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L-AREA CAVITATION TESTS
FINAL ANALYSIS - LIMITS APPLICATION—

INTRODUCTION AND SUMMARY

The L Area cavitation test was designed to better define the
onset of cavitation in the reactor system. Preliminary tests
began in early 1983 and the L Area tests were completed in
October, 1983. The onset of gas evolution in the effluent piping
and pump cavitation was measured using state-of-the-art equipment
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
the conditions at onset of pipe and

designed to better determine
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 limi s are currently based on a series of t sts
run in K Area in 19571 and tests by the Bingham Pump Company 9

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 techniques This preliminary
work is described in detail in DPST-83-2006. The basic
conclusions drawn from these tests were:

1. Gas evolution will preceed cavitation.

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

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

4. cavitation can also be detected by an increase in pressure
drop through the effluent piping.

Test Description - Instrumentation

A special instrumentation package was des’igned 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
6
6
6

1
1
1
2
2

1

Displacement probe (system #2 ramshorn)
Bingham Pump DP transducers
Pump suction pressure transducers
Temperature transducers (failed due to improper electrical
isolation)
Low pressure header transducer
Bottom tank centerline pressure transducer
Effluent line pressure tap (system 1 by biological shield)
Ultrasonic flowmeters (failed at temperatures above 80”c)
Fast response pressure transducers (connected to monitor
pins )
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 VAN is a
newly installed permanent system which uses accelerometers to
monitor for vibration related problems in the radiation zone.

Twelve of the accelerometers were used during the test to
monitor for cavitation noise.

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

The VAM took only 35 se~onds 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 ftiw 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 roils 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 soon 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 wereapproximately 30 KGPM.
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Five Pump Test

The test was run with
was not operating. System

Six Pump Tests

-3- December 9, 1984

the tank at overflow. Only system
flows ranged from 26 to 28 KGPM.

Three tests were run with all six systems operating, one
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
26.5 KGPM.

Description of the Phenomena

six

test

to

The cavitation tests had three distinct stages - 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.

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
approach the saturation temperature and pressure of the flowing
fluid, dissolved non-condensable 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
is still increasing during stage two, the

dropping and temperature
pump soon begins to

cavitate. Tbe 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

,
—.J
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Technical Limit

The technical limit is set to prevent steady sta e operation
of a reactor in a region where damage may take place. 1 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 F2

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 qompany
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 equations in a range of 24 to 30 KGPM system
flow.

Pump Cutoff limit, “C at O 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 L

*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 D20 saturation curve,
the current pump cutoff curve, or the moderator heat up data. As
shown, the uncertainties (u) are combined as independent variables
(square root of sum of squares) to yield an overall value.

@TL Tank Level ~3°

U**F Flow (pump DP
(to

~t Time ~ 30 sec.

ORTD RTD ~ 0.15°C

(0.12 psi x 2.5°C/l psi @ 90”c) ~ 0.3°C

+ 1.8 psid + 0.48°c
4–KGPM x 1.2°c/l KGPM @ 25 KGPM) –

x 0.3°C/60 see) f 0.15°C

‘CRE Curve Reading Error ~ 0.15°C

1/2
‘DATA = (WTLZ+uF Z+wt 2 + ORTD 2 + wc~ 2) = 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.

~RS = ~ 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.

aSF = ~ 1.32°c (~ 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.

UM = f 0.9°C tiBGp = ~ 0.8°c

2 +~Rs 2 +USF 2+WM
2 1/2

‘Total = ‘UDATA 2 +~BGp ) = ~ 2.4°c

With this uncertainty applied to the L Area test data the limits
can be used in P, K, L reactora with high confidence. Note that
by using several different types of analysis techniques, (pump DP,
acceleration, and suction line DP) the confidence in the data is
greatly increased. Also , the good agreement between the K-Area,

**FIOW was calculated from pump DP using equation 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
reactora.

It sh uld be noted that the effect of temperature on fluid
properties 9 was not accounted for in the adjustment of the raw
data (see Appendix D). This conservatism amounts to approximately
l.s”c. Further 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 oDinion of the author that no extrapolations or

new L AKea
data that is

in this

Bingham Pump Company
limits.

and limits presented

similitude ~nalyses would improve the uncerta~nty of the C Area
limits. However, it is comforting to note that the
data lined up so well with the
used in calculating the C-Area

Audi t

The calculation procedure
document have been audited by W. M. Massey; Jr. of Reactor
Technology Department of SRP and L. L. H- of the Nuclear
Engineering Division of SRL.

Summary

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

F1OW

25360 GPM
26310
26125
24980
24317

25321
26274
26085
25091
24256

25341
26455
26251
25110
24311

27309
28073
27981
26753
26234

30591
31640
30413

T (Pump DP)

83° C
83
82.8
82.6
85.5

84.5
84.5
84.5
82
84

83.7
84.8
85.5
85.2
85.7

92
94.5
90.5
92
94

82
84.5
82.5

T (ACCel)

80” C
83.5
82
83
85

84
85.2
83
86.4
85

93.5
92
92
95
94

85.5
86
82.5

T (Elbow DP)

81° C
83
82
83
82

82
84.5
84
84.5
84

82.7
84.8
83.5
85.5
85

91.5
92.7
92
94.5
93.2

82
85.5,
82

(-) Indicates Bad Data
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Test

6-1

6-2
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3

TABLE 2
PUMP CUTOFF LIMIT - RAW DATA

System

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4
5
6

1
2
3
4
5

1

2
5

F1OW

25360 GPM
26310
26125
24980
24317

25321
26274
26085
25091
24256

25341
26455
26251
25110
24311

27309
28073
27981
26753
26234

30591
31640
30413

(-) Indicates Bad Data

T (Pump DP)

84.8
86.0
85.5
87.7
86.8

86.0
86.5
87.0
87.0
87.0

86.0
87.0
87.8
88.8
87.3

93.0
95.5
95.0
95.0
96.0

86.0
86.5
86.0

T (Accel)

87.0
87.5
88.0
88.0
87.5

86.5
87.3
86.9
89.0
87.5

95.5
95.4
96.0
97.0
95.8

87.0
88.5
87.0
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FIGU~ THREE

CAVITATION PHENOMENA
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Appendix A - Data Curves

1) Pump DP vs. Temperature

These curves contain the pump delta P measured during each of

the cavitation tests plotted against the associated RTD

temperature

cavitation.

in the pump

NOTES : The

readings. The pump DP becomes very erratic with

The system 6 pump DP

suction pressure tap.

first

individual system

is in error because of a problem

plot in each

curves flow.

set shows all system curves and the

Any lines or markings on the curves are not necessarily

representative of the limits.



(n
>
m

x D x

. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ... . . . . . . . . . ... . . . . . . . . .

:-
. . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u:
v x; o

m

. . . .

. . .

. . . .

. . .

. . . . . . . . .. . . . . . .

.1

.....,........ . . . . . . . .. . . . . . . . . . . .

. . . . . . . . . . . . .

>7n
. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .

z.!....... ..................... .
. . . . . . . . . . . . . . . . . . .

*

. . . . . . . . . . . .

I
.............. . . . . . . . . . . .. . . . . . .. .- . . . . . . ... . . . . . . . . . .

,.

. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . .. . . . . . . ~ .:.. . . . . . . . . . . . .. . . . . . . . .

);

fwi.. .... ;41..................................................... . .................-.... ......................
0
w



.

‘O_
n

0
0
m

. . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . .

. . . . . .

. . . . . . .

. . . . . . .

. . . .. . . . . . . . . .

. . . . . . . . . . ... .

. . . . . . . . . . . . .

. . . . . . . . . . ... .

. . . . . . .

. . . . . . .

. . . . . . . . . . . . .

. . . . . . . . . . . . .

. . . .. . . . . . . . . . . . . . . .

. . . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. .

1 I I I

alsd ‘dadwnc

.J.’

I



w-
Q

E
s
Q

n-
n

Zm
.. 0>

*

o 0 0 0
m ccl E a In?.

CIISd ‘dadWnd



0
m

. . . . . . . . . . . .. . . . . . . .. . . . . . . . . .. . . . . . .

S=. &. E;.”...... ............0 lti

*

.;. . . ... .

. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .: ~...:. . . . . . . . . . .

~wo..~.~,Du““;”.’”O”.”:”””””””
&

. n“”; ””-”” -:-..”””:” D.

w“
.... . ..............

:#: ;,::

........................~........ . ..........................
. . ........ . . ................................................

. ... . . . . . . . . . . . . . . . . . . .. . . .

. . . . . . . . . . . ... . . . . . . . . . . . . . . .
:-

. .. . . . . . . ...! . . . . . . . . . . . . . . . . . .

. . . . . . . ... . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . ... . .

. . . . . . ... . . . . . . .

. . . . . . . . . . . . .

. . . . . .

o
u)

alSd‘dadNnd

g.. --

.0
0-l

.0
m



. . . . . . . . . . . . . . ..~ . . ..g. ~.s..p.~~...’... .“:::;j;::::::f:~

‘ *-
.......................................................................................1...

u
0

- . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . ..1 u)
w

. . . . . . .

. . . . . . . . L
. . . . . . . . . . . . . I

. . . . . . . . . . . . . . . . . . . . . . ,/

t

. ... . . . . . . . . .

‘r
,., . . . . . . . .

3~-. ---”””””.--.-:----”””””’””
. .. ..... . . .. .. ... .. .. .. ..

I
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . ... . . . . -. ..]

. . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . ... . . . . .E
. . . . . . . . . . . . . . . . . . . . .

-t
. . . . . . . . . . . . . . . . . . . . . . . ... . . . . .

:E...........................
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I

~..: . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .
{

.. . . . . . . . . . . . . . . . . . . . . . . ... . ... H.---------.----~-...-..---..:.--.....-.--k u
c
t
u
2
.

u:
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . I. . . . . . . . . . . . . . . . . . . . . . . . . . .

I ?’”””;””-”--.””-’””:’””’”’””-”””:--”’’”:””””””1. . . . . . . . . . . . . . . . . . . . . . . ... .

:E.......................... .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . \.,. :_ I
. . . . . .

m
u)

.0”
w

0
m

In
w

o
m

m

CJISd‘d(JdWnd

1



1-

\J”

I

I
I

1............................ .. . . . . . . . . . . .;. ..:..:... . . .. . . . . . . .. . . . . . . . . . . . ... . . ...}.... . .. . . . . .
,.. . . . . . .

. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . ... . . . . . . . . . . . .. . . . . . . .. . .-- .;... . . ... . . . . . . . . . . . . . . . . .
. . . . . .

~; . . . . . . .. . . . ..!.............}.......................................

. . . . . . . . . . .. . . . . . . . . . . ... . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . .. . . . ...)... .,

.m
o-l

.0
m

alSd‘dadWnd “

i

-0
w

[

I A



/,

o
PUMP CAVITA;ON TESTS

● ’

UNADJUSTED TEMPERATURE VS PUMP DP 6 pumpS,l~@O’’90’
170

165

145

’140
60 65 70 75 80 85 90 95

TEMPERATURE, C
*



-.

k
3
Q

n-
0

0
0
N

,.. . .

. . .

. . .

. . . .

. . . .

. . .

. . . .

. . . .

. . . . .

... . . . . . . I
. . . . . .. . . . .

. . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . ...EI::
:[BEE3;B:‘;................................................

I
I I I I

o
al

alSd‘dadWnd

1

1

i



●
PUMP CAVITATION TESTS

UNADJUSTED TEMPERATURE VS PUMP DP 6 pumps,2 ~Nk”
200

190

g
v)
O_ 180

a“
a
o_”
> 170
=
O_

160

150
65 70 75 80 85 90 95

\“

TEMPERATURE, C I



-.

● N.

m
Q
n

w)
>

n
w

c
cc.
>
c
c



“%‘-”-
. . . . . . .. . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . ... . . . . .

.0
m

.~{.

.

. .

,5..,

n-–*. ....-n. ....u... ......---....... ‘..
n I I .........

p.y ......~ .............~..............

. . .. . . . . . . .. . . . . .

. . . . . . . . . . . . . . .. . . . . . . .

. ...-....; . . .. . . . . . . ... .

. . . . . . . . . . . . . . . .

. . . . . . . . . ... . . .

. .. . . . . . . . . . . . . . .

. . . . ... . . . . . . . . . .

. .. . . . . . . . . . . . . . .

I

. . . . . . ... . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . .
$.. . . . . . . . . . . . . . . ... . . . . . . .. . . . . . . . . . . . . . . ... . . . . .

1. . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . ... . . . . .

. . . . . . :.= 4
I

. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .
I

.
i-l-:-. --. -:. ------ ;.--. -.-: ---. --.:---. -.-: -------:. -.---: ------

J;
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . ...-..}. . . . . .

. . . . . . . u
.0....-.-m-.

. . . . . .

. . .
:nu:

I

o
m

alSd‘dadWnd



n-
n

1-
n
w

0
0-)

U-)
m

m
u)

CJISd‘dadWnd . ..-

[
.:
(



n_
n

0
0
N

0
m

alSd‘dadWnd

.m
m

,0
m

.

1

1

1

I

(



● ✎
(;:“;\
.,. ,’” $

PUMP CAVITATION TESTS
UNADJUSTED TEMPERATURE VS PUMP DP 6. pumps,2 ~

180-

160-

140-

120-

100-
6

,:. :
,,

::.
::!:,,

.1:.
:::::,

; ..,...:.. . . ...
,,

.:
. ...

.:.

,., ,, . . . . . . ., !.. .!, ., . . . . . ,., ., t.. ,

I I I I I I

) 65 70 75 80 85 90 95

TEMPERATURE, C



u

n
w

. . . .. . . . . . . .. . . . . . . .. . . . . . -. ;... . . . ..-. . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . .

3
....E.........j.......~.D..j.....
x....m..~...xq................{-....

.:.. .... ....-x.-:x...:. . . . . ...

.,

. .

x$:?’ .;......i..x...j..............
x~:---”~$.T.;:...i: ...............i......

.#*...: ........... ..:......................

~"'"`'~%"'""":""""-":""""-":"-""-"":""""-̀"":""`--"
k
. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .

:.
. . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .. . . . . - ..:...--.

. . . . . . . ... . . . ..* . . . . . . . . . . . . .. . . . . . . . . . . . . ..+ . . . . ..-

. . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . :. . . . . . . ... . . . . . . .. . . .-- . . . . . . . .

. . .. . . . .. . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . ... . . . . .

o
0
N.

0
N

alSd‘dadNnd -

0
.0- ----

m
m

.0
ccl

-. ---



m

m
>

n
“w

. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ...}.. . . ... . . .. . . . . . . . . . . . . ... . ... . . .

"""""""{'""""-"4"""~--a:"""a-:"-"":":""""'"""{"""""""~:""""""""
...a.....d a: a...... .. . .... . . ... . .. .... . .... .. .. ... . ... .... .....

~ ....~ . ....a....2.....+..{....... ....................................i.....d..%aaj....... ..$... ..............i..................,qfi aa:
: a....&..................................................................

a:
: da: ~ .........................................

~~:<;::;.;
. . . . .. . . x .............. ...............................................

. . . . . . . . ---

,,.. . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . .

. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . ... . . . . . . . . .. . . . . . . . . . . . . . . . .

. . . . . . . . . . . ... . . . . . . . . . . ... . . . . .
:.—

. ... . . . . . . . ..~ . . . . . . . ... . . . . . . .

. . . . . . . . . . ... . . . . . . . . . . . . . . .

:-
. ... . . . . . . . . . . . . . . . . . ... . . . . . .

.-,

0
0
N

o
m

alSd‘dadWnd

In
m

o
m

““2

I

I

1

I
1

I



. .y,- .
- c.’

Qo ),(,
., .’/,,

..

n

_. U.. . .

.

. . .

. .

. . .

.0..
m

0.

.. .
.ti

. . 3
..._mQ

‘E. u
...

~..
t-...

0.. -m

.

,..
.m

h



u)
t-
m
w

1-

m
>

1-
n“w

. ..--... -.-.. +.. """";""""-".j.........-...-..".""""{"--...-i...".........-`-,,........................................................................ .....

........................;m.-&.....u : “~:❑ :........................... ............
&❑................... ~..D..:.... ;.:.D..R. ...... . .. .. . ... .. .. ... ... .

:~ q
❑.;....., : . ....Q........................................_"""""":=w~`&9...u. ................................."....i.......

::::.::::;F:.:;m..:..............j...............~........j......
k“
:1.

““”””-:”-”””-a ; : : : - : .- ;........-.................................”... . . . . . . . . . . . .

:*: -

. . . .. . . .. . . . . . ., . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . ..c :...............\.................................................
....... ....I ~ . . . ...'........j.......j......................j...............-

:!...........
n

3............. ‘ : ‘ : : ]....................................................
. . . . . . . . .

. . . . .. .. . . .

. . . . . . . . .

. . . . .. . . .
u.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . .
. .. .

. . . . . . . . .

0 -gz u) z R. .-

CllSd‘d(ld~nd -’

m~...

0
m

u)~.. .-



●
✌❞✌✌✟✌✎

PUMP CAVITATION TESTS

~:;’
~4&

UNADJUSTED TEMPERATURE VS. PUMP DP 6 pUmps,3 “}”
200

190

3
0- 160

150

140

,,
::::: ::::: :: ::.- :. :,: ,:::!, >.. . . ,, . . . .,

.,. ,. .:. : !:!: .:. . . . . .

.,. ::. . .,, . !,. . .,. . . .:,.

I I I I

75 80 95 10,0

TE;;ERATU;~,: C
(
)1

*
----.---



. . . . . . . . . . . . .. . . . . . . . . . . . . . . . .
,, g3E :

. . . . . . . ... . . ..~~~ . . . . . . : . . . . .
.:. . . . . . . . . . . . . . . . . . .. . . .8-3......::, :H...................................

.M.m -.”--- 4:4
...............................

. . . . . . . . .

. . . . .

. . . . . .

. . . . . . . .. . . . . .

. . . . . . . . . . . . .

..a...t:...: . . . . . . . . . .. . . . . . . .

. . . . . . . . . . ..~ . . . . . . . ..y . . . . . .

.W...=;=: .................g
....M..........................

c

c

I

I

oE u)

i
. . . . . . . ... . . . . . .

. . . . . . . . . .

,.

I I I
I

I
I

o 0
m m

alsd‘dadwnc

“g

.In
m



--

z
0—

%

3
Q

(n
>
w

5

l--

n
u

..x..;......i.........xx..l...............i.........x ...........i..
:x::::-“~”~x”x;”” : “............Tj.......x.............x ........x......

.........xx..... .............xx3.....T.................x......x....
~;~x ........j...x..* .....\.x.............{...... .............,....X.. X...

. . ..x~x...x.xx.......x......~......~..........x..i...........
,.....~.j.. ...j........... : “ : ‘ :.........................................

........w-...-...-.-.-----i--.---.--.--...--..---:.--
.&’:x :...... .................................................... ............1

..........0
m

....

.....

.....

....
u). . . . .
m

... .
I

m
I I I I I b

o
(.s)

alSd ‘da d~nd --

k

1

i

I
I
1



-

(.,:,:\
.,

PUMP CAVITATION TESTS

I .,

Q+?
‘O*

UNADJUSTED TEMPERATURE VS PUMP DP 5 pumps
zoo

180

160

140

i20

.:. : .:
!:. : .:

:: ::
. . . . . .. . . . . . . .:...,. . . . . .

.,. ,,

.:, :
::::

. . ... . . . . . . . . . .. . . .
.:. :
::. :
.: ::
.,

:.

,,
. .... . .. . . .

.:, !

.:.

.! ...;. . ... . .
,,!
.:.
:::

; . ..}.....,
,:
.,,
::. :

:.

Legend
A SYS 1

x SY5 2

0 SYS 3

@ SYS 4

~ SYS 5

60 70 “loo 11,0

TE;;ERATU;;, C
,
!

. .



m

w)
+

m
w

““””””””+

F
:-’ -

. . . . . .

,.
. .

. ... . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

I-=. . m.....................................

~:”-’”qaa-””;.”’.””::””q””:””:””””””””— .................................... . . . . . ..-

. . . . . . . ... . . . . . . .
v1-

z
0—

(
. . . . . . . . . . . . . . . ~.:... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..2 . ... . . . . . . . .

t

. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .

l[f;:::f...................................................:.,.......................................................:...................................................................:.....................................-.:.:“
. ... . ...! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:.

,,
M: . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:.

1
.

ti I

I

I

i

. . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

1:::....................................... . . . .

. . . . . .

. . . . . .

. . . . .

. . . .

m

.

1

I

I
t
(

t--

8

. . . . . . . .

. ... . . . . . ... ..,.. . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . . . .. .

1

I

0
I I I I w

0
m
-’

0
a-.

CllSd‘dCldWnd

o
0
N

-.



N

n-
n

CllSd‘d(ldWnd

0
0

0
m

I

I

I
I

1

I

(

I



t“’1

m
1-
(f)
w
1-

tn
>

:: 3
. . . . ... . . . . . . . . . . . . . . . I,: .—

. . . . . . . . . . . .. . . .

. . . . . . .

. . .. . . . .

. . . . . . .

. . . . . . .

. . .. . . . .

.. . . .

. . . . .‘1

o m o
m F b

CllSddCldWnd ‘-—

0-— -

0
0

.0
b

.0
“w–

.



6’:

5
-a o._.. -.

n-
n

. . . . . . . ;. . . . . .

. . . . . . . . . . . . ... . . . . . . . . . . . . . . . . ..“
. . . . . . . . . . . . .-

.s. {...................!... .... .“1...............................
v

. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .. . . . . . . . . &
. . . . . . . ... . . . . . I. . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . .

{!.......................................................................................... . . . . . . . . . . . . . . . . .. . . . . . .;

. . . . . . . .... . . . . . . . . . . . J

.. . . . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . ... . .. . . . . .

fib:................. . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . .
,.

. . . . . . . . . . . . . . . . . . :.. 4

. . . . . . . ... . . . . .
.

~.
. . .. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . .

,.
. . . . . ...?.. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . . .

o
al

alSd‘d(ldWfld



m
n

p

v)
w
l--

i--

n
w

;.
. . . . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . ... . . . . . . .

. . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . .. . . . . .

. . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . .. . . . . . . .
:H

g._ . . . . ..

.

.0
b

..C. -.

0 u)
b m-,

CllSd‘dCldWnd -

I



z
.,.0

‘“i=~

~

.m
..O ..—

. . . . . . . . .. . . . . . . . . . . . . . . . .~fi: . . . . .D.:Mw#..=.... . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . ..~ ..7.

;2.... .. .. .. .... . .....
.1.......................

.....................[

~-~ . . . . . . . ... . . . . . . . .

y.~.d ..; . . . . . .. . . . . . . . . . . . .

. . . . . . . . ... . . . . . . . . . . . . . . . . . ... . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

. . . . . . . . ... . . . . . . . . . . . . . . . . . . .. . .... . . . .

. in.....;<...........
. . . . . ... . . . . . . . . . .

. . . . . . . . . . . . . . . ..:.

-..

I I I

. . . . . . . . ... . . . . . . . . . . . . . . . . . . .. . . . . . .

0
In

alSd‘d(ldWnd

.0
m

+

-0
m

.—
I

1

1

(

I

I
I

1



‘a (A

m
o-
n

w)
>

:’

. .“
. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .-: . . . . . -.,

:.. :. .-
. .
.—

. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .... ..

OISd‘dCldNnd
—

.0
m.. . . ,.

*



...,.-...

● (A

m . . .
. . . . . .. . . . . . . . .. . . . . . . ... . . . . . . .. . . . . . . . .. . . . .. -.. -.. . . . . ...- . . ...}.. ... . . ... . . ---

.:

. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .
x: :

. . . . . . . . . . . . . .. . . . . . . ... . . . . . . .. . . . . . . . .. . . . . . . ... . . . . . . .. . . . . . . . . . . . . . . ... . . . .

x: :
. . . . . . . . .

x:..........

.........,

..........

........

.........

.........

..........

.........
.-

. . . .. . . . . . . . .. . . . . . . ... .. . . . ,

:.. i—
. . . .. . . . . . . . . . . . . . . . . . .

:.-.

. . . .. . . -. . . . . . . . . . . ... . . . .

o
m

CllSd‘dCldWnd

,..~. _. .

-m
b’

I

t



e’

‘.-- .””””””}”--””’””””””!--l-r:r:
. . . . . . . . . . .. . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . .

. . . . . . . .. . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . 5
la . ...---.----...-.””’.- ---: ----------

. . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . m
. . . . . . . . . . . . . . . . . . . . . . . ... . . . .

. . . . . . . . . . .. . . . . . . . . . . . . . . .G

. . . . . . . . . . . . . . . . . . ... . ..-g...’ : ..: -..................................>....
``"`"-"-"":""""""""-""":"""w"-"""?-'""-"""'-"-:-""--"-"""":'"--""""-"-

CllSd‘d(ldWnd

,0
m

v

.0
m

*

1
1
i



●
2) Acceleration vs.

A) Data CUrVeS

Temperature

The pump casing acceleration is plotted a9ainst the

associated RTD temperature. Note that in the middle of the

(number 3) 6

failure.

See notes at

pump test these signals were lost due to a filter
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A) Data Curves

3) Elbow (Suction Line) DP vs. Temperature

The low pressure header reading minus the PumP suction

pressure-is plotted against the associated RTD temperature. —

Appendix E on the low pressure header should be reviewed before

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

suction reading is bad.

See notes at Appendix A-1.
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SENSOTEC. INC. l; WESAP6AXEAWN"E .~LW8US.0H10432t2 .@,,,4W.,723 ti"itiW,,~" “
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volts

volts

volts

volts

volts

●

,SENSOTEC , INC. lmWESAPEAKEA“EN”,. ~L”MB”S.OHIO432,,. ~,,, 48S.772,-lWXS,CI@ t,na
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E d~ 5Aud

. . % CAPACITY

.0
Ascendinq so

100
DescentiinZ 59

:-,

/

[d
OUTPUT

volts

+q @ 7q volts

-~047 volts

A volts
Q volts

t P
_ y_

.
‘4L,, [05

.SENSOTEC ,INC. tZCIO&ESAPEAKEAVE. . coLuMBus.wIo4u,2 ..,,
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unit of Measure

722-A E b I SHOP

CALIBRATION DATA 211ERT

o- 2 To ?s[. O-IOU

Rnn8e (’)-2 60 ?s I Calibration .Explrea g-<- %% By “E. dl/7t

12 32

13 33
.—..

14— 34
-----..— .-...—-..-— .-.—— .—— —— .— .—.

15 s

16 36

17 . 37

18 30

19 39 :
r

20 40 I I

.

Femark8

— ——

—-. .— ..— -———

●-””” ,,.—
-—- -.

Fl~e 1



722-A E k 1 SHOP
CALIBRATIONDATA SHEST

Unit of Mea6ure 0’2s0 ~~f, D . Ioti

●
Equipment Under Test 5FIV5QT G< As

Statldard Used ~. R

Mte @- /- 3

No. Q4.5-tf

f‘O.~

Range ~ -2 ~ Calibration .Expires ~- <- 8S By i–, d Ii?ti

11 31

12 ‘ 32

13 33

1.4 I 34
_- —.. —. ..—. — — ..—- .——. — .— .-.

15 3s

16 3s

.7 ., 31 AAl I J
18 3s .—

19 39 ! —

20 I
40

.

● ✌✌

Figure 1



722-A E bI 51iUr

CALIBRATIONDATA SHEET

Unit of Measure n- 2 SOPS!, O-iov

Equipment Under Test 5EAI se-i-ccA s

●Stnt)dardUsed ~/~ [05[9 ~

.

Emark w

——

--- .—. —

● ✌✌



Unit of Meafiure

Equipment Undei

OSta,](larcl used —

722-A t. bI ~kll)r
CALIBRATION DATA SHEET

0-J 50 ?s/ .. f9 -/o v
Test .~

_sLN_[&k8 —–—-
Range 0-200? s/ CalibrationExpires ~- <- ~.?

Date 8-{ - g3

No. 4V .s0 g

<No. s/fv //6$_

_By e-, ///Rt

.

Remnrks

—.—. . .

● ✌✌

- —-— .— ——-—

H gure 1



Unit of Measure

Equit>menc Under

Standard Ueed _

16 L-A G U S *llV1

CALIBMTION DATA SUEET

n . ? 50 Ps( O-IOU

Test S~ti50f)e c- As

s/~ ID<(. %

Range ~ - AOO ?5 ( Calibration Expires 9-5–93

Date ~- (– 93

No. 945 16

f No. s/N 1165

By k- , IP2

I

Remarks

.—

——
,,

—.

_——

Nwe 1
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722-A E b I SHUr

CALIBRATION DATA SHEET

Unit af Measure 0- Aso ?%( O-fov

Equipment Under Test 5eAl<m tec As

● Sta!)d.rd used sj~ lQ~————

Remarks

.— -—

Fl~e 1



Unit of Measure

Equipment Under

CALIBWrl[lNUAIA snr-ci

(!-A5 o Psl o-1o v
Test s= d so-iEc Rs-
s/N /19s-f9~.Stol)dard Used_

Range O-~00 pS~ Glibration .f!%pires g-s -93

●

Barometric Pressure 30” ti% ftumid i t y %

Dnte 2-/ -P3

No. G4.SO Y

t No. S/H //67

By e-. dl EL

Temperature goof -

.

Remnrke

I

I

I

——

..-—-- ,1
,,

_— — ——.

N~e 1
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CALIBRATION DATA SNEET

Unit of Measure O - %-0 Ps( R 0-104)
Equil>ment llnder ‘1’est sEdso-7-&f. 2

Stol)dard Used ~/~ ID568

Date R -- ~3

No. ~7h67
, No. s/d //6?

I

I

..— —

I—.—
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PUMP CAVITATION TESTS
UNADJUSTED TEMPERATURE VS ELBOW DP .3 pumps
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Appendix B - Data

To calculate the operating

Adjustment Procedure

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 program listed in this appendix.
._-—.

—

- 1/214
1) psaturation in test = [(6.4537 - 0.3977( 228.3315-TTeSt)

2, padjustment = blanket gas pressure + (19.2-Tank-Level)

3) poperating = Psaturation in test

4) Tolerating = -34.9645 + 81.9577

- 6.3218 (Operating) 1/2

+ ‘adjustment

poperating)l/4

All pressures are in psi, temperatures in ‘C, and

level is in feet. Equations (1) and (4)

D20 saturation curve obtained from J. P.

are univalued

MOrin, SRL.

the tank

fits of the



C) Calibration Data

● This appendix contains the following calibration data for QA
purposes.

1. Calibration for effluent line RTDs.

2. Calibration of atmospheric pressure transducer.

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

—
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cc : J. W. Joseph, 703-A
R. R. Butterworth, 723-A
M. M. Widener, 105-L
M. T. COX, 704-L
T. C. Seaiy, 704-L

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

October 12, 1983

To: D. R. MUHLBAIER, 704-L

FROM : A. W. GARTNER, 723-A m~fi

PUMP SUCTION RTD CALIBRATION

Refernces : 1) “L-Area RTD Calibration”. DSIWI to J. L. Cathev
from D. R. Muhlbaier, 9/30/83.

.

2) L-Area Pump Suction RTD Calibration Test Results
(attached).

Introduction

Accurate pump suction temperature is
reactor operation. It was desirable
the pump suction RTDs.

im~rtant to efficent
to verify the calibration of

Cailbration was accomplished during the week
an NBS traceable RTD and a temperature% bath.
taken at approximately 30, 70, and 90 C. It
obtain differences of less than 0.3°C. With
pump #4 and the low temperature readings, results were within a
few hundredths of a degree.

of October 3rd using
Data points were

was desired to
the exception of

Discussion

The low
and the

measurement error was higher
high measurements. This did

than the error for the mid
not cause any concern



because, they were still within the desired accuracy, all pumps
* Wef;si miliar, and the reactor would not normally be operating in

range.

The measurements for pump #4, though within the desired accuracy
ranqe, deviated qreatly from the other pumps. Reactor Tech
adj~sted
test was
with the

the off~et by-0.180C in the
run again. The results are
other pumps.

co;tr~l computer
now accurate and

and the
comparable

.



.-’

I

‘o
Pump #

I

5

6

1

2

●

(:St)
(run)

3

4
(2nd)
(run)

L-AREA PUMP SUCTION RTD CALIBRATION TEST RESULTS

Control Computer
(“c)

30.68
70.40
93.97

30.65
72.16
92.85

25.24
71.11
93.59

26.17
51.90
72.29
95.76

26.14
70.80
90.58

23.32
71.14
90.77

24.55
71.62
90.14

oKnown RTD Difference

J c+/-O.OlOc) (“c)

30.60
70.39
93.97

30.58
72.17
92.85

25.18
71.14
93.61

26.05
51.86
72.26
95.78

0.08
0.01
0.00

0.07
-0.01
0.00

0.06
.-0.03
-0.02

0.12
0.04
0.03

-0.02

26:25 -0.11;
70.97 -0.17*
90.76 -0.18

23.23 0.09
71.13 0.01
90.78 -0.01

24.47 0.08
71.60 0.02
90.13 0.01

*-
Original measurements yielding results inconsistent with the
ofiher pumps.

AWG
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I PRICE QUOTATIO
+’”h~~;:

DMS 10647
~ 1}%

TECHNICAL SALES REPRESENTATIVES

●;O :
Mr. TonsmySessions.-.
E. 1. Oupont
Savannah River plant
Building 723A
Aiken, SC 29808

3ENTLEMEN:

-
ITEM

~

A.

B.

c<

OUAN.
—

9

6

2

E, r .“. -.

Columbus, OH
TO BE S1-ilPPED VIA

Y

.THISOUOTATION VALIO FOR 30 oAYS.

: APPRECIATE THE OPPORTUNITY OF MAKING THE FOLLOWING PROPOSAL AND (

DESCRIPTION

Sensotec Type Z Pressure Transducer with Ampl if ier
Output and Mating Connector

scale

Range: 0-50 psia
output: o-1o Voc
Accuracy: fO.25% of ful

S&nsotec A-5 Oi fferential pressure Transducer With
Ampl i f ier Output and Mating Connector

Range: 0-250 psid

output : 0-10 VDC

Accuracy: *0.5% of full scale

Sensotec Z Type Pressure Transducer with Ampl i fier
Output and Mating Connector

Range: o-25 psig

output : 0-1o Voc

Accuracy: *0.25% of full scale

Al I other speci fications on these transducers as per
Pages 4, 5, 6, & 7 of the enclosed catalog. A photo-
graph showing, the 0-50 and the O-25 transducers is on
the lower left corner of - on the lower left

P
corner of age there is a photograph of the
di fferentla transducer and its ampl i fier. The
ampl i f iers that are shown are actually a part of
transducer in that it slips inside of that extended
“can’t. These transducers wi 11 be temperature compensate
~ crate at 95>. The mating connector that fim~
talking about would mate directly to ehe Bendix connecti
which is clearly shown in the drawings on the bottom
half of Page 5. That is the transducer connect ion and
we are offering the mate that goes with that. In your

s ati~
IAGE 1 OF 2 PAGES

lrices shown a~e aPPIICOb10 ONLY to the quami-
#es Q.”*-I ~md.. A-V Chanae in 0.anmv IN a.1*
.,.” .1

----- . . ,
.. . ,! one or more d!emsm-iy“G”uire quotauo”
..,.m.. All Dri.OS ●re ..biwt tO the *PP_l Of.
w m“ufaci.mr.

PuMbtr

JOTATION,

UNIT PRICE

/- Y

.$550 .00

540.00

$565. oo

n

iESCO,INC.

TOTAL

$ 4,950.00

j 4,440.00

$ 1,130.00
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Fo&TRAi.!s>ucERs
ELC\CTROXICS ,;,

.:*

:’...:/,

,.

~,,

. .

A.)

B.)
c.)
D.)

E.)
F,)

U CAPACITY

o
Ascending so

100
Descendin~ 59

:-,

WIRING CODE

+15 VOLTS IN :

COHMOW
-15 VOLTS IN
OUTPUT
sliuNT
SHUNT

0UTPL7?

volts

4.;~37 volts

/0.0000 volts

d,4Qd7 vo~ts

o volts

.,.



WIRING CODE

A.) +15 VOLTS IN

B.) COMMON I
c.) ’15 VOLTS IW
D.) OUTPUT
E.) SHUNT
r.) SHUNT 1

. .
% CAPACITY OUTPUT

,.
0

Ascending so

o volts

_$ .~c)< 3 volts

100 /0.000 G volts
Descending 59 4 .qy <“g volts

:-l
c“ volts

. . . ..... . ;



CTiLIUPA’rIO}lRECOR!)
WI1’N INTERNAL

,

f

I
. . . I

F03 TRA:!s3uCENS
ELl:CTRO!?ICS

A.)
I

B.)
c.)
D.)
E.)

I F?)

I % CAPACITY

o
Ascending 50

100
Descendant 53

;-,

WIRING

+15 VOLTS IN

COMMON
’15 VOLTS IN
OUTPUT
SEUNT
SlfUNT

CODE

I

——.._.
ouTp~?’”

volts$.’~;qo~ volts

/8. 000 d Volt,s
.4.qqu/ volts

o volts

----

1



,..

●

I SENSDTEC .-
,.

A.)

B.)
c.)
D.)
E.)
F,)

WIRING CoDE

+15 VOLTS IN

COMMON
’15 VOLTS IN
OUTPUT
SHUNT
S8UNT

% CAPACITY OUTPUT

o 0 volts
Ascendin~ ~f) 4. (/8 Volts

100 (U.ooflh volts
DescendicC 53 d..9v/B volts

:-! u volts



I
,,,,

~ ●

I SENsOTEC

,..

.

:-. .I; T,--- :: (;.. . . . . . . . , G 7@ 1/ ———

,..-.,;,,;,,~ ~~.:,’
J~. -–-— .——----

~o.;: r:......, ...,‘1:.:) ‘27;’!? T:r?f%.TU?!.. :??..:,~:: ““’ “ B&fl ‘;F ‘:? ZP3 ‘;?—. ——. —

WIRING CODE

A.) +15 VOLTS IN

B.) COMMON
c.) ’15 VOLTS IN
D.) OUTPUT
E.) SHUNT
F,) SHUNT

% CAPACITY ou~p~lp
-

. . . .
. .... .... . . .’ ..,.,

SENSOTEC, INC. 12COWESAPEAKEAVENUS . -Bus. O”lOa,, . e,,,wm



% CAPACITY

o
Ascending so

100
Descendant 59

OUTPUT

..-!
volts



o
Ascendinq ~f-j

100
Descendin.~ 59

:-!

/D-Qoo3 volts

4-qqB4 volts
o volts



#

SENSOTEC

% CAPACITY OUTPUT

100
Oescendin~ 59

:., Q volts

---



;;. :
.;

..:

!
. .

I
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SENSOTEC

o
Ascendinq so

lofl
Descending 59

0 volts

s Qoo 9 volts

:.! o volts

. . .. . . .. . x ~,,:;,.,,.,fi-....
..... ......

~~q~.:

“a

SENSOTEC , iNC. ,EMWESAPEAKE AVENUE . COLUMBUS. OHIO 4JZ1Z . ~,,] .ob?m ~X ajo~ ttes
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, ,.:

Unit of Measure

EquipmentUnder

Sta[ldardUsed _

Range ~- *O =/ CalibrationExpires ~-s-23By &-. & , alt

, J

9 29

10 30 .-

11 51

12 32

13 33

1.4 34
.._..- ..— —— .——.

15‘— ‘--- 35

16 36

17 “37

18 36

19 39 :

20 40h

.

———.

—.

_— —



Unit of Mea6ure

1-‘
1---- ..— .——

[, %
I

~ 29

F ~ ‘ : ~: “. I

.——. -— -—
1(, ?0

. ....... .— —

11 31

12 32

13 33

IT 34
-.- . . . .- .- —- --. .—. — - -— .-— —

35 ‘“–

=

———.— .—. —.
~~

. .. . . . . . — --—-
lti %

-.--— ...—. . -—

17 37
——

lff 30
—. .,. ._ .-—

1’3 39’. . .
.. . . . .

20 40
-. ._-.. -.-—

I I

I t

I
I

I

-.— ..-— .—

●
✿✍✿✿� �✎

✌✌
� �✎✿✿� 4

. . .. . . —--.———-—.—— .———— ——



722-A E b I SHOP
CALIBRATION DATA SHEET

Unit of Measure O - s-~ Ps( & fi-loq
)

Equipment Under Test ~E@so7Ff. =._

Stal]dard Used S/~ ID~68

.

—

--- —-

●

Fiwe 1



I

Unit of Measure

Equil)ment Under

Stal)dard Used _

Range _~ -- >DD E( Calibration Expires g.\--g3-.
Baroo,etric Pressure A?. ~ 6 ‘‘/~7 liumidit y _%

Date ~c2-- g3

so. g76/1

t No. S/ti //6 $

By e—.// @/d

Temperature 7s”6

Remarks

——

,0

—

Pl~e 1



722-A E b I SHOP
CALIBWTION MTA SHEET

Equipment Under Test sEdso7&f. 2 No. 97h 06

● Stallrlard Used T/~ /0562 f No. S/M /[6 F

Range ~) ->DC’ fi[ Calibration Expires g-~-–g3 By ~–. d[ 6/(

Fe?nnrks

I
-— —

——----

●
,,

.—

____ --..—-

Ygure 1



722-A E b 1 SHOP
CALIBRATION DATA 2NEST

Unit of Measure O - 3-0 ps( b O-lov Date g-/-23

Equipment Under Test SFN S07-GC = No. 97 6(2

Sta[~dardUsed ~-g
v No. s/. //&f

,, t t ,-—— . -

9 29

(
10 30

——.—

11 31

11
32

..-.. ——. —

1% 33. ., I—— .—-— .. .—
14 34

....... .. ... ...——-—— - .——. — .— .-.

15 35 ““--
........... .—

16 36

17 - 37

18 30
. .-— ----
19 39

20 A 40 I_.-.—-
,

Rmnrks

__—_— -._. —

●

--. —— ..- -—

~ ~re 1
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Unit of Measure

●
St [,ll,lard Used _

Equipment Under
)

722-A E 6 I SHOP

CALIBUTION DATA SHEET

Q- 50 -?s14. f7-lo K

Test s - ~ o c 2

~
Range a -300 ?s1 calibration .Expfres P-S-23 By G J?/~d

Remarks

——

—..-

●

NBure 1



722-A E 6 I SHOP
CAL1BRATIONDATA SHEST

Unit of Measure (7- <bw( A 0-(0/

Femarks

a

_—-
Figure 1



D) Fluid’Property Effects

In the adjustment of the L Area test data to operating

I 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 viscosity,

specific heat, and other fluid property changes. This

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 deuas sed H20 (See Appendix G).
c~

.
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●
The

Appendix E - Low

determination of

difficult. This appendix

Pressure Header

the actual tank

and Tank Level

level proved to be

contains the calculations and data used

to resolve the discrepancies in the test data. Special attention

should be given to the effects of

the low pressure header readings.

centerline transducer was plugged

1.

2.

3.

4.

5.

● 6,

The data listed was collated

the number of pumps running on

Also note that the bottom tank

during most of the testing.

from

Methodology

Determine all gauge elevations

Determine reading at

Adjust for number of

reference point

Calculate tank level

(unsuccessful)

overflow

pumps running

from absolute

references 9, 10, and 11.

and obtained overflow

and gage readings

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

reference valve

Compare different gage readings



Full”analysis of all tank level

● cavitation test levels approximately

at the S.L.O.C. test levels 3’ tO O’

corrected.

data indicates that at the

10’ and

the DMA

Estimated Error ~ 3“ (these ran9es onlY

●

approximately 81 and

calculated level is
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Appendix F - Dissolved Gases

The concept of gas evolution

were not discussed in the results

and its effects on cavitation

of previous cavitation studies

at SRP. During the year long study of

conclusions concerning dissolved gases

drawn.

1)

2)

3)

4)

5.

cavitation the following

and gas evolution were

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.

In 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.

This increasing pressure drop occurs in the reactor

effluent line and reduces the pump suction pressure

forcing the pump into cavitation.

A sample of D20 from P Area (while

dissolved gas

dissolved gas

The presence

content of 1.4%. The

content of 0.8%.

in operation) had a

L Area D20 had a

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

temperature. This can be

Company data.

L Area data shown as NPSH vs.

used for comparison to the Bingham Pump

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

not be found in the SRP records and was obta.

Bingham-Williamette Co.

2800 N.w. Front Avenue

P. O. BOX 10247

portland, Oregon 97210

ned from:

(503) 226-5200
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