Florida Power & Light Company, 6501 S. Ocean Drive, Jensen Beach, FL 34957

FPL July 5, 2011

L-2011-260
10 CFR 60.90

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Re:  St. Lucie Plant Unit 1
Docket No. 50-335
Renewed Facility Operating License No. DPR-67

Information Requested by the Nuclear Performance & Code Review Branch in
Support of the St. Lucie Unit 1 Extended Power Uprate License Amendment

Request

References:

(1) R. L. Anderson (FPL) to U.S. Nuclear Regulatory Commission (L-2010-259),
“License Amendment Request for Extended Power Uprate,” November 22, 2010,
Accession No. MLL103560419.

(2) Email from Tracy Orf (NRC) to Chris Wasik (FPL), “St. Lucie 1 EPU boric acid
precipitation question,” dated May 3, 2011.

(3) Pedro Salas (AREVA NP Inc.) to Tracy J. Orf (NRC), “Material to Support St.
Lucie Plant Unit 1 EPU License Amendment Request, Docket No. 50-335,
Renewed License No. DPR-67,” June 1, 2011.

(4) Email from Chris Wasik (FPL) to Tracy Orf (NRC), “NRC Request St. Lucie Unit
1 Use of CEFLASH-4AS,” dated June 6, 2011.

By letter L-2010-259 dated November 22, 2010 [Reference 1), Florida Power & Light
Company (FPL) requested to amend Renewed Facility Operating License No. DPR-67
and revise the St. Lucie Unit 1 Technical Specifications (TS).

In support of the NRC's review of the License Amendment Request (LAR); in an email
from the NRC Project Manager dated May 3, 2011 [Reference 2], FPL was requested to
provide the RELAPS input deck for St. Lucie Unit 1 as well as the analysis report and
plots for the last CEFLASH-4AS small break loss of coolant accident (SBLOCA) analysis
performed for St. Lucie Unit 1. Reference 3 provided the requested RELAPS
information. In Reference 4, FPL noted that the CEFLASH-4AS methodology had not
been used to perform SBLOCA analyses for many years and identified two alternative
analyses in response to the staff's request: (1) the 1979 Millstone Unit 2 SBLOCA
analysis that was referenced as applicable to St. Lucie Unit 1 in 1984 based on unit
similarities; and (2) the results of a 1990 degraded high pressure safety injection flow
analysis performed for St. Lucie Unit 1.
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During the June 29, 2011 weekly FPL/NRC teleconference and in response to the
Reference 4 Email, the NRC requested that both of the aforementioned analyses be
provided. Attachments 1 and 2 of this letter provide the requested information.

In accordance with 10 CFR 50.91(b)(1), a copy of this letter is being forwarded to the
designated State of Florida official.

This submittal does not alter the significant hazards consideration or environmental
assessment previously submitted by FPL letter L-2010-259 [Reference 1].

This submittal contains no new commitments and no revisions to existing commitments.

Should you have any questions regarding this submittal, please contact Mr. Christopher
Wasik, St. Lucie Extended Power Uprate LAR Project Manager, at 772-467-7138.

| declare under penalty of perjury that the foregoing is true and correct to the best of my
knowledge.

Executedon 09~ J\ - 20 L)

Very truly yours,

Richard L. Andersox
Site Vice President
St. Lucie Plant
Attachments

cc:  Mr. William Passetti, Florida Department of Health
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Interof e Correspondence

POWER
SYSTEMS

C. Wrazien Millstone Unit 2 P. Thennqwm
. ECCS Performance Results J. Harris
at 2754 Mwt N-LOCA-79-004 -

April 4, 1979
Distribution

Attachments A and B present the large and small break LOCA ECCS performance
results for Millstone Unit 2. Results of these analyses.show acceptable
performance at the reactor power level of 2754 Mwt and a peak linear

heat generation-rate of 15.6 kw/ft. The small break ECCS performance:
results were performed at 16.0 kw/ft for added conservatism.

The large break LOCA analysis resulted in a peak clad temperature of
2081°F with a peak local clad oxidation percentage of less than 16.0%. 0
The small break LOCA analysis resulted in a peak clad temperture of 1971°F
and a peak local clad oxidation percentage of 10.3%.

In addition, at the request of NUSCO, the large break ECCS analysis used
conservative input data. (regarding the rod-to-rod thermal radiation model)
to bound subsequent reload cycles. '

Also indicated in the Large Break Analysis of Attachment A is a statement
regarding the current NRC review of the ECCS rupture strain and steam cooling :
models. Should the review result in-changes imposed by the HRC, it is expected
that.the changes to these models will have no adverse impact on the results and
conclusions contained in this report.

The results reported here have been QA verified. Final documentation -to QADM
standards will be completed by 4/23/79.
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ATTACHMENT A

Milistone Unit 2 Cycle 3
Large Break LOCA ECCS Performance Results

1.0 Introduction and Summary

2.0

The large break loss-of-coolant accident ECCS performance evaluation for

Millstone 2, cycle 3, presented herein demonstrates appropriate conformance
with the Acceptance Criteria for Light-Water-Cooled Reactors as presented -
in 10CFR50.46(]). The evaluation demonstratés acceptable ECCS performance
for Millstone 2 during cycle 3 at a reactor power level of 2754 Mwt and

a peak linear heat generation rate (PLHGR) of. 15.6 kw/ft. The method

of analysis and results are presented in the following sections.

Method of Analysis

The calculations performed for this evaluation used Combustion Engineering's
Large Break Evaluation Model which is described in References 2 ‘through 8,
Blowdown, refill/reflood, and temperature calculations were performed to
incorporate the cycle 3 fuel characteristics and reactor power level of

2754 Mwt. into the ECCS performance evaluation. The blowdown hydraulic
calculations were performed with the-CEFLASH-4A(4) code while the refill/
reflood hydraulic calculations were performed with the COMPERC-II(S) code.
The hot rod clad temperature and clad oxfdation calculations were performed
with the STRIKLN—II(S) and PARCH(S) codes. Core wide clad oxidation
calculations were also performed in this analysis.

The ECCS analysis assumptions are the same as those stated in Reference g .
The core and system parameters which differ from the previous anaIysis(9 )

are shown in Table Al which is consistent with the PLHGR of 15.6 kw/ft.
The containment parameters pertinent to this analysis are listed in

_ Table A2.
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In general, all possible break locations are considered in a LOCA
analysis. However, it was demonstrated in Reference 2 that ruptures in
the cold leg pump discharge location produce the. highest clad temperatures.
This {is due to the minimization of core flow for this break location. .
Since core flow is a function of the break size, the Millstone Unit 2,
cycle 3, large break caiculations have been performed for the cold leg
pump discharge breaks for both guillotine and slot breaks over a range of
break sizes from 5.89 ft2 to twice the flow area of the cold leg.

Results

Included in the cycle 3 core are 72 partially depleted and 72 fresh low

densifying fuel assembTies (Batches D and E), and 73 higher

densifying, partially depleted fuel assemblies (Batches B and C).

Burnup dependent calculations for the various fuel types were -performed
with the FATES(7) and STRIKIN—II(S)-codes. The results demonstrated

that the most 1imiting fuel rod during cycle 3 operation is a rod in one -
of the partially depleted batch B assemblies retained from cycle 2.

For the 1imiting batch B assembly rod, clad rupture was predicted to -
occur during the blowdown period. Clad rupture during blowdown leads

to the highest clad temperatures because of a degradation in the

cooling of the fuel rod during the blowdown period and a decrease

in the effectiveness of rod-to-rod thermal radiation during the reflood-
period, as well as increased clad oxidation. In this analysis blowdown
rupture for the limiting batch.B: fuel was first predicted to occur toward
the end of the third fuel cycle. Earlier in the cycle at the time of
minimum fuel-clad gap conductance, when the fuel stored energy is at

a maximum, the fuel.pin pressure-was not high enough to cause rupture
during blowdown. For this reason the highest clad ‘temperatures were

not predicted at the time of minimum gap conductance, but at the

time when the fuel pin pressure first became high enough to cause blowdown

L-2011-260
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rupture. The spectrum of break sizes was therefore analysed at a burnup
of 49,988 MWD/MTU, the time-1n-1ife when blowdown rupture first occurred,
to maximize the initial stored energy in the fuel rod. However, for the
0.6 x DES/PD* and 0.6 x DEG/PD** breaks, blowdown rupture did not occur
even at the very end of the fuel cycle when the fuel-clad gap pressure
was highest. Therefore, these two breaks were analyzed at the time-in-
1ife of minimum. gap conductance (6582 MWD/MTU).

The break spectrum analysis described in Section 2.0 was performed
for the 1imiting B assembly rod. It was determined from this analysis
that the peak linear heat generation rate (PLHGR) for the B assembly
rod is 15.6 kw/ft.

The 0.8 DEG/PD break produced the highest clad temperature of 2081°F.
The highest local clad oxidation percentage was less .than 16.0%. The.
0.8 DEG/PD also resulted in the highest core wide clad oxidation
which was.less than 0.73 %. The PLHGR of 15.6 kw/ft is therefore
demonstrated to be an acceptable limit for cycle 3 operation.

The rupture strain and steam cooling models employed in the performance.of
this analysis are currently being reviewed by the NRC. Potential changes
to these models, which could result following the NRC review, are not
expected to adversely impact the results and conclusions of the analyses
presented in this report.

* DES/PD = Double-Ended Slot at Pump Discharge
**DEG/PD = Double-Ended Guillotine at Pump Discharge
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The times of interest for each of the breaks are presented in Table A3.
The clad rupture times are included in Table A4, which contains a summary
of the peak clad temperatures and oxidation percentages for the break:
spectrum, Table A5 contains a 1ist of the pertinent-variables plotted

for each break in this analysis., Table A6 contains a l1ist of additional”
parameters plotted for the 1imiting break (0.8 DEG/PD break). Mass and
energy refease to the containment during blowdown is presented in Table A7
for the worst break. Also presented in this table {is the steam expulsion -
data during reflood Figure A7 shows the peak clad temperature plotted
versus break size and type, demonstrating that the worst break is the

0. 8 DEG/PD rupture. The ECC water sp11)age and containment spray flow
rates are presented graphica}ly in Figure A8.

.0 Conclusion

The results of the ECCS performance evaluation for Millstone 2, cycle 3
demonstrate conformance with the Acceptance Criteria for Light-Water-
Cooled Reactors as presented in 10CFR50.46(]). The results of the .
analysis identified the peak clad temperature as 2081°F, and the peak local
clad oxidation percentage as <16.0%. The peak core wide clad oxidation
percentage was calculated to be less than 0.73 %. Therefore, it s
concluded that operation of Millstone 2 at a reactor power level of 2754
Mwt and a PLHGR of 15.6 kw/ft is.acceptable for cycle 3.

’

Computer Code Version Identification

The following code versions were used in this.analysis:

CEFLASH-4A , Version 76041
COMPERC-11 Version 75097
- STRIKIN-II Version 77036

PARCH Version 77004
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TABLE Al

Millstone Unit 1I Cycle IIl Core Parameters

Quantity , Value

Core Power Level (102% of Nominal) 2754 Mt

Average Linear Heat Rate (102% of Nominal) 6.396 kw/ft .

Peak Linear Heat Generation Rate (PLHGR) 15.6 kw/ft

Core Inlet Temperature 551 O

Core Qutlet Temperature 602 OF

System Flow Rate (total) 138.9x105  1bm/hr

Core Flow Rate - 133.8x105°  Tbm/hr

Gap Conductance at PLHGR* ' 2000 BTU/hr-ft2-CF
Fuel Centerline Temperature at PLHGR* 3484 O

Fuel Average Temperature at PLHGR* 2082 O

Hot Rod Gas Pressure* 1971 psia

Hot Rod Burnup* 49988 MWD/MTU

Gap Conductance at PLHGR** 1393 BTU/hr-ftz-oF
Fuel Centerline Temperature at PLHGR¥** 3685 Or

Fuel Average Temperature at PLHGR** 2304 Op

Hot Rod Gas Pressure*¥ 1392 psia

Hot Rod Burnup** 6582 MWD/MTU

* At Time-In-Life Of Maximum Gap Pressure-
**At Time-In-Life Of Minimum.Gap Conductance
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Table A2
Millstone Unit 2
Containment Physical Parameters

Net Free Volume - . 1,938 x 10° £&?
.Containment Initial Couditions:

Humidicy _ , ' 100%

Containment Temperature S _ 60°F

Enclosure Building Temperaiure ' 60°F

Ground Temperature 40°F

Initial Pressure 14.7 psia
Initial Time for:

Spray Flow 26 seconds.

Fans (3) - 0.0 seconds

Additional Fan : . 14.0 secounds

Containment. Spray Water:
Témperature . ” 50°F
Flow Rate (Total, 2 pumps) 3300 gpm

Pan Cooling Capacity (Per Fan)

-

Vapor Temperature (OF) ) Capacity  (BTU/Sec)
60 - L 0.0
145 _ 3360.0
165 - 5280.0
300 28800.0

350 '32400.0

Containment Heat Absorbing Surfaces

1. Surface Areas and Thicknesses

a. Shell and dowe - 71,870 th

- (1) Paint. - 0.003 In. (one side exposed to containment atmosphere)

-

- - - adea o
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' painted Steel - 22, 425 Ft
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Table A 2 (Cou't)
Millstone Unit 2
Containment Physical Parameters

Uulined Concrete - 62,800 Fe?

(1) Concrete ~ 2.0 Ft. (one side exposed to containment atmosphere,

one side insulated)

1

Galvanized Steel - 120,100 Fcz

(1) 2inc = 0.0036 In. (one side exposed to containment atmosphere)
(2) Carbon steel - (.20 In. (one side insulated)

Painted Thin Steel - 56,850 Ft’
(1) Paint - 0.003 In. (one side exposed to containment atmosphere)
(2) Carbon steel - 0.2 In. (one side imsulated)

Painted Steel - 32,600 Ft>

'(1) Paint - 0.003 In. (one side-exp&sed to containment atmosphere)
1(2) Carbon steel - 0.26 In. (one side insulated)

2

¢(1) Paint - 0,003 Io. (one side exposed to containment atmosphere)
(2) Carbon steel - 0.86 In. (one side insulated)

Painted Thick Steel - 4,230 Ft2 ’

(1) Paint -~ 0.003 In. (one side exposed to containment atmosphere)
(2) Carbon steel ~ 2.94 In. (one side insulated)

Containment Penetration Area - 3,000 th

(1) Paint - 0.003 In. (one side exposed to containment atmosphere)

(2) Carbon steel - 0.75 In. ‘

(3) Concrete - 3.75 Ft. (one side exposed to enclosure building atmosphere)

Stainless Steel Lined Concrete - 8,340 th
{1) Stainless steel - 0.25 In. (one side exposed to containment atmosphere)

(2) Concrete -~ 2.0 Ft. (one side insulated)

i
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Table A2 (Con't)

Millstone Unit 2
Containment Physical Parameters

§. Basé Slab - 11,130 Fe

(1) Concrete ~ 8.0 Ft. (cne side exposed to containment sump, one side
exposed to ground)

k. Neutron Shield - 1400‘Ft2

(1) Stainless Steel ~ 0.024 Ft (both sides exposed to containment

atmosphere)

Thermal Properties

Conducciv;tg N Heat Capacity

Material - (BTU/hr-ft-"F) (BTU/ ££3-°F)
a. Concrete - 2.0 o 36
b. Carbon Steel 35.0 ) 25
¢. Stainless Steel 10.0 ' 62
d. . Paint ' 1.5 ‘ 32

e.  Zinc 70.0 45

Heat Transfer Coefficlents
a. Containment atmosphere to sump - 500 BTU/hr—ftz-oF
b. Sump to base slab - 50 BTU/hr-ft>-°F

c. Containment structure to: enclosure building atmosphere = 5.0 BIU/hr-It

2 o,
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TABLE A3
MILLSTONE UNIT 2 CYCLE 3

TIMES OF INTEREST (SECONDS)

START OF TIME OF ANNULUS CONTACT TIME SAFETY
BREAK - SAFETY INJECTION DOWNFLOW TIME INJECTION TANKS EMPTY
1.0 DES/PD 16.1 19.1 33.2 60.7
0.8 DES/PD 16.7 19.8 33.9 61.3
0.6 DES/PD 18.3 21.4 35.5 63.0
1.0 DEG/PD 16.0 19.0 33.1 60.5
0.8 DEG/PD 16.8 19.8 33.9 61.3
0.6 DEG/PD 18.9 22.0 36.1 63.5
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Break

1.0 x DES/PD
0.8 x DES/PD
0.6 x DES/PD*
1.0 x DEG/PD
0.8 x DEG/PD
0.6 x DEG/PD*

Peak Clad Temperature (°F)

TABLE A4
Mi]]stone_Unit 2 Cycle 3

Hot Rod Rupture
. Time (sec)

2079
2077
1950
2080
2081

1948 -

9.68
9,46
28.05
9.40
9.64
32.17

*Analyzed at time of minimum gap conductance

S A I

Peak Local
Clad Oxidation (%)

Core-Wide
Ctad Oxidation (%)

<16.0
<16.0

< 9.0
<16.0

<16.0
< 9.0

<.70
<.70
<.50
<.72
<.73
<.45
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Table As

Variab]cs P]btted as a Function of Time

for Each Large Break in the Spectrum

Variable
Core Power N
Pressure in. Center Hot“Assembly'Node
Leak Flow
Hot Assembly Flow (below hot soot) -
Kot Assembly Flow (above hot spot) ‘
Hot Assembly Guality
Containment Pressure
lass fdded to Core During Reflood

[) . -
Peak Clad Temperature -

s
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Figure
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Table A6

Additional Variables Plotted as-a Function

of Time for the Large Break Having
the Highest Clad Temperature

Variables

" Mid Annulus Flow

_ Qualities Above.and Below the Core
Core Pressure Drop

Safety Injection Tank Flow into Intact Discharge Legs
Water Level in Downcomer During Reflood |

Hot Spot Gap Conductence

Peak Local Clad Oxidation-

- Clad Temperature,»Center1ine Fuel Temcerature, Average
Fuel Témperature and Coclant Temperature for Hottest Node
Hot Spot Heat Transfer Coéfﬁcient

"~ Containment Temperature

Sump Temperature

Hot Rod Internal Gas Préssure-

Core Bulk Channel Flow Rate

-~ e
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Table A7

MILLSTONE UNIT 2 CYCLE 3
BLOWDOWN AND REFLOOD MASS AND ENERGY RELEASE DATA
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FIGURE A-1A

MILLSTONE UNIT 2 CYCLE 3
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FIQURE A-1B
MILLSTONE UNIT 2 CYCLE 3
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FIGURE A-5F
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FIGURE A-56
MILLSTORE UWNIT 2 CYCLE 3 |
0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
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FIGURE A-5I
| MILLSTONE UNIT 2 CYCLE 3
0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG .
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FIGURE A-5J
MILLSTONE UNIT 2 CYCLE 3

0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
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FIGURE A-5K

) MILLSTONE UNIT 2 CYCLE 3
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FIGURE A-5L
MILLSTONE UNIT 2 CYCLE 3

0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
SAFETY INJECTINE FLOW INTO INTACT DISCHARGE LEGS
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0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
WATER LEVEL IN DOWNCOMER DURING REFLOCD
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FIGURE A-5P
) MILLSTONE UNIT 2 CYCLE 3
0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE
~ CLAD TEMPERATURE, CENTERLINE FUEL TEMPERATURE, AVERAGE"
FUEL TENMPERATURE AND COOLANT TEMPERATURE FOR HOTTEST NODE
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0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
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_ FIGURE A-5S
MILLSTONE UNIT 2 CYCLE 3
0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
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FIGURE A-5T
MILLSTONE UNIT 2 CYCLE 3
0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE LEG
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FIGURE A-5U
o MILLSTONE UNIT 2 CYCLE 3
0.8 x DOUBLE ENDED GUILLOTINE BREAK IN PUMP DISCHARGE
CORE BULK CHANNEL FLOW RATE
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FIGURE A-6B
HILLSTORE UNIT 2 CYCLE 3 |
0.6 x DOUBLE ENDED GUILLOTIWE BREAK In PUMP DISCHARGE LEG
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FIGURE A-6C
) MILLSTONE UIIT 2 CYCLE 3
0.6 x DOUBLE EilDED GUILLOTIHE BREAK IH PUMP DISCHARGE LEG
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FIGURE A-6D.1
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FIGURE “A-6D. 2

MILLSTONE UAIT 2.CYCLE 3
0.6 x DOUBLE EWDED GUILLOTINE BREAK I PUMP DISCHARGE LEG
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FIGURE A-6E
MILLSTORE Uil1T 2 CYCLE 3
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FIGURE A-6F
MILLSTOAE UNIT 2 CYCLE 3
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FIGURE A-66
MILLSTONE UNIT 2 CYCLE 3.
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FIGURE A-6H
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FIGURE A-7
MILLSTONE UNIT 2 CYCLE 3

PEAK CLAD TEMPERATURE vs BREAK AREA
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ATTACHMENT B

Millstone Unit 2
Small Break ECCS Performance Evaluation

Introduction and Summary

The ECCS performance evaluation for the smal] break loss-of-coolant
accident {LOCA) for Millstone 2 , presented herein,demonstrates appropriate
conformance with 10CFR50.46 which presents the Acceptance Criteria for
Emergency Core Cooling Systems for Light-Water-Cooled Reactors(])..-The

evaluation demonstrates acceptable small break LOCA ECCS performance for
Millstone 2 at a power level of 2754 Mwt and a peak linear heat generation
rate (PLHGR)} of 16.0 kw/ft. The method of analysis and results are. presented’
in the following sections.

Method of Analysis

The calculations reported in this section were performed using Combustion .
Engineering's approved Small Break Evaluation Model which 1s described in
References 2 and 3,

Evaluation of small break transients involves the use of four computer
codes. Blowdown hydraulics are calculated using the CEFLASH-4AS(4) code.
Reflood hydraulics are calculated using the COMPERC-II code(s). Fuel

rod temperatures and clad oxidation percentages are calculated using

the STRIKIN-T11®) and PARCH(7) codes. Details of the interfacing of .

these codes are discussed in Reference 2.

As discussed in Reference 2, the worst single- failure for analyses of the small
break LOCA is the failure .of one of the emergency diesel generators to

start, This failure results in the minimum. safety injection available to

cool the core. Therefore, based on this assumption, the following injection
pumps were credited in the small break LOCA analysis:

a. one high pressure safety injection pump
b. one low pressure safety Injection pump-
¢. one charging pump
In addition to the pumped injection, three of the four available safety
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As described in Reference 2, the small break LOCA analyses conservatively
assumed that offsite power is lost upon reactor trip. As a result, the
injection from the above described pumps was assumed to await a 30 second
delay (for diesel startup and- load sequencing) following a safety
injection actuation signal.’

The ECCS performance analysis considered a spectrum of cold leg breaks
in the reactor coolant pump discharge leg. The break sizes analyzed
include the 0.5, 0.2, 0.1, 0.05, and 0.02 Ft% cold leg breaks.

The significant general system parameters used in the small break
calculations which change from those used in the Cycle II(B) analysis
are presented in Table B1.

Results

The analysis demonstrated the 0.1 ftz:break to be the Timiting small break
with a peak clad temperature and peak zirconium oxidation percentage

of 1971°F and 10.3%, respectively. The analysis was performed using the
1imiting batch B fuel at the time-in-11fe when fuel stored energy is
highest. The analysis alsc demonstrated that break sizes (.02 #t2 and
smaller will not result in core uncovery.

The transient values of parametérs which most directly affect fuel
rod performance are shown in Figures- B1:(A through H) through B5

(A through H). The following parameters are graphically presented
for each break size:

(AR) Normalized Total Core Power

(B) Inner Vessel Pressure

(C) Break Flow Rate

(D) Inner Vessel Inlet Flow Rate

(E) Inner Vessel Two-Phase Mixture Volume
(F) Hot Spot Heat Transfer Coefficient

(G) Channel Coolant Temperature at Hot Spot
(H) Hot Spot Clad Surface Temperature
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The times at which significant events in the performance of the ECCS
occurred for each break size are Tisted in Table B2, A summary of
the hot fuel rod performance is provided in Table B3 wherein are given
the calculated peak clad outside surface temperatures and locations

as well as the amount of core wide zirconium oxidation and ‘the peak
Tocal oxidation on the hot rod.

Figure B6 summarizes the peak clad temperatures results of the spectrum
analysis.

Evaluation of Results

Peak clad temperatures during a small break LOCA are produced by different
phenomena depending on the break size.

For the 0.5 ft2 break, the temperature transient is terminated during

the reflood period which is controlied primarily by the Safety Injection
Tanks (SITs) with some assistance from the Safety Injection (SI) pumps.

The 0.2 ft2 break is characterized by a relatively slow depressurization
rate and recession of the two-phase level in the core. The depletion
of the two-phase level and subsequent recovery is controlled by the
boiloff rate due to decay heat and- the rate at which the coolant is
replenished by the high pressure safety injeéction (HPSI)_and charging
pump flows. The transient is terminated shortly after recovery of the
core two phase level with injection from the SITs.

2

The 0.1-ft2 and the-0,05 ft~ breaks experience similar behavior as the

0.2 ftl break, however, the recovery of the :core two phase level
and termination of the clad temperature transient is controlled entirely
by the HPSI and -charging pump flows.

The 0.02 £l break does not experience coré uncovery since the boiloff
rate is exceeded by the HPSI and charging pump flows at a time when the
two-phase level in the inner vessel is well above the top elevation of the core.
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The 0.10 ft2 break was determined to be the limiting small break. For
breaks smaller than 0.10 ftZ core uncovery begins later when the fission
product decay heat generation is less, and hence the depth of uncovery
will be less. In fact, break sizes less than 0.02 ££2 will not experience
core uncovery, For breaks greater than 0.10 ft2 the depressurization rate

1s faster such iggf the clad temperture rise is terminated early in the

transient by SIT actuation.

Conclusions

An analysis of a spectrum of small breaks in the cold leg at the reactor..

pump discharge for Millstone 2, demonstrates an acceptable ECCS performance

at a reactor power level of 2754 Mwt and a PLHGR of 16.0 kw/ft., The

results of the 1imiting 0.1 t% small break resulted in a peak c¢lad

temperature of 19719F and peak local clad oxidation percentage of less than 10.37,
thereby demonstrating the small break LOCA ECCS performance to be less

Timiting than that for the large break LOCA performance.

Computer Code Version Identification -

The follewing versions of the Combustion Engineering ECCS Evaluation
Model ‘computer codes were used for this analysis:

CEFLASH-4AS: Version No, 77019
STRIKIN-II: Version No. 77036
COMPERC-II: Version No, 74223
PARCH: Version No. 77004
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8. Cycle II Small Break Analysis (to be supplied by NEU).
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Table B-1°

General System Parameters
Millstone Unit 2 Cycle 3

Quantity

Reactor power level -(102% of Nominal)

Average linear heat rate (102% of Nominal)

Peak Tinear heat rate ‘

Gap conduétance at peak linear heat rate

Fuel centerline temperature at peak linear heat rate
Fuel average temperature at peak linear-heat rate
Hot rod gas pressure

Hot rod burnup*

System flow rate (total)

Core flow rate

Charging pump flow delivered to reactor vessel
Reactor vessel inlet temperature

Reactor vessel outlet temperature

*it time-in-11Te of minimum gap conductance

.-2011-260
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Value

2754 MWt
6.396 kw/ft

16,0 kw/ft

1388. BTU/hr-fte-OF
3780.°F

2358.%F

1392 psia

6582 MWD/MTU
138.9 x 10° Tbm/hir
133.8 x 10° 1bm/hr
0.5 pump

5519F -

602°F

1L

|

LI LU & ngg




Break Size

(£t9)
0.5 -
0.2
0.1
0.05
0.02

Millstone Unit 2 Cycle 3
Times of Interest for Small Breaks

Table B-2

HPSI and
Charging Pump On  LPSI Pump On

(sec) ' (sec)
40 168
48 598
60 a
96 a

350

o o o o

- calculation terminated before time of LPSI pump activation

- core never totally uncovered

- calculation terminated before SIT actuation

- top of core never uncovers

- clad temperature during transient never exceeds initial

" fuel clad temperature

T T

L i

Time for SI Ho0

Hot Spot Peak
Clad Temperature

S1 Tanks On To Reach Bottom of Fuel Occurs
(sec) (sec) sec
168 b 203
598 b 588
c b 1439
b 2129
c d e

LE1 J0 G6 abed
L Juswyoey
092-4102-1




Break Size

2

0.5

0.2
a.1
0.05
0.02

Table B-3

Fuel Rod Perfarmance Summary

Maximum Clad Elevation of Hot Spot Core Wide
Surface Temperature (from bottom of core) Zirconium Oxid,
°F Cft %
1€29 9.7 < .063
1612 ‘ 10.3 < .07
1971 " 9,7 < .317
1824 9.7 < .274

558 8.7 < .00010

S N |
it I + N

Peak Percent
Zirconium Oxid.

%
< .48
< .4
<10.3
< 6,29
< .000)

L€\ 10 96 abed

} juswiyoeny
092-11021
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FIGURE B-1A
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MILLSTONE 2

0.50 FT2 COLD LEG BREAK AT PUMP- DISCHARGE
NORMALIZED TOTAL CORE POWER
(SMALL BREAK ANALYSIS)
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FIGURE B-18 -
MILLSTONE 2

0.50 FT2 COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL PRESSURE
(SMALL BREAK ANALYSIS)
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BREAK FLOW RATE, LBM/SEC
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FLOW RATE, LBM/SEC -
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MILLSTONE 2

0.50 FTZ COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL INLET FLOW RATE
(SMALL BREAK ANALYSIS)
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THO-PHASE MIXTURE VOLUME, FT°
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FIGURE B-1E
MILLSTONE 2
0,50 FT2 COLD LEG BREAK AT PUMP- DISCHARGE
_INNER VESSEL TWO-PHASE MIXTURE VOLUME
(SMALL BREAK ANALYSIS)
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_ FIGURE B-1IF
MILLSTONE 2

0.50 FT2 COLD LEG BREAK AT PUMP DISCHARGE
HEAT TRANSFER COEFFICIENT AT HOT SPOT
(SMALL BREAK ANALYSIS)

100000

10000

1000

100

HEAT TRANSFER COEFFICIENT, BTU/FT2-HR-OF

¥ I
120.0  180.0
TIME, SEC

L

—
1

300.0

b

sh il TEs g

A

el de s

Lo Badilils



COOLANT TEMPERATURE, OF
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FIGURE B-16

MILLSTONE 2

0.50 FT2 COLD LEG BREAK AT PUMP DISCHARGE
COOLANT TEMPERATURE AT HOT SPOT -
(SMALL BREAK ANALYSIS)
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* CLAD SURFACE TEMPERATURE, OF
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CFIGURE B-1H
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NORMALIZED TOTAL CORE POWER
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. FIGUPE B-2A.
MILLSTONE 2
0.20 FT2 COLD LEG BREAK AT PUMP DISCHARGE
NORMALIZED TOTAL CORE POWER
(SMALL BREAK ANALYSIS)
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INNER VESSEL PRESSURE, PSIA
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. FIGWE B-2B_
HILLSTONE 2 -

0.20 FT2 COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL PRESSURE
(SHMALL BREAK ANALYSIS)

24000

200040

]
1
160004

.1200.0
-

80040 |- . *\\\\l 1 _ .

0.0

0400
12000
240400
‘350.00
480400
600400

~ TIME, SEC

PRT TN SRR




" BREAK FLOW RATE, LBM/SEC
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FLOW RATE, LBM/SEC
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THO-PHASE MIXTURE VOLUME, FT3

 FIGURE B2E
MILLSTONE 2
0,20 FT2 COLD LEG: BREAK AT PUMP DISCHARGE
INNER VESSEL TWO-PHASE MIXTURE VOLUME
(SMALL BREAK ANALYSIS)
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“s o FIGUREB2F T T
HILLSTONE 2 _

0.20 FT2 COLD LEG BREAK AT PUMP DISCHARGE
HEAT TRANSFER COEFFICIENT ‘AT HOT SPOT
(SMALL BREAK ANALYSIS)
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CLAD SURFACE TEMPERATURE, °F |
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 FIGURE B-2H
MILLSTONE 2

0,20 FT2 COLD LEG BREAK AT PUMP DISCHARGE
HOT SPOT CLAD SURFACE TEMPERATURE
(SMALL BREAK ANALYSIS)
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NORMALIZED TOTAL CORE POWER
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__ FIGURE B-3A
MILLSTONE 2

0.10 FT2 COLD LEG BREAK AT PUHP DISCHARGE
NORMALIZED TOTAL CORE POWER
(SMALL BREAK ANALYSIS)
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~ MILLSTONE 2
0.10 FT2 COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL PRESSURE
(SMALL BREAK ANALYSIS)
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BREAK FLOW RATE, LBM/SEC
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. FIGURE B-3C
MILLSTONE 2

0.10 FT2 COLD LEG BREAK AT PUMP DISCHARGE
BREAK FLOW RATE .
(SMALL BREAK ANALYSIS)
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FLOW RATE, LBM/SEC
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___ FIGURE B-3D
MILLSTONE 2

0.10 FT2 COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL INLET FLOW RATE
(SMALL BREAK ANALYSIS)
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THO-PHASE MIXTURE VOLUME. FT3
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HEAT TRANSFER COEFFICIENT, BTU/FT2-HR-OF
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FIGURE B-36
MILLSTONE 2

10,10 FT2 COLD LEG BREAK AT PUMP DISCHARGE
COOLANT TEMPERATURE AT HOT SPOT
(SMALL BREAK ANALYSIS)
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__FIGURE B-4A
MILLSTONE 2

0,05 FT2 COLD LEG BREAK AT PUMP DISCHARGE
NORMALIZED TOTAL CORE POWER
(SMALL BREAK ANALYSIS)
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INNER VESSEL PRESSURE, PSIA
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BREAK FLOW RATE, LBM/SEC
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FLOW RATE, LBM/SEC
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__ FIGURE B-4D
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0.05 FT2 COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL TWO-PHASE MIXTURE VOLUHE
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HEAT TRANSFER COEFFICIENT, BTU/FT2-HR-OF
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FIGURE B-4F
MILLSTONE 2

0.05 FT2 COLD LEG BREAK AT PUMP DISCHARGE
HEAT TRANSFER COEFFICIENT AT HOT SPOT
(SHALL BREAK ANALYSIS)
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FIGURE B-4G
MILLSTONE 2

0.05 FT2 COLD LEG BREAK AT PUMP DISCHARGE
COOLANT TEMPERATURE AT HOT SPOT
(SMALL ‘BREAK ANALYSIS)
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CLAD SURFACE TEMPERATURE, OF
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FIGURE B-4H

MILLSTONE 2.

0,05 FT2 COLD LEG BREAK AT PUMP DISCHARGE
HOT SPOT CLAD SURFACE TEMPERATURE
(SMALL BREAK ANALYSIS)
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NORMALIZED TOTAL CORE PGWER
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__ FIGURE B-5A
MILLSTONE 2
0.02 FT2 COLD LEG BREAK AT PUMP DISCHARGE
NORMALIZED TOTAL CORE POWER
(SMALL BREAK ANALYSIS)
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BREAK FLOW RATE, LBM/SEC

0.02 FT2 COLD LEG BREAK AT PUMP DISCHARGE
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FLOW RATE, LBM/SEC
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FIGURE B-5D
MILLSTONE 2

0,02 FT2 COLD LEG BREAK AT PUMP DISCHARGE
INNER VESSEL INLET FLOW RATE
(SMALL BREAK ANALYSIS)
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__ FIGURE B-5E
MILLSTONE 2

0.02 FT2 COLD LEG BREAK AT PUMP DISCHARGE:
INNER VESSEL THO-PHASE MIXTURE VOLUME
(SMALL BREAK ANALYSIS)
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HEAT TRANSFER COEFFICIENT, BTU/FTZ-HR-OF

FIGURE B-5F
MILLSTONE 2.

0.02 FT2 COLD LEG BREAK AT PUMP DISCHARGE-
HEAT TRANSFER COEFFICIENT AT HOT SPOT
(SMALL BREAK ANALYSIS)
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FIGURE B-56
MILLSTONE 2
0.02 FT2 COLD LEG BREAK AT PUMP DISCHARGE
COOLANT TEMPERATURE AT HOT SPOT
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FIGURE B-5H
MILLSTONE 2

0,02 FT2 COLD LEG BREAK AT PUMP DISCHARGE
HOT SPOT CLAD SURFACE TEMPERATURE
(SHALL BREAK ANALYSIS)
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/6
Pr’-;l, Nu,‘.w_ 60["

St Lucie Unit 1 Cycté 8

Snapshot = A559035
Date = 4-22-87

ASL = -0.0361 ASIU .

Peak Fz2 = 1.2685 @ X/L = 0,583

PLHR = 14.31 KM/FT Includes: Augmentation Factor 1.029

: Uncertainty Factor 1.124
Full Power Average LHR of 6.331

Power Distribution Summary by Axial Level

Node Average Peak Fxy
K Power Pin

------------------------------------

24 0.185 0.440 2.379

23 0.650 1.147 1.765
22 0.856 1.382 1.615
21 0.999 1.607 1.609
20 1.095 1.756 1.604
19 1.159 1.850 1.596
18 1.204 1.912 1.588
17 1.234 1.953 1.583
16 1.25% 1.977 1,576
15 1.265 1.992 1.574
14 1.268 1.994 1.572
13 1.262 1.981 1.570
12 1.252 1.962 1.568
" 1.234 1.931 1.565
10 1.214 1.898 1.564
9 1.188 1.857 1.564
8 1.153 1.802 1.563
7 .11 1.736 1.563
é 1.056 1.650 1.563
5 0.987 1.549 1.569
b 0.89%9 1.410 1.577
3 0.762 1.212 1.590
2 0.580 1.020 - 1.757
1 0.136 0.380 2.738
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AS-FOUND CONDITION OF HPSI FLOW PERFORMANCE
PER TECH STAFF TEST T-40 RESULTS OF 2-3-90
(REFERENCE NCR #1-387)

R op? quggquTgEsm HPSI PUMP 1B 3¢
1Al 205 gpm 195 gpm
1A2 ' 135 gpm 110 gpm
181 _ 110 gpm 165 gpm
182 152 gpm - 110 apm
Gross Total 602 gpm 580 gpm
Corrected Total' 607 gpm 585 gpm
{4 lines)
‘Corrected Lowest 3 Lines' 400 gpm 388 gpm
otes:

_ The above flowrates represent HPSI flow at runout conditions (RCS pressure -

14.7 psia). The corrected total considers the effects of instrument error,
increased reactor water level (from accident assumptions), and shutdown
cooling being in service during the test.

For information purposes, the charging system is normally aligned to deliver
a total flow of 44 gpm to the 1A2 and 1Bl RCS cold legs.

For analysis purposes, assume a degraded pump performance curve parallel to
those curves utilized in the groundrules.

1C HPSI pump not tested. However, 1B HPSI pump results would envelope the 1C
HPSI pump.

Z

~
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