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ABSTRACT

Irradiations of test fuel specimens and experimental fuel elements
are conducted both in capsules and in forced-convection-cooled loops.
The design of equipment suitable for irradiation tests pertinent to the
development of boiling- and pressurized-water, gas-cooled, sodium-cooled,
and molten-salt reactors is described briefly, with particular emphasis
on test capability. '

The capsules utilize thermal conduction through sodium or NaK, gas-
filled annuli, and graphite for heat removal from the fuel element sur-
face. BSix basic designs have been employed, with many variations, in
conducting over 125 separate irradiation experiments. Capsule features
include external pressurization to 900 psia, sweep gas for fission-gas
removal, fission-gas sampling and daughter-trap collection for gamma-ray
spectrometer analysis, continuous flux monitoring and control, and meas-
urement of temperatures up to 4000°F.

The loop facilities described are: (1) a pressurized-water loop for
operation up to 2500 psia and 625°F with heat removal up to 300 kw; close
control is provided over water chemistry; (2) two helium-cooled loops
capable of operation up to a gas temperature of 1500°F, a system pressure
of 300 psia, and fission and gamma heating of 60 kw; other coolants can
be accommodated, and the loops are designed to operate with fission-
product contamination when necessary; (3) a compact loop design for re-
circulating molten-salt fuels at high temperatures.

Design features to meet safety requirements, alteration of equipment
to accommodate changing program needs, and factors affecting the economics
of operation are discussed briefly. - The close relationship needed be-
tween the irradiation test laboratory and fuel development programs is
indicated. The usefulness of assistance from other related groups in a
large laboratory complex is mentioned. Finally, shop facilities are de-
scribed for meeting the exacting needs of irradiation capsule assembly.



SOME MAJOR FUEL-IRRADIATION TEST FACILITIES OF THE
OAK RIDGE NATIONAL LABORATORY

D. B. Trauger

INTRODUCTION

The Oak Ridge National Laboratory from its inception has been en-
gaged in the development of reactors and reactor fuels. Important to
this phase of ORNL work is the testing of fuels under conditions which
simulate the intended service in a power-producing reactor. Achievement
of appropriate test conditions was first made possible by the development
of test reactors which produce high neutron fluxes. ZEarly tests were con-
ducted in the LITR! and the MTR;l'2 later experiments were designed to
utilize the ORR? and the E[['R,4 which afford more versatile arrangements
for engineering-scale tests. ORNL irradiation test rigs are now concen-
trated in the ORR and LITR, where various test positions are utilized,
including in-core, poolside, and beam-hole facilities. Other reactor
space is used as required to obtain additional space or particular fea-
tures.

The text of this report is intended to provide a brief but basic
description of the irradiation facilities. It 1s hoped that it will be
particularly useful to those engaged in related fields, such as fuel
development, and for program planning. This report also illustrates the
diverse equipment which is available and indicates the capability of a
national laboratory to conduct the irradiation-testing phase of reactor
development programs. For those directly interested in irradiation test
work, this report will serve only for reference purposes; it is not in-
tended to provide the detail necessary for improvement or duplication of
test equipment.

The fuel-irradiation test facilities described have been the respon-
sibility of the Trradiation Engineering Department of the Reactor Division.
They were designed to provide appropriate environments for several power-
producing reactor systems, and their primary application has been to
evaluate fuel and fuel element concepts which are advanced beyond proven
practice. ‘Experiments are conducted in these facilities to determine the
effects of nuclear processes, including radiation damage, fission-product
generation, and transmutation, particularly as related to other variables.
Important nonnuclear factors include temperature, thermal stress, pressure
stress, differential thermal expansion, and chemical and metallurgical
properties. Specific problems involve changes in metallurgical structure,
interactions between fuel and its cladding or container, buildup of pres-
sure by volatile fission products, and the movement or redistribution of
radioactive materials within the fuel system. The equipment described
in this report has been used for the investigation of variables affecting



fuel element design, for proof testing of prototype fuel assemblies, and
for studies involving reactor coolants. Reference is made in the text
to documents which describe the program requirements and fuel development
work for which the irradiation facilities were designed.

Equipment is available for tests of both the solid and the liquid
fuels under development for use in thermal and fast reactors. Both
liquid and gas coolants can be employed. Most of the irradiation rigs
have been utilized repetitively, with both major and minor revision to
accommodate changing program needs. In each revision, capability for
the earlier purpose was retained where possible, and thus highly versa-
tile equipment has been developed. A list of the irradiation facilities,
identified by the test reactor, and the number of experiment stations is
given in Table 1. The EIR and MIR capsules are in the reactors of cor-
responding title, which are located at the National Reactor Testing Sta—
tion in Idaho; the others are located at ORNL.

Varied technical skills are requircd to effectively plan irradiation
test work. Designers, experienced analysts, project engineers, and trained
operating crews comprise the team for conducting experiments. Extensive
assistance from other groups at ORNL is used to complement the effort of
the Irradiation Engineering Department and provide strong support. This
includes work in reactor analysis, radiation shielding, metallurgy and
ceramics, welding and brazing, inspection, analytical chemistry, instru-
mentation, health physics, and reactor operations. Related tests fre-
gquently are conducted by other groups and coordinated with the irradiation
studies. Shop facilities and other services from the Y-12 and ORGDP
plants are also used extensively. Test programs may be initiated and
directed either by the Irradiation Engineering Department or, more fre-
quently, by other ORNL groups engaged in reactor or fuel development.

Considerable attention is given to reliability of equipment and
safety. The principle of double containment by use of independent ves-
sels or structures is followed to ensure that radioactivity is not re-
leased in the event of accident or malfunction of equipment. Very few
deviations from this principle are permitted, and monitoring normally
is provided to show that both the primary and secondary vessels are in-
tact. Most experiments utilize the reactor safety system to prevent
serious accident conditions in the event of equipment malfunction, but
ultimate safety is provided by containment. Vessels are built and in-
spected according to the standards of applicable codes.”~8

Irradiation test equipment in general is difficnlt or, in many caset,
impossible to alter or repair during or following operation. Out-of-pile
tests of both equipment and experimental elements are therefore conducted
whenever practical and where significant conditions can be attained.
Thorough checking and evaluation of in-pile equipment contribute greatly
to reduction of costs by assurance of successful experiments through
satisfactory operation. Despite precautions, many difficulties have been
encountered in conducting the irradiation experiments described. It may
be stated conservatively, however, that this equipment has performed well
and, in general, has met its test requirements satisfactorily.



Table 1. Capabilities of Irradiation Test Facilities®

Ma.ximum Maximum Fuel Maximum Temperature‘ Maxim Stati
Nunber Dimensions (in.) (°F) um abion
o Number of Thermal Maximum
Facility of Test
Stations es Fuel Neutron F%ux Power
Flements Diameter Length Surfaced Coolant (neutrons/cm® -sec)  (kw)
LITR capsules 7 28 0.375 3 1300¢ 400 2 x 10%3 1
ORR poolside capsules 8 3 3 12 16002 1600¢ 7 x 1013 20
ETR capsules 14 14 0.75 18 1600 16008 8 x 10%3 30
ORR eight-ball fa- 1 1 1.5 16 2500 25008 1 x 10*4 20
cility
ORR helium loop No. 1 1 0.875 18 1600% 1400 x 1013 60
ORR helium loop No. 2 2.75 9 25008 1500 1 x 1013 20
ORR pressurized-water 2 33 1.5 19 700 6250 7 x 1013 150h
loog ’
MIR capsules and loop 1 6 3 6 25008 - 1600° 1 x 104 30

%ot all maximum limits are attainable simultaneously.

bFuel central temperatures can be measured in all facilities except
the FEIR capsules; maximum temperature measured to date is 4200°F.

cCapsuﬂ_e temperature; fuel outer surface may be much higher, ~3000°F
maximum to date.

dLimited by cladding material; value given is for stainless steel;

2500°F can be achieved for graphite-matrix fuels.

®Static gas in thin arnulus.

fLimited by cladding material; value given is for stainless steel.

€rimit determined bty rature of fuel under test; value given is
nominal for graphite-matrix fuels.

hT_,oop designed for 65G°F and 2500 psi; present in-pile tube is limited
to 625°F and 2250 psi; totel loop capacity is 300 kw.



The design, and therefore description, of irradiation equipment
necessarily includes consideration of hot-cell facilities and techniques.
Although some reference is made to hot-cell requirements, detailed dis-
cussion of postirradiation examinations is outside the scope of this re-
port. However, for completeness, references are listed which describe
ORNL hot-cell equipment and the facilities used with this irradiation
equipment. The ORR hot cell to which experimental equipment from the re-

“actor core or poolside can be removed directly through the pool without
the use of casks or shielding other than the pool water is described in
ref. 9. This cell location provides convenient means for early inspec-
tion of irradiated equipment. A large cell has been provided for handling
beam hole and other major assemblies and for temporary operation of radio-
active equipment of small pilot-plant scale.10 Specialized equipment for
sectioning materials and detalled examination has been provided in cell
No. 6, which can accommodate alpha contamination.l! Smaller cells are
available for radiography and other analytical work. A new facility is
nearing completion which will accommodate a large volume of work, in-
cludi?g close inspection, specialized disassembly, and detailed examina-
tion.

Initial dismantling of equipment irradiated at the MIR ig handled in
cells at NRTS. Many of the experimental assemblies listed in this re-
port were examined in hot cells at GEVAL (General Electric Vallecitos
Atomic Laboratory) and at BMI (Battelle Memorial Institute).



DESCRIPTION OF FACILITIES

The two classifications, capsules and loops, employed in describing
irradiation test equipment are distinguished by the method of heat trans-
fer from the fuel surface. In capsules, heat transfer is principally by
conduction, whereas loops employ convection cooling, usually by a recir-
culating coolant forced by pumps or compressors. By their simplicity,
capsule facilities are less costly to construct and operate, but they do
not simulate the reactor service as realistically as loops. Various ar-
rangements for both types of equipment are employed at ORNL. Each facility
has been somewhat specialized to provide for specific test needs. The
various units are complementary so that a major fuel development program
can be conducted quickly with adequate irradiation test support. Repli-
cation of the simpler facilities provides capacity for handling several
programs simultaneously.

The LITR capsules are small test systems designed particularly for
accelerated experiments or for screening of materials. Although cooled
by forced convection, the compressed air is used only for convenience.
Seven stations are available, and each is capable of containing as many
as four encapsulations of fuels, including metals, alloys, ceramics, such
as U0z, UC, and UN, and coated particles.

The ORR capsules are highly versatile units in which many different
kinds of fuel can be irradiated under more complex test conditions. A
wide range of environments can be provided for fuel elements, including
gases and liquid metals, high external pressures, and thermal cycling.
Full-size fuel sections (except as limited in some cases by length) can
be accommodated so that highly definitive tests are possible. The ORR
“eight-ball and the EIR capsule units have similar capabilities but are
limited in size and in neutron flux control by their locations in reactor
core and reflector positions, respectively. However, these locations
provide higher neutron flux levels and excellent heat-removal capabili-
ties for conducting tests at high power densities.

The facility now at the MIR was developed for a complex loop opera-
tion before the ORR was available and has since been altered to provide
diverse capabllity to meet many fuel test requirements. Both package
loops and capsules can be accommodated at the MTR. The HB-3 beam hole
has been used for the experiments; however, the out-of-pile equipment
could be used with other test positions.

The ORR loops afford more complete simulation of reactor conditions,
since dynamic forces, nonuniformity of cooling, and the effect of ex-
pected impurities in reactor coolants can be included. The two gas loops
complement each other in providing a considerable range of neutron flux
intensity, specimen size, heat removal, gas coolant chemistry, and simu-
lation of reactor system features. The pressurized-water loop provides
many features of both pressurized- and boiling-water reactors and can
handle elements having large heat-generation ratings. Operation of the



o

three loops in common effects considerable savings in operator and main-
tenance costs. Furthermore, the three loops and, to some extent, the
capsules also utilize common equipment and services. When savings are
accomplished in this manner, long-range planning is desirable because
each facility is affected by the program for the others. Important ad-
vantages, however, are the justification of greater service facilities
and pooling of technical talent. Experiences gained by one task engineer
in a closely knit group directly strengthens the work of others.

Figures 1 through 4, respectively, show plan views of the ORR, LITR,
MIR, and ETR reactors and the locations of equipment described. The com-
plexity of an actual installation is illustrated in the photographs of
the ORR pool in Figs. 5 and 6.

Capability now exists for conducting approximately 50 simultaneous
engineering-scale irradiations of experimental nuclear reactor fuels.
Each may be conducted under a unique set of conditions, although several
may arbitrarily be made essentially identical for replication or for com-
parative experiments. The heat-removal capabilities of individual facili-
ties and the available neutron fluxes are given in Table 1.

Tests may be conducted with various coolants in contact with fuel
or cladding, including air, argon, CO;, He, Np, Na, NaK, and water. ORR
loop No. 1 is adaptable to hydrogen cooling, although irradiation tests
with this gas have not been conducted to date. Instrumentation is avail-
able to measure fuel temperatures reliably up to 3000°F and with less
certainty to 4000°F. Independent control of both neutron flux and tem-
perature has been achieved for some of the facilities, including both
capsules and loops. The general capabilities are given in Table 1. The
equipment described in this report has been utilized for the irradiation
of more than 300 separate fuel capsules during the past five years.

In addition to the specialized facilities, hydraulic rabbit tubes
and noninstrumented capsules in test reactor core positions may be used
for irradiations. Rabbit facilities are satisfactory for many irradia-
tions and are utilized when possible because relatively little cost is
involved.!3 However, the limited range of conditions achievable and the
obvious simplicity of the noninstrumented assemblies place them outside
the scope of this report. Tests also may be conducted by placing experi-
mental elements directly in the core of a reactor test facility or in
a power reactor. Such tests are limited to relatively well-proven de-
vices, since a large installation might be adversely affected by failure
of the element. Also, it is not possible to vary test conditions in a
power reactor adequately for many needs of development programs.

Not all irradiation equipment of ORNL has been included in this re-
port. In general, the larger equipment currently utilized in direct sup-
port of Reactor Division programs is described. Many other facilities
are available for materials studies and for testing specific properties
of fuels.!3



PRESSURIZED — WATER LOOP THROUGH

UNCLASSIFIED
ORNL—LR—DWG 49839R

PCOLSIDE  POOL FACILITY  poQoLSIDE
CAPSULES CAPSULES

A ——am—
r \
| |

TRt i |
—B:P“Q ' 28
i 9 V-1 5-in. ID

1l ' v ] ) |
P—1P—2,P~31P—4IP—5|P—6IP—7P
HE | ] : i

HYDRAULIC RABBIT TUBE

V=3 4Y-in. ID
V-4 5-in. ID

HYDRAULIC RABBIT TUBE

HORIZONTAL BEAM HOLES (6)
D BERYLLIUM

V/J Ca—FUEL SHIM ROD

@ | 1soToPE
NOTE:

B/] C4-Be SHIM ROD V-1 THROUGH V-10 ARE ACCESS HOLES
4 IN TOP COVER OF REACTOR VESSEL
0 5 10

N
NS

SCALE (INCHES)

Fig. 1. Plan View of ORR Showing Location of Irradiation Equipment
and Fuel Loading on June 30, 1963.



UNCLASSIFIED
ORNL—DWG 63—1967A

HB-5

F —FUEL ELEMENT (INCLUDING PARTIAL ELEMENTS)
S1, S2 AND S3 — SHIM RODS
R — REGULATING ROD

SHADED POSITIONS ARE USED FOR
AIR—COOLED CAPSULES

Fig. 2. LITR Lattice Pattern and Locations for Experiments.



EXIT WATER
DOWN LEG

>
y, .% ...." e "y

Unclassified
ORNL-DWG 64-1443

/—THERMAL SHIELD

P

EXIT

SHIELDING

FACILITY

EXIT WATER

W 9
ments.

1 \

N

N7

~
$=
.
= dx

P

-

HTI
HB5

QN NE e, o
eSS e N

?b g a0
[

4 e i

\

-

kPEBBLE ZONE

EXIT WATER oownk

MIR Horizontal Section Showing Locations for Experi-



10

UNCLASSIFIED
ORNL DWG. 64-1386

1
2
3

Inpile © F
Irg Tube ) ° IGE‘H

npile

. { o O £ Tube
- | [elo'a] © FITHD
P O® £ [REEH €
i OO\ L

o
& :O O 5 GEEP '
12 Q O ﬁ lTn‘"')ll":
T~1 0 [oo0c

‘OOO OO

_CE%C)C:LD O O

1 |
- 0 OR0eIC0RERED oreees ©
©|0 383 © o0

Facility ﬁgg Core Filler Piece F | Fuel @ ORNL Capsule
- foterer Locations
(} Contro! Shim 88 4 Hole Filler Piece @ Regulating Rod
&  Experiment In Position (O Flow Restrictor ®  Flux Monitor RPCosC-A8IZ

Fig. 4. FEIR Core Showing Location of ORNL Capsules with the Fuel
and Experimental Loading for Cycle 51B.



Unclassified
Photo 61214

Fig. 5. Overall View of ORR Pool Area Showing thz Many Experimental Facilities
Now Installed. Other equipment, zarticularly for beam-hole experiments, is located
on the floor below, on the lower “alcony, and in the basement.
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ORR Poolside Capsule Facility

The ORR has a large high-flux irradiation facility outside the re-
actor tank. This was achieved by providing a flattened and indented
section of the reactor tank adjacent to one side of the core. Since the
ORR tank is immersed in a large pool of water, direct access is available
to a large volume having a high neutron flux density. The water shield-
ing pool provides visibility and space for movement of equipment without
reetriction. This arrangement has proved most useful for conducting cap-
sule tesls.

The poolside capsule irradiation facility is shown diagramatically
in Fig. 7. It was developed for the EGCR fuel-irradiation programt4, 17
but has since been extended for testing several configurations and sizes
of both clad and all-ceramic fuel elements.1®-1% As many as eight sepa-
rate fuel assemblies can be accommodated simultaneously in separate con-
tainers; however, when the fuel specimens exceed 1 in. in diameter, their
number must be reduced.

Basically, the irradiation capsules are of concentric double-wall
metal construction and utilize either NaK or graphite to conduct heat
from the fuel specimen to the inner container. A thermal barrier in the
form of a gas gap between the inner and outer containers provides the
resistance necessary to achieve high temperatures during irradiation.
The heat energy is rejected from the outer wall to the reactor pool.
Measurement of gas pressure in the annulus is a means for monitoring the
integrity of the vessels, which also serve as containment for safety re-
quirements. Fuel element cladding surface temperatures up to 1600°F can
be attained in present capsules with the specimen immersed in NaK, as
shown in Fig. 8. Higher surface temperatures can be achieved at the test
fuel element surface by using other matcrials of construction or by placing
the element inside a second gas-filled annulus. Temperatures are measured
by thermocouples inserted in the NaK or the graphite inmer structure.

lrradiations of fuel in a graphite matrix have been conducted at sur-
fauce temperatures up to 2500°F. A capsule for irradiating fueled-graphite
spheres is shown in Fig. 9. The basic design features of this capsule
are similar to those for the eight-ball capsule described in a later sec-
tion of this report. Heat ratings of 70,000 to 150,000 Btu/hr-lin ft,
depending on the capsule diameter, can be accommodated. Thermal- and
fast-neutron fluxes, of 7 X 10%3 and 5 x 10'? neutrons/cm?.sec respec-
tively, are avalilablc.

For clad fuel elements, application of the external collapsing forces
to be experienced in gas-cooled reactor atmospheres hac been provided by
pressurizing the helium over the NaK surface. Pressures as high as 850
psi have becn used. For temperature measurement in hollow cylindrical
fuel pellets, molybdenum thermocouple wells brazed inft.o the element end
cap extend to the midplane elevation. Tungsten-rhenium thermocouples
have been uced in thesc wells to measure UO, fuel central temperatures
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up to 3700°F. It is also possible to measure fuel central temperatures
of graphite-matrix pellets and of fueled inserts within spheres at tem-
peratures up to 2500°F. Pressure transducers installed to measure the
equilibrium pressure inside clad fuel elements during irradiation have
functioned well, but the lifetimes have been limited, possibly by radia-
tion damage to components.

Helium sweep-gas facilities have been provided for either continuous
or intermittent determination of fission-gas release. A schematic flow
diagram of the sweep capsule control and sampling system is shown in
Fig. 10. Gas samples are removed for gamma-ray spectrometer analysis
with the equipment shown in Fig. 11. The ratios of gaseous fission-
product-release rate to birth rate, R/B, measured to date have varied be-
tween 1072 and 10°8 for different fuels. Daughter traps that use charged
wires to collect solid decay products from noble gases in the sweep cir-
cuit, as shown in Fig. 12, provide a means for quantitative measurement
of the short half-life noble gases.zo

The thermal-neutron flux at each station in the irradiation facility
can be monitored by argon activation,21 using the gamma-ray spectrometer
for analysis. Movement of the capsules within the flux gradient of the
facility can be accomplished during irradiation by means of a gear-driven
mechanism operable from the pool surface using tools with extended handles.
Manual control has been used with this equipment to maintain nearly con-
stant flux during irradiation, as evidenced by temperature measurements;
for example, capsules operated at 1600°F have been held within +30°F for
extended periods.

The test systems described in Table 2 and shown as irradiated in the
ORR, except the last one, were tested in this poolside facility. Fifty-
six capsules have been irradiated since April 1958. No leakage of fission
gases to the reactor room or failure of primary components, except instru-
mentation, has occurred. The facility has been utilized principally for
Gas-Cooled Reactor Program irradiations, but it has flexibility to pro-
vide useful test information for many reactor programs. Additional draw-
ings and photographs describing the equipment used are presented in Figs.
13 through L7.

ETR NaK-Cooled Capsules

Equipment installed in the EIR was designed to accommodate 14 cap-
sules simultaneously for comparison of proposed fuel pellets having dif-
ferent configurations for use in the HGCR.1% The irradiations programmed
for these units involved long test pecriods of up to three and four years,
so revisions in equipment have not been necessary, and the present capa-
bility is essentially that for HGCR capsules. Very little modification
would be necessary to accommodate other capsules; for example, the eight-
ball capsule (see next section) could be accommodated by preparation of
a new reactor core piece and revision of the lead tubes. By redesign
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Table 2. Gas-Cooled Reactor Program Capsule Irradiation Tests,
July 1958 Through September 1963
Cladding Test
Condition Number
A.Riégtzio ReTEEZr et of
P EC, 2 3 Temperature Pressure Tests
(°F) (psia)
EGCR ETR, ORR Short, prototype-diameter, stainless 1500 300 18
steel-clad, UO; elements 1300 300 15
EGCR ORR Short, HICR prototype, instrumented 1500 300 i
fuel assembly
EGCR ORR Vendor fuel for EGCR 1500 300 5
EGCR ORR Vendor fuel for EGCR 1300 300 1
EGCR LITR® Miniaturized pellets; fission-gas-re- 1300 2
lease tests
BGCR LITR® Cepsule instrumentation development 1300 i
AGCR TITR? Be0-UO0, -ThOp 1300 2
AGCR LITR® Be0-UO2 1300 3
AGCR LITR® High-temperature UOp 4000P %
AGCR-AGR ORR Be-clad U0, (two capsules by UKAFA) 1100 300 3
AGCR-FEL4 ORR Be-clad U0, (four capsules by CEA) 1100 300, 450, 5
and 725
AGCR-EL4 ORR Thin, stainless steel-clad UO; (cap- 1200 850 2
sules by CFA)
AGCR ORR Swaged stainless steel-clad UOp 1300 300 3
AGCR ORR Tamp-packed UO; in stainless steel 1300 300 1
AGCR ORR Vibratory-packed UO,-ThO, in stainless 1000 and 200 2
steel 1300
AGCR ORRC Be0-U0, 2100P 1
Fueled graph- ORR® Pyrolytic-carbon-coated UCz; particles 1700 and 3
ite in graphite matrix 2400P
Fueled graph- LITR® Pyrolytic-carbon-coated UC, particles 1300 7
ite
Fueled graph- LITR® UC fuel 1300 3
ite
Fueled graph- ORRC’d Pyrolytic=carbon-coated UCp particles 1500 i
ite in graphite sphere
Fueled graph- ORRC"d Fueled matrix insert in graphite sphere 1200 1
ite
Fueled graph- ORR® Pyrolytic-carbon-coated UCy particles 1600 3
ite in 6-cm-diam graphite sphere with a
molded shell
ORR Eight-ball test of manufacturing vari- 1500 2

Fueled graph-
ite

ables and mechanical stability

®Fach LITR capsule had two separate compartments containing like fuel.

bTem.perature measurement at fuel centerline.

cSweep—type capsules with provision for gas sampling.

dORR capsules tor irradiation of graphite spheres had two separate compartments, each con-
taining two similar fuel balls of variable manufacture.
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Fig. 15. Closeup Underwater View of ORR Poolside Capsules.
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for the use of core positions instead of the reflector locations now oc-
cupied, the high fluxes for both fast and thermal neutrons of the EIR
could be utilized. In particular, tests of sodium-cooled or gas-cooled
fast-reactor fuels could be accomplished with very little alteration.

The capsule used is shown in Fig. 8, and the tests conducted at the
ETR are listed in Tables 1 and 2. Work on the EIR capsules for the HGCR
irradiation program was conducted jointly with the Phillips Petroleum
Com.pany.22

ORR Eight-Ball Capsule

A capsule was needed in which several spherical graphite elements
containing coated-particle fuels could be irradiated simultaneously under
similar conditions for comparative evaluation. The fabrication variables
to be studied included (1) methods for preparing fuel particles and their
coatings and (2) the type of graphite mix and techniques used in forming
matrices and unfueled shells, that is, blending procedures, molding proc-
esses, heating rates, final treatment temperatures, and impregnation
processes. A relatively high fast-neutron flux was desired to accumulate
radiation damage in the graphite comparable to that expected for the fuel
lifetime in a power reactor. Important considerations in design were
measurement of temperature and simplicity in construction to minimize
cost.

The capsule is located in core position F-1 of the ORR, which has
the advantages of a relatively high fast-neutron flux, 1.3 X 10'% neu-
trons/cm?-sec, a uniform thermal flux over a considerable vertical length
(peak value, 1.5 X 1014 neutrons/cm?~sec), and adequate cooling capacity
for the spherical elements in a compact arrangement. The facility af-
fords sufficient space to accommodate 1 1/2-in.-diam fuel elements. Based
on this diameter and the ORR vertical flux profile, it was determined
that suitable irradiation conditions could be achieved for eight spheres —
henee, the title eighti-ball.

The basic configuration chosen for the experimental assembly is
shown in Figs. 18 and 19. The graphite parts are carefully machined and
close fitting. Small spheroidal coke particles are used in a loose bed
to enhance the heat transfer from the fuel spheres to the graphite struc-
ture without restraint on the surfaces of the spheres. The fuel spheres
are centered in the cavities by small pins inserted in the graphite. Tem-
peratures are measured by thermocouples inserted in the graphite structure
and, when appropriate, inside the fuel spheres. A thermocouple can be
installed conveniently in the top fuel sphere. Although the capsule was
designed for spherical fuel elements, it could easily be redesigned for
other configurations.

The gas gap between the graphite sleeve and the inner wall of the
primary stainless steel containment vessel determines the operating
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temperatures of the graphite and the fuel relative to the primary con-
tainment structure. A second gas gap between the primary container and
a secondary stainless steel container (not shown in Fig. 18 but arranged
similarly to the configuration of the four-ball capsule shown in Fig. 9)
was dimensioned to produce a temperature difference of several hundred
degrees Fahrenheit when filled with a helium-nitrogen mixture. The gas
mixture is varied to provide temperature control.

The experiments are operated from ORR poolside capsule instrument
panel position No. 7 and share the same shielded valve-control box, samp-
ling station, and gas supply, as shown in the schematic diagram of Fig.
10; thus all variables achievable in the poolside facility, except neu-
tron flux adjustment, are available. The sharing of facilities provides
the advantage of economical operation for this experiment, since very
little additional operator coverage is required.

The overall performance of the capsule has been quite satisfactory.
Temperatures in the graphite at the midplanes of fuel spheres have varied
no more than +50°F, with an approximately symmetrical pattern about the
vertical center. The experiments that have been conducted in this facility
are listed in Table 2.

LITR Air-Cooled Capsules

The equigment for LITR irradiations utilizes forced-air cooling of
the capsule.'#71% Tywo of the designs employed are shown in Fig. 20. One
assembly accommodates a small specimen of solid fuel, such as UOz, UC,
or UN, which may be surrounded by a ceramic insulating sleeve to obtain
higher temperatures, as shown in the parts display of Fig. 21. A third
design provides small cans of noble or refractory metal to contain coated
particle or granular fuels®? (shown in Fig. 22). A gas annulus between
the fuel or its container and the outer wall of the capsule permits op-
eration at considerably higher temperatures than are possible for the
capsule container. Two or more separately enclosed fuel containers can
be accommodated in each half of the capsule. Containers made of graphite
or of ceramics can be used where metals are not compatible with the fuels
to be tested. The outer container for these capsules is designed only
for convenience of the fuel irradiation, with no attempt to obtain in-
formation relative to encapsulation techniques. Wigures 23 and 24, re-
spectively, show the facility tube that directs the air flow over the
capsules and a schematic diagram of the system and controls.

An important and common feature of most LITR capsule designs is the
thermocouple for measuring the central temperature of the hollow fuel
specimens. Tungsten vs rhenium or tungsten vs rhenium alloy thermocouples
are normally employed with tantalum or a refractory metal sheath to pre-
vent direct contact of the thermocouple junction with the fuel. Irradia-
tions of UOp, have been conducted at temperatures giving an indicated out-
put of 37 mv with W—5% Re vs W—25% Re thermocouples. The temperature



UNCLASSIFIED
ORNL-LR-DWG 40436R3

S

ue
@
" Ty s
w g m n_u w 20 Crs
=2 20 =& wo wa oW
= <7 =g Jw oo u=
< i oxrs (o1} <2 =
= of <Iug 2 on S
o =)
@ 3 SIS <+ » , =y
RO SOOIRAKRAXLIAKICOTCUX KRR R R R R R R R R R R IRR LR R TR RIRKIZRLILXIXLZRRIIL LI H LXK XL TIXHX LKL AXAZILXR K] TRLKRRIXRIRKS SR
PR % %! XK R R Rk 0507020 0% ¢ 4 5% % e 0 e e e e a%)
= R O O RO S B QKRS g S

B T e e BT T T oo
AR || R e R R 2R e R RE R RN R R R R R RO AR RRKRS

Tk

= &=t x = [
i v 2O 419 S Ez
ash 2 == £3 20 209w
62 J2 Sa &z We=g
I o Lo O rao roxd
= o < uw S W w2
o = =) =
o35 > S i) L She Q
AIE W3Fo
o
T
=25
a
ur 248
o
& 14
o s o i | << W
© o
g £ g 2ou 52
] = = o o2z =
re =} ox H]
o e 7 o w3 o
= W 2 9 3Z8 as
K o = = o= 'S)
I e Bt e O e e S T S S ol ww.mt B S T e,
< — IS
W78 7 NN
% \ A % 1F
\ \ R ———— 0
. \s D e NS
ST, 10104040(01% ﬂ.“QNONQNON'NQNON.NQNONO“QNQNONQNQNO“0“0“0’ (.ﬂ‘ﬂ.NO“’NQNON’NO(’N’N‘MQNONQNQNO“QN (0MQNQMO“‘N’ﬂONONQNONONON.NON y
\ | \ 1
i
a ‘
W= a4 10 J =0 =50
Z i odg 26 = o
oa g a a w4
S oa 5 o a ra EEzao
L IO aa w>s oL =
=d 23 on Wt
e

GAS-INSULATED CAPSULE
Fig. 20. LITR Capsule Parts.

CERAMIC-INSULATED CAPSII F



’l;’l',!IVIIT’f’f{!il'(’!['lt""};Vl!}!‘l‘!]‘f!""‘

0O 1 2 3 4 = 6
INCHE

s e - . » ——— » " == -

Fig. 21. LITR Capsule Parts Prior to Assembly. Thermccouples, hol-

Unclassified
Photo 35592

low cylindrical fuel pellets, ceramic insulators, and the capsule container,

respectively, are shown from bottom to top.

ce



UNCLASSIFIED
ORNL-OWG 63-6175

38

THERMOCOUPLE
{— COATED PARTICLE FUEL

f~—— FUEL CENTRAL
— FUEL CENTRAL
THERMOCOLIPLE

|— INSULATORS

VA

S S AL SIS = =~

O S 0 e e e e N e

- =y

[
A
b
E
h
E
tl
!

CAPSULE
SUPPORT —=y
INSULATOR —
HELIUM GAS —
INCONEL
CLADDING — -
TANTALUM |
FUEL CAN—f4 4
CLADDING
THERMOCOUPLE —
AIR OUTLET
THERMOCOUPLE —|

u¥s

LITR Capsule for Irradiating Coated Particle Fuel.

Figr.. 22.



34

UNCLASSIFIED
ORNL—LR—DWG 40437

AMPHENOL PLUG

A
N4

el Ry
P ;

NN

NN

N

=1
\\\\A\//

2

22,

Y
S
S

U

)

e B 2 L

07

SN

~PACKING FLANGE

SURFACE OF LITR
TOP PLUG
= i

20-lb LEAD WEIGHT

21 ft 9% in.

20 ft 5'% in.

-——G OF CAPSULE

SSSEEEEE

¢ OF PILE

Access Tube

Fig. 23. LITR Capsule Access Tube to Direct Cooling Air Over Cap-
sule and Isolate It from the Reactor.



N3 BOTTLES FOR EMERGENCY COOLING
1400 SCF MININUM)

SET AT
45 psigé

SET AT
€0 psig ¢

>:}»j

Zi8-4

FILTER
NO.

INDIVIDUAL EXPERIMENT ANNUNCIATOR (6 E4)

AUDIBLE
ALARM

INSTRUMENT AIR
TD 5 OTHER
EXPERIMENTS

EA-_8-1 __18-2 —18-3 | EA-_18-4 A-_18-5 | EA-_18-6 e
LITR SAFETY LITR INSTR. HIGH LITR r ————
CIRCUIT SETBACK POWER TEMP, SCRAM P :
o
i 3
(m |
ACKNOWLEDGE ]
.
= |
1
J
1 RESET %
AUTOMATIC DRAIN
X X
NORMAL T i
e @
i COOLING AIR TO 5 OTHER SIMILAR
CAPSULE EXPIRIMENTS
[
s
TO EA 18-4

UNCLASSIFIED
ORNL-LR-DWG 42162

Fig. 24.

uw, |
WATER LEVEL

1

CH-CGH

=

——

]

FROM 5 OTHER -y
SIMILAR CAPSULE

EXPERIMENTS e

SPARE (— -

T0 EA
20-2
i

RI

10
STACK
AUDIBLE
ALARM
COMMON ANNUNCIATOR (f EACH)
H
LOW AIR | RADIATION | RADIATION | LOW N i EAN
PRESSURE | HIGH RE-5A | HIGH RE-58 | PRESSURE | [ feeeeees 1 .
EA 20-1 | EA20-2 | EA20-3 | EA20-4 [EA20-5 |EA20-6}... | X
] 1
. FAN HOUSE
; SUCTION DUCT y
ACKNOWLEDGE N: H FROM X-10 PILE—o
i
3 AIR
- i
/} _T‘ G
RESET @

@ | -

VACUUM
SWITCH

ABSOLUTE  —-
FILTERS H
T0 EA -
20-3

ICARBON TRAPS

ABSOLUTE

[

Flow Diagram for LITR-GCR Experiments.

Geg



36

corresponding to this emf, as obtained by extrapolation of a calibration
curve above its 4200°F limit,?% is approximately 4400°F. At these tem-
peratures, a rapid downward drift in emf occurs early in the irradiation
period, but the cause cannot be determined precisely from these experi-
ments. Changes in the fuel structure and thermal conductivity could be
contributing factors, as well as thermocouple instability and insulation
breakdown. Below 3200°F, the indicated temperatures are consistently
quite stable, and stable operation is also observed in some instances at
higher temperatures. Closure of the capsule is achieved with a commer-
cially available metal-to-cersmic hermetic insulating seal through which
the thermocouple lead wires pass.

Control is based on temperatures measured on the lower capsule wall,
which operates at the higher equilibrium temperature, and is effected by
varying the alr velocity and corresponding heat transfer coefficient.
Measurements of the air flow and its temperature above and below the cap-
sule provide for determination of the total power generation.

These capsules have the advantage of simplicity and economy in con-
struction. The small size permits operation at very high power densities,
and thus high burnup is achieved in relatively short exposure times. The
capsule control is automatic and requires little operator attention. Seven
double capsules can be operated simultaneously with equipment presently
available at the LITR. The thermal-neutron flux in the assigned LITR
core position (shown in Fig. 2) varies between 5 x 10'? and 2 x 10*3
neutrons/cm?-sec; other capabilities are given in Table 1. Irradiations
conducted in LITR capsules are listed in Table 2.

ORR Gas-Cooled Loop No. 1

Gas-cooled loop No. 1,25 which is equipped to recirculate helium gas,
was designed to test clad fuel elements appropriate to the EGCR or similar
reactors of more advanced concept.26 It also is quite suitable for tests
of fuel elements for fast gas-cooled reactors. The overall capability of
the loop is described in 'l'able 3. Although designed f'or operation with
helium, the loop can be used with several gas coolants. The principal
components and their location in the ORR facility are shown in Fig. 25.
Most of the loop is located within the ORR pool to utilize the shielding
afforded by the water. The compressors, primary instrumentation, and
some auxiliary equipment are located in a shielded cubicle on the lower
balcony to provide access for maintenance.

The interrelationships of the main loop components are shown in the
schematic flow diagram of Fig. 26. Helium coolant at flow rates up to
400 lb/hr is circulated through the loop at a nominal pressure of 300
psia by two turbine compressors, of the type shown in Fig. 27, piped in
series. A typical loop temperature profile for operation with a fuel
element having a heat rating of 35,000 Btu/hr-ft is shown in Fig. 28.
'he maximum allowable temperatures at critical points are 1400°F for
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Table 3. Capacity of ORR Gas-Cooled In-Pile Loops

Loop ORR-1 Loop ORR-2
Primary usage Testing clad fuel® Testing unclad fuel
Startup date July 1961 January 1963
Thermal-neutron flux, i e L g 5 10%=
neutrons/cm?-sec
Fast-neutron (>0.1 Mev) flux, 5 x 1013 4 x 1013
neutrons/cm? - sec
Specimen size (max), in.
Outside diameter il 2D
Length 15 9
Pressure (helium), psi 300 300
Fuel element temperature (max 4000 2500
measured), °F
Coolant exit temperature 1400 1500
(max), °F
Coolant inlet temperature 1350 1200
(max), °F
Flow rate (max), lb/hr 400 980
Heat removal limit, kw 60 pP
Activity limitation, curies 5 100¢

aLoop can also accommodate unclad ceramic, ventilated clad, or
metal matrix elements.

bHeat generation is limited to 20 kw by present in-pile tube design;
the loop hag capability for rcmoval of 60 kw.

“With revision of equipment for fuel-element removal, operation
could be permitted with 1000 curies of mixed fission-product activity in
the coolant.

stress limits of the in-pile structure of the primary containment vessel
and 600 to 800°F at the compressor inlet, as limited by the turbine wheel
design and motor windings. Heat losses to the pool and in the compressor
cubicle are made up by a 60-kw heater. Primary heat removal from the loop
is accomplished by a bayonet type of cooler utilizing an air and water
mixture, with the primary temperature control provided by varying the
amount of water introduced into the air. Regenerative heat transfer in
the annular piping system is utilized to conserve energy while maintain-
ing the inlet gas temperature to the fuel element as high as 1350°F. The
piping is essentially an all-welded system except at the loading station,
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heater cover, and the cooler bulkhead joint, which are flanged assemblies.
The loop is doubly contained in its entirety to permit the testing of fuel
elements under severe conditions without hazard. Loop instrumentation
provides for continuous monitoring of important variables, including e,
gas and loop structure temperatures, radiation levels, and all other
parameters essential to safe operation. Helium released from the loop
through normal venting or by overpressure relief valves passes through
water-cooled activated-charcoal traps before being discharged to the ORR
offgas system.

Gas-sampling provisions are adequate for determination of both chemi-
cal and radioactive noble gas impurities at very low levels. The conduit
support for the fuel elements affords considerable surface area to col-
lect fission or gaseous corrosion products and considerable space is avail-
able there for insertion of corrosion specimens and other experimental
devices.

The loop operates nearly automatically but is manned with technicians
to provide close adherence to the design test conditions, to ensure cor-
rective action in the event of trouble, and to compensate for off-design
reactor operation resulting from control action by other experiments.
During two years of operation, the loop has caused a reactor shutdown on
only one occasion. This shutdown was necessitated by serious tailure of
a fuel element under test. Operation has been continuous throughout all
other reactor operating periods.

Details of a typical fuel element for irradiation, equipment for
installation and removal of hot elements, and sectional views of the in-
pile position of the loop are shown in Figs. 29 through 32. Figure 33
shows the loop and other equipment in the ORR pool, and Fig. 34 shows
the instrument control panel.

Recent studies have shown the fast-neutron flux (E > 0.1 Mev) to be
about 5 X 103 neutrons/cm?-sec in the ‘ORR B-1 core position of loop 1.
Thus the facility is of interest for fuel studies of gas-cooled reactors
operating in the epithermal flux region. A fuel element test has demon-
strated capability of the loop for operation with unclad fuel elements.
Approximately 1 curie of noble-gas fission products released from a de-
liberately vented clad element was circulated in the loop for an extended
period.27 Following this operation, the loop was opened both for change-
out of fuel and replacement of both compressors. No spread of contamina-
tion was cxperienced, and the changeout was completed easily within a
normal ORR shutdown period.

The fuel test program for the loop has been intensive. During a
little more than two years of operation, the loop has irradiated a total
of 14 test specimens. With one exception, each test was conducted with
quite satisfactory loop operation, although some tests resulted in failure
of the specimen. A list of the experiments, their nature, and the op-
erating conditions is given in Table 4.
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Table 4. Tests Conducted in Loop No. 1

Maximum Fuel
Test g e Power Cladding Central
Number anp (Btu/hr-ft) Temperature Temperature
(°F) (°F)
Pressure vessel steel 550
Pressure vessel steel 550
HGCR type fuel element 26,000 1450 1900
6B EGCR type fuel element 26,000 1200 1900
A HGCR type fuel element 28,000 1450 2100
7B EGCR type fuel element 28,000 1450 2100
7C EGCR type fuel element 28,000 1450 2100
HGCR type fuel element 40,000 1540 2400
Fuel element with trans- 40,000 1540 2400
verse fins
8s Fuel element with trans- 40,000 1540 (a)
verse fins
10P1 Fuel element with trans- 65,000 1540 3500
verse fins
10P2 Fuel element with trans- 50,000 1300 2600
verse fins
7D Ventilated fuel element 26,000 1500 2100
11M Fuel element with trans- 75,000 1500 3300

verse fins

thermocouple Falled.

ORR Gas-Cooled Loop No. 2

This facility provides for the irradiation of unclad fuel elements
that may release fission products directly to the gas stream and for
studies of fission-product behavior in a complex heat transfer system.

A recirculating high-temperature helium loop is utilized for cooling the
fuel and to simulate reactor systems.28 The irradiation test region lo-
cated in the south beam hole of the ORR will accommodate fuel specimens
up to 2 3/4 in. in diameter and 9 in. long. The piping immediately be-
hind the fuel test region is arranged to accommodate various separately
cooled or heated surfaces for studies of fission-product deposition.
These surfaces are built integrally with the fuel test assembly and are
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removed with the fuel for postirradiation examination. ©Sectional views
of the loop test region are shown in Figs. 35 and 36. A heavily shielded
carrier is provided for transfer of the irradiated specimen from the loop
cell to a dismantling hot cell where critical parts are removed for ex-
amination in smaller cells.

The loop consists of 2 1/2-in.-diam, sched.-40, 300-series stainless
steel pipe, compressors, an 80-kw electric heater, an evaporative cooler,
a regenerative heat exchanger, a filter, the test section, and appropriate
gas cleanup equipment. Instrumentation is provided to measure flows,
pressures, temperatures, and radiation levels. Conversion of all gas-
pressure signals to electric output is provided consistent with the de-
sign of the loop containment. Loop controls are automatic to the extent
possible and provision is made for reactor shutdown prior to development
of abnormal conditions which would Jeopardize the experiment, the loop,
or its containment. An overall flow diagram of the loop is shown in Fig.
B

A shielded full-flow filter is provided for general cleanup of the
loop gas and, particularly, to collect fragments of unclad fuel elements
which might be circulated in the loop. A side-stream purification system
removes chemical and radioactive contaminants from the helium during nor-
mal operation and, by proper valve settings, can be used to clean loop
gas for discharge to the disposal stack. The design of the purification
system is based on a limited flow of gas through a copper oxide bed,
molecular sieve, and carbon trap. The carbon trap reduces activity by
absorbing iodine and by delaying the noble fission gases for several half-
lives of radioactive decay. Krypton holdup is approximately 40 hr.

A sampling system is provided to remove helium coolant for quantita-
tive analysis of noble fission gases and corrosion impurities, such as
CO, COp, Hp, HpO, and CH,. Radioactive components are analyzed with a
scintillation detector and a multichannel analyzer, which are also used
for fission-gas-release measurements in the ORR poolside capsules. A
gas chromatograph is provided for on-line determination of chemical im-
purities. Impurity levels are easily maintained below 10 ppm during loop
operation. The concentration of CO and COp can be held below 1 ppm or
increased (by additions) to very high values, if desired, for studies of
carbon transport effects.

All primary system components, including compressors and heat trans-
fer and gas cleanup equipment, are located in a shielded cell adjacent
to the ORR reactor pool wall. The arrangements of equipment and the cell
design are shown in Figs. 38 and 39. The instrument panel is shown in
Fig. 40. A hot-cell window and an omniscope provide for observation of
the loop equipment during operation. Certain remote operations can be
handled by a manipulator and a cell crane, which are controlled at the
cell window. Individual components, in addition to being located in the
cell, are shielded to permit operation with heavily contaminated gas
streams without buildup of activity to levels that would prevent access
by operators and maintenance personnel during reactor shutdown periods.
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Three experiments have been conducted in the loop, as listed in
Table 5. The first utilized a small quantity of UO; as a calibration
test sample for radiocactivity release and for determining the operability
of the loop equipment for handling and detecting fission products. The
second and third tests involved spherical elements containing pyrolytic-
carbon-coated UC, fuel in a graphite matrix structure.17,18 Each test
has proceeded smoothly during operation. Removal of the irradiated pieces
following the first two tests has been accomplished routinely, and the
third test is in progress.

Table 5. Fuel Tests Conducted in Loop No. 2

Fuel
Typesof Power Central
Test D ey (kw) Temperature
(°F)
Shakedown U0y film Negligible 1100
Fuel stability Four spheres, 1 1/2 in. in di- 4 1400
ameter, consisting of pyro-
lytic-carbon-coated particles
in a graphite matrix
Fuel stability Three spheres, 2.38 in. in di- 5 1650

ameter, consisting of pyro-
lytic-carbon-coated particles
in a graphite matrix

ORR Pressurized-Water Loop

This test facility, in which fuel and other materials can be sub-
jected to radiation and other environmental conditions simulating a
pressurized-water reactor system, has been operated in the Oak Ridge Re-
search Reactor since December 1959. It was designed for tests of stain-
less steel-clad fuel elements containing U0, or other ceramic fuels. The
initial tests in the loop were conducted to evaluate fuel elements for
N.S. SAVANNAH replacement cores.29,30 Pellets, swaged-powder, and vibra-
tion-compacted bulk fuels in cylindrical elements and dispersion fuels
in flat coupons and hollow cylinders have been -irradiated. The A-1 and
A-2 core positions of the ORR are utilized to accommodate multiple ele-
ment assemblies. The test loop is designed to recirculate water at 2500
psig, 650°F, and 80 gpm with a heat removal capacity of 300 kw.21 The
piping within the reactor is arranged as a U tube with straight vertical
access through the reactor vessel cover. An isometric view of the loop
as installed at the ORR is shown in Fig. 41, and a schematic flow diagram
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is presented in Fig. 42. The in-pile piping is type 316 stainless steel;
elsewhere, type 347 stainless steel was used. The maximum perturbed
thermal-neutron flux is 7 x 1013 neutrons/cm?-sec, and the peak gamma
heat is approximately 5 W/g.

The legs of the U tube are encased in stainless steel vacuum Jjackets,
which provide thermal insulation and secondary containment. The assembly
fits into two modified ORR experiment core-pieces, as shown in Fig. 43.
Each is sealed with an O-ring gasket in a "breachlock" flange closure
above the reactor vessel, which is opened for insertion and removal of
test assemblies. Above this point, 11 ft of pool water serves as a shield
during the removal operation. The arrangement of the ORR pool and hot
cell is convenient and safe for test-specimen removal, storage, inspec-
tion, and preparation for shipment. A special containment vessel and
equipment for removal of ruptured fuel specimens is available; however,
no serious fuel failures have occurred. Photographs of typical test fuel
element assemblies are shown in Figs. 44 and 45.

In order to ensure reliability of cooling for fuel elements, the
three main loop pumps are arranged in parallel with check valves and an
electrical control system that will start another pump automatically if
the operating unit fails. A dc-ac motor-generator set with rectifier
and batteries operates continuously and is available to provide the power
needs for loop cooling. It also serves as a second power source for GCR-
ORR loops 1 and 2. An isolated water system separates the loop primary
system from the reactor pool cooling water system to which the heat gen-
erated in the loop is dissipated. The loop is pressurized from a sepa-
rately heated tank equipped with vapor flash nozzles and vents for de-
gassing. The loop is well equipped with fill, vent, and drain lines that
terminate at the sampling station. In Fig. 46, the sampling station is
in the background with the loop control panel on the right and the cell
shielding wall with loop valve extension handles at the left.

An out-of-pile test section is located with the auxiliary equipment
in a shielded cell in the basement of the ORR building. This provides
convenient access for insertion of nonnuclear experimental equipment, such
as electrically heated surfaces and special filters. Water samples can
be removed at loop operating temperatures. Ion exchangers are provided
in the loop fill system and in a bypass stream to maintain the necessary
water purity and pH. Hydrogen additions can be made to scavenge oxXygen
and reduce radiolytic decomposition. A small high-temperature bypass
stream makes possible tests of small filtration devices located at the
sample station.

A1l loop components have operated satisfactorily. Leakage has been
negligible, with makeup required only for replacement of the water removed
by sampling. Oxygen concentrations are consistently below 0.020 ppm with
addition of hydrogen. Particulate matter is also found to be at low
levels of concentration: ~1 to 4 ppm. This has resulted in low contami-
nation in the equipment room; the activity is usually below personnel
tolerance levels. Direct radiation levels in the equipment room are near
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Fig. 43. 1In-Pile U-Tube Assenbly for Pressurized-Water Loop. Tee
section at the top is welded to loop. Modified ORR core pieces for posi-
tions A-1 and A-2 are in the foreground. The experiment assembly and sup-
port tube for one leg are shown at the left.
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Fig. 46. Operating Area for ORR Pressurized-Water Loop. Control
valve handles at left, instrument panel at right, and water sampling
station in background.
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working tolerance levels at shutdown and have not exceeded 75 mr/hr during
operation. The sample station area also is kept free from contamination
by good sampling techniques.

Low leakage rates and excellent performance of the loop make possible
carefully controlled water-chemistry experiments of long duration. Several
experiments with water purification have been conducted, particularly
with Magnetite filters for removing crud, and improved analytical tech-
niques for water-chemistry measurements have been developed. The water
chemistry program objective is development of improved equipment for the
removal of impurities at concentrations less than 1 ppm.

A fixture has been provided in which a fuel specimen assembly ir-
radiated in the loop can be removed from its support conduit for examina-
tion. The element can be rotated in two planes while in the fixture to
provide for viewing and photographing of exposed surfaces through a peri-
scope. Following examination, the assembly can be reattached to the sup-
port and reinserted in the loop for further irradiation. Should the ele-
ment condition have deteriorated so that further irradiation is not de-
sirable, it can be transferred from the fixture to the ORR hot cell. A
photograph of the device is shown in Fig. 47.

Fuel tests presently under way are in support of the standard pack-
age, PM, Army reactor development with fuel specimens provided by the

Martin Company Nuclear Division.3? A summary of fuel elements and test
conditions for experiments conducted in the loop is given in Table 6.

MIR Capsules and Loop Equipment

The MIR fuel irradiation test facility was originally developed to
operate molten-salt loops for the Aircraft Nuclear Propulsion Program
and later for the Molten-Salt Reactor Program,33 and it has since been
modified to accommodate irradiation capsules of various types.2%;3? The
6-in. beam hole at the MIR provides considerable volume at a rather high
thermal-neutron flux, ~1 X 10*% neutrons/cm?-sec. The high flux and the
conveniences offered by the equipment installed facilitate testing a wide
variety of fuel types and configurations.

MIR Loops

The loops as initially installed were compact forced-circulation
units for obtaining corrosion data applicable to molten-salt reactors.
They were designed to operate in the MIR (IIB-3) beam hole. Several tests
were conducted with two fused-salt mixtures (NaF-ZrF,-UF, and Li’-BeF,-UF,)
in loops constructed, respectively, of Inconel and INOR-8 (nominal com-
position: 70% Ni, 16% Mo, 7% Co, 5% Fe, 2% other alloying elements).
The conditions for these tests are presented in Table 7. Each loop con-
tained a pump to circulate the molten salt through a hairpin-shaped length
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Table 6. Experiments Conducted in the ORR Pressurized-Water Loop

Number Maximum ~cop Water Water
Test it Total
No Fuel Element Description of Power Povere Temperature Pressure
* Elements (Btu/hr-ft?) (1) (°F) (psia)
x 103
1A1 Swaged UOp, stainless steel clad 5 95 40 S 1750
1A2 Swaged UOp, stainless steel clad 3 115 40 17 1750
3 Swaged UO, stainless steel clad 6 120 40 500 1750
Swaged and vibration-compacted U0z, 3] 200 110 500 1750
stainless steel clad
5 Swaged and vibration-compacted UOp, 3 215 110 500 1750
stainless steel clad
5 Vibration-compacted U0y, stainless 3 400 130 500 1750
steel clad
7 Vibration-compacted U0y, stainless 3 550 110 480 1750
steel clad
8 Vibration-compacted UO,, stainless 3 425 110 480 1750
steel clad
2 U0, pellets in thin stainless steel 3 270 110 480 1750
cladding (collapsing)
L-1 Vibration-compacted ThO,-UO, stain- 3 400 38 480 1750
less steel clad
PM-Al-1 Stainless steel-U0, dispersion tubes 27 800 50 355 1300
and coupons
PM-A2-1  Stainless steel-UO, dispersion tubes 6 1200 200 355 1300

SMaximum total heat removed by loox during irradiation of fuel element.

L9
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Table 7. In-Pile Loop Tests of Circulating-Molten-Salt Fuel

. Average Total
. Fused Maximum e
Loop Container Power Fission
: Salt Fuel Temperature g e
No. Material T (°F) Density Power
. (w/em®)  (w)
3 Inconel 4P 1500 200 27
4 Inconel by 1500 232 31
6 Inconel bty 1600 250 34
' INOR-8 130¢ 1300 66 9
8 INOR-8 1:30) 1300 66 9

Spotal loop heat generation divided by total circulating fuel
inventory.

bFused salt 44 was NaF-ZrF,-UF, (53.5-40-6.5 mole %; m.p.,
1000°F).

CFused salt 130 was Li7F-BeF,-UF,; (62-37-1 mole %; m.p.,
860°F).

of 1/8-in. sched.-40 pipe, as shown in the isometric drawing of Fig. 48.
The pipe was coiled at the forward high-flux end to increase the inte-
grated neutron exposure. A schematic flow diagram for one of the loops
is given in Fig. 49. The regenerative turbine-type pump shown in Fig.
50 was developed specifically for this loop. The sump behind the impel-
ler accommodated leakage along the shaft, provided a fluid expansion
volume, and afforded the free surface from which fission gases were re-
leased to the purge system. A special heat exchanger and other items

of equipment were also designed for use in these loops. An overall view
of the test facility as used for loops is shown in Fig. 51.

Although thc cquipment for loop operation is no longer intact, many
of the components have been retained. The facility presently affords
electrical heating for capsules, gas purging, water cooling, monitoring
of effluent lines for radioactivity, large charcoal traps for accumula-
tion of fission gases, sampling stations, and extensive instrumentation.
Convenient mechanisms have been provided for installation of test assem-
blies in the beam hole and for mechanical adjustment of the specimen
position in the beam hole during reactor operation to obtain the desired
flux for the experimental fuel within the gradient available.

Photographs showing loops in various stages of construction are pre-
sented in Figs. 52 through 56. Equipment for removing large volumes of
helium purge gas for analysis of chemical impurities and fission-product
gases is shown in Fig. 57. The instrument panel used for both loop and
capsule tests is shown in Fig. 58.
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Fig. 56. Corrleted Molten-Salt Locp on Assembly Fixture. The ouzer surface
configurations of kteam hole irrsdiation assemblies for molten-calt capsules and
fuelec-graphite carsules =re idenzical except for details of ccolan- and instru-
ment lines at the rear.
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Fig. 57. Sampling Station for Removal of Large Bottles of Radio-
active Gas for Chemical Analysis.
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Molten-Salt Capsules

Recently the MIR facility has been used for irradiation of molten-
salt capsules to determine the chemical compatibility of graphite with
the salt in INOR-8 containers. From four to six capsules, each 1/2 to
1 in. in diameter, can be irradiated in a vessel that is sodium-filled
for convenience in heat removal. The sodium also affords temperature
stability and a bath in which temperature measurements can be made using
thermocouples without attachment to the capsule. One capsule assembly
is shown in the photograph of Fig. 59. The sectional view of Fig. 60
shows a capsule in which graphite is kept immersed in liquid fuel during
irradiation. Provision is made for purging the capsules with helium to
carry gaseous products to a sampling station, where they can be removed
for analysis.

Temperature control is achieved by changing the thermal resistance
between the axially movable sodium tank and the beam-hole water- jacket
liner, which have slightly tapering concentric surfaces, to form a gas
gap of variable thickness. The overall assembly, shown in Fig. 61, is
movable in the beam hole to utilize the flux gradient for control of the
irradiation exposure.

Studies of chemical reactions, such as the formation of small quan-
tities of CF,, as well as released fission gases, have been made both
during irradiation and in postirradiation examination. Molten-salt-
fueled capsule irradiations conducted in the MIR facility and described
in Table 8 have shown the combinations of salt, fuel, and graphite for
the MSRE3® to be compatible at the reactor design conditions.

A capsule design now under development will provide for recircula-
tion of the purge gas to determine equilibrium concentrations of reaction
products. Copper blocks that fit closely around the fuel container re-
place the NaK vessel. Electrical heaters imbedded in the copper will
keep the salt molten during reactor shutdown periods.

Fueled-Graphite Capsules

A second modification of the facility has been made in order to ir-
radiate relatively large specimens of fueled graphite. It was desired
to determine the stability of UC; fuel in a graphite matrix operating at
high temperatures and high power densities. Also studied was the perfor-
mance gg sealed low-permeability cans as devices for retaining fission
gases.

An overall view of the assembly for these experiments is shown in
Fig. 62. The rig containing the graphite specimen is separate from the
beam-hole shield and cooling Jacket, so only a relatively simple struc-
ture needs to be fabricated for each irradiation. One typical assembly
is shown in Fig. 63. Neutron flux control is by movement of the assembly
in the beam hole. Independent temperature variation and control are not



Table 8. Molten-Salt-Fuel Irradiation Tests

Total
Test Nunitg 2 Temperature Fowpe Fissi
3 Capsule Description of De Density s
Nuber Capsules (°F) (w/em®) ?owir
kw
47-1 Inconel bellows; graprhite submerged in fuel 4 1300 200 12
under 100 psi
47-2 INCR-8 bellows; graphite submerged in fuel 4 1300 200 12
under 100 psi
47-3 Graphite crucible containing fuel and ma- 4 1750 200 6
terials specimens
47-4 Submerged graphite cylinder 1400 65 i
Srall graphite crucible containing fuel 2 13205, 1650 2005 130
47-5 Submerged graphite cylinder (two capsules 4 1300 35565
purged) 2.8
Graphite specimens impregnated with fuel 2 24 65

Spower density in w/cm? of impregnated graphite.

8
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Fig. 59. Assenbled Molten-Salt-Fueled Cadsules Prior to Installation
in Sodium-Filled Can.
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provided, although power adjustment made through variastion of flux can
be used to establish the desired temperature. The fuel chamber can be
purged with helium to remove released fission products to a sampling
station where small vials of gas can be removed for analysis by gamma-
ray spectrometry.

Graphite-matrix fuel elements containing either pyrolytic-carbon-
coated or uncoated uranium carbide particles have been irradiated. Several
specimens, including containers of loose coated particles, have been ir-
radiated simultaneously in some assemblies. Limited provision has been
made for studies of fission-product deposition as it is affected by sur-
face roughness and chemistry. The tests that have been completed are
described in Table 9.

Shop Facilities for Capsule and Loop Assembly

The degree of success of any reactor fuel irradiation program is
determined in large measure by the capability for fabrication of test as-
semblies. The equipment must meet very high standards of reliability to
achieve safety in test reactor operation and to ensure useful results
commensurate with the high costs of the materials irradiated and of the
neutrons utilized. Furthermore, close tolerances frequently are neces-
sary to achieve the required precision in temperature measurement and
control, in heat removal, determination of flow rates, and other test
conditions.

A special shop equipped for assembling capsules and for loop con-
struction is available. This shop is arranged as shown in Fig. 64. It
provides for independent assenbly of each type of capsule or loop so that
several may be in construction simultaneously. Test assemblies manufac-
tured in the shop have varied in size from the small LITR capsules of
Fig. 21 to the EGCR instrumented fuel assemblies of Fig. 65, which when
completed will be 45 ft long.38

Special work areas have been provided that are each designed for
critical steps or techniques, such as the preparation of thermocouples,
welding, cleaning assemblies, evacuating, and dry box work. Much of the
work is highly specialized; for example, welding small tungsten ve rhenium
thermocouple Jjunctions, filling capsules with liquid metals, and assem-
bling structures in contact with fuel element materials.

Since thermocouples are used as the primary sensors for most irradia-
tion experiments, considerable attention has been paid to techniques for
their manufacture. In general, metallic-sheathed swaged thermocouples
have been used. For service up to 1700°F, Chromel-P vs Alumel wires and
junctions with MgO insulation and stainless steel sheathing are standard,
and the technology is well known. At higher temperatures, tungsten and
rhenium, or alloys of these metals, in particular, W—5% Re vs W—26% Re,
have been used.?4,39,40 Beryllium oxide insulation sheathed with tantalum



Table ©. Fueled-Graphite Capsules Irradiated in the MIR

B : t Number Surface Central Power Total
x§ertmen Description of Temperature Temperature Density Power
WHeL Elements (°F) (°F) (w/em?) (kw)
48-1 UC, in graphite matrix encapsulated in 2 1600 35002 280 10

permeable graphize
48-2 UCo, in graphite matrix encapsulated in 5 1500 25002 150 3
low-permeability graphiteb
48-3 UC, in graphite matrix encapsulated in 1 1500 35002 290 18
low-permeability graphiteb
48-4 UC, in graphite matrix encapsulated in 1 1500 35002 280 17
low-permeability graphiteb
48-5 Pyrolytic-carbon-coated UCy particles 1 1500 25002 150 3
in graphite encapsulated in permeable
graphite
48-6 Pyrolytic-carbon-coated UCs particles 1 1500 2000¢ 60
in graphize encapsulated in permeable
graphiteP 3
Loose pyrolytic-carbon-coated UC, par- 4 12002 1500
ticles in stainless steel tubes
a
Calculated.

Purged for fission-gas-release measurement.

cCentral temperature was measured using an Inconel-sheathed Pt vs
Pt—Rh thermocouple. The Inconel was plated with copper to provide a dif-
fusion barrier to prevent carburization.
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has been used extensively at temperatures between 2000 and 4400°F.* For
the higher temperature service, insulation with loose fitting beads is
preferred. Frequently, the sheath and swaged insulation are removed near
the junction and are specially formed for the intended service. Assem-
blies like that shown in Fig. 66 have given satisfactory service when
used with BeO beads and in molybdenum wells for capsule*¥ and loop experi-
ments.*¥%* The junctions are made by inert-arc welding using a miniature
torch with semiautomatic equipment and with magnifying optical systems

for viewing.

Cleaning equipment for irradiation equipment parts and assemblies
includes tools for air blasting with abrasives, an ultrasonic cleaning
bath, high-vacuum pumps, and high-temperature furnaces. Conventional
solvents and abrasives are also used. Hydrogen furnaces and specialized
metallurgical facilities are available but are not part of the assembly
shop.

Rigid assembly benches with clamping Jjigs and fixtures are used to
establish the outer configuration of each assembly to ensure a suitable
fit in the reactor facility. This is highly important, since test reac-
tor structures are relatively light, and impairment of reactor functions,
including control rod action, can result from poor fit up. ©Separate Jjigs
are provided to check the alignment of equipment, especially where several
pieces are to be installed in sequence. Optical tooling is employed to
establish the alignment of Jjigs and fixtures and, at times, to inspect
finished parts.

Inspection services utilize dye penetrants, helium leak testing,
commercial x-ray, 1,000,000-volt x-ray, x-ray equipment with closed cir-
cuit television, isotope irradiation sources, dimensioning tools, includ-
ing a large surface plate, optical equipment, gas flow metering, and test
furnaces. Thermocouple calibration furnaces and assoclated readout equip-
ment have been provided.

Photographs of specialized shop equipment are shown in Figs. 67
through 74. A highly trained staff of technicians and craftsmen is super-
vised by a mechanical engineer. Each assembly is built to drawings and
specifications following detailed assembly procedures.

Relatively low costs for capsule assemblies are achieved through the
use of special tools, careful scheduling of work, including simultaneous
construction of several assemblies where possible to better utilize
special crafts, and through close supervision of work to minimize rejects.
The task engineer for each experimental test rig works closely with the
shop supervisor during the assembly of his equipment to ensure its satis-
factory performance in the test reactor.

*3ee section on "LINR Air-Cooled Capsules."
*%See section on "ORR Poolside Capsule Facility."
*¥*3ee section on "ORR Gas-Cooled Loop No. 1."
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Fiz. 67. Instrument Mecharic Preparing Sheathed Thermocouples for
Welding of Irsulated Junctions.
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Fig. 68.
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Fig. 69. Closeup of Binocular Microscope and Blasting Gun Used to
Prepare Sheathed Thermocouples for Welding Insulated Junctions.



Fig. 70. Helium Leak Checking
Type Leak Detector.

a Container

with Mass Spectrometer-

Unclassified
Photo 38709

96



Fadg "l

Brunson Optical

Tooling Equipnent.

Unclassified
Photo 39615

L6



Pig. 72

Loop 1-8

In-Pile Section on Assembly Fixture.
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Fig. 73. CRR Poolside Facility Mockup Showing ORR Capsule in Position-
ing Mechanism Which Duplicates Installetion at the Reactor.
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