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DECAY
j

STEADY STATE i
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SPAR 6ERS DOWNCOMERS TOTAL SPAR 6ERS DOWNCOMERS TOTAL ;

4

STRUCTURAL 1.63X10 207 208 3.23X10 5.55x10" 5.58x108
5

8 5- 5

C1 6.17X10 2585 3109: 3.85X10 2.71x10 3.27x10
5

3 36,800 36,800
157 197.

8 5 5
-

T0E2 5 3242 3323 6.68X10 3.01x10 3.09x10

C 0H 3.67X10 i3
5 |8 6.5x10" 6.68x10
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SUMMARY AND CONCLUSIONS |

.

,

1
H

EXPERIMENTAL PROGRAM HAS SHOWN THAT, FOR SPARGER*m. , ,

AND SIDE VENT GEOMETRIES, WATER POOLS ARE p.
'

EFFECTIVE-IN SCRUBBING AEROSOLS

S
'

.
.

DOWNCOMERANDMULTIPLEORIFICEEXPERIMENTSW]LL*

BE COMPLETED THIS SPRING WITH SIMILAR RESUI.TS
'

EXPECTED J
r, -.

2
J

BEST-ESTIMATE SCENARIO CALCULATIONS INDICATEi-

EXTREMELY HIGH FlSSION PRODUCT RETENTION IN THE
'

<

,

'
6 PEACH BOTTOM SUPPRESSION POOL .

'
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BWR SUPPRESSION POOLS
-

i
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PROVIDE AN' EFFECTIVE- t.

BARRIER TO FISSION PRODUCTS
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.

BWR FILTERED VENTING
.-

.

FLOW CAPACITY s

.

!

!
,.

:
)

b

!

o MANUAL VENTING DURING. WATER
FILLING OF CONTAINMENT. FLOW' RATE
0,1 - 10 KG/S :

~.

'

o MANUAL VENTING OF DECAY POWER.
FLOW RATE 6 KG/S '

:t

b

P. o AUTOMATIC VENTING DURING -WATER i

? FILLING OF CONTAINMENT. FLOWLRATE
12 KG/S''

$

[ o AUTOMATIC VENTING WITHOUT ANY
i MANUAL ACTIONS FLOW RATE'12:KG/S

_
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o AUTOMATIC VENTING WITHOUT ANY-
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DESIGN PARAMETERS
I',BWR AND PWR)

::
-

| .I .

,

o LGAS MASS FLOW RATE. 0,1 - 13 KG/S

;

'

o GAS. COMPOSITION- STEAM, N2,
H2,02'

,

.

o GAS TEMPERATURE 70 1150 C
,,

;

.

; ,

o RUPTURE DISC 0,5 - 0,6- MPA- i|-
OPENING PRESSURE

' g

i
'

o EARTHQUAKE, 0,15 G
'

GROUND ACCELERATION
. ,

>

-.

ABB Atom fMME _
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DESIGN. PARAMETERS i: :

.

|

.-

BWR ;PWR-
-

o DECONTAMINATION
FACTOR

.

REQUIREMENT ~ 100 500-

DESIGN- 500 1500--

.

o AEROSOLS

TOTAL AMOUNT - 90iKG 180 KG'' -

RADIOACTIVE 20 KG 20 -KG-

SIZE DISTRIBUTION LOG-NORMALL'

-
-

og = 2.

.

MASS MEAN DIAMETER 1,5! ML.
'

-

.

o TOTAL DECAY POWER 400 KW-

c
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FILTRA - MVSS'

'

4
.

!

L MAIN DATA?
..

:.

,

s
p,

],.
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'
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:'
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:

.

.

|> .

t

-

FILTER VESSEL DATA BWR PWR
.

DES!GN PRESSURE 0,3 MPA- 0,4 MPA-
+ HYDR <+ : HYDR

TOTAL VOLUME 250 M3 400 M3

3-

WATER VOLUME 180M3 . 270?M -'

INSIDE DIAMETER 7M 7M

GRAVEL BED VOLUME 8' M3 9M3'

:

s
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'
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- PROTOTYPICAL EVAPORATION. -
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:
'

sz
Pool level, BWR

-

;y
,

.! :
~

; .:
| :t -

'

hb .

Utiq
Px Risern"
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CALCULATIONS: ,
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'

/ CONSTITUTIVE EQN.
,
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FLOW MODELLING. RESL LT OF EXPERIMENTS IN ~ .

FCLL-SCALE PROTOTYPICAL ARRANGEMENT. |
1

4.2
,

|
4.0-t -|

| o 3.8 - .

F 3.6 - [3:

|;!< a .

;

|
CC 3.4 -

i.
i cn U
! cn 3.2-

i
i <
| 2 3.0 - ,

| @ 2.8 - |g

! O !2.6 -
' o
j F 2.4 - a

'

: o '

| 5 2.2 -
.i!O 2.0 - F

f _: h

| 1.8 - . .

|! 1.6 - o
!|| 1.4 -

!

'
~ i

, i i i i i e i i i i ;1.2r

2.5 2.7 2.9 3.1 3.3 3.5 3.7 >i
'

DISPLACED WATER LEVEL (m)'

o
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AE ROSO'_ COLLEC-
'O N. EX3E 91 -'

!

VEV S 2 !

|
RESU'_ S :

|
* Worst case acc. to calculations.

f'

* Lowest possible pool (1 m submergence). .

:

|
Measured decontamination factor:

|

Geometry # PWR BWR
',

:.

1
2701 889

|
' '

1846 687
2

}g- 3 3194 776

4 2462 762 ,

%' 2470 835
# 5
-

? a ;

MQ negative effects of load transients or parallel nozzle opera-9

tion. .

|
t

|

l
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EFrEC-~ O SCRUB 3E R

| LIQUID EVA3ORATON ,

i

|
'

CHANGE IN GAS
i

MOISTURE CONTENT
;

,

|.,. |.

a
.|,

|.1 REAL PWR CASE : 4% :
!

REPRODUCED IN LAB :
9%:

'
!

. . ,

3

nm'

!RESULTS ;'

DF |-

i t
|

i4 |'

;1 '

10 000--
|i'|

*

0 0 EVAPORATIONi t. -

I[, RESULTS-
DF /' '

.

'i O

p " x
x NO EVAPORATION

, . ,g.
.) ,

!D..
.

e .
. ..

j. 1 000 ( j VENTURI M /M
'

t o .
'

j.
2t POOL HEIGHT . 2m
L AP TOTAL ~ 40kPa

,

:

!

A33 K O\/ #s"Flgt ABB
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E NTRAll\ VI ENT |
:
'

a
.;gi

-|-What is contribution due to prolonged bubbling of hot, clean gas

f through system?
n

i ;

Lab Long-term
'

~

m case
s

I

|
Scrubber liquid

,

'

-

Solute conc., GIL 2' 3'

1

.

Evaporation (change
2% <2%in gas moisture) -

N
Measured emission of scrubber liquid solute.

9 -

5. x 10 " kg/kg gas.

!~ 1 PPM of scrubber activity released during 10 day episode.
,

.

-
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L || # VERIFICATION. |
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~
l OD!\ E ABSORBTIOV :

,

Pate constant :.

.

.

2 + 2S 0 2- >S0*+& Ngh
2 3 4 g

.

. ..
;

) even higher
2 + I'

-

3

: .
,

> SO*+1 Ngh .[
"'

3 + 2S O2 3 2 g

h .

ISystem with infinite solubility.*
E

j. * Rate of mass transfer given by physical processes.

[ ~ * Then, gas absorbtion theory givbs that:

D2 = EX 3(< A 9 T/Q )a

System constant'

.I
e.

* Add mass transfer in pool. ..

.
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2. CYCLONE !

3. ABSORPTION BOTTLE 14.
4. SAFETY BOTTLE -.
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5. PULSATION DAMPER 11. PARTICLE FILTER -6. GAS METER 12. EVAPOR ATION CHAMBER7. RISER !
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.

AEROSO_ COLLECT OM
)XPERilV ENTS

I TEST CONDFIONS j
inlet: AA11 AA12 l

.

. Gas flow rate, m3/s 0.090 0.093
( 0

Gas temperature 11 3-- 129 ".,

Pressure, kPa 153 150

Volume steam fraction 0.012 .0.407-

Saturation temperature, C 17- 87
:

Outlet:

i Gas flow rate, m3/s 0.096 :0.061.

i
t

Pool temperature, C 23- -32
|

Subrnergence of top of MVSS, m 1.67 1.77

Pressure, kPa 106 105'
-

.. ,

16

j Volume steam fraction- 0.024 0.044
1
. i.

i J ECO \~ AM .\ A O\ AC" ORS
'AA11 AA12-

..

DF FROM AEROSOL CONC.
t (Impactor measurements)r Cs 25 000 31 000-Mn4

1 500 3 800-

1 - ABB TOM EflNNt ! !I
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'iStandard Review Plan for the
|Review of Safety Analysis Reports

for Nuclear Power Plants j
,
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I
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Revision No.
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ig,;) U.S. NUCLEAR REGULATORY COMMISSIONSTANDARD REVIEW PLAN
/ iy

"

*g..w...,/ OFFICE OF NUCLEAR REACTOR REGULATlON

t

6.5.5 PRESSURE SUPPRESSION POOL AS A FISSION PRODUCT CLEANUP SYSTEM
';

REVIEW RESPON51BILITIES ;

~ I

Primary - Chemical Engineering Branch
|

Secondary - Plant Systems BranchL . . , -

Radiation Protection Branch. ;

1. AREAS OF REVIEW ,

The pressure suppression pool is reviewed under this plan only when the applicant- ]
claims credit for fission product scrubbing and retention by the suppression pool, j

The pressure suppression pool and the drywell, when considered as a barrier to the
release of fission products, are reviewed to assess the degree to which fission
products released during postulated reactor accidents will be retained in the sup-
pression pool. Leakage paths that allow fission products to bypass the poolrate-
identified and reviewed, and the maximum fractional bypass leakage is obtained,

I for use in the evaluation of radiological dose consequences.-

1. Fission Product Control Requirements
i
'

Sections of the applicant's safety analysis report (SAR) related to:
accident analyses, accident dose calculations, and fission product a

control are reviewed to establish whether or not fission product scrub- !

bing of the drywell or reactor compartment atmosphere is claimed or
required for mitigation of radiological consequences following a postu-
lated accident.

,

2. Desian Bases

The design bases for the fission product removal function of the'suppres -
sion pool and the drywell or reactor compartment are reviewed to verify
that they are consistent with the assumptions made in the accident
evaluations of SAR Chapter 15.

Rev. 0 - December 1988
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The methodology used in this SRP section is not intended for |
t

containment' venting evaluation. Containment venting will be=
considered in the evaluation'of pressure suppression pools.as

-

fission product cleanup systems when the Commission approves
the final guidance'on containment venting.

p
3. System Desian ,

t

The information on the design of.the suppression pool is reviewed to. ifamiliarize the reviewer with the expected temperature histories,
depth of fission product entry expected during postulated accidents,.
and potential leakage paths through drywell penetrations.

4. Testing and Technical-Specifications
. k'

The details of the applicant's proposed preope' ratio'nal tests and,'at
~

p.
the operating license stage, the surveillance requirements.are |~5reviewed to ensure that the pool depth and amount of leakage bypass-
ing the pool are maintained consistent with the assumptions used in
assessing the pool's effectiveness in. fission product cleanup.

0; - '*

II. ACCEPTANCE CRITERIA .i

The acceptance criteria for the fission product cleanup function of the sup- !
pression pool are based on the relevant requirements of-the following ;

regulations:

General Design Criterion 41 (Ref.1) as it relates to th'e-control of ;
;

A.
fission products following postulated accidents. y

General Design Criterion 42 (Ref. 2) as it relates to the periodicB.
inspections of engineered safety features.

General Design Criterion 43-(Ref. 3) as it relates to t'he periodic -
'

C. ;
functional testing of engineered safety features.

Where it can be shown to be in compliance with these criteria, the suppression
pool may be given appropriate credit for fission product scrubbing and reten-
tion (except for noble gases, for which no pool retention is. allowed) in the
staff's evaluation of the radiological consequences of design-basis accidents.
Other assumptions concerning the release'of radioactivity are to be taken from,

Regulatory Guide 1.3 (Ref. 4), except for Position C.I.f., which this SRP
,

,

section replaces.
. .

Specific criteria that must be met to receive credit include:.

The drywell and its penetrations must be designed to ensure that, even i1. with a single active failure, all releases from the reactor core must pass <

into thc suppression pool, except for small bypass leakage.

The bypass leakage-assumed for purposes of evaluating fission product2. retention must be no less than that accepted in the review under SRP
Section 6.2.1.1.C, and must be demonstrated in periodic tests by the
license technical specifications also reviewed under that section.

,

'

6.5.5-2 Rev. 0 - December 1988' 4

:

.

-

.-----------___----e- - - - - - _ . _ w -- 3 .,y,, 7 y ymgy.. ,.- .,y .y ,-me..- ., __ - 9- y



_ _ _ , _ _ _ _ _ _ _ _ . _ - .

.

o-

..

' ,'' '"

a

For plants that have already received a construction permit, the iodine- :
3.- retention calculated using this section must not be used to justify, .

'

removal.of the standby gas treatment or other filtered exhaust system
from status as engineered safety features, and any change in plant design,
proposed testing, surveillance or maintenance must be supported by con-
siderationsofloweredoperatordoseandotherprojectedbenefits. For .

9
such plants, the charcoal filters must be at least maintained to the .
minimum level of Table 2 in Regulatory Guide 1.52 (Ref. 5), Revision 2. .

'

Acceptable methods for computing fission product retention by the suppression-
pool are given in subsection III, " REVIEW PROCEDURES."

While granting credit for suppression pool scrubbing in the calculations of-
accident doses, the acceptance criteria of containment leakage in SRP Sec-
tion 6.2.1.1.C and the acceptance criteria of the engineered safety feature
atmosphere cleanup systers in SRP Section.6.5.1 should still be met.

!
III. REVIEW PROCEDURES

. ,.t
The reviewer selects and emphasizes specific aspects of this SRP section as

!
are appropriate for a particular plant. Thejudgmentonwhichareasneedto-
be given attention and emphasis in the review is based on a determination of q

'

whether the material presented is similar to that recently reviewed on other j
plants and whether items of special safety significance are involved,

The'first step in the review is to determine whether or not the-suppression .[

pool is to be used for mitigating radiological consequences. If no credit.is
claimed for fission product removal in the accident analyses, no further
review is required under this SRP section.

If the suppression pool is intended as an engineered safety feature for mitiga- .

I '

tion of radiological doses, then the reviewer estimates its effectiveness in
removing fission products from fluids expelled from the drywell'or directly
from the pressure vessel through tne depressurization system.

2

1. Pool Decontamination Factor

The decontamination factor (DF) of the-pool is defined as the ratiotof the a
amount of a contaminant entering the pool to the amount leaving. Decon -
tamination factors for each fission product form as functions of time can. ,

be calculated by the SPARC code (Ref. 6). An applicant say use the SPARC
code or other methods to calculate the retention of fission products
within the pool, provided that these methods are described'in the SAR
adequately to permit review. If the time-integrated DF values claimed by
the applicant for removal of particulates and elementa1' iodine are 10 'or -
less for a Mark II or a Mark III containment, or are 5 or less for a Mark-

I containment, the applicant's values,may be: accepted without any.need to
perform calculations (Refs. 7 and 8). A DF value of one (no retention).
should be used for noble gases and for organic iodides. The applicant
should provide justification for any DF values greater than those.given-
above.

If the SPARC code is used for the calculation of fission product decon-
tamination, the review should be coordinated with the branch that.is
responsible for establishing the input parameters for the calculations.

'
: 6.5.5-3 Rev. 0 - December 1988
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2. ' Pool Bypass Fraction

The fraction of the drywell atmosphere bypassing the' suppression pool by
leaking through drywell penetrations is obtained as a product of the-
review under SRP Section 6.2.1.1.C. If-B is the bypass fraction-and DF is
the time-integrated pool decontamination factor, then the overall decon-
tamination, D, to be used for accident dose calculations, may be taken as: 1

DF

D = 1 + B(DF-1) i
:i

The reviewer should clearly distinguish that fraction of B, which may be-
further treated by the standby gas treatment system, from that fraction of -

,

B which also bypasses the secondary containment building, j

3. Other Containment Atmosphere Cleanup Systems

Drywell or containment spray systems for which fission product cleanup k
credit is claimed are-reviewed under SRP Section 6.5.2, and credit for
both suppression pool and spray cleanup can be given as a result of-the

t separate reviews. -- (

4. Technical Specifications i

The technical specifications are reviewed to ensure that they require
periodic inspection to confirm suppression pool depth and surveillance-

tests to confirm drywell leak tightness, consistent with the bypass frac- q
tion used in computing the overall decontamination. R

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided by the -j

applicant and that the review.and any calculations support conclusions of the
following type, to be included in the staff's safety evaluation report: j

The staff has reviewed the fission product scrubbing function of the N
pressure suppression pool and finds that the pool will reduce the
fission product content of the steam gas mixture flowing through the
pool following accidents-that blow down through the suppression pool. :

The staff estimates that the pool will decontaminate-the flow by a factor 1-

of for molecular iodine vapor and by a factor of for parti-
culaIe fission products. No significant'decontaminatT E of noble
gases and organic iodides will occur in the pool. The system is ;

largely passive in nature, and the active components are suitably '

redundant so that its fission product attenuation function;can be
accomplished assuming a single. failure. The applicant's proposed ,

program for preoperational and surveillance tests will ensure a con-
tinued state of readiness, and that bypass of the pool is unlikely to
exceed the assumptions used in the dose 6ssessments.

The staff concludes'that the pressure suppression pool as a fission
product cleanup system is acceptable and meets the requirements of
General Design Criterion 41 with respect to the iodine removal
function following a postulated loss-of-coolant accident, General i

Design Criterion 42 with respect to the capability for periodic

'
6.5.5-4 Rev. 0 - December 1988- :
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inspection of the system, and General Design Criterion;43 with
: respect to the capability for periodic testing of the system..

V. IMPLEMENTATION
'

The following guidance is provided to applicants and licensees about the ;
'

staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with the specified portions of the Commission's regulations,
the methods described herein are to be used by the staff in its evaluation of-
conformance with Commission regulations. ,

Implementation of the acceptance criteria of subsection II and the review
procedures in subsection III is as follows: -|I

.

(1) Operating plants and applicants for operating licenses pending at the-
date of issue of this SRP section need not comply with the provisions of
this SRP section, but may do so voluntarily. <.. ,

. , , . . , - ,

(2) Future applicants will be reviewed according to the provisions.of this SRP i

)section.
i

VI. REFERENCES -i

'1. 10 CFR Part 50, Appendix A, General Design Criterion 41, " Con'.ainment |

Atmosphere Cleanup."

2. 10 CFR Part 50, Appendix A General Design Criterion 42, " Inspection
of Containment Atmosphere Cleanup Systems."

I 3. 10 CFR Part 50, Appendix A, General Design Criterion 43, " Testing of
Containment Atmosphere Cleanup Systems."

1

4. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.3, " Assumptions
Used for Evaluating the Potential Radiological Consequences of a-

'

Loss-of-Coolant Accident for Boiling Water Reactors."

5. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.52, !' Design,
Testing, and Maintenance Criteria for Postaccident. Engineered-Safety-
Featured Atmosphere Cleanup System Air Filtration and Adsorption
Units of Light-Water-Cooled Nuclear Power Plants." ,

6. P. C. Owczarski, R. 1. Shreck and A. K. Postma, " Technical. Bases and
Users Manual for the Prototype of a Suppression Pool Aerosol Removal ~

3

Code (SPARC)," U.S. Nuclear Regulatory Commission Report,
NUREG/CR-3317, 1985.

- i
'

7. P. C. Owczarkski and W. K. Winegardner, " Capture of Iodine in
Suppression Pools," 19th DOE /NRC Nuclear Air Cleaning Conference,
Seattle, 1986.

8. R. S. Denning et al. , "Radionuclide Release Calculations for Selected
Severe Accident Scenarios," U.S. Nuclear Regulatory Commission Report, i

NUREG/CR-4624, Volume 1. July 1986.
4

I 6.5.5-5 Rev. 0 - December 1988

l
.



- _ - _ . -___ __- ___ - - _ _ _- ..~__ . - _ - - . _ - . - _- - . . - - . - . . .

t. ..,

..
,

1 .

i,......~,. . , . - m ... .

g, .
N.O! 3*"# Dl8Ll00RAPHIC DATA SHEET c.ection 6.5.5, liev. O

ui .,vineio i o.,i.i aivi si
.
i

, . . . . . .

e i .t . .. .e ii 6.
Standard Review Plan for the Review of Safety Analysis .

Reports for Nuclear Power Plants,11.H 12ition,f hvision 0 to S:'P Sectio,: <>.k L. "Prennure Suppren:: ion as . ..u .ie co... n o
: ~~ ==.sa u .a
| a Fission Prevluct Clt.nnon Mvetm" |

_ December 1988
e a n.o.si . .u . ...

i. u ..; g
! Janonn. 1989

. ., c u . ., . i . . .

in..........................,.,,
,

office of Nuclear Reactor Regulation'

''"'p***"'"*"a
U.S. Nuclear Regulatory Comission
Washington, D.C 20555

..imo. :=i , ,
*- <,..... ..... .... <,. . ,. ,

n

SRP Section (Guide)
Same as above . . seve... .. .

""

i s , .. . . . .. . .o u

Rev. O to Section 6.5.5, " PRESSURE SUPPRESSION POOL AS A FISSION PR000CT CLEANUP SYSTDt."
ss aw.so n.o , m,

'this section resolved an inconsistency in NRC regulatory guidance by giving credit to
pressure suppression pools as post-accident fission product cleanup systems in boilingI
water reactors.

.

4

e

|

|

\

4 is a v.... 4 i .

' " " " * * '
d .. ooc ..i . u...... o .uca so .

Standard Review Plan
Pressure Suppression Pool tinlimited
Fission Product Cleanup i. Mcy.it y gg.ner.Cas.o.

ti.e .eu

unelassified _
omem .e=oeon.= tt.e ase,w

uncimmified
, ,,......m

. . .

!

|

'

. - = - , - . - ,



_ . . . . . _ _ . . . . _ _ _ . _ _ _ _ _ _ _. _ ,

;.. ...

Enclosure 9-

NUREG/CR-4624
.

;

BMI-2139
Vol.1

*

.
.

,

| ;- .

L Radionuclide Release Calculations for i

Selected Severe Accident Scenarios :
.

,. .. ,

_

!

]
'

4

( :

: BWR, Mark I Design
.

i

:

. . , , .,

i

! Prepared by R. S. Denning, J. A. Gieseke, P. Cybulskis, K. W. Lee,
! H. Jordan, L. A. Curtis, R. F. Kelly, V. Kogan, P. M. Schumacher
. ,

Bsttelle's Columbus Division .

!

Prspared for -,

; U.S. Nuclear Regulatory
-'

Commission

'

i

|

I
:

, .6
,

/*

M
:

.

_ _ _ _ - _ - _ - _ - _ - - ____________.________________m___-mm___.-- _ __e +-m,- ew . - wde-r ape wer -w



. . . . . . . . . . . . . . . . . . ..
..

.

. - . . . - ... . - . .
.

.- ..- ~l L-
9.

.

6-7

surprising and would not have been expected a priori. The high releases
;

appear to be due to the coincidence of high debris temperatures and high gas -

i -|

generation rates. The other cases involved as high or higher temperatures and
comparable or higher gas release rates. In the other cases, however, the
temperatures at the time of peak gas generation were lower than in the base

icase. Peak gas generation is always predicted immediately after zirconium
burnout and'is the result of carbon oxidation by carbon dioxide. -

The tellurium, strontium, and barium releases are high in all the
cases considered and the differences between the cases do not appear to be
particularly significant. The differences in the releases of t5e lanthanum
and cerium groups confirm the sensitivity of the releases of the refractory

* , ,

species to the temperature and gas sparging history of the debris. The i

variations among these cases are believed to be representative of the {
*

uncertainties cssociated with such predictions.
The present sensitivity study was' limited to a single scenario and,

for reasons of consistency with other parts of the analysis, did not include
variations in the initial temperature and composition of the debris. The i

latter could have greater influences on the predicted results.

!

6.3 Suppression Pool Decontamination

The environmental fission product releases for a number of core
meltdown accident sequences for the Peach Bottom Mark I BWR design have been i

assessed to serve as input to the forthcoming NRC risk reference document
(NUREG-1150). A key factor in the Peach Bottom analyses is the evaluation of

i

fission product scrubbing by the suppression pool;.the latter was assessed by
means of the SPARC computer code. In order to help quantify the uncertainties 1

associated with the overall source term predictions, a limited set of
sensitivity calculations has been performed with the SPARC code itself. These
calculations were based on an ATWS scenario which involved core melting in an
intact containment and assumed successful containment venting as the
containment pressure was predicted to increase above the design level. The

{specific calculations performed and the results obtained are discussed below.
The accident scenario, including thermal hydraulics and fission

product source terms to the containment, were based on the TC3 scenario
<

'

,

'I

i ,

i
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. previously considered. The variations considered'in the'SPARC sensitivity 1

study were limited to changes in some' of the inputIvariables and the fixing or j
deactivation of some of the aerosol removal mechanisms. The specific cases- ,

.i
aconsidered are described below,
i

1. The base case' scenario is identical' to the reference ~TC3
calculation except- that the soluble fission product fraction'
was fixed at 50 percent. This was done to maintain consistency-

~

,

between the several runs of the sensitivity study. In the base ;

case, the bubble size was taken as 0.75 cm in diameter, with an" ,

aspect ratio of 3:1. The centrifugal particle removal model- .

!
'

was activated. For the flow through the ~ spargers (in.-vessel

releases) a pool submergence of 12 ft was utilized; for the% ,,

flow through the downcomers (ex-vessel releases) a submergence:

of 4 ft was assumed. Since SPARC does not permit the-
'

redefinition of the effective bubble size, the above bubble
size was utilized for the entire sequence.

2. For the case intended to-represent minimum pool' scrubbing, the
bubble size was taken to be 1.5 cm in diameter, with an aspect.

ratio of 1:1. (While the foregoing combination' will' indeed
,

*

tend to reduce the calculated particle removal from the bubble,
it may not be totally self-consistent insofar as the larger
bubble would tend to be less spherical than the base case.) The
soluble fraction was assumed to be zero, and the centrifugal ,

' circulation removal model was turned off for this case.
2a. Since the above case aimed at minimizing the pool

decontamination factor was not totally self consistent, it was'

repeated with an aspect ratio of 3:1.
3. In the case intended-to maximize particle removal by the

suppression pool, the bubble size was taken to be 0.375 cm in ;

diameter, with 'an aspect ratio of 6:1. The solubility factor ,

was set at 100 percent, and centrifugal removal was activated. .
The foregoing base case bubble size and-assumed' variation.of a factor of two
about- the nominal value are believed to be representative of flows through the
s pargers . They may not be representative of the bubble sizes for flows
through the Mark I downcomers. In order to assess;the influence on predicted

!

i

.

_ _ _ _ _ _ - - _ _ . _ _ _ - - - - - _ _ __________-_-_________:.._______:--__-_.



u s

* a

a

, * ,
"

6-9
,

aerosol ~ scrubbing of possibly much larger bubbles which could be encountered
'

in downcomer flows, several additional' cases were evaluated.
.

;

4. The case of very large bubbles was represented by a bubble ,

diameter of 10 cm and an aspect ratio of 1:1. The solubility
'

factor was again fixed at 50 percent, and the centrifugal
removal mechanism was activated.-

4A. A repeat of the above large bubble case except for the use of a |

more realistic aspect ratio of 6:1 for the large bubble size
being considered.

5. As a further variation on the effect of bubble size, a case

with a 1.5 cm bubble diameter, an aspect ratio of 3:1', zero ]
% particle solubility, and nominal centrifugal particle ' removal -

f
''

was evaluated.
SA. The above intermediate bubble size case was repeated assuming

50 percent solubility of the particles. ! 'i

The time dependent aerosol mass flow into the suppressionj pool '!
considered is illustrated in Figure 6.1; (average particle size._as a function

.

'
, ,

of time is given in Figure 6.2.). The mass flow at about 100 minutes comes I

from in-vessel and enters the pool through the spargers. The flow occurring j
'

, ,

after about 200 minutes is associated with the ex-vessel release of fission-
,

products and enters the pool through the downcomers. The later releases have '

been found to dominate the predicted consequences for the Peach Bottom _ design.
ine predicted decontamination factors for the' base case'are

,

illustrated in Figure 6.3. The overall decontamination factor for this case,

defined as the mass of aerosol entering the pool divided by_the mass of
,

aerosol leaving the pool over the entire accident period, was calculated to be L
approximately 284. It is clear from the figure that the predicted |-
decontamination factors for the flow through the spargers are much higher than ;

those for the downcomer flows. The decontamination factors for ~ the flow
through the downcomers are considerably lower, but are still high enough in,

,

this case to provide substantial reduction in environmental source terms. The
results for the minimum pool scrubbing case. (Case 2) are illustrated in '

,

Figure 6.4. The overall decontamination factor for this case was '

approximately 3.4. This value is much lower than typically assessed.and may
i

!
i

' !

:
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;

indeed represent an extreme case.- Changing the aspect ratio from 1:1 to 3:1 i

with the other parameters the same (Case 2A) had a perceptible but negligible
effect on the overall decontamination factor, as illustrated in Figure 6.5.

The high pool scrubbing case (Case 3) is illustrated in Figure 6.6;
the overall decontamination factor for this case was about 61,300. For the
conditions assumed here the pool is extremely effective for both the in-vessel
as'well as ex-vessel releases. The decontamination factor for both flow paths

Iis seen to be limited at times to the hard-wired maximum of 100,000.
{

The calculated results for the very large bubble case (Case 4) are ( ;

illustrated in Figure 6.7; the overall decontamination factor for this case is
f

about 3.8. The dependence on bubble size is quite substantial. A repeat of (

[
2 this case except for a change to a more realistic aspect ratio of 6:1 for s

large bubbles (Case 4A, figure 6.8) produced an overall decontamination factor .

i.

of 43. ( ;

Figure 6.9 illustrates the predicted results for an intermediate | |
(1.5 cm) bubble size, aspect ratio of 3:1, zero solubility, but including the I

centrifugal particle removal mechanism (Case 5). The overall decontamination
factor for this case was predicted to be about 15. The predicted .

decontamination factors for the sparger flow are once again seen to be quite !

high, but are considerably lower for the downcomer flow. - An additional case {.
(Case SA, Figure 6.10) with the solubility factor at 50 percent produced an

{
overall decontamination factor of 71. (

Table 6-4 summarizes the overall decontamination factors found in
,

this study. The range of overall decontamination factor predicted in this (

study is perhaps greater than might have been expected. This is particularly [
true if one considers the fact that the aerosol particle size was not varied. (

,

The lowest decontamination factors observed are associated with flow through (.
the Mark I downcomers. Comparison of the results for Cases 2A, 5, and SA

|
illustrate the effects of particle solubility and the centrifugal grticle
removal mechanisms. While Cases 2 and 2A indicate little effect of bubble
aspc:t ratio under pessimistic scrubbing conditions, the results for Cases 4
and 4A indicate a significant effect of the aspect ratio for very large bubble
sizes.

The results of the present sensitivity study, based on fixed source
terms and accident thermal hydraulics, but considering possible uncertainties

____:_ _ . .



I
.

1

_

5o5h z Oz 6b8
1

1 0
0 01

_ . ._~:- ~

0

F
I

G 8

U I
Pg1 jR 0i AE 0 \

6 )\ C
L. A

.

5
. S

2 EED 0LE 0LC 2IO
- APN

TT

/
IA DCM
AI 3 ELN 0 CA 0
BT

%
OUI

BO
BN T NI

L M TEF

% ASA E4
C 0

. (m 0 MT
O I

R i

S )n N
AF

O T
R 5 I

O0
M 0

NI

N
I

M FAU
M 6 C0

0 TS
C OR

- U RB .

B SI

N 7G 0 i

. 0W
I

T
H

8
0
0

.

.

-
-

. .
.

-

j} e



. . . . - . .

.

.. .

. - |

;
-

CASE 3 DECONTAMINATION FACTORS
. >

!
-

-|

1

100000 i!y - - -- ~

I

i i v1 \ r
i;:j

} , ![10000 *-

\ i !

h ( -~ % j !!. m
!!o %~ -- / - >:,

d
'

; 10007 !z.

9 -

l!4 -

!!E le2 e

N 10 0: *
z L. -

o .

-

O .

tsa
-

?!
a-

.

y!!-

'10: .,

-
.i

'

1
, . I

:
- :
.

|-
,

-

,
. :

|- 1
!

. . . . . . .
!- 0 10 0 200 300 400 500 600.. 700 800

.

| iTIME (min) ~'

|- .
. .

IECONTAMINATION FACTORS FOR MAXIMUM SCRUBBING| . FIGURE 6.6.
:

b

';pi
>

+

4

e r ..f p. - .wy, r 7,,_ 3 _ - - - _
,_ _ _ _ , _ _ _ _ _ . -_________,e- , - . ,, - _ ,,..-y e---:- -~, -m-. m. - p --. . _



. 4a .
' *

- _

A aRozi>Ezp.do QO 3>M1O3(F -r 3 -

!
.

.

.

.

-

.

R .

O
T
C

,

AF

-N
O

_
I

T
A Y
N .

. O
.

y
I

M
.

A 9
. T . -

1N 4

E
.

c'ci
55C As /D

. (

.

. - - . - . . --
o g wg s Aoo 8O s 8a o..

eEm t._&

n aN Rn B5g smAsm m8 cgk 50a5n $pGs --

.
-

- .

-

.

;i i ,1,
! :

. b>
.

\
i

,' !

l

:s ;

i! il

,
-a

|||

.i
;i 1

o,
.



s ri.

- '

CASE 4A DECONTAMINATION FACTORS ||.

. j

10000

.

.

. ..

e
- l1o

d -

z .

Ao
10 0:

z -

n.

' '2 :
1

2 - lj / !
~ ,

,

8 - o J \ =
,m c

O '

|10:

! ( ,-
-

:
'

--

.

q
\

1
I. I I s a s

0' 10 0 200 300 400 500 600 700 800 )
''

TIME (min)
.

FIGURE 6.8. DECONTAMINATION FACTORS FOR LARGE ELLIPTICAL BUBBLES
.

jf% '

i
!

'

',

|
' ,

..2- - ._ y _ _ . . _ _ , . _ , _ . ,- - 4



..

'

CASE 5 DECONTAMINATION FACTORS .

-

1000

~ i

-
t

8 f
O 10 0-

d
~ '

lz i

8
~

'n
! -

R5 i
s 1A al r

/{h
l GZ /1

8 'i
'

a j j(if. . -/
l

1
~

L
.

;-
- -

-

. :

0 1$0 2bo 3bo 4bo Sho 6do 7dC 800

TIME (min)
'

.

FIGURE 6.9. DECONTAMINATION FACTORS FOR INTEREDIATE ELLIPTICAL BUBBLES WITH

.
PARTICLE CIRCULATION

.

4

, _
_ _ _ _ . . _

- . - . _ , . h ._ . ,.

~ ~ ' ' " '

.

1
. .

- . - -

. - - _ - _ _ - _



o ,

.s. .

CASE 5A DECONTAMINATION FACTORS .|
.

10000

_
i
!

~

f
'

I 11

:
~

}
1000:

f
g

Io : ig
-

O
d - t

z i
O

k 10 0: i

I ; i (P ^

bi i

s tr \O 10:

5 _
f

: -

.

.

b 1$0 2d0 3b0 Ab0 5b0 6do 7ho 800

TIME (min)

FIGURE 6.10. DECONTAMINATION FACTORS FOR INTEREDIATE ELLIPTICAL BUBBLES IKLUDING
CIRCit.ATION AND SOLUBLE PARTICLES ;

--
--

Ji -



- - - -
_

,

|
* *
. . .

,

4

6-21
!.

.

TABLE 6.4 SUMMARY OF OVERALL DECONTAMINATION FACTORS

4

.6

Bubble
Case Size Aspect Solubility Circulation Decontamination(cm) Ratio (%) (on/off) Factor

.

1 0.75 3:1 50 On 284
*

2 1.5 1:1 0 Off 3.4
9. 2A 1.5 3:1 0 Off 3.4

, ,

3 0.375 6:1 100 On 61.300
4 10.0 1:1 50 On 3.8
4A 10.0 6:1 50 On 43
5 1.5 3:1 0 On 15

SA 1.5 3:1 50 On 71

. . . .

in the SPARC input and modeling parameters indicate a high degree of ,

j
sensitivity. This sensitivity is particularly noticeable for trie ex-vessel

|i

releases which reach the suppression pool through the Mark I downcomers.
| |While the base case decontamination factors are quite substantial, those for

some of the bounding cases are quite low.
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