
._ __ s _ _ - -_

,-_.
.

s _..

"

ENCLOSURE 1.

.

: . O'
'

.

|-

i

i

il

]
INTERIM SAFETY EVALUATION REPORT

; ON EFFECTS OF FUEL ROD BOWII4G

i ON THERMAL MARGIN CALCULATIONS _

1

FOR LIGHT WATER REACTORS

(REVISION I)

! February 16, 1977

.

i ;

I' I
4 |

! '

1

i

,

O

sons szogg7
_

.- . . - . ._- . - - - _ _ :



'- -

.- ..
,

.

CONTEriTS, ,

.

1.0 Introduction

, ,

2.0 DNBR Reduction bue to Rod Bow

3.0 Application To Plants In The Const.uction Permit And Operating

License Review Stage

4.0 Application To Operating Reactors

5.0 References

.

.



<,
.- m.

,

.

-

1.0 i n. 4 o<hsci is

0.1ta have recently been pre ented (lbferen:e 1) to the stafr .-thh.h

show that previously devel.vad methods for accounting for the effect

of tu l rod bowing on dopseture fma nucleate boiling in a pressurized

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

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

experimental verification of these data is in progress. However

an interim measu.e is required pending a fina'l decision on the

validity of thes,e new data.

The staff has evaluated the impact of these data on the

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
thermal analysis methods used to predict the coolant conditions

for both normal operation and anticipated transients. As a result

of these evaluations t;.c staff has concluded that in some cases

sufficient thermal margin does not now exist. In these cases,

additiondi thermal margin will be required to assure, with hioh I

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

occur during anticipated transients. This report discusses how these

conclusions were reached and identifies the amount of additional
,

1

margin required.
1

The models and the required DNBR reductions which result

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

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

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

The required Dt2R reductions will be revised as more data become

available.
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2.0 DNBR Reduction Due To Rod Bow

2.1 Gackground,

In 1973 Westinghouse Electric presented to the s aff the results

of experiments in which a 4x4 bundle of electrically heated fuel

rods was tested to determine the effect of fuel rod bowing to contact

on the thermal margin (.DNBR reduction) (Reference 2), The tests were

done at conditions representative of PWR coolant conditions, The

results of these experiments showed that, for the highest power

density at the highest coolant pressure expected .in a Westinghouse

reactor,the DNBR reduction due to heated rods bowed to contact was

approximately 8"..
,

Fuel bundle coolant mixing and heat transfer computer programs

such as COBRA IIIC and THINC-IV were able to accurately predict the results

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

i.e., the DNBR reduction at contact,there was confidence that the

DNBR reduction due to partial bow, that is, bow to less than

contact could also be correctly predicted.

On August 9,1976 Westinghouse met with the staff to discuss ;

further experiments with the same configuration of fuel bundle (4x4)

using electrically heated rods. However, for this set of experiments

one of the center 4 fuel rods was replaced by an unheated tube of the

same size as a Westinghouse thimble tube. This new test configuration |

was tested over the same range of power, flow and pressure as the

earlier tests. However, with the unheated, larger diameter rod the

reduction in Dt:BR was much larger than in the earlier (1973) tests.
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2.2 Model Based on Westinghnuse Data

As stated in Section 2.1, data were presented by Westinghouse
,

for the DNBR reduction at full contact and with no bow. No data at

partial gap closure were present.d. Westinghouse proposed, and the

staff accepted, a straight line interpolation between these two points

as shown in Figure 2.1.

This approach is conservative if the DNBR reduction does not

increase more rapidly than the straight line reduction shown in
.

Figure 2.1. Although the data for DNBR reduction due to rod bcwing

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
,

in Figure 2.1. According to this curved line, the DNBR would be

reduced gradually for small amounts of bow. As the fuel rods (or fuel

rod and unheated rod) become close enough so that there is an inter-

action, the DNBR would decrease more rapidly. No physical mechanism

has been postulated which would lead to sudden large decreases in the

DNBR for small or moderate gap closures. Thus, the straight line

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

Experience with critical heat flux tests also supports 3he

assumption of a small reduction ,in DNBR for small amounts of fuel

rod . bow 1..g . Experimental measurements of critical heat flux done

on test assemblies always have some amount of rod bowing. This may

be due simply to fabrication tolerances or to electromagnetic

attraction forces set up between electrically resistance heated

rods which simulate fuel rods.
.

*



, s.

,

,

-7-
. . .

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 Models for Babcock and Wilcnx and Exxon

On August 17, 1975 representatives of Babcock and Wilcox inet

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

present any data on the eifccts of rod bowing on DNBR. They had

previously presented data to the staff on the amount of bowing to be

expected in Babcock g d Wilcox 15x15 fuel assemblies. Because

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

staff applied the Westinghouse model to calculate the effect of rod

bowing on DNBR for Babcock and 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

calculated esing the Babcock and Wilcox 15x15 fuel bundle data.

Representatives of the Exxon Nuclear Corporation discussed the

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

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

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

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

in Section 4.0~

F
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Step 3: The staff has permitted the reduction in DNBP. 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

offset the DNBR reduction due to rod bow is thd fact that the DNBR

limit of 1.30 is usually greater than the va'1.r of DNBR above which

95% of the data lie with a 95% confidence. The difference between

1.30 and this number m'ay be used to offset the DNBR reduction.

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

inan 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

three significant figures is justified.

An example of a plant specific thermal margin would be core flow
~

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

A discussion of the application of this method to Construction

Permit and Operating License 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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All applicants may propose appropriate thermal margins (as

discussed in Section 2.4) to help offset the calculated DNBR

reduction. .
.
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TABLE 4.1 (cont.)

15 x 15
.

Surry 1 Cycle 4

Surry 2 Cycle 3

Xcwaunce Cycle 2

Point Beach 1 Cycle 5'

Poir t Beach 2 Cycle 3

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 rod and thimble rod) according to the model discussed in

Section 2.2.

The maximum value of DNBR reduction (at contact), obtained from

!the experimental data was used to calculate the DNBR reduction

vs. bow for the 15x15 LOPAR fuel. This DNBR contact reduction was

adjusted for the lower heat flux in the 17x17 LOPAR fuel.

The clearance reduction is conservatively assumed to be given

by the following equation for the 15x15 (and 14x14) fuel,

h = a+bb
where is ti.e reduction in clearance

Bu is the region average burnup

and a,b are empirical constants fitted to Westinghouse

15x15 rod bow data .

.
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TABLE 4.2: FaH REDUCTION FOR WESTINGHOUSE LOPAR FUEL

CYCLE REDUCTION IN FaH ( ". )

15x15 17x17 ZION l&2

1st Cycle
(0-15Gwd*/MTU) 0-2 ramp 0-9.5 0-6 ramp

2nd Cycle
(15-24 Gwd*/MTU) 4 12 8

3rd Cycle
(24-33 Gwd*/MTU) 6 12 10

These reductions in FaH may be treated on'a region by region

basis. If the licensee chooses,. credit may be taken for the margin

between the actual reactor coolant flow rate and the flow rate used in

safety calculations. Credit may also be taken for a difference between

the actual core coolant inlet temperature and that assumed in safety

analyses. In taking credit for coolant flow or inlet temperature margin,

the associated uncertainties in these quantities must be taken into

account.

4.2 Westinghouse HIPAR and Stainless Steel Clad Fuel

The designation HIPAR stands for high parasitic and refers to the

fact that the guide tubes in the fuel bundle are made of stainless steel.

These two fuel types, HIPAR and Stainless Steel clad, are grouped toge,ther

because the amount of bowing expected (and observed) is significantly

less than that in the observed Westinghouse LOPAR fuel. The plants

which fall under this classification are listed in Table 4.3. 1

.

* Gwd Mwd
- 1000 ;[gNTO

_
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fuel densification power spike. These thernal margins offset the

calculated DNBR reduction so that no reduction 'n FaH is required.

San Onofro Cycle 5

San Onofre is fueled with 157 bundles of 15x15 stainless steel

clad fuel. An FAH of 1.55 was used in thermal , design and in the

Technical Specifications. To offset the reduction in FaH due to rod

bowing San Onofre has proposed taking credit for margin available from

the assumed worst case axial power distribution used in the thermal

analysis for San Onofre and that which would be possible during

operation. This proposal is now being reviewed by the staff.

Indian Point 2_ Cycle 2

Indian Point 2 is fueled with HIPAR fuel bundles. The experimental

value of DNBR reduction was adjusted for heat flux and pressure to

actual plant conditions. Indian Point Unit 2 had themal margin to

offset this DNBR reduction in pitch reduction, design vs. analysis

values of TDC, fuel densification power spike and a value of FaH of

1.65 used in the design (vs.1.55 in the Tech Spec). Therefore, no

reduction of FaH is required for Indian Point Unit 2.

Connecticut Yankee- Cycle 7

Connecticut Yankee is fueled with 157 stainless steel clad fuel

The DNBR reduction at contact was assumed to be thatassemblies.

used for the Westinghouse LOPAR 15x15 fuel.
No adjustment was

The value of pressure was adjusted to the overpressurmade for heat flux.

trip set point value of 2300 psi. Full clesure will not occur in

stainless steel fuel out to the design burnup.

Connecticut Yankee has sufficient thermal margin in variable . !

i

overpressure and overpower trip set points to accomodate the
;

|

|

calculated DNBR reduction.
Therefore no penalty is required.

.

.
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Based on this review and the thermal margins presented by B&W

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.

/

TABLE 5: DNBR REDUCTIONS FOR B&W PLANTS

DNBR ReductionBurnup

Rancho Seco

Gwd
Cycle 1 (0-15 MTU ) 0

Gwd
Cycle 2 (15-24 HYU ) 1.6%

Gwd
Cycle 3 (24-33 gjii ) 3%

Plans must be submitted to the staff to establish how these

reductions in DN3R will be accommodated.

4.4 Combustion Engineerino 14x14

Combustion Engineering has presented data .to the staff on the

amount of rod bowing as a function of burnup. (Reference 5) The staff

used this data to derive the following model for CE 14x14 fuel (Reference 7)

a+ b5$ '

Co

aC/Co = fraction of closure for CE fuel
Bu is the bundle average burnup

and a,b are empirical constants fitted to CE data .

e

m
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4.5 Plants Fueled Partially With Exxon Fuel

Palisadas, H. B. Robinson, Yankee Rowe and D. C. Cook are partially

fueled with Exxon fuel. A discussion of these reactors follows:
,

Palisades Cycle 2

The Palisades reactor for Cycle 2 is fueled with 136 Exxon fuel

assemblies and 68 Combustion Engineering fuel assemblies.

The Combustion Engineering fuel was treated according to the

Combustinn Engineering model for both extent of rod bow as a function

of burnup and DNBR reduction due to clearance reduction.

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 linear with clearance

reduction according to the Westinghouse type curve of Figure 2,1,

The DNSR 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 overpressure trip set point in Palisades is set at 1950

psi. At this pressure, according to the data presented in Reference 1,

the penalty is greatly reduced compared to the penalty at high
pressures. -

.
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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

Thisof Flow (4 pump coastdown) which has a minimum DNBR of 2,01.

value of DNBR is sufficiently high to acconnodate the rod bow penalty
,

for Cycle 2 without reducing the DNBR below the safety limit value
:

of 1.3.

-
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FIGURE 2.1
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ENCLOSURE 2
'

, POWER D1STRIBUTION LIMITS _

NUCLFSR ENTHALPY HOT CHANNEL FACTOR - F g

i

LIMITING CONDITION FOR OPERATION |

|

3.2.3 F shall be limited by the following relationship: -

H

\

F gi * [1.0 + 0.2 (1-P)] for o to 15,000 lo.o/M':U. burnup fuel

(1 , x (1 + 0.2 (1-P)) for 15,000 to 24,000 Fr.!D/MTU. hurnu,p fuel*

kH 1 * x (1 + 0.2 (1-P)) for greater than 24,000 MWD /MTU.j
burnup fuci,

I

where P = THERMAL POWER
RATED THETWAL POWER

Bu = FUEL REGION AVERAGE BURNUP IN MWD /MTU .

APPLICABILITY: MODE 1

ACTION:

With F exceeding its limit: .

g

a. Reduce THERFAL POWia to less than 50% of RATED THER.ML POWER
within 2 hours and reduce the Pcwer Range Neutron Flux-High
Trip Setpoints to 1 55% of RATED THEFyAL POWER within the next
4 hours,

,

b. Demonstratethruin-coremappingthatFfu is within its limit
within 24 hours after exceeding the limTt or reduce THETtGL
POWER to less than 5% of RATED THET0'AL POWER within the next 2
hours, and

c. Identify and correct the cause of the out of limit condition
prior to increasing THETetAL POWER above the reduced limit re-
quired by a or b, above; subsequent POWER OPERATION may pro-

ceed provided that F"! at a nominal 50% of RATED THEPJ'AL POWERis demonstrated through in-core ma:: ping
tobewithinitslimi
prior to exceeding this THEFJ!AL POWER, at a nominal 75% of
RATED THEPPAL PCUER prior to exceeding this THE?etAL power and
within 24 hours after attaining 95% or greater RATED THETe'AL
POWER.

See attached Table hh*

.
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POWER DISTRfBUTTON LIMITS
. .. .

BASES

3/4.2.2 and 3/4.2.3 HEAT FLUX AND NUCLEAR ENTHAlpY HOT CHANNEL FACTORS-

F (Z) and F0 g

The limits on heat flux and nuclear enthalpy hot channel factors
ensure that 1) the design limits on peak local power density and minimum
DNBR are not exceeded and 2) in the event of a LOCA the peak fuel clad
temperature will not exceed the 2200*F ECCS acceptance criteria limit.

Each of these hot channel factors are measurable but will normally
only be determined periodically as specified in Specifications 4.2.2 and
4.2.3. This periodic surveillance is sufficient to insure that the hot
channel factor limits are maintained provided:

a. Control rod in a single group move together with no individual
rod insertion differing by more than + 12 steps from the group

,

demand position.

b. Control rod groups are sequenced with overlapping groups as
describedinSpecification(3.1.3.5).

The control rod insertion limits of Specifications (3.1.3.5)c.
and(3.1.3.6)aremaintained.

d. The axial power distribution, expressed in terms of AXIAL FLUX
DIFFERENCE, is maintained within the limits.

NThe relaxation in F as a function of THERMAL POWER allows changes
Nin the radial power shape for all permissible rod insertion limits. Fm

will be maintained within its limits provided conditions a thru d above,
are maintained. .

When an F measurement is taken, both experimental error and man-
ufacturing to19rance must be allowed for. 5" is the appropriate allowance
for a full core map taken with the incore detector flux mapping system
and 3" is the appropriate allowance for manufacturing ' tolerance.

N
When F is measured, experimental error must be allowed for and 4".

is the appr5hriate allowance for a full core map taken with the incore
g

detection system. The specified limit for F,g also contains an 8",
allogance for uncertainties which mean that normal operation will result
in F 1.55/1.08. The 8" allowance is based on the following
consi$e<ations:r

B 3/4 2-4

-_
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POWER DISTRIBUTION LIMITS
, , .

BASES

abnormal perturbations in ghe radial power shape, such as froma. more dirt:ct.ly than F ,rod misalignment, effect Fg q

although rod movement has a direct influence upon limiting Fto within its limit, such control is not readily available thb.

limit Fh, and
errors in prediction for control power shape detected duringc. bygestrict-startup physics tests can be comoensated for in Fn
ing axial flux distributions. This compensation for Fg is
1ess readily available.<

A recent evaluation of CNB test data from experiments of fuel rod
bowing in subchannels containing thimble cells has identified that it
is appropriate to impose a penalty factor to the accident analyses
DNBR results. This evaluation has not been completed, but in order to
assure that this effect is accomodated in a conservative manner, an
interim thimble cell rod bow penalty as a function of fuel burnup, is
a plied to the measured values of the enthalpy rise hot channel' factor,
F H.

2/4.2.4 OUADRANT POWER TILT RATIO

The quadrant power tilt ratio limit assures that the radial power .

distribution satisfies the design values used in the power capability I

analysis. Radial power distribution measurements are made during |
startup testing and periodically during power operation.

The limit of 1.02 at which corrective-action is required provides
DNB and linear heat generation rate protection with x-y plane power
tilts. A limiting tilt of 1.025 can be tolerated before the margin for
uncertainty in Fn is depleted. The limit of 1.02 was selected to
provide an allowXnce for the uncertainty associated with the indicated
power tilt.

The two hour time allowance for operation with a tilt condition
greater than 1.02 but less than 1.09 is provided to allow identification
and correction of a dropped or misaligned rod. In the event such action

is rein-does not correct the tilt, the margin for uncertainty on Fg
stated by reducing the power by 3 percent for each percent of tilt in
excess of 1.0.

|

B 3/4 2-5 - |
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F REDUCTIGN TABLE :g

15 x 15 17 x 17 ZION 1/2

0
1.55 (1

0
) 1.55 (1 - j 5000 MWD /MTU) 1.55 (1 - gg) 0 - 15 GWD/MTU-gj

1.49 1.36 1.43 15 - 24 GWD/MTU

1.46 1.36 1.39 24 - 33 GWD/MTU

GWO MWD'

HTU " I # MTil

I
*

,

1


