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TABLE 1.6-2 (SNEET 20 0F 20)
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|

WESTINCMOUSE TOPICAL REPORTS INCORPORATED BY REFERENCE

!

Westinghouse NRC FSAR

Review (b)Topical St&smi t tet Revision Section
Report No. Title thaber Date Ntsuber Refarence Status

WCAP-10865 (P) south Texas Plant (TGx) 6/85 1.5 U

uCAP-10866 Reactor Internets Flow-
Irdsced Vibration
Assessment

,

WCAP-11MO (P) Noise, Fautt, Surge, and 12/86 7.1 U to

WCAP-11341 Radio Frequency Interferenec $g m

Test Report: Westinghouse
57 5

7 Eagle-21 Digitet Family as g
i Used in CDPS, PSMS, RVLIS,

U and ICCM

WCAP-10559 (P) Technlcet seees for 7/84 3.6 8

WCAP-10560 Eliminating Lorge Primary

Loop Pipe Rteture as the
Structural Design Basis 59
for South Texas Projects

l
thits 1 & 2g

>
e. (P) - Proprietary

b. Legend for the review status code letters:

A - NRC review complete; WRC evolustion letter issued.
y

AE - NRC accepted as part of the Westinghouse emergency core cooling system (ECCS)
evolustion modet anty; does not constitute acceptance for any purpose othero.

g than & ECCS anetyses,
o
" 5 - Stdsmitted to NRC es background information; not tedergoing format NRC review.
w
e 0 - (h file with NRC; older generation report with current validity; not actively

toder formet NRC review.

U - Actively teder formel NRC review.
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4.0 REACTOR ,

for 00d / *%) M md for Me,d.'

4.1 SUMMARY DESCRIPTION
f

This chapter describes 1) the mechanical compcnents of the reactor and
reactor core including the fuel rods and fuel assemblies. 2) the nuclear
design, and 3) the thermal-hydraulic design.

The reactor core is comprised of an array of fual assemblies which are
identical in mechanical design, but different in fuel enrichment. The
reference three region first core design described herein results in a
first cycle length of approximately one year / "r rrr. 27-Ir- ar
' f.t ;... -at: - le : t'-- - 70-- r ; S: re ___ d-* ' by d - d * * -' '"el

Ir: E... ;h:t cent-1 ' ~- t'rre tr -d- M ah==nt loa h ==.

The core is cooled and moderated by light water at a pressure of 2250
psia in the Paactor Coolant System (RCS). The moderator coolant contains
boron as a neutron poison. The concentration of boron in the coolant is
varied as required to control relatively slot reactivity changes includ-
ing the ef fects of fuel buruup. Additional boron, in the form of burn-
able poison rods, is employed in the first core to establish the desired
initial reactivity.

Two hundred and sixty four fuel rods are mechanically joined in a square
array to form a fuel assembly. The fuel rods are supported in intervalsv
along their length by grid assemblies which maintain the lateral spacing
between the rods throughout the design life of the assembly. The grid
assembly consists of an "egg-crate" arrangement of interlocked straps.
The straps contain spring fingers and dimples for fuel rod support as
well as coolant mixing vanes. The fuel rods consist of slightly enriched
uranium dioxide ceramic cylindrical pellate contained in slightly cold
wor 1ced Zirealoy-4 tubing which is plugged and seal welded at the ends to
encapsulate the fuel. All fuel rods are pressurized with helium during
fabrication to reduce stresses, strains, and to increase fatigue life.

The center position in the assembly is reserved for the incere instru-
mentation, while the remaining 24 positions in the array are equipped
with guide thimbles joined to the grids and the top and botton nozzles.
Depending upon the position of the assembly in the core, the guide
thimbles are used as core locations for rod cluster control assemblies
(RCCA's), neutron source assemblies, and burnable poison assemblies.
Otherwise, the guide thimbles are fitted with thimble plug assemblies, ,
which are plugging devices that limit bypass flow.

The botton nozzle is a box-like structure which serves as d bottom struc-
~

tural element of the fuel assembly and directs the coolant flow distribu-
tion to the assembly.

The top nozzle assembly functions as the upper structural element of the j
'

fuel assembly in addition to providing a partial protective housing for |
the RCCA or other components.

.

4.1-1
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TAett 4.1-1 (Cor.* Inued)

RTACTOR DESIGPS COMPatlSON .TAett
|

W. S. ficculre fauth Texas Project Seeth fenes Project
'

CORE MCIIAstCAL PESTEli PARAfEETERS UNITS 1 & 2 UNIT 1 gett 2.

31. Fuet Weight (se U0 ), Ib 222,739 261,000 (Boelnet) MM (seelset)
|IOZircolor Wefght,' tb 50,913 St,840 54,gne32.

33. Ipueber of Grids per Aeoembly 8 - Type 2 10 - Type R 10 . Type a

34 Leading Technigse 3 reston 3 resten 3 reglen

non-tmlfora non-unifore eusse-est fens

!

I

i fuEt Roos
1

!

{ 35. lausher 30,952 50,952 90,M2

| 36. Outelde steenter, In. 0.3M 0.3 74 e.3M

! 37. DIssetret esp,In. 0.0065 0.0065 e.gess

38. Cted Thiennees, In. 0.0225 0.0225 e.or25'

s. 39. Cted Isoterlet Zirceloy-4 Zircator-4 Iltceter-4
J

~

! 7
cm

FUEL PftttTS

; 40. ,,eter. .0, ,Intere , .0, ,,n.ored , ,- ered
41. Denelty (1 of Theoreticet) 95 95 95

42. Oleester, In. 0.3225 0.3225 e.3225 q
,

esse 0 397 [;!43. tenet *, in. 0.530 0.530 :

.. . Yr .

o, sw (P, 9 o . ad ' . '

aOo CtusTen Costa 0t asStaatles /
j

44 seutren Jtiserter As In-Cd sofnlus sofsde

]
45. Clodding Meterf st Type 304 Type 306 type 384

SS-Cold Worked $5 Cold Worked ,1-Cold llerted
'

.

)
: #
i a
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:

)
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)y TAett 4.1-1 (Contimmf)

RfACTOR DESIGN CtprARI9ou TAstt
_

*

W. 3. IteCulce South Temos Project M fenes prep M t
UNITS 1 4 2 UNIT.1 9 33 y

;

FEED ENRICIBEIIT, WO

I 57 moeten 1 2.10 1.50 M 2./
58. neglen 2 2.60 2.20 m 2,4 #

59. Region 3 3.10 2.90 3,ge-

i
<

j

.

en
e-a
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! b
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NOTES:

I
: a e. See 3deoctten 4.3.2.2.6
i o-
i I

D b. This Is the value of F, for normet operation.-
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I &
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TABLE 4.1-2 (Continued) ,

ANALYTICAL TECWM10UES IN CORE DESICh

Sectfan*

AneIyeIo Technfque Computer Code Referonced

NucIeer DeoIgn (Contfresod)
4

i crore constante for controt N R-AIM 4.3.3.2
i
; rode with self-shfelding

i

2. X-Y Pouer Distributtone, 2-D, 2 Group DIffuefon TURTLE 4.3.3.3
kroR.Tt% E

Fuel Depteticn, Critteet Theory

Boron Concentretfono, x-y 2-D and 3-D Diffu Jon PatADos 4.3.3.3
j!nne cnMenon DfatrIbutIone, Theory - bened NodoI

53 a
m

f Reactivity CoeffIcfente Method

] 54

e

. ' . %-

| 3. Amtet Pouer Distributtano, 1-0, 2-Cro g Diffuefon PANDA 4.3.3.3"

control Rod thrthe, and Theory 1

Amlet Xenon Distributton

.

|

I 4 Fuel Rod Pouer Integret Trenoport Theory LASER 4.3.3.1

|

Effactive Resonance Monte CarIo WeIshtIno REPA0t

?

Temperature Function
,

. ,
O-
D'

$,'

,

t/t

44
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|
The core is designed so that diametral and azimuthal oscillations due to

|- spatial xenon effects are self-damping and no operator action or control ;

action is required to suppress them. The stability to diametral oscillatiods I

is so great that this excitation is highly improbable. Convergent azimuthal !
oscillations can be excited by prohibited motion of individual control rods. '

Such oscillations are readily observable and alarmed, using the excore long
ion chambers. Indications are also continuously available from incore thermo-
couples and loop temperature measurements. Moveable incere detectors can be
adivated to provide more detailed information. In all proposed cores these
horizontal plane oscillations are self-damping by virtue of reactivity feedback
effects designed into the core.

W 3However, axial xenon spatial power escillations may occur M core life.
The control banks, and excore detectors ate provided for control and monitoring
of axial power distributions. Assurance that fuel design limits are not
exceeded is provided by reactor overpower AT and overtemperature AT trip func- )
tions which use the measured axial power imbalance as an input.

|
4.3.1.7 Anticipated Transients Without Trip (ATVI). The effects of anti-

cipated transients with f ailure to trip are not considered in the design bases
of the plant. Analysis has shown that the likelihood of such a hypothetical Ievent is negligibly small. I'* 3-ll Furthermore, analysis of the consequences
of a hypothetical failure to trip following anticipated transients has shown
that no significant core da= age would result, system peak pressures would be
limited to acceptable values and no failure of the 5eactor Coolant System
(RCS) would result. These analyses were documentac tref. 4.3-2/ in November,

,

'

1974 in accordance with the AEC policy outlined in WASH-1270 "Technical Report |

on Anticipated Transients Without Scram for Water-Cooled Power Reactors,"
September, 1973.

.

4.3.2 Description

4.3.2.1 Nucicar Design Description. The reactor cure consists of a
specified number of fue1 rods which are held in bundles by spacer grids and

~

top and bottom fittings. The fuel rods are constructed of Zircaloy cylindrical
tubes containing uranium dioxide fuel pellets. The bundles, known as fuel
assemblies, are arranged in a pattern which approximates a right circular
cylinder.

Each fuel assembly contains a 17 x 17 rod array composed of 264 fuel rods, 24
rod cluster control thimbles and an incore instrumentation thimble. Figure
4.2-1 shows a cross sectional view of a 17 x 17 fuel assembly and the related
rod cluster control locations. Further details of the fuel assembly are given
in Section 4.2.

The fuel rods within a given assembly have the same uranium enrichment in both
the radial and axial planes. Fuel assemblies of three different enrichments
are used in the initici coro loading to establish a favorabic radini pnwer
distribution. Figure 4.3-1 shows the fuel loading pattern to be used in the
first core. Two regions consisting of the two lower enrichments are inter-
sparsed no as to form a checkerboard pnttern in the contral portion of the
core. The third region is arranged around the periphery of the core and contains
the highes t enriche:ent. The aorichments for the first core are shown in Table
4. 3-1.

4.3-6

___ . _ _ _ _ _ _ . _ _ _ _ . _ _ . _ . . _ _ _ _ _ . _ _ _ _ . , _ _
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The reference reloading pattern is typically similar to Figure 4.3-1 with
( depleted fuel interspet3ed checkerboard style in the center and new fuel mixed 84 4

sados95Eg, accumulating approximately TPr000The core will normally operate :;;2%4with depleted fuel on periphery. #<
aqamby e g gmonthp'*
Wd/NTV M g M r. The exact reloading pattern, initial and final positions
of assemblies, paaber of fresh assemblies and their placement are dependent on
the energy requirement for the next cycle and burnup and power histories of
the previous cycles.

The core average eariehment is determined by the amount of fissionable mate-
rial required to provide the desired core lifetime and energy requirements,
namely a region average discharge burnup of 33,000 Wd/MTU. The physics of
the burnup process is such that operation of the reactor depletes the amount
of fuel available due to the absorption of neutrons by the uranium-235 atoms
and their subsequent fission. The rate of uranium-235 depletion is directly
proportional to the power level at which the reactor is operated. In addi-
tion, the fission process results in the formation of fission products, some
of which readily absorb neutrons. These effects, depletion and the buildup of
fission products, are partially offset by the buildup of plutonium shown on
Figure 4.3-2 for the 17 x 17 fuel assembly, which occurs due to the non-fis-
sion absorption of neutrons in uranium-238. Therefore, at the beginning of
any cycle a reactivity reserve equal to the depletion of the fissionable fuel
and the buildup of fission product poisons over the specified cycle life must
be "built" into the reactor. This excess reactivity is controlled by remov-
able neutron absorbing material in the form of boron dissolved in the primary
coolant and in the case of the first cycle, by burnable poison rods.

The concentration of borie acid in the primary coolant is varied to provide2

control and to compensate for long-ters reactivity requirements. The concen-
tration of the soluble neutron absorber is varied to compensate for reactivity
changes due to fuel burnup, fission product poisoning including menon and
samarium, burnable poison depletion, and the cold-to-operating moderator tam-
perature change. Using its normal makeup path, the Chemical and Volume Con-
trol Systen (CVCS) is capable of inserting negative reactivity at a rate of
approximately 60 pen / min when the reactor coolant boron concentration is 1000
ppm and approximately 70 pen / min when the reactor coolant boron concentration
is 100 ppa. The peak burnout rate for menon is 25 pen / min (Section 9.3.4.3.1|30
discusses the capability of the CVCS to countaract menon decay). Rapid tran-
sient reactivity requirements and safety shutdown requirements are met with
control rods.

As the boron concentration is increased, the moderator temperature coefficient
becomes less negative. The use of a soluble poison alone would result in a
positive moderator coefficient at beginning-of-life (BOL) for the first cycle.
Therefore, burnable poison rods are used in the first core to reduce the soluble
boron concentration sufficiently to ensure that the moderator temperature coef-
ficient is negative for power operating conditions. During operation the >oison
content in these rods is depleted thus adding positive reactivity to offset
some of the negative reactivity from fuel depletion and fissiott product buildup.
The depletion rate of the burnable poison rods is not critical since chemical

,

4.3-7 Amendment 44
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they require control of the axial of f set (flux dif ference divided by fractional*

power) at all power levels within a permissible operating band of a target value
cortesponding to the equilibrium full power value. In the first cycle, the

target value changes from about -15 to -)("phreent linearly through the life of
the cylle. This minimizes menon tr ansient ef fects on the axial power distribu-
tion, since the procedures essentially kaep the menon distribution in phase
with the power distribution.

Calculations are perforned for normal operation of the reactor including load
following maneuvers. Beginning, siddle and and of cycle conditions are included
in the calculations. Different histories of operation are assumed prior to
calculating the af fect of load fo11ov transients on the axial power distribu-
tion. These different histeries assume base loaded operation and extensive

I

load following. For a given plant and fuel cycle a finite number of maneuvers
are studied to determine the general behavior of the local power density as a
function of cors elevation.

These cases represent many possible reacter states in the life of one fuel i

eyele and they have been chosen as suf ficiently definitive of the cycle by com- |

parisen with much more exhaustive studies perfereed on some 20 or 30 different,
but typical, plant and fuel cycle corbinattens. The cases are described in
detail in Reference 4.3-9 and are considered to be necessary and sufficient to
generate a local power density litit which, when increased by 5 percent for
conservatis=, will not be exceeded with a 95 percent confidence level. Many of
the points do net approach the liciting envelope, however they are part of the
time histeries which lead to the hundreds of shapes which de define the envelope.

(,_ They also serve as a check that the reactor studied is typical of those studied
more exhaustively.

Thus it is not possible to single out any transient or steady state condition
which defines the most lina ting ca se . It is not even possible to separate out
a sca11 nu=Ser which fore an adequate analysis. The process of generating a
myriad of shapes is essential to the philosophy that leads to the required level
of confidence. A maneuver which provides a lititing case for one reactor fuel
cycle, defined as approaching the line of Figure 4.3-21, is not necessarily a
li=iting case for another reacter or fuel cycle with different control bank
verths, enrichments, burnup, coef ficients, etc. Eac'n shape depends on the de- |

tailed history of operation up to that tree and on the manner in which the I

operator conditioned xenon in the days immediately prior to the time at which
the power distribution is calculated.

The calculated points are synthesized from axial calculations combined with
radial factors appropriate for redded and unrodded planes in the first cycle.
In these calculations the effects on the unrodded radial peak of zenon redis-
tribution that occurs following the withdrawal of a control Sank (or banks)
from a rodded region is obtained from evo- dimensional XY calculations. A 1.03
factor to be applied on the unrodded radial peak was obtained,from calculations
in which menon distribution was preconditioned by the presence of control rods

4. 3- 1;
-,- - - - - . -
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f 1.inits for alaras, reactor trip, etc. will be given in the Technical Specifi- |27
[ cations. Descriptions of the systems provided are given in Section 7.7. j

4.3.2.3 Reactivity Coefficients. The kinetic characteristics of the
reactor core determine the response of the core to changing plant gonditions
or to operator adjustments made during normal operation, as well as the core
response during abnormal or accidental transients. There kinetic characteris-
ties are quantified in reactivity coefficients. The reactivity coefficients
refleet the changes in the neutron multiplication due to varying plant condi-
tions such as power, moderator or fuel temperaturas, or less significantly due
to a change in pressure or void condielema- Simee reactivity coefficients
change during the life of the core, ranges of coefficients are employed in
transient analysis to determine the response of the gaat throughmut life.
The rer.ults of such simulations and the reactivity coefficients used are
presented in Chapter 15. The reactivity coefficients are calculated on a
corevise basis by radial and axial diffusion theory methods. The effect of
radial and axial power distribution on core average reactivity coefficients is
implicit in those calculations and is not significant under normal operating
conditions. For example, a skewed xenon distribution which results in chang-
ing axial offset by 5 percent changes the moderator and Dopple: tasperature
coefficit its by less than 0.01 pea /*F and 0.03 p,a/*F respectively. An agti-
ficially skewed xenon distribution which results in changing the radial F" by
3 percent changes the moderator and Doppler temperature coefficienta by ins
than 0.03 pen /*F and 0.001 pea /*F respectively. The spatial effects are
accentuated in some transient conditions such as the postulated rupture of the h3main steaaline break and rupture of RCCA mechanism housing described it.
Sections 15.1.5 and 15.4.8, and are included in these analyses,

v' (~
i The analytical methods and calculational models used in calculating the read. y

ivity coefficients are given in Section 4.3.3. n ose models have been confira-
ed through extensive testing of more than thirty cores similar to the plant
described herein; results of these tests are discussed in Section 4.3.3.

Quantitative information for calculated reactivity coefficients, including
fuel Doppler coefficient, moderator coefficients (density, temperature, pres-
sure, void) and power coefficient is given in the following sections.

4.3.2.3.1 Fuel Temperature (Doppler) Coefficient: The fuel tamperature
(Doppler) coefficient is defined as the change in reactivity per degree change
in effective fuel temperature and is primarily a measure of Doppler broadening
of uranium 238 and plutonium 240 resonance absorption peaks. Doppler broaden-
ing of other isotopes such as uranium 236, neptunium 237, etc. are also
considered but their contributions to the Doppler effect are small. An

|53increase in fuel tempersture increases the effective resonance absorption
cross sections of the fuel and produces a corresponding reduction in
reactivity.

The fuel temperary gefficient is calculated by performing two group X Y j
calculations usin n updated version of the TURTLE (4.312) Code. Moderator
temperature is he constant and the power level is varied. Spatial variation i

of fuel temperature is taken into account by calculating the effective fuel
temperature as a function of power density as discussed in Section 4.3.3.1.

.
b

l
4.3 20 Amendment $3
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change in boron concentration is required to compensate for additional reactiv-
ity changes. Since the insertion limit is set by a rod travel limit, a conser.
vatively high calculation of the inserted worth is made which exceeds the
normally inserted reactivity. , de lfegffroto ,

4.3 2.4.6 Burnup: Excess reactivity of 10 percent op (hot) is installed4
at the b,eginning of each cycle to provide sufficient reactivity to compensate
for fuel depletion and fission products throu5 out the cycle. This reactivityh
is controlled by the addition of soluble boron to the coolant and by burnable
poisons. The soluble boron concentration for several core configurations, the
unit boren trerth, and burnable poison worth are given in Tables 4.3 1 and ,

4.3 2. Since the excess reactivity for burnup is controlled by soluble boron l

and/or burnable poisons it is not included in control rod requirements. |$3 I

4.3.2.4.7 Xenon and Samarium Poisoning and pH Effects: Changes in xenon |53
and samarium concentrations in the core occur at a sufficiently slow rate,
even following rapid power level changes, that the resulting reactivity change
is controlled by changing the soluble boron concentration. Changes in reactiv-
ity due to a change in coolant pH, if any, are sufficiently small in magnitude
and occur slowly enough to be controlled by the boron system. Further details
are provided in Reference 4.3 13.

.

4.3.2.4.8 Combined Control Recuirements: The reactivity requirements at
EOL of a typical cycle for a 168 in and a 144 in 17 x 17 four loop core are
listed on a comparable basis in Table 4.3 4 The Doppler defect is slightly
less for the 168 in core due to the lover averale linear power density (5.20 53

vs. 5.44 Kv/ft). The moderator defect is higher due to the slightly more
negative moderator temperature coefficient at the higher temperature of the

( 168 in core. The redistributien requirement is greater for the longer core
(1.20 percent of vs. 0.65 percent ap). More excess margin is available to the
168 in core than the 12 ft core due to the use of 57 rather than 53 control
rods in this example, both cores operate in the same range of expected react-
ivity parameters as shown in Table 4.3 5.

4.3.2.4.9 Experimental Confirestion: Following a normal shutdown, the
total core reactivity change during cooldown with a stuck rod has been mes-
sured on a 121 assembly,10 f t high core and 121 assembly,12 f t high core.
In each case, the core was allowed to cool down until it reached criticality
simulating the stes: line break accident. For the 10 ft core, the total

reactivity change associated with the cooldown is overpredicted by about 0.3
percent op with respect to the measured result. This represents an errer of
about 5 percent in the total reactivity change and is about half the uncer-
tainty allovence for this quantity. For the 12 ft core, the difference
between the measured and predicted reactivity change was an even smaller 0.2
percent op. These measurements and others demonstrate the capability of the |53
methods described in Section 4.3.3.

4.3.2.4.10 Control: Core reactivity is controlled by means of a chen.
ical poison dissolved in the coolant, RCCAs and burnable poison rods as
described below.

!
|

|

|

4.3 25 Amendment 53
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control unit located along the diagonal axis. Following the perturbation,
the uncontrolled oscillation was monitored using the moveable detector

and thermocouple system and the excore power range detectors. The quadrant
tilt dif ference (QTD) is the quantity that properly represents the tiia-
metral oscillation in the X-Y plane of the reactor core in that the differ-
ences of the quadrant average powers over two symmetrically opposite quad- I

rants essentially eliminates the contribution to the occillation from the i

azimuthal mode. The QTD data were fitted in the form of equatgn (4.3-2)
through a least-square method. A stability index of -0.076 hr with a |

period of 29.6 hours was obtained from the thermocouple data shown on |

Figure 4.3-41.
4

It was observed in the second X-Y xenon test t at the PWR core with 157
fuel assemblies had become more stable due to an increased fuel depletion e I3|and the stability index was not determined. ogtg- ag g g h

4.3.2.7.5 Comparison of Calculations with Measurements: The analysis I 7
of the axial xenon transient tests was performed in an axial slab geometry J
using a flux synthesis technique. The direct simulation of the axial .d
offset data was carried out using the PANDA Code (Ref. 4.3-20)4 The anal sis

gingga *cf the X-Y xenon transient tests was performed in an
]$URTLF

igeomet
8es4olvemodified TURTLE (Ref. 4.3-12) Code. Both the PAND

the two-group time-dependent neutron diffusion equation with time-dependent
xenon and iodine concentrations. The fuel temperature and moderator
density feed back is limited to a steady-state model. All the X-Y calcu- !

1ations were performed in an average enthalpy plane. |

The basic nuclear cross-sections used in this study were generated from a
,

unit cell depletion program which has evolved from the codes LEOPARD j

(Ref. 4.3-21) and CINDER (Ref. 4.3-22). The detailed experimental data during '

the tests including the reactor power level, enthalpy rise and the impulse
motion of the control rod assembly, as well as the plant follow burnup data
were closely simulated in the study. |

The results of the stability calculation for the axial tests are compared
with the experimental data in Table 4.3-7. The calculations show conser-
vative ryults for both of the axial tests with a margin of approximately
-0.01 hr in the stability index.

AnanalyticalsimulationofthefirstX-{xenonoscillationtestshowsa
calculated stability index o -0.081 hr" , in good agrsement with the
measured value of -0.076 hr {. As indicated earlier, the second X-Y
xenon test showed that the core had beceme more stable compared to the
first test and no evaluation of the stability index was attempted. This
increase in the core stability in the X-T plane due to increased fuel
burnup is due mainly to the increased magnitude of the negative moderator
temperature coefficient. j

Previous studies of the physics of xenon oscillations, including three-
dimensional analysis, are reported in the series of topical reports, Refs.
4.3-16, 4.3-17 and 4.3-18. A more detailed description of the experimental
results and analysis of the axial and X-Y xenon transient tests is
presented in Ref. 4.3-19 and Section 1 of Ref. 4.3-23.

4.3-35 Amendment 30
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4.3.2.7.6 Stability Control and Protection: The excore detector

| system is utilized to provide indications of xenon-induced spatial oscil- |
' lations. The readings from the excore detectors are available to the ,

operator and also form part of the protection systen, j

l
1. Axial Power Distribution

For maintenance of proper axial power distributions, the operator is
instructed to maintain an axial offset within a prescribed operating band,
based on the excore detector readings. Should the axial offset be per-
mitted to move far enough outside this band, the protection limit will be
reached and power sill be automatically reduced.

Both 12 and 14 ft PWR cores becoce less stable to axial xenon oscilla-
tions as fuel burnup progresses. However, free xenon oscillations are
not allowed to occur except for special tests. The control rod banks are | 30
sufficient to dampen and control any axial xenon oscillations present.
Should the axial offset be inadvertently permitted to move far enough
outside the control band due to an axial xenon oscillation, or any other
reason, the protection limit on axial of fset will be reached and power will I

be automatically reduced.

At g L (150 mwd /MTU) stability indexes of about -0.047 hrs" and -0.020
hrs were obtained, respectively, for 12 ft and 14 ft cores. The axial
stability index in ennentielly rern in the 11,000 to 12,000 mwd /MTU range
f or 12 f t cores and in the 8000 to 9000 mwd /HTU range for 14 ft cores.

At extended burnup (%15,000 mwd /CU) both 12 and 1{ or less.
ft cores have essen-

~

tially the same stability index cf about 0.02 hrs The axial
oscillation period for both 12 and 14 ft cores increases with burnup. A
period of 27 to 28 hours is obtained for both 12 ft and 14 ft cores at

BOL. At EOL periods of about 32 and 34 hours are obtained, respectively,
for the 12 and 14 f t cores.u-h+ long periods and vertical control rod
systers make axial xenon transients easily controllable in enodern PWRs

_ st all times of life. Thes t valua qswiq.wW, s n d.aq aa wsM ea - ~~

|69, eat he, ehbN4y 44.tr cam %s testMwe hg6h ;2. Radial Power Distribution e. ,,,u k , p 4 g g g g , %, t,.,
'

The core described herein is calculated to be stable against X-Y xenon
induced oscillations at all times in life.

The X-Y stability of large PWRs has been further verified as part of the
startup physics test program for cores with 193 fuel assemblies. The
measured X-Y stability of the cores with 157 and 193 assemblies was in
good agreement with the calculated stability as discussed in Subsections
4.3.2.7.4 and 4.3.2.7.5. In the unlikely event that I-Y oscillations
occur, back-up actions are possible and would be implemented, if neces-.

sary, to increase the natural stability of the cote. This is based on
the fact that several actions could be taken to make the moderator
temperature coefficient more negative., which will increase the stability
of the core in the X-Y plane.

4.3-36 Amendment 30
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4.3.3.2 Macroscopic Group Constants. Macroscopic few-group constants
(analogous microscopic cross sections needed for feedback and micro- 3
scopic depletion calculations) are generated for fuel cells by a recent
version of the LEOPARD [4.3-21} and CINDER [4.3-22) codes, which are linked
internally and provide burnup dependent cross sections. Normally a
simplified approximation of the main fuel chains is used; however, where
needed, a complete solution for all the significant isotopes in the fuel
chains f rom thorium-232 to curium-244 is availabic [4.3-26) . Fast and
thermal cross section library tapes contain microscopic cross sections
taken for the most part from the ENDF/B [4.3-27] library, with a few
exceptions where other data provided better agreement with critical
experiments, isotopic measurements, and plant critical boron values.
The effect on the unit fuel cell of non-lattice components in the fuel
assembly is obtt'.ned by supplying an appropriate volume fraction of these
materials in an extra region which is homogenized with the unit cell in

the fast (MUFT) and thermal (SOFOCATE) flux calculations. In the thermal
calculation, the fuel rod, clad, and moderator are homogenized by energy-
dependent disadvantage factors derived from an analytical fit to integral
transport theory results.

Group constants for burnable poison cells, guide thimbles, instrument
thimbles and interassembly gaps are generated in a manner analogous to
the fuel cell calculation. Reflector group constants are taken from
infinite medium LEOPARD calculations. Baf fle group constants are cal-
culated from an average of core and radial reflector microscopic group
constants for stainless steel.

Group constants for control. rods are calculated in a linked version of
the RAMMER [4.3-28] and AIM [4.3-29) codes which provide an improved treatment |3
of self shielding in the broad resonance structure of these isotopes at
epithermal energies than is available in LEOPARD. The Doppler broadened
cross sections of the control rod materials are represented as smooth
cross sections in the 54 group LEOPARD fast group structure and in 30
thermal groups. The four group constants in the rod cell and appropriate
extra region are generated in the coupled space-energy transport RAMMER
calculation. A corresponding AIM calculation of the homogenized rod cell
with extra region is used to adjust the absorption cross sections of the
rod cell to match the reaction rates in HAMMER. These transport-equivalent
group constants are reduced to two-groups constants for use in space-
dependent diffusion calculations. In discrete X-Y calculations only one
mesh interval per cell is used, and the rod group constants are further
adjusted for use in this standard mesh by reaction rate matching the
standard mesh unit assembly to a fine-mesh unit assembly calculation.

Nodal group constants are obtained by a flux-volume homogenization of the
fuel cells, burnable poison cells, guide chimbles, instrumentation thimbles,
interassembly gaps, and control rod cells from one aesh interval per cell i

x-y unit fuel assembly diffusion calculations & Om4 t ad Sre- oM Wb
mwM p c c a. t\ y-y An s e c.M cula dt m.s .Rw Um4 9
Validation of the cross section method is based on analysis of critical
experiments as shown in Table 4.3-6, isotopic data as shown in Table
4.3-10, plant critical boron (C ) values at HZP, BOL, as shown in TableB
4.3-11 and at HFP as a function of burnup as shown on Figures 4.3-43
through 4.3-45. Control rod worth measurements are shown in Table 4.3-12.

4.3-39 Amendment 3, 2/16/79
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Confirmatory critical experiments on burnable poisons are described in
Reference 4.3-30. 4 g g ,-b 1,

4.3.3.3 Spatial Fev Group Diffusion Calculations. A I'patial few group |

calculations consist primarily of two group diffusion X Y calculations using
an updated version of the TURTLE Code, two group x y nodal calculation using i

the PALADON [4.3 33) code, and two 8roup axial calculations using an updated I

version of the PANDA Code.

Discrete X Y calculations (1 mesh per cell) are carried out to determine
critical boron concentrations and power distributions in the X Y plane. An !

axial average in the X Y plane is obtained by synthesis from unrodded and )
redded planes. Axial effects in unrodded depletion calculations are accounted )

for by the axial buckling, which varies with burnup and is determined by
radial depletion calculations which are matched in reactivity to the analogous
R-2 depletion calculation. The moderator coefficient is evaluated by varying
the inlet temperature in the same X Y calculations used for power distribution i

and reactivity predictions.

Validation of TURTLE reactivity calculations is associated with the validation i

of the group constants themselves, as discussed in Section 4.3.3.2. Valida- '

tion of the Doppler calculations is associated with the fuel temperature
validation discussed in Section 4.3.3.1. Validation of the moderator coef-
ficient calculations is obtained by comparison with plant measurments at hot
zero power conditions as shown in Table 4.3 13.

'
PALADON is used in two dimensional and three dimensional calculations.
PALADON can be used in safety analysis calculations, and to determine critical 53
boron concentrations, control rod worths, and reactivity coefficients.

Axial calculations ere used to determine differential control rod worth curves
(reactivity versus rod insertion) and axial power shapes during steady state
and transient xenon conditions (flyspeck curve). Group constants and the
radial buckling used in the axial calculation are obtained fros the three
dimensional TURTLE calculation from which group constsnts are homogenized by 53
flux volume weighting.

QCosGS,' .ay
/f Validation of the spatial codes for calculating power distributions involves

the use of incore and excore detectors and is discussed in Section 4.3.2.2.7.

Based on comparison with measured data it is estimated that the accuracy of
current analytical methods is:

|

1 0.2 percent Ap for Doppler defect
12 x 10 5/'F for moderator coefficient
1 50 ppa for critical boron concentration with depletion >

1 3 percent for power distribution |

1 0.2 percent Ap for rod bank worth
i 4 pen / step for differential rod worth
1 0.5 pen / ppm for boron worth
1 0.1 percent Ap for moderatot defect

|

4.3 40 Amendment 56
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4.2. 3.3 Spatie] Few-Group Calculations. For Unit 2, spetial f ew- orouo

celculations consist of two grouo dif f usion ::-y calculations using |

TORTISE, an updated version of the TURTLE code and nodal calculetions
using the PALAOCf? (4.4-33) and ANC (4.4-34) codes.

Two g-odp an i al
calculations utilize APCLLO, an updated version of the PANDA code.

No dimensional calculaticris are carried out to determine critical boren
concentrations and power distrO:utions in the X-Y plane. An axial aversee
in the X-Y plane is obtained bv svnthesis ftcrn redded and unrodded planes.
Axial effects are accounted for by an input axial buckling, which varies
with bumup and was detemined by radial depletion calculations amtched in
reactivity to an analocycus P-2 depletion calculation.'The nederater coef-
ficient is evaluated bv varving the inlet tanperaturn in the same X-Y
calculations used for tower distribution and reactivitv predictions.

Validatien of 4W:'ISE rentvitv calculaticos is assoetated with the val-
idation of the croup constants therselves, as discussed in Section 4.3.3.2.
PAIADCN and AT have been cualified with respect to TORTISE results. Val-
idation of the Doppler calculations is associated with the fuel terroerature
validation discussed in Section 4.3.3.1 Validation of the nederator coeff-
icient calculetions is obtained by camartmn with plant nensurerents at het
zero pow.r eceditions as shoe. in Table 4.3-13.

PMNYU and ANC are used in both two and three dimensional calculations.
They can be used i; %fety analysis calculaticris, and to determine critical
?cron ec , centration;, centrol rod worths, and reactivitv coefficientF.

Axia: calcu.iatso w are- used to determine differential control roc worth
cu ves (reactivity versus rod insertion) and a::i a l power shapes during-
steady stete end t ransi ent conditions (f l yspeck curve r . Group constants .

and the radiel buckling used in the axial calculation are obtained from j

three dicensional calcul ations f rom which group constants are homogenized |
by 41ux-vo vme weighting.

|

__. . __ .- _ _ .. _ ._ ___ _ _ - _ _ _ _ . _...__m



z, - - . -_ _ _. -_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

STP FSAR
.

4.3 28 Suich, J. E. and Msneck, H. C. , 'Th3 MAMKIK Syste:3, Hetergensous'

Analysis by Multigroup Methods of Exponentials and Reactors,"
DP.1064, January,1967.

4.3 29 Flatt, H. F. and Suller, D. C., ' AIM 5, A Multigroup, One
Dimensional Diffusion Equation Code,' NAA 5R 4694, March, 1960.

4.3 30 6- Moore, J. S. , "Nuclear Design of Westin6 ouse Fressurised Waterh
Reactors with turnable Poison Rods," VCAF 9000 L, Revision

;'
1 (Froprietary), July,1969 and VCAF-7806, December,1971. 53

4.3 31 Laamer, R.D., et al., *FUO 00 Fueled Critical Experiments,"
2WCAP 3726 1, July , 19 7

.

4.3-32 Nodvik, R.J., "Saxton Core II Fuel Performance Evaluation,"
WCAP 3385 56, Part II, ' Evaluation of Mass Spectrometric and
Radiochemical Analyses of Irradiated Saxton Flutonium Fuel,"
J uly , 1970.

4.3 33 Camden T.M. , et al. , 'PA1ADON Vestinghouse Nodal Cowputer Code ,"
WCAP 9485A(Froprietary) and WCAP 9486A (Non Proprietary), 53

December 1979, and Supplement 1, September, 1981.

e.l.3-34 Liv,y. s. , et al ., " A 4 C. : A Wdjo* M*d N*I
' ~ 'ibCed e.' " W ? LY, - ,

wuf-to%C-f fn>poo d
UC Y ~lD96N k A/O N 0 n t- |fkf

4.3 43 Amendment 53

,

;_ - 7 _q-> ., :. . e ,_. . . : n u ., . . , , .u n = , _ . n - -. ..,..,,....u........, ... .. .

._ .

- - ... _. __ _ _ _ _ _ _ _ _ _ _ . _ _ _ - _ . _ . _ _ - _ _ _ _ _ . . _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ , _ - _ _ _ . _ _



.

STP FSAR

.

TABLE 4.3-1 ;

c' l

l
"

'

REACTOR CORE DESCRIPTION

(First Cycle)

Active Core
l

Equivalent Diameter, in. 132.7 |
Active Fuel Height, First Core, in. 168 i

Height-to-Diameter 'atio 1.27 ).

2 96.06Total Crori-Section Area, ft
H 0/U Molecular Ratio, lattice (Cold) 2.412

Reflector Thickness and Co= position

Top - Vater plus Steel, in. ~10 !
|Botto: - Water plus Steel, in. ~10

Side - Water plus Steel, in. ~ 15

Fuel Assemblies .

Number 193
Rod Array 17 x 17
Rods per asse=bly 264

! Rod Pitch, in. 0.496 cort A
Overall Transverse Dimensions, in. 8.426 x 8.426
Fuel Weight (as UO ), Ib AGloeo % M d) Ag,4e(Mmm)2
Zircalloy Weight, lbs (active core) 54840
Nu=ber of Grids per Assembly 10 - Type R |16
Composition of Grids inconel 718
Weight of Grids (Effective in Core), Ib 2979 |18Nu=ber of Guide Thimbles per Asse=bly 24
Co= position of Guide Thimbles Zircalloy 4

.

!

4.3-44 Amendment 18, 5/1/81
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t' ' TABl.E 4.3 1 (Continued)

REACTOR CORE DESCRIPTION

(First Cycle)

Diameter of Guide Thimbles (upper part), in. 0.450 1.D.

0.482 0.D.
Diameter of Guide Thimbles (lower part), in. 0.397 1.D.

0.429 0.D.
Diameter of Instrument Guide Thimbles, in. 0.450 I.D.

0.482 0.D.

Fuel Rods
|
|Number 50,952

Outside Diameter, in. 0.374
Diametral Cap, in. 0.0065
Clad Thickness, in. 0.0225
Clad Material Zircaloy-4

Fuel Pellets
Material UO Sintered
Density (percent of Theoretical) 95
Fuel Enrichments, vt g du it 1.

Region 1 1.50 2 10
Region 2 2.20 ;t.L O |

Region 3 2.90
0.fle Iw 1448a bDiameter, in. 0.3225
0 367 E" I U '*bLength, in. 0.530

Mass of UO per Foot of Fuel Rod, Ib/ft 0.366 0 3b4 |542

|

Rod Cluster Control Assemblies '

Neutron Absorber Hafnium
Composition 9.53% min 30

34
Diameter, in. 0.366

4.3 45 Amendment $4
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TABLE 4.3 1 (Continued)

REACTOR CORE DESCRIPTION

(First Cycle)

Density, lb/in 0.470 (min) |30 .|548
,

Cladding Material Type 304, Cold Worked
Stainless Steel-

Clad Thickness, in. 0.0185 30
Number of' Clusters 57
Number of Absorber Rods per Cluster 24

Burnable Poison Rods (First Core)

Number - - - - - - - - - - - (/*d 1 g !I8
Material NE Borosilicat.e Glass
Clad Outside Diameter, in. 0.381 |54
Inner Tube, O.D., in. 0.1815
Clad Material Stainless Steel
Inner Tube Material Stainless Steel
Boron Loading (w/o B 02 3 in glass rod) 12.5
Weight of Boron-10 per foot of rod, lb/ft .000419 |30
Initial Reactivity Worth, % ap //ud.f. 4.65 (HFP), 4.65 (HZP)

' ,

3.40 (cold)
7.23 & M ,.y.g3 (#gp)EExcess Reactivity

S' 28 GeLChh
Maximum Fuel Assembly km (Cold, Clean,

Unborated Water) 1.39
Maximum Core Reactivity (Cold, Zero Power,

Beginning of Cycle) 1.22

l

|
|

!
;

i

|

I
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uuttout Mstem PamuuEft98 j

(First 4 cte)
|

| Core Aggrese Llneer Pouer, Mi/ft includfra
! denalffcetten effecte 5.24

'

toget Emot Fleet Ret Uteronet Factor, F 2.54

I a i

tutteer Sut0belpy Efee Est Cherviot Fetter, F f.52 1

.

_ Dest totleste _

j
+

1 seestivity Coefficiente Doelse Lisette L.k.f. s g,g g.

-19.4 to 12.4 -15.5 to -11.5 -t%1 h - g%9

Suppler-enty Pouer, y curve g
j coeffielente, penf F

; (see Figure 15.9-5), Leuer Osrwe -19.2 to -4.7 -12.5 to -9 - (t,q te - 8.t
} toppler T A e coefficient -2.9 to -1.1 -2.5 to -1.8 - 2.2 f. - /.gf

penf F
9 to -40 -4. to -38.0 .69 he -3fy* modoreter (esperature coeffletent,.,

) Y P'uf f

j O sere esseficism, seawe -la t. -r -14 e. -, . ,y e, .- t

j nosided senderster Donelty Coeffielent, pearWee f.43mit' p .34 x 10 ,
.

g s- |

I
i

'

,

1

1

1

|
1

<

|

4

i !

|

it
2
E
- .

w

*tancertelnties are given in sectlen 4.3.3.3.*

,
j

______ - _-______ - _____ - -________ - ____ ______-_-_- __ - -_______ ________-________ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ - - _ _ - _ _ - _-
l



--

TABLE 4.3-2 (Continued)

NUCIEAR DESICN PARAMETERS

(First Cycle)
f

Ors.T t Os .T 1
_

Delayed Neutron Fraction and Lifetime
0.0075, (0.0044) 0.oo17, lo oW7)

8,gg BOL, (EOL)
25.0 (16.0) ago (n.o)

f*, BOL, (EOL) y sec

Control Rods
See Table 4.3-3 5tt %').t. % 3-3 $Rod Bequirements o
< 2000 < *000

5tt ce( 'C hMaximum Bank Worth, pcm*
see Chapter 15.

[ Maximum Ejected Rod Worth "

BOL, Xe free G OL, Xe 4 *a-)Bank Worth, pcm %
650

Bank D .

1250 ;

Bank C 1319 l

1200Bank B EOL h X*EOL Eq. xe
EQ '7 9 %

Bank Worth, pca
~ 750

Bank D
1450 t 3 o li

Bank C l(991400
Bank B .

i

++ Note: 1 pce E (percent millitho) = 10 op where op is calculated from two

' statepoint values of k,gg by in (K fK )*2 1
i

i
i



_ __ _ _ _ _ _ _ _ _ _

[

s

:

Taste 4.3-2 (Conti med)

* uutttAR stStes PanaNEfteS
4

(First Cycte)1

medlet peewr m w m)
! t

Ucer8 us.r 1!

theredad 1.41 to 1.28 Onta(ed I % I'.M
0

j
\ 3 C~

| 9 henk 1.30 to 1.45 b I.uy, t . 54% to

i 9+C 1.40 to 1.45 D +- C. L ''A 4.a \ 34

j 9+Ce8 1.se to 1.95 b 4 C +th I. GL be b 5(-

J

l Seren Osmeentretlere. 308 sum U" 6 _I O 4 'T 7-

|
2.re , C ,,, . . 9 ,, C d. .ed Ciust.c CE

Centret AmoesMies out, eteen 1000

2ero Pouer, E = 9.99, Ret, Red Cluster
j IUI
) centret Assauditfee est, eteen 1930

1 27oO
| Seelen Reale Behselleg Seren Concentratten 2500 E

*o i

' 7, 2ere Feuer E S.95, cold, med Cluster M.I?07g,

E centret fee Ism, Clean 919

* 2ere Feuer,E e 1.05, met, sed Cluster l 2 2.2.centret Mgtes out, C1een 95e
,

feoou.e,not,med II W=1
I putt romer, so menon, t

t E55Cluster Centret
Zero Pouer, so Menen k = 99, Cold, Red

! Cluster centret les In lese 730 l00$,

i Huet Reactive med Stuck in Festt Out PoeItfanj

,

4

1

.

a
!
:
!

!

!

I
- _ _ - _ _ - _ _ - - _ __ __
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TABLE 4.3-2 (Continued)

L
NUCLEAR DESIGN PARAMETERS

'
(First Cycle)

i

l Boron Concentrations (Cont'd) V^M [ Vd.T 7. !

Full Power, Equilibrium Xenon, k,gg = 1.0,
807590Hot, Rod Cluster Control Assemblies Out

Reduction with Fuel Bumuy
|

) First Cycle pps/CWD/MTU** See Figure 4.3-3 A 5't Gy<* 9 3- 5 %
% l00% 100 ,Reload Cycle, pps/CWD/M111 Yi

-es
cn

I *
E,

| Y

| E
4

4

I ** Ciga.ratt Ony (CWD) = 1000 Megawatt Day (1000 MWD). During the first cycle,
fixed burnable poison rod are present which significantly reduce the boron

depletion rate compared to nioed cycles.
,!

I

i

i

;

i .

!
:

!
:
$
'
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TABLE 4.3-3

REACTIVITY REQUIREMENTS FOR ROD CLUSTER CONTROL ASSEMBLIES

Reactivity Effects. Beginning-of-Life End-of-Life End-of-Life

percent (First Cycle)_ (First Cycle) g ilibrium Cycle)'

U+ ' 0- - U~.t s o ,r 2. o g n s 't 2._ I
I 1. Control requiremente

Fuel temperature (Doppler).18p 1.35 8.IL 1.10 (2 97 1.15

Moderator temperature *, Z ap 0.20 0.30 1.15 1. O S 1.20

Redistributfon Zap 0.50 o.50 1.20 t 20 1.20

40 0.60 O. f O 0.60Rod Insertion Allowance. Zap .60

2. Total Control. Zap 2.65 2.Sf. 4.05 '3.E2. 4.15 Sa

4e.
-

Y U
: M $3. Estimated Red Clooter Control Assembly

worth (57 Rode)

a. All assemblies |30

inserted. Zap 9.50 9 01 9.50 9.bh 8.50

b. All but one (highest worth)

assembly inserted. Zap 8.00 ~7. ~16 8.00 ~7. 4 | 6.90
'

;
'

4. Estimated' Rod Cluster Control Aeoembly
i

credit with 10 percent adjustment tod

k accommodate uncertaintfee (3b - 101 :s

percent).' Zap 7.20 ~7,00 7.20 (,.67 6.20 |

-- _ _ . _ . -



.

TABLE 4.3-3 (Continued)

REACTIVITY REQUIREMENTS FOR ROD CUJSTER CONTROL ASSDfBLIES

Reactivity Effects, Beginning-o f-Life End-o f-Life Mid-o f-Life

(First Cycle) (First Cycle) (Equilibrium Cycle)
i percent

Us!*T L I E Los.re vs .i t o n., e v s:r t

5. Shutdown margin available (4-2), IAp 4.55 4. % 3.15 2. 8 r 2.05**

N
.

i
, ;"

*
%.

\ Y
'

M

i

!

* Includes void effects
The design basis minimum shutdown is 1.75%Aoi **

i
t

i

|

i
'

*
* .,

+
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,
_
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,

3. leakage flow from the vessel inlet nozzle directly to the vessel outlet
nozzle through the gap between the vessel and the barrel.

4. Tiow introduced between the baffle and the barrel for the purpose of

cooling these components and which is not considered available for core
cooling.

5. Flow in the gaps between the fuel assemblies on the core periphery and
the adjacent baffle wall.

The above contributions are evaluated to confirm that the design value of the

core bypass flow is net. The design value of core bypass flow is equal to 4.5 )

percent of the total vessel flow. l

(p Unk's
of the total allowance 2.5 percent is associated with the internals (items 1,g
3, 4 and 5 above) and 2.0 percent for the core.$ Calculations have been per-
formed using drawing tolerances on a worst caseJbasis and accounting for

uncertainties in pressure losses, f Based on these calgu$Qns, the core _ bypass,,,,,. ,,} ,et de 44.t allom W ud A. 44 v.R A ehls 0% s, 3. W r,c L.s .v)w.-4 < 5a d .a.I Q
flow is < 4.5 percent.

ne

Flow model test results for the flow path through the reactor are discussed iXn
Subsection 4.4.2.7.2.

~

4.4.4.2.2 Inlet Flow Distributions: Data has been considered from several
1/7 scale hydraulic reactor model tests, References 4.4-23, 4.4-24, and 4.4-62,
in arriving at the core inlet flow maldistribution criteria used in the THINC
analyses (see Subsection 4.4.4.5.1). THINC-I analyses made, using this data,

i

have indicated that a conservative design basis is to consider 5 percent reduc- |
tion in the flow to the tot assembly, Reference 4.4-63. The same design basis j
of 5 percent reduction to the hot assembly inlet is used in 'IHINC IV analyses. i

The experimental error esticated in the inlet velocity distribution has been |
considered as outlined in Reference 4.4-18 where the sensitivity of changes in '

inlet velocity distribytions to hot channel thermal performance is shown to be
small. Studiesl4 4-18J made with the improved THINC model (THINC-IV) show
that it is adequate to use the 5 percent reduction in inlet flow to the hot
assembly for a loop out of service based on the expcrimental data in References
4.4-23 and 4.4-24.

The effect of the total flow rate on the inlet velocity distribution was studied
in the experiments of Reference 4.4-23. As was expected, on the basis of the
theoretical analysis, no significant variation ceuld be found 1.n inlet velocity
distribution with reduced flow rate.

4.4.4.2.3 Empirical Friction Factor Correlations: Two empirical friction
factor correlations are used in the THINC-IV computer code (described in Sub-
section 4.4.4.5.1).

The friction factor in the axial direction, paralleigog fuel rod axis, is
evaluated using the Novendstern-Sandberg correlation This correlation.

consists of the following:

4.4-23

-- . . - - -. -. -
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TABLE 4.6 1

TWERMAL AirD TTDRARIC COMPAR150u 1A3tt

W. 5. McGuire South Texas South Texas
Design Parametere Ustte 1 and 2 Dalt. 1 Onit 2

Reactor Core Best Output. int 3.411 3.000 3.600

0teactor Core Beat Detret.10 5tu/br 11.641 12.969 12.969

Seet Generated in Fuel. 2 97.4 97.4 97.4 ;

l

Systes Presente. Nominal, pela 2.250 2.250 2.250

Systes Pressure. Minime Steadv
State. Feia 2.220 2.220 2.220

Minimum DWat at Nominal Conditions

TyFical F1w Channel 2.08 2.16 2.16

Thimble (Cold Wall) Flow Channel 1.74 1,77 1.77 g

Minimas DWBR for Design Transiente > 1. 30 >1.30 >1.30

J

DW3 Correlation *1" (W 3 vith "R" (W3 with "R" (W 3 with )
Modified Spacer Modified Spacer hdified Spacer

Factor) Factor) Factor)

I
Coolant Flev

6 N' hTotal Thermal Flow late. 10 lb,/hr 140.3 139.6

Effective Flow tate or Beat
Transfer. 10 lb,/hr 134.0 133.2 130 06

3

Effeetive Flow A#** f'' I***
2Transfer. ft $1.1 $1.1 $1.1

Average Telecity Aloeg Fuel
184e. ft/see 16.7 16.7 16.7

]

Average Maes Telecity.10 lb,/hr-ft 2.62 2.61 2,68/ j6 2 I

l

4.442 Amendment 44

<

.
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TABLE 4.4-1 (Continued)

THERMAL AND HYDRAULIC COMPARISON TABLE
i

- W. B. McGuire South Texas bDesign Parameters V-
l' nits 1 and 2 L'n i t/1 -end-1'2 /jML _

Coolant Temperature

Nominal !nlet . 'F 558.1 560.'o' ' idio./
Average Rise in vessel. 'F 60.2 .66.1 4 6 2-
Averase Rise in Core. 'T 62.7 M.8 67.7
Averate in Cere. 'F- 592.1 596.6 3 76 f '(Based on Avg. Enthalpy)

Average in Yessel. 'T 588.2 543.0 '

Heat Transfer

Active Heat Transfer. Surface
Area. Ft' 59.700 89.700 09 VOO2 /

Average Heat Flux. B::u/hr-ft 189.400 1A1.200 /f /j 7 8 0 !

MaximumHeatFluxforjornal !:. Operation. Btu /hr-ft 440.300(*1) 453.100(a ) /s's, /so (ed
l

2

Average Linear Power. kW/f t 5.44 5.20 d zo !
Peak Linear Power for 1

g bd lNormal Operation, kW/ft 12.6 ,1) 13.0(,2) - j g, o

Peak Linear Fover Resulting fres
Overpever Transients / Operators Errors
(assuming a g imum overpower of
11 A%). kW/f t 18.0 18.0 /KO

PeakLinearPowerforPrevegonof Centerline Melt, kW/ft ~!> 18.0 >16.0 p /0 0
Power Density, kW per liter of core' 104.5 98.8 97,7
Specific Power, kW per kg Uranium (d) 38.4 '36.6 g g. g

4.4-41 Amendment 44

|

|
l

l

.

i
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TABLE 15.0 3

NOMINAL VALUES OF PERTINENT PIANT PARAMETERS ;

UTILIZED IN THE ACCIDENT ANALYSES"

:
,

Thermal output of NSSS (MVt) See Table 15.0 2
'

Core inlet temperature ('F) 560.0

Vessel average temperature (*F) 593.0 |18

Reactor Coolant System pressure (psia) 2250 ,

Reactor coolant flow per loop (gpm) qq oo W |18b 60

Steam flow from NSSS (1b/hr) 16,960,000 |18
i

;

Steam pressure at steam generator 1100
outlet (psia) ,

' Maximum steam moisture content (%) 0.25

Assumed feedwater temperature at steam 440
generator inlet (*F)

3
Average core heat flux (Btu /hr ft ) 181200

i

>

i

I

|

!
|

|

* Steady state errors discussed in Section 15. .3 are added to these values to
obtain initial c.on dshond Se , tenn uh

c6n ul) M4
b, ; ,. 9,, y g g ,,,,g g g __ _ .. g . g,. m,,

,

/ r.cter re ..<n.nNR_=n*1yei , -hich 1: th: ..esi limisins u..u @a
_
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Insert to Table 15.0-3
b

An inlet taiperaturn of 560.4 F ard a loop flew of 95,400 gpn have been0

used in the following analyses Soc Vmt s c a.L U w.t 2..

- bine Trip (FSAR Secticri 15.2.3)
-Reactor hhnt Pump Shaft Seizurs (Incked R:W.or) (PSAR Secticri 15.3.3)

(both hot epot and rods-in-mB analyses)
-Unocritrolled Red clustar Ctritrol Assembly Bank Withdrawal at Power

(FSAR Secticri 15.4.2)
-0)emical and Volume Ct:1 trol System Malfuncticri that Results in a

Decrease in Bcxrcr1 Ctricentration in the Reactor Cbolant (FSAR
Secticri 15.4.6) (Boren Dilution in Mode 1)

f Prussurizar Safety or Relief Valve (FSARSecticr1 6

|

1

l

0 i

An inlet t"T*raturn of 560.4 F ard a locp flow of 95,400 gpn have been '

used in the folicwing analyses Poe VMt. A owh.

i- Inadvertent Opening of a Steam Generator Relief or Safety Valve Causing
|a Deprammtrization of the Main Steam System (FSAR Secticr115.1.4) '

- Spectrun of steam Systen Piping Failures Inside ard CArtside Ocritairunent
(FSAR Secticri 15.1.5)

- Partial Izzas of Forced Reactor Cbolant Flew (FSAR Secticn 15.3.1)
- Cts:pleta Ioss of Ibroad Anactor Coolant Flow (FSAR Secticr115.3.2),

- Spectrum of fed clustar Q:ritrol Assembly Ejecticr1 Accidents (FSAR
Secticri 15.4.8)

I

!

I

i
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TABLE 15.0 4

TRIP POINTS AND TIME DELAYS TO TRIP

ASSUMED IN ACCIDENT ANALYSES

Limiting Trip
Trip Point Assumed Time Delays
Function In Analysis (Seconds)

Power range high neutron
flux, high setting 1184 0.5

Power range high -' tron

flux, low settin, 35% 0.5

Neutron Flux neactor Trip
Interlock, P 8 reset for 433 loop operation (coincident !

with low reactor coolant
flow) 854 1.0 60

Overtemperature AT Variable see &ri." 9,t)
Figure 15.0 1

57 t

Overpower AT Variable see BTE* 8, C)
Figure 15.0 1

,

OW4Ao \High pressurizer pressure Tees.psig 2.0 j

Low pressurizer pressure 1845 psig 2.0

Low reactor coolant flow
(from loop flow detectors) 874 loop flow 1.0 |

Undervoltage trip 68% nominal 1.5

Turbine trip Not applicable 2.0

Low lov steam generator 18% of narrow range 2.0
water level level span |

,

|

1

ITotal time delay (including RTD and thermowell time response, trip circuit 'a

and channel electronics delay) from the time the temperature difference
57in the coolant loops exceeds the trip setpoint until the rods are free to

fall.

15.0 20 Amendment 60
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'

2. A negative moderator coefficient corresponding to the end of life rodded
core with the most reactive rod cluster control assembly in the fully
withdrawn position. The variation of the coefficient with temperature

The k versus temperature at 1000 psiand pressure is included.
correspondingtothenegativemo8Natortemperaturecoefficientusedis !

8 ishown in Figure 15.1 11. The effect of power generation in the core on
overall reactivity with the wst reactive RCCA in the fully withdrawn i

position is shown on Figure 15.114 for nominal reactor ceMant flow.
'

The cora properties associated with the sector nearest the affected steam
generator and those associated with the remaining sector were conserva- |
tively combined to obtain average core properties for reactivity feedback -,

calculations. 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 8

high fuel temperature near the stuck RCCA, moderator feedback from the
high water enthalpy near the stuck RCCA, power redistribution and non-
uniform core inlet temperature affects. For cases in which steam gener-
ation 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 4

calculated, including the above local effects for the conditions. These j

results verify conservatism (i.e., underprediction of negative reactivity
feedback from power generation).

3. Minimum capability for injection of high concentrati .n boric acid !
solution corresponding to the most restrictive single failure in the 2 :

safety injection system. Iow concentration boric acid must be swept from I#

3the safety injection lines downstream of the isolation valves prior to (
the delivery of high concentration boric acid (2,500 ppm) to the reactor j
coolant loops. This effect has been allowed for in the analysis.

4 The case studied is a steam flow of 292 pounds per second at 1300 psia 2
from one steam generator with offsite power available. This is the maxi-
num capacity of any single steam dump, relief, or safety valve. Initial
hot shutdown conditions at time zero are assumed since this represents
the most conservative initial condition.

Should the reactor be just critical or operating at power at the time of
a steam release, the reactor will be tripped by the normal overpower
protection when powe.r level reaches a trip peint. Following a trip at
power, the RCS contains more stored energy than at no-load, and there is
appreciable energy stored in the fuel. Thus, the additional stored ener-
gy is removed via the cooldown caused by the steam release befora the
no load conditions of RCS temperature and shutdown margin assumed in the
analyses are reached. After the additional stored energy has been
removed, the cooldown and teactivity insertions proceed in the same man-,

ner as in the analysis which asstases neload condition at time zero.
However, since the initial steam genr w ar water inventory is greatest at
no load, the magnitude and duration M s as RCS cooldown are less for
steam release ' occurring at power. 43

j 15.1 10 Amendsent 57
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temperature coefficient, the cooldown results in an insertion of positive .

reactivity. If the most reactive RCCA is assumed stuck in its fully withdrawn
position after reactor trip, there is an increased possibility that the core
vill become critical and return to power. The core is ultimately shut down by

3 i

the boric acid delivered by the Safety Injection System. |
,

'Ihe analysis of a main steam line rupture is performed to demonstrate that the
following criterion is satisfied:

Assuming a stuck RCCA, with or without offsite power, and assuming a 3

sin 5 e failure in the SIS, the core remains in place and intact.1

|

Althou5h DNB and possible clad perforation following a staan pipe rupture are
not necessarily unacceptable, the analysis, in fact, shows that no DNB occurs
for any rupture assuming the most reactive assembly stuck in itr fully with-
drawn position.

A major steam line rupture is classified as an ANS Condition IV avant (see
Section 15.0.1).

|

The major rupture of a steam line is the most limiting cooldown Mansient and,
thus, is analyzed at zero power with no decay heat. Decay heat would retard
the cooldown thereby reducing the return to power, a detailed analysis of 1

this transient with the most limiting break size, a touble ended rupture, is
presented here. ]

The following functions provide the necessary protection for a steam line
rupture: |

'

1. Safety injection actuation from either: 2

a. Two out of four low pressurizer pressure signals, or 57

b. Excessive cooldown protection (two out of three low compensated |steamline pressure from any SG or two out of three low-lov ,X )
compensated T cold in any loop).

2. The overpower reactor trips (neutron flux and AT) and the r= actor trip 44 |

occurring in conjunction with receipt of the SI signal.

3. Redundant isolation of the main feedvater lines: sustained high feed- j
water flow would cause additional cooldown. Therefore, in addition to
the safety injection signal, an excessive cooldown protection signal vill 43
rapidly close all feedvater control valves and feedvater isolation
valves, as well as trip the main feedvater pumps. h % g,%p ,

4. Closure of the fast acting initeam solationb1ves(MSIVs)(dhs'i
to close in less than 5 seconds) from either a |

1
'

High 2 contalnment pressure signal, 57 |
'

a.

t. Lov stenaline pressure or low low T cold signal (two out of three
in any loop) above the P 11 setpoint, or 1

i
|

|
,

15.1 12 Amendment 57
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c. High negative steamline pressure rate signal (rvo out of three in 57
any loep) below the P 11 se poin:.

Tas: acting isolation valves are provided in each stea= line that will fully
close within 10 seconds of a large break in the stet = line. For breaks down-
strea: of the isolation valves, closure of all valves vould co:pletely tersi-
nate the blevdown. A description of stet = line isolation is included in 43
Chapter 12.

Design criteria and methods of protection of safery-related equip =en: frc: the
dyna:ic effects of postulated piping ruptures are provided in Section 3.6,

A block diagrt: su=narizing various protection sequences.for safety actions
required to =itiga:e the consequences of this event is provided in Figure 43

15.0 9.

15.1.5.2 Analvsis of Effects and censecuences.

Methed of Analysis

The analysis of the stet: pipe rupture has been perfor:ed to deter ine:

1. The cere hea: flux and RCS te:perature and pressure resulting frc: the
ecoldown following the stet: line break. The 14FTRAS code (Re f . 15.1 1)
has been used.

' he ther:a1 and hydraulic behavier of the core felleving a stet: line2. i

break. A detailed ther:a1 and hydraulic digital ec:puter cede, THISC,
has been used to deter:ine if DS3 occurs fer the core conditions cc:puted
in ::e= 1 abcve.

The =ethodology e pleved is censis: n: vith that used in the stet line rup- ,2

:Jem : pical r'epar: (kef 15.1 4)
' h:/ ache M 4 4/ d:uoy

~

~re
% ed .e e. .e. w e/ .%6 -

./""< g ,ecv //Wto exis ,eV M .ti.e ti:e of a main stet:/%....e .c. 6 . 1.. tv e assa:e at

'.ine break accident:

1. End of life shutdown =argin at no load, equilibriu: xenon cendi: ions, and
.

vith the =es: reac:ive RCOA stuck in its fully withdrawn positic... Op e r a --

tien of the centrel red banks during core burnup is restricted in such a
way that addition of positive reactivity in a stet: line break acciden: 3
vill no: lead to a =cre adverse condition than the case analy:ed.

*

:. A negative =odera:or ceefficien: correspending to the end of life redded
core with the ::s: rea::ive RCOA in the fully withdrawn positien. The
varia:icn of the coef,f t:ient with te=pera:ure and pressure has been
included. The k,7;f versus te:perature a: 1000 psy cerrespending to the
negative :oderator te:perature coefficien: used is @hown on Figure
15.1 11. The effect ef power generation in the coreNon overall reac- I

tivity vi h the =cs: rear tve ROCA in the fully withdrawn positien is 2 3
shovn en TiEure 15.1 1; ' ne:inal reactor coolant flev.

.

l'ec O e /t i 4"l
12 ;: p . Q< 0 .t 2.

-
_

-

15.1 13 - Ar.e nd e n: 57
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b. Case (a) with loss of offsite power simultaneeus with the steam line
break and initiation of the safety injection signal. Loss of 32
offsite power results in reactor coolant pump coastdown.

6. Power peaking factors corresponding to one stuck RCCA and nonuniform core
inlet coolant temperatures are determined at end of core life. The cold-
est core inlet temperatures are assumed to occur in the sector with the 2stuck 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 2

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 core parameters used for each of the two cases correspond to values
determined from the respective transient analysis.

Both the cases assume initial hot shutdown condition's at time zero ainee |57
this represents the most pessimistic initial condition. Should the 1

reactor be just critical or operating at power at the time of a steam
i

line break, the reactor will be tripped by the normal overpower protec-
tion system when power level reaches a trip point. Following a trip at
power, the RCS contains more stored energy than at no-load, the average
coolant temperature is higher than at no load snd there is appreciable
energy stored in the fuel. Thus, the additional stored energy is removed
via the cooldown caused by s . steam line break before the no load condi-
tions of RCS temperature and shutdown margin assumed in the analyses are
reached. After the additional stored energy has been removed, the
cooldown and reactivity insertions proceed in the same manner as in the
analysis which assumes no load condition at time zero.

7. In computing the steam flow during a steam line break, the Moody Curve
(Ref.15.13) for f(L/D) - 0 is used.

8. Perfect moisture separation in the steam generator is assumed.

Results

The calculated sequence of events for all cases analyzed is shown in Table
/ 6 f.1-1.

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.

Core Power and Reactor Coolant System Transien_t 2

Figures 15.1-15 through 15.1-17 show the RCS transient and core heat flux
following a main steam line rupture (complete severance of a pipe) at initial
no load condition (case a). Offsite power is assumed available such that full
reactor coolant flow exists. The transient shown assumes an uncontrolled

15.1-15 Amendment 57
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steam release from only one steam generator. Should the core be critical at
near zero power when the rupture occurs, the initiation of safety injection by | 2low steam line pressure will trip the reactor. Steam release from more than
one steam generator will be prevented by automatic closure of the fast acting

57isolation valves in the steam lines via the low steam line pressurs signal.
Even with the failure of one valve, release is limited to no more than 10 43seconds from 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 15.1 17, the core attains criticality with the RCCAs
inserted (with the design shutdown assuming one stuck RCCA) shortly before |18
boron solution at 2,500 ppa enters the RCS, A peak core power less than the |2
nominal full power value is attained.

.

,

The calculation assumes the boric acid is mixed with and diluted by the water
flowing in the RCS prior to entering the reactor core. The concentration
after mixing depends upon the relative flow rates in the RCS and in the SIS.
The variation of mass flow rate in the RCS due to water density changes is 1

included in the calculation as is the variation of flow rate in the SIS due to
changes in the reactor coalant system pressure. The SIS flow calculation |2
includes the line losses in the system as well as the pursp head curve, i

IFigures 15.1 18 through 15.1-20 show the response of the salient parameters
for case b which corresponds to the case discussed above with additional loss

|18of offsite power at the time the safety injection signal is generated. The

safety injection delay time includes 10 seconds to start the standby {iesel
|43generator and in 12 seconds the pump is assumed to be at full speed.

Criticality is achieved later and the core power increase is slower than in
the similar case with offsite power available. The ability of the emptying

steam generator to g g act heat from the RCS is reduced by the decreased flow |2 )in the RCS. For the DNBR evaluation, a power and power shape analysis consis- I3
tent with the fluid conditions was used. The peak power remains well below 118

,

the nominal full power value.

It should be noted that following a steam line break only one steam generator
blows down completely. Thus, the remaining steam generators are still avail-
able for dissipation of decay heat after the initial transient is over. In
the case of loss of offsite power, this heat is removed to the atmosphere via
the steam line safaty valves. 1

Martin to Critical Heat Fly

A DNB analysis was performed for both of these cases. It was found that the
DNB design basis as stated in Section 4.4 was met for all cases.

15.1.5.3 Radioloxical Consequences. The postulated accidents involving | 43
release of steam from the secondary system do no result in a release of radio-
activity unless there is leakage from the RCS to the secondary system in the
steam generators (SG's).' A conservative analysis of the potential offsite
doses resulting from a steamline break outside Containment upstream of the
main steam isolation valve (MSIV) is presented using the Technical Specifica-
tion limit secondary coolant concentrations. Parameters used in the analysis 43
are listed in Table 15.1 2.

15.1-16 Amendment 57
]

--. - _ - , . . - - . - - - . . _ - . - . - - - - . - . - . , - . - -



_ _ -

STP FSAR

TA31.2 15.1 1 (Continued)

TIMI st7cuCE Cr tvtNT5 ron IN01 DENT $ WO!H cat |$t
AN INOREASE IN HEAT RIMOVAL SY TH!. SECONDARY SYSTf.M Tiee (see)

Accident M Unct i U n.t 2.
3. Automatic Reactor 106 step load increase 0.0 0.0

Control (Minimum
accerator feedback)

Equilibrium conditions 100 g60
reached (approximate time
only)

4 Automatic Rosetor lot etep load increase 0.0 o,c
Control (Maximu=
sederator feedback)

Equilibrium conditions 150 ITC
reached (approximate time
only)

Accidental Depres. Insevertent opening of 0.0 dO
ourization of the one main eteam safety
Main steam System or relief valve

Pressuriser empties 181 JL44 3

2,500 ppa boron reaches core 290 379
Steam Systes Piping
Tailure

1. Case a (Plant Stena line ruptures 0 O
initially at no
load. with off. Pressuriser empties 18.2 /d. 4

M'Criticality attained 20.7

2.500 ppe boren reaches core 111 goo

2. Case b (same Stena line ruptures 0 0
as Case a
except for loss Pressuriser espties 21.2 g 3. Oof offsite power)

Criticality attained 28.7 10. A
2,500 ppa boron reaches core 193 )$A

|15.1 20 (
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15.3.1.2 Analysis of Effects and Consequences.

Method of Analysis
54

'

The case analyzed is the loss of one pump with four loops in operation.

This transient is analyzed by three digital computer codes. First the LOFTRAN
code (Reference 15.3 1) is used to calculate the loop and core flow during the
transient, the time of reactor trip based on the calculated flows, the nuclear
power transient, and the primary system pressure and temperature transients.
The FACTRAN code (Reference 15.3 2) is then used to calculate the heat flux
transient based on the nuclear power and flow from LOFTRAN. Finally, the

THINC code (Section 4.4) is used to calculate the DNBR during tha transient
based on the heat flux from FACTRAN and flow from 14TTRAN. The departure from
nucleate boiling ratio (DNBR) transients presented represent the minimum of
the typical or thimble cell.

Initial Conditions

Plant characteristics and initf el conditions are discussed in Section 15.0.3.
Initial operating conditions assumed for this event are the most adverse with
respect to the margin to DNB; i.e., maximum steady state power level, minimum i

steady state pressure, and maximum steady state coolant average temperature.
The pressure uncertainty used in this analy. tis is 34 psi and the coolant 54 |g

Ts go ct g u_ Aaverage temperature uncertainty is 4.7'F4
, 44 ps, b Ved A

Reactivity Coefficients 0.c V+t ' ks e(
s.u' %e QA A

'

The most negative Doppler only power coefficient is used (see Figure 15.0 2).
This is the equivalent of a total integrated Doppler reactivity from 0 to 100
percent of 0.016 percent ak.

The least negative moderator temperature coefficient (see Figure 15.0 6) is
'assumed since this results in the maximum core power during the initial part

of the transient when the minimum DNBR is reached.

Flow coastdown :

The flow coastdown analysis is based on a momentum balance around each reactor
coolant loop and across the reactor core. This momentum balance is combined
with the continuity equation, a pump momentum balance and the pump character-
istics and is based on high estimates of system pressure losses.

Plant systems and equipment which are available to mitigate the effects of the
; accident are discussed in Section 15.0.8 and listed in Table 15.0 6. No sin-

gle active failure in any of these systems or equipment will adversely affect
the consequences of the accident.

| |
|

15.3 2 Amendment 54
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undervoltageorunderfrequency.48nevariationbetweenthisanalysisandthat
of the previous section is that the RCCA insertion time to dashpot entry is 55
2.58 seconds. This is a conservative insertion time under the reduced flow
conditions that exist when the RCCAs are inserted for this transient.

Results

Figures 15.3 9 thrcugh 15.3 12 show the transient response for the less of
power to all reactor coolant pumps with four loops in operation. The reactor
is again assumed to be tripped on undervoltage signal. Figure 15.3 12 shows

|$4the DNBR to be always greater than 1.30.

Since DNB does not occur, the ability of the primary coolant to remove heat
from the fuel rod is not greatly reduced. Thus, the average fuel and clad
temperatures do not increase significantly above their respective initial
values.

The calculated sequence of events is shown in Table 15.31. The reactor 54
coolant pumps vill continue to coastdown, and natural circulation flow will
eventually be established, as demonstroted in Section 15.2.6. With the
reactor tripped, a stable plant condition vill be attained. Normal plant
shutdown may then proceed.

15.3.2.3 Radiological Consequences. A complete loss of reactor coolant
flov from full load results in a reactor and turbine trip. Assuming, in addi-
tion, that the condenser is not available, atmospheric steam dump would be
required. The quantity of steam released would be the same as for a loss of
offsite power.

There are only minimal radiological consequences associated with this event.
Therefore, this event is not limiting. Since fuel damage is not postulated,
the radiological consequences resulting from atmospheric steam dump are less
severe than the steam line break, discussed in Sectien 15.1.5.

15.3.2.4 Conclusions. The analysis performed has demonstrated that for
the complete loss of forced reactor coolant flow, the DNER does not decrease

18below 1.30 at any time during the transient. Thus, the DNB design basis as
described in Section 4.4 is met.

15.3.3 Reactor Coolant Pump Shaft Seizure (Locked Rotor)

15.3.3.1 Identification of ,Causes and Accident Description. The acci-
dent postulated is an instantaneous seizure of a reactor coolant pump rotor l

such as is discussed in Section 5.4 Flow through the affected reacter cool-
ant loop is rapidly reduced, leading to an initiation of a reactor trip on a
low reactor coolant flow signal. ,'3

i 4

Following initiation of the reactor trip, heat stored in the fuel rods contin-
ues to be transferred to the coolant causing the coolant to expand. At the
same time, heat transfer to the shell side of the steam generators is reduced, !
first because the reduced flow results in a decreased tube side film coeffi- I

cient and then because the reactor coolant in the tubes cools down while the |

shell side temperature increases (turbine steam flow is reduced to zero upon
turbine trip). The rapid expansion of the coolant in the reactor core, com-
bined with reduced heat transfer in the steam generators causes an insurge 43 ,

i
1

a 15.3 5 Amendment 55 l
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into the pressurizer and a pressure increase throughout the RCS. The insurge
into the pressurizer compresses the steam volume, actuates the automatic spray
system, opens the power operated relief valves, and opens the pressurizer
safety valves, in that sequence. The two power operated relief valves are
designed for reliable operation and would be expected to function properly
during the accident. However, for conservatism, their pressurc reducing effect
as well as the pressure reducing effect of the spray is not included in the
analysis,

.

This event is classified as an ANS Condition IV incident (a limiting fault) as
defined in Section 15.0.1.

15.3.3.2 Analysis of Effects and Consequences.

Method of Analysis

Three digital computer codes are used to analyze this transient. The LOFTRAN
code (Reference 15.3 1) 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 to deter-
mine the peak pressure. The thernal behavior of the fuel located at the core
hot spot is investigated using the FACTRAN code (Reference 15.3 2), using the
core flow and the nuclear power calculated by 14FTRAN. The FACTRAN code
includes the use of a film boiling heat transfer coefficient. The FACTRAN
code is also used to calculate the heat flux transient based on the nuclear
power and flow from IDFTRAN. Finally, the THINC code (Section 4.4) is used
to calculate the DNBR distribution in the core during the transient based on
the heat flux from FACTRAN and flow from 14FTRAN. The DNBR distribution is
used to calculate the number of reds in DNB.

Two cases are analyzed:

1. Four loops operating, one locked rotor

2. Four loop s operating, one locked rotor, loss of power to the other greactor coolant pumps

At the beginning of the postulated locked rotor accident, i.e., at the time
the shaft in one of the reactor coolant pumps is assumed to seize, the plant
is assumed to be in operation under the most adverse steady state operating
condition (i.e. maximum steady state power level, maximum steady state pres.
sure, and maximum steady state coolant average temperature). Plant charac.
teristics and initial conditions are further discussed in Section 15.0.3. The
pressure uncertainty used in these analyses is 34 psi and,ch= coolant _ average
temperature uncertainty is 4.7'? j #gg
For the case without offsite power ava uable, power is lost to the unaffected
pumps 2 seconds after reactor trip. (Note: Crid stability analyses show that
the grid will remain stable and that offsite power will not be lost because of
a unit trip from 100 percent power. The 2 second delay is a conservative 55
assumption based on grid statility analyses / )

When the peak pressure is evaluated, the initial pressure is conservatively
estimated as 34 psi above nominal pressure (2250 psia) to allow for errors in

54
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;

the pressurizer pressure measurament and control channels' To obtain the |18.

maximum pressure in the primary side, conservatively high loop pressure drops
are added to the calculated pressurizer pressure. The pre:sure responses
shown on Figure 15.3 18 are the responsus at the point in the RCS having the |54 !

maximum pressure. ;

Evaluation of the Pressure Transient

After pump seizure, the neutron flux is rapidly reduced by control rod inser-
tion. Rod motion begins one second after the flow in the affected loop

5reaches 87 percent of nominal flow. No credit is taken for the pressure
reducing effect of the pressurizer power-operated relief valves, pressurize
spray, steam dump or controlled feedwater flow after reactor trip. Although i
these are expected to occur and would result in a lower peak pressure, an !

additional degree of conservatism is provided by ignoring their effects. ,

!

The pressurizer safcty valves are full open at 2575 psia and their capacity |
for steam relief is as described in Section 5.4. '

i
Evaluation of DNB in the Core During the Accident ;

t

For this accident, DNB is assumed to occur in the core, and therefore, an
'

evaluation of the consequences with respect to fusi rod thermal transients is j
performed. Results obtained from analysis of this "hot spot" condition repre- !

sent the upper limit with respect to clad temperature and zirconium water !

reaction. |

di,i. n i

In theAevaluation, rod power at the hot spot is assumed to be 2.50 times the
average rod power (i.e., F - 2.50) at the initial core power level. In t.k -

v et 2. u W h , n d. e m e 9 u+ % % & sp d is
% : A.b d,g,g g 4, m 4d-+kiw.b4f;|

ww. % sa.a.,

Film Boiling Coefficient *P * * * f* # (Lt.,
<.o n cow l e. M . |

The film boiling coefficient is calculated in the FACTRAN code using the
Bishop Sandberg Tong film boiling correlation. The fluid properties are eval- ,

usted at film temperature (average between vall and bulk temperatures). The
program calculates the film coefficient at every time step based upon the ,

actual heat transfer conditions at the time. The neutron flux, system pres- '

sure, bulk density and mass flov rate as a function of time are used as
program input.

-,

|

For this analysis, the initial values of the pressure and the bulk density are i

used throughout the transient since they are the most conservative with I

respect to clad temperature response. For conservatism, DNB was assumed to
i

start at the beginning of the accident.

Fuel Clad Gap Coefficient

The magnitude and time dependence of the heat transfer coefficient between
*uel and clad (gap coefficient) has pronounced influence on the thermal
results. The larger the value of the gap coefficient, the more heat is trans-
ferred 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

15.3 7 Amendment 54
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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 tran-
sient.

Zirconium Steam Reaction .

The zirconium steam reaction can become significant above 1800'F (clad
temperature). The Baker Just parabolic rate equation shown below is used to
define the rate of the zirconium steam reaction. ,

d(w2) , -(45,500),

dt 1.986T
'

where:

2amount roacted, ag/cmw -

time, seet -
,
t

temperature, */ kT -

The reaction heat is 1510 cal /gm.

The effect of zirconium steam reaction is included in the calculation of the
"hot spot" clad temperature transient.

Plant systems and equipment which are available to mitigate the effects of the
accident are discussed in Section 15.0.8 and listed in Table 15.0 6. No sin-
gle active failure in any of these systems or equipment will adversely affect
the consequences of the accident.

Results

Locked Rotor with Four Loops Operating

The transient results for this case are chown on Figures 15.3-17 through h8
15.3-20. The results of these calculations are also summarized in Table
15.3 2a. The peak RCS pressure reached during the transient is less than that h4
which would cause stresses to exceed the faulted condition stress limits.

~

Also, t.he peak clad surface temperature is considerably less than 2700'F. It

should be noted that the clad temperature was conservatively calculated as- ,

suming that DNB occurs at the initiation of the transient. The number of rods !
in DNB was conservatively calculated as 7 percent of the total rods in the i,Jnd ) 1

core cu s( io tacN-\- of h c. h m -%4 U m-h- 2. c4 e4 .

Locked Rotor with Four Loops Operating, Loss of Power to the Remaining Pumps

The transient results for this esse are shown on Figures 15.3 17 through
15.3 20. The results of these calculations are also summarized in Table ]
15.3 2b. The peak RCS pressure reached during the transient is less than that 57 '
which would cause stresses to exceed the faulted condition stress limits. '

Also, the peak clad surface temperature is considerably less than 2700*F.
54Both the peak RCS pressure and the peak clad surface temperature for this case

are similar to the 4 loop transient with power available as discussed above.
The total percentage of fuel cladding damaged is the same as the with power
case, thus the conclusions of Section 15.3.3.3 are applicable to both events. |

15.3 8 Amendment 57
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(" The calculated sequence of events for the two cases analyzed is shown in Table 34
^ 15.3-1. Figure 15.3-17 shows that with offsite power available, the core flow I

reaches a new equilibrium value by 10 seconds. With the reactor tripped, a

stable plant condition will eventually be attained.

15.3.3.3 Radiological Consequences. The postulated accidents involving |43
release of steam from the secondary system do not result in a release of
radioactivity unless there is leakage from the Reactor Coolant System (RCS) to

the secondary system in the steam generators (SGs). A conservative analysis

of the potential offsite doses resulting from a reactor coolant pump shaft
seizure accident is presented using the Technical Specification limit secon-
dary coolant concentrations. Parameters used in the analysis are listed in |43
Table 15.3-3.

The conservative as;umptions and parameters used to calculate the activity
released and offsite doses for a pump shaf t seizure accident are the fol-
lowing:

1 Prior to the accident, the primary coolant concentrations are assumed to c;
be eaual to the technical specification limit for full power operation
following an iodine spike (1-131 equivalent of 60 pCi/g). These concen-
trations are presented in Table 15.A 4

2. Prior to the accident, the secondary coolant specific activity is equal
to the technical specification limit of 0.10 pCi/gm dose equivalent
I 131. This dose equivalent specific activity is presented in
Table 15.A 5
TE//

3. Se===gpercent the total core fuel clad * . is damaged, which results i
in the re : =ase to the reactor coolant of percent of the total gap l ~, ,

inventor; of the core. This acti,vity is assumed uniformly cixed in the
primary coolant. A MOOpt/MyS/$ W/7H d REdt.ME Tb TYt 22/?CTC& Coot-.Awr

of *FtFTEEy@tofie7ondary leakage of 1 gal / min (Technical Specificationaih phic5ry [Eecyur op rnt 'roTAL 6;.4P mVdmM)/ OF TW coa 6 lb /Wi Ub6b TC4.
licit) is assumed to continue for 8 hrs following the accident.

5. Offsite power is lost; MS condensers are not available for steam dump.
,

6. Eight hours af ter the accident, the Residual Hect Removal System (RHRS)
starts operation to cool down the plant. No further steam or activity is
released to the environment.

7. The iodine partitlen factor in the SGs is equal to 0.01.
43

The steam releases and ceteorological parameters are given in Table 15.3-3.

The thyroid, gamma and beta doses for the reactor coolant pump shaft seizure 4 ,'accident are given in Table 15.3-4 for the Exclusion Zone Boundary (EZB) of
1430 ceters and the Low Population Zone (LPZ) of 4800 meters.

15.3.3.4 Conclusions. Since the peak RCS pressure reached during any of
the transients is less than that which would ceuse stresses to exceed the i

faulted condition stress limits, the integrity of the primary coolant system !
is not endangered. |

15.3 9 Amendment 57
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TABLE 15.3 1
'

,
,

1

TIME SEQUENCE OF EVENTS FOR INCIDENTS VHICH RESULT
'

IN A DECREASE IN A REACTOR COOLANT SYSTEM FLOW l I
i

l *

Accident Event Time (sae) i i

va ir i v~ .T 2.
|Partial Loss of Forced - -

Reactor Coolant Flow .

,

Four loops operating, Coastdown begins bow 0 0 |43;
one pump coasting Low reactor coolant flow trip 1.30 11\

down gods begin to drop 2.30 A 11 i l g ; ,ii

minimum DNBR occurs 3.40 1To ! !

G
|Complete Loss of Forced

Reactor Coolant Flow |,

.r

Ii

k;Four Loop

!
All operating pumps O c 54 ,i
lose power and begin |*
coasting dc m ji

i i

Reactor coolant pump 0 o :
;i'

undervoltage trip point
reached , .;

Rods begin to drop 1.5 hC
'

Minimum DNBR occurs 3.3 3, f ;I

!'

Reactor Coolant Pump ;

Shaft Seizure (Locked |
Rot r) (With offsite i

power)

0Rotor on one pump 0
locks

Low reactor coolant 0,07 0.07
flow setpoint reached

15.3-12 Amendment $4
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TABLE 15.3 1 (Continued)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT
IN A DECREASE IN A REACTOR COO 1 ANT SYSTEM FLOW

Time (sec)
Four Loop

Accident Event Operation
vs.n s v ar 1. g

Rods begin to drop 1.07 1.o 7 1

Maximum RCS pres- 3.3 3*2 |56
sure occurs

3 lo 18Maximum clad temper- 3.7
ture occurs

Reactor Coolant Pump
Shaft Seizure (Locked

54Rotor) (Without O
offsite power) Rotor on one pump locks O

Low reactor coolant 0.07 0.07
flow setpoint ,

Rods begin to drop 1.07 1.07 i

RCPs lose power, 3.07 '3.07
coastdown begins

Maximur RCS pressure 3.3 '3. 9,
occurs

Maximum clad temperature 3.9 3,9
occurs

15.3 13 Amendment 56
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TABLE 15.3 2a

SUMMARY OF RESULTS FOR LOCKED ROTOR TRANSIENTS

(With offsite power)
,

4 loops' Operating !
Initially 54

v.,. va T t

Maximum Reactor Coolant System 2589
' ~

46/5-
Pressure (psia)

Maximum Clad Temperatura at 1675 i 7 13
Core Hot Spot (*F)

Zr H o reaction at Core Hot .169 01
Spoty(4 by weight)

|

k
i

i

!

|

l

|

|

|

|

|

15.3 14 Amendment 54
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TABLE 15.3 2b

SUMMARY OF RESULTS FOR IDCKED ROTOR TRANSIENTS :

|

(Without offsite power)

4 leops Operating 54-
'

Initially
.

v-,v s _- _y a n- t
Maximum Reactor Coolant 2589 2 6 (.

System Pressure (psia)

Maximum Clad Temperature at 1680 mt7
Core Hot Spot (*F)

Zr H O reaction at Core Hot .188 (j , 3
Spot 2(4 by weight)

!

\

l

|

|

l

15.3 15 Amendment 54
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TABLE 15.3-3 "

PARAMETERS USED IN RC PUMP'SHAFE SEIZURE ACCIDENT ANALYSIS
.

Parameters

Core thermal power, MWt 3,'00

SG tube leak rate prior to accident 1.0 gm
and initial 8 hrs following accident

GWPS operating prior to accident No

Offsite power Lost

Fuel defects 1.0%
'

is
iPrimary coolant concentrations Table 15.A 4 ]
'|Secondary coolant concentrations Table 15.A 5 J

Failed fuel (following accident) -78[8 h'#f of fuel
rods in core |

Activity released to reactor /0 of total gapcoolant from failed fuel and inventory of nobleavailable for release gases and iodines

Iodine partition factor in SG's 0.01during accident

Steam release from four 614,000* (0-2 hr;
SGs, lb 1,264,000 (2-8 hr?
t sorology 5 percentile

Table 15.B-1-

Dose model Appendix 15.B

* Condensers assumed unavailable for steam dump.

ss fir- dr a$o ho & * ''' ^%M y{ v

/fg|aN Y*dy 44M

.
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TABLE 15.3-4~~

DOSES RESULTING FROM RC PUMP SHAPT SEIZURE ACCIDENT
I

TEN N %W Gs4p TNEA)TDny
Exclusion Zone Boundary Low Population Zone

1430 m, 0-2 hrs 4800 m, Duration

L'

thyroid dose, Rems /,04/ 7,0 L : /,$ 3 4 4 # -2 l ''
whole-body gac:=a dose, Rems 3,6 M* X 10 ,2 6et X 1 -

t
-2

skin beta dose, Rems 2,| 99@ X 10

( />3 x /6-R

,

|

M Fifresu % 75n9t. G+p hven70ey \
!

!

b N]Mt C$C , 2 01S lo 5(a

%\e.hedg gama dese,2 ems ''Enx/o 3,9 xio
-2 1

T k Jn $c.3A. dese , Ems 3.1v/O /,9 xff '#

.

I

i

.
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Plant characteristics and initial conditions are discussed in Section 15.0.3,

In order to obtain conservative results for an uncontrolled rod withdrawal at
the following assumptio_nga&Co TwwLf Gr 0% 4 A)ade-power accident,

f 0,, A o w
1. Initial conditions of maximum core power and reactor coolant average

temperature (+4.7'F uncertaint and minimum reactor coolant pressure 57
(- % y.; 2::-tri.r)m resul_ ting _in the minimum initJa1 margin to DN.B%

%-C - A v 6 M T w w h .- h 4 + ,.f undg
2. Reactivity Coefficients Two cases are analyzed,

a. Minimum Reactivity Feedback: A least negative moderator temperature
coefficient of reactivity and a least negative Doppler-only power
coefficient of reactivity (See Fig. 15.0 2) are assumed correspond-
ing to the beginning of core life,

b. Maximum Reactivity Feedback: A conservatively large negative moder-
ator temperature coefficient and a most negative Doppler-only power
coefficient are assumed.

3. The reactor tr!p on high neutron flux is assumed to be actuated at a
conservative value of 118 percent of nominal full power. The AT trips i

'

include all adverse instrumentation and setpoint errors, while the delays
for the trip signal actuation are assumed at their maximum values.

4 The RCCA trip insertion characteristic is based on the assu=ption that |

the highest worth assembly is stuck in its fully withdrawn position.
,

1

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

6. The effect of RCCA movement on the axial core power distribution is |
accounted for by causing a decrease in overtemperature AT setpoint pro-
portional to a decrease in margin to DNB.

A block di,agram summarizing various protection sequences for safety actions |
required to mitigate the consequences of this event is provided in Figure 92II*

!
615.0-15. | {

Plant systems and equipment which are available to mitigate the effects of the
accident are discussed in Section 15.0.8 and listed in Table 15.0 6. No sin-
gle active failure in any of these systems or equipment vill adversely affect j
the consequences of the accident. A discussion of anticipated transients |

vithout trip (A NT) considerations is presented in Reference 15.4-4. |
|

'

Results

Figures 15.4-4 through 15.4 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 T""8 and
pressure result and margin to DNB is maintained.

15.4-7 Amendment 57
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The transient response for a slow RCCA withdrawal from full power is shown on
Figures 15.4-7 through 15.4-9. Reactor trip on overtemperature AT occurs
after a longer period. Again, the minimum DNBR is greater than 1.30. |18

Figure 15.4-10 shows the minimum DNBR as a function of reactivity insertion
rate f rom initial full power operation for minimum and maximum reactivity )

'feedback. It can be seen that two reactor trip channels provide protection
over the whole range of reactivity insertion rates. These are the high neu-
tron flux and overtemperature AT chenrels. The minimum DNBR is always greater
than 1.30. |1e

Figures 15.4-11 and 15.4-12 show the minimum DNBR as a function of reactivity
insertion rate for RCCA withdrawal incidents starting at 60 snd 10 percent
power respectively. The .esults are similar to the 100 percent power case,
except as the initial power is decreased, the range over which the overtem-
perature AT rip is effsetive is increased. In neither case does the DNBR
fall below 1.30. |18

The shape of the curves of minimum DNBR versus reactivity insertion rate in
the referenced figures is due both to reactor core and coolant system tran- i

sient response and to protection cystem action in initiating a reactor trip. !

Referring to the minimum feedback case in Figure 15.4-11, for exenple, it is
noted that:

3 1
1. For high reactivity 3 insertion ratee (i.e., between approximately / x 10 ' |

-

Ak/see and 1.0x10 Ak/sec) reactor trip is initiated by the high neu-
tron flux trip. The neutron flux level in the cere rises rapidly for
these insertion rater while core heat flux and coolant system temperature
lag behind due to the thermal capacity of the fuel and coolant "ystem ;

fluid. Thus, the reactor is tripped prior to significant increase in I

heat flux or water temperature with resultant high minimum DNBRs during !
'

the transient. As reactivity insertion rate decreases, core heat flux
and coolent temperatures can remain more nearly in equilibrium with the
nautron flux; minimum DNBR during the transient thus decreases with
decreasing insertion rate.

I

2. The overtemperature AT reactor trip circuit initiates a reactor trip when |

seasured coolant loop 4T exceeds a setpoint based on measured RCS average
temperature and pressure. This trip circuit is described in detail in
Chapter 7; however, it is important in this context to nota that the
average temperature contribution to the circuit is lead-lag compensated
in order to decrease the effect of the thermal capacity of the RCS in
response to power increases.

3. With further decrease in reactivity insertion rate, the overtemperature !
AT and high neutron flux trips become equallg4 effective in terminating |

the transient (e.g., at approximately / x 10 ok/see reactivity
insertion rate). 3

3 -4 iForreactivityinseryonratesbetweenapproximately/x10 Ak/sec and i

approximately 5 x 10 A k/see the ef fectiveness of the overtemperature AT ( l
'trip increases (in terms of increased minimum DNBR) due to the fact that )

with iOver insertion rates the power increase rate is slower, the rate of

'

15.4-8 Amendment 43
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rise of average coolant temperature is slower and the system legs and
delays become less significant.

,

-54. For reactivity insertion rates less than approximately 5 x 10 ok/sec,
the rise in the reactor coolant temperature is sufficiently high so that
the steam generator safety valve setpoint is reached prior to trip.
Opening of these valves, which act as an additional heat load of the RCS,

.

I

sharply decreases the rate of rise of RCS average temperature. T) '.s
decrease in rate of rise cf the average coolant system temperatu_a during
the transient is accentuated by the 3 cad-lag compensation causing the
overtemperature AT trip setpoint to be reached later with resulting lower
minimum DNBRs.

For transients initiated from higher power levels (for exanple, see Figure
15.4-10) this effect, described in Item 4 aboye, which results in the sharp

| ,'peak in minimum DNBR at approximately ,la .m/.... does not occur since
the steam generator safety valves are never actuated prior to trip.

TC Mg |,

Since the RCCA withdrawal at power incident is an overpower transient, the ;

fuel temperatures rise during the transient until after reactor trip occurs. !

For high reactivity insertion rates, the overpower transient is fast with
respect to the fuel rod thermal time constant, and the core heat flux lags
behind the neutron flux response. Due to this lag, the peak core heat flux
does not exceed 118 percent of its nominal value (i.e., the high neutron flux
trip setpoint assumed in the analysis). Taking into account the effect of the
RCCA withdrawal on the axial core power distribution, the peak fuel tempera-
ture vill still remain below the fuel melting temperature. ,

i

For slow reactivity insertion rates, the core heat flux remains more nearly in i

equilibrium with the neutron flux. The overpower transient is terminated by
the overtemperature 4T reactor trip before a DNB condition is reached. The
peak heat flux again is maintained below 118 percent of its nominal value. i

Taking into account the effect of the RCCA withdrawal on the axial core pove.r
distribution, the peak fuel temperature vill remain below the fuel melting t

temperature. ,

,

Since DNB does not occur at any time during the RCCA withdrawal at power tran- i
!sient, the ability of the primary coolant to remove heat from the. fuel rod is

not reduced. Thus, the fuel cladding temperature does not rise significantly
abcvc its initial value during the transient.

The calculated sequence of events for this accident is shown in Table 15.4-1.
With the reactor tripped, the plant eventually returns to a stable condition.
The plant may subsequently be cooled down further by following normal plant
shutdown procedures.

15.4.2.3 Radiological Consequences. There are only minimal radiological
consequences associated with an uncontrolled RCCA bank withdrawal at power

,

event. The reactor trip causes a turbine trip and heat is removed from the j
secondary system through the steam generator pavar-operated relief valves
(PORVs) or safety valves. Since no fuel damage ia postulated to occur, the
radiological consequences associated with atmospheric steam release from this
event are less severe than the steam line break e'ent analyzed in Section
15.1.5.3.

I

15.4-9 Amendment 43 j
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r
15.4.2.4 Conclusions. The high neutron flux and overtemperatge 6T trip

channels provide adequate protection over the entire range of possible reac-
tivity insertion rates (i.e., the minimum value of DNBR is always larger than
1.30). Thus, the DNB design basis as described in Section 4.4 is met. |43

15.4.3 Rod Cluster Control Assembly Misoperation h3

15.4.3.1 Identification of Causes and Accident Description. RCCA mis-
operation accidents include:

1. One or more dropped RCCAs within the same group; 30

2. A dropped RCCA bank;

k33. Statically misaligned RCCA;

4. Withdrawal of a single RCCA.

Each RCCA has a position indicator channel which displays the position of the
assembly. The displays of assembly positions are grouped for the operator's
convenience. Fully inserted assemblies are further indicated by a rod at
bottom signal, which actuates a local alarm and a control room annunciator.
Group demand position is also indicated.

RCCAs are always moved in preselected banks, and the banks are always moved in b0
53the sa=e preselected sequence. Each bank of RCCAs is divided into two groups. 43The rods comprising a group operate in parallel through multiplexing thyris- |

tors. The two groups in a bank move sequentially such that the first group is 1

always within one step of the second group in the bank. A definite schedule )of actuation or deactuation of the stationary gripper, movable gripper, and j
lift coils of a mechanism is required to withdraw the RCCA attached to the <

Imechanism. Since the stationary gripper, movable gripper, and lift coils
| 43| 53associated with the four RCCAs of a rod group are driven in parallel, any

single failure which would cause rod withdrewal would affect a minimum of one
group. Mechanical failures are in the direction of insertion or immobility.

The dropped RCCA, dropped RCCA bank, and statically misaligned RCCA events are |53
classified as American Nuclear Society (ANS) Condition II incidents (incidents
of inoderate frequency) as defined in Section 15.0.1. However, the single RCCA |

withdrawal incident is classified as an ANS Condition III event, as discussed !
below.

|

No single electrical or mechanical failure in the rod control system could |43 ,

cause tha accidental withdrawal of a single RCC/. from the inserted bank at i
full power pration. The operator could withdraw a single RCCA in the
control tank since this feature is necessary in order to retrieve an assembly |43 53

should one be accidentally dropped. The event analyzed must result from
multiplewir{ngfailutes(probabilityforsinglerandomfailureisonthe j
order of 10' / year; refer to Section 7.7.2.2) or multiple serious operator |57 1

errors and subsequent and repeated operator disregard of event indication.
The probability of such a combination of conditions is very low. The L 53consequences, however, may include slight fuel damage. Thus, consistent with 1

15.4 10 Amendment 57
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The insertion limits in the Technical Specifications 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 post-
tion of the control bank as deeply inserted as the criteria on minimum
DNBR and power peaking factor will allow. The full power insertion limits

!
,

on control bank D must then be chosen to be abave that position and will '

usually be dictated by other criteria. Detailed results will vary from
cycle to cycle depending on fuel arrangements.

t

!
For this RCCA misalignment with bank D inserted to its full power insert. 53 iion limit and one RCCA fully withdrawn, DNBR does not fall below the

|limit value. This case is analyzed assumin8 the initial reactor power, I

pressure and RCS temperature are at their nominal values (as given in
Table 15.0-2) including a +2 percent power uncertainty, a -34 psia 57

pressure uncertainty and a +4.7'F temperature uncertainty ut with the
increased radia peaking factor associated with the misal e RCCA.

,

i

DNB calculations have not been performed specifically for RCCAs missin'g'\ | 53
'

from other banks; however, power shape calculations have been performed,
as required, for the RCCA ejection analysis. Inspection of the power
shapes shows thet the DNB and peak kW/ft situation is less severe than i
the bank D case discussed above assuming insertion limits on the other
banks equivalent to a bank D full in insertion limit.

For RCCA misalignments with one RCCA fully inserted, the DNBR does not- k
fall below the limit value. This case is analyzed assuming the initial

!reactor power, pressure and RCS temperature are at their nominal values
(as given in Table 15.0 2) including a +2 percent power uncertainty, a

}|34 psia pressure uncertaint 57withtheincreasedradial@ylanda+4.7'Ftemperatureuncertainty ut
a ing factor associated with the misaligne

,

# '

RCCA.
I

UDNBd s 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.

|

MgQ g - LQ O hr On8'bcx-
y . _ _ . . _ _ _ .

.
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__ .- -
_ _ , _ _ - -
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For this reason, a rod insertion limit is defined as a function of power lev-
el. Operation with the RCCAs above this limit guarantees adequate shutdown
capability and acceptable power distribution. The position of all RCCAs is
continuously indicated in the control room. An alarm will occur if a bank of }

RCCAs approaches its insertion limit or if one RCCA deviate / from its bank.
Operating instructions require boration at low level alarm. 5 ,

Reactor Protection

The reactor protection in the event of a rod ejection accident has been
described in Reference 15.4 7. The protection for this accident is provided
by high neutron flux trip (high and low setting) and high positive rate of |43
neutron flux trip. These protection functions are described in detail in
Section 7.2.

Effects on Adiacent Housings

Disregarding the remote possibility of the occurrence of a complete RCCA mech-
anism housing failure, investigations have shown that failure of a housing due
to either longitudinal or circumferential cracking vo ld not cause damage to
adjacent housings. The CRDM is duscribed in Section 3.9.4 |43

Effects of Rod Travel Housing Longitudinal Failures

If a longitudinal failure of the rod travel housing should occur, the region
of the position indicator assembly opposite the break would be stressed by the
reactor coolant pressure of 2,250 psia. The most probable leakage path would
be provided by the radial deformation of the position indicator coil assembly,
resulting in the growth of axial flow passages between the rod travel housing
and the hollow tube along which the coil assemblies are mounted.

If failure of the position indicator coil assembly should occur, the resulting
free radial jet from rhe failed housing could cause it to bend and contact
adjacent rod housings. If the adjacent housings were on the periphery, they
might bend outward from their bases. The housing material is quite ductile;
plastic hinging without cracking would be expected. Housings adjacent to a
failed housing, in locations other than the periphery, would not be bent
because of the rigidity of multiple adjacent housings.

Effect of Rod Travel Housing Circumferential Failures

If circumferential failure of a rod travel housing should occur, the
broken off section of the housing would be ejected vertically because the
driving force is vertical and the position indicator coil assembly and the
drive shaf t would tend to guide the broken off piece upwards during its trav- .

el. Travel is limited by the missile shield, thereby limiting the projectile
acceleration. When the projectile resched the missile shield it would par-
tially penetrate the shield and dissipate its kinetic energy. The water jet
from the break would continue to push the broken off piece against the missile
shield.

If the broken off piece of the rod travel housing were st. ort enough to clear
the break when fully ejected, it would rebound after impact with the missile

1

|

i

1
i
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Trip Reactivity Insertion

IThe trip reactivity insertion assumed is given in Table 15.4 3 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 a rod of the required worth into the core. The start of rod

,

motion occurred 0.5 seconds after the high neutron flux trip point is reached, i

This delay is assumed to consist of 0.2 seconds for the instrument channel to ;

produce a signal, 0.15 seconds for the trip breaker to open and 0.15 seconds !

for the coil to release the rods. A curve of trip rod insertion versus time
was used which assumed that insertion to the dashpot does not occur until 2.6
seconds after the start of fall'. The choice of such a conservative insertion ,

rate means that there is over one second after the trip point is reached
before significant shutdown reactivity is inserted into the core. This con-
servatism is particularly important 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 allowance for the worst stuck rod, adverse xenon distribution,
conservative Doppler and moderator defects, and an allowance for calculationa'
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 one percent ak. Therefore, following a reactor trip s

resulting from an RCCA ejection accident, the reactor will be suberitical when .

'the core returns to HZP.

Reactor Protection

As discussed in Section 15.4.8.1.1, reactor protection for a rod ejection is i
i

provided by high neutron flux trip (high and low setting) and high positive 143 i

neutron flux rate trip. These protection functions are part of the Reactor |57Trip System (RTS). No single failure of the RTS will negate the protection
functions required for the rod ejection accident, or adversely affect the
consequences of the accident.

Results !
ICases are presented for both beginning and end of life at zero and full power,
,

1. Beginning of Cycle, Full Power

Control bank D was assumed to be inserted to its insertion limit. The
worst ejected rod wor *.h and hot channel factor were consarvatively calcu.
lated to be 0.20 percent ok and 7.10 respectively. The peak hot spot clad | 18
average temperature was 2,219' The peak hot spot fuel center d

temperature reached melting, conservatively assumed at 4,900*F. However,
melting was restricted to less *han ten. percent of the pellet.

|% U$ 1 d .9,9%*VGT)d C) \2. Beginning 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
located in control bank D and has a worth of 0.86 percent ok and a hot (
channel factor ofj3.0. The peak hot spot clad average temperature 18
reached 2,001'F the fuel center temperature was 3,476'F _ ,,, . .. r G, Lg#

Q CC f M
'

-

Q A d 1 a wA M e d'* '
15.4 30 endment.57
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3. 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

|18
j

to be 0.20 percent ok and 7.10, respectively. This resulted in a peak
clad average temperature of 2,096'F The peak hot spot fuel center tem-
perature reached melting at 4,800*FI However, melting was restricted to
less than ten percent of the pellet. .g y .g [

4. End of Cycle, Zero Power yayg
The ejected rod worth and hot channel factor for this case re'obtain[d' |

'

assuming control bank D to be fully inserted and banks B an C at their
insertion limits. The results were 1.0 percent ok and 20.00 m pactive-
4. The peak clad average and fuel center temperatures were 2,422'F and 187
4,154'F The Doppler weighting factor for this case is.significantly

1higher than for the other cases due to the very large transient hot chan-
nel factor. Qg g g g ; .g ,, ,A q ci , g , f ,y .g ,) j,

A summary of the cases presented above is given in Table 15.4-3. The nuclear
|power and hot spot fuel and clad temperature transients for the worst cases

(beginning of life full power and end of life zero power) are presented on !

Figures 15.f 26 through 15.4 29. |
!

The calculated sequence of events for the worst case rod ejection accidents,
as shown on Figures 15.4 26 through 15.4 29, is presented in Table 15.4 1. I
For all cases, reactor trip occurs very early in the transient, after which l

the nuclear power excursion is terminated. The reactor will remain i
'

suberitical following reactor trip.

The ejection of a RCCA constitutes a break in the RCS, located in the reactor !
1pressure vessel head. The effects and consequences of loss of coolant acci-

dents are discussed in Section 15.6.5. Following the RCCA ejection, the oper-
ator would follow the same emergency instructions as for any other loss of-
coolant accident to recover from the event.

Fiss, ion Product Release j
i

It is assumed that fission products are released from the gaps of all rods |
entering DNB. In all cases considered, ;ess than 10 percent of the rods
entered DNB based on a detailed three dimensional THINC analysis (Ref.
15.4 10). Although limited fuel melting at the hot spot was predicted for the
full power cases, it is highly unlikely that melting will occur since the )
analysis conservatively assumed that the hot spots before and after ejection !
vere coincident, i

i

Py ssure Surge |

A detailed calculation of the pressure surge for an ejection worth of cre
dollar at beginning of life, hot full power, indicates that the peak pressure
does not exceed that which would cause stress to exceed the faulted condition
stress limits (Ref. 15.4 10). Since the severity of the present analysis does
not exceed the "worst case" analysis, the accident for this plant will not
result in an excessive pressure rise or further damage to the RCS.

15.4 31 Amendment 57
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Table 15.4 1

TIME SEQUENCE OF EVENTS For. INCIDENTS VHICH CAUSE REACTIVITY
AND POWER DISTRIBUTION ANOMALIES

Accident Evs'nt Time (sec.)
Ussh L~~ vu + s __

rodwithdrewalfrom10'gedInitiation of uncontrol 0.0 o, oUncontrolled Rod
Cluster Control
Assembly Bank of nominal power
Withdrawal from a
Suberitical or Low
Power Startup Condition

Power range high neutron 13.7 L 3.7
flux low setpoint reached

Peak nuclear power occurs 13.8 L'h .9

Rods begin to fall into 14.2 1% 3
core

Minimum DNBR occurs 15.6 i T. b

Peak average clad temperature 15.6 15,(o
occurs

I S* foPeak heat flux occurs 15.6

Peak average fuel temperature 15.8 i S.9
occurs

Uncontrolled RCCA
Bank Vithdrawal at
Power

1. Case A Initiation of uncontrolled 0 O-
RCCA withdrawal at a high
reactivity insertion rate
(70 pcm/sec)

Power range high neutron flux 1.7 l.l
high trip point reached

Rods begin to fall into core 2.2 2 2. '

Minimum DNBR occurs 3.2 3, q

15.4 37 Amendment 57

.. -. . - . . - . ._. ,_. .- .- - -



STP FSAR

Table 15.4-1 (Continued)

TIME SEQUENCE OF EVENT 3 FOR INCIDENTS VHICH CAUSE REACTIVITY
AND POWER DISTRIBUTION ANORALIES

Accident , Event Time (sec.)
um& s o v .9r L

2. Case B -Initiation of uncontrolled ~~ 0 o-

RCCA withdrawal at a small
reactivity insertion rate
(5 pcm/sec)

13.b
Overtemperature AT reactor M ||,7
trip signal initiated

ly.I

Rods begin to fall into core -Etr> |3.3
(4 6

Minimum DNBR occurs e 15 7

Startup of an Inactive Initiation of pump 0 0
Reactor Coolant Loop Startup

Power reached P 8 interlock 10.2 mw 2,

setpoint, coincident with
low reactor coolant flow

Rods begin to drop 11.2 gl . ).

Minimum DNBR occurs 12.0 12.0

Uncontrolled Boron
Dilution

1. Dilution during Power range high neutron flux, 0 0
startup low setpoint reactor trip due

to dilution

Shutdown margin lost (if -1200 ~t) 60
dilution continues after trip)

{

;

;

1

.

I
15.4 38 Amendment $7 j
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Table 15.4 1 (Continued)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH CAUSE REACTIV11Y
AND POWER DISTRIBUTION ANORALIES

Accident Event Time (sec.)

LI"'T I
2 Dilution during ~

~

va, T 1. 1

full power operation
-

a. Automatic Operator receives low low 0 0

reactor control rod insertion limit alarm
due to dilution ,

* #b #Shutdown margin lost -1620

b. Manual reactor Reactor trip on 0 0 ;

control overtemperature AT
due to dilution

'

Shutdown acrgin lost (if dilu- -1020 v / oho
tion continues after trip)

Rod Cluster Control
Assembly Ejection

1. Beginning of Initiation of rod ejection 0.0 0.0 ;

Life, Full Power

Power range high neutron 0.06 0.06I
flux setpoint reached

Peak nuclear power occurs 0.13 O.13

Rods begin to fall into core 0.56 c. f 5I |
C c edets%L

Peak temperature occurs 2.59 St. 5 3
clwd

Peak 5=+4 temperature occurs 2.59 El Ib
Peak heat flux occurs 2.59 2. 57

2. End of Life, Initiation of rod ejection 0.0 0, C)
Zero Power

Power range high neutron 0.14 o. /4 ,

flux low setpoint reached
|
,

,

,

b

15.4 39 Amendment 57
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Table 15.4-1 (Continued)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH CAUSE REACTIVITY
AND POWER DISTRIBUTION ANOKALIES

Accident Event Time (sec.)
va4' LJ nir t

Peak nuclear power occurs ~0.17 b ,i1
-

Rods begin to fall into core 0.64 0.49
dad +eavuustvro

Peak '- - ''" occurs 1.46 l . A la
ksk Gio y

Peak :1:d ter;-rsturz occurs 1,46 { , 3 ;(
art esst.Peak fuel temperature occurs 1.97 |,g34

,

l

15.4 40 Amendment 57
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TABLE 15.4-3 [

@g) PARAMETERS USED IN THE ANALYSIS OF THE ROD CLUSTER
CONTROL ASSEMBLY EJECTION ACCIDENT-

Beginning Beginning End End

of cycle of cycle of cycle of cycle

Pcser level, % 102 0 102 0

Ejected rod worth, %aK 0.20 0.86 0.20 1.0

Delayed neutron fraction, % 0.55 0.55 0.44 0.44

Feedback reactivity weighting 1.60 2.50 1.30 4.5

Trip reactivity, %aK 5.0 2.0 4.0 2.0

2.50F before rod ejection 2.50 --

q

y after rod ejection 7.10 13.0 7.10 20.00
q

Number of operational pumps 4 2 4 2

!!ax. f uel pellet average

temperature, 'F 4090 2856 3900 3453

11ax. f uel center temperature,

'F 4900 3476 4800 4154

18tiax. clad average temperature,
'F 2219 2001 2096 2422

11ax. f uel stored energy, es1/gm 179 117 169 146

.

4% g
15.4-d AmendmentJtf,-5c4++4
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TABLE 15.4-3 6 \

pg,f 2, PARAMETERS USED IN THE ANALYSIS OF THE ROD CLUSTER
CONTROL ASSEMBLY EJECTION ACCIDENT

Beginning Reginning End End

of cycle of cycle of cycle of cycle

Power level, % 102 0 102 0

Ejected rod worth, %AK 0.20 0.86 0.20 1.0

Delayed neutron fraction, t 0.55 0.55 0.44 0.44

Feedback reactivity weighting 1.3 0 M 1.2 M 1.30 Ar5. 3. ff

Trip reactivity *aK 4.0 !No 2.0 4.0 2.0

F before rod ejection 2.6f M -\ 2. 657>90 -

q

F after rod ejection 7.10 13.0 7.10 L%C. Z3.0 0
q

j Number of operational pumps 4 2 4 2

!!ax. fuel pellet average

temperature, 'T 4l% M 3b il 2HL MCil?M DQ SUT

Max. fuel center temperature,
'F 4900 4113 DA 4800 4% O l 2.

Max. clad average te=perature, 18

'F 2,t9 2,2g4 W 6 2pg, 1012.2D% Ad 2.6fl

!!ax. fuel stored energy, cal /g= PM1 IM DAL D4
iM Ifi 165 |ff

Poia d M u t+ 4/o o e.lo o

.

& 55
Amendment it ,4ftf87'15.4-Pf%
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STP FSAR

Question 440.47N

General Design Criterion 17 states "...The safety function for each (onsite or
offsite electric power) system (assuming the other system is not functioning)
shall be to provide sufficient capacity and capability to assure that-(l) ,

'

specified acceptable fuel design limits (SAFDLs) and design conditions of- the
reactor coolant pressure boundary are not exceeded as a result of anticipated
operational occurrences (A00s) and (2) the core is cooled and containment
integrity and other vital functions are maintained in the' event of postuleted
accidents (pas)."

Please demonstrate that for all A00s and pas analyzed in Chapter 15 these
limits are still met assuming loss of offsite power (LOOP) . For those A00 and
PA analyses which do not assume LOOP, demonstrate the conservatism of this as-
sumption. Justify any delay time assumed between turbine trip and LOOP occur-

iConsider the effect of the assumed delay time on the conservatism of I
rence.
the Chapter 15 A00 and PA analyses, particularly for the "complete loss of RCS
flow" and "locked rotor" analyses (See also Question 440.65).

Response
1

Upon loss of offsite power (LOOP), the following pumps lose power; the
reactor coolant pumps (RCPs), circulating water pump and the condensate pumps,
As a result of losing power to the RCPs, the reactor would trip on the RCP i

'

undervoltage signal and follow the transient scenario described in Section
15.3.2, Complete Loss of Forced Reactor Coolant Flow. iEven though this event !is a Condition III event, it is analyzed to show that the minimum departure
from nucleate boiling ratio (DNBR) is greater than the limiting value. Theresults reported in the FSAR show that this is indeed the case.

All of the Condition II events are analyzed assuming offsite power is avail-
able with the exception of the Loss of Nonemergency AC Power to the Station |

Auxiliaries.
This event is the Loss of Normal Feedwater transient withoutoffsite power.

For the purposes of the analyses, the staff has previously stated it is accept
able to assume that LOOP results from turbine trip, and that any delay that

4

is I
expected to occur between turbine trip, and LOOP due to frequency decay timecan be assumed. Grid stability analyses have shown that the grid will remain
stable and that offsite power will not be lost because of a unit trip from 100
percent power. A two second delay for LOOP is a conservative assumption basedon grid stability analyses.

l

|
|

Vol. 3 Q&R 15.0-ir Amendment 49
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R sponse (Continued)3

As shown in Table Q440.47N 1, the minimum DNBR and rod motion for most of the
Condition II events occur in less than two seconds after reactor trip. Should
a TOP occur two seconds after reactor trip, the RCPs would coast down at the !

sama rate as the complete loss of flow analysis (Section 15.3.2). Since the
coastdown is occurring after the time of minimum DNBR and the reactor power is

!decreasing rapidly due to rod motion, the minimum DNBR is not adversely af-
!fected. For the cases where the minimum DNBR occurs after the conservativelyassumed two second delay, it is easy to show that should a loss of offsite

power occur two seconds after reactor trip, the results would be bounded bythe complete loss of flow. For example, in case b) of the uncontrolled rod
cluster control assembly (RCCA) withdrawal- at power analysis, the minimum DNBR
occursM :::: .:: =%r rm^r trip and rod motion Mseconds af ter reactor' p'tri Should a LOOP occur at the time of rod motion the nuclear power would . _._ /d

rease rapidly due to the rod motion, while the flow would be approximately8 percent of thermal design flow ese core conditions are less severe thanthose of the complete loss of flow at the time of minimum DNBR. Thus, the un-controlled RCCA withdrawal at power eve ich LOOP is bounded by the completeloss of flow event. A similar argument ca
ing of a pressurizer safety or relief valve event.be made for the inadvertent open-

O
I

All of the design basis events are analyzed with and without offsite powerm
available.

-,.~

o.o u ~ a s & m bc q f;,, w 4g /

@*I Meadols h r g ( , b j h Q g
g k ._. - - .

. . _ . . . _ _ _ _ . _
__ ,

.' W 3
|

kikb#
.

b
-~% %

hh t JC

Q] fw &

% .J k p f/w '

,
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( #
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STP FSAR

TABLE Q440.47N 1

Time of Time of Time of
FSAR Reactor Rod minimua'Section Accident _ Trip Motion DNBR Comments

15.1.1 Feedwater malfunctions Bounded by
that result in a

results ofdecrease in feedwater Sec. 15.1.3
temperature

15.1.2 Feedwater malfunc- 137 27
tions that result in
an increase in
feedwater flow

15.1.3 Excessive increase No reactor-in secondary steam
flow

trip

15.1.4 Inadvertant opening of Bounded by
a steam generator

results ofrelief or safety valve Sec. 15.1.5
15.1.5 Steam system

piping failure Analysis done
with and
without offsite
powe.r available

15.2.1 Steam pressure regu-
lator malfunction or Not applicable

to South Texasfailure that results in
decreasing steam flov

15.2.2 Loss of electrical
load Bounded by

results of
Sec. 15.2.3

,

15.2.3 Turbine trip
1) f, / Jk.df 341 9- ( (a)2) g f ')4 JJ g ( (a)3) 4 .-# 6M 6.6(a)4) 4,. g /p4 6# ,, , ( a )

41. g15.2.4 Inadvertent closure
of main steam Bounded by

isolatifon valves results of
Sec. 15.2.3

15.2.5 Loss of condenser
trip vacuum and other Bounded by

results ofevents resulting in a
Sec. 15.2.3turbine trip

Vol. 3 Q&R 15.0-3N
Amendment 49
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TABLE Q440.47 lN (Continued)

Time of Time of Time of |FSAR Reactor Rod minimum '

S ation Accident Trip Motica DNBR Comments

15.2.6 Loss of nonemergency This is a LOOP
ac power to the plant
auxiliaries

15.2.7 Loss of normal feed- Sec. 15.2.6 is
water flow case with LOOP

15.2.8 Feedwater system Done with and
pipe break without LOOP

15.3 Decrease in reactor Bounded bycoolant system flowrate Complete Loss
of Flow

15.4.1 Uncontrolled RCCS 10.2 10.7 12.0
withdrawal from a
suberitical or low
power startup condition

15.4.2 Uncontrolled RCCA
withdrawal at power f

a) 9mf 4.-+ MP7 "3 14 4 M 14aw/
b)

t l

15.4.3 RCCA misalignment \
__

gj jg g DNB design I,

basis will be
1.7 l. 7 2.1 yg '),2 1.yme t. FSAR

being updated
12. b Il b, / V l 13.3 /Y4 i3.jfoincorporate

negative flux '
,

. -
-

-

_ rate trip
methodology per
CAP 10297 P A

15.4.4 Startup of an inactive 10.2 11.2 12.0
reactor coolant loop
loop at an incorrect
temperature

15.4.5 Failure of a Bk'R
Not applicable

lflow controller to South Texas

Vol. 3 Q6R 15.0-4N Amendment 49
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STP FSAR

ET
LE Q' 40.47N-1 (Continu= 1

4

FSAR Time of Time ofSection Accident Reactor Time of
Rod

minimum_ Trip Motion DNBR
Comments

15.4.6
CVCS malfunctions that

_

results in a decrease in
the boron concentration At power case i

in the reactor coolant bounded by
Sec. 15.4.215.4.7

Inadvertent loading ;

and operation of a fuel i

assembly in an improper Static analysis
position

15.4.8
Spectrum of RCCA

|ejection accidents
1) BOL HFP |

2) EOL HZP 0.05 0.550.14 NA 3

0.64 !15.5.1
Inadvertent operation NA

of the ECCS during
power oeration Not applicable i

to South Texas I

due to lov ECCS
'

shutoff head of15.5.2
CVCS malfunctions 1600 paia
that increase reactor .

coolant inventory
1)
2) 349

351
3) 278 NA

280
4) 462 NA

464
363 NA

36515.6.1
Inadvertent opening NA

_14-tof a pressurizer safety M Mor relief valve bI. dI
3/0,0 /b, h I

I

Note:
(a)
NA Not Applicable.The minimum DNBR increases throughout

the transient.

Vol. 3 Q6R 15.0-5N
Amend'

.
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|
.

Question 211 3
( For Chapter 15 accident events, provide the number of fuel rods calculated to

be in DNB. )
|
t

i
;

;

j
Response

:

|For Condition Il events, it is demonstrated that DNAR remkains greater than the
!limiting value; thus, the number of rode calculated to bs in DNB corresponds I

to the critaria set forth in section 4.4.1.
I

For large and small LOCA's, uncovering of the core results in DRE for all
rods. For the steamline break events (Section 15.1.5), the f ee6 water line 1

break events (Section 15.2.8), and the complete loss of forced reactor coolant |43 |
flow events (Section 15.3.2), the DNBR does not f all below the 1.imiting value |

as indicated in the appropriate sections of Chapter 15. Therefore, the :

criteria for rods in DNB presented in Chapter 4 applies to these events also. :
1

iAs stated in Section 15.4.3, the number of fuel rods with DNBR less than the
limiring value for the single RCCA withdrawal event is less than $% of the f
rods in the core. For an improper fuel loading event, undetected errors will |

Icausa sufficiently small perturbations to be acceptable within calculational
uncertainties, as stated in Section 15.4.7; 2.hus, the effect due to improper |

loading on rods in DSB for transient event will be megligible. |

The RCCA ejection analysis presented in Section 15.4.8 conservatively assumes |43 |
that 10% of the rods in the core go into DNB and fail. For the locked rotor !

event presented in Section 15.3.3, the maximum number of fuel rods in 'B is |43 |
conaervatively calculated to S he: thQ.0% of the rods in the core 4 As |

'

stated in Section 15.3.4 the consequences of an reactor cooling pump shafe i

break will be less severe than those for a locked rotor event. 1

i
Evaluation of the steam generator tube rupture indicates that no clad damage 1

would be expected in this transient. The RCS depressurization due to flow out |43
of the tube rupture presents the possibility of obtaining a low DNBR.
However, the depressurization in a tube rupture is such less severe than the
depressurization transient analyzed in Section 15.6.1. In this accident, it

was determined that the DNBR is always greater than the limiting value, and
thus no clad damage is expected. From this, it is concluded that no clad
damage is expected in the steam generator tube rupture accident. For all
other events discussed in Chapter 15 DNBR remaina above the limiting value.
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STP FSAR

Question 211.79

Section 15.3.3.3 contains conflicting statements as to whether or not fuel
failure occurs. Clarify this discrepancy and, if fuel failure is not
assumed for some conditions, provide a justification, with bases, since LNB
is assumed te occur.

Response

The locked rotor trensient for South Texas presented in Section 15.3.3 of
the FSAR is performed in several dif ferent parts.

Part 1 Calculation of Peak Fuel Clad Temperature

To maximize the fuel clad temperatr 'es, DNB is assumed to occur at
the start of the transient. The analysis showed the peak clad
temperature is approxima aly 1800 'F, well below the limit value of
2700*F. Thus, na clad failures are calculated to occur.

Part 2 p e Number of Rod; in DNB

The number of fuel rods calculated to experience DNB was 7
percent A rod experiencing DNB does not necessarily meaa it

*

-|a 6hi|.t +u/ /Opm/ dSu/C
Part 3 Dose Release

For the purpose of calculating dose releases it was
conservatively assumed that fuel experiencing DNB fails, e.v en
though the peak clad temperature vaa not hi h enough to causek
fuel failure. The South Texas dose release evaluation for a
locked rotor conservativr.ly assum percent of the fuel fatled.
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