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PRODUCTION TEST IP-_76-D

IRRADIATION OF MGCR-HDR-_ TEST ELEMENT

OBJECTIVE

The objective of this test is to irradiate a test fuel assembly for the
MGCR (Maritime Gas Cooled Reactor). The irradiation of th_s assembly will
be carried out in the DR-1 Loop under controlled conditions to determine the
feasibility of the heterogeneous 19-_od bundle fUel element concept.
Specific areas of interest are:

1. Diffusion of fission products through metal cladding.
2. Fission gas retention of fuel bodies.
3- Dimensional stability of fUel bodies.
4. Satisfactory performance of the creep-shrink process for maintaining

pellet position in the fUel pin.

BASIS

The design, construction, and installation of the DR-1 Loop was Jointly
sponsored by the Maritime Reactors Branch and the Army Reactors Branch of the
Divlsionof Reactor Development, Atomic Energy Commission. The facility is
now supported solely by M_ritlme Reactors and will be devoted to tests in
support of the Maritime Gas Cooled Reactor Program. This test:will be
performed at the request of, and under the technical direction of, General
Atomic, Division of General Dynamics Corporation. General Atomic is
responsible to Maritime Reactors for the development of the _GCR and
related gas cooled reactor concepts. The HartfordIrradiation Request No.
GA-C-184_l), requesting this irradiation, has been approved.

SCHEDULE

The tent assembly will be installed during the:/firstoutage following the
arrival of the test assembly at HAPO. General Atomic plans to ship the
assembly early in December 1960. Requested test duration is approximately
four months.

COST

Cost Code - 5R51- XXX.76
Elevator time - none required.
Shut_own time - none required.

DESCRIPTIVE DETAILS OF THE TEST

The test assembly consists of the test fUel element; an enclosure to direct
flow across the element and to prevent by-pass i_ow; a lead tube to carry
instrument leads out of reactor to position the element during irradiation
and to retrieve the element upon discharge; and a gas-se_l component at the
out-of-reactor end to form the gas seal between the assembly_ in-reactor
tube, and instrument leads. (See Figure_ i, 2, 3, and 4 for illustrations
of the a_embly and test fuel elemem_ )



The test element consists of nineteen rods arranged in a circular cluster and
surrounded by a circular shroud° The rods are held in position by support grids
so that the rear fuel rod support grid is welded to the fuel rod end caps, thus
providing a fixed position for the rods° The front support grid is constructed
to provide a slip fit around the fuel-rod end caps, thereby allowing for
differential axial expansion.

Both support grids are welded to the circular shroud to p0revent rotation of one
grid relative to the other. The support grids are welded to support sections
which rest on the in-reactor tube° A gas seal is provided by piston rings at
each end of the element. The element is connected to a thermocouple lead tube
which protects the thermocouple leads, positions the element in the in-reactor
tube, and provides a means of withdrawing the element after the test is
completed.

The fuel rods consist of Hastelloy-X tubes 0.375 inch OD by O.010 inch wall

thickness, 15.5 inches long, containing U02-BeO ceramic fuel pellets. The
pellets are sealed into the tubes with quarter-inch thick end caps welded in
place, with a Hastelloy-X insert in the tube to eliminate any spacing between
the fuel pellets. Voids drilled in the insert provide an expansion volume for
fission gas released from the fuel pellets. Eighteen of the rods will be

fueled with UO2-BeO pellets, O.361 inch OD x 0.5 inch long, 28 pellets per rod.
The fuel mixture will be 30% U02,(3.65% enriched) and 70% BeO by volume. The
.center rod will contain fifteen inches of BeO sleeves 0.315 OD x 0.187 ID, but
will not contain fuel. The center rod will also contain the element thermo-

couples to give an indicatlon of the cladding surface temperature. Fuel rod
spacing is maintained by a spiral fin spot-welded around each rod, providing
a clearance of 0.044 inch between cladding surfaces.

The circular shroud around the rod bundle is made.of Hastelloy-X, 0.010-inch
wall thickness and 2_106-inch maximum diameter.

The end support pieces are made of Hastelloy-X. The piston ring gas seals of
430 stainless steel are positioned in grooves in the end support pieces° The

element is instrumented with five chromel-alumel thermocouples; two to measure
inlet gas temperature, two to measure outlet gas temperature, and one in the
center rod near the hot end of the element to give an indication of cladding
temperature° The actual cladding temperature during ope_tion will be
calculated from correlations of the element heat generation, coolant flow, and
inlet coolant temperature. The fuel element contains a total of 1230 grams of
U-238 (3.65% enriched). Based on extrapolation of Hanford Test Pile measure"
ments of a nuclear mockup the generated power is estimated to be 40 kw.
Maximum deviation from this nominal power level is estimated to be + 9'2 kWo

The desired reference conditions for this test will be a cladding temperature
at the hot end of the element of 1500 F + 25 F, and a coolant gas temperature
of 1250 F or less at the outlet end of the fuel element. Coolant flow and
preheater temperatures will be adjusted to maintain these conditions,
provided that loop temperature limits are not exceeded. These loop limitations are:

l o Outer tube wall temperature: 1275 F maximum at 215 psig.
2° Maximum preheater outlet temperature: 1000 F.
3° Maximum reactor outlet temperature._ 1200 F.



The principal hazards to reactor safety and continuity of operation will be
lo_s of coolant, flow which may .result in a melt-down of _.he element._ and the
release of fission products through claddlng failure° A aetailed analysis
of the heat transfer characteristics and the fis__ionpzoduct release for the
element has been reported (2). (In summary, the element cladding temperature
will not exceed the Hastelloy-X melting point of 2350 F unless the element
suffers a complete loss of coolant flow, with no emergency cooling, for a
period of 3.8 minutes and with the loss of coolant flow occurrir_ at
equilibrium reactor power)° Response time tests of the loop reactor scram
system show that under these conditions the reactor would remain at power a
maximum of four seconds after loss of flowo If such a loss of cooling
occurred, the inner ring of fu_l rods would reach a peak temperature of
2415 F and would probably s_ffer structural failure_ but the damage would
not extend to the outer ring of fuel rods due to the higher heat capacity
of the outer ring and radiation losses to the tube assembly° Psak temperature
of the outer ring is calculated to be 2290 Fo The possibility of physical
damage to the reac_,oris extremely remote since the test element,is isolated
from the reactor proper by the inner tube_ gas annulus, and outer tube of the
in-reactor tube assembly. None of the._e components would reach temperatures

exceeding their s_ecified limits. (See Table II)o Melt,ing points for the
l:,es't maT.,erials(4 Jare as follows :

Hastelloy-X 2350 F
Stainless Steel 2540 F
BeO 4610 F

UO2 4530 - 4980 F reported

It is possible tha_.c_istortion of the test element would be sufficient to
make removal by usual _!hoa_ impossible. In this case_ the entire in-reactor
assembly would be removed Proceaures a_d equipment,have been developed fo_
thi._purposeo

In th_ event of a cladding fa_iure of any typ.e_fission products generated in
the f_el bodies would be released to tD.ecoolant stream. Such a release would
create a potential hazard to persormel aridprobably would in_,erferewi%h
reactor operation to the e_x,entthat,a minimum outage would be required for
the d_scharge of the element° The hazard to personnel would consist of
increased gamma radiation inte_sities on the X-O._X-l_ and X-2 level_ and
pos_lble ingestion haza_is due to leakage from the .loopto the builc[_ng
atmosphere. The possibility of contamination spread,to the surrounding
environs exists_ althougt,the rate of coolanr release to the building exhaust

stack can be controlled to maint_i_ the rate of fission product stack emission
below llmitso The tes! analysis(2) indlcate_._the fission product

zelease to be about five curies, including O o3 curles of I131, basedon total
release of the fission products from two fuel roas. The maxfmt_ fi_,sion9roduct release,
based on fal!urecf_]Ithe f'_.elrods_l_ _siimated at 42 curles_including 2.5 curies of i 31_

The loop radiation,level is monitored by two ionization chambers locatel near
the loop piping in the process area_, For control purposes_ a _udd.enincrease
of'the loop radiation level._as in_icatea by the monitors_,±.oi00 mr/hr
(from nominal values of less than 20 n_/hr) will cons_itute evidence of a
cladding failure:,and will make a shutdown of the reactor mandatory°
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Since the test element,contain_ Be0. +..hetest was reviewed with In_u_±rial

H'#_._._-__,-'_r_.+,i.ny R'_ for poten_:ialb=_ryl.li1._m,p:,isoninghazard_=to per_ornel,, Tn_.
review indicated that no significant hazards exisT..,All.tr_eberyllium is present
in ceramic form, with a melting po!nt of,461.0F.,well above any anticip_.tedelement
temperatures° The BeO sleeve in the cen%.raltube is no_ .=ubjectto g_s flow, and
ar_yBe0 dust would have to traverse a circuitous route to reach the coolant stream=,
Furthermore, normal clothing and respiratory protection required for handling the
test element will provid_ sufficient protection against the potential beryllium
hazar6s o

OPERATING PROCEDURE

Immedia_-elyafter inserting the test element into the DR-1 Loop, the thermocouples
will be connected and temperatures monitored to obtain base readings for the un-
irradiated element° The loop will then be operated at full coolant,flow with
various inlet,gas temperatures for additional base readings° Loop radiation levels
will be recorded at,each T.empera+_reo

During the initial reactor start_up, full coolan_ flow (450 lbs/hr) will be main-
tained until the reactor ha.sreached equilibrium conditions, The element power
will then be calculated from tb.ecoolant flow rate and temperature increase as it
passes the test element° Operating conditions, necessary to maintain reference
conditions, will be calculated from operating charts based on Figure 50 These
reference test conditions are 1500 F cladding temperature and 1250 F or less
outlet gas temperature°

When the reactor has re_ched equilibrium, the inlet,temperature will be gradually
increased to +._heoperating level, se].ected,and the coolant flow adjusted as
necessary to reach reference condi+.ionso

Coolant samples will be taken for chemical and fission product analyses prior to
reactor start.-upto provide base readings° Chemical analyses of this coolant,will
be provided at the loop site by the Beckman GC_.2c_hromatographto monitor 02, N2,
CO, and C0_.in the coolan+_o Sample frequency during operations will be dictated by
experience as the test progresses° Fission prod_c_,samples will be analyzed by
HartfordLaboratories Operation for xenon and iodine until sui+_ble equipment can
be insta&led at the loopo During the initisA start®up, it is proposed to monitor
the isotopic conten+,of the coolant with a 128-channel analyzer provided by
Radlolog_cal Engineering_.IPDo If +±_i._instrument is not available, samples wi_l
be taken at several,temperature _ncremenw.sduring start-up, and analyzed by

" Hamford Laboratories Operation°

In the event of f_ilure of the element thermocouples from which the test conditions
are controlled, _e next most representative thermocouples will be used, control-
ling them at temperatures corresponding to the desired reference conditions as
corrected by prior experience° If all thermocouples fail during the test_ pre-
heat,will.be reduced to zero and the gas flow increased to maximum° Disposition
of the te_t will .then be as agreed upon between DR Processing Manager and the
Supervisor, Irradiation Testing°

Sudden increase of gamma activit-_in the process area x,oa level of 100 mr/hr or
more shall constitute evidence of cladding failu__e_ In this case a reactor shut-

down is mandatory° A_ soon as the .reactor is .down.,the loop _.,....hr_.ei_.q_i_[_: '
pass all.scram trips, 2) turn off t_.ecompressors, and 3] initiate a purge of the
lopp with _he purge valve positioned for maximum flOWo Tne element will.be



discharged before the react.orresumes operation.

A slov_ steady increase in loop activity can be due _.ot._ocauses: l) d_ffusion
of fission products through the elemen_ cladding or 2) an impuri'tyin the make-up
gas, such as argon° In this case. the reason for the activity increase will be
de%ermined by analysis of the loop coola_1_..JThe loop engineer will then direct
appropriate action after corfferringwith the Supervisor_ Irradiation Testing and
the Manager, DR Processing, t.3in_.urethe saf-._yof"the buil4ing personnel and
the reactor. The Radiation Pro±.ectionSt._.-idardsestablished by Radiological.
Engineering w_ll be observed_

SCRAM SETTINGS AND PHILOSOPHY

The scram settings.,operational sett.ings,_and scram philosophy remain the same as
for previous tests, witb the exception of the mandatory reactor shutdown for a
sudden increase in gamma loop activity to lO0 mr/hro The loop settings are given
in Tables I and II,_

DISCHARGE PROCEDUEE

The discharge procedure consists of"pulling the test assembly out of the reactor
into a train of c_sks consisting of a snipping cask, a cutter cask positioned
over a waste cask_ and three five-foot long lead rod casks° After withdrawal,
the test element is severed from the lead rod by the hydraulic guillotine in
the cutter cask, and is pushed back intc the shipping cask° The lead rod is then
fed into the guillotine a.r_dcut.into short pieces which fall into the waste cask.

This procedure has been successfully executed gith two irradiated test elements.
Total outage time required was less than four hours for each element, with a
maximum integrated rad_ax.ionexposure to any operating personnel of 30 torero.Due
to the increased po_er generation oi'the proposed test, radiation levels are
expected to increase by a.fat*or of four_ Total exposure, however, will still be
well within control limits_

In the event the fuel el_men.tis frozen iz_the in-reactor tube, it w_ll be
necessary,to remove the en!ire ir,-reactorassembly (loop tube and contents). This
will be accompllshed in a mar_er s_milaz +.othe.+used in removing test assemblies
from the H-1 Loop, The det.a]ledprocedure _s gJ.venin the DR-Recirculating Gas
Loop Operating Maz_ualo A three-day outage i_ required for this procedure°

RESPONSIBILITY

• Irradiation proc_'ng Department - Irradiation Testing - FW Van Wormer and EC Bennett,
Irradiation Testing_ are responsible for operation of the facility end for any
interruption of DR Reactor proiuction caused by the facility.

Irradiation Process_.n_DeparLtmen_t- DR Processing.- DR Processing is responsible for
the operational safety and production continuity of DR Reactor.

Irradiation Testing

E. C'.Bermet_./rch
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TABLE I

ALARM AND SCRAM SETTINGS

Tie In MonitoredVariable Operating Value Scram Tri_ Alarm Tri_

Heat exchanger Water pressure upstream 70 psig 50 psig 60 psig
water supply of outlet orifice

Loop gas Gas pressure upstream 200-205 psig 170 psig 190 psig
pressure of test section

Instrument air Supply pressure to lO0-120 psig 55 psig 80 psig
supply loop

Primary loop Pressure drop across 45 to 100% of full 20 to 30 % lO % more
gas flow venturi flow(approximately less than than scram

450 lbs/hr) operating trip
value

Auxiliary loop Pressure drop across Full flow 70% of full 80% of full
ga_ flow venturi flow flow

Compressor power Voltage, 400 *'_ 220 V. 30 V.
supply side

High radiation Gross gamma activity 15 mr/hr, max. bypassed 95% full
alarm at two locations scale

Emergency systems Gas pressure 200-250 psig none 200 psig
gas supply

Test assembly Same bypassed
nigh pressure
drop

E_,_RGENCY SYSTEM: Orifices will be installed in the loop to provide initial emergency
flows of 220 lbs/_ and to maintain a back pressure of one-half of the
pressure in the emergency tanks.
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TABLE II

_ximum Coolant Temperature

A. Process Tube Outlet Gas - 1200 F whichever is most limiting
B. Outer Tube Wall 1275 F (5)

Maximum Pressure Settings

A. Safety Valves 2S0 psig • 72°F
• B. Rupture Discs 230 psig @ 72°F

C. Pressure Regulating Valves # )64 220 psig @ 72°F
D. Pressure Relief Valve DOV # 5 215 psig @ 72°F

E. Gas Storage _ Pressure Regulating Valves 325 psig @ 72°F
F. Emergency Cooling System _Pressure Max. 250 psig @ 72°F

Min. 200 psig @ 72°F
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Figure 4
Gas Seal .Details
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