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1. Introduction

Oak Ridge National Laboratory (ORNL) efforts on the High-Temperature
Gas-Cooled Reactor (11TGR) Program have been on HTGR fuel development,
fission product and coolant chemistry, prestressed concrete reactor
vessel (PCRV) studies, materials studies, graphite development, reactor
physics and shielding studies, application assessments and evaluations,
and selected component testing. The ORNL efforts are integrated with
the National HTGR Program under the direction of the U. S. Department of
Energy (DOE); close cooperation is maintained with other program partici-
pants involving General Atomic Company (GA), Gas-Cooled Reactor Associates
(GCRA), and General Electric Company (GE). ORNL contributes special and
unique facilities to the national program, and provides technical exper-
tise in its areas of participation. Summaries of the ORNL work performed
during the last year in the specific areas are given below.

2. Fission Product Behavior Studies

This work has emphasized fission product behavior and coolant
chemistry. Fission product behavior is a fundamental safety factor,
since fission product control is necessary to limit radiation dose to
plant personnel as veil as to the general population. Two of the key
fission product nuclides are iodine and silver: iodine because of its
radiological consequences associated with release, and silver because
of its high gair.i'.ia activity and influence on maintenance operations.
ORNL's studios have emphasized the behavior of the above nuclides.

Sorption oil iodine on low-chromium alloy steel and graphite have
been studied, as well as iodine desorption from graphite. At 400°C
and at iodine pressures ranging from 10""1 to 10~2 Pa, the observed
metal loading increase with increasing iodine pressure appears to
result from Felo formation. Between 10~2 and 10~5 Pa iodine pressure
there was a loading variability of one to two orders of magnitude,
which was related to changes in the metal surface condition. Rela-
tive to iodine sorption tests on H451 graphite, data were obtained
at temperatures from 250 to 1000"C. At each temperature a linear
relationship was found between the logarithm of iodine loading and
the logarithm of iodine partial pressure.
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In studies of silver diffusion in 11451 graphite, two features were
apparent for all the diffusion profiles: a high-concentration, slow
or non-moving silver component occurred near the surface; away from
the surface a low-concentration, faster moving component occurred. This
behavior is similar to results previously seen for cesium diffusion in
graphite.

3. Fueled Graphite Development

il'lCR fuei development has been a key to the practicality of
11TGR systems. Coated particle fuels have been tested in many reactors
over a period of 20 years. The ORNL effort has concentrated on fuel
irradiation testing, and on specialized postirradiation ex£.;.ination
techniques and equipment. As a result of irradiation testing, a major
conclusion reached concerning Biso-coated particles (kernels surrounded
by a porous pyrocarbon layer and a dense isotropic pyiocarbon) is that
there exists considerable within-batch variation in the irradiation
behavior of the pyrocarbon coatings. Batches which were gas-tight
before irradiation became permeable during irradiation, -jith the degree
of permeability varying greatly. This behavior is probably the result
of the wide variation in tiie coating conditions associated with specific
particles within a batch. Triso-coated particles (kernels surrounded
by two pyrocarbou coatings, with a silicon carbide coating sandwiched
between the pyrocarbon layers), however, have shown good performance
relative to fission gas retention.

In development work, studies have been completed on pyrocarbon
coatings deposited when using CO2 as the diluent coating gas. These
studies have shown that CCb dilution gives no advantage over con-
ventional coating recipes for pyrocarbon deposition. Work was also
completed on the characterization of silicon carbide coating material.
Correlations have been established between deposition parameters and
silicon carbide microstructure, based on transmission electron micro-
scopy, x-ray diffraction, and small angle x-ray scattering measurements.
Also, raicrosphevos of dense Ufl̂  + UC2 have been produced by using a
two-step sintering process, with sintering performed at 1500°C.

4. Prestressed Concrete Pressure Vessel Development

The prestressed concrete reactor vessel (PCRV) is in essence a
spaced steel structure, with its strength derived from the multitude
of steel elements made up of deformed reinforcing bars and prestressing
f.trands which are present in sufficient quantities to carry tension
'.oads imposed on the vessel. PCRVs offer advantages in performance,
safety, and economy. Development effort has concentrated on improved
analysis methods, evaluation of concrete materials, and model testing.

Techniques are being developed under the analysis methods task to
improve the accuracy and efficiency of modern finite-element codes.
Two areas are currently under investigation: (1) revisions to the



endochronic concrete constitutive relations, and (2) computations of
creep effects in concrete structures. Results obtained with endo-
chronic theory indicates the need lor implementing methods which
incorporate creep and cracking effects in concrete based on detailed
concrete stress-strain curves. The latter relations require concrete
behavior information under multiaxial loadings at various temperatures.
A draft performance specification has been prepared for a test system
to provide such information.

Under the structural models task, techniques were initiated for
development of wire-winding and non-leak liner systems for PCRV
models. An important feature of the liner system is the use of a
ductile material for the liner.

5. Structural Materials

Work in this area is directed toward development of the materials
technology necessarv for designing and licensing HTGR systems. The
ORi\L effort is directed toward obtaining basic materials data, and in-
volves mechanical properties, corrosion, joining, structural ceramics,
and effects of fission products on materials properties.

Under mechanical properties, long-term creep tests - many exceeding
30,000 h - on a number of candidate HTGR alloys have continued to show
that an li'l'CR helium environment has relatively little effect, on creep
rates, but has resulted in measurable deterioration of fracture strains.
Lev-cycle fatigue tests on Hastelloy X and Incone] 617 have shown that
the effect of aging at temnerature is relatively minor and generally
beneficial, although both aging time and temperature affect cyclic life.
With respect to corrosion studies, a wide variability of carburization
rates has been observed under what has been considered equivalent HTGR
coolant exposure-;. Water is probably the most important iirpurity in
controlling the carburization of alloys in HTCR coolant. In joining
studies, modified Inconei 617 alloys were welded satisfactorily and
preliminary fc:ults indicated good weldment properties. In structural
ceramics experiments, depressurization testing of several insulations
and dense ceramics were completed. One material, a Masrock fused
silica, disintegrated in the test, but all others survived without
readily discernible' effects. Study of nickel-base alloys exposed
to low concentrations of tellurium has confirmed that tellurium diffuses
selectively along grain boundarj.es and results in intergranular
embrittJ.ement. This effect is minimized in alloys containing about
17 niobium.

6. Graphite Studies

Work in this area emphasizes obtaining basic data on the performance
of improved graphites specified for HTGRs. Emphasis has been on experi-
ments- fcr.. measuring the irradiation creep of graphite, on irradiations to
obtain issociated dlmensionaJ and physical property changes, and on
steam oxidation experiment;;. Irradiation of the second 000°C eompressive



creep experiment; has just been completed. The data from the previous
creep capsule demonstrated that secondary creep is volume conserving
and verified thai primary creep Ls recoverable.

Graphite irradiations in the High Flux Isotope Reactor (HFIR)
indicate that the mechanical properties of HTGR core graphite should
be satisfactory i:p to fluences associated with "end-of-life." Oxi-
dation experiments on HTGR graphite grades have given results that
indicate r.he need to control the concur.trat i on of impunities in
fabricated graphites.

7. HTGR Core Evaluations and Reactor Physics Studies

A comparative technical and economic evaluation of pebrle-bed and
prismatic-fueled high-temperature reactors (HTRs) was performed, and
considered outlet coolant temperatures of 750. 850, and 950°C, and
reactor power levels of 3000 and 1000 MW(t). For these large HTRs, it
was found that a prismatic-fueled HTGR was more economic than a
pebble-bed reactor at. outlet coolant temperatures of 750 and 850°C;
at 950°C outiet coolant temperature, there was sufficient uncertainty
in costs that no definitive choice Letween the two systems could be
made. It was concluded tiiat the U.S. should continue to develop the
pr isaiat ic -1 ue 1 ed 11TGR.

Supporting reactor physics studies determined the control require-
ments of tne HTRs, their susceptibility to xenon-driven osciallations,
their fuel utilization performance, and their fuel temperature
distributions.

S. Shielding Studies

The HTGR shielding program lias only recently been initiated.
Experimental rr^asm ements are planned to measure the radiation streaming
which occurs I:,rough the large coolant holes at the bottom of the core.
Experimental Measurements of heterogeneous effects on neutron absorption
in 1S1+C rod.s placed in the core support region are also planned. Calcula-
tions have been performed to guide the experimental designs.

9. Application Assessments

Dynamic response modeling of II'I'R process heat distribution systems
has emphasized the components of chemical heat pipe systems, including
the reactor, intermediate heat exchanger, reformer, pipeline, and
methanator systems. The. component models are now being integrated
into an overall svstem model.

Evaluation of various fossil fuel conversion processes relative to
HTGR application Indicated that the Exxon Catalytic Coal Gasification
Procews (ECCG) was a candidate for use of the steam cycle/cogeneration
HTGR. Preliminary results of HTGR application, assessments indicated
that the process steam/cogeneration HTGR was the most cost effective.



10. Component Flow Test hoop (CFTL) Studies

The Stage ALpha version of this loop has been constructed with
Gas-Cooled Fast Reactor (GCFR) Program funds, but since the clcseout
of that program the CFTL has been dedicated to the HTGR Program as
a component flow test facility. Unique characteristics of this
facility include the ability to circulate relatively large volumes
of helium at HTGR operating temperatures and pressures, the potential
for executing rapid and controlled transients involving both flow
and power input, the availability of a sophisticated data acquisition
systems, and availability of large amounts of electrical power. The
initial planned test for the CFTL is a performance test of the HTGR
core support structure in which a prototype core post/seat combination
will be exposed to typical HTCR coolant conditions.
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