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L-AREA CAVITATION TESTS

FINAL ANALYSIS ~ LIMITS APPLICATION

INTRODUCTION AND SUMMARY

The
onset of
began in
October,
and pump

1983.

L Area cavitation test was designed to better define the
cavitation in the reactor system.
early 1983 and the L Area tests were completed in

The onset of gas evolution in the effluent piping
cavitation was measured using state-of-the-~art eguipment

Preliminary tests

to provide data with a high confidence and low uncertainty level.
The limits calculated from the new data will allow an approximate
2% increase in reactor power if the reactor is effluent
temperature limited with no compromise in reactor safety.

*Appendix Not Included
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Purpose of L Area Test

The L Area cavitation test was designed to better determine
the conditions at onset of pipe and pump cavitation. Cavitation
can adversely effect system performance and, over a long period
(several months), cause pump impeller erosion., The reactor
effluent temperature limit protects the SRP reactors from
cavitation. The limits are currently based on a series of tists
run in K Area in 1957* and tests by the Bingham Pump Company
run in 1956. The data from these earlier tests have a large
uncertainty applied to them because of nonidealities, measurement
techniques, and undefined differences among the reactor systems to

which they are applied.

Review of Preliminary Work

Several preliminary tests were run to study the cavitation
phenomena and establish detection techniques3 This preliminary
work is described in detail in DPST-83-2006. The basic
conclusions drawn from these tests were:

l. Gas evolution will preceed cavitation.

2. Damage to pipe walls would be less severe than previously
thought.

3. cCavitation can be easily detected with acoustic monitoring
techniques.

4., cavitation can also be detected by an increase in pressure

et -
drop through the effluent piping.

Test Description - Instrumentation

A special instrumentation package was designed for the L Area
cavitation test. The Equipment Engineering Department assisted in
the procurement, calibration, and installation of the following
instruments in 105-L.

1 Displacement probe (system #2 ramshorn)

6¢ Bingham Pump DP transducers

6 Pump suction pressure transducers

6 Temperature transducers (failed due to improper electrical
isolation)}

1 Low pressure header transducer

1 Bottom tank centerline pressure transducer

1 Effluent line pressure tap (system 1 by bioclogical shield)

2 Ultrasonic flowmeters (failed at temperatures above 80°C)

2 Fast response pressure transducers {(connected to monitor
pins)

1 Atmospheric pressure transducer (in process room)
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The outputs from these transducers were connected to the
vibration and acoustic monitoring (VAM) system. The VAM is a
newly installed permanent system which uses accelerometers to
monitor for vibration related problems in the radiation zone.

The location of all of the transducers and the
instrumentation layout are shown schematically in Figures 1 and
2.

The VAM took only 35 setonds to scan all of the sensors.
Approximately 10 MBYTES of data were collected and stored on
disk.

Procedure

Five separate cavitation tests were run with different and
varying number of pumps on line. No blanket gas was applied and
the septifoil flow was shut off. During each test, pump heat was
used to increase the temperature of the flowing fluid and take the
system into cavitation. When one of the following limits was
reached cooling water flow to the heat exchangers was cut on to
cool the fluid and stop the cavitation.

Limits: 10% drop in pump DP
5% drop in flow
6.5 g's pump acceleration
150 mils ramshorn displacement
98°C moderator temperature

It should be noted that the 10% drop in pump DP limited all
of the tests because the pump DP becomes very erratic as soocn as
the pump begins to cavitate. :

AC Start Up

The startup of the AC motors was monitored during all of the
testing. The accelerations during startup ranged from 8 to 13 gs
if the system was cold and only 2 to 3 gs if the system was at
50°C or higher.

Three Pump Test

The three pump test was run with the tank at overflow.
Systems 1, 2, and 5 were operating. During the three pump test,
system flows were approximately 30 KGPM.
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Five Pump Test

= P - ak - SN -1 ¥ em

The test was run wi the tank at overflow. nly system
was not operating. System flows ranged from 26 to 28 KGPM.

u
=2

Six Pump Tests

Three tests were run with all six systems operating, one-test
was run at a tank level of 8.2 feet* and the others at a tank
level of 9.2 feet*. The tank level was lowered to induce
cavitation below the 98°C limit. System flows ranged from 24 to
26,5 KGPM.

Description of the Phenomena

P 4+ had &k 3 1 — -
The cavitation tests had three distin ages - heat-up, gas

evolution, and pump cavitation. These stages can be seen on the
preliminary data plots of acceleration, pump DP, and temperature
verses time shown in Figure 3, The first stage includes the
normal operating region., Pump DP and acceleration decrease slowly
as the system temperature increases.

t

Gas Evolution

The second stage is marked by an increasing pump DP and
decreasing acceleration caused by the evolution of dissolved gases
in the fluid. This phenomenon was seen in the preliminary tests
at Georgia Iron Works. As conditions at the muff begin to

apprecach the saturation temperature and pressure of the ‘F'I__Qt_qip_g

“HH& f Lh A L) bt A e o Yol s ol b ol W kA R S e Bl e Rl A Tl & el

fluid, dissolved non-~condensible gases come out of

solution. These gases cause an increase in the pressure drop from
the tank to the pump suction -~ lowering the suction pressure and
increasing the pump DP. The evolved gases also allow slight
compressibility of the flowing fluid which decreases the flow
noise and pipe/pump acceleration.

Pump Cavitation

Because the pump suction pressure is dropping and temperature
is still increasing during stage two, the pump soon begins to
cavitate. The third and last stage of the phenOmena is marked by
extremely erratic pump DP and a marked increase in acceleration,
This is the pump cutoff point. The pump itself is cavitating,
impeller erosion is beginning, and any increase in temperature or
reduction in system pressure will cause a significant flow
reduction.

*See Appendix E
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Technical Limit

The technical limit is set to prevent steady staﬁe operation
of a reactor in a regicon where damage may take place. The
technical limit is set at the first indication of gas evolution in
the effluent lines. Several measurements were used to determine
the onset of gas evolution, Plots of pump DP, pump acceleration,
and effluent line (elbow) DP verses temperature were analyzed.

The raw data is shown in Table 1; the plots are in Appendix A; and
the technical limit as calculated for L reactor with 5 PSIG
blanket gas is shown in Figure 4. The raw data was adjusted by
the procedure described in Appendix B.

The adjusted L-Area data can be curve fitted using the
following equation in a range of 24 to 30 KGPM system flow.

Technical Limit, °C at 5 PSIG blanket gas pressure
T = 49.2296 + 5.31218 x F - 0.12177 x F?
where F is system flow in KGPM

Pump Cutoff Curves

‘The pump cutoff curve is used in the transient protection
limits analyses to establish temperatures at which pump flow is
significantly affected by cavitation.4/5 Plots of pump DP
and pump acceleration (Appendix A) were analyzed to determine the
pump cut off point. Also the data from the Bingham Pump Company
tests, contained in Appendix C, was analyzed to assure that this
was the pump cutoff point. The raw data is shown in Table 2 and
Figure 5 show the pump cutoff curves for L reactor at 5 psig
blanket gas pressure,

The adjusted L-Area pump cutoff data can be curve fitted
using the following eguations in a range of 24 to 30 KGPM system
flow.

Pump Cutoff limit, °C at 0 PSIG blanket gas pressure
T = 2.34795 + 8,.56714 x F — 0.1883 x F2

Pump Cutoff limit, °C at 5 PSIG blanket gas pressure
T = 41.78315 + 5.91187 x F - 0.131216 x F2

where F is system flow in KGPM

Uncertainty Analysis¥*

The uncertainties of the measured parameters during the I

*appendix C contains instrument calibration data.
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area test are described below. Each uncertainty is converted to a
temperature uncertainty by the use of the D,0 saturation curve,
the current pump cutoff curve, or the moderator heat up data. As
shown, the uncertainties (w) are combined as independent variables
{square root of sum of squares) to yield an overall value,

wpr, Tank Level +3" (0.12 psi x 2.5°C/1 psi @ 90°C) + 0.3°C
w**F Flow (pump DP) + 1.8 psid + 0.48°C
t+0. 4 KGPM x 1.2°C/1 KGPM 8 25 KGPM)
w, Time + 30 sec. (x 0.3°C/60 sec) + 0.15°C
Wrrp RTD + 0.15°C + 0.15°C
(Y o s amwy e Trm sl s v T e e we 1 N 10~
""'CRE LUL VD Kedadul 1\3 LLLUL I Ue,.dJd L
1/2
wpara = (wrp? + wp® + v * wprp> *+ wCRE) = 0.62°C

An uncertainty must be applied to account for the differences
in the six reactor systems. Figure 6 was used to determine this
uncertainty.

wgpg = + 1.45°C

An uncertainty must be applied to account for the fact that
the six reactor systems do not have the same flow. Even though
the limit is applied to the hottest system in a reactor, this
could be the lowest flow system.

Wgp = i l.32°C (__‘t 1100 GPM)

Two more uncertainties® unrelated to the test, but related
to the limits application must be included. The uncertainty in
reactor temperature monitoring and the uncertainty in blanket gas
pressure,

wy =+ 0.9°C wpgp = + 0.8°C
w — i) 2 W 2 + W 2 W 2 q 1/2 — 2 [
Total = Cpara” * “Rs sp” t¥M" *Ypggp") =1 2.4%

With this uncertainty applied to the L Area test data the limits
can be used in P; K; L reactors with high confidence. Note that
by using several different types of analy51s techniques, (pump DP,
acceleration, and suction line DP) the confidence in the data is

greatly increased. Also, the good agreement between the K-Area,

**Flow was calculated from pump DP using eguation in DPST~83-282.
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Bingham Pump Co., and L-Area data indicates that there is no
significant variation in the cavitation temperatures for different
reactors.

It shguld be noted that the effect of temperature on fluid
properties’ was not accounted for in the adjustment of the raw
data (see Appendix D). This conservatism amounts to approximately
1.5°C. PFurther laboratory testing could possibly prove the
assumptions made in Reference 3 and allow the reduction of this
conservatism,

C-Area Limits4r8

The data from L Area cannot be directly applied to C Area.
It is the opinion of the author that no extrapolations or
similitude analyses would improve the uncertainty of the C Area
limits. However, it is comforting to note that the new L Area
data lined up so well with the Bingham Pump Company data that is
used in calculating the C-Area limits,

Audit

The calculation procedure and limits presented in this
document have been audited by W. M. Massey, Jr. of Reactor
Technology Department of SRP and L. L. Hamm of the Nuclear
Engineering Division of SRL.

Summar Y

The onset of gas evolution and pump cavitation has been well
defined by the L Area tests. The lower uncertainty associated
with the new data will allow a safe increase in reactor power.

DCW:cjl
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TABLE 1

TECHNICAL LIMIT - RAW DATA

Test System Flow T (Pump DP) T (Accel) T (Elbow DP)
6 - 1 1 25360 GPM 83° C 80° C 8l° C

2 26310 83 83.5 83

3 26125 82.8 82 82

4 24980 82.6 83 83

5 24317 85.5 85 82

6 - - -— -
6 - 2 1 25321 84.5 84 82

2 26274 B4.5 85.2 84.5

3 26085 84.5 83 84

4 25091 82 86.4 84.5

5 24256 84 85 B4

6 - - - -
6 -~ 3 1l 25341 83.7 - 82.7

2 26455 84.8 - 84.8

3 26251 85.5 - 83.5

4 25110 85.2 - 85.5

5 24311 85.7 - 85

6 - - - -
5 1 27309 92 93.5 91.5

2 28073 94.5 92 92,7

3 27981 90.5 92 92

4 26753 92 95 94.5

5 26234 94 94 93.2
3 1 30591 82 85.5 82

2 31640 84.5 86 B5.5,

5 30413 82.5 82.5 82

(-) Indicates Bad Data




PUMP CUTOFF LIMIT - RAW DATA

TABLE 2

Test System Flow T {(Pump DP) {Accel)
6 -1 1 25360 GPM 84.8 87.0
2 26310 86.0 87.5
3 26125 85.5 88.0
4 24980 87.7 88.0
5 24317 86.8 87.5
6 - - -
6 - 2 1 25321 86.0 86.5
2 26274 86.5 87.3
3 26085 87.0 86.9
4 25091 87.0 89.0
5 24256 87.0 87.5
6 - - -
6 - 3 1 25341 86.0 -
2 26455 87.0 -
3 26251 87.8 -
4 25110 88.8 -
5 24311 87.3 -
6 - - -
5 1 27309 93.0 95.5
2 28073 95.5 95.4
3 27981 95.0 96.0
4 26753 95.0 97.0
5 26234 96.0 95.8
3 1 30591 86.0 87.0
2. 31640 86.5 B8.5
5 30413 86.0 87.0

(-) Indicates Bad Data




FIGURE ONE

H
R

NOILVA313

__O I_O¢

dANd v
WVHONIE

3804d INAW3IJVIdSIA -4
4313WMOI- 4
S3TdNOJOWH3IHL- L

SdVl 3JH¥NSS3¥d-~d
SY3ILIWOHIATIDOIV -V

NO!I

-

SNOILVYIOOT NOILVLNINWNYHLSNI




INSTRUMENTATION LAYOUT SCHEMATIC

12 ACCELEROMETERS

1 LOW PRESS. HEADER TRANSDUCER

6 PUMP DP TRANSDUCERS

1 BOT. TANK CENTER TRANSDUCER

6 PUMP SUCTION TRANSDUCERS

1 EFFLUENT LINE PRESS. TRANSDUCER

6 TEMPERATURE TRANSDUCERS

1 DISPLACEMENT PROBE

2 ULTRASONIC FLOWMETERS

2 FAST RESPONSE PRESS. TRANSDUCERS

2 BACKUP VOLTMETERS

BACKUP RTA

14 TRACK TAPE

FILTER
MULTIPLEXER
PDP-11 CPU

MONITOR

ATMOS. PRESS. TRANSDUCER

VOLT
METER

(2 HEISE GAGES ——»PUMP SUCTION & DISCHARGE
(D HEISE GAGE —— LOW PRESS. HEADER

(DPLENUM PRESSURE

(® PUMP SUCTION RTDs> ]

CONTROL COMPUTER

DISK
STORAGE
{96 MB)

OMI TANDTJ




FIGURE THREE

CAVITATION PHENOMENA
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\ Appendix A - Data Curves

1) Pump DP vs. Temperature
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the cavitation tests plotted against the associated RTD
temperature readings. The pump DP becomes very erratic with
cavitation. The system 6 pump DP is in error because of a problem

in the pump suction pressure tap.

NOTES: The first plot in each set shows all system curves and the

individual system curves flow.

Any lines or markings on the curves are not necessarily

representative of the limits.
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A) Data Curves
2) Acceleration vs. Temperature
The pump casing acceleration is plotted against the
associated RTD temperature. Note that in the middle of the
(number 3) 6 pump test these signals were lost due to a filter

failure.

See notes at Appendix A-l.
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| PUMP CAVITATION TESTS
UNADJ. TEMP. VS PUMP CASING ACCEL. 6 pumps,2
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Legend
SYS 1
SYS 2
SYS 3
SYS 4
SYS 5
SYS 6
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A) Data Curves

1

3) Elbow (Suction Line) DP vs. Temperature

The low pressure header reading minus the pump suction
pressu;élis plotﬁed against the associated RTD temperature. : —
Appendix E on the low pressure header should be reviewed before

these numbers are used for any absolute analysis. BSystem 6 pump

suction reading is bad.

See notes at Appendix A-l.
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- DATE 7//5}/55’
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SENSOTEC

. . CALIBRATION RECORD FOR TRANSHUCERS
WITI INTERNAL ELECTRONICS
DI 2{/3653 <
PURINL oL g 74l 7
CnLICITY & - S0 BT

COTPLNSATLL WIMPLIRATUY 2ANnn vhon fZar Or oo 20 2

¥ CAPACITY OoUTPUT

0 77 Volts
50 4. 994L  vorts
100 /O0.LP87 2~ wolts
Descendinc 59 _ 4’ ??55 Volts

] Volts
PRESSURE PART FIPTING /4— g w27
MATING LLICTRICAL COnCYor A foff —10 -l S

Ascending

TNTIRGSL TN nnI nneisTnon Toees STTIVG TORTTUERR

CRLVIDLE N oanTone gtg_(‘éé TOITE a0

»ZMQ//%M
DATE 7/5 A’-;:?

SENSDTEC . INC, 1200 CHESAPEAKE AVENUE * COLUMBUS, OMIO 43212 « (514) 486-772) TWX 810482 1988




SENSOTEC

. g CALIBRATION RTCORD FOR TRANSHUCERN

BALTE AT,
WITH INTERNAL ELRCTRONICS

RIS , 5[/36':35 &/

EURIN, ue. __F7¢0¢6

CUNLITY O S -P—Q/ —

COMPENSATLY WIMPIRATUR HAnam vaot fZgr Or oo _Z_g_?_éf":“

/—:/ # 5 VDL

= Ot

c — s Vol

r o evitpu

£

%

L . ,
&~ sprond A
CAPACITY OUTPUT

0 £ Volts

Ascending 30 ' S . 0000 Volts
200 ' L8 OEBL volts

Descendinn N ,._ ,-m,/ Y L
= 2 Wl 24 4 VOLTS

g Yav, Volts

PRESSURE PART FITTING /ﬂﬁ ﬁﬂP?
MATING TLICTRICAL COTlITCTOR Pééi—/a (p <

.::-‘-..7:-.'- Steere - ‘.,... - p-....-.;-; '-yr)(-r.,- T"?

LS. TUUDT ZAL nnoife
RITE LN TOCRIVIDIE Cooaumonw ﬁ& 3¢. PRTTE 0

FESTOTL RID CRITY {M// % Lo
DATE 7 /ﬁ /3—?

SENSDTEC . INC. 1200 CHESAPEAKE AVENUE + COLUMBUS, OHIO 43212 » (814) 486-7723 TWX'Wll.? 1188 l
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CALIBRATION

WITH

AZCORD FOR TRANSHUCERNS
INTERNAL ELLCTRONICS
rs

%/3535 -/

77685

CRTIOITY ©O- S 2 ,
COMPENSATLL WIMPERATUS 2555 w0t L2y O o 293
/_/"_ + /5 VDL
fg (4§)Z(ﬁﬁ25ﬂ7
l — 5 VDL
D e/ T
ELF Zfront € ﬂ/
3 CAPACITY ouTPyUT
& Volts
Ascending j3q 4,222Q Volts
' 100  0-80E/ volts
Descending  gq 47?70 Volts

PRESSURE PNRT FITTING

(o2 Volts

MATING DLICTRICAL COInF
LNZLXGL, DUV CAL Rne
b iy

- SENSOTEC. INC.

fé-/ﬁ’//’f

CTor Py o) 10 -l S,

DATE
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SENSOTEC

CALIBPATION RECORD FOR TRANSHUCERS
WITl INTERNAL ELICTRONICS
D, ‘ 52/36'55 -/
SInInn e, 77&0]
CRBILITY &~ SO /‘%’/{_ .
COMPENSATLD DIMPERATUY RANAR ragt g2y Or mn 20 2 O
ﬁ/ - /= VOC
= ot Ay
C — s VOl
D 3 oV 'f%t{ 7£
24FE sfront 2l
% CAPACITY OUTPUT
| o . Volts
Ascending g5 J??SB_ Volts
‘ 100 [O0-£P8 2. volts
Descending  gq 4-4?&8 Volts
2 [ Volts
PRESSURE PART TITTING %& ~ B N7
MATING LLICTRICAL CONIRCTOr  2A fodf 10 ~lo S
INTIRLL U CRL nmeIemsien EST SLOTTINA TOGTTLRR

TOUIIUIDLE U osTove e '7 O’{;é Gnlep e

RN FIL { M&//@
. DATE 7/9/33
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SENSDTEC
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. ' CALIBRATION RECORD FOR TRANSHUCERS
WITH INTERNAL ELLCTRONICS

D | 2/3653 &/
SURINL . ?Zé/é
CRTICITY &L - 50 PS?/
COMMENS AL SEPINATUY RIAn 0 gy 97 on 2 3 Or
S T (5 VDC
= AL
< - s DC
D ovtput
Z= & 7 /
%

£E slionst AU
CAPACITY QUTPUT

. 0 o __ Volts
Ascending 35 297 74 volts

100 (0. COL T voits
Descendina 59 4.0?72 Volts

] z Volts

PRESSURE PORT TITTING /{/—’ (8 27 W/%
HATING TLICTRICAL COLUnCTOR Péé,«,//'jo—(p =

IDTLRGCL T OCAL RDOIFTANNT INOTNLLTGL O SHATTING TOGTTLED
DINE LI T OGROVISIE N oauThme o 7??5& VT D

“‘ R abey »f%{%/k/ / @
. DATE 7 /p} /6—3

s

——— : ' : ¥
SENSOTEC ING.  mocseat o + coumss om0 con » s wns 0 012:078




Unit of Measure

Equipment

Standard Used

Range () - 2100 PS! Calibration.Expires

722-A E & I SHOP

CALIBRATION DATA SHEET

0-250 PSl, O=IDV Dee_ g -8BX
Under Test Samscitef AS No. _—- 20%-77
S/N_1OBGE tNo. S/N 1169
8.5-82 by & KIRK

Barometric Pressure 5!2 " H‘»% Humidity % Temperature 80 °© F _
Eq.uipment From: Foreman N _CﬁQ-Tﬁcu Bidg, 2.2 R Area AN
"[Reading |Standard Test r Reading | Staendard Test ;
Number @ |Reading T Readin Deviation Number Read{ | Reading Deviation
1 _|1pOo,peo |-, 003 21 /99 0| L0022
2 5. 0001 | 99% 22 (75,820 7.00Y%
3 0. 036 op! 23 /0. 200 | L.20/
‘ 7500013 P00 “ 24 ¥ 9501¢.99 7
5  po, 025 « pob i 25 200.00513.95 8
6 1/215.,050| 4 pp5 | 26 2% 59517 955
T 1/¢9.92514.003 27 20,040 1 57
8 y72¥.45512.003 28 25050 997
o 1200.030| 800t 2| mp.ooo] ,op5
10 20
B 11 31
10 32
13 f 33
14 34
- "l_g""—""' s T — e T T 35 - —
16 38
17 37
18 38
19 39
B 20 i 40 .'
Femarks

FHgure 1




722-A E & 1 SHOP
CALIBRATION DATA SHEET

Unit of Measure O-~250 Pst 0 -10V . Dare B-{-83
Equipment Under Test SeEpsoTeEC  AS No. L1
Standard Used _ < /7y l0SG68R ¢No. _ S/ 116
Range - 31 SO PS£ Calibration -Expires 2-C -8B By &K }?H
Barometric Pressure o Humidity 2 Temperature XOG F
Fquipment From: Foreman T\w QFL’T;(L‘] Sy Bidg. 233 a 3
"| Reading |Standard Test Reading | Standard 1.

Number . [Reading Reading | Deviation Number . R% | Reading | Peviation

! 1Po. 000 |-, 02 2 199, 54512 ¢

2 S.030] 9486 } 22 1/75. 040

3 lspovo|l.983 |23 1/S0.050| %
.t 25065218 26 |/25.000y.

5 002513978 l,&?f’ AR

6 1S Mm30l¥.978 | 26 | 2$.pl012. 983 _

T 190 .030l5.67 % 2 | spor0

s |125.070]£.73 4 s 25 oyo

¢ 1200.05012.96% -2 . _1p0.000

10 i 20

11 J 31

12 k32

13 33

=

15 N B S

16 36

17 o 1h - 37

18 oy 38 _
19 39 n

20 _L 0 |
Remarks

Figure 1
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fed=H £ O 34 OIVT

CALIBRATION DATA SHEET

Unit of Measure n-_,iSo E«_S_LT O-~1oV Date -~1- QS
Equipment Under Test LE N SOl Hs No. G 4 50%
.Staudard Used S /N 105(98 v No. S/N flé?
Range (O -2 OO ES[ Calibration -Expires _%, :;:“23 By E LK EK
Barometric Pressure 't Humidity 2 Temperature ___8______0‘ - -
Equipment From: Foreman T CAaThe, Bldg. __ 7R 3 Area _ [
"{ Reading |Standard Test UV Reeding | Standard| | Test
Nurmber Reading | Reading Deviation Number Reading ¥ | Reading | Neviation
! o000 | 069 a1 (99 9I5| X dor
2 129.09 [ Ot e [ ¥.56017.00¢
3 |50.050 1y.008 23 150, 0258\, . 000
¢ 99 005 | 2.006 24 [AY%.995\5. 0065
5 1n0.0(5 4. 07 | 2 | 9¢ 9olqond
6 [AS.090]9.008 26 25.045130//
v 4S0.07014.00% ”:27 5. %612 007
5 17¢.43010). 00 26 Ax. G501/ 016
o 1199.98p| £.003 | |pooo | prs
10 R
11 31
127 32
13 33
14 34
—= - - —_
16 35
R Y “ 37
18 38
19 39
20 I
Remarks

:Figurel




fadL=0v L U 3§ JIIJE
_ CALIBRATION DATA SHEET
Unit of Measure (- ASO PS/ (2 -/0 V pate __ § ~/{ - 83
Equipment Under Test SeENVNsSoTEC A s No G SO
.Stam]ard Used S/A/ (10568 v No S/N (/67
Range C) -2 o0 ES[ Calibration -Expires S) 5 3’%’ By CJ /cjlf'{”g _
Barometric Pressure 3 0 [—l%- Humidity 4 Teﬂperature e P F N
Fquipment From: Foreman N &4 they Bldg. A3 Area A
| Reading |Standard Test Reading | Standard Teat
Nurber _ |{Reading Reading | Deviation | Nuwber | Reading ¥ | Reading) Peviation
| pp.opp - 008 | 22 1/§963017477 |
2 12S.020) Z%90 4( 22 1,728.00016 %83
s 15006514549 Les e $5015G82
‘ 1. G50 1L1.GEF5 PR AINA DA
s 145 £9012 643 %5 | 995013689
6 /a8 0%0 4. 585 L2 12507012 989
1l /0. 070 S 7 K6 _J} #2 7651 G sC
8 |/25.0501. 9 £¥ 28 1A5.0501 . 952
o 2000602581 12 lawooo |-.006|
10 i 20
11 ' 31
12 1 32 o B
13 1 33
R _ o _ _
BT 35
16 36
— 17 37
S 38 =
RE 39
20 40 _
Remarks
PN N
L J

Figwre 1




1 Unit of Measure O -2A50 PS(/ O —10\ Date - (-8
. Equipment Under Test S ) 50_6 ec. AS No. qéf S—‘ &)
} . Standard Used % IDq{og ¢ No. S//[ [Iéb?
Range Q - 2 00 QS { Calibration .Expires £~ ‘5—8:"'1 By L'E:J ,’(_, f? ,'{
Barometric Pressure ' Humidity % Temperature g&’) ° F N
F.quipm(ilj From: Foremen . E (-\’[heb,!, Bldg. _~—22. 3 Area A"
Reading |Standard Test T It Reading | Stendard Test i
Number Reading Reading { Devietion Number Reading VY | Reading | Peviation
r lppooo i 381 21 op. 01518026 _
e |A4.92511.033 {22 115.00517.027 E
3 S0.00012.0371 23 149 . 92016.0295 :
4 75 .02 013,036 24 [AS, 030615030 .
5 19%9.9304.p32 | 25 1/00.07S514.032
6 IA4. 92015 .03% 28 2%. 965 13,027
TS0, . 03016.035 e SO.025 L. NIE
W 1175.030(2.032 28 AY. Gl . 021

9 1199, 98318028 29 00.000 | O3]
10 20
11 i 31
12 - ﬁ? I] 32
13 Jl 33
14 _ 34 _ A

_..._i_s____..__. 35 -
16 36
17 BE
18 ) 38

19 39
20 L__40

Femarks

Al
L -

fad It s MW 3 WIS

CALIBRATION DATA SHEET

Figure 1




722-A E &6 1 SHOP
CALIBRATION DATA SHEET

Unit of Measure D - ASeo PSS , O-~10V pate __ A -~(- B3
Equipment Under Test S & 4 <pntec AsS No. 73 829
. Standard Used S/ 10563 v No. S/ 1169
Range O- 2 Op S| calibration Expires B-S-L3 By ELKLR K
Barometric Pressure 3 D l-(-q Humidity X Temperature 30 OF i
Fquipment From: Foreman _&I CAThey Bldg. 72 3 Area A
‘| Reading | Standard Test - Reading | Standard Test ;
Number Reading T Reading Deviation Number Reading ¥ ! Reading Deviation
1 Ipo.oool | 0oy 21 169.990 ) £.001
|2 1AS . 0001 1. OnE 22 [75,020] 7.003
3 50 NS0l 2,009 23 (D OtS 1£.003
[ & . 2.005 24 [35. 015\ 5 .002
5 pD . PSS ¢.008 5 |u.0351403
6 [/2¥.960] 5.003 }&25 25,020 13 00%
7 1150 .0851 L. A0 7 Gl D025 1.0 %
" (1. 9801 £.002 8 A0.085 |f. po.% |
9  |200.0¥017. 004 29 20.000 | 007 !
10 20 ‘
11 31
12 32
13 33
14 Ah % | |
15 h s |
16 D
17 - 37
18 ) 38
[ 19 39
20 40 B
Remarks

s .

Figure 1




LALLDBIALLUN Unifn SRk

. Unit of Measure o:&‘:’.o S\ L0 -~10 \'4 Date -1 ~-83
Equipment Under Test SENS3SOTEC AS No. G4LS0 ¢
.Standard Used S//V /DS g v No. S //Z y74°%2
Range (0 - L00 PS{ Calibration -Expires _2- S *«?5 By £ A/IEK
Barometric Pressure 20" Hg} Humidity % Temperature Lo° F _
Fquipment From: Foreman 3 . Cpthey Bldg. Z2 3 Area _ __Jﬂ_____.
"I Reading |Standard Test Reading | Standard Test
Number Reading Reading | Deviation Number Readin | Reading | Peviation
1 |po.ooo |.p0o% 22 L0046 8.007
2 |25.080 jr. 007 “ 22 |12, 96017 00¢
3 150.03011.005 23 |/sp. 050\, 009
¢« |925.070(3 007 | 2 v £90)5 000
5 |mo.070 4007 | 5 1/00.060 14002
|8 __|/aS.000 |5.003 26 28046062 00 7
T |/80.010 L. 00 21 50.0%0 2. 007
8 _ |t 99012.00% 2 |a5.0¢0)Y. 008
9 00 0SS5 8007 2 | go.0os | .0/l
10 i 30
11 31
10 32
13 : 33
14 34
15 i3S T
16 38
17 - 37
1. | | >
Rt ] BES
20 40
Remarks

Figure 1




CALIBRATION DATA SHEET

Unit of Measure O - SO PSIA O =10Y Date __ R-2. &%
Equipment Under Test <SENSoTEC, = No. éléﬁ Vi
Standard Used S/ 10563 cvo. S/ H6F
Range ) —-2.D2 PS[ Calibration -Expires £-<—83 wy <. K/ f/( -

Barometric Pressure C;Q\? & “147 Humidity % Temperature jSOF -

Fquipment From: Foreman ~ ﬁfﬂe.,, Bldg, /2 3 Ares /7
Keading StandardT Test q}eading Standard| | Test ‘
Number  |Reading | | Reading | Deviation [INumber | Reading ¥ | Reading| Peviation
v lpn.o06 |- 01% 9. 936/0.012
e | )/ U0 A ET? u 2 139.G%6|501(
s 114,975 13.99¢ 23 130 0% \4 023
« 13zp.0301L.0(3 2 /9 690 (3.5
s |w.p30 |g.022 | 2 /02/0 |2 90
6 - ; 26 200 |-
S |sp.030 10,031 1 2 00000 |- 85
T ' 28
a 29
10 ] 2o
T B!
N
13 33
YR 34
BT o 35 - -
16 36 . -]l
7 _'L 37
18 ' %
19 I ]
20 | <0
Remarks

Bt S AT St SoE
1gure 1 wm ma’d% -




¢

0 "NIVYIdNIL |
so ool G6 06 c8 08 G/

QISd 'dd mog13

S L I I T A I N “.” : al
sdwind G dad MOg13 SA FANIVYIdANGL d3LSNradvNn
SLS3L NOWUVLIAYD dnd




UNADJUSTED TEMPERATURE VS ELBOW DP 3
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Appendix B - Data Adjustment Procedure

To calculate the operating limits the L-Area test data had to
be corrected to normal condition of a full tank and 5.0 psig of

blanket gas pressure. The following procedure was automated in

the progréﬁ listed in this appendix.

-y1/2.4
1) P = [(6.4537 - 0.3977(228.3315-Tpooi) 1/ °]

saturation in test

2) Pagjustment = blanket gas pressure + {19.2-Tank Level)

3) Poperating = Psaturation in test * Padjustment

4) Toperating = -34.9645 + 81.9577 (Poperating)l/4

aAll pressures are in psi, temperatures in °C, and the tank
level is in feet. Eqguations (1) and (4) are univalued fits of the

D,0 saturation curve obtained from J. P. Morin, SRL.




C) Calibration Data

This appendix contains the following calibration data for QA
pur

urposes.

1. calibration for effluent line RTDs.
2. cCalibration of atmospheric pressure transducer.

3. calibration and identification of 0-25 psig, 0-250 psid,
0-50 psia transducers.




cCs J. W. Joseph, 783-A
R. R. Butterworth, 723-A
M. M, Widener, 1a5-L
M- T. Cox' 794-1.4

J. L. Cathey, 723-A
C. M. Schaumann, 766-C
V. D. Vandervelde, 706-C

. October 12, 1983

TO: D. R. MUHLBAIER, 764-L
FROM:  A. W. GARTNER, 723-A zei¥

PUMP SUCTION RTD CALIBRATION

Refernces: l) "L-Area RTD Calibration®, DSIWI to J. L. Cathey
from D. R. Muhlbaier, 9/36/83.

2) L-Area Pump Suction RTD Calibration Test Results
(ab#aﬂhnﬂ\ '

Y el e AL W @

Introduction

Accurate pump suction temperature is 1mportant to efficent
reactor operation. It was desirable to verify the calibration of
the pump suction RTDs.

Summary
Cailbration was accomplished during the week of October 3rd using

an NBS traceable RTD and a temperaturg bath. Data points were
taken at approximately 36, 70, and 99 C. It was desired to
obtain differences of less than 8.3°C. With the exception of
pump #4 and the low temperature readings, results were within a
few hundredths of a degree.

Discussion

The low measurement error was higher than the error for the mid
and the high measurements. This did not cause any concern




because, they were still within the desired accuracy, all pumps
were similiar, and the reactor would not normally be operating in
this range.

The measurements for pump #4, though within the desired accuracy
range, deviated greatly frog the other pumps. Reactor Tech
adjusted the offset by #.18°C in the control computer and the
test was run again. The results are now accurate and comparable
with the other pumps.




L-AREA PUMP SUCTION RTD CALIBRATION TEST RESULTS

Pump £ Control Computer Known RTD Difference
—_— (°c) (°c+/-2.01°C) (°c)

S 30.68 38.69 2.08
70.49 78.39 : .41
93,97 93.97 0.00
6 39.65 38.58 8.07
92.85 92.85 g.80
1 25,24 25.18 .06
71.11 71.14 ~-0.083
93059 93061 -0-@2
2 T 26.17 26.05 : g.12
51.92 51.86 .04
72.29 _ 72.26 2.03

* . *

4 26914 26- 25 —ﬂoll*

(lst) 7¢.80 70.97 -0.17,
{run) 94.58 94.76 -0.18
3 . 23.32 | 23.23 g9.09
' o 71.14 71.13 .01
90.77 9p0.78 -0.01
4 - 24.55 24,47 | g.08
{run) 90.14 99.13 - f.01

. - . _ . :
Original measurements yielding results inconsistent with the
other pumps.

AWG
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TO:

= PRICE*QUOTATI O

v L

=S R
_ INC. TECHNICAL SALES nspnssemnnvss

E. 1. Dupont :
Savannah River Plant

DATE
1. 5/10/83

#r. Tommy Sessions YOUR INQUIRY NO.

Vs b B

PROﬁOgED SHfPPING DATE

. : ‘ weeks
Building 723A [ TERMS
Aiken, SC 29808 , .??igsl_iﬂ_daxi

Columbus, OH

TO BE SHIPPED VIA
Best Wavy

- |LTHIS QUOTATION VALID FOR_ 30 pavs.

WE APPRECIATE THE OPPORTUNITY OF MAKING THE FOLLOWING _PROPOSAL AND QUOTATION.

ITEM QUAN. l DESCRIPTION

e ——

UNIT PRICGE

TOTAL

e
Pt e—————

Sensotec Type Z Pressure Transducer with Ampiifier
Qutput and Mating Connector

Range: 0-50 psia
Output: 0-10 VDC
Accuracy: 20.25% of full scale

Sensotec A-5 Differential Pressure Transducer with
Amplifier Output and Mating Connector

Range: 0-250 psid
Qutput: 0-10 VDC
Accuracy: +0.5% of full scale

Sensotec 2 Type Pressure Transducer with Amplifier
Qutput and Mating Connector

Range: 0-25 psig
Output: 0-10 VDC
Accuracy: $0.25% of full scale

All other specifications on these transducers as per
Pages 4, 5, 6, & 7 of the enclosed catalog. A photo-
graph showing the 0-50 and the 0-25 transducers is on
the lower left corner of age B> On the lower left
corner of there is a photograph of the
differential transducer and jts amplifier. The
amplifiers that are shown are actually a part of
transducer in that it sltips inside of that extended

Vican'*. These transducers will be temperature compensated
P 129°F.

_to operafe at 95°C, The mating connector that 1 am

talking about would mate directly to the Bendix connecti
which is clearly shown in the drawings on the bottom
half of Page 5. That is the transducer connection and
we are offering the mate that goes with that. In your

IAGE

1 OF 2

PAGES

N
$550.00

P

$740.00

$565.00

pn

Cmrochl Nomber F e, SESCO, INC.
6A4-10-ES
' a/f—/\.fl&/u]!),/

D$ 4,950.00

N$- &4 ,440.00

$ 1,130.00

Jrices shown are applicable ONLY to the quanti- D ryl SWwiss

165 quoted herein. Any change in quantity or dele-
,on of one or more iteMs May require Guotation
pwision. All prices are subject to the appraval of
ne manulfacturer.
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WIRING CODE

+} +15 VOLTS 1IN

) COMMON

}) =15 VOLTS IN
-} OoOTPUT

} SHUNT

} SHUNT

¥ CAPACITY ouTPUT

0 o Volts
Ascending g 4. 97927 volts
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CALIBRATION RECORD FOR TRANSDUCERS e
WITH INTERNAL ELECTRONICS = =~ el SO
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CAPACITY _ pose pera _i
. : (4] d
COMPEMSATLD TIMPRRATURL RANAT PRt /2y 9F 70 Z2€2 7 !
WIRING CODE

A.) +15 VOLTS IN
B.) COMMON :
C.) =15 VOLTS IN §
D.) OUTPUT i
E.) SHUNT 3

F

+} SHUNT ]
% CAPACITY oUTPUT

0 - & Volts

Ascending 50 2. 99z =  Volts
100 /0.000 (>, Volts

Descendinqa 59 L. 7474 Volts
] [ Volts

PRESSURE PORT FITTING: ~/4 28 AT gl EL -

MATING LLLCTRICAL CONRECTOF A Lo & M —/o- &<
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CI\LIBPJ\TION RECORD TOR TRANSDUCERS
WITH INTERNAL ELLCTRONICS
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—0-50 PsSIa
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COMPENSATED TEMPRRATURL RANGE TR0 JZgr F 70 zo 2 °F
WIRING CODE

A.) +15 VOLTS IN
B.) COMMON

C.) =15 vOoLTS IN
D.) OUTPUT

E.) SHUNT

F,) SHUNT

% CAPACITY OUTPUT

0 : g Volts

s [ v

Ascending g9 t.agdod

100 /0. 000 f
59 £.790/
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Descendina

PRESSURE PORT FITTING

MATING LLICTRICAL CONIRCTO

LUTIDVUL FUDUT GRL MREISTAIST INATLILIL.  SINnTINY TOATTLER
DINE DD T URIUIAnG AL SuTmm on 7 GG o s ony

SCUTTTI Ny Cun

_4/C¢y/v/}/{5/iﬁ¢vv

DLt e

7/«9/ ==

;;SENSDTEC INC‘.

< BE e

: $200 CHESAPEAKE AVENU ‘s mws. omo 4:21: n i e

n,l w'ﬁ“} 1, H Ry 1

’\_dliv\. LT

i 1Y YU T A




.....

vvvvvv

" CALIERATION RECORD FOR TRANSIUCERS
WITH INTERNAL ELICTRONICS
R 2/3533-01
SIRINL O G700 =
CABACITY __0-50_PSIA._ —
[$]
conmr 5 OTIMPERATURL RAuAT vuo oy Ypowy 2oz °r

WIRING coObE

A.) +15 VOLTS IN

B.) COMMON

C.) =15 VvOLTS IN
D.}) ouTpruT

E.) SHUNT

F,) SHUNT

% CAPACITY ouTPUT

: Volts
Ascending g5p _ L. 4906 Volts

100 (0-006¢, Volts
Descending 59 fa_éf?/g Volts

9 C’ Volts

PRESSURE PORT FITTING J/— LB WET S E
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QUTPUT
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MO 0w

%t CAPACITY ouTPUT
o /olts
5 £4.99(¢ Volts
109 q4.8¢72 Volts
59 f.9927  Volts
o Volts

(4=
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Loe |
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[ i
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% CAPACITY cuTPuT
0 £ Volts
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[
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— = 2

$ CAPACITY ouTPUT

0 &) Volts
Ascending = A A Pl 5
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Descendinz 59 L.@GE Volts

U o Volts

PRESSURE PART FITTING ZB ~ 27 NP7
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COMPLMISATLL DIPIBATY .T’..“‘-,th"-.f-': T fzpt 7o 20 3
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D oV it
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3 CAPACITY ouTrUT

0 [, Volts

. Ascending ‘50 _4» Q¢£é Volts
| 100 I 9995 voles
Descending 59 44?5{ Volts

2 - & Volts

PRESSURE PORT FITTING /éj 27 NPT
7 . ‘
MATING LLICTRICAL COINECTOR A foff 1O - o S
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v CALIBRATION A2CORD FOR TRAMSHUCHDS
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ciengITy - Zggf?f?’b
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C
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EELF lfrunt (/M

% CAPACITY OuTPUT

. 0 o Volts
Ascending 5 L. Q009  Volts

100 (L LLEC  Volts
Descendinn 59 = OO0 7 Volts
o < Volts

PRESSURE PART FITTINA //23 -2 7
f
MATIRG LLUCTRICAL COULICTOR oA (off -0 - (o S

""‘""_ 5 TOGTTIER
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CALTHRATION RTCORD FOR TRANS: )L(.T' ne
WITH INTERNAL LBLICTRONT
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HURINL ol ZEOFETT7
CLuROTTY O - 2o RSO
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h/ +# 5 VoL
= ALV
d
C
£ &

% CAPACITY ouTPUT

0 PP Volts
Ascending 50 L 7 75 Volts

100 . D] volts
Descending 39 4,4¢[ﬁt_9 Volts

PRESSURE PNRT SITTING /9 27
MATING LLICTRICAL COUUTCTOR A foff —10 -Co S
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722-A E & 1 SHOP
CALIBRATION DATA SHEET

Unit of Measure (O - [0 PS(A O -0V pate __ K—( — £ I
Equipment Under Test S E NMSOTEC = No. 772609
. Standard Used _S//D" [05’-6 4 ¢ No. S//V //é ;

Range. Q-Mo PSZ Calibration .Expires 2- S “g S By fousl) . /\J ;QJ(
Barometric Pressure 20 '/’3[1 Humidity % Temperature Poc~
Fquipment From: Foreman T ’CA TAei Bidg. 72 3 Area _ /7
Reading | Standard Test - Reading | Standard Test
Number Reading | Read in Deviation Number Reading V| Neviation

1 Ipo0o0l- ©AY 22 | b oyo 1/0.030

2 |14 . 13012907 22 9. 53015000

1 120, 03014006 ‘ 23 |20 020 4.0

¢ RO.OIWOYL.OAS 2% 120.05014.022

5 |40.02018.022 25  1n/.2301292¢

6y 980 0. 01 Z - 26 109.000 {_ (/0

7 27

2} 28

9 29

10 20

11 31

p 32

13 t33

14 34

15 - 35

16 36

7 37

18 38

1'9. 39 :

20 —u 40 N
Femarke

Figure 1




CALIBRATIOUN DATA olLbEl

Unit of Measure 0 -0 PSI A . H~-10Y. Date -2 g 3
Eguipment irnder Test SE_: N SOTE(‘J Z No. ?7&/4
Gtandard Used | S/n/  1OS63 cno. S/IN IHES
- £ e T Ao tdlentr tom 'Dxnires /?‘ S_:'—‘-“X__g By E_ 'g_! f/d

Range -.C:J_. S A (ES [ LBLLURRRLILU -LRP [#] —

Barometric Pressure alff é:/‘/7 Humidity X Temperature 75 °F
Fquipment From: Foremen & /?7’}_75_.{, Bldg., 72 % ‘Ares ﬁ
kend ! ng Standard ) Test N Reading | Standard Teot

Number Reading Reading Deviatlon Number Reading _.Bﬂmunxj Teviatio

L 100,000 |~ 04 2 150.020/0 038

e /0 |2 98¢ qP 22 139561 8007

3 20 . 030 L. 00/ 23 30,040 ¥

s 1' Y PV o R -— LN
bt B0 060 1 L.O2D 24 19. 9015 77/

5 ep.peo | L.031 25 1Y D 12909
6 |n p6S o 0¥2 2% | gp.400 =009
S | e
T ; 1 '

W 20
- E
| e  —

10 o

13 33

14 | 34 . _

--lb — e —— N S {f poe
W T 5
" 1=
8 wo ’ “[ 38
3 | 3 -
20 § &0
Remmarks o -

“gure 1




722-A E & T SHOP
CALIBRATION DATA SHEET
Unit of Measulre 0 ~-<o St A ; O -10Y Date g_—;zz— QS
Equipment Under Test <SENSoOTEC, _zi No. G 61
Standard Used .S/A/ 10563 v No. S//V //6f
Range ) - 202 PS{ Calibration -Expires g" S—83 By (;,T_K/ V44
Barometric Pressure J\C? Qé "//7 Humidity T Temperature 7~$F
Equipment From: Foreman P A7THe-, Bldg, _ 72 3 Area /7
[Reading |Standard Test aa :ujeading Standard] | Test
Number Reading | Reading Deviation Number Reading V| Reading Neviation
1 lppoes \— . orS a1 “e.536 |4.9¢7
2 ¢, 2c0 12 402 4 22 “o. 0¥S (| for s
3 0. p6S |y 0% 23 20.080 |4.6¢3
¢t 2e.036 [5.979% 4 1/9.966 |=.950
5  |go.p28 | g ool 25 1% 200 13 908
6 $p.ov0 | 10-0/L .26 20.020 \-_,0/2
7 27
g 28
9 29
10 ES
B 11 " 31
o 32
13 ’ 33
14 [ 34
15 ) 35
16 36
17 37
18 38
e | 39
20 40
Femarks

Flgure 1




fas=n L O 3 oV
CALIBRATION DATA SHEET

Unit of Heasux:e O -~ <O PSS . H-10¥ Date _ 8*,,7,- 2 3
Equipment Under Test SENSOTEC, = No. ;7_4 7
Standard Used .S//l/ 1 O S638 v No. S//V /{6 F
Range §) - 2.02 PS[ Calibration Expires §-<—83 by E L 8K
Barometric Pressure A7, Qé "/‘{7 Humidity 1 Temperature 75'”:%
Fquipment From: Foreman e AT7He, Bldg., 72 3% | Ares _ _._ﬁ____.
Reading |Standard Test i Reading | Standard{ [ Teet
Nurber Reading Reading | Deviation Number Readin Neviation

1 00.000 |- 03¢ 21 S50, OSHUD .00

2 . N0 12 Z%¢ 22 39%%0 | %00

3 0.080 12.999 23 120,035 L.o0%

¢ 20.03D |.5.978 [IES 0 0313 79¢

5 lun pso | 8001 [ 14200 [5.902
5 1500506 40.0(9 26 06.000 |- .08

7 27

2] ' I 28

9 29

10 HET

11 ’ 21

12 |

13 33

14 . _ 34 _

15 ]r 35 B

16 ﬂ 36

17 4 37

18 ' 38

19 39

20 § 40
Femarks

Pigure 1




722-A E & 1 SHOP
CALIBRATION DATA SHEET

Unit of Measure __ 0 ~ SO0 PS(A. O -10y Date ____R-2_ 83
Equipment Under Test <SENSOTEL = No. ??é_&__é
Standard Used 5//]/ fDS-(DB v No. S//‘/ //éf
Range ) -2.00 PS( Calibration-Expires g-<-83 wy = V44
Barometric Pressure a’J\Cj ?é:ﬂ7 Humidity " % Temperature 75’°F
Fquipment From: Foremsn ~ ﬁf&gq Bldg,. /23 Area ﬁ
Heading |Standard Test - Reading | Stendard| | Test
Number Readi“&,T Reading | Pevietion Number Readfng Y | | Reading. Neviation
L o000 |- ya7 2 |.50.000|/0.007
o |gpp00 |- o l|iEZelO § 22 w070 | £.035
oy w0 12,907 23 129.970 |/L.006
¢ lRo, o406 g 012 12 59008 |vws
L s lagc#0l o0l | 2 20 12 0%
s |0 08 |£ 037 26 1p0.000 |- p1%
T |$p-0%0 |0.036 27
o : 28
i __% 29
10 20
R 3
T 12 32
[ e 1 33
IR - s - — I
13 35 i
16 36
17 37 q
18 ~ R
19 RS
20 § <0
Remarks
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722-A E & 1 SHOP
CALLIBRATION DATA SHEET

Unit of Measure O~ S50 PSSt A - 2 -0V Date _ g -1~ 93
Equipment Under Test SENSole & = No. f?(o /2
Standard Used s/n_ t0S6EK _ ¢ No. S//y //6?
Range 200 PS|{ Calibration -Expires By /— . K/ EL/
Barometric Pressure oSO ' [+c = Humidity ¥ Temperature §0 °~
2 ;
Fquipment From: Foreman I .Cp The-}l Bldg. 22 3 Area _._/4___._
| Reading |Standard Test Reading | Standard Test

Nurber . {Reading | Readin Deviation Humber Reading Deviation

1 0.000 |-, 039 21 149.990 14.4945,

2 11y, 130 12 281 }E 22 |40.04017.989

3 o 0¢0l2. 719 23 . 990159

¢ R0 0251897 L 2¢  lan.0% (3 925

= 124 94n]2 9238 B 1sy7%0 1 96

6 |sp.07010.001 26 190.000 |-, (937

: 1=

__}_EJ 20
B 11 31
12 32
} 13 33
14 34
T T T 35 - N
e | 36
17 T =7 )
1=
'—"“1'9 39
B 20 40
Remarks

Figure 1




- 722=-A E & } Oy S
CAL1BRATION DATA SHEET
pate __ R-2- 83

Unit of Measure nH-~<So vsSe , H-=-10Y —_—

Equipment Under Test SE'(\}SOTE(: = No. 42_@05'
Standard Used .S-//l/ 1 O S63 v No. S//\./ 742 f
Range £ - 2D2 PS[ Calibrat fon -Expires 5’4‘ 5,:—-33 By il ,‘5,/ .ﬂ_’fd_
Harometric Pressure al? ?é 347 Humidity __! Temperature 7S'°F
Fquipment From: Foreman ~ ATHS—+ Bldg, 7235 Area /?
Head-ihg Standard Test Reading | Standard Tegt
Number Reading Reading | Devistion Number Read ing Deviation
y |gp.000 |- . 007 2 |59.000/0.03%
s S0 |2 K97 o 140 07| F.0¥0
v 20.000 | £ 00 23 20,040 | 4.0k
¢ 130,055 L. OAS 2¢ |20 026 |LO/S
s . 010 |£.023 25 /¢ 200 12.9/7
s __\<0 060 [0.040 26 . 000 | 00.800
K 21
a 29
BETE R

B ' REE

e E

1 B
13 ' 33

14 34
s | B - s |

16 36 .

17 : ‘l 37 —
| ] i
Y . 39 .
B ?0_ ' iﬂ:w |
Femarke

e ——

wgure 1




722-A E & 1 SHOP
CALIBRATION DATA SHEET

Unit of Measure _0 - SO PSIA_©Q =10V pate __ & ~{- K3
Equipment Under Test SENSOITES =z No. q'?bof_‘_‘
Standard Used S/[\[ [OS6ER . v No. S//V /Iéi
Range (O -~ 2.00 ?S‘ Caiibration-Expires ©-S-83I3y £ }%IEH
Barometric Pressure BC)"'H-c; Humidity ! Temperature ___80 °F
Fquipment From: Foreman :CI CAaThe Bldg. _ 723 Area __ /A
Reading {Standard Teat ?%ﬁeading Standard Tegt '
Number - _|{Reading | Reading Deviation Number Reading VY | Deviation

1 0.000 |-.01( 21 49.9209.998

e 19.230 [1.907 .]r 22 |40.080 l¢g 027

s 116.96013.986 23 |30.000 1,005

¢t 1Ag G888 787 24 120,025 i¢.00C

s |g0. 05018 016 % 1/4.230 2.908

6 150.050 {0.030 ‘ 28 D.000 |- o/f

7 _l 27

A 28

9 4' 29 -

10 J{: 20

n i =

o %} 32

13 , 33

14 - ] JED

15 | 3%

16 36

17 357 .

18 ) }f 38
N [

20 | eo
FRemarks

Figure 1




722-A E & T SHOP
CALIBRATION DATA SHEET

Unit of Measure O—QOE( A O -0V pate __ 8 ~ (- 83
)I . Equipment iJnder Test SEMNSITEC == No. Q7é63
Standard Used /oy 1OS(3 CeNe. Sy /65
Range OO — S| Calibration-Expires L-S—K3 8y & 744
Barometric Pressure ?)O B qu Humidity 21 Temperature ZQOF“ B
Fquipment From: Foreman 'S- C AaTREY Bldg, 77 Area é’
‘| Reading |Standard Test Reading | Standard) | Test - 'a
Nurber  |Reading | | Reading | Deviation JiNumber | Reading Deviation
1L 1m.000 |- .02 2 7 G0 | 0.00f :
2 liy.730 h B KE 22 140094 |£. 020
s o060 R.6L8 e l29.90015.67%
t RRopip 1£.986 |2 0.070 1 ¢/ 007
s 129.6%0 |2. 943 |2 /4236 |2 ¢02
6 lug 960 19. 99K - 26 Ind.dvo |- p/7
7 27
;! 28 ﬁ
f} J 29 -
10 Y
11 | =
12 [ 32
13 33
15 35
16 36
T 17 37
18 58
19 39
20 _7,11 40
Femarks

F‘lgure‘ 1




D) Fluid Property Effects

In the adjustment of the L Area test data to operating
conditions, the fluid property change s were not taken into
account. It is common for a centrifugal pump to require less

NPSH at a higher operating temperature due to viscousity, -

conservative measure was taken because in the SRP reactors gas
evolution takes place before cavitation. Without further
extensive testing, the effects of evolved gases and two phase
flows on the pump characteristics is unknown. In Reference 1 a
procedure for accounting for these changes is outlined. The
procedure is based around the discussion in Reference 7 and uses

the Bingham Pump Company data that was experimentally collected

with degassed H,0 (See Appendix G). ::,___,af”’"




Abpendix E - Low Pressure Header and Tank Level

The determination of the actual tank level proved to be
difficult. This appendix contains the calculations and data used
to resolve the discrepancies in the test data. Special attention
should be given to the effects of the number of pumps running on
the low pressure header readings. Also note that the bottom tank

centerline transducer was plugged during most of the testing.

The data listed was collated from references 9, 10, and 1ll.

Methodology

1. Determine all gauge elevations
2. Determine reading at overflow

3. Adjust for number of pumps running and obtained overflow

reference point

4. cCalculate tank level from absolute and gage readings

{unsucessful)

5. Calculate levels by subtracting (i.e. using delta) from

reference valve

6. Ccompare different gage readings




Full analysis of all tank level data indicates that at the
cavitation test levels approximately 10' and approximately 8' and

at the S.L.0.C. test levels 3' to 0' the DMA calculated level is

corrected.

Estimated Error + 3" (these ranges only)




OBR 2530 (Rev 679 ENGINEERING @E&j} COMPUTATION SHEET sEEY Wo.
= - .

SUBJECT WO RKE

COMPUTER DATK "%

@ ek LoRRELATIONSS

A o 2 o)
ERRR w6, = O.73°
P = 0.983 /z;/gfm) * 0777
CORE = 0.9732

M 7O LA /7555)_
 ERRR Ay = ~0.017
oA = /172 (2/;/?/,;/,55;) + "0.323
cCORK = 0.9727

ORK7 7 s -
SEE  CURVE - ’
AEUITE T CEUEL FY = 210 (i)t /AN

N A 7 A A7 7/ | ‘ |
CokR, =0.77 76 | \

LT T LY :2,57/(f_/’_’f;; 5) — /2,957




d
=]

Z

V)

- U LIV F AL

A

7/
L

77
/Y

.74

-]

AL
¥

AL
'S
2

L¥

.
FEPTNZ T

7y
/

e

-

T T WY e

Cddhl

LA

Pam'{ 2

Faliatd.

Ps c.'7

P d
!

f 2o

S Sues™

V-2
F A

rari
/
AV

y
¥
yivi
4
F=4
Lerse GARGE [%

.

5 e & - & V%h-h#mq == -

AENEREREEE

20

X B m e Q o

9 ‘W E'n NI 3OVH @ HONI ¥83d DL X 01

NOIlYyHODdNEO00 NIOZL3I0 ¥3dvd HdVHE N3IBZL1310 Ol-IPE "ON

H




T oA/ -
TIIAIE LEVESL 274 T
- | N &£

Q.20 fuE Lrp wiEASLEES ARYT

" 00" ELEATI ST

- BoTTos]  OF TANS /S5 A7 -/7-37

s MOK/ TR s A /S AT —/?’éé ’75"_'

L BOTION) 0F  puERFOK  WIER 15 g7 —O-]5"
SEE /227 /58 : ' -

CELEVATION  OF  VAMT Y XOER /S
565" pBovE -H0° FzoaR

ELEWTIN  OF  HESE & SE /S

7 if LA

£ pByE -f0’ 2R

170%"

72 = (pup o7 pEBSUEN (P i .

L .-

7 | | "z;g ' ,.ﬁ.i“.'_“____'_.. ___"..____._..-::__ . |

o—:? f -4010 . e
S A | S




CAVITA 7oL |
TERNE  LEVEL R TT |
_- T 22 BT

® e I T P el
EAC

4
-/ 2" x FmlE
B.8 BTk /P

7:./-:" /7/‘/15”
77 = /B.337

~ 299 LA gw)  TL= /8877
ASSUKIE — RX  FRIE  LoRRECT -  /fF 77255
/S A7 OUEEFLIKS —LEVEL k2

BE )7 /%" g

OB PLERALE L) RERRE kT
I A7 opErrzox) 4 ALs
T RIFRIE LK (wr)
c8 ¢ -/ 2 i 29,84 N
L 2% s
'/: /" 27,78 )
~ 2%9.97 e
— 27.72
% ’ -0.1"” 32, 5.73 ~Opsr BGRP
’ ""0:/ ” 32 ] : - ‘
857 -0./5” 32/2 (70 — ~
Vi 0.3 3185 L
3 ? : - //1 4 ¢ &’/‘:/ ?
% =457 30,/ Fl0R 3/
68" -1.77 201/ |
s0° A 30405
& /7 -,,8 30./2

7/° 1.8 ./ _ p
/3° -1.7" 30.03 \% 10-30 5ﬂ
76 17’ 0.7/




% L
TNE  LEVEL 77 o=

ERRPIN P

O.o2 i ey 1043 Jo27, /0-30 7o
SE7 BIEELKE A L)

c EEEECT  of FEMVERATF VESTE AR
K LERIS)TE

. 7D V2 VA L syBRY)T O.3
e 70 fj /7’@% 5‘;5 b, {% sﬂ%z; .7

J0-/3  LoREECTEY Fp ELEWTEK o007
21.73 , 2117 ,30.0/ , 30.0/

J0-2F  coREECTEY) 0 FEV O i 2L
22,95 | 2770 | 271 |, 2782%

)
/N -2 V) e =P o o=y ALp7 syl éﬂ&
[V L YR P narer Pl e 8 £ L L [ #d Pl 4

%4 ELLF

3007 , 30.// , 30.0 , 30.98

Wi = 29,98 o= 0.085/

FUE  0F LUBVIENETS  JRITECION — ELMIWATES
ERY  DAH  r28/77

MEA = 30.00 o= 0.0728

= /7 o~ -}—/ﬂc",
[ -t (S D

ea pP N
(AERH <




V7 7'//-/ N _
774//(,?? éZ’//E&A o7z g=S

O Lurs)s spos  THET A TZEKE LEVEL
oF 1737 coktEsmOs  To A
4 /f//?M) READNG  OF 30,00 A5

CAUCUARTE  ABSOLUTE  LEWEL
== ASSYME AW /%555 = /4.5 P53

Tk 2EvEL = (30-145) 22 L) EF )+(5‘54 - //?25‘)
= /8.87"'
KITHIM S wleHES oF ESTIAIR7E ~2 P51

CAHECAK  A7H] LSS YT v/ i)
/2 8 rsm éﬁaw /xwgss)

/
0A /& 50 WM RS Lot XD EL

RS

’ /0-29 “ JF T s
/O-/3 <
SR/ BAROKYY A
/02 /07 mBpes = /60 0 cp FrRoA? SHL
0-22 /076 mE = 473 vy Lolrn ELEHBT
D29  JOOB ~F = /4,62 A 003
0-30 102 |8 = 481 MEGLIAELE
ave. J467 B
Z
o

o T JEVE Y g s oS, = 18,27
R

W




AW TP T2,

s e o T A
o < s iss”
PR RESEREREE 19737 = Z0L0 on LI I
Fot” = 70 g o OBY7
DA VA VANV AUESE
PRESSE  LEVEL LA 2P 7P
0 L 170" .07 /4.1 25
@33 88" Xz soe
& 39 82" 25.2 wo e
@+ 3 g2’ 2547 St
- @+E wz' .03 B89z
& — /707 26.35 2.2 ~25 '
OzPrr " o 247 ~o5T




5/?///7//7'/6-’2/- o ‘ ____' _‘
THNE  LEWEZ o7 o
Q@ - serkEuE  cotvrrnys

DA ARESS.= 7.0 | LPHIW) = 3000 6ac_
LA (HESE) = J] ) ok LEvEL A3

7L 7Z 72 77

oy OMA IrESS  DMIA LHEW) LA HESE)

’ . / SIERKGE
2 73 8.5 7.3 — 7,137 :
3 8.5’ M 7.0° 8.3’ L
4 7.4 22" 97’ — 7.43
5 /0.4 w2’ 1077 — 050" .
4 - o’ 6 YA )23

27 DELITA  KPUL A7 74597
HIESE)] THE DOmA 1E)£7 /5 LIRREET

Racet0 70 S.Lol. 7257 A
PR LR s A STS




o LAY AESE ,_
W/’ S L L £ s

N

N\

o PE T

w22 28 [3:08 pxemp -0.]" 3223 2302 Ve
£5° /5206 -0.1" 324 2442 A~
g5° HMF 05" 32,02 2568 = LA
7#° /478 -030°3)852672 A
50° )65/ — 3252 27.05 §LE
0-30 47° )/ prapr -1.87 2012 2607 S A<
. | wxcomss /867
o8P 8.Spp ) .
| JI° )0 -8 M 232 S
AN B .
N o6 L
X 73.5° WFS | ’Q ?C 30.03 24.53 sHL
ggms
78" 12.00 19 ”W N S AL
V28

E.6




/8.30

307/ 25.67

: 2
o VE_T ™~ o L & wPH £ s
10-/¢ e MEHIAT - 30.83 2478 3o
/1017 /0.30 3.8 24.77 6 Ac
/021 <. 7232091 23.03 £/
/012/ i . 32572277 soc
0-2] 2228 zxcM/?& 3/ 70 33/0 5
exme <137
LTEEP JOTRY |
/0-13 1008 wxpuE =/, Z 27.88 25.67 £
o e xgpP 8.8 %
% /O 3F éé/ z?% 257 EA
755 s I *-/-2__‘2?.?’_2__&5.73__ - Y -
S Bl L |
12:3) =17 2998 Z5.6% £
_ i 88 o
10-13 6:04 57L73 | Az
KBS0 30.60 2544 & L
, /652 30.63 2565 / 7
B 5+ 30,30 25.60 2
/- 30.06 25.64 G
VTS 29,78 2S.65 S
6/58 27.97 25.62 £
® /75 2772 25.62 é
N&ﬂc//aQ




Nt T o 1P ;é L é 2
10-31 S%&° P1:100 arme—257" 2941 .27/7 &/
zxY Lopl 6.8 )
orlBl 3.3e |
$E° 0/)i15 5.23 2437 2482 (4
< 51514 _
W §2° osilo gy’ 2493 z{ﬁ% LAc
;\3\ 2wt , o )
N 75" 65145 8.2 25082702 /7%
2% — |
&o° 600 6%2___&'5,/?_ zzzg___;_*;;'" g
o L E e N o
/0-3] @45 20, H 7.2 _5;; z8.2] /1.38 &7
| 4,950 B o
W 0 | |
s g4+° 2//20 9.2 2549 28, ?7 /138 M
@J %Sﬂ% o o
| BSE°2)4 T 97 57 2880 /155 A
2.¢ - |
8/° z:#0 9.)7 259 2905 /.30 s
4—»;3&1& - .
g0° 23.00 20’ 252225 /1,30 Yy
%5,0516 )
¥ B4° 235 G927 55 2992 /#0 LA
. - 4: 3@/6 , ,
B7° 23.30 w3z’ 203 2759 /)70 e -




vl AESE
.0?//? '7' TWIE R L & LK 4 /07%

/)-02 ~25% &35 Bz C508EIH)Ip.T VA2
/F03 ~28° (AN /1.0 Z£.35 22145 )2.2 EAC
[/-03 ~25° )39 /7,0 30,09 22.78 /¢./ EAL
| 30,)7 2293 /4.2 5
3038 2275 /4.2 4 HC

/3 3 Ac

3054 22.78 8. F 2.4

<= N A

307/ 2294 /4.6 6 DC




VAT EBE

. a .W
® woE 7 i B L £ A £ ;;MZS
0-29 35° 1615 exrme —/ 47 3007 2340 ) 3,
&gk P 7. Opn y ,
350° /700 157 30.)% 23.07
7.0 ,
86° 18:00 47" 30,)¢ 23.5F
. 704
B0 (17:00 -/.7" 30,0 2397
8.7

K7H WL LEVEL

/4

A

~ O e THHE DRARELD
274 = 63 —




o8 B - T TTTT T
i H H TH TR T T T
B et
uAN 41 ]
u u i um . 4
1 H H [ 2
[ I 1
] 18 H N Tt H HHHHH T H -
2 o T H
+--H N 11 } H H ]
jE_ 1 1] H- Iy T T + ]
e ] - T 144 —e - = H ;
14 H NERBE " ;| 1] . i
AR aul ARNENEE N an H NEEw Il +HH H ]
M ] 1 | u 1 ju» -1
T H . H
I H 1 'H 0 - -
. T ] .
b A : Z4N st i
] N A '} 1 11 1 1 e
|- H IT ] HH
i 1 [ } 1 NREASENE N
ul u T & L — nmy = H H
111 T L1 1 I 4 LuP 4 F 4 o
] T H 1 I H H } q an u
= I NNEED » | : ] B
TR
H L 1 T 4 HHAH
H - HHHHT uw H H4+H
1t ] i 1] -1+
H H H H aaRaN
= I H s T 1
b " 11 u BB 4 11 EEEN
n 1 4 +
H 1
n .
] 11 T H 1 H un
[ AR 5 T N -
H T » & HH H H- H-HH
[ i i A o u H sEr
A E . ] H
r J] ] e u 44 u 1 1
u BEBNEN NS I'T] H
.. 2 H
g A n n N ] H o
" H H M
-4 1 H 1 1 1] ]
] T H-4 A8
n , i T, H e ! o
sEEN ! ¢ uu
u 1 PR a s 2%
1111 1l
H 1 > al T H = [T]
A 3 AN 0 H1 H ' o - Asmmp
XSRS = 1
H N H RE
= [l =
uag I -
SREENN ul | | N . H
f 8 u I r I T
H-HH '] uy s
o RN 8.
+4 il BR
N H 1 . ] I H - ]
1] I ! 1 u
. 1 1 11 Il o
NENNanas - nn 1] T 1 o
1 1 1] 1 {4 (11113
aumEkw » H T u H
H - u F Tt &
] u ¥ i HH .
HH JL T t_ 1 NI InF | = t 1 -1 u
H H H Hd $ 4 : 35
- ] ] ] :"_‘ — [ | . [t
? HH H
= ' '
HH H H
1] H H . N
] I
1 T It . H H
AW - ] + &
u HHHH H ¥ T M
- o -1 B I HH
I I [ 1 41 T [-H o
. e M ] B N 1] wan . R
] 1 1 =8 o
i 1 + AN W H
a8 H
- L1113 - L1} [ 1
' " o
& i &8 H 1 [ L3
] H = H
+ e . o
I8 H 3 11 » H
L 1
e uEENER

.. . NOILVN AN DS N HINI ¥3d 02 X Oz
o o N3IBZLIIA — U3dvd Hdvia Nagzidia oz-ieb Oy




— 3 + 1 J L LTTT T T T J11] ) + L H
H T T
2 “ ;
[ T ] t
I 1
N W 3 T 1|
T r ) T T T N
I Tt W T T T T -]
L T g I I . 1 I T
I H - ;
H HH !
11 =
. H
I “ N ]
+ H | 4 - 3 .- 3 g L)
1 11 ) 7 1 14 B 11 1 1 B
T T T HHH H1 t T 3 i H )
'y T I g
T ! 7 ! 1311 T T by,
it b + -
AENEdans H ? ] ! H
] I
H-HHETTTT - T,
uRRE NN H
HHHHH H ] -
- f 4 1 1 b H + Il Ll
1 T f T 1 g T 1 1 1 ]
T T T I T I )]
. 1 -t T T 1 l
T + 1 1 ] =
- .
- . ;
H 1 g
. 1T ] s T 1]
i 4 1 1713 z
T : : R z
3
] = 17 T ! +H HH } f A §
I i T T T T T 1 1 u
) TTT 1 »
- N -
I n T » -
= - t1 L
o N
FA
- T . N 0
- a
H H -
pard L § 1 H x o
T T ]
[ e | T N m
1 1 T IRON NN SN 04
T T T T FIRE 5.0 1 N
T I3 T 1 IIIT I T G
4 T 1 - m
HH 1 H 1] m
0 [ . 12
u 1 | - -
i i
na ] ox e
T , T = F il
» 1 Iy
i s - I L
1 T 1 T it - 1 1 ) | 1 u L
W 1 T T 1 I
a. T I T ! ! I ) )
I - wm W
M = A
Ed
[ T
1T ) 1 1 7
T f P T } ] "
H I t T i 117 T L
s 11 I T T T T
T 1 1 1 4
- - T (% - - i
H - -
H H i m
[ H X 1 T
; HH ; ! i ; : .
n T 1 T 1T T 1 T m T T -
I ) T ) ) 1
I 1 T T 151 T T 1 1 T TITTTRS
T aREL T o T f } 11
1 f H A 1 o
) | = L | m
= L 1N n
} H N
1 n N o
e - 1 N w__._
I N} ST T 1 T »
T T T T T ) 0 Z
Fi T 1 ) T NS §) H
T T ' 1T 1 13 I 1| 1
] _ ' 1 ] T -0
brimn, . T uﬂ
[ ! [ ]
ry T
1 Vi ] - T >0
H S
M 1 3
- = -
1 I '
T -
N 1 T T T T T Ll (5}
g PHERCH : g T ERSSSiEioEiies z
I T ] T -
l..m T 11 L4
C1 T [ 1 T 1
I — T —
e - H * H » 1
m [ M H
1 1 I T
» + ] 1 Hr o t H
17 ] I T y ] T T B
S 1| 177 i rard i 7
B o 1 I I T ) 1 1 LN
nNEm Y T T T T T iy T
] LI s b 1 1 ps
) 1 1
[ ot b, = } »
. : 1 T
] L 1 I 1 - T
] i t1 ..
um M T aam ]
T Mo 1 1 7 N
3T b ! I " -1 T T Tt
Il o4 T ] T T
. T T
- T .| 7 i T ) B N
. e 1T L N I T )
— i T 1 ]
[3-1 M- H o = -
(1 - - H
[ T 1 ml ! 1]
T ! »
T | 1.
3 17T - ] I L T SeENNN I
|- 3 I s T } EE ) 1] i T T
1T 1 11T 1 T ] T 1] L] \
- T T T ] -
T
e T
;] H 3
i \ |llm 1 i
55 - ; :
L. e T !
L 1 1 T T
[ | 1 1 B 1 -
I 1y L H 1 AN 1 n I 1 il
—_—



i N pmEnE '
. 1] T4 I 17
1 & . oy 4 7 4 - ¢
-+ X i ; [} ) 14 3
: * : HE i R
] T H H T EE_ =, T T1 ) T
FEweau #8 e B8
= L] » -
" o [e ] 0 -
i L u ua " o
He N EEum 1 b0
£ s H 8
INmRE Wi f
1 1 S I1E -1 ] N i
. ] . Had-H H
» e tu A . [T
I nign T
1 " IT1
! » » ]
[ 1 -
B HH LT 1] Hi 11 R E Lt I
i | dami o T i H "
1 44 ] T Il
(4 LD 1 o 3 '_
1] |
s H 1
a8 u [
] 11 - 114 ] 1 1l
i -1
E . 1 a=
‘ ® f T s [HoH )
I ] H ! H 3
amm a T T FH 7 smuwn "
S : : H :
H u
H 7 I - »
u s o
| 1]
| [ i
i
[ 1] 1 1]
- 4
i ENENURSNEDS
! u
| HHHH ]
! - o 1] N u 4
[ | ] o
it
. H | 11 ] e T H H
H HH -4 £ » [ (L] Y
1
e . a8
T = e T s H e
[ [ A
1w H 0% - 1]
uufg N H F] A
H } u N H =
A e ] B L HHH HHH
1 H o
.- s | i FH
T : . H HHHH o &
O »e. IFSRED, 1 T
u I+ 14 ] Loy 41 4 ERE
= I3 1 [T
1 s - b 4
SRSEsssEs I T H
u ! nas 1 8 1] T BN
" ol t - -

J
| AL R T T 1o H3NI ¥3d 0Z x 0z
[ . L NOWLLYHOJ¥OD NaaZziag | — U3dvd MdvMH N3IDZAJID DZ-1¥E ‘ON




11
81
11
1
e .
T
h H-1
i 1T aEpIn =
Eore / B 3

i ]

' A
3
1
nery
11
m o T
(=234 : 2 o f
e e AR
T 2L L IUTIE 11T S, w0y HONI W3 QZIX!QZ.. e ey
. NOlLYHOdHO9 NIDZLAIA ¥3dvd HdvH9 NIBZLIIA DZ-LPE ‘ON




S, L. DL,

ok LErpELT T am
. - / 4
ASSUNYE 30,87 mpr = /772
LA (v
/8. 27 psie = /7727
LI (HESE) ,
ey 3§ »%/5/ = 7
| & (EsE)
CALELLATE LEWELS S= 0703 @ ~
LF L é'
DM Y57 HIESE
6./, 5.4 5.4
48’ 6.2 £.17
3.0 2.4 2.2,
2.2! /S’ /77
/15 04 78 / /t %
il .63’ /27
/7 0,77 47"
2.7, 2.77 3.S
a./ /4 2.2’
/77 /!’ 2.0
VAN 0.8 /8 ,
46" 3.75 §./7"
2 % o
/l / &17 , L4 P
/4 0:% /. #6
A
w




| @ CHECE CORRELATIONS

DA o L o)

/
ELRROR Ave. = O.73
nINA — ﬁﬂ? W AP 4
L = G SS (LA T LS

COFPE = 0,7732

7D LAY (esE)

ERPRIE Ay, = —0.017
o = 172 /A/’A///Afs.s) + ~0.323
cOFR = O. ‘772?

KD NPT ;U YS)E
L SEE SRVE
i
MY DA S TS

‘ Y77 ~ gF =/
‘ COfK:, = .77 76

‘ ® PABEILUTE TN LELEL = 2.07/ /4//%/5/55) —/2.957

[
{




| LT R e “r %

e -"-;/10
/:C'/’// =l

583 23534 20.]" 94y,  30.92 2137 /530 /5236
//-6-83 /.20 20,/ 7.4 _ .87 2% )5.3% /5-57!
2:3¢ /99" 94 3088 2l.30 /527 /532
+$3D §.1° 3.0 T 24)742.297 46648 757
$:30 §./° _3,0 ) 24.33 <2).307 S48 B B>
700 48 33 284215 9.0 <G>

W02 30"/ é 2296 723

gy . 22! /cZ____'_WlIZ_'c_?J?‘zi:_;___ 698
- o@mw LS Lol 23 s78 T
VY s < L) p8 T 2097 b8
o VFS LT 07T 2ep) | 470
/883 2:00 L7 N0 2206 448
7.0 27" /7 23.07 777
17:30 2.7 .3 2238 M
e M9 re | @z Ze7
200 YRS/ 22.19 (94
\ ® /ih3 s 44 - 23.97 A
- 526 e e 2228 757

\




SLOC TEET M L7 LT

' V7 W EEE
oz E zzgzgf HzehE LY £ LY £

W83 /302 L4 ezes | 7202
Hoo et 28 485




Appendix F - Dissolved Gases
The concept of gas evolution and its effects on cavitation
were not discussed in the results of previous cavitation studies
at SRP. During the year long study of cavitation the following
conclusions concerning dissolved gases and gas evolution were

drawn.

1) The evolution of non-condensable dissolved gases; oxygen,
nitrogen, helium, etc., takes place at a temperature below
and pressure above the saturation point of the flowing

fluid,

2) 1In the Georgia Iron Works Tests, it was determined that
in the range of 0.7 - 2.0% dissolved gases, varying the
dissolved gas content did not affect the increase in

pressure drop that occurs when the gas evolves,

3) This increasing pressure drop occurs in the reactor
effluent line and reduces the pump suction pressure

forcing the pump into cavitation.

4) A sample of D,0 from P Area (while in operation) had a
dissolved gas content of 1.4%. The L Area D50 had a

dissolved gas content of 0.8%.

. 5. The presence of evolved gases increase the

compressibility of the flowing fluid and reduces flow
noise and the cavitation damage potential.




G) Bingham Pump Company Data

The first curves are I, Area data shown as NPSH vs.
temperature. This can be used for compariscn to the Bingham Pump

Company data.

' The data in this appendix is here for reference. It could

not be found in the SRP records and was obtained from:

Bingham-Williamette Co.
| 2800 N.W. Front Avenue
P. O. Box 10247

\ Portland, Oregon 97210
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sure _ of - Gew | rEETOF F= A sq b by 1.06 TEOL -
recvor |eeeror | MG | FEET FEET OF WALER wans | sue .o, |eeeror] #6
e, wm | waten | water e A | warer ] WATER N.wG. | Grm | pean | ourrn {021 2 [alal 5] s et e | e .
-
. }.3948] 40.2| 49,6 | +10.9 219 513,8 8.5 [511,L | 5.6 {14000 |396 |2350 [1782 | 75.8]1.6 D.92]0.2 0 |- | 0.L] 60 leot *
: ' ¢
o} 323 31.7(+2.2 [+ 2,h | 215% 505.6 8.5 151).7 | 5.6 11L000 1397 |235511762 | 75,7}1.7 D.9]0.2 0]~ |0,k 60 |60 §
| ama | 2kes] <bar| o8| 22 otk 8.5 |520,7] 5.6 14000 |397 |2355 1780 | 75.6]1.6 .9lo.3 0! - | 0.k} 60 J6o
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NPSH=Hst T2 b ne L w, | WATERTEMP_ % ec SUCTION APPROACH CASE No 2 Center Paga 3
=Hs+ 0s3 + 34,0 _ 10y | VAPOR PRESS, Hyy . 1ol _FT. waATER|  SucmON Eteow . ._____Long Radius P T—
=M+ 32,9 @ 6000  _gem|BAR Ha 29497 INHG 3La0 FT. WATER SUCTION GAGE ZERO, DWT ¢ & iMP. ¢ AT SAME ELEVATION Pape 7
SPEED _NPSH @ NP, SUCTION DISCHARGE | CAPACITY rowen HEAD DEOP ACROSS ELEDWY FZOM B TEMPIRATY]
He TOTAL - <
TimE . e - i sd -
g 'l:::; "::, ruse ::J::; BB}AGO ;:H:A:::) . Dwr, C 413 g‘;:::,:lc N-. YENTURI METER g:l:‘;::“!)l waTER rour :'v: cl;iul:: é&* .
= |1onEv. | $PLED oY1, R ; Y. PER 5. 1201 . e ® &
2 | moton cdow |roc 1e13L e 2,317 wooo] ™ r- 5885 P - 4800 : {-ﬂ o f
sie mnc. | seevor G | reEvOF L= o L -..‘_0.5. a4 TR
VEEVOF | FEETOF | T PEET OF WATER wAITS | sHP L L L :
SEC. RFM warer | waren le_A__ | ware s WATER "i'_"?; G.F.M. eean | ourerur 1 39772 2 3 4 5 & | WA ] cc .
L‘. cen}3946 139,7 H6,0 $6,8_ 12334 [Sh1,0)1,6 ) 535.8]1,0k | 6000 | 302 B770_] 010 ]Uk5.7 031062/ 0,3 0 | = [0, |29 129
2 28,2 |28,3 |-~hel 1-4s6 [226% |52L.2]106 | 530.4{1.0k4 | 6000 | 30 90 | 801hka? 10,3104210,30 | - 0.1 |29 }29
3 23,6 12307 [=Bo1 t9¢2 (223 |516.7{146 | 52745[1.0k |6000 | 310 1820 | 797 3.8 J0.310.2/0.3 0 | = lo.2 l29 l29 F
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e e | P ] Tover | Tevesam| 22680 | % e iR o0 0 o SURNREEL o 1 799 o
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—yl WATER TEMP L5 °C SUCTION APPROACH CASE No..__ 2 Center p;_'g‘;f» 3
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2 3ED e t_'!_ﬁP: . _____S_I!E‘ION ] DI;SH:!_G! CAPACITY .'O\\:f_!_ﬁ__-1 KEAD DROP AC2OSS EIROW FROM 8 TRArcy.
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! k6] 4581 # 8.3 +9.k) 178 | 107.427.0 k2g.L17.95] 25000 | 512 | 3060]2665 187,2 1,2 |b5 ||
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