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1. SlRNARY

Power-range nuclear detector signals are used in the Fort St. Vrain

reactor to monitor core power during steady state and transient condi-
tions and in the automatic control system to initiate plant protective

system (PPS) action.

For cycle 1 operation of the FSV reactor, significant decalibra-

tion of these power-range detectors, due to motion of control rod groups,.

was predicted and measured. This decalibration results from the location

, of the six detectors symmetrically around the core, in the PCRV. This

means that each detector " sees" neutrons from principally a few fuel
columns near the core boundary. As a result of this detector decalibra-

tion, a " floating" trip point was recommended for cycle 1 operation to
assure the reactor trips at or below 140% thermal power. Reference 1

describes the operation of the " floating" trip point and details the

associated circuitry hardware. Since the floating trip point hardware

was not installed during cycle 1, the detector decalibration was accomo-

dated by a reduction in the fixed PPS setpoints.

Because of the different control rod withdrawal sequence in cycle

2 and the different core fuel loading distribution, it is necessary to

re-evaluate the detector decalibration to determine if the cycle 1 PPS

floating trip setpoints are adequate for cycle 2 operation. Results of

these analyses indicate that, with an additional requirement that the

detectors be calibrated prior to the withdrawal of control rod group

3C, the PPS floating setpoints recommended for cycle 1 are adequate for
,

cycle 2 operation. This cycle 2 analysis followed the same calculational

procedure as that used for the cycle 1 analysis (Ref.1) . No transient
-

1470 064
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analyses were done here since Reference 1 reports that detector decali-

e bration produces minimal changes in cycle 1 plant response to transient
events such as ramp load changes, loop trips, and turbine trips. It is

assumed that the cycle 2 plant response would not be significantly dif-
ferent. Furthermore, it is assumed that the uncertainties and safety

margins reported for cycle 1 are adequate for cycle 2.

.

.
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2. INTRODUCTION

The nuclear detector decclibration problem at FSV results from
the positioning of the six nuclear detectors located symmetrically
around the core in the PCRV, i.e., each detector " sees" neutrons from
only a few columns located on the core boundary (calculations indicate
that >99% of the signal comes from the nearest nine fuel columns).
Thus, when control rods are moved to change power, the detector response
is dictated by the change in power (or flux) in the adjacent fuel columns..

Specifically, this means that when control rods near the core center are

withdrawn the detectors under-respond to the power change and when control.

rods are withdrawn in the outer ring of the core (ring 4) the nearest

detectors over-respond to the change in power. The opposite effect is,

of course, true when control rods are inserted. This change in indi-

vidual detectors has been calculated and measured (Ref. 1) in cycle 1.

This decalibration of the power range detectors with control rod
'

positions merits both operatienal and safety considerations.

2.1 Operational

Potential operational problems result from the inability of the

operator to monitor accurately the power level following a power change
which requires significant control rod motion. This problem is of most

concern during power changes involving motion of control rods in the
outermost ring (ring 4). Not only do motions of these control rods have

.

the largest effect on the detector response but typically these ring 4

rods have a small reactivity worth and require more motion for a given

power level change. The two control rod groups which cause the most

1470 066
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severe u; calibration problems are groups 4D and 4A, i.e., the two groups

.
nearest the detectors.

'

cycle 1, calibration of the detector was

typically required severat times during the withdrawal of group 4A to

avoid an RNP (PPS setpoints have been lowered for operation until the
installatio:. of the proposed floating s.tpoint hardware) .

It is anticipated that the operational problems due to withdrawal
of ring 4 control rods will not be as severe in cycle 2 since all of

the ring 4 control rods are eithdrawn earlier in the rod withdrawal

sequence. In fact, groups 4D and 4A are withdrat:n prior to criticality

and are of no concern on the power range detectors. However, the sequen-
tial withdrawal of the four ring 3 rod groups is expected to result in

significant detector decalibration.

2.2 Safety

.

Potential safety problems result from the use of the power range

detectors as input to the PDS. The PPS uses this instrumentation for
high power scram, low power control rod withdrawal prohibit (RWP), and
for high power RWP. As a result, positive detector decalibration (over-

response) may result in a spurious RWP and negative detector decalibration

(under-response) may delay the PPS response to a Rod Withdrawal Accident

(RWA).

Only under-response detector decalibration is considered in this

study since over-response decalibration is not a safety p toblem.

This report describes the cycle 2 analyses performed in order

to justify the use of the cycle 1 PPS floating trip setpoints for cycle

2 operation.

.
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3. LOCATION AND FUNCTION OF POWER RANGE DETECTORS

The locations of the ex-core detectors are shown in Figure 1. The

twelve power range detectors are located symmetrically at 60 intervalt

around the core in steel-lined wells in the PCRV (2 detectors per wall).
The power range detectors serve two functions:

1. The six PPS detectors are fission chambers, one located in each

,
of the six wells shown in Figure 1 (identified as NE-1133 thrcugh
NE-1138) at about the core axial midplane. Their range is from

.

1.5% to 150% of full power. The six detector signals are combined
into three channels for PPS use, each channel combining the signals
from two 180 -opposed detectors. Thus, NE-1133 and NE-1136 feed
channel A, NE'1134 and NE-1137 feed charnel B, and NE-1135 and

NE-1138 feed channel C. These channels provide a trip signal
at 140% of full power on a two-out-of-three channel logic; each
channel is tripped on a single high detector reading. Signals

from these six detectors are also fed to six separate indicators
en the operator control panel.

2. Plant control detectors are a separate set of six fission chambers
with a range from 1.5% to 150% of full power located in the same
wells as the linear range detectors at about the same axial posi-
tion. Signals from these detectors (identified as NE-1133-2 through
NE-1138-2) are averaged to form a single input to the flux controller
NC-1199 (Ref. 2) which, in turn, regulates the position of the
central control rod pair and runback rod group * to control the power

.

* Runback rods are rods from ter rod groups (six rod pairs) preselected,

for automatic insertion when the plant control system demands a power
reduction of more than 10*..

1470 068
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Fig. 1 FSV core layout and locations of ex-core detectors (shaded regions
denote cycle 2 reload regions)
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level in the core. The averaged flux level is also sent to the

. flux recorder (NR-1199), the flux integrator (NM-1199), and the
power / flow module (XMS-11262) . The flux integrator, in turn,

feeds the megawatt-hour meter (NQ-1199) (Ref. 2).

In addition to the PPS trip setpoints, the rod withdrawal prohibits

(RNP) will be affected by detector decalibration. One of the RWPs is

activated on high reactor power (120%) with signals from the linear
range detectors in the same manner as t'e PPS trip signal at 140% of
full power. The other RNPs are activated if the power level is not
within the range permitted by three positions of the interlock sequence
switch (ISS). The purpose of the RNP is to ensure that the correct
sequence of protective actions is engaged during the rise to full power.

- The ISS incorporates three positions with RNP functions:

1. S tar tup . An RWP will be encountered at S% power to ensure startup.

with adequate neutron flux indication and proper rate of increase
in the flux. This RNP is activated by a high signal from two non-
opposite linear ranga detectors and can be cleared by switching to
Low Power mode.

2. Low Power. An RNP . ill be encountered in this mode if two non-
opposite linear power detectors indicate power levels above 30%
of full power. This prohibit can be cleared by switching to the
Power Operation mode, which activates the PPS trips required for
PPS action. Once in the Power Operation mode, power must be in-
creased to the point at which all six linear power detectors
indicate greater than 30%; otherwise, a subsequent reduction below .

30% power will reactivate this RNP.

3. Power Operation. Once all detectors indicate above 30% of full

,
power, the RNP on Low Power will only be activated if the power
level drops below 10%. This permits normal operation and load
changes with power overshoot, while still ensuring correct protective

.

1470 070
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function action following a shutdown or reduction to a power level

_ below the range where electrical power is produced.

.

O
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4. ANALYSIS OF DETECTOR DECaLIBRATION

4.1 Calculational Method

The detector decalibration factor (DF) is defined as the ratio of
the detector indicated power level to the true power (heat-balance
power). These DFs are calculated using the GAUGE (Ref. 3) diffusion
theory code along with influence coefficients representing the contri-

bution of adjacent columns to the detector response. The column power.

(normalized to the average core power) is multiplied by the column con-
tribution (or influence coefficient) to the detector response and summed,

over the contributing fuel columns to obtain a relative response for

each detector. The ratio of the response for each detector, normali:ed

to the calculated average core power, from two calculations is then the

DF, i.e., the ratio of the detector indicated power level to the true

power level. This, of course, gives the DF for a particular rod with-

drawal or insertion - assuming the detectors were calibrated prior to

this particular rod configuration. DFs for a combination of several

events are obtained by multiplying the DFs for each of the individual

events.

The influence coefficients used in these analyses are reported in

Reference 4. In the cycle 1 analyses, these coefficients were reduced

to the nine (9) fuel columns with the major contribution to the detector

response (representing >99% of the detector signal). The influence
coefficients for each contributing fuel column and region are given in

.

Table 1 for the six (6) detectors. The co.lumn numbering scheme is shown

in Figure 1A.

.

1470 072
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Table 1

17uel Column Contribution to Octector l{esponse

__

lilock" "'I # Block Contribution
Number * or influence

III IV V VI VII VIII
Coefficient

lleg. 25 lleg. 31 lleg. 37 Iteg. 34 Iteg . 22 Iteg. 28 1 0.015
2 0.110
3 0.080
4 0.010

p u o o o 1r 7 0.078

lleg . 26 lleg. 32 Iteg. 20 lleg. 35 lleg. 23 lleg. 29 1 0.149-
o 3 0.032

5 0.018
l 6 0.508o o <r F "

GAllGli block numbering scheme*

-

N
O

O
N
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All analyses reported here (unless otherwise noted) assume a control
rod or rod group to be fully withdrawn or fully inserted. This assump-

.

tion has been proven to be adequate, since cycle 1 measured DFs were
shown to be essentially linear with distance inserted or withdrawn

(Ref. 1).

The DFs reported here were calculated at five days into the cycle,
at a fuel temperature of 1065 K, and are assumed to be only a function
of control rod position. However, the effect of fuel temperature and
time-in-cycle on the DFs was also investigated and is discussed below.

Figure 2 shows the six detector decalibration factors as a function
of fuel temperature for the withdrawal of control group 4B. These data

indicate that there is some dependence of fuel temperature on DF. The

DF for detectors IV, V, VI, VII decreases with temperature with a

maximum change of <5%. The DFs for detectors III and VIII increase.

with temperature with maximum change of 'll's. However, a fuel temperature

of 1065 K is considered to be adequate for all calculations since
these data show that to be conservative, i.e., the 1065 K data result

in the lowest DF and hence the lowest PPS setpoint*.

Figures 3 and 4 show the six detector decalibration factors as a

function of time-in-cycle for the withdrawal of control group 4B and

3B, respectively. These data indicate that there is some dependence
of time-in-cycle on DF. The DF for the withdrawal of group 4B decreases
with time-in-cycle for four of the detectors and increases for two

detectors. Calculations at five days into the cycle are considered

adequate here since the PPS setpoint does not have to be lowered for
this rod configuration, i.e., the DF is greater than unity. The DF

for the withdrawal of group 3B decreases with time-in-cycle for three
detectors and increases for three. This means that the calculation at

.

. * It is assumed that this temperature dependence is essentially the same
for all control rod configurations.

1470 075
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five days into the cycle is not conservative since four of the DFs

are less than unity. However, the required PPS setpoint for five days,

is only ~6S. higher than for 200 days and it will be shown in Section S
that this setpoint is not as restrictive as that for cycle 1.

Even though it has been shown that the fuel temperature and time-
in-cycle do have an effect on the calculated decalibration factor they

are not large effects. Therefore, for this study, it is assumed that

a calculation at five days into the cycle and a fuel temperature of

1065 K is acceptable.

4.2 Results of Analysis

- The results of this study are presen'ed in this section by comparing

the detector decalibration factors for cycle 2 to those for cycle 1. The

. objective here is to show that, for the worst cases, the required reduction

in PPS setpoint for cycle 2 is less than the reduction required for cycle 1,

i.e., that the cycle floating trip setpoints are adequate for cycle 2.

Cycle 1 data are obtained from Reference 1, where the measured DFs are

used for control groups 3A through 4E and the calculated DFs are used
for the remaining rod groups. In all cases, it is assumed that no more

than three rod groups are inserted or withdrawn without calibration of
the detectors. Because of the requirement for daily calibration, and

based on cycle 1 operating history, this is a reasonable assumption.

Two sets of data are given as described below.

1. The first set of data gives the decalibration factor which deter-

mines the PPS trip setting for a trip of the third PPS channel at

140'e of true power. Only the DFs with a value less than unity are
considered here, since these are the ones which cause a delay in
the PPS trip. Therefore, a data point is given only if four (4)

cf the detectors have a DF less than unity. The DF for a given
rod configuration is determined by grouping opposite detectors and

i470 079
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auctioneering their signals. For instance, when the DF for detectors

III through VIII are 0.83, 0.71, 0.88, 0.95, 1.01, and 0.82,.

channels A, B, and C would register signals with DFs of 0.95, 1.01,
and 0.88, respectively. Thus, the DF which determines the PPS
setpoint for the third PPS channel to trip at 140% true power is
0.88. Although only two out of three channels are required to
trip before a scram, this study assumes that all three channels

must trip, i.e., one channel fails in a non-tripped mode. This

means that the trip setpoint is determined by the lowest decalibra-
tion factor - a conservative assumption.

2. The second set of data gives the average decalibration factor which

produces the reactor power signal to the flux controller. This
- average DF is simply the average of the six detector DFs. DFs

both >1.0 and <1.0 are considered here since both may causa operational
. difficulties. Decalibration factors are given only for rod with-

drawals. The DFs for rod insertions would, of course, be the inverse

of these values.

4.2.1 petector Decalibration due to Sequential Control Rod Withdrawal
and Insertion

The detector decalibration factors for each of the six detectors and
for the average of the six detectors are shown in Tables 2 and 3 for sequen-
tial rod group withdrawal and insertion. The cycle 2 rod withdrawal sequence
is shown in Figure 1. Detector decalibration factors are given for each

rod group (after criticality) assuming that the detectors are calibrated

before each group, before two groups, and before three groups are withdrawn
and inserted in sequence, i.e. , up to three rod groups may be withdrawn or
inserted without calibration of the detectors.

,
A comparison of cycle 1 and cycle 2 decalibration factors which

determines the trip of the third PPS channel at 140% true power is shown

_
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.

in Figures 5, 6, 'nd 7. Data are given for cases where the detectors are

calibrated and then one, two, and three control rod groups are withdrawn or
inserted in sequence. A DF of 1.0 indicates that the detectors are cali-

brated and therefore indicate true power. These DFs are given as a function
of control group for each cycle. It should be pointed out that the cycle 1

and cycle 2 groups, as shown on the graphs, do not correspond to the same
power level. Figure 5 shows that there is no significant decalibratien in

cycle 1 or 2 whea the detectors are calibrated before a single rod group is

withdrawn or inserted. However, the decalibration is more significant when

two or three rod groups are withdrawn or inserted between detector calibra-
tions. This is seen in Figures 6 and 7. Typically, the decalibration is

worse (DF < 1.0) when inserting rod groups in cycle 1 and when witndrawing
rod groups in cycle 2. For instance, the data on Figure 7 indicates a DF

of 0.60 when rod groups 4C, 4A, and 4E are inserted in cycle 1 and a DF of
0.73 when rod groups 3B, 3D, and 3C are withdrawn in cycle 2. In cycle 1,

- because the DF is significantly >1.0 when the ring 4 rod groups are with-
drawn, it is necessary to calibrate the detectors several times during
the withdrawal of these groups. In order to avoid changing the cycle 1
trip and RWP floating setpoints for cycle 2, it may be necessary to
require a detector calibration before some of the ring 3 rod groups are
withdrawn. This is not an unreasonable requirement, since a daily cali-
bration is currently required and it is rare when as many as three high
worth rod groups are withdrawn during a 24 hour period.

A comparison of the cycle 1 and cycle 2 average decalibration factor
is shown in Figures 8, 9, and 10 for the cases where the detectors are

calibrated before withdrawal of one, two and three groups, respectively.
DFs of <1.0 and >1.0 are plotted here sir'.e both are important from an
operational standpoint. These data show that, for all three cases, the
DF is t>P cally >1.0 (over-response) for withdrawal of rod groups ini

cycle 1 and <1.0 (under-response) for withdrawal of rod groups in cycle 2.

.
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4.2.2 Detector Decalibration due to a Single Rod Withdrawal Accident

.

Calculations were done to determine the worst decalibration due to

a single RWA for control rod groups 2A through 3A fully withdrawn. In

all cases, it is assumed that the RNA results in complete withdrawal of

the control rod, i.e., the worst case. Tables 4 through 10 give the DFs

for RWAs from several starting conditions for each rod group, i.e., r.p

to three rod groups inserted, without recalibration of the channels, prior

to the RNA. For the cases where insertion of the rod groups does not

result in a DF <1.0, data are not given, since this does not represent a

safety problem. All these data assume that a specific rod group is with-
drawn, the detectors are calibrated and an RNA occurs, or that the detectors

are calibrated and control groups are sequentially inserted and then an

RNA occurs. The control rods chosen for the RWA analysis are those whose

withdrawal would most delay the PPS trip.

A comparison of cycle 1 and cycle 2 DFs, for RWAs which determine

the trip of the third PPS at 140'. true power, is shown jn Figure 11.
These data represent the DF due only to the RTA and indicate that at
low power levels the decalibration is more severe in cycle 2 than in

cycle 1.

A comparison of the " worst case" for RWAs in cycle 1 and cycle 2
is given in Figure 12, i.e., the DF due to an RNA after sequential rod
group insertions. Again, these data indicate that at low power levels
the decalibration is slightly more severe in cycle 2 than in cycle 1.

However, it will be shown in Section 5 that these DFs do not require a
reduction in the cycle 1 PPS floating trip setpoints.

~

i470 090

27



.

7
9

0500.
, 9677,

01 00
0 000

9 .

g 0000

,

6427
8831

.

001 1
t #

u
O
A
2

71 59l

p 8542l

u i . .

o V 0021
r
G
li r
t e

w 6653i

w o 8779. I

l' I .

A V 0000
'h d
I e rt

t e
r a w.

o c 'of i 4294
4 d

l

8 056I

s n e V .

e r u 01 00I

o rl

b t r T
a c o
T :a t

c1

e 3587
u t 8556
o e V . .

D 01 00i

t
a
-

n
t

i

61 94l

a V 8677
c I . .

le 0000
l

r
o
t

c 0633
e l 9577
t l . .

e I 0022
D

t t t
t uuu
uOOO
O

972
t
l 1 21
l
l # # #
- - - -
bbbb
i i ii
l l l l

aaaa.

CCCC
- - - -

AAAA
2222

'
- NO OW-

l l l l
.

l l l l

uuuu
l' l' l l'

U



.

f
o 6 5 5 8

5 6 6 1

h 0 0 11

t 0 0 0 0
r . . .

t o 0 0 0 0
u b
O
1
1

4

>
[

u
o
r 983571 70

G 87070988
) . . .

h 001 01 000
t
i

w
s
n l 58090993

85606043o l

i i . . .

t V 001 1 1 1 00
i

d r
n e
o w

. C o 00250322
l' I 98656598

l I . . .

a d V 00000000
r e r
e t e

. v a w

S i
'oe c

5 d
l 2355 6734

I 99338800
m n e V . . .

e o u 0000001I 1

l r r
b f r Ta o
T A t

W c 028901 1 4
t e 99336655i

t V . .
r e 0000001 1

)o
f

1

s
r 29981 620
o V 98448777
t I . . .

c 00001 1 00
:a
1

n
o 62233621

85769553i l

t l .

0021 0000a I

r
b
i

l

a t t t
c t u u u
e ut Ot Ot O
O t ou u u

u O2O0O9r oi 1 3 1t

o I 2# 0# 9tt
1

t - l - 3 1 -t
i Bl 1 # B1 1c
I4 - 4 4 4e

l
1 1 1t

t b b b b
)e i: it iti t
l l rl rl r1 r

aeaeaeae
.

CsCsC sC s
- n - n - n - n

1 1 l 1
1 i 1 I l I 1 i
4 - 4 I - 4 -

b b - b b
l il i l i1 i

l l l l l l 1 l

NO O4N
uauauaua .

.
P C l' C l' C l' C -

eg



.

f
o.

9 3 7 8
h 3 3 2 1

t 0 1 1 1

o .

0 0 0r 0
. .

W 0 0 0 0

t
u
O
1
1

4

p t 29881 047924 8u 987997987998o . . . . . . .

r 000000000000
G
h
t
i

w 83000872068 6l

875206875432l

s i . . . . . . .

n V 0001 1 0000000o
i r
t e
i w
d o 3781 6641 7501n l' 987987443887l

o i . . .
. C d V 000000000000

e r
l t e
a a w
r c 'oe 67838871 271 2i

v d
l

900444244244I

e n e V . . .

u 01 0001 1 1 1 1 1S I 1

6 r
m r T

e o o
l r t
b f c 61 4978879094
a e 91 1 455566801
T A t V . . . . . .

W e 01 1 0000001 22
I Dt

r
o
f 1 978436951 65

966544944 644I

s V . . .

r 0000001 0001 1

o
t
c
a

951 438290290:I
68521 2543543I

n I . . . . .

000221 > 00000o I

i

t
a
r
b t t t
i t u u u
l u O O Oa O
c t 2 t 6 t 9
e t it

t u1 u1 u1
D t uI t O# t O# t O#uo u - u - u -
r O BO21 O6BO9B1

o
II
I 4 1 4 1 4 1 4

tt l I 2# 6# 9#
lc I

!
1

- 44 4 4 44

- ,1 -
! ! !

# t 1
,1 - ,1 - ,

e i i !

t .41
! # | 1 # 1 1

4
e b b b b
D i t t i t ti t t i t t

l rrl rrl rrl rr
aeeaeeaeeaee

. CssC ssC ssCss
!

I I !

nn
1:

nn - nn- nn - -
i

4 - 41 I I 1 I I I I I1

- 4 - 4 - -
bb bb bb bb

l iil i il ii l ii
l l l l l l l l l l l l

uaauaauaauaa

_
4D CDul' CCPCCPCCl' CC

~C

$



.

4
<3

%
O * Om N O

"3 to N N .-e
. .: O OO .= -=

4d % OO
O.

O
% . .

O4 OO O O
E U

-
an
M
'O

a
d amm-
C
OC %
29 C .

w t#. O O e b O CC O ** O N O O
O O == O. CC O = == OC O. F 3 * O.O Q.

= ,c 0 . . . . . . . .
-. Oe -o > 00--Oe

,% <C
=

W

"

W
3 O == -= CC CC - W *'* N C OC. =e === .=

=.=. O QC. C. O. 4 M. C. v. O CC. O 313 m
. _ . . . .

m > 0OM O O .== .-= m O O == 0- O
= %
0 0 , , -

.=e 3
M O
.-a a v O O N O 6 C N e N == 0) to

O. N === * O. 6 N. N. C W W Mr =7"3 .a

= -J . . . . . . ...

O O % > O - -e === == 0COOOCCC
'; w O

O 3*

** U O
O =* C,.
% "3 CCONCC5 O4mmN5 3
0 = 0 ==

O. C. C. S. N. v. v. m. W. M v. m W> ; > . . .

O % OOOOOOCOO~~~~.

'O % H
O

N E w
O U

Q % O 4 to 4 O N -e CO N O 4 to i C
== % eo O CO O =* * D B C. C. C. 6 30. CC.O y > . . . . . . . .

J < O O O O ** *O O O O O O O O
l- E

%

%
O e O N t9 M C to O 00 S N O ro
%. > O C. O S. 6 C O. N. C. O O - ==.= . . . . . . . .

A OOOOOOCOONNNN
%
O
eo
U
C W == O N N O v to N CC O S O

CO. v. 4. C. O. N C. O m W 5 C -?.
a .-=

. . . . . .

0 -4 -* - ONNN-e OOOOC .-=

O
.-

W
O
% M w 4a
O O O O

C C C-~.=
n M M wN M C
U O *-e O == 0 ==
m0 C as: C= C=

t I I-

M *= 0 ob N SC M C CC
% O-7 5m v O-T
O 4.J C 23: w O === M C=
*J e* O 1 a O I a O 1 =

U S C "-e WuON'W C4ML
U C *-e *:" ** == 7 v a 'T T
4a -e = N 3- C :::

*O %ae I e a e-g * a p=0 6 4 *

= 0 :C C === * * * 2:: O :C O"

I e to to to a M to to e to to eq
m mm

m.e mm.d -

** .=* M M 4d .- M w 4.J ** eb M M
*=e m % % % =.* % % %.e % % %
O O 3 O O O O O Q O O O O
U ',.) mA m 'J m a m 'a m m m
=0 :C - .C. C O - C .C c =* ''~ .~i e C e C e

. .

t9 M i i i to 1 I I t9 0 I
m
I

a .e m e..m.. -.e ..m.a.O.c.e.=.-=.-.-e* -.e e . m ..a

=====..e e .- s ==e == w e.e ==. .--e -e

.N. ,N, N, . N. .O. .O, .N .N. .N, ,N, f V

W & W %n.# .,f- ..'. & W -- W tu # M

e



.

.

g
.

9632
31 09
01 0g 1

0000

g
. . . .

0000

t
u
O
D
3

p
u 4 51 89
o 99090
r . .

G 001 01
f,

h
t
i

w
30868l

93968s l

n I .

o V 01 000
i

t r
i e
d w
n o 41 635
o l' 99578I

C I . .

d V 00000
e rl

a t e
r a w
e c o

P 631 98v i

95270e d I

S n e V . . .

u 001 1 28 I

m r
e o r T

l r o
i f tl

a c 57725
T A e 95610

W t V . .
t e 0001 1i

D
r
o
f

58039
s V 96099
r I . .

o 00200
t

c
:a
1

3 1 328
97666n l

o i . . .

01 000i t

t
a
r
b
i t

ul

a t t tO
c t uuu
e uOOO8
D O 1

268#
r t

o
i 1 1 1 -

t
I # # # Dt

- - - 3
c bbbb
e iiiit
t l l l l r
e aaaae
D CCCC s

- - - - n
DDDDI

. 3333 -
b

l l l l i
l l l l l

uuuua
l' PPPC

. NO OWD
. m

. L.

j
I



4

<. ,*
# .''8 T -W l.s#$ e

"J Mb CC 5
.: O OO O O

a% OO O O
6 . .

O .4 OO O O
3: U

w
w

C Cn

U
m

4.^

= 0 .

O w OCCC-CO
O. O. C. O. O. O.

6 .O
y ,c c

> O O - - .-
.O <C
u
e9

v1 .- emmm6-

.==. Q C. m. .* O CO . . .

> 000-O.e-.

w
e .-0 L

U
= 3
O O CO--SNm

. Q O. C. O O. C.. U O. -=
. .

-'''O- W

O O 6
L u O
O O J
> U C
O a O. N O O e 00 N

3. O Q C. m .'A ""J -

o c c > . . .

0 00OOO-Ei =

0 0 6
- 6 L E.-
.O *** O
O w

i-= *C U N 0C QC O O O
2: O O. C. . C. O. N.% u >

O O --* N O O O
6 O
O
4.

$ a. h O 76 Oj
L > Q N N ::C oc N
O .. . . . . .

w OOOOO..
U

.

-

C m CC O N ==e N

.O m. 6 O 00. -=. 6a=
. . . .

- W W M
~3
L

.O
e.-0

.e Q
O M
U *O a O s.*
O M W O O
O O O CN O

C C ~4 -

6 = N= C
O % CC | .=.e | am

w %=U=U=
U t a M t M e8

a e ag
w .e . u. a.

N M

C O O O O O O
U U v1 U A U

. U U U .C. O
i i = t

.

mm a m e m
ee ae

M m. .W -O e $

am. ame .m.4 -e -.m.

L U O. U L
.

1470 096

__



. 4
<

W
C = 5

m m
4 C O
u% O
k .

u O4 O
O 3 0

m
v

w
< CA
te

C.
O
C b
4 0

'O 4 50
O 30.

.O to O + .

w > O
<C-

3

'A
=
Q a= i.A O

m. o. - . ==
u .

> O.

*3
0 %
C O

U 3
O 5 cc

O. O. ,*.
3 -
b 7 > O-
0 0 L
> M O
O "'3 3.

'A U C
. - . O. CC D

O E 5 Q-==
== 0 0 0 > . .

= 06 -.

3 %. 4
- L i=
.O < O
n 2 M
"- % U CC O

O
O. n.6 a >

O O OO
W O

to
6
O OV
a > O %.u -

"i OO
-

e.mn

O
LA z-.

O. 5w .-.

c -

OO6 -

.C

.

ama

u a
O O
O W C

O
L OM
O d
u E s
9 %<
O e P.
sd .O
O .u
O - %

"3 O
G 'A
1 -
<

Se

1 n R-

ec a ' / U U_ l
-o-.
.=m. u.

e.W ##h

W

=



.

.

1.2

1.0
fl

O

5 21 21
nb 0.8 -

fl5 o
5
A
$ '

= O3 0.6 --

d
- 8

8
a
W
g 0.4 -

0.2 -

A CYCLE 1

3A,2A 3A,2A O CYCLE 2
IN OUT

0.0

3A 40 38 4E 4A 4C 30 1/2 RR CYCLE 1
2A 48 4E 3B 3D 3C 3A 1/2 RR CYCLE 2

CONTROL 800 GROUP

'
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for a single rod RNA

1470 098
..

~



.

1.2 -

INDICATES CASE WHERE
Call 8. D ETECTO RS - 3C
INSERTED -THEN RWA

\1.0 ,

// / '
/ ' /4p

/ |, ( ///7
/ / ///'

' / ) //cc , ,

#

{ 0.8 -

f ,
/ / /

p' / jb$ | '

5 '// r,

|$ 1{ /
*

@ / I

J 0.6 - / z[g /

g d.

8
t;
# INDICATES CASE WHERE0.4 -

$ CALIB. DETECTO RS - 4C,4A & 4E
INSERTED -THEN RWA

0.2 -

A CYCLE 1
3A,2A 3A,2A O CYCLE 2
IN OUT

0.0

3A 40 38 4E 4A 4C 30 1/2 RR CYCLE 1
2A 4B 4E 38 3D 3C 3A 1/2 RR CYCLE 2

CONTROL R00 GROUP

'

Fig. 12 Comparison of cycle 1 and cycle 2 detector decalibrativ. factors
for a single rod RNA from various starting conditions

1470 099
3o



_

.

4.2.3 Detector Decalibration due to the Insertion of the Runback Rod Group

.

In cycle 1, the insertion of the runback rods posed no safety problem
since the detector decalibration resulted in DFs greater than unity.

This is also true for cycle 2 except for the case where rod groups are
withdrawn through group 4B. For this case, insertion of the run back

rod groups (2B and 4F) results in DFs < 1.0. This is due to the fact

that a ring 4 rod group is designated as a runback group, but this is
necessary since only one rod group other than ring 4 groups is withdrawn
prior to criticality.

Table 11 gives the DFs for two starting conditions, i.e. , the inser-

tion of the runback rods after group 4B is withdrawn and the detectors
. are calibrated and af ter the detectors are calibrated and group 4B is

inserted. It is seen from these data that the worst (under-response)
DF is 0.76, which assumes that the d *ectors are calibrated af ter group.

4B is withdrawn, group 4B is inserted and then the regulating rod and
runback rods are fully inserted. This DF is greater than the DF for an
RNA with group 4B withdrawn, so it is not a limiting case. Fur thennor e,

during cycle 1 operation, it has never been reported that the runback
rods and regulating rod are simultaneously fully inserted. The data in
Table 11 show that a less restrictive PPS setpoint is indicated after
an RWA with the runback rods and the regul ting rod only one-half
inserted, a more probable configuration.

1470 100
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5. DETERMINATION OF PPS TRIP SETPOINTS

The data given in the previous sections indicate that for a few
cases the decalibration factors for cycle 2 are less conservative than

for cycle 1. However, as mentioned earlier, sequential rod groups in
cycle 1 and cycle 2 do not necessarily correspond to the same power
level. The reactivity as a function of rod group for the two cy:les

has been estimated, using cycle 1 data.

.

Figure 13 shows the rod groups' positions for cycle 1 vs cycle 2

for equal cumulative reactivity worth. This correlation was obtained by
,

assuming the total bank worth is the same for the two cycles and then

normali:ing the group worths given in Reference 5 to the cycle 1 total

worth. The control rod worths reported in Reference 5 are not precise

since all calculations were done at full power core conditions. Further-

more, these control rod worths are given as AK and were converted to ao

by using the calculated k gg values from Reference 6. Using this correla-e

tion, the cycle 1 and cycle 2 rod groups were applied to Figure 2 of

Reference 7 to obtain power level as a function of rod group for both

cycles. These results are shown in Figure 14 where power level is given

as a function of cycle 1 and cycle 2 rod group for various core conditions.

It is recognized that this is not precise, since the reactivity vs power

is cycle 1 data, but does serve as a basis for comparison. Figure 15

shows the maximum starting power for an RWA to attain 140% true power.
These, also, are cycle 1 data but would not be expected to change signi-
ficantly for cycle 2 and will therefore be used in this analysis. A

comparison of the " worst case" decalibration factors (i.e., under-response)
as a function of rod group for cycle 1 and cycle 2 is shown in Figure 16.

The rod groups for cycle 1 and cycle 2 are indicated for equal reactivity,
.
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as obtained from Figure 14. A solid line is drawn through the minimum DF

,
for each rod group in cycle 1. These minimum DFs determine the PPS

floating trip setpoints for cycle 1. It is seen that three (3) cycle 2

data points fall below this line, indicating that a lower PPS trip set-

point is required. However, there are two reasons why a lower setpoint

is not required for tie cases with rod groups 2A and 4B withdrawn. First,

the lowest setpoint for cycle 1 is obtained from the case with a DF of
0.54, i.e. , a 0.94% ao RNA occurs after the insertion of rod groups 4C,

4A, and 4E without detector calibration. For cycle 1, this minimum set-

point was extended back to a :ero indicated power (denoted by the dotted
line in Figure 16), which means that the cycle 2 data points for group

2A and 4B withdrawn do not require a PPS trip setpoint as low as the cycle
1 setpoint. Second, the minimum DF of 0.55 for cycle 2 represents the

. case in which a 1.83% ao RNA occurs after rod group 4B is inserted and
it can be easily shown from the data on Figures 14 and 15 that the rod

cannot be fully withdrawn before reaching 140% true power from the maxi-
,

mum starting power level. This, of course, would cause less decalibra-

tion and therefore the required PPS setpoint would be higher.

The cycle 2 DF of 0.73, which falls below the cycle 1 data, repre-
sents the case in which rod groups 3B, 3D, and 3C are withdrawn, in
sequence, without calibrating the detectors. This data point clearly

indicates that a Icwer setpoint is required. However, referring back

to Figure 14, it is seen that rod group 3C fully withdrawn in cycle 2

is approximately equivalent to rod group 4C fully withdrawn in cycle 1.

At about 165 EFPDs in cycle 1, rod group 4C had never been fully with-

drawn. This is due to the limit on power level to <70% of full power
and the resulting lower fuel temperatures, i.e., the temperature defect
is lower than at full power operation. This means that, for a maximum

power level of '65% full power, the withdrawal of rod group 3C in cycle

2 would occur over the period of a few days or weeks and may never be
fully withdrawn. Furthermore, the required daily calibration would reduce

,

problems due to detector decalibration. However, re assure that the

detector decalibration does not cause an unsafe situation, an additional
.
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calibration measurement is imposed, i.e., calibrate the detectors prior

to withdrawal of control rod group 3C.
,

The recommended floating trip points (see next section) are very

conservative at the higher power levels because these setpoints are based
on the assumption that up to three rod groups are withdrawn without
calibration. This is a highly unlikely occurrence as discussed above.

.

O
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6. RECOMMENDATIONS

As a result of the significant power-range detector decalibration

in cycle 1, the use of a reactor trip setpoint which varies with indicated
power level (floating trip setpoint) was recommended. This proposed
floating trip sucpoint as a function of indicated power is shown in
Figure 17 (Ref. 1). In addition, it was recommended that the detectors

be calibrated prior to specific events during an increase or decrease

in reactor power. These specific events are given below:

1. At least one calibration during every 24-hour period when operating
.

in Low Power or Power modes.

2. To prevent or clear RNPs which occur due to inaccurate detector

readings, a calibration should be done whenever any channel approaches
or reaches an RWP setpoint.

3. To ensure that the ISS is switched at the proper power level, the
following requirements are made:
A. With the ISS in the Startup mode, a calibration is required

when heat-balance power is between 2% and 4% of rated power.

The methods to determine heat-balance power level are given
in Reference S.

B. When increasing power with the ISS in the Low Power mode, a

calibration is required when heat-balance power is between
about 24*6 and about 2S% of rated power.

C. When decreasing power with the ISS in the Power mode, a calibra-
'

tion is required when heat-balance power drops below about 36%
of rated power.

~

1470 109
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In addition, calibration should be done, although not required,

whenever the operator has reason to believe that one or more detectors
,

are giving anomaloes readings. When individual detectors differ by more

than 10'., the proper functioning of channels should be verified.

Since the recommended floating trip point hardware was not installed
for cycle 1 operation, the detector decalibration was accommodated by
a reduction in the fixed PPS setpoints.

For cycle 2 operation, it is recommended that floating trip setpoint

and the detector calibration frequency recormended for cycle 1 be used,
with the additional regt.irement that a detector calibration be done prior

to the withdrawal of rod group 3C. This floating trip setpoint and cali-

bration frequency will ensure that a reactor trip is always initiated

before true reactor power reaches the trip point at 140'6 rated power,
as required by the Technical Specification. In the event that the floating

,

trip hardware is not installed for cycle 2 operation, a reduction in

the fixed PPS setpoints will be required.
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