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Gentlemen:

The Commission hasidssued 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 dJanuary 13

and March 4, 1977.

These amendments relate to revised enthalpy rise hot channel factor
(Fap) Technical Specifications for Surry Units Nos. 1 and 2 to
account for new fuel rod bow information.

Because future changes in the thermal margin-credits which Jestinghouse

has dlaimed to (0Offset the DNBR' reductiyn as/re ated/to\row bow\penajity
for your facility \may/require/commensuralg changes fin the DNBR penalty,
you are‘\vequested tv provide/a 1ist of all credits’/applicdble to your
facility.

Copies of the Safety Evaluation and the Federal Register Notice are
also enclosed.

Sincerely,
Original signed BY
Robert W. Reid, Chief

Operating Reactors Branch #4
Division of Operating Reactors
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Virginia Electric & Power Company
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Michael W. Maupin, Esq.
Hunton, Williams, Gay & Gibson
P. 0. Box 1535
Richmond, Virginia 23213
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Swem 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
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Philadelphia, Pennsylvania 19106

Tommonwealth of Virginia
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UNITED STATES
NUCLEAR REGULATORY COMMISSION.
WASHINGTON, 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 faci{lity 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 (i1) that such activities will be
conducted in compliance with the Cormission's regulations;

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

E. The issuance of this amendment {s {n accordance with 10 CPR Part
51 of the Cormission's regulations and all applicable requirements
have been satisfled.
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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.

A 4“.// b . /2«/

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 NG. 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.



~ ~<S 2.1-4

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 DNB ratioc 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 ghe protection system apd the self-actuated safety valves on the steam
generator. Upper limits of 70% power for loop stop valves open and 752 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 B 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 an of 1.55, a 1.55 cosine axial
flux shape and a DNB analysis as described in Section 4.3 of the report Fuel
Pensification éurry 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: Fy = 1.55 (1 + 0.2 (1-P)) x T(8V)
where P is fraction of rated power and T(BU) is the interim thimble cell rod

bow penalty on Fgﬁ 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
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~— — T5 3.12-4

Fq(z) & (2.00/P) x K(Z) for P > .5

Fq(2) & (4.00) x R(Z) for P< .5

Fﬂa;; 1.55 (1 + 0.2(1 - P)) x T(BU)
where P is the fraction of rated power at which the core is
operating, R(Z) is the function given in Figure 3.12-8, Z 4is the
core height location of Fq, and T(BU) is the interim thimble cell
rod bow penalty on F§H given in TS Figure 3.12-9,
Prior to exceeding 75% power following each core loading, and

during each effective full power month of operation thereafter,

.power distribution maps usiig 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:

as' shall be

a. The measuremené of total peaking factor, Fge
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, Fﬁa, shall be increased by four per-
cent to account for measurement error. If either measured
bhot 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 Fqg -
2.00 x K(Z) and FﬁH:L 1.55 x T(BU) within 24 hours, the Over-

power AT and Overtemperature AT trip setpoints shall be simi-

liarly reduced.

Amendment No. }6: }6: 30



Amendment No.

When an FQ measurement is taken, both experimental error and manufacturing
tolerance wust be allowed for. Five percent is the appropriate allowance
for 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 FEH there is an eight percent allowance for uncertain-
ties which means that pormal operation of the core is expected to result in FEH
< 1.55(1 + 0.2(1-P)) x T(BU)/1.08 where T(BU) is the interim thimble cell rod bow
penalty on Fﬁn given in TS Figure 3.12-9. The logic behind the larger uncertainty
4n this case is that (a) normal perturbations in the radial power shape (e.g.

rod misalignmwent) affect Fﬁa , in most c?ses without necessarily affecting FQ’
(S) 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

!ﬁa , and (c) an error in t£e predictions for radial power shape, which

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

Fb by tighter axial control, but compensation for F§H i{s taken, experi-

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

allowance for a full core map (> 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 reduction of

core power to a 1eve1-based.on.measured hot channel factors. The Incore
map taken following core loading‘?fovides confirmation of the basic nuclear
design baées including proper fuel loading patterns. The_periodic incore
mapping provides additional assurance that the nuclear design bases remain

4nviolate and identify operational anomalies which would, otherwise, affect

these bases. .
26 30



— ~ TS 3.12-16a

A Tecent evaluation of DNB test data from experiments of fuel ;od 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
be;n 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. ‘30




- 0€ ;96,'°u juaupuUaWY

w Z GN¥ T °ON SLINA AWdNS
N0 ALTYRNI MOH Q0¥ T130 ATEKIHL WIYIINI 6-TY°€ HODIX

(AIH/GHR 000T) SNX¥NG FOWVIIAY ROIDHA

414 1% ¢ 0
: = -0
6o
v6°0
€6°0
: 96°0




4.10

— e TS 4.10-1

REACTIVITY ANOMALIES

Applicability

Applies to potential reactivity anomalies.

Objective

To require evaluation of applicable reactivity anomalies within the reactor.

~ Specification

A.

B.

Amendment No. ;gg 30

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 predicfed value. If the difference between
the observed and predicted steady-state qoncentrations reaches the
equivalent of one percent in reactivity, a£ 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.

" DPuring periods of power operation at greater than 10% of power, the hot

channel factors, Fg and F%B shall‘be determined during each effective

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

these factors exceed values of

Fq(2) < (2.00/P) x K(Z) for P > .5
Fq(2) £ (4.00) x K(Z) for P .5
Pgs 1.55 (1 + 0.2 (1 - P)) x T(B0)



(vhere 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'

F., and T(BU) is the interim thimble cell rod bow penalty on FZH given in TS

Q!

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 calcuiations 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,
must be adjusted (normalized) to accurately reflect actual core conditions. When full
pover is reach initially, and with the control rod assembly groups in the desired |
positions, ﬁhe 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 reactivig
is compared with that predicted. This process of normslization should be coumpleted

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 evaluatéd. Any reactivity anomaly greater th&n 1X 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

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

h

always maintained.

Amendment No. 30
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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
po;son 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 l44-inch length of silver-indium-cadmium alloy clad with stain-
jess 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 Al,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.

8. Hot channel factors:
Fo(z) £ (2.00/P) x K(Z) for P > 0.5
Fq(2) < {4.00) x RK(2) for P< 0.5

Flgs< 1.55 (1 + 0.2(1-P)) x T(BD)

where P is the fraction of rated pbwer 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 an

given in TS Figure 3.12-9.

 Amendment No. 9é, 30



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. 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 applicatien,
the provisions of the Act, and the rules and regulations of
the Commission;

C. There is reasonable assurance ({) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of the public, and (i1) 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
degense and security or to the health and safety of the public;
an

E. The issuance of this amendment ishin 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-37 is hereby amended to read as follows:

B. Technical Specifications

The Technical Specifications contained in Appendix A, as
revised through Amendment Mo. 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

&'//J‘/Z/’ //%’ Liufzﬂ-/
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.
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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 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 apd the self-actuated safety valves on the steam
generator. Upper limits of 70% power for loop stop valves open and 757 with
loop stop valves closed are shown to completely bound the area where clad
integrity is assured. These latter 14mits are arbitrary but cannot be reached
due to the Permissive 8 protection system setpoint wvhich 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 nmot designed for continuous operatiom with less

than two loops in service.

TS Figures 2.1-1 through 2.1-3 are based on & an 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

1imit of the enthalphy.rise hot channel factor: fﬁﬁ = 1,55 (1 + 0.2 (;-P)) x T(BU)

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

bow penalty on ng 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
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. TS 3.12-4

Fq(Z) & (2.00/P) x K(Z) for P > .5

Fq(z);L (4.00) x K(Z) for P .5

Fip< 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(BU) is the interim thimble cell
rod bow penalty on Fﬁa given in TS Figure 3.12-9.
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 systex, shall

be made to confirm that the hot channel factor limits of this
specification are satisfied. For the purpose of this confirms-
tion:

S, shall be

&. The measuremené of total peaking factor, tha
increased by three percent to account for manufactu:ing
tolerances and further increased by five percent to account
for measurement error, and the measurement of enthalpy
rise hot channel factor, Fﬁa, shall be increased by four per-
cent to account for measurement error. If efther measured
hot channel factor exceeds its limit specified under 3.12.B.1,
the reactor power and high neutron flux trip setpoint shall dbe
reduced until the limits under 3.12.B.1 are met. If the hot
channel factors cannoﬁ be brought to within the limits Fq< -
2.00 x X(Z) and F‘ng_ 1.55 x T{BU) within 24 hours, the Over-
power AT and Overtemperature AT trip setpoints shall be .simi-

liarly reduced.

Anendment No. ;6: ;62 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 AﬁprOpriate allowance
for 8 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 FXH there is an eight percent allowance for uncertain-
ties which means that normal operation of the core is expected to result in FEH
< 1.55(1 + 0.2(1-P)) x T(BU)/1.08 where T(BU) is the interim thimble cell rod bow
penalty on Fﬁn given in TS Figure 3.12-9. The logic behind the larger uncertainty
4n this case is that (a) normal perturbations in the radial power shape (e.8.

vod misalignment) affect FEH , in most c?ses without necessarily affecting Fq,_
(S) the operator bas a direct influence omn ?Q through movement of rods,

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

!ﬁn , and (c) an error in tge predictions for radial fcver shape, which

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

FQ by tighter axial control, but compensation for Fﬁn 4s taken, experi-

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

allovance for a full core map (> 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 wmonth of operation, and
whenever abnormal power distributfon conditions require a redudtion of

core power to a Ievel.based.ou.measured hot channel factors. The incore
map taken following core loading prﬁvides confirmation of the basic nuclear
design baées-including proper fuel loading patterns. Ihe'periodic incore
mapping provides additfonal assurance that the nuélear design bases remain
fnviolate and identify operational anomalies which would, otherwise, affect

these bases.

Amendment No. . 29 y



TS 3.12-16a

A recent evaluation of DNB test data from experiments of fuel rod bowing
4n thimble cells has identified that it is appropriate to impose a penalty
factor to the accident anmalyses DNBR results. This evaluation has not
be;n completed, but in order to assure that this effect is accommodated

i{n a conservative manner, an interim thimble cell rod bov 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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4.10

~ TS 4.10-1

REACTIVITY ANOMALIES

Applicability

_Applies to potential reactivity anomalies.

Objective

To require evaluation of applicable reactivity anomalies within the reactor.

Specification

B.

Anendment No. ){, 29

Following & normalization of the computed boron concentration as a
function of burnup, the actuval boron concentration of the cooclant shall
be compared monthly with the predicted value. 1f the difference between
the observed and predicted steady-state qoncentrations reaches the
equivalent of one percent in reactivity, aﬁ evaluation as to the cause
of the discrepancy shall Se made and reported to the Nuclear Regulatory

Commission per Section 6.6 of these Specifications. _

" puring periods of power operation at greater than 10% of power, the hot

channel factors, PQ and F§3 shallibe determined during each effective
full power month of operation using data from limited core maps. £

these factors exceed Qalues of
FQ(2) = (2.00/P) x K(Z) for B > .5

Pq(2) £ (4.00) x K(2) for P < .5
FSAH-‘--LS‘S (1 + 0.2 (1 - P)) x T(BV)



‘S 4 . 10"2

S .
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(where P is the fraction of rated power at which the core is operating, K(Z)
4s 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 Fﬁﬂ given in TS

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

sis

v—e——

BORON CONCERTRATION

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,
must be adjusted (normalized) to accurately reflect actual core conditions. When full
power is reach initially, and with the control rod assembly groups im the desired |
positions, ﬁhe 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 oflthe curve relating burnup and reactivit
13 compared with that predicted. This process of normalization should be completed

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

can be compared with prediction, and the reactivity status of the core can be
continuously evaluatéd. Any reactivity anomaly greater than 1% would be un-

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

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

1% with the most reactive control rod asseobly in the fully withdrawn position is

-

always'maintained.

Amendment No. 29
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~— TS 5.3-2

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.

Burnable poison rods are incorporated in the initial core. There are 816
po;son 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 sfainless steel.

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 l44-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 Al,03.

Sﬁrry Unit 1, Cycle &4, Surry Unit 2, Cycle 3, and subsequent cores will
meét the following criteria at all times during the operating lifetime.

a. BHot channel factors:
Fq(z) < (2.00/P) x K(Z) for P > 0.5
Fq(Z)f_ (4.00) x R(2) for PS 0.5

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

where P is the fraction of rated power at which the core is operating,
X(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 Fga

given in TS Figure 3.12-9.

" Amendment No. %é, 29



UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, 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 (FaAy) 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.



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 pr?dicted 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 Timits as Tisted 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 Fpy 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 amencments.

T Revision 1 to Interim Safety Evaluation Report on Effects of Fuel
Rod Bowing on Thermal Margin Calculations, dated February 16, 1977
(Appended?.



Conclusion

We have concluded, based on the considerations discussed above, that:

(1) because the amencments do not involve a significant 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 publi¢ will not be endangered
by operation in the proposed manner, and (3) such activities will be
conducted in compliance with the Cormission's reguiations 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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February 16, 1977
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Nata have recently baen presented (Refererszz 1) o the staf which

"~ show that previously developed methods for accounting for the effect

of fu»l rod bowing on departire from nucleate boiling in a pressurized
water reactor (PWR) may not contain 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 find1 decision on the
validity .of these new data.

The staff has evaluated the impact of these data on the
performance of a11 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 docs not now exist. In these cases,

additional thermal margin Qill 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 DNBK réductions 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 NDNBR reductions will be revised as more data become

availabhie.



. The staff review of the amount and consequences of fuel rod | ,1
bowing in a boiling - water reactor is now undefway; At presént no
conclusioris have been redched.  Uhen this review reaches a st&ge-.i
where either an interim or final conclusion can be reached, the
results of this review will be‘pub1ishéd in a separate safety
evatuation report.

It should be noted that throughout the remainder of this
report, all discussion and concTusions apply only to pressurized

‘water reactors.
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2.1

DNBR Reduction Due To Rod Bow-

Background

In 1973 westinghouse.Electric presentnd'to the stetf_the results
of experiments in which a 4x4 bundle of e1ectrica11y heated fuel -
rods was tested to determ1ne the effect of fuel rod bow1ng to contact

on the therma1 margin{DNBR reduct1on) (Reference 2}, The tests were

done at cond1t1ons representat1ve of PNR coo]ant cond1t1ons, The ‘

results of these exper1ments showed that for the h1ghest power
dens1ty at the h1qhest coo]ant pressure expected in a westinghouse
reactor the DNBR reductxon due to heated nods bowed to contact vas
approx1mate1y 8” | o ) '

Fuel bundle coolant m1x1ng and heat transfer computer proqrams
such as COBRA ITIC and THINC IV were ab]e to accurately predwct the results

of these experaments Because the end po1nt cou?d be Dredlcted

i e., the DNBR reduct1on at contact there was conf1dence that the

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

contact could also be Correctly predicted.
On August 9, 1976 Westinghouse met.withjthe staff to discuss

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

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

one of the center 4 fuel rods was replaced by an unheated tube of the
same size as a Westinghouse thimble- tube. ~This new test configuration
was tested over the same range of power, flow and pressure.as the |
earlier tests.. However, with the'unheated,l1arger diameter rod the

reduction in DNBR was much larger than in the earlier (1973) tests.
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Thé data consisted of points corresponding -to no inténtiona17
bowing (that is, a certain.amount of bbwing due td to]erances‘
cannot be prevented) aﬁd 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 obtai; agreement with
‘the new.daté. ‘Westinghouse was also unable to obtafn 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 én unheated guide tube. Results were

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

i

of partial bowing.

Both sets of cata (Mestinghouse 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 p]aﬁt thermal marginsf
might be less than those intended, the staff derived an interim
model to conservatively predict the DNBR réductipn. Since the
data’with unheaied 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 defived, one based on

the Westinghouse cata and one based on the CE data.
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Mooel Based on Uest1nghouso Data

' As stated in Section. 2 1 data were presente hy'westingh0use

‘ for thc DNBR reduct1on at fu]l tontact and w1th no le No data at

. part1a1 qap c]osure vere prcsent-d west1nqhouse proposed and the

staff acceptcd a stra1qht 11ne lnterpoiatxon between these two po1nts

'as shown in F1qure 2 1.

Th1s approach 1s conservat1ve 1f the DNBR reductlon does not

'tncrease more rap1d1y than the straight 11ne reduction shown xn
N F1gure 2 1 A]though the data for DNBR reduct1on due to rod bow1ng
) v1n the presence of an unheated fue] rod cannot be pred1cted by
'Eex1st1ng analyt1ca1 methods, one would neverthe]ess expect that the
actua1 behavzor wou]d more near]y f011ow the curved ]1ne also ‘shown

1n F1gure 2 1. Accordwng to th1s curved 11ne, the DNBR would be

reduced gradua]ly for sma11 amounts of bow As the fue1 rods (or fuel

rod and unheated rod) become close enough so that there 1s an inter-
act1on, the DNBR would decrease more. rap1d1y No,physical mechan1sm

ihas been postu1ated wh1ch would lead to sudden Targe decreases in the

DVBR for smal] or moderate gap c]osures Thus, ‘the stra1ght 11ne
approx1nat1on is belweved to be an overestlmate of the expected behaviorf

Experience with cr1t1ca1 heat f]ux tests also supports the

‘7assumpt1on of a sma11 reductxon in DNBR for sma]l amounts of fuel

‘. rod bow1ng Exper1menta] measurements of crit1ca1 heat flux done
on test assemb11es a]ways have some amount of rod bow1ng Thxs may
‘be due s1mp1y to fabr1catlon to1erances or to electromagnettc

attract1on forces set up. between electr1ca11y resistance heated '

rods which s1mu1ate fuel rods.
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d:data wh1ch became ava11ab1e to the stafr after the Westinghouse model
'was der1ved The Lombust1on Eng1neer1ng data is discussed in Section 2.3

.and the mode] derlved from this data 15 shown in Figure 2.2.
’reduct1on in DNBR that may resu]t from pxtch reduction from fabr1catlon

" ‘fdctor varies with the fuel des1gn and the analysis methods which are’

| of burnup

wh’However, to ma1nta1n ex1sting thermal marg1ns ear1y in core life |
~ when on]y a sma11 amount of fuel rod bow is ant1c1pated the initial

"'p1tch reduction’ factor was 1nc1uded until such time as the rod bow |
fDNBR reduttion became'greater. This is represented as the straight

‘horizontal Tine on Figure 2.1.
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It shou]u be noted that thlS behavior (1ittle or no reduction L

in DNBR for small amount of bow1no) is snown by Combustion Eng1neer1ng

All manufacturers of reactor cores, including West1nghouse,

include a factor in the1r initial core design to account for the

to?erances and 1n1t1a1 rod bow " The amount of this pxtch reduction

used For any part1cu1ar cone thts factor 1s not var1ed as a‘funct1on |
“In deve10p1ng the 1nter1m rod bow pena]tzes descr1bed in this

report, it became apparent that the pena1ty should be a function of

burnup s1nce the magn1tude of rod bow is a funct1on of burnup.

Conhustfon'Engdneerthg Model

‘effect of rod bowing on“DNBR'whéch included some cases in which the

m’effect of part1a1 bow1ng as well as bowing to contact was determined.

*""Combustion Engineering performed experiments to determine the

Aga1n “a stra1ght 11ne 1nterpolat1on 1s used. However, the point of
zeré 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. | Thé horizonta] straight fine rewresenting'the initial -
pitch reduct1on factor is 1nc1uded as exp1a1ned previously in Sect10n 2 2

Models for Babcock and W1Tcox and Exxon

On August 17 1975 representat1ves of Babcock and Wilcox met
w1th the staff to d1scuss th1s problem Babcock and W1lcox did not
present any data on the effects of rod boying on DNBR. They had
previously presented data to the staff oﬁ fhe'amount of bowing to be |
expected in Babcock gpd Wilcox 15x15 fuel assemblies. Because
Babcock and W11cox had no data on the effect of rod bow on DNBR, the
staff app11ed the W°SufHQhOUSE model to calculate the effect of rod
bowing on DNBR for Babcock and Wilcox fuel. This is acceptable s1ncg.
the conditions'éf operation are nearly the same in pressurized.watern_
reactors from both vendors and the fuel bundle designs are similar.

The amount of fuel rod bowing as a function of burnup was

'cafculated'using the Babcock and Wilcox 15x15 fuel bundle data.

"Represéntatives 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 measuréments on the ﬁagnitude of rod bowing have
not yet been presénted'to the staff. The effects of fuel rod bowing
for Exxon fuel were evaluated on a.blant by plant basis as discussed

in Section 4.0
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Apn’1cat10n of the Rod Bow/DMBR Model

Using these empirical models, the staff der1ved DNBR reduct1ons
to be applied to both operating reactors and plants in the
Operating License review staée.' The procedure in applying
these empirical models is as follows:
Step 1: Predict the eiearanee reduction due to rod bow as a function
of burnup. An expression of the form |

%E—- ='a+b\rga

is used where

%§-= fractional clearance reduction due to rod bowing

a,b = empirical constants obtained for a given fuel design
BU = burnup {region average or bundle average, depending on the
fuel designer). |

Westinghouse showed in Reference 6 that an equation of'the above
form fit the rod bow data from 26 fue] 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 ope;ating 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 reductien using the value of -AC/cq

calculated from step 1.




gggg__ “The staff has perm1tted the reduction in: DNBP ca]culated
in step 2 to be offset by certa1n available therma] margwns; These
may be e1ther generwc to a given fuel des1gn or plant dependent |

An example of a gener1c thermal marg1n which would be used to
offset the DNBR reduct1on due to rod bow is thé fact that the DNBR
"11m1t of 1.30 is usua11y greater than the value of DNBR above wh\ch
‘ 95% of the data Tie with a 95% confidence. The difference between
1;30 énd‘tﬁis number héy'bé used to.dffsét'thé’DNBR reduction,
" For Westinghouse 15x15 fueT, the valué of DNBR which is greater
than 95% of the data at a 95% confidence level {s 1.24 (Reference 1).'-
Eor Westinghouse 17X17 fuel this number is 1.28 (Reference 1). A
review of the data used to derive theséaﬁumbérs”SEOWs that ‘the use of
Athree s1gn1f1cant f1gures is just1fied

An examp]e of a plant specific thermal marg1n would be core f]ow

greater than the value g1ven in the p1ant Techn1ca1 Spec1f1cat1pns.

A diséussionfﬁf'the application.of this method to: Construction
Permit and Operating License reviews is givén ﬁnfSettfon:S.O;
A &iSbussion of the application and the results of this method to
' ’operétingireactOrs'is.givén in Section 4.0. The appliication: to

reactors using Exxon fuel is also discussed in Section 4.0.
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‘3.1

3.2
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H

i,App1icntion‘tu-P1ant in Construction Permit And Operating

. -License Revieu Stage

cp App]ications_i.:;‘“

. ;NQ 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 bena]ty, if any, prior to7 o

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
require the applicant to (1) fully define. the gap closure rate for -
prpto;ypicalvbyndlgs and (2) determihe_by an appropriate experiment‘ '

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

:'pequirements’ will be part of our CP review effort.

OL. Applications .- .- - .' :

- Plants which.are in the,operatjng_licenée review stage should
consider a rod bow.penalty. This penalty should be as described
in Section 2.2 for Hestinghouse or Section 2.3 for Combustion
Engineering. Babcock and Wilcox plants should use the rod bow vs.
burnbp curve appropriate to their fuel and the West%nghouse curve

of DNBR reduction as a function of rod bow.
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reduction. -
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A1l applicants may propose appropriate thermal margins {as
discussed in Section 2.4) to help offset the calculated DNBR

A
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Aunlication To Operating Reactors

This section divides the operating plants into distinct
categories and lists them according to the fuel and/or reactor
manufacturer. Operating plants which cannot be so categorized (such
as plants with fuel supplied by more than one vendbr) 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 toc 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 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

. |
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 . ‘ i
Turkey'Point 4 Cycle 3 : |
Prairie Island 2 Cycle 2 |

Praire Island 1 Cycle 2
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TABLE 4.1 (cont.)

Surry 1 Cycle 4
Surrin'Cycle'B '
Kewaunee Cycle 2
Point Beach 1vtye1e 5
“Point Beach 2 CycTe 3 S
The reductton in DHBR due t0>fue1 rod bowing 15 assumee to vary.
11near1y w1th the reduct1on in clearance between the fuel rods (or
fuelqrodyand_th1mb1e rod) according to the model discusged in
- Section 2.2. | . o 4
The maximum value of DNBR‘redbction (at contact); obtained from
the experimental date was used to calculate the DNBR reduction |
vs. bow for the 15x15 LOPAR.fuel,_ This DNBR contact reduction was
-adjusted for the lower heat fTux in the 17x17- LOPAR fuel,

The clearance reduction is conscrvatively assumed to be given

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

AC = a+b fBu

Lo | .
'where %%- is the reduction in clearence
Bu is. the region averagelburnup
and a,b are empirical constants fitted to Westinghouse

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

from the equation:

aC/Co = (AC) L I
/ @ 1sasX (1) X T)
15x15 - 17x17

the distance between grids f_

where L

I

[

moment of inertia of fuel rod

On December 2, 1976, Westinghousé fﬁfpymal]y showed the staff new
data pertainihg to the magnitude of rod bow'aéha function of region
average burnup in 17x17 fuef éssemb]ieg;“ Thié dafa show that the
above correction is probably coﬁéérvﬁt&ve'énd.thét the magnitude of
fuel rod bowing in 17x17 fuel rods can better be rebresented by an
empirical function. This review is now underway. l

* '~ "The ‘catcillated DNBR ‘reduction is partially offset by existina
thermdl margins in the coré-design. For the Westinghouse LOPAR fue
design some 6r all of the following items were used in calculatina
the thermal margin for the operating plants: -

. lodesign: pitch. redyction: - |

.. -« ;conservatively.chosem T0C used in design*

+ « Critical. heat. flux correlation statistics (assumed in thermal
analysis safety calculations) are more éonservative than
.required. . ‘

- - Densification power spike factor included although no longer
required (Reference 4) o

After taking these factors into account, the reductions in FaH
shown in TabTe 4.2 were found necessary. A1l operating plants listed
in Table 4.1 will be required-to incorporate these reductions in

‘FaH ‘Tnto -their present operating: limits. - .- -

*TDC (thermal diffusion ccefficient) is. a measure of .the amount of

mixinu between adjacent subcHannelis,
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TABLE 4.2: FaH REDUCTION FOR WESTINGHOUSE LOPAR FUEL

CYCLE | ___ REDUCTION IN FaH (%)

‘ 15x15 17x17 ZION 1&2
1st Cycle o : :
(0-15 Gwd*/MTU) - 0-2 ramp 0-9.5 - Q=6 ramp
2nd Cycle S g B .
(15- 24 Gwd*/MTU) - 4 12 o 8
3rd Cycle

(24-33 Gwd*/MTU) ‘ 6 o 12 - 10

These reductions in=EoHlmay Be'treated oo'a'regioniby fegion _
basis. If the 1tpensee coooses. credit may be taken tof the‘wargin
between the actual reactor coolant flow rate and the flow rate used in
safety ca?cu]ations. Credit may also be taken for a difference between
the actual core coolant inlet temperature and that essomed in safetyv
ana]yses In tak1ng credit for coo]ant flow or 1n1et temperature margin,
the assoc1ated uncertainties in these quant1t1es must be taken into
account. - |

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 fue] types, HIPAR and Stainless Steel clad, are grouped togesther

because the amount of bow1ng expected (and observed) is significantly

Tess than that in the observed Westinghouse LOPAR fuel. The plants
which fall under this classification are listed in Table 4.3.

Fowd . Mwd
My = 1000: MU



TABLE 4.3: 'HIPAR AND STAINLESS STEEL PLANTS

Ginna - ~ Indian Point 2

San.Onofre C 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
(critica] 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 réaéton

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 15x15 LOPAR formula. This adjustment took the

form of the ratio

amount of bow for assembly type =
amount of bow for LOPAR fuel t;ig) aiggAEype
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}assemb]ies. Two of these
are Exxon assémbiies, and two are B&W assemb]ieé. The remainder are
Westinghouse HIPAR fuel assemblies. The experimental value of DNBR
reduction was adjusted for heat flux and pressure from peak expefimental
to actual plant conditions. Ginna took credit for the thermal mgrgins

due to pitch reduction, design vs. analysis values of TDC and
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fuel dens1f1cat1on pou!r sp1ke These:therha1 marofhs—offset the ;
ce]culated DNBR reduct;on sa that no reductwor in FAH is requ1red

San Onofre Cycle § |

San Onofre is fueled with 157>buhd1es of 15x15 stainless steel
clad fuel. An FaH of 1.55 was used in thermal pesign and in the |
Technical Spec1f1cat1ons ‘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 distr1but1on used 1n the therma1
ana]ys1s for San Onofre and that wh1ch would be p0551b1e dur1nq

operat1on This proposal 1s now be1ng rev1ewed by the staff

Indlan P01nt 2 Cyc?e 2

Indian Point 2 is fueled with HIPAR fuel bundles..The.e;perimental
value of DNBR reduction was adjusted for heat flux.and pressure to
actual plant cond1t1ons. Indaan Point Un1t 2 had therma] margin to -
offset this DNBR reduct1on in p1tch reduct1on, des1gn vs. ana1ys1s
values of TDC, fuel dens1f1cat1on power sp1ke and_a value of FAH of
1. 65 used in the design (vs. } 55 in the Tech Spec) Therefore, no.

.reduct1on of FaH is requ1red for Indian Point Unit 2.
Connecticut Yankee ~ Cycle 7 s

ConneCticut Yanree js fueted with 157 sta1n1ess steel’ c%ad fuel

assemb11es. ”The'DNBR reduction at contact was assumed to be that

“used for the west1nghouse LOPAR 15x15 fuel. Mo adjustment was

made for heat flux. The value of pressure ‘was adjusted to the overpressur
trip set point value of 2300 psi. | FuT] closure will not occur in
stainless steel fuel out to the des1gn burnup.

Connect1cut Yankee has suff1c1ent thermal marng in variable

overpressure and overpower tr1p set poxnts to accommodate the

calculated DVBR reductxon Therefore no penaTty is required
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4.3 Babcock and Wilcox 15x15

The reactors 11sted in Table 4.4 are fueled with B&W fuel.
TABLF 4 4 REACTOR USING B&W FUEL
'A .bconee I'Cycle 3
'Oconee 2 Cycle 2
Oconee 3 Cyc?e 1
" Rancho Seco
~ Three Mile Island 1 Cycle 2
| Arkansas 1 Cyc1e )

Babcomk and w11cox met w1th the staff on September 8, 1975 and
presented data on the amount of rod bow 1n B&w fue] The staff

derived a model for B&N 1:x15 fue1 based on this data. This model

has the fonn

E_ a-i-b-l

" where ﬁg is the fract1onal amount of closure
By 1s’the bund]e average burnup
'and a b are emp1r1ca1 constants fxtted to B&w data
The reduct1on in DNBR due to fuel rod bowing 1s assumed to vary
11near1y with the reduct1on 1n c]earance between the fuel rods (or fuel.
; ~rod and. thimble rod) .but can neyer'he_Tower than that due to the pitch

~reduction factor used in thermal ana?ysis as explained in Section 2.2.
’ Babcock and W11cox c1a1med and the staff approved cred1t for
‘ the f0110w1nq thermal marqins
. Flow Area (P1tch) reduct1on
. Available Vent Valve cred1t
,‘Denswf1cat10n Power Spwke remova]
.‘Excess Flow over that used in safety analyses

:,.Hioher than 11censed power used for p]ant safety analyses



: _Based on this review and.the thermal margfns preseﬁted by B&W
to offset the new Westinghbuse data,'Raného Seco is ‘the 6n1y$p1ant
for which a reduct1on in DNBR is requ1red Table 5 gives the values

for the reduct1on of DNBR requ1red at this time.

.,'

TABLE 5: DNBR REDUCTIONS FOR BAW PLANTS :

_ Burnup . - DNBR Reduction

- Rancho Seco

e e )
Cycle 1 (0-15-WTU ) ,, 0
. Gwd
Cycle 2 {15-24 MTU )~ . 1.6%
Gwd o
Cycle 3 (24-33 w1y ) : - 3%

" plans must be submitted to the staff to establish how these
reductions in DNBR will be accommodated..

4.4 Combustion Engineering 14x14

Combustion Fno1neer1ng has presented'data to the staff on the
amount of rod bowing as a funct1on of burnup (Reference 5) The staff

used this data to der1ve the following mode1 for CE 14x14 fuel (Reference 7

'é‘g' = a t b- VBU’
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 marg1n Table 4.7 is a list of the
reactors to uh1ch it applies.

A licensee planning to operate at a burnup greater than 24000

Mwd/MTU should present to the staff an aéceptab1e method of

accommodating the thermal margin reduction show 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 DHBR
Cycle 1 (0-15 %#% ) 0
Cycle 2 (15-24 Gwd) 0
Cycle 3 (24-33 Swd) ° 3%
TABLE 4.7: PLANTS FUELED BY CE FUEL TO WHICH VALUES OF TABLE
4.6 APPLY
St. Lucie ] Cycle 1
Ft. Calhoun Cycle 3
Millstone 2 Cycle 2
Maine Yankee Cycle 2

Calvert Cliffs 1 Cyvcie 1
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Plants Fueled Partially With Exxon Fuel

Pal%sades, H. B. Robinson,Yankbe‘Roweﬂand D. C. Cook are partia11y
fueled with Exxon fuel. A discussion of these reactdrs”fo110ws:

Palisades Cycle 2 o '

The Pa]msades reactor for Cycle 2 1s fueled w1th 136 Exxon fuel
assemb11es and 68 Combustwon Eng1neer1ng fue1 assemblies '

The Combustxon Eng1neer1ng fue1 was treated accord1ng to the
_3COEbust1on Engwneer1nq mode1 for both extent of rod bow as a function

of burnup and DNBR reduct1on due to. c]earance reduct1on

~ The Exxon fuel was assumed to bow to thevsame extent:as the
Combustibn'Engineering fuel. Thfs assumptvon is acceptable since
the Exxon fuel has a th1cker c1add1ng and other de51qn features
which should render the amount of bow1ng no greater than in the
Combust1on Eng1neer1ng fue] - o

. The DNBR reduct?un was assumed to be Tinear with clearance |
reduct1on accord1ng to the Westxnghouse type curve of Figure 2.1,
-The DNBR reduct1on at contact was based on the westinghouse experwmenta]
data adJusted for the peak rod average heat fTux 1n Pa]isades
and for the coolant pressure in Pal{sades, =~ .. . : ..

.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 hlgh

pressures. = | R R -
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The Timiting anticipated transient ih the Palisades reactor
results in a DNBR of 1.36. The therma] margin between this value
. and the DNBR limit of 1.3 resu1ts 1n adequate thermal margin to
offset the rod bow penalty. .

Yankee Fowe  Cycle 12 R

Yankee Powe is fue]ed with 40 Exxon fuel assembTies and 36 Gulf
Un1ted Nuclear Corporat1on fue] assemb11es. The fuel assemblies
cons1st of 16x16 Z1rcaloy cYad fue1 rods - | |

The reduct1on in DNBR due to fuel rod bow1ng was assumed to vary
71near1y w1th the reductxon in c1earance between fue1 rods, The peak
exper1menta1 condut1ons used in the west1nohouse test were used to-
f}x the pena]ty et_fu]l closure. . The calculated reduction in DNBR
1s st111 1e5> than that wh1ch would produce a DNBR less than 1.3 for

| the most 11m1+1no ant1c1pated trans1ent (two_pump out of four pump loss-
of-f]ow) Thus, no pena]ty 1s requ1red

H. B Rob1nson Cyc]e 5

K. B Rob1nson is fueled with 105 Nest1nghouse fuel assemb11es
and 52 Exxon Nuc]ear Corporat{on fueT assemb11es. The West1nghouse '
;15x15 DNBR penalty mode] was applied to the Hestlnghouse fue] with a
, correct1on for the actuaT heat fTux rather than the peak exper1mental
values. The Exxon fue] was cons1dered to bow to the same extent as
the Westinghouse 15x15 erT'so that the'weStinghouse bow vs. burnup
-equation was also’applied to the Exxon fuel. This assumption is
.. .conservative since the.Exxon fuel has a thicker ciadding and other
design features which should render thé 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. 8. Robinson resu]ts

in a DNBR of 1.68.
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D. C. Cook Cycle é
D. C. Cook contains 128 Westinghouse fuel assemblies and 65 Exxon

fuel assémb]iés. The 1ihjtihg trénSient for D, C. Cook is the Loss
of Flow (4 bump co§s£down) which has a minimum DNBR of 2;61. This
value of DNBR is sufficieﬁtly high tb accommodate the rod bow pena1t&'
for Cycle 2 without reducing the DNBR below the safety Timit value |

of 1.3.
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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 pursuaht
to 10 CFR 851.5(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 deteils with respect to this action, see (1) the
application for amendments dated September 27, 1976, as supplemented
October 29, 1976, (2) Amendments Nos. 30 and29 to Licenses Nos.
DPR-32 and DPR-37, and (3) the Commission's related Safety Evaluation.
A1l 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



