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ABSTRACT 

An i n i t i a l analysis o f the KIWI-TNT experiment using the VENUS-II 

disassembly code has been completed. The calculated f i s s i o n energy release 

agreed w i th the experimental value to w i t h i n about 3%. An i n i t i a l model 

f o r analyzing the SNAPTRAN-2 core disassembly experiment was also developed 

along wi th an appropriate equat ion-o f -s ta te . The f i r s t phase o f the 

VENUS-II/PAD comparison study was completed through the issuing of a 

prel iminary report describing the r esu l t s . A new technique t o calculate 

a P-V-work curve as a funct ion of the degree of core expansion fo l lowing 

a disassembly excursion has been developed. The technique provides 

resu l t s tha t are consistent w i th the ANL oxide-fuel equat ion-of -s ta te 

in VENUS-II. Evaluation and check-out of th i s new model are cur ren t l y 

in progress. 

Legal Notice 

"This report was prepared as an account of Government-sponsored work. 

Neither the United States, nor the Energy Research and Development Admin

istration nor any person acting on behalf of the Commission. 

A. Makes any warranty or representation, expressed or implied, with 

respect to the accuracy, completeness, or usefulness of the 

information contained in this report, or that the use of any 

information, apparatus, method, or process disclosed in this 

report may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 

damages resulting from the use of, any information, apparatus 

method, or process disclosed in this report. 



As used in the above, 'person acting on behalf of the Commission includes 

any employee or contractor of the Administration or employee of such 

contractor, to the extent that such employee or contractor of the Administra

tion employee of such contractor prepares, disseminates, or provides access 

to, any information pursuant to his employment or contract with the 

Administration, or his employment with such contractor." 



INTRODUCTION AND SCOPE 

During this reporting period progress was made in four of the 

major subtask areas defined in the 189a. The progress in each subtask 

is summarized in the following sections. The final sections discuss 

the graduate student involvement in the project and summarize the 

status with regard to the milestone schedule. 

VENUS-II EXPERIMENTAL COMPARISONS 

A major effort during the past quarter was in the area of comparing 

the VENUS-II LMFBR disassembly code with experiments. An initial analysis 

of the KIWI-TNT experiment has been completed. The fission energy depo

sition as calculated by the code was within about 3% of the experimental 

value. 

To facilitate analysis of the KIWI excursion, an equation-of-state 

appropriate to a graphite core was developed and implemented into VENUS-II. 

Actually, the fuel in the KIWI reactor consisted of small UC2 beads dis

persed in a graphite matrix. Previous studies performed at the LASL have 

indicated that the heat transfer from the fuel beads to the graphite is 
2 

short compared to the time scale of the excursion . This has lead to the 

approach of considering instantaneous heat-transfer and subsequent heating 

of the graphite as the pressure source driving disassembly. We have adopted 

the same approach in this initial analysis, but are continuing to investigate 

the heat-transfer rates and the possibility that UC^, vapor pressure could 

be a significant factor. 



The following graphite vapor-pressure expression was used: 
n ono Tnl7 / 0 J 0 4 x l 0 ^ x 

p = 0.808 X 10 exp( j ) 
2 

where: p = vapor pressure (dynes/cm ) 

T = temperature (°K) 

3 
This is based on a fit to Mantell's data that has been used pre

viously. Single-phase pressure functions were derived using the same 

corresponding-states approach used to develop the oxide-fuel equation-of-
5 

state in VENUS-II . The calculations were based on estimates of the UC^ 

critical constants supplied L. Leibowitz. 

The core was modeled as a cylinder with three concentric regions 

as shown in Figure 1. All heat was considered to be generated in the inner

most region, which contained the fuel. In addition, 99.99% of the material 

reactivity was associated with the fueled region. Densities, void fractions, 

and several other important parameters for each region are summarized in 

Table 1. This information was taken from the References indicated in the 

table. Region II was the graphite reflector, while region III was the 

Beryliurn reflector. All geometrical data was taken from Reference 7. 

The power distribution function for the reactor was constructed 

from Figures 33 and 34 in Reference 7. Material reactivity worth as a 
4 

function of position was obtained from earlier work by A.B. Reynolds. 
3 

The values used (5 k/cm ) ave summarized in Table 2. Since these values 

have not been verified, we are at present considering calculating a new 

reactivity worth distribution, unless other documentation of previous 

calculations can be located. 

The initial power level was set at 2.248 x 10 watts from Figure 

4.4 in Reference 8, which corresponds to a time of 146 milliseconds after 

control drum motion was initiated. This time was chosen because: 



(1) it was prior to the initiation of disassembly, and 

(2) the reactivity could be accurately determined at 146 milli-

-11 
seconds from Table 4.1 of Reference 8. It was found to be 0.66828 x 10 

The reactivity insertion rate at this time was 0.112980 6k/sec. After an 

additional 5.24 milliseconds, the drum reactivity insertion was completed. 

Thus, we achieved a convenient and accurate normalization for the power 

that was well before initiation of disassembly. 

Precursor concentrations were set at the equilibrium values 

for 1 watt of power. A better estimate of these initial concentrations 

has been developed and will be used in future calculations. The kinetics 

parameters used are summarized in Table 3. 

An expansion temperature coefficient of 1.32 x 10"^/°K was used 

in this calculation. This was obtained from Table V-B of Reference 8. 

This coefficient has been used in previous analyses of the KIWI-TNT 
9 

excursion using the MARS code. 

Figure 2 is a plot comparing the calculated power trace with the 

experimental result taken from Figure 4.4 of Reference 6. It is seen that 

the calculated power peaks 1,44 msec later and at a higher power level 

23 23 

(2.35 x 10 fiss/sec vs. 1.1 x 10 ± 50% fiss/sec) than the experimental 

result. It is also seen that the slope of the calculated trace departs 

very quickly from that of the experimental trace. This could be due to 

such factors as inaccuracies in the initial reactivity or the kinetics 

parameters. 

Plots showing the distortion of the Lagrangian grid-mesh are 

given in Figures 4 through 6. These plots are for three representative 

times following the initiation of the calculation. 



The calculation was terminated when K^^ was reduced to 0.5. 

This was well beyond the point of significant energy generation, since 

the power level had decreased several orders of magnitude below the peak. 

The maximum grid-mesh displacement was nearly 30 cm. The final power 
o 11 

was 0.2287 x 10 w and the fission energy released was 0.1031 x 10 
on 

wsec. This corresponds to 3.22 x 10 fissions (î .ased on 200 Mev/fission) 
20 . 8 

as compared to an experimental result of about 3.12 x 10 fissions. 

Thus, the energy releases agree to within a few percent. The calculated 

temperatures also appear to be in general agreement with the experimental 

values. A more thorough evaluation of the temperature calculations is 

currently being carried out. 

An attempt will also be made to compare calculated displacements 

with experimental data from pin displacement measurements. We are currently 

trying to obtain documents that report this experimental data. 

The possible advantages of accurately accounting for heat transfer 

from the UC^ fuel beads to the surrounding graphite matrix is also being 

evaluated. The initial investigation indicates that heat transfer is indeed 

rapid. We have, however, recently received an informal paper from . 

L. Liebowitz of Argonne National Laboratory which develops a vapor pressure 

expression for UC2. According to these calculations, UC^ could make a 

significant contribution to the total vapor pressure in the core at tem

peratures of interest. It would appear that a more accurate model of the 

physical situation might require accounting for UC„ vapor pressure as well 

as graphite. As was mentioned earlier, greater accuracy in material worths 

and precursor concentrations at initial conditions are also being considered, 

pending arrival of new documents on KIWI-type reactor physics calculations. 



To analyze the SNAPTRAN-II experiment, a new equation-of-state 

for a Z Hp- Uranium alloy has been incorporated into VENUS-II. This equation-

of-state is based on an equation developed by W.R. Stratton . An i n i t i a l 

set of input data for VENUS-II has been developed and is currently being 

checked out. 

VENUS-II/PAD COMPARISON STUDY 

A report describing the i n i t i a l phase of the VENUS-II/PAD 

comparison study was released by T.P. McLaughlin at LASL. Two draft 

versions of the report were reviewed and suggested revisions were trans

mitted to McLaughlin. 

Work has been in i t ia ted to investigate two areas of difference that 

appeared signi f icant as a result of this i n i t i a l comparison. The f i r s t 

area involves the calculation of the temperature change associated with a 

given f ission energy deposition. The fuel temperatures calculated by 

VENUS-II were somewhat higher than those calculated by PAD, with the difference 

increasing with the severity of the excursion. These differences appear to 

arise mainly from inherently d i f ferent treatments of the heat-of-vaporization 

of the fue l . 

The second area to be given further consideration is the comparison 

of the calculated work-energies. The VENUS-II results are the work potentials 

from an isentropic expansion of the fuel down to a pressure of 1 atm. The 

PAD results are a direct calculation of the kinetic energies of the expanding 

core materials at the point of a factor of eight expansion. Thus, the 

results given are not direct ly comparable because the PAD calculations do 

not carry the expansion down to 1 atm. Also, the equation-of-state used 



to calculate the driving pressures are different. An attempt will be made 

to clearly explain the reason for the differences, as well as to evaluate 

the applicability of the two approaches in providing an accurate measure of 

work potential. Work in this area strongly overlaps with the accident 

characterization activity to be discussed next. 

ACCIDENT CHARACTERIZATION 

An improved work-energy calculation that provides the entire P-V-

work function has been programmed into VENUS-II. The entire expansion 
5 

procedure is based on the corresponding states calculations of Menzies 

and is therefore consistent with the ANL equation-of-state in VENUS-II. 

The main elements of the technique are as follows: 

1. The entropy of each mesh cell at the termination of a VENUS-II 
5 

excursion is estimated using the following expression. 

s = -1.194 U^ + 16.31 U - 48.22 

+ exp [7.06 (0.5 - V^)] [-0.718U^ + 3.85 U-5.14] 

where: U = fuel internal energy (Kj/gm) 

V = fuel reduced specific volume. 

2. The adiabats of UO^ have been fit with analytical expressions 

that give the specific volume as a function of pressure for twelve values 

of entropy ranging from -14 to 8. The increase in volume associated with 

expanding from a given pressure down to some lower pressure is found 

directly from these expressions for a given entropy. The corresponding 

work is obtained from the integrals of these P-V expressions. Results 

for entropies intermediate to those for which the fits have been made 

are obtained by interpolation. 



3. The expansion starts with the highest pressure mesh-cell and 

proceeds until the peak pressure has decreased to the level of the next 

highest pressure cell. This next cell then joins the expansion. The 

process continues with other mesh cells joining the expansion as the peak 

pressure in the expanding fuel drops below their pressure. The expansion 

continues until a pressure of 1 atm is reached. 

The above procedure is currently being checked-out and evaluated. 

Results will be compared to those obtained using other procedures. 

Plans are currently being made to perform a series of calculations 

to directly compare several of the different approaches that have been used 

to analyze energy-work conversion following a neutronic excursion. These 

calculations, in conjunction with results already available, will be used 

to compare fission energy, energy-in-molten fuel, kinetic energy, work 

from isentropic fuel expansion, work from isentropic sodium expansion 

following an FCI, sodium slug kinetic energy, and actual system damage as 

calculated by hydrodynamics codes like REXCO. This effort is being performed 

in cooperation with a related activity at the LASL under J. Boudreau. 

CODE ACQUISITION 

The necessary hardware to complete an effective telephone link 

between BYU and the CDC-7600 computer at Lawrence Berkeley has been obtained. 

The main hardware items consisted of two VADIC modems. One of the modems 

is being installed and checked-out at Berkeley. The other modem is being 

installed at BYU to allow the DEC-10 computer in the engineering building 

to act as a remote batch job terminal. It is anticipated that the link 

should become operational within the next several weeks. 



GRADUATE STUDENT INVOLVEMENT 

Much of the work in the area of VENUS-II experimental comparisons 

is being performed by Mr. T.F. Bott. Mr. Bott is a Ph.D. student in 

nuclear engineering. He has a B.S. degree in Physics and spent four 

years in the nuclear navy where he was an engineering officer on the 

Enterprise. He will have completed the bulk of his course work by 

this spring. He worked on the project full-time last summer, is con

tinuing part-time during the academic year, and will again devote full-

time next summer. 

The new work-energy calculations are being implemented into VENUS-

II by Mr. L.L. Dutson. He also assists in performing disassembly calcu

lations for comparison studies. Mr. Dutson is a master's student majoring 

in mechanical engineering with a nuclear option. He has B.S. and M.S. 

degrees in physics. He has been working on the project part-time for 

about the last five months and will continue to do so through the academic 

year. 

Another nuclear engineering Ph.D. student, Mr. M.B. Gettings, is 

just starting on the project. Mr. Gettings has a B.S. degree in physics. 

He plans an increasing involvement in the project as the academic year 

proceeds, and will work on it nearly full-time next summer. 



SUMMARY AND STATUS 

With the issuance of the preliminary VENUS-II/PAD comparison 

study report, all the milestones for FY 1975 have been met. The only 

milestone that occured during the current reporting period was for the 

completion of the link-up with the CDC-7600 computer at Lawrence Berkeley. 

This link-up was delayed because it was necessary to acquire two new 

modems. These have now been delivered and the completion of data-link 

can proceed. 

Considerable progress has been made on the task of comparing 

VENUS-II with experiments. This task is proceeding more rapidly than 

expected. An initial analysis of the KIWI-TNT experiment has been 

completed with encouraging results. This has included the development 

and implementation of an appropriate graphite equation-of-state. The 

initial results are being evaluated and several refinements to the 

calculation are being considered. 

An equation-of-state for use in the analysis of the SNAPTRAN 

tests has also been implemented into the code. The initial model for 

analyzing these tests has been set up and is being checked out. 

The initial stage of the VENUS-II/PAD comparison study has 

been completed. Although the preliminary results are encouraging, 

some differences in the computational models appear to be significant. 

These differences are currently being examined. The next round of 

comparison calculations should proceed in the near future. 

Implementing the new work-energy calculation was a significant step 

in the accident characterization task. A specific group of calculations 



designed to give a direct comparison of the various work-energy approaches 

is currently being planned. The effort in this task area is expected to 

increase during the next quarter. 
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Table 1 

Parameters Used in Initial KIWI-TNT Analysis 

REGION 

Parameter/Functi on I II III 

Overall Density 
(gm/cm-^) 

Total Material 
Worth (relative) 

Weighting 
Power Frac. 

Void Fraction 
(%) 

Eq. of State 

Ini t ia l Temp (°K) 

Ini t ial Pressure 

No. of Radial Mesh 
Cells 

No. of Axial Mesh 
Cells 

1.4245 1.7 1.85 

0.9999 0.00005 0.00005 

1. 

26.8 

(see 
text) 

293 

0 

0 0 

3.6 6.2 

Reflector' Reflector' 

13 

293 

0 

1 

13 

293 

0 

13 

Reference 

7 

12 

7 

7 

NA 

8 

8 

NA 

NA 

UCp Critical Parameters Used to Estimate Single-phase Pressures: 

P^ = 8 X 10"" atm c 

T^ = 9 X 10^°K 

Z = 0.27 c 

*p^ = 10.3 gm/cm"̂  

* implied by corresponding states equation 

t see ANL-7951 for a description of this EOS 



Table 2 

Material Reactivity Worth Distribution 

Distance 
From Core 
Bottom 
|(cm.) 

j 116.5 

105.5 

94.5 

j 83.5 

1 ^̂"̂  
61.5 

1 50.5 

49.5 

38.5 

27.5 

16.5 

5.5 

Distance 
from Core 
4 (cm) 1 

TOTAL MATERIAL REACTIVITY WORTH (6K/cm̂ ) 

1 °* 
0.61 

1.17 

1.62 

1.9 

2.0 

2.0 

1.9 

1.62 

1.17 

0.61 

0. 

3.873 

0. 

0.57 

1.1 

1.52 

1.79 

1.88 

1.88 

1.79 

1.52 

1.1 

0.57 

0. 

11.62 

0. 

0.51 

0.97 

1.34 

1.58 

1.66 

1.65 

1.58 

1.34 

0.97 

0.51 

0. 

19.37 

0. 

0.41 

0.79 

1.1 

1.29 

1.36 

1.36 

1.29 

1.1 

0.79 

0.41 

0. 

27.11 

0. 

0.32 

0.62 

0.86 

1.1 

1.06 

1.06 

1.1 

0.86 

0.62 

0.32 

0. 

34.86 

0. 

0.17 

0.33 

0.45 

0.53 

0.56 

0.56 

0.53 

0.45 

0.33 

0.17 

0. 

42.61 



Table 3 

Reactor Kinetics Data 

Beta: 74 x 10 ' ^ (7) 

-4 (7) 
Prompt Neutron L i fe t ime : 0.338 x 10 sec ^ ' 

(12) 
Delayed Neutron Precursors: ^ ' 

Group ( i ) pi Xi (sec" ) 

1 .28 X 10 '^ .127 X 10"^ 

2 .158 X 10"^ .317 X 10'^ 

3 .139 X 10"^ .115 

4 .301 X 10"^ .311 

5 .95 X 10"^ 1.40 

6 .19 X 10"^ 3.87 
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Figure 4. Langrangian Grid at time = 10.960 milliseconds 



Figure 5. Langrangian Grid at time = 11.10 milliseconds 


