L]
.
' ‘
L]
®
.
.
m.
7
.
-~
3
-
.w
.
.
»
.
Y
B
.
.
' :
”
v
' iy
4
'.
[
'
-
.
g
»
./ '
f'
.
.

8008120 é/&o/

~ APPENDIX B

RCS
ASYMMETRIC LOADS

EVALUATION |

ST. LUCIE1



w




~ =

®
l
|
‘ l
I Il
»
»
l .
l ‘
.
I ’
*
)
-l‘
v
i
N .

APPENDIX B

RCS

ASYMMETRIC LOADS

EVALUATION.

ECCS ANALYSIS APPROACH WITH REDUCED AREA

COOLANT CHANNELS IN PERIPHERAL ASSEMBLIES

Prepared by

COMBUSTION ENGINEERING, INC.

for

St. Lucie 1

Juiy 31, 1980

Paa ow

Tesy cusiesmpneewn:



.
Y
>
R .
.
v - .
.
s
s
- e
f..ﬁ
.
LT
»
-

-

«
N N B
Y -
« .
= -
= v
- kJ
w
! .
.
. . e
N B
- L
I
- L
« .
.
- A . .
- - i -
. . N - v - B



i
- u - m _ - ~
.

SECTION

&

6.1.0
B.2.0
B.2.1
B.2.2
B.2.3
B.3.0
B.4.0
B.5.0

.B.6.0..

B.7.0
B.8.0

TABLE OF CONTENTS

SUBJECT

INTRODUCTION AND SUMMARY
METHOD OF ANALYSIS
Blowdown Hydraulics
Refil11/Reflood Hydraulics
Temperature Analysis

SUMMARY OF CONSERVATISMS

- RESULTS

EVALUATION OF RESULTS
CONCLUSIONS

COMPUTER CODE VERIFICATION
REFERENCES

PAGE NUMBER

B-1
B-1
B-2

~ B-3
B-3
B-4
B-5

© " B-6
B-7
B-8
B-9



- N A E-E aam = s N =S S NN BN N O E aE s

a4
o » . - B " . 1]
v . B - !
" L} H
s
e E «
» .
]
W
IS =
»
W
s
. -
" .
v . w
- & o
x -
- @ o , e
°
“
-
B =
- N N ¥
.
.
.
»
- ”
e
. 4 " -
.
s
B © B . .
’
. . ca B
] ’ -
* ' L]
» »
. .
»
»
4
.
LR = w
. -
« 3
R - - - . -
-
- 4 L] e
= »
- B -
< . . .
- » L3 - - - »
' w a -
. & Y ' @ E
* =
e
-




b
= . u

. 8.1.0

B.2.0

Andinanand g ST PR T S IR

INTRODUCTION AND SUMMARY

~ The ECCS performance evaluation demonstrating conformance with 10CFRS0.

46, which presents the NRC Acceptance Criteria for Emergency Core

(1)

Cooling Systems for L1ght Water Cooled Reactors‘'™’, are presented’
in References 2, 3 and 4, These references provide apa]yses for
Calvert Cliffs Units 1'& 2, and St.ALucfe Unit 1. The purpose of
this supplementary analysis is to demonstréte acceptable ECCS
performance with reduced area coolant channels assumed in the
peripheral fuel assemblies. While demonstrating acceptable ECCS

performance, the intent of this anlaysis is to also show that the

current Ticensing analysis, pertaining to the‘hottest fuel rod in

the core, is more limiting than that for the hottest rod in a

peripheral- assembly with reduced area coolant channels.. "Since this

evaluation is to apply to the above p]ﬁnts, a generic analysis

was performed. The method of the analysis is discussed in the

following sections.

METHOD OF ANALYSIS

In the C-E ECCS evaluation model(>*6), tne cerLASH-4A'7) computer
program is used to determine the pr1mary system thermal hydraulic
behavior during the blowdown per1od and the COMPERC- 11(8) program

is used to describe the system behavior during the refill and reflood
periods. The resulting transignt parameters from these computer
programs, describing the thermal and hydraulic behavior of the primary

system, supply the-input to the STRIKIN—II(g) program which is used

~ to calculate the hot rod peak clad temperature and peak local clad

okidation percentage.

B-1
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B.2.1

.- The objective of the analysis is to demonstrate that the ECCS .

performance for a per1phera1 assembly with reduced area coolant
channe]s is less l1m1t1ng than a-hot rod in a channe1 without
any,reduct1on1;‘f1651area. To accomp11§h this obJect1ve it is
necessary to“eva1uafe the performénce of the limiting fuel rod

in the peribhera] assembly containing reduced area fuel channels.
In evaluating the performanée of the,1iﬁiting fue]irod in the
peribhéra1 assembly, blowdown refill/reflood, and temperature
ca]dq]ations were peﬁformedmusing the computer programs described,
above based on a ccnservative set of input assumptions. The
conservative assumptions are employed in the analysis so that

the results will bound the response_for Calvert Cliffs Units 1
&2, and St. Lhcie’Unjt 1 Plants. The details of these assumptions

and the analytical methods employed in this analysis are discussed

in the subsections below.

Blowdown Hydraulics

The blowdown portion of the tran§ient was analyzed using the-éEFLASH44A'
computer program. In the CEFLASH-4A ca]cu]a%iﬁh,‘the‘peripheraf assembly
was éxp]icit]y represented wifh a 10% reduction in total assembly cross
sectional flow area. This rgduction-in peripheral assembly flow area
conservatively exceeds the maximum expected deformation since the

testing program identified this maximum blockage to be 9%. Thi§
deformation was also assumed to occur 51ong the entire length of the
assembly to minimize the flow in thfs region.” In addition, the power

ievel of the peripheral assembly was conservatively assumed to be

" at the core average power level. This assumption is conservative

since the peripheral assgmb]ies are approximately 5% to 10% lower

than that for the core average which results in maximizing the heat

B-2
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addition to this region.

In performing the blowdown calculation, the Calvert Cliffs plant,
a representative 2700 Mwt class NSSS, is used. This plant was

chosen since its' core power level is highest of all the p]énts

considered in this evaluation.

Refill/Reflood Hydraulics

Since the containment pressure and core average reflood rates are
unaffecfed by the flow area reduction in‘aﬂsingle peripheral assembly,
no new COMPERC-II calculations were necessary. As a consequence,

the COMPERC-II refill/reflood hydraulics calculations from a

representative 2700 Mwt class NSSS was chosen for use in this portion

of the evaluation. This particular analysis was chosen since the

»evaluat1on resulted in the lowest containment pressure the lowest

ref1ood rate, -and hence the lowest reflood heat transfer coeff1c1ents,

for the plants cons1dered in this report.

Temperature Analysis

The STRIKIN-II and PARCH

(10) computer programs were used to evaluate

the temperature transient and peak local cald oxidation percentage for

the hottest rod in the peripheral assembly.

For conservatism, {n modeling rod-to-rod thermal radiation, the power
distribution surrounding the hot rod in the peripheral assemQ]y was
assumed to be a relatively flat distribution. As a consequence, the
rods surrounding the hot ;od in the peripheral assembly will be

very nearly the same temperature as the hot rod during the entire .

B-3
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B.3.0

transient‘thereby minimizing the benefits from rod-to-rod thermal

radiation. This radiation enclosure is conservative since it bounds
all power distributions encountered in all of the operating plants

experiencéd to date.

In evaluating the response of the hottest rbd in the pe}ipheral assembly,’
the channel surrounding this rod was assumed to be reduced in flow

area with percentage reductions in the range frém 0. to 35% which covers
the maximum expected flow area reduction of 34% obtained from the
testing program. The results are'presenfed:as a curve of a110ﬁab]e -~
linear heat rate, for;a peripheral assembly, as a function of

percent reduction in.single channel floﬁ area for the hottest p%h

in this assembly.

SUMMARY OF CONSERVATISMS

A summary of the conservatisms for.this analysis is presented below:

1. The power level of 2754 Mwt (102%h9f 2700 Mwt) was‘assumed. ‘

2. The peripheral assembly power 1éve1 wasuassumea to be at the
core average power ‘level. The peripheral assembly power levels
for all the plants considered in this evaluation are lower than
the core average power 1evels:

3.L The thermal radiation enciosure assumed a nearly uniform power
distribution surroundipg the hot rod to minimize radiation .
heat transfer during refill and reflood.

4, Radiation to the guide tubes was neglected. A1l of the hot
rods in the peripheral assemblies for the plants considered

herein are located near the guide tubes.

B-4
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5. The analysis was performed at the time-in-1ife of minimum

gap conductance or maximum fuel stored energy.
é. The assembly and channel flow area reductions were applied -
along the entire length of the core. Actual deformations Qre
expected to occur only near the core mid-plane. .
Some of the significant parameters selected for use in tﬂis evaluation,
compared with the more appropriate specific plant péraheter, are listed

in Table B.3.1.

RESULTS

The results of the analysis demonstrate acceptable ECCS performance for

- the p]ants considered for reductions in single channel flow area of

35% in a peripheral assembly. ?igure B.4-1 illustrates the relationship

between linear heat generation rate and reduction in single channel

flow area for a peripheral assembly and demonstrate an acceptable

.Tinear heat generation rate of 14.9 kw/ft when the reduction in

channel flow area is as high as 35%.

Table B.4.1 presents the results of three analysis considerations. }n
identifying an acceptable Tlinear heat generation rate in a peripheral
assembly for the varijous chanqe] area reductions, the peak clad
temperatures and peak local clad oxidation percentages were maintained

below 2100°F and 15% respectively for additional-conservatism.

Table B.4-2 1ist$ the various parameters presented graphically for

the three cases.
The results of this study show acceptable ECCS performance with a

B-5
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maximum assembly flow area reduction of 10% and a maximum channel .

reduction of 35%.

EVALUATION OF RESULTS

Despite the many conseryativeAassumptions inherent in this evaluation,
the results were well below the Acceptance Criteria Lim%ts(l). The

peak clad temperatures were ca1cﬁ1ated to occur during the late reflood
period and were due to the very conservative assumptions in regard to
the Timited heat transfer imposed during this period. Without utilizing
the conservative assumptions described in Section B.3.0, it is estimated
that the resulting peak clad temperature would héve been several hundred

degrees lower than those reported herein.

In the analysis, the Calvert Cliffs plant, representative of .the 2700

Mwt class of plants, was used since it's power level is,hjéhest o} all

the plants considered. In addition, this particular plant was usedi

since the response duriné the reflood portion of the transient results

in the lowest containment pressure, the lowest reflood rate, and

hence the lowest reflood heat transfef,coefficients of the plants considered
in the evaluation. Table B.3.1 presents some of the major parameters

used in the analysis and demonstrates that the parameters used in the

evaluation bound those for the plants considered in this report.

Table B.3.1 presents the peak linear heat generation rate for the .
hottest fuel rod in the core and for the hottest fuel rod in a peripheral
assembly for all the plants considered in fhis evaluation. Since the
difference in power level between the hottest core fuel rod and the

hottest fuel rod in a peripheral assembly varies throughout the cycle

B-6
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for all plants, the values presented for these Tinear heat rates

correspond to the time in 1ife wherein the separation in power, between
these two locations, is at a minimum. This evaluation is therefore
conservative since during the cycle, the separation in power between
the hottest peripheral fuel rod and the hottest rod in the core is
much greater than that assumed in the analysis. Insepction of Table
B.3.1 demonstrates that the Calvert Cliffs Unit II plant produces

the highest linear heat rate, for a fuel rod in"a peripheral assembly,
of 14.3 kw/ft when the hottest fuel rod in the core is at 15.5 kw/7t
at the most limiting time-in-1ife. Furthermore, with a 35% reduction
in channel flow area for the hottest peripheral fuel rod, the ECCS
performance is less 1imiting than that for the hottest fuel rod in

the core with no channel deformation.

It should also be mentioned that’the ;esu1ts of this analysis apply
equally to those plants listed in Table B.3.1 so that, in effect, the
linear heat rate of the hottest rod in a Combustion Engineering
peripheral assembly can be as high as 14.9 kw/ft for each of these

plants regardless of whatever the core peak linear heat rate is.

The peak linear heat generation rate in a peripheral assembly in St.
Lucie Unit 1 is 13.9 kw/ft. %herefore, even with ; 35% reduction in
channel flow area in the hottest load rod in a peripheral assembly,
the 1imiting rod will remain the hottest rod in the core with the peak

linear heat rate of 15.0 kw/ft.

It is also of particular importance to note that the analysis of the

per%phera] fuel rod contained in this report includes the various

B-7



- e e O W AR Gy an s W S AR SE R AR W e S .=

. .
. . .
N - .
. v .
- i . . w
N
.
N .
- . .
Y -
. « .
N . - .
v - i
.
. .
s
. .
. .
« -
- .
B . - .
-
- *
- N
.
«
«
f .
.
.
. .
.
- .
« . *
. «
) -
B - « f = f
* . - - I
- . . R . . . [N
. . “ . -
" s * : -
. . « 2 » P
. L} . v L . 5
»
. d Y v :
. s L3 . R
. - -
, ] > »
. -
. N
.
. .
-
-
.
¥




i

;4,
nl B oW

S DR M5 BN BN S8 B I SN oA 0N B0 O S S Be

~ B.6.0

. The results of this analysis demonstrate an acceptable linear heat -

heat generation rate in the peripheral assemblies for the plants

uncertainties and associated engineering factors associated and applied
to the,hottest fuel rod in the core. With this factor also applied to
the peripheral fuel rod, the evaluation still demonstrated that the
Timiting fuel rod remains the hottest rod in the core so that application
of the factors ?o the ﬁeribhera] fuel rod represents considerable

pdditional conservatism.
CONCLUSTONS

generation rate of 14.9 kw/ft for a reduction in channel flow area

of 35% in a peripheral assembly. In Table B.3.1 the peak linear |

considered in this evaluation are presented to demonstrate the
difference in power between the hottest rod in the core and the
hottestwrod in a peripheral assembly. As identified in Table -
B.3.1 of théAplanﬁs considered, the highest power level of a

pin in a peripheral assembly is 14.3-kw/ft when the limiting rod
in the hot assembly is oberating at 15.5 kw/ft. Since the results
of this evaluation demonstrate acceptable ECCS performance at the
linear heat rate of 14.9 kw/ft, there is no impact on the present
peak linear heat generation rate for the plants considered in

this evaluation so that the analysis results reported in References

2, 3, and 4 remain_]imitind.

B-8
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B.7.0 COMPUTER CODE VERSION IDENTIFICATION

The following NRC approved versions of Combustion Engineering ECCS

Evaluation Model computer codes were used in this analysis:

CEFLASH-4A: Version No. 76041'
STRIKIN-IT: Version No. 77036
PARCH : Version No. 77004

B-9
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TABLE B.3-1
PARAMETERS USED IN DEFORMED ASSEMBLY ANALYSIS

. PLANT
ANALYSIS CALVéRT CALVERT ST. LUCIE 1

PARAMETER ASSUMPTION CLIFFS UNIT I CLIFFS UNIT 1I
Total Reactor Power ‘
_(th) 2754 2754 2754 o 2754
PLHGT (kw/ft) T 15.6 T2 15.5 15.0
PLHGR In Peripheral : . o
Assembly (kw/ft) * - 12.2 14.3 13.9
Average LHR (kw/ft) 6.548 - 6.333 652 " 6.427
Fuel Average Tem- ~
perature at PLHGR _ “
(OF) 2300 o 2as 2233 2203

*Varies with channel deformation (15.6 - 14.9 kw/ft)
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CASE

Undeformed Assembly
20% Deformation

35% Deformation

P

TABLE B.4-1

RESULTS OF DEFORMED ASSEMBLY ANALYSIS

PEAK CLAD
PLHGR TEMPERATURE
(kw/ft) Of
15.6 2053
15.2 1940
14.9 A 2036

PEAK LOCAL -
CLAD OXIDATION
(%)

< 15.0
< 6.0

< 14,5
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TABLE B.4-2

VARIABLES PLOTTED AS‘AWFUNCTION OF TIME

VARIABLE

Assemb]y Flow Rate

_ Undeformed Case:

Peak Clad Temperature

Local Clad Oxidation

20% Reduction Case

Peak Clad Temperature

Local Clad Oxidation

30% Reduction Case:
Peak Clad Temperature

Local Clad Oxidation

FIGURE DESIGNATION

B.4-2

B.4-3
B.4-4

Bo4-5
B.4-6

B.4-7
B.4-8
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PEAK LINEAR HEAT GENERATION RATE, Ki/FT

FIGURE B.u4-1
PLHGR vs FLOW AREA REDUCTION
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. FIGURE B.4-2

REDUCED FLOW AREA IN PERIPHERAL ASSEMBLY
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FIGURE B.4-3

REDUCED FLOY AREA'IH PERIPHERAL ASSEMBLY
UNDEFORMED ASSEMBLY
PEAK CLAD TEMPERATURE
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FIGURE B,4-4

REDUCED FLOW AREA IN PERIPHERAL ASSEMBLY
UNDEFORMED ASSEMBLY -
PEAK -LOCAL CLAD OXIDATION .
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" FIGURE B.u-6

REDUCED FLOW AREA I PERIPHERAL ASSEMBLY
20% FLOW_AREA REDUCTION
PEAK LOCAL CLAD OXIBATION:
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REDUCED FLOQ AREA TN PERIPHERAL ASSEMBLY

FIGURE B.4-7

35% FLOW AREA REDUCTIOH
PEAK CLAD TEMPERATURE NODE
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" FIGURE B.u4-8

REDUCED FLOW AREA IN PERIPHERAL ASSEMBLY
357 FLOY AREA REDUCTION
PEAK LOCAL CLAD OXIDATIUN NODE
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