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Introduction

By application dated Decel v 14, 1977, (Proposed Change Mo. 155) and
supplements dated April © 1773, May 11, 1978, June 15, 1978, and
October 4, 1978, Yankece / .oic Electric Company (the licensee) requested
an amendment to Facility (, ratina License No. DPR-3 for the Yankee
Nuclear Power Station (Ver'c--Rowe). The amendment would chanae the
facility Technical Speciii~: *ions to reduce the number of incoire neutron
detector thimbles {(also ¢ + “atector paths in this Safety Evaluation)

required to be operable | 17 {75%) to 12.

Discussion
In 1974 the licensee instil® 5 o traversing fission chamber incore
detector system in the Yunico-Towe reactor. This incore detector

system has been in continious use for incore monitoring during cycles
1, 12, and 13.

The incore detector system coatained 22 Detector Paths (pP's).
Presently, the Technical Spccifications require that if the incore
detector system is to be uvsed for incore monitoring there must be at
Jeast two Operable DP's (C0P's) in cach core quadrant, and at least
75%, or 17, of the 22 DP's rust remain operable. Due to leakace of
reactor coolant into the D's, it had been necessary to periodically
seal them off. There are presently 17 00P's. 1In December 1977, in
anticipation that wore DP's 1y fail, the licensce submitted an
application for license amcrdnent to reduce the required number of

0DP's from 17 to 12 (Reference 1).

In Reference 2 the staff requested additional information and in
particular indicated the scope of the study that would be required to
justify operation with as few as 12 00P's. In References 3, 4, ¢4 5

the licensee addressed the staff's concerns and provided the resu ts
of the additional studies tlat were performed.
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Evaluation

A.

Miuclear Peaking Factor Uncertainty

For normal operation the licensee uses the INCORE code (Reference
6) to reduce the data obtained from the movable incore detectors.
In our evaluation the word "Map" will be consistently used to mean
the data set resulting from analyzing movable detector data with
INCORE. The licensee performed the following study to justify
operation with as few as 12 0DP's.

1.

Six base case 17-0DP Maps were selected. These were Lased on
real plant data taken from the beginning, middle, and end of
1ife for cycles 12 and 13. A1l even numbered cycles have a
similar loading pattern and all odd numbered cycles have a
similar loading pattern.

For each base case Map, 10 randomly selected sets of 12 ODP's
were chosen with the requirement that there be at least two
ODP's in each core quadrant. INCORE was run us’ng each set
to produce a 12-0DP Map.

The Peak Linear Heat Seneration Rate (PLHGR) for each 12-0DP
Map was compared with the corresponding base case PLHGR. A
summary of these results alonag with the results of computations
performed by us is given in Table 1.

In Table 1 (page 8), & is the percentage increase of PLHGR in a
12-0DF Map over that for a corresponding base case 17-0DP Map.

It can be seen that A exhibits a fairly consistent positive bias,
i.e., for 5 of the 6 cases & is positive., That is, in most cases
.he PLHGR is higher (more conservative) for the 12-0DP Maps than
for the 17-0DP Maps.

From our evaluation of the licensee's study and our independent
computations, we have determined the following.

In cycle 12 the measured PLHGR is normally in assembly B5 and
in cycle 13 the measured PLHGR is normally in assembly (8.
This is true at all times in the cycle and is true in both
the 17-0DP Maps and the 12-0DP Maps.

In the 17-00P Maps the PLHGR measured in assembly B5 is
determined frcm the activations measured in assemblies (A5,
C4, D5), and the PLHGR measured in assembly C8 is determined
from the activations measured in assemblies (C9, D8, B7).
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This and item a are incidental to the conclusions reached.
However, the discussion of items ¢ and d fs facilitated if
assemblies are specifically named.

In the 12-0DP Maps, the measured PLESR in B5 and (8 is deter-
mined by the activations in however many of the DP's in
assemblies (A5, C4, D5) or assemblies (C9, D8, B7) are still
assumed to be operable.

Une importan‘ factor which determines the difference between
the PLHGR in the 17-0DP Maps and the 12-0DP Maps is the
relative value of the Measured Minus Predicted Activations
MMPA's) in assemblies (A5, D8, D5) for cycle 12 and assemblies
€9, D8, B7) for cycle 13. The details of how the relative
values of the determining MMPA's bias the comparison of the
17-00P Maps with the 12-0DP Maps are described in the following
two paragraphs.

If the lowest MMPA which is determining the PLHGR in the 17-
ODP Maps is absent from a 12-0DP Map, then the PLHGR will be
expected to be higher in the 12-0DP Map. Upon examining the
data in the 5 cases where the PLHGR is seen to generally
increase from the 17-0DP Maps to the 12-0DP Maps, this effect
is seen to be a contributing factor in 4 of the 5 cases.

In the single case where a decreasing PLHGR is observed

(Cycle 12, 1020 MWD/MTU), the M‘'A of assembly AS, which
dominates the PLHGR in the 17-00F Maps, is large and positive
(3.4%). The DP of assembly AS is inoperable in about half

the 12-0DP Maps and in these 12-0DP Maps a substantial decrease
in PLHGR is observed. We inquired about other flux maps taken
around the same time, and the licensee stated that the MMPA

for assembly A5 was roughly 3.4% in the other maps as well.
This is strong evidence that there may exist a fairly permanent
"hot spot"” at this point which would go undetected in many of
the 12-0DP Maps. In numerical terms, for about half the
assumed sets of 12 ODP's, the 12-0DP Maps taken rear the
beginning of cycle 12 would underpredict the PLHGR by about 2.5%.
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As indicated in item d, the nonconservatism which eristed in
the 12-00P Maps for cycle 12, 1020 MUD/MTU seews <. have
persisted for some period of time. This fact aicue would L2
a basis {or increasing the assumed nuclear uncertainty with
the reduced compliment of ODP's.

Based on the above considerations, we have concluded that

for operation with the proposed 12 OnP's it would be necessary
to increase the nuclear uncertainty factor of 5% presently
required in the Technical Specifications to 6.8% (See Table 1).
The recason for this is that the use of an increased uncerizinty
factor (€.8%) for the proposed reduced number (12) of 00P's
would not decrease the existing safety margin associated with
the use of a 5% uncertainty factor for 17 ODP's presently
required in the Technical Specifications. We have changed

the affected sections in the Technical Specifications to
require that if the number of operable incore dctector
thimbles is less than 17 the nuclear measurement uncertainty
factor shall be increased from 5% to 6.8%. The licensee
accepted these changes.

Verification of Core Loading

We questioned the ability to detect fuel misloadings during stirti-
up tests with the reduced number (12) of operable incore neutron
detector thimbles. The licensee has stated that with at least
75% of the DP's operable it would be possible to detect a mis-
loading error with the incore detector system. It is not readily
apparent that it would be possible to detect a misloading with
substantially less than 75% of the DP's operable and we believe
that 12-0DP's may be inadequate to detect many misloadings.

To demonstrate the ability to detect core misloadings with the ,
fncore detection system would require complex and extensive analysis,
Therefore, the licensee has prcposed a core inspection procedure in
lieu of using the incore detection system to verify that the core
has been properly loaded. This approved written procedure would
consist of the following:

1. The core will be inspected visually for proper loading.

2. While the visual inspection is performed, a video tape of the
core will be made.

3. A map of the core loading will be reconstructed from the viden
tape. This will be done by a person who was not involved in
the visual inspection or video taping procedure.

4. The reconstructed map will be verified to be identical to the
core design map. '

Tn most reactor cores all fuel assemblies are physically identical,
and hence physically interchangeable. In order to accommodate {2
cruciform control rods, two physically different assembly desic s

are used in the Yankee-Rowe reactor which cannot be physically inter-
changed. This fact coupled with the small size of the Yankee-i.-e
core makes a fuel misloading much less 1ikely than for most otrov
reactors.
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* k is a value such that, assuming the A's are drawn from a norma] percent population, one can say with
. 95% confidence that 95% of the population lies ubove Z - ks.

#*Ir nany apnlications an uncertzinty such as ke12, which consists of several statistically indepencent
* eomparents, is cemputed as tre rcoT-sum-sguara of the components. ks1Z is predicted by a more accurate
algorithm then root-sum-square which the staif has programmed or an HP-E7 programmatle calculator.
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