
MAR 25 1977 

Dodet tMs. 50-2 Csf 7 

uke Power Qompany 
ATT; Mr. iian II. Parkr, Jr 

Vice President, Steam 
Production 

Post Office SoX 2178 
422 South Church Street 
Charlotte, L'orth Carolina 28242 

Gettleyen: 

RE: OCOrNEE hUCLEAR STATIO1, UilTS O0S. 1, 2Y0  

0n August 5, 1976, Uestinrhouse Electric Cnr crr tion presented data to 
the .NRC staff which showted that nrnviously eve.loped methods for Accounting 
for the effoct of fuel rod bowin' on dona ure from nucleate boiling may 
not contain adequate ther.al margii h0 -f tud rods (such as thimble 
tubes)ar present. 'He- have evaluated the i5t of the Vostinosc data 
on all operattg pressurized twater renctors (PtR's). M-odels for treating 
4he effects of fuel rod bowi q in thermal -hydratlic perfomance have been 
drived for all PNR's. Th models are based o Uie propensity of tht 
inaividual feet designs to !ow md On the therisal analysis maethods used 
to predict the coolant cdditfia fo. both normal operation and tw-ticipated 
transi nts.  

The staff has reviewed the extent of .rod oVing viich rs Ihcoc& 
filcox (-2M) fuel. Pased on ths review, an equation as derived for 

the clearance redtuctlon between fuel rods due to fueV red bIng as a 
function of burnup: 

AC= + b 

phered is the fractional amtaount of closure 
to 

Bu is the bhuqfl average burnup, and ab are Lampirical constants 
'fitted to BMrtd bow data..  

The reduction in departure from, mucclete boiling ratio (IM88) due to fuel rod bqing Is assumed to vary Itelirly ith the rution en clearance 
betweezn th fuel rods (or ftel rod and thirble rod) but can never he lower 
Oran that cue to the nitch rduction factor- used in the thcrjil anysi s.  
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Babcock At 0icox Cj iwMd ane the staff Droved credit for the folowf 
thermal rgin 

IFlrw Are (Pitch) reduction 

AvailabeVent Valve credit 

Pe fitatiow Power pi rem 

Excess Flow over thet used i, Safety &zSeS 

higher than rlented power ute4 for Pint Sa fety an ays4s.  

3ased Op this Yeview and the themal marqins oresentd: p. Sbabcock & Ilcox 
to offset the new sti oudata, t no reductior1 I 0,81 is required 
for your factly at thIs Mi.Additional. Tformatior. on this review 
procedora, as wall as ioro extemsive backgrowid jfomatlon concerning -rod 
bow, are containkd in the eNvcloure to thi; letter.  

eca;use. future changes in the thermal margin credits which 681 has claimed 
for your facility may require cmsrensrate changes in the TNhBR Penalty 
you are requested to. submit, withid 3Q dys < t lIst of the credits applickle 
to yoar faclity for future refernee on your docket, 

y . cideerely, 

fgrtinal signed by 

A. Schwencer, Chief 
Operating Reactors 1ranchot.  
i~ision of Cper'atino Reactor& 
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

V% 4 March 25, 1977 

Docket Nos. 50-269/270/287 

Duke Power Company 
ATTN: Mr. William 0. Parker, Jr.  

Vice President, Steam 
Production 

Post Office Box 2178 
422 South Church Street 
.Charlotte, North Carolina 28242 

-Pentlemen: 

RE: OCONEE NUCLEAR STATION, UNITS NOS. 1, 2 AND 3 

On August 9, 1976, Westinghouse Electric Corporation presented 
data to 

the NRC staff which showed that previously developed methods for accounting 

for the effect of fuel rod bowing on departure from nucleate boiling may 

not contain adequate thermal margin when unheated rods (such as thimble 

tubes) are present. We have evaluated the impact of the Westinghouse data 

on all operating pressurized water reactors (PWR's). Models for treating 

the effects of fuel rod bowing on thermal-hydraulic performance have been 

derived for all PWR's. The 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.  

The staff has reviewed the extent of rod bowing which occurs 
with Babcock & 

Wilcox (B&W) fuel. Based on this review, an equation was derived for 

the clearance reduction between fuel rods due to fuel rod bowing as a 

function of burnup: 

AC= a + b vS 
Co 

where AC is the fractional amount of closure 
Co 

Bu is the bundle average burnup, and a,b are empirical constants 

fitted to B&W rod bow data.  

The reduction in departure from nucleate boiling ratio (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) but can never be lower 

than that due to the pitch reduction factor used in the-thermal analysis.
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'Babcock & Wilcox claimed and the staff approved credit for the following 
thermal margins: 

Flow Area (Pitch) reduction 

Available Vent Valve credit 

Densification Power Spike removal 

Excess Flow over that used in safety analyses 

Higher than licensed power used for plant safety analyses 

Based on this review and the thermal margins presented by Babcock & Wilcox 

to offset the new Westinghouse rod bow data, no reduction in DNBR is required 

for your facility at this time. Additional information on this review 

procedure, as well as more extensive background information concerning rod 

bow, are contained in the enclosure to this letter.  

Because future changes in the thermal margin credits which B&W has claimed 

for your facility may require commensurate changes in the DNBR penalty, 

you are requested to submit, within 30 days, a list of the credits applicable 

to your facility for future reference on your docket.  

Sincerely, 

A. Schwencer, Chief 
Operating Reactors Branch #1 
Division of Operating Reactors 

Enclosure: 
Interim SER on Effects of 

Fuel Rod Bowing on Thermal 
Margin Calculations for 
Light Water Reactors 

cc w/enclosures: See next page
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cc: Mr. William L. Porter 
Duke Power Company 
P. 0. Box 2178 
422 South Church Street 
Charlotte, North Carolina 28242 

Mr. Troy B. Conner 
Conner & Knotts 
1747 Pennsylvania Avenue, W. W.  
Washington, D. C. 20006 

Oconee Public Library 
201 South Spring Street 
Walhalla, South Carolina 29691



ENCLOSURE 1 

INTERIM SAFETY EVALUATION REPORT 

ON EFFECTS OF FUEL ROD BOWING 

ON THERMAL MARGIN CALCULATIONS 

FOR LIGHT WATER REACTORS 

(REVISION I) 

February 16, 1977
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Data have recent ly been presen ted (Referen:: 1) to the stafF wh 

show that previously- develo',d methods for accountinq For the effect 

of fuir 1 rod bowing on d('pi-rtiue froi nucleate boiling iii a pressorized 

water reactor (PWR) may not contain adequate thermal margin wh6n 

unheated rods, such as instrument tubes, are present. Further 

experimental verification of these data is in progress. However 

an interim measure is required pending a fina'l decision on the 

validity of these 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 the staff has concluded that in some cases 

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

additional thermal margin will be required to assure, with hiah 

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 

margin required.  

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 DNBR reductions will be revised as more data become 

available.
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The staff review of the amount and consequences of fuel rod 

bowing in a boiling water reactor is> now underway. At present no 

conclusions have been reached. When this review reaches a stage 

where either an interim or final conclusion can be reached, the 

results of this review will be published in a separate safety 

evaluation report.  

It should be noted that throughout the remainder of this 

report, all discussion and conclusions apply only to pressurized 

water reactors.



2.0 1NBR Reduction Due To Rod Bow 

2.1 Background 

In 1973 Westinghouse Electric presented to the staff the results 

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

rods was tested to determine the effect of fud1 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 IIC 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 Auaust 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 We'stinghouse thimble tube. This new test configuration 

was tested over theI s ame range 'of power, flow and pressure as the 

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

reduction in DNBR was much larger than in the earlier (1973) tests.
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Thk data consisted of points corresponding to no intentional 

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

cannot be prevented) and to contact. No data were taken at 

partial clearance reductions between rods.  

The staff attempted to calculate the Westinghouse results with 

the COBRA ILIC computer code but could not obtain agreement with 

the new data. Westinghouse was also unable to obtain agreement 

between their experimental results and the THINCIV computer code.  

On August 19, 1976 CE presented results of similar experiments 

to the staff. These tests were performed using a 21 rod bundle of 

electrically heated rods and an unheated guide tube. Results were 

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

of partial bowing.  

Both sets of data (Westinghouse and CE) showed similar effects 

due to variations in coolant conditions. For both cases, the DNBR 

reduction became greater as the coolant pressure and the rod power 

increased.  

Because both sets of data showed that plant thermal margins 

might be less than those intended, the staff derived an interim 

model to conservatively predict the DNBR reduction. Since the 

data with unheated rods could not be predicted by existing analytical 

methods, empirical models were derived. These models give the 

reduction in DNBR as a function of the clearance reduction between 

adjacent fuel .rods. Two .such models were derived, one based on 

the Westinghouse data and one based on the CE data.
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2.2 Model Based on Westinghouse Data 

As stated in Section 2.1, data were presented by Westinghouse 

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

partial gap closure were presented. 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 bowing 

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 the 

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

rod bowing. 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.
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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 Westinghoupe model 

was derived. The Combustion Engineering data is discussed in Section 2.3 

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

All manufacturers of reactor cores, including Westinghouse, 

include a factor in their initial core design to account for the 

reduction in DNBR that may result from pitch reduction from fabrication 

tolerances and initial rod bow. The amount of this pitch reduction 

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

used. For any particular core this factor is not varied as a function 

of burnup.  

In developing the interim rod bow penalties described in this 

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

burnup since the magnitude of rod bow is a function of burnup.  

However, to maintain existing thermal margins early in core life 

when only a Small amount of fuel rod bow is anticipated, the initial 

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 DN8R which included some cases in which the 

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

Again, a straight line interpolatih is used. However, the point of 

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

an intermediate value of clearance reduction. This is shown schematically
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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 Wilcox and Exxon 

On August 17, 1975 representatives of Babcock and Wilcox met 

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

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

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

expected in Babcock 4Wd Wilcox 15xl5 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 using 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 DNBR 

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 

in7Section 4.0
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2.5 Application of the Rod Bow/DNBR Model 

Using these empirical models, the staff derived DNBR reductions 

to be applied to both operating reactors and plants in the 

Operating License review stage. The procedure in applying 

these empirical models is as follows: 

Step 1: Predict the clearance reduction due to rod bow as a function 

of burnup. An expression of the form 

AC 

Co abF 

is used where 

- = fractional clearance reduction due to rod bowing 
C o 

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

BU = burnup (region average or bundle average, depending on the 

fuel designer).  

Westinghouse showed in Reference 6 that an equation of the above 

form fit the rod bow data from 26 fuel regions. The constan.t a 

represents the initial bow of the fuel rods dueto fabrication tolerance.  

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 

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% confidence.  

Step 2: Apply the previously discussed empirical models of DNBR 

reduction as a function of clearance reduction using the value of AC/co 

calculated from step 1.
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Step 3: The staff has permitted the reduction in DNP 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 th fact that the DNBR 

limit of 1.30 is usually greater than the value of DNBR above which 

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

1.30 and this number May be used to offset the DNBR reduction.  

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

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

For Westinghouse 17x17 fuel this number ts 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 Specificationsi.  

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.



3.0 Application to Plant in Construction Permit And Operating 

License Review Staqe 

3.1 CP Applications 

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

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

been based should be considered preliminary. There is sufficient time 

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

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 

assess the conservatism of the straight line approximation and to 

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

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

prototypical bundles and (2) determine by an appropriate experiment 

the DNB effect that bounds the gap closure from part (1). Such 

requirements will be part of our CP review effort.  

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 

of DNBR reduction as a function of rod bow.



All applicants may propose. appropriate thermal margins (as 

discussed in Section 2.4) to help offset the calculated DNBR 

reduction.  

II
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4.0 Aunflication To Operatim Reactors 

This section divides the. operating plants into distinct 

catb'jories 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 

a separate category. The plants assigned to each category are 

listed in the appropriate subsection.  

The conclusions reached in this section are in some cases 

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 bei 

required) is valid only for the present operating cycle.  

4.1 Westinghouse LOPAR Fuel 

The designation LOPAR stands for low parasitic and refers to 

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 17 

Zion 1 Cycle 2 Trojan Cycle 1 

Zion 2 Cycle 1 Beaver Valley 1 Cycle 1 

Indian Point 3 Cycle 1 

Turkey Point 3 Cycle 4 

Turkey Point 4 Cycle 3 

Prairie Island 2 Cycle 2 

Prairi Island 1 Cycle 2
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TABLE 4.1 (cont.  

15 x 15 

Surry 1 Cycle 4 

Surry 2 Cycle 3 

Kewaunee Cycle 2 

Point Beach 1 Cycle 5 

Point 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 l5xlS (and 14x14) fuel, 

= a+b7B Co 

where AC is the reduction in clearance 
Co 

Bu is the region average burnup 

and a,b are empirical constants fitted to Westinghouse 

15x15 rod bow data
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For the 17x17 LOPAR fuel, the clearance reduction was calculated 

from the equation: 

AC/Co = (AC) X(TL I to 15x15 ( X 
15x15 L17x17.  

where L = the distance between grids 

I = moment of inertia of fuel rod 

On December 2, 1976, Westinghouse informally showed the staff new 

data pertaining to the magnitude of rod bow as a function of region 

average burnup in 17x17 fuel assemblies. This data show that the 

above correction is probably conservative and that the magnitude of 

fuel rod bowing in 17x17 fuel rods can better be represented by an 

empirical function. This review is now underway.  

The calculated DNBR reduction is partially offset by existinq 

thermal margins in the core design. For the Westinghouse LOPAR fuel 

design some or all of the followinq items were used in calculatina 

the thermal margin for the operating plants: 

. disign pitch reduction 

. consevatively chosenTDC used in design* 

S'Critical, heat flux correlation statistics (assumed in thermal 

analysis safety calculations) are more conservative than 

required.  

..Densification power-spike factor included although no longer 

required (Reference 4) 

After taking these factors into account, the reductions in FAH 

shown in Table 4.2 were found necessary. All operating plants listed 

in Table 4.1 will be required to incorporate these reductions in 

FAH into their present operating limits.  

~TDCTTermal diffusion coefficient) is a measure of the amount of 

mixina betwoon adjacent subcHanntls.
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TABLE 4.2: FAH REDUCTION FOR WESTINGHOUSE LOPAR FUEL 

CYCLE REDUCTION IN FH (%) 

15x15 17x17 ZION 1&2 

1st Cycle 
(0-15 Gwd*/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 inFAH 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 together 

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

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

which fall under this classification are listed in Table 4.3.  

* Gwd Mwd 
U 1000 MTU



TABLE 4.3: HIPAR AND STAINLESS STEEL.PLANTS 

Ginna I Indian Point 2.  

San Onofre Connecticut Yankee 

The model fbr- the reduction in DNBR due, to fuel rod- bowing is 

assumed to be identical to that used for the LOPAR fuel. This is 

acceptable since: cladding material should have no effect on CHF 

(critical hea.t flux) and the. same DNB correlation applies to both 

HIPAR and LOPAR grids.  

For reactors in this category, the peak reduction in DNBR 

(corres.ponding to TOO%. closure) was adjusted to correspond to the 

peak overpower heat flux of that parti-cular- reactor.  

The amount. of rod bowing for the. pTants- lisited in Table 4.3 

which use- HIPAR and stainless steel fuel, was calculated by means: of 

an adjustment to the: 15x15 LOPAR formula. This: adj-ustment took the 

form of the ratio 

amount of bow for assemblyype = L/I.E) assy type 
amount of bow for LOPAR fuel . L/IET LOPAR 

where. L is the span Tength between grids 

I. is the moment.of inertia of the-fuel rod 

E is the- modulus- of elasticity of the- fuel rod 
cladding 

Ginna Cycle. 6 

The Ginna plant i's- fueTed wi-th 121 fuel" assemblies.. Two of these 

are. Exxon assemblies, and two are B&W assemblies. The remainder are 

Westinghouse HIPAR fuel assemblies. The experimental value of DNBR 

reduction was adjusted for heat flux and pressure from peak experimental 

to actual p.1ant. conditi.ons.. Ginna took credit. for the thermal margins 

due to pitch reduction,. design vs. analysts values of TDC and
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fuel densification power spike. These thermal margins offset the 

calculated DNBR reduction so that no reduction in 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 iesign 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 thermal 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 

assemblies. The DNBR reduction at contact was 
assumed to be that 

used for the Westinghouse LOPAR 
15xl5 fuel. No adjustment was 

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

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

stainless steel fuel out to the design burnup.  

Connecticut Yankee has sufficient 
thermal margin in variable 

overpressure and overpower trip set points to accommodate 
the 

calculated DNBR reduction. Therefore no penalty is required.
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4.3 Babcock and Wilcox 15x15 

The reactors listed in Table 4.4 are fueled with B&W fuel.  

TABLE 4.4: REACTOR USING B&W FUEL 

Oconee 1 Cycle 3 

Oconee 2 Cycle 2 

Oconee 3 Cycle 1 

Rancho Seco 

Three Mile Island 1 Cycle 2 

Arkansas 1 Cycle 1 

Babcock and Wilcox met with the staff on September 8, 1975 and 

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 data. This model 

has the form: 

AC a+bbtjB 
Co 

where is the fractional amount of closure 
Co 

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 

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.  

Babcock and Wilcox claimed and the staff approved credit for 

the following thermal margins: 

. Flow Area (Pitch) reduction 

. Available Vent Valve credit 

Densification Power Spike removal 

. Excess Flow over that used in safety analyses 

. Higher than licensed power used for plant safety analyses



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 

Burnup DNBR Reduction 

Rancho Seco 

Gwd 
Cycle 1 (0-15 NTU ) 0 

Gwd Gwd 1.6% 
Cycle 2 (15-24 MTU 

Gwd 
Cycle 3 (24-33 MfU3 

Plans must be submitted to the staff to establish how these 

reductions in DNBR will be accommodated.  

4.4 Combustion Engineering 141x4 

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) 

AC = a + b .  

AC/CO - fraction of closure for CE fuel 

Bu is the bundle average burnup 

and a,b are empirical constants 
fitted to CE data
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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 

required reduction in DN8R using the model described above, after 

accounting for this thermal margin. Table 4.7 is a list of the 

reactors to which it applies.  

A licensee planning to operate at a burnup greater than 24000 

Mwd/MTU should present to the staff an acceptable method of 

accommodating the thermal margin reduction showl in Table 4.6.  

This may be done as part of 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 

ENGINEERING 14x14 FUEL 

BURNUP REDUCTION IN DNBR 

Gwd 0 
Cycle 1 (0-15 Mp. 0 

Cycle 2 (15-24 Gwd) 0 

Cycle 3 (24-33 Gwd) 3% 

TABLE 4.7; PLANTS FUELED BY CE FUEL TO WHICH VALUES OF TABLE 
4.6 APPLY 

St. Lucie 1 Cycle 1 

Ft. Calhoun Cycle 3 

Millstone 2 Cycle 2 

Maine Yankee Cycle 2 

Calvert Cliffs 1 Cycle 1
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4.5 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: 

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 

Combustion 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 reductton was assumed to be linear with clearance 

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 Palisades.  

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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The limiting anticipated transient in the Palisades reactor 

results in a DNBR of 1.36. The thermal margin between this value 

and the DNBR limit of 1.3 results in adequate thermal margin 
to 

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 

consist of 16x16 Zircaloy clad fuel rods.  

The reduction in DNBR due to fuel rod bowing was assumed to vary 

linearly with the reduction in clearance between fuel rods, The peak 

experimental conditions used in the Westinghouse test were used to 

fix the penalty at full closure. The calculated reduction in DNBR 

is still less than that which would produce a DNBR less than l..3 for 

the most limiting anticipated transient (two pump out of four pump 
loss

of-flow). Thus, no penalty is required.  

H. B, Robinson Cycle 5 

H, B, Robinson is fueled with 105 Westinghouse fuel assemblies 

and 52 .Exxon Nuclear Corporation fuel assemblies, The Westinghouse 

15x15 DNBR penalty model was applied to the Westinghouse 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 

the Westinghouse 15x15 fuel so that the Westinghouse bow vs. burnup 

equation was also applied to the Exxon fuel. This assumption i-s 

conservative since the Exxon fuel has a thicker cladding and other 

design features which should render the amount of bowing no greater 

than in the Westinghouse fuel..  

The DNBR reduction calculated.by-.this method was offset by the 

fact that the worst anticipated transient for H. B. Robinson results 

in a DNBR of 1.68.
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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 

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

value of DN8R is sufficiently high to accommodate the rod 
bow penalty 

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

of 1.3.
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FIGURE 2.2 
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ENCLOSURE 2 
POWER DISTRIBUTION LIMITS 

NUCLEAR ENTHALPY HOT CHANNEL FACTOR - FNH 

LIMITING CONDITION FOR OPERATION 

3.2.3 FHN shall be limited by the following relationship: 
AH 

FN < * [1.0 + 0.2 (1-P)] for 0 to 15,000 MWD/MTUo burnup fuel 
AH 

FA < * x (1 + 0.2(1-P)) for 15,000 to 24,000 MWD/MTUO burnup fuel 

IN < * x (1 + 0.2(1-P)) for greater than 24,000 MWD/MTU.  
burnup fuel 

where P =THERMAL POWER 
RATED THERMAL POWER 

Bu = FUEL REGION AVERAGE BURNUP IN MWD/MTU 

APPLICABILITY: MODE 1 

ACTION: 

With FN exceeding its limit: 

a. Reduce THERMAL POWER to less than 50% of RATED THERMAL POWER 
within 2 hours and reduce the Power Range Neutron Flux-High 
Trip Setpoints to < 55% of RATED THERMIAL POWER within the next 
4 hours, 

b. Demonstrate thru in-core mapping that FN is within its limit 
within 24 hours after exceeding the liml or reduce THERMAL 
POWER to less than 5% of RATED THERMAL POWER within the next 2 
hours, and 

c. Identify and correct the cause of the out of limit condition 
prior to increasing THERMAL POWER above the reduced limit re
quired by a or b, above; subsequent POWER OPERATION may pro
ceed provided that F is demonstrated through in-core mapping 
to be within its limit at a nominal 50% of RATED THERMAL POWER 
prior to exceeding this THERMAL POWER, at a nominal 75% of 
RATED THERMAL POWER prior to exceeding this THERMAL power and 
within 24 hours after attaining 95% or greater RATED THERMAL 
POWER.  

* See attached Table 
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POWER DISTRIBUTION LIMITS 

BASES 

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

F (Z and F AH 

The limits on heat flux dnd 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
0F 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 sinTgle 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 
described in Specification (3.1.3.5).  

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

d. The axial power distribution, expressed in terms of AXIAL FLUX 

DIFFERENCE, is maintained within the limits.  

The relaxation in FN as a function of THERMAL POWER allows chanpes 
in the radial power shap Hfor all permissible rod insertion limits. F 

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 tolrance 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.  

When FN is measured, experimental error must be allowed for and 4% 

is the appr8priate allowance for a full coreNmap taken with the incore 
detection system. The specified limit for F also contains an 8% 
allo ance for uncertainties which mean that ornal operation will result 
in F < 1.55/1.08. The 8% allowance is based on the following 
cons erations: 
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POWER DISTRIBUTION ITS 

BASES 

a. abnormal perturbations in hhe radial power shape, such as from 

rod misalignment, effect F H more directly than FQV 

b. although rod movement has a direct influence upon limiting F 

to within its limit, such control is not readily available t 

limit FNH, and 

C. errors in prediction for control power shape detected during 

startup physics tests can be compensated for in F by restrict

ing axial flux distributions. This compensation ?or FAH is 
less readily available.  

A recent evaluation of DNB 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 accommodated 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, 

3/4.2.4 QUADRANT POWER TILT RATIO 

The quadrant power tilt ratio limit assures that the radial power 

distribution satisfies the design values used in the power capability 

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 F is depleted. The limit of 1.02 was selected to 

provide an allow~nce 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 

does not correct the tilt, the margin for uncertainty on F is 
rein

stated by reducing the power by 3 percent for each percent of tilt 
in 

excess of 1.0.  
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F REDUCTION TABLE AH 

15 x 15 17 x 17 ZION 1/2 

0.02 Bu 1.55 .095 Bu 0.060 - 15 GWD/MTU 
1.5 1 - 1 0IWD/MTU) 1.55 (1- 15000 MWD/MTU) 1.55 15000 MWDMTU 

1.49 1.36 1.43 15 - 24 GWD/MTU 

1.46 1.36 1.39 24 - 33 GWD/MTU 

GWD 1000 MWD 
MTU MTU




