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ABSTRACT

The Breached Fuel Test Facility (BFTF) is a multipurpose cxperi-
mental facility, desipuned to provide the capabilitly Lo conduct and
monitor safety and fuel behavior experiments under move severe conditions
than previously allowed in EBR=Ti. The facility consists of an outer
thimble assembly with an internal instrument stalk which extends from
the reactor floor through the primary Lank cover to Lhe top of the core.
Coolant {rom o hreached eclement test is directed upward to the instrument
train above the core.  The BFTE has Lhe capability to measure flow,
tewperature, particle size distribution and deposition, and delayed
neutvon levels for breach site characterization. This paper describes
the design, Lhe instrumentation, the operalional salely concerns and the
initial experiments.

INTRODUCT TGN

The primary goal of LMFBR fuel designers is Lo provide fuel clement
and subassembly designs which can operale for extended periods without
signiflicant delerioration, i.e., breaching. In the event of breaching,
it is still desirable to he able to operate thuse elements for signifi-
cant times without compromizing safety. The competing regnirements of
breeding, high burnup, and intact element design tend to reduce reliahil-
ity and increase the probability of breaching.  The objectives then of
the test prograws are Lo provide the basic design data and demonstrate




Lhe benign behavior of breached element operation, as well as provide
information on (he depree ol contaminat - an of the coolant and primary
system components following element rupvure. The fatter area has oip-
niticant salety conolations in the event of a4 priwmary svatem sodium tire
and o direct impact on the safe maintenance of plant components.

The BFTF has been designed to allow testing of severly breached
elements and provides for ancorporation of a deposition sampler experi-
ment to obtain representative holt Tey samples ol debris which might be
released Trom defected fucel. The sampler deposits provide a basis Lo
determine the magnitude, nature and deposition hehavior of yeleasea
contamination.  Corrvelation of bhreached fuel bhehavior and contamination
data with BFIF diagnostic data will contribute to the support of viable

fuel designs.
DESCRIPTION OF THE FACLLITY

The EBR-T1 BFTF is an in-reasctor sabety and fuel behavior test
tacility desipgned Lo conduct and monitor hreackhed fuel experiments under
more severe conditions than previonsly allowed.  Fucled experiments are
positioned in-core while deposition samples are contained above core.
Instrumentatson for contirol and diagnostic purposes is provided.,  The
BITE in the EBR=-11 is shown in Figore 1. The assembly

location of the
location

is inserted through the rotalting plug in a converted control rod
and extends through the reactor vessel cover to the top ol the core
where it mates with an in-cove experiment.  lostrament leads are routed
internally to the terminal box on top of the facility. The entire
device is 7.9 wm (206 (L) long.

The Tacility is made up ol an outer, double-walled thinble assembly,
63.5 mm (2.5 in.) in diameter. [t contains an 1nner instrument stalk
and a delayed neutron detector in an upper drywell.  Figure I shows the
details of the facitity and theiv relationship Lo Lhe in-core experiment.
The internal instrument stalk contains the deposition sampler experiment,
Lemperature scensors and two flomelers Lo measore total {low and deposi-
Lioun sawpler flow. Aun additional {lowweter and tempervatuve sensors are
located in the thimble asscmbly below the instrument stalk.  The enlire
lfacitity is lowered to mate with the in-core test.  Limit switches are
incorporated Lo indicate proper positioning and inadvertent binding
between the test and thimble assembiv.  There are a total of five chrom-
alume] thermcouples provided to monitor sodium temperatures at the inl t
(outlet of test asscembly) and above the appoer flowmeter and at the
focation of the neutron detector. In addition, sodinm leak detectors
(conlact type) are pravided in the detector drywell and terwminal box.

Primary coolant flow is directed upward from the in-core test past
the lower flowmeters to the deposition sampler aud past the upper
flowmeters. Continuing upward, the coolant flows in an inner annulus Lo



Figure 1.

Schematic of the BFTF in EBR-1T
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Figure I1. Schematic of the Breach Fuel Test Facility
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Lhe dvlayod—nvul:on drtector dxywvll leoited at i clevation of 457 mm

{18 ln) from the bottumfof the rotating plug. . After passing the oDN
detector, the flow is reversed and flows down the ouler annulus back to
the upper plenum of the reactor véssed. The [lowmelers are arranged to
measure the total flow as well as the Tlowssplit in,the dOPOSlLlOﬂ
sampler

The_flow meters are of the eddy current type and have a range from
6.3 % 10 to 1.28 1/s (1 to 20 gpm). They have been cialibrated for use
at temperatues up Lo 538°C (1900°F).

The delayed peutron detector is a 2370 fission chamber having a
fissile loading of 312.3 mg as U0, plaled on stainless stecl anodes.
It measures 25.4 wmm dia. x 377.87mm in length (1 x 14.9 in.) and is
designed to operate al tomperastures up to 550°C (1025°F). The measured
scnsJLjviLy Lo Lthermal neuatrons is 0.36 & 0.04 cps/nv. The detector is
surrotnded by 19B shielding to reduce the background [rom core neulrons.
The gamma signal at the detector due to core and capture events is
insipnificant. A MHonte Carlo calculation of the detector sensitivily
using the'Morse Code [1], indicates a signal-te-noise ratio of about 50
to 1, depending on the source of delayed neutrons.  The source strength
at the deteclor isca lunction of the breach site parameters (size of
breach cte.) and the facility flow rate;

The deposition sampler is shown in Figure 111, "he sampler is a
replaceable mnit located in the BFTF above the rceactor vessel cover.’ It
guides the el fluent from a fuelawssembly containing hreached fucl elements
Lthrongh two concentric [lew paths. The outer annular path directs part
of the flow (higher velocity) across Lest deposition survfaces of various
compositions and surface finishes. *The parallel inner {low path (Jower
velocity) directs the remaining flow through a sintered 216 stainless
steel filter with nominal pore size of 10 pm Lo retain particulates.

The [low rates and temperatures in the sampler are monitored using the

permanent jnstrumentation in BFTF. Theretate a total of éO_ﬂoposiLion
rings in the unit made of 30486 31688, x'ckcl and Inconel 718. Surface
finishes vary from 1 z 10 to 1.27 % 10 T (4 to 500 p in.) rms.

Provision is also made to vary the flow area aronnd each of several
deposition surfaces Lo gather data on vnlorxLy alfects on pdlLlL]
deposition. The entire sampler is removable for analysis.

SEFETY ANALYSIS

* Because of the nniqueness of, thé facility and the potential for
conducting | gxrperiments with grossly defected fuel, a more Lhan routine
safebys analysis of .lhe flacility and .its operalion was pvrfoxmod of
major concern is the potential for flow hlockage, gas entrainment in Lhe
BIFTF «lué” Lo test failure, and Lhe coolability of the test under loss- of-
flow CondiLionq Ovet u]l systlem ConLamlnat‘on, while net a direct ’

salely problomg was also a conSLdothlon Ana]y51s of !ne above events
csLainbhed dcblon criteria for the facility. )
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Figure I11:
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. CONC U5 TORS

lnstallation ol the Breached Fuel Test Facility provides an exzpanded
capabitity for irradiation ol run-beyoud-cladding-breach experiments and
provides a capaby ity for divect cxperimentalion in areas of fission
product contamination and particulate behavior in sodiom systems.  The
capability for RBCB operation is increascd several fold over that of an
apen core experimentl.  Diagnostic capability has been included which
will geserate quantitaltive informalion regarding breach parameters
amd fission product deposition.
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