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Gentlemen: 

The Commission hasilssued the enclosed Amendments Nos. 30 and 29 to 

Facility Operating Licenses Nos. DPR-32 and DPR-37 for the Surry Power 

Station, Units Nos. 1 and 2, respectively. These amendments consist 

of changes to the Technical Specifications for each license in response 

to your application dated September 27, 1976, as supplemented 

October 29, 1976, and as discussed with your staff on January 13 

and March 4, 1977.  

These amendments relate to revised enthalpy rise hot channel factor 

(FAH) Technical Specifications for Surry Units Nos. 1 and 2 to 

account for new fuel rod bow information.  

B cause future changes in the erma margi redits hich tingh e 

h ai to odfset hDNB rud n asreatedtorow ena ty 

fo or a Ity yre irec Sur chanes n e BR n ty, 

yo are que ed provi a list of all credi appli le to ur 

facility.

Copies of the Safety Evaluation and 
also enclosed.

Enclosures: 
1. Amendment Nos. 30 & 29 
2. Safety Evaluation 
3. Federal Register Notice 

cc w/enclosures:

the Federal Register Notice are 

Sincerely, 

Original segned bYT 

Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors
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Virginia Electric & Power Company 

cc w/enclosure(s): 
Michael W. Maupin, Esq.  
Hunton, Williams, Gay & Gibson 
P. 0. Box 1535 
Richmond, Virginia 23213 

.A

Swern Library 
College of William & Mary 
Williamsburg, Virginia 23185 

Mr. Sherlock Holmes, Chairman 
Board of Supervisors of Surry County 
Surry County Courthouse 
Surry, Virginia 23683 

Chief, Energy Systems 
Analyses Branch (AW-459) 
Office of Radiation Programs 
U. S. Environmental Protection Agency 
Room 645, East Tower 
401 M Street, S.W.  
Washington, D.C. 20460 

U. S. Environmental Protection Agency 
Region III Office 
ATTN: EIS COORDINATOR.  
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'Commonwealth of Virginia 
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C,- & UN I TED STATES 

% NUCLEAR REGULATORY COMMISSION 

< 0 oWASHINGTON. D. C. 20555 

VIRGINIA ELECTRIC & POWER COMPANY 

DOCKET NO. 50-280 

SURRY POWER STATION UNIT NO. 1 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No. 30 
License No. DPR-32 

1. The Nuclear Regulatory Commission (the Commission) has found that: 

A. The application for amendment by Virginia Electric & 

Power Company (the licensee) dated September 27, 1976, 

as supplemented October 29, 1976, complies with the 

standards and requirements of the Atomic Energy Act of 

1954, as amended (the Act), and the Commission's rules 

and regulations set forth in 10 CFR Chapter I; 

B. The facility will operate In conformity with the application, 
the provisions of the Act, and the rules and regulations of 
the Commission; 

C. There is reasonable assurance (i) that the activities authorized 

by this amendment can be conducted without endangering the health 

and safety of the public, and (ii) that such activities will be 

conducted in compliance with the Commission's regulations; 

D. The issuance of this amendment will not be inimical to the common 

defense and security or to the health and safety of the public; 
and 

E. The issuance of this amendment Is in accordance with 10 CfR Part 

51 of the Commission's regulations and all applicable requirements 

have been satisfied.
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2. Accordingly, the license is amended by changes to the Technical 
Specifications as indicated in the attachment to this license 
amendment, and paragraph 3.B of Facility Operating License 
No. DPR-32 is hereby amended to read as follows: 

B. Technical Specifications 

The Technical Specifications contained in Appendix A, as 
revised through Amendment No. 30 , are hereby incorporated 
in the license. The licensee shall operate the facility 
in accordance with the Technical Specifications.  

3. This license amendment is effective as of the date of its issuance.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: March 22, 1977



ATTACHMENT TO LICENSE AMENDMENT NO. 30 

FACILITY OPERATING LICENSE NO. DPR-32 

DOCKET NO. 50-280 

Revise the Technical Specifications as follows: 

Remove Pages Insert Pages 

2.1-4 2.1-4 

3.12-4 3.12-4 

3.12-15 3.12-15 

- 3.12-16a 

Fig. 3.12-9 Fig. 3.12-9 

4.10-1 4.10-1 

4.10-2 4.10-2 

5.3-2 5.3-2 

Changes on the revised pages are shown by marginal lines.



than the loci of points of thermal power, coolant system average temperature, 

and coolant system pressure for which either the DNB ratio is equal to 1.30 or 

the average enthalpy at the exit of the core is equal to the saturation 

value. At low pressures or high temperatures the average enthalpy at the 

exit of the core reaches saturation before the DKB ratio reaches 1.30 and, 

thus, this arbitrary limit is conservative with respect to maintaining clad 

integrity. The plant conditions required to violate these limits are precluded 

by the protection system and the self-actuated safety valves on the steam 

generator. Upper limits of 70% power for loop stop valves open and 75% with 

loop stop valves closed are shown to completely bound the area where clad 

integrity is assured. These latter limits are arbitrary but cannot be reached 

due to the Permissive 8 protection system setpoint which will trip the reactor 

on high nuclear flux when only two reactor coolant pumps are in service.  

Operation with natural circulation or with only one loop in service is not 

allowed since the plant is not designed for continuous operation with less 

than two loops in service.  

TS Figures 2.1-1 through 2.1-3 are based on a F of 1.55, a 1.55 cosine axial 

flux shape and a DNB analysis as described in Section 4.3 of the report Fuel 

Densification Surry Power Station, Unit 1 dated December 6, 1972 (including 

the effects of fuel densification). They are also valid for the following 

N 
limit of the enthalphy rise hot channel factor: F j' - 1.55 (1 + 0.2 (1-P)) x T(BU) 

where P is fraction of rated power and T(BU) is the interim thimble cell rod 

bow penalty on FR. given in TS Figure 3.12-9.  

These hot channel factors are higher than those calculated at full power over 

the range between that of all control rod assemblies fully withdrawn to

Amendment No. 30

•.S2.1-4



STS 3.12-4

FQ(Z) < (2.00/P) x K(Z) for P > .5 

FQ(Z) .. (4.00) x K(Z) for P4 5 

F'... 1.55 (1 + 0.2(l - P)) x T(BU) 

where P is the fraction of rated power at which the core is 

operating, K(Z) is the function given in Figure 3.12-8, Z is the 

core height location of FQ, and T(BU) is the interim thimble cel: 

rod bow penalty on FH given in TS Figure 3.12-9.  

2. Prior to exceeding 75% power following each core loading, and 

during each effective full power month of operation thereafter, 

.power distribution maps usi-Ag the movable detector system, shall 

be made to confirm that the hot channel factor limits of this 

specification are satisfied. For the purpose of this confirma

tion: 

a. The measurement of total peaking factor. rnas shall be

I

increased by three percent to account for manufacturing 

tolerances and further increased by five percent to account 

for measurement error, and the measurement of enthalpy 

rise hot channel factor, F H, shall be increased by four per

cent to account for measurement error. If either measured 

hot channel factor exceeds its limit specified under 3.12.B.1, 

the reactor power and high neutron flux trip setpoint shall be 

reduced until the limits under 3.12.B.1 are met. If the hot 

channel factors cannot be brought to within the limits FQ<L 

2.00 x K(Z) and FAH<. 1.55 x T(BU) within 24 hours, the Over

power AT and Overtemperature AT trip setpoints shall be simi

liarly reduced.

Amendment No. ;' d.X 30
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When an FQ measurement is taken, both experimental error and manufacturing 

tolerance must be allowed for. Five percent is the appropriate allowance 

fo, a full core map (> 40 thimbles monitored) taken with the movable incore 

detector flux mapping system and three percent is the appropriate allowance 

for manufacturing tolerances.  

7m the specified limit of FjH there is an eight percent allowance for uncertain

ties which means that normal operation of the core is expected to result in FLH 

< 1.55(1 + 0.2(1-P)) x T(BU)/l.08 where T(BU) is the interim thimble cell rod bow 

penalty on FA given in TS Figure 3.12-9. The logic behind the larger uncertainty 

in this case is that (a) normal perturbations in the radial power shape (e.g.  
N 

rod misalignment) affect FAR , in most cases without necessarily affecting F 

(b) the operator has a direct influence on FQ through movement of rods, 

and can limit it to the desired value, he has no direct control over 

" and (c) an error in the predictions for radial power shape, which 
AH 

may be detected during startup physics tests can be compensated for the 

7 by tighter axial control, but compensation for FN is taken, experi

mental error must be allowed for and four percent is the appropriate 

allowance for a full core map Q 40 thimbles monitored) taken with the 

movable incore detector flux mapping system.  

Measurement of the hot channel factors is required as part of startup 

physics tests, during each effective full power month of operation, and 

whenever abnormal power distribution conditions require a redudtion of 

core power to a level based on measured hot channel factors. The incore 

map taken following core loading provides confirmation of the basic nuclear 

design bases including proper fuel loading patterns. The periodic Incore 

mapping provides additional assurance that the nuclear design bases remain 

Inviolate and Identify operational anomalies which would, otherwise, affect 

these bases.  
Amendment No. 21< 30



TS 3.12-16a

A recent evaluation of DNB test data from experiments of fuel rod bowing 

in 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 for 

15 x 15 fuel, T(BU), is applied to the measured values of the enthalpy 

rise hot channel factor, FIN. It is anticipated that the values of this 

penalty will change after the evaluation of the test data has been com

pleted.  

Amendment No. 30



a"Jastm 0001) aruims BoV~ym Nolon

01 0

::- :: . .:; :: ;.:-; !' :: r :: := .:': :: 'i::: !: "° i".. ..... .. ":-.... . .' .. .... . ..." -" .... -. '' •. ' .  

~~~~~~~~~~~~~~~~~~~~. ... ' , .. . .i. . .;. ' . .. : ." • .: ' .; .' .: . ".: .: .." .: .: : .' :.: ".: .; .: .:: ; :, 

• ii~iI .-.... .... .•i:•[: .. {!:•~ iiii i~ •i.•. .. i.. . . F.:!.: !i :• ; : .:- .... ..  
": ' : " " ! ' ": I I• • •.• .. T .•`•..... . F ̀ ......... .• •! F .. .. .` ..•.• -....-..  

... ... ... , :, ,; .. : ,,- :- : . ::• , .. .... . ... .-... -.- --.. .. ..... ..!:- .t .1. ,-:. - : ---: •,- t- - : . .  
-.• --:--t ... ... f,-.L .:.,.... . .... .. [" , .t..• ., -. ...... .. .. .... ,:, .....  

- .. �.- ........ ... .  

" :r.:~~~~~~ .• ...- ..--.- ".: .:' ",". ::":'• ...: .7 .. ...' .: .. .: . ... . . ..-. .•.  
....- ... ..  

• :: .. .... --- - :-- .... -" .... :.. .. .. ... ............' : :; - " : :: -' : : ":: " ' : : ' ": ' 
.....-. '" . . ., :.. ... :. ,! _• ['" l-" '" ; !. "'•' •" : .. : . •-::: :::."; . .. ."::: . ..... : .  

-- . .. •. .. . ! ... .. . . : . :. .. -- -," . ... .. • ... . .. . .- . ... . .: : . . . . . . : . ; .  

.-:-~~~~~~~~~~~~~ .'.''' ....- ....: •' ':1:"''::: :' ;£ - . . ,=.r .. .... ,... A, .. ...... : .:: 

' ... ... .. •"..  

~~~~~~~~~~~. ..... ... .... .... .... -. ...:. .] :- : - - : : . .  
V. --.- :: ..... ,...-:..'.•L:• •;' .... •: ".... ;_'''•'' 

i-.:•~ ~. ...": : .... ":... . . :: ::. " :.  . .. ... .. .  

--. -. .- . ' .- F. ... .- , ' _- , ... ..... .. • .. .- '- ' 

• " - } . . .. " .. ... ": "" :.... .... :-- :• .: - .' 
•~~ ~~~~~ ~~ ~ "'+!:!#:' .-- :[P''P~::!:':!:,:i•l':

e-isc avfOur I &

0

6"0

-9

9Wa0

LOw 

00"1I

4k



- TS 4.10-1

4.10 REACTIVITY ANOMALIES 

Applicability 

Applies to potential reactivity anomalies.  

Objective 

To require evaluation of applicable reactivity anomalies within the reactor.  

Specification 

A. Following a normalization of the computed boron concentration as a 

function of burnup, the actual boron concentration of the coolant shall 

be compared monthly with the predicted value. If the difference between 

the observed and predicted steady-state concentrations reaches the 

equivalent of one percent in reactivity, an evaluation as to the cause 

of the discrepancy shall be made and reported to the Nuclear Regulatory 

Commission per Section 6.6 of these Specifications..  

B. During periods of power operation at greater than 10% of power, the hot 

channel factors, FQ and a shall be determined during each effective 

full power month of operation using data from limited core maps. If 

these factors exceed values of 

FQ(Z).S (2.00/P) x K(Z) for P ) .5 

FQ(Z) ! (4.00) x K(Z) for PS .5 

• 1.55 (1 + 0.2 (1 - P)) x T(BU) 

Amendment No. 30



4.10-2

(where P is the fraction of rated power at which the core is operating, K(Z) 

is the function given in TS Figure 3.12-8, Z is the core height location of 
S~N 

FQ, and T(BU) is the interim thimble cell rod bow penalty on FAH given in TS 

Figure 3.12-9), an evaluation as to the cause of the anomaly shall be made.  

Basis 

BORON CONCENTRATION 

To eliminate possible errors in the calculations of the initial reactivity of 

the core and the reactivity depletion rate, the predicted relation between fuel 

burnup and the boron concentration necessary to maintain adequate control characteristics, 

=1st be adjusted (normalized) to accurately reflect actual core conditions. When full 

power is reach initially, and with the control rod assembly groups in the desired 

positions, the boron concentration is measured and the predicted curve is adjusted 

to this point. As power operation proceeds, the measured boron concentration is compared 

with the predicted concentration, and the slope of the curve relating burnup and reactivit, 

is compared with that predicted. This process of normalization should be completed 

after about 102 of the total core burnup. Thereafter, actual boron concentration 

can be compared with prediction, and the reactivity status of the core can be 

continuously evaluated. Any reactivity anomaly greater than 1% would be un

expected, and its occurrence would be thoroughly investigated and evaluated.  

The value of 1% is considered a safe limit since a shutdown margin of at least 

1Z with the most reactive control rod assembly in the fully withdrawn position is 

always maintained.

Amendment No. 30



TS 5.3-2

3. Reload fuel will be similar in design to the initial core. The enrichment 

of reload fuel will not exceed 3.60 weight percent of U-235.  

4. Burnable poison rods are incorporated in the initial core. There are 816 

poison rods in the form of 12 rod clusters, which are located in vacant 

control rod assembly guide thimbles. The burnable poison rods consist of 

pyrex clad with stainless steel.  

5. There are 48 full-length control rod assemblies and 5 part-length control 

rod assemblies in the reactor core. The full-length control rod assemblies 

contain a 144-inch length of silver-indium-cadmium alloy clad with stain

less steel. The part-length control rod assemblies contain a 36-inch 

length of silver-indium-cadmium alloy with the remainder of the stainless 

steel sheath filled with A12 03 .  

6. Surry Unit 1, Cycle 4, Surry Unit 2, Cycle 3, and subsequent cores will 

meet the following criteria at all times during the operating lifetime.  

a. Hot channel factors: 

FQ(Z) < (2.00/P) x K(Z) for P > 0.5 

FQ(Z),< (4.00) x K(Z) for P5S 0.5 

O:S 1.55 (1 + 0.2(l-P)) x TCBU) 

wbere P is the fraction of rated power at which the core is operating, 

K(Z) is the function given in TS Figure 3.12-8, Z is the core height 

of Tq, and T(BU) is the interim thimble cell rod bow penalty on FAH 

given in TS Figure 3.12-9.  

Amendment No. h, 30



UNITED STATES 
A -NUCLEAR REGULATORY COMMISSION 

S•' :WASHINGTON, 0. C. 20555 

VIRGINIA ELECTRIC & POWER COMPANY 

DOCKET NO. 50-281 

SURRY POWER STATION UNIT NO. 2 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No. 29 
License No. DPR-37 

1. The Nuclear Regulatory Commission (the Commission) has found that: 

A. The application for amendment by Virginia Electric & 
Power Company (the licensee) dated September 27, 1976, 
as supplemented October 29, 1976, complies with the 
standards and requirements of the Atomic Energy Act of 
1954, as amended (the Act), and the Commission's rules 
and regulations set forth in 10 CFR Chapter I; 

B. The facility will operate in conformity with the application, 
the provisions of the Act, and the rules and regulations of 
the Commission; 

C. There is reasonable assurance (i) that the activities authorized 
by this amendment can be conducted without endangering the health 
and safety of the public, and (ii) that such activities will be 
conducted in compliance with the Commission's regulations; 

D. The issuance of this amendment will not be inimical to the common 
defense and security or to the health and safety of the public; 
and 

E. The issuance of this amendment is in accordance with 10 CPR Part 
51 of the Commission's regulations and all applicable requirements 
have been satisfied.
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2. Accordingly, the license is amended by changes to the Technical 
Specifications as indicated in the attachment to this license 
amendment, and paragraph 3.B. of Facility Operating License 
No. DPR-37 is hereby amended to read as follows: 

B. Technical Specifications 

The Technical Specifications contained in Appendix A, as 
revised through Amendment No. 29 , are hereby incorporated 
in the license. The licensee shall operate the facility 
in accordance with the Technical Specifications.  

3. This license amendment is effective as of the date of its issuance.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: March 22, 1977



ATTACHMENT TO LICENSE AMENDMENT NO. 29 

FACILITY OPERATING LICENSE NO. DPR-37 

DOCKET NO. 50-281 

Revise the Technical Specifications as follows: 

Remove Pages Insert Pages 

2.1-4 2.1-4 

3.12-4 3.12-4 

3.12-15 3.12-15 

- 3.12-16a 

Fig. 3.12-9 Fig. 3.12-9 

4.10-1 4.10-1 

4.10-2 4.10-2 

5.3-2 5.3-2 

Changes on the revised pages are shown by marginal lines.



--ts 2.1-4

than the loci of points of thermal power, coolant system average temperature, 

and coolant system pressure for which either the DN3 ratio is equal to 1.30 or 

the average enthalpy at the exit of the core is equal to the saturation 

value. At low pressures or high temperatures the average enthalpy at the 

exit of the core reaches saturation before the DNB ratio reaches 1.30 and, 

thus, this arbitrary limit is conservative with respect to maintaining clad 

integrity. The plant conditions required to violate these limits are precluded 

by the protection system and the self-actuated safety valves on the steam 

generator. Upper limits of 70% power for loop stop valves open and 75% with 

loop stop valves closed are shown to completely bound the area where clad 

integrity is assured. These latter limits are arbitrary but cannot be reached 

due to the Permissive 8 protection system setpoint which will trip the reactor 

on high nuclear flux when only two reactor coolant pumps are in service.  

Operation with natural circulation or with only one loop in service is not 

allowed since the plant is not designed for continuous operation with less 

than two loops in service.  

TS Figures 2.1-1 through 2.1-3 are based on a FP of 1.55, a 1.55 cosine axial 

flux shape and a DNB analysis as described in Section 4.3 of the report Fuel 

Densification Surry Power Station, Unit 1 dated December 6, 1972 (including 

the effects of fuel densification). They are also valid for the following 

limit of the enthalphy rise hot channel factor: F. - .1.55 (1 + 0.2 (l-P)) x T(BU) 

where P is fraction of rated power and T(BU) is the Interim thimble cell rod 

bow penalty on F, given in TS Figure 3.12-9.  

These hot channel factors are higher than those calculated at full power over 

the range between that of all control rod assemblies fully withdrawn to

Amendment No. 29



TS 3.12-4

FQ(Z)_ (2.00/P) x K,(Z) for P > .5 

FQ(Z) < (4.00) x K(Z) for P.<.5 

1.55 (1 + 0.2(1 - P)) x T(BU) 

where P is the fraction of rated power at which the core is 

operating, K(Z) is the function given in Figure 3.12-8, Z is the 

core height location of FQ, and T(BUl) is the interim thimble cel 

rod bow penalty on FH given in TS Figure 3.12-9.  

2. Prior to exceeding 75% power following each core loading, and 

during each effective full power month of operation thereafter, 

.power distribution maps using the movable detector system, shall 

be made to confirm that the bot channel factor limits of this 

specification are satisfied. For the purpose of this confirma

tion: 

a. The measurement of total peaking factor, zo shall be

1

increased by three percent to account for manufacturing 

tolerances and further increased by five percent to account 

for measurement error, and the measurement of enthalpy 

rise hot channel factor, OA, shall be increased by four per

cent to account for measurement error. If either measured 

hot channel factor exceeds its limit specified under 3.12.B.1, 

the reactor power and high neutron flux trip setpoint shall be 

reduced until the limits under 3.12.B.1 are met. If the hot 

channel factors cannot be brought to within the limits FQ<.  

2.00 x K(Z) and TH< 1.55 x T(BU) within 24 hours. the Over

power AT and Overtemperature AT trip setpoints shall be simi

liarly reduced.

Amendment No. 29
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When an FQ measurement is taken, both experimental error and manufacturing 

tolerance must be allowed for. Five percent is the appropriate allowance 

fot a full core map (> 40 thimbles monitored) taken with the movable incore 

detector flux mapping system and three percent is the appropriate allowance 

for manufacturing tolerances.  

In the specified limit of Fiji there is an eight percent allowance for uncertain

ties which means that normal operation of the core is expected to result in F6H 

< 1.55(1 + 0.2(1-P)) x T(BU)/l.08 where T(BU) is the interim thimble cell rod bow 

N 
penalty on FijH given in TS Figure 3.12-9. The logic behind the larger uncertainty 

In this case is that (a) normal perturbations in the radial power shape (e.g.  
N 

rod misalignment) affect F AE , In most cases without necessarily affecting FQ, 

(b) the operator has a direct influence on FQ through movement of rods, 

and can limit it to the desired value, he has no direct control over 

, and (c) an error in the predictions for radial power shape, which 

may be detected during startup physics tests can be compensated for the 

F by tighter axial control, but compensation for F. is taken, experi

mental error must be allowed for and four percent is the appropriate 

allowance for a full core map (t 40 thimbles monitored) taken with the 

movable incore detector flux mapping system.  

Measurement of the hot channel factors is required as part of startup 

physics tests, during each effective full power month of operation, and 

wbenever abnormal power distribution conditions require a redudtion of 

core power to a level based on measured hot channel factors. The incore 

map taken following core loading provides confirmation of the basic nuclear 

design bases including proper fuel loading patterns. The periodic Incore 

mapping provides additional assurance that the nuclear design bases remain 

Inviolate and identify operational anomalies which would, otherwise, affect 

these bases.  
Amendment No. W. 29



TS 3.12-16a 

A recent evaluation of DNB test data from experiments of fuel rod bowing 

in 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 for 

15 x 15 fuel, T(BU), is applied to the measured values of the enthalpy 

rise hot channel factor, F N. It is anticipated that the values of this 

penalty will change after the evaluation of the test data has been com

pleted.

Amendment No. 29
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iTS 4.10-1

4.10 REACTIVITY ANOMALIES 

Applicability 

Applies to potential reactivity anomalies.  

Objective 

To require evaluation of applicable reactivity anomalies within the reactor.  

Specification 

A. Following a normalization of the computed boron concentration as a 

function of burnup, the actual boron concentration of the coolant shall 

be compared monthly with the predicted value. If the difference between 

the observed and predicted steady-state concentrations reaches the 

equivalent of one percent in reactivity, an evaluation as to the cause 

of the discrepancy shall be made and reported to the Nuclear Regulatory 

Commission per Section 6.6 of these Specifications.  

B. During periods of power operation at greater than 10% of power, the hot 

channel factors. FQ and 4aj shall be determined during each effective 

full power month of operation using data from limited core maps. If 

these factors exceed values of 

FQ(Z).S (2.00/P) x K(Z) for P > .5 

FQ(Z)5. (4.00) x K(Z) for PS .5 

04(I 1.55(1 + 0.2 (1- P)) x T(BU) 

Amendment No. 29



"S 4.10-2

(where P is the fraction of rated power at which the core is operating, K(Z) 

is the function given in TS Figure 3.12-8, Z is the core height location of 

FQ, and T(BU) is the interim thimble cell rod bow penalty on FHN given in TS 

Figure 3.12-9), an evaluation as to the cause of the anomaly shall be made.  

Basis 

BORON CONCENTRATION 

To eliminate possible errors in the calculations of the initial reactivity of 

the core and the reactivity depletion rate, the predicted relation between fuel 

burnup and the boron concentration necessary to maintain adequate control characteristics, 

I.st be adjusted (normalized) to accurately reflect actual core conditions. When full 

power is reach initially, and with the control rod assembly groups in the desired 

positions, the boron concentration is measured and the predicted curve is adjusted 

to this point. As power operation proceeds, the measured boron concentration is compared 

with the predicted concentration, and the slope of the curve relating burnup and reactivit 

is compared with that predicted. This process of normalization should be completed 

after about 10Z of the total core burnup. Thereafter, actual boron concentration 

can 'be compared with prediction, and the reactivity status of the core can be 

continuously evaluated. Any reactivity anomaly greater than 1% would be un

expected, and its occurrence would be thoroughly investigated and evaluated.  

The value of 1% is considered a safe limit since a shutdown margin of at least 

11 with the most reactive control rod assembly in the fully withdrawn position is 

always maintained.

Amendment No. 29
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3. Reload fuel will be similar in design to the initial core. The enrichment 

of reload fuel will not exceed 3.60 weight percent of U-235.  

4. Burnable poison rods are incorporated in the initial core. There are 816 

poison rods in the form of 12 rod clusters, which are located in vacant 

control rod assembly guide thimbles. The burnable poison rods consist of 

pyrex clad with stainless steel.  

5. There are 48 full-length control rod assemblies and 5 part-length control 

rod assemblies in the reactor core. The full-length control rod assemblies 

contain a 144-inch length of silver-indium-cadmium alloy clad with stain

less steel. The part-length control rod assemblies contain a 36-inch 

length of silver-indium-cadmium alloy with the remainder of the stainless 

steel sheath filled with A12 03 .  

6. Surry Unit 1, Cycle 4, Surry Unit 2, Cycle 3, and subsequent cores will 

met the following criteria at all times during the operating lifetime.  

a. Hot channel factors: 

FQ(Z) < (2.00/P) x K(Z) for P > 0.5 

FQ(Z)<. (4.00) x K(Z) for P S 0.5 

AIE<. 1.55 (1 + 0.2(1-P)) x T(BU) 

wbere P is the fraction of rated power at which the core is operating, 

K(Z) is the function given in TS Figure 3.12-8, Z is the core height 

of Fq, and T(BU) is the interim thimble cell rod bow penalty on FWA 

gLven in TS Figure 3.12-9.  

Amendment No. h, 29



UNITED STATES 

NUCLEAR REGULATORY COMMISSION 

IWASHINGTON, D. C. 20555 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

SUPPORTING AMENDMENTS NOS. 30 AND 29 TO LICENSES NOS. DPR-32 AND DPR-37 

VIRGINIA ELECTRIC & POWER COMPANY 

SURRY POWER STATION UNITS NOS. 1 AND 2 

DOCKETS NOS. 50-280 AND 50-281 

Introduction 

By letters dated September 27, 1976, as supplemented October 29, 1976, 
and through staff discussions on Jaruary 13 and March 4, 1977, Virginia 
Electric and Power Company (VEPCO) requested amendments to Facility 
Operating Licenses Nos. DPR-32 and DPR-37. The purpose of the request 
is to revise the enthalpy rise hot channel factor (FAH) Technical 
Specifications for Surry Units Nos. 1 and 2 to account for new fuel rod 
bow information.  

Discussion 

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. As a result of these evaluations, we have 
concluded that for some facilities the current technical specification 
operating limits do not provide sufficient thermal margin. In these 
cases, additional thermal margin is required to assure, with high confidence 
that departure from nucleate boiling (DNB) does not occur during 
anticipated transients.
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Background 

In 1973 Westinghouse Electric presented to the NRC staff the results of 
experiments in which a 4 x 4 bundle of electrically heated fuel rods 
was tested to determine the effect of fuel rod bowing to contact on the 
thermal margin. The departure from nucleate boiling ratio (DNBR) is a 
measure of the thermal margin available prior to the point at which DNB 
occurs. The tests were performed 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 a heated rod bowed to 
the point of contact with adjacent heated rods was approximately 8%.  

Fuel bundle coolant mixing and heat transfer computer programs such 
as COBRA IIIC and THINC-IV were able to 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 rod bow, that is, rod bow to a point less than contact with 
the adjacent rod, could also be correctly predicted.  

On August 9, 1976, Westinghouse met with the NRC staff to discuss further 
experiments with the same configuration of fuel bundle (4 x 4) 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 DNBR 
was much larger than in the earlier (1973) tests.  

The 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.  

We attempted to calculate the Westinghouse results with the COBRA IIIC 
computer code but could not obtain agreement with the new data.  
Westinghouse was also unable to obtain agreement between their experi
mental results and the THINC-IV computer code.  

On August 19, 1976, Combustion Engineering (CE) presented results of 
similar experiments to the NRC 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.
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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, we 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 1). Using these empirical models, we 
calculated DNBR reductions to be applied to all operating pressurized 
water reactors. We have permitted the calculated reduction in DNBR 
to be offset by certain available thermal margins on a case-by-case 
basis. These "credits" may be either generic to a given fuel design 
or plant specific. The derivation of the Surry Units Nos. 1 and 2 DNBR 
reduction due to row bow is described in Section 4.1 of Reference 1.  

Evaluation 

The licensee has proposed Technical Specification changes which would 
provide for additional DNBR margin to offset the reduction in DNBR due 
to rod bow. The credits which the licensee has taken to offset the 
DNBR penalty are: 

FAH limits as listed in Table 4.2 in Ref. 1 

The staff has evaluated the proposed Technical Specification changes 
Using the procedure given in reference 1 and, concluded that the 
reduction in FAH limits and credits for excess flow are adequate 
to offset the loss of thermal margin indicated by the recent Westing
house rod bow data; and, therefore, the proposed changes are acceptable.  

Environmental Conclusions 

We have determined that the amendments do not authorize a-change in 
effluent types or total amounts nor an increase in power level and will 
not result in any significant environnental impact. Having made this 
determination, we have further concluded that the amendments involve an 
action which is insignificant from the standpoint of environmental impact 
and pursuant to 10 CFR §51.5(d)(4) that an environmental impact state
ment, or negative declaration and environmental impact appraisal need not 
be prepared in connection with the issuance of these amendments.  

Revision 1 to Interim Safety Evaluation Report on Effects of Fuel 

Rod Bowing on Thermal Margin Calculations, dated February 16, 1977 
(Appended).
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Concl usion 

We have concluded, based on the considerations discussed above, that: 
(1) because the amendments do not involve a significanz increase in the 
probability or consequences of accidents previously considered and do 
not involve a significant decrease in a safety margin, the amendments do 
not involve a significant hazards consideration, (2) there is reasonable 
assurance that the health and safety of the public will not be endangered 
by operation in the proposed manner, and (3) such activities will be 
conducted in compliance with the Com-ission's regulations and the issuance 
of these amendments will not be inimical to the common defense and security 
or to the health and safety of the public.

Dated: March 22, 1977
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Data have recet-tly been presented (Referer.::-e I) to the std •' .h 

"show that previously devel,•,rd methods for accounting For the effect 

of -u-'..I rod boviing on dopoIrt.iire fromt nucleat. e boiling ini a pressurizecd 

water reactor (PWR) may not c:ontain adequate thermal margin when 

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 final decision on the 

vallidi-ty.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 now exist. In these cases, 

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 

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 

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

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

The required DMBR 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 i-s now underway. At present no 

conclusions have been reached. Whenrthis 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.

4..

- 4,.
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2.0 DNBR Reduction Due To Rod Bow 

2.1 Background 

In 1973 Westinghouse Electric presentred to the staff 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. Becausethe'end point couldbe 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 eorrectly 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 rbds.- 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 DNBR was much larger than in the earlier (1973) tests.
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Thk data consisted of point% corresponding to no intentional 

bowing (that is, a certain amount of bowving 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 IIIC 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 elata 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 hy Westinghouse 

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

partial gap closure were presente.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 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 Westinghouse 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 int NBR 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.  

.h 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 mai'ntain existing thermal margins early in core life 

When only a .small amount of fuel rod bow is anticipated, the initial 
,pitchreduction factor was included until such time as the rod bow 

DN8R reduction became greater. This is represented as the straight 

horiz'otal line on Figure 2.1.  

2.3 Combustion Enaineering 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 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 .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 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 

in Section 4.0
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2.5 Appiication of the Rod Bow/DN3R 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._. a~b-%,F CO 

is used where 

AC c- = fractional clearance reduction due to rod bowing 
0 

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

BU = burnup (regio~i 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 constant a 

represents the initial bow of the fuel rods due to 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.



Step 3: The staff has permitted the'reduction in- DNBR ýcalculated 

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 

Loffset the DNBR reduction due to rod bow is thý fact that the6 DNBR 

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

95% of the data li'e 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 1L24 (Reference 1).  

For Westinghouse 17x17 fuel this number is 1,28-(Reference 1). A 

review of the data u'sed 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 inh Sectionr 3.0.  

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

"ope ,rating 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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3.0 - Applica'tion to. Plant in Construction Permit And Operating 

License Review Stagg 

•3.1 P p.lications 

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

applic~ations.,, 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 o.f.the straight line approximation and to 

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 

prototypical bundles and (2) determine by an appropriate experiment 

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

-'requ irements; 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. Thris penalty should be as described 

in 'Section 2.2 for Wes.tinghouse 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.
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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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A,;:lication To Oper iti n, Reactors 

This section divides the operating plants into distinct 

categories and lists; therm 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 be, 

required) is valid only for the present operating cycle.  

Westinghouse LOPAR Fuel 

The designation LOPAR stands for low parasitic and refers to 

the fact that the gulide 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 US 
ASSEMBLY 

15 x 15 

Zion 1 Cycle 2 

Zion 2 Cycle 1 

Indian Point 3 Cycle l 

Turkey Point 3 Cycle 4 

Turkey Point 4 Cycle 3 

Prairie Island 2 Cycle 2 

Prairie Island 1 Cycle 2

E THE WESTINGHOUSE LOPAR FUEL 

17 x 17 

Trojan Cycle I 

Beaver Valley 1 Cycle 1

!t 
L 
I
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TABLE 4.1 (cont.) 

15 x 15 

Surry 1 Cycle 4 

Surry 2 Cycl e 3 

S..Kewaunee' Cycle .2 

* Point Beach 1 Cycle 5 

Point Beach 2 CycTe 3 

The reduction in DNLBR 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. 15xl5 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~equatiOdn for the 15x15 (and 14x14) fuel, 

AC Co ..  

.where AC is t;,e 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) 1 1 X. I 
15x15 - 17x17 

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 17xl7 fuel assemblies. This data show that the 

above correction is probably conservative and that the magnitude of 

fuel rod bowing in 17xl7 fuel rods can better be represented by an 

empirical function. This review is now underway.  

"The cal cil atead DNBR reduction 'is partially offset by existinq.  

thermal margThs"inthe core-desiqn. Forthe 'Westinghouse LOPAR fuel 

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

the thermal mirgin forlthe operating plants: 

. des.ign. pi-tch; reduction -..- .  

.,consorervatively -choserr TDC -used in design* 
Cri-tical.. heat. flux correlation statistics (assumed in thermal 

analysis safety calculations) are more conservative than 

requi red.  

. Densification power spike factor included although no longer 

required (Reference 4) 

After taking these factors into account, the reductions in FaH 

shown in TabTe 4.2•'we're fouhd'necessary. 'All operating plants listed 

in Table 4.1 will be required-to tncorporate these reductions in 

-FAH fntaotheir" present operatinq. limits,.

*TD 'Tth'reT l--d-ifusion coefficient) is a. measure of the amount of 

mixinc betwecn ad.iacent suhchIann•is.
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TABLE 4.2: FAH REDUCTION FOR WESTINGHOUSE LOPAR FUEL 

CYCLE REDUCTION IN FAH (%) 

15xl15 17x07 ZION l&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 in-FMI may be treated ona 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 
ff-U 1000 MTU.
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TABLE 4.3: HIPAR AiND STAINLESS STEEL PLANTS 

Ginna Indian Point 2 

San Onofre Connecticut Yankee 

The model for 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 heat flux) and the same DNB correlation applies to both 

HIPAR and LOPAR grids.  

For reactors in this category, the peak reduction in DNBR 

(corresponding to 100% closure) was adjusted to correspond to the 

peak overpower heat flux of that particular reactor% 

The amount of rod bowing for the plants listed in Table 4.3 

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

an adjustment to the ý5x15 LOPAR formula. This adjustment took the 

form of the ratio 

amount of bow for assembly type = L/IE) assy type 
amount of bow for LOPAR fuelT I fP&P

where L is the span length 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 is fueled with 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 plant conditions. Ginna took credit for the thermal margins 

due to pitch reduction, design vs. analysis values of TDC and

---
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fuel densification power spike. These thernal margins offset the 

calculated DNBR reduction so that no reduction in FAH is required.  

San Onofre Cycle 5 

San Onofre is fueled with 157 bundles of 15xl5 stainless steel 

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

Technical Specifications. To offset the reduction in FAR 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 

offsetthis DNBR reduction in pitch reduction, design'vs. analysis 

values of TDC, fuel densification power spike and-a value of FAK 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 overpressur 

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 mirgin tnvariable 

overpressure and overpower trip' set points to accommodate the 

calculated DNBR r-eduction. Therefore no penalty is required.
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4.3 Babcock and Wilcox 15xl5 

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

TABLE 4.4: REACTOR USING B&W FUEL 

Oconee I Cycle 3 

Oconee 2 Cycle 2 

Oconee 3 Cycle 1 

Rancho Seco 

Three Mile Island 1 Cycle 2 

Arkansas I 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 15xl5 fuel based on this data. This model 

has the form: 

aC "a+ b.--B 

where .AC is the fractional amount of closure 
co 

Bu is t•he 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 

. Dens~ification 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 (O-15MT) 0 
Gwd 

Cycle 2 (15-24 M-TU ) 1.6% 

Gwd 
Cycle 3 (24-33 MtU ) 3% 

Plans must be submitted to the staff to establish how these 

reductions in DNBR will be accommodated

4.4 Combustion Engineering 14xl4 

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 + b 
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
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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 DNBR 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 

ac'commodating the thermal margin reduction shorn 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 

Cycle 1 (0-15 G ) 0 

Cycle 2 (15-24 Gwl) 0 

Cycle 3 (24-33 Gwd ) 3% 
MTU 

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

St. Lucie I 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. RobinsonYankee 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 bowoto 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 reductftn was assumed to be linear with clearance 

reduction according to the Westinghouse type curve of Figure 21, 

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 l 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 I.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 1lx16 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 1,3 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 

15x45 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 15xl5 fuel so that theWestinghouse bow vs. burnup 

-equation was" 'Isoa'p~lied to the Exxon fuel. This assumption is 

,...conservative since- the Exxon'fuel has'a thicker cladding and other 

design- features which should render thd amount of bowing no greater 

... thanlin the Westinghouse fuel.  

The: DNPR, 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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0. 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 

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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UNITED STATES NUCLEAR REGULATORY COMMISSION 

DOCKETS NOS. 50-280 AND 50-281 

VIRGINIA ELECTRIC AND POWER COMPANY 

NOTICE OF ISSUANCE OF AMENDMENT TO FACILITY 
OPERATING LICENSE 

The U. S. Nuclear Regulatory Commission (the Commission) has issued 

Amendments Nos. 30 and 29 to Facility Operating Licenses Nos. DPR-32 and 

DPR-37, issued to Virginia Electric & Power Company (the licensee), which 

revised Technical Specifications for operation of the Surry Power Stations, 

Units Nos. 1 and 2 (the facilities) located in Surry County, Virginia.  

The amendments are effective as of the date of issuance.  

These amendments relate to revised enthalpy rise hot channel factor 

(FAH) Technical Specifications for Surry Units Nos. 1 and 2 to 

account for new fuel rod bow information.  

The application for the amendments complies with the standards and 

requirements of the Atomic Energy Act of 1954, as amended (the Act), and 

the Commission's rules and regulations. The Commission has made appropriate 

findings as required by the Act and the Commission's rules and regulations 

in 10 CFR Chapter I, which are set forth in the license amendments.  

Prior public notice of these amendments was not required since the 

amendments do not involve a significant hazards consideration.  

The Commission has determined that the issuance of these amendments 

will not result in any significant environmental impact and that pursuant 

to 10 CFR §51.5(d)(4) an environmental impact statement, negative 

declaration or environmental impact appraisal need not be prepared in 

connection with issuance of these amendments.
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For further details with respect to this action, see (1) the 

application for amendments dated September 27, 1976, as supplemented 

October 29, 1976, (2) Amendments Nos. 30 and 29 to Licenses Nos.  

DPR-32 and DPR-37, and (3) the Commission's related Safety Evaluation.  

All of these items are available for public inspection at the 

Commission's Public Document Room, 1717 H Street, N.W., Washington, 

D. C. and at the Swem Library, College of William and Mary, 

Williamsburg, Virginia.  

A copy Of items (2) and (3) may be obtained upon request addressed 

to the U. S. Nuclear Regulatory Commission, Washington, D. C. 20555, 

Attention: Director, Division of Operating Reactors.  

Dated at Bethesda, Maryland, this 22nd day of March 1977.  

FOR THE NUCLEAR REGULATORY COMMISSION 

Robert W. Reid, Chief 
Operating Reactors Branch #4 
Division of Operating Reactors


