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FROM: L. G, Hulman, Chief
Accident Evaluation Brarch
Division of Systems Integration

SUNECT: 01 FOR GESSAR PRA REVIEW .

Attached are AEB's first round of questions concerning the GESSAR PRA. Incorpo-
rated in our questions are the views of our consultant, A. Postma. The review
was conducted by J. Mitchell, J. Read, and W. Pasedag.

With respect to the question ci a potential shortening of the PRA review schedule,
it should be noted that AEB's review of the source terms used in the GESSAR PRA
is severely hampered by a lack of a complete report describing the GE suppression.

pool scrubbing experiments. Although GE's final conclusions concerning their
experimeats were announced in a letter to H. Denton this spring, GE still has not
supplied a complete description of the tests for our review. The appendix to the
PRA on the GESSAR docket appears to be an excerpt, or surnary, of a complete
report, and does not contain the necessary information for an assessment of the
findings of the experiments. In view of this delay in providing the supportive '

infornation, we believe it may be inappropriate to discuss a contraction of the
PRA review schedule.

Nevertheless, AEB could, at the cost of delay in other OL and OR reviews, provide
an expedited review of the requested information, once submitted in approximately
6 months from the time of receipt. Incorporated within this 6 months effort is
provision for GE's response to the enclosed questions. If GE is able to "
accelerate their responses, a corresponding reduction in AEB review time may
be possible. This effort would produce input to consequence analysis (CKAC
calculations) no sooner than April,1983, so that Q2 on consequence calculations '

could be transmitted in early April 1983.
.
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gli;;i:rd sigast by

L. G. Hulman, Chief
. .

Accident Evaluation Branch ' ~r-= - :

g 5 g 51 840420 Division of Systems Integration .
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AEB QUESTIONS ON GESSAR PRA

1

1. The most significant departure from current PRA source term estimate appears !
in the credit assumed for the scrubbing of fission products in the
suppression pool. The assumptions are based almost entirely on the GE pool
scrubbing experiments. However, no complete reporting of these experine.7ts
is available either on the GESSAR docket, or in the open literature. The

,

description in Appendix 15D appears to be an excerpt, _or a summary, of the'

experiments. It is lacking in such essentials as a complete description
of the experimental apparatus, instrumentation, experimental conditions

,

(for all tests) and test data. Please provide a complete reporting of these
experiments, as they are crucial to the assessment of accident source terms.
The following questions on the abbreviated material available will indicate
the type of information necessary for our review. .

1.1. Scaling of the hydrodynamic processes governing gas flow into the suppression

pool by way of the SRVs and vent pipes is reasonably well understood. Pleasej

provide a scaling analysis that demonstrates that to the conditions for the

scrubbing experiments are indicative of the hydrodynamic conditions anticipated

,
in the prototype.

(a) Include therein a discussion of how the effect of surface tension is

scaled so that bubble break-up is properly accounted for.

(b) Once the bubble sizes are rationalized, pool depth and terminal velocities

of single bubbles and swarms of bubbles must be considered. Provide a#

.

discussion of the scaling considerations employed for the test facility that

account for the pool height to bubble velocities ratio time scale.
.

; (c) Bubbles break through a surface by a complex process that creates small

liquid droplets that are thrown upward. The amount of entrained liquid wilJ . _ _ _ _ ,

..
be a function of the bubble size an'd how many of them there are. Scale will ~._;

.- |
~

| play an-important role here .also; please discuss. --; __ ,

|
V |

i

s

|
I

i
t

. . , _ _ _ . _ _ _ . , _ . - _ . . . _ . , . . . _ _ . _ _ _ . . . - - . . . _ _ . _ _ _ , ,_ . _ , _ _ _ _ , _ , _ . _ . _ . . . . _ , .
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1.2. The DF prediction focuses on iodine present as Csl associated with large

particles. What would be the effect of assuming some elemental iodine

or organic iodine? What would be the potential for formation of organic

iodine in the drywell? To what extent would elemental and organic iudine

forms limit decontamination factors?

1.3. Particle size is an overriding factor in your model. How can we predict

with assurance particle size distributions under accident conditions?

(See also the following detailed questions for concerns relating to the

particle size distributions in the experiments.)

1.4. What shape factor should be used to characterize the Eu2 3 in the depletion0

calculation? Please provide justification for your conclusions.

1.5. Considering the sensitivity of DF to particle size, the determination of

an average size of 4.1 y cannot be considered close agreement with the

stated "1.87 to 3.1 P detc.T.ined b;s the Quantamet." Which of these values

is close to the actual expected value, i.e., a better representation of

reality. Which one did GE use? How does what GE used compare with .

either of these values?

1.6.. Provide examples of the scanning electron microscopic pictures referred to

on Page 49-C33. ;

-

. .- -_

1.7. What effects do deposition and reentrainment have on the, particles as they .

.--
,,

actually enter the pool, compared to, measurements made *at other times or -{
-

. places.
1

L

. - , , , , - . . , , . . _ _ _ - . , -- _ , _ _ -
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1.8. Show on a copy of Figure 1-2, and discuss, the effect on the experiment.

of the diluter mentioned on Page 49-C34.

.

1.9. What are the length to diameter ratios for all the sampling lines? What

effect or modification will this factor have on the measured size of

particles? Will there be any appreciable expected tendency to deposit

for lines of large 1/d?

1.10. Page 49-C33 discusses 2 impact samplers. Figure 1-2 shows 3 (before the

pool, above the pool, and after the recirculation 1: 2?. Which two are

meant to be referenced in the text? What does the third one sample?

1.11. The last line of Page 49-C35 states that a "high flow recycle stream"

kept particles in suspension. What was the magnitude of the flow in
.

cfm, and what velocities existed in the recycle circuit?

1.12. Tables 15 DA.1-1 and -2 give what seems to be a calibration for the

impactors used. Is this what they are? How are the particle diameters

in the table defined? Give the equations used in the calculation and
,

a reference therefore. Which 2 of the 3 impactors are referenced in the

tables? Are the calibration conditions typical of the flow rates in the
,

'

i ' actual experiments?
,

|
1.13. There was in the presentation by a GE re'presentative to the American - m--,

Chemical Society in Kansas City in September,1982, a, statement that U-
.

the impactor at the top of the tank may have modified 'the particle size. CY
l
i

Is this GE's position? If so, why might this same condition not have !

,
occurred on either of the other 2 samplers? How would the comparison

of the experiment with the model be changed?
|

I
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1.14. The paragraph at the top of Page 49 C36 seems to indicate that all starting

and final locations of Eu2 3 were sampled. This should allow a mass balance0

to be performed. Did GE do this? If so, what are the results? If not,

what places remained unaccounted for?

- 1.15. On Page 49-C37 an " entrance effect" is discussed. What is your definition ,

4 of an entrance effect? How was it calculated? Is it a function of particle

size? Give a reference. How are values given in Figure 15 DA.1-3 (curves

or data) modified for this effect?
.

1.16. The same page refers to the particle size distribution in Table 15 DA.1-5.

The table purports to contain fractions of mass of Eu 0 vs average23
particle size. The mass fractions do not add to unity. What is the ,

a

particle size distribution? Considering the extreme sensitivity of DF to

particle size, are the bins of particle sizes in that table sufficiently

j small so as not to cause uncertainty in DF assumptions? Give sample

calculations. Since only one size distribution is given, is it correct
-

i

to assume that all the many experiments had exactly the same size ,
>

distribution? Were the distributions not measured by the impact samplers

in every experiment?
.

. 1.17. How do you get the correct diameter to calculate the Cunningham slip
'

factor and the diffusivity, if an assumed value ~1s input for the density?- -c.=-

How much uncertainty can be introduced in the calculated DF as a result? -
' --

.'
' ~ -

-T. . , ,

s

L e - e -. .r - -. , . , _ - - - - . ~ , - - . . .. ,w-, , , , - - _ _ _,
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1.18. In Paragraph (2), on Page 49-C38, the statement was made.that the experimental

results exhibited the trend of DF versus particle size given by the model.

No data are given which would allow this to be reviewed. Provide the data

and the comparison.'

1.19. Paragraph (6) on 49-C40 discusses the water as a perfect sink. Tne statement

is made that water will absolutely absorb the particle (Emphasis added).

Provide references or supporting data for this absolute statement.

1.20. Paragraph (7) on Page 49-C41 states that super-heated steam could play an

important role in promoting particle growth. Discuss the mechanism by

which this takes place. Provide references or other supporting information.

1.21. Paragraph (8) on Page 49-C41 states that the scrubbing factors are conserva- .

tive from a temperature standpoint because thermophoresis was neglected.

Thermophoresis would, if calculated, increase the DF. However, there is an

effect in the opposite direction, diffusophoresis. This effect may be larger
.

than thermophoresis. Show why the DFs should be considered conservative.
.

.

1.22. In table 15DA.1-4, data are given for tests on 12/11, 12/14, and 12/15.

Given GE's model, these tests would all be expected to give the same results.

There is over a factor of 4 difference in the results, however. Does this

represent scatter in the data? Explain. , __
_

1.23. Provide justification for the statement on Page 49-C43'that the large
~

'

' * ~-

bubb1e shatters within about one bubble radius, especially considering the -

statements on Page 49-C45, 2nd paragraph. In the justification, consider

especially problems of scale.
.

.
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1.24. Justify the submergence of 3 and 5 feet used in the experiment from the

point of view of scale. What are the minimum, maximum, and average

submergency values of the horizontal vents in the within-plant case?

1.25. For Figure 150A.2-3, what is the basis for the solid curve? It does not

appear to be a "best fit" to the data. Was the parameter bubble rise

velocity as a function of flow rate used in the analysis? If so, please

present the values used and , justify. Is the " bubble rise velocity"

really the swarm velocity, or is it measured for the first 1-3 bubble

radii?

1.26. In Equation (7) on Page 49-C50, should there not be a factor for acceler-

ation due to gravity reflection of Taylor instability theory over the

range of wave length possible? Fucther, this equation is not applicable -

to determination of a stability threshold as implied in the last sentence

of that paragraph; please discuss.

1.27. Charge of the particles, due for instance to decays during the trarsit

of the pool, has not been evaluated as a difference between the tests -

and actual accidents. Discuss.

1. 29'. Entrainment from the pool has been neglected. Justi fy.'

1.30. We understand that some experiments wer6 performed with CsI. Is this . . _ _ _ _ _

true? If so, provide the data and their evaluation ., . 2-
.

~

. -- - .--

. . .-
..

.

.

. - -. , , - -
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2. The GE model to describe DF's achieved by suppression pool aerosol scrubbing has

several variables that appear in the exponent of an exponential expression.

Provide the expected uncertainty band for each parameter in the exponential

term and discuss the sensitivity of the DF to these uncertainty bands.

3. Justify not considering the evolution of iodine from the pool due to such

processes as radiolysis. -

4. GE's model does not appear to differentiate between bubble rise velocity and

swarm rise velocity. We believe this distinction is an important one, in that

it has an effect on calculated DF values. Please clarify the terms used for

diffusion and inertial removal, and justify the velocity used.

5. After the change to the central estimate dose model (letter dated July 16,
.

1982) the comparison with WASH-1400 composite site and GE calculation of site

6 show large factors of disparity (See Table 7.2-1). Does GE still wish to

justify site 6 as an average site? If so, provide the justification. If not,

state the types of sites for which the PRA will be applicable.

6. Since GE expe:ts that the particle size distribution of a core aerosol will

be significantly modified by passage through the pool (due to orders of magni-

tude differences in GE's DF versus particle sizes), provide a re' view of dose

conversion factors and expected consequen,ces, considering that penetrating
- -- .: _=.

aerosols will be preferentially emitted.
,

---
.. .

. 2;_. .

MT ---. , ,.

|
|

!

. -- -
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7. The discussion (p.15.D.3-569) of DF's assumed for plugging of drywell or

containment cracks states that the values used ranged from 1.0 to infinity.

Please be a little more precise concerning the values used.- Discuss the

crack size and particle size assumed. Provide a basis for your assumptions

and discuss the applicability of the Morewitz model. (Note that the results

of the Marviken containment tests (1974) directly contradict the Moreditz-

model predictions). Discuss the significance of other leakage paths by-

passing the suppression pool in this context.

8. The PRA consequence calculations are purported to be realistic, or somewhat

conservative. The evacuation delay assumption for the CRAC analyses, how-

ever, is that full-scale mass evacuation preparations can be accomplished

instantaneously. This is neither realistic nor conservative. Please
,

discuss the effects of a realistic (non-zero) estimate of evacuation delay

times.

.

e \
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EPRI/GE/PNL MODEL-DATA COMPARIS0NS

F_EBRUARY 28 MEETING AGENDA

A. IDENTIFICATION OF POSSIBLE REASONS FOR DIFFERENCES ARISING FROM RECENT GE
MODEL-DATA COMPARISONS

(Based on EPRI/BCL and GE data and SPARC-B code).
~. Error in Using Code-

Code Errors / Mechanisms 0mitted.

Condensational Growth Model N--

- Entrance Effects
~ ';

Other errors / omissions-

Differences Concerning Inputs N.

Particle Solubility Gs-

Bubble / Swarm Rise Velocity-

Bubble Size / Shape o-w re c at. ne. nc-

Handling of Particle Size Distribution v, r . m. s-

Other Differences eM 6 'B'WI ocu . a - c JT ( W 3-

set m z..a:.
Data Errprs .a w e~. 1

.

Particle Size Distribution Measurements-

Mass Balance? M M w- L' "1 c o. w t.. (-

Entrance Velocity?-

Possibility of Holdup?: w w .. -u .. u-

* - Other Measurement Errors.

8. ADDITIONAL DATA4

GE has additional EPRI/BCL particle size info. 9" e" e4 ' **n.W-

- Other useful info. from EPRI/BCL tests, e.g., exit gas flow rates $1

Latest info. from sat'd pool tests - can wall and pool. effects-

s3be separated?
GE data used to validate GE model?-

C. FUTURE VERIFICATION / VALIDATION EFFORT 3
'

Additional EPRI/BCL data - ongoing v. 7; r ua-

Use of SPARC C, D, ......Z.-

Modeling of EPRI/BCL tests req'd to separate effects?-

Use of SPARC/ SUPRA /GE Model to work same problem (s).-

Additional Tests?-

Publication of GE Test Data - Validation Effort?.ps*
-

w . .- . .. .-_
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| Total Aerosol
T T

Flow gas Inj Rate Depth pool
|

Run Date (g/s) (*K). (10-7 kg/s) (M) (*K) DF DF
A B

1 1/18/83 0.25 283 4.25 .305 283 2.9 2.9

7 1/18/83 9.86 283 2.57 .305 283 1.7 2.2

h 3/2/83 2.35 292 6.95 .305 292 3.0 3.3

16 3/3/83 9.69 2 91 5.17 1.02 291 6.0 5.4

3/17/83 5 . 91 294 . 2.55 1.65 294 2( 4.0 2.7 /.(

h 12/20/83 2.33 283 11.3 lg 279 7.1 4.5

h 12/22/83 0.49 292 9.58 .305 279 2.4 1.6

h 1/18/83 2.33 283 10.8 .305 283 2.6 1.4

h 1/20/83 2.33 282 12.5 .305 282 2.0 1.2

h 2/9/83 2.42 295 9.33 .305 295 2.2 2.3

M 3/7/83 0.49 283 5.67 IJ2 293 3.9 2.7 45/

12/20/82 8.8 283 5.44 1.02 293 4.4 3.8

h 3/16/83 2.45 2 91 9.83 1.65 191 14.8 10.5 f,6

_ @ 3/16/83 9.97 291 3.03 1.65 291 2.9 2.5 /,45

'l Het 5/6/83 0.23 2 91 11.3 .305 2 91 1.8 2.4

1 hey 5/13/83 0.23 293 4.6 .305 292 5.9 3.1

1 He Y 5/24/83 0.23 295 7.28 .305 291 3.4 1.7

M58 He 6/6/83 0.41 2 94 7.75 .305 294 7.6 5.7

64 He* 5/11/83 0.24 291 5.42 1.02 291 3.7 2.1

107 He # 6/7/83 0.46 294 8.17 1.02 293 12.8 13.1

W

W fWL. H As 512.5 Distr 2.usvito# PATA FAM E/'dr/&L .

O G6 Hhs Calc.wh7ED OF F# OtcLED $UWS ( W b)
3,a ww- 1 -s~ w

.
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Steam Total Aerosol
T T

Mass Flow gas Inj Rate Depth pool
DF DF

Run Date Fraction (g/s) (*K) (10-7 kg/s) (M) (*K) A B

- 12/17/82 0.15 5.03 365 8.40 .305 290 3.1 2.9

a 1/25/83 0.15 5.03 366 2.87 .305 288 5.0 6.1

1/24/83 0.96 7.19 375 5.16 .305 289 260 185

21 h. 3/11/83 0.95 5.93 393 3.72 1.65 373- 330 280

26 $ 3/11/83 0.54 9.09 377 8.62 1.65 373 291 125

1/21/83 0.94 7.30 374 7.72 1.65 291 1600 1920 gg
62 5 3/4/83 0.60 11.47 366 5.30 .305 374 18.5 18.3

63 2/11/83 0.94 7.35 374 4.91 .356 374 790 600

@ 12/9/82 0.43 1.78 375 5.07 1.02 283 8.6 9.2

69 3 3/9/83 0.93 1.55 375 3.37 0.305 294 135 100
____________________ __________________ _____________________ __________________________________________________

34 9/6/83 0. 9.30 298 149.5 0.152 298 227 220
.

h 9/23/83 0. 2.32 298 55.8 1.02 298 443 531 EM O
,

9/21/83 0.43 1.76 375 17.4 1.65 302 6410 5510
_ _ ._ _ .. _ _ _ _ _ _ . _ _ _ _ _ _ _ ... _ _ __ _ __. _ _ _ _.. _ __ _ _ _ _ _ _..... _ _. _ _ _

74 12/2/82 0.38 0.71 374 6.07 1.65 233 9.3 9.0

$ 3/29/83 0.08 4.83 375 2.60 1.02 283 10.1 12.?

_ _ _ - - - _ _ _ _ - - _ - - - - - - -
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h kh -

y ,, \ u , da
.

kJ
-

MASS DISTRILUTI0fl Ill PERCEilT BY DIAliETER
A

$ ? $ .$ .N .' .5

'

T'
_a

.

Run Date .09 .104 .104 .118 .li8 .139 .139 .20 .20 .24 . 4 .32 .32 .44 .44 .56 .56 .76 .76-1.08 i.0833

um

19 3/17/83 --

0.1 0.1 0.3 3.5 29.0 51.0 15.7 0.3

--

64 3/7/83 9.6 10.2 14.6 31.7 10.2 13.1 7.3 2.0 1.4

--

76 3/16/83 --
1-- --

-- -- -- -- -- 0.2 1.4 7.7 35.3 55.4
i79 3/15/83 p-- -- 0.9 1.5 10.3 45.8 38.4 2.9 0.2 0.1

--

1 He 5/6/83 0.1 0.2 0.9 14.0 27.6 16.2 16.0 16.6 6.9 1.4

;

1 He 5/13/83 24.0 16.3 16.9 37.6 5.2
--

-- --

1 He 5/24/83 2.0 2.8 6.1 36.7 12.0 7.5 9.5 9. 2 8.4 4.2 1.5

-- -- -- --

58 He 6/6/83 0.4 0.9 3.2 33.6 16.6 13.1 12.2 12.5 5.8 1.3 0.364 He 5/11/83 0.3 0.5 1.9 16.6 10.3 11.0 18.9 21.8 13.8 3.5 1.2107 He 6/7/83 0.5 1.2 3.8 29.2 12.3 15.4 21.2 9.4 5.2 1.2 0.526 3/11/83 2.5 6.8 17.6 55.3 11.2 3.5 0.7 0.1 0.162 3/4/83 1.4 1.6 2.9 12.8 7.5 11.5 10.7 8.1 18.8 14.4 10.3

2.3--

8 3/29/83 0.8 1.3 3.3 25.5 27.6 35.2 6.4 -- -- -- --

_ _ _ _

- . - - - - . - . - . . . - . - - . . . . . . . . . . . . . - , . - . . . . . . . . - . . . . . . . . . . . . . . . . . . . .

.
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TABLE T.

i
.

*

EPRT DATA

Bubble AverageTest Test Velocity Measured SPARC-B SPARC-B*No. Date (cm/sec) DP DF DF

1 1-18-83 57.2 2.8 1.05 2.125 1-25-83 89.1 5.8 1.33 2.56
5 2-17-82 89.2 3.1 1.33 2.56

.

6 1-24-83 99.0 233 41.1 79.0
,

7 1-18-83 96.7 1.9 1.05 2.018 3-29-83 87.1 11.1 1.32 2.6413 3-2--83 79.1 3.05 1.05 2.0519 3-17-33 88.8 2.95 1,42 2.9722 12-20-82 77.2 5.65 1.30 2.8027 1-21-83 97.5 1479 33.5 66.740 9-23 -83 78.5 336.5 1.70 3.9 't50 9-21-83 77.5 4493 4.50 11.155 12-22-82 62.8 1.85 1.05 2.1058 1-18-83 78.7 20 1.06 2.0558 1-20-83 78.6 1.5 1.05 2.0558 2-9--83 79.5 3.15 1.05 2.0564 3-7--83 62.7 3.15 1.16 2.5168 12-9-82 77.5 8.7 2.59 5.31
:

70 12-20-82 94.7 4.1 1.18 2.3276 3-16-83 78.2 13.15 4.76
13.7p79 3-16-83 95.6 2.3 1.35 2.75

\
'
'

,

f !(O
*DF corrected for velocity and entrance effect

i

-

p " ggg g p W8g * N' * " ' - - 6



.

*

* .

TARLE TT,

VMC DATA

Average
Test Measured SPARC-B SPARC-B*
Date DP DP DF

9/16 68 12.4 79.0

9/29 330- 8.6 59.7

9/30 210 8.6 59.7

10/1 120 9.3 62.2

10/8 190 7.5 55.2

10/27 1200 29.7 142.6

10/28 1400 29.7 142.6

10/30 1300 42.8 415.7
1

11/3 720 28.9 270.4

12/1 810 25.4 154.5

12/2 1400 47.0 221.4

12/8 530 30.7 108.9

12/9 2200 8.1 42.5

12/10
, 3.2 17.5900

12/11 2900 6.6 48.9

12/14 2100 6.0 43.8

12/15 1800 6.5 43.5

12/17 10 1.2 3.7
'

12/18 7 l.5 5.2
,

L *DF corrected for velocity and entrance effect -

.

I

. - _ - _ _ - _ _ _ - __ __ ... - .. .-- . . . . .
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.

e SPARC-B MODEL/ DATA COMPARISONS

1. SPARC-B From PNL v3 c,1cu. = r c ece<<>.

2. SPARC-B:+ Entrance DF 35E//Ae.
"#

c7 e

- Derived From EPRI Data c"*

3. SPARC-B + Entrance DF Actual

Rise Velocity

e CONCLUSIONS

1. SPARC-B Underpredicts Most Data

Large Deviation At Low DF and-

Low Submergence (Entrance Effect Dominant)

Data Is For A Range Of Rise Velocities-

, SPARC-B Rise Velocity Is. Greater Than

Actual Velocities
.

-Predictions Will Improve .

With Actual Velocity

-a- ... - . .._



,' ' . '*

.
.

'

'

s CONCLUSIONS i

i

2. SPARC-B WITH ENTRANCE DF

Entrance DF S 1.9 (In DF = .64)-

Large Improvement-

Absorption Coefficient Within-

1 Order of Magnitude

3. SPARC-BWITHENTRANCEDF+.ACTUALVELOC{TY

Small Improvement For EPRI Data, But-

Important To Use Actual Velocity

- Effect Is Small Due To Low Submergence

In EPRI Data

Comparison With Data Generally Much-

Better,-But Calculated DFs Are Still Low

e AREAS FOR IMPROVEMENT

Use Average Swarm Rise Velocity - .-

Not Peak

- Better Fit On Bubble Drift Velocity

.

9

._

~ - T
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