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( 1.0 INTRODUCTION

iO- ' This report des.cribes the required testing at Callaway Plant from
.

the time the first fuel assembly was loaded into the reactor until the
plant was placed in operation.' It satisfies the requirement of the
Callaway. Plant Technical Specifications that a Startup Report be
submitted to the NRC after completion of the Startup Test Program.

.

;O Callaway Plant uses a 4 loop pressurized water reactor rated at
3411 MW thermal. It is located in Callaway County, Missouri,
approximately 80 miles west of the St. Louis metropolitan' area, and is

-owned and operated by the Union Electric Company.

Union Electric joined with four other utilities (Kansas Gas and
|O Electric, Kansas City Power and. Light, Rochester Gas and Electric, and

Northern States Power) to form the SNUPPS (Standardized Nuclear Unit'

Power Plant System)-Project Organization to manage the design and pro-
curement of 5 standardized nuclear power blocks. Subsequently,
Rochester Gas and Electric and Northern States Power cancelled their
units and dropped out of the SNUPPS organization. In addition, Union

jC Electric cancelled'a second unit at Callaway, so that the only two units
remaining-are the Callaway Plant and Wolf' Creek Generating Station,
which is owned jointly by Kansas Gas and Electric and Kansas City Power
and Light.

,

.
Under the SNUPPS agreement, Bechtel Power Corporation was selected

!O as the architect-engineer, westinghouse was selected to provide the
Nuclear Steam Supply System (NSSS), and General Electric provided the
turbine generator. At Callaway, Sverdrup & Parcel and Associates
provided architect-engineering services which were not included in the,

standardized portion of the plant. Daniel International Corporation;.
. constructed-the plant..'

!O
After receipt of a 5% operating license, fuel load was commenced on'

; June 13. 1984 and' completed on June 20, 1984. Initial criticality
occurred on October 2, 1984,'and initial synchronization to'the grid on-

| October-24, 1984. Callaway was placed in service on December 19, 1984,
189 days after commencement of fuel load and 48 days after initial

~

;O criticality. Table 1.1 provides a summary.of-the Callaway startup
program.

O
r
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TABLE 1.1

!O5 CALLAWAY STARTUP SUMMARY

4

Received 5% Operating License 6/11/84

|() Commenced Fuel Load 6/13/84

Completed Fuel. Load- 6/20/84
,

Commenced Precritical Testing 7/11/84

Initial criticality 10/2/84'

j() _ Initial Synchronization To Grid 10/24/84

30% Power 10/28/84
4

50% Power 11/5/84

$ 75%-Power 11/23/84

:() 90% Power 11/28/84
|

100% Power 12/3/84

j Plant Released For Operation 12/19/84

Number Of Reactor Trips 16

fC) BurnuP Accumulated on Core 2,112,099'MWHr

Number of Hours Reactor' Critical 1615

| Net Generation (MWe) 623,406 MWHr

| Number of Hours Generator On Line ~910

!d) ,

!
.
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2.0 INITIAL CORE LOADING (S-070001, S-07SJ01)
Procedure ETT-ZZ-07010

OBJECTIVES

Thc objectives of the subject procedure were:

,

1.- To specify the placement of temporary detectors during the
iO- core loading sequence.

2. To specify the sequence of loading fuel assemblies into the
core.

3. To specify the Westinghouse-fuel assembly identification
.O number, enrichment and type of insert for each core location.

4. To identify the nuclear monitoring channels to be used for
each step in the core loading sequence.

j

.

5. To provide a check for periodic verification of equipment
;O status and plant conditions to ensure compliance with FSAR and

Technical Specifications during initial cere loading.

6. To verify uniform boron concentration in the Reactor Coolant
System and directly connected auxiliaries prior to fuel load.r

O SUMMARY OF RESULTS

All Acceptance Criteria for the subject procedure were met. These
criteria and discussions of associated results follows:

1. 'A permanent record of the core configuration is obtained.

Final locations of the fuel assemblies and inserts were
recorded on video tape. In addition, a written inventory was
conducted by operations personnel during the video taping.

2. The final as-loaded core configuration is consistent with the -

>O fuel assembly core loading plan.i

I
The video tape and written inventory were reviewed by Reactor
Engineering. All fuel assemblies and inserts were in their
. proper locations according to the core design.

O 3. Baron concentration is between 2000 ppm and 2150 ppm upon
completion of fuel loading.

|

The final boron concentration, obtained from the Residual Heat
Removal System A sample line, was 2119 ppm at 2000 hrs. on
6-20-84.

|0.
4. Prior to initiation of fuel load, the boron concentration of

the reactor vessel fluid taken at four equidistant depths in
the vessel are within a 30 ppm range of a sample simultaneous-

+V -3-

- , _ . _ _. _ , _ - _
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F ly taken from the Residual Heat Removal System.

:OL- The boron: samples _obtained between 1338 and 1355 on 6-13-84
were between 2095 and 2068 ppm for the referenced locations.f -

,

3 DISCUSSION.

. Prior to the initiation'of fuel load plant conditions were '

:O| established in.accordance with the subject procedure. Coolant circula-
. tion was established using the Residual Heat Removal (RHR) System. The .

f .
_RHR loop _f1 tid was sampled and analyzed for boron concentration at
regular intervals during core' loading and was maintained between 2000

{
. ppa and 2150 ppa.

;O! yuel' load was: initiated with the insertion of primary source '

i assembly C04 into core position L-15 at 1930 hrs. on June 13, 1984. The ;

final: assembly was loaded at 1936 hrs. on June 20, 1984.- Total elapsed>

: time was 7 days, 10 minutes. -Figures-2.0.1 through_-2.0.3 illustrate the
j final configuration.of the core. The sequence of loading operations is

presented by Figure 2.0.4.,

:O
[- ..

Initial fuel loading at the Callaway Plant was a semi-dry operation !

with the reactor vessel fluid level maintained above the centerline of
the. outlet nozzle.(above the fuel) but below the vessel flange. This;

; provided improved visibility of the fuel assemblies during manipulations
j and accessibility to the vessel flange area when positioning the tem-

{O. porary detectors.
.

-Equipment problems caused significant delays during fuel load. The i,

j major _ problems follow:

1 1. On June.14 source range channel N32 began sp' king and causing a

:O spurious.High Flux at. Shutdown Alarms. The-problem was deter-
P mined to be moisture on connectors in two junction boxes and'a
'; damaged connector.0-ring. This caused approximately.10 hours

. delay.-
,

2. On June 15 the Refueling Machine hoist motor'was replaced;.

iO because of damaged slip-rings. This caused approximately 12
| hours delay.
!-

| ~3. On June 17 a mechanical stop on the Fuel Transfer System bent,-

i creating difficulty in raising'the frame on the Fuel' Building
: side.- This caused approximately 3 hours delay.
:O -

4. On June 18 a shear pin on the Fuel Transfer System was re-
.

placed. This caused'an approximately 1 hour delay.
|

| 5. On June 18.-the magnatorque speed controller on the Refueling
Machine hoist was replaced due to a malfunction of limit

!O switches.- This: caused a delay or.approximately.ls hours.
.

.

! Fuel assembly A47, loaded'in Step _38, was picked up for inspection
; at Step'55E'due'to-visual-' observations by the' reactivity monitoring

-

|O _4_

s

- , , , , , , . - , . . , . - , , - , . . , - . _ . , . - , .-._.a , . _ _ _ _ . _ , _ , _ . , , . , , - _ _ , . . . , , , , , _ . , , -,4 ____.m.,._ _ , - . ~- -

_



, .. - .. . .. . . .- -- ..- - .

g
.

.

'A solid' piece of grease was removed from the north side of thecrew.
'

assembly and the affected area cleaned. The assembly was then reloaded.
., O

Following completion of fuel loading, the reactor vessel and
associated equipment were assembled. This was accomplished without any
significant problems..
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.O Figure 2.0.1

Callaway Randomized Core
Loading Pattern, Cycle 1

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

180* ,.

.

O 1 C27 C43 C60 C12 C07 C50 C26
,

2 C36 C32 C54 A38, C01 A22 C04 A16 C28 CO2 C63

3
:O C56 CSI B46 A30 B03 A40 B45 A42 B19 A33 B47 C15 C17

4 C47 B28_ B24 B48 A43 B34 A52 B43 A01 B49 ,B59 B39 C05
,

5-- C06 C42 A49 B16 A51 B20 A32 B61 A23 B09 A14 B22 A28 C25 C45

10
6 C38 A06 B37 A05 B62 A41 B10 A26 B31 A10 B63 A46 B14 A62 C34

-

i

C41 C03 A13 B12 A53 BIS A15 B07 A03 B13 A63 B06 A61 C55 C40
i

C22 A37 B18 A36 B38 A60 Bil A29 B53 A35 B32 A21 B57 A24 C13 270

C20 C61 A58 B50 A64 B33 A47 B17 a44 B02 A56 B64 A48 C11 C24i

4

1'O C09 ' A02 B56 A17 B35 A18 B23 All B01 A55 B26 A04 B05 A39 C39

11
C53 C08 A25 B04. A50 B42 A27 B58 A20 B52 A59 B40 A65 C64 C49

12
C19 B54 B36 BS1 A31 B30 A12 B60 A07 B21 B27 B55 C18

.13 C35 C59 B29 A08 B41 A57 B44 A45 B25 AS4 B08 C33 C46

i

14 C16 C23 C21 A09 C31 A34 C30 A19 C62 C57 C48

Q -

15 C44 C14 C52 C10 C37 C58 C29

-

;

|A| Region 1 (2.1 w/o) |C| Region 3 (3.1 w/o) |

|'

|Bl Region 2-(2.6 w/o)

lo r6-

\
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:O rigure 2.o.2

Control Rod Locations

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

i
1800

l

1

-O
S 8 C 8 S 2

A A

S 8 8 3 3
0 8 8 C

S SS D' E D A 4
A

:O
S 3 5
C 0

8 C A C B 6

S S 7g g

'O
E A D A SE C 0270 - 8900 C S

S S 9g g

8 C A C 8 10

S 3 ll
D C

I 12Sg o gE A

8C S, S, S i3o
.O

S 8 C 8 S 14g g

15

0
0

CONTROL NUMBER SHUTDOWN NUM8ER

BANK 0F ROOS BANK OF R005

' A 4 SA 8

8 8 S 8g

C 8 5"
4

O n 5 S 4
o

! TOTAL 25 S 4g

TOTAL 28

.O

i

|

|

!
'

O -7-

.
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O Figure 2.0.3

Burnable Poison And Source Assembly Locations

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

18 0*

I 10 10 10

||2 9 12 20 12 9

3 9 20 16 16 16 20 9

O 20 45 is 16 20 M
'O

S
12 20 16 16 16 20 12

6 jo
16 16 20 20 16 16 10

O 7
20 16 20 20 20 16 20

8 10 16 16 20 20 16 16 10
30' 270*

8 20 16 20 20 20 16 20

10 0 16 16 20 16 16 1020
II

12 20 16 16 16 20 12,

I
20 20 16 16 45 20 20g

13
3 20 16 16 16 20 g

! 12 99 12 20

ISO ,o ,g gg

O'

O NUMBER INDICATES NUMBER OF BURNABLE POISON RODS
IS INDICATES PRIMARY SOURCE ROD
4S INDICATES FOUR SECONDARY SOURCE RODS

;

i

O

!

'

.O -8-
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Figure 2.0.4

CORE LOADING SEQUENCE*

_

O
Legend for Core Loading figures

r

,0

Assembly loaded in permanent position in previous step.

!

m-
^'''**17 1**d'd ** ***'*''''' ' ''** i" '**"i "* ***#'

O

Asse=bly loaded into positien during leadi:g step nu=ber N.
-

g

O _
Location of Temporary Detac:cr A (5 and C).:

g

,,

Assembly with primary source inserr.

O

Not as yut leaded. .

!

3,,,, irroo, in4te.e. 4,t.. tor , ru.1 nov.s.ne.O
.

1

4

,

i

.

O

.O

:

9_
-

O,

, _ . . . _ _ -. __ _ -- . . . - . - - - , - . . - . .. _.



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

-
.

..O Figure 2.0.4 (cont.)*

,

'

CORE LOADING SEQUENCE

',

:,

:O

sa
31

O
-

|' 8 0*'

!

| R P N M L K J H G F E O C 8 A

i 1 1 1 1 1 1

c. 4 3 2
4

,

|O 2- 8 5 6 h A
4

I

3
Ir

4 ,

|5-
-O
1 -6-1

|7-
270* f

. .

|
-

| 90* - 4 -
i-O

|9- -

l 10 -

! TlsII -

'O
12#

- *

13

i 14 .

.

iO 15 - i
i

,

C* ,

.

,0

Core Loading Sequence Stepe A to la '
%

i

,

:O
.,

?

!

) 10 --

o .

.

---v- - ,- - , - n - - , ,-,-r - - - , , -- , a ..e-- - r- - - - - - , ~ , - - . - - . - - - - - -,-.-,----n-. -,,n-.----,a.---
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Figure 2.0.4 (cont.) |
,

|

1CORE LOADING SEQUENCE

SR,

4 31

18 0*
- O I

i R P N M L K J H G F E O C B A
I I i l I i I ,

1 i c XXn
O 2 a XlXw A

! A i

! 3 |
;

| |4

5- .

.;O.
'

; 6-
I

i 7-
.

.

908 - 8 - - 270* !

!O
9- || |

:.

'
|0 -

t
.

11 -q.

jO 12 |..

!

13 .

j 14 pg,.

I e
iO 15

I

C*. .

|O @
,

Core Loading Sequence Steps h to h
,

.

I

!O
1

L

!

'

- 11 -'

'O
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Figure 2.0.4 (cont.)

CORE LOADING SEQUENCE !

|O
|

@ |
18 0 *

'

.

O n p N M L g a H s F E o c eA
I I I I I I I

i c XXe s

2 s XXX m a
a , ,

3 I4 13 12.Ill 1

4 18 17 16 15

5- 21 21 2.o 19 |

O .'6 - 26 25 24 23-

7- 30 29 19 21
.

- 270*go. _ e - L.)+' 14. 33 32. 31

|O g. .

10 -

1I -
*

O 12

|
-

13
'

14 . ,,

15
O

i
0* .

@
c... ,. ..,_ .. .... 1 . .. n ,

O

- 12 -

O
-
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Figure 2.0.4 (cont.)

CORE LOADING SEQUENCE
O

@.
18 0'

,

R P N M L K J H G F E,0 C 3 A:O
'

, , , , , , i

!
! i,

2- s I XXX!X.' A.
.O

I XrX;XIX3

I ~XXX'X4

5- I X XIXuX- 1 I
,

D<XXX'; .- .

7- I IWXX.
cIXTX!XX l - 2'o*

.

.

sc. - . -
O 3s 37 36 359- .

i to - 42. At 40 39
s

t i I

11 - . 46 ,15 11 A3
,

JO 12 - so 49 48 17

54 53 51 51
13 .

i i

I. 4
14 -- 55g 55.1 ,

,

O 15 -
-

55a' , ;

0* -

~

@
,0

Core Loading Sequence Steps d to b
.
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.O
.

9

13 _'

,O
.
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Figure 2.0.4 (cont.)
,

>

CORE LOADING SEQUENCE*

O -

@
18 0*

O ,

R P N M L K J H G F E O C B A
I I I 8 f f f

XXXXi

B XXIXIX Ao 2
-

.

X XXX3

XXXX4 ,

< IXX lXX; .

5-o IXXIX.X l I. . - .

XXXX7- ,

cIXiXXX
. - = -

so -a-
XIXXX lo

*- .

XXXXm-
XXX.Xn-

X.XXXiz-

h IXXlXX:
i4 + i ss,suss.X. .

|4O |$ .

| 1

0'

@
O

Core Loading Sequence Steps 55. to 56. ,

Step SSE - Raise, inspect and lower assembly A47 in core location
|

O J-09.

|

1

- 14 -

O .

~
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,
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Figure 2.0.4 (cont.)

3

CORE LOADING SEQUENCE
TO
2

@ ,

. 18 0* '

O i
R P N M L K J H G F E D C 9 A

*

s a i e i i.'

XXXXi ,s u,

O 2 a XXXX u A i.
XXXX u; s

XXXX4 u

XXXX ,,4 s-
'0 XXXX ,o- -

.

IXXXX w,c u s2 ss| 7- y-,

cXXXX 68 ,, so ss!
' - 27o '

so - -

XXXX 6, ,e si e4 eal .- -

XXXX scio -

| XXX Xl tsn- '

XXXX 64to iz .

X.XXX u; is

XXXXui4
,

|O 15 57 58 53 6o 61

: i .

C*,

; @
!O

CoreLeadingSequenceSe.,.57 cb
,

!

|O
<

- 15 --

,

O *

|
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Figure 2.0.4 (cont.)

CORE LOADING SEQUENCE
O

@.
:O |' 8 0*

'

R P N M L K J H G F E O C 9 A
i 1 I i | 8 |

~XXXXXi

O i .B XX XIXX nc us,

X'XXXX n2 ns n,a

IXXIXXX = in n44

XXXXX ielin nolns5-;o
XXXXX m m4 m icas- .

XXXXXXXXX7-
.

.

*-a- -c XXXXXXXX A - 27o-

_~ $- 1 IXXXXXXXX.X-

XXXXX e, lee so um-

XXXXX'as Isi uu"-

XXXXX u ss sa; iz

XXXXXso9 miis

X.X XX.X i~liez~ ia ,.

XX:XXIX;O- is ns.
1

0* .

'9 .

Core Leading sequence Steps D to O#
,

.O
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Figure 2.0.4 (cont.)

|

CORE LOADING SEQUENCE

O

@ |
14 0'

I
O

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

I I I I I I |

in nsXXXXXi . .

a m nz XX;XXXXX2 .
O XXX;X~XXIXX'- as isi

''''/s- iu 20 .X XLXX:XXIXIX
5- 93 iiX:X X'X~XXlXXX

atisXXX~X XXIXXIX
-

'
-

.

is4 isi '4e ai in XXLXXXXXXX7- is i

se-a- issis u % no iu XXX.XX XTXX A - 27o-
.

-

XX X_XiXX~X:X:X| *- ise.,sususe m us

ne a4 XX:~XXXXXX X' m--

XXXXXXXXXii - m iu

X:XXX;XX;XXo i2 nuu
miXX;X|X.X XIXXis iss -

s n4 meX XIX.XXXX'

is e as XXX~XXO
1

0*
.

O
Core Leading Sequence Steps }}9 to &

'O
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Figure 2.0.4(cont.)

core LOADING SEQUENCE
O

@
' * * *

!O
A P N M L K J H G F E D C B A

.XXXXXXXi

mie8XXXXX:XX.XXO z ,

> me, ie4 XXlXfX XXX i2
ieussisoXXXXXXX F'X4

5 ics m n9 n, XXXXXX X XIX?XXo
isi ns n6 nsXXXXXXXX!XXX*-

l'JQ- XXXXX1XXXXX'XX X XIX J'
:s XXXXXX. XXXXXX X A: 27o--

a N-aXXXXXXXXXXX-XXXXNm*
o

io . u a2 % mXXXXXXXXXXX.
- XXXXXXXXXXX -ii - m a as o

iz no a, u XXXXXXXXXX
is ns ni u XXXXXXXXXX
io m nzXXXXXXXXX

o is c XXXXXX
/\ @2

.

m. iss
o

Cora Loading Sequence Steps d to M

O .
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2.1. INVERSE COUNT RATE RATIO MONITORING.FOR CORE LOADING (S-070002)
Procedure ETT-ZZ-07020

0- OBJECTIVES

The' objectives of the subject procedure were:

1.~ To describe the methods for obtaining nuclear monitoring dat.a
during_ initial core loading.

2. -To describe the sequence, frequency and core conditions for
obtaining nuclear monitoring data in order to prevent
criticality during core loading.

- - ' SUMMARY OF RESULTS
O-

The Acceptance. Criterion for the subject procedure states that the
core-is loaded without achieving criticality. This criterion was met by

. observing the trend of core neutron multiplication during the loading
using the inverse count rate ratio (ICRR) method. No abnormal changes
in the ICRR were noted.

O
DISCUSSION-

Prior to the initiation of core loading three temporary neutron-
sensitive detectors (BF ion chambers) were suspended in the reactorg

O
_ vessel in locations speEified by the core loading sequence. Count rate
data from the temporary detectors were obtained at the reactivity
monitoring station in containment.. Count rate data from source range
channels N31 and N32 were obtained in the control room and transmitted
to the reactivity monitoring station using headsets. The response from
at least one responding detector was displayed continuously on a strip

,

chart recorder during fuel movement within the reactor vessel.

Background readings were obtained for all detectors prior to
loading the first assembly. Following step 10 of the core loading
sequence, reference values were obtained for the responding detectors.
After loading each subsequent fuel assembly, count rate data was
collected and the ICRR calculated for each responding detector. The

O ICRR's' vere plotted to observe the trend of core n.utron multiplication
and' ensure criticality would not be achieved upon loading the next
assembly. The ICRR plots are presented as Figure 2.1.1 through 2.1.5.
The count rate and ICRR data are presented as Table 2.1.1.

New reference values were obtained for the affected detector after
O significant equipment change, after detector position change or after a

significant decrease in ICRR due to building a " bridge" between a
primary' source and a detector. New reference values were obtained prior
to resuming core loading after a suspension of four hours or more. A
chi-square statistical reliability test was performed on the data used
for each reference value calculation.

While obtaining background detector data, it was observed that
This detector 'as' declared inoperable-temporary detector A was spiking. w

O _ t, _.

.
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2.2 - NUCLEAR INSTRUMENTATION SYSTEM (S-07SE01)
~ Procedure ETT-SE-07010

.
.

:O
OBJECTIVES

The objectives of this test were to verify that the Source and
Intermediate Range Nuclear Instrumentation System performed the required
indication and control functions prior to core loading and that the..

iO Power Range Nuclear Instrumentation System-performed.the required
. indication and control functions prior to Initial Criticality.

SUMMARY OF RESULTS

7

It was determined that the source range level trip ocgurred at.'

SO 1x10 cps, the Intermediate Range Trip occurred at 2.5x10-1088ps, the
; Intermediate Range P-6 setpoint was determined to be 1x10 amps and

5the Intermediate Range High Level Rod Stop was determined to be 2x10
. amps. .Theaggeptancecriteriaforeachoccurrencewege: Source Range'

Trip s1.6x10 cps,IntermediateRanggrips3.53x10 amps,
Intermediate Range P-6 setpoint 21x10 amps and the Intermediate Range

;O 'High Level Rod'Stop setpoint $2.1x10 amps. Therefore, all the
-5

:

acceptance criteria were met.
;

; .

. .

For'each Power Range channel, the appropriate Instrumentation and,

Control Surveillance procedure was utilized to verify that'the following
setpoints were correct: Overpower Trip Low Range, Overpower Trip High

;O .

; Range, Positive and Negative Rate Trips, Power Above Permissives P-8, -

P-9 and P-10 and Overpower Rod Stop. The acceptance criteria associated,

with this portion.of the test was that the setpoints were set as
,

specified by the' appropriate I&C procedure, therefore all acceptance
,

_ criteria were met.

|O DISCUSSION

l . ..

Detector voltage readings were taken. Source Range Detector
voltages were taken from the detector volts. meter on each drawer and the
Intermediate and Power Range detector voltages were obtained byi

measuring the voltage at various test points.
;O

Testing of the Source and Intermediate Range Channels was conducted
; ..by placing the channel in the " Test" mode and introducing a test. signal,
; 'to simulate various. count rates. .A check of the High Flux At Shutdown

| . Alarm and the Audio and Scaler Timers was-satisfactorily performed.
During this test, it was found that the Bistable reset levels on'each

[O .; Source Range Channel was greater than the given acceptable level. I&C
i corrected this problem by resetting the levels. Also,'it was found that

i during the test,;the channels did not1 indicate an acceptable count rate.
| This.was fcund to be due to a wrong thumbwheel setting and was

.

,
corrected. The test was conducted again with satisfactory results.

I
|0. 1 Testing was performed on the Power. Range Channels in accordance

with the appropriate I&C controlling procedure.
'

_

!

O-
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The Source and Intermediate Range rate circuits were tested by
utilizing the rate test switch. The circuits provided test inputs of.1

I3 and 5 dpm and the rates are then read from the appropriate instrument.

A' test of the Source Range Flux Doubling Instrumentation was
performed. This was accomplished by applying a voltage to the detector
circuitry and.then doubling the applied voltage ten minutes later.
After satisfactory completion, the voltage was returned to its normal

O value.

() -

O

O
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O

O

O
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2.3 CORE LOADING INSTRUMENTATION AND NEUTRON SOURCE REQUIREMENTS
(S-07SC01)

.O Procedure ETT-SC-07010

OBJECTIVES

The objectives of this procedure were:

,C) 1. To verify proper alignment and calibration of the temporary core
-loading instrumentation prior to the start of fuel loading,

2. To verify the signal to noise ratio is greater than 2, and

.

.3. To check the neutron response of the temporary core loading
'C) instrumentation package and the plant Nuclear Instrumentation

System (NIS)' Source Range c hannels,

a.- Prior to the start of fuel loading, and

- b. Prior to the resumption of fuel loading following any delay of
:C) eight hours or more.

SUMMARY OF RESULTS4

Prior to the start of fuel loading, the temporary core loading1

instrumentation was aligned and calibrated using a 4.9Ci Am-Be neutron
, C) . source. An operating voltage of 1950 volts and a discriminator setting

of 2.5 volts were determined for Detectors A, B, C, and the spare
,

| detector. These values were identical to the pre-shipment values
' furnished by Westinghouse. The signal to noise ratio was satisfactory

for all channels. The neutron response of the temporary core loading
instrumentation and the plant NIS Source Range Channels was verified by

. C) . a positive change in count rate as the neutron level was increasedR

before the start of' fuel loading. The neutron response was verified by
performance of a statistical evaluation due to ALARA considerations

'
prior to the resumption of fuel loading following all delays of eight
hours or more.

' C) DISCUSSION

The neutron source was positioned near the temporary
instrumentation detectors on the operating floor of containment' to give
a count rate of at 1 east 10,000 CPM on each of the three channels.

~

. Starting at 1800 volts, the high voltage was varied in 50 volt
?C) increments for each channel up to 2500 volts. Voltage vs. CPM curves

were then plotted.to determine the operating voltage. _ Starting ar zero
volts, the discriminator voltage was varied in 0.5 volt increments for

!- each_ channel up to 4.0 volts. Discriminator Voltage vs. CPM curves were
.then~ plotted to determine'the discriminator setting..

LC) Prior to the start of fuel-load, the neutron response checks were
performed by moving the source to a position as close as possible to
each of the detectors. Following all' delays of eight hours or more, 10
count rate observations of 400 to 5000 counts per observation were'

:O , _ 37 -
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obtained for each channel. A statistical evaluation was then performed
by calculating s Reliability Factor to verify that the count rate

O- measurements did not exhibit a greater deviation from the Poisson
~

Distribution than was expected from chance alone.

From the 6/1/84 initial checkout to the 6/13/84 start of fuel
loading, high humidity inside containment required dessicant and plastic
covering,to be placed over_the preamps and around all connections to

O prevent moisture accumulation. This solved the moisture problem caused
by high humidity. On 6/15/84 Detector A was replaced by the spare
detector due to water leakage into Detector A. No additional problems
were encountered during this test.

O-

O

O

O

O

O

O .
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'2.4 REACTOR SYSTEMS SAMPLING FOR CORE LOAD (S-07SJ01)-

-

0: .(This. procedure was combined with ETT-ZZ-07010, Initial Core Loading.)
. -
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13.1 INCORE' INSTRUMENTATION OPERABILITY TEST (S-07SR03 and S-07SR04)
-- Procedure ETT-SR-07040;O;

OBJECTIVES

The objective of this procedure was to demonstrate the operability
-of the Flux Mapping System under hot and cold conditions, prior to
physics testing.

SUMMARY OF RESULTS

The following items were verified during this test:

4

1. ' The Flux Mapping System (FMS) operates as designed for the
:O' System initialization Mode.

2. The FMS operates as designed for the Manual Flux Map Mode.

3. The FMS operates as designed for the Set / Modify Limits Mode.
.

;O. 4. The FMS operates as designed for the Set / Detector Voltage
i Mode.

,
5. The FMS operates as designed in the Automatic Flux Map Mode by

1- providing a full core flux map when the start action is
- entered.

6. The FMS operates as designed in the'Special Flux Map Mode,

r- 7. All thimbles'are clear of obstruction with the exception of
Thimble J01. With this path inoperable, the Flux Mapping

; System still satisfies Technical Specification requirements.
:O

8. Each_ drive was capable of its detector going through the full
,

; length of each thimble with the exception of Drives A & B not
i~ being able to go through~ thimble HIS (and no detectors through '

J01 - See #7 above.) Auto Flux Maps normally use the C Drive
for Thimble H15 and thus does not impact Technical,O

; Specification operability.

! 9. . The FMS operated as designed in the Data Transfer Mode with
:the exception of the data link between the NSSS computer-and,

'

the FMS not functioning due to NSSS computer problems. This
function was proven operable during the performance of,

,0 S-07sR01, initial Startup Flux Mapping.
4

This. test went through all eight (8) functions that are
associated with the FMS and verified that they operated
correctly and that the required alarms and interlocks
functioned properly,

i

:0 ._ 4o _
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DISCUSSION

O This test consisted of ten separatie test sections which verified
all of the~FMS capabilities: 1) System Initialization; 2) Set / Modify
Limits Mode Operational. Checkout; 3) Manual Mode Operation Checkout;
4) Set Detector Voltage Function Checkout; 5) Thimble Checkout; 6). Data
Transfer Mode Operational Checkout; 7) Peripheral Device Failure
Checkout; 8) Automatic Flux Map Mode Operational Checkout; 9) Special

O Flux Map Mode Operational Checkout;.and 10) Thimble. Verification.
Section 10 was performed at cold shutdown and sections 8 and 9 at hot
standby.

After performance.of this test, a large number of deficiencies were.
' dentified, for which Westin' house assistance was requested fori g

O. resolution. Westinghouse determined that the majority of the problems
were procedural errors carried over from the original, Westinghouse test
procedures. These_ changes had not been incorporated by. Westinghouse
since the system software was still being modified. These procedural
errors do not affect test acceptance. The problems encountered are
8u888ri2*d in the f 11 win 8. paragraphs.O

The System Initialization test checked the ability of the FMS to
properly initialize the system for use from either CRT, transfer control
between the CRT's, and signal appropriate error messages. This section
was performed satisfactorily. The only problem encountered in this
section was an inadvertent "15-Path Transfer Failure - A and B" which

O was due to power being off to the A and B drives.

'The. Set / Modify Limits Mode Operational Checkout section tested the
ability of the FMS to enter new drive path limits, obtain a printout of
the values and load the new values onto a cassette tape. A problem was
encountered with the printouts not matching up to'the entered values,

~

O. which was caused by the write protect < tabs not being in the correct
position on the cassette tapes. This section.was performed
satisfactorily after this problem was resolved.

The Manual-Mode Operational Checkout section tested the ability of
the FMS to perform manual manipulations of~the drives / detectors to

O preset locations and verify that the system performed as designed and/or
signalled appropriate error messages. Several problems were encountered
during performance of this section, which were resolved by Westinghouse.
Final detector positions were required to be within .1 "of the input-

. position - nonconformance was determined to be a procedural error since
slow speed tolerance is t.5" and fast speed tolerance is 12". Otherg problems were encountered due to unexpected or incorrect. error messages,
which were-due to procedural errors. This section was completed
successfully after correction of the' procedural deficiencies.-

The Set Detector Voltage Function Checkout section tested the.
ability of the-FMS to set detector voltages and obtain a printout of the

i
- voltage plot.- The detector voltages are set. prior to running any auto

,

or special. flux map. This-section was performed satisfactorily with the-
|- caly problem being a procedural deficiency due to an error message not

being received.'

'O _ _ 4g _
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The Thimble Checkout section tested the ability of each detector to
. be inserted into every thimble. . The major problem encountered in this

:O, section was the message "s0 DETECTOR MOTION" caused by the detector.
running'into the end of the thimble. This was due to the difference in
the number of turns on the drive cable which drives the resolver and the
inaccuracy in the way the first path insertion lengths were measured
with the manual control box. Revised insert. ion limits were developed .

:O .
and input each time this problem was observed. Final insertion limits.

vere eventually verified in.a separate procedure. Thimble J01 was found
to be blocked during performance of this section which caused several
deficiencies since the thimble must be deleted to run an auto flux map.
Generic problems were encountered in this section and others with the
overtorque' function of the drive units. The overtorques could not be ;

set properly, however this is a redundant function since a "NO DETECTOR
O MOTION". message will be received if the drives become stalled. Another

,

overtorque problem was traced to a. faulty triggering card in the motor ;

control box.- A final problem was encountered with Drive B not being
able to enter Thimble H15. ;

,

The Data Transfer Mode Operational Checkout section tested the |.

O ability of the FMS to transfer data from a floppy disk to the printer, a
second floppy disk, or to the NSSS computer. This section was performed
satisfactorily with the exception of the data link between the FMS' and
the NSSS computer not functioning due to NSSS computer problems. This
problem was resolved and the link verified during later. testing

(S -07SR01) .

. . The Peripheral Device Failure Checkout section tested the ability i

of the FMS to signal appropriate warnings to the console operator due to
any equipment failures, e.g. printer, floppy disk unit, etc. This
section was performed satisfactorily following resolution of some
procedural problems ~(conflicting error messages received).

The Automatic Flux Map Mode Operational Checkout section tested the
ability of the FMS to perform an automatic flux map using all or any
combination of drives and signal appropriate errors.to the console
operator. In addition to miscellaneous procedural problems, the problem
with "NO DETECTOR MOTION", as discussed previously, was encountered.

O Drive A also would not go through Thimble H15.- With Drives A and B not
being able to go through H15 and no drives through J01, the system is
still capable of meeting Technical Specification operability

-requirements.

[The Special. Flux Map Mode Operational Checkout section tested the
O- ability of the FMS to perform a special flux map using selected thimbles

,and drives and signal appropriate error messages. No additional
' deficiencies were discovered during this section but several similar
problems _(procedural errors,' Thimble HIS stuck for Drives A and B "NO
DETECTOR MOTION") were encountered.

,

O The Thimble Verification section (performed at cold shutdown)
| tested each thimble using a dummy detector. This section was performed
r satisfactorily after resolving the initial problem with path insertion
'

limits <
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3.2 L ~ CONTROL' ROD DRIVE MECHANISM (CRDM) OPERATIONAL TEST (S-07SF01)
Procedures ETT-SF-07014 and ETT-SF-07015

OBJECTIVES

The objectives of this test were to verify proper slave cycler
timing, to demonstrate the proper operation of each CRDM under both cold

O- shutdown _and hot standby conditions, and to demonstrate that all Digital
Rod Position Indicators (DRPI) operate satisfactorily over the entire

~

range of_ rod travel;

SUMMARY OF RESULTS

O The operability of each CRDM was verified by a demonstration of-

. drive line insertion and withdrawal during which CRDM coil timing traces
were obtained. .These traces showed conformance to the requirements for
proper CRDM operation and timing. This criteria was verified during
both, cold..and_ hot conditions. The DRPI System control board display

.
indication and NSSS computer readout of demand position (not necessarily

O the. actual position)-for each rod agreed with its associated group step

counter within 14 steps. All rod bottom LEDs actuated within 4 steps of
.

the zero indication of-their associated group step counters. For
control banks, the pulse-to-analog converter bank position readout

agreed with its associated group step counter within 11 step.' All rods
operated satisfactorily when being withdrawn and-inserted over their

O entire range of travel. All traces.were normal during both cold and' hot
.

mechanism timing tests.

DISCUSSION

-These tests were performed by pulling control rods and stopping at
.O various points to reccrd data. .This data verified DRPI display and gray

code (at Data Cabinets A and B in containment) data versus control room
. step' counters. For control banks, pulse-to-analog converter data was ;

verified versus the step. counters. At 48 steps, rods were withdrawn and i

reinserted 10 steps while operating a visicorder that was connected to -

the stationary gripper, movable gripper and lift-coil _of each mechanism
0 to obtain a trace of the associated coil currents. In addition, sound

signals from a carbon microphone affixed to the' top of each rod travel
thousing were selected for the appropriate rod and recorded as a fourth
visicorder trace. The resultant traces were examined by comparison with ~'

.a correct. trace using a~ clear plastic overlay. A normal CRDM stepping
trace is illustrated in Figure 3.2.1.

Several problems were encountered during the performance of the
,

test under cold conditions. NSSS computer readout of demand position |

/was' unavailable due to a' design discrepancy between the DRPI wiring and. '

NSSS computer. -This discrepancy was resolved and testing was
successfully completed. .During the testing of Control Bank B (CBB), Rod

0 - F-14 DRPI indicacea_66 step. while all other rods in CBB and the step
counters for CBB read-72 steps. . (This was still within 112 steps'as
required by Tech Specs.) Testing for CBB was continued until at--76
steps (on step counters) F-14 showed General Warning-(GW) and Rod Bottom

~
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(RB) LEDs. All other rods indicated normal. CBB was reinserted. Upon
investigation it was discovered that two pins were touching in the DRPI

O connector for.' rod F-14. The pins were straightened out and CBB was-

suc'cessfully-retested. During Control Bank D (CBD) testing, Rod _D-4
DRPI indicated 72 while the step couaters for CBD indicated 79 steps. i

Rods were reinserted after some troubleshooting was performed. The '

-problem was a bad-DRPI connector for 7od D-4. The connector was ,

replaced and CBD wns successfully res.ested. During Control Bank A
_

,

.O- (CBA),L testing rod K-8 would not withdraw. Upon investigation it was
'

discovered.that the blown _ fuse indicator (BFI) was indicating that the
stationary gripper coil for K-8 had a blown fuse. The fuse and.BFI were
replaced and CBA was successfully tested. During CBC testing the timing
trace of rod B-8 did not show a sound trace. Upon investigation it was
found that a wiring mismatch was present. A jumper was installed to

O- allow completion of testing. The wiring problem was corrected
,

subsequently.-

During testing at hot standby conditions several problems were
encountered. An attempt was made to withdraw Shutdown Bank A. There

.was no movement due to a Power. Range Overpower Rod Stop. Power Range
O Channel N44 Rod Stop was placed in bypass and testing resumed. While

withdrawing Shutdown-Bank A DRPI showed no indication of rod movement
~

with the step counters showing 38' steps. Shutdown Bank A was inserted
to 0 steps and testing suspended. Troubleshooting revealed that DRPI

'

Data Cabinet B had been placed in " Test". DRPI Data Cabinet B was
returned to normal.' While attempting to withdraw Shutdown Bank C, a Rod

O Control Urgent Failure Alarm was received. The same alarm was received
while attempting to withdraw Shutdown Bank D. Following replacement of
a card in Power Cabinet SCDE, an attempt was made to withdraw Shutdown
Bank C and the Rod Control Urgent Failure Alarm occurred. An attempt to-
withdraw Shutdown Bank E was made with the same result. Testing was
suspended to determine the problem, which turned out to be a slave

O cycler card in the Logic Cabinet. Testing of Shutdown Banks C, D, and E
was then completed.- During hot testing of CBC'a sound signal was not
obtained from microphone B-8. Troubleshooting revealed incorrect wiring
inside the head area junction box. It was determined a retest was not '

necessary because all coil' traces were satisfactory, and satisfactory
sound and coil traces were obtained under cold conditions.

O

O

:.

,
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Figure 3.2.1
g

| Normal CRDM Timing Trace

|
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!3.3 -ROD CONTROL SYSTEM (S-07SF02)'
Procedure ETT-SF-07020

OBJECTIVES

To demonstrate and document that the hod Control System
satisfactorily performs the required control, inhibit and indication
functions in order to verify it is ready for use prior to initial

O' criticality.

SUMMARY OF RESULTS

The control, inhibit and indicating functions of the Rod Control
. System were satisfactorily demonstrated and verified, with the exception

O: 'of speed indication for Shutdown Banks C, D and E.

DISCUSSION

The urgent and non-urgent alarm functions were tested in the Power
cabinets.. The urgent alarm resulted for each test case where a rod

O control inhibit function was tested. The rod inhibit functions which
were tested are listed below:

A. Regulation Failure (Stationary and Movable)
B. Phase Failure

:C. Multiplexing Error
O D. Logic Error

For each inhibit function listed above, a failure symptom was
physically simulated for each power cabinet and the Reactor Operator was
requested to attempt to withdraw rods. The net result was that rods
didn't withdraw and the urgent alarm was received at the Main Control i

O Board..(MCB) and locally at the power cabinet being tested, thus
'

satisfying the objective of the test.. The non-urgent alarm circuits
were also tested at each power cabinet by removing' fuses and thus
simulating a Power Supply (P/S) failure. The non-urgent alarm was
received at. the MCB and the power supply failure was received at - the

~

O.'
power cabinet, thus satisfying the objective of the test.

The urgent and non-urgent alarms were tested in the logic cabinet-
in the same manner as the power cabinets.- An actual logic circuit
defect was inserted into the-logic cabinet and the Reactor Operator was !
; requested to attempt to withdraw control rods. The urgent alarm was '

verified at the MCB and locally at the logic cabinet and there was no 10: outward motion of>the control rods. soch the logic circuits and the l
-

pulse failure test were. items tested for-the urgent alarm inhibit

' function. 'The non-urgent' alarm function was physically tested by..
- de-energizing a Power Supply (P/S) by pulling fuses-in the logic cabinet
and= verifying the non-urgent alarm was~ received at the MCB and at the
logic cabinet.: Thus,'all objectives were met. |

.O
The control and indication functions'were tested by actual control

rod withdrawal, insertion, DRPI reading, bank position indication
-readings, rod speed verification, and: rod group transfer to and from the

O: - :-~46~-
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DC Hold Bus. Both the shutdown and Control Rod banks underwent this
form of testing. The Control Bank rods also underwent a sequenced bank

(3 - overlap check by control rod withdrawal and insertion. The control
system was also checked by inserting a manual rod withdrawal block
condition and then having the Reactor Operator attempt to withdrawn
control rods. The rods didn't withdrawn and the test was satisfactory.
Thus, all objectives concerning control functions were satisfied.

() A Design Review Criterion was not met for Shutdown Banks C, D, and
E speed indication. Rod speed was ac expected when measured
independently, but an indication _prcblem exists. Westinghouse has been
requested to review the design for this indication and initiate the
necessary design change to correct _the problem. This deficiency has no
impact on nuclear safety and was evaluated by the Onsite Review

() Committee as posing no restraint to continued power operation.

O

O

;O

:C)
o
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3.4 CONTROL ROD DROP TIME HEASUREMENTS (S-07SF03) ;

Procedures ETT-SF-07033, ETT-SF-07034 ;

OBJECTIVES

The objectives of the subject procedures were as follows:

1. To measure the drop time of each Rod Cluster Control Assembly
O. (RCCA) with the Reactor Coolant System (RCS) in a hot, no flow

condition (HNF).-

2. To measure the drop time of each RCCA with the RCS in a hot,
full flow condition (HFF).

O 3. To retest those RCCA's whose drop time deviated from the mean
drop time by more than two standard deviations a sufficient
number of times (2 3) to reasonably ensure proper' performance
during subsequent plant operations.

4. To monitor the ?ffectiveness of the thimbles dashpot region
O for decelerating the RCCA's during each rod drop time

measurement.

SUMMARY OF RESULTS

O All acceptance criteria for the subject procedures were met. These
criteria and discussions of associated results follows:

1. The drop time for each RCCA is less than or equal to 2.2
seconds (HFF).

'

O The longest drop time as measured from the beginning of decay
of stationary gripper coil voltage to dashpot entry (HFF) was
1.40 seconds at core location J-03.

2. The rod drop traces are ' consistent and exhibit free fall with
no abnormalities or evidence of binding.

v
Review of the rod drop traces indicated satisfactory results.

3. The rod deceleration through the dashpot region must be
similar for all rods being dropped.

'O The. deceleration time (time from dashpot entry to bottom of
-

dashpot) for the rods. ranged from 0.39 to 0.45 seconds for the
HNF case and from 0.45 to 0.50 seconds for the HFF case.

4. Each RCCA whose drop time ~ deviated from the mean drop time-by
more than two standard deviations, when retested, exhibits a

'O time consistency with 0.02 seconds.

All rod drop times were within the allowed band. No rods were
required to be retested.

O - 48 -
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DISCUSSION'

:O '
~

The.Callaway Plant utilizes a Digital Rod Position Indication
(DRPI) System. A Rod Position Detector is supplied for each rod; this

iincludes the rods for the control banks and the shutdown banks. Each
standard detector is in essence a tube with 42 assemblies of coiled wire
slipped over the tube and spaced out along its length at 3.75 inch
intervals. Each shutdown detector has a reduced number of coil

O: assemblies (20) and a space without coils in the middle section of the
detector. .The tube-fits'over the rod travel housing. AC power from a
constant voltage source is applied to each coil of wire on the tube. A
low frequency;is used so that-the electromagnetic flux generated by the
coils penetrates the thickness of the rod' travel housing. Since the rod
within the housing is ferromagnetic, a concentration of flux is realized

.O_ as the rod moves through a coil. The concentration of flux is reflected
as ar. increased impedance to the AC flow.

To prevent total loss of information due to a single coil failure,
-the outputs of every other coil on the tube are connected as inputs to
one Data Cabinet, while the outputs of the remaining coils are connected

O to the other. Data Cabinet.. Within each Data Cabinet there is a
detector / encoder card for each Rod Position Detector. A detector /
encoder card samples the voltages across terminating resistors, each of~

which is effectively in series with one of the detector coils. When a
rod is.out of a coil, the voltage sample level is high; when the rod
moves into'a coil, the voltage sample level drops. At the detector /

O encoder card, samples from adjacent coils are monitored by differential
amplifiers. When the rod end_is between two. adjacent coils, the
corresponding differential amplifier output is high; otherwise, the
output'is low.- Thus, the position of a particular rod is reflected in
the ~ output = states of 'the associated detector / encoder card dif ferential
amplifiers.

-A test point on each detector / encoder card in each' Data Cabinet
provides a convenient means of' recording the profile of a rod drop test.

LUnder normal operations, the test point measures the ac excitation
applied to the particular A or-B channel of coils. When'this voltage is

,

i removed, the residual magnetism of the rod causes a voltage to be
:O momentarily' induced in each coil as the rod passes through. These
| _ voltages sustain a pulse of current in the conmion-line, which can be_

!' recorded using a visicorder.

f _ Figure 3.4.1-is an example of.a recording of such a current' pulse-
monitored at the test point for a standard detector. The notches in the

jo pulse indicate the rod top passing through a coil.. Therefore, if a
I.

particular coil is shorted or_open, the profile identifies it. Also, if

the rod temporarily binds at any point, the approximate. location of the
bind can be identified in the profile. 'For shutdown detectors, since
rod _ travel _is not monitored to the same accuracy in the mid-range as for
a standard ~ detector, visicorder trace sensitivity is not_as sharp in

O- that area. nowever, all critical parameters,-such as initiation of
drop,1 dashpot entry, and snubber contact are present at full
sensitivity;.and the rod drop for shutdown detectors.can be measured, as
with the standard detectors.

|
,
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A' block diagram of the test arrangement is presented as Figure
3.4.2. Note in Figure 3.4.1 that the Data A and Data B traces are out

() of phase, due to the alternating arrangement of the A and B coils. By
sumr'_g the A and B signals a smooth. trace is output which allows

. precise definition of dashpot entry. A 60-Hz trace was recorded for use
,as a time standard. Sound traces were obtained from carbon microphones
mounted in housings attached to each CRDM rod travel housing.

I)I Figures 3.4.3 and 3.4.4 presents the rod drop times.
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FIGURE 3.4.2
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FIGURE 3.4.3,_,

ROD DROP TIME TABULATION

HOT, NO FLOW~

.

s C D E F G H J K l- M N P 5
O.

*

0*

0
15

14 1.18 1.20 1.19 1.19 1.19
1.58 1.62 ,1.63\ 1.62 1.61

1.18 1.19 1.20 1.1G
0 13 1.61 1.61 1.62 1.60

'12 1.20 1.20 1.18 1.18 1.18"

1.60 1.62 1.61 1.63 1.61
'

1.17
1.20

11 1.59
O 1.63

. _ _ ,
'

10 1.18 1.19 1.17 41.20 1.19
!1.62 1.61 1.60 |1.64 1.63

1.19 1.19 |
c, .

1.62
._ _ . . ,

1.61 I- i

19;o , 7 9 , ,. _
.

_ . _ _ _

l'.61 *[_ 90*1.19 1.19 1.17 1.19 1.17 1.19
1 ,, -j

1.62 1.61 1.58 1.62 1.60 1.62

1.201.19
7 1.631.62'

'O 6 1.18 1.19 I 1.18 1.20 1.19

1.62 1.62 1.59 1.63 .1.62

1.20
5 1.20 1.60

1.62
I9 I 19

l'.634 1.20 1.18 1 19
1 :1.60, 1.611.63 1.62'

1.17 1.19 1.19 1.20
3 1.60 1.61 1 1,62 1.59

1.19 1.18 1.19 1.19 I
'

1.19
2

.O
- 1.60 1.61 1.61 1.61 1.62

1

'

'.

183*

O

TIME TO DASHPOT ENTRY { SECONDS} - AVERAGE = 1.19X.XX

TIME TO DASHPOT BOTTOM { SECONDS} - AVERAGE = 1.61X.XX-

'O - 53 -

L *



_ - _ _ _

FIC'TRE 3.4.4
O
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.-3.5 DIGITAL ROD POSITION INDICATION SYSTEM (S-07SF04)
Procedure ETT-SF-07040

OBJECTIVES.

:The object of this test was to verify.that the Digital Rod Position
Indication System (DRPI)' satisfactorily performs the required indicationg .and alarm functions prior to the control rods being operated.v-

SUMMARY OF RESULTS

*This test was performed satisfactorily with all alarm ande
.. indication functions working as required. Acceptance criteria for-

.O verifying-control rod position vs.-DRPI output during rod movement was
transferred to procedure ETT-SF-07014, CRDM Timing Test (ambient).- -

DISCUSSION

Performance of-this test involved five,(5) separat'e test sections;
O (1) nelf Accuracy Test; (2) Rod Bottom Test; (3) Rod Error Test; (4)

Simulated Data Transmission-(Normal Codes); and (5) Sinulated Data
Transmission (Error. Codes) Test.

The Half. Accuracy Test checks the ability'of DRPI to signal
applicable warnings when either A data or B data from a Data Cabinet is

O: rejected (simulating Failure). This is performed.by using the Accuracy-
*

Mode switch on the rear of the DRPI display in the control room. This
section was performed satisfactorily.

The' Rod Bottom Test checks the ability.ofJthe DRPI to signal the
applicable ~ warnings when rod' bottom codes are manually, inputted to the

.O DRPI aisplay by means of the RBT-1 and RBT-2 test push-buttons. A
problem was encountered with the RPI Rod DEV' annunciator not working
which was due to an annunciator input wire being lifted per a temporary
modification., The temporary modification was restored and the
annunciator worked satisfactorily after which this section was performed
-satisfactorily.- In addition,'it was discovered at the end of this

O section.that the RPI: ROD DEV annunciator'would not clear; however, this

was determined to be a normal condition'whenever the shutdown banks are
less~than 210' steps and the control banks are not greater than 12 steps.

~

The= Rod Error Test checks the ability of|the DRPI to. signal
> appropriate warnings when rod error codes are manually inputted to the

10" DRPI display by means of the ETA and ETB test push-buttons. . This test
! section_was. performed satisfactorily.

H The: Simulated Data Transmission (Normal Codes) Test checks the'

L ability'of the DRPI-to display the appropriate rod positions by setting

(O.
' the switches'on-the test / monitor cards in the Data Cabinets to the.

' ' appropriate position.c-The results are viewed at the-DRPI display in the~

control room to verify ~the correct codes have been transmitted without-
error'andithe' correct rod positions are displayed. . This test section
was! performed = satisfactorily.
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The Simulated Data Transmission (Error Codes) Test check the
~

ability of the DRPI.to signal the appropriate warnings whea rod position.
;O- codes contain errors or differ by an excessive amount. This is done by-

inputting test signals to the test / monitor cards and checking the DRPI
display-to verify that the error'have been correctly identified and the
proper alarms displayed. This test section was performed
satisfactorily.
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' 3.6 RTD BYPASS FLOW MEASUREMENT (S-07BB01)

0.-
Procedure ETT-BB-07010

0BJECTIVES

The objectives of this procedure were to determine the flow rate
necessary to achieve the design reactor coolant transport time in each

() resistance temperature detector (RTD) bypass loop, to measure the flow
rate in'each RTD bypass loop to ensure that the transport times are *

. acceptable, and to set and verify the RTD bypass loop low flow alarm
setpoint.

SUMMARY OF RESULTS
O

The flow rate in the hot leg RTD bypass loop of reactor coolant
loops 1, 2, 3 and 4,'with flow in both the hot and cold bypass loops was

-

greater than or equal to the minimum required flow for the design
transport time of one second.

() The results are tabulated below:

MINIMUM REQUIRED BYPASS ACTUAL BYPASS
LOOP FLOW (GPM) FLOW (GPM)

1 100.22 115
2 99.72 153

:C) 3 100.47 157
4 111.03 129

The flow rate in the cold leg RTD bypass loop of reactor coolant
loops 1, 2, 3 and 4 with flow in both the hot and cold leg bypass loops

C) was greater than or equal to the minimum required flow for the deLign
transport time of'one second.

The results are tabulated below:

- MINIMUM REQUIRED BYPASS. ACTUAL BYPASS
() LOOP FLOW (GPM) FLOW (GPM)

1 64.70 147
2 63.38 109
3 64.98 137-
4 65.47 133

O
Low flow alarm setpoints were determined and the instruments were

adjusted within tolerance. The low flow alarms were verified.

DISCUSSION

() Flow in the hot leg bypass loops was. measured with no flow in the
cold leg bypass 'ioops; likewise, flow in the cold leg bypass loops was
measured with no flow in the~ hot leg bypass loops. To verify.that
Acceptance Criteria were met.-the~following equations were used.
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.

I 1
F =--F -F
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O-
~ WHERE: P =. Calculated hot leg RTD bypass flow with flow in both the !

1

h - hot and-cold leg bypass loops.
.

1F = Calculated cold leg RTD bypass flow with flow in both the
hot and cold leg bypass loops. .

O- -

.

F = Measured hot leg bypass flow.h-

F = Measured cold leg bypass flow.

F .= Measured total ~ bypass flow.- ;
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3.7J PRESSURIZER HEATER AND SPRAY CAPABILITY TEST (S-07BB02)
.

: Procedure ETT-BB-07020'

:0BJECTIVES

The objectives of thin procedure were to determine the rate of
pressure reduction caused by fully opening the pressurizer spray valves
and the rate of; pressure increase from the operation of all pressurizer

O heaters.

SUMMARY OF RESULTS-

The pressurizer was depressurized to 1985 psig in 124 seconds. It
O was also pressurized to 22F5 psig in 156 seconds. This met the

acceptance criteria. The depressurization and pressurization are
Ldepicted in Figures 3.7.1 and 3.7.2, respectively.

DISCUSSION

The depressurization was performed by placing the pressurizer level
controller in manual, .de-energizing the pressurizer heaters and then
opening spray valves PCV-455B and PCV-455C. The time that it took the
Reactor Coolant System (RCS) to depressurize to 1985 psig was then
recorded.

.

The pressurization was performed by placing the pressurizer level
controller in manual, placing the spray valves in manual, placing a
power signal to the control group heaters so they_wouldn't cycle off,

~ placing the-PORV's in the closed position, and then energizing the
pressurizer heaters. The time that it took the RCS to pressurize tog

V 2285 psig was then recorded.

O
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3.8 REACTOR COOLANT SYSTEM FLOW MEASUREMENT (S-07BB03)
'

Procedure ETT-BB-07030
0

OBJECTIVES-

Tha *jectives of this test were:

1. To confirm that Reactor Coolant System (RCS) Flow with the
.O- core installed and at hot standby conditions, but before

initia1' criticality, is equal to or greater than 90% of the
thermal design value by measuring loop elbow differential
pressures and using them to compute RCS Flow.

2. To confirm using calorimetric data taken at 50, 75, 90 and
O- 100% power, that RCS Flow is equal to or greater than the

thermal design value.

SUMMARY OF RESULTS

Based on calculations performed at the various plant conditions -
O hot standby and 50, 75, 90 and 100% power - all acceptance criteria were

met and'the test was performed satisfactorily. A compilation of the
required flow rates versus the actual flow rates for each power level is
provided below:

Power Level Required Flow (GPM) Actual Flow (GPM)

Hot Standby 344,520 432,682
50% 382,800 412,823
75% 390,838 397,100
90% 390,838 411,862

100%- 390,838 .411,100

DISCUSSION-

The method for determining RCS Flow during precritical testing (at
~

hot standby) was by measuring loop elbow differential pressure (AP);
This was done by measuring the output voltage from each loop elbow tap

O differential pressure transmitter-(3 per-loop), correcting the readings
for' instrument drift and then converting the voltages to AP (in. H O).

2
The three transmitter flows were then averaged to determine each loop
flow rate. The total RCS Flow was determined by adding up the flow for

,

each loop'and was. calculated to be 432,682 G*M which met the acceptance
criteria of - 344,520 GPM. This flow calculation is not as precise as

O using. calorimetric data obtained during power operations, but provides
sufficient accuracy for plant startup prior to power ascension.

'For determining the RCS Flow during power ascension, hot leg
_

and. steam generator
),coldlegtemperature(T'kkn)edfromtherespective

temperature'(T
)dataforeachloop'wasohithermal power

O Thermal Power Measurement and Statepoint Data Collection procedure for
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each power level. From this data and using values obtained from the
ASME Steam Tables, flow was calculated by the following formula:

:C)
0

(V (Q - 12 x 10 ) )c g
FLOW (GPIO =

(h -hCold) .02Hot

where h is the enthalpy for each loop T and T and V is the
L> specific volume for each cold leg. Flowsforeac0koopwerethanadded -3 C1,,

together to obtain a total RCS Flow Rate. The calculated flows for each
power level met'the specified' acceptance criteria as delineated in the
previous section.
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3.9 REACTOR COOLANT SYSTEM FLOW C0ASTDOWN (S-07BB04)
Procedure ETT-BB-07040

O
'

.

OBJECTIVES

The objectives of this procedure were to measure the rate of which '

reactor coolant flow changes subsequent to various reactor. coolant pump :
'

trips, to compare the measured flow coastdown profiles assumed in the
O FSAR Safety Analysis, to verify that the reactor coolant system low-flow j

trip delay times are less than or equal to the icw-flow trip delay times
assumed in the FSAR Safety Analysis, and to verify that the reactor

,

coolant pump undervoltage trip and underfrequency trip delay times are,

-within design specifications. '

O . SUMMARY OF RESULTS I

The: slope of the inverse of flow versus time curve, for the 4/4
case Figure 3.9.1 was 0.090, compared with the slope of the inverse of
Figure 3.9.2 of.0.078. Because the measured slope was greater than that
assumed in the FSAR Safety Analysis, Westinghouse was requested to

O' evaluate the impact. In ensuing response. Westinghouse stated that
following a re-analysis of FSAR Chapter 15.3.2, all safety criteria were
met. _ The re-analysis will be included in the next revision of the FSAR.

Figure 3.9.2 shows the data that was taken during the performance
of this procedure superimposed on FSAR Figure 15.3-9. The best estimate ,

O actual core flow is not greater than or equal to that assumed in the
FSAR Safety Analysis.(FSAR Figure 15.3-9). Westinghouse re-analyzed-

FSAR Chapter 15.3-2,'and determined'that all safety criteria were met.

Figure 3.9.3 shows that data that was taken during the performance- I

of this procedure superimposed on FSAR Figure 15.3-1. The best estimate
O actual core flow for the 2/4 case was not greater than that assumed in

the FSAR Safety Analysis and hence, assistance was requested from
Westinghouse to evaluate the impact. The Westinghouse response states-
that following a re-analysis of.FSAR Chapter 15.3.2,'all safety criteria
were met.

O Table 3.9.1 shows the data that was used to verify that the trip
delay times were acceptable. At the time the test was performed, it was
assumed that the gripper response times were the same as the acceptance
criteria of procedure ESP-SA-02415, (Response Time Test For Steam
Generator Level High-High Feedwater Isolation and Turbine Trip) namely
0.15 seconds. Since that time, successful completion of procedure

O ESP-SA-02415 indicates that this was'a conservative assumption'and
hence, all safety criteria and design specifications were met.

:
'

DISCUSSION
i

;O The procedure for this test involved tripping two or four reactor-

'

i coolant pumps (depending upon the portion of the' test being conducted)
| from the full-flow condition to produce a flow coastdown.- A strip chart

.

,

| recorder was employed'to record loop. flows and reactor coolant pump-
.

i
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breaker p>sition. The Reactor Trip Time and Longest Flow Sensor Re-
sponse Times were obtained from procedure CS-03SB01 (Reactor Protection

O ' Logic System Pre-Operational Test). The gripper release times used were
the acceptance criteria of ESP-SA-02415, as the gripper release times
had not been measured at the time of the test.

The loop flow values were normalized to the loop flows existing
with all reactor coolant pumps in operation and were adjusted for sensor

O time delay. These normalized flows were used to obtain a second order
least squares fit for each curve and these fitted curves averaged to
obtain the total core flow ratio for each scenario. These corrected
total core flow ratio curves were compared to the FSAR curves.
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TABLE 3.9.1

TRIP DELAY TINESO

Reactor Trip ( ) Longest Sensor ( Gripper ( Total Acceptance

Breaker Trip Time Ruponse Time Release Tim Time Criteria

O

0.08 1.150 0.15 1.245 4.1. 5Reactor Coolant
Pump '

Undervoltage

O 0.08 0.155 0.15 0.385 / 0.6Reace r coolant
Pump
Underfrequency

Low Flow 0.08 0.085 0.15 0.315 f;1.0

o
(1) All times in seconds.

From Prs-Operational Test CS-03SB02, Data Sheet 8.4.1, and Supplemental Record(2)
(JTG Punchlist Item #181) .

O (3) usins Acceptance criteria from ESP-SA-02415.

.
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FIGURE 3.9.2
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O FIGURE 3,9,3
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3.10 PRESSURIZER CONTINUOUS SPRAY FLOW VERIFICATION (S-07BB05)
Procedure ETT-BB-07050

OBJECTIVES

The objectives of this test were to establish a setting for the
pressurizer continuous spray throttle valves to obtain an optimum
continuous spray flow and to establish the setpoint for the pressurizer

U, spray line low temperature alarms.

SUMMARY OF RESULTS

The continuous spray flow valves BB-V-082 and BB-V-083 were
.O . throttled to Sis and 5 turns open, respectively. This established a

break-point temperature of 539'F for both pressurizer spray loops. The
setpoints for the pressurizer spray line low temperature alarms were
established at 504*F.

O DISCUSSION

This test throttled pressurizer continuous spray flow valves
BB-V-0082 and BB-V-0083 and established a " break-point". The
" break-point" is defined as the point where a change in valve position
produces an abrupt change in spray line equilibrium temperature. The

O valve is left in this position in order to maintain an optimum
continuous spray flow. This optimum spray flow is intended to avoid
thermal shock to the spray lines in the event of initiation of spray
flow. This test also establishes the setpoint for the pressurizer spray
line. low temperature alarms as the equilibrium temperature at the
" break-point" minus 35215'F. The data obtained by throttling these

O valves are presented in Figures 3.10.1 and 3.10.2.

O
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3.11 RTD/TC CROSS CALIBRATION (S-07BB06)
Procedure ETP-ZZ-00008

O
OBJECTIVES

The objectives of this test were to verify the expected resistance
versus temperature characteristics of installed RTD's at the 435'F and
557'F plateaus, to verify the incore thermocouple response, and to

O determine installation corrections for individual RTD's, as necessary.

SUMMARY OF RESULTS

During the test, it was determined that RTD TE-411B had the leads
crossed and RTD TE-433A had a bad card. All other RTD's exhibited a

O hehavior such that the measured resistance corresponded to temperature
that was within 12.0*F of the average indicated reactor coolant system
temperature.

No acceptance criteria was associated with the data taken at this
plateau.

After correcting the problems found with RTD's TE-411B and TE-433A,
the test was performed at the 557'F plateau. The resistance measured
for each RTD corresponded to a temperature within 2*F of the average
indicated RCS temperature. It was determined that 10 RTD's indicated a
temperature that was greater than 0.3*F different than the average of

.O the RTD readings. For the RTD's that indicated a temperature greater
than 0.3'F different than the RCS average indicated temperature, the
difference was forwarded to I6C for input as a correction to the
appropriate loop calibration procedure.

Because the acceptance criteria for this procedure was that at the
O 557 F plateau, all RTD's must indicate a temperature within 2*F of the

RCS calculated average indicated temperature and that any RTD indicating
a temperature different from the average of the RTD temperature
indications by more than 10.3*F must be corrected, all acceptance
criteria for this test were met.

O At the 435'F plateau, the steam pressure saturation temperature was
not within 12*F of each of the thermocouple readings. This was attrib-
uted to steam line pressure losses at a lower steam pressure.

At the 557'F plateau, the thermocouple map average temperature was
not within 12*F of each of the individual thermocouple indications.

O This was due to three thermocouples that were giving an indication
approximately 30*F below the average. When the three thermocouple
readings that are questionable are removed from the average, each
individual thermocouple reading is within 12*F of the average.

DISCUSSION

This procedure was performed at two temperature plateaus during the
heatup phase, 435'F and 557'F. The data obtained at the 557'F plateau
was used for development of the individual RTD correction factors.

O _ 73 _
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Individual RTD readings were obtained by pulling the appropriate card j
.from the Reactor Protection cabinets and reading the RTD resistance J

-O- . utilizing a card edge connector and a digital voltmeter. Two RTD's were '

read off.each card' edge connector, the second being a spare. Each RTD
was read four different times, reversing the data taking sequence each
time. The four RTD resistance readings were then averaged and converted i

to temperature using the manufacturer's data. Each indication was then
compared with the average indicated RCS temperature to determine the

O installation correction factor. Before and after all the data was
collected at.each plateau, a thermocouple map was taken. The average
RCS temperature was compared with the average of the temperatures
obtained from the incore thermocouple map and the temperature calculated
from the steam pressures recorded-for each loop.

O - T.stins at the 557'F plateau was performed satisfactorily after
some difficulty was encountered in establishing stable RCS temperature.
Review of the data determined that the mean temperature deviation was
0.50*F, excluding RTD TE-421B, having a deviation of 2.35'F. An

analysis performed by I&C indicates that erroneous data was obtained for
TE-421B during the test performed at the 557'F plateau. This was

O. further substantiated in that data taken at the 435'F plateau did not
-indicate a problem and additional data taken at a later date did not
indicate a problem. Hence, no corrective action was taken for TE-4218.

During the comparison of the calculated RCS average temperature and
the incore thermocouple map, two problems were encountered. At the

O 435'F plateau, the steam pressure saturacion temperature was not within
12'F of each thermocouple readings. It was determined that this is due
to line losses at a lower steam pressure. At'the 557'F plateau, the

.

thermocouple map average temperature was not within 12*F of each of the
thermocouple readings.. This was because three thermocouples, (E-02,
G-12 'and L-08) were reading approximately 30*F lower than the other

O thermocouples, when the three erroneous thermocouples were eliminated
from the average, the average thermocouple temperature was within 12*F
of each of the thermocouple readings.

O

O

O
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O

4.1 INITIAL' CRITICALITY (S-070004)
Procedure ETT-ZZ-07040

0-
OBJECTIVES

The objective of this procedure was to achieve initial reactor
criticality in a cautious and controlled manner.

O SUMMARY OF RESULTS

Initial criticality was achieved at 0422 on October 2, 1984. After
power was leveled out above the source range, Control Bank D was at 147
steps with a boron concentration of 1311 ppm. The design critical
position was Control Bank D at 160 steps with a boron concentration of

O 1292 ppm.

DISCUSSION

This procedure provided for a slow approach to initial criticality.
The approach to criticality was initiated by withdrawing Shutdown Banks

O A, B, C, D and E, stopping at 50 step intervals to obtain inverse count
rate ratio (ICRR) data. Control Banks were then withdrawn in 50 step
increments to a final position with Bank D at 160 steps. The reactor
coolant system was then diluted at 60 gpm to reduce the boron
concentration. During the dilution, the reactor coolant system was
sampled every 15 minutes.and the ICRR plotted. When the ICRR reached

O .1, the dilution rate was reduced to 30 gpm. When criticality was
achieved, reactor power was leveled off above the source range and
critical data was obtained.

O

O

O

O

;
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9

4.2 INVERSE COUNT RATE RATIO MONITORING FOR APPROACH TO INITIAL
CRITICALITY (S-070003)

GD Procedure ETT-ZZ-07030

OBJECTIVES

This procedure was used in conjunction with the initial criticality
procedure to predict when criticality would occur by plotting Inverse

GD Count Rate Ratios (ICRR).

SUMMARY OF RESULTS

This procedure was completed satisfactorily.

? DISCUSSION

During rod withdrawal, the ICRR was computed at 50 step increments.
During Reactor Coolant System (RCS) dilution, the ICRR was calculated
every 15 minutes (concurrent with boron concentration sampling) and
plotted as a function of time, boron concentration, and gallons of water

GD added to the RCS. When the ICRR reached 0.1, the ICRR's were renormalized
to 1.0, the dilution rate was reduced, and the ICRR's were plotted at 5

minute intervals. This was continued until the reactor was critical. The
ICRR plots are shown in Figures 4.2.1 to 4.2.18.
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4'. 3 DETERMINATION OF CORE POWER RANGE FOR PHYSICS TESTING (S-070005)
Procedure ETT-ZZ-07050.,

ts, .

0BJECTIVES

'The objectives of this procedure were to determine the reactor
power level (neutron flux level) at which detectable reactivity feedback
effects from fuel heating occur, and thereby establish the reactor power

C! ).' . range in which zero power physics tests were to be performed.

SUMMARY OF RESULTS

Detectable reactivity feedback effects from fuel heating were
.

observed at a power level of 3.1X10E-7 amps which determined the physics
' C) testing range to be between 3.1X10E-9 and 3.1X10E-8 amps as measured by

a reactivity computer picoammeter.

DISCUSSION

With the. reactor critical at a power level of approximately IX10E-8
. C) amps as measured on the Intermediate Range channels N35 and N36, 20 to

40 pcm of positive reactivity was.added to the core by withdrawal of
Control Bank D rods.. The power level increased until reactivity
-feedback effects were observed as shown by an increase in T- and a
decrease in reactivity as monitored on strip chart recorder $!' The upper
and lower limits for the. physics testing range were determined by

; C) multiplying the power level value at which reactivity feedback effects'

were observed by factors of 0.1 and 0.01, respectively.- No problems
were encountered during this test.
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p )4.4 ' BORON ENDPOINT DETERMINATION (S-070006) .

Procedures ETT-ZZ-07061, ETT-ZZ-07062, ETT-ZZ-07063, ETT-ZZ-07064,
O : ETT-ZZ-07065, ETT-ZZ-07066

' OBJECTIVES

.

The objective of these test procedures was to determine the
: critical.RCS boron concentration at various endpoint configurations (RCC

,O~ configurations).;

i

SUMMARY.OF RESULTS-
,

.; -

E The-critical RCS boron concentration was determined at various-
.

endpoint configurations, and the results shown in. Table 4.4.1 meet the
;O. requirements within allowed tolerances as specified by the Nuclear
d Design Report, WCAP-10249, "The Nuclear Design and Core Physics

Characteristics of the Callaway Unit 1 Nuclear Power Plant Cycle 1";-

DISCUSSION

O -RCC banks were positioned to within 50 pcm of the desired endpoint-

configuration with the reactor critical in the zero power physics
i- testing range.- The controlling bank was then inserted / withdrawn to
i reach _the desired endpoint configuration while neutron flux, reactivity,
i and RCS Tavg were monitored with strip chart recorders. When the-

I neutron flux level had increased to greater than 30 percent of full
;O scale and reactivity was constant,-the controlling bank.was
I re-positioned to re-establish-the initial flux level. This process was
: then repeated twice for each RCC configuration. Boron samples which-
5 were taken at.15-20 minute intervals were within 6 ppm of the average
, a'nd within.20 ppm of the pressurizer boron concentration. The' critical
|

;O'_
RCS boron concentration at the endpoint configuration was then
determined by the folloving equation:,

!p "I'SO ( **8 ~ *I))CBE " B
~

6

*#* ' BE = Critical RCS boron concentration'at the endpoint
;Q configuration

~C = Measured' average RCS critical boron concentration
B

6C ! p = Inverse boron worth from Nuclear Design dataB6

|Of g = movement,
Measured average reactivity insertion caused by rod-

;

ja == Isothermal Temperature Coefficient' from Nuclear Design-<

ISO data

10 T- = Measured average RCS.Tavs-
. avg,

.T =c557* F-g.

:
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No problems were encountered during performance of these
procedures.
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TABLE 4.4.1

O CRITICAL RCS BORON CONCENTRATIONS AT VARIOUS ENDPOINT CONFIGURATIONS

l
! BORON CONCENTRATION ppm-

ENDPOINT- ACCEPTANCE
C) CONFIGURATION- CRITERIA RESULTS i

'

All Rods Out 1299 ( 50 ppm) 1334
(ETT-ZZ-07061)

Control Bank D at 0 1236 ( 10%) 1276
.O- (ETT-ZZ-07062)

Control Banks D and C 1113 ( 10%) 1148
at 0 (ETT-ZZ-07063)

.
Control Banks D, C and 1020 (i10%) 1042

jC) 'B at 0 (ETT-ZZ-07064)

Control Banks D, C, B 955 ( 10%) 979
,
~ and A at 0 (ETT-ZZ-07065)

4

.

All Rods In and Highest 674 (t10%) 728
;C) Rorth Rod Stuck Out

(ETT-ZZ-07066)

|

O

.

:O
4

O

,

;o
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14.5 ISOTHERMAL' TEMPERATURE COEFFICIENT MEASUREMENT (S-070007)

. Procedures ETT-ZZ-07075., ETT-ZZ-07072 and ETT-ZZ-07073 ;

10. |
OBJECTIVES- ,

These tests measured the isothermal temperature coefficient (a ).

of reactivity and calculated the moderator temperature coefficient )'

,

for rod. configurations of A11' Rods out (ARO), Control Bank D in
:O (CBD = 0) and Control Banks C and D in (CBC and CBD = 0).

i SUMMARY OF RESULTS

-Acceptance Criteria and results are contained in Table 4.5.1.

;O. . An additional design review criteria is that the measured values of
'

P the isothermal temperature coefficient obtained during heat-up agree
'

.within il PCM/*F with those obtained during cooldown. *

)
. Criteria for the ARO rod configuration was not met.

'All' design review criteria were met; however, the Safety Review

DISCUSSION

i .These-tests were performed by heating and cooling the Reactor
i Coolant System'(RCS) by operating-steam dump valves and measuring the

change in reactivity caused by the change in temperature. The ratio ofi
10 these changes is the isothermal temperature coefficient. The moderator

temperature coefficient is determined by subtracting -1.95.PCM/*F
(Doppler Coefficient) from the isothermal temperature coefficient.<

The only problem encountered was the calculated moderator tempera-
ture coefficient was more positive than 0.0 PCM/*F. Since the moderator

.O . temperature coefficient was more positive than 0.0 PCM/*F the action.:

statement of Tech Spec (T.S.) 3.1.1.3A was entered which requires that
rod withdrawal limits be established (Figure.4.5.1). . Start-Up Physics.

testing continued in accordance with T.S. 3.10.3 which allows operation

j below15% power with a positive moderator temperature coefficient. A
.special. report was. filed with the NRC within 10 days as required by T.S.

,O 3.1.1.3, Action A.3 via ULNRC-947 dated October 11. 1984.-;

P
.

t

.

,
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TABLE 4.5.1

ISOTHERMAL TEMPERATURE COEFFICIENT
ACCEPTANCE CRITERIA AND RESULTS

ACCEPTANCE CRITERIA MEASURED VALUES

ROD CONFIGURATION SAFETY REVIEW DESIGN REVIEW MEASURED CALCULATED MEASURED

% " ISO h " ISO aM B(

ARO g Less Positive -2.0313 0.7 3 -0.661 1.289 1330
Than 0.0 PCM/*F

! CBD = 0 None- -3.36!3 -0.95i3 -2.20. -0.25 1273

CBC, CBD = 0 None -6.6613 -4.2 3 -5.58 -3.63 1148

ISO '"M ARE IN M /*F.ALL TEMPERATURE COEFFICIENTS (a

:

,

'
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FIGURE 4.5.1
;O . .

CONTROL R00 WITHDRAWAL LIMITS TO MAINTAIN MTC 4.0'

| (Applicable up to 6000 MWO/MTU Burnup)
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4.6 RCCA OR BANK WORTH MEASUREMENT AT ZERO POWER (S-07SF08)
ETT-SF-07081 thru - 07087

.

u

OBJECTIVES

_ The objectives of the subject procedures,were to:

1. Measure the differential and integral reactivity worths of
M, Control Banks D, C, B, and A.

2. Measure the differential and integral reactivity worths of
Shutdown Banks E, D, and C.

3. Measure the integral reactivity worth of all Control and
.O. Shutdown Banks less the predicted highest worth Rod Control

Cluster Assembly (RCCA).

4. Measure the differential and integral. reactivity worths of the
Control Banks in normal overlap.

;O 5. Measure the differential boron reactivity worth over the range
of Control Bank travel in normal overlap.

6. Measure the differential and integral reactivity worths of the
predicted worst case ejected rod at hot zero power.

O 7. Take a full core flux map at hoe zero power.

8. Take a full core flux map at' hot zero power with the predicted
worst case ejected rod fully withdrawn.

,

O SUMMARY OF RESULTS

All Acceptance Criteria for the subject procedures were met. These
criteria and discussions of associated results follows:

1. The measured integral reactivity worth of Control Bank D over,
U its entire range of travel is equal to 650 pcm (585-715).

The measured integral reactivity worth of Control Bank D was
663 pcm.

,

2. The measured integral reactivity worth of Control Bank C over
.O its entire range of travel is equal to 1240 pcm (1116-1364).
-

The measured integral reactivity worth of Control Bank C was
1177 pcm.

3. The measured integral reactivity worth of Control Bank B overq
V its entire range of travel is equal to 970 pcm (873-1067).

The measured integral reactivity worth of Control Bank B was
1010 pcm.

O - 102 -
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4. The measured integral reactivity worth of Control Bank A over
its entire range of travel is equal to 680 pcm (612-748).

The measured integral reactivity worth of Control Bank A was
685 pcm.

5. The measured integral reactivity worth of Shutdown Bank E over
-its entire range of travel'is equal to 870 pcm (783-957).. , _ ,O
The measured integral reactivity worth of Shutdown Bank E was
882 pcm.

6. The measured integral reactivity worth of Shutdown Bank D over
its entire range of travel is equal to 740 pcm (666-814).

The measured integral reactivity worth of Shutdown Bank D was
738 pcm.

7. The measured integral reactivity worth of Shutdown Bank C over
its entire range of travel is equal to 960 pcm (864-1056.)

The measured integral reactivity worth of Shutdown Bank C was
978 pcm.

8. The sum of the measured integral reactivity worths of all
Control and Shutdown Banks less the predicted highest worth

:O stuck rod is equal to 6012 pcm (6012-7348).

The subject measurement was equal to 6416 pcm.

9. The sum of the integral reactivity worths of the Control Banks
measured individually agrees with the measured integral

:O reactivity worth of the Control Banks in normal overlap to '

; within i 4% of the integral reactivity worth in overlap.

The measured integral reactivity worth of the Control Banks in
overlap was 3548 pcm. The calculated difference was -0.4%.

O 10. The measured differential boron reactivity worth over the
range of Control Bank travel in normal overlap-is equal to
-10.27 pcm/ ppm (-11.30 to -9.24) .,

The tacasured differential boron reactivity worth was
-10.33 pcm/ ppm

11. The measured integral reactivity worth of pseudo ejected rod
-D-12 (predicted worst case rod), increased by 10%, is less
than or equal to 460 pcm.

;

The measured integral reactivity worth of pseudo ejected rodj
V D-12, increased by 10%, was 414 pcm.

O - 103 -
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DISCUSSION

O' Individual rod bank reactivity worth nicasurements were initiated
with all rods out (ARO). A constant Reactor Coolant System (RCS)
dilution rate was established and Control Bank D was periodically
inserted approximately 10 to 20 pcm to maintain a just critical core
condition. The reactivity computer was used to process the signal from

.

one of the four power range channels and output a continuous reactivity
,0 trace, along with the associated neutron flux, on a two-pen strip chart

recorder. Dilution was halted with Control Bank D fully inserted to
allow for additional testing at this rod configuration. The
differential and integral reactivity worths of Control Bank D were
calculated using the reactivity trace and the ARO boron endpoint test
result. This basic procedure was repeated for Control Bank C, Control

O Bank B, Control Bank A, Shutdown Bank E, Shutdown Bank D and Shutdown
Bank C, in that order. Figures 4.6.1 thru 4.6.8 present the integral
and differential worths of the Control Banks vs. bank position. Figures
4.6.9 thru 4.6.11 present the integral worths of the subject shutdown

g banks vs. bank position.

;O Next, the predicted most reactive stuck rod (F-10) was interchanged
with Shutdown Bank A and then a portion of Shutdown Bank B, until rod
F-10 was fully withdrawn. A constant RCS dilution rate was reinitiated
and Shutdown Bank B periodically inserted to 25 steps while obtaining a
reactivity trace. A boron endpoint was then performed by driving
Shutdown Bank B to the fully inserted position. By summing the integrai

;O reactivity worth measurements of all rod banks, excluding the swap of
rod F-10 with Shutdown Bank A and the upper portion of Shutdown Bank B,
the measured integral reactivity worth of all Control and Shutdown Banks
less the predicted highest worth stuck rod was obtained. Figure 4.6.12
presents the integral worth of Shutdown Bank B vs. bank position,
excluding that portion of the bank that was swapped with rod F-10.

A rod configuration was achieved with all Shutdown Banks withdrawn
,

and all Control Banks inserted. A constant RCS boration rate was
established and the Control Banks periodically withdrawn in overlap. A
continuous reactivity trace was recorded during bank withdrawal and used'

to calculate the integral and differential worths of the Control Banks
O in overlap. Figure 4.6.13 presents the integral and differential worth

of the Control Banks vs. position in overlap. The average differential
boron reactivity worth over Control Bank travel was obtained by
calculating the least squares fit slope of a plot of critical boron
concentration vs. integral reactivity worth.

O Next, a rod configuration was achieved with the Shutdown Banks
fully withdrawn and the Control Banks (in overlap) near the zero power
insertion limit. A full core flux map was taken at this configuration.
A constant RCS boration rate was established and the predicted worst
case ejected rod (D-12) periodically withdrawn to 196 steps while!

recording the associated reactivity trace. The remaining worth of rod
2

.O D-12 was. measured by performing a boron endpoint, driving rod D-12 to
the fully withdrawn position. RCS boron concentration was adjusted to
maintain criticality with rod D-12 fully withdrawn and a full core flux
map taken. Rod D-12 was inserted to its original position and the

|C - 104
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|

' -integral' and differential reactivity worths calculated using the |
? reactivity trace and boron endpoint data. Figure 4.6.14 presents the 1

.O. integral worth of rod 0-12 vs. position'. 1

.

Flux map results are presented-in Section 4.7 of the Startup
' Report.
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- 4 '. 7 - ' INITIAL STARTUP FLUX MAPPING (S-07SR01 & S-07SR02)
. - Procedure ETT-SR-07010'

40o
. 0BJECTIVES-

. The= objective of this procedure was to provide guidance for all .

I -flux maps' performed during initial'startup testing. Flux maps were
taken at Hot 1 Zero Power (HZP), 30% power, 50% power, 75% power, 90%

,O_ - power, and 100% power.;

SUMMARY OF RESULTS.

4

e

.In general. several flux maps were performed at each power level.j .

' ' At HZP, flux maps were taken for the following rod configurations:
!O - All Rods Out (ARO); Control Bank D at 0 Steps; Rods at the HZP Insertion

Limit; and'for Rod D-12 Pseudo Ejection case. At 30% power, flux maps
were taken at the Hot Full Power (HFP) Insertion-Limit'and for the Rod

~

s
' ' D-12 Pseudo Ejection Case.. At 50% power,~ flux maps were taken for the
i ARO case and for the Rod D-8 Pseudo Rod-Drop case. 'At 75% power, four

flux maps were taken at various levels of Delta' Flux to support the
.O- -Axial Flux Difference'(AFD). calibrations. At 90 and 100% power, flux!

_

maps were taken only for the ARO case. Data'taken during the flux maps
| was analyzed using the Core Program (or NSSS Computer. Summary Map). A
| summary of-the safety and design review criteria and results for each'

- power level are presented in Table 4.7.1. Figures- 4.7.1, 4.7.4, 4.7.7,
,

4'7.10, 4.7.13, 4.7.16, 4.7.19, 4.7.22, 4.7.25, 4.7.28, 4.7.31, 4.7.34,: .

; O -- 4.7.37, & 4.7.40' are the top 20' limiting. nuclear F
Figures 4.7.2,4.7.5,4.7.8,4N.valuesbyregionj ' for each flux map.: 11, 4.7.14, 4.7.17,

; 4.7.20, 4.7.23, 4.T.26, 4.7.29, 4.7.32, 4.7.35, 4.7.38 and 4.7.41 are

; the top 20 limiting Fk.valuesbyregionforeachfluxmap. Figures
'

: 4.7.3, 4.7.6, 4.7.9; 7.12, 4.7.15, 4.7.18, 4.7.21, 4.7.24, 4.7.27,

4(3
7.30, 4.7.33, 4.7.36, 4.7.39, and 4.7.42 are the relative' errors for

!O by core location for each flux map.

?

! A number of deficiencies were identified (three at HZP, two at 30%

! power, and two at 50% power). Results of the Westinghouse re-analysis
~

| . of the flux map data concluded that no problems existed and power
_

escalation could continue. 'Further testing'through the 100% power-

;O. plateau was completed successfully with all safety and design review
criteria being met.

1- DISCUSSION
.

;- Flux maps were taken at various power levels and for various
O control rod configurations to. verify design calculations and assure

cour' tanceLwith Technical Specifications' -.
u
. Four' flux maps were taken at HZP for different control rod

; - configurations: ~ARO, CBD at 0 Steps, rods at the HZP Insertion Limit,'

i - and with rod D-12 ejected.- For.each map, reactor power was raised to
O'; approximately 1.5%'to assure adequate detector. signals. _ Safety review

j criteria were verified'using the NSSS Computer Summary Map due to data
n link problems between'the BOP computer:and-the Corporate' computer.

' Design review criteria were verified later using'the CORE Program, after

-
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the data' link was restored. All' safety review criteria were satisfied.
Three ' deficiencies against design review criteria were identified which

,O' were submitted to Westinghouse for-resolution. FortheHZPgnsertion;

~1imit. map, the measured versus predicted distributions for-F were not ;

within 10.1 and the'incore tilt was greater than 1.02. WestNghouse

|^ re-analysis.of the flux map data determined the incore tilt to_be ;

: 1.0171, which meets the acceptance criteria, and found only one assembly
L |(N-06) which excee & d the 0.1 limit. However, this was due to high

!O' background and erratic data. For the D-12 pagudo rod ejection map, 'the

.measuredversuspredicteddistributionsforF"hH
again were not within;-

.10.'1. ~ Westinghouse'analysin confirmed that s veral assemblies exceeded'

-

' this limit. However, . this is not considered an uncommon occurrence for;. -

~this rod configuration. In addition, this criterion was removed from,

;O the rod-out of-bank flux maps by Westinghouse after the Callaway
; criteria were issued.. Thus, nothing was identified that would preclude

power' ascension past HZP. A problem with thimble G12 was encountered'

i: during this section and was deleted from further maps. This does not
affect Technical Specification operability,

i

! Two flux maps were taken at 30% powers for rods at the HFP !

[O- insertion limit and for rod D-12. ejected. All data was analyzed using
r

- the Core Program. All safety review criteria were' satisfied. Two ~!

! deficiencies against design review criteria were identified for the D-12
' ejected rod case which were submitted to Westinghouse -for resolution:
!

1. The measured |versus predicted distributions for were n t within I
|O H
; 20.1; ana-

2. -The F (Hot Channel Factor) was not less than 2.26 (measured at
~

:2.30);

- Westinghouse analysis of the flux map data supported the F
40 . calculations;however,aswith.thepseudoejectedrodcaseatHN, error-this-

| is not an uncommon occurrence for a rod-out-of-bank configuration. This
criterion was also removed from the rod-out-of-bank flux maps by
Westinghouse. .A safety evaluation was performed by Westinghouse based

.
on the measured hot channel factor and determined that the 2.26. limit

i was not valid'as a' safety criteria:and that 2.30 was within FSAR
{O. analysis limits.- Thus no safety issue was represented by the test

~

.

results and power escalation could continue.

Two flux maps'were taken at'50% power: for all rods out .(CBD 2 210
~

steps) and , for.. the Rod D-8 pseudo dropped rod case. All safety review
criteria were met but one design review criterion was not satisfied.i

O- Fgr the pseudo' dropped rod case,-the measured versus predicted values of
' were not within.10.1., Re-analygis of the flux map data by..F

Wh!tinghousedidindicateseveralF,

ejected rod cases at HZP and 30% poh!r,rror failures; however, as in' the
e;

this is not an uncosmon !L
j occurrence for rod-out-of-bank-flux maps and the criterion has.bcen.
I removed from this flux map.- Thus, no restraints were found to prohibit i

O-
i

further power escalation,
j.
o

,

O = .121 -
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Four flux maps were taken at'75% to support the initial AFD |
'

calibrations. Flux maps were taken at the following levels of Delta |

;O- Flux (AI): '

i 1. AI within the Target Band;

2. .AI at approximately 50% of the negative limit;

;O 3. Al at approximately 90% of the negative limit; and
:
+̂

4. 61 at the maximum positive value. All safety and design review
criteria were met.-

| Single flux maps were performed at 90% and.100% power with rods
20 -positioned to maintain AI within the Target Band. All acceptance

criteria were met for both maps.
i
,
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TABLE 4.7.1 - INITIAL STARTUP FLUX MAPPING

SHEET 1 of 4

-CONTROL
POWER LEVEL ROD CONFIGURATION CRITERIA . MEASURED.VALUE.

HZP ARO Error 10.1' 'O.076 (max.)H

Incore Tilt s 1.02 (D) 1.012
s 1.04 (S)

= 1.39 2.14 1.4019H

CBD @ O Incore Tilt s 1.04 (S)
s 1.02 (D) 1.019

NOTE - = 1.57 1.16 1.624H-S = Safety Review
criteria .079 (max.)

D = Design Review . F Error 10.1
H

Criteria

Insertion Limits Incore Tilt s 1.04 (S) 1.03
s 1.02 (D)

F Error 10.1 .1885 (max.)H

<

D-12 Ejected F Error i0.1 1.273 (max.)H

F s 7.03 6.2633

.
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TABLE 4.7.1 - INITIAL STARTUP FLUX MAPPING

SHEET 2 of 4

CONTROL
POWER LEVEL ROD CONFIGURATION CRITERIA MEASURED VALUE

30% Power HFP Insertion Limit F rr r 10.1 .07181 (max.)H

Incore Tilt s 1.02 1.01088

. F s 1.7119 1.3953H

F (z) s 4.64 2.2196

D-12 Ejected F Error 10.1 0.11434 (max.)H

F s 3.02 2.30
,

50% Power CBD 2 210 Steps F Error 0.1 -0.06169 (max.)H

Incore Tilt s 1.02 1.01309

s 1.6864 1.3733H

F (z) s 4.6261 2.0169

D-8 Dropped F Error !0.1 0.8531 (max.)H

F s 1.6607 1.6021H

F (z) s 4.5655 2.3647

F s 1.88 1.6662H

- 124 -
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TABLE 4.7.1 - INITIAL STARTUP FLUX MAPPING
,

SHEET 3 of 4

CONTROL
POWER LEVEL ROD CONFIGURATION ' CRITERIA ~ MEASURED VALUE

75% Power CBD.as Reg'd for A Flux F Error 0. I' -0.0410 (max.)H
within Target Band

Incore Tilt s 1.02 1.01122

.s 1.5809 1.3540H

F (z) s 3.1205 1.9959

CBD as Req'd for A Flux F Error 0.1 -0.04621 (max.)
'

H
at 50% of Neg. Limit

i Incore Tilt s 1.02 1.00948

s 1.5735 1.3818H

F (z) s 3.0216 2.1505-

CBD as Req'd for A Flux # ~* ""***
H

at 90% of Neg. Limit
Incore Tilt s 1.02 1.01033

s 1.5773 1.3763H

F (z) s 3.0720 2.2103

( .

CBD as Req'd for A Flux F Error 10.1 -0.07694 (max.) -

H4 at Most.Pos. Value
Incore Tilt s 1.02 1.01296

F s 1.5761 1.3605 iAH

F (z).s 2.9790 2.0249q

- 125 -
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TABLE 4.7.1 - INITIAL STARTUP FLUX MAPPING

SHEET 4 of 4

CONTROL l

POWER LEVEL ROD CONFIGURATION CRITERIA MEASURED VALUE

90% Power CBD as Req'd for AI F"H Error 10.1 -0.04884 (max.)
within Target Band

Incore Tilt s 1.02 1.01273

s 1.5530 1.3525H

F (z) s 2.5895 2.0003q

100% Power CBD~as Req'd for AI F Error 10.1 -0.05923 (max.)H
within Target Band

Incore Tilt s 1.02 1.01224

s 1.5099 1.3653H

F (z) s 2.3686 2.0451

(H - 1.33 .13 1.3653
,

,

t
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O Coa 5TAer e ACT0a :gCLucza Ir3 THE CALCULATICM'CF ACTUAL ENTN4LPT DISE, FSUOM'
.

CEA594EREAT_UNCERTA:4TT FACTCS, 75UENU.= 1.0C00 * *

-|,. s.;- -

. ,

o RATIC CF ACTUAL-PC.fA TC XsTED =Chis, P = 0.CC24 ;
*

CCCLANT FLOd CCEAECTI*1. FACT:J s 6. C # 7
,

.

. C00LA4T TiMP. CDA75CTIO'. FACT F = 0.CC0C
.

O CCA33hED FLOh A.48 TIP.F s 4 ATb;E FACTOG = 1.J092
, ;

1.fC37 f(3h5TAhi DJLTIFLIEE FCA TECH SFIC FSL3M =
o o INDICATES WICLATI3M CF TICH 571C5

j
,

.

~ '

-0 20 LCWEs t FRACTIONAL MA1GINY FC1 CNTH AL'PT EIE! FACTC25 i

O FLEL F.A.. 330 ?CW TECH E8 ACTUAL- TECM SPEC hA*$1N * .

CACE t A3*. LCC. F f u2 N?. F4CTCE FTUPH FSUiH .DIFF. F9ACT. VICL. 4

1 :?1 04-0 1.431G 1.]CCO 1.!C37 1.4319 0.4319 0.'2F57 f
'

!o 2 c52 1;-P 1.7457 1.0C00- 1. !? i7 1.3557 0.4030 0.2924
! . 3 tas 12-0 1.3f!- 1.o *C 1.!037' 1.3334 0.4199 0.3335

.
i

!i
D 4' 391 37-3. 1.3757 1.0CCO 1.2017 -1. 3 7 ? ? 0.4301 0.3131 l

*

5 314 02-J 1.3551 1.0C00 1.2037 1.3651 0.4356 0.3213 .g. i
e 322 C2-G 1.?e 5 1.CCCG 1.*017 1.3605 0.4432 O.3257 *

'!3o 7 37a 14-6 1.1203 1.0000 1.1037 1.3tC3 0.4437 0.3162 .. n
'

: 'f23 41-2- 1. ! V.; 1.CCCC 1.* * 0 3 ' 1.3593 C.4647 C.3272
5' 394 C7-? 1.!!!! 1.GCCO 1.8C37 1.3552 0.4436 0.3310 i

1.3547 1.CCCO 1.?0?7 1.'3547 0.4491 0.3315 ,'p 10 115 C;-D, . .

11 Z19 05-c 1.?a9f 1.000G 1.*037 1.3495 0.4539 3.3362 -

~

12 357 02-J 1. 454 1.0000 1.2317 '1.3466 0.4571 0.3394 i

o 13 377 Gv-9 1.34!! 1.C0:0 1.!O37 1.3&53 0.4585 0.3405 -'>

''
j 14 .,40s 14-E 1.Y* L 7 1.0CCC 1.FO!7 1.3447 0.4510 0.3413
; 15 327 67-D 1.0424 1.0CCC 1.43!7 1.3424 0.4613 0.3436
' D 14 - 385 02-G 1.3422 1.00C0 1.!G37 1.3422 0.4616 0.3439 .

*

17 377 14-G 1.3417 1.CCC3 1.!O37 1.3417 0.4620 0.3443 i
i

1 E* 453 C4-P 1.541! 1.CC00 1.E0?7 1.3413 0.4625 0.3444-
!D 19 330 07-0 1.3353 1.0000 1.!357 1.3353 0.4685 0.3508 ;,

'*

i 20 333 67-D 1.33&2 1.0CCC 1.7337 1.3342 0.4695 0.3519 i:
' 'i-

, ,
. l

D -
; .

,

*
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.
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.
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Figure 4.7.2 - HZP, ARO
, i

o
.

O CONSTANT FLCTCES INCLUDED l '. T = .- CaLCutaTION CF ACTpAL MiaT FLUX, F0FhCR -

ENGIhEERIN3 FACTCR, FSU3.E = 1.01:4 .
, {.

I. - - - - ..
CEASUREMENT UNCE>TAINTY fACTCd, F5us'u a 1.05CC

. .

O I
PA4APETEa5 FC4 Tai F Is tL ( C C '. * * . * ! : .

fc'.I a Za
. .

CATIC CF ACTL4L F2.ie 10 :T' .s.:, 2.CO -- s
,:

e FACTCR FCR =ciLILI4G ==!:3 T,%p T::. 3 1. 3 -".C
}

.

C045TAhi F.uL1IFLIEI FC= ?:C,SFI; 7:L:s = 4.:4C'
-

0 INDICATE.i VICLATICr. LF Tich 5'!:S FC4 7.A.C.
C) es

20 LOWEST FRACTIONAL M&#GINi FC# HEAT' FLUX F AKING FACTO?S Coa 9f5P04 DING TO THE FI.hAL ACCEPTANC'E CRITE9fA
e

'

FLIL F.4 azt.
'

t(Z)/3(21 D J T '4 UP TECH SP. ACTUAL . TECH SPEC *FAR3IN
e ORDEk 459 LCC.- LCC. Ff35GA FaCTCP . FACTOR FSU33 FGFNCR DIFF. FRaCT. VIOL. .

. .I
1 c51 C4-0 21 2.151C c. 9 97'O 1.0000 4.d241 2.3263 2.2998 0.9586 |e 2 c51 04-c 27 2.1342 0.5 40 1.C000 4.6122 2.3031 2.3340 C.9952 -

3 452 12-* 24 2.140; 3.1570 1.0000 4.4241 2.3144 2.3116 0.9933
4 251 C&- ;5 7.14?2 1.0000 1. CJ 20 . 4.6403 2.3211 2.31!9 C.9990

e 5 c52 12-r 17 2.1315 . C.9940' 1.0300 4.(122 2.3052 2.3070 1.CC01
6 452 12-? 25 2.1349 1.0CCO' 1.CO3C 4.6400 2.3089 2.3311 1 ~.0 6
7 643 12-0 27 2.1141 0.9540 1.C000 4.6122 2.2664 2.3258 1.0 2 !.

e c 240 12-0 is 2.1133 C.cs7C 1.CCCO 4.(261 2.2920 2.3341 1.0 94 i:
5 151 04-0 2! 2.1005 0.0910 1.00CG 4.5582 2.2717 2.?265 1.0241 j:

TC e5: 12-" !! 2.07:5 G.841C 1.C000 4.5J52 2.2c63 2.3319 1.02P9
e 11 e42 12-c 21 2.1141 1.CCC3 1.C000 4.d4G0 2.2364 2.3536 1.0244

12 ett C4-c 24 2.108e 1. COCO 1:.0000 4.6400 2.2516~ 2.3514 1.3337 .

13 c51 ;&-c 21 2.15's 1.CCCC 1.CCCO 4.6400 2.2530 2.36CO 1.C351 7
e 14 131 24-0 12 2.1348 1.0000 1.C000 4.f400 2.2744 2.3636 1.0353 '

;

15 . 391 C7-2 21 2.3374 3.9970 1.0300 4.6261 2.2575 2.36P6 1.0472
- 16 444 12-c 23 2.C72* 0.3S10 1.C000 4.5932 2.2414 2.?$65 1.C515

e 17 c52 12-7 24 2.059C 1.0000 1. COCO 4.6400 2.2592 2.35CS 1.C515 ;

14 391 07-2 27 2.074e 0.99&3 1.C030 4.6122 2.2437 2.3625- 1.C556
'

,

li e51 34-0 20 2.0%55 1.CCCO 1.CO?O 4.6400 2.25$6 2.3314 1.C562
'

e 20 e43 12-D 24 2.0329 1.0000 1.0000 4.6400 2.2527 2.3873 1.0503
.s . -

,
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i* SeeSTAST FLCTea INCLUDED Th TME CALCULATION OF ACTUAL ENTNALPT AISE,.FSUSN-~~

-

PEAfteENEur heCtaTAlmTT FACTC4, FEUSNg a 1.0000
-

' |'
*

i *
*O CATIO OF A:TuAL FewfE TO 44TES PCd!*, P = 0.CC11 ,

i C00LAmi FLid CoaEECTIC4 FaCTOE 0.0052= ,
: '

i COOLANT TiitP. C039ECTION FACTCa = 0.000C '
- fi*O Ccp4INED FLek Amt TEMFiestuai F4CTQA = 1.0092 '

I
J C00STANT m'LTIPLIER FCS TECN $FIC FSUSN 1,3C41

, !'
a

i O o IRGICATEL VIOLATIO4 0F TECM SPECS
. .

- I, '

O 20 LOWES1 F4ACTISMAL RARG!ai$ FC1 ENTWALPT'AISE F CTC45 '*

- t'-

;,

{D
~

FisEL -F.A. ROD Etts TECW SP. 4CTU4L TECH SPEC agagsgg
,

: 089ES A3P. LCC.
i

.
F5W344 FACTOR FSURN FSUs4 OIFF. FRACT. VIOL. -

*. -

,D 1 37e 14-E 1.4240 1.0CCO 1.5041' 1.$240 C.1802 0.1109 |
'

; 2 .391 07-5 1.6075 1.0C00 1.2C41 1.4076 0.1965 0.1223 '

,

3 384 02-J 1.5967 1.0CCG 1.2041 1.5967 0.2074 0.1299
.

D . .

4 382 02-5 1.5575 1.00C0 1.9041 1.56'5 0.2144 , 0.1344 '\ 'I.
5 383 14-J 1.5131 1.0CC0 1.2041 1.5331 0.2210 0.1316 .f

-

8
.

4 379 09-3 1.5661 1.0CCO 1.5041 1.5461 0.2380' O.1520!D . 3- 218 CC-9 1.5493 1.0CCO 1.?G41 1.5493 0.2549 0.1645 i

i5

) 8 330 07-s 1.5427 1.CCCG 1.!041 1.!'27 0.26'15 0.1695 :
i 9 316 09-s 1.34C5 1.CCCO 1.!041 1.!405 0.2e36 0.1711

. j. D 10 219 C8-s 1.53?3 1.0CCO 1.8041 '1.53!3 0.2658 0.1728
i

i 11 220 C4-N 1.5377 1.GCCO 1.2041 1.9377 0.2644 0.1732 i

i t
-

! 12 323 04-J 1.5341 1.DC CO .1.8C41 1.5341 0.2700 0.1740 li,O II '377 14-6 1.5327 1.0CCO 1.5041 1.5327 0.2714 0.1771 '

! 14 .333 07-9 1.5299 1.0CCO 1.?041 1.5299 0.2742 0.1792
.

'

.

15 226 03-4 1.5233 1.0CCO 1.2041 1.5284 0.2754 0.'1803
'

D 14. 317 09-s 1.5273 1.0CC0 1.8041 1.5278 0.2743 0.1809 - ;!
17 221 04-N 1.5249 1.00C') 1.4041 1.5247 'O.2773 0.1316

.

i -18 113 08-E 1.5249 1.3CCO- 1.9041 1.5249 0.2792 0.1831
~

0 19 327 07-6 1.5248 1.0C03 1.8041 1.5248 .0.2793 0.1832
-

i~

f
, -

. 20 315 09-s 1.5227' 1.0000 1.5041 1.5227 0.2814 0.1848 - '
. -

: O
- * pr,

t 8

i * . . -
O -

-'
. .

.

a.
.
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Figure 4.7.5 - HZP, CBD At 0
)

*

.

CONSTAkT FACTORS INCLUDEC IN THE CALCULATION OF ACTUAL HEAT FLUX, FSFNCR
*

ENGIREERIkG FACTCR, FSU6CE = 1.03C0
"

PEA $u1EMENT LNCERTAINTT FACTCR, FSU3GU = 1.0500() ,

PARAPET!E5 FC4 THE FIAAL ACCEFTAhCE CRITE3IA
R4 TIC OF ACTUAL F0kEA TO RATZ3 P C '. ! R , P = 0.CC11 .

{) FACTCR FCR REFUELING W ATEE T Akt 1EMP. = 1.000C
CONSTANT MULTIPLIEA Fca TECH $PEC FSUE3 = 4.6&OO

-

o INCICATES WICLATION OF TECH SPECS F04 F.A.C.()
20 LOWEST FRACTIONAL MARGINS FC# HEAT FLUX PEAKING FACica$ COPRESPORDING TO THE FfMAL ACCEPTANCE C#1TEt!A()

FLEL F . A .- ARL. A(Z)/G(!) MUs4UP TECH SP. ACTUAL * TECH SPEC FamGIN
e) 080E2 ASM. LCC. LCC. FSU30A FACTC4 FACTOR FSU30 FCFhCA DIFF. FRACT. VICL.'

1 376 14-E 26 2.4645 0.4970 1.C000 4.6261 2.6'654 1.0607 0.7356
b) 2 - 376 14-G 27 2.4475 0.9940 1.C000 4.6122 2.647C 1.9652 0.7424.

3 376 14-G 25 2.4301 1.C000 1.0000 4.6400 2.6606 1.9794 0.7440 |
4 391 07-8 25 2.4333 C.:970 1.0000 4.6261 2.6316 1.9945 0.7579 .'

b) 5 354 02-J 25 2.422C 0.9970 1.0300 4.6261 2.6257 2.00C2 0. 617

6 391 07-3 27 2.4175 0.9940 1.C00C- 4.6122 2.6146 1.9976 0. 40
*

7 352 02-G 26 2.4248 C.9970 1.C00G 4.6261 2.o224 2.0037 0. 41

8 376 14-G 25 2.4062 0.9910 1.0000 4.5922 2.6024 1.9959 0.7670 i()
'1 391 07-E 25 2 4254 1.00C0 1.0000 4.6400 2.6231 2.0169 0.76S9 |

10 352 02-G - 27 2.4G9C 0.9940 1.0030 4.6122 2.6053 2.0069 0.7703 }
() 11 3tt 02-J 27 2.4085 0.9940 1.0000 4.6122 2.6045 2.0073 0.7706

12 3!4 02-J 25 2.42G6 1.0C00 1.000C 4.6400 2.6177 2.0221 0.7724 .

13 352 02-G 25 2.4151 1.0CCO 1.C000 4.6400 2.6120 2.02EC 0.7764 I-

14 376 14-G 24 2.4099 1.00C0 1.C000 4.6400 2.6063 2.0337 0.7803 !()
15 391 07-5 29 2.3812 0.9910 1.0000 4.5932 2.5753 2.0230 0.7855 ,

* 16 383 14-J 26 2.3934 0.1970 1.C00C 4.6261 2.5535 2.0376 0.7372,

' 17 353 14-J 27 2.?S42 0.99&O 1.COGC 4.6122 2.57F5 2.0337 0.7987g) ,

te 333 1&-J 25 2.3934 1.C0C0 1.CO30 4.e400 2.5335 2.0515 'O.7926 i
1

19 382 02-G 28 2.3636 0.9910 1.0000 4.*752 2.5617 2.0366 ,0.7950

20 354 02-J 22 2 3466 0.9910 1.C000 ~4.5992 2.5595 2.0387 0.7965 ;()
i

*
--- -.s

-
'
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;

1
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iFigure 4.7.6 - NZP. C30 At 0
, ';SELATIVE Eattet Ib F SUE 3 ELTA 5 CALCUL1Ec sacs .!!36T!3 TWi 8'TICAL FACT:85, (C4LC.-PfAS.3# PEA 3. *

.,
.

*
. t

. .

i0 P k R L E J . N 6 F ,E O C 0 A_
' '

{ C1
.

-0.GOE -0.0CS -0.014 %.023 -0.CC5 C.0C9 0.01C -
,

, ,

Y

. C2 .0.040 0.c39 -0.007 -0.0Ce -0.019 -0.023 -0.C13 C.0c t. 0.010 0.026 0.012 '

:
-

:

b

03 0.055 0.059 0.C45 -0.007 -0.009 -0.023 -0.027 -0.021 -C.006 0.010 0.028 0.013 -0.004' i-
I

' "t
.

. Ii 04 0.043 0.055 0.C63 0.006 C.003 -0.031 -0.034 -0.C17 -C.014 -0.004 0.C04 -0.003 -C.014 t

l
.

'

J
-

!

*

5 C5
0.c47 0.044 0.043 0.c43 0.004 0.012 -0.022 -0.031 -0.COs -C.C21 -0.032 -c.029 -0.024 -0.019 -0.011 j Ii

i

j C3
0.G46 C.020 0.054 0.234 0.01d 0.C2C -0.015 -0.051 -0.013 -C.005 -C.313.-0.339 -0.032.-0.011 -C.011 {

, N
|

.

I

! C7 0.059 0.053 0.043 0.037 0.027 C.013 -0.012 -0.ct3 -0.024 0.017 -0.022 -0.034 -0.055'-0.025 -q.012 '!I

E.. -

; CS 0.C35 p.042 0.339 0.033 0.C23 C.014 0.033 0.015 -0.019 -C.055 -0.037 -0.041 -0.001 -0.017 0.001 F !

.

a

#* .
o

'

09
0.044 (.054 0.044 0.C16 3.005 0.014 0.023 0.010 -0.010 -C.039 -0.051 -0.035 -0.023 ' !-

,
j. ' 0.000 0.001 }

' (
'

,;
4

.

.
i 13 0.C70 0.045 0.055 -0.010 -0.012 -0.GC2 0.014 -0.00F -0.014 -C.030 -0.037 -0.034 -0.034 0.010 0.010

,

f
- >

;,

3
-

*

, i

J '11 0.002 0.083 0.034 -0.007 -0.007 -0.011 -0.012 -0.02 3 -0.023 -C.026 -0.025 0.025 0.049 0.019 0.019
. j

1

1 ; ;
-

1

{ 12 0.054 0.032 0.C13 -0.017 -0.031 -0.019 -0.010 -0.C10 -C.026 0.055 0.162 0.0e1 0.005 -

g

:

j
.

-

! 13 0.045 0.032 0.C23 -0.018 -0.021 -0.011 0.003 -0.017 -C.043 0.028 0.071 0 030 -0.005 '

I;
'

.

.

1
- b,

[>
1 15

0.044 0.030 0.005 -0.002 -0.010 -0.023 -0.035 -0.043 -0.023 -0.001 -0.002 * *
'

.

: . .
-

j. ,

I
;. -

15 . 0.030 0.012 -0.034 -0.040 -0.C53 -c. css -0.023 -

(oV-
. ,

! 132--
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Ic. Figure 4.7.7 - HZP, HZP INSERTION LIMITS
.

. . >e
. If

C045TAmi FACTOR INCLUDED IN THE CALCULATION CF ACTUAL ENTHALPT RISES FSUSN' i!
CEASUREMENT UNCERTAINTY FACToa, FSUSHU = 1.0CCO In

L) , '
RATIC OF A:TUAL PCWE4 TO EATED *ChER, P= 0.0C12

.

*.

COCLANT FL3W CCERECTICM FACTCR = 0.0392en COCLAhT TE1P. C05EECTIch FACTCR 0.000C=
CCMEINED F.0W AND TEMPERATUAE ,FACTCR 1.0092 jg=

,

S?
CONSTAhT M'ILTIPLIER FCR TECH SPEC FSU3M = 1.2341

?

o INDICATE:3 VICLATION OF TECH $PECS
i*

) m
'

.
?

20 LOWEST FRACTIONAL MARGINS FCR ENTHALPT RISE FACTCRS
:' ,

. -

FUEL F.A. a00 30W TECH SP. ACTU8L TECH SPEC MARGINCEDE 3 A5M. LCC. FSU5HN FACTC& F5U3H FSU3H DIFF. FRACT. VIOL.
1 215 05-c 1.5356 1.CCC0 1.8041 1.5356 0.2134 0.13782 220 04-H 1.5345 1.0CCU 1.2041 1.5345 0.2196 0.13!6 !

J' 3 219 03-D 1.5750 1.0C00 1.5C&1 1.5750 0.2291 0.14544 221 04-H 1.5738 1.0CCO 1.!041 1.5738 0.2302 0.14635 391 07-e 1.5655 1.C000 1 1041 1.5655 0.2386 0.1524 %) 6 493 10-C 1.5555 1.0CCO 1.3C41 1.5555 0.2453 0.15967 116 03-0 1.5453 1.0C00 1.!O*1 1.5453 0.2582 0.1675
-

4 497 06-C 1.543E 1.0CCO 1.!O41 1.5405 0.2633 0.1709 |
*

) 9 317 07-0 1.5367 1.0C00 1.2041 1.5367 0.2674 0.1740 -

|

)10 333 07-D 1.5337 1.0C00 1.8041 1.5337 0.2704 0.176311 115 07-D -1.5303 1.0CCO 1.E041 1.5303 0.2738 0.1789) 12 361 07-C 1.5295 1.0C00 1.5341 1.5295 0.2746 0.1795

-

?

13
-

364 07-C 1.5257 1.CCCG 1.3041 1.5257 G.2753 0.1801) ' 14 370 GT-C 1.5266 1.0000 1.3041 1.5256 0.2774 0.131715 333 07-0 1.5251 1.0C00 1.2041 1.5251 0.2790 0.1829 * .
16 408 14-E 1.5250 1.0CCO 1.2041 1.5250 0.2790 0.1830 g

.

17 373 07-C 1.5248 1.COC3 1.5041 1.5248 0.2793 0.1832 -i 18 327 07-0 1.51!3 1.0CCO 1.8041 1.5188 G.2553 0.187919 214 05-u 1.5152 1.0C00 1.2041 1.5152 0.2359 0.1907 i,

20 394 07-s 1.5113 1.0000 1.5041 1.5113 0.2927 0.1937 |.
'

'$

p - . i

I

i
D . s'

.
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Figure 4.7.8 - HZP, HZP INSERTION LIMITS -

,

e:
-

.

CONSTANT FACTORS INCLUDED IN THE CALCULATIQ4 CF ACTUAL NEAT FLUX, FGFNCR
Et214EERING FACTCR, F5U3CE = 1.03C0 , ,

-

PE05UaEFENT thCERTAI4TT FACTOR, FSUSCU = 1.05CO

g POCAMETERS 50R THE FINAL ACCEPTANCE CRITERIA
COTIC OF ACTUAL POWER TO RATED POWER, P = 0.0012 *

FACTCE FCR REFUELIh5 WATER TANK TEMP. = 1.00CC. * *

CONSTANT MULTIPLIER FOR TECH SPEC FSU80 4.6400 -=,
INDICATES VICLATION OF TECH SPECS FOR F.A.C.*

.

20 LOWEST FRACTICMAL MARGINS FCA HEAT FLUX PEACING FACTORS CORRESPOEDING TO THE FINAL ACCEPTANCE CRITERIA

FUEL F.A. AIL. K(!)/G(2) BURhDP TECH SP. ACTUAL TECN SPEC MARGIN
ORDER ASM. LCC. LCC. FSUBQN FACTCR FACTOR F5UB0 FGFNCR DIFF. FRACT. VIOL.

1 391 07-e 14 2.642C 1.00C0 1.0000 4.6400 2.5573 1.7827 0.6239
2 391 07-e 13 2.6616 1.00C0 1.C000 4.6400 2.8569 1.7831 0.6241
3 391 C7-6 15 2.6161 1.0000 1.C000 4.6400 2.e293 1.31C7 0.6400

.4 391 07-e 12 2.6143 1.0CCO 1.CCCO 4.6400 2.8274 1.8126 0.6411 3

5 60S 14-E 13 2.5101 1.00C0 1.C000 4.6400 2.2229 1.8171 0.64376 6CS 14-E 19 2.6045 1.0000 1.C000 4.6400 2.8167 1.8233 0.64737 391 07-9 15 2.5959 1.0000 1.0000 4.6400 2.4075 1.8325 0.6527
8 391 07-2 19 2.593E 1.0000 1.0000 4.6400 2.3052 '1.8348 0.65419 (C3 14-E 14 2.5319 1.00C0 1.C000 4.6400 2.7923 1.5477 0.661710 405 14-E 15 2.57!2 1.00C0 1.0030 4.6430 .2.7J90 1.8510 0.6637

,

11 6C3 14-E 2C 2.5785 1.0000 1.0C00 4.6400' 2.7387 1.8513 0.663912 497 OS-C 14 2.5712 1.00C0 1.0000 4.6&OO 2.7539 1.8560 0.666713 351 07-2 20 2.5674 1.0000 1.00C0 4.6400 2.7766 1.8634 0.671114 497 05-C 15 2.5594 1.0000 1.C000 A.6400 2.7680 1.5720 .0.6763
. . . . . . . . ~

15 603 14-E 13 2.5590 1.0C00 1.00GG 4.6400 2.7576 1.5724 0.6766 i
-

16 497 06-C 17 2.5564 1.0C00 1.0000. 4.6400 2.7c48 1.8752 0.672317 497 Oo-C 13 2.5559 1.0000 1.0000 4.5400 2.7642 1.8758 ~0.678618 497 06-C 15 2.5559 .1.0CCO 1.0000 4.6400 2.7642 1.8758 0.675619 391 07-e 11 2.5555 1.00C0 1.0000 4.6400 2.7638 1.S762 0.678920 608 14-E 17 2.5497 1.00C0 1.0000 4.6400 2.7574 1.8826 0.6827 ,

.
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Figure 4.7.10. HZP. ROD D-12 EJECTED I , )o

'

.

'O CCNSTANT FACTOR INCLUDED IN THE C4LCULATION CF ACTUAL ENTHALPY RISE, FSU8N
CEASUREMENT UNCERTAINTY FACTOR, FSUSHu = 1.0000 '

, ,

O R.iTIO 0F ACTUAL F0WEa TO RATED PCWER, P= 0.0136
.

CSQLANT FLOJ COR4ECTICN FACTCR 0.0072=

C0CLANT TEM 2 CopAECTICM FACTCR 0.000C=
I COMBINED FL)W AND TEMPERATURE FACTCR = 1.0G92

CChSTANT MU'.TIPLIER FCR TECH SPEC FSUBH = 1.8C04 '

D .

o INDICATES VICLATION OF TECH SPECS

* 20 LOWEST FRACTIONAL MARGIh5 FCP ENTHALPY RISE FACTCRS

# FUEL F.A. ROD 90W TECH SP. ACTUAL TECH SPEC MARGIN
ORDER ASM. LCC. FSU2HN F4CTOA FCU3H FSUSH DIFF. FR4CT. VICL.

#
. 1 160 12-D 3.6271 1.0C30 1.8004 3.6271 -1.82A? -0.5036 e

2 174 13-C 3.1154 1.00C0 1.2004 3.1154 -1.3151 -0.4221 *

3 173 13-D 3.0472 1.0CCO 1.8034 3.0475 -1.2474 -0.4093 *
#

4 172 13-E 2.2634 1.0CCO. 1.5004 2.9634 -1.1431 -0.3925 *

)5 159 ,12-E 2.7163 1.0CCO 1.5304 2.9168 -1.1164 -0.3828 e
6 161 12-C 2.1912 1.0CC0 1.2004 2.3912 -1.0908 -0.3773 e

D
7 147 11-C 2.5706 1.0C00 1.2004 2.5706 -1.0703 -0.3728 *

8 146 11-0 2.!656 1.CCCO 1.3004 2.!656 -1.0653 -0.3717 *

9 164 14-E 2.9137 1.0CCD 1.E004 2.1137 -1.0133 -0.3601 *
'

# 10 195 14-3 2.7466 1.0CCO 1.8G34 2.7466 *-0.9462 -0.3445 e .

11 132 10-C 2.57E6 1.0CCC 1.30C4 7.6716 -0.6782 -0.3279 *

12 131 10-0 2.6411 1.CCCO 1.2004 2.6411 -0.5407 -0.3183 *
# .' 13 145 11-E 2.6327 1.0C00 1.!004 2.63S7 -0.93!4 -0.3177 a

14 153 12-F 2.6060 1.0000 1.8004 2.6060 -0.8056 -0.3091 .*

15 171 13-F 2.5604 1.0CCO 1.!004 2.56C4 -0.7601 -0.2969 *
D 16 144 11-F 2.5106 1.0000 1.2004 2.5106 -0.7103 -0.2829 e

17 148 11-4 2.4939 1.0CC0 1.2004 2.4939 -0.6935 -0.2751 '*
18 130 10-E 2.3786 1.0C00 1.2004 2.3736 -0.5753 -0.2431 *

O 19 152 12-8 2.3320 1.0000 1.2004 2.33!O -0.5376 -0.2300 * j
20' 183 14-F 2.1590 1.0C00 1.8004 2.1590 -0.3887 -0.1776 e i.

|
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, iFigure 4.7.11 - HZP, ROD D-12 EJECTED .

.

. .

.

CONSTANT FACTORS INCLUDED IN THE CALCULATION OF ACTUAL HEAT FLUX, F0FNCR
ENGINEERING FACTOR, FSUSCE = 1.0300

' ~ ' ' *

* *MEASUREMENT UNCERTAINTT FACTCR, FSUB3U = 1.0500() ,

PARAEETERS tot TPE FINAL ACCEPTAhCE CRITE11A
RATIO OF ACTUAL F0WEA TO GATED FChER, P = 0.C136 . .() FACTOR FCR REFUELING kATER TAN 4 TEMP. = 1.0CCC

4.6400 .CONSTANT PULTIPLIER FOR TECH SPEC FSUSQ =
'

e INDICATES VIOLATION OF TECH SPECS F0P. F.A.C.,

20 LOWEST FRACTIONAL MARGINS FCR HEAT FLUX PEAKING FACTOR 5 CORRESPONDING T0 THE FINAL ACCEPTANCE CRITERIAc)

FUEL F.A. AxL. K(I)/G(I) ButhuP TECH SP. ACTUAL TECH SPEC #ARGINq)
ORDER ASN. LOC. LCC. FSUSch FACTCR FACTOR FSUSS FQFNCR O ! F F.; FRACT. VICL.

'~

1 160 12-D 2C 5.7913' O.5160 1.0000 2.3944 6.2633 -3.8'690 -0. 617'?
'

*

d) 2 160 12-D 19 5.7936 0.5194 1.0000 2.&100 6.2550 -3.2450 -0.6147 *

3 160 12-D 21 5.7220 0.5142 1.0003 2.3$59 6.1984 -3.8025 -0.6145 *

4 160 12-3 13 5.722C 0.5231 1.0000 2.4270 6.1634 -3.7614 -0.6078 *

5 160 12-3 22 5.5911 0.5129 1.0000 2.3799 6.0468 -3.6663 -0.6064 *#

6 163 12-D 25 9.3679 0.5C46 1.0000 2.3425 5.8052 -3.4627 -0.5965 *

7 160 12-D 26 5.2907 0.4997 1.0000 2.3188 5.7219 -3.4031 -0.5947 *

d' 8 160 12-D 27 5.1521 0.4953 1.0000 2.2984 5.5720 -3.2737 -0.5S75 *

9 160 12-D 22 4.9519 0.4920 1.0000 2.2531 5.3555 -3.0724 -0.5737 *

10 160 12-0 15 5.&294 0.5440 1.C000 2.5239 5.9719 -3.3479 -0.5702 *

11 174 15-C 2C 5.027d 0.51f3 1.C000 2.3944 5.4373 -3.0429 -0.5596 *'''

12 160 12-0 14 5.367d 0.5515 1.0000 2.5559 5.8052 -3.2463 -c.5592 +

13 174 13-C 21 4.9796 0.5142 1.0000 2.3859 5.3855 -2.9996. -0.5570 a

8' 14 174 13-C 19 5.0212 0.5194 1.0000 2.4100 5.4304 -3.0204' -0.5562 *

15 160 12-0 25 4.$977 0.4379 1.C000 2.2637 5.0806 ~2.8149 -0.5544 *

16 174 13-C 22 4.8794 G.5129 1.0000 2.3799 5.2760 -2.8960 ~ -0.5459 *

17 174 13-C 13 4.767C 0.5231 1. C 000* 2.1270 5.3713 -2.9449 -0.5452 e" ' ''

18 173 13-3 2C 4.*105 0.5160 1.0000 2.3944 5.29Ed -2.9045' -0.5451 *

19 172 13-E 20 4.5987 C.5160 1.0000 2.3944 5.2979 -2.G036 .0.5451 *

d' 20 172 13-E 19 4.9039 0.5194 1.0000 2.4100 5.3035 -2.8935 -0.5456 *

f- 137 -y- .
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8 FIGURE 4.7.13 - 30% POWER, HFP INSERTION LINIT ,

. .

-

O
CONSTANT FACTCR INCLUCED IN THE CALCULATICN CF ACTUAL EN1HAL7Y RISES,.FSUBH- -, -

,

*
*

FEASUREMENT LNCERTAINTY FACT 05, FSU9HU = 1.0G00 ,
.

EATIC CF ACTUAL rChEF TG FATic ?CEE*, p = 0.!C75 -

0.Cc72COCLANT FLOW COREtCTICN FACTC2 =
I C00LAAT TEMP. COERCCTION FACTCF = 0.CCOC

-

1.0072COM31NED FLOh Ahc TiaFIRATU4E FACTCt =

O CONSTAhT FULTIFLIEA FCR TECH SFEC FSL3M = 1.7119
9 INDICATES VICLATION OF TECH SPECS

.

D
20 LO' DEST FRAC 11ChAL MARGIh5 FC4 FNTHALPY EISE FACTCd5 . .

O -

vLEL F.A. 43D ?OW TECH !*. ACTUAL' TECH SPEC MARGIN
ORDEA SM. LCC. FSUEHh FACTCR F3UEN FSUEH DIFF. FA8CT. VICL. *

7
1 376 14-G 1.3753 1.CCCO 1.7117 1.I953 0.3166 0.2269
2 391 37-d 1.3:45 1.0000 1.711~ 1.39'6 0.3173 0.2275

@ 3 384 02-J 1.333t 1.cC00 1.7119 1.3331 0.3251 0.2371
4 342 02-G 1.!s2C 1.0CCO 1.7119 1.3520' O.3299 0.2337
5 379 09-5 1.3790 1.CC 0 1.7119 1.!790 0.3329- 0.2414

* d 214 05-P 1.3$75 1.0CCO 1 7119 1.3175 0.3444 0.2515

JE 377 14-G 1.3655 1.GCCC 1.7119 1.3453 0.3460 0.2533

& 394 C7-5 1.!ift 1.0000 1.7119 1.3e54 3.3465 0.2532
. O 9 215 02-0 1.!!!4 1.CCCC 1.7119 1.3134 0.3135 0.2=C2 i
|

IC 392 07-F 1. ? 5 7 t. 1.CCCG 1.711'. 1.3576 0.3543 0.2610
11 (11 11-3 1.lfe3 1.00:0 1.7117 *1.35d3 0.3556 0.2622

O 12 357 02-J 1.3545 1.0CCC 1.7119 1.15&6 'O.3573 G.2t!7'

13 423 05-5 1.3531 1.CCCO 1.7119 1.3531 U.353C 0.2651
14 345 02-G 1.3526 1.0010 1.7119 1.3523 0.3591 0.2654
15. 219 G8-c 1.3527 1.CCCO 1.7117 1.3527 0.3502 0.2655*.
19 213 Od-E 1.3512 1.0C00 1.7119 1.3518 0.3600 0.26(3

17 383 14-J- 1.3317 1.0CCO 1.7119 1.3517 0.3602 0.2665
C) 1e 220 34-H 1.3513 1.cCCO 1.7119 1.3513 0.3605 0.2665 -

19 3d0 09-2 1.3501 1.3CCC 1.7119 1.3501 0.3617 0.2679
04-H 1.3457 1.0C00 1.7119 1.3457 0.3662 0.2721

O' - -

i*
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FIGURE'4.7.14-30hPOWER,HFPINSERTIONLIMITS
'

-, . .
CCNSTANT FACTORS INCLUDED IN ! .

THE CALCULATION CF ACfUAL HEAT FLUX, F0FkCR
ENGINEERING FACTCRp FSUSCE 1.03C0=

8 MEASLREMEhT LNCERTAINTT FACTCR, FSU330 = 1.0500

. PARARETEAS FCR ThE FIhAL ACCEPTANCE CRITE91A**
R4 TIC OF ACTUAL POWER TO RATED #C' E er P =

-

0.3C75.
'

FACTOR FCR REFUELING kATE4 TAAK TEMP.
-

= 1.000C
CCNSTANT MULTIPLIER FCR TECH SPEC FSUec = 4.4400 f.* e INDICA 1ES VIOLATIch 0F TECH SPECS FOR F.A.C.

.

.

'

20 LOWEST FRAC 1IONAL MARGINS FCR HEAT FLUX FEAKING FACTORS C09RESPCNDING TO THE FINAL ACCEPTANCE CRITERIA *

* FLEL F.A. ARL. K(Z)/G(Z) EURhuP TECH SP. ACTUAL TECH SPEC MA9 GIN
ORDER ASP. LCC. LCC. FSU9ch FACTC7, FACTCR FSU20 FCFNCR O!PF. ,FeaCT. VICL.

'

1 c51 04-D 20 2.t523 1.00C0 1.COCC 4.64C0 2.2f96
*

'~ .42C4 1.C905
~

~

2
2 651 34-D 17 2.C4?! 1.CCCO 1.C000 4.6400 2.2153 2.4242 1.0940 "

3 c51 34-c 21 2.C3'i 1.CC:3 1.CC00 4.!'C0 2.201C 2.4350 1.1043*

4 152 12-r 2 2.03fc 1.CCCO 1.CCC2 4.5600 2.2Ca7 2.43!3 1.1046,

5 c52 12-y 19 2.C301 1.0CCO 1.CC33 4.6400 2.1755 2.4445 1.11746 452 12-F 21 2.0232 1.0000 1.0000 4.6400 2.1631 2.4519 1.12067 c44 12-D 1; 2.C205 1.GCCC 1.CC C 4.6400 2.1251 2.4549 1.1234 -

8 e51 G4-0 19 2.C195 1. CCO 1.0030 4.(400 2.1540 2.4560 1.1245 *

9 653 C4-F 2C 2.C1 2 1.CCCO 1.0000 1.5400 2.1937 2.4563 1*.12&5 I
| 1C 453 04-M 17 2.C10! 1.CCC3 1.CC00 4.S&CC 2.1747 2.4e!3 1.1337 j11 c53 J&-F 21 2.C392 1.0C00 1.CCOC 4 . C & c .3 2.173C 2.1670 1.1353 i
*

12 391 07-E 2C 2.007e' 1.?GC0 1.C000 4.6400 2.1712 2.' tid 1.1370, '

13 445 12-c 2; 2.0015 1.CCCO 1.C010 4.6430 2.1703 *2.4677 1.137914 443 12-c 13 2.0062 1.CC G 1.030C 4.6400 2.1703 2.4597 1.137; ;15 c31 34-0 22 2.00?: 1.0CC0 1.C000. 4.64C0 2.1655 2.4732 1.1414 .16 e52 12-P .15 2.CO29 1.0CC0 1.COCC 4 . 6 4 C.0 2.1461 2.4739 1.142117 423 '05-e 20 2.C932 1.00C0 1.CO3C 4.6400 2.1$32- 2.4768 1.145018 391 07-s 1; 1.3772 1.9CCO 1.000C 4.540C 2.1599 2.4501 1.14$219 371 07-e 21 1.:971 1.CCC0 1.C000 4.640? 2.1544 2.4602 1.14932C 376 14-G 20 1.4~&4 1.:CCO 1.0000 4.(400 2.1559 2.4831 1.1512
e

t

i
I

e
.

s

!
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FIGURE 4.7.15 - 30% POWER, HFP INSERTION LIMITS8

RELATIVE EAR 045 IN F SU5 DELTA 4 C 4L C U;.* I i 2 f*Cv . i 1 C'13 T 685 0 F F11 C 4 L FACTORS, (C A t.C .-9 E A S.1/ F E A S .
.

-

I R P h M L K J H G F E 'D C 8 A
~

O 01
.

0.011 0.012 -3.015 -0.041 -0.014 C.006 0.005
,

,

8 C2 -0.035 -0.CC5 0.C11 C.012'-C.30? -0.c42 -0.001 C.010 0.007 0.004 -0.013
.

8 C3 C.CC3 0.00C -0.C05
0.C10 C.011 0.000 0.C35 0.002 C.015 0.002 0.005 -0.012 -0.029

8 04 0 015 -0.005 0.002 0.013 C.014 0.004 -0.Cte 0.001 -C.003 -0.003 -0.008 -0.013 -0.022
8 C5 0.C25 0.020 0.017 0.C1: 0.C13 C.0C4 -C.025

.

,

-0.02e -0.C13.-C.016 -0.019 -0.C16 -0.013 -C.C26 -0.039 |

8- C6 0.033 C.035 G.C 4 C.C43 C.C19 -0.CCf -0.026 -0.053 -0.017 C.004 0.003 -0.01'1 -0.013 -0.C38 -0.038
8 C7 0.C19 0.032 0.051 C.C4 0.033 -C.006'-0.017 -0.034 -0.021 C.034 -0.011 -0.003 -0.0C2 -C.01C -0.026
D C5 0.C05 0.022 0.C45

0.C47 0.C33 -0.0C4 -C.J29 -0.039 -0.C37 -C.058 -0.017 -0.C24 0.028 -0.014 -0.007

.

i C9 0.C11 0.017 0.031 C.C41
0.C39 0.015 -C.008 -0.033.-0.064 -C.043 '-0.003 0.C00 0.002 C.001 -0.600

8 10 -0.001 0.0C4 C.01d C.CZ3 0.044 C.02C 0.014 -0.C33 -0.027 -C.0'24 0.000 0.C08 0.0C5 -0.015 -C.015
1 11 -0.014 -0.015 -0.004 0.013 -0.006 0.0C6 C.013 C.C29 'O.029 -0.004'-0.004

-

- 0.013 0.024 -C.028 -0.025.

# 12 -0.004 0.007 -0.CO? -0.C09 -C.013 .0.003 0.022 0.022 -C.004 0.017 0.025 0.012 -0.023
,

* . 13 -0.0C3 0.005 -0.CC5 -0.0'07 -0.0C2 0.01C 0.014 -0.004 -C.031 0.005 0.023 5.0C5-C'.019
* 14 -0.02C -0.C12 -0.014 C.0G1 0.022 0.CIC -0.C10 -C.030 -0.011' O.010 -0.002 -

''
,

15
-0.022 -0.004 0.007 -0.006 -0.016 -C.030 -0.011 -

- 141 -
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FIGURE 4.7.16 - 30% POWER, R0D D-12 EJECTED
,

.
.

.

CONSTAhi FACTOR 1hCLUDED IN THE CALCULATION OF ACTUAL 2NTHALPY RISE, FS' 6HC) U
MEASUREMEhl UNCERT4191Y FACTOR, FSUBhu = 1.0CCO

'

' . .' , ,, .. ..

RATIO OF ACTUAL POWER TO RATED P 0''w i R , P * 0.3149* *
COOLANT FLOW COARECTICN FACTCR 0.009249=

COOLANT TEMP. CORRECTION FACT 04 * 3.03]; .

CCMBINED FLOh AND TESP!nATU45 FACTOR = 1.0092.O

CONSTANT MULTIPLIER FOR TECH SPEC FSU9H = 1.709P
.

e INDICATES VICLATION OF TECH SPECS
.

20 LOWEST FRACTIONAL PARGINS FOR ShTHALPY RISE FACTORS

.FUEL F.A. tc) :CW TECH $8 ACTU4L. TECH SPEC MARGINO ORDER ASM. LOC. F3UBHN FACT a FSU?H FSUSH DIFF. FRACT. VIOL.
*

1 410 12-D 1.5e43 1.0CGO 1.709! 1.5e33 0.1414 0.0902.O 2 366 13-F 1.!!19 1.0G00 1.7073 1.5517 3.1577 .0.1017
3 371 14-E 1.3*49 1.CC00 1.709!. 1.5449 0.1648 0.10674 387 12-5 1.54?G 1.0000 1.701b 1.5420 0.1678 0.1035 '

O
5 367 13-F 1.5330 1.0G00 1.70ce 1.5310 0.1767 0.11530 335 12-E 1.9320 1.0000 1.7072 1.53?O 0.1778 0.11607 362 11-F 1.5169 1.0000 1.705.1 1.5169 0.1929 0.1271

*

0
3 433 33 3 j,$339 j,gg39 g,79;3 1.5154 0.1930- 0.12729 3o3 11-F 1.513; 1.0003 1.7022 1.5139 .0.1959 0.129410~ 4G7 11-Q 1.5070 1.CC20 1. 7C 3s 1.5C70 C.2028 0.13468

11 440 00-9 1.4?52 1.0000 1.7093 .1.4e52 0.2245 0.131212 383 10-E 1.4515 1.0C00 1.7C73 1.4215 0.2293 0.154113 441 0?-S 1.4603 1.0000 1.7023 1.4M03 0.2295 0.15500 14 334 10-E 1.47!c 1.0003 1.70ic 1.47?6 0.7312 0.116315 344 14-G 1.4595 1.0000 1.7005 1.4a93 0.2400 0.103316 345 14-G 1.4050 1.0630 1.7C92 1.4650 0.244! 0.1671' 17 412 13-D 1.4o3S 1.0000 1.7073 1.4c35 0.2463 0.1663
-

13 404 C9-D 1.45!2 1.00C0 1.7095 1.4552 0.2516 0.172519 - 405 09-c 1.4429 1.0000 1.7008 1.4499 0.2609 0.1301' 20 160 12-0 1.4373 1.0000' 1.7095 1.4373 0.2724 0.1595
~ .

D
,

' ~

.
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FIGURE 4.7.17 - 30% POWER, R0D D-12 EJECTED . ' -

O .
a

CONS 1 ANT FACTORS INCLUDED IN THE C4LCULATIch 0F 4CTuaL* HEAT FLUX, F0FNCR., ,

ENSINEERING FACTCR, FSUEGE = 1.03C3
' ' ~ ' ~ ~ " 'MEASUREMEN) UNCERTAINTY FACTOR, FSUBQU'= 1.0500 -

PARAMETERS FOR THE FINAL ACCEPTANCE C91TtAIA
~

-

RATIC OF A(TUAL P0mIA TO E4TE PCh!P, P a 3.3149
FAC704 FC4 diFUELING WATER tan < TFra. = 1.C000, *

CONSTANT MLLTIPLIER FCA TECM SFEC FSuac = 4.c400-
* INDICATE 5 VIOLATION OF TECH SPECS FOR F.A.C.

9

20 LOWES1 FRACTIONAL MARGINS FC4 HEAT FLUX FEAKINS FACTORS C09 RESPONDING TO THE FINAL ACCEPTANCE CRITERIA
D

FUEL F.A. 4hl. f(Z)/5(Z) 303NUP TECH SP. ACTUAL TECH SPEC,MA,4 GIN
ORoiR A 3 F. . LCC. , LCC. F309CN F%CTCR 81CTCR F3U33 F0FNCA DIFF. F24CT. VIOL.

,

1 410 12-0 27 2.1275 0.3940 1.0000 4.6122 2.3009 2.3113 1.0045
2 410 12-3 26 2.12'3 0. 5 'd 7 0 1.0000 4.6261 2.2935 2.3276 1.0126

,
3 410 12-0 2a 2.1039 0.G910 1.C000 4. Son 2 R.2519 2.3163 1.0151
4 '366 13-F 27 2.1035 0.4'40 1.0000 4.e122 2.2514 2.3307 1.0215

, .

4.e261 2.2847 2.3414 1.02495 365 13-F 25 2.1125 0.7570 1.C00G
6 337 12-E 27 2.338e 0.9540 1.C000 4.6122 2.2696 2.3425 1.0321
7 410 12-0 25 2.1100 1.0000 1.0000 4.6400 2.2319 2.3551 1.0334
8 366 13-F 23 ?.0P47 0.991S 1.0000 4.5982 *2.2559 2.3393 1.0356,
9 337 12-5 is 2.0975 0.9870 1.C330, 4.6261 2.2633 2.3576 1.0393

1 Q_ 366 13-F 25 2.1007 1.CCPO 1.0300 4.5400 2.2719 2.3631 1.0424
11 337 12-E 2? 2.3797 0.~;1' 1.C000 4.54?2 2.2492 2.3490 1.04&4

3 11 391 14-E 27 2.0359 0.ii40 '1.C000 4.6122 2.2559 2.3563 1.0&&5
13 3oi 11-F 27 2.C553 0.7940 160000 4.6122 2.2553 2.3564 1.0446
14 410 12-0 2: 2.0553 0.9570 1.0000 4.5797 2.2365 2.3428 1.0474

,
15 410 12-D 33 2.3257 0.96?6' 1.0000 4.4942 2.1919 2.3023 1.0504
16 362 11-F 25 2.0559 0.9970 1.0000 4.6261' 2.2559 2.3702 1.0507
17 391 14-E 25 2.0721 0.9910 1.0000 4.59P2 2.2410 2.3573 1.0519

9 .

15 388 12-E E7 2.077e 0.9940 1.0000 L.6122 2.2469 2.3653 1.0527
19, 391 14-E 25 2.C338 0.957C 1."003 4.6261 2.2536 2.3723 1.0527
20 410 12-D 32 2.0432 0.97P0 1.0000 4.5379 2.2097 2.3282 ].0536D
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FIGURE 4.7.19 - 50% POWER, ARO

-o .

CONSTANT FACTOR INCLUDED IN lHE CALCULATICN OF ACTutL 'ENTHALPY RISE, FSU2H
U PEASbREMENT bhCEETAIhiY FACTop, FSUSHU,= 1.0CCO

RATIO CF ACTUAL POWER TO EATED PCESP, P = 0.4629
# = 0.J270COOLANT FLOW COPEECTICN FACTOR

CCutANT TEMP. CCA42CTIch FaCTCE = 0.0000
*

1.0220.COMDINED FLOh AND T!MPERAluSE FACT 0a =, ,

CONSTANT MULTIPLIER FCR TECH !PEC FSb9H = 1.d?c4
e INDICATES VICLATION OF TECH SPECS, ,

>.

20 LOWEST FRAC 110NAL MARGINS FC3 EATHALdY RISE FACTC93,

'
.

FLEL F.A.. 30D 3Cs Tert. s?. ?rTU4L TECH SPEC' MARGIN
,

ORDER A51. LCC. FSb3HA FACICR FEufH FEU'H LIFF. FR4CT. VICL.:

1 651 G4-0 1.3735 1.C000 1.fE64 1.3733 0.3131 0.223Q j
,

2 652 12 .* 1. ! :",1 1.0C00 1.ftf4 1.34C1 0.3263 0.2399
3 334 02-J 1.3574 1.PCCO 1.tfe4 1.3574 0.3290 0.2424 -

4 376 1* - 1.3530 1.1CCG 1.2i54 1.3536 0.332S 0.2458
p

5 214 05-H 1.3'23 1.0CC0 1.d!38 1.3523 0.3336 0.2466
6 371 07-a 1.3525 1 0000 1.6554 1.?525 0.3339 0.2469
7 379 04-E 1.2453 1.CCCC 1.t!64 1.3453 C.3411* 0.2536

,
8 611 11-E 1.34!: 1.0C00 1.4564 1.3430 C.3434 0.2557

dF 213 03-0 1.3477 1.0CCD 1.tSt4 1.34?7 0.3437 0.2559
~

1C 332 02-G 1.3394 1.CCCO 1.dtf4. 1.!374 0.3470 0.2590
,

11 367 32-J 1.1301 1.0C00 1.tE44 1.!!'3 0.3471 0.2592
12 217 05-3 1.151C 1.GCCC 1.d?t4 .1.3350 0.3434 0.26C4
13 213 GL-E 1.*I74 1.CCCO 1. f 5 '. 4 1.!374 0.3490 0.2tC9

g
14 e23 05-5 1.3373 1.0000 1.d!64 1.3373 0.3491 0.2411
15 377 14-G 1.!355 1.0CCD 1. tis 4 1.1355 0.3509 0.2627 .

16 44d 12-D 1.1347 1.0C00 1.d!64 -1.3!47 0.3517 0.2635*

O
17 394 07-9 1.3344 1.0CCO 1.t964 1.3344 0.3520 0.2638
12 44o 05-F 1.3331 1.0CCC 1.6564 1.3331 0.3533 0.2650
19 220 04-b 1.332C 1.CCC0 1.6554 1.3324 0.3535 0.2652

0 '

_
20 653 04-F 1.3522 1.0C00 1.d564 1.3322 0.3542 0.2659

-- - ---- - .u.-----..o_
_ _ ,

;

o.
- ,

l
9

*

- 145'-
-?

C. N
v'T_ i

. - _ __-- _ - - .



O O ou o O O C O O O o
. .

- 5'
*.

e. .. ,
.. .)

.. .

' .
,

() e i

FIGURE 4.7.20 - 50% POWER, ARO / ,

. .

CONSTANT FACTORS INCLUDED IN THE C4LCULATION CF 4CTUal HEAT FLUX, F0FMCR ,

,
1.03C0 ~ ' 'ENGINEERIt.G FACTOR, FSUE4E =

P.EASUREMEAT UNCERTAIhTT FACTOR, F$uPod = 1.05C0
-

FARAMETERI FCR ThE FIAAL ACCisT4hCE CRIT! sit ,

EATIC CF ACTUAL F0eEn YO nATEC SLh!F, P = J.4f27
1. 00 0 C.FACTCR FCE REFUELIt.G hAfi4 TANK 1='P. =

g, C0hSTANT FULTIPLIEF FCE 15CH SFIC FSU?; * 4.c400
INDICATES VIOLATIO:4 0F TECH EP!CS FOR F.A.C.*

.

*
20 LOWEST FRACTIONAL MARGINS FC4 HEAT FLUX PE4K!13 FACTORS CC2 RESPONDING TO THE FINAL ACCEPTANCE CRITERIA

e
FLEL F.a. ADL. r(F)/S(Z) 9U14UP TECH SP. ACTUAL TECH SPEC FARGIN

ORCEt A5M. LCC.. LOC. F?u234 82CTC3 F1CTC* F3U90 FCFN. A DIFF. FR4CT. VIOL.C
gp

1 651 C4-0 26 1.5350 0 :;70 1.0010 4.'6261 2.0149 2.6091 1.2936

2 151 04-3 27 1.t523 C.f940 1.C300 4.6122 2.3D33 2.6089 1.3023

3 651 04-0 25 1.!$24 1.00C0 1.000C 4.e430 J.0142 2.6258 1.3036g,

4 c51 04-0 20 1.?$92 1.0000 1.0000 4.6400 r.C107 2.6293 1.3077

5 c51 64-0 21 1.?554 1.00CJ 1.C000' 4.6400 2.0093 2.63C2 1.3057
6 252 12-P 26 1.!49f 0.9970 1.0000 4.6261 2.0306 2.6255 1.3124ap

7 652 12-1 27 1.540C C.2540 1.CGGO. 4.6122 1.9900 2.6222 1.3177

6 c51 04-0 22 1.f!!e 0.5910 1.C300 4.59?2 1.9776 2.6206 1.3252'

9 c51 04-0 19 1.*40 1.3000 1.0000 4.6400 1.9943 2.6457 1.326oen

10 c51 04-0 22 1.8437 1. 0 ; r. 3 1.0000 4.6400 1.9940 2.6460 1.!??C
11 c52 12-F 25 1.f425 1.CCC0 1.C000 4.c=0C 1.9931 2.t&S9 1.3250
12 652 "12-F 21 ,1.e395 1.0CCO 1.C000 4.6400 1.9599 2.65C1 1.331!c)
13 334 02-J 26 1.3342 0.9973 1,0000 4.6201 1.0537 2.6424 1.3321

14 c51 v4-c 2 k_ 1.E 367 1.0000 1.0000 A.6&CO 1.9564 2.6536 1'.3359

15 652 12-F 20 1.95e! 1.3300 1.C000 4.f400 1.9362 2.6533 1.3361g,

16 214 05-H 27 1.3252 C.4940 1.C000 4.6122 1.9739 2.43!3 1.3366
*

17 214 05-h 25 1.1291 0.9970 1.C002 4.6261 1.9752 2.6479 1.3335

16 376 14-G 26 1.3272 C.7970 1.0000 4.6261 1.9762 2.6499 1.3410g, .

19 354 02-J 27 1.6215 0.5943 1.C000 4.6122 1.9619 2.6422 1.3413

20 652 12-F 25 1.3154 0.0710 1.0000 4.5982 1.9633 2.6349 1.3421
a,

.. ._ _
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-'' FIGURE 4.1.21 - 59% POWER,ARQ

C)_
,

RELATIVE ERROR $ IN F SUS DELTA H CaLCutatte rece st!C*Tec TPEC#FTICAL FACTCPS, (CALC.-MEAS.3/ MEAS.
O

R P h F L t J h G -F E D C 8 A
, .

O

01 -0.002 -0.001 -0.021 -0.041 -0.00960.015' O.014
O

C2 C.008 C.CC? -0.CCI -C.CC1 -0.00C -1.061 C.004 C.026 0.027 0.031 0.CC9 -

e

03 0.034 0.032 C.023 -0.003 -C.CC2 -0.000 0.026 0.003 C.d3P 0.014 0.030 0.008 -0.013

.

C4 0.041 0.05C C.028 0.002 0.004'-0.007 -0.028 -0.006 -C.002 0.002 -0.003 -0.002 -0.014

e

05 -0.C39 0.043 0.046 C.C23 0.00 3 -C.012 -C. 0 ? S -0.C 3 3 -0.0 3 3 -C.0 2 9 -0.0 2 5 -0.0 21 -0.016 -0. 0.15 -C .014

O .

C6- 0.037 C.041 0.044 0.C36 C.dC4 -C.02' -0.041 -0.053 -0.C30 -C.014 -0.011 -0.014 -0.011 -0.014 -0.013
O

C7 0.C23 C . '02 8 0.04C 0.C53 0.014 -0.025 -0.012 -0 045 -0.C27 C.009 -0.0'21 -0.010 -0.002 -0.006 -0.014.

0

08 0.C08 0.026 0.023 C.C27 0.C07 -C.021 -0.034--C.045 -0.037'-C.047 -0.,027 -0.036 0.019 -0.013 -0.007

# ,

| 09 0,427 0.047 0.035 0.C22 c.021 0.0C2 -C.016 -0.034 -0.C'54 -C.042 -0.023 -0.015 -0.009 -G.001 0.005

1O *
.

10 0.C20 0.027 0.046 0.013 0.C36 0.0CE -0.J00 -0.013.-C.0t0 -C.031 -0.016 -0.010 -0.010 -C.CG7 -C.007
9

11 0.C01 0'0C0 0.010 0.002 -0.019 -0.0C6 -0.005 0.005 0.005 -C.015'-0.016 -0.000 0.008 -0.019 -0.018
.

.y.

12 0.024 0.049 0.CC7 -0.015 -0.025 -0.005 0.009 0.009 -C.015 0.006 0.026 0.013 -0.013
.

9

13 ,0.030 0.049 c.C13 0.CO2- 0.0C5 0.013 0.013 -0.CC3 -C.026 0.006 0.C23 0.010 -0.005

9 .

i 14 0.003 0.012 0.002 C.024 0.057 0.023 -0.007 -C.025 -0.004 0.018 0.007

|O
. 15 0.001 0.024 0.02! 0.001 -0.010 -C.025 -0.004

'|9
##- .
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FIGURE 4.7.22 - 50% POWER, ROD D.8 DROPPED.

."" CU137A'HT"FNCTOW TMCIUUEU 16- TWE"CTEUCLMTTOW Ur ATTUAL"EMTR ATPT WITE}"TSU9F--"--~~~~~#~~~~~"- ~ ~ -

| PEASUREMICT UNCERTAINTY FACTORS FTUBHU = 1.0000 e
1 -

R4 TIC OF ACTUAL POWER TO RATED PCWER, P = 0.4720
-"- CUOCANT 7LTF CURTECTTUF 77CTCT v-"0itUv7 ~ " - - =

~~

CCOL4NT TEMP. CORRECTION FACTCP 0.000C=

~~"CUMINElf FIDii WWTENFTRATURE"FXCTOW r- nigyr- - " - - - - " ---

.
. .

-LU43IARI r.ULIIPLILM yGR vetn nytt y3ygn s 1.COu(
0 INDICATES VICLATION OF TECH SPECS '-
- , - - === ..

._
_ -

__.

.

""- 2U E0VE3T TRICTIUNIC-"MRTUTNT T07 TNTHTEFT TITE FTCTCTS ~

"-

,

FutL F.A. R0D 90W TECH SP. ACTUAL TECH SPEC MARGIN. ..... .. .... 0 M -~~-- A TP . ECT. FTUTRY~~~TATTUR TSVGW"- TSUEW 'U IT ri-""7 7A CT ;""" VI DE ." """"'"""-"- - - -

. . . ... ......... 7 ---- ~~- 2 6 0"" 0T* T- ri!U2T-""T;UCUU TiETOT""T;T071 0 ;U337"-"'O r0 3Y 3"""""" " - ~ " " " " " " " " " -

.

2 251 12-L 1.5995 i.0CCO 1.6607 1.5973 0.0609 0. 0 3 !_1_j a c2o s e .- i.svoc i.ucco . i . c e; < i.)<co v.co*i u.u*ve
~

'

4 261 05-t 1.5757 1.0C00 1.t607 1.$959 0.0648 0.0'C6..... ~ .
. .. 5' 70T--- 0V8F 1i3T3T"" T;UCCU - riET37"~~7 ;T8 T3- 0;076N~ ~ EU4Y5 ~" - - ~ ~ ~ ~ " " " " " " - " "-

6 244 06-L 1.5785 1.0C00 1 6607 .1.5725 0.0321 0.0520
..............7 M 2--~~ 0T L""~"ri576 T-"T;UCCO ri!TCT"" T T7T1 U;U34T D .7 5T 6"" "" "-" """"- "" "" " -"" """"""" "-

8 258- 03-K 1.5623 1.0CCO 1.f607 '1.5623 0.0934 0.0630
y cru su n . 26,y i.r.cc i.co;i s.;6ie v..ics v.us2s

10 227 04-? . 1.5461' 1.CCCO 1.66C7 1.!'61 C.1146 0.0741 *

. . ........... 1 T-~~~~ ~~-- 2 Z 3-~~~ 0 73 F--~~~ ~- T . R 5 4 - TM CV----- P. H 0 7-~~-- T T& TS---~~~0.' 1T5T~"U;UTV6"""""- * " - " ~ - " " " " " " " " " "

s . . .... . .... 12 ......... 2 3 5 11-P 1.5431 1.0CCO 1.6607 1.5431 0.1175 0 076233 2T r----t ter------- r. 5 m - t ace----- 1- n a r----- 1 ms----- oJ12rr---- o U7 93 ----- ---= - - - - - - - - - - - - -

14 24.0 02-L 1.5354 '1.0C00 1.5507 1.5354 0.1253
.

0.08M,.2 <>, .i- . 22<. ..usau ..c a, .. 2<. v..c:o u.s ;
16 230 07-M 1.5244 1.0C00 1.4607 1.5244 0.13^3 0.0394

............. 3 7......... 276"~"078 T"-""r.~5 T3 7--~~T UUCU Ti$WT T;T237 0~.177 7 - U;U9U3""- ~ ~ ~ ~ " " " " " " - "
18 271 13-K 1.5088 1.CC00 1.6607 .1.5C35 0.1519 0.10G7... . ... . g -- ...;3g.... g,g. ....p,_5ggg......T ECU-~~~~ rig'07----- T;TOUO"""0 J1 TOT U;TUTf""- =- """"""""""-
2C 203 05-P 1.4965 1.0000 1.6607 1.4965 0.1642 0.1097

, ....................... ......... ..... ...................- -_-

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

... ......... .. .- ............ ...................... -- - :. _...._ _
.
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-
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O g, CONSTANT FACTCR INCLUDED IN THE CALCULATICM CF ACTUAL ENTHALPY RISE, FSUSH
; ''E ASUREMENT.-UNCERT A!hiY F A CTOR,- F SU3hu m-1.0CCO
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,'! '00LANT.7 LOW-COREECTICN. FACTOR =.. 0.0092
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:Oj FACTOR FCR REFUELING inATER TAAK TEMP. = 1.00C0
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# 20 LOWEST FRACTIONAL .9ARGINS FC5 HEAT FLUX PE4 KING FLCTORS CO2RESPCADING TO THE F.INAL ACCEPTANCE CRITERIA

O ..:

,
..

!'| FUEL F.A. AXL. K(Z)/G(Z) RUFNUP TECH SP. ACTUAL TECH $PEC PARGIN
O 'i ORDER Asr. LCC. LCC. Fsusch FACTCR FACren Fsuto FcFNCR oIFF. FaACT. VIcl.

I l'.
1 ( 1 214 08-0 20 1.2455 1.0CC0 1.C030 3.1205 1.9959 1.1246 0.5634
'S' 2 210 05-H 2C 1.3439' 1.00C0 1.0300 3.1205 1.~9&2 1.1203 0.5643

3 213 08.c 3C 1.3433 1.0000 1.00C0.--3 12 0 5 1.0935 1 1269 0.5651
(- 452 12-0 2C 1.8431 1.C0C0 1.003C 3.1205 1.9934 1.1271 0.5654'

O' 5 216 04-N
*

2C 1.9431 1.0000 1.C300 3.1205' 1.9933 1.1271 0.5655
!* 6 455 - 04-0- 20 -1. 3 & 14 - 1. 0 C C 0-..- 1 '. 0 0 C 0 3.1205- 1.9917 -----1.1247.- - 0.5667 --

*j 7 217 04-H 2C 1.3409 1.CCCO 1.G300 3.1205 1.0910 1.1295 c.5673-

O.g 8 454 12-o 20 1.a405 1.00C0 1.C00: 3.1205 1.9905 1.1299 0.56F5
' 9 210 05-H 2? 1. 3 3 9 5- --- 1. 0 0 C 0 --1. 00 0 0 3.1205- 1.9894 1.1311 0.56 6|*

. 1C 216 04-M 21 1.8395 1.CCCO 1.0000 3.1205 1.9894 1.1311 0.5656
C) * 11 461 04-0 2C 1.E3CG 1.CCCO 1.'C C C C 3.1205 1.9*59 1.1315 0.56S7*

'
. 12 214 03-n 21- 1.8352 1.0000 .- -1.0000 3.1205-- - 1.9131 - -1.132' O.5686 -

- * 13* 217 04-H 21 1.8373 1.CCCO 1.C00C 3.1205 1.9570 1.1335 0.5704
'd:1 i 2i5 On-. 2i i.u62 i.CoC0 i C0cc 3.uG5 i.u57 i.u A8 0.57i5

i' 15 214 02-9 19 1. 2 3 3 4--.e- -1. 0 0 0 0--1. 0 0 0 0 3.1205- 1.9625 1.1377 0.5733-
j' 16 455 04-0 21 1.2332 1.0CCO 1.0000 3.1205 1.9326 1.1379 0.5739-

S.| . 17 210 05-h 19 1'.2322 1.00C0 1.0300 3.1205 1.9316 1.1329 0.5747

( 14= 216-O L-H 1e 1 832? 1. CCC O -- 1. CC0 0 3.-1205 1.9814-- --1,1390 0.5749-
19 455 04-0 19 1.3315 1.0CCO 1.0000 3.1205 1.9407 1.1397 0.5754' . .'e 20 215 08-0 19 1.1312 1.CCCO 1.0000' 3.1205 1.9805 1.1400 0.5756
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FIGURE 4.7.27 - 75% POWER,AI WITHIN TARGET BAND
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!' RELATIVE ERRORS IN F SU3 DELTA H CALCULATED FRCy WEIGHTED THECRETICAL F4CTORSr (C4LC.-MEAS.)/ PEAS.

40- 7'
I t,

,I .*

l' R P M M L K J H G F E D C B. A
30; .

s '| 01 0.003 0.0C3 -0.015 -0.032 0.004 C.031 0.031 -

D .'.

C2 0.009 0.010 0.CO2 0.003 -0.00$ -0.032 0.003 C.020 0.013 -0.001 0.0C1
:o

14

03 C.0C6 0.007 0.005 0.001 C'.0C3 -0.007 0.C20 -0.004 C.010 0.0'14 -0.C02 0.000 C.C02}3'
**

| . . . __ . __ _ _. .. _ . . _. - . _ . . . _ . _

*' 04 C.0C3 C.00E 0.005 0.C08 0.01C -0.005 -0.C26 -0.C05.-C.005 -0.006 -0.C19 -0.014. . .
.* _._ __ _._.

-0.011
3 ;

.) 05 0.032 C.020 0.013 0.013 0.009 0.005 -0.019 -0.023 -0.012 -C.015 -0.015 -0.C25 -0.031 -C.025 -0.010
'

D:. -

C6 I.C53 0.039 0.025 0.C24 0.C12 C.0CC-0.015-UO31.-0.008 C.005 0.50 E 0 253 -0502k~25.512 -0.01a
~ ' ~~

!)'| G7 0.035 0.030 J.023 C.C34 0.C19 -C.0C1 -0.016 -0.013 -0.Ct'7 C.034 -0.606 -0.C17 -0.022 -0.014 -0.019
%

' i
~

0.013 -0.C20 -0.006

,

9 C8 0.018 0.022 0.024 0.025 0.017 0.002 -0.001 -0.015 -0.C13 -C.034 -0.013 -0.030' D';
I C9 0.022 0.025 0.024 0.C21 0.C1? 0.015 0.011 -0.003 -0.C20 -C.020 -0.005 -0.011 -0.011 -0.C01 0.007

o'.:' __

0.023 0.~ 0 2 3 0.024 0.C08 0.021 0.014 C.024 0.01C -0.004 -C.012 -0.01C -0.C14 -0.01i C.009 0.010?| 10
~

r

q$'

F 11 0.021 0.020 0.002 0.C02 -0.009 0.001 C . '011 0.C20 0.020 -C.012 -0.012 -0.015 -0.016 c.01C C.010
D,'

3

g - - -

. . -, ,_,

'
. 12 0.0C8 -0.005 -0.C13 -0.C15 -C.020 -0.001 0.012 0.012 -C.012 -0.015 0.C20 -0.011 C.004r

-

i.y .
w

'l 13 0.0C5 -0.005 -0.C03 -0.013 -C.0C5 0.006 0.005 -0.C06 -C.020 -0.0*3.-0.010 -0.006 0.0C0
?.N.3 -

.

'
'1 % 0.017 0.C05 0.002 C.012 0.026 0.014 -0.004 -C.020 -0.010 -0.C01 -0.001
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POWER,AI AT 50% NEGATIVE VALUE

..

'*
.

I FIGURE 4.7.28 - 75%
O. ~' - - - -

--

. . . . . _ _ _ . . . . _ _ _ _ .
,

'

&' CONSTANT FACTCR INCLUDED IN THE cat.CULATICN CF ACTUAL ENTHALPT RISE, FSUBH.
'.--M A S U R EME ni-4iN CE ATMN T4--H C T GM MS UMU-=-410600 -

C, ' RATIC OF ACTUAL FCWEA TG EATE0 8' C li E p p P = 0.7678' *
-

|,'|, -COCL ANT -FLOW-C09hECTICN F ACTcsy =- 0.0092-- - - - - - - - - -- - " - - - - - - - " - - ~ ~ ~ - - ~ ' - - ' '~~ -~

COOLANT TEMP. CORRECTION FACTCR e 0.000C:
iS*

COMBIN!D FLO'_..AND TEMPERATUAE ~
1.0092' s FACTCR =* .t _ . _ _ _ . ,_

f e|*
*

--

CONSTANT MULTIPLIER FCA TECH SPEC FSteH = 1.5735
.* INDICATES VIOLATION OF TECH SPECS

3p - -

ej 20 LOWEST F8ACTIONAL PARGIAS FC0 ENTh4LPT HISE F4CTCAS
'

...je . .

4> 'l FLEL F.A. 400 CCW TECH 38 ACTU4L' TECH SPEC FA9 GIN'

J . A D E A-----A S M < LCC. F S L* 3 H 8: FACTOR -F!UPH -FSUEM D I F F .---- F R A C T T --V I C L .

| e]|
l'*

1 .214 08-0 1.3.515 1.CCCO 1.5735 1.3519 0.i017 0.1327
! P 2 -215 0 5 '- D 1.3740 1 0C00 1 57?$ -1c3700 0 1939 Os1406. -

1 '
e 3 216 C4-P 1.3729 1.0CCC 1.573.* 1.3779 0.?006 0.1461' e '; 4 210 05-H 1.3715 1.0CCO 1.5735 1.3715- 0.2020 0.1473'

5 217 - 04-F 1.3 7 07- -1. 00 G 0 -1.5735 - -1.3707 0.2026 0.14?O- -- --. ; --
". e 209 08-E 1.3333 1.0CC0 1.5735 1.3e!3 0.2102 0.1542''

7 277 07-0 1.3536 1.CCCC 1a5735 1.3!!6 0.2149 0.1522
+ * '73 09-0 1. 3 5 T-3 1.OGC0 1.5735- 1 3536 9.2170 0,1606

.s 9 293 07-E 1.354C 1.CCCO 1.5735 1.3540 0.2'195 0.1621
'

.
'

O 'l 1C 276 c4-J 1.352e 1.CCCc 1.5735 1.3576 c.22c9 0.1633
5- 11 202 - 02-J 1.3513 1.40CG 1.5735- * 1.'513 0.2223---- 0.1645-- - - - - - -

---

' 12 275 12-J 1.3407 1.0CCC 1.5735 1.3499 0.2235 0.1656.

O,' 13 274 04-G 1.3491 1.0C00 1.5735 1.3491 0.2244 0.1663

.f'l
It 3 6 5---C $ sJ 1.1443 1.0Gc0 1.5735 1.3443 0.2292 9,1705
15 262 - 05-J 1.1437 1.CCCO 1.5735 1.34!7 0.2279 0.1711

Cj'i 16 318 05-F 1.3437 1.0CC0 1.57?! 1.?4?7 0.2259 0.1711
11 2& H 9-5 1.3425 140CCO 1.5735- 1i3425- 0,2310 0.1721.

i* 18 263 05-E 1.341E 1.0000 1.5735 1.3415 0.2318 0.1727
Cc- is 260 05-s 1.3411 1.0cCO 1. 5 n 5 1.3411 0.2324 0.1733*

2c Saa - t4-C t.w05--1 ocsc 1 ,5735 t-3405 0,e33c or1736, .

0:
'

:.
- -

i

*:
,
, .

. .

j e.,' - 154. -
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FIGURE 4.7.29 - 75% POWER,A I AT SOE NEGATIVE val.UE
. I._. -
: p

*

l'
,

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

-

7' CONSTANT FACTORS INCLUDED IN THE CALCULATION CF ACTUAL HEAT FLUX, F0FACR -
,.

* -E"GItE E AING4 ACTGAc-FSUSGE- -1. 03GO .
* FEASUREMENT LNCERTAINTY FACTOR, FSuseu = 1.05C0

, ,

, .

*

h--P ARAPETE85 FGA-ThE -F1h Al,-ACCEPTAhC! C4IT5 91s - . - - - - - - - - - -- --- - ---- - - - ---

* *

t DATIO OF ACTUAL POWER TO RATED PCbEP, P = 0.7678

is[ FACTCR FCR REFUELING kATER'TAkK T E as P . = 1.00CC .

| , --00 h S T A NT-PUkT IPL I E R- f C R-T E C h-S P E f -F SUB4- e .-3.s 0 216-- - - - - - - -
,

' ' O INDICATES irIOLATIOh 0F TECH SPECS FOR F.A.C.
s'

~

'20 LOUEST FRACTIONAL MARGIh5 FCR HEAT FLUX PEAKING FACTORS CORRESPChDING TO THE F: MAL ACCEPTAMCE CRITERIA
r,-
*'e'

~

l' FbEL F.A. Azt. K(231G(1) C U ' P.U P TF Ch SP. . ACTUAL TECH SPEC 7pnGIN
; 8.] ORDEA ASM. LCC. LCC. FSUBch FACT q FACTOR F SUM FCMCR DIFF.. FRaCT. VIOL.*

,

~ 1' 452 12-D~ 1? 1.9454 1.ccc0 1.C00C 3.0216 2.1505 C.C711 0.4051
E 2 452 12-D 19 1.98E4 1.0GC0 1.0003 3.0216 2.1505 0.8711 0.4051
"

3 210 - 35-H 20 -1,4872 1.0GC0 --1 0000 F.021' 1492 Or8723 0a4057,
'l 4 210 05-p 19 1.7869 1.CCCO 1.0000 3.0216 -2.1488 0.8728 0.4062

) 5 21=' 08-C 2C 1.9C6C 1.GCCO 1.0300 ~3.C216 2.1477 0.3737 0.5063
- 4 - --- 4 5 4 - 12-0 1 f--- 1. 5 5 5 7-- -1. 0C C 3 - -1.C000 S . 0 216 ---- 2.14 7 5 -- 0. 8 7 41 -- c . 4 0 70 -- --- ------ - --- i

e": 7 454 12-0 14 1.9257 1.CCC3 1.COGC !.0216 2.1475 0.87&1 ,0.4070 t

'
.i J 215 03-0 2C 1.3637 1.00C0- 1.C00G 3.0216 2.1454 0.5762 C.4084,' * -9 214-- 06-0-- 19-- - 1.9977- 1.0000 1.C00C 2.02-16 2.1453 0.5762- G 40F4
'| 1G 215 De-C 17 1.9814 1.00C0 1.C002 ?.0216 2.1420 0.2797 C.4101
'l 11 2C9 C3-E 15 1.i!09 1.0GC0 1.CJ3C 3.0216 2.1423 C.3792 C.4104
,'L--- 12- -216 - 04-8---- 20- 1.7505- --1.0000 - --1.0000- 3.0216 - ---2.1419 - 0.!797- c . 4 1 0 7 - - ----- --- ---- ----

* |"i 13 117 04-P 20 1.9722 1.0000 1.CGCC 3.0215 2.1394 c.*822 0.4123
eu 14 209 04-E 2C 1.5781 1.0000 1.000C ?.0215 2.1393 0.3523 0.4124

= 15-- 116--- 0 4- H - 11- --1. 9 7 4 5-- - 1. 0 C 0 0--- --1. G 0 0 0 ---! . 0 216 2.1330 - -0.9335 --0.4173-
'

14 455 04-0 19 1.7755 1.CCCO 1.000C 3.0216 ?.1556 C.6550 C.4142
i

17 * 217 G4-H 13 1.9746 1.C000 1.C000 3.0216 *2.1356 C.2E60 0.4149 ,

I f*|
18 461- - 04-0- 19 14 9 7 2 e --- 1. C CC O --- 1 ; C00 0 - -- ? . 021 e --- 2.13 3 o---- - C . 9 5 3 0 - - 0 ; 416 2 - ------ - -

|
19- 210 05-H 12 1.9712 1.0GC0 1.C000 3.0215 2.1319 0.5597 C.4173'

20 455 04-0 2C 1.7677 1.0CCC 1.C00C 3.0216*. 2.1302 0.5914 Q.4135
, . - - - - . - - . , . . - . . _ . - . . - . - - . . t

eI .

*

t

I
t

.
'

9
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FIGURE 4.7.30 - 751 POWER.A I AT 50% NEGATIVE val.UEf~{e' AILATIVE ERRCRS IN F SUS, DELTA H CALCULATED FRCP hEIGHTED THECRETIC4L FACTORS, (C A LC.-MEA S. )/.ME A S.
:i '

, ,

' ' ' f

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

*

01
g. 0.004 0.0C4 -0.015 -0.034 0.004 C.033 0.032 -

.
t

I *
C2 0.016 j

g,' ' 0.C16 0.003 C.0C4 -0.003 -0.C34 0.001 'C.021 0.017 0.010 0.0C8'

*I"""
. 0.017 0.C19 0.C03 0.0C4 -0.010 0.011 -0.C07 C.010 0.009 0.C00 0.0C8 C.007

03 0.016
- .

.*|
. ,

I
- -

! I'' C4 0.011 C.023 0.C11 0.C01 C.002 -C.013 -0 020 0.010-C[0*3|, 0.004 -0.012 -0.004 -C.C
CS 0.C36 0.027 0.02C 0.C13 0.CC1 -c.003 -C.022

0.026 -0.C20 -C.021 -0.021 -0.C21 -0.020 -C.016 -0.011,,1
,

1 e

l 'l' -0.03C -0.C13 -C.003 -0.003 -0.C20 -0.017 -C.011 -0,011
.

' 06 0.C55 C.038 0.022 0.C17 0.CC4 -C.CC7 -C.01f

!*! 07 0.C34 0.028 0.023 C.Ch4 0.01 C -C.CC 5 -C.015 -0.C15 'J.C12 C.024 -0C12-0317'

: 8,91. 0.020 -C.C10 -C.014
' I' CS 0.C15 C.022 0.022 0.C15;6* 0.007 -0.0C2 -C.004 -0.015 -0.017 -C.038 -0.02C -0.C35 0.014 -C.019 -0.007.
.

!h 02 0.C23 0.031 C.026 0.C17 0.014 C.011
,. 85! 0.007 -C.005 -0.020 -C.026 -0.012 '-0.015 -0.010 -C.CO2
'

- 0.003 -

10 0.C25 0.027 0.03C 0.C07 0.C22 C.011 0.018 0.002 -0.011 -C.017 -0.014 -0 012 -0.012 0.010 C.010.

!d 11 0.C22 C.021 0.004 -0.CC1 -0.C15 -0.0C6 -0.001 0.C02 0.002 -C.012 -0.013 -0.C06 -0.001 C.017 0.t118v,
.-

*
__

12
'.

t|' 0.014' C.007 -0.C07 -0.C20 -0.03 2 -0.011 0.004 0.004 -C.012 -0.003 -0.C07 0.002 0.006 i,.

*
13 0.018 0.007t |

[,.' '
0.C06 -0.C1 -0.CC2 0 005 0.006 -0.001 -C.012 -0.001 0.CO2 0.0C1 -C.001

|ct
,

14' O.033 0.C14 0.C06 0.017 C.032 0.016 -0.C01 -C.012 -0.005 0.C01 0.000
1

l.

<. ..

I 15 0 022 0 026 0.020 0.0 H 0.000 -C.012 -0.005[Y ._ ..

.
'
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FIGURE 4.7.31 - 75% POWER, A l AT 90% NEGATIVE VALUE .

|
.

g.
... . . . . - - - - . - - . . .

.

O* ' Constant FACTcR InCLUoEn != iME C ALCut ATss= Cr ACTU AL ENTHALPY RISES FSU3H
*

' - - -* s As un tas e T-L u cEST43 M I V-H C T O a #--F $ UBMW--=--1,0000
1 . - -

D' RATIC OF ACTUAL FedE4 TO RATED PCWER, P = 0.7552
k-C00L ANT -F LOW -CORE NC T ICN-7 8 C TGa-= -- 0.C092 -- -- -- - - - - -- '-

*

g COOLANT TEMP. C0 ERECTION FACTCa = 0.000C
"'D' 'CCM33NED FLOh AhD T E F.P E R A T U1 E FACTCR =
' *

1.0057
. . _ _ _ - -.-

'

'I CONSTANT MULTIPLIER FOR TECH SPEC FSU3H = 1.5773
O'. o INDICATES VIOLATION OF TECH SPECS

,

|- .

, .

D. '. 20 LCWEST FAACTIONAL MASGIh5 FCR ENTHALPY RISE FACTCRS
_ _ -

,

3 *g
*

FUEL F.A.- CCD ECW T E C r* $P. ACTL'AL TECP SPEC V.ACGIN
, ' , , ORDEA "iM. --LCC r FSU5H . FAC1CE F3b?> 'F S U E P ---- D I F F .- -F R A C T 6--VICL . --

~1

O '1 1 214 08-0 1.3763 1.cCC0 1.5773 1.37s3 0.2010 0.1461-
"-- -- 2- 215-- 0 3-tL 1.37'2 1.CCCC 1.!773 1.1742- 0.2031 0 1479

i 3 210 G5-H 1.3715 1.CCCC 1.!?73 1.3715 0.2059 0.1591|
'

D,]l 4 216 04-h 1.1707 1 0CGC 1.t?73 't.17C7 0.20f6 0.15C3
--5 217 54-k 1. MM 1.0CCO 1.57'3 1.16 5 C -- G . 2 0 i 7 -0.1525 - - -- -- --

', 6 277 07-D 1.35ES 1.0000 1.5773 1.35!6 0.2137 - 0.1610

D'| 7 2C7 C3-E 1.3373 1.CCCC 1 5773 1.3573 0.2200 0.1621

g'l
a 2 9 3--07-C----1.-3 5 57 1.0000 1,5773 1.3557 h?217 0.1635 ,

,

C 273 09-C 1.35?b 1.CCC0 1.5773 1.3538 0.2235 0.1651'
.

3 *. 1C 292 C2-J - 1.3510 1.0C00 1.5773 1.3510 0. ? ?'6 3 0.1675
N 11 * 2 7 6 --04-J 1.3502 1 060C 1. 5 7 73-41 c3 3C2 0.2271 - - 0.1682 -- -

' *! 12 - 174 C4-G 1.34Zi 1.0 C3 1.5723 1.3456 0.2233 0.'1696'

D 13 263 GS-G 1.344E 1.00CC' 1.5773 1.344$ 3.2323 0.1729

'. 14 275 12-3 1 144! 1.CC4C 1 5771 1 3445 0 232d 0.1732
15 260 05-E 1.3445 1.0CC0 1.5773 ,1.3445 0.2329 0.1732

D '| * 14 313 05-F 1.3423 1.0CCO 1.5773 1.1423 0.2350 0.1751*
4 .
I 17 i&5 - G5-J 1.3472 1.CC00 1.577-3 16-3422 0.2351 0.1752-* '

~ * 14* 229 09-a 1.3422 1.0CCO 1.5773 1.3422 0.2352 0.1752
; D,"' 19 262 05-J 1.2418 1.0CCO 1.5773 1.3413 0.2355 0.1755

'

20 348--44-C 'v3381 tiGGGG--1 r57 7 3 1.-33&1 0 1392---O n-17e *
|* -

o: -

,e .

09 i
s ;!

. . ,

|Q.' '
.

. d] - 157 -
1
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f.g FIGURE 4.7.32 - 75% POWER A I AT 901 NEGATIVE VALUE

^

IO| .
,

g
- . _ . . - _. _ _ . _ ..._ . _ .. _.

.

'

C' CONSTANT FACTORS INCLUDEC IN THE CALCULATION CF ACTUAL HEAT FLUX, F0FhCR
*' -5484 INE G AIN G-F A C T 04,-F S U3G E-=-t 9340 .

' PEASbRE9ENT LNCERTAINTY FACTop, F5UCCU = 1.05CD .

o,
'

-- P A 4 AP E T E A S- FC s -TFE -F IN Al- A C C E P T A h C E- C *I T! *I A -- - - - -- -----0-- -*

O|
I' RATIC 0F ACTUAL F0 DER TO RATEC PChio, P = 0.7552

FACTCn rCR nEFuttlis sata = Tans Tsr... i.00CC
(it----t4NST A hi Mut-11f LI E R FC R-1 E C H - S F E C- F S L N-* - 3.C-7 2 0-- --- -- - - ' - - - - - - - -

,

. 0 INDICATES VIOLATICM OF TECH SPECS FOR F.A.C.<

.O'. . . .

y
M 20 LOOEST FRACTIONAL MARGINS FCP HEAT FLUE FEAKING FACTCRS COPDESPCAOING TO THE FINAL ACCEPTANCE CRITERIA

O'
? . _ _

. . . . .

'
. i FLEL F.A. 4XL. X(7)/C(Z) f u r *.*;r .T!CH SP. ACTUAL 78CH SPEC FA* GIN

*

|O" . cnoin Asm. Lec. LCC. F st'os s rActCs FAcTc= r$uso F:FnCR o!rr. F=ACT. vz0L.

I~| 1 210 05-i- 14 2.0437 .1.C000 1.C00C 3.0720 2.2103 0.3617 0.3599

'j 2 210 05-F 2C 2.G322 1.0C00 1.C00C 3.C720 2.2043 0.3577 0.3937
3 314---05-4 1- 2.G 3 51 --1. 0 C C O--- 1. 000 0 ---Is 0 7 2 0 2 20'2 0,5573 343937-

j'I 4 215 02-D 19 2.0357 1.00C0 1.0000 3.0720 2.2017 0.87C4 0.3953
.

O' 5 455 04-o 19 2.0352 1.0CCs 1.0000 3.0720 2.2011 0.5710 0.3957
7 4- 2-1 d - .--C 5 - 5 12 - 2.G334 1.0000- 1 0000 3.0720 2.1991 0.8729 -0.!954- -

---

% 7 216 04-H 19 2.0329 1.0CCO 1.C000 3.0720 '2.1956 0.8734 0.3973

0.] 8 452 12-c 19 2.C327 1.CC00 1.0030 3 0720 2.1914 0.8737 0.3974
' * 441 - -04-0 10 2.032? 1300GJ 1.0000 3 0720 2.1910 0 9740 0.-3975i

b 19 2.C306 1.0CC0 1.00C0 3.0770 2.1961 0.3759 0.3939*

i 10 217 04-h
-

19 2.C305 i.00C0 i.0000 3.0720 2.i960 0.s7,0 0.39E,
,

dq ii 20, Ga-a-

f 12 454 - -12-0 -19 - 2.C299 1.0CC0 -- 1.0000 --3.0720 2.1953 - --0.3767 0.39?3-;'t 13 214 08-o 20 '2.C2!6 1.CCC0 1.C300 3.0720 2.1939 0.3721 0.4002
(3 ' 14 215 08-C 2C 2.C263 1.0C00 1.00CC 3.0720 2.1914 C.58C6 0.801!

15 -455 04-0 1F 3.G2+2 1 0000 1.-G C00 3.0720' 2.1914 6.-E E 0 !, 0.4019*
',

14 214 08-C 18 2.C262 1.CCCG 1.0000 3.0720 2.1914 0.8306 0.4019
.

17 216 04-H 18 2.0257 1.CCCO 1.COCC 3.0720 2.1908 0.3512 0.4022

' | Gb '|*'
'

14 216 - 04-S 20 -2.C 2 5 7 T . 000 0 -- - 1.0000--! . 0 7 2 0 2.190 5 - G.6812--D.40 2 2
19 215 08-o 18 2.CZ39. 1.CCCC. 1.C000 3.0720 2.1S*9 0.8832 0.4035*

.O* 20 461 04-o is 2.0235 1.00C0 1.0000 3.0720 2.1ss4 0.as37 0.403s

F ..

- ,

'j .

,j -

,:
;1
.
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_ .. FIGURE 4.7.33 - 75h POWER. AI AT 90% NEGATIVE VALUE j.

*t!FFT D 79:ctiTICal FACTORS, (CALC.-'FAS.3/FEAS._|' RELAf!VE ERRORS IN F SU3 DELTA W C4LCULaTFD F C C *d .

? 'qJ '

|' R P h M L K J *H G F E D C 5 A

an.- ;
i . ,

01 -0.003 -C.0'C 2 -0.020 -0.0 3 7 0.002 'O.031 0.03C I

') Gb'

'

' 1

.- .
.

j '' C2 0.02C 0.C21 -0.CO3 -0.0C2 -C.012 -0.037 -0.CC1 C.01c 0.020 0.C21 0.014
C) '

l.
.

03 0.021 0.022 0.C25 -0.C04 -0.0C3 -0.013 0.011 -0.C09 C.00* 0.014 0.C20 0.013 0.007*

,

- -
- . . . . _

.' 04 0.013 0.031 0.C11 -0.006 -0 0C4 -0.014 -0.03C -0.012 -C.010 -0.000 -0.009 -0.003 -0.005
e'l

j'",
0 5

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

C.C31 C.024 0.025 0.C15 -0.C05 -C.CC: -C.02 3 -C.02 ; -0.C 25. -C .021 -0.C12 -G.021 -3.022 -C'019 -0.016, .

*),. ,

e{I 06- 0.C44 0.036 0.029 0.C17 0.002 -C.CCf -C.014 -0.032 -0.C15 -C.CO2 C.CCC -0.021 -0.021 -C.016 -0.015 g

!",
'

C7 0.C27 0.023 0.02C 0.022 0.006 -C.0C1 -0.003 -0.'C13 -0.01.1 C.C27 -0.011 -0.020 -0.026 -0.C15 -0.019
.

*'

s ';
' 0; -

I

es'' 05 0.C10 0.014 0.009 0.C12 0.CC5 C.003 C.002 -0.007 -0.015 -C.039 -0.019 -0.C34 0.011 -C.023.'O.011

C9 0.f17 0.024 0.016 0.CC9 0.009 C.010 0.010 -0.001 -0.C15 -C.023.,-0.014 -0.016 -0.014 -0.005 0.002*

*Q ~

.

," 10 0. C 2 5' C.024 C.023 0.CC5 0.C13 C.01C 0.J12 0.002 -0.CC9 -0.011 -0.C13 -0.C19 -0.019 0.CCG C.005 =fLe '* ~~-
.

e. - 11 0.025 0.025 0.012 0.000 -0.007 -0.0C2 0.0C0 -0.002 -0.002 -C.006 -0.007 -0.001 0.004 0.007 0.007"

.

" *

12 c.021 0.017 -0.002 -0.C11 -0.022 -C.010 -C.COC -0.0C1 -C.006 0.01C .0.018 0.015 0.003
*e
..

13 -0.024 0.017 0.C13 -0.G01 -0.0C3 0.002 0.001 -0.C05 -C.014 0.005' O.013 0.'005 0.001
*f:t,(.

'

0.CO2 0.001**
14 0.033 C.C21 0.015 C.017 0.021 0.01C -0.C03 -C.013 -0.006

e!.-

| '15
"

0.030
* '.026 0.015 0.010 0.C00 -C.013 -0.0050

j'a ..

! - 159 -6
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FIGURE 4.7.34 - 75% POWER,A I AT MOST POSITIVE val.UE' '

:}
f -. . - . . . , . - . . - . - - . - --.

$' CONSTANT FACTOR INCLUCED IN ThE C ALCL't,ATICN CF ACTUAL ENTHALPY RISE, F5U3H
*

---R( A SU R E M E ki-UN GE R T A I N T-Y-FA GTOMF699 h:: - ?.0CGC *

,O' aAr:0 Or ACTuAt FewEn .Tc aarEe pCtra, P 0.7593 .-
' -C0CL A%T - FLO4 CO RR E CTICN -F a CT02-=--0.00 92--- - -- - - - - - - - - - - - " - - - - - - - - -- - - - - - - - -

'

O|'!
* C0cLAhi TEM *. C05RECTION fACTCR = 0.C00C .' COnalsED F t06. Ar:c TEr.FEa ATuae r C10a - 1.ac72 -

' * CONSTANT MULTIPLIE4 FOR TECH SFEC'F5heH = 1.5761 *e- a twDICATEs vtCLATION Or TECM $PECS

C. .

Co 20 tewEsT raAC1:0=AL nAssINs rCa EnTuAtpr FIss FaCrCas

N~
'

O'" FLEL F . A ." 10D ECW TEC4 CD. .! C T U A L TECH SPEC FAPGIN
ORDER A&M. LOC. F-5 t:3 H N F A C-TC P ' F S U9 H- f30EH DIFF. F44CT. VIOL. -

-

0|4
1 . 214 Os-o 1.3605 1.0CCc i.5751 1.36c5 0.2156 - c.15e5
2 315--0 4- D - 1.356e ? . C C 00--1. 5 7 61 1 35?? 0.2175- 0.16011

l' 3 209 08-E 1.34&G 1.0C00 1.!?61 1.3449 0.2312 0.1719'

O'! * 273 09-c 1.34ti 1 ct00 1.5751 1.3'c9 0.2352 0.175' .

L 5 210 - as-a 1,7 a c i--1,0C c b 1.5761 1. 3 7 5 E-- 0.2363 n.1764 --

h. 6 277 07-c 1.337C 1.OCSD 1.5761 1.3393 0.2371' O.1770
'

,C) 7 315 05-F 1.3350 1.0CCO 1.5761 1.3350 0.2411 0.15C6
i 193----67-5 1.3344 ?,0CGO- 1 47 s.1--1, 3 ? & ' G,-2 4-17 S.1411

ii 9 263 b5-G - 1.331e '1.00G0 1.57e1 1.3316 0.1&C4 0.1E35
'

'O' N 10 260 05-3 1.3315 1.0GC0 1.5741 1. U 15 0. 2 ~.4 5 0.1137 .

5 11 3 9 2--0 2-J 1.3314 1.CCCO 1.5761 1.3314 0. 7 4 4 7---- 0.1 ! ! 3 '

--

d 12 317 10-4 1.3277 1.0CC0 1.5741 1.3277 C.24R4 0.1571 -

O' 13 320 05-x 1.3270 1.0C00 1.5751 1.3270 0.2490 0.1s77

l.''l
14 555 12ar 1,326! 1.CCCC 1.5751 1.3265 0.249e 0,1381
15 452 12-0 1.3245 1.0C00 1.57s1 1.3245 0.2516 0.1.199

O"N
16 376 12-E 1.2237 1.0ccc 1.57+1 1.3237 0.7524 0.19C7

i 1J 316 11-F fil2'21 1s0CCO 1.5761 1 3221 0.2540 - - 0.1921--**
18 259 09-E 1.3210 1.0000 1.5761 1.3210 0.2551 0.1931

' Q *" 19 275 12-J 1.3209 1.0CCO 1.5761 1.3209 0.2552 0.1932
20 5 8--0 9-: * 320: tv0GC0 1 4761 tv32GS O,2553 0vt933- .,

1

O'..
~

'

l. 1 <

b".
. ,

i Q (' --
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FIGtmE 4.7.35 - 751 POWER. AI AT MOST POSITIVE val.UE
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9" CC4STANT FACTORS INCLUDED IN THE CALCULATION CF ACTUAL 84E AT FLUX, F0fMCR
----E* GE45535#6-S AC-TG4e-F She&E - 1 33C3'

,

REA$bREMENT UNCERTAINTY FaCTCR, F5094U = 1.CSCO
.g.'

'- - - - - - - - - - - - - - -- - - - --"- - - - - ~ ~ ' ~ - - - - - - - - - ~ ' * - - - - - --

.

.

z';-POR AFiTE AS- FCR-ThE FIh AL--ACC E 814% C E - C D ITC :I A 7 ---- -
P R4 TIC OF ACTUAL FChEA TO AATEC PCsER, P = 0.7593

1.DoCc .0.' FACTCR FoA REFuELINs sATEa TAnx TE3P. =

--CC h ST AM-FULT I F L-I ER- F C R-1 E C & 5F E C-- F St,F 4--=- 3.U-5 ' -*

(
-

SPECS FOR F.A.C.* O IN0!CA'(ES VICLATION OF TECH
.

20 LChEST FRACTIONAL MARGINS FC9 ditT FLUX SEA <!N1 FACTC*$ CC8'ESPCEDIhG TO THE FINAL ACCEPTANCE Cg!TY4*A'

o'.|
. _ _ . . . . -. .

i

.

.,

O.) OnoEa Asn. i.: C . tcC. Fsus n FACTea F2CTe=
' TECH 58 ACTU L TECH SCEC FACGIN$ FL EL F.a. ADL. K(Z)/3(l) % *t".:P*

esuu 7:F ;Ca oIFF. rasCT. vict.
8

M 1 214 05-0 33 1.0723 C.5750 1.0000 2.:790 2.')249 C.95'1 C.4712

0.'| 2 214 On-a 32 1.377C c.97?O 1.ccCC 2.5,-72 2.0 5C.a C.9512 c.472c

? 3 215--C 5- c- -- 2?- 1.47 3 C . 5 7 5 0--1. 0000 - 2.9710 - - 2.0227 - 0.0563 C ,47 2 5-

"a 4 215 O!-c 3: 1.3749 c.773 0. 1.C00: I . 0 " .' 2 2.027B C.76C4 C.4736

04 5 209 04-F 33 1. u ? 1 0.*7!:' 1.0n: 2.2750 2.cisc 0.*e40 0.571.

P & c ;_ __ c 3. E_ __ .__.3 2 -1.to72- _ c.c7:0 .- . -1. C O C C - - - P . E 9 2- *- 2. 019 4 -- - C . 3 6 3 5 - - - C . 4 7 9 7 -- - --

_.

;' 7 214 03-D 25 1.!!t4 0.0910 1.CCOC ?.0279 2.0 01 0.9E78 C.4542

O' .s. 215 03-0 23 1. F :!43 0.9010 1.C0:0' !.Cz?? 2.037s c.99Ci 0.4354
9 214-. --4 ! - D- 34 1.9444- G . 3 7 2 C--- 1. 0 00 G- Fr*4c0 1.c94' O.97?2 C.4 5 39-*

10 emmem 215 US-S 34 1.1423 0.9720 1..CCCC 2.9d?9 1.9924 0.9774 C.8305'

214 C3-D 1: 1.?7CC C.1570 1.CC2C !.0157 2.0224 0.9433 C.*911()* 11 '
9 52 ---12-0- -3! 1. F 5 2 7--C . 27'0- --1.000 0 -- 2. 9 : 9 2 ---- 2.003 7 -- C . 9 5 4 5--- 0. 4 713 - - ---.': 12

i' 13 273 09-0 33 1.545E C.9750 1.0000 2.9753 1.9973 0.9517 0.4715

() * 14 273 09-0 32 1.!515 0.9700 1.0000 2.9??? 2.0024 0.9258 0.4923

. 15 214 - 06-0 27 1.8417 e.9940 1.0000 1.0371 2i0350 120020 0 4924*

-1 14 215 05-0 29 1.56?C C.9s70 1.G090 3.0157 2 0202 C.9955 0.4923

0.,*) 17 454 12-n 32 1.e5C2 c.97?C 1.c0cc 2.9s 2 2.0c10 c.9472 c.4933

1".
14 2 0 9--0 3- C 3' 1.5381 0 d 7 7 0--1 0000 2 . 9 e : 9 -- -1. 9 6 7 9 0.0519 - 0.4919-- --

e 19 215 04-0 27 1.3796 C.9943 1.C000 !.0371 2.0328 1.0G43 0.4940
20 452 12-0 33 1.8426 C.9750 1.C000 2.9790 1.9930, 0.9261 0.4948C[j

_

I.
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FIGURE 4.7.37 - 95% POWER,dRO
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C CSTA%T FACTOR INCLUDED IN THE CALCULATION OF ACTUAL ENTHALPY RISER FSUBH
*

ME ASIREMENT UNCERTAINTT FACTOR, F SUHHU = 1.0000 -

CATIO CF ACTUAL *0WER 70 M4TED POWER, P = 0.?959
COOLA%T FLOW C099ECTION FACTOR = 0.0211 -

COOLA%T TE.MP. COMRECTION FACTOR = 0.0000
i C0931 ED FLOW A.ND TEMPERATUAE FACTOR = 1.0211

_,

CONSTANT MULTIPLIE1 FOR TECH Spit FSU64 = 1.5530 -

0 INDICATES VICLATION OF TECW SSCCS .

20 LOWEST FRACTIONAL. MARGINS FOR ENTHALPY RISE FACTORS
1

FUEL F.A.~ . RCD 90W TECH SP. ACTUAL TECH' SPEC MARGI4
ORDER ASH. LCC. FSU3HN FACTOR. FSU3H FSU9H DIFF. FRACT. VIOL.

'

1 210 03-H 1.3525 1.0000 1.5530 1.3525 0.2005 0.1&G3
2 209 * OS-E 1.3491 1.0000 1.5530 1.3491 0.2039' O.1512
3 .214 Da-D 1.3472 1.0000 1.553" 1.3472 0.2059 0.1521
4 215 08-0 1 3442 1.0000 1.5530 1.3462 0.2069. 0.1536
5 273 09-0 1.3434 1.0000 1.5530 1.3434 0.2097 0.1561
6 216 04-M 1.3&18 1.0030 1.5530 1.3419 0.2112 0.1574
7 217 04-M 1.3407 1 0000 1.5530 1.34J7 0.2122 0.1532
8 255 09-E 1.3331 1.0000 1.5530 1.3351 0.2149 0.1605
9 257 09-E 1.3375 1.0003 1 55f? 1.3379 0.2153 0.1600

10 277. 07-J 1.3377 1.000n 1.5530 1 3377 0.2153 o.150S
11 317 .10-E 1.3345 1.0000 1.5530 1.3345 0.21E5 0.163? .

12 318 05-F 1.3342 1.u000 1.5530 1.1342 0.2158 0.1640
13 - .452 12-D 1.3325 1.0000 1 5530 1.5325 0.2?05 0.1655
14 262 05-J 1.3319 1.0000 1.5530 1.3319 0.2212 0.1660
15 . .265 05-J 1.3316 1.0000 1.5530 1.3316 0.2215 0.1663 ,

14 454 12-D 1.3315 1.0003 1 5330 1 3515 0.2215 0.1564
17 276 04-J 1. 3 2r.5 1 0300 1 5430 1.3fJ5 0.2245 0.1690 ,

15 455 04-0 1.3276 1 0000 1.5539 1 3276 0.2255 0.15Y' i

19 274 04-s 1.3267 1.0003 1.5130 1.5237 0.22o4 0.1705' -
*

20 461 04-D' 1.3205 1.00G0 1.5530 1.3265 0.2265 0.1703

- 163 -
pr#[

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



.
. - - . - . . _

-

, .

,
.-

*
< .

'

. FIGURE 4.7.38 - 901 POWER, ARO*

,

'

I
'
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*

.
,

*

CONSTA %T F ACTORS INCLUDED IN THE C ALCULATION OF ACTUAL HEAT. FLUX, F0FNCR .

ECGI%EERING FACTOR, FSUe2E = 1.0300
REASURENENT UNCERTAINTT FACTOR, FSU3GU = 1.0500 '

|

PARAMETERS FOR THE FINAL ACCEPTANCE CRITERIA .
,

WATIO CF ACTUAL POWhR TO RATED POVER, * = 0.8959
1.0000FACTOR FOR REFUELING W4TER TANK TEMP. =

CONSTANT MULTIPLIER FOR TECM' SPEC FSUBS = 2.5'395 .s

o IO?! CATES VIOLATION OF TECM SPEC 3 FOR F.A.C. *

i .

20 LCWEST FRACTIONAL FIARGINS F03 HiAT FLUX PEAKING FACTORS CORRESPONDING 7,0 THE FINAL. ACCEPTANCE CRITERIA'

FUEL F . A' AXL. K ( Z) / r.(Z ) BUPNUP TECH $5 ACTUAL T?CM SPEC MARGIN.

CRDER ASN. LOC. LOC. FSUSGN FACTOR FACTOR FSU30 F0FNCR DIFF. FRACT. VIOL.
,

1 210 05-H 20 1.84F5 1.3000 1.0000 2.5395 2.0003 0.5592 0.2946
2- 207 Ot-E 20 1.5660 1.0000 1.0000 2.5395 1.7165 0.3730 0.2970
3 210 05-H 21 1 5432 1.0000 1.0000 2.5595 1.0935 0.5060 0.2070,

4' 210 05-N 17 1.8393' 1.0000 1.0030 2.5495 1.9692 0.6003 0.3013.

5 209 06-E 21. , 1.5385 1.0000 1.0000 2.5595 1.9384 0.601 ? 0.3023
6 214 08-D 20 1 8352 1.0000 1.0000 2.5895 ' 1.9581 0.6014 0.3025
7 452 12-0 20 1.t3E2 1.0000 1.0030 2.5595 1.9560 0.6015 0.3026
8 215 06-3 20 1.8370 1.0000 1.0000 2.S395 1.9337 0.6025 0.3034 .

9 454 12-0 20 '1.5365 1.0003 1.0090 2.S395 1.9161 C.6034 0.3038
10 209 DJ-E 19 1.0350 1.0700 1.0100 2.S?95 1.9455 0.6043 0.3042
11 21 5. 04-H 70 1.8347 1.0003 1.00]O 2.5375 1.9?42 0.6053 0.3051
12 273 09-3 20 1.S341 1.0100 1.0011 2.5395 1.9135 0.6060 0.3035
13 217 34-d 20 1.3335 1.0100 1. 0.1J 0 2.5575 1.9229 0.6066 * 0.3050
14 25$ 09-E 20 1.8332 1.0000 1.0000 2.5495 1.9326 0.6069 0.3061
15 455 04-0 20 1.8327 1 0000 1.0030 2.3895 1.9521 0.6074 0.3065
16 * 259 09-E 20 1 6327 1.0000 1.0000 2.5395 1.'9820 0.6075 0.3065
17 452 12-0 19 1.9326 1.0000 1.00JO 2.5395 1.9120 0.6075 0.3065'

18 461 04-0 20 1.3310 1.0 01 1.0009- 2.5'?5 1.9302 0.6093 0.3077,

'

19 454 12-0 17 1.6309 1.0003 1.0SJO 2.5575 1.9?o1 0.6094 0.3077
20 25d 39-E 19 1.J30h 1.J100 1.0330 2.2495 1.7101 0.6094 0.3078
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'D FIGURE 4.7.40 - 100% POWER,'ARO -

o .

CICSTANT F ACTOR INCLUDED IN THE CALCULATION OF ACTUAL ENTRf,LPY RISER FSU1H
o PEASUREMENT UNCERTAINTY FACTORr FSU3dU = 1.0000

, . .

'! RATIO OF ACTUAL POWER TO RATED POWER, P = 0.9795
: j o COOLANT FLOW CORRiCTION FACTOR = 0.0002 -

-{ C00L4NT TEMP. CCRRECTION FACTOR = 0.0000 *

'

COMBINED FLOW AND TEMPERATURE FACTOR = 1.CC92
O

CONSTANT MULTIPLIER FOR TECH SPEC FSU3H = 1.5099
0 INDICATES VIOLATION OF TECH SPECS

.D *

20 LOWEST FRACTIONAL M4RGINS FOR ENTHALPY R-ISE FACTORS
D

* '

FUEL F.A. 400 #0V TECW SP. ACTUAL .TCCW SPEC MAR 3IM
.O ORDER ASM. LOC. "F S UT.W N F4CT09 FSU3W F3U3H OIFF. FRACT. VIOL. -

.1 210 05-H 1.3653 1.0000 1.5399 1.3553 0.1446 0.1059
D 2 214 05-0 1.3527 1.0301: 1.5099 1.3527 0.1472 0.1030

3 21 5 06-0 '. 7522 1.0000. 1.5079 1.3s22 0.1477 0.1954
,

7'51 1.0330 1.537? 1.3551 0.1547 0.1142; 4 209 06-E "

> $ 215 04-H 1-24t9 1.0000 1.5070 1.3490 0.1609 0.1193.

6 277 07-0 s~. J' 1.0000 1.5n 78 1.34S8 0 1611 0.1195 ,
,
'

7 217 04-H L MT 1.0000 1.5079 1.3445 0.1614 0 1197
'D 8 273 09-D : 1 0000 1.503* 1.3477 0.1!22 0.1203
'

9 262 05-J 1.3436 1.0000 1.5010 1.3436 * 0.1662 0.1237
''

10 265 05-J 1. 3444 1.0000 1.5077 1.3434 0.1465 0.1230
0 11 276 04-J 1.3rJ6 1.0000 1.5090 1.3336 0.1713* 0.1230 ,

12 314 05-F 1.3374 1.0000 1.5030 1.3374 0.1725 0.1290

D
. 13 200 05-G 1.3371 1.0000 1.5079 1.3371 0.1723 0.1293

14 263 05-G 1.3368 1.0000 1.5099 1.3363 0.1731 0.1795
15 27.4 04-G 1.3339 1.0000 1.5099 1.3353- 0.1740 0.1303
16 317 10-E 1.3315 1.0300 1.5079 -1.3315 0.1784 0.1340

eb 17 242 09-7 1.3313 1.0000 1.5079 1.3'313 0.1785 0.1341*

18 25C 09-E 1.3299 1.0000 1.5079 1.3299 0.1300 0.1354
19 259 07-E 1.3276 1.0000 1.5009 1.3296 0.1303 0.1356*

() 20 Pl3 12-J 1 3293 1.0000 1.5099 1.3293 0,1806 0.1353

-
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4.8 NATURAL CIRCULATION TEST -(S-090024)
.Prccedure ETT-ZZ-09240

+.

OBJECTIVES- .

'

The objectives of the subject procedure were:

10 - 1. To demonstrate the length of time required to stabilize
natural ~ circulation.

T

2.- To demonstrate core flow distribution-during natural
circulation using the incore detection system.

.

;O 3; To collect data-for insertion into the training simulator
: program.;

SUMMARY 0F RESULTSi

;O The acceptance criteria for the test and discussions of associated .

results follows.'

1. Natural circulation has been demonstrated.

. This criterion was met'as verified by the following
10 parameters.

a. Steam pressure - Stable

b. RCS hot leg temperature - Stable and approximately equal
. to core exit thermocouple temperature.
O

| c. : Core exit thermocouple temperature - Stable

d. RCS cold leg temperature - Near saturation temperature;

for steam pressure.

: O z- 2. The measured core AT as a function of core power under natural
|. circulation conditions is less than 29.5'F at 3.0% Rated

Thermal Power (RTP).

'The measured. core AT was 42.5'F at 3.0 RTP. This criterion
was not met.

3

DISCUSSION

.The natural circulation' demonstration test was first attempted on

: : October 12, 1984. When the minimum power level required by procedure
;O -(3%-RTP as measured by core AT) was reached, the Power Range Nuclear.

Instrumentation indicated greater than'10% power. This inactivated the
P-7 permissive signal ~and a reactor trip would have resulted had the
reactor' coolant pumps been tripped.. Testing was suspended.

,
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5C)?

Lon.0ctober 14, 1984 reactor power was increased to just over 3.0%
RTP -as' indicated by core AT, and stabilized. The Power Range _ Nuclear

.CI.' -Instrumentation was calibrated to indicate twice the measured thermal r

;

power,which resolved the P-7 problem.. The reactor coolant pumps were
then simultaneously tripped. The plant responded as expected with two

First, pressurizer 1 evel did not initially decrease, as1exceptions. .
observed on the training simulator, but instead remained constant for
approximately 30 seconds and then, as anticipated, increased until being

, C) -
I checked by a. pressurizer PORV. Second,' core AT stabilized at a higher

value than' expected, as delineated.in the " Summary of Results". The
data was transmitted to Westinghouse, who found the results acceptable4

and-_could see no safety' issue-represented by the test results. Figure.

4.8.1 presents a copy of the strip chart recording for T and Thot cold'
:-Loop-1.

ic)
'Approximately~ eleven minutes elapsed'from time of pump trips to_the;

establishment of stable natural circulation. Natural circulation was
maintained for approximately~one hour, during which time a thermocouple

,

i map was performed to demonstrate core flow distribution. Natural
~ irculation.was terminated by the insertion of the Control Banks.c)

Throughout this test, data was obtained on. strip chart recorders
,

and'NSSS Computer trend blocks for benchmarking of the training
,

simulator.t
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5.1 DYNAMIC AUTOMATIC STEAM DUMP CONTROL TEST (S-07AB02)
Procedure ETT-AB-07020

.O'
OBJECTIVES

The objectives of this procedure were to verify the proper closed
loop operation of both reactor coolant system Tavg contrci modes (plant
trip and load rejection) of the steam dump control system, to

.O demonstrate the adequacy of the controller setpoints and to obtain final
settings for steam pressure control of the steam dump valves.

SUMMARY OF RESULTS

This test satisfactorily demonstrated the ability of the steam dump
.OL control system, operating in the Tavg mode (plant trip and load-

rejection controller) and manual pressure control modes, to maintain a
stable steam pressure appropriate to plant conditions, or' as selected by
the operator.

Plant trip controller response was tested by simulating a P-4
O reactor trip to the steam dump controller and raising power to

approximately 6%. Tavg was verified to be stable at a programmed Tavg
of 561*F.',

Load rejection. controller response was tested by raising power to
6% while the steam dumps were in the steam pressure mode. A large load

O rejection was then simulated and the steam dumps placed in the Tavg
mode. Tavg was then monitored and verified to be stable at the
programmed Tavg of 561 2*F.

The steam pressure controller was tested by inputting a setpoint
corresponding to .1092 psig, placing the steam dump controller in auto in

.O the steam pressure.moda, and verifying steam header pressure was
controlled at 1092 25 psig at approximately 6% power.

DISCUSSION

The steam dump control system can be operated either in the steam
O pressure control or average temperature control mode. In the former,

steam pressure control is based upon the comparison between system
pressure and a manual setpoint. In the latter (average temperature)
mode, control of the steam dump valves ~ originates either from a load
-rejection controller or a plant trip controller,~ depending on plant

.
conditions. If the plant thould trip, the P-4 control signal will

'O - originate in the plant trip controller; if a load rejection is
_

experienced then the control signal comes from the load rejection
controller. Both of these modes base-control action upon the measured
reactor coolant system average temperature which is ccmpared to the no
load average temperature in the plant trip controller, and to the
reference. temperature signal derived from turbine first stage impulse

.O chamber pressure. The control action of the load rejection controller
is characterized by.a 2*F controller deadband and another 2*F to provide
the proper valve position, whereas the plant trip controller has no
programmed deadband.

,
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- The steam dump system test consisted of three parts: the plant -|
trip controller test, the load rejection controller test and

|C)~ verification of the pressure mode of control. In each the general !
approach was.first to verify the ability of the controller to maintain |
. stable. steady-state conditions and then to test the capability to cope |

! -with transient situations. |

With reactor power at 1%, a P-4 reactor trip was simulated. They

;C)' 2 reactor coolant average temperature was' raised _3*F above the no load
.

value (557'F) using control rods, then the steam dump system was placed
.

in-the average' temperature.(Tavg) mode to see if it would restore Tavg
to approximately 558 2*F. Next, reactor power was raised to 6% by

: pulling rods to determine if the steam dump' system would stabilize Tavg
at approximately 562 2*F. In all cases the plant trip controller

fC1 responded properly.in reducing the Tavg to-its required acceptance
criteria.

,

.

.To. verify the: ability of the. steam pressure controller to cope with
transients, the system was placed in the steam pressure control mode at
1% reactor power with a steam header pressure controller setpoint of

:C)~

:1092 Psig. .Then reactor power was raised to 5% using rods. The_ steam
, _ dump valves modulated to maintain a stable'1092'Psig throughout the
' - transient.-

A problem'was experienced at 6% power prior to testing the load
rejection controller _ initially due to the C-9 " Condenser Available"

,O- interlock. lost due to low condenser vacuum.. This problem was corrected; --

by placing an additional vacuum pump and circulating water pump in
service.

In" order to test the load rejection controller, it was necessary to
: activate the sudden loss'of' load interlock to obtain selection of this-

|C) mode of' control. Then, with the reactor at approximately 6% power, the
.

system was placed in the Tavg mode to verify Tavg was maintained at,

1 561 2*F. No problems were encountered with this. portion of the test.
{.
r

!
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-5.2 OPERATIONAL ALIGNMENT OF NUCLEAR INSTRUMENTATION (S-07SE0V
. Procedure ETT-SE-07020

! OBJECTIVES

The objectives of this test were to determine, prior to core
loading,-the pulse amplifier-attenuator and discriminator voltage
settings for_the Source Range-channels and to determine the high voltage

,

jO power supply operating voltage settings for the Source Range channels. ,

i . Prior to criticality, the objectives of this test were to establish the -

initial trip setpoints for the intermediate range and power range
channels, to determine.and record the precritical settings for the
SOURCE RANGE, INTERMEDIATE RANGE and POWER RANGE channels, and top

-determine the-gain settings for.the Flux Deviation Averaging amplifiers.
;O.
,

: During power escalation, the objectives of this test were to determine
the amount of overlap between the Source and Intermediate Range channels

.

!and the Interme'diate and Power Range channels, and to determine the
Power Range. Detector currents versus core power. At full power, the
objectives of this. test were to check the Intermediate and Power Range

! operating detector voltages, to_ record the final operational settings
M for the Source, Intermediate, and Power Range channels, and to set the
i Intermediate Range detectors compensation voltages following a shutdown.

. SUMMARY OF RESULTS

All adjustments and settings were performed in accordance with the;0- appropriate I&C controlling procedure. The Power Range channel gain2

setpoints were made based on the result of calimetrics.- All data was
obtained and analyzed without incident. The shutdown after Fuel-Burnup
portion of the test was performed because the'502 EFPH burnup

,

i requirement was satisfied.

jO DISCUSSION i
a

Nuclear Instrumentation setpoints for pulse amp high voltage and4

. discriminator settings were set in accordance with~the' appropriate-IEC
controlling procedure. This was completed before core loading. . Prior.

i to criticality,'the remaining setpoints for: Nuclear Instrumentation
;O System were s t. These settings and adjustments are shown on Table

5.2.1.;
1

~

When the' Intermediate Range channels indicated IX10 amps, the-
~

overlap region between the Source and1 Intermediate Range channels was
: determined. . Prior to criticalig, the Intermediate Range channel '
!O indicated'a value less than'10 amps, thererore the acceptance

criteria;of a minimum of 1h decades of:overlsp between the Source and
.

~ Intermediate Range channels was met.
i .
i ' During the power ascension phase, data was taken at the 10, 30, 50,
.

75 and'90 percent power plateaus to determine the amount of overlap j

:O between the Intermediate and Power Range channels and'to determine the ;
-

; Power Range Detector Current versus' core power. At the 10 percent -5
plateau,theIntermed,gteRange'channelindicatedanaverageof7X10

'amps, compared toL10 amps'at zero power. Therefore, the acceptance
,

s

|
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criteria.of a minimum of I decades of overlap between the Intermediate |

and Power Range channels was met.

:At each plateau, calorimetric power calculations were performed and
the NI channels were adjusted. The Power Range channel current versus ,

core power level is plotted for each plateau on Figures 5.2.1 through |

5.2.4.

C) At 100 percent power, the operating voltage for each Intermediate
and Power Range detector was determined. The final operational settings
for the Nuclear Instrumentation are'shown on Table 5.2.3. After the
reactor was shutdown, the compensation voltage for each Intermediate

. Range Detector was adjusted to -21.27 vde and -21.77 vde for detectors
N35 and N36, respectively.

).

,

: C)

.

;O

,

:

'O .
:

|

i

!O

|
|

!
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!TABLE 5.2.1

;O INITIAL
NUCLEAR INSTRUMENTATION SETTINGS Ah3 ADJUSTMENTS

Source Range
,

Attenuator Setting Detector Voltage
.O.-

N31 -6 db N".1 1875 volts d.c..

N32 -9 db N32 1880 volts d.c.,

Discriminator Voltage Background Count Rate

N31 -0.45 volts d.c. N31 <1 cps

N32 -3.70 volts d.c. N32 <1 cps

High Flux Alarm Detector Voltage

N31 200 cps Bistable Trip

N32 200 cps N31 1760 volts d.c.
+O

'High Flux Trip N32 1760 volts d.c.
5N31 1X10 cps
5N32 IX10 cps

Intermediate Range
':O '

P-6 Bistable Trip Level Trip Bistable

N35 IX10 amps N35 2.5X10-5 ,,p,
-10

-10
.N36 1X10 amps N36 2.5X10-5 ,,p,,

Compensating Voltage High Voltage Bistable Trip
'O.

N35 -40.00 volts d.c. N35 8.000 - volts d.c.

N36 39.81 volts d.c. N36 8.004 volts d.c.

High Voltage Setting Compensation Voltage

N35 .800 volts d.c.
'O

. Bistable Trip

N36 .800 volts d.c. N35 -0.001 volts d.c.

Rod Stop Bistable Trip N36 -0.002 volts d.c.

.N35 2.08X10-5 ,,p,

N36 2.03X10-5 ,,p,

:O

!
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TABLE 5.2.1 (cont'd)
:

:O.
'.

-INITIAL

NUCLEAR INSTRUMENTATION SETTINGS AND ADJUSTMENTS |

!O . Power Range

Hi Power Level Bistable Trip P-10 Bistable Trip

N41- 109.0 % N41 10.0 %
'

-N42 25.0 % N42 10.0 %

O N43 24.0 % N43 10.5 %

N44 24.0 % N44 10.0 %

Overpower Rod Stop. Bistable Trip P-8 Bistable Trip

N41 103.3 -% N41 48.3 %

-O. N42 -'103.0 % N42 48.2 -%

N43 102.5 % N43 47.9 %

N44 103.0 % N44 48.3 %

Low Range Bistable Trip High Voltage Setting

!O. N41- 25.0 % N41 799.99 volts d.c.
'

N42 25.0 % N42 800.00 volts d.c.

N43' 25.0 % N43 800.01 volts d.c.
a

' N44 25.0 % N44 800.00 volts d.c.-
,

:O High Flux Rate Trip (negative) P-9 Bistable Trip

! N41- 4.0 % N41 50.3 ~%

{ N42' 4.0 % N42 50.2 %

N43 4.5 % N43 50.0 %;_

|O _ N44 4.0 % N44 50.0 %

p High Flux Rate Trip (positive) Comparator Trip Setting

N41 4.0 % N41 2.0 '%'

,

i
'

N42 4.5 % N42 2.03 %

: N43 4.5 % N43 2.5 %|O
! - N44 4.0 % N44 2.02 %

Time Constant.(Flux Rate)
f-

N41 2.5 sec.. ;

'O N42 2.5 sec.

NI,3 2.5~ sec.

,
. N44 ' 2.55 sec.

i

f
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TABLE 5.2.3

OL p13,t.

NUCLEAR INSTRUMENTATION SETTINGS AND ADJUSTMEh"ISt

: Power Range

. Hi Power. Level Bistable Trip P-10 Bistable Trip

N41 '109.0 % N41 10.1 %'

N42 109.0 % N42 10.0 %

.N43 109.0 % N43 10.0 %

. N44 -108.5 % N44 10.25 %

Overpower Rod Stop Bistable Trip P-8 Bistable Trip

j N41 103.3 % N41 48.2 %

N42 103.0 % N42 48.0 %

$ N43 102.5 % N43 48.25 %

N44 103.0 % N44 48.25 %

Low Range Bistable Trip High Voltage Setting

N41 25.0 % N41 799.8 volts d.c.

N42 25.0 % N42 800.0 volts d.c.
:O

N43 25.2 % N43 800.9 volts d.c.

N44 25.25 % N44 800.3 volts d.c.

High_ Flux Rate Trip (negative) P-9 Bistable Trip

N41 2.5 % N41 -50.2 %
iC)' '

N42 2.5 % N42 50.0 %

N43 2.5 % N43 50.5 %

N44 2.5 % N44 50.0 %

High Flux Rate Trip (positive). Comparator Trip Setting-

N41 2.5 % N41 2.0 %

N42- 2.5 % N42 2.3 %

N43 2.5 % N43 2.5 %
1

N44 2.5 %- N44 2.02 %
'n
?"' Time Constant (Flux Rate)

N41 '2.5 sec.-*

N42 2.5 sec.,

N43. 2.5 sec.
O

N44 2.5 sec.

!

i

'

.
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p 5.3 SHUTDOWN AND MATNTENANCE OF HOT STANDBY EXTERNAL TO THE CONTROL

; -ROOM (S-070014)
Procedure ETT-ZZ-07160g

"

. OBJECTIVE

The objective :of this test was to demonstrate the capability tot

shut down the plant _from 210% generator power and maintain the reactor

?O
in a sar. H e Standby condition fwa outside the control room.

( ' SUMMARY OF RESULTS
i

}. The' acceptance criteria for the shutdown from outside the main
j . control room test'were:

~O 1. The Hot' Standby conditions shall be main'tained for at least 30
minutes after all controls have been assumed at the Auxiliary
' Shutdown panels following a shutdown from 210% generator power..

'

2. Hot Standby.is maintained by the minimum shift crew from outside
the c ner 1 r a assuming no fire is present in the main controi

-

10
j room,

l 3. Controls and instrumentation external to the control room are

{ utilized in shutting down to Hot Standby.

i-
4. System, equipment, and instrumentation response is as expected for!O-

j a normal plant trip.from the initial conditions of this test.

:
All acceptance criteria for this test were satisfactorily-

[ . demonstrated with no significant problems.
'

.

DISCUSSIONjO
The shutdown was initiated by the Shift Supervisor from outside the

. control room by' manually tripping the reactor and turbine.' The initial,

j -turbine generator power was 125.4HW. No operator actions were required
i by control room personnel. Only those controls and instrumentation

external t the Control Room were utilized in maintaining Hot Standby;O
' conditions. The Technical Specifications minimum shift crew maintained

the plant in Hot Standby for 41 minutes'and then control was transferred
-back to the control room.' System, equipment and instrument response was-4

J as expected for a normal plant' trip. Since the acceptance criteria were
satisfied, the test successfully demonstrated the capability to safely

10 shut d wn the P ant from outside the main control room.l

L
,

f

a

\

i
i

j
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5.4 AUTOMATIC STEAM GENERATOR LEVEL CONTROL (S-07AB01)--

- Procedure ETT-AB-07010-

OBJECTIVES

The objectives of this test were as follows:
,

I '. To demonstrate the level control stability of the steam
:O- generator feedwater bypass valves in automatic control below

20% thermal power. ;

i

; 2. - To demonstrate the stability of the steam generator level
control when transferring control from the feedwater valves.

!

jO 3. To demonstrate proper response of the automatic steam
generator level control system during plant transients at

j power levels of 30%, 75%, and 100% with adjustments being made
; as required to optimize system performance.
:
i 4. To verify Main Feedwater Pump (MFP) performance and to
jO demonstrate proper operation of the turbine driven feedwater

-pump speed control during power escalation.

5. .To verify proper automatic programming of the steam generator
level.during power escalation.

,

|O SUMMARY OF RESULTS ;

i
; The acceptance criteria'were as follows:
:

1. Steam ' generator level overshoot /undershoot shall be less than2

: 1 4% following a 5% step level decrease.
;O-

2. Steam generator level overshoot /undershoot shall be less than
,

7 t 4% following a 5% step level increase.
!

'

; 3. Steam Generator Level shall return to and remain within i 2%
of the level setpoint within 3 x level controller reset time:

;O period (T36) following a step 5% level or level setpoine
change. '

,

s

4. Steam generator level shall return to and remain within i 2%

| of-the level setpoint within 3 x level controller reset time i

period (T31) following a step 5% level or level'setpoint -,

;O change. . :
n

~

5. Steam generator level shall return to and remain within i 2%'

i of the reference level,~ within 3 x level controller reset time
'

period (T31) following a transfer of level controls.
;

:0. - -6.- tevel control variables shall not incur sustained or diverging
oscillation. |

3

1-

|

.
i

i
'
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,

- ' ~7. Main Feed' water Pump discharge pressure oscillations are less
,

'than. -3%.
|Of

8. The Main Feedwater control valve stem position (% valve open)
shall stabilize within the acceptable ranges..;

9. The Main Feedwater Pump' discharge pressure oscillations are
less than i 3%,-2 minutes after a steam flow change.j

e
I 10. The' Main -feedwater Pump Total Developed Head ' (TDH) will be

'

j 2387.2 238 feet for a flow capacity 2: 17,620 spa.

With~the exception of minor deficiencies encountered during conduct

;O
. of the tests, all acceptance criteria were satisfied. Several .

,

deficiencies were reviewed by_ westinghouse and found acceptable "as is".
,.

.'All objectives identified above were-satisfied with the exception of
; number 3 at the 75% power level. This was performed at the 100% power
N ~ 1evel . -
:

|O
Table 5.4.1 summarizes the final settings of the main feedwater

j pump speed *and the steam generator level control systems.
i

*
i . DISCUSSION
4

| The level control capability of the feedwater bypass valves was

1 verified by manually inducing 5%' steam generator level decreases and
;O: increases into.each steam generator.- All controller responses were
j satisfactory at 0% reactor power.

4

! ,At approximately 18% reactor power, the level control system was
|' . transferred from the bypass valves 'to the main feedwater valves. Steam

]O
generator levels were then monitored to verify that they remained within

i the narrow range span of 50 t 2%. After the' initial transfer, none of
j the controllers met the acceptance criteria; however, during a
i subsequent retest-the acceptance criteria were satisfactorily met.
! Additionally, the gain and reset time constants were adjusted for all

steam generators as shown on Table |5.4.1.4

. i

O- usin feedwater pump speed controller setpoints were checked at the -

'30%, 75%; and 100% power' levels to verify proper operation. During all4

1 . power level tests, the main feed valves positioned themselves more open ,

j than predicted for a given feedwater flow. Subsequent Westinghouse *

evaluation showed that the unexpected valve positions were acceptable*

I: and continued power operation'could proceed at all levels.
_LO-

Characteristic main feedwater pump. operating data was obtained to'

verify if the main feedwater pumps met the vendor operating curves at
'

1 ' the 30%,:50%, 75%, and 100% power levels. With one exception, it was
determined that'feedwater pump curves were satisfied at all power1.

i levels. During the 50% power level test, main feedwater pump'"A" 1

=O suction flow computer point indication was indicating low. Subsequent ,

repair of the computer point and a retest verified that suction flow was<

,

* acceptable for determining pump flow.

:

|O : tas --
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Oi

During the large load reduction of 50% from 75% full reactor power
per procedure ETT-ZZ-07101, the ability to monitor steam generator level
and pump speed response on all steam generators was interrupted due tov
unexpected steam dump closure. It was determined that the
aforementioned responses would be verified during the large load
reduction of 50% from 100% fu11 reactor power per ETT-ZZ-07102. Steam
generator level and pump speed control responded satisfactorily during

3

the 100% full power load reduction test.
,a

During the large load reduction of 50% power from 100%.fu11 reactor
power, acceptance criteria (No. 9 above) was not satisfied when it was
observed that main feedwater pump discharge pressure oscillated up to as

,
' much as 16.5% beyond two (2) minutes.of the initiation of. the

transient. Subsequent evaluation of this anomaly was evaluated by the
;O architect ensineer and found to be acceptable.

.
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TAP _LE 5.4.1

.C)=
. CONTROLLER SETPOIKIS DETERMINED BY TESTS

:

1. Feedwater Bypass Valve Setpoints (18% Reactor Power)
'

S.G.No. 1- S.G.No.' 2 S.C.No. 3 S.G.No. 4
AE-LK-550 AE-LK-560 AE-LK-570 AE-LK-580

; ,

T30 (Seconds) 5 5 5 5

(Lag Time Constant)

'..T36 (Seconds) 690 690 690 690
(Reset Time Constant)

!, C) '
:

. . Gain K34 (% Lift 1.25 1.50 1.50 1.25
! X Power) ;

. .(Bypass Valve Controller)
i

Gain K35 (2 Lift 2.0 2.0 2.0 2.0
fC) % Power)

(Nuclear Feed Forward)

] . 2. Feedwater Control Valve Setpoints (100% Reactor Power)
i

| S.G.No. 1 .S.G.No.2 S.G.No. 3 S.G.No. 4
C) AE-FK-510' AE-FK-520 AE-FK-530 AE-FK-540

1
- ,

i Gain K30 (% Power 2.6 2.6 2.6 2.6 i
! % Level) !

! T31 (Seconds) 200 200 '200 200
$C} (Level Compensation

Roset Time Constant)

1 Gain'K31.(% Power 1 1 1 1

j % Flow )
! (Flow Compensation)
13

'

'

T32 (Seconds) 200 200- 200 200
i (Flow Compensation-

Reset Time' Constant)
'

t

t

,

i

!O

!,
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) |

. 1

|
|

i'

| ,3. Feedwater Pump Speed Control Setpoints (100% Reactor Power) |

MFWP A MFWP B

FC-SK-509 A(B) FC-SK-509 A(C)

Gain K32 ( >si 10E-5 10E-5.i

3 i nn/hr)
~C) (Delta P Setpoint Controller)

Delta P Satpoint (psi) 45 45

4
'
. T34-(Seconds) 120 120
:C)

| Gain K33 (rpe/ psi) . 3.6 3.6
.

(Delta P controller) '
e

'

i T35'(Seconds) 100 100

! '(Reset Time Constant)
01

,

i.

i !
.

F

.

I

;O-
-

i

;

;

e

t

; .

.
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5.5 CALIBRATION OF STEAM AND FEEDWATER FLOW INSTRUMENTATION AT POWER
(S-070018)

() Procedure ETT-ZZ-07180

OBJECTIVES

The objectives of this test were to calibrate the steam flow
transmitters using feedwater flow as a reference and to perform a

C) cross-check verification of all signals indicating feedwater and steam
-flow. ,This was to be done at the 30, 50, 75 and 100 percent power

plateaus.

SUMMARY OF RESULTS

()~ Through the 50 percent power plateau, the acceptance criteria was
that the' steam flow /feedwater flow mismatch alarm did not activate.
This criterion was met.

For the 75 and 100 percent plateaus, the acceptance criteria were'

that the steam flow /feedwater flow mismatch alarm did not activate, that
() the main control board indications of steam flow were.within 24.0% of

the main control board indications of feedwater flow, and that the test

feedwater flow instrument and the plant feedwater flow and steam flow
instruments should. agree to within 12.5% and 3.0%, respectively, of the

_

ideal values. At the 75 percent plateau, the steam flow /feedwater flow
mismatch alarm was observed and it was determined that two steam flow

() and one feedwater flow transmitter did not agree with the tolerance band
of the ideal indication. Four main control board steam flow
transmitters did not agree to within 4.0% of the main control board
feedwater flow indication. The appropriate actions were taken to
re-calibrate the flow transmitters. At 100 percent power, the steam

flow /feedwater flow mismatch clara did not actuate. The main control
() ' board indications of steam flow and feedwater flow were within i4.0%.

The steam flow and feedwater' flows agreed to within the respective
tolerance band with the. exception of two steam flow transmitters. The
two steam flow transmitters were retested and the results indicated that
the. acceptance criteria was met.

C) DISCUSSION

Four test instruments were installed on the main feedwater flow
loops at the No. 2 tap to establish a reference test flow with which the
respective ~feedflow and steam flow loop transmitters were compared and
to establish the necessity for re-calibration.

All data was obtained without incident and re-calibration was
necessary only at the 75% power plateau.

The final portion of the procedure required a " sero point" retest.
This retest does not impact the test results, as the transmitters are now

() properly' calibrated at 100% power, and will be performed during the
j first scheduled outage of sufficient length.

,

4

4

4
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5.6 BIOLOGICAL SHIELD TEST -(S-070016)
Procedure ETT-ZZ-07160

OBJECTIVES

The objectives of this test were as follows:

A. To measure and record the neutron and ganana ray radiationnv levels'in accessible areas of the plant where radiation levels
above background were anticipated.

>

B To determine locations, if any, where shielding was deficient.

C. To ensure that plant personnel would not be subjected to
O overexposure from radiation as a result of inadequate

shielding.

SUMMARY OF RESULTS

O No shielding deficiencies were identified as a result of this test.

The Reactor Building will be posted as follows:

A. Very High Radiation Area (>1000mR/hr) - the entire RB at >50%
power and inside the Biological Shield at Mode 1.

B. High Radiation Area (100 - 1000mR/hr) - outside the Biological
Shield at Mode 1 up to 50% power and inside the Biological
Shield at Mode 2.

C. Radiation Area (<100mR/hr) - outside the Biological Shield at
O Modes 2-6 and inside the Biological Shield at Modes 3-6.

Several areas in the Auxiliary Building are posted as radiation
Areas due to radiation emanating from piping within these areas and not
as a result of radiation passing through plant shielding.

~

O
DISCUSSION

~

Neutron and gamma radiation surveys were performed prior to fuel
load, during low power physics testing, at 30% power, at.50% power, at
75% power, and at 100% power. Survey points were designated on

_O biological shield walls inside Containment, general access areas inside-.

Containment, along the Containment outer wall, and throughout the
i Auxiliary Building. Shielding was surveyed for voids, none of which

were detected. Test results were reviewed at each power level to

i determine if additional shielding was required prior to proceeding to

|O
the next power level. Several of the reviews identified the need to add
new survey points to the survey se higher power levels.

Survey readings at 100% power showed radiation levels existing at
the following locations within the Reactor Buildingt

,

I
'
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i ;

> -2068 level - General area radiation levels of <100 mR/hr were
found in areas.back ftom the edge overlooking the

0
-

,

Refueling Cavity. The neutron component made up the,

majority of the to a1 dose in these areas.

j Radiation levels at the handrail overlooking the
'

Refueling Cavity.were 200 - 500 mR/hr with the gamma i
-

component being the majority of the total exposure.4
.

0; ,

'

. 2047 level.- General area radiation levels of <100 mR/hr were
'found in areas outside of the Refueling Cavity
handrail with the neutron component being the

'

.

majority of the total dose.
]

|0. Radiation levels at the edge of the Refueling Cavity

|. were 1200 - 3000 mR/hr with the highest levels being
at the Plant north end of the cavity. The gamma,

| component was the majority of the toal exposure.
! These high radiation levels necessitated the posting
i of the entire Reactor Building as a Very High
:O Radiation Areas at >50% power.
;

; 2033 level - General area radiation levels in the Flux Mapping
i Drive area were ~20 mR/hr with the neutron component

.

being the' majority of the total dose.

10 2026 level - General area.radiacion levels of <5 mR/hr were found
; in areas outside of the Biological Shield with the

] gamma / neutron components essentially equal.

: Radiation levels outside the Biological Shield on
i the 2026' level above floor grating over 2000 level '

:O openings into Biologic 1 Shield at the RCS loops A.
. B, and C were 200-300mR/hr. These high levels are

.

j due to radiation coming from inside the Biological .i

Shield from below the 2026 level. The' gamma ;

component is the majority of the total exposure.
,

!O Radiation levels inside the Pressuriser Cubicle were
j 5 - 160mR/hr with the gamma component being the .

{ taajority of the total exposure. !
1 >

2000 level General area radiation levels of <10 mR/hr were ,

found !

:O' in areas outside of the Biologic =1 Shield with the
'

I gamma component. being 'the majority of the total |
| exposure. Localised areas outside of the Shield

'

(i.e. access openings in the Shield and penetrations'

through the Shield) had radiation levels of 250 -
250mR/hr with the gasma component being the majority '

:O. - - of the total < exposure.
e

: Radiation levels of ~10,000mR/hr were found just
' inside the Biological. Shield ~ access openings with
!

O'' _ 1, t . _ :

4
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the gamma component being the majority of the total
exposure.

Radiation levels in the Incore Instrumentation
Tunnel were not assessed. The entrance to this area
is posted as an Exclusion Area and personnel access
is not allowed.

() Survey readings at 100% power showed radiation levels existing at
the following locations within the Auxiliary Building:

2047 level - Approximately 1 mR/hr of neutron radiation was
found on the Plant east side of the Containment
Access where the Access Tube penetrates the

() Containment wall.

Approximately 0.2 - 0.4 mR/hr of neutron radiationArea'5 -

was found on the Containment wall where steam and
main feed lines penetrated.

O

;C)
;

I

|

;O

:

|O
:
4

i

i

;

,'

!

E) 192 --

?
.- . . .- , . - - - - .. . .- ..



- - . . ._ . .. . . __ - . -.. _ _. - _ . _ ._ __ _ _ . _

-- -

%

t.# ;,

'

.

15.7' THERMAL POWER MEASUREMENT AND STATEPOINT DATA-COLLECTION
''

,

:(S-07SC03)
:05 Procedures ETT-SC-07031, ETT-Sc-07032, ETT-SC-07033,ETT-SC-07034, and

ETT-SC-07035
r

OBJECTIVE

!
'The objective of these procedures was to determine Reactor Thermalt-

10 Power and obtain the control and proteceton instrumentation calibration
; . data-at steady-state power levels (statepoints) at 30%, 50%, 75%, 90%
' and 100% testing plateaus. ;
,

SUMMARY OF RESULTS

i;O Statepoint dat was taken at 30%,-50%, 75%, 90% and 100% testing
plateaus and is summarized in Table 5.7.1.

' - DISCUSSION
a

-

j' Statepoint data collection, consisting of three sets of readings
|O taken under stable plant conditions at 15-minute intervals, was

j performed ~at nominal power. levels.of-30%, 50%, 75%,-90% and 100% power.
Included in the data were accurate measurements of the parameters needed

' to perform a' calorimetric calculation of reactor thermal power.
:

1
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TABLE 5.7.1

THERMAL POWER MEASUREMENT SUMMARY

No.inal Power 30% 50% 75% 90% 100% i

I

O Ther al Power (%) 27.04%- 44.53 69.8 88.27 95.51

5 0 0 6 0
Feedwater Loop 1 7.98x10 1.50x10 2.65x10 3.34x10 3.75x10

5 6 6 6 6
Flow Loop 2- 7.61x10 1.42x10 2.54x10 3.28x10 3.63x10

5 6 0 0 6O (1b./hr) Loop 3 8.19x10 1.54x10 2.75x10 3.37x10 3.76x10

0 0 0 6Loop 4 7.91x10 1.48x10 2.59x10 3.29x10 3.67x10

Feedwater Loop i 223 337 422 426 448

O Te.p. Loop 2 226 339 423 426 450

('F) Loop-3 225 339 424 426 449

Loop 4 226 336 423 423 449

O Ste Loop 1 986 1000 992 985 975

Cenerator Loop 2 990 1005 998 1001.7 975

Pressure Loop 3 981 1000 992 995 975
,

O .(psig) Loop 4 984 995 1042 1000 975

|

O.

O

O

-

O-
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5.8 POWER COEFFICIENT DETERMIt% TION (S-070008) l

Procedure ETT-ZZ-07081, ETT-ZZ-07082, ETT-ZZ-07083 and ETT-ZZ-07084

OBJECTIVES

These procedures verify nuclear design prediction of the Doppler
only power coefficient through correlative measurements of reactor
coolant system temperature and core thermal power at power levels of 30,

V 50, 75 and 90% power. ;

SUMMARY OF RESULTS

This procedure was to verify that the absolute values of the
calculated and predicted values of the Doppler coefficient verification

,O factor, C and C respectively, are within 0.5'F/% of each other at 30,
50, 75 anE 90% rEted thermal power. The following values were obtained:

POWER LEVEL (%) //C / - /C // (*F/%)

28.8 0.61
O 48.5 0.418

71.9 0.165
88.9 0.073

The test results were satisfactory for all power levels excluding
the 30% plateau. The value of 0.61*F/% at 30% exceeded the 0.5'F/%

:O limit, however no further retesting at 30% power was performed pending
performance at the 50% plateau. Acceptable results at the 50% plateau
cleared the deficiency for the 30% plateau.

DISCUSSION

O This procedure'was performed at nominal power levels of 30, 50, 75
and 90 percent of rated thermal power. The Doppler power coefficient
verification is performed by varying plant load approximately 47 MWe
utilizing the turbine controls on the main turbine EHC panel. Three
successive load decreases / increases were performed,. allowing T and AT
to stabilize prior to each load swing. No changes in rod 1.osillEn or

:O RCs baron concentration were made during the load changes.

After the load swings were performed, values for T and AT were
takenfromthestripchartrecorders(orcomputerpoint$i8if required).
Using this data, and the power readings obtained prior to and after the
load swings, the average measured Doppler coefficient verification

C factor (C is effectively the measured ratio
of change,)in Twas calculated, where C, tor power.vs. change in reac This value of C is then
compared with IEE predicted Doppler coefficient verification faEtor
(C C is calculated using the Doppler only power coefficientand the difference ( f)n,

(
thE)isotEernal temperature coefficient

.

the measured isothermal temperature coeffl!ke)n,t
(a i

(a - as determined
,O inprocedureETT-ZZ-07071)versusthepredictedislERe"rmaltemperature!

coefficient at ARO,HZP. The values of C and C are compared to
j determine if the acceptance criteria werE met p
|
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For the 30%_ plateau, the difference between C and C was 0.61*F/%
.

which exceeded the nceeptance criteria. Since thiI was n8t a safety
.O review criteria and the procedure was to be repeated at 50% power, a

retest was not' performed.

Testing at the 50% plateau determined the difference in C and C
to be 0.41*F/% which satisfied the acceptance criteria and cleEred thE
deficiency for the 30% plateau, Further testing at the 75% power level

O determined the difference in C and C to be 0.165 F/% (as determined by
Westinghouse analysis). TestiEg at 90% power determined the difference
in C and C to be 0.07'F/%. Thus as power was increased, the agreement
betwIen preHicted and measured values improved.

:O
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5.9 PSEUDO ROD EJECTION AND PSEUDO ROD DROP AT POWER (S-07SF09)
Procedure ETT-SF-07091, ETT-SF-07092

OBJECTIVES

The objectives of the subject procedures were:

1. To obtain a full core flux map at approximately 30% Rated
:O Thermal Power (RTP) with Control Bank D (CBD) near the Hot

Full Power (HFP) insertion limit.

2. To determine the integral reactivity worth of the predicted
worst case ejected rod at approximately 30% RTP.

O 3. To obtain a full core flux map at approximately 30% RTP with
the predicted worst case ejected rod fully withdrawn and CBD
positioned near the HFP insertion limit.

4. To obtain a full core flux map at approximately 50% RTP with
.CBD at greater than or equal to 210 steps.

.O-

5. To obtain a full core flux map at approximately 50% RTP with
the predicated worst case dropped rod fully inserted and CBD
at greater than or equal to 210 steps.

6. To observe the response of incore instrumentation to a power
.O -anomaly caused by a control rod below normal bank alignment.

SUMMARY OF RESULTS

The Acceptance Criterion for the subject procedures was that the
s) measured integral reactivity worth of pseudo ejected rod D-12 with CBD

near.the HFP insertion limit, increased by a factor of 10%, is less than
or equal to 23 pcm. The test'resulted in a value of 14 pcm, thus
meeting the acceptance criterion.

!O DISCUSSION

At approximately 30% RTP, with CBD near the HFP insertion limit, a
full core flux map was performed.

The worth cf the pseudo ejected rod was measured as follows. The
A> control rod lift coil disconnect switches for all rods in CBD except

D-12 were placed in the disconnect position. Control Bank D was with-
drawn, moving only rod D-12, to the fully withdrawn position. This'
caused a corresponding increase in Tavg, balancing the positive
reactivity addition by-rod withdrawal. After Tavg stabilized, rod D-12
was inserted to its original position. The measured change in Tavg

O before and after rod withdrawal was multiplied by a best estimate
isothermal temperature coefficient, yielding the worth of pseudo ejected
rod D-12.

O _ 197 _
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C) '

Rod D-12 was then borated to the fully withdrawn position and a
.

full core' flux map was performed.
;O-

At approximately 50% RTP, with CBD at greater than 210 steps, a
full-core flux map was performed.

The control rod lift coil disconnect switches for all rods in
Shutdown Bank E except D-8 were placed in the disconnect position.

() Reactor Coolant System dilution was initiated and Shutdown Bank E was
inserted, moving only rod D-8. At intervals of approximately 50 steps
of rod insertion, a one-pass partial flux map was obtained to observe
the response of incore instrumentation. With rod D-8 fully inserted, a
full core flux map was performed.

() Flux map results are presented in section 4.7 of the Startup
Report.

:O
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i '5.10 AUTOMATIC REACTOR CONTROL (S-07SF05)
Procedure-FTT-SF-07050'

..3 0.-
~0BJECTIVESh _

'

LThe'objectiveLof'this procedure was to verify the performance of ,

L .the automatic. reactor control system in maintaining reactor coolant
average temperature within acceptable steady state limits.

, O. '
. .

<

-
'" SUMMARY OF RESULTS- +

The acceptance criteria.for the automatic reactor control test
.were:

4 ,.

fl . No manual intervention is required to bring plant conditions toIC)- ;

. equilibrium values following initiation of a 6*F temperature
transient.

,

:
i 2 '. ' . Tavg returns to~within 1.5'F of Tref following initiation of a 6*F

temperature _ transient.
|C)~

3. Rod motion is inhibited by application of the-appropriate inhibit

| -inputs.
;.
I - As demonstrated-by the data given in Tables 5.10.1 and 5.10.2,

'

' taken fromLthe analysis of strip chart recordings, the performance of
|C) the reactor rod control met all acceptance criteria and no instability

.

or inadequacy in the response of the. system was noted. As a result, no
.

adjustments to,the rod control system were required.*

DISCUSSION

fCh- Two multi-channel strip chart recorders were:used-to record such
! parameters as_Tavg,' rod speed demand voltage,Lsteam pressure,-and

pressurizer pressure during automatic operation of theLrod(control ,

! system. Initially. Tavg_was matched to the reference temperature (which
acts'as_the_setpoint). The controllsystem.was then placed in automaticy

~ mode to test its ability to maintain a stable temperature within il.5'F ;
~

|C) of Tref. When satisfactory steady state = operation,wasLverified,-the rod i

control system'was subjected to. temperature transients both to determine-

_

if: recovery to within;il'5'F of Tref would occur'and to evaluate the |.

i' istability of the system during the recovery. :The.first tranaient
^

; consisted;of' increasing.Tavg to 6*F above<the reference' temperature,
Lehen putting--the system in automatic mode._'A recovery to the reference- i.

|C): temperature was made in approximately 120 seconds'with no instability
b noted. 1The second transientLwas similar except Tavg was_ decreased to

_

| 6*F below Tref. - Recovery occurred within approximately 90 seconds in a
; controlled manner with~no' abnormal. indications. :Because no'problema or ,

' abnormalities of behavior were identified,' no adjustments to the system.i-

t were necessary.
:O-
,

<
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' TABLE 5.10.1 ,

.
AUTOMATIC REACTOR CONTROL |

;O
TRANSIENT-1: Tavg INCREASE

Tavg INCREASE d*F (peak to peak)
,

' Pressurizer Pressure Response'

O Initial-Pressure (psig) 2240
..*Minimum Pressure (psig) 2238'

Maximum. Pressure (psig)' 2245
Final Pressure'(psig) 2238

,

Pressurizer Level Response Level Setpoint
: O -. : Initial Level 28 27.5

Maximum Level 36 37.5
Minimum Level 28 27.5

_ Final Level 36 37.5
_

-

Steam Generator Level behavior: No anomalous changes-

Oscillation Amplitude (*F) 0

Period (Sec.) approximately infinite.
:

Time to reach Tref.11.5*F approximately 120 sec.

;O

.

P

:O-
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lOJ

u
,

O^ - 200 -

L-
._. ..-. . - , .:_ . . _ . ,-- ._ , _ _ .,



, . . _ . . . . ._

J C):

4

TABLE 5.10.2'

0- d S N: aYDYCR E

Tavg DECREASE 6*F (peak to peak)

: Pressurizer Pressure Response
Initial Pressure (psig) 2230 '

.C) . Minimum Pressure (psig) 2193
Maximum Pressure (psig) 2245 -

Final Pressure. (psig) 2245
!

Pressure. Level Response Level Setpoint

Initial level (%) 45~ 43.5
C) Maximum level (%) 45.3 44-

Minimum level :(%) - 36 34.5-
Final: level (%) 33.5 33

'

Steam Generator. level. behavior: No anomalous changes

:C) Oscillation AmplitEde (*F) 2
;

Period (Sec.) approximately 300 sec.

Time to reach Tref- 1.5"F approximately 90 sec.

!O
'

|
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5.11.0PERATIONAL ALIGNMENT OF PROCESS TEMPERATURE INSTRUMENTATION
,- '(S-07SF06)
O= . Procedure ETT-SF-07060 |

|

. OBJECTIVES

Th'e objectives of this test were to align the AT and T process
instrumentation under isothermal conditions prior to initiai"E

O. criticality, co align this instrumentation at power levels up to
-

-

.approximately_75% power, to extrapolate values to 100% power and to
. check the alignment of the AT and T instrumentation at 100% power.

. SUMMARY OF RESULTS

O ._The results of measurements taken for this test are shown on Table.

5.11.1.

DISCUSSION

This test was performed ,by taking R/E converter data for Thot'
O-

Tees!,readingswEEetakenpriortoinitiNT'criticaidy,TDreadings.
T AT and T and by ta.ing spare T and T R

-

at 30%, 50%,

75%,'90%, and 100% power. R/E converter data for T and Tcold "'#*
ho

compared to spare T and T RTD readings. Also, tat was
calculated from T nd T nd compared to the R/E co$vErter reading

h co d
of T .

g . avg -

Prior.to 90% power, the data for AT and T was extrapolated _to
100%. Based on the AT extrapolation, the AT s0EnEators were rescaled.
The T- for loop 3 of 588.7'F: exceeded the maximum 100% T of
588.5 ys so_this was rechecked using the 90% data. Using IEfs data, the8

100% extrapolated AT's and T 's were recalculated.- The-100% AT's did
:O not. exceed the 59.4*F limit;aE6 wever, the loop 3.T of 588.522*F still.

It was determined thaf*Ehis was due to a
'

exceeded the 588.5'F limit.-
problem with the T - d for loop 3. When the data from the T
.R/Econverterwashofnpa.eaings

i

red to the spare T was Mscove@ Mhot _; errors had been introduced by normalization factors applied _to this RTD'

! and its associated spare. Westinghouse reviewed this apparent
!O: discrepancy and st,ted that.the value of 588.5'F applies to the average :

'T- and individual loop T 's are expected to vary 6bove and below
t$e a,verage'T by-as such*aE l'F. Also, the excess'of 0.022*F is8'

insignificant *E6nsidering the' number of significant digits _(especially
,

ainc.e this is a projected value). In addition, Westinghouse stated.
that although-the active and spare het leg RTD's for loop 3 varied by

.O more than-1.2 F no recalibration need be performed since the T is:

acceptable and.since Westinghouse and the RdF Co.-(the RTD man 0EEcturer)
|- 'are still reviewing the previously mentioned normalization values.
t

. The-only'other problem encountered was with the loop 4 T RTD.

L- .It was not functioning at 30%, 50% and.75% power. ItwasrepafNdand
,0 :no problems were encountered at 90% and 100% power..
L
r ..

'h
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[ TABLE 5.11.1-'

OPERATIONAL ALIGNMENT OF PROCESS TEMPERATURE INSTRUMENTATION

STATEPOINT (% POWER)-.
-

' Parameters (Units)- Prior to 30% 50% -75% 90% 100%.
Criticality

Therma 1 Power (%) N/A 27~ 41.9; 69.8 88.3 .100
,Thot'( }

'

. Loop 11 556.1- '572.3 581.1 600.4 609.4'. 615.3-
Loop 2 555.9- 571.6 579.6 599.3 607.9' 614.3-
Loop'3 556.1 571.6 580.4. 599.8 608.5 616.3
Loop'4 '555.5 571.8 580.3 -599.9 608.4 614.5

-Teoid.( }
' Loop 1 555.9 554.8 556.3 559.1 559.2 560.2
Loop 2 556.5 555.0 555.8 559.0 558.8 559.6

: Loop'3' 555.8 555.0. 556.5 559.3 '559.5 560.0
Loop 4. 556.2 32.2* * 38.5* 559.3 559.7 '

?

Tavg (*F) -

Loop 1 555.9 560.1 568.3 579.8 584.3 587.9=
Loop 2 556.2 559.7 567.8 579.2 583.6 587.0

. Loop 3 556.0 560.1 569.1 580.4 584.8 588.3
Loop'4 .555.9 559.7 568.3 579.5 585.9 587.2

* TE-440 B . Loop 4 Tcold,;was not-functioning and was repaired.
.

1
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5.'12.STARTUP ADJUSTMENTS OF REACTOR CONTROL SYSTEM (S-07SF07)
Procedure ETT-SF-07070

.

OBJECTIVES ,

The objective of.this test was to determine the Tavg program which
would: result in design steam pressure at full load and therefore optimum

- plant' efficiency without exceeding pressure limitations for the turbine
,O' or temperature limits for-the maximum allowable Tavg. This was to be
:

' accomplished by. making adjustments to the-reference Tavg (Tref)L
.

programming module as required.

''
SUMMARY OF RESULTS

O~ Data for.this test was obtained at Hot Standby conditions (no load,
Tavg at 557+0, -5'F), 30% full reactor power, 50%, 75% and 100% full

,

reactor power.

. Acceptance criteria for this test stipulated that full load Tavg-

could not exceed 592.5'F. This criterion was satisfactorily met. i

i - It was also stipulated that full load steam generator pressure must
have been determined to be within 110 psi of the design pressure of 1000
psia (985 psig). This criterion was also satisfactorily met.4

No adjustments to the Tref programming module were necessary at the
'O 50%, 75%, and 100% power levels. Table 5.12.1 summarizes the data

,

obtained in meeting.the-above acceptance criteria.. '

DISCUSSION

This test was performed in conjunction with the Thermal Power
[O Measurement and Ser:epoint Data Collection test procedures (ETT-SC-07030

series)~at the-30%,~50% and 75% power levels. ETT-SF-07060 was. utilized
,

to obtain 100% reactor power data..>

.

At the conclusion of obtaining. data at the 50% (46.7% actual) power
level,.it:vas verified that actual. turbine. impulse pressure was within

:O - 150 psi of th, design impulse. pressure at . 50% -(46.7% actual) power..

'

i Therefore, no gain adjustment was required relative to'the Tref
| programming module. The extrapolated Tavg at.100% power was determined '

to be 588.5*F, resulting in no adjustnents to,the Tavg module'.,

. Utilizing average steam generator pressures obtained at~the 0%, _
,0: 30%, andc50% plateaus,: steam generator pressure was extrapolated up co

100%-reactor. power. Upon' completion.of:the thermal power measurement
-test at: 75%|(69.8%' actual) power (ETT-SC-07033),' it was determined that
: the actual average steam generator pressure was-within'210 psi of the
: extrapolated pressure'at the same power level, 1020.31versus 1022 psia,

: - respectively..
10

' Upon completion.of ETT-SF-07060, 100%.(96.77% actual) power data,

was analyzed. Impulse pressure was not within 10 paiLof:the design
'

-impulse pressure'at 100%.(96.77%. actual) reactor power. However,
_

204 -~ . - - ,_ _ _ E '-
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because_ Tref.was already at its maximum (588.5'F extrapolated), and

7.) -.
because the' vendor did not require the actual impulse pressure to be
within 10 psi of the design pressure, the scaling factors were not'

adjusted. Adjustment would have resulted in lowering Tavg and steam
generator pressure and subsequently overall plant efficiency.~

With reactor power at 99.91% (based on calorimetric), it was
determined that average steam generator pressure was within the design

_() pressure, 1000.5 psia versus 1000 10 psia respectively. The acceptance
criterion was therefore satisfied.

Utilizing the methodology of ETT-SF-07060, Tavg at 100% reactor
- power was. extrapolated based on data obtained at 0.0%, 41.89%, 69.8%,
81.14%, 88.27% and 96.77% reactor power. The extrapolated value,

C) . ~'considering all loops, was 588 5'F. Considering the 1.5'F deadband.

associated with the rod control system,uit was then projected that the
maximum.Tavg would-not exceed 590.0*F which is below the safety review
criteria upper limit of'592.5'F.

.
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TABLE 5.12.1

;O' SUMMARY OF STARTUP ADJUSTMENTS
TO REACTOR CONTROL SYSTEM

-1. AC-JY505, AC-JYS05A, AC-TY505

Cb No adjustments required

-2. Reactor Power Level versus Average Steam Generator Pressure and
Impulse Pressure'

: Power (%) Avg. Pressure-(psia) Impulse Pressure (psia)
3

: .o
0 1071 N/A

27.0 998 187
,

46.7- 1029 326.2
01

69.8 1020 485
, t
!

=96.8 1003.8 694.5

99.9' *1000.5 712.7

* Acceptance Criteria 1000 10 psia
,

3. Extrapolated Tavg at-100% Power

**Tavg ='588.5 1.5'F deadband = 590.0*F
:O e -

.,

** Acceptance. Criteria = 592.5'F Maximum-

1

:O~

,

-F
~
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.
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'5.13 INCORE/EXCORE CALIBRATION (S-07SE03)
' Procedure ESP-ZZ-00006..

;O
'

OBJECTIVES

The: objectives of this procedure were to-determine the relationship
, ..

-between the excore power range detector currents and incore axial offset,

;O. .and.to provide calibration data for the Nuclear Instrumentation System
: (NIS) top and bottom detector isolation amplifiers.

SUMMARY OF RESULTS
a

Acceptance criteria for this procedure are:

{O- '1. ' Calibration data has b'een obtained for NIS top and bottom detector
'

isolation' amplifiers.

[ 2. The NIS top and bottom isolation amplifiers have been calibrated by
'I&C.

t

O These acceptance criteria were met satisfactorily,

i DISCUSSION

j The power range nuclear instrumentation system produces an output
proportional to the currents in the top and bottom-detectors of each8

;O channel. These signals are used for delta flux indication, upper and
i: lower quadrant power indication, NSSS computer monitoring of delta flux,-

~

and generation of the delta flux penalty to the OTAT trip setpoint.
Calibration of the isolation amplifiers associated with each detector is
required so that excore indication reflects actual core conditions as
measured by incore flux maps.

._O

f.
With power at approximately 75%, axial offset.ws9 varied by changing

- the position of the control banks (as compensation far boration ~or-
; _ dilution of the RCS). Flux maps were taken at diff+. rent axial offsets.

Concurrent-with the flux maps, calorimetrics.were *.un and detector

! currents were recorded.- Axial offsets for tie 4 flux maps were -6.35%,
10. - -17.60%, -22.37x,-and +7.51%.

J :From the data taken'during th'e flux maps, normalized detector.
currents were calculated. These were plotted with incore axial flux-.

differences on the horizontal' axis, and a'least squares: fit.was used to'

1 calculate the' relationship between them (See Figures 5.13.1 - 5.13.4).
:O- -From this relationship, expected detector currents at.100% power with 0x
[ axial flux difference were obtained. This was used by the I&C Department.

~

i, to calibrate the upper and lower isolation amplifiers for-the' power range
j -detectors.-
I-

10:
..

4
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Figure 5.13.1
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Figure 5.13.3
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5.14 LOAD SWING TESTS (S-070009)
Procedures ETT-ZZ-07091, ETT-ZZ-07092, ETT-ZZ-07093

OBJECTIVE _S_

The objective of these tests was to verify proper nuclear plant
transient response, including automatic control performance at the 30%,
75%, and 100% nominal power levels when 10% step load changes were

:O . introduced at the turbine generator.

SUMMARY OF RESULTS

-The following criteria were specified for these tests:

O 1. Reactor and turbine are not tripped.
2. Safety injection is not initiated.
3. Neither steam generator power-operated _nor safety valves lift.
4. No manual intervention is required to bring plant conditions

to a steady state.
5. Plant variables do not incur sustained or diverging

.O oscillations.
6. Nuclear power undershoot/ overshoot is less than 3% for the

load decrease / increase.

The initial and final conditions of recorded plant variables in response
to a 10% load decrease followed.by a 10% load increase beginning at the

:0. 30%, 75%, 9_0% (Retest) and 100% power levels is presented in Table
5.14.1.

During the 30% power load swing test, all acceptance criteria were
met with the exception of 4'and 6 above, during the load increase.

:O At the onset of the 10% decrease from 75% nominal reactor power,
acceptance criterion 4 above could not be met which resulted in a load
decrease retest at 90% nominal reactor power. Criterion 4 was then
satisfied. The 10% load increase acceptance crita.ria back to the 75%
power level were satisfied.

O During the 100% power load swing test, all acceptance criteria were
satisfied.

DISCUSSION

The load swing tests were conducted per procedure by basically
O making rapid 10% turbine generator load decreases and increases via the

turbine Stand-by Load Set. During the course of-the load decreases /
increases, strip chart recordings of essential plant parameters were
taken so that their response could be analyzed and compared to the
stabilized recorded values previous to and after the load swings.

:O In addition to-the acceptance criteria specified above (1-6), the
following parameters were observed to determine whether or not vendor
review was required if the indicated margin was exceeded:

O - 212 -
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C)
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_

-

-Primary pressure swings less than 150 psi.
-Steam generator level swings less than i10% of the initial level.

'

C) -Steam generator pressure overshoots /undershoots the final value
-

by less than 25 psi.
E -Mini m delta T margin to trip occurs in Steady State before load

[ decrease /after load increase.
-Tavg doesn't undershoot/ overshoot its final value.s

.

f () For the 30% power load swing, acceptance criteria were satisfied
during the load decrease. During the load increase back to 30% power*

a from 20% power, manual intervention was required due to Xe build-up !
after the load decrease. With Bank D starting at 164 steps, the load ==

L increase was induced. With Bank D at 228 steps (fully withdrawn) and '

a reactor power at approximately 27.5%, the reactor operator had to begin
T (3 dilution to override the Xe build-up. It was therefore not possible to

verify if nuclear power overshoot was less than 3%. Subsequent =

satisfactory performance of ETT-ZZ-07092 during the load increase up to
75% reactor power closed this deficiency.

'
.

Several parameters exceeded their predicted values during the 30% i
() power load swing which required vendor review. Steam generator level*

,

i deviated to -11% (Loop 4) during the load decrease. Westinghouse
i considered this deviation to be no restraint to power escalation above
} 30%. When the 10% load increase (7.5% actual) parameters were analyzed,
_

pressurizer pressure was observed to decrease by -108 psig;J
_

additionally, all steam generator levels deviated between +11% and -12%.
- C) These two load increase deviations were reviewed by the NSSS Vendor and
- found attributable to a Tavg decreasing transient which occurred
_ primarily due to discontinued rod movement at the C-11 control interlock

auto rod stop. The vendor considered these two deviations to be no
*

restraint to continued power escalation.
I

C) During the 75% power load swing test, a rapid decrease of 10% was
not observed due to a 7'F error artificially existing between Tref and ~

s
= auctioneered Tave. This error automatically armed the steam dumps and
g produced an excessive load on the reactor. Manual intervention was
[- necessary to reset the C-7 control interlock, and subsequent load
C reduction (10%) was coupleted. As the load was increased from 65% power
- C) up to 75% power, it was observed that all acceptance criteria were met,
a
m

Based on satisfactory response of the rod control system and plant
-- response, it was determined to retest load reduction at the 90% power
E- level after the Tref summing amplifier was recalibrated. Results of the

E () 90% load decrease (actually started at 88% and went to 76.5%), met all
- design review criteria. The additional 1.5% power drop was caused by a
'

1.5'F error between Tave and Tref. -

1 During the load decrease (75% to 65% power), several parameters
- exceeded their predicted values. Due to the artificial error I

; (Tave/ Tref) of 7'F, and subsequent steam dump opening, AT began
() increasing and Tave dropped. Due to the decrease in Tave, the AT margint

F to trip increased above minimum and Tave undershot its predicted value.* During the subsequent load increase (65% to 75% power), the response of
h secondary pressure was sluggish due to the existing Tave/ Tref error.
E -

-

-U
_
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.

'Q :
.

Westinghouse. representatives saw no problem due to the parameter abnor-
malities which would preclude further power escalation above 75% reactor

0- power. During the 88% to 76.5% load reduction, these same parameters
were within their predicted range.

The final load swing test (100%,to 90% to 100%) was performed. All
: acceptance criteria were satisfactorily met. Additionally, the observed
. parameters all fell within the predicted range requiring no notification

O to and evaluation by the vendor.

|O

| 1

|O
I

O

r

'O

,

O

;O
- 2 n --

.

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



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

O'- TABLE 5.14.1
10% LOAD SWING DECREASE / INCREASE SUMMARIES

_

'A. 10%. LOAD-DECREASE FROM 30% REACTOR POWER
INITIAL FINAL

PLANT PARAMETER CONDITIONS CONDITION
'O ' Load (MW) 284 170 .i

,

'IPower - Nuclear (%) 29.5 18
J

avg (auctioneered) 564.5 561

ref (F') 565 562

O' 6T-(% FULL POWER) 34 22
~

.AT Overpower Setpoint (% FULL POWER) 100 109
,

.AT Overtemp. Setpoint (% FULL POWER) 144 148

Pressurizer Pressure (psig) 2235 2235

:O . ~ Pressurizer Level- (%) 34 32

[ ' Steam Header Pressure _ (psig) 1000 1015
| Steam Flow - Loop 1 (MPPH) 1.1 .8

~ Steam Flow - Loop 2 (MPPH) .95 .62
.

D Steam Flow - Loop 3 (MPPH) 1.1 .8 |

Steam Flow - Loop 4 (MPPH) .95 .8

Steam Generator Level-Loop 1 (%) 50- 50

Steam Generator Level-Loop 2 (%) 50 50
0; Steam Generator Level-Loop 3 (%) 50 51

Steam' Generator Level-Loop 4 (%) 50 51-

Feedwater Temperature-Loop 1 (*F) RE 303.2 2612

Feedwater Temperature-Loop 2 (*F) RE 302 267.'

O~ .Feedwater Temperature-Loop 3 (*F) RE .304 269
_

Feedwater Temperature-Loop 4 (*F) RE 125 268

Feedwater Flow - Loop 1 (MPPH) .75 .3

Feedwater Flow - Loop 2 (MPPH) .6 .25

O_ .Feedwater Flow - Loop.3_ (MPPH) .9 .42

Feedwater Flow - Loop''4 (MPPH) .8. .4.

Feed Pump Disch. Hdra Pres. (psig) . 1000- 1160

-Feed Pump A Speed (RPM): 3650 '3600
0- ;FeedPumpBSpeed (RPM) 0 0-

Control Rod Pos. - Bank C -(Steps) 228 228

Control Rod-Pos. - Bank D (Steps) 205 152'

Boron Concentration (PPM) 1103- 1163

'O L TIME:TO REACH. EQUILIBRIUM FOLLOWING LOAD CHANGE: 3 MINUTES

Oi '
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O~ TABLE 5.14.1' (cent.)
, -10% LOAD SWING DECREASE / INCREASE SUMMARIES

'B. K10% LOAD INCREASE FROM 20% REACTOR POWER
INITIAL FINAL;

PLANT PARAMETER CONDITIONS CONDITION
;0-: . Load (MW) 172 280
:

t -Power - Nuclear (%) ~19.4 29.5
' 'T !

avg (auctioneered) 563 565<

T ~

(F*) 562 564ref'

O:
TAT (% FULL POWER) 22 32

AT Overpower Setpoint (% FULL POWER) 109 110

AT Overtemp. Setpoint-(% FULL. POWER) 147 144-

Pressurizer Pressure - (psig) 2240 2240
' C4

-

Pressurizer Level' 1(%) 33 36

.

Steam Header Pressure- . (psig)- 1040 1020

Steam Flow - Loop 1 (MPPH) .8 1.06
~

Steam Flow - Loop'2 (MPPH) .6 1.01!-
,

:O-
' LSteam Flow - Loop 3 (MPPH) .7 1.10

Steam Flow - Loop 4 (MPPH) .65 0.98 |

Steam Generator Level-Loop 1 (%) 50 50

i Steam Generator Level-Loop 2 (%) .50 50
;O

' Steam Generator Level-Loop 3 (%) 50 50

I Steam' Generator Level-Loop 4 (%) 50 50

1 -Feedwater Temperature-Loop 1.(*F)-RE 267.7 293.6

|O:
Feedwater Temperature-Loop.2 (*F) RE 266 292

'

Feedwater Temperature-Loop 3 (*F) RE 268 294
_ ,

i
' Feedwater Temperature-Loop 4 (*F) RE 1857 125

.Feedwater Flow . Loop 1: (MPPH) .31 .72
,

; Feedwater Flow - Loop 2 (MPPH)' .21 .60
:O~' Feedwater Flow - Loop-3 (MPPH) .45 .80-

Feedwater Flow Loop 4- -(MPPH)- .35 .72'

'

Feed Pump Disch.'.Hdr. Pres.- (psig) 1150 1110'
I~ Feed Pump |A Speed. (RPM) 3600 3700
'O - ~

Feed Pump B Speed -(RPM) 0 -0
,

,

Control Rod Pos. . Bank C. (Steps): .228 228

-Control-Rod Pos. . Bank D~ -(Steps)- 163- 154
;

Boron Concentration ~ '(PPM) 1113 1113
|O; i

TIME.TO REACH EQUILIBRIUM FOLLOWING LOAD CHANGE: 5 MINUTES

.

.. 7
.
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O- TABLE 5.14.1 (cont.)
10% LOAD SWING DECREASE / INCREASE SUMMARIES

C. 10% LOAD DECREASE FROM 75% REACTOR POWER
INITIAL FINAL

PLANT PARAMETER CONDITIONS CONDITION

O. Load (Mw) 850 755

Power - Nuclear (%) 75 65

avg'(auctioneered) 582 579

ref- (F*) 581 571

O AT (% FULL POWER) 81% 75%

AT Overpower Setpoint (% FULL POWER) 110 110

AT Overtemp. Setpoint (% FULL POWER) 121 128

Pressurizer Pressure .(psig) 2235 2240

O Pressurizer Level (%) 58 48

Steam Header Pressure (psig) 1000 1000

Steam Flow --Loop 1 (MPPH) 2.9 2.6

Steam Flow - Loop 2 (MPPH) 2.6 2.3
O Steam Flow - Loop 3 (MPPH) 2.9 2.6

Steam Flow - Loop 4 (MPPH) 2.8 2.5

Steam Generator Level-Loop 1 (%) 50 50

Steam Generator Level-Loop 2 (%) 50 50

0 Steam Generator tevel-Loop 3 (%) 50 50

Steam Generator Level-Loop 4 (%) 50 50

.Feedwater Temperature-Loop 1 (*F) RE 416 407

.Feedwater Temperature-Loop 2 (*F) RE 414 405

O Feedwater Temperature-Loop 3 (*F) RE 416 407

Feedwater Temperature-Loop 4 (*F) RE 415 405

Feedwater Flow - Loop 1 (MPPH) 2.8 - 2.45

Feedwater Flev - Loop 2 (MPPH) 2.6 2.4
O Feedwater Flow - Loop 3 (MPPH) 2.9- 2.55

Feedwater Flow - Loop 4 (MPPH) 2.7 2.4

Feed Pump Disch. Hdr. Pres. (psig) 1160 1140

Feed Pump A Speed (RPM) 4080 3980

.O Feed Pump B Speed- (RPM) 4050 3950

Control Rod Pos. - Bank C (Steps) 228 228

Control Rod Pos. - Bank D (Steps) 181 150

Boron Concentration (PPM) 921 -921

O TIME.TO REACH EQUILIBRIUM FOLLOWING LOAD CHANGE: 1 MINUTES

0; '
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- TABLE 5.14.1~(cont.)
10% LOAD SWING DECREASE / INCREASE SUMMARIES

D. -10% LOAD INCREASE FROM 65% REACTOR POWER
INITIAL FINAL

PLANT PARAMETER CONDITIONS CONDITIONO-
Load.(MW) 755 855

Power - Nuclear (%) 65 75

avg (suctioneered) 579 580

ref' (F*) 571 581
4

OT (% FULL POWER)' 75% 84

AT Overpower Setpoint (% FULL POWER) 110 110-

AT Overtemp. Setpoint (% FULL POWER) 128 124

Pressurizer Pressure (psig) 2240 2235

Pressurizer Level (%) 48 57

Steam Header Pressure (psig) 1000 1000

Steam Flow - Loop'l (MPPH) 2.6 2.9.

Steam Flow - Loop 2 (MPPH) 2.3 2.65
'O-

Steam Flow - Loop-3 (MPPH) 2.6 2.9.

Steam Flow - Loop 4 (MPPH) 2.5 2.8

Steam Generator Level-Loop 1 (%) 50 50

Steam Generator Level-Loop 2 (%) 50 50
:O~

Steam Generator Level-Loop 3 (%) 50 50

: Steam Generator Level-Loop 4 (%) 50 50

Feedwater Temperature-Loop 1 (*F) RE 407 417

Feedwater Temperature-Loop 2 (*F) RE 405 415

Feedwater Temperature'-Loop 3 ('F) RE 407 417

Feedwater Temperature-Loop 4 (*F) RE 405 415

Feedwater Flow - Loop 1 (MPPH) 2.45 2.8
Feedwater Flow - Loop 2 (MPPH) 2.4 2.6

:Q'

Feedwater Flow - Loop 3 (MPPH) 2.55 2.9
Feedwater Flow - Loop 4- (MPPH) 2.4 2.7
Feed Pump Disch. Hdr. Pres. (psig) 1140 1150

Feed Pump ~A Speed (RPM). 3980 4100
'O-

Feed Pump B Speed. (RPM) 3950 4100

Control Rod Pos. . Bank C (Steps) 228 228

Control Rod Pos. - Bank D (Steps) 150 194.5

Boron Concentration (PPM) 921 921
O

TIME TO REACH EQUILIBRIUM FOLLOWING. LOAD CHANGE: 3 MINUTES

;O -
- 218 -
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.0- TABLE 5.14.1 (cont.) ,

10% LOAD SWING DECREASE / INCREASE SUMMARIES

E. 10% LOAD DECREASE FROM 90% REACTOR POWER |
'

INITIAL FINAL
-PLANT PARAMETER CONDITIONS CONDITION

O Load (MW) -994 865

Power - Nuclear (%) 88 76.5

avg (auctioneered) 586 583
1

ref -(F*) 586 5834

O AT (% FULL' POWER) 88 77

AT Overpower Setpoint (% FULL POWER) 109 99

AT Overtemp. Setpoint (% FULL' POWER) 118 121

Pressurizer Pressure (psig) 2235 2235

.O Pressurizer Level (%) 61 56

Steam Header Pressure (psig) 995 995
,

' Steam Flow - Loop-1 ~(MPPH) 3.4 3.1
.

Steam Flow - Loop 2- (MPPH) 3.1 2.7
10 Steam Flow - Loop 3 (MPPH) 3.3 2.9

: Steam. Flow - Loop 4 (MPPH) 3.3 2.9 '

?

Steam Generator Level-Loop 1 (%) 50 50

Steam Generator Level-Loop 2 (%) 50 50

{O Steam Generator Level-Loop 3 (%) 50 50

| Steam Generator Level-Loop 4 (%) 50 49

Feedwater Temperature-Loop 1 (*F) RE 428.1 398.8

; Feedwater Temperature-Loop 2 (*F) RE 426 397

10 - Feedwater Temperature-Loop 3 (*F) RE 428- 403

Feedwater Temperature-Loop 4 (*F) RE~ 426 401

Feedwater Flow - Loop 1 (MPPH)' 3.25 2.85

Feedwater Flow - Loop 2 (MPPH) 3.1 2.65

|O Feedwater Flow - Loop 3 (MPPH) 3.3 2.9

Feedwater Flow - Loop 4- (MPPH) 3.25 2.8

Feed Pump Disch. Hdr. Pres. .(psig) 1160 1140'

Feed Pump A Speed. (RPM)- 4400 4200.
.

;O- Feed Pump B Speed -(RPM) 4300 4100

Control Rod Pos. -_ Bank C- (Steps) 228 228

Control Rod Pos. - Bank D. (Steps) 216/215 190/181
' Boron Concentration- (PPM) 912 912

:O TIME TO REACH EQUILIBRIUM.FOLLOWING LOAD CHANCE: 4.75 MINUTES

4

(O - 219 -



'O TABLE 5.14.1 (cont.)
10% LOAD SWING DECREASE / INCREASE SUMMARIES

F. 10% LOAD DECREASE FROM 100% REACTOR-POWER
INITIAL FINAL

PLANT PARAMETER CONDITIONS- CONDITION3g -
Load (MW) 1175 1062

Power - Nuclear (%) 100 90

avg (auctioneered) 587.3 586
~

ref (F*) 588.5 585

AT (% FULL POWER) 99 90

AT Overpower Setpoint (% FULL POWER) 108 108

AT Overtemp. Setpoint (% FULL POWER) 110 114

Pressurizer Pressure (psig) 2235 2235
O

,

-

Pressurizer Level (%) 61.5 60

Steam Header Pressure (psig) 975 990

Steam Flow - Loop 1 (MPPH) 3.8 3.55

Steam Flow - Loop 2 '(MPPH) 3.7 3.3
:O'

Steam Flow - Loop 3 (MPPH) 3.8 3.4
Steam Flow - Loop 4 (MPPH) 3.75 3.35

Steam Generator Level-Loop 1 (%) 50 50

Steam Generator Level-Loop 2-(%) 50 50
O'

Steam Generator Level-Loop 3 (%) 51 51

Steam Generator Level-Loop 4 (%) 50 50

Feedwater Temperature-Loop 1'(*F) RE :440.3 431.8

Feedwater Temperature-Loop 2 ('F) RE 438 430

Feedwater Temperature-Loop 3.(*F) RE 440 432

Feedwater Temperature-Loop 4 (*F) RE ' * 430

Feedwater Flow - Loop 1 (MPPH) 3.77 3.38
Feedwater Flow - Loop 2 (MPPH) 3.66 3.28

Feedwater Flow - Loop 3 (MPPH) 3.83 3.47

Feedwater Flow - Loop 4 (MPPH) 3.75 3.35'
Feed-Pump Disch. Hdr. Pres. (psig) 1160 995

Feed. Pump A Speed (RPM) 4750 4500

' Feed' Pump B Speed (RPM) 4620 4210

Control. Rod Pos. - Bank C (Steps) 228' 228

Control Rod Pos. - Bank D .(Steps) 198 159

Boron Concentration (PPM) 888 888

TIME TO REACH EQUILIBRIUM FOLLOWING LOAD CHANGE: 13 MINUTES

* Computer Point Not Available

0
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O! ' TABLE 5.14.1 (cent.).

i 10%. LOAD SWING DECREASE / INCREASE SUMMARIES
f

-G. 10% LOAD INCREASE FROM 90% REACTOR POWER;
'~

INITIAL FINAL
PLANT PARAMETER CONDITIONS CONDITION

0: toad (MW) 1062 1175

Power - Nuclear (%) 90 100

avg (auctioneered)
~

586 587.5

ref (F') 585 588.5

O. AT (% FULL POWER) 90 100

.AT Overpower Setpoint (% FULL POWER) 108 108

AT Overtemp. Setpoint (% FULL POWER) 114 110

[ Pressurizer Pressure (psig) 2235 2235

|O: Pressurizer Level -(%)- 60 61.5
l- Steam Header Pressure (psig) 990 970

Steam Flow --Loop 1 (MPPH) 3.55- 3.8

Steam Flow - Loop 2 (MPPH) 3.3 3.7
O- Steam Flow - Loop 3 -(MPPH) 3.4 3.8

'

Steam Flow - Loop 4 (MPPH) 3.35 3.75

: Steam Generator Level-Loop 1 (%) 50- 50

Steam Generator Level-Loop 2 (%) 50 50

.O Steam Generator Level-Loop 3 (%) 51 51

Steam Generator Level-Loop 4 (%) 50 51

Feedwater Temperature-Loop 'l (*F) RE 431.8 440.7

Feedwater Temperature-Loop 2 (*F) RE 430 439

O reedwater Temperature-Loop 3 (*F) RE. 432: 440

Feedwater-Temperature-Loop 4 (*F) RE 430 439

Feedwater Flow - Loop 1 (MPPH) -3.38 3.87
Feedwater Flow - Loop 2 (MPPH) 3.28 3.65

O Feedwater Flow - Loop'3 (MPPH) 3.47- 3.88

Feedwater Flow - Loop 4 (MPPH) 3.35 3.79

Feed Pump Disch. Hdr. Pres. -(psig) 995 1060

Feed Pump A Speed . RPM) 4500 4675(
0: Feid Pump B Speed (RPM) 4210 -4600

Control Rod Pos. - Bank C (Steps) 228 228

Control ~ Rod Pos. - Bank.D (Steps) 159 213
,

Boron Concentration (PPM) 888 888

O. TIME TO REACH EQUILIBRIUM.-FOLLOWING LOAD CHANGE: 13 MINUTES-

0: .221 -,
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5.15 LARGE LOAD REDUCTION TESTS (S-070010)
Procedure ETT-ZZ-07101,' ETT-ZZ-07102

OBJECTIVES

- The objectives of these tests were:

1. To verify the..ibility of the primary plant, secondary plant,
.O. and the automatic reactor control systems to sustain a 50%

step level reduction from 75% and 100% full power, and

12. To obtain test data for the evaluation of interaction between
the control system setpoint changes as required to improve
transient response based on active plant operation.

SUMMARY OF RESULTS

--The following acceptance criteria were specified:

1. Reactor and turbinc 6 not trip

2. Safety injection is not initiated

3. Pressurizer safety valves do not lift

4. ' Steam generator. safety valves do not lift

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

In addition to the above accepuance criteria, the following plant
parameters were observed to identify-the need to contact the NSSS Vendor

O. should one of the values fall outside their predicted range:

Tavg peaks less than 5*F above the steady state initial.value.-

Tavg undershoot is less.than.3*F below,the steady state final-

value. No Tave oscillations during' steam dump. Oscillations less
O- : than 5'F peak-to-peak and -' decreasing af ter termination of the steam

-dump.

Primary. pressure swings less than +80; psi and -100 psi from~the--

. initial pressure.

O? Steam generator level swings less than 25% from the-initial level.-

Maximum rod speed in occurs for about 30; seconds.'

;. Steam dump actuates and may modulate,.but does not cycle on and-

off. +

0
's .St dump' shuts off within 8 minutes.-

l

ix
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During the 50% load reduction from 75% reactor power, all i-

| acceptance' criteria _above were satisfactorily met with the exception of.

C_, No. 5. Several observed parameters did not fall within their predicted
range of'value.

.

4 During the 50% load reduction from 100% reactor power, all
acceptance criteria were satisfactorily met. One of the observed ;

,

,

' parameters identified above did not meet its predicted time span.
,O

iTable 5.15;1 provides a summary of the initial and final plant'

.

conditions during conduct of these tests.
; ,

. ,' -DISCUSSION

,O f .Large load reduction tests were conducted per procedure by rapidly
-

reducing turbine load 50% from the 75% and 100% reactor power levels-'
,

|: respectively~. :. Load reduction was achieved utilizing the Stand-by Load'

Set. . Strip chart recorders and computer trend blocks were employed to~

f obtain preselected data. ,

|Of The large load reduction of 50% from 75% reactor power was actually
initiated from the'72% reactor power level.. The procedure required!
~ reactor power to be 75 (+0, -5%) . When the condenser unavailable[ '-

. control interlock C-9 came on,.st'eam dump' actuation was prevented. This
4

.resulted-in Main Feedwater Control-Valve and Steam Generator
,

b oscillations requiring the operator to take manual control. Addition-
10_ ally, turbine load was1 increased from 260 to 300.Mwe in order to reduc.

-

-

.the oscillations. Acceptance criterion No. 5 above therefore was not
[ met; however, all other acceptance criteria were satisfied.
!

C-9. came-on.due to condenser. vacuum' exceeding the 4.9 inches of Hg
i .

absolute setpoint associated with_ condenser vacuum bistable. Based on
|C engineeringLevaluation, it was decided to reverify the need to relax the

setpoint based onilead reduction of 50% from the 100% power level
(ETT-ZZ-07102). .During. conduct of ETT-ZZ-07102, condenser vacuum only i

, _

It was then' concluded'that due toreached 4.3 inches;of Hg absolute.'
acceptance criterion No. 5 beingJsatisfied at.the 100% load reduction,

.

. rthe same'crite'ria was satisfied for the 75% load reduction.
.Of _

j: ..Several parameters: fell outside their predicted ranges during the
i- reduction.frosj75% power.'- The'first was that;the primary pressure swing
} Lexceeded-its lower.. limit of -100 psig by.8 psig. The'second'was that
[ . :the: steam _dumpLdid not shut off within.8.. minutes. Finally, the steam,

. dump cycled'on and off. These were reviewed!and were determined to
:O| result from the:C-9' interlock problem. These parameters were not;;

-

* sassociated.with: acceptance; criteria'and were provided for design review
. purposes'only. 1Afdetermination was made_by the Onsite: Review Committee'

,

that retest.would-be performed during the large load reduction from 100%
4

. ' power.>
f

40) ' - 'The initia1Lattempt to conduct'the'large load reduction from 100%
i reactor. power;was not c'ospletedLdue;to manually opening the PORV block-

;valvesfduring;the transient. ~(PORV block valves are normally closed).,
.

_

Thisiaction resulted in_ reactor _ trip due to. low pressurizer pressure.+'

V:

7- 22'3 -
'

-
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ETT-ZZ-07102 was then revised to require the PORV block valves to be
opened prior to initiation of the load reduction. The second attempt

] resulted in all acceptance criteria and the plant parameter predicted
values and responses being satisfactorily met.

As mentioned previously, the results of the 100% power load
reduction provided satisfactory results to demonstrate that manual
intervention, as previously encountered during the performance of

3 ETT-ZZ-07101, was not necessary therefore satisfying acceptance criteria
No. 5 for the 75% reactor power large load reduction.

O

O

O

O

O

e

e
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[I ~ TABLE 5.15.1
LARGE LOAD REDUCTION. SUMMARY

A. 50% LOAD REDUCTION FROM 75% REACTOR-POWER
INITIAL FINAL

PLANT PARAMETER CONDITIONS CONDITIONg
Load (MW) 856 300

Power Nuclear .(%) 72 27

avg (auctioneered) 578 568

ref (F*) 577 566

AT (% FULL POWER)- 84.3 38.7

AT Overpower Setpoint (% FULL POWER) 110 108

AT.Overtemp. Setpoint (% FULL ~ POWER) 117 135

Pressurizer Pressure (psig) 2248 2180

Pressurizer Level (%) 57 43

Steam Header Pressure (psig) 1013 1092

Steam Flow-- Loop 1 (MPPH) 27.8 12.2

.
.

Steam Flow - Loop 2 (MPPH) 26.4 9.1

Steam Flow - Loop 3 (MPPH) 29.0 12.5

Steam Flow . Loop 4 (MPPH) 28.3 12.5

Steam Generator Level-Loop 1.(%) 50 52

. Steam Generator Level-Loop 2 (%) 50 56

Steam Generator Level-Loop 3 (%) 51 54

Steam Generator Level-Loop 4 (%) 51 56
~

Feedwater _ Temperature-Loop 1 (*F) RE 416.6 342.5-

Feedwater Temperature-Loop 2 (*F) RE 414.7 343.5-
- Feedwater Temperature-Loop-3 (*F) RE 416.7- 341.9

Feedwater Temperature-Loop 4 (*F) RE 415.1 344.1

Feedwater Flow - Loop 1 (MPPH) 27.8 9.6-
.. Feedwater Flow'- Loop 2 .(MPPH) 27.4 9.6

Feedwater' Flow - Loop 3. (MPPH) 29.3= 11.4

Feedwater Flow - Loop 4 _ HPPH) * *-(

Feed Pump:Disch. Hdr. Pres. (psig) 1084- 1136

. . Feed Pump A Speed - (RPM) 3600 4020

Feed Pump B-Speed. .(RPM)~ 0 0-

: Control Rod Pos. - Bank C ' (Steps) -228 175~
.

Control Rod Pos. -: Bank D (Steps) 209 78

Boron Concentration '(PPM)- ** **

* NOT RECORDED

** Computer Point Not; Functioning-

,

-
.

- 225 -
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D , ' TABLE 5.15.1 (cont.)
I'LARGE LOAD REDUCTION SUMMARY

|
.-

'

B. 50%' LOAD REDUCTION FROM 100% REACTOR POWER
INITIAL FINAL !

PLANT PARAMETER CONDITIONS. CONDITION:
;O . toad (Mw). 1230(1) 537

i

~~
Power Nuclear (%) 100 58

avg (auc'tioneered). 592 579.3

ref- .(F') 591 577'
<

;O.-
-

car (% FULL POWER) 93 63
i

AT Overpower.Setpoint (% FULL' POWER) 108- 108

: AT 0vertemp. Setpoint (%: FULL POWER) 108 120

|_ LPressurizer Pressure (psig) 2197 2128

' Pressurizer-Level (%) 61 50
,

: Steam Header. Pressure- (psig) - 982.5 1000 ;'

. Steam Flow - Loop:1' (MPPH) 3.67 '2.3
,

; Steam Flow - Loop 2- (MPPH)- 3.55 -2.14
0 Steam Flow : Loop 3 .(MPPH) 3.74 2.38

.

|. Steam FlowL- Loop.4 (MPPH)' 3.84 2.50:

Steam Generator; Level-Loop 1.(%) 50 50

Steam Generator. Level-Loop.2.(%) 50 50

10 Steam cenerator tevel-Loop 3 (%) 50- 53

; Steam Generator Level-Loop 4-(%) 50 52

Feedwater Temperature-Loop _1-(*F) RE '438.6- 384.7-
~

Feedwater Temperature-Loop 2 (*F) RE 436.9 383.5

jo' Feedwater Temperature-Loop 3 -(*F) RE 438.1 385.8

I Feedwater Temperature-Loop 4 (*F) RE 436.8 -383.7

|
Feedwater Flow - Loop l' (MPPH) 3.70 2.21

Feedwater Flow . Loop 2 (MPPH) 3.55 2.02
|O .Fe 'dwater Flow --toop:3 (MPPH) 3.65 2.21

.

f Feedwater Flow'- Loop 4 (MPPH) 3.82 2.30
'

Feed Pump Disch. Hdr. Pres. (psig) -1172.5 1185
.

. Feed: Pump;A Speed. ;(RPM) 5520- 146401-

Feed Pump B. Speed- (RPM) .0' _0

! Control' Rod.Pos. - Bank C'- (Steps). 228 192'

;. -

| - Control Rod Pos. . Bank'D _ Steps) . 169 77(
i' Boron Concentration (PPM) 1046 1000.(2)
[O$ _ .(1) Computer Trend Block woe Functioning. valve Recorded on'-Strip Chart

- - ~

.

-

(2)' Computer Point Indication
' '
.

l'

IO::
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5.'16' PLANT TRIP FROM 100%' POWER.(S-070011)
~

>

Procedure ETT-ZZ-07110- l
oo;

OBJECTIVES-

.

.The. objectives of this procedure were to verify the ability of the primary
Mand secondary plant to sustain'a trip from 100%-power and to bring the: plant to

,

' stable conditions following the transient'and.to determine the overall response
O

.

itime'of the1 reactor coolant hot les RTDs. In addition, the. data taken during
-

'this, test 1was evaluated to determine possible changes.in control system
settings.in order to improve transient response. based on actual plant

-operation.- ,

(SUMMARY OF'RESULTS-
O?

The acceptance' criteria for the 100% power trip test were:

1. 'All rods must be fully inserted following the trip.
.

2. The overall hot leg RTD response time determined from recorder traces
O taust be'no greater than 6.9 seconds..

3. The pressurizer and steam generator safety valves must not lift.
.

4. Safety injection is not initiated.

O- 5. reedvater; flow isolated.by receipt of-a reedwater isolation signal
-

. prior to no load T being reached.
; avg
f

6 '. : 1T steadies out at or-above no' load T without manual.

i$lIrventiononfeedflow. - **8*

.

|O, 7. L he steam dump valves modulate _ closed. -T
p
' ~ The minimum pressurizer level stays greater than or equal to 20% of8.

level.;

9.- The minimum pressurizer pressure is greater than.or equal to-2000
:O psig.

-
- -

|

| 10. . Nuclear: flux drops to :less.than or equal to 15%.within 2 seconds
.

,

'
after initiation of the' trip.- '

s

~ _During and immediately following the trip, plant and control system
;O ' : response-was found:to de acceptable withtthe exception of criteria 7,:8, and 9.:

Failure was attributed.to_a defective cardfin the steam dump circuitry of the'

n. > Plant Trip Controller., This card was replaced and-a retest of the steam dump.
'

L Plant-Trip Controller was~ performed' satisfactorily with the steam dumps
* Joperating properly with;a signal from the Plant Trip Controller. Acceptance

Criteriaj8:and 9 had-been satisfied. prior to initiation of steam. dumps by
i0. . manual transfer to the: steam pressure mode.-

~

4

! . . . . .

: Calculation of the hot-leg RTD response time yielded a response-time of
;" 'approximately 7.5! seconds. Vendor analysis concluded that the-7.5 seconds?

.
. - 227 -
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(based on. conservative. interpretation of the test data) obtained during the
- test is an acceptable DNBR' (i.e. DNBR > 1.30) for the OTAT response to a Rod*

;O.! withdrawal at Power and.the oraT response to_ small Steam Break. The 6.9-

second acceptance criterion was' based on a faster responding RTD. The vendor
performed analysee showed- acceptability (i.e. DNBR > 1.30) for both transients

+- - with longer RTD response times. The new analysis resulted in a new acceptance
criterion of 8;4 seconds. No other unresolved questions were identified and-the

,

; procedure results were accepted satisfactorily.
, O'i

'

,

. Table 5.16.1 gives parameter values prior to the trip and final values
4 - following stabilization at-no load conditions.

i ~ DISCUSSION

O .nish: speed, multi-channel strip chart recorders were used to collect data -

,T turbine trip event,on various plant parameters which included T '

steamandEEN, flows,-pressurizerreactor-power,LAuctioneered T T *

pressureandpressurizerleveII8,The*kr,ipwa'scausedbyopeningthemain
.

! generator breakers which resulted in a immediate turbine trip followed by a
!' reactor trip.-
(O .;

;During the performance of_the 100% Plant Trip Test..a steam dump arming
: ' signal was not generated by the Plant Trip Controller during the. transient.
j Cooldown-ofithe secondary proceeded.via the steam generator atmospheric relief
; valves until'the steau dump valves could be placed'in the " Steam Pressure" mode-

;O of operation.- This. action.resulted in a larger drop-in T than would
normally be observed if controlled by the Plant Trip-Cont!oEler programmed:

cooldown based'on T- -T mismatch. -Since steam pressure was.still high
.

whenthe'steamdump*E6ntEo1Ewktchwasplacedinthesteampressuremode,the.!'
: ' steam dumps opened. causing T to drop to approximately 550*F, pressurizer,
[ 1eveltodrop<toapproximat'eIII18% and pressurizer pressure to' drop to approxi-

:O
mately 1975 psig. -Acceptance criteria 8 and-9 had.been satisfied' prior to

; . initiation of-ateam dumps by manual transfer to the steam pressure mode. Steam
'

!- ' dumps were: reset to prevent further decrease. The Plant Trip Controller
'

failure was traced to-a defective card in the steam' dump circuitry. This card
wa's replaced and a ratest'of'the steam dump Plant: Trip Controller was performed

; satisfactorily,' with the steam dumps operating properly with a' signal for the
- Plant' Trip Controller.

;O-;
'

Determination of RTD. response time was done utilizing the hot leg
~

"

i temperature and nuclear flux data from the strip chart recorders. ;The response
time'is defined as the interval''of time between'the. point.where' neutron flux'

=

decreased by.50% of~its initial value to the point'where the hot leg
~

~

,

temperature;has decreased:by 33 1/3% of'the initial loop'AT value.' The
'

10 _
qualityJof the;T
response: time;was determined to he approximately 6.6 seconds. Due to the poor

: trace, the data was analyzed using the most conservative
gEI Nuclear Flux; and ~ the response ' time .was determined .to be 7.5

o

. values for'T kse this value exceeds the acceptance criterion, the vendor was-
m: -

seconds.'BeIEf
|

asked to evaluate the data,'determinelif the test results are; acceptable, and
determine:if thel 6.9 second acceptance criterion can~be: increased to. reflect.

|O ; . asurement errors.

|
' q

The Vendor!Responsetis"as follows:,

i

I
| O '- -:228 -
|
-
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"The; original Acceptance Criterion (6.9 seconds) was based on a plant trip
LOFTRAN analysis using standard RTD lag times. . Because Callaway uses RdF

JCF Corporation RTDs, longer-lag times should have been used. Analysis of the
; limiting cases for OPAT and OTAT protection (OPAT is small steam break: OTAT is
JRod Withdrawal at Power), justify the use of longer lag times. The plant trip
- was reanalyzed.with-longer lag timee, resulting in a new acceptance criterion
~ of: 8.4 seconds.- A measured time're conse of less than this indicates that the
RTD is faster than analyzed; thus, C.e safety analysis is still conservative."

'

INo other unresolved-questions were identified and the procedure results
were. accepted satisfactorily.

:Oi

!O-

!O-

4

iC)

:

()

1C)
.

I t'

| r]
,.

4
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TABLE:5.16.1
PLANT PARAMETERS DURING PLANT TRIP TEST

,
.

,

DURING TRANSIENT
PARAMETER (UNITS)- INITIAL MIN MAX FINAL3

O! Nuclear Power (%)- 99.5 0 99.5 0

: Tavg (Auctioneered High *F) - 588.5 550 588.5 557
T

: Tref ('F) 588.5 557

AT (%)- 98 2 98 2

"O -oraT-(%) - 109 109
~

:OTAT-(%)_ 109 150

Pressurizer Pressure (psig) 2230 1975 2230 2240'

Pressurizer Level (%) 62 18 63 25

!O: -Steam needer Pressure (psig) 980 985

Steam Generator Level (%) .

-Loop:1 50 NR<0 50 50

Loop 2- 50 NR<0 50 50

O Loop 3 50 NR<0 50 50

L Loop 4 50 NR<0 50 50.
6

)- Steam Flow (x10 Rb/hr)
i- Loop.1 3.8 0.6

!O Loop 2 3.6 0.0

Loop 3- 3.85 0.5-

i Loop'4. 3.8 0.25
6

Feedwater' Flow (x10 Rb/hr)
!O.? toop 1 3.9 0 3.9 0

Loop 2 3.6 0 3.6 0

. Loop 3 3.85 -0 3.85 0,

Loop 4. 3.75 '0 3.75 0
;

|O reeawater_ Temperature-( r)

. Loop 1 ~439.2 436.9
-

Loop 2 437.3 432.6

Loop 3- 439.1 437.4>

[O' toop 4 437.4' 435.7

i

I

{ - 230 -
'
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I- ~5.17 RODS: DROP.'AND PLANT TRIP (S-070012)

: Procedure ETT-ZZ-07120
jQ'~

OBJECTIVES:

;This procedure demonstrated operation of the negative rate trip

,
, circuitry by dropping 2 control. rods from a common rod-bank. In

.

addition, it provided an opportunity to review plant response and

:(j control systems: behavior to a. plant trip from an intermediate power-

'

levelTprior to the plant trip from 100% power.--

.

SUMMARY OF RESULTS

-The! acceptance criteria for this test were:
,

i C) :
, .

The reactor-shall: trip as a result of-the negative-rate trip11.
-function. .

-

-

t

*

-2. All rods shall' drop.

i

{(). 3. The nressurizer. safety valves shall not lift.

L4. The steam generator safety valves ~shall not lift.

; 5. ' Safety injection is not initiated.

() All acceptance criteria were met.

1 DISCUSSION
t

The negative rate trip circuitry was tested by simultaneously ~'

'
dropping rods D-4 and M-12'of' Control Bank D.-:These .iods were dropped

; () by pulling the novable' gripper coil fuses, and then siaultaneously
_

j , pulling the stationary gripper coil fuses. . The-rod. drop and subsequent
{ plant trip were monitored'by.using strip ~ chart recorders and trend

blocks from the plant computer. JPlant response and-control systems
i behavior were observed by the test director and the on-shift operations

j. crew.- No problems were encountered in this test.

! C)'
4

;O7
4

:

i i

!
10 ,
i

.

4

i

:C).
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5.18c LOSS OF HEATER DRAIN PUMPS TEST (S-070017) ,

.. - ~ Procedure ETT-ZZ-07170
0A

'

'

OBJECTI'VES.

.-- -

.

- The objective'of this tast was to verify proper nuclear plant
,

!response to a loss.of heater drain pumps incident.

Oi ' SUMMARY OF RESULTS ;

The:acceptanc's criteria were as follows: ;

,

cl. -The reactor and turbine must not trip

'

.0 2. Safetyfinjection is not initiated

3. . Steam pressure remains less than'1150.psig=and neither safety"

valves nor relief valves lift' s

4. Reactor.cc: slant' system pressure remains less than 2450 psig and
.O * neither pressuriser relier valves-nor safety valves lift

5. No manual. intervention should be required to bring the plant
condition to steady state, , ,

All acceptance criteria were satisfactorily met. Table 5.18.1-
O idenetfies chose plant parameters which were monitored during the test '

including (initial,and final. conditions.

DISCUSSION ,,

With.the plant operating at 980 MWe,: Heater Drain Pump A and B were
~

-

0- tripped simultaneously. ' Brush recorders were utilized to monitor and '

chart the' response'of pre-selected plant parameters.
,

-At;approximately fourteen-(14) minutes into the event,'the' reactor
operator was forced to:take manual ~ control of the rod control system due *

-to the C-11 control interlock not' blocking Bank:D at:223 steps'in auto.
~

O' The operator's action prevented misalignment:ofLthe rod' step counting
system. .'Approximately eighteen (18) minutes-after the heater drain.
pumps' trip, generator electrical output began oscillating"due to con-

~ tinued operation without-the heater-drain pumps and'due to heater
extraction isolation' caused by high-level in'the'high' pressure heaters.
The: reactor operator reduced load'approximately 10 MWe to dampen the'

0- oscillation;-
-

' A review of recorde parameters'showed that plant-stability was- - >

attained approximately four minutes af ter tripping the heater drain
pumps. iManualiintervention'was only required,'as addressed above,
fourteen and eighteen minutes into the event, die to' abnormal

O configuration of:che plant.-
..

All acceptance. criteria were satisfied.-
T

..'|-

3
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TABEE 5.18.1"' '

; LOSS OF HEATER DRAIN PUMPS TEST SUMMARY

. INITIAL FINAL
.

. PLANT PARAMETER CONDITIONS CONDITION
v' (

Plant. Operating Level -(MWe-Gross) 980 942

Power - Nuclear (%)- 86 88
'

- avg-(auctioneered) 583 584s

Ij ref- (F*) 585 585

.AT (% FULL-POWER) 85 85

AT. Overpower Setpoint (% FULL POWER) 108 108

AT.0vertEmp. Setpoint (% FULL POWER)- 116 88,

Pressurizer Pressure (psig) 2235' 2235
O?

Pressurizer Level (%) 59 58
,

~ Steam Header. Pressure (psig) 990 965
6 6Steam Flow'- Loop 1 (LB/HR) 3.3x10 3.45x10

6 6
0: : Steam Flow - toop 2- (LB/HR) 3.05x10 3.15x10

6 6iSteam Flow - Loop 3 (LB/HR)' 3.2x10 3.35x10
6 6Steam Flow - Loop 4 .(LB/HR)' 3.15x10 3.25x10

Steam Generator Leval-Loop 1 (%) 50 50

O Steam. Generator. Level-toop 2 (%) 50 50

Steam Generator Level-Loop 3 (%) 50. 50

Steam Generator Level-Loop 4 (%) 50 50*

Feedwater Temperature-Loop 1 (*F). 426.4 4L.4-

O Feedwater Temperature-Loop 2 (*F) 424.7 421.5

Feedwater- Temperature-Loop 3 -(*F) 426.4 422.9

Feedwater Temperature-Loopj4 (*F) 424.8 421.5,

6 6Feedwater Flow - Loop 1- (LB/HR) 3.15x10 3.25x10
6 6

O Feedwater Flow - Loop 2 (LB/HR) ~3.0x10 3.1x10
' 6 6Feedwater Flow - Loop'3' (LB/HR) 3.2x10 3.35x10

0 0Feedwater Flow - Loop 4- (LB/HR) t s3.il10 3.3x10 ]

. Feed Pump Disch'. Hdr. Pres. (psig) 1160. 1140

0 Feed |. Pump A Speedf (RPM) 4200- 4400'
.

(FeedPumpB. Speed ' '(RPM) 4200 4400y,
.,

Control Rod Pos. ' Bank C (Steps) 228 228,

Control' Rod Pos. - Bank'D (Steps) 193 226

8*r " Concentration (PPM) 894 894 !0
- ' TIME TO REACH EQUILIBRIUM FOLLOWING LOAD' CHANGE: '4 : MINUTES

~

' -

. - 23 3 - . .
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5.19 POWER ASCENSION THERMAL-EXPANSION AND DYNAMIC TEST (S-070015)
Procedure ETT-ZZ-07150

O-
OBJECTIVES-

The. thermal expansion portion of this test was conducted to verify
that during plant heatup, the piping wss free to move thermally as

: designed and.that it returned to $ts original position upon cooldown of
O. - the system. . The dynamic portion oi uf s test was conducted to monitor

~

the dynamic response of the affected systems to_the following- !

transients: Pressurizer Power-Operated Relief Valves opening, Main
Steam Atmospheric Dump Valves opening, and a plant trip from 100% power.

,0 - . SUMMARY OF RESULTS

.As systems heated up, the major. restraint to pipe thermal growth
was insulation, which was removed or trimmed as necessary to accommodate
the design thermal movements. No major modifications were required to,

piping supports to meet the acceptance criteria for thermal movement and-
O stress. Slightly larger than expected movements were observed on

several systems during the plant trip from 50%~ power; however, all-
stresses remained within acceptable limits.

DISCUSSION
^Q

Pipe movements during heat-ups, cooldowns, and transients were'
monitored during the test using lanyard-type motion transducers at
selected positions.- Visual observations and readings were also taken
during thermal plateaus at spring-can supports and snubbers. During the
Pressurizer PORV Dynamic Test, pipes were monitored for vibration and

;O- loading using accelerometers and clevis pin. load' cells in conjunction
~ with lanyard-type motion transducers.

.

Piping position data was recorded at ambient temperature and also
j when the_ Reactor Coolant System (RCS) reached 350*F and=557'F plateaus.
! In conjunction with this, data was taken on the Main Steam and Main
10 reedwater System at every 50*F increment of the system temperature and

,

walked down every 100*F'to verify that the piping was not restricted'

from mo.ving thermally,

i ' Potential or actual interferences were either evaluated to be
acceptable or were removed prior to continuing to the next plateau.

,O Only minor non design-change modifications were :. quired to permit:

-piping to expand thermally as designed i.e., insalation trimming, etc.

i- - s
- Transient data was collected during the opening of the Pressurizar~

PORV's, Main Steam Atmospheric Dump Valves and Main Steam Condenser Dump

(O-
. Valves prior to Initial Criticality. These= data and the thermal

: movement data taken on primary systems were taken as not runctional
Testing Retests and'each received:an engineering evaluation prior to -
Initial Criticality. During the heatup of the secondary plant, Main
Feedwater,
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ahd Main Steam Systems were monitored for thermal movements and the Main
- ' Steam System was monitored for its' response to a plant trip from 50%'-

7 ,)L power.: Data received an engineering evaluation by the
architect-engineer, Bechtel Stress Engineering, prior to increasing the
system temperature to the next plateau.

During the plant trip from 50% power, lines leading to the condenser
Dump Valves were observed to move more than expected for that transient.

I) Bechtel evaluated these data and extrapolated the results to a 100%
Power Trip. This evaluation indicated that the stress level at a
header-to-sweepolet weld could be in excess of the~ allowable stress
level on the-Condenser Dump Valves header depending on the actual weld
_ profile. Bechtel provided three (3) options to reconcile this condition'

in letter. BLUE 1801. . UENE chose the option that Bechtel recommended in
:C) the above letter which was the addition of a pipe hanger which is being

performed under CMP- 85-0069. *
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~.5.20'. LOOSE PARTS MONITORING SYSTEM TEST- (S-09SQ01)-

Procedure ETT-SQ-09010
~

OBJECTIVES

The objective of-this test was to obtain a base noise " signature"
for__the Reactor Coolant' System for' future comparison with real or

- - suspected ~1oose parts signals'by recording the channel audio outputs.
O_E

SUMMARY OF RESULTS'

Two recordings were obtained at both 0% and 100% power.

6
DISCUSSION

Recordings were'obtained using. installed components of the
Vibration and Loose Parts Monitoring System.

O: The loose parts monitoring system (LPMS) monitors the reactor
coolant system'(RCS) for the presence of metallic loose _ parts. It
consists of 12 active instrumentation channels, each comprising a
piezoelectric; accelerometer (sensor), signal conditioning, and
diagnostic equipment.

O Two redundane sensors are fastened mechanically to the RCS at each
-

of;the following potential loose parts collection regions:
~

Reactor pressure ves'sel'-: upper head region

Reactor pressure vessel - lower head region
O -.

'

Each steam generator - reactor coolant inlet region

The output signal-from each accelerometer is amplified t,'a
preamplifier and amplifier. The amplified signal is processed through a
discriminator to eliminate noises and signals not indicative of loose

O pares, and the processed sisn=1 is compared toLa preset alarm setpoint.
: Loose _ parts. detection is accomplished at a frequency-of.approximately 25-
~kHz where background signals'fron'the RCS are-low. Spurious alarming

~

~due to control rod' stepping is prevented by a contact that activates an
alarm disable circuit.

'O ;1f:a measured sisn=1 exceed 8 the Preset alarm level, audible and
visible alarms at'the LPMS console.in the control room are activated.

'The LPMS automatically initiates. recording,'on a four-channel tape-
recorder, the signals from the ' alarmed channell and'three other channels -
in proximityLto the alarmed channel. A microprocessor' records the

. arrival' times and energy amplitudes of the;first and subsequent impact
.0: _ signals. chat reach various. sensors. This enables the approximate

-

clocation'and size-of the loose part to be' determined. The LPMS also' has
' provision for' audio monitoring of any' channel. Audio monitoring,
including-comparison of.the audio e,ignal with a~previously recorded
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" signature"| audio signal, if there is an ambiguity, will be performed to-
,

.

confirm.the presence'of's loose part. .

The on-line sensitivity of the LPMS is such that the system will
; detect a loose part that weights from 0.25 to 30 pounds and impacts with
is' kinetic energy of 0.5 feet pounds on the inside surface of the'RCS
. pressure boundary within 3 feet of'a sensor.
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,S-090007)(5.21 PLANT PERFORMANCE TEST POWER ASCENSION
Procedure ETT-ZZ-09070

a
UBJECTIVES

The objectives of this test were:

1. To monitor balance-of-plant and electrical systems under

O' loaded conditions during power ascension testing.

2. To demonstrate the ability of the ventilation systems to
maintain ambient temperatures within design limits during
power ascension testing.

O 3. To monitor concrete temperatures surrounding hot penetrations.

SUMMARY OF RESULTS

The following acceptance criteria were specified for this test:

O\- The Containment air coolers maintain Containment air temperatures
equal to or less than 120*F during performance of this test at 50%
and 100% full reactor power.

The above acceptance criteria were satisfactory met during conduct
O of the test.- Table 5.21.1 lists the Containment cooler air inlet

temperatures at the 50% and 100% reactor power levels.

Additional plant operating data was taken at the 0%, 30%, 50%, 75%,
and 100% reactor power plateaus. The purpose of obtaining the
additional data was to verify whether or not various plant parameters

O were operating within expected design ranges. No discrepancies were
identified which would impact the safe operation of the plant.

DISCUSSION

O nata required by this test was obtained at the power levels
described above, and documented. Plant operating data taken consisted
of the following systems operating parameters:

Main Steam
Feedwater

O- Feedwater Heater Extraction, Drain and Vent

Cavity Cooling
Containment Fan Cooling
Station Service and Emergency Service Water Transformer
Electrical Load Centers (13.8KV, 480V)

AC Inverters
O 125v AC and oC

2 250 HP' Motor Current
Containment Cooling
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. Auxiliary Building Ventilation

. Control Building Ventilation
()' _ Steam Tunnel Ventilation

-Auxiliary Feedpump Room Ventilation.
' Auxiliary Boiler Room Ventilation

,

Central' Chilled Water
ESW Pump House and Cooling Tower Electrical Room Ventilation
Radweste Building Ventilation

() - LTurbine_ Building Ventilation
Condensate

Additionally,~ concrete: temperatures were measured in those areas
.which contained hot penetrations.

() Several parameters-were found to be outside their predicted design
ranges'. During hot zero power conditions, .it was noted that reactor
cavity cooling exit-temperatures reached 22.7'F above the design maximum-

value'of 160'F.';Upon further| investigation, it was determined that.
several hatchways in the cavity area were|left open, thereby reducing
air flow through'the cavity. ,Once the hatchways were secured, the

()~ ' cavity. cooling exit temperature requirements.were satisfied.

The remainder of those system parameters which did not meet their
design ranges were' investigated and found to be, in some cases,
associated with defective. instrumentation and computer problems. In all
cases where parameters exceeded or fell outside their. design range,

() corrective action was initiated.
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TABLE 5.21.1 ]

h CONTAINMENT COOLING DATA SUMMARY
_

'JE E E

| iia M
t

t ..-

j (1) HEASUREMENT * INLET TEMPERATURES (*F)
~

NO. FAN "A" FAN "B" FAN "C" FAN "D" M
^

1. (50% Power) 84.9 82.9 84.0 90.6

Miiiilt2. (50% Power) 85.8 83.6 84.9 91.1 q
_M-

3. (100% Power) 80.0 70.0 98.0 78.0-

{ 4. (100% Power) 80.0 70.0 75.0 90.0 3
M

5. (100% Power) 80.0 70.0 80.0 90.0 j
-

_
-

.A__" R
i_ ACCEPTANCE CRITERIA = s 120*F 50

(1) Lapse Time Between Measurement No. I and No. 2 = 9 hr 32 min
T Q
- Lapse Time Between Measurement No. 3 and No. 4 = 9 hr 33 min 4_ m
-

Lapse Time Between Measurement No. 4 and No. 5 = 4 hr 5 min T
M
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u, -c.c -
1901 Gratiot sweet, se. Louis -

M F,sc w March 19, 1985
vice President

5'INEtY Routig
[ mv

BNs' GA

Mr. James G. Keppler us y
Regional Administrator % ff
Office of Inspection & Enforcement ~8

U. S. Nuclear Regulatory Commission -

'

Region III
799 Roosevelt Road
Glen Ellyn, IL 60137

ULNRC- 1062

Dear Mr. Keppler:

DOCKET NUMBER 50-483
CALLAWAY PLANT UNIT 1

FACILITY OPERATING LICENSE NPF-30
STARTUP REPORT

The enclosed Startup Report is submitted pursuant to

sections 6.9.1.1, 6.9.1.2, and 6.9.1.3 of the callaway Unit 1

Technical Specifications.

Very truly yours,

Donald F. Schnell

drs
Enclosure

cc: Distribution attached

MAR 251985.
ga.9
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Manno Ador ao son 149, st toA uo 63166 i.

_ __ - .

.. _



_ , . __ . - _ _ _ _ _ _ _ _ _ , . _,
*

2 4h O .: 1

.
-:

ccidistribution.for ULNRC- 1062

with '- enclosures

- Director, Resource Management
~

' U. S.LNuclear! Regulatory-Commission '

washington,:DC-|20555.

Director
Office of Inspection;&: Enforcement'

~

U.-|S.-Nuclear. Regulatory Commission ~
. Washington,cDC 20555 .

-

. .i

NRC Resident Inspector
.

_ Missouri;Public: Service Commissioni l
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bcc distribution;for ULNRC- 1062

with-enclosures

| Records' Center
Institute of Nuclear Power Operations

. Suite 1500.
1100 circle 75 Parkway
Atlanta,'GA 30339

American Nuclear Insurers Library
c/o Dottie Sherman
The Exchange Suite'245-
270 Farmington Avenue-
Farmington,'.CT 06032-

D. W. Capone
A. C..Passwater/D. E. Shafer/D. J. Walker.

G.-A.-Hughes
W. R.. Robinson (Z40ULNRC)
K'. R. Bryant
DFS Chrono
3456-0021.6
G56.37
N. Date
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o UNION ELECTRIC COMPANY
:

I

! CALLAWAY PLANT, UNIT 1

:o . STARTUP. REPORT i

MARCH 19, 1985
.
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