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"This report was prepared as an account of Government-
sponsored work. Neither the United States, or the Energy
Research and Development Administration 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 infor-
mation, apparatus, method,.or process disclosed in
this report.

As used in the above, 'Rerson 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 prepares, dissem-
inates, or provides access to, any information pursuant
to his employment or contract with the Administration or

11his employment with such contractor.
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1.   General

Irradiation experiments on Mockup 5B are in progress and
will continue until the end of the FY.

An Sc.D. thesis/topical report has been issued:

J.I. Shin and M.J. Driscoll, "Evaluation of Advanced
Fast Reactor Blanket Designs," COO-2250-25, MITNE-199,
March 1977.

The abstract to this report is appended.

The Chicago Operations Office has requested submission of
a work proposal for FY 1978. Preparation is in progress. Tlie
technical aspects of this proposal are discussed in Section 4
of this report. A tentative budget based upon a projected
funding level of $120,000 is being prepared (based upon a
telecon between M. Driscoll (MIT) and V. Lowery (ERDA) on
March 28, 1977.

2.   Blanket (Reflector) Mockup 5B

Figures 1 and 2 show top and isometric views of the
blanket assembly currently being irradiated. As can be seen,
the mockup is primarily designed for reflector measurements,
consisting as it does of a one-row blanket followed by three
rows of steel assemblies, then by additional steel sheet.
Vertical and horizontal gold foil traverses have been completed,
and the transverse buckling confirmed to be the same as before
the reactor renovation.

The  first  set of "radial" measurements  have  been  made:
U-238 fission and In(n,n') foil traverses through the steel
reflector. The data is just now being worked up and will be
compared with calculated fast neutron penetration calculations
during the coming quarter.

Experimental work on this mockup will continue through
September at which time it is proposed that we return to a
standard 3-row blanket and use it as a vehicle for special
subassembly studies through FY '78, including an interface
traversing assembly and a thorium fueled assembly.
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' 3.   Blanket Calculations

Figure 3 summarizes in compact form the results of much
of our previous work. It shows for our standard 3-row blanket
a comparison of measured and calculated values of the blanket-
averaged U-238 nucleus capture rate divided by the blanket-
averaged U-235 nucleus fission rate.

The calculated values shown include the older results
reported by Wu (ABBN a set) and quite recent results using the
LIB-IV a set (ENDF/B-IV). The results are shown as a function
of the background scattering cross section per U-238 nucleus,
00. The reference values of a which determines the best-0'
estimate of the calculated results, is 30 barns -- a heterogeniety-
corrected value, reduced from a homogeneous value of 33 barns.
The appropriate value of Go was computed using the methodology
recently prescribed by Salehi.

As can be seen, the computed and measured results are not
in particularly good agreement. Work is continuing to uncover
the sources of the discrepancy.

4.   Future Work Plans

A proposed work program for FY 1978 is being prepared.
Major subtasks include:

(a) Concentrating the experimental aspects of the program
on "fine-structure effects such as resonance capture1 1

near interfaces. The experiments will directly
simulate the blanket/reflector interface and the
attendant general analytic methodology will support
efforts to understand internal blanket/core inter-
face effects. As noted in COO-2250-25 (see appended
abstract), there are no obvious macro-scale whole-
blanket configurations which appear to justify ex-
perimental investigation at this time.

(b) A thorium fueled insert will be prepared and
irradiated to develop experimental information on
thorium capture rates in a thorium environment.
Previous work at MIT on thorium capture in a
uranium environment did not provide much confidence
in the ability to make accurate calculations of
thorium-fueled LMFBR blankets (1). This work also

(1)  P.J. Wood and M.J. Driscoll, "Assessment of Thorium
Blankets for Fast Breeder Reactors," COO-2250-2,
MITNE-148, July 1973.
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complements other ERDA-sponsored work at MIT
on the use of thorium in LWR cores. As part

-                    of the analytic/numerical effort we will also
investigate interesting concepts such as mixed
thorium-uranium blankets which would provide
denatured U-233 (instead of weapon's grade Pu)
for use in LWR (or perhaps even LMFBR) cores.

(c)  Efforts on the evaluation of internally-blanketed
LMFBR's will be expanded. Work will be concentrated
along the lines of previous efforts in this area at
MIT (2), emphasizing determination of limits on

  performance changes brought about by the use of
internal blankets. An analysis comparable to Shin's
recent topical report on external blankets will be
carried out.

The above areas are under consideration for the longer
term. In the shorter term some interesting work is underway
applying methods developed for blanket heterogeneity calcula-
tions to LWR heterogeneity. H. Aminfar's thesis prospectus
describing this work is appended. (This work is being supported
in part by another ERDA-sponsored project at MIT, and Aminfar
is self-supported).

5.   Administrative Items

The monthly financial statement for March is attached;
it includes FY-to-date cumulative totals.

As of March 31, 1976 the project staff was as follows:

Staff

M.J. Driscoll, principal investigator
A.T. Supple, part-time Engineering Assistant
R. Morton, part-time Computer Operations Assistant

Students

A. Salehi, Sc.D. Student, Research Assistant
J. Shin, Sc.D. Student, Research Assistant (terminating

3/31/77)
H. Aminfar, Nucl. Eng. Thesis Student
H. Khan, part-time Computer Assistant
T. lieckal'l, Utidei'gi'aduate Laboi·aloi'y Assistatil (Ultol')
W. Wolfe, Undergraduate Laboratory Assistant (UROP)

(2)  M.J. Driscoll, et al., "Safety and Breeding-Related
Aspects of Fast Reactor Cores Having Internal Blankets,"
Proceedings of the International Meeting on Fast Reactor
Safety and Related Physics, Chicago, October 1976.
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EVALUATION OF ADVANCED FAST REACTOR BLANKET DESIGNS

-                                  J.I. Shin and M.J. Driscoll

-                              COO-2250-25, MITNE-199, March 1977

ABSTRACT

Various fast reactor blanket design concepts - moderated, fissileseeded, alternatively fueled, etc. - have been evaluated to develop a
more comprehensive understanding of the technical basis for improved
breeding and economic performance.  Simple analytical models and
equations have been developed, verified by state-of-the-art computer
calculations, and applied to facilitate interpretation and correlation
of blanket characteristics.

All design concepts examined in the study could be fit into a
self-consistent methodology: for  example, the fissile buildv 9 histories
of all blanket compositions and regions, from a single pin to an entire
blanket, could be fitted  to  the same dimensionless correlation,   and  all
blankets have the same dimensionless optimum irradiation time.

It was also found that the external breeding ratio at the beginning
of blanket life is a constant multiple of the external breeding ratio
averaged over life for an optimally irradiated blanket. Hence one can
use beginning-of-life studies to correctly rank the breeding performance
of various blanket design options.

Although oxide fuel was found to have economically favorable
characteristics given equal fabrication costs per unit mass of heavymetal, thin (2-row) UC-fueled blanket concepts appear to be slightly
preferable under projected short-term future economic conditions due to
their excellent neutronic and thermal-hydraulic characteristics, and
their narrow margin of deficiency even under conditions favoring oxfde
fuel.

It is confirmed that the non-linear fissile buildup history
characteristic of FBR blankets must be considered in making sufficiently
accurate fuel management decisions for real reactors, and it is shownthat a batch fuel management option produces about 15% less plutonium than
other commonly considered options such as In-Out shuffling.

All results were consistent with the observation that very little
improvement in external blanket breeding performance can be envisioned
unless core design changes are allowed.  Breeding ratio improvements were
often detrimental to blanket cconomics (and vice versa).
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Engineering Thesis Prospectus

PREPARATION OF THERMAL REACTOR CROSS-SECTIONS
USING FAST REACTOR METHODS

by

Habib Aminfar

(

February 1977

Massachusetts Institute of Technology
Department of Nuclear Engineering

Thesi.s Supervisor: ·Professor M.J. Drisco113'A h S.
Thesis Reader: Professor D.D. Lanning '.j    I

(

--



10

4-

C. Cross-section preparation. techniques for fast and
thermal reactors have developed along separate paths,
partly from historical and programmatic reasons and
partly because fast reactors are so nearly homogeneous
that approximate methods for the treatment of hetero-

geneity frequently suffice. In addition the empahsis
in thermal reactors is on spatial detail rather than dn
the energy fine structure of the neutron . ··-:ctfum; 1·ihile
in fast reactors the opposite emphasis is commonplace.

Recent work at MIT,.however, (by Salehi and Kadiroglu)
suggests that one methodology can be applied to both
types of systems. It is the purpose of this thesis to
carryout a definitive test of this proposition.

Salehi in his Sc.D. research has shown that Bondarenko

f(a ) factor formalism for fast reactors.can probably be
extended to thermal reactors based upon the following

(
facts:

(a). Homogeneous group resonance-integrals .

calculated using self shielding factors
(f) appear to reproduce valuesof the
same parameters generated using the ·
thermal reactor program LEOPARD,

quite well.

(b) Homogeneous-to-heterogeneous corrections
can be computed using a new equivalence

theo] n (developed by Salehi) very accurately
as verified using both the LEOPARD code
and the convent'ional Dancoff-factor formalism.

Salehi's demonstration, however, stoppe' short. of
practical application, a task which will be the focus of the
present research.

The following step-by-step.approach is planned:

1)  A Computer program will be developed to:
(a)  transtorm an aval.].ab].e 55 Irrou.p ]i,BR
set into ANISN input format
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(b) calculate an effective value of the back-

ground scattering cross-section per absorber
nucleus, a which allows for hetrogeneity0'

using Salehi's equivalence theorm.

(c)  interpolate in the 55 group set's f(ao)
tables to generate self-shielded cross-section
in ANISN format

2)  The cross section set will then be input to ANISN
and both heterogeneous and homogeneous cell calculations

performed. The heterogeneous calculations will (when

collapsed) provide fast and thermal group-average cross

sections, while the homogeneous calculations will give the

epithermal group constants.

3)  The few-group cross-sections output by ANISN will

be compared to similar sets prepared using the EPRI version
of LEOPARD, a popular state-of-the-art thermal reactor

.

< cross section preparat.ion code.

4)  Comparisons will be carried out for a range at
PWR unit cell sizes, fuel pin diameters, fuel to moderator
ratios, and important fuel nuclides - U238, U235, Th232,

239  u233PU

Prbposed Schedule

Complete work by September 1, 1977, writeup by

December 1, 1977
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