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SECTION 1.0 INTRODUCTION

This report is in addition to the Startup Report submitted cn
May 1, 1981 which describe the testing from Core Load to the
completion of Zero Power Physics Testing including Natural
Circulation testing. Included in this report is the Power
Range Test Pruogram from 10% to 100% power testing. The period
covered is from August 29, 1980 through October 13, 1981 with

additional comments up to January, 1982,

Salem Unit No. 2 is a four loop pressurized water reactor of
3411 mWt rated capacity. The Nuclear Steam Supply System (NSSS)
was supplied by Westinghouse Electric Corporation, the Architect
Engineer was Public Service Electric and Gas Company and the

Constructor was United Engineers and Constructors, Inc.

The facility's operating license was issued April 18, 1980.
Preparations for core load were completed by May 22, 1980 and
core loading commenced on May 23, 1980. Core loading was
completed by May 27, 1980. 1Initial criticality was achieved
on August 2, 1980 and the zero power physics test program was
completed by August 12, 1980, Natural circulation tests were
begun on August 23, 1980 and were partially completed August
29, 1980 before the Unit was shutdown to repair a leaking
Control Rod Drive Mechanism vent. The natural circulation
testing had been completed from a testing standpoint but were
required to be reperformed for operator training of nine

licensed operators as committed to in the license. The Unit

entered Mode 5 (<200°F) to repair the leaky CRDM housing vent
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heat-up was

commenced to ent Mode 2 (S (5% R to complete Nat
Circulation Testing in anticipation of receiving the Oper:

License allowing power asension testing.

During the period of time from August 29, 1980 tarough Apr
981 the unit remained in Mode Fire Protection System

fications were made and Post -TMI design changes incorpor
Engineering Design Package and materials arrived on-sit

actor was the completion and trial run of

Emergency Plans of PSE&G and the st:tes of New Jersey and

The coordinated emergency drill was successfully conducte

981.

ate April, upon review of the work performed on the
tem to meet regulatory requirements, it was determinec
itional modifications were required. The review, by

, consisted of examining the capability of

from a remote location should a fire occur
lsewhere that could affect the safe operation of the

~
L 4

om. The inspection team concluded that the

fire protecti

1143
VUL

cCo

i in part improved protecti

plant from




using alternate locations and controls. Other modifications
included upgraded procedures for dealing with a fire emergency
emergency and improvement of various fire barriers and automatic

sprinklers.

Upon completion of those modifications the full power operating

license was granted on May 19, 1981.

Figures 1.1 through 1.8 graphically display the power history
of Unit 2 from May 1981 through December 1981. Along with the
graph is an explanation of the testing at the particular power
level and the day the test was performed. Also listed are the
reasons for various trips and delays effecting the startup
schedule. Figures 1.10 through Figure 1.14 shcw the planned
vs. the actual number‘of days of testing at each power plateau.
The total planned days were 166 whereas the actual days were
186. Several of the larger delays were:

1) the replacing of an intermediate range channel (3 1/2 days)

2) steam flow sensing line modifications (8 days)

3) main turbine generator governor adjustment (4 days)

4) condenser tube leakage requiring unit shutdown (5 days)

5) outage to modify steam generator separation
equipment (15 days)

6) unplanned reactor trips (10 days)

Following the steam generator outage in September 1981, to modify
the moisture separation equipment, the moisture carryover test
(Section 2.8) was reperformed and verified the steam moisture
content to be acceptable. The following day Salem Unit 2 was

declared commercial, October 13, 1981, completing the startup test
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program. Several main feedwater pump trips had occurred between
October 1981 and December 1981. A test program was formulated

to determine the cause of the bhelieved "low suction pressure"
trips (see Section 2.7 for details). In December 1981 the high
steam flow indications, observed prior to the steam generator
modifications, re-occurred. An additional moisture carryover test
was conducted in January 1982 (see Sections 2.8 and 3.4 for

details).
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Figure 1.10

Low Power thru 10% Plateau Testing
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Figure 1.11
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SECTION 2.0 INTEGRATED TESTING

This section deals with testing performed to evaluate overall

plant response to rapid load changes and changes in system

parameters to evaluate integraded systems response. Included

in this section are tests performed by the Chemistry and

lealth Physics department which were part of the startup

program.

2.1 SUP 81.5 - DYNAMIC AUTOMATIC STEAM DUMP CONTROL

This test was performed at the 10% power testing plateau with
reactor power being varied between 1% and 10% depending on

the test requirements. The turbine genecator was not on the

line at this time. The objectives of the test were to verify

the proper operation of hoth modes (turbire trip and load

rejection) of the Tavg steam dump control system and to

obtain final settings for steam pressure control mode of the

steam dump valves (12 valves).

To test the turbine trip mode of the steam dump control system,

with the steam dump control system in manual and reactor power

was raised 3°F above the normal no load Tavg

at about 1%, Tavg

of 547°F. the steam dump system was then placed in automatic

and since the turbine was tripped, Tavg was controlled by the

turbine trip controller. The steam dump valves opened and Tavg

- 19 -
109D (1) :44



was controlled within a degree of the no load Tavq valve.

Reactor power was then increased to about 6%, at 2%/minute, by

rod withdrawal. The steam dump valves opened as reactor power
o

increased and Tavq was controlled between 1°F and 5°F above

the no load Tavq value. Reactor power was then decreased and

the steam dump valves modulated closed, tracking reactor power.

In testing the response of the lcss of load controller, the
steam dump system control was initially placed in manual and
reactcr power increased to approximately 3%, The turbine was

latched and the Tref input to the loss of load controller was

disconnected. A test signal was injected in place of Tref
signal, which was equivalent to a Tref of 4°F less than the

no load of Tref of 547°. The steam dump controller was then

switched to the T mode of control. T increased above
avg avg

the test signal by approximatelwv 5°F due to controller dead

band and then by another 2°F to provide a steam dump valve
position equivalent to 3% reactor power. Power was then

reduced to 1% and Tavq returned to its no load value. The

Tavq comparator was found faulty and replaced and tested.

The response of the steam header pressure controller was

eacily verified. The steam dump control was placed in the

- 0 -
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steam header pressure control mode with a controller set-
point of 1005 psi. Reactor power was increased to approxi-
mately 5% and the steam dump valves modulated open maintaining
steam generator pra:ssu.e at 1005 psi ('I‘avg was increased from
547°F to 550°F) .

The only mechanical difficulty encountered during the tests
were the "popping" open of the dump valves instead of
modulating open as designed. The flow markings on the valve
indicated the valve might have been installed incorrectly,

but later investigations indicated the valves were installed
correctly. The diaphram operated valve is designed to modulate
from the fully closed position to the fully open position

using supply air pressure of 9 psi thru 45 psi. Stroking of
the valve required 25-35 psi to pop the valve off its seat

at which point it would then modulate until closed.

Disassembly of the valves for inspection of the intervals
indicated no abnormal ccnditions. The valve vendor was
contacted and arrived on site for observation of the valve
operation during the 100% testing plateau. New internals

were ordered and installed with no change in valve operation.
The internals are to be modified and retested until the
operation of the valve is acceptable. The modification consists
of adjusting the trim of the internals of the valve to relieve
the off-balancing of the valve disc during the opening

stroke which is causing the valve disc to bind on the seating

109D (1):46
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surface. Once the correct internals are designed for one

valve the other 11 valves will be modified. This modification

is also planned for Unit 1 valves,

The present operaticnal characteristics of the valves are
acceptable for plant operation as determined during plant
trip tests and load swings; but the modulating rather than
popping operation of the valves would provide smoother

transient for steam generator pressure and levels, and RCS

temperatures and pressures.

109D (1): 47



TURS INE

the mech:-~ical turbine overspeed trip device was

iuring tt} % power testing program. The purpose

that the turbine overspeed pro-

te tn trip the turbine in the event
Pricr to te test, the turbine-
approximately 10% power

bring the machine to thermal quilibrium,

ine-generator was unloaded and prior to the
the operability of the overspeed mechanism
vedestal end of the turbine, oil was

sig to the overspeed trip mechanism
The manual trip lever moved from t

e

that the mechanism

jenerato
PROTECTION CONTROLLER h

This was ily accompl i d b e O key
switch ¢n the control console.
turbine speed 3 increased at

tripped

lowable overspeed is 1998 ry Dur ing

5, the Unit tripped at ] 2003 and

letermined that a weight adjustment of




the governor was required. After the weight adjustment the
oil-trip test was repeated with a trip oil pressure of 56 psig
required. Cil pressure should have decreased following the
adjustment. An inspection of the governor adjustment
mechanism was made and retests of the oil-trip test were
inconsistent (62 psig-90 psig) . The governor mechanism was
disassembled and inspected with no abnormal conditions found.
Upon reassembly the oil-trip retest was consistent and the
mechanical overspeed test performed with the trip speed still
too high. A recheck of the oil-trip pressure came up with
inconsistent oil-trip pressure. The governor mechanism was
disassembled and new parts inscalled that were machined to
increase the clearances to allow mecre freedom of movement.
Subsequent oil-trip retests and mechanical cverspeed tests

were successful. Scc. Table 2.2.1 for the sequence of events.

109D (1):49




TABRILE 2.2.1
TURBINE OVERSPEED TRIP TEST HISTORY
Date Event

6/5/81 Oil-trip 48 psig
Mechanical trip 1955, 2003, 2000 rpm

6/6/81 Oil-trip after weight adjustment 58, 56, 56 psig
Oil-trip after governor inspection 62-90 psig

6/7/81 Oil-trip (after governor disassembly and cleaning)
58, 58, 56 psig

6/8/81 Mechanical trip - 2000 rpm
6/9/81 Replacing governor internals/machining
6/11/81 Oil-trip 24, 22, 21 psig

Mechanical trip 1836, 1841, 1840 rpm

109D(1) :50



SUP B82.6 - LOSS OF OFF-SITE POWER

This startup procedure was completed during the 10% testing
plateau. The purpose of the test was to demonstrate that the
emergency power system was capable of maintaining the plant
in a safe condition by carrying the required loads for at
least thirty minutes following a plant trip caused by a

total loss of off-site power.

With the turbine generator on the line at minimum load (10%
reactor power) and with a normal electrical lineup, the black-
out was initiated by opening the 13kV infeed breakers for 21
and 22 station power transformers followed closely by the
operator opening the generator output breakers. All operations

were carried out from the control console.

All systems, equipment and indicators operated properly. The
three diesel generators picked up their respective blackout
loads and ran for the required thirty minutes. No problems

were encountered during the test.

Figures 2.3.1 thru 2.3.9 indicate plant trends for pressure,
levels and temperatures of the RCS and steam generators
during the transient using Plant Computer data and Control

Console recorder strip charts.
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Figure 2.3.2
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Figure 2.3.6
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Figure 2.3.7
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Figure 2.3.8
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SUP 82.5 - SHUTDOWN FROM OUTSIDE OF THE CONTROL ROOM

This was the last test performed at the 10% testing plateau.
The purpose of this procedure was to verify that the plant
could be shutdown from outside the Control Rocem and be
maintained at hot standby for an hour utilizing the minimum
shift crew. Limits on various parameters (pressurizer level,

pressure, Tavg' steam generator levels) were included in the

acceptance criteria. All control systems were kept in
automatic and the Control Room was not evacuated for the

test.

The procedure was modified to incorporate the requirements
of Amendment 6 to the Operating License based on the results
of a fire protection review. The additional requirements
included:

1) local start of a diesel generatcr using

alternative control power source
2) local operation of a 4kV breaker
3) local start of the containment fan cooler unit.

4) local operaticr of a motor operated and an
air operated valve

5) local control of charging flow

This portion of the testing was performed while the plant was

being maintained in HOT STANDBY at the remote control station.

The plant was operating at 10% RTP with the Control Room

manned by the regular shift personnel (2 NCO's). The minimum

- 36 =
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shift crew was comprised of the following:

SRO - Senior Reactor Operator - 1

NCO - Nuclear Control Operator - 2

EO/UO Equipment/Utility Operator - 3
STA - Shift Technical Advisor - 1
Electrician - 1

The following stations were designated:

(1) Unit 1 Control Room SRO (1), STA (1)
Electrician (1)

(2) Hot Shutdown Panel (213) NCO (1)

(3) Reactor Trip Switchgear NCO (1)

(4) Main Feedpump Local Control Panel EO (1)

(5) Auxiliary Feedwater Pump Panels EO (1)

(6) Main Turbine Turning GEAR U0 (1)

The Shift Supervisor of Unit 2 simulated the evacuation of
Unit 2 Control Room and established a Control Center in Unit
1 Control Room. From the center the shutdown and control of
the plant in HOT STANDBY was maintained thru communications
to the personnel at remote stations., The minimum shift

crew was assigned their positions at this point. The NCO
tripped the plant at the Reactor Trip Switchgear and de-
energized the Rod Drive MG sets to insure that an ATWS
(anticipated transient without scram) event would not occur
and that all rods would drop to the bottom of the core.

The EO and UO in the turbine building verified the 500 kV

- 37 =
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breakers and field breakers were open and the group buses
had transferred from the Auxiliary Power Transformer to the
Station Power Transformer. They also verified that the main
turbine generator and main feedwater pumps had tripped, and
placed them on their turning gears when they coasted to a
stop. The NCO and EO at the Hot Shutdown Panel (213)
verified the following:

(1) Pressurizer level controlling automatically

at 22% + 5S%.

(2) Pressurizer pressure controlling automatically
2235 psig *+ 50 psig

(3) Steam generator pressure 1000 psig + 25 psig
and level (wide range) 58% - 65%

At this voint (75 minutes from reactor trip) a one hour hold
period was commenced to demonstrate the ability to maintain
the plant in a HOT STANDBY condition from the HOT SHUTDOWN
PANEL., The NCO and EO at the HOT SHUTDOWN PANEL manually opened
and closed the auxiliary feedwater pump discharge valves to
maintain steam generator levels as indicated at the HOT SHUTDOWN
PANEL (the auxiliary feedwater pumps and associated valves are
located next to this panel) within the wide range indication of

58% - 69%.

Following the one hour hold period, the second phase of this test
started while the plant was being remotely maintained in HOT
STANDBY. Using the appropriate sections from the Fire Hazards

Analysis - Emergency Equipment Operation the following operations
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were demonstrated

(1)
(2)
(3)
(4)
(5)

Local
Local
Local
Local

Local

-

as directed by the Unit 2 Shift Supervisor:

start of #24 Fan Coil Unit

start of #24 Service Water Pump

operation of 22SW17 (header

operation of 2CV55 (control

isolation)

charging)

starting of a1 Diesel Generator

These operations were performed hy the Shift Electrician who

performed the control circuit modifications and a NCO who

operated the equipment.

demonstrated successfully.

2.4.11) indicate plant trends for pressures,

All phases of this test were

The following graphs (Figure 2.4.1-

levels and

temperatures of the RCS and steam generators during the

transient and stabilization period using Plant Computer data

and Control Console racorder strip charts.
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Figure 2.4.1.
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2.5 BSUP #2.1 - LOAD SWING TESTS
The load swing tests were a series of integrated plant response
tests performed to verify that the plant was capable of auto-
matically accepting a 10% step load change from 30%, 75% and
100% nower. The load changes were initiated, using the turbine
Electiric Hydraulic control system, at a rate of 200% per minute.
Fach toest ynsisted of wo parts: 3 10% load decrease followed,
1fter equilibrium conditions had been reached, by a 10% load
lncrease.,
The yacl swing was evaluated hased on the following criteria:
1 The reactor and/or turbine did not trip
W afety injection was not initiated
3 Neither steam line relief valve or safety valve
Liftec
(4) Neither pressurizer relief valve or safety valve
1iftad "
No cperator action required to restore plant
conditions to steady state
Plant variables such as Tawq’ feedwater flow,
steam flow, etc. should not incur sustained
oscillations or large variations
7 Nuclear pecwer overshoot less than 3% for the
load decrease.
The initial load swing at 30% power was to 13%., The overshoot
was due to setting the turbine load reference too low.
Automati ateam generator level control cannot control
it less than 15% RTP so operator action was required to
ontrol levels in the steam generators. The up power swing

A D( 506




to 30% RTP had acceptable results. All other parameters during

the 30% swings fell within the acceptable range.

Testing at 75% and 100% had similar results. The results from

the 100% RTP swings are depicted

in Figures 2.5.1 thru 2.5.4.
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SUP 82.4 - RODS DROP AND PLANT TRIP

This test was performed at 50% power. The purpose of the

test was to denonstrate the operation of the negative rate
trip circuitry. Two rods were dropped from the rod group most
difficult to detect by the excore detectors due to low worth
and/or core location. In addition, it was the function of the
test to review plant response and control systems behavior to
a trip from an intermediate power level prior to the plant

trip test from 100% power.

The two rods chosen were located in core positions B-4 and D-14.
The acceptance criteria specified that a reactor trip must

occur as a result of two of the four negative rate bistables
tripping. (see figure 2.6.1 for the core location of the rods

vs. the excore detectors).

The rods selected were dropped simultaneously from the Rod

Control System DC Hold Power Cabinet. The negative rate bistables
for N42 and N13 tripped simultaneously (+ .0l seconds) followed

by N41 and N44 negative rate bistables .5 seconds later. The

N4l and N44 bistables tripped following the reactor trip from

the N42 and 43 bistables at a point where the control rods were
dropped approximately 50% into the core. Also measured during

the reactor trip was the control rod drop time of 1SCl (core
location E3) for comparison with the drop time at zero power.

This rod was also monitored during the 100% trircr per SUP 82,9,

109D (1) :58



GENERATOR TRIP. See Table 2.6.1 for a summary of the results.
The rod drop time was faster as measured during the reactor

trip from power operation compared to zero power operation.

Following the trip the plant was stabilized at the no load Tav

of 547°F successfully.

109D (1):59

[

9






Figure 2.6.1
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SUP 82,2 - LARGE REDUCTION TESTS

The LARGE LOAD REDUCTION TESTS were conducted to verify the

capability of the primary and secondary systems to automatically

accept a 50% load reduction from 75% and 100% of full power.

The tests were further used .o evaluate the interaction between

control systems and to determine if system setpoints should be

changed to improve transient respor.se.

75% POWER

The first tests were conducted at the reactor power level of 75%.
The load changes were initated by using the Electric Hydraulic

system at a rate of change of 200% per minute.

The follecwing list shows the range of selected parameter move-

ments during the power reduction:

1. Feid Water Temperature 401°F - 335°F

2. Steam Header Pressure 792 psi - 878 psi

3. Feed Flow 6S? " wvg) - 26% (avg)

4, Steam Flow 69% (.vg) - 26% (avg)

5. Steam Generator Level 44% - 24% - 44%

6. Control Bank D 228 steps - 122 steps

7. Average Loop AT 46.5°F - 22°F

8. Nuclear Power Flux 71% - 32%

9. Pressurizer Level 39% - 29%

0. Pressurizer Pressure 2260 psi - 2175 psi - 2300 psi
2250 psi

1. Auctioneered T, 563°F - 570°F - 554°F

2. Plant load (MW-Gross) 765 megawatts - 285 megawatts
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The following acceptance criteria items were met:

l. The reactor and turbine did not trip.
2. Safety injection was not initiated.
3. Pressurizer safety valves did not lift.

4. Steam generator safety valves did not lift,

During the transient the steam dump valves operated (condenser

dumps) to restore Tavg to its program value. The dump valves

did not open until there was a maximum demand signal. They
are designed to modulate open based on an increasing demand
signal but instead they "pop" open when they receive a

max imum demand signal. (See SUP 81.5, Dynamic Automatic
Steam Dump Control). This type of operation causes the steam
generator levels to drop to- a lower level than they normally
would due to the shrink effect in the steam generators caused
by the rapid increase in steam generator pressure. Onze the
cause of the popping operation is corrected and the valves
modulate with demand, the steam generator pressure will peak
at a lesser pressure assisting in reducing the amount that
the steam generator levels are lowered to before they are
restored to normal. The present operation of the steam dump

valves is acceptable but is being reviewed.

100% POWER

The LARGE LOAD REDUCTION from 100% power was performed prior

to the plant trip test. The load change was initiated at a

109D (1):62




rate of 2008 per minute using the Electric Hydraulic system.

The following acceptance criteria items were met:

1. The reactor and turbine did not trip.
2. Safety injection was not initiated.

3. Pressurizer safety valves did not lift.

The following list shows the range of selected parameter move-

ment during the power reduction.

1. Feed Water Temperature 432°F - 380°F

2. Steam Header Pressure 774 psi - 984 psi - 852 ps

3. Feed Flow 99% (avg) - 48% (avg)

4, Steam Flow 98% (avg) - 46% (avg)

5. Steam Generator Level 44% - 49% - 28%

6. Control Bank D 228 steps - 141 steps

7. Average loop AT 62.5°F - 36.5°F

8. Nuclear Power Flux 100% - 56%

9, Pressurizer Level 508 - 34% - 59% - 34%

10. Pressurizer Pressure 2235 psi - 2322 psi - 2108 p
2335 psi

11. Auctioneered T, 571°F - 580°F - 559°F

12. Plant lLoad (MW-Gross) 1140 megawatts - 590 megawat

During the transient, the steam dump valves operated at a lower

demand signal providing a smoother transient for steam generator

level and pressure than was observed during the 75% testing

plateau.

- 63 -
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Prior to the commencing the load reduction the condensate

polishers were bypassed providing an additional 75 psi

at the feedwater pump suvction. This was done based on
observation during the 10% load swing from 100-90-100%.
During the 10% load swing it was noted that the MSR Coil
Drain Tanks dropped in level causing the Heater Drain Pumps
to go in a recirculation mode reducing the feedwater pump
suction pressure by approximately 60 psi. The cause of this
transient is unknown at this time. To prevent reactor trip
on loss of a feedwater pump on low suction pressure the
polishers were bypassed to provide additional margin at the
feedwater pump suction. During the 50% load reduction the
feedwater pump suction decreased by approximately 90 psi
again due to the loss of the Heater Drain Pump flow. This

transient is being reviewed to determine its cause.

The overall transient was acceptable and is graphically

displayed in Figures 2.7.1 and 2.7.2.

Following several feedwater pump trips from 100% RTP, due to
a loss of feedwater pump suction pressure, the feed and
condensate system was instrumented for continuous monitoring
te determine the cause of the rapid reduction in suction
pressure. Following a feedwater pump trip, the review of

the data indicated the cause to be compounded by a rapid

load reduction to restore suction pressure. Several load
reductions (7) were made and reviewed to further determine

the cause and effects.

- 64 -
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During a load reduction ondition the H.P. turbine extraction
pressure decreases accordingly leaving the saturated liquid
of the heater drain system in an unstable condition (subject
to flashing). The instability results in decay of heater
drain tank level which calls for the heater drain pump
discharge valves to close and therefore heater drain flow
(1/3 total feedpump demand suppled to feedpump) is reduced.
The loss of flow supplied from heater drain sy=stem is pro-
portionally more severe with greater load reduction resulting

in a corresponding and instantaneous loss of feed pumps suction

pressure.

Based on the load reduction tests, it has been determined that

with the condensate polisher in service the system can correct

for lacge reduction effects if the initial power level is below
85%. When operating at power levels in excess of 85% the following

operation precautions are being observed to eleviate the

possibility of a feedpump trip:

1) When operating above 85% power open bypass (2CN-47)
around 23, 24 & 25 heaters, (gain of 30 psi on feed-
water pump suction).

2) Heater Drain Pump recirculation (21HD17, 22HD17,
23HD17) valves are to be failed open tc add stability
to heater drain system.

3) The feedpump suction pressure alarm increased to 300
psig from 270 psig for early warning (feedpump trip
at 215 psig).

4) If an alarm occurs and a rapid load reduction is
necessary (provided their is no chem stry problem
present) the condensate polisher bypa s can be opened
to recover feedpump suction pressure .nd the operator
can then successfully complete a large load reduction
(gain of 65 psi on feed pump suction).
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5)

If an alarm occurs and a sudden load reduction is not
necessary, the load should be reduced in 1-10% increments
until suction pressure is restored.

The following design charges are being reviewed to provide

stability to the feed pump suction during steady state

operation and transients.

1)

2)

3)

4)

109D (1):

Increasing the capability of the existing condensate
pumps for greater head at the same flow (impeller change).

Diverting a percentage of condensate flow after
the No. 2 feedwater heater to a spray sparger in the
heater drain tanks.

The possibility of new condensate pumps, and an
additional condensate pump or condensate polisher
booster pumps.

Commonize the heater drain pump suctions so that one
pump could be used as a standby pump. This change is
also expected to stabilize the heater drain pump
flow at steady state and transient conditions.
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Figure 2.7.1

100% to 50%
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Figure 2.7.2
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- STEAM GENERATOR MOISTURE CARRY OVER MEASUREMENT

jenerator moisture carryover measurement was orignally
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Three sets of samples were taken at each test condition. Each
set consisted of a blowdown sample and a steam sample from

each steam generator and a common feedwater sample for a total
of 27 samples per test condition. The results were based on
analysis of the blowdown and feedwater samples. The main steam
samples were analyzed, but the results are used as a general
indicator for comparison of each steam generator moisture

removal performance.

During the performance of the first test, on 8/28/81, two vials
containing the source were received and used for injection into
the feedwater system. This resulted in uneven distribution of

the source from one steam generator to the next.

When the test was re-run on 9/10/81 and 10/12/81 four vials were
used each containing equal strength. Each vial was added to the
50 gallon drum separately and fully injected into one steam
generator, the drum flushed to the generator and then a second
generator lined up. The process repeated for each steam
generator. This method provided excellent distribution of the
source with less than 5% deviation in activityilevels between

any two steam generators.

The performance of the first moisture carryover test was conducted
on August 28, 1981 at 100% RTP and 44% steam generator levels, and
at 100% RTP and 40% steam generato- levels. With normal levels
(44%) in the steam generators the average carryover was ,33%.

With levels reduced to 40% the average carryover was .20%. The

s 90 =
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steam samples indicated that #21 steam generator moisture
carryover was significantly higher than the other three

steam generators. It was also noted that #21 steam flow signals
were 10-20% higher than the other steam generators (see

SUP 81.7, calibration of stream flow and feedwater flow
instrumentation). A retest on September 10, 1981 had similar
results with #21 steam generator having the greatest carryover,
Even with reduced levels, the carryover on #21 steam generator
was still greater than 1.0%. The determination was made to
shutdown and inspect the internals of all four steam generators.
The inspection did not uncover any faults. The second stage
separation equipment was modified to provide additional moisture
drainage paths for each steam generator to reduce any carryover.

(See Figure 2.8.1)

A retest performed on October 12, 1981 indicated the average
carryover was .13% with normal steam generator levels (44%).

The carryover measured for #21 steam generator had been reduced
to .17%. The acceptance criteria was less than .25% moisture
carryover and was easily met. It was also noted that No.2l1 Steam
Generator steam flow signals were reduced in magnitude by 10-20%.

See Table 2.8.1 for a review of the carryover measurements.

Note:

An additional carryover test was performed on January 22, 1982
due to reoccurrence of high steam flows in December, 1981 for
no apparent reason. The results from that test were similar

to the results in October, 1981, See Section 3.4 for explanation.
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STEAM GENERATOR MOISTURE CARRYOVER MEASUREMENT DATA REVIEW

Power SG SG T Feed with
Level Levels | Pressure "y Load Temp CaFPy&gr carr&saw (%) Ppeggure
Notes Dates (%) (%) (PSIA) (OF) (MWC) (OF) (%) 21 22 23 | 24 {PSIA)
Before 8-29-81 99.7 44 802 572.2 1110 431 .342 - - - - 3.4
MOD's 99,2 40 808 572.6 1140 431 .200 - - - - 3.3
9-11-81 98.5 44 813 572.4 1134 432 .280 1.49 .69 .28| .02 2.3
Retest
for 98.9 36 809 572.3 1140 432 .180 .27 .44 13| .01 2.3
Verification
of 91.8 44 813 569.9 | 1053 426 < Min. Detectable Activity 2,2
Carryover
96.7 44 812 SN.4 1110 430 .080 - - - - 2.4
After 10-12-81 100.1 36 791 570.6 1187 432 «125 .16 .14 .12 .01 1.7
SG 99.67 44 792 570.8 1180 432 .133 «15 1S +11] 01 1.7
MOD's 94.33 44 792 567.6 1110 430 .05 - - - - 1.7
!
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[
o
L8]
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Figure 2.8.1
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SUP £2.8 - NSSS ACCEPTANCE TEST

This was one of the last tests performed during the startup of
Unit 2. The test had two purposes: first, to demonstrate the
reliability of the NSSS by maintaining the plant at rated out-

put of 3411 th (+0%, -5%) for 100 hours without a load reduc-

tion or plant trip resulting from an NSSS malfunction and
second, to measure the gross electrical output and the turbine

heat rate to verify the capability of the Unit.

The 100 hour run was attempted several times during the 100%
testing plateau. Each time the unit was forced to reduce

power to clean condensate, heater drain or feedwater pump
itrainers. The maximum run at greater than 95% power was 69
hours before a load reduction was required. Total accumulated
tine at greater than 95% power was 205 hours. Based on the
fact that the load reductions were rot NSSS related the 100
hour run was accepted on an accumulated basis. Since this run,
Unit 2 has accumulated better than 100 hours of continuous

opera2tion at greater than 95% power.

The second part of the NSSS acceptance test was the measurement
of the gross electrical output and the turbine heat rate.
Normal plant instrumentation was used as a backup to a primary
data logger which was fed from test instrumentation installed
for the test run. The data logger received a data scan every

2 minutes whereas the plant instrumentation was read every
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30 minutes. Data was accumulated over a 4 hour period witk
reactor power and turbine power held steady at 100% RTP. The

results were corrected to design conditions and are listed

below:
Corrected
*Date Goss Electrical Output Heat Rate
8/27/81 1161.4 - (MW) 10,059 (BTU/KWH)
10/15/81 1172.4 9,963
10/21/81 1173.9 9,950

*The test run on 8/27/81 had 5 out of 6 circulating water pump
operating. To reduce the errors involved in correcting for
backpressure, data was taken with € circulating water pump on
10/15 and 10/21/81. The calorimetric results using plant vs.
test instrumentation indicated less than a .5% difference for
all three test runs.
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SUP 82.9 - GENERATOR TRIP FROM 100% POWER

This was the last test performed during the startup of Salem 2.
The test had three purposes: first, to verify the capacity of
the primary and secondary plant systems to automatically
accept a generator trip from 100% power and to bring the plant
to a stable condition following the trip; second, to verify
that the turbine overspeed mechanism operates to limit turbine
speed in an actual overspeed condition; and finally, to deter-
mine the overall response time of the reactor coolant hot leg
resistarce temperature detectors (RTD). The RTD response time
was defined as the time interval between the point where the
neutron flux had decreased by 50% of its initial value to the
point where the hot leg temperature had decreased by 33-1/3%
of its initial loop AT value. 1In addition the rod drop time

cf a selected rod was monitored during the reactor trip.

The reactor was operating at 98% power when the trip was
initiated at 0924 hrs. on September 2, 198l1. The trip was
initiated by the Control Room Operator simultaneously
opening the main generator output breakers to the 500 KV bus
(bus sections 1-9 and 9-10) to trip the generator. The

main turbine tripped on overspeed at its trip setting of
1835 RPM in less than 1 second causing a reactor trip. The
main steam stop valves (21-24MS167) were closed immediately
after the reactor trip to contain as much heat as possible

in the RCS to avoid delays in restoring Tav required for

9

SUP 90.9, BORON MIXING AND COOLDOWN TEST. This caused the

- 76 -
109D(1):74



steam generator pressure to increase higher than normally
expected. The atmospheric relief valves (21-24MS10)
operated as designed to maintain steam generator pressure
at approximately 1000 psig. On No. 23 Steam Generator the
setpoint of the first safety valve was reached (23MS15,
1070 psig) approximately 30 seconds following the trip.
The actual pressure reached was 1050 psig indicating the
safety valve is set on the "light s.de". The valve was

reset and did not lift again.

The remainder of the test went smoothly. Listed below are

some of the parameters that were monitored and how they varied

during the test:

Pressurizer level ranged from 46% at the time of the trip,

to a high of 46% and a low of 23%.

Pressurizer pressure ranged from 2240 psi prior to the

test, to a high of 2240 psi and a low of 2010 psi.

When the generator output breakers were opened, turbine speed

increased 90 rpm to 1890 rpm.

Steam generator levels decreased from 44° to 0% indicated level.

TH of 597°F at the start of the test to 547°F.

Tavg of 570°F at the start of the transient to 547°F.

Max imum steam dump demand was generated 5 seconds after the

generator trip.

> 17 -
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The steam dump valves started opening six seconds after the

generator trip.

The RTD response time was measured to be 5.5 seconds versus
a maximum of 6.3 seconds. The rod drop time was measured
25 1,30 seconds from the fully withdrawn position at the
t“ime of decay of stationary gripper coil voltage to dashpot
entry versus the Technical Specification maximum of 2.2

seconds. The rod measured was 1SCl.

The transient respon<e of selected parameters is graphically

displayed in Figures 2.10.1.
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SUP 90.9 - BORON MIXING AND COOLDOWN
The objectives of this tests were:
(1) to borate the RCS and verify boron mixing while

in the natural circulation mode.

(2) to demonstrate the capability to cooldown the
RCS while in natural circulation.

This test was originally scheduled to be performed during the
initial natural circulation test program after low power
physics testing. During that time the reactor was maintained
critical at approximately 3% RTP after the RCP's were secured.
To perform a more realistic test the test was delayed until

the Generator Trip Test (Section 2.10) when the reactor core
had built-in decay heat following 1310 MWD/MTU of core burnup
and 200 hours at greater than 95% RTP accumulated (see figures
1.1 thru 1.5 for reactor power history prior to the plant

trip) .

The Generator Trip Test was initiated on 9/2/81 at 0924 (see

Section 2.10) and caused an immediate turbine trip and
reactor trip. The plant was stabilized at a Tavg of 547°F,

The pressurizer and RCS were sampled to obtain a baseline
beron concentration (960 ppm). At 1056 hrs., the RCP's were

tripped, time "O" on figure 2.11.1.

Tavg and Delta T stabilized after .15 minutes. Tavg increased to

558°F and delta T to approx. 18°F. Auxiliary spray was initiated

to maintain pressurizer pressure at 2235 psig (charging isolated

- 80 -
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and reinstated after 2 minutes). From this point on, auxiliary
spray was used to control pressurizer pressure since normal

spray is not effective without the driving head of the RCPs,.

Starting at 1116 hrs. a boration of the RCS at 5 gpm was
commenced to increase the RCS boron concentration by 100 ppm,
from 960 ppm to 1060 ppm. By 1226 hrs,.,367 gallons of boric
acid had been added to the RCS, the boron concentration,

as measured in loop 21 and 23 hot legs, was 1031 ppm. At
1410 hrs. the RCS samples indicated the cor~entration had
stabilized at 1090 ppm. Using the auxiliary spray flow, the
pressurizer boron concentration was increased to equal the
RCS boron concentration. As indicated in figure 2.11.1, loop

23 Tavg and Delta T indicated a sharp increase in temperatur-

This was due to diverting all charging flow to the
pressurizer to equalize the RCS and pressurizer boron
concentration. The increase in flow to the pressurizer
through the auxiliary spray line caused an outsurge from the
pressurizer through the surge line. The hotter water was

sensed by loop 23 hot leg RTD.

The second phase of this test was to verify the ability to
cooldown the RCS while in natural circulation. Cooldown was

commenced at 1600 hrs. using the steam generator atmospheric
relief valves (MS-10's) starting with an average Tavg of 555°F

The cooldown rate was limited to less than 2S°F per hour

with an average cooldown rate of 19°F per hour. The cooldown

- 8] -
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was secured four (4) hours later at which time the average

coolant temperat:ce was 480°F. The only difficulty
encountered during the cooldown was the controlling of the
MS-10s to maintain the steam pressure difference between
the steam generators to less than 100 psi to avoid a safety

injection signal.

As can be seen in fiqure 2.11.2, between hours 2 and 3, the

cooldown rate increased for a period of 15 minutes at

greater than 25°F per hour. Charging was increased to
maintain pressurizer level greater than 20% indicated level.
The cooldown was temporarily secured until parameters
stabilized and again initiated after 30 minutes of stabi-
lization., During the first hour, pressurizer level and
pressure increased due to manual control of pressurizer
heaters and charging. Pressurizer pressure was allowed to
slowly decrease during the cooldown to maintain the pressure/

temperature limitations.
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Figure 2.11.1
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2.12 RADIATION SHIELDING EVALUATION, EFFLUENT MONITORING,
CHEMISTRY AND RADIOCHEMISTRY TESTS

2.12.1 SUP 81.13 - RADIATION MONITORING AND SHIELDING EVAL-
UATION
The objectives of the shielding test were cthreefold:
first, to obtain baseline radiation level data at 0%,
30%, 75% and 100% reactcr power by measuring radia-
tion levels at locations throughout the plant; second,
to detect and identify localized high radiation levels
and streaming to protect personnel from overexposure
during plant power escalation and power operation;
and finally, to obtain radiation data necessary to

correct or reduce localized high radiation levels.

At each puwer level, radiation levels were measured
at 211 points throughout the plant. 1In all cases,
the radiation levels were within the design limits.
No hot spots or indications of streaming were found.
At the present time in ﬁhe shielding evaluation,

it is anticipated that no additional shielding will

be required.

The purpose of this procedure was to verify the cali-
bration of the effluent monitors by laboratory analysis
of radioactive waste samples. These tests were to be

performed as early in the power escalation as possible,
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and were to be repeated after operation at 30%, S50%,
75% and 100% power. The tests were performed on the

following effluent monitoring systems:

Containment Sampling System:

Channels 2-R11A (Particulate)
2-R12A (Noble Gas)
2-128B (Iodine)

Plant Vent Sampling & Monitoring:

Channels 2-R16 (Bypass Activity)
2-R41A (Particulate)
2-R41B (Iodine)
2-R41C (Noble Gas)

Liquid waste Monitoring

Channel 2-R18 (Gross Common Activity)
To properly correlate the channel reading to the lab
analysis, a minimum upscale reading was required. Once
the minimum criteria was met, the actual response of
the monitor was compared to the calculated response
expected from radio-analysis in the laboratory. The
acceptance criteria was that they agree within a factor
of #2 to -0.5. All channels tested which had the
minimum upsale reading fell within the acceptance

eriteria.

SUP 8l1.15 - CHEMISTRY AND RADIOCHEMISTRY TESTS

The purpose of this test was to verify the water

chemistry requirements of the RCS and the radio-

- 86 -
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chemistry requirements as set forth by Westinghouse
can be maintained within the specified limits. The
ability to control the water chemistry was demonstrated

at low power, 30%, 50%, 75% and 100% RTP.

Table 2.12.3.1 lists the ra2sults of those measurements
along with the specified limits., All parameters

monitored were maintained within their specified limits,



TABLE 2.12.13.1

RCS CHEMISTRY

-
PARAMETER UNIT POWER [EVEL (%) Acceptable
<5 30 50 75 100 Value
PH 6.31 6.66 6.59 6.53 6.58 4.2 to 10.5
Chloride ppm <W.05 [<0.05 |<0.05 <0.05 |<0.05 < 0.15
Flouride Ppm <0.014 [<0.014 |<0.014 |[<0.014 |[<0.014 <£0.15
Lithium ppm 0.78 1.8 1.84 1.7l 1.61 0.7 to 2.2
Dissolve (xygen prm <0.005 |<0.005 {<0.005 |<0.005 [<0.05 < 0.10
Gross Beta-Gamma | uci/ml] 3.92E-5|2.99E-1 [3.59E~-1 |3.98E-1|5.49E-1 N/A
Dose EQuil. I-133 uci/gtl 0.00 0.00 4.93E4 | 0.0 4.99E4| < 1.0
STEAM GENERATOR CHEMISTRY
PARAMETER UNIT POWER LEVEL(8) ceptable
<5 30 50 75 100 Val ue
Gross Beta-Gamma |uci/ml | 2.01E-7 1.36E-7| 9.70E-8| 1.0lE-7| 1.35E-7| <0.10
(#21)
Gross Beta-Gamma [uci/ml | 1.93E-7| 1.36E-7| 9.70E-8| 1.0l1E-7| 1.35E-7| <0.10
(#22)
Gross Beta-Gamma |uci/ml | 2.08E~7 | 1.36E~7| 9.70E-8| 1.01-7 | 1.35E-7| <0.10
(23)
Gross Beta-Gamma [uci/ml | 7.24E-7 | 1.36E~7| 9.70E-8| 1.13E-7| 1.35E~7 | <0.10
(#24)
L
- 88 -
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The second phase of this test verified the operation of the
main feed pump speed controller by inducing a step speed
change of 5%, and making controller adjustments until the
overshoot and time for stability to be achieved was
acceptable., Parallel operation of the feedwater pumps,

to verify the bias portion of the control circuit, was
deferred until 50% RT?® when both feedwater pumps could be
operated without bypass flow. Final adjustments were made

and system response was acceptable,
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(g% ]

): 09



SUP 81.6 - AUTOMATIC REACTOR CONTROL

The objective of this procedure was to verify that the rod
control system can automatically maintain the RCS Tavg at
its proper value (Tref) + 1.5°F. Reactor power was held

constant during this test. The operation of the automatic
reactor control system during power level changes will be

demonstrated during the performance of other scheduled

transient tests.

The Rod Control System was transferred to manual control and

Control Bank D withdrawn until Tyyq Was 6°F higher than its

9
programmed value. The Rod Control System was then transferred

to automatic control. The control rods inserted automatically

: o :
to restore T,, to its program value #+ 1.5 F. Pressurizer

9

level and pressure response were monitored along with Tavg

during the transient with no anomalies noted. The transient

was repeated starting out with Tavg 6°F below the program value
again with no anomalies noted. From the time of the initiation
of the transient to the time Tavg was restored to within + 1.5°F

of the program temperature was approximately 100 seconds with
a maximum pressurizer level change of 8% from 32% and pressure
change of less than 50 psi from 2235 psig. Figures 2.14.1

and 2.14.2 graphically display the transient when lowering

and raising Tavg'

- Y -
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AUTOMATIC REACTOR CONTROL

Recovery From Lowered Tave
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SUP. 80. 1 - APPENDIX G, FEEDWATER HAMMER TEST

The purpose of this test was to verify that following a
reactor/turbine trip the operation of the auxiliary feed-
water system will not cause an unacceptable feedwater
hammer in the main feedwater pipeline. The test was
performed in conjunction with SUP 82.4, RODS DROP AND

PLANT TRIP (Section 2.6) which initiated the reactor trip.

The initial conditions were with the reactor operating

at 50% power and normal steam generator levels of 44% in
each steam generator. The main feedwater line in the
containment for No.2l Steam Generator was instrumented

at key locations based on the piping canfiguration to
monitor piping movement and fluid system pressure spikes.
The piping was monitored at two separate locations in the

Xx-y=-2z direction. The electrical signals, for piping

movement and pressure spikes, were connected to a visicorder

located outside the containment. See Figure 2.15.1 and

2.15.2 for instrumentation locations.

The reactor trip was initiated by SUP 82.4 on July 23,
1981. Following the reactor trip, the main feedwater
system was isolated automatically; and the auxiliary
feedwater pump started automatically. The flow to the
steam generator was allowed to exceed 440 gpm (220,000

lbm/hr.). Following the reactor trip, the steam generator

109D(2) :11




levels were reduced from 44% to < 11% in 9 seconds due to
shrinking of the f{luid/vapor volume in the steam generator.
At this point the feedwater ring was uncovered (covered at a
water level of 11%). The auxiliary feedwater pumps restored
the level in the steam generators above 11% in 19 seconds.
From the time the reactor trip was initiated to the time the
feedwater level was restored above the feedwater ring, the
max imum deflection of the piping was .35 inches at the

z axes at both locations and at a frequency of 3,33 Hz.

The z axes is the longitudinal direction of the pipe at
hanger FWH-21-17 and perpendicular to the pipe at FWH-21-18,
There was no dynamic pressure response noted following the

reactor trip.
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SECTION 3.0 CALIBRATION OF TEMPERATURE AND FLOW INSTRUMENTATION
DURING POWER ESCALATION

INTRODUCTION

This section describes three related tests and their results.
Certain plant instrumentation requires full power values of
various plant parameters for calibration (e.g., primary loop

average temperature (T ), reactor differential temperature

avg
( AT) and feedwater flow). Since these values are not known
prior to operation, conservative values are initially set

into the instrumentation for startup testing. Part of

SUP 8l.12 directed the collection of the required calibration
data at lower power levels, frem which full power values were
then extrapo’'ated. Other sections of SUP 81.12 derived values
for calibrating nuclear instrumentation and AT trip setpoint

circuitry. SUP 80.7 involved deriving the 'I‘avg program for

the rod control circuitry while SUP 81.7 calibrated the steam

and feedwater flow transmitters.

- 98 -
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SUP 81,12 A - ALIGNMENT OF PROCESS TEMPERATURE
INSTRUMENTATION

The purpose of this procedure was to determine the full power

reactor coolant system differential temperature for each
reactor coolant loop for the purposes of calibrating the
Overpower and Overtemperature differential temperature trip
circuitry setpoints. Conservative value are initially used
during plant startup testing and are revised based on

measured values,

Data for this procedure was taken in SUP 81.12B, Statepoint

Data Collection (Section 3.2). The initial valves used

were derived from the Westinghouse Precautions, Limitations

and Setpoints documents which recommended a conservative value

of 55°F. The loop statepoint data for differential tempera-
ture was taken at 30%, 50%, 75% 90% and 100% RTP. The data
was reviewed following the 75% power data collection and
plotted based on reactor power for each loop (see figures
3.1.1 thru 3.1.4). The derived full power differential
temperatures were used as inputs to the Overpower and
Overtemperature trip circuitry to allow operation above
85% RTP. Data taken at 90% RTP indicated no recalibration
of the trip circuitry was required. At 100% RTP the trip
circuitry was recalibrated using the measur2d differential
temperatures at 100% RTP. See Table 3.1.1 for a review

of the data collected.

- 099 ~
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DIFFERENTIAL TEMPERATURE VS.

TABLE 3.1.1

POWER LEVEL

Power Loop Differential Temperature
Level 21 22 23 24 Avg,
30% 20.9 20.0 20,2 20,2 20.3
50% 32.2 31.9 31.8 31.6 31,9
75% 48.8 49,2 48.6 48.0 48.7
90% 58.4 58.8 58.3 578 58.2
100% 63.4 63.8 63.4 62.5 63.3
Power | Extrapolated Differential Temperature (To 1008)]
Level 22 23 24 Avqg.
75% 64.7 65.2 64.4 63.6 64.5
90% 64,6 65.1 | 64.5 3.5 64.4
L
1
100% 63.8 64.1 | 63.7 62.8 63.6
- 100 -
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SUP 8l1.12B - STATEPOINT DATA

This section collected plant steady state performance
(statepoint) data required to calibrate steam and feed-

water flow channels, T and Differential Temperature

avg

channels,

The statepoint data was taken at power levels of approx-
imately 30%, 50%, 75%, 90% and 100% of rated thermal
power. It was important to have steady state conditions
when this data was recorded. These included being at a
steady power level, xenon at equilibrium, no rod motion,

T equal to T and blowdown secured. The conditions

avg ref’
minimized the errors induced since the data (eight sets)

is collected over approximately one hour and averaged. The
data included voltage readings from the process racks for

T steam flow D/P, RCS flow, turbine first

The Teo avg’ Tregr
stage pressure and Delta T. Informaticn was obtained in the
field for heat balance data for determining the reactor power
level. Eight successive sets of data were recorded at each
power level (105 data points per set). A summary sheet
averaged the eight sets of data recorded. Table 3.2.1 displays
a summary of the results of the measurements. Table 3.2.2

thru 3.2.5 are samples of the forms used for acquiring the
field data. Table 3.2.6 is a summary of the 100% Statepoint

Data.

- 105 -
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The statepoint data taken at each new testing plateau included
data for eight reactor heat balances. The steam generator
feedwater temperature was determined from individual feed

line thermocouples with a local Doric Model 400 Trendicator
readout., The feed flow to each steam generator was deter-
mined by measuring the pressure differential on a calibrated
venturi in each line. The control console steam generator
pressure indicators were used to determine the steam

enthalpy (assuming saturated steam).

Any time a heat balance was conducted, the NIS percent power
indicators were recorded for comparison and possible adjust-
ment. The excore detectors are affected by rod position and

reactor inlet temperature (Tcold)' It is important that

o}

Tavg be within 1 F of Tref and the control rods be at their

normal operating nosition ( AI band) whenever the calorimetric

results are used to reset the percent power indicators.

- 106 -
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STATEPOINT DATA DIGITAL VCLTMETER READINGS

Table 3.2.2

Salem, UNnit

Date » % RTP , Run of
LOOP PARAMETER DATA SOURCE _ (units) 5&1; UE

I | Thot TP 411 (22) voIts

| | Teoig TP 4112 (R2)

; Tava input to T™ 4128 (R2)

| Delta T Input tc¢ T™M 4110 (R2)

/ RCS Flow TP 416 (R12)

2 | Thot TP 42/-1 (R6) volts

g1 T TP 4212 (RE)

2 Tavg Input to T™M 4228 (RE)

2| Deita T Input to TM 421D (RE6)

2 | RCS Flow TP 426 (R12)

2| Thot TP 421-1 (RIZ volts

3} Temi TP 4312 (R13)

2| Tavg Input to TM 4328 (R

| Delta T Input to T™M @310 (RI3)

> | RCS Flow TP 426 (Ri2)

y- Thot TP 4<i-1 (R18) volts

4 | Teoig TP 44/-2 (R15)

é | Tavg Input to TM 4428 (RIS

< Delta T Input to TM 4410 (RIS

4 | RCS Flow TP 436 (RI12)

Tras TP 505-4 (R123-2)
SHade Press | TP 506-1 (RS)
Stage Press | TP 505-1_(RS)

Recorded by
Reviewed by -108~



Table 3.2.3

~ I ~
» i1 vl .
Date
| Lo : . /me
Sr2am Gen FPress: special gage (psig) o
Tes

Ryn $/G I °/C 2 —3/6 3 S/C 4

T
|
|

2, | | B A
g e dvmo 1
' 4 | ‘ f
) ' 1
|6 | | |
|' | 7] [ | [
8. [ ]
9. | | |
T ! 1
ll 0] 1 L | |
' Steam Restrictor Differential Press (inches H20)
- 1
g S/G I S/G 2 S/G 3 1 S/G 4
' T|Chan | Chan2 |Chan | Chan 2iChan | Chan 2/Chan | Chan
/ |
' 2 |
|3 |
Il | 4 |
5 |
6 |
1 |
I K B & |
: Feeawater venturi 0O/P (inches H20)  Feeawater Temp (°F)
l S/G | S/G 2 S/G 3 S/G 4 S/G | S562 SG3 S/G4
L | | 1 | | L |
T ' | T T 1
i | 1 | N 1 | 1
' ' 34 i ' ' | f i
4 | I i g |
l 3 | | |
16! i |
7l é 5 |
' ~ t | T f {
8l i | | 1 |
l Recordea by Reviewed by
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' STATERPOQINT DATA, NIS and CONTROL ROOM READINGS calem

oaté e Time UNit

I Percent Power Ref¥ Test

NIS Qetector Currents(w 3mps) and 7- e
Chan/Rund__| W s 1 3 1_8§ 7| 8

Cower Table 3.2.4

N4 I(upper, |

: |
(Iower/ . | . ?
Yo Pwr ! .

z
O
()

797
n

{
|
|1

Feedwater Flow (%)

. me = e
(03] Q Q
("} (5}
N o
SR SR

Sf%%(n Flow (To)

S/G |
(2)

s/62 (1)

2)

$/G 3 (1)
[2)

S/G4 (1)

i S S

2

Reactor Coolant Flow (T}

rRCL | (1)

(2)

2

(1)

o
2,
N

-

i)
(<

/3l

RCL 3 (1)] l

( 2) | %

2 | |

RCL @ /)x
(c) , I :

<+

G - S BN aE B E B e

L)—) 1 L I ) e

Recorded bl., :
l Reviewed bg 110~




RX ENG MAN, Fars

Table 3.2.5
Section 2.6

CALORIMETRIC CALCULATION DATA SHEET Salem Unit 2

Date Time Recorded by

Gross Gen Output Mwe RCS Boron Cenc pem
Control Bank Position: Bank at steps

Tave - Tref < 0.5°F:  J—— i 4

Loop 2/ Lcop 22 Loop 23 __ Loop 29
Tsve (Cons ole)F R
AT (console )°F

Steam Pressure B i ! /  R——
(Psig) IR 2 2
3 W ciaiehoigin J 3

AV s A AV . AV

Blowdown Flow (Ibs/hr)

Total Blowdown

Feedwater Termperature °F
Feedwater Flow &P (Inches )

NIS CHANNEL: N &/ N 42 N &2 N g4

Indicated Power
(@uring Calorimetric)
Calculated L RTP (Sect 2.7)
Difference (NIS-Cal)

If calorimetric power <98% a tolerance no more negative than -2.0% is
permissible for difference (NIS - CAL).

If calorimetric power 298% a tolerance no more negative than -1.0% is
permissible for difference (NIS - CAL).

The average of the 4 NI's should be equal to or greater than the

calorimetric.

NIS power after adjustment
Sen. Reactor Operator
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Table 3.2.6

STATEPOINT DATA - SUMMARY DATA SHEET
' Date: 8/20/84 Salem Unait 2
l Reference Test: Sup 841 .12B 100%ZRTP 100 %Z RTP
Run Run 2 Run 3 Run 4 Ren 5 Run 6 Run 7 Run 8 Averages
' Z RTP 100.06 99 .93 99.72 99.42 99.28 99.07 99 .36 99 .26 99.54
TURB ist S0S S61.48 S60.81 560.81 5606.98 559.97 S58.29 559 64 558.29 S60.04
STG PSIA S06 568.03 Sk6.8 5S68.37 567 19 S66.02 563.33 566.35 565.18 S66.42
' FW DJ/P SGi 708.300 702.8080 491.700 491.100 491.500 489 700 485.700 694.500 4694 050
(inches SG2 748.000 715.500 715.200 709.900 709.760 704 400 708 790 708.300 741.243
H20) SG3 698.700 692.500 694.300 491.400 480 200 478 300 688.100 6B2.300 488.225
' SG4 710.300 715.300 712.500 702.300 703.900 497 500 705 400 699.000 705.843 699.82%
FW FLOW SG1i 3. 688 3.673 J. 644 J.643 3. 645 3. 640 3.630 3. 5645 J.654
(1b/hr SG2 3.714 3.708 3.708 3.694 3.693 3.684 3.6%4 3.694 3.698
XEb6) SG3 3. 676 3. 659 3.664 3.658 J.628 3.623 3.649 J1.634 3. 549
. SG4 3.699 3.7142 3.706 3.679 J.683 3.667 3.688 3.670 J.688 3.674
FW TEMP SG1i 429 000 429 000 429 000 429.000 428.500 428 000 428.000 428.000 428.543
(Deg F) SGZ2 430.500 430.000 430.000 430.000 420 000 429 000 430 000 429.500 429.87S
SG3 430 000 430.000 430.000 429 000 429 000 429 000 429 000 429 000 429.375
l SG4 431 000 430.500 430.000 430.000 430000 430 000 430 000 430.000 430.188 429 509

3/ MEAT SG1 292.08 290 935 29575 280.452 20797 200.4% 27070 289.085 289,344
'(btu/hr SC3 390820 289499 09559 269 730 89 198 o8 398 208 004 305 S 5% 314
¥E7)  SG4 292.131 293.367 293.058 290.915 291.263 289.902 291 649 296 316 294575  290.581

"8 Lpi 601.040 601.700 601 640 601.910 601.820 604.220 601.160 500.530 &01.378

0t Lp2 603.050 603.440 603.620 403.590 603.650 502.870 602.900 602 510 . 603.204

(Deg F) Lp3 502.090 602.750 602.990 602.930 602.450 502 180 01 850 501 430 602.334
Lp4 601.550 601.880 602.090 602.120 601.790 601 670 401 010 501 070 601 548 502, 144

RCS Lpi 537.240 538.140 538 440 538.470 538.620 537.750 537.450 S37.180 S37.944
Tcold Lp2 537.360 539 640 537 820 539.490 S39.360 539.550 538.950 538.740 539 340
(Deg F) Lp3 538.06¢ 538.980 39.130 939.370 539 370 539.040 $38.230 538.230 538.800
Lp4 538.860 S539.340 539.520 S39.640 539.520 539.520 538.590 538.710 539 209  538.820

RCS Lpi 5$69.225 570.075 570150 S70.150 S70.275 S69. 650 569.350 568.975 569 73t
Yave Lp2 §70.900 574.750 572,000 574 825 74 950 §74.500 S7F 15h ©70 878 274 494
(Deg F) Lp3 S70.200 570.925 570 975 §71.125 570.825 570 700 S70 120 270 028 270 eis
Lpa 570600 570.950 S574.075 574200 571 000 570,950 70 250 ©70 296 270 788 570 457
Deira 7 (53 M TE SN ST N4 s25 g gam amm g
(-] E 4 y . = . I . * . ’
(Deg F) b3 6357 o3& oiR 551 6o g SR 4P 4
Lp4 62.750 62.450 462.675 62.600 62.300 62.250 62 450 62 150 63 453 .  63.283
5/G 1 1 900.000 805000 805.000 810.000 8¢0.000 B40.000 80S.000 B0S.000 806 250
PRESSURE 2 775.000 775 06 780 000 780 000 000 780 000 775 000 775 000 777 S
(psig) 3 780000 780.000 785008 785000 790 000 780 000 785 000 785 000 783 750 789 147
.sxc 2 L 780.000 790.000 795.000 795.000 795.000 795.000 790000 790.000 794 250
PRESSURE 2 7801000 785.000 785.000 790 000 790 000 790 000 780 000 780 000 785 330
(psig) 3 775.000 780.000 780 000 780.000 780 000 780 000 780 000 780 000 779 375 785208
5/C 3 L 775.000 775.000 775.000 775.000 780.000 780000 775.000 770.000 775 636
PRESSURE 3 7757000 780.000 780 000 780 000 780 000 780 000 775 000 780 900 778 53
(psig) 3 780.000 785.000 790.000 790.000 790.000 790 000 790 000 790 000 788 135 780 833
S/G 4 L 790.000 795.000 795.000 800.000 900.000 800.000 795000 790000 795 426
POESSURE 2 790 000 790 000 79 000 795000 799 000 800 000 790 000 790 900 793 o3
3ig) 3 780000 790.000 790000 790.000 790 000 790.000 785 000 780 000 786 375 794 47




3.3 SUP 80.7 - TURBINE CONTROL SYSTEM CHECKOUT AND STARTUP
ADJUSTMENTS OF THE REACTOR CONTROL SYSTEM
Automatic reactor rod control is achieved with a reference

average temperature (Tavg) program. The turbine first

stage pressure increases approximately linearly with
turbine (or reactor) power. This pressure is converted to

a reference temperature (T The control rods are

ref)'
driven by an error signal derived from the difference

between the actual Tav and the programmed Tref

9

{? =T - 7T ) until the error is cancelled.
error avg ref

The reference full power L is set so that the full power

9
Stewa generator pressure (turbine throttle pressure) is at
the value recommended by the turbine manufacturer. By

adjusting the full power reference Tavg ( AT across the

steam generator tubes being fixed) any desired steam
generator pressure can be obtained. SUP 80.7 developed

the Salem Unit 2 Tav program.

9

For initial startup, the vendor recommended an initial full

power Tre value of 577.9°F. This was expected to produce

£
a full power turbine impulse pressure of 550 psia. No adjust-

ments were to be made to the T program until after 75%

ref

statepoint data had been collected.

- 113 =
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After collecting data at 75% power, extrapolation of the
measured steam generator pressure to 100% power showed that
a drop of 62 psia would be necessary to maintain design

pressure. This corresponded to a drop in T program of

ref

8.6°F. Tref was then reprogrammed to 569.8°F at full power.

This was calculated to correspond to a full power first stage

turbine pressure at 560 psia.

Proceeding to full power, the statepoint data showed the
steam generator pressure to be approximately 800 psia. No

further adjustments were made to the Tref program. Full

power first stage turbine pressure was measured at 560 psia.

Figure 3.3.1 shows the turbine first state pressure extra-

polation. Figure 3.3.2 shows the Tan extrapolation, and

e
Figure 3.3.3. shows steam generator pressure vs., reactor

power.

- 114 -
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Figure 3.3.1

TURBINE FIRST STAGE PRESSURE VvS REACTOR POWER
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SUP 81.7 - CALIBRATION OF STEAM AND FEEDWATER FLOW
INSTRUMENTATION AT POWER

The purpose of this test was to calibrate the feedwater flow

and steam flow signals to actual measured flow during low

power testing, so that escalation to full power would be

possible.

The feedwater and steam flow signals are used in the plant's
control and protection instrumentation. These signals are
derived fron the differential pressure across a calibrated
venturi fo. feed flow and a flow restrictor for steam flow.
The differential pressure transmitters produce currents that
are proportional to the Ap. The steam flow Ap signal is
multiplied by the steam line pressure (steam is compressible)
and then the square root of the product is taken. The feed-
water dp signal is input directly through a square root
extractor circuit. These square root signals are propor-
tional to their respective flows. Calibrating these
channels actually amounts to scaling these transmitters so
that the full output corresponds to a Ap equivalent to

120% flow.

For initial startup, the feedwater Ap transmitters were
scaled for predicted full power flows. Since steam flow
restrictors are crude orifices, no calibration data was
provided on them. Therefore, the steam flow transmitters
were scaled to numbers provided by the vendor (based on past
experience) .

- 118 -
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The statepoint data from the 30%, 50%, and 75% power levels
was used to plot feedwater flow and temperature versus
power as well as feedwater venturi p versus feed flow.
Feedwater flows at 120% RTP were obtained by extrapolating

these plots.

The feedwater venturi equation can be expressed as:

Flow= (ap)t/? (y) 2 (fa) (const.)
Cost. = Flow constant unique to that venturi
fa = Nozzel expansion factor

¥ = Specific weight of feedwater

Using the extrapolated 120% feed flow (average of four loops),
the 120% power expected differential pressure values can be
obtained for each loop. The results are shown in Table 3.4.1

and Figures 3.4.1 thru 3.4.8.

1/2

Flow = (Ap)l’/2 (¥) Const.

The restrictors, not being calibrated devices, have unknown
constants. The constants were evaluated using the 75%
measured data. Then the expected p values were determined
using the average 120% extrapolated feed flows.

Ap = (Flow)2
¥ (Const.)

2

The results of these measurements are shown in Table 3.4.1,

Table 3.4.2 and Figures 3.4.9 thru 3.4.16.

109D (2):22




All steam flow channels appeared to be indicating correctly
after calibration at 75% RTP. When reactor power was
escalated above 90% No. 21 and No. 24 S/G steam flow channels
started to indicate high. High flow alarms were received. A
second set of "90%" Statepoint data (SUP 81.12B) was taken on
August 15, 1981 to reconfirm the 90% Statepoint Data taken the
previous day. This was actually at 91.88% RTP. Power was
raised to 96% and held on August 16, 1981 to obtain another
(unscheduled) set of Statepoint Data for recalibration of the
steam flow channels. As a result of these measurements No. 21
S/G steam flow channels 1 and 2, and No. 24 S/G steam flow
channel 2 were re-scaled to reduce the indicated steam flow.
Power was raised to 100%, and full power (99.51%) Statepoint
Data was taken on August 20, 1981. High steam flow signals
were noted again in ... 21 S/G. The measured flow element d/p
in No. 21 S/G steam line was hiaher than predicted from the 96%
measurements. All other channels appeared close to predic-
tions. It was speculated that high steam moisture content was
causing the unusual high d/p on this flow element., Subsequent
power reductions showed this No. 21 S/G steam flow signal too
low at power levels below approximately 92%. On August 28,
1981 the first moisture carryover test (SUP 82.7, Section 2.8)
was run at 100% =TP. This confirmed that there was high

moisture content in No. 21 S/G steam (~1.5% vs. design of < .25).
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Station management felt that the abnormal behavior of No. 21 S/G
steam flow channels made them inoperable. These 2 channels
were re-scaled back to d/p values extrapolated from 75%
Statepoint Data, and the reactor power level was limited

to 92%. Above this power level these steam flow channels

indicated abnormally high.

On September 11 and 12 a second moisture carryover test was
run confirming previous measurements. Also extensive
instrumentation was used to observe the steam flow channels'
behavior. A safety analysis was run to allow this operation
at 100% reactor power. On Sept. 21, 1981 Salem, Unit 2, was
shutdown and cooled down to modify the steam generators by
installing additional separator drain lines. Salem 2 was
started up on October 8, and a third moisture carryover test
was run on October 12, 198l1. 1In parallel with this test,
Statepoint Data was again taken to observe steam flow
element d/p valves., The results showed the steam moisture
content was within acceptable levels (.13%) and the high
steam flow signals vere greatly reduced. This 99.67%
reactor power data was used to re-calibrate steam flow
channels. Both channels of No. 21 S/G and channel 1 of No.
24 5/G were re-scaled . After re-scaling these steam flow

signals were observed to be acceptable.

- 121 =~
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For the next two months the plant operated up to 100%

power without any further high steam flow indications. On
December 3, 1981 power was reduced to 70% due to a leak on
No. 21 feedwater pump. Upon completion of the repairs to the
pump (about 7 dsys), the plant was escalating in power when
the steam flows were again indicating high flow. Statepoint
data on 12/11/81, as shown in Table 3.4.2, indicates that the
steam flow D/P's had increased. Figures 3.4.9 thru 3.4.16
plot the eight s*eam flow channel D/P's vs. feedwater flow
during startup testing and show the same trend in higher than
expected steam flows at < 90% RTP. Figures 3.4.12 thru 3.4.21

show steam generator level change and reactor power change.

From the figures and tables it can be concluded that the steam
flow channels are affected by moisutre carryover. An
additional moisture carryover test is scheduled for January
1982 to confirm the suspected carrvover and determine the % of
carryover. Based on the test results a determination would be
made as to what additional steam generator modifications are
required. The test re.uits indicated the carryover was
acceptable as found in October, 1981. Inspection of the steam
flow nozzles is planned during the next plant shutdown to
determine if corrosion/erosion of the nozzle area has occurred
which could cause the higher dips measured in the steam flow

signals.
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(Pressure Differentials in inches water etxrapolated to 120%)

SUMMARY OF DATA FOR CLAIBRATION
OF STEAM AND FEEDWATER FLOW INSTRUMENTATION

Values predicted afer 75% Statepoint Data

Extrapolated FW Flow = 4.369 10° 1b/hr.

LOOP VENTURI STEAM RESTRICTOR AP
Ap (FEED) CHANNEL 1 CHANNEL 2
21 983 168 155
22 599 207 212
23 984 188 197
24 993 169 171

Values predicted after 100% Statepoint Data and after Steam
Generator modifications

Extrapolated FW Flow = 4,454 106 1b/hr

LOOP VENTURI STEAM RESTRICTOR AP |
Ap (FEED) CHANNEL 1 CHANNEL 2
21 1012 182 185
|
22 1048 215 211
23 1012 198 203
24 1044 183 182
- 123 -
109D (2): 26




TABLE 3.4.2

STEAM FLOW DATA REVIEW

BEFORE S/G MODIFICATIONS AFTER MODIFICATIONS

DATE 8-10-81 8-14-81 8-16-81 8§-22-81 | 10-12-81 | 12-11-81
% RTP 75.4 90.4 96.0 99.5 99.7 98.8

21A 56.19 90.82 115.49 133.79 118.86 132,95
21B 51.92 87.80 109.43 128,60 120.53 136.78
22A 70.70 109.96 126.46 141.35 140,52 144.41
22B 72.55 106 99 125.63 138.72 137.39 142,82
e 23A 63.59 10. .28 113,27 123.18 129.18 132.67
S 23 66.37 106.01 118.91 127.19 132,37 137.69
B 28 57.93 93.49 104, 38 116.92 121.34 131.87
E 24B 58.74 97.64 111.57 115.91 120.80 129.99

4
21A 168. 24 169.07 195.53 205.73 182.18 207, 38
o & 21B 155,45 163,26 185. 27 197.75 184.75 213,35
=~ 22A 206,98 204.51 213.14 217.35 215,38 225,30
® <228 212,39 202.71 211.74 213.31 210.58 222.79
’c“g 23A 188, 39 188, 35 192.41 189.41 198.00 206.94
~x 23B 196.62 197.16 201.98 195.58 202.90 214.78
™ 24a 168.67 173.87 175.64 179.79 182.59 205.70
24B 171.04 181.60 187.73 178.24 181.79 202.77
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SECTION 4.0 PHYSICS TESTING

This section deals with testing to determine various physics
parameters during power ascension testing. Those tests
included dropped and ejected rod case, power coefficient tests,

incore/excore calibration, NIS plateau checks and flux marping.

4.1 POWER AND BURNUP DISTRIBUTION MEASUREMENTS

Power distribution measurements were performed throughout the
startup program both at low power (< 5%) and duriny power
escalation up to and including 100% power. Using the MID
system, these measurements were made to verify design
calculations, to show comgliance witi TECHNICAL SPECTFICATION
and to provide calibration data for the excore detectors.
Three dimensional core power distributions were derived from
moveahle detector data through the INCORE code using power %o

activation ratios obtained from design calculations.

During the power escalation program, flux maps were obtained
at each of the major testing plateaus. At 50% power, maps
were obtained for the pseudo rod ejection test and for the
pseudo dropped rod tests. At power levels between S{ and 75%
power, data was obtained for the incore/excore calibrations.
At each plateau, flux maps were obtained in rod configuration
which could be expected during normal operations in order to
show compliance with TECHNICAL SPECIFICATIONS limits and to

demonstrate conformance with acceptance criteria.

109D (2): 28 - 148 =~

w.




Figures 4.1.1 through 4.1.5 present the results of some of
the more representative power distributions, along with the
power level, rod positicon, and burnup at which these measure-
ments were made. No abnormalities were detected by the

incore detectors.

- 147 -
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Figure 4.1.1

POWER TILTS vs CORE POWER
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Figure 4.1.3

POWER DISTRIBUTION
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SUP 81.9 - RCCA PSEUDO EJECTION AND RCCA ABOVE BANK
MEASUREMENT

The objective of this test was to determine the worth of the

most reactive RCCA "ejected" out of the core from the full

power control bank insertion limit. The worth had to be

conservative with respect to the value assumed in the Salem

Final Safety Analysis Report, also various acceptance

criteria on incore power and flux distribution had to be met.

Control bank "D" rods were positioned at their full power
insertion limit of 188 steps (all other banks out). Steady
state conditions were established with the reactor at 48%
rated thermal power. Base case incore flux and thermocouple
maps were taken with these conditions. All of the lift coils
in control bank "D" were disconnected except for the lift
coil for control rod 1D2, core location D12 (see Figure
4,.2.1). This rod was withdrawn as requested by the Test
Engineer and RCS temperature was allowed to increase

compensating for the reactivity addition of the rod

(increase in Tavg of 1.5°F). Various incore thermocouples,

incore flux detectors, and excore detectors were monitored
during this rod withdrawal. After the rod 1D2 was fully
withdrawn, another incore flux and thermocouple map was
taken (ejected condition). The "ejected rod" was inserted

back to 188 steps and the disconnect switches reconnected

= 153 =
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returning control bank "D" to normal operation. Turbine

and reactor power were held constant during this test.

The ejected rod worth was measured and determined to be
less than 20 pcm. During the rod withdrawal to 228 steps,
the incore thermacouples showed no change in temperature.
There was no indication of the rod withdrawal indicated on
the excore detectors. The flux maps taken before and
after the rod withdrawal are shown in Figures 4.2.2. thru
4.2.4., They indicate the effects of the ejected rod on

power sharing and incore tilts.

The maximum Heat Flux Hot Channel Factor at the peak core

location [FQT (Z)] was measured as 2.2172, well within the

acceptance criteria of less than 6.09 with the rod ejected.

J
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Figure 4.2.3

EJECTED ROD FLUX MAP
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SUP 81.10 - STATIC RCCA DROP AND RCCA BELOW BANK POSITION
MEASUREMENTS
This test had the following objectives:

1) To determine the neutron flux distribution with a RCCA
below bank indication.

2) To demorstrate the excore response to a RCCA below bank
indication.

3) To determine the neutron flux distribution when a RCCA
has been "dropped" from the controlling RCC configuration.

4) To determine the worth of the most reactive RCCA "dropped"”
from the full power RCC configuration.

This startup procedure wa, performed at 50% power with Control

Bank D rod 2D3 in core location H-12 (see Figure 4.3.1). Prior

to starting the test, a base case, all rods out, equilibrium

xenon, flux map and a thermocouple map were taken.

The rod was "dropped”™ using a boron dilution. In order to
drop the selected rod, all the lift coils in the bank
contairing the rod to be dropped were disconnected except the
lift co.l for the selected rod. A dilution was then started
at a rate of 15 gpm. The reactivity addition caused by the
dilution was monitored using the reactivity computer, and the
selected rod was stepped in to balance the reactivity change.
Reactor coolant system and pressurizer boron samples were
taken every twenty minutes during the insertion. When the
"dropped" rod was fully inserted, a movable detector flux

map was recorded in addition to a thermocouple map and excore

detector data.
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SUP 81.8 - POWER COEFFICIENT AND INTEGRAL POWER DEFECT
MEASUREMENT

The purpose of this test was to measure the differential

power coefficient of reactivity and to measure the integral

power defect. The test was conducted at 30%, 50%, 75% and

100% power.

The differential power coefficient is defined as the change

in core reactivity per percent increase in core power fer

the programmed ’I‘avg change. This coefficient consists of two
components: the moderator temperature coefficient (pcm/oF)
and the doppler coefficient (pcm/% power). The moderator
temperature coefficient contribution results from a programmed
change in the reactor coolant system average temperature for

a unit change in core power level. This component is negative
under normal operating conditions. The doppler coefficient

of reactivity is always negative for low enrichment uranium

fuel due to the broadening of the U238 capture resonances.

This effect is significant over the range from hot zero power
to hot full power due to the large pellet temperature increase
with power generation. The integral of the decppler
coefficient with respect to power is defined as the doppler
defect. Measurement of the doppler defect is required to

verify that the shutdown margin assumed in the Safety Analysis

is conservative.
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During the power escalation program, the total power

coefficient was measured over power levels ranging from 20%

to 100% of full power. The measurement technique consisted

of first decreasing and then increasing the power level 20%,

in steps of approximately 10% using the E-H control system

to change the generator electrical load. Reactor power was

matched to turbine power by insertion of the controlling

bank. Reactivity and T were monitored during the

error

power changes. At the power level "end-points" additional

data was gathered including heat balance information for

determination of the actual power level change.

The power coefficient was determined from ratios of the

change in reactivity to the changs in power (Aef/ AQ)
corrected for variations in the Xenon concentration and

Tavg vs. Terror. Corrections to the measured data for

Xenon changes over the duration of the measurements were

based on Xenon histories generated from the point model
Iodine/Xenon equations. No corrections were applied to
account for possible effects of flux redistribution which

was assumed to be negligible over the range of measurements.
The doppler defect was determined by extracting the reactivity

effect due to changing Tavg from the reactivity measurement

during the power change.
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Table 4.4.1 and Figure 4.4.1 present the data obtained and
the measurement results. As can be seen in the figure,
several measur~uents were close or appear to have exceeded
the FSAR limits, especially at 100% RTP. Reviewing Table
4.4.1, it can be seen that those measurements nearest to
exceeding the design criteria of + 30%, were those measure-
ments taken with the Control Bank D rods starting or ending
at a position greater than 210 steps. Not calculating the
required value was attributed to the difficulty in deter-
mining the rod worths in a very low worth region (200-228
steps). To confirm this the 100-90% RTP test was repeated
with the starting position o' control barnk D at 205 steps.
The design criteria was easily met. Figure 4.4.1 shows
one point at 100% below the FSAR limit. The point was
calculated from a power swing of 91-93% RTP with rods
movement from 200-219 steps. This calculation was repeated
90-98% with rod movemert from 175-210 steps and was well
within the acceptance criteria. Reviewing the data
obtained during Unit 1, Cycle 1 startup and comparing it

to Figure 4.4.1, it can be seen that the data scattering

is similar, thus further supporting this analysis.
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l TABLE 4.4.1
' POWER AND DOPPLER
COEFFICIENT REVIEW
' POWER BANK D POWER POWER
LEVEL POSITION COEFFICIENT COEFFICIENT
DATE 3 (STEPS) —(PCM/%_POWER) _ - % R
' START| FINIGH| START] FINIGH | MEASURED EET&T*‘W
7- 3-81 | 30.14| 20.68 148 122 16.8 16.2
I (17.4)* | 14.9 (16.7)* | 13.8
(308) 20.68| 29.58 | 122 150 17.9 17.2
' 7-22-81 | 45.29! 33.11 188 154 12.7 14.1 12.0 13.3
(50%) 33.11| 22.36 | 154 131 15.8 15.1
I (16.2)* 14.9 (15.5)* | 13.7
22.36| 35.35 | 131 177 16.5 15.8
l 8- 6-81 | 75.97| 55.09 | 228 176 9.09 7.98
(75%) 65.09| 54.23 | 176 154 11.07 10.16
I (11.23)* | 14.34 (10.16)* 12.10
54.23| 66.06 | 154 193 11.39 10.15
(9.62) 14.21 (7.86) | 12.24
l | 66.06| 69.67 193 | 228 10.15 7.73
|
‘ i
l 8-21-81 | 99.76| 90.29 | 211 | 180 8.90 13.8 7.1 11.5
(1008) |90.29| 80.25 | 180 | 162 10.49 8.81
} (10.21)* | 14.0 (8.59) | 12.1
' 180,25 90.75 | 162 200 9.93 8.37
E9o.7s 92.90 200 ' 219 6.65 13.96 4.84 | 11.3
: i
l .
10-13-81 |99.52|89.70 | 205 ! 175 9.86 7.60
| (10.09)* | 13.8 (7.76)*| 10.9
' (100%) 89.70 | 98.38 175 210 10.32 7.95
' ( )* average value
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SUP 81.11 INCORE - EXCORE DETECTOR FLUX DIFFERENCE
CALIBRATIONS

The power range nuclear instrumentation system produces output
voltage signals proportional to the currents in the top and
bottom neutron detectors of each channel. These signals are
used for axial power imbalance (delta flux) indication, upper
and lower quadrant power indication, process computer moni-
toring of delta flux, and the gencration of the F ( AI)
function which reduces the overtemperature T trip setpoint

for adverse axial power distribution.

Because of a variation in detector sensitivity and placement,
calibration of each output voltage is required to produce an
excore indicated avia. power distribution which reflects

actual core conditions.,

Although this test was formerly scheduled at 75% power as
part of the startup program, it was actually performed at 50%,
75% and 100% power to comply with TECHNICAL SPECIFICATION
surveillance requirements and to provide the necessary "tuning

up"” before reaching higher power levels.

The minimum requirement for performing an incore-excore
calibration is three flux maps at different delta flux ( AI)
values, ideally with as large a spread in values of delta flux
as possible. Concurrent with the flux maps, readings of power

range currents, Terror and calorimetrics are performed.
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Different values of AI are obtained by varying rod position.
Typically, a reference flux map is taken with the control bank
at 200 steps. The rods are then inserted until the AI is

1-2% from its negative limit and left there. AI continues

to move slowly in the negative direction, turns around and
becomes more positive. It is during the negative peak that

the second flux map is taken. Then, the control rods are

fully withdrawn (228 steps); the AI rises and slowly approaches
a positive peak during which the third flux map is taken.
Control rods can be inserted to prevent AI from exceeding its

positive limit.

Below 90% power, TECHNICAL SPECIFICATIONS allow up to 16 hours
outside of the target band limits on axial flux difference
without penalty for the performance of this test. However,
above 90%, no allowance is available and AI must remain
inside the + 5% band, which means a maximum spread in data of

< 10% on AI. (To date this has not been a problem).

The linearity of channel response with measured incore power
distribution for each of the four power range channels, a pre-
requisite for adequate calibration, is demonstrated by the
data presented in Figure 4.5.1 for 100% power calibration.

is

As used in this calibration, excore axial offset, AOEX'

defined as:

I
AOpy = T = Ts x 100%
Ir 4+ 1p
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s |

where IT and IB are the currents from the top and bottom

detectors, and the incore axial offset AOINC is defined as:
AO =Pp - Pg x 100%
INC P,
T B

where P, and Py are the fractions of core power in top and

bottom halves of the core as derived from the moveable detector

flux map data.

Calibration of the output voltage signals requires a determi-
nation of the expected full power detector currents under the
conditions of zero incore axial offset. Excore detector data
was taken during the flux maps and scaled up to the full power
condition through calorimetric measurements of core power.

The excore detector currents vs. incore axial offset were
fitted to a linear function and the calibration currents were
derived by evaluating the function at zero axial offset. The
results are plotted on Figures 4.5.2 through 4.5.5 and listed

on Table 4.5. 2.

Table 4.5.1 shows the data used to generate the figures for

the 100% incore/excore calibration of August 22, 1981.
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EXCORE DETECTOR FLUX LIFFERENCE CALIBRATION DATA SHEET

Table 4.5.1

CRALORI- INCORE EXCORE
METRIC DUARDRANT AAIAL FP =
PGNEP EH&NNEL I'Op Ibo' RHIHL OFFSET Ifgn Ibol?&m
(% RTP) OFFSET (%)
28,185 41 385.3 441.7 -5, 367 -5.82 392, S9.9
42 412.9 426, 3 -38.16 420.8 435.4
43 379.9 411.8 -4,.091 387.9 419.3
44 367.3 393.°7 -3.47 374.2 401.1
37,97 41 376.9 4%52.7 -10.317 -9,14 384.7 452.1
42 482.5 568,90 -10.88 419.3 519.4
43 369.3 420.5 -5.42 377 429.2
44 358.3 402. 8 -5.89 365.7 411.1
38.23 41 3909,.4 429.1 -2.634 -4,72 397.4 4326.3
42 419.3 472.2 -5.87 27.4 438.7
3 385.9 488.7 -1.88 392.9 467.9
44 372, 7 382.6 =] .31 379.4 389.95
COMPLELEU DY cevcocccococnnseme DOt nnnns TR e st
SENI0r REACLOr UPBPALOP cvonncnens s DELE unen TEME . i
T L
The 2auations of the lines to be Iraphed (zee Fisure 2 Reactaor
Ersineering Manual) and convenient endeoints are as follows:
TOP: Y= 401.9 + 1,561 # ¥ (6@y 495.8) (=88, 307,2)
BOTTOM: Y = 429,3 + =3,874 #* X (8Bs 244.9) (-8@s B513.8
TOP: Y = 433.0 + 2.02%5 * A (6By 554.95) (=50 311.5>
BOTTOM: Y = 471.6 + =3,615 #* ¥ (B80y 254.7) (-80y 838.5)
TOP: Y = 398.3 + 1.889 # ¥ (6@y S11.8) (-60s 284.93)
BOTTOM: Y = 4081.7 + =2.590 + ¥ (68 248,32 (=80 35357.1)
TOP: Y = 384.2 + 1.880 * X (5@y 48S5.8> (-5@y 283.4>
BOTTOM: Y = 383,2 + =-2.634 # X 6@y 225.1) (=508 S41.2)

T T R ——————
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Table 4.5.2
100% POWER (8/22/81)

EXCORE DETECTOR FLUX DIFFERENCE CALIBRATION WORKSHEET

INCORE
QUARDRANT FP FP FP FP
CHANNEL AXIAL Itop Ibottom V.op VYbottonm Delta V
OFFSET % _
41 +60 496 BEE s e . . A
42 +€0 - 3 255 e L R s - e
43 +68 S12 BEE et e bR
34 +60 485 o TR R e S S b TP W=C
41 +30 449 337 e e N i st
42 +30 494 « L e g o0 St
43 +30 455 e e M = =
44 +30 435 B | ki - e . - PRI
41 +20 433 BEE e ks - - S
42 +20 473 A e L i s
43 +20 436 B L et | akdeieseniny it
EE +20 418 R L e L ek = aniulkta
41 +10 4.7 - e e R i | i
42 +16 453 B . L it - e - -k
43 +10 417 R L e e - | L it e
4 +10 401 R . .. e T L ottt L~ avempdn
41 +2 402 429 8.33 8.33 %}
42 +2 433 472 8.33 8.33 %}
43 +0 398 402 8.33 8.33 %]
44 +0 384 383' 8.33 8.33 %}
41 -18 386 B T it 11 i T
42 -19 413 I - L e T e | 1 A
43 -18 379 eI e NI e L=
B -10 367 T e e S S S S L e i
41 -20 371 B L . R e T e e el
42 -20 392 . T e o e e 11 | mias
43 -20 360 L - - I i T
LT -20 351 B A e
41 -30 35S BEE' . e o e - - R
42 -30 372 B . . cesawres et | " - A
43 -30 342 479 e L s e e
B -30 - 334 BRE 3 i ia s ' i A
41 -68 308 614 s e B e i
42 -60 311 T - <L
43 -60 28S BT . . e | ammmam T e
a3 -60 283 B Sl e . el
Completed BY moeeeceeceeiimm—— DAtE mmmmeee TINE aimvinaes
Senior Reactor OPerator eeeccccccccccccaes BOLE cnnnnne TN cunmai
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SUF %1.12C - INTERMEDIATE AND POWER RANGE CHANNEL HIGH
VOLTAGE SETTING VERIFICATION

The objective of this test was .o verify that the 800 volt
detector settings for each detector of the intermediate
and power range channels is correct. This is done by
varying the detector voltage from 200 - 1200 volts in 50
volt increments while at greater than 95% RTP. The 800
volts that the detector is manually set for is checked to
insure it is at least 100 volts above the "knee " of the

curve drawn comparing voltage to detector output every

50 volts.

The intermediate detectors had no change in detector output
from 200 volts to 1200 volts. The power range detectors
varied approximately 5 microamps over the same voltage range
with the exception of Detector N43. Detector N43 varied
50-60 microamps mostly in the area of 200-300 volts as can
be seen in Figure 4.6.1 from plateaus performed on 10/26/81
and 11/19/81. 1Initially their was no concern over the
variance in voltage because the voltage the detector
operates at (800 volts) was well above the knee of the curve

at ~ 400 volts,

An incore/excore detector calibration was performed at 50%
and 100% RTP during initial startup testing. The 100% RTP
calibration was performed at 900 MWD/MTU on August 19, 1981.

The calibration was repeated on October 26, 1981 after a
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core burnup of 2230 MWD/MTU when quadrant tilts were

indicated by the excore detectors. The incore detectors
indicated their was no incore tilt. The excore detectors

were recalibrated. On November 9, 1981 tilts were indicated
again on the excore detectors. Again the incore detectors
indicated no incore cilt., The extrapolated full power currents
for the four power range detectors were plotted as core burnup
(see Figure 4.6.2). Reviewing core power distribution vs.
burnup in the Core Design Report, the periphery assemblies

are expected to produce less power as the core nears 3000
MWD/MTU and then start producing more power after 3000 MWD/MTU.
Since the neutrons that the excore detectors "see" is directly
proportional to the neutron production in the periphery

fuel assemblies, it is expected that the output current from
the excore detectors will vary with periphery assembly power
sharing. This can be seen in Figure 4.6.2. The slope of the
currents with burnup are similar for power range detector

N4l, N42 and N44., Detector N43 slope is sharper causing the
indicated tilts and requiring more frequent incore/excore
detector calibration (weekly). Review of the incore flux maps
indicated that all quadrant periphery fuel assemblies were
sharing the core power equally, as designed. On November 24,
1981 following a plant shutdown the N43 detector was replaced.
The excore detectors were recalibrated and tilt indications

have not reoccurred to date (January, 1982, 4600 MWD/MTU).

- 183 -

109D (2):42



'

-

X

- am mm S

-

—)-Eazz-

Ir-&',-n ) n'u-

& ESSER CO watt wusa

L)
UFFEL

’

Figure 4.6.1

-

bor oot

DDA SIS

B

B O

g v

el

PEEERS SIS SIRE S S S—

T
RSN S804 3 ¥ riaserw

IESSS Som > S D" - -
————— g ——— b

TN

e
be ———
DY SERAE SANND SHLED AEDSE

B e

-

= S

e -

p @ +

+ +
e S SORes SEas S St teseranee
FEREeSTRI SIS W PREEs —— — be nnwe eones sosee
b b :
>ne
Enws o
- -
+
94 T
$# +
1 i 3
o - v
¢ >
T "4 " 4
T
B e B - +
—— - »
pE | SOBe s 2 a B
IS SBee *
g el K
3 " b — - ———
SesunsuaEm | 04 i
rnon o —_ rewss cousw =T | Swews = et s |
ssonam: o4 o o G . s
e So oo - - —r
snews
t =t hus
"® s S ne
| e son =e: IPOES RASE SPEES S
- o
[ D . e e
| Founa o s
eSS +
POSES SOST SELES B -+ fee :
rons soeas sowen se. 5 SeSes
' - ‘o
- i 19 % T '
sesss ssaes seese e 3
——= - - - -
e
+ Fre
| bneon T
- > oo
ssees s + +
< + o =
e " | +
T —
_g 3 o
snm ! 1
Sones +
I | s
TR -
b4
bo v o - - -
. s —~
. - :
-~ - t ——
Dne e enme -
snane e s nw : ¥ =
3 =
+ - - .
3ssewrna : o=~
+ .. e el o3 - 1 ’ ‘s +-
3
>
= - =
9 T o
5 2t :
i ]
T P T
o T + 3 +
~ s '
T -~ B 1
.~ b ¢
- s - - -
T
b 1o b= wus 3
} 8 e
A S p= = >
.
" § 3
ssewm s e R
e e + .—I:....a_.....;“_.
s € : 14 X
MRS 51 - i xx_‘
PR 81 [N S Su re o e w e
eama o d F cxae 2 x
—— o . N x = we 43
DS 01 -t .‘.ﬂ.&wm%’w.».&—..«.- PRODE 4 -......4,.-._.....‘_
g e SERES sesen BITEe USRS BEw: POTE SRORE SEVOT VBEEE SREWE 14 PE S U WHS § FBWD B0 " oane saes
= S T E 8 = =X }
o o B D R S S SRS e e T - o4
ssaams jos senee swase e e - z —
s fne seews sr9ee soes cosns camn: - ey sesws saTEE ww e rs esues Sware e s
. et
- —
.
IPRES SETEE SENSE S REEY SFTERSANSS S0, .-.,a:...«.;., LENES SHARS STAEE SETET
e T S Ty T, - O T e O S e B e e e e e e e e e
1900 2L ¥ Caw e e
SHERE SITEA SXNIL POBNE T OVLY SVVEW FLOEN LEEDE CHDDS 24 - o me & ]  PRPUD DU R S S

bo oo b oo

SEDS

e b

R S

SRS SRS Semt

e et

o oot

- ———tea—

PESSS

-y ) S

e
LODES OB SRve

® ma
B e

2

-

Joe

bos

Pl

Yoo

Joo

~N o0

VOLTAGE



b
i b @
— — S —~w -~ - ~ ~
: ¢t 28 38 ¥ 2 % F 5.3 3 B
C h 8 1 & © ¢ 4 ¢ & N . 0
UL LR RS R R LR LA * ~ .ﬁ ﬁ .}N
(nawfomw) dnndng |
i i _ psl

! : | | "
[ |
Y ~ . | * ¥ _; N f.; ' r}\,

e i)
11....4... i HH .__ x_._ m oL,
: i j..:".?..5....__.? y .A il
)} 11 = x. ‘4 M 158
I g 4 (11
! jjﬁ.,;q i it | ~
Hi 4 H &1.4.: i ' GhL
% | P _
H H H __ T i

HH ¥ 1 :1 o.m

4 I 1de

«_1, Lt | Wmsum
| m HEX

bl LSS
e  ANEE

! : e i f ,.j.# HiH .h\
0 bl

I "
_ w58
! 4; 3 2 . H H H

i 0%

il I it !
oLy

Q98

oLy |-

0eb _

otb)

az¢,

NI

|

1 [
: i i
_ t .’-:.aj e 4.} : QGQ
| Il j |
H | 1 xﬁlxlx}rrx.%{x | | &
A ,....#}..T ! 3 : HH O
i ! Niiir 3..._..
— 1 # : 44 4 T j H
_ ..y _ 5
1 H xﬁ H 4 ! H

N INYN
- BN BN BN BN E am .

] NG
SA SUnNIVVAD vIMmod 2Ind nHZ
R A - - e = l - e '



