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largest inventory of radioactive material among all the sources |

in 1GS.

Accidents which involve release of radioactivity froa
the refueling process, shipping casks, or the liquid radwaste
would not result in public conseguences nearly as serious as
accidents involving melting of the fuel in the reactor core or in
the SPSP. The melting of the fuel in the SPSP is assumed (as in
WASH-1400) to be of sufficiently lcow probability as to not

require detailed examination in the study.

Brookhaven National Laboratury (BNL) has determined, in
a study for the Nuclear Regulatory Commission (NRC), that the
highest risk to the public from operation of a nnciear power
plant is presented by postulated accidents involving the reactor
Core (3-1). The other smaller r urces of radiocactivity at a
nuclear power plant are found on a generic basis by BNL to make a

negligible contribution to the public risk.

The Limerick Probabilistic Risk Assessment has focused
on the potential for the release of radiocactivity to the public
by accidents involving the reactor core, and taking place during

power operation.
S ACCIDENT INITIATORS

Event trees provide a logical method for developing and
displaying the seguences which may occur during postulated
accidents. One of the most important aspects of the event tree

-echnigue is that it assists in ensuring that key accident
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Sequences following the identified initiators are evaluated.
Therefore, the ability to establish a comprehensive list of
initiators is a hecessary part of the PRA. TIteams considered when

identifying accident initiators include the following:

. Previous risk analyses (e.g., WASH-1400, CRBRP, IREP)

. Plant unique features leading to specific initiators
. Operating experience
. Licensing basis accidents.

See Appendix A for further discussion of accident
initiators. The initiating events can be Separated into three

general groups:

y Transients and manual shutdowns
Loss of Coolant Accidents (LOCAs)

3 Anticipated Transients Without Scran (ATWS) .

Table 3.2.1 summarizes the transient frequencies used in
the Limerick anaysis. Evaluation of Bﬂx'operating experience
data indicates . hat there are approximately 6.2 transients per
year which result in a scran shutdovn. As shown in the table,
different transients are discriminated by type into five distinct

groups:

, Isolation events (MSIV Closure)

2, Turbine trips

3. Loss of offsite power

4. Inadvertent open relief valves (IORYV)

S Loss of feedwater.
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Figure 3.4.14 Containment Event Tree for the Mark II Containment




consequences than those calculated for Y , since no pool
scrubbing is assumed for this failure mode. The probability

of this occurrence is small.

(/0 -- . The size of the‘loak from the primary
containment is iamportant in deteraining the radiocactive
releases to the environment. In this analysis any leak
greater than 2400% vol/day is assumed to double the
unavailability of SGTS.

Por the purposes of the LGS study the assumption is made that
for Class IV event sequences the containment pressurization
is sufficiently rapid to result in some foram of overpressure
rupture; thac is, leaks (i.e., low release fraction
Sequences) are precluded in the Class IV analysis. This
assumption is the best estimate of the containment response

under these conditions.

t -—- Standby Gas Treatment System -- Secondary Containment.

This event represents the capability of the SGTS to process
the effluent from the primary containment which enter the
Secondary containment. This event also includes sequences
wvhere containment leakage occurs. Success of this system is
dependent on availability of electric power. Pailure of the

SGTS is dependent on the primary containament leakage rate.
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FAILURE MODE FOR DOMINANT SEQUENCES OF THE CLASS I VARIETY

Table 3.5.3
SUMMARY OF SEQUENCE FREQUENCIES (PER REACTOR YEAR) BY CONTAINMENT

CONTAINMENT FAILURE MODES

DOMINANT a B.u' Y oM ¥ " ge, 8¢ T8

SEQUENCES 0.001 0.002 0.2%6 0.222 0.025 0.078 0.42
T, UV 3.0x07"7 | 59107 | 7.6x10"7 | 6.6x10°7 | 7.4x10°'0 | 2.3107 | 1.2x10-8
T Qux 71070 | 152107 | 2.001077 | 1.7%10°7 | 1.9x10°® | 6.0x10°® | 3.2510°7
T,PQux 78072 | 1ex10" | 2.ox107? | 1.7x10°7 | 1.9x10°"0 | 6.1x10°70 | 3.3x10"
T, uv 841072 | 110" | 2.20107 | 1.9x10° | 2.1x10°" | 6.6x10°70 | 3.5x10°0
T,Qux 2.2007° | 4.410770 | 5,620 | 49310 | 550" | 1.7x10° | 9.2010"8
T(Quv 1ax107'0 | 2,800 | 36610 | 300000 | 35107 | 110100 | 580108
T £QUX 360070 | 73107 | 9,310 | 8.1x107 | 9.1210® | 2.80077 | 1.8x1078
TEPOUY 1.4x107'2 | 2.8310712 | 3.6x10770 | 31310770 | 3.8x10""" | 1101010 | 5.9x10°70
T4PQux 37x07" | 2301071 | g.ax107? | 8121070 | 9.1210°10 | 2.9x10°0 | 1.510°
TeUv 5.9x10°% | 126100 | 15010 | 1.:x10°® | 1.5x10"7 | a.6x10”7 | 284107
T UX 6.9x107%0 | 1410 | 18007 | 1.5x107 | 1.7x1078 | s.4x107® | 2.9x10°7
E . 1 -10 -8 -8 -9 -9 -8

TgPUv 5.8x10 1.2x10 1.5x10 1.3x10 1.4x10 4.5x10 2.4x10
TPUX 5.0x10'2 | 12007 | 1.5x107® | 1.3x10°% | 141070 | 4.5x107"0 | 2.4x10°°
T, 2600 | 5,210 | 6.7x10°7 | s.8x107? | 6.5x10°70 | 2.0x10°° | 1.1x1078
T,ux 6.8x1071° | 1.4x10” | 1.7x10°7 | 1.5x10°7 | 1.710°® | 5.3010® | 2.9x10"7
T,V s.ax1072 [ 10" | a0 | 20t | 1ax10710 | a.2x10°10 | 2.3x10%9
T, Chux 1ax10”® | 2.801077% | 36010 | 31107 | 35010 | 1.1010°® | 5.9x10°8
S, QUV Lo 2,200 | 2,800 | 2.4x10% | 2.7x1070 | 8.4x10°"0 | 486107
1 -12 -12 -10 -10 1 -10 -10

| 5,0uX 2.1x10 4.2x10 5.4x10 4.7x10 5.3x10 1.6x10 8.8x10
50X 1.6x10°" | 2.2x10°"" | 0101070 | 3.6x10°? | 4.0x10°10 | 1.2¢10°7 | 6.7x10°?
g ey -8 -8 -6 -6 -7 -7 o

TOTAL PROBABILITY | 1.2x10 2.5x10 3.2x10 2.8x10 3.1x10 9.7x10 5.2x10

FOR CLASS I
SEQUENCES

The remainder of this section discusses the accident sequence
calculations in various ways to provide a comparison with previous BWR

probabilistic risk assessments.

sequences.

A summary chart of all the identified
accident sequences within each class is given in Figure 3.5.2. This histo-
gram provides a visual display of the claculated relative frequency of
potential degraded core conditions for each of the classes of accident

Also displayed on Figure 3.5.2 for comparison is the total

frequency of postulated core melt taken from WASH-1400 (211 values expressed

as mezn values).

Rev. 4, 6/82




SUMMARY OF SEQUENCE FRE
FAILURE MODE DOMINAN

Table 3.5.4

QUENCIES (PER REACTOR YEAR) BY CONTAINMENT
T SEQUENCES OF THE CLASS II VARIETY

CONTAINMENT FAILURE MODES
3 » Y W Y. V. ge o“ 4 c‘
gg:ﬂ:::Es 0.001 ~00, 0.286 0.222 0.025 0.078 0.42
[}Tau(o) 2.7%10°'2 | 5.500°'2 | 7.0x10°10] §6.1x10°10 c.sulo';‘ 2.!:10';0 l.leo':
| Toou(P) 3.9x10°'0 | 7.2007% | 9.9x10°® | 8.6x10"8 9.5;10“ 3.0x10 2 1.5:10-9
' TPQM(P) 7.800072 | 1601071 | 2001070 | 1701070 | 2.0010°10 | 6. 1x10" 3.3x10 .
‘ T,M(Q) 162107 | 3120070 | 4.0x10® | 3.4x10® | 3.9x10°7 t.leo': s.leo:‘
| Tou(p) 141070 | 2.8x10710 | 3.6010°8 J.lx|0°: 3.5!10'?0 1m0 | s.8x10°8
T PQM(PQ) 170" | 20007 | 940107 | 820107 9.2400° 1| 2.9010°% | 1,010
! Te 160" | .00 | wox107? | 3.8x10"° 3.9.10’10 1210077 | 6.6x10 g
| Tgu(P) 2.000" | 5.7x0°" | 7,300 | 6.3x10"° 7.1.10'9 2.2x1077 1211072
!Hu 6.8x10°"" | 1.ax10710 | 1.7x10% | 1.8x10°® 1Jno; SJﬂ09 zauoa
L TierNer) D 5.0x10” | ox107'? | 130108 | 1141078 1.3.10’10 3.9110:]° 2.!:!0-’
L rcme) L 5.6x107"2 [ 10007 | Lax107? | 120107 | 1.ex10°10 | 4.axt0 ) | 2w .
" 6010 | 1360710 | 1.6x10°® | 1.4x1078 1.6110':1 s.oxw'u 2.7x10 o
5,Q4(Q) Lox10712 | 2.100072 | 2.7x10"1%| 2.361010| 2.6x10°M | 8.1x10°M | 4.4x10
|
|
|
PROXIMATE TOTAL ) i 2
| ::OIAIILITY FOR 9.6x10°10 | 1.9x10"% | 2.5:10"7 | 2.100077 | 2.4x20°® | 7.5x10°® | 4.0x10
LE;Ass IT SEQUENCES

WASH-1400 basically used one class of accident Sequence and five

containment failure

modes to represent BWRs.

Therefore, for the

Purposes of estimating the total calculated frequency of a

potentially degraded core condition,

be summed and compared with the value fronm WASH-1400.

the Limerick classes should

The

Limerick evaluation produces a total estimate of degraded core

conditions smaller than WASH-1400 (see also Pigure 3.5.4).

Pigure 3.5.2 indicates that the eveats are all of relatively low

probability.
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SUMMARY OF SEQUENCE FREQUENCIES
FAILURE MODE FOR DOMINANT SEQ

Table 3.5.5

(PER REACTOR YEAR) BY CONTAINMENT
UFNCES OF THE CLASS III VARIETY

CONTAINMENT FAILURE MODES

SEQUENCES 0.001 "0z 028 | ol | odas 5678 5l
i, 22007 | 5.0 | 6.9x107 | 6,010 | 6.8x10710 | 2.1x10 | 1. 1108
ricpu 272007 | 5.40101% | 6,910 | 6.0:10® | 6.8010 | 2.1010°® |1.1x10°7
T3¢0 Laa0"? | 2,800 | 3.601010) 31310710 | 3601071 | 1. 1410710 | 5. gx30°10
THoke 8.00107! | 1.6x10710 | 2.0010°® | 1.8x10® | 2.0x10" | 6.2020°0 |3.4x10°®
1.2k 010" 18,8002 | 112000 | 9.810°1 | 11220710 | 3.4x10°10 | 1. 810"
T2GR 2200 | 4.4x10"12 | 5.6x10710| 4.9410°10 | 5.5610"1! | 1.7x1010 | 9. 2410"10
Te20dh; 1420710 | 2.8x1070 | 36010 | 3.1010® | 3.8x10 | 1.1x10® |5.9x10°®
Te20um,, 96007 | 1.9x10" | 2.5010"% | 2.1x10° | 2.4x10°10 | 7.510710 | 4. 0x10°?
TG0, 23007 | 4.60101 | 5,900 | 5,100 | 5.7010" | 1.8x10"® | 9.7x108
Te20P, 170 | 3107 | 041070 | 3,800 | 0.3x10720 | 1300 7,100
T200u 1602070 13210710 | 4.10108 | 3.6x10®% | 0.0x10 | 1.2510°8 |6.7x10°8
1208, Loa0™ | 32007 | 61010 | 3651070 | 4.0x10710 | 1.2430° |6.7x10"9
Tei0M, Laao ! [ 2,200 | 28000 | 2.4x10% | 2.7010710 | g.6x10°10 | 4. 6x10°9
Te iGN, 1910712 | 3.8610°2 | 4.9x10"19| 4.2x10°19 | 0.710"11 | 15410710 | 5. 0x10°10
AT 24x10 | 4ox10! | 6101079 | 5,310 | 6.0x10"10 | 1.9x20"0 |1.0x10°8
TeoM, 540072 | L1x10 | 1ax0? | 1.2x10°0 | 1.3010°10 | 4.2510°1 | 2. 3830°9
T 0P $.x1072 | 11071 | Lax10? | 12000 | 13010710 | 4,210 |2, 30109
A T 45007 | 9,010 | 1,200 | 1ox10" | 1.1x10°10 | 3.5x20°10 | 1. 90109
1,00 640010 | 13010710 | 16010 | 14610 | 1.6x10 | 5.0010 |2.7x10°8
1400 700007 | Lax10 | 1.8010%0 | 1,610 | 1.8010°10 | 5.8¢10°10 |3.0x10°
', 1.9x10™ | 3.8x1072 | 4.9x10"10| 4.2010"10 | .72071! | 1.6x10°10 [g. 0x10°10
AE/AL 1.6x10712 | 3.2010°12 1 1210710 3.6x10710 | 4.0x10"11 | 1.2420"10 |4, 710710

l I
TOTAL PROBABILITY -9 -3 -7 -7 . | -8 -7
" G T Lo | 2,207 | 2,800 | 2.4x107 | 2.7x10°8 | g.5x20° [4.6x10
SEQUENCES f J

Rev. 4, 6/82




SUMMARY OF SEQUENCE FREQUENCIES
FAILURE MODE FOR DOMINANT SEQ

Table 3.5.6

(PER REACTOR YEAR) BY CONTAINMENT
UENCES OF THE CLASS IV VARIETY

CONTAINMENT FAILURE MODES

SequENCEs 0.001 e | ofsdh o443 | ols 00002 | 00002
Tiod, 6.600°2 1130007 | 3.3007 | 2.98107% | 3300710 | 130102 | 1.310"12
T,lo0 66002 130001 1330007 | 2.90107 | 33010710 | 1301012 | 1. 310712
1 lo, 600072 L4101 | 3.4x10? | 3.0x10" | 3.4x10710 | 1.ax10712 | 1 4xs0°12
Tl 30 70072 | 1oa107 | 1.6x10" | 1.9m10710 | 7400013 | 7.4x10°12
X ¥R 2.0007 4,000 | 1.0x10® | 8910 | 1.0x107 | 4.0x10"2 | 4.0x10°12
T2, 36x10™ 17200071 | 18107 | 1.6x107 | 1.8x10? | 720012 | 720072
Teio, 37072 [7.001072 | 1.9x16% | 1.6x10° | 1.9x10720 | 7.4x10°1 | 7.4x10"13
1,260 37010 17,4002 | 19x10" | 1.6x10 | 1.9x107%0 | 7.4x10"1 | 7.4010°13
TGy 200072 4801072 11,2007 | 11x107 | 1200000 | 4801013 | 4801013
Te 0P, 200" 8.4x1072 2,100 | 1.9x10? | 2.1x10"%0 | g.ax10"? | g.ax10713
1,200 22010 J6.4x107 (1,107 | 9,200 | 11220710 | 0.4x10"1? | 44510713
A T 400072 18.0x1012 | 2,000 | 1.8x10 | 2001019 | 5.0x10"1 | 5.0x10°12
Te'oohe 28007 15601012 | 1.4x10" | 1.2007 | 1.ax10%0 | 5.6x10"13 | 5.6x30°13
T 00, Lax10"? [2.801072 | 7,000 | 6,210 | 7.0000"1 | 2.810"1% | 2.8x10"13
AT L1107 (2.201072 [ 5.610710 | 4.9x10"10 | 5.8m20°1 | 2.2010°1 | 2.2010°13
1o, 6.4007 11301071 13,2000 | 28010 | 3.2010710 | 113610°2 | 3030712
AC 4002072 (8.0x10"12 | 200107 | 1.8x10"7 | 2.0x10"1% | 8.0x10"12 | g.0x10°13
TrlceR 7200072 [1ax10" [ 3.60007 | 3.2x107 | 3.6x20710 | 1.4x10"2 | 1.4n10712
TR 361072 17,2002 | 1.ax10" | 1.6x107 | 1.8020°10 | 7.2010°1 | 7.2500"13
APPROX [MA
;g::EZ:;ggéexLxrv 1.31207 12.8610°1% [6.2010° | 5.6610® | 633107 | 2.5010°1 |2.8x10°11
SEQUENCES L
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waw' o Hydrogen 3urn or Explosjon in Coatainaent. Por the

inerted Limerick containaent, the possibility of a hydrogen
detonation or burn appears quite remote; however, according to
the tentative technical specification there may be short periods
of time when the plant is Operzting at power and the containment
is not fully inerted. This is anticipated (¢ occur following
reactor startups and prior to shutdowns. Based on past PECo
experience and projected Limerick operating procedures, the
probability of the plar: not being inerted while operating at
pover considered to be 0.01. HKelative to this 0.01 prokability
of not being inerted at power, if a core melt occurs during this
time, then the probability of a burn or detonation sufficient to
cause direct overpressure relezse, with a significant increase in
the radiocactive release fraction (i.e., comparable to a
coantainment steam explosion) is no larger than 0.119, This leads
to a probability on the order of 10-3 for the u* failure mode.

However, the probability of some Hp burn ( u) remains at 0.01.

This may lead to a drywell overoressure release and is included

in the v containaent failure mcde.

3=117 Rev. 4, 6,82



V e 0 r we N eakage). Given

that no containment leakage occurs, the possibility of
containment overpressure without failure following a core melt is
considered to be possible even though ultimate pressure is
exceeded. Bechtel calculated the ultimate containment pressure

capability to be 140 psig (approximately three tiases design
pressure) . FPor those core melt sequences where nn lezkage
occurs, 140 psig and failure is reached with a high probability
(0.999) .

£y 20 -- Containment Overpressure (split between wetwell and
drywell failure). Pailure of containment due to overpressure has
been divided into two types because of the potential difference
in radioactive release terms. Pailure in the dryvell leads to
direct release to the stack while a failure in the wetwell causes
a release through the suppression pool. At present, evidence
indicates failure at very high containment pressure may occur
vith equal Jikelihood in the wetwell or drywell. Therefore, /Y
=0.5.
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Table 3.5.13

RELEASE TERM CALCULATIONS REQUIRENENTS(")

CONTAINMENT FAILURE MODES RADIOACTIVE RELEASE FRACTIONS |
Des i gnator Description Class I (C1) | Class II (c2) | Class III (C3) | Class Iv (c4) |
a Stesm explosion in vessel Note f Note f | Notef | wote f
3 Steam explosion in containment Note f Note ¢ Note Note f
u' H2 explosion induced containment
fatlure Note e Note e Note e Note e
! u H2 defl-gration sufficient to
| Cause containment overpressyre
f fatlure Note b Note b Note b Note g
] Overpressure rﬂl leaks
(Ag = 0.05 fte) X X X Note h
Y Overpressure failure (Ag = 2.0 'tz)
' Release through drywel] X X - X Note g
y' Overpressure faflure (Ag = 2.0 #¢2)
Release through wetwe!!l break Note b Note b Note b Note h
| b ad Overpressure failure (Ag = 2.0 'tz)
] - | Wetwe!l pool drained X X X Note h
|
' 4 Overpressure, large leak
(Ag = 0.2 #2d) X X x Note
43 Overpressure, large leak, $G7S
‘ fatlure (Ag = 0.2 f12) Note ¢ Note ¢ Note C Note ¢
L1 Overpressure, small leak, SGTS
fatlure (Ap = 0.05 f12) Note d Note d Note d Note d
(‘)M ‘X" under the heading indicates that a calculacion of release fraction must be made for the
particular accident involving a BWR/4 with a Mark 111 containment; all other either be

extrapolated from the set of calculations

(
”Cu be extrapolated from y release by
Surabbiag.  The principal difference
the release passing through the suppression pool .

occurring through the drywell.

(¢)
‘“ean ve extrapclated from equivalent

portion of release flow).

tetween v and v

?’“ can
-1400,

or can be extracted directly from

assuming a different decontamination factor
' 1s that the y' release occurs with much o
The v release occurs with much of the release

for pesi

case by not using decontamination factor for SGTS (affects only

(@ ean be extrapolated from equivalent & case by not using decontamination factor for SGTS (affects all

of release flow).

(.)Hﬂl be assumed to be equivalent to a & faflure and same relesse fraction will be used.

”)Iﬂuu fractions will be extracted directly from WASH-

accident does not change.

(g)h‘luu fractions similar to those developed By the NRC usin
characterization of Class [V radiocactive release fractions for y'.

(")!nnulutn from the Class !, II, Il results

=123

9 March-Corral

are used in the
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Table 3.5.14
SUMMARY -- GENERIC ACCIDENT SEQUENCE/RELEASE PATH COMBINATIONS

r ! T 7 )
’ cuss | | | mosuattiry |
| CONTATNMENT | | BY CONTATNMENT |
| FAILURE wODE CLASS T | cuAsS 11 | cuass 11
- I I
K 12000 | 9601071 | 1. 1a107?
! |
f' ' 2.6010°% | 19010 | 2.200"
lva 3.200°% | 2.5010°7 | 2.801077
| % | = I
* 2.8:107 | 2.1010°" | 2.4x10"

v 3110”7 : 240" | 2.7010"

o8¢ 9.7x10"7 i 75210 | a.5x100
|t s.2:20"% l eox10”” | 4 sag”’

]
'Ygrau”'::mum 120078 lo.mo" 11210

Figure 3.5.7 indicates that the highest probability scenarios/are
those involving a coupling of core melt accident sequences with postulated
The in-vessel steam explosion and con-
tainment steam explosion scenarios both have significantly lower probability
than the others. However, the consequences for these scenarios tend to be
larger than for overpressure failures. The postulated leaks are of relatively
high probability, but they have smaller consequences than the containment
overpressure failures.

containment overpressure failures.

;
Z
: é Al o
w 107 | CLASS |, Z
3 i ga‘ 2§
: .
/K'\ /:‘:‘
g T o 75 éi\\ g'ﬁ
S o
: . %& 3
§ 10~ %‘Sf 73 h

CONTAINMENT FAILURE MODES '
Figure 3.5.7 Probability of a Radioactive Release Given a Severe Degradation
of Core Integrity -- Presented by Containment Failure Mode for

A1l Classes.
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Table 3.6.4

SUMMARY CP THE DECONTAMIAATION PACTORS

Meltdown Vessel Pailure and
Conditions Release Vaporization
Containament Pailure at 100 10
End of Release
Containment Pailure 10# 10*

Initiates Release
* Suppression pool considered saturated.

For each of the accident sequence classes there is a set
of containment failure modes which will also affect the magnitude
of the radionuclide releases. The principal vays the containment

failure modes affect these releases are the following:

1. Size of Containment Breach: The size of postulated
containment failures determine the usefulness of the
reactor enclosure and the standby gas treatment systen
for providing additicnal decontamination.

2. Location of the Breach: The location of the postulated
containment failure affects the degree of difficulty of
the path for the radionuclide release. The most
irportant aspect of the location is in relation to the
suppression pool; that is, for some sequences which
include drywell failure (i.e., v) the radionuclide
r.l:aso during vaporization will bypass the suppression
pool.
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The radionuclides suspended in containment following the
oxidation release are assumed to be the sane for each accident
Sequence. Effects due to the status of the suppression pool are

considered to be negligible for this release.

3.6.3.3 v - Hydrogen Explosion

Hydrogen explosion is considered to be a low probability
event for the limerick containment since it is usually inerted.
Hovever, there may be tises when the plant is operating at power
vith the containment deine .ed. Therefore, the possibility of
hydrogen combustion is considered and the release fractions due
to this type of failure are taken from WASH-1400.

The hydrogen coambustion (u!) and containment stean
explosion (p) are combined because of the similar manper in which
they fail the containment and the assuaption that they both have
simsilar iaspacts on the radionuclide release fractions.

3.6.3.4 v v " == Relatively Slow Overpressure Pailures
During Postulated Core Melt Scenarios (Class I through
Iv)

The containzent may fail due to a relatively slow
pressure buildup due to core melt (assessed as the most likely
type of failure). The various locations for such a failure are

differentiated as follows:

V- Drywvell PFailure

Y- Wetwell Pailure

v Wetwell Failure below the suppression pool
vaterline.
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These locations were chosen based upon a structural analysis of

the LGS containment (see Appendix J).

The release fractions associated with v', v" (vetwell)
failures are nearly identical for all the classes of accident

sequences used in the Limerick PRA guantification.

3.7‘COUSBQUBIC3$ ASSOCIATED WITH ACCIDENT SEQUENCES

This section summarizes the calculaton of offsite

effects for the following:

- The calculational model used in the Limerick site-
specific analysis (CRAC).

. The input data used in the CRAC evaluaticn.

. The results of the CRAC calculation.

3:.7:1 Ex-Plant Conseguence Model

CRAC (calculation of reactor accident consequences) is a
computer code wvhich was used in the Reactor Safety Study (WASH-
1400) to assess the impact of reactor accidents on public risk.
The CRAC evaluation in WASH-1400 was applied to specific sites
but in the final assessment was applied to a composite site with
population deasity derived in a manner to approximate an average
Site in the United States. This section focuses on the.
application of the CRAC nodel to the si.te-specific evaluation of
the Limerick Generating Station. A discussion of the various

aspects of the CRAC model is provided in Appendix E.
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18

19

20
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See also the NRC 3WR Rebaseline Case: E. J. Hanraham and L.
Bickwit, Jr., "Report to the Comaissioners, Subjact: Report
of the Task Porce on Interinm Operation of Indian Point®,
(Docket Nos. 50-247 and 50-286) , June 12, 1980.

Personal communication, Corradini (Sandia) to Burns and
Parkinson (SAl).

Personal communication between NRC (Taylor) and SAI (Burns).

Any reduction of the hydrogen concentration by means of the
hydrogen recombiners was not assumed due to the large amounts
of hydrogen released during a core melt and the relatively
small capacity of the recombiners.

Y /Y means Y' given Y.

Either a failure below the elevation of the bottom of the
downcomers or a containment wetwell failure which propagates
to belowv the bottom elevation of the downcomers.

SAI-BREACT was also uscd to verify the CORRAL results.

Both items are consistent with current NRC site review
methods. See Appendix B for further discussion of
radionuclide dispersion.

Note mean values are used in all accident sequence
calculations.

WASH-1400 states that the error factor on LOCA initiators is
30. The actual implementaion of the data in accident
sequences and the evaluation of their uncertainty do not
reflect error bands of this magnitude. (A value of 7
appears to have been used.)
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Talle A.1.3
SUMMARY OF THE FREQUENCY OF TRANSIENT INITIATORS AND
THE CATEGORIES INTO WHICH THEY HAVE BEEN CONSGLIDATED

— 4 (Per Zesctar Tesr)
I ¢ -
o0 —2 00 EXP,
- Al Y txclude Tear |
ary Exclude Year | 3 » 253 Power G Assesizent
i IV Closure L . 24 e | L.08
Closure of all wsIvs (5)* 0.67 a.19 .13 1.0
Turtine Trip Jithout Sypass (2.4) 0.0 0.00 0.0 0.01
Leas of Conensar (8) 0.0 0.3 o2 | aoe
2 Turoine Tmp 1.2 L1 2.98 138
Parttal Closure of 4SIVs (8.7) 0.12 0.4 e.12 0.20
Turtine Trip with Sypass 3.7 .01 ‘
(3,13,30,32,33,34,38 .36 .37) . .
Recirculation Problem 0.l e 3 R
(14,15,16,17,18,19) o o -
Pressure Raquiator Fuflure (9,10) 0.4 0.18 on .87
[nadvertent Ooening af Sypass (12) Q.04 0.0% LN} 0.8
Rod Withdrawal/lasert ton
°‘u."'")' & :-: 0.1¢ 0.08 0.1
Stursance o eewa tar .
(20.21,23,2¢.25.28) ™ . -
flectric Load Rejection (1) 1.0 0.70 0.8 e.7s
3 Loss of Offsite Power (31 A8 AL L i |
4 | issgvertenc Coen teltef vaive (117 | .29 -} a0 S
’ Lo31 of Festnater (22) Z A8 28 .|
oTR, 9.29 5.09 1.9 6.2

* Modifies t3 0.07 dased upon WRES-O828.
** Rmoers in carestheses refer o transient muders from Tidle A.1.2.

4.  Inadvertent cpen relfef valve which may lead to an initial
heat up or pressurization of containment prior to any attempt

to shutdown

S. Loss of Feedwater. The loss of feedwatar initiator was separated
out, but later combined with MSIY closure.

The consolidation of these transients into groups is defined in Table A.1.3.

. 6/82
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Table B.5.4
SUMMARY OF SENSORS USED IM THE SAFETY SYSTEM INITIATION

High

Pressure ADS

RHR and CS

HPC1 [ RCIC || ADS(A)

ADS(C)

CS(A)

RMR(A)

Cs(8)

RMR(B)

€s(c)

RMR(C)

€s(0)

RHR(D)

£97A
A97E

R

INITIATOR

| PERMISSIVE

SHUTOFF

Level

6914 (1)
6918 (2)
691F (2)
891C (3
691G
6910
6914 (4)
691€ (1)

Level 3

6354
695C

Level 8

593A
6938
693E
633F

o

%;..

X

t

-

Table B.5.5
PRESSURE SENSORS USED BY SAFETY SYSTEMS

SENSOR
DESIGNATOR

SYSTEMS

ADS(A)

ace (C) wwR(a)

CS(R)

RHR(8)

¢s(s)

RHR(C)

€s(c)

RHR(D)

€s(0)

INITIATION

Orywel
6944
694E
6948
634F
634C
694G

| 6940

594M

L

-~

»~

-

X

X

LOW PRESSURE
PERMISSIVE

‘ Reactor

53CA
690€
6978
690F
630C
6306
6900
630K
630J
6301
630K
§30?

- -

e —————————————

8-53

Rev.

4,

6/82



REQUEST POR ADDITIONAL INFORMATION AND CLARIFPICATION ON
LINERICK PROBABILIST.C RISK ASSESSMENT (PRA)'
LINERICK GENERATING STATION

Note: All iteas contained in this enclosure are grouped according
to the Chapters and Appendices of the PRA.

Chapter 1
QUESTION 1.01

The text conveys the notion that no cross-ties between Unit 1
and Onit 2 were taken into account (p. 1-18). Cross-ties
could be sources of redundancy as well as additionial failure
causes. Are there cross-ties between units (e.g., RHRSW,
RHRHX) ? If yes, provide rationale for not considering thea
in the analysis.

BESPONSE

The referenced statement has been revised in Revision 3 to
the PRA, as follows:

"The system evaluation has been performed using design
dravings from GE and Bechtel for Limerick Unit 1 only,
and considers no cross-ties, benefits, or other effects
between the two units with the exception of a cross-tie
between Unit 1 and Unit 2 BSW and RHR service water
pumps.®

No other cross-ties, that would enter into the analysis are
known to exist.
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QUESTION 1.02

The ultimate containment capability is calculated to be in
excess of 140 psig which is approximately 2.5 times the
design pressure (p. 1-19). Given the fact that the
containmeat exhibits leakage under design conditions, wpat is
the increased leakage rate of the containment prior to
reaching 140 psig? Provide a description of how the leakage
betveen tie primary and secondary containment was modeled.

R NSE

Leakage froam the primary containment into the secondary
containment is assumed to be totally pressure-driven through
"cracks" modeled as an equivalent small containment break
area. The estimated design leakage at the design pressure
“as used as the basis for calculating an equivalent hole
Size. The containment leakage calculations in INCOR prior to
containment failure were modeled as flow through an orifice
in the containment wall. The orifice area is an input
variable. This area is calculated from equations for
critical flow (Reference 1) based upon the estimated leakage
rate from the containment evaluated at design pressure with
the reactor building at atmospheric pressure. The flow rate
through tie orifice is sonic. Since the ratio of the reactor
buildin? pressure (atmospheric) to the containment pressure
(design limit) is less than the critical pressure ratio, flow
through the leakage paths is in the critical flow regiame.
Therefore, increasing the containment pressure beyond it's
design limit vould not result in an increase in containment
leakage volumetric rate prior to re2aching 140 psig.

This conclusion is reached considering two assumptions:

1. The potential for crack size to grow with
increasing internal pressure is assumed to be
small.

e Steam and/or aerosols generated during scenario
have been demonstrated to clog and plug small crack
areas.

The effect of the containment elevated pressures on
containment leakage is discussed in light of the core
conditions during the pressurization period prior to reaching
140 psig. Pirst, for the cases where the containment is
intact during core melt (i.e., Class I and Class 11I), the
aerosols generated during core meltdown would tend to plug
the containment "cracks" (Reference 2). This plugging effect
has been observed in various situations where aerosols,
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(¢.9., smoke) have plugged leaks. Therefore, the containment
leakage rate should not increase prior to reaching 140 psig.

Secondly, for the accident sequences where the containment is
failed prior to core melt (i.e., Class II and Class 1V), the
containment leakage prior to core melt would not result in
"increased™ radionuclide release to the environment.
Nevertheless, in the Containaent Systems Experiments
(Reference 3) it was observed that leaks were also plugged by
condensed steam.

It should be noted that leakage of steam from the containment
into the Reactor Building could result in some environmental
degradation in the Reactor Building, howaver, due to the
compartamentalization and system of room cooling units in the
Limerick Reactor Building this leakage is expected to be
easily treated and would not adversely affect the operation
of BECCS equipment. This question only affects the tiaing of
operator action. Since Class IV scenarios have containment
pressure rises to the ultimate pressure capacity of the
containment in less than one hour, operator action for repair
is minimal to begin with and would therefore, be minimally
affected by increased leakage. Class II sequences are
potentially affected by adverse environment since operator
action for equipment repair has been included in the Class II
evaluation.

Based on the above discussion, there should not be an
increased leakage rate of the containment prior to reaching
140 psig. By considering the design leakage of the
containment in the analysis, the Limerick PRA is judged to be
realistic.

(1) "heat' Le Lo' et. alo, COHT”PT‘LT, l'cn"1219,
Idaho, June 1975.

(2) Morowitz, H. A., "leakage of Aerosols from
Containment Buildings™, to be published in Health

Physics.

(3) Witherspoon, M. W., and Postma, A. K., Leakage of
Pission Products Prom Artificial Leaks in the
Containment Systems Experiments, BNWL 1582,
Battelle Northwest Laboratories, Richmond,
dashington.
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QUESTION 1.03

S3ased on the design leakage of the containament (pe 1-20), it
is expected that some amount of containament environment
constituents will escape intc the reactor building; this may
Jecome more pronounced when the containment is at an elevated
pressure. Given the long-time nature of soame transients,
vhat is the probability of hydrogen combustion inside the
teactor building? 1In the event that there is containment
failure prior to core melt, vhat is the likelihood of
aydrogen combustion in the reactor building? Does hydrogen
combustion iaside the reactor building further aggravate
tadioactive releases, and if so, in what way?

RESPONSE

Assuming perfect mixture of hydrogen with the air in the
secondary containment, ignition guantities for hydrogen
combustion have been calculated for the Limerick secondary
containment. These are shown in Table 1 as a function of
-emperature. This indicates that at the design leakage rates
(See answer to PRA 1.02), given the composition of the vapor
region of the primary containment, the amount of H2 gas which
could escape to the reactor building will be far below the
amount shown in the table*. Therefore, H2 combustion inside
the reactor building would not be possible at all for Class s 4
and Class III sequences where the containment is intact
during core meltdown and hydrogen is produced from metal-
vater reactions.

Table 1

IGNITION QUANTITIES OF HYDROGEN
IN THE REACTOR BUILDING*

Imperative 62°F 2100°p 290°p

Lower Limit 490 1b moles 360 1b moles 250 1b moles
Upper Limit |3730 1lb moles 2990 1b moles 2440 1b moles

* Assuames mixing and dry air at the operating pressure of
14.6 psia in the R®B.

In the event that the containment were failed prior to core
melt (Class II and IV), the reactor building (RB) would be
steam laden and steam inerting would occur with the oxygen
being displaced from the RSB. Hydrogen combustion would be
unlikely.
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If hydrogen combustion in the reactor building should occur
it wvould result in a pressure rise in the compartment which
might increase radioactive release rate a*t that time. The
pressure increase at ignition could result in a puff release
of radionuclides reducing the potential for radionuclide
removal in the reactor building. This possibility is
extremely remote and has not been explicitly modeled in the
Limerivx radionuclide release calculations since the
possibility of hydrogen combustion inside the reactor
building is quite remote.

* The relative volumes and leak rates of the reactor
building and an intact containment provide a dilution
ratio of 2000:1. Even if the hydrogen concentration
in the containment were 10-320%, the resulting
concentration in the reactor building would remain far
below the ignition level.
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QUESTION 1.04

‘ The sources of data used for the Limerick study wvere
Sumparized into four categories. Please provide criteria for
the selection of one data source over the other? What was
the rationale for combining several data sources in some
instances and not ochers? What are the guidelines used to

deteraine whether or not the data base should be integrated
(p. 1-23)?

RESPONS®

Sources of data used for the Limerick event tree/fault tree
aodels in order of priority are:

b 4 Plant or component-specific

II. NRC

III. General Electric, EPRI, SAI (BWR generic data)
IV. WASH-1400 and WASH-1270

‘ Example of plant specific data are:

. Diesel failure rates at Peach Bottom
. PJY data for Loss of Offsite Power frequency
. Susquehanna Technical Specification which should be

similar to the future Limerick Technical Specification

- Peach Bottom Limiting Conditions of Operation which
should be similar to the future Limerick LCO

An Exaaple of a component svecific datum is:

Pailure probability of Target Rock safety/relief valves
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Examsple of NKC compiled data are:

Puap LERs - NUREG/CR-1205

Diesel generator LERs - NUREG/CR-1362

Valve LERs - NUREG/CR~-1362

Human reliability - NOREG/CR-1278

BWR transient initiators - NUREBG/CR-0460

Diesel generator unavailabilities - NUREG/CR-1362

Exaasples of General Electric, EPRI, and SAI compiled data

are:

BWR transient initiators frequencies - unpublished GE
evaluation, EPRI-NP-801 (SAI), EPRI-NP-438 (SAI), SAI-
154-79~-PA

Equipsent and component failure rate data - unpublished
GE data on specific SRV valves, level sensors,
containment pressure sensors, valves, and puaps

Human reliability - SAI-010-76-PA, Transatjons of ANS

June 1977 (SAI)

System unavailability due to maintenance - uapublished
GE data

Diesel generator reliability - Mclagan et. al., SAI/AMES
1980

Diesel generator failure rates for Cook, Zion, and Peach
Bottom power plant
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Examples of WASH-1400 and WASH-1270 failure rate data used in
the analyses or for comparison are:

BWR accident initiators - WASH-1400 and WASH-1270

° Component failure rate data - WASH- 1400
. Human failure rate data - WASH-1400
- Systesm unavailability due to maintenance - WASH-1400

The scope of this PRA did not generally inciude integration
and re-evaluation of different data sources. Ian such
infrequent instances, data were combined and re-evaluated
wvhen it appeared that the data vere compatible, uncertainty
wvas reduced, and the integrated results was at least as
realistic as the results from either of the individual data
bases. Applicable data evaluations were collected from each
of the four categories without priority discrimination.
Subsequently, comparisons of the applicable results were used
to determine a failure rate probability based on relevancy of
the data base to the Limerick failure rate assessment.

Por example, the LGS evaluation of diesels generator failure
rates was divided into three probability areas: (1) Pailure
to "start and run®™ probability for a single diesel is based
on the PECo operating experience at the Peach Bottom Station
wvhich has similar diesel generators; (2) The conditional
probabilicty of miltiple diesel failures given a single diesel
failure is based on combining the 23 L4R (McLagan et. al.,
"Preliminary Assessament of Diesel Generator Reliability at
Light Water Reactors, "SAI/AMES, 1980) with the NUREG/CR-1362
data to use the most information available; (3) Recovery of a
diesel is based upon the NRC evaluation and is consistent
with the Peach Bottom data. This combined use of the
available data was delieved to provide a valid and the most
applicable approach for the LGS PRA.
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UESTION 1.05

It is stated that for the purposes of the analysis, the
Technical Specifications of the Peach Bottoa Station and the
test fraquencies from the Susquehanna Station vere used (p.

1-24, 1-25). Provide rationale for this combination as
representative of LGS.

BESPONSE

The Technical Specifications of Peach Bottosm Atoamic Pover
Station were used since they are representative of
Philadelphia Electric Company's operating and maintenance
practices. However, the test frequencies are more reflective
of design. Por this reason, the test frequencies of

Susquehanna, a BWR 4/Mark II, were selected as being more
representative.
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QUESTION 1.06

(a)

(b)

RESPONSE

(a)

(b)

What is the rationale for Guideline No. 11 (pe 1-32)72

Provide the reference for the "improved chromic-health-
efrects model"™ referred to (p. 1-10).

Guideline No. 11 of the LGS PRA assumes that the failure
of display i:formation to the operator is not dependent
on the accident sequences.

This quideline was adopted in the detailed engineering
evaluation which accompanied the LGS PRA, no identified
link could be made between the accident sequences
investigated and common cause adverse effects on all the
information available to the operator. It is recognized
that there may be a possibility for very low frequency
accident seguence initiators which could cause a loss of
display information®. However, these initiators were
not quantified explicitly in the PRA, since an
engineering investigation determined that such
circumstances were hichly unlikely at Limerick.
Therefore it was judged that the overall probability of
such sequences would be much less than other identified
seguences and this initiator was not guantified.

The referenced statement was inaccurate. In Revision 3
to the Limerick PRA, the statement has been corrected to
read:

"These improvements include corrected calculational
routines and improved output routines providing for
better analysis of results, including sensitivity
studies where applicable."™

Cases of loss of display information have occurred at
B&% reactors. However, the Limerick design is
significantly different that the BEW design and the
display instrumentation is not subject to the same
relatively high frequency of disabling events.



QUESTION 1.07

“"Table 1.2 Summary Of Success Criteria Por The Mitigating
Systems Tabulated As A Punction Of Accident Initiators (pe 1-
26) ." Por each initiator, including all 5 transients,
reference the section of the PSAR that describes the adeguacy
of the selected success criteria. Por those initiators,
including all S transients with success criteria not
described in the PSAR, provide the reference that justifies
the adequacy of the selected success criteria.

RESPONSE

The content of Table 1.2 defines the minimum system
requirements to successfully terminate a transient or LOCA
initiating event (with scram). All success c-iteria in this
Table vere developed from the analyses given in NEDO -24708,
"Additional Information Required for NRC STaff Generic Report
on Boiling Water Reactors," December, 1980. The analyses in
that report are based on realistic conditions of core heatup,
instead of the conservative licensing basis analysis
performed for the PSAR.

The analysis in the FPSAR demonstrates the performance of the
safety systems under the "single active failure"” criteria,
and is not applicable to the PRA ground rules or condit‘ons
(multiple failures with realistic conditions).
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I QUESTION 3.01

For the event trees shown in Chapter III, provide the
reference for the probabilities assigned, to each systen
success or failure and/or frequency of initiators. Provide
rationale and amethod used wvhenever different probability
values are used for the same event.

Identify values obtained from fault trees and provide cross
reference to corresponding fault tree figure.

RESPONSE

. The initiator frequencies used in the event tree
quantification are presented in Appendix A.1.

- The conditional probabilities used in the event tree
quantification are in general developed from detailed
system level fault trees. 1In certain cases, aultiple
systems are quantified through coambinations of system
fault trees. These combinations are explicitly defined
in a separate proprietary document entitled,
"Quantification of The Limerick Generating Station BEveat
Tree Functions". Rational and methodology are discussed
for each of the functional fault trees provided in the

‘ report.
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RUESTION 3.02

The Limerick PSAR reported that the vapor suppression systesm
reliability and effectiveness varies as a function of the
LOCA size. However, in the Limerick PRA study, it does not
appear that this particular aspect of the system has been
incorporated into the containment event trees. If it was
neglected, what is the justification? If it was included,
provide additional details on how the system wvas modeled.

R 0

1.

Quantification of the vapor suppression failure
probability and affect is subjective since there is only
limited test experience to indicate potential bounds.

A large LOCA coupled with vapor suppression failure
leading to core melt was found in WASH-1400 not to be a
contributor to risk, therefore the decision wvas made
early in the development of the LOCA event trees to
eliminate this failure mode from LOCA sequences since
the Limerick reactor and containsent design would tend
to suppress its impact and not enhance the contribution
to potential unacceptable conditions. This was reviewved
by study participants to ensure that a dominant
contributor was not being overlooked. This failure
mechanisa could be incorporated into the system level
LOCA event trees for completeness, however, scoping
studies still demonstrate that inclusion of vapor
suppression failure would not contribute to tha
calculated level of risk at Limerick.

The assessment of sequences involving potential degraded
core conditions using the containment event trees does
take into account the potential for premature
containment failure due to vapor suppression failure
during challenges to the containment integrity in the
assignment of the conditional failure probability for
drywell failure (Y ).
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QUESTION 3.03

In addressing aanual shutdown as an initiating event, there
are situations in which the reactor operator is required to
shutdown the reactor in order to be in compliance with
technical specifications due to the unavailability of certain
safety systeas. Provide a suammary of how these types of
manual shutdowns were included in the event tree depicted in
Pigure 3.4.2?

BESPONSE

A previous review of operating experieace data regarding
manual shutdown [ 1] ranked the causes for BWR manual
shutdovns as follows:

(1) Refueling outages

(2) Turbine/generator problems

(3) Relief valves, BOP valves

(4) Recirculation Puaps

(5 Drywell leakage

(6) Gaseous radvaste systen

(7) Planned outages for maintenance

(8) Ventilation systea

(9) Operator training/exams/inspections

Por the quantification of the LGS manual shutdown event tree
some simplifications were made. For example, violations of
technical specification leading to a manual shutdown were not
explicitly included, since based upon the limited operating
experience data available this did not appear to be a
noticeable contributor to msanval shutdowns.

In order to ensure that a possible dominant sequence was not
being overlooked, the potential contribution to core melt
frequency due to the possibility of RHR outages leading to a
manual shutdown challence was scoped. The comparison between
the frequencies of PCS containment heat removal challeanges as
evaluated in the event tree versus those which could result
if one RHR is disabled initially is as follows:

The potential frequency of PCS challenges following manual
shutdowns initiated oy RHX failures outside technical
specification requirements can be estimated as the product:

Yal shutdo«n °robehility of Conagitional failure

o U to 2" X losiny fesgwator X orecoanility of tra PCS
Yo 5N<Ce Viu= NS TCS during AN re™aining 242 aiven
(WS La | e r “ £V s Py toan 3 msny ) shutyouwn
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S5x10-3/RxYre» £ 7x10-3/4 X 1.6x10-8%/4 =
5.6x10-10/Rx {r

This frequency is negligibie compared to the dominant
sequence for manual shutdowns. (2.2x10-7)

. Excluding the few cases which affected the condensate
pusps.

e Prequency is calculated based upon the data froa
reference [ 1] and the assumption that 1/2 of these
failures would be recoverable in the 20 hour period
subsequent to shutdown prior to containment
overpressure.



REPERENCES

(1] Component Pailures that Lead to Manual Shutdowns, SAI-
180-PA, Prepared by Science Applications, Inc. for
Sandia Laboratories (1980)
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UESTION 3.04

Plateout and settling is assumsed to "remove® radiocactivity.
Can the radioactivity be released back to the environment by
some physical seans, for instance water flash (p. 3-125) 2

RESPONSE

Containment failure at elevated temperature and pressure will
in most cases result in the "rlashing"™ of suppression pecol
vater to vapor until equilibrium saturation conditions are
reached.

Radioactivity dissolved in the supp-assion pool was
conservatively assumed to be re-released back into the
containment air space upon containment failure for Class I
and Class III accident sequences. During the sudden
depressurization it was conservatively assumed that the
dissolved radionuclides in the water which boil off would be
celeased back in direct proportion to the amount of water
flashed. The vaporized water would then leave the
radionuclide salts in the air space to be released to the
environament through the postulated containment break.
Radionuclides (i.e., elemental I ) can also be partiticaned
between the agqueous phase and the vapor phase resulting in
another aechanism for possible release. This is treated in
CORRAL in the equilibration of I in the containment spray
vater.
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Q.!sz'Q! 3 Q:

Isn*t the sequence a drywell overpressure and not a
4etwvell overpressure as labeled in the far right column of
the containment event trees (see for exasple p. 3-82)?
Explain the differance between 3 , 3 , and 3° . The
definition of 3 is confusing. In the containment event
trees it means containment overpressure either drywell or
wetwell. The definiation on the top of page 3-133 indicates
it is a drywell failure.

RESPONSE

(The Greek letter used to identify relatively slow
overpressure failures of the containment postulated to occur
due to slouw containmert pressure increases is Y ¢ DOt Jd )

The location of potential overpressure failures is described
by the following conditiocnal probability nomenclature:

Y - containment overpressure failure occurring in
the drywell

' - containment overpressure failure occurring in
the suppression pool air chamber space above the
vaterline

Y- containment overpressure failure occurring
below the water line of the suppression pcol

There were several places where the symbols wvere incorrect in
the original PRA. Corrections were made in Revision 33
however, several places still remain incorrect. Revision 4
includes additional corrections.

Q=18 Rev. 4, 6/82



QUESTION 3.06

In Section 3.2, the text states that one of the most
important aspects of the event tree technique is that it
ensures that all of the key accident initiators are
identified. How does the event tree technique identify key
initiators, and how does it identify all key initiators?

RESPONSE

Appendix A.1 describes the origin of the initiators chosen
for the LGS PRA. The event tree methodology requires the
identification of initiators but it does not of itself assure
completeness in the initiator identification. Revision 4
changes the sentence in Section 3.2 to read "One of the most
important aspects of the event tree technique is that it
assists in ensuring that key accident sequences following the
identified initiators are evaluated. Therefore, the ability
to establish a comprehensive list of initiators is a
necessary part of the PRA"™,

The method used in the LGS PRA to establish the ini‘iator
list 1is to build upon past evaluations (probabilistic and
deterainistic) and operating experience data.

The selection of possible event tree initiators was made
after the examination of the following available information:

. site specific operating experience (loss of offsite
power from the PJM data)

. operating experience of BWRs (especially Peach
Bottom)

- operating experience of all LWRs (including LER
data)

. previous industry evaluations (WASH-1400, RSSMAP,

Big Rock Point, Clinch River PRA)

. published reliability evaluations

. plant operator insight and other expert input
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The initiators have been grouped together in two categories
for discussion purposes:

. Transient challenges (includes ATWS sequences)

.

. LOCAs

This is similar to the WASH-1400 approach.

Identification of the transients and quantification of their
frequency of occurrence is based upon operating experience
data. A list of 37 anticipated transients is summarized in
Table A.1.2. Consolidation of these 27 possible initiators
into five major transient categories is summarized in Table
A.%1.3.

The frequency and type of loss of coolant accidents is also

characterized by operating experience data, however because

of the lover frequency of occurrence the results have larger
uncertainty bands associated with them. The small, mediunm,

and large LOCA (WASH-1400 precedent events) are presented in
Table A.1.6.

In alddition, the anticipated transients also have detailed
event trees constructed which are used to assess the
fregquency of sequences which may occur if a failure to scram
followed a transient.

The area where there is the highest uncertainty ina
potentially missing important initiators are those very low
frequency initiators which have not yet been identified
because of the limited amount of operating experience data.

Some scoping evaluations were performed on low fregquency
accident initiators such as loss of DC power and loss of
instrument air which indicated that sequences following these
initiators were less than 10% contributors to core melt
frequency and that they were in the Class I category, that
is, were sequences for which the lowest consequences vere
calculated.
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QUESTION 3.07

Purther justify the statement in Section 3.4.3.2 that
potential failures of the reactor pressure vessel as an
initiating event have a very low probability of expected
occurrence. what is the effect on the overall consequences
by omission of this event?

BESPONSE

The probability of a reactor pressure vessel failure was
found to be too low to be treated explicitly in the PRA. A
Separate event tree vith reactor pressure vessel failure as
the initiating event is, therefore, not included in the PRA
based on the low event frequency. The basis for this
treataent is discussed in detail below.

A survey of existing literature, data and reactor pressure
vessel expert opinion was employed. The following are the
pertinent points from this survey:

1. Section 8 of the Appendix XI of the Reactor Safety
Study (Reference 1) cites the conclusion of WASH-
1318, that the upper limit (99% confidence)
probability of a disruptive RPV failure event in
any one nuclear reactor during any service year
falls within the range of 10~7 to 10-¢ and the
actual value of this probability would be expected
-0 be even smaller. This conclusion was based on
725,000 vessel-years of service in U.S. fossil-
fueled power plants without a disruptive failure.

2. The "leak before break™ phenomenon is another key
consideration which justifies a failure rate less
than 10-7 por vessel year (Reference 2) . Reference
2 further states that the "pressure vessel will
have a considerable margin to failure by (a)
brittle fracture, even with large postulated
initial flaws and (b) that leak-before-break
capability is maintained even after a LOCA." This
means that long before a crack could propagate to
the point that a disruptive failure could occur the
crack would propagate through the vessel wall and
be detected due to significant leakage. The leak
detection system would detect the existence of
leaks and allow shutdown and depressurization of
the reactor to avoid propagation of the crack and
vessel failure.

3 Reactor vessels are subjected to periodic
inspections, in accordance with Section XI of the
ASME Code. This inspection is generally more
intensive than that for non-nuclear vessels, and
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consists of an ultrasonic inspection of weld
joints, and surface inspections (visual, liquid
penetrant .est and magnetic particle test) before
the vessel goes into service and inspections every
10 years thereafter.

Reactor vessels are designed and operated with a
higher degree of protection froms pressure
transients and temperature events than are non-
nuclear vessels. This higher degree of protection
is assured by virtue of design measures, including
over-pressure relief devices and operational
control procedures.

Due to low neutron flux, BWR vessels are not
significantly subjected to nil-ductility phenomena
during the course of their expecteAd operating
lifetinme.

Reactor vessels are designed and constructed in
accordance with Section III of the ASME Code.
These rules are more restrictive than the rules of
Section I and VII1I, which are used for non-nuclear
vessels.

Reactor vessels are operated in accordance with the
limitations specified in NRC License Technical
Specifications, wheras no such requirements are
imposed on non-nuclear vessels.

Based on the above considerations it was concluded that, the
probability of RPV disruptive failure is so low that its
explicit inclusion in the analysis would not significantly
impact the PRA results. The RPV failure modes that are
mechanistically plausible would produce consequences similar
to the higher-probability LOCA events because of the "leak-
before-break™ phenomenon. These latter events are analyzed
in detail and reported in the PRA.

An indication of the significance of the reactor vessel
failure on the LGS risk can be obtained by considering the
treatment given this subject in WASH-1400. In WASH-1400 a
pressure vessel rupture accident was included in release
category BWR-3 at a frequency of 10-7/year while an accident
at a frequency of 10-8/year was included in release category
3WRZ.

Release category BWR2 contains accident sequences which have
early containment failure and limited fission product reamoval
and is siasilar to the LGS tyoe IV accident class. This class
has a total trequency of 1.3x10-7/year in the Limerick
analysis. The vessel failure as quantified in WASH-1420
would increase the LGS fregquency to 1.4xw0 ™ forthis class.

The BWR3 category has smaller fission product release with
greater credit for removal in the containment and/or the
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reactor building, and is similar to the LGS type III accident
class which has a frequency of 1.1x10~¢/year. The WASH-1400
assessed vessel failure frequency for this category would
increase the Class III frequency to 1.2x10-6.

From the above it is again concluded that reactor vessel
failure would add insignificantly to the risk froam other
accident sequences and is considered negligible. The same
conclusion wasreached in WASH-1400:

"5.3.4.2 reactor vessel rupture (R). As with the PWR,
Teactor vessel rupture is defired as a vessel failure
large enough to negate successful operation of the ESP's
required to prevent core melt. Again, the probabilities
of such events are small and make no significant
contribution to the release histograa in Pigure 5.2."

1. Report, "Reactor Safety Study - Assessment of Accident
Risks in U.S. Commercial Power Plants," 1975, WASH-1400.

2. Technical Report, "Analyses of Pressure Vessel
Statistics From Fossil-Fueled Power Plant Service and
Assessment of Reactor Vessel Reliability in Nuclear
Power Plant Service," USAEC Regulatory Staff; May, 1974,
WASH-1318.



') ON 3.08

Accordizg to p. 1-14, Section 3.2 will discuss the subject of
Coapleteness. Purther Aetails as to vhy those events noted
in the section satisfy the completeness requirements are
needed. Have events like, RCP seal failure, loss of
instrusent and control air, loss of DC powver, etc. been
examined in the Limerick study?

BESPONSE

(a) As noted in previous reviews of PRAs [ 1], the ability to
ensure coapleteness may not be possible to demonstrate.
PEAs do pot attempt to assess all possible accident
Scenarios; they atteapt to assess all significant
accident sequences (the risk from the identified
sequences includes more than 50% of tae risk from all
possible accident sequences [1]). The LGS PRA atteapted
to include all major and significant accident sequences
by:

(1) incorporating all contributing sequences which have
previously been identified,

(2) incorporating new initiating events and functional
responses vhich are judged to present unigue
contributions to risk in either higher frequency of
occurrence or in possible consequences,

(3) inclusion of more detailed event trees in certain
cases which have previously been judged to be
potential contributors to BWR risk.

The event tree methodology affords a technigque to asseable
together in a single format an array of postulated sequences
SO that the engineering details of the systeas can be
integrated with the minimum success requirement and known
problem areas to quantify accident scenarios. This allows a
convenient ranking mechanisa to ascertain potential dominant
contributors based upon the plant specific design
consideratioans.

This appraoch also atteapts to ensure completeness by
presenting a thorough engineering evaluation in the framework
of past PRAs.
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(b)

The following events have also been considered in
Scoping analyses to determine if these low frequency
initiators would produce sequences vhich might
sigaificantly contribute to the potential risk of the
Limerick plant operation:

. Recirculation Pumap Seal Pailure: This particular
failure is included in the small 1.0CA initiator.
Recirculation pusp seal failure during accident
Scenarios is judged to not significantly alter the
pProgression or quantification of the accident
seguences. Therefore, no further event tree
development vwas performed.

. Loss of instrument air: While ‘nstrument air has a
pervasive influence on many balance of plant
functions the evaluation of its contribution to
risk has been adequately assessed by inclusion in
the MSIV closure initiated event tree. The impact
of HSIV closure on the key balance of plant systea
at Limerick is similar for bnth loss of instrument
air and MSIV closure, i.e.:

- all NSIVs close
- condenser becomes unavailable as a heat sink
- feedvater becomes unavailable

- ECCS equipment remains unaffected to perforn
safety function (i.e., air operated valves in
safety systess fail safe)

- Recovery of instrument air and reopening the
BSIVs are both given relatively little credit
during the initial 30 minutes and some
additional credit during the subsequent 20
hours.

. Loss of DC Power: SAI has performed a PRA
evaluation of the contribution of Loss of DC Power
initiator to the risk spectrua of a BWR/4 plant
vhich has tvo emergency DC buses. The results of
this non-Limerick evaluation indicated that the
loss of DC power initiators represented less than
10% of the core melt frequency and that the
resulting accident sequences would produce
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consequences in the lover release categories, i.e.,
lower risk to the public.

. The calculated contribution to early fatalities froam the
analyses was negligible. Since this evaluation wvas
performed on a plant wvith 2 emergency D.C. buses (one
battery each), and the Liserick plant has four emsergency
DC buses (one battery each) it is judged that the LGS
plant would have an event lower contribution to risk
from loss of DC powver.

References
[1] Eisk Assessment Reviev Group Report to the U.S. Nuclear

Regulatory Commission, U.S. Nuclear Regulatory
Coamission NUREG/CR-0400.
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QUESTION 3.09

In order to successfully operate the ADS, it asust be manually
initiated ic a timely fashion (p. 3-17).

Provide the basis for the time limit cn how soon the
depressurization should begin.

Is there a time limit beyond which depressurization is not
possible?

Is there any requirement on the rate of depressurization?

It is stated (p. 3-18) that the alternate methods of
depressurization are given low probability for success, since
they involve "creative operator actions uader potential
stressful conditions:. Will there be approved procedures
delineating steps required to implement these alternate
methods? A~e these methods included in the quantification of
the segque-.ce?

RESPONSE

The operator will follow procedures. Procedures for Limerick
vill follow the EPG [ 1], vhich vas used as a basis for the
Limerick PRA analysis.

The referenced statements (p. 3-17, 3-18) are now on p. 3-22,
3-23, 3-24, and 3-25 of Revision 3 to the PRA. The statement
that ADS must be manually initiated carries the underlying
assumption that automatic ADS has not occurred. The
referenced statements are mode in reference to the turbine
trip event tree (Pigure 3.4.7). Por this event, automatic
ADS usually vill not occur. On the event tree, ADS is shown
to be required in the event of failure of high pressure
injection (PW/cond, HPCI, and RCIC).

Failure of high pressure injection would result in decreasing
reactor vater level. »t this time, the operator should
initiate ADS. The operator would have at least 30 minutes
(see p. 3-23 of the PRA) to accoamplish ADS. The basis for
this time limit is the boil-off time. The wvater level in the
cor2 would reach top of active fuel (TAP) in 25 minutes and
vould be slightly below TAP in 30 minutes [2]). The core
vould be adequately steam cooled to remain undamaged.

The time limit beyond wvhich depressurization is not possible
is dependent on various conditions of the event, but is
alvays limited by the effect on suppression pool temperature
and/or suppression pool wvater level. The attached page from
the EPG defines these liamits.
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The operator will be instructed to limit the rate of
depressurization to saintain the RPV within a cooldown rate
of 100 P/hr; hovever, he may exceed this rate if necessary.

In Revision 3 to the PRA, the statement on p. 3-24, 25 now
reads as follows:

"rhe probability of successful completion of such
actions is difficult to guantify. Therefore, they are
given low probability of success.™ (in the PRA)

In Revision 3 to the PRA, these alternate means of
depressurization vere given no credit. The reason is not
only that they are difficult to quantify (as stated above),
but that they wvould have little effect on the results, since
ADS success is limited by the operator. Hovever, these are
viable means of depressurization, they are in the BPG (see
attached page), and they will be written into the plant
procedures.

REPERENCES

(1) Emergency Procedure Guidelines (DRAPT), Revision 1B, BWR
1 through 6, March 1, 1982 (General Blectric Co. for the
THI BWR Owners Group)

€2) pAdditional Information Reguired for NRC Staff Generic
Report on Boiling Water Reactors, NEDO 24708, Revision
A, Deceamber, 1980. See Pigure 3.1.1.1 - 58.2
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Monitor and contrel RPV pressure.

If while executing the following steps Eumergency RPV Depressurization
is required, enter [procedure developed from CONTINGENCY #2].

RC/P~1 If any SRV is cycling, initiate IC and manually open SRVs
until RPY pressure drops to (935 pesig (RPV pressure at which
all turbine bypass valves are fully open)].

Stabilize RPV pressure below [1090 pesig (lowest SRV lifting
setpoint)] with the main turbine bypass valves.

RPV pressure control may be augmented by one or more of the

following systems:

IC

HPCI

RCIC

Other steam driven equipment

RWCU (recirculation mode) if boron has not been injected
ianto the RPV.

Main steam line drains
RWCU (blowdown mode) if boron has not been injected into
the RPV. Refer to [sampling procedures] prior to

initiating blowdown.
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If while executing the following steps:

e Suppression pool temperature cannot be maintained #13
balow the heat capacity temperature limit, main- 14
tain RPV pressure below the limit. #15

- -

Meat capacity
temperature limit

y (ATWS Aur 31
g

el &2
- //%/ R
|

° " e ox0
‘ * Y Premsure (paig)
e
e Suppres: ion pool water level cannot be maintained 3
below tie suppression pool load limit, maintain 4804
RPV pre: sure below the limit. #15
1
[‘:.aT 122;2&::///
1 /
i 3 : /
i E ]
i i S;.nn:unu poo !
! oed -t
: |
|
o .00 1200
Py Pressure (paig) h

e Steam Cooling is required, enter [procedure u2veloped
from CONTINGENCY #3).

' (RC=5) Rev IE
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TABLE 1

ABBREVIATIONS

Automatic Depressurization Systea
Averags Pover Ranga Monitor
Control Rod Drive

Emergency Core Cooling System
Bydraulic Control Unit

High Pressure Coolant Injectiom
High Pressure Core Spray "
Isolation Condenser

Loss of Coolant Accident

Low Pressure Coolant Injection
Low Pressure Core Spray

Main Steamline Isolation Valves
Nil-Ductility Transition Temperature
Net Positive Suction Head
Reactor Core Isolation Cooling
Residual Heat Removal

Reactor Protection System
Reactor Pressure Vessel

Rod Sequence Control System
Reactor Water Cleanup

fitandby Gas Treatment

Standby Liquid Control

Stuck Open Relief Valve
Suppression Pool Makeup System
Safety Relief Valve

(1I-4) Rav. 1E
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QUESTION 3.10

Why does a “controlled"™ sanual shutdown require SRV
actuation? Isn't the plant scrammed from a power level below
the bypass valve capacity? Explain the major sequence of
events which are expected for a normal reactor shutdown.

BESPONSE

Hanual shutdown does not require SKV actuation. The
incidence of inadvertent SRV actuation during manual shutdown
is so low as to be considered negligible. In Revision 3 to
the Limerick PRA, SRV actuation has been deleted from the
manual shutdown event tree (Pigure 3.4.2).
The sequence of events for a sanual shutdown will be
described in the plant operating procedures. The major
sequence of events saybe susmarized generically as follows.
(Plan-specific procedures may vary somevhat froam these
guidelines):

i. Pre-shutdown preparation and system checks.

2. Beduce reactor recirculation flow to 80% power.

3. Perform system checks (PSC)+*

4. Reduce reactor recirculation flow to 65% power.

- 18 PSC

6. Shut down one reactor feed puap

Te PSC

8. Reduce reactor recirculation flow to 55% power.

9. Shut down one condensate puap.

10. Insert control rods to 30% pover using Rod
Sequence Control Systems (RSCS).

11. PsSC

12. Transfer feedwater control to MANUAL and shut down
feedvater heaters.

13. 1Insert control rods to 10% power usiag RSCS.
4. PSC

15. At~ 5% power, transfer reactor level control to
BANDAL and place mode switch in STARTUP.
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PSC
Begin scanaing individual rods.

Reduce generator load to 10MW or less (Bypass
valves wvill open).

PSC

Trip turbine and shut dcwn generator.
PSC

22. Shut down second reactor feed pump and second
condensate puap.

23. Continue scramming indivdual rods. Hold reactor
pressure at 900 psig for two hours.

24, PSC

25. HNanually open bypass valves further to reduce
pressure (limit reactor cooldown rate to 100°P/hr)

26. PSC

27. At~ 200 psig, shut dovn remaining reactor feed
pump. Rewsove steas jet air ejector and start
mechanical vacuua punmp.

. 28. PsSC

**29. At ~v75 psig, place RHR in service in Shutdown
Cooling Mode. Hold reactor temprature at 125°P.

30. At v50 psig, close bypass valves and MSIV's.

31. Scram all remaining control rods, and place mode
svwitch in SHUTDOWN.

. Numerous checks of systeam conditions and process
paraseters are conducted throughout the shut down
procedure.

RHR required only if going to cold shut down.



QUESTION 3.11

Explain why a value of 1.1x10-¢ wvas used for the
unavailability of RHR/RHRSW or PCS, given a failure of the
SRY's to reclose, in Pigure 3.4.3. This is the same as for
turbine trip or manual scraa event trees. The additional
problea of recovering feedwater ( the initiating event)
should increase the unavailability as stated on P. 3-27 under
event W description.

RESPONSE

Por MSIV closure initiated sequences with multiple relief
valves stuck open it is conservatively assumed that the RHR
heat 2xchangers are eventually required to resove decay heat
from the suppression pool. Consequently, the failure rate of
the containaent heat removal path is deterained without
including credit for the ability to use the pover coanversion
system as an adequate heat sink for these seguences.

Similarly, in turbine trip or manual scraa sequences®*, if
there are multiple stuck open relief valves, also no credit
is taken for the PCS system. Therefore, the containment heat
resoval path failure rate is the conditional probability of
failure of containment heat removal throught the RHR heat
exchangers. (9.9x10-¢ in Revision 3)

. For Revision 3 of LGS PRA, the manual shutdown case
Pigure 3.4.2 is realistically modeled without SORV since
relief valves seldom open on manual shutdown.
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QUESTION 3.12

Provide supporting documentation and/or calculations showing
that a feedvater pump can add vater to the reactor vessel
folloving a scras and a subsequent stuck open SRV. The event
trees for turbine trip and MSIV closure show the feedwvater
availability to be the same, independent of the condition of
the SRV. It is realized that, should the feedvater pump not
be able to continue running, due to low steas pressure, the
condensate puamp would take over at approximately 600-700 psig
pressure. However, operator actions and additional valve
operation would seem to reduce the probability of successful
operation. Have these items been considered?

RESPONSE

Refer to Peedvater P&EID, Bechtel Drawving No. 8031-M06. No
operator action is required to initiate condensate puaps.
When main feedvater pumps trip, condensate pumps continue to
run and deliver vater to the RPV through the centrifugal
feedwater pumps. If RPV pressure is too high, the condensate
pumps continue to run with minimum flow bypass until BPV
pressure decreases to the point vhere injection begins. No
valving is needed.

Condensate pumps will continue to deliver vater to the RPV

and will eventually overfill the RPV unless the operator

takes manual control by diverting flow rods to the main
‘ condenser hotwvell by means of flow control valves.
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QUESTION 3.13

(a)

(b)

(a)

(b)

The event tree for manual shatdown has 1ifferent
feedvater systes unavailabilities depending upon the
condition of the SEBV's. Why does the difference exist
in this case?

The statesent at the top of p. 3-20 discusses overriding
of the low vacuum interlocks for the turbine bypass
valves. Have the operator actions required to bypass
the ASIV lov vacuum interlocks beer considered in
calculating the unavailability of the power conversion
systea?

See response to Question 3.70. Manual shutdowns are
judged to be slow, controlled event for which the
feedvater/condensate system can provide short ters
coolant makeup with a high reliability. 1In the manual
shutdown event tree there is considered to be a
negligible probability that the safety relief valves may
be required to operate; therefore, the operation of
safety relief valves has been deleted from the manual
shutdown event tree in Revision 3 to the Limerick PRA.

The statement at the top of p. 3-20, in more camplete
context, reads as followvs:

®"The main steam isolation valves (2) in one of the
four main steam lines must either remain open or be
reopened. A turbine bypass valve must open to
control reactor pressure during reactor
depressurization. If the condenser vacuum cannot
be maintained below seven inches of Hg, the low
vacuum interlocks on the bypass valves must be
overriden."

The assumption that the MSIV low vacuue interlock must
be overridden is correct. Por completeness, the
referenced sentence should so state. Both interlocks
(turbine bypass and MSIV) can be overridden by the
operator from the control room.

The referenced statement is in the discussion of the
turbine trip event tree. As explained on p. 3-18, this
event tree is for turbine trips wvith bypass. Por this
event, the frequency of loss of condenser vacuum is very
lov, and the availability of feedwater and the PCS is
high.
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Loss of condenser vacuusm as an initiating event is
included in the NSIV closure event tree (Pigure 3.4.3).
For this event, the probability of recovering feedwater
and the PCS is lower and does require the operator to
override both high vacuum interlocks (bypass valve and
BSIV) for those cases vhere vacuuam is lost. This is
accounted for in the analysis.

The incidence of relief valves opening during manual
shutdown is so low as to be negligible and has been
deleted from the manaul shutdown event tree for Revision
3 to the PRA.
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QUESTION J3.18

Por the MSIV transient, the report indicated that the RCIC
steam condensing mode vas not evaluated (p. 3-28). Omn p. 3-
20 it is stated that the RCIC steaa/condensing mode vas
included in the turbine trip event tree. Why is this decay
heat removal method not consistently included in the
analysis?

RESPONSE

In Revision 3 of the Limerick PRA, credit for the stean
condensing mode of RHR wvas deleted. A definitive statement
is given as Item 3 on pages 3-26 and 3-27 of the PRA, and is
repeated here:

"3, Heat resoval via the RHR steam condensing mode is
vieved as an additional desicn feaure which allows
the operator flexibility in maintaining a safe
reactor condition in the face of unusual plant
occurrences. The RHR steam condensing mode
utilizes the HPCI steam lines, the RCIC turbine and
purp, RHR exchangers, and RHR service water to

"transfer reactor decay heat to the ultimate heat
sink. The steam condensing mode will be available
for plant operation. However, it is not included
in the system fault trees. A scoping analysis has
shown that a small net benefit would be derived
from the use of steam condensing, but no credit was
taken in the analysis.™
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QUESTION 3.135

RCIC rooas, operator action is required. 1Is this going to be

‘ In order to establish natural ventilation in the HPCI and
part of the emergency procedures?

BESPONSE

Yes.
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UESTION 3.16

Purther elaboration on the remsoval of the emergency core
‘ cooling functionability from the event tree is required (p.
3-“0) -
BESPONSE

The issue was not addressed explicitly in the Limerick PRA
for the folloving reasons wvhich were included in WASH-1400
Appendix XI, Section 7.

1. The question of the success of failure of BECCS -~
as a smatter of functionability, as opposed to
operability -- does not readily lend itself to
analysis by the methods used in WASH-1400. Thus,
the study decided to examine what level of failure
probability would cause ECP to contribute to
potential accident risks. As ncted1 in Appendix V,
Section 4.2, sensitivity studies . veal that ...
even if values as high as 10-% for BCP failure
(probability) were to be used, any contribution
made would be within the accuracy of the overall
calculations."

2. Thus, although there appears to be no current basis
for making a rigorous quantitative assessament of
the probability of ECP failure, the analysis
referenced showed that even if ECF failure
probability vere as high as 10-%, it would not
change the results of the study significantly. It
is the view of the study that the probability thay
BECCS will fail to cool the core adeguately is less
than 10-3.

In addition, there has been further efforts within the
nuclear research community to verify that these assertions
are true. Based upon the assumption used in WASH-1400 and
the additional verification of these assumptions by efforts
such as LOPT, it was judged that no new information has
become available since WASH-1400 which would change the
sensitivity evaluation indicating that even significantly
higher failure probabilities of ECP would not change the
results of the study.

There is nothing unique in the LGS design which would change
the conclusion presented in Appendix XI of WASH-1400.
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QUESTION 3.17

Are there any erroneous actions expected upon a plant scraa
condition, i.e., containmsent isolation due to level shrink or
turbine trips (main and RP}7) due to actual or sensed level
swell? If so, how has this been taken into account in the
accident sequences? Is HSIV closure trip point at Level 2 or
Level 17

BESPONSE

Approximately 95% of scrams at BWR's result in turbine trips
(65% with bypass and feedwater available; 20% wvith feedvater
pump trip). These statistics are in the data base used for
the Limerick PRA. They constitute the transient initiating
events leading to the accident sequences described in the
transient event trees (Pigures 3.4.1-3.4.5). The root causes
of the scrams and trips are discussed in Appendix A and
listed in Table A.1.2. Deviations from the normal sequence
of everts following a scram are analyzed in the various
accident sequences identified in the event trees. Punctional
and equipment failure modes leading to the off-normal
accident sequences are identified and analyzed in the systea
and functional fanlt trees.

The MSIV closvu . trip point at Limerick will be Level 1.
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QUESTION 3.18

Please explain the basis for assigning a reactor scraa
‘ failure of 1x10-% for a large LOCS (p. 3-42) and 3x10-% for
mediun and small LOCAs (p. 3-45 & 3-47).

RESPONSE

The treatment of LOCA coupled with a failure to scrams can be
explained through the following key facts:

) The failure to scram conditional probability has been
extracted from the NRC document NUREG-0460 and is
estimated at 3x10-5/demand. Based upon the BWR
precursors which have occurred, the ratio of cosmon-msode
mechanical to electrical scram system failure wvithout
ARI is 1/2 as discussed in Appendix B. Tierefore, the
conditional probability of common-mode mechanical
failure of the scram system is estimated to be
1x10-%/denand and electrical to be 2x10-5/demand.

2. Polloving a large LOCA, the SLC is assumed to be
ineffective as a means of inserting negative reactivity
into the core for shutdown, and scram sys*ea failure is
taken to lead directly to core melt of the Class IV
type. ARI has the effect of reducing the common-mode
electrical failures in the scram system by approximately

‘ 2 factor of 100.

3e Medium and small LOCA's coupled wvith a failure to scraa
are judged to be capable of being effectively mitigated
through the use of the SLC systes and ARI. Transfers to
the IORV event trees is used to lodel bothk ARI and SLC
mitigation capability.

4. As noted in the text, the evaluation of fa lure to scra»s
for a large LOCA has been simplified for the purposes of
the quantification. Since the remote probability of a
failure to scram has been assumed to be independent of
the lov frequency of a large LOCA (i.e., initiator and
blow down forces), the calculated freguency of a large
LOCA coupled with an ATWS is extremely low.

A simplification has been m2de in the treatment of failure to
scras for each of the LOCA initiators, as follows:

. Por large LOCA initiators, a specialized ATWS event
tree is not drawn. The following two
simplifications reduce the problea:

- electrical cnamon-mode failures plus failures
in ARI are of significantly lover frequency
than mechanical coamon-mode failures.

L2
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SLS is assumed to be ineffective

Therefore, 1x10-%/4 is used as the conditional
probability that the large LOCA would be followed
by + common-mode failure to scraas.

A similar sisplification could be done for small
and aedium LOCA's; hovever, these are treated in
the IORV ATHS event tree (Pigure 3.4.11) to which
transfer occurs. Therefore, the total conditional
probability of failure to scram is used to assess
the transfer.

An additional ATWS tree could be drawn for large LOCA
initiators; however, the quantified results would not be
changed. In particular, the simplification for large LOCA
does not affect the sequence guantification used in the
calculation of risk due to Class 1V seguences.
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QUESTION 3.19

The text indicates (p. 3-43) that the success criteria and
calculated probability of long term coolant recirculation and
short term coolant injection are siamilar. Why are the
success criteria for long term and short tecm demands the
same? What is the difference in system configuration between
coolant injection and coolant recirculation?

Given the long time nature of some of the accident scenarios-
in the order of twenty to thirty hours, vas failure
subsequent to successful system actuation addressed in the
Limerick study (failure to run)? If yes, were the degraded
eavironmental conditions under wvhich the systems must operate
taken into consideration?

RESPONSE

(a) The success criteria indicate the minimum complesment of
systems necessary to successfully fulfill a function.
The success criteria derived by GE indicate that all
accident sequences requiring low pressure coolant
injection considered in the LGS PRA could be adeguately
mitigated by one leg of any of the low pressure systens,
i.e., any one of the four LPCI pumps or either of the
two core spray subsysteas. The success criteria for

coolant recirculation requires the sauwe set of minimum
‘ components.

(b) The following two simplified schematics are provided to
identify the configuration differences between coolant
injection and coolant recirculation. Coolant
recirculation has the potential for a wide variety of
return paths to the containment which increase the
success of the recirculation function. Hovever, the
dominant contributors to failure of coolant
recirculcation are included in either the coolant

injection function or containment heat removal function
(not shown here).

COOLANT INJECTION AND
ONE NMODE OF THE COOLANT IR
BECIRCULAT ION Conta inment

Seray

! 7.
pee  ReMCTOP

—
Main Steaw Suppression
? ‘ Poo!
LPCI or
J g | €S Pusps®

LL Rev. 4, 6/82

,\"\,




()

(d)

It should be noted that the coolant recirculation
function is a carryover from the WASH-1400 PWR
terminology and is not a BWR systea or function.

Pailure of coolant injection/recirculation functions
over the period 0-20 hours is included in the evaluation
of the conditional probabilities of coaponent failure.
In this vay the failure of components to run are
included in the guantification. It must be noted that
the dominant contributors to the calculated conditional
probability of system failure are demand failures.

The most likely scenarios following reactor shutdown are
that the required BCCS or PCS equipment are available to
safely cool the core and containment and that no
significant degradation of containment or reactor
building environmental conditions exist. The PRA does
however consider the possibility that an initial failure
to start or a subsequent failure to run may occur in the
long term containment heat remsoval process (includes
recirculation as a function). If this occurs, a
conditional probability for successful repair within 20
hours i3 also incorporated. The degraded conditions
vhich might exist vere taken into account in so far as
they may affect repair. The degraded conditions, i.e.,
high suppression pool tesperatures and potentially high
Reactor Building temperatures, are within the envelope
of BECCS equipment operating capability. High
containment pressure conditions were modeled to include
an appropriate high exhaust pressure trip of HPCI and
RCIC turbines.

Core spray can recirculate through the reactor vessel
only.

¥
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QUESTION 3.20

What are the set points for the kigch radiation interlock for
the COR? Page 3-46 states that the CCR is »-_.gmed available
for a se’ium LOCA. What would the containment radiaticn

level be from this event and would the COR actually be
available?

RESPONSE

COR is not included in the LGS PRA plant model. See Revision
3 subaitted April 30, 1982




QUESTION 3.21

Some sequences on the Turbine Trips ATWS event trees (p. 3-

‘ 53) are designated as negligible. The T, Cm C,z U seguence
is 8.3 x 10-* vwhich is not negligible vhen compared to other
sequences on the sase event tree vhich are assigned
probability values such as 6.4 x 10~®* for Ty Cw D. This
discrepancy is present in other sequences and for other
events. What is your criterion for assigning sequence path
probability as negligible?

BESPONSE

The T,.CwC,. U froquency is included as a contributor to the
Class 11l sequences. It has a frequency of 1.4x10-9/reactor-
year per revision 3 of Pigure 3.4.8b. Originally, sequences
vith frequencies that vere less than two orders of mazsnitude
lover than the maximsum sequence fregquency in the event wvere
treated as negligihle. 1In Revision 3 to the PRA, all
sequences with frequencies belovw 1.0x10-% were treated as
negligible. All others were evaluated.
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QUESTION 3.22

What is the probability of failure for the secondary
containment (p. 3-50)7?

Given the unity probability for a number of the branches with
ASIV not open, what do TW, IWE, TA, TAE, TQ, and TQE signify?

RESPONSE

(a)

(b)

The presence of the function, "Secondary Containment™,
on the event tree is superfluous. It vas originally
intended to distinguish between cases with relatively
ssall leakage even though the rapid pressurization of
the containsent during an ATWS condition without
mitigation generally precludes obtaining significant
benefit from the secundary containsent. However, in the
most likely scenario in which the intent of Alternate 3A
is accosplished, the following will occur:

. feedvater will be successfully runback and the
recirculation pump will be tripped,

. the turbine bypass wvwill open and accommodate the
steam flow,

. the condenser will be available as a heat sink,

. the MSIV'®s wiil remain open, and

. SLC will eventually be used to bring the reactor to

a shutdown condition.

Por this scenario, the secondary containaent remains
intact.

Again the secondary containment branches are superfluous

and are not used in the guantification of the event
tree.
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QUESTION 3.23

The report states (p. 3-56) that with sultiple relief valves
failed open, the RHR is required to operate successfully.

Is there a time limit on hov long multiple relief valves
could stay open before exceeding the capability of the RHR
system? Has this been accounted for in the PRA?

BESPONSE

The referenced statement has been revised in Revision 3 to
the PRA and is now on p. 3-72. The statement now reads as
follows:

"For those cases where multiple relief valves fail open,
the analysis conservatively requires the RHR to operate
successfully on the assumption that the MSIV's will
close."

The above statement is in reference to a turbine trip ATHS
event. Por cases vhere the NSIV's do not close (or are
reopened) , there would be no definitive time limit (at least
5-6 hours), since the reactor would depressurize vith most of
the generated steam going to the main condenser. Credit for
this case vas pot taken in the analysis (with relief valves
open) .

The cases analyzed assumed an isolation and a requirement for
both RHR's to operate when multiple relief valves are open.
This a somsevhat conservative treatment as discussed in
Pootnote 11 of Section 3 of the PRA. With one relief valve
open, the suppression pool heatup rate would be 2-3°P/minute
for the conditions of this event. No analysis wvas perforamed
for mulitiple valves stuck open.

The probability used in the event tree for operator
initiation of RHR wvas 0.99, based on Table 21-1 in Swain and
Guttmann [']. The referenced table can be applied in several
vays, i.e., with or without a dedicated operator, and with or
vithout shift operator backup. In an ATWS event, RHR
initiation is a vital function vhich must be performed
manually. It is expected that this will be stated clearly in
the Eaergency Cperator Procedures and understood by the
Operator and other control room personnel, so that necessary
actions can be expected to be taken within 5-10 minutes
resulting in peak suppression pool temperatures below
saturation. At 15 miputes, with multiple relief valves open,
it may be assumed that pool temperatures would peak at a
teaperature above the pool saturation point and containment
pressure would rise (at 750°P, containment pressure would be
~15 psiqg)
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REPERENCES:

Buclear Power Applications, NUREG/CR-1278, A. D. Swain,

. (1] Handbook of Human Reliability Analysis With Eaphasis on
H. E. Guttman, Sandia Laboratories, October, 1980.
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The T,.G,C. sequence (p. 3-57) does not use COR due to ®"high
radiation associated with incipient fuel failure™. Wby is
there no incipient fuel failure with the IT+CmBR seguence on
that same page? A related guestion is to give the lbasis of
the 950% BSIV isolation assusption for the T.C.C. sequence.

BESPONSE

The referenced statesent has been revised in Revision 3 to
the PRA and nov appears on P+ 3-73. The T,CwR seguence is
treated as a Class IV seguence; i.e., containment fails prior
to core melt (due to the bigh rate of steas flov to the
Suppression pool). This tresatsent also applies to the Ty CeB
sejuence.

The statesent regarding 90% MSIV isolation is not applicable
tO Revision 3 of the PEA. 4

(Fote also that COR is not included of the analysis.
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STIO £ 25

The T';C,R sequence (p. 3-57) states that it is "assumed”
that RPT and PW runback are tripped froam the sase set of
logic and sensors. Are they in fact tripped from the same
logic and sensors? What flow rate does the P¥ run back to?
Has the case been investigated in which the PW runback does
occur, but the RPT does not? This would seem to be a more
limiting case, since vessel inventory would be rapidly
decreasing.

BRESPONSE

The referenced statement is om p. 3-73 of Revision 3 to the
PRA and has been revised as followvs:

"Since RPT and PV runback are tripped from the same set
of logic and sensors it vwas conservatively assumed that
RPT failure would also result in failure of feedwater

runback and recriticality due to dilution of the boron."

RPT and feedvater are tripped from the same set of logic and
sensors, but could still fail independently. Independent
failure vas modeled for feedvater runback given successful
RPT, but RPT failure vas treated as alvays resulting in a
Class IV core amelt.

Peedvater runback is to zero flow.

The case vhere feedvater runback occurs, but RPT does not,
has been investigated and is found to be the more limiting
case in regard to the effect on the core. Hovever, the
comszon failure of both feedwater runback and RPT has the
greater affect on risk since it results in a Class IV event,
vhereas feedvater runback with RPT failure would result in a
Class III event.
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Page 3-69 states that ARI is successful if, and only if RPT
is successful. Provide detailed information on ARI.

BESPONSE

(The statesent is on p. 3-86 of Revision 3 to the PRA.) The
referenced statement is the following:

*b) ARI is effective it and only if RPT is successful.”

The reason for this is that ARI requires 25 seconds (maximuam)
to insert control rods. Therefore, in the absence of RPT,
the reactor would resain at full powver for 25 seconds. Por
cases vhere the HSIV's are closed, the RPV pressure would
rise to 1400 psi with all safety relief valves open. In the
Limerick PRA, this wvas conservatively assumed to result in a
LOCA and Class III core melt.

ARI is a diverse means of providing a scram signal to the
control rod drives. It uses different sensors, logic, and
valves than the reactor protection system. The ARI signal is
generated by the same sensors and logic as the RPT signal.
Both are initiated by either reactor wvater level 2 or RPV
high dome pressure.
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Page 3-65 shows ARI either working or failing independent of
a success or failure of RPT. 1Is this consistent with the
requirement on page 3-69 that ARI is successful if, and only
if BRPT is successful?

KESPONSE

The referenced figure (3.4.1%a) is on p. 3-82 of Revisiou 3
to the PRA. The reference to p. 3-69 is on p. 3-86 of
Revision 3.

The statement that "ARI is effective if and only if BRPT is
successful™ is correct as explained in the answer to Question
3.26. The statesent applies to event sequences requiring
prompt scram Pigure 3.4.11 is for an IORV initiator, in which
proapt scram is not required. There is adaguate time for ARI
to be affective. Por this event, there would be no automatic
signals to initiate BRPT or ARI. The event is modelled as if
the operator initiated a manual scram, received no response,
then initiated ARI. The operator would probably also
initiate RPT, but this is conse  vatively not modelled.
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QUESTION 3.28

(Top Paragraph, p. 3-86) The statement is made that the
diaphrage floor is drained into a sump and the dowvncoamer
pipes. This drainage capability eliminates the possibility
of a molten core dropping in one large mass from the vessel
directly into a pool of water. How does this statesent apply
if containment spray is used? The downcomers are
approximately one foot above the floor level so a large
amount of vater can accumulate on the floor prior to the
molten core dropping. It is realized that no credit for
containment spray has been assumed, but have negative
effects, such as the above or excessive steam production,
been accounted for?

BESPONSE

There are three possible scenarios which could lead to an
accumulation of a large amount of water on the drywvell floor.
These include:

n A degraded core accident initiated by a loss of
coolant from a pipe break in the primary
containment which results in the primary coolant
discharging into the dryvell region.

2) A core melt accident wvhere the containment sprays
are initiated but fail prior to the RPV bottom head
failure, and

3) A core melt accident where the sprays wvork and
remain functional throughout the degraded core
accident progression.

FPor these postulated core melt accident scenarios, the core
debris could potentially fall into a large pool of wvater.
Por steam explosions, the important parameter to consider is
the maximums gquantity of melt which could interact with the
coolant and efficiently mix before the melt solidifies or an
interaction occurs.

Some Sandia National Laboratory experiments indicate that the
relative volume fraction of the melt vas small compared to
that of steam and water at the time of the spontaneous
explosion (*). Based on the total amount of water that could
accuamulate on the dryvell floor, it seems likely for steam
explosion to occur for the three secarios stated above.
Hovever, it is important to note that the maximuam amount of
melt available for mixing world be that portion of the core
melt mass which is molten at the time the interaction occurs,
since this vould deterzine the potential for containment
failure.
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Considering the BWR Reactor pedestal geometry, the CRDA® and
its associated support structures represent a large heat
sink. The thermal capacity of these structures should allow
some of the core melt mass to solidify prior to fuel coolant
mixing.

In addition, the geometry of the drywvell floor* is such that
an efficient cure-coolant mixing and fragaentation may not be
likely in a shallow pool. Based on the above, a steaa
explosion that could generate enough energy which ca. create
a missile that could fail containment is judged to be
unlikely.

It may be possible, hovever, that the steaming rates for the
first tvo scenarios may be sufficient to fail the containment
by overpressure, depending on the accident class. That is,
the required steaming rate to fail the containment is reduced
if the accident class is such that the containment pressure
is already elevated at the time of RPV bottom head failure.
Por the third scenario, vhere the sprays are furctional at
the tizse of the interaction, the steaming rate required to
fail containsent must be much greater than the high
condensation rate on the spray droplets, in order to fail the
containment by overpressurization.

These types of scenarios are implicit in the ex-vessel stean
explosion failure probability used in the PRA, based on the
analysis given in Appendix H, Section IV.A., pages 59-90.

* ihe dovncomers lip extends approximately 1 1/2 feet
above the floor which limits the amound of debris and
water mass that can remain in this area.

(}) Sandia National Laboratories, Light Water Reactor Safety
Research Program Quarterly Reports for the following
periods: July-September, 1979, October-December, 1979,

., April-June, 1980, July-September, 1980.

Rev. 4, 6/82




QUESTION 3.29

Limerick takes a 10-2 failure rate per demsand for COR (see
bottom of p. 3-102). A Sandia Report on “Risk Assessment of
Piltered-Vented Containment Options for a Mark-I Containment"
shovs a value looks to be optimistic. (See also the bottosm
of p. 3-27).

Explain why Limerick COR has given an unavailability of 10-2
per demand.

BESPONSE

Same as for Question 3.20

[ 4
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UBSTION 3.30

Vhat are the bases for the selection of the probabilities on
the containaent event tree? Address each containment failure

sode in detail.

BESPONSE

Geperal Response

The containment event tree for Class I, II, and IIl1 is Pigure
3.5.6a on p. 3-114 of Revision 3 to the PRA. The Class IV
CET is FPigure 3.5.6b on p. 3-115. These figures contain
nuserical errors as submitted in Revision 3. Corrected
figures are included. Conditional probabilities as utilized
in the Limerick containment event trees (CET) vere developed
utilizing:

. analysis and data extrapolated from WiSH-1400

. deterministic and probabilistic analysis from the
literature or performed since WASH-1400 by a
variety of contractors and national laboratories,
including the Limerick GS architectural engineering
firm, Bechtel; and PECo consultant, Pauske
Associates

. engineering judgment and expert opinion

Two sets of CET conditional probabilities were developed,
each containing a spectrum of potential containment failure
modes extending froms small leaks within the capability of the
SGTS to large energetic failures of containment. The
folloving distinction can be made betwveen the treataent of
the static overpressure failares:

B for Classes I, II, and III, accident procesu
sequences vere predicted upon the fact that
pressure would build slowly inside containment and
that the eventual failure of containment due to
static overpressure could involve any of a spectirms
of potential leakage path sizes.

. for Class IV it vas predicted that even a "static"®
overpressure failure would occur sufficiently fast
to preclude the likelihood of leakage before
failure and; therefore, the failure would most
probably correspond to a large containment failure
size.
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In the Limerick PRA, it vas conservatively m~delled that
essentially all (99.9%) core melts wvould lead (o containment
failure by one of the postulated failure modes.

Conditional Probabiiities for Specific Containment Pailure
Bodes (CPM)

A - jn-vessel steam explosion - this CFPH refers to failure of
the prima.y containment as a result of a large scale molten
core-vater interaction in the vessel vhich produces a blast
vave and/or energetic projectiles. 1In WASH-1400 this event
vas given a frequeancy of 0.0 given a core melt. Since that
time, significant efforts have been made to identify
conditions under which such a release of energy would occur.
At the time the LGS PRA vas performed, no probabilistic data
vas available other than WASH-1400. BReference deterministic
data from Sandia indicated that such reactions vere extremely
unlikely under conditions of high in-vessel pressure and high
coolant temperatures. Work by Pauske & Associates (Appendix
H) further indicated that the configuration of BWR internals
and the additional amsound of channeling in a BWR core made
the likelihood of a "coherent™ oxidation reaction very
unlikely. Based upon conversation vith Corradini (Sandia), a
conditional probability of in vessel steam explosion
sufficiently energetic to simultaneously fail containment vas
assessed to be 10-3/core melt. This probability is afactor
of 10 less than that used in WASH-1400 to characterize this
event.

® - ex-vessel steam explosion - this CPM corresponds to
failure of the primary containment as a result of a large
scale core/vater reaction taking place iu che containament
after failure of the reactor pressure vessel. In WASH-1400,
values for the frequency of this CPM vere assessed only for a
limited nuaber of sequences, principally sequences initiated
by large LOCA's with a significant amount of water in the
dryvell. ©Non-zero values estimated ranged from 0.01 to 0.18.
Por the LGS MK II over-under containment design, the
potential for in-containment steam explosions was assumed to
exist for all sequences resulting in core melt. Direct
access of a molten core to the wvetwell pool in the LGS
continament would have to occur through the downcomer vents
or through small drains to penetrations in the floor of the
CRD room (vessel pedestal region). Access is limited since
the risers on downcomers would have to be failed or the drain
cover melted through. Pauske & Associates (Appendix H) work
indicated that there would not be sufficient core/vater
interface in the drywell to allow a major reaction.
Purthermore, reactions in the suppression pool would be
limited in scope and the large amound of steel and concrete
structural components would tend to cause 2 pon-coherent
reaction to occur. In light of the above gualitative
observations a value of 1x10-3/core melt was used to reflect
the judgment that the event of an ex-vessel steam explosion
is considered highly unlikely.
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M - H; burn failure - for this CPM, failure of the primary
containment is assumed to result from increased containment
pressure due to a reaction of hydrogen in the primary
containment. The THI-2 accident indicated that potentially
large releases of hydrogen are possible given a core
overheating event. Norsally the LGS containment is inerted,
and even in a core overheat scenario insufficient oxygen
wvould exist in primary containme~c¢ for hydrogen comsbustion.
It vas assumed that the containment may not be inerted during
reactor-operation for up to 70 hours per year. Therefore,
for the amount of zirconium available in the LGS core and the
size of the primary containment, it was determined that a
hydrogen burn, when the containment is not inerted, could be
generated with sufficient pressure increase to fail the
containment. Since it can be construed that a core melt
during this potentially uninerted time would likely be
accompanied by hydrogen combustion, a conditional probability
of 0.01/core melt (70 hours/7000 hours) vas conservatively®*
chosen for containment overpressure failure due to hydrogen
combustion.

M - H explosion - This CP¥ is instantaneous overpressure
due to a pressure spike caused by a hydrogen explosion. The
probability of an explosion and the size of the resulting
pressure spike are both controlled by the degree of H
concentration. It vas estimated that no more than 10% of the
time would conditions exist to provide sufficient hydrogen to
produce a pressure spike large enough th fail the
containeent.

§ , - containment leak sufficient to prevent overpressure -
In the event that no steam explosion or H cosbustion induced
failure occurs, the containment may fail by overpressure.
These CEM's refer to a failure of the containment with an
equivalent cross sectional area geater than 2 ft2 in a
variety of locations including (in the drywell), (in the
vetvell and (in the wvetwell containment wall below the
water line such that the suppression pool inventory may be
drained into the Reactor Building). In lieu of any
deterministic or probabilistic information, an overall
probability of 0.5 vas assigned for large failures in Class I
through Class I1I CET*s, and a value of 0.9996 was used for
Class IV for the reason discussed above in the general
comments.

i o
¥ » 4§ ¥ - containment overpressure failure - Given the
fact that the two most likely containment failure locations
vere identified as:

- at the interface between the diaphraga and the
primary conatinment wall, or

. mid height in the wetwell
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the and failures vere estimated to be equally likely,
vith the failure mode having a probability reduction factor
of 10.

S /% - large leak - The { ana X cru's refer conditions in
vhich significant leakage msay occur to prevent epergetic
containment failure. These are failures of the containment
for vhich secondary containment decontamination may be
significant; refers to the smallest size break equivalent
to less than a 3™ diamseter hole and to a larger break
equivalent to a hole 0.5 ft2 in cross-sectional area.

Without further information on the leak before failure, these
tvo modes vere evaluated as equally likely.

8L,£c - large and small leaks with SGTS failure ~ These
CPE*s represent large and small primary conatinment breaks in
vhich the standby gas treatment system failed to operate
resulting in structural failure of the secondary containment
and direct leakage to the outside. Reliability of the SGTS
is estimated on the basis that it is similar to systeas
designed to minimus single failure criteria operating in an
unusually hostile environaent.

Por the small ($) break a conditional probability of 0.1
that the system will not be effective is estimated. Por tie
larger (<) break some further degradation of systea
effectiveness vould be expected and the probability of SGTS
failure is doubled.

OK - Containment failure does not occur - the possibility
exists that if no significant leakages occur, some segquences
vould not result in containment failure because of the
passive containment capability or active damage control
measures. jince no credit was taken for active recovery
measures such as recovery of coolant makeup or contaiiaent
sprays, the probability of this CPM vas estimated to be guite
small (0.0005 for Class I, I1 and IIXI, and 0.001 for Class
Iv.)

* It is unlikely that the reactor core will be at full
pover during times when the containment is not inerted.
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QUESTION J3.31

Why was an average value of 10-3 per event used for a

‘ coherent in-vessel steam explosion when more detailed values
of 10-2 for a steams explosion during a LOCA event and 10-+
for a steam explosion during non-LOCA events vere stated on

Po 3-11“?
RESPONSE

The value of 10-? percent used in the Limerick analysis is
based in the Sandia Laboratories inalyses and small scale
experiments. The Sandia evaluation concluded that steam
explosions could occur but with insufficient energy to fail
containment. Therefore, the WASH-1400 value of 10~2 with a
reduction factor of 10 was used in the Limerick PRA. Lower
values (e.g., 10-*/challenge) have been identified for
certain sequences at high reactor pressure. However, a value
of 10-* for non-LOCA events vas judged not applicable since
for BWR's the emergency procedures guide calls for the
operator to depressurize the primary systes during all non-
ATWNS transients.

- i
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URS

.

Provide supporting analysis apd/or calculations to show that
RCIC (as stated on the bottom of p. 3-104) alone or HPCI
alone is adeguate for coolant inventory makeup duoring an ATES
condition and does not result in core seltdown.

BESPONSE

The basis for the success criteria for HPCI/RCIC during an
ATVS (Table 1.3) wvas extrapolation of licensing design basis
transient analysis to realistic conditions. Subseguent to
the issue of the PRA report, an analysis vas perforsed for
the Susgquehbhanna BWE/&., (1)

The NSSS for Limerick is very similar to Susguebanna. The
only major differences are that Limerick bhas greater HPCI
capacity, and HPCI is split between core spray and feedwater
sparger in limerick; vhereas HPCI enters entirely through the
feedvater sparger in Susguehanna. These differences have ho.
effect on a case in which HPCI is failed, so the results of
the Susguebhanna study are directly applicable to Liserick for
the RCIC-only case. The REDY computer code was used to
sisulate an BSIV ATHS with HPCI failure. Powver values fros
this REDY run were then input to the SAFPE-06 computer code to
calculate transient vater level. 1t was found that the
sinimum vater level vas 0.8 ft above the top of the active
fuel. The conclusion based on the Susguehanna study is that
RCIC alone is capable of saintaining water level above the

active fuel.

Since HPCI capacity is nearly an order of sagnitude greater
than RCIC capacity, HPCI alone is also capakie of saintaining
adegquate coolant inventory. The differences in HPCI
injection method do not materially change the success
criteria evaluation.

Reference 2 discusses fuel clad apalysis for the worst case
LTWS MSIV closure event with HPCI/S failure. This event was
for a BVR/6 with 86 GPN SLCS. Lless than 1 ft fuel uncovery
vas experienced. The peak clad temperature calculated for
the covered portion of the fuel was 1784°F, well below the
2200°P limit for fuel integrity. The peak clad temperature
in the uncovered portion of the core was even lower, since
the pover level wvas lover. Since the fuel remains covered in
the BWR/4 (Susguebanna) analysis, the fuel conditions are
such better, and meltdown will not occur.
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QUESTION 3.33

Why are transients in vhich the SRV's fail to open
‘ transferred to only the large LOCA event tree?

BESPONSE

For most of the identified transients, there is a pressure
surge following the MSIV closure or turbine stop valve
closure. This pressure surge is lisited by the opening of
the SRV's. Pailure cf a sufficient pumber of SRV's to open
is assumed to result in sufficiently high peak pressures to
lead to a break of the primary system. While it is true that
the entire spectrum of potential break sizes could be
sodeled, it wvas judged that the large LOCA represented the
most severe test to the ECCS response. Transients for which
the SBV's fail to open wvere only transferred to the large
LOCA event tree to bound the problen.
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QUESTION 3.34

The Emergency Operator Guidelines (lev. 0) state in Steps LC-
2.5 and SD-2.2 that if the SBV's are cycling, the operator is
supposed to manually open one SRV to reduce pressure to 150
psi belowv the SRY set points. Page C-29 shows the reactor
pressure to be cycling about the SRV set points indicating
that this action has not been included in the analysis. Has
this operator action been included in the event tree and
fault tree guantification and if not, why hasn't it?

BESPONSE

The thermal hydraulic calculations for Class I sodel the case
in wvhich high pressure coolant injection is unavailable and
reactor depressurization is also unavailable (i.e., TQUX
sequences). As such, the operator action to reduce pressure
is precluded by these occurrences in the seguences being
modeled. The benefit of the operator action to perfora this
function has not been included in the fault tree/event tree
evaluation since it is judged to be conservative to neglect
this action. The action will reduce the fregquency of
challenges to the safety relief valves and therefore reduce
the frequency of a stuck open relief valve. The negative
impact of this action, i.e., inadvertent depressurization to
less than 100 psi and consequential loss of HPCI AND RCIC has
been evaluated and is considered a negligible contributor to
HPCI/BRCIC unavailability.
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QUESTION 3.35

The containmsent event tree assumes an egual probability of

containment failure occurring in the vetvell or dryvell.

Interpretation of the informestion in Appendix J, and the

inforsation presented at the Pebruary meeting results in our

. assusption that the containment fajilure alvays starts at the

* ®idvall of the wetwell and rapidly progresses upvard to the

dryvell. Thus, both the wvetvell and dryvell will be failed
sisultanecusly. This would remcve the distinction of vhether
Or not the failure was in the drywell or wetvell and vhether
or not the suppression pool bhas been lost, i.e., all failures
rapidly lead to dryvell failure and loss of the suppression
pocl scrubbing is irrelevant. What is the rationale for
using the containment event tree seguences as presented in
Pigure 3.4.747

BESPONSE

The referenced Appendix J containment analysis provides the
results of a deterministic calculation of containment
integrity for very specialized assumptions concerning stated
dynamic pressure and temperature loadings of containment.

The conclusion of the analysis indicated that one of the BOSt
likely locations of failure due to static Ooverpressure wvas at
the vetvell mid height.

The folloving items sust be considered in assessing the
‘ possible containment failure modes:

. There are other postulated failure mechanisas for
coctainment other than static overpressure. One
Such example is the structural failure of the
concrete diaphrage floor due to core selt
interaction while the containment is at elevated
pressures.

. Since there is a probability that the containment
may fail at secondary locations identified by
Bechtel, or other locations pot identified by
Bechtel these incipient crack locations should be
accounted for. This is important, since other
containment failure modes may have a higher
potential for radionuclide releases for certain
accident sequences, than the wetvell failure above
the suppression pool which has the greatest
potential for pool decontamination.

. The analysis does not indicate tkat a crack

initiated in the wetwell will necessarily growv to
the dryvell. Therefore, this assertion, while
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possibly true, is covered by the postulated split
in containament failure modes betwveen vetvell and
dryvell.

Appendix J indicates on page J.7 "The predicted failure above
140 psig is a split along a meridianal (vertical) crack at
the vetvell vall midheight. The verticle crack failure is
contained to the midheight of the containment by the
restraint of the base slab and the diaphrags slab. However,
at the failure of the diaphragms slab connection (across
liner), the wall loses its restraint at the diaphragm slab
and the vertical crack will propagate very rapidly “towvards
the top of the vetwvell wall."™

It vas judged that a 50-50 split was a reasonable
conservatisa despite the best estimate vetwvell volume space
crack. This will not reduce risk much (at best a factor of
2) over the case of only wvetwell failures, but would increase
risk by the ratio of the actual drywell failure probability
to the vetwell failure probability (as msuch as fros 10 to 1
or 100 to V).

On page J -6 it says "iAn evaluation of the finite element
analysis concludes that the ultimate strength capacity can be
increased due to the influence of the base slab and diaphraga
slab® (The increase was chosen to be from 120 to 140 psig.)
"Hovever at approximately 120 psig internal pressure, the
diaphrags slab containaent wall connection becomes
overstressed and a general yield state occurs in the
midheight of the containment wall."™

It vas concluded from this discussion that the increasing
internal pressure would result in the formation of a liner
tear along a meridianal crack at the wetwell vall midheight.
This would occur at approximately 140 psig. Howvaver, a
significant pressure increase would still have to occur prior
to failure of the diaphragm slab. Hence the 140 psig
criteria and the statement, "Hovever, at the failure of the
diaphrags slab. . . .* 1Indications are that such a liner
tear vould not propagate after pre¢-sure relief occurred due
to the tear. It is stated in a WASH-1400 analysis of a
reinforced concrete structure that "When this [a concrete
failure extending to the liner) happens over a large enough
area, the comsbined tension and bending will cause a blowout
vith the possibility of the crack propagating several feet
before the sudden release of the internal pressure will cause
it to stop."™ Appendix J also states that the crack will
propagate "towards the top of the vetwell vall." The
distance betveen the midheight and the dryvell volume is
nearly 30 feet. Since this is much larger than “several
feet™ and since a tear is likely to occur prior to the
pressure reaching a value sufficient to fail the diaphragas
sladb (first guotation), it wvas felt with reasonable
confidence that the crack would remsain within the wetwell
voluse due to pressure relief.
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QUESTION 3.36

Where in the report is the propagation of uncertainties for
the dosinant sequences T QUX, ATWS and LOCA documented?

RESPONSE

The characterization of uncertainties in the Limerick PRA is
addressed in Section 3 .8. The progagation of ncertainties

for the dominant sequeuces is described briefly in Section
3.8.1,

Rev. 4, 6/82



QUESTION 3.37

In the table in page 3-122, Iodine released to the
environment is typed as vapor. Clarify whether its
deposition to the ground vas considered in the subsequent
CRAC analysis or not.

BESPONSE

The ground deposition of iodine vapor wvas considered in the
CRAC analysis. The deposition velocity for iodine vapor was
0.01 meters per second. This is the same value as was used
in WASH-1400. Additionally, wvashout ground deposition by
rain vas assumel to be the same as WASH-1400.
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QUESTION J3.38

Provide discussions as to hov the following parameters in

Table 3.6.

5, which vere part of the inputs to CRAC, wvere

determined.

What wvere

Tine of release

Duration of release
Warni~g time

Elevation of release, and
Energy release

the values of the above mentioned parameters for

the sequences C,T' and C;XY* in the same table?

BESPONSE

Data on release parameters as given in Table 3.6.5 is

extracted
1400, and

fora several sources including LGS design WASH-
the LGS in-plant consequence analysis. Reference

should also be made to Table 3.6.3 of the LGS PRA Volume 1.
Generally, release parameter data definitions are those
utilized in WASH-1400:

A.

time of release - the time at which a hypothesized
release from the plant occurs relative tc shutdown.
This is the time at vhich release from the plant
can begin, which is assumed to be either of the
follovwing tvo cases:

e At the initiation of gap release and core
melt, for those cases in which containment may
have failed prior to placing the core in
jeopardy, i.e., Classes II and IV

2. Pollowing containment failure, for sequences
in which the containment is challenged
substantially after core melt initiation.

Duration of release - the time over which a release
actually occurs. This is the time over which
release of radionuclides would be dispersed and it
is influenced by the rate of nuclide release as
vell as the time and energetics of containment
failure. Although only puff releases are utilized
in the ex-plant consequence model, this parameter
is used to establish an effective plume width
aliowing for plume expansion as a result of
variations in wind direction and speed over a
specific period of time. Por energetic and fast
reactions the release duration is short since
nuclide release occurs quickly following an abrupt
containment failure.
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Por release in which containment fails after core
melt occurs, containment failure initiates the
release. The duration of the release is
approximately the t me necessary for complete
discharge of the ctntainment.

for releases in vhich containment failure precedes
core selt, the duration of tae release will be
approximately the time from gap release to the end
of the fuel solids vaporization.

§arning time - the tiae available ror initiation of
an evacuation. This is the time available between
the determination of an iminent release and the
time vhen the release occurs. An evacuation is
initiated at the time the deteramination of an
imminent release is made and the effectiveness of
the evacuation is influenced by the length of time
available. There is some imprecision as to the
time when an evacuation would be initiated. 1In the
LGS PRA, for those sequences in which the
containment is postulated to fail first (i.e.,
Classes II and IV), the warning time is the time
available from the decision that the containment
could be in danger until the time that the release
occurs. FPor sequences in which core melt precedes
containment failure, evacuation was be presumed to
be initiated at the time core melt beconmes
imminent.

Elevation of Release = the height at which a
release of materials from the plant is assumed to
occur. The height of release is of significance
since the wind direction and speed are often guite
different at an elevated location beyond the ground
level wind shear. The two types of likely release
location at the Limerick site include the
following: a) blowout panels in the secondary
containment and; b) through the HVAC system which
discharges through a vent from the release
treatment system, but which is not assumed to be
effective for massive releases, the ducting and
vent provide an exit path from secondary
containment. Por the LGS PRA, two elevations of
vind data were available: a) at essentially ground
level and; b) at 25 meters in height. These
releases were divided into those which were
presumed to fail a low blowout panel and those
vhich would likely initiate failures of an upper
level panel or be channeled out the vent.

Containment Energy of Release - the amount of
energy in teras of thermal energy (semnsible heat)
which is available as a driving force for release
of nuclides from a failed containment. Release
energetics are a significant influence since a
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highly energetic release tends to eleva.e the
radionuclide plume and reduce fatalities near the
plant for some accident sequences. FPor energetic
and fast releases, the release energy is expected
to be high. Por releases which are the result of
overpressure after the completion of core melt and
substantial vaporization, the initial energy of
release would be high. Por releases which occur
after failure of the primary containment, the
available driving force of release froa cortainament
is essentially only that of the core melt process,
vhich is small.

R_ESTIMATES 3.38.2

Specific estimates cf release parameters for the LGS PRA are
defined as follows using the preceding general criteria and
Table 3.6.3 of the LGS PRA.

A. Time of release

. in-vessel steam explosions - the time of
release is estimated as the at time which the
steas explosion occurs. 1In keeping with WASH-
1400, the steam explosion for sequences vhere
the containment is intact (such as TQUV), is
assumed to occur when core melt is half
completed. Por cases in which containment
fails first (such as Class II and IV) it is
assumed that core melt reaches coampletion and

. that the steam explosion occurs in the botton
head. Estimates from RACAP for expected core
melt initiation times are used to estimate the
tise of the steam explosion.

. ex-vessel steam explosion - again the time of
release is estiamted as the time of the
explosion. It is assumed that the explosion
immediately follows vessel failure and the
times of vessel failure are taken from .ACAP.

- overpressure failure of the drywell - this
data is taken directly from RACAP data. Por
sequences in which containment failure occurs
first, the start time is based on the
assusption that all makeup to the reactor core
becoaes unavailable at the time containment
failure.

B. Duration of Release - only two values were
utilized, depending on whether or not release and
containment failure were simultaneous or not.

Thus, all steam explosion events were assumed to be
distributed over a half an hour, with overpressure
events taking approximately two hours.
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Warning tise - Warning time is estimated separately
for each accident class. Por Classes II and IV,
vhere containment failure initiates melt down, the
varning time is the period following containment
failure through the start of substantial melt down
and is taken from RACAP data. Por Classes I and
IZI, the warning time, as illustrated in Table
3.5.3, is taken from RACAP as the time between the
icitiation of substaatial melting and the time of
containment failure.

2levation of Release - Only two elevations of
release are considered. AllQ® ,a ,Y and/(’
releases are assumed to fail secondary containrent
blowout panels high up or be released through tle
teut. Por the Y’ failure mode, release is assumed
to be at ground level.

Containment Release Energy - A value of 40x10e
BTU/hr for steam explosion was extracted from WASH-
1400. <Jontainment overpressure failures preceded
by core melt are assumed to be almost as energetic
as early failures of containment followed Ly core
melt. Data are again taken from WASH-1400.

Values for C,Y and C,Y have been added to Table 3.6.5
in Revision 3 to the PRA.




QUESTION 3.39

Provide the description of those failures that were
identified by the study that could disable more than one ADS
valve.

BESPONSE

Common-mode failure of the ADS valves considers causes such
as:
. Loss of DC electric power (two busses)

. Maintenance or testing errors which may disable
valves when demanded

. Degradation of solenoids from adverse e vironmental
conditions during an accident.

- Loss of pneumatic supplies (two supplies plus
individual accumulators)
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Chapter 4§

QUESTION 5.01

Explain in detail how Pigure 4.3 was generated. What exactly
vas used to compute the risk of Limerick at WASH-1400
composite site with WASH-1400 date methods?

How was Pigure 4.2 "WASH-1400 BWR with updated methods and
data™ obtained?

BESPONSE

The ansver to this gqustions wvas presented at the review
meeting in King of Prussia on May 14, 1982, and is repeated
herein as a step-by-step procedure.

STEP 1:

STEP 2:

Pigure 1 (attached) was constructed. This Pigure 4.4 in
Revision 3 to the PRA.

In this figure, the upper curve is the early fatality
CCDP for the WASH-1400 BWR, and is copied directly from
WASH-1400, as publiished. This curve was not reproduced
by the Limerick analysis.

The lower curve is the result of the Limerick PRA
2nalysis and represents the Limerick early fatality
CCDP. This curve was generated from the Limerick Pinal
CRAC run.

The difference between the two curves represents the
difference between the Limerick PRA and the WASH-1400
PRA and is due to:

L)) Differences between the Limerick site and the WASH-
1400 composite site (site differences),

2) Differences between the Limerick plant and the
WASH-1400 BWR (design differences), and

3) Differences betwveen the Limerick analysis and the
WASH-1400 analysis (data methods).

Pigure 2 (attached) was constructed. This is Figure 4.1
in Revision 3 of the PRA.

In this figure, the lowver curve is repeated from Pigure
1, and again represents the WASH-1400 BWR, as published.

The upper curve represents the WASH-1400 BWR at the

Limerick site, and was generated by running CRAC with
WASH-7400 accident sequence inputs and Limerick site
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STEP 3:

STEP 4:

data inputs (population and meteorology) . Evacuation
data was the same for both analyses.

The difference between the two curves represents the
effects of the Limerick site to a very close
approximation. The site difference is actually slightly
greater (<5%), since the upper curve wvas generated using
the Limerick CBAC code and thus includes the difference
between the Limerick CRAC code and the WASH~-1400 CRAC
code. The code difference is small, with the Limerick
code producing slighly lower results than the WASH-1400,

Pigure 3 (attached) was coastructed. This figure is not
included in the Limerick PRA report.

In this figure, the lowver curve is the Limerick CCDP
repeated from Figure 1.

The upper curve represents Limerick without design
differences, and was generated by running CRAC with the
accident sequence probability inputs revised to delete
the effects of the most significant differences between
the Limerick plant and the WASH-1400 plant.

The same release fractions were used as in the basic
Limerick run. Por purposes of comparison, the upper
curve is also equivalent to the WASH-1400 BWR (Limerick
with design differences deleted) at the Limerick site,
and using Limerick data and methods.

The difference between the two curves approximates the
design differences between the Limerick plant and the
WASH-1400 BWR. The exact difference would actually be
Somewhat greater, since many small design improveaents
vere not evaluated and the release fractions were not
changed to reflect the effect of differences between the
BK I and MK II containments.

Figure 4 (attached) was constructed. This is Pigure 4.3
in Revision 3 to the PRA.

This figure was constructed only to allow direct
comparison to the WASH-1400 CCDF. In the figure, the
upper curve is the WASH-1400 CCDP repeated from Figure

The lower curve was not generated directly from a CRAC
run. It vas generated by applying the difference
between the two curves on Pigure 3 to the WASH-1400
CCDF, by ratio. Points on the lower curve of Pigure 4
have the same ratio to the upper curve as the ratio
between the lower and upper curves on Pigure 3.

The difference between the two curves represents the

same design differences as shown on Pigure 3, and that
is the only difference between the two curves. Thus,
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for comparitive purposes, the lower curve represents the
Limerick plant at the WASH-1400 site with WASH-1400 data
and methods.

Pigure 5 (attached) vas constructed. This figure is not
included in the PRA report.

This figure was constructed to provide a comparison
between the effect of the data and methods used in the
Limerick analysis and the data and methods used in the
WASH-1400 analysis. In this figure, the curve that is
lower on the left represents the WASH-1400 BWR at the
Limerick site using WASH-1400 data and methods. This
curve is repeated from Pigure 2.

The curve that is uppermost on the left represents the
WASH-1400 BWR at the Limerick site with Limerick data
and methods. This curve is repeated from Pigure 3.

The only difference between these two curves is the
difference between data and methods. The data and
methods used in the Limerick analysis produced a high
CCDF at the lover consequence part of the curve, and a
lower CCDF at the higher consequence end.

Figure 6 (attached) was constructed. This is Pigure 4.2
in Revision 3 to the PRA.

This figure was constructed only to allow direct
comparison to the WASH-1400 CCDF. The curve that is
lover on the left is the WASH-1400 CCDP repeated from

Figure 1.

The curve that is uppermost on the left represents the
WASH-1400 BWR at the WASH-1400 site with the data and
methods used in the Limerick analysis. This curve was
not generated directly from a CRAC run. It was
generated by applying the difference between the two
curves of Pigure 5 to the WASH-1400 ccCpp, by ratio.
Points on this curve have the same ratio to the WASH-
1400 CCDF as the ratio between the two curves on FPigure
S

The only difference between the two curves is the effect
of differences in data and methods. As shown on Pigure
5, the methods and data used in the Limerick analysis
produce a somewhat higher CCDP at lower consequences and
a somewhat lower CCDP at high consequences.
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QUESTION A.01

Tables A.1.2 and A.1.3 list the anticipated transients
considered in the EPRI-SAI study and GE assessment. Provide
clarification as to why transients #14-19 and #22 of Table
A.1.2 do not appear in Table A.1.3

In Table A.1.3, under Turbine trip with bypass, transients
#36 and #37 are indicated; there are no corresponding numbers
36 and 37 in Table A.1.2

In view of the EPRI survey and the GE assessment, discuss the
major differences noted in Table A.1.3, e.g., loss of
condenser, inadvertent opening of bypass, turbine trip with
bypass. . . etc.

RESPONSE

(a) Revision 3 of the LGS PRA has provided revised tables
which correct the typographical errors in the original
PRA. These changes have no effect on the identified
frequencies.

(b) The EPRI survey from EPRI NP-801 (July 1978) included
transient initiators for 12 BWR's for operating
experience prior to that time. The GE evaluation
includes additional data beyond that which is included
in EPRI NP-801. This additional data includes other
BWR's, more recent years of operation, and the initial
years of operation is homogenized in the data base.

5]
4
wn
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QUESTION A.02

. The electric load rejection with bypass valve failure in
Table A.1.3 is listed under turbine trip. Shouldn‘'t this be
listed under MSIV closure so 1s to be consistent with the
statement on p. 3-15? This would change the transient
initiator frequencies used in the PRA for MSIV ciosure and
turbine t- .p.

RESPONSE

Cases in which the turbine bypass fails closed are included
in the LGS PRA as events similar to MSIV closure
(conservative assumption). The error pointed out in Table
A.1.3 is a typographical mistake. Table A.1.3 has been
revised to accurately reflect this conservatisa.

Since there are no recorded cases in the data base
for electric load rejection with turbine bypass failure,
there is no change in the initiator frequencies used for
event tree quantification.

. e-86 Rev. 4, 6/82




U ION A.0

. In the footnote on page A.12, a statement is made to the
effect that due to the controlled nature of manual shutdown,
there is an increased reliability of feedwater to maintain

reactor inventory. What is the gualitative and guantitative
basis for such a statement?

Provide clarification for the statement: "However, coolant
injection functions, ATWS, and LOCA sequences are not

affected by these initiators when they are quantified (p. A-
12) .*

RESPONSE

(a) Transients (i.e., scrams) lead to the abrupt
interruption or diversion of normal pover conversion
operation. Specifically, MSIV closure and loss of
offsite power initiators lead to the immediate loss of
the main condenser as a heat sink and feedwater as a
coolant makeup source. Relative to these in‘tiators a
sanual shutdown has a relatively benign effect on these
functions, and the reliability of P¥ and PCS for manual
shutdown are significantly higher than for these
isolation initiators.

(b) The discussion in Appendix A.1 is provided only to give
the reader a qualitative assessment for the impact of
‘ including a unique event tree for manual shutdown
initiated events. The quoted statement is an

iuterpretation of the impact of the manual shutdown
event tree which is:

. ATWS is judged not to be a contributor to risk
during manual shutdowns since a scrana challenge is
not induced. Scram challenges induced by improper
manual shutdown procedures are included in the
transient frequencies gquoted in Appendix A.1.

- A LOCA is not considered as a potential outccme of
sufficiently high probability following a manual
shutdown to affect the LOCA event trees. The
likelihood of a pressure or temperature transient
sufficient to induce a LOCA is quite small.

. Coolant injection is explicitly quantified in the
manual shutdown event tree. The impact on core
melt frequency is approximately two orders of
magnitude less than the total core melt frequency.

‘ 87 Rev. 4, 6/82
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QUESTION A.08

On the discussion of reported failures for all sizes of
piping, the sum total of all the failure percentages comes to
64.4% (p. A.13); furnish information on the remaining 35.6%.
Given tae magnitude of the balance in failures (35.6%) versus
the largest failure category (25.1%), how does one Justify
the accuracy of the data if the 35.6% is not included in the
data base?

RESPONSE

The question refers to the compilation of the causes of pipe
failures. This comilation is provided as reader information
and is not explicitly used in establishing the frequency of
pipe failure. The crucial information used in establishing
the LOCA initiating frequencies is the number of failures
recorded in the industry by pipe size. By way of further
explanation concerning the lack of descriptive information on
the cause of 35.6% of the piping failures it must be realized
that this information is provided through LER*s. The lack of
descriptive information is due to either a failure on the
part of the reporter to cite the cause or a lack of ability
tc identify the cause. Howvever, since the cause is not used
directly in the calculation of initiating frequency, the
uncertainty introduced because of a lack of information on
the cause of some failures is ainimal.

Q-38 Rev. 4, 6,82



QUESTION A.05

In addition to pipe rupture, there are other causes which
could lead to LOCA, for instance, valves failed open, failure
of recirculation pump seals. Were they addressed and
properly included in the analysis as LOCA initiators?

R NSE

The LOCA initiating frequencies used in the LGS PRA are
derived from operating experience data. The data examined
included all failures which could lead to a loss of coolant
accident inside containment. Therefore, based upon the data
source used for these initiators they are considered to
characterize the spectrum of possible failures which could
result in the release of primary coolant to the containment.
For example:

Small LOCA's

leaks in large diameter pipes
- instrument line break

- recirculation pump seal failure
- CRD hydraulic line breaks

. Leaks from valves or other equipment

Medium/Large . large flow from pipe leaks
LOCA . large diameter piping breaks
- Pump casing leaks/breaks

In general the failure of a valve to close (i.e., failed
open) does not lead to a LOCA condition. There must be
another failure in addition to the failed open valve. Stuck
open relief valves are considered in the analysis, however.
Since they are piped directly to the suppression pool, they
are treated differently than LOCA's which release directly to
the drywell.

In addition to LOCA's developed as a class of initiators,
pipe rupture is also included in the fault tree development.
In the fault tree gquantification the conditional probability
of this input takes into account not only the pipe and weld
failures but also external ruptures of major component i.e.,
pusps and valves. These failures in ECCS equipment do not
lead to LOCA®s but rather to leaks in the ECCS equipment.

Q=89 Rev. 4, 6/82



QUESTION A.06

The use of a 10% reduction of the probability of pipe rupture
for the probability of LOCA seeas to he a rough estimate (p.
A-16) . Are pipe failrue probability data given per unit
length? Are there any data on primary piping ruptures? If
yes, have they been compared to the 10% estimate?

RESPONSE

(a) The estimate that 10% of the large diameter piping is
inside containment and subject to a large LOCA (i.e.,
LOCA sensitive) wvas the assumption made in WASH-1400.

The probabilities of a large and medium LOCA have been
calculated by assuming that only 10% of the pipe in a
nuclear plant is potentially sensitive to producing a
LOCA.

A comparison with other PRA's shows:

Calculated
Mean per Reactor Year
LGS § BE-4
WASH-1400 3 to 9E-4 (estimated here for
comparison) *
RSSMAP 1E~4 (point estimate)
Zion 9.4E-4 (Section 1.5.2)

=30 Rev. 4, 6/82



(b) The initiator frequencies for LOCA event trees are not
given a per unit length basis. Pipe failure
probabilities for fault tree inputs are calculated using
failure rates (per hour-ft) as taken froam Reference 3 of
Question A.07.

(c) The data on primary systeam piping ruptures is limited to
small LOCA's.

(d) No comparison has been made.

* Punction of the assessed error factor

=31 Rev. 4, 6/82



QUESTION A.07

Table A.1.6 gives the probabilities of a LOCA for various
cases. Discuss the method, analysis and cciteria used in the
selection of the Limerick values.

BESPONSE

The following facts must be considered in the assessment of
LOCA probabilities: 1) Based on estimates from other sources
(e.9., RSS, Bush), a pipe rupture leading to a large LOCA is
expected to occur once every 10,000 plant year. With this
estimated frequency and the fact that U.S. cusmulative reactor
experience used was only approximately 270 reactor years, it
is difficult to assess the probability of a LOCA accurately
by only considering LOCA sensitive pipes because sufficient
operating experience has not accrued; 2) there have been pipe
ruptures occurring in high integrity piping in secondary
systeas of nuclear plants (see Table A.1.10) . Based upon
these rupture failures. a probability of a pipe rupture
failure in LOCA sensitive piping can be estimated using the
fact that LOCA sensitive piping represents approximately 10%
of the piping in a reactor plant.

The following discussion specifies how each of the estimates
of LOC.L ‘ni.lator were derived from the observed pipe failure
in nuclear operating experience.

Large LOCA

There has not been a single large pipe break (LPB) event in
about 150 reactor-years of BWR operating experience.
Estimates of failure probability based on chi-sgquare
distribution are as follows:

At 50% confidence level, 1.386
= = 4.6x10-3/Rx Yr
ALpB  2x150

ALPB (LOCA) = 4.6x10-3 x 0.1% = 4.6x10-*/Rx Yr
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At 90% confidence level, 4.605
= 1.5x10-2 Rx Yr

ALpB = 2x150

A LPB (LOCA) = 1.5x10=2 x 0.1% = 1.5 x 10-3 Rx ¥r
The 50% confidence level value used as the mean value
estimate of the large LOCA initiating frequency.

Hedium LOCA:

The evaluated frequency of a medium LOCA is derived froa the
medium size pipe break frequency. There is one instance of a
4" diameter pipe break in 125 reactor Years of domestic BWR
operating experience in this data base. A Bayesian approach
is adopted to evaluate medium size pipe break frequency per
reactor year.

Assuming an eip.nential pipe break model, vwe make use of the
natural conjugate prior, gamma distribution for the pipe
break frequency .

Let [T (.) be the gamma prior probability density of s
B a a-1 -b
b A e

1.0.,

(A ) =

r (@)

It is shown in [ 1] that tke posterior probability density
(./D) is also gamma, and

a+k A a+k-1 - (b+7)

= {b*T) e _
Tt'U\/D) r (a+k)

where k is the number of observed failures and T is the total
time on test.

- 0.1 = LOCA sensitive factor.
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It is noted that k aud T together ar2 sufficient.

The posterior mean of ) is

»

j/\n( A /D) a = atk
b+T :

We have assumed a uniform improper prior, i.e., a = 1, b = 0; then
the posterior mean for A is k+1
+7T o

Applying the result above to our data, we have the posterior
mean of the medium size pipe break frequency for the entire
plant as

1+1
= 2x10-2
125

Hovever, as assumed in WASH-1400 [2], only 10% of the pipes
are LOCA sensitive and the medium LOCA frequency is evaluated
to have a mean of 2x10-3/reactor-year.

Sma LOCA:

The initiating frequency of a small LOCA has been
conservatively estimated using the available data from all
LWR primary systems. Specifically the three incidents cited
in the table below are used along with the corresponding
accumulated reac:or operating experience to calculate a mean
estimate of the initiating frequency. By use of the Bayesian
analysis presented above, we can derive similarly the
posterior mean of the initiating frequency of a small
leak/rupture in the primary systea as follows:

3+1
= 1x10-2/Reactor Year
270 BRx Yr

The probabilities of a LOCA in a BWR are suamarized in Table
A.1.6.

Rev. 4, 6/82
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INCIDENTS OF PRIMARY SYSTEM PIPE FAILURES IN THE U.S.

. Surry 1, November 1972 - During a reactor startup a resistance temperature
detector (RTD) in a hot leg became dislodged caus-

ing 30,000 gallons of primary coolant to be dis-

charged to the containment. Safety injection was

initiated manually (all three pumps operated).

CAUSE: Swagelock failure

(Referred to as a small LOCA)

Beaver Valley !, June 1976 - 28% power

A failed RCS pressure transmitter sensing fitting
resulting in the discharge of 5,300 gallons of
primary coolant. The leakage rate was within the
makeup capacity of the discharge pump.

CAUSE: Swagelock fitting failure

Brunswick, November 1976 - Reactor Coolant Pump seal failure

L.

—
—

Table A.1.6
PROBABILITY OF A LOCA

. VALUE USED
WASH-1400 -
PIPE SIZE IN THE LIMERICK
. ) (MEDIAN) PRA
. -4* -4
Large Pipe 1.0 x 10 4.0 x 10
>4"s
: X -3
Medium Pipe | 1.0 x 10 2.0 x 10
<dll¢ !
: -3 ca=2
Small Pipe 1.0 x 10 1.0 x 10
<l
’ * Mean values are approximately thr2e times larger.



Table A.1.10

REPORTED LARGE DIAMETER PIPE BREAKS IN U.S.

NUCLEAR POWER PLANTS

Approx, Ne, Characterization
Date of Fatlure Pipe Probable Reactor
of Operating Reactor Type Of the Event
Occurrence Yeors Location Stre Cause Status by Utility
FEEDWATER SYSTEM
11 1 Indian Pt. 2 PR Pipe-HAZ 10" Pressure Avto *180° Circumfere
Scram ential Bresk*
875 n Quad Citfes 2 R 4" x 6 “- Vibration Manual “Break”
Reducer . Scram
STEAM PIPING
10/73 i Ft. Calhoun PWR Cxpansion 10* Vidbration No Shut- | *Rupture*
Joint down
Required
6/ 1 Robinson 2 PR Pipe Norzle & - Ouring *Compliete Fallure®
Shutdown
8/12 i Turkey Pt. 3 PR Pipe 10* Surge During *A Fallure*
Shutdown
yn i Surry PR Pipe Nozzle -~ Surge During "Nczzle Separated
Shutdown | from Pipe”
: .
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QUESTION A.08

Table A.2.1 compares median and mean values. It is further
stated on p. A-22 that "mean values of failure rates used in
WASH-1400 appear lover than mean values reported in other
sources™. Where is this shown?

BESPONSE

Table A.2.7 is an attempt to present comparable values used
as point estimates of component failure rate. The WASH-1400
values have been converted from the medians presented in
WASH-1400 to means*, so that they can be consistently
compared with the values from the GE and NRC LER data which
were interpreted as mean values.

P. A-22 contains the quote "Much of the data from the three
sources ** are similar; however, the mean values of failure
rates used in WASH-1400 appears lower than mean values
reported in the other two fata cources mentioned above.™

This conclusion is based upun a comparison of the mean values
presented in Table A.2.1.

. In order to convert from medians to means, the formulas
presented in Appendix A.2 and the error factors given in
WASH-1400 are utilized.

e NRC, WASH-1400, GE as noted in Table A.2.1.
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QUESTION A.09

Provide more detail on the modeling of how a component could
fail to run for the duration of the accident. Also, explain
the basis or justification on how 20 hours was selected (Pe

.-29’ -

R ONS

(a)

(b)

The principal contribution to the component failure
probability as provided in the available data sources is
attributed to failure to start and run initially. Since
the failure probability is established on challenges and
tests which occur over short test times or run times, we
sust ensure that potential failures which may occur due
to extended run times are accounted for. Therefore, the
failure rates per hour times an assumed operation time
of 20 hours is used to estimate this contribution to the
component failure probability.

The 20 hour time period is chosen based upon two
considerations:

(1) Within this time, it is judged that sufficient
expertise and equipment can be brought to bear to
augment the operating piece of equipment.

(2) The PRA analysis terminated at hot stable shutdown.
An estimate judged to be conservative of 20 hours
vas used to encompass all sequences.
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QUESTION A.10

The fact that values in Table A.2.4 agree does not
necessarily mean that the 4 cases can alvays be
indiscriminately used. What criteria was used in the
selection of cases in the LGS/PRA?

RESPONSE

The LGS PRA was conducted using generic data sources to
quantify the failure probability of cosponenets as input to
the fault trees. Using these generic sources of data there
are several methods which may be used to calcualte a
component failure rate. The examples in Table A.2.4 are used
only as an illustration to indicate that the application of
Bayesian updating will not in general drastically alter the
numerical point estimates of component failure rates. The
frequentist approach was used in the application of the
generic data sources for the LGS PRA.

The results of several methods of combining existing data or
"states of knowledge™ were provided in Table A.2.4. As
shown, the mean value for the particular component chosen
(pumps) is relatively insensitive to the method of coambining
existing generic data.

The above example deconstrates that data froa individucl
plants can be characterized by a common distribution model,
and the total population of plants combined in a Bayesian
fashion, to determine a posterior distribution representing
the current state of knowledge. However, this method, which
may be rather time consuming, produces point value results
vhich are similar to the classical statistical approach.
While the establishment of a specific method of combining
component data from various sources is desirable, there are a
nusber of variations ir the currently available basic data
used in the quantification of the accident sequences. These
variations may tend to obscure any usefulness which could be
gained by establishing a rigorous method of coabining
existing data. These potential variations in the data are
due to such items as:

1. Lack of specificity as to the function/type of
component (e.g., main circulating water pump or RHR
pump) . All types of pumps are treated together
because of the very small population available.

Age of the components is generally not considered.
Variations which occur among differeat

manufacturers are not included in the LER reporting
schene.




4. Local plant test and maintenance procedures,
training programs, and management/personnel factors
may vary.

Compared with variations arising from the above listed iteas
vhich may be encountered at a specific plant, the calculated
"expected values" from Table A.2.4 show very small
differences which do not warrnn: an extensive Bayesian
analysis. See Appendix P for furiher discussion of the
statistical treatment used in th: aralysis.
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QUESTION A.11

(p. A-62, top paragraph, last sentence). This sentence
ztates that “comsponents involved in the room cooling and
ventilation are not included in the estimate of maintenance
unavailability™. Page B-5 (bottom ) states that ®cooling
sust be available to maintain acceptab’e temperatures in the
HPCI compartsent: for long terms operation. 1Is there an
inconsistency in ignoring the cooling system? The same
cosment applies to RCIC (see p. B-8).

RESPONSE

The method chosen for the guantification of safety systea
unavailability and even tree seguences is through the us2 of
Peach Bottom operating experience. The technigue used in the
calculation of msaintenance unavailability is judged to
adequately incorporate any potential unavailability due to
maintenance outage involving room cooling eguipment.

The maintenance unavailability calculated on a per systeas
basis in WASH-1400 was found to be too high based upon PECo.
experience at Peach Bottom which is typical of operating
experience at BWR's. Therefore, in the guantification of
system level fault trees, the latest Peach Bottom oOperating
experience information vas used to determine the saintenance
unavailability for each systenm.

Room cooling systems may be regquired for operation of ECCS
‘ equipment over a long period of time and therefore the data

upor which the analysis was performed would include any
repair incidents dne to these components. The analysis has
included additional system unavailability in the calculated
values of system unavailability to account for possibly
unreported iteas.

In summary, it is estimated that the calculated maintenance
unavailability adequately incorporates any unavailability due
to the room cooling support systems. It should also be noted
that even without room cooling, BCCS operation can be
successfully performed for a period of time greater thanm 2
hours.
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QUESTION A.12

In the fault tree model of the diesels (P« A=72), not all the
dependencies are shown, for instance, based on Table A.4.1 if
one diesel is out of service, the LPCI, both core sprays,
remaining diesel generators and the containment cooling
systeas have to be operational. How are these dependencies
accounted for in the fault tree model?

RESPONSE

Systeam dependencies specified in the Limiting Conditions of
Operation (LCO) as shown in Table A.4.1 are included in the
individual system fault trees and combined using Poolean
alegebra. Por example, see Sheet 13 of Pigure 7, Core Spray
Fault Tree.

In the Limerick PRA fault trees, the dependency among diesel
generators is modeled in the Blectric Power System vhereas
the dependency of diesel generators on other safety systeas
is modeled in tle fault trees of the other safety systeams.
The maintenance unavailability models of the LPCI, both core
sprays and the containment cooling systeas all incorporate
diesel generator saintenance. Por example, diesel generator
maintenance is incorporated in the LPCI fault tree on page 19
through the transfer ECUNM4.

Q=103 Rev. 4, 6/82



QUESTION A.13

The average demand of 65.4/diesel-year seeams to be low,
compared to the data given for Zion and Cook. We could not
verify this nuamber because of *’'a )-:* of necessary data
regarding Plant X. Provide additional information (p. A-91).

RESPONSE

The average diesel generator demand of 65.4/diesel-year vas
not used in the LGS PRA. Even though this value is not used,
for completeness of the discussion of A.5, the following data
used for plant "X" is provided:

No. of demands/diesel year = 30.2
No. of diesel years = 21.8
The average of 65.4 demands/diesel year is calculated as a

weighted average of the five plants (Zion 1 & 2, Cook 1 & 2,
and Plant X).
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QUESTION B.01

A statement is zade (top paragraph, p. B-91) about the large
uncertainty of bringing the reactor from hot to cold
shutdown. Is this consistent with the statesent at the
bottom of page 1-17 which states that the operation is of a
routine nature?

BRESPONSE

The actions during the period between hot and cold shutdown
are very flexible. These actions taken during this period
may vary widely depending on the purpose of the shutdown, the
condition of the plant, the load demand, the time of day, and
many other factors. 1In many cases, the plant is restarted
vithout going to cold shutdown.

Even though there is wide variability of actions, the
operations are "routine™ in the sense that the plant is in a
stable condition, and there is much time available for
vhatever actions are indicated. There may indeed be
"uncertaianty™ as to what actions are indicated because of the
variability of the factors msentioned above.
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QUESTION B.02

Explain why ADS pressure sensor is not included in Table
3-5.5 (Pn "’53) -

RESPONSE

The ADS drywell pressure sensors were not included in the
Table B.5.5 due to an error of omission in the typing of the
table. The corrected table is included in Revisioan 4.
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QUESTION B.03

FPigure B.9.2 depicts a generic fault tiee of a MOV. How are
redundant demands on a MOV modeled? If one assumes a
situation in which the first demand is to close the valve and
the second demand is to open the valve, hov is this modeled
in the study?

RESPONSE

The MOV's modeled in the LGS PRA for operation in the short
ters, e.g., for coolant injection, are such that the MOV's
are demanded to remain as is or to change sta’e. In several
identified cases multiple demands on MOV's to change state
several tises are included (e.g., HPCI and RCIC operation).
These multiple demands are mcdelad such that the failure
probability of the valves to ansver the subsequent demand
challenges is less than the initial demand. Since there is
no data available which can be used to characterize a
subsequent demand failure probability during and accident
sequence, an engineering judgment was made that the failure
probability for the second demand wvas 1,2 that for the
initial demand, given that it operated successfully during
the first demand.
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QUESTION B.04

Have DC failures been considered and if so, did they include
operator and maintenance contributions?

BESPONSE

"Loss of DC Bus"™ (EDC125A, B, C, D) is presented on Sheet 7
of Pigure 8, Electrical Power System Pault Tree, and is
applied to all system fault trees as appropriate.

Battery saintenance is inclcded in Battery Set Unavailability

(EBVIATHNI, B, C, D), also on Sheet 7 of Pigure 8. No other
operator action is modelled for DC power.
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QUESTION B.05

There are more than 600 penetrations in the containment. Has
their ability to withstand pressure up to 145 psi been
evaluated? Would some of these penetrations, for instance
the electrical penetrations, yield to excessive leakage under
elevated temperature and pressure environments?

BESPONSE

The containment penetrations have been evaluated and found to
withstand elevated temperature and pressure environments.

The manufacturer of the containment elactrical penetration
asseablies has documentation for penetration asseablies
similar to those used for Limerick that have passed testing
in environmental conditions including a simulated LOCA
exposure of 340°F temperature with a 180 psi peak pressure.

Sections 4 and 5 of Appendix J to the PRA discuss mechanical
penetration and their ability to withstand extreme
environmental conditions.
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end C
QUESTION C.01

Hovw wvas the metal wvater reaction of the fuel bundle zirconium |
channels considered?

Which core melt model and metal-water reaction model is
assumed?

R ON

The mcdel chosen is the core meltdown model A, which assumes
that the heat in the molten pocl is transfered downwards.

The core material slumps downwards once predicted to be
molten (Reference 1). The melt fron progression downwards is
maximized, as was down in WASH-1400.

The cladding-vater reaction is calculated from either the
Baker rate law or a gas phase diffussional model, vhichever
predicts the limiting rate. The model is the same as that
used in NURLOC (Reference 2). The reaction is stopped: a)
once the fuel rod node is predicted to be aolten, b) if the
steam is totally consumed, or c¢) if the zirconium cladding is
totally oxidized.

(1) WASH-1400, Appendix VII

. (2) Walters, B. T., and Genco, J. M. "NURLOC 1.0 a
Digital Computer Program for Thermal Analysis of a
Nuclear Reactor Loss of Coolant Accident™ BHI 1807,
July 1967.

‘ Q=113 Rev. 4, 6/82




The statement is made (top paragraph of p. C-16) that HPCI is
alloved to stay on even after high exhaust pressure trip
point is reached (i.e., the operator overrides the
interlock). Does the operator have er.ugh time to do this
since the containment fails in less than 50 minutes? What
were your assumptions?

ONS

The stated assuaption is conservative; i.e., continued HPCI
operation without containment heat removal results in
containment failure prior to core melt (Class IV). In the
Limerick PRA, another conservative assumption vwas made: that
in all cases, containment failure would lead to loss of
coolant injection (See p. 3-27 and Pootnote #11, p-3-172) and
eventual core melt. Por completeness, the PRA modelled the
possibility that HPCI would continue runming until
containment failure.
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QUESTION C.03

What is the basis for assuming that the diaphraga floor fails
at 2/3 of the floor penetration (70 cm) (p. C-19)? What
happens to the core after floor failure?

RESPONSE

(a) The diaphragm floor was assumed to fail when the rebar,
the major load bearing structural meamber, wvas contacted
by the melt. There are two groupings of the rebar in
the floor, at about 1/3 and 2/3 of the floor thickness.
It vas felt that contact of the second grouping would
result in complete loss of load capability. This could
result from rapid heating of the steel and loss of
function. The steel would previously have been
insulated by the concrete which has lov thermal
conductivity. INTER calculations, (core concrete attack
uodel used in the Limerick PRA), indicated that a very
short thermsal boundary layer existed (a few centimeters)
such that heating of the rebar was unlikely to occur
before this time. Had the floor been assumed to fail
earlier, the non-condenssible gas generation loading on
the containment would have ceased. Additionally the
vaporization release mechanism would have terminated, no
longer providing the only mechanism for the release of
the long lived Lanthanna group (includes Pu). If the
floor had been assumed to fail at 1/3 penetration, or
the time of first rebar contact, the timing of the
accident would have been accelerated only 1/2 hour.
Therefore, wvarning times for emergency response would
have changed only 1/2 hour out of 6 hours. This can be
demonstrated to be insignificant. Therefore, it is felt
by the analysts that this 2/3 floor penetration failure
assumption is conservative with respect to non-
condensible gas loading on containment, and the release
of some long lived radionuclides. Purtaer it is
insignificazt with respect to overall warr_ug times and
accident response times.

(b) After floor failure, the combined mass of core debris
and concrete slag is assumed to .all into the wetwell
pool. This results i: rapid steam generation. No
credit, however, vas taken for the impact of the
concrete slag on fragmentation. Increasing the
viscosity, which occurs from intermixing of the
concrete, has been shown to suppress rapid
fragmentation. Therefore, the resulting containment
response is likely to be conservative. In the CORRAL
analysis, a puff release of the cotnainment inventory of
radionuclide occurs at this point in the accident
sequence. Since the total core debris is assumed to
fall into the wetwell pool, the vaborization release
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from core-concrete interaction would be terminated, and
radionuclide release to the environment would
correspondingly cease.

=113 Rev. 4, 6/82



ODESTION C.0W4

Please provide the modification that vas done to IBCOR which
vracks the vater level in the vessel and assigns 30% pover to
covered nodes and decay heat pover to uncovered nodes (p. C-
15) .

ONS

The vater level in the vessel as calcualted in BOIL vas
brought into the main routine as a cosmon block. During core
uncovery, the vater level, Y, relative to the BAP, vas used
as the measure of the fraction of core which would be
covered; thereby producing ~ 30% pover. The core pover level .
above the decay heat level is input as a table of energy
source vs. tise in CONTEHPT. This energy source corrected by
the fraction of the core which is covered, is then added
directly t- [ Le¢ primary coolant.
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QUESTION C.05

Provide all data for input decks of RACAP including
docunentation of calculations performed in order to obtain
the required inputs.

B ONS

These proprietary data supplied under separate cover on June
4 o 1982,
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Appendix D
QUESTION D.01

Provide the basis for the assumption that 98% of the
secondary containmeat building air flow is filtered and 2% is
pot (p. D-13)?

BESPONSE

The values of 98% and 2% vere obtained from modeling using
the INCOR code package. The SGTS was modeled as a normal
leakage by the CONTENPT containment analysis subroutine and
the design basis leak rate was modeled as a flow through an
orifice. 1In this way a large break in the primary
containment lead to a calculated pressure driven flow through
the secondary containment which is partitioned as flow
through the SGTS and through the secondary enclosure leaks.
This vas found to result in 98% and 2% partitioning, for
flows which do not lead to secondary enclosure pressures
beyond the pressure capacity of the blowout panels.
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RUESTJION D.02

a)

b)

a)

b)

Justify the use of the CORRAL Value instead of the REACT
value for the Tellurium release fraction.

How sensitive are the consequences to this assusption
(P . D-28) ?

Radionuclide release fractions from the containsent to
the atmosphere for all classes of accident Seguences and
failure modes vere obtained froam CORRAL as stated on
page 3-129 of the LGS PRA. The REACT calculations vere
used for only two purposes: (1) to compare REACT with
the CORRAL calculations, and (2) to estimate the slow
leakage cases and the effect of the secondary enclosure.

In general, as stated on page D-28 of the LGS PRA, the
iodine and tellurium release magnitudes are comparable.
For one accident class and containment failure mode,
TQUV ¥ (C,Y ) the tellurium release for REACT was a
factor of 30 higher. The CORRAL value was used in the
CRAC calculations since the Te release fraction as
calculated by BREACT vas considered to be over-estimated.

The REACT calculations assumed average containment
conditions and intercospartment flow rates, as wvell as
leakage rates to the atmosphere. On the other hand,
CORBAL interpolates between data points to get
instantaneous reactor conditions and flov rates as a
function of time. Therefore, for cases where the flow
rates are initially high, and rapidly decreasing, the
REACT calculations would tend to overestimate the
predicted radionuclide release.

Since the Class I accident (dominated by TQOV) is
probabilistically significant, there could be an effect
on the consequences by using the CORRAL values instead
of the REACT value for Tellurium. Hovever, as sr*ated
above the REACT calculations for TQUVA overestimate the
Te release.

The WASH-1400 conseguence analysis iandicates tnat fTe can
be a significant contributor to short tera dose, (i.e.,
early and continuing effects). However, a factor of 30
difference on the release magnitudes betveen REACT and
CORRAL calculations for Te would not result in the same
order of magnitude difference in the results. It is
estimated that a factor of 3 increase in early and
continuing dose effects may result by using the REACT
value instead of CORRAL value.
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QUESTION D.03

(a)

(b)

(c)

(d)

(e)

(9)

In the tabulation of nuclide species, iodine is listed as
elemental and/or organic. [n the fission product transport
calculations, however, iodisre is assumed to be CsI (Appendix
D). In the estimation of SGTS effectiveness, different DP
values for elemental and organic foras are quoted (Appendix
D). Please identify what forams of iodine were assumed in
vhat proportions, and why; t.en determine decontamination
factors consistently for this fora(s).

Indicate the applicability of the decontamination factors of
Table 3.6.4 with respect to fission product element and
physical/chemical form.

Section D.2.3.1 states that the SGTS wvas assumed to achieve
certain decontaamination factors independent of the accident
sequence. The evaluation of filtration systeas as ESPs in
NUREG-0772, in contrast, indicates susceptability of these
Systeas to plugging as a result of high aerosol loading for
Some sequences. Discuss the particulate loading capability
of the SGTS, and compare with the expected aerosol loading
(including non-radioactive materials) for the various
accident sequences.

What is the basis of the statement that the three conditions
listed on page D-8 "dictate" the degree of suppression pool
decontamination? Indicate the relative impertance of such
variables as degree of subcooling, gas composition {(non~-
condensible gas fraction), gas flov rate, and iodine
concentration.

On age D-9 it is stated that the reason for increasing the
saturated pool DF for CsI is the greater solubility of CslI.
Since saturated pool DPs are l.mited by reduced surface
interaction, as stated on the previous page, explain how a
difference in solubility of highly soluble compounds can
produce an order of magnitude change in DP.

Since any cesiuam iodide reaching the suppression pool is in
particulate form, explain why CsI is treated differently than
other particulates.

Quantify the "additional credit™ in decontamination factors
discussed on p. D-9 and explain how this additional credit is
achieved by pH, particularly in view of the discussion of CsI
in the previous paragraph.

BESPONSE

(a)

Since the gquestion of the form of iodine was raised during
the study an examination of both forms was made. The CORRAL
calculations assumed elemental iodine. A study of the
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decontamination factors expected for subccoled and saturated
suppression pools and for the SGTS indicated that elemortal
iodine and CsI, or all particulates, should receive the same
DF's. While CsI and I would involve different natural
removal mechanisas, natural removal was secondary to the
above mentioned considerations. Therefore, the study results
on the conservative calculational basis eaployed should be
assumed to be independent of iodine form. If a best estimate
analysis vere perforamed ome would expect the iodine form to
be more important and CsI would be likely to further reduce
the release fraction, particularly for an intact containment
during release.

(b) As vas indicated by the above response, the decontamination
factors were applicable to all physical/chemical foras of
iodine. Data vas used for elemental iodine and particulates
to determine those DP's. The DP‘'s apply for all iodine and
particulates, but not to the inert gases,

(c) It was expected that aerosol loadings to the SGTS woull be
substantially less than the estimates ip NUREG-0772. These
values were derived for anm in containment aerosol loading.
The aerosol loading for these accident se‘uences, is where
the flow path from the primary Systea to .‘he containment is
through the suppression pool, expected to be lower due to
suppression pool scrubbing. Additionally leakage out of the
containment could be limited due to plugging. Using a crack
vidth and length used in the study for containment failure
and equation " in reference 1, a few tens of kilograas of
aerosol will ieak prior to plugging of the hole. Also,
aerosol diameters would be increased. The additional path to
the SGTS filters would likely result in small amounts of
aerosols reaching the filters. Therefore, if tney did plug,
it is likely that auch aerosol would subsequently escape
since plugging the filters could account for amuch of the
aerosol mass. However, a specific analysis of this was not
performed. Qualitatively, it is felt that the filters would
be likely to be effective and actual release fractions
reduced using an aerosol model.

Leakage of Aerosols from Containment Buildings
H. A. Morewitz, Health Physics, May 29, 1981.

(d) The three conditions listed on page D-8 were derived from
references 1, 2, and 3.

The relative importance of gas composition (non-condensible
gas fraction), gas flow rate, and iodine concentration were
considered in the above analysis. Hovever, the specific
accident sequence analyses did not identify parameter ranges
for the above values that would result in a reduction of
DP's, i.2., the non-condensible gas fraction gas flow rates
and iodine concentrations were not high enough to impact the
DF's. It should be noted that these are identical to WASH-
1400 assumptions. The most important parameter assumed in
the Limerick PRA for differentiating among decontamination
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(e)

(£f)

(9

factors wvas the degree of pool subcooling. Bach of the
accident classes, I through IV, wvere defined such that the
suppression pool vas either subcooled or saturated as
follows:

Class I - Subcooled

Class II - Saturated
Class III - Subcooled
Class IV - Saturated

Based upon these conditions, the DP's vere assigned.

The degree of subcooling was treated as subcooled or not
vith a saturaced pool receiving a smaller DP. Since
puul saturation resulted from containment failure (TW)
or occurred rapidly (TC) the degree of subcooling was
not considered important.

The jreater solubility of CsI was only one of aany factors in
tie apalysis. In actuality the particulate nature was the
most important and lead to the DF chosen (3L

CsI particulates were treated in the same manner as other
particulate foras.

The additional credit lead to the choice of increasing the DFP
from 2-5 to 10 for a saturated pcol and elemental iodine.
Devel indicated that for a pH increase associated with about
50% of the Cs in the pool, the DF's for elemental iodine wvere
measured at 45 and 120. It is felt that 10 is conservative.
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U 0 04

The natural deposition analysis of WASH-1400 assumed iodine
predoainantly in the elemental form. 1In view of the
assusption of Csl discussed in the previous section, explain
how the WASH-1400 model is applicable.

RESPONSE

The CORRAL analysis assumes that iodine is airborne in
containsent as elemental iodine. The removal msechanisas for
pnatural deposition of WASH-1400 are therefore applicable.
The particular foram of iodine, elemental or inorgaaic
aerosol, was considered in relation to the more significant
resoval msechanisas associated with the suppression pool
scrubbing. (See response to D.03).
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QUESTION D.O0S5

Provide the “data from the THMI accident®™ which indicate that
Csl is a “such larger constituent than previously believed,*
and discuss this data with respect to the expected
partitioning of elemental jiodine.

RESPONSE

The reference material is Miller's paper entitled, ®Radiation
Source Terms and Shielding at THI-2" presented at the ANS
meeting in Las Vegas in June, 1980. It wae concluded that
the radioiodine release from the THI-2 accident was very much
lover than predicted by safety codes and Cs is a much larger -
constituent than previously believed. (Experiments indicate
that Cs and jodine release ghould be similar).

The expected partitioning of elemental jodine betveen the gas
and aqueous phases should not be affected by these data.
Accidents in which vater vas present tend to have the iodime
absorbed. NUREG-0772 concludes that "The assumed chemical
form of iodine can infleuence the attenuation within the
reactor coolant system, vhere, in general the attenuation
factor may be greater for Csl than for elemental iodine.® 1If
the predominant fors is CsI, then by implication less iodine
vil) escape the containment.
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ROESTION D,06

The first parsgraph of p. D-12 states that RB
Overpressurization results in ground level releases, while
the last paragraph states that pressurization of the RS vould
result ip release via the SGTS exhaust stack. Please

clarity.

RESPONSE

RE overpressurization above the differential pressure
Capacity of the blovout panels results in a direct leakage
pPath to the outside, elevated or a ground level release. On
the other band, pressurization of the EB (vithout reaching
the blowvout panels pressure -capacity) will result in an
elevated release via the SGTS exhaust vent. All releases,
except A", are assumed to be elevated releases. That is, the
blowout panels on the refueling floor (i.e., at the top of
the Reactor Building) and the vent are treated as .
approximately eguivalent in height.
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QUESTION D.07

The discussion of radioactive material inventory and risk
associated with the spent fuel pool is inaccurate in several
respects:

a) The spent fuel pool inventories quoted from WASH-
1400 are not necessarily applicable to LGS. Past
experience indicates that inventories of many
discharged cores must be expected to be stored in
the pool As a result, the inventory of several
radiologically significant long-lived isotopes
(é.g. Sr-90) may be substantially larger than the
core inventory. The text should be revised
accordingly.

b) , NUREBG-CR/0603 discusses risks from Classes 3-8
only, and therefore, provides no basis for the
claim that risks (including Class 9 events) from
spent fuel pool events are negligible. This
section should be revised to provide a basis for
the claims sade concerning accidents involving the
spent fuel pool or, if no such basis is provided,
the conclusions should be revised accordingly.

ONSE

The LGS PRA in Section 3 cites the WASH-1400 estimate of the
spent fuel storage pool radionuclide inventory as a relative
comparison for an order of magnitude approximation. As noted
in part (a) of the guestion this comparison may not be
precisely correct. However, the conclusion should remain the
same; that is, the quantity of radionuclides present in spent
fuel storage is not negligible. The reason it was not
explicitly analyzed in WASH-1400 is because of the low
probability of fuel melt release from the spent fuel pool.
Since the LGS PRA was prepared for comparison with WASH-1400,
the accidents involving the core were the only ones
explicitly assessed as was done in WASH-1400.

It can be further noted that the release of radionuclides to
the euvironment from the spent fuel pool would tend to be
contributors to latent effects and not early fatalities due
to the relatively slow release.
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QUESTION E.01

(a) What effect does the formation of CsI have on the postulated
accident sequences? How much Tellurium is oxidized during
the various sequences?

(b) Why is there no Co-58 or Co-60 at the Limerick plant? Why

are Cs-134, Cs-136 and Cs-137 inventories so much smaller
than WASH-1400 (p. BE-30)?

RESPONSE

(a) Since the more significant attenuation fectors used for CsI
and I are equal, the formation of CsI would not have a mojor
impact on the consequences of the postulatad accident
sequences. It should be noted, 