South Carolina Electric & Gas Company Olile S. Bradham
PO Box 88 Vice President
Jenkinsville, SC 29065 Nuclear Operations

(803) 345-4040

Document Controi Desk
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Virgil C. Summer Nuclear Station
Docket No. 50/395
Operating License No. NPF-12
Technical Specification Change
VANTAGE 5 Fuel

Gentlemen:

On May 20, 1988, South Carolina Electric & Gas Company (SCE&G) requested a
revision to the Technical Specifications for the Virgil C. Summer Nuclear
Statfon (VCSNS) in support of refueling and operating with VANTAGE 5 fuel,
This submittal contaired a Radiological Impact Assessment in which it
concluded that the transition from current fuel to VANTAGE 5, with its
extended burnup characteristics, would have 2 small impact on thyroid and
whole body doses.

To supplement the previous Radiological Impact Assessmert, SCEAG has
perfoimed a detailed evaluation of the environment consequences for the Final
Safety Analysis Report (FSAR) Chapter 15 accidents impacted by the fue)
change. This letter forwards the results of the dose calculations. This
evaluation used the reactor coolant and core source terms for VANTAGE 5 fuel,
previously supplied on August 31, 1988, in combination with -he current NRC
accepted methodology for dose svaluations as described in the FSAR,

Tables 1, 2 and 3 present the 1imiting analysis results from the F3SAR and
this evaluation for those trans ents impacted by the fuel change. Due to the
revised source term methodology, the transition to VANTAGE 5 fuel generally
results in a small decrease in gamma and beta doses and a sma)) increase in
thyroid doses. In all cases, the dose results are well within applicable NRC
acceptance criteria,

In addition to the 1imiting analysis results presented in Tables 1, 2 and 3
more realistic calculations have been performed consistent with the current
dose consequence presentation given in the VCSNS FSAR, These results are
summarized in the FSAR markups attached.
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This letter completes the SCEAG assessment of environmenta)l consequences from
Chapter 15 events with VANTAGE 5 fuel. If there should be any questions,
please do not hesitate to call,

Very truly yours,
0. S. Bradham for

MDB/0SB: 1¢cd
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CURRENT CHAPTER 15 DOSES FOR LOPAR FUEL

TABLE 1

SITE BOUNDARY RESULTS LOW POPULATION ZONE RESULTS
(Rem) {Rem)
FSAR SECTIOM TITLE
Gamma Beta Gamma Beta Thyroid
15.2.9 Loss of Offsite Power 2.77€-2 2.27E-4
15.3.7 Instrument Line Break 3.18E-2 3.66F-2 6.72€-1 1.85E-3 2.13t-3 3.90E-2
15.4.1 toss of Coolant 4.45 2.99 1.52E+¢ 6.87¢-1 4.04E-1 2.5t+1
Accident
15.4.2 Steam Line Break 1.46F-2 8.75c-3 9.70 3.26E-3 2.53E-3 2.05
15.4.3 Steam Generator Tube 1.40E-1 5.99(-2 3.67€-1 3.54E-2 1.52€-2 2.89E-1
Rupture
15.4.4 Locked Rotor 7.87€-1 1.11 6.99 1.83E-1 2.57E-1 1.62
15.4.5 Fuel Handling Accident
Inside lontainment 1.22 1.62 1.35€+2 N/A N/A N/A
Outside Contaimnment 1.22 1.62 6.75
15.4.5 Rod [ jection 1.82€-1 9.98E-2 5.01E+1 2.64c-2 1.47€-2 1.396+1




REVISED CHAPTER 15 DOSES FOR VANTAGE 5 FUEL

TABLE 2

SITE BOUMDARY RESULTS LOW POPULATION ZONE RESULTS
(Rem) (Rem)
FSAR SEZTION TITLE
Gamma Beta Thyroid Gamma Beta Thyroid
15.2.9 Loss of Offsite Power 6.65E-4 1.30€-3 2.87¢-2 1.53E-4 3.006E-4 3.95E-3
15.3.7 Instrument Line Break 2.85k-2 3.20¢-2 7.60E-1 1.66E-3 1.86E-3 4.41E-2
15.4.1 Less of Coolant 2.78 2.16 1.74E+2 3.57e-1 3.07e-1 2.89E+1
Accident
15.4.2 Steam Line Break 1.23€-2 8.04E-3 1.27€+1 2.70E-3 1.78€ -3 2.76
15.4.3 Steam Generator Tube 1.88E-1 2.17e-1 4.13€-1 4.71€E-2 5.46E-2 3.19€-1
Rupture
15.4.4 Locked Rotor 5.63E-1 8.27¢-1 3.01 1.31E-1 1.92€-1 1.85
15.4.5 Fuel Handiing Accident
Inside Containment 1.40 1.65 1.53E+2 N/A N/A N/A
Outside Containment 1.40 1.65 7.66
15.4.6 Rod Ejection 1.56E-1 7.20E-2 £.28+1 2.36E-2 1.15€-2 1.45E+1




Table 3
CONTROL ROOM DOSES FOLLOWING A LOCA

Doses (Rem)
Current FSAR VANTAGE 5
Gamma 2.26 1.70
Beta 9.29 6.30
Thyroid 30.00 30.00




ATTACHMENT

This attachment contains marked-up pages for the environmenta) consequence sections of
Chapter 15 of the FSAR as summarized below.

Figures 15,4-66 to 15.4-68

ACCIDENT ITEM F PAGE NO
Loss of Offsite Power Section 15.2.9.4 15.2-33
Instrument Line Break Section 15.3.7 15.3-14
Table 15.3-6 15.3-22
Table 15.3-7 15.3-23
Loss of Coolant Accident Section 15.4.1.4.3 15.4-14
Tables 15.4-10 to 15.4-18 15.4-75 to 15.4-79, 15.4-81
15.4-83 to 15.4-85
Steam Line Break Section 15.4.2.1.4 15.4-22
Tables 15.4-23 to 15.4-27 15.4-91 to 15.4-95
Figures 15,4-61 to 15.4-63 |-----
Steam Generator Tube Rupture |Section 15.4.3.4 15.4-34
Tables 15.4-29 to 15.4-33 15.4-97 to 15.4-101

Locked Rotor

Section 15.4.4.4
Tables 15.4-34a to 15.4-34e
Figures 15.4-77a to 15.4-77¢

15.4-39, 15.4-40
15,4-103, 15.4-105 to 15.4-108

Fuel Handling Accident

Section 15.4.5.1
Tables 15.4-35 to 15.4-37
Tables 15.4-39 to 15.4-41

15.4-41, 15.4-47, 15.,4-48
15,4-109 to 15.4-111
15.4-114 to 15.4-116

Tables 15.4-44 to 15.4-46

Table 15,4-50 15.4-127
Table 15.4-51 15.4-128
Rod € jection Section 15.4.6.4.4 15.4-61

15,4121 to 15.4-123




6. Defective fuel is equal to one percent,

7. No noble gas is dissolved ip steam generator water.

8. The iodine partition factor in the steam generators is 0.01.

9. During the postulated accident, iodine carryover from the primary side
is uniformly mixed with the water in the steam generators and is
diluted by the incoming feedwater,

10, The steam release for cooling down the plant is equally contributed by
all steam generators.

11. The 0-2 and 2-8 hour atmospheric diffusion factors, given in Appendix
15A, and the 0-8 hour breathing rate of 3.47 x 10°% m3/sec are
applicable.

12, Dose model used to evaluate the environmental coascquence of this
accident is given in Appendix 15A.

Steam releases to the atmosphere for the loss of offsite power are given by
Table 15.2-5.

Using the previously listed assumptions, isotopic releases to the
environment are summarized by Tables 15.2-7 and 15.2<8 for realistic and

conservative assumptions, respectively, 7 -9
7.18 %0 1.90 xi0” 8 11?10 3. 19110

Gamma )\ beta, and thyroid\doses in tha first \two hours of (the loss of offsite
power auxiliarie he realistic)a s at\the site boundary
are =7 ) ren, rem and ectively, The
corgesponding d e low population zone are rc.,(;fzz:;"
ﬁru and rem respectively, { ¢ $3x/0" )

%6547 3.58xi0 /.30 515”3 2.8706% '
The\gamma, beta, and thyroid doses\in the first two|hours of the loss of
offsite\power to plant guxiliaries|f e conservative a sis at the site
boundary are(383-x 10" em, rem and rem,
respectival sponding doses at the low populaiion -one are(Fv2t =
ﬁ ru,@u- lnd@l—‘#ftl, respectively, for the !duucioa
of the accident, d.oox.oY S e8x.? /.53 .no'“

The doses for this accident are well within the limits defined in 10 CFR 100
(25 Rem, whole body and 300 Rem, thyroid).

15.2.10 EXCESSIVE HEAT REMOVAL DUE TO FEEDWATER SYSTEM MALFUNCTIONS
15.2.10.1

Addition of excessive feedwatcr causes an increase in core power by
decreasing reactor coolant temparature. Such transients are attenuated by
the thermal capacity of the secondary plant and of the reactor coolant
svstem (RCS). The overpower = overtemperature protection (neutron
overpower, overtemperature and overpower AT trips) prevents any power
increase which could lead to a DNBR less than 1.30,

15.,2-33



TABLE 15.2-5

PARAMETERS USED IN LOSS OF OFFSITE POWER ANALYSIS

Core thermal power

Steam generator tube leak
rate prior to and during
accident

Fuel defects
[odine partition factor
in steam generators prior

to and during accident

Blowdown rate per steam
generator prior to accident

Duratior of plant cooidown
by sec.ndary system after
scc.dent

Steam relesse from three
steam generators

Feedwater flow to three
gteam generators

Meteoralody

§29,800 lus
241,300 Llbs

Realistic Analysis

29(C mWt

100 1bs/dayll)

0.1234s)

0.01
e

8§ hre

447,900 Lbs (0-2 nr)
757,700 Lbs

Anna.' average

(2=3 he)

(0«2 he)
(2-3 ne)

Conservative Analysis
2900 MWt

1.9 gpm
i%

0.01

i5 gpm .

8 he

629,800 Llbs (u=2 hr)
757,700 Lbs (2-8 hr)

429,300 Lbos (0=2 hre)
841,300 Llbs (2-8 hr)

Accident

(1) American National Standards Institute, "Source Term Specification,” ANSI

N237, Revision 2.

15.2-%%



Isotopes

1131 Z.e5
1-132 4524
1133 2.95
1-134 477

1-138 9. ¢/

TABLE 15.2-6

SECONDARY SYSTEM EQUILIBRIUM CONCENTRATION(L)

Lp=0.01 gpm(2) =0,1 2
L5
2:41x10") uci/ib  2.41x100 uci/iv
5.2%
1e99%10~2 1.99x10~!
I:l /6.
2.97x10"1 jfa1ixo°
’ 17
347%103 §. 475102
A 791
LaTx10°4L L.o1x100 !

-
2 N~
2.41 x 10} pei/1e
5.4

1.99 x 10"
295
297 x 10l

417

5.47 x 1071
7.4/
101 x 101

(1) Using primary coolant parameters and activities in Tables 11.1<1

and 11,1-2.,

(2) Lp = primary to secondary leakage rate.

1502'5&




Isotope
1-131

I-132
I-133
I-134
1-135
Xe=13lm
Xe-133
Xe=133m
Xe-135
Xe=135m
Ke-137
Xe~-138
Kr=83m
Kr=-85
Kr=85m
Kr-87
Kr-88
Kr-89

TABLE 15.2-7

LOSS CF OFFSITE POWER ACCIDENT
1SOTOPIC RELEASE TO ENVIRONMENT
REALISTIC ANALYSIS

Activity Released to Environment
by Accident (CE)

£0-2 hr)
480 4vdex 1075
2.9% 2:49-x 10°3
7.23 5¢33 x 1075
4.94 336 x 1076
349 2. x 1073
l.oo 6.8t x 10°52
118 147 x 10771
772 3.4 x 10°4%
304 e x 107
2.50 547 x 10°M

O 3. x o*Y
3.2 1489 x 1074
O BT x J0*7

419 246 x 10792
910 bet® x 1074
544 248 x 1074
163 2.4%'x 10°£3

O 2419 x _1o*¥

1502'57

(2-8 he)

7.91 6.95 x 10°3
592 3% x 1073
1.23 947 x 10°94
113 148 x 10°§5
LJ8 A% x 1073
300 200€ x 10743
35558 x 104!
232 Lawx 1042
109 3657 x 10742
7.50 10" x 1074

O leit x Lo
9.78 569 x 1074

O 240 x J0"€
1,29 26T x 1092
2.13 A% x 1073
163 138 x 107f3
4.9 2087 x 1073

O bAE x J0"7




TABT.E 15.2-8

LOSS OF OFFSITE POWER ACCIDENT

ISOTOPIC RELEASE TO ENVIRONMENT

[sotope
I=131
=132
I~133
[~134
I=13%
fe=~131lm
Xe-133
Xe=133m
Xe=135%
Le=135m
Le=-138
Ke=31m
Ke=33
Ke=85m

Ke=37

Primary to secandary

CONSERVATIVE ANALYSIstl)

Activity Released to Environment

by Accident (Ci)

(9-2 hr) (2-8 hr)

[0 S x
AN et
JiT e
%7 w97
Hd o
78 =23 «
862 m=
.63 wree ¢
248 s ¢
IS4 e

2.39 v «

-

3.6 " «
6. 63 ron
398 W .

l"q W‘ x

leakage =

0T 138 e o 107
102 So0ewes x 102

1o~! 168 = 107!
1077 gegemer « 1073
10~2 638308 x 102
10=4 219 e 10V
1] 288 ees x 102
109 169 Seurs 10 |
100 1% iwie « 1FO
0=t 8.50 pweer « 107!
1070 120 Lk« 107 -

100 908 werr . A B
ool 19 e 100
10~1 b1 00
109 387500 « 100
1.0 gpm




3. The iodine partition factor for activity released from the break is
0.1.

4, The concentration of radiocactive nuclides in the reactor coolant is
listed in Table 1l.1-2 for the conservative case and in Table 11.1=5
for the realistic case.

Using the previously listed assumptions, isotopic releases to the
environment are determined to be those listed in Tables 15.3-6 and 15.3-7
for the realistic and consnrvu:l'c cases, respectively.

272xi0 ¥ - 306 x0F 227 4i0™%
Car beta thyroid d the sit r the realistic case Cn g
ze Rem, Rem and Mccinl Y€ x>
L 4 09 KD

c sponding doses he low population zone are Rem,
Rem ud@?!—'% Res, rupcctwcly.
toxis s CRoKG Veon o
CCIII. ta ;nd tuygoid dos si:o conservative .
caso are Ion, Rem and Rem, lﬁbilo

ctively. ndxu. d low population zone arc
Renm, @;E?Ei;i;;éf:.- and Rem, respectively.
v‘//ho

.9
Doses rcnultin; ?ton this accident are well within the limits defined in 10
CFR 128 (25 Rem whole body and 300 Rem thyroid).

oo
15.3.8 REFERENCES
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WCAP-8200, Revision 2 (Proprietary) and WCAP-8261, Revision 1
(Non-Proprietary), July, 1974,

2. Porsching, T. A., Murphy, J. H., Redfield, J. A., and Davis V. C.,
"FLASH=4: A Fully Implicit FORTRAN-IV Progrcm for the Digital
Simulation of Transients in a Reactor Plant,” WAPD=-TM~84; Bettis
Atomic Power Laboratory, March, 1969.

3. Bordelon, F. M., et al., "LOCTA~IV Program: Loss of Coolant
Transient Analysis,” WCAP-8301 (Proprietary) and WCAP-830%
(Non-Proprietary), June, 1974,

4, Hellman, J. M., "Fuel Densification Experimental Results and Model
for Reactor Application," WCAP-8218-P-A (Proprietary) and WCAP-8219-A
(Nen=Proprietary), March, 1975,

- Altamore, S. and Barry, R. F., "The TURTLE 24.0 Diffusion Depletion
Code," WCAP~7213<-P~A (Proprietary) and WCAP=-7758-A (Non=Proprietary),
January, 1975,

6. S8arry, R. F., "LEOPARD - A Spectrum Dependent Non=Spatial Depletion
Code for the IBM=7094," WCAP-3269-26, September, 1963.
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isotope

1-131
1-132
I-133
I-134
1-135

Xe~13lm
Xe~-133
Xe~133w
Xe~-135
Xe=135m
a———y
Xe~-138

m—r
Kr-85
Kr=85m
Ke=87
Kr-88

TABLE 15.3-6

HEMICAL AND VOLUME CONTROL SYSTEM

C_.f_____i..

LETDOWN LINE RUPTURE - ISOTOPIC RELIA

10

o -

w

CAS

15.3=22

Activity Released

(Ci)
28 a4k x 1071
2,29 %9 x 10731
Y. 57 Iéd x 10=1
6. 7 & x 1072
2.69 ke x 107
218 49 x 10™h ©
2.§9 4vidd x 100 &
loq r28 x 107+
.40 & x 100
54 be2é x 1071
S
-1.1e @rté x 10°!
e
A.06 585 x 10M O
1.ae 9t x 10 ©
|19 537 x 10% ©
3.:1“! 100"
B




Tuu 15-3-7

CHEMICAL AND VOLUME CONTROL SYSTEM

LETDOWN LINE RUPTURE - ISOTOPIC RELEASE
TO THE ENVIRONMENT - CONSERVATIVE CASE

Isotope

I-131
I-132
=133
=134
I=-133

{e=13lm
Xe=1133
{e=133m
Xe-135
Xe=115m
Xe-128

Kr-83
Kr=35wp
K=
Kr-38

15.3-23

wa o

N

—

-

cW

el i

BLee-gd

ND -4

Activity Released
(Ci)

100
10~ ©
100
101
100

x%
10
Nz
104
100
100

i

SVeL %9
JCa-6N

10l

10!
10% ©

10}

ol 3
® g © o
bikd
A AR K




will be bypassed around the Control Room Emergency Filter Plenum.
For the emergency mode of operation, the control room recirculation
air flow will be routed through the Control Room Emergency Filter
Plenum,

In the purge mode of operation, the system will supply 100 percent
outside air to the control room. The purge air inlet cover plate
will be removed from the outside air intake plenum and the system
relief dampers to allow an outside air flow of 21,270 cfm into the
control room. The recirculation flow will be torminated for the
duration of the purge mode.

Each control room air intake is provided with two isolation valves in
series. One of the two valves restricts the outside air flow to a naximum
of 1000 cfm flow for both normal and emergency modes. Upon receipt of an
engineered safety features actuation signal, the control room ventilation
system switches to the emergency mode.

For the purpose of this analysis, the maximum allowable air intake value
was determined for the limiting total integrated dose to contro! room
personnel. The results are presented in Table 15.4<18, The maximum
allovable air intake value was determined to be cfm, The system
operating flow of 1000 cfm provides adequate margyn for the protecticn of
control room personnel as specified under Cenera Design Criterion 19 of
10 CFR 50, Appendix A,

T 2423

15.4.2 MAJOR SECONDARY SYSTEM PIPE RUPTURE

13.4.2.1  Major Rupture of a Main Steam Line

15.4,2.1.1 [dentificacion of Causes and Accident Description

The steam release arising from a rupture of a main steam line would result
in an initial increase in steam flow which decreases during the accident as
the steam pressure falls, The energy removal from the reactor coolant
systam causes a reduction of coolant temperature and pressure. In the
presence of a negative moderator temperature coefficient, the cooldown
results in a reduction of core shutdown margin., If the most reactive roi
cluster control assembly (RCCA) is assumed stuck in its fully withdrawn
position after ruactor trip, there is an increased possibility that the
core will become critical and return to power., A return to power tollowing
4 steam line rupture is a potential problem mainly because of the high
powver peaking factors which exist assuming the most reactive RCCA to be
stuck in its fully withdrawn position. The core is ultimately shut down by
the boric acid injection delivered by the safety injection system,

The limiting main steam line break was selected based upon the sensitivity
studies performed in "Reactor Core Response ra Fxcessive Secondary Steam
Releases," WCAP-9226, January, 1978,

The analysis of a4 main steam line rupture is performed to demonstrate that
the following criterion is satisfied:

15.6'16



TABLE 15.4-10
DIO v R H
RECIRCULATION LOOPS
(Emergency Core Cooling and Reactor Building Spray Systems)

Release Rate

lsotope ~curies/min
1-131 .9 lerx 1072
1-132 271 24 x 1072
1-133 2.8 3A x 1072
1134 Ho| lr¥x 1072
1-13% 3.5 x 1072

This table is based on 50 percent of core iodine inventory in the sump,
71,454 £t of water in the sump, 5860 cc/''r leakage and a 100
decontamination factor of iudine between liquid and airborne phases.

U.ﬁ‘”




1-131
I1-132
I1-133
I-134
1-135
Kr=85
Kr=85m
Ke=87
Kr-88
Xe=13lm
Xe~1133
Xe=133m
Xe~113%
Xe~135m
Xe~138

TABLE 15.4-11

AN

19,476

INVENTORY

>
o
Lad
o
- o
i)
1o
<
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TABLE 15.4-12

F R TIVITY AIRBOR ¢
REALISTIC CASE - LOSS OF COOLANT ACCIDENT
Activity
Isotoye -Ch)
1-131 26& ¥ x 102
1-132 279 880 x l0nE
=133 q 35 383 x 102
1-134 o 35 3% x L0}
=133 245 248 x 102
Ke=8% 112 kedd x 103
Ke=85m 3,78 bvdd x 102
Ke=87 2.27 o6 x 107
Ke-82 ‘.80 o33 x 102
Xe=131m “ilb Be38 x 104
Xe=111 wa| 5490 x 104
Xe=133m YU e 0% 3
Xe=13% 8| b8 x 107
Xe=135m [ 04 Debd x L0% &
Xe-138 [ B bebl x 102

15.4=77




EISSION PRODUCT ACTIVITY AIRBORNE IN CONTAINMENT
CONSERVATIVE CASE - LOSS OF COOLANT ACCIDENT

ity

lsotope

I-131
I-132
1-133
I-134
I-13%
Kr=83m
Kr-8%
Kr=85m
Kr~87
Kr~88
Kr-89
Xe-13)m
Xe-133
Xe~133m
Xe~-135
Xe=135m
Xe~138

TABLE 15.4~13

L)

RITIIIT,

°
s
-
i

mrTdm gk $T T HBRN
CoRee
tiitiid

4
HOK M M OM MO M OM MMM MMM MR

3
MR

lE

109
104
103

103
104




Fis

I-131
[=132
=133
[-134
=139
Kr=33m
Ke~83%
Kr= Sm
Kr-87
Kr=83
Kr-39
Le~13im
Xe=133
Le=1l3im
Xe~135
Xe=135m
Xe~138

PR

TABLE 15.4~14

ACTIVITY A
“ -

'.5.6'79

N CONT

pe
®n

£
o
\

N
Q\

“‘—

Jo

e R Ul o et

-

VLW

(v

T
Activity
—iCi)
39 x 107
3v33 x 107
erdd x 107
ov?® x 107
3.6% x 107
il x 0NG
#vid x 10°
2@ x 107
T x xo;
839 x 10
Lotk x 1097
43 x 109
beod 2 108
Gvid x LOY 7
¥ x 107
eved x 107
et x 108




TABLE 15.4-15 (Continued) "

PARAMETERS USED 10 EVALUATE OFFSITE DOSES FOR THE LOSS OF COOLANT ACCIDENT

Regulatory Cuide
faraseter Bealistic Analysis Conservative Analysis 1.4 Avalysis

Form af lodine Activity
in Containment Available ftor Release

Elemental fodine 9iz 91z 911
Urganic lodine 43 &3 4%
Particulate lodine S b7 4 5% b Y 4

Bumber of Spray Pumps
Opecating l ot 2 1 of 2 1 ot 2

Spray Bescval Coeliicirent
for lodine

Elemental 12.5% e} 12.55 he 'l 12.55 he}
Particul ate 0.507 he 0.507 hel 0.507 he !

[g=2"¢1

Effective Decont amination
Factor of Spray on

Elemental lodine 100 100 100
Containment Free Volume .84 x 10% g3 1.84 x 10% g 1.84 x 10% (3
Cont ainment Leak Rate 0.2 per day (0-24 ur) 0.2% per day (0.24 he) 9.2% par day (0-24 bhe)
0.12 per day (1-30 days) 0.1 per day (1-30 days) 0.12 per day (1-30 days)
Containment Recirculation &Y. 200 §Y4,200 54,200
Plow S6,098 cim 6y a20 cfm 804240 cfm



TABLE 15.4-16

QFFSITE DOSES FROM LOSS OF COOLANT ACCIDENT
roid Do Rem

Site Boundary
(0-2 hours)

1609 meters

Realistic Analy-is (.18 ¥ x 1073
Conservative Analysis 287 L% x 100
Regulatory Guide 1.4 Analysis |y LT x 10
10 CFR 100 Guidelines 300

Low Population .Zone
(0=30 days)
4827 meters

2.00 263 x 1074

506 3 x 107}

z.84 240 x L0}
300

Camma and Becs Doses (Rem)

Site Boundary
(0=2 hours)

48509 meters
8eta
Camma Skin
Dose Lose
A N | A
Realistic Analysis £595+9% « lu‘g ¥ x 10'3
Conservative Analysis 61{1 x 1077 6% x 107
Regulatory Cuide 1.4 ©'89 815
Analysiz vy ¢ 100 x 100
10 CFR 100 GCuidelines ¢:78 15(1)t 6

-

(1)

Whole bory dose.

15.4-3)

Low Population Zone
(0-30 days)

4827 meters
Beta
GCamma Skin
Dose Dose

'1'393 x 10°3 w x 10~
-

bt x 1073 x 10°
lin % q1

587 x 1071 2u6¢ x 10°!
357 25(1)




TABLE 15.4-17

PARAMETERS USED IN ANALYSIS OF CONTROL ROOM DOSE
EOLLOWING A LOSS OF COOLANT ACCIDENT
Earameters
Control Room Free Volume 226,040 f3
14,143
Filtered Kecirculation Flow 2oy ?® cfm
Recirculation Filter Efficiencies 95% for all species of iodine
Maximum Control Room Filtered Air 2413
Infiltration Rate 4350 cim* '
Contro’ Room Unfiltered Air Infiltra~
tion Rate 10 cfm
2423
Maximum Control Rcom Outleakage Equal to total inleakaye (236@ cfm) '
Meteorology 0-8 hest  9.35 x 1079 sec/md

8-24 hrs! 6.63 x 10°% sec/m?
164 dayst 3.9% x 10™% gec/m3
4=30 cayst 2,45 x 10°¢ gec/mI

Percent of Time Operator Is in 0 = 24 hrs 1002
Control Room Following Accident 1 = & days 60%
4 -~ 30 days 40%
Duration of Accident 30 days
Breathing Rate of QOperators in
Control Room 3,47 x 10°% md/see
Activity Release Assumptiors Table 15.,4~15
Method of Dose Cal._Jlation ) Appendix 15A

“ Actual system capacity 2500 cfm (single train)

15.,4-84




Realistic Analysis

Conservative Analysis

Ultra-Conservative
Analysis

¢

TABLE 15.4-18

0 £ NG A
Qoses (Rem)
Ihyroid Gamma
2 @ 2.2
)-l; x 10°¢ LAY x 1074
L‘!’x o=l M x 1073
3.0 1.7
3.08 x 10} 2?8 x 100

l’c"‘s

¥
39 x 1074

i';% x 1072
&}9 x 10




8. N¢ condenser air removal systam release and no steam generator
blowdown during the accident.

9. No noble gas is dissoived in the steam generator water.

‘0. The iodine partition factor in the unfaulted steam generators, 0.01,
is determined as follows!

amount of iodéao,unit mass liqu!d

11, During the postulated accident, iodine carryover frou the primary
side in the two unfaulted steam generators is diluted in the incoming
feedvater,

12, In the faulted steam generator, all water boils off and is released
through the break immediately after the accident. The partition
fector for iodine released is assumed to be 1.0, After this initial
release, further iodine is released due to primary to secondary
leakage in the faulted steam generator. A partition factor of 1.0 is
also assumed for this release.

13, The primary pressure remains constant at 2235 psig for 0-2 hours and
then decreases linearly to atmospheric during the period 2-8 hours.

L4,  The 02 hour and 2-8 hour atmospheric diffusion factors given in
Appendix 15A and the 0<8 hour breathing rate of 3.47 x 10°% »d/gec
are used,

15, The dose model used to evaluate this accident is given in Appendix
15A.

/5. ¢4-22
Steam releases to the atmogphere in the first two hours of the steam line
break are given in Table [satopic releases to the environment

using these assumptions are summarized by Tables 15.4-24 through 15.4-27,
The gamma, beta and thyroid doses

2. 84 x50 ] ¢ 7.14,(.5“‘
eam line\break accident, base
upon the realistic analysis, are

-#-40 B) Rem, respectively te boundary. Corresponding doses he
low population zone are(t: lu.@lu ln‘é_r%_t@

B 7‘——'"“-— - ‘5
Rem, respectively _4.42“07 ‘4.571407 6.87x10

Gamma, beta and thyroid doses at the site boundary and at the low
population zone for the steam line break accident, based upon the
conservative analysis, are given by Figures 15.4-61 through 15.4-63 as a
function of primary to secondary leak rate. The doses resulting from this
accident are well within the limits defined by 10 CFR 100 (25 Rem, whole
body: 300 Rem, thyroid) for the range of credible steam generator tube
leakage.,

15,422
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TABLE 15.4-23 (Continued)

PARAMETERS USED IN STEAM LINE BREAK ANALYSES

Parameter dealistic Analysis
Blowdown rate per steam generator “i

prior to accident

Initial steam and water release

from faulted steam generator

Long terwm steam release from
fauited st=am generator

Steam release from iwo unfaulted

steam generators

Feedwater flow to two unfaulted

steam generators

Meteorology

oA cpm
165,000 16 (0-30 minutes)

12 1b (0-8 hours)

332,700 1b (0-2 hours)
665,400 1b (2-8 hours)

453,900 1b (0-2 hours)
721,500 1b (2-8 hours)

Annual average

Conservative Analysis

15 gpm

165,000 1b (0-30 minutes)

1,300 1b (0-8 hours)

332,700 1b (0-2 hours)
665,400 1b (2-8 hours)

453,900 1b (0-2 hours)
721,500 1b (2-8 hours)

Aceident
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TABLE 15.4-24

SIEAM LINE BREAX ISOTOPIC RELEASE
10 ENVIRONNENT CONSERVATIVE ANALYSIs(!)

Activity Released to Environment

—Y ASCidcne (C{)

1so.0pe £0-2 he) £2-8 he)
1-131 490 avrx 10771 137126 x 10-00
1-132 795 4e?? x 10772 22 438 x 1077
1-133 3.5 5467 x 10°2! 9./6 2+0% x 104!
1-134 b.%0 Lo 10772 2.04 27 x 10771
1-13% 1.7% 2485 x 107! 4 95 Loatrx 10°F!
Xe-'3lm 3.87 3.09°x 10°3 /16 37T x 10-2
Xe=133 L9 Lokt x 1001 2.00 be?T x 100
Xe=133m 7.185 Le8T x 1072 214 St x 10741
Xe=13$ 428 3HT x 1072 /.29 1o x 10~}
Xe=135m 677227 x 10782 5.3 5.7 x 10°F!
Xe=138 2.9 et x 10771 5.86 107 x 10°7!
Ke=83m 53904 « 1072 /6080 x 1072
Kr=85 572 37 x 1072 /.71 T = 1071
Ke=85m /.76 le0e x 10°2 829 348 x 1072
Ke=87 17154 x 1042 55137« 1072
Ke=88 379 L+ 1072 113532 x 1071
Kr=89 631 Dot x Jo*3 /90040 x 1072

(1 Primary to Secondary Leakage = 0,01 gpm.

35.4‘92
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TABLE )5,4-2%

10 BN GROIT ST 1

Activity Released to Environment

—D2Y Accidant (Ci)
lsotope £9=2 ny) {2-8 hp)
1-131 490 ookt x 1040 137106 x 107X +1
1-132 7.93 4?7 x 1074 2.24.98 x 10740
1-133 J.55 5e6% x 1040 9 /4 2008 x 10540
I-134 690 43T x 107! 26923t x 107720
1-135 1.7 3+0% x 107X0 4.90 et x 10" 0
Xe=13lm 3.77 5409 x 1072 1.0 273 x 10°}
Xe=133 L.95 et 5 10F0 2.0f bet? x 10!
Xe~133m 2,18 L4 x 107} 2.4 5448 x 1070
Xe=13$ .28 359 x 10°!} 1.29 L% x 100
Xe=135m €77 227 x 107! 203 587 x 10-70
Xe~138 2% At x 16FO 9801 a0y 10-XO
Ke=83m 534 0.8 xi0°2 160 2e® x 10=!
Ke=85 512 33 x 107} L7 47 x 100
Kr=85m /.76 Le@€ x 10~! 529 14% x 10!
Ke=87 17! 59T x 10771 518 3?7 x 1071
Kr-88 37 L7 x 107} 113837 x 10740
Ke=89 63 B0 x ;o2 1.90040 x 107/

(0 Primary to Secondary Leakage = 0,] gpm,

15.é~93




TABLE 15.4-26

STEAM LINE BREAX [SOTOPIC RELEASE
IO ENVIRONMENT CONSERVATIVE ANALYSIS(!)

Activity Released to Environment

—t ASCident (Ci)
Lsotope £0=2 he) (2-8 nhr)
1-131 49C bete¥ x 109% 137 L aex 1002
1-132 7.93 43T x 10740 212 438 x 10%F*
1-133 3.55 5467 x 109+ /6 2409 x 107+
I-134 690 1e8T x 10"X0 204 29T x 107F%
1-13% 1.7% 3+0% x 109t Yyp 140 x 100+!
Xe=13lm 397 5409 x 107} 116 2?3 x 100
Xe=133 b9 Lz x 10F% 2.8 62T x 102
Xe=133m 7./8 1.8t x 100 219 Sed& x L0F+I
Xe=13% 428 349 x 100 1,29 L08 x 10}
Xe=135m 677 227 x 1040 2.3 g8« 10724
Xe-138 296 368 x 10701 2¥L L% x LOP¥)
Kr=83m 539 00 x 107! 160 0<0 1 10°
Ke=8% 572 377 x 100 1110 leAdx 10}
Kr=85m 1.76 L0¢ x 100 529 3ty x 100
Kr=87 1.71 5691 x 10740 55 137 x 100
Ke=88 377 4e?7 x 100 /.13 5437 x 109+
Ke-89 e 30 x s 19000 1 4p°

(1) Primary to Secondary Leakage = 1.0 gpm,

15.6°96




TABLE 15.4-27

SISAM LINE SREAK ISOTOPIC RELEASE

IRONM 3 $TI¢ ¢ ¢

Activity Released to Environment

by Accideae (Ci)

Isotooe (0-2 he) (2-8 hp)
1-13: 2.% br98 « 1073 (3D beid x 1073
I-132 W23 ETTe ¢ 1073 LB b8l x L0
I-133 3.4 337 x 1073 2.8 ke x 1073
1-134 148 29 x 1079 2,12 2709 = 10°¢
t-13% L0 9t x 1073 w23 8728 x 10°A7
Xe=13lm 100 6728 x 10773 300430« « 10747
Xe=113 1B b3 ¢ 1077 3,95 S8 « 1074 |
Le=11lm 7.93 Je?® x 107¥3 2.8 let x 1042
Xe~138 2031748 « 10743 g 3d¥x 10792
Xe=13%m 2.4 S x 10774 50 e . 107
te=117 PR e e e R ————
Xe-128 3,27 =29 x 107% Q60 S8 ¢ 1074
Kr=81a o Srébarr RN T e
Ke=85 4“3 27T« 10773 L4 ArE0 x (0782
Ke=3%m a.08 ¥Tte x 1079 273 125 x 1073
Le=27 544 Frve ¢ 1079 o3 738 x 107472
Re-88 e Proe ¢ 107¥3 460 3+38 x 1073
Kr-89 R T - o

15.4+9%
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; The following information was vequired for the Steam CeneralLor Tube Rupture
| Accident dose calculationt

s The approximate mass of metal in contact with the RCS water is 1.8 x
109 1».

- The secondary side volume in one steam generator is 5947 fed,

3. The air ejector flow rate is

Main condenser: 576 Llb/hAr, air/vapor mixture
Auxiliary condensers: 215 Ib/hr, air/vapor mixture

4, The normal operation letdown rate is 60 gpm.
Se The total RCS volume at hot conditions is 9410 f23, including the

prassurizer. The liquid volume in the RCS ddring normal operation is
8850 ft? at hot conditions,

b, The volume fraction of liquid in the steam generators at normal

operacion is 0.3, -
1. Emergency feedwater system initiation time is less than | minute,

The flow rate to each steam generator is 190 gpm.
8. Figure 15.4-8) shows the liquid volume fraction in the faulted and

non=faulted steam generators as a function of time after the tube

rupture.
9. Pressure as a function of time in the primary system and in the

faulted and non-faulted steam generators is shown in Figure 15.4-84,
The steam releases to the atmosphere for the postulated steam generator
tube rupture are given in lable 15.4-25, Isotopic releases to the
environment based upon these assumptions are summarized in Tables 15.4=30
through 15.4-133, '.’““ ‘.“‘-‘
Camma, beta and thyrsid doses the site boundgry in the first two hours
of the postulated steam tube ry dent and ‘ the . 1LO9E~4
realistic analysis are Rem, Rem and £
2 espectively. rresponding 408 the low population sone |rr€!EEP

em, Rem an Rem, respectively, for the '
I,/’ 4UFation of the adcident,
aé-, { llf's

00“,’ Carvna, bdeta and :hy’ru‘xd doses at the site bdoundary and lov population zone

.0 resulting from the postulated steam generator tube rupture accident and
based upon the conservative analysis as a function of primary to secorlary
leak rate are given by Figures 15.4-¢  through 15.4-68, The doses from
this accident are well within the limits defined in 10 CFR 100 (2% Rem,
whole dody, 300 Rem, thyroid) for the range of credible steam generator
tube leakage.
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TABLE 13.4-29
PARAMETERS USED IN STEAM CENERATOR TUBE RUPTURE ANALYSES

Realisei (] o o3

Core thermal power 2900 MW: 2900 MWt

Steam generator tube leak rate 100 lbs/day(}) 0,01 to 1.0 gpm
prior to and during accident

Offsite pover Available Lost

Fuel defects 0.125¢1) 12

lodine partition factors in 9.0l : 0.01

steam genurators prior to
and during accident

“Hi
Blowdown rate per steam oA g 15 gpm
generator prior %o accident
Time to isolate defective 30 min 30 ain
steam generator
Duration of plant ceoldown by 8 hr 8 he
secondary system after
accident
Steam release fro.. defective 48,000 Lbs 48,000 lbs
steam generator (0~30 min) (0=30 min)
Stear release from 2 316,000 ibs (0=2 hre) 316,000 ibs (0=2 nr)
unaffected steam generators 835,000 ibs (2-8 he) 235,000 lbs (2-8 nr)
Feedvater flow to 2 346,000 ibs (0-2 nr) 346,000 lbs (0-2 hr)
unaffected steam generators §83,000 1bs (2+8 hr) 883,000 lbs (2-8 hr)
Reactar coolant released to 125,000 1bs 125,000 Lbs
the defective steam
generator
Meteoralogy Annual average Accident
i)

American National Standards Institute, "Source Term Specification,"
N237, Draft Revision 2,

15'6'97



TABLE 15.4-30
STEAM GENEWATOR TuBE AUPTURE Isotopre !&‘éi[
0 ENVIRONMENT consea: YATIVE ANaLYsrs(l)

Activity Neleased t0 Eavironment

—2¥ Agcident (Gi)

lsotoge £9=2 he) 3-8 ae)
r-131 3.5 ddd ¢ 107} 2% 2.42 x 1072
1-132 249 ‘widex 10~1 2678.% x (082
I=133 ©.66 S « 10~} 436 1.99 ¢ 1072
I-134 890 .38 x 102 15,30 x 10~3
I-13% 33 a4 « L0~} 442,18 2 10"2
Le=13lm L3S ket « 10e 2.001.82 x 102

® g Xa-i53 4% Lo & [Q% 3.36'2 8) x 100
Le=133m 245 +rid < 107 185 3.83 ¢ 1070}
Xe~13% A 5d buwd 5 104 227 7.17 ¢ 10=2
te=138m ENE e BT $.00 4,54 ¢ 10°)
Le~.38 4.09 evde ¢ 10i 654 7,26 x 10°)
Ke=81m -— ———
Kr=85 6.1k eri+ 2 102 8.27 7.54 x 1072
Cr=8%m 1.4 20« |02 102 2,09 ¢ 102
Ke=a7 0.8 M3 4 1ol 1o 1,18 x 102
Ke-88. L0404 ¢ 102 2273.5 » 10=2
Cr=39 - -e- . v

(l)rrxngr; 2 secongary leakage = 0.0} gpm.

15,438




TABLE 15.4-31

Activity Reieased to Eavironmenr
by Acsidene (Ci)

Lsotove (9= ne) -8 be)

[-131 440 oy 107} 290 ved x 07}
[-132 449 rem ¢ 107! 2467 3ebé ¢ 10°%)
I-132 709 e ¢ 107} *36 3.8 ¢ 107}
r-134 .63 &8 x 102! it 102
£-13% .4 3vb? x 1071 2.42 10}
Xe=1llm s FrTT 2 102 10-1
Xe=133 148 Le?? ¢ 10% 10l
te=132m Q.65 278 x 102 1g*t0
te=1233 484 &8« 107 10~}
Xe=113m 212 284 x 104 10=2
Xe-138 4.4 vbd x 104 102
Ke=821m —
Kr=3% $.06 4wl x 102 8,27 25 x 10~}
Kr=3%m L4 e300 ¢ 1072 8% 299 x L0~}
Kr=87 $.8) 194 « 104 Le§ o8 x 107}
Kr-83 106 24 « 107 327 I« L07}
Re=489 - -

H3aEi,
L

(1 ] :
Primary to secondury leakage = 0.} gpm.




TABLE 15.4-32

| TU RUPTU 1 RE!
IO ENVIRONMENT CONSERVATIVE anaLysrsit
Activity Released to Eavironment
By Ac’ident SE”
‘ Lsatoce £0=2 ne) (3-8 he)
| I-131 12T brie ¢ 10OV 170 #e2 x 100
| 1-132 LS eTet 1 100 247 Bedn ¢ L0W O
1-133 207 w8 ¢ 100 a% o9 x 109 :
| Lolie 247 2948 ¢ 10°} it Sedd x 10°)
' : I-13% L4 ot 100 242 ed x 100
Xe=13lm 126 beid x 102 t-u'mn 109
Xe=133 49 L3 x 10 1.5 x 102
fe=133m 990 i ox 102 LS Yt x 100!
te-13% s8e v3d x 07 727 2 x 100
| Le=11%m 1,14 #2 ¢ 0} 60 o ¢ 07}
Xe=138 41 &% x 104 ¢854 1w ¢ 0"}
Ce=32m - .
Le=83 819 e x 102 827 Jbe x 00
Fe-85m as” Pt oz 102 w42 27Tz 100
Re-47 028 Fred x L0} 1eY lettx 100
Re-88 2,05 vt « 102 3,17 drde ¢ 100 ]
Ke=89 b cwe _

i (1 Primary 20 secondary leakage = (.0 gpm.
|
|
!
\




TABLE 15,4-32
$T GENERATOR TUBE R RE [SOTOPIC REL
NVIRONMENT ALYST

Activily Released 20 favirocament

Dy Accigdent (Ci)

{sotoce $Q~; he) ;3-’ h;2
{-131 dig e x 1072 881 1t x 1073
1-132 adr bred ¢ 1077 849 434 ¢ 1077
1-133 687 Sedd x 104 133 248 L0°0Y
[=134 994 et ¢ 1077 T T .
1-13% »e8 2790 x 10%? af 4edd x 1073
te=lllm 186 ITU2 x 0%} 200 Syb x g=¢ 3
te=113 178 a9 x Lol? 297 3ed%i 100!
Xe~1.3m e Svon x 1002 182 Pr¥r ¢ (042
ae=11% 5,48 et ¢ 0L 727 ¥raT e 107}
te=12%m 279 Sede o (07H0 498 Jeed x 1079
Xe-138 490 Zediex 100 663 128-x 10-¢
M p— ) . ‘;:#"—K a
Cr-2¢ 020 o ¢ 10*] 017 S99 ¢ 19782
Re=35m 1,36 Swae x 100! 92 Bwad x 10742
Ce=27 8.5 bs x 100 184 9% ¢ 1043
“re88 245 Fre? x 10} P e g 1073
- e T
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6.

The iodine partition facior in the steam generators, 0.01, is
determined as follows:

o)
amount o ne/unit mass qu

No noble gas is dissolved or contained in the steam generator water;
i.e., all neble gas leaked to the seccadary system is continuously
released vith stes: frow the steam generators through the condenser
air removal system.

The blowdown rate from the steam generators is continuous at 15,0 gpm
per steam generator

The followiag consarvative assumptions and parameters are used to calculate
the activity releases and offsite dose: for a steam line dreak:

l.

10.

Prior to the accident, un equilidbrium activity of fission products
exists in the primary and secondary systems due to primacy to
secondary leakage in the steim generators.

Offsite power is lost and the main condenser is not available for
steam dump.

Eight hours after the accident the residual heat removal system
starts operation to cool down the plant,

After eight hours following the accident, no steam and activity are
released to the environment.

Primary to secondary leakage is evealy distriduted in the steam
generators and varied from 0.01 gpm to 1.0 gpm.

Defective fuel prior tec the accident is one percent,

Fiftean
As & result of the accident, ge percent of the fuel rods in the core
are considered to be failed and their gap activity is considered to
be released to, and instantaneously vixed with, the reactor coolant.
The gap activity consists of 10 perc nt of the total noble gases
other than Kr-85, 30 percent of the Kr-85, and 10 percent of the
total radiocactive iodine {a the da~aged rods at the time of the
accident.

No condenser air removal system release and no stean generator
blowdown occurs during the accident,

No noble gas is dissolved in *"* iteam genmerator wvater.

The iodine partition factor in the steam generators, .01, is
determined as follows:

n iodine/unit
amount o ne/unit mass liqu

15.5-3,



11, During the postulated accident, iodine in the stoam generators is
diluted with the incoming feedwater,

12, The primary pressure remains cunstant at 22395 psig for 0-2 hours and
then decreases linearly to atmospheric during the period 2-8 hours.

13. The 0-2 hour and 2-8 hour atmospheric diffusion factors given in
Appendix 15A and the 0-8 hour breathing rate of 3.47 x 104 md/sec
are used,

14, The dose model used to evaluate this accident is given in Appendix
15A.

Steam releases to the atmosphere for the reactor pump locked rotor accident
are given in Table 15.4-34a, Assumptions for the realistic analysis are

also presented in Table 15.4~34a, Isotopic releases to the environment

using these assumptions are summarized by Tables 15.4~34b through 15.4~3de, ¢

1,49 07 7.5 c10™ . $0x .0
The gamma, beta(and thyroid doses for the reactoricoglant 5 lockpd rr.or
dent, based upon the realistic analysis, are lu. (,.’!” -;
“PDRen and 3,98 x 10°%)Rem, respectively, at the s QUDARTY .«
unutn; low population zone are 'm Rem, (l.44 x
10°7) Rem, and (2.98 x 10°%)Rem, respectively. . E: -
358x.5"7 . ! 54" 6.33 x5

GCamma, beta and thyroid doses at the site boundary and at the low
population zone for the reactor coolant pump locked rotor accident, based
upon the conservative analysis, are given by Figures 15.4~77a through
15.4=77¢c as a function of primary to secondary leak rate. The doses
recylting from this accident are well vithin the limits defined by 10 CFR
100 (25 Rem, whole body; 300 Rem, thyroid) for the range of credible steam
generator tube leakage,

15.4.5 FUEL HANDLING ACCIDENTS

A fuel ha'dling accident (FEA) during refueling could release a fraction of
the fissicn product inventory in "he plant to the environment, Twe

accident :cenerios are considered: (1) a refueling accident occurring inside
containment and (2) a refueling accident occurring cutside containment,

15.4.5.1 Fuel l'endling Accident Inside of Containment

Tu> postulated fuel handling accident inside containment is the dropping of
a spect fouel assembly onto the core during refueling which results in

damage . the fuel assemblies. For this postulated accident, two analyses
bases are evaluated: (1) a realistic case and (2) & conservative case. The
conservative case analysis is based on Regulatory Guide 1.2% sssumptions.
The assumed analysis parameters and radiological consequences associated
with these cases are discussed delow,
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TABLE 15.4-%a

PARAMETERS USZD IN LOCKED ROTOR ACCIDENT ANALYSIS

Core Thermal Power

Steam Cenerator Tube Leak Rate Prior

to Accident and for First Eight
Hours Following Accident

Offsite Power
Fuel Defects
Failed Fuel

Activity Released to Reactor
Coolant from Failed Fuel

Parcent of Activity in Damaged
Rods in the Cap

Noble Cases (except Er-835)
Kxr-85
lodines

lodine Partition Factor for
Steam Generators

Duration of Plant Cooldown by
Secondary System after Accident

Blowcown Rate per Steam
GCenerator prior te Accident

Realistic Analysis

100 1b/day(l)
Lost
0.12 percent

6.0

0.0l

8 hours

S gpm
41

Conservative Analysis

2900 e

0.01 to 1.0 gpm
Lost
1 perceat

10 percent

10 percent of gap inveatory

10 percent
30 percent
10 percent

0.01

& hours

15



TABLE 15.4~34p

BEACTOR COOLANT PUMP LOGKED 20708

ASQTOPIC RELEASE 10 CNVIRONMENT REALISTIC ANALYSIS

Activity Released to fuvironment

I=-131
=132
=133
I=134
=133
Le=1llm
Xe~123
Xe~lllm
Le~-133
Xe=11%m
Xe=113?
Xe='38
Kr-8)m
Ke-43
Kr-8im
Ke~87
Ke-38
Ke-89

—t ASSAdenr (S

(=2 3e) b o)
S0 hed€ x 10} T Arid o (04 S
348 249 1 10°) 413 erdd x 10"}
13 S$ed? x 10°3 LAY 4ved x (0"
LN 3ede x 10 13 b x 1079
39 i ¢ 107 g orer 4 0°8
100 erit x 1093 2030 , jg@d
L6 ) ¢ 100 188 234 ¢ 102!
TR M 2 10?295 4rsr ¢ 107 S
84 Leig & 107} 0% bwid x 10°F &
0567 x 1078Y 180 3307y 1gee
0 leiPeaitn’ 0 bedd-x—i07é-
13 w9 o 1074 L0 Fed? L0
0 L e o 1
WY Gt 0= 2 N TR 1 0™ A
9.0 érte x (0™ 1) bréd o 1073
L9y Fre8 x 10 163 Bed4 ¢ 107"

410 3et8 ¢ 0"

14 398 ¢ 10743
0 Zeiflasond-

15.5‘&‘:’5

0 8vidt=-10"}




TABLE 15.4~34¢

MMWMM“’

Activity Released to Eavironment

lsotose (0=2 ne) £9-8 he)
I-13 L0 b8 x 10"} 1Y% »d o2 107}
1-132 303 By x 107} LAl Jet8 x 100
1=133 8 391 ¢ 107} LT ebd x 100
1-134 V63 bvdé x 107} 198 ree < 100
1-135 3% 3vét o L0°] 1 bres x 100
Xes13lm L68 brew ¢ 0" 633 « 10°!
Xe=123 a0 &7t ¢ L0} o8 £r10 x 102
Le=13dm ¢334vee « 100 AN erd ¢ 107 )
Xe=119 447 evit 2 L0¥O 3R ved 5 10!
Le=13%m LM +vi® x 040 126 evet. x 10}
Xe=128 Y382 ¢ 0d VR bred o 107
Kr=83m 3y 320 ¢ 100 AT it 1 10F0
Ke=89 bvi2 x L0~} 327 87 x 100
Ke=8%m W 92 x 100 i1 317 & 10d
Ke=87 Lod +v5 ¢ 10! ru-m x 10t
Kr-88 L 1 32 x 104
Ke-29 117382 « L0} 108 dvid x 104 )

N¥gte:
(H Primary to secondary Leakage equal to 0.01 gpm.

19.4~106




TABLE 15.4-344

Activity Released o Environment

Lagraze £0-3 he) (9=8 ne)
1=131 ald bt o 100 LN, 2t o 100
1-132 303 30 « 100 LAl Swilex 10}
1-433 B e ¢ 100 R R RLL
=134 2 eves x 100 n: bt x L0}
1-133 38, e | o wred o 104
te~13la 1 e x 100 u u « 109
Xe=113 0 Lvid x 102 169 x 103
Xe=11lm 6 bede ¢ L0l AN et o 02
te=13% 147 brt? ¢ 02! 38 e ¢ 100
Le=11%m 40 +vid x (04 336 “vel ¢ 102
Le-138 184 ved ¢ 1048 A e ¢ 107
Kr=82m NG 330 ¢ L0} T bt 1 1021
Kr=83% 61 et ¢ 00 227 3ebd x 10!
Kr=8%m Sy 2 ¢ 10! AR e 1 102
Ke=87 Le2 dvbd x 100 WL ewid x 103
Kr-28 R R 3 812 o 102
Ke-89 117 et ¢ 102 208 Y < (042

LUITE

(1) primary 1o secondary leskage equal t3 0.1 gy

13.4=-107



=131
I=132
I-133
I=-134
I-13%
Xe=1llm
Xe-11)
Xe=1llm
Le-13%
Xe=13im
Xe~138
Ke=8lm
Ke~89
Kr-8%a
Ke-87
Kr-88
Kr~89

Note:

£9-2 he) £0-8 np)

i\l e ¢ L0! ¢ vt o« 10)
103 98 ¢ 10} WAL o8« L02
4R 97 « 10} LI bt x 102
Lol evéd « L0} 1S wrds 02
3% e« l0d 1B e o 102
68+ o ol 632 &7 ¢ 0!
A ertt ¢ 03 W68 w0 x 104
63 o8 « L0? 4y s ¢ 1043
A7 t? ¢ 1082 1A Geed ¢ 10)
1% svt® ¢ 072 330 vk x 103
14y %2 ¢ 10d N2 wwdd ¢ 104
NG 390 ¢ (04 WY 92 ¢ 1002
.2“ ere? « L0} 337 8 ¢ 102
W 392 x 102 L8 3« 10d
1,03 &% « 103 o2 ewid ¢ 103
L re8 ¢ 103 $ $eid x 103
L) 22 « 103 08 brtd ¢ 1042

(1) Frimary to secondary ‘eakage equal 2o 1.0 gea,

15.“‘03




Him

160

10+

10-2

10-3
0-2 o=! o0

PRIMARY TO SECONDARY LEAKAGE (GPW)

SOUTH CAROLINA ELECTRIC & GAS CO.
VIRGIL € SUMMER NUCLEAR STATION

Locked Rotor Accident Whole Body
Gamma Dose

Lonséeiarie Case
Figure 15.4.772




R R R R R R R R RS N

R ===,

T ——

N—

WEwm

e o e e e e

!

> -

SECONDARY LEAKACE [GFM

”

SOUTH CAROUNA ELECTRIC & GAS CO.

VIRGIL C. SUMMER NUCLEAR STATION

Locwed Rotor Act.gent Syurface Boay
8ot Dose

Codgen talive Cate
Figure '5.4-770




Pim

10-!

|

o~ 199
PRIMARY TO SECONDARY LEAKAGE (GPW)
SOUTH CAROLINA ELECTRIC & GAS CO.
bwgmcwmmmsum
Locked Rotor Accigent
Thyroid Dose

CenseevarT vg Case
Figure 18 477




15.4.5.1.1 Identi®ication of Causes 4nd Accident Description

There are numerous administrative controls and phycical limitations which
are .mposed to prevent a fuel handling accident from occurring during
refueling operations., Nevertheless, an accident sequence has been
postulated with “he objective of assessing the potential risk to the public
health and safety.

It is postulated that a spent fuel assembly is dropped onto the core during
refueling resulting in breaching of the fuel rod cladding. As & result of
the damage, a portion of the volatile fission gases are releascd to the
vater pool covering the core, Subsequently, a fraction of the water
soluble gases are absorbed in the pool with the remainder being transported
through the wvater and into the reactor building atmosphere. The escaped
gAses are assumed to be released instantaneously to the environment via the
reactor building purge system and dispersed into the atmosphere,

15.4.5.1.2 Analysis of Effects and Consequences
15.4.5.1.2.1 Method of m\"‘.

The following assumptions are postulated in the calculation of the
radiological consequences of a fuel handling accident inside containment:

Bealistic Analvses
1. The accident occurs at 100 hours after reactor shutdown, which is the
minisum time after shutdown that refueling operations could commence.

Radicactive decay of the fission product inventory for this time
period i taken into account,

2. ALL 284 pins in the dropped spent fuel assembly are damaged.

3. The assembly damaged is the highest-povered assembly in the core
region to be discharged. The values for individual fission product
inventories in the damaged assembly are calculated assuming
full-power operation at the end of core life immediately preceding
shutdown, For the realistic analysis, nuclear charac ics of the
highest-rated discharged assembly are given in tnuéﬂ__é}{n
model discussed in Section 15,1.7.2 is used to determine these

fuel=pellet~cladding activities, L8 439

& ALl activity in the clad gap of the damaged fuel, given in
Table 15.4~36, is released to the reactor cavity pool,

b 1 The saxiaum fuel rod pressurization is 1200 peig.

6. The sinimus vater depth between the top of the damaged fuel rods and
the reactor cavity pool surface is 23 feet,

8 Noble gases releasnd to the reactor cavity pool are immediately
released to the reactor bdbuilding atmosphere.

AMENDMENT &
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The response time for the gas channel of RM~A4 to provide a closure
signal directly to the inter)ocked reactor building purge isolation
valves is based upon the following assumptions.

(a) Sample line length of 30 feet.

(b) Sample cavity of 0,04 ft3,

(¢) Sample flow of 1 cfm.

(d) Electronic and reluy response of 0.56 seconds.

This results in a 13.2 second transient time for the sample from the
duct to the detector. Adding the electronic and relay response
produces a total of 13,8 sesonds. Combining this with the closure
time of the reactor building purge isolation valves (see Technical
Specifications) of less than five seconds and adding an air flow time
of 22.4 seconds from the fuel handling accident puff through the
purge exhaust duct to the monitor sample point produces a total of
less than 41.2 seconds from the occurrence of the postulated fuel
handling accident puff inside containmint until rhe reactor building
purge is isolated.

15.4.5.4.2 Environmental Consequences of a Postulated Fuel
dJandling Accident Qutside of Containment

Following a postulated fuel handling accident zutside containment, a
quantity of airborne radiocactivity would be reieased to the environment via
the fuel handling building charcoal exhaust systen,

The dose received by an individual standing at the exclusion area boundary
for the accident duration has been evaluated for both a conservative and a
realistic case.

The bases for the conservative Regulatory Cuide 1.25 evaluations are as
follows:

l, The accident occurs 100 hours after plant shutdown, since plant
technical specifications require the reactor to be subcritical
100 hours prior to the movement of spent fuel. Radicactive decay of
the fission product inventory during the interval between shutdown
and the start of refueling activities is taken intu account.

i The number of pins broken is a tota! of 314 pins., Being equivalent
to 1.19 assumblies, this quantity of pins broken represents 50 pins
broken in the impacted assembly as well as the 264 pins of the
dropped assembly.

3. The assembly damaged is the highest powered assembly in the core
region to be discharged. The values for individual fission product
inventories in the damsged assembly are calculated assuming full
power operation at the end of core life immediately preceding
shutdown, ' ; \ i{yeaking factors
used in both analyses are given in Table :

tactors are given in FSAR Tabte 15:4=39,

1654-39
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4, The maximum fuel rcd pressurization is 1200 psig.

IS The minimum water depth between the top of the damaged fuel rods and
the spent fuel pool surface is 23 feet.

6. All activity in the clad gap, given in Table 15.4-37, is released to
the spent fuel pool in the conservative analysis. This activity
consists of 10 percent of the total noble gases other than Kr-85,

30 percent of the Kr-85, and 10 percent of the total radiocactive
iodine in the rods at the time of the accident. Activity available
for releare is given in Table 15.4-37.

T« Noble gases released %o the spent fuel pool are immediately released
to the atmosphere.

8. In the conservative analysis, the iodine gap inventory is composed of
inorganic species (99.75%) and organic species (0.25%).

9. The spent fuel poo! decontamination factor is 133 for inorganic
iodines aud 1 for all other radioisotopes.

10,  No credit is taken for non-safety ventilation and purge systems.

11, No mixing of the pool releases with the fuel handling building
atmosphere is assumed.

12, All iodine escaping from the spent fuel pool is immediately available
for release to the environment,

13,  No credit is taken for natural decay due either to holdup in the fuel
handling building or after the activity has been released to the
environment .

14. [sotopic data, breathing rate, and meteorology is given in
Appendix 15A.

Assumptions used to evaluate the offsite dose of the realistic case are
identical to those used for the conservative case with the following

exceptions!

1. The number of pins broken in the realistic case is to 264, This is
equivalent to one assembly. Gap activities are listed in
Table 15.4-36.

/.65 /15.4-39,

2, Radial peaking factor is ),81 as listed in Tablc/-+$v6-%§-on‘
+86—39+-

N The effective decontamination factor for iodines in the spent fuel

pool is 500 as given in Reference (41l].

The activities released to the environment for the conservative and
realistic models ar~ given in Tables 15.4-36 and 15.4~37. The doses to the
thyroid, whole body, and skin are given in Table 15.4~50,
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TABLE 15.4-35 ///
NUCLEAR CHARACTERISTICS OF HICHEST RATED DISCHARCED ASSEMBLY

ore Power, MWt 2900
N r of Assemblies 157

Core Avecage Assemblvy Power
at 102% oF Full Power, MWt 18.84

1.%5
Radial Peak to Av-rage Ratio 1.55
Peak Linear Power Densit 13.65
Maximum Centerline Fuel T 3639

Power~-Ten *ure Distribution for H{ ated Discharged Assembly

Percent of Assembly

Fuel Temperature Within
Range, °F

1600 - 3800 /
3400 - 3600 |
3200 - 3400 /
3000 - 3200 7
2800 - 3000
2600 - 2800,

2400 - 26
2700 - 2600
2000 ~ 2200

<2000

/ | W

. e

NPV DWN OO
WOOE N d oD
NO@ NV WN—O
- - - . ~ - - . - -
P UVOVEDWN—~O
o

o
o
W
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TABLE 15.4-36
REALISTIC CASE

| 60 HOJRS AFTER

ACTIVITIES IN HICHEST RATED ASSEMBLY AT FiME-6F REACTOR SHUTDOWN

IIOCOQQ

Kr=83m
Kr=-85
Kr=85m
Kr=-87
Kr-88
Kr-89

Xe=13lm
Xe=133
Xe=133m
Xe-135
Xe=135m
Xe~138

[-131
I-132
1-133
I-134
I=-135

Curies in -

Assembly

Percent of Activity

in Cap

15.4-110

Curies in

Cap_(aiody—
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TABLE 153.4-37

CONSERVATIVE CASE ACTIVITIES IN HIGCHEST RATED
ASSEMBLY AT, P¥ME—Sf REACTOR SHUTDOWN
| OO HOVRE S AFTER,

Curies in Percent Activgty Curies in a—
[sotope Agsemnhly (ﬂﬂ; in Gap (i Gap (w40
Kr=33m 40 O 3 10 - O
Kr=85 Ov85 . Tx 0 30 26 Z.0%0°
Kr=85m v O 10 e o
Ke=87 P 10 648 ©
Ke-38 Gvikr © 10 924 ©
Kr=-39 120 o 10 250 O
Xe=131m 0957 <5 lo; 10 4 85 ST 5K
Xe-133 .34 (2 xi0” 10 LI3ve L.z x 10
Xe=133m Orble .0 xi10F 10 dord |, 0 %10
Xe=135 4«1y zw»w% 10 o+ 2. 1x10
Xe=135m bbd L B pi0 10 bov? . 3xi0~!
Xe-138 e o 10 e O
I-131 e a,w{ 10 #52 5T FxioY
1-132 Hedd 4.9 x105 10 Hés 9 Gyi0Y
I-133 ovdd L.l 109 10 168+2 L 1 X3
I-134 936 © 10 19346 o
I-135 B3¢ y.oxio! 10 183v4 y.ov 0
NOTE:

(1) 1n accordance with Regulatory Guide 1.289.
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TABLE 15.4-39

REALISTIC AND CONSERVATIVE CASE NUCLEAR CHARACTERISTICS OF
HICHEST RATED DISCHARGED ASSEMBLY

L. CONSERVATIVE CASE
Core Power, MWt 2900
Number of Assemblies 157
Highest Power Discharged Assembly
Axial Peak to Average Ratio(l) 1.65
Radial Peak to Average Ratio(l) 1.65
IT. REALISTIC CASE
Core Power, MWt 2900
Number of Assemblies 157

Highest Power Discharged Assembly

Axial Peak to Average Ratio 5% | ey
Radial Paak to Average Ratio e S

(1) In accordance with Regulatory Cuide 1.25 (see Appendix 3A),
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Isotope

Kr-8lm
Kr-85
Kr-85m
Kr-87
Kr-88
Kr-89

Xe=13lm
Xe=133
Xe~)33m
Xe-i35
Xe~=135am
Xe~138

I-131
1-132
I-133
I-134
I=135

TABLE 15.4-40

ACTIVITY RELEASES FROM A FUEL HANDLING

ACCIDENT INTO BUILDING

Activity Released
Conservative Case

Activity Released
Realistic Case

(Curies) (Curies)

3 0 0

2. 34x (VL e [ HZXIQ St
O SroPe—ii=d O rad—iaed

0 0
S trio—e—io=b 5 Rrbee—iied

0 0

¢ owseet  pe ad5re’ 43

L4 DX  Hedrdsd 5 S XYL Y e

LRI R e
2. Foxio® S

T Houo®, rer
e/ 51%wQ wrd

2.5 %0" R 2.%05i0" B
' 0 0
G BoxioT  G25Tm Le2xio' 3
§F Bixi0®* iR [ 41%.6° Sro8e—igaid
ﬂ<lw'l-3‘ P bﬂb“,g- B
0 0
A Texio”® brih—e—tavl Z~lono‘q Tttt P
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TABLE 15,4=41

OFFSITE DOSES L[UE TO POSTULATED FUEL HANDLING ACCIDENT INSIDE CONTAINMENT

Conservative
(R.C. 1.29) Realistic
Dose Type Case iRem) Case (Rem)
Thyroid /53 435 x 102 343 3eed x 100
Camma [+ Yok22 x In0 Lol R bvdd x 107}
Seta [ ef tved x 100 /.13 33 x 10°} .
NOTE: Dose receptor point located | mile avay at exclusion boundary.
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TABLE 15.4-50

OFFSITE DOSES DUE TO FUEL HANDLING
ACCIDENT OUTSIDE CONTAINMENT

Conservative Realistic
(R.G. 1.25) Case
Dose Type . Case (Rem) (Rem)
Thyroid 7 e 6?5 x 100 72 83 x xo'lﬂ"’
Camma [ 4O 4:22 x 100 | 1% 4v00 x 107} '
Beta | wg bebd x 100 (73 3.30 x 107}
NOTE: Dose receptor point located 1 mily away at exclusion boundary.
AMENDMENT 4
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TABLE 15.4-51

FUEL HANDLING ACCIDENT QUTSIDE CONTAILMENT -
I1SOTOP.C RELEASE TO ENVIRONMENT

Conservative Realistic

(R.C: 1.2%) Case
Isotope Case (Ci) (ci)
I-131 2,45 dri3x 10! .00 8«20 x 1071
I-132 2 .a1xw0’ G .35 k0" % 9= J
1-133 2,03 365 x 100 2.8 335 x 1077
1-134 0 0
I-135 Z.3€ 308 x 1073 | 210 4vb0 x 1077
Xe=13lm 4. 55 Friex 102 9,35 430 x 10> |
Xe=133 .43 b2 x 107 |32 459 x 104
Xe=133m e w9 x 1059 = ) 46k x 102
Xe=135 2.6 vt2 x 102 30 8+30 x 100
Xe=135m - . 5D 929 x 107} 530 4ri® x 1073 2
Xe=138 0 0
Ke=83m 0 0
Kr=d$S .29 309 x 103 |z 2+89 x 103
Ke=85m 5+ 92103 O 108 x10=4
Kr=87 0 0
Kr-88 S brdo—n—io=b o 2+5+-u-10=8
Kr=89 0 0
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2. It is assumed that 50 percent of the iodines and 100 percent of the
noble gases in the fuel that melts are released to the reactor
coolant., This is a very conservative assumption since only
centerline melting could cccur for a maximum time period of six

seconds.

3. The fraction of fuel melting is conservatively assumed to be one
quarter of one percent of the core, determined by the following
method:

a. A conservative upper limit of 50 percent of the rods experiencing
clad damage may experience centerline melting (a toral of five
percent of the core).

b. Of rods experiencing centerline melting, only a conservative
maximum of the innermost ten percent of the rod volume will
actually melt (equivalent to 0.5 percent of the core that couid
experience melting).

c. A conservatice maximum of 50 percent of the axial length of the
rod will experience melting due to the power distribution (0.5 of
the 0.5 percent of the core equals 0.25 percent of the core).

The remainder of the assumptions and parameters used to calculate the

activity release from the plant and the subsequent offsite doses for

the ultraconservative analysis are identical to those used for the
conservative analysis.
15.4.6.4.4 Results

Isotopic releases to the containment are summarized in Tables 15.4-44
through 15.4-46. &

|._’-‘5i'.4_“;7 (}‘?Zl’lo’-’ ,—sz uo’
For the realidtic analygis, the gamma, beta and thyroid do at the site .7
boundary areﬁ% Reﬂh@ Rem nndéiE:mjgme. Ev‘%‘ (2
respectively, Cor onding doge low population zone are (6+906—x
Y Rem, @Rﬁm and @_—)ﬁl Rem, 'rupcctivcly.
- 6.29 A 1D = gl =lelrer - Byt ,
For the conservative analy:&f.sb - beta ang( L, odoscn ar thcé 470 K0
site boundary (0-2 hours) ar& Rem, @iﬂé_%hm and (¢
) respectively, responding do t the low population zrne
0-30 days) ".%"ﬁ Rem, (;MRM and Rem,
respectively. 2o Kigt L q9svic? L. .%wxio'
Y . -l % {
For the ultraconservative analysis theb‘ 4 , beta ;ﬁw Mo'd doses ar.ffzg"‘o
the gite boundary (0-2 hours) are &E-% Rem, Rem cndE

Rem, respectively. orresp i at the low popu ion zone
=30 days) are 2vééx Rem, Rem and Rem,
(Y6 X'

respectively, [ 224, e LiLigx o "

These doses are well within the limits defined in 10 CFR 100 (25 Rem, whole
bodyj 300 Rem, thyroid) at the site boundary and low population zone for
the two hour and thirty day periods, respectively, after the accident.
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TABLE 15.4-44

“ONTROL ROD _EJECTION ACCIDENT

[SOTOPIC RELEASE TO CONTAINMENT REALISTIC ANALYSIS

[sotope Activity Release Accident (Ci
I-131 G.35 $v33 x 10!}
I-132 6. 58 2+20 x 10!
1-133 i oM 1?2 x 10MNZ
I-134 152 9489 z 100
[-13% £.89 385 x 10}
Xe=131m 4.49 330 x 108/
Xe-133 $°89 9433 x 1083
Xe-133m 3.85 +#9 x 10 &
Xe-13% .81 5+ x 10%%
Le=135m 1,25 &+ x lO'b"
Sre—t3 P 83—t
Xe=138 (&3 99 x 109!
dr—3im >

Ke=35 2.06 b3 x 10%%&
Kr=25m 4,59 393 x 10!
Ke=87 272 bid x 10!
Kpr=38 8. 16 385 x 10}
W -




TABLE 15.4-45

CONTROL ROD EJECTION ACCIDENT
OTOPIC RELEASE TO CONTAINMENT CONSERVATIVE ANALYSI

Isotope Activity Release Acciden Ct
I-131 1. 40 2et® x 100
1-132 112 109 x 108
1-133 /5B beo® x 100
1-134 .70 L8 x 10°
1-135% 1.46 x 10
Xe=-13lm €40 580 x 103
Xe=133 150 kM x 106
Xe=133m 230 be?? x 10‘:
Xe=13% 3,30 4e¥3 x 10
Xe=135m 3,10 444 x 105
Xe=138 [ 30 Le4b x 10°
Ke=83m A.10 bedd x 10%Y
Kr~85 640 3v65 x 103
Kr=85m 2.00 3429 x 109
Kr=87 2,90 6vt7 x 109
Kr=88 & 30 8480 x 10°
Ke-89 L. 50 Lbb x 1085

15.4-122




TABLE 15.4-46

CONTROL ROD EJECTION ACCIDENT
ISOTOPIC RELEASE TO CONTAINMENT ULTRACONSERVATIVE ANALYSIS

[sotope Activity Rele Accident (Ci
1=131 2.8 405 x 107
1-132 26 bvdd x 106
1-133 .98 w80 x 106
I-134 [ A1 342 x 100
I-135 1.64 x 106
Xe=131lm G 75 346 x 103
Xe-133 | g8 212 x 108 -
Xe=133m Z 85 5.32 x 10™
Xe=135% .13 Scb6 x 100
Xe=135m 3. 86 5455 x 109
Xe-138 | 43 L83 x 106
Kr=83m 114 w66 x 103
Kr=85 @ o0 L4 x 10% 3
Kr=385m 2. 504v80 x 105
Ke=87 463 Lt x 109
Ke-88 C.o Letd x 1085
Kr-89 £.12 Lob> x 1085
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