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1. General 

This quarterly progress report covers work initiated, completed 

or underway in the period April 1, 1980 through June 30, 1980, 

since the prior progress report (1). 

Note that in accordance with COO instructions (2) we are now 

numbering reports DOE/ET/372 41-# instead of COO-2250-# (the prior 

format). 

M. Driscoll attended the meeting of the Large Core Code Eval

uation Working Group (LCCEWG) on May 12, 1980. MIT questions 

with respect to several fine points regarding the third benchmark 

problem were resolved. 

Contract modification funds of $10,000 to cover the costs of 

returning surplus fuel to the DOE will be made available to MIT 

shortly by COO, Of this amount roughly $5500 have already been 

expended in making the first two shipments. Shipment No. 3 is 

loaded and ready to go, and a fourth shipment is anticipated before 

the end of the FY. This should exhaust this first round of funds; 

hence additional funds will be needed in FY 1981 to permit liquida

tion of our excess fuel inventory—which should require a total of 

approximately eight shipments depending on the amount of fuel 

retained to cover contract needs, and how much unclad fuel pieces 

and scrap can be loaded into a shipping container. 

(1) MIT LMFBR Blanket Research Project,. Quarterly Progress Report, 
Jan. 1, 1980 - March 31, 1980, COO-2250-42 (since renumbered 
DOE/ET/37241-42), May 31, 1980. 

(2) Letter, M. J. Closer, DOE/COO, to P.C. Powell, MIT, dated 
June 6, 1980. 
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2. Benchmark Calculations 

2 .1 Introduction 

The third LCCEWG problem, described in (1), as modified by 

(2), (3) and (4) has been calculated using 2DB. The version of 

2DB used at MIT has been modified to accommodate 30° symmetry 

and group-dependent bucklings in each zone. 

Reference (2) indicated that there were several discrepancies 

in the original problem version: the cross sections of three 

materials were mis-ordered and those of another material erroneous 

on both the ANISN and ISOTXS files; and the ANISN file as 

recorded on tape was mis-ordered. Participants using the ANISN 

file were asked to request a replacement file. It was suggested 

that participants using the ISOTXS file who had completed most of 

their analyses should continue to use the original cross sections 

—otherwise corrected values should be used and a correction 

factor later applied to account for the difference. 

At MIT the misordering of the ANISN cross sections had been 

noticed and corrected prior to the first use of the file. The 

only remaining problem should have been the misordering common 

to both files. This has since been corrected, and a comparison 

of results will be exhibited later. We are, however still checking 

our ANISN and ISOTXS files for consistency. 

Preliminary results have been circulated by members of the 

benchmark group (2) (5). GE-ARSD has computed k ^^=1.01322 

for the first configuration at beginning-of-cycle (Case I) using 

the corrected cross sections, and 1.013125 using the mis-ordered 

(1) N.C. Horning, M.B. Parker and R.P. Omberg, "Second Revision, 
Proposed Third Benchmark Problem for the Large Core Code 
Evaluation Working Group," HEDL, May 1980. 

(2) Letter from R. Prostik (GE-ARSD), to LCCEWG distribution, 
dated July 2, 198 0. 

(3) Letter from M.B. Parker (HEDL) to LCCEWG distribution, dated 
June 4, 198 0. 

(4) Letter from M.B. Parker (HEDL) to LCCEWG distribution, dated 
June 9, 1980. 

(5) Letter from D. Vondy (ORNL), to LCCEWG distribution, dated 
July 3, 1980. 
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cross sections (a difference of 9.5 x 10 ). ORNL reports k = 

1.013126 using VENTURE (presumed to be with the original cross 

section set). The GE and ORNL results agree to within the con-
— f\ 

vergence criterion used at MIT (1 x 10 ). Hence we are in the 

process of ferreting out the reasons for any discrepancies in 

excess of this margin: the use or non-use of group-dependent 

bucklings, for example. 

Modelling of the benchmark problem in 2DB requires use of 

a dummy zone outside the core to fill in the gap between the 

irregular core perimeter and the outer triangular boundary. This 

zone is often taken to be identical to the adjacent structural 

zone; alternatives include use of a low density structural zone, 

or (by adjustment of the buckling input) this region can be made 

to appear black to incident neutrons. The difference between the 

use of normal structure and a black filler was examined and found 

to yield a difference in k ,.- of the same order as the convergence 
—6 exr 

criterion (1 x 10 ), which is negligible. 

2.2 Preliminary Results 

Table 2.1 presents the k __ values calculated at MIT for 

Case I, BOC, no voiding. Information of interest which can be 

extracted from this compilation is as follows: 

(a) Comparing runs flj and (2) indicates a Ak ^^ due to 

the cross section scrambling of 10.67 x 10~5, 

which is 12% larger than the 9.5 x 10-5 found by GE 

(b) Comparing runs (F) and (3) shows a k^^ decrease of 

0.0012235 when group-dependent bucklings are 

employed rather than group average values. This is 

a significant difference, and should be looked for if 

older versions of 2DB are employed in benchmark 

comparisons. 

(c) Comparison of runs (l) , /4) and (^ shows differences 

in the 6th decimal place, comparable to the convergence 

criterion, and thus the way in which the dummy peripheral 

zone is treated is not consequential. 
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Table 2.1 

Preliminary Results for LCCEWG Problem No.3; 

Case I, BOC, No Voiding 

(a) Using Out-of-Qrder Cross Sections 

RUN ID No. 

(D 
© 
© 
GE 

ORNL 

^eff 

1.0142527 

1.0130292 

1.0130215 

1.013125 

1.013126 

Comment 
** 

2 2 2 
Group Averaged B , Structure B =Dummy B 

9 2 2 
Group-Dependent B^, Structure B =Dummy B 
Group-Dependent B^, Dummy B^ = 10"'^ 

2 
Group Dependent B 

2 
Group Dependent B 

(b) Using Re-Ordered Cross Sections 

® 
® 
© 
3E 

1.0131359 

1.0131340 

1.0131350 

1.01322 

2 2 2 
Group-Dependent B , Structure B =Dummy B 

2 2 
Group-Dependent B , Duimny B = 0.1 
Group-Dependent B , Dummy B =10" 

2 
Group-Dependent B 

MIT Convergence Criterion on k __ is 1x 10' 

** 
DTjmmy region is zone between the outer periphery of the 

structural assemblies and the outer boundary of the 2DB core model. 
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(d) Comparison of MIT run \l) with GE shows that the 

MIT k r.^ is lower by 8.4 x 10*5, roughly eighty 

times the convergence criterion. Hence there 

appears to be an as yet unresolved discrepancy at issue 

here. 

Table 2.2 shows the results of voiding sodium from the 

driver assemblies at BOC and of burning the core for 511 days 

with and without sodium. 

The MIT benchmark calculations will be completed during the 

coming quarter. 

2.3 Inconsistencies in the Benchmark Data 

Some inconsistencies in the third benchmark data were 

uncovered during a detailed check. However, these inconsistencies 

should not affect benchmark results because they arise only when 

the complete modeling of a single assembly is attempted. 

First, the number densities used in the steel of the blanket 

and driver regions used in conjunction with the given volume 

fractions imply pure constituent densities which differ on the 

average by 7.2%. 

Second, the assembly and gap dimensions in the blanket and 

driver regions do not precisely add up to the given assembly pitch. 

These appear to fall short by 2.7 and 3.0 mm respectively, com

pared to the given assembly pitch of 16.33 mm. 



6 

Table 2.2 

Additional Cases Completed to Date 

Case 

I BOC 

II BOC 

VI EOC 

VII EOC 

Description 

No Voiding 

Driver Voiding 

No Voiding 

Driver Voidincr 

^eff 

1.013136 

1.018196 

1.003109 

1.011923 

Ak 
Void 

— 

+0.005060 

— 

+.008814 
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3. Heterogeneous Assemblies and Breed/Burn Cores 

As noted in the last quarterly progress report, we are also 

examining the neutronic characteristics (k .p,., cycle Ak, breeding 

ratio, Na void coeff.) of internally heterogeneous assemblies: 

fissile-fueled asseinblies containing inserts of moderator or 

fertile material. The assemblies of LCCEWG Benchmark Problem 

No. 3 are being used as a reference case. Thus the entire 

sequence of calculations has been queued up awaiting verification 

of a valid benchmark run. Results are just now becoming available, 

and will be discussed in the next quarterly report. 

Concurrent thermal-hydraulic analyses are also in abeyance 

due to the absence from the Institute for the summer of the 

unsupported student engaged in this work. 
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4. Administrative Matters 

The monthly financial statement for June is attached: 
it also includes FY totals to date. 

As of June 30, 1980 the project staff was as follows: 

Staff 

M. J. Driscoll, Principal Investigator 

A. Holman, Senior Staff Assistant 

Students 

D. Lancaster, Research Assistant 

S. Ahmad, SM thesis student 

M. Plys, Research Assistant, SM thesis student 
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