‘. TECHNICAL SPECIFICATIONS

1.0 DEFINITIONS

The following terms are defined for uniform interpretation
of the specifications.

1.1 Thermal Power

The rate that the thermal energy generated by the fuel
is accumulated by the coolant as it passes through the

reactor vessel.

1.2 Reactor Operating Modes
Coolant
Reactivity Temperature
Mode AR/KRY% (°F)
Refueling £-5 Tavg s 140 I
o Cold Shutdown £-1 *Tavg s 200
- 2
Hot Shutdown -1 Tavg 2 540
Operating 20 ' Tavg ~ 580
1.3 Refueling

of fuel and/or control rods when the vessel head is
unbolted.

- 1.4 Operable
Capable of performing all intended functions in the

intended manner.
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regime is termed departure from nucleate boiling (DNB) and at

this point there is a sharp reduction of the heat tranéfer
coefficient which wouid result in high clad temperatures and the
possibility of clad failure. DNB is not, however, an observable
parameter during reactor operation. Therefore, the observable
parameters, thermal power, reactor coolant temperature and
pressure have been related to DNB through the W-3 and/or WRB-1 l
,DNB correlation. These DNB correlations have been developed to |
Qredict the DNB flux and the location of‘DNB for axially uniform
and non-uniform heat flux distributions. The local DNB heat flux
ratio, defined as the ratio of the heat flux that would cause DNB
at a particular core location to the local heat flux, is indi-
cative of the margin to DNB. A minimum value of the DNB ratio,
MDNBR, is specified so that during steady state operation, normal
operational transients and anticiéated transients, there is a 95%

probability at a 95% confidence level that DNB will not occur.(l)

The curves of Figure 2.1-1 represent the loci of points of
thermal power, coolant system pressure and average temperature

gor which this minimum DNB wvalue is‘satisfied. The area of safe

operation is below these lines.
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Since it is possible to have somewhat greater enthalpy rise hot

channel factors at part power than at full power due to the
deeper control bank insertion which is permitted at part power, a
conservative allowance has been made in obtaining the curves in
Figure 2.1-1 for an increase in F§H with decreasing power levels.
Rod withdrawal block and load runback occurs before reactor trip
set points are reached. i ¢
The Reactor Control and Protective System is designed to prevent
any anticipated combination of transient conditions for reactor
coolant system temperature, pressure and thermal power level that
would result in there being less than a 95% probability at a 95%
(3)

confidence level that DNB would not occur.

Amendment No. y6
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(1) FSAR, Section 3.2.2

' {
” (2) FSAR, Section 3.2.1

(3) FSAR, Section 14.1.1
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FIGURE 2.1-1
CORE DNB SAFETY LIMITS
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Overtemperature AT

SAT, [Ky + Ky(B=PY) - Ky(1-T) (F5532)1 -£(A1)
where

AT, = indicated AT at rated power, °F
T = average temperature, °F

' = 573.5°F

P = pressurizer pressure, psig

pl = 2235 psig

K1 =1.20

K, = .000900

K3 = .0209

Tl = 25 sec

12 = 5 sec

and £ (AI) is a function of the indicated differ-
ence between top and bottom detectors of the
power-range nuclear ion chambers; with gains to be
selected based on measured instrument response
during plant startup tests where d¢ and q), are the
percent power in the top and bottom halves of the
core respectively, and qp *+ 9 is the total core
power in percent of rated power such that:

(i) for dy = 9 less than +21 percent, £ (Al) = 0

Amendment No. }6
March 30, 1976
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(ii) for each percent that the magnitude of q, - g,

is more positve than +21 percent, the AT trip l
set point shall be automatically reduced by
an equivalent of 1.6 percent of rated power. l

Overpower AT

SAT_ [K, - Kg(T-T') = Ky w250 ] + £(aI)
where -
AT, = indicated AT at rated power, °F
T = average temperature, °F
1 = indicated T avg at nominal conditions at
rated power, °F
K4 = 1.077
Kg =.0.0 for T<'I‘l
= 0.0011 for T2T'
Kg = 0.0262 for increasing T
= 0.0 for decreasing T
13 = 10 sec

£(Al1) = as defined in 2.3.1.2.d.

Amendment No. )6
March 30, 1976
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"' 3.1.1.5 Pressurizer

Whenever the reactor is at hot shutdown or critical
the pressurizer shall have at least 100 kw of heaters
operable and a water level maintained between 12% and
87% of level span. If the pressurizer is inoperable

due to heaters or water level, restore the pressurizer

to operable status within 6 hrs. or héve the RHR
system in operation within an additional 6 hrs.
Bases
Thé plant is designed to operate with all reactor coolant loops
‘ in operation and maintain the DNBR above the limit value during

all normal

Change No. Y2

Amendment No. 23, ?6 42, 43
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3.1.3 Minimum Conditions for Criticality

3.1.3.1 Except during low power physics tests, the reactor
shall not be made critical at a temperature below
500°F, and if the moderate temperature coefficient is
more positive than
a. 5 pcm/°F (below 70 percent of rated thermal power)
b. 0 pcm/°F (at or above 70 percent of rated thermal

power)

3.1.3.2 In no case shall the reactor be made critical above
and to the left of the criticality limit line shown on
Figure 3.1-1 of these specifications.

3.1.3.3 When the reactor coolant temperature is below the
minimum temperature specified above, the reactor shall
be subcritical by an amount equql to or greater than
the potential reacti&ity insertion due to depressurization.

Basis

Previous safety analyses have assumed that for Design Basis

Events (DBE) initiated from the hot zero power or higher power

condition, the moderator temperature coefficient (MTC) was .either

Zero or negative.(l)(z) Beginning in Cycle 14, the safety analyses

have assumed that a maximum MTC of +5 pcm/°F can exist up to 70%

power. Analyses have shown that the design criteria can be

satisfied for the DBE's with this assumption.(3) At greater than

70% power the MTC must be ‘zero or negative.

3.1-18 Proposed




The limitations on MTC are waived for low power physicé tests to

permit measurement of the MTC and other physics design parameters
of interest. During these tests special operating precautions

will be taken. ’

3.1-19 Proposed




The requirement that the reactor is not to be made critical above

and to the left of the criticality limit provides increased
assurance that the proper relationship between reactor coolant
pressure and temperature will be maintained during system heatup
and pressurization. Heatup to this temperature will be accom-
plished by operating the reactor coolant pumps.

If the specified shutdown margin is maintained, there is no
possibility of an accidental criticality as a result of an
increase in moderator temperature or a decrease of coolant

pressure. .

Reference

(1) FSAR Table 3.2.1-1

(2) FSAR Figure 3.2.1-8

(3) safety Evaluation for R. E. Ginna Transition to 14 x 14
Optimized Fuel Assemblies, Westinghouse Electric Corporation,

November 1983.
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to public health and safety.(l) Whenever changes are not being
made in core geometry one flux monitor is sufficient. This l
permits maintenance of the instrumentation. Continuous moni-
toring of radiation levels and neutron flux provides immediate
indication of an unsafe condition. The residual heat pump is
used to maintain a uniform boron concentration;

The shutdown margin as indicated will keep the core subcritical,
even if all control rods were withdrawn from the core. During
refueling, the reactor refueling cavity is filled with approxi-
mately 230,000 gallons of borated water. The boron concentration
of this water at 2000 ppm boron is sufficient to maintain the
reactor subcritical by at least 5% Ak/k in the cold condition
with all rods inserted (best estimate of 10% subcritical), and
will -also maintain the core subcritical even if no control rods
were ingerted into the reactor.(z) Periodic checks of refueling
water boron concentration insure the proper shutdown margin.
Communication requirements allow the control room operator to
inform the manipulator operator of any impending unsafe condition
aetected from the main control board indicators during fuel
movement.

In addition to the above safeguards, interlocks are utilized
during refueling to insure safe'handling. An excess weight

interlock is

3.8-3 Proposed






pFovided on the lifting hoist to prevent movement of more than
one fuel assembly at a time. The spent fuel transfer mechanism
can accommodate)only one fuel assembly at a time. In addition
interlocké on the auxiliary build?ng crane will prevent the
trolley from being moved over storage racks containing spent

fuel.

The operability requirements for residual heat removal loops will
ensure adequate heat removal while in the refueling mode. The
requirement‘for 23 feet of water above the réactgr vessel flange
while handling fuel and fuel components in containment is con-

sistent with the assumptions of the fuel handling accident analysis.

References:

(1) FSAR - Section 9.5.2

(2) Reload Transition Safety Report, Cycle 14
(3) FSAR - Section 9.3.1

Amendment No. }4, 36



3.10.2.2

3.10.2.3

average power tilt ratio shall be determined once a
day by at least one of the following means:

a. Movable detectors

b. Core-exit thermocouples

Power distribution limits are expressed as hot channel
factors. At all times, except during low power physics

tests the hot channel factors must meet the following
limits:

FQ(Z) = (2.32/P)*K(2) for P2 .5
Fo(Z) = 4.64%K(2) for P § .5
FAH = 1.66 [1 + .3(1-P)] for 0 $P$1.00

where P is the fraction of rated power at which the
core is operating, K(2Z) is the function given by
Figure 3.10ﬁ3, and 2 is the height in the core. The
measured F shall be increased by tﬁree percent to
yvield F.. QIf the measured F, or FA exceeds the
limitin8 value, with due all8wance for measurement
error, the maximum allowable reactor power level and
the Nuclear Overpower Trip set point ﬁhall be reduced
on percent for each percent which FA or F. exceeds
the limiting value, whichever is morg resti®ctive. If
the hot channel factors cannot be reduced below the
limiting values within one day, the Overpower AT trip
setpoint and the Overtemperature AT trip setpoint
shall be similarly reduced. .

Except for physics tests, if the guadrant to average

power tilt ratio, exceeds 1.02 but is less than 1.12,

then within two hours:

a. Correct the situation, or

b. Determine by measurement the hot channel factors,
and apply Specification 3.10.2.2, or

c. Limit power to 75% of rated power.

Amendment No. 7, }0
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3.10.2.4

-3.10.2.5

3.10.2.6

3.10.2.7

3.10.2.8

If the quadrant to average power tilt ratio exceeds
1.02 but is less than 1.12 for a sustained period of
more than 24 hours without known cause, or if such a
tilt recurs intermittently without ‘known cause, the
reactor power level shall be restricted so as not to
exceed 50% of rated power. If the cause of the tilt
is determined, continued operation at a power level
consistent with 3.10.2.2 above, shall be permitted.

Except for phy51cs test, if the quadrant to average
power tilt ratio is 1. 12 or greater, the reactor shall
be put in the hot shutdown condition utilizing normal
operating procedures. Subsequent operation for the
purpose of measuring and correcting the tilt is per-
mitted provided the power level does not exceed 50% of
rated power and the Nuclear Overpower Trip "set point
is reduced by 50%".

Following any refueling and at least every effective
full power month thereafter, flux maps, using the
movable detector system, shall be made to confirm that
the hot channel factor limits of Spec1flcat10n 3.10.2.2
are met.

- The reference equilibrium indicated axial flux difference

as a function of power level (called the target flux
difference) shall be measured at least once per equivalent
full power quarter. The target flux difference must

be updated at least each equivalent full power month
using a measured value or by linear interpolation

using the most recent measured value and the predicted
value at the end of the cycle life.

Except during physics tests, control rod exercises,
excore detector calibration, and except as modified by
3.10.2.9 through 3.10.2.12, the indicated axial flux
difference shall be maintained within #5% of the
target flux difference (defines the target band on
axial flux difference). Axial flux difference for
power distribution control is defined as the average
value for the four excore detectors. If one excore
detector is out of service, the remaining three shall
be used to derive the average.

Amendment No. 34
3.10-4 Proposed
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Appendix B

Beglnnlng with the reload for Cycle 14, scheduled for insertion
in the spring of 1984, Rochester Gas & Electric will use the
Westinghouse Optlmlzed Fuel Assembly (OFA) 14 x 14 design with
natural uranium axial blankets. In order to store and use fuel
assemblies of this design several changes to Ginna Technical
Specifications are required.

On February 23, 1982, RG&E requested a change to the Technical
Spec1f1catlon to permlt storage of the higher enrichment OFA fuel
in the spent fuel pool. 1In response to. questions from the NRC
staff concerning this submittal RG&E provided a criticality
analysis of the new fuel storage racks on September 12, 1983.

Attached are three reports comprising the safety analysis
prepared by Westinghouse covering the transition from an all
Exxon fueled core to a full core of the OFA design. This safety
analysis is not cycle specific, but uses parameters which will
bound those experienced during the transition period. The safety
analysis is composed of a summary of the mechanical, thermal-
hydraulic and accident analysis and detailed results of the
non-LOCA and LOCA analysis. These analyses incorporate the
proposed changes to the Technical Specifications and show that
the applicable design criteria for the Exxon and OFA are satisfied.

In brief, the proposed changes to the Technical Specifications
are the follow1ng

1. Allowing a positive MTC (+5 pcm °F) up to 70% power.

2. A reduction in shutdown margin at EOC from 1900, pcm to
1800 pcm.

) . N 4
3. A change in the FAH limits at less than 100% power.

4, A change in the core protection limits (OTAT and OPAT
setpoint equations).

5. A deletion of the limits on Target Axial Offset.

The first four changes are incorporated into the accident-
analyses. The deletion of the limit on target axial offset (TAO)
is not treated explicitly in the Westinghouse safety analysis.
Worst case power distributions that bound any that would occur
during operation are assumed by Westinghouse. For every reload
Westinghouse must assure that the potential worst case power
distribution does not exceed those assumed in the safety analysis.
Therefore, the limitation on TAO is unnecessary. The deletion of
the limitations is consistent with the provisions of the Standard
Technical Specification.






Four mi¥§§ oxide assemblies (MOX) will remain in the core

for Cycle 14 These assemblies are mechanically identical to

the Westinghouse HIPAR design used as reload fuel to Ginna pr%gs

to Cycle 8. Exxon previously has performed a safety analysis

and concluded on a best estimate basis that in a mixed core
configuration the flow to each assembly was within one percent of
the core average. Applying a DNBR penalty equivalent to a decrease
in one percent of flow to the minimum DNBR for Exxon fuel calculated
by Westinghouse indicates that sufficient margin to the design

DNBR limit exists. ?Eger analyses remain valid, as previously

approved by the NRC.



" Reference 1.

Letter, D. C. Ziemann, USNRC to L. D. White, RG&E
April 15, 1980.

R. E. Ginna Nuclear Plant Cycle 8 Safety Analysis
Report, Exxon Nuclear Company, December, 1977.

4



Attachment C

In accordance with 10CFR 50.91 these changes to the Technical
Specifications have been evaluated against three criteria to
determine if the operation of the facility in accordance with the
proposed amendment would:

1. involve a significant increase in the probability or
consequences of an accident previously evaluated; or

2. create the possibility of a new or different kind of
accident from any accident previously evaluated; oxr:

3. involve a significant reduction in a margin of safety.

As outlined below, Rochester Gas & Electric submits that the
issues associated with this amendment request are outside the
criteria of 10CFR 50.91, and therefore, a no significant hazards
finding is warranted. .

The proposed changes are required to allow the insertion of,
and subsequent transition to, a full core of fuel assemblies of
the Westinghouse Optimized Fuel Assembly Design (W-OFA). These
changes have been incorporated into the assumptions and methodology
used by Westinghouse to verify that a Design Basis Event does not
cause the appropriate acceptance criteria to be violated. 1In all
cases the assumptions, methods and results are consistent with
Westinghouse standard reload safety evaluation techniques and
other plant submittals to the NRC for insertion of W-OFA.

Therefore, a no significant hazards finding is warranted for
the following reasons:

1. The insertion of W-OFA fuel assemblies will not cause
an increase in the probability of any accident, and
because the acceptance criteria are satisfied, the
consequences of an accident are not increased.

2. The possibility of a new or different kind of accident .
is not created.

3. While it is not possible to simply compare the results
to previous analyses because of the different analytical
techniques used by vendors, and the constant evolution
of their methods, the Westinghouse analysis has demon-
strated that appropriate margin exists between results
and the acceptance criteria.
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1.0 INTRODUCTION

R. E. Ginna is a Westinghouse designed PWR and is currently operating
with an all Exxon Nuclear Company (ENC) 14x14 fueled core except for
four Westinghouse Mixed Oxide (MOX) assemblies. R. E. Ginna was last
supplied with Westinghouse fuel during the cycle 7 reload. Cycle 14 is
the first cycle in a transition phase from ENC to Westinghouse 14x14 9
grid Optimized Fuel Assembly (OFA) fuel with core loadings ranging from

) approximately a 15% OFA and 85% ENC fueled core to eventually an

all-OFA-fueled core. The OFA fuel is very similar to the Westinghouse 7
grid 14x14 low parasitic fuel which has had substantial operating
performance in a number of nuclear plants.

This report summarizes the safety evaluation/analysis for the
region-by-region reioad transition from the present ENC-fueled core to
an all-Westinghouse OFA-fueled core. This report examines the
differences between the OFA and ENC fuel assembly designs and evaluates
the effect of these differences on the cores during the transition to an
al1-0OFA-fueled core. The evaluation considers the standard reload
design methods described in Reference 1, and the transition effects
described in Chapter 18 of Reference 2.

Reference 3 presents the operating experience through December 1981 of
OFA demonstration assemblies. There are four 14x14 7 grid demonstration
assemblies that have completed two cycles of operation (established
burnup ~20,000 MWD/MTU). Post-test examination at the completion of

the first cycle of irradiation indicated no abnormalities. However, one
demonstration assembly at the end of the second cycle of irradiation was
damaged and removed. It was concluded that the cause of the damage was
an isolated event and not a generic OFA design problem (see Letter

. Report IT-83-222, "Failure Investigation of Point Beach Unit 2 OFA

Rods," July 1983). The demonstration assemblies will have experienced
approximately 35,000 MWD/MTU of burnup in 1984.

Sections 3.0 through 6.0 summarize the Mechanical, Nuclear, Thermal and
Hydraulic, and Accident Evaluations,-respectively.

0710L:6 1-3






2.0 SUMMARY AND CONCLUSIONS

Consistent with the Westinghouse standard reload methodology

(Reference 1), parameters are chosen to maximize the applicability of
the transition evaluations presented herein for future cycles. The
pbjective of subsequent cycle specific Reload Safety Evaluation Reports
(RSE's) will be to verify that applicable safeéy limits are satisfied
based on the reference evaluation/analyses established by this report.

The transition design and safety evaluations presented herein consider
the following nominal operating conditions: 1520 MWt core power, 2250
psia system pressure, 573.5°F vessel average coolant temperature (HFP)
at 2250 psia, and 174,000 gpm primary system thermal design flow.

The results of evaluation/analyses and tests described herein lead to
the following conclusions:

1. The West%nghouse OFAs are mechanically and hydraulically compatible
with the ENC fuel assemblies, control rods, and reactor internals
interfaces. All design criteria for the Westinghouse OFA's are
satisfied.

2. Generally changes in the nuclear characteristics because of the
transition from ENC to OFA fuel will lie within the cycle-to-cycle
variations observed for past fuel reload designs. The moderator )
temperature coefficient is the most significant exception to this.
Since the H/U ratio is larger for OFA, the moderator temperature
coefficient is more positive than observed in past Westinghouse
fueled R. E. Ginna cores. This has been accounted for in:the

accident evaluations.

0710L:6 2-1



3. Demonstration experience with Westinghouse OFAs containing Zircaloy
grids provides reason to expect satisfactory operation from OFA

Zircaloy grids.

4. The proposed technical specifications changes (Attachment A) are

applicable. to cores containing any combination of OFA and ENC fuel
and plant operating limitations will be satisfied with these
proposed changes.

5. A reference is established upon which to base future cycle safety

evaluations for Westinghouse OFA reload fuel.

0710L:6 2-2



3.0 MECHANICAL EVALUATION
The mechanical design requirements and criteria approved by the NRC for
the 17x17 OFA design are described in Reference 2. The 14x14 OFA design
meets these same basic design requirements and criteria.

ENC, in establishing their assembly design, demonstrated their fuel's
_compatibility with the Westinghouse design which was the initial R. E.
Ginna fuel. Westinghouse has demonstrated the compatibility of its OFA
design with its initial 9 grid design and has performed the reviews
described below thereby demonstrating compatibility of the Westinghouse
OFA and ENC fuel assemblies.

The similarities between the OFA design and previous Westinghouse fuel
include the number of fuel rods, grids, guide thimbles and instrumenta-
tion tube. The materials of the top and bottom nozzles, fuel rod, and
top and bottom grids are the same in both the Westinghouse OFA and
initial designs. The design changes between the two designs include a
reduction in fuel rod, guide thimble, and instrumentation tube '
diameters, and change of material (SS to zirc) and seven intermediate
grids made of Zircaloy with the thickness and height increased to retain
the required grid strength. In addition to the reduction of the fuel
rod diameter, 6.2 inches of natural uranium pellets replace the standard
slightly enriched peliets at both ends of the fuel stack (axial
blanket). Also changed is the bottom nozzle which includes a locking
cup feature which facilitates recpnstitutabi1ity of the fuel assembly.
This is identical to the standard bottom nozzle except for the
reconstitution feature. This design change of the bottom nozzle and
grid modifications were evaluated and determined to have no impact on
the safe operation of the plant and the performance of the fuel. These
changes were made as allowed per the requirements of 10CFR50.59.

The fuel design bases and criteria for Westinghouse 14x14 OFA's are the

same a$ those discussed in Sections 4.2 and 4.4.1.2 of Reference 2 for
the Westinghouse 17x17 OFA design. Verification that these criteria are

0710L:6 3-1
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met for Westinghouse fuel in the R. E. Ginna plant is performed using
the design methodology and models discussed in Reference 1. An improved
thermal safety model, Reference 4, is being used to generate fuel

temperatures for safety analysis.

The top and bottom grids of the OFA are fabricated from Inconel and the
seven intermediate grids are fabricated from Zircaloy. The elevation of
the centerline of each of the OFA grids match that of the ENC grids in
order to minimize crossflow during operation. Figure 1 shows the OFA.
The Zircaloy grid height is 2.25 inches as compared to the Inconel grid
which is 1.5 inches. These dimensional changes were made to compensate
for differences in material strength properties. Each fuel rod is given
support at six contact points within each grid cell by a combination of
support dimples and springs.

The Westinghouse OFA thimble tubes are fabricated from Zircaloy. There
are two sections with a large diameter and two with a smaller diameter.
The larger diameter at the top permits rapid control rod insertion.
Both of the redu;ed diameter sections produce a dashpot action near the
end of the control rod travel to decelerate the control rod and reduce
impact forces.

The instrumentation tube is also fabricated from Zircaloy. This tube is
of constant diameter and is designed to accept,the R. E. Ginna incore
instrumentation. The OFA instrumentation tube has a 0.004 inch
diametral increase when compared to the ENC assembly instrumentation
tube. There is sufficient diametral clearance for the instrumentation
thimble to traverse the OFA instrumentation tube.

The OFA top and bottom nozzles are fabricated from stainless steel.
Both nozzles index the fuel assembly in the core and direct flow into
and out of the assembly through perforated nozzle plates. The axial
spacing between the top and bottom nozzle is established to accommodate
the growth of the fuel rods due to irradiation effects on the Zircaloy
fuel tube. The OFA bottom nozzle design has a reconstitution feature
which facjlitates easy removal of the nozzle from the fuel assembly.
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Holddown of the OFA is provided by four sets of two leaf springs. The
Inconel. 718 spring design permits both a high spring rate and large

travel, which is required to accommodate the difference in thermal
expansion between the Zircaloy thimbles and the stainless steel reactor
internals. This spring design also accommodates the growth of the
Zircaloy thimbles during service and prevents fuel assembly liftoff
during normal operation.:

The fuel rod fretting evaluation performed on the Westinghouse 14x14
seven grid OFA design has shown that even with no grid spring force
acting on the fuel rod by the five Zircaloy grids at end of life, the
clad wear criterion is met. Since the R. E. Ginna OFA design contains
nine grids including seven Zircaloy grids, considerable additional wear
margin exists for the R. E. Ginna fuel design than for the seven-grid
OFA design.

The rod bow behavior of the R. E. Ginna OFA is expected to be better
than that of the 7 grid Westinghouse fuel assembly. The R. E. Ginna OFA
will have reduced grid spring forces due to the Z}rcaloy grids shorter
span lengths and a higher fuel tube thickness-to-diameter ratio than the
7 grid fuel assembly. These design changes should result in reduced rod
bow.

The Zircalloy grid spring forces are lower during service than those
typically used on Inconel grids. Therefore, lower friction forces are
generated by the differential thermal expansion and irradiation growth
of the fuel rods. This results in lower loads applied to the skeleton
components than are present in the 7 grid Westinghouse assemblies. The
skeleton components are conservatively designed to accept these loads
with margin.
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New thimble-plugging devices and secondary source assemblies were

" designed to be compatible with the OFA's only. These new core
components were designed to accommodate the growth of the fuel assembly
and the difference in thermal.expansion between the Zircaloy thimbles of
the fuel assembly and stainless steel reactor internals. The control
rods used in the R. E. Ginna reactor core are compatible with the OFA.
The current thimble plugging devices and éecondary sources will continue
to be used with previously supplied fuel. "
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4.0 NUCLEAR EVALUATION

The key safety parameters evaluated for the conceptual transition and
full OFA designs show that the expected ranges of variation for many of
the parameters will lie within the normal cycle-to-cycle variations
observed for past ENC fuel reload designs. The parameters which fall
outside of these ranges are those which are sensitive to fuel type, e.g.,
the moderator temperature ‘coefficient. The accident evaluation,
documented in Section 6.0, has considered ranges of parameters which are
appropriate for the transition cycles and beyond.

The methods and core models used in the reload transition analysis are
identical to those employed and described in References 1, 2, and 5.
These are the same methods and models which have been used in other
Westinghouse reload cycle designs. No changes to the nuclear design
philosophy, methods, or modeis are necessary due to the transition to OFA
fuel.

A number of changes to the R. E. Ginna Technical Specifications
(Attachment A) will be proposed as part of the transition to OFA fuel.
Some of these changes, whether &irectly related to OFA fuel or not,
impact the core nuclear design. These changes include: (1) the positive
moderator temperature coefficient (MTC) specification; and (2) the 0.3
multiplier in the FAH limit function; (3) a reduction in the required
shutdown margin (SDM) to 1.8% Ap.

Power distributions and peaking factors are primarily loading-pattern-

" dependent. The usual methods, such as enrichment variation can be

employed in the transition and full OFA cores to ensure compliance with
the peaking factor Technical Specifications.
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5.0 THERMAL AND HYDRAULIC EVALUATION

HYDRAULIC COMPATIBILITY

The hydraulic characteristics of an ENC fuel assembly were evaluated by
performing tests on a clean, unirradiated-ENC fuel assembly at the R. E.
Ginna site using the Westinghouse Fuel Assembly Compatiblity Systems
(FACTS) loop. A similar test was conducted on a clean unirradiated
seven grid Westinghouse OFA in the same loop. Since the Westinghouse
OFA design for R. E. Ginna is slightly different from the regular seven
grid OFA tested (two extra mixing vane grids and a slightly shorter fuel
rod length) the effect of these design differences on the hydraulic
characteristics of the test assembly was addressed.

The results showed that the net mismatch in overall core loss
coefficient was less than one percent. It was therefore concluded that
the two assemblies are hydraulically compatible.

CALCULATIONAL METHODS

The calculational methods used in the analysis employ three changes from
methods presently employed for the R. E. Ginna thermal-hydraulic
analysis. These methods are: (1) the THINC IV computer code, (2) the
WRB-1 DNB Correlation for the OFA, and (3) the Improved Thermal Design
Procedure (ITDP). '

The THINC IV program is used to perform thermal-hydraulic calculations.
The THINC IV code calculates coolant density, mass velocity, enthalpy,
void fractions, static pressure, and DNBR distributions along flow
channels within a reactor core under all expected operating conditions.
The THINC IV code is described in detail in References 8 and 9.
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In this. application, the WRB-1 DNB Correlation (Reference 6) is emplioyed

"~ in the thermal=-hydraulic design of the Westinghouse OFA. The WRB-1

Correlation (References 6 and 13) provides a significant improvement in
Critical Heat Flux (CHF) predictions over previous DNB correlations.

The 17x17 OFA DNB tests showed that the WRB-1 Correlation -correctly
accounted for the geometry changes in going from the 17x17 0.374" rod 0D
design to the 17x17 0.360" rod OD design, and that the design limit of
1.17 was still applicable, Reference 13. The 14x14 OFA design jnvo]ved
very similar geometry changes from the 7 grid 14x14 STD fuel design,
namely, the reduction of the rod OD from 0.422" to 0.400" and the
incorporation of a grid design with an increased height and strap .
thickness due to the change from Inconel to Zircaloy. Confirmatory DNB
tests performed on the 14x14 OFA typical cell geometry verified that the
WRB-1 Correlation accurately predicted CHF values for this geometry type
and that the design limit of 1.17 was still appropriate.

The W-3 DNBR Correlation (Reference 14 and 15) was used in the design of
the ENC fuel assembly. A correlation 1imit DNBR of 1.30 is applicable.

The design method employed to meet the DNB design basis is the ITDP,‘
Reference 7. Uncertainties in plant operating parameters, nuclear and
thermal parameters, and fuel fabrication parameters are considered
statistically such that there is at least a 95 percent probability that
the minimum DNBR will be greater than or equal to DNBR for the peak
power rod. Plant parameter uncertainties are used to determine the
plant DNBR uncertainty. This~DNBRfuncertaiﬁEy, combined with the DNBR

Jdimit, establishes a design DNBR value which must be met in plant safety
“;n;1y§gs.” Since the parameter uncertainties are considered in

determinfhg the design DNBR value, the plant safety analyses are
performed using values of input parameters without uncertainties. In
addition, the 1imit DNBR-values are increased to values designated as
the safety analysi's 1imit DNBR's. The plant allowance available between

- the safety ana]ys%s 1limit DNBR values and the design 1imit DNBR values
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is not required to meet the design basis. The allowance will be used
for flexibility in the design and operation of this plant.

The DNBR margin is defined as

. _ Design‘DNBR value
Safety analysis DNBR value = T - Margin

The table below indicates the relationship between the correlation limit

'DNBR, design 1imit DNBR, and the safety analysis 1imit DNBR values used

for this design.

W 14x14 OFA - ENC 14x14
Typical Thimble Typical Thimble
Corrlelation Limit 1.17 1.17 1.30 1.30
Design Limit 1.34, 1.33 1.58) 1.502
Safety Analysis 1.52 1.51 1.625  1.54)

Limit

The margin between the design Timit and the safety analysis 1imit DNBR
is more than enough to offset the rod bow penalty and the transition
core penalty.

ROD BOW

The OFA for R. E. Ginna has nine grids and an active fuel length of
141.4 inches. Based on the current NRC‘approVed licensing basis,
Reference 16, the fractional closure at any given burnup for the OFA for
R. E. Ginna can be compared to that of the 7-grid assembly. The
relevent parameters for making such a comparison are L2/I (L = span
length between grids, I = fuel rod moment of inertia) and the initial.
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rod-to-rod gap. The 1/I ratio is higher for the OFA, but the initial
rod-to-rod gap is also 1arger: therefore, these efforts offset each
other. The fractional closure at any burnup for the 9-grid Westinghouse
OFA can be obtained by direct L2 scaling from that of the 7-grid
assembly. .

The results indicated that a maximum rod bow penalty of 4.2% DNBR is
.applicable for the R. E. Ginna OFA. Sufficient margin between the
safety analysis 1imit DNBR and the design limit DNBR has been maintained
to accommodate this penalty as well as the transition core DNB penalty.

The ENC fuel assembly would be expected to have less gap closure than
the Westinghouse OFA, due to the ENC fuel's thicker cladding as shown in
Reference 17. Data obtained by other investigations, References 18 and
19, show that gap closures up to 55% héve no measurable effecton DNB.
Therefore, no resultant rod bow DNBR penalty is required for ENC fuel.

TRANSITION CORE DNB METHODOLOGY

The OFA has a larger hydraulic diameter and flow area compared to the
ENC fuel assembly. Thus, if it is assumed that the same mass flow
exists in an ENC assembly and an OFA and that there is no allowance for
flow redistribution to occur, the ENC fuel assembly will have a higher
velocity in the rod bundle. The higher velocity, together with the
lower value of rod bundle hydraulic diameter, will cause the rod bundle
pressure drop to be higher in the ENC fuel assembly. Thus, for the same
value of mass flow rate into an adjacent set of ENC and OFA, the flow
would have a tendency to redistribute from the ENC to the OFA in the rod
bundle region.

In the gridded regions, however;ythe OFA has a higher value of mixing
vane grid loss coefficient. This will induce localized flow
redistribution from the OFA to the ENC at the axial zones near the
mixing vane grid positions. ‘
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The net consequence of this flow redistribution on DNBR is primarily due
to the effect this redistribution has on the hot channel mass velocity
and the local quality. Depending on the axial location of the minimum
DNBR, a DNB penalty can be postualted on either type of fuel assembly
when compared o a full core of similar fuel.

A 2% transition core DNB penalty, on the Westinghousé OFA and a 1% QNB
penalty on the ENC fuel were determined to be applicable by analyzing
different assembly loading patterns at varijous core conditions in a
manner consistent with previously approved analysis, Reference'ZO.

Thus the t;ansition cores will be analyzed in the following manner: the
ENC fuel in a transition core will be analyzed as a full core of ENC
fuel Epplying a 1% DNB transition core penlty; and the OFA fuel in a
transition core will be analyzed as full core of OFA fuel applying a 2%
DNB transition core penalty.

The DNB margins previously described for the ENC and OFA fuel are more

than enough to accomodate the transition core penalty and the rod bow
penalty.
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6.0 ACCIDENT EVALUATION

This section addresses the impact on accident analyses of the following
proposed changes for R. E. Ginna.

° OFA
© Positive MTC
® F,y Multiplier Change

A revised FSAR Chapter 14 given in Attachment B contains the
descriptions, methodology, results and conclusion for each accident
reanalyzed.

OFA

The principal mechanical design characteristic of the OFA design which
could have an effect on accidents is the smaller fuel rod. This leads
to a higher fuel rod temperature, surface heat flux, and a DNB penalty.
The larger hydraulic diameter and lower coolant flow velocity cause a
reduction in heat transfer after DNB. The smaller fuel rod also leads
to a faster heatup rate for severe reactivity transients such as Rod
Cluster Control Assembly (RCCA) ejection.

As a result of the smaller fuel rod, for the same power level, the OFA
design will have a lower DNB ratio than the initial design.

The DNB penalty was offset for the OFA core through the use of the WRB-1
DNB Correlation, Reference 6, and the ITDP, Reference 7. Those
transients impacted by the OFA design are shown in Table 1. A
discussion of Loss-of-Coolant Accidents (LOCA) is addressed later in
this section.

Positive MTC

The present R. E. Ginna Technical Specifications require the MTC to be
zero or negative at all times while the reactor is critical. This
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requirement is-overly restrictive, since a small positive coefficient at
reduced power levels could result in a significant increase in fuel
cycle flexibility, but would have only a minor effect on the safety
analysis of the accident events presented in the FSAR.

The proposed Technical Specification change, given in Attachment A,
allows a +5 pcm/°F MTC below 70 percent of rated power, changing to a 0
pem/°F MTC at 70 percent power and above. A power-level dependent MTC
was chosen to minimize the effect of the specification on postulated
accidents at high power levels. Moreover, as the power level is raised,
the average core water témperature becomes higher as allowed by the
programmed average temperature for the plant, tending to make the
moderator coefficient more negative. Also, the boron concentration can
be reduced as xenon builds into the core. Thus, there is less need to
allow a positive coefficient as full power is approached. As fuel
burnup is achieved, boron is further reduced and the MTC will become
negative over the entire operating power range.

The impact of a positive MTC on the accident analyses presented in
Chapter 14 of the R. E. Ginna FSAR, Reference 10, has been assessed.
Those incidents which were found to be sensitive to minimum or near-zero
moderator coefficients were reanalyzed. In general, these incidents are
1imited.to transients which cause reactor coolant temperature to
increase. With the exceptions below, the analyses presented herein were
based on a +5 pcm/°F MTC, which was assumed to remain constant for
variations in tempefature.

The bank withdrawal from subcritical and control rod ejection analyses
are based on a coefficient which is at least +5 pcm/°F at zero power
nominal average temperature, and which becomes less positive for higher
temperatures. This is necessary since the TWINKLE computer code, on
which the analysis is based, is a diffusion-theory code rather than a
point-kinetics approximation and the moderator temperature feedback
cannot be artificially held constant with temperature. For all
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accidents which are reanalyzed, the assumption of a positive MTC
existing at full power is consérvative, since as noted in Attachment A,
the proposed Technical Specification requires that the coefficient be

zero or negative at or above 70 percent power.

Accidents not reanalyzed included those resulting in excessive heat
:removal from the reactor coolant system for which a large negative MTC
is conservative, and those for which hea%up effects following reactor
trip are investigated, which are not sensitive to the moderator

coefficient.

FAH Multiplier Change

A proposed change from K=0.2 to K=0.3 in the following equation for the
Nuclear Hot Channel Factor (FQH) was evaluated with regard to
its effect on accident analyses:

N

A < 1.66 [1.0 + .3(1-P)]

F
where P is the fraction of full power and .3 is the power
correction constant. ‘

The effect on accident analyses is through the core safety limits at
very high pressure and low power levels. Since the steam generator
safety valves prevent the plant from reaching these limiting conditions,
the protection setpoints are unaffected by this change. The change'
sometimes impacts the axial offset envelope such, that the f(Af)

changes. However, no credit for the f(AI) protection is assumed in

the accident analyses. Therefore, the safety analyses are not impacted
by the proposed FAH multip]ie} change. :

0710L:6 ' 6-3






Non-LOCA
A The impact of.the proposed changes as identified earlier in this section
has been assessed for the non-LOCA as provided in Chapter 14 of the
R. E. Ginna FSAR given in Attachment B. The following accidents have

. been reanalyzed: )

-  Uncontrolled RCCA Bank Withdrawal From a Subcritical Condition .
- Uncontrolled RCCA Bank Withdrawal at Power
-  RCCA Drop
- Chemical and Volume Control System Malfunction
- Startup of an Inactive Reactor Coolant Lo&p b
= Reduction in Feedwater Enthalpy Incident-
- Excessive Load Increase Incident
- Loss of Reactor Coolant Flow/Locked Rotor
- Loss of External Electrical Load '
- Loss of Normal Feedwater/Station Blackout
- Rupture of a Steam Pipe :
'. - Rupture of a Control Rod Mechanism Housing-RCCA Ejection
For each of the accidents ana]yiéd, it was found %%at the aﬁpropriate
safety criteria are met.’ N

Large Break LOCA

The large break LOCA analysis for R. E. Ginna, applicable to transition
and full OFA core cycles, was reanalyzed due to the differences between -
ENC and Westinghouse OFA designs. This analysis is consistent with the
methodology employed in WCAP-9500,

Reference Core Repor£ 17x17 Optimized Fuel Assembly. The currently
approved 1981 large break Emergency Core Cooling System (ECCS)
Evaluation Model, Reference_1l, was utilized for a spectrum of cold leg
breaks. The revised PAD Fuel Thermal Safety Model, Reference 4,
generated the initial fuel rod'cohditions. The R. E. Ginna analysis was
performed for an assumed steam generator tube plugging level of 12%.

0710L:6 6-4



A revised FSAR Chapter 14.3.2 given in Attachment C contains a full
description of the methods and assumptions utilized for the Westinghouse OFA
ECCS LOCA analysis, and the results of the analyses.

The large break OFA LOCA analysis for R. E. Ginna utilizing the currently
approved 1981 evaluation model resulted in a PCT of 1833°F for the 0.4 CD
LOCA case at a total peaking factor of 2.32. Addition of the ‘UPI penalty of
?1°F results in a final PCT of 1854°F.

The small impact of crossflow for transition core cycles is conservatively
evaluated as at most a 4°F effect on the Westinghouse fuel, which is easily

accommodated in-the margin to 10 CFR 50.46 limits.

Small Break LOCA

The small break LOCA analysis for R. E. Ginna applicable to transition and
full OFA core cycles, was reanalyzed due to the differences between ENC and
Westinghouse OFA designs. This is consistent with the methodology employed in
WCAP-9500. The currently approved October 1975 small break ECCS evaluation
model was utilized for a spectrum of cold-leg breaks, Reference 12. The

revised PAD fuel thermal safety model generated the intial fuel rod conditions.

The revised FSAR Chapter 14.3.1, given in Attachment C, contains a full
descripition of the analysis and assumption utilized for the Westinghouse OFA
ECCS LOCA analysis.

The small break OFA LOCA analysis for R. E. Ginna utilizing the currently
approved 1975 Small Break Evaluation model resulted in a PCT of 1092°F for the
6 inch diameter cold leg break. The analysis assumed the worst small break
power shape consistent with a LOCA F_ envelope of 2.32 at core midplane
elevation and 1.5 at the top of the core.

Analyses show that the high and low head portions of the ECCS, together with
the accumulators, provide sufficient core flooding to keep the calculated PCT
well below the required limits of 10 CFR 50.46. Adequate protection is
therefore afforded by the ECCS in the event of a small break LOCA.
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TABLE 1

FSAR CHAPTER 14 ACCIDENT ANALYSIS
SENSITIVITY TO PROPOSED CHANGES

Accidents OFA +MTC

1. Uncontrolled Rod X X
‘ Withdrawal from a

Suberitical Condition

FSAR Section 14.1.1.-

2. Uncontrolled RCCA With- X X
drawal at Power.
FSAR Section 14.1.2.

3. Rod Cluster Control X
Assembly (RCCA) Drop
FSAR Section 14.1.4.

4, Chemical and Volume X X
Control System Mal-
function FSAR Section
14.1.5.

5. Startup of an Inactive
Reactor Coolant Loop
FSAR Section 14.1.7.

6. Reduction in Feedwater X
Enthalpy Incident
FSAR Section 14.1.10.

7. Excessive Load Increase X X
Incident FSAR Section
14.1.11.

o
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10.

11.

12.

13.

14.

TABLE 1 (Con't)

FSAR CHAPTER 14 ACCIDENT ANALYSIS
SENSITIVITY TO PROPOSED CHANGES
(CONTINUED) '

Accidents OFA +MTC

. Loss of Reactor Coolant X X

Flow FSAR Section
14.1.6. ,

. Loss of External X X

Electrical Load
FSAR Section 14.1.8.

Loss of Normal Feed-
water FSAR Section
14.1.9.

Loss of A11 AC Power

to the Station Aux- .
iliaries FSAR Section

14.4.12.

Rupture of a Steam Pipe X
FSAR Section 14.2.5.

Rupture of a Control X X
Rod Mechanism Housing-

RCCA Ejection

FSAR Section 14.2.6.

LOCA FSAR Section 14.3.1 X
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ATTACHMENT A

A list of the Technical Specification changes
required by the use of the OFA design and a positive
MTPC is provided as Attachment A to the Application
for Amendment to Operating License.






ATTACHMENT B

NON-LOCA ACCIDENT ANALYSIS RESULTS )
FSAR CHAPTER 14

rs
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ATTACHMENT B
NON-LOCA SAFETY ANALYSIS

Presented in Attachment B are those non-LOCA accident analyses of the
R. E. Ginna FSAR Chapter 14 impacted by the proposed changes as
determined in Section 5. Provided below is a discussion of initial

conditions, assumptions, and computer codes used to analyze the

accidents presented. Further discussion is provided for each individual
analysis. Section numbers in this appendix correspond to those used in
the FSAR.
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14.1.2
14.1.4

14.1.5

14.1.6

“ ’ 14.1.8

14.1.10

14.1.11
14.2.5

14.2.6
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3. Pressurizer Pressure

Chapter 14

Initial Conditions

For most accidents which are DNB-limited, nominal values of initial
conditions are assumed. The allowances on power, temperature, and
pressure are determined on a statistical basis anq are included in the
limit DNBR, as described in WCAP-8567 (Reference 1). This procedure is
known as the "Improved Thermal Design Procedure," and is discussed more
fully in Section 4. ” g

For accidents which are not DNB-1imited or in which the Improved Thermal-
Design Procedure is not employed, the initial conditions are obtained by
adding the maximum steady state errors to rated values. The following
conservative steady staéé errors were assumed in the analysis:

)

"1. Core Power © +2 percent allowance for

calorimetric error
2.' Average Reactor Coolant +4°F allowance for controller
deadband and measurement error

+30 pounds per square inch (psi)
allowance for steady state
- ©, fluctuations and measurement error

Tables 14-1 and 14-2 summarize initial conditions’and computer codes

used in the accident analysis, and show which accidents empioyed a DNB
analysis using the Improved Thermal Design Procedure.
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Power Distribution

The transient response of the reactor system is dependent on the initial
power distribution. The nuclear design of the reactor core minimizes
adverse power distribution through the placement of control rods and;v‘
operating instructfons. The constant axial offset control (CAOC) E
strategy is used for R. E. Ginna. Power distribution may be
characterized by the radial factor (FAH) and the total peaking

factor (FQ). The peaking factor limits are given in the Technical
Specifications and in Section 5.0 of this report. '

For transients which may be DNB-limited, the radial peaking factor is of
importance. The radial peaking factor increases with decreasing power
level due to rod insertion. This increase in FAH is included in the
core limits illustrated in Figure 14-1. All transients that may be DNB
limited are assumed to begin with a FAH consistent with the initial,
power level defined in the Technical Specifications.

The axial power shape used in the DNB calculations are discussed in
Section 4. The radial and axial power distributions described above are 4
input to the THINC Code as described in Section 4.

For transients which may be overpower limited, the total peaking factor

(FQ) is of importance. A1l transients that may be overpower 1imfted

are assumed to begin with plant conditions including power distributions
which are consistent with reactor operation as defined in the Technical

Specifications.

For overpower, transients which are slow with respect to the fuel rod
thermal time constant, for example, the Chemical and Volume Control
System malfunction that results in a decrease in the boron concentration
in the reactor coolant incident which lasts many minutes, and the
excessive increase in secondary steam flow incident which may-reach
equilbrium without causing a reactor trip, .the fuel rod thermal evalua-
tions are performed as discussed in Segtion 4. For overpower transients
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which are fast with respect to the fuel rod thermal time constant, for
.’ example, ‘the uncontrolled rod cluster control assembly bank withdrawal
from subcritical and rod cluster control assembly ejection incidents N

which result in a large power rise over a few seconds, a detailed fuel
heat transfer calculation must be performea. Although the fuel rod
thermal time constant is a function of system conditions; fuel burnup
and rod power, a typical value at 5eginning-of-1ife for high power rods
is approximately five seconds.

-

Reactivity Coefficients Assumed in the Accident Analyses

The transient response of the reactor system is dependent on reactivity

feedback effects, in particular the moderator temperature coefficient

and the Doppler power coefficient. These reactivity coefficients and
their values are discussed in detail in Section 3.0 of the main text.

In the analysis of certain events, conservatism requires the use of
large reactivity coefficient values, whereas in the analysis of other
" " events, conservatism requires the use of small reactivity coefficient
va]ues: Some analyses such as loss of coolant from cracks or ruptures
in the Reactor Coolant System do not depend on reactivity feedback
effects. The justificat}on for use of conservatively large versus small
reactivity coefficient values is treated on an event-by-event basis. In
" some cases conservative combinations of parameters are used to bound the

effects of core 1ife, although these combinations may not represent
possible realistic situations. The limiting values of the moderator
aensity and Doppler power coefficients used in the safety analyses are
shown in Figure 14-2.

Rod Clusters Control Assembly Insertion Characteristics

The negative reactivity insertion following a reactor trip is a function
of the position versus time of the rod cluster control assemblies and

the variation in rod worth as.a function of rod position. With respect

to accident analyses, the critical parameter is the time of insertion up
to the dashpot entry.
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The rod cluster control assembly position versus time assumed in pﬁ
accident analyses is shown in Figure 14-3. The rod cluster control }
assembly insertion time to dashpot entry is normalized to 1.8 ‘seconds. Kﬂ

figure 14-3 also shows the fraction of total negative reactivity
insertion versus normalized rod position. This curve is used to compute
the negative reactivity insertion versus time following a reactor trip.
A total negative reactivity insertion following a trip of 4 percent Ak
is assumed in the transient analyses except where specifically noted
otherwise. This assumption is conservative with respect to the
calculated trip reactivity worth avajlable.

Trip Points and Time Delays to Trip Assumed to Accident Analyses

A reactor trip signal acts to open two trip breakers connected in series
feeding power to the control rod drive mechanisms. The loss of péwer to
the mechanism coils causes the mechanisms to release the rod cluster
control assemblies which then fall by gravity into the core. There are
various instrumentation delays associated with each trip function,
including delays in signal actuation, in opening the trip breakers, and
in the release of the rods by the mechanisms. The total delay to trip
is defined as the time delay from the time that trip conditions are
reached to the time the rods are free and begin to fall. Limiting trip
setpoints assumed in accident analyses and the time delay assumed for
each trip function are given in Table 14-3.

Reference is made in that table to Overtemperature and Overpower AT
trip shown in Figure 14-1. This figure presents the ailowable Reactor
Coolant Loop Average Temperature and AT for the design flow and power
distribution, as described in Section 4, as a function of primary
coolant pressure. The boundaries of operation defined by the overpower
AT trip and the overtemperature AT trip are represented as

"Protection Lines" on this diagram. The protection lines are drawn to
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include all adverse instrumentation and setpoint errors so that under . ,,';//€c$/:>
nominal cond}tions trip would occur well within the area bounded by '
these lines. The utility of this diagram is that the 1imit imposed by
any given DNBR can be represented as a 1ine. The DNB lines represent '
the locus of conditions for which the DNBR equals the 1imjt value. The 10
limit values for Westinghouse fuel.are 1.52 (typical cell) and 1.51
(thimble cell). For EXXON fuel, the values are 1.62 (typical cell) and
s 1.54 (thimble cell). A1l points below and to the left of a DNB line for
’ a given pressure have a DNBR greater than the 1imit value. The diagram
shows that DNB is prevented for all cases, if the area enclosed with the
maximum protection lines is not traversed by the applicable DNBR line at
any point.

The area of permissible operation (power, pressure, gnd temperature) is
bounded by the combination of reactor trips: high neutron flux (fixed
setpoint); high pressure (fixed setpoint); low pressure (fixed set-
point); overpower and overtemperature AT (variable setpoints).

The limit value, which was used as the DNBR limit for all accidents

analyzed with the Improved Thermal Design Procedure (see Table 14-1), is
conservative compared to the actual design DNBR value required to meet

the DNB design basis as discussed in Section 4. _42C77

The difference between the limiting trip point assumed for the analysis
and the normal trip point represents an allowance for instrumentation
channel error and setpoint error. Nominal trip setpoints are specified
in the plant Technical Specifications.

Instrumentation Drift and Calorimetric Errors - Power Range Neutron Flux

The instrumentation drift and calorimetric errors used in establishing
the power range high neutron flux setpoint are presented in Table 14-4.
The calorimetric error is the error assumed in the determination of core
%herma] power as obtained from secondary plant measurements. The total
jon chamber current (sum of the top and bottom sections) is calibrated
(set equal) to this measured power on a periodic basis.
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The secondary power s obtained from measurement of feedwater flow,
feedwater inlet temperature to the steam generators and steam pressure.
High-accuracy instrumentation is provided for these measurements with '
accuracy tolerances much tighter than those which would be required to
control feedwater flow.

) Computer Codes Uti]ized

Summaries of some of the principal computer codes used in transient
analyses are given below. The codes used in the analyses of each
transient have been listed in Table 14-1.

FACTRAN

FACTRAN calculates the transient temperature distribution in a cross
section of metal clad UO2 fuel rod and the transient heat flux at the
surface of the clad using as input the nuclear power and time-dependent
coolant parameters (pressure, flow, temperature, and-density). The code
uses a fuel model which exhibits the following features simultaneously:

1. A sufficiently large number of radial space increments to handle
fast transients such as rod ejection accidents.

2. Material properties which are functions of temperature and a
sophisticated fuel-to-clad gap heat transfer calculation.

3. The necessary calculations to handle post-DNB transients: fiim

boiling heat transfer correlations, Zircaloy-water reaction, and
partial melting of the materials.
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FACTRAN is further discussed in Reference 2.

LOFTRAN

The LOFTRAN program is used for studies of transient response of a PWR
system to specified perturbations in process parameters. LOFTRAN
simulates a multiloop system by a model containing reactor vessel, hot-

_and cold-leg piping, steam generator (tube and shell sides) and the

pressurizer. The pressurizer heaters, spray, relief, and safety valves
are also considered in the'program. Point model neutron kinetics, and
reactivity effects of the moderator, fuel, boron, and rods are
included. The secondary side of the steam generator utilizes a
homogeneous, saturated mixture for the thermal transients and a water-
level correlation for indication and control. The Reactor Protection
System is simulated to include reactor trips on high neutron flux,
Overtemperature AT, bverpower AT, high and low pressure, low flow,

and high pressurizer level. Control systems are also simulated
including rod gontro], steam dump, feedwater control, and pressurizer
pressure control. The Emergency Core Cooling System, including the
accumulators and upper-head injection, is also modeled.

LOFTRAN is a versatile program which is suited to both accident evalua-
tion and control studies as well as parameter sizing.

LOFTRAN also has the capability of calculating the transient value of
DNBR based on the input from the core limits illustrated in Figure
14-1. The core limits represent the minimum value of DNBR as calculated

for typical or thimble cell.

LOFTRAN is further discussed in Reference 3.
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TWINKLE

The TWINKLE program is a multi-dimensional spatial neutron kinetics
code. The code uses an implicit finite-difference method to solve the
two-group transient neutron diffusion equations in one, two, and three
dimensions. The code uses six delayed neutron groups and contains a
detailed multi-region fuel-clad-coolant heat transfer model for
calculating pointwise Dopp]ér and moderator feedback effects. The code
¥'!hand1es up to 2000 spatial points, and performs its own steady state
initialization. Aside from basic cross-section data and thermal-
hydraulic parameters, the code accepts as input basic driving functions
such as inlet temperature, pressure, flow, boron concentration, control
rod motion, and others. Various edits are provided, e.g., channelwise
power, axial offset; enthalpy, volumetric surge, pointwise power, and
fuel temperatures.

The TWINKLE Code is used to predict the kinetic behavior of a reactor
for transients which cause a major perturbation in the spatial neutron

" flux distribution.

TWINKLE is further diséussed in Reference 4.
. THINC
The THINC Code is described in Referen;es 18 and 19, (main te#t).
References
1. Chelemer, H., et al., "Improved Thermal Design Procedure,”
WCAP-8567-P (Proprietary), July, 1975, and WCAP-8568

(Non-Proprietary), July 1975. ‘

2. Hargrove, H. G., "FACTRAN - A Fortran-IV Code for Thermal Transients
in a UO? Fuel Rod," WCAP-7908, June 1972.

0710L:6 14-8



3. Burnett, T. W. T., et al., "LOFTRAN Code Description,” WCAP-7907,
June 1972.

f

4. 'Risher, D. H., Jr.; Barry, R. F., "TWINKLE - A Multi-Dimensional
Neutron Kinetics Computer Code," WCAP-7979-P-A (Proprietary), and
WCAP-8028-A (Non-Proprietary), January 1975.

0710L:6 14-9






oL-vl

-

TABLE 14-1

a

4

SUMMARY OF INITIAL CONDITIONS AND_COMPUTER CODES USED

* Where two correlations are listed, WRB-1 applies to Westinghouse fuel
H-3 applies to EXXON fuel

##0ne pump In operation.

0710L:6

Accounts for reverse flow through other loop.

lmproved Initial Reactor
Thermal NSSS Thermal Vessel vessel
Computer DNB* Design Power Coolant Average Pressurizer

Accldents Codes Utllized Correlation Procedure  Output (MWT) Flow (GPM) Temp. (°F) Pressure {psia)
Uncontrolled RCCA TWINKLE WRB=-1 Yes 0 82324+ s5u7 2250
Withdrawal from a FACTRAN W-3

Subcritical THINC

Condition

Uncontrolled RCCA LOFTRAN - HRB-1 Yes 1520 179200 573.5 2250
Withdrawal at H-3 912 562.9

Power 152 Su9.7 2.
Rod Cluster LOFTRAN HRB-1 Yes 1520 179200 573.5 2250 -
“Control Assembly THINC W-3 )

(RCCA) Drop .

Chemical and NA NA NA 0 and " NA NA NA

Yolume Control 1520

System Malfunction

Reduction in LOFTRAN WRB-1 Yes 0 and 179200 547 2250
Feedwater W-3 1520 573.5

Enthaipy

Excessive Load LOFTRAN WRB-1 " Yes 1520 179200 573.5 2250
Increase W-3

Loss of Load LOFTRAN HRB-1 Yes 1520 179200 573.5 2250 !
Turbine Trip H-3

Steamline Break LOFTRAN W-3 No 0 174000 sht 2250

- THINC 800LO*H*
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TABLE 14-1 (Contlinued)
SUMMARY_OF INITIAL CONDITIONS AND COMPUTER CODES USED

N

é

Improved tnitial Reactor
* Thermal NSSS Thermal Vessel Vessel
Computer DNB Design Power Coolant Average Pressurizer
Accldents Codes Utilized Correlation Procedure Output (MWT) Flow (GPM) Temp. (°F) Pressure (psia)
Loss of Flow LOFTRAN WRB-1 Yes 1520 179200 573.5 2250
FACTRAN H-3 -
THINC
Locked Rotor LOFTRAN N/A No 1550° 174000 5771.5 2280
FACTRAN .
)
Rod EjJection. THINKLE N/A No 1550 and 174000 547 and N/A
FACTRAN 0 80040** 5713.5°

#%0ne pump In operation. Accounts for reverse flow through
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TABLE 14-2

NOMINAL VALUES OF
PERTINENT PLANT PARAMETERS
FOR NON-LOCA ACCIDENTS ANALYSIS*

Parameter

Thermal Output of NSSS (MWt)
Core Inlet Temperature (°F)
Vessel Average Tempgrature (°F)

Reactor Coolant System
Pressure (psia)

Reactor Coolant Flow Per
Loop (gpm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>