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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

SUPPORTING AMENDMENT NO. 18 TO LICENSE NO. DPR-58
'

'

INDIANA & MICHIGAN ELECTRIC COMPANY
INDIANA & MICHIGAN POWER COMPANY WG

H
$h@JDOCKET NO. 50-315. MB

DONALD C. COOK NUCLEAR PLANT UNIT NO. 1 Mb- cx
r( A

_ INTRODUCTION
4.&. . -. ;

.

.By. letters dated July 20, and December 7,1976, and February 4 and 9, b Eij
1977, supplemented by letters dated July 19, October 1, November 5,17, o|

!23 and 30,' and December 7, 9 and 13,1976, and February 8 and 9,1977, . .
.

'
'"

Indiana & Michigan Electric Company and Indiana & Michigan Power Company
.!

:-
(the licensee) = requested amendments (hereinafter referred to'as'"

. . amendment)~ to Facility Operating License No. DPR-58 for the D. C. Cook
-

Nuclear Plant Unit No.1 (the facility). The amendment would authorize ; 6'

operation with reactor power levels not in excess of 3250 megawatts |.,'.'"
.1

~(thermal) for core cycle 2 with (1)-65 Exxon Nuclear Company reload fuel i-
''

^

assemblies, (2)-an Exxon Nuclear Company emergency core cooling system ,I

analysis, (3) revised technical specification . requirements for the ice
condenser system, and (4) modifications to certain electrically operated c.'

-valves to preclude single failures-that would-result in loss of emergency :. q
b I' -
; core' cooling system capacity and-to eliminate the need for actuation of

the. valves by personnel outside the control: room. -The amendment alsoL .
,-a

| ' .(5) corrects minor errors and inconsistencies in the technical specifi- ,

L ' cation _ requirements for containment air recirculation fan response' time, ;
-

containment penetration and valve leakage rates, the . audit responsibili- - 4-~

|

H ties of the Nuclear Safety and Design Review. Committee, and safety related, f_~
; hydraulic snubbers. .

.

,,
.

BACKGROUND .

..

'

Operation of' D. C. Cook' Unit No.1 at steady state -reactor core power ' r -

11evels not in exce'ss of 3250 megawatts thermal -(100 percent of rated'. ,

.

'.7 power) was -authorized by Amendment No.14 to Facility Operating License . , M:'DPR-58 issued by the| Commission on May 28,'1976. This a'uthorization
is effective.only until' the reactor is shutdown for refueling at W~'

which time, unless the Commission takes further licensing' action, ''1

.the authorized power level would be' 2632.5 megawatts thermal (81
'

-

.This.restr ct on on max mum power level yi i iL percent .of rated power).~~

tafter the' first cycle, was made by the Nuclear Regulatory Commission ,*
i. 4tin accordance with the. advice of the Advisory Committee on Reactor

, f,;

-

' * F
hs Safeguards ( ACRS) in the March -11,1976 letter from Dade W. ,Moeller,

LACRS Chairman,~~to the Honcrable William A. Anders,-Chairman of the i ,

; Nuclear. Regulatory _ Commission. Mg., :
p _y
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For the first refueling of the D. C. Cook Unit No.1 reactor (scheduled
for December 1976 - January 1977), the licensee has proposed to replace
65 of the original Westinghouse Electric Corporation fuel assemblies
with Exxon Nuclear Company (ENC) assemblies and to demonstrate
conformance of the facility's ECCS with the requirements of 10 CFR

,
~

Part 50.46 by using an ENC ECCS analysis. The Core Reload Evaluation
section of this report addresses the licensee's proposal. 3_

In the ACRS letter da'ted October 17, 1973, regarding D. C. Cook and @3 3%
-

in the Regulatory staff evaluation of " Tests Conducted to Demonstrate f4'the Fanctional Adequacy of the Ice Condenser Design" dated April 25,
_

1974,' the need for a program to periodically measure the weights of ,

selected ice baskets in the ice condenser was recognized. In support b
of this program, the licensee has submitted, for our review, the results [
of the ice weighings since January 1976. We have combined this data r
with previous weighing results and our evaluation is given in the section !

-

-of_ this report' entitled Ice Condenser Evaluation.
. _.

_

In Section 5.4 of Supplement No. 5 to the D. C. Cook Unit No.1 -

Safety Evaluation Report, dated January 1976, we identified certain ;

/w valves whose spurious actuation could adversely affect the performance ,

'. _ of the ECCS following a postulated loss of coolant accident (LOCA). ;
The staff concluded that removing AC power from the valves would be' '

an acceptable method to prevent such spurious actuation. However,
.several of the valves must be repositioned about 25 minutes after 1

the postulated LOCA when the reactor cooling mode is shifted from .

injection to recirculation. To operate these valves after the LOCA, i

operator action would be required to restore electrical power to the_

1 valves at the motor control centers outside of the control room. .

' !The licensee committed to modify the control circuits of these
valves to eliminate the need for operator action outside the control
room and preclude single failures that would result in spurious !
valve operation. By letters dated February 27 and November 23,_1976, ;

the-licensee submitted proposed control circuit modifications for '

Jour review. The acceptability of these modifications'is discussed ,

in this-report.
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CORE RELOAD EVALUATION m.

|
'

Discussion

By Reference 1, Indiana and Michigan Electric Company and Indiana
and Michigan Power Company (I&M) requested that the operating license
of the Donald C. Cook Nuclear Plant Unit No.1 (License No. DPR-58) hc
be amended to permit continued operation at steady state core power k '

levels up to 3250 MWt (100% power). g4
By~ Reference 2, the licensee proposed changes to the Technical b[

-Specifications based upon an Exxon Nuclear Company'(ENC) ECCS evalua- [- -
.

- -tion model which conforms to the requirements of the Commission's
'

regulations in 10 CFR 50.46. (1.

The D. C. Cook Unit No.1 core consists of 193 fuel assemblies, each
~ having a 15x15 array of fuel rods. Each fuel assembly contains 204

- fuel rods, 20 rod control cluster (RCC) guide tubes, and one ~

instrumentation tube. Cycle 1 fuel was designed and fabricatied by-
'

Westinghouse Electric Company. For Cycle 2, 65 original fuel
. assemblies will be -replaced by fuel assemblies which were designedo
.and fabricated by the Exxor! Nuclear Company (ENC). The' Westinghouse~

..

fuel remaining in the core during Cycle 2 (64 assemblies with an !
'

i. enrichment of 2.8% U-235, and 64 assemblies-with an enrichment of
~ 3.3% U-235) will be scatter loaded throughout the interior of the |
; Core.

.

One Exxon fuel assembly will be loaded in _the center of the core,
and the remaining 64 Exxon fuel assemblies will be loaded in. '

,-

the core periphery. The Exxon fuel has an enrichment of 2.95%
U-235; 16 of the new fuel assemblies have burnable poison rods --
B C pellets (8 assemblies having 8 burnable poison ~ rods, and

4-8 assemblies having 4 burnable poison rods).'

j - . Mechanical Desian

~ The Cycle 2 core will consist of 65 ENC assemblies and 128 Westinghouse
assemblies.' The fuel assembly design parameters are shown in Table 1.

The ENC reload fuel is clad with Zircaloy-4 and prepressurized with .p i'dp
helium. One significant difference between the ENC and Westinghouse'

? fuel _ is its clad thickness. The ENC fuel cladding is 23% thicker j~
? than the Westinghouse fuel cladding. The ENC fuel also has shorter
pellets than the Westinghouse fuel pellets. The staff believes that [,

! ~
, ,

- -

;
,

1
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TABLE 1
4

L FUEL ASSEMBLY DESIGN PARAMETERS *

*
~.

Westinghouse Westinghouse
Low Enrichment High Enrichment Exxon

Fuel Fuel Fuel

Enrichment (wt % U-235) 2.80 3.30 2.95
, s.

. Number.of Assemblies 64 64 65 0 -

.)-; ;
Pellet Density, (%) 95 95 94 ;.g

n i;
' ' " '

Pellet-to-Clad Gap (mils) 7.5 7. 5 7. 5 -
-

_

Pellet Diameter (inches) 0.3659 0.3659 0.3565 ; ..
_ .,

,

Fuel' Stack Height (inches) 143.4 142.8 144

- Number of Fuel Rods / Assembly 204 204 204 ,

-
.

Region Average Burnup 18,100 13,900 0

at BOC2, (MWD /T) , ,,

'

Cladding Material Zircal oy-4 Zircaloy-4 Zircaloy-4

Cladding OD-(inches) 0.42? 0.422 ' O.424
~

:
.

Cladding Thickness (inches) 0.0243 0.0243 0.030 - -

- - Instrument Tube Material . Zircal oy-4 Zircal oy-4 Zircaloy-4
'

Instrument Tube OD (inches) 0.546 0.546 0.544
-

Inconel Inconel Zircal oy-4 lSpacer Grid Material . -

structural .
members with i
Inconel
springs

1

Number.of Spacer Grids 7 7 7
-

:|_

I

.
.

1<

* initial unirradiated conditions jj
/~

i.(
.

1.

. ,
; ., .-
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- these design differences, thicker cladding and shorter fuel pelfets, ,

are improvements with regard to pellet-cladding-interaction (PCI)
(Reference 27). Hence the ENC fuel is expected to be more resistant
to PCI 'than the original fuel.

,

The total weight of the ENC fuel bundles and the Westinghouse high
enrichment fuel bundles does not differ by more than 2%. l

.|
The ENC fuel design for D. C. Cook Unit 1 Cycle 2 is similar to tRi
that supplied by ENC for other facilities. The cladding material, @
Zircaloy-4, was used in previous ENC fuel supplied for Palisades 4QiM;
Core II, Yankee-Rowe Core XII, and H. B. Robinson Core IV. 136 .

-

assemblies were loaded into Palisades Core II, 40 assemblies were--

loaded into Yankee Rowe XII, and 52 assemblies were loaded into !
.

H. B. Robinson Core IV. The enrichment of the fuel for D. C. Cook
is in the ranp of that used in the above cores. The general .

dimensions of the fuel rod (including diametral gap which is of''

importance for stored energy) are within-the range of PWR fuel
- designs previously irradiated successfully.

~ ~

,

._
In response to our question regarding compatibility between

4~ the D. C. Cook Unit 1 fuel handling equipment, and the Exxon reload L
'

fuel, the licensee performe'd fit-up tests at the D. C. Cook plant~~'

(Reference 4). These tests indicated that the're should _be no diffi- e ,

culties in. handling the Exxon fuel at the D. C. Cook Nuclear Plant. |.

- Approximately 1000 bundles manufactured by ENC are in-core, in
PWRs and BWRs, with burnups ranging from first cycle to 25,000

' MWD /MTU. Approximately 10% of these have exposures between-

15-20,000 MWD /MTU. Based on sipping results and surveillance
.of representative assemblies, no failures have be'en observed or-

. detected. j.
'

The design of the ENC 15 x 15 reload fuel assemblies is described
-_in Reference 3 which is a generic report giving a detailed description'

of fuel assembly design methods and bases.= Portions of this report
:regarding the effects of fuel densification have been reviewed by '

1

the h2C staff and found acceptable. Other sections of the report
are currently under review on a generic basis; and, therefore, have .

L not been considered in our review of the use of ENC fuel in D. C. h

sCook Unit No. 1. Our. conclusions concerning the' acceptability of m
.

*

L
c

.
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the use of ENC fuel in D. C. Cook Unit No. I are based on (1) tbe -.

-fuel design ~ and analytical methods which have previously been reviewed ,

by the staff, (2) the similarity of the reload fuel to that used in
! Cycle 1 which was previously found acceptable, and (3) the successful

_

operating. performance of ENC fuel. Based on thesa factors, we conclude
-that there is reasonable assurance that the perfomance of the ENCy _ w.#

; reload fuel will be acceptable. i9n

'In Reference-1, .the licensee indicated that one or two fingers had'

W@h
5;broken off a; control ~ rod during drop. timing tests which were performed

during an April, 1976' outage.1.The finger (s) which had detached from y'the rod control cluster: assembly are presently in the fully inserted .

position. Subsequent to the control rod finger failure the licensee L

;r : performed. analyses' of the core' to correlath the incore flux measurements }.T9

with the known failures. The licensee's study and measurements showed &
- . a' slight skew in the burnup of:the fuel assemblies surrounding the '. .j

-

the. failed rod. ~The licensee concluded that the effect is not signifi-_.

.,

' - cant enough to have a' restrictive impact on the shuffling scheme for '

. Cycle 2.- ,
''

-In Reference.4, the-licensee stated that he has reviewed this !.
t . '

,

.
control.-rod problem with Westinghouse. . Based upon Westinghouse s .

.

extensive testing and evaluation program that was conducted priorw
' to commercial use of these control rods, and based upo.n over. 2700
,

,

rod-years of operation in commercial nuclear power plants, Westinghouse |_
~

- -and the licensee believe that the control rod failure'is ~an' isolated
>

incident' not indicative of generic failures. Westinghouse has examined
i,:whether control rod scram capabilities would be compromised by failure

.of additional rodlet/ fingers. |After considering the possible rod-_ .

^

: failure modes Westinghouse concluded that such failures would not
-

.

. . affect the reactor scram times.

' As 1n'dicated in Re'ference 5, the licensee,-by letter- dated February 8, Im~

1977, provided additional information concerning the failed control rod.
-

,

; At the end of Cycle.1, rod drop timing and' drag tests were performed
on;each control' rod and all test results were.within: acceptable limits.~ n

_

The results of the licensee's visual examinations of the affected control 6
'

i

' rod including .the rod, drive rod, guide tube removable insert, and the
. inside of the upper : guide tube were provided. The examination. revealed* ,

:that a two-rodlet vane had separated from the control rod hub at the
'

1''

'e E. vane-hub interface .(at a tack welded and brazed joint); however, no
.

' cause for- the -failure could be' determined. The fuel assembly con- - t

i taining the' broken rod has been removed from the core. The licensee t

his' c'ontinuing -to investigate.the cause of the failure and will provide
.

-
- ~ additional ~ data 60~ days after startup.. ,

w
~
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Based on the above information, we have concluded that, although
the specific cause of the failure has not been established, there .s ,

is no evidence to indicate that this is a generic problem and, i

therefore, Cycle 2 operation of the D. C. Cook Unit No. I need !

not be delayed. We will, however, evaluate future information !

provided by the licensee on this subject.
i

Nuclear Design and Technical Specification Changes

Technical Specification changes required as a result of the nuclear /
design for D. C. Cook' Cycle 2 are discussed in the following sections, ya

, a;m
Shutdown Margin

~ In the analysis of the steam line break accident in Reference 6 for
end of cycle 2 with the reactor at no load operating temperature, a [
minimum shutdown margin of 1.75% ak/k is initially required to
control the reactivity transient. The corresponding shutdown margin' - - ,

for Cycle.1 was 1.6% ak/k. Accordingly, the licensee has proposed
-- to change the Technical Specification end of cycle shutdown-margin -

requirement to 1.75% ak/k. We find this acceptable because it will -

prevent return to criticality in the event of a small steam line .
break and also provide an acceptable margin to DNB in the unlikely

'

;- - -

| event of a large steam line break accident.>

IPower Distribution Control and Monitoring

The. ECCS analysis, Reference 7, was performed with an assumed heat flux
hot channel factor, F (Z) of 1.95. The maximum F (Z) at full

0 n
power for Cycle 1 was 1.98. By letter dated February 9,1977, the licensee .

~

reported the results of an analysis of the effect of burnup on F (Z)n
using the NRC staff assumptions in Reference 15 for flow blockagM cal-
culations. The licensee detennined that the value of.1.95 would hold
until a burnup of 8500 MWD /MTU in Cycle 2 and then would decrease linearly E

to 1.90 at an expected end-of-life burnup of 10,800 MWD /MTU. The D. C.
'

,

Cook Unit No.1 Technical Specifications will be changed to reflect this
behavior of the F (Z) limit. We find this to be acceptable. ,

0

.The licensee will continue to use the Axial Power Distribution
Monitoring System, APDMS, during cycle 2 to ensure that F (Z) X Pn
(P = fraction of full power) does not exceed the F (Z) limit during0

. normal operation. Th'e APDMS essentially performs direct measurements of ,

the core peaking factor with in-core movable detectors and requires,
by Technical Specification, power reduction and other appropriate.
actions if the peaking factor exceeds its limit. Experience with '!'

t

the APDMS during Cycle 1 operation in D. C.' Cook, and in other
reactors employing an APDMS indicates this system provides an adequate ,

i

p.

i
,
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indication of,F violations. Data accumulated thus far support.atn

will not exceed the APDMS measured value with the uncertaintiek(Z)
least a 95% probability with a 95% confidence level that the F '-

assigned -to the APDMS and failure probabilities taken into account. i-

The power level, .above which APDMS monitoring is required, is ;

determined by the F (Z) which can be justified by monitoring i
n

with ex-core detect 5rs'. For the latter part of Cycle 1 [.-
operation, .the APDMS was required to be in operation above 90% P.
of full rated power. This was a re: ult of a plant specific analysis ?
of 'ex-core detector monitoring using constant axial offset control n
(CAOC) which indicated an F (Z) of 2.18 would not be exceeded En
using these procedures. Thus 90% $ 1.98/2.18 X 100. -

For Cycle 2 operation, Exxon has provided, 'in Reference 8, an
analysis of CAOC procedures which they tenn power distribution
control (PDC) which indicates F (Z) will not exceed 2.30 during b.a n
normal operation. Reference 8 nas been reviewed and coroved P

by the staff in Reference 23. Based on the methods of Reference .

- 8, a new APDMS monitoring threshold of 1.95/2.30 x 100 = 84% is ;
required from 0-8500 MWD /MTU with a linear decrease to

_

.

O 1.90/2.30 x 100 = 82% at 10,800 MWD /MWU to reflect the burnup b
I ~ dependence of F (Z). The technical specifications will be Fn
k modified to -refTect these requirements.

At power levels up to the APDMS monitoring threshold, hDC proce-

will be maintained. Above thks(Z) limit assumed for the LOCA analysis-
*

dures will ensure that the F ,

level, the APDMS will provide the same !

assurance. The PDC procedures are also required to be observed above |

the monitoring threshold to ensure that axial power shapes-not allowed [
~

by PDC do not occur and thus potentially violate DNB analyses. -This is !
~

presently required by the Technical Specifications. We conclude the .

above provisions will adequately ensure that initial conditions assumed . E
for the LOCA and DNB analyses will be maintained during nonnal' i'
operation at' power levels up to and including .100% rated power I
during Cycle 2. ,

1The PDC study in Reference 8 addressed target offsets in.the range
| -7.5%.to 0.0%. To increase plant operating flexibility using PDC,

ENC, by letter dated.Feburary 11, 1977, submitted an addendum to p
Reference 8 which provided additional analysis with regard to positive :

target _ offsets. Based on this addendum, we have determined that target -f
offsets up to +5% at beginning of Cycle 2 decreasing linearly tr +2% 7

for. burnup of 7500 MWD /MTU and greater will continue to protect the - .

PDC F limit and are, therefore, acceptable for Cycle 2 operation ;'.

of D.kC. Cook Unit No.1. These target axial offset values will be
i

f- incorporated into the facility Technical Specifications.
k .

~% .

1,.

'
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' Physics Test Program. ,

%

The physics start-up te'st program proposed for Cycle 2
~

(Reference .5) is acceptable if the following guidelines are usedV

in verifying' predicted control rod bank reactivity w'orths and the
shutdown margin. Control rod bank worths must be measured for i

banks D, C, B and A, individually. If any one bank worth differs
from the predicted value by more than 15%, or the . sum of. the worths ,

of the four banks.' differs from the predicted value by more than 10%, a
the first shutdown bank should be measured. If the sum of the ,Ji

-worths of the control _ banks and the shutdown bank differs from the EM
F-predicted value by more than 10%, additional shutdown bank measurements

should-be performed to verify technical specification shutdown -

' margin. The licensee will be required to include this test in+=
, the startup test program.

'

Analytical Methods- .

,.

The analytical methods used by the licensee and ENC in the calculation _.

-of operational- parameters for Core II are described in References 9 and~
,

10.
.. e. .-

These documents present the. ENC neutronic design calculational
'

' methods along with the results obtained when these methods are- :

compared to experimental measurements. We have reviewed and j

approved these documents. Therefore, we conclude that the
>

-

analytical' methods used to calculate the operational parameters-
,

- for D. C. Cook Unit No.' 1 Core II are acceptable.
,

Thermal and Hydraulic Design~

The thermal-hydraulic analyses of- the Cycle 2 core (Reference 1) ;
^

shows the following: , ,

a. TheLENC and Westinghouse. assemblies are thermally and
hydraulically- compatible.

b .' The minimum departure from nucleate boiling ratios-
(MDNBR) for.both fuel types are always greater than
1.30 for normal operation and anticipated-transients.

~The analyses include both experimental: measurements and theoretical
.

,

Lcalculations. ENC has perfomed hydraulic flow tests to evaluat1
~ the compatibility between the ENC and the Westinghouse 15x15 fuel
assemblies. The results of:these tests show that even though the'

Westinghouse and' ENC' fuel assemblies exhibited some differences in
: the plenum-to-plenum pressure drops and, the pressure drops between

~

.

4,'1 the tie plates, the difference in flow through the ENC and Westinghouse. j

. assemblies-is small . (average flow difference of 1.4% between the two t

types of_ fuel).. This ' difference of coolant flow has been considered -i -
-

)-'in the analyses. It has been detemined that it has 'a negligible-
effect upon the margin to DN8.

-

, , .
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The adequacy of the ENC fuel for meeting MDNBR requirements has'been .

verified with transient analyses performed at 102% power. The results
of the transient calculations are discussed later in this evaluation.

DNB calculations show that the MDNBR is greater than the minimum
acceptable limit of 1.30 for both ENC and Westinghouse fuel assemblies j

under the operating conditions of Cycle 2. Additional margin is provided *-
,

by the fact that the steady state DNB calculations were performed at fyew

a stretch power level- of 3640 HWt although D. C. Cook Unit 1 will HD,)
be licensed for only 3250 MWt for Cycle 2. 779)$

' -A .-
'''

Based on the above, we have concluded that the thermal and hydraulic .

- design of the Cycle 2 core is acceptable. ;

G:'is
.~

On A.ugust 9,1976 Westinghouse Electric Corporation presented data to '
<

the staff from recent experiments which showed that fuel rod bowing i

, could have a significant effect on the departure from nucleate boiling
ratio (DNBR). In particular, these experiments showed that if a heated ~

- fuel rod was bowed to contact with an unheated rod (thimble ~ rod), a
'

reduction in DNBR significantly greater than that expected would occur. .

#-

The staff has developed a m,odel based on this data to calculate the I''

- DNBR reduction to be expected in operating reactors. This model
consists of three components. First, a method of calculating the ;

clearance reduction between adjacent rods due to rod bowing is used t

to estimate the extent of fuel rod bowing for a given bu,rnup. -

Second, using the Westinghouse data for DNBR reduction, the DNBR
reduction for the calculated extent of rod bow is determined.
Finally, the calculated DNBR reduction may be offset by available--

margin. D. C. Cook has margin available to offset the calculated
reduction in DHBR, as discussed below.

.

For Cycle 2, D. C. Cook will operate with a combination of ENC and
Westinghouse fuel. ENC has presented no data on the extent of fuel
rod bowing in ENC fuel; however, an analytical method of predicting
fuel rod bowing has been presented to the staff (Reference 11).
This analytical method has not been accepted because we do not
believe a mechanism for fuel rod bowing has been satisfactorily
identified. Thus a mechanistic calculation should not be employed.

;

We therefore have assumed, as an interim position, that the amount j |
F :of fuel rod bowing expected for ENC fuel will be equal to that -

expected for Westinghouse fuel. This assumption is considered -
conservative because the thicker fuel rod cladding and slightly .

,

larger rod diameter of the ENC fuel provide a larger moment of
inertia to resist bowing forces.

.

h

*

i
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Since the Westinghouse and ENC fuel are of similar design, as
described in the Mechanical Design section, the Westinghouse
calculational model was used to determine the DNBR reduction for
both fuel types (See Attachment A). The maximum calculated reduction
in DNBR for D. C. Cook is 27.6%. The NRC staff has permitted
licensees to offset calculated DNBR reductions by accounting for i

.

'

certain parameters which affect DNBR calculations for their plants
(Attachment A). For,D. C. Cook Unit No.1, the licensee has
utilized the minimum DNBR of 2.01 which was calculated for the _n
most limiting anticipated transient. The difference between e_ ;#
2.01.and the current DNBR safety limit of 1.3 results in a 54.6% L

~

credit which more than offsets the DNBR reduction of 27.6%. ;.

_

Therefore,-no changes in Technical Specifications are necessary
'

. -

to offset the effects of fuel rod bowing on DNBR during Cycle 2. ,

-

- Transient and Accident Analyses

The licensee provided results of their ECCS analysis in References -

c
2, 7, and 12, and descriptions and results of other transient analyses -

-in References 2, 6 and 13.

~ ECCS Cooling Performance (LOCA) Analysis

Evaluation Model

The licensee provided Exxon's analysis of the ECCS cooling system
performance. (References 2, 7, and 12). The model (Reference 14)
' addressed ' hot channel performance for the reload fuel, and the overall~

reactor response to the composite fueled core. The . calculational
model used by Exxon for D._ C. Cook Unit 1 Cycle 2 was reviewed by
the staff, and approved by the staff's Safety Evaluation (Reference 15).

.

The NRC staff, in Reference 15," specified assumptions to be used to-
determine ~ the effects of fuel rod internal pressure on flow blockage
calculations to demonstrate conformance to 10 CFR Part 50 Appendix K
criteria. Using these assumptions,_ the licensee, by letter dated.
February 9,-1977, reported that the value of the F (Z) limit wouldn
.be 1.95 until' a Cycle 2 burnup of 8500 MWD /MTU at Which time the value -
would decrease linearly to 1.90 at 10,800 MWD /MTU. The decrease in
Fh(Z)1is required to compensate for the ' assumed increase in fuel

~

pYn internal pressure as a function of burnup. ,

!
l

! I
i'

- _ ,

-
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. Break Spectrum ,

s.

The worst' break location was identified as the cold leg at the pump
. discharge.. For the first cycle, Westinghouse's analysis identified
a' double-ended guillotine break of the pump discharge line as the
worst break. ,

%,.
e.

L ENC performed a series of break size calculations at the pump discharge p.f.)i'

line, assuming the worst single failure (loss of a low pressure ECCS 9;69
%pump, Reference 16). " The calculations were performed for double ended $$$guillotine breaks with' discharge coefficients of 1.0, 0.8, and 0.6.

The. split break configurations were calculated with tge break area %~K
e' qual to twice the cross sectional pipe area (8.25 ft ) and also

-

-
-

for the cases.of the flow area reduced to 0.8 and 0.6 times that area bf~

2 2.(6.6 ft and.4.95 ft respectively). AsshgwninReferences W:
U2 and 7,'it was detemined that the 8.25 ft split break is most '

- 111miting. The maximum peak. clad temperature was shown to be 2196*F,
which is below the acceptable upper limit of.2200*F as specified
in 10 CFR- 50.46(b). In addition, the maximum local metal / water 4

reaction'of 'less than' 8% and the total core metal / water. reaction r-
, _

of less' than 0.8% were within the allowable limits of 17% and:1%
'

,

[ -respectively. These calculations were done using.a total peaking _

. factor of 1.95. Based.on this analysis and the analysis of the ^'

effect of fuel pin' internal pressure on F (I),- the. peak linear (N -

0
-

- heat generation rate for the ENC' fuel for Cycle 2 is 13.41 kw/ft~
until 8500 MWD /MTV and then decreases linearly to a value of

!.
'

- 13.06 kw/ft- at 10,800 MWD /MTU, end-of . life. - p, ,'
-

'With regard to small breaks, in Reference. 2 the licensee indicated ( -

that the small' breaks would result in ' conditions.substantially below~ ",_.

-
- the limiting large break results and clearly within the requirements [

of 10'CFR 50.46. . F , ;.
.s u'

ewe have' reviewed the above results and agree that the break' spectrum . D
ha's been defined'sufficiently to assure that the worst break size t.
and location for D. C.f Cook Unit 1/ Cycle 2 has been identified-and !--*

2 analyzed. We find:the break spectrum calculations' acceptable. . ,
1

Therefore, we have concluded that. operation with the- reload: core "
consisting of Westinghouse and ENC fuel assemblies meets the

: requirements of 10 CFR 50.46-and is acceptable.
,!-

,
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Post LOCA Long Term Cooling ,

i

.In. Reference 2, the licensee-informed the staff that the existing !
analyses which demonstrated the Emergency Core Cooling System's

'

capability to. meet' the long term cooling requirements for Cycle 1
- operations are valid and applicable for Cycle 2 operation.- We J. '

. find this to be acceptable. :-e. 7'

a.c-
JfLUpper Head Temperature Analysis for ENC Fuel

*
<

~ In Reference 12, . ENC reported the results of studies performed to
determine the sensitivi.ty of LOCA calculations to upper. head - ,

itemperature. .These studies verified that the use of hot leg ,

temperature for the upper head is conservative for ENC fuel.4m

Consequently, the ENC full break spectrum analysis which was ,

..
~ performed with the hot leg temperature assumed for .the upper. ' 2

head is ' conservative and the results are acceptable. - .

t

' Upper Head Temperature Analysis.for the Remaining Westinghouse Fuel [y;: H
. .

.'"
- The licensee has submitted a reevaluation of ECCS performance for ''

D. C. = Cook Unit No.1 (Reference-24) in response te our Order for-

Modification of~ License issued on August 27, 1976. The -reevaluation ;_
Lwas made using the October',1975 version of the Westinghouse.ECCS' r

Evaluation Model assuming the upper head fluid temperature equal e
Ito thelfluid outlet:(hot leg) temperature. This ' analysis supersedes; _.

the previously performed ECCS evaluation which used the same
October,1975 version of the. evaluation model but which was based
on .the assumption that the ' upper head -temperature was equal -to |the

p . cold leg temperature. The reevaluation of the ECCS performance-
:in Westinghouse plants was requ' ired because recent experimental

,

idata had indicated that the actual ~ temperature-in .the upper reactor p-
ILvessel head was in'the ' range of 50-75: percent of the difference

!between vessel . inlet and outlet temperatures (Reference 25). j.
.

:
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The' reanalysis consisted of the evaluation of ECCS performance for-

. double. ended cold leg guillotine breaks (DECLG) with a discharge .s

coefficic..t-C of 0.8. The licensee claimed that this breakn
si_ze,was representative of the limiting value of peak clad
temperature and Zr-H 0 reaction. To justify limiting the ECCS

2analysis 'to only one break size, the licensee referenced the
previously_ approved ECCS analysis and the Westinghouse topical
report WCAP-8855 which provided sensitivity studies for four (
loop (15 x 15) plants and which also had been reviewed and approved EV

'by the staff (Reference 26). The previous ECCS analysis was ~y
performed for a . spectrum of four breaks specific for D. C. Cook 4;y
using. the October,1975 evaluation model with' the assumption of SM
-upper he'ad temperature equal to _the cold leg temperature. This "P.

-analysis identified the worst break size as the DECLG with n
-

_z

g . [p . ''C 7 0.8. .In addition, the sensitivity studies performed by
Westinghouse and reported in Reference 25 indicated that, for a
specific plant, the change of upper head temperature from cold i;'
.toihot leg temperature did not affect the critical break type or "'-

size.: -Based on these references, the licensee has concluded that
-the break size analyzed is the critical break for the D. C Cook-.

Plant-resulting in the peak clad . temperature of 2164*F and the -

maximum local Zr-H O reaction of 6.39 percent. .

2
.

y'[E Based on our review of the ' submitted! documents, we conclude that
the results of the ECCS. reanalysis, using the October,1975 version j ,

:of the Westinghouse ECCS Evaluation Model with upper h'ead teinpera- t-

*

ture equal- to the outlet (hot leg) fluid temperature, care con- .

: servative relative to the 10 CFR 50.46 criteria, and are acceptable. .-p ,

,

- R LCONTAINMENT'LOCA ANALYSES 1

,

. e have evaluated the effects of the D. C. Cook Unit No.1. Cycle 2W
~

%
core on' containment pressure response following a postulated LOCA. j.

Since .the ENC reload core has b.een designed to the same thermal i ~m
|' power rati.ng (3250 megawatts) as the original core,Lonly the core ,

stored energy could alter the blowdown used for the original'

,

; containment analysis. The thicker clad of the ENC reload fuel ;.

results in an increase of 1.5% in the core stored energy. Because ,

, core stored energy released to containment constitutes only about~
'

2.5% o.f the : total energy released, the ENC fuel will result in ~ ..

' approximately a .04% increase in the integrated energy ' released f"-

ito the containment at the time of ice melt. This increase is py
? negligible in comparison to the conservatisms in the currently - !

~

,

sapproved-Westinghouse. containment analysis mass and energy , .

; release model for D. C. Cook Unit No. ~ 1. Therefore, we conclude t
1

-

-that there is a negligible change in the LOCA containment analysis~
~ i

*

f as 'a result of the Cycle 2 core.4 .;

p ,

,

y

6

;.

;-. _ r . ,

*

_ - . , _ p>
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Conclusions ,

<

Based upon the above information we have concluded that:

The ECCS cooling performance conforms to the peak clad temperature
and maximum oxidation and hydrogen generation criteria of 10 CFR
50.46(b). In addition the plant will conform with the criteria ,

to maintain a coolable geometry and provide satisfactory long term
-cooling.

,

w.
,

The LOCA analyses assumed that there was a coincident loss of offsite . -

power at the initiation of the accident, which would result in pump
,

'

coastdown. Since these analyses were performed for only four loop
operation, and since other modes of operation have not been demonstrated~

,

to meet paragraph 50.46, reactor operation will not be permitted with
one or more idle loops.

.

Rod Ejection Accident ,

'

-

In Reference 2, the licensee provided an analysis for the rod -

ejection incident for fuel Cycle'2. The licensee determined that
for the worst case event the fuel limits would not be exceeded. We;[.--

.
find this acceptable. *

,

'

Rod Drop Transient

In Reference 2, the licensee provided information on analysis of
the Rod Drop Incident for fuel Cycle 2. The analysis showed that
the results for the dropped rod incident and for the dropped bank

-.

incident for Cycle 2 are more favorable than those for. Cycle 1.
We find this acceptable.

Rod Withdrawal Transient i

,

The licensee has provided the results of a reanalysis of the rod
withdrawal transient' from full power using the Exxon PTSPWR2 Code
(Reference'17). We previously reviewed this code and found its

- results to be acceptable. The rod withdrawal transient was
analyzed from an initial power of 3315 MWt (102% power) for both
slow and fast rod withdrawal as shown on Table 2. The slow rod
withdrawal results in the more severe conditions, but still within
the Technical Specification limits (MDNBR = 2.15 vs. lower limtt
of 1.30, maximum pressurizer pressure of 2279 psia vs. 2750 psia); j

'~
therefore we find.these results to be acceptable.

i
)

:

i
'

1

, -- .
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TABLE 2 -

SIM4ARY OF RESULTS FOR ENC FUEL
.

Maximum Maximum
Maximum Core Average Pressurizer

Heat Flu Pressure MDNBRPower Level (Btu /hr-ftg) (psia) (W-3)Transient (MWt)
i,

.

Initial Conditions
For Transients 3315. 210,500. 2220. 2.43 ,;

i
Uncontrolled -

Rod Withdrawal
98.0 x 10-4Ap/sec 4230. 222,100. 2230. 2.24 :

Uncontrolled
Rod Withdrayal ,

9 2.0 x 10 %p/sec 3633, 228,200. 2279. 2.15 (1.93)+

Loss of Flow -
4 Pump Coastdown 3315. 210,500 2256. 2.01 (1.86)+

Loss of Flow - '

Locked Rotor 3315. 210,500 2242. 1.98

Loss of Load 3321. '210,500 2538. 2.43

* 2.90Large Steam Line Break 406. 23,140. -

.

** ** * **
Small Steam Lipe Break ,,

* Pressure decreases from initial value. ,

** The core does not return to criticality,

i ' + With rod bow penalty
* |

.

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

1 , , ,vew' |',

a

t
.
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Loss of Coolant Flow Transient ._,

'

.The analysis of, the initial reference cycle showed the loss of coolant flow
incidents, pump.coastdown and locked rotor, to be the most limiting'

.

with' respect to DNB (MDNBR's of 1.40 and 1.07 for the pump coastdown
,

,

tand the locked-~ rotor;respectively). ENC's reanalysis of these-
'

incidents resulted in MDNBR's of 2.01 and 1.98 for 'the. pump coast--

down and locked rotor cases respectively. ENC's analysis shows - .~;.
that the maximum pressurizer pressure for these events was 2256 psia &,

! -(for the pump coastdown). The MDNBR's and maximum pressurizer $$.'
pressures for these events are within the Technical Specification $? W!~ .

.

~ 1imits (DNBR > 1.30 and pressurizer pressure < 2750 psia). We p'G
,

find .this to be acceptable. ,' ;

!.7-
.

. Loss 'of Load Transient j '{ -~

' "The loss of load transient was analyzed for the second cycle. This'

(i
~ Ltransient w'as limiting with respect to system pressure. For Cycle 2

~

: -
th.' maximum pressurizer pressure calculated for this event was- - ''' 2538 psia whereas the Technical Specification limit is 2750 psia.

LThe MDNBR and maximum pressurizer pressure are well within the Technical
, '

'

"
,. j. Specification limits and therefore are acceptable. i,

-

uq ~
Other Transients and Accidents j. .-

-

i;
The' kinetics parameters for the remaining transients and accidents >

are within the-envelope of parameters analyzed for.the reference. ;

cycle. Therefore, the results.of the reload cycle will be bounded by ,

' --- thosi for the. reference cycle. . We find this to be acceptable.
-

-
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ICE CONDENSER EVALUATION ,

~

Since our January 1976 report on the status of the ice weight
surveillance program of the D. C. Cook Nuclear Plant Unit No.1 i
presented in ' Supplement 5 to the Safety Evaluation Report (SER),. ,

the licensee has perfomed four additional ice weighings. L

:The results of all ice basket weighing programs.and the licensee's
,

conclusions and recommendations have been documented in five reports-

,

(Referen:cs 18 through 22). Our evaluation and conclusions are 7c
' based upon review of'the infomation presented in the referenced AW.
; documents. y

' -In Ja'nuary,_ April . July, and September of 1976 the licensee weighed '

f(
~ lsample population of ice baskets as a part of the continuing L.-

a
long-term evaluation of the ice condenser system. The sample {'.

'-

'populations were composed of 166 baskets in Janury,"172 baskets ,

;in April,-177 baskets in July, and 179 baskets in September. E
..:

Analysis of these data and comparison with prior data indicate
that the average ice loss rate continues to be about 2%/yr, : . _
(28-#/yr/ basket) with a statistical maximum of about 2.5%/yr,

~

(35 #/yr/ basket). k
#

L
j

Data from the March, July, and October 1975 basket weighings revealed :
'" tnat' ice loss is not uniformly distributed over the ice condenser.

.A pattern of preferential' ice loss was evident, with the baskets .,

in rows closest to the containment wall-having the lowest ice loss : 1
.and :the ' losses becoming progressively greater as the basket positions * D J'

Happroach the crane wall. The-additional data taken in' April, July- -

:and September of 1976.have confirmed the' existence' of the preferential 31/
-l_oss pattern within the ice condenser. > Analysis of the . data for the . .. |~ -

7 period from April 1976 through September 1976 indicates that. ice baskets : _

'

-

adjacent to the~ containment wall-(radial' row 1) have an average ice -

loss' rate of.'about 1/2%/yr while those adjacent to theLcrane wall- <

(radialL row 9), have ice 1oss ra'tes ' averaging about 5-3/4%/yr. ,
,

:In Supplemen.t No. 5 to the SER, we reported-that the licensee:had
developed special weighing' equipment:which permitted succes'sful weighing-
-of baskets in radial rows 1 and 9 (wall baskets adjacent' to the
containment wall and' crane wall, respectively) during the July' and v

'
October,1975 weighing programs.. In ~ April of.1976, the licensee L ,

,

: weighed the wall baskets with an: improved model of the wall basket.
-

_

weighing device. The improvements to the wall basket weighing 4

' device' have resulted in' a signficant reduction. in repeatability ~ error
= associated with the weighing of wall baskets, such that .the l

! ;repeatability error is now comparable with the error associated with
p,

<_c -

h_ ,

.

.

' | -
- w

s 2 4,

.. h . *

.
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'E^ TABLE 3

.__..

Average Ice Loss Rate /yr - April 1976 to September 1976 ' ' - -

4

Radial Row Average Loss Rate

1 -- 7 #/yr (1/2%/yr)

2 9.6 #/yr (3/4%/yr) -

e ,c',y

4 17 #/yr (1/4%/yr) Ej4
'

6 32'#/yr (2-1/2%/yr) - ,

i_

8 66 #/yr (4-1/2%/yr) |'
i

'

82 #/yr (5-3/4%/yr) -'
9...

, -

.
.. ,

-

NOTE: Row 1 is adjacent to the containment wall
Row 9 is. adjacent to the crane wall
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weighing the remainder of the ice baskets. Analysis of the data taken
with the improved wall basket weighing device now indicates that the~

-

average ice loss rate in _ radial row 9 (wall baskets adjacent to the crane
wall) is greater than the average loss rate in radial row 8. Average '

loss rates in' radial rows 1 and 2 are significantly less than in rows
8 and 9. Also, rows 1 and 2 do not exhibit a marked difference between
the ' average ice loss rates. The average loss rates for ice baskets ,

fin radial rows 1, 2, 8 and 9 for the period of April 1976 to September
1976 are 7 f/yr (1/2%/yr), 9.6 #/yr (3/4%/yr), 66 #/yr (4-1/2%/yr) <-

and 82 #/yr (5-3/4%/yr). respectively as indicated in Table 3. +M:a 2,.

5M
[p ".The. distribution of ice within the ice condenser is shown in Figures

-l .and 2 Lon an' average weight per bay basis and an average weight per .

C ' radial row basis, respectively. These figures indicate the distribu- ,

tion of the ice last measured in September'1976, and the projected [; ;

~ distribution of the ice based on measured average loss rates and the ,

uncertainty-associated with the measurement of loss rates at a 95% !.
level- _of confidence. The projected distributions, therefore, represent |

~

the minimum expected ice weights in the ice condenser for two different
- future times. The selected points in time are February 1977'and May .~

.We expect February 1977 to be the approximate time for the next I
-

|1978.
ice-condenser weighing program and the completion-of the first reactor r-

:f " : refueling and subsequent pl, ant start-up for fuel cycle 2. May 1978 I
L~ represents-the. maximum expected life of fuel cycle 2 based on a . .

i: - design fuel' life of 12 months and a '25% contingency.
:

.
.

As we reported.in-Supplemen't No. 5.to the SER, the minimum amount of,

ice uniformly distributed throughout the ice condenser to prevent !.i.> '

containment overpressurization in the event of the design basis I'
* " accident is 1098 pounds / basket. With this' as a basis, we have

.

; . previously established a Technical Specification . average weight limit ~ f.
of 1220-pounds / basket for initiation of an operating period (i.e - '

'

_ operability of the ice condenser). This limit is established to'

e assure that during the specified operating period the' average weight !1c
L of any significant group of ice baskets will not be less than the |:

minimum uniformly distributed amount of ice (1100 pounds / basket)' .

assumed in the design basis accident analysis. . As may be seen from
LFigures.liand 2 using the latest measured average ice weights and
the maximum projected._ loss rates at a 95% level of confidence we would

~

4

~ not project any bay or radial ~ row of baskets to fall below the i

| - 1100 pound / basket value used in the design basis accident analysis- -
.

during Cycle 2. *

,
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'''. Continued weighings of the weighable basket nearest the ice con enser
lower plenum personnel. access door (basket 2-8 in bay 24) indicate a
local area of greatly increased loss rate. The current rate of ice
' loss for basket 2-8 is about 155 pounds per year (12%/yr) and the
measured weight of ice in the basket in September,1976 was 1128 i

pounds. Clearly basket 2-8 and the surrounding baskets (i.e., baskets
1-7,11-8, and 1-9 and 2-7 and 2-9) in bay 24 would be expected to

[pykNh
<

weigh less than the 1100 pounds assumed in the accident analysis
g[f.;:ijbefore the start of cycle 2. As a result, the licensee has committed

to add approximately 200 pounds of ice to each of the six baskets indicated prj}[
above during the current refueling outage, by a technique demonstrated [hNEf

'

during the April 1976 basket weighing program. The licensee and Westinghbuse F ''
- have developed a method by which up to 300. pounds of ice may be added E ,

to an-individual basket, by drilling a 2 inch diameter hole in the upper j. e
six. feet of a basket and " trickling" a 34*F solution of borated water
into the basket over an extended duration. This method of ice addition i i

._

;appears practical when only a few baskets are involved, but has yet
to be proven as a feasible method of ice addition if entire bays or '

-

-~ radial rows would require an ice addition. Continued development efforts L

by the licensee and NRC staff review of procedures and equipment are -

necessary to permit the large scale addition of ice to signficant groups ;. ,_

i of baskets. The alternative. to large scale ice addition is the complete
' - melt-out of the ice condenser and refilling the ice baskets, a process'

which would _ require 3-6 months to complete. - -

|
*

| In the October report (Reference 5) the licensee submitted the .

results of an analysis of the plant response to the design basis u| tsii
accident assuming a maldistribution of the ice in the ice condenser. ; .-t'

,

The analysis shows that the design pressure of the containment (12 psig) p
~~

- is not exceeded when the average ice weight in two bays (162 baskets)
~

.

is 850 pounds per basket.and the average ice weight in the remaining y

22 bays (1782 baskets) is 1120 pounds / basket. An analysis of this _p''

'~ ~

type which recognizes the measured distribution of the ice inventory
may be required in the future to demonstrate the acceptability of
the ice condenser for continued operation. However, we believe that

;- operation of the -ice condenser with known groups of baskets below
| an' average weight of 1220 pounds / basket should not be permitted
~ solely on the basis of the licensee's analysis until the staff has

a. confirmatory long term containment analysis capability. We expect ,

the CONTEMPT-4 long term containment code with ice condenser modeling
will be available by September 1977.

,
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After' reviewing the five reports by the American Electric Power, Service
Corporation.regarding the basket weight history and analysis during the -

.first twenty (20) months of plant operations, we have reached the
|following conclusions regarding the future operation of D. C. Cook,
-Unit No.-1, and analysis of the ice condenser:

*
y ,

l '. Sufficent data have been collected to conclude that the plant can
t'be operated' safely at the full design power level for the expected _

:

life of the second reactor core (1 e., until about May 1978). >G.

h;mh
-

.

2. - Calculations of average ice weight per basket for a bay, a~ radial

lighter ice baskets under the intennediate deck center support - [P 9row or the total ice condenser should be biased to' account for '

beams. identified during the December 1974 basket weighing !'f -

.

program. .This conclusion was identified and the basis discussed !?i:s

. in' Supplement No. 5 to the SER.
.

;,?
.. Based on:our . review of the rate of, ice 1oss and the pattern of. ''

23.- <

loss in the ice condenser, we expect that the ice condenser may
'

I 'not have sufficient ice inventory to. allow initiation of operation
_

.

.c

of the plant' for fuel cycle. 3. As a result, it appears that- i

a additional emphasis should be placed on the development of ice ;

_
-addition techniques ~and equipment. Analysis of the con- [- .

tainment considering the measured'and projected distribution*
of the ice may also be required. It should be noted that the H

i, development of a confirmatory long term ice condenser contain-
a

- - ment code for the' staff will be required to confirm the continued
' safe. operation of the plant with maldistribution of ice, without [Y'

,

1 requiring a complete melt-out and refilling of the ice condenser.
lit' appears that'these developments will be required before cycle 4' b' ' ~ '

^ operation and could possibly be required prior to cycle 3-operation. .;;

2 4. We have determined'that- the following changes to Technical i 1
^

Specification'3/4.6.5 regarding the minimum _ ice weight for .

foperation of D. C.' Cook Nuclear. P.lant, Unit No.1, are required.-
~

~ The changes' would:
' '

'a.- increase the number-of ice baskets to be__ weighed,

b.: increase the ice -basket weighing frequency, and i
t . p.y
c. . assure sufficient ice for continued operation' on. .p ,-

~

' *

. a radial row basis as well- asia bay by bay basis.- ;-
,

' ;
.
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*

-The licensee has agreed with these conclusions and, by ~

letter dated December 7,1976, has proposed changes to
Technical Specification 3/4.6.5. The proposed changes
would (1) , increase the minimum number of baskets to be
weighed from 96 to 144 and would include baskets from ,

radial _ rows 1 and 9, (2) increase the inspection frequency .

'
from 18 months to 12 months, and (3) demonstrate a
sufficient ice inventory in specific groups of baskets -N
on a radial row basis. $, ws.)

t J[y/M[iWe have concluded that the proposed Technical Specifica-
-ftions'are consistent with the results of our evaluation. .

!' The increase in the minimum number of baskets to be weighed
will assure that sufficient data are obtained to continue U[
to evaluate the pattern and extent of preferential sub- F -

limation losses in the ice concenser and, to the L
-maximum extent practical, at least one basket is weighed

~

._

in each bay from a location where maximum ice loss is ._
- expected to occur. The increased inspection frequency

,.

j,
'-is c'onsistent with the maximum expected life of fuel

cycle 2 and the demonstration of sufficient ice inventory
'

l" on a radial row basis will . properly account for the {
observed preferential ice loss patterns. We concludex ,

that the proposed ice weighing Technical Specificatiorts J
-

~

!are acceptable.

5. - Additional weighing of the-ice baskets in accordance [ ,

*

with Technical Specification 3/4.6.5 will be required
before the Technical Specification may be modified-

to include the measured ice loss rates of the ice '.

condenser during nonnal plant operation. As indicated
'

'in our bases for the' Technical Specifications, we
believe that data used to calculate _a representative ?'
ice loss rate for. the ice condenser during normal plant

,

operation should be obtained over a period of 'at least
'

three years.
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In a letter ' dated December 7,1976, the licensee proposed changes to . . _ ,

the' ice condenser technical specification. These changes would (1)
reduce the surveillance interval for measurement of ice condenser inlet
door opening, closing, and frictional torques from 18 months to 6 months,
(2) reduce -the surveillance interval for verifying the intermediate
deck Jdoors were closed and free of frost accumulation from 3 months
to 7: days, and (3) correct an inconsistency between Table 3.3-5 ;

and Specification 4.6.5.6.a'concerning the response time of the :4

containment air recirculation fan. The first and second proposed p&c2
changes are consistent with the licensee's initial ice condenser 4Xt@
' operating experience and with observations made during a review JM,z .

by.the Office of Inspection and Enforcement of the adequacy of f #H-

_
-the ice condenser Technical Specifications.

[.

The .following information concerning ice condenser inlet and ,

intsrmediate deck doors was compiled.by the staff: ,

_

l. The inlet doors to the ice condenser have been found - ' -

to have higher than allowable opening torques on-

-approximately 8 occasions when inspected each 90 days 7'

during the period November 1974 to present. On each of ,

these occasions,1 to 2 doors have been found with higher j,

''"
'

than permissible opening torques because of seal freeze'-

up. The technical specification limit on opening torques ,

!

is less than 675 inch pounds. The inlet ~ doors were
typically found with opening torques in the range of

F:.
800 to 1200 inch pounds. , ,

,

2. The original analysis of the . Cook facility indicated that---

up to 8 of the 48 inlet-doors could. fail to open during
LOCA conditions _with acceptable consequences.

t-

!-
<3. Westinghouse Electric -Corporation has installed several

new prototype seals in several inlet doors to confirm
their design suitability under actual operating conditions. -,

These seals presently have about 9 months of operating
-

experience. One design appears to show decreased

1
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freeze up tendencies although it also appears to have corne'r .

sealing problems which will require further modification.
The presumption is that when a suitable seal is developed, I
it will be installed in the D. C. Cook facility and ,

incorporated.into' future ice condenser plants. [
- p ,

-t'-Inspection of:the inlet doors has to be performed with the_ 4..
plant at zero power'because of the high radiation levels raEli
_in~.their vicinity during power operation. Inspection of slG.y.

the intemediate deck doors can be perfomed during power M yi

!n%Iff$.Loperation without excessive personne1' exposure.
"es.

i
.5. Although the Technical Specifications require inspection _..-

of _the inlet and intermediate deck doo~rs on an 18 month Jif
, interval, the licensee is presently inspecting the inlet f'
doors each 3 months and the intermediate decks doors each p.-

'''

7 days. i.

16. The- tendency for the inlet doors to exceed the specified' :
~''

'
-

torques is reduced by more frequent. exercising of the doors. ['
: (-

[~ .7.- -Intermediate deck doors may become inoperable because of
V ice fomation from condensation.-

,

- Based on the above considerations, we have ' concluded that the:
- proposed 1 Technical Specifications changes for surveillance of inlet
and intermediate deck doors!will improve the-operability of the ice C .,

' >. condenser and 'are acceptable. -We. also have determined that the
proposed change. to Table |3.3-5.does remove' an inconsistency between l'"~-'

' '

.
:that. table:and Specificationf4.6.5.6.a and is: acceptable.'
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CONTROL CIRCUIT MODIFICATIONS FOR CERTAIN ELECTRICALLY
'

OPERATED VALVES .

By letter dated November 23, 1976, the licensee revised the
proposed ccntrol circuit design for eight electrically operated
valves:which was previously submitted on February 27, 1976. The
modifications are-designed to eliminate the need for operator
action to restore power to the valves from outside the control
room and precludes a single failure which could cause a loss .

of ECCS -cooling capability. PC ~
w

The modifications to the valve control circuits consist of t[' -
th.e addition of'(1) a key-lock feature for the control switch, f

. _ - .(2). separate control power lockout switch, (3) annunciation of
. control power not locked out, and (4) valve position indication [~

- when valve control power is deenergized. The licensee has I
-

developed test procedures which will detect single electrical '

failures during periodic surveillance testing of the control~

circui ts.
- -

..

Although;only five of the eight valves in question must be '

repositioned during the switch over from injection to recircu-
. . .

: (c --- lation cooling flow, the licensee decided to modify all the
- valves to eliminate the need for operator action outside the

'

control room in the event any of the valves.had to be operated. i

!

We have reviewed the revised modifications described in the -

'

. licensee's November 23, 1976 l etter. Based on this review,
we have concluded that.the modified design for remote actuation :

-

- .of the. valves from the control rcom satisfies the requirements- --

,
ofEthe single failure criteria and is acceptable.'

~~

CONTAINMENT AIR RECIRCULATION FAN AND LEAKAGE RATE TECHNICAL
L ' SPECIFICATIONS

JIn two letters ' dated December 7,1976, the' licensee requested
~ hanges to' the Technical . Specification requirements for con-i- c
tainmentLair~ recirculation fan response time and containment ,

valve:and penetration leak rates. -The requested changes
would (1) alter the response time of the air recirculation-

r
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''
fans in Technical Specification Table 3.3-5 from <600 seconds to -

<660 seconds and would (2) remove statements whicii indicate that
- Table 3.6-1 provides a list of all valves and penetrations subject
to lype B'or C tests, as defined in 10 CFR Part 50, Appendix J. [

We have determined that requested change (1) would eliminate an I
inconsistency between the requirements of Table 3.3-5 and the s.c Q
Surveillance Requirement of specification 4.6.5.6.a which lists the yfd.9

~T
response time for co'ntainment air recirculation fans as 10+1 minutes. v

This requested change is acceptable. g#jMJ 1
We' have determined that Technical . Specification Table 3.6-1 is not

' .#
kg)[

~ intended to list all containment valves and penetrations subject to
{~ Type B or C tests. Therefore the requested change to Table 3.6-1 is

acceptable. p
,

- 15
'

NUCLEAR SAFETY AND DESIGN REVIEW COMMITTEE (NSDRC) AUDIT
_ RESPONSIBILITIES -

~ ;

By letter dated February 4,1977, the licensee requested changes to .

(- the Technical Specification requirements for the audit responsibilities i

of the NSDRC. The change would remove the word "all" from the speci- +

'

' ' ~fication which now requires the NSDRC to audit:
. [.

'
1. The confonnance of facility operation to "all" provisions contained

within the Technical Specifications and applicable license condi-
@k. c .tions at least once per 12 hours.

~ '!1
.

-2. The results of "all" actions taken to correct deficiencies occurring'

rin facility equipment, structures, systems or method of operation'

that affect nuclear. safety at least once per 6 months. p ,

t-

3.- The performance of "all" activities required by the Quality Assurance
~

;

Program to meet the criteria of Appendix "B",10'CFR 50, at least
~

'

once per 24 months.
iWe have reviewed the proposed Technical. Specification change and have

. determined that it-is in conformance with the current NRC requirements"

and with the Standard Technical Specifications which the NRC currently e ,

applies in the licensing of new facilities. Therefore, the requested L
'

change is acceptable. ,

4-
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SAFETY RELATED HYORAULIC SNUBBERS ,

~

~ By letter dated February 9,1977, the licensee proposed to alter the
,

location description for snubber #11928 in Table 3.7-4 of the Technical
Specifications. The change in location description was found to be
necessary because this snubber was not installed in the proper '

location.- The licensee has moved the snubber to the proper location
and'the requested Technical Specification is necessary to _ identify |'
this' new location. [q

.; ,
.

We. find the proposed technical specification acceptable because it ("4
results from the correction of an installation error for snubber F J ii

'

-#11928 and, therefore, corrects an error in the Technical Specifications. -

TECHNICAL SPECIFICATIONS r

-The proposed Technical Specification changes for D. C. Cook Unit No.1--

Cycle 2_. operation include:
-4._

,

''

1. ENC 15x15 reload fuel limits.

~. ENC ECCS analysis limits.2_ -

3. -Ice condenser surveillance requirements.. i
'

!

4. Specifications regarding control circui_t modifications for certain
relectrically operated valves.
t

5.- Correction of errors for:;

- containment air recirculation fan response . time

- containment valve and penetration leak rates
,

- audit responsibility of the NSDRC

- safety related hydraulic snubbers

Some modifications to.the proposed Technical Specifications were necessary
- to meet NRC staff requirements. We find the proposed _ Technical Speciff-
_ cations,. as modified; to be acceptable and consistent with the information- s

2

submitted by the licensee. [.
.
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REPORT ~0F THE'ACRS ,

..

At.its 201st meeting on January 6-8, 1977, the Advisory Committee on
Reactor 1 Safeguards ( ACRS) reviewed the proposal to refuel D. C. Cook
Unit No. ci- with a partial loading of ENC fuel assemblies and to subse-

.~quently operate. the facili.ty at full rated power. A copy of the e
Committee'sf report of its review dated January 14, 1977 is enclosed

-

as Attachment B. The ACRS had previously discussed D. C. Cook Unit

h, .
.-

@R-No. 1 in.its reports dated December 13, 1968, October 17, 1973, and~

M.

~

: March 11,1976.-

[@ac
e

$.

The Committee concluded that full power operation of the proposed
M-reload core was acceptable._ However, the Committee-requested to -

be kept informed with regard-to fuel pellet-clad interaction and- !.-'

fission gasirelease rate of the Westinghouse fuel for operation 4F'
-

k -near:the end'of-Cycle 2 and with regard to the control rod fingers
' which.had broken during rod drop timing tests. The staff will keep r 'q=

f the| Committee informed regarding fuel pellet-clad interaction and
fission -gas release rate as the 'results of future analyses .become 2.

2 available. The staff's conclusion with respect-to the broken control .

Krod. fingers has been discussed in a-previous section of ,this evaluation.
.

!

1 -The decrease in.Fn from 1.95 to 1.90-as a function of_burnup', which ! .-=G. _

,

*

-is described'in tlie ECCS LOCA Analysis section of this!evalualtion, .was- V

not discussed at the January 6-8, 1977 - ACRS. meeting - because thi s . L
; behavior of F was not known at that time. >The burnup dependence

'

of F resulteS from the incorporation into the D. C. Cook Unit No.1 - .

'

q
.

Meu-;ECCS analysis of a ^ revised flow blockage model. The revised flow -
' ~

' ' '

. blockage model was ~ set forth in the NRC staff's. January 5,1977 safety -
i

L evaluation .of the ENC ECCS model;(Reference 15).. Although.an Fgvalue"

of 1.90 is:.relatively low and'the Committee has expressed concern over'

.

.- -

' low peaking factors in' the past, we believe, :as stated in Reference 28,: ~

that the- conservatisms1(such as, the -decay heat model). in the Appendix. j.
J -K criteria provide a.high margin of safety-and, since operation within-

-
,F limits as described in the ECCS LOCA Analysis section fulfills the:g,

! 1 Appendix K- requirements, no additional margin is required. It: bears
|: repeating -that the higher peaking factor (Fn = .l.95) will~ be the-

' limiting condition. for about' 80% of the fuel cycle. -o

~ ! Additional comments b'y committee members David.0krent and Milton Plesset ,
f :are attached to the January 14,:1977 'ACRS report. These comments deal

. with the staff's treatment of ECCS evaluations. .: These comments.are all
-

. generic in nature in' that they are applicable not only to the D- C. Cook :,.'

Unit No.1,- but also-to other licensed facilities. ' The staff 1"s con-'

sidering these opinions in'this generic context, and will; publish aL

. report to the - ACRS on its conclusions thereon in the near future.
,
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ENVIRONMENTAL CONSIDERATION .s

We'~have determined that the amendment does not authorize a change in
- effluent types or total' amounts nor an increase in power level and -

. wil.1 not result in any significant environmental impact. Having made h<this determination, we have further concluded that the amendment
involves an ~ action which is insignificant from the standpoint of .s

- environmental impact and, pursuant to 10'CFR SI.5(d)(4), that an 4d,
environmental _ impact. statement or negative declaration and environmental: c .yj
impact appraisal need not be prepared in connection with the issuance @ggg

'

of this amendnent.< - :

w
~

_. C6NCLUSION y
h*

Based on our review of the items identified as (1) and (2) in the f M.:
. introduction- to this ' evaluation, and the considerations discussed in this - ! 'J'.

~

~ evaluation, we -have concluded that there is' reasonable assurance that the
~

i

' health and safety.of the public will not be endangered by operation in. the r

proposed manner. Based'on our review of the remaining items-identified in [ *.--

the introduction to.this evaluation of this evaluation and the considerations - 'r
discussed in this evaluation, we have concluded that (1) because the items L
do.not. involve a significant increase in the probability,or consequences of ['.-[-

.

.

"-
:

7f accidents previously consid'ered.and.do not involve' a significant decrease
in safety margin,- they do not involve a significant hazards consideration,.
and'(2) there.is reasonable ' assurance that the health and safety of the public

' will not be endangered by operation in -the proposed manner. We also have
concluded,' based on the considerations discussed in this evaluation, that ;.

',

- all'..of the activities discussed herein will be. conducted in compliance with ' -

the Commission's regulations and the issuance of an amendment to the license |2 ,"-- :
will _not be inimical to the common defense and security.or to the health *

.

'r-
,' and safety of'the public.

-

:^.

,.

Date: February 16, 1977- 4 ;
,

Attachment A:; .
.

. .
.

,

Revision'l' to Interim Safety' Evaluation Report
on Effects of. Fuel Rod . Bowing on Themal [ ~

Margin Calculations, dated February.16', 1977: .p+

.-

~ Attachment B:- , .5
ACRS' Report dated January 14,11977. m

'
'

'

;.

L
.

-

7 .o. .
, ,

$
^

'

,

4
-

G+
-

.
.

'

9.

# 4 - - a * ,,p. . -,

--w-- --- .



1

-r ,, .. . ., , ...

. . . .

- i
'

. ,

I

i-

m,

REFERENCES ~

1. Indiana and Michigan Power Company letter (Tillinghast) to USNRC
(Rusche) dated July 20, 1976, transmitting XN-76-25 " Donald C. Cook
Unit-1 cycle 2 Reload Fuel Licensing Data Submittal." |

L
- 2. . Indiana and Michigan Power Company letter (Tillinghast) to USNRC b, .

(Rusche) dated November 23, 1976. g
%. 7

3. " Generic Fuel Design for 15x15 Reload Assemblies for Westinghouse ,,

P1 ants," XN-75-39, September,1975. .
,.
,

-

.' '4 Indiana and Michigan Power Company letter (Tillinghast) to USNRC if
.

(Rusche) dated November 5,1976. L

7''- 5. Indiana and Michigan Power Company letter (Tillinghast) to USNRC
(Rusche) dated October 1,1976.

. .-

_

6. " Plant Transient Analysis for the Donald C. Cook Unit 1 Nuclear
Power Plant," XN-76-35, August,1976. {

[# I.

7. " Donald C. Cook Unit l' LOCA Analyses Using the ENC WREM-Based PWR' ,

ECCS Evaluation Model (ENC-WREM-II)" XN-76-51 October 1976. ;.
.g

8. " Exxon Nuclear Power Cistribution Control for PWR's'," XN-76-40, g

September, 1976. .

9. " Exxon Nuclear Neutronic Design Methods for Pressurized Water -

~

..

Reactors,", XN-75-27, June,1975. -

10. " Exxon Nuclear Neutronic Design Methods for Pressurized Water *

?Reactors," XN-75-27 ' Supplement 1, September,1976.
.

11. "AXIBOW Code Manual for Rod Bowing Calculational Procedure,"
XN-CC-31, April 30, .1975.

12.- Exxon Nuclear Company, Inc. letter (0wsley) to USNRC (Ziemann)
dated November 30, 1976,

13. " Assumptions Used in the Plant Transient Analysis for the Donald
C. Cook Unit 1. Nuclear Power Plant," XN-76-35 Supplement 1,- ,

November, 1976.
,

!

)

( ,

,

y .

>

h

?a

w



"

F .

.. -, -s,- . . - ., .. . .

< .a.

*

2: . .

,-

-

,

14. " Exxon Nuclear Company WREM-Based Generic PWR ECCS Evaluation
Model (ENC-WREM-II) 4-Loop PWR with Ice Condenser Large Break m'
Example Problem," XN-76-36, August 1976.

15. " Revision 1 to the Staff Safety Evaluation Report on the Exxon
Nuclear Company WREM-Based Generic PWR ECCS Evaluation Model
Update ENC-WREM-II For Confomance to Requirements of Appendix ,

K to 10 CFR 50," Office of Nuclear Reactor Regulation, !; -

January 5, 1977. .

,L

16. - ' Indiana and Michigan Power Company letter (Tillinghast) to USNRC di
C

.
(Rusche) dated December 9, 1976. /

.. 17. Kahn, J. D., " Description of the Exxon Nuclear Plant Transient
'

|
'

Simulation Model for Pressurized Water Reactors (PTSPWR)," ;
~

- XN-7774-5 Rev. 1, May,-_1975.'

,

-- 18. "Long Term Evaluation of the Ice Condenser System - Results of the
December 1974 Initial Ice _ Weighing Program," American Electric
Power Service Corporation, J. G. Feinstein, March 1975 ' -(revised--

December 4,1975).

. 19. "Long Tern Evaluation of the Ice Condenser System - Results of the*f% ~

' March 1975 Ice Weighing Program," American Electric Power Service-
Corporation, J. G. Feinstein, June.1975.

'

20. "Long Term Evaluation of the Ice Condenser System - Ice Loss
Calculations.Resulting from the July 1975 and October 1975 Ice'

Weighing Programs," American Electric Power Service Corporation,
J. G. Feinstein,' November 1975.

_

' 21. "Long Term Evaluation of the Ice Condenser System - Results of the .

January 1976 and April 1976 Ice Weighing Programs," American
Electric Power Service Corporation, J. G. Feinstein, and G. M.
Gurican, July 1976.

'
'1

! '22. "Long Term Evaluation of the Ice Condenser System - Result of
.the July 1976 and September 1976 Ice Weighing Programs," American|

. Electric Power Service Corporation, J. G. Feinstein, G. M. Gurican,
and J. G. DelPercio, October 1,1976.

23. " Safety Evaluation Report on Exxon Nuclear Power Distribution b
Control for Pressurized Water Reactors", XN-76-40, Office of' [
Nuclear Reactor Regulation, February 8,1977. .

.

I
i

.'
I

-

(
!s .

#-

!
-

6

. ..



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

F *

- .
*

. .

.

3--

' ' '

24. Indiana & Michigan Power Company letter (J. Tillinghast) to USNRC _
-(B. Rusche), dated December 7,1976," transmitting "P28-ECCS Analysis
of 0.8 DECLG with Upper Head at TH0T '

25. . Letter NS-CE-ll63, C. Eicheidinger (Westinghouse) to V. Stello (NRC)
dated August 13, 1976. ;

: 26. "USNRC Evaluati.on of Topical Reports on Effect of Upper Head Fluid hj ''~.
: Temperature on ECCS Perfonnance", December 17, 1976. f :{,;-j

b Y$IN27. " Studies of Fuel Clad Mechanical Interaction and the Resulting
_

-Failure Mechanism", E.Rolstad, K. D. Knudsen, Nuclear Technology j.
*

.

t

-

Volume 13, February,1972. h
I

28. Supplement No. 6 to the Safety Evaluation Re -t Related to Operation .

of Donald C. Cook Nuclear Plant Unit No.1, L. te of Nuclear |-
' '

'-

Reactor Regulation, May 1976.
.

.,

4

-

.-

i
~

:-

.

. .

< <

&

0

A

(

.

:
*

,

'

.

\

|

\
-

I+ 5

.

-a



n
.L* ...k.. ,* .

*
-

V:
. '

. .-.

.

~ ~

, ' :,. . , . , . .. , . .,= . ...

-8.;;4 3 ~ . . ; .-.
>

.

.w., , . .. . . <m > .
.

-

.

. .

. . , . ,

gy'4 [
. , , ,

..

m
' - ATTACHMENT A

.

.

n ,

.~.
w

,,,
t

1,
. .

.a, :

::st. #!
'

,

.<

- ., >.;r c,

+ 9.:.M.* ( 5 *i;.
-

,

2,. -?

t4.0;,g

-
~

g e, <s . y(
-

. .

,
aup.. 'iP

'
y

- -q.. _,

INTERIM SAFETY EVALUATION REPORT :'

:: .

J -ON EFFECTS OF FUEL ROD BOWING
_.

.
~, .
-

*

ON.THEF. MAL -I'ARGIN CALCULATIONS. ..
-

. = _ ,c -
. a-

=c.
{/. ". ,FOR LIGHT WATER REACTORS

* ,
., , ,

. , , _ ,
<

(REVISION I) ~- L

.
- -

- .
.

' ' February 16,'1977 %
,,

-

.t"

e

-I n .
,.e,'_q_

! '

t-
'

.. L' |* f

'<_

\

''J*
. .

e

t
b

x v %

?s,'
- k $ b

.

. t u

, .' { DF
w.r.' W

9

[.,
,

..-

- g_ = 5

h(, '
-

.
. 7i

' '' '

c . 3. .. , .
#F-

-|- f . -

s 4

| -

. ', h- .. .
, ,

m
.

.|; *

.},,
"

\'.'| r p ,

'

( Y

t.

"
s , , , . < * -

,

N 'a? ' h



'
q.:. - .

-
> - c. . g.r :. . . , . - ., e . ,.;

, . , , .
. . ,

a

es ', '

3

. . -
;, c,

,

, , .
1

. LCONTEf!TS
"

>

. t.
-

Y*

s [- ,- d
' ~

1.0- Introdiiction
t

. -m

72 0-- Di!BR' Reduction Due to Rod Bow ,- 4

:
. e ,.-

,

"
~

%T'

_ 3.0 g Application To Plants In The Construction Permit And Operating UM
. .

. .s n<.m:*

.LicenseRevieiiStage K_s,
-

-

9%>:..m. ..

4. 0 '. Application To~ Operating Reactors j : "-< c v:,m
p,

. . " ,
. .

References5 . 0. . E

f4t- t

en

.

# 9 eim ' .

, ,6''

g a. S'

e

. j - - I- +

. ( . m.-: ; .
. . a.

,

> *

a e

4 4

6 0

Y
4 .,

. >

F s' i ,a
.,{ # L.-.

' _ . , *
: *e

'

- ;.
.,_

h: q

,.

-' '/
., 'k#

* *
*

. j . a
* ' 5. .[.

,

, -

.

"

f a,

# 'b
| L |' .

,_

s

', f
.

'i' 5,

,q'.< .I'-
4

a
. > ,

4
-

f ** #/g .
,-. , , "

, g * .'

* ' $ ",-,

d

)'{

;. ;,
-- h :; , {-' '

1,e;. ,

- 4 , .

?.

.||u
'

^\; '
#

,
-

' *- - -
,

icz ' , . t
' I

' ; . .[,-

, . . , j
- 1

'-
r = .s.

sRt - 5-F

,

,Ii J g

.)\ *
,

'

<
' F ,%

~

A >

[^
'

' ' *

L_ )



- _ _ _ .

.. , ., . . . 4 , .. . .

r . ..;

1.6 :Jn.. iductiom j -3
,

7,+ Data have recently been' pre.ented (Raferere:e 1) tt; the staf f .Eth *

'

show that previously develord methods for accounting for the effect j,.

'

of t uul rod bowing on delvrture fioni nucleate boiling in, a pressurized

water reactor ~ (PWR) may not contain adequate thermal margin when

unheated rods, such as instro,ient tubes, are pres' nt. Furthere

experimental verification of these data is in progress. However
.

an interim measure is required pending a fina#1 decision on the~
'

'

%

'V[*

validity of thes,e new data. .

,2
The staff has evaluated the impact of these data on the

- ,' 1
<

~ E

[' performance of all operating pressurized water reactors. Models .

- for treating the effects of fuel rod bowing on thermal-hydraulic
..

performance have been derived. These models are based on the
-

-

. propensity of the individual fuel designs to bow and on the i

.p. thermal analysis methods used to predict tihe coolant conditions- I
-

~
% for both normal operation and anticipated transients. As a result-

-of these evaluatiorjs the staff has concluded that in some cases- p.
. : ._

'

' sufficient thermal margin does not now' exist. In these cases,- [ . 'i
'+ _

additional thermal margin.will be required to assure, with.high-

confidence, that departure from nucleate boiling (DNB) does not'
|

'

occur during anticipated transients. This report discusses how these. f
'

- +

conclusions were reached and identifies the amount of additional- <:

!margin required.'

,.

The models and the required DNBR reductions which result i.,.i,

from these models are meant to be only an interim measure until \[
r

more data are available. Because the data base is rather sparse, N

.

an attempt was made to treat' this problem.in a ' conservative way. "

..

m .t. ,

!I The required DNBR reductions will be revised as more data become -

!

*

,.s

.h
*

available. .

1 .

j. .. ;
s
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The staff ' review of the amount and consequences of fuel rod h
t

bowing'in a boiling water reactor is nou underway. At present no
. :

I

conclusions have been reached. Uhen this review reaches a stage [
- where either an interim or final conclusion can be reached, the

7

results of this review will be published 'in a separate safety
. .u

.

:.,

evaluation-report. %P
- se.;

e
<It should be noted that throughout the remainder of this JFQ,s

%7
..

report, all discussion and conclusions apply'only to pressurized ~ -

..

. wate'r-reactors. , f.
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'DNBR Reduction Due To Rod Bow
-

i !2.0;
.

..

; , ,
3 - ,

[+ " 2.P Background,1
*

.s ,

g

,' - [Infl973WestinghouseElectricpresentedtothestafftheresults - *
'

.

of expsrimentsiin.which a 4x4 bundle of electrically heated fuel .

v - OL.
' V'

Drods.was1 tested to determine the effect of fuel rod bowing to contact. 4W!L >

h
-g ".

;onEthe thermal margin (.DNBRLreduction) (Reference 2), The tests werej'
R@4

~

-..
. ..done at,1 conditions representative of PWR coolant conditions, The; .

i

(1a;g-
.y ,, .

~
,

__

L results of"these) experiments showed that, for the highest power 4

- i ','n ..
. .. ..x

f - ahdensity at the highest coolant pressure expected in a Westinghouse. f;
NM - >s' ~=

,

, .; M
'

i reactor,the DNBR' reduction due to heated rods' bowed to contact was- *

,
,

m y :
,

approximately 8",. p'

>
. .. ,. . .

Q
.

, ~

,

, fp Fuel: bundle coolant mixing and heat transfer computer _ programs
. ..

. =
.g .. , .

:such|a's . COBRA IIIC and THINC-IV .were",able to accurately predict the Lresultd '",
_, -

.

t

of these. experiments. ;Because'the end point could'be predicted,-
~

g e . =
w +, 4

,- - .i.e. , jhe. DriBR r. eduction a't| contact,there_ was confidence that thel (; ;
*

,

WY . DNBR reduction _due tocpartial bow, that is, bowito less than f'(
. , . _. .. - . , .

%q
p C .

contactJcould also be correctly: predicted.- i.7:s ;
- _y y; - m , ,

On' August 9, 197611estinghouse met'with the staff to discuss- U;j['

a ,-'

t
- + .

~ T"'
!further experiments with~ the same configuration of' fuel bundle (4x4); 'f.

-i S
,o

,.
..

Jusing electrically' heated rods. JHowever,1for this~'setLof experiments' E q ".
L ,W< ' :-

. ,y ,p.
; . .

" 4[- l
one."of the(center 4 fuel ~ rods-was replaced by anlunhcated tube'of the Ms~

'

L '. WQm
1

'
.

.. .

jsameisize asia Westinghouse' thimble tube'. This ,new. test, configurationi |N~

;d.4 >
, ,

s'
- > '. , , .,, ~

Fi
' ;was tested:over2the same rangeLof power. -flow. and prcssure as. the r C

es ; . .

earlieritests.L ~ Howe'vep,-;with the. unheated, larger diameter rod the
,i '. +v, '

f .' -
; reduction ein!Df!BR was much {largerL thankin the earlier (1973) tests.- p ;,c

. .

.. .

,S M',
,

- p-

,

- ny ,
,

+. '.; ' c. .

. C.)
, ;,

y) : , , . ,9 '* - ');;g a.
+

,
.

,

.

,v .
.

# .
.v

,

I .

,
..

'-

.,

e .

d ..' . ~04,1+a,'
, , , . '

,
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,.m s 4 k ,
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,
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The data consisi.ed of poir.ls corresponding to no intentional
'

:o .1

,;
,

_ bowing '(that is, a certain amount of bowing due to tolerances
-

t

'cannot be prevented) and to contact. No data were td.en at ,
'

~

,

''partial clearance reductions between rods.
t

:The staff attempted to calculate the Westinghouse results with

th$COBRAIIICcomputercodebutcouldnotobtainagreementwith
,

~ g
the new data. . Westinghouse was also unable to obtain agreement i

, hs.y;9
-between their experimental results and the THINCIV computer code.

tW$.
*

t. +
..-

, 4'On: August 19 1976 CE presented results of similar experiments '
,

,[ 'to the staff. These tests were performed using a 21 rod bundle of k..
i

Ielectrically heated rods and an unheated guide tube. Results were ' f.'

presented for not only the case of full contact, but also the case - Fw
.

. -
.

.
,

._.

of partial: bowing. [
-

.. ,

h t Both. sets of data (Westinghouse and.CE) showed similar effects I
'

v '

due'to variations in coolant condi.tions. For, both cases, the DNBR

reduction became greater as the coolant pressure and the rod powerf l ,.
'

~
'

. 1 .
' '

increased.-
..

.w _

. .
,

: Because-both sets of data 'showed. that' plant thermal. margins 1;'

i M .]
_,

'
might be less than those intended,ithefstaff derived:an' interim - U*

, model to conservatively predict the DNBR reduction. Since.the. l' '
'

~

,

. .. .

Edata .with unheated ' rods:could not be predicted by existing analytical F

imethods, empirical models were derived. These models-give the+ >

: reduction in-DNBR as'a function' of the clearance reduction'between /'

1 adjacent fuel rods.: Two such models.were de[ived, ori'' based on ie.

1.'

j.(the Westinghouse'datafand one based:on the CE data.
' --

};[ ,
!;*

.

,

; ,

'

y,
~

7,.

4. 4e
,

* n
,

..

y,f~
'

.

e,'
.

mr -

- . .

.
.
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<[,d,2f idodel~ Based on Westinghnuse Data-
'

~
,

:As stated in dection 2.1, e,ta were presented by West,inghouse"

, .. ..
A :forithe DNBR reduction at full contact and with na bow. No data at4

[
'

s

-partia1 4ap closure were presentod. Westinghouse proposed, and the-
0 _

staff accepted, a straight line interpolation between these two points y
,

as shown in Figure 2.1. ~g
. . wg- .

This approach.is conservative if the DNBR reduction does not jQ
_

,.
-

. .mm

@ :increas'e more rapidly than the straight line reduction shown in O".

t .~
.

Figure';2.1. Although the data for DNBR reduction due to rod bowing . ~ jj
in the presence of an unheated fuel rod cannot be predicted by } |

.
existing analytical methods, one would nevertheless expect that the-

,

' actual behavior would more nearly follow the curved line.also 'shown '. ,',"

, ' ,a .
t niFigure 2.1. Accordijig to this curved line. the.DNBR would be p.,j ';

~ i
t

:y', 6 %
..

As the. fuel rods (or fuel j' . reduced gradually for small amounts of bow.,-
- e '.

1rodland ~ unheated rod)'become close enough so-that there is 'an inter-f
'

'}>

'
' - .

'A
.. _ ,. .

.

. . ,
.

_' - . action, the DNBR would ' decrease more! rapidly.; No physical mechanism L.fg\ ; . . ,

p; n:has.been postulated which would' lead to sudden large ' decreases in thi'

J.
'

,

. ,

DNBR for small or. moderate' gap closures. Thus',' the straight line - i ;'
'

'

~m .
. .

_

;, <-

.

, ,

, f., , : approximation is believed to:be an overestimate of the expected behavior., .

.] . Experience with critical heat flux tests also supports the1
.; ~.

~ assumption'of|a.'small reduction"in DNBR for small amounts of fuel ,

y'' frod bowing. Experimental _ measurements'of. critical heat flux done u ty;
,f

.

'

1 Ton test | assemblies s1 ways have some amount'of rod bowing.y This may .-'

e a:. ,
- .

.? . _
. , .. . . .m .

be due simply to fabrication. tolerances or _to electromagnetic ;
,

",1c
E

?

~ I'1 attraction fdrces set up' between.. electrically resistance heatedQ,' .

' '
' . .

e 1; ,
.

. . .

7
-

'* ,c rods which simulate fue1~ rods.' .

; -
-

, . ..

.

,

t .-
-' $, *A

'

', y s ,

t' i

t ,
..

,

'' ''

:, q,
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* ; f- ' , , ,i
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y
, t ke6
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It should be noted that this behavior (little or no reduction

in DNBR for small amount of bowing) is shown by Combustion, Engineering
...

data ~ which became available to the staff after the Westinghou.c model

was derived. The Cunbustion Engineering data is discussed in Section 2.3 ;

and the model derived from this data is shown in Figure 2.2. {
i

All manufacturers of reactor cores, including Westinghouse, * '

.rc. f..

include a factor in their initial core design to account for the '?@
ap;p

reduction in DNBR that may result from pitch reduction from fabrication
'

.

tolerances and initial rod bow. The amount of 'this pitch reduction l^
._

L -

~ F
.

factor varies with the fuel design and the analysis methods which are
,

used. For any particular core this factor is not var, led as a function
-

of burnup. j
-

In developing the. interim rod bow penalties described in this
i

report, it became apparent that the penalty should be a function of
1.

burnup since the magnitude of rod bow is a funct.' ton' of burnup.
*

h
;~However, to maintain existing thermal margins early in core life

~

when only a small amount of fuel rod bow is anticipated, the initial- f

pitch reduction factor was included until such time as the rod bow

DNBR reduction.became greater. This is represented as the straight -

horizontal line on Figure 2.1. .

' .
'

2,3 - Combustion Engineering Model
,-

' Combustion Engineering performed experiments to determine the
'

,

effect of rod bowing on DNBR which included some cases in~which the'

effect of partial bowing as well as bowing to contact was determined. |

Again, a straight line interpolation is us'ed. However, the point of !
<

zero.DNBR reduction is not at zero clearance reduction but rather, at'
'

an-intehnediate value of clearance reduction. This is shown schematically
,

'

l
*

. . ,.

.

. . .
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1

in Figure 2.2. The horizontal straight line, representing the initial ,

pitch reduction factor is included as explained previously in Section 2.2

2.4 tiodels for Babcock and Wilcox and Exxon
,

On August 17, 1975 representatives of Babcock and Wilcox hiet b
&

with the staff to discuss this problem. Babcock and Wilcox did not [
s.. . :

present any data on the effects of rod bowing on DNBR. They had "Q,

- previously presented data to the staff on the amount of bowing to be !- >

, expected in Babcock and Wilcox 15x15 fuel assemblies. Because j
;

~ Babcock and Wilcox had no data on the effect of rod bow on DNBR, the

staff applied the Westinghouse model to calculate the' e'ffect of rod
~

-
,

bowing on Di|BR for Babcock i.nd Wilcox fuel. This is acceptable since
,

the conditions of operation are nearly the same in pressurized. water !
'

'

reactors from both vendors and the fuel bundle designs are similar. ,,

The amount of fuel rod bowing as a function 'of burnup was a ,;
t

calculated using the Babcock and Wilcox 15x15 fuel bundle data. i~

!

Representatives of the Exxon Nuclear Corporation discussed the

effects of fuel rod bowing in the presence of an unheated rod on DNBR

with the staff on August 19, 1976. Exxon has not performed DNB tests I-

with bowed rods and thus has no data pertinent to this problem. The

first cycle of Exxon fuel has just been removed from H. B. Robinson j
'

and the results of measurements on the magnitude of rod bowing have

not yet been presented to the staff. The effects of fuel" rod bowing

for Exxon fuel were evaluated on a plant by plant basis as discussed ;.
I

(, in Section 4.0
s .

,

i

j-

.

-
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-\ ' 2. 5 - Apalicolion of the Rod Bow /0MBR Model-

.,

:

-Using these empirical tr.odels, the staff derived DN@R reductions

to be applied to both operating reactors and plants in the ,

Operating License review stage. The procedure in applying"

.

;

I these empirical models is as follows: c

,

.
.

3.;.1,

Step 1: Predict the clearance reduction due to rod bow as a function j|3j
.

a.,.

of burnup. An expression of the form

=a+bdBU b'-AC "-

o r..
.

*

'

is used where ;

= fractional clearance reduction due to rod bowing _

_

a,b = empirical constants obtained for a given fuel design ,

~\ BU = burnup (region average or bundle. average, depending on the '

$ ifuel designer).

Westinghouse showed'in Reference 6 that an equation of the above [. "w
.

'

N
' form fit the rod bow data from 26 fuel regions. The constant a~

,

represents the initial bow of the fuel rods due to fabrication tolerance. |
J

'

The staff has approved the above equation (Reference 8). ,

" ''

Also included in the constants a and b is a' factor of 1.2 to convert',
y'

from the cold conditions at which the measurements were made to the

hot operating conditions and 'a ~ factor of 1.645 which, when multiplied

by the standard deviation, gives an amount of bow greater than that

expected from 95% of the fuel rods with a 95% confidenc'e. ;-

Step 2:. Apply the previously discussed empirical'models_ of DNBR
'

.
. .

* .

(- reduction as a function of clearance reduction using the value of 4C/c o
.

-

calculated from step 1. .J.

!-
-

..
.

D

--.-J.---.....L-. . _ . _
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'

. Step 3: The staff has permitted the reduction in D.NDP calculated
*

.
. . ,

in step 2 to be offset by certain available thermal margins. These

may be either generic to a given fuel design or plant dependent.
,

An example of a generic thermal margin which would be used to
'

ir , y,
offsettheDNBRreductionduetorodbowisthdfactthattheDNBR [^

W
limit of 1.3d is usually greater than the value of DNBR above which fE

n
95% of the data lie with a 95% confidence. The difference betwe.en | 95'

_

1.'30 and this number may be used to offset the DNBR reduction. [ -

- .

l' E
.

For Westinghouse 15x15 fuel, the value of DNBR which is greater L.''

than 95% of the data at a 95% confidence level is 1.24 (Reference 1). [,

-

. For Westinghouse 17x17 fuel this number is 1.28 (Reference 1). A |

-( - review of the data ,used to derive these numbers shows that the use of f'x. .

three significant figures is justified. I -

| -

. .

-

An example of a plant specific thermal m'argin would be ccre flow F .

: d)"

greater than the value given in the plant Technical Specifications. "

._ .
,

. ,,

A discussion of the application of this method to Construction -
1

Permit and Operating L'icense reviews is given in Section 3.0. ,

'

_

A discussion of the application and the results of this method to

operating reactors is given in Section 4.0. The application to

reactors using Exxon fuel is also discussed in Section 4.0. [ ''

.
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[k , 3.0 Application to Plant in Constr_uction Permit And Operating

License Review Stag _e, . ;,

%

- 3.1 ' CP Apo,lications

No interim rod bow DNB penalties should be applied.to CP*

applications. The rod bow data upon which the interim limits have-
,

.M'

been based should be considered preliminary. There is sufficient time !gyg
iy

Epiiig
.

. available to review the data and assess a penalty, if any, prior to 1

~ ;;iy<

: 'the OL stage. We will advise each CP applicant of the nature of' ;
,

_

^ . interim penalties being applied to OL reviews and operating reactors. .

.

As stated above, the data used to evaluate the effects of rod ;:

bow on DNBR are preliminary. They are also incomplete. In order to -'
c a

!

, .

' assess the conservatism of the straight-line approximation and to-

7.. ~

- obtain data on-designs for which no data is now available we will .

,

require the applicant to (1) fully define the gap closure rate for
_

4

- prototypical bundles and (2) determine by an appropriate experiment [W'

, o
"~

the DNB effect that bounds the gap closure from part (1). SuchL ;-

t

requirements will be part of our.CP review effort.
-

>

.
f

~3.2 -OL Applications'
, ,

!-
' Plants which are in the operating license review stage should- [

consider a rod bow penalty.- This penalty should be as described

in Section 2.2 for Westinghouse or Section 2.3 for Combustion (
Engineering. Babcock and Wilcox plants should use the rod bow vs.

burnup curve appropriate to their fuel and the Westinghouse. curve
?

: iof DNBR reduction as a function of rod bow.
- . I<

,

([
,' l'*

-

j.

'.

p.
F
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' All' applicants may propose appropriate thermal margins (as ;-
.

#. .

'

discussed in Section 2.4) to help offset the calculated DNBR.
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' 4 . 0 ~' fynlication_ To_0peratina Reactors !

'

This section divides the operating plants into distinct '

'categories and lists them according to the fuel and/or reactor

~ manufacturer, Operating plants which cannot be so categorized (such

as plants with fuel supplied by more than one vendor) are placed in br-
IS.g

a separate category. The plants assigned to each category are #g~,|-
+ .8

listed in the appropriate subsection. "D
-

p.

- 'The conclusions reached in this section are in some cases .

, I? '
l'dependent on conditions or analysis which are valid only for- the.

.. . !-
present: fuel cycle. Hence, the FAH or DNBR reductions which are '

-

given (or the fact that no such reduction is concluded to be .
,

;~ ,

g_ *- required) is vaiid only for the present operating cycle, i{
%,

4.1 Westinghouse LOPAR Fuel

The designation LOPAR stands for low parasitic and refers-to.-

.

i y ,

the fact that the' guide tubes in the fuel . bundle are.made of Zircaloy. |'_

.
-

~ Table 4.1 gives a list of the operating-plants which fall into this
.;.

. ,,

classification.
,

.;
. TABLE'4.1: PLANTS WHICH CURRENTLY USE THE WESTINGHOUSE.LOPAR FUEL.

ASSEMBLY~~
,

~ 15 x-15- 17 x 177j
y | ,

I
'

Zion 1 Cycle 2 Trojan Cycle 1-- '

,

+ a

.

Zion'2 Cycle 1 ~ Beaver Va.lley 1-Cycle 1 ['
w. -

,

Indian Point 3 Cycle'l l'
-

., .

3
e

' Turkey Point 3 Cycle.4 :. .|..
_

.

'-(; .V i
- Turkey Point |4.. Cycle 3 i''

. ;.

Prairie Islan'd 2 Cycle 2 Y:1,
' ''

-

-F.

Prairie Island 1. Cycle 2
,

q ,,

LS ..
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TABLE 4.1 (cont.) ,

I
'

15 x 15 Bf'
' '

;. , :

Surry 1 Cycle 4 gSj
+ e

''
Surry 2 Cycle 3 $)

f_ .: ;;;
*

Kcwaunce Cycle 2 4 s.
r :.x_ . ,

.~- ..y

Point Beach 1 Cycle 5 ;, c
;t ~(.

Point Beach 2 Cycle 3 [.-'''

. ='

. ,

The-reduction in:DNBR due to fuel rod bowing is assumed to vary
j;f-

linearly,with the' reduction-in clearance between the fuel rods (or.
:\

'.
fuelt rod a'nd thimble rod) according to the model discussed in'

Section'2.2. w .,
. .y. ;:?-

' The maximum value'of DNBR' red 0ction (at contact), obtained from-

the experimental data was used to-calculate the DNBR reduction ! f' ' ''
,

<vs. ! bow forithe 15x15.LOPAR fuel. This DNBR cont'act reduction was L
-

..

adjusted for the-lower' heat flux in the 17x17 LOPAR fuel. ['
~

-

4

The clearance reduction is . conservatively assumed to be' given
~

. - . .. g..-

by the following; equation. for the 15x15 (and -14x14) fuel, Q6p.

, Q';1_

'
-

f '= a + b7Bu
r.

where i s' tiie . reduction in clearance
~

_. ,,

. ,- ( .Bu'is._the region average burnup ,

p'-

'

74 V',

and a',b -are . empirical constants fitted- to Westinghouse [
,

6:. .

y
'15x15 rod bow data

.

-
-

. ,

EG g-

@ * - ,.

~ . _ _ _ _ _ _ __ _ _ _L _ : _- - - . --
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For the 17x17 LOPAR fuel, the clearance reduction was calculated'

from the equation: ,

.

(CD) 15x15g(T/ g
( [I )

AC L,AC/Co =

15x15 17x17
i

where-L = the distance between grids
L

-I = moment of inertia of fuel roc . 7
- . ~Dk%

On December 2,1976, Westinghouse informally showed the staff new WM
fpy}

- data pertaining to the magnitude of rod bow as a function of region , p A'
~.

- average burnup in 17x17 fuel assemblies. This data show that the- ;.

o..

above correction is probably conservative and that the magnitude of [ ~ ( '.c .<
..

-fuel rod bowing in 17x17 fuel rods can better be represented by an
-

- a
_

empirical function. This review is now underway. > .

The. calculated DNBR reduction is partially offset by existinqf1 I-

N thermal margins in the core design. For the Westinghouse LOPAR fuel

|~
design some.or all of the following items were used in calculatinn i

x -

the thermal margin for the operating plants: R'

V.

. design pitch reduction--

. conservatively chosen TOC used in' design *
~

..

. . Critical heat flux correlation statistics (assumed in thermal.

analysis safety calculations) are more conservative than 7 .

. required.
-

.

. Densification power spike. factor. included although no_ longer

required -(Reference 4) . .

After. taking these factors into account, the reducti"ons in fan

'shown in Table 4.2 were found necessary. All operating plants ' listed h: -
. n- I:
% .

in Table S.1 will be required to incorporate these reductions in,
',v:

L
- FaH fnto their present operating limits. ;

~

- .
.,

'

'TDC .(tTermal diffusion coefficient) is a measure.ofzthe amount of
'

w.

mixino between ad.iac'ent:subchannels.
- . W

. . . ,

*'v=' - e&y _
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FaH REDUCTION FOR WESTINGHOUSE LOPAR FUEL !-TABLE 4.2: ! -

*n,

CYCLE- REDUCTION IN FaH (%) : .

_

.

15x15 17x17 ZION 1&2 !,.
~

V. .
IN1st Cycle

(0-15Gwd*/MTU) 0-2 ramp 0-9.5 0-6 ramp (
s
f2nd Cycle

(15-24Gwd*/MTU) 4 12. 8 b

'iN
3. . ..

1- ~ 3rd Cycle ..

L . (24-33Gwd*/MTU) 6 12 10 g;.'

MFCw -

These reductions in FAH may,be~ treated on'a region by region .y' ~ *
i

-? basis. If the~ licensee chooses, credit may be taken~for the margin ~

b..
-between the actual reactor coolant flow rate and the flow rate used in -

'
.

: safety calculations. " Credit may also be taken for a difference between >

'Y

the actual core. coolant inlet temperature a'nd th'at ass'umed in safety . 7
''

'

$g7SJ. analyses. In taking credit for coolant flow or inlet temperature margin'
~

;

~ the associated uncertainties in these quantities must be taken. into i fMM' "'
.;;,-

9 ',
e

account; p5

+-4.2z Westinahouse HIPAR and Stainless Steel Clad Fuel jf',

. .. .. V
, ~ The designation HIPAR stands for high parasitic'a'nd refers to the. ' b ,,

-

1

fact that the guide tubes in the fuel bundle are made of stainless' steel. - [-
c

-

.
.

.
LThese two fuel types, .HIPAR and Stainless Steel; clad, are grouped toge,ther . t

.

because the amount of bowing expected (and observed)'is significantly-. 'M
[M--

.less than that.in the observed Westinghouse LOPAR. fuel. The plants.- ;...
.:

_1s

which -fall. under this classification'are listed in Table 4.3.
.p[T4m

- ..

E

.i; :,

t'

.%- '
,

" ''-

. -Mwd-s. '* Gwd .

.W'= 1000- liTU"
-

J1TU
,

.
i P. , .
-

=

,? <*~
,

- :- ,- - . . .
_ c; , . y,

.
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49 .e

51.i e TABLE 4.3: IIIPAR AND STAINLESS STEEL PLANTS
;; n

Ginna Indian Point 2 -
.

4 <
. .s

San Onofre Connecticut Yankee,

The model for the reduction in DNBR due to fuel rod bowing is
s

ass'umed to be identical to that used for the LOPAR fuel. This is p -

,

acceptable'since cladding material should have no effect on CHF h
.. .. . . M:n.

(critical. heat flux) and the same DNB correlation applies to both
p$d,::y$

HIPAR and LOPAR' grids. . f m-.

.[ 'For reactors in' this category, the peak reduction in DNBR j
.. L.'

'(corresponding to 100% closure).was adjusted to correspond to the- [,1'

peak overpower heat flux of that particular reactor, , .;
._

i
~

The: amount of rod bowing for the. plants listed in Table 4'.3 7 ,

_

~-
-

4??~ -which use HIPAR'and'stpinless steel fuel, was' calculated by means.of f;/
' ~

fDr
an' adjustment to the 15x15 LOPAR formula. This' adjustment took the '

,

"

(form of the ratio ,g. . ~

'- . .gz,
_

.

,amo'unt of bow for assembly- type = (L/IE) assy type:
_

1E
, . :'

' amount-of. bow for LOPAR fuel- "-
(L/IE) ,LOPAR 1

.:

kF6T
I

where 'L'is the; span-length'between. grids.
~

>
,

-

,
.. . .

. .

^ l is ~ the moment of inertia of the fuel rod ~- y, ,

E. is Dthe | modulus -of_ elasticity of' the fuel rod - 7

cladding . [- '.,

- :_
,

"
: Ginna t i, Cycle .6'

'

.. . . .. . L . J:-''

"
,

The' Ginna Lp'lant;is fueled with <121| fuel assemblies. Two of- these- ?,b
4;;; c ,

.

The remainder.are . Af ' ~'are Exx'on assemblies,;and two'are B&W/ assemblies.
.

. , . .

n * m-

'

~

1,

.
-

. Westinghouse HIPAR fuel | assemblies.- 1The, experimental value~of DNBR : -[, - . .

u' sw .;"- ,.

ireduction was adjusted foriheat; flux.and pressure from'peakLexperimenta.1 j'v. e
-

gt;:g y- y,

; -
,

3 to actual . plant.' conditions; Ginna took credit -for thrdthermal margins. "Q" -

-

,

- .=
_ . .

.

; - aduejto pitch re' duction', design.vs.: analysis values of TDC 'and
~ '

,
-.

'

,

^

| | ,

' ';v

k 3:. in y+ -+= - -

_ _ L- -- ;
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'

i i
~ fuel densification power spike. These thernal margins offset the [

calculated DNBR' reduction so that no reduction in FoH is required. ;
.,

T', .

San'Onofro Cycle 5
'

San Onofre is fueled with 157 bundles of 15x15 stainless steel i.
p . .

clad fuel. An FaH of 1.55 was' used in thermal , design and in the PCE-

.p<

Technical Speci.fications. To offset the reduction in FaH due to rod i J
sv

bowing ~ San Onofre has proposed taking credit for margin available.'from @gg
m.,

.

the assumed worst case axial power distribution used in the thermai Uj_-

M+nh
:

E'

: analysis for. San Onofre and that which would be possible during -

-

f, W* .operation. This . proposal"is now being reviewed by the staff.'
,

'I

.-1 Indian. Point 2_. Cycle 2 ~ Ic vi
., ; o

Indian Point 2 is fueled with HIPAR fuel bundles. The experimental- fs

d.e . . .

t 'value of DNBR reduction'was adjusted for heat flux and pressure to = :.
, ,

,

!;
~ '', .

~ Indian Point Unit 2 had ther' mal margin.to:actual plant conditions.-
.

,3.

'

: offset this DNBR' reduction in pitch.reductiong design'vs. analysis gg- .

g .

Lv'alues 'of;TDC, fuel densification power spike and a value of. FaH off {}'"
:

..
. .. .

-

J' 11165-.used in the design (vs.11.55 in theLTech Spec). :Therefore, no S ',
-q.

F J
1 . reduction'of FaH.is. required for~ Indian Point Unit 2.

-

Connecticut-Yankee- Cycle 7|
~

3 ^

-

..
.

. ~ . _ -3 : ''

F
-

Connecticut < Yankee;is | fueled with 157 stainless steeliclad fuel' t :
-

' -e
. assemblies. The CNBR reduction at contact was assumed to' be that,

-

.
.

. , as _

~

usedLfor.theWestingh6use-LOPAR115~x15 fuel.
No'adjustmentwas- p

a}

, . Imade forfheat flux.-. Thejalue of pressure:was- adjusted tolthe overpr6ssuri..h,
,

:
'

.

itrip set' point value:of'2300Lpsi. ' Full. closure (will|not'occurjinj
.

* ' '

.-
~

, +7 _

stainless st' eel fuel out:to the' design burnup.
~ -

,

3h o .

Connecticut 1 Yankee hasisufficient thermal 'marginsin variable
.

- w. .
_

4
.

'1
-

.A

foyerpressure and! overpower. trip; set points to accommodate th'e
-

'~

[
' .e .m

- . .

..,

hc'alculated~ DNBR: reduction. : Thereforejno. penalty is. required.
.

% [' ' . . - a. . . , , + .g.

., , ,

,jy
.

,

Wm ,

,.y ,, , c- . . . .. .
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: f- 4.3 Babcock and Wilcox 15x15
A

The reactors listed in Table 4.4 are fueled with B&W fuel. j
1

*TABLE 4.4: REACTOR USING B&W FUEL .

Oconee 1 Cycle 3 '

Oconee 2 Cycle 2 ,

i; ,

Oconee 3 Cycle 1 Fu
kn

, . Rancho Seco [
.g : -

Three Mile Island 1 Cycle 2 M(i
>

~ ~

_
Arkansas 1 Cycle 1 [.

.

Babcock and Wilcox met with the staff on September 8, 1975 and f.' N
presented data on the amount of rod bow in B&W fuel. The staff

'..

' - derived a model for B&W 15x15 fuel based on this dats. This model
-

,

<: has the forin: -

. ( _ ~. _

X
AC. .= a + bi Bu
Co

.

' f:where AC is the fractional ~ amount of closure V
.

'

-Co y --"

- Bu .is the bundle average-burnup.

and a,b are empirical constants fitted to B&W data
-

The reduction in.DNBR due 'to fuel .. rod bowing is' assumed to vary
~~

' linearly with the ' reduction'in clearance between the fuel rods (or fuel. j:~
'

rod and thimble rod) but can never be : lower than that due to the. pitch

reduction factor used in thermal' analysis,'as explained in Section 2.2. .!
h

*
.

'

' Babcock and Wilcox claimed and the staff approved credit for- qo
.

.

,

'

.the followin'g thermal margins:
'"

. Flow Area (Pitch) reduction..

-
.

$> . Available Vent Valve' credit .

N '

. Densification Powerf pike removal-S
~'

.

. Excess-Flow over that used in safety analyses ,

- -
..- ,.than; licensed power used for plant safety analyses

-

.

:. Higher
- ..,, , -

, . .,..;
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Based on this review and the thermal margins presented by E&W i

to offset the new Westinghouse data, Rancho Seco is the only plant '' ,
for which a reduction in DNBR is required. Table 5 gives the values

'for the reduction of DNBR required at this time. [,

..

.xW:/
. :,

. ;
?f .

TABLE 5: DNBR REDUCTIONS FOR B&W PLANTS ;-g
.

DNBR Reduction.

Burnup
-gC,,

'

Rancho Seco .

'- ,

.- Gwd
" ~

0 -.

Cycle 1 (0-15 MTU )
Gwd2: 1.6%

j.

1~ Cycle 2 (15-24.14TU ) :b*~ . ' 't

3%
_ _ . - _

Cycle 3 (24-33 HT3 ) 'a-

.-
.

.,a
f.',i?

' Plans-must be submitted to the staff to establish how these
-

?
-

reductions .in DNBR will be accommo' dated. (--

.

t-

! '.'4 - Combustion'Engineerina 14x14_4

Engineering has presented data.to the staff on-the
[i

"

Combustion

amount of. rod bowing as a function. of burnup. |(Reference 5) ' The staff,
p

1

,
'

~1
used this data'to derive the following~ model for CE 14x14 fuel (Reference 7

I',,'

, :
a+ -b d>- 'AC

-
.;= w

Co. 7M
. AC/Co = fraction of closure for CE fuel: .

- .

,
-

j ' ,'
' Bu;is'the bundle. average burnup p

-

and a,b are empirical. constants fitted to CE data-
. .

,

,c .

l

"
.i
r,

. .

.

:-

- I
, .

.m -,.-L._,----... , . ~ , - . - -- . .,- =

. p, ~ - g- - .']
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.

CE was given credit for thermal margin due to a multiplier of:
.

1.065 on the hot channel enthalpy rise used to account for pitch
'

reduction due to manufacturing tolerances. Table 4.6 presents the i

required reduction in DNBR using the model described above, after
,

accounting for this thermal margin. Table 4.7 is a list of the
..

,

$sJ
.-reactors to which it applies.

%
A:licensie planning to operate at a burn'un greater than 24000' ?,h ji,

Mwd /MTU should present to the staff an acceptable method of
.

p$0Ttf5 "'"
*

i :

[ accommodating the thermal margin reduction shom in Table 4.6. 'q.

.

This may be done as part ofz the reload submittal if this burnup ['

will not be obtained during the current cycle.
_

~

~
*

-- TABLE .4.6: EFFECT OF ROD BOWING ON DNBR IN REACTORS WITH COMBUSTION
.

;jy . ENGINEERING 14x14 FUEL

REDUC' TION IN DNBR' I~

' BURNUP'

Cycle 1 (0-15 MTU ) 0. ".Gwd '

. V .iGwd 0
'

- Cycle 12 (15-24 RTG) :

'- -

N
.

. Cycle 3 (24-33 Gwd ) 3% #

- MTU

TABLE 4.7: PLANTS FUELED BY CE FUEL TO WHICH VALUES OF TABLE- F
4.6 APPLY

|-
.

St. Lucie 1 - Cycle 1 - .

.
Ft. Calhoun Cycle 3- -

.
.

~ Millstone 2' : Cycle 2_ ['

' 4' . Maine Yan*xce Cycle 2 fW '- .

7 %qq i ''
_

Calvert Cliffs 1 Cycle 1~

-'

~

$
.* ,

$ 1 y .; 6 -

bh , -[;

.y_ -p.

- ,,
,p
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I T4.5 Plants Fueled Partially With Exxon Fuel
'

Palisades, H. B. Robinson, Yankee Rowe and D. C. Cook are partially

fueled with Exxon fuel. A discussion of these reactors follows: .s

Palisades Cycle 2

The Palisades reactor for Cycle 2 is fueled with 136 Exxon fuel
~

assemblies and 68 Combustion Engineering fuel assemblies. 1y;
x . -av

The Combustion Engineering fuel was treated according to the ilji.fij
g&ysh

-

.

j. Combustion Engineering model for both extent of rod bow as a function-
'

' of burnup and DNBR reduction due to clearance reduction.
m

,--
'y, ,

'

. . f.

-_
The Exxon fuel was assumed to bow to the same extent as the

-

Combustion Engineering fuel. This assumption is acceptable since

the Exxon fuel has a thicker cladding and other design features
'

which should render ,the amount of bowing no greater than in the

Combustion Engineering fuel, ;. ,

The DNBR reduction was assumed to be linea'r with clearance- ;
. p

reduction according to the Westinghouse type curve of Figure 2.1,
'

. The DNBR reduction at contact was based on the Westinghouse experimental ~
'

data adjusted for'the peak rod. average' heat flux in Palisades

and for the coolant pressure in Paltsades. . : . .

The variation of the DNBR reduction-with coolant pressure is given '

in Reference 1. The DNBR reduction decreases as the coolant pressure

decreases. The ovsrpressure trip set point.in Palisaces is set at 1950- [
'

t
' psi.7 At this pressure, according- to the data presented th Reference 1,- [-

,
-

. !
"

^ the penalty is greatly reduced compared to the penalty at high [a
;-pressures. .

7 3

k,

.: ,.

I
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|
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The limiting anticipated transient in the Palisades reactor ;

-(c'

.

,

% results in a DNBR of 1.36. The thennal nargin between this value !

I

and the DNBR limit of 1.3 results in adequate thermal margin to !

t~.

offset the rod bow penalty.

Yankee Rowe Cycle 12 ,

'

Yankee Rowe is fueled with 40 Exxon fuel assemblies and 36 Gulf
. % ?.",

United Nuclear Corporation fuel assemblies, The fuel assemblies 4N
. | [

consist of 16x16 Zircaloy clad fuel rods. 77
. y

'The reduction in DNBR due to fuel rod bowing was assumed to vary
-

,.

~ i

linearly with the reduction in clearance between fuel rods, The peak p/
- f:

fexperimental conditions used'in the Westinghouse test were used-to '
I(

...

_

'fix the penalty at full closure, The calculated reduction in DNBR [
;

is still less than that which would-produce a DNBR less than 1,3 for i

i

.
the most limiting anticipated transient (two pump.out of four pump loss-

of-fl ow) . Thus, no penalty is required. u..

H. B, Robinson Cycle 5-

:H. B. Robinson is fueled with.105 Westinghouse fuel . assemblies - -#
,

- ~

and 52 Exxon Nuclear Corporation fuel assemblies. The Westinghouse
,

c.

15x15 DNBR penalty model was applied' to the 1lestinghouse fuel with a,
.

correction for the actual' heat flux rather than the peak experimental

values. The. Exxon fuel was considered to bow to the same extent as- g

'the Westinghouse 15x15 fuel so'that the' Westinghouse bow vs.;bu'rnup. -

1 3-

equation was also applied to the Exxon fuel.- This assumption..is. ,

.
w

L conservative since'the Exxon fuel has a thicker cladding and other p ,

y

, _

design . features which should render the amiunt of bowing no greater [: ' ' .'t-
, '

, f- than in the Westinghouse fuel. - ,

The DNBR reduction calculated by this method was offset by the p-

' fact'that- the worst anticipated . transient. for H. B.. Robinson .results |~
. y.

'in a DNBR of-1.68. .

,
-
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L
- D. C. Cook _ . Cycle 2

D.'C. Cook contains 128 Westinghouse fuel assemblies'and 65 Exxon .

fuel assemblies. The limiting transient for D, C. Cook is the Loss

of Flow (4 pump coastdown) which has a minimum DNBR of 2.01. This !

value of DNBR is'sufficiently-high to accommodate the rod bow penalty [[ ,
Osc '

for Cycle 2 without reducing the DNBR below the safety limit value M M.. .
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