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Dear Dr. Beffbaham

Attached please find a review of the results of GT3F calculations for CE System 80 + performed
at Georgia Institute ¢/ Technology (memorandum from H. Esmaili to M. Khatib-Rahbar dated

June 13. 1994) and the report entitied “Analysis of Ex-Vessel Steam Explosions tor the
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MEMORANDUM
ENERGY RESEARCH, INC.

reviewed the results of the CE system 8 ex-vessel FCI calculations performed at

Georgia Institute of Techmology using GT3F computer code by Drs. Abdel-Kh...x and
(Ghiassian. These results were transmutted to ERI in the form of a report entitied "An A
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of Ex-Vessel Steam Explosions for the Combustion Engineering System 80+ Using the GT3F™
Code (June 1994)." They were requested to pertorm three simulatons using the
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boundary conditions established in ERI/NR(

Scenario-A base case assuming

diameter) 1in the central region

> case ass ng a single instrument tube penetration failure

diameter) on the side of the lower head near the corbel supports (see Figure 6, page 31
of ERIUNRC v4-2 showing the lower head penetrations). These side penetrations are
approximately 0.1 m rom the corbel supports
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three scenarios mentioned above, the water pool temperature was assumed to be 353 1n
ERI/NRC 94-201 (the water pool was subcooled by 40 K). Therefore, it 1s not possible to
directly compare the GT3F results with TEXAS and IFCI calculavons. However, a sensitivity
cace using TEXAS with a saturated water pool was performed in ERUVNRC 94-201. In that
calculation. there was a 40 % reduction in the maximum explosion pressute (and a corresponding
30% reduction in the local pressure imp-.ise) when the water pool temperature was raised to 393

K.
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Central Instrument Tube Failure

The axial length of the computational domain was 5.4 m, thus the top of the
computational domain appears to be a free surface. There 1s no discussion on the
imposed boundary c.aditions during the premixing and propagation calculations.

The fuel volume fractions in the computational Jomain at various times during the
premixing calculation are shown in Figure 2.3. The melt is observed to reach the bottom
of the coolant pool between 1 to 1.25 seconds (TEXAS and IFCI predictuons have shown
that the melt would only penetrate to the bottom of the corbel support in 1 second). This
implies that the average melt velocity should be approximately 5 m/s in the water pool,
thus indicating that the melt particles hardly slow down us they travel in the water pool.
In addition, there is practicaily no radial dispersior of the melt jet, i.e., the meit remains
primanly in the 1aner radial node.

The distnibutions of the vapor void fraction in the axial direction in the computational
domain exhibit cell like structures of high local vapor void fractions. The cause of this
behavior is not explained.

it is stared on page 2 of the report that “Triggering was assumed to take place on the axis
of symmetry of the jet, 4.1 m above the bottom of the liquid pool which corresponds 1o
the mid plane elevation of the submerged portion of the corbel supports.” From Figure
2.1 in the report, the mid plane elevation of the vorbel support region is at 4.5 m. It is
further stated that “Triggering was simulated in the code by assuming thai, at the
triggering time, 10% of the molten fuel in node (1,21) underwent complete fragmentation
in one time step (2 us).” It is not clear how these vzlues were selected. For example,
if the initial fragmentation was 20 %, would the resulting explosion pressures be affected?

The report states on page 4 that “ The pressure impulses predicted by the TEXAS code are
significantly higher, however, and are in the 12 to 42 kPa-s range.” The TEXAS
predicted pressure impulses for the saturated pool (which is the case in the GT3F
calculations) ranged from 3 o 31 kPa-s corresponding to the explosion zone and should
not be compared to impulse loads on the corbel support wall. Unfortunately, the
pressure impulses in the explosion zone were not reported for the GT3F calculations.
These values should be reported.
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) indicates that by the end of the simulation
5 ms), the pressure at the corbel support has not significamly decreased
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VI.

VLI

V1.2

VL3

VI.4

VIL

VIL 1

VIL2

Particle Breakup and Fine Fragmentation Models in GT3F Computer Code

Equation (21) should be written as,

: ia o, U, + (1-a')p,U, T 210
2 ;

r.c

and in equation (19), rho, should be replaced by o..

It is not clear from the discussion on pages 68 and 69 of the report how the particle
breakup model is actually implemented in the code, i.e., how is the interfacial surface
area between the melt and coolant calculated given the particle breakup model (Equation
19).

On page 69, the report states that “The laser limit is imposed based on the model
validation with experimental data ...”. The limit refers to the lower bound particle
diameter of | cm during the premixing calculaton. Do the authors refer to the
KROTOS-21 test as the experimental data or are there any other justification for the
specification of this lower limit? It also appears that specification of a lower limit brings
into question the validity of the breakup model (Equation 19) in the GT3F computer
code.

For the fine fragmentation mode! during the propagation phase of the interaction, the
fragmentation criteria is based on a critical Weber number and the raie of fragmentation
is given by Equation (18). If the melt particles start to quench and solidify, 1s there a
provision in the code to cease fragmentation? The constant of proportionality in Equation
(18) has been specified as 1/6. Is this an adjustable parameter or is the critical Weber
number criteria the only model parameter? For example, the GT3F fragmentation model
is similar to the model employed in the ESPROSE computer code'. However, in the
ESPROSE formulation, an enhancement factor is introduced to the fragmentation rate to
account for possible thermal effects on fragmentation rate.

Simulation of KROTOS-21 Steam Explosion Experiment

There is no discussion of the radial nodalizaton.

Apart from the fact that muitiple explosions were observed for the lower We number of
30, the first peak pressures (and also pressure wave arrival time) at locations K3 and K4

show better agre=ment with the experimental data compared to the simulabon using
We =100 (note also that last transducer was located in a region with a large local void

'OT.

G. Theofanous et al., “Steam Explosions: Fundamentals and Energetic Behavior,”

NUREG/CR-5960, (1994).
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fraction and may not be considered reliable’). It 1s not clear why the propagation
calculations with We=30 demonstrate multiple explosions. It appears that more
validation of the computer model is required by benchmarking it against different tests.
For example, KROTOS-26 and KROTOS-28 tests produced very energetic explosions
(peaks pressures in excess of 50 MPa were observed in KROTOS-28 test) and at this
point there is no reason to believe that the Weber number specification of 100 would still
be applicable under these conditions (even the constant of proportionality in Equation 18
may have to be modified). In light of these observations (e.g., see comment VI1.4), do
the authors believe that the fragmentauon model and the model parameter (Weber
number) in the GT3F code can be universally applied to other experiments and the plunt

calculations?

A. Behbahani, NRC
F. Eltawila, NRC

S. Abdel-Khalik, GT
S. M., Ghiassian, GT

* M. Burger et al., “Examinaton of Thermal Detonation Codes and Included Fragmentation
Models by Means of Triggered Propagation Experiments in a Tin/Water Mixture.” Nuclear
Engineering and Design, 131, 61-70 (19591).



8.1I. ABDEL~KHALIK

Consultant
3579 Midvale Cove
Tucker, GA 30084

June 3, 1994

Dr. M. Khatib-Rahbar, President
Energy Research, Inc.

6290 Montrose Road

Rockville, MD 20852

Bubject: Consulting Contract ERI-NRC-04-92-045, Ex-Vessel Stean
Explosion 8tudy for CE System 80+

Dear Dr. Khatib-Rahbar:

In accordance with the statement of work specified in your letter
of April 12, 1994 under the above-referenced contract, we have
performed the following fuel-water interaction calculations using
the GT3F'™ computer program:

(1) Scenario-A base case assuming a single instrument tube
penetration failure (0.03 m diameter) in the cer..ral region of
the lower head

(2) Scenario-A base case assuming a single instrument tube
penetration failure (0.03 m diameter) on the side of the lower
head, 0.15 m away from the corbel support

(3) Scenario A with 8 instrument tube penetration failures in the
central region of the lower head

The results of the calculations are described in the enclosed
report, where the above cases (1), (2), and (3), are addressed in
Sections 2, 3, and 4, respectively. Per your request, the details
of the fragmentation models incorporated in GT3F™ are also
provided in Appendix A of the enclosed report. We alsc simulated,
and performed parametric calculations for, the KROTOS Test # 21,
whereby the GT3F™ fragmentation model was adjusted to match the
model-predicted and experimentally-measured pressure peaks. KROTOS
Test 21 simulation and parametric calculations are described in
Append_x B of the enclosed report



Based on the calculated results, we recommend that the
following additional analyses be performed.

(1) The propagation calculations reported here for single central
and outer instrument tube penetration failures (cases (1) and (2)
above) were based on the assumption that triggering occurred on the
centerline of the melt jet one second after the initiation of
premixing, at 4.1 m above the bottom of the water pool (midplane of
the submerged corbel support). Similar calculations with
triggering initiated at the bottom of the water pool upon melt
impact should be performed.

(2) The two-dimensional (r,2) simulation of the multiple
instrument tube penetration failure (case (3) above) in the polar
cylindrical coordinates, as described in the enclosed report, is
iradeguate and results in unrealistically low pressure peaks. This
case should be reanalyzed, using finer radial nodes. Additionally,
a three-dimensional (r,0,z) analysis is recommended.

We appreciate the opportunity to work with you on this
interesting project. Please feel free to call either one of us if
you have any guestions.

Sincerely,
£
=5 fbend - kdww
§.I. Abdel alik S.M. Ghiaasiaan

Consultan ' Consultant




