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1.  General

Mockup No. 6 is now in operation. It consists of our

standard 3-row uranium-fueled, steel-reflected blanket, which

now serves as the host for two special assemblies, 6ne contain-

ing a thorium lattice insert and the other designed to permit

in-rod interface traverses.

Dale Lancaster represented the project at the LCCEWG

meeting held in Germantown on March 7-8, 1978.  MIT results

for the Second LCCEWG Benchmark Problem Set were published in

last quarter's progress report (1).

2.  Thorlum Utilization

Progress was made in two areas during the past quarter:

a conceptual design of a thorium metal fueled internal blanket

assembly was investigated (2); and preliminary results of an

experimental comparison of thorium and uranium blanket-spectrum-

averaged capture cross sections were determined (3).

In the blanket assembly design study, internal blanket

assemblies of the LHRFDS genre were used as a vehicle for C O mE-

paring UO2 and Th-U alloy (16% U in Th to provide for self-denatur-

ing of bred U-233). Sodium bonded Th-U pins were substituted for

UO2 in otherwise identical assemblies, and steady-state, transient

and accident phase thermal/hydraulic comparisons were carried out.

The steady state peak temperature of 1219°F in the Th-U fuel provided a
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greater overpower margin than available in UO2-fueled pins;

however, the adiabatic  heat  up rate (during a very rapid power

increase or total loss of flow/coolant) is twice as fast for

the Th-U pins; finally, in a partial loss of flow accompanied

by scram (e.g., LOPI transient for FTR or CRBR), the Th-U

assemblies remained 600OF below the boiling point of sodium,

and could therefore provide added protection to adjacent

assemblies in events of this type. These encouraging results

indicate that it is worth continuing the assessment of the

potential neutronic advantages of blanket assemblies of this

type.

In the experimental studies a 41-rod insert of thorium

metal fuel pins was irradiated in the upper part of a standard

uranium metal fueled blanket assembly. Symmetrically located

U and Th foils were used to measure the ratio of thorium to

uranium capture cross sections relative to their thermal

spectrum values. The results were as follows:

02
GC

= 1.331 + 0.021
-3  2 8                              -

C

It is important to note that both U and Th have been

subjected to.essentially infinite-lattice Dancoff shadowing

by neighboring pins of the same type. Thus this value is

less than the results repotted  by ANL (4) of 1.579, since

their thorium foils were not in a thorium pin lattice.
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Our calculated result, however, (using ANISN in the S8Pl

mode, the LIB-IV .50 group (ENDF/B-IV)  a set and the SPHINX

processing code) is 1.183; this is low, particularly consider-

02
ing the.lowering in

ac (E) of 10.to 20% in the ran e of

interest in ENDF/B-V.  Work is continuing to evaluate both

experimental and computational explanations · for the discrepancy.

3.  Reflector Fast Neutron Penetration

Computational work continues to seek imptoved agreement

between threshold detector traverses and calculations in the

steel reflector region.  Fifty group S16 calculations have

improved agreement: at 90 cm penetration  In (n, n') traverses

are "only" a factor of 5 above calculations as opposed to the

factor of 30 previously experienced. Efforts will continue

to achieve acceptable agreement, including use of forward

quadrature sets, higher order PN' iron cross section sensitivity

studies and the like.

4.  Interface Measurement and Calculations

Two sets of runs have been made in the interface-traversing

assembly described in our previous quarterly report.  U-238 (n,y)

and U-235 (n,f) traverses were made in the assembly's UO2-fueled

pins as a function of distance from the blanket-reflector inter-

face to a depth of 10 pins. The results were compared with both

ANISN S8 and 2DB calculations.  Some significant preliminary

results are evident from the first run:
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(a) The magnitude of the interface effect on the

U-238 (n,y) reaction is considerably less than

previously measured in uranium metal pins;

(b) There is a significant difference between the·           

ANISN and 2DB calculations in the region within

about 10 cm of the interface: 2DB is about 30%

low at the interface itself, while ANISN comes

within roughly 5% of the traverse data.

If born out by further analysis these results suggest

that interface heterogeneity corrections may be easier to

make than previously thought, and that more attention should

be paid to transport transients if diffusion-theory-based

codes are to be relied upon for blanket outer row calculations.

5.  Future Work

A revised FY '79 work proposal compatible with a 48K funding

level is being prepared for submission to DOE by the 6/30/78

deadline.

Major work areas include:

(a) continuation and completion of methods for

analytical/numerical treatment of interface

heterogeneity effects;

(b) completion of the analysis of thorium.assembly
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measurements and reflecter fast neutron pene-

tration measurements, emphasizing state-of-the

art computer program calculations for comparison

with final experimental results;

(c) evaluation of the performance potential, including

safeguards related aspects, of internally-blanketed

cores and high-moderator-content blankets, with an

emphasis on thorium utilization and an assessment

of metal fuel potential;

(d) continued participation in LCCEWG and other DOE-

directed core and fuel cycle performance evalua-

tions.

The moderated blanket subtask of this work represents part

of the proposed ScD thesis research plan submitted by B. Atefi,

whose prospectus is attached.

6.  Administrative Matters

The monthly financial statement for March is attached; it

also includes FY totals to date.

As of March 31, 1978 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
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*     Students

M. Saidi, ScD thesis student
D. Lancaster, Research Assistant
L. Paglia, undergraduate research·opportunity student
D.W. Medeiros, SB thesis student
G. Nakayama, subject 22.901 project
F.R. Field , SB thesis student
S.W. Kim, subject 22.39 project
J.A. Sefcik, subject 22.39 project
B. Atefi, ScD thesis student
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Introduction

-            Many design concepts related to the fast reactor core

and blanket have been studied in recent years. The basic.

objectives of these designs include enhanced safety features

such as lower sodium Void coefficient and better neutronic

performanc e,such as higher breeding ratio and lower doubling

time.  The objective of the present work is to investigate the

neutronic and economic characteristics of thermalized external

radial blankets for heterogeneous fast breeder reactors.

Background

As a part of the fast reactor blanket project at M.I.T.

several core designs utilizing uranium and thorium .blankets

have been studied.

Starting with a conventional LMFBR core and thorium radial

and axial bIankets, it was shown that significant fuel cycle

cost savings were possible due to the U-233 produced in the

external blankets, which has a high value in thermal reactors

[1].

The next set of studies focused on internal blankets [2,3,4].

A particular internal blanket design, designated as the "parfait"

blanket due to its layered arrangement of material was studied.

The most important advantages of these cores are improved

safety features such as decreased sodium void coefficient

(25-30%), decreased sodium temperature coefficient (40%), and

also better neutronic performance such as increased breeding
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ratio (2%) and decreased doubling time (6%)[5].  Some of the

disadvantages of these cores include increased core fissile
-

inventory (4%), reduced Doppler power coefficient (8%), rdduced

delayed neutron fraction (1%).

The latest effort on improving both the safety and

neutronic performance of the core·has focused on internal

radial blankets [6] and some advanced blanket design concepts

such as moderated, hardened and fissile seeded blankets [7].

Present Work

As was mentioned earlier the present work is based on the

idea of coupling a fast core with a thermalized blanket.

In this concept the internal radial blankets, after

several percent fissile. enrichment has been bred in by capture

in the core region, are transferred to the thermalized

radial blanket. These assemblies are then burned in the radial

blanket to very low enrichments so that no reprocessing would

be required. Other advantages of this concept include lower

core fissile requirement due to lower leakage to the radial

blanket, and the possibility of using thorium in the core. As

the blanket moderaton ZrH1.7 will be used.  This material

has a moderating ratio close to that of water, and previous

experimental work has shown it has very good properties under

irradiation in a sodium environment [8].

Different combinations of fertile and fissile material

will be considered, including use of thorium metal in the in-

ternal blanket to take advantage of the spectrum hardening it



.,

./

9                                                                   -

can produce.

The core and blanket calculations will be performed
.

using available state-of-the art computer codes.  Cross sec-

tions for the core can be generated using a 50 group fast sross

section library (LIB-IV), region-wise collapsed to 4 groups

using the computer code ANSIN. The cross sections for the blanket

can be generated using the codes LEOPARD and PDQ-7.  Burnup

calculations will be performed using these cross sections in

the computer code 2DB.
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