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It should also be noted that the highest enrichment being used has not
changed from that currently identified in the FSAR.
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Report Wo. Title Mumber __Date _Mumber Reference _Stetus
WCAP- 10865 () South Texas Plant (TGX) 6/85 .5 u
WCAP - 10866 Resctor Internals Filow-
Induced Vibration
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VCAP - 11341 Radio Fregquency Interferencc

Test Report: Vestinghouse

-y Eegle-21 Digital Family s
; Used in QOPS, PSMS, RVLIS,
~nN
w ond ICON
VCAP- 10559 (P) Technical Bases for T/84 3.6 ]
VCAP - 10560 Eliminating Lerge Primery
Loop Pipe Rupture as the
Structural Design Basis
for South Texas Projects
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T WNSEAT
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o
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STP FSAR

4,0 CTOR

4.1 SUMMARY DESCRIPTION Sor LUnit | and 16 mently Sor Unitd.

ents of the reactor and
assexblies, 2) the nuclear

This chapter describes 1) the mechanical comp
reactor core including the fuel rods and fuel
design, and 3) the thermal~hydraulic design.

el assenblies vhich are
fuel enrichment, The
bed herein results in a
Rormuss—eucles over

losdingt—thet—sontainfron-thiae—to—sixanrichnent 1oadings.

The reactor core is comprised of an array of
ddentical in mechanical design, but different
reference three region first core design desc
first cycle length of approximately one year

The core is cooled and moderated by light water at a pressure of 2250
psia in the Peactor Coolant System (RCS)., The moderator coolant contains
boron as & meutron poison. The concentration of boron in the coolant is
varied as required to control relatively slow reactivity changes includ-
ing the effects of fuel buraup., Additional borom, in the form of burn~
able poiscn rods, is employed in the first core to establish the desired
icitial 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 intervals
along their length by grid assemblies which maintain the lateral spacing
between the rods throughout the design life of the assembly. The grid
assenmbly consists of an "egg-crate" arrangement of interlocked straps.
The straps contain epring fingers and dimples for fuel rod support a.
well as coclant mixing vanes. The fuel rods consist of slightly enriched
uraniue dioxide ceramic cylindrical pellete contained in slightly cold
worked Zircaloy=4 tubing which 4s plugged and seal welded at the ends to
encapsulate the fuel. All fuel rods are pressurized with helium during
fabricatior to reduce stresses, strains, and to increase fatigue life,

The center position in the assembly is reserved for the incore instru-
mentation, while the remaining 24 positions in the array are equipped
with guide thimbles joined to the grids and the top and bottom noztles.
Depending upon the position of the sssembly in the core, the guide
thimbles are used as core .ocations for rod cluster control assemblies
(RCCA's), neutron source assemblies, and burnmable poison assemblies.
Otherwvise, the guide thimbles are fitted with thimble plug assemblies,
wvhich are plugging devices that limit bypass flow,

The bottom nozzle is & box-like structure which serves as 4 bottom struc-

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

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

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

‘01-1
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CORE_FECRARICAL PESICH_PARANETERS

31. Fuel Welight (es VD)), b
32. Zirceloy Welight, ng

33. wumber of Gride per Assesbly

34. lLoeding Yechnique

FUEL RODS

5. uber

36. Outside Diemeter, In,
37. Olismetral Gap, in.
38. Clod Thickness, In.
39. Clad Neterial

FUEL PELLETS

40. Reteriol

41. Dermity (X of Theoreticel)
42. Dismter, In.

43. Length, iIn.

R0D CLUSTER CONTROL ASSEWSLIES

4. Neutren Absorber
(5. Cledding Meterial

TABLE 4.1-1 (Conl inued)

REACTOR DESICH CONPARISON TASLE

V. 8. Ncuire
l.l_ll_‘mlr 2__

222,79
50,913

8 Type 2
3 reqion
non-unifore

S0,952
0.37%
0.006%
0.022%
ircaloy-4

U0_ Sintered

0.3275
0.530

Ag-In-Cd
Type 304
$S-Cold Vorked

fouth Texss Project
T 1

261,000 (Nominel)
54,840

10 - Type R

3 region
non-uniform

50,952
0.374
0.0063
0.022%
Tircaloy-4

U0_ Sintered

0.322%
0.5%

Nefnium
Type 304
$S-Cold Vorked

South Tenss Preject
wr . 2

260 088 mowirel

54,800 I8
0 - Tyt

3 reglen

ran-uni flore

9,92
e.5n
9.990%
.
Tircatoy-4

W Sietered

0.550 (f~ 4
Batnium
Type 304 -
$3-Cold Vorted

.;” gt §~c
0'3976.'7 ey
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TABLE 4.1-1 (Continued)

REACTOR DESIGN COMPARISON TASLE

V. §. KeGuire
mITS 182
FEED ENRICWENT, /0
S7. Region ¥ 2.1
$8. Region 2 2.60
9. Region 3 3.1

WOTES:
. See Subsection £.3.2.2.6

b. This is the value of !° for normal operstion.

South Texes Project
umir 1Y

1.50
2.20
2.9

iy 2
» 2./
>0 2.6
2.%

yVsd d1S
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Analysis

Mucleer Design (Continued)

2.

.

X-Y Power Distributions,
Fuel Depleticn, Criticel
Soron Concentrations, x-y
Xenon Distributions,

Resctivity Coefficients

Axfal Power Distributions,

Control Rod Wrthe, snd

Axial Xenon Distribution

Fual Rod Power

Effective Resonence

Temperature

TABLE 4.1-2 (Continued)

AMALYTICAL TECWWIQUES 1N CORE DESIGh

Technique Computer Code

Group constants for control HAMMER -ATH

rods with self-shieiding

2-0, 2-Group Diffusion TURTLE
TORTISE

Theory

20 and 3-D Diffur on PALADON

Theory - besed Nodal ANC

Bethod

1-D, 2-Group Diffusfon PANDA

foLlLO

” 2] L

Integral Trsnsport Theory LASER

Monte Carlo Welighting REPAD

Function

Section
Referenced

4.3.3.2

4.3.33

£.3.33

4.333

£.3.3.1

53
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The core is designed sc that diametral and azimuthal oscillations due to
spatial xenon effects are self-damping and no orerator action or control
action is required to suppress them. The stability to diametzal oscillatiors
is so great that this excitation is highly improbable. Convergent azimuthal
oscillations can be excited by prohibited motion of individual contrel 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 incore detectors can be
a.>‘vated to provide more detailed information. 1In all proposed cores these
horizontal plane oscillations are self-damping by virtue of reactivity feedback
effects designed into the core.

Savin
However, axial xenon spatial pover oscillations may occur 4.‘.-3. core life.
The control banks, and excore detectors ace provided for contrel 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 Anticipatel Transients Without Trip (ATWI). The effects of anti-
cipated transients with failure to trip are not considered in the design bases
©- the plant., Analysis has shown that the likelihood of such a hypothetical
event is negligibly small, 4i3-1) Furthermore, analysis of the consequences
of a hypothetical failure to trip following anticipated transients has shown
that no significant core damage would result, system peak pressures would be
limited to acceptable values and no failure of the Reactor Coo}ant System

(RCS) would result., These analyses were documentec | Ref. &, 3- 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 Nucleur besign Description, The reuctor core consists of o
specified number of fuel rods which are held in bundles by spacer grids and
top and bottom fittings. The fuel rods are constructed of Zircaloy cylindrical
tubes containing uraniur dioxide fuel pellets. The bundles, known as fuel
assemblies, are arranged in & 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 thictles and an incore instrumentation thimble. Figure
4.2-]1 shovs a cross sectional view of a 17 x 17 fuel assembly snd the related
rod cluster control locations., Further details of the fuel assenbly are given
in Section 4.2,

The fuel rods within a given assembly have the same uranius enrichment in both
the radial and axial planes. Fuel assemblies of three different enrichments

are used in the initial core loading to establislh a favorable radial power
distribution, Figure 4,3-1 shows the fuel loading paitern to be used in the
first core. Two regions consisting of the two lower enrichments are inter~
sperscd mo as to form a checkerboard pattern in the central portion of the

core. The third region is arranged around the periphery of the core and contains

:h;.highcst enrichment., The eprichments for the first core are shown in Table
31,

‘03-6



STP FSAR

The reference reloading pattern s typically similar to Figure 4.3-1 vith

depleted fuel interspeired checkerboard style in the center and mev fuel mixed

with depleted fuel on ‘xﬁ‘pcrtphcry. The core will normally operate o”couto'- on &
Sgrukv t‘olvc‘unthx tadwe¥hiny, accumulating approximately TATO8C- / 'qu.
MNQ/MTU pbdbpeie, The exact reloading pattern, initial and final positions

of assemblies, number of fresh assemblies and their placement are dependent on

the energy requirement for the next cycle and burnup and pover histories of

the previous cycles.

The core average eurichment is determined by the amount of fissionable mate~
riel required to provide the desired core lifetime and energy requirements,
navely & region average discharge burnup of 33,000 MXWd/MTU, The physics of
the burnup srocess is such that operation of the reactor depletes the amount
of fuel available due to the absorption of meutrons by the uranium-235 atoms
and their subsequent fission, The rate of uranium-235 depletion 4s 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 whiczh readily absort 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 assemvly, which occurs due to the non-fis-
sion absorption nf meutrons in uranius-238., Therefore, at the beginning of
any cycle a reactivity reszrve 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
coclant and in the case of the first cycle, by burnable poison rods.

The concentration of boric acid in the primary coolant is varied to provide
control and to compensate for long-term 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 xenon and
samarium, burnable poison depletion, and the cold-to-operating moderator tem-
perature change, Using its normal makeup path, the Chemical and Volume Con-
trol System (CVCS) 4s capable of inserting negative reactivity at a rate of
approximately 60 pem/min vhen the reactor coolant boron concentration is 1000
ppz and approximately 70 pem/min wvhen the reactor coolant boron concentration
1s 100 ppe. The peak burnout rate for xenon is 25 pem/min (Section 9.3.4.3.1 |30
discusses the capability of the CVCS to count :ract xenon decay). Rapid tran-
sient reactivity requireaerts 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 ir the first core to reduce the soluble
boron concentration sufficiently to ensure that the moderator temperature coef-
ficient {s negative for pover operating conditions., During operation the Doison
content in these rods 1s depleted thus adding positive reactivity to offset

some of the negative reactivity from fuel depletion and fission product buildup.
The depletion rate of the burnable poison rods 13 not critical since chemical

4.3-7 Amendment &4
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they require control of the axial offset (flux difference divided by fractional
power) at all power levels within & perzissible operating band of a target value
coriesponding to the equilidbriuz full power value. In the first cycle, the
target value changes from about =15 to i('ﬁircht linearly through the life of
the cylle. This minimizes xenon transient effects on the axial power distribu-
tion, sivce the procedures essentially keep the xenon distribution in phase
with the pover distribution.

Calculetions are performed for mormal operation of the reactor including load
folloving maneuvers. Beginning, middle and end of cycle conditions are included
4n the calculations. Different histories of operation are assumed prior to
calculating the effect of load follow transients on the axial pover distribu~
tion. These different histories assume base loaded operation and extensive

losd folloving., 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 &
function of cors elevation.

These cases represent many possitle reactor states in the life of ome fuel
cycle and they have been chosern as sufficiently definitive of the cycle by com-
pariscn with much more exhaustive studies performed on sove 20 or 30 different,
but tvpical, plant and fuel cycle corbinations. The cases are described in
deta:il in Reference &4.3-9 and are considered tc be necessary and sufficient to
generate a local pover denmsity limit which, when increased by 5 percent for
conservatisz, will not be exceeded with a 95 percent confidence level. Many of
the points do mot approach the liziting envelope, however they are part of the
tize histories which lead to the hurdreds of shapes which dc define the envelope.
They alsc serve as a check that the reactor studied is typical of those studied
more exhaustively.

Thus it is not possible to single out any trarsient or steady state condition
vhich defines the most lirmiting case. It is not even possible to separate out
8 szall nusder which forz ar adequate analysis. The process of generating a
cyrial of shapes is essential to the philosophy that leads to the required level
of confidence., A maneuver wrich provides a liciting case for one reactor fuel
eycle, defined as approaching the line of Figure 4.3-21, 45 not necessarily a
liziting case for another reacter or fuel cycle with different control bark
worths, enrichments, burnup, coefficients, etc., Eacn shape depends on the de-
tailed history cf operation up to that time and on the manner in which the
operator conditione? xenon in the days immeliately prior to the time at which
the power distribution is calculated.

The calculated points are synthesized from axiel calculations combined with
radiel factors appropriate for rodded and unrodded plancs inm the first cycle.
1t these calculations the effects on the unrodded radial peak of xenon redis-
tribution that occurs fellowing the withdraval of a contrel dank (or banks)
froz a rodded region is obtained from two- dimensional XY caiculations, A 1,03
factor to be applied on the wunrodded radial peak wvas obtained frow calculations
in wvhich xenor distribution was preconditioned by the presence of control rods

4.3-1%
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Linits for alarms, reactor trip, etc. will be given in the Technical Specifi-
cations. Descriptions of the systems provided are given in Section 7.7,

4.3.2.3 Reactivity Coefficients. The kinetic charactaristics of the
reactor core determine the response of the core to changing plant gonditions
or to operagor adjustments made during mormal operation, as vell as the core
response during abnorsal or accidental transients. There kinetic characteris-
tics are quantified in reactivity coefficients. The reactivity coefficients
reflect the changes in the neutron multiplication due to varying plant condi-
tions such as power, woderator or fuel temperaturas, or less significantly due
to a change in pressure or void conditions. Simce reactivity coefficients
change during the 1ifs of the core, ranges of coefficients are employed in
transient analysis to determine the response of the plant throughsut 1ife.
The rerults of such simulations and the reactivity cosfficients used are
presented in Chapter 15. The reactivity coefficients are calculated on a
corevise basis by radial and axial diffusion theory methods, The offect of
radial and axial pover distribution on core average reactivity coefficients is
fmplicit {n those calculations and is not significant under normal operating
conditions. For exazple, a skeved xenon distribution which rosults in chang-
ing axial offset by 5 percent changes the moderator and Dopple’ tamperature
coeffici ts by less than 0.0l pea/*F and 0.03 p.n/°F respectivily. An apti-
ficially skeved xenon distribution vhich results in changing the ~adial ;i by
3 percent changes the moderator and Doppler tamperature coefficien's by 1¥ss
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
main steazline break and rupture of RCCA mechanise housing described {1
Sections 15.1.5 and 15.4.8, and are included in thess analyses.

The analytical methods and calculational models used in calculating the reac*-

fvity coefficients are given in Section 4.3.3. These models have been confir..

ed through extensive testing of more than thirty cores similar to the plant
dascribed herein; results of these tests are discusssd in Section 4.3.3.

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

4.3.2.3.1 PFuel Tezperature (Doppler) Coefficient: The fuel temperature
(Doppler) coefficient {s defined as the change {n reactivity per dagree change
in effective fuel temperature and i{s primarily a measure of Doppler broadening
of uranius-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
increase in fuel temperature increases the effective resonance absorption

cross sections of the fuel and produces a corresponding reduction in
reactivity,

The fuel tolpcratrg&nﬁgofftclont is calculated by performing two-group X-Y
1

calculations using ar updated version of the TURTLE (4.3-12) Code. MNodarator
temperature is held constant and the pover level is varied. Spatial variation
of fuel temperature {s taken into account by calculating the effective fuel
tezperature as a function of pover density as discussed in Section 4.3.3.1,

4.3-20 Asendaent 53
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change in boron concentration i{s required to compensate for additional reactiv-
{ty changes. Since the insertion limit is set by a rod travel limit, a conser-
vatively high calculation of the inserted worth i{s made vhich exceeds the
normally {nierted reactivity. :
approrimelely ;

4.3,2.4.6 Burnup: Excess reactivity of 10 percent 8¢ (hot) is installed
at the beginning of each cycle to provide sufficient reactivity to compensate
for fuel depletion and fission products throughout the cycle. This reactivity
{s controlled by the addition of soluble boron to the coclant and by burnadle
peisons. The soluble boron concentration for several core configurations, the
unit boron 'rorth, and burnable poison worth are given in Tables 4.3-1 and
4.3.-2. Since the excess reactivity for burnup is controlled by scluble boron
and/or burnable poisons it is not included in control rod requirements.

4.3.2.4.7 Xenon an” Samariur Poisoning and pH Effects: Changes {n xenon
and sazarius concentrations in the core occur at a sufficiently slov rate,
even following rapid power level changes, that the resulting reactivity change
{s controlled by changing the scluble boron concentracion. Changes in reactiv:
fty due to a change in coclant pH, 4f any, are sufficiently szall in magnitude
and occur slovly enough to be controlled by the boron systexz. Further details
are provided in Reference 4.3-13.

4.3.2.4 B Coztined Control Reguirements: The reactivity requirements at
EOL of & typical cycle for a 16€ in and a 144 in 17 x 17 four loop core are
1isted on a cozparable basis in Tadle «.3-4. The Doppler defect is slightly
less for the 168 4n core due to the lover average linear pover density (5.20
vs. 5.44 Kv/ft). The moderator defect s higher due to the slightly more
negative moderator temperature coefficient at the higher temperature of the
168 in core. The redistribution requirement is greater for the longer core
(1.20 percent & vs. 0.85 percent &4z). More excess margin is available to the
168 in core than the 12 ft core due to the use of 57 rather than 53 contrel
rods in this exazple. Both cores operate in the sane range of expected react-
ivity parazeters as shown in Tadle 4.3.5,

4.3.2.4.9 Experimental Confirmation: Following a4 normal shutdown, the
total core reactivity change during cocldown with a stuck rod has been mea-
sured on a 121 assezbly, 10 ft high core and 121 assexdly, 12 ft high core.
Ir esach case, the core vas alloved to cocl down until 4t reached cricicality
simulating the steaz line break accident. For the 10 f: core, the total
veactivity change associsted with the cooldowr is overprelictec by about c.3
percent &7 with respect to the measured result. This represents an errcr of
about 5 percent in the total reactivity change and is about half the uncer-
tainty allovance for this quantity. For the 12 ft core, the difference
betveer the measured and predicted reactivity change vas an even szaller 0.2
percent 47. These measurements and others demonstrate the capability of the
peshods described in Section 4.3.3.

4. 3.2.4.10 Control: Core reactivity is controlled by means of a chen-
fcal poison dissolved in the coolant, RCCAs and burnable poison rods as
described belov.

4.3:25 Apendaent 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 difference (QTD) is the quantity that properly represents the dia-
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-
rants essentially eliminates the contribution to the orcillation from the
szimuthal mode. The QTD data were fitted in the form of cquat;gn (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.

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 f ,—f'“"-—~\\
& . v o, an
and the stability index was not determined. %1 TIL r}_ﬂg @.ﬁm'f A

-
-

tor S

4,3.2.7,5 Comparison of Calculations with Measurements: The analysis™
of the axial xenon transient tests was performed in an axial slab geometry
using a flux synthesis technique. The direct simulation of the axial
offset data was carried out using the PANDA Code (Ref. 4,3-20) e anal {%:sc
¢f the X-Y xenon transient tests was performed in an X-¥ ;eon¢t§§ psing,e )
modified TURTLE (Ref. 4.3-12) Code. Both the PANDA/and ?mm.% des Bolve
the two-group time-dependent neutron diffusion equation with time-dependent
xenon and {fodine concentrations. The fuel temperature and moderator
density feed back is limited to a steady-state model. All the X-Y calcu-
lations 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

(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 rg!ults for both of the axial tests with a margin of approximately
=0.01 hr © in the stability index.

An analytical simulation of the first X:¥ xenon oscillation test shows a
calculated stability index 9{ =0.081 hr °, in good agrzement with the
measured value of =0.076 hr °, As indicated earlier, the second X-Y
xenon test showed that the core had becrme more stable compared to the
first test and no evaluation of the starility index was attempted. This
increase in the core stability in the X-Y plane due to increased fuel
burnup is due mainly to the increased magnitude of the negative moderator
temperature coefficient,

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,
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4.3.2.7.6 Stability Contrcl and Protection: The excore detector
syster is utilized to provide irdications 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,

| Axial Power Distribution

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

Both 12 and 14 ft PWR cores becone less stable to axial xenon oscilla-

tions as fuel burnup progresses. Hovever, free xenon oscillations are

not allowved 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 offset will be reached and power will

be automatically reduced.

At BOL (150 Mwd/MTU) stability irdexes of about =0.047 hrs.1 and -0.020
hrs * were obtained, respectively, for 12 ft ard 14 ft cores. The axial
stobility Index is ecrontiolly 2ern dn the 11,000 to 12,000 MWA/MTU range
for 12 ft cores and in the 8000 to 9000 MWd/MTU range for 14 ft cores.

At extended burnup (»15,000 MWd/}TU) both 12 and 3& ft cores have essen-
tially the same stability index of sahout 0,02 hrs * or less. The axial
oscillation period for both 12 and 14 ft cores increases with burnup. A
period of 27 to 28 hours 1s cbtained for both 12 ft and 14 ft cores at
BOL. At EOL periods of about 32 and 34 hours are obtained, respectively,

systems make axial xenon trgnsients easily controllable 4n wodern PWRs

for the 12 and 14 ft cores., <he long periods and vertical control rod
at all times of life, I

Fthot\nuuaa.taqtmd.ugonit‘cav‘.tAﬁ‘vxma-uﬂd-4
brnug, ol e whade | Lidy tndiay cam b posidiva Cumugho ot

2. Radial Pover Distribution| cee Life Bor Bolty, 18 eond \4 Fd sovas: Howtver,

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

The X-Y stability of large PWRs has been furthor 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 X-Y oscillations
.occur, back-up actions are possible and would be implemented, 4if neces-
sary, to increase the natural stability of the core. This is based on
the fact that several actions could be taken to make the moderator
tepperature coefficient more negative,, which will increase the stability
of the core in the X-Y plane.
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4.3.3.2 Macroscopic Group Constants. Macroscopic few=-group constants
(analogous microscopic cross sections needed for feedback and micro-
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 from thorium=232 to curium=-244 {s available [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
assenbly is obti‘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 therumal
calculation, the fuel rod, clad, and moderator are homogenized by energy~-
dependent disacvantage factors derived from an analytical fit to integral
transport theory results.

Croup 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 wedium LEOPARD calculations., Baffle 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 HAMMER [4.3-28) and AIM [4.3-29) codes which provide an improved treatment
of se.if shielding in the broad resonance structure of these isoropes 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 HAMMER
calculation. A corresponding AIM calculation of the homogenized rod cell
with extra region {s used to adjust the absorption cross sections of the
rod cell to match the reaction rates in HAMMEK, These transport=-equivalent
group constants are reduced to two-groups constants for use in space-
dependent diffusion calculations. In discrete X-Y calculations unly 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 thimbles, instrumentation thimbles,
interassembly gaps, and control rod cells from one mesh interval per cell

x-y unit fuel assesbly diffusion calcullilioanvr Unt | Qnd Frew ont mesh
A Vel ¢Re ce| Xy A Fvsiom Caltviations v Unt 3.

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 (Cg) values at HZP, BOL, as shown in Table

4,3-11 and at HFP as a function of burnup as shown on Figures &.3-43

through 4,3-45, Control rod worth measurements are shown in Table 4,3-12,
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Confirmatory critical experiments on burnable poisons are described in
Reference &4.3-30. FO': Jwt [}

4.3.3.3 Spatial Few-Croup Diffusion Calculations.A,‘gatinl 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
the PALADON (4.3-33) code, and twvo-group axial calculations using an updated
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
rodded 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-Z depletion calculation. The moderator coefficient is evaluated by varying
the inlet temperature in the same X-Y calculations used for power distribution
and reactivity predictions.

Validation of TURTLE reactivity calculations i{s associated with the validation
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 {s used in two dimensional and three dimensional calculations.
PALADON can be used in safety analysis calculations, and to determine critical
boron concentrations, control rod worths, and reactivity coefficients.

Axial calculations sre 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 frou the three
dimensional TURTLE calculation from which group constants are homogenized by
flux-volume weighting.

Validation of the spatial codes for calculating power distributions involves
the use of incore and excore detectors and i{s discussed in Section 4.3.2.2.7.

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

0.2 percent 4p for Doppler defect

2 x 10-%/°F for moderator coefficient

50 ppm for critical boron concentration with depletion
3 percent for power distribution

0.2 percent 4y for rod bank worth

4 pen/step for differential rod worth

0.5 pem/ppa for boron worth

0.1 percent 4p for moderatoi defect

I+14 141414141414+

4.3-40 Amendment 56
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4,5.3.% Epatig! Few-0Grodp Calculationg. For Unit 2, spatial few-0Oroiu
celculations consist of two group diéfusion u=-y calculations using
£E. a~ updatec versicon of the TURTLE code and nocdal calculetidone

using the FALATTN (G,6-27) and ANC (4,.4-34) codes. Tho Q~Oup @nlad
calculetiors utilize AFOLLD, an upcdated version of the FANCA coce.

e dimnensional calculations are carried out to determine critical boron
concentrations and power distributions {n the X-Y plane, An axial sverace
{n the X-Y plane {s obtained bv gnthesis ffor rodded and unrodded planes,
Axial effects are accounted for bv an input axial buckling, which varies
with burnup and wer determined by radial depletion calculations matched in
reactivity to an analogous R-2 depletion calculation. The moderstor coef-
¢iriens is evaluated b varving the {nlet terperature in the same X-¥
caleulations used for vower distribution and reactivitv predictions.

Validaticn ~f TOPTISE rer tivitv calculations ‘s associated with the wval-
{dation of the grour constants themselves, 2s discussed in Section 4.3.3.2.
PALADCY and ANC have heern cualified with respect to TORTISE results. Val-
{dation of the Doppler calculations is associated with the fuel tameratire
validation discussed in Section 4.3.3.1, validation of the moderator coeff-
icient calculations is cbtained bv camparison with plant measurements at het
gerc power corditions as ghown in Table 4.,3-13,

PAIANTY and ANC are used in both two and three dimensioral calculaticns.
The. can be used { fsafetv analysis calculations, and to determine critical
‘oren concentrations, control rod worths, arY reactivity coefficients,

-

Lxie) Caiculations a&are u

ced to determine difterential control roc worth
curvee ireactivity versue rcd inserticr) anc & 1al power ghapes durind
steady state &«nd transient conditions (flyspech CUurve'. Group ccocrstants
a=d the raciae. buckiing used in the axial celcuiation are ohtained +rom

0

three dirensione: celculati

i
ne $rom whichk gQrouc constants are homogenized
by $lux=voiume welghting.
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TABLE 4,31

REACTOR CORE DESCRIPTION

(First Cycle)

Active Core

Nuzber of Guide Thimbles per Assembdly
Composition of Guide Thimbdles

4. 3-44

24
Zircalloy &

Equivalent Diameter, in, 132.7
Active Fuel Height, First Core, in. 168
Height=to=-Dianeter atio 1,27
Total Crori-Section Area, fe? 96.06
H;0/U Molecular Ratio, lattice (Cold) 2,41
Reflector Thickness and Composition
Top = Water plus Steel, in. ~10
Bottox - Water plus Steel, in. ~10
Side = Water plus Steel, in, ~15
Fuel Assenmbliec
Nusbder 193
Rod Array 17 x 17
Rods per assembly 264
Rod Pitch, in. 0,496 uhmra
Overall Transverse Dimensions, in. B.426 x 0.6?6 AT 2
Fuel Weight (as U0;), 1b 26l000 Roani]|) 20000 (Nowina
Zircalloy Weight, lbs (active core) :::::( ébn v
Number of Grids per Assembly 10 = Type R |15
Composition of Grids Inconel 718
Weight of Grids (Effective in Core), 1b 2979 |18

Anendment 18, 5/1/81
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TABLE 4.3-1 (Continued)
REACTOR CORE DESCRIPTION

(First Cycle)

Diameter of Juide Thimbles (upper part), in.

Diameter of Cuide Thimbles (lower pert), in.

Diameter of Instrument Guide Thimbles, in.

Fuel Rods
Number

Outside Diameter, in.
Diametral Gap, in.
Clad Thickness, in.
Clad Material

Fuel Pellets
Material

Density (percent of Theoretical)

Fuel Enrichments, wt %

Region 1
Region 2
Region 3

Diameter, in.

Length, in.

Mass of UO, per Foot of Fuel Rod, lb/ft

Rod Cluster Control Assemblies

Neutron Absorber
Composition
Diameter, in.

4,345

0.450 1.D.

0.482 0.D.
0.397 1.D.
0.429 0.D.
0.450 1.D.
0.482 0.D.

50,952
0.374
0.0065
0.0225
Zircaloy-4

U0, Sintered

95

vt
1.50 26
2.20 2.0
2.90
0.322540530 Sov Yassemblis
0.530 0387 $ov |99 assemblio
0.366 0.3bY |54
Hafnium
9.53% min 30 F‘
0.366

Amendment 54



STP FSAR

TABLE 4.3-1 (Continued)
REACTOR CORE DESCRIPTION

(First Cycle)

Density, 1lb/in?® 0.470 (amin)
Cladding Material Type 304, Cold Worked
Stainless Steel
Clad Thickness, in. 0.0185
Number of Clusters 57
Number of Absorber Rods per Cluster 24
Burnable Poison Rods (First Core)
Number +~ — —~ — « & = 4 = o~ . Uit 1 24,
Material Umdz ‘Borosilicare Glass
Clad Outside Diameter, in. 0.381
Inner Tube, 0.D., in. 0.1815
Clad Material Stainless Steel
Inner Tube Material Stainless Steel
Boron Loading (w/o B,04 in glass rod) 12.5
Weight of Boron-10 per foot of rod, 1b/ft .000419
Initial Reactivity Worth, & Ap lhatl 4.65 (HFP), 4.65 (MZP)
3.40 (cold)
Excess Reactivity Uniit 2 7.23(#/&/ 7.28 (WEPS
528 (Cored)
Maximum Fuel Assembly ke (Cold, Clean,
Unborated Water) 1:39
Maximum Core Reactivity (Cold, Zero Power,
Beginning of Cycle) 1.22

4.3-46

Amerdment 54

|30 's:.

|30



Ly=€'"

£¢ IusmpuImy

TARLE 4.3-2

(First Cycle)

Core Aversge |inser Power, k/ft, including
dersificetion effects

fotel Nest Flux Mot Chermel Fector, I.

s
muclesr Enthelpy Rise Not Channel Fector, '“

*

vl fente

Duppl er -only Powser ,v Curve
Coafficiats, poy/ F
(See Figure 15.0-3), Lewer Owrwe

Dogpl or t’-rm Coeffic.amt

poy ¥
mwmﬂkh\t,
poy ¥ -

Soron Csefficient, pon/ppe

>

Rodded Noderstor Dersity Coefficient, pow/gace

sUncertainties sre given In Section 4.3.3.3.

5.20

2.50

1.52

Design Lintte
-19.4 to 12,8

-10.2 to -4.7
-2.9 to -1.1

0 te -&0

-“n-r’
<0.43 x 10

__Best tatimety

155 to -11.3 -2 15 -0 3
12.5 to -9 -.q te - By

-2.9 to -1.8 - 2.2 ¢ ~1.¥

-6. to -30.0 .« bq te -5y
-un-', ~y to -%

0.3 x 10 "

£ 0.39 x 10

ivsd 41S
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Delayed Neutron Fraction sand Lifetime

Bogs BOL, (EOL)
t*, BOL, (EOL) u sec

Control Rods

Rod Requirements
Maximum Bank Worth, pcms
Maximm Zjected Rod Worth
Bank Worth, vc-'M (%OL)
Bank D
Bank C
Bank B

Bank Worth, pon (EO(_)
Bank D

Bank C
Bank B

TABLE 4.3-2 (Continued)

NUCLEAR DESICN PARAMETERS
(Pirst Cycle)
(P S|

S

0.0075, (0.0044)
25.0 (16.0)

See Table 4.3-3
< 2000

See Chapter 15
BOL, Xe free
650

1250

1200

EOL Eq. Xe
750

1450

1400

Vw2

0.0075, (0.0047)

250 (n.o)

Ly Ty W3
< 2000

Srp ewaeme 1S
RoL, xe Swa
746

{308
13 15

FOL S¢ Ke

74%
1308
M9

-5
+#Note: 1 pcm = (percent millirho) = 10 4o wvhere Ap is calculated from two

statepoint valves of l:e" by In (Kzlkl).

4vsd dis
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TASLE 4.3-2 (Contirued)

Rediel Pecter (SO0 ty #O) (First Oycle)
VT | T
77, |53
Unroded 1.41 to 1.28 oreoded 1.3 1o LAY
D bank 1.50 to 1.43 D benl t1.uy to \C
DeC 1.60 teo 1.4 HaeC .59 o T34
DecCes 1.80to1S5S bacsn, 1Leb te V5C
Soron Concentrations, SOU, ppm UwT 1\ VT 2

Tero Power, K + 0.99, Cold, Rod Cluster

off
Cantrol Assesbliee Out, clean 1080

« 0.99, Sot, Rod Cluster

LIy 29

M'—r,l'"

Control Assesblies Out, clesn
Posign Seale Refuel ing Boren Concentration

Tere Power, X 9.935, Cold, Rod Cluster
Mnln.ﬁlh-h.tlcn

ZTere Power, K ¢ 1,00, Bot, Red Cluster
mbﬂlhﬂ.ﬂn

Full Power, Bo Xenon, k __ = 1.0, Not, Rod
Cluster Contrel o ot

ZTero Power, o Neron k = .99, Cold, Rod
Cluster Control fos in less
fost Reective Rod Stuck in Full Out Position

1N2$
2500

1208
1222
yy
10069

333 §3

VsS4 d1S
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T/BLE 4.3-2 (Continued)

NUCLEAR DESICN PARAMETERS

(First Cycle)

Uart |

Boron Concentrations (Cont'd)
Full Power, Equilibrium Xenon, keff - 1.0,
Hot, Rod Cluster Control Assemblies Out
Reduction with Fuel Bumup
First Cycle ppm/CWD/MTU**
Reload Cycle, ppm/CWD/MTU

590

See Figure 4.3-J A
~ 100

#% Cigawatt Day (CWD) = 1000 Megawatt Day (1000 MWD). During the first cycle,
fixed burnable poison rod are present which significantly reduce the “oron

depletion rate compared to reload cycles.

VT 2

07

“ee G:,wn 4.2%-
. OO

-
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TABLE 4.3-3

REACTIVITY REQUIREMENTS FOR ROD CLUSTFR CONTROL ASSEMBLIES

Reactivity Effects,
percent

Control requirements
Fuel temperature (Doppler), I8,
Moderator temperature®*, I8,
Redistribution, XAp

Rod Insertion Allowsnce, IAp

Total Comtrol, XAp

Estimated Rod Cluster Control Assewbly
worth (57 Rods)

a. All sssesblies
inserted, 14

b. All but one (highest worth)
assembly ineerted, Iap

gstimated Rod Cluster Comntrol Assembly
credit with 10 percent adjustment to
accommodate uncertainties (3b - 10

percent), 18,

Beginning-of-Life End-of-Life
(First Cycle) (First Cycle)
Uany o V~t2 Us.t ¢ ot 2
1.35 .16 1.10 0.7
0.20 o0.%90 1.15 \.0S
0.50 o0.Sd 1.20 b 2D
.60 0 0.60 0.60
2.65 2.5L 4.05 3.FL
9.50 Q.09 9.50 .65
8.00 2.7% 8.00 7.4
7.20 7.00 7.20 6.67

End-of-Life

(Pquilibrium Cycle)

UnTy V22
d#

1.15
1.20
1.20

4.15

8.50

6.90

6.20

I

¥vYSd 418
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TABLE 4.3-3 (Continued)

REACTTVYTY REQUIREMENTS FOR ROD CLISTER CONTROL ASSEMBLIES

Reactivity Effects,

percent

Beginning-of-Life

(First Cycle)

5. Shutdown margin available (4-2), Zho

* Includes void effects
#%* The design basis minimum shutdown is 1.75ZA0

UanT

4.55

U~ T2

u_ uy

Pnd-of-Life Pnd-of-Life

(First Cycle) {Equilibrium gclel
Yant e UmT T J TS ' E—
3.15 2.8x 2.05%%

¥VS4 diS
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leakage flow from the vessel inle: nozzle directly to the vessel outlet
nozzle through the gap between the vessel and the barrel.

Flow introduced between the baffle and the barrel for the purpose of
cooling these components and which is mot 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 met. The design value of core bypass flow is equal to 4.5
percent of the total vessel flow.

ot Jnt h
Of the total allowance,oz.s percent is associated with the internals (items 1,

3, 4 and 5 above) and 2.0 percent for the core.pA Calculations have been per-
formed using drawing tolerances on_a worst cagg]baois and sccounting for
Base

uncertainties in pressure losses, on_these cql;u%gfiggs, the core bypass
flow is < 4.5 percent. of he 4otul allowswva Unt 2, 34 parcend 15 f\
atitcietl with e intenaly (iHans |3 Yo Slebove ) gncd J"mmn

Flow model test results for the flow path through the reactor are discussed if._____
Subsection 4.4.2.7.2,

4,4,4,2,2 1Inlet 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,
have indicated that a conservative design basis is to considur 5 percent reduc~
tion in the flow to the hot assembly, Reference 4,4-63. The same design basis
of 5 percent reduction to the hot assembly inlet is used in 'HINC IV analyses.

The experimental error estimated in the inlet velocity distribution has been
considered as outlined in Reference 4.4-18 where the sensitivity of changes in
inlet velocity ?Zszrigﬁtions to hot channel thermal performance is shown to be

small, Studies 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

assexbly for a loop out of service based on the experimental data in References
‘0‘-23 md ‘.4-2“0

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 c.uld be found in inlet wvelocity
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, pa*cllell 0 tgz fuel rod axis, is
evaluated using the Novendstern-Sandberg correlation b= ]. This correlation
consists of the following:

404"23
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TARLE 4.4-)
AND WYDRAULIC AR A 4
V. B, MecGuire South Taxas South Texas

Desigr Paramaters Units | end 2 Onit 1 Onie 2
Resctor Cors Bast Output, WVt 3,411 3,800 3,800
Resctor Core Bast Output, 10° Bru/dr 11,641 12,969 12,969
Beat Cenarated in Fuel, I 9.4 7.4 7.4
System Prassure, Wominal, peia 2,2% 2,250 2,250
System Pressure, Minimsus Stesdy

State, pais 2,220 2,220 2,220
Minimum DHBR at Nominal Conditions

Typical Plov Channel 2.08 2.16 2.16

Thimble (Celd Wall) Flow Channel 1.74 1.7 .M
Mintmum DNBR for Design Transients »1. 30 »1.3% »1.3
DNB Correlation "r" (W3 vith "R" (W) with "r" (w3 with

Modified Spacer
FPactor)

Modified Space”
Facter)

Modified Spacer
Factor)

Coolant Plow
Total Thermal FPiov Rate, 10° 1b_/or 140.3 199.6 N3
Bffective Flov Rate for Best

Trassfer, 10° 1b_/hr 134.0 133.2 13¢6.0
Rffective Fiov Area for Raat

Tranafer, ft 51.1 $1.1 51,1
Avarage Valocity Along Puel

Rode, ft/sac 16.7 16.7 16.7
Average Wass Velocity, 10° 1o fur-te? 2.62 2.61 26y

4. 642 Asandmant &4
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TABLE ¢,4«) (Continued)

THERMAL AND HYDRAULIC COMPARISON TABLEF

P
¥, B, McGuire South Texas St 7““‘/
Design Parameters {nits | and 2 Units”) —amd—2;. YauX T
Coolant Teamperature
Noatnal Iniet, °F §58. 1 $60.0 sew. ¥
Average Rise in Vessel, °F 60.2 66. 1 6572
Average Rise in Core, 'F 62,° ELN | 67 7
Average in Core, °F 592, | 5956 $Y6. 5
(Based or Avg. Enthalpy)
2.0
Average in “essel, °F $88.2 $83.0 s
Heat Transfer
Active Heat Transfer, Surface |
Area, Ft* 59,700 69,700 69, Yoo
Average Hest Flux, Biy/hr-ft- 189,800 181,200 ‘Fl200
Maximum Heat Flux for yonu (a:) (a.)
Operation, Btu/hr-f¢ 440,300 %1 453,100'%2 y53, 100 ()
Average Linear Power, kW/ft 5.44 5.20 £ 20
Peak [ inear Pover for (a.) (a.) ;3.0 (a,)
Nermal Operation, kW/ft 12,671 13.0""2
Peak Linear Fower Resulting from
Overpower Transients/Operators Errors
(assuming a “fmun overpowver of
L18%), kw/fe 18.0 18.0 /8,0
Peak Linear Power for ?rovov“on
of Centerline Melt, kW/ft »18.0 >15,0 > /7.0
Power Density, kW per liter of con(d) 104.5 98.8 7.7
(d)
Specific Pover, kW per kg Uran{um ¢ 38.4 36.6 3¢.0

Som=e] Amendment 44
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lL
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=
I. 148 1,025 238 . 953 811 I.014
993 || 1.000 .397 .000 | |1.002 ||1.000
—
. 882 .973 913 095 922 629
|.001 I.000 001 .999 1,001 |.003
t
821 831 .801 .659
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| NEAR BEGINNING OF LIFE, HOT FULL

Definitions:

ah = Enthalpy Rise

“ah = Average Enthalpy Rise
G = Mass Flow Rate

G = Averapge Mass Flow Rate
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CALCULATED FX, = 1.37
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| SOUTH TEXAS PROJECT
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i A
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TABLE 15.0-3

NOMINAL VALUES OF PERTINEN] PLANT PARAMETERS

UTILIZED IN THE ACCIDENT ANALYSES

Thermal output of NSSS (MWt)

Core inlet temperature (°F)

Vessel average temperature (°'F)
Reactor Coolant System pressure (psia)
Reactor coolant flow per loop (gpm)
Steam flow from NSSS (1b/hr)

Steam pressure at steam generator
outlet (psia)

Maximum steam moisture content (%)

Assumed feedwater temperature at steam
generator inlet (°F)

2
Average core heat flux (Btu/hr-ft )

. Steady state errors discussed in Section 15.
foe transiewm

obtain initial cond.dens
b

94, 100

&:3

See Table 15.0-2

560.0 °

593.0 s
2250

Cr— |18 eo
16,960,000 |18
1100

0.25

440

181200

are added to these values to

Qr\u\3$44n

&)W

Ses. censel Q\g-\wyk b15.0-19

Amendment 60



dnsert to Table 15,0-3

P An inlet tamperature of 560.4°F and a loop flow of 95,400 gpm have been
used in the following analyses {oe UnX \ wudlk Un.t 2,

* Mbine Trip (PSAR Section 15.2.3)

-Reactor Coolant Pump Shaft Seirure (Locked Rotor) (FSAR Section 15.3.3)
(both hot spot and rods-in-INB analyses)
~Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power
(FSAR Section 15.4.2)
~Chemical and Volume Comtrol System Malfunction that Results in a
Decrease in Boron Concentration in the Reactor Coolamt (FSAR
Section 15.4.6) (Boron Dilution in Mode 1)

= Inadvertent irg of a Pressuri
et icn 15.5?”9 izer Safety or Relief Valve (FSAR

An inlet tamperature of 560.4°F and a locp flow of $5,400 have been
used in the following analyses Foe Ut Lk ov\\j. i

= Inadvertert Opening of a Steam Generator Relief or Safety Valve Causing
Main (FSAR Section 15.1.4)
d Outside Contairment

E
i
|
:
g
i
2

= Partial Loss of Forved Reactor Coolamt Flow (FSAR Section 15.3.1)
- Coplete Loss of Forved Reactor Coolant Flow (FSAR Section 15.3.2)

= Spectrum of Rod Cluster Control Assenbly Ejection Acciderts (FSAR
Section 15.4.8)



STP FSAR

TABLE 15.0-4

TRIP POINTS AND TIME DELAYS TO TRIP

ASSUMED IN ACCIDENT ANALYSES

Tyip
Function

Power range high neutron
flux, high setting

Power range higr ‘tron
flux, low settin,

Neutron Flux Peactor Trip

Interlock, P-8 reset for

3 loop operation (coincident
with low reactor coolant
flow)

Overtemperature AT
Overpower AT

High pressurizer pressure
Low pressurizer pressure

Low reactor coolant flow
(from loop flow detectors)

Undervoltage trip
Turbine trip

Low-low steam generator
water level

Limiting Trip

Point Assumed Time Delays
In Analysis _(Seconds)
118% 0.5
35% 0.5
85% 1.0
Variable see 4" 8,C>
Figure 15.0-1
Variable see =52 2,0
Figure 15.0-1
2A4A0
2008 psig 2.0
1845 psig 2.0
87% loop flow 1:0
68% nominal 1.8
Not applicable 2.0
18% of narrow range 2.0

level span

a Total time delay (including RTD and thermowell time response, trip circuit
and channel electronics delay) from the time the temperature difference

in the coolant loops exceeds che trip setpoint until the rods are free to
fall,

Anendment 60
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A negative moderator coefficient corresponding to the end-of-life rodded | | 57
core with the most reactive rod cluster control assembly in the fully
vithdrawn position, The variation of the coefficient with tonpcraﬁ:isz//
and pressure i{s included. The k versus temperature at 1000 psi
corresponding to the negative loaifator temperature coefficient used is
shown in Figure 15.1-11. The effect of power generation in the core on
overall reactivity with the wust reactive RZCA in the fully withdrawn
position is shown on Figure 15.1-14 for nominal reactor ce~lant flow,

The core properties associated with the sector nearest the affected stean
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 sffects. 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 alvays larger than the reactivity
calculated, including the above local effects for the conditions. These

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

Minimun capability for injection of high concentrati .n boric acid
solution corresponding to the most restrictive single failure in the 2
safety injection system. Low concentration boric acid must be swept from |3
the safety injection lines downstream of the isolation valves prior to

the delivery of high concentration boric acid (2,500 ppm) to the reactor
coolant loops. This effect has been allowed for in the analysis.

The case studied is a stean flow of 292 pounds per second at 1300 psia |2
from one stean generator with offsite power available. This is the maxi-

pur capacity of any single stean 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 stean release, the reactor will be tripped by the normal overpower
protection when power level reaches a tri, pcirt. Following a trip at
power, the RCS contains more stored energy than at no-load, and there {s
appreciable energy stored in the fuel. Thus, the additional stored ener-
gy is removed via the cooldown caused by the steam release beforz 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 ieactivity insertions proceed in the same man-
ner as in the analysis which assmmes nc 'oad condition at time zero.
However, since the initial steam gerr : r water inventory i{s greatest at
no-load, the magnitude and duration .2 RCS cooldown are less for

stean release occurring at power. 43

15.1-10 Amendazent 57
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temperature coefficient, the cooldown results {n an insertion of positive
reactivity. If the mcst reactive RCCA {s assumed stuck in its fully withdrawn
position after reactor trip, there {s an incressed possibility that the core

will become critical and return to power. The core is ultimately shut down by 3
the boric acid delivered by the Safety Injection Systea.

The analysis of a main steas line rupture is performed to demonstrate that the
following criterion {s satisfied:

Assuning a stuck RCCA, with or without offsite pover, and assuming a |3
single failure in the SIS, the core remains in place and intact.

Although DNB and possible clad perforation folloving a steanm pipe ruprure are
not necessarily unacceptable, the analysis, in fact, shows that no DNB occurs
for any rupture assuaming the most reactive assembly stuck in itr fully with.
drawn position.

A major stean line rupture i{s classified as an ANS Condition IV event (see
Section 15.0.1).

The major rupture of a steaz line is the most limiting cooldown *~ansient and,
thus, is analyzed at zero pover with no decay heat. Decay heat 'ould retard
the cooldown thereby reducing the return to power. . detalled analysis of

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

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

1. Safety injection actuation from either: l 2
a. vo out of four lov pressurizer pressure signals, or |57
b. Excessive cooldown protection (two out of three lov compensated

steanline pressure from any SC or two out of three low=low
compensated T-cold in any loop).

2. The overpower reactor trips (neutron flux and AT) and the reactor trip ‘ bé
occurring in conjunction with receipt of the SI signal.

3.  Redundant {solation of the main feedvater lines: sustained high feed-
water flow would cause additional cooldown. Therefore, in addition to
the safety injection signal, an excessive cooldown protection signal will 43
rapidly close all fesdvater control valves and feedwater i{solation l

valves, as wvell as trip the main feedvater pumps. - Lo waae UWllae; ) 50 o

; v 18 e
4. Closure of the fnt-cctin;%in étou tnolatten Ralves (MSIVs) (Goaaign‘dﬁ
to close in less than 5 seconds) from either a

a. High-2 containment pressure signal, 57

t. Lov steanline pressure or lov-low T-.-cold signal (two out of three
in any loop) above the P-1l1 setpoint, or

15.1-12 Amendment 57
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e {gh negative steaszline pressure rate signal (two out of three in

any locp) below the P-11 setpoint

Fest-acting isclaticn valves are provided in each steaz line that will fully

close within 10 seconds of a 10:;0 break in the steaz line. For breaks down-
streax of the isolation valves, closure of all valves would completely terzi-

rate the blowdown. A description of steam line {solation {s inclucded in
Chapter 1lv.

Desisn criteria and sethods of protection of safetyerelated equipzent from the
¢

yt;i;: effects of postulated piping ruptures are provided {in Section 1.6,

A block dlagraz summarizing various ptotoc:‘on sequences for safety actiouns
rec.iired to mitigate the consequences of this event is previded in Figure
15 .2-%

195.1.5.2 Analvsis of Effects and Consequences.
Meshed of Analysis

The analysis of the steaz pize rupture has been perforzed to ceterzine:

The core heat flux and RIS temperature and pressure resulting frez th
-
-

cocldown following the steaz line break. The I1OFTRAN code (Ref. 15.
has been used

2 ‘he therzal and hydraulic behravicr of the core folloving a stea= line

break. A cdetailed therzal n" hydraulic digital cemputer code, THINC,

has been used to deter=ine |
{n Itez 1 adbeve

-}

e Bge

e

AT, M Gee O
Tne foliovin engitions \ ‘e as j

C
sazec 0 eXx s: l: the tize of a 2ain steax
Lire break accident:

-
;

reire Lf DNB oceurs fer the core conditions computesd

:‘cdc.cgv ezploved is consistent vith that used in the steaz line rup
; {ea -—° (Ref 1% 1-~14u4£511 c«<ﬁ&¢d&L.C1&‘u¢ tdﬁk, la/'éuVO,ﬂvuﬂgJ

p End-of-14fe shusdown carvgin 4t no-load, equilibrium xenen cenditions, an
with the most reactive ROCA stuck in its fully withdrawn pesizien. Cpera
ticn of the contrel rod banks during core durnup {s restricted {n such o
vay that addizion of positive reactivity Iin a stean line breax asccident
vill not lead to a 2ore adverse condition than the case analyzed.

2. A negative moderator ccefficlient correspending te the end-of-1ife rodded
core wizh the 2282 reazzive RCCA {n the fully vi:h ravn position. The
variaticn of the coefficiert with tezperature and pressure has been
{ncluded. The k_,of versus tezperature at 1: ps.,cc'rcs ending to the
negative moderattt tesperature coefiicient used {s Ahown on Figure
19.1+11, The effect cf pover generation {n the coré on overall reac-
tivity with the most rea~ {ve RCCA in the fully withdrawn pesition is
shown en Figure 15.1:1a nozinral reacter ceolant f‘cv.{

\.
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b. Case (a) with loss of offsite power simultanecus with the s-eam 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 coclant temperatures are determined at end of core life. The cold-
est core inlet temperatures are assumed to occur in the sector with the 2
stuck rod. The power peaking factors account for the effect of the local l
void in the region of the stuck control assembly during the return to
power phase following the steam line break. This void in conjunction l
with the large negative moderator coefficient partially offsets the
effect of the stuck asseably. The power peaking factors depend upon the
core power, temperature, pressure, and flow, and, thus, are different for
each case studied.

D

The core parameters used for each of the two cases corresp~nd to values
determined from the respective transient analysis.

Both the cases assume initial hot shutdown conditions at time zero since |S7
this represents the most pessimistic initial condition. Should the
reactor be just critical or operating at power at the time of a stean
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
pover, the RCS contains more stored energy than at no-load, the average
coolant temperature is higher than at no-load and there is appreciable
energy stored in the fuel. Thus, the additional stored energy is removed
via the cooldown caused by . = steanm 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 proczed in the same manner as i{n the
analysis wvhich assumes no-load condition at time zero.

7. In computing the steam flow curing a steam line break, the Moody Curve
(Ref. 15.1-3) 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 i{s shown i{n Table
F.1l-1.

The results presented are a conservative indication of the events which would
occur assuming a steam line rupture since it {s postulated that all of the
conditions described above occur simultaneously.

Core Power and Reactor Coolant System Transient 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% Anendment 57
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steanm release from only one steam generator. Should the core be critical at
near zero power when the rupture occurs, the initiacion of safery Injection by
low steam line pressure will trip the reacior. Steam release from more than
one steam generator will be prevented by automatic closure of the fast-acting ‘57
isolation valves in the steam lines via the low steam line pressurs signal.

Even with the fallure of one valve, release is limited to no more than 10 |43
seconds from the other steam generators while the one generator blows down.

The steam line stop valves are designed to be fully closed in less then 5

seaconds from receipt of a closure signal.

|2

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 solutior at 2,500 ppm 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
included in the calculation as is the variation of flow rate in the SIS due to
changes in the reactor co>lant system pressure. The SIS flow calculation

includes the line losses in the system as well as the pump head curve. :
Figures 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

of offsite power at the time the safety injection signal is generated. The |15
safety injection delay time includes 10 seconds to start the standby Diesel
generator and {n 12 seconds the pump is assumed to be at full speed. |43

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 3}£yact heat from the RCS i{s reduced by the decreased flow |2
in the RCS. For the,DNBR evaluation, a power and power shape analysis consis- '
tent with the fluid conditions was used. The peak power remains well below 18
the nominal full power value.

It should be not2d 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 stean line safety valves.

Margin to Critical Heat Flux

A DNB analysis was performed fcr 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 Radiological Consequences. The postu.ated accidents involving l 43
release of steam from the secondary system do no result in a release of radio-
activity unless there is leaksze “rom the RCS to the secondary system in the
steanm generators (SG's). A conservative analysis of the potential offsite
doses resulting from a steamline break outside Containment upstream of the
main steam {solation valve (MSIV) i{s presented using the Technical Specifica-

tion limit secondary coolant concentrations, Parameters used in the analysis |43
are listed in Table 15.1-2.
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3. Automatic Resctor
Control (Minisums
moGerater feeddback)

4. Automatic Reactor
Control (Maximu=
moderator feedback)

Accidental Depres-
surization of the
Main Steaz Systexz

Steaz Systez Piping
Fallure

- Case o (Plant
initially ot no
lead, with off.
site pover)

2. Case b (Same
as Case &
except for loss
of offsite pover)

[ [QUENCE OF EVENTS FOR IN
INCREASE IN HEAT REMOVAL BY 7

S§TP FSAR

TABLE 15.1-1 (Continued)

Event

100 step load {ncrease

Equilibrium conditions
reached (approximate time
enly)

108 step load (ncrease

Equilidbrius conditions
teached (approximate time
only)

Inadvertent opening of
one main steax safety

or relief valve
Pressurizer empties

2,500 ppa boron reaches core

Steaz line ruptures
Pressurizer empties
Cricicality attained

2.500 ppm boron reaches core

Stean line ruptures
Pressurizer empties
Criticality attained

2,500 ppm beron reaches core

15.1.20

Tiwe (sec)
Uat | Unit 2
0.0 ©.0
100 10O
0.0 o.o
150 Iso
0.0 .0
18] AMS
290 37%
° (o}
18.2 6 4
20.7 5.6
PR B | ©O
0 o
21.2 \9. ©
207 i X
193 I B
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STEAM FLOW
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15.3.1.2 Analysis of Effects and Conseguences.
Method of Analysis

54
The case analyzed is the loss of one pumg 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 tomperature 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 the transient
based on the heat flux from FACTRAN and flow from LOFTRAN. The departure fron
nucleate boiling ratio (DNBR) transients presented represent the sinimun of
the typical or thimble cell.

Initial Conditions

Plant characteristics and {nit‘al 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
steady state pressure, and maximum steady state coolant average temperature.

The pressure uncertainty used in this analysis is 34 psi_ and the coolant 54
average temperature uncertainty is &4.7°F 5 Y

Reactivity Coefficients S e
Sy'F&rdvrn
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 a&k.

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 {s reached.

Flow Coastdown

The flow coastdown analysis is based on a momentuz balance around each reactor
coclant loop and across the reactor core. This momentun balance is combined
with the contin:ity equation, a pump momentum balance and tne 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 fallure in any of these systems or equipment will adversely affect
the consequences of the accident.

15.3-2 Amendment 54
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undervoltage or underfrequency./ 8nc variation between this analysis and that
of the previous section i{s that the RCCA insertion vime to dashpot entry is
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 threugh 15.3-12 show the transient response for the lcss 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
the 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 {s 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 15.3-1. The reactor
coolant pumps will continue to coastdown, and natural circulation flow wiil
eventually be established, as demonstreoted in Section 15.2.6. With the
reactor tripped, a stable plant condition will be attained. Normal plant
shutdown may then proceed.

15.3.2.3 Radiological Conseguences. A complete loss of .eactor coclant
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 pover.

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 Section 15.1.5.

15.3.2.4 Conclusions. The analysis performed has demonstrated that for
the complete loss of forced reactor coolant flow, the DNBR does not decrease
below 1.30 at any time during the transient. Thus, the DNB design basis as
described in Section 4.4 {s met.

$9:8:3 Reactor Coolant Pump Shaft Seizure (Locked Rotor)

15.3.3.1 ldentification of Causes and Accident Description. The acci-
dent postulated is an instantaneous seizure of a reactor coolant pump roter
such as is discussed in Section 5.4. Flow through the affected reac: - cool-
ant loop is rapidly reduced, leading to an initiation of a reactor tri; on a
lov reactor coolant flow signal.

Following inftiation 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 tubte side film coeffi-
cient and then because the reacvor coolant in the tubes cools down while the
shell side temperature increases (turbine steam flow i{s 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

15.3.5 Amendment 55
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into the pressurizer and a pressure increase throughout the RCS. The insurge
{nto 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 wouid be expected to function properly
during the accident. However, €or 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 thermal 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 LOFTRAN. The FACTRAN code
includes tre use of a film boiling heat transfer coefficient. The FACTRAN
code is also used to calculate the heat flux transient based on the nuclear
pover and flow from LOFTRAN 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 LOFTRAN. The DNBR distribution is
used to calculate the number of rcds in DNB

4
Two cases are analyzed: b
1. Four loops operating, one locked rotor
- ¢ Four loors operating, one locked rotor, loss of power to the other

reactor 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 {s assumed to seize, the plant
is assumed ro 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 cenditions are further discussed in Section 15.0.3. Tle
pressure uncertainty used in these analyses is 34 psi . s verage
temperature uncertainty is 4.7°F

L

For the case without offsite powe 1lable, power is lost to the unatfected
pumps 2 seconds after reactor trip. (Note: Grid stadbility 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 conrervative 55
assunption based on gric statilicy analys.s).)

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

M:. Jadk 4 w*?\

Pet alert wow ek Araagant
Gov Un¥ 2 ( Amendment 35
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the pressurizer pressure measursment and control clannels. To obtain the I‘S
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 responscs at the point in the RCS having the |5°
maximum pressure,

Eva. ation 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 looo
reaches 87 percent of nominal flow. No credit is taken for the pressure
reducing effect of the pressurizer power-operated relief valves, pressurizer
spray, steam dump or controlled feedwater flow after reactor trip. Although
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,

Evaluation of DNB in the Core During the Accident

For this accident, DNB is assumed to occur in the core, and therefore, an
evaluation of the consequences with respect to fu:l rod thermal transients is
performed. Results obtained from analysis of this "h»% spot" condition rep~e-

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

\.)H\t\
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. "T. +t\
Um?!.(_(g\a;hw\' otk 00 o 9o g wo'r Spa+ WS wsiumarA 4o Vel 2, 6 8 -+ e 'H.Q
Film Boiling Coefficient Griragh Al fowl (e C“= ,‘I.b':)-'\' e a T ST TP §

O @ower level,

The film bo‘ling coefficient is calculated in the FACTRAN code using the
Bishop-Sandberg-Tong film boiling correlation. The fluid properties are eval-
uated at film temperature (average between wall 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
used throughout the transient since they are the most conservative with

respect to clad temperature response, For conservatism, DNB was assumed to
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
cesults. 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 tae
gap coefficient upon the maximum clad temperature during the transient, the
gap coefficient was assumed to increases from a steady state value consistent
with initial fuel temperature to 10,000 Btu/hr-ft?-°F at the initiation of :he
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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 Steax 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(w? - (45,500
d‘:)-kxlo‘cxp £42,290)
272

1.986T
=2 Wb
where:
w - amount reacted, mg/cm?
t .- time sec

T - temperature, °F K.
The reaction heat is 1510 cal/gm,.

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

Plant systems and equipment which are available to mirigate 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
15.3-20. The results of these calculations are also summarized in Table
15.3-2a. The peak RCS pressure reached during the transient i{s less than that
which would cause stresses to exceed the faulted condition stress limits.
Also, the peak clad surface temperature is considerably less than 2700°F. It
should be noted that the clad temperature was conservarively calculatad as-
suming that DNB occurs at the initiation of the transient. The nuwber of rods

ne
b

in DNB was conservatively calculated as ( percent of the total rods in the Unit )

core and 10 PeftanY of redy v e Uat 2 O,

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

The transient results for this case 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
which would cause stresses to exceed the faulted condition ».ress limits.
Also, the peak clad surface temperature is considerably less than 27CC°F.

Both the peak RCS pressure and the peak clad surface temperature for this case
are similar to the & loop transient with power available as discussed above.
The total percentage of fuel cladding damaged is the same as the wi“h-power
case, thus the conclusions of Section 15.3.3.3 are applicable to both events.
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The calculated sequence of events for the two cases analyzed is shown in Table ‘5;
15.3-1. Figure 15.3-17 shows that with offsite power available, the core flow
reaches a nev 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 '63
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 (5Cs). A conservative analysis
of the potential offsite doses resulting from a reactor coolant pump shaft
seizure ac:ident is presented using the Technical Specification limit secon-
dary coolant concentrations. Parameters used in the analysis are listed in 'L:
Table 15.3-3.

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

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

r ¥ Prior to the accident, the secondary coclant specific activity is equal
to the technical specification limit of 0.10 uCi/gm dose equivalent
1-131. This dose equivalent specific activity is presented in
Table 15.A-5

Ter
3. #omew percent - the total core fuel clad is damaged, which results .
in the r¢ .ise to the reactor coolant of percent of the total gap :

inventor of the hcore. Tnis activity is assumed uniformly mixed in the

primary coolant. R 48200D ANACYS/S WITH A REULRSE TOTYE BERACRE Coccanr

2’-0 Fnoﬂ'rrt” ugpsec!ur OF THE TOTRL GAD /INVENTORY OF TE CORE 15 /ML JOED T
4. .nguérina.y- c-secondary leakage of 1 gal/min (Technical Specification

limit) 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 after 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.

The iodine partitien factor in the SCs is equal to 0.01.

-~

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

The thyroid, gamma and beta doses for the reactor coolant pump shaft seizure
accident are given in Table 15.3-4 for the Exclusion Zone Boundary (EZB) of 2
1430 meters 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 cause stresses to exceed the
faulted condition stress limits, the integrity of the primary coolant system
is not endangered.
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TABLE 15.3-1

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT
IN A DECREASE IN A REACTOR_COOLANT SYSTEM FLOW

FLOW

Accident

Partial Loss of Forced
Reactor Cooclant Flow

Four loops operating,
one pump coasting
down

Complete Loss of Forced
Reactor Cooclant Flow

Reactor Coolant Pump
Shaft Seizure (Locked
Ror-r) (With offsite
power)

Low

Event

Coastdown begins dew
reactor coolant flow trip
ods begin to drop

inimum DNBR occurs
=3

All operating pumps
lose power and begin
coasting dcwn

Reactor coolant pump
undervoltage trip point
reached

Rods begin to drop
Minimum DNBR occurs

Rotor on one pump
locks

Low reactor coolant
flow setpoint reached

15.3-12

Time (s22
AT va T 2
— amm————
0 Q
1.30 30
2.30 a
3.40 350
Four Loop
0 )
0 o
1.5 s
3.3 3.
0 o
0.07 0.07
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TABLE 15.3-1 (Continued)

IN A DECREASE IN A REACTOR COOLANI

Accident

Reactor Coolant Pump
Shaft Seizure (Locked
Rotor) (Without
offsite power)

Event
Rods begin to drop

Maximum RCS pres-
sure occurs

Maximum clad temper-
ture occurs

Rotor on one pump locks

Low reactor coolant
flow setpoint

Rods begin to drop

RCPs lose power,
coastdown begins

Maximur RCS pressure
occurs

Maximum clad temperature
occurs

15.3-13

'S WHICH RESULT
[ SYSTEM FLOW
Time (sec
Four Loop
Operation
VA \ vuTL '18
1.07 1.7
3.3 3.2 | |se
3.7 36| e
54
0 C
0.07 0.¢1
1.07 1,97
307 3.%7
3.3 3. &
3.9 3.5

Amendment 56



STP FSAR

TABLE 15.3.2a

SUMMARY OF RESULTS FOR LOCKED ROTOR TRANSIENTS

(With offsite power)

4 lLoops Operating

Initially
("N va.T
Maximu: Reactor Coolant System 2589 2615
Pressure (psia)
Maximum Clad Temperature at 1675 V3
Core Hot Spot (°'F)
Zr-H,0 reaction at Core Hot 169 Q. N

Spot” (8 by weight)

15.3-14 Amendment 54
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TABLE 15.3-2b

SUMMARY OF RESULTS FOR LOCKED ROTOR TRANSIENTS

Maximumr Reactor Coolant
System Pressure (psia)

Maximum Clad Temperature at
Core Hot Spot (°F)

2r-K.0 reaction at Core Hot
Spot” (% by weight)

(Without offsite power)

15.3-15

4 Loops Operating
Inftially
LYY T 0 S

2589

1680

.188

Rbil

\177

v. 3

Anmendment 54
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TABLE 15.3-3

PARAMETERS USED IN RC PUMP SHAFT SEIZURE ACCIDENT ANALYSIS

Parameters
Core thermal power, Mwt

SG tube leak rate prior to accident
and initial 8 hrs follewing accident

GWPS operating prior to accident
Offsite power

Fuel defects 1

Primary coolant concentrations

Secondary coolant concentrations

\ a2 43
Failed fuel (following accident) VZ/JA-J’), ’0/:(‘/ +0% of fuel

Activity released to reactor
coolant from failed fuel and
available for release

Iodine partition factor in SG's
during accident

Steam release from four
SGs, 1b
' sorology

Dose model

*Condensers assumed unavailable for steam dump.

3,200

1.0 gm

No ,
Lost ;
1.0%

Table 15.A-4 |

Table 15.A-5

rods in core

/70 tir’of total gap
inventory ot noble
gases and iodines

0.01
614,000% (0-2 hr
1,264,000 (2-8 hr

5 percentile
Table 15.B-1

Appendix 15.8 ,

> ¥ )4 : Az TR /Ag_ 440 /&/’4‘\,/4//4/;”“&/‘4‘-7’

dmﬂ7 s % /1(%,,/ /w,/ a«a/77c e

15.3-15a
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TABLE 15.3-4

DOSES RESULTING FROM RC PUMP SHAFT SEIZURE ACCIDENT

Ten % Torae Gap Zwenrory
Exclusion Zone Boundary
1430 m, 0-2 hre

Low Population Zone
4800 m, Duration

thyroid dose, Rems o4 41-3—!-'!'0?

0
vhole-body gamma dose, Rems 38 10
2.1 10

= X
skin beta dose, Rems | w2 X

A ETEEN z ToTAL Gas Inuaumey

é hyr‘o«'a' dosc 'Eem_s l 5—6
Whole. bedy qamea. dose, Kems £ %16

Skin beta dose,Rems 2,10

2

é

15,3-1¢

<. A8 ‘2
2.4 x/0

1,9 %0 %
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Plant characteristics and initial conditions are discussed in Section 15.0 3.
Ir order to obtain conservative results for an uncontrolled rod withdrawal at

power accident, the following auu&}gﬁqjﬁ?}fo _‘_v“’—{’ﬁ -y 49

1. Initial conditions of maximum\core power and reactor coolant average
temperature (+4.7°'F uncertaintyy and pin{mum reactor coolant pressure 57
), resulting in the minimum initial margin to DNB.
m'VG AL AN ootk vnils
2. Reactivity Coefficients - Two caSes are analyzed. ~— B

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 trip on high neutron flux is assumed to be actuated at a
conservative value of 118 percent of nominal full power. The AT trips
{nclude 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 assumption that
the highest worth assembly is stuck in its fully withdrawn position.

- The maximum positive reactivity insertion rate is greater than that for
the simultaneous withdraval »f 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 diagram summsrizing variouws protection sequences for safety actions 22
required to micigate the consequences of this event is provided in Figure lel'
15.0-15.

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 will adversely affect
the consequences of the accident. A discussion of anticipated transients
without trip (ATWT) 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
wvithdraval incident starting from full power. Reactor trip on high neutron
flux occurs shortly after the start of the accident. Since this i{s rapid with
respect to the thermal time constants of the plant, small changes in T and
pressure result and sargir to DNB is maintaired. ke

15.4-7 Amendment 57
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The transient response for a slowv RCCA wvithdraval 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 i{s greater than 1,30,

Figure 15.4-10 shows the minimum DNBR as & function of reactivity insertion

rate from 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 chan-els. The minimum DNBR is always greater
than 1.30, 18

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 znd 10 percent
power respectively. The vesults are similar to the 100 percent power case,
except as the initial mover is decreased, the range over which the overtem-
perature AT zrip is eff.ctive is increased, In neither case does the DNBER

fall below 1,30, l

ao

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

Referring to the minimum feedback case in Figure 15.4-11, for ex-=mple, it s
noted that: |
-«

ds For high rcnct1v1t231nlertion ratee (i.e., betveen approximately A x 10-‘
Ok/sec and 1.0x10 “Ak/sec) reactor trip is initfated by the high neu-
tron flux trip. The neutron flux level in the ccre rises rapidly for
these insertior rater while core heat flux and coolant system temperature
lag behind due to the thermal capacity of the fuel and coclant ystem
fluid. Thus, the reactor is tripped prior to significant increase in
heat flux or water temperature with resultant high minimum DNBRs during
the transient., As reactivity insertion rate decreases, core heat flux
and cooleni temperatures can remain more nearly in equilibrium with the
nautron flux; minimum DNER during the transient thus decreases with
decreasing insertion rate.

2. The overtemperature AT reacter trip circuit initiates a reactor trip when
measured coolant loop &T exceeds a setpoint based on measured RCS average
temperature and pressure. This trip circuit is described in detail in
Chapter 7; however, 1t ig important in this context to nots that the
average temperature contribu ion 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 bacome equally effective in terminating
the transient (e.g., at approximately A x 10  Ak/sec reactivity
insertion rate). 2

For reactivity inoerggon rates between approximately A x 10-‘ Lk/sec and
approximately 5 x 10 "Ak/sec the effectiveness of the overtemperaturedT
trip increases (in terms of increased minimum DNBR) due to rhe fact that
with Jower .insertion rates the power increase rate is slower, the rate of

15,48 . Amendment &3
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rise of average coolant temperature is slower and the system lags and
delays become less significant,

4, For reactivity insertion rates less than approximately 5 x ].O'5 Ak/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,
sharply decreases the rate of rise of RCS average temperature. T''s
decrease in rate of rise c¢f the average coolant system temperatu ¢ during
the transient is accentuated by the 'cad-lag compensation causing the
overtemperature AT trip setpoint to be reached later with resulting lower
winimum DNBRs.

For transients initiated from higher power levels (for example, see Figure
15.4~10) this effect, described in Item 4 aboye, which results in the sharp
peak in minimum DNBR at approximatelvy I-l'ﬁ"'v"rhce. does not occur since
the steam generator safety valves arc(;:vcx_Q;LNStcd prior to trip.

€c

Since the RCCA withdrawal at power 1ncident 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 tie 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.2., the high neutron flux
trip setpoint assumed in the analysis). Taking into account the effect of the
RCCA withdraval on the axial core power distribution, the peak fuel tempera~-
ture will still remain below the fuel melting temperature.

For slow reactivity insertion rates, the core heat flux remains more nearly in
equilibrium with the neutron flux. The overpower transient is terminate«d by
the overtemperature 4T reactor trip before a DNB condition is reached. The
peak heat flux again is maintained below 118 percent of itr nominal value,
Taking into account the effect of the KCCA withdrawval on the axial core powrr
distribution, the peak fuel temperature will remain below the fuel melting
temperature,

Since DNB does not occur at any time during the RCC* withdrawal at power tran-
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
abeve {ts 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 eubsequently be cooled down further by following normal plant
shutdown procedures,

15.4,2.3 Radiological Consequences. There are only mirimal radiologicel
consequences associatad with an uncontrolled RCCA bank witidrawal at power
event, The reactor trip causes & iuvbine trip and heat is removed from the
secondary system through the stean generator rnwar-operated relief valves
(PORVs) or safety valves. Since no fuel damage i: postulated to occur, the
radiclogical consequences associated with atmospheric steam reiease from this
event are less severe than the steam .ine break e ‘ent analyzed in Section
15.1.5.3,
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r
15.4.2.4 Conclusions. The high neutron flux and ovortcnperatq; &T 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. L)

19.4.3 Rod Cluster Control Assembly Misoperation F3

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; 0
2 A dropped RCZA bank;

3. Statically misaligned RCCA; k3
4 Withdrawal of a single RCCA. Bo

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 & local alarm and a control room annunclator.
Group demand position is also indicated.

RCCAs are always moved in preselected banks, and the banks are always moved in Bo
the same preselected sequence. Each bank of RCCAs i{s divided into two groups. |“3
The 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
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

1ift coils of a mechanism is required to withdraw the RCCA attached to the
mechanism. Since the stationary gripper, movable gripper, and lift colls :
associated with the four RCCAs of a rod group are driven in parallel, any "3'53
single failure which would cause rod withdrewal would affect a minimum of one

group. Mechanical failures are in the direction of insertion or immobility.

|53

The dropped RCCA, dropped RCCA bank, and statically misaligned RCCA events are | 53
classif’ed as American Nuclear Society (ANS) Condition 11 incidenty (incidents

of woderate frequency) as defined in Section 15.0.1. However, the single RCCA
withdrawal incident is classified as an ANS Condition 1I] event, as discussed
below.

No single electrical or mechanical failure in the rod control system could |63
cause cth: accidental withdrawal of a s‘ngle RCCA from the inserted bank at

full power ‘vation. The operator could withdraw a single RCCA in the l
control Yank since this feature is ne.essary in order to retrieve an assembly 'A3 33
should one be accidentally dropped. The event enalyzed must result from

multiple wiring failures (probability for single random failure is on the '
order of 10 "/year; refer to Section 7.7.2.2) or multiple serious operator |57
errovs and subsequent and repeated operator disregard of event indication.
The probability of such a combination of conditions i{s very low. The

consequences, howvever, may include slight fuel damage. Thus, consistent with \53
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The insertion lim{ts in the Technical Specifications may vary from time

to time depending on a number of limiting criteria. It {s preferable,
therefore, to analyze the misaligned RCCA case at full power for a posi -
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 above that position and will
usually be dictated by other criteria. Detailed results will vary from
cycle to cycle depending on fuel arrangements.

For this RCCA misalignment with bank D inserted to its full power insert. | 33
ion limit and one RCCA fully withdrawn, DNBR does not 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 jercent power uncertainty, a -34 psia

pressure uncertainty,and a +4.7°F temperature uncertainty but with the
incronsod’i:gi:;fi?%aing factor associated with the misaligned) RCCA,

DNB calculations have not been performed specifically for RCCAs missing IS3
from other banks; however, power shape calculations have been performed.

as required, for the RCCA ejection analysis. Inspection of the power

shapes shows that the DNB and peak kW/ft situation is less severe than

the bank D case discussed above assuming insertion limits on the other
banks equivalent to a bank D full-in insertion limice.

57

For RCCA misalignments with one RCCA fully inserted, the DNBR does not !53
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 uncertainty, and a +4.7°F temperature uncertaintygbut | 57
with the increased radial peaking factor associated with the misaligne
RCCA. . et

DNB does not occur for the RCCA misalignment incident and thus the

ability of the primary coolant to remove heat from the fuel rod is not
reduced.
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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 deviated from its bank.
Operating instructions require boration at low level alarm.

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
neutron flux trip. These protection functions are described in detail in
Section 7.2,

Effects on Adjscent 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 wo.!d not cause damage to
adjacent housings. The CRDM is duscribed in Section 3.9.4.

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.

1f failure of the position indicator coil assembly should occur, the resulting
free radial jet from the 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 bLent
because of the rigidity of multiple adjacent housings.

Effect of Rod Travel Housing Circumferential Failures

1f circumferential failure of a rod travel housing should occur, the
broken-off section of the housing would be ejected verti:ally because the
driving force is vertical and the position indicator coil assembly and the
drive shaft 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 rezched 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 pilece agains: the missile
shield.

1f the broken-off piece of the rod travel housing were slort enough to clear
the break when fully ejected, it would rebound after impact with the missile

15.4-25 Amendment 54
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Trip Reactivity Insertion

The trip reactivity insertion assumed i{s given in Table 15.4-3 and includes
the effect uf one stuck RCCA adjacent to the ejected rod. These values are
reduced by the ejected rod reactivity. The shutdown reactivity was sim lated
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.
This delay i{s 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. .§
seconds after the start of fall. The choice of such a conservative insertion
rate means that there {s over one second after the trip point is reached
before significant shutdown reactivity {s inserted into the core. This con-
servatism is particularly important for hot full power accicents.

The minimum design shutdown margin availavle for this plant at hot zero power
(HZP) may be reacted 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 calculational
uncertainties. Physics calculations have shown that the effect of two stuck
RCCAs (one of which is the worst ejected rod) is to reduce the shutdown by
about an additional one percent Ak. Therefore, following a reactor trip

resulting from an RCCA ejection accident, the reactor will be subcritical when
the core returns to HKZP.

Reactor Protection

As discussed in Section 15.4.8.1.1, reactor protection for a rod ejection is
provided by high neutron flux trip (high and low setting) and high positive '43
neutron flux rate trip. These protection functions are part of the Reactor |57
Trip 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

Cases 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 worth and hot channel factor were conservatively calcu-

lated to be 0.20 percent Ak and 7.10 respectively. The peak hot spot clad | 18
average temperature was 2,219° The peak hot spot fuel center

temperature reached nelting,(E?%servatlvoly assumed at 4,900°F. However,
melting was restricted to less)*han_ten percent of the pellet.

e Vo and 2202°F &7 U -,
2. Beginning of Cycle, Zero Power weed RLLMAT UL_/)

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 Ak and a hot

channel factor of ]13.0. The peak hot spot clad average temperature |18
reached 2 001°F, "the fuel center temperature was 3,476°F,

“sp ”~

/'N s { :: t 0
vty s AT
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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

to be 0.20 percent Ak and 7.10, respectively. This resulted in a peak |
clad average temperature of 2,096'F, The peak hot spot fuel center tem-

By

perature reached melting at &4 ,800°F." However, melting was restricted to
less than ten percent of the pellet. \/:” R T 2 caa Y

4. End of Cycle, Zero Power (j§;§unk1 EE?::TiE;;T??TF
The ejected rod worth and hot channel factor for this case %rc obtained “Q\i
assuming control bank D to be fully inserted and banks B and)C at their
{nsertion limits. The results were 1.0 percent Ak and 20.00Y sespective-

& . The peak clad average and fuel center temperatures were 2,422°F and |18
h.lSQ'Fg;_ZPo Doppler weighting factor for this case is significantly
higher than\for the other cases due to the very large transient hot chan-

e ——
|

nel factor. :'.0 Vol Gadh. 2.651% 6--4] “ '_!3"’ VI 25

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 15.4-26 through 15.4-29.

G L0 Ol o

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.
For all cases, reactor trip occurs very early in the transient, after which
the nuclear power excursion is terminated. The reactor will remain
subcritical following reactor trip.

The ejection of a RCCA constitutes a break in the RCS, located in the reactor
pressure 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.

Fiscion Product Release

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
were coincident.

Pressure Surge

A detailed calculation of the pressure surge for an ejection worth of cre
dollar at beginning of life, hot full powver, 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 Anendment 57
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Table 15.4-1

TIME SEQUENCE OF EVENTS FOIL INCIDENTS WHICH CAUSE REACTIVITY

Accident

Power

1.

Case A

AND POWER DISTRIBUTION ANOMALIES

Event
Initiation of uncontro}%od

rod withdrewal from 10
of nominal power

Power range high neutron
flux low setpoint reached

Peak nuclear power occurs

Rods begin to fall into
core

Minimum DNBR occurs

Peak average clad temperature
occurs

Peak heat flux occurs

Peak average fuel temperature
occurs

Initiation of uncontrolled
RCCA withdrawal at a high
reactivity insertion rate
(70 pcm/sec)

fower range high neutron flux
high tri, point reached

Rods begin to fall into core

Minimum DNBR occurs

15.4-37

Ttnow“guc‘q b &
0.0 0.0
13.7 V3.7
13.8 139
14.2 1. &
15.6 1S. 6
15.6 15. 6
15.6 IS, 6
15.8 6.9
0 o
1.7 \.7
2.2 2.4
3.2 -3_q
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Table 15.4-1 (Continued)

TIME SEQUENCE OF EVENT3 FOR INCIDENTS WHICH CAUSE REACTIVITY

Accident

2. Case B

Startup of an Inactive
Reactor Coolant Loop

Uncontrolled Boron
Dilution

Dilution during
startup

AND POWER DISTRIBUTION ANOMALIES

Event

Initiation of uncontrolled
RCCA witndrawal at a small
reactivity insertion rate

(5 pem/sec)

Overtemperature AT reactor
trip signal initjiated

Rods begin to fall into co:e
Minimum DNBR occurs

Initiation of pump
Startup

Power reached P-8 interlock
setpoint, coincident with
low reactor coolant flow

Rods begin to drop

Minimum DNBR occurs

Power range high neutron flux,
low setpoint reactor trip due
to dilution

Shutdown margin lost (if
dilution continues after trip)

15.4-38

10.2

11.2
12.0

~1200
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Table 15.4-1 (Continued)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH CAUSE REACTIVI:Y

AND POWER DISTRIBUTION ANOMALIES

Accident

2 Dilution during
full power operation

a. Automatic
reactor control

b. Manual reactor
control

Rod Cluster Control
Assexbly Ejection

1. Beginning of
Life, Full Power

2. End of Life,
Zero Power

Event

Operator receives low-low
rod insertion limit alarm
due to dilution

Shutdown margin lost
Reactor trip on

overtemperature AT
due to dilution

Shutdown margin lost (if dilu-

tion continues after trip)

Initiation of rod ejection
Power range high neutron
flux setpoint reached

Peak nuclear power occurs
Rods begin to fall into core

Foclmvernyl
Peak temperature occurs

¢ luel
Peak fwed temperature occurs
Peak heat flux occurs
Initiation of rod ejection

Power range high neutron
flux low setpoint reached

15.4-39

Time (sec.
JAT | T
0 (o]
’
-1620 ~ 1630
0 Q
~1020 A 10MD
0.0 0.0
0.06 0.0 §
0.13 0.13
0.56 0. §§
2.59 R 53
2.59 2. Se
2.59 % $7
0.0 ©.©
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Table 15.4-1 (Cont.nued)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH CAUSE REACTIVITY

Accident

AND POWER DISTRIBUTION ANOMALIES

Evlﬂt

Peak nuclear power occurs

Rods begin to

fall into core

clad +emparstvre
Peak Wees-£lwn occurs

week £\ox

Peak

occurs

e

ave
Peak fuolatonp

15.4-40

eratulre occurs

Time faoc.z
4 ! uﬂlft
R —

0.17 R
0.64 0. b4
1.46 | .26
1.46 1. 32
1.97 ] . B3
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TABLE 15.4-3 A

L)A)IT ) PARAMETERS USED IN THE ANALYSI1S OF THE ROD CLUSTER

- CONTROL ASSEMBLY EJECTION ACCIDENT

Beginning Beginning End End
of cycle of cycle of cycle of cycle

Pcwer level, % 102 0 102 0

Ejected rod worth, 2aK 0.20 0.20
Delaved neutron fraction, 2 0.55 0.44
Feedback reactivity weighting 1.60 1.30

Trip reactivity, 23K 5.0 4,0

Fq before rod ejection 2,50

yq after rod ejection 7.10
Number of operational pumps 4

Max, fuel pellet average
temperature, °F 4090

Max., fuel center temperature,
b 4900

Max. clad average temperature,
°F 2219

Max. fuel stored energy, cal/ge 179

55
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TABLE

15.4-3 B

L}ﬂ\*- 2. PARAMETERS USED IN THE ANALYS1S OF THE ROD CLUSTER

— CONTROL ASSEMBLY

EJECTION ACCIDENT

Beginning  Beginning End End
of cycle  of cycle  of eycle of cycle
Power level, 2 102 0 102 0
EJQCt.d rod Uorth. 2AK 0020 0036 0-20 1-0
Delaved neutron fraction, % 0.55 0.55 0.44 0,44
Feedback reactivity weighting [.JDPeQ 1.2540 1.30 e 3. 55
Trip reactivity, 23K 40 » 2.0 4,0 2.0
Fo before rod ejection 2.65 Al R LM -
Fq after rod ejection 7,10 13,0 7.10 e 23.00
Nunber of operational punmps 4 2 - 2
Max, fuel pellet average
temperature, °F Qi eel 3ol 4 LicyPeeT edn 3019
‘Max. fuel center temperature,
¥ w00 4l ot 4800 St ST
Max, clad average temperature,
°’F DL Lelezeel 1091208 P o =P RN
Max. fuel stored energy, cal/gs Pd < bl et
(74 (54 lesS 11
Povant fucl weld |0 0 <l o
42 5§
15.4=47 o

18
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