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1.0 INTRODUCTION

Sequoyah Nuclear Plant, located in southeast Tennessee on the Tennessee
River employs a Westinghouse four loop pressurized water reactor rated at
3411 MWt and a Westinghouse turbine generator rated at 1185 MWe..'The
reactor core consists of 193 fuel assemblies and 53. control rods. Part-
length control rods have been eliminated froa 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, 1980. A full;

power operating license was received on September 17, 1980. Further testing
was performed at the following plateaus: |

Power Level (%). First Achieved

30 11/5/00

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 Division of Nuclear Power. TVA.
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2.0 TEST PROGRAM SIMfARY

This report covers the period frcm February 29,-1980, through February 28,
1981. Significant milestones, events and data for this period are illus-
trated graphically in Figure 2-1 and are summarized below.

Receipt of Low Power Testing License Februaty 29, 1980

Start of Core Loading March 1, 1980

Completion of Core Loading March 5, 1980'

Initial Criticality July 5, 1980

Start of Zero Power Physics Testing. July 5, 1980

Completion of Zero Power Physics . July 10, 1980

Start of Special Natural Circulation
Tests July 11, 1980

Escalate Power 5,5% Jaly 11, 1980

Completion of Special Tests July 19, 1980

Initial Power Generation July 22, 1980

Receipt of Full Power Operating l
License September 17, 1990

Reactor Coolant System Heatup September 26, 1980
\
IPower Escalation to 10% 0ctober 3, 1980

Power Escalation to 30% November 5, 1980

Power Escalation to 50% November 17, 1980
:

Power Escalation to 75% December 1, 1980

Power Escalation to 90% December 29, 1980

Power Escalation to 100% January 11, 1981

Commercial Operation N/A

Some of the major problems that were encountered 'during testing are
listed.below:

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

B. During several zero power flux maps the quadrant power tilt ratio
(QPTR) exceeded the 1.02 limit. However, additional flux maps taken ,

at power have demonstrated the ability to operate with a QPTR of less
than 1.02.

-2-

1
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2.0- TEST PROGRAM SUMMARY (continued)

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

-

D. 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 aupporting-data was obtained.

E. - The all rods out (ARO) moderator temperature coefficient (MTC) wasj- 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.

|
F. The steam flowrate transmitters were not scaled to'the correct range

of the measurement. These transmitters have been replaced with
correctly. scaled transmitters.

~

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

H. During the performance of a 50% step load reduction test from 75% power,
the main feedpump speed control had to be switched to manual control in-
order to stabalize the plant. The res,olution of this problem and the-
acceptability of the test is still being evaluated.

u
i

.

!

l

.j

.

.
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-3.0- INITIAL' CORE LOADING (Test'proce'dures SU-6.1,'SU-6.2, and'SU-6.3)

After completion of all prerequisites, initial core ~ loading commenced at.
'1456 CST on !! arch _ l, J 1980, with the . insertion- of assembly C-27. Fuel

loading was completed four1 days later, March:5,1980,- at 1028 CST. with the o

insertion of fuel assembly.C-09. The final core' configuration is shown inL
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 excoreisource 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.=LPlots 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'1evel. rose to 2132 ppm due to'a high concentration of boron in
.the volume contr'ol 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 changeLin concer.tration and ~
none were observed. .Throighout fuel loading, the temperature of the Reactor
Coolant System stayed-between 500F 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,: vater
was maintained above the fuel transfer tube. A water 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
imbalances 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 to bump the stops
periodically in order.to realign.it. Difficulties were encountered in
releasing fuel assemblies at times. The latching can 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.

- 10-
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FIGURE 3-1

SEQUOYAH UNIT 1
CYC_E :.

R P N M L K J H G F E D C B A
180*

lC33 C2 C47 C27 C1 C7 C12

C30 C15 B8 A31 B67 A47 B20 A12 B29 C18 C4 2

C40 C24 B41 A32 B14 A70 B37 A67 B5 A30 B66 Cll C45 3

C8 B35 A55 B31 A45 B16 A15 B50 A71 B10 A72 B19 C38

5C42 B34 A69 B18 A56 B71 All B24 A41 B68 A68 B58 A57 B48 C37

bC20 A42 B54 A17 B4 A13 B15 A59 B72 A66 B43 A7 B27 A29 C13

C6 B40 A21 B49 A38 B25 A44 A43 A73 B42 A52 B7 A39 B3 C28 7

C9 A49 B56 A6 B33 A69 A65 A62 A22 A26 B22 A27 B39 A61 C14

C29 B36 A14 B9 A36 B61 A58 A28 A46 B59 A53 B2 A51 B32 C34 9

C23 A34 B69 A59 B44 A19 B13 A33 Bil A10 B60 A23 B47 A40 C10 l0

ll
C46 BF A8 B52 A9 B23 A50 B63 A60 B57 A2 B28 A16 B53 C44

C35 B70 A25 B46 A20 B38 AS B65 A3 B64 A35 B12 C19

'C31 C43 B1 A18 B21 A4 B62 A37 B51 Al B26 C26 C32

C16 C36 BS5 A63 B45 A24 B30 A48 B17 C25 C22 l4

15C48 C41 C17 C39 C21 CS C3

0'

FINAL CORE CONFIGURATION

TVA 7823A (PP-10 77) SEQUOYAH CORE MAP
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FIGURE 3-2 .

SEQUOYAH UNIT.1

FUEL ENRICHMENT LOADING

R P N M L K J H G F E D C B A:

! 180"

l

| | 2

3

4

5
_ o_

6

|' 7,_

X 270 890-
,

;
'

9 9

12
_

13
__

,

| -- 14. . ,

| | | 15,

0*
-

h 2n S .s% 3.i x2

,

TVA 7823A (PP-10 77) SEQUOYAH CORE MAP
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FIGURE'3-5- .

Page l'of 11

4
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k

c.DRE LDA0lN6 SEQUENCE -

CORE LOADING LEGEND

d-

ASSEMBLY LOADED ' IN PERMANENT POSITION ~ IN-

/ PREVIOUS STEP

ASSEMBLY LOADED IN- TEMPORARY POSITION IN
PREVIOUS STEP

i
'

NOT AS YET LOADED

ASSEMBLY LOADED INTO POSITION DURING LOADINGg
STEP NUMBER Z

.

e
ASSEM BLY WITH A PRIM A RY SOURCE INSERT

$ LOCATION OF TEMPORARY ' DETECTOR. A (B AND C)

. . .

SECONDARY SOURCE
e e

NOTE: ARF <OWS INDICATE DETECTOR OR FUEL MOVEMENT
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FIGURE 3-5 ,

Page 2 of 11
- - - - - - - ~ - -

SEQUOYAH UNIT 1
N-31

R P N M L KJ H G' ' F E D C B A ,

180*

1h 1 2

OA 5 6 Ta OB 2 -

3

4
,.

5

6

7,

-90* :270* 8
__.

9

10

7b ll

12

13

14
.

Oc 3

0'

N-32

Core Loading Gequence St.ep On to 7b.
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FIGURE 3-5

Page 3 of 11
- - - . - - -

SEQUOYAH UNITi
:1-31

R P N M L K J H G F E D C B 'A
180*

--_

'

[ 7e 'B
A

3j

4
1

_.

6

7

270* 890* '

9

10

h 11

12

13

14y

C |
I

0' To

:;-12

Core Loading Sequence Step 7e to 7d.

'
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FIGURE 3-5
*

Page 4 of 11

SEQUOYAFf0 NIT <.
N-31

R P N M L _K J H G F E D C T3 A
180'

l/ S 9

2A 10 B

. .

11 e 13 ~1h 312

415 16 17 18

519 20 21 22
,

23 2b 25 26 b
'

_

. .
27 23 29 30 7

I
270' 890'

| C 3t 32 33 33,

| n
9

10

h 11

# 3kb 12

-13

14

h | h 15'

c

0'

x-32

Core Loading Sequence Step S to 3hb
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FICURE 3-5e

Page 5 of 11+

. - - -

SEQUOYFUNIT 1
N-31

.R P N M L K J H G F ED C B A-
180*

I

2-', BA

f/ f/f/ 3

! ! 4! h
%%%% s

%%%% 8

f/f 7

h'['[h 270" 890' c

35 36 37 38 9

10
39 h0 L1 La

ll
h3 44 h5 46

l2
h-( h8 49 So

51 52 53 54 13

1455c c 55b 55a

h 15h

0'

u-32

Core Loading Sequence Step I to 6 .C
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FIGURE 3-5

Page 6 of 11
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SEQUOYAH UNIT 1
N-31-

R P_ N M L K J H G F E D C B A ,

180*

/ /// 1
'

%%%%* *
- 2

3
.

~

%%%% a

SS%% s

%%%% <

%%%% -

,

* 90- c 270* 8-

%%%% 9

,/ / 10

%%%% u

. f /

%%%% ,3

i456b 56a 55d

gi
is

O'

17-32

Core Londing Sequence Step 55d to 56b.
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FIGUPI 3-5e

Page 7'cf:11

SEQUOTAFFUNlT 2

H-31

R P N M L K J H G F E D C- B A
.,80*

VX4 % % ,

VX4%% ,>w

VAZ%% a

VXA % % a

0%%O s

6
/.

VX&%% ,

c /[[[[[ 270' 890'

VXA%% 9

VXA%% ,0 -

v/XA%% n

i %%%% ,

,3
,/ / 63

VX/X4% a ,a

,5
57 SS 59 60 61

0~

II-32

Core Lcwling .hquence Step 57 to 63.
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FIGURE 3-5

Page 8 of 11

SEQUOYAFl UNIT 1
N 31.

R P N- M L K J H G F E D C B A
180"

91 76 75 l.

A 92 77 / !/ Tk B 2

393 78
.

73

4
Sk 79 .f/ 72

95 80 71 5
_

696 81 ) / / 70

115 110 109 106 97 82 69 sa 7

68 t 270' 8b3' #[p'pp fp/pp/##90* A H3 H0 107 98 c

'67 9ll6a llL 111 108 99 84 /
10100 85 / 66

65 j]201 86 p p
l2

102 87 / 6h
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l4104 89 /
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0'
;

!!-32

Core I,onding Sequence Step 6k to ll6b
|
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FIGURE 3-5

Page 9 of 11

SEQUOVATUNIT 1

N-31

R P N M L K J H G F E D C B A
180*

/ / I

2
132 130 / / B

3
131 129 126 / j

4
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5
127 12h 121 119 /

b
123 120 118 117 /

7/ 1h9 152 155 158

[ [ [ hh h /[/[/[hh 70* 8150 153 156 B90* i
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! 10
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|
ll
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l2

lhh 141 138 //
13

147 1h5 lh2 / / / 148a

1h8 1h6 / / C l4

%%%%%%% ,s

O'
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Core In:tdinr, Ocquence Step 117 to 159b.
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4.0 CORE PE1JORMANCE

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 ensure the conservatism of assump-
tions made in the FSAR and to verify the valinity of the design of the

Ine following paragraphs, which discuss the results of the corecore.
physics tests, will provide an insight to the'parformance of the core.

4.1 Initial Criticality (Test 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 soluble
boron concentration was 1275 ppm.

The acceptance criterion for critical boron concent"ation with control
bank D at 160 steps was 1248 + 96 ppe. When the esit'eal boron concen-
traiion was adjusted 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. The0

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 diffezea 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 objectives.
The neutron flux level at which nuclear heating first occurred was
determined, thus establishing a range below nuclear heating at which
all zero power physics 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.
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TABLE 4.1-1

Source Range - Intermediate Range--

Overlap Data

RANGE OVERLAP READINGS

SOURCE

6 4
N-31 1 - 1x10 cps 1.8x10 cps

N-32 1 - lx10 cps 1.8x104 cps-6

'

INTERMEDIATE j
-10~I1 -3 lx10 amps

N-35 10 - 10 amps

~11 1x10-10N-36 10 - 10-3 amps amps

.
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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 censured at hot zero power (HZP) to validate
the design of the core. Additional censurements and analyses are
perforced 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 Measurecents (Test procedures SU-7.4, SU-7.5,
and SU-7.7)

The dif ferential and integral RCC bank worths were obtained
by monitoring the change in reactivity around criticality at

TheHZP with boron and shutdown or control bank exchanges.
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

Thefound for all rod banks, except shutdown banks A and B.
individual worths of these two banks were not determined
because they were used in a reactivity exchange with the

reactive RCCA for the minimum shutdown verification.most

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 ceasured with a 100
step overlap. Figures 4.3-1 to 4.3-14 provide plots of
integral and differential worths of all reasured banks.

should be noted that the worth of control bank A did notIt
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

all shutdown margin and control rod worth requirements.meet
Westinghouse has analyzed the deficiency and found that centrol
bank A does not present a problem in either safety or operation.
Supporting data also indicated that the initial measure =ent of
control bank D was low. Control bank D was reneasured and
results were obtained that were consistent with all supporting
data and design predictions.
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TABLE 4.3-1

RCC Bank Measurement Results

RCC Bank Measured Acceptance
(pcm) (pcm)

D 1361.6 13301133

C 997.0 10901109

B 1330.5 12331123

A 348.1 4101 41

SDD 812.0 7891 79

SDC 1190.3 10881109

Control banks 4075.9 4037.21161
in overlap
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4.0 . CORE PERF0PJ!ANCE (continued)

4.3.2 Boron Worth (Test procedure SU-7.4 and SU-7.3.1)

The average dif ferential 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 pcm/ ppm.

Boron endpoint measurements were taken af ter 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 analysis, a single ~
rod is either statically dropped into the core or statically
ejected from the core at various core conditions. This
single rod is selected for its maximum adverse effect on
power distribution. The reactivity worth 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 ilZP (Test procedure SU-7.6)

With the reactor at HZP and the rods at'zero powerL
insertion 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 pcm.

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 cores
RCCA D-12 was again chosen 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 T vg and Tref. Flux maps anda
nuclear instrumentation data was obtained to deter-
mine the effect of the ejected rod on the power
distribution.

,
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TABLE 4.3-2

Boron Endpoint Measurement ;

Rod position Test Results Acc. Crit.

ARO 1300 ppm 1258 1 50 ppm

D 1170 ppm 1171 i 19 ppm

D+C 1076 ppm 1067 i 15 ppm

D+C+B 953 ppm 960 i 17 ppm

D+C+B+A 922 ppm 914 i 8.6 ppm

D+C+B+A+SD 844 ppm 852 1 11.2 ppm

D+C+B+A+SD+SC 733 ppm 741 1 13.7 ppm
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4.0 CORE PERFORMANCE (continued)

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 withdrawn, 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
suberitical or would be suberitical f rom 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 67081671 pcm.

The boron endpoint, measured at the all rods in, most reactive
rod out condition, was 684 ppm. This met the acceptance criteria
of 637150 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.

4.4 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 because 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.t.1 Isothermal Temparature coefficient (Test procedure SU-7.3.1)

The Isothermal Temperature Coefficient (ITC) is defined as
the change in the core reactivity per unit change in modera-
tor, clad and fuel temperatures. This can be broken down
into the combination of the Moderator Temperature Coefficient
(MTC) and the Doppler (or fuel) coef ficient.
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4.0 CORE PERFORMANCE (continued)'

4.4.1 Isothermal Temperature Coefficient (continued)

This measurement is done with the reactor 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 consi.sts of a heatup and a cooldown while
measuring the resultant change in reactivity.

For the cooldown portion, the RCS temperature started at
A constant cooldown rate of approximatelyapgroximately547F.10 F/ hour via steam dumps was established. When the temperature

reached approximately 5420F 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

Thereactivity with respect to the change in RCS temperature.
versus reactivity is the Isothermalslope of this curve of Tavg

Temperature Coefficient

Since there is a technical specification limitation on the
value of the Moderator Temperature Coefficient (MIC), it was
necessary to obtain a value for the MTC from the measured
value of the Isothermal Temperature Coefficient (lTC). From
the value of the relationship: ITC = MTC + Doppler Coefficient.
The predicted hot zero power beginning of cycle Doppler Coeffi-
cient is -1.86 pcm/0F. Measurements of the ITC were taken for
various control rod configurations and the resulting values of
the ITC and calculated MTC are shown in Table 4.4-1.

Since the hot zero power all rods or.? moderator temperature
coef ficient was determined to be positive, subsequent hot zero
power physics testing was pertermed 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 requirements and Technical
Specification 4.10.3 were complied with 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 3.1.1.3. A

core average burnup at which the MTC would be restoced to the
hot zero power all rods out limit was conservatively 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 'ay 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 defined as the power coefficient. The
power coefficient integrated over a power level change is defined

-55-
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TABLE 4.4-1

Low Power Reactivity Coefficients

Rod Configuration ITC (predicted) ITC (measured) MTC (measured)
pcm/0F pcm/ F pcm/ F

ARO -1.53 1 3.0 -1.01 0.85

&
T Din -5.32 1 3.0 -4.80 -2.94

(D + C)in -8.91 + 3.0 -8.00 -6.14

(D + C + B)in -10.17 1 3.0 -9.70 -7.84

(D + C + B + A)in -12.99 1 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 30, 50, 75, and 90 percent power levels.

The test procedure utilized three sets of reactor transients
to generate 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
load on the turbine. Since reactor power was essentially
constant, power only doppler effects uere essentially zero,
enabling isulation of the ef fects 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 T equal to Tref, the tempera-
turewasrampedupanddown,av$usingaftereachchangetop
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 T equal to Tref *avg

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
thesecircumstances,theconkrolreactivitychangesnecessaryav

to modify reactor power along the Tavg temperature program
exactly compensates the reactivity 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.

i
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 n are accurately knewn 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 measurements in transients 1
and 3. The reactivity computer calibration factor found in this

-58-
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4.0 CORE PERFORMANCE (continued)

4.4.2 Power Coefficient and Power Defect (continued)

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

The resul.ts 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 neasurements were taken at several
power statepoints: HZP, 30, 50, 75, 90, and 100 percent. Maps were
also taken for abnormal conditions such as dropped and ejected rod

Measurements were also made during the special natural circu-cases.
lation testing. All of these measurements were donc to provide data
whf ch verified design calculations, verified compliance with the
Technical Spesifications, and provided a relationship between incore
power distribution and excore detector response.

4.5.1 Steady State Power Distribution (Test procedures CU-7.3.2,
SU-8.6B, and SU-8.5.1)

Several power distribution parameters are of particular interest
with respect to Technical Specifications. These parameters are
heat flux hot channel factors, F (Z), nuclear enthalpy rise hot

9N radial hot channel factors, F incorechannel factors, F
axial offcet, and hUa,drant Power Tilt Ratios (QPTR) .y,These

x

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 and measured values 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 assembl*/
power criteria; however Westinghouse design review of each
instance showed that, wx :h the conservatisms used in design
values, 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-lG,
Figure 4.5-1, and INC-1-F1-80-3F, F13ure 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

This was in fact the case as can be observed f rom thepower.
30% power flux cap INC-1-F1-80-6A, Figure 4.5-6.
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TABLE 4.5-1

Summary of Results of incore Flux Maps

Control Bank Pos. Incore Hot Channel Factors OPTR** -

_. .

. LD1 Axial Loc
'

N Axial I.oc Core' Ave PmrMJP'# F (Z) F (2) F (Z)* :F p '

Date INC-1-F1- C D RCCA Q Q Q AH_ X7 F,,* N41 N42 'N43 'N44- A.O. Level_ . .

9
-

g1.0259
, i; ..

. .9837 1.0085 .9819 - 2.373 HEP7/15/60 80-1G - 204 - 2.6198 4.489 _30 1.5543 1.7214 49

-8/ 7/E0 80-3F 6 0 - 2.9811 4.500 37 1.6580 2.0334 20 1.0299
--

1.0089 .9859 - 6.766 HEP'1.0199 .98537/15/C0 80-2F - 29 - 2.3418 4.489 30 1.4686 1.6269 ._. _38y
.9789 1.0111 .9801 -37.865 HtP

'2542 2.4966 .6311 .6181 -32.243 02'7/ 7/B0 80-4G 0 0 0 10.1280 4.500 _ EI ., 6.0174 7.7327
_

.

7/14/80 80-5D - 167 - 2.4933 4'.500 37 1.4203 1.5913 49 1.0000 1.0000 1.0000 1.0000 -16.456 -5%-
'

~

11/ 3/60 80-6A -
176/ 177 - 2.2855 4.500 37 1.4333 1.7052 1.0107 .9949 1.0045 .9899 -11.361 30% "

,
m 11/ 3/80 80-7A. - 176/177 >12@228 2.2568 4.451 29 1.5288 2.0610 _ _1_1_ .9910 1.0376 .9910 .9804 -10.249 30%
-
I 11/18/80 80-8A - 206 - 2.1103 4.440 28' 1.4316 1.5635 26 .

1.0102 .9966 1.0003 .9928 .491 50%1

11/20/80 80-9C - 211 - 1.9808 4.451 29 1.3557 1.4965 49 1.0057 .9990 1.0037 .9917 -3.772 50%-

11/20/80 60-108 - 211 D-12@5 2.4157 4.451 29 1.6405 1.8472 49 1.1616 .7306 1.0626 1.0451 4.341 -50%'

-
''8.753 75%11/30/80 80-11A - 193 - 2.0234 3.356 3 7_,_ 1.3229 1.4732 49 1.0064 1.0023 1.0016 .9898

12/19/80 80-123 - 191 - 2.0411 2.983 37 _ 1.3004 1.4521 49, 1.0068 1.0033 1.0031 '.9868 -12.775 75%

12/20/80 80-133 - 169 - 2.2460 2.983 38 '1.'3249 1.5054 11 1.0065 1.0052 1.0024 '.9860 -24.555 75%'

1.0056 1.0042 1.0023 .9878 7.191 7 5% --12/20/80 80-14D - 195.5 - 2.0251 2.960 28 1.3053 1.4693 49,
~r

1 1.0084 1.0010 1.0019 .9888 - 8.495 90% :12/29/80 80-15A - 205 - 1.9644 2.458. 36 1.2937 1.4265 _ . _,. 1,1,

2/ 2/81 8_1-1A , 190 - 2.0621 3.606| E _ ,1.3151 1.4657 49 a l.0153 .9962 1.0039 .9847 - 5.812 62%,-

*This number represents an axial plant. The INCORE computer code utilizes 61 axial core planes, plane number 1 heing at the top of the core -
and plane 61'at the bottom.

** Relative location of excore detectors: N41 N43

N44 N42
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FIGURE 4.5-1 --

Relative Assembly Powers, HZP, ARO

MEASURED AND EXPECTED FDHN INC-1-F1-80-1C T153 7/15/B0 De204
x

R P H M L K J H G F E D C 8 A

~ *b.637.b.756 b.853[ 6.755 6.856 6.751.b.6ho$
*

1 . 0.558. 0.674. 0.810. 0.728. 0.810. 0.674. 0.588.

. 6.594*i.058*i.0i8*i.000*5.095*i.0IO*i.0f3* i.056 i.0I6 i.0b9| 6.662.
*

2 . 0.547. 0.956. 0.995. 1.014. 1.051. 1.041. 1.051. 1.014. 0.995. 0.956. 0.547.
.. ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.596. 1.284. 1.187. 1.260. 1.214. 1.189. 1.J58. 1.lo1. 1.106. 1.148. 1.080. 1.297. 0.602.'

i 3 . 0.547. 1.178. 1.093. 1.162. 1.120. 1.154. 1.046. 1.154. 1.120. 1.162. 1.093. 1.178. 0.547.

i.Ok7$i.1965i.2k7.i.198 I.2i2|i.153$i.133 i.152|5.153|i.159 5.236 i.167.i.0E3
*

4 . 0.V56. 1.093. 1.219. 1.170. 1.185. 1.124. 1.143. 1.124. 1.185. 1.170. 1.219. 1.093. 0.956.
' .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.626. 1.043. 1.223. 1.191. 1.194. 1.059. 1.097. 1.003. 1.096. 1.040. 1.171. 1.187. 1.204. 1.031. 0.610.
5 . 0.5B8. 0.995. 1.162. 1.170. 1.179. 1.048. 1.101. 1.008. 1.101. 1.043. 1.179. 1.170. 1.162. 0.995. 0.5B8.

* * * * * * * * * *

* b.698*i.038$i.154.i.188.i.Ok6.i.059 b.940.b.993.b.958.i.031 i.063.'i.198.3.149.i.Okt.b.699.
4 6 . 0.674. 1.014. 1.120. 1.185. 1.048. 1.069. 0.961. 1.022. 0.961. 1.069. 1.048. 1.185. 1.120. 1.014. 0.674.

.

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.845. 1.079. 1.151. 1.109. 1.074. 0.920. 0.960. 0.830. 0.950. 0.899. 1.053. 1.118. 1.165. 1.066. 0.837..
8

7 . 0.810. 1.051. 1.154. 1.124. 1.101. 0.961. 0.996. 0.869. 0.996. 0.961. 1.101. 1.124. 1.154. 1.051. 0.810.

.b.7k6 i.058 i.037.i.159.b.9I2.b.915[b.854.b.968.b.8i5 b.918 6.9I1 i.132 i.049|'i.050 6.7k5|
* * *

8 . 0.728. 1.041. 1.046. 1.143. 1.000. 1.022. 0.869.'O.970. 0.869. 1.022. 1.008. 1.143. 1.046. 1.041. 0.728.
, .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..i

. 0.B28. 1.067. 1.154. 1.099. 1.061. 0.905. 0.917. 0.805. 0.941. 0.919. 1.076. 1.106. 1.150. 1.062. 0.828.
9 . 0.810. 1.051. 1.154. 1.124. 1.101. 0.961. 0.996. 0.869. 0.996. 0.961. 1.101. 1.124. 1.154. 1.051. 0.810."

. b.663 i.056|i.153.i.1k?'i.056.i.L'f.6.Bb4.b.9k7.6.896|5.0E9|i.053 i.157.i.095 i.Ok7.b.696$
* * * * * * * *

10. 0.674. 1.014. 1.120. 1.185.'1.048. 1.069. 0.961. 1.022. 0.961. 1.069. 1.048. 1.185. 1.120. 1.014. 0.674.
i .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
j . 0.606. 1.025. 1.198. 1.135. 1.147. 0.999. 1.033. 0.930, 1.019. 0.995. 1.158. 1.150. 1.147. 1.043. 0.617.

11. 0.588. 0.995. 1.162. 1.170. 1.179. 1.048. 1.101. 1.000. 1.101. 1.048. 1.179. 1.170. 1.162. 0.995. 0.588.i

... ... ... ... ... ... ... ... ... ... ... ... ... ... ....

. 0.970. 1.092. 1.220. 1.158. 1.170. 1.063. 1.060. 1.043. 1.123. 1.153. 1.202. 1.115. 1.002.
12 . 0.956. 1.093. 1.219. 1.170. 1.185. 1.124. 1.143. 1.124. 1.185. 1.170. 1.219. 1.093. 0.956.

.. ... ... ... ... ... ... ... ... ... ... ... ... ..; . 0.555. 1.195. 1.105. 1.152. 1.092. 1.098. 0.977. 1.099. 1.081. 1.163. 1.089. 1.204. 0.572.7

13 . 0.547. 1.178. 1.093. 1.162. 1.120. 1.154. 1.046. 1.154. 1.120. 1.162. 1.093. 1.178. 0.547.
* * ~ * ** **

*6.556.b.9E7|i.0E1.i.052.i.069*i.0bo*i.031|i.0i9|i.060.6.953* 6.5E2
**

14 . 0.547. 0.956. 0.995. 1.014. 1.051. 1.041. 1.051. 1.014. 0.995. 0.956. 0.5474

.. ... ... ... ... ... ... ... ... ... ... ..
*~ ~'

; . 0.617. 0.674. 0.789. 0.712. 0.813. 0.677. 0.591.
. MEAS .

i

1 15 . 0.588. 0.674. 0.810. 0.728. 0.810. 0.674. 0.588.
. EXP .

.. ... ... ... ... ... ... ..]- .. ..*
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FIGUlu: 4.5-2'

i

: __
Relative Assembly Powers, HZP, Din

,

t

HEASURED ADO EXPECTED FDtt4 IHC-1-F1-80-2F SU 7.3.2 7/15/80 DA29 BOL

R P H M L K J H G F E D C B A

j |6.751 6.855|i.0i3 6.951 i.061* 6.B56' 6.7k3'
1 . 0.696. 0.830. 1.017. 0.916.'1.017. 0.830. 0.696.t

u .. . . . ... ... ... ... ... ... ... ... ... ..
. 0.611. 1.119. 1.128. 1.242. 1.300. 1.295. 1.297. 1.238. 1.142. 1.005. 0.561.>

1 2 . 0.535. 0.900. 1.105. 1.195. 1.248. 1.234. 1.248. 1.195. 1.105. 0.900. 0.535.
.. ... . . . ... ... ... ... ... ... ... ... ... ... ..'

I- . 0.581. 1.166. 1.032. 1.100, 1.232. 1.226. 1.022. 1.221. 1.212. 1.173. 0.971. 1.126. 0.573.
3 . 0.535. 1.074. 0.948, 1.156. 1.207.-l.212. 1.014, 1.212. 1.207. 1.156. 0.948. 1.074. 0.535.

i- .. ... . . . ... ... ... ... ... ... ... ... ... ... . . ,
.'1.038. 1.001. 0.666. 1.035. 1.197. 0.988. 0.620. 1.001. 1.190. 1.040. 0.663. 0.988. 1.031.$

2 4 . 0.980. 0.948. 0.654. 1.033. 1.194. 1.018. 0.656. 1.010. 1.194. 1.033. 0.654. 0.948. 0.980.
. ... ... . . . ... ... ... ... ... ... ... ... ... ... ... ..i . 0.744. 1.157. 1.203. 1.049. 1.124. 1.050. 1.014. 0.838, 1.011. 1.040. 1.116. 1.046. 1.174. 1.120. 0.693.4 .

5 . 0.696. 1.105. 1.156. 1.033. 1.122. 1.049. 1.047. 0.870. 1.047. 1.049. 1.122. 1.033. 1.156. 1.105. 0.696.'

. . ... ... . . . ... ... . . . .. . . ... ... ... ... ... ... ... ..; 0.B00. 1.237. 1.200. 1.189. 1.042. 1.077. 0.925. 0.957. 0.923. 1.071. 1.026. 1.214. 1.227. 1.213. 0.826.8 .

El 6 . 0.830. 1.195. 1.207. 1.194. 1.049. 1.091. 0.950. 0.987. 0.950. 1.091. 1.049. 1.194. 1.207. 1.195. 0.830.
s . ... ... . . . . . .. ... ... ... ... ... ... ... ... ... . ... ... 1.077. 1.290. 1.210. 1.007. 1.026. 0.916. 0.901, 0.712. 0.903. 0.915. 0.991. 0.996. 1.212. 1.272. 1.044..

7 . 1.017. 1.248. 1.212. 1.018. 1.047. 0.950. 0.937. 0.749. 0.937. 0.950. 1.047. 1.018. 1.212.'1.248. 1.017.

.b.948$i.254$i.0i2 6.652 6.Bk3 6.939 6.706".6.4f9".6.755 6.952 6.8i3|6.667 i.0i3$i.2iS!6.913$;

j 8 . 0.916. 1.234. 1.014. 0.636. 0.870. 0.987. 0.749. - 0.513. 0.749. 0.987. 0.870. 0.636. 1.014. ~ 1.234. 0.916.

|1.050$.i.237: 1.253: 6.960: 1.060'6.864: 6.818: 6.666: 6.860: 6.869: 6.965: 6.918: .i.252: 1.263: i.019:9 . 1.017. 1.248. 1.212. 1.018. 1.047. 0.950. 0.937. 0.749. 0.937. 0.950, 1.047. 1.018.'1.212. 1.248. 1.017.
] .. ... ... . . . ... ... ... ... ... ...-... ... ... ... . . . . . .

. 0.841. 1.238. 1.217. 1.142. 1.002. 1.029. 0.881. 0.920. 0.891. 1.033. 1.011. 1.154. 1.198. 1.284. 0.892.
10. 0.830. 1.195. 1.207. 1.194. 1.049.'1.091. 0.950. 0.987. 0.950. 1.091. 1.049. 1.194. 1.207. 1.195. 0.830.

6.7k2$i.1f8.i.233$6.967."i.0i7 6.966 6.954'6.866 6.935 i.069.'i.092$i.0625i.167 I.250'6.718$
" * * '

i

11. 0.696. 1.105. 1.156. 1.033. 1.122. 1.049. 1.047. 0.870. 1.047. 1.049. 1.122. 1.033. 1.156. 1.105. 0.696.
j . . . . . . . . . ... ... ... . . . ... ... ... ... ... ... ... .... .

. 1.014. 0.949. 0.642. 1.005. 1.163. 0.963. 0.591. 0.948. 1.147. 0.991. 0.624. 0.933. 1.054.'

12 . 0.980.<0.948. 0.654. 1.033. 1.194. 1.018. 0.636. 1.018. 1.194. 1.033. 0.654. 0.948. 0.900.
,

~

.6.559 i.159 6.9i2$.i.151$i.169.i.151 6.9kB i.154 i.153Ii.131.6.958 i.059.6.551.
~ ' ~

.

13 . 0.535. 1.074. 0.948. 1.156. 1.207. 1.212. 1.014. 1.212. 1.207. 1.156. 0.948. 1.074. 0.535.!
. . . ... ... . . . . . . ... ... ... ... ... ... .... . . . .

. 0.562. 1.004. 1.107. 1.175. 1.197. 1.185. 1.220. 1.194. 1.112. 0.992. 0.551.,
'

4 14 . 0.535. 0.900. 1.105. 1.195. 1.248. 1.234. 1.248. 1.195. 1.105. 0.900. 0.535.

4.
.. . . . ... ... ... . . . . . . . . . ... ... ... ...

. . . .. ..

. 0.706. 0.815. 0.991. 0.895. 1.017. 0.829. 0.700.'

. MEAS .-
. 15 . 0.696. 0.830. 1.017. 0.916. 1.017. 0.830. 0.696.
' . EXP .

.. ... ... . . . ... ... ... . ..,

( .. ..

. .

4

! -

,

1
'
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FICURE 4.5-3 *

Relative Assembly Powers, HZP,_C@,84'

MEASURED AFD EXPECTED FDHN IHC-1-F1-80-3F 8/7/80 SU-7.6 Ce84 De0 BOL

R P N N L K J H G F E D C B A,

- * 6.851. 6.939 i.029$ 6.8kl$ i.034. 6.954| 6.857$
* *

l 1 . 0,700. 0.872. 0.963. 0.796. 0.963. 0.872. 0.780.

.. ... ... ... ... ... ... ... ... ... ... ...

. 0.691. 1.241. 1.360. 1.363. 1.228. 0.951. 1.199. 1.297. 1.279. 1.176. 0.672.
2 . 0.640. 1.148. 1.247. 1,264. 1.167. 0.919. 1.167. 1.264. 1.247. 1.148. 0.640.

.. ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.684. 1.357. 1.155. 1.401. 1.387. 1.208. 0.911. 1.183. 1.275. 1.303. 1.113. 1.335. 0.689.
3 . 0.640. 1.271. 1.086. 1.284. 1.271. 1.179. 0.909. 1.179, 1.271. 1.284. 1.086. 1.271. 0.640.

~i.2525i.153*b.695.i.156"i.257."6.956 6.551.6.950 i.256bi.096|6.6f9 i.159 i.264
*

4 . 1.148. 1.086. 0.670. 1.087. 1.224. 0.990. 0.561. 0.990. 1.224, 1.087. 0.670. 1.086. 1.148.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.837. 1.312. 1.344. 1.119. 1.108. 0.963. 0.936. 0.787. 0.954. 0.970. 1.110. 1.096. 1.320. 1.283. 0.810.5 . 0.780, 1.247. 1.284. 1.087. 1.116. 0.973. 0.970. 0.802. 0.970. 0.973. 1.116. 1.087. 1.284. 1.247. 0.780.

~ 6.958~i.352$i.217.i.231.6.958 6.7bO$6.7h2$6.8bO|6.793 6.758 6.951'i.2kl i.308 5.361.6.908
i 6 . 0.872. 1.264. 1.271. 1.224. 0.973. 0.801. 0.819. 0.892. 0.819. 0.801. 0.973. 1.224. 1.271. 1.264. 0.872.$ .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

3 . 1.024. 1.209, 1.178. 0.978. 0.932. 0.781. 0.789. 0.642. 0.785. 0.770. 0.908. 0.969. 1.185, 1.196. 1.004.
7 . 0.963. 1.167. 1.179. 0.990. 0.970. 0.819. 0.819. 0.662. 0.819. 0.819. 0.970. 0.990. 1.179. 1.167. 0.963.,

.6.858$b.930$6.963 6.549.6.7}4.6.855|6.654|6.399 6.652 6.8k6|6.758"6.5k6*6.962 6.934 6.825"
~

'

8 . 0.796. 0.919. 0.909. 0.561. 0.002, 0.a92. 0.662. 0.420. 0.662. 0.892. 0.802. 0.561. 0.909. 0.919. 0.796.
i |6.990$i.188 i.151"6.957.6.917'.6.757."6.753 6.656'6.7f6 6.752. 6.929 6.953 3.156"i.195$i.060|

~

.
i 9 . 0.963. 1.167. 1.179. 0.990. 0.974. 0.819. 0.819. 0.662. 0.819. 0.819. 0.770. 0.990. 1.179. 1.167. 0.963.

|6.890'i.268 i.258' i.155' 6.925' 6.749. 6.751 6.833 6.757 6.759 6.940 i.162*i.257'i.315|6.968
10. 0.872. 1.264. 1.271. 1.224. 0.973. 0.801. 0.819. 0.892. 0.819. 0.801. 0.973. 1.224. 1.271. 1.264. 0.872.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.813. 1.300. 1.338. 1.035. 1.068. 0.922. 0.907. 0.743. 0.904. 0.924. 1.061. 1.031. 1.211. 1.295. 0.810.

11. 0.780. 1.247. 1.284. 1.087. 1.116. 0.973. 0.970. 0.802. 0.970. 0.973. 1.116. 1.087. 1.284. 1.247. 0.780.
~

i.li3 i.0b8 6.651*i.059 i.192 6.958'6.550|6.919.i.151$i.052$6.628$i.057 i.166.
** *~

; 12 . 1.148. 1.086. 0.670. 1.087. 1.224. 0.990. 0.561. 0.990. 1.224. 1.087. 0.670. 1.086. 1.148.
*6.6k4$i.250.i.0b7$i.257$i.233 i.153$6.8k85i.1E5"i.240$i.251 5.050 i.266~6.659'4 .

i 13 . 0.640. 1.271. 1.086. 1.284. 1.271. 1.179. 0.909. 1.179. 1.271. 1.284. 1.086. 1.271. 0.640.
t .. ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.645. 1.149. 1.240. 1.240. 1.115. 0.873. 1.139. 1.276. 1.263. 1.165. 0.654.
14 . 0.640. 1.148. 1.247. 1.264. 1.167. 0.919. 1.167. 1.264. 1.247. 1.148. 0.640.

i .. ... ... ... ... ... ... ... ... ... ... ..
! .. ..

. 0.779. 0.852. 0.940. 0.777. 0.968. 0.880. 0.790.
. MEAS .

15 . 0.790. 0.872. 0.963. 0.796. 0.963. 0.872. 0.780.
. EXP .

j .. ... ... ... ... . . . . . . ..
. .. ..

a
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; FIGURE 4.5-6
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2

Relative Assembly Pi-ers, HZP, Ejected RCCA *

NEASURED AM) EXPECTED FDEN INC-1-F1-80-50 De167 7/14/80 TI-53 .BOL HATURAL CIRC;
1

ii R P N M L K J H G .F E D -C B A> .. ... ... ... ... ... ... ..
i . 0.610. 0.697. 0.838. 0.742. 0.838. 0.697. 0.610. '

-i

i 1 . 0.603. 0.695. 0.838. 0.754. 0.838. 0.695. 0.603.';
'.. ... ... ... ... . . .. . . . . . . ... ... ... ..I' . 0.559. 0.975. 1.015. 1.040. 1.069. 1.046. 1.069. 1.040. 1.015. 0.975.'O.559.i 2 . 0.545. 0.960. 1.010. 1.039. 1.078. 1.067. 1.078. 1.039. 1.010. 0.960. 0.545.

'

.

.. ... ... ... ... ... ... . . . . . . ... . . . . . . ... ..! . 0.562. 1.181. 1.082. 1.159. 1.122. 1.152, 1.023. 1.152. 1.122. 1.159. 1.002. 1.181. 0.562.
i 3 . 0.545. 1.164. 1.073. 1.161. 1.132. 1.162. 1.042. 1.162. 1.132. 1.161. 1.073. 1.164. 0.545.!

. . ' . ...-... . ... . . . ... .... ... ... ... ... ... ...
! . 0.979. 1.078. 1.145. 1.153. 1.187. 1.095. 1.060. 1.095. 1.187. 1.153. 1.145. 1.078. 0.979.'i 4 . 0.960.-1.073. 1.144. 1.151. 1.186. 1.110. 1.076. 1.110. 1.186. 1.151. 1.144. 1.073. 0.960.i

.

. . ... ... ... ... ... . ... ... ... ... ... ... ... . .-. ... ..:

. 0.618. 1.026. 1.161. 1.151. 1.172. 1.041. 1.087. 0.979. 1.087. 1.041. 1.172. 1.151. 1.161.3 1.026. 0.618.1; 5 . 0.603. 1.010. 1.161. 1.151. 1.172. 1.048. 1.093. 0.989, 1.093. 1.048. 1.172. 1.151. 1.16. 1.010. 0.603.i . . ... ... ... . ... ... ... ... ... ... ... ... ... ... ... ..l 0.699. 1.040. 1.119. 1.182. 1.041, 1.071. 0.960. 1.023. 0.960. 1.071. 1.041. 1.182. 1.119. 1.040. 0.699..

; 4, 6 . 0.695. 1.039. 1.132. 1.186. 1.048. 1.072. 0.959. 1.017. 0.959.,1.072. 1.048, 1.186. 1.132. 1.039. 0.695.
, a . . ... ... ... ... . . . . . . ... ... ... ... ... ... ... ... ..i .s . 0.837. 1.070. 1.154. 1.099. 1.084."0.954. 0.993. 0.864. 0.993. 0.954. 1.084. 1.099,. 1.154. 1.070. 0.837.-

7 . 0.838. 1.078. 1.162. 1.110. 1.093. 0.959. 0.988. 0.853. 0.988. 0.959. 1.093. 1.110. 1.162. 1.078. 0.838.,
.

t; . . ~ . . . ... ... ... ... ... ... ... ... ... . ... ... ... ... ..4 . 0.752. 1.058. 1.035. 1.071. 0.983. 1.020. 0.862. 0.934.-0.862. 1.020. 0.983. 1.071.'1.035. 1.058. 0.752.!
8 . 0.754. 1. 067. 1. 042. 1. 076. 0.989. 1.017. 0. B53. 0.909. 0. 853. 1. 017. 0. 989. 1. 076. 1. 042. 1. 067. 0. 754.!, .. ... ... ... ... ... ... ... ... ... ... .......,... ... ..

; . 0.837. 1.070. 1.154. 1.099. 1.084. 0. 954. 0.993. ~ 0.854. 0.993. 0. 954. 1. 084. 1.099. 1.154. 1.070. 0.837.
| 9 . 0.838. 1.078. 1.162. 1.110. 1.093. 0.959. 0.988. 0.853. 0.988. 0.959. 1.093. 1.110. 1.162. 1.078. 0.838.!a

.. ... . . . . . . ... ... ... ... ... . . . . . . ... ... ... . . .. . . ,

4

. 0.699. 1.040. 1.119. 1.182. 1.041. 1.071. 0.960. 1.023. 0.960. 1.071. 1.041. 1.182. 1.119. 1.040. 0.699.!
10. 0.695. 1.039.'1.132. 1.186. 1.048. 1.072. 0.959. 1.017. 0.959. 1.072. 1.048. 1.186. 1.132. 1.039. 0.695.i- .. ... . . . - . . . . ... ~ . . . . .~.

{- . 0.618. 1.026. 1.161. 1.151. 1.172. 1.041. 1.087. 0.979. 1.087. 1.041. 1.172. 1.151. 1.161.-1.026. 0.618.
... ... ... . . . . . . ....... ... ..

: 11. 0.603. 1.010. 1.161. 1.151. 1.172. 1.048. 1.093. 0.989.-1.093. 1.048. 1.172. 1.151. 1.161; 1.010. 0.603.
f . . ' . ' '

. . .+ . ... ... ... .. . . ... ... ... ... . . . . . . ... . . . . . .
. 0.979.'1.078. 1.145. 1.153. 1.187. 1.095. 1.060. 1.095. 1.187. 1.153. 1.145. 1.078. 0.979.-12 . 0.960. 1.073. 1.144.'1.151. 1.186. 1.110. 1.076. 1.110. 1.186. 1.151. 1.144. 1.073. 0.960.' t

.. ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0. 062. ' 1.181. 1. 082. 1.159. 1.122. 1.152. 1.023. ' 1.152. 1.122. 1.159. L 1. 082. 1.181. 0. 562. .i 13 . 0.345. 1.164. 1.073. 1.161. 1.132. 1.162. 1.042. 1.162. 1.132. 1.161. 1.073. 1.164. 0.545..

.

j .. ... ... ... ... ... ... ... ... ... ... ... ... ..i .:0.559. 0.975. 1.015. 1.040. 1.069. 1.046. 1.069. 1.040. 1.015. 0.975. 0.559.-j 14 . 0.545. 0.960.'1.010. 1.039. 1.078. 1.067. 1.078. 1.039. 1.010. 0.960. 0.545.
'

.

<
-

.. . ..
-

j. . 0.610. 0.697. 0.838. 0.742. 0.838. 0.697. 0.610.
15 . MEAS . .

j| . 0.603. 0.695. 0.838. 0.754. 0.838."0.695. 0.603.
. EXP. .

; .. ,. . . ... . . .. ...
d'

. ... ... ..
'

.. ..

-%

i
$ n'.
t

)
i

- , . .
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FIGURE 4.5-5

Relative Assembly Power, 3%, Natural Circulation

f1EAStRED /H) EXPECTED FDH4 INC-1-F1-80-5D De167 7/14/80 TI-53 BOL NATLHAL CIRC
R P H M L K J H G F E D C 8 At

.. ... ... ... ... ... ... ..

. 0.610. 0.697. 0.838. 0.742. 0.838. 0.697. 0.610.1 . 0.603. 0.695. 0.838. 0.754. 0.838. 0.695. 0.403.
.. ... ... ... ... ... ... ... ... ... ... ...

. 0.559. 0.975. 1.015. 1.040. 1.069. 1.046. 1.069. 1.040. 1.015. 0.975. 0.S59.2 . 0.545. 0.960. 1.010. 1.039. 1.078. 1.067. 1.078. 1.039. 1.010. 0.960. 0.545.

$b.552|3.151 i.052~i.159*i.122* i.152| i.053| 1.152$ i.152' i.159| 5.0b2$ i.151$ b.552$1 3 . 0.545. 1.164. 1.073. 1.161. 1.132. 1.162. 1.042. 1.162. 1.132, 1.161. 1.073. 1.164. 0.545.
.. ... ... ... ... ... ... ... ... ... ... ... ... ..i . 0.979. 1.078. 1.145. 1.153. 1,187. 1.095. 1.060. 1.095. 1.187. 1.153. 1.145. 1.078. 0.979.4
. 0.960. 1.073. 1.144. 1.151. 1.186. 1.110. 1.076. 1.110. 1.186. 1.151. 1.144. 1.073. 0.960.

. b.6iB i.056|5.151.5.151$i.1f2 i.Okl$i.0b7.'b.959'i.Cb7. i.Ok1 5.lf25 5.151$ I.1515 5.056$ 'b.658$
;

5 . 0.603. 1.010. 1.161. 1.151. 1.17E, 1.048. 1.093. 0.989. 1.093. 1.048. 1.172. 1.151. 1.161. 1.010. 0.603.

| 6.6h9 i.Oko 5.159.'i.lb2 i.Oki i.0}1. 6.910| i.053| b.950. i.0f1| i.041. i.1b2$ i.159. i.040$ 6.6995
* * *

i
i

6 . 0.695. 1.039. 1.132. 1.186. 1.048. 1.072. 0.959. 1.017. 0.959. 1.072. 1.048. 1.186. 1.132. 1.039. 0.695.m
.. ... ... ... ... ... ... ... ... ... ... ... ... - . . . ... ..

.

; Y
0.837. 1.070. 1.154. 1.099. 1.084. 0.954. 0.993. 0.864. 0.993. 0.954. 1.084. 1.099. 1.154. 1.070. 0.837.

7 . 0.838. 1.078. 1.162. 1.110. 1.093. 0.959. 0.988. 0.853. 0.988. 0.959. 1.093. 1.110. 1.162. 1.078. 0.838.

.| b.752 i.058 i.055*i.0il.b.953|i.050'b.852.b.954|b.852 i.050. b.9b3| i.0il. i.0355 5.058$ b.752.'
* *

8 . 0.754. 1.067. 1.042. 1.076. 0.989. 1.017. 0.853. 0.909. 0.853. 1.017. 0.989. 1.076. 1.042. 1.067. 0.754.-
. b.B37. i.0iO. ~ i.154$ i.099" i.0b4. b.954. b.993. b.854. b.993. b.954. i.054. ' i.099, i.154" i.0io* b.857

~ ~ ~ * ~ * *

9 . 0.B38. 1.078. 1.142. 1.110. 1.093. 0.959. 0.988. 0.853. 0.988. 0.959. 1.093. 1.110. 1.162. 1.078. 0.838.
.

<

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 0.699. 1.040, 1.119. 1.182. 1.941. 1.071. 0.960. 1.023. 0.960. 1.071. 1.041. 1.182. 1.119. 1.040. 0.699.-
10. 0. 695. 1. 039. 1.132. 1.186. 1. 6 ;J. 1. 072. 0. 959. 1. 017. 0. 959. 1. 072. 1. 048. 1.186. 1.132. 1. 039. 0. 695.

[b.658 i.056$i.151.i.151".i.1}2 i.Oki i.057. b.9f9 i.057| i.Ok15 5.li2| 5.151$ i.151. i.036! b.658.
*

11. 0.603. 1.010. 1.161. 1.151. 1.172. 1.048. 1.093. 0.989, 1.093. 1.048. 1.172. 1.151. 1.161. 1.010. 0.603.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.979. 1.078. 1.145. 1.153. 1.187. 1.095. 1.060. 1.095. 1.187. 1.153. 1.145. 1.078. 0.979.12 . 0.960. 1.073. 1.144. 1.151. 1.186. 1.110. 1.076. 1.110. 1.186. 1.151. 1.144. 1.073. 0.960.

.. ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.562. 1.181. 1.082. 1.159. 1.122. 1.152. 1.023. 1.152. 1.122. 1.159. 1.082. 1.181. 0.562.13 . 0.545. 1.164. 1.073. 1.161. 1.132. 1.162. 1.042. 1.162. 1.132. 1.161. 1.073. 1.164. 0.545.' ~

$ b.559. ~ b.9f5" i.035. i.040' i.059. i.046. i.059" i.0h0$ i.055' b.9i5' b.559' '
* * * '' *

.

14 . 0.545. 0.960. 1.010. 1.039. 1.078. 1.067. 1.078. 1.039. 1.010. 0.960. 0.545.
.

.. ... ... ... ... ... . . . _ . . ... ... . . . . ..

. 0.610. 0.697. 0.838. 0.742. 0.838. 0.697. 0.610.
. . ..

i 15 . 0.603. 0.695. 0.838. 0.754. 0.838. 0.695. 0.603.
. MEAS .

. EXP .
.. ... ... ... ... ... ... ..

.. ..

t

I

_.



FIGUFU: 4.5-6

- Relative Assembly Powers, 30%. D@1HFP Insertion Limit

f1EASURED Ape EXPECTED FDHN INC-1-F1-80-6A 30%POER D t 176/177 .11/3/80 SU-8.2 BASE CASE

R P- H' M L .K J H G .F E D C 8. A

$ b.'611. b.7h7. b.8585 b.7}6. b.865. b.7}4| b.6615
** *

1 . 0.621. 0.707. 0.837. 0.761. 0.838. 0.708. 0.623.
.. ... . . . . . . ... ... ... . . . ... ... . .. ..
. 0.614. 1.049. 1.045. 1.031. 1.079.L1.029. 1.085. 1.043. 1.045.'O.950. O.585.

2 . 0.550. 0.939. 1.012. 1.001. 1.070. 1.029. 1.071. 1.003. 1.015. 0.943. 0.553.
'

<-.. ... . .... . . . . . . ....... ... ... . . .- . . . - . . . ... . .-
. 0.580. 1.165. 1.129.-1.156. 1.161. 1.130. 1.047. 1.118. 1.110. 1.118. 1.075. 1.174. 0.613.

3 . 0.550. 1.104. 1.063. 1.118. 1.124. 1.127. 1.056. 1.129. 1.126. 1.122.'2.067. 1.110. 0.553.-
... ... ... ... ... ... . ._. ... ...s ... ... . . . ... ..

. 0.962. 1.086. 1.120. 1.161. 1.164. 1.102. 1.052. 1.105. 1.137. 1.143. 1.111. 1.108. 0.977.-~
4 . 0.939. 1.063.-1.110. 1.148. 1.152. 1.123. 1.073.'1.125. 1.155. 1.152. 1.115. 1.068. 0.944.

.. . ... .... . . .... . .. . . ._ . . . . . . . . . . ... . . . - . . . ....... . . .

. 6. m . 1. v '. 1.132. l.153. 1.141. 1.071. 1.075. 1.018. 1.076. 1.059. 1.129. 1.143. 1.137. 1.030. 0.641.
5 . 0.441. 1.012. 1.118. 1.143.'1.142. 1.073. 1.089. 1.032. 1.091. 1.076. 1.146. 1.153. 1.124. 1.017. 0.624.
. . . . . ... ... ... . . - . ... . . . . ... . . . ... ... . . . ... . . .. . .
. 0.785. 1.052. 1.113. 1.149. 1.067. 1.060. 0.984.'1.011. 0.977. 1.043. 1.039. 1.157. 1.145. 1.021. 0.729.1 -6 . 0.707. 1.001. 1.124. 1.152.-1.073. 1.072. 1.008. 1.036. 1.010. l.074. 1.077. 1.157. 1.129. 1.006. 0.711..
~b.95355.li8Ii.li4~i.1b2|5i0545b.9}1.b.9}9|6.8f4~6.9f9$b.950[i.050 i.137| i.143 5.090$Eb.851I

*

.

7 . 0.837. 1.070. 1.127. 1.123. 1.089. 1.008. 1.014. 0.911. 1.015.-1.011. 1.093. 1.128. 1.133. 1.075. 0.842.
.. ... ... . . . - . . . ... . . . .. . . ... . ... . . . . . . . . . ... . . . - ..
. 0.799. 1.056. 1.046. 1.047. 1.003. 0.989.'0.866. 0.909. 0.875. 1.002. 1.008. 1.069. '1.065. 1.049. 0.783.

8 . 0.761. 1.029. 1.056. 1.073. 1.032.-1.036. 0.911. 0.955. 0.912. l.038. 1.035. 1.077. 1.061.-1.e34. 0.765.
.. ... ... . . . . . . ... . . . . . . < ... ... ... ... . . . ... .. . .- . .
. 0.876. 1.096. 1.119.:1.088. 1.046.-0.958. 0.954. 0.862. 0.982. O.983. 1.076. 1.113. 1.130. 1.090. 0.863.

9 . 0.838. 1.071. 1.129. 1.125. 1.091. 1.010.11.015. 0.912.'1.016.'1.012. 1.094. 1.129. 1.133.11.076. 0.842.-
.. ... ... ... ... ... . .,. ... ... ... ... . . .. . ... .. . . . + . . ..

0.711. 1.007. 1.123. 1.118. 1.041. 1.031. 0.952. 0.983.1 0.960. 1.049.11.061. 1.140.01.114.'1.030. 0.727.
.

.

-10. 0.708. 1.003. 1.126. 1.155. 1.076. 1.074. 1.011. 1.038. 1.012. 1.077. 1.079. 1.159. 1.131. 1.000. 0.712.
.. ... ... . . . . ... ... ... . . . . . . . ... . ...- . . . . . . , . . .. . . . . . ,

. 0.629. 1.026. 1.134. 1.115. 1.120. 1.044. 1.049. 0.981. 1.040. 1.C50. 1.140. 1.148.'1.124.'1.036. 0.635.
11.,0.623, 1.015. 1.122. 1.152.'1.146. 1.077. 1.093. 1.035. l.094. 1.079. 1.149.-1.156. 1.126. 1.020, 0.626.:

-

. .... ...-... ... ... ... ....... . . . . . ... ...<..t.- . . . . ... . . . .

. 0.965. 1.105. 1.115.-1.139. 1.144. 1.079. 1.'016. 1.067. 1.127. 1.152. -1.115. 1.081. 0.962.-
-12 :. 0.943. 1.067. 1.115. 1.153.'1.157. 1.128. 1.077. 1.129. 1.159. 1.156.~1.118.'1.071. 0.947.

.. ... ... ... . . ... ... ... ... ... ... ... . . . ... ...

. 0.591. 1.185. 1.113. 1.115. 1.112. 1.093.-1.010. 1.095. 1.114, 1.141.-1.088.-1.131. 0.560.
13- . 0.553.:1.110. 1.068. 1.124. 1.129. 1.133. 1.061. 1.133. 1.131. 1.126. 1.071. 1.113. 0.555.;

~~ ~

.b.5942b.Vf5'i.069|6.969''i.053$'i.035'i.061 i.055|i.035'b.957|6.517|*
~ ~ '

14 '. 0.553. 0.944. 1.017. 1.006. 1.075. 1.034. 1.076. 1.000. 1.020. 0.947.:0.555..

.. ... ... .... ... . ... ... ... ... . .~.. . .:. ..
' . . . . .

. 0.621. 0.697.'O.859. 0.784. 0.877. 0;717.' O.635.-
- - 1 PEAS . .

15 . 0.624.' O.711. 0.842. 0.765. 0.842.'O.712. 0.626.
:. EXP .

. . ;._. .. . .;. . . . ... ... ... . ..

. . . . .
=

.

$

__ _ __
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FIGURE 4.5-7 .

i

Relative Assembly Powers, 30%, Ejected RCCA'

1
i

! M ASURED Am EXPECTED FDHN INC-1-F1-80-7A 30%P0uER De 176/177 11/3/80 SU-8.2 EJECTED ROD CASE
.

j R P N N L K J H G F E D C 8 A

.'b.631$b.7b7.'b.838$*.7572b.852..b.7f7I'.655.
*

=

1 . 0.598. 0.681. 0.B06. 0.734. 0.810. 0.686. 0.604.

f .b.597 5.050$i.030$.i.0b5 i.055$i.066|i.072$i.057.i.0h7.b.951$b.5fl.
'

; 2 . 0.533. 0.909. 0.978. 0.966. 1.033. 0.996. 1.037. 0.974. 0.989. 0.922. 0.542.
.. ... ... ... ... ... ... ... ... ... ... . . - . ... ..
. 0.568. 1.143. 1.100. 1.142. 1.146. 1.107. 1.026. 1.098. 1.094. 1.089. 1.035.:1.151. 0.610.*

3 . 0.533. 1.073. 1.035. 1.085. 1.088. 1.094. 1.030, 1.099. 1.098. 1.098. 1.050. 1.093.'O.545.
.. ... ... ... ....... ... ... ... ... ... . . . . ... ..
. 0.948. 1.070. 1.095. 1.128. 1.131. 1.072. 1.029. 1.081. 1.112. 1.120. 1.099. 1.097..'0.997..

,

; 4 . 0.909. 1.035. 1.095. 1.117. 1.119. 1.096. 1.062. 1.103. 1.131. 1.134. 1.109. 1.057. 0.933..

. b.654$ i.031) i.150$ i.131." i.1585 i.051.' i.055| b.993| i.051. i.053$ i.153b i.140! i.157' i.020|'6.656
*

.

5 . 0.598. 0.978. 1.085. 1.119. 1.111. 1.043. 1.063. 1.013. 1.071. 1.057. 1.130. 1.143. 1.114. 1.000. 0.619. '

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 0.758. 1.032. 1.099. 1.129, 1.047. 1.041. 0.971. 0.991. 0.961. 1.027. 1.032.'1.146. 1.129. 1.008. 0.716.
5 6 . 0.681. 0.966. 1.008. 1.119. 1.043. 1.043. 0.985.~1.016. 0.994. 1.061. 1.067. 1.150. 1.124. 1.003. 0.709.

' o .. ... ... ... ... ... ... ... ... ... ... ... ... ... . . . . . .
j . 0.903. ' 1. 098. 1. 096. 1. 085. 1. 048. 0. 952. 0.965. 0. B62. 0. 969. 0. 959. 1. 049. 1.110. 1.130. 1. 078. 0. 857.8

.

- 7 . 0.806. 1.033. 1.094. 1.096. 1.063. 0.985. 0.995. 0.899. 1.007. 1.006. 1.091. 1.130. 1.137. 1.000. 0.846.
! .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
i . 0.782, 1.032. 1.020. 1.033. 0.988. 0.968. 0.851. 0.906. 0.872. 1.003.,1.011. 1.074. 1.067. 1.04?. 0.786. ,

8 . 0.734. 0.996. 1.030. 1.062. 1.013. 1.016. 0.899. 0.955. 0.913.-1.044. 1.046. 1.091. 1.078, 1.052.'0.778.'

j .. ... ... ... ... ... ... ... ... ... ... ... . ... ... . . .. ..
. 0. B58. 1.072. 1. 089. 1.072. 1.035. 0.946. 0.941. 0.861. 0.984. 0. 993. 1.094. 1.139.~ 1.155. 1.108. 0.876.1

; 9 . 0.810. 1.037. 1.099. 1.103. 1.071. 0.994. 1.007. 0.913. 1.027. 1.031. 1.123. 1.164. 1.171. 1.111. 0.869.
.. ... ... ... ... ... ... ... ... ... . .... . . . ...-... ... . - . . -

] .-0.691. 0.980, 1.090. 1.104. 1.032. 1.026. 0.950. 0.991. 0.979. 1.080.-1.104. 1.194. 1.166. 1.066. 0.750.-
10. 0.686. 0.974. 1.098. 1.131. 1.057. 1.061. 1.006. 1.044. 1.031.'1.112. 1.129. 1.223. 1.193. 1.060. 0.746.'

j 0.616. 1.008. 1.117. 1.106. 1.109. 1.039. 1.048. 0.990. 1.060. 1.086. 1.204. 1.230.'1.191. 1.100. 0.670.
.. ... ... ... ... ... ... ... ... .. . . ... . . . . . . ... ... . . .

:

! 11. 0.604. 0.989. 1.098.-1.134. 1.130. 1.067. 1.091. 1.046. 1.123, 1.129. 1.229. 1.259. 1.220. 1.093.' O.666. -

t .. ... ... ... ... ... ... . ... . . .. ... ... ... . . . . . . . . . . .
1 . 0.944. 1.079. 1.110. 1.134. 1.142. 1.082. 1.033. 1.096. 1.173. 1.232. 1.247. 1.225. 1.082.

12 . 0.922.-1.050. 1.109. 1.143. 1.150. 1.130. 1.091. 1.164. 1.223.'1.259. 1.278. 1.187. 1.032.<

i .. . . . . . . ... ... ... ... . . . . . .- ... ... ... . . . . .. 0.574. 1.155. 1.099. 1.114. 1.109. 1.094. 1.020, 1.122, 1.154. 1.203. 1.166. 1.255. 0.665..

13 . 0.542. 1.093. 1.057. 1.114. 1.124.'1.137. 1.078. 1.171. 1.193. 1.220. 1.187. 1.231. 0.610.
' .. ... ... ... ... ... ... ... ... ... . ... ... ... . . .

. 0.579. 0.966. 1.017. 0.994. 1.068. 1.041. 1.112. 1.051.'1.081.'1.019. 0.632..

14 . 0.545. 0.933. 1.008. 1.003. 1.080. 1.052. 1.111. 1.060. 1.093. 1.032. 0.610.
.. ... ... ... ... ... . . . . . .. ... . . . . . . . . - . .

.. ..

. 0.626. 0.698. 0.862. 0.796. 0.900. 0.739. 0.658.!
3 .EM.
j 15 . 0.619. 0.709. 0.B46. 0.778. 0.869. 0.746. 0.666.

.

.. EXP .'

. .' .- . . . ' ... ..' ... ..... ...
: .. ..
1

i
?

., , .
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FIGURE 4.5-8
9
~

Relative Assembly ~ Powers, 50% D@ 206

.

'

MEASURED AIO EXPECTED FDHH IHC-1-F1-80-SA '50% D t 206 11/18/80 'SI-126

-R P H M L X J H 'G F E. D C B A
,

., . ... ... ... ... ... ... ....

. 0.624. 0.710. 0.834. 0.758. 0.867. 0.768. 0.677.
1 . 0.607. 0.689. 0.812. 0.739. 0.812. 0.689. 0.607.

{ $ b.6b4'. i.031$ i.024$ i.058. i.050'. i.0$9)'i.0f2$ i.Okl$ i.031". b.9hi$ b.5f5$
*

2 . 0.544. 0.929. 0.997. 0.987. 1.050. 1.015. 1.050. 0.987. 0.997. 0.929. 0.544.-

,

' .. ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.572. 1.152. 1.130. 1.151. 1.147. 1.120. 1.042. 1.111. 1.110. 1.113.-1.059. 1.158.'O.611..

3 . 0.544. 1.095. 1.068. 1.121. 3.117.-1.131. 1.065. 1.131. 1.117. 1.121. 1.068. 1.095. 0.544.-
;

.. ... ... ... ... ... ... ... ... ... ... ... . . . . . . .

a . 0.951. 1.091. 1.165. 1.154. 1.148.-l.096. 1.098. 1.112. 1.141. 1.150. 1.158, 1.111.'0.992.
,

4 . 0.929. 1.068. 1.166. 1.163. 1.157. 1.141. 1.135. l.141. 1.157. 1.163. 1.166. 1.068. 0.929.,

.. ... ... ... . . .. ... ... . - . . ... ... ... . . . . . . . ... ... ..

5 . 0.607. 0.997. 1.121. 1.163. 1.152. 1.079.'1.074. 1.025. 1.073. 1.060. 1.131. 1.157. 1.130. 1.004.- 0.611.1.105. 1.057. 1.105. 1.079. 1.152. 1.163. 1.121. 0.997.-0.607.
. 0.659. 1.040. 1.139. 1.163. 1.141. 1.068.

.

.. ... ... . . - . ... ... ... ... ... . . . . . . ... ... ... ... ..

. 0.776. 1.051. 1.112. 1.150. 1.067. 1.066. 0.995.-1.028. 0.988. 1.053. 1.043. 1.153. 1.122. 0.993.<0.693.
. I, 6 . 0.689. 0.987, 1.117. 1.157. 1.079. 1.084. 1.023. 1.058. 1.023. 1.084. 1.079. 1.157. 1.117. 0.987. 0.689.

c) .. ... ... ... ... ... ... ... ... ... ... ... ..-... . . - ..

4 8 . 0.906. 1.107. 1.121. 1.122. 1.000. 0.984. 1.002. 0.904. 0.995. 0.974. 1.058.~1.121. 1.125.-1.053. 0.824.
7 . 0.812. 1.050. 1.131, 1.141. 1.105. 1.C23. 1.040. 0.945. 1.040. 1.023.'I.105. 1.141. 1.131. 1.050, 0.812.

.6.7f8".i.042.''i.052|'i.lb9$~i.025"i.068"6.898~b.953 6.963*i.054'i.014|,i.130'i.056"i.'027."6.713.
*

#

8 . 0.739. 1.01T 1.C65. 1.135, 1.057. 1.058. 0.945. 1.031. 0.945. 1.058. 1.057. 1.135. 1.065. 1.015. 0.739.'
, .

.

,
.. ... ... ... ... ... ....... ... ... ... ... .. . .. ... . . . . .

! . 0.851. 1.075. 1.117. 1.107, 1.063. 0.974. 0.981. 0.897. 0.997. 0.983, 1.072. 1.113. 1.118. 1.066. 0.840.
9 . 0.812. 1.050. 1.131. 1.141.'1.105. 1.023. 1.040. 0.945. 1.040. 1.023. 1.105. 1.141. 1.131. 1.050. 0.812. F'

i
'

.. ... ... ... ... . . . .. . . ... . . . . . . ... ... ... ... . . . . . .

. 0.693. 0.992. 1.105. 1.126. 1.050. 1.047. 0.973. 1.009. 0.977. 1.050.-1.056. 1.133. 1.106. 1.027. 0.716.:<

; 10. 0.689. 0.987. 1.117. 1.157. 1.079. 1.084. 1.023. 1.058. 1.023. 1.084. 1.079. 1.157. 1.117. 0.987.-0.689.
.

2 .. ... . . . . . . ... ... ... ... . . . . . . ... ... ... . . . . . ~ . . . . .
. . 0.620. 1.018.'1.145. 1.132. 1.125. 1.048. 1.063. 1.012. 1.063. 1.053. 1.135. 1.146. 1.109. 1.035.'O.630.
j- 11. 0.607. 0.997. 1.121. 1.163. 1.152. 1.079. 1.105. 1.057. 1.105. 1.079. 1.152. 1.163. 1.121. 0.997. 0.607.

.

1 .. ... . . . . . . ... ... ... ... ... ... ... ... ... ... .... ..
f .

0.954. 1.104. 1.167. 1.145. 1.139. 1.095. 1.085. 1.092. 1.128. 1.143. 1.147. 1.122. 1.002.
12 . 0.929. 1.068. 1.166. 1.163. 1.157. 1.141. 1.135. 1.141. 1.157. 1.163. 1.166.' 1.068. 0.929. .

]
.. ... ... ... . , . . . . ... ... ... ... . . .- ... ... ..

' . 0.581.-1.167. 1.132. 1.107. 1.099. 1.094. 1.025. 1.099. 1.103. 1.130. 1.000. 1.147. 0.608.
I 13 . 0.544. 1.095. 1.068. l.121. 1.117. 1.131. 1.065.'1.131. 1.117.'1.121.~1.068.'1.095. 0.544.

**

~~6.553Ib.954-i.063"6.954$i.050".i.017.i.050$6.990$i.055"6.950'6.554"*
~~ ~'

.

14 . 0.544. 0.929. 0.997. 0.987. 1.050.'1.015. 1.050. 0.987.'0.997. 0.929.'O.544..,

.. ... ... ... ... ... ... ... ... ... ... ..
~ .. ..

. 0.620. 0.'689. J.837. 0.765. O.848. 0.690. 0.618.
. NEAS:.

15 . 0.607. 0.689. 0.812. 0.739. 0.812. 0.689. 0.607.
.. EXP. .

.

;
.

. . . . . . ... . . . . . .- .... ...
. .

.
. . . .

.

.

j .

4
^

c --. , - .
~
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FIGURE 4.5-9

Relative Assembly Powers, 50%, D@ 211
.

MEASURED NO EXPECTED FDHH IHC-1-F1-80-9C 50% POLER 11/20/80 D e 211 SU-8.3 BASE CASE

R P H n L K J H G F E D C 8 A,

$b.6b8$b.696$6.832~6.753.b.858$b.658 6.598$
~

1 . 0.586. 0.674. 0.803. r '28. 0.803. 0.674. 0.586.
. 6.550' b.951". 6.999". i.059. i.059.1,053. i.043. i.067. 6.9}1. 6.920~b.539$* ~ ~ ~ ~

2 . 0.519. 0.899. 0.962. 1.005. 1.039. 1.039. 1.039. 1.005. 0.962. 0.899. 0.519.
.. ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.542. 1.120. 1.071. 1.171. 1.146. 1.166. 1.050. 1.150. 1.085. 1.131. 1.050. 1.115. 0.546.

3 . 0.519. 1.074. 1.026. 1.127. 1.104. 1.154. 1.050. 1.154. 1.104. 1.127. 1.026. 1.074. 0.519.

$ 6.931$ i.052". i.195$ i.160$ i.263$ i.157. i.1k9$ i.158$ i.li3$ i.1k5$ i.158$ i.051 6.955$
~

4 . 0.899. 1.026. 1.168. 1.143. 1.185. 1.136. 1.166. 1.136. 1.185. 1.143. 1.168. 1.026. 0.899.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. *

. 0.606. 0.984. 1.150. 1.157. 1.180. 1.069. 1.122. 1.034. 1.125. 1.063. 1.177. 1.158. 1.163.'O.992. 0.606.
,

5 . 0.586. 0.962. 1.127. 1.143. 1.180. 1.070. 1.145. 1.053. 1.145. 1.070. 1.180. 1.143. 1.127. 0.962. 0.586.'

... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.694. 1.015. 1.082. 1.174. 1.058. 1.104. 0.992. 1.070. 0.987. 1.091. 1.034. 1.203. 1.134. 1.033. 0.697.
.. ...

6 . 0.674. 1.005. 1.104. 1.185. 1.070. 1.122. 1.028. 1.107. 1.028. 1.122. 1.070. 1.185. 1.104. 1.005. 0.674.8,
*

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.826. 1.050. 1.136. 1.111. 1.111. 0.984. 1.051. 0.926. 1.051. 0.980. 1.108. 1.140. 1.177. 1.067. 0.840.~
t

7 . 0.803. 1.03?. 1.154. 1.136. 1.145. 1.028. 1.099. 0.977. 1.099. 1.028. 1.145. 1.136. 1.154. 1.039. 0.803.j

$ 6.738' i.0k6$ i.036$ i.137. i.056$ i.050$' b.959$ i.053. b.958$ i.051. i.054$ i.164$ i.056$ i.058$ 6.751'
' ~

8 . 0.728. 1.039. 1.050. 1.166. 1.053. 1.107. 0.977. 1.098. 0.977. 1.107. 1.053. 1.166. 1.050. 1.039. 0.728.1
i

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.812. 1.045. 1.149. 1.100. 1.093. 0.968. 1.022. 0.911. 1.051. 0.992. 1.132. 1.129. 1.169. 1.070. 0.839.9 . 0.803. 1.039. 1.154. 1.136. 1.145, 1.028. 1.099. 0.977. 1.099. 1.028. 1.145. 1.136. 1.154. 1.039. 0.803.

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.683. 1.018. 1.100. 1.152. 1.039. 1.075. 0.965. 1.041. 0.971. 1.092. 1.064. 1.179. 1.108. 1.047. 0.702.
10. 0.674. 1.005. 1.104. 1.185. 1.070. 1.122. 1.028. 1.107. 1.028. 1.122. 1.070. 1.185. 1.104. 1.005. 0.674.| .. ... ... ... ... ... ... ... ... ... ... ... ... ....... ... 0.604. 0.992. 1.163. 1.113. 1.160. 1.039. 1.100. 0.997, 1.092. 1.047. 1.177. 1.141. 1.124, 1.000. 0.614.
11. 0.586. 0.962. 1.127. 1.143. 1.180. 1.070. 1.145. 1.053. *.145. 1.070. 1.180. 1.143. 1.127. 0.962. 0.586.

! ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.933. 1.072. 1.196. 1.155. 1.197. 1.102. 1.112.-l.084. 1.158. 1.137. 1.162. 1.047. 0.943.

..

12 . 0.899. 1.026. 1.168. 1.143. 1.185. 1.136. 1.166. 1.136. 1.185. 1.143. 1.168. 1.026. 0.899.
.b.5k5$i.157.i.059.i.147$i.1b8$i.128$i.050$i.128$i.0h4.i.152$i.Ok7.i.1b8$b.5k6$

~ ~
~ ~

13 . 0.519. 1.074. 1.026. 1.127. 1.104. 1.154. 1.050. 1.154. 1.104. 1.127. 1.026. 1.074. 0.519.
~ ~ ~

' 5.5k5. 6.932$ 5.9s5. i.013$ i.013$ i.013$ i.030$ i.050$ 5.998$ 5.943$ '6.5k6'.
*~~

14 . 0.519. 0.899. 0.962. 1.005. 1.039. 1.039. 1.039. 1.005. 0.962. 0.899. 0.519.
.

-' .. ... ... ... ... ... ... ... . . . . . . . . . . ..
,. ..

#

. 0.596. 0.673. 0.791. 0.718. 0.810. 0.690. 0.608. . MEAS .
.

15 . 0.586. 0.674. 0.803. 0.728. 0.803. 0.674. 0.586. . EXP .

I, .. ... ... ... ... ... ... ..
.. ..

.
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FIGURE,4.5-10

Relative Assembly Powers. 50%' Dropped RCCA

TIEASURED ADO EXPECTED FDHH INC-1-F1-80-108 SU-8.3 50% POWER DROPPED ROD CASE 11/20/80 'De211

R P H fl L K J H G F E D C 8 'A :

.. ... ... ... ... ... ... . .

. 0.714. O.816. 0.955. O.866. 0.979. O.860. 0.754.
1 . 0.688. 0.779. 0.915. 0.829. 0.907. 0.765. 0.671.-

.. ... .. . ... . . . . ... ... ... ... . . . ... ..

. 0.719. 1.224. 1.170. 1.166. 1.219.,1.171. 1.220. 1.170. 1.150. 1.022. 0.625.-
2 . 0.618. 1.051. 1.127, 1.114. 1.180. 1.137.'1.168. 1.092. 1.095.'1.013. 0.591.1 -

.. ... ... . . . ... . ... ... ... ... .-. . .. . . . . . . . .. ..

. 0.669. 1.344. 1.324. 1.313. 1.304.-l.290. 1.201. 1.268.~1.251. 1.240. 1.167. 1.247. 0.646..
3 . 0.618. 1.239. 1.207. 1.265. 1.257. 1.267. 1.188. 1.252. 1.227. 1.223. 1.157. 1.178. 0.583.

.. ... ... ... ... ... ... ... ... . . . . . . ... ... ...-1.098. 1.259. 1.368. 1.376. 1.364. 1.274.;1.259. 1.261. 1.269. 1.268.-1.254. 1.181. 1.038.. J4 . 1.051. 1.207. 1.315. 1.309. 1.297. 1.273. 1.258. 1.254. 1.260. 1.256. 1.249.'1.137. 0.982. !
...... ... ... ... ... ... ... ... ... . . . . . .. ... ... ... .. .

. 0.758. 1.198. 1.311.-1.354. 1.335. 1.241. 1.224. 1.157. 1.198. 1.162. 1.228. 1.227.'1.175.c1.038. 0;627.
.5 . 0.688. 1.127. 1.265. 1.309.-l.293. 1.205. 1.225. 1.161. l.201. 1.160. 1.226. 1.225. 1.173. 1.036. 0.627.

<

.'

.. ... ... ... . .. ... ... . . . . . . ... ... . . . ... . ... ... ... O.890. 1.206.~1.278. 1.333. 1.234. 1.236.:1.123.~1.142, 1.073. 1.123. 1.095. 1.184. 1.134. 0.997. 0.695. '
.!

L ,6 . 0.779. 1.114. 1.257.'1.297. 1.205. 1.202.x
-m

.
1.123. 1.148. 1.093. 1.142. l.121. 1.188. 1.138. 1.000. 0.694.-

[.. ... ... ... . .. ... . . .. . . . ... .. .. ... . . . - ... ... . . . . . .I .: 1.036. 1.270. 1.289. 1.287.' 1.230. 1.105. 1.107. 0.977. 1.050. 0.998. 1.059. 1.089. 1.085. 1.009. 0.790.-
7 . 0.915. 1.180. 1.267.-1.273.'1.225.s1.123. 1.127. l.007. 1.086. 1.045. 1.110. 1.130. 1.110. 1.024. 0.790.

- t

*b.891"i.1h55.i.2b6)5.258 1.152 5.154$b.956|i.054$b.955$b.991$b.951"...i.050$b.951 b.959 b.6i4I.' .

8 .-0.829. 1.137. 1.188. 1.258. 1.161. 1.148. 1.007. 1.072. 0.956.-1.039. 1.010. 1.065. 0.989. 0.939.~0.683..

.b.959|1.255$i.2i35i.248 5.1h2.-i.057.i.031 6.951Ib.9I1Ib.9b7.b.9kl.6.9k2 b.937'b.851$b.692
* *

9 . 0.907. 1.168. 1.252. 1.254.;1.201. 1.093. 1.086. 0.956. 1.011. 0.950. 0.985. 0.988. 0.969. 0.903. 0.702.. !

"6.718~i.1il!i.2k7".i.2371i.139 i.169.6.951|'6.981|: 6.896|b.8i8|6.833|'6.830 6.853|6.750 6.533 I
*

. -

10.'O.765. 1.092. 1.227. 1.260. 1.160. 1.142. 1.045. 1.039. 0.950. 0.941. 0.869. 0.884."0.851. 0.769. 0.546.
.. ... ... ... .. . ... ... ... ... . .... . . . . . . . . . . . . , . . . . . . .^

.-0.683. 1.114. 1.245. 1.233. 1.206. 1.094. 1.058. 0.939.10.906..0.787. 0.729.-0.634. 0.053.-0.663. 0.427.; !
.

11. 0.671. 1.095. 1.223. 1.256. 1.226. 1.121.'1.110.:1.010. 0.985. 0.869.'0.798.'0.694. 0.708. 0.680. 0.439. -

' " *

**i.056".i.158'i.2k7.i.2b7".i.151|i.058|6.9fl.b.9b1 6.8b2 b.'656$.b.3k4|'b.5681 b.5k8b " ~~~ ~

~ ~

.

12
. 1.013. 1.157. 1.249.-1.225. 1.188.-1.130.'.1.065. 0.988. 0.884. 0.694. 0.388. 0.543.-0.556. sj.. ... . . . . . . . . . . ... .. ... ... ... .. . .. . . . . ... ..
. O.626. 1.248. 1.174. 1.153. 1.102. 1.042. 0.905.:0.894. 0.798. O.649. 0.486. 0.528. O.300.4

. 13 . 0.591. 1.178. 1.137. 1.173. 1.138. 1.110. 0.989. 0.969 ;0.851. 0.708. 0.543. 0.568.~ 0.300.
.. ... . . . . . . . . . . . . . . ... "... . . .- . . . . . . . . . . . . ... ..

.~. 0.621. 1.006. 1.019.'O.968.~0.978. O.898. O.869.,0.737. 0.636.'O.507. 0.287.;
.14 . 0.583. 0.982. 1.036. 1.000. 1.024.'O.939.L0.903. 0.769. 0.680. 0.556. 0.300..

. . . . .- ... ... . . . . ... . . . . ... ... . . . ... . . .
.. . ..

. 0.619. 0.669.~ 0.780. 0.677. 0.700.'.0.524. 0.410.. '

:. FEAS ..
15

. 0.627. 0.694. 0.790. 0.683. 0.702.' O.546. 0.439.
' ~

. ...:.:.. .. . .- .;..o..
.

. . - . . . . . . .

. . ' . .
. ?

' "

e ,

a
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FIGURE 4.5-11*
.

Relative Assembly Powers, 75%, D@ 193

NEASURED AND EXPECTED FDFN IHC-1-F1-80-11A 75% POWER 11/30/80 D e 193 SI-126
i R P N N L K J H G F E D C B A

b.656 6.6h6$b.835.b.754$b.833 b.6b5$b.5h5$
"

1 . 0.591. 0.680. 0.812. 0.736. 0.812. 0.680. 0.591.
.. ... ... ... ... ... ... ... ... ... ... ..
. 0.532. 0.922. 1.008. 1.038. 1.062. 1.054. 1.045. 1.003. 0.960. 0.8?8. 0.530.<

; 2 . 0.519. 0.900. 0.967. 1.013. 1.047. 1.047. 1.047. 1.013. 0.967. 0.900. 0.519.
... ... ... ... ... ... . . . . ... ... ... ... ... ....

. 0.532. 1.095. 1.034. 1.176. 1.155. 1.174. 1.052. 1.153. 1.078. 1.111. 1.016. 1.093. 0.543.
3 . 0.519. 1.070. 1.019. 1.128. 1.108. 1.156. 1.047. 1.156. 1.108. 1.128. 1.019. 1.070. 0.519.

,. ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.923. 1.042. 1.147. 1.150. 1.200. 1.116. 1.127. 1.114. 1.172. 1.126. 1.150. 1.046. 0.936.

4 . 0.900. 1.019. 1.139. 1.137. 1.186. 1.131. 1.139. 1.131. 1.186. 1.137. 1.139. 1.019. 0.900.
.. ... ... ... ... ... ... ... ... ... ... ... . . .. ... ... ... 0.603. 0.979. 1.145. 1.144. 1.188. 1.081. 1.14/. 1.046, 1.142. 1.067. 1.177. 1.156. 1.157. 0.992. 0.600.

5 . 0.591. 0.967. 1.128. 1.137. 1.178. 1.072. 1.143. 1.047, 1.143. 1.072. 1.178. 1.137. 1.128. 0.967. 0.591.

$ b.662$ i.0i4$ i.099$ i.154$ i.052$ i.134$ i.058$ i.1bO$ i.0b4$ i.0hB$ i.059$ i.266 i.152$i.034$b.691.
i 6 . 0.680. 1.013. 1.108. 1.186. 1.072. 1.125. 1.029. 1.107. 1.029. 1.125. 1.072. 1.186. 1.108. 1.013. 0.680.

Dj .. ... ... ... ... ... ... ... ... ... ... ... ... . , . . ... ..
. 0.821. 1.050. 1.145. 1.113. 1.126. 1.005. 1.000. 0.944, 1.069. 0.991. 1.123. 1.139. 1.176. 1.066. 0.839,s

7 . 0.812. 1.047. 1.156. 1.131. 1.143. 1.029. 1.097. 0.971. 1.097. 1.029. 1.143. 1.131, 1.156. 1.047. 0.812.
" ... ... ... ... ... ... ... ... ... ... ... ... ... .... ...

. 0.737 1.043. 1.030. 1.11". 1.020. 1.064. 0.926. 1.032. 0.941. 1.077. 1.030. 1.140. 1.065. 1.068. 0.763.
8 . 0.756. 1.047. 1.047. 1.139. 1.047. 1.107. 0.971. 1.071. 0.971. 1.107. 1.047. 1.139. 1.047. 1.047. 0.736.

.b.852.i.Ok2$i.157.i.1b2'i.167.b.954.5.Ok2$b.931.i.0i9.i.052 i.1k5$i.152.i.1f7.5.069.b.8kl$
~ * ~ ' '

.

9 . 0.812. 1.047. 1.156. 1.131. 1.143. 1.029. 1.097. 0.971. 1.097. 1.029. 1.143. 1.131. 1.156. 1.047. 0.812.
' .. ... ... ... ... ... ... ... ... ... ... ... ... . . . . ... ... 0.683. 1.016. 1.085. 1.168. 1.054. 1.092. 0.980. 1.064. 0.998. 1.109. 1.069. 1.185, 1.124. 1.046. 0.702.

10. 0.680. 1.013. 1.108. 1.186. 1.072. 1.125. 1.029. 1.107. 1.029. 1.125. 1.072. 1.186. 1.108. 1.013. 0.680.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ...:..
. 0.603. 0.995. 1.161. 1.120. 1.168. 1.050. 1.109. 1.001. 1.099. 1.048. 1.186. 1.146. 1.143. 1.008. 0.615.

11. 0.591. 0.967. 1.128. 1.137. 1.178. 1.072. 1.143. 1.047. 1.143. 1.072. 1.178. 1.137. 1.128. 0.967. 0.591.
i ... ... ... ... ... ... ... ... ... . . . . . . . . . ... ... .......

. 0.917. 1.028. 1.153. 1.149. 1.198. 1.097. 1.085. 1.080. 1.158. 1.141. 1.145. 1.052. 0.943.
12 . 0.900. 1.019. 1.139. 1.137. 1.1 B6. 1.131. 1.139. 1.131. 1. * 86. 1.137. 1.139, 1.019. 0.900.

* *

b.557. i.055$ i.037$ i.1k5$ i.104$ i.159 6.997$i.1E5 I.097.i.149)i.039$i.163.6.5k6.
13 . 0.519. 1.070. 1.019. 1.128. 1.108. 1.156. 1.047. 1.156. 1.108. 1.128. 1.019. 1.070. 0.519.

~ * ~ ~ '

~*b.557.'b.919.6.993$i.056$i.053.i.0i4$i.036"5.033!6.9b9.b.953Ib.539.
~~

.

14 . 0.519. 0.900. 0.967. 1.013. 1.047. 1.047. 1.047. 1.013. 0.967. 0.900. 0.519.,

.. ... ... ... ... ... ... ... ... ... ... ..
.. ..

. 0.607. 0.676. 0.797. 0.724. 0.821. 0.694. 0.604.
. MEAS .

15 . 0.591. 0.680. 0.812. 0.734. 0.812. 0.680. 0.591..

. EXP .

.. ... ... ... ... ... ... ..
.. ..

.
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FIGURE 4.5-12

- Relative Assembly Powers, 75%, D@ 191-
_

MEASURED A10 6PECTED FDel INC-1-F1-80-12D SU-8.6B..R1R2 CALCULATION 75% POWER 12-19-80

R P N M 'L K J H G F' E D C B A
'

* * ~

"b.6bo*6.666'b.819'6.7h3~ b.851 'h.657. 6.577. .

1 . 0.582. 0.673. 0.801. 0.728. 0.801. 0.673. 0.582.
.. ... ... ... ... ... ... ... ... . . . . . . . . .
. 0.532. 0.923. 0.989. 1.026. 1.054. 1.046. 1.037. 0.991. 0.948. 0.883. 0.518.

2 . 0.512. 0.886. 0.959. 1.006. 1.043. 1.041. 1.043.-1.006. 0.959. 0.886. 0.512.
.. ... ... ... ... . . .. ... ... ... ... ... . ... . . . .. - L
. 0.523. 1.077. 1.033. 1.157. 1.144.'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.-l.053. 0.512.
.. ... ... ... . . . . ... ... ... ... ... ... . . . . . . ..
. 0.899. 1.025.'1.142. 1.165. 1.214.' 1.135. 1.137. 1.130. 1.182. 1.135.-1.142. 1.031. 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.'1.160. 1.066. 1.157. 1.087. 1.193. 1.161. 1.149. 0.982. 0.595.

5 .'O.582. 0.959. 1.121. 1.140. 1.182. 1.084. 1.153. 1.062.'1.153. 1.084. 1.182.11.140. 1.121. 0.959. 0.582.
.. ... ... ... ... ... ... ... . . . . ... ... ... . . . . . . ... ..
. 0.678. 1.014. 1.088. 1.190. 1.087. 1.139. 1.038.'1.110. 1.021. 1.115. 1.057. 1.214. 1.138. 1.031. 0.688.

6 . 0.673. 1.006. 1.109. 1.189. 1.084. 1.137. 1.046. 1.121. 1.046. 1.137.'1.084. 1.189. 1.109. 1.006. 0.673.4 '

c .. ... ... ... ... ... ... ... ... ... ... ... . .. . . . ... ..
8 . 0.808. 1.049. 1.144. 1.124. 1.139. 1.027. 1.095. 0.969, 1.087. 1.013. 1.140. 1.162. 1.183.'1.068. 0.826.

.

7 . 0.801. 1.043. 1.155. 1.139. 1.153. 1.046. 1.113. 0.991. 1.113. 1.046. 1.153, 1.139. 1.155. 1.043. 0.801.
.. ... ... ... ... ..:. ... ... ... ... ... . . . . . . . . . ... ..

, . 0.725. 1.038. 1.040. 1.125. ' 1. 041. ~ 1.092. 0.961. 1.053. 0.964. 1.098. 1.053. ' 1.157. 1.077. 1.066. 0.750.
B . 0.728. 1.041. 1.052. 1.141. 1.062. 1.121. 0.991. 1.086. 0.991. 1.121, 1.062. 1.141. 1.052. 1.041. 0.728.

.. ... ... ... . . . . . . ... ... ... ... ... ... . . . . . . . ... ..

. 0.797. 1.039. 1.145. 1.116. 1.118. 1.005. 1.059. 0.950. 1.099. 1.038.L1.165.~1.152. 1.1B0. 1.066. 0.825.
. .

9 . 0.801. 1.043. 1.155. 1.139. 1.153. 1.046. 1.113. 0.991.'1.113. 1.046. 1.153. 1.139. 1.155. 1.043."O.801.
~

.. ... ... ... ... ... ... ... ... ... ... ... . .-. . . . ... ..

. 0.670. 1.001. 1.090. 1.164.-l.061. 1.099. 0.994. 1.075. 1.013. 1.129.'1.092. 1.198. 1.128. 1.034. 0.692.
10. 0.673. 1.006. 1.109. 1.189. 1.084. 1.137. 1.046. 1.121. 1.046. 1.137. 1.084. 1.189. 1.109. 1.006. 0.673..
.. ... ... ... .. . . ... ... . . . . - . . . ... ... ... . . . . . .- ... ..
. 0.587. 0.967. 1.131. 1.118. 1.172. l.062. 1.120. 1.013.11.107. 1.067.-1.201. 1.159.11.145. 0.992. 0.602.

11. 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. 0.582.
. . . . ... ... ... ... ... ... ... ... . . . . . . . . . . . . . . ... ..

. 0.893.-1.019. 1.128.'1.149.'1.199. 1.111. 1.091. 1.090. 1.168. 1.158. 1.150. 1.042. 0.'916.~
..

12 . 0.886. 1.013. 1.131. 1.140. 1.189.-l.139. 1.141. 1.139. 1.189. 1.140. 1.131. 1.013. 0.886.

6.559".i.058"i.0I6".i.134 i.104|i.125 i.006.i.154$i.095 i.1k3*5.037'i.081 b.538
~ *

.

13 . 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.
* ~~*

~|6.5195b.896$6.956|'6.997$i.0b7 i.066'i.056'i.017$6.975 6.966 b.525|*
~~

14 . 0.512. 0.886. 0.959. 1.006. 1.043. 1.041. 1.043. 1.006. 0.959. 0.886. 0.512.
. . . . . . . . . .. . . ... ... ... ... ... . . . . . . . .- .

. .. ..

.:0.586. 0.662. 0.780. 0.710. 0.800. 0.680. 0.592.
.' MEAS .

15 ' . 0.582. 0.673. 0.801. 0.728. 0.801. 0.673. 0.582.' .'EXPf.. .
.. ... . . .- ... ... ... ... ... .

.. ..

t

gc

, =- - - . -- . - - - , - - - - w. --a - . -.
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! FIGURE 4.5-13
,

Relative Assembly Powers. 75%, D@ 169'
|

! MEASURED AM) EXPECTED FDHH IHC-1-F1-90-130 SU-8.68 R1R2 CALCtLATION 75% POWER .12-20-80
t

R P H H .L K J H G F E -D C B. A i

|
~ 6.665* 6.690. 6.828 6.752* 6.810". 0.653' 6.554'

*

+

j 1 . 0.586. 0.678. 0.000. 0.734. 0.908. 0.678. 0.586.

| *b.534~6.926$'b.995~i.032|1.053$i.054'.i.037.6.980|6.940~b.880$b.5201
~

2 . 0.511. 0.888. 0.963. 1.012. 1.050. 1.047. 1.050. 1.012. 0.963. 0.888. 0.511.
.. ... ... ... ... ... ... ... ... ... ... ... ... ..-

. 0.513. 1.054. 1.014. 1.159. 1.150. 1.183. 1.067. 1.165. 1.085. 1.102. 0.999. 1.067. 0.533. +

i 3 . 0.511. 1.050. 1.003. 1.121. 1.113. 1.157. 1.049. 1.157. 1.113. 1.121. 1.008. 1.050. 0.511.
i .. ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.874. 0.991. 1.103. 1.158. 1.213. 1.144. 1.121. 1.129. 1.178. 1.125. 1.115. 1.027. 0.918.;

! 4 . 0.888. 1.008. 1.108. 1.136. 1.190. 1.135. 1.118. 1.135. 1.190. 1.136. 1.108. 1.008. 0.888. '
! . .~... ... ... ... ... ... ... ... ... . . . . . . ... ... ... ..
1 . 0.588. 0.955. 1.103, 1.130. 1.195. 1.098. 1.163. 1.062. 1.157. 1.083. 1.188. 1.153. 1.150. 0.987. 0.600.

5 . 0.586. 0.963. 1.121. 1.136. 1.181. 1.086. 1.152. 1.057 1.152. 1.086. 1.181, 1.136. 1.121. 0.963. 0.586.-
-

i .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.683. 1.020. 1.120. 1.205. 1.096. 1.139. 1.032. 1.100. 1.008. 1.105.'1.045. 1.222. 1.150. 1.045. 0.694.*

; L 6 . 0.678. 1.012. 1.113. 1.190. 1.086. 1.140. 1.047. 1.122. 1.047. 1.140. 1.086. 1.190. 1.113. 1.012. 0.678.
: u .. ... ... ... ... ... . . . . . . ... ... ... ... ... ... ... ..
i 8 . 0.814. 1.060. 1.168. 1.136. 1.148. 1.033. 1.095. 0.966. 1.081. 1.012. 1.140, 1.179. 1.199. 1.089. 0.834.

7 . 0.808. 1.050. 1.157, 1.135. 1.152. 1.047. 1.112. 0.987. 1.112. 1.047. 1.152. 1.135. 1.157. 1.050. 0.B08.
'' '

. . . . . . . . . .... ... ... ... ... ... ... ... ... ... . . . . . .,

. 0.735. 1.052. 1.054.'1.117. 1.049. 1.100. 0.966. 1.035. 0.958. 1.099. 1.051. 1.151. 1.090. 1.088. 0.760.4

8 . 0.734. 1.047. 1.049. 1.118. 1.057. 1.122. 0.987. 1.063. 0.987. 1.122. 1.057. 1.118. 1.049. 1.047.'O.734.i
i '... ... ... ... -. . . .... ... ... ... . . . . . . ... ... ... ...

. 0.808. 1.053. 1.160. 1.118. 1.118. 1.013. 1.071. 0.952, 1.105. 1.046. 1.171. 1.157. 1.190. 1.086. 0.836.
9 . 0.008. 1.050. 1.157. 1.135. 1.152. 1.047. 1.112. 0.987. 1.112. 1.047. 1.152. 1.135. 1.157. 1.050. 0.808.4

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..-

. 0.677. 1.011. 1.104. 1.163. 1.060. 1.100. 0.989. 1.068. 1.005. 1.131. 1.092. 1.197. 1.124. 1.044. 0.699.. ..

10. 0.678. 1.012. 1.113. 1.190. 1.086. 1.140. 1.047. 1.122. 1.047. 1.140. 1.086. 1.190. 1.113. 1.012. 0.678.
'j.

,
'

.. ... ... ... ... ... . ... ... ... ... ... . ... . . .. ... ... ..

. 0.590. 0.969. 1.128. 1.111. 1.176. 1.068. 1.121. 1.006. 1.104. 1.071. 1.193. 1.148. 1.136. 0.994. 0.605.-
11. 0.586. 0.963. 1.121. 1.136. 1.181. 1.086. 1.152. 1.057. 1.152. 1.086. 1.181. 1.136. 1.121. 0.963. 0.586.
.. ... ... ... ... ... . . . . . . ... ... ... ... ... ... ... .. . '

i . 0.879. 0.984. 1.095. 1.141. 1.198. 1.110.'1.068. 1.085. 1.173. 1.148. 1.122, 1.025. 0.909.
12 . 0.888. 1.008. 1.108. 1.136. 1.190. 1.135. 1.118. 1.135. 1.190. 1.136. 1.108. 1.008. 0.888..4

j .. ... ... ... ... ... ... ....... ... ... ... ... .. .

. 0.510. 1.046. 1.001. 1.128. 1.105.-l.133. 1.005. 1.138. 1.118. 1.147. 1.023. 1.067. 0.520...

; 13 . 0.511. 1.050. 1.008. 1.121. 1.113. 1.157. 1.049. 1.157. 1.113.-1.121. 1.008. 1.050. 0.511.
.. ... ... ... ... ... ... ... ... ... ... ... ... ..:

j . 0.511. 0.887. 0.964. 0.998. 1.013. 1.011. 1.042. 1.051. 0.988. 0.899. 0.519.
~ 14 . 0.511. 0.888. 0.963. 1.012. 1.050. 1.047. 1.050. 1.012. 0.963. 0.888. 0.511.

.. ... ... ... ... . ... ... ... ... ... ... ..
i . . - - . . .

. 0.597. 0.672. 0.787. 0.716. 0.818. 0.704. 0.601. s.

15 . 0.586. 0.678. 0.006. 0.734. 0.000. 0.678. 0.586. - ,

,

- . EXP .
!

.. .. .
|

j

.



FIGURE 4.5-14

Relative Assembly Powers, 75%, D@ 195

MEASURED AND EXPECTED FDIN INC-1-F1-80-1@ SU-8.68 R1R2 CALCULATION 75% POWER 12-20-80

R P H M L K J H G F E D C B A
. . . . . . . . . . . . . . . . . . . . . .
. 0.599. 0.684. 0.819. 0.743. 0.813. 0.669. 0.579.

1 . 0.583. 0.674. 0.803. 0.730. 0.803. 0.674. 0.583.

. b.531$ b.951. b.9565 i.053$ i.053$ i.045$ i.057$ b.991. b.949$ b.B86$ b.559$
*

2 . 0.512. 0.B87. 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. 1.140. 1.168. 1.056. 1.152. 1.082. 1.107. 1.010. 1.067. 0.527..

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. 1.139. 1.159. 1.210. 1.130. 1.130. 1.126. 1.181. 1.133. 1.136. 1.030. 0.912..

.
1 4 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. 0.593.5 . 0.583. 0.960. 1.121. 1.139, 1.182. 1.085. 1.153. 1.060. 1.153. 1.085. 1.182. 1.139. 1.121. 0.960. 0.583.

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.678. 1.013. 1.085. 1.185. 1.083. 1.139. 1.039. 1.113. 1.024. 1.117. 1.059. 1.212. 1*.135. 1.029. 0.685.; 6 . 0.674. 1.007.'1.110. 1.189. 1.085. 1.138. 1.047. 1.121. 1.047. 1.138. 1.085. 1.189. 1.110. 1.007. 0.674.i
w .. ... ... ... ... ... ... .. . . ... ... ... ... ... . . . . ... ..i' . 0.810. 1.050. 1.140. 1.120. 1.136. 1.029. 1.096. 0.971. 1.088. 1.014. 1.141. 1.159. 1.181. 1.066.-0.826.

7 . 0.803. 1.045. 1.156. 1.138. 1.153. 1.047. 1.113. 0.990. 1.113. 1.047. 1.153. 1.138. 1.156. 1.045. 0.803.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.726. 1.037. 1.035. 1.116. 1.038. 1.095. 0.963. 1.050. 0.964. 1.098. 1.052. 1.149. 1.075. 1.064. 0.749.

8 . 0.730. 1.043. 1.051. 1.135. 1.060. 1.121. 0.990. 1.000. 0.990. 1.121. 1.060. 1.135. 1.051. 1.043. 0.730..
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 0.798. 1.038. 1.140. 1.113, 1.117. 1.006. 1.062. 0.952. 1.100. 1.038. 1.165. 1.151. 1.181. 1.064. 0.824.

9 . 0.003. l.045. 1.156. 1.138. 1.153. 1.047. 1.113. 0.990. 1.113.' 1.047. 1.153. 1.138. 1.156. 1.045. 0.803.
.. ... ... ... ... ... ... ... ... ... ... ... . . . . . . . . ... ..
. 0.671. 1.002. 1.085. 1.164. 1.060. 1.100. 0.998. 1.079. 1.018. 1.131. 1.092. 1.198. 1.131. 1.028. 0.6B8.

j 10. 0.674. 1.007. 1.110. 1.189. 1.085. 1.138. 1.047.- 1.121. 1.047. 1.138. 1.035. 1.189. 1.110. 1.007. 0.674.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... . . . - ..

. . 0.592. 0.974. 1.138. 1.117. 1.171. 1.063. 1.122. 1.015. 1.111. 1.069. 1.204. 1.161. 1.150. 0.986. 0.599.f II. 0.583. 0.960. 1.121. 1.139. 1.182. 1.085. 1.153. 1.060. 1.153. 1.085. 1.102, 1.139. 1.121.'O.960. 0.583.
.. ... ... ... ... ... ~. . . ... ... ... ... ... . ... ... ... ..#

0.898. 1.023. 1.133. 1.151. 1.202. 1.111. 1.087. 1.091. 1.170. 1.161. 1.146. 1.047. 0.916..

12 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.B87..

. b.550$ i.0f0" i.028" i.158$ i.168$ i.165$ i.066$ i.125' i.097$ i.1k85. i.041$ i.087$ 6.551$
13 . 0.512. 1.052. 1.012. 1.121. 1.110. 1.1's. 1.051, 1.156. 1.110. 1.121. 1.012. 1.052. 0.512.

~ '

'$b.5EO$b.898~ b.968" i.0bO$ i.069" i.067. i.0E7$ i.0195 b.9I85 b.9b9. b.5585 * * ~
~

14 . 0.512. 0.887.,0.960. 1.007. 1.045. 1.043. 1.045. 1.007. 0.960. 0.887. 0.512.
.. ... ... ... ... ... ... ... ... ... ... ..

.. ..

. 0.584. 0.662. 0.782. 0.712. 0.802. 0.682. 0.594.
4 . MEAS .

15 . 0.583. 0.674.~0.803. 0.730. 0.803. 0.674. 0.583.
. EXP. .

.. ... ... ... ... ... ... ...

.. ..

.

O



-- __
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FIGURE 4.5-15 . ,

.

Relative Assembly Powers, 90%, D@ 205

MEASURED A>0 EXPECTED FDIN INC-1-F1-80-15A SU-8.5.1 90% POWER 12/29/80

R P H n L K J H G F E D C 8 A

.. ... ... ... .. . ... ... ..

. 0.590. 0.673. 0.B04. 0.730. 0.798. 0.657. 0.568.
1 . 0.570. 0.660. 0.785. 0.715. 0.785. 0.660. 0.570.

.. ... ... ... ... ... ... ... ... ... ... ..

. 0.524. 0.906. 0.979. 1.012. 1.044. 1.034. 1.026. 0.977. 0.933. 0.862. 0.508.
2 . 0.506. 0.875. 0.947. 0.Y92. 1.032. 1.029. 1.032. 0.992. 0.947. 0.875. 0.506.

.. ... ... ... ... ... ... ... ... . . .. ... ... ... ..

. 0.515. 1.064. 1.030. 1.155. 1.143. 1.163. 1.059. 1.146. 1.077. 1.094. 1.001. 1.050. 0.517..

3 . 0.506. 1.046. 1.016. 1.117. 1.106. 1.152. 1 )58. 1.152. 1.106. 1.117. 1.016. 1.046. 0.506.'

.. ... ... ... ... ... ... ... ... ... ... ... ... ..

. 0.883. 1.023. 1.166. 1.174. 1.214. 1.135. 1.163. 1.134. 1.179. 1.137. 1.165. 1.026. 0.B95.
4 . 0.875. 1.016. 1.159. 1.149. 1.189. 1.151. 1.175. 1.151. 1.189. 1.149. 1.159. 1.016. 0.875.

.

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 0.579. 0.955, 1.125. 1.157. 1.205. 1.108. 1.169. 1.081. 1.163. 1.093. 1.196. 1.167. 1.144. 0.970. 0.585.
5 . 0.570. 0.947. 1.117. 1.149. 1.186. 1.091. 1.161. 1.078. 1.161. 1.091. 1.186. 1.149. 1.117. 0.947. 0.570.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 0.665. 1.000. 1.078. 1.106. 1.094. 1.162. 1.072. 1.141, 1.041. 1.124. 1.070. 1.209. 1.131. 1.014. 0.677.,

6 . 0.660. 0.992. 1.106. 1.189. 1.091. 1.142. 1.057. 1.131. 1.057. 1.142. 1:091. 1.189. 1.106. 0.992. 0.660., .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..''
. 0.796. 1.041. 1.137. 1.135, 1.150. 1.055. 1.129. 1.012. 1.113. 1.034. 1.148. 1.163. 1.175. 1.056. 0.812.I' 7 . 0.785. 1.032. 1.152. 1.151. 1.161. 1.057. 1.126. 1.011. 1.126. 1.057. 1.161. 1.151. 1.152. 1.032. 0.785.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.716. 1.029. 1.044. 1.160. 1.059. 1.123. 1.006. 1.118. 0.992. 1.117. 1.072. 1.185. 1.077. 1.051. 0.736.

8 . 0.715. 1.029. 1.058. 1.175. 1.078. 1.131. 1.011. 1.128. 1.011. 1.131. 1.078. 1.175. 1.058. 1.029. 0.715.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

. 0.785. 1.031. 1.141. 1.133. 1.134. 1.024. 1.082. 0.979. 1.119. 1.055. 1.170. 1.158. 1.170. 1.054. 0.808.
9 . 0.785. 1.032. 1.152. 1.151. 1.161. 1.057. 1.126. 1.011. 1.126. 1.057. 1.161. 1.151. 1.152. 1.032. 0.785.
.. ... ... ... ... ... ... ... ... ... ... . . ... ... ... ..

. 0.659. 0.990. 1.085. 1.167. 1.071. 1.110. 1.015. 1.095. 1.031. 1.139. 1.1 , 1.198. 1.119. 1.016. 0.676.

10. 0.660. 0.992. 1.106. 1.189. 1.091. 1.142. 1.057. 1.131. 1.057. 1.142. 1.091. 1.189. 1.106. 0.992. 0.660.
. . ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.580. 0.962. 1.135. 1.129. 1.176. 1.072. 1.134. 1.035. 1.117. 1.072. 1.195. 1.158. 1.126. 0.977. 0.589.

.

11. 0.570. 0.947. 1.117. 1.149. 1.186. 1.091. 1.161. 1.078. 1.161. 1.091. 1.186. 1.149. 1.117. 0.947. 0.570.
... ... ... ... ... . . . . . . ... ... ... ... ... ... ... . .

. 0.881. 1.013. 1.160. 1.155. 1.195. 1.123. 1.126. 1.102. 1.166. 1.155. 1.165. 1.033. 0.903.
..

12 . 0.875. 1.016. 1.159. 1.149. 1.189. 1.151. 1.175. 1.151. 1.189. 1.149. 1.159. 1.016. 0.875.
.. ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.509. 1.051. 1.022. 1.126. 1.098. 1.120. 1.010. 1.120. 1.091. 1.126. 1.021. 1.061. 0.522.;

. 0.506. 1.046. 1.016. 1.117. 1.106. 1.152. . 058. 1.152. 1.106. 1.117. 1.016. 1.046. 0.506.13
~'

*".b.550".b.851.b.954.b.953$i.060*6.997,i.059 5.067. b.957. b.8b1 6.556"** *''
'

14 . 0.506. 0.875. 0.947. 0.992. 1.032. 1.079. 1.032. 0.992. 0.947. 0.875. 0.506.
.. ... ... ... ... ... ... . . ... ... ... ..

.. . . .

. 0.574. 0.650. 0.769. 0.702. 0.790. 0.670. 0.577. . MEAS .
15 . 0.570. 0.660. 0.785. 0.715. 0.785. 0.660. 0.570. . EXP .

.. ... ... ... ... ... ... ..
.. ..

i



FIGURE 4.5-16

Relative Assembly Powers. 62%, D@ 190

NEASURED AND EXPECTED FDW INC-1-F1-81-1A 62% POWER 2/2/81 SI-79 SI-126
R P N N L K J H G F' E D .C- 8 A

$'b.559.b.6b7.b.7h0 b.750$b.757 b.659I'b.5b6$
1 . 0.566. 0.659. 0.782. 0.716. 0.782. 0.659. 0.566.

.. ... ... . . . . . . . ... ... ... ... ... ... ... 0.531. 0.916. 0.965. 1.002. 1.045. 1.031, 1.039. 0.989. 0.945. 0.868. 0.505.
2 .'0.499. 0.860. 0.942. 0.990. 1.037. 1.028. 1.037. 0.990. 0.942. 0.860. 0.499.'

.. ... ... ... ... ... ... ... . . .. ... ... ... ... ..

. 0.520. 1.065. 1.047. 1.134. 1.140. 1.158. 1.066. 1.150. 1.111. 1.110. 1.012. 1.035. 0.5073 . O.499. 1.022. 1.004. 1.106. 1.112. 1.149. 1.064. 1.149. 1.112. 1.106. 1.004. 1.022. O.499.~

.. ... ... ... ... ... ... .. . . ... ... ... ... ... ... 0.887. 1.034. 1.150. 1.192. 1.236. 1.154. 1.145. 1.153. 1.192. 1.155.'1.128, 1.016. 0.873.-4 . 0.860. 1.004.'1.117. 1.147. 1.189. 1.156. 1.147, 1.156. 1.189. 1.147. 1.117. 1.004. 0.860.

b.557|6.9}1 i.140$ i.153$ i.252| 'i.144. i.184! i.0h8$ i.1}3 i.157 $.2b4) 5.153$ i.152. b.955! b.5545
*

5 . 0.566. 0.942. 1.106. 1.147. 1.186. 1.111. 1.169. 1.093. 1.169. 1.111. 1.186. 1.147. 1.106. 0.942.1 0.566.
.. ... ... ... ... ... ... ... ... ... ... ... . ... ... ... . .
. 0.661. 1.027. 1.091. 1.200. 1.127. 1.172. 1.090. 1.146. 1.081. 1.152. 1.106. 1.200. 1.123. 0.999. 0.669.6 . 0.659. 0.990. 1.112. 1.189. 1.111. 1.158. 1.084. 1.147. 1.084. 1.158, 1.111. 1.189. 1.112. 0.990. 0.659.

Bj .. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ..
. 0.784. 1. 045. 1.146. 1.157. 1.174. - 1. 077. ~ 1.134. 1.018. 1.138. 1. 057. 1.140. 1.162. 1.162. 1. 049. ' O. 796.

s

7 0.782. 1.037. 1.149. 1.156. 1.169. 1.084. 1.141. 1.031. 1.141. 1.084.1 1.169. 1.156. 1.149. 1.037. 0.782.
.. ... ... ... ... ... . . . . . . ... ... ... ... ... ... ... ..

. 0.709. 1.026. 1.055. 1.149. 1.092. 1.129. 1.000. 1.079. 1.002. 1.131. 1.089. 1.155, 1.075. 1.041. 0.731.
8 . 0. 716. 1. 028. 1. 064. 1.147. 1. 093. 1.147. 1. 031 ~. 1.113. 1. 031. - 1.147. 1. 093. ' 1.147, 1. 064. 1. 028. 0. 716.
.. ... ... ... ... ... ... ... ... ... .. . . . . . ... ... . . .- ... 0.774. 1.033. 1.143, 1.157. 1.163. 1.060. 1.098. 0.994. 1.104. 1.075.'1.183. 1.169. 1.164.-1.054. 0.799.

9 . 0.782. 1.037. 1.149. 1.156. 1.169. 1.084. 1.14!. 1.031. 1.141. 1.084. 1.169. 1.156.fl.149.~1.037. 0.782.
.. ... ... ... ... ... ... ... ... ... ... ... ... ... . . .- . . -
. 0.643. 0.968. 1.087. 1.176. 1.098. 1.134. l.053. 1.114. 1.058. 1.157. 1.125. 1.204.'1.121. 1.009. 0.672.

10. 0. 659. 0. 990. 1.112.' 1.189. 1.111. 1.158. | 1. 084. 1.147. 1. 084. 1.158. l.111. 1.189. 1.112. 0. 990. ' 0. 659..

.. ... ... ... ... ... . ... ... . ... ... ... ... ...... . . .- ... ... 0.554. 0.923. 1.084. 1.135. 1.175. 1.092. 1.144. 1.061. 1.138. 1.098. 1.200. 1.160.'1.417. 0.961. 0;577.
-

11. 0.566. 0.942. 1.106. 1.147. 1.186. 1.111. 1.169. 1.093. 1.169. 1.111. 1.186.'1.147. 1.106. 0.942. 0.566.
.. ... ... ... ... ... .. . . ... ... ... . . . . ... . . . . . . . . . . . . . .

. 0. 854. 1.010. 1.116. 1.141. 1.182. 1.136. 1.114. 1.123. 1.174. 1.162. 1.129. ~ 1. 019. 0. 878.~12 . 0.860. 1.004. 1.117. 1.147. 1.189. 1.156. 1.147. 1.156. 1.189. 1.147. 1.117.11.004.: 0.860.

.. ... ... ... ... ... ... .. . . ... ... . . .. ... ... ..
. 0.505. 1.035. 1.009. 1.097. 1.089. 1.116. 1.023. 1.112. 1.075. 1.101. 1.010. 1.033. 0.509.13 . 0.499. 1.022. 1.004. 1.106.11.112. 1.149.-l.064. 1.149._1.112. 1.106. 1.004. 1.022. 0.499.'
*'

*$b.5b6 b.857.b.923 6.950$'i.060 b.992!i.066 6.950| 6.9593 6.Bd1$ b.5b4! ' ' '14 . 0.499. 0.B60.-0.942. 0.990. 1.037. 1.028.c1.037. 0.990. 0.942. 0.B60.-0.499.'
.. ... ... ... ... ... . . . . ... . . . . . ... ... . . .

.. .. .
. 0.548. 0.633. 0.752.-0.689. 0.759. 0.639. 0.558.

-. MEAS .15 . 0.566. 0.659. 0.782. 0.716.10.782.'O.659. 0.566.
'

. EXP, ..
. . , . . ... . ... .... . . . . . . ...:.,

* ' ..
?.....

.

0
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~ 4.01 CORE PERFORMANCE (c'ontinued)

4.5.2 LTransientLPower Distribution ~
,

j .There.were three tests in which the, power, distribution; effects,'
as a result'of transients, we're. measured duringjthe:startup- _

'

| test program. . ' These -tests 'were the1 ejected rod at. dZP and-

.

.

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

-4.5.2.1 Ejecte'd RCCA ai HZP (Test procedure SU-7.3.2) ~

13ue purpose of this test was to verify 5 the conservatism '

of the assumed value of the' heat flux hot channel factor,.

i- F (Z), in the safety analysis._ With the control banks at
9the HZP insertion limits, RCLA D-12 was- chosen as the+

rod to withdraw 'because of- its maximum adverse ef fect -
on the hot channel. factor.j'

,

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 instrumentation'(NIS)-
. data was taken. RCCA D-12 was. withdrawn ~.during a

boration to'the top of the core. L 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
af ter RCCA withdrawal' was measured by flux ' mapping
and analyzed by the INCORE 3. computer program..uThe
results. of the analysis, INC-1-F1-80-3F,' (base case)

1

and .INC-1-F1-80-4G (ejected case), is .shown 'in Table
4.5-1 and Figures 4.5-3 and 4.5-4, respectively. 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. -

4.5.2.2 ' Ejected RCCA at- Power' (Test procedure SU-8.2)
4-

At the 30% power plateau with bank D' positioned at' the
t HFP. insertion limit, RCCA 'D-12 was withdrawn from the

Flux caps and'NIS data.were taken prior to RCCAj core.
ejection and after RCCA ejection. The results of thei
. flux caps, obtained from 1NCORE runs INC-1-F1-80-6A
and INC-1-F1-80-7A, are L shown in Table 4.5-1 and,.

i

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 resp'onse'to the ejected-

rod.

- 79 - -

,

.. a ..~,._,_,..,__,.._,_,..-_.-...._._,,_m._,___ . . . . ~ . _ _ , ,. . , , , , - _ . , - . _ . . , . .



.-

,

FIGURE 4.5-17

Excore Detector Response-

Ejected RCCA

Base Case #-

29.480 29.667 29.675 29.383

Ejected Case d

29.708 32.583 30.225 29.892

,

,

Normalized Tilt Values

+

Base Case Ejected. Case-

0.9976 1.0042 N-41 N-43 0.9708 0.9877

0.9943 1.0039 N 44 N-42 0.9768 1.0647

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

-80-
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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 off design
predictions that it would produce the largest changes-t

in' hot channel factors.

With control _ bank D at 210 step,' and 2eactor 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 af ter the RCCA was inserted.
Selected incoreRflux 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-F1-80-108, are presented in
Table 4.5-1 and Figures 4.5-9 and 4.5-10. All acceptance
criterin 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 than 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 incare 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 F
of 3% or less. It was found from this test that for
each -l% increase in QPTR, the corresponding value of F
increased only 1.34%.

-81-
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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 nuclear instrumentation calibration and to demonstrcte the
effectiveness of control bank D in suppressing an axial xenon oscillation.

The oscillation was produced by inserting 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 about five hours, control bank D was withdrawn to its starting position
of approxi=ately 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 by
inserting control back D, forcing Aflux into the target bank, Control
bank D was then adjusted as required to aintain 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 calibrate the nuclear instrucentation system (NIS). Three
full core flux caps avi eight quarter cere 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 aflux during the test. The points
at which the flux caps were taken are shown, and the limits of acceptable
operation are included to demonstrate cocpliance with the technical specifi-
cations.

4.7 Excore Detector Sensitivity (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 settings were checked with only minor adjustments
to the discriminator voltage required.

Prior to initial criticality, the power range channels were adjusted so
that 200 pa=ps top and bottom detector current indicated 100% power. The
low power trips were set at 25% while the high flux trip setpoints were
set at 20% for hot zero power t The internediate range high level
tripswereinitiallysetatg0gsting.amps and the high level rod stop bistable
trips were set at 6.75 x 10- amps. The power range channels were adjusted
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4.0 CORC PERFORMANCE (continued)

4.7 Excore Detector Sensitivity (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 100% power currents would be
3.28 x 10-4 amps and 3.38 x 10-4 amps, respectively. These values were
obtained by extrapolation, using data collected at 30, 50, and 73% power
levels.

The power range channels, N-41 through N-44, were calibrated to full power
using data collected by flux maps taksn during the xenon oscillation test.
Figures 4.7-2 through 4.7-5 show the normalized NIS detector currents
versms incore axial offset. Figures 4.7-6 through 4.7-9 show incore axial
offset 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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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 subs .ted to numerous' power transients
to ascertain. plant response.~LThe following sections. provide the results
of these tests.

5.~1 Plant Measurements (Test 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%, end 90% reactor power. An -
.

additional test at 100% reactor power will'be performed at a later

date.

~

Radiation survey results indicate dose levels in 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 reduce the dose levels at these points below the limit

specified in the FSAR.

Except for the excessive oxygen levels in the primary water storage
tank, n'' the plant chemistry problems indicated in Table 5.1-1 were
withir acceptable limits when the unit reached 100% reactor power.

P
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-S.0 - OVERALL PLANT . RESPONSE (continued)

TABLE 5.1-1_

PLANT CHEMISTRY PROBLEMS-

f

POWER CHEMISTRY PROBLEM

Pre Critical' Primary Water Storage TankL
Oxygen Levels High

~

Condensate Storage Tank. Oxygen
,

Levels High'

Condensate Storage Tank Free
Hydroxide Levels Could'Not.Be
Analyzed

Hot Zero Power- Primary Water Storag'e 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 Ecd Excessive

Impurities And High Cation Conductivity
Component Cooling Syctem-Heat Exchangers
A&C Molybdenium Concentratica Was Lov.

! 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

Conductivity High
Component Cooling System Heat.Exchangers'

A&C Molybdenium Concentration Low
.

.
,

;

5

.

1
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5.0 0VERALL PU.MT RESPONSE (continued)1,

,

1 5.2 10%: Load Swings (Test 1 procedure SU-9.1) -

[ This test was pe'rformed to verify the ability of thefprimary 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 10% step increase in power-

was initiated to return reactor power to its initial value. This test
was repeated at '75% reactor power. .The 100%. reactor. power tent will
be completed at a later date.'

.The plant and control systems responded satisf actorily 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 -
stesdy state within.the allotted 20 minutes. : The exception was thatL
MFPT' automatic speed. control for the 35% reactor. power test was not

: operable at the time of the test.. Since the FE19E speed was maintained-
at .the automatic speed control setpoint during the 35% reactor power; test-vis manual control, failure of the automatic control during this
test had 00 affect. Furthermore, the acceptability of the automatic ~
controls was reexamined and proven adequate by the 75% 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 35% reactor power
-test and for the 75%1 reactor power test.

|
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TABLE 5.2-1
.

PARAMETER RESPONSES TO 10% LOAD SWING'
,

,

35% _
75%

__

|100%

DECREASE INCREASE DECREASE INCREASE DECREASE INCREASE "

PARAMETER

35-25% 25-35% 75-65% 65-75% 100-90% 90-100%

'

I MIN MAX F I MIN MA_X F_ I_ MIN MAX F I MIN MAX F I MIN MAX F I MIN MAX F

Nuclear Power % 33.9 24 34 24 24 24 34 34 75 64 75 66 66 65 76 75 Test to be completed |
'

at a later date
_

__ .

Auctioneered
Tr.vg oF 558 553 558 -553 553 551.5 556.5 556 569 565 569 566 566 565 570 569

-

AT % 42 31 44 31 31 31 44 40 52 45 52 46 46 45 52 52

Prsssurizer
Prassure Psig 2230 2205 2250 2220 2220 2220 2255 2230 2230 2225 2235 2230 2230 2215 2270 2230

Prsssurize r
Level % 39 31 39 34 34 31 37 37 51 46 52 46 46 46 52 51

_

__

Stears Header
Pressure Psig 890 885 930 910 910 880 920 890 832 824 852 840 840 816 848 848

'

S/G #1 Level % 45 39 52 43 43 39 50 41 45 40 49 43 43 38 . 50 44

S/G #2 Level % 43 32 47 39 39 29 55 46 45 40 50 44 44 39 49 44
_

SG #3 Level % 46 37 51 42 42 29 60 39 45 38 49 43 42 36 48 43 -

SG #4 Level % 45 37 52 42 42 37 55 40 45 38 48 43 43 39 50 44
___

>

e

9
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TABLE 5.2-2

PARAMETER RESPONSES TO 10% LOAD SWINCS

PARAMETER UNITS 35% 75% 100%

1 2 3 1 2 3 1 2 3

Gross Electrical Output MWE 350 230 350 842 721 850

556 558 570 567 570Tref oF 560 ~ - Test to be
AT Overtemperature completed
Setpoint j % 131 133 131 120 122 119 at a

_

later date.
AT Overpower g

Setpoint x106 105 105 105 105 104 104

Steam Flow (Loop 1) x10 * * * 2.55 2.3 2.7

6 yr! * * * 2.55 2.2 2.45'

Steam Flow (Loop 2) x10
|

* * * 2.5 2.2 2.45Steam Flow (Loop 3) x106 IIr f _

_

|2.15|
2.456@ |

* 2.45**Steam Flow (Loop 4) x10

Feedwater Temperature
(Loop 1) F 345.7 321.4 344.8 408.4 398.4 409.0

Feedwater Terperature |
OF 346.1 321.3 344.5 407.9 398.2 408.8(Loop 2) ,

_
-

|Feedwater Temperature
(Loop 3) F 345.3 322.4 345.4 408.7 398.9 ! 409.5

_ _

Feedwater Temperature !
(Loop 4) ! __ 0F _ 345.8 _3_2_1. 3 344 2 407.9 39 8.4 408.7

|

| 2.65_Feedwater Flow i

(Loop 1) x106 ^ r 1.15 _0 ._8 5 1.15 2.35 ! 2.7

|2.65 | 2.35 |2.65Feedwater Flow lb-
(Loop 2) |x106 hr 1.10 0.90 1.10 > e

0 1
.

1.05_)'2.25 |2.45 {
|

!'x10
Feedwater Flow

1.10 0.80 - 1 2.75 I
(Loop 3)

i !

Feedwater Flow 6.g
(Locp 4) x10 hr_1 10 0.75 1.15 2.60 '2.25 ! 2.75

1

* l l

MFPi A Speed RPM 4200 3800 1 4200 4150 3900 i4250

MFPT B Speed RPM 0
_

0 l 0 4550 4300 I4550 )
Control Bank C Positiod Steps 228 228 228 228 228 1 228 ;

155 / 193 178 208

| / 156_ if8Control Bank D Position Steps 18L/
182 iA 82 I

_

| Boron Concentration PPM 1031 | 1031_ | 1031 1057.511057.511057.5

1 - Initial Conditions
2 - Reduced Power Equilibrium Conditions ,

3 - Final Conditions at End of Test
* - Process Steam Flow Indication Was Not Scaled Correctly

-104-
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. TABLE 5.2-3

! PARAMETER RESPONSES TO 10%-LOAD SWINGS '
i

PARAMETER 35% 75f 100%

DECREASE INCREASE DECREASE INCREASE DECREASE. INCREASE~

35-25' 21-3_5 75-65 65-75 100-90 90-100

Maximum Rod Speed Test to be' completed
During Transient at a later date.
(steps / min) 72 72 72 72

, _
-

Time From Test
Initiation To
Equilibrium * :

Conditions
(seconds) 300- 270 20 ~428 .

!

i 1.5 F* Equi)tbrium Conditions: T,yg = Tref
J

1 25 psigPressurizer Pressure = Pref
.

P

b

i
1

.

t

4

e

i

;
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Figure 5.2-1
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5.0 OVERALL PLANT BESPONSE (continued)

5.3 Large Load heduction (Test procedure SU-9.3)

This test was performed to verify the ability of the plant to accept
a step load reduction of 50% of rated power without incurring excessive
or diverging esci11ations in the automatic control systems. With the
reactor power at approximately 75% 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 feedvater 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
control 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 100% power at a later date.

5.4 Plant Trip from 100% Power (Test procedure 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 1007. power and bring the plant to a stable
condition. The test data vill 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.

5.5 100% Net Load Trip (Test p;ocedure SU-9.4B)

This test is performed to verify the ability of the autcmatic 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 oscillations in the plant automatic control
systems. This test will be run at a later date.

5.6 Loss of of fsite Power (Test procedure SU-1.1)

The loss of of fsite power startup test was performed to investigate
reactor transient performance during a station black. at 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 6900-volt shutdown boards (this generated the blackout signal)
and tripping all four reactor coolant pumps (the RCP's are powered
from the station unit boards).

.
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5.0 OVERALL PLANT RESPONSE (continued)

5.6 Loss of Offsite Power (continued)

Prior to test initiation, plant electrical systems were aligned
to offsite power supplies, the 6.9-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 loads began sequencing on. The
motor driven auxiliary feedwater pumps were energized 25.2 seconds
after the diesel generators were tied to the 6.9 kV shutdown boards. RCS
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 ss expected.

5.7 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 main 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 IB 480V unit board. With one
R0 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 shif t 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 one SRO
and one RO remaining in the main control room for observation, the
plant control was transferred to the auxiliary control room. The
auxiliary co6 trol room was manned with one SRO, one RO, and three'

AUO's (Assistant Unit Operators). From outside the main control
room, the plant was cooled down from a T of 551 F to 350 F using

the steam generator atmospheric relief V$Yhes. After T was less
than350F,residualheatremovalshutdowncoogingwasa{kgnedand

a

the RCS temperature was 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-
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Figure 5.6-2-

A u tiioneered Mucitar flux (JP/912)
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Figure 5.6-5-~
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5.0 OVERALL PLANT RESPONSE (continued)*

'5.7 Shutdown and Cooldown from outside the Main control Room (continued) .
~

~r

' 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 usin control room during-
a subsequent plant cooldown. |Thus. the results of.-the test are
acceptable.

i

5.8 Rod Group Drop and Plant Trip (Test procedure SU-9.5)'.
4

This test was performed to demonstrate the properLresponse'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 50% 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 criterion.:

~

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.

.

4

>

1

*

-

i-

i

.

,

&
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TABLE 5.8-1

%.

Sequence of Events,

Negative Rate Reactor Trip

Tir.e
(Seconds) EVENT '

i
!

0 ! RCCA's P-4 and D-2 dropped into core,
.i

.' N-41 N-42 .N-43 N-44
i

Rate circuit Rate circuit.5 responded responded -

f
'

Bistable Bistable
.8 tripped tripped

|
-

.

Rate circuit Rate. circuit
.9 responded responded

; 1.0 Reactor trip - remaining RCCA's dropped into core.

1

Bistable
1.2 tripped

(

!,

!

i j Bistable

| 1.3 | tripped
?

,

t

i

i
i,,



.

.

FIGURE 5.8-1
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5.0 OVERALL PLANT' RESPONSE (continued)

- 5.9 Steam Generator 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 byLinjecting sodium-24, a radioactive tracer,
into the steam generators and mecsuring 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 <.25% for both cases. A value for the moisture carry-

~

over at 100% reactor power will be determined'at a later date.'

5.10 . 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. Guaranteed outputuis measured by a 4-hour performance
measurement test conducted during the reliability run. This test
will be completed at a later date.

,

5

5

4
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- 6.0 PREOPERATIONAL TESTS PERFORMED'AFTER FUEL LOADING

6.1 Preoperational Tests Conducted Prior to Initial' Criticality'

-6.1.1. Incore Movable Detectors.(Test procedure W-ll.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 CO Purge
system and the leak and alarm systemwere also verified.~ 2

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 reador; 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 CO2 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{OTheleakggecurrentvalues
on each detector to be between 10- and 10~ 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.

6.1.2 Control Rod Drive Mechanism Timing .(Test ' procedure W-9.1)
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 shown 'in
Figure 6.1.2-1; (2) The lif t coil, movable gripper coil, and; - -stationary 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.

6.1.3 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 tices 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 full-flow conditions, at hot no-flow condi; ion and
at hot full-flow condition.

-125-
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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 in1 Tables
6.1. 3-1 to 6.1'.3-4. -.

The' acceptance criteria are '(1)_ The rad drop. time 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 condition; and-(2) The-

~

rod. release time (the time it takes for the rod position
detector in, respond ~ to rod motion, with time zero being

~

when the stationary gripper fuses are pulled) is <150
milliseconds for each contro1 rod. These' criteria were

~

satisfied.

;-
'

,

I;

|

!

>
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Table 6.l.3-I Rod Drop Times , Cold , 2 Flow
.

'

i

ECCA TDS FROM TD2 FRO:1 TOTAL DC,0? ROD RCS RCS pC3 -.

' 3.fg . ''($)(-j:i;
T FI;i..' pp22;j y . GRID START TO DASH POT THE .ZLEASE:.

., ,

g <g LOCATION DASH FOT TO EOTTOM't +t TDI'

3

ti (sces) t2 (secs) { secs $ (secs) (o?)

D2 /. 20 0.5/ /. 7/ 6.0.25 /66 0 36C

512 /. /9 0. [0 /. 89 0,0/7 /40 0 3dC
. . . . ..

~

nh /. /9 0.50 } . l.o 9 Q.0/ 7 /60 0 3f5
.<.
E Ph /. 2.0 05/ /. 7/' O.62 5 /60 0 MS

ws
Eh /, /Q 0,6/ /. 70 * d.O/7 /60 'D 38 S

Dh DLh /.19 0. S'o /. 6 9 d.017 /bo O 345
Paa /, 2.0 d. Ce / .70 0.620 /6o O SK

.

.
/. 2 0 0. 5/ /. 7 / O.633 /60 6 36512

lG3 f, /g 0,$ f f. f 6 0.0/7 /60 D 37p
,

c9 f. /9 p.So /.69 g.oi7 /60 D $7s
.

313 '/. /7 6. 5 / /. 6 9 0.017 /60 0 575
.

*
17 /. /9 0.50 /.69 0.0,25 /60 0 570 1_y .

;. 8 c7 /. / 9 o. So /. 6 9 0.017 fro 0 570
' -

. b .. G13 /. / 9 - D. $0 /. 69 Qp/7 /$O 0 37h
a.

|
- $ u9 /. /f G.50 /. b 7 C.070 '/50 0 3 76n

.

J3 /. /8 C.5/ ~ /. & 9 O. Oc?S |SO O 370
'

m '

/./9 6.5 9 /. b 7 0.0.2 5 /So o 370!

m .cu j./ 7 p;g/ /.'& 7 p.017 /So d 57o
@o:

-a u3 /. / 3 0. 5 / / 49 0.017 /5p o 5 70*

g
=3K.. US.. /. 2 0 a. V'9 /. 69 c.029 /50 0 570_. . .

c5 /. / 9 0,5't /. 70 0.6/ 7 /50 6 570.
,

0 .n3 . . /./9 C. 50 / b9 p.'O f 7 /50 0 5 70.

5
.m n1 /. / 9 0.'52 /. 9 / 0.0/7 /50 0 37s
n

3 70 {$ t.3 / . 2. / 0. S/ I. 7 i * o.o25 ISO O
g __ _ _ _ .- _

| -128-
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Table 6.l.3 - I Rod Drops for cold, No - FlouJ

ECCA Time Time Totat. Rod RCS RCS RCS

Grid From From Drop Release T Flow Pressavg
Location Start to Dash Pot Time Ti=e (psig)<

$g$ Dash Pot to tl+t2 (secs) (OF) (f)
t1(secs) Bottom (Secs)

t2 (secs)
K6 /. / W 0. 5 / / 69 0.0/7 /So 0 360

,

8* ELO / /8 0.49 /. S7 0.035 /50 0 340
i: M

FSgg /. / 9 d. 50 /.69 0 0-75 /50 o. 360
K6 /, j q 9, 5*g f. f 9 0.0.53 /Sg g $fo
F2 /. /9 a si /. 70 0. 0/ 7 /SO *O 370
BLO f. /q 0, $/ ,f. 7 0 0.6 / 7 /$o o 570 .

; KL4 /./9 0. S0 /. 69 0.0/7 ~ /50 0 364 !
g P5 /. /9 0 5/ /. 70 0.027 /So 0 370 |,

B6g /./9 0. 5/ /. 70 0 029 /50 0 3 70 _.

Q FL4 //9 0. S2 /. 7/ O. 0 /S /So o 3 76 \

u PLO //9 0 50' /.6q 0.0/7 /50 0 370
._

f./q O.50 f.fq 0.023 /50 0 370 |K2

'H2 /. / 7 0 . 50 /.68' O.0/7 /50 o 360,

BB j. 20 0. Si f. 7/ g.027 /go g ggo

N nth /./9 ' G . 52 /.7/ 0.0/7 /50 0 360
E PS /. /9 0.60 /.49 0.0.25 /50 0 56o.

f F6 f. /7 0. y 9 f.66 0. 0 / 7 /50 0 360

@
*^

F10 /./9 0. c/9 /67 0.02 S /So O dbo
* KLO f./ 9 0.6o f.89 0. 0/ 7 /$() 0 280

K6
__

/, f 9 g,$f_ f. 7/ O.05g /$o O .5 b o
Dh f./g 9.Sj f.49 00/7 /50 0 360
D12 /, /q 0,50 /.69 00/7 /50 0 Sho
u12 /. /9 d. C2 /. 7/ O. o / 7 /S*o o 360,

M M4 /. If O.S/ /.49 0.0|7 /60 0 360 l,

E M4 /./ 9 0. 5/ !/.76 00/7 /50 0 346
$ DS /./7 0. 5/ /.49 00/7 /So O 360
@ ni2 /. /9 6. So /. 69 0 0/7 /50 0 360
"

NS /. / 9 0.50 . /. 69 0 0/f /50 0 Sho
MS /.// 0.50 /. 6 / d.0/7 /50 0 360

__
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Table 6.1.3 - I Rod Drops For Cold ; Mo - Flou)
'

.-

ROD MO. //7 . ROD !!O. / 8
"

.,

(Fxitcst Drop Ti::u) . '(Slo:ecn e Dron Ti .4.
.

,
RCS Tcop. /Y ? b ' NVE 5 Sy RCS Tcng. /$/ *F s4/ER4(yE
RCS Prcas. 3 6 7 ps.ig A VGA'AM RCS Prcss._ 5 6 2 . ' p s i g g j p g g (7 5
RCS Flow d % . .. RCS Flo O %

-}* Date_ S/2 /76 Da te g/2 jpg .
* '

,'. ,

. |'
~

'

" fI 3Time fro:a Time Fro.i T12.ie Fro .. *
~

Start Dash Pot T tal Start Dash Pot .Tptal j.

-Drop' To Dash To Rod Drop Time To Dash To Rod Drop Ti:cm
"O. Pot t F t, Fot'

y 1 + 'Cf(sec,onG)
. Bo tt o:a C.

, Bottora,

t '(c'econd.Jt.

y e . . 1 t,

* ~(seconds) (se! cads) (seconds) (3gjonds).-
, . . . .. .

1 -

_ _ _ _ . T D o. ~ ,. J
. ..,..__ _ ._

| /. // ' i o. 6f- / . &.2 '/: 2 / i. zs.a.

3 /. // 0..co /. 4 / /. / 9 _ i. o. co
/. 69'i /. // o. 5/ /. 42 /. /92

_

o. S1 /. 7/

4 /, // 0:50 / fa / /. / 9. . d.6/ f.*70 i.

'

5 ^ /. /3 0 50 /. 4 3 /. 2 / 0:50 | '/. 7/ '

[s /. /2 0. Co /. / 2 /. 2 0 * ~0. 5/ '/ 7/

| 7
* /.// o.52 . /. 6 3 / 2/ o.50 _ ' j'. 7/

i s /. / 2 (_ 0. 6 0 /. 6 2 ' /. /9 d 5/ /. 70

/. // | 0. [O . /. 6 / ' /. 79 | 0.52 /, 7/

{3910 /.// O.C/ / 64
'

l20 0 5/ / '7 / _'
. .. .

Avg. Drop Time -Av7.. Drop Tiv.a
'- '

(cccoads)
/ (seconds) , /, 7/

lla x. Drop Tinc /. 5 ""*- Dr P *
(cccon ds) (se conds) /. 7[

'

!!i n . Drop Titre itin Drop 51ce /,f p'
f

(r.ec.on d::)
*

- v - '
- ,. (second::) i,

- 130-
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Ta ble. 6. l. 3 - 2. Rod Drops for Cold , full - Flot0

I. RCCA TDS FROM TEI FRO:I DTAL DROP RbD
.
RCS RCS RCS

| ;j M . GRID START TO DASH POT I22 REIZASE T FId7 prest
ag .''(y,) (psig .

., .

gg LOCATION DASH PCT TO BOITOM j+' TDE<

ti (secs) t2 (secs) gees (secs) (OF)

I D2 /. & / 0, 70 d.3/ b.025 /Yo loo 375
B12 /. 4/ d. 6 0 20/ o.0/7 /VO too 57.S,_

. ._, '*

:2':-PV- /. V/ 0, /s i 2.02- 0,02 5 /$o foo 37S
c=
E * M I4- /. S9 0,46 ' 2. 2 S 0.02 5 /Yo too 375,

... m
EhDn /. V.2 9 6/ a.o3* O.-o/ 7 /40 /00 576 .

M4 /. S/ 6,67 2. / 7 d.o/7 /40 100 375
a..
* ele /,9/ O.40 2. 0 / b,oi7 /Vo /co 8 76

_

. /. S o 0.46 2. /& 0.625 /Vo /bo 3 75V2 :

*3 /. FV p. 59 2.o s b,65 /S o too s76t
gs e

c9 f, go 9, & o g,o o 9,9/7 /fo /pg 57g

313 /. 4 V o,4 Y ,2. of 0.6/ 7 /4o /so 37o
,; B7 /.36 0, So /.96 0.0/7 /Wo too 5 76.

'E C7 /.59 o,sg i,97 o.oi 7 /9to 10 0 3 70
n..

G13 /. -79 27. 4 2 ; .2. 0 / . Q.'O/ 7 /fa /00 3 76*h _
$ u9 /.31 o 69|/,97 0.0/7 /$o /Do 37s'

33 /. &/ 0,4 Y ) 2.0S 0 0/7 Wo lob 3 70

- .- | . EL -. . . . . - /.V& C. S o i2.06 a025 /VO /00 38O'
..

$ o |.cu
. f. 57 o. 6 / | / 279 0.0/7 /go too 37o~

uu us /. $$ 6 63 '2.07 0 020 No top 510-

.a-
*N

.. ..
;i5.. /. 59 6. CT i /. f f 0 ,0.1 5 /9'o /Do 386

. . .

'
!

c5 .. /.3'7 0.60 ?,/.97 0 o/7 /40 too 56 o
. ,

Q .u3 . .. /.VY 0.62 i 2 66 0|0/7 /|0 /00 56 o.

a
. un /.59 o,6o i/.99 0.0/7 /fo /oo 340

f i L3 /.YY 0.&21206 0.62 5 /So /o0 340t-

|
a
U -131-.,
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Table 6.l.3 - P. Rod Drops for Cold , full- Floto

ECCA Time Tir e Total Rod ECS F.CS RCS
-

Grid Frcs Fros Drop Release T Flow Pressavg
<M Location Start to Dash Pet Tite Time (psig)
$$ t +t2 (secs) (OF) (%) :Dash Fot to i

t1 (secs) Bottos (secs)
t2 (secs)

E6 /. 3/s 0. 6/ /.97 0020 /40 /co 340,

$ ; | KS
y

_
/. 35 0.60 /. 95 0 033 /#o /88 360H1

TS /.92 0.025 /Vo /00 360g /. 3 7 0. 6/ . -

/. 36 0.60 /. 94 0.033 /40 tob 340
72 /.50 066 2./b 0.0/7 /VO /00 34D
310 /. 37 0, S / . /. 97 0.0/7 /40. too 340 |

* K14 /.Y7 \ a 44 2.// 0.s251 /VO Joo 360.

y ?5 /.39 0.42 2.0/ 0.025 /90 Joo 360
26g / JJ_ O.60 /. 92 0. 0/ 7 /Vo /oo 360 .

| FL4 /. VY 0.47 2.// 0.017 /VO /00 360
8& Pro /. 57 0 59 /. 96 0.02 o /40 /00 360

52 /. 98 0&3 .2.// o.0/7 /V'O /00' 340
H2 /. W 0.42 .s. /O 0.025 /Vo /00 340,

58 t. 38 0.60 /.9f 00/7 /VO /so 34 0~
n uth / t3 c.43 2.04 0.025- /go too ggo
N FS /. 3 9 O. 6o /.99 0.02 9 /Vo foo 340
y F6 /. 3 ' 0 49 /.95 0. 0 / 7 /VO /00 340
y F10 /. ] c, 0.60 /96 0.0/7 /40 /00 360
* KLO f. 3 g o. f / f.9f g,gj7 )$O /Op gfg

K6 f, $ f 0. 6 / /.9 7 J g,pa g /40 fog ggg ,

D4 f 33 O.62 2.00|0.017 /9'O /oo 34o
D12 /. V/ O.60 2.o/ O.0/7 /40 foo .360
M12 / . YO 0.42 2.02 0. 0/7 /90 foO 36 o,

n t* /. 40 0.63 J.oS 0.0/7 /90 foo SSo
E H4 /. V / O. 6.2 2,03 0.0/7 /40 /00 846
f DS j. 5 7 0. 6 o /.97 0.017 /Vo /00 360
y H12 /. 39 0. ho /. 99 6. 0/ 7 /VO /oo 360
* t:S /.36 0.60 /. 96 0.0.20 /VO foo 360

nS /. 32 ' O.59 f.9/ 0.0/7 /VO /00 360

-132-
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Ta ble 6. l.3 - 2. Rod 0 raps for Cold , MI- Flow !

- _-

ROD 140. ~8 ' ROD,lD.3-2
"

*

.
. ,

..

(Fas test Drop Titm) . '(Slouc.n t Pro > Tn-c)
,

. .

.. .

0RCS Tcop. /.'2A F
'

g* RCS Temp. - /M 'F .- -
.

RCS Press. 364- ps.1 . RCS Press. ,3G2. -psig [[/[,'. ..
'

RCS Flou ./00 % .. RCS Flou /go. x :- *
. .

.

~' -

* Date . 9 3-T0 Date _c-3.&p . ,

*

,

. . .
-.

,

{
'' Tic'.e f rca ~Tit.se from Titac From Tine Fro::

'
-

S tar t. Dash Pot ,;.o ta'i Start Dash Ibt '' C" '.
.

Drop' To Dash To Rod Drop 'i ke To Dash To .Roi- # P'-

, No. Pot yot.

l,e 3otec2 -

,(Cy + C-* , Bottom t '
-

' , g i o n d ).
.

Et t 't "
l'

. y 2' '
-

-
,

2
'

(8"C (85Co*I5)__.___ ,"U8) . 4

'

'(seconds) , (seconds) **.

-. . . . . . -

.
-

; *.
.

..- w g [ ~~~ .y. (, z. , . 71. ^ 233 -
_ ~, . - .

| 3- \, ^ % '

'

./. 6 3 \. e71 23f,,93 '
2 \ | 53 ..

'

3 /,33 i; & 5 ,70 :2.33'

s 1. 5f ' bl . / f. - /,63 ,70; ~ z 334. .
.

S. '), W ' ' , . ,, g g , 79 g,gz!
_

'
*

_s - h OA ''M , j,$3 *;7/ ~ - )2, W_

, I.35 ' foI .g 7&2 , ?t. *2. 33'-
.'q .ts5 ,% 2.55s /,35 'I-

; '; 'j.3d .' 4 2,'U~'in
-

l'k . ja x- 2.sf
* * '23+

'

1
.

- .
..

.

- ' .
,

* *
Avg. Drop TiuC f

-

Avg. Drop Tisca -*

. (seconds) 1. (seconds)
.

-

. s
- . . - .t-

-

flax. Drop Ti -[, 11ax. Drop Tir.c ]35| (ccconds) (secondo) ''

'

*

i
'

,

Drop Titre J III.n Drop 51:c j~3[1 fin.
* '

- (ca. con dn)
.-

onds).
,

I
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Table 6.l.3 - 3 Rod Drops for Hot, No - Flow

^

,,.

RCCA . TDIE FRC:t TEE FROM TOTAL DROP ROD ,RCS RCS, RCS
gg . GRID START TO DASH POT TIIE PSIIASE T FLO'T P?2SC

avg. "(%) ( s::ig
., ,

gg LOCATIO!! " DASH POT TO BOTTCM t +t TDE
t1 (secs) t2 (secs) secch (secs) (OF)

1" /.G 't 0.44 /. 55 *02 HP O 2.;tJe~~
|D i" /.or /). 97 /. C't .62 11/7 0 zzite

.,

I '# 0 '' S' # 0 2"'
'.# # D'1 O 7tv'J p'./2B12 $20. it? /.Sy/-

. . , ,

J. /G d UY hSf > $.f 1945 & zzyf
..:: .

>~ h J.// o. V9' / fd' &l JJK f 'O 2rfs

la// o.09' Aff .62 SJf3 0 zz.cs

D1!4
/r & d, 9+' /SV , o 2. S38*.S 0 22/0 ,3

* P12 , , , , y, yy /.f( ,p 3 fjy& cp ;zfo

l' /, / 2 o, y *f / Sd' ,o2 CJd. Y O 22do
~

G3 /, / D o.4A /. 52 ,o3 SJ3.1 O acSo-

. . .

C9 f.06 o, ty p j,5y , o a, 513., o aogo

J13 f 09 o.45 f.5 y .oA 523.s o 2090

m"
g ,

f, o i o.45 /.5y .02 SA3.8 o 2090fr/ e

'E ,

A c7 /. / A o. y2 f. s g .oA 523.i o ac90
n..

G13 I.09 o.v.5 /.s Y ,62 sxr. , o 2o90-| ,
,

s /,o g o.vg f,53 ,o2 523.1 o 20?O
'

| 11 9 .m
.

J3 /. 0 0.y G ' /.56 .o2 SJ3.1 o 2090 .

. E)_ _ ,, , , , , , , - f,f o c.V5 1. 55 ~ .o2 SJo.0 0 2090
- - - . _

is . cli f. f o o.'/ 4 l. 5 Y 02 500 .o o ac90
,

go ,'

L13 f.02 0.45 1.53 .02 520.D o 2090
gM
i33

1i5.. I. il o.43 i. 5 'l .oa S2o.b o .2090 |
. -. .. ..

,
_

'

C5 .- 1.1 A o.y6 /,57 (ot Do.o o lo9b
..

'

A
.E13 . . l.09 o.V V /.53 .b 2 530.0 0 20''o

.g ,

-

. E> ral f.f o o.V6 I.55' .oA s.2.0 0 2090
E
N L3 f. I f o.4'? /. 5 9 ' 02. 5.10.0 o 2090-

g.. -134-
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Table. 6.l.3 - 3 Rod Drops for Hot , No - Flow

. .s.
'1 RCCA Time Time Total Rod ECS ' RCS RCS +

Grid From From Drop Release T Flow Press Iavg
gM Locstion Start to Dash Pot Time Tl:e (psig)
g$ Dash Pot to tl+t2 (secs) (OF) (f.)

tl (secs) Bottom (secs)
t2 (secs) .

H6 f. / o O.44 l.66 .01 SN.o O 2 09 o

a< H10 /. t D | o. W /.5 V .ca 520.o C Ao9 oo
N
@M F8 f. g f o.yg I.59 . o .2 c o,o O 2,o90q
om

K8 1,l a o. '/3 1.55 .01 520.0 0 J.o '70

F2 f. II o.4'i 1.56 .0X S20.0 'O 2 09 o'

B10 f.IO 0,'lb 1.56 .01 520.o O A09o
" CK14 f.10 0.V 3 1.53 ,on 5;o.o O 2.0 i o
M
g P6 I./0 0.Yb t.51. .02 5 20.0 0 209o

'
- B6 /. t o 0.if 6 f.56 .01 s.20.0 0 2o90g

$ F14 1.10 0.46 t. 56 ,01 s20.0 O Ao90
5
o P10 f.t a o. Y 6 f.5& 02 SJ0. 0 0 A.09 0

K2 f.la o.4 ! f,66 . o.1 5J0.0 0 Ao 90
'i H2 /,io 0.'ts /.5.6 .c2 520.o O 2.09 0

B8 f., g o..t5 I,56 ,o2 Sao.c O 2090

h H14 f 09 c.46 1.56 .oA 9 0.0 O A o#ro
'

$ PB /.10 o.YY /.5Y .oA SA0.0 0 2090
|

d 'F6 1,09 o.4y /,53 .o A s.20, 0 0 A090

h FlO (./ / o.43 t,5d/ 02 sao .0 0 3,090

! K10 f.; f o, y5 /.56 ,02 520.0 0 2090u

K6 f, f j, ,o.yV /.66 02 s.20.0 0 .2090
D4 I lo 0.4 G t,56 .o2 s20.o o 2090
D12 I. I f o.'/.3 1.5'/ ,o.l s.20.o O Ao9 o'

M12 /, I / O.91 /.68 .oA 520.0 0 2090
,

| M M4 I. / / o.46 f. 51 .02 90.0 O 2o90
Q
A E4 I.// o. 4'7 I.5 F .o a 520.0 o Ao90
ao D8 f. f o O yy t. gef ,ox sgo.o o go9 o

P H12 /. t o o. 4 b 1.56 01 sao.o o 2090g
M3 /. t a. o.ye/ /,5 c, ,03 s20.0 o a.o 9 0"

{} H6 f. IO o. yb f.5G 0A sao.o o ao90
t
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Table 6.1. 3 - 3 Red Drops Tor Hot;, No- Flow

< ~ ROD I:0. G 3 . non :o. F F I'

l
. ,

.
. .

. .
*

(l'an test Drop TI:re) . . ~(S1cn. rut Drop Tinci
.

'

KCS Tcop. I/ .SJJ F-
~ '

RCS T AD F '
.

RCS Press.246/2/Sepsig RCS- I'd {Q / 2 0 'psig - . ..
,

RCS Flov - O % . RCS Flou O % :.. . .,

* Da te L ~ 'r (- 10 Dute C -2 8- 8 0 .

* '*

. , ,*
. - . -

.

' Time fror. ~
5 Time from Time From- Ti e Fro- ~

. .
-

.,. g g y . Starc 0333, pot . Total. Start Dash Pcc o
.

. m ,e To DschDrop. To Dash To Rod q.o lod Drop Tim
.

POC
'l ~f~ ' ' 2No. Pot

*

1
1- t'

'(secondc) '
t

C - ' . (secondy')'
. Dottom..

Dotton.
,

t
,

. .

'l i e .*

(sec nds) (3fjondh) Y
2 2.(secouds) (seconds)

' ' ..
.

i -

; dn... .. -
-. . . . . -.

- .

_. - _ . _6 . , y7. l. 3'2,.
*.

~ ~} ~- _ _ ._ .--

.y, .;
_

h* ' ' _

I09 l- YE I' # 7*9y /, .c3t 2 | |oy -.
.

i

' .</ / /, 5 3 j.jc |- ' y, j. g 7.

3 j' o f :

/,' / O s

'99 A J d' i
'

4 /.09' >YY |' O. *

,, , o
'

* y cy- | t, s '] I
.

-

s j. o 7 o y y. . / 53
.

.

- G I' O 6 > E- *
7,97 .yy .), g g ;,

'

'I |09 g, ,, 9 y ,yg y,,3 7,

'

3 |' O 1 ''. , ..).10 ., 4 7 . i / S'? 1

,' 3 , . /, 0- 7 | , y8 /. E7 i
"' ' '

' , , . ,y, ), Sj
'

l, / 0 . Y8 'I' U '

;
. ..

_

#

j* [pj* ' Avg. Drop TiscaAvg. Drop Tiec

]' .gj g
*

;

(seconda) ,(cccoads)
.|

-

. .

Ithx. Drop Time f, f y Hax. Drop Tint j, g g*

(neconde.) (seconds) %

'

Ilin Drop 51ec f,8 6!!in. Dro;r . Titre ), / 8
'

' '

(r.ccando)
_ (ca.coads) **

_
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Table 6.l.3 - t Rod Drops for Hot , Full- Flou)

~.
. ,,

-

RCCA . TDE FROM TEE FROM TOTAL DROP ROD
. .RCS RCS. RCS.

g)g . GRID START TO DASH POT TH3 . PEII.GE T vg . FIU.i PP2SC '.a.
*
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Table 6.1.3 - 4 Rod Drops for M , full- Flotil
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)-

U 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 af ter the pressurizer pressere 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 af ter 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 pressurizar heater
elements not being energized. The fourth attempt at the test

E
was successful. The result of the pressurizer heater test and
the 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)

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 report.

'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 analysis 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 measurerent. .Nevertheless, the measured value was~still an4

adequate basis to permit power escalation to 90% power.

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

G.l.f 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 (F ), the hot leg manifold in-service with the cold legTmanifold isolated (F ), and the hot leg manifold isolated withH
the cold leg manifold in service (F ). The minimum hot lege

l

map)ifold flow rate (FH ) and minimum cold leg manifold flow rate1=FT - Fe and(F& were calculated by the equations FH
=FT-F. The results were compared to the minimum RTDHcbypass 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.
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6.0 PRE 0PERATIONAL 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-Tn 159 >59.9

1-T 71 >37.2
, e

.

145 >66.72-TH

2-T 78 >35.2e

3-T 145 >67.0e

3-T 65 >37.2
e

4-T 141 >66.4
H

t

:
4-T 81 >38.4

e

The RTD bypass loop low flow alarm was. verified to actuate
within 9Qt 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-

I ted -35 steps, and then tripped into the core. During the
rod movement, the rod group step counter rod positions

indicators, rod in/ete 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

j
' verify the control bank overlap.

The test acceptance criteria were the correct 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 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)
~

6.1.8 Rod Position Indication System (continued)

Tha 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 s.stisfied.

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

The reactor coolant flow coastdown 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 forr
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 <.0865/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 design flow rate of 88,500 gpm/ loop.
The design flow rate was later increased to 91,400 gpe/loopt
however, the flow coastdown curves were not revised to reflect
the higher loop flow rate. Therefore, the measured flow coast-
down should be based upon the highcr thermal design flow rate.

i The table below presents a comparison of the predicted and
measured flow coastdowns with the differences in thermal design

flows taken into consideration.

,

I

!

i
:
|

<

I

i

|
l
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PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)6.0

6.1.9 Reactor Coolant Flow Coastdown (continued)

1 4/4 flow coastdown 3/3 flow coastdown 2/4 flow coastdown 2/3 flow coastdown

(sec.) FSAR Test FSAR Test FSAR Test FSAR TestTime

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 .93t8 .9332- .9455 .9658 .9915 .9954 .9571-

1.5 .8958 .9006 .8980 .9074 .9474 .9718 .9318 .9413

2.0 .8623 .8634 .8655 .8724 .9300 .9522 .9099 .9177

2.5 .8313 .8314 .8352 .8395 .9138 .9357 .8895 .8950
'

3.0 .8024 .8014 .8069 .8076 .8986 .9192 .8704 .8724

3.5 .7755 .7746 .7805 .7788 .8843 .9057 .8525 .8538

4.0 .7503 .7498 .7558 .7510 .8703 .8923 .8358 .8385

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

5.0 .7045 .7023 .7108 .6985 .8459 .8575 .8051 .8055

(DNBR) 2.4 2.3 3.4 4.8

Cain

Since the measured flow rate is faster than the predicted coastdown,
the measured flow rate soon falls below the predicted flow rate, even
when the higher thermal design flow is assumed for the initial flow

However, the measured flow rate remains higher than therate.
predicted flow rate through the time the minimum DNB ratio isTherefor'e, the loss ofreached during each loss of flow case.
flow analysis in the FSAR remains valid.

4
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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 Coastdbwn

Time front first to last opening of
"RC Pump Breakers" 15 me. <100 me.

2 Out of 4 Coastdown

1.50 *2.72 sec.Tg = Low flow delay the.
'

T2 = Delay time from Reactor Trip' '

to Rod Motion. 0.12 .10.15 sec.

Undervoltage trip delay time defined
as the time from reaching undervoltage
trip setpoint until RCCA's are free

0.448 <1.2 sec.
to fall. T2+T.3

Under frequency trip relay time
defined as the time from reaching
the under frequency trip setpoitit
until RCCA's are free to fall.,

0.200 <0.6 sec.
T2+T.4

3 Out of 3 Coastdown ,

.<

Time from first to last opening of
10 me. <100 me."RC Pump Breakers"

'

.

7
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6.0' - PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

.

,

6.2' Preoperational Test Conducted After Initial Criticality-

'6.2.1 Automatic. Reactor _ Control Syst'em (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..

was disturbedDuring plant.startup at -30% power, the RCS Tav8
from steady-state. conditions by manual rod movement and the
response of the automatic reactor control system..to restore -

~

the T was verified. No . adjustments. to the control systemsavg
were required.'.

i

At steady-sgate conditions, the control system maintained Tavg
within +1.5 F of Tref. This satisfied the test acceptance

,

criteria.

6.2.2. Automatic Steam Generator Level control (Test procedure W-10.2)

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

At .30% power, steam generator level controllers were_ variedi

and the automatic response of the level control system, main
4

feedpump AP setpoints, .and the pump speed control system were
!
i verified. Adjustments to the control systems were made, as

~

.

required, to improve system performance.
J

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
+2.5 percent for a setpoint or level increase (decrease); (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
operat'ing spped at steady state; (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
j. controllerj and (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.
!

i

a

+

Y
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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 flew trans-
mitters and square root converters are measured at 0%,
30% 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 T program
yB

resulting in the highest possible steam pressure and optimun
plant efficiency without exceeding the pressure limitation of
the turbine or the maximum allowable T ,yg,

Since this test is not yet completed, the results of the test
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 control system.
This test also verified the adequacy of the steam header
pressure controller.

During the turbine trip controller test, the unit was established
at ~548 F, the turbine tripped, and theat 1% power with Tavg

mode. The reactorsteam dump control system operating in the Tavg
power was then increased to ~6% and the ability of the steam dump
valves to control T at 5520F was verified. The acceptance

criteria required t$aE there be no divergent oscillations in
,

l temperature. This criteria was satisfied.

During the test of the load rejection contro',ler response, the
unit was operating at -3% power in the pressure control mode.
With the turbine in normal operating conditions and Tref -543 F

| a sudden loss of . load to activate C-7 was simulated.
|

The stean dump control was then placed in the T m de. The
ava

ability of the steam dump valves to control Tavg at 550 F was
verified. The acceptance criteria required no divergent oscilla-
tions in temperature. This criteria was satisfied.

j

t

|
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6.0 PREOPERATIONAL TESTS PERFORMED AFTER FUEL LOADING (continued)

6.2.5 Dynamic Automatic Steam Dump (continued)
___

r p

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-

( prJper operation 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 heacup 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.T

6.2.7 Reactor Plant System Setpoints Verification (Test procedure
W-8,5)

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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