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LRITICALITY ALARM SYSTEM VERIFICATION AT THE LOS ALAMOS CRITICAL
EXPERIMENTS FACILITY: DPAST EXPERIENCE AND PRESENT CAPABRILITIES

E. A. Plassmann and G. D. Spriggs
Advanced Nuclear Technology Group (N-2), MS J562
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

The Los Alamos Critical Experiments Facility (LACEF) has been involved
in the testing and evaluation of criticality accident alarm systems since
1980. At that time we designed and built the solutien critical assembly
SHEBA for this purpose. The vresponse of the alarms to neutrcn pulses
was done using the GODIVA-IV Burst Assembly. Cucvrently, SHEBA and a new
fast assembly, SKUA, are being modified for burst operation.

PAST EXPERIENCE

Early in 1980 the LACEF was funded by the Oak Ridge Operations Office
of the Department of Energy (DOE) to design, construct, and operata a
solution critical assembly to evaluate nuclaar accident alarm dosimetry.
This evaluation was to benefit the proposed Portsmouth, Ohio, gaseous
diffusion plants. As a result, the SHEBA Critical Assembly (Fig. 1) was
built. The acronym stood for the §olution High Energy Burst Assembly,
although there were no immediace plants for burst operation. It is inter-
esting to note that construction time for this assembly, from concept to
first cricical, was only four months--a noteworthy record for Los Alamos.
The solution used is U(4.8)0,F, at an H/U ratio of about 550, and the
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cricical height in the 54.6-cm (21.5-in.) 1.d. assembly vessel is 36.5.cm
(l4.4-1in,) at 25°C, which corresponds to B85.5 liters of solution. SHEBA

1s located in a thin-walled steel Butler-type building situated abeout 400
meters from its associated control room. Thus, measurements in its radia-
tior. field can be accomplishcd at considerable varying distances from the
assembly. Futhermore, shields of different materials such as steel,
concrete, or polyecliylene can be erected between the assembly and radiation
decector locations. A serles of experiments, including steady-state and
ramp operation, were completed in Septemher 1980 to test equipment brought
by Goodyear Atomic Corporation and Oak Ridge Gaseous Diffusion Plaut
personnel. In addition, seven detector vendors participated in evaluations
of thelr products and the Lawrence Livermore Nation.l Laboratory was
involved wich spectrum and dosimoter meaasurements. These runs were con-
tinued in 1984, with a week of irradiations in June, for the alarm systems
chosen by Goodyear Atomic. Several repcrts end presentations were made

on the results of these exneriments.!'? One irteresting problem that
resultea from these detector evaluations was their response to extended
excursions (Fig. 2) generated with the SHEBA Assembly.
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Flg. 2. SHEBA Free Evoiutlon Excurslons.

In addition, we have used the GODIVA.IV Fast Burst Assembly (F'g. )
for furrher regts of critlcality alarm systems., GODIVA-IV {a a hare
metal, U(9)) alloyad withh 1.5¢ molybdenum. system that {s capable of
tast burst ylelds up to 1.1 x 1017 pusutrous/burst and sub-prompt excursion:
with ylaldy abouc a factor of 1.5 higher. Bursts can be talloeved within
Ilmite, experimenty with moderating neutroun rvetlectors hava demonstvat .-
some cottrol of pulse profile. These alarm evaluations, using the
GODIVA [V Assembly, started in 1983 on Eberllue Corporation detectars
leveloped tor the lLawreuce lLivermore Natloual Laboratory., The Goodyear
Atomie criticallry alarm systems tantad (un the SUEBA vadiation {lelds 1n
1784 ware also evaluated tor vesponse to GODIVA-IV bursis at varyling
Matances {rom the assembly and threough the diffeveut shiielidiag matevials,
Motve rvecently, {1t 198/, we umed GODIVA 1V to testl several alavrm syateme
supplied by the Oak Ridge Natlonal | aberatovy.
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Flg. 3. GODIVA-IV Fast Burst Assembly.

PRESENT CAPABILITIES

At present, the Los Alamos Critical Experiments Facility has six
operating benchmark critical assemblies that can be used for dosimetry
experiments. Neutron fluxes and fluences available with these assemblies
are listed in Table I. These values were calculared® for a one hour
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irradiacion at a power level that produces a core temperature rise rate,
at starc, of 200°C per hour.

The SKUA Fast Burst Assembly (Figs. 4 and 5) is a recent addition to
our capabilities. The fuel is enriched uranium metal, again U(93) alloved
with 1.5% molybdenum, in the form of a hollow right circular cylinder made
up of a stack of 12 annular rings. This tual stack is 30.5-cm (12-1in.)
high, with a nominal 24.1-cm (9.5-in.) and 31.8-cm (12.5-in.) inside and
outside diameters. Reactivity control is achieved with copper reflectors.
The three segments that move by hydraulic actuators in the radial direction
provide the independent major shutdown or SCRAM mechanisms. Then there
are three rotary drums, two for vernier reactivity control and one for
burst insertion. The neutron spectrum at the center of the core can be
altered by inserting a flux trap into the central void. Table II gives
a comparison of the SKUA burst characteristics with those of GODIVA-IV.
These are listed for a burst temperature rise of 300°C. SKUA has not yet
achieved burst operaction, however, we believe that temperature rises vp
to 600°C will be nossible.

Fig. 4. Top schematic view ot the SKUA Assembly.
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Fig. 5. Cross saction of rhe SKUA Assembly.

TABLE II

COMPARISON OF BURST CHARACTERISTICS (4T = 100°C)

GODIVA IV SKUA (eatimated)

Burst width (us) 30 400
Joules/burst 1.8 x lo0° 5.4 x 109
Leakage neutrons 8.9 x 10!'¢ 2.67 x 10!¢
Flux at 1 m (n/cm?-8) 2.35 x 10!¢ 5.3 =x 1018
Central fluence (n/cm?) 3.3 x 10!'¢ 3.3 x 101+
tentral flux (n/cm?-s)

averaye 1.1 x lo'® 8 x 1017

peak 2 x 10'9 1.5 x 108



As a result of a recent Agreement between the French-CEA and the US-
DOE for an Exchange of Criticality Safety Data, we are planning superprompt
burst operation with SHEBA, and extensive modifications (Fig. 6) are
currently under way. This involves replacing the vld core vessel with a
new one capable of withstanding the ancicipated pressure shocks. In
addition, the external solution pumping system will be rearranged into a
more compact geometry beneath the vessel. This newer configuration will
allow SHEBA to be lowered into a shielding pit (Fig. 7) following high
power operation, thus allowing access to the irradiation area {mmediately
following shutdown. Although the fuel in SHEBA is currently enriched to
4.8%, one of our plans is to gradually increase this enrichment to about
208. This will extend its experimantal capability by being able to
study the pulse characteristics as a function of fuel enrichmenc.

The LACEF is thus in an excellent position to continue verification
studies of criticalicy alarm systems, as well as providing dosimectry
irradiations to satisfy future experimental requirements.
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Fig. 6. SHEBA Modiflication Proposal.
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