Attachment A tc AEP:NRC:0745C
Proposed Tachnical Specifications



DEFINITIONS

DESIGN THERMAL POWER

1.27 DESIGN THERMAL POWER shall be a design total reactor core heat
transfer rate to the reiactor coolant of 3411 Mwt.

D. C. COOK-UNIT 1 1-5{a) Amendment No.
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TABLE 2.2-1
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

o
o FUNCT IONAL UNIT TRIP SETPOINT ALLOWABLE VALUES
§§ 1. Manual Reactor Trip Not Applicable Not Applicable
P
' 2. Power Range, Neutron Flux Low Setpoint - < 251’ of RATED Low Setpoint - < 26iof RATED
= THERMAL POWER THERMAL POWER
e High Setpoint - < 109% of RATED High Setpoint - < 110% of RATED
THERMAL POWER THERMAL POMER
3. Power Range, Neutron Flux, < 5% of RATED THERMAL POWER with < 5.5 Zof RATED THERMAL POMWER with
High Positive Rate a time constant > 2 seconds " a time constant > 2 seconds
4. Power Range, Neutron Flux, < 5% of RATED THERMAL POMWER with < 5.5 % of RATED THERMAL POWER wi th
High Negative Rate a time constant > 2 seconds a time constant > 2 seconds
3: 5. Intermediate Range, Meutron < 25% of RATED THERMAL POMER < 30 %5f RATED THERMAL POMWER
Flux
6. Source Range, Neutron Flux < 105 counts per second < 1.3 x 105 counts per second
7. Overtemperature al See Note 1 See Note 3
8. Overpower al See hote 2 See Note 3
9. Pressurizer Pressure--Low > 18€5 psig > 1855 psig
10. Pressurizer Pressure--High < 2385 psig < 2395 psig
11. Pressurizer Water Level--High < 92% of instrument span < 93% of instrument span
12. Loss of Flow > 90% of design flow > 89% of design flow
per loop* per loop*

i
:

*Design flow is 91,600 gpm per loop.




TABLE 1 (Continued)

15x15 W 15x15
Optimized Fuel ENC Fuel
Parameter Assembly Design Assembly Design
Structural Mat'l - Two End Grids Inconel Zircaloy-4 Straps,

Inconel Springs

Grid Height, in., Outer 2.25 2.25
Straps, Valley=-to Valley

Bottom Nozzle Reconstitutable
Top Nozzle Holddown Springs 3-leaf 2-leaf



SCHEMATIC OF WESTINGHOUSE 15X156 OFA

159.765 (W) REF. i
159.710 (ENC)
: 2738 (W) REF. |
2.72 (ENC)
- 161.85 (W) REF. -
r_“—_' ) 152.07 (ENC) "
3 LEAF - : - . . ]
SPRING S == o e
w) = = ==
i ) : = =
—\ o [ 83 = = _
- - % -
q E RV 84 = p—
\ 7 &% = S—
~n g [ = e
o 2 LEAF %N = ==
SPRING r:’ R : S
(ENC) 7 et (Ei‘z -
355 (W) REF, 5.668 (W) REF
3.48 (ENC) T Pl 5.545 (ENC) ™
153.31 (W) REF. REF.
153.
53.26 (ENC) |
ENC GRID HEIGHT - 2.26 '
W - WESTINGHOUSE 15X 15 OPTIMIZED FUEL ASSEMBLY (OFA) DIMENSION WESTINGHOUSE TOP & BOTTOM GRID HEIGHTS - 15
ENC - EXXON NUCLEAR COMPANY (ENC) 15X15 FUEL ASSEMBLY DIMENSION WESTINGHOUSE MID GRID HEIGHT - 2.25

NOTE: OFA AND ENC ASSEMBLY MID-GRIDS HAVE IDENTICAL AXIAL SPACINGS

Iciy

Figure 1 Comparison of ENC Fuel Assembly Dimensions With Westinghouse 15X 15 OF A Schematic



TABLE 2.2-1 (Continued)

e REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS
e}
' NOTAT ION
O ———
8
¥ l*‘rlS
' . e =) ? Ll P
g Note 1: Overtemperature al < ATQ [KI-K2 1,5 (T-T )*KJ(P-P ) fl(Al)]
:: where: alp = Ext apolated aT at DESIGN THERMAL POWER

T = Average temperature, 'F

T' = S77.1F (indicated Tayg at DESIGN THERMAL POWER)

P = Pressurizer pressure, psig

P! = 2235 psig (indicated RCS nominal operating pressure)
‘i: 1+1,S
. TS ~ The function generated by the lead-lag controller for Iavg dynamic compensation

2
L = Time constants utilized in the lead-lag controller for T T, = 33 secs,
1,2 avg '1
T, = 4 secs.

S = Laplace transform operator

-~

-
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A

Modified Thimble Screw

With Integral Locking Cup Crimped
7 Locking Cup
OA0
- ) — S
‘ OYO
[ Bottom
‘ Nozzle '

a) Reconstitutabie Bottom Nozzle Design

Thimble Wire —\ l
Screw

b) Conventional Fuel Assembly Bottom Nozzle '
To Thimble Tube Connection

30770 NOZZLE TO THIMBLE TUBE CONNECTION

FIGURE 2

26
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TABLE 2.2-1 (Continued)
REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

NOTATION (Continued)

Operation with 4 Loops Operation with 3 Loops
Ky = 1.135 Ky = 0.99

K = 0.0130 K = 0.01026

K3 = 0.000659 K3 = 0.000617

(al) is a function of the indicated difference 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 such that:

(1)

(i)

(iii)

for q¢ - qp between -37 percent and +2 percent, fa (al) = 0 (where q; and
q are percent DESIGN THERMAL POWER in the top and bottom halves of the core
respectively, and q; *+ q is total THERMAL POWER in percent of DESIGN THERMAL

POWER) .
Yor each percent that the magnitude of (qy - q,) exceeds -37 percent, the al
trip setpoint shall be automatically rednced by 2.3 percent of its value at
DESIGN THERMAL POWER.

for each percent that the magnitude of (q; - q) exceeds +2 percent, the aT
trip setpoint shall be automatically reduced by 1.8 percent of its value at
DESIGN THERMAL POMWER.
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Note 1:

Note 3:

where: AT,
T
T.

falal)

The channel's maximum trip point shall not exceed its computed trip point by more than 4 percent.

TABLE 2.2-1 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPOINTS

NOTATION (Continued)

Tad

3 "
Overpower aT < aT ) [K,Kg |fi=e | T - Kg (T-T")-f,(al)]

3

Extrapolated aT at DESIGN THERMAL POMER
Average temperature, F

Indicated T,yq at DESIGN THERMAL POWER 577.1°F
1.089

0.0177/°F for increasing average temperature and
0 for decreasing average temperature

0.0011 for T > T"; Kg = 0 for T 4 L

The function generated by the rate lag controller foraz
dynamic compensation

Time constant utilized in the rate lag controlle{ for Tavg
13 = 10 secs.

|
]

Laplace transform operator [
:

f1 (al) as defined in Mote 1 above.



2.1 SAFETY LIMITS

BASES

2.1.1 REACTOR CORE

The restrictions of this safety limit prevent overheating of the fuel
and possible cladding perforation, which would result in the release of
fission products to the reactor coolant. Overheating of the fuel cladding
is prevented by restricting fuel operation to within the nucleate bciling
regime, where the heat transfer coefficient is large and the c'adding
surface temperature is slightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime
could result in excessive cladding temperatures, because of the onset of
departure from nucleate boiling (DNB) and the resultant sharp reduction in
the heat transfer coefficient. DNB is not a directly measurable parameter
during operation and therefore, THERMAL POWER and Reactor Coolant Tempera-
ture and Pressure have been reiated to ONB. This relation has been
developed to predict the DNB flux and the location of DNB for axially
uniform and non-uniform heat flux distributions. The local DNB heat flux
ratio, DNBR, defined as the ratio of the heat flux that would cause DNB at
a particular core location to the local heat flux, is indicative of the
margin to DNB.

The DNB design basis is as follows: there must be at least a 95
percent protability with 95 percent confidence that DNB will not occur when
the minimum ONBR is at the design DNBR Timit.

In meeting this design basis, uncertainties in plant operating para-
meters, nuclear and thermal parameters, and fuel fabricztion parameters are
consicered statisticaily, such that there is at least a 95 percent confi-
dence that the minimum DNBR for the limiting rod is greater than or equal
to the applicabie design DNBR 1imit for each fuel type (as defined below).
For 4 locp operation, the improved thermal design procedure is used. The
uncertainties in the plant parameters are used to determine the plant DNBR
uncertainty. This DNBR uncertainty, combined with the correlation DNBR
Timit (as defined below), establishes a design DNBR limit value, which must
be met in plant safety analyses, using values of input parameters without
uncertainties. For 3 loop operation, a conservative set of uncertainties
are used in the safety analyses.

The table below indicates the relationship between the correlation
1imit DNBR, design 1imit DNBR, and the safety analysis 1imit ONBR values
used for this design.

D.C. Cook Unit 1 B 2-1 Amendment No.




2.1 SAFETY LIMITS

lsases
4 Loop Operation 3 Loop Operation
(wRB-1 Correlation) (W-3 Correlation) (W-3 Correlation)
Exxon
Westinghouse Fuel Nuclear Co. Fuel
(15x15 OFA) (15x15) W and ENC Fuels
Typical Thimble Typical Thimble Typical Thimble
Correlation Limit 1.17 1.17 1.30 1.30 1.30 1.30
Design Limit DNBR 1. 1.31 1.58 1.50 1.30 1.30
ISafety Analysis Limit
DNBR 1.69 1.69 1.58 1.50 1.30 1.30

The curves of Figures 2.1-1 and 2.1-2 show the loci of points of
THERMAL POWER, Reactor Coolant System pressure and average temperature for
which the minimum DONBR is no less than the applicable design DNBR 1imit, or
the average enthalpy at the vessel exit is equal to the enthalpy of
saturated liquid.

D.C. Cook Unit 1 B 2-1(a) Amendment No.




SAFETY LIMITS
BASES

N
The curves are based on an enthaloy hot channel factor FAH’ of 1.49 for

Westinghouse fuel and an FAH ¢f 1.45 for Exxon Nuclear Co. fuel and a
reference cosine axial power shape with a peak of 1.55. An allowance is
included for an increase in FﬁH at reduced power, based on the

expressions:
Fly = 1.49 [1 + 0.3 (1-P)] (for Westinghouse fuel)
and Fy, = 1.45 [1 + 0.2 (1-P)] (for Exxon Nuclear Co. fuel)

where P is the fraction of RATED THERMAL POWER

Note, do not include a 4% uncertainty value, since this measurement
yncertainty has been included in the design DNBR 1imit values, which are
listed in the bases for Section 2.1.1.

Although the N-loop operation curves are calculated for operation at
DESIGN THERMAL POWER, F), values for RATED THERMAL POWER are
reported here in order to be consistent with Section 3.2.3. The
FﬁH values of Section 3.2.3 are limited by the LOCA anaiyses which
were performed at RATED THERMAL POWER.

These limiting heat flux conditions are higher than those calculated
for the range of all control rods fully withdrawn to the maximum allowable

control rod insertion, assuming the axial power imbalance is within the
limits of the f1 (al) function of the QOvertemperature trip. When the

axial power imbalance is not within the tolerance, the axial power imbal-
ance effect on the Overtemperature AT trips will reduce the setpoints to
provide protection consistent with the core safety limits.

2.1.2 REACTOR COOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrity of the
Reactor Coolant System from overpressurization and thereDy prevents the
release of radionuclides contained in the reactor coolant from reaching the
containment atmosphere.

D.C. Cook Unit 1 B 2-2 Amendment No.




SAFETY LIMITS
BASES

The reactor pressure vessel and pressurizer are designed to
Section III of the ASME Code for Nuclear Power Plant, which permits a
maximum transient pressure of 110% (2735 psig) of design pressure. The
Reactor Coolant System piping, valves and fittings, are designed to
ANSI B 31.1 1967 Edition, which permits a maximum transient pressure of
120% (2985 psig) of component design pressure. The 3afety Limit of 2735
psig is therefore consistent with the design criteria and associated code
requirements.

The entire Reactor Coolant System is hydrotested at 3107 psig, 125% of
design pressure, to demonstrate integrity prior to initial operation.

0.C. Cook Unit 1 B 2-2(a) Amendment No.



SAFETY LIMITS
BASES

The Power Range Negative Rate Trip provides protection for control rod
drcp accidents. At high power, a rod drop accident could cause local flux
peaking which could cause an unconservative local DNBR to exist. The Power
Range Negative Rate Trip will prevent this from occurring by tripping the
reactor. No credit is taken for cperation of the Power Range Negative Rate
Trip for thc.e control rod drop accidents for which the DNBR's will be
greater than the applicable design 1imit DNBR value for each fuel type.

Intermediate and Source Range, Nuclear Flux

The Intermediate and Source Range, Nuclear Flux trips provide reactor
core protection during reactor startup. These trips provide redundant
protection to the low setpoint trip of the Power Range, Neutron Flux
charnels. The Source Range Channels will initiate a reactor trip at about

10*5 counts per second, unless manually blocked when P-6 becomes active.
The Int rmediate Range Channels will initiate a reactor trip at a current
level proportional to approximately 25 percent of RATED THERMAL POWER
unless, manually blocked when P-10 becomes active. No credit was taken for
operation of the trips associated with either the Intermediate or Source
Range Channels in the accident analyses; however, their functional capabil-
ity at the specified trip settings is required by this specification to
enhance the overall reliability of the Reactor Protection System.

Overtemperature AT

The Overtemperature AT trip provides core protection to prevent ONB
for all comhinaticns of pressure, power, coolant temperature, and axial
power distribution, provided that the transient is slow with respect to
piping transit delays from the core to the temperature detectors (about &
seconds), and pressure is within the range between the High and Low Pres-
sure reactor trips. This setpoint includes corrections for changes in
density and heat capacity of water with temperature and dynamic compensa-
tion for piping delays from the core to the loop temperature detectors.
With normal axial power distribution, this reactor trip limit is always
below the cor2 safety 1imit as shown in Figure 2.1-1. If axial peaks are
greater than design, as indicated by the difference between top and  “tom
power range nucliear detectors, the reactor trip is automatically re
according to ihe notations in Table 2.2-1.

D.C. Cook Unit 1 B 2-4 Amenament No.



SAFETY LIMITS
BASES

through the pressurizer safety valves. No credit was taken for operation
of this trip in the accident analyses; however, its functional capability
at the specified trip setting is required by this specification to enhance
the overall reliability of the Reactor Protection System.

Loss of Flow

The Loss of Flow trips provide core protection to prevent ONB in the
event of a loss of one or more reactor coolant pumps.

Above 11 percent of RATED THERMAL POWER, an automatic reactor trip
will occur if the flow in any two loops drops below 90% of nominal full
loop flow. Above 51% (P-8) of RATED THERMAL POWER, automatic reactor trip
will occur if the flow in any single Toop drops below 90% of nominal full
loop flow. This latter trip will prevent the minimum value of the ONBR
from going below the applicable safety analysis design 1imit DNBR value for
each fuel type, (as listed in the bases for Section 2.1.1) during normal
operational transients and anticipated transients when 3 loops are in
operation and the Overtemperature AT trip setpoint is adjusted to the
value specified focr all loops in operation. With the Overtemperature AT
trip setpoint adjusted to the value specified for 3 loop operation, the P-8
trip at 76% RATED THERMAL POWER will prevent the minimum value of the DNBR
from going below the applicable safety analysis design 1imit ONBR vaiue for
each fuel type, (as listed in the bases for Section 2.1.1) during normal
operational transients and anticipated transients when 3 loops are in
operation.

Steam Generator Water Level

The Steam Generator Water Level Low-Low trip provides core protection
by preventing operation with the steam generator water level below the
minimum volume regquired for adequate heat removal capacity. The specified
setpoint provides allowance that there will be sufficient water inventory
in the steam generators at the time of trip, to allow for starting delays
of the auxiliary feedwater system.

Steam/Fecedwater Flow Mismatch and Low Steam Generator Water Level

The Steam/Feedwater Flow Mismatch in coincidence with a Steam
Generator Low Water Level trip is not used in the transient anu accident
analyses, but is included in Table 2.2-1 o ensure the functional capa-
pility of the specified trip settings and thereby enhance the overall

B 2-6 Amendment No.
D.C. Cook Unit 1



3/4.1 REACTIVITY CONTROL SYSTEMS

/

3/4,1.) BORATION CONTROL

SHUTDOWN MARGIN - T . > 200°F

LIMITING CONDITION FOR OPERATION

1.1.1.1 The SHUTDOWN MARGIN shall be > 1.60% aAk/k.
APPLICABILITY: MODEZS 1, 2*, 3, and 4.
ACTION:

With the SHUTDOWN MARGIN < 1.60% ak/k, immediately initiate and continue
boration at > 10 gpm of 20,000 ppm boric acid solution or equivalent
until the required SHUTDOWN MARGIN is rest. =d.

SURVEILLANCE REQUIREMENTS

4.1.1.1.1 The SHUTDOWN MARGIN shall be determined to b:z_ 1.60% ak/k:

a. Within one hour after detection of an inoperable control rod(s)
and at least once per 12 hours thersafter while the rod(s) is
incperabie. If the inoperable control rod is immovable or
untrippable, the above required SHUTDOWN MARGIN shall be
increased by an amount at least equal to the withdrawn worth
of the immovable or untrippable control rod(s).

5. When in MODES 1 or 2'. at least once per 12 hours by verifying
that control bank withdrawal is within the limizs of Specifica-
tion 3.1.3.5.

¢. When in MODE 2". at least once during control rod withdrawal
m? :t ]last once per hour thereaftasr until the reactor is
critical.

d. Prior to initial operation above 5% RATED THERMAL POWER after
each fuel loading, by consideration of the factors of e below,
with the control banks at the maximum insertion limit of
Specification 3.1.3.5.

:See Special Test Exception 3.10.1

"With Keff 3_1.0

4
“ith xeff <}.0

D. C. COOK - UNIT 1 3/4 1-1 Amendment No.



Attachment C to AEP:NRC:0745C
Non-LOCA Transients Safety Analyses
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€.1 NON-LOCA INTRODUCTION AND SUMMARY

Thiy secticn evaluates the effects of the transition from the resident
ENC fuel to W 15x15 OFA on the D.C. Cook Unit 1 licensing basis with
respect to FSAR Chapter 14. Standard Westinghouse reload methodology,
as described in reference (1), was used. The results of the analysis,
which are presented in the following section show that the transition to
W 15x OFA can be accommodated with margin to the applicable FSAR safety
limits.

A1l of the non=LOCA transients were reanalyzed.” There are three major
new design parameters for D.C. Cook 1 that affect the transition and use
of OFA.

=
.

The analysis is conservatively performed at 3425 MWt NSSS power with -
a 577.1°F vessel average temperature, even though the cycle 8 core

will continue to be limited to its current.rated parameters of 3250
MWt NSSS and 567.8°F vessel average temperature. This affects all

of the transients that are limiting at full power.

2. As discussed in Section 6.1 of Attachment B, the analyses employed
the Improved Thermal Design Procedure (ITDP)(Z) for DNB limiting
transients. Botn the W=3 and WRB-1 correlations were used (see
Section 5.0 of Attachment B). A conservative set of core thermal
safety limits, overtemperature AT and overpower AT setpoints
were generated that are applicable for the transitions and complete
OFA core.

Except startup of an Inactive Locp. This transient can not occur
above the P-7 setpoint (10% power) and thus was not analyzed.



REACTIVITY CONIROL SYSTEMS
ROD_DROP TIME

LIMITING CONDITION FOR OPERATION

3.1.3.3 The individual full length (shutdown and control) rod drop time
from the fully wtthdrawn position shall be < 2.4 seconds from beginning
of decay of stationary gripper coil voltage to dashpot entry with:

o
a. Tavg > 541°F, and

b. All reactor coolant pumps vperating.
APPLICABILITY: Mode 3.
ACTION:

a. With the drop time of any full length rod determinod to exceed
the above Timit, restore the rod drop time to within the above
limit prior to proceeding to MODE 1 or 2.

b. With the rod drop times within Timits but determined with 3
reactor coolant pumps operating, operation may proceed provided
THERMAL POWER is restricted to < 76 percent of RATED THERMAL
POWER.

SURVEILLANCE REQUIREMENTS

4.1.3.3 The rod drop time of full length rods shail be demonstrated
through measurement prior to reactor criticality:

a. For all rods following each removal of the reactor vessel head,

b. For specifically affected individual rods following any
maintenance on or modification to the control rod drive system
which could affect the drop time of those specific reds, and

¢. At least once per 18 months.

3/4 1-21
0. C. CCOK-UNIT 1 Amendment No.
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3. The .ont ol rod scram time to the dashpot is increased (as discussed in
Section 3.0 of Attachment B) from 1.8 seconds to 2.4 seconds. This
increased drop time primarily affects the fast reactivity transients but
was used in all of the analysis requiring this parameter.

Also included in the analysis were fuel temperatures based on the revised
PAD code and +5 pcm/°F moderator coefficient.

Table 1 1.sts the accidents that were necessary to reanalyze due to the above
Jesign parameters. Tabie 1 alsc lists transients that were analyzed in accor-
dance with reference (1) for reasons other than those discussed above (i.e.,
change in key safety parameters). In addition, steamline break statepoints
were generated to use in the key safety parameter evaluation for the steam-
line break event and are reported in Section 5.3.11.

6.2 ACCIDENT REANALYZED
6.2.0 General

The reanalyzed accidents were performed using current Westinghouse methodology
and computer codes. Table 2 summarizes the initial conditions and computer
codes used in the analysis. For most accidents which are DNB limited, nominal
values of initial conditions and the minimum measured flow (364,900 gpm) are
assumed. The allowances on power, temperature and pressure determined on a
statistical basis are included in the Timit DNBR as described in Section 5.0
of Attachment B.

For accidents that are not DNB limited or in which ITDP is not employed, the
initial conditions are obtained by adding the maximum steady state errors to
rated values. The following steady state errors are considered:

A. Core Power + 2°F calorimetric error allowance

8. Average RCS Temperaturc + 4°F controller deadband and measurement

error allowance



Pressurizer Pressure + 30 psi = steady state fluctuations and

)

measurement errcr allowance
D. Reactor Flow Thermal Design Flow (354,000 gpm)

Reactor Protection Setpoints and response times used are listed in FSAR
Chapter 14.1 and the Technical Specifications with the exception of the over-
temperature T (OTAT) and overpower T (OPAT) setpoints. New OTAT and

OPAT setpoints were calculated for the design basis based on the core

thermal limits uzing the methodology described in reference 3. The results
are included in the proposed Technical Specification changes of Section 7.0 cf
Attachment B.

6.2.1 Computer Coces Utilized

Summaries of some of the principal computer codes used in the transient
analyses are given below.

FACTRAN

FACTRAN calculates the transient temperature distribution in a cross-section
of a metal clag UO2 fuel rod and the transient heat flux at the surface of

the clad usings as input the nuclear power and the time-depencent coolant para-
meters (pressure, flow, temperature, and density). The code uses a fuel model
which simultaneously exhibits the following features:

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

. Material properties which are functions of temperature anc & sophisticated
fuel-to-clad gap heat transfer calculation.

C. The necessary calculations to handle post-departure from nucleate boiling
(DNB) transients: film boiling heat transfer correlations, Zircaloy-water

reaction, and partial melting of the materials.
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FACTRAN 1s furtner giscussec in rReference 4.

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

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, overpower AT, high and low pressure, low
flow, and high pressurizer level. Control systems are also simulated
including rod control, steam dump, feedwater control, and pressurizer pressure
control. The ECCS, including the accumulators, is also modeled.

|
|
|
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hot and cold leg piping, steam generators (tube and shell sides), and the
LOFTRAN also has the capability of calculating the transient value of DNER

based on the input from the core limits. The core limits represent the mini-

mum value of DIIBR as calculated for typical or thimble cell.

LOFTRAN is further discussed in Reference 5.
LEQOPARD

The LEOPARD computer program determines fast and thermal neutron spectra,
using only basic geometry and temperature cata. The code opticnally computes
fuel depletion effects for a dimensionless reactor and recomputes the spectra

before each discrete burnup step.

LEQPARD is further described in Reference 6.




TURTLE
TURTLE is a two-group, two-dimensional neutron diffusion coge, featuring a

direct treatmeﬁt of the nonlinear effects of xenocn, eathalpy, and Doppler
feedback. Fuel depletion is allowed.

TURTLE was written for the study of azimuthal xenon oscillations. However,
the code is useful for general analysis. The input is simple, fuel management
is handled directly, and a boron criticality search is allowed.

TURTLE is further described in Reference 7.
TWINKLE

The TWINKLE program is a multi-dimensional spatial neutron kinetics code,
which was patterned after steady-state codes presently used for reactor core
design. The code uses an implicit finite-difference method to soive the.
two-group transient neutron diffusion equations in one, two, and three dimen-
sions. The code uses six delayed neutron groups and contains a detailed
multi-region fuel-clad-coolant heat transfer model for calculating pointwise
Doppler and moderator feedback effects. The coce handles up to 2000 spatial
points and performs its own steady-state initialization. Aside from basic
cross-section Lata and thermai-hydraulic parameters, the code accepts as input
basic driving functions such as inlet temperature, pressure, flcw, boron con-
cantration, control rod motion, anu others. Various edits are provided; e.g.,
channelwise power, axial offset, enthalpy, volumetric surge, pointwise power,
and fuel temperatures.

The TWINKLE code is used tc predict the kinetic behavior of a reactor for
transients which cause a major perturbation in the spatial neutron fiux dis-

tribution.

TWINKLE is further described in Reference 8.
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THINC

The THINC =-IV computer program, as approved by the NRC is used to cetermine
coclant densit}, mass velocity, enthalpy, vaper void, $tatic pressure, and
DNEBR distributions aleng parallel flow channels within a reactor ccre under
all expected operating conditions. The THINC-IV Code is described in detail
in References 13 and 14, including modeis and correlations used.

6.3.0 Reanalyzed Accident Descriptions

The following sections contain the detailed descriptions of the reanalyzed
accidents. In all cases the applicable FSAR acceptance criteria are satisfied.

6§.3.1 Uncontrolled RCCS Withdrawal! From A Subcritical Condition

A control rod assembly withdrawal incident when the reactor is subcritical
results in an uncentrolled addition of reactivity leading to a power excursion
(Section 14.1.1 of the FSAR). The nuclear power response is characterized by
a very fast rise terminated by the reactivity feedback of the negative fuel
temperature coefficient. The power excursion causes a heatup of the moderator
and fuel.

Method of Analysis

The analysis of the uncontrolled RCCA bank withdrawal from subcritical acci-
dent is performed in three states: first an average core nuclear power tran-
sient calculation, then an average core heat transfer calculation, and finally
the departure from nucleate boiling ratio (DNBR) calculation. The average
core nuclear calculation is performed using spatial neutron kinetics methods
(TWINKLE) to ceterm%ne the average power generation with time including the
various total core feedback effects, i.e., Doppler reactivity and moderator
reactivity. The average heat flux and temperature transients are determinec
by performing a fuel rod transient heat transfer calculation in FACTRAN. The
average heat flux is next used in THINC for transient DNBR calculation.

.




The accident is analyzed using the Improvec Thermal Design Procecure with the
initial conditions listed in Table 2. The analysis was performed for a
reactivity insertion rate of 75pcm*/sec. This reactivity inserticon rate
assumed is greater than that for the simultaneous withdrawal of the
combination of the two sequential control banks having the greatest combined
worth at maximum speed (45 inches/minute). A constant moderator temperature

coefficient of +5 pcm/°F was used in the analysis.

Results and Cenclusions

The nuclear power, coolant temperature, heat flux, fuel average temperature,
and clad temperature versus time for a 75 pcm/sec insertion rate are shown in
Figures 1 and 2. This insertion rate, coupled with a positive

moderator temperature coeffizient of +5 pem/°F, yields & peak heat flux which
does nct exceed the nominal value. Therefore the conclusions presented in the
FSAR are still applicable.

6.3.2 Uncontrolled Control Rod Assembly Withdrawal At Power

Introduction

An unconirolled control rod assembly withdrawal at power produces a mismatch
~in steam flow,and core power, resulting in an increase in reactor coolant
temperature. .A c¢iscussion of this incident is presented in Section 14.1.2 of
the FSAR.

Method of Analysis

This transient is analyzed by the LOFTRAN code. The core limits as illustra-
ted in Figure 3 are used as input to LOFTRAN to determine the minimum DNER
during the transient

~ 1opem=10"° ak/k



This accicent is analyzed with the improved thermal design procedure descriltes
in Reference 2. Plant characteristics and initial concitions are listec in
Table 2. For an uncontrolled rod withdrawal at power accident, the following
conservative assumptions are made: )

A. Initial reactor power, pressure, arnd RCS temperatures are assured to be at
their nomina) values. Uncertainties in initial conditions are included in
the 1imit DNBR as described in Section 5.0 of Attachment B.

8. Reactivity coefficients = two cases are analyzed:

1. Minimum Reactivity Feedback. A +5 ncm/°F moderator temperature
coefficient of reactivity and at least negative Doppler only power
coefficient (see Table 2) are assumed.

2. Maximum Reactivity Feedback. A conservatively large negative modera-
tor temperature coefficient and a most negative Doppler only power
coefficients (See Table 2) are assumed.

C. The reactor trip on high neutron flux is assumed tc be actuated at a con-
servative value of 118 percent of nominal full power. The AT trips
include &1l adverse instrumentation and setpoint errors, while the delays
for the trip signal actuation are assumed at their maximum values.

D. The RCCA trip insertion characteristic is based on the assumpiion that the
nighest worth assembly is stuck in its fully withdrawn position.

m

The maximum positive reactivity insertion rate is greater than that for
the simultaneous withdrawal of the compinations of the two control banks
having the maximum combined worth at maximum speed.

Results

Figures 4 through 6 show the transient response for a rapid RCCA withdrawal
incident starting from full power. Reactor trip on high neutron flux occurs



shortly after the start of the accident. Since this is rapid with respect to

the thermal time constants of the plant, small changes in Tavg ang gressure

result and margin to ONE is maintained.

The transient response for a slow RCCA withcdrawal from full power is shown in
Figures 7 through 9. Reactor trip on cvertemperature AT occurs after a
longer perfod and the rise in temperature and pressure is consequently larger
than for rapid RCCA withdrawal. Again, the minimum DNBR is greater than the
Timit value.

Figure 10 shows the minimum DNBR as a function of reactivity insertion rate
from initial full power operation for minimum and maximum reactivity feed-
back. It can be seen that two reactor trip channels provide protection over
the whole range of reactivity insertion rates. These are the high neutron
flux and overtemperature AT channels. The minimum DNBR is always greater
than the limit value.

Figures 11 and 12 show the minimum DNBR as a function of reactivity insertion
rate for RCCA withdrawal incidents starting at 60 and 10 percent power
respectively. The results are similar to the 100 percent power case, except
is the inftial power is decreased, the range over which the overtemperature
AT trip is effective is increased. In neither case does the DNBR fall below
. the limit va?gt.

.

\
The snape of the curves of minimum DNBR versus reactivity insertion rate in |
the referenced figures is due both tc reactor core and coolant system transi-

ent response and to protecticn system action in initiating a reactor <rip.

Conclusions

The high neutron flux and overtemperature AT trip channels provide adequate
protection over the untire range of possible reactivity insertion rates, i.e.,
the minimum value of DNBR is always larger than the limit value for all fuel
types.



6.3.3 Rec Cluster Ccntrel Assembly Misaiignment

rnod cluster control assembiy misalignment accidents include:
A. A cropped RCCA

8. A dropped RCCA bank

C. Statically misaligned RCCA

Each RCCA has a position indicator channel which displays position of the
assembly. The displays of assembly positions are grouped for the operator's
convenience. Fully inserted assemblies are further indicated by rod bottom
Tight. Group demand position is also indicated.

RCCAs are always moved in preselected banks, and the banks are always moved in
the same preselected sequence. Each bank of RCCAs is divided into two groups
of four mechanisms each, except control bank D which is divided into two
groups of two. The rods comprising a group operate in parallel through multi-
plexing thyristors. The two groups in a bank move sequentially such that the
first group is always within one step of the second group in the bank. A
definite schedule of actuation (or deactuation of the secondary gripper, mov-
able gripper, and 1ift coils of a mechanism) is required to withdraw the RCCA
attached to the mechanism. Since the stationary gripper, movable gripper, and
11ft coils associated with the four RCCAs of a rod group are driven in paral-
lel, any single failure which would cause rod withdrawal would affect a mini-
mum of one group. Mechanical faiiures are in the direction of insertion, or
immobility.

A dropped RCCA or RCCA bank is cetected by:

A. Sudden drecp in the core power level as seen by the nuclear instrumentation
system;



E. Asymmetric power distribution as seen on ocut-of-core neutron detectors cr
core exit thermocouples;

C. Rod at bottom signal;

D. Rod deviation alarm;

E. Rod position incication.
Misaligned RCCA are detected by:

A. Asymmetric power distribution as seen on out-of-core neutron detectors or
core exit thermocouples;

B. Rod deviation alarm;
C. Rod position indicators.

The resolution of the rod position iadicater channel is *+S percent (+7.2
inches of span). Deviation of any assembly from its group by twice this dis-
tance will not cause power distributions worse than the design limits. The
deviation alarm aierts the operator to rod deviation before it can exceed ten
. (10) percent of span. If the rod deviation alarm is not operable, the
operator if réquired to take action as required by the Technical
Specifications.

Analysis of Effects and Consequences

Uropped RCCA's dropped RCCA bank, anc statically misaiigned RCCA.

11



Method of Analysis

a. One or more dropped RCCAs from the same group.

For evaluation of the dropped RCCA event, the transient system response is
calculated using the LOFTRAN code. The code simulates the neutron kine-
tics, Reactor Coolant System, pressurizer, pressurizer relief and safety
valves, pressurizer spray, steam generator, and steam generator safety
valves. The code computes pertinent plant variables including tempera-
tures, pressures, and power level.

Statepoints are calculated and nuclear models are used to obtain a hot
channel factor consistent with the primary system conditions and reactor
power. By incorporating the primary conditions from the transient and the
hot channel factor from the nuclear analysis, the DNB design basis is
shown to be met using the THINC code. The transient response, nuclear
peaking factor analysis, and DNB design basis confirmation are performed
in accordance with the methodology described in Reference 9.

b. Statically Misaligned RCCA
Steady state power distributions are analyzed using the methodology
described in Reference 9. The peaking factors are then used as input to
the THINC code to calculate the DNBR.

Results

a. One or more Dropped RCCAs

Single or multiple dropped RCCAs within the same group result in a nega-
tive reactivity insertion which may be detected by the power range nega-
tive neutron flux rate trip circuitry. If detected, the reactor is
tripped within approximateiy 2.5 seconds following the drop of the RCCAs.
The core is not adversely affected during this period, since power is

12



cecreasing rapidly. Following reactor trip, normal snuidown grocedures
are followed. The cperator may manually retrieve the RCCA by foliowing
approved operating procedures.

For those dropped RCCAs which do not result in a reactor trip, power may
be reestablished either by reactivity feedback or control bank with-
drawal. Following a dropped rod event in manual rod control, the plant
will establish a new equilibrium condition. The equilibrium process
without control system interaction is monotonic, thus removing power over-
shoot as a concern, and establishing the automatic rod control mode of
operation as the limiting case.

For a dropped RCCA event in the automatic rod cont=ol mode, the Rod Con-
trol System detects the drop in power and initiates control bank with-
drawal. Power overshoot may occur due to this action by the automatic rod
controller after which the control system will insert the control bank to
restore nominal power. Figure 13 shows a typical transient response:.to a
dropped RCCA (or RCCAs) in automatic control. Uncertainties in the

initial condition are included in the CNB evaluation as described in
Refererce 8. In all cases, the minimum DNBR remains above the limit value.

Dropped RCCA Bank

A dropped RCCA bank typically results in a reactivity insertion greater
than 500 pcm which will be detected by the power range negative neutron
flux rate trip circuitry. The reactor is tripped within approximately 2.5
seconds following the drop of a RCCA Bank. The core is nct adversely
affected during this period, since power is decreasing rapidly. Following
reactor trip, normal shutdown procedures are foilowec to further cool down
the plant. Any'action required of the cperator to maintain the plant in a
stabilized condition will be in a time frame in excess of ten minutes
following the incident.
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Statical .'y Mi Sa‘,:;nec RCC

The most severe misalignment sf‘<uations with respect to DNER at signi-
ficant power Tevels arise from cases in which one RCCA is fully inser-
ted, or where bank D is fully inserted with cne RCCA fully withdrawn.
Multiple independent alarms, including a bank insertion limit alarm, alert
the operator well before the postulated conditions are approached. The
bank can be inserted to its insertion 1imit with any one assembly fully
withdrawn without the DNBR falling below the limit value.

The insertion 1imits in the Technical Specificaticns may vary from time to
time depending on a number of limiting criteria. It is preferable,
therefore, to analyze the misaligned RCCA case at full power for a
position of the control bank as deeply inserted 2as the criteria on minimum
ONBR and power peaking factor will allow. The fuill power insertion limits
on contrc]l bank D must then be chosen to be above that position and will
usually be dictated by other criteria. Deta’'led results will vary from
cycle to cycle depending on fuel arrangements.

For this RCCA misalignment, with bank D inserted to its full insertion
limit and one RCCA fully withdrawn, DNBR does not fall below the limit
value. This case is analyzed assuming the initial reactor power,
oressure, and RCS temperaturas are at their nominal values inciuding
uncertain%ies (as given in Table 2) but with the increased radial peaking

factor associated with the misaligned RCCA.

DONB calculations have not been performed specifically for RCCAs missing
from other banks; however, power shape calculations have been done as
required for RCGA ejection.analysis. Inspection of the power shapes shows
that the DNB and peak kw/ft situation is less severe than the bank D case
discussed above assuming insertion limits on the other banks equivalent to

a bank D full-in insertion limit.
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For RCCA misalignments with one RCCA fully inserted, the DNER coes not
fall below the 1imit value. This case is anaiyzed assuming the initial
reactor power, pressure, and RCS temperatures are at their nominal values,
including uncertainties (as given in Table 2) but with the increased
radial peaking factor associated with the misaligned RCCA.

ONB does not occur for the RCCA misalignment incident and thus the ability
of the primary coolant to remove heat from the fuel rod is not reduced.
The peak fuel temperature corresponds to a linear heat generation rate
bised on the radial peaking factor penalty associated with the misaligned
RCCA and the design axial power distribution. The resulting linear heat
generation is well below that which would cause fuel melting.

Following the identification of a RCCA group misalignment condition by the
operator, the operator is required to take action as required by the plant

Technical Specifications and operating instructions.

6.3.4 Chemical and Volume Centrol System Malfunction

Reactivity can be added to the czore by feeding primary grade water into the
Reactor Coolant System via the reactor makeup portion of the chemical and
volume control system. The normal dilution procedures call for a limit on the
rate and magnitude for any individual dilution, under strict administrative
controls. -Beron dilution is a manual operation. A boric acid blend system is
provided to permit the operator to match the boron concentraticn of reactor
coolant makeup water during normal charging to that in the Reactor Coolant
System. The Chemical and Volume Control System (CVCS) is designed to Timit,
even under various postulated failure modes, the potential rate of dilution to
a value which, after indication through alarms anc instrumentation, provides
the coperator Suffic;ent time to correct the situation in a safe and orderly
manner.

The opening of the Primary Water Makeup Control Valve provides the only supply

of makeup water to the Reactor Coolant System which can dilute the reactor
coolant. Inadvertent dilution can be readily terminated by closing this
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valve. Iun order for makeup waier to be added to tne Reactor Coolant System,
at least one charging pump must aiso be running in addition to the primary

water pumps.

The rate of addition of unkcrated water makeup to the Reactor Coolant system
is 1imited by the capacity of the primary water pumps. The maximum addition
rate in this case is 225 gpm with both primary water pumps running. The 225
gpm reactor makeup water delivery rate is based on a pressure drop calculztion
comparing the pump curves with the system resistance curve. This is the
maximum delivery based on the unit piping layout. Normally, only one primary
water supply pump is operating while the other is on standby.

The boric acid from the boric acid tank is blended with primary grade water in
the blender and the composition is determined by the preset flow rates of
boric acid and primary grade water on the control board.

In order to dilute, two separate operations are required. First, the operator
must switch from the automatic makeup mode to the dilute mode; second, the
start button must be depressed. Omitting either step would prevent dilution.
This makes the possibility of inadvertent dilution very remote.

Information on the status of reactor coolant makeup is continuously avaiiable
. to the operator. Lights are provided on the control board to indicate the
operating conaition of pumps in the Chemical and Volume Control System.
Alarms aré actuated to warn the operator if boric acid or demineralized water
flow rates deviate from preset values as a result of system malfunction.

To cover all phases of the plant operation, boron dilution during refueling,
startup, and power o:eration.were examined. In all cases, the conciusion
presented in FSAR Section 14.1.5 remains appliicable. That is, sufficient time
is available for the operator to tzke corrective action.



3/4.1 REACTIVITY CONTROL SYSTEMS

BASES.

3/4.1.1 BORATION CONTROL
3/4.1.1.1 and 3/4.1.1.2 SHUTDOWN MARGIN

A sufficient SHUTDOWN MARGIN ensures that 1) the reactor can be made
subcritical from all operating conditions, 2) the reactivity transients
associatec with postulated accident conditions are controllable within
acceptable limits, and 3) the reactor will be maintained sufficiently
subcritical to preclude inadvertent criticality in the shutdown condition.

SHUTDOWN MARGIN requirements vary throughout core 1ife as a function
of fuel depletion, RCS boron concentration, and RCS T, . The most
restrictive condition occurs at EOL, with T at no 1¥dd operating
temperature, and is associated with a postuli®ed steam line break accident
and resulting uncontrolled RCS cooldown. In the analysis of this accident,
2 minimum SHUTDOWN MARGIN of 1.60%ak/k is initially required to contrel
the reactivity transient. Accoraingly, the SHUTDOWN MARGIN reguirement
is based upon this 1imiting condition and is consistent with FSAR accident
analysis assumptions. With T <35C°F, the reactivity transients
resulting from a postulated s3%8m line break cocldown are minimal and
a 1% ak/k shutdewn margin provides adequate protsction.

3/4.1.1.3 BOROM DILUTION

A minimum flow rate of at least 3000 GPM provides adequate mixing,
prevents stratification and ensures that reactivity changes will Se
gradual during boron concentrition reductions in the Reactor Coolant
System. A flow rate of at lTeast 3000 GPM will circulate an equivalent
Reactor Coolant System volume of 12,612 + 100 cubic feet in approximataly
30 minutes. The reactivity change rate associated with boran reductions
wﬂl t?erefore be within the capability for cperator recognition and
control.

3/4.1.1.4 MODERATOR TEMPERATURE COEFFICIENT (MTC)

The Timitations on MTC are provided to ensure that the assumptions
usad in the accident and transient analyses remain valid through each
fuel cycle. The surveillance requirement for measursment of the MTC
at the deginning, and near the end of each fuel cycle is adequate
to confirm the MTC value since this coefficient changes slowly due

0. C. COOK-UNIT 1 8 3/4 1-1 Amendment No.
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.3.5 Loss Of Reactor Cooiant Flow (Including Locked Rotor Analiysis)

x>

loss of forced reactor coolant flow may result from & simultaneous loss of
electrical sa§p1ies to all reactor coolant pumps. If the reactor is at power
at the time of the accident, the immediate effect of loss of coolant flow is a
rapid increase in the coolant temperature which is magnified by the positive
MTC. This increase could result in DNB with subsequent fuel damage if the
reactor were not tripped promptiy. The trip systems available to mitigate the
consequence of this accident are discussed in the FSAR.

Simultaneous loss of electrical power to all reactor coolant pumps at full
power is the most severe credible loss of flow condition. For this condition
reactor trip together with flow sustained by the inertia of the coolant and
rotating pump parts will be sufficient to prevent RCS overpressurization and
the DNB ratio from exceeding the limit values.

Method of Analysis
The following loss of flow cases are analyzed:

1. Loss of four pumps from nominal full power conditicns with four loops
operating.

2. Loss of one pump from nominal full power conditions with four loops
operating.

The normal power suppli2s for the pumps are four buses connected to the gene-
rator. CEach bus supplies power to one pump. When a generator trip occurs,
the pumps are automatically transferrecd to a bus suppiied from external power
lines, and the pumpé will continue to supply coolant flow the the cocre. The
simultaneous loss of power to all reactor coolant pumps is a highly unlikely
event. Since each pump is on a separate bus, a single bus fault would not
result in the loss of more than one pump.

17



A full plant simylation is used in the analysis to compute the core average
and hot spot heat flux transient responses, including flow coastdown, tempera-

ture, reactivity and control rod insertion effects.

These cata are then used in a detailed thermal-hydraulic computation to com=
pute the margin to DNB using ITDP. This computation solves the continuity,
momentum and energy equations of fluid flow together with the appropriate DNB
correlation, W=3 or WRB-1.

Uncertainties in initial conditions are included in the limit DNBR as
described in Section 5.0 of Attachment B. The initial conditions used are
Tisted in Table 2.

This transient is analyzed by three digital computer codes. First the LOFTRAN
code is used to calculate the 1ooprand core flow during the transient, the
time of reactor trip based on the calculated flows, the nuclear power transi-
ent, and the primary system pressure and temperature transients. The FACTRAN
code is then used to calculate the heat flux transient based on the nuclear
power and flow from LOFTRAN.

Finally, the THINC code is used to calculate the DNBR during the transient
based on the heat fiux from FACTRAN and flow from LOFTRAN. The DONBR transi-

.ents presented represent the minimum of the typical or thimble cell for each

type of fugl.
Results

Figures 15 through 18 show the transient response for the Toss of power to all
RCPs with four loops- in operation. The reactor is assumec to be tripped on
uncdervoltage signal. Figure 18 shows the DNBR to be always greater than the
limit value for the most limiting fuel assembly cell.

Figures 19 through 22 show the transient response for the loss of one RCP with
four lcop operation. The reactor is assumed to be tripped on low flow

signal. Figure 22 shows the ONBR to be always greater than the limit value
for the most limiting fuel assembly cell.
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Since DNE does not cccur, the ability of the primary coolant to remove heat
from the fuel rod is not significantly recuced. Thus, the average fuel and
clacd temperature do not increase siygnificantiy above their respective initial

values.

Conclusions

The anzlysis shows that the DNBR will not decrease below the 1imit value at
any time during the transient. Thus, no fuel or clad damage is predicted, and

all applicable acceptance criteria are met.

Locked Rotor Accident

A transient analysis has been performed for the instantaneous seizure of a
reactor coolant pump rotor. A description of this accident is found in the
FSAR Section 14.1.6. Only one locked rotor occurring with four loops
operating was analyzed. The initial conditions are listed in Table 2.

Mathod of Analysis

Two digital-computer codes are used to analyze this transient. The LOFTRAN
code is used to calculate the resulting loop and core flow transients
following the pump seizure, the time of reactor trip based on the loop flow
transients, the nuclear power following reactor trip, and tec determine the
peak pressure. The thermal behavior of the fuel located at the core hot spot
is investigated using the FACTRAN code, using the core flow and the nuclear
power calculated by LOFTRAN. The FACTRAN code includes the use of a film
boiling heat transfer coefficient.

Evaluation of the Pressure Transient

After pump seizure, the neutron flux is rapidly reduced by control rod
insertion. Rod motion begins 1 second after the flow in the affected loop
reaches 87 percent of nominal flow. No credit is taken for the pressure
reducing effect of the pressurizer relief valves, pressurizer spray, steam
dump or controlled feedwater flow after plant trip.



3.4.2 POWER DISTRIBUTION LIMITS

AXIAL FLUX DIFFERENCE (AFD)

LIMITING CONDITION FOR OPERATION

3.2.1 The indicated AXIAL FLUX DIFFERENCE (AFD) shall be maintained
within the target band (+5% or +3% flux difference units) about a target |
flux difference.

APPLICABILITY: MODE 1 above 50% RATED THERMAL POWER*

ACTION:

A. With the indicated AXIAL FLUX DIFFERENCE outside of the target
band about the target flux difference and with THERMAL POWER:

1. Above 90% or 0.9 x APL** (whichever is less) of RATED THERMAL
POWER, within 15 minutes:

a) Either restore the indicated AFD to within the target
band limits, or

b) Reduce THERMAL POWER to less than 90% or 0.9 x APL
(whichever is less) of RATED THERMAL POWER.

2. Between 50% and 90% or 0.9 x APL (whichever is less) of RATED
THERMAL POWER:

a) POWER CPERATION may continue provided:

1) The indicated AFD has not been ocutside of the target
band for more than 1 hour penalty deviation
cumulative during the previous 24 hours, and

2) The indicated AFD is within the 'imits shown on
Figure 3.2-1. OQOtherwise, reduce THERMAL POWER to
less than 50% of RATED THERMAL POWER within 30
minutes and reduce the Power Range Neutron Flux=High
Trip Setpoints to < 55% of RATED THERMAL POWER
within the next 4 hours.

b) Surveillance testing of the Power Range Neutron Flux
Channels may be performed pursuant tc Specification
4.3.1.1.1 provided the indicated AFD is maintained within
the Timits of Figure 3.2-1. A total of 16 hours
operation may be accumulated with the AFD outside of the
target band during this testing without penalty deviation.

*See Special Test Exception 3.10.2
**APL is the Allowable Power Level defined in Specification 3.2.6.
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;gh these operaticn are expected t0 occur and would result in a lower

:
peak RCS pressure, anc additional! degree of conservatism is provicded by
ignoring their effect.

The pressurizer safety valves are full open at 2575 psia.

Evaluation of DNB in the Core During the Accident

For this accident, DNB is assumed to occur in the core, and therefore an
evaluation of the consequences with respect to fuel rod thermal transients is
performed. Results obtained from analysis of this "hot spot" condition
represent the upper limit with respect to clad temperature and zirconium water
reaction.

In the evaluation, the rod power at the hot spot is assumed to be 3.0 times
the average rod power (i.e., FQ = 3.0) at the initial core power level.

Film Boiling Coefficient

The film boiling coefficient is calculated in the FACTRAN code using the
B8ishop-Sandberg-Tong film boiling correlation. The fluid properties are
evaluated at film temperatures (average between wall and bulk temperatures).
The program calculates the film coefficient at every time step based upon the
actual heat :;ansfer conditions at the time. The neutron flux, system
pressure,.bu7k density, and mass flow rate as a function of time are used as
program input.

For this analysis, the initial values of the pressure anc the bulk density are
used throughout the transient since they are the most conservative with

respect to clad temperature response. For conservatism, ONB was assumed to

start at the beginning of the accident.




ruel Clad Gap Coefficient

Tre magnitude and time dependence of the heat transfer coefficient between
fuel and clad (gap coefficient) has a pronounced influence on the thermal
results. The larger the value of the gap coefficient, the more heat is
transferred between pellet and clad. Based on investigations on the effect of
the gap coefficient upon the maximum clad temperature during the transient,
the gap coefficient was assumed to increase from a steady state value
consistent with initial fuel temperature to 10,000 BTU/hr—ft2-°F at the
initiation of the transient. Thus the large amount of energy stored in the
fuel because of the small initial value is released to the clad at the
initiation of the transient.

The zirconium=-steam reaction is calculated using the methodology described in
Section 14.1.6 of the FSAR.

Results

The transient results for the locked rotor accident are shown in Figures 23
through 26. The peak RCS pressure (2587 psia) reached during the transient is
less than that which would cause stresses to exceed the faulted condition
stress limits. Also, the peak ctad surface temperature (1983°F) is
considerably less than 2700°F.

For the most limiting fuel assembly, less than three percent (3%) of the rods
reach a ONBR value less than the appropriate minimum value.

Conclusions
A. Since the peak RCS pressure reached during any of the transients is less
than that which would cause stresses to exceed the faulted conditions

stress 'imits, the integrity of the primary coolant system is not
endangered.
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POWER CISTRIBUTION i.IMITS

LIMITING CONDITION FOR OPERATION (Continued)

c) Surveillance testing of the APDMS may pe performed
pursuant to Specification 4.3.3.6.1 provided the indicatad
AFD is maintained within the limits of Figure 3.2-1. A total
of 6 hours of operation may be accumulated with the AFD
outside of the target band during this testing without
penalty deviation.

b. THERMAL POWER shall not be increased above 90% or 0.9 x APL
(whichever is less) of RATED THERMAL POWER unless the indicated l
AFD is within the target band and ACTION 2.a) 1), above has been
satisfied.

c. THERMAL POWER shall not be increased above 50% of RATED THERMAL
POWER unless the indicated AFD has not been outside of the target
band for more than 1 hour penalty deviation cumulative during the j
previous 24 hours.

d. DOuring power reduc*ions using control rods, the reporting
requirements of Specifications 6.9.1.9 shall not apply provided
the action items above are satisfied.

SURVEILLANCE REQUIREMENTS

8.2.1.10 “The indicated AXIAL FLUX DIFFERENCE shall be determined to be
within its 1imits during POWER OPERATICN above 15% of RATED
THERMAL POWER by:

a. Monitoring the indicatec AFD for each QOPERABLE excore channel:

1. At Jeast once per 7 days when the AFD Monitor Alarm is
OPERABLE, and

2. At least once per hour for the first 24 hours after restoring
the AFD Monitor Alarm to OPERABLE status.

b. Monitoring and logging the indicated AXIAL FLUX DIFFERENCE for
each OPERABLE excore channel at least once per hour for the first
24 hours and at least once per 30 minutes thereafter, when the
AXIAL FLUX DIFFERENCE Monitor Alarm is inoperable. The Togged
values of the indicated AXIAL FLUX CIFFERENCE shall be assumed to
exist during the interval preceding each logging.

D. C. COOK=UNIT 1 3/4 2-2 Amendment No. 61



B. Since the peak ciac surface temperature caiculatec for the hot spot during

(8}

the worst transient remains consicerably less than Z700°F, the core will

-

remain in place and intact with no ioss of core coocling capability.

£.3.6 Loss of External Electrical Load

The loss of external electricai load may result from an abnormal variation in
network frequency or other adverse network operating conditions. It may also
result from a trip of the turbine generator or in an unlikely opening of the
main breaker from the generator which fails to cause a turbine trip but causes
a rapid large NSSS load reduction by the action of the turbine control. A
further discussion is found in FSAR Section 14.1.8.

Method of Analysis

fhe Toss of load transients are analyzed by employing the detailed digital
computer program LOFTRAN. The program simulates the neutron kinetics, RCS,
pressurizer, pressurizer relief and safety valves, pressurizer spray, steam
generator, and steam generator safety valves. The program computes pertinent
plant variabies including temperatures, pressures, and power level.

This accicent is analyzed with the improved thermal cesign procedures. Plant
characteristics and initial conditions are listed in Table 2.

Major assumptions are summarized below:

A. Initial Operating Conditions = initial reactor power, pressure, and RCS
temperatures are assumed to be at their nominal values. Uncertainties in
initial conditions are inciuded in the 1imit departure from nucleate

i

boiling ratic (DNER) as described in Section 5.0 of Attachment B.

w

Moderator and Doppler Coefficients of Reactivity = the 'oss of load is
analyzed with both maximum and minimum reactivity feedback. The maximum
feedback case assume a large negative moderator temperature ccefficient
and the most negative Doppler power coefficient. The minimum feedback
cases assume a +5 pcm/°F MTC and the least negative Doppler coefficients.
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

4.2.1.2 The indicated AFD shall be considered outside of its target band
wnen at least 2 of 4 or Z of 3 OPERABLE excore channels are
indicating the AFD to be outside the target band. Penalty
deviation outside of the target band shall be accumulated on a
time basis of:

a. A penalty deviation of one minute for each one minute cof POWER
OPERATION outside of the target band at THERMAL POWER levels
equal to or above 50% of RATED THERMAL POWER, and

b. A penalty deviation of one-half minute for each one minute of
PCWER OPERATION outside of the target band at THERMAL POWER
Tevels between 15% and 50% ofRATED THERMAL POWER.

4.2.1.3 The target axial flux differsnce of each OPERABLE excore channel
shall be determined in conjunction with the measurement of

Fg (Z) as defined in Specification 4.2.2.2.c. The
provisions of Specification 4.0.4 are not applicabie.

4.2.1.4 The axial flux difference target band about the target axial flux
difference shall be determined in conjunction with the

measurement of Fg (Z) as defined in Specification

4.2.2.2.¢c. The allowable values of the target band are +5% or
+3%. Redefinition of the target band from +3% to +3% tetween
determinations of the target axial flux difference is allowed
when appropriate rediefinitions of APL are made. Redefinition of
the target banc from +5% to +3% is allowed only in conjunction
with the determination of a new target axial flux difference.

The provisions of Specification 4.0.4 are not applicable.

D. C. COOK-UNIT 1 3/4 2-3 Amendment No. 61
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POWER _DISTRIBUTION LIMITS

HEAT FLUX HOT CHANNEL FACTOR-F (2)
Q

LIMITING CONDITION FOR OPERATION

- FQ(Z.t) shall be Timited by the following relationships:

Westinghouse Fuel Exxon Nuclear Co. Fuel
L
2.0 FolEy)
Fo(z.t) < [58] [x@) FZot) < [ (K] P> 0.
F(Z,1) < [4.0] [K(D)] F(Z.0) < 2 [FX(E,) k()] P <08
Q
where p = THERMAL POWER

FS (El) is the exposure dependent FQ limit for rod 2 and

is defined in Figure 3.2-4 for Exxon Nuclear Co. fuel and in Figure 3.2-5
for Westinghouse fuel. El is the maximum pellet exposure in rod

L. K(Z) is the function obtained from Figure 3.2-3 for Westinghouse
fuel and Figure 3.2-2 for Exxon Nuclear Co. fuel. FQ is defined as

the FQ(Z,t) with the smallest margin or the greatest excess of the limit.

APPLICABILITY: MODE 1

ACTION:

With FO exceeding its limit:

a. Comply with either of the following ACTIONS:

1. Reduce THERMAL POWER at least 1% for each 1% FQ exceeds

the 1imit within 15 minutes and similarly reduce the Power
Range Neutron Flux=High Trip Setpoints within the next 4
hours; POWER OPERATION may proceed for up to a total of 72
hours; subsequent POWER OPERATION may proceed provided the
10/

Overpower AT Trip Setpoints hazve been reduced at least 1%
for each 1% FC exceeds the 1imit. The Overpower AT Trip

Setpoint reduction shall be performed with the reactor in at
Teast HOT STANDBY.

D.C. Cock Unit 1 /4 2-5 Amendment No.




POWEK CISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION (Continued)

2. Reduce THERMAL POWER as necessary to meet the limits of
Specification 3.2.6 using the APOMS with the latest incore
map and updated R.

b. Identify and correct the cause of the out of limit condition
prior to increasing THERMAL POWER; THERMAL POWER may then be
increased provided FQ is demonstrated through incore mapping

to be within its limit.

SURVEILLANCE REQUIREMENTS

4.2.2.1 The provisions of Specification 4.0.4 are not applicable.

4.2.2.2 FQ(Z.l) shall be determined tc be within its limit by:

a. Using the movable incore detectors to obtain a pcwer
distribution map at any THERMAL POWER greater than 5% of RATED
THERMAL POWER.

b. Increasing the measured FQ(Z,l) component of the power

aistribution map by 3% to account for manufacturing tolerances
and further increasing the value by 5% to account for

measurement uncertainties. This product is defined as F

c. Satisfying the following relationships at the time of the target
flux determination.

Westinghouse Fuel Exxon Nuclear Co. Fuel

" 2.0 K(2) P« #
Fld) < [:x's"p(z:)) WD) R [ () - P >0.5
r L
N e Mo 2B k2 -
fold) < LEQ(Z)] s} Fqld) = [E;%ZT ¢: o
0.C. Cook Unit 1 Amendment No.
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POWER DISTRIBUTIGN LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

where

F(2) = Fo(Z,1)

F$<z.z)
L

FY(Z) = FR(E,)

Q ¢ o

Fa(Z,t)

Ty

Westinghouse Fuel

at ¢t for which

is a maximum

at ¢t for which

is a maximum

Fg(Z) and FS(Z) are functions of core

Exxon Nuclear Co.

height, Z, and

|t -
\.p(Z) i 1.0
() = 1.0
Ep(Z) = 1.0

D.C. Cook Unit 1

1.0

E(2)

E,(2)
€,(2)

3/4 2-7

1.0 + [.0040 x rg(Z)]
1.0 + [.0093 x FS(Z)]

correspond at each Z to the rod ¢ for which ‘Tzf—j is &
')
maximum at that Z

V(Z) is a cycle dependent'function and is provided in the “eaking Factor
imit Report. K(Z) is defined in Figure 3.2-2 for Exxon MNuclear Company
fuel and in Figure 3.2-3 for Westinghouse fuel.

-Figures 3.2-4 and 3.2-5. Ep(Z) is an uncertainty factor to account

T(El) ie defined in

for the reduction in the Fs (El) curve due to accumula<ion of
exposure prior to the next flux map.

0<g, c17.82

17.62 < E, < 34.5

1
34.5<E, 242.2

i

|
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

d. Measuring FQ(Z,l) in conjunction with a target lux
difference and target band determination, according to the
following schedule:

1. Upon achieving equilibrium conditions after exceeding by 10%
or more of RATED THERMAL POWER, the THERMAL POWER at which
FQ(Z) was last determined*, or

2. At Teast once per 3] effective full power days, whichever
occurs first.

*During power escalation at the beginning of each cycle, the
design target may be used until a power level for extended
operation has been achieved.

@. With successsive measurements indicating an increase in max over

)

Z of [—k ] with exposure, either of the foilowing additional
actions shall be taken:

1. FS(Z) shall be increased by 2% over that specified in
4.2.2.2.¢c, or

2. FS(Z) shall be measured and a target axfal flux

difference reestablished at least once per 7 effective full
power days until 2 successive maps indicate that max over Z

Fo(2)
of {R%ZS-] is not increasing.

f. With the relationship specified in 4.2.2.2.c not being
satisfied, either of the following actions shall be taken:

1. Place the core in an equilibrium condition where the limit

in 4.2.2.2.c is satisfied and remeasure the target axial
flux difference.

D.C. Cook Unit 1 3/4 2-8 Amendment No.



POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

2. Comply with the requirements of Specification 3.2.2 for
FQ(Z.t) exceediry its limit by the maximum percent

calculated with the following expressions with V(Z)
corresponding to the target band and P > 0.5:

M
Fa(Z) x V(Z) x E_(2) Exxon
max. over Z of g - -1{x 100  yyclear Co
F(Ep) x [K(Z)] Fuel
L . 4
M WESTINGHQUSE
FQ(Z) x V(Z) x EE(Z) FUEL

max. over Z of FRERL ) -1{x 100
P

- -l
g. The limits specified in 4.2.2.2.c and 4.2.2.2.f aDove are not
applicable in the following core plane regions:

1. Lower core region 0 to 10% inclusive.
2. Upper core region 90% to 100% inclusive.

4.2.2.3 When FO(Z,t) is measured for reasons other than meeting the

requirements of Specification 4.2.2.2, an overall measured
FQ(Z,l) shal]l be cbtained from a power distribution map and

increased by 3% to account for manufacturing tolerances and
further increased by 5% to account for measurement uncertainty.

D.C. Cook Unit 1 3/4 2-9 Amendment No.
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POWER DISTRIBUTION LIMITS

NUCLEAR ENTHALPY HOT CHANNEL FACTOR - F:H

0.C. Cook Unit 1 3/4 2-12

LIMITING CONDITION FOR OPERATICN

- 1 FﬁH shall be limited by the following relationships:

Fan
and Fzﬁ

where P is the fraction of RATED THERMAL POWER

1.49 [1 + 0.3 (1-P)] (for Westinghouse fuel)

1.45 [1 + 0.2 (1-P)] (for Exxon Nuclear Co. fuel)

APPLICABILITY: MODE 1
ACTION:

With FﬁH exceeding its limit:

a. Reduce THERMAL POWER to less than S0% of RATED THERMAL POWER
within 2 hours and reduce the Power Range Neutron Flux=High Trip
Setpoints to < 55% of RATED THERMAL POWER within the next 4 heurs,

b. Demonstrate through in-core mapgi.g that FtH is within its

l1imit within 24 hours after exceeding the 1imit or reduce THERMAL
POWER to less than 5% of RATCD THERMAL POWER within the next 2
hours, and ‘

¢. Identify and correct the cause of the out-of=-limit condition prior
to increasing THERMAL POWEP; subsequent POWER OPERATION may

proceed, provided that FZH is demonstrated through in-core

mapping to be within its 1imit at a nominz] 50% of RATED THERMAL
POWER prior to exceeding this THERMAL POWER, at a nominal 75% of
RATED THERMAL POWER prior to exceeding this THERMAL power and
within 24 hours after attaining 95% or greater RATED THERMAL POWER.

Amendment No.



POWER DISTRIBUTION LIMITS
SURVEILLANCE REQUIREMENTS

4.2.3.1 F:H shall be determined to be within its 1imit by using

the movable incore detectors to obtain a power distribution map:

a. Prior to operation above 75% of RATED' THTRMAL POWER after each
fuel loading, and

b. At least once per 31 Effective Full Power Days.

¢. 1he provisions of Specification 4.0.4 are not applicable.

3/4 2-13
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POWER DISTRIBUTION LIMITS

. QUADRANT POWER TILT RATIO

LIMITING CONDITION FOR OPERATION

3.2.4 THE QUADRANT POWER TILT RATIO shall not exceed 1.02

APPLICABILITY: MODE 1 ABOVE 50% OF RATED THERMAL POWER*

ACTION:

With the QUADRANT POWER TILT RATIO determired to exceed 1.02 but
< 1098

1.

Within 2 hours:

a) Either reduce the QUADRANT POWER TILT RATIO to within its
Timit, or

b) Reduce THERMAL POWER at least 3% from RATED THERMAL POWER I -
each 1% of indicated QUADRANT POWER TILT RATIO in excess of
1.0 and similarly reduce the Power Range Neutron Flux-High
Trip Setpoints within the next 4 hours.

Verify that the QUADRANT POWER TILT RATIO is within its limit
within 24 hours after exceeding the limit or reduce THERMAL PO\ 2
to less than 50% of RATED THERMAL POWER within the next 2 hours
and reduce the Power Range Neutron Flux-High Trip setpoints to

< 55% of RATED THERMAL POWER within the next 4 hours.

Identify and correct the cause of the out of limit condition prior
to increasing THERMAL POWER; subsequent POWER OPERATION above "%
of RATED THERMAL POWER may proceed provided that the QUADRANT
POWER TILT RATIO is verified within its 1imit at least once per
gourkuntil verified acceptable at 95% or greater RATED THERMAL
OWER.

With the QUADRANT POWER TILT RATIO determined to exceed 1.09 due to
misalignment of either a shutdown or control rod:

1.

Reduce THERMAL POWER at least 3% from RATED THERMAL POWER for each
1% of indicated QUADRANT POWER TILT RATIO in excess of 1.0, within
30 minutes.

Verify that the QUADRANT PCWER TILT RATIO is within its limit
within 2 hours after exceeding the limit or

*See Special Test Exception 3.10.2
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TRIB N

LIMITING CONDITION FOR QPERATION (Continued)

c.

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

3, Identify and correct the cause of the cut of limit cone
~ dition prior to {ncreasing THERMAL POWER; subsequent POWER
OPERATION above 30% of RATED THERMAL POWER may preceed
provided that the QUADRANT POWER TILT RATIO s verified
within its 1imit at least once per hour unti{l verified
acceptable at 955 or greater RATED THERMAL POWER.

With the QUADRANT POWER TILT RATIO detarmined to exceed 1.0%
due to causes other than the misalignment of either a shut-
down or control rod:

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

2. Identify and correct %ho cauce of the cut of limit cen-
dition prior to increasing THERMAL POWER; subsaecusens POWER
OPERATION abecve 50% of RATED THERMAL POWER may procaed
provided that the QUADRANT POWER TILY RATIO s verifigs
within its 1imit at least once par hour until verified at
35% or greater RATED THERMAL POWER

SURVEILLANCE REQUIREMENTS

4.2.4 The QUADRANT POWER TILT RATIO shall be determined %0 bSe within the
Timit above 50% of RATED THERMAL POWER by:

a.

Calculating the ratic at least once per 7 days when the alarm
is QPERABLE.

Calculating the ratio at least once per 12 hours during steady
state cperation wnen the alarm {s inoperable.

Using the movable incsre detectars %2 determine tha SUADRANT
POWER TILT RATIO at Teast once per 12 heurs when 2ne Power

Range Channe! is inoperable and THERMAL POWER is > 7% permcant -7
RATED THERMAL PCOWER.

0. C. COOK - UNIT 1 3/4 2-15 Amencment No.



POWER DISTRIBUTION LIMITS
ONB PARAMETERS

—

LIMITING CONDITION FOR OPERATION

3.2.5 The following ONB related parameters shall be maintained within
the 1imits shown on Table 3.2-1:

a. Reactor Coolant System Tavg'
b. Pressurizer Pressure
¢. Reactor Coolant System Total Flow Rate
APPLICABILITY: MODE 1

ACTION:

With any of the above parameters exceeding its limit, restore the para-
meter to within its 1imit within 2 hours or reduce THERMAL POWER %o less
than 5 percent of RATED THERMAL POWER within the next 4 hours.

SURVEILLANCE REQUIREMENTS

4.2.5.1 Each of the parameters of Table 3.2-1 shall be verified to be
within their 1imits at least once per 12 hours.

4.2.5.2 The Reactor Cooclant System total flow rate shall be determined
to be within its limit by measurement at least once per month.

3/4 2-16
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TABLE 3.2-1

ONB PARAMETERS

LIMITS
4 Loops In Operation 4 Loops In Operation 3 Loops in Operation
PARAMETER at RATED THERMAL POWER at DESIGN THERMAL POWER at RATED THERMAL POWER
Reactor Coolant System Tpug < 570.5°F £ 579.8°F £570,5°F
Pressurizer Pressure > 2220 psia* > 2220 psia* > 2220 psia*
Reactor Coolant System > 1.386 x 108 1bs/hr > 1.386 x 108 1bs/hr >0.9917 x 108 1bs/hr
Total Flow Rate

*[imit not applicable during either a THERMAL POWER ramp increase in excess of 5 percent RATED THERMAL POWER
per minute or a THERMAL POWER step increase in excess of i0 percent RATED THERMAL POWER.




POWER DISTRIBUTION LIMITS

AXIAL POWER DISTRIBUTION
LIMITING CONDITION FOR OPERATION

—

3.2.6 The axial power distribution shall be limited by the following
relationship:

Westinghouse Fuel
2.91 [K(Z)]

[(FD)], = == s 7
.j s (Rj) L Oj | 4% Fp

Exxon Nuclear Co. Fuel

l2.04l ngZ;|
F (Z) - — -
[ J ]S (R ) L ‘. O. - F

j 30 P

where:

a. FJ(Z) is the normalized axial power distribution from thimble
j at core elevation Z.

b. PL is the fraction of RATED THERMAL POWER.

c. K(Z) is the function obtained for a given core height location
from Figure 3.2-2 for Exxon Nuclear Company fuel and from Figure
3.2=3 for Westinghouse fuel.

d. Rj. for thimble j, is determined from at 'east n=6 in=-core
flux maps covering the full configuration of permissible raod
patterns at 100% or APL (whichever is less) of RATED THERMAL

POWER in accordance with:

sl
;=2 I R

L

where:

Meas
F it /T(EL)

TRl v e4)
i3 Max

R1 and its associated o, may be calculated on a full core

or a limiting fuel batch basis as defined on page B 3/4 3-3 of
basis.

C A No.
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POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION (Continued)

e. FS::’ fs the 1imiting total peaking factor fn flux
map 1. The limiting total peaking factor is that factor with
least margin to the Fé(Ez) curve defined in Figure 3.2-4
for Exxon Nuclear Company fuel and in Figure 3.2-5 for
Westinghouse fuel.
For Exxon Nuclear Company fuel, T(Et) is the ratio of the
exposure dependent FB(E) tc 2.04 and is defined in Figure 3.2-4.

T(EL) 1s equal to 1.0 for fuel supplied by Westinghouse
Electric Corporation as given in Figure 3.2-5.

f. [F,J(Z)]"“ is the max‘mum value of the normalized axial

distribution at elevation Z from thimble j in map 1 which had a -
limiting total measured peaking factor without uncertainties or

densification allowance of Fg::s .

o, is the standard deviation associated with thimble j,

i
expressed as a fraction or percentage of Rj, and is derived

from n flux maps from the relationship below, or 0.02, (2%)
whichever is greater.

n 24 1/2
a1 ALY B
R.

J
J

The factor 1.07 is comprised of 1.02 and 1.05 to account for the
axial power distribution instrumentation accuracy and the
measurement uncertainty associated with FQ using the movable

detector system respectively.
The factor 1.03 is the engineering uncertainty factor.

g. FD is an uncertainty factor for Exxon fuel to account for the

reduction in tne F,l;(El)curve due to an accumulation of
~
exposure prior to the next flux map. The following Fp factor

shall apply:

D.C. Cook Unit 1 Amendment No.
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C. Reactor Control - from the standpoint of the maximum pressures attained iz
is conservative to assume that the reactor is in manual control. If the
reactor were in automatic control, the control rod Canks would move pricr
to trip and reduce the severity of the transient.

D. Pressurizer Spray and rower-Operated Relief Valves = two cases for both
the minimum and maximum moderator feedback cases are analyzed:

1. Full credit is taken for the effect of pressurizer spray and
power-operated relief valves in reducing or limiting the coolant
pressure. Safety valves are also availabie.

2. No credit is taken for the effect of pressurizer spray and
power-operated relief valves in reducing or limiting the coolant
prossdre. Safety valves are operable.

Results

The transient reponses for a loss of load from full power operation are shown
for four caces: two cases for minimum reactivity feedback and two cases for
maximum reactivity feedback (Figures 27 through 34).

Figures 27 and 28 show the transient respenses for the loss of load with
minimum reectivity feedback assuming full credit for the pressuirzer spray and
pressurizer power-operated relief valves. No credit is taken for the steam
dump. The reactor is tripped by the overtemperature AT trip signal.

The min<mum DNBR remains well above the limit value. The pressurizer sazfety
valves are not actuated for this case since primary ystem pressure remains
well below the design value. The steam generator safety valves prevent
overpressurization of the secondary system, maintaining pressure below 110

percent of design value.
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Figures 29 and 30 show the responses for the total loss of steam lcad with
maximum reactivity feedback. A1)l other plant parameters are the same as the
above. The DNBR increases throughout the transient and never drops below its
initial value. Pressurizer relief valves and steam generator safety valves
orevent overpressurization in primary and secondary systems, respectively.
The pressurizer safety valves are not actuated for this case.

“he loss of load accident was also studied assuming the plant to be initially
cperating at full power with no credit taken for the pressurizer spray,
pressurizer power-operated relief values, or steam dump. The reacter is
tripped on the high pressurizer pressure signal. Figu=es 31 and 32 show the
transients with minimum reactivity feedback. The neutron flux remains
essentially constant at full power until the reactor is tripped. The DNER
never goes below its initial value throughout the transient. In this case the
pressurizer safety valves are actuated, and maintain system pressure below 110
percent of the design value.

Figures 33 and 34 are the transients with maximum reactivity feedback with the
other assumptions being the same as in the preceding case. Again, the DNBR
increases tnroughout the transient and the pressurizer safety valves are
actuated to limit primary pressure.

Conclusions

Resulte of the analyses show that the plant design is such that a loss of lcad
without a direct or immediate reactor trip presents no hazard to the integrity
of the RCS or the main steam system. Pressure relieving devices incorpcrated
in the two systems are adeguate to limit the maximum pressures to within the

design limits.

The integrity of the core is maintained by operation of the reactor protection
system, i.e., 2he DNBR will be maintained above the limit viive.
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3.7 Loss of Norma® Feedwater Flow

A 1ass of normal feedwater (from pump failures, valve malfunctions, or loss of
offsite ac power) results in a reduction in capability cf the secondary system
to remove the heat generated in the reactor core. If an alternative supply cf
feedwater were not supplied to the plant, core residual heat following reactor
trip would heat the primary system water to the point where water reiief from
the pressurizer would occur, resulting in a substantial loss of water from the
RCS. Since the plant is tripped well before the steam generator heat transfer
capability is reduced, the primary system variables never approach a DNB
condition.

The worst postulated loss of normal feedwater event is one initiated by a loss
of offsite AC power which is described in FSAR subsection 14.2.12. This is
due to the decreased capability of the reactor coolant to remove residual core
heat as a result of the RCP coastdown.

The reactor trip on low-low water level in any steam generator provides the
necessary protection against a loss of normal feedwater.

The auxiliary feedwater system is started automatically. The turbine driven
auxiliary feedwater pump utilizes steam from the seconcary system and exhausts
to the atmosphere. The motor driven auxiliary feedwater pumps are supplied by
power from‘the diesel generators if a loss of offsite power occurs. The pumps
take suction directly from the condensate storage tank for delivery to the
steam generators.

An analysis of the system transient is presented below to show that following
a loss of normal ‘egcwater, fhevauxﬁ1iery feedwater system i35 capabie of
removing the stored and residual heat, thus preventing either overpres-
surization of the RCS or uncovering the core, and returning the plant to a
safe condition due to the increased design power level.



Method of Analysis

A detailed analysis using the LOFTRAN code is performed in orger tc obtain the
plant transient following loss of normal feedwater. The simulation describes
the plant thermal kinetics, RCS including the natural circulation,
pressurizer, steam generators and feedwater system. The digital program
computes pertinent variables including the steam gznerator level, pressurizer
water level, and reactor coolant average temperature.

Assumptions made in the analysis are:

A. The plant is initially operating at 102 percent of the design power rating
(3425 MWt NSSS).

B. A conservative core residual heat generation based upon long term
operation at the initial power level preceding the trip.

C. Reactor trip occurs on steam generator Tow=low level.

D. The worst single failure in the auxiliary feedwater system occurs (e.g.,
failure of turbine drive auxiliary feedwater pump).

« B Aux11iary.feedwater is delivered to two steam generators at & rate of 450
gpm.

F. Secondary system steam relief is achieved through the steam generator
safety valves.

The initia) reactor coolant average temperature is 4°F higher than the

o

nominal value, and initial pressurizer pressure is 30 psi higher than
nominal.

An additional assumption made for the loss of normal feedwater evaluation is
that only the pressurizer safety valves are assumed to function normally.
Operation of the valves maintains peak RCS pressure close tc or below the
actuation setpoint (2500 psia) throughout the transient.
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POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION (Continued)

Westinghouse Fuel ENC Fuel
Fp = 1.0 Fp = 1.0 0 < E! < 17.62
Fp = 1.0 Fp = 1.0 + [.0015 x W] 17.62 = El < 34.5

Fp = 1.0 1.0 + [0.0033 x W] 34.5 < El < 42.2

F
p

where W is the number of effective full power weeks (rounded up
to the next highest integer) since the last full core flux map.

APPLICABILITY: Mode 1 above the minimum percent of RATED THERMAL POWER
indicated by the relationships.™

.0 x K(Z
APL = min over Z of -g-—--L-l—S x 100 % Westinghouse
FQ(Z,!) x V(Z Fuel
L
‘ F (El) x K(Z) Exxon Nuclear Co.
APL = min over Z of FQ(Z,i%Vx T#3) xAE;TiS x 100 % Fuel

where FQ(Z,l) is the measured FQ(Z.i), including a 3% manufacturing

tolerance uncertainty and a 5% measurement uncertainty, at the time of
target flux determination from a power distribution map using the
movable incore detectors. V(Z) is the function given in the Peaking
Factor Limit Report. The above limit is not applicable in the following
core plane regions.

1. Lower core region 0% to 10% inclusive.
2. Upper core region 90% to 100% inclusive.

*The APDMS may be out of service when surveillance for determining power
distribution maps is being performed.
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POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION (Continued)

a. With a FJ(Z) factor exceeding [Fj(Z)]S'by < 4 percent,

reduce THERMAL POWER 1 percent for every percent by which the
Fj(Z) factor exceeds its limit within 15 minutes and within

the next 2 hours either reduce the Fj(Z) factor to within its
Timit or reduce THERMAL POWER to APL or less of RATED THERMAL
POWER.

b. With a Fj(Z) factor exceeding (FJ.(Z)]s by > 4 percent,

reduce THERMAL POWER to APL or less of RATED THERMAL POWER
within 15 minutes.
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS

4.2.6.1 Fj(Z) shall be determined to be within its limit by-

a. Either using the APOMS to monitor the thimbles required per
Specification 3.3.3.6 at the following frequencies.

1. At least once pér 8 hours, and

2. Immediately and at intervals of 10, 30, 60, 90, 120, 240
and 480 minutes foliowing:

a) Increasing the THERMAL POWER above APL of RATED
THERMAL POWER, or

b) Movement of control bank "D* more than an accumul>ted
total of 5 steps in any one direction.

b. Or using the movable incore detectors at the following fre-
quencies when the APDMS is inoperable:

1. At least once per 8 hours, and

2. At intervals of 30, 60, 90, 120, 240 and 480 minutes
following:

a) Increasing the THERMAL POWER above APL of
RATED THERMAL PCWER, or

b5 Movement of control bank "D" more than an accumulated
total of 5 steps in any one direction.

4.2.6.2 When the movable incore detectors are used to monitor F.(Z), a4t
least 2 thimbles shall be monitored and an F.(Z) accuracy equiva%ent to
that obtained from the APDMS shall be maintained.

~rn re 3 » - o
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POWER DISTRIBUTION LIMITS
BASES

3/4.2.2 and 3/4.2.2 HEAT FLUX AND NUCLEAR ENTHALPY HOT CHANNEL FACTORS
FQ(Z) and F:H

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

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

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

b. Control rod groups are sequenced with overlapping groups as
described in Specification 3.1.3.5.

c. The control rod insertion limits of Specifications 3.1.3.4 and
3.1.3.5 are maintained.

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

The relaxation in FQH as a function of THERMAL POWER allows
changes in the radial power shape for all permissible rod insertion Timits.
F:H will be maintained within its limits, provided conditions (a)
through (d) above are maintained.

When an FQ measurement is taken, both experimental error and manu-

facturing tolerance must be allowed for. 5% is the appropriate allowance
for a full core map taken with the incore detector flux mapping system, and
% is the appropriate allowance for manufacturing tolerance.

when FﬁH is measured, experimental error must be allowed for,

and 4% is the appropriate allowance for a full core map taken with the
incore detection system. This 4% measurement uncertainty has been included

in the design DONBR 1imit value. The specified 1imit for FﬁH also contains

an additional 4% allowance for uncertainties. The total allowance is based
on the following considerations:
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POWER DISTRIBUTION LIMITS
BASES

a. abnormal perturbations in the radial power shape, such as from rod
misalignment, affect F:H more directly than FQ,

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

FN , and

AH

c. errors in prediction for control power shape detected during
startup physics tests can be compensated for in FQ. by restric-
ting axfal flux distributions. This compensation for FﬁH
is lTess readily available.

A burnup dependent FQ is specified as a result of the ECCS evalua~-

tion, in accordance with 10 CFR Part 50 Appendix K and to meet the accep-
tance criteria of 10 CFR 50.46. The basis for this dependence is given in
document XN-76-51, Supplements 1, 2, 3, and 4 for Exxon fuels and the

exemption granted Dy the Commission on May 18, 1978 for Westinghouse fuel.

3/4.2.4 QUADRANT POWER TILT RATIO

The quadrant power tilt ratio limit assures that the radial power
distribution satis¥ies the design values used in the power capability
analysis. Radial power distribution measurements are made during sta-tup
testing and periodically during power operation.

The 1imit of 1.02, at which corrective action is required, provides DNB
and Tinear heat generation rate protection with x-y plane power tilts. A
1imiting tilt of 1.025 can be tolerated before the margin for uncertainty in
FQ is depleted. The limit of 1.02 was selected to provide an allowance

for the uncertainty associated with the indicated power tilt.

The two hour time allowance for operation with a tilt condition greater
than 1.02, but less than 1.09, is provided to allow identification and
correction of a dropped or misaligned rod. In the event such action does
not correct the tilt, the margin for uncertainty on FQ is reinstated by

reducing the power by 3 percent for each percent of tilt in excess of 1.0.

8 3/4 2-5
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mesults

Figures 35 and 36 show the significant plant parameters following a loss of
normal feedwater.

Following the reactor and turbine trip from full load, the water lTevel in the
steam generators will fall due to the reduction of steam generators void
fraction and because steam flow through the safety valves continues to
dissipate the stored and generated heat. One minute folilowing the initiation
of the lTow=low level trip, at least one auxiliary feedwater pump is
automaticaily started, reducing the rate of water level decrease.

Conclusions

Results of the analysis show that a loss of normal feedwater does not
adversely affect the core, the RCS, or the steam system since the auxiliary
feedwater capacity is such that reactor coolant water is not relieved from the

pressurizer relief or safety valves.

£.2.8 Excessive Heat Removal gue to Feedwater System Malfunctions

Reductions in feedwater temperature or additions of excessive feedwater are
means of increasing core power above full power. Such transients are
attenuated+by the thermal capacity of the secondary plant and of the Reactor
Coolant System. The Overpower-Overtemperature Protection (high neutren flux,
overpower AT, and overtemperature AT trips) prevents any power increase
which could lead to DNBR Tess than minimum allowable value by the Steam
Generator Hi-Hi Level Protection.

Excessive feedwa:er.fiow may be caused by full cpening of a feedwater centrel
valve due to a Feedwater Contrcl system malfunction or an cperator error. At
power conditions this excess flow causes a greater locad demand on the Reactor
Coolant System due to increased subcooling in the steam generator. With the
plant at no load conditions, the addition of cold feedwater may cause a
decrease in Reactor Cooiant System temperature and thus a reactivity insertion

due to the effects of the negative moderator coefficient of reactivity.
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POWER DISTRIBUTION LIMITS
BASES

3/4.2.5 DNB PARAMETERS

The Timits on the DNB related parameters assure that each of the para-
meters are maintained within the normal steady s*ate envelope of operation
assumed in the transient and accident analyses. The limits are consistent
with the initial FSAR assumptions and have been analytically demonstrated
to be adequate to maintain the applicable design limit DNBR values for each
fuel type (which are listed in the bases for Section 2.1.1) throughout each
analyzed transient.

The 12 hour periodic surveillance of these parameters through instru-
ment readout is sufficient to ensure that the parameters are restored
within their limits following load changes and other expected transient
cperation. The morthly periodic RCS elbow tap flow measurement is adeguate
to detect flow degradation and to ensure the correlation of the flow
fndication channels with measured flow, as determined at the beginning of
each cycle using a power balance around the steam generators, such that the
indicated percent flow will provide sufficient verification of flow rate on
a 12 hour basis. Measurement uncertainties have been accounted for in
determining the ONB parameters limit values.

3/4.2.6 AXIAL POWER DISTRIBUTION

The Timit on axial power distribution ensures that FQ will be con-

trolled and monitored on a more exact basis through use of the APOMS when
operating above APL of RATED THERMAL POWER. This additional limitation on
FQ is necessary, in order to provide assurance that peak clad tempera-

tures will remain below the ECCS acceptance criteria limit of 2200°F in the
event of a LOCA.

The unit may operate with fuel assemblies supplied by the Exxon
Nuclear Company and by Westinghouse Electric Corporation. An FQ lTimit

has been specified for each of these two fuel types.
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IINSTRUMENTATION

BASES

3/4.3.3.6 AXIAL POWER DISTRIBUTION MONITORING SYSTEM (APDMS)

The OPERABILITY of the APOMS ensures that sufficient capability is
available for the measurement of the neutron flux spatial distribution
within the reactor core. This capability is required to 1) monitor the
core flux patterns that are representative of tne power peaking factor
in the Timiting fuel rod. The limiting fuel rod is the fuel rod that
has the Teast margin to the exposure dependent FQ limit curve, and 2)
Timit the core average axial power profile such *hat the total power
peaking factor Fo in the 1imiting fuel rod s maintained within accept-
able limits.

R; factors are used to determine the APOMS setpoint limits
[Fj(Z)is. On a full core basis the R, and ¢, factors are calculated
in“accordance with the equations on Piges 3/1 2-18 and 3/4 2-19,

However, near BOC, thimbles not in the region of fuel which contains
the limiting total peaking factor, F..., may not follow the axial power
distribution of the Aot rod. This sglﬁation will manifest itself in the
form of large ¢, for thimbles not in the same region as the total peak
Fas.. In this éituation. if the rod with the Timiting total peaking
fgé:or were to move from one fuel region to another, the neutron flux in
the thimble with the smallest oy would not necessarily follow the axial
power gistribution of the power”in the new limiting rod.

In order to cope with this difficulty, it is permissible to calculate
as many c.'s and R.'s for each thimble as there are fuel types or
regions in the core. Each R and o, for a thimble j is to be calculated
from the equations on Pages §/4 2-15 and 3/4 2-19 with the fo]1ow1n$
exception.. For each R, and % for thimble j, a different F and T(E)
shall be used. The di*fpgggt o;'s and R;'s for thimble j sleI be calcu-
Tated substituting for Fa., ana T(E) thé values pertaining to the limiting
peak relative power from'zdch fuel region. Obviously for one of these
calculations the limiting peak relative power from one region will be
the core 1imiting total peaking factor.

If this option 1s chosen, the o; set to use for APOMS thimble selec-
tion and the R; set to use for the calculation of (F (Z)])S shall be the
set obtained uSing the limiting peak relative power From the same fuel
type as the F011 from the mest recent incore flux map.
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3/4.4 REACTOR COOLANT SYSTeM
BASES

3/4.4.1 REACTOR COOLANT LOOPS

The plant is designed to operate with all reactor coolant loops in
operation, and maintain DNBR above the applicable design 1imft DNBR value
during all normal operations and anticipated transients. With ~ve reactor
coolant loop not in operation, THERMAL POWER is restricted to < 31 percent
of RATED THER'!AL POWER, until the Overtemperature AT trip is reset.

Either action ensures that the DNBR will be maintained above the applicable
design 1imit DNBR values for each fuel type. A loss of flow in two loops
will cause a reactor trip if operating above P-7 (11 percent < RATED
THERMAL POWER) while a loss of flow in one loop will cause a reactor trip
if operating above P-8 (51 percent of RATED THERMAL POWER).

A single reactor coolant loop provides sufficient heat removal capa-
bility for removing core decay heat while in HOT STANDBY; however, singie
failure considerations require placing an RHR Toop into operation in the
shutdown cooling mode if component repairs and/or corrective cannot be made
within the allowable out-of=-service time.

The restrictions on starting a Reactor Coolant Pump below P=7 with one
or-more RCS culd legs less than or equal to 188°F are provided to prevent
RCS pressure transients, caused by energy additions from the secondary
system, which could exceed the limits of Appendix G to 10 CFR Part 50. The
RCS will be protected against overpressure transients and will not exceea
the 1imits of Appendix G by either (1) restricting the water volume in the
pressurizer and thereby providing a volume for the primary coolant to
expand into or (2) by restricting starting of the RCPs to when the second-
ary water temperature of each steam generator is less than 50°F above each
of the RCS cold Teg temperatures.

3/4.4.2 and 3/4.4.3 SAFETY VALVES

The pressurizer code safety valves operate to prevent the RCS from
being pressurized above its Safety Limit of 2735 psig. Each safety valve
is designed to relieve 420,000 1bs per hour of saturated steam at the valve
setpoint. The relief capacity of a single safety valve is adequate to
relieve any over-pressure conditions which could occur during shutdown. In
the event that no safety valves are OPERABLE, an operating RHR loop, con=-
nected to the RCS, provides overpressure relief capability and will prevent
RCS overpressurization.

B 3/4 4-]
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Method of Analysis

The excessive heat removal due to a feedwater system malfunction transient is
analyzed by using the detailed digital computer code LOFTRAN. This code
simyiates the neutron kinetics of the reactor coolant system, pressurizer,
pressurizer relief and safety valves, pressurizer spray, steam generator, and
steam generator safety valves. The code computes pertinent plant variables
including temperatures, pressures, and power level.

The system is analyzed to demonstrate acceptable consequences in the event of
an excessive feedwater addition, due to a control system malfunction or
cperator error which allows a feedwater control valve to open fully. The
following cases have been analyzed:

1. Accidental full opening of one feedwater control valve with the reactor at
power:

a. Assuming the reactor in manual control and a +5 pem/°F MTC. This
represents a condition where the.unit has. the least inherent transient
capability.

b. Assuming reactor control and conservatively large negative moderator
coefficient of reactivity. This case gives the largest reactivity
feeddack and results in the greatest power increase.

2. Accigental full opening of a feedwater control valve with the reactor at
no load conditions and assuming a conservatively large negative moderator
coefficient of reactivity.

This accident is analyzed with the improved thermal design procedure as
described in Section 5.0 of Attachment B. Plant characteristics and initial
conditions, are listed in Table 2. The reactivity insertion rate following a
feedwater system malfunction is calculated with the following assumptions:
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Initial reactor ccwer, pressure, and RCS temperatures are assumed ¢ be at
their nominal values. Uncertainties in initial conditions are included in
the 1imit DNBR as agescribed in Section 5.0 of Attachment E.

For the feedwater control valve accident at ful) power, one feedwater
control valve is assumed to malfunction resuiting in a step increase to
150% of nominal feedwater flow to one steam generator.

For the feedwater control valve accident at zero load condition, a
feedwater contrc]l valve malfunction occurs which results in an increse in
flow to one steam generator from zero to 100 percent of the nominal full
Toad value.

For the zero load condition, feedwater temperature is at a conservatively
low value of 32°F.

No credit is taken for the heat capacity of the RCS and steam generator
thick metal in attenuating the resulting plant cooldown.

The feedwater flow resulting from a fully open control vaive is terminated
by a steam generator high-high level trip signal which closes all
feedwater control and isolation valves, trips the main feedwater pumps and
trips the surbine.

Normal reactor contro! system and engireered safety systems are not reguired

to function. The reactor protection system may function to trip the reactor

due to overpower or high-high steam generator water level conditiens.

Results

In the case of an accidental full opening of one feedwater contro! valve with

the reactor at zerc power and the above mentioned assumptions, the maximum

reactivity insertion rate is less than the maximum reactivity insertion rate

analyzed in subsection 5.3.1, Uncontrolled Rod Cluster Control Assembly Bank

Withdrawal from a Subcritical Condition and therefore, the results of the
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angliysis are not presented here. It shoulc be notec that if the incident

ccurs with the unit just critical at nc Toad, the reactor may be tripped by

«©

the power range high neutron flux trip (low setting) set at approximately 25
percent of nominal full power. '

The full power case (maximum reactivity feedback coefficients automatic rod
control) gives the largest reactivity feedback and results in the greatest
power increase. Assuming the reactor to be in the manual rod control mode
results in a slightly less severe transient. The rod control system is not
required to function for an excessive feedwater flow event.

For all excessive feedwater cases continuous addition of cold feedwater is
prevented by automatic closure of all feedwater isolation valves on steam
generator high-high level signal. In addition, a reactor trip and a turbine
trip are initiated.

Following reactor trip and feedwa'er isclation, the plant will approach &
stabilized condition at hot standby. Normal plant operating procedures may
then be followed. The coperating procedures would call for operator action to
control RCS boron concentration and pressurizer level using the CVCS and to
maintain steam generator level through control of the main or auxiliary
feedwater system. Any action required of the operator to maintain the plant
in a stabi11zgd condition will be in a2 time frame in excess of ten minutes
following reactor trip.

Transient results, Figures 37 through 40, show the increase in nuclear power
and AT associated with the increased thermal load on the reactor. The DNER
does not drop below the limit value.

Since the power level rises during the excessive feecwater flow incident, the
fue] temperatures will also rise until after reactor trip occurs. The core
heat flux lags behind the neutren flux response due to the fuel rod thermal
time constant; hence the peak value does not exceed 118 percent of its nominal
value (i.e., the assumed high neutron flux trip setpoint). The peak fuel
temperature will thus remain below the fuel melting temperature.
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The transient results nave shown that ONE coes not occur at any time curing
the excessive fecdwater flow incident; thus, the ability of the primary
coolant to remove heat from the fuel rod is not reduced. The fuel cladging
temperature therefore does not rise significantly aboveé its initfal value
cduring the transient.

Conclusions

The results of the analysis show that the DNB ratios encountered for an
excessive feedwater addition at power are above the limit value; hence, no
fuel or clad damage is predicted. Additionally, it has been shown that the
reactivity insertion rate which occurs at no load conditions fcllowing
excessive feedwater addition is less than the maximum value considered in the
analyis of the rod withdrawal from a subcritical condition analysis.

6.3.9 Excessive Increase in Secondary Steam Flow

An excessive load increase incident is defined as a rapid increase in steam
flow that causes a power mismatch between the reactar cgre power and the steam
generator lcad demand. The reactor control system is designed to accommodate
a ten percent (10%) step load increase and a five percent (5%) per minute ramp
lcad increase in the range of 15 to 100 percent of full power. Any loading
rate in excess. of these values may cause a reactor trip actuated by the
reacter pretecticn system.

This accident could result from either an administrative violation such as
excessive loading by the operator or an equipment malfuanction in the steam

dump control or turbine speed control.

Quring power operat}on, steam dump to the condenser is controliled by reactor
coolant condition signals, i.e., high reactor coolant temperature indicates a
need for steam dump. A single controliler malfunction does not cause steam
dump; an interlock is provided which blocks the opening of the valves unless a
large turbine load decrease or turbine trip has occurred.



Preiection against an excessive load increase accident is provided by the

cliowing reactor protection system signals:
o Overpower AT
o Overtemperature AT

o Power range high neutron flux

Method of Analysis

This accident is analyzed using the LOFTRAN Code. This code simulates the
neutron kinetics, RCS, pressurizer, pressurizer relief and safety valves,
pressurizer spray, steam generator, steam generator safety valves, and
feedwater system. The code computes pertinent plant variables including
temperatures, pressures, and power level.

Four cases are analyzed to demonstrate the plant behavior following a 10
percent step load increase from rated load. These cases are as follows: .

A. Reactor control in manual with minimum moderator reactivity feedback
B. Reactor control in manual with maximum moderator reactivity feedback
C. Reactor control in automatic with minimum moderator reactivity feedback

Reactor control in automatic with maximum moderator reactivity feedback

o

For the minimum moderator feedback cases, the core has the positive mogerator
temperature coefficient of reactivity and the least negative Doppler only
nower coefficient curve, thersfore the least inherent transient response
capability. For the maximum moderator feedback cases, the mocarator
temperature coefficient of reactivitiy has its highest absolute value and the
most negative Doppler only power coefficient curve. This results in the
largest amount of reactivity feedback due to changes in coolant temperature.

A conservative limit on the turbine valve opening is assumed, and all cases
are studies without credit being taken for pressurizer heaters.
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This accicent is anaiyzed with the improved thermal Cesign procedure as
described in Section 5.0 of Attachment B. Initial reactor power, pressure,
ang RCS temperature are assumed to be at their nominal values. Uncertainties
in initial conditions are included in the 1imit DNBR.

Plant characteristics and initial conditions are listed in Table 2.

Normal reactor control systems and engineered safety systems are not required
to function. The reactor protection system is assumed to be operable;
however, reactor trip is not encountered for most cases due to the error
allowances assumed in the setpoints.

The cases which assume automatic rod control are analyzed to ensure that the
worst case is presented. The automatic function is not required.

Results

Figures 41 through 44 illustrate the transient with the reactor in the manual
control mode. As expected, for the minimum moderator feedback case there is a
s1ight power increase, and the average core temperature shows a large
decrease. This results in a DNBR which increases above its inftial value.

For the maximum moderator feedback, manually controlled case there is a much
large increase in reactor power due to the moderatcr feedback. A reduction in
DNER is experienced but DNBR remains above the limit value.

Figures 45 through 48 fllustrate the transient assuming the reactor is in the
automatic contro) mode. Both the minimum and maximum mocderator feedback cases
show that core power increases, thereby reducing the rate of decrease in
coolant average temperature ans pressurizer pressure. For both of tnese

cases, the mininum DNBR remains above the limit vaiuve.
For all cases, the plant rapidly reaches a stabilized condition at the higher

power level. Normal plant operating procedures would then be followed to

reduce power.
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Thne excessive Toacd incrsase incident is an cverpower transient for wnicr the
fuel temperatures will rise. Reactor trip coes not occur for most of the
cases analyzed, and tne plant reaches a new equilibrium condition &t a nigher
power level correspending to the increase in steam flow.

Conclusions

The analysis presented above shows that for a ten percent (10%) step load
increase, the DNBR remains above the 1imit value, thereby preciuding fuel or
clad damage. The plant reaches a stabilized condition rapidly following the

load increase.

6.3.10 Loss of A1l AC Power to the Plant Auxiliaries

Identification of Causes and Accident Lescription

A compiete loss of all (non-emergency) AC power (e.g. offsite power and gas
turbines) may result in the loss of all power to the plant auxiliaries, i.e.,
the RCPs, condensate pumps, etc. The loss of power may be caused by a
complete loss of the offsite gricd accompanied by a turbine generator trip at
the station, or by a loss of the onsite AC gistributicn system.

This transient is more severe than the loss of load 2vent analyzed because in
this case the.decrtase in heat removal by the seconaary system is accenpanied
by a2 flow anstdown which further reduces the capacity of the primary coolant
tc remove heat f-om the core. The reactor will trip cue to: (1) turbine
trip; (2) upon reaching one of the trip setpoints in the primary and secondary
systems as a result of the flow coastdown and cecreise in secondary heat
removal; or (3) due .to loss df.power to the contrel rod drive mechanisms as &
result of the loss of power to the plant.

Following a loss of power with turbine and reactor trips, the sequence
described below will occur:
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Plant vital instruments are supplied from emergency OC power sources.

E. As the steam sy.<em pressure rises following the trip, the steam generateor
power-operated relief valves may be automatically opened to the
atmosphere. The condenser is assumed not to be available for steam dump.
1f the steam flow rat: thrcugh the power relief valves is not available,
the steam generator safety valves may 1ift to dissipate the sensible heat
of the fuel and coolant plus the residual decay heat produced in the
reactor.

C. As the no load temperature is approached, the steam generator
power-operated relief valves (or safety valves, if the power operated
relief valves are ncot available) are used to dissipate the residual decay
heat and to maintain the plant at the hot standby condition.

D. The standby diesel generators, started on loss of voltage on the plant
emergency busses, begin to supply plant vital loads.

The motor driven auxiliary feedwater pumps are supplied power by the diesels
ang the turbine~driven pump utilizes steam from the main steam system. Both
type oumps are designed to supply rated flow within one minute of the
initiating signal even if a loss of all non-emergency AC power occurs
simultaneous)w with loss of normal feedwater. The turbine exhausts the used
steam to the atmosphere. The auxiliary feedwater pumps take suction from the
congensate sicrage tank for delivery to the steam generators.

Following the RCP coastdown caused by the loss of AC power, the natural
=irculation capadbility of the RCS wil)l remove residual and decay heat from the
core, aidec by auxililary feedwater in the secondary system. An anaiysis is
presentecd here to séow that the natural circulation flow in the RCS following

a loss o AC power event is sufficient to remove residual heat from the core.
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A detailed analysis using the LOFTRAN Coce is performed to obtain the plant
trarsient following a station blackout. The simulation describes the plant
thermal kinetics, RCS including the natural circulation, pressurizer, steam
generators and feedwater system. The digital program computes pertinent
varables including the steam generator level, pressurizer water level, and
reaztor coolant average tempersture.

The assumptions used in the analysis are as follows:

A. _The ~lant is initially operating at 102% of the design rating (3426 mwt
NSSS).

B. A conservative core residual heat generation based upon long term
operation at the initial power level preceding the trip.

C. A neat transfer coefficient in the steam generator associated with RCS
natural circulation following the RCP .coastdawn. .

D. Reactor trip occurs on steam generator low-low level. No credit is taken
for immediate release of the control rod drive mechanisms caused by a loss
of offsite power.

E. Auxiliary feedwater is delivered by only cne motor driven auxiliary feed
pump at 450 gpm.

F. Auxiliary feeawater is - e Lo twO steam generators.

G. Secondary system steam relief is achieved through the steam generator

safety valves.

H. The initial reactor coolant average temperature is &4°F higher than the
nominal value, and initial pressurizer pressure ¢ 30 psi higher than

nominal.




Plant characteristics and initial conditions listed in Table 2.

Results

The transient response of the RCS following a 1oss of AC power is shown in
Figures 49 and 50.

The LOFTRAN code results show that the natural circulation flow available is
sufficient to provide adequate core decay heat removal following reactor trip
and RCP coastdown.

Conclusions

Analysis of the natural circulation capability of the RCS has demonstrated
that sufficient heat removal capability exists following RCP coastdown to

prevent fuel or clad damage.

6.3.11 Rupture of a Steam Pipe

The worst case steamline break (Case b of FSAR 14.2.5) was reanalyzed to
generate limiting statepoints to verify nuclear design calculations in
accordance with Reference 1 methodology. These statepoints are listed in
Table 3.

Method of Analysis

The analysis of the steam pipe rupture has been performed to determine:

A. The core heat flux and RCS temperature and pressure resulting from the
cooldown following the steam line break. The LOFTRAN Code has been used.

B. The thermal and hydraulic behavior of the core following a steam line
break. A detailed thermal and hydraulic digital-computer code, THINC, has
been used to determine if DNB occurs for the core conditions computed in

item A above.
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Stugies have deen gericrmed to determine the sensitivity of steamiine break

results Lo varicus assumptions (Reference 1C). Eased upon this study, the
foliowing congitions were assumed to exist at the time of a main steam line
break accident:

A. End-of-life shut down margin (1.60%ak/k) at no load, eguilibrium xenon
conditions, and the most reactive RCCA stuck in its fully withdrawn
position: Operation of the control rod banks during core burnup is
restricted in such a way that addition of positive reactivity in a steam
1ine break accident will not Tead to a more adverse condition thar the

e - !
Case eNaiyieu.

B. A negative moderator coefficient corresponding to the end-of-1ife rodded
core with the most reactive RCCA in the fully withdrawn position: The
variation of the coefficient with temperature and pressure has been
included. The keff versus temperature at 1000 psi corresponding to the
negative moderator temperature coefficient used is shown in Figure 51.

The core properties associated .with the sector nearest the affected steam
generator and theose associated with the remaining sector were
conservatively combined to obta‘n average core properties for reactivity
feedback calculation. Further, it was conservatively assumed that the
core power distribution was uniform. These two conditions cause
underprediction of the reactivity feedback in the high power region near
the stuck rod. To verify the conservatism of this method, the reactivity
as well as the power distribution was checked for the limiting conditions
for the cases analyzed. This core analysis considered the Doppler
reactivity from the high fuel temperature near the stuck RCCA, moderator
feedback from the high waier enthalpy near the stuck RCCA, power
redistribution and non-uniform core inlet temperature effects. For cases
in which steam generation occurs in the high flux regions of the core, the
effect of void formation was also included. It was determined that the
reactivity employed in the kinetics analysis was always larger than the
reactivity calculated including the above lTocal effects for the
statepoints. These results verify conservatism; i.e., underprediction of
negative reactivity feedback from power generation.
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safety injection system. The Emergency Core Cooling System (ECCS)
consists of three systems: 1) the passive accumulafors, 2) the low head
safety injection (resicdual heat removal) system, and 2) the high head
safety injection (charging) system. Only the safety injection system and
the passive accumulators are modeled for the steam line break accident
analysis.

The modeling of the safety injection system in LOFTRAN is cescribed in
Reference 5. The flow corresponds to that delivered by one charging pump
delivering its full flow to the cold leg header. No credit has been taken
for the low concentration borated water, which must be swept from the
lines downsteam of the boron injection tank isclation valves prior to the
delivery of high concentration boric acid to the reactor coolant loops.

For the cases where offsite power is assumed, the segquence of events .in
the safety injection system is the following. After the generation of the
safety injection signal (appropriate delays for instrumentation, legic,
and signal transport included), the appropriate valves begin to operate
and the high head safety injection pump starts. In 13 seconds, the valives
are assumed to be in their final position and the pump is assumed to be at
full speed. The volume containing the low concentration Dorated water is
swept into core before the 20,000 ppm borated water reaches the core.

This delay, described above, is inherently inciuded in the modeling.

In cases where offsite power is not available, an additional 10-second
delay is assumed to start the diesel generators and to commence loacding

the necessary safety injection equipment ontoc them.

Design value of the steam generator heat transfer coefficient including
allowance for fouling factor.



m

m

Since the steam generators are proviced with integral flow restiriciors
with 2 1.4 square foot throat area, any rupture with a Dreak area greater
than 1.4 square feet, regardiess of locaticn, would have the same effect
on the NSSS as the 1.4 square foot break. The following case has been

censidered in determining the core power and RCS transients:

Complete severance of a pipe, with the plant initially at no-load
conditions, full reactor coolant flow with offsite power available.

Power pe2king factors corresponding to one stuck RCCA anc nonuniform core
inlet coolant temperatures are determined at end of core 1ife. The
coldest core inlet temperatures are assumed to occur in the sector with
the stuck rod. The power peaking factors account for the effect of the
local void in the region of the stuck control assembly during the return
to power phase following the steam line break. This void in conjunction
with the large negative moderator coefficient partially offsets the effect
of the stuck assembly. The power peaking factors depend upon the core
power, temperature, pressure, and flow, and, thus, are different for each
case studied.

The analyses assumed initial hot shutdown conditions at time zero since
this represents the most pessimistic ini*ial condition. Should the
reactor be just critical or operating at power at the time of a steam line
break, the reactor will be tripped by the normal overpower protection
system when power level reaches a trip point. Following a2 trip at power
the reactor coolant system contains more stored energy than at no-load,
the average coolant temperature is higher than at no-load and there is
appreciable energy stored in the fuel. Thus, the acditional stored energy
is removed via the coolcown caused Dy the steam line brezk before the

cad conditions of RCS temperature and shutdown margin assumed in the
anzlyses are reached. After the additional stored energy has been
removed, the cooldown and reactiv "y inserticns proceed in the same manner

as in the analysis which assumes nc-load condition at time zero.




In agdition, since the initial steam generator water inventory is gre&test
at no-lcad, the magnitude and duration of RCS coclidown are more severe
than steam line Creaks occurring at power.

-

G. In computing the steam flow during a steam line break, the Moody Curve (4)

for f1/D = 0 is used.
Results

Table 3 lists the “imiting statepoints for the worst case. The results
presented are a conservative indication of the events which would occur
assuming a steam line rupture since it is postulated that all of the
conditions described above occur simultaneously.

Figures 52 through 54 show the RCS transient and core heat flux foliowing a
main steam line rupture (complete severance of a pipe) at initial no-load
condition (Case b of FSAR Section 14.2.5).

Offsite power is assumed available so that full reaczor coolant flow exists.
The transient shown assumes an uncontrolled steam release from only one steam
generator. Should the ccre be critical at near zerc power when the rupture
occurs the inftiation of safety injection by low steam line pressure will trip
the reactor. «Steam release from more than one steam generator will be
prevented by automatic trip of the fast acting isclation valves in the steam
lines by high containment pressure signals or low steam line pressure. Even
with the failure of one valve, release is limited toc nc more than 10 seconds
for the other steam generators while the one generator blows down. The steam
line stop valves are designed to be fully closed in less than 5 seconds from
receipt of a closure signal.

As shown in Figure 54, the core attains criticality with the RCCAs inserted
(with the design shutdown assuming one stuck RCCA) before boron solution at
20,000 ppm enters the RCS. A peak core power less than the nominal full power
value is attained.
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fiowing in the RCS prior to entering the reactor core. The concentration

after mixing depends upen the relative flow rates in tne RCS a
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d in the safety
injection system. The variation of mass flow rate in the RCS due to water
gensity changes is included 'in the calculation as is the variation of flow
rate in the safety injection system due to changes in the RCS pressure. The
safety injection system flow calculation includes the line losses in the
system as well as the pump head curve.

A ONB analysis was performed for this case. It was found that all cases had a
minimum ONBR greater than the limit value.

Conclusions

The analysis has shown that the criteria stated earlier are satisfied.
Although DNB and possible :lad perforation fellowing a steam pipe rupture.are
not necessarily unacceptable and not precluded by the criteria, the above
analysis, in fact, shows that no DNB occurs for the rupture assuming the most

reactive RCCA stuck in its fully withdrawn position.

§.32.12 Rupture of Control Rod DOrive Mechanism Housing (RCCA Ejection)

This accident is defined as the mechanical failure of a control rod rechanism
pressure housing resulting in the ejection of a2 RCCA and drive shaft. The
consequence of this mechanical failure is a rapid positive reactivity
insertion together with an adverse core power distribution, possibly leading
to lTocalized fuel rod damage. This accident is discussed further in FSAR

.6.

o

Chapter 14,
The 1imiting criteria is described in Reference 11 and summarized below:

A. Average fuel pellet enthalpy at hot spot below 225 cal/g for unirradiated

fuel and 200 cal/g for irradiated fuel.
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Average claC temperiture at the hot spot beiow the temperature &t which

ciad embrittiement may be expected (2700°F)

'C. Peak reactor coolant pressure less than that which could cause stresses o
exceed the faulted condition stress limits.

D. Fuel melting will be 1imited to less than ten percent 10% of the fuel
volume at the hot spot even if the average fuel pellet enthalpy is below

the limits of criterion A above.

Method of Analysis

The calculation of the RCCA ejection transient is performed in two stages,
first an'average core channel calculation and then a hot region calculation .
The average core calculation is performed using spatial neutron kinetics
methcds to determine the average power generation with time including the
various total core feedback effects, i.e., Doppler reactivity and moderator
reactivity. Enthalpy and temperature transients in the hot spot are then
determined by multiplying the average core energy generation by the hot
channel factor and performing a fuel rod transient heat transfer calculation.
The power distribution calculated wii' out feedback is pessimistically assumed
to persist throughout the transient. A detailed discussion of the method of
~analysis can be found in Reference 11.

Average Core Anilysis

The spatial kinetics computer code, TWINKLE, is used for the average corc
transient analysis. This code solves the two group neutron diffusion theory
kinetic equation in_one, two ‘or three spatial cimensions (rectanguiar
coordinates) for six deiayed neutron groups and up to 2000 spatial points.

The computer code includes a detailed multiregion, transient fuel-clad-coolant
heat transfer model for calculation of pointwise Doppler and moderator
feedback effects. In this analysis, the code is used as a one dimensional

axial kinetics code since it allows a more realistic representation of the
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“Cwever, since
she ragial dimensicon is missing, it is still necessary to employ very
cunservative methods (cescribec below) of caiculating the ejected rod worth
and hot channel factor. Further description of TWINKLE appears in Section
-

Hot Spot Analysis

In the hot spot analysis, the initial heat flux is equal to the nominal times
the design hot channel factor. QDuring the transient, the heat flux hot
channel factor is linearly increased to the transient value in 0.1 second, the
time for full ejection of the rod. Therefore, the assumption is made that the
hot spot before and after ejection are coincident. This is very conservative
since the peak after ejection will occur in or adjacent to the assembly with
the ejected roa, and prior to ejection the power in this region will
necessarily be depressed.

The hot spot analysis is performed using the detailed fuel and clad transient
heat transfer computer code, FACTRAN. This computer code calcuiates the
transient temperature distribution in a cross section of a metal clad UO2
fuel rod, and the heat flux at the surface of the rod, using as input the
nuciear power versus time and the local coolant conditions. The zirccnium=
~water reaction is explicitly represented, and all material properties are
represented a; fﬁnctions of temperature. A conservative radial power
distributibn is used within the fuel rod.

FACTRAN uses the Dittus-Boelser or Jens-Lottes correiation to determine the
film neat transfer before DNB, and the Bishop-Sandburg-Tong correlation (see
reference 12) to gewermine the .film boiling coefficient after DNE. The
Bishop-Sanburg-Tong correlation is ccnservatively used assuming zero bulk
fluid quality. The DONB ratio is not calculated, instead the code is forced
into DNB by specifying a conservative DNB neat flux. The gap heat transfer
coefficient can be calculated by the code; however, it is adjusted in order to
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fuel heat transfer cesign codes. Furtner description of FACTRAN appears in

Section 5.2.1.

System Overpressure Analysis

Because safety limits for fuel damage specified earlier are not exceeded,
there is little likelihood of fuel dispersal into the coolant. The pressure
surge may therefore by calculated on the basis of conventional heat transfer
from the fuel and prompt heat generation in the coolant.

The pressure surge is calculated by first performing the fuel heat transfer
calculation to determine the average and hot spot heat flux versus time.

Using this heat flux data, a THINC calculation is conducted to determine the
volume surge. Finally, the volume surge is simulated in the LOFTRAN computer
code. This code calculates the pressure transient taking into account fluid
transport in the RCS and heat transfer to the steam generators. No credit is
taken for the possible pressure reduction caused by the assumed failure of the
control rod pressure housing.

Input parameters for the analysis are conservatively selected on the basis of
values calculated for this type of core. The more important parameters are
discussed belgw. Table 4 presents the parameters used in this analysis.

Ejected Rod Worths and Hot Channel Factors

The values for ejected rod wer<hs and hot channel factors are calculated using
either three dimensicnal static methods or by & synthesis method employing one
cimensional and two dimensional calculations. Standard nuciear design cocaes
éare usecd in the anaiysis. No crecdit is taken for the flux flattening effects
of reactivity feedback. The calculation is performed for the maximum allowed
bank insertion at a given power ievel, as determined by the rod insertion
limits. Adverse xenon distributions are considered in the calculaticn to

provicde worst case results.



Approprizte margins are adced to the ejected rog worth and hot channel facters
g . 3 il ol S .. )
to account for any caiculational uncertainties, inciuding an aliowance for

nuclear power peaking due to densification.

Power distribution before and after ejection for a "worst case" can be “ound
in Reference 11. During plant startup physics testing, ejected rod worths and
power distributions are measured in the zero and full power configurations and
compared to values used in the analysis. Experience has shown that the
ejected rod worth and power peaking factors are consistently overpredicted in
the analysis.

Reactivity Feedback Weighting Factors

The largest temperature rises, and hence the largest reactivity feedbacks
occur in channels where the power is higher than average. Since the weight of
a region is dependent on flux, these regions have high weights. This means
that the reactivity feedback is larger than that indicated by a simple channel
analysis. Physics calculations have been carried out for temperature changes
with a flat temperature distribution, and with a large number of axial and
radial temperature distributions. Reactivity changes were compared and
effective weighting factors determined. These weighting factors take the form
of multipliers which, when applied to single channel feedbacks, correct them
to effective wnole core feedbacks for the appropriate fiux shape. In this
analysis, sinée a one dimensional (axial) spatial kinetics methoed is empioyed,
axial weig;ting is not necessary if the initial condition is made tc match the
ejected rod configuration. In addition, no weighting is applied to the
moderator feedback. A conservative radial weighting factor is applied to the
transient fuel temperature tc obtain an effective fuel temperature as a
function of time accounting for the missing spatial dimension. These
weighting factors have also been shown' to De conservative compared to three

dimensional analysis.

Moderator and Doppler Coefficient

The critical boron concentrations at the beginning of 1ife and end of 1ife are
adjusted in the nuclear code in order to obtain moderator density coefficient
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curves which are conservative compared to actual! design conditions for the

plant. As ciscussed above, no weighting factor is applied to these results.

The Doppler réactivity defect is determined as a functfon of power level using
a one dimensional steady-state computer code with a Doppler weighting factor
of 1.0. The Doppler weighting factor will increase under accident conditions,
as discussed above.

Delayea Neutron Fractioqiisaff

Calculations of the effective delayed neutron fraction (seff) typically
yield values no less than 0.70% at beginning of 1ife and 0.50% at end of
life. The accident is sensitive to Beff if the ejected rod worth is equal
to or greater than Beff as in zero power transients. In order to allow
for future cycles, pessimistic estimates of Beff cf 0.55% at beginning of
cycle and 0.44% at end of cycle were used in the analysis.

Trip Reactivity Insertion

The trip reactivity insertion zssumed is given in Table 4 and includes the
effect of one stuck RCCA adjacent to the ejected rod. These values are
reduced by the ejected rod reactivity. The shutdown reactivity was simulated
by dropping 2.rod of the required worth into the core. The sta-t of rod
motion occurred C.5 seconds after the high neutron flux trip pcint is reached
before significant shutdown reactivity is inserted into the core. This is
particularly important conservatism for hot full power accidents.

The minimum design shutdown margin available for this plant at hot zero power
(HZP) may be reached only at-'end of life in the equilibrium cycle. This value
includes an aiicwan&e for the worst stuck rod, an adverse xencn distribution,
conservative Doppler and moderator defects, and an allowance for calculational
uncertainties. Physics calculations have shown that the effect of two stuck
RCCAs (one of which is the worst ejected rod) is to reduce the shutdown by
about an additional 1% aAk/k. Therefore, following a reactor trip resulting
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from an RCCA ejectionr accident, the reactor will be subcritical wnen the core

returns toc 4ZP.

Depressurization caiculations have been performed assuming the maximum
possible size break (2.75 inch diameter) located in the reactor pressure
vessel head. The results show a rapid pressure drop and a decrease in system
water mass due to the break. The emergency core cooling system (ECCS) is
actuated on the coincidence of low pressurizer pressure and level within one
minute after the break. The RCS pressure continues to dreop and reaches
saturation (1100 to 1300 psi depending on the system temperature) in about two
to three minutes. Due to the large thermal inertia of primary and secondary
system, there has been no significant decrease in the RCS temperature below
ncload by this time, and the depressurization itself has caused an increase in
shutdown margin by about 0.2% Ak/k due to the pressure coefficient. The
cooldown transient could not absorb the available shutdown margin until more
than 10 minutes after the break. The addition of highly borated (20,000 ppm)
safety injection flow starting one minute after the break is much more than
sufficient to ensure that the core remains subcritical during the coolidown.

Reactor Protection

Reactor protection for a rod ejection is provided by high neutron flux trip
- (high and low setting ) and high rate of neutron fliu. increase trip. These
protection,functions are part of the reactor trip system. No single failure
of the reactor trip system will negate the protection functions -equired for
the rod ejection accident, or adversely affect the consequences of the

accident.
Results

Table 4 summarizes the results. Cases are presented for both beginning and

end of 1ife at zero and full power.
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Beginning of Cycle, Full Power

Control Bank D was assumed to be inserted to its insertion limit. The
worst ejected rod worth and hot channel factor were conservatively
calculated to be 0.17% Ak/k and 6.8 respectively. The peak clad average
temperature was 24.5°F. The peak spot fuel center temperature reached
melting, conservatively assumed at 4900°F. However, meiting was
restricted to less than 10% of the pellet.

B8eginning of Cycle, Zero Power

For this condition, Control Bank D was assumed to be fully inserted and
banks B and C were at their insertion limits. The worst ejected rod is
iocated in Control Bank D and has a worth of 0.75% 4k/k and a hot

channel factor of 12.0. The peak clad average temperature reached 2527°F,
the fuel center temperature was 4021°F.

End of Cycle, Full Power

Control Bank D was assumed to be inserted to its insertion limit. The
ejected rod worth and hot channel factors were conservatively calculated
to be 0.20% ak/k and 7.1 respectively. This resulted in a peak ciad
average temperature of 2316°F. The oeak hot spot fuel center temperature
reached melting at 4800°F. However, meliting was restricted to iess than
10% of the peliet.

End of Cycle, Zero Power

The ejected rod worth and hot channel factor for this case were obtained
assuming Control Bank D to be fully inserted and banks B and C at their
insertisn limits. The results were .80% ak/k and 20.0 respectively.

The peak clad average and fuel center temperatures were 2690°F and
4144°F. The Doppler weighting factor for this case is significantly
higher than for the other cases due to the very large transient hot

channel factor.
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mperature tr.nsients for two
cases (end of life full power and end of life Ierc power) are presented in

Figures 55 through S58.

The ejection of an RCCA constitutes a break in the RCS, located in the reacter
pressure vessel head. The effects and consequences of less of coclant
accidents (LOCA) are discussed in subsection 6.0 of Attachment B. Following
the RCCA ejection, the operator would follow the same emergency instructions
as for any other LOCA to recover from the event.

Pressure Surge

A detailed calculation of the pressure surge fer an ejection worth of one

dollar at beginning of 1ife, hot full power, indicates that the peak pressure
does not exceed that which would cause stress to exceed the faulted condition
(11)

exceed the "worst case" analysis, the accident for this plant will not result

stress limits Since the severity of the present analysis does not
in an excessive pressure rise or further damage to the RCS.

Lattice Deformations

A large temperature gradient will exist in the regicn of the hot spot. Since
the fuel rods are free to move in the vertical direction, differential
expansion pe:ween separate rods cannot produce distortion. However, the
temperature gradients across individual rods may produce a differential
expansion tending to bow the midpoint of the rods toward the nctter side of
the vod. Calculations have indicated that this bowing wouid result in a
negative reactivity effect at the hot spot since westinghouse cores are

unrcr-moderatec, and bowing will tend to increase the uncer-moderation at the

-

ot spot. In practice, nc significant bowin

nticipated, since the

Iy

is

oy

structural rigidity of the core is more than sufficient to withstand the
forces produced. Boiling in the hot spot region would produce & net flow away
from that region. However, the heat from the fuel is released to the water
relatively slowly, and it is considered inconceivable that cross flow will be

- TR T N IR
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]

CIDENTS REANALYZED FOR TRANSITION TO WESTINGHCUSE OFA

ACCIDENT
Uncontrolled RCCA w1;hdraw11 from a2 Subcritical Condition
Uncontrollec RCCS w1thdraw;1 at Power
RCCA Misalignment
RCCA Orop
Chemical Volume and Control System Malfunction

Loss of Reactor Coolant Flow (including Locked Rotor -
Analysis)

Loss of External Load

Loss of Normal Feecwater

txcessive Heat Removal Due tc Feedwater System Malfunction
txcessive Lcad Increase Incident

Loss of 511 A.C. Power tc the Sta:ioé Auxilfaries

upture of a Steam Pipe

Rupture of a Control Red Drive Mechanism Housing (RCCA
tjection)
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LS

I ime
Sec

62.20

Pressuro
Psla

5.

TABLE 3

LIMITING STEAML INE BREAK STATEPOINT
DOUBLE ENDED RUPTURE INSIDE CONTAINMENT
WITH OFFSITE POWER AVAILABLE

Heat | lux Inlet Temp Flow Boron
fracLion Cold Hot fFrac rrM
NIVE] InT.h h69.h 1.00 19.0

Reactivity
fer Cent

L0959

Density
GM/CC

.8h9



PARAMETERS USED IN THE ANALYSIS COF THE RQCD CLUSTER CONTROL
ASSEMELY EJECTION ACCIDENT
HZP HFP HZP HFP
Time in Life Beginning Beginning End End
Power Level (%) 0 102 0 102
Eiected Rod Werth 0.75 0.17 0.8 0.2
(%ak)
Delayed Neutron 0.0055 0.0055 0.0044 0.0044
Fraction (%)
Feedback Reactivity 2.071 1.30 <.7588 1.30
Weighting
Trip Reactivity (%ak) 2. 4, 2. 4,
Fq Before Rod Ejection 2.50 2.50 2.50 2.50
Fq After Rod Ejection 12. 6.8 20. 7.1
Number of Operational 2. 4. 2. 4.
Pumps
Maximum Fuel Pellet Aver- 3472, 4216. 3630. 40%2.
age Temperature (°F)
Maximum Fuel Center 4021. 5016. 4144, 4923,
Temperature (°F)
Maximum Clad Average sl . 2415, 2690. 2316.
Temperzture (°F)
Maximum Fuel Stored 147.2 185.8 152.2 179.2
Energy (cal/gm)

Fuel Melt in Hot 0. <10 0 <10
. .

Pellet, %
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Attachment D to AEP:NRC:0745C
Large Break LOCA Safety Analysis



14.3.1.1 Major LOCA Analyses Applicable to Westinghouse Fuel

Identification of Causes and Frequency Classification

A Toss-of-coolant accident (LOCA) is the result of a pipe rupture of the
RCS pressure boundary. For the analyses reported here, a major pipe
break (large break) is defined as a rupture with a total cross-sectional
area equal to or greater than 1.0 ftz. This event is considered an

ANS Condition IV event, a limiting fault, in that it is not expected to
occur during the Tifetime of D. C. Cook Unit 1, but is postulated as a

conservative design basis.

The Acceptance Criteria for the LOCA are described in 10 CFR 50.46
(10 CFR 50.46 and Appendix K of 10 CFR 50 1974)() as follows:

1. The calculated peak fuel element clad temperature is below the
requirement of 2,200°F,

2. The amount of fuel element cladding that reacts chemically with
water or steam doces not exceed 1 percent of the total amount of
Zircaloy in the reactor.

3. The clad temperature transient is terminated at a time when the core
geometry is stili amenable to cocling. The localized cladding
oxidation limit of 17 percent is not exceeced during or after
quenching.

4. The core remains amenable tc cooling during and after the break.
5. The core temperature is reduced and decay heat is removed for an

extended period of time, as required by the long=-lived radicactivity
remaining in the core.



These criteria were established to provide significant margin in
emergency core cooling system (ECCS) performance following a LOCA.
WASH=1400 (USNRC 1375)(10) presents a recent study in regards to the
probability of occurrence of RCS pipe ruptures. ;

Should a major break occur, depressurizaton of the RCS results in a
pressure decrease in the pressurizer. The reactor trip signal
subsequently occurs when the pressurizer Tow pressure trip setpoint is
reached. A safety injection signal is generated when the appropriate
setpoint is reached. These countermeasures will limit the consequences
of the accident in two ways:

1. Reactor trip and borated water injection supplement void formation
in causing rapid reduction of power to a residual level
corresponding to fission product decay heat. However, no credit is
taken in the LOCA analysis for the boron content of the injection
water. In addition, the insertion of control rods to shut down the
reactor is neglected in the large break analysis.

2. Injection of boratec water provides for heat transfer from the core
and prevents excessive clad temperatures.

Description of Large Break Loss-of-Coolant Accident Transient

The sequence of events following a large break LOCA is presented in
Table 14.3.1-6.

Sequence of Events and Systems Operations



Before the break occurs, the unit is in an equilibrium condition; that is,
the heat generated in the core is being removed via the secondary system.
During blowdown, heat from fission product decay, hot internals and the
vessel, continues to be transferred to the reactor coolant. At the beginning
of the blowdown phase, the entire RCS contains subcooled liquid which transfers
heat from the core by forced convection with some fully developed nucleate
boiling. After the break develops, the time to departure from nucleate

boiling is calculated, consistent with Appendix K of 10 CFR 50. (1)

Thereafter the core heat transfer is unstable, with both nucleate boiling

and film boiling occurring. As the core becomes uncovered, both turbulent and
laminar forced convection and radiation are considered as core heat transfer
mechanisms.

The heat transfer between the RCS and the secondary system may be in either
direction, depending on the relative temperatures. In the case of continued
heat addition to the secondary system, the secondary system pressure increases
and the main steam safety valves may actuate to 1imit the pressure. Makeup
water to the secondary side is automatically provided by the emergency
feedwater system. The safety injection sigral actuates a feedwater isolation
signal which isolates normal feedwater flow by closing the main feedwater
isolation valves, and also initiates emergency feedwater flow by starting the
emergency feedwater pumps. The secondary flow aids in the reduction of RCS
pressure,

When the RCS depressurizes to 600 psia, the accumulators begin to inject
borated water into the reactor coolant loops. The conservative assumption is
made that accumuiator water injected bypasses the core and goes out through
the break until the termination of bypass. This conservatism is again
consistent with Appendix K of 10 CFR 50. Since loss of offsite power (LOOP)
is assumed, the RCPs are assumed to trip at the inception of the accident.
The effects of pump coastdown are included in the blowdown analysis.

The blowdown phase of tne transient ends when the RCS pressure (initially
assumed at 2280 psia) falls to a value approaching that of the containment
atmosphere. Prior to or at the end of the blowdown, the




mechanisms that are responsible for the emergency core cocling water
injected into the RCS bypassing the core are calculated not to be
effective. At this time (called end-of-bypass) refill of the reactor
vessel Tower plenum begins. Refill is completed when emergency core
cooling water has filled the lower plenum of the reactor vessel, which
is bounded by the bottom of the fuel rods (called bottom of core
recovery time).

The reflood phase of the transient is defined as the time period lasting
from the end-of-refill until the reactor vessel has been filled with
water to the extent that the core temperature rise has been terminated.
From the latter stage of blowdown and then the beginning-of-reflood, the
safety injection accumulator tanks rapidly discharge borated cooling
water into the RCS, contributing to the filling of the reactor vessel
downcomer. The downcomer water elevation head provides the driving
force required for the reflooding of the reactor core. The low head and
high head safety injection pumps aid in the filling of the downcomer and -
subsequently supply water to maintain a full downcomer and complete the
reflcoding process.

Continued operation of the ECCS pumps supplies water during longterm
cooling. Core temperatures have been reduced to longterm steady state
levels assocfated with dissipation of residual heat generation. After
the water level of the residual water storage tank (RWST) reaches a
minimum allowable value, coolant for long-term cooling of the core is
cbtained by switching to the cold recirculation phase of operation, in
which spilled borated water is drawn from the engineered safety fes '»as
(ESF) containment sumps by the low head safety injection (residual
removal) pumps and returned to the RCS cold legs. The containment spray
system continues to operate to further reduce containment pressure.

Approximately 24 hours after initiation of the LOCA, the ECCS is
realigned to supply water to the RCS hot legs in order to control the
boric acid concentration in the reactor vessel.




Core and System Performance

Mathematical Model:

The requirements of an acceptable ECCS evaluation model are presented in
Appendix K of 10 CFR 50 (Federal Register 1974).(1)

Large Break LOCA Evaluation Mode!

The analysis of a large break LOCA transient is divided into three
phases: (1) blowdown, (2) refill, and (3) reflood. There are three
distinct transients analyzed in each phase, including the
thermal-hydraulic transient in the RCS, the pressure and temperature
transient within the containment, and the fuel and clad temperature
transient of the hottest fuel rod in the core. Based on these
considerations, a system of interrelated computer codes has been
developed for the analysis of the LOCA.

A description of the various aspects of the LCCA analysis methodology is
given by Bordelon, Massie, and Zordan (1974).(6) This document
describes the major phenomena modeled, the interfaces among the computer
coces, and the features of the codes which ensure compliance with the
Acceptance (riteria. The SATAN-VI, WREFLOOD, and LOCTA-IV codes, which
are used 1n tnhe LOCA analysis, are described in detail by Bordelon et
al. (1976)%5); Kkelly et al. (1976)(%); Bordelon and Murphy

(1974)(4); and Bordelon et al. (1974).(6) Code modifications are
specified in Reference 13. These cndes assess the core heat transfer
geometry and determine if the core remains amenable to cooling
throughout and subsequent to the Dlowdown, refill, and reflood phases of
the LOCA. The SATAN-VI computer code analyzes the thermal-hydraulic
transient in the RCS during blowdown and the WREFLOOD computer code
calculates this transient during the refill and reflood phases to the
accident. The LOTIC computer code, described by Hsieh and Raymund in



WCAP-8355 (1375) and WCAP-8345 (1974)(%) calculates the containment
pressure transient. The containment pressure transient is input to
WREFLOOD for the purpose of calculating the reflood transient. The
LOCTA-IV computer code calculates the thermal transient of the hottest
fuel rod during the three bhases. The Revised Pad Fuel Thermal Safety
Model, described in Reference 15, generates the initial fuel rod
conditions input to LOCTA-IV.

SATAN=VI calculates the RCS pressure, enthalpy, density, and the mass
and energy flow rates in the RCS, as well as steam generator energy
transfer between the primary and secondary systems as a function of time
during the blowdown phase of the LOCA. SATAN-VI also calculates the
accumulator water mass and interral pressure and the pipe break mass and
energy flow rates that are assumed to be vented to the containment
during blowdown. At the end of the blowdown phase, these data are
transferred to the WREFLOOD code. Also, at the end-of-blowdown, the
mass and energy release rates during blowdown are input to the LOTIC
code for use in the determination of the containment pressure response
during this first phase of the LOCA. Additional SATAN-VI output data
from the encd-of-blowdown, including the core inlet flow rate and
enthalpy, the core pressure, and the core power decay transient, are
input to the LOCTA-IV code.

wWith input from the SATAN-VI code, WREFLOOD uses a system
thermal-hydraulic model to determine the core flooding rate (that is,
the rate at which coclant enters the bottom of the core}, the soolant
pressure and temperature, and the gquench front height during the reflood
phase of the LOCA. WRE-LOOD also calculates the mass and energy flow
addition to the containment ihr0ugh the break. WREFLOOD is also Tinked
to the LOCTA-IV code, in that thermal-hydrauiic parameters from WREFLOOD
are used by LOCTA-IV in its calculation of the fuel temperature.
LOCTA-IV is used throughout the analysis of the LOCA transient to
calculate the fuel clad temperature and metal-water reaction of the

hottest rod in the core.




The large break analysis was performed with the December 1981 version ~f
the Evaluation Model, which includes modifications delineated by E. P.
Rane (1981)'7) and E. . Rahe (1982).(2)

Input Parameters and Initial Conditions:

The analysis presented in this section was performed with a reactor
vessel upper head temperature equal to the RCS hot leg temperature.

The bases used to select the numerica’ values that are input parameters
to the analysis have been conservatively determined from extensive
sensitivity studies (Westinghouse 1974(12); Salvatori 1974(11);
Jehnson, Massie, and Thompson 1975(8)). In addition, the requirements
of Appendix K regarding specific model features were met by selecting
models which provide a significant overall conservatism in the
analysis. The assumptions which were made pertain to the conditions of
the reactor and associated safety system eguipment at the time that the
LOCA occurs, and include such items as the core peaking factors, the
containment pressure, and the performance of the ECCS. Decay heat
_generated throughout the transient is also conservatively calculated.

A meeting was held at the Westinghouse Licensing Office in Bethesca on
December 17, }981 between members of the U. S. Nuclear Regulatory
Commission ana members of the Westinghouse Nuclear Safety Department to
discuss the impact of maximum safety injection on the large break ECCS
analysis on a generic basis. Further discussion of this issue is
provided in a letter from E. P. Rahe, Manager of Westingnouse Nuclear
Safety Department, to Rcbert L. Tedesco of the U. S. Nuclear Regulatory

Commission.(‘d) A brief description of this issue is given below.

Westinghouse ECCS analyses currently assume minimum safeguards for the
safety injection flow, which minimizes the amount of flow to the RCS by
assuming maximum injection line resistances, cdegraded ECCS pump
performance, and the loss of one residual heat removal (RHR) pump as the
most 1imiting single failure. This is the limiting single failure



assumption when coffsite power is unavailable for most Westinghouse
plants. However, for some Westinghouse four loop, non-UKI, non-burst
nocde limited plants, the current nature of the Appendix K ECCS
evaluation models is such that it may be more 1imiting to assume the
maximum possible ECCS flow delivery. In that case, maximum safeguards
which assume minimum injection line resistances, enhanced ECCS pump
performance, and no single failure, result in the highest amount of flow
delivered to the RCS.

Discussions of this phenomena with members of the U. S. Nuclear
Regulatory Commission resuited in the following agreement:

In future analyses, the single failure assumed will be the same as
modelled currently. For four loop non=-UHI non-burst node limited
plants, an additional analysis will be repeated for the worst break
size assuming no single failure. All cascs which are analyzed will
be reported to the NRC.

In accordance with this agreement, the worst break for D. C. Cook
(CD = 0.4) was re-analyzed, assuming maximum safeguards.

Results:

Based on the results of the LOCA sensitivity studies (Westinghouse
1974(12); Salvatori 1974(11); Johnson, Massie, and Thompson

1975(8)) the limiting large break was found tc be the double ended
cold leg guillotine (DECLG). Therefore, only the DECLG break is
considered in the large break ECCS performance analysis. Calculations
were performed for a range of Moody break discharge coefficients. The
results of these calculations are summarized in Tables 14.3.1-5 and
14.3.1-6.

The containment data used to generate the LOTIC backpressure transient
are shown in Tatle 14.3.1-1. The mass and energy release data for the
CD = 0.4 break for the minimum and maximum safeguards cases are shown

in Tables 14.3.1-2 and 14.3.1-3 respectively. Nitrogen release rates to
the containment are given in Table 14.3.1-4.



Figures 14.3.1-1 through 14.3.1-64 present the transients for the

principal parameters for the break sizes analyzed. The following items

are noted:

Figures 14.3.1-1
through 14.3.1-12

Figures
through

Figures

thraugh

Fiqures

through

The following quantities are presented at the clad
burst location and at the hot spot (location of
maximum clad temperature), both on the hottest fuel
rod (hot rod):

1. fluid quality;

2. mass velocity;

3. heat transfer coefficient.

The heat transfer coefficient shown is calculated by
the LOCTA-IV code.

The system pressure shown is the calculated
pressure in the core. The flow rate from the break
is plotted as the sum of both ends for the
guiliotine break cases. The core pressure drop
shown is from the lower plenum, near the core, to
the upper plenum at the core outlet.

These figures show the hot spet clad temperature
transient and the clad temperature transient at the
burst location. The fluid temperatur2 shown is also
for the hot spot and burst location. The core flow
(top and bottom) is also shown.

These figures show the core reflood transient.




Figures 14.3.1-45 These figures show the Emergency Core Cooling

through 14.3.1-52 System flow for all of the cases analyzed. As
described earlier, the accumulator delivery during
blowdown is discarded until the end of bypass is
caiculated. Accumulator flow, however, is
established in the refill and the reflood
calculations. The accumulator flow assumed is the
sum of that injected in the intact cold legs.

Figures 14.3.1-53 The containment pressure transient used in the

through 14.3.1-54 analysis is also provided for the CD = 0.4
minimum and maximum SI cases.

Figures 14.3.1-55 These figures show the heat removal rates of the heat

and 14.3.1-60 sinks found in the Tower compartment and the heat

removal by the lower containment drain, and the
heat removal by the sump and LC sprays (CD = 0.4
minimum and maximum SI cases).

These figures show the temperature transients in

Fiqures 14.3.

61
through 14.3.1-64 both the upper and lower compartments of the

containment and flow from the upper to lower
compartments. Total heat removal in the lower
compartment is the sum of all the heat removal

rates shown (for CD = 0.4 minimum ana maximum SI cases).

The maximum clad temperature calculated for a large break is 2170°F,
which is less than the Acceptance Criteria limit of 2200°F. The maximum
local metal-water reaction is 6.63 percent, which is well pelow the
embrittlement Timit of 17 percent as required by 10 CFR 50.46. The
total core metal-water reaction is less than 0.3 percent for all breaks,
as compared with the 1 percent criterion of 10 CFR 50.46. The ciac
temperature transient is terminated at a time when the core gecmetry is
stil] amenable to cooling. As a result, the core temperature will
continue to drop and the ability to remove decay heat generated in the
fuel for an extended period of time will be provided.

10
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TABLE 14.3.1-1
LARGE BREAK
CONTAINMENT DATA
(ICE CONDENSER CONTAINMENT)

NET FREE VOLUME

(Includes Distribution between Upper, Lower UcC 746,829 ft3
and Deadend compartments) LC 249,446
DE 116,168
IC 122,400
Inftial Conditions
Pressure 14.7 psia
Temperature for the Upper, Lower and UuC 100°F
Dead Ended Compartments LC 120°F
DE 120°F
RWST Temperature 70°F
Service Water Temperature 40°F
Temperature Qutside Containment -7°F
Initial Spray Temperature 70°F
Spray System
Burncyt Flow for a Spray Pump 3600 gpm
Number of Spray Pumps Operating 2
Post Accident Inftiation of Spray System 40 secs
Distribution of the Spray Flow to the LC 2835 gpm
Upper and Lower Compartments JC 4365 gpm
Deck Fan
Post Accident Initiation of Deck Fans 600 secs
Flow Rate Per Fan 39,000 cfm per fan
Hydrogen Skimmer System Flow Rate 280C cfm per fan
Assumecd Spray Efficiency cf Water from 100%

Ice Condenser Drains

13



TABLE 14.3.1-1

(continued)
STRUCTURAL HEAT SINKS
Compartment Area gftZ) Thickness (ft) Material
T - 12,105 0.0469/2.0 steel/concrete
VERRER ¥ = 11,700 2.0 concrete
3. LC 65,980 1.35 concrete
4. LC 5,481 0.0833 steel
3. LE 4,735 0.01147 steel
6. LC 289 0.25 lead
7 A - 14,690 0.0079 steel
8. LC 3,439 0.1561 stee)
9. LC 5,775 0.009 steel
10. LC 4,366 0.0096 steel
2. £ 7,013 0.037 steel
12. LC 2,457 0.0334 steel
13. UuC 378 .1667/.0365 steel/concrete
14. UC 29,772 .00S2 steel
15. UC 8,033 .0209 stee
16. UC 420 .0052 steel
17. UC 29,330 1.47 concrete
18. UC 34,125 0.0469/2.0 stee!/concrete
19. UuC 210 .0052 steel

UC: Upper Compartm;nt

LC: Lower Compartment

DE: Dead Ended Compartment
IC: Ice Condenser Compartment

D. C. COOK UNIT 1 July 1982
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TABLE 14.32.1-2
MASS AND ENERGY RELEASE PRATE

MINIMUM SI
MASS ENERGY
(1b/sec) (BTU/sec)
.5820€+CY . 3082€+08
_AB4ASE+CS .2d498E~CB
. IS00E+0S L1831E«0O8
L 2747E+Q8 . 14SBE~08
. 2231€+-0% 12C7E«CH
L 2081E~QS 1139€E~C8
| 1816805 1032E+C8
. 1TOCE+QS .9B2RE~C7
. 1604E+OS .9348E+-Q7
. 1490E+Q% 8782E-Q7
.1371€+0S .B166E~Q7
. 1262E+0% . 7TSBOE~QT
L t10TESCS .664JE~Q7
. 1048 E+OS .8277E-07
L GTAJESOS - LSA84E-OT
.9296E-Q4 .SEJ4E+Q7
. TT8GE~O4 48B0E+~Q7
. TI22E+04 4S03E«Q7
099048 I8 1E+OT
L BA22E404 L3JA9BEOQT
2 1ol LA BE~QT
 GBATESQ4 J298E~Q7
. TEBBE~O4 J176E~Q7
. TABAE~O4 . 2906E+Q7
.88 1SE~Ca T163E0T
.8140€404 . 143CE~Q7
. INISESOS .99S0E+06
 2885E~Q4 6T49E~08
. TS0SE+Q] 1672E+06
E b 4880E~03 2909E~0S
T .4BBCE+C3 2909E+0%
LASSCESDT 2909€E+0S
 4S1TESOD 3JBGE-CY
4917E-Q3 J3B4E~CS
4917E+Q2 J3B83E~CS
4916E+03 3374E~CS
4AS16E+CT 3J37IE~08
.R{96E+Q . TO03JE+QS
8391E+0%¥ .227E+08
8787E+Q3 23TIE-CE
8924E+Q3 2J2BE-06
90 13E+0T 2282E+Q6
SOREE+CT 2226E+06
92228403 2103E~06
S2SRE~OI 1972E-C6
. 9%07E+03 1837E-086
.9%92E+~Q3 1772E-O08
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TABLE 14.3.1-3
MASS AND ENERGY RELEASE RATES

MAXIMUM SI
MASS ENERGY
(1b/sec) (BTU/sec)
L 5829€E+CT. .3082E+08.
LABABE+OS .2498€+08"
. L1831 E-On
2AT4ATE-QS . 14S8E-C8
2231€E+-08 . 1207E~08
2081E+0S . 1138E+~08
. 1B1SE+QS 1032E+~08:
. 1700E+CS .3AJBENCT
L1804 E+~OS L3348E~Q7
. 1490E+0S .8782E-Q7
1371€+08 .B168E-Q7
1262E+0S . 7S8CE-Q7
JT1078-0% C L SEATEOT
. 104AGE+OS. .82778-Q7
LSTAJESOA. .SBBAE+QY
. 92NCE+Ca .S5J4E+Q7
.TT86E+O4 .4880E+-Q7
- T322E+04 . 4SCIE+07
.8290E+Ca: LINB 180T
. BAJIEO8 .3398E-OT
4 L4188 -0OT
. BH4ATE+Qa .JA9LEOT
. T442E+C4 .J168E~OQ7
. TI39E+~04 . 2897E+Q7
.B8ITIE+CL +2153E-07
LASS4E+O4 . 1422E-Q7
L IATJBCEM0S .3903E+06
.2819€+04 .G88IE~CE
84S0€E+Q2 L 1SBRE-O6
JAQSE+QY .2042E~086
LJATSESOT . J042E+0S
. JAQBE+Q3 .2042E-QOS
. 3ARTE+Q] L ISARE~Ow
. JAGTE-Q2 L ISBTE~OS
. JAGTE«Q] ISBEE~OS
.JAGTE+Q2 JS8%E-Cs
‘. 3466E+0Q3 .2A9T7HE-CS
.3T7TSCE+Q3 L.GIB4E-Os
IJAGE~O4 .23CTE-QS
1« TSE+O4 2494E-08
149CE~04 247T7E~08
149BE+04 J442E+-06
1SOSE+Cs J404E+-0Q8
15:iSE+Qs 432IE~C8
19238404 2233€+-08
143SE~O4 21%8E+~06
1944E+04 2074€+08



TABLE 14.3.1-4
NITROGEN MASS AND ENERGY
RELEASE RATES

Time (sec Flow Rate (1bs/sec)
37.5 71.9
3.5 60.7
45.5 37.2
47.5 31.6
53.5 18.8
§5.5 15.6
61.5 8.5
§3.5 6.9
70.3 186.0
72.3 158.0
78.5 97.3
80.5 82.4
86.3 48.5
88.3 40.0
94.3 1.9
96.3 18.2
102.2 11.7

"104.2 10.5
" o1e . 7.6
112.2 6.8
126.2 3.3
128.2 2.9
138.2 1.8
140.2 1.6
146.2 1.2
148.2 1.1
174.2 0.25
176.2 0.075
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TABLE 14.3.1-5

LARGE BREAK

DECLG DECLG DECLG DECLG

CD=0.8 CD=0.6 CD=0.4 CD=0.4
Results Min SI Min SI Min SI Max SI
Peak Clad Temp. °F 1971 1977 1999 2170
Peak Clad Location Ft. 7.25 7.25 7.50 7.50
Local Zr/HZO Reaction (Max)% 3.74 3.78 4.13 6.63
Local Zr/HZO Location Ft. 7.50 1.25 7.50 7.50
Total Zr/HZO Reaction % <0.3 <0.3 <0.3 <0.3
Hot Rod Burst Time sec 67.8 64.2 65.6 79.2
Hot Red Burst Location Ft. 6.00 6.00 6.25 6.75

Calculation

Licensed Core Power (Mwt) 102% of 3250
Peak Linear Power (kw/ft) 102% of 13.426
Peaking Factcr (at License Rating) 2.00
Accumulator Water Volume (ft3) per Accumulator 950

Cycle Analyzed Cycle 8
D. C. COOK UNIT 1 July 1982




START

Reactor Trip Signal
Safety Injection Signal
Accumulator Injection
End of Blowdown

Bottom of Core Recovery
Accumulator Empty

Pump Injection

TABLE 14.3.1-6

LARGE BREAK
TIME SEQUENCE OF EVENTS

12.
30.
43,
o7,
28.

Min SI
DECLG
CD=0.8
(sec)

Min S1I
DECLG
cazo.s
(sec)

.00

0.59

15.
31.
45,
59.
28.

20.
38.
$2.
67.
29.

Max SI
DECLG
Ch=0.4
(sec)
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Attachment E to AEP:NRC:0745C
Small Break LOCA Safety Analysis



14.3.2 Less of Reactor Coolant From Small Ruptured Pipes or From Cracks
in Large Pipes Which Actuates the Emergzncy Core Cooling System

The analysis for small break loss of coolant accidents incorperating the
criteria specified by 10 CFR 50.46(1) "Acceptance Criteria for
Ehcrgency Core Cooling Systems for Light Water Power Reactors" is
presented in this sectioni. The analytical techniques used are all in
compliance with Appendix K of 10 CFR 50 and are described in the topical
report, "Westinghcuse ECCS Evaluation Model - Summary"(z).

14.3.2.1 Identification of Causes and Accident Description

A loss of coclant accident is defined as a rupture of the Reactor
Coolant System piping or of any 1ine connected to the system up to the
first closed valve. Ruptures of small cross section will cause
expulsion of the coolant at a rate which can be accommodated by the
charging pumps which would maintain an operational water level in the
pressurizer permitting the operator to execute an orderly shutdown. The
coolant which would be released to the containment contains the fission
products existing in it,

The maximum break size for which the normal makeup system can maintain
the pressurizer level is obtained by comparing the calculated flcw from
the Reactor Coclant System throug” ihe postulated break against the
charging pump makeup flow at a normal Reactor Coolant System pressure,
i.e., 2250 psfa. A makeup flow rate from one centrifugal charging pump
is typicaliy acequate to sustain the pressurizer level at 2250 psia for
a break through a .375 inch diameter hole. This break results ‘n a loss
of approximately 17.5 1b/sec.

Should a larger break occur, depressurization of the Reactor Coolant
System causes fluid to flow t0 the Reactor Coolantr System from the
pressurizer, resulting in a pressure and level decrease in the
presurizer. Reactor trip occurs wnen the low pressure trip or



over-temperature a7 setpoint is reached. The Safety Injection System
is actuated when the apprepriate setpoint is reached. Reactor trip and
Safety Injectfon System actuation can alsc be initiated hy & high
containMent pressure signal. The consequences of the accident are
Timited in two ways:

A. Reactor trip and borated water injection supplement veid
formation in causing rapid recuction of nuclear power to a
residua’ level corresponding tc the celayed fission and fission
product decay.

B. Injection of borated water ensures sufficient flooding of the
core to prevent excessive clad temperatures.

Before the break Occurs the plant 1s in an equilibrium condition, i.e
the heat ger¢rated in the core is being removed via the secondary
system. During “iowdown, heat from decay, hot internals, and the vesse!
continues to be transferred to the Reactor Coolant System. The heat
transfer between the Reactor Coolant System and the secondary system may
be in efther direction depending on the relative temperature. In the
case of continued heat addition to the secondary, system pressure

increases and steam cump may occur. Makeup to the secondary side is
automatically provided by the auxiliary feedwater puris. The safety
injection signal stops normal feedwater flow by closing the main
feedwater Tine isolation valves and initiates emergency feedwater flow
by starting the motordriver auxiliary feedwater pumps. The secondary
flow aids in the reduction of Reactor Coolant System prescure. When the
RCS depressurizes to 600 psfa, the accumulators begin to inject water

into the reactor cog1ant loops. The reac:or coolant pumps are assumed
to be tripped at the initiation of the accident and effect of pump
coastdown are included in the blowdown analyses.




14.3.2.2 Analysis of Effects and Conseguences

Method of Analysis

For small breaks (less than 1.0 ftz) the WFLASH (3.8) digital
cbmputor code is employed to calculate the the transient
depressurization of the Reactor Coclant System as well as to describe
the mass and enthalpy of the flow through the break.

Small Break LOCA Analysis Using WFLASH

The WFLASH program used in the analysis of the small break
loss-of-coolant accident is an extension of the FLASH-4(4) code
developed at the Westinghouse Bettis Atomic Power Laboratory. The
WFLASH program permits a detailed spatial representation of the Reactor
Coolant System.

The Reactor Coolant System is nodalized into volumes interconnected by
flcwpaths. The broken loop is modeled explicityly with the intact loops
Jumped into a second loop. The transient behavior of the system is
determined from the governing conservation equations of mass, energy,
and momentum applied throughout the system. A detailed description of
WFLASH is given in References 3 anc 8.

The use of WFLASH in the analysis involves, among other things, the
representation of the reactor core as a heated control volume with the
associated bubvble rise model to permit a transient mixture height
calculation. The multi-node capability of the program allowes for an
explicit and detailed spatial representation of various system
components. In particular it enables a proper calculation of the
behavior of the 1oop seal during a loss-of-coolant transient.

Safety injection fiow rate to the Reactor Coolant System as a function
of the system pressure is used as part of the input. The Safety
Injection (SI) System was assumed to be delivering to the RCS 25 seconds
after the generztion of a safety injection signal.



For these analyses, the SI delivery considers pumped injection flow
which is depicted in Figure 14.3.2-1 as a function of RCS pressure.
This figure represents injection flow from the SI pumps based on
performance curves degraded 5 percent from the design head. The 25
seconds delay includes time required for diesel startup and loading of
£ho safety injection pumps onto the emergency buses. The effect of RHR
pump flow is not considered here since their shutoff head is Tower than
RCS pressure during the time portion of the transient considered here.
Also, minimum Safeguards Emergency Core Cooling System capability and
operability has been assumed in these analyses.

Peak clad temperature analyses are performed with the LOCTA-IV(S’S)

code which determines the RCS pressure, fuel rod power history, steam
flow past the uncovered part of the core, and mixture height history.
For this analysis, the Revised Pad Fuel Thermal Safety Model, described
in WCAP-8720, addendum 2, generated the initial fuel rod condition input
to LOCTA-IV.

14.3.2.3 Resuits

This section presents results of the 1imiting break size in terms of
highest peak clad temperature. The selection of the three break sizes
reported here is based on the e tensive sensitivity studies reported in
Referance 7. The worst break size (small break) is a 4-in. diameter
break. The depressurization transient for this break is shown in figure
14.3.2-2. The extent to which the core is uncovered is shown in figure
14.3.2-3.

During the earlier part of the small break transient, the effect of the
break flow is not strong enough to overcome the flow maintained by the
reactor coolant pumps through the core as they are coasting down
following reactor trip. Therefore, upward flow through the core is
maintained. The resultant heat transfer cools the fuel rod and clad to
very near the coolant temperatures as long as the core remains covered
Oy a two phase mixture.



The maximum hot spot clad temperature calculated during the transient is
'1630°F including the effects of fuel densification as described in
Reference 6. The peak clad temperature transient is shown in Figure
14.3.2-4 for the worst break size, i.e., the break with the highest peak
clad temperature. The steam flow rate for the worst break is shown on
Figure 14.3.2-5 When the mixture level drops beiow the top of the
core, the steam generated in the lower region flows upward and provides
cooling to the upper portion of the core. The hot rod film coefficient
for this phase of the transient is given in Figure 14.3.2-6. The hot
spet fluid temperature for the worst break is shown in Figure 14.3.2-7.

Figure 14.3.2-8 presents the hot rod power distribution utilized to
perform the small break analysis presented here. This power shape was
chosen because it provides an appropriate distribution of power versus
core height, and aiso because local power is maximized in the upper
regions of the reactor core {10 feet to 12 feet). This power shape is
skewed to the top of the core with the peak local power cccurring at the
10.0-foot core elevation. This is limiting for the small break analysis
because of the core uncovery process for small breaks. As the core
uncovers, the cladding in the upper elevation of the core heats up and
is sensitive to the local power at that elevation. The cladding
tempertures in the Tow2r elevation of the core, below the two=-phase
mixture height, remairs low. The peak clad temperature occurs above 10
feet.

14.3.2.4 Conclusions

Analyses presented in this section show that the high head portion of
the Emergency Core Cooling System, together with the accumulators,
provide sufficient core flooding to keep the calculated pegk :lad
temperatures below required limits of 10 CFR 50.46  Herce, adequate

protection is afforded by the Emergency Core Cooling System in the event
of a small break loss-of=-coolant accident.




Adcitional Break Sizes

Additional break sizes are analyzed. Figures 14.3.2-9 and -10 present
the RCS pressure transient for the 3 and 6 inch breaks, respectively,
and Figures 14.3.2-11 and =12 present the volume history (mixture
height) plots for both breaks. The peak clad temperatures for both
cases are less than the peak clad temperature of the 4 inch break. The
peak clad temperatures for both cases are given in Figures 14.3.2-13 and
-14. The hot spot fluid temperature and steam flow rate for the 3 and
6 inch breaks are shown in Figure 14.3.2-15 through Figure 14.3.2-18.

'The time sequence of events for all breaks analyzed is shown in Table
14.3.2-1 and a summary of the results is shown in Table 14.3.2-2.
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TABLE 14.2.2-1

SMALL BREAK

TIME SEQUENCE OF EVENTS (SEC)

EVENT

START

REACTOR TRiP SIGNAL

TOP OF CORE UNCOVERY
ACCUMULATOR INJECTION BEGINS
PEAK CLAD TEMPERATURE OCCURS
TOP OF CORE COVERED

0.0
27.3
809.0
1830.0
1832.0
1830.0




TABLE 14.3.2-2

SMALL BREAK RESULTS

RESULTS 3 INCH 4 INCH 6 INCH
PEAK CLAD TEMPERATURE (°F) 1237 1630 1598
PEAK CLAD TEMPERATURE LOCATION (FT) 12.C 12.0 11.25
LOCAL Zr/HZO REACTION, MAXIMUM (%) 0.11 0.66 0.40
LOCAL Zr/HZO LOCATION (FT) 12.0 11.75 11.0
TOTAL Zr/HZO REACTICN (%) <0.3 <0.3 <0.3
HOT ROD BURST TIME (SEC) i oo o=
HOT ROD BURST LOCATION (FT) —- o= .-
CALCULATION
NSSS Power MWt 102% of 3411
Peak Linear Power kw/ft 102% of 15.50
Hot Rod Fower Distribution (kw/ft) See Figure 14.3.2-8
Accumulator Water Volume, cu. ft. 950
Fuel Region + Cycle Analyzed Cycle Region

UNIT 1

8 W Fuel
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Attachment F to AEP:NRC:0745C
Description of Proposed Techanical Specifications



JUSTIFICATION FOR D. C. COOK UNIT 1 (CYCLE 8) TECHNICAL SPECIFICATION CHANGES SUMMARY

PAGE SECTION
1-5(a) 1.27

2-2 Figure 2.1-1
2-5 Table 2.2-1
2-7; Table 2.2-1
2-8;

2-9

B 2-1 2.1.1 (Bases)

DESCRIPTION OF CHANGE

JUSTTFICATION

Introduces concept of DESIGN THERMAL
POWER (DTP)

Revised reactor core safety limits

Design flow is 91,600 gpm

Definitions of ATg, T', and T" are
modified. Values of Ky, Ky, K3, Kg
and Kg are revised, and provisions
of i, ii, and iii are modified

Deleted mention of W-3 DNB correlation;
Discussed DNBR basis when using the
Improved Thermal Design Procedure (I1TDP)

Necessary to take advantage of OTAT margin
gained by performing accident analysis at
3411 MWt core power.

New limits are based on ITDP at Design
Thermal Power. These limits provide pro-
tection for DNB and exit boiling. The
shape of the lines is consistent with
current technical specifications. Limits
are different,due to convoluting the
plant uicertainties directly into the
limit DNBR value.

Reflects use of ITDP.

Change in setpoints reflects use of

ITDP at design thermal power. The f(Al)
reset function changed due to the DNB
correlations used. The most restrictive
axial offsets from the WRB-1 and W-3
correlations are used. With the WRB-1
correlation, top peak shapes (positive
axial offsets) are penalized, thus
resulting in a shift towards the
negative side.

The DNB correlations for each fuel type
are specifically mentioned on page

B 2-1 (a). These changes were made
due to the use of the Improved Thermal
Design Procedure (1TDP).
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JUSTIFICATION FOR D. C. COOK UNIT 1 (CYCLE 8) TECHNICAL SPECIFICATION CHANGES SUMMARY

SECTION

2.1.1 (Bases)

2.1.1 (Bases)

2.2.1 (Bases)

2.2.1 (Bases)
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3.1.3.3

DESCRIPTION OF CHANGE

JUSTIFICATION

Added table with Timit DN8BR values

and appropriate DNB correlations

for each fuel type. Revised "DNBR limit
of 1.30" to "applicable design limit
DNBR. "

Revised Fx values for Westinghouse
and Exxon Nuclear Company fuels.

Revised power range negative rate trip
description; revised "DNBR limit of
1.30" to "applicable design limit
DNBR. "

For loss of flow description, revised
“DNBR limit of 1.30" to "applicable
safety analysis design 1imit DNBR

for each fuel type."

Change in shutdown margin from 1.75%
to 1.60% aAk/k

Rod drop time < 2.4 secs.

Figure 3.1-1
Figure 3.1-2

These changes were made due to the
use of 17DP,

F" values were revise“.in order to
d@Vine the different F,y values for each
fuel type.

The power range negative rate trip is

to provide protection in the event of

a dropped rod. This revision reflects
the protection provided and the Westing-
house solution to the Dropped Rod

issue as presented to the NRC. Note that
the administrative restriction on the

D bank applies until NRC apprcval removes
it. These changes were made, due to the
use of the Improved Thermal Design Pro-
cedure (ITDP).

These changes were made due to the use
of ITDP.

A reduction in the required shutdown
margin to 1.60% (value for most W 4-loop
plants) from 1.75% would make the shut-
down margin easier to meet for all
cycles. Cycle 8 design has been per-
formed using 1.60%.

Increased scram time due to smaller
guide tube thimble in 15x15 OFA than
current fuel assemblies.

Revised three loop rod insertion limits.

Revised four loop rod insertion
limits.
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JUSTIFICATION FOR D. C. COOK UNIT 1 (CYCLE 8) TECHNICAL SPECIFICATION CHANGES SUMMARY

SECTION

DESCRIPTION OF CHANGE

3/4 1.1 (Bases)

3.2.2

4.2.2.2.¢

8.2.28:2.c

JUSTIFICATION

Change in shutdown margin from 1.75%
to 1.60% ak/k

No change

The LOCA F( limit revised to 2.00
(4.00 for P < .5). Equation definition
of FQ(ZM)

Word definition of Fq~ (Ex) and K(Z)

"Setpoint reduction...with the reactor
in at least HOT STANDBY."

Equation definition of
F(2)

Word definition V(Z)

Figure reference K(Z)
Definition of Ep(Z)

Equation definition of Ep(Z)

This supports changes made in Sections
3.1.1.1 and 4.1.1.1.1

. .

Included for completeness.

Resulted from 15x15 OFA reload LOCA
analysis. Definition expanded to
include both Westinghouse and ENC fuels.

Definition expanded to include both
Westinghouse and ENC fuels.

Wording changed to be consistent with
Westinghouse Tech Specs.

Definition expanded to include both
Westinghouse and ENC fuels.

V(Z) function will be removed from Tech
Spec and defined in peaking factor limit
report. This report will be available
in the licensee's offices 60 days prior
to cycle startup.

Reference expanded to include both
Westinghouse and ENC fuels.

Definition expanded to include
Westinghouse fuel.

Definitions expanded to include both
Westinghouse and ENC Fuels



JUSTIFICATION FOR D. C. COOK UNIT 1 (CYCLE 8) TECHNICAL SPECIFICATION CHANGES SUMMARY

PAGE SECTION DFSCR!PTION OF CHANGE ' JUSTIFICATION
3/4 2-8 4.2.2.2.e A " ..increase in peak pin power Fpu..." Surveillance on FQ - F g variation is
chanqud to "...increase in max over Z of not always in the same direction as
(l) Fq.
?z) 1...
-that the peak pin power, F,y..." Surveillance on FQ - Fuy variation is
changvd to "...that max over Z of not always in the same direction as
Q(Z} i FQ.
2y
30 2.9 A.2.2.2.f ..and P > 0.5". An equation For clarity, "P > 0.5" was removed from
was added the equation and inserted in the text.

Equations for Westinghouse and ENC fuels
are separately defined.

3/4 2-10 Figure 3.2-2 Relabeled figure to denote ENC -
3/4 2-11  Figure 3.2-3 The LOCA K(Z) curve was revised. Resulted from 15x15 OFA reload LOCA
: analysis.
3/4 2-12 3.2.3 Revised FAN values for Westinghouse Fx" values were revised in order to define
and Exxon Nuclear vc. fuels the different Flfj values for each fuel type.
N
3/4 2-13 4.2.3.2 Section deleted Due to the use ITDP, the measured F,,
value is not increased by 47, since
this measurement uncertainty has been
included in the design DNBR limit
values.
3/4 2-14 3.2.4 Added :frem.RATED THERMAL POWER" For clarity and consistency
after "3%" in two places with Unit 2 Technical Specifications.
3/4 2-15 No change. Added for completeness.
3/4 2-16 4.2.5.2 RCS flow rate to be measured once Required for use of 11DP.
. per month,
3/4 2-17 Table 3.2-1 DNB parameters added in DTP column. Parameters changed to reflect use of ITDP.

Design Thermal Power column added to
reflect increased Thun at 3411 MWt
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3/4 2-23
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B 3/4 2-4
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JUSTIFICATION FOR D. C. COOK UNIT 1 (CYCLE €) TECHNICAL SPECIFICATION CHANGES SUMMARY

SECTION

3.2.6

3.2.6.¢C

3.2.6.e

3.2.6.9

3/4 2.2 and
3/4 2.3 (Bases)

3/4 2.2 and
3/4 2.3
3/4 2.5 (Bases)

3/4.3.3.6

3/4.4.1 (Bases)

DESCRIPTION OF CHANGE

JUSTIFICATION

Equation definition of
[F;(2)],

Figure reference for K(2)

Figure reference for Fb (Ee) and
T(Ee); word definition of T(Eg)

Equation definition of Fp

Equation definition of APL

"V(Z) is the function given in the
peaking factor limit report"

No change

Figure
Figure

Revised explanation of F,y uncertainty

Changed "effect" to "affect"
Revised "DNBR limit of 1.30" to
"applicable design DNBR limit."

Pages referred to in text were
renumbered.

Revised "DNBR limit of 1.30" to
"applicable design DNBR limit."

Definition expanded to include botg»
Westinghouse and ENC fuels.

Reference expanded to include both
Westinghouse and ENC fuels.

Reference and words expanded to include
both Westinghouse and ENC fuel.

Definition expanded to include both
Westinghouse and ENC fuel.

V(Z) function will be removed from
Tech Specs and defined in the peaking
factor limit report.

Added for completeness.

Figure number changed.
Revised figure for Westinghouse fuel.

Same justification as page 3/4 2-13.
Grammatical change.

This change was made due to the use

of ITDP.

Consistency with previous page changes.

These changes were made due to the
use of 1TDP.

et - ———— - e e,



ATTACHMENT G TO AEP:NRC:0745C

ANALYSIS USING THE STANDARDS IN 10 CFR 50.92 ABOUT THE ISSUE OF NO
SIGNIFICANT HAZARDS CONSIDERATION FOR THE LICENSE AMENDMENT REQUEST
CONTAINED IN LETTER NO. AEP:NRC:0745C.

Our analysis of the contents of the license amendment requested in
this letter shows that no significant hazards comsiderations are
involved. In comparing the contents of the request against the
standards of 10 CFR 50.92(c) we have found that the license amendment:

(1) does not involve a significant increase in the probability or
consequences of an accident previously evaluated. As shown in
Attachments B, C, D and E to this letter, the relcaded core is
very similar in design to earlier cores and the results of the
pertinent safety analyses show conformance with regulatory limits.

(2) does not create the possibility of a new or different kind of
accident from any accident previously evaluated. This fact is
true because of the similarity of designs between the new
Westinghouse and the currently inserted Exxon fuel assemblies,
because of the use of standard calculational techniques approved
by the NRC for cores reloaded by Westinghouse which have shown
acceptable results and because no modifications are being
requested for any Plant component other than the replacement of

eighty Exxon fuel assemblies by the same number of Westinghouse
assemblies and,

(3) does not involve a significant reduction in a margin of safety. As
shown in Attachments B, C, D and E to this letter the safety
analyses performed in support of the license amendment show that
sufficient margin exists to the 10 CFR 100, the 10 CFR 50.46 and
the DNBR limits to ensure that the reloaded core will operate in a
manner which is comparable in terms of safety to that of earlier
cycles. No modifications are being requested in the license
amendment that would degrade the Plant's ability to safely control
and mitigate any design basis accident.

Three points are clarified further:

a) Cycle 8 of Unit 1 will employ hurnable poison rods of the
WABA design. This new burnable poison rod is compatible with
the new Westinghouse fuel assemblies and satisfies all
performance requirements for its design life. Westinghouse
has submitted a topical report (see Attachment B) on the WABA
design and is supporting the NRC's generic review in order to
obtain approval prior to the Cycle 8 startup date. We do not

consider this point to involve any comsideration of a
significant safety hazard.

b) The application for Cycle 8 of Unit 1 reload also employs a
modified version of the PAD code to calculate fuel
temperatures during the accident analysis, Westinghouse has



c)

similarly submitted a topical report (see Attachment A) on
this matter and will support the NRC's generic review to
obtein approval prior to the Cycle 8 startup date. We do not
consider this point to involve any consideration of a
significant safety hazard.

The average regzion discharge burnups are not expected to
exceed 39,000 MWD/MIU. This limit is well within today's
technology and design capabilities. The analyres where high
burnup and corresponding clad characteristics were of
importance, have accounted for the maximum expectable values
and shown acceptable results. We do not consider this point
to involve any consideration of a significant safety hazard.



