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BACKGROUND

At the time that SON Unit 1 was licensed, the NRC accepted the design
of the Hydrogen Igniter System as providing adequate protection
against the release of hydrogen following certain small break LOCA
events as u result of the TMI accident (ref:6). The NRC included a
confirmatory item on the license to evaluate the effect of hydrogen
combustion on equipment for other events that had approximately the
same probability of occurrence as the small break LOCA with a loss of
ECCS injection. The requirement to provide this report on equipment
survivability during hydrogen burns is based on the confirmatory item in
NUREG 0011 Supplement 6, the Nuclear Regulatory Commissicns
USI/A-48, and the requirements of 10 CFR 50.44, "Standards for
combustible gas control system in light-water-cooled power reactors”.
This commitment (refs:1,2 and 5) will be met by showing that the Duke
hydrogen analyses for the Catawba Nuclear S.ation * performed to
resolve the confirmatory item show essentially the same response as
wotild occur at the Sequoyah Nuclear Plant and thus provide evidence
that the issue can be considered resolved at Sequoyah.

* In the Duke Power Company analyses, the Catawba analysis is based
on the McGuire Nuclear Station analysis. Therefore, information
relative to Catawba may be labeled as McGuire.

ANALYSIS

TVA and Duke Power Company pertormed extensive analyses of the
response of the orimary containment to hydrogen burns as a result of
the TMI accident. These analyses which were submitted to the NRC
over the 1980 to 1982 time period in conjuction with a multi-faceted
test program formea the basis for the approval of thermal igniters as a
suitable mitigation to beyond Jesign basis accident bydrogen
generation. These analyses and sensitivity studies will be used te show
that the response of the TVA and Duke plants to a small break LOCA
with a loss of ECCS injection (S2D) were very similar. Using these
analyses as the basis, TVA will establish that the current analyses for the
Catawba plant reasonabiy approximate the expected response of the
Sequoyah containment for a similar event.

First the physical similaric ~ of the plants will be established.
1) Both Catawba and Sequoyah are 3411 MWt (core power),

Westinghouse 4-loop ice condenser plants. These plants are very similar
in basic design features applicable to this analysis. The plants utilize a






concentrations below those assumed in the analyses. Hence, hydrogen
burn profiles should be analogous.

4) The ECCS design is similar, therefore injection and reflood
parameters are considered analogous. In addition, by the nature of the
events ana'yzed, loss of all ECCS is assumed. However, both plants
have mode.od charging pumps, safety injection pumps, low pressure
injection pumps (residual heat removal), cold leg « umulators,
auxiliary feedwater and containment spray. The Sequoyah containment
spray flow rate is higher than Catawba (9500 gpm vs. 6800 gpm),
however this would be considered a benefit to Sequoyah due to more
ce.mplete mixing of the containment atmo:phere. This mixing would
aiscourage areas of hydrogen concentration and therefore limit the
availability of hydrogen for burning. In addition, the additional spray
flow would provide for a cooler containment atmosphere temperature
with respect to the Catawba analysis and therelore limit peak
containment temperatures associated with hydrogen burning.

Comparing the original analy.es for both Catawba and Sequoyah
(refs: 7, 8 and 9), it is evident that the CLASIX results obtained for both
plants demonstrated that hydrogen burn profiles were similar. Based on
the testing of the different igniter designs, the previous CLASIX
analyses tor both Sequoyah and Catawba, and the latest information
contained in the Duke analyses, it is concluded that the Sequoyah
design is funrdamentally bounded by the Duke analyses. Results
reported in the original analyses indicated that the burn parameters (ie,
flame speed, consumption, (emperature and pressure) of the plants was
very similar,

o) The four degraded core sequences {S2D - Smail LOCA (2 inch
diameter break) with failure to maintain reactor coolant inventory
during injection, S2H - Small LOCA (2 inch diameer break) with
failur to maintain reactor cooiant inventory during recirculation, S1D -
Medium LOCA (6 inch diameter break) with failure to maintain reactor
coolant inventory during injection and TMLLU - station biackout (loss of
power, failure of main feedwater, failure of b CS, and MSIVs closed)}
selected for the Duke Catawba analysis are acceptable based on these
being the dominant sequences for hydrogen generation. The Individua!
Plant Evaluation for Sequoyah aiso identifies these sequences as the
dominart sequences for hydrogen generation during degraded core
accidents., The Duke analyses utilized the MAAP and HECTR codes as
required by the NRC (refs:3, 4 and 10).

I T R — pa— L e e o e e e e



e R e e i e i e e L A B ———m——= L

The analyzed accident sequences envelope the possible primary
system pressure conditious under which hydrogen could be developed in
the primary system, the release rates of that hydrogen to containment,
and conditions in containment at the time of hydrogen release. Based
on the Catawba analysis, ECCS was not recovered until hydrogen
production had reached a peak value and break locations were located
in the hot leg to allow for minimum holdup time of the hydrogen as it is
produced in the core  Based on the results of NUREG/CR-4551, 63%
of all postulated core damage 1s from LOCAs and 25% is from station
blackouts. Therefore, 88% of all evaluated core damage frequenc<ies for
Sequoyah are from similar events that have bezn utilized in these
analyses. in addition, the Individual Plant Exemination recently
completed for Sequoyah identifies ithe top 10 sequences as events which
lead to small break LOCASs.

7) Appendix B provides a comparison of the original Red Book and
TVA analyses for the S2D event. The differences in the number of
hvdrogen burns as reported in the original analyses for both plants is
due to the hydrogen concentration assumed for ignition and the amount
of hydrogen consumption during burns. Sequoyah reported 7 burns in
the lower compartment and 30 burns in the upper plentm, whereas
Duke reported 6 burns in the lover compartment and 23 burns in the
upper plenum. TVA assumed the ignition point of hydrogen to be 8 vol
% while Duke utilized 8.5 vol % hvdrogen. In addition, burn
completeness assumptions were different between the analyses. Duke
assumed that 100% of all hydrogen was consumed (ie., less total burns
available) while TVA utilized an 85% consumption criteria. These
input parameter differences allowed the Duke analysis to obtain burn
patterns that were longer in duration and hotter in region temperature
(based on the slightly higher adiabatic flame temperature of 8 vol %
verses 8.5 vol %), However, all assumptions relative to hydrogen
parameters are conservative with respect to the testing performed in
support of the original analyses. Thus it can be concieded that the
differences in the analytical results are due to the differences in the
hvdrogen burn parameters and are not due to the slight physical
differences between the plants.

CONCLUSION

Based on the similarities between the McGuire, Catawba and Sequoyah
plants, it is considered acceptable to utilize the information contained in
tae Duke report to encompass the Sequoyah slant. For the given set of
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conditions as utilized in the analyses, it is expected that the Sequoyah
plant would obtain similar results for the same given conditions. The
level of detail in the Duke report is considered acceptable and
technically ad *quate to utilize for Sequoyah. In addition, the original
TVA Volume i hydrogen submitial and the referenced Duke "Red
Book" analysis were very similar in both inethodology and results. The
main difference in these analyses was the aumber and magnit .de of
hydrogen burns, This is directly related io the selected burn criteria (ie.,
8% for Sequoyah and 8.57% for Catawba). As previously discussed,
TVA considers the analytical assumptions and parameters associated
with the Catawba Station to be applicable to Sequoyah for equipment
survivability after a degraded core accident.

It is sufficient to state that the basis of this comparison is inherently
contained in the original hydrogen reports submitted by both TVA and
Duke Power to the NRC (ref:7, 8 and 9). The final analyses fron. Duke
Power Company (ref: 10) concluded that the reanalysis of the original
CLASIX models utilizing the HECTR code cc rtinue to demonstrate
the survival of equipment in containment when subiccted to the
envirerment resulting from hydrogen burns. Theretore, TVA confirms
accepte nce of the Catawba analysis for applicability to Sequoyah. The
original analyses nerformed by both TVA and Duke Power Company
were comparable, hence it is highly probable that if a Sequoyah specific
analysis was performed equivalent to the Catawba analysis, similar
results would be obtained.

Therefore, TVA considers the results of the Catawba analysis in
combination with the eriginal Sequoyah specific analyses, to meet the
intent and requirements of 10 CFR 50.44.
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Appendix A
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Book Analyms. Theretore, the Red Book inforneation is lobeled as McGuire,
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TABLE |
Sequoyah CLASIX Iaput

¥ Y Reactor Coclant lass and fnetgy Release Rates

$20_seauence
H.0 Mags Release Rate H,C Energy Release Rate
 (lw/sec) _(Btu/ses)
197.2 1.167 x 10°
190, 5 1.097 x 1%
44,85 5,230 x 10%
§3.53 §.547 x 104
.82 1,262 x 104
21,40 2.842 x 20°
48,42 5.558 x 10°
19.43 2.i82 x 1o
14,07 1.%81 x 10
5.283 5.989 x 10°
4.718 5.388 x 10°
4,060 4693 x 10°

MoGuire CLASTX Input

. MARCH Rea:.or Coclant Mass and Thergy Release Rates

520 Sequence
H.O Mmagss Release Rate H." Znerqy Release Rata
. llm/sec B (Btu/sec)

197.2 1,167 x 20°
190.5 1.097 x 10°
44,88 $.220 « 10
§1.53 6.5¢" x 10}
.82 4.262 x 10"
21.40 2.042 x 10%
.42 5.5% x 10°
19.43 2.182 1 104
4.0 1.587 x 10%

§.253 5.969 x 10°

w78 5.388 x 10°

4.060 4.693 x 10°
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Appendix A |
Comparison of CLASIX Inptt Parameters |

Note. Catawba Nuclear Station irgnt parameters are bas~d on McGuire Nuclear Station Red
Book Analysis. Therefore, the Red Book infoemation 1s labeled as McGre.
“ABLE 2
Sequoyah CLASTX Input
ARCH Bydrogen Generation Rates and Temperatures

§2D § 8 :
: !
', Time llz Mass Release Rate H2 Temperatute :
5 [3econds) (tbm/sec) — e ‘.
0.0 0.9 61 '
148 oA 6l
1804 0.0413 §7

| 46 0.260 1582 :‘
i s 9,740 795 .
52 1.7 ”m
5760 0,430 612
| 6330 0.223 558 ~
| 5648 8.160 53 :
| 6960 9.117 519 ;
' 8070 0.0367 819 :
!
. 1
E Tabla &.3-2 ’
l McCulze CLASIX Input '
E MARCH Bydrogen Generation Rates and Temreratures , f
| :
| SID Sequance "
I =¥ H, ™ass Release Rate f. Temperature ]
{seconds. - litm/sec) —tn____ :

6.0 0.0 61

1480 0.0 81

‘ 804 0.0413 67
| 4118 0.260 1582 :

l 4428 0.74) %%

i 47%2 1.07 171

‘ 5790 0.430 12

} 6330 0,223 g8r
j void 0. <35 ;
6960 0.147 51§ .
8071 0.0367 519 :
[. JI
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Hgleogen Fract bon Buened
Cane |
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Casa }

Bl dmen Onpgen ’l’ for Ignition

ML e Onvgen ¢ o Sugport
Comdnist lon

man Thea (sec)*

Ailnieg o0 & tlame speed of §

Hystogan ’l tor tgnltion
Myde owpen ¥r toe Propagation
Mydroyan Fraceion Burned

Min i Owygen " for lgnitian

Minbmum Oy en " to Suggort
Combwst Lan

Burn Tiea {sec)*

TAULE 4

Sequoyst; CLASIE Ingut

fl/sec.

Butn “srwwmtecs
Lorwe © lce Conders-t  low Condenser Urger
e b Aarioh  baremn v ey th R
0.0 0.10 0.0 o0
0.8 0.08 0.08 u.08
0.06 0.06 0.06 .06
Q.16 0.0 0.19 g.10
0.08 0.08 0.00 0.08
.06 0.06 a.06 0.06
1.0 1.0 i.0 1.0
2.9% .85 0.8% 0.85
2.60 0.60 0,80 0.60
2.05 g.a5 0.0% 0.0%
0.0 0.0 a.9 0.0
.5 5.4 .2 e.0
Tabiie & 1k
MGules CLASIX Input
Burn Parameters
Lowver fos Conh Tce Cord Uprer
Compartment  lower Plenum  Upper Plemss Cranpa « taent
0.08% 0.04% 0.08% £.98%
0.08% a.08% 0.58% 6.08%
1.0 1.0 1.0 1.0
0.8 0,08 0.0% 6.0%
2.6 ¢.0 6.0 0.0
] § 7 13

*Based on & flame spesd of 6 (1 sec

Note: Catawba Nuclear Station inpu, parameters are vased on McGaire NuclurvSu!wn Red
Book Analysis Therefore, the Red Book imformation i1s labeled as McGuire.
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' Note: Catawba Nuclear Station input parameters are based on McGuire Nuclear Station Red |
Book Analysis Therefore, the Red Book information is labeled as McGuire. |
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