
IT"

LA-5971-MS
Informal Report UC-46

Reporting Date: May 1975
Issued: May 1975

Research Program on Plasma Core Assembly

by

W. Bernard
H. H. Helmick
6. A. Jar vis

E. A. Plassmann
R. H. White

scientific laboratory
of the University of California

1OS ALAMOS. NEW MEXICO 87544

An Affirmative Attion/Equol Opportunity Employer

UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

CONTRACT W-7403-ENG. 36

rJISTRIBUISQfi OF THIS CCCUMENT Uf



In the interest of prompt distribution, this report was not edited by
the Technical Information staff.

This work was supported by the Research Division, Office of
Aeronautics and Space Technology, National Aeronautics and
Space Administration, NASA Contract No. W-13755.

Fruited in the United Stain of America. Available faom
National Technical Information Service

U S Department oi Commerce
5285 Port Royal Road

Springfield, VA 22151
Price: Printed Copy MOO Microfiche $2.25

Thii report «ni prepare*1 I t in •ccuunl of work •pouoroa
kv ihe liaise! Slatei C n a n M . Neitr'rr ike Unite* SUM
••;• the United S U M f.neny Bnearch ind Drvr lwanl Ad-
•nlHiilradon. iwr any rf I M r tmfitytt*. Mr any of their eon-
Uactora, aukeeiitTactotv. i f lc*ir emptoyae*. M k M any
warraflty, mprMi er impliatf. or aiMiaM* aHy Iceal llaMlily or
rM»a«iiHli1y for the accuracy. eomalatcMM. or UMTUIMM of
•sy infonutioB. ap*«ratuo, product, or proeMa diicloaei. or
ravreienu that l u u«e wouM not infriaf* yrivatoly ewMd
rilht



- NOTICE-
This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Enerev
Research and Development Administration, nor any of
,'nhr fmp'oyees- •"" ™y »f 'heir contractors,
subcontractors, or their employees, makes any
warranty, express or implied, or assumes any legd

«ltj»lnUr7nal)*fy f°' '""<*"«*, completed
r usefulness of any information, apparatus, product or

process disclosed, or represents that its use would no
infringe privately owned rights.

RESEARCH PROGRAM ON PLASMA CORE ASSEMBLY

by

W. Bernard, H. H. Helraick, G. A. Jarvis,
E. A. Plassmann,and R. H. White

ABSTRACT

An operating critical assembly having a 1.024-m-diam by 1.055-m-high
cavity reflected by 0.48 m of beryllium has been constructed of residual
beryllium reflector segments, control drums, drive motors, and control
console from the solid core nuclear rocket development program. The crit-
ical mass for uranium distributed throughout the cavity is 16.9 kg U(93.2),
which is high because of neutron underraoderation in the reflector due to
porosity and poison contaminants in the beryllium and graphite reflector
components.

A flux trapping beryllium annulus, 0.546-m-i.d. by 0.89-in-o.d., cen-
tered in the cavity, reduced the critical mass to 6.7 kg U(93.2). This
arrangement will permit operation with a UFg zone inside the flux trap
driven by an outer uranium-graphite fuel zone. The fission density inside
the flux trap is appreciably higher than in the outer fuel zone.

I. INTRODUCTION

The initial phase of the research program on

the NASA plasma core critical experiments consisted

of three parts: 1) design and fabricate a static

cavity critical assembly from existing components

from the Rover program, 2) perform supporting neu-

tronic calculations to aid in the interpretation of

experimental results and to guide the design of fu-

ture experiments, and 3) design and carry out the

initial critical experiments.

A. PCA Reflector

The beryllium reflector of the Plasma Core

Assembly (PCA) is described in Appendix C of LA-

5670.' The end plugs of Nuclear Furnace and Honey-

comb reflector pieces, shown in Figs. 1 and 2, con-

sist of beryllium that averages 90% of normal den-

sity. Graphite fillers, 38-rnm-thick separate these

from 190-mm-tnick NRX and Kiwi B sectors of beryl-

lium, also 90% normal density. A succeeding graphite

annulus 44-mm-thlck is followed by a 200-mm-thick

Phoebus II assembly which except for 18 control drums

is beryllium at 87.5% nooial density. The 1.024-m-

diam by 1.055-m-high cavity accommodated the follow-

ing sequence of cores.

End plug. Nuclear Furnace
Fence, and Honeycoab plecea

Oraphlte filler

MIX and Kl«l B
reflector ssaesbly

-Xlwl B seetora
OrapMte ruler
'Phoebus II
reflector aaaeafcly

Fig. 1
Beryllium reflector for PCA.



Fig. 2

PCA with core No. 1 retracted.

II. CORE NUMBER 1

A. Initial Approach to Critiealitv

For the initial fuel loading intended to sim-

ulate a homogeneous uranium distribution,U(93.2)

metal foil was laid on a set of ten 0.90-m-diam

aluminum discs spaced 100 mm apart. Fig. 2, which

nearly filled the cavity volume. The approach to

criticality was based on the standard operating

procedures for the Pajarito Critical Assembly

Facility.2 A critical mass of 19.1 kg of U(93.2)

was found for this configuration. Correcting this

for the aluminum in the fuel support fixture and

cavity end plug supports gives a critical mass of

16.9 kg U(93.2) for foils without structure.

B. Control Drum Calibration

Control drum calibrations and material reac-

tivity worth evaluations were established by posi-

tive period measurements. To facilitate this, two

control drums were equipped with high-speed drives

for rapid reactivity insertion rates.

The incremental worth of one control drum was

measured at 10-degree intervals. The total reactiv-

ity swing for the test drum moving from 0 to 180" Is

0.34 $. Figure 3 gives the control drum reactiv-

ity calibration curve based on 18 active drums.
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Fig. 3
PCA control dru^ calibration for core No. \.

C. Materials Evaluation

Th» reactivity wo.-ths of U(93.2), aluminum and

carbon in the cavity, as evaluated from positive

period measurements, ars listed in Table I.

TABLE I

Material Location

Distributed through cavity

Distributed through cavity

Bulk sample at end of cavity

Worth
($/kg)

+0.727

-0.030

+0.025

III. CORE NUMBER 2

A. Critical Loading

An early goal for the Plasma Core Assembly v&s

to operate with a central zone of UF6 gas surrounded

by a zone of solid uranium fuel. To mock up this

situation,core No. 2 consisted of uranium metal foil

attached to a 0.94-ra-dlam thin-walled aluminum cyl-

inder centered within the cavity. A critical mass

similar to that for core 1 was indicated by sub-

critical comparison.

The critical mass of about 17 kg Is a factor

of two higher than calculated for uniformly distri-

buted fuel In an Idealized reflector. Such a large

critical mass for this system indicates undermodera-

tion in the reflector and/or contaminants having

high thermal neutron absorption cross sections in

the beryllium and graphite. Neutron leakage through

the large number of small,straight, beryllium coolant

channels tends to Increase the critical mass value.

The known neutron absorbing contaminants in the

reflector materials are iron in the beryllium and



boron traces in the graphite. The beryllium speci-

fications limited the iron content to less than

0.18% by weight. One-dimensional criticalitycalcu-

lations showed that this amount of iron would in-

crease the critical mass by about 9Z.

Two-dimensional criticality calculations ex-

amined the effect of boron in the reflector graphite

zones, with results shown in Fig. 4. Two-hundred

parts per million boron contaminant would account

for the excess critical mass if boron alone were

the cause. An analysis for this contaminant is

planned. Actually, the cause of the large critical

mass is believed to be due :o a combination of the

effects discussed above.

Additional calculation models will describe

the geometry in greater detail and will include

neutron absorbing contaminants as they will be

known to exist.

IV. CORE NUMBER 3

A. Critical Loading

The simplest solution to the neutron under-

moderation problem was to add a zone of beryllium

to tne cavity. A suitable berylliam annulus, 0.546-

m-i.d. by 0.89-m-o.d. by one-meter-high, was formed

from Pewee and Honeycomb parts. This structure had

a mean density 852 of that for normal beryllium.

This was surrounded hy the 0.94-m-diam aluminum cyl-

inder to support the uranium metal foil. The ini-

tial critical mass with all uranium in the outer

fuel zone was 6.84 kg U(93.2). Correction for the

aluminum in the core and cavity structure gave a

critical mass of 6.70 kg U(93.2).

B. Control Drum Calibration

The reactivity worth of the control drums is

influenced by the amount of uranium in the core.

Since core No. 3 with its added inner beryllium

zone sharply reduced the critical uranium loading,

the control drums were recalibrated using the pro-

cedures described above. The reactivity swing for

one control drum is 0.224 $, thus giving 4.03 $

for the 18 control drums. At the position of maxi-

mum effectiveness, 75°, the measured worth per de-

gree of rotation of ths 18 drums was 0.045 $.

Figure 5 gives the calibration curve for the entire

18 control drums.

C. Materials Evaluation

Table II lists the reactivity worths of ura-

nium, aluminum, and carbon for indicated position

in core No. 3.

Material

Uranium (93.2)

Uranium (93.2)

Aluminum

Aluminum

Honeycomb C

PCA reflector C

TABLE II

Material Location

On axis

Near end of aluminum support

On axis

At aluminum support

On axis

On axis

Worth
(S/kR)

+33.50

+5.54

-0.108

-0.030

-0.014

-0.032

It should be noted that the uranium worth

values of Table II imply an appreciably greater

fission density in the central zone than in the
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Fig. 4
Effect on critical mass of boron in graphite.

3 0 t o < a i s f o

POSITION IN DEGREES

Fig. 5
PCA control drum calibration for core No. 3.



outer fuel zone. This will be a distinct advantage

for the excitation of UF6 gas in the central region

and for ensuing photonic measurements.

The effects of flux trapping by an additional

beryllium zone within a cavity surrounded by an

undermoderating reflector was examined using one-

dimensional neutron transport calculations on an

equivalent spherical mockup of the PCA cylindrical

geometry. The calculated fission density in the

central zone was 2,3 times that for the outer, or

driver, fuel zone.

V. GAMMA RADIATION LEVELS NEAR PCA

The residual gamma radiation levels in Klva 1

from PCA reflector and control drum activations

acquired during NRDS reactor tests are shown in

Fig. 6. A sodium iodide crystal gamma spectro-

meter resolved the 6!)Co 5.3-yr. gamma peaks at

1.17 and 1.33 MeV, as well as showed a substantial

continuum of lower energy gammas. The 60Co is

associated with stainless steel control drum com-

ponents. For an idea of shielding benefits,some

gamma levels were noted with a lead sheet between

the survey meter and the PCA reflector. It was

observed that 6.4 mm of lead halved the gamma

dose.
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VI. COMPLETION OF INITIAL PHASE

Additional materials evaluations are required,

particularly tor an aluminum mockup of the UF6 can-

ister soon to be installed in the cavity. A uranium

metal foil simulation of tile UF6 fuel will be in the

canister mockup, and fission distributions will ha

measured.

The UFg handling syscem and core canister lias

arrived from United Aircraft Research Laboratories.

Work will commence soon on disassembly and cleaning

of this equipment followed by checkout to verify its

operating characteristics.
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Fig. 6
Gamma radiation levels near PCA.


