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HYDRAULIC TESTS OF EMERGENCY COOLING SYSTEM - L-AREA

INTRODUCTION

The delay in L-Area startup provided an o portunity to obtain valuable
data on the Emergency Cooling System (ECS) which will permit reactor
operation at the highest safe power level. ECS flow is a major input
to the FLOOD code which calculates reactor ECS power limits. The
FLOOD code assesses the effectiveness of the ECS cooling capacity by
modeling the core and plenum hydraulics under accident condicions.
Presently, reactor power is not limited by the ECS cooling capacity
(power limit). However, the manual calculations of ECS flows had been
recently updated to include pipin changes (debris strainer, valve
changes, pressure release systems§ and update fitting losses. Both
updates resulted in reduced calculated ECS flows. Upon completion of
the current program to update, validate, and document, reactor power
may be limited under certain situations by ECS coocling capacity for
some present reactor charge designs.

A series of special hydraulic tests (Reference 1, 3) were conducted in
L-Area using all sources of emergency coolant including the ECS pumps
(Reference %). The tests provided empirical hydraulic data on the ECS
piping. These data will be used in computer models of the system as
well as manual calculations of ECS flows. The improved modeling and
accuracy of the flow calculations will permit reactor operation at the
highest safe power level with respect to an ECS power limit.

SUMMARY

A series of hydraulic tests were performed in L Area to obtain
empirical data on the ECS piping system (Reference 3). The tests
included combinations of sources h Booster Pum d two
Emergency Pumps) and combinations of Supplies

with flows from O to 100 percent. The data obtained is tabulated in

. the appendices of this report.

The data shows the ECS flow under accident conditions to be up to 20
percent higher than previously calculated. The tests also showed that
as high as 30 percent additional ECS flow capacity can be expected
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with multiple sources supplying the In addition, one series of
tests provided flow data from“ with combinations of 190
Building cooling water pumps and heat exchangers on line. The tests
proved that the tables in DPSOL 105-1219A, Reactor Shutdown Rules and
Equipment Checks, which lists combinations of qualified sources are

satisfactory.

The tests provide sufficient empirical data to accurately calculate
ECS flows for the LKC piping systems. P Area piping 1s sufficiently
different to warrant similar tests once magnetic flow meters are
installed in the-rindividual ECS piping systems (Reference 4).

CONCLUSIONS

o The tests provided the data needed to more accurately calculate
ECS flows (*+ 6% compared to + 17%).

o The ECS flows are as much as 20 percent higher than previously
calculated using limited empirical data. Higher ECS flows will
permit reactor operation of the higher power levels.

o The empirical data obtained from the tests should be incorporated
in an ECS piping model.

© Because of the piping differences, tests should be conducted in P
Area after the installation of magnetic flow meters (Reference 5).

DISCUSSION

Extensive tests of the Emergency Cooling System piping were proposed
for L Area. L Area was chosen because of the delay in reactor startup
and because L Area has the only ECS piping system with in-line
magnetic flow meters installed. Tests to obtain empirical data had
not been conducted since 1974 (Reference 5). Major piping system
changes had been completed since that time (Reference 6). e
magnetic flow meters in the ECS supply piping allowed rapid and
accurate data collecton. No special test equipment was required.
Digital Heise Gages were utilized where accurate pressure data was
required.

ECS flow is a major input to the FLOOD code which calculates ECS power
limits. The FLOOD code assesses the effectiveness of the ECS cooling
capacity by modeling the core and plenum hydraulics under accident
conditions. Presently reactor power is not limited by the ECS cooling
capacity (power 1imit§. However upon completion of the FLOOD code's

' update, validation, and documentation, reactor power may be limited
under certain situations by ECS cooling capacity for some present
reactor charge designs. The manual calculations of ECS flows had been
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updated to include piping changes (Reference 6) using theoretical
pressure drop data. The accuracy of the calculations were estimated
to be +17%7 (Reference 7). The hydraulic tests in L Area resulted in
empirical corrections which improved the accuracy of the calculations
to 3 to 6% (Reference 8). The test procedure and test equipment
information is given in Appendices 1, II, III, and IV,

The first series of tests determined the effect on system flow when
more that one source was supplying the ECS. ECS flows are
conservatively calculated using only one source of cooling water. The
results of the tests indicate that ECS flow could be as much as 30%
higher (Table 1) with multiple supply sources on line (Appendix V).

The second series of tests were to determine the adequacy of
combinations of 190 Building cooling water pumps to supply the ECS as
outlined in the operating procedure, DPSOL 105-1219A, Reactor Shutdown
Rules and Equipment Checks. The tests showed that the combinations as
outlined, provided ECS flow equal to or greater than the flow with all
heat exchangers online with a full compliment of 190 Building pumps
(Appendix VI.) The test also showed that sufficient ECS flow wilg be
supplied even if one 190 Building cooling water pump is lost (Table 2).

The third series of tests provided the empirical data on the
hydraulics of the individual supply piping. The test results showed
that ECS flows are higher than previously calculated by as much as 20%
(Tables 3 and 4 and References g and 10). The tests did not allow
direct determination of individual component pressure loss
coefficients. The tests did provide sufficient data to calculate the
piping system loss coefficient with an accuracy of 3 to 6 percent
(Reference 8).

The data obtained from the hydraulic tests should be incorporated in
the Pipeflow Code (Reference 11). Manual calculations are cumbersome
and are subject to human error. Computer calculations can be made in
the future using this code.

The data from the three test series is recorded in Appendices V, VI,
and VII as raw data., No attempt was made in these appendices to
adjust or delete inconsistant data. However, some tests were repeated
to confirm data.

Data tabulations are included in the appendices. Empirical piping
loss coefficients calculated from the test data are given in Appendix
XIII. 1In addition, Appendices VIII, IX and X contain the performance
. curve data for the ECS Pumps, the booster pump, and the 190 Building
cooling water pumps. Appendix XIV is a tabulation of empirical and
theoretical pipe coefficients previously determined.
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Appendix XV gives the manual calchlation methodology. Appendix XVI is
included to record the results of the 1974 ECS tests for historical
purpose.
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TABLE 1
SUMMARY
TOTAL FLOW FOR SOURCES AND COMBINATION
FLOW THROUGH TEST PIPING
THREE ADDITION SYSTEMS
TEST GPM
NO. SOURCE TOTAL
1 13550
2 14900
3 15800
4 15735
5 15720
6 16345
7 15855
8 15960
9 15920
10 16180
11 16495
12 16490
13 16675
14 16115
15 16105
16 16205
17 15810
18 15365
19 15390
20 15870
21 15725
22 15755
23 15875
24 13879
25 13815
26 15120
27 15090
28 15620
29 12465
30 . 12370
31 © 15240
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TABLE 2

SUMMARY
DPSOL 105-1219 COMBINATIONS
FLOW THROUGH TEST PIPING
TWO ADDITION SYSTEMS

NO.,
TEST 190
NO. SOURCE PUMPS
31 3
32a 3
33 2
33a 2
34 4
35 3
36 5
37 4
38 3
39 2
3%a 1

T S T S 5!
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NO.
105

5
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TOTAL
FLOW
GPM

10551
10550
7863
7840
9892
8490
7995
6914
10750
8020
3891
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TABLE 3
CALCULATION ECS FLOWS FOR LOCA

BOOSTER PUMP FLOW, GPM

EMERGENCY COOLING SYSTEM TWEWWEKFCMMMION

ON WITH LEAR IRC IKC
2 4740 4960 5600 5790
2 8150 8650 8420 8990
2 - - 5410 5660
LoV, GPY
2 4390 4420 5070 5410
2 - - 4950 5260
EMERGENCY PUMP FLOW, GPM
P LKC

L Pump Z Pump 1 Pump 2

2 - - 5210 5950 5395 6200
2 - - 7630 8800 7930 9360
2 - - . 5120 5650 5320 6050

DELETED VERSIGH
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TABLE 4
CALCULATION ECS FLOWS FOR LOPA
BOOSTER PUMP FLOW, GPM
EMERGENCY COOLING SYSTEM THEORE ATTONS RICAL BASED CALCULATIONS
' ON r TKC |4 LKC
6620 6730 6630 6850
6660 6790 7120 : 7250
5690 5750 6950 7080
10280 10720 10300 10770
9920 10360 10470 10980
9750 10170 10310 10780
11830 12600 11750 12460
S FLov, GPY
4820 5000 5940 6060
- - 5760 5980
EMERGENCY PUMP FLOW, GPM
r LKC

1l Pump £ Pump T Pump 27 Punm

7310 7640 7440 7820
9850 10930 10160 11440
10800 12270 11210 13000
7030 7300 7100 7420
7180 7520 7300 7680
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FROM: J. H. HINTON, 707-C
HYDRAULIC TESTS OF EMERGENCY COOLING SYSTEM - L-AREA
INTRODUCTION

The delay in L-Area startup provided an o portunity to obtain valuable
data on the Emergency Cooling System (ECS) which will permit reactor
operation at the highest safe power level. ECS flow is a major input
to the FLOOD code which calculates reactor ECS power limits. The
FLOOD code assesses the effectiveness of the ECS cooling capacity by
modeling the core and plenum hydraulics under accident conditions.
Presently, reactor power is not limited by the ECS cooling capacity
(power limit). However, the manual calculations of ECS flows had been
recently updated to include piping changes (debris strainer, valve
changes, pressure release systems) and update fitting losses. Both
updates resulted in reduced calculated ECS flows. Upon completion of
the current program to update, validate, and document, reactor power
may be limited under certain situations by ECS cooling capacity for
some present reactor charge designs,

A series of special hydraulic tests (Reference 1, 3) were conducted in
L-Area using all sources of emergency coolant including the ECS pumps
(Reference 2). The tests provided empirical hydraulic data on the ECS
piping. These data will be used in computer models of the system as
well as manual calculations of ECS flows. The improved modeling and
accuracy of the flow calculations will permit reactor operation at the
highest safe power level with respect to an ECS power limit,

SUMMARY

A series of hydraulic tests were performed in L Area to obtain
empirical data on the ECS piping system (Reference 3). The tests
included combinations of sources h Booster Pum d two
Emergency Pumps) and combinations of Supplies

with flows from 0 to 100 percent. The data obtained is tabulated in
. the appendices of this report.

The data shows the ECS flow under accident conditions to be up to 20
percent higher than previously calculated. The tests also showed that
as high as 30 percent additional ECS flow capacity can be expected
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with multiple sources supplying the In addition, one series of
tests provided flow data from with combinations of 190
Building cooling water pumps and heat exchangers on line. The tests
proved that the tables in DPSOL 105-1219A, Reactor Shutdown Rules and
Equipment Checks, which lists combinations of qualified sources are ’
satisfactory.

The tests provide sufficient empirical data to accurately calculate
ECS flows for the LKC piping systems. P Area piping is sufficiently
different to warrant similar tests once magnetic flow meters are
installed in the individual ECS piping systems (Reference 4).

CONCLUSIONS

0 The tests provided the data needed to more accurately calculate
ECS flows (+ 6% compared to + 177).

o The ECS flows are as much as 20 percent higher than previously
calculated using limited empirical data. Higher ECS flows will
permit reactor operation of the higher power levels.

o The empirical data obtained from the tests should be incorporated
in an ECS piping model.

o Because of the piping differences, tests should be conducted in P
Area after the installation of magnetic flow meters (Reference 5).

DISCUSSION

Extensive tests of the Emergency Cooling System piping were proposed
for L Area. L Area was chosen because of the delay in reactor startup
and because L Area has the only ECS piping system with in-line
magnetic flow meters installed. Tests to obtain empirical data had
not been conducted since 1974 (Reference 5). Major piping system
changes had been completed since that time (Reference 6). Tge
magnetic flow meters in the ECS supply piping allowed rapid and
accurate data collecton. No special test equipment was required.
Digital Heise Gages were utilized where accurate pressure data was
required.

ECS flow is a major input to the FLOOD code which calculates ECS power
limits. The FLOOD code assesses the effectiveness of the ECS cooling
capacity by modeling the core and plenum hydraulics under accldent
conditions. Presently reactor power is not limited by the ECS cooling
capacity (power 1imit¥. However upon completion of the FLOOD code's

" update, validation, and documentation, reactor power may be limited

under certain situations by ECS cooling capacity for some present
reactor charge designs. The manual calculations of ECS flows had been
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updated to include piping changes (Reference 6) using theoretical
pressure drop data. The accuracy of the calculations were estimated
to be +17% (Reference 7). The hydraulic tests in L Area resulted in
empirical corrections which improved the accuracy of the calculations
to 3 to 6% (Reference 8). The test procedure and test equipment
information is given in Appendices I, II, III, and IV.

The first series of tests determined the effect on system flow when
more that one source was supplying the ECS. ECS flows are
conservatively calculated using only one source of cooling water. The
results of the tests indicate that ECS flow could be as much as 307
higher (Table 1) with multiple supply sources on line (Appendix V).

The second series of tests were to determine the adequacy of
combinations of 190 Building cooling water pumps to supply the ECS as
outlined in the operating procedure, DPSOL 105-12194, Reactor Shutdown
Rules and Equipment Checks. The tests showed that the combinations as
outlined, provided ECS flow equal to or greater than the flow with all
heat exchangers online with a full compliment of 190 Building pumps
(Appendix VI.) The test also showed that sufficient ECS flow will be
supplied even if one 190 Building cooling water pump is lost (Table 2).

The third series of tests provided the empirical data on the
hydraulics of the individual supply piping. The test results showed
that ECS flows are higher than previously calculated by as much as 20%
(Tables 3 and 4 and References 8 and 10). The tests did not allow
direct determination of individual component pressure loss
coefficients. The tests did provide sufficient data to calculate the
piping system loss coefficient with an accuracy of 3 to 6 percent
(Reference 8).

The data obtained from the hydraulic tests should be incorporated in
the Pipeflow Code (Reference 1ll). Manual calculations are cumbersome
and are subject to human error. Computer calculations can be made in
the future using this code.

The data from the three test series is recorded in Appendices V, VI,
and VII as raw data. No attempt was made in these appendices to
adjust or delete inconsistant data. However, some tests were repeated
to confirm data.

Data tabulations are included in the appendices. Empirical piping
loss coefficients calculated from the test data are given in Appendix
XIII. In addition, Appendices VIII, IX and X contain the performance
. curve data for the ECS Pumps, the booster pump, and the 190 Building
cooling water pumps. Appendix XIV is a tabulation of empirical and
theoretical pipe coefficients previously determined.
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Appendix XV gives the manual calculation methodology. Appendix XVI is
included to record the results of the 1974 ECS tests for historical
purpose.
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TABLE 1
SUMMARY
TOTAL FLOW FOR SOURCES AND COMBINATION
FLOW THROUGH TEST PIPING
THREE ADDITIQON SYSTEMS
TEST GPM
NO. SOQURCE TOTAL
1 ) 13550
2 : 14900
3 15800
4 i , 15735
5 15720
6 ‘ . 16345
7 15855
8 15960
9 15920
10 16180
11 16495
12 16490
13 16675
14 16115
15 16105
16 16205
17 - 15810
18 15365
19 15390
20 15870
21 15725
22 , 15755
23 ] 15875
24 13879
25 13815
26 15120
27 15090
28 ) 15620
29 12465
30 12370
31 15240
RSION
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TEST
NO,

31
32a
33
33a
34
35
36
37
38
39
39a

SOURCE

TABLE 2
SUMMARY

DELETED VERSION

DPSOL 105-1219 COMBINATIONS
FLOW THROUGH TEST PIPING
TWO ADDITION SYSTEMS

NO.
190
PUMPS

= oWwhbunw o ww

NO. TOTAL
105 FLOW
HXS GPM
2 10551
2 10550
2 7863
2 7840
3 9892
3 8490
6 7995
6 6914
2 10750
2 8020
2 3891
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TABLE 3
CALCULATION ECS FLOWS FOR LOCA

BOOSTER PUMP FLOW, GPM

EMERGENCY COOLING SYSTEM THEORE B ION:
ON WITH LEAK P LKC P LKC
2 4740 4960 5600 5790
2 8150 8650 8420 8990
2 - - 5410 5660
2 4390 4420 5070 5410
2 - - 4950 5260
EMERGENCY PUMP FLOW, GPM
P LKC

L Pump 2 Pump 1 Pump 2

2 - 5210 5950 5395 6200
2 - 7630 8800 7930 9360
2 5120 5650 5320 6050

DELETED VERSION



i
*i" RTR-2347

oW Page 8

¥ April 2, 1986

DELETEDXERSION

TABLE 4
CALCULATION ECS FLOWS FOR LOPA

BOOSTER PUMP FLOW, GPM
EMERGENCY COOLING SYSTEM THEORETICAL CULATIONS EMPIRIC BASED CALCULATIONS
P

ON KT P IRT
6620 6730 6630 6850
6660 6790 7120 7250
5690 5750 6950 7080

10280 10720 10300 10770
9920 10360 10470 10980
9750 10170 10310 10780

11830 12600 11750 12460

: G FLov, GpM
4820 5000 5940 6060
- - 5760 5980

EMERGENCY PUMP FLOW, GPM
P LKC
L Pump Z Pump 1 Pump 7 Pum

- - 7310 7640 7440 7820
- - 9850 10930 10160 11440
- - 10800 12270 11210 13000
- - 7030 7300 7100 7420
- - 7180 7520 7300 7680
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HYDRAULIC TESTS OF EMERGENCY COOLING SYSTEM - L-AREA

INTRODUCTION

The delay in L-Area startup provided an opportunity to obtain valuable
data on the Emergencz Cooling System (ECS? which will permit reactor
operation at the highest safe power level. ECS flow is a major input
to the FLOOD code which calculates reactor ECS power limits. The
FLOOD code assesses the effectiveness of the ECS cooling capacity by
modeiing the core and plenum hydraulics under accident conditions.
Presently, reactor power is not limited by the ECS coolin capacitcy
(power limit). However, the manual calculations of ECS fiows had been
recently updated to include piping changes (debris strainer, valve
changes, pressure release systems) and update fitting losses. Both
updates resulted in reduced calculated ECS flows. Upon completion of
the current program to update, validate, and document, reactor power
may be limited under certain situations by ECS cooling capacity for
some present reactor charge designs.

A series of special hydraulic tests (Reference 1, 3) were conducted in
L-Area using all sources of emergency coolant including the ECS pumps
(Reference 2). The tests provided empirical hydraulic data on the ECS
piping. These data will be used in computer models of the system as
well as manual calculations of ECS flows. The improved modeling and
accuracy of the flow calculations will permit reactor operation at the
highest safe power level with respect to an ECS power limit.

SUMMARY

A series of hydraulic tests were performed in L Area to obtain
empirical data on the ECS piping s erence 3). The tests
included combinations of sources WO
Emergency Pumps) and combinations of Supplies %
with flows from 0 to 100 percent. The data obtained is tabulate

the appendices of this report.

The data shows the ECS flow under accident conditions to be up to 20
percent higher than previocusly calculated. The tests also showed that
as high as 30 percent additional ECS flow capacity can be expected

-pELETED }[ERSION f
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In addition, one series of
tests provided flow data from ich combinations of 190
Building cooling water pumps a eat e ers on line. The tests
proved that the tables in DPSOL 105-1219A, Reactor Shutdown Rules and
Equipment Checks, which lists combinations of qualified sources are
satisfactory.

The tests provide sufficient empirical data to accurately calculate
ECS flows for the LKC piping systems. P Area plping is sufficiently
different to warrant similar tests once magnetic flow meters are
installed in the individual ECS piping systems (Reference 4).

CONCLUSIONS

o The tests provided the data needed to more accurately calculate
ECS flows (+ 6% compared to + 17%1).

¢ The ECS flows are as much as 20 percent higher than previously
calculated using limited empirical data. Higher ECS flows will
permit reactor operation of the higher power levels.

o The empirical data obtained from the tests should be incorporated
in an ECS piping model.

© Because of the pipin% differences, tests should be conducted in P
Area after the installation of magnetic flow meters (Reference 5).

DISCUSSION

Extensive tests of the Emergency Cooling System plping were proposed
for L Area. L Area was chosen because of the delay in reactor startup
and because L Area has the only ECS piping system with in-line
magnetic flow meters installed. Tests to obtain empirical data had °
not been conducted since 1974 (Reference 5). Major piping system
changes had been completed since that time (Reference g). TKe
magnetic flow meters in the ECS supply piping allowed rapid and
accurate data collecton. No special test equipment was required.
Digital Heise Gages were utilized where accurate pressure data was
required.

ECS flow 1is a major input to the FLOOD code which calculates ECS power
limits. The FLOOD code assesses the effectiveness of the ECS cooling
capacity by modeling the core and plenum hydraulics under accident
conditions. Presently reactor power 1s not limited by the ECS cooling
capacity (power limitg. However upon completion of the FLOOD code's
update, validation, and documentation, reactor power may be limited
under certain situations by ECS cooling capacity for some present
reactor charge designs. The manual calculations of ECS flows had been

'DELETED VERSION
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updated to include piping changes (Reference 6) using theoretical
pressure drop data. %he accuracy of the calculations were estimated
to be +17% (Reference 7). The hydraulic tests in L Area resulted in
empirical corrections which improved the accuracy of the calculations
to 3 to 61 (Reference 8). The test procedure and test equipment
information is given in Appendices I, II, III, and 1V,

The first series of tests determined the effect on system flow when
more that one source was supplying the ECS. ECS flows are _
conservatively calculated using only one source of cooling water. The
results of the tests indicate that ECS flow could be as much as 307
higher (Table 1) with multiple supply sources on line (Appendix V).

The second series of tests were to determine the adequacy of
combinations of 190 Building cooling water pumps to supply the ECS as
outlined in the operating procedure, DPSOL 105-1219A, Reactor Shutdown
Rules and Equipment Checks. The tests showed that the combinations as
outlined, provided ECS flow equal to or greater than the flow with all
heat exchangers online with a full compliment of 190 Building pumps
(Appendix VI.) The test also showed that sufficient ECS flow wilg be
supplied even if one 190 Building cooling water pump is lost (Table 2).

The third series of tests provided the empirical data on the
hydraulics of the individual supply piping. The test results showed
that ECS flows are higher than reviously calculated by as much as 20%
(Tables 3 and 4 and References and 10). The tests did not allow
direct determination of individual component pressure loss
coefficients. The tests did provide sufficient data to calculate the

. piping system loss coefficient with an accuracy of 3 to 6 percent

(Reference 8).

The data obtained from the hydraulic tests should be incorporated in

the Pipeflow Code (Reference 11). Manual calculations are cumbersome
and are subject to human error. Computer calculations can be made in
the future using this code.

The data from the three test series is-recorded in Appendices Vv, VI,
and VII as raw data. No attempt was made in these appendices to
adjust or delete inconsistant data. However, some tests were repeated

to confirm data.

Data tabulations are included in the appendices. Empirical piping
loss coefficients calculated from the test data are glven in Appendix
Xi1Il. 1In addition, Appendices VIII, IX and X contain the erformance
curve data for the ECS Pumps, the booster pump, and the 190 Building
cooling water pumps. Appendix XIV is a tabulation of empirical and
theoretical pipe coefficients previously determined.

COCLLI
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Appendix XV gives the manual calculation methodology. Appendix XVI {s
included to record the results of the 1974 ECS tests for historical

purpose.
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TABLE 1
SUMMARY
TOTAL FLOW FOR SQURCES AND COMBINATION

FLOW THROUGH TEST PIPING
THREE ADDITION SYSTEMS

TEST : GPM

NO. SOURCE TOTAL
1 13550
2 14900
3 15800
a 15735
5 15720
6 16345
7 15855
8 15960
? 15920
10 P EPASB 16180
11 BP, EPA 16495
12 BP, EPB 16490
'3 P, EPA&B 16675
14 BP, EPA 16115
15 ! BP. EPB 16105
16 BP, EPA&B 16205
17 BP 15810
18 15365
19 15390
20 15870
21 BP, EPA 15725
22 BP. EPB 15755
23 BP, EPA&B. 15875
2 13879
25 13815
26 15120
27 15090
28 15620
29 12465
30 12370
31 15240

o0CLLY
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TABLE 2

SUMMARY
DPSOL 105-1219 COMBINATIONS
FLOW THROUGH TEST PIPING
TWO ADDITION SYSTEMS

NO. NO. TOTAL
-TEST ' 190 105 FLOW
NO. SOURCE PUMPS HXS GPM
31 3 2 10551
32a 3 2 10550
33 2 2 7863
33a 2 2 7840
34 4 3 9892
35 3 3 8490
36 5 6 7995
37 4 6 6914
38 3 2 10750
39 2 2 8020
39a 1 2 3891

"DELETED VERSION COCESE
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TABLE 3
CALCULATION ECS FLOWS FOR LOCA

BOOSTER PUMP FLOW, GPM

EMERGENCY COOLING SYSTEM THEUKECTICKI‘CIICUtKTTUNS‘“EHFIRfCKr‘FIEEB*CIICUEITIon
ON WITH LEAR 4 “TRC 4 TEC
B 4740 4960 5600 5790
8150 8650 8420 8990
' - - 5410 5660
B riov, o |
' 4390 4420 5070 5410
' - - 4950 5260
EMERGENCY PUMP FLOW, GPM
P “TKGC
I Puap 2 Pump 1 Pump 2
Pumg
. - - 5210 5950 5395 6200
: - - 7630 8800 7930 9360
i . \ - - 5120 5650 5320 6050

DELETED VERSION
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TABLE 4

CALCULATION ECS FLOWS FOR LOPA

BOOSTER PUMP FLOW, GPM

EMERGENCY COOLING SYSTEM Tmmmmmﬂmm:
ON P LRCT P LKT

6620 6730 . 6630 6850
6660 6790 7120 7250
5690 5750 6950 7080
10280 10720 10300 10770
9920 10360 10470 10980
9750 10170 10310 10780
11830 12600 11750 12460
W FLov, cex
4820 5000 5940 6060
- - 5760 5980
EMERGENCY PUMP FLOW, GPM
) 4 LKC
1l Pump £ Pump T Pump 2 Pu:
- - 7310 7640 7440  782(
- - 9850 10930 10160  1144(
- - 10800 12270 11210  1300¢
- . 7030 7300 7100 742(
- - 7180 7520 7300  768C
00GLLY)
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REACTOR SPECIAL PROCEDURE
R5P-85-001 (RTM=4676)

July 3, 1985

EMERGENCY COOLING SYSTEM - SPECIAL HYDRAULIC TESTS
REACTOR SPECIAL PROCEDURE UNDER RTM-4676
L AREA

APPROVAL DATE:: July 3, 1985

FREQUENCY: One Time only.
REFERENCES:

DPSOL 105-1015, Cooling Water System Startup

105-1201, Transfer of Sodium Polyborate Solution from ECS to
Tank Cars

105-1841, Switching Disassembly HX Cooling Water Supply
105-1853, Functional Check of Incident Switch
105-1858A, Preparing for Test and Returning to Normal - ECS
105-2315, Booster Pump Operations

QAAR 100-PLKC-11, Emergency Cooling and Liquid Confinement Protection

GENERAL LIMITATIONS AND CAUTIONS

1. The reactor must be vold of heat-generating assemblies.
2. The sodium polyborate solution must be removed from the ECS.
3. heels on thraulically operated valves-
to check valve position or seating.
4. If any valve fails to operate cofrectlj, stop the test immediately
and notify supervisor.
INFORMATION:

EQUIPMENT REQUIRED:

1. Eleven (11) 0-100 psig Heise gages calibrated within 30 days of test.

2. One 0-300 inch H320 AP (Barton) gage.

DELETED VERSION COCLLS
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PROCEDURE:
A. PREPARATION
CHECK
l. Verify that there are no heat-generating assemblies
in the reactor.
2, Verify that the emergency coolin§ system is ready
for testing per Part I of DPSOL 105-1858A.
3. Verify that the ECS has been drained, then filled
with water per DPSOL 105-1201. _
4. Verify that sodium polyborate solution has not been
charged to ECS.
5. Verify that cooling water flow_ is at
gravity flow or greater. _ _
Completed by
Date Time p.m.
CHECK

. 6.a) Have E&I Mechanic install 0-100 psig
: Heise gages at the following locations:

At valve 1392 (at valve
At valve 1395 §at valve
At valve 1397 (at valve
At valve 376B

At valve Em Pump 1 Discharge
At valve Em P ischarge
At valve 1512
At valve 1530
At valve 1527
At valve 1545
At valve Booster Pump Discharge

6.b) Have E&I install a 0-300 inch Barton
at sodium borate header strainer.

| HTTTHITT
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7. Have Works Engineering remove the flow
orifices he followin nes:

8. Have Reactor Technology Test Coordinator determine
elevation of center line of each gage and record below:
Gage Elevations
Gage No. - Serial No. Elevation

1
2
3
4
5
6
7
8
9
10
11
12
9. Verify that the following valves are

positioned as indicated:

LOSED
CLOSED
LOSED

CLOSED
LOSED

CLOSED
CLOSED

CLOSED
CLOSED
CLOSED
CLOSED

10. Verify that all Heise and Barton gage

pressure taps are OPEN.

DELETED VERSION
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B. TEST OF ECS SOURCES

l. Verify that:
a. Coo wvater flow through cooling water headers
is at gravity flow or less.
b. Cooling water header effluent valvea_
are OPEN.

¢. Both inlet and outlet CW valves on at least 2 heat
exchangers on each cooling water header are OPEN.

d. valve @} 1s open.
e. Valva-'is CLOSED.

£. stie header isolation valves are CLOSED.

g. Bypass line valve d crosstie header
isolation valves “&re CLOSED.

2, Station observers as follows:

o HX bay to observe operation of valves in field
and to observe the Heise gages.

o Graphic panel to operate valves, to record flow
and to record field data.

o Hydraulic unit to check operation of pump and
motor for valves when valves are first opened.

0 At ECS storage header strainer to verify that

the strainer Bypass relief valves remain closed

while valves are open and to record strainer 2 P
(pt #9)

0 At Booster Pump to record data

o At -20 clean area to record data

DELETED VERSION CUCLLs
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3. 1If an ECS strainer bypass relief valve starts to
open, proceed as follows:

a. Close valves opened below

b. Request Maintenance Mechanics to check and
reset, if necessary, the torque required per
DPSOL 105-1268 to open to strainer bypass relief
valves. :

c. Resume test.

d. If a strainer bypass relief valve again starts
to open, stop the test and notify day supervision.

4. Estabiish supply of test water per Table 1
Test Combinations - Sources
a. Verify the vaive.is CLOSED
b. Verify that valv-is OPEN
¢. Establish

supply with 3 small pumps, heat

exchangers and valve OPEN.
d. Establish supply with 3 small pumps, 2 heat
exchangers and valve OPENS.

‘5. Unlock and energize the following valves in crane

maintenance area. Verify that CLOSED in
lights on the graphic panel are ON.

6. Request observer in field to OPEN the following
valves:

Block valve, flow test line CPEN
OPEN
OPEN

7. Set valving to establish test condition per Table 1

T 1.
“Supply - Valve- open

. Establish contact with all observers in the field.

-

DELETED VERSION
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9. Cycle val'ves— (close to open; open

to closed)

10. Press opén button for valve-ac graphic panel.
Verify the following:
a. Green light on graphic panel in CON for valve .

b. Position indicator o e graphic panel indicates
full OPEN for valve

c. If valve. fails to open, stop test immediately.
d. Repeat steps for—

11. Press open button for valve- at graphic panel.
Verify that valv- opeﬁed as follows:
a. Green light on graphic panel is ON for valve

b. By visually checking at valve.

c. If valve ~fails to open, stop test
immediately.

.d. Repeat step for—

12. Verify that flow through magnetic flowmeters is
indicated on graphic panel.

13. Allow water to flow for fifteen minutes to flush lines.
14. Check for leaks. Repair as necessary. |
15, Complete Data Sheet 1.

16. Continue by startin ening
and closing valves ntil all
combinations in Ta eell" completed.

Record data on Data Sheet 1.

DELETED VERSION
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CHECK

NOTE: The Booster Pump will be started using appropriate steps in DPSOL
105-2315. The cooling water pumps will be started under the direction

from the Graphie Panel.

17. Repeat tests from Table 1 requested by Reactor
Technology.

18. Clgse the owing valves:

==

19. Shutdown Emergency Pumps 1 and 2.

C. COOLING WATER PUMP TEST

l. Verify that:

a. Cooling water flow through cooling water headers
—8 at gravity flow or less.
b. Cooling water header effluent valves_

are open.
¢. Both inlet and outlet CW valves on at least 2

heat exchangers on each cooling water header are
OPEN.

d. valve ik 1= orENn.

e. Valve {JJJis cLosED.

f. Crosstie header isolation valves are CLOSED.

8. Bypass line valves crosstie header
isolation valves “re CLOSED .

COCCLO
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CHECK
2. Station observers as follows:

© HX bay to observe operation of valves in field
and to observe the Helse gages (L Area).

¢ Graphic panel to operate valves and to record
flow and field data.

0 Hydraulic unit to ration o d
motor for valves nd
when valves are opened.

o At -20 clean area to record data.

o At ECS storage header strainer to verify that
the strainer bypass relief valves remain closed
while valves are open and to record strainer

P (pt #9)

3. 1If an ECS strainer bypass relief valve starts to
open, complete the following:

a. Close valves opened below.

b. Request Maintenance Mechanics to recheck, and
reset if necessary, the torque required to open
strainer bypass relief valve per DPSOL 105-1268.

c. Resume test.

d. 1If a strainer bypass relief valve again starts to
open, stop the test and notify day supervision.

4, Estab a supply of test water per Table II
and Pump Tests ’ -

a. Verify that valve [Jis crosEp.
b. Verify that valve (] 1 oren.

c. Establish”aupply with 3 small CW pumps and
two heat exchangers. :

¢0CC0
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CHECK

5. . Request observer in field to OPEN the following

valves:

Block valve - flow test line PEN

OPEN

6. Set valving to e ish tes itions per Table

11, Test 32. ﬂupply - pen
7. Establish contact with all observers in the field

8. Press open button for valve-al: graphic panel.
: Verify the following.

a. Green light on graphic panel is ON for valve-

b. Position indicator for valve'-on the graphic
panel indicates full OPEN.

|

c. If valve-fails to open, stop test imediately.

d. Repeat step for valve -
9. Press open button lve Fat graphic panel.
Verify that valve “pene as follows: ) _
a. Green light on graphic panel 1s ON for valve-
b. By visually checking at valve. |
c. If valve -faila to open, stop test immediately.

d. Repeat step for valve-_
10, Verify th
systems

through magnetic flow meters for
re indicated on the graphic panel.
11. Continue by starting and stopping 190 pumps, opening
and closing he valves, and opening and
closing valves ntil all combinations in
Table II have been completed. Record data on Data
NOTE: The cooling water pumps will be started under the direction of
Power Department Supervision. Reactor Departament will choose the heat

Sheet 2.
xchangers to place on line and open the inlet and outlet valves to each
one chosen. -

COLLCHL
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12. Repeat tests from Table II requested by Reactor Technology.
13.

14,

1.

Close the&lowing valves, I ;
Shutdown 190 pumps on-

D. TEST OF ECS SUPPLIES
Verify that:

a. Cooling water flow through cooling water headers
is at gravity flow or less.

b. Cooling water header effluent valves NS
are open,

¢c. Both inlet and outlet CW valves on at least 2
heat exchangers on each cooling water header are
OPEN.

d. valve [ s oren.

e. Valve {JJ 1s cLosED.

f. Crosstie header isolation valves are CLOSED.
CLOSED
CLOSED
CLOSED
CLOSED

g. Bypass line valves around crosstie header
igolation valves. -are CLOSED.

CLOSED
CLOSED
Station observers as follows:

o HX bay to observe operation of the valves in the
field and to observe Heise gages.

o Graphic panel to operate valves, to record
flow, and to record field data.

DELETED VERSION B GV S DA
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BOOSTER PUMP PERFORMANCE DATA

o Vendor Data
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APPENDIX X

190 BUILDING COOLING WATER PIMPS

o} Head Curves
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APPENDIX XI

REACTOR PRESSURE RELIEF

Pressure Under Top Shield Data
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APPENDIX XII

REACTOR AREA ELEVATIONS

COCLClo



APPENDIX XII

Page 1

o 186 Basin

Wall
Welr
Nom. Floor

o PS Well

o 190

o 105

o 107

Nom. Floor
Bottom

Bldg.

Floor

Bldg.

0' Elev.
Bldg.

Entr. Pipes
Floor

Weir 0 gpm

25kgpm
100kgpm

323.75
322.21
304.50

304.00
299.00

303.50

316.67

291.00
288.00
301.00
301.75
303.00

ELEVATIONS*
L

257.75
256.21
238.50

238.0
233.0

237.50
250.67

225.75
222.0
235.0
235.75
237.0

- * Elevations above sea level, feet

K C
2771.75 293.75
276.21 292.21
258.50 274.50
258.00 274.00
253.00 269.00
257.50 273.50
270.67 286.67
245.74 261.75
242,00 258.00
255.00 271.00
255.75 271.75
257.00 273.00

COLTL S




APPENDIX XII

Page 2 DELETED VERSION
Xmitter .

Instruments P L K —Cc

X-tie

BP
PS Well Level = - . {
(Cont. Console) : 1

Bottom of Top . : h :
Shield A ‘ , W

(1) W234749
(2) W234684
(3) W138460

gION
DELETED VER CGLLT
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APPENDIX XIII

CALCULATION OF "K' COEFFICIENTS FOR EACH PIPING COMPONENT

"K" is defined below.

R B

H = plping pressure loss, feet of Hy0
Q = piping flow, gpm

The following '"K" coefficients were calculated. Refer to the sketch

(Figure 1) to determine piping configuration.

FIGURE 1

Xtie. 1

=0 ® @

Booster Pump
EmPl
EmP2

DELETED VERSION
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APPENDIX XIII

Page 2
L Xtiel
Press Press
Psig Psig
44,8 28.35
52.8 49.4
49.0 38.3
45,85 28.4
- ' Xtiel
Press Press
Psig Psig
44 .67 32.9
50.8 48.7
47.7 40.6
‘5.3 32.4

1 Elev Corr

2 Vel Corr He=0,
3 K= H
2
(Q/1000)
DELETED VERSION

Elevl

Corr
ft.

-1.833
-1.833
-1.833
-1.833

Elevl
Corr

ft.

-1.833
-1.833
-1.833
-1.833

To0o-

&

C.

Vel
Corr

3.966
0.808
2.547
4.203

Vel
Corr

ft.

4,161
0.865
2.623
4.510

at)%7'-4" Xtie; at -19'2"

¢

Flow
gpo
13550

6155

10860
13950

Avg.

Flow

13879
6330

11020
14450

Avg.

DELETED VERSION

0.2377
0.2797
0.2458
0.2372

0.2501

0.1716
0.1879
0.1712
0.1725

0.1758



APPENDIX XIII

Page 3

Booster Pump ti!

DELETED VERSION

BP Ktiel Elevl Vell
Press Press Corr Corr Flow 3
Psig Psig fe. ft. Zpm K~
55.90 27.6 -0.417 4.122 13815 0.3649
64,0 55.6 =0.417 1.003 6815 0.4466%*
60,56 40/8 -0.417 2.899 11585 0.3640
55.4 26.7 =0.417 4,264 14050 0.3581

Avg  0.3623
1 BP gage elevation at -18'9", Xtie gage at -19'-2"
2 Vel corr H = 0.0216 (Q/1000)2
3 k= H/(Q/1000)2
186 Basin to Booster Pump
BP Press BP Press
No Flow W/ Flow Flow
Psig Psig GPM K
10.8 10.0 6815 0.0396
10.8 8.37 11585 0.0416
10.8 7.3 14050 0.0408
10.8 9.9 7035 0.0418
10.8 9.1 10780 0.03356
10.8 8.3 12325 0.0379

Avg. 0.0392
* Not used in average.
COCL Yy

DELETED VERSION
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Page 4

ECS Pump A to

Pump A Xtiel
Press Press
Pgig Psig
41.64 22,3
69.0 61.4
52.0 37.2
43.0 22.7

Elevl
Corr

-0.417
-0.417
-0.417
-0.417

DELETED VERSION

Vel2
Corr

9.&13
3.088
7.330
9.717

1 BP gage elevation at -18'9", Xcie gage at -19'-2"
H = 0.03898 + 0.0216 (Q/1000)2

2 vyel corr
H/(Q/1000)2

3 K=

186 Basin to ECS Pump A

ECS Pump A
No Flow

Psig

10.76
12.00
12.00
12.00

DELETED VERSION

ECS Pump A
W/ Flow

Psig

2.40
11'00
8.5
7.0

Flow

12465
7140
11000
7035

Flow

13465
7140

11000
12665

Avg.

GPM

Avg.

3
K

0.3496
0.4117
0.3454
0.3543

0.3653

K

0.1238
0.0451
0.0665
0.0790

0.0786
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APPENDIX XIII
Page 5

ECS Pump B toj

Pump B Xtiel Elevl Vel
Press Press Corr Corr Flow
Psig Psig ftr. fe. gpm
41.99 21.9 -0.417 9.270 12370
50.0 35.5 , -0.417 7.040 10780
40.4 20.4 -0.417 9,202 12325
Avg.
1 BP gage elevation at -18'9", Xtie gage at -19'-2"
2 Vel corr H = 0.03898 + 0.0216 (Q/1000)2
3 k= H/(Q/1000)2
186 Basin to ECS Pump B
ECS Pump B ECS Pump B
Press Press
No Flow W/ Flow Flow
Psig Psig GPM
11.05 6.35 12370
9.8 8.8 7035
9.8 6.0 10780
9.8 4.3 12325
Avg.

DELETED VERSION CoLC o

3
K

0.3653
0.3512
0.3662

0.3609

K

0.0663
0.0465
0.0752
0.0833

0.0678
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Page 6 DELETED VERSION

"G (1001 Flow)

1 2 3
Xtiel ? iy Elev Vel
Press ress Corr Corr Corr Flow 4
psig psig psig ft ft GPM K
49 .4 27.0 -0.5 4.0 -0.8077 6115 1.2800
48.7 25.0 -0.5 4.0 -0.8655 6330 1.2676
55.6 27.2 =0.5 4.0 -1.0032 6815 1.2740
6l1.4 31.5 -0.5 4.0 -1.1012 7140 1.2715
58.7 28.5 -0.5 4.0 =1.0690 7035 1.3243
65.0 4.0 .=0.5 4.0 -1.1511 7300 1.2197
70.0 51.0 0.5 4,0 -0.6474 5475 1.2644
Avg. 1.2716
AR 00 riov)
- =1 2 3
Xtiel 48 4 Elev Vel
Press Press Corr Corr Corr Flow 4
psig psig psig ft ft GPM K
"0 37.0 1.6 4,125 -1.2231 7525 0.9779
.0 56.0 1.6 4,125 -0.6594 5525 0.7775
73.0 65.5 1.6 4.125 -0,2917 31675 0.6777
70.0 56.0 1.6 4,125 -0.4620 4625 1.1188

Avg.  0.8880
l Gage zero correction
2 Xtie 1 gage at -19'-2"; .gage at -15'-2"; ggage at -15'01/2"
3 H = -0.0216 (Q/1000)2
4 K= H/(Q/1000)2

DELETED VERSION COLL D
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«APPENDIX XIII
" Page 7

- o

1
Xtiel LS 4B
Press Press Corr
Esig psig psig
65.0 31.0 1.1
70.0 51.G- 1.1

SN (50/50 s5116)

1
Xtiel P
Press Press Corr
psig : psig psig
38.3 21.5 =0.5
40.6 21.0 -0.5
40.8 21.0 -0.5
37.2 - 19.0 "0-5
35.5 18.3 -0.5
1,2 24.3 0.5
wded 18.1 -0.5
46.5 23.5 -0.5
35.5 17.7 -0.5
44.0 22.2 =0.5
36.5 20.5 -0.5
7.4 20.8 -0.5
21-5 11-5 -005
21.7 11.8 -0.5
34.5 21.25 -0.5
26.5 16.1 -0.5
30.25 23.1 -0.5
22.5 16.5 -0.5
40.5 21.2 -0.5
23.25 11.9 -0.5
1 Gage zero correction
2 Xtie 1 gage at -19'-2";
3 H = 0,0216(Q/1000)2
4 K= H(Q/1000)2

DELETED VERSION

2
Elev
Corr
ft

3.9167
3.9167

Elev
Corr

L L T T I o Y
"

O000O000OO0O0OOOOOOOOO0

Ra el Sl o ol o P S L o O L O Y Y o

COCL

DELETED VERSION
3
Vel
Corr Flow 4
ft GPM K
-1.3141 7800 1.1577
-0.7141 5750 1.1052
Avg. 1.1315
3
Vel
Corr Flow 4
ft GPM K
=2.53 5308 1.1818
-2.90 5810 1.1734
-2.61 5525 1.1924
-2.51 5400 1.1728
-3.36 6250 1.1894
«2.52 5265 1.1670
-3.48 6175 1.1610
=2.58 5325 1.1712
-2.09 5990 1.1956
-2.40 5061 1.1420
«2.40 5120 1.1684
-1.34 3786 1.1518
-1.33 3800 1.1281
=2.11 4590 1.1019
-1.56 3940 1.1086
=1.38 3189 0.9750
-1.03 2749 1.0083
=2.50 5570 1.1842
-1.39 4130 1.1470
Avg. 1.1453

@ gage at -15'-3"; @ sage at -15'-2"
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GERSEE (50/50 Split)

Xtiel . Gage Elev Vel

Press Press Corr Corr Corr Flow

psig psig psig fr ft GPM K
46.5 21.9 1.1 3.9167 -3.49 © 6525 1.095¢
47.2 22.2 1.1 3.9167 =3.47 6500 1.126:¢
35.5 16.9 1.1 3.9167 =2.52 5540 1.1017
35.5 16.5 l.1 3.9167 =2.58 5610 1.1017

Avg. 1.1062

EERR (50/50 spiic)

2 3

Xtiel P ‘ Elev Vel
Press ress Corr Corr Corr Flow 4
psig psig psig ft ft GPM K
38.3 22.8 1.6 4,125 -2.53 5555 0.820¢
40.6 24.8 1.6 4,125 -2.62 5240 0.943¢
40.8 21.7 1.6 4.125 -2.90 5775 0.996z2
37.2 20.0 1.6 4.125 -2.61 5475 0.9722
35.5 19.0 1.6 4,125 -2.51 5380 0.9548
48.2° 25.2 1.6 4,125 -3.36 6220 1.0787
47.2 26.2 1.6 4.125 =3.47 6175 0.971C
36.5 19.6 1.6 4,125 -2.40 5490 0.9511
37.4 19.7 1.6 4,125 -2.40 5430 1.0346
21.5 11.1 1.6 4.125 -1.34 4077 0.9027
21.7 11.2 1.6 4.125 -1.33 4040 0.9199
34.5 18.2 1.6 4,125 -2.11 5302 0.9809
26.5 13.8 1.6 4.125 -1.56 4550 0.958¢6
30.25 16.0 1.6 4.125 -1.38 4806 1.0213
22.5 11.8 1.6 4,125 -1.03 4165 0.9094
40.5 , 24,2 1.6 4,125 -2.50 5180 1.0131
23.25 13.5 1.6 4,125 -1.39 3890 0.8742

Avg., 0.959¢C
1l Gage zero correction. .
2 Xtie gage of -19-2"; @) gage at -15'-1/2"
3 Hz -0.0316 (Q/1200)2 :
4 K = H/(Q/1000)

DELETED VERSION COLLT
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4. ::: s;0)
1 2 . 13

Xtiel ‘ Elev Ve

Press Es Corr Corr Corr Flow 4
psig psig psig ft ft GPM K
21.8 11.6 1.6 4,125 =3.348 4050 0.7503
32.5 17.5 1.6 4.125 =-5.0994 5000 0.86839
32.0 17.5 1.6 4.125 -4,9381 4925 0.8496
32.2 17.5 1.6 41.25 -4.9185 4895 0.8800
34.8 10.7 1.6 4,125 =5.2701 5115 0.9156
22.3 12.1 1.6 4.125 =3.3561 4240 0.6841
22.7 12.5 1.6 4.125 =3.4647 4110 0.7217
21.9 12.0 - 1.6 4,125 =-13.,3052 4220 0.6547
20.4 11.5 1.6 4.125 -3.2812 4020 0.5807
28.15 15.8 1.6 4.125 ~-3.0658 4485 0.8499
28.4 15.9 1.6 4,125 -4,2034 4650 0.7743
36.5 23.5 1.6 4.125 -4,7954 4730 0.7732
37.25 21.0 1.6 4.125 -5.3922 5200 0.8941
38.9 19.3 1.6 4,125 =5.3479 5240 1.1628
35.6 19.4 1.6 4.125 -5.3378 5220 0.8850
37.9 20.8 1.6 4.125 -5.7706 5675 0.7997
41.60 26.5 1.6 4,125 -5.4298 5020 0.8530
40.7 26.5 1.6 . 4,125 =5.5020 5030 0.7649

2.8 21.5 1.6 4,125 =5.4744 5005 1.2419
42.0 27.0 1.6 4,125 =5.6547 5090 0.8121
38.4 21.2 1.6 4.125 -5.8770 5485 0.8602
38.1 21.3 1.6 4,235 -5.8735 5460 0.8373
38.7 21,5 1.6 4,125 -6.0060 5535 0.8405
41.6 27.0 1.6 4.125 ~-5.6094 5075 0.7830
41.7 27.0 1.6 4.125 =5.6024 5085 0.7890
41.7 27.2 1.6 4,125 -5.6722 5105 0.7625
40.25 25.5 1.6 4.125 =5.,3991 4950 0.8457
38.3 24 .4 1.6 4.125 -5.0994 4790 0.8310
8.4 24,5 1.6 4,125 -5.1160 4785 0.8320
40.4 25.5 1.6 4,125 -5.4401 4945 0.8598
39.7 25.4 1.6 4,125 =5.3412 4845 0.8411
39.8 25.4 1.6 4,125 -5.3616 4910 0.8277
40.6 25.8 1.6 41.25 -5.4435 4950 0.8485
32.9 21.1 1.6 4.125 -4,1607 4410 0.7802
32.4 21.4 1.6 4.125 -4,5101 4470 0.6499
27.6 15.0 1.6 4$.125 -4,1225 4500 0.8421
26.7 14.5 1.6 4,125 -4.2639 4575 0.7640

Avg. 0.8244
DELETED VERSION
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WY st

1 2 3
Xtiel - Gage Elev Vel
Press Press Corr Corr Corr Flow 4
psig psig psig fe ft GPM K
21.8 11.0 0.5 4.0 =3.348 41.50 0.9489
32.5 16.8 0.5 4.0 -5.0994 5140 0.9788
32.0 17.0 0.5 4.0 -4,9381 5045 0.9591
32.2 16.9 0.5 4.0 -4.918S5 5025 0.9949
34,8 18.0 0.5 4.0 -5.2701 5175 1.0537
22.3 11.7 0.5 4.0 =3.3561 4155 0.9195
22.7 12.0 0.5 4.0 =3.4647 4265 0.8793
21.9 11.4 0.5 4.0 -3.3052 4110 0.9291
20.4 11.1 0.5 4.0 -3.2812 4120 0.7634
28.35 16.5 0.5 4.0 -3.9658 4365 0.9520
28.4 16.7 0.5 4.0 -4.2034 4485 0.8728
36.5 21.2 0.5 4.0 -4.7854 5110 0.9668
37.25 21.7 0.5 4.0 -5.3922 5100 0.9697
38.9 20,6 0.5 4.0 -5.3479 5020 1.2536
35.6 20.5 0.5 4.0 -5.3379 5020 0.9620
37.9 22.0 0.5 4.0 -5.7706 5200 0.9486
41.60 23.8 0.5 4.0 -5.4298 5475 1.0128
40.7 23.5 0.5 4.0 -5.5020 5550 0.9385
‘0.8 23.7 0.5 4.0 =5.4744 5555 0.9302
42,0 24 .4 0.5 4.0 =5.6547 5635 0.9346
38.4 22.2 0.5 4.0 -5.8770 5320 0.9269
38.1 22.3 0.5 4.0 -5.8735 5325 0.8928
38.7 22.5 0.5 4.0 -6.0060 5390 0.8985
41.6 24.0 0.5 4.0 -5.6094 5615 0.9427
41.7 24.2 0.5 4.0 -5.6024 5595 0.9423
41.7 24.3 0.5 4.0 -5.6722 5655 0.9130
40.25 21.5 0.5 4.0 -5.3991 5600 1.0388
8.3 20.4 0.5 4.0 -5.0994 5475 1.3476
38.4 20.3 0.5 4.0 -5.1160 5475 1.0463
40.4 21,6 0.5 4,0 =5.4401 5655 1.0210
39.7 22.2 0.5 4.0 -5.3412 5610 0.9456
39.8 21.1 0.5 4.0 -5.3616 5610 1.0326
40.6 21.6 0.5 4.0 -5.4435 2645 1.3511
32.9 19.4 0.5 4.0 -4.,1607 4737 0.9688
32.4 17.5 0.5 4.0 «4,5101 5210 : 0.9066
27.6 14.4 0.5 4.0 -4.,1225 4590 1.0009
26.7 14.0 0.5 4.0 -4,2639 4700 0.8962

Avg. 0.9795

CoGe
DELETED VERSION
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o o s
1 2 3
Xtiel - Gage Elev Vel
Press Press Corr Corr Corr Flow 4
psig psig psig fr ft GPM K
21.8 10.2 1.1 3.9167 -3.348 4250 0.9348
32.5 15.0 1.1 3.9167 ~ =5.0994 5225 0.8408
32.0 15.3 1.1 3.9167 -4,9381 5150 1.0190
32.2 15.1 1.1 3.9167 -4,9185 5170 1.0462
34.8 16.1 1.1 3.9167 -5.2701 5330 1.1015
22.3 10.7 1.1 3.9167 -3.3561 4070 1.0189
22.7 10.7 i.1 3.9167 =3.4647 4290 0.9611
21.9 10.5 1.1 3.9167 =3.3052 4040 1.0090
20.4 9.5 1.1 3.9167 -3,2812 4185 0.8760
28.35 14.1 1.1 3.9167 -3.9658 4700 1.0123.
28.4 13.5 1.1 3.9167 =4.,2034 4815 1.0188
36.5 21.0 1.1 3.9167 -4.7954 5060 0.9533
37.25 18.2 1.1 3.9167 ’ -5.3922 5500 1.0571
38.9 - 17.2 1.1 3.9167 =5.3479 5475 1.2715
35.6 16.9 1.1 3.9167 -5.3378 5480 1.0398
37.9 18.0 1.1 3.9167 =5.7706 5470 1.1214
41.60 23.5 1.1 3.9167 -5.4298 5360 1.0356
40.7 22.8 1.1 3.9167 =5.5020 5380 1.0096
‘0.8 22.6 1.1 3.9167 -5.4744 5360 1.0421
2.0 23.4 1.1 3.9167 -5.6547 5455 1.0310
38.4 18.0 1.1 3.9167 -5.8770 5690 1.0686
38.1 18.0 1.1 3.9167 -5.8735 5705 1.0419
38.7 18.2 1.1 3.9167 -6.0060 5750 1.0661
41.6 23.0 1.1 3.9167 -5.6094 5425 1.0439
41.7 23.1 1.1 3.9167 -5.6024 5425 1.0442
41.7 23.3 1.1 3.9167 =5.6722 5445 1.0187
40.25 22.4 1.1 3.9167 =5.3991 5260 1.0557
38.3 21.5 1.1 3.9167 =5.0994 5100 1.0417
38.4 21.7 1.1 3.9167 =5.1160 5130 1.0202
40.4 22.7 1.1 3.9167 -5.4401 5270 1.0378
39.7 22.4 1.1 3.9167 -5.3412 5270 1.0083
39.8 22.4 1.1 3.9167 -5.3616 5235 1.0294
40.6 22.8 1.1 3.9167 =5.4435 5280 1.0381
32.9 18.6 1.1 1.9167 -4.1607 4732 0.9951
32.4 18.3 1.1 3.9167 -4.5101 4770 0.9438
27.6 13.2 1.1 3.9167 -4,1225 4725 1.0101
26.7 12.1 1.1 3.9167 =4.2639 4775 0.9828

Avg, 1.0229

DELETED VERSION Cove:n
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£CS Pump Fitting Coefficient (Theoretical)*

Discharge Pipe

Elbow loss (2) 0.64
Velocity at 10,000 gpm 18.15 ft/sec

Suction Pipe

Elbow loss (2) 0.30
Velocity at 10,000 gpm 11.54 ft/sec

K= H/(Q/1000)2
K = 0.03898

Engineering Department Design Standards DG5B



APPENDIX XIV

TABULATION OF PREVIOUSLY CALCULATED

COEFFICIENTS FOR PIPING COMPONENTS

Theoretical "K' coefficients for plenum inlet piping*

"K" ig defined below:
K = H/(Q/1000)2 where

H = piping pressure loss, ft Hj0

Q Q = piping flow, gpm

Accident Condition

LOCA
System LOPA To Plenum To Leak
2 0.594 0.775 0.820
4 0.572 0.756 0.801
5 0.576 0.757 0.802

"K" coefficent for reactor plenum and core

"K" = 0.0108

* Engineering Department Design Standards DG5B

C00CLO
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" 'uations for 190 Pump Supply*

Building 190 to Building 105
H= 1.572 x 10-8¢q)1.9

Building 105 to Building 107

H = 5468 x 10-8(Q)1.9 .
H = 4.908 x 10-8(Q)1.9 (k)
H = 4,988 x 10-8(Q)1.9 (¢)

*Calculations by J. E. Black in 1974

¢OoG
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APPENDIX XV

ECS FLOW CALCULATION METHODOLOGY
LOSS OF PUMPING ACCIDENT CALCULATION

Booster Pump Supply

Worst case system.supply only
| "K"  (Appendix XIII & X1V)

a. 186 Basin to Booster pump 0.0392

b. _to Wk 0.3623

c. m 1.2716

d. to reactor plenum 0.576

e. Fuel 0.0108

f. Top shield Appendix XI
g. Elevation correctionl 2.19

Total pressure drop from 186 basin through reactor is head required.

Hr = Hg + Hp + He + Hq + He + Hf + Hg
here H = K(Q/1000)2

Total pressure drop must equal head available from booster pump (see
Appendix IX).

1 Elevation correction based on elevation used for booster gump head
curve (-7'-3") and elevation of bottom of top shield 06')

DELETED VERSION
| COLCLR



fim

APPENDIX XV : DELETED VERSION

Page 2

Assume flow of 6850 gpm, then

Ha = 1.84
Hb = 17.00
Hc = 59_67
Hqg = 27.03
He = 0.51
He = 19.96
Hg = 2.19
Hr = 128.20

Head available at 6850 gpm = 137.0 ft H20

Flow to reactor with booster pump supply and system_.-only is greater
than 6850 gpm. ‘

Loss of Coolant Aceldent Calculation

Booster pump supply

Worst Case

System @ OFF
Systen leak

System B8 supply

"K' (Appendix XIII & XIV)

186 Basin to booster pump 0.0392
Booster pum 0.3623
1.1063
0.756
0.9590
0.820

Elevation correction 8.45 1

1 Elevation correction is based on the elevation used for the booster
pump head curve (-7'-3") and the reactor plenum (+1.2')

DELETED VERSION CO0LE
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Assume flow of 6850 gpm, then

Hqe = 1.84
H, = 17.00
He = 59.67
Hg = 27.03
Hg = 0.51
He = 19.96
Hg = 2.19
Hr = 128.20

Head available at 6850 gpm = 137.0 ft H20

Flow to reactor with booster pump supply and system. only is greater
than 6850 gpm.

Loss of Coolant Accident Calculation

Booster pump supply
Worst Case
System OFF
System Jl leak
System | supply

"R'" (Appendix XIII & XIV)

186 Basin to booster pump 0.0392
Jdilin 0.3623
1.1063
0.756
0.9590
0.820

Elevation correction 8.45

QM F® A0 oD

1 Elevation correction is based on the elevation used for the booster
pump head curve (-7'-3") and the reactor plenum (+1.2')

DELETED VERSION Q0005 :
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‘tal pressure drop from 186 basin %o the reactor plenum is the head
~equired.

Hr = Hgq + Hp + He + Hg + Hg

Also
HY = Hg + Hp + He + Hfe + Hg

where H = K(Q/1000)2

Total pressure drop must equal the head avallable from the Booster punmp
(see Appendix IX).

Assume Sys .flow 5800

Sys flow 5940
Hy = 5.40 Hg = 5.40
Hp = 49,93 Hy = 49.93
Ho = 37.22 He = 33.84
Hy = 25,50 Hf = 28.93
Hg = 8,45 Hs = 8-‘.-5
Hy = 126.50 Hr = 126,55

Head available at 11,740 gpm = 129.7 ft. H0

F%SH to reactor with booster pump supply and system .is greater than
5 gpm. .

DELETED VERSION LTS
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EMERGENCY COOLING SYSTEM TESTS
o ek - | DELETED VERSION
TYPED FROM PENCIL COPY

INTRODUCTION AND SUMMARY

The Emergency Cooling System (ECS) in C Area was tested in June, 1974
during the C:8.4-9.1 shutdown. These tests were part of an extensive
group of tests of the cocling water system made prior to reducing
cooling water flow as authorized in TA 1-1925. ESC test objectives

were to:

o define ECS flow resistances for light water addition to the
Teactor, :

¢ estimate heat exchanger cooling capacities using ECS sources
and/or recirculation,

0 estimate size and potential of any possible problem of pluggage by
corrosion scale in the ECS.

This report documents the evaluation of ECS flow resistance of test
data given in Reference 1. Flow predictions for light water addition
to the reactor core for each reactor area is given in Appendix B for
the accidents described in Table B-1. The theoretical model in C Area
predicts flows for the loss of circulation accident within +6% of flow
predictions based on the theoretical model. A computational hydraulic
—esistance model for predicting flows in all three areas is given in

spendix B.

Maximum test flow was 6200 gpm, 63% of flow which could be expected
for light water addition to the reactor in C Area with two operable
top addition systems during a loss of circulation accident

supply). Prior to testing empirical data defined approximately 147 of
the friction loss for the accident described above, currently
empirical data defines 70% of the friction loss in C Area.

The most important conclusion from C Area tésting is that the
theoretical calculational model provides acceptable estimates of ECS
flow capability.

DISCUSSION

If a large D20 leak or loss of D20 circulation were to occur,
emergency coolant could be added to the reactor by one or more of the
following light water sources:

o Building 190 pumps (A and B cooling water headers)

o River water pump (river water header)

o Booster pump (186 Building via <N

DELETED VERSION
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Water flows from these sources to a common point, the polybor header,
before diverging down stream into two top addition systems and a
bottom addition system. A schematic of the ECS system for light water
addition in C Area is shown in Figure 1. Two top addition systems,
numbers QP provide for emergency coolant flow to the plenum by
means of plenum inlet nozzles. A bottom addition system provides for
emergency coolant flow t¢o the number . pump suction line.

Top addition valves 4R are routinely tested on a biennial

basis (Reference 2). Routine test data is used to verify valve

nomographs used for emergency coolant flow control during a reactor
incident., The bottom addition system is also routinely tested. To

Yermit routine testing, elbows normally connecting the top addition
ines to the reactor are diverted to test lines hand

(Figure 1). The bottom addition system is connected to test line
Aby means of a removable spool plece. Test line flow is routed

to effluent headers? During routine testing,
orifices installed between rlange taps in test lines Qi@ and

are used to measure flow.

Calculations showed that test flow could be increased substantially if
test line orifice could be removed. To measure flow after orifice
removal, pressure loss vs. flow correlations were established for a
section of each test line itself, (shown in Figures 2, 3, and 4).

:8t line sensivity to flow change is approximately six times greater
than valve sensitivity. Orifice removal permitted total flows
approximately 607 greater than could have been expected with orifices
installed. Increased total flow provided better measurements and more
closely approximated Reynolds numbers than test flows at reduced rates.

Total test flows were limited by the hydraulic resistance of the test
lines; maximum test flows were approximately 6200 gpm.

Definition of friction head loses in the ECS system provided the first
check of calculations for light water addition to the reactor.

Testing also improved the calculational model for C and K Areas. P
Area calculations for light water addition flow are confirmed to the
extent C Area theoretical calculations agree closely with data based
calculations.

Test data for friction head losses in the C Area ECS are categorized
as follows:

o losses from each of the ECS supply source take-off points in the
105 building or the 191 Building in the case of the booster pump -
to the crosstie header pressure tap,

DELETED VERSION
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© losses from the crosstie hegder tap to the point of branching for
top addition system number

o losses from the branch of system number.to the point of
branching for bottom addition system number

0 losses from the branch point of system number.;‘to downstream side
~of valve '

© losses from the branch point of system number.to the down stream
side of valve

These losses are shown in Figure A-1l.

Piping losses between the downstream side of the * valve and
the p?enum 1s not defined by test data. Losses from the gas space to
vacuum breaker overflow are defined in References 3 and 4. Data was
analyzed assuming that friction head losses could be represented as
follows:

hy = R(L/D)V™/2g

(1.8¢a{ { 2.0). The most extensive data (Figure 5) for ECS source to
ogstie header friction losses exist for RW-l as a source. An
exponent of o =2 provides good agreement for flows closest to that
which could be expected during light water addition. An exponent o =2
also makes extrapolated losses conservative. Since piping area
remains fixed, it is possible to write head loss equations in the form
hy = K q2 where q is total flow in gpm between two points of
interest. Equations for pressure losses are given gn Table A-1.

Data for the bottom addition system have been omitted. The three inch
line connecting the bottom addition regresents a large hyraulic
resistance; furthermore flow through the much less restrictive top
addicion system test piping enters the same test line as the bottom
addition system. The net result if a flow split which results in
nearly all of the flow going through the top addition system. Data
for the bottom addition system is unreliable and inconsistent because
measurable friction pressure drops at reduced flow are comparable to
noise in the system. Calculations for flow in the bottom addition
system are currently based on published friction factors.

C Area Data Based Head Loss Summary

@>to Crosstie Header Tap

Data for head losses from #jiilflh to the crosstie header tap is given in
Figure 5. The graph is not approximated by a K V2/23 relationship

-3‘
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for small flows. Part of the change at low flow rates can be
accounted for by changes in Reynolds number over the flow range; the
flow is turbulent but in the transition region for much of the flow
range. Data obtained at low flow rates would have given an over
conservative estimate of K. For flows approximating the lowest flow
rate expected for a loss of circulation accident, the data can be
represented by the equation given in Table A-1. The theoretical loss

coefficent K i3 about 757 that actually measured.

Booster Pump to Crosstie Header Tap

The data summary for head losses from the booster pump to the crosstie
header tap is given in Table A-1. The factor K given is derived using
data from flows in the range that could expected for the lowest flow
rate during a loss of circulation accident. Based on theoretical
calculations, the estimated loss coefficlent is about 787 of that

measured,

@ t0 Crosstie Header Top

Data for the head loss from @l to the crosstie header tap can be
represented in the form shown below:

hy = [Ko + K1B]q2 where (1)

Ko = friction factor between P and the crosstie header tap that
is independent of velocity ratio r

K1 = experimental coefficient to account for the loss due to
stream divergence

@ = 1+Kr2+cos r form of local loss coefficlent derived for a
divergent stream (Reference 5).

r = V3/V] = ratio of common channel velocity V3 to velocity
V1 of divergent channel.

$ = angle of departure for divergent stream relative to the common
channel.

@ account for momentum and velocity changes between the common and
divergent channel. With a departure angle of 1350, the data from
more closely follows the model above than a simpler relationship
of the form hL-kq2. Instead of plotting head loss vs flow to assess
the validity of the model (since € changes the value of K), the model
is used to predict the measured pressure drop for a given flow. The
ratio of model prediction and the observed pressure loss gives a
better estimate of the success of the model. Using both Helse gage

N
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and Barton gage data for flows with orificed and unorificed heat
exchangers, the model predicts within + 10% the observed loss for most
of the data points (Figure 6). For thé smallest flows which could be
expected during a loss of circulation accident with orificed heat
exchangers the theoretical model predicts a K about 57% of the

measured K,

Qco Crosstie Header Tap

Data for the head loss from @l was analyzed in a manner sigtlar to
that for @illR Figure 7 represents data assuming a simple V</2g
relationship. The data is roughly grouped into two bands with
approximate valves of ¢ = 30 and @ = 10. Allowing for momentum and
energy changes, and using more exact valves of € the data is
represented in Figure 1 by modeldAP +— predicted &P quotients. Most

of the points fall within + 10%, well within the accuracy of the Helse

gage readings.

For the smallest flows which could be expected during a loss of
¢irculation accident with orificed heat exchangers, the theoretical
model predicts a K ahout 60% of the measured K.

Crosstie Header Pressure Tap to Branching Point

The friction losses from the crosstie header tap to the branching
point for the first addition system is given in Table A<l. The
measured loss, minor though not negligible is represented by a loss
coefficient about 9% less than a theoretical estimate of K.

Branch Point of System No.‘to the Downstream Side of (¥

Logses from the branch point to the upstream pressure tap for valve
(References 5 and Gg are given by the equation in Table A-1 for.
flow ratios .5< qb/qr (1. Data indicates that the losses are not
measurahly dependent on the flow split. An estimate of K basged on
theoretical calculation is about 88% of the measured value (Figure 8).

Test data for the maximum losses measured during testing are
represented hy the graph i{in Figure 8. During one series of tests the

valve only opened to 96%. Subsequently the limit switch was
a!!usted and the open valve position as indicated on the control panel
returned to 100%. However there was a slight increase in valve
resistance compared to previously measured values. As shown in Figure
R the maximum open valve resistance represented by the graph is in
good agreement with published loss coefficients for the valve. Valve
losses account for approximately 607 of the measured losses between
the branch point and the downstream side of the valve.

DELETED VERSION
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Branch Point of System Ntho the Branch Point of System No. !

Due to small flows in the bottom addition system and the small
resistance of the pipinf segment, this resistance is not defined by
test data. The theoretical resistance is assumed to be an accurate as
the theorectical resistance predicted for the numberisystem branch
peint to the downstram side of the valve.

NogBranch Point to the Upstream Side of dil

Data-based friction losses from the iranch point to the upstream side
pressure tap (Reference 7) for the alve are graphed in Figure 8
and are given in computational form in Tables A-l and B-1. No
measurable increase ni‘ic:ion losses due to stream divergencgt top

addition system number {fJand the bottom addition system number Pare
indicated by the data. n estimate of K based on published friction

factors are about 13% less than K based on data (Figure 8).

Test data for the maximum open valve loss coefficient for valve

are represented by the gxagh in Figure 8. The loss coefficient 1is in
good agreement with published loss coefficients. The valve resistance

during most of the testing was similar to that measured during test
line calibration; valve resistance decreased during a later test
series. Valve losses account for about 49% of the measured losses for

'tal loss between the number .ystem branch point and the downstream
slde of the valve.

Model Predictions for Pressure Losses Between the Crosstie Header
Pressure Tap and the Downstream Side of the Valves

As shown in Figure 1, flow from the test lines exits by means of
elther effluent cooling water header. The relative flow split between
addition system changes depending on what the effluent header pressure
difference is, for varied flow splits, the measured pressure drop from
the crosstie header tap to the downstream side of the (i valve changes
with respect to flow through a given addition system. To represent
and coumpare the data as measured with the model based on data, ratios
of the model AP to the measured A P have been plotted for the
combined losses measured during flow. Ratios given include the effect
of valve resistance change. As shown in Figure 6 (c) and 6 (d) the
ratios with few exceptions are within + 5%. No observable flow
dependence for the model 1s noted.

ECS Capabilities

ECS flow to the reactor core has been calculated for three cases:

- DELETED VERSION
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o loss of circulation accident with two operable top addition
systems. (This case defines whether operation is within
Technical Standards (Reference 8)). .

¢ worst postulated loss of circulation accident.
o worst postulated loss of coolant accident.

Data from C Area testin§ has been used where applicable; aEplicability
1s based on piping similarity. Flows given in Appendix B-4 are based
upon the best calculational model available for the Area. K-Area
flows include C Area data from the crosstie header tap to the
downstream side of the @ valves. Calculations based on C Area data
agree within +6% of flow estimates based on published data for fitting
and piping losses. Core melting for flows can be eastimated by

References 10 and 11

Conclusions

The calculational model for ECS flows to the reactor core is generally
confirmed; flows predicted by the model based on published pipe and
fittings losses in C Area is with 6% of the flow estimates based on
test data. K Area estimates include data for the portion of piping
that is most restrictive for flow. P Area estimates are based on

iblished loss data and should be within the general accuracy of C
area flows. Because theoretically calculated flows exceed those
predicted based on the data in C Area and because theoretically
calculated flows are generally less for P Area than other Areas, ECS
tests in P Area have been proposed.

The theoretical model is not specifically confirmed; i.e., losses for
particular fittings and types of pipe are not supported by data. In
particular, losses from the ECS supply source to the crosstie header
tap are consistently less than measured. Measurement of these losses
in P and K Areas (and C Area when isolation valves are installed in C
Area would better define those losses. Source to crosstie header tap
loss are approximately an order of magnitude less than losses from the
crosstie header tap to the downstream side of the @B valves. For this
larger resistance, the theoretical calculations are in good agreement

 with test data; therefore, overall flow predictions agree well with

previously estimated flows.

The losses from the 190 Building to the 105 Building have been
measured in C Area. This data was used in estimating losses for K and
P Area even though the piping losses and the ECS take-off point 1is not
the same among the Areas. Future tests could eliminate the

DELETED VERSION CLLELT
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uncertainty. Also suction losses for the booster pump and losses from
the river water header to the 105 Building have not been measured but
estimated. Tests to define these losses would further reduce
uncertainty in estimated ECS flows.

Reference 1 recommends orificing of the ECS system when ball valves
replace cameron valves in the ECS addition system. Test data strongly
supports this recommendation, particularly when a prototype is tested
in a4 single coz addition system. The @ Cameron valve accounts for
approximately 497 of the losses between the flow split and the
downstream side of the valve; @@ Cameron valve accounts for 60% of a
comparable loss in the wear side top addition system. Installing the
ball valve in a single top addition system without orificing would
result in uneven flow distribution between the top addition systems
and thus a less even plenum flow distribution. Flow distribution
between the top and bottom addition systems for the worst postulated
loss of coolant accident would be adversely affected also.

The §l Cazeron valve in the bottom addition system is fully ported;
the ball valve itself would not change valve resistance.

Information in computational form is given for the ECS piping
resistances in Appendix B.
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APPENDIX A

Table A-1 compares the data based loss coefficient K with the
calculated value. Pressure losses are defined by data for the points
labeled in Figure A-1. As discussed in the text, the calculated loss
coefficient values are generally less than measured value. However,
upon summing the loss coefficients for the two most restrictive
segments of piping (points (2-4) + (4-4') or points (2-3) + (3-6) +
(6-6')) and comparing them with the theoretical values, it 1s obvious
that the theoretical values are quite close to calculated values.
Although data-based losses from each source to the crosstie header are
greater than calculated using theory, they are small losses from the"
worst postulated loss of circulation accident (Table B-1). For the
worst postulated loss of coolant accident, the flow rates to the
bottom addition system is primarily affected by the adverse flow splitc
between the bottom addition system. Although the model for the losses
between each cooling water header and the crosstie header tap
indicates that the ?oas is a function of the flow split between the
cooling water header and the divergent ECS stream, a conservative
value assuming «x = 1.0 for @B and % = 8 for. ‘'was used in making
the flow analysis. At large ECS addition flow rates the effect of
becomes smaller (according to equation 1 on page 4) and for much
smaller ECS flow values the effect of « in the overall ECS resistance
is small. For example, assuming one operable top addition system for
the loss of circulation accident, the loss from @l to the crosstie
header tap represents only about 5% of the total loss in the ECS

~rgten. I

With these assumptions, flows are calculated for C Area using
theoretical and calculated data. As shown in Table A-2 agreement is
within +6%. The theoretical comparison for the worst postulated loss
of coolant accident has been omitted since the major losses in the
bottom addition system are calculated valves anyhow.

DELETED veRsion 00007 -



by o

L.; !_ )ET: \ ‘t.:
SILAS AR NoIS
n_ q”. .L*.;:\ Aﬂés i) " . wm..a SYIA d3i1l313a
2 MY

onr ey SV
- ' hel @%

7\)! ,.w S Wil'e D
ﬂ ﬁ ;;5 {0
.\SG{%W 4 43& a.\‘;n—

.S.J/..._w 4° ._.Io&. J?&w@@
@ tlal R .40)’ U.—\._b»%

T ——————

.ur.\_ | m_oé Aunqﬂmdgiml

A>pvay S
- - L:Jr_.m h v I@U\

v

® >wb @ _LH ®
(e vy S .

oS wsipoppy dopop pibi7 S0 3

Nolsu3A 31313

D

bl

CLte



"

v

NOIS¥3A @31373g

0s8t 009¢ 00s¢e 000% ooy JUBTO02 JO 3807
ua38ks uojIfppe
do)l arqeaado |
- osey ooy 008Y 00LYy 0s %S 00ts 05¢9 0s19 UoFILINIIYD jJO 8807
ema1848 uolIIppe
doy arqeraado gz
0548 00%e 0018 008{ 0008 0s6¢ 00%6 0016 00901 00£01 UoTIRINIIFI JOo 8807
yib gqb yib aqd yib  gqd yab qqd yab aab 3uapiIdy
l < s P dang 1a3soog
)
V,.ﬂ
7-V 14Vl -
)
&
0331848 UOCTIFPPE doI 18] Y3noiyl AoTJ = yb &
31848 uoyiyppe dol aedu yBnoiyj mor3y - gb
(md8) moyj (9101 = 1H
1 1A 0] sit’s 0TL ST LZ47A 96ss” 6EY°6 % D | LEX T § €80°2 1973131034
» 8690° »LIY0
LTA RS ?09°¢ 65991 L1zt £80s”’ + EL66° +9¢€2°2 6%0°7 699°7 paseqejeq
AT ETN LT .9 03 7 W03 Z ACEIE 1 03 1 03 T 03
- aa vb ab 4 _ dung
vb ab 3 123800g
(,01X)

Yady¥ D - SISSOT NOIIOTHd

I-V a749vlL

NOISY3A a31575G



DELETED VERSION

APPENDIX B

A calculation model for ECS piping is shown diagrammatically in Figure
B-1. All values of K given in Table B-2 for P Area only are
theoretically calculated values. KC loss coefficients in column T,
I1, V and VII are data based. Columns I, II, III, V, and VIII contain
loss coefficients through each of the addition systems that are
generally applicable for any accident analysis. The loss coefficient
in column IV pertains to losses through the bottom addition system
including an expansion loss to the pump suction line for system number
three. The loss coefficient in column VI applies to the losses from
the downstream side of anétop addiion valve to the bulk
moderator in the tank, e loss coefficient assumes D90 from the
downstream side of thel valve to the reactor tank and is adjusted to
give a result in terms of equivalent H20 loss. Column VI is useful
when a loss of circulation accident is postulated. An additional
correlation for the equivalent H70 friction losses from the bulk
moderator to vacuum breaker over flow are given in Table B-5. Column
XII 18 useful in evaluating a loss of coolant accident in which the
cooling water exit point from the toz addition system is assumed to be
in the -20 Hx bay at the elevation given in Table B-5.

P Area loss coefficients are different from losses for KC Areas due to
piping differences among the areas. Loss coefficlents for C Area when
1solation valves are installed in the light water addition system can
adequately be represented by loss coefficients given for K Area.

sriction loss coefficients for piping between each ECS supply source
and the crosstie header tap 1s given in Table B.3.

Analysis of the ECS system is based upon the three accidents described
in Table B-1. Flows for K and C Area were calculated using the actual
friction loss data from the crosstie header tap to the downstream side
of the @l valves. The actual maximum measured valve loss coefficient
for the @l valve is slightly less than valve given in Table B-2.

This flow difference is sliiht for the loss of circulation accident
with two operable top addition systems only. A lower averafe loss
coefficient for valve ‘based on data was used in the analysis of
the worst postulated loss of coolant accident in KC Areas. Flows to
the reactor core through the bottom addition system given in Table B-3
.are thus slightly more conservative than would be calculated by using
Table B-2. Maximum core melting estimates for the worst postulated
accident were about 3%, approximately that maximum stated in Reference
9. More detailed estimates for other flows can be obtained by using

References 10 and 11.
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TABLE B-1
ECS ACCIDENT ANALYSIS

Loss of Circulation Accident:

The loss of circulation accident is one in which the Bingham pumps
- would not c¢irculate water through the reactor core or heat
exchangers. It is assumed that the reactor remains full of water,
and that light water added exits through the vacuum breakers and
forest stangpipes. The postulated cause for a loss of circulation
accident is flooding of the AC or DC motors caused by a large
cooling water leak.

Technical Standards require that at least two sources be capable
of providing at least 8000 gpm flow to the reactor core within 20
seconds after system actuation (Reference 9). Assuming no
component failure, the loss of circulation accident with two
operable top addition systems would result in the minimum ECS flow
to the reactor core.

Accident analysis 1s based on a single component failure; namely a
single top addition valve for the loss of circulation accident.

Loss of Coolant Accident

The loss of coolant accident in one in which a large (75,000 gpm
maximum) process water leak due to rupture of a plenum inlet line
1s assumed. Bingham pumps are assumed operable. The worst
postulated accident assumes that the plenum inlet line rupture is
in the near top addition system; the singel component failure
assumed is the other top addition valve.
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TABLE B-1
ECS ACCIDENT ANALYSIS

Loss of Circulation Accident:

The loss of circulation accident is one in which the Bingham pumps
would not circulate water through the reactor core or heat
exchangers. It is assumed that the reactor remains full of water,
and that light water added exits through the vacuum breakers and
forest standpipes. The postulated cause for a loss of circulation
accident is flooding of the AC or DC motors caused by a large
cooling water leak.

Technical Standards require that at least two sources be capable
of providing at least 8000 gpm flow to the reactor core within 20
gseconds after system actuation (Reference 9). Assuming no
component failure, the loss of circulation accident with two
operable top addition systems would result in the minimum ECS flow

to the reactor core.

Accident analysis is based‘on a single component failure; namely a
single top addition valve for the loss of circulation accident.

Loss of Coolant Accident

The loss of coolant accident in one in which a large (75,000 gpm
maximum) process water leak due to rupture of a plenum inlet line
is assumed. Bingham pumps are assumed operable. The worst
postulated accident assumes that the plenum inlet line rupture is
in the near top addition system; the singel component fai{ure
assumed is the other top addition valve.
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Hydraulic unit to check operation of pump and
motor for valves when valves are first opened.

At Booster Pump or the emergency pumps to record
data. :

At =20 clean area to record data.

At ECS storage header strainer to verify that
the strainer bypass relief valves remain closed
while valves are open and to record strainer
&P (pt #9 of Figure 1)

3. 1If an ECS strainer bypass relief valve starts to open
complete the following:

a.

b.

c.

d.

Close valves opened below:

Request Maintenance Mechanics to recheck, and reset

1f necessary, the torque required to open the
strainer bypass relief valves per DPSOL 105-1268.

Resume test.

If a strainer bypass relief valve again starts
to open, stop the test and notify day supervision.

4. Establish a supply of test water as follows:

a.
b.

Ce.

d.

‘)ELETEI)VEI§N(““ 0606

Verify that valve i} 1s cLOSED.
Verify that valve g is OPEN.

Start booster pump per applicable steps of
DPSOL 105-2315.
or
Start emergency pumps 1 and 2 from the graphic
panel. No. 1 started
No. 2 started

Cycle valve /. to pressurize crosstie header.

Verify that crosstie header pressure is at least
65 psig in P Area or 55 psig in L, K and C Areas;
1f it is not, stop test and check the pump
operation.

)

!
cw‘
0

CHECK
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CHECK

5. Unlock and energize the following valves in crane
maintenance area. Verify that CLOSED indicating lights

on iraihiq iang} are ON,

6. Request observer in field to OPEN the valves in flow
test line iR - OPEN

7. Open valves Q@ and il

8. Establish contact with all observers in the field.

9. Set valving to establish test conditions per Table II1I,

Test 40a. Valves and open.
Valves open and | iopen.
Valves open and i} open.
Valve open.
Valve | closed.

Valve | closed.

T ET 10

Note: Flow change will be accomplished by adjusting
one or more of the following valves:

in Line ECW |
 in Line ECW | i
' in Line ECW '
10. Verify that flow through magnetic flow meter @ is

indicated on the graphic panel.

11. Check for leaks. Repair as necessary.

12. Continue by openi c valves and
trottling valves ! until all combinations
in Table III have been @ eted. Record data on

Data Sheet 3. Repeat tests from Table III requested
by Reactor Technology.

13. Stop Booster Pump. _
or
Stop Emergency Pump No. 1
Stop Emergency Pump No, 2

DELETED VERSION
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RSP-85-001 (RTM-4676)
Page 13
“July 3, 1985

CHECK
14, Close the following valves:
. CLOSED
i CLOSED
: CLOSED
- CLOSED
- CLOSED
L CLOSED
Crosstie header isolation valves CLOSED
B CLOSED
Block valve in line[ CLOSED
3] 1] 1] n { CLOSED T ——
_ | CLOSED ——
15. Have test equipment installed in Step A6 removed.
Save test equipment for Reactor Technology Test Coordinator.
Completed By
Date ‘Time a.m./p.m.

16. Give all test data to Reactor Technology representative.

JHH:bbt
0972a

DELETED VERSION oG
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RSP-85-001 DELETED VERSION

Page 14
July 3, 1985 TABLE 1
TEST COMBINATIONS - SOURCES
Cocling Water Supply
T;st Valve Positions ooster Emergency P;m
0. Pun
T h, ¥, e ﬂ BH— o ot
2 OPEN OPEN CLOSED CLOSED ON OFF OFF QFF
3 OPEN CLOSED OPEN OPEN ON OFF ON QFF OFF
4 OPEN CLOSED OPEN OPEN ON OFF OFF ON OFF
3 OPEN CLOSED OPEN OPEN ON OFF QOFF _ OFF ON
6 OPEN CLOSED OPEN OPEN ON OFF OFF ON oN
7 OPEN OPEN OPEN OPEN ON ON ON OFF OFF
8 OPEN OPEN OPEN OPEN ON ON OFF ON OFF
9 OPEN OPEN OPEN OPEN ON ON OFF OFF oN
10 OPEN  OPEN OPEN __ OPEN ON ON OFF ON oN_
PEN OPEN ON OFF ON ON QOFF
12 OPEN CLOSED OPEN OPEN ON - OFF ON OFF oN
13 OPEN CLOSED OPEN OPEN ON OFF ON ON ON
14 OPEN OPEN OPEN OPEN ON ON ON ON orF
15 OPEN  OPEN OPEN OPEN ON ON ON OFF ON
PE ON ON ON ON
17 CLOSED OPEN OPEN OPEN OFF ON ON OFF OFF
18 CLOSED OPEN OPEN CPEN OFF ON OFF ~ ON OFF
19 CLOSED OPEN OPEN OPEN OFF ON OFF OFF ON
20 CLOSED OPEN OPEN OPEN OFF ON OFF ON oN
CLOSED OPEN OPEN OPEN OFF ON “ON ON OFF
? CLOSED OPEN OPEN OPEN OFF ON ON OFF OoN
«3 CLOSED OPEN OPEN OPEN OFF ON ON ON ON
24 CLOSED OPEN CLOSED CLOSED OFF ON OFF OFF QOFF
25 CLOSED CLOSED OPEN OPEN OFF OFF __ON OFF QFF
CLOSED OPEN .= OPEN OFF OFF ON ON OFF
27 CLOSED CLOSED OPEN OPEN OFF OFF ON OFF ON
28 CLOSED CLOSED OPEN OPEN OFF CFF ON ON OoN
29 CLOSED CLOSED OPEN OPEN OFF OFF OFF ON OFF
30 CLOSED CLOSED OPEN OPEN OFF OFF OFF OFF ON
OPEN OFF OFF OFF ON N

NOTE: Check off each position as it is verified.

DELETED VERSION COCOES



DELETED VERSION

RSP—S%BOOI
Page TABLE II
July 3, 1985 —_—

TEST COMBINATIONS

Cooling Heat

Test , Valve Position Water Pumps . Exchangers

SMALL NONE

32 OPEN CLOSED CLOSED CLOSED 3 2 2
-33 OPEN CLOSED . CLOSED CLOSED 2 SMALL NONE 2 2
34 OPEN CLOSED CLOSED CLOSED 4 SMALL NONE 3 2
35 OPEN CLOSED CLOSED CLOSED 3 SMALL NONE 3 2
36 OPEN CLOSED CLOSED CLOSED 4 SMALL, NONE 6 2
1 LARGE
37 OPEN CLOSED CLOSED = CLOSED 4 SMALL NONE 6 2
38 CLOSED OPEN CLOSED CLOSED 3 SMALL 3 SMALL 2 2
39 CLOSED OPEN CLOSED CLOSED 2 SMALL 2 SMALL 2 2

NOTE: Check off each position as it is verified.

DELETED VERSION e
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RSP-85-001
Page 16
July 3, 1985
TABLE III
Test Compinations - 3Supplies
Test Valve Positions Percent Flow _
No, 4l ! il
40 a OPEN CLO3ED CLOSED 100l J 0
b THROTTLED CLOSED CLOSED 75 0 0
c THROTTLED CLOSED CLOSED 50 0 0
d THROTTLED CLOSED CLO3ED 25 0 0
41 a CLOSED OPEN CLOSED 0 100 0
b CLOSED THROTTLED CLOSED 0 75 0]
c CLOSED THROTTLED CLOSED 0 50 0
d CLOSED THROTTLED CLOSED 0 25 0
42 a CLOSED CLOSED OPEN 0 0 100
b CLOSED CLOSED THROTTLED 0 0 75
¢ CLOSED CLOSED THROTTLED 0 0 50
d CLOSED CLOSED THROTTLED 0 ) 25
43 a CLOSED QPEN OPEN 0 100 100
b CLOSED THROTTLED OPEN 0 75 100
c CLOSED THROTTLED QPEN 0 50 100
d CLOSED THROTTLED OPEN 0 25 100
e CLOSED QPEN THROTTLED 0 100 75
£ CLOSED OPLEN THROTTLED 0 100 50
g CLOSED QPEN THROTTLED 0 100 25
44 a OPEN CLOSED OPEN 100 0 100
b THROTTLED CLOSED OPEN 75 0 140
(] THROTLLED CLOSED OPEN 50 0 - 190
d THROTTLED CLOSED OPEN 25 0 100
e OPEN CLOSED THROTTLED 100 0 75
£ QOPEN CLOSED THROTTLED 100 0 50
g OPEN CLOSED THROTTLED 100 0 25
45 a OPEN OPEN CLOSED 100 100 0
b OPEN THROTTLED CLOSED 100 75 U
c QPEN THROTTLED CLO3ED 100 50 0
d OPEN THROTTLED CLOSED 100 25 0
e THROTTLED OPEN CLOSED 75 100 0
£ THROTTLED OPEN CLOSED 50 100 0
8 THROTTLED OPEN CLOSED 25 100 0
46 .- OPEN OPEN OPEN 100 100 100
NOTE: Check off each position as it is veiffﬁeergml
' " DELETED VERSION
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DELETED VERSION

RSP-85-001
Page 17

TEST DATA - DATA SHEET 1

July 3, 1985

T R aades TR (NSS—
—_——t e — ll,.i ar—
— - ——_— —_ —_

- - --3
v -y

11

12

13
14

15
16
17

18
19
20
21

22
23
24

DELETED VERSION



RSP-85-001 DELETED VERSION

Page 18
July 3, 1985 TEST DATA - DATA SHEET 1 (Cont.)

iest Nof .- PRESSURES o FLOW
tie *
31 4 ] 2]

25 1
26 | oo
2 T
28
29 : i
30
3

g —

DELETED VERSION LR,
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Page 19
July 3, 1985

Test No.

Pressure

TEST DATA - DATA SHEET 2

DELETED VERSION

32

33

34

N LTy IR

35

36

37

38

39

DELETED VERSION
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DELETED VERSION
RSP-85-0Q1
Page 20
July 3, 1985 TEST DATA - DATA SHEET 3
Test PRESSURES FLOW
0 MFL JEMPZ | Xtie | ' AP
3 & 5 5 - H 1
40a . Il il '
b ] ! | 1' l -
c ! ] | | : L
d i I R
; ! ; !
41a | . i I '3
b i i | L_ f
C ! ;
] - : i i
d i : | ! !
42a ! N l
b f i |
e ? i | |
d E ] H !
1 V . !
43a ’ ' . Il :
b . :‘ e .'
c i
d ; ! i i
i
e i
£ :
-4 i |
4ba ‘
b . i !
i
¢ !
d
e

DELETED VERSION
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DELETED VERSION

RSP-85-001
Page 21
July3, 1985 TEST DATA - DATA SHEET 3
Test PRE S oW .
No IBP EMP 2 | Xtle P
AR 5 'L | | i
g ‘L ! ! f ! { : i [
L ; : i t i ; J e' ?
45a) , . ! i : : ! | |
b L] ] ! ] .
c - R
d L ! , I | .’ ’
e | :
£ v |
_£
46

DELETED VERSION
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» APPENDIX II DELETED VERSION

TEST GAGE SERIAL NUMBERS AND ELEVATIONS

Gage No.* Serial No. Elevation Location

1 §$7-18411 =17"'=4"

2 §7-18412 -17"'=4"

3 §7-18456 -18'-9"

4 S57-18456 -18'-9" EP 1%%

5 ' §7-18456 -18'-9" EP2%%%

6 S7-9838 -19'.2" Xtie

7 §7-18411 -17'=4"

8 57-18412 =17'=4" _

9 853637 NA rainer P
10 CMM88441 -15'-2" )
11 CMM88440 -15'-1/2"
12 CMM88439 -15'-3" )
14 §7-18412 -17"'<4" Xtie2
15 57-18456 -18'-9" o

* Refer to Figure 1 of Appendix I for gage locatioms.
** EP1 = ECS Pump "A"
**% EP2 = ECS Pump ''B"

CoCCss

DELETED VERSION
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Serial No.

CMM88441
CMMB8440
CMM88439

APPENDIX III
TEST GAGE CALIBRATION DATA

GAGE ZERO CORRECTION

Location

DELETED VERSION

DELETED VERSION

Zero Corr, psi
-0.5
-1.6
-1.1

COLOLT



L]

Unit of Measure

PSI

J22-A E & 1 SHOP
CALIBRATION DATA SHEET

Date

/22 88

Rquipment Under Test HE(SE GAUCE
" Seandard teed QUSK4 DDR Goeo

masv. $57-933 8

rho. H000OR

Range O~ 20 ST cCalibration Expires 9/21’56 By

Barometric Pressure

Rumidicy

% Temparature

Equipment From: Foreman 1RLE Bldg. _ /7 3 Ares é
" [FReading |Standard Test [Rud:lng Standard| | Test
Kugber Reading | Readin Deviation Number Reading ¥ | Reading | Neviation
1 p-) o) =) 2 o3 3.0 (03 |
2 7 7.0 = 22 36 5t.66 | 06
3 [ Y] =t 23 47 406! .0k
s 2/ 21.0 o 2¢ 42 (4206 | ‘06
5 29 2510 o 5 35T I3ced!| o¥
] r X 3§~ 6/ 0] 26 28 263 .03
? ¢z 03] 103 27 2) ! 03
8 49  |[4903]| .03 s LY (o2 | 02
9 S6 §6.03 103 29 7 7.0/ o/
10 b3 ©o3:0L 02 30 & O [
11 70 7% -0/ 5
12 32
13 33
14 3
15 . 35
16 38
17 37
18 T
19 39
20 40
Remarks
PMgure 1



722-A B & 1 SHOP
CALIBRATION DATA SHEET

Unit of Measure Fé I . Date 8/2 ?—/QS‘-—
Rquipsent Under Test ElS £ 177 .14 No. ﬂ S7- /548G

Standard Used P s K4 DDP-Eoeo ro. ooo R _
Range 0—/00 ©OST cCalibration Expires 2/2 2/86 '»y m

Barouetric Pressurs Huymidity 2 Temparature
Equipment From: Foreman SH/QLEy ¢ oA Bldg. 7&_ 3 Areas /3
"[Reading |[Standard Test Fuung Standard| | Test
Number Reading | Readin Deviation Number Reading ¥ | Reading | Neviation
1 o o o 21 go g9.97 | o o
2 14 10.090 o 4_22 §6 J0.00 o
- ) 20:00 o 23 70 76.00 0
4 30 2797 - o I 2 Eo | booo o
5 Yo 40,00 o | s S0 $0.00 () .
6 LY $B.00 [2) | 26 40 40,0/ . 0] !
7 @O bo. 00 o kﬂ 3o 30.00 o
3 70 699¢ | - .02 i 20 2000 o
9 %0 fooo | e JI 2 10 | 1000 o
10 o 18999 [ ..o/ | % =) o o
11 (b0 9999 | . .of =
12 32 -
13 33 o
14 34
15 35
18 36
17 37
18 ~ 38 ,
19 %[ 39
20 |
Remarks
eOCULY

Pgure 1



722-A € & 1 SHOP
CALIBRATION DATA SHEET

Vait of Measure _ SIS 7T : Date _&/zz'/ L

RBquipment Under Test HFL TAVEE BoSH $7- ’?‘HL-

Standard Used ODR

Range @_ /¢ PS T Calibration Expires SZ‘Z L/fé _MAA‘__

Barometric Pressure Rumidity X Temperature

Equipment From: Foreman Wg Jehaoal Bldg. 22 3 Area _/Z

" [Reading [Standard Test Reading | Standard| | Test

1 Number Reading Reading | Deviation Nuaber Reading V' | Reading| Meviation
1 o 0,00 6.00_ 21 /387 1397 | -.03
2 23~ (00 0. 00 22 ]2 (1996 | — .oy
3 20 27.98 L3 23 1068~ tovwo ! o0eo
4 4§ HePST | oy | o q0 9600 | p.00
5 _éo $7 926 =0 i 75" 17492 | ~.e)0 |
6 75" 2496 04 || 26 éo bow | 0.00
7 90 £7996 | _ .ou 27 H4™ g 9p | - 02
3 (08~ /096 | —~.o0Y G 30 |3ei0l| o)
9 |20 9.3 | —07 || 2 N~ i Go/| o/
10 13¢" 113497 —08” i % o 0.00 2.0¢
11 NY) 18000 000 "
12 | 3
13 i 33

a|¥
A RS

16 36

17 37

18 38

19 39

20 I 40
Remarke

'H.surel



Unit of Measure

Bquipmant Under Test dE l-§E." ERAUEE
Standard Used APUSKA QQE- booo

PSL

722-A € & 1 SHO?
CALIBRATION DATA SHEET

e /685

wo.Sy S7- 1§+

r No. QQQQ 6&

Range 0 — £SUIPST  calidration Expires g/2 2/ 56 » _m__

Aumidity

Barometric Pressure

I Temperature

Area é -

Mgue 1

Equipment From: Foreman S4/& {Ey AN O AL Bldg. 723
| Reading |Standard Test Reading Stmdnrdt Test
Nuzber Reading | Readi Deviation Number Neviation
1 o e o 12 113 lizsi| o
2 1 (5509 of 22 {20 (2007 17
3 30 F Tl N S 23 08— [1wszel 20
4 ws”  lus9 | 19 | 2 90 | 024! .2¢
5 o Lo2o | 120 || %6 28 1€ 24
6 73~  |2cad ] iy Hr 26 60 23| .23
7 90 90.2/ (2! 27 G~ lg4sizi| 2l
s |jos— ljesy?| .17 | s 20 13216 | .lp
s |20 ljzom | ¥ | = 18~ L] s
10 13~ |/3c0f | 2% | % ) 0/ | _.0)
1 (30 _|15®.00 M
12 : 32 )
13 33 ]
14 %
15 35 |
16 % |
17 37
18 38
19 4 39
20 | v
Remarks
COCLCD



DELETED VERSION

APPENDIX IV
DIGITAL HEISE GAGE MANIFOLD HOOKUP AND PROCEDURE

BOOSTER Fm Pump | Em Pump 2

PUMP Disch Disch
Suction

Suction

Xmcr
0-100
5 Gal.
o - a
Xtie 2 g
X X X X

MANIFOLD NO. 2 MANTFOLD NO. 3 1

|

5 Gal. Gal.

Bottle : ottle

X Toggle Valve Caption 27 _ DELETED VERSION

Item No. 147200
Bin Loc BB7825C1

COGLo




mn.APPENDIX Iv DELETED VERSION

Page 1

"GITAL HEISE GAGE MANIFOLD READINGS BEFORE TAKING READINGS*

l. Verify that test conditions have been established.

2. Purge each impulse line by opening the drain valve and then each
toggle valve one at the time. Purge long enough to ensure that no
air remains in the impulse line. lose the drain valve after all

purging is complete.

To Take Readings
1. Open toggle valve for pressure to be read.

2. Crack open the drain valve. Verify that pressure decreases.
Close drain valve.

3. Record reading.

4. Continue until all data requested has been recorded.

* It will not be necessary to purge the impulse lines for each test
condition unless the sources of water b Booster Puamp,

ECS Pump A or ECS Pump B) are changed. Example: Purge if the
Booster Pump is shutdown and @l is placed online.

DELETED VERSION . e0gion



APPENDIX V
DATA SHEET 1 - TEST DATA
COMBINATION OF SOURCES




Xtie 1

Purp B

Suction Disch

ECS

PSIG
B
Punp A Pump R

Disch

PRESSURE

S

ECS
Pump A
Suction

DELETED VERSION

Booster

Pump

[L—

Source

APPENDIX V
Page 1
Test

Mo

9.70
10.9
11.25

11.3
4.25

wvy
T
T

=+

-1.05

3

3.72
4.20
8.63
-1.02
0.26
0.92
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* (W-1 with three 190 pumps and two 105 heat exchangers.
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APPENDIX VI
DATA SHEET 2 - TEST DATA
DPSOL 105-1219 - 190 PIMP COMBINATIONS
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APPENDIX VII.
DATA SHEET 3 - TEST DATA
SYSTEM PRESSURE DRCP DATA
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APPENDIX VIII
ECS PUMP PERFORMANCE DATA
PROJECT S-3148

o Validation Data
o Head Curve

(o] Vendor Data
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APPENDIX VIII

ECS PUMP HEAD CURVE VALIDATION CALCULATIONS

Vel®
Corr

o
et

W o

* = 9

Page 2
Reference DPSOL RSP-85-001

ECS Test Pregsure, PSIG Flow

Pump No. Suction Disch GPM
29 2,40 41.64 12465
29al 5.05 50.98 10840
29bl 7.77 66.45 7330
29¢c1 11.96 77.48 0
40a 9.8 74.3 3650
40b 11.2 76.0 2737
40c¢ 11.5 77.2 1917
40d 12.3 77.9 937
30 6.35 41.99 12370
30al 5.02 50.93 10805
30bl 7.66 62,19 7300
30cl 11.89 78.01 0.
S 9.45 64.0 8325
S 5.31 42.6 12450
S 6.83 51.94 10935
S 7.63 57.11 9840
S 9.21 65.79 7735
S 10.58 72.84 5175
S 11.67 76.63 2850
S 11.18 75.7 3865
S 10.43 71.89 5570
S 9.09 68.62 6500
S 7.86 57.05 9780

wwwwwmwwwwwumww>>>b>>>>

*

S = Special test com

Head = 0.03898 (Q/1000)2

VIII.

= = s ® . @

WHFHOOHMNWERNONEAOAOOODOON
NMOANOWOWRLNO~N HOAOOHNON Oy

Elev
Corr

2.25
2.25
2.25
2.25
2.25
2.25
2,25
2.25
2.25
2,25
2.25
2.25
2.25
2'25
2.25
2.25
2.25
2.25
2.25
2.25
2.25
2.25
2,25

pleted with DPSOL RSP-85-001. See page 1 Appendix
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CC: C. G. Mullins-AED-707C=-SRP
. A, Mc Cormick-AED-WCCIII
G. C. Cambre-PED-L3306 -
A. E. Santella-A/S-Louviers
IC 33 (2)

September 25, 1985

I. B, NEW, JR.

ATOMIC ENERGY DIVISION
PETROCHEMICALS DEPARTMENT
MONTCHANIN BUILDING 6600

ATTENTION: D. G. OWEN

PROJECT S-3148 - SAVANNAH RIVER PLANT
RESTORE PUMP SYSTEM FOR EMERGENCY COOLANT - 105 P, K, L, AND C
ABS PUMP PERFORMANCE

Attached are vendor's certified performance curves for sach pump.
Also attached is Quality Assurance Report No. 7 dated

May 8, 1985, which documents the verification of pump cutoff head
for Pump L340-181-1 (ABS Serial No. 707). :

R. C. Steelman-AES, J. H. Hinton-AED-SRP, and B. Rummel
(Du Pont's inspector) witnessed the pump test establishing pump
cutoff head at the vendor's manufacturing facility in Germany.

PROJECT ENGINEERING DIVISION
Atomic Engineering Section

///mﬁa-
T. S. Me Elrath
Project Engineer

TSM: jam
TSM:1.13

Atchs

(Eillki;ili



DU PONT DE NEMOURS INTERNATIONAL 8.A. ' QUALITY ASSURANCE ENGINEERING
80-82. ROUTE DEB ACACIAS haNCE
. CH-1211 GENEVA 24, SWITZER D

INSPECTION CMXPEDITING  ASPORT No, 7 C.CRvGv—Faox—

T0 1 JoI. Slee DATE: May 8,85 R.C. STesman -~ (3334
FmOM  : B. Rumme} - J.F. Asecs- Liiwis
prOJECT : 93 3148 PLANT: Savannah River 1 o aAMUE- ORIGRAT
PO.NO. : AXC 9201V .

EQ. PC. NO.: L 340=181a1/2
EQUIPMENT; 2 Pos Submersidle pumps

VENDOR : ABS Punpe

ADDRESS : 5204 Lohmar

Mr, Sauer,Mr, Tlucher
CONTACT :Mr. Bonm | PHONE: 03246 CcompLeTe B3NOT COMPLETE

VOR'S ReF. ; 663851 CURRENT PROMISE; 2 PuPPe veek
_Remaining end May 83

Visit to ARS May 3,4 and 6,85 -
1. Material [T1
Two submersible pumps type AF 2700-8/GS III, 16"/20" = 150 FF, W
LEO Volta, 3 phases, 60 oys. inoluding double mechaniscal seal, ) ny

Serial Nos. 707 and 708, Tag L 340«181-1/2

2, Inspection and teating made in preence of Mr, R.T. Steelman and J.!, !iint:
on 5/3 and 4,
Pump with Motor No, 707 was kept running at a dischargs rate of 1200 ampm
(277 m”/h) t111 5/3,85 a.m, On 2/35 the cooling pump was switched off
from15 hrs till 19 hre to see tha temp. rise.
Durins the last phase of the test, pump was run at a flov as lov as
135 m“/hr and kept running till May 4,85 at 6 a.m.
Pump motor 708 wae installed with 620 mm dia impeller to check if its che
racteristic vas wimilar to the tst 620 mm dia impeller.
Mesanwhile the 18t impeller wvas machined to €17 mm and trimmed to met
closer to the max, head specified for shut off and the operation floevw
of 7000 gpm,
The performance was nov accaptadle, hovever it was proposed by Mr, “inta-
© to leave this impeller dia. and to machine the 2nd dewn to 615 mm,
trying to get even closer.
Following tests were made:
2,1, Completion of endurance test
2,2, Performance test on the 2nd impeller to determine the final diamcter
2¢3. 0il sample-drawn foep the oil chamber of pump to test for wator core
tamination,
2,h, Oponinpg of “pump. §0p .covers opened to check for water penatration,
ReJs Mogper test for wi dinc condition after the test,
2464 Check for flange dimensiocns on the two spiral casings to be shippsc,
2,7, Surface finish of “sHaft in seal area and of flange faces,
2,8, Nameplate details, painting and preparation for shipping.

4, osults

3.1, Pump 707 paseec the endurance test with satisfactory results, “rindin--
and bearing temp. remained stabile during the eest, Nuring the " h==,
vhon the cooling circulation pump had been switched off, wincin~ tou:
rose 37,2 deg. C.(Ses also enclosed charts)

- ..-.,.I

|
J
|
<

[ rax CAd STRAL NO £880 | OO 1




DU-PONT Di NEMOUAS INTEANATIONAL §.A. QUALITY ASBURANCE ENGINEERING
60-82, ROUTE DEB ACACIAS . SUROPE

CH-1211 GENEVA 24, SWITZERLAND e

3. « The performance 6r pﬁhb vith tﬁ;.;;auéid‘iﬁﬁolfor dia, and trimmod
blaries was acceptable, with the head at shut off ﬂ9.§ m'¥162.7 ft;
ol about 1 ft lenar-haad at at duty point of 13589 m”/h (7000 zpm).

T.%, AftoT evacuation of the oil aampi- in vacuum, no water formation

[

monuld be obasorved,
2,%, ATter oponinz, motor heads ' were found free from vater. Covera wore

clomsod again and chamber leak tested at an air pressures of 1 bar,
impdnrs the punmp into water,
1.5, Flange dimonsions wers found correct to ANSY 20 and 16" iF,
“t, i, ~face finish in the area of mechanical seal on shaft Mo. i founit
4% AA (16 Ar epecified for lipprings and journals)
iorrmmees of flange face specified 126 AA, As this looked too Tourh,
rabeication Jdrwe. was chocked, where stock finish was specifiod.
Amra, to Mz, !linion this is far te rough, and Production =anager lir,
~1rnhier was adviso:’, On monday 3/6, doth discharse and suction facns
itre smoothed until the specified findiash was reached,
TeTerumys are provided with two nameplates indicating all pump cata.
vMotor ser, i'o. 6638%51/00707 oquipped with impeller diam. 617 mm,
targ Yo, L 3UC = 181 =
nch impeller is also die stamped with the diameter.
LUter suppeorting the power cables to obtain the appropriate radius,
nump was covorerd with a shrink foll for protection, and the camso some
nlaten,
~2th wuraps shipped aune day,

srrsher schedulet

~eXt twe numpa are schoculed for testing not before May 10,83
"xact timo will be cbtadned by phone from ARS,

"iele ultranco tesi sgheots
comyuter print euta for the 3 impeller diameters
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