QOE

280.00A

SPOOL. 2
290. DOE

270.00A

@FOOL 2
300. QOE

300.00A

30.73

31.90

30.73

32.04

30.83

31,90

31.02

-1.274

20.73

-1.30%

30, &g

-1.305

jeleppcicd

~1.276&

31,02

1,276

31.17

-1.137

J1. 84

-1.122

31.46

-1.063

31.4¢

-1.0n2

0,00

-1.40%

0.00

-1.373

0. 00

-1.375

0,00

-1.214

0,00

-1.147%

0.00

-1.14%

1001.09%

695,75

1001, G99

695,73

1001.09%

&95.7C

10010

&RE. 75

1001, 099

&Y0. 75

oot 0w

L9505, 70

1001, 099

&9G.75

1001, 093

695,75

1001, 9%

0. 000

=0. 3228

0.000

=0.3t1

0,000

~0.318

0, a0

=0, 311

0, 000

0,287

000

-0,2

0,000

-0, 223

0. 000

-0, 209

0,000

-, 5473

~-153G. &

—f4.701

-1514. 2

5. 549

—ih O

-1037.2

-0, 435

~1021.&

R4, LQ0

-0,711

P4, 100

-0,702

WG, 005

-0.711

g, 009

-0, 520

VIR, LI

=0T

=0, 482

WP R7L

-0.47%

N3, 871

~1, 24

=0, &7

-1.243

~0, 71

—1.za0

Cig D00 0. O

G.OtE 1001, 100 1601, 190 44, 2O0F

0.018 1001,

—é o

3
3
3]

.00 10071,

= {1, &)

0,051 100y,

~0.557

~1.130

=0, 490

-1, 033

=0. 465

-1.,022

-0. 449

-t.014

0,007 1001,

~T. 7A0

CG.007 1001,

o.01@ 1001,

=0.206

100 1003100 44, 200F

2, 000 0, O Ehe DN

100 1001, Tan A8, HO0E

O 000 L 00 G. 000

100 1007, 100 44, 00E

O, OO0 1, OO0 Crobandis

10 100), 190 4. ZO0E

O, OO0 0L 000 . Q00

100 1001, 300 44, 200E

O, OO0 0. 000 QL 000

100 1001, 100 44. 300E

0,000 Q. 000 [RIIXI)

0,007 1001, 300 1001, 100 44, ZOOF

~Te 17

Q. 0o D000 0,000

.
0, 000 O, OO0 O.000 4 WTF

A WIR

A WTR

o Wk

A WTR

R NWTR

A WTR

IRCARN



L6

EPOOL
210,
310,

SPOOL
20,
=20,

SRODL

230,

A0

a

O0E

004

-
<

OOE

QDA

z

QOE

00A

240,

a0k

350,

o0,

SPOOL

380,

360.

SPOCL

270,

370.

SPaOL

[ulnT=1

QOE

onA

Py

OOE

ana

2

QOE

00A

2

380. 00F

380,00

32,34

S1.446

~{, 50

31.44

~0.320

31.44

-0.320

21,61

~bi, P20

1. 61

=0.'720

31.49¢6

—0.220

Il.46

=03, 930

21.75

-0, 720

0,00

-1.020

0. 00

=0, FE3R

Q.00

RURRE T

0,00

Q.00

~0. 933

0,00

0,00

-0,%25

495,75

1001.Q7%

LT 7T

1001, 0?2

95,75

101, 0%?

1001, 099

L9670

1001, 097

&Y. 70

1001.097

&95. 7%

1001, 097

&95. 70

1001, 0979

-0.14%

0,000

-0.14%

0,000

-0.14%

0,000

=0, 157

0. 000

=0.107%

0,000

=0.15%

0,000

-0,15%

0. 000

-0. 155

Q. 000

-7&7.4

-4,377

-714.4

-4.72%

-707.7

—~&4.72%

-705.5

-4.725

-707.8

-4.

~l
[
0

-712.2

-4.377

~714.4

-4,72%

=0, 300 =0. 307 O, 012 1001.100 1001, 100 44, 300E
FII.B71 -0, 3773 ~3.473 0,000 0. 000 0. 000
-0, 327 -0.210 0.003 1001.100 1001, 100 44.300E
B3, R71 0. 000 0. 000 0. 000
-0.315 0,005 1001.100 1001.10G 44, Z00F
=0. 343 -3. 321 0, 000 0. 000 0. 000

0,007 1001, 100 1001, 100 44, =00E

—3,300 0. O00 0. Q00 0,000
—0L 325 ~0. 322 0,007 1001100 1001, 100 44, Z0O0E
BRI G0 ~0.343 -4.294 Q. 000 0,000 0,000

—-0.327 ~0.315 =0.001 001,100 1001.100 44, ZO0E

93,871 ~0.344 -4.:301 0. 500 0. 000 0. 000

-0, 325 G005 JG01.100 1001, 100 443, ZO0E
-0.547 4,314 0. 000 Q. 000 €., 000

0.0N7 1001, 100 1001, 100 44, 300E

=0, 335

FRA, TR -N. x5 -4, 320 Q. 000 0.000 0. 000

A

A

A

A

A

A

WTR

WTR

WTR

WTR

WTR

WTR

WTR

WTR



SPOOL 2

370, Q0E

320.00A

SPOOL 2
400, 00E

400.00A

SPOOL 2
410.00E

410, 00A

SFOOL 2
420. 00E

420.00A

spoOL 2
430. OOE

430, O0A

SPOOL 2
440.Q0E

440, N0A

SPOIL 2
450, 00E

450. 008

SPOOL 2
460. O0E

440, 00A

[2.63
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32.43
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-
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GV UUE.

470.00A

SPOOL 2
480. O0E

480, 00A

SPOOL 2
490, 00E

430, 00A

SL.03

31.46

2. 48

31.46

32.43

31.61

ola 4o

-0.357

S1.46

-0.118

31.61

~0. 112

e

-0.374

0,00

~0.116

Q¥U. £

1001, 099

1001.0%79

L9575

1001,09%

[ U TPT

3. 000

-0.014

—~

1, Q00

~0.010

Q.00

—lUS. &

-1.332

~0. 605

-17.8

=0 A0S

LU TN

w3.371

-0, 0067

PRR.A71

-0.014

PR3 B25

[l KPR

—0.531

=0, 009

-0.115

-0, 009

-0.134

UL UG L. U TUU L A

ELRCIPTNT-Y

-1.683 0. 00 0.000 ©.000 A WTR

=Q. 005 1001.100 1001, 100

43, Z00E

-0.3530 0.000 0.000 0.000 A WTR

=0.00% 1001.100 1001.100

44, S00E

~0, 633 . 000 0. 000 0.000 A WTR



aot

ENGINEERING UNITS CONVERSIQN RESULTS
DATE 04--Jl.-79 RUN NOJ. 14

TIME ~ TW TF TS Fa
(3EC) (DEG. QELSIUS) [$ GV

sSPOOL 2

0,00E 33.28 32.19 0.0 695,75
ANALYSIS OF DOATA
--TURR VELUCITY——
TIME FLUID FTW FTA RHDF
TEMP
(SEC) {CEL) {M/SEC) (M/SEC) (KG/Me#3)
G.00A 32,19 3. 357 ~0.374 1001,097

SPOOL 2

10.Q0E 33.21 &95. 75

22.04 0,00

10.00A 32,04 =-0.357 -0.374 1001.0%%

sPOOL 2
20.00E 33.50 32.34 Q0,00 6£95.75

20.00A 32.34 —0.357 -0.374 1001.07%

SPOOL 2

J0.00E  33.45 32.34 0. 00 &95. 75

30,008 32.34 -0,374 1001.0%%

SFOoOL 2
40,00E 33,79 52.48 0.00 &¥0.75
40.00R 32.43 -0.327 ~0.342 1001.097
sPOCL 2 .
S50.Q0E  33.v4 32,43 Q.00 &5, 7S
S0.008 32,63 -0.327 ~0,342 1001,0%9?

FQ
LKFAY

VoD

0. 000

~0.0Z8

0,000

-0, 027

. 000

=0. 020

0. 00D

=0, 020

Q.000

-0,020

3. 000

DTT DOF1 DFZ LF3 Go1 Gnz GLa FLAGE
(KG/MtSEC##2) (KG-1/SEC##T ) (KG/M3)
-102. ¢ =0.045 ~0, 032 =-0.00% 1003.100 10G1.100 44, 200E
WATER~ = = = STEAM
ME&FT DENS VEL. MAFW DENS VEL MAFW
(KG/SEC) (KG/Mue ) {M/SEC) (KG/SED) (KB M 5D {M/SEC) (KG/SED)
-1.8332 FIFLLH3W -0. 331 ~1.453848 0. 045 Q. 000 0,000 A WTR
~-1314.7 -0,04% —0 038 =005 1001.100 1001, 100 44, 300E
-1.832 BII L30T -0, 340 -1.731 0,037 0. 000 0.000 A WTk
-111.6 ~Q.04% -0, 03 =Q. 005 1001.100 1001, 100 44, 200E
—~1.832 PRI FV2 -0.335 ~t.,703 0.03% 0. 000 Q.000 A WTR
=~105. & ~0. 0405 =0, 0% =0, 000 1001.100 1001,100 44, ZO0E
~1.332 WIR, 092 -0, 326 -1, 451 0.047% 0, 000 0.000 A WTR
=108, & =C. 045 =008 1001, 100 1001, 100 43, Z00E
-~1.673 FRILGL5 -0.351 -1.634 0.04% Q. QGO (3,000 A WTR
.
ot .
-99.5 =, 041 —0.007 1001, 100 1001, 100 44, 300E
~1.678 PF3. 473 ~-0,314 —-t.,&612 1,045 Q. 000 0.000 A WTR




Lot

ENGINEERING UNITS CONVERSION RESULTS

DATE 04-JUL-77 RUN NO. 14

TIME TW TF TS PA
(SEC) (DEG. CELSIUS) (KPA)
SPOOL 2
F0.00E 34.38 33.21 0.00 &95.75

ANALYSIS OF DATA
~=~TURE VELOCITY-~

TIME FLUID FTW FTA RHOF
TEMP
{SEC) (CEL) {M/SEC) {M/SEC) (KG/M#xl)
F0.00A  33.21 ~0. P20 =~ P33 1001.099
sPOOL =2
100.00E 34.09 32.50 Q.00 &95.75
100.00A 33.50 -0. 220 ~0.333  1001.099
sPOOL 2
110.00E  34.0% 33.3& Q.00 695.75
110.00A 33.36 =0.320 -0.733 1001.037
SPOOL 2
120.00E 34.0% 33.50 0.00 &95.75
120.00A 33.50 ~0,920 =0.988 1001.0%7
SPOOL. 2
-130.00E 34,09 33.79 0.00 &£95.75
130.00A 33.77 -0.%20 -0.938 1001.0%7
SPOOL 2
140.00E 34.09 33.79 .00 L9 75
140,00A 33.7% -.920 =0.988 1001.09%

FD
(KPA)

~-0.149

voIn

Q. Q00

-0.149

0.0

-0.1%%

0.000

-0. 149

0. 000

-0.153%

0. 000

-0.14¢%

0.000

oTT OF1 DF2 OFs Gom ooz GO= FLAGS
(KG/M#SEC##2) (KG-M/SEC#+2) {KG/M3)
~&E89. 1 =0, 318 ~0.311 0.003 1001.100 1001.100 44, ZQ0E
WATER: ZTEAM
MAFT DEN3 VEL MAFW DENS VEL MAFW
(KG/SEC) (KG/M#a3 (M/SEC)  (KG/SEC)  (KG/M##E) (M/SEC)  (KG/SEC)
-4,725 B3 207 -0.833 -3.242 Q.000 0.000 0.000 A WTR
~&87.1 -0, 222 -0. 308 G, 003 1004.100 1001.100 44, 200E
-4,735 FII.213 -0.333 -4.2492 Q. 000 0, 000 0. 000 A WTR
-&87.1 =0.320 -0, 2308 . 002 1001,100 1001, 100 44, G00E
-4,725 PRI, 261 ~0.B83% -4.236 0. 000 0,000 0.000 A WTR
-701.2 =0. =228 -0.308 =0.005 1001,100 1001, 100 44, 200F
-4.725 P73.213 -0.340 -4,.273 Q, 000 Q. 000 0.000 A WTR -
~703.3 -0.33 ~0.313 0,005 1001,100¢ 1G01.100 44, 300E
-4.725 FR3.117 -0.842 -4,285 0. 000 0.000 Q.00 A WTR
—4I3. 0 =0, 320 -0.308 ~0.003 1001.100 1001.100 44, 300E
=4.729 #3117 -0, 835 ~4.234 0.000 0.000 0.000 A WTR



20l

ENGINEERING UNITS CONVERSION RESULTS

DATE d4-IUL-77 ¢ RUN M. 14

TIME TW TF TS FA PO

(5E2) (DEG. CEL3IU3) (KPA) (HPA)
SPOOL 2

£220.00E 34,38 34.09 G. a0 &95.75 -a.z1e
ANALY3IS OF DATA

—-TURE VELOQCITY-—-
TIME FLLID FTwW FTA RHOF vaIo
TEMP

(SEC) (CEL) (M/SEC) (M/SEC) (KG/M##3E

2R0.00A  34.0% -1.305 ~1.408 1001,0%2% O 000
IPOOL 2

2B0.00E 34,58 34.09 Q.00 &9TL TS

230,008 324,07 -1.405  1001,072 0,000
POOL 2

Z40.00E 24.28 0. 00 0.3

240.00A 23,33 =1.402 1001, 07° 0,000
SPOOL 2

250.00E 34.22 Q.00 L9575 —-0.318

250.00A 33,27 -1.305 ~1.408  1001.097 0,000
SPOOL 2

260.00E 34,52 34,38 0.0 495,75

260.00A 34.32 —-1.305 =1.403 1001.0%7 Q000
2POOL 2

270.00E 24,52 &4, 38 0.00 &35.75 -0. 311

270.00A 34,38 ~1.274 =1.375  1001,.0%7 0,000

oDTT OF1 DFZ DF3 G0 [x} ol GOz FLAGS

{KG/MeREC##2) {KG=M/SEC##2) (KG/M3)

-1512.Q ~-0.4&8% ~0. &60 0,005 1001100 1001, 100 44, 200E
—————————— WATER - STEAM

MAFT DEN3 VEL MAFW DENS VEL MAFW

(KG/SEC) (KG/M##3) (M/SELC) (KB/SED) (KG/M##3) (M/SEC) (KG/ZEC)
—&.701 FRIL02 -1.234 —G. 253 €, 000 Q. 000 0,000 A WTR
-1501.1 ~0. 4&E ~0.687 Q.00G 1001, 100 1001, 100 44, ZQ0E

-&6.701 ~1.,230 —h. 260 0, 000 0L 000 Q.000 A WTR
-147%5.1 -0, &G0 =0, &350 —QLA03 1001100 31001.100 44, Z00E

~6.701 PIE, W4 -t.21% —fa. 205 0. 000 0. 000 0.000 A WTR
~1525,2 —G. 671 —0. 656 =0, 000 1001, 100 1001, 100 443, ZO0E

~6.701 -1.23% —&. 310 0000 O, 000 0.000 A WTR
-1505. 4 ~0. 687 =G 654 Q. 007 10G1. 100 1001, 144 44, ZQ0E

= 701 I, P24 -1.231 —he 267 0. 000 0. 00 0.000 A WTR
~-1485.7 -Q,&77 ~0. &85 0,007 2001, 100 1001, 100 44, Z00E

-, 549 IV, 24 —h. 2R 0,000 o000 0000 A& WTR



cotl

ENGINEERING UNITS CONVERSION RESULTS

DATE 04-JUL-79 RUN NO. 14
TIME TW TF TS PA
{SEC) (DEG. CELSIUS} (KPA)
SPOOL 2

350.00E 34.%& 34.¢, 0.00 &95.75

ANALYSIS OF DATA
=~TURB VELOCITY-—

TIME FLUID FTW FTA RHOF
TEMP
(SEC) (CEL) (M/SEC) (M/SEC) (KG/M##3)

350.00A 34.67 -0.920 ~0.983 1001.0%%

SPOOL 2
360.00E 34.96 34.67 Q.00 &5, 70

360.00A 34.47 -0,920 -0.%38& 1001.0%7%

SPOOL 2
370.00E 34.96 54,67 0.00 695, 750
370.00A 34.67 -0.920 -0.983 1001.027
SPOOL 2

380.00E 324.9%6 34.82 0.00 &95.7%

380.00A 34.32 -0,920 -0.783 1001.09%

SPOOL 2
3%0.00E  35.11 35.82 0. 00 £95.75
390.00A 34,82 -0.920 ~0.938 1001.097?
SPOOL 2

400.00E 35,11 34,9 0. 00 695.75

400.00A 34,76 =0,%20 ~.738  1001,09%

FD
{KFA)

-0, 150

viD

0, 000

~0.152

0,000

~0.14%

©. 000

~0. 155G

0,000

~0. 455

. 000

-0, 18%

0. 000

oTT DF1
(KG/M#SED##2)
-&691.C -0.31&
MAFT NENS
(KG/SEC)  (KG/M¥#3)
=4.72% PR B27
-703. 8 =0, 527
-4.72% PA2,327
=&%1, 0 -0.31é&
~4.72% 992,827
~705. & -0.331
-4.72% PRL.778

~&91.,0

-4.725

-0.330

PPL.773

~0. 310

PRL.72%

LOF2 LOF& GOl [} GOE FLASS
(KG=M/SECH##2) (KI3/M3)
-0, 213 0.003% 1001.100 1001.100 44, 300
WATER = STEAM

VEL MAFW DENS VEL MAFW
(M/SEC) (KG/SEC)  (KG/M#sz (M/SET) (KG/RECQ)
~0.334 -4.247 o, 000 0. 000 0,000 A WTR
0,313 0,001 1001100 1001100 44, 3O0E

~0,342 0, 000 0. 000 0,000 A WTR
-0, 207 =0, 002 1003100 1001, 100 44, Z00E

~-0,334 -4, 247 Q. 000 Q. 0G0 Q000 A WTR
~0.311 G.001 1001, LGO 1OGL. 100 44, ZGOE

~0,843 -9q.2%92 0. 000 0. 000 0,000 A WTR

3.5 G.00% 1001, 10Q 1QQL, 1Q0 44, IQ0E

~(0. 2343 ~4,291 Q. 000 0. 000 0,000 A WTIR
—0 . 304 -0,012 101100 1001, 100 —+4.200E
-0, 334 -4.247 Q0,000 0.000 Q0.000 A WTR



0L

ENGINEERING UNITS CONVERSION RESULTS

DATE 04~JUL~7% RUN NO. 14
TIME ™ T T FA
(SEC) (DEG. CELSIUS) (KPA)
sPooL 2

420.00E 35.11 34,96 G. 00 695,75

ANALYSIS OF DATA
—~TURE VELOCITY--

TIME FLUIo® FTW FTA RHOF
TEMF
(SEC) (CEL) {M/SEC) (M/SECQ) {(KO/MuwZ

420.00A 34.94 =0.327 -0,342 1001.03% 4.000

SpPaoaoL 2

430.00E 35.11 4,986 0. 00 &95.75

430.00A 34,374 -0.337 -0.407 1001, 0732

SPOCOL 2

440.00E 3%5.11 34.9& 0. Qo HIBLTS
440,.00A 34.%6 ~0Q.3%7 ~0.374 {001,077
aPOOL 2

450.00E 35,11 249,76 &, 00 b¥5. 75

450.00A 34,94 -0.357 -Q..374  1001.09%

SPOOL 2

856Q,.GOE  35.11 34,67 .00 &V TS

460.008 34,467 -0.357 -3.374 001,092
sPOOL 2

470, 00E  34.%6 34,94 0,00 495, 7S

470.00A 34,95 0,357 -N.374  1001,099

oFz

(KG-M/3ECe#I)

=0.0430

WATER:
VEL

{MSEEC)

-0, &3

~0. 038

~0. Q032

=0, 340

=0, 03

-0.317

-0, 036

=0, 058

-0, 33

1001, toa 10310100

-0, 003 1001, 100

=0 u0E 1003, 100 1001, 100

A

-

A

a

FlLALR

WTR

WTK

WIR

WTR

WTR


http://1001.1i.iO

s0L

ENGINEERING LUNITS CONVERSION RESULTS

DATE 04-JUL-77% RUN NO. 15

TIME TW TF TS FA
{SEC) ({DEG. CELS3IUS) (KFA)
sPOOL 3
’ 0.00E 27.9%94 32,62 0.00 &95.73
ANALYSIS OF DATA
—-TURBR VELOCITY-——
TIME FLUID FTW FTA RHOF
TEMP
(SEC) {CEL) (M/SEC) {M/SECQ) (KG/M##3E)
0.00A 32,463 0.61% Q. 460% 7463.3826
SPOOL 3 .
10.00E 28.84 32.92 0. 00 &9F. 78
10.00A 32.%92 0. 448 0.437 792,775
SPOOL 3
20.00E 29.27 3321 0,00 [52Mwic]
20.00A 33.21 0.619 0,609 763,824
sPOOL =
30.00E 29.71 33. 3¢ <L OO &?6,73
30.00A 33.36 0.643 0.637 763.826
SPOOL 3
40,00E 30.29 33.21 0.00 &95.73
40.00A 33.21 0.61% 0.5H03 763,826
SPOOL 3
S0.00E 30.29 {3. 21 0.00 £95.73
50.00A 33,21 0.643 0.637 763.824

PO
{KPA)

0,044

voID

Q. 000

0.044

0,000

0,044

0. 000

0.036

0.000

0.040

0.000

0.044

0.000

nTT DF1
(KG/MaSEC®#2D)
320.5 Q. 286
MAFT DENZ
(KG/SEC) (KG/Me#3)
4.740 P73, 473
[24.8 0,270
4,937 RFH. 404
24.2 0. 290
4,730 I3 307
[286.9 Q, 309
4.963 FP3. 261
330.9 0.305
4.740 P93, 309
3246, 9 . 290
4.963 ?93.309

oFe OF3 Got Gh™ GLE Ft ARz
(KO-M/SEC#RE (KiG/M3)
0. 307 0.014 793,774 7RV, 0GR 44, ZO00E OH
WATER: ETFAM=—==~— e
VEL MAFW NENS VEL MAFW
(M/ZEC) (KG/SEC) CHIG/Maa3) {M/SEL) {EG/7LED)
0,363 G, 659 0. 000 G. ONG 0,000 A WTR
0,320 O.00Z 793,776 TET. 010 449, 200F nH
0,572 T.697 (2,000 0,000 Q000 & WIR
0,323 0,002 79R.776 7IU,TLE 44, FO0E GH
0,572 T 676 0,000 0,000 0,000 A WTR
.21 ~0,Q01  793.77¢ 789,953 44, SO0E H
0.574 5.71% 0. 000 Q. 000 Q, 000 A WTR
0.322 ~0.001 7%3.77& 739,003 44, ZO0E GH
0,577 5.750 0.000 Q. 000 0,000 A WTR
0,330 —0.001 793.77& 739,548 44, J00E GH
0.374 5.715 0. 000 0,000 0,000 A WTR

{
i




901

POOL 3
80, Q0E

50,0048

sPOOL 3
70.Q0E

70.00a

SPOOL 3
a0, 00E

30.00A

SPOOL S
). Q0E

70, 00A

SPOOL 3
100.00E

100, 00A

SPOOL 3
110, 00E

110, 00A

SFOOL 2
120.00E

120.00A

SFOOL 3
130, 0E

130.00A

sPOOL 3

am Ame

31.17

33.7%

21.32

&1.46

33,94

~e A

53.7%

0. 543

3. 79

0,335

LIPS

0. 00

0. 609

0,00

0.4637

0. 00

0.637

Q.00

0.637

0. 00

0,437

.00

0,00

0.524

¢, 044

0. 000

0.044

0,000

0,044

Q. 000

0, 03¢

O, 000

o.018

0. 000

[0 )

0, Q00

0. 000

0,000

Q.20

FPR.309

0,290

O, 284

NI 117

Q. 290

I3 117

0,370

93,117

0.217

P93.117

&
o1

. 014

0.014

5.729

~0. 001

S.661

0. Q0%

-0, 001

4,923

0,003

4,563

~0. 001

287

(5

A WTR

GH

A WTR

A WTR



L0t

[ IS

140.00A

sPQOL 3
150.00E

150.00A

SPOOL 3
160.00E

160.00A

SPGOL 3
170.00E

170.00A

SFOOL 3
180.00E

130.00A

SPOCOL 3
190.00E

190, 00R

SPOOL 3
200.00E

200.00A

SPODL 3
210.00E

210.00A

SPOOL 3
220.00E

=4 e %0

34.09%

31.44&

34,17

31.61

34,23

31.75

34.09

MN.75

24.23

31.%70

38.23

32.04

34.38

32.04

34,38 |

32.04

D Uy

0. 415

24,09

0.41%

34.23

0.444

34.38

0.415

34.38

0.23%

34.38

[CPRNIV]

0.411

0.00

0.411

Q.00

0.440

0.00

0.411

0. 00

0.411

Q.00

D811

0,00

0.311

0. 00

0,243

0.00

ova. /D

763324

&95.73

763.826

&95,73

760.17%&

&95.73

760.174

&P5,. 73

760.176

&95.73

Fad 476

&95.73

763.826

695,73

760.1756

&95.73

(e vivy]

0,000

-0.014

O, 000

G. 000

O 000

0. 000

0.000

Q. 000

0,000

0. 000

2. D00

0.o1%

n. Q0o

0. 01%

0,000

0.044

1awe d

3.17&

187.3

3.1746

2146. 46

e Lag

Q. Q0%

92,924

0,194

. M2

0,274

0. 144

0,144

0,377

Q. 142

0.379

Q. 139

0. 139

0.372

0,030

0. 153

0.217

R T UN

)
~
t3
w0

=0, 00

o
~J
ol
A

~0, 001

-, 008

)

i

v,

-0 001

-0, 001

3,702

-0. 001

1519

-0, 001

TR

[FZPRTNES

M SuE

0, 000 0,000 0, 00
TUE.TTE THERY GGE 449, ZONE

0,000 0,000 0,000
TE %3 44, SUnF

DL, 000 0,000 LYK MY

A4, B00F

0,000 3, 00 T, 000
FED. & TEI,NGD 44, Z00F

0. 000 0,000 O, 000
785,622 THP.053 44, Z0QE

LAV 0, QO L OO

793,776  TIV.CHE

0. 000

785,627 739,953

0. 000

79B.776 T729.553

0,000

0, 000

14, B00E

€, 000

44, 300E

. 000

44, ZO0E

A WTHR

GH

A WTH

nH

W OWHIR

iH

s WTR

H

A WIR

GH

A WK

GH

A WTR

GH

A WTR

GH




20l

220,

SPOQL

230.

230,

SPOOL

240,

280,

SPOOL

250,

250.

SPOaL

260,

260.

SPOOL

270,

270.

SPOOL

280.

2an.

SPOOL

290.

2%0.

SPOOL

300,

300.

Q0A

3
OCE

00A

3
QOE

0dA

3
QOE

ODA

-
o3

QOE

00A

3
Q0E

00A

3

00E

onA

2
00E

noA

3
O0E.

00A

34,33

5]
©
H

(5]

L]
A
“
"

32.63

38,38

32,43

34.38

34.38

0.590

34,33

0. 5643

24,38

0,443

4. 38

0. 5643

0. 5648

2
Y
)
o)

0, ALY

0.524

G 00

0,530

0,00

0.530

.00

0. 673

Q.00

0.4637

C. 00

0,437

Q.00

Q.60

0,000

695,73 0,015

=

T&I, 826 0,000

&5, 73 0.011

ZH3.224 G000

&F5.73 ¢.044

53,826 0,000

s ac] 0.034
763 €L 000
&5, 73 0,051

763,326 0,000

APSLTS 0, 044

760,176 0,000

&95, 73 0. 03¢

753,826 0,000

[ krc] 0,015

THRBE 0,000

340, &4

4,363

q.3430

REL IS

a4.740

292,924

a.217

FRL. 374

G, 243

Q9p, 224

0. 305

P2, 24

0,335

O, 309

2,924

0, 297

233,904

0,305

¢.27a

0,524

[P

0,572

0.007

4,241

-, 001

.19

0.013

0,003

0.014

A, 054

=-0.001

5,739

-0, 001

5.714

~0. a0

D7

0. 000 vl OG0 G, 000

TIR.T77&  TIPLOGE

0,000 Q.

TRI.TTE 7IRLLGE
0, 000 Q.
TRZTTé TIRI, ORI
0. 000 0.

0, OO0 [

7RI TTE TRV GGE

O, 000 [

0,000 0.

0, QA0 a,
TAZTFTE TRV, OO
0L 0G0 a,

44, 200E

000 ¢. 000

44, 300k

QOO 0.000

44, 300E

000 Q. 000

44, 200E

QOO Q. 000

44. ROUE

OO0 Q, Q00

a4, 3008

Q00 0.000

A4, 300E

[\[\IN) 0,000
43, IN0E
Q0O 000

A WIR

GH

A WTIR

A WTR

GH

R WTH

[

A HWTR

GH

A WIR



601

sPoOL 3
310.00E

310.00A

SPOOL 3
320.00E

320. 004

SPOOL 3
330.00E

330.00A

SPOOL 3
340.00E

340,004

SPOOL 3
350. 00E

350. 004

sSPOOL 3
360. 00E

3460.00A

SPOOL- 3
370.00E

370.00A

SPOOL 3
380, 00E

380.00A

34.52

32.43

34.52

32.77

34.52

32,92

34.67

33.07

34.467

33.07

34.67

33.%6

34,52

0.443

34,52

0.619

34.47

0.617

34.47

0.612

34.47

0.5%70

34.%6

0.531

0. 00

Q. 637

0.00

Q. 4609

.00

0.637

0.00

0.60%

0.00

0, 4609

0. 00

0.460%

0. 00

0.580

&95.73

763,326

&R0 73

763,326

695,73

763,326

695,73

748. 066

Q,043

0,000

0.044

Q. 000

0.0448

0.000

0. 038

0,000

0.0851

0. Q00

. 051

0. 000

0.01%

0.000

0.01%

0,000

0. G650

0,511

0,567

0.3577

0.232

0.386

O, 209

0,463

GH

A WTR

GH

A WIK

aH

A WTR

GH

A WIR

GH

A WIR

GH

A WTR

GH

A WTR

GH

0.000 R WTR



GLL

SPOOL &
F90.00E

SPOAL

400,

400.

SROOL

410.

410.

SPOOL

420,

420,

SPOaL

430,

330,

BROOL

440,

440,

SPOOL

450,

450,

SPOOL

4460,

460,

SPOOL

A

2
QUE

D0A

2

Q0E

O0&

&

O0E

0nA

=

QOE

00A

3

OOE

O0A

-
3

QOE

00A

3

QOE

O0A

-

o]
£2)

.07

24.96

-

5. 50

34,76

34,94

0,590

34.382

0. TéL

o

24, 94

0. 704

4,36

0,910

B4, %

Q.?L0

34. 94

0.210

24. 76

0,710

24,98

0,948

Q.00

Q. 580

0. 00

(OO0

Ca Q0

0,390

0,00

Q.30

Q. 00

0,00

0.390

0,00

2718

&93, 78

753,824

&95.73

&IL.73

760,176

740,174

o5, 72

759,775

L9573

763,824

Q, 011

0,000

0, 000

Q. 020

0. 000

0,134

0,000

0. 134

0,000

0,131

Q. 000

G. 142

0,000

0,000

I9v.l

L 310

[z

6o, P41

P 3

TEE.

TEL G

& PG
774.7
7,193

Q.87

POz, 707

0.198

IR, 778

Q. 368

0713

#3279

. 70z

29z, 729

~4
o)
s

2, 70

0.217

0,441

0. 213

0481

Q. 634

0.731

Q.87

G, 729

0,375

~h QU

~0.012

4,583

=0, 001

€¢.010

F. 793

0,010

—01. O

R.747

~0.001

=0 020

3,795

Q. 06¢

2] A4, F00E

0,000 Q. 000

443, 300E

0. 000 0. 000

44, ZQOE

0. 000 0. 000 0. 000
e, &22 TRY.LL2 44, Z00E
3000 0. Qoo 0. 000

0,000 0.000 0. 000
TRHE,TFE T2 W 34. ZOOE

0, Q00 O, Q00 Q, 000
7RR.T?7S T gk 449, IWNE

0,000 G, 000 0, 000

Q.00

44, LO0E
Q. 000 Q. 000
- [P

GH

A WTR

GH

A WTR

GH

A WTR

GH

A WTK

GH

N WIR

GH

A WIR



Lit

B0 UVE
470.00A
SPOOL 3
430.00E
4:30.00R”
SFOUL

490,

430, 00A

OO0 O0E

SO0 008

S Wt

34.82

23.50

24,4

233,36

3487

D4, o

0.%10

34.9&

0,210

4. 87

O.0673

[

t.anz

U, U

0.ER0

0,50

0.074

O, 00

1.172

CIU. s

7AHIRIA

IS 7S

FEE. 060

Watot

0. 000

0,131

0,000

~-0.14%

Q000

042

PR Al

r

£
~
L]

750,49

7.01R

7.0

E]
1

~4.%

-0, 0492

[PV

Q. &Be

PR T2V

-0, 028

FARLR2T?

-0.013

tooGg, 201

[URIY)

0,373

0 015

~0, 007

=te )

[EM )]

~0.001

5,654

-0.01&

~01, 354

-0. 001

-0, D3

IAETREY ]

0. 000

792,778 74

Q, 000

e 0D

0,071

0.000

T2 44.

0,000

V.00 A WIR

JOOE GH

0,000 A WTR

44, 300E GH
0. 000 G.000 A WTR
13T 44, 200E GH
-12.138 -~0.004 A



