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Introduction 

The fuel shuffle commenced November 18, 1982 and required the 

removal of 193 fuel assemblies from the core. The core unloading 

was completed 4 days later on November 21. During the shuffle 

reactor engineering personnel with the assistance of Q.A. and fuel 

management group personnel conducted a fuel assembly inspection. 

This inspection identified fuel pin ruptures on assembly D-20. 

Assembly D-20 was determined to be not reinsertable and a 

replacement assembly for it was identified. A lower core plate 

inspection and loose parts retrieval was conducted. Some small 

pieces of grid strap were retrieved and believed to be remnants of 

cycle 1 grid damage, since no grid strap damage was observed 

during the unload. 

The core reload was started on November 28 and was completed 

on December 1. A total of fifty-two (52) new assemblies were 

loaded. The new assemblies are located in the core as indicated 

on the Core Loading Map, Figure 1. Two Secondary source clusters 

were loaded into locations H-3 and H-13. Forty-four (44) new 

burnable poison inserts, containing a total of 256 burnable poison 

rods are located as shown in Figure 2. Two different burnable 

poison cluster patterns with 4 and 8 rods were utilized. 
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-The startup physics test program was conducted to ensure the 

reactor, as loaded, was performing in accordance with design 

expectations and safety limitations. Hot zero power tests were 

performed on February 14 and February 15, 1983. Power escalation 

testing was started February 15 but was not completed until May 

28, 1983 due to reactor trip breaker problems and required 

actions. 

Appendix A provides a brief description of each test and a 

summary of test results relative to acceptance criteria. 

Table 1 is a sequential listing of all tests that were 

conducted during the startup. 
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TYPE 
Reactor Startup 1. 

Zero Power 
Physics Testing 2. 

3 . 

Power Escalation 
Testing 

4. 

5 . 

6 • 

7 . 
8 • 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

TABLE 1 

STARTUP TESTS 

Postrefueling Initial Criticality 
Pull control banks with ICRR Plot 
Dilute to criticality 
Reactivity computer checkout 

ARO Boron Endpoint Test 
ARO Isothermal Temperature Coefficient 

Measurement 
ARO Flux Map (#1500)-Flux Map Analysis 

& Result 
Rod Swap Reactivity Measurement 

(Rod worth) 
SORC Review 

Heat Balance and NIS Calibration 
Heat Balance and NIS Calibration 
Flux Map #1502 
Flux Maps #1503, 1504 
Excore Calibration 
Power Coefficient Measurement 
Heat Balance and NIS Calibration 
Flux Map #1505 
Flux Map #1506, 1507 
Excore Calibration 
Power Coefficient Measurement 
RCS Flow Measurement 

26% RTP 
47% RTP 
47% RTP 
47% RTP 
47% RTP 
47% RTP 
75% RTP 

100% RTP 
100% RTP 
100% RTP 
100% RTP 
100% RTP 
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Zero Power Test Results 

The zero power test schedule for Cycle 5 was essentially 

identical to that used during cycle 4. Once again the rod 

exchange technique was used for measuring the bank rodworth rather 

than the traditional boron dilution method. Comparisons of swap 

mode rodworth measurements and design values along with review 

criteria are shown in Table 2. Comparisons of dilution mode 

measurements and design values along with acceptance criteria are 

shown in Table 3. 

A Boron end point measurement was conducted with all rods out 

and was within the ± 50 ppm acceptance criteria. The measured 

value of 1499 ppm was 16 ppm higher than predicted. 

An Isothermal temperature coefficient measurement was 

performed with all rods out. The value obtained was acceptable, 

however the moderator temperature coefficient portion was found to 

be slightly positive, and required action as specified in the 

Technical Specifications. 

Results of the zero power flux map (#1500) are shown in Table 

4. A tilt in the power distribution of 3.9% was discovered in the 

S.E. quadrant and the resulting peaking factors FDH and Fxy 

exceeded the full power Technical Specification limits, but were 

below the zero power limits. Consultation with the fuel vendor 

(Westinghouse) confirmed that the HZP tilt was expected. 
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TABLE 2 

ROD SWAP MODE ROD WORTH RESULTS 

ROD TEST MEASURED DESIGN 
BANK CONDITIONS INTEGRAL VALUE 

WORTH PSE&G 

D Dil 926.4 956±96 

c Swap 613 593.2±89 pcm 

B Swap 331 341±100 pcm 

A Swap 784 838.8±126 pcm 

SD Swap 269 270±100 pcm 

SC Swap 317 295.6±100 pcm 

SB Swap 769 787±118 pcm 

SA Swap 735 753±113 pcm 
TOTAL 
BANKS Swap 4744 4835±484 pcm 

REVIEW CRITERIA 

1. Individual control and shutdown bank worth 

j6%I~ 15 % for banks .2:600 pcm except for reference Bank 
16~ ~10% 

jl~j.:::100 pcm for banks-<:..600 pcm 

2. Total of all Control and Shutdown Banks 

1~%1:=::::10 % 

where 16%1 = 

161= 
!measured-design x 100%1 

design 

lmeasured-designj 

Paqe 7 



• I TABLE 3 

DILUTION MODE ROD WORTH RESULTS 

ROD TEST MEASURED 
BANK CONDITIONS INTEGRAL 

WORTH(pcm) 

D ARO 926 

c Din 837 

B D, c in 434 

A D, c, B in 1008 

s D, c, B, A in 3377 

TOTAL All Banks 6582 

ACCEPTANCE CRITERIA 

1. Individual control and shutdown bank worth 

1~%1-=:: 15% for banks~600 pcm 

I .6 I ::SlOO pcm for banks <GOO pcm 

2. Total of all Control and Shutdown Banks 

where I measured-design x 100%1 
design 

jmeasured-designj 

VENDOR 
DESIGN 
VALUE (pcm) 

980 ± 147 

835 ± 125 

485 ± 100 

1105 ± 166 

3541 ± 506 

6946 ± 695 
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Power Escalation Testing 

Power was increased to approximately 20% RTP on February 23 

and then put on a 3% RTP per hour ramp rate. Several problems 

occurred during the following day and a flux map at 26% RTP was 

taken shortly before the reactor failed to trip automatically due 

to a problem in the undervoltage attachment to both Reactor Trip 

breakers. The complications and severity of this problem delayed 

restart of the reactor until mid May. 

On May 20 the unit was restarted and reached the 47% RTP 

testing plateau two days later. During May 22 and 23 three incore 

flux maps were conducted in order to obtain data for an excore 

calibration (maps #1502-1504). Peaking factors for the maps 

obtained at the 47% RTP level were found to meet the full power 

limits and the quadrant power tilt had diminished to approximately 

1.3% in the NE quadrant. The target Delta I was determined to be 

+11.4% and this value was set into the instrumentation. The power 

coefficient measurement was conducted and a value of -11.4 pcm/% 

obtained. The value was compared to the FSAR limiting curves and 

found to be in the acceptable region. 

Preliminary data evaluation at the 47% RTP level was 

conducted and power escalation at 3%/hr was started on May 24. 
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Power was stabilized at 75% RTP and a heat balance was obtained 

for NIS calibration. On May 25 a new target value for Delta I of 

+2.6% was set. Power was stabilized at .rV99% RTP and three flux 

maps (#1505-1507) for an excore calibration were obtained. The 

peaking factors obtained with these maps were within the full 

power limits. The quadrant power tilt was approximately 1.5% on 

these full power maps. The power coefficient measurement was 

conducted and a value of -12.0 pcm/% was obtained. This value was 

compared to the FSAR limiting curves and found to be in the 

acceptable region. 

The state point data collection and subsequent RCS flow 

calculation were completed on May 28 with a measured flow of 

386,214 gpm. The measured value exceeds the minimum 100% RTP 

required flow in the Technical Specification of 349,200 gpm. 
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FIGURE 5 

HEASURED AND PERCENT, DIFF, OF FOHN SALH INCORE HAP1S02r47,17X PWR1BK D~l8S11294PPH,16HWD/HTU,PT,6,5 
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FIGURE 6 

MEASURED AND PERCENT, DIFF, OF FDHN SALM INCORE MAP1503,47,2% PWR,BK D~22811271PPH•25MWD/MTU•PT.5 
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FIGURE 7 

MEASURED AND PERCENT. DIFF. OF FDHN SALH INCORE HAP1504,48,1X PWk,BK DW228•1180PPH131HWD/HTU,PT.5 
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FIGURE 8 

MEASURED AND PERCENT, DIFF, OF FDHN SALM INCORE MAP1505,98.54~ PWR,BK D~228•1025PPH•llOMWD/MTU,PT,5 
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FIGURE 9 
MEASURED AND PERCENT, DIFF, OF FDHN SALM INCORE MAP1506199.59~ PWR1BK De2151102::iPPH1117HWD/MlU 1Pl.6i5 
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FIGURE 10 

MEASURED AND PERCENT. DIFF, OF FDHN SALH INCORE HAP1507199.34X PWR1BK D@22811013PPM1140MWD/MTU1PT.5 
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APPENDIX A 

STARTUP TEST PROGRAM DESCRIPTION 
SALEM UNIT 1 CYCLE 5 

The startup program is written such that deviations between 
measurement and design beyond established tolerances could call 
for a review of test data, a repeat of the measurement or a review 
of the safety analysis. Operation is always within FSAR and 
Technical Specification limits. 
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STARTUP TEST PROGRAM DESCRIPTION 

SALEM UNIT 1 CYCLE 5 

Test: Initial Criticality 

Initial Conditions: 

Mode 3, Tave = 547°F, CB = 2000 ppm 

Shutdown Banks Withdrawn 

Control Banks Inserted 

Test Description: 

Pull control banks to D at 160 steps. 

Dilute to criticality. 

Checkout reactivity computer. 

Acceptance Criteria: 

Design: 

Reactivity computer readings are within 4% of 
doubling time measurements. 

FSAR/T.S.: 

Reactor must achieve criticality with the 
control banks above the zero power insertion 
limits. 
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STARTUP TEST PROGRAM DESCRIPTION 
SALEM UNIT 1 CYCLE 5 

Test: Flux Mapping 

Initial Conditions: 

HZP, ARO 

Test Description: 

Operate Flux Mapping System in accordance with Part 13 
of the Reactor Engineering Manual "Incore Flux Mapping 
System Operation" 

Acceptance Criteria: 

Design: Assembly Power 

Design ± 10% for assembly Power less than 0.9 

Design ± 15% for assembly Power greater than 0.9 

FSAR/T.S.: 

Not applicable below 5% power. 
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STARTUP TEST PROGRAM DESCRIPTION 

SALEM UNIT 1 CYCLE 5 

Rod Worth Measurements 

Initial Conditions: 

HZP 

The rod exchange method is used to measure all control bank 
worths. Based on the results of these measurements, 
additional measurements using the boron dilution method may 
be necessary. 

Test Description: 

Determine the worth of the reference rod bank by using the 
boron dilution method. Exchange this reference bank with 
another bank while keeping the reactor critical and constant 
RCS boron concentration. Using the heights of the rod banks 
with respect to the reference bank, infer the equivalent 
boron dilution rod worths using analytical techniques and 
compare results to acceptance criteria. 

Acceptance Criteria: 

Design: Design value ± 10% on total banks worth 

Design value ± 15% on any individual bank greater 
than or equal to 600 pcm 

Design value ± 100 pcm on any individual bank 
less than 600 pcm 

FSAR/T.S.: 

Worth of all rods less most reactive stuck rod must 
be 1.6% Delta K/K. 
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STARTUP TEST PROGRAM DESCRIPTION 

SALEM UNIT 1 CYCLE 5 

Test: Boron Endpoint 

Initial Conditions: 

HZP 

Endpoint is run for the ARO configuration. 

Test Description: 

Adjust RCS boron to near the just critical endpoint 
configuration. Move rods to endpoint while measuring 
additional worth on the reactivity computer. · 

Acceptance Criteria: 

Design: 

Design * ± 50 ppm 

FSAR/T.S.: 

Design ± 100 ppm 

*Design values on attached Table. 
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STARTUP TEST PROGRAM DESCRIPTION 

SALEM UNIT 1 CYCLE 5 

Test: Isothermal Temperature Coefficient 

Initial Conditions: 

HZP 

The coefficient is measured at the ARO rod 
configuration. 

Test Description: 

Starting with Tave = 547°F, cooldown the primary system 
approx. 5°F. 

Heat the primary system back up to 547°F. 

The X-Y Recorder will plot reactivity vs. Tave. 

Acceptance Criteria: 

Design: 

FSAR/T.S.: 

ARO: -2.2 ± 3 pcm/°F 

-2.9 x 10-4 (Delta K/K) /°F less than or equal to 
MTC* less than or equal to 0 

* MTC = ITC - doppler 
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STARTUP TEST PROGRAM DESCRIPTION 

SALEM UNIT 1 CYCLE 5 

Test: Power Coefficient 

Initial Conditions: 

Reactor power is not changing. The Xenon concentration 
is within 3% of its equilibrium value. This test is run 
twice during the startup program. First at 47% power, 
than at 100%. 

Test Description: 

Take a heat balance. Change turbine power between 2% 
and 4% with the control rods in manual. The Tave and 
Delta T recorders will monitor changes in these 
parameters as a function of time. 

Acceptance Criteria: 

Design: 

Design value* ± 30% 

FSAR/T. S.: 

Must fall between upper and lower curve assumed 
in FSAR accident analysis. 

*See attached curve (Figure A-1) 
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MEASURED 
Isothermal 
Temperature 
Coefficient 

Critical 
Boron 
Concentratior. 

Power 

Coefficient 

Readtivity 
Computer 
C:heck 

Reviewed 

Salem I, 

TEST 
CONDITIONS 
Critical 
HZP 
ARO 
Cr1t1cal,HZP 
C/B D 
Inserted 
Critical 
HZP, ARO 
Critical,HZP 

C/B D inserted 
Critical, HZP 
C/B C inserted 
Critical, HZP 
C/B B inserted 
Critical, HZP 
C/B A inserted 

47% RTP 

95% RTP 

Critical 
HZP,controlling 
on C/B D 

SALEM I, CYCLE IV 
ACCEPTANCE CRITERIA 

SHEET 1 
PHYSICS RESULTS 

MEASURED REQUIRED 
VALUE VALUE 

£ OxlO 4 AND -- /. s-z > -2. 9xl0 4 k/k/°F 
-2.2±3 

.C::: OxlO 4 AND 
Nfa >-2. 9xl0 4 k/k/°F 

-3.5±3 

I¥ 'l'1 14 83, ± 5 Oppm 
(Cal. from ARO 

I-, fr I./ 
Boron) /3/t./ 

(+ )ppm 
N.A. 

IU I t11 

///ffe N.A. 

!U/17 N.A. 

Figure 1 

- J /,'I 
± 30% 
Limits of 
Fiqure 2 
Figure 1 
± 30% 

- )'), 0 Limits of 
Fiqure 2 

(Double Time 
Reactivity ± 4% 

23.0 zi.. 2 ± .~? 

3 9. 'I 3 g. 9 ± l. S-6 
66.o 6'0- 2. ± 2-'73 

3 

Rx. ENG MAN PART 200 

. I 

REQUIREMENT 
REFERENCE COMMENTS 
T.S.3.1.1.4 
Ref. 2.3 

T.S. 3.1.1.4 
Ref. 2.3 

Ref. 2.3 -+ /t/'1'"7 11-r." 
PART 15 

Ref. 2.2 +10//rn !/.~: 

N.A. 

N.A. 

N.A. 

Ref. 2.3 

Ref. 2.4 

Ref. 2.3 

Ref. 2.4 

.Ref. 2.3 

Refueling Test Sequence 
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2 
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~ -0 
.() 
.4) 

d 
-4 
j 

" . l 
j 

pl 

I 
0 

ARAMETER 
EASURED 

uclear 
nthalpy 
ot Channel 

actor 

z 
~at Flux 

ot Channel 
actor 

Reviewed 

Salem I, Cycle 5 

TEST 
ONDITIONS 
Cr1t1ca ,HZP 

ARO 

Map J5oo 

""-4 7% 
Map J~ol 

I 

/V95% 
Map l~o5 

Cr1t1ca ,HZP, 
ARO 
Map /~(JO 

"" 7% 
Map / 5o:i 

~5% 
15'0 ~ Map 

SALEM I, CYCLE IV 
ACCEPTANCE CRITERIA 

SHEET 3 
FDUX MAP RESULTS 

MEASURED 
VATJUE 

-/J, ~ MAX 

-/~.'ii (MAX) 

(Attached Code Map) 

I. ~<?OS 

/~l/~O~ 

), ~o~~ 

?.. • OI fp / 

/.g/r; 

6 

Rx. ENG MAN PART 200 

REQUIRED 
VALUE 

± 0% or 
pwr~. 9 
±15% for F/A 
pwr <. 9 
(for measures 

Thimbles) 

REQUIREMENT 
REFERENCE 

Ref. 2.3 

~ 1.55[1.0+0.2(1-P)] T.S. 3.2.3 
/. '?I if f 'f /. '"'r?o'> 

- 1.55 1.0+0.2 -I T.S. 3.2.3 
I. >~i e1~s1~0) 

T.S. 3.2.2 

~ .2.32 K z T.S. 3.2.2 
p 

.). . '3 ~t/ ~.~'l?b) 

Refueling Test Sequence 



~/ 

PARAMETER TEST 
MEASURED CONDITIONS 

Critical,HZP, 
FXYC ARO 

Map l>oo 
Computed 
~adial 47% 
Peaking Map 1'5o?-

Factor 
95% 
Map l'2.05 

Salem I, Cycle 5 

• 

SALEM I, CYCLE IV 
ACCEPTANCE CRITERIA 

SHEET 3 (contd) 
FLUX MAP RESULTS 

MEASURED 
VALUE 

TOP /,I °I 
BOT /1 :g k 

I 

TOP I. '5 <6 ro r 
BOT L·~o'8'7 

TOP /. > 3 >I 
BOT D se~l 

7 

""'; .. . ,,.~ 
f· 

Rx. ENG MAN PART 200 -t-

REQUIRED REQUIREMENT 
VALUE REFERENCE 
RTP L 

""p- LF T.S. 3.2.2 
- 1~~5 -1 ~!f e (INFO) 

1. 67 2.004 

1. 65 /,%°,1y3 T.S. 3.2.2 
1. 67 /,~L/6'1 

1. 65 /,J,S yg- T.S. 3.2.2 
1. 67 IJ.L.'i..Z 

Refueling Test Sequence 
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