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1.0 INTRODUCTION

Sequoyah Nuciear Plant, located in southeast Tennessee on the Tennessee
River employs a Westinghouse four loop pressurized water reactew rated at
3411 MWt and a Westinghouse turbine generator rated at 1185 Mke, The
reactor core consists of 193 fuel assemblies and 53 control rods. Part-
length control rods have been eliminated fros Sequoyah and replaced with
fuel assembly plugging devices.

Sequoyah received a limited operating license (5% power) on February 29,
1980. Fuel loading commenced at 1456 CST on March 1, 1980, and critical-
ity was achieved for the first time at 1052 CDT on July 5, 1780. A full
power operating license was received on September 17, 1980, Further testing
was performed at the following plateaus:

Power Level (%) First Achieved
30 11/5/20
50 11/18/80
75 12/1/80
90 12/29/80
100 1/11/81

This report is prepared in accordance with the requirements of Technical
Specification 6.9.1 and addresses the results of all startup testing,
identified in the Final Safety Analysis Report, that has been completed

as of February 28, 1981, The remainder of the startup program will be
addressed in a supplementary report., Completed copies of the test procedures
and their respective reports are considered the official records. Copies

are available upon request through the pivision of Nuclear Power, TVA.



2.0 TEST PROGRAM SUMMARY

This report covers the period frem February 29, 1980, through February 28,

1981, Significant milestones, events and data for this period are 1llus-

trated graphically in Figure 2-1 and are summarized below.

Some of the major problems that were encountered during testing are

Receipt of Low Power Testing License
Start of Core Loading

Completion of Core Loading

Initial Criticalicy

Start of Zero Power Physics Testing
Completion of Zero Power Physics

Start of Special Natural Circulation
Tests

Escalate Power <57
Completion of Special Tests
Initial Power Ceneration

Receipt of Full Power Operating
License

Reactor Coolant System Heatup
Power Escalation to 10%

Power Escalation to 30%

Power Escalation to 50%

Power Escalation to 757

Power Escalation to 90%

Power Escalation to 1007

Commercial Operation

listed below:

A,

After completion of core loading and upper internals installation, a
rod control cluster assembly (RCCA) experienced binding durimg drag
The RCCA was replaced by a spare RCCA.

testing.

During several zero power flux maps the quadrant power tilt ra*io
However, additional flux maps taken
at power have demonstrated the ability to operate with a QPTR of less

(QPTR) exceeded the 1.02 limit.

than 1.02.

Februaiy 29, 1980

March 1, 1980
March 5, 1980
July 5, 1980
July 5, 1980

July 10, 1980

July 11, 1980
July 11, 1980
July 19, 1980

July 22, 1980

September 17, 1980
September 26, 1980
October 3, 1980
November 5, 1980
November 17, 1980
December 1, 1980
December 29, 1980

January 11, 1981

N/A



2.0 TEST PROGRAM SUMMARY (continued)

C.

F.

The measured reactivity worth of control bank A was determined to be
15% less than design predictions. However, since the weasured worth
of all control banks was within 1% of the design prediction, it was
determined acceptable.

The initial measured reactivity worth of control bank D, though within
acceptable limits, did not agree with supporting data. The bank worth
was remeasured and good agreement with all supporting data was obtained.

The all rods out (ARO) moderator temperature coefficient (MTC) was
determined to be greater than zero during low power physics testing.
Rod withdrawal limits were established to ensure reactor operations
with a negative MIC as required by the Technical Specification.

The steam flowrate transmitters were not scaled to the correct range
of the measurement. These transmitters have been replaced with
correctly scaled transmitters.

An unexpected difference in flowrate between the four feedwater lines
was experienced. This problem is still under investigation.

During the performance of a 502 step load reduction test from 75X power,
the main feed; ump speed control had to be switched to manual contvol in
order to stabalize the plant. The recolution of this problem and the
acceptability of the test is still being evaluated.
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3.0 INITIAL CORE LOADING (Test procedures SU-6.1, SU-6.2, and SU-6.3)

After completion of all prerequisites, initial core loading commenced at
1456 CST on March 1, 1980, with the insertion of assembly C-27. Fuel
loading was completed four days later, March 5, 1980, at 1028 CST with the
insertion of fuel assembly C-09. The final core configuration is shown in
Figure 3-1. Figure 3-2 illustrates the configuration of the three fuel
enrichment zones for the core load.

The neutron count rate was monitored throughout core load as a precaution
to ensure that core loading proceeded as planned. This monitoring was
accomplished by utilizing the permanent excore source range detectors and
three temporary neutron detectors. Neutron count rate was monitored at
100-second intervals for each detector. After ten fuel assemblies had
been loaded, a minimum count rate of one half count per second, attribut-
able to core neutrons was verified to exist. This requirement assured
proper placement and operational ability of the detectors.

Continuous plots of inverse count rate ratio were maintained to ensure an
orderly and safe core loading. Plots of ICRR versus number of fuel assem-
blies loaded for detectors N-31 and N-32 are shown in Figures 3-3 and 3-4
respectively.

The initial soluble boron concentration for the fuel load program was 2072
ppm. This level rose to 2132 ppm due to a high concentration of boron in
the volume control tank. The boron concentration stabilized at a value of
approximately 2100 ppm after reactor coolant system mixing. Neutron count
rate levels were analyzed for effects of the change in concentration and
none were observed. Throughout fuel loading, the temperature of the Reactor

Coolant System stayed between 50°F and 60°F.

Initial fuel loading was conducted with the reactor vessel filled with
borated water to above the center of the vessel nozzles. The refueling
cavity remained dry. However, to maintain containment integrity, water
was maintained above the fuel transfer tube. A warer level in the transfer
canal was established and kept at 45 inches or greater for the duration of
the loading operation. This level was only reduced when momentary pressure
{mbalances occurred between the containment and auxiliary buildings. In
these instances dampers were opened to equalize pressure and the required
water level was reestablished.

The test proceeded with only a few delays. Fuel handling had to be suspended
when binding of the latching mechanism on the Spent Fuel Pit long handling
tool was experienced. The tool was lubricated and loading continued. The
majority of the delays were due to problems with the manipulator crane. The
bridge would become slightly skewed and it was necessary tc bump the stops
periodically in order to realign it. pDifficulties were encountered in
releasing fuel assemblies at times. The latching cam in the gripper mechanism
had some flat spots which required sanding down. The manipulator crane air
supply was ultimately switched from service to control air in order to solve

a problem caused by air pressure losses.

The final configuration after loading of the core was consistent with the
predetermined core plan. The core loading procedure is shown in Figure
3-5.
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4,0 CORE PELrORMANCE

The operational power capabilities of Sequoyah Nuclear Plant are governed
by limits imposed by the safety analysis as presented in the Sequoyah
Final Safety Analysis Report (FSAR). Thus, various core parameters were
measured during the startup program to ensur. the conservatism of assump=-
tions made in the FSAR and to verify the valia.ty of the design of the
core. ine following paragraphs, which discuss the results of the core
physics tests, will provide an insight to the p:rformance of the core.

4,1 Initial Criticality (Tes: procedure SU-7.2)

Initial criticality was achieved on July 5, 1980, at 1052 CDT. The
reactor coolant system temperature and pressure were 547°F and 2230
psig, respectively. All rod control banks were fully withdrawn with
the exception of control bank D, which was at 150 steps. The scluble
boron concentration was 1275 ppm.

The acceptance criterion for critical boron concentation with control
bank D at 160 steps was 1248 + 96 ppm. When the c.ir‘-al boron concen-
tra.ion was adjustea to bank D at 160 steps, it was 1281 ppm.

The approach to criticality as described below proceeded in a safe
and judicious manner. With all rod banks fully inserted, the boron
concentration at 2138 ppm, the reactor coolant system temperature and
pressure at 547°F and 2235 psig, a boron dilution was initiated. The
inverse count rate ratio plots versus boron concentration and dilution
water, Figures 4.1-1 to 4,1-4, were maintained until the dilution was
terminated at approximately 1500 ppm. All rod banks were then fully
withdrawn, with the exception of control bank D which was withdrawn
to 160 steps. Again, inverse count rate ratio plots versus rod bank
position, Figures 4.1-5 and 4.1-6, were maintained. The dilution was
then restarted and continued until criticality was achieved. This
procedure diffe ea from the description in the FSAR, but a review was
performed in accordance with the requirements of 10 CFR 50.59 and no
unreviewed safety question was determined to exist.

In addition to bringing the reactor critical for the first time, the
initial criticality procedure accomplished several other cbjectives.
The neutron flux level at which nuclear heating first occurred was
determined, thus establishing a range below nuclear heating at which
all zero power pliysics measurements were performed. The calibration

of the reactivity computer was verified by comparing its output to
several positive and negative reactor periods. Finally, at least one
full decade of « erlap was observed between the source and intermediate
range nuclear instrumentation (see Table 4.1-1).

4,2 Core Depletion

The data used for this phase of the report was gathered from initial
criticality to 100% full power operation. The accumulated core burnup
through February 28, 1981, was 40 effective full power days. Figure
4.2-1 has not yet been normalized to actual data, but it can be seen
that the data points taken thus far are very close to the predicted
values. As evidenced by this figure, no appreciable reactivity anomaly
has occurred,



TABLE 4.1-1

Source Range - Intermediate Range

Overlap Data

RANGE OVERLAP READINGS
SOURCE

N-31 1 - 1x10% cps 1.8x10% cps

N-32 1 - 1x10% cps 1.8x10% cps
INTERMEDTATE

» - | -10
N-35 10°1 - 1072 amps || 1x10777 amps
N-36 10'11 - 1073 amps 1110-10 amps

=3}
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4.0 CORE PERFORMANCE (continued)
4.3 Reactivity Control

Excess reactivity is controlled by neutron absorbing control rods and
boric acid dissolved in the reactor coola.t. Both the control rod
position and the boren concentration may be adjusted separately or in
conjunction with one another to compensate for various reactivity changes
and to maintain the required shutdown margin. Rod bank and boron
reactivity worths are weasured at hot zero power (HZP) to validate

the design of the core. Additional measurements and analyses are
performed to verify the conservatism of safety analysis assumptions

for control rod worth requirements and for single ejected or dropped
control rods.

4.3,1 RCCA Bank Worth Measurements (Test procedurrs SU-7.4, sU-7.5,
and SU-7.7)

The differential and integral RCC bank worths were obtained
by monitoring the change in reactivity around criticality at
HZP with boron and shutdown or control bank exchanges. The
boron concentration was changed at a constant rate and criti-
cality was maintained by rod bank motion, while the reactivity
changes were continuously monitored by a reactivity computer.
The individual banks integral and differential worth were
found for all rod banks, except shutdown banks A and B, The
individual worths of these two banks were not determined
because they were used in a reactivity exchange with the

most reactive RCCA for the minimum shutdown verification.

Table &4.3-1 provides the results of these measurements for
each individual control bank, shutdown banks C and D, and
the total worth of all control banks measured with a 100
step overlap. Figures 4.3=1 to 4.3=14 provide plots of
integral and differential worths of all measured banks.

1t should be noted that the worth of control bank A did not
meet the acceptance criteria. The acceptance criteria on
individual control rod banks is intended to verify the accuracy
of the design predictions. Failure to meet this criteria does
not by itself constitute a safety problem or invalidate the
design predictions. Even with the reduced bank A worth, the
worth of all the control rods less the most reactive rod is
within 1% of the design prediction. Thus, the reactor will
meet all shutdown margin and control rod worth requirements.
Westinghouse has analyzed the deficiency and found that control
bank 4 does not present a problem in either safety or operation.
Supporting data also indicated that the initial measurement of
control bank D was low. Control bank D was remeasured and
results were obtained that were consistent with all supporting
data and design predictions.

35



TABLE 4.3-1

RCC Bank Measurement Results

RCC Bank Measured Accepta?ce

il 136‘]:.'?6 13304133
c 997.0 1090+109
B 1330.5 1233+123
A 348.1 410+ 41
SDD 812.0 789+ 79
SDC 1190.3 10884109
Control banks 4075.9 4037.2+4161
in overlap

-6~
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FIGURE 4.3-4 B
INTEGRAL ROD WORTH CONTROL BAMK E
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FIGURE 4.3-5
INTEGRAL ROD WORTH CONTROL BANK C

—3 o s sy S S— ;o -
+- R S I o i e e
s Lassars - v e — -
o v vt =T Har, vEoneSt Fm i 3
ey s S =3
P T g L | 4 i oy
4 + . o + + § - —4 .
e : T e T TmTe=
e : — s e - . e
— : e g res o s = =
= 3 - e S - -t
4 i e oo, I s L
e - - w s o " :
o = . =4 ——— ——
& 3 .
. 3 Sttt
e R
~t i . s
e it - v ! ! - - e
e e, s S e D T 1 4 e S - \ |
- T e e : i P ey e 34 —b-—4 - 2
— . o T : : — = S o s ¢ $ - ot s s ¢
bo + I S DA S St + .- F R S S Wt na bt 13
- + . .M $ + 1S . i y H i ~
- i - v W s N 5 GO, S " B et
- £ r | | .
= =44 ey s p I et e oo | : s
e e e e ¢  i— — i - $
- | e s e — ; - o T = e 3 : { —
- s oo - = ¥ oo e v t !
EEm e = S e B
) e —— —_— o= . 1 i - - - tn e e . 1 e ——.
LSt EEIA e ¥ i t Ee3 — = e S S
et o v 0. v  e— | v—— . + . K + S ¢ . . . 4 . . v v  — .
verar meian i v e — ! : ' 1 :
4 ¢ . “ g i + 4 . . v + A | ' % +—4 4 + 4 : i 4 . ‘ “ 3
Ty e 314 PR S S = e S | D S PSS : $— 14 A
—— * ’ ‘ . + IM o ‘ . M -4 4 3 r — . ) - 4 v + H + i i ¥ ' - + 4 .
oS S . S 44 e -~} i . I S— — b iowsr Shsng | o + H i , ‘ o5 —3%
SR . o 3 ! i ot
= ..? ,.. . . + ) .L 4 3 + " + + ' ‘ 4 4 + v s . . i} H 4 4 ‘ + 4 ‘
g 44 3 P IR S Sy -4 44 [ S g 4 L4 ¢ S e $—-—d—4
! PO g —-t ] 4 . 1 v + . v + 4 . v N + + ‘ . ¥ . 4 + 4 . .
¥ -3+—3 e SIS e e 2 o > AT 2T e e oo Yo T e ko
——y e : . . « 4o : " el ! ' - -
R s s e oS s e D e e Sk s o sts & ” S i s Tt e St 2 R e S bttt
IR -3 4+ 4433 + ¢ 1 ) 4 44 4 44 44 L4 -1 ¢
e - e e e n —% : e et v 7 m— ey o g s
+—4—1% ' . “ + + i ’ + 4 "4 4 . . ' - ' 3 ¥ + ' H + . . . .
- - = - : 3 L - B :
— : a— e - : - i e < o 0
— - : — | N — s, S - + . M -+ * .ﬂ . -+ v . . B . s ' 4 “ + 4 + - + -
[ Iy g £ 4.4 4 $- -4 44 o ) e S S e | | SRR SRS S S
+ =t d_ﬂ. R o—— + .  S— . + 4 B . . 3 + + H ) + . . . A ot
33—~ % ) mpy i o - e b % o " St " ot Bt —— e Savvee iy, gy S’ o
— i = B ! R S — i = "
F—— —3 +—3 + +--3 + s e &y . .H”.. +
—2 $——p-—2 = : S p— g : 1 ——ya==s
1 +  — a— —— * . ‘. TR - + . i + -
v cmem s e v——— 4 - - - . 3 * . b= w%f - -
e e == St e Tl = e

0
H1Y

g
UM 00

09
H THHO31

NI

200

160

80 120
STEPS WITHDRARWN

40



FIGURE 4.3-6
INTEGRAL ROD WORTH CONTROL BANK C
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FIGURE 4.3-10
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. FIGURE 4.3-12
CONTROL BANK D
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FIGURE 4.3-13
NTEGRAL ROD WORTH BRANK OVERLAP
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DIFFERENTIAL ROD WORTH , CONTROL BANK OVERLAP
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4.0 CORE PERFOPMANCE (continued)
4.3.2 Boron Worth (Test procedure SU-7,4 and SU-7.3.1)

The average differential boron worth measured over the range

of the control banks at HZP is determined by plotting total
reactivity change versus the boron concentration, Figure 4,3-15.
The slope of a linear fit of this data provides a value of
-10,.68 pcm/ppm which compares favorably to an acceptable

value of -10,52 + 1.05 pem/ppm.

Boron endpoint measurements were taken after each successive
RCC bank was fully inserted, Table 4,3-2 shows a comparison
of design predictions to measured boron endpoint values.

4.3.3 Dropped and Ejected RCCA's

To verify assumptions made in the safety anaiysis, a single
rod is either statically dropped into the core or scatically
ejected from the core at various core conditions. This
single rod is selected for its maximum adverse effect on
power distribution. The reactivity worih of the rod will be
discussed in the following paragraphs, while the power dis-
tribution effects will be discussed in section 4.5.

4,3.3.1 Ejected RCCA at HZP (Test procedure SU=7.6)

With the reactor at HZP and the rods at zero power
{nsertion limits, a single rod was withdrawn from
the core during a boration. RCCA D-12 was chosen
because of its maximum effect on the power distri-
bution, During the withdrawal of D-12, a recorder
was discovered not properly calibrated. Thus, the
worth of D-12 was remeasured by inserting the RCCA
during a dilution. The integral worth determined
during the insertion was 618 pcm. The acceptance
criteria required that rod plus 10%, a value of
679.8 pcm, be less than 880 pem.

4.3.3.2 Ejected RCCA at Power (Test procedure SU-8.2)

With the reactor at a nominal power of 30% and the
control banks at the hot full power (HFP) insertion
limits, a single RCCA was withdrawn from the coresg
RCCA D-12 was again chosern for withdrawal. Because
of the extremely low worth of RCCA D-12 from this
configuration, the worth could not be measured and
the rod was withdrawn without changing the boron
concentration, The turbine load was adjusted
slightly to match Tayg and Tref. Flux maps and
nuclear instrumentation data was obtained to deter-
mine the effect of the ejected rod on the power
distribution,

S )=



Rod Position
ARO

D

D+ C

D+ C+B
D+C+B+A
DH+C+B+A+SD

DHC+B+A+SD+SC

TABLE 4.3-2

Boron Endpoint Measurement

Test Results
1300 ppm
1170 ppm
1076 ppm

953 ppm

922 ppm

844 ppm

733 ppm

52

1258
1171
1067
960
914
852

741

Crit.,

+ 50 ppm

i+

19 ppm

I+

15 ppm

I+

17 ppm

8.6 ppm

I+

I+

11.2 ppm

13.7 ppm

I+
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4,0 CORE PERFORMANCE {continued)

4.4

4,3,3.3 Dropped Rod at Power (Test procedure SU-8,3)

At a nominal power of 50% and control bank D at 210
steps witherawn, a single RCCA, D=12, was inserted
into the core during a slow dilution. The measured
worth of the rod was determined to be 133.7 pcm.
Again, flux map and nuclear instrumentation data was
taken to determine the effects of the dropped rod on
power distribution,

4,3,4 Shutdown Margin (Test procedure SU-7.7)

The Technical Specifications require that the available shutdown
margin be 1.6% AK/K. The shutdown margin is defined as the
instantaneous amount of reactivity by which the reactor is
subcritical or would be subcritical from its present condition,
assuming all full length rod cluster assemblies (shutdown and
control) are fully inserted except for the single rod cluster
assembly of highest reactivity worth which is assumed fully
withdrawn. Control requirements have been quantified which
would guarantee that the shutdown requirement can be met.

Thus, the worth of all RCC banks inserted with the single

most reactive rod withdrawn is measured to demonstrate that

the shutdown margin requirement can be met. The measured worth
of all RCC banks less the most reactive rod is 6682.4 pcm which
is well within the acceptance criteria of 6708+671 pcm.

The boron endpoint, measured at the all rods in, most reactive
rod out condition, was 684 ppm. This met the acceptance criteria
of 637450 ppm. To this measured boron concentration, an amount
equivalent to 1,6% AK/K was added to obtain a minimum boron
concentration of 816 pcm.

Reactivity Coefficients

The kinetic characteristics of the reactor determine the response

of the core to changing plant conditions or to operator adjustments
made during normal operation as well as the core response during
abnormal or accidental transients. These kinetic characteristics
are quantified in reactivity coefficients, The reactivity coeffi-
cients reflect the changes in neutron multiplication b ause of
varying plant conditions such as power, moderator or fuel tempera-
tures, or less significantly because of a change in pressure or void
conditions. This section will address first the measurement of the
Isothermal Temperature Coefficient and then the Power Coefficient.

4,4,1 Isothermal Temp=rature Coefficient (Test procedure SU-7.3.1)

The Isothermal Temperature Coafficient (ITC) is defined as
the change in the core reactivity per unit change in modera-
tor, clad and fuel tempecatures. This can be broken down
into the combination of the Moderator Temperature Coefficient
(MTC) and the Doppler (or fuel) coefficient,



4.0 CORE PERFORMANCE (continued)
4.4.1 Isothermal Temperature Coefficient (continued)

This measurement is donme with the reacter at hot zero power by
causing the Reactor Coolant System (RCS) temperature to slowly
change via steam dump either to the atmosphere or to the
condenser. The test consists of a heatup and a cooldown while
measuring the resultant change in reactivity.

For the cooldown portion, the RCS temperature started at
npgroxinntely 547°F. A constant cooldown rate of approximately
10°F/hour via steam dumps was established. When the temperature
reached approximately 542°F a heatup was begun at a constant
rate of approximately 10°F/hour. During the heatup and cool-
down, an X-Y recorder had been engaged to plot the change in
reactivity with respect to the change in RCS temperature. The
slope of this curve of T,,. versus reactivity is the Isothermal
Temperature Coefficient.

Since there is a technical specification limitation on the
value of the Moderator Temperature Coefficient (MTIC), it was
necessary to obtain a value for the MTC from the measured

value of the Isothermal Temperature Coefficient (ITC). From
the value oi the relationship: ITC = MIC + Doppler Coefficient.
The predicted hot zero power beginning of cycle Doppler Coeffi~
cient is -1.86 pem/OF, Measurements of the ITC were taken for
various control rod configurations and the resulting values of
the ITC and calculated MIC are shown in Table 4,4=1,

Since the hot zero power all rods ov* moderator temperature
coefficient was determined to be positive, subsequent hot zero
power physics testing was perr~rmed under provision of Technical
Specification 3.10.3, which allows for physics testing with a
positive MTC below 5% power provided reactor trip setpoint on

all operable intermediate and power range nuclear channels are
<25% of rated thermal power. These requirewents and Technical
Specification 4.10.3 were complied wicth during zero power physics
testing. Prior to power operation above 5% rated thermal power,
rod withdrawal limits for maintaining a negative MTC were estab-
lished in compliance with Technical Specification 1.1.1.3. A
core average burnup at which the MTC would be restoced to the

hot zero power all rods out limit was conservacively calculated
to be 1000 MWD/MTU, The rod withdrawal limits were complied with
until the core average exposure reached 1000 MWD/MTU and a special
report was prepared and transmitted as required by Technical
Specification 3.1.1.3 and 6.9.1., Figure 4.4~1 shows the estab-
lished rod withdrawal limits.

4.4.2 Power Coefficient and Power Defect (Test procedure Su-8,1)
The resulting reactivity change from a percent change in power
as a result of the combined effects of moderator and fuel

temperature changes is delined as the power coefficient, The
power coefficient integrated over a power level change is defined

55



TABLE 4.4-1

Low Power Reactivity Coefficients

Rod Configuration ITC (predicted) ITC (measured) MTC (measured)
pem/©F pem/OF pem/OF
ARO -1.53 + 3.0 -1.01 0.85
o
T Din -5.32 + 3.0 -4.80 -2.94
(D + Cly, -8.91 + 3.0 -8.00 -6.14
(D+C+B)j, -10.17 + 3.0 -9.70 ~7.84
(D+C+B+A)j, -12.99 + 3.0 ~12.65 -10.79
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4,0 CORE PERFORMANCE (continued)
4,4.2 Power Coefficient and Power Defect (continued)

as the power defect. Measurements of the power coefficient
were made at 20, 50, 75, and 90 percent power levels,

The test procedure utilized three sets of reactor transients

to genevate data for the determination of the moderator tem=
perature coefficient, the isothermal temperature coefficient,

and the total power coefficient. In addition, a fourth transient
was included in order to develop a correction factor to apply

to reactivity computer measurements taken at power. Each of
these transients are described individually below.

Transient 1 involved changing the moderator temperature by
adjusting control rod position while maintaining a constant
17ad on the turbine. Since reactor power was essentially
constant, power only doppler effects were essentiallv zero,
enabling isviation of the effects contributed by the isothermal
temperature coefficient. In practice, the calculations were
performed using a reactivity balance which incorporated
corrections for small power changes and changes in Xenon
reactivity. Starting with Tav equal to Tref’ the tempera-
ture was ramped up and dowm, p§using after each change to
allow plant conditions to stabilize and to collect data.

The results of this procedure was a cyclic series of tem-
perature changes ending with a return to Tavg equal to Tref’

Transient 2 consisted of cyclic .hanges in reactor power
without any attempt to compensate with control rods, The
reactivity balance for this series of transients was solved
for the moderator temperature coefficient.

Transient 3 consisted of cyclic changes in turbine load

while using rods to keep T,,. equivalent to Tref. Under

these circumstances, the con%rol reactivity changes necessary
to modify reactor power along iie Tyyg temperature program
exactly compensates the reactivit; change associated with

the power change. Accordingly, the reactivity change because
of rods, when boron is held constant and Xenon changes are
taken into account, becomes a direct measure of the reactivity
defect associated with a given power change.

Because of doppler feedback effect and short-lived reactivity
fluctuations or noise, small instantaneous changes in reactivity,
as measured by a reactivity computer at power, may not be displayed
in full magnitude. Thus, a fourth transient was included in the
test for the purpose of comparing the reactivity computer indica=-
ted reactivity change with the nore accurately kncwn reactivity
value because of changes in boron concentrations. From this data,
a calibration factor, consisting of the ratio of the actual
reactivity change to the indicated reactivity change was formulated
and used to correct the reactivity measuremencs in transients 1

and 3., The reactivity computer calibration factor found in this

-58-



4,0 CORE PERFORMANCE (continued)
4.4,2 Power Coefficient and Power Defect (continued)

tesi was 1.0720 at 30% power, 1.2186 at 50X power, 1.4704 at
75% power, and 1.4899 at 90% power.

The resulis of this test are shown in Table 4.4-2, A plot of
the predicted power coefficient versus reactor power and a
best fit measured curve is shown in Figure 4.4-2.

4.5 Power Distribution

At several stages during the startup test program the incore flux
distribution was determined utilizing the incore movable detector
system. Base case, steady state measurements were taken at several
power statepoints: HZP, 30, 50, 75, 90, and 100 percent, Maps were
also tiken for abnormal conditions such as dropped and ejected rod
cases. Measurements were also made during the special natural circu-
latio~ testing. All of these measurements were done to provide data
wh’sh verif.ed design calculations, verified compliance with the
Technical Spe.ifications, and provided a relationship between incore
power distribution and excore detector response.

4.5.1 Steady State Power Distribution (Test procedures €U-~7.3.2,
SU-8.6'. md SU-B. 5.1)

Several power distribution parameters are of par-icular interest
with respect to Technical Specifications. These parameters are
heat flux hot channel factors, F.(Z), nuclear enthalpy rise hot
channel factors, F”H, radial hot channel factors, Fy,, incore
axial offcet, and Quadrant Power Tilt Ratios (QPTR). These
values have been compiled and tabulated in Table 4,5-1 for

each map taken during startup testing. An additional para-
meter, relative assembly power, was analyzed with respect to
differences between design and measured values. The acceptance
criteria applied to this parameter required the percent difference
between design ind measured vaiues to be within + 15% if the
design value was less than 0.9 and within + 10% if the design
value was greater than or equal to 0.9. Several instances
during -he testing program showed failure to meet these assembly
power criteria; however. Westinghouse design review of each
{nstance showed that, v ‘h the congervatisms used in design
valuss, these assemblies were well within safety margins

and that failure to meet this criteria presented no safety

or operational problems, Figures 4.5=1 through 4,5~16

provide an assembly-wise relative power distribution for all
flux maps taken during the startup test program thus far.

The analysis of two flux maps at zero power, INC-1-F1-80-1G,
Figure 4.5-1, and INC-1-F1-80-3F, Fijure 4,5-3, revealed that
the quadrant power tilt ratio exceeded the acceptance criteria
of 1.02. A review of the deficiency determined that no safety
or operational problem existed and that the tilt should fall
within the acceptance criteria when the reactor was brought to
power., This was in fact the case as can be observed from the
30% power flux map INC-1-F1-80-6A, Figure 4.5-6.

-5~
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TABLE 4.4-2

At Power Reactivity Coefficients - Measured Values

Power Coefficient

Power Level ITC MTC Power Coefficient Acceptance Criteria
(%) (pem/°F) (pem/©F) (pem/%) (pem/%)
30 -5.70 -2.04 -15.17 -14.18 + 4.25
50 -6.76 ~3.65 -14.39 -13.89 + 4.17
75 ~9.18 -6.36 -12.33 -13.71 + 4.11
90 -8.71 -8.34 -14.97 -13.74 + 4.12

Integral Power Defect

Measured Acceptance Criteria

(pem) (pem)

=1445.45 -1395.41 + 209.31



TABLE 4.5-1

Summary of Results of Incore Flux Maps
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11/30/80 | 80-11a | - 193 — 2.0234|3.356 7 [1.3229f1.4732] s 1.0064 | 1.0023(1,0016]| .o898] -8.753 | 75%
12/19/80 | 80-120 |~ 191 - 2.0411[2.983 -—._ﬁx.’_’...- 1.3004{1.4521 ;;- 1.0068 | 1.0033{1.0031| .9868}-12.775 | 75%
12/20/80 | 80-135 | - 169 - 2.2460[2.983| (38 |1.324901.5054] EL 1.0065 | 1.0052}1.0024 | -9860{-24.555 | 75%
12/20/80 | 8o-140 | - 195.5 - 2.0251|2.960 28 1.305311.4693 49 1.G050 | 1.004211.0023| .9878| 7.191 | 752
12/29/80 | 80-154 | - 205 - 1.964412.458 | :: 1.292711.426 1_,‘ T 1.0084 | 1,0010{1.0019| .9888|- 8.495 | g0%

2/ 2/81 | 81-14 |- 190 | - |2.0621}3.606 29 (s 1.4;7ﬁ:_ ;j]n__ll.mss .9962(1.0039| .9847|- 5.812 | 62%

*This number represents an axial plant,
and plane 61 at the bottom.

*+Relative location of excore detectors:

The INCORE computer code utilizes A1 axial core planes, plane number 1 being at the top of the core

N4l | N43

N&4 | N&2
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FIGURE 4.5-1

Relative Assembly Powers, HZP, ARO
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FIGURE 4.5-3

Relative Assembly Powers, HZP, CE 84
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MEASURED AND EXPECTED FDHN
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FIGURE 4.5-5

Relative Assembly Power, 3%, Natural Circulation
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FIGURE 4.5-6

MEASURED AND EXPECTED FDHM INC-1-F1-80-4A 30XPOMER D @ 176/177 11/3/80 SU-B.2 BASE CASE
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FIGURE 4.5-7

Relative Assembly Powers, 30%, Ejected RCCA
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FIGCURE 4.5-8

Relative Assembly Powers, 50% D@ 206
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FIGURE 4.5-9

Relative Assembly Powers, 50%, D@ 211
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FIGURE 4.5-10

Relative Assembly Powers, 50% Dropped RCCA
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MEASURED AND EXPECTED FDHN
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FIGURE 4.5-11

Relative Assembly Powers, 75X, D@ 193
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FIGURE 4.5-12

Relative Assembly Powers, 75%, D@ 191

MEASURED AND EXPECTED FDHN INC-1-F1-80-12D SU-8.48 RIR2 CALCULATION 75X POMER 12-19-8C
R P N n L K J H G F E D C B

. 0.686. 0.819. 0.743. 0.811. 0.667. 0.577.
. 0.473. 0.801. 0.728. 0.801. 0.473. 0.582.

+ 0.600
1 . 0.582

:
2

2
: B8

0.801. 1.043.

0.4670. 1.001. 1

10. 0.673. 1.006.
. 0.587. 0.967.

11. 0.582. 0.959.

e
.

~0
e e 9N
-
L=
)
-

3
3

:
:

8
.5
.°.
3:

w
w
-
At b At bdbal pabat et OO
LI
- »
S
-
e

.121. 0.959.

0.916.
.013. 0.886.
1.081. 0.528.
3. 1.053. 0.512.

. -
—
n
-
.

—
&
.

0
-

..

. 0.532. 0.923. 0.989. 1.026. 1.054. 1.044. 1.037. 0.991. 0.948. 0.883. 0.518.
2 . 0.512. 0.884 o 959. 1.006. 1.043. 1.041. 1.043. 1.004. C.959. 0.88. 0.512.
. 0.523. 1.077. 1.033. 1.157. 1.14a4. 1.171. 1.058. 1.156. 1.087. 1.108. 1.009. 1.067. 0.527.
3 . 0.512. 1.053. 1.013. 1.121. 1.109. 1.155. 1.052. 1.155. 1.109. 1.121. 1.013. 1.053. 0.512.
. 0.899. 1.025. 1.142. 1.145. 1.214. 1.135. 1.137. 1.130. 1.182. 1.135. 1.142. i.ofuI 0.912.
4 . 0.886. 1.013. 1.131. 1.140. 1.189. 1.139. 1.141. 1.139. 1.189. 1.140. 1.131. 1.013. 0.886.
. 0.592. 0.970. 1.136. 1.153. 1.198. 1.097. 1.140. 1.066. 1.157. 1.087. 1.193. 1.141. 1.149. 0.982.
5 . 0.582. 0.959. 1.121. 1.140. 1.182. 1.084. 1.153. 1.062. 1.153. 1.084, 1.182. 1.140. 1.121. 0.959.
C 0.478. 1.014. 1.088. 1.1%0. 1.087. 1.139. 1.038. 1.1l0. 1.021. 1.115. 1.057. 1.214. 1.138. 1..31.
[ 6 . 0.673. 1.006. 1.109. 1.189. 1.084. 1.137. 1.046. 1.121. 1.045. 1.137. 1.084. 1.189. 1.109. 1.006.
0 © 0.808. 1.049. 1.144. 1.124. 1.139. 1.027. 1.095. 0.949. 1.087. 1.013. 1.140. 1.162. 1.183. 1.048.
7 . 0.801. 1.043. 1.155. 1.139. 1.153. 1.046. 1.113. 0.991. 1.113. 1.045. 1.153. 1.139. 1.155. 1.043,
. 0.755. 1.038. 1.040. 1.125. 1.041. 1.092. 0.941. 1.053. 0.944. 1.098. 1.053. 1.157. 1.077. 1.084.
8 . 0.728. 1.041. 1.052. 1 T991. 1.121. 1.042. 1.141. 1.052. 1.041.
0.797. 1.039. }.1'45: 1.116. 1.118. 1.005. 1.059. 0.950. 1.099. 1.038. 1.165. 1.152. 1.180. { 66,
i 1.034.
1 1
1
1

.

O

—

. .

Lt Ll
gl
)

ot &
.
.

L

1

12

i
1
i
1.
i
1.
i
1
1
-1410 12062. 1.121. 0.991. 1.086.
i
1
i
1
1
1
i
1
i

g e

095, 1.143.
109, 1.121.

0.519. 1.068. 1.026. 1.
0.512. 1.053. 1.013. 1.121. 1.109.

- -
2. B<. 8

_y RN
"
- -

Bl pal e a s e ha a At bt e bt DD b ha
- .
.
L T = L e I e L]

. .
LR
o0

13

T E 8 8 8
.
.
-
.
.
.

.8
>

..
e
.
el
—
-
L e il e e o
.
| el and e —
OO barar papar

Tt e siv. 0.8%. 0.966. 0.997. 1.007. 1.006. 1.026. 1.017. 0.975. 0.906. 0.525.
14 . 0.512. 0.884. 0.959. 1.004. 1.043. 1.041. 1.043. 1.006. 0.959. 0.884. 0.512.

o
g
o
3
o
g

0.710. 0.800. 0.680. 0.592.
15 . 0.582. 0.673. 0.801. 0.728. 0.801. 0.473. 0.582.



FIGURE 4.5-13

Relative Assembly Powers, 75%Z, D@ 169
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FIGURE 4.5-14

Relative Assembly Powers, 75%, D@ 195

MEASURED AND EXPECTED FDHN INC-1-F1-80-14D SU-8.4B RI1R2 CALCULATION 75% POMER 12-20-80
R P N n L K J H G F E D C 8 A

.684. 0.819. 0.743. 0.813. 0.689. 0.579.
.674, 0.803. 0.730. 0.803. 0.474. 0.583.

1.037. 0.991. 0.949. . 0.519.

0
0
. 0.531. 0.921. 0.986. 1.022. 1.053. 1.045. . 886
2 . 0.512. 0.887. 0.960. 1.007. 1.045. 1.043. 1.045. 1.007. 0.960. 0.B87. 0.512.
. 0.524. 1.079. 1.035. 1.152. 1.1%0. 1.148. 1.056. 1.152. 1.082. 1.107. 1.010. 1.08&7. 0.537.
3 . 0.512. 1,052, 1.012. 1.121. 1.110. 1.156. 1.051. 1.156. 1.110. 1.121. 1.012. 1.052. 0.512.
. 0.903. 1.029. 1.13%. 1.159. 1.210. 1.130. 1.130. 1.126. 1.181. 1.133. 1.13& 1.03%0. 0.912
a . 0.887. 1.012. 1.125. 1.139. 1.189. 1.138. 1.135. 1.138. 1.189. 1.139. 1.125. 1.012. 0.887.
0.592. 0.973. 1.141. 1.154. 1.194. 1.094. 1.158. 1.064. 1.156. 1.088. 1.192. 1.159. 1.147 0.981. 0.593.

3%

0.583. 0.940.

0.478. 1.013.
0.674. 1.007.

0.810. 1.050.
0.803. 1.045. 1.156.

.153. .121. 0.960. 0.583.

135, 1.029. 0.685.
110, 1.007. 0.674.
0.826.
0.803.
0.749.
0.730.
0.824.
0.803.

0.
0. 474,

0.599.
21. 0.960. 0.%583.
.047. 0.916.
.012. 0.887.

1

1

¥ .087. 0.531.
. 1.121. 1.012. 1.052. 0.512.

0

0

-8

-
L e e e e I e e I e I e L e e e e e I S S )
.
3 t R
~
. .
- ....-.n -‘h-n Bt et B e b B b et R et ek b et A T bk et bk bk b bt et B et b Y ek e ¥

.039.

.

5

- .

o

. .o
e
.
3
-
-

e
-t
~
-

-
.
Cadiend
) -
-

e

-

§

-

-

. L

- -

a 3%

nN
. .- »
Bt bt E ek e B et et et et R e e B b et ' R bt T b bt b e b e e

-

—

.

bt 8 et A S et b el
-

-
-
3
et b et bA At et et OO
.
-
2

ok BHARY BEES S SAERS b s
.
—
5
.
.
-
.
-
w
£y
-

- e
.

OO et et e
.
0
o
-
.
.
-
A
0
-
.
o
.

5
o
v
o
-
.

-
=

.113.
63.

3

0.726.
0.730.

1
1

0.798. i.o:«a. 1.140.
1

2
8
e

i

- 33-8
5
-
3

7] ~N
% 0 & 48 995,68 400t
.
.
. =
n
—

;
2 58 .3

.o
-
@
he-y
-

0.803.

8:3

. 85
5
8

1

1

1

1

.

1

0.671. 085. 1
10. 0.674. 1.007. 1.110. 1
1

1

i

1

i

1

.
o

-
.
A
83
LI
-
b OO -

8
E

* B8 ® @ . .

. 0.592. 0.974. 1.138.
11. 0.583. 0.960. 1.121.

§
:
2
.ou
§ §

&
8
e

o
.
—
.
—
o
—
-

< e
s

12

.5

.
—
- .
- o
o8 3
=
.. -
Rt pa bt pa et b bat e O et OO et e et Rd b b s e
- -
.

.
w
—
.
[ S ——
.
s )
39
~
..

13

.
-
-
O'-'
P

000.
0.960. 1.007, .007. 0.960.

- 0.584. 0.662. 0.782. 0.712. 0.802. 0.682. 0.5%4.
15 . 0.583. 0.4674. 0.803. 0.730. 0.803. 0.674. 0.583.

'§§'”§'§E'SE'E§':§°§

.
Rl I R e
.
=
.

o
.
(%]
3
.
e
o o N a
f=
.
0
5
[P
.

14 . 0.512. 0.887



FIGURE 4.5~15

Relative Assembly Powers, 90Z, D@ 205
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FIGURE 4.5-16

Relative Assembly Powers, 62%, D@ 190
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4.0 CORE PERFORMANCE (continued)

4.5.2 Transient Power Distribution

There were three tests in which the power distributiom effects,
as a result of transients, were measured during the startup
test program. These tests were the ejected rod at #ZP and

the ejected and dropped rod tests at power. The following
paragraphs discuss the results of these tests.

4.5.2.1 Ejected RCCA at HZP (Test procedure SU-7.3.2)

6'5.2.2

The purpose of this test was to verify the conservatism
of the assumed value of the heat flux hot channel factor,
F.(Z), in the safety analysis. With the comtrol banks at
the HZP insertion limits, RC(A D-12 was chosen as the

rod to withdraw because of its maximum adverse effect

on the hot channel factor.

With control bank D fully inserted and control bank

C at 81/82 steps, a full core (base case) flux map
along with associated nuclear instrumentatiom (NIS)
data was taken. RCCA D-12 was withdrawn during a
boration to the top of the core. A second full core
(ejected case) flux map was taken along with NIS data.
RCCA D-12 was then reinserted into the core during a
dilution.

The power distribution prior to RCCA withdrawal and
after RCCA withdrawal was measured by flux mapping

and analyzed by the INCORE 3 computer program. The
results of the analysis, INC-1-F1-80-3F, (base case)
and INC-1-F1-80-4GC (ejected case), is shown in Table
4,5-1 and Figures 4.5-3 and 4.5-4, respectiwvely. Of
specific interest is the FQ(Z) with RCCA D-12 withdrawn
which is 10.13. This value meets the FSAR criteria

of less than or equal to 14.05. Also, seven assemblies
failed to meet acceptance criteria for the ejected rod
map, on relative assembly power. Westinghouse review
showed that when design value conservatism was considered,
no safety or operational problem existed.

Ejected RCCA at Power (Test procedure SU-8.2)

At the 301 power plateau with bank D positiomed at the
HFP insertion limit, RCCA D-12 was withdrawm from the
core. Flux maps and NIS data were taken prior to RCCA
ejection and after RCCA ejection. The results of the
flux maps, obtained from INCORE rums INC-1-F1-80-6A
and INC-1-F1-80-7A, are shown in Table 4.5-1 and
Figures 4.5-6 and 4.5-7. All acceptance criteria

were met,

The NIS demonstrated a positive response to the RCCA
being above the control bank D position., Figure
4.5-17 shows the NIS detector response to the ejected
rod.

e, -



FIGURE 4.5-17

Excore Detector Response

Ejected RCCA

Base Case #

-
|
|
!
!

; 29.480 | 29.667 29.675 29,383

i
|
|
|

Ejected Case #

S—
—

PCTANER, CCR

29.708 32,583 |  30.225 29.892

RS et

b e

Normalized Tilt Values

BasesCase Ejected Case

0.9976| 1.0042 x-alix-43 0.9?0830.9877

T ‘T ’]
0.9943]1.0039 N-44| N-42 0.9768 {1.0647

# Average values of Q (% Power) over the time flux maps were taken

-80~




4,0 CORE PERFORMANCE (continued)
4.5.2.3 Dropped RCCA at Power (Test procedure SU-8.3)

This test verified for safety margin considerations
the effects on power distribution caused by a dropped
RCC assembly. Again D-12 was chosen because of design
predictions that it would produce the largest changes
in hot channel factors.

With control bank D at 210 step, and xzcactor power
near 50%, RCCA D-12 was inserted into the core during
a boron dilution. Full core flux maps and NIS data
were taken before and after the RCLA was inserted.
Selected incore flux traces and NIS data were peri-
odically obtained during the insertion of D-12. A
reactor trip occurred immediately after the completion
of the second flux map, thus, the realignment portion
of the test procedure was not performed.

The results of the full core flux maps, INC-1-F1-80-9C
(base case) and INC-1-F1-80-10B, .re presented in

Table 4.5-1 and Figures 4.5-9 and 4.5-10., All acceptance
criteria with respect to the hot channel factors
compared well with measured values, However, assembly
N-2 failed to meet the relative assembly power accept-
ance criteria of + 15% for fuel assemblies with a
predicted relative assembly power of less thamn 0.9.

A Westinghouse review of this discrepancy showed that
there was no operational or safety concern since the

hot channel factors were well within acceptance criteria.

During D-12 insertion, incore movable detector and
excore detector responses were monitored. Normalized
power tilt ratios for the excore detectors are plotted
as a function of D-12 position on Figure 4.5-18., Incore
movable detector traces were obtained approximately
every 25 steps during RCCA D-12 insertion. Some of
these traces are reproduced in Figures 4.5-19 to
4,5-22, These figures illustrate the positive response
of the excore and incore detectors to rod misalignment.
This satisfied a prerequisite for ascension to 100%
power which required that the incore and excore nuclear
instrumentation systems be verified to be responsive to
the power maldistribution caused by a rod misalignment.

Also as a prerequisite for proceeding to the 100% power
testing plateau, this test verified that for each change
1% in Quadrant Power Tilt Ratio (QPTR), caused by the
rod misalignment, there was a corresponding change in Fg
of 3% or less. It was found from this test that for
each 1% increase in QPTR, the corresponding value of Fg
increased only 1.34%,
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4,0 Core Performance (continued)

4.6 Xenon Oscillation and Suppression (Test procedure SU-8,6B)

&
.

An axial xenon oscillatron was introduced into the core at the 75% power
plateau. The purpose of the oscillation was two-fold: to obtain data
necessary for nuciear instrumentation calibration and to demonstrate the
effectiveness of control bank D in suppressing an axial xenon oscillation.

The oscillation was produced by insarting control bank D (initially at

200 steps) to depress the flux to near the limit of acceptable operation

as defined in Technical Specification Figure 3.2~1 (axial flux difference).
After abour five hours, contrel bank D was withdrawn to its starting pesition
of approximately 200 steps, and the xenon oscillation was allowed to swing

A flux without any adjustments in bank D position.

With Aflux near its positive peak, the oscillation was suppressed Yy
inserting control back D, forcing Aflux into the target bank, Con.rol
bank D was then adjusted &s required to maintain flux in the target
bank until the oscillation had been completely dampened.

The axial xenon oscillation provided the necessary variation in flux to
obtain data to colibrate the nuclear instrumentation system (NIS). Three
full core flux maps a i eight quarter ccre flux maps were obtained during
the oscillation along with associated calorimetric and NIS data. The
analysis of this data is discussed in section 4.7 of this report.

Figure 4.6-1 provides a time history of 2flux during the test. The points
at which the flux maps were taken are shown, and the limits of acceptable
operation are included to demonstrate compliance with the technical specifi~
cations.

Excore Detector Semsitivity (Test procedure SU-8.4 and SU-8.5)

The nuclear instrumentation system (NIS) consists of incore and excore
detectors. There are six incore moveable detectors and eight excore
stationary detectors. The excore detectors, Figure 4.7-1 consist of two
source range detectors (proportional counters), two intermediate range
detectors (compensated ion chambers), and four power range detectors
(uncompensated ion chambers).

The source range detectors, channels N-31 and N-32, were initially calibrated
prior to fuel load using a temporary neutron source. After 1500 MWD/MTU
core burnup, the source range detectors were recalibrated. The high voltage
plateaus and discriminator se:itings were checked with only minor adjustments
to the discriminator voltage required.

Prior to imitial criticality, the power range channels were adjusted so
that 200 uamps top and bottom detector current indicated 1002 power. The
low power trips were set at 257 while the high flux trip setpoints were

set at 20% for hot zero power tzsting. The intermediate range high level
trips were initially set at gO' amps and the high level rod stop bistable
trips were set at 6,75 x 1077 amps, The power range channels were adjusted
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FIGURE 4.7-1
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4.0 COREL PERFORMANCE (continned)
4.7 Excore Detector Senmsitivity (continued)

during low power physics testing to reflect the calorimetric power. The
NIS power range channels were compared with calorimetric measurements at
each power testing plateau and readjusted as necessary to reflect the
power level.

Prior to proceeding beyond the 50% power plateau, a preliminary calibration
to delta flux was performed based on incore flux maps and associated data
taken during 30% and 50% physics testing.

At the 75% power plateau, both the intermediate range channels and power
range channels were recalibrated. The intermediate range channels, N-35
and N-36, were readjusted so that the 100X power currents would be

3.28 x 1074 amps and 3.38 x 10™% amps, respectively. These values were

obtained by extrapolation, using data collected at 30, 50, and 75% power
levels.

The power range channels, N-41 through N-44, were calibrated to full power
using data collected by flux maps taken during the xeron oscillation test.
Figures &4.7-2 through 4.7~5 show the normalized NIS detector currents
vers. s incore axial offset. Figures 4.7-6 through 4.7-9 show incore axial
of fset for each power range channel. The power range detector currents
for full power are presented in Figure 4.7-10.

The final full power settings for the NIS power range and intermediate
range channels will be checked at 100% power. The results of the startup
test will be submitted in a later report.
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FIGURE 4.7-6
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FIGURE 47-7
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FIGURE 4.7-8
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FIGURE 4.7-9
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5.0 OVERALL PLANT RESPONSE

Throughout the startup test program a series of tests were performed

to determine overall plant response. Measurements were performed to
determine base line data for water chemistry, radiochemistry, and
radiation surveys. The plant was sub, ted to numerous power transients
to ascertain plant response. The following sections provide the results
of these tests.

5.1

Plant Measurements (Tes® Procedure SU-1.0)

This test implemented a program of gathering and analyzing baseline
and operational data. Radiation surveys, chemical and radiochemical
analyses were performed to determine baseline plant conditions at
specified power levels. Additional data for use in evaluating plant
and component performance were obtained from the secondary (turbine)
side of the plant. Data was obtained at the following times: fuel
loading, hot zero power, 30%, 50%, 75%, and 90% reactor power. An
additional test at 100% reactor power will be performeu at a later
date.

Radiation survey results indicate dose levels ir excess of the
assumed FSAR exposure limits at two locations within primary
containment for the 75% and 90% power level tests. These points
will be surveyed again at 100% power and, if needed, steps will be
taken to veduce the dose levels at these points below the limit
specified in the FSAR.

Except for the excessive oxywen levels in the primary water storage

tank, ~°  the plant chemistry problems indicated in Table 5.1-1 were
withi- .cceptable l‘mits when the unit reached 100Z reactor power.
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5.0 OVERALL PLANT RESPONSE (continued)

PLANT CHEMISTRY PROBLEMS

POWER CHEMISTRY PROBLEM

Pre Critical Primary Water Storage Tank
Oxvgen Levels High

Condensate Storage Tank Oxygen
Levels High

Condensate Storage Tank Free
Hydroxide Levels Could Not Be
Analyzed

Hot Zero Power Primary Water Storage Tank Oxygen
Levels High

Condensate Storage Tank Free
Hydroxide Levels Could Not Be
Analyzed

Primary Water Storage Tank Oxygen Levels High
30% Steam Generator Blowdown Had Excessive
Impurities And High Cation Conductivity
Component Cooling Syctem Heat Exchangers

A&C Molybdenium Concentratic: Was Low

Primary Water Storage Tank Oxygen Levels High
50% Steam Generator Blowdown Cation

Conductivity High

Component Cooling System Heat Exchangers

A&C Molybdenium Concentration Low

Primary Water Storage Tank Oxygen Levels High
75% Steam Generator Blowdown Cation

Conduct‘vity High
Component Cooling System Heat Exchangers
A&C Molybdenium Concentration Low
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5.0 OVERALL PLANT RESPONSE (continued)

3.2

10% Load Swings (Test procedure SU-9.1)

This test was performed to verify the ability of the primary and
secondary plant and the automatic reactor control systems to

sustain a 10% step load swing. With the reactor power at approx-
imately 35% of full power, a 10% step decrease in power was initiated.
After stabilizing at the new power level, a 107 step increase in power
was initiated to return reactor power to its initial value. This test
was repeated at 751 reactor power. The 1007 reactor power test will
be completed at a later date.

The plant and control systems responded satisfactorily in achieving
the new power levels, and all required acceptance criteria were mec:
neither the reactor nor the turbine tripped; safety injection did

not occur; neither the steam generator nor the pressurizer relief

and safety valves lifted; and nuclear power did not deviate from its
final value by more than 3% during the transient. With one exception,
no manual intervention was required to bring the plant conditions to
steady state within the allotted 20 minutes. The exception was that
MFPT automatic speed control for the 35% reactor power test was not
operal'le at the time of the test, Since the MFPT speed was maintained
at the automatic speed control setpoint during the 35X reactor power
test via manual control, failure of the automatic control during this
test had »o affect. Furthermore, the acceptability of the automatic
controls was reexamined and proven adequate by the 751 reactor power
load swing test. The responses of key plant parameters during the
transients were as indicated in Tables 5.2-1, 5.2-2, and 5.2-3, and
as shown in Figures 5.2-1 through 5.2-8 for the 35X reactor power

test and for the 75% reactor power test.
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TASBLE 5.2-1

PARAMETER RESPONSES TO 10% LOAD SWING

PARAMETER 352 i 75% 100%
DECREASE INCREASE DECREASE INCREASE DECREASE INCREASE
35-25% 25-35% 75-65% 65-75% 100-90% 90-100%
1 M MAX| F 1| MIN|] MAX| F I | MIN] MAX] F 1] Ml Max] F |I MIN MAX F I MIN MAX P

Test to be completed)

Nuclear Power % 33.9 24 34 24 24 24 34 34 751 64 75 66 66 65 76 75

at a later date
Auctioneered
Tavg of 558 55 558 SSJ 553p51.5K56.5 | 556 569 | 565| 569] 566] 566 565 570] 569

42 31| 44 31 31 31 44| 40| 52| 45| 52| 46 46| 45| 52 52

AT p 4

o — — el St -
Pressurizer
Pressure Psig 2230 {2205] 2250 2220| 2220} 2220 2255 R230 230 [2225{2235| 2230f 2230 2215} 2270} 2230
Pressurizer
Level : 4 39 31 39 34 34 31 37 37 51 46 52 46 46 46 52 51

" - i

Steam Header
Pressure Psig 890 | 885 930 910J 910| 880l 920 | 890 | 832 | 824 852 840| 840| 816| B848| 848
S/C #1 Level X% &5 39 52 43 43 39 50 4% 45 40 49 43 43 38 50 44
S/G #2 Level 43 32 47 39 39 29 55 46 45 40 S0 44 (A 39 49 44

36| 48| 43

43| 39| 50] &4

4
SG #3 Level 2
SG #4 Level X




TABLE 5.2-2

PARAMETER RESPONSES TO 10% LOAD SWINGS

PARAMETER UNITS 35% 75% 100%
1 2 3 1 2 3 1 2 3
Gross Electrical Output] MWE 350 230 350 | 842 | 721 | 850
Tref OoF 560 556 558 570 567 570
AT Overtemperature Tesc to be
completed
Setpoint | ; 131 I 133 131 120 122 119 2% &
AT Overpower ' ’ later date.
f |
Setpoint x106 239 105 | 105 | tos | 105 | 104 | 104
4 i
Steam Flow (Loop 1) x10° L%;f x| * ‘ * 2.55 2.3 | 17
! L
| Steam Flow (Loop 2) ixlo6 2 or | ] ox fass | 2.2 245
1 ! i = v l |
Steam Flow (Loop 3) x106 1pf  » ; A T 2.5 | 2.2 l 2.45
Steam Flow (Loop &) x10 34 « | & | o« 2.5 | 2.15 | 2.45
Feedwater Temperature ‘ | E
(Loop 1) O | 345.7 | 321.4/| 344.8| 408.4 | 398.4 | 409.0
Feedwater Temperature | } | | |
(Loop 2) ! Of 346,11 321.3 344,5| 407.9 | 398.2 | 408.8 |
Feedwater Temperature B ‘ i ‘
(Loop 3) ’ F 1345.3‘ 322,41 345.4| 408,7 l398.9 409.5
Feedwater TEmperature i ' i ‘
(Loop 4) op 1345.81 321.3) 344.21 407.9 ! 398.4  408.7
Feedwater Flow l s 3 { | '.
(Loop 1) x10 i 1.15 0,85 L] 2.65 2,35 e 0
Feedwater Flow 6 1Eﬁ | ! ‘
(Loop 2) | x106 “hrf 1,10 0.90 ! 1.10 '2.65 12.35 | 2.65
Feedwater Flow g 6 1b4 ; . | {
(Loop 3) { x10 1,10 0,80 1.05 4 2.75 2,45 2.75 | |
Feedwater Flow ' | |
| (Locp 4) ! a0b bl 110 | 0,75 |15 12.60_ 225 2,75 | :
MFP. A Speed RPM | 4200 3800 | 4200 | 4150 3900 4250 ' 1
MFPT B Speed RPM 0 0o | 0 4550 4300 | 4550 | E
Control Bank C Position Steps 228 228 | 228 228 228 | 228 ‘
Control Bank D Position Steps ’2%// { 135~ 18 193 178 | 208 . n
82 |~1s6 |~182 | J
[ Boron Concentration PPM 1031 | 1031 | 1031 | 1057.50 1057,5| 1057.5

Initial Conditions

Reduced Power Equilibrium Conditions

Final Conditions at End of Test

Process Steam Flow Indication Was Not Scaled Correctly

» W ro




TABDLE 5.2-3

PARAMETER RESPONSES TO 10Z% LOAD SWINGS

PARAMETER i 354 75% 100%
DECREASE | INCREASE | DECREASE | INCREASE | DECREASE INCREASE
35-25 25-35 75-65 65-75 100-90  90-100

Maximum Rod Speed
During Transient
(steps/min) 72 72 72 72

Test to be completed
at a later date.

Time From Test
Initiation To
Equilibrium*
Conditions
(seconds) 300 270 20 428

*Equil ibrium Conditions: T =T

+ 1.5°F
avg ref —

Pressurizer Pressure = P __. ¥+ 25 psig
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Figure 5.2-1
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Figure 5,2-2
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5.0 OVERALL PLANT RESPONSE (continued)

5.3

5.5

5.6

Large Load Geduction (Test procedure SU-9.3)

This test was performed toc verify the ability of the plant to accept

a step load reduction of 50X of rated power without incurring excessive

or diverging oscillations in the avtomatic control systems. With tre
reactor power at approximately 75%1 of full power, a 50% decrease in
power at a rate of 200% per minute was initiated. Approximately one
minute into the test, both main feedwater pumps (A & B) were placed
in manual control and pump A run to minimum speed. This action was
required to stabilize erratic flow causing rapidly varying steam
generator levels. From a review of the data it is believed that

the reactor would have tripped had not the operator taken manual
contreol of the main feed pumps. For this reason the validity of

the test is still being considered, and the results will be presented
in a supplementary report.

This test will also be performed at 100X power at a later date.
Plant Trip from 100% Power (Test proced:re SU-9.4A)

This test is performed to verify the ability of the primary and
secondary plant and automatic control systems to sustain a turbine
trip from approximately 100” power and bring the plant to a stable
condition. The test data will also be used to determine the over-
all response time of the reactor coolant resistive temperature
detectors. This test will be run at a later date.

1002 Net Load Trip (Test , ocedure SU-9.4B)

This test is performed to verify the ability of the automatic control
and projection systems to sustain a net electrical load loss without
exceeding turbine design overspeed. Data is taken to check for
excessive or diverging 7scillations in the plant automatic control
systems. This test will be run at a Jater date.

Loss of Offsite Power (Test procedure SU-1.1)

The loss of offsite power startup test was performed to investigate
reactor transient performance during a station black Jt and to
demonstrate the ability to place the reactor in a safe shutdown
condition using emergency station power.

The shutdown power supply to the primary side of the plant (normally
associated with the reactor coolant system and attendent systems)
was interrupted by simultaneously opening the normal feeder breakers
to the 6900evolt shutdown boards (this generated the blackout signal)
and tripping all four reactor coolant pumps (the RCP's are powered
from the station unit boards).



5.0 OVERALL PLANT RESPONSE (continued)

5.6

5.7

Loss of Offsite Power (continued)

Prior to test initiation, plant electrical systems were aligned
to offsite power supplies, the 6.%kV shutdown board alternate
feeder breakers were placed in the tripped position, and the
steam dump control switches were placed in the off position. The
secondary side of the plant (normally associated with the turbine
building) retained normal offsite power.

The reactor trip occurred as a result of undervoltage to the reactor
coolant pumps, and immediately thereafter a turbine trip occurred.

The turbine driven auxiliary feedwater pump and diesel generators
started on the blackout signal. After the diesel generators deener-
gized the shutdown boards, essential lcads began sequencing on. The
motor driven auxiliary feedwater pumps were energized 25.2 seconds

after the diesel generators weire tied to the 6,9%kV shutdown boards, RCE
temperature and pressure during natural circulation were controlled

in a safe shutdown condition.

During the test, several plant parameters were monitored. Some of
these parameters have been reproduced in Figures 5.6-1 to 5.6-5. All
parameters behaved is expected.

Shutdown and Cooldown from Outside the Main Control Room (Test procedures
SU-1.2A and SU-1.2B)

These tests were performed to demonstrate that the unit can be safely
shutdown and maintained in hot standby from outside the mainm control
room and to demonstrate that the plant can be safely cooled down from
hot standby to cold shutdown.

The shutdown from outside the main control room was performed as
follows: The unit was initially operating at -30% power when the
reactor was tripped from outside the main control room. Reactor
trip was initiated by tripping the power supply to the control rod
drive motor generator sets from the 1B 480V unit board. With one
RO and SRO remaining in the main control room for observation, the
unit control was transferred to the auxiliary control room. The
auxiliary control room was manned with the minimum shift crew. With
plant control from outside the main control room, the unit was
maintained in hot standby for 30 minutes. All acceptance criteria
were satisfied.

Cooldown from outside the main control room was initiated from hot
zero power conditions and was performed as follows: With ome SRO
and one RO remaining in the main control room for observation, the
plant control was transferred to the auxiliary control room. The
auxiliary coutrol room was manned with one SRO, one RO, and three
AUO's (Assistant Unit Operators). From outside the main costtol
room, the plant was cooled down from a T of 551°F to 350°F using
the steam generator atmospheric relief val¥es. After T, . was less
than 350 F, residual heat removal shutdown coosing was aY%gned and
the RCS temperature wae further reduced to 300 F, All acceptance
criteria were met with exception that P-11 (low pressure pressurizer
safety injection block) and P-12 (high steam flow safety injection

=115~
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Figure 5.6-1

Pressurizer  Pressure (PP./4558)
5 2352.5 gl R e A
=
. MRERA S DR i 0 SO
J= 21925 AU 98 o 1 v e 4
! ] ] ! 1
0 100 200 30 400
Time ( Seconds)
Pressurizer Level  (LP/459B)
S = 100% [ o
. : A SN
~ i uy
. -
! i ! ] )
0 | g
OOT. (200 ‘s 300 400 rNOTE: 350 & Tt
ime  ( Seconds of reactor Tep.
Avctioneered  Tavg (TP/412N)
S 40° | "
T N WM ST g
o  Siebr
i'l- 530° ; O s - s i
‘. ! ] f ] !
0 100 200 0 40
Time (Seconds)
L 4 arl.:ba N vam Pie nn an o



Figure 5.6-2
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Figure 5.6-3
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Figure 5.6-4
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Figure 5.6=5
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5.0 OVERALL PLANT RESPONSE (continued)

5.7

5.8

Shutdown and Cooldown from Outside the Main Control Room (continued)

block) were blocked from the main control room. The cause of these
deficiencies (defective procedures) was corrected and P-11 and P-12
were successfully blocked from outside the main control room during
a subsequent plant cooldown. Thus, the results of the test are
acceptable.

Rod Group Drop and Plant Trip (Test procedure SU-9.5)

This test was performed to demonstrate the proper response of the
power range nuclear instrumentation negative rate trip circuitry.

Two rods, P-4 and D-2, in shutdown bank A (see Figure 5.8-1) were
simultaneously dropped at a nominal 502 reactor power. These rods
were chosen because their proximity to the excore detectors made

the detector response most limiting for the 3 out of &4 trip criterionm.

Reactor power was reduced at a rate sufficient to cause the negative
rate trip circuitry of all four power range channels to function. The
sequence of events occurring after the two rods were dropped is shown
in Table 5.8-1. All acceptance criteria were satisfied.
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Negative Rate Reactor Trip

TABLE 5.8-1

Sequence of Events

Time
(Seconds)

EVENT

RCCA's P-4 and D-2 dvopped into core.

N-41

Rate circuit

N-42

N-43

Rate circuit

-3 responded responded
Bistable i Bistable
.8 tripped ‘ tripped
{ |
‘ 1
iRate circuit Rate circuit
9 'tesponded responded

- e ——a—

| Reactor trip - remaining RCCA's dropped into

30 core.
i ]
’ | Bistable
| 1.2 tripped
Bistable
3.3 tripped




FIGURE 5.8-1

: SEQUOYAH UNIT

Figure 1

Proximity of Dropped Rods to Excore Detectors
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5.0 OVERALL PLANT RESPONSE (continued)

3.9

5.10

Steam Cenerator Moisture Carryover (Test procedure SU-10,2)

This test was performed to ensure that the moisture content of the
steam from the Nuclear Steam Supply System does not exceed .25%.
This was accomplished by injecting sodium-24, a radioactive tracer,
into the steam generators and mewsuring the corresponding activity
carried over into the steam and feedwater flows. The amount of
moisture carryover was determined to be 0,013% at 75% reactor
power and 0.020% at 90% reactor power, satisfying the acceptance
criteria of <.257 for both cases. A value for the moisture carry-
over at 100% reactor power will be determined at a later date.

Nuclear Steam Supply System Acceptance Test \Test procedure SU-10.1)

This test is performed to demonstrate the reliability and guaranteed
output of the Nuclear Steam Supply System. Reliability is demonstra-
ted by a 300-hour run at rated output power (+0%, -5%) completed
without a load reduction or plant trip resulting from an NSSS mal-
function. GCuaranteed output is measured by a 4-hour performance
measurement test conducted during the reliability run. This test
will be completed at a later date.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING

6.1 Preoperational Tests Conducted Prior zo Initial Criticality

€.1.1

6.1.2

6.1.3

Incore Movable Detectors (Test procedure W-11.4)

The incore movable detector test measured all detector path
lengths and verified the operation of the five and ten path
transfer devices, drive mechanisms, limit switches, indicator
lights, displays, and interlocks. The six detector cable
leakage currents were measured. The operation of the CO2 purge
system and the leak and alarm systemwere also verified.

The following functions and settings were verified: (1) The
core top and core bottom limits for each detector, (2) All

limit switch settings for each detector using the encoder
position reado: : indicator, (3) Proper switching and mode
indication for the five and ten path transfer units, (4) Proper
operation of each detector in the manual and automatic drive
modes, (5) Contact closure inputs supplied to the plant computer
from each detector, (6) Purge gas flow from the CO, gas system
while withdrawing a detector, (7) Proper operation of the leak
detection and alarm system, (8) All interlock functions of the
multiple drive shutoff logic, (9) Multiple drive capability
using six detector assemblies, (10) The leakgge current values
on each detector to be between 10”'Y and 107° amperes, and

(11) The detector speed during the record mode to be between
2.376 and 2.424 inches per second. This satisfied the acceptance
criteria associated with the test.

Control Rod Drive Mechanism Timing (Test procedure W-9.1)

The control rod drive mechanism timing test verified the correct
timing of each rod control system slave cycler. An oscillograph
trace was taken for each control rod drive mechanism showing the
mechanism noise, lift coil current, movable gripper coil current,
and stationary gripper coil current during rod movement under
both cold and hot plant conditions.

The test acceptance criteria are (1) The timing of each rod
control system slave cycler is within the limits showm in
Figure 6.1.2-13 (2) The lift coil, movable gripper coil, and
stacionary gripper coil currents are within the tolerances set
by the vendor; and (3) The control rod drive mechanism with
rod cluster control assembly is operational. These criteria
were satisfied,

Rod Drop Time (Test procedure W-9.3)

The rod drop time of each control rod was measured with the
plant in a cold, no-flow condition. The drop times were
reviewed and the rods having the fastest drop time and the
slowest drop time were selected. The two selected rods were
then dropped an additional ten times and their drop times were
measured each time. This entire procedure was repeated with the
plant at cold tull-flow conditions, at hot no-flow condition and
at hot full-flow condition.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6.1.3 Rod Drop Time (continued)

The test results for the rod drops are given in Tables
6.1.3-1 to 6.1.3=4,

The acceptance criteria are (1) The rod drop %ime of each
control rod is <2.2 seconds from the beginning of decay of
the stationary gripper coil voltage to dashpot entry at
operating temperature and full-flow conditions and (2) The
rod¢ release time (the time it takes for the rod position
detector t+ respond to rod motion, with time zero being
when the stationary gripper fuses are pulled) is <150
milliseconds for each control rod. These criteria were
satisfied.

-127=-




page |of 3

Table 6.1.3-1 Rod Drop Times, (old, No Flow

ECCA TDE FROM|TIME FRO- [TOTAL DROP|FOD ' RCS" BCS |PCS

% | Tecarzon - A oast BT |10 BoTrcic e, & ¢, PrmE | 8 ey Lo
- ty (secs)|sp (sees) | (sees (sees) |{oF) ; ‘f
D2 .20 \o.s1 | 1.77 |5 025] r60 o 368

| 312 /79 \o.50 | 71.69 |o.o/7ii0)0 248
4 et /- /9 \o.so | 1.9 0017176010 1345
N R .20 \o.57 | .77 \peas|/éo o |365
|z | 2 1.9 | 0.5/ | 1.70 \p.0171/60| 0 1365
Dé Dk /- /9 | po.5o /.69 \dor72\/é6e|? |385
D8 | g2 /.20 |o.50 | 170 |0.020|160|0 |355
R s20 \o.57 | 177 |0o33| 60| 0 |365
¢3 722 losg | /166 |loor7l/eol o (370

['. c9 [ /9 o.So /.69 |p.or7|rb0|0 |37
J13 /. /¥ 10.57 /69 \por7|/soleo 375

;' K7 1.9 \oso | 1.69 |eozs|r60|0 |370
N K /19 050 | 169 |0017|/50|0 |370
g 613 /.79 |oso | 269 4'0/7 /50 | 0 |372
g' %9 : 2 2T 0.50 | /.68 |p.o20| /50| © |37

| J3 /.78 \o.57 | /.69 |©Cors| /so |0 |32
A . S /.17 | 0.¥9 | 1.68 |o.025|/50 | o |370
= cu L7} OB /.68 |0.017|/50 | ¢ §570
85 [ 118 | o.st | 1.49 |ooizls50| 0 370
‘“’g K5 120 | 0.¥7 | /.69 |r.029|/50 {0 |1372]
b Jes 129 | ass | 170 |o017|/50 | 6 370
ol §-X 179 \oeso | 71.69 \poi7|/50 | 0|37
% m /79 0.52 | /.7] |ootz|/50 |0 |32
§ 13 1.2/ | 0.5/ | 1.72 |p.025|150 | 0 |370!
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Page 2 of 3

Table 6.1.3-1 Rod Drops for Cold, No - Flow
ECCA Time Time Total Rod RCS RCS RCS
Grid Froa Froa Drop Release | To g Flow Press
< i | Location|Start to |Dash Pot |Time Tize (psig)
g 2 Dash Pot |to ti+t2 | (sees) | (°F) (%)
t1 (secs)|Bottom (sees)
t2 (secs)
| H& /I8 o.5/ /.69 \0.0r7 /50 o 360
e < [mo /.78 | ©0.¥9 | 7.67(p.033| /50| o 360
55 [ /19 | 050 | 7.69 | cozs| /50| o | S0
K8 1.792 | ©.50 | 7.69 | 0.033| /50 o 360
2 179 | as, | 2720\ 0017|550 © | 370
B10O /.79 0.5¢ |1.70| 0or/g| /50 o S70
o jas /49 | 0.50 \1.L9 0027 /50| © J60
E 5 /79 | 0.5, | 7. 70) 0.027| /52| o 372 |
g | B8 /19 | 0.5/ | £70|0.029| /52| ¢ F70 |
g Flb /79 0.52 | 1.7/ |\o/s)| rso| o 370
o | P10 /.79 o.50 | /.62 |0.0/7 | /50 o . 370
K2 //9 | 0.50 | /63| co23| /50| © F70
H2 /- /8 | ©.50 | /68| 0.0/7)| /So o 360
; 5 /7-20 |\ 0.5 | 1.7/ p.o27| /52| 6 260
Hi1k /.79 0.52 1 /.77 ©.0t7| /150 o Féo
§ P8 /.72 | ©0.50 | /.62 | ©.025| /50| © Sso
e |6 /.17 | ©0.%¥9 | /- bblo.ot7| /50| O 360
= |0 (/9 | 049 | /65 (0025 )50 | © J60
© k0 /.79 | o0.50 | 1.62\0.0r7)| /52| © J60
K6 /19 | 0.52 | 1.7 |0033| /50| © 360
D4 /. /8 0.5/ /62 \0.0r7! /50 % Jé6o0
D12 /./9 o.s50 /69 \p.0/7| /50 o 360
o |2 1. 79 0.52 | 1.7 |ooe77| /50 | © 360
= vk /'8 |\ p.s7 |1 69 00 7|/50) © 360 !
- Hy /.19 0.5/ |Vr.720\o.077]|/50 % 360
g |8 Y4 0.5/ 1.469 \0.0o77 750 ©O 360
£ | mo /719 |o.50 | /.69 |\0.0/7 | /50| 2 Jbo
@ 18 /.79 0.50 /&9 \p.078 | /50 o 360
K3 /.// |e.5¢0 |r.6/ 0077 | 750 © 360
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Table ¢.1.3 - |

oL RO, ézgf

Rod Drops For (old ; No- Flow
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Table 6.1.3-2 Rod Drops for (old , Full - Flow

Page | of 3

-
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Table 6.1.3-2 Rod Drops for (old , Full - Flow
FCCA Time Ti&e‘ * |Total Rod ECS RCS RCS
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Table @.1.3-2 Rod Drops for Cold , Full- Flow
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Table ©.1.3-3 Rod Drops for Hot, No - Flow
4 - o
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Table 6.1.3-3 Rod Drops for Hot, No- Flow
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RCCA Time Time Total Rod ECS RCS RCS
Grid From From Drop Release | Tyyg Flow Press
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Table 6.1.3-3 Red Drops for Hot, No- Flow
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Table 6..3-4 Rod Drops for Hot , Full- Flow
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Table 6.1.3-4% Rod Drops for Mot K Full- Flow
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Rod Drops for Hot, Full Flow
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6.1.4 Pressurizer Spray and Heater Capability and Settings of Spray
Flow (Test procedure W-1.5)

The post fuel load portion of this test verified the effective-
ness of the pressurizer spray and heaters.

To determine the pressurizer spray effectiveness, the pressurizer
pressure was established at .2230 psig and the pressurizer
heaters were deenergized. The pressurizer spray valves were

then opened and the system depressurization rate was measured.
The spray valves were closed after the pressurizer press.re was
reduced to ~2000 psig. The result of the system depressuriza-
tion test and the acceptance criterion are plotted on Figure
6.1.4-1. The acceptance criterion was satisfied.

To determine the pressurizer heater effectiveness, the pressurizer
pressure was initially established at ~2200 psig. The pressurizer
heaters were then energized and the system pressurization was
measured. The heaters were deenergized after the pressurizer
pressure reached -2315 psig.

Acceptable pressurizer heater operation was not verified until
the fourth time the test was performed. The first failure was
attributed to excessive steam dumping from the steam generators
and variations of charging flow; the second from excessive bypass
spray flow; and the third due to one set of pressurizer heater
elements not being energized. The fourth attempt at the test
was successful. The result of the pressurizer heater test and
tiie acceptance criterion are plotted on Figure 6.1.4-2. The
acceptance criterion was satisfied.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6.1.5 Reactor Coolant System Flow Measurement (Test procedure W-1.6)

Vel.f

The purpose of this procedure was to determine the actual flow
rate in each reactor coolant loop in order to verify that the
actual flow was equal to or greater than the thermal design flow
rate of 94,600 gpm/loop assumed in the safety analysis raport.

The measured reactor coolant flow rates for all pumps in
operation were 95,400 gpm for loop 1, 92,500 gpm for loop
2, 93,600 gpm for loop 3 and 92,000 gpm for loop 4. Loops
2, 3, and 4 did not meet the minimum flow requirements of
the safety ana.ysis report.

The method used to determine coolant pump flow rate at Sequoyah
employed pump input power and elbow tap differential pressure,
which is considered to be subject to large inaccuracies due
primarily to the uncertainties in the slope of the flow vs
input power curve used in the procedure. Although the average
flow measurement at Sequoyah (93,300 gpm/loop) is low compared
to the zero power best estimate flow of about 97,000 gpm, the
difference is not significant considering the uncertainties of
the measurement. Nevertheless, the meas.red value was still an
adeq ate basis to permit power escalation to 90% power.

At 757 power a more accurate calorimetric flow measurement was
obtained. The average loop fluw at 75% power using the more
accurate method was 96,046 gpm/loop. This value meets the
safety analysis minimum flow criteria.

sypass Loop Flow Verification (Test procedure W-1.9)

The RTD bypass loop flow rate was measured and verified to be
grecter than the minimum flow rate required to obtain the design
coolant transport time. The flow rate at which the RTD bypass
loop low flow alarm actuated and reset was also measured.

The RTD bypass loop flow rate was measured under the following
configurations: the hot leg manifold and cold leg manifold in-
service (Fr), the hot leg manifold in-service with the cold leg
manifold isolated (Fy), and the hot leg manifold isolated with
the cold leg manifold in service (F.). The minimum hot leg
ifold flow rate (FHI) and minimum cold leg manifold flow rate

(F&) were calculated by the equations Fnl = Fr - Fc and

e = Fp - Fy. The results were compared to the minimum RTD
bypass loop flow rate required to obtain the design maximum
reactor coolant transport time of one second. The test results
and acceptance criteria are tabulated below.



6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6.1.6 RTD Bypass Loop Flow Verification (continued)

Measured Min Acceptance
Loop Flow Rate (gpm} Criteria (gpm)
1-Ty 159 >59.9
1-1, 71 >37.2
2-Ty 145 >66.7
2-Te 78 >35.2
3-T. 145 >67.0
3T 65 >37.2
4-Ty 141 >66.4
b1, 81 >38.4

The RTD bypass loop low flow alarm was verified to actuate
within 90+ 2% of the loop total flow and reset within 6% of
the alarm setpoint.

6.1.7 Rod Control System (Test procedure W-9.2)

Prior to initial criticality, the rod control system test
demonstrated the operational readiness of the rod control
system. The shutdown bank A was withdrawn ~40 steps, inser-
ted -35 steps, and then tripped into the core. During the

rod movement, the rod group step counter. rod position
indicators, rod in/: = status lights, rod speed indicator,

and manual reactor trip were verified to be operable. This
procedure was repeated for each remaining shutdown and control
bank. After the rod exercise, the rods were withdrawn to
verify the cont:ol bank overiap.

The test acceptance criteria were the corract indication of the
rod group step counter, rod position indicator, rod in/out
status lights, and rod speed indicator. These criteria were
satisfied.

6.1.8 Rod Position Indication System (Test procedure W-9.5)

The rod position indication (RPI) test was performed in three
parts. The first portion of the test verified the initial
(cold shutdown) channel calibration for each rod. The second
portion of the test measured the voltages at which each rod
bottom bistable trips and verified the appropriate control
room annunciators and indicator lights. The final portion of
the test exercised each rod bank and measured the RPI output
voltages every 20 steps from zero to the fully withdrawn
position.
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6.0 PREOPFRATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)
6.1.8 Rod Position Indication System (continued)

Tk2 acceptance criteria were (1) Correct indication and
alarm function of the rod position indication system and
(2) The RPI output voltages were within the RPI calibration
curve of Figure 6.1.8-1. These criteria were satisfied.

6.1.9 Reactor Coolant Flow Coastdown (Test procedure W-1.8)

The reactor coolant flow ccastdown test measured the rate at
which the reactor coolant flow decreased subsequent to various
combinations of reactor coolant pump trips; measured the delay
times associated with the loss of flow accident; and compared
these results to the coastdowns assumed in the FSAR. The four
cases examined were 4 out of 4, 2 out of 4, 3 out of 3, and

2 out of 3 RCP trips from hot standby conditions,

This test failed to meet two of its required acceptance criteria.
During the 4 out of 4 RCP coastdown the slope of the inverse core
flow curve was calculated to be .0945/second which is greater
than the requirement of <.N865/sec. Also, the normalized core
coastdown in three of the four cases of flow coastdowns tested
did not exceed the values assumed in the FSAR for the first

10 seconds of flow coastdown.

Subsequent investigation showed that the coastdown acceptance
criteria was based on the FSAR desigr flow rate of 88,500 gpm/loop.
The design flow rate was later increased to 91,400 gpm/loops
however, the flow coastdown curves were not revised to reflect

the higher loop flow rate. Therefore, the measurad flow coast-
down should be based upon the higher thermal design flow rate.

The table below presents a comparison of the predicted and
measured flow coastdowns with the differences in thermal design
flows taken into consideration.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (cont inued)

6.1.9 Reactor Coolant Flow Coastdown (continued)

Time |4/4 flow coastd 3/3 flow coastd 2/4 flow coastd 2/3 flow coastdown
(sec.)| FSAR Test FSAR Test FSAR Test FSAR Test

0.0 |1.0 1.0328 1.0 1.0288 1.0 1.0328 1.0 1.0288
0.5 .9706 , 9842 .9709 .9856 .9853 | 1.0121 . 9806 .9959
1.0 .9319 .938 .9332 L9455 9658 .9915 L9954 L9571
1.5 .8958 . 9006 .8980 .9074 L9474 .9718 .9318 9413
.8623 .B634 .8655 L8724 .9300 .9522 .9099 L9177
.8313 .8314 .8352 .B395 .9138 .9357 .8895 .8950
.8024 .8014 .8069 .8076 .8986 .9192 .8704 8724
.7755 L7746 . 7805 .7788 .8843 .9057 .8525 .8538
.7503 . 7498 .7558 .7510 .8703 .8923 .8358 .8385

4.5 7357 .7250 .7326 .7232 .8580 8779 .8200 .8210

5.0 . 7045 .7023 L7108 .£985 .8459 .8575 .8051 .8055

(DNBR) 2.4 . 3.4
tmin

Since the measured flow rate i{s faster than the predicted coastdown,
the measured flow rate soon falls below the predicted flow rate, even
vhen the higher thermal design flow is assumed for the i{nitial flow
rate. However, the measured €low rate remains higher than the
predicted flow rate through the time the minimum DNB ratio is

reached during cach loss of flow case. Therefore, the loss of

flow analysis in the FSAR remains valid.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)
6.1.9 Reactor Coolant Flow Coastdown (continued)

All of the remaining acceptance criteria were satisfied
as shown below.

MEASURED REQUIREMENT
4 Out of 4 Coastduwn

Time from first to last opening of
"RC Pump Breakers" 15 ms. <100 ms.

2 Out of 4 Coastdown

T, = Low flow delay time. 1.50 €2.7 s
T2 = Delay time from Reactor Trip
to Rod Motion. 0.12 %0.15 sec.

Undervoltage trip delay time defined

as the time from reaching undervoltage

trip setpoint until RCCA's are free

to fall. Ty + Tjy. 0.448 <1.2 sec.,

Under frequency trip relay time

defined as the time from reaching

the under frequency trip setpoiut

until RCCA's are free to fall.

Tz + T‘- 00200 <°s° I‘C-

3 Qut of 3 Coastdown

Time from first to las. opening of
"RC Pump Breakers” 10 ms, <100 ms.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6.2 Preoperational Test Conducted After Initial Criticality

6.2.1

6.2.2

Automatic Reactor Control System (Test procedure W-10.1)

This test verified the performance of the automatic reactor
contro’ systems to maintain the reactor coolant average tem=
perature within acceptable steady-state limits.

During plant startup at -30% power, the RCS T,  was disturbed
from steady-state conditions by manual rod movcg.ct and the
response of the automatic reactor control system to restore
the T, p was verified. No adjustments to the control systems
were required.

At ntcady-n&atc conditions, the control system maintained Tayg
within +1.5 F of Tpe¢. This sat:sfied the test acceptance
criteria.

Automatic Steam Generator Level Control (Test procedure W=10.2)

This test verified the stability of -lie automatic steam
generator level control system following simulated transients
at low power conditions and verified Lhe proper operation of
the variable speed feature of the main feedwater pumps.

At .30% power, steam generator level controllers were varied
and the automatic response of the level control system, main
feedpump AP setpoints, and the pump speed control system were
verified. Adjustments to the control systems were made, as
required, to improve system performance.

The following items were used to determine successful automatic
steam generator level control and feedwater pump speed control,
(1) steam generator level overshoot (undershoor) is less than
42.5 percent for a setpoint or level increase (decrease)j (2)
steam generator level returns to the programmed level setpoint
within two minutes following a level or setpoint changes (3)
feedwater pump speed oscillations are less than 3 percent of
operating spged at steady statej (4) feedwater pump speed over-
shoot (undershoot) does not exceed 1 percent when a step speed
change of 5 percent is introduced at the feedwater pump speed
controllergand (5) feedwater pump speed stabilizes at the new
value following a step change in pump speed within two minutes.
All of these criteria were satisfied.
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6£.2.3 Calibration of Steam and Feedwater Flow Instrumentation at
Power (Test procedure W-11.7)

This test, when completed, will calibrate the feedwater and
steam flow instrumentation,

The output signals of the feedwater and steam flow trans-
mitters and square root converters are measured at 0z,
0%, 50%, 75%, and 100% power for possible instrument gain
adjustments. After gain adjustments are completed, the
reproducibility of the feedwater and steam flow instrumen-
tation will be verified.

The results of this test are not yet complete. The analysis
and test results will be supplied in a supplemental test
report.

6.2.4 Startup Adjustments of the Reactor Control System (Test
procedure W-11.10)

This test, when completed, will determine the'&v program
resulting in the highest possible steam preasuresind optimun
plant efficiency without exceeding the pressure limitation of
the turbine or the maximum allowable Tavg.
Since this test is not yet completed, the results of the tes.
evaluation will be presented in a supplemental report.

6.2.5 Dynamic Automatic Steam Dump (Test procedure W=10.5)

This test verified the proper operation of the turbine trip
and load rejection features of the steam dump controi system.
This test also verified the adequacy of the steam header
pressure controller.

During the turbine trip controller test, the unit was established
at 1% power with Ty at ~-548°F, the turbine tripped, and the
steam dump control system operating in the T, mode. The reactor
power was then increased to 6% and the ability of the steam dump
valves to control T at .552°F was verified. The acceptance
criteria required tB48 there be no divergent oscillations in
temperature. This criteria was satisfied.

During the test of the load rejection contro’ler response, the
unit was operating at -3% power in the press.re control mode.
With the turbine in normal operating conditions and T . ¢ ~543°F
a sudden loss of load to activate C-7 was simulated.

The stean dump control was then placed in the T, mode. The
ability of the steam dump valves to control Tay St -5500F was
verified, The acceptance criteria required no divergent oscilla-
tions in temperature, This criteria was satisfied.



6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADTNG (continued)

6.2.5 Dynamic Automatic Steam Dump (continued)

To test the steam header pressure controller, the controller

was set for 1005 psig and reactor power was increased from

~1% power to _5% power. The ability of the pressure controller
to maintain the steam header pressure at 1005 psig would verify
pt .per opera.ion of the controller. *During the test, however,
the steam dump control was not in the pressure mode. Therefore,
the operation of the pressure controller was not verified during
this portion of the test. The response of the pressure controller,
however, was evaluated when the system was in the pressure mode
during the turbine trip controller test and load rejection
controller test., Based on these evaluations and past experience
with the controller, the pressure controller was determined to
be operating satisfactorily.

6.2.6 Thermal Expansion of Piping Systems (Test procedure TVA-23B)

The Thermal Expansion of Piping Systems test is performed to
demonstrate that the feedwater and secondary piping systems
are capable of expanding and contracting without obstruction
during heatup from ambient to 100 percent load temperatures
and during cooldown to ambient. Displacement measurements are
made at selected locations to insure that obstructions do not
occur., Visual inspections are conducted at other locations to
ensure that there is no interference due to thermal expansion.

This test has not been completed. Its results will be presented
in a supplementary report.

6.2.7 Reactor Plant System Setpoints Verification (Test procedure
w—s.S)

The purpose of this test was to verify that setpoint adjustments
were in agreement with the Sequoyah Nuclear Plant setpoints

for Westinghouse Nuclear Steam Supply System prior to initial
startup and during the test program. Any setpoint discovered

to be outside its allowable range was readjusted. Also, the
completed test procedure will document any changes in setpoints
which were required due to variances in actual plant conditions
as compared with theoretical plant conditions.

Because this test is incomplete, its results will be presented
in a supplementary report.
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