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‘} . | REACTOR COOLANT TEMPERATURE
Overtemperature AT < AT, [K; - 0.0107 (T-574) + 0.000453 (P-2235) - £ (4q)]
AT, = Indicated AT at rated power, F
T= Average temperature; F
P= Pressurizer pressure, psig

£(Aq)= a function of the indicated difference between top and bottom
detectors of the power-range nuclear lon chambers; with gains to
be selected based on measured instrument response during startup
tests such that:

For (q, - qp) within + 10 percent and -14 percent vhere qy and qp
are the percent power in the top and bottom halves of t:he core

respectively, and q, + q;, is total core power in percent of rated
power, £(Aq) = O.

For each percent that the magnitude of (q ~ qp) exceeds + 10
percernit, the Delta-T trip setpoint shall be aut:omat:ically reduced
by 3.5 percent of its value at interim power.

For each percent that the magnitude of (q, - qp) exceeds -14

percent, the Delta~T trip setpoint shall be aut:omatically reduced
e ‘ by 2 percent of its wvalue at interim power.

Ky (Three Loop Operation) = 1.095%

(Two Loop Operation) = 0.88

*K) = 1.095 for steam generator tube plugging < 28 percent.

203"'2
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' OverpowerATéTo E.u*_Kl g%_ Ko (T -T°) - £ (Aqil
4 C AT, = Indicated T at rated power, F -

T = Average temperature, F

T’ = Indicated average temperature at nominal conditions and
rated power, F p

Ky = 0 for decreasing average temperature; 0.2 sec./F for
increasing average temperature

K, = 0. 00068% for T equal to or more than T”; O for T less
than T’

4T . Rate of change of temperature, F/sec

de :

f (Aq)=As defined above.

Pressurizer

Low Pressurizer pressure — equal to or greater than 1835 psig.
High Pressurizer pressure - equal to or less than 2385 psig.

‘ \" High Presssurizer water level - equal to or less than 92% of full
scale.

Reactor Coolant Flow-

7 Low reactor coolant flow - equal to or greater than 90% of normal
indicated flow.

Low reactor coolant pump motor frequency equal to or greater
than 56.1 Hz.

Undervoltage on reactor coolant pump motor bus - equal to or
greater than 60% of normal voltage.

Steam Generators ‘

Low-low steam generator water level -~ equal to or greater than
15% of narrow range instrument scale.

*This factor is 1.1l for steam generator tube plugging <15%.
This factor is 1.10 for steam generator tube plugging >157% and <19%.
This factor is 1.08 for steam generator tube plugging >19% and <28%.

. FThis factor is 0.00L06 for steam generator tube plugging >197% and <287%.
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6. DNB PARAMETERS
"r The following DNB related parameter limits shall be maintained during Q

. power operation:
a. Reactor Coolant System Tavg £ 578.2°F
b. Pressurizer Pressure > 2220 psia*
c. Reactor Coolant Flow > 268,500 gpmt
With any of the above parameters exceeding its limit, restore the
parameter to within its limit within 2 hours or reduce termal power to

less than 57% of rated thermal power using normal shutdown procedures.

Compliance with a. and b. is demonstrated by verifying that each of the
parameters is within its limits at least once each 12 hours.

Compliance with ¢, is demonstrated by verifying that the parameter is
within its limits after each refueling cycle.

*Limit not applicable during either a THERMAL POWER ramp increase in excess
of (5%) RATED THERMAL POWER per minute or a THERMAL POWER step increase in
excess of (10%) RATED THERMAL POWER.

-.+Reactor Coolant Flow > 268,500 gpm for steam generator pube plugging <15%.

‘Reactor Coolant Flow > 263,130 gpm for steam generator tube plugging >15%
and <19%.

"Reactor Coolant Flow > 255,075 gpm for steam generator tube plugging >19%Z and
<28%.

3.1-7
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reactivity insertion upon injection greater than 0.3 Ak/k at rated
power. Inoperable rod worth shall be determined within 4 weeks.

b. A control rod shall be considered inoperable if

(1) the rod cannot be moved by the CRDM, or .
(2) the rod is misaligned from its bank by more than 15 inches, or
(3) the rod drop time is not net.

c.‘jlf a control rod cannot be moved by the drive mechanism, shutdown
" margin shall be increased by boron addition to compensate for the
withdrawn worth of the inoperable rod.

CONTROL ROD POSITION INDICATION

If either the power range channel deviation alarm or the rod deviation

monitor alarm are not operable, rod positions shall be logged once, per

shift and after a load change greater than 10% of rated power. If both
alarms are inoperable for two hours or more, the nuclear overpower trip
shall be reset to 937 of rated power.

POWER DISTRBUTION LIMITS

a. Hot channel factors:

With steam generator tube plugging £ 28%, the hot channel factors
(defined in the basis) must meet the following limits at all times
except during low power physics tests:

Fq (2) < (2.125/P) x K(Z), for P > .5 ) .

. Fq (2) £ (4.25) x K(2), for P £ .5
FEE{S 1,55 [1.+ 0.2 (1-P)]

Where P is the fraction of rated power at which the core is
operating; K(Z) is the function given in Figure 3.2-3; Z is the
core height location of Fq.

If F_, as predicted by approved physics calculations, exceeds
2.12% the power will be limited to the rated power multiplied by
the ratio of 2.125 divided by the predicted F,, or augmented
surveillance of hot channel factors shall be implemented.

3.2-3.
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HOT CHANMEL FACTOR
MORMALIZED OPERATING ENVELOPE

‘ A ” (for < 28% steam generator tube plugging and F_ = 2,125)

1.0

(6.0, 1.000)

.8
.6
K(Z)
|II .4 b
.2

q

(11.2, .849)

(12.0, .470) ——=

CORE HEIGHT (FT.)

| FIG. 3,2-3 . -
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ATTACHMENT A

LOCA ANALYSIS







"

An overview of the Westinghouse Emergency Core Cooling System (ECCS)
Evaluation Model which w?s developed in accordance with tge requirements of 10
~+CFR ‘Part 50, Appendix- K’ 1), is presented ‘in WCAP-8339 (2)., The individual
computer codes which comprise the Westinghouse ECCS Evaluation Model are
described in detail in separate reports (all dated June, 1974) in references
3, 4, 5, and 6. Since that initial development of the Appendix K ECCS
Evaluation Model, several model changes were made, submitted to the NRC for
review and approved for use in design LOCA analyses. The "October, 1975"
version of the Westinghouse ECCS Evaluation Model incorporates modifications
specified in referenes 7, 8 and 9. Additional modifications delineated in
references 10, 11, 12 and 13 update the model to the "February, 1978" version
which is the model currently used and accepted for plant licensing
calculations. ’

The LOCA analysis presented in this report was performed with an evaluation
model which includes improvements made subsequent to the submittal of the
"February, 1978" version model changes. These model changes include use of
_"UHI Software Technology'.and..addresses the problem of interaction between the
accumulator and pumped safety injection flow previously described in reference
14 and 15. There are, however, several differences between the Reference 14
method and that used in this analysis due to its applicatiom to a 3 loop
plant. First, the split downcomer (elements ll-14 and 47-50) is divided into
two azimuthal sections equal to 2/3 of the downcomer volume attached to the
two intact loops and 1/3 of the downcomer volume attached to the broken

loop. This modelling method gives a more realistic downcomer flow behavior
during the transient than splitting the volumes equally. Second, the intact
loop was not split at the pump junction into two legs as described in
Reference 14. Instead, by attaching'the-two intact loops into the same
downcomer region, the standard 3-loop plant loop nodalizatiom can be

retained. The nodalization used for the SATAN-VI calculation has been
modified because of the differences presented above. The modified
nodalization is shown in Figure 19.

In addition, Turkey Point Units 3 and 4 have the safety injection lines
connected to the accumulator surge line between the check valves. Due to the

“*magnitude of ‘the dccumulator “iijection’flow and ‘the*hydraulic resistance of
the check valve and piping from the accumulator line between the check valves
to the cold leg, the pressure in the accumulator line will be significantly
higher than the RCS cold leg pressure when the accumulutors are injecting.
Thus, the interaction between accumulator flow and the safety injection £low
increases the injection pressure above RCS pressure. Current Westinghouse
Evaluation Models assume that the safety injection pumps inject directly to
the RCS presssure and not the accumulator line pressure. When the higher
injection section pressure is accounted for, less safety injection delivery
occurs and the calculated peak clad temperature will increase. Reference 15
presents details of the model changes required to allow safety injection into
the accumulator line.

This analysis includes revised component volume and heat tansfer area
calculations based on methods developed for incorporation into an automated
analysis :input-processor. Credit was also taken for revised accumulator line
resistance including a general 6% reduction, and for the accumulator line
volume. This analysis includes the removal of the 65°F comservatism on the
initial steady state fuel pellet temperature. This input change is discusssed







in WCAP-8720, "Improved Analytical Models Used in Westinghouse Fuel Rod Design
Computations”, and approved by the NRC in reference 16, The modifications, in
‘essence, .update ,the "February, 1978" version of .the .SATAN-VI code to include
analytical techniques currently approved for use in the LOCA analyses of
Westinghouse plants equipped with an Upper Head Injection (UHI) system,

The modifications described in this report are, in the judgment of
Westinghouse, in conformance with the requirements of 1OCFR Part 50, Appendix
K. As such, an evaluation model which includes those modifications is
suitable for determining a core peaking factor limit which demonstrates
compliance with the acceptance criteria set forth in 10CFR50.46. The Loss of
Coolant Accident for Turkey Point Units 3 and 4 has been reanalyzed with the
above model modifications.

RESULTS

Table 1 presents the occurrence time for various events throughout the loss of
coolant accident transient.

The peak linear power and total core power used in the analysis are given in
Table 2. Table 2 also presents selected input values and results from the hot
fuel rod thermal transient calculation. For these results, the hot spot )
location is specified for each break analyzed. The location is indicated in
feet, which is elevation above the bottom of the active fuel stack.

Table 3 presents a summary of the various containment systems parameters and
structural parameters which were used as input to the COCO computer code
used in this analysis.

Tables 4 and 5 present reflood mass and energy releases to the containment and
the broken loop accumulator mass and energy release to the containment,
respectively.

Figures 1 through 17 present the transients for the principal parameters for
the break sizes analyzed. The following items are noted:
Figdres L - 3: Quality, mass velocity and clad heat transfer coefficient
- for the clad location exhibiting the maximum temperature
(hot spot) and for the section of clad that bursts, if
applicable.

Figures 4 - 6: Core pressure, break flow, and core pressure drop. The
break flow is the sum of the flowrates from both ends of
the guillotine break. The core pressure drop is taken as
the pressure just before the core inlet to the pressure
just beyond the core outlet,

Figures 7 = 9: Clad temperature, fluid temperaCure and core flow., The
clad and fluid temperatures are for the hot spot and burst
locations.

Figures 10 - 1l: Downcomer and core water level during reflood, and flooding
rate.







Figures 12 - 13: Emergency core cooling system flowrates, for both

‘accumulator«and pumped safety-injection.

Figures 14 - 15: Containment preséure and core power transients.

Figures 16 - 17: Break energy release during blowdown and the containment

wall condensing heat transfer coefficient for the worst

* break.
Figure 18: K(z) versus core height for Fq = 2.125.
Figure 19: SATAN Model for Turkey Point

CONCLUSIONS - THERMAL ANALYSIS

For breaks up to and incldding the double ended severance of a reactor coolant
.pipe, the Emergency Core Cooling System will.meet the Acceptance Criteria as
presented in 10CFR50.461) . That is:

1.

2.

I 3.

b

The calculated peak clad temperature does not exceed 2200'F based on a
total core peaking factor of 2.25.

The amount of fuel element cladding that reacts chemically with water or
steam does not exceed 1 percent of the total amount of zircaloy in the
reactor

The clad cedperature transient is terminated at a time when the core
geometry is still amenable to cooling. The local cladding oxidation limit
of 17% is not exceeded during or after quenching.

The core temperature is reduced and decay heat is removed for an extended
period of time, as required by the long-lived radioactivity remaining in
the core. :

As vshown in-Appendix A, ‘it’is estimated-that a'reduction in F, of 0.125 is
required to maintain the 2200°'F clad temperature as a result of the fuel
rod models in NUREG-0630. This leaves a net FQ of 2.125.
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’ v - TABLE 1
LARGE BREAK - UHI TECHNOLOGY MODEL

TIME SEQUENCE OF EVENTS

-

- DECLE, = 0.4) peCLly = 0.6)
(Sec) " (Sec)

START - 0.0 0.0

“RX“Tr{p Setpoint ‘Reached 0.69 0.68

'S.I. Setpoint Reachéd ‘ 0778 0.60

Acc. Injection : 14.6 , 11.2
. ' . End of Blowdown | 30.31 25.07
| Béttom of Core Recovery - _ 50.213 | 44 .867
Acc. Empty - | 61.35 56.731
pump Injection , “25.78 - 25.60

End of Bypass B 30.31 25.07

-
. “
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‘ ' TABLE 2

LARGE BREAK - UHI TECHNOLOGY MODEL

- DECL Cp = 0.4 DECL Cp = 0.6
Results
peak Clad Temp. 'F 2183 1962,
Peak Clad Location Ft. ~ 7.5 7.25
Local Zr/H20 Rxn(max)percent 7.39 2.991
Local Zr/H,0 Location Ft. 6.0 7.25
Total ZrIHZO Rxn percent <0.3 <0.3
Hot Rod Burst Time sec 41.8 72.3
Hot Rod Burst Location Ft. 6.0 . 6.0
" Calculation
‘ Core Power Mwt 102 percent of 2200
Peak linear Power kw/ft 102 percent of 12.77
Peaking Factor ‘ 2.25
Accumulator Water Volume 875 ft3/accumulator
- —
. Fuel region + cycle analyzed Cycle Region
UNIT 3 and 4 . Al Al
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‘ | | ~~ TABLE 3
LARGE BREAK
CONTAINMENT DATA (DRY CONTAINMENT)

NET FREE VOLUME ©1.55 x 108 Ft3

INITIAL CONDITIONS

Pressure 14.7 psia
Temperature 90°F
RWST Temperature 39°F
Service Water Temperature . - 63°F
Outside Temperature 39°F

. Number of Pumps Operating , 2
. Runout Flow Rate ] _1450 gpm
Actuation Time ‘ 26 secs

“SAFEGUARDS' FAN COOLERS
Number of Fan Coolers Operating 3

SPRAY SYSTEM
|

|

\ Fastest Post Accident Initiation of Fan Coolers 26 secs
|
|
|

‘ ‘ '
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TABLE 3 (continued)
CONTAINMENT DATA

(DRY CONTAINMENT)

416A/0033A

~~ AREA

STRUCTIONAL THICKNESS
HEAT SINKS (INCH) (FT?)
Paint 0.006996 -
Carbon steel: 0.2898 87335.8
Carbon steel 0.006996 1000086.0
Paint '0.006996 -
Carbon steel 0.4896 35660.11
Carbon steel 0.4896 12367.5

© Paint 0.006996 -
Carbon steel 0.2898 -
Concrete 24.0 50430.0
Carbon steel 0.2898 -
Concrete 24.0 16810.0
Paint 0.006996 -
Carbon steel 1.56 4622 .69
Carbon steel 1.56 1540.89 -
Paint 0.006996 -
Carbon steel 5.496 1277.87
Carbon steel 5.496 425.93
Paint. 0.006996 . .
Carbon steel 2.748 951.525
‘Carbon steel 2.748 317.175
Paint 0.006996 -
Carbon steel 0.03 23550.0
Paint 0.006996 -
Carbon steel 0.063 80368.5
Paint 0.006996 -
-Garbon steel 0.10 42278.25




G




STRUCTIONAL
HEAT SINKS

Carbon steel
Stainless steel
Stainless steel
Stainless steel
Concrete
Concrete

. 416A/0033A

TABLE 3 (continued)

CONTAINMENT DATA .

(DRY CONTAINMENT)

-

THICKNESS
(INCH)

0.2898
0.032
2.1264

70,1398

24.0
24.0

AREA
(FT2)

17190.0
113253.4
3704.0
14392.0
59132.0







‘ ’ TABLE 4

REFLOQD MASS AND ENERGY RELEASES
DECLG‘CD=0.4 UHI Technology Model

TIME M (Total) MH (Total)
(Sec) (LBM/Sec) - (BTU/Sec)
50.213 © 0.0 " 0.0
50.938 2.698-02 34.90
58.741 " 31.34 4.056 + 4
70.244 43.62 5.570 + 4
86.644 55.09 6.953 + 4
105.541 - 67.37 8.431 + 4
124.044 78.10 9.722 + 4
142.844 250.04 1.449 + 5
. 182,144 287.05 1.437 + 5

225.744 294.06 ) 1.345 + 5

416A/D033A







| . , " TABLE 4A
REFLOOD MASS AND ENERGY RELEASES
DECLGWCD=0.6 UHI Technology Model

- TIME i (Total) fH (Total)
(Sec) ] (LBM/ Sec) (8TU/ Sec)
44 .862 0.0 0.0
45.587 0.0267 34.47
| 53.315 31.64 . 4.090 + 4
‘ 64.618 49.98 ; 6.340 + 4
| 80.418 60.16 7.592 + 4
98.318 . 71.18 18.938 + 4
116.718 80.91 1.013 + 5 ’
135.118 252.6 1.474 + 5
. 173.818 | 285.7 o 1.448 + 5
216.718 292.8 1.360 + 5

. 416A/D033A







. | " TABLE 5

'BROKEN LOOP ACCUMULATOR FLOW TO CONTAINMENT
Cy=0.4 UHI Technology Model

TIME ' : MASS FLOW RATE

(Sec) (LBM/ Sec)

0.0 3195.049

1.01 - 2872.266

2.01 % 2635.418

4.01 2298.696

6.01 2064 .529

8.01 1886.928

10.01 ~ 1744.883

- 15.01 . 1487.450

20.01 | 1313.054

. 25.001 1190.337
> 29.01 : 1126.647
34.32 E " 1009.557

FOR ENERGY FLOW, MULTIPLY MASS FLOW BY 59.62 BTU/LBM.

416A/D033A







=" TABLE 5A

BROKEN LOOP ACCUMULATOR FLOW TO. CONTAINMENT
CD=0.5 UHI Technology Model

TIME T MASS FLOW RATE

(Sec) - (LBM/Sec)
0.00 : 3195.049
1.01 © 2868.804
2.01 , 2628.985
4.01 . 2287.787
6.01 2048.893
. 8.01 ﬂ - 1867.277
10.01 . 1723.220
15.01 o 1469.498
20.01 , 1304.673
24.01 . 1210.650
34,362 - ©1010.478

4w

FOR ENERGY FLOW, MULTIPLY MASS FLOW BY 59.62 BTU/LBM.
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. FIGURE 14A  CONTAINMENT PRESSURE, PSIG
FPL/FLA DECLG (Cp = 0.6)
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~APPENDIX A

The Nuclear Regulatory Commission (NRC) issued a letter dated November 9, 1979
to operators of light water reactors regarding fuel rod models used in Loss of
Coolant Accident (LOCA) ECCS evaluation models. That letter describes a meet-
ing called by the NRC-.-on November 1, 1979 to present draft report NUREG 0630,
"Cladding Swelling and Rupture Models for- LOCA Analysis." At the meeting,
representatives of NSSS vendors and fuel suppliers were asked to show how
plants licensed using their LOCA/ECCS evaluation model continued to conform to
10 :CFR *Part -50-46 sin«view-of :thernew fuel: rod :models.presented in draft ‘NUREG
0630. Westinghouse-representatives presented information on the fuel rod
models used in analyses for plants licensed with the Westinghouse ECCS eval-
uation model and discussed the potential impact of fuel rod models used in
analyses for plants licensed with the Westinghouse ECCS evaluation model and

. discussed the potential impact of fuel rod model changes on results of those
analyses. That information was formally documented in letter NS-TMA-2147,

. dated November 2, 1979, and formed the basis for the Westinghouse conclusion

. that the information presented in draft NUREG 0630 did not constitute a safety

<39 problem for Westinghouse plants and that all plants conformed with NRC regula-
tions. In the November 9, 1979 1e£fer, the NRC requestéd that operators of
light water reactors provide, within sixty (60) days, information which will

“:ienable~the *staff+to *determine, 'in light of <the ‘fuel rod model concerns,
Nwhgther or not further action is necessary. . -

As a result af compiling information for letter NS-TMA-2147, Westinghouse
recognized a potential discrepancy in the calculation of fuel rod burst for

‘ 416A/D033A







cases having clad heatuh rates (prior to rupture) significantly lower than 25
sdegrees.F .per :second. This issue.was reported.to. the ,NRC staff, by telephone,
on November 9, 1979, and although independent of the NRC fuel rod model
concern, the comb1ned effect of this issue and the effect of the NRC.fuel rod
models had to be studied. Details of the work done on this issue were pre-
 sented to the NRC on November 13, 1979 and documeﬁted in letter NS-TMA-2163
dated November 16, 1979. “That work included development of a procedure to
determine the clad heatup rate prior to burst and a reevaluation of operating
Westinghouse fuel rod burst model. As part of thi§ reevaluation, the
Westinghouse position on NUREG-0630 was reviewed and it was still concluded
that the information presented in draft NUREG-0630 did not constitute a safety
problem for plants licensed with the Westinghouse ECCS evaluation model.

On December 6, 1979, NRC and Westinghouse personnel discussed the information
thus far presented. At the conclusion of that discussion, the NRC staff
requested Westinghouse to provide further detail on the potential impact of
modifications to each of the fuel rod models used in the LOCA analysis and to
outline analytical model improvements in other parts of the analysis, and the
potential benefit associated with those improvements. This additional infor-
mation was compiled from various LOCA analysis results and documented in’
1gtter NS-TMA-2174 dated December 7, 1979.

Another meeting was held in Bethesda on December 20, 1979 where NRC and
Westinghouse personnel established: 1) The currently accepted procedure for
assessing the potential impacf on LOCA analysis results of using the fuel rod
models presented in draft "NUREG-0630 and 2) Acceptable benefits resulting from
anlyt1cal model improvements that would justify continued plant operation for
the interim until differences between the fuel rod models of concern are
resolved.

416A/D033A . ’;l
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> Part of the Westinghouse effort provided to assist in the resolution of these
‘ iLOCA ﬁﬁe1‘nod model diffierences is documented .in .letter NS-TMA-2175, dated
~ December 10, 1979, which contains Westinghouse comments on draft NUREG-0630.
As stated in that letter, Westinghouse believes the current Westinghouse
models to be conservative and to be in compliance with Appendix K.

- A. Evaluation of the potential impact of the fuel rdd models presented in
draft NUREG-0630 on the Loss of Coolant Accident (LOCA) analysis for
Turkey Point Units 3 and 4 with 28 percent SGTP.

This evaluation is based on the limiting break LOCA analysis identified
as follows:

BREAK TYPE - DOUBLE ENDED COLD LEG GUILLOTINE

BREAK DISCHARGE COEFFICIENT CD = 0.4

9 WESTINGHOUSE ECCS EVALUATION MODEL VERSION Revised February 1978 with
Safety Injection Interaction Modifications and UHI software technology |

CORE PEAKING FACTOR 2.25

v

HOT ROD MAXIMUM TEMPERATURE CALCULATED FOR THE BURST REGION OF THE CLAD -
. 2081 °F = PCTy

EUEVATION - 6.0 Feet.

HOT ROD MAXIMUM TEMPERATURE CALCULATED FOR A NON-RUPTURED REGION OF THE
CLAD - 2183 °F = PCTy

ELEVATION - 7.5 Feet

CLAD STRAIN DURING BLOWOOWN AT THIS ELEVATION 1.93 Percent

MAXIMUM CLAD STRAIN AT THIS ELEVATION - 9.04 Percent

-~
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’ Maximum temperature for this non-burst node occurs when the core reflood
- rate is 'GREATER than 1.0 inch per second and reflood heat transfer is
based on the FLECHT calculation.

AVERAGE HOT ASSEMBLY ROD BURST ELEVATION — N/A Feet ~
HOT ASSEMBLY BLOCKAGE CALCULATED - 0.0 Percent -
1. BURST NODE

The maximum potential iméact on the ruptured clad node is expressed
in letter NS-TMA-2174 in terms of the change in the peaking factor
Timit ‘(FQ) required ‘to maintain -a -peak clad ‘temperature (PCT) of
2200°F and in terms of a change in PCT at a constant FQ. Since the
clad-water reaction rate increases significantly at'temperqtures
above 2200.°F, individual effects (such as aPCT due to changes in
several fuel rod models) indicated here may not accurately apply
over large ranges, but a simultaneous change in FQ which causes the
PCT to remain in the neighborhood of 2200.°F Justifies use of this
evaluation procedure. <o '

<§illb

From NS-TMA-2174:

For the Burst Node of the clad: . i .

- "0:01 4FQ > ~ 150°F 'BURST NODE aPCT

-

Use of the NRC burst model and the revised Westinghouse
burst model could require an FQ reduction of 0.027

- The maximum estimated impact of using the NRC strain model
is a required FQ reduction of 0.03.

»
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Therefore, the maximum penalty for the Hot Rod burst node is:
A‘PCT.l = (0.027 * .03) (150°F/.01) =.855°F
Margin to the 2200°F limit is:

8PCT, = 2200.%F - PCTy = 159°F

The FQ reducion required to maintain the 2200°F clad temperature
limit is:

(aPCT, - 4PCT,) (=01 4FQ,

AFQg 50°F

0Ly
(855 - 159 (195
0.0464'(bqt not less than zero).

NON-BURST NODE

"416A/D033A

-

The maximum temperature calculated for a non-burst section of clad
typically occurs at an elevation above the core mid-plane during the
core reflood phase of the LOCA transient. The potential impact on
that maximum clad temperature of using the NRC fuel rod models can
be estimated by examining two aspects of the'analyses. The first
aspect is the change in pellet-clad gap conductance resuiting from a
difference in clad strain at the non-burst ﬁéximum clad temperature
node elevation. Note that clad strain all along the fuel rod stops
after clad burst occurs and use of a different clad burst model can
change the time at which burst is calculated: Three sets of LOCA
analysis results were studied to establish an acceptable sensitivity
to apply generically in this evaluation. The possible PCT increase
}esulting from a change in strain (in the Hot Rod) is +20.°F per
percent decrease in strain at the maximum clad temperature
locations. Since the clad strain calculated during the reactor
coolant system blowdown phase of the accident is not changed by the







416A/D033A

use of NRC fuel rodzmode]s, the maximum decrease in clad strain that
must be considered here is the difference between the "maximum clad
strain" and the "clad strain at the end of RCS blowdown" indicated
above. ' '

Therefore:
PCT (ZOOF ) (MAX STRAIN - BLOWDOWN STRAIN)
aFLlz = 0T strain -

(7%$) (0.0904~ 0.0193)
= 142.2°F

The second aspect of the analysis that can increase PCT is the flow
blockage calculated. Since the greatest value of 610ckage indicated
by the NRC blockage model is 75 percent, the maximum PCT increase
can be estimated by assuming that the current level of blockage in
the analysis (indicated above) is raised to 75 percent and then
applying an appropriate sensitivity formula shown in NS-TMA-2174.

-~

Therefore, ’

4PCT, = 1.25°F (50 - PERCENT CURRENT BLOCKAGE)
+ 2.36°F (75-50) -

1.25 (50 - 0.0) + 2.36 (75-50)

= 121.5°F

If PCTy occurs when the core reflood rate is greater than 1.0 inch
per second APCT4 = 0. For Turkey Point PCTN does occur when the
core reflood rate is greater than 1.0 inch per second. The total
potential PCT increase for the non-burst node is then

APCT. = aPCT

5 = + hpcr4 =142.2 + 0 = 142.2

3

Y







(’  Margin to the 2200°F limit is

aPCT, = 2200°F = PCT, = 2200 ' 2183 = 17°F

The FQ reduction required to.maintain this 2200°F clad temperature
limit is (from NS-TMA-2174)

8FQ = (4PCT; - aPCT() (yooraid—r) |
AFQN = 0.125 but not less than zero. ‘

The peaking factor reduction required to maintain the 2200°F clad
"tembefature 1imit is therefore ‘the ‘greater offAFQB'and mFQN,

B. The peaking factor limit adjustment required to justify plant operation

Q for this interim period is determined as the appropriate revised Model FQ

credit identified minus the AFQPENALTy.ca1culated in section (A) above
(but not greater than zero).

FQ ADJUSTMENT = 0.125

3~

Final FQ Value = 2.25 - 0.125 = 2.1?5

.
.
. . .
[IEN
v
\ . w
.
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ATTACHMENT B

NON-LOCA ANALYSIS
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INTRODUCTION

The NSSS vendor has performed an evaluation of the impact of increasing the
steam generator tube plugging lLevel to 28 percent and of increasing the

peaking factor Fy to 2.175% on the non~LOCA accident analyses presented in
Chapter 14 of the Turkey Point Unit 3 and Unit 4 FSAR.

The current Turkey Point safety analyses are valid for steam generator tube
plugging levels up to 25%, with > 95% of RCS thermal design flow, and a
peaking factor of 1.93.

CHANGE IN STEAM GENERATOR TUBE PLUGGING LEVEL

Changes in the number of steam generator tubes plugged result in lower reactor
coolant flow rates. Many of the non-LOCA accidents are strongly dependent on
the £low rate available. Recent flow te?t§ng has shown that the previously
assumed flow rate of 85025 gpm per loop, corresponding to 95% of RCS
thermal design flow rate, comnservatively bounds the predicted £low with 28%
tube plugging. Therefore, effects due a change in flow rate need not be
addresssed. Because the time duration of the non-LOCA transients-are very
short, changes in pressure drops and time response due to tube plugging have
'Iittle effect on 'the course of “transients/accidents. ‘Increasing the tube
plugging level to 28% decreases the heat transfer area available in the steam
generator. The impact of this, on the non-LOCA accident analysis also is not
significant.

CHANGES 1IN FQ LIMIT

The impact of higher F, values, on the non-LOCA accident analyses presented in
Chapter 14 of the FSAR 'was analyzed.

The accident/transients considered were:

~Uncontrolled RCCS Withdrawal f£rom Subecritical Conditions.
~-Uncontrolled RCCS Withdrawal at Power

_=Malpositioning of a Part Length Rod

'~Rod Cluster Control ‘Assembly *(RCCA) Drop

-Start-up of an Inactive Reactor Coolant Loop
-Reductién in Feedwater Enthalpy Incident

-Exessive Load Increase Incident

-Loss of Reactor Coolant Flow (Locked Rotor Accident)
~-Loss of Reactor Coolant Flow (Flow Coastdown Accident)
~Loss of External Electrical Load

~Loss of Normal Feedwater

~Loss of AC Power

~Rupture of Steam Pipe

% Proposed LOCA analysis requirement sets the limit om F, at <2.125, as per
Q —

- Attachment A.







' ~ Rupture of Control Rod Mechanism Housing
- Chemical and Volume Control System Malf unction

The effect of flow reductions and changes in the value of the peaking factor,
F,, on the above accidents are discussed in detail in a previous analysis
(%eference 1), which was performed for 25 percent steam generator tube
plugging and 95% reactor coolant flow.

As the flow rate with 28% steam generator tube plugging is not expected to
result in a flow rate less than 95% of design flow, changes in the f£low rate
need not be addressed and previous discussions and conclusions presented,
(reference 1) are still valid. However, changing FQ from 1.93 to 2.175% needs
to be considered.

From the accidents presented in Chapter 14 of the FSAR, only the following
accidents are affected by changing the value of FQ:

*“LOSS~"OF "REACTOR’’COOLANT “FLOW *(LOCKED *ROTOR ACCIDENT)

The current applicable analysis of this event 1is based on a hot spot heat
transfer calculation which utilizes heat £lux and fuel temperatures associated
with an Fq of 2.55(2) . an Fy limit of < 2.175 results in a 14% reduction in
total energy input to the hot spot which will compensate for the reduction of
coolant £low to 95% of thermal design flow of 85025 gpm per loop, due to 28%

. tube plugging. This will result in peak fuel and clad temperatures well below
the safety limit. Hence a change of F, from 1.93 to 2.175 has little effect
on the safety limit margins and the conclusions of reference 1 are valid Eor
28% level tube plugging.

RUPTURE OF CONTROL ROD DRIVE MECHANISM HOUSING

The applicable current analysis was performed for an F, of 2.32 at 100%Z flow
rate, (reference 2). From LOCA considerations FQ has to be below 2.175%.
Therefore, changing the value of Fy £rom 1.93 to 2.175 still results in a
reduction in .initial .fuel temperature .which..translates.,into a .reduction .in
peak transient fuel temperatures compared to those in reference 2. Also
according to reference 1 reducing the coolant flow to 95% of thermal design
flow (85025 gpm), due to 28% tube plugging results in a 50°F increase of clad
temperature which is still more than 400'F below the peak allowable
temperature of 2700°F.

CONCLUSTON

Incfeasing the value of the'peaking factor, Fy £rom 1.93 to 2.175*% for LOCA
considerations, with steam generator tube plugging < 28% provided reactor
coolant flow stays > 255,075 gpm, does not have a significant effect on the

* ‘Proposed LOCA analysis requirement sets the limit on FQ at <2.125, as per
Attachment A. .
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non-LOCA analysis due to the comnservative inputs and large margin to the
safety limit. In addition, since the current non-LOCA analysis was done for

an' Fy of 2.32 any reduction from this value is considered an additional safety
margine. '

With regards to Overtemperature AT, Overpower 4T and thermal hydraulic safety
limit, the results presented for 25% tube plugging are still valid, with the
reactor coolant flow greater or equal to 255075 gpm.

The arguments presented here are based on the fact that the reactor coolant
flow rate is maintained within the limits set by the previous analysis for 25
percent level steam generator tube plugging (reference 1l).
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