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(l]' SUMMARY '

The Diablo Canyon Power Plant Unit 2 Startup Program activities included in
this report are divided into the following sections:

1.0 Fuel Loading Program

2,0 Pre~Critical Test Program

3.0 . Initial Criticality and Zero Power Physics Test Program

4.0 Turbine Driven Auxiliary Feedwater (AFh) Pump Endur;nce Test
'5.0 Power Ascension Test Program

The Fuel Loading Program was performed during the period May 7-15, 1985. Fuel
loading proceeded very smoothly except for two major delays (see Section 1l.l1).

Reactor assembly, reactor coolant system filling and venting and surveillance
testing necessary to satisfy mode transitions to Hot Standby conditions were
performed from May 16 to June 28, 1985.

The Pre-Critical Test Program was performed between June 28, 1985 and August 19,
1985, Cold System Tests included Rod Mechanism Timing and no flow and full
flow Rod Drop Time tests. Hot System Tests included Rod Control System tests,
Digital Rod Position Indication tests, Rod Mechanism Timing, no flow and full
flow Rod Drop Time tests, Pressurizer Spray and Heater Capacity tests, RTID By-
pass Loop-Flow tests, Incore Thermocouple/RCS RID Cross Calibrations, RCS Flow
Measurement and -RCS Flow Coastdown tests. Results were acceptable and no major -
equipment problems or delays were encountered. The primary reasons for the long
duration of pre—critical testing were due to mode transition. preparation and
miscellaneous equipment problems.

Initial Criticality and Zero Power Physics testing were conducted from August 19
to August 26, 1985. All tests were completed satisfactorily, and no major
problems were encountered. The all-rods—out zero power moderator temperature
coefficient was slightly positive, requiring administrative limits to be placed
on control rod withdrawal. These limits remained in place throughout the remain-
der of thé Startup Program.

Following Zero Power Physics testing, a Turbine Driven Auxiliary Feedwater '
Pump endurance test with the reactor at low power was started on August 26,
1985. But, due to miscellaneous bearing temperature problems, a reactor .trip
and a subsequent reactor coolant pump motor failure, the test was postponed to
October 9, 198§ and completed on October 12, 1985.

The Power Ascension Test.Program commenced on October 12; 1985 with the per-
formance of the Dynamic Steam Dump Test and was completed on March 13, 1986
with the unit being declared commercial. The major reasons for the delays
during power ascension testing were equipment problems and the Strainer Outage
having to be performed prior to the completion of the Power Ascension Test
Program.






1.0 FUEL LOADING PROGRAM °

1.1 Summary

The purpose of the Fuel Loading Program was to establish and maintain the prere-
quisite conditions for fuel loading and to perform fuel loading in’'a specified
sequence. ‘ .

The initial core loading for Diablo Canyon Power Plant Unit 2 was performed during -
the period of May 7-15, 1985, All but ome of the 193 fuel assemblies were loaded
per the original fuel loading sequence. One of the fuel assemblies was damaged
during handling and had to be replaced at the end of the loading sequence. A
replacement ‘assembly was obtained through the NSSS vendor and loaded with less

than a one day delay. The rest of the core loading proceeded relatively smoothly
with only one other major delay to retrieve loose objects from the lower-core plate.
An improvement that was instituted on Unit 2 was the use of an IBM PC to accumulate
and analyze count rate data for monitoring ICRR (Inverse Count Rate Ratio).

-
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(ID 1.2 OP B-8D: -INITIAL CORE LOADING (PREREQUISITES AND PERIODIC CHECKOUTS)

TEST OBJECTIVE

The purpose of Operating Procedure B-8D was to provide a checklist of pre-
requisites for Unit 2 fuel load operations. '

TEST DESCRIPTION

Operating Procedure B-8D provided a checklist of prerequisites for Unit 2 fuel
load along with their scheduling and frequency requirements, periodic tests to

be completed during fuel loading, valve lineup checklists, and chemistry samp- ~
ling requirements and data sheets.

TEST RESULTS

Preparations were begun several weeks ahead of the projected fuel load date and
were signed off as each item was completed. Periodic tests were repeated as
necessary and signed off.







m 1.3  INITIAL FUEL LOADING

OPERATIONS

Fuel loading operations commenced on'May 7, 1985, with the first fuel assembly
being placed in the core at 0715. Operations were performed in accordance with
Operating Procedure B-8D, Supplement 2. The core loading map (Figure 1) and
loading sequence that were used had been provided to Pacific Gas and Electric
Company (PG&E) by Westinghouse Electric Corp., the NSSS vendor.

Prior to being loaded in the-core, the fuel assemblies had been wrapped in
polyethylene sheaths and dry stored in the Fuel Handling Building (FHB) spent

fuel storage racks, arranged in the order of loading: Each fuel assembly con—
sisted of a 17 X 17 square array of zircaloy-clad fuel rods with an active fuel
length of twelve feet and one of three fuel enrichments (corresponding to assembly*
number prefixes L, M and N).

Fuel assemblies were carefully raised from the spent fuel racks as the sheath
was stripped away, either by slitting the sheath with a knife or sliding the
sheath off. The assemblies were placed into the fuel transfer mechanism and
transferred along the partially flooded refueling canal into the Containment
Building. They were then grappled by the Manipulator Crane and transferred

to the partially filled reactor vessel. The assemblies were lowered at fast
speed while offset into adjacent core vacancy positions and were then carefully
positioned manually into the proper core location and lowered the final few
inches .in slow speed. Two observers at the vessel flange ensured that no
interferences were encountered.

All physical operations were carried out by PG&E personnel with Westinghouse
representatives on hand for technical advice. Two lO-hour shifts were used

with a four hour early morning break each day. Personnel at major fuel handling
workstations were rotated near the middle of each shift. Fuel handling opera-
tions included a dry—run training session Lat the start of many of the shifts in
order to train the less experienced personnel. Fuel loading operations were
completed at 1815 on May 15, 1985 with the insertion of the 193rd assembly into
the core. This corresponds to an average of about one assembly per hour includ-
ing all interruptions.

Prior to core loading, the two permanent plant Source Range Nuclear Instrument
channels N31 and N32 read about 0.24 and 4.06 counts per second (cps). During
breaks in the fuel load, work was performed on channel N32 to reduce noise lev-
els. By the completion of core loading, the Source Range count rates had in-
creased to about 11.23 and 11.39 cps, with occasional increases in count rate
on N32 indicating that the channel was intermittently noisy. These count rates
correspond to signal—-to-noise ratios of about 47 and 3, above the required
number of 2 for initial criticality. Inverse Count Rate Ratio (ICRR) plots
from the fuel load for channels N3l and N32 are shown in Figures 2 and 3. These
reflect the noisier nature of channel N32.

Y
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1.3 (Continued)

Three other temporary neutron detectors were obtained from the NSSS vendor and
were used to continuously monitor neutron count rate. These were lowered into
vacant core locations in the vessel. As the loading sequence progressed, the

temporary detectors were moved around to strategic locations for core monitor-

ing.

Count rate data were stored and analyzed on an IBM PC with graphics capability
using software written by PGGE. Data were input manually from data sheets on
which the counts were recorded by hand. The computer calculated count rates,
‘calculated ICRR"s and made criticality predictions. Additionally, the computer
produced ICRR plots for all detectors upon request, either as displays on the
monitor screen or as printouts (Figures 2 and 3).

Virtually all permanent data sheets were printed using the computer. The
engineering workstation was located in Containment and required two engineers
to assemble the data and operate the computer. By use of the computer, the
speed of the data analysis was much improved over Unit 1. Fewer engineering
personnel were required to maintain the flow of information required to sup-
port core loading.

Fuel loading operations were temporarily suspended approximately one day after
they began when the observers at the vessel flange noted small objects on the
lower core plate in the vicinity of assemblies being loaded. Previous to this
time, the observers had noticed nothing in the vicinity of assemblies being set
onto the core plate. TV monitor equipment was lowered into the core to examine
the small objects. Three solid, loose objects were retrieved and included one
small metal component from a pneumatic coupling that had come apart during pre-
vious work on upper internals. The other two were small pieces of tape and paint.
Examination of areas below the lower core plate failed to reveal any other objects.
Examination and retrieval were completed within one shift.

Fuel loading operations proceeded with only one other major interruption. While
removing the 135th fuel assembly (MO4) in the sequence from the spent fuel rack,
the polyethylene sheath became lodged between the fuel assembly and the spent
fuel rack cell. Cursory examination revealed that a sideplate on the

lowermost spacer grid had a bent flow tab. Upon closer examination it was dis—
covered that all four corner cells at the spacer grid were sufficiently dis-
torted to disrupt proper dimple/fuel rod.contact. Upon consultation with
Westinghouse Fuels in Pittsburgh, PA, it was decided that the fuel assembly
could not be used without being repaired at the fabrication facility. Fuel
loading was resumed with the damaged assembly left out of the sequence tem-—
porarily. While fuel loading proceeded, a replacement assembly (B52) was. flown
to the site in sufficient time to cause a delay-of only about one shift. This
incident was the only occurrence of binding of the sheath sufficient to cause
assembly damage concern omn Unit 2. A similar occurrence on one assembly on
Unit 1 had revealed no assembly damage.

Subsequent to the loading of the replacement fuel assembly (B52) into the core,
core mapping was completed by visual inspection of fuel assembly serial numbers
by two independent observers using binoculars. This concluded fuel loading
operations on Unit 2.

.






(]l' 1.3 (Continued) ‘ B

PROBLEMS

Several minor equipment and related problems caused short delays during Unit 2
fuel loading and are summarized below.

1. Manipulator Crane - Manipulator crane operation caused severe electrical
spikes on the temporary neutron detectors and thelr associated counting
electronics. To alleviate the problem and allow fuel, loading to continue,
the manipulator crane and fuel transfer mechanism were stopped during the

- taking of count rate data. This slowed the overall operation considerably
as it had on Unit 1.

2. Fuel Transfer Mechanism - The fuel transfer mechanism slowed and hesitated
on occasion. Addition of oil to the air motor oil lines and cycling restored
operation.

3. Temporary Neutron Detectors — Several NSSS vendor spare neutron detectors

were brought to the site, but by the end of fuel load there were no spares
left and one detector was acting somewhat erratically.

4, Source Range Nuclear Instruments — Noise was evident on both source range
) channels, with N32 having the most noise. Swapping to a spare cable and
improvements in grounding were helpful in reducing noise. Fewer spurious
containment evacuation alarms due to electrical interferences were receiv-
ed in Unit 2 than in Unit 1. .

<I]D S. Underwater Lights ~ Several bulbs burned out again, as was the case in
Unit 1. Fuel handling personnel complained of the poor lighting cond-
ition caused by narrow beam spotlights. Wider beam lights were installed.

6. Containment Personnel Hatch.— Thé interlock mechanism failed on the
personnel hatch, allowing both doors to open under the influence of
the negative pressure inside containment. All fuel handling ceased
while the doors were closed and the interlock was repaired. Personnel
were stationed at both doors to operate them and the problem did not
recur. .

7. Underwater TV System - The underwater TV system used to map the core
was unsuccessful in providing sufficient resolution to read fuel assem-
bly serial numbers. Considerable improvement is needed in the TV,
monitor, brackets and.lighting'in order to provide a sufficiently
versatile, useful system. : )

.~
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(l], 2.0 PRE-CRITICAL TEST PROGRAM

2.1

Summary

rd

Cold System Tests were performed after- initial fuel load, reactor assembly
and- RCS filling and venting. The tests that were done during this phase
were Incore Moveable Detector Checkout, Rod Drive Mechanism Timing and Rod

Drop Time Measurements. These were performed during the period from June 28,
1985 to July 4, 1985,

Hot System Tests were performed with the RCS. at rated temperature and pres-
sure. The tests included Rod Drive Mechanism Timing, Rod Drop Time Measure—
ments, Pressurizer Spray and Heater Effectiveness, RCS Flow Measurements,
RCS Flow Coastdown, and RTID Bypass Loop Flow Measurements. These tests
started on July 27, 1985 and were completed on August 12, 1985,

10 :






2.2 Test Procedure No. 38.5 - In-Core Moveable Dé;ectors

TEST OBJECTIVE

The purpose of this test was to functionally check the operation of the In-Core
Moveable Detector System. ,

TEST DESCRIPTION

This procedure was a comprehensive functional test of the In-Core Moveable Detector
System. Using a dummy cable, operation of all five and ten path transfer devices
was checked. The dummy cable was also used to verify path length measurements. In
addition, all alarms and indicator lights were checked for proper actuation. The
leak detection and gas purge systems related to the moveable detectors were tested.
Finally, the actual detectors were installed and the corrected path lengths were
determined.

TEST RESULTS

The high speed mode of transit did not meet the original acceptance criterion of
72 + 1 feet per second. Because the high speed mode is used to transport

the detectors to and from its thimble locations and no data is recorded during
this maneuver, Westinghouse agreed to a change of 72 + 2 feet per second

which allowed all the original data.to be accepted. All other acceptance criteria
were met and the system was proven operable for standard flux mapping.

. pee 88780






2.3 Test Procedure No. 36.1 — Rod Mechanism Timiﬂé

TEST OBJECTIVE

'The purpose of this test was to operationally check the cyecler timing for each
control .rod drive mechanism (CRDM) with' a rod control cluster assembly (RCCA)
attached under both cold and hot plant conditions.

TEST DESCRIPTION

Timing was checked by monitoring the 1ift coil, movable gripper coil and
stationary gripper coil currents with an oscillograph. Microphones were placed
on the top cap of each rod travel housing and their sound signals were monitor—
ed with their respective mechanism current traces. These traces were used to
verify proper latch operation in conjunction with the lift, movable gripper
and stationary gripper coil current traces. R

Rod mechanism timing checks at cold system conditions were performed from

June 28, 1985 to July 2, 1985 at approximately 370 psig and 136 deg. F.

Because the Digital Rod Position Indication (DRPI) system had not been declar-
ed operable, Digital Rod Position Indication Functional Procedure, STP R-1C

was performed in conjunction with T.P. 36.1. As each bank was being with-—
drawn, STP R-1C was performed at each 24 step increment. Then, with the bank
50 steps out, T.P. 36.1 was performed on each mechanism until all rods were
tested. Finally, STP R-1C was resumed as the bank was withdrawn to its full
228 steps out position. This sequence was repeated until all of the banks

were tested. ¢ .

Rod mechanism timing checks at Hot System conditions were performed from

July 31, to August 3, 1985 with the RCS at approximately 547 deg. F and 2235
psig. Because the DRPI was now declared operable it was possible to test the
mechanisms using standard testing techniques (by pulling one bank up and test-—
ing one mechanism at a time). ,

TEST RESULTS

The traces for each mechanism were evaluated immediately following the test
of that mechanism and were determined to be satisfactory.

Listed below are some of the problems encountered and their associated resolu-
tions during the performance of the Rod Mechanism Timing Test:

1) DRPI indication problems/encoder cards were replaced
2) Blown stationary fuses/fuses were replaced
3) Rod N-9 would not move/loose connector pins at the:bulkhead were

cleaned and repaired

4) Miscellaneous DRPI indication problems/loose electrical connector
pins from the DRPI coils at the head area were repaired

5) Data cabinet problems due to excessive environment temperature/cooling
air to the Data Cabinets was supplied.

12






m 2.4 Test Procedure No. 36.3 - Rod Drop Time Measurements

TEST OBJECTIVE

The purpose of this test.was to perform the following:

1) Measure the drop time of all control rods under four different con-
ditions; cold no flow, cold full flow, hot no flow -and hot full flow.
Under each of the conditions, obtain a-rod drop trace for a combined
data coil signal ("A+B" trace) and an individual data coil signal ("A&B"
‘trace). .

2) Repeat the rod drop test ten times on the rods with the slowest ‘and
fastest drop times under all of the above mentioned conditioms.

3) Demonstrate that the system meets the requirement:s of Technical Spec-
ification 3.1.3.4 which states that the individual full length (shut-
down and control) rod drop time from the fully withdrawn position shall
be <2.2 seconds from the beginning of decay of statiomary gripper
coil voltage to dashpot entry with Tavg 2541 deg. F and all reactor
coolant pumps running.

TEST DESCRIPTION

All measurements were made using a high speed visicorder to record the change
in mechanism stationary gripper voltage, the output of the Digital Rod Position
Indication (DRPI) data coils and the output of the microphones on the top cap
of the mechanism housings. From the traces thus .obtained, it was possible to
measure the rod drop time from the loss of stationary gripper coil voltage

to entry into the dashpot region as well as the time to reach the bottom of the
dashpot. Figure 4 is an example of the traces obtained.

Listed below are the rod drop test plant conditions and their perfogmance dates:

Cold No Flow 370 psig/136 deg: F July 1, 1985
Cold Full Flow 380 psig/156 deg. F July 3, 1985
Hot Full Flow 2235 psig/ 547 deg. F August 4, 1985
Hot No Flow 2235 psig/530 deg. F « August 6, 1985

-
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2.4 (Continued)

TEST RESULTS

Figures 5 through 8 show the rod drop times for the four plant conditions and

Table 1 lists the core average, slowest and fastest drop times.

All rod drop

times were well below the Technical Specification requirement of 2.2 seconds

from initiation of event to dashpot entry.

See section 2.3 (T.P. 36.1) for

some of the Eypical problems encountered during the performance of this test.

Table 1

Rod Drop Times (Sec.) for Various Plant Conditionms

4 «Core Slowest Fastest N Standard
Plant Conditioms Average Rod Rod Deviation
Cold Shutdown = No Flow 1.166/1.681 | 1.198/1.724 |. 1.146/1.641 | +0.011/0.018
Céld Shutdown = Full Flow| 1.451/2.110 | 1.505/2.235 | 1.400/2.030 | +0.023/0.034
Hot Standby - No Flow 1.129/1.616 | 1.158/1.654 | 1.106/1.598 | +0.011/0.015
Hot Standby = Full Flow 1.317/1.863 | 1.368/1.965 | 1.277/1.808 | +0.021/0.041

Times indicated represent:

of event to bottom of dashpot.

14 .
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Combined A+B and A8B Traces
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FIGURE 4
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CONTROL_ROD DROP TIME TABULATION

ﬂ% Temperature __ 136 _°F Pressure 370 psig . S Flow _0 %

X.XXX Breaker "Opening” to dashpot entry (seconds)
X.XXX Breaker "Opening" to bottom of das.hpot (seconds)

10

12

13

14

15

1.172 1.198 1.161 1.161 1.151
1.708 1.72¢f  |1.667 1.635 1.661
1.167 1.161 1.156 1.148
1.667 1.688 1.682 1646 |
1.167 1.161 1.193 1.167 T.151
1.703 1.682 1.714 1.698 1.688
1.177 T 167
1.698 1.677
1.188 1.172 1.156 1.161 1.151
1.708 1.682 1.677 1.667 1.677
1.161 1.177
1.677 1693}
1.167 1.161 7). e 1.172 1.167 1.167
1.698 1.677 1.672 1.672),  f.en7 1.677 693
1.151 1.177
1.672 _ 1.688
1.146 1.172 1.167 1.172 T.1e7
1.641 1.693 1.682 1.688 N
1.167 1.156
1.677 1.646
1.161 1.167 1.161 1.161 1.148
1.682 1.667 1.667 1.688 1.672
1177 1.172 1.156 1.077
1.693 1.688 1.677 1.688
1.156 1.161 1.156 1.161 1.182
1.682 1.661 1.656 1.698 1.719
P N N L K J H &6 F E D c B8

DIABLO CAKYOM POWER PLANT - UAIT 2

COLD SHUTDOWN - NO FLOW

»

FIGURE 5
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Temperature

X.XXX

355 - °F

v

3
.

CONTROL ROD DROP TINE TABULATION

Pressure _2330  psig

Breaker "Opening® to dashpot entry (seconds)
X.XXX Breaker "Opening® to bottom of dashpot (seconds)

¥

S Flow _100 %

1
1.490 1.504 1.455 1.450] . |1.420
4 2.195 2,180 2.125 2.080 2.090
1.470 § . [1.440 1.440 1.440
3 2.120 2.120 2.105 2,100
1.475 1.470 1.460 1.410 1.43
4 2,155 2.120 2.120 2,080 2,110
1.465 - 1.435
5 2.110 2.100
1.435 1.4404 1.420 1.420 1.450
6 2,095 2,090 2.070 2.050 2.100
1.471 1.465
7 2.110 2.100
8 | 1,405 1.440 1,450 1.450 1.460 1.465 1.470
2.100 2.100 2.130 2.100 2.100 2.115 2.120
1.435 1.440
9 2.090 2,090
1.465 1.480 1,460 1,450 1.420
10 2.095 2.120 2.110 2.110 b.100
1.455 1.445
11 2.035 2,065
1.435 1.450 1.440 1.450 1.430
12 2,090 2.080 2.080 2.090 2.115
1.475 "1 1.445 1.447 1.480
13 .. 2,125 2,115 2.140 2.170
1 1.455 1.438) 1.400 1.440 1.505
4 2.140 2.075) 2.030 2.150 2.235
15
R P | | L 4 J H 6 F E Cc B

DIABLO CANYONM PONER PLANT - UNIT 2
COLD SHUTDOWN FULL FLOW

PIGURE 6
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(l"l"qnntun 530 °F Pressure _2235 _ psig CFlow o %

CONTROL ROD DROP TIME TABULATION

X.XXX Breaker "Opening” to dashpot entry (seconds)
X.XXX Breaker "Opening" to bottom of dashpot (seconds)
1
1.140 1.158 1,130 | _|1.140 .123
2 1.635 1.654] 1.640 1.604 .600
1.130 1.126 1.120 N ERED
3 1.605 1.622 1.610 1.604
1.134 1.140 1.111 1.130 T.115
4 1.630 1.620 1.603 1.620 1.618
1,134 T.127
5 1.630 . 1.619
1.122 1.120 1.106 1.120 1.130
6 1.627 1.615 1.598 1.593 1.620
-~ +11.130 1.140
7 1.605 1.635
1.140 1.118 1.138 1.142 1.107 1.133 1.133
8 1.633 1.593 1.622 1.632 1.602 1.620 1.610
1.129 1.130
9 1.607 1.621
1.137 1.140 1.117 1.118 1120
10 1.614 1.630 1.603 1.613 1.615
1.110 1.122
11 1.609 1.581
1.132 1.133 1.106 1.140 1.122
12 1.622 1.620 1.591 1.625 1.629
13 1.140 1.120 1.121 1.133
1.630 1.610 1.621 1.617
1.126 1.126 1.133 1.129 1.142
14 1.621 1.603 1.595 1.628 1.647 )
15
R 4 | M L K J H 6 F E 1} c B
DIABLO CANYON POWER PLANT - UNIT 2

HOT STANDBY - NO FLOW

FIGURE 7
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CONTROL ROD DROP TIME TABULATION

a“ | Tesperature _ss7_°F  Pressure 2235 psig S Flow _ 100 %

X.XXX Breaker "Opening" to dashpot entry (seconds) -
X.XXX Breaker "Opening® to bottom of dashpot (seconds)

1
1.368 1.335 1.314 | 1,332 1.352
2 u 1.965 1.902 1.856 1.853 1.902
1.324 1.306 ] 1.315 1.328
3 ‘ 1.873 1.876 1.875 1.870
A 1,350 1.318 1,308 1.2821" 1.330
1.920 1.860 1.859 1.853 1.890
13304 1.314
3 1.895} 1.868
1.310 1.300 1,378 - |1.284 1.299
6 1.870 1.852 1.830 1.819 1.855
1.33 1.340
7 1.86 1.8%0
8 1.330 1300 - 1319 310 | - f1.294 1.316 1.312
1.879 1801} 1.864 h.870 1.837 1.859 1.861
' (l]' 1.302 1.335
9 1.822 1.893
10 1.320 1.312 302 1.306 |- 41,208
1.850 1.872 .855 1.856 1.858
1.308} 1.336
11 1.8504 1.852
1.311 1.281 1,280 1.299] _ 1.350
12 1.866 | 1.845 1.824 1.838 1.900
1.348 1.324 1.327 1.346
13 1.906 1.864 1.895 1.905
1.340 1.305 1,277 1.297 1.360
14 1.900 1.840 h.808 1.883 1.953
15

R P L K J H & fF E 0O cC 8

DIABLO CAMYON POWER PLANT - UNIT 2
HOT STANDBY - FULL FLOW

FPIGURE 8
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m 2.5 Test Procedure No. 36.5 —-Digital Rod Positio-n Indication System

TEST OBJECTIVE

The purpose of this test was to verify that the Digital Rod Position Indication
(DRP1) System satisfactorily performed the required indication and alarm func-
tions for each individual RCCA under Hot Standby conditioms.

TEST DESCRIPTION

With the plant in Hot Standby conditions, the control rod system was operated
and proper agreement of rod position between the step counters, DRPI, P-250
computer, and pulse-to-analog (control banks only) gystems were verified.

TEST RESULTS

All DRPI, P-250 computer, pulse-to—analog and step counter readings agreed excep—-
tionally well.

20






. 2,6 Test Procedure No. 36.6 — Rod Control System Operational Test

TEST OBJECTIVE

The purpose of this test was to verify the proper operation of the Rod Control
System. - .

TEST DESCRIPTION

With the plant at Hot Standby-conditions, the control rod system was operated to
verify the proper functioning of the following:

1) Rod movement status lights.

2) Rod position indication systems.

3) Rod speed indicator.

4) DC hold supply cabinet.

5) Bank overlap.

6) "Rod Bottom" and "Rods at Boctom alarms.

During the bank overlap test, rod control was in manual and the overlap settings
were lowered from their normal values to preclude excessive rod withdrawal.

TEST RESULTS

All rod control system functions performed as expected. The only major delay was.

the inadvertent blowing of the DC hold cabinets’ power supply diodes caused by
improper switching and their subsequent replacement.

21






2.7 Test Procedure No. 7.10 - Pressurizer Spray éhd Heater Capacity and Con-
tinuous Flow Setting

TEST OBJECTIVE

This test had three objectives:

1) To establish the continuous pressurizer spray flow rate’ by -
adjusting the spray flow bypass valves.

2) To determine pressurizer spray effectiveness.

3) To determine pressurizer heater effectiveness.

TEST DESCRIPTION

For the contimous spray setting, the plant was initially stabilized at Hot
Standby conditions with the spray flow bypass valves (valves 8050 and 8051)
3/4 turn and 1/4 turn open, respectively. Each spray valve was then adjusted
to obtain the minimum possible continuous spray flowrate while maintaining a
pressurizer to spray line temperature difference less than 200 deg. F and a
spray line temperature above the low temperature set—point of 500 deg. F.

The resulting valve positions represented the final settings.

To initiate the pressurizer spray effectiveness portion of this test, the plant
was stabilized at Hot Standby conditions and all pressurizer heaters were de-
energized. Next, both normal spray valves were fully opened to cause a rapid
depressurization. The pressure transient response (i.e., pressure vs. time as
meagured on a strip chart recorder) was then compared to the acceptance criteria.

The final section of this test was intended to verify pressurizer heater effec-—

tiveness. With the plant at stable Hot Standby conditions and both normal spray
valves closed, all pressurizer heaters were energized to their maximum capacity.
The pressure transient response, as measured by a strip chart recorder, was then
compared to the acceptance criteria.

TEST RESULTS
The pressurizer continuous spray flow bypass valves were set as follows:

Loop 1l: Valve 8050: 1/2 turn open,
Loop 2: Valve 8051: 3/4 turn open.

Pressurizer sbray effectiveness was determined to be approximately -130 psi/
pinute. This rate was well within limits, as shown by Figure 9.

Pressurizer heater effectiveness was determined to be approximately 17 psi/

minute. Again, the transient response was well within limits, as shown in
Figure 10.
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2.8 Test Procedure No. 7.3 — Resistance Temperature Detector Bypass Loop Flow
Measurements

TEST OBJECTIVE

The objective of this test was to verify transport times and alarms in the
Resistance Temperature Detector (RTD) bypass loops for Hot Standby conditions
after core loading.

TEST DESCRIPTION

RTD bypass loop total flow, hot leg flow, and cold leg flow were measured for
each reactor coolant loop. These measured values were compared to calculated
minimum flow rates necessary to achieve the design reactor coolant transport
time (i.e. 1.0 second) for each loop RTD. In addition, the RTD bypass loop

low flow alarms were set and verified.,

TEST RESULTS

Prior to conducting the flow measurements, 0.73 inch restricting orifices were
installed in each of the four cold leg bypass loops to balance the flows and
to reduce the total bypass flows to within the flow indicator range.

RTD bypass loop low flow alarm setpoints were set and checked to trip within
90% of the total measured RTD loop bypass flow rate. RTD hot leg and cold leg
bypass loop flows were significantly greater .than the minimum required flows,
thus ensuring acceptable reactor coolant transport times for each RTD. Final
results are shown in Table 2.

Table 2

RTD Bypass Loop Flows

Reactor
Coolant Cold Leg Flow (gpm) Hot Leg Flow (gpm) Total Flow
. Loop Minimum Actual Minimum Actual (gpm)
2-1 50.7 108.2 64.4 i51.8 260.0
2-2 67.7 95.3 61.2 148.7 244.0
2-3 56.7 102,5 61.9 " 144.5 247.0
2-4 64,2 93.3 61.9 146.7 240.0
2 pec - 83780







ﬂb 2,9 STP R-27: Incore Thgrm;couple and RCS RID Cz:oss Calibration

TEST OBJECTIVE

Surveillance Test Procedure R-27 provided a means to calibrate the incore thermo-
couples using the RCS loop RTDs as a reference at 547 deg. F. The procedure also
allowed a cross calibration to the RIDs themselves. . ’

TEST DESCRIPTION

Surveillance Test Procedure R-27 consisted of establishing a stable, full-flow
isothermal RCS temperature of 547 deg. F using a single condenser steam dump
valve. Simultanecusly the wide, narrow, and spare RTD resistance" readings for
each RCS loop and incore thermocouple temperatures at various locations were
recorded. RTD resistance readings were obtained at the Hagan Racks. Thermo-
couple temperature readings were obtained from the output of the P-250 process
computer, the Thermocouple Monitoring Systems (TMS), the Emergency Response
Facility Data System (ERFDS), and the Subcooled Margin Monitor.

In order to read operating RID resistances, those RTDs had to be taken out of
service. Because. of Technical Specification requirements, only the RIDs in
a single loop were removed at any time and measured and repeated for each
remaining RCS loop. Between loops, the previous loop RTDs were restored to
service and isothermal temperature in the RCS was re-established by operating
the steam dump system in the pressure control mode. The time required to re-
establish isothermal conditions was minimized by feeding the steam generators
% to maintain a constant level between the data acquisition for each loop. -

TEST RESULTS

All RTD readings-were consistent. Most required small temperature corrections,
all much less than +l1 degree at 547 deg. F. All wide and narrow range RIDs met
the +0.7 deg. F criterion to be declared OPERABLE. All but four met the #0.3
deg. F accuracy specification. Thus, four RTD instrument loops needed recalib—
ration.

Thermocouple readings at the TMS panels largely met the +2 deg. F acceptance
criterion. * Greater than 50%Z of the thermocouple readings at the ERFDS, the
Subcooled Margin Monitor, and from the P-250 were outside the acceptance criteria
and thus required recalibration.

Plant I&C Engineering have evaluated the data and have determined that the of £~

sets necessary to bring the readings to the specified accuracies were of such
small magnitude that recalibration at this time would not be productive.
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2.10 Test Procedure No. 7.5 — Reactor Coolant Syéfém (RCS) Flow Measurement

TEST OBJECTIVES

The primary objective of this test was to calculate steady state Reactor Coolant
System (RCS) flow at pre-critical condftions. Additional data, to serve as base—
line information for an undamaged core, were also collected.

TEST DESCRIPTION

Loop flow instrumentation consisted of three elbow tap differential pressure
transmitters on each of the four reactor coolant loops. In order to dampen
flow oscillations, snubbers were temporarily installed on these loop flow.
transmitters.

Initial conditions for the RCS flow measurement required steady state Hot
Standby conditions with all four reactor coolant pumps operating. With the RCS
stable, flow transmitter output and RCS temperatures were recorded for a ten
minute period. The voltage readings from each elbow tap flow transmitter were
averaged and converted to a differential pressure based on calibration data. '

Reactor coolant loop flow was determined as a function of the loop flow trans-—
mitter differential pressure and temperature through the use of a Westinghouse
supplied curve.
RCS baseline data were collected for various operating pump configurations to
serve as a reference to which future data could be compared, if required.

TEST RESULTS
The total RCS flow rate was 388,217 gpm. The individual loop flow rates were

all within +3% of the average and all acceptance criteria were met. Table 3
provides the details of the results.
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Table 3

Reactor Coolant Loop Flows

Reactor Loop Flow . % Difference *
Coolant Loop ° (gpm) -‘From Average
2-1 96,183 -0.9
‘2-2 : 95,817 w -1.3
2-3 - 99,417 2.4
2-4 ' 96,800 -0.3
Total Flow 388,217
Loop Average ) 97,054

* Loop Flow = 97,054

%100
97,054

ACCEPTANCE CRITERIA

l. Flow rate for each loop within 5% of average.
2. Individual loop flow rates 2> 88,500 gpm.

3. At Hot Standby, total RCS flowrate 2 90% of 366,000 gpm.
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2.11 Test Procedure No. 7.6 — Reactor Coolant System Flow Coastdown

TEST_OBJECTIVE

The main objective of this test was to measure changes in the reactor coolant

flow rate resulting from trips of various reactor coolant pump (RCP) breakers.
Delay times associated with these trips were also determined.

TEST DESCRIPTION

Two coastdowns were analyzed:

1) Four pumps operating initially, two pumps coasting down (2/4),
2) Four pumps operating initially, four pumps coasting down (4/4),

In each case, the pumps coasting down were tripped within 100 msec of one-~
another under Hot Standby conditions. The resulting coastdowns, i.e., flow
as a function of time, were compared to coastdowns in the FSAR.

TEST RESULTS

For the 4/4 coastdown, the rate at which actual flow changed was evaluated
through the slope of the inverse core flow curve, as shown in Figure ll.

This curve was compared to the FSAR inverse core flow curve in the time range
of 3 to 10 seconds. Although the slope.of the actual curve was greater than
the slope of the FSAR curve, the results were evaluated by Westinghouse and
determined to be acceptable. The actual inverse flow curve was also used to
determine flow sensor delay. (Flow sensor delay is defined as the time at
which the best straight line approximation to the inverse flow curve drawn
in the 4/4 coastdown, between three and ten seconds, intersects the inverse
flow value of 1.0).

For both coastdowns, the actual flow, corrected for flow sensor delay, was
compared to the flow in the FSAR. Results are shown in Figure 12. To be
conservative, the FSAR curve must lie below (i.e., show a more rapid reduc-—
tion in coolant flow) the actual curve. However, due to conservative testing
methodology, actual flow curves typically lie slightly below the FSAR curves
for Westinghouse plants. The results were evaluated and declared acceptable
by ‘Westinghouse.

Data from the 2/4 coastdown was used to calculate the low flow time delay, the
undervoltage trip delay time, and:the under frequency trip delay time. All
three parameters met their respective Acceptance Criteria (A.C.). The low
flow time delay, defined as the time from beginning of coastdown until rod
motion, was calculated to be 1.63 seconds (A.C. of <3.06 seconds). The under—
voltage trip delay time, defined as the difference between the time undervol-
tage trip conditions are reached and the time the rods are free to fall, was
calculated to be 0.118 second (A.C. of <l.2 seconds). The underfrequency

trip delay time, defined as the difference 'between the time underfrequency
trip conditions are reached and the time the rods are free to fall was cal-
culated to be 0.127 second (A.C. of 0.6 second).
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3,0 . INITIAL CRITICALITY AND ZERO POWER PHYSICS TEST PROGRAM

3.1 Summary

This portion of the Startup Program consisted of Initial Criticality and Zero
Power Physics Testing. The approach to criticality started on August 19, 1985
and the low power physics measurements were completed on August 25, 1985. No
major problems—were encountered during the conduct of these tests.

Initial critidélity was achieved on August 20, 1985 at 0216 hours.
Next, nuclear design checks were performed by measuring parameters including:

- Criticii boron concentrations

- Isothe;mal Eemperature coefficients

= Control rod bank feaqtivity worths

- Zero power neutron flux distributions

- Boron reactivity worths

These parameters were determined at nominal all-rods—out conditions as well as
for various control bank configuratioms.

Additional physics testing included a pseudo rod ejection and a minimum shut-
down margin verification. For the pseudo ejection, an individual control rod
was withdrawn in order to obtain the flux distribution and ejected reactivity
worth. Finally, adequate shutdown margin was verified by measuring the reac-—
tivity worth of the shutdown banks and the worth of the most reactive stuck rod.

The physics testing was completed in a timely manner and verified that the zero-
power physics characteristics of the reactor core are counsistent with design.
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3.2 Test Proce&ure No. 41.2 - Initial Criticality

TEST OBJECTIVE

The objectives of this procedure were to 1) achieve criticality, 2) increase reactor.
power to the point of adding heat, 3) establish the zero power test range, and 4)
verify proper operation of the reactivity computer.

TEST DESCRIPTION

»

Initial conditions were established with the shutdown banks fully withdrawn,
control banks fully inserted, boron concentration at 1819 ppm, RCS temperature
at 547 deg. F, and RCS pressure at 2252 psig. .

The control banks were withdrawn in 50 step intervals until Control Bank D reached
170 steps. An inverse count rate ratio (ICRR) was taken at each interval.

During the control rod withdrawal, the ICRR dropped from 1 0 to approximately
0.65.

Normal mode dilution to criticality was then commenced at approximately 1000
pem/hr. Again, ICRR was tracked and plotted. When the ICRR reached 0.2, the
dilution was stopped to allow RCS mixing. Control rods were driven in to off-
set the dilution as criticality was achieved during mixing at approximately
0216 hours on August 20, 1985.

Rods were pulled to obtain a positive startup rate and power increased to 1x1078
amp on the intermediate range. Power was then stabilized and reference initial
criticality data taken: 113.5 steps for Bank D, 1313 ppm RCS boron concentra-
tion. .

During the approach to criticality and the subsequent increase to 1x10~8 amps,
the reactivity computer was not operable due to the erratic behavior of the
unit”s recorder. The problem was traced to a noise signal from the power range”s
lower detector. The signal was not serious enough to affect the operability of
the power range channel but it was of a large enough amplitude to affect the
operation of the reactivity computer. Therefore, it was decided to hook the
reactivity computer to another power range channel (NI-44) and return the other
power range channel (NI-43) to service.

Following the resolution of noise problems related to the reactivity computer
set—up, power was increased toward the point of adding heat (POAH). Approach
to POAH was repeated three times to ensure data Trepeatability. From the POAH
data, (1x10~6 amp as indicated on thegreactivity computer), the zero power test
range (ZPTR) was established as 1x10 =8 o 1x10 amp on the reactivity computer,

" Reactor power was then reduced to the lower end of the ZPTR in preparation for -

the rcactivity computer checkout. Twenty-five, forty and sixty pcm positive
reactivity additions were made and the neutron doubling times were measured.
The results were checked against Westinghouse design criteria and found to be
satisfactory.

«
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3.2. (Contined)
TEST RESULTS

All parameters measured during this-testing were within the Acceptance Criteria
provided by Westinghouse. Critical-boron concentration was measured at 1313 ppm
with Bank D at 113.5 steps. The estimated critical condition was 1313 ppm with
Bank D at 170 steps. The difference was well within the design margin allowance.

The POAH was measured at 5x10~7 amp on the intermediate range detectors.
Recording the same data for each of the three approaches to the POAH

verified the value was correct and repeatable.

The last test to verify proper operation of the reactivity computer indicated
proper response for reactivity changes. All test cases were within the +4%
Acceptance Criteria. This test was repeated several times during the Low Power
Physics Test Program to ensure continued proper operation of the reactivity
computer throughout testing.

ote - | 838780
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3.3 Test Procedure No. 41.3 - Nuclear Design Checks

*

TEST OBJECTIVE

The objective of this test was to measure the Boron Endpoints, Isothermal
Temperature Coefficients and the Zero Power Neutron Flux Distributions and
compare the results with design predictioms. .

o’

TEST DESCRIPTION

At various control rod configurations, measurements were made to determine
the Boron Endpoint, the Isothermal Temperature Coefficient, and the Zero
Power Neutron Flux Distribution.

Boron End Point Measurements

These measurements were performed to determine the boron concentrations at
which the reactor would be just critical for several control rod configurations.

The control rod configurations at which this measurement was performed were:

1)  All rods out (ARO)

2) Control bank D fully inserted

3) Control banks D and C fully inserted

4) Control banks D, C, and B fully inserted . .

5) Control banks D, C, B, and A fully inserted

6) Shutdown bank D, and all control banks fully inserted

7)  Shutdown banks D and C, and all control banks fully inserted

8) All control banks fully inserted less the most reactive rod control

cluster assembly. ;

These measurements were performed with the reactor just critical and within 60
pem of the endpoint configurations. The critical RCS boron concentrations were
based on RCS sampling. The controlling banks were then withdrawn/inserted to
the endpoint configuration and the reactivity changes were measured. The
corresponding critical boron endpoint concentrations were then determined as
follows: .

(CB);nd‘= (CB)j.c. - [A:p/(Boron Worth)]

Where:

(CB)end = Critical boron endpoint concentration.

(CB)j.c = Measured just critical boron concentration at beginning of
measurement

Ap = The reactivity change by bank insertion/withdréwal to endpoint con-
figuration.

Boron Worth = The reactivity change per unit boron concentration change as
specified by the Nuclear Design Report.
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@' 3.3 (Continued) .

Isothermal Temperature Coefficient Measurements

These measurements determined the reactivity changes due to the overall
temperature changes of the core.’ These measurements were performed at
the following control rod configurations: . ’

1) All rods out.
2) Control bank D fully inserted.
3) Control bank D and C fully .inserted.

With the output from the reactivity computer and an average RCS Tavg signal con-
nected to an x—y recorder, the RCS was gradually cooled approximately 5 deg. F
using the steam dump system and then reheated to the no-load Tavg. The slope gen-—
erated on the x~y recorder was then taken to be the isothermal temperature
coefficient (ITC).

Another parameter of interest, the moderator temperature coefficient (MIC),
was then determined from the relationship:

ITC = MIC + FIC

where:
ITC = Isothermal Temperature Coefficient - .
(]D MTC = Moderator Temperature Coefficient

FIC = Doppler (Fuel) Temperature Coefficient (from Nuclear Design Report)

Zero Power Flux Distributions

In order to verify the correct fuel loading pattern and to vérify design calcu-
lations, low power testing included two flux distribution measurements: the
first with all rods out and the second with Control Bank D almost fully inserted.
The core average temperature was maintained at approximately 547 deg. F and
reactor power was maintained just above the nominal zero power physics test
range and just below the point of adding nuclear heat. The core average radial
power distributions are shown in Figures 13 and 14 for the two cases.

The Movable Detector Flux Mapping  System was used to collect data from the 58
fuel assemblies with instrument paths. Due to small detector currents during
zero power testing, the movable detector system required a 'special setup for
each detector consisting of a high quality power supply and a Keithly Picoam~
meter for signal input to the flux trace recorders and ‘the P-250 computer.

The collected data (i.e., the P-250 output) were then input to the INCORE

computer code, which expands the measured information to a detalled three-
dimensional full-core power distribution.
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3.3 (Continued)
TEST RESULTS

Boron Endpoint Measurements

The results of the Boron Endpoint measurements are shown in Table 4. The measur-—
ed values agreed very well with predicted values and all acceptance criteria
were met.

Isothermal Temperature Coefficient Measurements

The results of the Isothermal Temperature Coefficient measurements are summarized
in Table 5. All acceptance criteria were met. It was determined that the mod-
erator temperature coefficient was positive at the ARO endpoint configuration.

" Rod withdrawal limits were established using an interpolation technique on the
isothermal temperature coefficient data of the ARO and Control Bank D fully
inserted endpoints. The rod withdrawal limits are a function of boron concen-
tration and power level as shown in Figure 15. They will remain in effect
until sufficient core burnup has occurred such that the critical boron concen-
tration is reduced to the point where the moderator temperature coefficient is
always negative. (The Technical Specifications require only that the moderator
temperature coefficient be negative).,

Zero Power Flux Distributions

. Both flux distribution measurements yielded results close to expectations and
well within the acceptance criteria. The core average axial power distribution
was close to a cosine shape while the unrodded radial distribution was reason-
ably flat with the peak assemblies closer to the core periphery than the center
(see Figure 13 for relative assembly powers). Insertion of Control Bank D

caused a slight increase in flux peaking, as shown in Figure 14, The radial dis-
tribution was also characterized by a small, but acceptable, flux tilt. Peak-
ing factors are summarized in Table 6.
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Table &

Measured Versus Predicted Boron Endpoint Concentrations

Critical Boron Concentration

Endpoint
Configuration Actual . _‘Predicted
(ppm) .. - (ppm)

ARO 1352 1322 + 50

CD in 1217 1217 # 14

CD,CC in 1102 1102 + 12
" ¢p,CC,CB in 978 981 + 12

€D, CC,CB,CA in 927 929 + 5

CcD,CC,CB,CA,SDD in 857 *

¢p,cc,CB,CA,SDD,SDC, in 762 *

ARI, N-1 741 719 + 63

* no predicted concentration
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Table 5

Measured Versus Predicted Isothermal Temperature Coefficient and
Derived Moderator Temperature Coefficient

. : Derived *
Isothermal Temperature Coefficient (ITC)| Moderator
Endpoint Temperature
Configuration Measured Predicted Coefficient
(pem/deg. F) (pem/deg. F) (MTC)
(pcm/deg. F)
ARO ~-0.26 -0.84 +3.0 +1.64
CD in T =4.07 =-4.75 +3.0 =2.17
Cb,CC in -7.85 -8.75 +3.0 -5.95

* From Design Predictions, FTIC

MIC

-1.9 pcm/deg.F

ITC - FIC )
= ITC + 1.9 pcm/deg. F
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TABLE 6

Power Distribution Results

. UNRODDED RODDED
ITEM FLUX MAP FLUX MAP ‘
" (All Rods Out) (Control Bank D In)
CONDITIONS - temperature 547 deg. F 547 deg. F
- boron conc. 1356 ppm 1223 ppm
- power 0% 0%
- burnup 0 MWD/MTU 0 MWD/MTU
DATE August 24, 1985 August 24, 1985
ROD CONFIGURATION Bank D @ 228 steps Bank D @ 18 steps
Bank C @ 228 steps Bank C € 228 steps
EgH ~ measured value 1,422 1.577
~ location* MO4~1J J02-4Q
~ acceptance criteria 1,462 +10% 1.53 +10%
F; ~ measured value 2,315 2,509
-~ location¥* M12-IH @ 77" JO2-aQ @ 77"
QUADRANT =~ measured value 1.008 1.010
TILT
~ acceptance criteria £1.020 £1.020
= by quadrant. 1,005 ' 1.002 1,004 | 1,006
0.991 1.002 0.992 ' 0,998

* Assembly locations (i.e., M12) are shown in Figure 1

Pin location within assembly (i.e., IH) are based on 17 x 17 matrix ranging
rom AA, to QQ. ‘
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CORE AVERAGE RADIAL POWER DISTRIBUTION -ALL RODS OUT ‘

Relative Assembly Power (Pi)
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Relative Assembly Power (Pi)

Measured P1 - Expected Pi

CORE AVERAGE RADIAL POWER DISTRIBUTION - CONTROL BANK D INSERTED
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3.4 Test Procedure No. 41.4 & 41.5 - Rod and Boron Worth Measurements

TEST OBJECTIVE

The objective of these tests was to determine the reactivity worth of each
‘control bank, total reactivity worth of control banks with normal 100 step
overlap and the average boron reactivity worth. .

TEST_DESCRIPTION

Individual Control Bank Worth

With all control rods withdrawn, a reactor coolant system boron dilution was es—
tablished. The control banks were ingerted ‘to compensate for the resulting réac-
tivity gain. The sequence of individual countrol bank insertion was Control

Bank D, Control Bank C, Control Bank B, then Control Bank A.

The reactivity changes were recorded using the reactivity computer. The data
obtained were used to develop integral and differential bank worth curves.
Figures 16 through 19 show these curves.

Control Bank Worth With Normal Bank Overlap

With all shutdown banks withdrawn and all control banks inserted, a reactor cool-
ant system boration was established. The control banks were withdrawn to compen-
sate for the resulting reactivity insertion. The withdrawal was done in normal
sequence with normal bank overlap.

The integral and differential worth curves are shown in Figure 20,
Boron Worth

The average boron reactivity worth was based on data obtained during the in- '
dividual control bank worth measurements. A typical boron worth consisted of

the ratio of the reactivity worth of the individual control bank to the change

in critical boron concentrations associated with the insertion of the control
bank.

TEST RESULTS _ °

The measured values agreed well with predictions as can be seen in Tables 7
and 8. All acceptance criteria were met.
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Table 7

Measured Versus Predicted Control Bank Reactivity Worth ,

Control Bank Measured Worth fredicted
(pem) (pem)
CD 1398 1365 + 1l37
cc 1186 1162 + 116
CB 1301 1242 + 124
CA 534 533 + 53
Total 4419

Control Banks
in Overlap

Measured Worth

4397 pem

Within +47% of the Total
Measured Worth of Individual Banks

4419 + 177 pem
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INDEXED RMS

Measured Versus Predicted Average Boron Worth

Control Bank Bank Worth . Boeron Worth
- (pem) (ppm) (pom/ppm)
(0] ' -1398 135 -10.4
cc _ -1186 - 115 -10.3
CB -1300 124 -10.5
cA -534 . . 51 -10.5
Average -10.4
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3.5 Test Procedure No. 41 6 - Rod Cluster Control Assembly (RCCA) Pseudo
Ejection At Zero, Power

TEST OBJECTIVE

The objective of this test was to simulate ejection of the most reactive control’
rod (D12) with control banks at the zero power insertion limits The integral worth
of Rod D12 was measured and compared with design values. Core power distribution
was determined to verify that hot channel factors were within predicted values

and FSAR limits. '

~

TEST DESCRIPTION

Reference conditions were established with the reactor critical in the zero power
test range. Control rods were positioned at approximately the zero power rod
insertion limit and Control Bank D adjusted to reference conditions as shown
below:

; Shutdown Banks A, B, C, D................................-.....228 Steps
Control Bank A..‘....O...O..‘...‘......'.'.0000000000000'000000228 Steps
COncrol Ba:lk BO........O....Q...l......'.Q..O..O.Q...O......‘..227 Steps
Control Bank Cecceeecccossscsscescsessssscsscsassscssccssessnes 39 steps
Control Bank Decececsscseescoscassssscascsssscsscesssssscsnssoes I Steps

A baseline incore flux map was obtained and analyzed.

Lift coil disconnect switches for all rods in Control Bank D except rod D12 were
opened and a 300 pcm/hr continuous boron addition commenced. Criticality was
maintained by withdrawal of the “ejected rod”, Dl2. During withdrawal, integral

rod worth for D12 was measured. With D12 near the full out position, boron

addition was stopped. With D12 fully withdrawn, the ejected rod incore flux

map was taken. , Following the flux map, D12 was inserted with reactivity compensated
by the withdrawal of Control Bank C. In order to allow a flux map measurement
required by Test Procedure 41.3 (ref. Section 3.3), the final configuration
congisted of Bank C fully withdrawn and Bank D realigned at a position of 5 steps.

TEST RESULTS

The reactivity worth measured during the withdrawal of control rod D12 was 505 pcm.
When this value was increased by 10% for conservatism, the worth was 555 pcm.

This value 1s well below the design upper-limit acceptance criteria of 737 pen

and the safety analysis upper—limit acceptance criteria of 785 pcm,

The power distributions met acceptance criteria and were 'consistent with

expectations as the post-ejection flux peaking factors were located near
rod D12.
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3.5 (Continued)

The post—-ejection value of Fa (i.e., heat flux hot channel factor) was 8.0,

well under the design limit acceptance criteria of 10.45 and the safety analysis
limit acceptance criteria of 13.0. The power distribution results are
summarized in Table 9. ' ’
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" TABLE 9

Power Distribution Results (Pre and Post Pseudo RCCA Ejection)

* POST~EJECTED

PRE-EJECTED
ITEM FLUX MAP FLUX MAP
CONDITIONS 547 deg. F 547 deg. F
- temperature 1174 ppm 1222 ppm
- boron conc. 0% (174
- power 0 MWD/MTU 0 MWD/MTU
= burnup HZP insertion limit HZP insertion limit
with rod D12 with-
) drawn
= rod configuration
DATE August 25, 1985 August 25, 1985

- measured value 1.64 4.68
= location* El4=AA Cl13-CC
FTQ - measured value 3.15 8.00
- location* J02-AQ @ 38" cl3-cc @ 55"

QUADRANT TILT
= by quadrant

1.000 | 1.009

0.988 , 1.003

0.359 I 0.703

0.713 | 2.225

* Assembly locations (i.e., El4) are shown in Figure L.

Pin location within assembly (i.e., AA) are based on 17 x 17 matrix ranging:

from AA to QQ.
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RELATIVE ASSEMBLY POWER DISTRIBUTIONS - PSEUDO RCCA EJECTION

r «
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3.6 Test Procedure No. 41.7 - Minimum Shutdown Margin Verification and Stuck Rod
Worth Measurement

TEST OBJECTIVE

a

The objectives of this test were to 1) measure the reactivity worth of the
Shutdown Banks, 2) measure the critical boron concentration with’ all comtrol '
rods inserted and the most reactive rod (F10) fully withdrawn, and 3) measure

the reactivity worth of the most reactive rod.

TEST DESCRIPTION .

The test began with the reactor critical in the zero power test range with all
control banks inserted and all shutdown banks withdrawn. Prior to the reactivity
worth measurement, for Shutdown Bank D, preparations were made to enter the
Technical Specification Special Test Exception for minimum shutdown margin.

This required demonstration of the ability to trip from at least 50% withdrawn

each control rod not fully inserted within 24 hours prior to reducing the .
shutdown margin to less than 1.6% Ak/k. Therefore, with all Shutdown Banks fully
withdrawn, the reactor was tripped. Control Bank C (i.e., the bank with the most
reactive rod, F10) was then withdrawn to greater than 114 steps and tripped. These
actions met the requirements for entry into Test Exception 3.10.1. The reactor was
_then returned to criticality with all control banks inserted and all shutdown banks
fully withdrawn.

An RCS boron dilution of 500 pem/hr was then commenced in order to measure the
individual bank worths of Shutdown Banks D and C. The dilution was stopped
when Shutdown Banks D and C were inserted and Shucdown Banks A and B were still
withdrawn.

Control Bank C (the bank containing the most reactive rod, F10) was then pulled

to 5 steps. Lift coil disconnect switches were opened for all rods on Control

Bank C with the exception of F10. While maintaining criticality, Shutdown Bank

A was exchanged with Rod F10. As Shutdown Bank A reached the fully inserted
position, the exchange with F10 was continued using Shutdown Bank B. When Rod F10
reached its fully withdrawn condition a dilution was commenced to allow the insertion
of the remainder of Shutdown Bank B. At this point the reactor was critical with
 all rods inserted with the exception of the most reactive rod, F10, and Shutdown

Bank B 33 steps from the bottom. This was considered to be the design All-Rods-In
N-1 configuration. The boron endpoint was obtained for this condition.

Once the boron endpoint was obtained, the reactivity computer was rescaled in order
to observe the reactivity insertion associated with dropping F10. The stationary
gripper coil fuses for Rod F10 were pulled, dropping Fl0 into the core.

The reactor trip breakers were then opened and the RCS borated until conditilons
were reached to achieve criticality with all shutdown banks withdrawn.
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TEST RESULTS

All acceptance criteria were met, with the exception of the reactivity worth

of Shutdown Bank D. The measured worth was 756 pcm, just outside the design
acceptance criteria of 675 + 68 pcm. A subsequent Westinghouse review deemed
the results acceptable. It should be noted that the individual worth of a shut-
down bank has little significance; the combined worth of shutdown and control
banks is much more important.

The measured wotth of Shutdown Bank C was 1021 pcm, well within the acceptance
criteria of 975 * 98 pcm.

The total reactivity worth of all control and shutdown banks less rod F10 was
6421 pcm, very close to the design acceptance criteria of 6432 + 643 pcm and
well above the safety analysis lower limit acceptance criteria of 5789 pcm.

The worth of rod F10, based on:-the drop from the N-1 configuration, was 858 pcm.

The critical boron concentration for the all-rods-in less F10 (i.e., N-1)
configuration was 741 ppm, which meets the acceptance criteria of 719
+ 63 ppm.

.

D¢ 88780
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4.0 Test Procedure No. 3.7 Addendum 3 = Turbine Driven ‘Auxiliary Feedwater
! Pump Endurance Test

TEST OBJECTIVE

L

The objective of this test was to demonstrate the reliability of the Turbine
Driven Auxiliary Feedwater Pump (AFW Pump 2-1) by operating the pump for an
extended period of time to comply with the requirements of NUREG-0737.

B

TEST DESCRIPTION

With the reactor at approximately 3.7%Z power, sufficient to support rated flow
from the Turbine Driven Auxiliary Feedwater Pump (2-1), AFW Pump 2-~1 was run

in the minimum recirculation mode. After an initial finspection of all com~
ponents, the pump was aligned to supply water to the Steam Generators and
return it to the Condensate Storage Tank via the Condensate Reject Loop from
the hotwell. Feedwater flow to the Steam Generators was established and the
system was run at rated flow for 48 hours. During this endurance run, selected
data such as pump head, pump flow, turbine bearing temperatures, pump bearing
temperatures, vibration readings, pump room temperature and humidity were mon=
itored. Pump flow was maintained above a rated flow of 880 gpm during the test.
At the end of the 48 hour run, flow was returned to rated flow and all the
parameters recorded to ensure pump performance had not degraded. After 48
hours, the pump was shutdown and pump temperatures were allowed to cool to with-
in 20 deg. F of their initial values. Following the cooldown, the pump was
restarted and run.for one hour at rated flow.

TEST RESULIS

Auxiliary Feedwater Pump 2-1 was started on August 26, 1985 and hourly readings
were taken to determine rated flow and bearing temperature stability. Listed
below is a sequence of events explaining the problems experienced during this
test and their resolutions: ‘.

o

August 27: Secured AFW Pump 2-1 due to Turbine inboard and outboard bearing
temperatures exceeding 175 deg. F.

August 28: After a ground.at the Thermocouple Cold Junction Box was repaired,
AFW Pump 2-1 was restarted and the endurance test officially begun
at 1100 hrs. - ..

August 29: 0540 hrs, a Reactor- Trip occurred due to Low Steam Generators Level/
Steam and Feed Flow mismatch; consequently, a safety injection
occurred on a Low-Low Tave signal.

August 31: Reactor Coolant Pump (RCP) 2-4 tripped on overcurrent. Upon further
investigation, it was determined that it had some damaged wind-
ings. Testing was put on hold until RCP 2-4 was rewound and
reinstalled.

September 27: RCP 2-4 was rewoend and was onsite.
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4.0 (Continued)

October 8:

Plant was at 2.2 Z power and AFW Pump 2-1 was running on recircula-
tion £low in preparation for aligning it to the Steam Generators.

» Valves LCV 106 and 107, Auxiliary Feedwater Flow to Steam Generators

October 9:

October 11:

October 12:

During the

2-1 and 2-2, would not close. AFW Pump 2-1 was secured and the
motor—-driven Auxiliary:Feedwater Pumps were aligned to feed the
Steam Generators. Upon further investigation, it was. determined
that the valves had broken shear pins which were eventually repaired
and LCVs 106 and 107 were placed back in service.

AFW Pump 2-1 was supplying rated flow'to the Steam Generators.
Forty—eight hour endurance test had begun. :

Secured AFW Pump 2-1. Waiting for AFW Pump 2-1 to cooldown to with-
in 20 deg F. of its initial temperatures prior to restart.

Restarted AFW Pump 2-1 after its cooldown period and ram it for

at least one hour at full rated flow. This completed the AFW Pump
endurance test.

48 hour run, Auxiliary Feedwater Pump 2-1 operated satisfactorily

and all acceptance criteria were met. Pump flow remained above the 880 gpm
minimum required flow, pump suction pressure varied between 15.6 and 21.8 psig
(210.14 psig required) and pump differential pressure remained very close to
1400 psid (>1253.4 psid required). Bearing temperatures and vibration readings
were within limits for both the AFW pump and turbine.

»
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5.0 POWER ASCENSION TEST PROGRAM

5.1 Summary

Preparations for power ascension began on October 12, 1985, after the successful
completion of the Turbine Driven Auxiliary Feedwater Pump Endurance Test. Mode 1
was entered for the first time on October 12, 1985 for test procedure 41.8,
Dynamic Automatic Steam Dump Control Test. The generator was synchronized and
on line on October 20, 1985 and testing at the 15% power plateau was completed
on October 21, 1985.

The power level was increased to 30% on October Zh, 1985, and testing at this

plateau was completed on October 31, 1985.

»

The 50% power level testing plateau was established on November 1, 1985 and
testing at this plateau was completed on November 15, 1985. The major reasomns
for the delay at this plateau were due to two unscheduled reactor trips (see

trips no. 5 and 6 in Section 5.29, Unscheduled Reactor Trips) and a forced ramp

down to approximately 1% power to repair the steam leaks at the high pressure
stop valves for Main Feedwater Pumps 2-~1 and 2-2.

The power level was increased to 75% power on November 15, 1985, and testing at

this plateau was completed on December 8, 1985. The major reasons for the delay

at this power plateau were due to:

1)

2)
3)

4)
5)

6)

Steam Generator chemistry problems caused by inefficient resin beds
in the Condensate Polishing System (CPS). This problem could only
be resolved by an on going program to change out the resin beds in
each CPS vessel. .

The 12kv power supply cable to Circulating Water Pump 2-1 was acciden-
tally cut during core drilling, requiring power to be reduced.

Four unscheduled reactor trips (see trips no. 7, 8, 9 and 10 in
Section 5.29, Unscheduled Reactor Trips).

The steam dump program modifications after the test data obtained
during the transient testing indicated that the steam dump valves”
performance had to be improved.

Severe storms caused an‘'excessive accumulation of kelp at the Intake
Structure which caused damage and forced a ramp down in power until
the kelp was removed and the damage was repaired.

Repeating of T.P. 43.7, Net Load Trip from 50% power, after the
steam dump program was modified.

The power level was subsequently increased on December 9, 1985 with the unit
reaching 90% power on December 11, 1985. Testing at this plateau was completed
on December 20, 1985. The major reasons for the delay at this power plateau
were due to:

1Y)

I3

Steam Generator chemistry being out of specified limits and an
excessive pressure drop across the CPS.
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5.1 (Continued)

2) Plant power being reduced to approximately 207% power to repair damaged
air supply line to Main Feedwater Regulating Valve, FCV-530.

3) Several salt wateér leaks in the main condenser which caused several
forced power reductions to locate the faulty condenser tubes.

On December 20, 1985 the power level was increased to 100% and testing at this
plateau was completed on March 13, 1986.

The main reasons for the delay at this power platéau were due to:
1) The plant being taken off line after discovery of a loose and arcing
neutral to ground strap on the B phase main transformer.

2) Six unscheduled reactor trips (see trips no. 11, 12, 13, 14, 15, and
16 in Section 5.29, Unscheduled Reactor Trips).

3) Power being reduced several times to repair leaking condenser tubes
in the main condenser. On January 13, 1986, condenser tube leakage
had increased to the point that it was no longer possible for the
CPS to maintain the steam generator chemistry within specified limits.
Therefore, it was decided to perform T.P. 43.4 (Plant Trip from 100%
Power), begin the Strainer Outage, find/repair the leaking condenser
tubes, perform the required Westinghouse repairs to the main gener-
ator and then continue with the remainder of the testing required at
the 100% power plateau. )

On February 20, 1986 the Stralner Outage was declared complete with the plant
being synchronized to the grid and the plant ramping up at approximately 3% per
hour with holds at selected power plateaus for turbine performance testing.

On February 22 the plant experienced a reactor trip during the power escalation
(see trip no. 15 in Section 5.29, Unscheduled Reactor Trips). The plant was on
line again on February 25 and ramping up to 100Z power at 3% per hour with selec-
ted hold points. Startup testing was subsequently resumed on March 1, 1986 and
Diablo Canyon Power Plant Unit 2 was declared commercial at 0300 hours on

March 13, 1986.






5.2 Test Procedure 41.8 - bynamic Automatic Steam.bump Control

TEST OBJECTIVE

The objective of this test was to verify proper operation of the Turbine Trip,
Load Rejection, and Steam Pressure controllers in the Steam Dump Control System
and to adjust controller setpoints, if needed, to obtain satisfactory response.

TEST DESCRIPTION

With the Main Turbine tripped, reactor power at '1Z and steam dump being control-
led in the steam pressure control .mode, the turbine trip controller was tested
by raising Tavg to 550 deg. F and then transferring into the Tavg mode. The
Steam Dump System and Tavg were monitored for proper response. Reactor power .
was then increased to 6% at a fast rate while monitoring the Steam Dump System
and Tavg for proper response.

Testing the load rejection controller required the Main Turbine latched, reactor
power at 3% and the Steam Dump System in the steam pressure control mode. Two

‘additional special requirements were to have:

(1) The sudden load loss interlock actuated to place the load rejection con-
troller in the Tavg control circuit and to unblock the Steam Dump Valves,
and

(2) A simulated Tref signal of 543 deg. F into the load rejection controller
to create a temperature mismatch.

The Steam Dump System was then transferred to the Tavg mode while monitoring
the Steam Dump System and Tavg response.

Testing the Steam Header Pressure Controller required the reactor to be at 1%
power and the Steam Dump System in the steam pressure control mode. With the
steam pressure controller in automatic, reactor power was increased to 5% while
monitoring the Steam Dump System and steam pressure response.

TEST RESULTS.

The testing of the Turbine Trip Controller was performed without any problems.
During the power increase transient from 1% to 6%, the Steam Dump System res—
ponded satisfactorily and Tavg stabilized at 550 deg. F (within the acceptance
criteria of 549.4 deg. F to 554.6 deg. F). .

The testing of the Load Rejection Controller was performed without any problems.
During the transient, the Steam Dump System responded satisfactorily and Tavg
stabilized at 549.7 deg. F (within the acceptance criteria of 545.4 deg. F to
550.6 deg. F).
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(ID 5.2 (Continued) : - . .

The Steam Dump Control System responded satigfactorily during the Steam Pressure
Controller Test. The steam pressure stabilized at 990 psig (within the accep=
tance criteria of 986.2 to 1023.8 psig).

Since the-Steam Dump Control System responded satisfactorily, there was no need
to adjust any of the controller setpoints.
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5.3 Test Procedure No. 22.9 -~ Main Turbine Overspé;d Trip Test

TEST OBJECTIVE

The objective of this ‘test was to verify operability of the Main Turbine Over-
speed Protection System.

TEST DESCRIFPTION

The turbine was run between 80-90 MW for a ten hour "Soak" period and then

unloaded. The overspeed setpoints (103%, 111% and 111.5Z of normal speed)
were verified by Surveillance Test Procedure (STP) M-21B.

TEST RESULTS

STP M-21B was performed satisfactorily and the results are shown in Table 10.

Table 10

Turbine Overspeed Setpoints

Trip Setting Actual Acceptance Criteria,
DEH 1037% 1857 rpm 1850 - 1858 rpm
“ Mechanical 111% 1969 rpm 1963 - 1999 rpm
DEH* 111.5% 1918 rpm 1862 - 1960 rpm
*NOTE: The setpoints are automatically reduced by 4.5.Z while testing the

111.5% trip setting from the digital electrohydraulic (DEH) unit. -
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5.4 Test Procedure No. 42.9 - Operational Alignment of Nuclear Instrumentation
Systenm

TEST OBJECTLIVE

v

The objective of this test was to align and monitor the Nuclear Instrumentation
System (NIS) prior to and during core loading and through power ascension.

TEST DESCRIPTION

Prior to core loading, the pulse amplifier attenuator and discriminator voltage
settings, the high voltage power supply plateau and the operating voltage set-
tings for the source Tange channels were determined. .

Prior to Startup, the initial trip setpoint for all the ‘nuclear instrumentation
channels was determined. During Startup, the overlap between source range and
intermediate range and between the intermediate range and power range channels
were determined. During power ascension, the power range detector currents Vs.
core power were determined and the flux deviation alarm settings were monitored.
At the 50% power test plateau, the intermediate and power range operating detec—
tor voltages were checked. While at 100% power, the power range operating
detector currents were obtained.

After shutdown from power operations at the 100% power test plateau, the inter—
mediate range detectors” compensation voltages were set.

-

TEST RESULTS

Required adjustments, calibrations, and setpoint determinations were accomplished
without significant problems using standard 1&C procedures. The source range
instrumentation data prior to core loading is listed in Table ll. The Nuclear
Instrumentation data prior to Startup is shown in Table 12. Results of the
Nuclear Instrumentation overlap data taken prior to criticality and at various
power levels are shown in Table 13. Power range detector high level trip set-
points which were reset prior to each power increase to the next power plateau
are listed in Table l4.

Intermediate range and power range detector characteristics were determined at
the 50% power plateau prior to the power range Incore-Excore detector calibra-
tion.” Detector plateaus were also determined at this power level.

While at 100% power, indicated power range detector currents were taken.
Results are shown in Table 15.

Shortly after shutdown from power operation at the 100%Z power test plateau and
with a core burnup of at least 1200 MWD/MIU, the intermediate range detectors”
compengating voltages were set to provide an overlap of about three decades
with the source range detectors (31.506 Vdc for N35 and 34.450 Vde for N36).

)
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Table 11 -

Source Range Insttumentatioﬁ Data Prior to Core Loading

Detector .
Parameter Units -
N31 : N32

Attenuator Setting db. 10 10
Discriminator Voltage Vde -0.450 -0.631
Detector Voltage Vdc. 2200 2200
Detector Voltage

bistable trip Vde 2100 2100
High Flux alarm cps 35.51 35
High Flux trip cps 1.0 x 103 9.9 x 10%
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Table 12

Nuclear Instrumentation Data Prior to Startup
Intermediate Range Channels -
- . Detector
Parameter , Units
- N35 N36

1. High Voltage Setting Vde 800 800
2. Compensating Voltage Vde 40.03 40.00
5. Compensating Voltage

Bistable Trip Vde 20.06 20.02
4. Loss of Detector Trip Vde 701 698
5. P-6 Bistable Trip amp 1.05 x 10~10 1.2 x 10710
6. Rod Stop Bistable Trip amp 8.0 x 102 6.0 x 10'5
7. Reactor Trip Bistable amp 8.0 x 1073 7.6 x iO-S
Power, Range Channels
. ’ Detector
Parameter Units

N41 N42 N43 N&4

1. High Voltage Setting Vde . 800 800 800 800
2. High Voltage Bistable Trip | Vdc 700 698 699.3 700
3. P10 Bistable Trip % 9.97 9.99 9.99 9.98
4. P8 Bistable Trip % 34.92 34.96 34.97 34.99
5. Overpower Rod Stop Bistable \

Trip - % 102.97 103.0% 103.03 | 103,03
6. High Neutron Flux Rate Trip| % 4.78 4,72 4,80 4.75 -
7. Flux Rate Time Constant sec 2,15 2.15 2.15 2.16
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R Table 13
Nuclear Instrumentation Overlap Data
PRECRITICAL ’
DETECTOR READINGS 0% POWER | ~15% POWER | “30% POWER | “50% POWER | "75% POWER= ~90% POWER | “100%X POWER
SOURCE RANGE (cps)
N31 - Control Board 50 3x104 Blocked Blocked Blocked Blocked Blocked . Blocked
N31 ~ NI Drawer 60 3x102 Blocked Blocked . Blocked Blocked Blocked Blocked
N32 - Control Board 45 2x10 Blocked Blocked Blocked Blocked Blocked Blocked
N32 - NI Drawer 55 2x10% Blocked Blocked Blocked Blocked Blocked Blocked
INTERMEDIATE RANGE | ° '
(amps) )
N35 - Control Board | 1.0x10711 9101 7x1072 1.5x107% | 2.0x1074 3x1074 3.6x107% |4.0x1074
N35 ~ NI Drawer 1.0x10™11 9x10711 8x10™° 1.3x107% | 2.0x107% 3x107% 3.3x107% |3.6x107%
N36 - Control Board | 1.0x1071l 1x10710 | 7x1073 1.4x107% | 2.0x107% 3x10™% | 3.5x107% |3.8x107%
. - []
N36 - NI Drawer 1.0x10711 1x10710 |7 8x107 1.4x107% | 2.1x107% 3x10™4 3.5x10~% |3.9x107%
POWER RANGE (X%)
N41 - Control Board 0 0 15.0 30.2 49.5 76.2 91.0 99.6
N41 - NI Drawer 0 0 15.5 .30.8 49.0 75.5 90.5 99.0
N42 - _.Control Board 0 0 16.0 30.5 50.0 76.9 91.0 100.0
N42 - NI Drawer .0 0 16.0 30.8 49.5 76.1 91,0 100.0
N43 - Control Board 0 0 16.0 30.4 50.0 77.1 91.0 100.0
‘N43 - NI Drawer 0 0 16.0 30.8 49.0 75.8 90.5 99.5
N44 - Control Board 0 .0 16.0 30.5 49.0 76.2 91.0 99.9
N44 -~ NI Drawer 0 .0 16.0 30.9 49.5 76.3 . 91.0 99.8
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GD ' ; Table 14

Power Range High Level Trip Set Points

’ " Desired Actual Set Point (%)
Power Plateaus Setpoint (%)

(% RTP) N41 N&2 N€3 N44

0 to 5' 24.5 + 0.5 24 .4 24,2 24,2 24,1

15 " 24.5 * 0.5 24,4 24.2 24.2 24,1

30 40 + 0.5 40.0 40.0 40.0 40.0

50 60 + 0.5 60.0 59.9 60.0 60.2

75 90 + 0.5 90.0 90.2 90.0 90.0

90 109 + 0.5 109.0 | 109.0 109.2 109.0

(]D e 100 ' 109 + 0.5 109.0 109.0 | 109.2 | 109.0

Table 15

Power Range Detector Currents at 100% Power

Upper Detector Lower Detector
Detector Current Current
a) « (na)
41 . 350 397
N42 312 352
N43 : 359 410
Nb4 384 413
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5.5 Test Procedure No. 42.8 - Operational Alignment of Reactor Coolant System
Q ] Temperature Instrumentation

TEST OBJECTIVE

<

The purpose of this test procedure was to align the<AT and Tave instrumen-
tation channels during power ascension.

»

TEST DESCRIPTION

P

At isothermal conditions, AE and Tave values were determined from Thot and
Tcold readings. At each power ascension test plateau,:ﬁT and Tave data were
collected and transcribed to this test. ‘At the 75% power plateau, linear
regression analysis was used to determine extrapolated Tave and AT for each
loop at 100Z power.” These extrapolated full power values were averaged, and
the average AT and Tave were used to make the necessary adjustments to AT,
Overtemperature AT, and-Qverpressure.AT instrumentation.

At 100% power, the calibrations were to be refined by adjusting the instru-
mentation based on the actual AT values of each reactor coolant loop. A
final verification for Tave consisted of comparing loop Tave values to the
average Tave. A final verification for AT involved comparing the power

level inferred from each loop”s AT té core—average power based on a secondary
side heat balance (i.e., Surveillance Test Procedure R-2B).

TEST RESULTS

“l ( At isothermal conditions, AT and Tave values agreed with the values cal-
culated from Thot and Tcold readings within the specified tolerance as
shown in Table 16. Instrumentation adjustments were not needed.

At 75% power, a linear regression was performed and the extrapolated Tave
and AT values for each loop at 100% power were 569.12 deg. F and 62.53
deg. F respectively. Both the extrapolated AT and Tave values were below
the .xrespective upper limits of 64.4 deg. F and 577.6 deg. F. These values
are consistent with the fact that the measured RCS flow rate is slightly
greater than design.

While at 90% power, it was determined by analyzing the test data and the
plant”s indicators that 100% power could not be achieved with the existing
AT and Tave scaling. It was decided at this time that the adjustment of
the instrumentation would be based on each loop”s extrapolated 100% power:
AT and Tave values. Following this adjustment, power was increased to
100% power.

Based on data collected at 100% RTP, the AT and Tave scaling ‘was further
refined. Following these adjustments, verification data was collected and

all acceptance criteria were met. The final results are summarized in Table
17.
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Table 16

AT and Tave at Isothermal Conditions

Parameter ‘Loop 1 Loop 2 Loop 3 Loop 4

(deg. F) :
Thot 546.94 546.99 $47.00 .| 546.98
Tcold 547.42 547.35 547.03 547 .02
AT (ecalculated) -0.48 ~0.36 -0.03 -0.04
AT (measured) -0.39 -0.40 ~0.45 -0.14
Tave (calculated) 547.18 547,17 547.02 547.00
Tave (measured) 547.38 547.17 .1 546.82 547 .04 -

a

Acceptance Criteria .

AT (measured) =AT (calculated) +0.5 deg. F
Tave (calculated) #1.0 deg. F

Tave (measured) =
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Table 17

AT and Tave at Full Power
(data recorded at 99.76% of RTP)

[

Parameter . Loop 1 Loop 2 Loop 3 Loop 4
Tave (deg. F) _ 571.36 | 572.37 570.11 572.23
AT (deg. F) 60.78 - 63.28 59.61 61,70
Power-based on AT (%) 99,57 100.03 99.52 99.79
Power—based on ;-28(25 99.76 99.76 - 99.76 99.76
Loop power deviation (%) . -0.19 +0l27 -0.24 +0,03
Tave - Avg Tave (deg. F) -0.17 +0.86 -1.40 +0.72

Acceptance Criteria

" Upper Limits: Tave <577.6, AT <64.4 deg. F
Tave: Loop Tave within 2 deg. F of average Tave

AT: Power based on AT within 1Z of power based on R-2B
(1.e., Loop power deviation <£1.0%)
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5.6 Test Procedure No. 4 1 - Calibration of Steam and Feedwater Flow Instrumen-
tation at Power.

TEST OBJECTIVE

The objective of the test was to calibrate the steam flow instrumentation to
feedwater flow and to perform a cross—check verification of all: signals indicat-
ing feedwater and steam flow with the reference feedwater flow determined by
high accuracy differential pressure (d/p) gauges across the feedwater system
venturis. . ‘ .

TEST DESCRIPTION . .

The -feedwater and steam flow instrumentation output signals were checked against
the reference feedwater flow (Barton gauges) at steady state power levels of 15%,
30%, 50%, 75%, 90% and 100% RTP. Test data collected were analyzed to determine
the deviation of steam and feedwater flow compared to the reference feedwater
flow. Any transmitted signal data found to be outside the allowable tolerance
was submitted to the Instrumentation Department for evaluation and recalibration
as required. If any adjustments were made, verification data were collected and
analyzed prior to ascending to the next power plateau.

TEST RESULTS .
Several feedwater flow transmitters were just outside the allowed 1.5% deviation
at low power levels but indicated values within tolerance at higher test plateaus..
This discrepancy was attributed to noise in the data, as the transmitters were
well within tolerance at the 100% test plateau.

The eight steam flow transmitters required rescaling as follows:

50% power - Transmitters 532, 533, 542, 543

75% power - Transmitters 512, 513, 522, 523, 542, 543

90% power - Transmitters 532, 533

100%Z Power outage — Transmitters 512, 513, 522, 523, 532, 533, 542, 543

Rescaling a transmitter generally brought it within tolerance at that power
plateau. The rescaling process presumed that the transmitter”s output voltage
was proportional to the square of the steam flow. Observed behavior was
slightly different than a square function, so the transmitter was usually out
of tolerance at a higher power level.

At the completion of power ascension testing, all feedwater transmitters were

,within their tolerance of 1.0% of reference flow while the steam flow transmitters

were within their tolerance of 2.0% of reference flow.
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5.7 Surveillancé Test Procedure.R-3A = Incore Power Distribution

TEST OBJECTIVE i

The purpose of this procedure was to obtain flux maps using the Movable Incore
Detector System (MIDS). The detector outputs were used to determine such core
parameters as axial flux distributions, peaking factors, and core tilts for
several startup tests during the power ascension power plateaus. The flux maps
were also used to fulfill the routine surveillance requirements.

TEST DESCRIPTION

Various full core flux maps and quarter core flux maps were performed during
power ascension testing. Full core maps nominally involved 12 passes through
the core by the six incore detectors. Quarter core maps involved three passes
of the detectors in selected locations and were used only for determining axial
flux distribution. Digitized detector output from the flux maps served as input
to the INCORE computer code which calculated relative assembly powers, peaking
factors, and quadrant power tilts for the full core cases.

Below is a chronological summary of the flux maps taken during the power
ascension test program:

-30% power, all rods out (ARO), equilibrium xenon; provided base line data
for T.P. 42.5 - Statepoint Data Collection. .

-30% power, Control Bank D at approximately 177 steps (100% RTP Rod Inser-
tion Limit), equilibrium xenon; provided reference data for T.P. 42.2 -
RCCA Pseudo Ejection and RCCA above bank position measurements.

-30% power, Control Bank D (except RCCA D~12) at approximately 177 steps,
RCCA D-12 fully withdrawn to simulate a rod ejection; provided post—ejec—'
tion data for T.P. 42,2 - RCCA Pseudo Ejection and RCCA above bank position
measurement. .

-50% power, ARO, equilibrium xenon; provided baseline data for T.P. 42.5 -
State Point Data Collection; and provided reference data for STP R-13 -
Nuclear Power Range Incore-Excore Detector Calibration.

-6 quarter—core maps at 50% power provided data for STP R-13, Nuclear
Power Range Incore-Excore Detector Calibration.

~75% power, all rods out (ARO), equilibrium xenon; provided base line data
for T.P. 42.5 - Statepoint Data Collection.

~75% power, ARO, equilibrium’ xenon; provided reference data for STP R-13 -.
Nuclear Power Range Incore-Excore Detector Calibration.

-6 quarter—core maps at 75% power provided data for STP R-13, Nuclear
Power Range Incore-Excore Detector Calibration.

.76






5.7 (Continuted)

-90% power, ARO, equilibrium xenon; provided base line data for Test Procedure
42,5 - Statepoint Data Collection. ,
. =100% power, ARO, equilibrium xenon; provided base 1ine data for Test Proce—
dure 42,5 - Statepoint Data Collection.

TEST RESULTS

Each of the flux maps listed above was analyzed and determined to be satisfac-
tory. Results are discussed in more detail in Section 5.8 (Test Procedure
42.5) and Section 5.18 (Surveillance Test Procedure R-13).
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m' 5.8 Test Procedure No. 42.5 - Statepoint:.Dat:a Collection

TEST PROCEDURE

The objective of this test was to collect statepoint data and verify neutron
flux distribution at various power ascension test plateaus. Core power level
was determined by secondary system heat balance calculations.

TEST DESCRIPTION

This test was performed at nominal ‘power levels of 15Z, 30%, 50%, 75%, 90%, and
100% rated thermal power. Initial conditions at each plateau consisted of stable
plant parameters, equilibrium xenon, and control rods at or near fully withdrawn
positions. Upon establishing these conditions, data were collected as concurrently

as possible. Recorded information included:

= Full core flux maps through the use of the Incore Movable Detector
System, (except at 15Z power)

— Steady state plant process data

- Secondary plant parameters such as steam line pressure, steam generator
pressure, turbine inlet pressure and turbine impulse pressure. s

The collected information served as a data base for steady state conditions at
q\[ \ each of the power plateaus during the power ascension test program.

¥

RESULTS
Results specific to this test procedure included the calculated power levels
and the core power distributions.

Measured steady state, equilibrium power distributioms (i.e., relative assembly
power, radial power shape, axial power shape, quadrant power tilt, peaking
factors) were within Acceptance Criteria and very close to design predictions.
Peaking factors were well below limits specified by the Technical Specifica-
tions. . Results of the flux maps are gummarized in Table 18 and Figures 24
through 28. At ‘each power plateau, §§H and F§ obtained were compared to the
limiting values at the next power plateau and found acceptable.

“

At each test plateau, test equipment was used to measure steam generator pressure.
These pressures were compared to steam' line pressure readings taken at the pressure

.taps at which permanent plant equipment is. connected. The steam line pressure
drop from the steam generator to the PT taps just outside containment increased

with power level. Each loop had a full power pressure drop of just under 17 psi,

as shown in Figure 29.
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Table 18
Power Distribution Results at Power
30% POWER 50% POWER 75% POWER 90% POWER 100% POWER
ITEM . " TEST PLATEAU TEST PLATEAU TEST PLATEAU TEST PLATEAU TEST PLATEAU.
CONDITIONS* - temperature ~555 deg. F 560 deg. F |  ~564 deg. F ~566 deg. F ~569 ‘deg. F
. - boron concentration 1086 ppn 1015 ppm 947 ppn 931 ppm 923 ppm
~ burnup 68 MWD/MTU 189 MWD/MTU 360 MWD/MTU 735 MWD/MTU 1218 MWD/MTU
DATE . 10-27-85 11-04-85 11-18-85 12-13-85 1-11-86
BNy ~ Measured value 1.363 1.346 1.341 1.335 1.339
- location** BO7-AQ M12-LE B07-AQ J04-AQ JO5-LE
FT - Measured value 2.036 1.996 2.049 2.014 1.987 .
Q - location** MO4-1IJ @79" M12-LE @74" MI12-LE @58" MO4-LM @60" MO4-LM @58"
Fy - Measured value 1.360 1.339 | 1.390 1.366 1.363
Quadrant Tilt - Measured value 1.006 1.005 1.007 1 1.006 - 1.009

Common conditions include stable plant parameters, equilibrium xenon, control
rods at or near fully withdrawn positions.

*%* Assembly locacions (i.e., D12) as shown in Figure 1. Pin location within
assembly (i.e., IH) based on 17x17 matrix ranging from AA to QQ.

,
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CORE_AVERAGE RADIAL POWER DISTRIBUTION 30% TEST PLATEAU

ASSEMBLY AVERAGE POWERS FROM UNRODDED FLUX MAP °

Relative Assembly Power (Pi)
Measured Pi_ - Expected Pi X '100

Expected Pi : . HORTH
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DIABLO CANYON POWER PLANT - UNIT 2
FIGURE 24 _ .
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CORE_AVERAGE RADIAL POWER DISTRIBUTION 50% TEST PLATEAU

.ASSBHBLY AVERAGE POWERS FPROM UNRODDED PLUX MAP

Relative Assembly Power (Pi)
Measured Pi - Expected Pi

Expected Pi X 100 WORTH
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CORE_AVERAGE RADIAL POWER DISTRIBUTION 75% . TEST PLATEAU

ASSEMBLY AVERAGE POWERS FROM UNRODDED FLUX MAP

Relative Assembly Power (Pi)

Measured Pi - Expected Pi
—Expected P X 100

10
11
12
13

14

15

$0RTH
570 | 678 } ,806] .745f .805] .669} .S565
05 09 ’.08 2-6 107 -.‘ '03
4908 .851] .991 |1.012 }1.048 | 1.049{ 1.039| .994] «977 | .822] .478
2.6 2.6 .5 09 1.0 ‘03 .1 -09 'og '09 ol
.487] .997] .923 ]1.094 |3.108 }1.176 | 1.134} 1,170 | 1,086} 1,076 } .504} .979 | .483
2.0 2.0 1.‘ . 06 -s 1.2 1.3 07 .lc‘ 'lcl ’07 02 lco
LB44) 925 1.184 ] 1.046 11,177 | 1,164 | 1,181} 1,161 1,185}1.,050 |1.191},.913 } .B3S
1.8 1.6 ‘.4 ‘1‘0 "loo o‘ 1.0 01 ’o‘ '.7 .2 X 03 c7
570 | .9851 1.092]1.048 {1,185 {1,168 | 1,222 | 1.169] 1.218] 1.168] 1,180 | 1.058 {1.093 { .990 { .571
.6 -1 .5 -9 ol -2 1.4 103 lol ol =3 .1 N 15 07
660 | .984} 1.076j1.167 }1.157 {1.192 | 1.084 | 1,157} 1.072] 1.180] 1.150 {1.195 |1.110 }1.010 .676
A'loe -1;8 -2.3 ’1.9 '08 '3 07 .5 ’04 .IB '1.‘ .5 ‘8 ¢7 07
.790 { 1,031} 1.14311.143 |1.194 }1.074 | 1.117 | 1.017}.1.117 | 1.076{ 1.217 }1.178 |1.178 |1.046 } .802
-2 -.6 -1.6 {~1.5 -9 -2 « -l 2 -l 1.0 1.5 1.4 9 1.3
722 § 1.030 1.100&1.157‘ 1.134 |1.142 | 1,013 | 1.042] 1.018 | 1.147]1.161 }1.183]1.137 {1.043 }1.732
'os 'os -1.7 "1.0 "1.8 "08 -.5 ‘04 ‘oo -04 .5 1-1 105 c7 08
.786 § 1.030] 1.145{1.143 |1.178 |1.054 {1.093 | 1.003{ 1.124] 1.077]1.219 |1.168 {1.180 |1.0421} 797
"07 'o’ -1-5 '105 ‘2.2 '2.1 ‘200 °105 08 .0 1.2 .7 105 .4 07
+665 .992] 1.071§1.173 |1.149 1,167 §1.054 | 1.233} 1.064 | 1.184]1.171 | 1.195 | 1.117 }1.009 | .676
.lon '1.0 '208 '1.‘ -1.5 -108 "2.1 -1‘6 ’lol -0‘ o‘ - l.‘ a7 06
572 .995{ 1.099}1.045 {1.178 {1,154 |1.192 | 1.133] 1.183 } 1.162]1.186 | 1.059 | 1.082 {1.001 | .575
..9 .9 101 ’1.2 -.s ‘1.0 ‘1.0 "1.9 '108 -o‘ .2 02 -.5 X.S 1.5
.-835( 3915]1.204 }1.069 J1.202 }1.148 | 1.148]1.135] 1.184]1.052 ] 1.184] .912 } .848
.5 .5 1.3 1-2 1'-0 "140 '109 '2.1 -.5 '.5 't‘ 01 2.2
4801 .984] .920 {1.101 {1,103 J1.145 | 1.092}1.150§1.103}1.092}] ,906§ .983 | .491
ns 06 1'0 103 .1 "lo‘ ‘20“ "luo ‘l o. "05 .5 208
.480] .836 | .995 {1.001 |1.027 {1.027 | 1.044 | 1,025§1.003 | .840§ .487
06 08 09 '02 '1.0 .-09 N 2.2 1.7 ‘03 2.0m
+569 | 666§ 7931 .729] .811} .686| .576
04 ’09 .2 -5 20‘ 20‘ 1.7‘
R » N M L X J = G r E D ¢ B A
DIABLO CANYON POWER PLANT -~ UNIT 2 .

FPIGURE 26 |

82







(i

-

CORE AVERAGE RADIAL POWER DISTRIBUTION 90% TEST PLATEAU

ASSEMBLY AVERAGE POWERS FROM UNRODDED PLUX MAP

Relative Assembly Power(Pi)

Measured Pi - Expected Pi x 100

1o

11

12

14

15

Bxpected Pi MORTH
5631 6671 .789] .727{. .780} .649% .547
105 1.4 lcg 2.2 07 'lo‘ ‘1.‘
.480) .832) .987 §11.002] 1.036} 1.032] 1.021f .972] .956} .805f .469
108 1.8 . 106 1.5 1.0 * .9 '06 '1.7 ‘1.5 ‘1.5 ..S
4741 L974] 919 §1.100 {1.117] 1.176] 1.140) 1.165]1.079 ] 1.065] .900) .962| .473
.7 08 ca 1-7 1.6 1-5 !.‘ .5 ‘109 “1-6 ‘103 "o‘ .‘
.818] .914§1,21911.087 |1.213 ] 1,183 1.208} 1.174]1.180 ] 1.052 | 1.197§ .908 | .816
01 .2 1.0 1.9 1.8 09 1-2 .2 "1.0 ‘lo‘ '.8 ‘o‘ 'nl
550 | .962 [1.075{1.066 |1.212 | 1.199] 1.251] 1,204 1.242§1.170 | 2.173 | 1.058} 1.086 { .975 | .562
-.8 -loo -ts ‘.l 109 los 390 2-6 2.3 -o6 ‘lo‘ -09 -4 " ) 1.‘
644 957 | 1,076} 1.182 | 1.18% 1.213 ] 1.114{ 1,183 1.100}1.184 | 1.156 | 1.190} 1.109 § .996 } .667
'2.1 ‘2.2 -Z.l '.8 os 1.3 109 105 .6 ‘1.1 -1.8 ’.1 .9 .8 1-3
773 1.019’ 'i.142 1,157 |1.209 1:094 1.146 § 1.056 | 1,148}1.096 | 1.220 } 1.184}1.172 | 1.037 | .78S
-01 '07 ‘1.‘ 01.3 ‘u‘ .1 1.3 1.3 1.5 '3 -5 1.0 1.2 101 l“
.709 11.018 | 1,107} 1.185 |1.157 §1.159 § 1,043 | 1,082 1.044}1.170 ] 1.185 } 1.212} 1.137 | 1.030 | .715
‘o‘ ~.5 '105 °o7 ‘1.‘ 0.5 'oo ol 01 .5 loo 105 lol 06 o‘
769 | 1.019]1.139}1.158 {1.192 }1.075 | 1.118 | 1,032} 1.141(1.106 | 1.237 | 1.183]1.168 | 1,028 | ..777
‘07 -.7 -106 ‘102 '108 -1.5 -102 '111 08 ‘01 ‘09 09 ¢8 02 .3
«650 976 {1,066} 1.175 |1.160 |1.178 | 1.075 | 1.148] 1.031 {1.201 | 1.189 | 1.204] 1.211 | .989 | .658
‘102 ‘103 "3.0 ’lo‘ '1.‘ ‘106 "107 "lo‘ ‘l.l 03 100 1.1 l-o 01 .0
.558 | .979'[1.092}1.054 [1.184 |1.167 | 1.206 | 1.155 | 1.196 | 1.171 | 1.194 } 1.072]1.083 | .979 | .558
.7 .7 9 ‘102 -05 ‘.9 ‘07 "106 ‘1.5 "6 .‘ " Ql ‘08 07
.819'| .910}1.208 {1,072 |1.196 {1.161 | 1.173] 1.149{1.184 | 1.068 | 2.210{ .921 | .831
02 ‘02 01 Q‘ .‘ -1.0 -1.8 '200 .06 0 i } 1.0 107
.A70 } .965% .912 |1.088 }1.096 |2.141 11,097 | 1.145]1.099 }1.086] .910] .973] .483
'03 -.2 'oo 06 ".3 '1.5 '2.‘ -1.2 -.0 .‘ -.2 A 07 2.5 ’
470 .815.} .970 | .979 }1.006 | 1.004 } 1.020 {1.005} .980| .817] .477
-.2 .02 -2 '-9 "1,9 '109 "06 1-7‘ <9 .1 1.3
o552 ] 649 ] 764 ) 704} .779] .669 ] .559
"o‘ 'lo‘ ‘1.2 "101 07 1.5 .8
R P H M L ) 4 J B G ) 4 - D c B A
- URIT 2

DIABLO CANYOR POWER PLANT

FIGURE 27

83

»




A
|



CORE AVERAGE RADIAL POWER DISTRIBUTION 100% TEST PLATEAU
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5.9 Test Procedure No. 38.6 - Startup Adjustments of Reactor Control System

TEST OBJECTIVE

The main objective of this test procedure was to determine the reactor coolant
average temperature program required to maintain the design full load Steam
Generator pressure without exceeding steam generator pressure or Tave limita-
tions.

TEST DESCRIPTION

Reactor Coolant Tave, Steam Generator pressure and Turbine Impulse Chamber -
pressure were recorded at 0%, 30%Z and 50% RTP. Each of these parameters was
extrapolated to 100% RTP. A temperature program correction was then computed
from the difference between the saturation temperature of the extrapolated
Steam Generator pressure and the saturation temperature of the design full
load steam generator outlet pressure of 805 psia. This correction was applied
to the design temperature program generated by the Reactor Control System,
Steam Dump Control System and plant computer. With Tave controlled at the

new Tref, Turbine Impulse Chamber pressure was compared to the 50% load design
value and agreement was verified. This entire process was repeated at 75% RTP
to obtain a further refinement in the temperature program. Upon reaching 100%
RTP, the temperature program was adjusted to obtain the design value of Steam
Generator pressure. Throughout this procedure, changes in the temperature
program were verified to maintain the 100% RTP value for Tref below 577.6 deg. F.

TEST RESULTS

Test data were taken at 0%, 30% and 50% RTP and the results were plotted and
extrapolated to 100% RTP. A Tref correction of =2.53 deg. F was subtracted
from the most recently determined Tref (100%) of 573.24 deg. F to yield the
new projected 100% RTP Tref of 570.71 deg. F. This value correlated closely
with the extrapolated 100% Tave of 569.12 deg. F. Tref as a linear function
of percent load was used to determine the desired voltage as a linear function
of power for recalibration of the Turbine Impulse Chamber Pressure Controllers
TC-505 and TC-505A. This calibration was done at 50X RTP and retest results
of the .data taken at 50% RTP after calibration were acceptable.

Test data'taken at 75% RIP indicated no need for any additional refinement in
the Tref program.

At 100%Z RTP, steam generator pressures were 782.55, 782.85, 781.05 and 786.15
psia for loops 1, 2, 3 and 4, respectively and were outside the Acceptance
Criteria range of 805 + 10 psia. Tave values were 568.36, 569.65, 567.28 and
567.5 deg. F for loops 1, 2, 3 and 4, respectively, all were below the limit of
577.6 deg. F. Turbine impulse chamber pressure was 548.42 psia, 14.58 psia '
below the full load design value of 563.0 psia.
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5.9 (Continued)

In order to maintain steam generator pressure within the Acceptance Criteria

range, a recalculation of the Tref program was performed taking into considera-
tion any Tave/Tref mismatch that existed while taking the last set of measure-

ments. This technique resulted in a new 1002 Tref program of 572.8 deg. F.
A recalibration of the Tref program was performed and test data taken again at
100% RTP. The results of the data are listed below in Table 19.

Table 19

Tave Conditions at 1002 Power

Parameter Loop 1 Loop 2 Loop 3 Loop 4
" Tave (deg. F) 571.5 572.8 570.1 572.7

Steam Generator 810.1 811.02 809.75 811.42

Pressure (psia) '

Turbine Impulse 552.65 —_— ——— ——

Pressure (psia)

Measured Reactor Power (%) 100.23% ——— —— ————

Acceptance Criteria
Tave £ 577.6 deg. F

Steam Generator Pressure:

805 psia *10

A calculation of the change in Moderator Temperature Coefficient (MTC) due to the
reduced Tref at 100Z RTP resulted in the equivalent of approximately 1 ppm borom.
This change in Tref will have no appreciable effect on rod withdrawal limits and
will not result in a positive Moderator Temperature Coefficient for the current rod

withdrawal limits.
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5.10 Test Procedure No. 1.15 - Radiétion Surveys and Shielding Effectiveness

TEST OBJECTIVE

The objective of this procedure was to verify the adequacy of the radiation
surveys and shielding effectiveness program as prescribed by Nuclear Plant
Operations (NPO) Procedure TC 8410. The main objective of the test program
was to measure radiation levels in accessible areas of Unit 2 'at various
power levels and identify any locations where shielding may be deficient.

TEST DESCRIPTION

Radiation measurement points or radiation base points (RBPs) were located
throughout the DCPP site. The purpose of the RBPs was to provide fixed

points outside radiation shields from which the neutron and gamma radiation
levels could be measured. The radiation levels at shield wall pipe penetra—
tions and the area close to the Steam Generators were also measured.

The measured radiation levels were then compared to the FSAR design criterion

to determine thé adequacy of the shield. Most RBPs were located outside the
secondary shield wall of Unit 2. Secondary shielding is defined as the

shield- ’

ing in the reactor building designed to attenuate the gamma radiation emanating
from the primary coolant system external to the reactor vessel. Labyrinth
entrances and shielding penetrations were closely monitored to determine the
adequacy of the shielding. Most RBPs were selected to verify that.the radiation
levels at labyrinth entrances and penetrations met design radiation levels.
Radiation base points were also located to test shielding thickness adequacy by "
measuring the radiation levels on the shield side farthest away from the radiation
source. ‘

Neutron and gamma radiation measurements were taken at each fixed radiation

base point unless dose rates precluded measurement. The radiation dose rates
measured during the early stages of the testing program were linearly extrapolated
to the 100Z power level. Background radiation measurements were taken prior to
the start-up of the Unit 2 reactor. Background radiation measurements were taken
so values against which measurements made during the start-up phase of Unit 2
could be compared. Radiation measurements during the start—up phase of DCPP

Unit 2 were taken at 0%, 18%, 507%, and 100% pover levels.

Penetrations less than 2 meters above the floor were measured for neutron and
gamma radiation. Those penetrations located greater than 2 meters above the
floor were surveyed only for gamma radiation. Measurements were taken with the
radiation detector as close to the penetration as possible. '

TEST RESULTS . _ . ' .

The adequacy of the "as—built" DCPP Unit 2 radiation shielding was verified

by comparing the startup bioshield survey results with the Final Safety Analysis
Report Update radiation zone requirements and the Shielding Design Review for
Diablo Canyon Units 1 and 2. All radiation zone requirements were met. Radia-—
tion dose equivalent rates in the Unit 2 containment were found to be much lower
than at similar plants. As expected, most RBPs exhibited a high degree of
positive linear correlation with reactor power level.
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5.11°Test Procedure No. 1.16 - Effluents and Effluents Monitoring

TEST OBJECTIVE

’

The objective of this procedure was to document the existence of an adequate
“program to verify the level of liquid and gaseous radwaste releases. Specific-
ally, this test verifies the calibration of the effluent monitors by comparing

with laboratory sample analysis results. »

TEST DESCRIPTION

Effluent monitoring is an ongoing program by the DCPP staff which involves follow-
ing plant procedures. The test collects data to verify the effluent monitoring
program and from this data verifies the calibration of the effluent monitors.

The intent was to perform these verifications at the 30, 50, 75, and 100% power
test plateaus.

* TEST RESULTS

A minimum activity level is required to adequately judge the calibration of each
monitor. However, throughout the power ascension program, the activity levels
at each monitor had not been large enough to verify the calibration of the
,monitors.

Only rad monitor RE-18 (i.e., the rad monitor for the Liquid Batch Tanks to
Outfall) had a sufficiently high activity level. The data collected using

Unit 1 procedures (RE-18 is a common monitor for both units) have provided an
empirical and reasonably consistent relationship between rad monitor counts and
sample activity. However, as more data become available, this correlation will
be further refined. With respect to all.other rad monitors, the activity had
been too low for meaningful analysis. With continued operation of the plant
and a corresponding increase in effluent inventories, rad monitor readings will
be correlated and verified against sample activities through the use of DCPP
procedures. . -
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5.12 Test Procedure No. 1.17 = Chemical and Radiocﬂ;mical Analysis

TEST OBJECTIVE

The objective of this test was to document the ability to control water chemistry
and perform reactor plant chemical and radiochemical analysis.

TEST DESCRIPTION

»

The results of the on—-going DCPP Systems Sampling, Analytical and Chemistry
Control Program using approved plant procedures were reviewed to verify chemical
control was being maintained. Random samples were taken and analyzed during

the Startup Power Ascension Test Program at various steady state power levels.
The results were checked against the plant™s ongoing program to verify the samp-
ling and analytical procedures utilized in the plant manual. Effectiveness of
selected plant filters and demineralizers was verified. '

TEST RESULTIS

A review of the performance of DCPP Chemistry and Radiation Protection Department
analyses found them to be in accordance with the approved plant procedures.
Samples taken and analyzed during power escalation were checked against the on-
going program results and found to be comparable. Plant chemistry was being
maintained within the limits established and specified in DCPP Operating
Procedure F-5, or corrective action was taken to bring the system back within
specifications.

The effectiveness of the plant filters and demineralizers was verified by the
ability to maintain the water chemistry limits required in Operating Procedure
F-S' ! *

-

90






qD 5.13 Surveillance Test Procedure R-26 — RCS Primary Coolant Flow Measurement

TEST _OBJECTIVE

The objective of this test was to verify the calibration of RCS flow
instruments at 30%, S0Z, 75%Z, 90% and 100% of full power and to confirm
that the total flow of all four loops is greater than the Technical Spec-
ification requirement of 366,000 gpm and that each RCS loop flow is at
least 88,500 gpm.

TEST DESCRIPTION

Prior to obtaining data, the plant load was stabilized at a constant
value and plant parameters were checked or adjusted to be within normal
operating limits. Data was then obtained during a nominal 30 mimute
period with plant conditions stabilized and plant load constant.

Reactor coolant flow was determined by performing a heat balance on the
RCS. This was done by using the gross steam generator thermal output
calculated in the high accuracy heat balance test (STP R-2A) and narrow
range hot—leg and cold-leg temperature measurements.

The heat balance across the secondary side of the steam generators
(STP R-2A) produced an accurate determination of primary system heat
rate. The heat rate results were then refined by compensating for RCS

(ID peripheral and convective heat loads to determine actual core heat genera-
tion. Actual RCS flow was then calculated.

~

TEST RESULTS

30Z Power Test

Total RCS flow was measured as 382,000 gpm which is approximately 4% more
than required by Technical Specifications. Lowest RCS loop flow was 93,000

gpm.

50% Power Test

Total RCS flow was measured as 387,000 gpm which is approximately 5.8%
wore than required by Technical Specifications. Lowest RCS loop flow was
95,000 gpm. .

91






(ID 5.13 (Continued)
75% Power Test
Total RCS flow was measured as 378,b00 gpm which is approximately 3.3%
. more than required by Technical Specifications. Lowest RCS loop flow

was 93,000 gpm.

90X Power Test

Total RCS flow was measured at 383,000 gpm which is approximately 4.6%
more than that required by Technical Specifications. Lowest RCS loop
flow was 93,000 gpm. . .

100% Power Test

’ Total RCS flow was measured as 381,000 gpm which is approximately 4.27%
. more than required by Technical Specifications. Lowest RCS loop flow
was 93,000 gpm,

At each test plateau no recalibration of the loop flow meters was required

and’ no changes to the loop flow constants (specified in Surveillance Test
Procedure I-1A and done each shift by the operators) were required.
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5.14 Test Proceﬁuré No. 38.2 - Automatic Steam Generator Level Control

TEST OBJECTIVE

The objective of this test was to verify proper operation and stability of the
Automatic Steam Generator Level Control System and Automatic Feedwater Pump
Speed Controller.

TEST DESCRIPTION

This test was performed at a nominal reactor power of 30%. The programmed
level setpoint signal was disconnected from the level controller and a constant
test signal of equal magnitude substituted. The test 3ignal was then raised
and lowered with the controller-in AUTOMATIC while system response was recorded.
The steam flow signal input to the flow balancing controller was next substitu—
ted with a test signal of equal value. This test signal was then increased and
decreased 5% with the controller in AUTOMATIC while system response was recorded.
The controllers were restored to their operational configuration and integrated
system response was checked by manually increasing Steam Generator level 5%,
switching the controller to AUTOMATIC and monitoring system response. The
entire procedure was completed on one Steam Generator Level Control System be-
fore proceeding to the next.

The Feedwater Pump Speed Controllers were tested by varying the master con-
troller +57% of feedpump operating speed with the control stations in AUTOMATIC.
Feedwater pump speed response was monitored and the procedure was repeated for
the second feedwater pump. *

TEST RESULTS

The Automatic Steam Generator Level Control System test was successfully comp-
leted without any modifications to the initial Westinghouse settings.

The Feedwater Pump 2-1 speed controller worked satisfactorily without any adjust-
ment to controller settings. .

The Feedwater Pump 2~2 required adjustments to the zero point of H.P. Governor
Valve by Westinghouse after the initial testing resulted in pump speed oscillationms.
After that adjustment, retest of Feedwater Pump 2-2 speed controller was satis-
factory.
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(lj' 5.15 Test Procedure No. 38.1 - Automatfc Reactor Cehtrol

TEST OBJECTIVES

The objective of this test was to verify the performance of the Automatic Reactor
- Control System in maintaining’ reactor coolant average temperature within accept—
able steady state limits.

TEST DESCRIPTION

The Rod Control System was switched from manual to automatic control with the’
reactor at equilibrium conditions at 302 power and system response monitored.

With the Rod Control System in manual, Tavg was increased approximately 6
deg. F above Tref by withdrawing Control Bank D, The Rod Control System was
then transferred from manual to automatic and plant response recorded.

After the plant stabilized, Tavg was decreased approximately 6 deg. F below
Tref by insertion of Control Bank D with the Rod Control System in manual.
The system was transferred from manual to automatic and plant response was
recorded.

TEST RESULTS

The Automatic Reactor Control System responded properly to a +6 deg. F tempera-
ture mismatch between Tavg and Tref. The Acceptance Criteria were met and the
plant stabilized properly, within acceptable limits, after thé Rod Control
System automatically compensated for the temperature mismatch and brought Tavg

back to Tref. Table 20 compares the actual data obtained with acceptable data
limits. )

94






Table 20

Automatic Reactor Control System Response

Initial Acceptable " Actual
Condi~- Description PData Limits Data
tion
Tavg Maxdmum - Initial Pressurizer Pressure L65 psig 10.7 psig
> Initial - Minimum Pressurizer Pressure <65 psig 55.6,psig
Tref Peak—~to~Peak Amplitude of Tavg Oscillation | <5 deg. F 4 deg.F
Minimum Period of Tavg Oscillation 260 sec. 288 sec.
ITref - Tavgl (After Transient) +1.5 deg. F | 0.375 deg.F
Maximum - Initial Presgsurizer Pressure <65 psig 6.2 psig
Tavg Initial - Minimum Pressurizer Pressure L65 psig 6.3 psig-
X4 Peak—-to-Peak Amplitude of Tavg Oscillation | <5 deg. F 4 deg. F
Tref Minimum Period of Tavg Oscillation 260 sec 208 sec.
|Tref - Tavg| (After Transient) +1.5 deg. F | 1,1 deg.F
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5.16 Test Procedure No. 42.1 - Power Coefficient Measurement

TEST OBJECTIVE

The objective of this test was to verify nuclear désign predictions of the
Doppler-only power coefficient.

TEST DESCRIPTION. .-

After establishing stable plant conditions at the 30%, 50%, 75Z and 907 test
plateaus with equilibrium xenon and axial flux difference at or near its target
value, the turbine load was decreased approximately 22 MWe at a rate of 2200
MWe/min. This action caused about 2% drop in reactor power level. Subsequent
44 MWe load swings were performed in order to vary reactor power by about 4%

in each case, and a final load swing of 22 MWe returned power to its initial
value. This sequence is shown on Figure 30. The period between each load
swing was long enough to allow stabilization of Tave and AT. Boron concentra-
tion and control rod position were maintained comstant throughout the test.

For each increase in turbine load, AT increases and Tave decreases. This in-
crease in AT (i.e. fuel temperature) causes a negative reactivity effect due
to the fuel”s negative Doppler coefficient. This is offset by the positive
reactivity due to the negative isothermal temperature coefficient (ITC) and
the decreased Tave. In a similar manner, load decreases involve a decrease
in AT and an associated increase in Tave.

The load swings done in this test directly measured the change in core

average coolant temperature required to offset a change inAT. By relating

the changes inAT to changes in reactor power level, ratios of Doppler coef=-
ficient to ITC were calculated by dividing the change in Tave by the change

in power for each load swing. The acceptance criterion was that this measured
ratio (Doppler coefficient/ITC) must be within 0.5 deg. F/% of the design value.

TEST RESULTS .

As shown in Table 21, the measured ratios of Doppler coefficient to ITIC for
each test plateau were within the acceptance criterion.
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Table 21

Power Coefficient Measurements

TEST PLATEAU| MEASURED RATIO* DESIGN RATIO* |MEASURED - DESIGN | DESIGN DOPPLER
(%X RTP) (deg.F/% power) | (deg.F/% power) RATIO * COEFFICLENT
(NOMINAL) (deg. F/%Z power) (pem/% power)
30 2,80 3.21 -0.41 -13.5
50 2.17 2,35 -0.18 -12.9
» 75 1.56 1.47 +0.09 -11.8
90 1.52 1.21 +0,31 -11.3

*RATIO = DOPPLER COEFFICIENT

ISOTHERMAL TEMPERATURE COEFFICIENT

Acceptance criterion:
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LOAD CYCLING PATTERN FOR POWER COEFFICIENT VERIFICATION
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5.17 Test Procedure No. 42.2 — RCCA Pseudo Ejection and RCCA Above Bank Position
Measurements

TEST OBJECTIVE

The objective of this test was to determine the power distribution and .rod
worth associated with an ejected RCCA.

TEST DESCRIPTION

The test was performed at the 30% power plateau with the plant stable and
Control Bank D at the hot full power rod insertion limit of 188 steps.

After verifying these conditions, the movable incore detectors were used to
perform a flux map to determine the "pre—ejection" power digtribution. While
maintaining constant turbine power and boron concentration, RCCA D-12 was
withdrawn from 188 to 200 steps. At 200 steps a partial flux map (i.e., data
from 6 of the 58 flux thimble locations) was-taken, after which the rod was
fully withdrawn. With RCCA D-12 withdrawn, a full core flux map was taken for
the post—ejection power distribution. Finally, RCCA D-12 was returned to its
initial position.

TEST RESULTS

Power distribution results are summarized in Table 22 and core average radial
power distributions are shown in Figure 31. All Acceptance Criteria were met
and no significant problems were encountered during the performance of this
test.

The post—ejection value of Fa (i.e., heat flux hot channel factor) was 2,275,

well below the Acceptable Criteria (FSAR) limit of 7.07. Ejected rod worth was
_approximately 9 pem, well below the Acceptance Criteria limit of 200 pem.
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Table

Power Distribution Results - Pre and Post Pseudo Rod Ejection

ITEM PRE-EJECTED POST-EJECTED
FLUX MAP FLUX MAP
Conditions = power 30% 302
- temperature (RCS) ~551 deg. F ~553 deg. F
- boron concentration 1078 ppm 1082 ppm
- burnup 90 MWD/MTU 90 MWD/MTU
Rod Configuracién Bank D RCCA D-12
@ 188 steps @ 228 steps
ﬁyﬂ - measured value 1.360 1.501
- location* J02-QQ PO9-QA
FTQ - measured value 2.116 2.275
- location* M12-IH P09-QA
, @58 in @ 60 in
Fz - measured value . 1.402 1.390
QUADRANT TILT - measured value 1.006 1.037

* Assembly locations (i.e., M12, etc.) are shown on Figure l.

Pin locations within assembly (i.e., IH) are based on 17x17 matrix ranging from

AA to QQ.
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PONER DISTRIBUTIONS FOR PSEUDO EJECTION (T.P. 42.2)

PRE-EJECTION "MOTE: a) Box entries are relative assembly
ASSEMBLY PONER average powers.
b) EJected location: 0-12 KORTH
POST-EJECTION .
ASSENBLY PONER
___ 591} .694 .828) .755) .22 .ssgf .575
1 ’ 5721 .684 .812} .7150| .879] .742} .625
.5041 .8s0} 1.039§ 1,033] 1.068 | 1.057] 1.056{ 1.009{1.007 | .853] .494
2 534} .922] 1.024] .997}1.082 | 1.037} 1.171] 1.083)1.057 | .822| .478
.497]1.0381 .94sf 1.126] 1.125§1.176 | 1.128] 1.167] 1.092]1.089 | .928} 1.031}] .500
3 .507]1.0361 .992] 1.091] 1.12811.121 | 1.083] 1.091] 1.232|1.060 | .933] .978] .480
..064] .939] 1.240] 1.079] 1.199{1.144 | 1.165] 1.143| 1.184/1,055 }1.242] .946] .878
4 .853] .963] 1.185] 1.040( 1.117]1.117 } 1.110] 1.122] 1.120]1.055 | 1,193} .982] .834
575 | 1.006]1.091 1.051{ 1.186] 1.154{1.193 | 1.143{ 1,193 1.156{1.192 |1.077 | 1.123] 1.036{ .589
5 .603 1 1.055]11.097] 1.056{ 1.111} 1.220{1.118 § 1.109¢ 1.124} 1.128]1.121 | 1.066{ 1.080] 1.016{ .569
6741 .99611.076 | 1.162] 1.133| 2.161}1.045 {1.119] 1.033] 1.148]1.135 |1.192] 1.119] 1.032] .696
6 J732 1 1.068{1.072] 1.118] 1,121 2.096{1.023 | 1.059 | 1.022| 1.097§1.116 | 1.144] 1.111} .981} .680'
.806 { 1.0441.138 ] 1.121] 1,158 1.029}1.067 | .972] 1.065] 1.025{1.176 [1.150| 1.174} 1,068} .828
2 873 1 1.16311.098] 1.110] 1.111] 1.011)1.023 ] .961) 1.014} 1.016]1.114 |1.129] 1.123] 1.057| .808
728 { 1.033)1.092 | 1.139 | 1.099 § 1.097] .963 ) .995] .965| 1.105{1.128 }1.166| 1.128} 1.053| .745
8 .806 | 1.11501.091] 1.097§ 1.096| 1.041] .955] .955] .961) 1.059{1.109 |1.118} 1.116} 1.003} .744
.798 | 1.0411.136 | 1.124 | 1.144 | 1.008{1.040 | .955] 1.075| 1.044{1.197 }1.151] 1.174] 1.060| .817
9 .879 | 1.172]1.086 § 1,106 § 1.106] 1.012§1.006 | .962] 1.031) 1.042}1.138 |1.142] 1.131} 1.071} .819
.675 | 1.001}1.064] 1,164} 1.123] 1.128]1.009 | 1.090} 1.029{ 1.156]1.145 | 1.185{ 1.114| 1.023} .688
10 | .70 ] 1.028{1.064 ] 1.122] 1.120] 1.094}1.018 | 1.060} 1.041} 1.115{1.143 }1.147] 1.107] 1,056} .722
.582 | 1.024]1.110} 1.050] 1.163] 1.127]1.157 | 1.098 1.148] 1.125{1.162 | 1.053] 1.096] 1.035{ .588
11 | .593 | 1.0631.134 | 1,038 { 1,115 1.122]1.121 | 1.112} 1.241 ] 1.124|1.147 | 1.089] 1.086] 1.104] .613
.867| .938] 1.241] 1.067] 1.185]1.126 | 1,128] 1,115} 1.163]1.046 | 1.220f .934| .877
12 875t .98911.231 ] 1.056] 1.138{1.129 [ 1.113] 1.143] 1.128}1.083 | 1.257] 1.043} .957
. .494]1.031 | .943]1.113] 1.100§1.138 | 1.083} 1,146 1.106{1.107 | .935] 1.032 .499
13 ,51841.060 | “.990 } 1.057 | 1.106§1.138 [1.160 { 2.184] 1.174]1.141 | 1.014] 1,102} .578
494 .86911.027] 1.014}1.036 | 1.028] 1.055} 1.042|1.036 | .875{ .500
14 52271 .877 |1.005) .987[1.130 }1.092]1.157] 1.032{1.092 | .923] .558
.5831 .678} .s03| .733] .823] .701} .589
15 5621 .683] .854 | .79s] .8n| .706| .606
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DIABLO CANYOM PONER PLANT - UNIT 2

PIGURE 31
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. {l% 5.18 Surveillance Test Procedure No. R-13 — Incore-Excore Detector Calibration

TEST OBJECTIVE

The objective of this test was to determine the relationship between the
axial power distribution in the core (as established by use of movable
incore flux detectors) and power range excore upper/lower detector signals.
The scaling factors that were calculated were used to calibrate the ex—
core nuclear instruments. The test was performed initially at the 50%
power plateau and repeated at 75% power.

TEST DESCRIPTION ,

»

Each of the four (4) power range nuclear instrumentation channels con-
sists of a pair of uncompensated ion chambers stacked vertically. Each
detector in a given channel is located symmetrically above and below the
core axial midplane. The calibration test was performed to provide the
data necessary to calibrate the pairs of detectors and provide upper/lower
signals that are proportional to the power split between the upper/lower
halves of the core over a wide range of axial power distributionms.

To provide such data, the control rod position and soluble boron content
of the RCS were varied initially in such a way to provide power distribu-
tions axially skewed toward the bottom of the core. Flux maps (initially
full core, quarter—core thereafter) were recorded using the movable incore
detector system to determine the amount of asymmetry in the axial power
distribution (expressed as axial flux difference, AFD¥*, or axial offset,
AO**), The excore detector signals also were measured during the flux
maps so that.a direct comparison could be made of incore detector vs. ex—
core detector AO. Control rods then were returned to their initial posi-
tion and the asymmetric buildup of xenon in the core was. allowed to produce
a xenon-inducded axjial power oscillation, shifting power toward the top of
the core. Periodically, flux maps and excore signals were recorded. At

a prescribed point in the xenon/power oscillation (end of the test), a
control rod maneuver was performed to dampen out the axial oscillation

and return core conditions to normal.,

The data from the-test were used to plot incore AO vs. excore AO for

each power range excore channel and also incore A0 vs. normalized (full
power) detector currents for each power range excore upper and lower
detector. These plots provided best—-fit straight lines from which excore
detector gains (slopes) and offsets (intercepts) were obtained. A sub-
sequent I&C surveillance test procedure STP I-2D used these’gains and |,
offsets to calibrate the power range excore nuclear instruments.

*AFD (%) = A0 (%) x % core power / 100

**A0 (%) = (Upper detector current or core power — Lower detector current or
core power) x 100/ (Upper + Lower)
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m 5.18 (Continued) '

TEST RESULTS

(A) 50% Plateau:

Control Bank D rods were inserted in two (2) increments of approximately
seventeen (17) steps each. Incore AO shifted from about -3.67% initially
(Bank D at 207 steps) to about —10% (189 steps) and then to about -19.8%
(173 steps). Upon holding the latter configuration for approximately two
hours, rods were returned to their original position. During the sub-
sequent axial xenon oscillation, four more quarter—core flux maps were
produced at incore AOs ranging from about -6.9% to +4.9%. Thus, the
total span of minimum to maximum AO was from about =19.8% to about +4,92%

The entire test required approximately 22 hours to c&mplete.

Slopes (gains) of the incore vs. excore AO plots were approximately 1.6 for
all channels. Offsets constants ranged from about +1.5% for channel N44 to
+6.1% for channel N43.

A full calibration was performed on all 4 power range channels per STP I-Zd

using these gains and offset constants.

(B) 75% Plateau:

Control Bank D rods were inserted in 2 increments of approximately 10
steps each. Incore AO shifted from about =9.1% initially (Bank D at 186
steps) to about -14.9% (175 steps) and then to about -21.6% (166 steps).
Upon holding the latter configuration for approximately 2 hours, rods were
returned to their original position. During the subsequent axial xénon
oscillation, four more quarter—core flux maps were produced at incore AOs
ranging from about -13.5% to —4.1%. Thus, the total span of minimum to
maximum A0 was from about —-21.6 to about -4.l%.  The entire test required
approximately 18 hours to complete.

Slopes (gains) of the incore vs. excore AO plots were approximately 1.6
for all channels. Offset constants ranged from about +l1.5% for channel
N44 to +6.1% for channel N43. A sample of each type of plot is enclosed
for channel N41 (Figures 32 and 33).

Because of agreemént with results of the test at 507% power level, re=
calibration of the power range channels was deemed not to be required.
This test confirmed the adequacy of performing Incore/Excore calibrations
at 50% power. <
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STP_R-13 SAMPLE PLOT: N-41 IHCORE vs. EXCORE AXIAL OFFSET
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STP R-13 SAWPLE PLOT

.

N-41 INCORE AXIAL OFFSET vs. NORMALIZED DETECTOR CURRENT

75% R1P, STP R-13, 11-18-85
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5.19 Test Procedure No. 43.7 — Net Load Trip From 50% Power

TEST OBJECTIVE

The objective of this test was to demonstrate the ability of the unit to sustain
a net load rejection from nominal 50% power.

v

TEST DESCRIPTION

The plant was stable at nominal 50% RTP and on automatic control. The load rejec-
tion was initiated by opening the main transformer high side breakers. The plant
was then stabilized using DCPP Emergency Operating Procedure OP AP-2, Full Load
Rejection. (

The results were evaluated for acceptable dynamic response. Also, the inter-
action between the control systems was studied for possible setpoint changes
to improve transient response.

TEST RESULTS

The following is a.listing of the sequence of events explaining the problems
experienced during this test and their resolutions:

November 6, 1985: With the plant stable at 50% power and in automatic mode,

50% load rejection transient was initiated at 1915 hours. Approximately 60
seconds into the transient, control room operators took manual control of the
Main Feedwater Pumps Master Controller in an attempt to restore steam generator
levels. Approximately 10 seconds later, the reactor tripped. on Steam Generator
2-4 low level. Analysis of the transient data suggested that the trip was caused
by the slow response time of the Main Turbine intercept valves. After obtaining
concurrence from Westinghouse, an orifice changeout was implemented on all-Main
Turbine intercept valves to improve thelr response time.

November 13, 1985: During the second attempt, approximately 90 seconds after
initiation of the transient, manual control of Main Feedwater Pump 2-1 was
taken by the control room operators. An additional 90 seconds later, control
rods were switched to manual mode and steam dump control system was switched
from Tavg mode to pressure mode. Transient data analysis revealed that after
manual control of the Main Feedwater Pump 2-1 was taken, feedwater header pres-—
sure increased to greater than 1500 psi, but the feedwater pump did not trip.
Investigation revealed that 2 out of 3 feedwater high pressure trip switches
were lsolated. This event was analyzed by the plant staff and it was determined
that this anomaly did not impact the overall response of the plant to the
transient.
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5.19 (Continued)

December 8, 1985: Due to inadequate control system response observed during
the first two attempts at 50% load reduction from 75% power level per Test .
Procedure 43.3 (described in Section 5.24), a design.was implemented to modify
the steam dump program. Since this design change modified key control system
parameters tested previously on November 13, 1985, it was decided to retest the
ability of the unit to sustain net load rejection from 50% power. During this

- retest, all Acceptance Criteria listed below were met successfully:

1. Reactor an§ Turbine did not tripﬂ

2. Safety Injection was not initiated.

3. Main Steam safety valves did not lift.
4, Pressurizer safety valves did not 1lift.

5. Minimal manual intervention until nuclear power level decreased to
approximately 20%.

Operators took manual control of the control rods at approximately 2 minutes and
17 seconds after the transient was initiated. Main feedwater pumps were put in
manual mode an additional 44 seconds later. Also, the plant response was within
expectations except for steam generator 2-1 level undershdot which was 24.77%
versus an expected value of- {15.0% and control rod maximum speed time which was
42 seconds versus the expected value of 30 seconds. Westinghouse and PG&E En-
gineering considered these deviations to be acceptable. The response of key
plant parameters are tabulated in Table 23 and illustrated in Figures 34A
through 34E.

107



-



(l]’ ' - Table 23

Key Plant Parameters During Net Load Trip From 50% Power

Tave: ’ .
Initial Tave (deg. F) 557.8
Peak Tave (deg. F) 562,7
Final Tave (deg. F) . 551.2
Tave Oscillations (deg. F) : <2

Pressurizer Pressure:

Initial Pressure ' (psig) 2229.6
Maximum Pressure (psig) 2278.8
Minimum Pressure (psig) 2163

Maximum = Initial (psid) 49,2
Initial - Minimum (psid) 66.6

Steam Generator Level:

Initial S/G 2-1 Level (%) ’ 42.9
Maximum S/G 2-1 Level (%) 56.5
Minimum S/G 2-1 Level (%) 18.2
Maximum - Initial %) 13.6

® . Initial - Minimum %) 24,7 *

Control Rod Speed:
Time of Maximum Speed (sec) 42 *

Steam Dumps:
Actuation and Modulation yes
Cycling no

Expected Responses:

1. The Tave peak should be less than 5 deg. F above the initial value,
while Tave ogcillations should be <2 deg. F.peak to valley.

2. Pressurizer pressure should not vary more than +100 psi and ~150
psi from the initial pressure.
3. Steam Generator levels should not vary more than +15% from the initial
value.
4, Maximum control rod speed should exist for approximately 30 seconds.
S Steam dumps should actuate and modulate and shut off with no cyecling.

* As described in Section 5.19, these deviations from the expected
response were judged to be acceptable.
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5.20 Test Procedure No. 43.5 - Rod Group Drop and Plant Trip’

TEST_OBJECTIVE

The objectives of this test was to demonstrate the ability of the Excore
Detector System Negative Rate Circuitry to detect a two rod drop and subsequent-
ly cause a reactor trip and to review plant response and control system behavior
to the resulting plant trip.

TEST DESCRIPTION ) '

With the plant stable at a nominal power level of 50% and on automatic control,
two rods (L-13 and E-3) were simultaneously dropped. The rod motion caused an
Excore Detector System negative flux—rate trip which tripped the Reactor and ,

the Turbine. The plant response was monitored during the transient.

TEST_RESULTS

The two rods dropping simultaneously caused a negative rate trip which caused a
Reactor trip and a Turbine trip. The acceptance criteria for the test was met
as the transient did not cause (i) a safety injection, (ii) reactor coolant pump
tripping (iii) steam line safety valve lifting or (iv) pressurizer safety valve
lifting. The plant responded as expected to the plant trip with the exception
of pressurzer level and Tavg both of which went below expected values due to.
the Auxiliary Steam demand. Westinghouse and PG&E Engineering judged these
deviations to be acceptable. A summary of selected parameter response to the.
transient is shown in Table 24 and illustrated in Figures 354 through 35E.

-
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Table 24'

Rod Group Drob and Plant Trip

TRA&S&ENT

Parameter Units Initial Max. Min. Final
Reactor Power "% 51 - - 0
Electrical Output (Gross) MW 490 - - 0
Tref deg. F 557 - - 547
Tavg deg. F 557.2 . - - 533.5
Pressurizer Pressure psig - 2241 2241 2099 2148
Pressurizer Level % 36.4 36.4 18 21
Steam Header Pressure psig 835 920 <600_ <600
(Loopl) Steam Generator Level % 45.4 45,4 1 26
Core Exit Thermocouple (FS) deg. F 578 _ _ 530

Pressurizer level and Tavg did not remain above the expected minimum values

of 20% and 547 deg. F respectively.

returned to their setpoint value.

into the steam generators tended to lower Tave initially, thereby dropping
Pressurizer level dropped with Tavg and went
Tavg dropped below 547 deg. F about

pressurizer level excessively.

below 20% about 2 min. 50 sec. after trip:
19 secs. after trip and settled at around 533 deg. F.

This was caused by the auxiliary feed-
water system operating at maximum flow rates until steam generator levels

This quantity of cold water being injected

Feedwater isolation occurred about 8 secs. after trip.
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f‘Jl‘ 5.21 Test Procedure No. 41.1 — Plant Shutdown from Outside the Control Room

TEST OBJECTIVE .

The purpose of this test was to demonstrate that normal’ Hot Standby conditioms
can be established and maintained from outside the Main Control Room (MCR).

TEST DESCRIPTION .

Following a reactor trip, essential primary and secondary system conditions

such as RCS Temperature and Pressure,- RCS Boron Concentration and Steam Generator
levels and pressures were controlled from outside the Main Control Room - prim-
arily from the Hot Shutdown Panel (HSDP) — as required to establish and maintain
stable shutdown conditions.

TEST RESULTS

The test was performed on November 13, 1985, with the unit operating at approxi-
mately 50% power. Following a reactor trip from outside the Main Control Room
(see Section 5.20), a minimum Operations test crew consisting of six members

. evacuated the Main Control Room, assumed control of the plant from the HSDP and
manned other stations to monitor and control plant parameters in accordance with
Operating Procedure OP AP-8, "Control Room Inaccessibility.'

| The on-shift Shift Foreman and his crew remained on watch during this test to
ﬁ”‘, monitor the plant and note any problems encountered. Control was maintained
‘ from the HSDP for approximately three hours. During this period, additional
actions were required from various locations within the plant by the test crew.

Once the test crew had established Hot Standby conditions (RCS temperature ap-— °
proximately 547 deg. F, Pressurizer pressure approximately 2235 psig and Pres—
surizer level approximately 22%Z), these conditions were maintained for approx—
imately 30 minutes. The test was then terminated by transferring control back
to the Control Room.

Some Control Room Operator actioné were performed during this test. These
actions and their justifications are listed below:

l." Close MSIVs and Bypasses after trip.
No adverse effect on results. Closure of valves is part of
immediate action prior to leaving MCR per OP AP-8.

2. Manual verification of closure of Main Feed Reg. Valves.
No adverse effect. Checking the valves to ensure that they are
closed is part of immediate action in EP E-0.l; valves were already ~
closed. Check valves also exist in FW lines if Main Feed Regulator
Valves are not closed.

®
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5.21 (Contimued) _ ' o

3. Manual adjustment of PCV-135 twice during test to re-establish letdown
after letdown isolation. .
No adverse effect. Operating experience shows that establishing
letdown without PCV-135 adjustment causes lifting of the letdown
line relief. PCV-135 adjusted in attempt to prevent unnecessary
cycling of relief valve. In actual emergency,, reliéf valve would
be allowed to 1lift.

4, Circ. Water Pump 2-1 restarted. .
No adverse effect. Circ. water pump restarted to maintain condenser
vacuum and prevent condensate system perturbations. Does not affect
primary plant with MSIVs and MFW system isolated.

5. MSIV bypass valves opened assuming downstream isol. valves shut; MSIV
bypass valves reshut when improper valve lineup identified. »

No adverse effect. Opening MSIV bypasses with downstream isolation
valves shut is essentially the same as MSIV bypasses shut (one valve
in bypass line shut). Improper lineup caused further primary system
cooldown and may have' contributed to second letdown isolation, but
did not affect ability to recover and maintain RCS temperature from
Hot Standby Panel.

6. Opening and closing of MFW Pump Recirc. valve.
No effect. MFW Pump essentially isolated from Primary Plant.

7. Manual adjustment to letdown temperature (TCV-130).
No effect due to possible alternatives. TCV-130 was in manual for
several days due to erratic operation in AUTO. Valve worked satis-
factorily during T.P. 37.20, Control Room Inaccessability. In
actual emergency with control in manual, either (a) temperature
would be allowed to stay at higher value or (b) a test signal could
be injected into TCV~130 control circuit and temperature monitored
locally. It should be noted that adjustment was made only while let-
down flow was Iincreased to decrease Pressurizer level from approxi-
mately 50% after letdown isolation; if strictly following OP AP~8,
Pressurizer level is increased to 50% in preparation for cooldown
and excess letdown flow would not be required. Temperature was main-=
tained satisfactorily with normal (75 gpm) -letdown flow.

" 8. Draining Pressurizer Relief Tank (PRT) level to normal operating band.

No effect. Operator convenience only; PRT level could have been
left as is throughout the transient. (Level increase apparently due
to Letdown Relief valve lifting even though PCV-135 was adjusted to
prevent/minimize 1lifting.) .
Because these Control Room operators” actions could be resolved administratively
and all Acceptance Criteria were met, this test demonstrates satisfactorily the
capability to remotely maintain the plant in Hot Standby conditions.
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5.22.Test Procedure No. 43.1 - Load Swing Tests

TEST OBJECTIVE

The main objective of this test was to verify plant dynamic response, including
automatic control system performance, to 10% step load changes introduced at the
turbine generator control panel.

TEST _DESCRIPTION . ’

This test was performed at 30%, 50%Z, 75%, and 100% power. At each test
plateau, the plant was verified to be stable and on automatic control.

By using the turbine load control system, plant output was then reduced by
10% (i.e., approximately 115 MWe) at the maximum rate of 2200 MWe per minute.

After stabflity was achieved and all necessary data were collected, plant out-
put was increased to the previous power level at a rate of 2200 MWe per minute,

again monitoring the above parameters. This increase was not done at the 100%
test plateau.

TEST RESULTS

For all power plateaus at which this test was performed, Acceptance Criteria

. were satisfied as follows:

1. Reactor and Turbine did not trip.

2. Safety injection did not initiate.

3. Main steam safety valves did not lift.

4, Pressurizer relief valves and safety valves did not 1lift.
5. Nuclear power undershoot and overshoot was less than 37%.

In addition a final acceptance criteria, no manual intervention to bring the
plant to steady state conditions, was satisfied.

At the 30% plateau, the 10% load decrease was initiated and all systems respond-

ed correctly. The plant stabilized within 8 minutes. Then the 10%Z load increase

was initiated and all systems responded correctly. The plant stabilized within

- 15 minutes. During the load increase, the expected Steam Generator 2-1 level
overshoot value of less than 10% was exceeded (actual was 11.6%). Westinghouse

and PG&E Engineering judged this deviation to be acceptable. .

At the 50% plateau, the plant response to the load decrease and increase was
satisfactory. During the load decrease and increase, the expected steam pres-—
sure overshoot value of 25.0 psi was, exceeded (31.0 psi during load decrease
and 32.5 psi during load increase). .
At the 757 plateau,-all expected values were met except that, during the load
decrease, steam pressure overshoot was 28 psi, exceeding the expected value
of 25 psi.
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5.22 (Continued)

At the 100Z plateau, the Load Transient Bypass system was actuated during the
load decrease. Plant response was satisfactory and equilibrium conditions were
reached in 4 1/2 minutes. The steam pressure overshoot was 53.0 psi and exceed-
ed the expected overshoot value of 25.0 psi. . .

Deviations from the expected values for the pregsures at the 50%, 75% and 1007
plateau were reviewed and judged to be acceptable by Westinghouse and PG&E
Engineering prior to continuing with any further transient testing at that test
plateau.’ A summary of selected parameter response to the transient is tabulated
in Table 25 and illustrated in Figures 36A through 40E.
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Table 25

Key Plant Parameters During 10%4 Load Swings

than #25 psi.. For a load decrease, steam pressure should increase and show a

slight overshoot before stabilizing to a final value.

steam pressure should show'a decrease with a slight undershoot.

For a load increase,

30% Pur | 20% Pur | 50% Pwr | 40% Pur | 75%Z Pur | 65% Pur | 100X Pur
. to to to to to to to
.20% Pur | 30% Pwr | 40%Z Pur | S0Z Pur | 65% Pur | 75X Pur 90% Pwr
Pressurizer Pressure:
Initial Pressure (psig) 2230 2232 2230.8 2232 2227.2 2232 2236.8
Maximum Pressure (psig) 2232.5 2235 2236.8 2232,2 2232 2235 2242.8
Minimm Pressure (psig)” | 2202.5 2213 2203.8 2220 2202 2227,2 2191.8
Maximum ~- Initial (psid) | 2.5 3 6.0 1.2 4.8 3 6.0 g
Initial - Minimum (psid) | 27.5 19 27.0 12,0 25.2 4,8 45.0
Steam Generator Level: .
Initial S/G 2-1 Level (%)} 44 42,4 45 45 44,1 43,5 44,5
Maximum S/G 2-1 Level (X)] 45.9 54 50.4 51.8 50.5 50.8 51.0
Minimum S/G 2-1 Level (X)]| 36.5 37 38.0 39.8 37.8 37.0 39.0
Maximum - Initial (X} 1.9 11.6 * 5.4 6.8 6.4 7.3 6.5
Initfal — Minimum (X)| 8.5 5.4 7.0 5.2 6.3 6.5 5.5
Steam Pressure:
Initial Pressure (psig) 893 912 846 867.5 781.5 795 715
Final Pressure (psig) 911.9 888 865 860 795 780 712
Maximum Pressure (psig) 935 911 896 862.0 823 783 765
Minimum Pressure (psig) 893 864.2 846 827.5 800 756 708.5
Final - Minimum (psid) N/A 23.8 N/A 32,5 % N/A 24 N/A -
Maximum - Final (psid) .23.1 N/A 31.0 * | N/A 28 * N/A 53%
Expected Response
1, Pressurizer pressure swings of less than 50 psi.
2. Steam Generator levels not varying by more than 10%Z from initial level. .
3. Steam pressure not having an overshoot or undershoot from the final value of more

* As described in Section 5.22, these deviations from the expected response were
judged to be acceptable.
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(]D 0.25% at 100% RTP.

5.23 Test Procedure No. 4.6 — Steam Generator Moiséhre Carryover Test

TEST _OBJECTIVE

The objective of this test was to determine the moisture carryover (MCO) from
the Steam Generators at full power.

TEST DESCRIPTION

The feedwater to the Steam Generators was charged with a radioactive tracer,
Sodium-24, in the form of sodium carbonate. The percent moisture carryover
at 100% RTP was determined by measuring the activity of sodium in the main
steam lines, Heater 2 Drain Tank Pump discharge, condensate lines and steam
generator blowdown lines with the Condensate Polishers in service.

The Sodium-24 tracer was mixed with demineralized water and the injection tank”s
contents injected downstream of the H,P. Feedwater Heaters as close as possible
to the steam generators and still get adequate mixing. The feedwater sampling
point was temporarily isolated for the duration of this test and sampling provi-
sion made upstream of the Sodium-24 tracer injection point.

After injection of the tracer source was completed, approximately one hour was
allowed to obtain good mixing of the tracer within the Steam Generators and the
secondary system. Steam Generator blowdown via the Blowdown Demineralyzers to
the condenser was established for approximately 15 minutes to ensure that repre-—
sentative blowdown samples were obtained. A Three sets of simultaneous samples
were collected approximately 10 minutes apart as follows:

All four Steam Generator Main Steam lines
All four Steam Generator Blowdown lines

- Condensate

- Heater Two Drain Tank Pump Discharge

- Feedwater Heater 2-1B inlet drain

Simultaneously with sample collection, three sets of Operator Heat Balances,
STP R-2B, were performed and some additional plant data taken to verify stable
plant conditions. The three sets of samples obtained were analyzed to deter-—
mine Na~24 activity.

TEST_RESULTS

The MCO -and calorimetric RTP were determined at 100%Z RTP and tabulated below:

Sample Set < MCO (%) RTP (%)
1 : 0.099 . 98.43
2 0.105 : 98.50
3 0.106 98.52
Average 0.103 98.48

The 0.103% MCO easily met the required Acceptance Criterion of less than
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5.24 Test Procedure No. 43.3 - Large Load Reduction Tests

TEST OBJECTIVE

The objective of this test was to verify the ability of the primary and
secondary plant, and the automatic reactor control systems, to sustain a 507%
step load reduction from 75Z and 100%Z of full power.

TEST DESCRIPTION

This test procedure was performed at the 75% power and 100% power test
plateaus. In each case, the plant was verified to be at steady state and
on automatic control prior to the start of the transiemt. A large load
reduction (50% of full load or approximately 560 MW) was then initiated at
the maximum turbine load controller rate of 2200 MWe per minute.

The transient was evaluated for acceptable dynamic response. In addition, the
interactions between the control systems were studied for possible setpoint
changes to improve transient response.

TEST RESULTS

The large load reduction test at 75% power resulted in reactor trips in the
first two attempts. The following is a listing of the sequence of events exp-
laining the problems experienced during this test and their resolutions:

November 26, 1985: Apptoximately five seconds into the initiation of the tran—
sient, an actuation of the 35% Atmospheric Steam Dump valves caused a reactor
trip and safety injection actuation due to high steam flow coincident with low
steam header pressure. Appropriate emergency procedures were followed and the
unit was stabilized in Mode 3. Subsequently, a design change was implemented
to modify the steam dump program.

December 1, 1985: Upon initiation of 50% load rejection transient from 75%
power level, the feedwater control system did not respond properly, so the
control room operators took manual control of the Main Feedwater Pumps” Master
Controller and S/G 2-2 feedwater regulating valve to maintain steam generator
level. The subsequent heating of the cool feedwater introduced into the steam
generators during the transient caused Steam Generator 2-2 level to swell to
the high level trip setpoint, resulting in a turbine and reactor trip. Approp-
riate emergency procedures were followed and the unit was stabilized in Mode 3.
Subsequently, setpoint changes to the feedwater control system were implemented.

December 7, 1985: Prior to making a third attempt at retest, a new procedure
was developed which would test the plants” ability to sustain a much smaller
load reduction of 30%. The 30% load reduction transient was initiated from 75%
power at 1838 hours and equilibrium conditions reached at 1843 hours.
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5.24 (Continued)

Once verification was made that all Acceptance Criteria of the test were met,
the plant was returned to 75% power and a 50% load reduction transient was,
initiated at 2105 hours and the plant stabilized at 2118 hours. All Acceptance
Criteria listed below were met: .

1.

2.

5.

Reactor and Turbine did not trip.
Safety injection did not initiate.
Pressurizer safety valves did not lift.

Main steam safety valves did not 1lift.

No manual intervention was required to.bring plant conditions to
equilibrium values following the transient.

Finally, plant response was within expectations, except for Tavg oscillations
which were 7 deg. F (peak to valley) versus expected value of less than 5

deg. F.

Steam generator level 2-1 undershoot was 20.2% versus an expected

value of {15%. Also, the control rod time of maximum speed was 40.4 seconds
versus the expected value of 30 seconds. These variances were not considered
to be a problem by Westinghouse and PG&E Engineering.

December 23, 1985: With the plant stable at 100%Z power, a 50% load reduction
transient was initiated at 2000 hours and stable plant conditions achieved at

2012 hours.

The large load reduction test at 100% power met all Acceptance

Criteria satisfactorly. Also, the plant response was within expectations
except for the following variables:

(1)

(11)

(1i1)

Steam Generator 2-1 level undershoot was 15.5% versus an expected
value of <15.0%.

Steam dump shutoff time was 1l minutes versus an éxpected value of
less than 8 minutes. This was attributed to steam dump valves
PCV-49, 50 & 51 not closing fully.

Control rod time of maximum speed was 44.7 seconds versus the expect—
ed value of 30 seconds.

These variances were not considered to be a problem by Westinghouse and PG&E
Engineering.

The response of key plant parameters are tabulated in Table 26 and illustrated
in Figures 4lA through 41E.
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" Table 26

Key Plant Parameters During Large Load Reduction Tests,

From 752 From 1007%
Power Power
Tave: ‘ )
Initial Tave: (deg. F) 563.7 569.5
Peak Tave (deg. F) 567.7 572.4
Final Tave (deg. F) 554.2 556.9
Tave Undershoot (deg. F) 1.3 0:4
Tave Oscillations (deg. F) 7 * very small
Pressurizer Pressure: .
Initial Pressure (psig) 2231 2230
Maximum Pressure (psig) 2262 2275.8
Minimum Pressure (psig) 2160 2167.8
Maximum - Initial (psid) 31 45,8
Initial - Minimum (psid) 71 62.2
Steam Generator Level:
Initial S/G 2-1 Level (%) 45 44
Maximum S/G 2-1 Level (%) 55 57
Minimum S/G 2-1 Level (%) 24.8 28.5
Maximum - Initial % 10.0 13.0
Initial - Minimum" %) 20.2 * 15,5 *
Control Rod Speed:
Time of Maximum Speed (sec) 40,4 * 44,7 *
Steam Dumps:
Actuation and Modulation yes yes
Cycling no no
Shutoff Time (min) 5 11 *

Expected Responses:

1. The Tave peak should be less than 5 deg. F above the initial
value, while the Tave undershoot should be less than 3 deg. F
Tave oscillations should be small and

below the final value.

decreasing.

=100 psi from the initial pressure.

initial’ value.

seconds.

minutes, with no cycling.

Pressurizer pressure should not vary more than +80 psi and
Steam Generator levels should not vary more than +15% from the
Maximum control rod speed should exist for approximately.30

Steam dumps should actuate and modulate and shut off within 8

* As described in Section 5.24, these deviations from the expec-
ted responses were judged. to be acceptable.
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5.25 Test Procedure No. 43.8 — Plant Trip with Losé of Offsite Power Test

TEST OBJECTIVE

The objective of this test was to verify the ability of the primary plant to
sustain a turbine trip from approximately 20% power coincident with a loss of
offsite power and to bring the reactor to stable conditions following the tran-—
sient. ) ’ )

TEST DESCRIPTION

x

With the plant at approximately 202 power and on automatic control, plant trip
was initiated by sequentially tripping the turbine from the control console, all
four Reactor Coolant Pumps, Pressurizer Heater and the Startup Feeder Breaker to
the vital busses.

TEST RESULTS

Approximately thirty seconds after the plant trip was initiated,,the main
generator tripped, all necessary loads aligned to the Startup bus and the
diesel generators auto started and connected to the vital 4160 volt buses.
Establishment and effectiveness of Natural Circulation was verified during

the conduct of the test by monitoring key primary plant parameters at periodic
intervals. Stable Natural Circulation was declared established approximately
30 minutes after the initiation of the plant trip. All Acceptance Criteria
listed below were met: ’

1. Pressurizer Safety Valves did not 1ift.
2. Safety Injection did not initiate.

3. All control rods were released and were fully inserted.

4, Diesel generators auto started and connected to the vital 4160 volt
buses.

S. Post transient equilibrium conditions were satisfied.
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5.26 Test Procedure No. 43.4 - Plant Trip From 100% éower

TEST_OBJECTIVE

The main objective of this test was to verify the ability of the primary and
secondary plant to sustain a unit trip from 100% power and to bring the plant
to stable conditions following the transient. In addition, the test determined
the overall response time of the Reactor Coolant Hot Leg Bypass Resistance
Temperature- Detectors (RTDs).

.

TEST DESCRIPTION

With the plant at 100%Z power, stable, and on automatié control, the event was
initiated by tripping the turbine from the control console.

TEST RESULTS
The following acceptance criteria were met satisfactorily:

1, Pressurizer Safety Valves did not lift.

2. Main Steam Safety Valves did not 1lift.

3. Safety Injection did not initiate.

4, The Reactor Coolant Pumps did not trip.

5. All control.rods released and were fully inserted.

6. The auto power system transfer took place.

7. Nuclear Flux reduced to 15% (or less) of its initial value within
2 seconds after initiation of the Turbine trip.

N 8. The overall RTD response time was less than 7.3 seconds (actual

observed response time was 7.1 seconds).

Responses of key plant parameters are tabulated in Table 27 and illustrated in
Figures 42A through 42E. -

Actual plant response for pressurizer level, pressurizer pressure and time delay
between turbine trip and generator trip did not meet expectations. Minimum pres—
surizer level was 17.7% despite being expected to remain greater than or equal

to 20%. Pressurizer pressure varied between 1970-2232 psig; anticipated varia-
tion was between 2000 psig and initial pressurizer pressure of 2232 psig. The
low limit was exceeded because Pressurizer Heater group 2-4 was not available
during the test.

The time delay between turbine trip and generator trip was 45.0 seconds as
.opposed to an expected time of 30 seconds.

These deviations from expected values were reviewed by Westinghouse and PGandE
Engineering. . Both organizations deemed the results acceptable and no setpoint
changes were recommended.
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Key Plant Parameters During Plant Trip from 100Z Power

Pressurizer Level:
Minimum Level (Z)

Pressurizer Pressure:
Initial Pressure
Minimum Pressure
Maximum Pressure
Maximum - Initial
Initial - Minimum

(psig)
(psig)
(psig)
(psid)
(psid)

Tave:

Need for intervention

Steam Generator Levels:

Minimum S/G 2-1 Level (X)
Minimum S/G 2-2 Level (%)
Minimum S/G 2-3 Level (%)
Minimum S/G 2-4 Level (%)

<0 (narrow range)
<0 (narrow range)
<0 (narrow range)
<0 (narrow range)

Steam Dump Valves:

modulated closed

Time Delay Between Turbine Trip
and Generator Trip (sec.)

45,0 *

Expected Responses

Table 27 B )
17.7 *%
) 2232
. 1970 * .
2232
0 .
262 .
At Feedwater Isolation (deg. F) 554
none
|
|

1. Minimum pressurizer level of 20%

2, Pressurlzer pressure less than initial value, but greater
than 2000 psig. ’

3. Tave greater than 547 deg. F at feedwater isolation and no
need for manual intervention to steady Tave.

4, Narrow range steam generator levels may drop out of range.

5. ~ Steam dump valves modulating closed.

6. ‘Time delay between turbine trip and generator trip approxi-
mately 30 seconds.

* As describeh in Section 5.26, these deviations from the
expected responses were judged to be acceptable.
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5.27 Test Procedure No. 43.6 - Nuclear Steam Supply System Acceptance Test

TEST OBJECTIVE

This test procedure had two objectives: first, to demonstrate'the reliability
of the Nuclear Steam Supply System (NSSS) by maintaining the plant at rated
output for 100 consecutive hours without a load reduction or plant trip
resulting from an NSSS malfunction, and second, to accurately verify the

NSSS warranted output.

TEST DESCRIPTION .

The NSSS was stabilized and maintained above 95% of rated thermal output .
for 100 hours. During this period, log sheets were maintained and various
plant parameters were monitored, including main generator electrical output,
reactor power level, feedwater flow, steam flow, steam generator pressure,

steam generator level, and feedwater temperature. At approximately 50

hours into the 100 hour test, a series of high accuracy secondary heat

balance calculations was performed in order to verify that warranty output

was being achieved. These heat balances were performed every half-hour

over a 4~hour period.

TEST RESULTS ,

The first attempt at the 100-hour NSSS began on January 10, 1986. After
approximately 72 hours, the test had to be terminated due to salt water
intrusion into the feedwater system (see Section 5.1).

The second attempt at the 100-hour NSSS Acceptance Test began on March 1,

1986, and was completed without problems on March 5, 1986. As shown in

Table 28, key plant parameters remained steady over the full: 100 hours.

Average NSSS output was 3437.6 MWt, well within the Acceptance Criteria of

3423 MWt (+2%, -5%). During the 4~hour performance test; NSSS output averag-

ed 3434.9 MWt, easily meeting the 3423 MWt +27% Acceptance Criteria. 1In
addition, steam generator pressures and feedwater temperatures were very

close to their respective design values of 805 psia and 432 deg. F, while

the average reactor power level was almost-100% RTP. .
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Table 28

Nuclear Steam Supply System Acceptance Test Data

Sheet 1 of _S

Reactor | NSSS |NSSS Gen. Steam Generator Feedwater Temperature
Date Time Power Power |Output| Output Pressure (psia) (deg. F)

%) (%) | (M) [(Mwe) [Loop 1 |Loop 2 |Loop 3 |Loop 4 |Loop 1 |Loop 2 {Loop 3 |Loop 4
1 |3/01/86 | 1020 100.85 100.8 | 3452,1| 1136 803 804 802 804 429 ' 429 ) 428 429
2 |[3/01/86 | 2100 100.32 106.3 3433.9| 1117 808 309 808 810 428 428 428 428
3 |3/02/86 | 0300 100.46 100.5 |3438,9| 1132 811 813 811 813 428 428 |° 428 428
4 |3/02/86 | 1015 100139 100.4 | 3436.4 1131 809 810 809 811 428 428 428 428
5 |3/02/86 | 2100 100,37 100.4 [ 3435.6] 1130 808 809 808 810 428 428 428 428
6 13/03/86 | 0300 100,36 100.4 |3435.3| 1132 | 813 814 813 814 428 428 428 428
7 |3/03/86 | 1000 100.28 100.3 | 3432.6] 1130 811 813 811 813 428 428 428 428
8.13/03/86 | 1030 100.38 -100.4 ?436.1 1120 813 815 813 815 428 ° 428 428 428
9 13/03/86 | 1100 100.35 100.4 | 3435.1] 1120 814 815 813 815 428 428 428 428
10{3/03/86 | 1130 100.28 100.3 | 3432,7] 1120 811 812 811 813 428 428 428 428
11{3/03/86 | 1200 100.36 100.4 | 3435,2] 1120 811 . 813 811 813 | 428 4&8- 428 428
12{3/03/86 | 1230 100,21 100.2 | 3430.4 1120 81} 812 811 812 428 428 428 428
13{3/03/86 | 1300 100.29 106.5 3439.7| 1120 810 811 810 811 428 428 428 428
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Table 28

Nuclear Steam Supply System Acceptance Test Data

Sheet 2 of

Reactor | NSSS | NSSS Gen. " Steam Generator Feedwater Temperature
Date Time Power Power | Output| Output Pressure (psia) (deg. F)

%) (%) | (MWt) |(MWe) | Loop 1| Loop 2 Looﬁ 3 -Loo; 4| Loop 1 Looﬁ 2| Loop 3| Loop 4
14{3/03/86 1%30 100.43 100.4 | 3437.6} 1120 811 813 811 813 428 428 428 428
15(3/03/86 | .2115 100.33 100.3 3434.4 1120 815 816 815 815 428 428 : 428 428
16 3/04(86 0300 100.25 100.2 { 3431.4| 1137 815 817 815 817 428 428 428 428
17 3/04/86 | 0930 100.§2 100.8 | 3451.2| 1144 810 811 809 811 429 429 429 429
183/04/86 | 2120 100.69 100.6 | 3446.5) 1144 809 810 812 811 429 429 428 428
19]|3/05/86 | 0300 100.62 100.6 | 3444,.3| 1132 815 élS . 814 816 429 429 429 429
203/05/86 | 0900 100.29 100.3 | 3432,9| 1137 813 814 813 815 428 428 428 428
AVERAGE 100.43 lq0.4 3437.6 (1128 811 . 812 811 813 428 428 428 428







5.28 Test Procedure No. 43.2 = Net Load Trip from 100% Power

TEST OBJECTIVE

The main objective of the test was to demonstrate the ability of the primary
plant, the secondary plant and the automatic control systems to sustain a net
load loss from 100%Z rated load. :

TEST DESCRIPTION .

With the plant stable at 100% power conditions, the load rejection was initiated
by opening the main transformer high side breakers. Various plant parameters
were monitored for analysis of the plant response to the transient. The plant
was stabilized using DCPP Emergency Procedure OP AP-2, Full Load Rejectiomn.

TEST RESULTS

Three unsuccessfull attempts were made to conduct this tést during the Unit 2
Power Ascension Program and each time the reactor tripped. The following is a
chronological summary of the three attempts:

(1) December 25, 1985: At 0100 hours, main generator output breakers were
opened to initiate the transient and approximately six seconds later the
reactor tripped due to steam generator levels falling below the low low
trip setpoint. The unit was stabilized at 0135 in Mode 3 by using the
appropriate emergency procedures.

L

Post trip transient data analysis indicated that the slow response of the

35 and 40 percent steam dump valves resulted in an increase in steam gener-

ator pressure which in turn caused a shrink in steam generator levels helow

the low low trip setpoint. This slow response of the steam dump valves was

corrected by installation of volume boosters on all of the 35 and 40 percent
steam dump valves.

(2) January 2, 1986: A second attempt at Net Load trip from 100% nominal power -
was initiated at 1400 hours. Main Feedwater Pump 2-1 tripped on overspeed
approximately six seconds later resulting in a decrease of flow to the
steam generators. This decrease in flow resulted in steam generator 2-3
level dropping to the low—low level setpoint and tripping the reactor.

When the turbine tripped, the operators initiated a unit trip. Following
the unit trip, all four Reactor Coolant Pumps and the two circulating Water
Pumps tripped due to stripping of the 12KV buses by startup bus undervoltage
relays. Appropriate emergency procedures were followed and the unit was
stabilized in Mode 3 at approximately 1435.

Subsequently, the MFW pump 2-1 control system was flushed, the speed control
system was adjusted to improve system response and the manual crossover
point was lowered. To defeat the stripping feature of the 12KV buses on
unit trip during conduct of the subsequent test, the startup bus under-
voltage tripping relays were defeated and the startup bus voltage was moni-
tored.

-
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5.28 (Continued) L.

3

March 11, 1986: A third attempt was initifated at 2212 hours and approx—
imately seven seconds later, reactor tripped due to the NIS negative rate
trip setpoint being exceeded. Appropriate emergency procedures were

followed and the unit was stabilized in Mode 3 at 2305 hours.

Subsequent discussions with Westinghouse indicated that the NIS negative
rate trip setpoint is very conservative and was reset by calibrating with
a step change of 5% rated thermal power (instead of 2.5% rated thermal
power) .

Test equipment also indicated that the startup bus voltage dropped below
the undervoltage relay”s setpoint during the plant”s trip., Engineering is
investigating the problem.

After performing a safety evaluation, this test was deleted from the Start-—
up Program for the following reasons:

- As the end result of the unsuccessful test is a reactor trip, there is
no safety concern both for the plant and the public.

- Very few of the Westinghouse designed plants having 100% load rejection
capability have completed this test.

= Subjecting the plant to severe transients repeatedly for a test which
has no safety significance is undesirable.

PG and E notified the NRC of the deletion of the 100Z Net Load Trip Test
from the Unit 2 power ascension test program by letter dated April 11, 1986
(DCL-86-098) .

While not all original test objectives of the 100% Net Load Trip Test were
satisfied, these tests 1) demonstrated that the responding reactor trip
systems ‘functioned as designed and that the reactor can be placed in a safe
condition following a 100% load rejection transient, and 2) subjected the
turbine generator to a condition of maximum potential for overspeed
demonstrating that turbine control systems responded as designed with no
overspeed problems' identified.
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{iJ, nscheduled Reactor Trips

Trip Date Time

1 8/24/85 2034

2 8/29/85 0536 *

3 10/22/85 1617

4 10/24/85 1127

11/6/85. 1918

6 11/9/85 0255

7 11/26/85 2310

*Power

0z

3%

30%

30%

50%

157%

75%

Cause

Control Rod Moébr
Generator Failure

Low S/G Level
Unit Differential

Relay Tripped

High S/G Level

Low S/G Level

High S/G Level

High Steam Flow
coincident with
low S/G pressure.
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Comments

During Low Power Physics
Testing, the voltage relay
for the Motor Generator

set failed: and subsequently
tripped the unit.

S$/G levels drifted low
during the steam driven
AFW Pp endurance run.

Technician incorrectly "
actuated the unit
differential relay
during Power Relay
testing.

Loss of feedwater pump
suction pressure followed
by the start of the stand-
by condensate/condensate
booster pump caused the S/G
levels to increase.

During the performance
of T.P. 43.7, Net Load Trip
from 50% power, S/G 2-4
level decreased to below
15%. .

Closed feedwater pumps
recirculation valve with
S/G 2-1 feedwater regu—
lating valve in manual.
Subsequent increase in
feed flow raised the
level in S/G 2-1.

During the performance of
T.P. 43.3, Load Rejection
from 75% to 25% Power,
the 35% Atmospheric Steam
Dump actuated causing a
steam generator pressure
decrease and subsequently
a reactor trip and safe-
ty injection.






‘ﬂb 5.29 (Continued) ‘ .

Trip Date Time  Power Cause . Comments
8 11/28/85 1330 0.5% Low S/G level coin- With one set of S/G level
cident with Steam/ bistables picked up due
Feed Flow mismatch. to .a routine test, the

main turbine was latched

* causing the Steam/Feed
Flow bistables to momen-—
tarily energize thereby
subsequently actuating a
reactor trip.

9 12/1/85 1021 75% High/High S/G Level During the performance
of T.P. 43.3, load re-
jection from 75% to 257%
power, a reactor/turbine
trip occurred on S/G 2-2
high level.

10 12/2/85 2119 - 20% DRPI Data A failure While doing an emer-
gency power decrease
from 50% to 20% power
due to kelp blockage at
the Intake Structure,

] DRPI indicated a Data A
failure on all of the
control rods. Operations

- ’ subsequently initiated
a manual reactor trip.
11 12/21/85 1324 50% Feed/Steam flow mis— Feedwater regulating
match coincident with valve to S/G 2-2 failed
Low Level on S/G 2-2 closed due to its solenoid

valve being accidentally
de-energized by a con-
tractor working near the
valve.

12 12/25/85 0101 100% Low/Low S/G Level During the performance
of T.P. 43.2, Net Load -
Rejection, the reactor
tripped due to Low/Low
Steam Generator Levels.

13 12/28/85 2100 2% Letdown Isolation While the operators were
compensating for Xenon
Transients, a letdown
isolation occurred
thereby minimizing their
dilution capabilities.

(’ . Subgsequently, the reactor
was manually tripped.
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i@D 5.29 (Continued) ,

Trip Date . Time Power Cause Comments

14 1/2/86 1400 1002 . S/G Low/Low Level During the performance
. ., of T.P. 43.2, Net Load

Rejection, main feedwater
pump 2-1 tripped on over-
speed thereby subse-
quently causing a reactor
trip on steam generator
2-3 Low/Low Level.

15 2/22/86 1802 907 Generator Loss of While testing the main
Field generator voltage regulator,
voltage fluctuations
activated the generator
loss of electrical field
relay.

16 3/11/86 2215 100% Negative Rate Trip During the performance
of T.P. 43.2, Net Load
Rejection, the unit trip-
ped due to the negative
rate trip bistables being
activated during the load

@D reduction.
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