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This is a revision to Voluntary LER 84-007 previously submitted to the
USNRC. The purpose of this revision is to clarify the previous LER,
address questions raised by the NRC Inspector, discuss additional recom-
mendations from our consultant, and to also discuss the steps AEPSC has
taken and will take as a result of these items and further evaluation by
our staff. The Voluntary LER and our conclusions are as follows.

During the process of modifying the DETECTOR code, which analyzes raw
flux map data to determine compliance with Power Distribution Technical
Specifications, a coding error was discovered which under certain cir-
cumstances will aff2ct one of the output edits of DETECTOR.

To prevent recurrence, procedural changes are being made which will
require:

1) An independent line by line review of coding changes be
performed, and

2) Standardized Benchmark input models be set up and utilized
to verify new versions of DETECTOR.
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This is an updated report of a Voluntary LER. Previous Report Date
6/21/84

BACKGROUND

In August of 1983, modifications were made to the DETECTOR code to
allow comparison to Technical Specification parameters which varied
with fuel type. These modifications were made by Shanstrom Nuclear
Associates, the original author of the code.

The modified code was tested by making runs with old data sets and
put into production for Unit 1 Cycle 8' The changes to DETECTOR.

were carried out in accordance with IMFM Procedure No. 7, Changes
to the OETECTOR Code.

DISCOVERY OF ERROR

An effort was begun in May of 1984 to modify the DETECTOg code in
house to incorporate the ability to monitor a modified F Tech-
nical Specification required for Unit 2 Cygle 5. ThemobEfication
involved incorporating into the code two Fand a new, BOCA related Flimits, one gelatedA
to DNB (the current F limit), limit.
During this pgocess, 41E was determined that one of the edkEs des-
cribing the Fag limit under certain circumstances would produce
incorrect resuIts. The error was present in the August 1983
version of DETECTOR and thus was present in the analysis of the
first 47 flux maps taken for Unit 1 Cycle 8.

NATURE OF ERROR

The DETECTOR Code requires that the input data include Technical
Specification limits for each fuel type. With the August 1983
modification to the DETECTOR code (ver'sion 23 ), it was intended
that the relative power of each fuel pin (assemblage) be compared
to the limit appropriate to its fuel type. However, an error was
made in the coding such that the relative power of each pin was
always compared to the limits of the last fuel type in the input

'

data set. Therefore, thg DETECTOR output would not indicate the
correct margin between F and its Technical Specification limit
for the first fuel type. AH

It should be noted that the error affected only one page in the
DETECTOR output. Review of other pages of output from DETECTOR
could potentially have led to our identifying any discrepancies
in the output data. The specific error was that a transfer was
made to the wrong line of code.
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Impact on Unit 1 Cycle 8

The coding error in DETECTOR did not cause a Technical Specifica-
iton violation during Unit 1 Cycle 8 operation. To justify this
statement, one must look at the input going into DETECTOR for Unit
1 Cycle 8 flux map analysis.

There were two sets of Technical Specifications which were applicable
for Unit 1 Cycle 8. Technical Specification set 1 was applicabic
to Exxon Nuclear Company (ENC) fabricated fuel, which applied to
once and twice burned fuel assemblies present in the core. Tech-
nical Specification set 2 was applicable to Westinghouse fuel
which was fresh at the start of Unit g Cycle 8. The corresponding
Technical Specifications limits for FAH input into DETECTOR were:

NTechnical Specification Set 1: F III " 1.45 [1+0.2 (1-P)]AH -

. Technical Specification Set 2: F (2)g _ 1.49 [1+0.3 (1-P)]<

where F is the ratio of actual thermal power to related thermal
power (RTP).

NIr. all cases DETECTOR compared F to the Technical Specification
limit for Technigal SpecificatiogHset 2 (Westinghouse) regardless
of whether the F was associated with an ENC (Technical Specifica-
tion set 1) or a gestinghouse (Technical Specification Set 2) fuel6

assembly.- The error was in the coding such that the relative power
ofeachpinwasalwayscomparedtothelimgtsofthelastfuel
type in the input data set. Thus, if an F greater than 1.45
[1+0.2 (1-P)] occurred in an ENC fuel assembly it might not have3

been indicated as a violation of the Technical Specification limit
by DETECTOR.

To verify that this did not occur, Flux Mags 1-47 for Unit 1 Cycle
8 were analyzed to determine whether agy FAH for ENC fuel was
greater than 1.45 (the most liniting FA H for ENC fuel with P =
1.0). No maps were identifieg where Q H (ENC) was greater than
the Technical Specification F limit for ENC fuel and therefore
there were no Technical Speci@! cation Violations.

Once satisfied that no Technical Specification violations had
occurred, the possibility that the most limiting Technical
Specification margin edit did not contain completely accurate
information was invesgigated. Specifically, the possibility
existed that an ENC F AH was closer to its Technical Specification
limit than the most limiting Technical Specificatiog margins
printed out for the Westinghouse fuel. Since the FgH f r ENC fuel
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would be compared to the Westinghouse limit, which is higher than
the ENC limit, this ENC fuel assembly (or pin) might not be included
in the most limiting Technical Specification margins edit.

This in fact did occur on two flux maps, 108-04 and 108-05. However,
these maps were taken at BOC, < 50% RTP, with the Technical Specifi-
cation margin for the most limiting pins approximately egual to 0.20.
Therefore, the fact that ENC fuel assemblages were not listed on the
most limiting F edits does not appear on the basis of engineeringgg
judgment to be significant.

One should note also thgt from a core analysis of the Unit 1 Cycle
8-core, the hot spots F and Fg (Z.1) will occur in fresh fuelAH
assemblies once equilibrium HFP core conditions are reached. This
was confirmed by the analysis of all Unit 1 Cycle 8 flux maps.

Possible Impact on Unit 2 Cycle 5

It is difficult to postulate whether the error would have been dis-
covered if the Unit 2 Cycle 5 Technical Specifications had got re-
quired modification to include the addition of LOCA based F g
limitations. If we assume that the error would not have been dis-
covered, we can look at the two cases gnd see the potential out- '

come. In either case the applicable FAH Technical Specification
limits for the two different fuel types are:

Exxon Fuel: F 11.49 [1.0+0.2 (1-P)]H

Westinghouse Fuel: F H5 1.48 [1.0+0.2 (1-P)]

Case 1

In this case Exxon Fuel would be assigned to Technical Specifica-
tion set t and Westinghouse Fuel to Technical Specification set 2.,
One should note that the Unit 2 Cycle 5 core consists of one

region ( twice burned) of Westinghouse fuel and 2 regionsN( nce
burned and fresh) of ENC fuel. In this case, the peak F
occurring in the ENC fuel, would have been compared to tkh, Tech-
ngcalSpecificationlimitforWestinghousefuel. However, the
F Technical Speciffcation limit for Westinghouse is more con-AH
servative than the F Technical Specification limit for ENC,gg
therefore this would not have been a problem. Furthermore, it is

,

believed that this problem would hgve been identified upon analysis
of the most limiting pins on the F 1 west Technical SpecificationAH
margin edit.
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Case 2

In this case Westinghouse fuel would be assigned to Technical
Specification set 1 and ENC fuel to Technical Specification set
2. This case' is similar to what actually occurred in Unit 1 Cycle
8 in that the fresh fuel Technical Specifications were input as the
second Technical Specification set. The fresh fuel Technical
Specification limit would be applied to all- fuel. This is a non-
conservative comparison for the Westinghouse fuel. However, since
the Westinghouse fuel is twice burned and consequently operates
ag low power, it is highly unlikely that this fuel would reach an
F as high as its own limit or the marginally higher ENC limit.H

SHANSTROM RECOMMENDATIONS

In a letter dated May 24, 1984, from Dr. Raymond T. Shenstrom to
the USNRC regarding notification of a potential 10CFR21 item (i.e.,
the DETECTOR coding error discussed in this LER), Dr. Shanstrom
recommends two items for additional surveillance of DETECTOR per-
formance and results. These recommendations are:

(1) Increase the size of the edits for F and F technicalAHspecification edits (eg from 20 to the maximum codO allowance
of 100). This would have clearly identified this particular
bug since the " TECH SP. FSUBH" for TS Set 1 would have in-
correctly been listed as the "CONST. MULT" for TS Set 2.

(2) For each change in DETECTOR versions and for any change
in input values for calculational options, the user should
verify, via hand calculations, that the DETECTOR results for
limiting technical specification are valid for each fuel
A,e . (The SHA verification and the DETECTOR training includet
hand-calculation verification of results for all expected
options).

Shanstrom's first recommengation wgs examined and tested by in-
creasing the size of the F and F edits and rerunning Unit 1
Cycle 8 maps 108-04 and 10gH 005 with both the old and corrected
versions of DETECTOR. After analyzing the results, it was con-
cluded that there would have been no clear or immediate indication
that DETECTOR was not performing as expected. We therefore saw no
benefit in adopting Dr. Shanstrom's first recommendation.

i Shanstrom's second recommendation was evaluated and we feel that
j our current proposed strategy, which is identified below, will en-
! compass his recommendation along with other improvements.
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1) For each new DETECTOR version, the code will be checked
by running a standardized input model benchmark test matrix
with emphasis on testing the areas of the code that were
modified.

2) A post processing code will be developed to read the
output from DETECTOR and summarize critical information per-
taining to a particular flux map. Included in' this summary
will be DETECTOR results for limiting technical specifications
for each fuel type.

It is felt that by upgrading the methodology by which changes are
made to DETECTOR, coupled with a more thorough automated method of
monitoring DETECTOR results, errors that may occur will be easier
to detect should they occur.

CORRECTIVE ACTION

The coding error was corrected in conjunction with the other
DETECTOR modifications being made for Unit 2 Cycle 5.

The gwo flux maps that indicated the incorrect most limiting pins
on F for Unit 1 Cycle 8 maps 108-04 and 108-05, were rerun withAH
the corrected DETECTOR version.

AEPSC has changed their source library disk file management system
on the corporation computer system from SOURCE to LIBRARIAN.
LIBRARIAN offers a much more thorough method of maintaining an
accurate audit trail of changes made to a program than previously
existed with SOURCE. It is believed that this software enhance-
ment will reduce the possibility of future code modifications being
in error.

NMFM Procedure No. 7, Changes to the DETECTOR Code, will be revised
to assure that not only are test cases run, but that an independent
line-by-line review of the coding changes is performed. If changes
are made to DETECTOR between now and when the revision to NMFM
Procedure No. 7 is completed, then a complete line-by-line review
of all coding modifications made to DETECTOR at that time will be
performed, as well as running test cases to test the modifications
that were made. This procedure will be revised by December 31,
1984.

1

A detailed analysis of all DETECTOR changes from August, 1983 to
the present will be performed. We currently anticipate that this !

analysis will be completed by October 31, 1984.
|
,

7.7 "" ""
1

- _ - . _ ._



-
.- .

.

* NRC F r= 3644
'"" U 5. NUCLEAR KEGULAf oAv COMMI55 ton

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION Areaovf o ove No siso-cio.
EXPIRES 8/31'85

F ACILITY NAMk (1)
-DOCEt T NUMBER 12)

LER NUMBER (GI PAGE (31

" 20;'.'' - I'r;$J: IvE*=

D. C. Cook Plant - Unit 1 o |s [o lo io |3 |1 [5 8 [4 - 0 |0 | 7 - 0|1 0| 7 OF 0|7TaxTw--. - .= =: z ue w,,,in

A standardized input model will be set up to provide a common
benchmark for all future versions of DETECTOR. This model will
be used to verify the chang s made to DETECTOR since August, 1983.
We will also perform comparisons with past benchmarks performed
during Unit 1 Cycle 1 between DETECTOR and Westinghouse's INCORE
code. We currently anticipate that this analysis will be completed
by April 30, 1985.

A DETECTOR post processing code will be developed to more closely
and efficiently monitor DETECTOR performance and results. We cur-
rently anticipate that this code will be developed, tested, de-
bugged and documented by June 30, 1985.
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INDIANA & MICHIGAN ELECTRIC COMPANYy,,,,,,
DONALD C. COOK NUCLEAR PLANT
P.O. Box 458, Bridgman, Michigan 49106

(616) 46M931

August 10, 1984

United States Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555

Operating License DPR-58
Docket No. 50-315

Document Control Manager:

In accordance with the criteria established by 10CFR50.73
entitled Licensee Event Reporting System, the following
report /s are being submitted:

RO 84-007-1

Sincerely,

v1
W.G. Smith, Jr.
Plant Manager

/cbm

Attachment

cc: John E. Dolan
J.G. Keppler, RO:III
M.P. Alexich
R.F. Kroeger

; H. Brugger
' E.R. Swanson, RO:III

R.C. Callen, MPSC
G. Charnoff, Esq.
J.M. Hennigan
R.O. Bruggee, EPRI
INPO

l PNSRC
| J.F. Stietzel

E.L. Townley
Dottie Sherman, ANI Library
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