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2.1 SAFETY LIMITS

BASES

2.1.1 REACTOR CORE

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

Uperation above the upper boundary of the nu.leate boiling regime could
result in excessive c'adding temperatures because of the onset of departure
from nucleate boiling (DNB) and the resultant sharp reduction in heat transfer
coefficient. DNB is not a directly measurable parameter during operation and
therefore THERMAL POWER and Reactor Coolant Temperature and Pressure have been
related to DNB through the WRB-1 correlation and the W-3 correlation for
conditions outside the range of WRB-1 correlation. The DNB correlations have Rl142
been developed to predict the DNB flux and the location of DNB for axially

R142

uniform and non-uniform heat flux distributions. The local DNB heat flux ratio,
DNBR, defined as the ratio of the heat flux that would. NB at a particular
core locatien to the local heat flux, is indicatiwe Bf t§§ qgr
< DESIGe ~ Ll Ty
The DNB design basis is as follows: (  thene pest-be. at’ rcent
probability that the minimum DNBR of the\limi ing Conditi 3
I] events is greater than or e : i _
b !Bg%3g§gseg:jt e _WRE ' is
N imt is estab - ireigpgli_ e expérimental da
7 such that there is a 95 percent p y with percent confidence t
fw-r,m!jll not occur when the minimum DNBR is at the, DNBR limit. _éﬁEQQQAJ:;
(Tffi At)hflgﬂ.fhe curves of Figure 2.1-1 show the loci of points of THERMAL POWER,
~ " Reactor Coolant System pressure and avarage temperature for which the minimum
ONBR is no less than the safety analysis DNBR 1imit, or the average enthalpy at
the vessel exit is equal to the enthalpy of saturated liquid.

The curves are based on an enthalpy hot channel factor, FZH' specified in

the Core Operating Limit Report (COLR) and a reference cosine with a peak of
1.55 for axia) power shape. An allowance is inciuded for an increase in

FNH at reduced power based on the expression:

A
Fay = Fan L1+ PF. (1-P)]

where P =  THERMAL POWER | R159
RATED TRERMAL POWER

R15%

RTP _
FAH = the F

COLR, and

N

AH Timit at RATED THERMAL POWER (RTP) specified in tne

PFAH = the power factor multiplier for FZH specified in the COLR.
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2.1 SAFETY LIMITS

BASES

2.1.1 REACTOR CORE

The restrictions of this safety 1imit prevent overheating of the fuel and
possible cladding perforation which would result in the release of fission
products to the reactor coolant. Overheating of the fuel cladding is prevented
by restricting fuel operation to within the nucleate boiling regime where the
heat transfer coefficient is Jarge and the cladding surface temperature is
slightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime could
result in excessive cladding temperatu.es pecause of the onset o/ departure
from nucleate boiling (DNB) and the resuitant sharp reduction in heat transfer
crefficient. ONB is not a directly measurable parameter during operation and
therefore THERMAL POWER and Reactor Coolant Temperature and Pressure ..ave been
related to ONB through the WRB-1 correlation and the W=3 correlation for
conditions outside the range of WRB-1 correlation. The DNB correlations have
been developed to predict the ONB flux and the location of DNB for axially
uniform and non-uniform heat flux distributions. The local DNB heat flux ratio,
ONBR, defined as the ratio of the heat flux that would cause D t a ~articular
core location to the local heat flux, is indicative

l R130
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The DNB design basis is as follows: é;;\%5~ ercer
probability that the minimum DNBR of the dition I and

Wi 1T events isigreater than or equal to theY! t corrélati [ | R3O
Lge_gn Afsed (the ;}_Rg-l %f W-3-cor, : 4 e corrélat
” N mit is established Pased on entire a i experimental dat

/" such that there is a 95 percent probability with 95 percentlﬁgniigsgge that
™

; ’l;,\!il] not occur when the minimum ONBR is at the,ONBR limit.‘,gzig,qﬁL/,
| {5;;ﬁ T?‘gﬁé??he surves of Figure 2.1-1 show the loci of points of THERMAL POWER, R104
1__~"Reactor Coolant System pressure and average temperature for which the minimum
ONBR is no less than the safety anaiysis ONBR 1imit, or the average enthalpy at
the vessel exit is equal to the enthalpy of saturated liquid. R130
The curves are based on an enthalpy hot channel factor, F:H’ specified in lgla,
the Core Operating Limit Report (COLR) and a reference cosine with a peak of ‘
| 1.55 for axial power shape. An allowance is included for an increase in kit
q FgH at reduced power based on the expression:
g N _ RTP.,.~ B
| Fan = Fap [1* PFy, (1-P)) (
| where P =  THERMAL POWER
; RATED THERMAL POWER R14
i RTP N
: FAH = the FAH Timit at RATED THERMAL POWER (RTP) specified in the
: COLR, and
PraH = the power factor multiplier for F:H specified in the COLR.
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POWER DISTRIBU/ION LIMITS Ao,
gsieN \}
BASES . p BR
Fuel rod bowing reduces the value of DNB ratio. Margin has been retained
between the DNBR yalue used in the safety analysislzgjggffand the R130
rrefation|limit to complztely offset the rod bow penalty.

The applicable value of rod bow penalty is referenced in the FSAR. Rléb]
Margin in excess of the rod bow penalty is avail-ole for plant design R130
flexibility,

The hot channel factor FQ M(z) is measured perindically and increased by o5t
a cycle and height dependent power factor W(z), tu .- vide assurance that the
limit on the hot channel factor, FQ(z), is met. W(. accounts for the effects
of normal operation transients and was determined from expected power control
maneuvers over the full range of burnup conditions in the core. The W(z) R146 l

function is specified in the COLR.

3/4.2. 4 QUADRANT POWER TILT RATIO

The quadrant power tilt ratio limit assures that the radial power distri=
bution satisfies the design values used in the power capability analysis.
Radial power distribution measurements are made during startup testing and
periudically during power operation,

The two hour time allowance for operation with a tilt condi*ion greater
than 1.02 but less than 1,09 is provided to allow identificatior and
correction of a dropped or misaligned rod. In the event suth action does not
correct the tilt, the margin for uncertainty on FQ is reinstated by reducing

the power by 3 percent from RATED THERMAL POWER for each percent of tilt in
excess of 1.0.

3/4.2.5 DNB PARAMETERS

The 1imits on the ONB related pzrameters assure that each of the para-
meters are maintained within the normal steady state envelope of operation
assumed in the transient and accident analyses. The limits are consistent
with the initial FSAR assumptions and have been analytically demonstrated
adequate to maintain a minimum DNBR of greater than or equal to \he safety
analysis ONBR 1imit throughout each analyzed transient.

The 12 hour periodic surveillance of these parameters through instrument R21

readout is sufficient to ensure that the parameters are restored within their
limits following load changes and other expected transient operation.

SEQUOYAH - UNIT 2 B 3/4 2-4 Admencment No, 21, 130,
186\ .rch 30, 1992
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ENCLOSURE 2
PROPOSED TECHNICAL SPECIFICATION (TS) CHANGE
SEQUOYAH NUCLEAK PLANT UNITS 1 AND 2
DOCKET NOS. 50-327 AND 50-328
(TVA-SQN-TS~92-14)
DESCRIPTION AND JUSTIFICATION FOR

DEPARTURE FROM NUCLEATE BOILING RATIO (DNBR) LIMITS BASES CHANGE
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ATTACHMENT TO ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY
SEQUOYAH UNITS 1 AND 2
INCREASE FdH T0 1.62 ANL: INCREASE Fq TO 2.4 WITH

Mini-RTDP FINAL SAFETY EVALUATJON

(SECL-91-451, REVISION 2’
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INTRODUCTION

Westinghouse has completed its evaluation of an issue affecting the NOTRUMP small break LOCA
Evaluztion Model, This information is being provided to allow affected utilities to assess individual
reporung requirements which may exist due to changes in Peak Cladding Temperature (PCT) in their
small Freak LOCA analysis results.

BACKGROUND

During a recently completed effort, anomalous behavior was noted in the NOTRUMP runs. This behavior
was eventually traced to an error in SUBROUTINE BESSJO which calculates Bessel Function values used
during the transient solution. During the time before this error was corrected, convergence anomalies
were observed in NOTRUMP. It has been determined that this error was introduced in Cycle 23 of the
NOTRUMP code and that only analyses performed with this version of the code are affected. Subsequent
reruns with a corrected version of NOTRUMP (cycle 24) showed that the convergence abnormalities were
indeed the result of the Bessel Function error, and that the standard convergence criteria used for
Evaluation Model calculations continue to be valid when the corrected code is used.

EFFECTS OF ISSUE
The effect of this issue on Sequoyah Unit 1 (TVA) has been determined by a plant specific calculation to

be a change of +11°F, This result should be evaluated to determine reporting requirements under
10 CFR 50.46.

CI68:LVT 109t
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NOTES:

If the answ=r to any of the above guestions is unknown, indicate under 5.) REMARKS and explain
below.

If the answer 1o any of the above ¢uestions in Part A (3.4) or Part B cannot be answered in the negative,
based on written safety evaluation, the change review would require an application for license amendment
as required by 10CT'RS0.59(c) and submitted to the NRC pursuant to 10CFR50.90.

S) REMARKS:

Note *ar Part A item 3 4, F-DELTA-H is in the CGULR for both units. Technical Specification bases
changes are provided for Units | and 2.

FOR FSAR UPDATE

faction:____ Pages:

Tables: . Figures:

Reason for / Description of Change:

Marked-up affected FSAR and Technical Specification and COLR marked pages are enclused

The answers given in Section 3, Part A, and Secticn 4, Part B, of the Safety Evaluation Checklist, are
based on the attached Safety Evaluation.

SAFETY EVALUATION APPROVAL LADD}'.;',R:

Lot

Nuclear Safety Preparer: Date: “©-<3C "??

.
o . -

Nuciear Safety Reviewer: L. V. Tomasic Date: l so q -
Coordinated with Enginecrs: 4. Doman Date:

(Signature on file)
Coordinated with Engineers: R._Anderson Date:

(Signature on file)
Coordinated with Engineers: F. Baskerville Date:

(Signature on file)
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SECL-91-451, Rev. 2

10 Introduction

Revision 2 addresses a mixed core of the following fuel types: 1) once burned, 350 psi backfill pressure
standard (inconel grids); 2) fresh, 275 psi backfill pressure V-5H (zirc grids); 3) fresh, 100 psi or greater
backfill pressure IFBA (zirc grids).

Prior revisions addressed a mixed cores identical to the one described above except that it did not
consider the once burned, 350 psi back pressure standard fuel with inconel grids. TVA's comments were
duscussed and incorporated in Revision 1.

The above revisions do not alter the discussions, bases, or conclusions of the original safety evaluation
and do not represent an unreviewed safety question.

The original issue of this safety evaluaton addressed the impact of increasing Fy,, from 1.55 to 1.62 and
increasing ¥, from 2.32 to 2.40 using the Mini Revised Thermal Design Proceduce (Mini RTDP) on the
UFSAR Chapter 4, Thermal and Hydraulic Analysis, Chapter 6 and 15 LOCA and non-LOCA accident
analyses for Sequoyah Units | and 2.

20  Non-LOCA Evaluation

This section summarizes the non-LOCA reanalyses and evaluations performed for the Sequoyah Unit |
and 2 increased F,. increased F,, and Mini RTDP implementation. The increase in the design limit
value of the ruclear enthalpv rise hot channel factor, Fy,, is from 1.55 to 1.62. The increase in the
design limit value for the nuclear heat flux hot channel factor, F, is from 2.32 to 2.40.

2.1  The Effects of an Increase Foy

In general, an increase in Fy, results in a decrease in Departure from Nucleate Boiling Ratio (DNBR)
for a given set of thermai-hydraulic conditions. On this basis it would be expected that all transients for
which DNBR is calculated would be affected. However, the margins obtained through the use of the
WRB-1 DNB correiation allow for the increased peaking factor without changing the core thermal limits.
Therefore, only those transients which explicitly incorporate a value of Fy, in the calcuiation of the
thermal-hydraulic conditions existing at the time of minimum DNBR require reanalysis. Thess are the
Partial Loss of Flow, Comptlete Loss of Flow (including Reactor Coolant Pump (RCP) Underfrequency),
RCP Locked Rotor and Startup of an Inactive Loop at an Incorrect Temperature.
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The results of these two ransients are shown in Figures 3.1-1 through 3.14 and 3.1-5 through 3.1-8,
respectively. The flow coastdown transients are shown in Figures 3.1-1 and 3.1-5. For both transients,
the FACTRAN code 1] is used to calculate the heat flux transient based upon nuclear power and flow
from LOFTRAN [2]. The Partial Loss of Flow transient is terminated by a low Reacter Coolant System
(RCS) loop flow reactor trip. The Compiete Loss of Flow transient is terminated by reactor trip on
reactor coolant pump undervoitage. In both cases, the DNBR safety analysis lirit is not violated at the
design Fy, of 1.62. Therefore, the safety analysis DNBR limits are me: and the conclusions of the
UFSAR remain valid.

The complete loss of forced reactor coolant flow from a pump frequency decay in all four RCPs was also
reanalyzed for the increased Fp,. The transient assumptions for this complete oss of flow case are
identical to the complete loss of flow case above except for the flow coastdown, The Underfrequency
analysis as-umied a constant frequency decay rate of 5.0 Hz/second. The transient is terminated by
reactor trip on RCP underfrequency. The transient results indicate that the safety analysis DNBR limit
is not violated for an Fy, design limit of 1.62. Therefore, the safery nn»'vsis DNBR accaptance criterion
is met for this loss of fiow event. It is determined that the underfrequency event is the limiting loss of
flow case for these¢ analyzed conditions.

The recommended UFSAR markups for the Partial and Complete Loss of Forced Reactor Coolant Flow
accidents are included in the Appendix.

2.1.2 Single Reactor Coolant Pump Locked Rotor - Rods in DNB (UFSAR 15.4.4)

Reactor Coolant Pump Locked Rotor - Rods in DNB is analyzed to determine the percentage of fuel rods
in the core that experience DNB curing the accident. The Locked Rotor accident is postulated as an
instantaneous seizure of one reactor coolant pump rotor at full-power conditions with all four loops in
operation. Flow through the reactor coolant pump is rapidly reduced leading to an initiation of a reactor
trip on a low flow signal.

The Locked Rotor - Rods in DNB transient was reanalyzed to incorporate a full-power F,, design limit
of 1.62. The FACTRAN code [1] is used to calculate the heat flux transient based upon nuclear power
and flow from LOFTRAN [2]. Enough DNBR margin is available to maintain the number of rods in
DNB to less than 10%. Therefore, for an increased Fp,, the Locked Rotor - Rods in DNB analysis
adheres to safety analysis limits and is bounded by previous radiological dose release analyses.

2.1.3 Startup of an Inactive Reactor Coolant Loop at an Incorrect Temperature (UFSAR 15.2.6)

The Startup of an Inactive Loop transient is an ANS Condition 1I event analyzed ‘o demonstrate that the
DNB design basis is met. The transient has been reanalyzed incorporating the increased Fy, consistent
with a full-power design limi: of 1.62. The FACTRAN code [1] is used to calculate the heat flux
transient based upon nuclear power and flow from LOFTRAN [2]. The transient results are shown in
Figure 3.1-9 through Figure 3.1-12. The reactor trip is assumed to occur oa low coolant loop f~%. when
the power range neutron flux exceeds the P-8 setpoint. The P-8 ratpoint is conservatively assumed to
be 84 percent of rated power which corresponds to the nominsl setpoint plus 9 percent for nuclear
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instrumentation errors. The DNBR safety analysis limit is not violated at the increased Fyy, of 1.62.
Therefore, the safety analysis DNBR !imit is met and the conclusions of the UFSAR remain valid.

UFSAR markups for the Startup of an Inactive Loop event analysis are included in the Appendix.
2.2  The Effects of an Increase F,

The peaking factor F,, is the ratio of maximum local or "hot spot” rod power to average rod power. The
full-power design limit F, is explicitly assumed in two UFSAR non-LOCA events,

UESAR Chapter

1544 Single Reactor Coolant Pump Locked Rotor - Fuel/Ciad Temperature
1546 Rupiare of a Control Rod Drive Mechanism Housing (Rod Cluster Control Assembly Ejection)

These two events are adversely affected by an increase in the full-power design limit ¥, and require
evaluatior to ensure that ¢cladding integrity and fuel melting at the "hot spot” are mairianed within the
appl'cable safety analysis limits.

The Lockea Rotor event is classified as a Condition IV event. The UFSAR analys:s for the Locked Rotor
fuel/clad temperature transient was conservatively analyzed with a 3.0 F, including allowances for
czlculational uncertainty and nuclear power peaking due to densification The results of the current
UFSAR Locked Rotor analysis show that the maximum clad temperature at the core hot spot is 2026°F.
This is less than th limit of 2700°F. The amount of Zr-water reaction is small, calculated to be 0.70%
by weight. Because these UFSAR fuel and clad temperature transient results were analyzed with a
3.0 F,. the increase in F, to 2.40 is bounded and the applicable fuel/clad temperature safety criteria
continue to be met. The UFSAR conclusions for the Locked Rotor anaiysis continue to remain valid.

tJ
ra
rJ

The Rod Cluster Control Assembly (RCCA) Ejection event is classified as 2 Condition IV event for which
conservative criteria are applied to ensure that there is little or no possibility of fuel dispersal in the
con'ant, gross latti~e distortion, or severe shock waves. These criteria are:

1. Average fuel pellet enthalpy at the hot spot below 225 cal/gm for unirradiated fuel and 200 cal/gm
for irradiated fuel.

2. Peak reactor coolant pressure less than that . hich would cause stresses to exceed the faulted condition
stress limits.

3 Fuel melting will be limited to less than 10% of the fuel volume at the hot spot evea if the average
fuel pellet enthalpy is below the limits of criterion (1) above.

Page 8
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To conservatively Sound the F, increase 1o 2 40, the UFSAR BOL and EOL full-power RCCA Ejection
cases vere reanalyzed with a 2.625 F,, including allowances for calcv!ational uncertainty and nuclear
power peaking due to densification. The FACTRAN code (1] was used to calculate the fuel and clad
transient based upon nuclear power from the TWINKLE code [3]. A detailed discussion of the method
of analysis can be found in Reference 4.

The nuclear power transient and hot spot fuel, average fuel, and clad temperature versus time for the
EOL full-power case (which is the limiting case in terms of the fuel melt criterion) are presented in
Figures 3.2-1 and 3.2-2. A summary of parameters used in both of the full-power rod ejection cases and
the results of these cases, are presented in Table 3.2-1. The analysis results demonstrate that the
applicable UFSAR fuel melting ari stored energy limits are not exceeded for the increased F,
Therefore, the UFSAR conclusions for the RCCA Ejection analysis remain valid.

UFSAR markups for the RCCA Ejection analysis are included in the Appendix.

23 Utilizati  the Mini Revised T1 | Design Proced

The Mini Revised Thermal Design Procedure (Mini RTDP) is described in Reference 5. Mini RTDP
is similar to the current fixed value DNB design basis metuodology in that initial condition assumptions
for power, flow, temperature, pressure, and bypass flow are cssunied to be at their extreme values when
used in the plant transient analyses. The Mini RTDP differs from the fixed value DNB design basis
methodology in that it statistically combines peaking factor uncertainties, et. al, with the DNB correlation
urcertainty. The statistical convolution of uncertainties results in » et increase in DNBR margin for any
event which uses the Mini RTDP.

As Mini RTDP results in a net increase in DNBR margin, its implementation does not adversely affect
any of the UFSAR events. Therefore, the UFSAR con~'usions remain valid with the implementation of
the Mini RTDP.

24 Non:LOCA Conclusions

An increased Fp, from 1.55 to 1.62 and an increased F, from 2.32 to 2.40 has been evaluated utilizing
Mini RTDP to determine the effects on Sequoyah Units | and 2 Chapter 6 and Chapter 15 accident
analyses. The following non-LOCA transients were reanalyzed for the increased Fpy and F: Partial and
Complete Loss of Flow (including RCP Underfrequency), RCP Locked Rotor - Rods in DNB, Startup
of an Inactive Loop, and full-power RCCA Ejection.

As previously demonstrated in this safety evaluation, all applicable acceptance criteria for these events
have been satisfied and the conclusions presented in the UFSAR still remain valid.

The increased Fp, and F, will have no impact on the remaining nou-LOCA transients because sufficient
DNBR margin is used to maintain the safety analysis DNBR limits. Thus the proposed increase in Fpy
to 1.62 and increase in F to 2.40 does not constitute an unreviewed safety question. and the non-LOCA
accident analyses, as presented in this report, support the proposed change.
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|
ﬁ
25 Non:LOCA References |
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2) Burnett, T. W. T, et al., "LOFTRAN Code Description”, WCAP-7907-P-A (Proprietary),
WCAP-7907-A (Non-Proprietary), April 1984,

3) D. H. Risher, Jr., R. F. Barry, "TWINKLE - A Multi-Dimensional Neutron Kinetics Computer
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5) §. Ray, "Mini Revised Thermal Design Frocedure (Mini RTDP)," WCAP-12429-A. October 1989
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Table 3.2-1
Summary of Rod Ejection Analysis Results

Parameter BOL, HEP EOL. HFP
Total Core Peaking Factor 7.1 7.88
Ejected Rod Worth, (pem) 200 210
Maximum Fuel Pellet 412! 4056
Average Temperatuvre, (“F)

Maximum Fuel Pellet 4971 4879
Centerline Temperature, (°F)

Maximum Clad 2319 2267
Average Temperature, (°F)

Maximum Fuel Enthalpy, 181 177
(cal/gm)

Maximum Fuel 7.0 8.7

Centerline Melt, (%)
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Figure 3.1.2 { |
Nuclear Power ang Pressurizer Pressure for Partial Loss of Flow,
All Loops Operating, Two Loops Coasting Down
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Figure 3.1-3
dverzge and H?t Channel Heat Flux Transient for Partial Loss of Flow,
A

1 Loops Operating, Two Loops Coasting Down
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Figure 3.1-8

Nuclear Power Transient and Pressurizer Pressure Travsient for
A11 Loops Operating, A1) Loops Coasting Down, Complete Loss of Flow
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Figure 3.1.7

Average and Mot Channe! Heat Flux Transients

for A)1 Loops

Operating, A11 Loops Coasting Down, Complete Loss of Flow
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Figure 1.1.10
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10 LOCA Evaluation

Revision 2 addresses a mixed core of the following fuel types: 1) once burned, 350 psi backflll pressure |
standard (inconel grids); 2) fresh, 278 psi backfill pressure V-5H (zirc grids); 3) fresh, 100 psi or greater
backfill pressure IFBA. Similar fucl with higher burn ups would be bounded by these fuel types. The

following LOCA -related accidents will be conzidered: large break and small break LOCA; reactor vessel

and loop blowdown forces; hot leg switchover to preclude boron precipitation; and post-LOCA long term

core cooling minimum flow and subcriticality. It must be shown that the higher peaking factors will not

increase the probability of occurrence or the consequences of any previously analyzed accident. And that
they will not lead to the possibility of an accident different from any previously analyzed.

The preceding revision addressed the increase in peaking factors for a mixed core condition identical to
the one described above--except that it did not consider the once burned, standard fuel. Because of its
inconel grids which generally result in approximately a 100°F penalty in the large break LOCA analysis,
the standard fuel is likely to bound all other fuel types

31 Large Break LOCA Analysis - FSAR CHAPTER 15.4.1

A large rupture of the reactor coolant system (RCS) piping is a hypothetical event postulated to
demonstrate that the calculated performance of the emergency core cooling system is adequate to mitigate
the consequences of such a scenario. The effect of increased core peaking factors during a hypothetical
large rupture of the RCS piping is examined to ersure that the bases and assumptions of the calculation
remain valid, and that a conservative approach will yield values that conform to 10CFR 50,46 standards.
Following a large rupture of the cold leg RCS piping, the RCS depressurizes in approximately 30 seconds
to 4 pressure nearly equal to the containment pressure. During this time the core flow reverses and the
¢ore is cooled by a two-phase mixture flowing down through the core, up the downzomer and out the
break. When the reverse core flow period ends, end of bypass occurs, and the lower plenum can begin
filling with cold safety injection water. After the lower plenum fills, and the bottom of the core is
reached, the process of reflooding the core begins. The peak cladding temperature (PCT) for large break
LOCAs occurs during the reflooding portion of the transient * elevations near or above the mid-plane
of the core (6 feet) for the Westinghouse ECCS Evaluation Models. This is due in part to the fact that
the chopped cosine power distribution has been demonstrated to be limiting (see Addendum 1 to
Reference 1).

A large break LOCA anziysis for Sequoyah Nuclear Plant Unit 1 was performed using the 1981
Evaluation Model with BASH (Reference 1). The analysis assumed a reactor power level of 102% of
3411 Mwt, Fg=2.40, FAh=1.62, and uuiform 10% steam generator tube plugging. The DECLG
limiting discharge coefficient of CD=0.6 was analyzed. The PCT calculated in this analysis was 2069°F
for a mixed core in which the V-5H fuel is bounding (that is, no standard fuel is present) (Reference 6).

With a tuixed core including the once burned, standard fuel, the limiting PCT has been determined to be
2169°F. With respect to the 2069° F PCT of the current licensing basis analysis, this represents a 100°F

analysis penalty due to the inconel grids. When comrpared to the current licensing basis PCT of 2013°F,
this figure also represents a penalty of approximately 160°F for the increase in Fq and FAh. Until such
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time as the standard fuel is removed from the core the limiting PCT will remain at the figure of 2169
Conformance to 10CFR $0.46 limits is documented in the margin utilization documentation provided

3.2 Small Break LOCA Analysis - FSAR Chapter 15.3.1

A small rupture of the RCS piping is postulated to demonstrate that the calculated performance of the
ECCS design is adequate to meet the requirements of I0CFR 50.46 for these more realistic LOCAs. In
the Westinghouse small break LOCA ECCS Evaluation Model (Reference 2), the ECCS performance is
a function of the break size, core power level and operational performance. For the Westinghouse small
break LOCA ECCS Evaluation Model, the primary system response to a small rupture of the RCS piping
is typically a rapid depressurization to a pressure equal to the hot leg saturatiou pressure. Usually, the
break energy removal capability in conjunction with the secondary heat removal capability exceeds the
decay heat production, and the RCS will deprezsurize to a pressure slightly above the secondary pressure.
This ensures that the steam generator secondary sides continue to remove decay heat, producing a
condition of quasi-equilibrium pressure at which the primary system tends to stabilize prior to the venting
of steam through the broken leg loop seal Following the venting of this steam, core boil-off may
continue, possibly exceeding the safety injection mass flow rate and resulting in a boil-off core uncovery
transient. The depth and duration of uncovery can be influenced by several parameters fe.g., initial
power level, break size, safety injection flowrates, etc.). Reference 3 contains the results of several
analyses for typical break sizes, power levels and system capabilities in Westinghouse PWRs for the
Westinghouse small break LOCA ECCS Evaluation Model.

The current licensing basis small break LOCA analysis for Sequoyah Units | and 2 was performed using
the 1985 NOTRUMP model (Reference 2). The analysis assumed a reactor power level of 102% of 3411
Mwt, Fq~=2.7, FAh=1.7, and uniform 15% steam generator tube plugging. The analysis determined
the limiting break size to be a 3 inch diameter cold leg break. Note that this analysis bounds any mixed
core at peaking factors of Fg=2.4, FAh=1.62. Conformance to 10CFR 50.46 standards is maintained
as indicated in the margin utilization sheet provided.

In addition to this safety evaluation, this rackup also reflecis the resolution of the NOTRUMP Bessel
Functior: Potential Issue (P1-92-006) which results in an increase of 11° to PCT for the Small Break
LOCA

The blowdown hydraulic forcing functions resulting from a loss of coolant accident are considered in
Section 3.9.1.5 (Analysis Methods Under LOCA L oadings), and Section 3.9.3.5 (Blowdown Forces Due
to Cold and Hot Leg Break) of Volume 4 of the Sequoyah Units | and 2 FSAR. Neither the mixed core
condition described above nor the increased peaking factors will have a significan: effect on the LOCA
biowdown hydraulic loads or on the results of the LOCA hydraulic forces calculaiions.
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34

The Westinghouse licensing :-osition for satisfying the requirements of 10CFR Part 50 Section 50.46
Paragraph (b) Item (5) "Long Term cooling” is defined in WCAP-8339 (Reference 4, po. 4-22). The
Westinghouse commitment . at the reactor will remain shutdown by borated ECCS water residing in
the ~ump following a LOCA .eference 4). Since credit for the control rods is not taken for large break
LOCA, the boratad ECCS water provided by the RWST and Accumulators must have a concentration
that, when mixed with other sources of water, will result in the reactor core remaining subcritical
assuming all control rods out (ARO). This requirement is not affected by the increase in core peaking
factors or the particular type of mixed core.

3.5 Hot Leg Switchover To Prevent Potential Boron Precipitation - FSAR Chapter 6.3.3.2

During a large break LOCA the plant switches to cold leg recirculation after the RWST switchover
setpoint has been reached. If the break is in the cold leg there is a concern that the cold leg injection
water will fail to establish flow through the core. Safeiy injection entering the broken loop will spill out
the break, while SI entering the intact cold leg will circulate around the downcomer and out the break.
With no flow path established through the core the fluid in the core remains stagnant. As steam is
produced in the core from decay heat, the boron associated with the steam will remain in the vessel.
Thus, as water is boiled off with no circulation present in the core, the boric acid concentration increases.
The boron concentration in the vessel will increase until the solubility limit of the boric acid solution is
reached, at which time boron will begin to precipitate. As the boron precipitates, it may plate out on the
fuel rods, which would adversely affect their heat transfer characteristics.

The purpose of the hot leg recirculation switchover time analysis is to provide the time at which hot leg
recirculation must be established to prevent boron precipitation in the core. Neither an upgrade in core
peaking factors nor mixed core as described above will affect this calculation. The current time for hot
leg switchover remains applicable.

36 LOCA Conclusion

The evaluation performed for the LOCA-related accidents applies to a mixed core design in which once
burned, 350 _si fill pressure, standard fuel has been established as the bounding fuel type. The LOCA-
related accidents within the scope of Safeguards Analysis have been examined to determine whether or
not conformance to 10CFR 50.46 criteria can be demonstrated with the mixed core design at increased
core peaking factors of FAh=1.62 and Fq=2.40. As detailed in the preceding discussion it has been
concluded by Westimghouse that this change will not increase the consequences of any previously
nalyzed accident. The included margin utiiization documentation demonstrates conformance to 10CFR
50.46 standards for the mixed core design at increased peaking factors.
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17 LOCA References

| WCAP-10266-P-A Rev. 2, with Addenda, Desspiata, J. J., et al., "The 1981 Version of the
Westinghouse ECCS Evaluation Model Using the BASH Code”, March, 1987.

L]

WCAP-10054-P-A  (Proprietary), WCAP-10081 (Non-Proprietary), Lee, N., et al,
"Westinghouse Small Break ECCS Evaluation Model Using the NOTRUMP Code”, August,
1985.

3 WCAP-11145-P-A, WCAP-11372 (Non-Proprietary), Rupprecht, S. D, et al., "Westinghouse
Small Break LOCA ECCS Evaluation Model Generic Study with the NOTRUMP Code”,
October, 1980,

4 Westinghouse Technical Bulletin NSID-TB-86-08, "Post-LOCA Long-Term Cooling: Boron
Requirements, " October 31, 1986.

5. WCAF-8301, Bordelon, F. M., etal., "Locta-1V Program: Loss-of-Coolant Transient Aaalysis,”
June, 1974,

6 TVA-92-021, 01/31/92, "Large Break LOCA Analysis Worst Case Break with BASH Final
Analysis Results.”

4.0 Thermal Hydraulic Design Evaluation

The proposed change to the Sequoyah Units 1 and 2 Core Operating Limits Report (COLR) Section 2.6

which impacts the DNBR calculations is the value of Fjy enthalpy rise hot channel factor, determined
from the following equation:

Fly =1.62((1.0 4+ 0.3 (1.0-P))]

where P = Thermal rower / Rated Power

¥y =Measured value of FAH obtained by using the moveable incore detectors to obtain
a power distribution map with approximate uncertainties.

The measured radial peaking factor limit increase from 1.55 to 1.62 has a direct impact on DNBR
calculations. The thermal-hydraulic design method for Sequoyah Units | and 2 is the mini-Revised
Thermal Design Procedure (Mini-RTDP), Reference 1, which replaces the previous Standard Design
Procedure. The mini-RTDP approach is a statistical approach which combines the uncertainties on the
nuclear. thermal and the fuel fabrication param=ters with the uncertainties on THINC-IV and the transient
codes. The resulting overall DNBR uncertainty is then combined statistically with the DNB correlation
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uncertainty to define the design limit DNBR. The implementation of the mini-RTDP procedure generates
additional DNBR margin to offset the 4 5% (icrease in FAH. Therefore, the currer® core limits in the
Technical Specification, Figure 2 1-1, and the DNBR limits for the FSAR Reference 2 analysis remain
valid for Sequoyah Units | and 2

The limit on the nuclear enthalpy rise hot channel factor, F:.. will take the following form in Section
2.6 of the Core Operadng Limits Report (COLR):

Fly < 16200 + 0.301-P)
where P = Thermal Power / Rated Thermal Power, and

F:',, = Measured valued of F, "', obtained by using the movable incore detectors to obtain
a power distribution map with appropriate uncertainties.

The increase in the measured radial peaking factor limit will allow additional flexibility fo: fuel
management and ‘or determining core loading patterns.

Cycle specific reload core analysis performed in accordance with the methodology described in
References | and 2 demonstrates that the new radial peaking factor limit is met. No . hanges to the
current methodology are required as a result of this change.

4.1 I/H Conclusion

In summary, the effect of increasing F .", from 1.55 to 1.62 at rated thermal power has been
accommodated in the safety analyses by generating additional DNBR margin by utilizing the mini-RTDP
procedure. The current DNB-related safety limits, including the core limits in Figure 2.1-1 of Sequoyah
Units | and 2 Technical Specifications, remain valid,

42  T/H References

1 S Ray, "Mini Revised Thermal Design Procedure (Mini-RTDP)," WCAP-12178-P-A, October
19%9.

2

Sequoyah Nuclear Plant Final Safety Analysis Report, USNRC Docket No. 50-327/328.
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43 F lncrease
The limit un the heat flux hot channel factor, F,(z), will take the following form in the Section 2.5 of
the COLR:

F ) £ (2.40P) * (K2)) for P > 0.5, and
Fuz) < (4.80) * (K(z)) for P £ 0.5
where P = Thermal Power / Rated Thermal Power, and
K(z) =the function ct*ained from Figure 3 of the COLR for a given core height location.

The increased total peaking tactor limit will allow additional flexibility in fuel management and core
operation as well as accommodate the increased radial peaking factor limit. The increased radial peaking
facte: discussed above will result in increases in the total peaking factor, Fy(z), experienced in the core.

Many cycles of cores representative of the Sequoyah Units indicate that the new increased F(z) limit will

be met for Sequoyah reload cores operating with the increased radial peaking factor F‘", limit. Actual
Sequoyah reload cores will employ the usual methods of enrichment variation and burnatle absorber
usage 1o ensure compliance with the new COLR peaking factor limits. Cycle specific reload core analysis
performed in accordance with the methodology described in References 1 and 2 will demonstrate that the
new total peaking factor limits will be met.

44  FO Conclusion

The increase in nuclear enthalpy rise hot channel factor and heat flux hot channel factor will be met on
a cycle specific basis. No changes to the current methodology will be required. The increased total
peaking factor limit will have no impact on other key safcty parameters used as input to the FSAR
Chapter |5 accident analyses.

45  EQReferences
|. Sequoyah Nuclear Plant Final Safety Analysis Report - USNRC Docket No. 50-327 and 50-328

2. Davidson, S. L. (Ed), et. al., "Westinghouse Reload Safety Evaluation Methodology,"
WCAP-9272-P-A, July 1985,

50 Sequoyah Units | and 2 Technical Specification

The following Basis changes in the Sequoyah Units 1 and 2 Technical Specifica ions reflect the
implementation of the Mini-RTDF method:
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Section 2.1 SAFETY LIMITS (page B 2-1)

Reference to the correlation limit is replaced with the design limit which is calculated
using the Mini-RTDP procedure.

S.1.1 Basis for the change:

The DNB design basis is such that there is at least a 95 percent probability that DNB will
not occur on the limiting fuel rod during normal operation, operational transients, and
any transient conditions arising from faults of moderate frequency (Condition I and 1l
events) at a 95 percuat confidence level. This criterion is met by limiting the minimum
DNBR 1o a uesign limit DNBR. The value of the design limit DNBR depends on the
thermal design method selected.

To produce margin to offset penalties such as those due to rod bow and transition core,
and for core design flexibilty, the design limit DNBR values are increased to values
designated as the safety analysis DNBR limit. The safety analysis DNBR limits are used
when performing the Thermal Hvdraulics and reactor safety analysis.

In the Standard Thermal Design Procedure (STDP) the design limic DNBR is “et equal
to the correlation DNBR limit. Then, all design parameters are treated in a conservative
way fr 1 a DNBR standpoint; that is, uncertzinties are added to all parameters to give
the lowest minimum DN3R.

The Mini Revise Thermal Design Procedure (Mini-RTDP), which as reviewed and
approved by NRC, and a staff evaluation ' was issued in 1989 conservatively satisfies the
design criterion that protects against DNB in a PWR core, while providing DNBR
margin. In the mini-RTDP, the uncertainties on nuclear and thermal parameters, the fuel
fabrication parameters are statistically combined with the uncertainties on THINC-IV and
the transient code.

The resulting value is then combined statistically with the DNB correlation uncertainty
to define the design limit DNBR. The rest of the parameters such as; reactor power,
flow, temperature, pressu.e and bypass flow are excluded from the statistical combination
process. The appropriate dervative plant initial condition assumptions are used for these
parameters. Therefore, the design limit DNBR defined by mini-RTDP is different from
the DNBR limit of the correlation used.

IS Ray, "Mini Revised Thermal Design Provedure (mini-RTDP)*, WCAP-112178-P-A, October 1989,
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52 Section 3422 and 3/42.3 HEAT FLUX AND NUCLEAR ENTHALPY HOT
CHANNEL FACTORS (page B 3/4 24)

The following sentence:

Margin has been retained between the DNBR value used in the safety analysis (1.38) and the
WRB-1 correlation limit (1.17) to complety offset the rod bow penalty.

Is replaced by:

Margin has been retained between the DNBR value used in the safety analysis and the
design DNBR limit to completly offset the rod bow pcaalty.

5.2.1 Bases for change:

The argument presented to support the change in Section 2.1 applies.
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Will the probability of an accident previously evaluated in the SAR be increased”?

No. As addressed in this safety evaluation, all non-LOCA transients affected by 2n increased F,
and F, were reanalyzed utilizing the NRC approved Min: RTDP (WCAP-12178-P-A) or
evuluated and found to adhere to the safety analysis acceptance criteria. The increased Fy, and
F, have no impact on the remaining non-LOCA transients. Therefore, the probability of an
accident occurring that is already evaluated in the SAR will not increase.

Since the total core peaking factors affect only 1/4 fi. length of one fuel rod, the hot
channel peaking factors affect cne fuel rod in rod heat up models, and all analysis
acceptance criteria continue to be met, these changes will not increase the probability of
the occurrence of the LOCA.

Will the con._quences of an accident previously evaluated in the SAR be increased?

No  Per the discussion presented in the Evaluation section, all the applicable non-LOCA
acceptance criteria are still met for the transients evaluated and for the events reanalyzed.
Additionally, no new limiting single failure is introduced by the proposed change. Therefore,
there is no potential for an increase in the consequences of an accident previously evaluated in
the SAR.

The increase in core peaking factors would not adversely affect the safeguards systems
actuations or the accident mitigation capabilities important to LOCA events, This
conclusion is based on the fact that the following countermeasures intended to limit the
consequences of a LOCA (as described in the Sequoyah Nuclear Plant FSAR) would not
be compromised.

s Reactor trip and borated water injection complement void formation in causing rapid
reduction of power to a residual level corresponding to fission product decay heat.

b. Injection of borated water provides heat transfer from core and prevents excessive clad
temperature.
Therefore, the consequences of a LOCA will not be increased. |

May the possibility of an accident which is different than any already evaluated in the SAR be
created?

No. Increasing the Fy, and F, does not introduce a new accident initiator mechanism. Thus, no i
new accident will be created.
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W ill the pratabi'ity of a malfunction of equipment important to safety previously evaluated in
the SAR be increased”

No. Increasing whe Fy, 10 1 62 and increasing the F 10 2.40 will not adversely affect the operation
of the Reactor Protuction System, any of the protection setpoints, or any other device required for
Jecident mitigation.

Increased cory peaking factors wil' not increase the probability of the malfunction of any
equipment important t safety as concerns the LOCA,

Wil1 the s onsequonces of a malfunction of equipment important to s<fetv previously evaluated in the
SAR be increased?

No. As aiscussed in the responses to questions 2 and 4, there is no possibility of incriasing the
consequences of a malfunction of equipment for an increase in Fy,, and F, as defined in the attached
safety evaluatior.

Increased core peaking factors will not increase the consequences of the malfunction of any
equipment important to safety as concerns the LOCA,

May the possibility of a malfunction of equipment important to safety different than already
evaluatad in the SAR be created”?

No. As discussed in question 4, an increase in Fyy, and an increase in F, will not impact any other
equipment important to safety.

Will the margin of safety as descrided in the bases w any technical specification be reduced?

No. As ¢iscussed in the safety evaluation, the proposed increase in Fy, and Fy will not invalidate
any of the non-LOCA conclusions presented in the UFSAR accident analyses. Thus, there is no
reduction in the margin of safety.

Increased core peaking factors will not create the possibility of a malfunction of equipment
important o safety as concerns the LOCA different than that already evaluated in the FSAR.

Since the calculated PCT of 2069°F is within the limit of 2200°F set by 10 CFR 50.46, an
increase in core peaking factors does not reduce this margin of safety as defined in the bases
to any technical specifications,

7.0 Conclusioas

The preceding evaluation demonstrates that all safety analyses acceptance criteria have been met
and supports the Tech Spec and COLR changes provided.
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STANDARDIZED SUMMARY FORMAT SHEET FO
REPORTING OF 10CFRS0 46 MARGIN UTILIZATION
LARGE BEEAK LOCA

PLANT NAME: SEQUOYAH PLANT UNIT |
UTILITY NAME: TENNESSEE VALLEY AUTHORITY

A ANALYSIS OF RECORD PCT=_2169 °F

Comments: Evaluation Model: BASH _, FQT=240  FAH=]62  SGTP =_J0 %,
Other WMAQMMM.

B PRIOR LOCA MODEL ASSESSMENTS - 1991 aPCT=_+ Q°F
(Permanent Assessment of PCT Margin - Letter # _TVA-9]-181 )
. SG-TUBE SEISMIC/LOCA ASSUMPTION APCT= ¢+ __ 20°F

C  CURRENT LOCA MODEL ASSESSMENTS - 02/1992
(Permanent Assessment of PCT Margin - Letter # )

D 10CFRS0.59 SAFETY EVALUATIONS

(Permanent Assessment of PCT Margin) APCT=_+ 0°F
£ CURRENT LOCA MODEL ISSUES (Temporary Use of PCT Margin):

. LB-LOCA POWER DISTRIBUTION ASSUMPTION APCT=_NOTE |

2. CORE AVERAGE ZIRC WATER REACTION APCT= NOTEZ2.

3. BOL IFBA IMPACT ON SAFETY ANALYSIS APCT=_NOTE 3
F OTHER LOCA RELATED MARGIN ALLOCATION (Temporary Use of PCT Margin):

I ECCS FLOW INCONSISTENCIES (1989) APCT=_NOTE 4

2. ECCS FLOW MEASUREMENT INACCURACY (.. ) APCT=_NOTE S

3 COLD LEG STREAMING TEMPERATURE GK. ™MENY APCT=_+ __ _10°F
G UTHER MARGIN ALLOCATIONS (Temporary Use of PCT Margin).

1. ANALYSIS MARGINS USED: APCT=_+___ 0O°F

2. PLANT MARGINS USED: S% SGTP (SECL-§8417 Rev, 1. APCT=_. __ 20°F

3. FUEL MARGINS USED: APCT=_+ __ O°F

LICENSING BASIS PCT + MARGIN ALLOCATION PCT=__2179 °F

Notes:

|. 0°F PCT Margin allocated to datc on the basis of the core design axial offset.

An additional 0.7% of Zr-H,0 margin allocated for all plants for reasonable assurance of safe

operation within the licensing basis.

No ECCS Analysis PCT margin is allocated for this issue on the basis that, more likely than not,

the issue will be resolved without any change to the ECCS analysis results or the ECCS Evaluation

Model.

No margin allocated to date because of high burn-up currently on the Cycle 6 [FBA fuel.

4 The ECCS Analysis of record has addressed this issue be modelling safety injection pump line
flow imbalances as specified by TVA.

S. No ECCS Analysis PCT margin is allocated for this issue; no specific safety evaluation has been
perfcrmed.
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STANDARDIZED SUMMARY FORMAT SHEET FOR
REPORTING OF JCFRS0 46 MARGIN UTILIZATION
LARGE BREAK LOCA

PLANT NAME  SEQUOYAH PLANT UNIT 2
UTILITY NAME: TENNESSEE VALLEY AUTHORITY

A. ANALYSIS OF RECORD

PCT= 2069 "~

Comments: Evaluation Model: BASH | FQT=240 .FAH=162  SGTP =_10 %.

Other: MJMA.&BM*MLNUMH&_

B, PRIOR LOCA MODEL ASSESSMENTS - 1991
(Permanent Assessment of PCT Margin - Letter # _TVA-9]-181 )
I SG-TUBE SFISMIC/TOCA ASSUMPTION

C. CURRENT LOCA MODEL ASSESSMENTS - 02/1992
(Permanent Assessment of PCT Margin - Letter #
| LB-LOCA BURST & BLOCKAGE ASSUMPTION

D 10CFRS50.59 SAFETY EVALUATIONS
(Permaneat Assessment of PCT Margin;

I. Leter: SECL-90-537 _Issue: Loose Fuel Pats

E. CURRENT LOCA MODEL ISSUES (Temporary Use of PCT Margin):
I LB-1L.OCA POWER DISTRIBUTION ASSUMPTION
2. CORE AVERAGE ZIRC-WATER REACTION

APCT=_4 __ O°F
CT=_+ _ 20°F

CT=_¢+ Q°F

APCT=_+___45°F

APCT= _NOTE |
APCT=_NOTE 2

¥ OTHER LOCA RELATED MARGIN ALLOCATION (Temporary Use of PCT Margin):

I ECCS FLOW INCONSISTENCIES (1989) APCT=_NOTE 3
2. ECCS FLOW MEASUREMENT INACCURACY (1990) APCT=_NOTE 4
3. COLD LEG STREAMING TEMPERATURE GRADIENT APCT= 4 __ 10°F
G, OTHER MARGIN ALLOCATIONS (Temporary Use of PCT Margin):
I. ANALYSIS MARGINS USED: APCT=_+ _ Q°F
2. PLANT MARGINS USED: 3% SGTP (SECL-88-417rev. 1) APCT=_-___ 20°F
3. FUEL MARGINS USED: APCT=_+ __ 0°F
LICENSING BASIS PCT + MARGIN ALLOCATION PCT=__2124 °F

Notes:
I. 0°F PCT Margin allocated on basis of the core design axial offset.

L]

operation within the licensing basis.

An additional 0.7% of Zr-H,;0 margin allocated for all plants for reasonable assurance of safe

No ECCS Analysis PCT margin is allocated for this issue on the basis that, more likely than not,
the issue will be resolved without any change to the ECCS analysis results or the ECCS Evaluation

Model

3. The ECCS Analysis of record has addressed this issue be modelling safety injection pump line

flow imbalances as specified by TVA.

4. No ECCS Analysis PCT margin is allocated for thie issue; no specific safety evaluation has been

performed.
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STANDARDIZED SUMMARY FORMAT SHEET yOR
REPOKTING OF 10CFRS0.46 MARGIN UTILIZATION
SMALL BREAK LOCA

 r—"—

PLANT NAME: :
UTILITY NAME. TENNESSEE VALLEY AUTHORITY

A ANALYSIS OF RECORD PCT=_2108 °“F

&)

Comments  Evaluation Model: NOTRUMP , FQT =270 L FAH=]70  SCGTP = _|§ %,

PRIOR LOCA MOD¥ L ASSESSMENTS - 1991 APCT=_+__0°F
(Permanent Assessment of PCT Margin - Letter #: )

CURRENT LOCA MODEL ASSESSMENTS - 02/1992
(Temporary Assessment of PCT Margin - Letter #: )

I. SB-LOCA ROD INTERNAL PRESSURE ASSUMPTION APCT= 4 ___Q°F
2 SB-LOCA BURST AND BLOCKAGE APCT=_4_26°F
(NOTE §)

3. SECONDARY SIDE MODELING IN SB/INPUT CORRECTIONS APCT= .__147°F

4 SB-LOCA NOTRUMP BESSEL FUNCTION APCT=_+__11°F
D 10CFRS0.59 SAFETY EVALUATIONS

(Permanent Assessment of PCT Margin)

|. Letter: SECL-90-537 Issue:_Loose Fuel Parts APCT=_+ 37°F
£ CURRENT LOCA MODEL ISSUES (Temporary Use of PCT Margin):

| CORE AVERAGE ZIRC-WATER REACTION APCT= NOTE |

2 RCCA INSERTION ASSUMPTION IN SB-LOCA APCT=_NOTE 2
F. OTHER LOCA RELATED MARGIN ALLOCATION (Temporary Use of PCT Margin):

| ELCS FLOW INCONSISTENCIES (1989) APCT= NOTE 3

2. ECCS FLOW MEASUREMENT INACCURACY (1990) APCT= NOTE 4

1. COLD LEG STREAMING TEMPERATURE GRADIENT APCT=_+__ 2°F
G OTHER MARGIN ALLOCATIONS (Temporary Use of PCT Margin):

| ANALYSIS MARGINS USED: APCT=_+__Q°F

2. PLANT MARGINS USED: APCT=_+__ Q°F

3. FUEL MARGINS USED:__ APCT=_+___Q°F

LICENSINC BASIS PCT + MARGIN ALLOCATION PCT=__2034 °F

Notes:

S

~ An additional 0.7% of Zr-H,O margin allocated for all plants for reasonable assurance of safe

operation within the licensing basis.

No ECCS Analysis PCT margin is allocated for this issue on the basis that, more likely than not,
the issue will be resolved without any change to the ECCS analysis results or the ECCS Evaluation
Model.

. The ECCS Analysis of record has addressed this issue be modelling safety injection pump line

flow imbalances as specified by TVA.
No ECCS Analysis PCT margin is allocated for this issue; no specific safety evaluation has been
performed .

. PCT margin allocated on basis of the core design axial offset.
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9.1

SECL-91-451, Rev. 2

List of UFSAR, Tech Spec and COLR Mark-Ups

UFSAR Markups

» 1.1

912

913

9.1.5

9.1.7

List of Figures

For the Startup of an Inactive Reactor Coolant Pump the
following changes were made Reference 3 updated, Table
15.2-1 (sheet 3), and Figures 15.2.6-1 through 15.2.6-4 were
replaced.

For the Complete Loss of Flow event the following changes
were made: Text markups, Reference 8 updated, Table
15.3.4-1 revised, and Figures 15.3.4-1 through 15.3.4-3 were
replaced.

For the Partial Loss of Flow eveut the following changes were
made: {ext changes, Reference 3 update, Table 15.2-1 (sheet
2) revised, and Figures 15.2.5-1 through 15.2.5-3 were
replaced.

For the RCCA Ejection event the following changes were
made: Text changes, References 25 and 29 updated, Tables
15.4.1-12 (sheet 3) and 15.4.6-1 were revised, and Figures
15.4 6-1 through 15.4.6-2 were replaced.

For the " Major Reactor Coolant System Pipe Ruptures (Loss
of Coolant Accident) “ event, changes were made to the text of
section 15.4.1, Tables 15.4-1-1,15.4.1-3, 154, 1-6and 154.1-
7 and Figures 15.4.1-1 through 15.4.1-20.

For the Thermal and Hydraulic Design, changes were made to :

Tables 4.1-1 (sheet 1), 4.3.2-2 (sheet 1) and 4.4.2-1 (sheets | and 2)

Pages 4.3-18, 4.4-1, 4.4-1a, 4.4-8,- 9, -24, 31, -38, -39,

Page 41
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9.2 Affectec¢ Technical Specification and COLR Technical Specification |

Technical Specifications
Page B 2-1
Page B5/4 24

COLR
(Unit-1;

Page 2 of 10
Page 3 of 10
COLR
(Unit- 2)

Page 2 of 11
Page 3 of 11

Page 42
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LIST OF FIGURES (Continued)

15.2.27 Effect of React: 'ty Insertion Rate on Minieum ONBR for a Rod
Nithdrawa! Accioent from 101 Power

15.2.31 Transient Response to Oropped Rod Cluster Control Assemd iy

15.2.41 RCS Boron Concentration versus Time - BOL Egv!)ibrium XE and

Clean [nitial Conditions
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Trip from Fyl! Power

15.2.43 Nucledr Power (Detector Indication) After Trip versus Time
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18.2.7.2 Loss of Load Accldent, With Pressurizer Spray and Power Operated
Relief Vaives, Beginning of Lif3

18.2.7-3 Loss of Load Accident, With Pressurizer Spray and Power Oparated
Ra'lef Valves, End of Life

15.2.7-4 Loss of Load Accigent, WiCh Prassurizer Spray and Power Operated
Rellef Valves, End of Life
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15.2.6-2

15.2.6-3
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UFSAR Inserts - LIST OF FIGURES

Partial Loss of Forced Reactor Coolant Flow,
Vessel and Loop Flow vs. Time

Partial Loss of Forced Reactor Coolant Flow,
vs. T e (Hot Channel)

Partial Loss of Forced Re tor Coolant Flow,
vs. Time (Average Channe

Partial Loss of Forced Reactor Coolant Flow,
Power vs. lime

Partial Loss of Forced Reactor Coolant Flow,
T . me

Startup of an Inactive Reactor Coolant Pumr
Flow vs. Time;, Core Flow vs. Time

Startup of an Inactive Reactor Coolant Pump ,
Average Temperature vs. Time;, Nuclear Pover

Startup of an Inactive Reactor Coolant Pump,
vs. Time, Pressurizer Pressure vs. Time

Startup of an Inzctive Reactor Coolant Pump ,
Time

Reactor
Heat Flux
Heat Flux
Nuclear

ONBR s,

Active Loop
Core
vs., Time

Heat Flux

DNBR vs.
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Number Titie
L rea a8 Loading » Region 2 Assembly Into & Regeon |
S Positon Near Core Periphery .
15.3.4-1 ~ Al Locps Operstung, All Loops Cossting Down,
Flow Cosstdown versus Time o
WBC{ 16.3.4-2 MWCM/
Wﬁ‘H‘;
IWA'C 15.3.43 Al Loops Opersting, AN Down, DNBR versus Time
15.3.44 Al But One Loop
15.3.4-8

18.3.

ONER versus Time AN But One Loop Opersting Al
Loops Coastng Down

15.4.1-1
15.4.0-2
18.4.1-3
15.4.14
15.4.1-8
15418
15.4.1.7
15418
15.4.1-9

15.4.1-10

Compartment Pressurs

ACS Pressurs - DECLG Cy = 0.8 (
Core Rowrats - DECLG, Cy =0.6

Cold Lag Accumulator Fowrats - DECLG, Cy = 0.8

Care Preasurs Drop - DECLG, Gy = 0.8

Bresk Mass Flowrats - DECLG, Cy = 0.8

Break Energy Fowrats - DECLG, Cy = 0.6
Numelized Core Power - DECLG, Cq = 0.8

Core and Downcomer Liguid Levels - DECLG, Cy = 0.8

Core inde* Fluld Valocity - DECLG, Co=0.8
(s Input 0 the therm.al ansfyveis code)
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15428
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Al But One Loop Operating | Lockad Rotor Pressurs versw, Time
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Al But One Loop Opersting, O 4 Locked Rotor Core Fow versus Time
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Rod Cluster Control Assembly Ejection, Nuclear Power vs.
Time (EOL, WFP)

Rod Cluster Contro) Assembly Ejection, Fuel and Clad
Temperature vs. Time (EOL, HFP)

Nuclear Power versus Time for VSH, EOL, W2P

Fuel and Clad Temperature versus Time for VSH, EOL, WZP
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Aaacuyviry Conthiomnty
A conservatively large absoiute vaiue of the Doppier-oniy powsr coeMicient s used ‘See Tabis
15.1.2:2). The tomal integrated Doppier reactvity from O 1o 100% POWe i3 238 tobe 0018

The lowest absoiuts magnitude of the moderstor temperature coetficient (0.0 ‘oF) g
AEUMed BNCe s resulty in the maximum hot-spot heat flu Junng the st part of the transient
when the minimum DNBR 3 reached

The flow coastdown analysis 4 Based on & momentum balance sround sach reactor coolant loop
ANd BCTOSE the rescTOr Core. Thwmuw.mmmmmwnumon 2
mmmmmmcmwubuumh@mmuu of system
DIeSSUrE O8NS

. 2 o

The calculated seguence of events is shown on Table 18,21 hrlh\m« analyzed. Figures
15.231 tough 15.2.83 show the 00p coastdowna, the cors fow COMSTEQWNS, the nuciesr

18.2.8.3 Concusions .

mmmmwmawmwmmmmanmm
Aing tha ¢ ansent. TMMﬂNmMWNmMWMMm

15.2.6 Smanae QAN insctive Resctor Coolant Loog
15.2.6.7 \ganuification of Cavass and Accident Deecrigtion

tfmmbmmmmudmv.uhmmmmiucmo
000 M 2 0 e pressre dfferencs acTOsE e reector vesssl. The coid leg temperstuce in an
wmuwaumumdnmwcummm
HMOSrTtUNe) . nmmhmam.mnwmmnm
mhmmuumumm.nmumnnmu
DOR @ vy Than the "SECTOr COM NSt WMperTtUre.

mmmmnnuwuamummzuuumw

mnm.mhnmmhmnmnwmmwmwnwn
closer 10 D GEre Nkt WMPerItLNe. Startng of an ke RECTOr COOIIN PUMP WIThout

15.21%



DOWE INCTSE00.
mumiﬂuﬂuummscmuwummmmi.

Shwwmmmovmmﬂmacommmm.wmmwu
IMINated avtomaucally Dy & reactor tip on low CoolaNt 0P flow when the DOWS raINge neutron
flux (two out of fowr channels) excesls the P-8 setpow wiNCh Nas bean Dreviously reset for three
009 operybon.

15.2.6.2 Anatesis of EMecta and Conssoueras
Muhod of Anatvais

This ransent is snatyzed by thres digitsl COmputer codes. The LOFTRAN Code (4) is used 10
mmwumhw,wuwwmmwwm
following the startup of en idle pumg. FACTRAN (3] i used to calculats the core heat fux
Uansent Dased on cors flow and nuciesr power from LOFTRAN. The THINC Cade (see Section
t.unmwnmwmnmummnmmmcm.
INOerETNY meMWmeMM.mme.

MMNWMu‘MhWHJJ. " order to obtain
CONBArVETIV results for the strtup of an nactive pumg sccident, the following assumgtions ane
meds

(

1. Wmdmmmﬁmmmmw

2 memumdu&m.mnnbmmmm
CColerTas W T8 nomingl Al fow value In spproximatiey 7 seconds.

3. A conservatively large moderstor danaity coefficient (see Section 185.1.8.

4 A conservetively small (abechste valus) negative Dopoier power cosficient (see Section
18.1.8).

) mmmmmm-nnmmnmmm«
BAC VO

8. mmwhmnmmmmmmmumwm
fux excvede the P8 se@oint. The P-§ semoirtt 4 conservatively sssumed t be 84 percert of
rated pOwer widCh COMISPONds 10 the NOMINal seTH0N piut § Dercent for nuckear
INSTUMSNIITON SITOrs.

18.2-20
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Asata

NMMN:mdmammnmnhmmmm“wM.n
Figures 15.2.6-1 through 15.2. 64 Ay OWT N thase curves, dunng the first part of the
rransient, NmnmmmcmmMnmwanwm.
GECTRASE N CONE AVEraQe wate 1MOerature. The meumum DNBR during the transient is
consideradly grester than the sefety analvas lirmt. See Secton 4 4 for 3 descrippon of the DNBR
design Dass

Reactvr, m<mmwwwmnuwwmmcmm

MM AT, Mmmmmuumwwmnmmmﬂow
am.uﬂnmﬁnmﬂownvm.m“wwmwmmmwwudo
«mmm;wwnmunmuvnmmmmmmn
Kop. Thus, the reactivity b 'sertion rate for this Uansir changes with time. The resuttant core

N ICHSN DOWEr TBNANT. CONM. WS with CONSIerTTon of Dot Moderstor and Doppier react vity

fa wiback effects, s shown on Sigure 18.2.6-2.

Th | caiculatad sequence of events ‘or this sccident = «» wn on Table 15.2-1. The transient
et sty Busteted in Figures 15.2.61 uooign 18.2.6-4 incicate that a stabiitzed plant condition,
wi B the reactor Mpead, @ approached rapxlly . mmmmwummw

Y

NOT

)

Kiv‘x

(NQA

18.2.7 Loss Of Excarnal Becirical Load Ang/Or Turtioe Trie

"\1!-2.7.‘ OO e, & " A rsarhirrt D ~a %5t o)

Magor 0B-ags on the plart can result from ss of¢ shactrical oad or from g turtene
For atner caas D™-alpe power is svallable for He COMINUES ODErTTon Of PINM COMPONENTY Such
e reactor coolant putipe.. The case of of sl AC power (strton bleckout! i enalvzed n
Subsecton 18.2.9. Pow HOx generutsr ad, an rwnodiew fast ctosurs of e turtine
conurol veives will ocowr, This SGGen HOUCTOn I see Aow, resuiting Y a¢ NCreses
N pressure and MOerFtre EDANT As & result, e hest vansfer rete n P
STREM QONErSOY 0 : CHURING e reRCRI SooNR ; S 15 e, which in tn causee
coolam expansn, peal raurgs. and RCS pressurs rise.

Forat LW reRckr would be tripped drectly (Uniess Delow 50% powen

from & dortved from the trténe suetng f pressurs MMestnghouss T Trbeng

"o The trdine s20p valves Ciose o 1062 Of AURDITDE OF DFressure aCTuEted by of s
ber of possibie Brbine trp gnele T WDING- TIH NILEIGN NONIE NCROe

'L1 Generatr Trig

2. Low Condenser Vacuum

18.2-21
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8. T..mun-mewuchwmﬂNWanamu
e VOIS vaive wide open. Mmmwm“tmmmm.

~d

Reactor Tip - Reactor Trig was NHETNd Dy low pressurizer prassure sUMmed at 3
COnservEUVely low vaive of 1778 psa.

Reaui

lMduMuMMWMWWuWMWW
MMMnNMdNWMSnm.

mambmmmmmm. mmuummm«mmm
«Mmummmm.

«mm“mwm.mmmwnuu&u. This trips
mmnmmmwmmmmm.

A

s

‘v"-\ -

TagerT A L

18.218 Aefecencas

1. W. C. GanglofY, 'MMNAMWTMth
Pressurizec Wate Resctors, * WCAP-7486, May 1871,

2. D. M Righer, &, R F. m.W-Ammmm
Code,” WCAR7879-#.A (Proprietary), WCAS-8028-A (Non-Proprietary), January 1978,

e

4 Bumett, T.W. T, &t ol “LOFTRAN Code Description”, WCAR.7907-A4 (Proprietary), WCAP.
7907-A BMan_Proprietary), Apell 1984
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FSAR 15.2.6 - Startup of an Inactive Reactor Coolant Loop

Inserts for reanalysis due to increased FAM

[nsert A : Change Reference 3 to the following:

3. Hargrove, H. G., "FACTRAN - A Fortran 1V Code for Therma)
Transients in a U0, Fuel Rod," WCAP-7908-A, December 1989,
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TABRE 15.2-1 (Shest 3)
(Coartrund)

TIMESEQUENCE QF EVENTS FOR
ARNOIMION UL EYENTS
Acuden Exmeny Time (Sec.

Startup of an Insctve
Resctor Coolart Loop Inriggon of pung startup 0
at an Incorrect Tempersture

Y

Power reaches P8 trip

Rods begin o drop 13
Miremum DNBR ocours 40

(e
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15.3.4 Compigte Losy of Forced Reacter lant Flow
1§.3.4.1 I“ngv‘;nign of Causes angd Accs jent Q!“rﬁns!m

A complete 'oss of forced reactor coolant flow Sy result from a
simultaneous Toss of electrical supplies to all reacter coolant JUMDS
[F the reactor 15 at power at the time of the dccident, the famediate
effect of loss of coolant flow is a rapld fncreass ia the coolant
temperature.  This Increase could result 1n ONS with subsequent fuel
Jamage |f the reactor were not tripped promptly. The following provide
necessary protection against a lots of coolant flow accident:

I Undervoltage or underfragquency on reactor coolant pusp power supply
busses.

2. Low reactor coolant loop flow.

Me reactor trip on reactor coolant pump bus undervoltage is provided to
protect agalnst conditions which can cause a loss of voltage to all
reactor coolant pumps, 1.¢., station dlackout. T™is function Iy blocked
below approximately 10 percent power (Permissive 7).

The reactor trip on reactor coolant pusp underfrequency is provided to
open the reactor coolant pump breakars and trip the reacter for an
underfraquency condition, resulting fros frequency disturdinces on the
Mjor power grid. The trip disengages the reactor coolant pumps from the
nonr‘g:’d 10 that the pumps’' kinatic energy s avallable for ful)

coast ]

The reactor trip on low primary coolant 'cop flow !s provided to protect
dgainst loss of flow conditions which affect ulf one reactor coolant
'oop. It also serves as a backup to the undervoltage and ungerfreaguency
trips. This functiom 1% generated by two out of thre low flow signals
per reactor coolant 'oop. Above approximately 38 percent power
(Permissive 8), Tow flow In any loop will actuats a reactor trip.

Setween approximately 10 percent power and 38 percent power (Permissive 7
and Permissive 8), low flow In any two loops will actuate & reactor trip.

Normi| power for the reactor coolant pumps 's tupp!led through dusses
from & trassformer commected to the generator. Each pusp 1 on &
tepardte Bus. Mhen genarator trip occurs, the dusses are astomatically
transferred O 4 transforser supplled from external power |ines, and the
pusps will continue 0 supply coolant flow to the core. Following any
turbine trip, whare theare are no electrical faults which require tripping
the gqeneritor “rom the network, the generator remding comnnected to the
network for approxisately 30 seconds. T™e reactor coolant pumps resaln
connectsd to the generator thus ensuring full flow for 30 seconds after
the reactor trip defore any transfer is made.

15.3-8 Q116F/COC4
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2. nnm-nwwm.mwdommmww
nmuumdmommmmumnummm.
The ronstene will then procesd in the same Manner s Case | descrided above. For such cases
uawnomﬂmmsw.Mw\nmmmm-nu:ammmmu
minimum DNG rg~ " e core of less than the sefety snalysis Kmvt

18.3.6.3 Conciusions

For the case of one rod cluster control assembly fully withdrawn, with the reactor in the sutomatc
ormommuucommmoo.mmmwvomnumwmMoummumonumn.
mmoowovmwmmw.mmn1.3usmofm.;oww

rods M the core. {
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WCAR-7807-A (Nan-Progrietary), Apef 1984),

{ B G Haming SFAGTRAN-A-Farren-iV Code for Thermal Translents in UO; Fust Rods,* WCAP
| oty s $93G -

\

9 F M. Berdeion, gt gl “LOCTAJY Program: Loss-of-Coolem Transient Anslvsis,®
WCAP-E308. (Norv-Proprietary), WCAP-8301 (Proprietary) June, 1874,
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FSAR 15.3.4 - Complete Loss of Forced Reactor Coolant Flow

[nserts for reanalysis due to increased FaM

Insert A : Change Reference 8 to the following:

8. Hi=grove, K, 6., "FACTRAN - A Fortran Iv Code for Therma)
T..nsients in a U0, Fuel Rod,* WCAP-7908-A, December 1989.

Insert B:

The calculated Sequence of events 1s shown in Table 15.3.4-1 for
the 1imiting case indlyzed. This case corresponds to a reactor
trip occurring on a bus underfrequency condition. Figures
15.3.4-1 through 15.3.7.3 show the resulting transient condftions
for the Complete Loss of Flow analysis. Included in these
figures are total RCS flow, average and hot channel heat flux,
nuclear power, and ONBR, each as a function of time. The minimum
ONBR is not less than the safety analysis Timit,
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TIME SEQUENCE OF EVENTS FOR CONDITION [11 EVENTS

Accident

Complete Loss of
Forced Reactor
Coolant Flow

A1l Toops operating,
all pumps coasting
down

TABLE 15.3.4-)

Exent

1 operating pumps begin
to coastdown at 5 Wz/sec
frequency decay rate

Reactor underfrequency trip
setpoint reached

Rods begin to drop

Minimum DMBR occurs

0.0

0.84

1.44
3.6
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Code.” WCAR-TH78-F-A (Proprietary), WCAP-8028-A (Non-Proacietary), Jenuary 1878,
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FSAR 15.2.8 - partia) Loss of Forced Reactor Coolant Flow

Inserts for reanalysis due to increased FANM

Insert A : Change Reference 3 to the following:

3. HMargrove, H. G., "FACTRAN - A Fortran IV Code for Therma)
Transients in a U0, Fuel Rod," WCAP-7908-A, December 1989,

Insert B:

Figures 15.2.5<1 through 15.2.5-3 show the resulting transient
conditions for the 2/4 Partia) Loss of Flow analysis. Included
in thes« figures are total RCS flow, faulted loop flow, average
and hot channe! heat flux, nuclear power, and DNBR, each as a
function of time.



1 o&&m
refusing
g .

SQN-8

TABLE '5.2.1 (Sheet 2)
(Continued)

Partial Loss of Porced
Resctor Coolarm PMow

Al loops opereting,

3
| 8
Cosstdown beging ¢ 3
Low fow rescter Tip 1.4
Rode begin w drop 2.47 v
Minemum DNBR occurs e

fl* e



SQN-8

lepad Witd 1w Fouow N

P‘ b
L
¢ ' . ’ . . . v ' . "
Timg e
FIGURE 15.2.5«1

Parctial Loss of Forced Raactor Coolant Ylow
“Gore and Loop Flow versus Tine

RIA ;‘Lr Q(”‘-‘

71



|
|

10
f
|
|
|

- -
——— o \"TLO 1 2
- e e

) - ©
o - ~e _ - - - ~ °

(wow 0 1OW84) MOV 1 4007

(WOW 3¢ 19W81) m014 19SSIA WOLIVIN

(SEC)

TINE

SEQUOYAH
FINAL SAFETY ANALYSIS REPORT

UNITS 1and 2
Purtiel . w8 of Foross Aemctor Coolmry Flow

Rescio: Vessel and Loog Flow ve. Tirme

— Figure 18281




AT TN HERCT OF st

lePace WiT™H THE FollswidC.

ring lLLE

FIGURE 15.2.5«2a

Partial Loss of Porced Reactor Coolast Flow
Heat Flux varsus Time



- HEAT FLUX (FRACT OF mom)

- ?Z\




WA foum sirmncT oF soms

FIGURE 15.2.5-0»

Complete Lose of Forced Reactor Coolant Flow
Heat Flux versus Time

CM



HEAT FLUX (FRACT OF mom)

‘I |
J I
‘1
!
2L
¢ 0 ] Fl ] () . ’ s ] 10
TINE (SEC)
SEQUOYAM
FINAL SAFETY ANALYSIS REPOST
UNITS 1 et 2
Partiel Lose of Foroed Reector Cootert Fiow
Hem P ve Time (Avarage Channed)
_ Figure 1825.20




',QGPLM\:' WITIE  THE Foulay W (.

NUCLEAR POVIR 11RACT OF MO

4
a7
3
" #‘
0
T
3
)
b
.
f
TE .
.
0
/V ' ' ‘. ' . s . ° s
rd
Ting AL L e

FICURE 15,2.8«2¢

Partial Loss of Forced
Resctor Coolant ¥low
Nuclear Pover versus Tine

%



10

. *0
- - -

(oM 30 1vH4)  WIMDS W¥I TN

e II.‘*I‘].IOI'L o
~

o

(SEC)

Time

SEQUOYAH
FINAL SAFETY ANALYSIS REPORT

UNITS 1 and 2
Partl Lows of Forved Rescto: Coolrt Flow

untew Powsr v T
g 18265

a



SQN-8

\ZEPU&\? Wit TWE r“u-bw‘*)b

Timg e

YiCURE 15.2.5+3

Fartial Loss of Forced Reactor Coolant Flow
DNBR versus Time

5




TINE

(SEC)

SEQUOYAM
FINAL SAFETY ANALYSIS REPORT
UNITS 1 and 2

Partied Loss of Foroad Rescsr Coolart Flow
DNBR ve. Time

iii!p1lilb4




(e (’n..‘,w,‘/

A

sached B oo Nt

Transesnt valure Of Drossurae Drossure, re8Ctor vessel flow COLITOUWN, NUCIesr DOWwer and hot
channa: huat fux e shown n Figures 15 4 4.1 twough 15.¢ 4.3,

Menmum Resctor Coolemt System pressurs. MEIMUM Clad MOsstue and amount of Birconium.
WL rAACTON MY COntaned v Tabie 18 4 4.1 mwl.oummwmmuw

T for the worst case.

15.4.43 Conchunons
1 &nhu&lamwmndNMbmmmmn
" the

i
3
|
:
|
:
!
js

1845 Eual Maodion Accident

15 442



e

tontrol eisemd!y 4ng 4

e shaft
Fallure 15 4 rapid

The CONsSequence of thi

I mechanicy
"eaCtivity 'Asertior COJether with ar a0vVErie co
DOy v Q!s!vibuywcm ;-O'.'.';l,v o ing t¢ OCa' 1200 Tyue) o ngo

265190 Procaysion 1,400 Protectior
-Artain featyures ‘he Sequovah wye ear Plant
T8 Intended to prec ude the postipil ty of

FeSSurized water redcter
© lle * the CONsequences 1¢

2T ¢ 'Od ejection dcCigdent, or
‘he accigent were to occuyr Thete 'nelude 3
OURG, onjervative mechanica design of the rog housings, tOgeiher with

& thor: ah quaitty control (testing) program during dSsemdly, 4ng 4
WElear design which lessensy rog@ cluster

the potentia) tlection worth of
CONtrol assomd)los NG minimizes the numdber of LRRT . ARIT Inserted at
POwS r

Sechanizal Design
The mechanica) design

'S dlscussed in Section 4.2 Mechanical
uality control procedures Intended to Preciude the

design ang
cluster control d5serdly drive mech

DOHMH'!y of rod
inlse housing fallyre Sufficient to

d11ow & rod cluster Cuatrol assembly to b¢ rapidly tlected from core are

15ted below

Each fy1 length control FOd drive mechanise housing 1g complately
dITOM0 led and shop tested 4t 4100 pyi

P4 T™he mechanisa housings are | dividually hydrotested as theéy are
Attached to the head adapters

In the reactor vesse! head. ang Checked
during the hydrotest of the completed RC3
Stress levels

in the sechanism ar
transients at POWEr, or by the th
loops.  Moments 1MuCHd by the gesign earthquake Can Do accepted
within the a)lowad)e Primary working stress range specified by the
b | ASNE Code, Section ITY, for Class t

™e laten chan!se housing and rog trave! housing are sach 2 iingle
length of forged Type-304 Stainless stoel. This materia) exhibits

txcellent noteh toughness at al) temperatures which wil) e
RCountered.

A sigaificant sargin of
'arge emergy Absorption capabilie Fange gives adcitions!

: 2IINFENCe that gross failure of the housing will not occur. The joints
betwaee the latch ®chanise MUSIng and head ddapter, and betwesn the
'ateh mechan!sa ey §

INg and rod travs! housing, are threaded jeints
reinforced by CARODY typa rod welds. Administra

tive regulations require
periodic Inspections of these (and other) welds

Inge together with the




Myclear Degige

tven 1F & rupture of 4 rod yste GNTFOl Assemd iy drive machan!ce
viTAg 1T pOSTUlated, the operiation of 3 plant JT1112ing chemica! shim
§OSUCh TRAT the severity of an elected rog JSTeY Control assemd |y
harently 1imited nogengry ‘Re redactor s operated with the * o0
ster contre '4'9!} CAVEeT Dy Core gepietion a3 MAQCHA transient:
Moensated Dy boron changes Further, the location dnNgd grouping of
GALroT rog Danks are selected dut NG the nuclear CRS'gN 1O lessen the
severity of 4 rod cluster control assemd!y election accident Therefrore
shou'ld 4 rod cluster contro d55em0 iy Do eject from it norma ! posit
JUring Aigh power operation, only a minor redctivity excursion, at worst
COU'Ig D& expected tO occuyr

are

ROwever, 1t may bDe occas'onally des'iradle tO operate with larger than
normal ‘nsertions For this reason, a rod Insertion limit s gerined i
¢ function of power leve! Jeration with the rod cluster control
Assemb ] ies above this limit gquarantecs thutoown capad!i!ity and dcceptadle
power distridution The position of all rod cluster control assemd) gy

i continuously Indlcated 'n the control rooe An alarm wil) occur If &
bank of rod cluster contro 5emb ! les approaches its Lhisertion limit or
F one assembly deviates from 'ts bank There are low ang low-1ow leve!
'nsertion monitors with visyal and audio tignals. O ‘ating Instructions

reQuire boration at low leve! alare and tmergency (10n at the low-low
ilare

Reactor Protection

The reactor protection n the event of & rod ejection accident has been
gescribed 'n Reference 26 The protection for this sccident s provided
by the power range “!gh r.utron flux trip (Migh and low setting) ang high
rate of meutron flux iIncrease trip These protection functions are
gescridbed In detal! in Section 7.2

Effects om Adlacent Wousings

Disregarding the reaote Pustibility of the occurrence of & rod cluster
control assestly mechanise housing fallyre, Investigations have shown
that fallure of 2 howsing due to e!ther longitudinal or circumferent el
Cracking s ot expected to cause GAmage to adlacent housings leading to
ACreased saverity of the Initial accident

witing Qriterty

Jue to the sxtreme !y low prodadbiiity of 4 rod cluster control disemh)y

sjection accident, limitod fue! Gamige 's considered an asceptadle
consequence .

Lomprehensive studies of the threshold of fuel fallure and of the
threshold of significant conversion of the fus! therms! energy to
Bechanical energy, have been carried out as part of the SPERT project by

QI17F/COCe
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l'!\" vy Ang! {

The spatial kinetics comouter code, TWINKLE (Refer o 30), 'y useg for
the Average Core transien® anaiysiy This coge us {rots sections
generated by LEOPARD (Refs #nce 3') to solve the two §roup neytron
giffusion theory kinetic egquations in one, two or three spatial
dimensions (rectangular coordinatyos) for six Selayed neutron groups andg
wp t» 2000 spatial points "he computer code ‘ncludet a geta'leg
witiregion, transient fuel=clad-coolant Mat transfer moge! for
caleviation pointwise Doppler and moderator “ack offecty.

In this analysis, toe code 15 used as & one +lonal arfal kinetics
Coge since 't allows o more realiiic represantation of the special
effects of axial moderator feedbac. and rog cluster contrsl disem | y
Sovemant ang the eliminition of axtal feedback weighting factors.
Nowever, since the radlal dimension s missing, 1t 1y stil) neces ‘ry to
N0 IOy very CONSErvative methods (described below) of caleuiating .ne
t)ected rod worth ang hot channe! factor. Further description of THINKLE
Ppears In Subtection 15.1.9.

Kot Spot Angivsls

The average core energy addition, calculated as descridbed above, '3
®itiplied by the appropriate hot channe! factors, Ang the hot ipot
Andlysis Iy performed using the deta!led fus! and ¢lad transient heat
transfer computer cooe, FACTRAN (Reference 25). This computer code

C 'eulates the transient temperature gdistridution Ia 4 Cruss section of .2
.l clag UD, fuel rod, and the heat flux at the se-Tace o the rod,
Viing as Input thy nuclear power versus time amn the loca! conlant
tonditions. The zirconium-water reaction is explicitly represented, and
all material properties are represented as functiont of tewperiture. A
Barabolic radlal power generation 15 vsed within the fuel rod.

FACTRAN uses the Dictus-Goelter or Jens-lottes correlation to determine
the © ' “sat transfer before ONB, and the §1 1hop-Sandburg-Tong

€or « at' (Refarence 32) to deturmineg the rila bolling coafficient
afte, 0 . Tha OB heat flux 13 not calculated, ‘nstead the coode 's
forced 1nto ™ by spec'fying & conservative DNE hoat flux. The gap heat
transfer cosfficient can be calculated by the code: however, it iy
ddjusted 'r wuer to force the full power steady state teiperature
gistribution to agree with that prac “ted by design fual heat transfer
Cose: prasently used by Westinghowss.

For full power casetr. the design initia) not channe! fa:tor (FeT) 13
'MPUT tO the cose. The het cf tanel factor during the transient ig
disumed O Imcrease from the Oy state design value to the saximue
transien’ tlue 1n 0.1 seconds. and remain 4t the saximum for the
duration the transient. This |5 conservative, since deta!led spatial
Einetics adels show that the hot channe! factor decredses shortly after
the nugl POwEr DEAR dus tO power flattening caused by preferential
feadbace 1 the hot channe! (Raference 29). Furcher geicription of
FACTRAN 4, ears in Subsection 15.1.9.

18 4-46 Cl1ITF/CLCH



rar reg Anglys!

Becauvse safety limits for fue) Camage spec'fled sarlier are not AT ITE
there '3 little fkelihood of *uel dispersal into the coolant. The
Pressure 1urge may therefore be Calculated on the dasts of conventions!
neat transfer from the fuel ane Prompt hedt generation in the coolant.

The pressure surge 's calculated by first performing the fue! heat
transfer calculation to detersine the average and not spe* heat f)ux
Versus time. Using this heat flux data. a THINC caleulation i conducted
‘T oetereine the volume surge. Finally, the volume surge s simulates In
plant transient computer code. This code calculates the pressure
fransie * taking 1nto account *1yuid transport in the fystem, heat
transfer to the steam generators. and the action of the pressurizer pray
4nd pressure rellef vilves. Mo cregit fs taken for the possible pres-ure
"eGUCTion cauted by the assumed failure of the contro! rod pressure
hous ing

Gloylation of Basic Parameters

[nput paramsters for the analysis are conservatively selected on the
Sasiy of calculated values for this type of core. The more ‘mportant
P Ameters are discussed below. Tadle 15.4.6) presents the parameters
used In this analysis. .

nne! F

The values for ejected rod worths and hot channe! factors are calculated
Viing a synthesis of one dlaensiona) and two dimensiona! caleulations.
Standard nuclear Gesign cooes are used in the anaiysis. Mo cregit i
taken for the “lux flattening effects of reactivity fo Sack. The
calculation |y performed for the oaxisum 2llowed bank tasertion at a
given power level, as determined by the rod Insertion 1imits. Adverse
Xu'nn'autriuﬂam ANC part length rod positions are consigered In the
calculations.

The total transisnt hot channe) factors F,T, 15 then obta!ned by
combining the axial and radia! factoes.

Appropriate marging are adoad to the resuits to allow for calculationa!
uncertainties i~clwding an allowance for nuclear power peaking due to
fue! semsification.

R fed ’ * ighting » r

The largest tesperaturs rises, ang hence the largest reactivity feedbacks
OCCUT 'n channe!s where the power |3 higher than average. Since the
iGNt of 4 reglon ‘s gependent on flux, these regions have high
vaights. This means that the reactivity feedback '3 larger than that
'ndicated by a s'mple sirgle channe! analysis. Physies calevlations were
CArried out for tesperature changes with a flat temperature gistridution,

15 447 CI17F/CC4E
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Dreskar 10 0pen and 015 geconds for the cod 10 release the rods. The curve of rod inservon
versus tme which was used s shown i Figurs 181 8.1, The tme to Al NBADON sssumed
xmmuo.lmmyovmwmmw-wdmoom
reaCuVITY D the Core. anmwmmmmumm

Seauiia

mvmuwmmuudmmm.umlnwmuudmmvm.m
prasermtad i Tabie 15.4 .61 and discussed Delow,

Reonnms of Cecia, Full Powsr

Comtrol baw D was 2ssumed to be nserted t s maerton it The worst epectad rod worth and
hot channed factor wers 0.20% AKX and 7.11 respectively. The peek hot spot fuel center
mpersture reached the begenvung of ifs malt tempersture of 4PO0F. However, meltng was
resticted to ess than 10% of the pelist.

Recioong of Cycie, Zare Power
mummmommuwnﬁwmc“nmwm

mmwmhbaunmmomm-m«o.nsmw.m
channel factor of 14.08.

Eod ot Cvcle, Full Pows

(ontrol bank D was assumed (v be INsertsd 1 1ts INSerton B The secwd rod

channa factors were 0.271% AkA and 7.88 respectively. The peak hot 8ot fusl teMEe Ity
SXCHN0RT the end of Ife melt tempersture of 4800°F. Mowawer, meling was restricted to Mes
Mlzoﬁdnm The varistion in meit terDereturs with bumug
4.4.1.2.

Eodl of Cosie, 2are Poves

mmumummwuummmmwmo
0 be fuly nserted and bank C ot ks insertion Bmit. The results were 0.87% Ak and 26.0
respecivaly. The peek fusl conter wmpereoum was 4391°F, Theus EOL 2000 power results are
Mmmnmzmmbmmnmam. goL

A summary of the cases prosencod above s given in Teble 15.4.8-1. mmn‘m

3000 fual nd slad WMPrTTIG KINeNts for the wWOrS! caee in wems of fusi mek HIOE Aa' power)

a0 precarred B Jeves 15.4.6-1 and 18.4 82, e same vensients for the worst case ¥ 1erms of
clad a‘lmm:mmmdh'ﬁﬁlu 15463 and 16464,

|
|

15 4.49
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Fauen Proouct Belsise

s sasumed thet fission products are released from the gaps of ol rods having « DNBR of less
an the safety analysa bt in ol casns consdersd, less then 10% of the rods enterss DNB
Based 0N & Getaded 3 dimensonal THING analysis. ARhough kmited fusl metting #t the hot spot
was predicied for the full DOwer CRERS, N DFECTICE MEIDNG 18 NOT EXDECIBd LINCE the Bnelyas
CONFIrVEDVEYY SRRITHC Tt the Ot D0t DETOre and ITTr HECTON wears CONCIdent.

Erasauca Suroe

A detadsd calculstion of the precsure Surps for an (fection word) | doller gt BOL. hot full power,
INRCETEE Ut The Deak DreRsure G088 NOT EXCH6d Tt wine! would COuSe STRes 10 6XCeed he
fauimd condition stress vt (Reference 29). Since the severity of the preserm analvsis does not
sxcend this "worst Case” anelvais, the sccident for this plamt will nOt result In an excessive
prassure rse or hurther damage to the RCS.

Wanucs Reformations

A large temperyture gradient will axist in the region o the hot spot. Since the fusl rods are free o
MovE N the vertcal direction, differential XDeNSIO" LETWee" LEDErTTe MOds CaNNO! produre
GITTON. HoOwever, the MO (redients acToss Ndhidusl rode May produce @ firce nding
W bow the Melipaint of the rods Wwward the hot spot. Mhysics calculstions Indicete thet the net
reauit of s would Do § NEQETIVE MERCTIVITY GIrUION. IN practicn. No BIGNINCant bowing i
MUCIHAA, MNCE the JTUCTUNY gty of the COre I8 MOre than SUMcent 1 withend the forces
roduced. Boling In the hot SPOT Mepion would Produce & net Rov  sway from that region.
However, the hest from the fuel it relsssed 10 the water relstively dlowly, snd R s considensd
nCOnCevat s that oross flow will be sutficient 1 protucs vwWhics™ Wttice forces. Even ¥
Messtve and rapid boliing, sufficient o distoet the Wetiice, i@ Mypothetcally postulstad, *he lerge
void raction In the hot SPOR MgIon woul woducs § MOUCTY..| In the 10t core MOMerstor 1 fusl
RO, and 8 e reduction I this ratio 5t the ot Epot. The net eMect would therefors be &
negatve feedback. R can Be CONCluded el NO CONCOIVElES MEchEriem axists for & Net Positive
fesdback resufting from etiice deformation. In fact 8 omald negative feedbeck may result. The
eMecCt conservetvely gnoned It the analyees.

15.4.6.3 Conchuons

Even on & pessmestic Dasis. The anafyses MAicate That i descred fue and cisd lmves as not
sxcosded. N B conciuded That there i nO danger of sudden fusl depersal Mo the coclant. Since
T DAk DrEBEIS (0SS NOU EIDSRd ThEt whiCh would CHUDS STNES 1 SXCeed the Teuited
condinon sTree Brike. Rt Bconciuded that there s No Canger

15.4-50
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of hurther CONMIUETIN damage 10 the DAMary system. The snslyvses N v demonsuated thet
ummhbnm:tmnnmmnmmdhuroummumm
10%
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2 “The 1581 Version of the Westinghouss ECCS Evalustion Model Using BASH®, WCAP.
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FSAR 15.4.6 - Rupture of a Control Rod Drive Mechaniss
Houseing (Rod Cluster Control Assembly Ejection)

Inserts for reanalysis due to increased FQ

Insert A : Change Reference 25 to the following:

25. Hargrove, H. G., "FACTRAN - A Fortran IV Code for Therma)
Transients in a UD, Fuel Rod," WCAP-7908-A, December 1389

insert B: Change Reference 29 to the following:

29. D. H. Risher, Jr., "An Evaluation of the Rod Ejection
Accident in Westinghouse Pressurized Water Reactors Using
Spatial Kinetics Methods, " WCAP-7588, Revision 1-A,
January, 197§,



42,

.w.tM'Mwamwmmmm

for July - August 1968, "ORNL-TM-2388, Nov. 1968,

» ;.c«u.'ommwmm-uo-mmwmm
for Septamber - October, 1968, "ORNL-TM2428, 5. 83, Jerwiary 1569

“Westinghouse ECCS Evahation Model, 1981 Version,* WCAR§229 (Froprietary Versionk,
WCAP-8221 (Non proprietary Vaersion), February 1982,

\ 'MM1“2MMTMMWMM'

Westnghouts. Letter TV .A-83-880, November 3, 1883,
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End of
cyche, Zero Powwr

SQON-8

TABLE 15 4.1-12 (Sheet 1)
(Convnyed)

TiME SEQUENCE OF EVENTS FOR
SONDITION |V EVENTS

Exany
RCCA mected

Reactor o setpoint reached
(High Neutron Fux, hgh setting)

Rods begin to drop
Peax clad aversge temperstury

Peak fusl centw tempersture

A

[ Ao “,”.‘Eéfr C.:j

0.18

0.88

0.73

2.49




b.

s

FSAR 15.4.6 - Rupture of a Contro! Rod Drive Mechaniss

Heuseing (Rod Cluster

Inscr; for reanalysis due to increased FO

Insert C : Add the following

End of
Cycle, Full Power

Beginning of
Cycle, Ful)l Power

RCCA ejected

Reactor trip setpoint reached
(High Neutron Flux, high setting)

Rods begin to drop

Peak clad average temperature
reached

Peak fuei center temperature
reached
RCCA ejected

Reactor trip setpoint reached
(High Neutron Flux, high setting)

Roas begin to drop

Peak clad average temparature
reached

Peak fuel center temperature
reached

Control Assembly Ejection)

into Table 15.4.1-12 (Sheet 3)

0.05

0.55
2.36

3.99

0.08

0.55
2.29

4.36
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aawm.anmmmmu OANST MG e
NDIRSANT limiting desipn cases. me'mmmucm:aﬂvaMuu 0 the
SNVIFORMeNt resuiting » an nummmwwuw " ;-cmafmuum ot

10 CPR Pam 100 AmCWIV'mmmumuomuwuuM
funchions of svstems needed to CO08 With the fauh including hose of the Eme gancy Cors Cooling
System (ECCS) and the contanment For the puwrposes of thi 00N te fallowny fauns have
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e ECCEAven when 0HATNG JUNNG ThE INECTION MOGE with e MOET VTS L0 Ve
Wire. @ SOBQNed 1 Meet he ACCIDWACE Creng (1)

184712 Mahog af Thermal Analvaia

JERCTIPNONE Of the vanous aspects of the LOCA snatysis are provided o Referencas 2 ang 49
These JOCUMents Jescnbe the masor Phenomeny modeed. ™ Miaaces IMONg the comoyter
COCEE. ANC The 'eatures Of the codes whCh Merve 1o METLBeN COMPDIANCE with the Kceptance
criteng of 10 CRF 80 48
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TABLE 154.1-1

LARGE BREAK

Results

Peak cladding temp (°F)

Peak claddi:ig location (ft)
Local Zr/H20 reaction (max)
Local Zr/HJO location (ft)

Hot rod burst time (seconds)
Hot rod burst location (ft)
Core-wide Zr/H,O reaction (%)

Calculation Assumptions

Core power (MWt), 102 percent of

Peak linear power (kw/ft), 102 percent of

Total Peaking factor (at license rating)

Hot channel enthalpy rise peaking factor
Accumulator water volume (cold leg delivered)(ft’)

Steam generator tube plugging level

2169 *
7.0
6.79
7

5713
5.75
<1.0

3411

13.067

2.40

1.62

3 @ 1050 per
accumulator
10 percent,
uniform

* This value is applicable until such time as the standard fuel with inconel grids is removed

from the core. At that time, this vaiue will be 2069°F.
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TABLE 13.4.13

BACAPRESSURE TRANSIENT USED IN ANALYSIS

line () Ersssuce (pain)

36.3 17.25
387 16.56
420 ' 16.1

$0.0 1536
55.0 12,41
57.1 15.36
64.0 15.29
85.0 14.97
100.0 14.66
1005 14.54
150.1 15.74
200.0 15.91

250.0 15.96
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TABLE (54,16 (Shem 1)
MASS AND ENERGY RELEASE RATES

Co = 0.6

TIME “

_(_._.i\- (1b/sec) (BTVU/sec)
2.00B+00 S.5819R+04 2.9663R+07
4.00B+00 3.7638R+04 2.08288+07
6.008+00 2.9473R+04 1.66738+07
8.008+00 2.40098+04 1.48798+07
1.008+01 2.08588.04 1.24248+07
1.208+01 1.83808+04 1.07838+07
1.248+01 1.74328+04 1.02538+07
1.408+01 1.51218+04 9.11778+06
1.508+01 1.35488+04 8.38308+06
1.608+01 1.21408+04 7.70898+06
1.70R+01 1.07798+04 7.00838+06
1.80K+01 8.90098+03 6.07878+06
1.908+01 7.64238+03 5.30588+06
2.008+01 6.53158+03 4. 73ITLR06
2.108401 5.66438+03 4.21148+06
2.208+01 4.79308+03 3.58738406
2.308+01 3.6.098+03 2.5090R+06
2.408+01 3.40618+03 2.23028+06
2.50R+01 4.73508+03 2.35398+06
2.60K+01 $.13908R+03 4.2818R+06
2.70%+01 5.06378+03 2.08678+06

1§



>

TIME

‘sec)
. 80801
-30B+01
.00R+01
+10K+01
+40RB+01
+408+01
.60R+01
.80K+01
.00R+01
408401
«40R+01
-60R+01
.00R+01
-40R+01
- 798+01
-86R+01
-378+01
48801
-63Be01
.08R+02
-55Be02
-96R+02
-J0R+02
-16K+02

SQN-$

TABLE {5.4.14 (Shem 7)

(Continued)

M
(lb/sec)
R T

AL LIN
5.01778+03
4.82758.03
4.6835E403
4.03538405
€.05258403
2.93138403
§.49028403
1.02298+03
1.0070R+03
9.9170R+03
9.76608+03
9.62408+02
9.36208+02
9.11908+02
.89758402
8.30618+03
9.01888402
3.19338+02
2.2707R+03
2.17688+03
5. 65158+02
$.73748+02
6.19408+02
6.31918+02

-
(BTU/sec)

1.9106RB+«06
1.6756B+0¢
1.45763+08
1.1095B+06
1.5503R+06¢
€.80248+08
1.190328406
5.93490404¢

!.lCOlloO‘-
574088404
5.6507R+04
5.5740R+04
S. 41770804
5.3737%+04
5.1663R+04
S.63698+04
7.6607R+04
5.4335R+0¢
2.95896R+08
4.09448+08
2.49038+08
2.3805R.08
2.5196R408
2.49658+08



START
Rx wip signal
S1 signal

A< injestion (CL)

End of blowdown
Botom of core recovery
% . empry (CL)

A ,‘ w
End of Bypass

TABLE 15417

LARGE BREAK
TIME SEQUENCE OF EVENTS

/a 4

DECL C, = 06
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Figure 15.4.1-6
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TABLE 4.1<1 (Sheet 1)
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THERMAL AND HYDRAULIC DESIGN PAQAM{TERS
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“w e

10.
11,
12.
13.
4,
18.
16.
17

18.
9.

20.
2).

2.
3.

(v)
(¢)

Reactor Core Weat OQuput, MWt

Reactor Core Heat Output, Btu/hr

Heat Generated 'n Fyel, %

System Pressure, Nominal, psia

System Prassure, Min. Steady State,
psia

Minimum ONBR for Desiyn Trangle~ts
Coolant Flow

ONB Correlation

Total Therma) Flow Rate, Ib/hr

Effective Flow Rate for Heat
Transfer, 1b/hr

Effective Flow Area for Heat
Transfer, ft¢

Average Valocity Along Fue!
Rods, ft/sec

Average Mass Velocity, 1b/hr-frt?
Coolant Temperature, *f

Nominal Inlet

Average Rise 'n Vessel

Avarage Rise in Core

Average 'n Cors

Average 'n Vessel
Heat Transfer

Active Heat Transfer, Surface
Arez, ft!

Average Meat Flux, Btu/hr.fe!

Maximum Neat Flux for Norma!
Operation, Btu/hr.ft!

Average Therma! Output, kw/ft

Maximwm Therma! Output for
Norma! Operation, kw/ft

Peak Linear Powsr for Determination

of Protection Setpoints, kw/ft
Heat Flux Hot Channe! Factor, F,
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'nc'mnr the ibove factors, Provided the assumed error in operation sces
not continue for 4 periog which Iy 'ong compared to the renon time
constant. The calculation resylts shown on Flgure 4.3.2.23 wnich are
greater than 18 kM/ft result from transients which woulg proceed «fithoyt
operator intervention for graater than 0.25 hour ang woulg result In
vielation of the control rog Ingertion 1imits In the Technical
Specifications. Since the peak KN/Ft 13 below the above Hait, no flyx
'Walance penalties are required for overpower protection. It should be
NOted that a reactor overpower dccident 's not assumed to occyr
coincigent with an Independent operator error. Additions) detalleg
discussion of these analyses 1s presented In Reference 7 and 10,

Analyses of possihle ODerating power shapes show that *he Woropriate hot
channe! factors Fq ang Fi. for peak local POwg r mmt{ and for
OKB analysis at Pyl POwer are the values given In Tadle 6.3.2-2 ¢
ddaressed 'n the SOW Tochntct) Specitications.

%

The suximum allowadle £y cin be Increased with docruﬂn’ power, i
thown In the SON Technica) Seect!fications. Increasing Fi. with
decreasing power s permftted by the ONS protection setpointy and 4l lows
radial power shape changws with rod Insertion to the Insertion Heity, as
descridbed In Section 4 A.3. The allowance for Increased r3,

permitted s Fi, o (1 +0.3 (1)), T™is decomes a dasign

basis critarion which 15 used for establishing acceptadle comtrol rod
PATTErNS and control Bank sequencing. Likewise, fue! loading patterns
For each cycle are selected with consideration of this design criterion.
The worst values of Fi. for possible rod configurations occurring

'n normal operation are used in verifying that this criterion s met.
Typical radicel factors and raglal power distributions are shown in
Flogure 4.3.2-6 tarough 4.3.2-11. ™ worst valuves generally occur when
the rods are &5=°d to be a4t their Iasertion leits. Maintenancs of
dxial offret com:ral estad!ishes rod positions xaich are above the
illowed rog insertion 1imits, thes ‘roviding Increasing mrgin to the
Faw critarion. Section 3.2 of Reference § discusses the

deterwination of Fo.. Thesa !fmits are taken as Input to the thersa)
ydraulic design basis, as described 'n Section 4.4.3.2.1,

When & situation 1s postidle In norms) operation which could result In
local power deasities 'n excess of thote assumed 43 the precond!tion for
& SUb T equant thetical accident, but which would not itself cause fuel
fallure, aimialistrative controls and dlarms are provided for returning
the cm’b & safe condition. These alarms are descritd in detal) In
Chapter 7.0.

$3.2.2.7 { | Verificat! 1Dyt i

This subject is discussed in depth In Reference 2. A summary of this
report s gives here.

In & measurement of peak local power density, F, with the moveadle
detector system described 'n Subsaction 7.7.1 and 6.4.5, the following
uncertainties have to be consideres.

‘L-'
(2 C

4.3-18 QO4TF/COCH
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The design limit DNBR ig Set at 1 22 for the LYPical zel} 1

"y i : < SeL. oand L 2y .
the thimple cell. P}ant Specific margin zo Accomodate r;d bow lni st
SNE cenal:ies ;ndha.lf\nncc for flexib .ity in the design, cperacion
and analysis of the plant igs provided ¢ erforming tn w o
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cartntet. THe fusl LamEerttue 88N Dass & Secute Asecuon 4 41 2 and resunty
TR MEOWEDIS CMCUARTSS CONLIENG tempereTrs of ATL T™he pesk inesr power for
pravennon of contering meit @ > 27 1 kWAL The canterine IO Nty Bt e DOBK 1NGE! DOwar
S8LIUNG TrOoMm OverDOWE UBANLE OverDOwWer 8rTocs BABLMNNG 3 mMxurum overpower of L™
§ DBOw ThaT "eQuUred 10 Droduce Mmeitng

423 Coucal M M Matie or Deoartucy rom Nuciests Soding Bane aod Mixing Technoieg:

The rmawrman DNERG for the rated power N INOCHEEd TN Condiions A8 Given » Table
44290 Nm%.n“mﬂo«d&mdummm“mh“,-
CHnon (hot HDOU Ue 18 W Nraesed SOWNITaam oThaldy ree

Wevore. THE DESE el Do wer
VR O TIY I T LA
| mm alo-uncu 'or

mmnnMwmmeNMan'M
Suboarsoraohs 4 4.2.3.1 and 4 4 2.3.2 NM»"/’M!MM&MGW;QW;'
4047 n used 1© determene The flow AITDUTION K W COMY NG e OCH CONBIBONE 1 the hot
chanval for wee n the DNE cormelzton. The use of hot channel factors s discussed n
Wc&}}lm“M'wmmmnth::ummg
ot channed fectory)

44T Deaacns from Nucka Soflon Tachooioey

T WRE- | DNE correletion & spplicable o VANTAGE S gl sincs. from 3 DNB persoectve, e
VANTAGE SM assembly s virtually identical o the 17x17 incorsl RGad design. As documentsd »

Reterence §7, e use of the WRE- | DNE correlation with & P5/98 Brmve ONBR of 1 17 @ sopkcab e
W the VANTAGE BM el sssembly

For condiions outa-de the nge of agplicabiity of the WRE- 1, the W-J corrsiztion i used

The W-3 cormeiavon, snd severd modifications of i heve Deen weed In Wastinghouse CMF
CHMOSEDONE. The W-J was onginglly developed rom sngle twbe duts. Referencs J8) but was
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ey
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3.2.1 ML er Enenglay A

<'van the loca! power deng ity
t™h N 'uel rogs ang height o

Faw = NQt rog Jower -
‘Tige rod power

™e way 'n which Faw 18 uted 10 the ONE calculation ig ortant.

e location of Binimum ONBR depends on the axial profiie and the value
of ONBR depends on the enthaioy rise to-that point. “etically, the
rimum valye of the red integral 1y yied to 'd.nt!fy d MOst ‘v“z, rod
for minimus CNBR  An a1a] power profile 'S obtained which whgn
nOrmalized to the design value of Fam. TOCreates the xial neat
Flux along the Itmiting rod. The TUFrouUnding rods are assumed 'O Nave
the tame axial profile with FOd Average powers which ire typtcal of
distridutions found ! hot assemoiies. In this sanner worse case axtal
profiles can de combined with worgt Case radial distridutions for
reference 0N Chiculations. It should 06 noted again that Faw I8

40 Integral and fs used as such In the ON8 calculations. Local heat
Fluxes are Htained by Vsing hot channe! and ddjacent channe! expl :i¢
POwer 1hapes which take Into dccount varfations in horizontal power
Shapes throughout the core. The sensitivity of the M™INC.IV andlysis to
radlal power shapes s discussed 1n Reference 9.

For operation at 4 fraction P of full [ower, the design Fi. used
'S given by. .
/&%

2. o} (1 ¢ 0.3 (1.8)) (4.4.20)

™ perwi 4 Felaxation of ¥, 'S Inciuded In the DNB protict)on
DOInts .nd allows radial power INADe changes with rod Insertion to tre
nsertion Ilmity, thes dllowing greater Flexidility tn the uClear design

¢4.3.2.3 mual weat Flux 015tridytions

At discessed In Paragraph 4.3.2.2, the axtal neat flux ¢istridution can
'ETY 4% & reseit of rod motion. power change. or due to spatial 1600
fransients which say occur In the axial direction. Consequently, 1t 1
NeCRIsary O smasure the aztal power imGalance by means of the ex-core
nuCledr detectors (as ¢iscussed in Subparagrapn €.3.2.2.7) 4ng protect
the core from excessive axlel pover isbalance. The Meactor Trip System
Provides automatic reduction of the trip setuoint in the Overtemperatyre
*T channels on excessive axial powsr 'aBalance; that 15, when an
Gxtremely large artal offset Corresponds to ar axiae) thape which coyld
980 to o DNBR which 1 leg1 than that caleulated for the reference ONg
detign axtal shape
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POWER DISTRIBUTION LIM;TS F?B

Fuel rod bowing reduces the value of DNB ratio. Marain has been retained

between the DNBR value used in the safety ana]ysis@ and the fWRE-1 R142
Leonmetattom 1imit FH37) to completely offset the rod Bow penalty.

The applicable value of rod bow penalty is referenced in the FSAR. R13
Margin in excess of the rod bow penalty is available for plant design Rié2
flexibility.

The hot channel factor FQ"(z) is measured periodically and increased by &

cycle and height dependent power factor, W(z‘. to provide assurance that the
limit on the hot channel factor, FQ(z). is met. W(2) accounts for the effects

of normal operation transients and was determined from expected power contro)
maneuvers over the full range of burnup conditions in the core. The W(z) R1S
function is specified in the COLR.

3/8.2.4 QUADRANT POWER TILT RATIO

The ~vadrant power tilt ratio limit assures that the radial power distri-
bution satisfies the design values used in the power capability analysis.
Radial power distribution measurements are made during startup testing and
pericdically during power operation.

The two hour time allowance for operation with a tilt condition greater
than 1.02 but less than 1.09 is provided to allow identification and cor-
rection of a dropped or misaligned rod. In the event such action does not
correct the tilt, the margin for uncertainty on F, is reinstated by reducing
the power by 3 percent from RATED THERMAL POWER fgr each percent of tilt in
excess of 1.0,

3/4.2.5 DNB PARAMETERS

The l1imits on the DNB related parameters assure that each of the para-
meters are maintained within the normal steady state envelope of operation
assumed in the transient and accident analyses. The limits are consistent
with the initial FSAR assumptions and have been analytically demonstrated
adequate to maintain a minimum DNBR of greater than or equal to the safety R142
analysis DNBR limit throughout each analyzed transient.

The 12 hour periodic surveillance of these parameters through instrument
readout is sufficient to ensure that the parameters are restored within their
limits following load changes and other expected transient operation.

A S
SEQUOYAH - UNIT } B 3/4 2-4 Amendment No. 19, 138, 155
QU1 5
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POWER DISTRIBUTION LIMITS

\':v
Fue! rod bowing reduces the value of DNB ratio Nar¥'~ has been retained
between the DNBR value ysed in the safety analysis t 382:aﬁc the  wii-1
merretatton imit £3-37) to completely offset the rod bow panalty
The applicable value of rod bow penalty is referenced in the FSAR
Margin in excess of the rod bow penalty is available for plant desigr
flexibility
. . X .M
he hot channel factor ‘3 (Z) 1s measured periodically and increased by
cle and height dependent power factor W(z), to provide assurance that the
mit on the hot channel factoér, 'ﬁrzﬁ. is met W(2) accounts for the effects

of normal operation transients and was dete"m ne
maneuvers over the full range of burnup conditio

function is specified in the COLR

d from expected power control
ns in the core. The W(2)

3/4.2.4 QUADRANT POWER TILT RATIO

”ﬁe gua”'ant power ¢i1t ratio limit assures that the rad'a‘ power distri-
bution satisfies the design values used in the power capability analysis
Radial pﬂuer distribtion measurements are made during startup testing and

periodically during power operation

The two hour time allowance for oper atwon with a tilt condition greater
than 1.02 but Tess than 1.09 is provided to allow identification and
correction of a dropped or misaligned rod In the event such action does not

t the tilt, the margin for uncertainty on Fc is reinstated by reducing

the power by 3 percent from RATED THERMAL POWER for each percent of tilt in

1/4.2.5 0ONB PARAMETERS

The 1imits on the DNB relzted parameters assure that each of the para-
meters are maintained within the normal steady state envelope of operation
assumed in the transient and accident analyses. The limits are consistent
with the initial FSAR assumptions and have been analytically demonstrated
adequate to maintain a minimum DNBR of greater than or equal to the safety
analysis DNBR 1imit throughout each analyzed transient

The 12 hour periodic surveillance of these parameters through instrument
readout is sufficient to #nsure that the parameters are restored within their
' ts following load changes and other expec*.d transient operation.







&s d.fla'ﬂ

d -~

,,M

T Comtrp)
.

Fod baax
8 Pigure ;.




CoLe ron StQuoras e g,

1.5.3 Note that the w(2) values ¢
Figures « threugs 7,
versus core Beight for
isterpolatios.

2.8 1 ) o Irgter
(3/4.2.3)

¥ kTP
Fam & ag * (lo’?4. * [1-0))

'M"'.umrlnm.rom
—— ~/.
1.6.) ::: . E:!S~4—-«T<::§E§>

1.6.2 PPag = 0.3

Page 3 of 10

038w

*quired
T™ais iaformat
41l cyele bur

by s 5 4.2.2.2
on iy fufficient
Bupa througn the

L
- Pam (Specificatios 3/4.2.3)

103sw

8r® provided i
te determing w2
Use of three Poins



t

2.

> |
el
CoLr ror spQuovar twry 3, creie B

-y

1.2 Wmm._.m (Specification 3/4.1.y. 4
(/4. .9)
2.2.1 The thutdowe rods thall be withdrawn to & positise Sreater than
equal to 2:8 #LepY wvithdraws.
4.3 { -zrol Red laaertics himis (Specification 3/4.1.3.¢)
(/4.5 .. 8)
2.3.1 The control rod banks sball be limited ip Physical issertioe a3
thown (g Figure 1.
i.4 (Sperification 3/4.2.1)
(374.2.1)
1.4.1 The axial flux differesce (AFD) limits are Provided (g Figure 2.
.8 mem = Po(2) (Specitication 3/4.2.2)
(3/4.2.2)
Lee 4
o
Fol2) g __* x(2) for » » 0.8
’
Ty
o
Pol) 5 ___* x(2) for » 5 0.3
9.8
vBere ¥ . e mamas POwER
Y
h i e PR €
5.2 E(Z) i» provides ia Pigure 3,
5.3

Note that the w(3) values required by T8 SR ¢.2.2.1 are Provided in
Figures ¢ throwgh 8. This iaformation s tufficient teo detersine w(32)

VerEws core height for all cycle buraups through the wse of three poisn+
interpelation,

Page 2 of 13

1038y

s p
wi



CoLr rox seguovas vwry ;. TRy o
- M

¥
2.8 .ug;.‘L_lA;A‘x2x.lill.lﬂs_ﬂunllll-lliill - Pag (8
(374.23.)3)

.pocltle.ttol 3/4.2.13
RTY

N
'u‘\’u .(10"u.(l-’)‘)

vhers P

* RATED TRERMAL POWER

e o
Ty /. e2)
.61 Pax » ey ==
.8.2 Plag = 0.2
1
1
Page 3 of 1)

i03av




