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I. INTRODUCTION '

I
:

i
'This report describes the results and analysis of c comparison of

data derive.1 from the General Electric Companys' PSTF Test Series 5'806

with results predicted by a one-dimensional analytical model 2] developed

to analyze the pool swell occurring early in the pressure suppression
'

,

transient associated with a BWR loss-of-coolant accident (LOCA). {
Although other geometries have been investigated, the pool swell

model was developed primarily to analyze pool swell and allied transients

resulting from air blowdown through horizontal vent (Mark III) geometries.

Because test series 5806 involved a total of.12 air blowdowns in the one {

third scale PSTF operating with a horizontal vent georrek.ry, these data j
! iprovide an ideal test for the pool swell model.

.

The results of the comparison between the PSTF data and model pre-

diction for pool surface displacement, slug thickness, and pool surface ?

-

velocity, all as a function of time, are presented and analyzed in this [
.

treport. For pool surface displacement, two comparisons between data and t

model prediction are made. Initially, the data are compared to the pre-

dicted values of surface displacement as a function of time while making

no adjustments to the model input. Secondly, the critical parameter of

the pool surface area assumed to be involved in the blowdown transient

is adjusted until generally excellent agreement between theory and ex-

periment has been achieved. Finally, development of a correlation to deter-

mine the aopropriate adjustment factor to maximize the effectiveness of the

model as a predictive tool is suggested for future inclusion in the one-

dimensional pool swell model, k
. ., . . . .

. . .. ..
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II. MODEL EVALUATION

,

!

The data from the 12 air blowdowns performed on the one third scale
iPSTF were used for model evaluation. The data for each,run included: ;

1) Drywell temperatures vs time -

2) Vent mass flow vs time
-

.

3) Air / water and water / air interface vs time
.

'

,

4) Surface velocity vs time

5) Slug length vs time

The first two data items included in the above information were used,

along with PSTF geometrical parameters, as input for the one-dimensional +

pool swell model. Items 3, 4 and 5 above were compared to the corresponding
|

prediction made by the model.

Table I represents a test matrix defining the major differences in

the experimental test parametei for each of the twelve runs. Parameters

other than venturi size and vent submergence were maintained at fairly '

Iconstant values for each test. Since test runs 8 and 9 were repeats of i

runs 1 and 2, they were not included in the. data chosen for model evaluation.

The procedure for the evaluation was to determine from the data

the input required for each run, to obtain the calculated result, and to then

compare the experimental and calculated results. Certain simplifying
.

assumptions introduced into the riodel lead to time scale variation between

the data and the model. A method must be chosen to normalize these time
.

scales so that th'e time histories of the predicted results match the time

histories of the experimental data analyzed. The assumptions, resulting

difficulties, and solution will be discussed before the.results are presented..9,, ..- ,.. . - .u. .. -,

,

2
*

.

. _ , , _ _ ,,.
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RUN VENTURI DATA TOP VENT SUBMERGENCE |

(in.) (ft.)
|
|

1 3.000 5.0 !
1

2 3.000 7.5 |
|

3 3.000 6.0 l

4 2.500 5.0

5 3.625 5.0

6 3.625 7.5

7 3.625 6.0 !
8 REPEAT OF 1

9 REPEAT OF 2

10 4.25 5.0
,

11 3.00 2.5 ,! .

12 4.25 7.5 '

I

Table I: Air Blowdown ' Test Series 5806) Test Matrix
.
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The experimental results display a time lag between initiation of
.,

blowdown, complete clearing of vents, and the beginning of the podl swell j
transient. Therefore, although the blowdown begins at time zero, the

|pool swell transient does not begin until a short period later. The !

!
one-dimensional pool swell model does not presently have the capability

/-

!

of following the blowdown from initiation through vent clearing, and thus

the calculations are begun only after vent clearing is completed. The

task when constructing model input, therefore, is to determine the ex- '
,

perimental time corresponding to the completion of vent clearing dnd to

use this time as time zero for the purposes of calculation.

The method used to determine the appropriate starting time was based

upon an examination of the data involving vent mass flow as a function of

time. For example, Figure 1 illustrates mass flow rate vs time for Test

5806/Run 1. It is noted that an apparently random and noisy signal exists j
i

for approximately 0.8 seconds before the mass flow rate becomes well defined !

and consistent. It is postulated that this initial signal originates

from the vent clearing transient and, furthermore, that the cessation of

these random signals is indicative of the completion of vent clearing.

Therefore, the method used to approximate time zero for purposes of model

calculations and data comparison was to select a point corresponding to

the transition from " noise" to a well defined and consistent mass flow

rate and to construct at this point a tangent to the curve of mass flow
.

rate vs time. The intersection of this tangent with the abscissa is

taken to be time zero. All data input determination as well as comparisons

of predicted to theoretical results were initiated at this time. In

Figure 1 a dotted line represents the tangent, and it is seen that time

zero for this example corresponds to an experimental time of approximately
~

. .., - c 0 75. seconds. This. method produces good and consistent results and has., - .

4

- _
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!been used exclusively throughout this evaluation. !

;

Figures 2through31illustratethecomparisonsoftheoreticalresultsf
t'

to data. Data points, rather than solid lines, are used to represent the '
,

I
theoretical predictions. Two sets of theoretical predictions for pool

surface displacement are presented for each test run, except for Test 7 i
l

Initially, the theoretical calculations are based upon the assumption
{

that upon vent clearing an air bubble, or " pancake", is established that
t'covers the entire area of the test pool. This assumption results in the |
1

largest possible volume of water involved in the pool swell transient and |*
thus leads to the smallest possible values for predicted pool surface i

displacement and pool surface velocities. Realistically, it is expected

that the forming air bubble involves a pool volume corresponding only to
,

some fraction of the total pool surface and therefore a smaller working I

,

volume of the pool would be involved in the transient. As expected, the *
i

initial assumption of full pool bubble expansion results in predictions

that are generally smaller in magnitude than the corresponding experimental

values; this is clearly seen for each run. Therefore, a second model

calculation was made based upon a modified value of the input parameter I
t

!determining the pool volume involved in the traisnet. The pool volume may |

be modified until the desired agreement with experimental results has been
obtained. The graphs presented of pool surface velocity vs time are

based upon this second calculation, while the predictions of slug thickness
|

vs time do notdepend on the area of the pool involved in the transient |
'

and are therefore generally valid.

Examination of the results shows that the one-dimensional pool

swell model is capable of producing very. good agreement with experimental
.

results when the' input parameter determining the working pool volume is

, suitably. modified.. It is noted that the largest discrepancy between data. , , ,

6
. .,
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!
and theory occurs near the beginning and end of each transient. It is !

I
postulated that this disagreement can be explained by examining these :

I
two extremes in some detail. Initially, there is some finite time inter- j

t

val involved in bubble formation and horizontal expansion. Thepoolswell|
\model, however, assumes formation and expansion to occur instantaneously, j

and it is felt that this assumption explains the initial discrepancies, f
At the end of the transient, the experimental uncertainties introduced .

as a result of frothing and other phenomena associated with breakthrough- ,
|

! t

make comparisons with theory more difficult. Likewise, for comparisons -

of slug thickness vs time, experimental difficulties due to frothing and i

turbulence make accurate bubble-pool and pool-air interface determinations
.

difficult, and comparisons between experiment and theory become corre-

spondingly more difficult and uncertain. Ever with these difficulties,
,

the results of the comparison of experiment to theory for slug thickness |
3

vs time indicate generally conservative predictions for slug thickness
1

and the results are considered encouraging.
l IIt should be noted that an attempt was made, when adjusting the pool '

,

I

surface area input parameter, to obtain close agreement between experiment ,
Iand theory. fore conservative theoretical predictions leading to greater

magnitudes for pool surface displacement and pool surface velocity may be

obtained by a correspondingly conservative pool area input.

Finally, in Appendix I, a sample output for Test 5806/Run 1 is

presented.
.

.

III. CONCLUSIONS AND RECOMMENDATIONS

The results presented in this report indicate that ,the one-dimen-

sional pool swell model is capable of accurate predictions of pool surface

displacement, pool surface velocity, and slug thickness vs time when care
.*. , ;. * --, _,,

7

i
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is taken to normalize the time scale of theory and experiment, and when

the input parameter determining the working volume of the pool is appro-

priately adjusted. .
.

In order to facilitate accurate predictions of the appropriate pool .

'
volume input parameters, it should be possible to develop a correlation,

$

based upon pool surface area, vent diameter, mass flow rate and other

appropriate parameters, that would be capable of determining the desired

input for any given PSTF or full scale system. Such a correlation would-

represent a worthwhile addition to the predictive capability of the

ione-dimensional pool swell model.
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