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SECTION 1.0

INTRODUCTION AND SUMMARY



1.1 INTRODUCTION

- it

1.1

1.2

The Startup Report

The issuance of this Startup Report for the Waterford Steam
Electric Station Unit 3 (WSES-3) is in compliance with the
United States Nuclear Regulatory Commission's (US NRC's)
Regulatory Guide 1.10, Revision 4 (Reporting of Operating
Information - Appendix A, Technical Specifications), as
outlined in, and required by Sections 6.9.1.1 through ¢.9.1.3

of the Station Technical Specifications.

The report describes the initial fuel load, the postcore hot
functional testing, the initial criticality, the low power
physics testing and the power ascension testing performed
following the receipt of a Low Power Operating License
(NPF-26) on December 18, 1984, and an Operating License
(NPF-38) on March 16, 1985. It addresses each of the post
core-load tests described in the FSAR, and includes a descrip-
tion of the measured values of the operating conditions or
characteristics obtained during the test program and a
comparison of these values with design predictions and
specifications. Any corrective actions that were required to
achieve satisfactory operation of the plant are also described,
as are all other specific details required in license
conditions based ¢ other commitments (e.g. the Safety
Evaluation Report (SER) NUREG-0787).

The Facili

WSES-3 (Figure 1-1) is a nuclear generating station utilizing
a Combustion Engineering (C-E) 3410 MWth (including 20 MWth
reactor coolant pump (RCP) heat) pressurized water nuclear

steam supply system (NSSS) and a Westinghouse Electric
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Corporation turbine-generator outputting 1153 MWE gross (1104
MWE net). Ebasco Services was the architect-engineer and

managed construction services.

The unit is located adjacent to two fossil fueled generating
units, Waterford SES-1 and -2, on the west bank of the
Mississippi River letween Baton Rouge and Yew Orleans,
Louisiana. The site is in the northwestern section of St.
Charles Parish, near the towns of Killona and Taft (Figures
1.2 and 1.3). The Louisiana Power & Light (LP&L) Company is
its owner-operator, and was responsihle for the design and
construction of the faciliiy. Construction commenced on

November 19, 1974, and was essentially completed by May 1984.

The NSSS is a closed cycle, two loop system consisting of a
reactor vessel, two steam generators, four reactor coolant
pumps and a pressurizer (Figures 1.4 and 1.5). It is similar
to the systems utilized at the San Onofre Nuclear Generating
Station (SONGS) Units 2 and 3. The nuclear core consists of
217 fuel assemblies each containing 236 fuel rods. The fuel
vods contain slightly enriched uranium dioxide pellets

(1.87 - 2.91 wt % U235 for cycle 1) clad in zircaloy tubes
with welded end caps. Ninety-one control element assemblies
(CEAs), consisting of NiCrFe alloy-clad boron carbide
neutron absorber rods, are located in select fuel assemblies

throughout the core.

The turbine-generator consists of a tandem compound, six flow
exhaust, 1800 rpm turbine using steam at 526.6°F and 860 psia.
The generator is an 1800 rpm, three phase, 60 cycle hydrogen
and water cooled unit, rated at 1,333,200 KW. The generator
output feeds LP&L's 220 KV transmission system. Condensate
cooling is provided by the Mississippi River, and will be

pumped throukh the plant at a rate of 1,400,000,000 gallons
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TABLE 1.1
Part 1 of 3

DESIGN PARAMETERS OF WATERFORD-3

Hydraulic and Thermal Design Parameters, RCS

Rated core heat output 3,390
RCP heat input to RCS 20
Total thermal power 3,410
System pressure (nominal) 2,250
Reactor coolant flow rate 148 x 10°

Average coolant flow velocity along fuel

rods 16.4
Nominal core inlet temperature 553
Nominal core exit temperature 611
Average operating temperature (100% power) 582

Fuel center temperature (maximum at 100%

power) 3,420
Total reactor coolant system volume (without
pressurizer) 10,300

Core Mechanical Design Parameters

Number of fuel assemblies 217
Fuel weight (as UO3) 223,900
Total weight 310,744
Number of fuel rods 49,580

Number of control element assemblies (full/
part length) 83/8

MWTh
MWTh
MWTh
psia

Ib/hr
ft/sec
°F

L

o

°F

frd

1b



TABLE 1.1
(Continued)

Part 2 of 3

DESIGN PARAMETERS OF WATERFORD-3 SES

Nuclear Design Data

Core diameter (equivalent)

Core height (active fuel)
Fuel

Fuel

enrichment Region 1 (cycle 1)
enrichment Region 2 (cycle 1)

Fuel enrichment Region 3 (cycle 1)

Total control element assembly worth (net)

150
1.87
2.38
2.88

11.35

in
wt%
wt%
wt%
Bok/ k

Steam Generator Design Data (Each Generator, Full Power)

Heat transfer rate
Steam pressure

Steam flow rate

Steam temperature
Feedwater temperature
Blowdown flow (maximum)

Reactor Coolant Pump Design Data

Flow
Head

Motor rating

5.819 x 10°
900
7.565 x 10°
532
445
250

99,000
310
9,700

BTU/hr
psia
1b/hr
°F

°F

gpm

gpm
ft

hp



TABLE 1.1
(Continued)
Part 3 of 3
DESIGN PARAMETERS OF WATERFORD-3 SES

Pressurizer Design Data

Operating temperature 653 °F

Operating pressure 2,250 psia
Internal free volume 1,500 ft?
Normal operating water volume (100% power) 800 ft3
Normal operating steam volume (100% power) 700 ft3
Installed heater capacity 1,500 KW

Maximum spray flow 375 gpm
Continuous spray flow 1.5 gpm

Containment Design Data

Inside diameter 140 ft
Height 240.5 ft
Free volume 2,677,000 ft3
Reference accident pressure 44 psig

Electrical Design Data

Electrical power (gross) 1,153 MWE
Electrical power (net) 1,104 MWE
Diesel generator rating (each) 4,400 KW
NOTE: The above are all desiy » r values only and do not necessarily

reflect actual as-built values.



1.1.3 The Test Program

The power ascension test program at WSES-3 was developed by
LP&L and designed to fulfill the requirements of the NRC's
Regulatory Guide 1.68, Revision 2, as detailed in Chapter 14
of the WSES-3 Final Safety Analysis Report (F3AR). The
objective of the test program was to determine the as-built
plant characteristics during steady state and transient
operation from cold shutdown conditions to 100% power, to
confirm certain design bases, and to demonstrate the plants'’
ability to withstand those anticipated transients and

postulated failures analyzed in the FSAR.

The test program commenced with the initial fuel loading, and
continued through the 100% power test plateau. It culminated
with the satisfactory completion of testing at 100% power.

The program was divided into three categories, each of which

is described below:

a) Precritical (Post-Core Hot Functional) Testing

This consisted of a series of tests performed after the
fuel had been loaded, but before the reactor sustained
its first critical operation, to allow a final evaluation
of those systems requiring the core to be in place
(Examples are: i) CEA testing; ii) RCS flow and flow
coastdown measurement). The plant was brought to hot
standby conditions (545°F, 2250 psia, keff < 0.99, and 0%
of rated thermal power) using RCP heat. Testing was
performed at various plateaus of increasing temperature
and pressure, with the bulk of the testing occurring at

hot standby.



b)

c)
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The Post-Core Hot Functional phase of the test program 1s
summarized in Section 1.2.2, and detailed in Section 3.0

of this report.

Low Power Physics Testing

This consisted of a series of tests performed after the
reactor was taken critical and sustained critical opera-
tion without piroducing measurable nuclear heat. Core
physics parameters were measured, and similarity between
the WSES-3 and SONGS-2 cores was demonstrated. Based in
part on this similarity (additional similarity was demon-
strated during the power ascension test program), WSES-3
qualified as a follow-on plant to SONGS-2 (the C-E 3410
class reactor prototype plant), and was able to eliminate

the following tests from its test program:

- Pseudo-ejected CEA
- Dropped CEA
- PLCEA Xenon Control

The Low Power Physics phase of the test | ogram is
summarized in Section 1.2.4, and detailed in Section 5.0

of this report.

Power Ascension Testing

This consisted of a series of test performed at increasing
power levels to make final adjustments/calibrations to
equipment, to demonstrate satisfactory at-power operation
of the plant, and to verify its ability to withstand
operat{onal transients. This phase of the test program
demonstrated satisfactory operation of all plant systems
as an integral unit, and verified adequacy of plant

operating and off-normal procedures.



The Power Ascension phase of the test program is
summarized in Sections 1.2.5 through 1.2.8, and detailed

in Section 6.0 of this report.

The test program was conducted under strict adherence to

test procedures, which directed the individual tests and
documented all test data and results. Table 1.2 lists by
title and number the test procedures used during the test
program, and identifies the FSAR Chapter 14 commitments
satisfied by a given procedure. The testing function ful-
filled by the individual procedures is described in detail in
the individual test descriptions of Sections 2.0 through 6.0

of this report.

Table 1.3 lists major milestones of the power ascension test
program, and Tables 1.4 and 1.5 list the PCHFT and the power
ascension tests and the plant conditions/power levels, respec-
tively, at which each test was performed. Figure 1.6 shows the
WSES-3 Cycle 1 power history from initial criticality through
completion of the test program, while Figures 1.7-1 through

1.7=11 show significant events that affected the test program.




TABLE 1.2
Part 1 of 2
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LIST OF STARTUP TEST PRECEDURES AND FSAR CHAPTER 14 TEST COMMITMENTS FILLED

Seq. Procedure

No.

B

13.

14.
¢ °F
16.
7
18.
19.
20.
1.
22,
23.
24.
23,
26.
27.

28.
29.
30.
3.
32.
33.
34.
35.
36.

Number

SIT-TP-400
SIT-TP-500

SIT-TP-501

SIT-TP-502
SIT-TP-503
SIT-TP-505

SIT-TP-306
SIT-TP-507
SIT-TP-508
SIT-TP-509
SIT-TP-511
SIT-TP-512

SIT-TP-513

SIT-TP-600
SIT-TP-650
SIT-TP-700
SIT-TP-701
SIT-TP-702
SIT-TP-704
SIT-TP-705
SIT-TP-707
SIT-TP-708
SIT-TP-709
SIT-TP-710
SIT-TP-711
SIT-TP-712
SIT-TP-714

SIT-TP-715
SIT-TP-716
SIT-TP-717
SIT-TP-718
SIT-TP-721
SIT-TP-723
SIT-TP-724
SIT-T9-725
SIT-TP-726

Procedure Title

FSAR Ch.

Initial Fuel Load

Post-Core Hot Functional Controlling
Document

Intercomparison of PPS, CPC, and PMC
Inputs

RCS Flow and Coastdown Measurement
CEDM Performance

Pressurizer Spray Valve and Control
Adjustment

RCS Leak Rate Measurement

Incore Instrumentation Baseline Data
RCS Heat Loss

RCS Expansion Measurements

Post-Core Test Data Record

Moveable Incore Instrumentation Operation

Verification

Post-Core Vibration and Loose Parts
Monitoring System

Initial Criticality

Low Power Physics Test

Power Ascension Test Controlling Document

NSSS Plant Data Record

Transient Data Record

RCS AT Power Determination

Nuclear and Thermal Power Calibration
SBCS Capacity Check

Initial Turbine Startup

NSSS Calorimetric

RCS Calorimetric Flow Measurement
Linear Power Subchannel Calibration
Process Variable Intercomparison
Vibration and Loose Parts Monitoring
System

Biological Shield Effectiveness Survey
Core Performance Record

CPC/COLSS Verification

Variable Tavg

Load Changes (Control Systems Checkout)
Shape Annealing Matrix Measurement
Temperature Decalibration Verification
Radial Peaking Factor Verification
Remote Reactor Trip with Subsequent
Remote Cooldown

14

Commitment

14.5

14.

14.
14.

14.

ro
o

(]
=}

ST
r

2

ro

N/A

£.12,
2.12.
d.12.

N/A

16.2.

14,
14.
14.

14.

14,

14
14

14.
14,
14.
14.

14.

A

14,
14.
14.
14,
14.
14.
14.
14.

14.

1’1

SR SIS

N/A
N/A

.12,
vill o K5
«2.12,

N/A

RN NN N NN

(8]

-

w12
i

R ¥

12.

.12.
.12,
s & 2
+ 125

o 3 8
.
« 14
« L&
i I &
« 12,
«12.
12,
A2,

12,

—

-

W W N W

(v

(%)
(SN S N
=

w

Wwuwwoewwwwew

L

wWwww

.40

A0/11/12/13/ 14

.28
.30

.40
.15
vh
N ¥
.26
.31/39
.28
.28
.28

.33



TABLE 1.2
(continued)
Part 2 of 2
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LIST OF STARTUP TEST PRECEDURES AND FSAR CHAPTER 14 TEST COMMITMENTS FILLED

Seq. Procedure FSAR Ch. 14
No. Number Procedure Title _ Commitment
37. SIT-TP-727 80% Total Loss of Flow Test/Natural

Circulation 16.2.12.3.34
38. SIT-TP-72 Loss of Offsite Power Trip 14.2.12.3.35/41
39. SIT-TP-735 Incore Detector Signal Verification .2:12:3.3
40. SIT-TP-739 COLSS Power/Flow Verification Data

Record N/A
41. SIT-TP-740 100% Turbine Trip 1%,.2:.12.3.37
42. SIT-TP-741 Adjustment of COLSS Secondary Pressure

Loss Terms N/A
43. SIT-TP-743 Ventilation Capability 16.2.12.3.32
44. SIT-TP-748 BOP Data Record N/A
45. SIT-TP-749 RPCS 50% Loss of Load Test 14.2.12.3.38
46. SIT-TP-/50 RPCS 70% Loss of Feed Test 14.2.12.3.42
47. SIT-TP-751 RPCS B80% Loss of Load Test 16.2.12.3.38
48. SIT-TP-752 RPCS 100% Loss of Load Test 14.2.12.3.38
49. SIT-TP-753 RPCS 100% Loss of Feed Test 14.2.12.3.42

‘ 50. SIT-TP-755 Natural Circulation Demonstration 16.2.12.3.25

51. SIT-TP-900 Pipe Whip Restraint Monitoring 16.2.12:3.17



TABLE 1.3
POWER ASCENSION MILESTONES

EVENT

Received Low Power Operating License NPF-26
Commence Initial Core Load

Mode 6 Declared for First Time

Completed Initial Core Load

Mode 5 Declared for First Time

Commenced Post Core Hot Functional Testing
Mode &4 Declared for First Time

Mode 3 Declared for First Time

Completed Post Core Hot Functional Testing
Mode 2 Declared for First Time

Initial Criticality Achieved

Commenced Low Power Physics Testing
Completed Low Power Physics Testing
Received Operating License NPF-38
Commenced Initial Power Ascension

Mode 1 Declared for First Time

Initial Synchronization to Grid (@ ~10% power)
20% Power Attained for First Time

50% Power Attained for First Time

80% Power Attained for First Time

100% Power Attained for First Time

Declared Commercial Operation

‘o

.16

e NG W W W W W W W

.20,
.4.8
4.8
.5.8
s 1,

w87
A7
.18,
12,
o b 8
7.8

.24,

85
5
5
5
85

.85

85

.85

85
85
85
5

.85

85
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POST-CORE HOT FUNCTIONAL TEST PLATEAUS AND TESTS PERFORMED AT EACH PLATEAU

Pressurizer Spray Valve and Control AdJustnen( (SIT TP 505);7__

TABLE 1|

A

PMC Inputs (SIT-TP-501)

——

. Sys.(SIT-TP-513)

(SIT-TP-500)|

Loss Terms (QIT TP- 74!)

TEST PLATEAU

{
|

<l
c6t

/4 09
/d S%€

SOu~-Tid
/4 0

eysd (¢
eysd (OG¢
eysd 0¢Z?

S§O¥ ONIM¥Nd
eved

INGA GNV 1714 |
| INZA ONV 1714 |

E

| e
B P PP

SEQ.
NO. TEST (PROCEDURE NUMBER)
k-fh--g Intercomparison of PPb CPC and PMC PM(

= 2 RCS Flow and Coastdown Measurement (SIT- TP-502)

3 CEDM Performance (SIT-TP- =503)

4
5 RCS Leak Rate Measurement (SIT-TP-506) g

6 Incore Instrumentation Baseline Data (SIT-TP- 507)

7 RCS Heat Loss (SIT-TP-508)

8 RCS Expansion Measurements (SIT-TP-509)

9 Postcore Test Data Record (SIT-TP-511)
10 Movable Incore Instrumentation 0pcr§g£pn Verif. (SIT-TP- 512)
e i N Post-Core Vlhgggjgg_agg_Logggﬂ?arls Monit

12 Heated Junction Thermocouple Qgcratnon Verif.

RS RCS and Steam Generator Para-eleliggng TP-500)
_!ﬁ_”___ Detcr-xnatxqgvgf Auxiliary Spray Flow Split (S!T-TP-500)
15 | Postcore Thermal Exparsion Teslnng (5PO-99P- -003)

i Aéglnstpggg QEECOLsg Second. Press.

¥Vlz““w_d Ventilation Capability (SIT-TP-743)

NOTE :

An RCS Heatup/Cooldown and Pressurization History (per SIT-TP-500) was recorded during
pressurization.

eI

plant heatup and

/d S%¢

»¢|>e) >e|oe!

St



TABLE 1.5
Part 1 of 2
POWER ASCENSION TEST PLATEAUS AND TESTS PERFORMED AT EACH PLATEAU

TEST PLATEAU
'S‘SQ TEST (PROCEDURE NUMBER) glulzlz] 20z |& é, s0% |2 || 0% [2]e] 100%
LR R 2 | e et | ae e | e
g s z |z gle g|s
:‘3 . :l . :'j . :. .
S a |7 a2 |& & |&
3 3 3 i
__l_::j L(;Power”fbx_gncs Test (SIT- TP-650) X ! :
2 | NSSS Plant Data Record (SlT TP-701) | X| X| X| X] X] X| X] X| X] x| X] x| x| x| x| x| x
3 | KCS Delta-T Power Determination (SIT-TP-704) X| | X| x| x| , r
4 | Nuclear and The;ﬂa! Power Callbralgon (SIT TP-705) ! X| | X] X] X| X| X x| X|] x| x| x] x] x| x|] x| x
~ 5 | SBCS Capacity Checks (SIT-TP-707) 1 - =
% -8 lnntnal»Turbnne Startup (SIT-TP-708) L G BT b b X XX X] X)X X RIBEER N
N NSSS Calorimetric (SIT-TP-709) i DS o L X X] X) X) X| X| X| X X] X] X] X] X| X
B8 | RCS Cal_o»r_lu_e_-gigcﬁlf‘ﬁl_ow ﬂeasu;e!gnt (SIT-TP- 710) e ) IS 1 3 rr X+ _ | X X X
o *Qmﬂgﬂvglgggz_Power Subchannel Calibration (SIT-TP- 711) L | X 1 X . |
10 | Process Variable Intercoqgarnsun (SIT -TP- l}j) ST S . X| X | X X
2 T | Vlbratgon and Loose Parts Monit. Sys (SIT e, £ i 7l4) X X X| X{ X
12 | Biological Shield Effectiveness Survey (SIT-TP-715) XI | | x| X X
13| Core Performance Record (SIT-TP-716) , — , _ X Xy X X
14| CPC/COLSS Verification (SIT-TP-717) X X X X | X
~ 15 | Variable Tavg (SIT-TP-718) : : X X
16 | Load Changes (Control Systems Checkout ) (SIT-TP-721) ‘ X|] X X X|] X
17 | Shape Annealnug Matrix Measurement (SIT-TP-723) ] " | X X
18 | Temperature De(allbralnun Verlfl(alnon (SIT-TP-724) X
J9’7} Radial Peaking Factor Verification (SIT-TP-725) X
20 Remote Reactor Trip with Subsequvut Remote Cooldown
| (s1T-TP-726) , , X
oy i g 1 RO% Total Luss uf llow/thural Circ. (SIT-TP-727) 7 X
kg L Loss of Uflsltgvfuwer Trip (SIT-TP-728) X
s - 8 In(gggVerPtlor Signal Verification (SIT-TP-735) ' X X X X
24 | COLSS Power/Flow Verif. Data Record (SIT-TP-739) X X X{ X|] X X| X] X X X
Lok 1001 Turbnne Trip (SIT-TP-740) 7 X

it




TABLE 1.5
(continued)
Part 2 of 2
POWER ASCENSION TEST PLATEAUS AND TEST PERFORMED AT EACH PLATEAU

| TEST PLATEAU e
SEQ. TEST (PROCEDURE NUMBER) el atl T . W T o | - ole
NO. |Load Changes (Control Systems Checkout (SIT-TP-721) wlw|S|G 20% 1515 ] 50% |13 80% (S5 100%
z | m 2z |m Z |m z |m
o | e |a g o o o
A § ; A K A
| m | ol B m |
ale a le a |w P
~ e e P
) (3 ® ®
26 MKHJ&S(.(‘IIE of COLSS 'b:e-c.ondbar‘y Pressure Loss Terms
| (SIT-TP-741) X X X X X
27 | Ventilation Capability (SIT-TP-743) X| | | X X X
28 | BOP Data Record (SIT-TP-748) X| X X|] X X| X| X X|] X| X X X
29 | Natural Circulation Demonstration (SIT-TP-755) T =L 7 X{ i A
30 | Pipe Whip Restraint Measurements (SIT-TP-900)727) B A Y . X Xl X|
31 | Thermal Expansion (SPO-99P-003) } 4 - X X X X

NOTES:

a) Transient Data Record (SIT-TP-702) performed during every initial power increase.
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Plant cooldown due to excessive RCS leakage and
completion of maintenance on letdown containment
isolation valve CVC-107 for next 6-3/4 days

Reactor tri low steam 'cmutor level
due to w’.g" tri "

Performed turbine overspeed trip test
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= actor tr ue to MFWP 'A' trip

Plant cooled down due to leaking pressurizer spray
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generator level during power
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MAJUR EVENTS DURING POWER ASCENSION (MAY 11-20,1985)

-6

WRE 1.

FIc



P-rtorrudr loss of off-site

MSR and extraction
steam system problems

Reactor trip due to hi

Reactor trip due to
turbine trip resulting
from MFWP 'A' trip
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(MAY 21-30,1985)

MAJOR EVENTS DURING POWER ASCENSTON
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== steam generator level
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= Commenced initial increase to 95% power
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Reactor shutdown due to excessive turbine/generator

vibration. Start of turbine/generator repair outage = : s
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= Reactor trip due to turbine trip resulting from fire == }
ontrol cabi
Commenced NSSS warranty run
- rerf SIT-TP-721 load swings  ——
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MAJOR EVENTS DURINC POWER ASCENSION (JULY 10-19,1985)
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1.2 SUMMARY

}.3.1

1

2.2

Iaitial Fusl Load

The initial fuel loading of WSES-3 was performed in accordance
with test procedure SIT-TP-400, "Initial Fuel Load"”. Fuel
loading commenced on December 18, 1984, at 2140 (CST), approx-
imately 8 hours after the facility received its low power
license from the NRC. The first fuel assembly (B077),
containing the first of two neutron sources, was seated at
core location X-11 at 2331. Fueling operations lasted 4 days,
17 hours and 20 minutes. The last fuel assembly was placed in
the core at 1500 on December 23, 1985. The subsequent fuel
loading verification took until 1400 on December 24, 1984; its
satisfactory completion marked the end of the fuel loading

operation.

The initial fuel loading is further discussed in detail in

Section 2.0 of this report.

Bost Core Hot Functional Testing

The post-core hot functional test program was pecformed in
accordance with test procedure SIT-TP-500, "Post Core Hot
Functional Test Controlling Document", and other test
procedures of the SIT-TP-500 series, as listed in Tables 1.2
and 1.4. Testing commenced ou December 31, 1985, and lasted
approximately 52 days, until February 20, 1985,

Post-core hot functional testing is further discussed in

detail in Section 3.0 of this report.
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1.2.3 loitial Criticality

1

1

2.6

8.3

The approach to initial criticality was performed in accor-
dance with test procedure SIT-TP-600, "Initial Criticality".
Withdrawal of the CEA's commenced at 0328 on March &, 1985.
RCS dilution followed the CEA withdrawal until initial criti=

cality was satisfactorily achieved at 2148 on the same day.

Initial criticality is further discussed in detail in Section

4.0 of this report.

L Base i 2uans

Low power physics testing was performed in accordance with
test procedure SIT-TP-650, "Low Power Physics Test". Testing
commenced, after initial criticality had been achieved, at
0145 on March 5, 1984, and lasted approximately 5.4 days,
until 1215 on March 10, 1985.

Low power physics testing is further discussed in detail in

Section 5.0 of this report.

: s Saasci @ 0% &

Power ascension testing through 20% power was performed in
accordance with test procedure SIT-TP-700, "Power Ascension
Test Controlling Document”, and other test procedures of the
SIT-TP=700 series, as shown in Tables 1.2 and 1.5. Testing
commenced at 0345 on March 17, 1985 with the initial power
increase above the power levels maintained for low power
physics testing.
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The turbine-generator was synchronized to the grid at 1813 on

March 18, 1985, with the reactor at approximately 10% power.
Twenty percent power operation was reached at approximately
0750 on April 12, 1985; this marked the first major test
plateau. Testing at 20% power was completed at 1908 on April
18, 1985, when the initial increase to 50% reactor power

commenced .

The test results of the power ascension tests performed
through 20% power are further discussed in detail in Section
6.0,

Bower Ascension Testing From 20% Through 30% Power

Power ascension testing through 50% power was performed in
accordance with test procedure SIT-TP-700, "Power Ascension
Test Controlling Document”, and other test procedures of the
SIT-TP-700 series, as shown in Tables 1.2 and 1.5. Testing
commenced with an increase in reactor power from the 20%
power test plateau at 1908 on April 18, 1985, Minor test
plateaus were established at 30% and 40% pover and maintained
for 9.25 and 9 hours respectively. Fifty percent power was
achieved at 2337 on April 19, 1985. Testing at 50% power was
completed at 1120 on May 6, 1985,

The test results «f the power ascension tests pertformed from
20% through 50% power are further discussed in detail in
Section 6.0.
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Power ascension testing through 80% power was performed in
accordance with test procedure SIT-TP-700, "Power Ascension
Test Controlling Document™, and other test procedures of the
SIT-TP-700 series, as shown in Tables 1.2 and 1.5. Testing
commenced with an increase in reactor power from the 50%
power test plateau at 1120 on May 6, 1985. Minor test
plateaus were established at 60% and 70% power and maintained
for 10.5 and 9 hours respectively. Eighty percent power was
achieved at 1845 on May 7, 1985. Testing at B0% power was
completed at 0800 on June 26, 1985.

The test results of the power ascension tests performed from
50% through 80% power are further discussed in detail in
Section 6.0,

— 0 Taakios Erom 0% Theoush 100 2

Power ascension testing through 100% power was performed in
accordance with test procedure SIT-TP-700, "Power Ascension
Test Controlling Document”, and other procedures of the
SIT-TP-700 series, as shown in Tables 1.2 and 1.5. Prior to
commencing the power increase to 100% power, the 80% Total
Loss of Flow test, followed by the Loss of Offsite Power test
at 20% power were performed. The initial power escalation
from 80% to 100% power commenced at 0800 on June 26, 1985
following completion of "post 80% power plateau testing" and
a return to criticality and 80% power. Minor test plateaus
were established at 90% and 95% power and maintained for
approximately 8.2 and 4.9 hours respectively. One hundred
percent power was achieved at 1844 on July 1, 1985. Testing
at 100% power was completed at 1730 on July 12, 1985.
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INITIAL FUEL LOADING
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Breparations

Initial preparations for fuel load commenced in the first quarter of
1983 with the receipt on site of the 217 fuel assemblies destined to
make up the WSEES-3 initial core. As the capacity of the new fuel
storage racks is insufficient to accommodate an entire core, the fuel
was stored dry in the spent fuel storage racks in a checker-board
arrangement. Following their receipt, the 5-fingered CEA's were
loaded into the fuel assemblies designated to host them during the
first cycle (the 4-fingered CEA's, which straddle the fue!
assemblies, were placed into the upper guide structure (UGS) when
this was ready to receive them). Each core component was inspected
during the process of removal from its shipping container and
placement in storage. The selected storage location also helped
minimize the amount of handling/transferring required for each core

component.

Prior to commencing fuel load, the containment refueling pool deep
end, the transfer canal, and the transfer pit in the fuel storage
building were filled with borated water, at a concentration slightly
in excess of 2000 ppm, to a level of approximately one foot above
the top of the transfer canal. This was accomplished utilizing the
fuel pool purification system return line, thereby eliminating the
need to overflow the reactor vessel. The chance of leakage around
the seal ring, and a clean-up of the upper cavity floor to permit
unrestricted access to the reactor vessel flange by fueling
observers were avoided in this manner. Filling of the refueling
pool, as described, assured containment integrity as required by the
Station Technical Specifications, and provided lubrication for the

fuel transfer equipment.



The reactor vessel was filled to approximately one fuot above the

top of the RCS hou legs with borated water, also at a concentration
slightly above 2000 ppm. The shutdown cooling system was subsequent-
ly maintained in operation as required by the Station Technical

Specifications.

Two temporary incore neutron detectors and associated electronics
provided by Combustion Engineering were set up and calibrated. The
detectors were placed in detector housings and set in place al core
locations V-7 and V-15 as channels "A and "B", respectively (Figure
2.1.1). The elect-onics were set up as a neutron counting station
(Figure 2.1.2) at the plant southeast corner of the refueling pool on
the +46 foot 'evel of containment, from where the reactor vessel

and fuel loading operations could be closely observed. A strip chart
recorder was connected to one of the channels to provide a continuous
visual display of the neutron countrate in addition to the audible
countrate provided in containment by the other temporary channel, aad
one of the permanent plant start-up channels. The two permanent
plant start-up channels had neutron counting equipment connected to
them that was set up within the control room, such that a total of
four detectors would provide information on the neutron multip{ica-
tion throughout the core load. One of the start-up channels also
provided an audible countrate in the control room, as required by the
Station Technical Specifications. Following satisfactory set-up and
checkout of both temporary and permanent plant start-up neutron
detectors, a background countrate was determined for each detector

without fuel or start-up neutron sources in containment.

The response check of the neutron detectors required by the Station
Technical Specifications was performed using the first fuel assembly
fBO77) to be loaded with a start-up neutron source in one of its CEA
guide tubes. The fuel assembly was lowered into the reactor vessel
adjacent to the permanent start-up and the temporary neutron
detectors, remaining grappled to the fuel handling machine at all

times. A neutron countrate significantly above the previously
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NOTES:

A = Location of temporary neutron detector channel A

S/G #1

B; = Location of temporary neutron detector channel B before loading of

second neutron source

lf = Location of temporary neutron detector channel B after loading of

LOCATION OF TEMPORARY FUEL LOADING NEUTRON DETECTORS 'A' AND 'B'

second neutron source

FIGURE 2.1.1
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measured background countrate indicated a response to neutrons and
verified operability of all four detectors. Upon completion of the

response check fuel assembly B077 was placed in core location X=11.

Baaers L

The neutron multiplication of the core was closely monitored at all
times during core load by means of an inverse multiplication versus
number of fuel assemblies loaded ("1/M") plot for each of the four
neutron detection/counting channels. After the first fuel assembly
(BO77) containing start-up neutron source "B" was inserted into the
reactor vessel, at core location X-11, a base countrate, Co’ was
determined by averaging at least five individual counts over a 100
second period. All subsequent countrates, Ci' determined by
averaging at least three individual counts over a 100 second period,
were divided into this base countrate; the resultant CO/C1 values
were plotted against the number of fuel assemblies loaded for the
four channels being monitored, providing the 1/M plots. A new base
countrate was redetermined for the temporary detectors when these
were moved. The new base countrate was normalized to the old one to
assure continuity of the 1/M plots. Countrates were corrected for
background if the background contributed greater than 5% of the

countrate,

Following the insertion of every fuel assembly into the core, a
neutron count was taken on each of the four detectors. These counts
were translated into inverse multiplication (1/M) numbers, and
plotted against the number of assemblies loaded into the core to

assure nuclear safety.
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For approximately the first fifteen and the last five fuel

assemblies to be inserted into the core, the 1/M value was
determined prior to the refueling machine ungrappling from the fuel
assembly. This was done because of the core coupling changes, that
dramatically increase the neutron countrate during the first fifteen
assemblies to be loaded into the core, and as a precaution while

loading the last five.

While loading the 16th through 212th assemblies a strip chart trace
of the countrate off a temporary neutron detector channel was used

to determine visually any variations in subcritical neutron multipli-
cation. Based on the trend of this trace, it was possible to permit
the refueling machine to ungrapple from the fuel assembly placed into
the core prior to the 1/M value having been determined. This method
of monitoring the neutron multiplication provided additional safety

and shortened the fuel loading operation by at least 12 hours.

Throughout the core loading, the neutron multiplication behavior was
as expected. Table 2.2.1 lists the countrates for all four neutron
detector channels for the first 20, and selected subsequent assemblies

inserted into the core.
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TABLE 2.2.1

DETECTOR COUNT RATES (CPS)
(Uncorrected for Background)

NO. ASSYS. TEMPORARY  TEMPORARY  STARTUP STARTUP
IN CORE DET.A DET. B DET. 1 DET.2
BACKGROUND 0.0067 0.005 0.08 0.08
1 1.40 5.25 1.10 0.01
2 1.45 5.39 1.18 0.07
3 1.59 5.54 2.08 0.05
4 1.62 7.83 2.12 0.09
5 1.57 14.35 2.14 0.10
6 2.26 17.29 2.31 0.08
7(1) 3.27 17.37 2.34 0.10
8 5.24 17.91 2.32 0.08
9 5.71 17.80 2.55 0.10
10 6.84 18.09 2.44 0.08
1 18.80 18.28 2.70 0.10
12 22.24 18.36 2.64 0.08
13 22.60 18.35 2.7 0.07
14 22.58 24.29 2.71 0.08
15 22.52 37.72 2.80 0.11
16 22.93 48.07 2.65 0.05
17 23.47 55.48 2.92 0.27
18(2) 122.52 253.61 3.08 0.06
19 122.62 261.52 3.13 0.09
20 122.00 272.54 3.03 0.07
131 143.57 283.50 3.05 0.07
132(3) 142.25 282.72 2.99 1.25
133(4) 98.07 64.55 3.31 1.1
215 97.37 104.41 3.06 3.97
216(5) 97.90 -- 3.09 3.14
217(6) - -- 3.05 3.29
NOTES :

(1) Temporary detector cables relocated; new base countrate determined
(2) Temporary detector cables relocated; new base countrate determined
(3) Startup neutron source "A" placed into core

(4) Temporary detector "B" moved to core location D-15: new base countrate
determined for both detectors

(5) Temporary detector "B" removed from core before placement of this assembly

(6) Temporary detector "A" removed from core before placement of this assembly
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2.3 1lhe Fuel Loading Sequence

The fuel loading sequence started at core location X-11 (reactor
south side) where fuel assembly B077 containing neutron startup
source "B" was placed as a free-standing assembly. Subsequent
assemblies were loaded around the first u.ssembly and, as loading
progressed, around the temporary neutron detectors located at core
locations V-7 and V-15, until a closely counled slab nine assemblies
wide had been formed. This slab was continued to the reactor north
side, with loading alternating between an east and west direction.
Core location D-15 was left vacant to accommodate temporary neutron
detector "B" following insertion of the fuel assembly (B031; the
132nd assembly to be loaded) containing the second start-up neutron
source, "A". Core location Y-15, vacated by the relocation of
temporary neutron detector "B", was filled after the slab had been
completed on the reactor north side. After the slab was complete,
the east side of the core was loaded, followed by the west side,
with lcading occurring alternatingly in a north and south direction.
After the east and west sides of the core had been loaded, temporary
neutron detector "B" was removed from the core and the hole filled
by fuel assembly BOll. Finally temporary neutron detector "A" was
rémoved from the core and the last assembly (B055) placed in its
location. A two-part core loading verification verifying a) correct
fuel and component location and orientation, and b) proper alignment
of the fuel assemblies was then performed. This completed the core

loading. Figure 2.3.1 depicts the loading sequence.
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Euel Movement

Fuel loading was executed by plant operations personnel. It was
supported by Reactor Engineering Department and Combustion Engineer-
ing personnel. Fuel was loaded around the clock by three shifts per
day. All personnel involved in activities involving the spent fuel
handling machine, transfer systems or refueling machine were required
to wear paper shoe covers, paper coveralls, cotton glove liners and
head covers to maintain cleanliness requirements. Those individuals
who functioned as fueling observers in the refueling pool upper level
(vessel flange), were required to wear a full complement of anti-
contamination clothing, (i.e., shoe covers, cloth coveralls, cloth
hood and cotton glove liners under rubber gloves). Access to
refueling pool was governed by a Radiation Work Permit (RWP). All
perscnnel exiting the refueling pool area were monitorrd for

contaminations by Health Physics.

Fuel loading officially began at 2140 on December 18, 1984, when the
the spent fuel tool was latched (grappled) to fuel assembly BO77
containing Startup Source "B", in spent fuel rack GG-12. This
assembly was utilized to perform the neutron response check as
required by the Station Technical Specifications on the two startup
detectors and the two temporary detectors. The assembly was
ungrappled from the refueling machine in core location X-11 at 2331
where it remained free standing until the second and third assemblies
were placed in location Y-10 and Y-12 (Tigure 2.3.1). Fuel loading
then continued as described in section 2.3. Throughout the fuel load
the reactor water level was maintained between the top of the hot
legs and the vessel flange. No major fuel-related problems or delays
occurred. However, several equipment problems resulted in delays to
fuel loading; these are discussed in detail in section 2.6. Figure
2.4.1 shows the time elapsed between individual fuel assemblies

placed ia the core.
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The refueling machine ungrappled from the last fuel assembly Lo be
loaded into the core at 1500 on December 23, 1984. This completed
the fuel movement portion of the initial fuel loading of WSES-3. A

fuel placement and positioning verification followed.

Euel Load Vecificari

The fuel load verification that followed the completion of fuel
movement utilized the refueling machine fuel hoist TV system, and

consisted of:

a) Verifying all fuel assemblies, CEA's and start-up neutron sources
were loaded into their pre-assigned core location and were
oriented correctly. To do this the core was scanned twice: once
to verify all fuel assemblies in their correct location with
their serial numbers oriented to the southeast (SE), and to
verify the CEA's and neutron source< in their correct host fuel
assemblies; the second scan verified CEA serial numbers and
double-checked their core locations. These verifications were
recorded on video tape. With the exception of the 4-fingered
CEA's which were loaded as an integral part of the UGS, all fuel
assemblies and core components were verified correctly loaded.
This verification required 11.3 hours. Figures 2.5.1, 2.5.2 and

2.5.3 show the as-loaded core.

b) Verifying the position of the fuel assemblies to assure
alignment with the fuel alignment plate of the UGS. The position
of fuel assemblies with respect to the centerline of selected
rows (6, 16, C, F, L, S, and W) in the core was measured, using
the refueling machine fuel hoist TV camera. The data showed the
fuel to have been loaded acceptably to allow the UGS to be
installed into the reactor vessel. This verification required
11.5 hours.
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2.6 Delays, Problems and Resolutions

2.6.1

2.6.2

2.6.3

2.6.4

Refueling machine fuel hoist underloads were experienced
during fuel assembly insertion into the core at various times.
In particular, fuel assembly B043 required repositioning of
the refueling machine, and 29 minutes were required to

finally seat the assembly in the core. Fuel assembly A016
required 14 minutes of effort and C207 took 48 minutes. Other
fuel assemblies generated underloads, however none required

appreciable time to correct.

Total Time Lost: ~' hour 31 min.

Relocation of the handling/tie off ropes and detector cabling
on the two incore detector assemblies consumed approximately
40 minutes time, in addition to the "normal” relocation and/or

removal.

Total Time Lost: ~ 40 min.

The containment audible count rate speaker for the temporary
counting station failed, resulting in a suspension of core
alterations. In addition to the time required to replace the
speaker - 1 hour and 41 min. ~ it was determined that the
spent fuel handling machine operability checks would have to
be reperformed, resulting in an additional delay of 3 hours

15 min.

Total Time Lost: 4 hours 56 min.

As a result of an overheated power cord on a "T" bar
underwater light assembly, the unit was removed from within
the reactor vessel. Loading activities continued, utilizing

the fuel hoist TV camera lights, with no delays or problem.
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Later, however, it was discovered that a %-inch nominal hex
nut was missing from the T-light pivot brackets. A search of
the core and lower plate was made with an underwater TV system.

The nut was not fo.nd.

Total Time Lost: 53 min.

A rigid coupling on the spent fuel handling machine bridge
drive failed. A replacement coupling was obtained off-site,
machined and installed and the spent fuel machine returned to
service. After less than 8 hours of operation another drive
shaft coupling failed. Closer inspection disclosed that the
"C" flange mount for the gear reducer/motor unit had worked
loose from the gear reducer, allowing the gear reducer/motor
and output shaft to become badly misaligned with respect to
the two drive shafts. The decision was made to remove the
complete bridge drive train for repair. In the meantime,
attempts would be made to move the bridge manually (pushed/
pulled by two fuel loading personnel). The bridge was
propelled this way for the remainder of the fuel load,

approximately 124 fuel assemblies.

Total Time Lost: 16 hours 12 min.

The 24-volt control voltage to the refueling machine control
microprocessor failed when a fuse blew, while a fuel assembly
was being lowered into the core, in the lower slow zone. The
fuel hoist continued to operate in the "down" mode. Main
power to the machine was turned off, but not before the

mechanical programmer sustained damage from being overdriven.



A cam operated switch was damaged, a coupling shear pin
sheared, and cams and bearings were displaced A repdacement
switch was removed from the CEA hoist mechanical programmer,
a new shear pin was fabricated, the bearings and cams were
repositioned and adjusted, and the machine was returned to

service.
Total Time Lost: 6 hours 8 min.

Total delay, during the core load, based upon the above identified

problems was just over 29 hours.



SECTION 3.0

POST-CORE HOT FUNCTIONAL TESTING
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3.1 INSTRUMENTATION TESTING/CALIBRATION

3.1.1 Intercomparison of PPS, CPC, and PMC Inputs (SIT-TP-501)

PURPOSE :

The purpose of this test was to demonstrate that the inputs
and appropriate outputs of the Plant Protection System (PPS),
the Core Protection Calculators (CPC's), and the Plant
Monitoring Computer (PMC) were in satisfactory agreement with
one another. Permanent plant instruments (meters and

recorders) were also intercompared.

This test satisfied the commitments of FSAR section

14.12.12.3.4.

METHOD :

Plant conditions were stabilized at each of the three test
plateaus -~ 120°F, 345°F, and 545°F -- during the heatup
following initial fuel load. Data from each of the four
sources (PPS, CPCs, PMC and meters) were simultaneously

gathered for each of the following parameters:

. RCS cold leg temperature
RCS hot leg temperature
RCP differential pressure
RCP speed

RCS pressure

. Pressurizer level

. Steam generator level

. Steam generator pressure

e 0 N NN -

Steam generator primary side differential pressure

10. Reactor vessel differential pressure



11. Containment pressure

12. Refueling water storage pool level

Based upon the data gathered for each parameter, a target
value was calculated as the average of the readings from the
most reliable source; the order of reliability of data

sources, from most reliable to least, was as follows:

Core Protection Calculator data
Plant Protection System data

Plant Monitoring Computer data

& W N e

Control Board Instrumentation Data

The deviation of each recorded value from this target value
was calculated and compared to the specified tolerance to
determine acceptability. If the deviation exceeded the speci-
fied tolerance, recalibration of the loop was initiated and a
test deficiency was generated. The deficiency was cleared
only when subsequent testing revealed that the parameter de-

viation fell within the specified tolerance.
RESULTS:

At the 120°F plateau, four deficiences were generated repre-
senting forty-nine parameters' failure to meet specified
criteria. Of these forty-nine, twelve were attributable to
the inoperability of the Qualified Safety Parameter Display
System #1 (QSPDS #1) - PMC data link, and eight were attri-
butable to the fact that the feedwater control systems were
de-energized during the performance of the data collection.
Evaluation of the remaining erroneous indications was
performed, and recalibration was initiated where necessary;
some parameters' specific tolerances did not reflect the

actual loop accuracies, and were changed accordingly.



At the 345°F plateau, a total of twenty-two parameters failed
to meet their specified tolerances. Fourteen of these had
also been deficient at the 120°F plateau. Four new deficien=
cies were written to document the eight new failures.
Trecubleshooting and recalibration of the problem indications

continued.

At the 545°F plateau, a total of fifty parameters failed to
meet their specified tolerances. The fifty parameters fell

into the following three categories:

RCS Hot and Cold Leg RTD indications (22) - The
safety-related RTD's which provide hot and cold leg
temperature input to the Core Protection Calculators
were all offscale at the two earlier temperature
plateaus. Thus, data recorded at the 545°F plateau
provided the first indication of problems with these
indications. FExtensive troubleshooting, recalibra-
tion, and rework »f these RTD's continued throughout
the power ascension test program, and a detailed
history of this problem is given in section 6.2.2 of

this report.

Remote Shutdown Panel Instrumentation (2) - Two

indicators located at LCP-43, the i1emote shutdown

panel, require transfer of pressurizer pressure and

level control from the control room to LCP-43. At the
time the 545°F test data were recorded, operations was
unable to support this transfer. Data for these two
instruments, RC-ILI-0110-1 and RC~IPI-0100-1, were
successfully recorded during the performance of
SIT-TP-712, the equivalent of this procedure which was

performed during power ascension (see section 6.2.2).
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3. Miscellaneous Indications (26) = Thirteen PMC points,
ten control board meters, and three PPS inputs failed
to meet their specified tolerances. Troubleshooting
of these parameters continued while low power physics
testing was conducted and during the wait for the
unit's full power operating license. All 26 para-
meters were successfully tested in accordance with

SIT-TP-712.

Twelve deficiencies were written at the 545°F plateau to
document the fifty out-of-tolerance parmeters; thirteen of
these fifty had failed previously at either the 120°F or 345°F

plateau.

CONCLUSIONS:

Of the fifty out-of-tolerance indications remaining at the
completion of the test, twenty-three were safety-related.
Only four of these were not related to the CPC hot and cold
leg RTD's; these four indications were resolved and retested

satisfactorily prior to initial criticality,

An evaluation of the impact of the out-of-tolerance CPC RTD's
was performed, and it was determined that power operation at

levels up to 20% would not be restricted. Evaluation of the

RTD problems continued with the performance of SIT-TP-712

(see section 6.2.2).
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Incore Instrumentation Baseline Data (SIT-TP-507)

PURPOSE :

This test was performed to verify that the resistance of each
incore detector and background detector and their associated
cabling at operating conditions was equal to or greater than
1x107 ohms. The test also collected baseline data for core

exit thermocouple temperature reading~ during plant heatup.

This test satisfied in part the commitments of FSAR section
15.2.12.3.3.

METHOD:

The test was performed from January 9 through February 9,
1985. With the reactor coolant system at normal hot standby
operating conditions ( >525°F and 2250 t 15 psia) the
detector resistances were measured. Each detector cable was
removed at the input of the amplifier card and, using a high
potential (<50V) resistance meter, the individual detector

and background detector resistances were measured.

At various times during the heatup, both at stable
temperature plateaus and during heatup transients, the core
exit temperatures were recorded using the thermocouple *n
each detector string. Data was recorded via computer

printouts.
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RESULTS:

All incore detector resistance values were greater than 1x107
ohms. Cable connectors at the input to amplifiers E-4 and
E-6 required rework before they could be measured. Baseline
core exit thermocouple data was cecllected at various

temperatures throughout the heatup.

CONCLUSIONS:

The resistance reading for each incore detector and
background detector was satisfactorily verified to be greater
than 1x107 ohms, thereby indicating negligible impact on the
incore signals from current leakage. Adequate baseline data
was collected for the core exit thermocouples during plant
heatup for future reference. All test objectives and

acceptance criteria were met.
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3.1.3 Moveable Incore Instrumentation Operation Verification
(SIT-TP-512)

PURPOSE :
The purpose of this test was to:

a) measure the movable incore detector guide tube path
lengths with the reactor coolant system cold ( < 120 °F)
for paths 18 and 23 only

b) to measure the guide tube path lengths with the reactor
coolant system hot ( > 525 °F) for all 56 paths using

drive machines 1 and 2

€) to operate the movable incore detector system (MICDS)
from the control room using the plant monitoring computer

(PMC) as the controller

d) to demonstrate the mechanical operation of the movable

incore de.cctor system.

This test satisfied in part the requirements of FSAR Sections
16.2.12.2.58 and 14.2.12.3.3.

HMETHOD:

Measurements of the guide tube path lengths for cold and hot
RCS conditions were performed using the manual control box
(MCB) with a dummy detector cable installed in the drive
machine being tested. The dummy detector cable was inserted
in the selected guide tube path until the encoder reading
stopped changing. The encoder reading was recorded as step

#1. The dummy detector cable was.then withdrawn approximately
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20 inches and reinserted until the encoder reading stopped
changing. This second encoder reading was recorded as step
#2. If the difference between step #1 and step #2 encoder
readings was greater than 0.3 inch, the withdrawal/reinsertion
was repeated and a third encoder reading was recorded as step
#3. The average of the two or three encoder readings was
recorded. The average reading was taken as the guide tube

path length.

Cold guide tube path measurements were taken for paths 18
through 23 using drive machine 1 in the normal and alternate
configurations through transfer machines 1 and 2 (a total of
12 measurements). These measurements were taken to clear a

deficiency from preoperational test SP0-63C-001.

Hot guide tube path measurements were taken for all paths
using drive machines 1 and 2 in the normal and alternate
configurations through transfer machines 1 and 2 (a total of
112 measurements). Data from the hot guide tube path measure-

ments was incorporated into the MICDS software on the (PMC).

The MICDS was operated from the control room using the PMC
MICDS software as the controller in the manual mode using
drive machines 1 and 2 and in the semiautomatic mode using
drive machines 1 and 2. Proper operation of the MICDS and
detector positioning to within 0.3 inch of the desired
position were verified. Due to the availability of only one
good dummy detector cable, PMC MICDS software operation was
performed using both real detector cables installed in drive

machines 1 and 2.
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RESULTS:

Data from the hot MICDS guide tube path measurements yielded

the following results:

1)

3)

4)

5)

The encoder readings were repeatable generally to within

0.1 inch, and at worst to within 0.4 inch.

Hot path measurements were 0.1 to 0.5 inches longer than
the cold path measurements taken for paths 18 through
23. This difference can be attributed to thermal

expansion.

Hot path measurements were consistent with the cold path
measurements taken in preoperational test SP0O-65C-001.
The only exception was path 6 for transfer machine B with
readings which differed by about 20 inches. Based on the
repeatability of the data taken during this test, the

preoperational lest data is deemed to be incorrect.

The difference between the normal and alternate

configurations was small and can be considered to be zero.

The MICDS hardware operated satisfactorily using the

manual control box.

The MICDS software operited in the manual and semiautomatic

modes, as required by this test. Two problems which affect

operation using the MICDS software were discovered:

a)

The Transfer Enable switch did not indicate a "Not
Enable" state when the detector was inserted past the
switch. This problem would affect operation in the

automatic mode only.



b)
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Path verification alarm messages occurred when there were
no apparent failures. This problem would affect MICDS

operation in all modes.

Although these two problems were not entirely resolved,

operation of the MICDS in manual and semiautomatic modes was

satisfactorily demonstrated.

CONCLUSION:

The MICDS operated as required by this test. All test

objectives and acceptance criteria were satisfactori’,; met.
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Post-Core Vibraticn and Loose Parts Monxtorxg&_sttg@
(SIT-TP-513)

PURPOSE :

To establish steady state vibration and loose parts
moni’aring baseline data for the four reactor coolant pumps
(RCPs), the two steam generators, the reactor lower vessel
and reactor upper vessel under various RCP configurations.
This test satisfied, in part, the commitments of FSAR Chapter

14, Section 14.2.12.3.40, Baseline Vibration and Loose Parts
Monitoring.

METHOD:

Data was recorded on cassette tapes via 'he vibration and
Loose parts monitoring system's (V&LPMS) tape recorders,
durirg stable RCP configurations established per SIT-TP-502,
Postcore RCS Flow and Coastdown Measurements. Each channel
of the recorded data was then analyzed using a spectrum
analyzer, and plotted using an X-Y Plotter to generate the

power spectral density (PSD) signatures.

RESULTS:

This test was performed on February 10 and 11, 1985 during
the performance of SIT-TP-502, as discussed above. A total
of thirteen cassette tapes were used to record this data.
There are two sections of recorded data, each containing four
different channels, for a total of eight channels of data on

the first eight tapes. Several tapes were played back through

the audio monitor during the test, and it was discovered that

several channels have very high levels of background noise.




An evaluation of this problem by a technician produced no

resolution. To circumvent this problem, the noisy channels
were switched to other tape tracks and recorded on separate
tapes while the problem evaluation continued. This strategy

was successful, and good results were obtained.

CONCLUSION:

Bascline data was recorded for al! RCP configurations
specified in SIT-TP-502, and the data acquisition acceptance
criterion was thus satisfied. Evaluation of the PSD's will
be performed following the installation and calibration of a

new spectrum analyzer.
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3.2 REACTOR COOLANT SYSTEM TESTING

3.2.1 Reactor Coolant System Flow and Flow Coastdown Measurement

(SIT-TP-502)

PURPOSE :

The purpose of this test was to:

a) Determine the as-built post-core reactor coolant system

(RCS) flow rate

. b) Determine the post-core flow coastdown characteristics
and to verify that the flow coastdown is consistent or
conservative with respect to the coastdown characteristics

assumed in the safety analysis
¢) Verify the validity of the flow-related algorithms and
constants in the core protection calculator /CPCs) and

the core operating limits supervisory system (COLSS)

d) Establish reference post-core differential pressures (APs)
within the RCS

This test satisfied the requirements of FSAR section

14.2.12.3.2

METHOD :

This test was performed at nominal hot standby conditions of
. 545°F and 2250 psia. The measurements were made through a

sequential combination of steady state and transient {low
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conditions as depicted in Figure 3.2.1.1. Stcad: state measurements
were those made with a stabilized RCS flow rate provided by

either 1, 2, 3, or &4 reactor coolant pumps (RCPs) running.

These configurations provided data for the determination of

the RCS flow rate, the verification of the CPC and COLSS

constants, and the establishment of reference post-core RCS

APs. Transient measurements were those made following the

trip of 1, 2, or 4 RCPs, while the RCS flow was changing from

one steady state configuration to another. These

configurations provided data for the determination of the

flow coastdown characteristics.

Within 15 days of commencing the test, all twenty RCS AP
transmitters (8 for the RCPs, 4 for the reactor vessel (RV),
and 8 for the steam generators (SG)) were calibrated to
provide accurate pre-.est calibration data. Following
completion of test data collection the transmitters were all
calibration checked to provide instrument drift data. Any
drift data was subsequently figured into the flow

calculations.

The four-RCP steady state RCS flow rate was determined by two

different methods:

i) wusing RV APs
ii) using RCP APs

The RV AP method result, being the more accurate of the two,
was used to meet the RCS flow rate acceptance criterion. The
RCP AP method value was required for adjustment of COLSS flow
constants, and was compared to the RVAP method value for
information. Data collection for both methods consisted of
recording RCS AP, RCS temperature and RCS pressure data
concurrently on a high speed test data acquisition system

(TDAS) at a rate of 1 sample per second. Backup data was
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recorded using the plant monitoring computer (PMC) and strip
chart recorders. Averaged AP data was calibration corrected
before the RV AP data was normalized to 545°F and 2250 psia,
and the RCP AP data was normalized to a reactor coolant medium
specific gravity of 0.75, such that all measured AP data was
compatible with the respective flow vs. differential pressure

curves from which the RCS flow rate was determined

During every steady stzte configuration not previously
established, process noise data was recorded on each of the
three data collection devices for information and possible
application during test data evaluation. This was accomplished
by recording data at high speed (20 samples per second on the
TDAS, 1 sample per second off the PMC, and at ~ 10mm/second on
the strip charts) simultaneously on all recording devices for

a predetermined period of time.

Three flow coastdown measurements were performed:

i) a 1-RCP trip flow coastdown
ii) a 2-RCP trip flow coastdown

1ii) a 4-RCP trip flow coastdown

The 1-RCP trip flow coastdown was initiated from a 4-RCPs
running steady state configuration by turning the RCP 2A
switch to the "STOP" position. RCP 2A was selected based on
the requirement to investigate the loss of the strongest RCP,
as determined during the pre-core RCS flow measurement. This
trip test colilected data to verify the coastdown due to a

locked rotor.
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The 2-RCP trip flow coastdown was initiated from a 4=-RCPs
running steady state configuration by simultaneously turning
the RCP 1A and 2A switches to the "STOP" position. This trip
test collected data to verify the coastdown due to a loss of

power from a two pump bus.

The 4-RCP trip flow coastdown was initiated from a steady
state configuration by simultaneously tripping all four RCPs
from a previously temporarily installed special
"total-loss-of-flow” (TLOF) trip switch. This trip test
collected data to verify the coastdown due to a total loss of

forced reactor coolant flow.

Data collection for all three coastdowns consisted of record=-
ing RCS AP, RCS temperature, RCS pressure, RCP shaft speed,
and RCP breaker status data concurrently on the TDAS at a rate
of 20 samples per second. Backup data was recorded off the
PMC and on strip charts. The TDAS was then used to calculate
the flow coastdown at 50 msec intervals, using the data that
it has previously collected. The calculation results provided
the input for the flow coastdown curves, whose plotting was
optional for the 1- aad 2-RCP coastdowns, but required for the
4-RCP coastdown (Figure 3.2.1.22). The plotted curve(s)
allowed evaluation of the shape of the measured curve(s) with
respect to the one(s) assumed in the safety analysis to assure
conservatism. An evaluation of the time (Ty,) required by the
tripped RCPs to reach 90% of rated speed (<1070 rpm) was also
performed as part of the verification for conservatism. For
each transient test Ty, was determined for every RCP that had
been tripped. The largest Ty, for a given transient was
compared to 2 table of Tgy vs. COLSS EPOL! (Constant for power
operating limit uncertainty) penalty factors specific for that
transient, to determine the magnitude of the COLSS penalty
factor required to be implemented into COLSS to assure con-

servatism for that particular flow coastdown. After all



transient testing was complete the previously determined COLSS
penalty factors were compared to each other, and the largest,
enveloping all others, selected as the one to be implemented
into COLSS until satisfactory completion of the 80% total loss
of flow test (see section 6.6.4). This approach of determin-
ing a COLSS penalty factor in place of the CPC core coolant
mass flow rate calibration constant FC2 (CPC PID 061) to
assure conservatism was the result of investigations made by
Combustion Engineering to facilitate and expedite the post-
core flow measurement based on previous performance of this
test at Arkansas Nuclear One Unit 2, and San Onofre Nuclear

Generation Station Units 2 and 3.

Following the satisfactory completion of the test sequence,
the measured RCS flow rate was used to make the initial
adjustments to the CPC and COLSS flow constants. The CPC

core coolant mass flow rate calibration constant FC1 (CPC P.D
060) was adjusted for each CPC channel such that the base core
coolant mass flow rate constant MDBAR (CPC PID 265) for that
channel reflected the calculated normalized measured flow rate
value +0.000, -0.005. The COLSS positive flow bias constants
D15(1) through D15(4) were adjusted such that for each RCP the
difference, AF(j) (with j = 1-4), between the COLSS calculated
individual RCP average volumetric flow rate and the measured
individual RCP volumetric flow rate normalized to the total
vessel flow rate was =396 gpm < AF(j) gpm < +#396 gpm, AND the
difference, AF(RV), between the COLSS calculated average RCS
flow rate and the measured RCS flow rate as a percentage of
design flow was -0.2% < AF(RV) < +0.2%.
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RESULTS:

This test was performed twice. Its first execution was
terminated following completion of the steady state and
transient flow calculations prior to adjusting the CPC and
COLSS constants, because data evaluation revealed a
significant difference in the pre-test calibration and post-
test calibration check AP data, making the 4-RCP steady state
and 4-RCP flow coastdown test results highly questionable.
The 1-RCP and 2-RCP flow coastdown portions were unaffected
by this deficiency, because only Tgy, which is independent of
the AP transmitter calibration, was used in the determination
of flow coastdown conservatism. Furthermore, the
establishment of baseline post-core differential pressures
within the RCS does not require repeatability to the same
degree of accuracy required for the valid determination of a
4-RCP steady state RCS flow rate and validation of the 4=-RCP
flow coastdown curve assumed in the safety analysis, and was
therefore not required to be repeated either. Thus only the
4~RCP steady state and flow coastdown portions of the test
were reperformed, following a recalibration of the AP

transmitters.

The steady state RCS flow rate was satisfactorily determined

during the retest. The test results are shown in Table
J:2:3:3.
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TABLE 3.2.1.1

4~RCP STEADY STATE PCHFT RCS FLOW RATE MEASUREMENT TEST RESULTS

RCS FLOW RATE ACCEPTANCE CRITERIA
Normalized to [ gpm|
METHOD gpm_ 148x10°% 1bm/hr 3 .
RV AP 449648.6 1.1495 418400 s FLOW £ 452800
RCP AP 447458.9 1.1439 N/A

The values in Table 3.2.1.1 were calculated using only
pre-test AP calibration data in order to expedite completion
of testing and data evaluation. Wwhen post-test AP
calibration check data became available, this was compared to
pre-test data in the form of plots included in this report
for documentation as Figures 3.2.1.2 through 3.2.1.21. The
satisfactory repeatability eliminated the need to reperform
the flow calculations to compensate for instrument drift. [t
should be noted that RCP AP transmitter PDT-110 for RCP 1A
(Figure 3.2.1.2) was not used in performance of the flow

calculations due to its erratic response.

The actual four-RCP trip flow coastdown was much more conser-
vative than the flow coastdown assumed in the safety analysis.
The conservatism of the shape of the measured coastdown
(Figure 3.2.1.22) was, however, questionable due to the
electronic nyise components of the measured parameters incor=
porated into the flow calculations. Althoush the best fitted
flow coastdown curve was satisfactory not all of its data
points lay above the FSAR flow coastdown curve. Thus, to
assure that COLSS be conservative and the plant be operated in

its analyzed operating space, the value of -4.7175 determined




for EPOL] during all coastdown testing, was increased to
-7.0000.

power ascension test results allowed a decrease to this

penalty factor to be made.

The initial adjustments to the CPC and COLSS flow cons..nts
were satisfactorily determined and implemented into the
respective data bases, as required. Tables 3.2.1.2 and

3.2.1.3 list the as-left CPC and COLSS constants,

respectively.

TABLE 3.2.1.2

AS-LEFT PCHFT CPC FLOW CONSTANTS

"I' CPC CHANNEL

FLOW CONSTANT
FC1 FC2 MDBAR
A 1.1213 0.0 1.1478
B 1.1212 0.0 1.1482
[ 1.1218 0.0 1.1490
D 1.1209 0.0 1.1489
TABLE 3.2.1.3
AS-LEFT PCHFT COLSS FLOW CONSTANTS
CONSTANT CONSTANT
DESCRIPTION VALUZ
D15(1) - RCP 1A =410.1
D15(2) - RCP 1B =1392.4
D15(3) - RCP 2A =109.1
D15(4) - RCP 2B -227.9
EPOL1 =7.0000
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This value was implemented and retained until later
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CONCLUSION:

The post-core RCS flow rate was satisfactorily determined
and found to be within the acceptance criterion. The RCS
flow coastdown characteristics were also satisfactorily
determined. Although conservatism of the 4-RCP coastdown
was found to be questionable with respect to the flow coast-
down assumed in the safety analysis, this possible non-
conservatism was compensated for by increasing the COLSS
penalty factor, EPOL1. The magnitude of this penalty was
based on the time for the RCPs to reach 90% of rated speed
during the coastdown. The CPC and COLSS flow constants were
determined and satisfactorily input into their respective data
bases to assure a conservative operation of the plant. The
reference post-core AP data base was adequately established.
All test objectives were achieved and all test acceptance

criteria were satisfactorily met.
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RCS Leak Rate Measurement (SIT-TP-506)

PURPOSE :

The post-core RCS leak rate measurement was performed to
demonstrate that the RCS leakage at normal operating
temperature and pressure is within the limits of the
Technical Specifications. The test also demonstrated that
the plant operations procedure gives acceptable results and
provided independent calculations of leak rate in the event
that unacceptable results were obtained from this leak rate
procedure. Finally this test demonstrated that a known leak
rate (~1 GPM) can be accurately detected using the operations

procedure.

METHOD:

This test was performed twice during hot functional testing.
The first run on February 5, 1985 yielded unacceptable

results and was repeated satisfactorily on February 7, 1985.

With the RCS and CVCS in steady state conditions, a plant
computer snapshot of plant conditions was obtained. The
snapshot consisted of information on water levels, pressures

and temperatures for the following components.

Reactor Coolant System

- Pressurizer

Reactor Drain Tank

Volume Control Tank
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= Quench Tank

- Containment Sump

- Equipment Drain Tank

Holdup Tanks

Safety Injection Tanks

Plant conditions were maintained steady for at least one hour
after which time a second plant snapshot was obtained. Using
predetermined constants relating change in volume to change
in temperature or level of the associated components, the
operations procedure calculated a leak rate using a change in

volume during the one hour time period.

If these results were unacceptable, then an independent
calculation using this test procedure, which performs a mass
balance on the system using existing thermodynamic

conditions, was to be performed.

The procedure was repeated after establishing a 1 GPM sample
flow rate to demonstrate that the above methods can detect

this leak rate.

RESULTS:

Both calculations are extremely sensitive to changing plant
conditions which led to the uuacceptable results during the
first test run. Close review of the operation procedure
generated changes which corrected and simplified some of the

calculations.




The rerun of the operations procedure yielded acceptable
results, as listed below in Table 3.2.2.1, so no verification

using this test procedure was required. |

TABLE 3.2.2.1
RCS LEAK RATE TEST RESULTS (GALLONS PER MINUTE)

WITH KNOWN LEAK
SOURCE BASELINE SUPERIMPOSED
Unidentified 0.09 1.11
Total 0.14 1.16
CONCLUSIONS:

The Reactor Coolant System leak rate at normal operating
temperature and pressure was within the limits of the
Technical Specifications. The operations surveillance
procedure accurately measured leakage from the reactor
coolant system in the range of allowable leak rates, and a
1 gpm leak rate was detectable. All test objectives and

Identified 0.05 0.05
acceptance criteria were net.
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3.2.3 Postcore Reactor Coolant System Heat Loss (SIT-TP-508)

PURPOSE :

This test was performed to measure the heat loss from the
entire reactor coolant system (RCS), and from only the
pressurizer with spray and without spray. These measured
values were then implemented into the plant monitoring
computer (PMC) data base to be used in various Core Operating
Limit Supervisory System (COLSS) calculations. For use in
calculating the heat loss, this procedure also measured the
heat input to the RCS from the reactor coolant pumps (RCPs)

and the pressurizer heaters.

This test satisfied the commitment of FSAR section 16.2.12.3.6.

METHOD:

This test was performed three times during postcore hot
functionals on February 6, March 3 and March 13, 1985. The
measurement of heat loss was performed by means of heat
balance on the RCS. Heat input to the system was from the
RCPs and pressurizer heaters. RCP heat input was calculated
using the measured voltage and current to each pump and an
assumed efficiency. Pressurizer heat input was calculated
using the measured voltage and current and the time each
heater was energized. Heat loss from the CVCS was calculated
using charging and letdown flows and enthalpies. Heat output
from the RCS was calculated by "steaming down" the
generators. This was accomplished by raising the levels
above normal then securing feedwater and blowdown. Using the

volume of water that "steamed down" during a one hour period,
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the heat removed from the RCS was calculated. The RCS heat
loss was simply the diffsrence between the measured heat

inputs and outputs.

RESULTS:

NOTE - The final test results are tabulated in Table 3.2.3.1;
all other data presented in this discussion of test
results is given to document the evolution of the

derivation of the final test values.

The first performance of this test provided the following

results:

Parameter Results Acceptance

(BTU/ar) Criteria(BTU/hr)

- Pressurizer heat loss without spray 3.56x10% - 4.30x10%

- Pressurizer heat loss with spray 8.43x10% < 5.10x10%
= Total RCS heat loss 2.84x107 N/A
- RCP heat input 7.79x107 N/A
- Pressurizer heater input 2.42x10% N/A

The pressurizer heat loss without spray met the acceptance
criteria. The pressurizer heat loss with spray exceeded the
acceptance criteria; however, based on an evaluation by
Combustion Engineering of this data considering the impact of
the cooler than expected spray temperature, as measured in
the pressurizer spray valve and control adjustment test per
SIT-TP-505 (see section 3.2.6), the measured heat loss value
was found to be acceptable.

Both the RCP heat input and pressurizer heater input were
satisfactorily determined; neither had an acceptance

criterion to meet.
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The total RCS heat loss was almost twice that measured during
pre-core hot functional testing (1.435x107 BTU/hr). Based on
this large difference in measurement values, this portion of
the test was repeated to check for repeatability of the
post-core value. The second measurement of total RCS heat
loss yielded a value of 2.149x107 BTU/hr. This value,
although relatively close to the initial one, was still
significantly larger than both the pre-core value, and the
magnitude of the expected post-core value. A subsequent
walkdown of the RCS found a large section of pressurizer
surge line insulation removed. Following reinstallation of
the removed insulation, the total RCS heat loss measurement
was performed for a third time, and gave acceptable results
of 1.58 x 107 BTU/hr.

TABLE 3.2.3.1
FINAL RCS HEAT LOSS TEST RESULTS

RESULTS ACCEPTANCE
PARAMETER (BTU/hr) CRITERIA (BTU/hr)
EF}essurizet heat loss without spray 3.56 x 10° <4.30 x 10°
Pressurizer heat loss with spray 8.43 x 10° <5.10 x 10°
Total RCS heat loss 1.518 x 107 N/A
RCP heat input 7.79 x 107 N/A
Pressurizer heater input 2.42 x 10° N/A
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CONCLUSIONS:

The RCS neat loss and heat input parameters were satisfactor-
ily measured and installed into the PMC data base fo: use in
the COLSS calorimetric calculations. The heat loss and heat
input values tabulated in Table 3.2.3.1 were those used
throughout the initial test program by other tests utilizing
heat loss/input terms. All acceptance criteria of this test

were sztisfied or the test results were determined acceptable.
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RC3 Expansion Measurements (SIT-TP-509)

DATES PERFORMED:

Prerequisite baseline data was taken on 1/8/85. Measurements
at the 120°F plateau were made on 1/9/85. The 260°F plateau
data was taken on 1/23/85, followed on 1/25/85 by the 345°¢
plateau measurements. Initial measurements at the 545°F
plateau were performed on 2/4/85; final measurements at this
plateau were taken on 2/8/85, following a required 72 hour
soak. Resolution of all out-of-tolerance clearances was
achieved by 3/3/85.

PURPOSE :

The purpose of this test was to demonstrate the unobstructed
thermal expansion of RCS compenents during plant heatup, and
optionally during plant cooldown. Verification that shims
installed during precore hot functional testing (in accurdance
with SIT-TP-302) were correctly sized was a second objective

of this test,

This test satisficd the requirements of FSAR section 14.2.12.3.17.

METHOD:

Baseline data was taken prior to filling and venting the
RCS. Subsequently, plant conditions were stabilized at each
of four RCS temperature plateaus during the heatup to hot
standby conditions; the specified plateaus were at 120°F,
260°F, 345°F, and 545°F. Reactor vessel support lateral

restraint gap, reactor vessel anchor bolt grillage-to-washer



gap, and steam generator sliding base x-direction gap measure-
ments were taken at each plateau to verify unobstructed
thermal expansion of these components. Following a 72 hour
soak at 545°F, precise measurements of the above gaps were
performed to verify not only that the clearances were

sufficient, but alsc that they were not excessive.

RESULTS:

Throughout the heatup, all gaps were verified to be large
enough so that thermal growth of RCS components was unobstruc=

ted. The specific checks performed are detailed below:

1. The reactor vessel support lateral restraint gips were
verified to be greater than 0.020 in. at each measurement

point.

2. The minimum gap between each steam generator sliding base
and its x-direction stop was verified to be greater than
0.080 in.

3. Each reactor vessel support anchor bol* grillage-to-washer

gap was verified to be greater than 0.005 in.

Following the 72 hour soak at 545 °F, precise measurements

were taken with the following results:

1. The reactor vessel support lateral restraint gaps were
found to be acceptable; that is, the minimum total clear-
ance between the support block and the shim pack mounted
on the lateral restraint was measured to be greater thaa
0.049 in. and less than 0.100 in. for each reactor vessel
cold leg support. The actual test data is presentea in
Figure 3.2.4.1.
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2. The steam generator sliding base x-direction Raps were
found to be unacceptable on both generators; that is, the
measured gaps fell outside the acceptable range of
0.183 in. to 0.215 in. The shim packs were replaced to
bring the gaps into tolerance. Figure 3.2.4.2 provides
the measured clearances, both prior to and following

rework of the shim packs.

3. The reactor vessel support anchor bolt grillage-to-washer
gaps were also found to Le unacceptable at 545°F; that is,
the measured grillage-to-washer gaps fell outside the
acceptable range of 0.005 in. to 0.015 in. Shims were
fabricated and installed to bring these gaps into toler-
ance. The measured grillage-to-washer gaps, both prior to
and following installation of the shims, are shown on
Figure 3.2.4.3.

A steam generator #1 anchor bolt nut installed during precore
hot functional testing was checked during this test to ensure
that the nut-to-washer gap had been propé?ly set. The
measured gap at 545 °F exceeded the 0.910 in. to 0.020 in.
specification. All anchor bolts on both steam generators
were then checked and several were found to be out of
tolerance. Those found out of tolerance were subsequently
adjusted to within specifications. As-left gap data is shown

in Figure 3.2.4.4.

CCNCLUSION:

The RCS components were determined to be free to expand
thermally during plant heatup to the normal operating

temperature of 545°F. .



The shim packs installed during precore hot functional
testing on the reactor vessel support lateral restraints were

found to be sized properly.

The clearance measured at the steam generator sliding base
x=direction stops were found to be inadequate to accommodate
the hot leg thermal growth anticipated from zero power to 100%
power. The shim packs were removed and reworked to provide

the requisite clearances.

The reactor vessel support anchor bolt grillage-to-washer
gaps were found to be too large to adequately restrain
vertical motion of the vessel during design seismic events.
Installation of shims between the grillage and the washers
was accomplished to bring the gaps, with one exception, to
within the allowable tolerances. The out-of-tolerance gap
(.016" at the A2 gap on loop 1B) was deemed acceptable based

upon a review performed by Combustion Engineerirg.

Steam generuitor anchor bolt uut-to-washer gaps were measured
for all eight bolts on each-steam generator. Those nuts
whose gaps were found out-of-tolerance were tightened to

achieve the requisite clearance.

All test objectives and acceptance criteria were

satisfactorily met.
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3.2.5 Control Element Drive !lechanism (CEDM) and Control Element

Assembly (CEA) Tests (CEDM Performance; SIT-TP-503)

PURPOSE :

The objectives c¢f this test were to verify proper operation
of the control element assemblies (CEAs), their respective
control element drive mechanisms (CEDMs) and associated
indications and alarms under hot shutdown and hot standby

conditions. The test consisted of the following:

= A demonstration of the proper operation of the control
element drive mechanisms (CEDMs) and control element
assemblies (CEAs) under hot shutdown and hot standby

conditions.

= A check of the CEA position indication systems and a
verification that the indications by core protection

calculators (CPCs) and CRT are within 3 inches.

= A verification of the proper functioning of the CEDM upper

and lower electrical limits.

- A measurement of CEA withdrawal and insertion rates.

= A verification that each of the 91 individual CEAs has the
proper drop time from a fully withdrawn position to its
90% insertion position at hot shutdown and hot standby

conditions.

= A verification by inspection of CEA position versus time
recorder trace, that the dropped CEA decelerates as it

approaches the fully inserted position.
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=~ A demonstration of the proper operation of the CEDM

holding bus.

- A verification of proper operation of the CEDM Control
System (CEDMCS) and its associated computer alarms and

limits under hot standby conditions.

METHOD:

At hot shutdown the CEAs were withdrawn and inserted in manual
individual. Careful checks were made of the CEDM position
indicating systems as well as verifying proper CEDM operation
by analyzing CEDM coil traces. The CEAs were again withdrawn
and dropped to measure 90% and 100% insertion times. Those
CEAs outside two standard deviations were drovoed three more
times. While at hot shutdown, the CEDM holding busses were
tested by placing each subgroup on the bus and verifying it

would not drop when its subgroup breaker was opened.

At hot standby, each CEA was again tested in manual
individual, and 90% and 100% insertion times were recorded.

Those CEAs outside two sigma were dropped three more times.

At hot standby the CEDMs were tested in manual group and
manual sequential to verify functions such as Upper and Lower
Group Stop, Upper and Lower Seq:ential Permissives, Exercise
Limits, Power Dependent Insertion Limits, Minor and Major
Deviation Alarms and Out of Sequence alarms by moving groups
of CEAs to the proper location and verifying proper control

or alarm function.



135

RESULTS:

CEA slipping and sticking was experienced on a few CEAs
during the test. These problems were attributed to sluggish
gripper action and misalignment of the CEA extension shaft
and the upper gripper. These problems were accommodated with

modified CEA timing and voltage adjustments.

Minor problems were experienced with the CEA processing
software in the plant monitoring computer (PMC). Also, the
Out of Sequence and Power Dependent Insertion Limit (PDIL)
alarms were not satisfactorily verified during this test.

They and all other test deficiencies were, however, reverified
during subsequent CEA movements (e.g. during initial criti-

cality, low power physics testing, etc.).

CEA drop times (to 90% inserted) and reed switch functiownal
testing were both satisfactory for satisfying Station Tectnical
Specifications 3/4.1.3.3 and 3/4.1.3.4 for entering mode 2.

All 90% insertion times were less than 3.0 seconds (2.74
seconds maximum) at hot standby, as shown in Tables 3.2.5.1

and 3.2.5.2, and Figure 3.2.5.1. Reed switch position
transmitters were always within 4.5 inches of each other (no
deviations greater than 2.0 inches); also the reed switch
position transmitters were within 3.0 inches of the CEA pulse

counting system.

CONCLUSION:

With the satisfactory retest of all deficient test items, all
acceptance criteria of this test were met, and the CEAs and

CEDMs were shown to work as expected.



TABLE 3.

2:.3+1

Part 1 of 3

CEA DROP TIMES TO 90% INSERTED

CEDM 90% Insertion Times (seconds)|100% Insertion Times (seconds)
# 320°F 545°F 320°F 545°F
1 2.42 2.63 2.73 2.93
2 2.56 2.62 2.89 2.91
3 2:52 a5 2.88 2.80
4 Z.53 2.64 2.87 2.96
5 2.21 2.59 .51 2.88
6 2.39 2.61 2.74 291
7 - % b 2.55 2.42 2.84
8 2.36 .57 2.70 2.88
9 2.20 2.63 2.51 2.93

10 2.00 2.517 2.28 2.85
11 1.73 2.63 2] 2.93
12 2.16 2.69 2.49 3.01
13 2.65 2.63 3.05 2.94
14 2.58 2.59 2.86 2.84
15 2.5 2.61 2.91 2.91
16 - . 2.65 2.80 2.93
17 2.42 2.58 2.7% 2.88
18 03 2.56 2.87 2.85
19 2.45 2.66 2.84 2.97
20 2.55 2.61 2.87 2.95
21 2.59 2.67 2.95 3.01
22 2.43 2.69 2.49 3.01
23 2.68 2.64 3.04 2.90
24 2.39 2.64 2:72 2.94
25 2.30 2.67 2.60 2.95
26 2.20 2.64 2.48 2.90
27 2.40 2.59 2.74 2.92
28 2.25 2.40 2.54 2.70
29 2. 37 2.40 2.65 2.68
30 2.00 2.42 2.28 .73
31 2.35 2.38 2.65 2.67
32 2.30 2.45 2.57 2.74
33 2.32 2.38 2.61 2.67
34 2:32 2.39 2.58 2.68
35 2.40 2.42 2.69 2.71
36 2.49 2.54 el 2.80
37 2.65 2.67 2.99 97
38 2.46 2.66 2.76 2.92
39 2.40 2.60 223 2.91
40 2.67 2.65 2.99 2.93
41 2.69 2.65 3.03 2.93

136



TABLE 3.2.5.1
(continued)
Pactt 2 of 3

CEA DROP TIMES TO 90% INSERTED

CEDM 90% Insertion Times (seconds)|100% Insertion Times (seconds)
# 320°F 545°F 320°F 545°F
42 2.58 2.62 2.94 2.91
43 2.63 2.61 3.00 2.89
44 2.63 2.67 2.95 2.95
45 2.70 2.72 3.04 3.01
46 2.65 2.66 3.00 2.95
47 2.04 2.63 2,35 2.94
48 2.55 2.66 2.89 2.95
49 2.47 2.72 2.78 2.96
50 2.52 2.62 2.86 2.93
51 2.60 2.66 2.91 2.94
52 2.60 2.68 2.92 2.94
53 2.61 2.70 2.91 2.99
54 2.45 2.60 =73 2.90
55 2:52 2.67 2.85 2.97
56 2.60 2.67 2.91 2.96
57 2.70 2.68 3.04 2.97
58 2.58 2.56 2.90 2.86
59 2.54 2.62 2.84 2.92
60 2.56 2.66 2.89 2.98
61 2.61 2.74 2.89 3.02
62 2.62 2.60 2.94 2.90
63 2.54 2.65 2.82 2.92
64 2:33 2.64 2.83 2.91
65 2.38 2.70 2.69 2.99
66 <.32 2.62 2.63 2.90
67 2.10 2.60 2.40 2.88
68 2.28 2.67 2.58 2.96
69 2.29 2.65 2.58 2.94
70 2.54 2.64 2.85 2.92
g 2.58 2.58 2.86 2.85
72 2.56 2.58 2.86 2.86
73 2.56 2.62 2.87 2.90
74 2.58 2.64 2.89 2.92
75 2.61 2.66 2.93 2.97
76 2.60 2.62 2.85 2.89
77 2.56 2.63 2.87 2.91
78 2.62 2.64 2.93 2.93
79 2.55 2.58 2.86 2.90
80 2.54 2.59 2.85 2.89
81 2.58 2.62 2.90 2.94
82 .57 z.35 2.88 2.87




TABLE 3.2.5.1
(continued)
Part 3 of 3

CEA DROP TIMES TO 90% INSERTED

CEDM 90% Insertion Times (seconds)|100% Insertion Times (seconds)
# 320°F 545°F 320°F 545°F
83 2.55 2.61 2.85 2.89
84 2.5 2.64 2.87 2.96
85 2.60 2.67 2.92 2.98
86 2.59 2.60 2.88 2.87
87 2.55% 2.59 2.87 2.87
88 2.38 2.42 2.68 2.69
89 2.38 2.46 2.67 2.73
90 2.44 2.43 2.74 2.69
91 2.44 2.50 2. 73 2.74

TABLE 3.2.5.2
AVERAGE DROP TIMES TO 90% INSERTED
OF THREE DROPS OF CEAs OUTSIDE 20
320°F 545°F
RETEST# CEA # TIME CEA # TIME
1 7 2.50 3 2.52
2 7 2.52 3 2.52
3 7 2.52 3 231
1 10 2.55 36 2.53
2 10 2.56 36 2.54
3 10 2.56 36 2:53
1 11 2.58 45 2.71
2 11 2.57 45 2.66
3 11 2.57 45 2.71
1 30 2.38 49 2.68
2 30 2.41 49 2.66
3 30 2.37 49 2.65
1 47 4:53 61 2.69
2 47 257 61 2.72
3 47 2.56 61 2.7
1 67 2.56 -- -
2 67 2.60 -- .-
3 67 2:57 -- -
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FIGURE 3.2.5.1

HISTOGRAM OF CEA DROP TIMES TO 40% INSERTED

AT 545°F AND 2250 PSIA
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3.2.6 Pressurizer Spray Valve and Control Adjustment (SIT-TP-505)

PURPOSE :
The objectives of this test were two-fold:

1. To establish the proper flow settings for the pressurizer
continuous spray valves (RC-302A and RC-302B) at steady-
state conditions, so as to minimize the temperature
differential between the RCS cold legs and the pressurizer

spray nozzle.

2. To measure the rate at which the pressurizer/reactor
coolant system pressure could be reduced, utilizing
pressurizer spray flowing through the pressurizer main
spray valves (RC-301A and RC-301B) in parallel (required)

and individually (for information only).

This test satisfied the requirements of FSAR Section
14.2.12.3.58.

METHOD :

Seven temporary thermocouples were mounted on the spray

piping at various locations upstream of the pressurizer main
spray valves as shown in Figure 3.2.6.1, to provide spray line
temperature data. The reactor coolant system was stabilized
at approximately 550°F and 2250 psia. The temperature

reading of thermocouple #7 was compared to the averaged RCS
cold leg temperatures. Both continuous spray valves (RC-302A
and RC-302B) were adjusted fully open, to minimize the
temperature differential between the pressurizer spray line

and the average temperature of the RCS cold legs.



The pressurizer spray effectiveness was demonstrated by
manually controlling the pressurizer main spray valves to the
full open position, with all heaters off, while measuring the
time required to reduce pressurizer pressure from 2250 to 2100
psia, with the RCS at hot, zero-power conditions. The accep=
tance criteria were based on both valves operating in
parallel. However, depressurization times for each valve
separately were also to be determined for information
purposes. To assure that the spray valves were fully open
while pressure was decreased through the test range, the
initial pressure was raised to 2330 % 10 psia. The valves
were then actuated collectively and singly. The pressure/

time data was recorded via computer printout

RESULTS :

The acceptance criterion of maintaining the pressurizer spray
line temperature at no more than 25° to 30° colder than the
average RCS cold leg temperature, at steady-state conditions,
could not be met. With the continuous spray alves fully open,
the actual temperature difference was approximately 52°F. A
reevaluation of the acceptance criterion by Combustion Engi-
neering indicated that the spray nozzle portion of the system
would not be adversely a‘fected if the temperature di.ference
was maintained at 85°F, or less. A reevaluation of the spray
piping by Ebasco, utilizing the revised AT vilue of B85°F,

indicated that the system would also not be adversely affected.

The pressurizer spray effectiveress was demonstrated to be
well within the 93 second time limit for both valves. The
actual depressurization time was 79 seconds. The individunal
depressurization times for valves RC-301A and RC-301F were
107 and 108.6 seconds, respectively. The pressure vs. time

curves are shown on Figure 3.2.6.2.
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'I' FIGURE 3.2.6.2

PRESSURIZER/REACTOR COOLANT SYSTEM
DEPRESSURIZATION VERSUS TIME CURVE

Case Valve(s) Time (sec)
B RC-J01IX e L s
P RC-3018 108.6

3 RC-301A&B 79
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3.3 OTHER TESTING

3.3.1 Post-Core Test Data Record (SIT-TP-511)

PURPOSE :

The purpose of this test was to provide a permanent baseline
data record of plant parameter indications during the

post-core hot functional test program.

After completion of the RCS fill and vent following the
‘ initial fuel loading, and prior to commencing system heatup
and pressurization, data collection consisting of the

following plant systems parameters was initiated:

|
METHOD :
- RCS temperatures and pressures

= Charging and letdown

- Pressurizer

- Steam generator

- Secondary ‘
- Safety injection ‘
- PPS

= RCPs and RCP motors

- Containment atmosphere

\
- Leak detection }

Data was collected in the form of computer snapshots using

the plant monitoring computer (PMC), once per hour or once j
: per shift, depending on the system. Parameters not expected
‘ to change much over the course of a shift (i.e., containment

atmosphere; leak detection; PPS; safety injection) were




recorded at the lower frequency, all others at the higher
frequency. Data collection continued throughout the post-core

hot functional test program (see alsv section 6.7.1).

RESULTS:

The required data was gathered at the specified intervals.

CONCLUSION:

A substantial data base of significant plant parameters was
established for plant conditions corresponding to RCS
conditions ranging from about 120°F/350 psia (Mode 5) to
545°F/2250 psia (Mode 3). This data was placed in the plant
historical file for future reference. All test objeciives

and acceptance criteria were satisfactorily met.
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Heated Junction Thermocouple Operation Verification
(SIT-TP-500, Attachment 8.2.6)

PURPOSE :

The purpose of this test was to demonstrate the sequential
change of state from uncovered to covered of the heated
Junction thermocouples (HJTCs) during the reactor coolant

system (RCS) fill and vent.

METHOD:

Reactor vessel water level was established at approximately
14 ft. (i.e., between the hot leg center-line and the top of
the hot leg nozzle), as shown in Figure 3.3.2.1. During the
RCS fill and vent, the reactor vessel water level indications
on the qualified safety parameters display system (QSPDS)
channel 1 and 2 were compared to each other and to actual
levels as indicated on a temporarily installed tygon tubing

level gage.

RESULTS :

At the start of the test, sensors 8, 7, and 6 were already
covered due to their depth within the reactor vessel and the
requirement to have the RCS water level to at least the
center-line of the hot leg to permit coolant circulation by
the shutdown cooling system. The remaining sensors, 5 through
1, changed state sequentially starting with sensor #5 and

ending with sensor #1 as the water level within the reactor
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was raised. Both QSPDS channels indicated the respective
sensors’ change of state from uncovered to covered almost
simultaneously, and the time of the sensors' change

corresponded well with the level indications shown by the

tygon tubing level gage.
CONCLUSION:
The heated junction thermocouples satisfactorily changed

state during the RCS fill and vent, to provide an accurate

indication of the coolant level within the RCS.

9



RCS and Steam Generator Parameters (SIT-TP-500,

Attachment 8.2.2 - 8.2.4))

The purpose of this measurement was to provide baseline data
correlating RCS temperature and pressure data with steam

generator pressures during RCS heatup.

METHOD :

During the RCS heatup data was recorded off the plant
monitoring computer (PMC), or control panel indications if

. the PMC was not operational, for the following parameters:

Reactor coolant loop 1B cold leg temperature

Reactor coolant loop 2A cold leg temperature

- Pressurizer temperature

- Pressurizer pressure

Steam generator #1 pressure
- Steam generator #2 pressure

Data was recorded at the 260°F/350 psia, the 345°F/<392 psia,

|
|
|
\
|
|
PURPOSE :
and the 545°F/2250 psia plateau.
|



RESULTS:

151

The required data was satisfactorily collected and is shown

in Tadle 3.3.3.1.

TABLE 3.3.3.1

RCS AND STEAM GENERATOR PARAMETERS

TEST PLATEAU
ARAME 260°F/ 345°F/ 545°F
F e 350 psia <392 psia 2250 psia
RC Loop 1B Cold Leg Temperacure, °F 261.4 341.6 543.6
RC Loop 2A Cold Leg Temperature, °F 257.7 340.9 544.4
Pressurizer Temperature, °F 430.3 428.0 652.6
Pressurizer Pressure, psia 354.0 344.4 2246.2
Steam Generator #1, Pressurs, psia 37.3 120.3 978.9
Steam Generator #2, Pressure, psia 35.0 118.0 977.4

CONCLUSION:

All data required to satisfactorily establish a data base

correlating RCS temperature and pressure data with steam

generator pressures during RCS heatup was obtained.

measurement objectives were met.

The
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3.3.4 Determination of Auxiliary Spray Flow Split (SIT-TP-500,
Attachment 8.4.4)

PURPOSE :

The purpose of this test wa. to collect data for a response
to an NRC question concerning the RCS depressurization
capability using auxiliary spray provided by the charging

pumps with a failed open loop charging valve.

METHOD :

With the RCS stable at approximately 545°F and 2250 psia,

both auxiliary spray isolation valves were verified closed,
while makeup was supplied to the RCS through at least one
charging loop isolation valve. Care was taken to minimize
heat removal from the RCS by securing blowdown and minimizing
steam demand. A second charging pump was started, loop 2
charging isolation valve was verified open and loop 1 charging
isolation valve was verifiec closed before commencing data

collection.

Before initiating the transient the spray valve controller
was placed in manual with 0% output and all pressurizer
heaters were secured. All four reactor coolant pumps (RCPs)
were then stopped, and both auxiliary spray valves were
opened while the open charging isolation valve was closed.
When pressurizer pres:ure had decreased to 2150 psia the lLoop
2 charging isolation valve was reopened and pressure
decreased further to 2000 psia. Both auxiliary spray valves
were then closed and the RCS returned to normal hot standby

configuration at app-oximately 545°F and 2250 psia.
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RESULTS:

The failure during the test of a clamp-on sonic flow meter
attached to the auxiliary spray line to measure its flow rate
caused this data to have been lost. Additionally, evaluation
of charging flow data collected per the plant monitoring
computer (PMC) showed that the output of the two charging
pumps run during the test dropped from approximately 88 gpm
Just prior to the test to approximately 44 gpm for most of
the test only to return to about 88 gpm.

With the above exceptions the test progressed smoothly and
sufficient data was collected to allow an evaluation of the
depressurization capability using auxiliary spray flow

provided by the two charging pumps with a failed open loop

charging valve to be made.

CONCLUSION:

The Zata collection sufficed to permit a response to the
subject NRC question to be made. This response was
transmitted to the NRC via LP&L letter W3P85-2115, dated June
13, 1985, from K. Coak to G. Knighton.



3.3.5 Post Core Thermal Expansion Testing (SP0-99P-003)

PURPOSE :

The purpose of this test was to verify that piping and
component expansions are free, unrestrained and within
tolerance (during plant heat-up and normal operation) as
predicted by analysis. This test satisfied the commitments
of FSAR Chapter 3, Section 3.9.2.1, Preoperational Vibration,
Thermal Expansion and Dynamic Testing on Piping, and FSAR
Chapter 14, Sect. 14.2.12.3.17, Piping Thermal Growth,

Vibration and Shock (see also section 3.2.4).

METHOD :

The systems selected for testing were identified by

engineering as a result of re-analysis, and to clear test
deficiencies from testing performed during pre-core hot

functional testing.

Rigid restraints or building steel were utilized as reference
points to measure movements at various locations by establish-
ing a bench mark on the restraint and/or pipe. Spring hangers
and snubbers were also used to measure pipe movements
independently of the built-in scale provided. Carpenter
squares, plumb bobs and steel rulers were used for measure-
ment. Piping temperatures were measured using hand held

digital pyrometers and thermocouples probes.

Prior to the beginning of hot functional testing, systems
involved in thermal expansion monitoring were walked down to
ensure that piping and piping components were free to expand

in an unrestrained direction.
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Insulation was temporarily removed at measuring points to
allow clearance observation/measurement, and pipe temperature

measurement .

Problems encountered during testing, which caused
Lnappropriate pipe movements, were resolved by engineering

and corrective action was implemented before proceeding.

RESULTS:

All thermal movements measured during testing were acceptable

based on the following criteria:

1) Thermal movements were within the acceptable range of 20%

or %" (whichever was greater) of the calculated movement.

2) Because of heat losses, actual piping temperatures were
slightly less than maximum operating temperatures.
Measured movements were declared acceptable based on
interpolation between actual and maximum operating

temperature values.

All piping systems monitored for thermal movements fell
within acceptable limits. The following significant events
occurred during testing, and corrections were made as

necessary:

1) The main steam line to the emergency feedwater pump
turbine and the blowdown from steam generator to blowdown
tank experienced fluid transients during testing.

Damaged restraints and piping were replaced per design.



3)

5)
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Main steam line (5MS 40-15) restraints were modified per
SMP-306 to bring thermal movements within acceptable

range.

Sealant material in some of the sleeves were replace.i or

removed to allow pipe movements as required.

Clearances provided between piping and restraints at
several locations were inadequate to allow for thermal
growth. These deficiencies were corrected prior to

further heat-up.

Steam generator space sampling system thermal movements
were out of tolerance due to the excessive weight of pipe
support components. This deficiency was cleared by

redesigning pipe supports.

CONCLUSTION:

This thermal expansion testing of piping systems performed in

accordance with procedure SP0-99P-003, satisfactorily

demonstrated that piping and component expansions were free,

unrestrained and acceptable during plant heat-up and normal

operatiop.



SECTION 4.0

INITIAL CRITICALITY
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The initial criticality of the WSES-3 reactor occurred on March 4, 1985

at 2(48, CST. The criticality was contiollea by procedure SIT-TP=600,
In“tial Criticality, and was attained in a safe. orderly manner by first
rulling the CEAs to a predetermined configuration (in a predetermined
sequence) and then diluting the RCS Boron concencration until criticality
was achieved. Concurrent with the CEA withdrawal and boron dilution,
inverse countrate ratios (also called inverse multiplication ratios, or
1/M's) were calculated and used to estimate when critizality would occur.
The basis for using 1/M's was that countrates increase to laige values

as criticality is approached. If a base countrate taken when the reactor
is subcritical is divided by the countrate measured as the reactor
approaches criticality, the ratio will approach zero. Extrapolation to

zero provides an estimate of criticality.

4.1 CEA Withdrawal

The CEA withdrawal portion of the approach to criticality commenced
on March 4, 1985 at 0328. The reactor was in mode 3 with the RCS
temperature and pressure at about 545°F and 2250 psia. All CEAs

were fully inserted and the RCS boron concentration was approximately
1780 ppm. VCT, pressurizer and letdown line boron samples were

within 10 ppm of the RCS sample value.

Hourly boron sampling was initiated and a plant monitoring ~omputer
(PMC) collect log was started on & five-minute trend. The CEAs were
pulled in a controlled sequence that was chosen such that each step
in the sequence resulted in about a 0.5-1.0% Ap reactivity addition.
The shutdown and part-length CEA groups were withdrawn in the Manual
Group (MG) mode while regulating groups 1-6 were withdrawn in the
Manual Sequential (MS) mode. The CEA withdrawal sequence took
thirteen steps and resulted in all CEAs being fully withdrawn,
except CEA group 6, which was left at 75 inches withdrawn Lo provide
reactivity control when criticality was achieved. At the completion
of each step of the sequence a CEAC snapshot was taken, which was

used as a CEA position record.




4.2
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Prior to the initiation of the CEA withdrawal and following each of
the steps in the withdrawal sequence, 1/M's were calculated and used
to estimate criticality. Before the first CEAs were withdrawn the
base countrate consisting of the average of five one-hundred

second coun*~ was determined for the two startup neutron detectors.
Subsequent countrates used for the 1/M's were determined from the
average of three one-hundred second counts. The 1/M's for the CEA
withdrawal portion are summarized in Table 4.1 and presented in
Figure 4.1. Using a figure similar to Figure 4.1, estimates of
criticality were made. In no case was criticality estimated to

occur for the next immediate CEA pull, which was as expected.

Problems encountered during this phase of the approach were minimal
and easily fixed. CEAs 49, 37, 81 and 46 slipped during CEA pulls,
and CEAs 34, 72 and 23 did not initially move when required.

During the CFA withdrawal, a deficiency from post-core hot

functional test procedure SIT-TP-503, CEDM Performance (see section
3.2.5) concerning the OQut-of-Sequence (00S) alarm and interlock was
successfully cleared. The last CEA withdrawal step was completed at

0832. The 00S testing was completed at about 1114.

RCS Dilution

The RCS dilution portion of the approach to criticality began on
March 4, 1985 at 1124. The RCS was at 545°F, 2250 psia and 1780 ppm
boron. Three charging pumps were running and dilution was via the
VCT. The PMU charging rate to the VCT was 130 gpm. The RCS boron
sampling frequency was changed to once every 30 minutes. At 1136
charging pump A/b was secured due to back pressure regulator valve
oscillations. At 1440, the charging pump was returned to service.
At 1628, the dilution was halted to allow boron mixing in the RCS
(boron samples were as follows: RCS=1090 ppm, Pzr-1255 ppm, and
VCT-55 ppm). At 1730 countrates greater than % cps above background



were verified for both startup channels (39.30 and 38.35 cps, respec-

tively, for startup 1 and startup 2). At 1900, the RCS boron was
sufficiently mixed (boron samples were as follows: RCS-990 ppm,
Pzr-1010 ppm, and VCT-990 ppm) to allow for the dilution to resume.
Direct dilution was then employed by manually manipulating PMU-140.
At this time the boron sampling frequency was increased to every 15
minutes. Criticality was declared at 2148. The critical configura-
tion was as follows: 545°F, 2260 psia, 820 ppm boron and CEA group 6
at 75 inches withdrawn. In diluting from 1780 to 990 ppm boron
37,590 gallons of PMU were required. In diluting from 990 to 820 ppm
boron 13,550 gallons of PMU were required. At 2220, CEA group 6 was
withdrawn to 81.5 inches withdrawn and power was stabilized at

5.0x10°5% power, in anticipation of Low Power Physics Tests.

Coincident with the RCS dilution phase was the calculation of 1/M's.
The calculations were performed every 30 minutes through 1900 and
every 15 minutes thereafter until criticality was attained. A new
base count rate for each startup channel was determined prior to
commei.cing the RCS dilution from the average of five one-~hundred
second counts. Subsequent countrates used for the 1/M's were
determined from one 120-second count. A summary of the 1/M's is
found in Table 4.1 and Figure 4.1. Estimations of criticality using
the 1/M's were as expected. Boron concentrations for the entire
approach to criticality are shown on Figure 4.2. Figure 4.3 shows

inverse multiplication versus boron concentration.

During the dilution portion of this approach, log power channel data
was also recorded in order to verify overlap between the startup
channels and log power channels. The overlap verification showed
that the log power channels behave reliably before the startup
channels reach their upper limit. The startup detectors are highly
sensitive detectors designed to monitor low power (<107%% power)

conditions, while the log power detectors are much less sensitive,






TABLE 4.1
Part 1 of 2
1/M CUMMARY FOR THE APPROACH TO INITIAL CRITICALITY

TIME CEA GP/POSITION BORON CONCENTRATION INVERSE MULTIPLICATION
STARTUP 1 STARTUP
0328 ARI 1.00 1.00
0330 1800
0337 A/25 1.00 1.02
0346 A/40 1.02 1.00
0427 A/60 95 .98
0430 1800
0446 A/150 .80 .79
0505 B/30 .19 .80
0513 B/50 .81 .82
053¢0 1800
0547 B/150 .84 .80
0609 P/150 .81 .82
0629 1/90 .82 .80
0630 1800
0641 2/105 .68 .69
0657 3/105 .70 .70
0723 5/30 .68 .68
0730 1800
0830 1800
0832 6/75 .69 .68
0945 1790
1045 1790
1114 6/75 .67/1.00% .68/1.00%
11248 6/75 1780 1.01 1.01
1154 6/75 1770 .98 .99
1230 6/75 1710 .95 .97
1300 6/75 1660 .87 .85
1330 6/75 1560 .82 .81
1400 6/75 1440 .74 i
1430 6/75 1380 .69 .67
1500 6/75 1230 .64 .62
1530 6/75 1210 .56 .58
1600 6/75 1150 .50 52
1630 6/75 1090 44 45
1700 6/75 1030 .43 .42
1730 6/75 980 42 a4
1800 6/75 990 .41 .43
1815 6/75 990 42 43
1830 6/75 990 .43 .45
1845 6/75 990 s Lab
1900 6/75 990 .43 .44
1915 6/75 980 41 .42

2

§ RCS Dilution commences
#* 1/M's renormalized to pre-dilution base countrate
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TABLE 4.1
(continued)
Part 2 of 2
1/M SUMMARY FOR THE APPROACH TO INITIAL CRITICALITY

TIME CAA GP/POSITION BORON CONCENTRATION | INVERSE MULTIPLICATION
____ |STARTUP 1 | STARTUP 2
1930 6/75 970 .40 -39
1945 6/75 960 .39 .38
2000 6/75 940 .37 .36
2015 6/75 920 .34 .33
2030 6/75 900 31 31
2045 6/75 880 .28 .28
2100 6/75 860 33 .24
2115 6/75 840 17 18
2130 6/75 820 12 12
2145 6/75 820 .03 .03




TABLE 4.2

VERIFICATION OF STARTUP AND LOG POWER CHANNEL OVERLAP

LOG POWER CHANNELS

TIME STARTUP 1 STARTUP 2 1 | 2 L LR
(counts) (counts) (% Power)
1124 1986 2015 3.0x10°% | 3.0x10°% | 3.0x10°°
1154 2035 2051 3.0x107% | 3.0x107% | 3.0x107%
1230 2095 2102 3.0x107% | 3.0x107% | 4.0x107%
1300 2293 2396 3.0x10°% | 3.0x107% | 4.0x10°%®
1330 2443 2516 3.0x107% | 3.0x107% | 4.0x107%
1400 2700 2765 3.0x10°% | 3.0x10"% | 4.0x107%
1430 2908 3029 3.0x10°% | 3.0x107% | 4.0x1078
1500 3128 3258 3.0x10°% | 3.0x10°% | 3.0x107%
1530 3552 3473 3.0x107% | 3.0x107% | 3.0x107%
1600 3968 3915 3.0x10°% | 3.0x10°% | 3.0x10°%
1630 4491 4498 3.0x107% | 3.0x10°% | 3.0x107%
1700 4685 4852 3.0x107% | 3.0x10°% | 3.0x10°%
1730 4716 4662 3.0x107% | 3.0x10°% | 3.0x10°%
1800 4852 4684 3.0x107% | 3.0x107% | 3.0x107%
1815 4723 4768 3.0x107% | 3.0x107% | 3.0x10°%
1830 4610 4559 3.0x10°% | 3.0x107% | 3.0x107%
1845 4570 4659 3.0x107% | 3.0x107% | 3.0x107%
1900 4669 4650 3.0x10°% | 3.0x10°% | 3.0x10°%
1915 4855 4815 3.0x107% | 3.0x107% | 3.0x10°%
1930 5016 5191 3.0x107% | 3.0x10°% | 3.0x10" %
1945 5161 5408 3.0x107% | 3.0x10°% | 3.0x10°%
2000 5393 5640 3.0x107% | 3.0x107% | 3.0x10°®
2015 5883 6105 3.0x107% | 3.0x10°% | 3.0x10°%
2030 6484 6632 3.0x107% | 3.0x107% | 4.0x10°%
2045 7226 7148 4.0x10°% | 3.0%x107% | 4.0x107°%
2100 8521 8536 4.0x107% | 4.0x10°% | 4.0x10°%
2115 11606 11451 4.0x107% | 4.0%x10°% | 5.0x10°%
2130 16982 16485 4.0x10°% | 4.0x10°% | 7.0x10°%
2145 65351 62327 1.0x10°7 | 1.0x1077 | 2.0x10°7
2150 240000 180000 3.0x10°7 | 3.0%x10°7 | 7.0x10°7
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SECTION 5.0

LOW POWER PHYSICS TESTING
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The Low Power Physics Test (LPPT) program at Waterford 3 SES was
conducted between March 4 and March 10, 1955, to verify the physics
parameters pertinent to the Waterford 3 SES reactor by comparing measured
results to predicted values. Specifically, the following physics
parameters were determined and verified:

1) CEA Symmetry Checks,

2) Shutdown CEA and Regulating CEA Worth Measurements,

3) Isothermal Temperature Coefficient Measurements,

4) Critical Boron Concentration Measurements

5) Boron Worth Measurements.
The measurement of these parameters is discussed in more detail in

following sections. The results of the LPPT measurements are summarized
in Table 5.0.1.

The LPPT satisfied the commitments of the following FSAR Chapter 14

sections:
1) 14.2.7.13.3, Psuedo-Ejected CEA,
2) 14.2.12.3.10, Isothermal Temperature Coefficient,
3) 14.2.12.3.11, Critical Boron Corcentration,
4) 14.2.12.3.12, Shutdown and Regulating CEA Group Worth,
5) 14.2.12.3.13, Inverse Boron Worth

6) 14.2.12.3.14, CEA Symmetry.
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It should be noted that the psuedo-ejected CEA test was not
performed as this test was ounly to be performed if the remainder of
the low power physics tests demonstrated that the Waterford 3 SES
core was significantly different from the San Onofre Nuclear
Generating Station, Unit #2 (SONGS 2) core. Since the Waterford 3
SES core was demonstrated not to be significantly different from the

SONGS-2 core, this test was not performed.

The only major problem encountered during the LPPT were related to
slipping/dropping CEAs and failures of the plant monitoring computer
(PMC). Most of the CEA problems were only minor slips and/or drops
which were quickly recoverable. However, on March 6, 1985 at 1348,
Jroblems were encountered with CEA #38 when it dropped from
approximately 75" withdrawn. The problems with CEA #38 were not
resolved until 0230 on March 7, 1985, creating a delay in the LPPT
of almost 13 hours. The PMC failures encountered during the LPPT
occurred primarily during the CEA symmetry check portion of the
LPPT. Most of the PMC failures were easily resolved by rebooting
the computer. The PMC failures usually were not major problems,

simply a hindrance to continued testing, generally creating only

minor delays.

All Low Power Physics Test objectives and acceptance criteria were
satisfied.

CEA Symmetry Checks

The CEA symmetry check was performed to verify the proper, symmetric
loading of CEAs within symmetric CEA groups, the proper coupling of
each CEA to its extension shaft, and to verify that no core loading

or fuel fabrication errors had occurred.



Each CEA should have approximately the same reactivity worth as its

symmetric counterparts. This was verified by trading the withdrawal
of a CEA with the insertion of a symmetric CEA and measuring the
reactivity worth difference between the fully inserted CEA and the

fully withdrawn CEA.

The CEAs were divided into 16 symmetric groups. The smallest
symmetric group contaipned two CEAs, while the largest groups were
made up of eight CEAs. The first CEA inserted from each symmetric
group was the reference CEA. At the completion of the measurement
of a symmetric group, the reference CEA was again fully inserted.
Reinserting the reference CEA was performed in order to collect data
required to correct individual worth measurements for any drift

which occurred Hduring the measurements of the symmetric group.

The center CEA, which has no symmetric counterpart, was inserted to
produce a negative deflection in the reactivity computer output
trace in order to verify that the CEA was coupled to its extension

shaft.

All 16 symmetric groups were successfully tested for symmetric CEA
worth: All CEAs within a symmetric CEA group were demonstrated to
be within $1.5 cents of the symmetric CEA group average deviation,
as shown in Figure 5.1.1. All CEAs were shown to be properly
coupled to their extension shaft, and no evidence was found which
would indicated the presence of either a core loading or fuel
fabrication error. All CEA symmetry check acceptance criteria were

satisfied,
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Shutdown CEA and Regulating CEA Worth Measurements

To measure the group worth of the various CEA groups, regulating
groups 6 through 1, shutdown group B and the part length CEA group
were diluted into the core in the manual group (MG) mode and the
magnitude of the reactivity change was measured from the reactivity

traces produced by the reactivity computer.

The nonoverlap group worths are tabulated in Table 5.0.1. The
resulting CEA group worth curves are shown in Figures 5.2.1 through

5.2.4. All CEA group worth acceptance criteria were satisfied.

The total inserted worth (nonoverlap) of CEA groups 6 through 1,
group P and group B was calculated from the measured data as 11.252%
Ak/k. The predicted total worth was 11.327% Ak/k. The measured
tetal worth differed from the predicted total worth by only =0.66%,

well within the *10% acceptance criteria.
The shutdown margin at the zero power insertion limit (ZPIL) was
calculated to be 9.398% Ak/k, verifying that the CEA Insertion Limit

was acceptable since >5.15% Ak/k margin was available.

Isothermal Temperature Coefficient Measurements

The isothermal temperature coefficients (ITCs) were measured by
slowly .aising and then lowering RCS temperature approximately five
to ten degrees F while maintaining constant boron concentration and
CEA position. The resulting reactivity changes were calculated by
the ieactivity computer and recorded on an x-y plotter as a function
of RCS temperature. The slop of the line produced on the X~y
plotter was the ITC. The ITC was measured for the following CEA

configurations:
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1) CEA Group 6 >135 inches withdrawn (essentially all rods out
(EARO))

2) CEA Groups 6 through 3 at the lower electrical limit (LEL)

3) CEA Groups 6 through 1 at the LEL

The ITC is the sum of the fuel temperature coefficient (FTC) and the
moderator temperature coefficient (MTC). The FTC is a negative
constant (supplied by the reactor vendor), while the MTC may be
slightly positive at high boron concentrations and large and
negative for low concentrations. The MTC was calculated by

subtracting the FTC from the measured ITC.

The results of the ITC/MTC tests are summarized in Table 5.0.1. All

ITC/MTC acceptance criteria were satisfied.

Critical Boron Concentration Measurements

The critical boron concentrations (CBCs) were measured by
stabilizing the plant in the desired configuration and maintaining
temperature, pressure and CEA position as constant as possible.

Once the RCS conditions were stable, RCS boron samples were
collected and analyzed to determine the actual CBC. During the
LPPT, it was not always practical to establish the CEAs at exactly
the required position; rather the CEAs were positioned near the
desired point and then briefly withdrawn or inserted to the required
position and the residual reactivity worth measured. The measured
residual reactivity worth was then converted to an equivalent boron

concentration and added to or subtracted from the measured CBC.

Critical boron concentrations were measured in the same
configurations as, and just previous to, the ITC/MTC measurements .
The CBC test results are summarized in Table 5.0.1. All critical

boron concentration acceptance criteria were satisfied.
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Boron Worth Measurements

The inverse boron worth (IBW) was calculated using CBCs and CEA

group worths measured previously. The IBW was calculated by

dividing the difference in CBCs by the difference in CEA group worths
between two CEA positions. Inverse boron worths were calculated for

the following configurations:

1) CEA Groups 6 through 3 fully inserted, and

2) CEA Groups 6 through 1 fully inserted.

The results of the IBW calculations are summarized in Table 5.0.1.

All inverse boron worth acceptance criteria were satisfied.
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TABLE 5.0.1
WATERFORD 3 SES LPPT RESULTS

MEASURED ~ ACCEPTANCE
PARAMETER UNITS VALUE CRITERIA
5.1 CEA SYMMETRY CHECKS ¢ 1.07¢ (max) within £1.5¢
(see Figure 5.1.1) of group average
5.2 CEA GROUP WORTHS
Group 6 BAk/k 0.392 0.409 *0.05
Group 5 BAk/k 0.383 0.390 20.05
Group 4 %Ak/k 0.913 0.913 $0.09
Group 3 YAk/k 1.008 1.020 #0.10
Group 2 %ak/k 0.640 0.662 $0.07
Group 1 %Ak/ k 1.230 1.214 %0.12
Group B %Ak / k 3.008 3.076 $0.31
Group P %ak/ k 0.397 0.369 $0.05
Total Inserted Worth WAk/k 11.252 11.327 21:.13
Shutdown Margin %Ak /k 9.398 >5.15
at t .e ZPIL
5.3 ITC MEASUREMENTS
ITC @ EARO Ak/k/°F -0.391x1074 -0.393x107% $0.3x1074
MTC @ EARD Ak/k/°F -0.235x10"¢ -0.237x107% +0.3x1074
ITC w/6-3 @ LEL Ak/k/°F =1.025x1074 =1.302x107% %0.3x1074
MTC w/6-3 @ LEL Ak/k/°F -0.870x10°4 =1.142x107% #0.3x10°4
ITC w/6-1 @ LEL Ak/k/°F -1.530x1074 -1.810x107% 20.3x1074
MTC w/6-1 @ LEL Ak/k/°F -1.370x10"4 -1.650x107% #0.3x10"4
5.4 CBC MEASUREMENTS
CBC @ EARO ppm 829.10 832 %50
CBC w/6-3 @ LEL ppm 619.52 629 %50
CBC w/6-1 @ LEL ppm 506.80 499 %50
5.5 INVERSE BORON WORTH
MEASUREMENTS
IBW w/6-3 @ LEL ppm/%Ak/ k -77.7 -74.3 %10
IBW w/6-1 @ LEL ppm/%Ak/ k -60.0 -69.7 %10




SECTION 6.0

POWER ASCENSION TESTING
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6.1 POWER LEVEL DETERMINATION

6.1.1 Reactor Coolant System Delta-T Power Determination (SIT-TP-704)

PURPOSE :

The purpose of this test was to determine the thermal output
of the reactor at power levels up to approximately 20% by
means of a primary system calorimetric. The power level
calculated in this test was then used as the standard for
calibrating the core protection calculators and the excore

nuclear instrumentation (see section 6.2.1).

METHOD:

RCS hot leg and cold leg temperatures were recorded and
averaged. (The hot leg temperatures were corrected for
temperature bias, previously determined during hot zero power
plant conditions.) From these temperatures the enthalpy rise
across the core (Ah) was determined. The core thermal power
(Q) was then calculated by multiplying Ah by the core .mass
flow rate (M). The core thermal power (Q), when divided by
the rated thermal power (RTP) of the core (3390 MWth), and
multiplied by 100%, yielded the percent of rated thermal power

at which the reactor was operating.

Thus:

Q(MWth) = ﬂ(lbm/hr) Ah(BTU/Ibm)/3412161.(BTU/HWth-hr)

and

% RTP = Q(MWth)x100(%)/339G(MWth)
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RESULTS:

The reactor coolant system delta-T power determination was
performed ten times during the power ascension test program.
There were no significant difficulties encountered in the

performance of this test.

The results are summarized in Table 6.1.1.1 below.

TABLE 6.1.1.1

RCS DELTA-T POWER DETERMINATION TEST RESULTS

Date RCS Mass Flow Rate Ah Reactor Power
(loslbm/ht) (BTU/lbm) (%)
3/17/85 169.71 3.04 4.46
3/17/85 169.86 2.86 4.20
3/19/85 169.42 8.57 12.55
3/20/85 168.69 14.58 21.26
4/12/85 170.16 11.92 17.54
4/13/85 169.92 14.18 20.83
4/14/85 169.86 14.32 21.02
4/14/85 170.05 14.48 21.29
4/18/85 170.08 13.73 20.19
4/18/85 170.04 14.24 20.93
CONCLUSION:

Reactor power was satisfactorily determined, thereby providing
a reliable standard for calibration of the core protection
calculators and excore nuclear instrumentation. All test

objectives were met and acceptance criteria satisfied.



i85

6.1.2 NSSS Calorimetric (SIT-TP-709)

PURPOSE :

The NSS3 calorimetric power measurement provided an accnrate |
deternination of reactor power based on a secondary plant
eneryy balance. This power measurement was used to meet

the following objectives:

1. Verify that the secondary calorimetric based core power
calculated by the Core Operating Limits Supervisory
System (COLSS) is an accurate determination of core

power.

2. Calibrate the reactor coolant system delta-T power

' determined by COLSS toc achieve satisfactory agreement

with the secondary calorimetric power.

3. Verify the secondary heat balance calculations performed in

one of the nuclear engineering procedures.

4. Verify the secondary heat balance calculations

performed by an off-line applications computer program.

METHOD:

Stable initial conditions for reactor power, reactor coolant
system temperatures, pressure, feedwater temperature and steam
generator levels were established. Data was then collected at
30 second intervals for one hour and averaged. The average

values ‘of the various parameters were used to calculate

reactor power from the following equation:
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%“Reactor Power =

2
(12 (M Mg by ~he YoM, (hyy ~he DIM (g g-h )%Q) 0 -Q -Q . 1xKx100%
i=1 1 i i 1 1 1 1 -
3390 Mwt
Where: Hf = Mass flow of feedwater supplied tc steam generator i

Hbd = Mass flow of blowdown from steam generator i

hs. = Enthalpy of steam from steam generator i (corrected for 99.8% quality)
i
hf‘ = Enthalpy of feedwater supplied to steam generator i
i
' hbd. = Enthalpy of blowdown from steam generator i
i
"ch = Mass flow of charging to the reactor coolant system

hld = Enthalpy of letdown from the reactor coolant system

hCh Enthalpy of charging to reactor coolant system

Qloss = RCS Heat Loss
thp = Heat input from reactor coolant pumps
szr = Heat input from pressurizer

K = Conversion facter from BTU/hr to MW = 1/(3.412 x 10%)
100% = Conversion factor from fraction of full power to % of full power
3390 MWt = Rated full core power level

NOTE: All steam and water properties (i.e. enthalpy, specific volume) were
obtained from 1967 ASME Steam Tables.
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For both equilibrium and non-equilibrium xenon conditions the
hand calculated calorimetric power was compared to the average
COLSS calculated secondary calorimetric power (BSCAL). At
equilibrium xenon conditions, these values were to agree
within * 0.2% of rated thermal power (- 0.5% at 20% power); at
non-equlibrium xenon conditions, they were to agree within
$2.0% at all test plateaus. If necessary the test data and
COLSS constants were evaluated and this procedure repeated

until the desired agreement was obtained.

For both equilibrium and non-equilibrium xenon conditions the
hand calculated calorimetric power was compared to the average
core delta-T power (BDELT). At equilibrium xenon conditions
these values were to agree within % 0.2% of rated thermal
power (% 0.5% at 20% power); at non-equilibrium xenon condi-
tions, they were to agree within * 2.0% at all test plateaus.
If this agreement was not achieved, a new delta-T power gain,

E19, was calculated from the following relationship:

E19 = Average BSCAL
(Average Static Delta-T Power - E20)

where E20 is the delta-T power bias term.

After setting the delta-T power gain into the plant computer,
a new set of data were taken at 30-second intervals for 5
winutes. The average value of BDELT was then compared with
the hand calculated calorimetric power or an average value of

BSCAL and the difference verified as acceptable.
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When the plant was at equilibrium xenon, NE-5-201, Heat
Balance Calculation, and NE-72-03, POWER Program were executed
using the average data collected for this procedure. The
power levels calculated by means of these two procedures were
compared to the calorimetric power calculated for this test.
If these power levels agreed within * 0.5% (% 1.0% at 20%
power) of the calorimetric power, then NE-5-201 and NE-72-03

were considered acceptable.

RESULTS:

The NSSS calorimetric procedure was performed thirteen times
between April 13 and July 3, 1985. No significant problems
were encountered in performing this procedure. Results of

each test are summarized in Table 6.1.2.1.

CONCLUSION:

The power levels calculated from NE-5-201 and NE-72-03 were in
good agreement with the hand calculated calorimetric power,
thereby verifying acceptability of the methodology and

accuracy of both procedures.

The COLSS delta-T power (BDELT) and COLSS calorimetric power
(BSCAL) were within the required tolerance of the hand calcu-
lated power, although on several occasions it was necessary to
adjust the delta-T power gain and show acceptability of the
BDELT value by comparison to BSCAL. All acceptance criteria
for non-equilibrium and equilibrium xenon were satisfactorily

met.



TABLE 6.1.2.1 (1)
NSS5S CALORIMETRIC RESULTS

BDELT(Z) BDELT(Z) BSLAI(z) NE-5-201 Power(z) Power Program(z’ Equilibrium

(before) (aiter) (after) (Yes/No)

(2)

Date |Calorimetric Power

U —— S S ———

4/13 18.73 18.73 21.04 18.77 - - " NO

—— il . - A !
4/ 14 19.20 19.35 21.34 19.44 19.48 19.31 19.30 YES

4/18 29.97 29.99 27.27 30.39 - * NO
4/19 41.14 41.00 41.08 4].08 - - - NO

4/20 49.97 49.97 50.08 50.08"° . - . NO

4721 50.57 50.63 50.12 50. 1 50.11 50.34 50.30 YES

— — — R ——— e EEEIEIIIITNS, mm— — e mas i —————

5/7 70.21 70.25 70.73 70.73 o - - NO

5/9 80.64 80.65 82.31 79.44 79.40 80.63 80.60 YES
7/1 94.11 94.16 94.67 94.67 - - - NO

1/2 98.63 99.07 100.80 101.58 100.67 - - NO

/3 99.29 99. 32 98 .69 99.506 99 .44 99.15 99. 30 YES

(NOTES to table on next page)

681
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Notes to Table 6.1.2.1

(1) Criteria used to determine the acceptability of a parameter were as

follows:

Non-Equilibrium Xenon

a. -2.0% <(Calorimetric Power)=-(BSCAL) <2.0% and
(before)

b. =2.0% <(Calorimetric Power)=-(BDELT) <€2.0% or
(before)

-2.0% <(BSCAL)-(BDELT) <2.0%
(after) (after)

Equilibrium Xenon

& =0.2% <(Calorimetric Power)-(BSCAL) <0.2% (20.5% at 20% power) and
(before)

b =0.2% <(Calorimetric Power)-(BDELT) <0.2% (20.5% at 20% power) or
(before)

=0.2% < (BSCAL)~-(BDELT) < 0.2% (%0.5% at 20% power)
(after) (after)

¢. =0.5% <(Calorimetric Power)-(NE-5-201 Power) <0.5%
d. -0.5% <(Calorimetric Power)-(POWER Program) <0.5%
(2) All power values reported in units of % RATED THERMAL POWER

(3) Calibration not required
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6.2 INSTRUMENTATION TESTING/CALIBRATION

6.2.1 Nuclear and Thermal Power Calibration (SIT-TP-705)

PURPOSE :

The objective of the nuclear and thermal power calibration
test was to calibrate excore linear power, CPC thermal power
and CPC nuclear power to a standard measurement of core power.
FSAR Chapter 14, Section 14.2.12.3.27, Steady-State Core
Performance, was partially satisfied by performance of this

test.

METHOD:

Initial conditions were established with the reactor at
steady-state conditions. A standard measurement of core

power was then determined by one of the following methods:

A. Up to approximately 20% rated thermal power, reactor
power was calculated from a primary system calorimetric
measurement (i.e., RCS delta-T power measurement; see

section 6.1.1).

B. Above 20% rated thermal power, reactor power was obtained
from a secondary energy balance calculation performed by

the Core Operating Limit Supervisory System.
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Utilizing the standard power, a new voltage output from the
excore linear amplifier was determined. The amplifier gain
of one channel was adjusted to obtain the new voltage. After
performing the adjustment for one channel and verifying
acceptable agreement between excore linear power and standard
power, the remaining three channels were adjusted to agree

with the first.

Calibration of CPC nuclear power (PHICAL) and thermal power
(BDT) was accomplished by changing the respective values of
the addressable calibration constants. These constants were

computed from the following:

New Constant = Old Constant x Standard Power
Indicated Power

After installing the new constants in the CPCs, both the
thermal and nuclear power indications for all ~hannels were

verified to be in agreement with the current value of standard

power.

RESULTS:

The nuclear and thermal power calibration procedure was
performed thirty-four times between March 17 and July 10,
1985. 1In all but three cases, the PPS excore linear power and
CPC powers were calibrated within the required tolerance. In
two of these cases, a reactor trip occurred before the cali-
hration procedure could be completed. Subsequent performance

of the procedure ensured that the parameters of interest were

calibrated within specification.




During the performance of this procedure at a nominal 5%

power on March 17, 1985, both CPC addressable calibration
constants were required to be adjusted for all four CPC
channels. However, the new nuclear power calibration con-
stants for channels B, C and D and the new thermal power
calibration constant for channel A were found to exceed the
maximum values allowed by Technical Specifications. Conse-
quently, the maximum allowable values were installed in place
of the calculated values. This resulted in acceptable cali-
bration of channels B and D. Channels A and C remained
out-of-tolerance. Similarly, the channel C and D excore
linear power indications remained out-of-tolerance after
adjusting the amplifier gain potentiometers to maximum. Two
days later, on March 19, 1985 these discrepancies were cleared
by reperformance of the test at approximately 15% power. All
PPS and CPC power indications were then calibrated to the

required tolerance.

Table 6.2.1.1 summarizes the date and power level at which

each procedure was performed.



NUCLEAR AND THERMAL POWER CALIBRATION

TABLE 6.2.1.1
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DATE PERFORMED | STANDARD POWER (%)
3/17/85 4.20
3/19/85 12.71
3/20/85 2l.26
4/12/85 17.54
4/14/85 19.35
4/14/85 21.29
4/18/85 20.20
4/18/85 19.98
4/19/85 29.76
4/19/85 41.50
4/20/85 49.31
4/21/85 50.94
4/23/85 50.23
5/2/85 50.69
5/4/85 19.50
5/6/85 50.09
5/6/85 49.88

CONCLUSIONS:

With the above noted exceptions, the PPS and CPC power

DATE PERFORMED | STANDARD POWER (%)
5/6/85 59.57
5/7/85 71.50
5/8/85 %13
5/9/85 79,55
5/19/85 24.14
5/20/85 61.77
5/27/85 80.37
6/25/85 79.42
6/26/85 89.85
7/1/85 93.79
7/1/85 98.44
7/2/85 100.00
7/3/85 99.98
7/5/85 60.18
1/7/85 88.97
7/9/85 99.30
7/10/85 99.35

indications were successfully calibrated to the standard

indication of reactor power.

For the cases in which the

calibration was out of tolerance or not completed, associated

deficiencies were cleared and the procedure was reperformed

successfully.
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6.2.2 Process Variable Intercomparison (SIT-TP-712)

PURPOSE :

The purpose of this test was to demonstrate that the inputs
and appropriate outputs of the Plant Protection System (PPS),
the Core Protection Calculators (CPCs), and the Plant
Monitoring Computer (PMC) were in satisfactory agreement with
one another. Permanent plant instrumentation (meters and

recorders) were also included in the intercomparison.

This test satisfied the commitments of FSAR section
14.2.12.3.30.

METHOD:

Plant conditions were stabilized at each of the four test
plateaus -- 20%, 50%, 80%, and 100% power -- during the
initial power ascension fcllowing core load. Data from each
of the four sources (PPS, CPCs, PMC, and permanent plant
instrumentation) were simultaneously gathered for each of the
following parameters:

1. RCS cold leg temperature

2. RCS hot leg temperature

3. RCP differential pressure

4. RCP speed

5. RCS pressure
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6. Pressurizer level

7. Steam generator level

8. Steam generator pressure

9. Steam generator primary side differential pressure

10. Reactor vessel differential pressure

11. Containment pressure

12. Refueling water storage pool (RWSP) level

Based upon the data gathered for each parameter, a target
value was calculated as the average of the readings from the
most reliable source; the order of reliability of data
sources, from most reliable to least, was as follows:

1. Core Protection Calculator data

2. Plant Protection System data

3. Plant Monitoring Computer data

4. Control Board Instrumentation data

The deviation of each recorded value from this target value
was calculated and compared to the specified tolerance to
determine acceptability. If the deviation exceeded the
specified tolerance and a test deficiency was generated,

recalibration of the loop was initiated. The deficiency was

cleared only when subsequent testing revealed that the

parameter deviation fell within the specified tolerance.
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RESULTS:

At the 20% power plateau, thirty-two deficiencies were
generated; seventeen of these were written against RCS hot
and cold leg temperature indications. Four RCP speed sensors
were out-of=to: += . as well o i+ RWGP level
indications. "¢ ‘he remaining .. ven ou ~of-specification

indications, six were PMC or control board-related.

At the 50% power plateau, eight additional deficiencies were
generated; seven of these were RCS RTD-related. Of the
fifteen deficiencies written at 20% power that were not
related to RCS RTDs, all but two had been reworked to meet
the specified tolerances. Thus, the total number of
outstanding deficiencies following completion of 50% power
testing was twenty-eight; twenty-four of these were RCS

temperature indications.

At the 80% power plateau, ten new deficiencies were

generated; seven of these were RCS temperature indications.
All deficiencies outstanding from the 50% plateau which were
not related to RCS RTDs had been reworked and found acceptable
at 80%. Thus, the total number of outstanding deficiencies
following completion of the 80% power testing was thirty-four;

thirty-one of these were RCS temperature indications.

At the 100% power plateau, eleven additional deficiencies
were written; seven of these were RCS temperature
indications. One of the three non-RTD-related deficiencies
from 80% had been successfully reworked, leaving a total of
six non-RTD-related deficiencies. Thirty-eight deficiencies

relating to RCS temperature indication remained outstanding.
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Two of the deficiencies not related to RCS temperature were
reworked and satisfactorily retested; the other four
deficiencies have also been reworked, but have not yet been
retested. Three of the four deficiencies were written
against PMC parameters, while the fourth was written against
a control board instrument; no PPS or CPC parameters, with
the exception of the RTDs, were out-of-tolerance at the

completion of 100% power tesiing.

Discussion of RCS RTD Problems

Problems with the RCS RTDs were first noted during the per-
formance of SIT-TP-501, Pre-critical Intercomparison of PPS,
CPC, and PMC Inputs (see also section 3.1.1). An evaluation
of the magnitude of the RTD errurs found that operation at the
20% power plateau would not represent an unsafe condition.

Analysis and troubleshooting of the RTD problems continued.
Troubleshooting of the problem revealed the following:

1. The RTDs which provide hot and cold leg temperature
indication to CPC channels A and B were significantly
more in error than those providing indication to channels
C and D. The former RTDs were manufactured by Weed,
while the latter RTDs were manufactured by Rosemount.
Initially, all four CPC channels were driven by Rosemount
detectors, but the requirement for dual-channel RTDs to
accommodate the Qualified Safety Parameter Display System
fQSPDS) led to the installation of the Weed RTDs.
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The primary components of the Weed RDT error were
.dentified as inaccuracies in the RTD curve used to
relate resistance to degrees Fahrenheit, normal
calibration inaccuracies, and a thermocouple effect which
wag discoversd at the RTD junction; this thermocouple
cffect invelved a potential difference induced across the
RTD leads which biased the input to the temperature

transmitters.

Corrosiowu at the various terminations between the RTD and
the process analog control (PAC) cabinets and noise
induced within the PAC cabinets due to inadequate
shielding also contributed to the errors, but to a ' sser

extent than those items detailed in (2) above.

Corr: tive >ction was initiated as follows:

1.

Four Weed RTDs were replaced, two each in channels A and B.

All RTDs, both Rosemount and Weed, wer:> carefully

recalibrated.

All terminations were cleaned of corrosion and ensured

tight.

Evaluation of the impact of the greater-than-anticipated
RTD inaccuracies was performed. As adiitional RTD data
became available, this impact was continuously
reassessed. The results of the analyses, performed by

Combustion Engineering, Inc., are detailed below:



- The .mpact of the greater RTD inaccuracies on the CPC
calculations was twofold. Firsc, the inaccuracy in
measured RCS flowrate was increased; second, the
accuracy of core thermal power BDT was adversely

affected.

- Operation at reactor power levels of up to 50% was
deemed acceptable, on the condition that the PPS high
linear power trip setpoint was adjusted to 65% instead
o~ 70% powe~ This encsured that sufficient margin
remained in the CPC DNBR and LPD calculations to
account for the increased uncertainty associated with
the RCS flowrate . :0, induced errorz in BDT were of
greatest concern only above 65% power d.-ing a CEA

deviation event.

‘ - A preliminary analysis was conducted during plant
testing at 50% power to determine whether full power
operation would be permissible given the magnitude of
the RTD errors. The limited availability of RTD data
did not provide adequate assurance that safe
operation at 100% power could be achieved. However,
operation at reactor power levels of up to 90% was
approved, on the condition that the following

penalties were applied to all four CPC channels.

BERR1 - increase by 8.3% (above original val.ie)
BERR3 - increase by 4.2% (above original value)
PFMLTD - increase by 17.4% (above original value)
PFMLTD - increase by 17.4% (above original value)
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These additional penalties were incorporated into the CPC
channels prior to increasing power above 50%. Extensive
RTD data collection was then initiated to support a more

accurate analysis of the problem.

- Based upon the extensive RTD data collected, a more
detailed analysis was performed. It was determined
that the channel C and D RTDs (manufactured by
Rosemount) exhibited errors within the allowable
range. Also, channel A and B RTD errors were better
quantified, and more appropriate penalty factors were
developed to assure conservative full power

‘ration. Operation it power levels up to 100% was
approved, on the co. ' ion that the following

penalties were applied to CPC channels A and B only:

BERR1 - increase by 3% (above original value)
BERR3 - increase by 4% (above original value)
PFMLTD - increase by 17.8% (above original value)
PFMLTL - increase by 17.8% (above original value)

These modified penalties were incorporated into CPC
channels A and B prior to operation above 90%. The
penalty factor addressable constants in channels C and

D were restored to their original values.

- Continuous monitoring of the performance of the CPC
RTDs was made a prerequisite of continued power
operation, to ensure that the temperature errors
remain within the bounds of the Combustion Engineering
anaiysis. This monitoring will be performed by a

Nuclear Engineeving procedure whenever four reactor
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coolant pumps are in operation. The procedure also
provides for the calculation of new penalty factor
addressable constants in the event the temperature

errors increase beyond current values.

In summary, the problem with CPC RTDs was discovered via the
performance of SIT-TP-501 and SIT-TP-712. Troubleshooting
conducted by the plant Instrument and Controls Department
revealed the primary causes The most erroneous RTDs were
replaced, and recalibration of the remaining RTDs was
reperformed. .in analysis of the measured RTD errors,
performed by Combustion Engineering, found full power
operation to be acceptable, contingent upon the imposition of
additional uncertainty penalties on the CPC calculations of
LPD and DNBR. Monitoring of CPC RTD performance will
continue until the errant Weed RTDs are replaced and the
measured errors determined to fall within the bounds of the

original CPC specifications.
CONCLUSIONS:

With the exception of the RCS temperature problems noted
above, all safety-related indications exhibited satisfactory
agreement with cne another. Four non-safety indications
which did not meet specified tolerances have been reworked
and will be retested when plant conditions permit. The
impact of the out-of-tolerance temperature indications has
been evaluated and appropriate actions taken to ensure

conservative operation of the CPCs.
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6.2.3 Linear Power Subchannel Calibration (SIT-TP=711)

PURPOSE :

This procedure adjusted the excore linear power subchannel
amplifier gains so that the fractional power distribution

as measured by the excore detectors was within 0.1% of that
measured by the incore detectors. After completing the
adjustments, the excore 200% linear calibrate potentiometers
were reset to reflect the new amplifier gains. The second
part of this procedure collected baseline data on all the
amplifiers to be used for routine surveillances or replacement

of amplifiers.
METHOD:

Combustion Engineering's (C-E's) CECOR code uses the incore
detectors to calculate normalized fractional power distribu-
tions for the upper, middle, and lower axial sections of the
reactor core. By adjusting the excore amplifier gains, the
excore system will read the same fractional powers as measured
by the incores. Figure 6.2.3.1 illustrates the excore signal
pat. . and shows the relationship between signal fractions,
excore linear power and Core Protection Calculator (CPC) power

indications.

The test was completed at 20% power on April 14, 1985 and at
50% power on April 22, 1985, and was a prerequisite for
measuring the Shape Annealing Matrix (see Sectisn 6.3.6).

The test was performed at equilibrium xenon conditions with
ASI oscillations less than .01 ASI units in a four hour
period. The stable power distributions were required so that
little error was introduced during the time period from

initial data collection to the completion of the first channel
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adjustments. With temperature, power and ASI stable, a
nominal core power was determined using either the core
delta-T method (at 20%) or the NSSS calorimetric method (at
50%). Using this power level and the appropriate signal
fraction for upper, middle or lower core section, the output

of each excor~ amplifier was calculated as follows:

D(I) RAW = 3 x S(I} x PWR

for I = 1(upper)
2(middle)
3(lower)

Where S(I) = Signal fraction for each core section

PWR = % Reactor power as described above

D(I) RAW = Amplified excore detector signals sent to

the CPCs and Excore Linear Power indication.

Each amplifier was adjusted so that the corresponding

D(I)RAW as displayed :t the CPC operators module was within

* 0.1% of the calculated value. Adjustment of the amplifiers
affects the 200% calibrate settin: so each of these was reset
following amplifier adjustments. After the adjustments were
completed for the first channel the following three channels
were adjusted such that their output was within * 0.1% of the
reading present on the first channel. This eliminated any
error for power and temperature drift that occurred during the

time required to adjust all four channels.

Upon completion of the excore power adjustments on all four
channels, baseline amplifier data was collected to be used

during routine surveillances of the Plant Protection System
(PPS . at each subchannel location the appropriate

detector cable was removed and a current source installed.
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By inputting a known current and recording the amplifier
output the amplifier (or a replacement amplifier) may be

calibrated to this gain at any time in the future.

RESULTS:

Performance of this test at 20% was completed using C-E
predictions for upper, middle and lower excore fractional
powers. After establishing the required equilibrium
conditions, adjustments were completed for all excore
subchannels and their corresponding 200% linear calibrate
signals. Table 6.2.3.1 shows the as-left excore subchannel

signals and the resulting signal fractions.

TABLE 6.2.3.1
AS-LEFT SIGNALS AND SIGNAL FRACTIONS AT 20%

Parameter Channel A Chaunel B Channel C Channel D|Prediction
D1RAW 17.20 17.20 17.10 17.10 N/A
D2RAW 24.50 24.50 24 .40 24.30 _N/A
D3RaW 16.50 16.50 16.40 16.40 N/A

S1 . 2946 . 2946 .2929 .2929 .2962
S$2 L4197 4197 .4179 L4162 .4199
S3 .2826 .2826 .2810 .2810 .2839

Following completion of the 20% test plateau it was discovered
that the upper and lower excore cables on channel C were
reversed. After they were corrected new baseline currents
were calculated for channel C upper and lower amplifiers.

These amplifiers were readjusted and all subchannel signals

for all four channels were reverified to be within * 9:1%.




207

Upon reaching equilibrium xenon conditions at 50% power the
CECOR code was executed to determine excore signal
fractions. Results from CECOR case NJD-R4861GT were:

S1 = .2882
S2 = .4135
§3 = ,.2983

During adjustment of the first channel, reactor power changed
by more than 1% but less than approximately 2%. The test was
secured until initial conditions were reestablished, then
completed in its entirety. Table 6.2.3.2 shows results of the
excore adjustments. All 200% calibrate potentiometers were
adjusted to achieve 200 % 1.0%.

TABLE 6.2.3.2
AS-LEFT-SIGNAL AND SIGNAL FRACTIONS AT 50%

Parameter Channel A Channel B Channel C Channel D|Prediction
D1RAW 42.9 42.9 42.9 42.9 N/A
D2RAW 61.8 61.8 61.8 61.8 N/A
D3RAV 44.7 44,7 44 .7 44.6 N/A

S1 L2844 . 2844 . 2844 . 2844 .2882

S2 L4097 .4097 L4097 L4097 .4135

S3 .2963 .2963 .2963 .2957 .2983
CONCLUSION:

As a prerequisite to measuring the Shape Annealing Matrix
as described in section 6.3.6 of this report, each excore
linear power subchannel was adjusted such that the upper,
middle and lower excore powers were within $0.1% of the
fractional powers as measured by the incore detectors. In

addition to the above adjustments the excore 200% calibrate
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potentiometers were adjusted to 200.0 * 1.0% Baseline
amplifier currents were measured and transmitted to I&C for
ruture calibration and/or replacement of the excore linear
power subchannel amplifiers. All test objective and

acceptance criter.a were satisfactorily met.



6.2.4 Vibration and Loose Parts Monitoring System (SIT-TP-714)

PURPOSE :

To establish baseline data for all vibration, loose parts,
and reactor core internals motion channels at varicus test
plateaus and to verify that the existing loose parts alarm
setpoints are acceptable for power operation. This test
satisfied, in part, the commitments of FSAR Chapter 14,

Section 14.2.12.3.40, Baseline Vibration and Loose Parts

Monitoring.

METHOD:

Data was recorded on cassette tapes via the vibration and
. loose parts monitoring system (V&ALPMS) tape recorders while

the pla.t was in steady state operation.
Each channel of recorded data was then analyzed using a
spectrum analyzer, and plotted using an X-Y plotter to

generate pover spectral density (PSD) signatures.

Data was collected at the following steady state conditions:

0% power (Reactor critical)

20% power

50% power

80% power




= Natural Circulation (following a trip from 80% power)

- 100% power

RESULTS:

All required data was successfully collected at each test

plateau specified by the procedure.

At the 0%, 20%, and 50% test plateaus, high levels of
background noise were initially recorded on the data tapes.
These problems were resolved by either re-recording the noisy
tape track on one of the good tracks, or by having a

technician adjust the V&LPMS tape recorder.

During data collection for the 100% plateau, the core
internals motion recorder was found to be inoperative. This
problem was circumvented, without delaying the test, by

substituting the vibration recorder and recording the data.

Throughout the test, the V&LPMS spectrum analyzer was
unavailable. The problems with the spectrum analyzer stemmed
from the fact that it was an obsolete model no longer
supported Uy the manufacturer. The spectrum analyzer was
functioning improperly and could not be repaired due to the
unavailability of par*s. Another problem with the spectrum
analyzer was that it could not be calibrated to the
manufacturer's specification. These problems wili be
resolved by the installation and calibration of a new

spectrum analyzer.




CONCLUSION:

All data required per SIT-TP-714 was collected. However, the
acceptance criterion has yet to be fully satisfied due to the
continuing unavailability of a calibrated spectrum analyzer.
The spectrum analyzer is required to anulyze the data and
produce the PSD signatures. Evaluation of the data will be
performed following the installation and calibration of a new

spectrum analyzer.
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6.2.5 Control Systems Checkout (SIT-TP-721)

PURPOSE:

The purpose of this test was to demonstrate that:

1) During induced transients each individual plant control
system (reactor regulating system (RRS); steam bypass
control system (SBCS); and feedwater control system
(FWCS)) is able to maintain/restore the appropriate plant

parameters within their control bands.

2) During steady state operation the integrated plant
control systems operate satisfactorily in automatic to

maintain plant parameters stable.

If during any of the above individual or integrated system
checks plant parameters were not maintained within or
restored to specific operating bands, new setpoints were to
be determined for the affected control system(s), and the

check repeated to verify proper system operation.

This test satisfied in part the commitments of FSAR section
14.2.12.3.31 (see also section 6.6.2).

METHOD :

The individual control system checkouts had to be performed
prior to performance of the integrated control systems test,
but were not required to be completed in any specific

sequence. Testing was performed as follows:
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1. Individual Control Systems Checkout

la. RRS Checkout:

Stable plant conditions were established with the SBCS,
FWCS, pressurizer pressure control system (PPCS) and
prescuarizer level control system (PLCS) in automatic,
ard the control ~lement drive mechanism control system
(CEDMCS) in manual sequential (MS) mode. To test the
automatic CEA insertion function, Tavg was then raised
approximately 4.5°F above Tref by dilution, after which
the CE" ©S was placed in the auto sequential (AS) mode
to iuesert the CEA as necessary to reduce the Tavg - Tref
mism. ... .iug tne insertion, the control system was
tested for 1vs a.1lity to determine the magnitude of the
mismatch and insert CEAs at high speed first, then
change to lew speed after magnitude of mismatch was
reduced. The RRS was verified to have restored and
stabilized Tavg to within t 2°F of Tref before the
CEDMCS was returned to MS. T» test the automatic CEA
withdrawal function, Tavg was reduced 2.5-3.5°F below
Tref by  -ation. When the CEDMCS was then placed in
the AS wode, the control system was verified to withdraw
the CEA: in low speed, (the high speed withdrawal
function has been disconnected to avoid violation of the
fuel preconditioning guidelines) to restore and

stabilize Tavg to within 22°F of Tref.

When conditions had been restabilized, the CEDMCS was
returned to MS. This test was performed at 50% and 100%
power, for both RRS #)] and RRS #2.



1b.

1¢.

214

SBCS Checkout:

Stable plant conditions were established with the SBCS,
FWCS, PLCS, PPCS and the digital-electro-hydraulic (DEH)
system in automatic, and the CEDMCS in MS. To test the
SBCS, the DEH was used to decrease the turbine load at
less than 0.5% per minute. The resultant steam pressire
increase was compensated for by a SBCS signal for steam
bypass valve MS-319A to open. Simultaneously the SBCS
was verified to limit the secondary pressure increase to
less than 10 psia above the master controller setpoint.
The turbine load decrease was terminated when MS-3194
was approximately 50% open. The SBCS valve clusing
characteristic was then tested by increasing the turbine
load to its initial value, to fully close 1S-319A again

and return secondary pressures to their original values.

This test was performed at 50% power only.

FWCS Checkrut:

Stable plant conditions were established with the SBCS,
FWCS, PLCS and PPCS in automatic, and the CEDMCS in MS.
With steam generator levels initially at normal
operating levels, the level setpoint was then varied to
verify that the steam generator levels follow the
setpoint change. The setpoint was first changed to 10%
per minute from 68% to 5&%. After the levei s.ubilized,
the setpoint was ramped back to 68% at the same rate.
This setpoint change was subsequently repeated at a rate
of 1% per second to change the setpoint from 68% to 58%
and back to 68%. Proper control system setpoints were
verified by the ability of the FWCS to maintain steam

generator levels within 1% of the level setpoints.
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This test was performed for both FWCSs at the 50% and

80% plateaus.

2. Automatic Steady State Monitoring

Steady plant conditions were established with the SBCS,
FWCS, PLCS, PPCS and DEH in automatic, and the CEDMCS in
MS. At the start of the test, the CEDMCS was switched
from MS te 'S No spurious CEA motion was observed and
all relevant plant parameters were verified to remain

stable.

This test was performed at the 50% and 80% plateaus.

RESULTS:

RRS Testing:

The RRSs were tested satisfactorily at both the 50% and 100%
power plateaus. No setpoint adjustments were required fo.

either RRS #1 or RRS #2 at either test plateau.

During the initial checkout of RRS #2 (the first system to be
tested) at 50% power, difficulty was experienced in
performing the automatic CEA withdrawal function. This was
traced to *he sequential permissive points locked into the
"NOT ALLOWED" mode, thereby preventing auto sequential CEA
operation. This hardware problem ir the mux cabinet was
resolved, and all RRS testing was completed without further

problems.



Data collection showed that when the Tavg - Tref mismatch
initiating CEA motion is small (~2.5°F), the RRS generated
CEA movement signal oscillates; i.e., the signal is sent for
a few seconds, then shut off for a few seconds. This cyclic
process continues until the CEDMCS is taken out of the
automatic mode. It should be noted, that only the
insertion/withdrawal demand signals and not the actual CEA
positions oscillate, such that no excessive equipment wear or

damage will result.

SBCS Testing:

The SBCS was tested satisfactorily at the 80% power plateau.

No setpoint adjustments were required.

Steam bypass valve MS-319A opened when the lower of two steam
header pressures exceeded the master controller setpoint, and
closed again when the steam pressure fell below the

setpoint. Pressurizer pressure was held stable througuout
the test by the PPCS. Upon completion of the test, final
steam header pressures were within * 10 psia of the —itial

steam header pressures which was well within the acceptance

criterion of * 15 psia.

FWCS Testing:

The FWCSs were tested satisfactorily at both the 50% and 80%
power plateaus. No setpoint adjustments were required for

either FWCS #1 or FWCS #2 at either test plateau.

In all cases the steam generator levels settled within the
required £ 1% of the new setpoint. Also, while one steam
generator's level was being changed, the second steam

generator remained unaffected.




Automatic Steady State Monitoring (Integrated Systems Testing):

This test was satisfactorily performed at both the 50% and
80% power plateaus. No unexpected characteristics were
observed, and the behavior of the integrated control systems

was as expected. No setpoint changes were required.

CONCLUSION:

The reactor regulating system, the steam bypass control
system and the feedwater control system were shown to
function as required, both as individual systems and as an
integrated control system during both steady state and
transient plant conditions. All installedl setpoints were
adequate to satisfactorily control the plant and did not

require any changes. All test objectives and acceptance

criteria were met.




6.2.6

Incore Detector Signal Verification (SIT-TP-735)

PURPOSE :

The purpose of this test was to verify proper operation and
signal processing of the incore detector signals to assure
accurate power distribution calculations. The following

tests were performed to accomplish this:

1) Verifying that the incore amplifier zero and full scale

output are within tolerance.

2) Measuring incore cable leakage resistance to identify

potential signal problems.

3) Verifying trat the plant monitoring computer (PMC)

proper vcesses the incore amplifier outputs.

4) Verifying that the background signa’ contribution is less

than 5% of the corresponding level 3 detector signal.

This test satisfied the commitments of FSAR section
18:3:12.3.3.

METHOD :

Figure 6.2.6.1 illustrates the layout of the incore detector
system. The amplifier checks and cable leakage resistance
measurements were performed at each stable power plateau
(20%, 50%, 80%, and 100%) using tte fixed incore detector
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(FICD) test feature of the incore amplifier system. With
reactor power stable, COLSS in the "unscheduled" operating
mode, and the incore amplifier system selected to "TEST",
each of the four test pushbuttons was depressed, one at a

time, which performed the following functional test:

1) Pushbutton one (TS-1) input a zero signal into each of
the 14 amplifier cards for that channel (A, B, C or D).
The amplifier output was sampled by the plant computer
and verified to be 0.0 * 0.025 VDC.

2) Pushbutton two (TS-2) input a full scale reference signal
into each amplifier card for that channel. Amplifier
output was sampled by the plant computer and verified to
be 10.0 £ .135 VDC.

3) Pushbutton three (TS-3) switched into the circuit a known
resistance (Rt)’ then sampled the output signal (V3)

using the live detector input as shown in Figure 6.2.6.2.

4) Pushbutton four (TS=4) removed the test resistance that
was applied by TS-3 then sampled the detector output (V,).

The cable leakage (Rl) was then calculated using the

following equation:

The resultant cable leakage for each detector was compared to

the acceptance criterion of >10%hms.

The second portion of this test was performed only at the 20%

and 100% test plateaus and verified proper signal processing



221

1) Test Switch 3 (TS=3) switches a known resistance R_ into the
detector signal loop then samples the output voltage (V, ).
R
£
i
f t
| Detector . v
| }
: . A0
where: Rf = 1l x 107 ohms
- N h
R, = the leakage resistance to be measured
-~

Vs = the Cutput Voltage

it = Detector output current
i S
R, B 5 x 107 ohms
~

2) Test Switch 4 (TS-4) switches the signal loop back to its
normal configuration then samples the output voltage (V ).

+

Rt
i : |
L

Detector -

¥
+

Rl !
——

3) Leakage Resistance is calculated using:

o T .
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of the inccre detectors by the plant computer. At each
amplifier card there are test points which output the incore
signal in mVDC. Each detector output was measured simultan-
eously by reading the output as displayed on the plant compu-
ter. The acceptance criterion was that the amplifier output
was within %14.5 mVDC of the computer reading. Correct
background signals were demonstrated by verifying that each
signal was less than 5% of the corresponding level 3 detector

signil in that string.

Any dectector that failed any of the four acceptance criteria
was removed from scan by the computer so as not to adversely

affect power distribution calculations.
RESULTS. R e e ai

Two detectors continuously failed signal comparisons and
leakage tests. Troubleshooting indicated that these

detectors had failed. They have been identified and are to

be replaced during a refueling outage. Four of the 280 incore
detectors showed minor problems in signal stability and were
therefore re&oved from scan until the problems can be
corrected. With the exception of these six detectors the

entire incore detector system operated satisfactorily.
CONCLUSIONS:

The incore detector system operated within its design limits
to accurately provide inputs to the plant computer for power

distribution calculations.

With the six detectors removed from scan by the plant
computer the requirements of Technical Specifications

3/4.3.3.2 remain satisfied namely:



- -
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6.3 CPC/ COLSS TESTING

6.3.1 COLSS Power/Flow Verification Data Record (SIT-TP-739)

PURPOSE :

This test was performed to collect data at 0% power for use
in adjusting the Core Operating Limits Supervisory System
(COLSS) delta-T power algorithm for zero-power conditions.
The test was also used to verify that the correct values of
COLSS constants affecting power and flow were inserted at 0%.
Additionally, the test collected data at each 10% power
plateau between 20% and 100% to be used in determining the
proper constants for the COLSS calibrated turbine power

calculation.

METHOD:

The zero offset term, E20, of the core delta-T power
calculation was determined by setting it equal to the COLSS

core static delta-T power, BSTAT, at 0% power.

The second part of this test was to calibrate the COLSS
turbine power calculation. This was done by taking data
every 10% power, from 20% through 100%. After the data was
collected, a third order least squares fit of COLSS turbine
first stage pressure (TFSP) versus COLSS secondary
calorimetric power (BSCAL) was calculated to determine the

coefficients Gl through G4 of the following polynomial:

Y = Gl + G2(X) + G3(X)? + G4(x)?



B

where:

BSCAL
TFSP

<
"

These coefficients were then used as constants in the COLSS
turbine power algorithm (calibrated turbine power BTFSP) to
determine power as a function of turbine first stage

pressure. The resulting turbine power calculation was then

compared to the secondary calorimetric power for accuracy.

RESULTS:

The zero bias term, E20 was determined by determining the
value of BSTAT ot 0% power. This value was found to be
-0.58%. = i s ) 4 o -

The coefficients for the turbine power algorithm were

computed upon completing data collection at 100% power; the

resulting polynomial was:

Turbine Power = ~1.668 + 0.2501(X) - 0.2042x1073(X)%
+ 0.1297x107%(Xx)3

Where:

X = Turbine First Stage Pressure (TFSP).

Table 6.3.1.1 shows the results from the different power
levels and compares the calculated turbine power with the
secondary calorimetric power (BSCAL); the latter is considered

the most accurate power determination at steady state
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operation. The calibrated turbine power function was plotted
as a function of turbine first stage pressure along with the
secondary calorimetric data points (measured data) in

Figure 6.3.1.1.

Initially, the determined polynominal did not fit the data
within the tolerances specified in the acceptance criteria.

A review of the data resulted in eliminating the 30% and 40%
data points from the least squares determination. The
resulting least squares fit produced acceptable results for
all data points, including the 30% and 40% data points, which
had been excluded from the fit.

TABLE 6.3.1.1
AND
SECONDARY CALORIMETRIC POWER (BSCAL)
FOR ALL DATA PLATEAUS

COLSS SECONDARY COLSS
TURBINE FIRST CALORIMETRIC RESULTS CALIBRATED
POWER PLATEAU STAGE PRESSURE t ACCEPTANCE CRITERIA TURBINE POWER
% FULL POWER (TFSP) (BSCAL) (BTFSP)
20 89.98 psia 19.34% $3% 19.27%
30 157.51 psia 30.27% 3% 33.16%
40 203.7 psia 41.72% 2% 41.89%
50 256.31 psia 50.65% £2% 51.20%
60 303.47 psia 59.41% 2% 59.04%
70 368.55 psia 69.53% 2% 69.25%
80 444.5 psia 80.75% %1% 80.53%
90 508.67 psia 89.09% %1% 89.77%
100 573.83 psia 99.39% *1% 99.10%
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Adjustment of COLSS Secondary Pressure Loss Terms (SIT-TP-741)

PURPOSE :

The purpose of this test was to tune the COLSS algorithms
which calcvlate steam generator pressure and feedwater pres-
sure. These algorithms were developed under the assumption
that steam generator and feedwater pressure indication would
not be available within the plart computer system. The
algorithms model the pressure drop between the feedwater inlet
to the steam generator and the main steam header as a function
of the steam flow from the steam generator; the pressure drop
between the steam generator steam dome and steam header is
similarly modelled. COLSS then uses live steam header
pressure and steam flow data to calculate the feedwater and
steam generator pressures for use in the calculation of

secondary calorimetric power.

This test collected live data for both the dependent
(feedwater and steam generator pressures) and the independent
(steam header pressure and steam flow) parameters used in the
algorithms modelling the secondary pressure losses. This data
was then used to determine the constants to be implemented
into the COLSS algorithms.

METHOD :

[t was desired to obtain the data required for determination
of the COLSS secondary pressure loss constants over the entire
range of reactor power. Thus, the following values were
recorded via a computer collect log at each of the major test
plateaus (20%, 50%, 80% and 100%), once thermal equilibrium
had been achieved:
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Secondary Pressure Loss Data Set (each steam generator)

- steam generator steam flow ventur:
differential pressure ¢ SFLOW
- steam header pressure : PSEC

- steam generator pressure (COLSS calculated) : PSG

- feedwater pressure (COLSS calculated) : FWP
~ steam generator pressure (live data) : SCPRESS
- feedwater pressure (live data) : FWPRESS

Temporary pressure gauges were installed on the feedwater
train, as close as practicable to the inlet of the steam
generators, as no permanent plant transmitters exist there.
These gauges were used to yield the feedwater pressure (live
data) listed above. Permanent plant instruments transmit
steam generator pressure (live data) to the plant computer.
Average values for the above parameters are calculated, and
then used to calculate the measured pressure losses from the

feedwater inlet to the steam header and from the steam genera-

tor to the steam header:

DPFW
DPSG

FWPRESS~PSEC
SGPRESS~-PSEC

These values were then paired with SFLOW for all plateaus for
which the data was available. A linear least squares fit was
performed for each set of values, and the determined slopes

and intercepts constituted the COLSS secondary pressure loss

algorithm constants.



These constants were then entered into the Plant Computer in
place of the previously entered constants. The secondary
pressure loss data set outlined on the previous page was then
collected again via a computer collect log. The values were
averaged, and the COLSS calculated values of feedwater pres-
sure and steam generator pressure were then compared to the
measured values. Satisfactory agreement was achieved when the
difference between calculated and measured feedwater pressures
was less than 50 psia, and the difference between calculated
and measured steam generator pressure was less than 15 psia.
These criteria were chosen to ensure that the error introduced
into the secondary calorimetric power by inaccuracies in
calculated pressures was limited to approximately 0.01%. The

acceptance criteria are detailed below:

FWP - FWPRESS < 50 psia
PSG - SGPRESS < 15 psia

Y

- - - e ——— - e e , -

Data collection and associated calculations were repeated, if
necessary, at a given power plateau until these criteria were

satisfied.

RESULTS :

The acceptance criteria were satisfied at each plateau,
without the need for additional iterations. New COLSS
constants were entered following the performance of this
procedure at each plateau, and COLSS calculated pressures

agreed well with the corresponding measured values.

Data was taken at the 0% power plateau, but this data was not
included in the calculation of COLSS constants except at the

20% plateau. The reason this data was excluded is twofold:
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first, the steam flow transmitters are highly inaccurate at

the low end of their range, and second, the main feedwater

system was notl in operation at the time the 0% data were

collected, yielding suspect pressure drop values.

The test results from each plateau are summarized below.

The tables reflect measured and calculated values following

adjustment at the given power level.

TABLE 6.3.2.1
ADJUSTMENT OF COLSS SECONDARY PRESSURE LOSS TERMS
20% POWER TEST RESULTS

measured calculated error
SG1 feedwater pressure| 960.7 psia 960.54 psial-0.16 psia
SG2 teedwater pressure| 963.2 psia 962.75 psia[-0.45 psia
SC1 _steam pressure 957.18 psia | 957.32 psial|*0.14 psia
SG2 steam pressure 957.73 psia | 958.06 psia|+0.33 psia

TABLE 6.3.2.2
ADJUSTMENT OF COLSS SECONDARY PRESSURE LOSS TERMS
50% POWER TEST RESULTS

measured calculated error
SGl feedwater pressure| 936.3 psia 936.68 psia[+0.38 psia
SG2 feedwater pressure| 942.70 psi~ | 941.53 psial~1.17 psia
SG1 steam pressure 933.90 psi1a | 933.86 psia[=-0.04 psia
562 steam pressure 934.40 psia | 934.4]1 psial+0.01 psia

TABLE 6.3.2.3
ADJUSTMENT OF COLSS SECONDARY PRESSURE LOSS TERMS
80% POWER TEST RESULTS

measured calculated error
SGl feedwater pressure| 931.7 psia 930.00 psial-1.70 psia
SG2 feedwater pressire| 930.2 psia_ | 934.50 psial+4.30 psia
SG] steam pressure 912.5 psia 912.60 psia|+0.10 psia
SG2 steam pressure 912.8 psia 913.20 psial+0.40 psia




TABLE 6.3.2.4
ADJUSTMENT OF COLSS SECONDARY PRESSURE LOSS TERMS
100% POWER TEST RESULTS

measured calculated | error

SG1 teedwater pressure| 926.7 psia 929A!9_ggggffg;9gwgf}g
SG2 feedwater pressure| 930.7 psia | 932.60 psia/+1.90 psia

SG1_steam pressure 903.1 psia 903.20 ps1al+0.10 psia
SG2 steam pressure 901.4 psia 902.10 psiaf+0.70 psia

The final COLSS constants installed in the PMC are

tabulated in table 6.3.2.5. These constants were determined
based upon a linear least squares fit of data from all four
test plateaus, as depicted in Figures 6.3.2.1 through
6.3.2.4. However, these values were not implemented into
COLSS until after acquisition of the 100% data. Table
6.3.2.6 utilizes data taken at each plateau to simulate the
COLSS calculation of feedwater pressure and steam pressure,
had the above constant values been installed. Comparison of
these simulated values to the comparable measured values
provides assurance that the as-left COLSS contants are
adequate over ali power ranges. The COLSS equations for

¢ leculating steam and feedwater pressures are given below

Table 6.3.2.6 for information.
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"TABLE 6.3.2.6

VERIFICATION OF INSYALLED COLSS CONSTANTS' ADEQUACY

POGER COLSS INPUTS . coLss- ., (2)
PLATEAU PARAMETER SFLOW PSEC catcuraTen® MEASURED ERROK ACCEPTABLE?
SC1 PN pressure 9.1 "H20 960.6) psia 975.01 psia 976.10 psia ~1.09 psia YES
20% SG2 F¥ pressure 12.7 "n20 956.39 ps 978.67 psia 978.00 psia 40,67 psia YES
- SG1 ST™ pressure 9.1 "H20 960,613 po?a 973.31 psia 972.80 psia +0.51 psia YES
SG2 ST pressure 12.7 W20 956.39 ps.a 974.56 psia 973.48 psia +1.08 psia YES
SGl1 Fe  pressure 106.7 "H20 929.93 psra 950.52 psia 947.96 psia +2.62 psia YES
502 SG2 W pressure 106.0 "H20 924.62 psia 953,32 psia 952.80 psia +0,52 psia YES
SG1 STM pressure 106.7 "H20 929.93 ps)‘a 944,51 psia 945,13 psia ~0.62 psia YES
S62 ST™ pressure 106.0 "H20 924.62 psia 944,74 psia 945.65 psia ~0.91 psia YES
SG1 PN pressure 322.3 "H20 893,34 ps!a 927.64 psia 930.20 psia -2.56 psia YES
802 S6G2 PN pressure 324.6 “H20 887.19 psia 930.95 psia 933,70 psia -2.75 psia YES
SGI ST pressure 322.3 "W20 893,34 ps a 912.12 psia 912.25 psia -0.13 psia YES
SG2 S™ pressure 324.6 "H20 B87.19 psia 911.87 psia 912.45 psia -0.58 psia YES
SG1 PN pressure 548.6 "H20 880,00 psia 928.69 psia 927.70 psia +0.99 psia YES
'm% SG2 FW  pressure 553.5 “H20 872,60 pﬂ.a 932.14 psia 930,70 psia +1.44 psia YES
SG1 S™ pressure 548.6 “H20 §80.00 psia 903,20 psia 903,10 psia +0.10 psia YES
SG2 ST pressure 553.5 "H20 812,60 n‘a 902,07 psia 901.50 psia +0.57 psia YEo
NOTES : (1} The equations used by COLSS to calculate pressures (simulated above) are as follows:
FRPLI=PSECL+[ FOL+FO255FL0WL ) ; FUWP2=PSEC2+] FOO+F107SFLOWY |

SG1 FW pressure: S5GZ2 FW pressure:

SG1 ST™ pressure: PSGI=PSECL+ FOG+FOS*SFLOWL ]| ; SG2 ST™ pressure: PSG2=PSEC24[ FI24F 1 3*SFLOW? |

Acceptability of calculated pressures is determined as follows:

SG FW pressures:

ERROR £ 50 psia

SG ST™ pressures: ERROR €15 psia

SET
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FIGURE 6.3.2.3: SG)1 GENERATOR TO STEAM MEADER FRESSURE LOSS VERSUS STEAM FLOW
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CONCLUSION:

At each major power plateau, new COLSS secondary pressure
loss constants were determined and implemented into plant
computer. COLSS calculated pressures were then compared to
measured values, and found to be well within the specified
tolerances. The constants determined at the 100% power
plateau have been verified adequate over the entire power
range in which COLSS secondary calorimetric power is
utilized. All test objectives and acceptance criteria were

satisfactorily met.
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CPC/COLSS VERIFICATION (SIT-TP-717)

PURPOSE :

The CPC/COLSS Verification test was performed to verify the
Core Protection Calculator (CPC) ana Core Operating Limit
Supervisory System (COLSS) calculations of departure from
nucleate boiling ratio (DNBR) and local power density (LPD).
The test also collected input recordings used to evaluate the

effects of process noise on the CPC system.

This test satisfied the commitments of FSAR section
18.2.12.3.2.7.

METHOD :

This test was performed at all test plateaus including hot
zero power (HZP, 20%, 50%, 80% and 100%). The CPC DNBR and
LPD calculations were verified using CEDIPS, a CE-Windsor
FORTRAN simulation of the CPC software. Input to CEDIPS
consists of the maximum and minimum values (observed over a
period of up to 30 seconds) of the following:

1) RCP Speed

2) Cold leg temperature

3J) Hot leg temperature

4) Pressurizer pressure

5) Upper excore signal
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6) Middle excore signal

7) Lower excore signal

Control element assembly (CEA) positions and CPC addressable

constants are also input to CEDIPS.

Acceptance of the DNBR and LPD calculations was verified if
the actuai range of CPC output was within the range of
predicted output as calculated by CEDIPS. COLSS DNBR and LPD
acceptability was provided by CE-Windsor based upon an
evaluation of information provided in the COLSS detailed
report. This report is a snapshot of all COLSS inputs and

outputs and all current values for addressable constants.

The process noise evaluation was performed by first
determining the noisiest CPC channel based on the largest
variance in calculated DNBR. All DNBR and LPD inputs to this
channel were then recorded on FM tape. Recordings were
analyzed to determine the nature of the noise and its effect
on DNBR and LPD.

RESULTS :

All data collection by this test was completed with no
problems. The large variation in RTD temperature indications
affected the CEDIPS predictions of DNBR. The affected DNBR
calculations generated minimum values well below what was
expected and sometimes below the low DNBR trip setpoint.
Comparison of actual values to this large range of predictions
was not valid. Consequently, additional CEDIPS runs were

performed using minimum and maximums for each cold leg
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temperature rather than the minimum and maximum of the
combined temperatures. This comparison provided a more

realistic and more conservative acceptance limit.

Table 6.3.3.1 shows all the CEDIPS predictions and the
appropriate CPC outputs. All of the LPD and DNBR outputs
were within the limits generated by CEDIPS predictions. The
COLSS LPD and DNBR evaluations were acceptable based on

evaluations by CE-Windsor.

The twelve input and two output signals for a selected CPC
channel were analyzed to determine if signal noise character-
istics interfered with correct CPC system response. Methods
employed in the analysis included playback of recorded signals
into an oscilloscope and a spectrum analyzer. Signal noise
characteristics were identified and classified in an effort to

evaluate their affect on the DNBR and LPD calculations.

The analysis culminated in acceptable results. Random noise
on the RCP digital speed signals was far below the existing
discriminator thresholds and thus had in impact on speed

measurement. The minimal changes in calculated DNBR and LPD
demonstratea that CPCS operation was not affected by process

noise on the analog inpyp signals.
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TABLE 6.3.3.1
Part 1 of 2
CPC/CEDIPS COMPARISONS

Hot Zero Power (HZP)

Channel A Channel B Channel C |  Channel D
Parameter CEDIPS CPC CEDIPS CPC CEDIPS CPC CED[P§"+__CPC o
LPDMAX 4.7039 | 4.6807 4.7776 | 4.6812 4.7045 4.6790 Q.7010_+_3;079l
LPDMIN 4.6582 | 4.6805 | 4.6592 | 4.6805 | 4.6581 | 4.6778 | 4.6590 | 4.6779
DNBMAX 7.8456 | 7.6712 | 7.8049 | 7.6435 | 7.7161 | 7.6401 | 7.7405 [ 7.6514
DNBMIN 0.6732 | 7.6333 | 0.6742 | 7.6280 | 7.4567 | 7.5900 | 7.4155 | 7.5882

NOTE: Rerun of CEDIPS for tc Variances not required at HZP.

203 Power
Channel A Channel B Channel C Channel D
Parameter CEDIPS CPC CEDIPS CPC CEDIPS CPC CEDIPS CPC
LPDMAX 5.0341 4.4773 | 5.2745 | 4.4479 4.6487 | 4.40698 | 4.9598 | 4.4673
LPDMIN 4.3861 4.4571 4.41123] 4.4420 | 4.3808 | 4.4502 | 4.3990 | &4.4667
DNBMAX 9,532 | 8.8 9.5272 | 8.89 9.3844 | 8.79 9.5135 3.71
DNBMIN .74537 | 8.6 6.7164 | 8.81 8.2781 8.73 7.6074 | 8.65

Rerun of Channel A at 20% Power Using TCl and TC2 Individually as [nput

_ Channel A | Channel A
Parameter CEDIPS CPC CEDIPS CPC
LPDMAX 4.5321 | 4.4773 | 5.0341%] 4.4773
LPDMIN 4.3861%] 4.4571 | 4.4743 | 4.4571
ONBMAX 9.6049*| 8.8 8.7807 | 8.8
DNBMIN R AR WB.h . | THL20" 8., -
TC1 TC2

* These values were used to determine the range of predicted
LPD and DNBR output for interim acceptance criteria.
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TABLE 6.3.3.1
(continued)
Part 2 of 2
CPC/CEDIPS COMPARISONS
30% Power
Channel A Channel B Channel C Chaonnel D
Parameter CEDIPS CPC CEDIPS CPC CEDIPS CPC CEDIPS CPC
LPDMAX 8.7498 8.1856 9. 1440 8§.1319 8.3336 8.0670_4_3.8&A2 8.1397
LPLMIN 8.0153 | 8.1357 8.0137 8.0867 7.9796 | 8.0450 7.9628 8.1068
DNBMAX 4.3135 4.0820 | &4.3206 4.1389 4.3249 4. 1494 &.3257 4.0878
DNBMIN 3.6514 | 4.0201 3.5368 | 4.0581 3.8981 4.0897 3.5079 4.0297
80% Power
Channel A Channel B Channel C Channel D
Parameter CEDIPS CPC CEDIPS CPC CEDIPS CPC CEDIPS CPC
LPDMAX 13.2890 12.169 12.9419] 12.500 12.3766] 12.042 [12.8640 12.302
LPDMIN 11.8729 12.046 12.2154] 12.366 11.8485] 11.959 |12.0193 12. 166
DNBMAX 2.2729 2.1611 2.2222 2.1310 2.2625 2.1700] 2,2622 2.1306
DNBMIN 1.6609 2.1160 1.8853 2.0093 1.9732 2.1370| 1.8458 2.0934
100% Power
Channel A Channel B Channel C ___Channel D
Parameter CEDIPS CPC CEDIPS CPC CEDIPS CPC CEDIPS CPC
LPDMAX 15.3578 |14.65° 15.8058 [15.157 14.7301 [14.212 15.3143 |14.318
LPDMIN 14.1327 14.582 _114.8399 115.006 113,9741 114, 15.0428 14,28
DNBMAX 1.7388 1.6420 1.6883 1.6181 1.8368 1.7686 1.8318 1.7360
DNBMIN 0.1365 1.5879 1.3629 1.5888 1.5226 1,7553 L1431 1.7033

Rerun of Channels A ind D at 100% Power Using Minimums

and Maximums for TCl or TC2

Channel A __Channel D
Parameter CEDIPS CPC CEDIPS CPC
LPDMAX 15,358 114.653 [15.314 [14.318
LPDMIN 14.3246 [14.582 |14.043 |14.282
DNBMAX 1,.7389 1.6420 1.8318 1.7360
DNBMIN 1.64398 | 1.5879 | 1.4548 | 1.701)







6.3.4 Radial Peaking Factor and CEA Shadowing Factor Verification
(SIT-TP-725)

PURPOSE :

The objective of the planar radial peaking factor CEA
shadowing factor test was to obtain a direct measurement of
these parameters for various CEA insertion configurations.
Based upon these measurements, additional assurance of
cor.ect ore loading was obtained. The core operating limits
supervisory system (COLSS) and the core protection
calculators (CPCs) were also calibrated such that they

accounted for the measured values of these parameters.
This test was referenced in section 14.2.12.3.28 of the FSAR.

METHOD :

Initial conditions were established with the reactar at
approximately 50% power, all CEAs withdrawn and equilibrium
xenon. After collecting a baseline set of data, dilution of
the reactor coolant system commenced. As the RCS boron
concentration decreased, CEA group 6 was inserted to the
lower electrical limit (LEL) to compensate for the positive
reactivity addition. The dilution was terminated such thai-.
CEA group 6 was within 10 inches of its LEL or CEA group 5
was within 10 inches of its upper electrical limit (UEL) and
steady-state power and temperature were re-established. Upon
stabilizing reactor conditions, a data set consisting of
incore detector readings, RCS power, RCS temperatures, CEA
positions and various other plant parameters was collected.

This process was then repeated to obtain data for the

following CEA insertion configurations:




® Group 6 @ LEL and Group 5 @ LEL

® Group 6 @ LEL, Group 5 @ LEL and Group P @ 37.5"

withdrawn

Note that by inserting part-length group P to 37.5" withdrawn
the poison section of the PLCEAs was centered at the core

mid~plane.

After data had been collected for the group 6/5/P insertion
configuration, boration of the RCS was initiated. CEA group 5
was withdrawn to compensate for the ncgative reactivity
addition while maintaining reactor power and temperatures
constant. The boration was terminated such that group 5 was
within 10 inches of its UEL or group 6 was within 10 inches

of its LEL and steady-state reactor conditions were
established. A data set was collected and the above process

repeated to obtain data for the following coufigurations:

® Group P @ 37.5" withdrawn

® Group P @ UEL and Group 6 @ 120" withdrawn

Analysis of the test data required the determination of
planar radial peaking factors and CEA shadowing factors. The
CE incore analyzis code CECOR was employed to determine the
peaking factors (refer to section 6.4.1 for a summary
description of CECOR and the associated execution

procedure). CEA shadowing factors were determined from plant
power and excore detector signal response obtained from the
CPCs and COLSS. A detailed description of the analy~is is

presented below:



CPC Planar Radial Peaking Factors (nyl

The planar radial peaking factor, ny, is the maximum value
for the core of the ratio of the l-pin peak power to the
average pin power in a plane. This peaking factor is
presented in CECOR as a function of core height in the

following form:

4
Xy

F = ny(l*Tq)

Where Tq is the vector average azimuthal power tilt. Thus,
ny was determined for the CEA c:nfiguratxon of interest by
selecting the maximum value of ny and dividing by the
quantity (l*Tq). Axial nodes within 22.5 inches of the top
and bottom of the core and within 15 inches of a CEA tip were
not considered in determining the value of ny. This was due
to inaccuracies introduced into the measurement methodology by
large neutron flux gradients experienced in the vicinity of a

geometric or poison boundary.

Utilizing the measured value of ny from CECOR and the core
burnup at the time of the measurement, a correction
multiplier was calculated. This factor was determined from
Athe following relationship for each CEA configuration:

ARM, = Fi (measured)
i Xy

{Fiy(installed) (Kieki-B')}
Where:
1 = index dependent upon the CEA configuration

ARHi = CPC planar radial peaking factor multiplier



F;y(medsured) = measured value of the planar radial

peaking factor determined from CECOR

F;v(xnstalled) = an element in an arrvay of planar
radial peaking factors installed in

the CPCs
K}. Ké = precalculated constants

B' = core burnup (MWD/MTU) incurred at the time the

measurement for group 1 was made.

For those cases where ARHi was less than 1.0, no change was
made in the corresponding CPC constant. For those cases
where ARHi was greater than 1.0, the value was input to the

corresponding CPC constant.

COLSS Planar Radial Peaking Factors

A COLSS peaking factor adjustment was determined from the

following equation and installed in the plant computer:

l.Ol-Fi (measured)
Xy

PF3 nax(PFBi) = max {

(F;y(insca11ed)(c}+c;-85l
Where:

PF3

interim correction factor applied to all COLSS

installed planar radial peaking factors

C{, C; = precalculated constants

All other variables retain the same meaning as

described in the CPC description.
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Prior to completion of testing at the 50% plateau, appropriate
peaking factors for each CEA configuration were installed in
COLSS and the radial peaking factor correction was returned to
1.0.

CEA Shadowing Factors (Fx)

The CEA shadowing factors, Fx, were calculated for the CPCs

as follows:

DX

1 l(with CEAs inserted) x Power (ARO)
Power (with CEAs inserted)

H Mw

Fx = 1

3 x
ingi (ARO)
for full-length CEAs and

Fx = sz (with CEAs inserted) x Power (ARO)
sz (ARO) Power (with CEAs inserted)

for part-length CEAs. In these equations,

X = CPC channel A, B, C or D

D,x = Upper excore detector indicated power (DI1RAW)
sz = Middle excore detector indicated power (D2RAW)
D3x = Lower excore detector indicated power (D3RAW)

Power = Reactor power from COLSS.
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After calculating the CEA shadowing factors, correction multi-

pliers (ASM2Z through ASM6) were determined by dividing the

measured Fx by the installed Fx for each CEA configuration.

These multipliers were then entered into each of the four CPC

channels.

RESULTS:

The radial peaking factor and CEA shadcwing factor measure-

ments were performed on April 24 and April 25, 1985 without

difficulty. The final results of the test are given in Tables
6.3.4.1, 6.3.4.2 and 6.3.4.3.

CONCLUSION:

All objectives of this test were satisfied.

Planar radial

peaking factors and CEA shadowing factors were determined.

Where necessary, correction multipliers were calculated and

entered into the CPCs or COLSS.

CPC PLANAR RADIAL

TABLE 6.3.4.1
PEAKING FACTORS

BURNUP | CECOR | ACCEPTANCE | CPC CORRECTION
CEA GROUP PCSITION | MWD/MT | Fxy CRITERIA FACTOR
ARO 192 1.3820 | <1.4063 1.0000
6/LEL 190 1.64718 | <1.4398 1.0222
6/LEL,5/LEL 190 1.6120 | <1.5819 1.0190
6/LEL,S/LEL,P/37.5 | 192 1.7036 | <1.7089 1.0000
6/LEL,P/37.5 190 1.5529 | <1.5537 1.0000
P/37.5 193 1.4549 | <1.4640 1.0000




TABLE 6.3.4.2
COLSS PLANAR RADIAL PEAKING FACTORS

BURNUP | CECOR ACCEPTANCE | CORRECTION
CEA GROUP POSITION | MWD/MT | Fxy CRITERIA FACTOR (PF3)
ARO 192 1.3820 | <1.4063 0.9827
6/LEL 190 1.4718 | <1.4371 1.0241
6/LEL,S/LEL 190 1.6120 | <1.5796 1.0205
6/LEL,5/LEL,P/37.5 192 1.7036 | <1.7117 0.9953
6/LEL,P/37.5 190 1.5529 | <1.5524 1.0003
P/37.5 193 1.4549 | <1.4624 0.9949
TABLE 6.3.4.3
CEA SHADOWING CORRECTION FACTORS
CPC CHANNEL A| CPC CHANNEL B| CPC CHANNEL C| CPC CHANNEL D|
CORRECTION CORRECTION CORRECTION CORRECTION {
CEA GROUP POSITION| FACTOR FACTOR FACTOR FACTOR
ARO 1.00000 1.00000 1.00000 1.00009
6/LEL 1.0043 1.0038 1.0055 1.0047
6/LEL,S5/LEL 1.0466 1.0435 1.0390 1.0632
6/LEL.5/LEL,P/37.5| 0.9718 0.9718 0.9618 0.9645
6/LEL,P/37.5 0.9797 0.9853 0.9799 0.9796
P/37.5 0.9788 0.9818 0.9788 0.9771
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Temperature Decalibration Verification (SIT-TP-724)

The Core Protection Calculators (CPC's) utilize the signals
from excore detectors to calculate the real time incore power
distribution. Each detector contains three fission chambers
positioned axially. These calculations are corrected for

many effects, one of which is temperature shadowing.

Neutrons leaking from the core must travel through the water
in the downcomer region to reach the excore detectors.
Changes in water density due to changes in water temperature,
will attenuate more or less neutrons, thereby altering the
neutron flux at the detectors. Compensation for this effect

is done by the CPC's using the temperature shadowing factors.

FURPOSE :

The purpose of the Temperature Decalibration Verification
Test was to measure the effect of changes to the excore
signals due to changes in cold leg temperature and to verify
that the temperature shadowing factors installed in the CPC's
are adequate. Adjustment of the temperature shadowing
factors was required only if the measured effect is outside
the given acceptance criteria around the installed values in
the CPC's.

This test satisfied the commitanents of FSAR section
15.2.12:3.28.
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METHOD:

The initial conditions required stable plant conditions at
equilibrium xenon at approximately 50% power. Reactor
coolant system cold leg temperatures were adjusted in small
increments (1 or 2°F) by boration/dilution and/or small
turbine load changes. After each temperature change, plant
conditions were stabilized and data was collected using the
CPCs and the plant computer. This data included cold leg
temperatures, raw excore detector signals and COLSS

secondary calorimetric power.

The calculated power from raw detector signals (PHIRAW),
which is affected by temperature shadowing, was compared to
the secondary calorimetric power, which is independent of
temperature shadowing effects. This ratio, designated BASE

was calculated for each CPC channel and is defined as:

BASE = PHIRAW
BSCAL

where: PHIRAW is the s'1m of the raw excore detector
signals for a given CPC channel and

represents temperature shadowed power.

BSCAL 1s secondary calorimetric power from
the plant computer and represents true

thermal power of che core.

At each temperature (T) plateau..data was collected for each

CPC channel and a new BASE was calculated.

BASE

T = PHIRAW

T
BSCALT
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Inpitially, the procedure required power to be stable within
$0.2% at each temperature plateau. This proved to be
difficult to accomplish and the procedure was changed to
allow power to vary between each temperature increment but to
be constant for a given data run without impacting the test

results.

A reference condition was assigned at 553°F and the BASE
values were normalized to form the Raw Temperature Shadow

(RTS), where:

RTST = BAS£553
BASET
RTST =a+b (Tcold)

The normalized ratio was plotted as a function of cold leg
temperature and a least squares fit was applied. The
resulting slope was then compared to the value of CORR1 in
the CPC's.

RESULTS:

Table 6.3.5.1 shows the test results:

TABLE 6.3.5.1
SUMMARY OF TEMPERATURE DECALIBRATION VERIFICATION TEST RESULTS

CPC Channel Predicted Measured Error
A .0049 .0056 .0007
B .0049 . 0055 .0006
C .0049 .0054 .0005
D .0049 .0055 .0006
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6.3.6 Shape Annealing Matrix Measurement (SIT-TP-723)

PURPOSE :

The purpose of this test was to determine the relationship
between the excore detectors and the incore power
distribution and to adjust, if necessary, the appropriate
Core Protection Calculator (CPC) constants to ensure that the
correct relationship is maintained. Specifically, the Shape
Annealing Matrix (SAM) elements (i.e. SCij) and the Boundary
Point Power Correlation Coeffirients (BPPCCl) were measured
and compared to the corresponding values used by the CPCs to

determine if the CPC values are appropriate.

METHOD:

An axial xenon oscillation was induced in the reactor core
through CEA Group 6 motion. By comparing the measured incore
power distribution to the measured excore responses, the
incore/excore relationships were developed. A few details of

the comparison follow:

There are four excore channels containing three axially

spaced detectors per channel. There exists a one-to-one
relationship between the four CPC channels and the four excore
channels. Each CPC uses its respective excore channel
responses to develop an incore power profile. That is, the
three excore responses are used to infer three powers which
approximite the upper, middle and lower one~third core powers.
These three powers, with measured top and bottom boundary

powers, are used to develop the axial power profile.
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The relationship between the three excore responses and the

three core powers is as follows:

Py
Py
Pj3

where:

S.
ij

S11Dy *+ S;2D; + S;3D;
S21Dy + SgeDp + Sy3D3
S3iDy + Sj3gD; + S33D3

normalized one-third core powers (or peripheral

powers,

if vendor nomenclature is used) for

level i (i = 1,2,3 for top, middle and bottom)

normalized excore detector response for level j

constant value which relates the response of

detector j to the peripheral power in core

level i, i.e., the Shape Annealing Matrix (SAM)

The relationship between the top and bottom boundary powers

and the core power is as follows:

where

U

w T & @
;™ e ™

[

]

a,PU - a3

“2PL - a‘

upper

lower

upper

lower

core boundary average

power

core boundary average power
one-third core fraction of average power

one-third core fraction of average power



By inducing a large xenon oscillation (which can be thought
of as a simulation of the various power shapes which may
exist through the cycle) th: relationships just described may
be quantified. That is, during the oscillation readings are
taken at a prescribed frequency and a best set, in a least
square sense, of the matrix values is determined Consider

the SAM equation for any level i:

" "

where "< >" denotes averages over some n values of observations.

In a least square sense, this equation may be rewritten as:

where 512 1s the average of the squarce of the differences.
By differentiating this equation with respect to the matrix
components (the S's) and equating that to zero, a set of

equations result from which the S's may be determined.

That is:



or

or, using matrix

<Dlz>
<0102>
<DlD3>

or finally:

o

il !

12
' “13

w u

) e = . 2
‘lsxlknl ' (PLDI' ' 51

‘(513<D3*> - <P10

notation:

(Dlz)
<DIDZ)
(DID3>

(DIDB>

<DZD3>

<D.%>

3

il
i2
i3

w u w

<D,0y

<DZDi)

3
<03)

> + S
8
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§ s (S yry”

D D> + . ,<D,D,>)

-

2 3

<P D.>

i1

= <PiD2)
(P!DS>

i1
l P102
Pxof

8

This last equation is solved for each level i (i=1,2,3), resulting

in three 3x] matrices.

Combining the three 3x] matrices into

one 3x3 matrix results in the SAM for that channel.



Considering the boundary point equations, and following steps

similar to those just noted for the SAM vields:

d =0 = al<Pt‘> - K ¢UPU> - o ~P[‘
a:o:u,;#xtbt\-ul\_p

v’

3 =0 = a; -PL2> = <O P> -y <P

i=0=°4’(“’L>"’3<PL>
duy
Using matrix notation:
2 = |
<PU > <PU> : o = ! <¢UPU>
=<Pp> 1 | ag | <>
<PL2> ~<P,> I ag| _ ' < P>
-<PL) 1 g | -(¢L>
or finally:
o P25 <<P.>| ! <& P >
il = u ] U'u
ay -<PU) 1 -<¢U>
o <P. 2> -<P.> -1 <®_P_>
"l = L L L'L
U4 -<PL) 1 -<¢L>

ro
~



Calculation of the S's and a's is straight-forward since all
variables (except the S's and a's) are known - either recorded from

the CPC or calculated by the incore analysis system, CECOR.

Once a measured matrix is determined, it is compared to the design
matrix. If the measured SAM elements are within $2.0% of the design
SAM elements, the design elements are adequate. If not, a check of
the matrix test value, defined below, must be made. The same is
true for the boundary points, except that the acceptance band is

within $3.0% , and there is no test value check.

The SAM test value is defined as:

where:

I[f any of the measured SAM element are out of tolerance and
3.0 < t <6.29, then the measured SAM values are installed in the
CPC's. If the measured values are out of tolerance and 3 > t > 6.29,

the vendor must be notified immediately.

The requirement to perform this test at 20% power was subjected to a
screening test to determine acceptable closeness of the excore and
incore power distributions as performed within the scope of the Core
Performance Record Test (see Sectiog 6.4.1). Meeting the criteria
of the screening test allowed deletion of the SAM measurement at

the 20% power test plateau.
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The actual method and chronology of this test were as follows:

The screening test performed in accordance with the Core
Performance Record Test (see section 6.4.1) at 20% power was
acceptable and allowed the elimination of this test at the
20% power test plateau. The subsequent summary, thus,

pertains only to the test as performed at 50% power.

A xenon oscillation was initiated at about 1842 on

April 25, 1985, by diluting CEA group 6 to 75 inches withdrawn.

At the start of the dilution, the ASI was approximately

0.016, which was 0.002 ASI units from the ESI of 0.018.

During the six hour wait for peak ASI, data records and CECOR
Verification Files (CVFs) were recorded at 15 minute intervals
for the first two hours and at 30 minute intervals for the
next four hours. During this time, RCS temperature and
reactor power were held as steady as possible. When the ASI
peaked (at about 0.270 ASI units), CEA group 6 was to be
pulled to 150 inches withdrawn, with temperature and power
held constant through boration. Problems with the chemical
and volume control system (CVCS) delayed the boration/rod pull
for about two\hours. This delay did not, however, impact the
test. Ong; the rods were borated cut, CVFs were taken every
15 minutes while data records were taken every 15 minutes for
about nine hours, then every 30 minutes for the duration of
the oscillation. During the oscillation, power and tempera-
ture were held constant. Approximately 30 hours after the

initiation of the oscillation data collection was terminated.

The CVFs were processed by the CECOR code. The CECOR output
files were processed by two auxiliary computer codes to yield
the measured SAM and boundary points. Independent vendor

calculations verified the measured values. Of a possible 120

CVFs, 111 were actually used in the data reduction. Eight
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CVFs were not available due to plant computer problems while
one CVF was disregarded upon vendor recommendations. The
omission of the nine CVFs did not meaningfully alter the

measured values.
RESULTS:

Table 6.3.6.1 outlines the comparison of measured and design
values. Numerous predicted values were unacceptable. However,
since the test values were acceptable for all channels, all

measurec value were installed in the CPCs.

Figure 6.3.6.1 shows that the CPC ASI was in good agreement
with the measured (CECOR) ASI. This suggests that the design
SAM and boundary points were relatively good. If the test
were reperformed, using the measured values in place of the
design values, the ASI differences noted in the figure would

be less.

Figures 6.3.6.2 through 6.3.6.17 are plots of excore response
and peripheral power versus time (time 0 = time at ARO).
Examination of the figure suggests that nothing unusual
occurred during the test. All detector responses were
consistent between and within channels. The same holds true

for the peripheral powers.

CONCLUSION:

The test was performed as specified with acceptable results
All test objectives and acceptance criteria were

satisfaciorily met.



TABLE 6.3.6.1
COMPARISON OF MEASURED AND DESIGN SAM AND BPPCC VALUES

Parameter CPC Design Measured Values % Difference

ID Value CPC-A CPC-B CpPC-C CPC-D CPD-A CPC-B ePc-C CPC-D
SC11 81 3.7949 4.5124 4.4271 4.1756 4.1176 18.9 16.7 10.0 8.5
SCi2 82 -.4654 -1.6379 -1.6021 =i.1404  [-1.0944 251.9 244 .2 145.0 135.2
SC13 83 -.0491 - .83432 .187117 48385 4265 -1799.2 ~1703.2 -1085.4 -968.7
SC21 84 |-1.0223 = 94375 - 97189 | -.59030 | -.54462 o0 b 4.9 ~42.3 ~46 .7
SC22 85 4.3680 4.3315 4.4616 3.7874 3.7545 -0.8 2.1 -13.3 =141
sC23 86 -.8740 - .97807 -1.0432 =.59277 |-5.0858 11.9 19.4 -32.2 -41.8
SC31 87 -,2217 - .56860 =.45419 -.58531 |-5.7301 ~-349.7 -349.7 -299.9 +355.7
SC32 88 -.9023 - .30642 -. 14046 35299 .33997 =134.0 -115.6 -139.1 “337.7
SC33 89 3.9234 3.1438 3.2560 3.1089 3.0820 -19.9 -17.0 -20.8 =235
BPPCC1 99 .01383 01363 01363 01363 01363 =1.3 o B =1.5 -1:5
BPPCC2 100 .08857 Q7057 07057 07057 07057 -20.3 -20.3 -20.3 -20.3
BPPCC3 101 01225 01443 01443 01443 01443 17.8 17.8 17.8 17.8
BPPCC4 102 -05150 07672 07672 07672 07672 49.0 49.0 49.0 49.0
Test Value - 3.8577 4.3605 4.2751 4.0021 3.9569 - ~——— e I ST

ro
~d4
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6.4 PHYSICS TESTING

6.4.1 Core Performance Record (SIT-TP-716)

PURFISE :
The objectives of the core performance tests were Lo:

l. Determine if the predicted CPC shape annealing matrix and
boundary point power constants provided an acceptable
synthesis of the core average axial power distribution
until a measurement of these parameters was made at 50%
rated thermal power. This screening was performed at the
20% test plateau only.

2. Verify that the core design and construction were as
expected by comparing various power distribution
parameters to predictions.

Performance of this test satisfied the commitment made in
section 14.2.12.3.27 of FSAR chapter 14.

METHOD :

With the reactor at an all-rods-out equilibrium xenon
condition, reactor power, RCS temperatures, RCS pressure and
pressurizer level were maintained at nominal steady-state
values. Axial shape index determined from COLSS was within
0.005 of the predicted equilibrium shape index and had not

changed greater than 0.01 in the & hours prior to beginning
the test.
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Core performance data was collected from the incore detector
system and stored in a computer data file for later
retrieval. Couincident with incore data acquisition, CPC and
CEAC data were collected from the plant computer and from the

LEC operator modules.

The incore detector data file was next transported to an
on-site computer system where it was transmitted to
Combustion Engineering's CDC 7600, Under user control, this
data was used as input to the CECOR computer code.

The CECOR computer code provided the means to synthesize
detailed full-core radial and axial power distributions from
the 56 x 5 array of incore detector readings. CECOR used data
from 2-D multi-group diffusion theory calculations to convert
the detector readings to local box powers. Planar power
distributions at each level were then obtained through the use
of coupling coefficients that relate the power in instrumented
assemblies to the power in uninstrumented neighboring assem=
blies. The axial power distributions were generated by a
Fourier fit to the box powers at each detector level. Sub-
sequently, CECOR determined peak pin powers from pre=calcu~
lated pin-to-box factors. This data was formatted and
presented to the user as a set of tabular, map and printer-
plot edits,

After completing execution of the CECOR code at the CE computer
facility, user specified output data was transmitted to the
Waterford 3 site and printed. Output data files containing
essential power distribution data were also created and stored
for later access.
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Analysis of the core performance data consisted of comparing
measured power distribution parameters (synthesized by CECOR)
to predictions or, in the shape annealing matrix screening,

to CPC generated information. The data reduction details and

associated acceptance criteria are explained below.

At the 20% test plateau, the CECOR synthesized axial power
distribution data was used to perform the shape annealing
matrix/boundary point power correlation coefficient
(SAM/BPPCC) screening test. The 5! node CECOR axial power
distribution was collapsed into a 20 node axial power distri-
bution to allow direct comparison to the 20 node CPC axial
power distribution. This data was recorded for each CPC
channel concurrent with the incore data acquisition. For each
CPC channel, a root-mean-square (RMS) value was calculated for
the percent difference between the CPC and CECOR nodal powers

as follows:

where

lllOl‘ = [CPC Povor‘ = CECOR Power |

i
CECOR Pouor‘

Nodes 1-3 and 18-20 were omitted from the calculation due
to large boundary point power measurement uncertainty.



If the RMS for each CPC chanre! was less than 0.05 (i.e.

5%) the SAM/BPPCC test could be deleted from the test program

at 20% power. For those channels that failed the RMS screen~

ing criteria, an additional screening test would be performed.
This test consisted of comparing both the CECOR and CPC axial

peaks (i.e., the maximum value of the 20 nodal powers) and the
CECOR and CPC ASls.

This additional comparison was performed as follows:

l. An error between the CECOR and CPC axial peaks was

calculated from:

Error = [CPC Peak - CECOR Peak] x 100%
CECOR Peak

2. An error between the CECOR and CPC AS| was determined
from:

Error = CPC ASI - CECOR ASI

where
10 20
i P’: . i p’:
AST = 221 =l
20
i
jep !
and

P‘ ® Normalized axial power for node (; (21, 20
x = CPC Channel A,B,C,D
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If the error between the LECOR and CPC axial peaks was:
=3.0% < ERROR < 5.0%

AND the error between the CECOR and CPC ASI's was:
«0.03 < ERROR < 0.02

then this additional screening test was satisfied. [If all CPC
channels in question passed this test, then the SAM/BPPCC test
could be deleted from the 20% test plateau. If any CPC
channel failed this additional screening test, then the
SAM/BPPCC test would have to be performed at 20% power.

At all major test plateaus, the measured radial power distri-
bution values were compared to the predicted values  The
root-mean-square (RMS) value was calculated for the differrnce
between the measured and predicted relative power densities of

each assembly in the core, such that:

—————————— o t— it e e

! 217
e /5 (100 2,)*

/ =V
217

where 2‘ & IPD'(.!l.urtd)*RPD‘(prodtrted)

If the RMS value was less than or equal to 0.03 (i.e. 3%),
the acceptance criterion was satisfied. This criterion
applied only to the 50% power and above test plateaus.
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Similarly, measured axial power distribution values were
compared to the predicted values. The RMS was calculated
for the difference between the measured and normalized nodal

powers, such that:

51
RMS = 2 (100 h,)?
1=1 .

51

where hi = (Measured Powerl = Predicted Pouer‘) and 1 refers

to axial node 1.

[f the RMS value was less than or equal to 0.03 (i.e. %),
the acceptance criterion was satisfied. This criterion

applied only to the 50% power and above test plateaus.

The measured values for the planar radial peaking factor (Fxy)
the integrated cadial peaking factor (Fr), the core axial
peaking factor (Fz), and the total peaking factor (Fq), were
compared to their respective predicted values. The percent
difference between predicted and measured value was calculated

from:

% Difference = [Measured - Predicted] x 100%
Predicted

If the % ditference value was within £ 7.5%, the acceptance
criterion was satisfied. This criterion applied only to the
S0% power and above test plateaus.
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RESULTS:

The core performance test was performed at the 20%, 50%, 80%,
rud 100% test plateaus without significant problems. The
«e<ults of each test, categorized by test parameter, are

summarized below.

Shape Annealing Matrix Screening at 20%

The RMS values calculated for the CPC vs. CECOR core average
nodal powers were 4.87%, 4.79%, 3.88% and 4.91% for channels
A, B, C and D, respectively. A graphical comparison of CPC
and CECOR power distributions is presented in Figures 6.4.1.1
through 6.4.1.4.

Peakgg; Factors

The peaking factor results are presented in Tables 6.4.1.1
through 6.4.1.4.

Radial Power Distributions

Core maps presenting the results of the measured vs. predicted
relative power density comparison are shown in Figures 6.4.1.5
through 6.4.1.8.

Axial Power Distributions

The results of the axial power distribution comparisons are
shown in Figures 6.4.1.9 through 6.4.1.12. At 50% power, the
RMS value for measured vs. predicted values was 3.50%. This
exceeded the specified acceptance criterion of 3.00%.
However, when the measured axial power distribution was
compared to the 50% SONGS-2 axial power distribution, an RMS



296

value of 1.49% was obtained. Since the Waterford 1 axial
power distribution compared well with that of SONGS-2, power
ascension to and plant operation at 80% was not precluded by

failing to satisfy this acceptance criterion.

The RMS values calculated from data obtained at R0% and 100%

satisfied the acceptance criterion of <3.00%.

CONCLUSIONS :

The steady-state performance of the Waterford 3 reactor core
satisfied all design and manufacturing criteria as determined
in this test. With the noted exception, all test acceptance

criteria were satisfied.

TABLE 6.4.1.1

20% PEAKING FACTORS

Measured Predicted
Parameter Value Value % Difference
Fxy 1.4469 1.3850 4.47
Fr 1.4170 1.3658 3.75
Fz 1.2813 1.2700 0.89
Fq 1.8486 1.7312 6.78
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TAPLE 6.4.1.2

50% PEAKING FACTORS

Measured Predicted
Parameter Value Value % Difference
Fxy 1.3896 1.3568 2.42
Fr 1.3632 1.3262 2.79
Fz 1.2720 1.2470 2.00
Fy 1.759%¢6 1.6430 7.10
TABLE 6.4.1.3

80% PEAKING FACTORS

Measured Predicted
Parameter Value Value % Ditference
Fxy 1.4223 1.3974 1.78
Fr 1.3925 1.3788 0.99
Fz 1.3050 1.2680 2.92
Fq 1.8411 1.7414 .73
TABLE 6.4.1.4

100% PEAKING FACTORS

Measured Predicted
Parameter Value Value % Difference
T Fxy | 628 | 1.a6h 0.10
" Fr 1.4010 1.4121 -0.79
T ¥z 1.3079 1.2910 1.31
Fq 1.8634 1.8138 2.73
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FIGURE 6.4.1,.2
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NORMALIZED AVG. AXIAL POWER

FIGURE 6.4.1.4
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RELATIVE AXIAL POWER
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FIGURE 6.4.1,.11
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RELATIVE AXIAL POWER

FIGURE 6.4.1.12
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6.4.2 Variable Tavg Test (SIT-TP-718)

PURPOSE :

The variable Tavg test was performed to measure the isothermal
temperature coefficient (ITC), moderator tempecature coef-
ficient (MTC) and power coefficient (PC). The measured MTC
was subsequently verified to be within Technical Specification
limits. The measured ITC and PC were confirmed to agrre with
corresponding predictions within specified tolerances derived

from experimental and prediction error.

This test satisfied the commitments of FSAR section
16.2.12.3.26.

. METHOD:

The ITC was determined by tests based upon two different
methods. One method assumed the power coefficient was known
from prediction and did not require CEA mevement. The second
method assumed that the CEA group 6 integral reactivity worth
was known from prediction and required CEA movement.
Similarly, the PC measurement was performed with CEA movement
assuming that the CEA group 6 integral reactivity worth was

known from prediction. These tests are described in more

detail below.
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ITC/MTC Measurement Without CEA Movement

Steady-state initial conditions were established with the
reactor at the test power level, equilibrium xenon and CEA
group 6 approximately 120" withdrawn. The RCS, pressurizer
and VCT boron concentrations were initially within 10 ppm of
their mean boron concentration to minimize undesired reacti-

vity changes resulting from a mismatch in concentrations.

Reactor coolant cold leg temperature was increased approxi-
mately 4°F by rapidly decreasing turbine load. The negative
reactivity addition from increased moderator and fuel tempera-
ture was counterbalanced by a positive reactivity addition
resulting from a decrease in reactor power. Stable reactor
conditions were established at the new power and temperature
by making small adjustments to turbine load. Data was
obtained while maintaining the reactor at steady-state. Upon
completion of data collection, reactor coclant cold leg
temperature was decreased approximately 8°F by rapidly
increasing turbine load. This temperature decrease caused
reactor power to increase until the secondary power demand was
satisfied. Steady-state reactor conditions were maintained
until data was collected. Next, cold leg temperature was
increased approximately 8°F with power decreasing uniii the
reactivity addition from _he temperature change equalled that
from the power change. This cycle was repeated three addi-
tional times while test data was ~ollected at each steady-
state power/temperature platezu. rlant conditions were
finally returned to those existing prior to the initial
temperature change. Figure 6.4.2.1 presents a graphic

depiction of the test sequence.



Determining the ITC from test data was an iterative process.

ATavg and Jpower were calculated for successive cycle begin-

ning and end points. Assuming a power and temperature coeffi-

cient, the magnitude of the unknown reactivity contribution

(due to changing Xe and Sm concentration) for each half cycle

was calculated. These values were used with the predicted

power coefficient to determine the ITC for each half cycle.

The resulting ITCs were averaged and used with the predicted

PC to compute a new value for the unknown reactivity contribu-

tion in each half cycle. This value of the unknown contri-

bution was in turn used to compute a new value of the [TC.

The calculation sequence was iterated until the ITC converged
to within 0.005x107%Ak/k/°F of the preceding value.

ITC/MTC Measurement With CEA Movement

. Steady-state initial conditions were established with the

reactor at the test power level, equilibrium xenon and CEA

group 6 approximately 120" withdrawn. Turbine load was

rapidly decreased to obtain an approximately 4°F increase

in reactor coolant cold leg temperature. The reactivity
feedback from increasing reactor coolant average temperature
was matched by withdrawal of CEA group 6, thus maintaining
reactor power constant. Upon stabilizing reactor coolant
temperature and power, data was collected and the procedure
reversed to decrease reactor coolant cold leg temperature
approximately 8°F. After collecting data at the low tempera-
ture plateau, turbine load was decreased to obtain an approxi-
mately 8°F increase in cold leg temperature while maintaining
constant reactor power with CEA withdrawal. The entire
procedure was repeated 3 additional times prior *o returning
the reactor to those conditions that existed prior to the
start of the test.



Determining the ITC from test data with CEA movement was
similar to the method previously described. However, both
temperature and power cycles (described in the next section)

were combined and analyzed to determine the 1TC.

Power Coefficient

Steady-state initial conditions were established with the
reactor at the test power level, equilibrium xenon and CEA
group 6 approximately 120" withdrawn. Reactor power was
increased approximately 2% by withdrawing CEA group 6. The
negative reactivity feedback from increasing power was matched
by increasing turbine load to maintain reactor coolant average
temperature constant. Upon stabilizing power and temperature,
data was collected and the procedure reversed to decrease
reactor power approximately 4%. After collecting data at the
lower power plateau, CEA group 6 was withdrawn to increase
reactor power approximately 4% while maintaining average
coolant temperature constant with turbine load adjustments.
The 4% power change cycle was repeated 3 times prior to
returning the plant to those conditions that existed at the

start of the test.

Figure 6.4.2.1 schematically shows the test sequence described

above.

RESULTS :

50% Test Plateau

The ITC measurement without CEA movement commenced on April
28, 1985 at 1105 and was completed at 2025 on the same day.
No unusual difficulties were encountered while performing this

portion of the test.



FISURE 6.4.2.1
VARIABLE Tavg TEST SEQUENCE
Isothermal Temperature Coefficient Measurement,
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Y Y v v
Programmed =P = = =|m= = = = =l - - - - - - - - o b——
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Change temperarure using turbine loading, and hold power constant
by moving group 6.
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Change power using group 6 motion, and hold temperature constant
using turdine loading.
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Temperature
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-4 deg T oo o o o - -

Change temperature using turbine loading, and let power arrive
at a nev value with no CEA motion.
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The ITC and PC measurements with CEA movement were started
at 0330 on April 29, 1985 and were completed at 1330 on April
30, 1985. A total of 34 hours were required to complete these

measurements.

While performing the temperature coefficient measurement,
the plant computer failed twice. This necessitated that

testing be halted until the failure was corrected and the
PMC returned to normal operating status. As a result of

these delays, the unknown reactivity component calculated
from test data was larger than desired. Nonetheless, the
resulting ITC data exhibited small variability for all

temperature cycles and was acceptable.

The power coefficient measurement started at 1620 on April
29, 1985. During the subsequent power increases for the
first two cycles, progressively higher CEA withdrawal was
required to return the same power and temperature. Conse-
quently, the test was stopped and initial conditions
reestablished. The test was restarted at 0730 on April 30
and completed without further interruption. As with the
temperature coefficient measurement, the unknown reactivity
component contributing to the reactivity balance was greater
than desired but the variability in individual cycle PC's

was small. The data was thus acceptable.
The test results are given in Table 6.4.2.1.

100% Test Plateau

The entire variable Tavg test was performed on July 11 & 12,
1985 without significant difficulty. A delay of approximately
7 hours occurred between the end of the no-CEA-movement test

and the start of the ITC nenaureient with CEA movement. This
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time was utilized to reestablish initial conditions for the

remainder of the test. Including

the delay, the test was

completed in just under 19 hours with acceptable results.

I}

These results are presented in Table 6.4.2.2

CONCLUSION:

The variable Tavg test was successfully completed at both the

50% and 100% test plateaus with acceptable results. Based

upon these results, the following

1. The MTC is less positive than

thermal power is less than or

2. The MTC is less positive than

thermal power is greater than

3. The MTC is less negative than

thermal power.

4. The predicted ITC agreed with
$0.3x107% Ak/k/°F.

conclusions were derived:

0.2x107* Ak/k/°F whenever
equal to 70%.

0.0x107% Ak/k/°F whenever
70%.

=2.5x107% Ak/k/°F at rated

the measured [TC within

5. The predicted PC agreed with the measured PC within

$0.2x107Y Ak/k/%.
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TABLE 6.4.2.1

50% VARIABLE Tavg TEST RESUL1:

Faianeies 7T TP TTTTS Pa—
Measured MTC Without CEA Movement -0.61 Nane
Measured MTC With CEA Movement -0.58 Greater than =-2.50
Measured ITC Without CEA Movement =0.75 None
Measured [TC With CEA Movement -0.72 Measured Value = -0.84 £0.30
Measured PC =1.20 Measured Value = -1,02 $0.20
MTC Extrapolated to 70% Rated Thermal Power™ | -0.68 Less than 0.20
MTC Extrapolated to 100% Rated Thermal Power™*| -0.83 Less than 0.00

*  All temperature coefficients reported in units of 1E-4Ak/k/°F
All power coefficients reported in units of 1E-4Ak/k/%

%% Extrapolated values hased upon MTC measurement with CEA movement

TABLE 6.4.2.2

95% VARIABLE Tavg TEST RESULTS

barameter alues | Acceptance (riterias
Measured MTC Without TEA Movement ~0.79 None
Measured MTC With CEA Movement -0.79 None
Measured ITC Without CEA Movement ~0,92 None
Measured ITC With CEA Movement =0.92 Measured Value = -1.00 $£0.30
Measured PC -0.88 Measured Value = -0.88 $0.20
MTC Extrapolated to 100% Rated Thermal Power'™*| -0.8] Less than 0.00

* All temperature coefficients reported in units of 1E-4Ak/k/°F
All power coefficients reported in units of 1E-4Ak/k/%

¥* Extrapolated values based upon MTC measurement with CEA movement
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6.5 REACTOR COOLANT SYSTEM TESTING

6.5.1 RCS Calorimetric Flow Measurement (5IT-TP-710)

PURPOSE :

The primary purpose of this test was the determination of an
accurate value of the reactor coolant system (RCS) flowrate;
this measured flowrate was then used as the standard to which
the COLSS and CPC calculated RCS flowrates were conservatively

calibrated.

A second purpose of this test was to recalibrate ths COLSS

and CPC thermal powers (BDELT and BDT respectively) to second-
ary calorimetric power (BSCAL) following adjustment of their
respective flowrates. (If no flowrate adjustments were

performed, thermal power recalibration was not necessary.)
Finally, the test gathered data for use in the evaluation of
the adequacy of the installed thermal power adjustment

coefficients.

This test partially satisfied the commitments of FSAR section
14.2.12.3.2.

METHOD :

The performance of this test at a given plateau is
illustrated by the flowchart of Figure 6.5.1.1.
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The 'true' flowrate was calculated by dividing the measured
enthalpy (derived from the average cold leg temperature, the
average hot leg temperature, and the average pressurizer
pressure of Data Set 1) into the average value of secondary
calorimetric power. Comparison of the average COLSS-calculat-
ed flowrate to this value was then performed. If the COLSS
flowrate was between 99.8% and 100.0% of the 'true' flowrate,
i1t was considered satisfactory. If it was not within these
bounds, adjustments were made to the DI15(1) values to bring it

within the specified limits.

Once the COLSS flowrate had been satisfactorily calibrated to
the measured flowrate, the CPC flowrate was compared to the
COLSS flowrate. Acceptability was determined by verifying
that the CPC flowrate was between 99.5% and 100.0% of the
average COLSS flowrate. If this was not the case, the value
of FC1 for each CPC channel not meeting the criteria was
adjusted. (Adjustments to FCl were optional if the CPC flow
was less than 99.5% of the average COLSS flow, but recommended
to avoid excess conservatism from reducing the available
thermal margin.) Since the COLSS flowrate was calibrated to a
value less than or equal to the measured flowrate, and the CPC
flowrate was subsequently adjusted to a value less than or
equal to the COLSS flowrate, conservatism of the CPC flowrates

was assured.

Adjustment of either the COLSS or CPC flowrate leads to a
decalibration of the respective primary thermal power
calculation. Hence, if adjustments to flow were performed,
BDELT and BDT were recalibrated to agree with the secondary

calorimetric power.



I[f the CPC and COLSS acceptance criteria were not initially
satisfied at the 20% or 50% plateaus, adjustments were not
mandatory; at 80% and 100%, however, adjustments to calibrated
flow were required. The confidence in the measurement of
flowrate increases with power, so attempts to calibrate flow
at the lower power plateaus might have proven

counterproductive.

Following completion of the flow and power adjustments at the
100% power plateau, an evaluation of the thermal power adjust-
ment coefficients was performed. Values of CPC thermal power,
adjusted to reflect the final values of FC1 and TPC, were

compared to BSCAL to determine the thermal power error at each
power plateau. If this error were to exceed 0.5% at any

plateau, then a detailed evaluation by Combustion Engineering

would be required.

RESULTS:

Results from each performance of this test are summarized in
Tables 6.5.1.1 through 6.5.1.5.

At the 20% power plateau, adjustments to force COLSS flow to
within the necessary bounds about the 'true' flow were
interrupted by RCS temperature dropping outside of the
required control band (see Table 6.5.1.1). Since adjustments
at this plateau were not mandatory, the initial calibration of
the COLSS and CPC flow constants was left to be performed at
the 50% plateau.

Adjustments at the 50% and 80% plateaus were completed
satisfactorily, as shown on Tables 6.5.1.2 and 6.5.1.3.
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This test was performed twice at the 100% plateau. The first
performance was done to satisfy the surveillance requirements
of Technical Specification 4.3.1.1, item 10 (notation 8).
Results of this performance of the test are shown in Table

©.9.1:6,;

Following completion of the test program, an error was
discovered in the calculation of measured flow. The CPCs were
adjusted conservatively with respect to COLSS, but COLSS flow
was slightly greater than measured flow. An evaluation of

the test data was performed, and it was determined that the
CPCs were adjusted conservatively with respect to a best-
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