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PRODUCTION TEST IP-376-D
TRRADIATION OF MGCR-HDR-3 TEST ELEMENT

OBJECTIVE

The obJjective of thls test 1is to lrradiate a test fuel assembly for the
MGCR (Maritime Gas Cooled Reactor). The irradiation of this 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. Pisgsion 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-1l Loop was jointly
sponsored by the Maritime Reactors Branch and the Army Reactors Branch of the
Division of Reactor Development, Atomic Energy Commission. The facility is
now supported solely by Maritime Reactors and will be devobved 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, Divieion of General Dynamics Corporation. General Atomic is
responsible to Maritime Reactors for the development of the MGCR and

related gas cooled reactor concepts. The Hanford Irradiation Request No.
GAuC-lSh%l), requesting this irradiation, has been approved.

SCHEDULE

The test assembly willl be installed during the.'first outage following the
arrival of the test assembly at HAPO. General Atomic plans to ship the

assembly esrly in December 1060. Requested test duration is approximately
four months.

COST

Cos% Code - 5R51 - XXX.T6
Elevator time - none required.
Shutdown 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 Flow; a lead tube to carry
instrument leads out of reactor to position the element during irradiastion
and to retrieve the element upon dlscharge; and a gas-sedl component at the
out-of-reactor end to form the gas seal between the assembly, in-reactor
tube, and instrument leads. (See Figures 1, 2, 3, and 4 for illustrations
of the awsembly and test fuel element,)



. H (f\ffyvq"v;
C ) -3- { i QU mi-67372
| !iﬁuﬁﬁe

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
80 that the rear fuel rod support grid is welded to the fuel rod end caps, thus
providing & 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 prevent 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 0.010 inch wall
thickness, 15.5 inches long, containing UOa-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 UO5-BeO pellets, O. 361 inch OD x 0.5 inch long, 28 pellets per rod.
The fuel mixture will be 30% UO,,(3.65% enriched) and T0% BeO by volume. The
“«center rod will contain flfteen inches of BeO sleeves 0.315 OD x 0.157 ID, but
will not contain fuel. The center rod will also contain the element thermo-
couples to give an indicati on of the cladding surface temperature. Fuel rod
spacing is meintained by a spiral fin spot-welded around each rod, providing
a clearance of 0.0L4 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 opeati on 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 noninal power level is estimated to be t 9.2 kw.

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:

1. Outer tube wall temperature: 1275 F maximum at 215 psig.

2. Maximum preheater outlet temperature:1000 F.
3. Maximum reactor outlet temperature: 1200 F.
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HAZARDS

The principal hazards to reactor safeby and continuity of operation will bve
loss of coolan* flow which may result in & melt-down of the element, and *he
release of fission products through cladding fallure. A astailed analysis

of the heat transfer characteristics and the fission product 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 occurring 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 logs of flow. If such a loss of cooling
occurred, the inner ring of fuel rods would reach a peak temperature of

2415 F ard would probably suffer 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 agsembly. Pzak temperature
of the outer ring is calculated to be 2290 F. The possibility of physical
damage to the reactor is extremely remote since the test element is isoclated
from the reactor proper by the inner tube, gas annulus, and outer tube of the
in-reactor tube assembly. None of these components would reach temperatures
exceeding theiriéfecified limits. (See Table II). Melting points for the
test maverials{%)are as follows:

Hastelloy-X 2350 F
Stainless Steel 2540 F
BeO 4610 F
uo, 4530 - 4980 F reported

It is possible that distortior. of the test element would be sufficient to
meks removal by usual meihods impossible. In thig case, the entire in-reactor
assembly would be removed . Prosedures and equipment have been developed for
this purpose.

In th:z event of a cladding failure of any nype, fission products generated in

the fuel bodies would be released *o the coolant stream. Such & release would

create a potential hazard to persormel and probably would interfere with

reactor operation to the extent that a minimum outage would be requirea for

the discharge of the element. The hazard to personnel would consist of

increased gamma radistion intensities on the X-0, X-1, and X-2 levels, and

poszible ingestion hazarde due to leakage from the loop to the builaing

atmosphere. The possibility of contamination spread to the surrcurding

environs exists, albthough *the rate of coolant release to the building exhaust

stack can be controlled to maint?;g the rate of fission product stack emission

below limits. The tesgt &nalysis.2 indicates the fission product

release to be about five curies, including O.3 curies of Ij3;, based on total

release of the fission products from two fuel rods. The maxf%um fiesion product release,
based on failuredf all the fuel rods,iz estimeted at 42 curies,including 2.5 curiesof 1131

The loop radiation level is monitored by two ionization chambers located near
the loop piping in the proces:z area. For control purposes, a sudden increase
of the loop radiation level, as indicateda by the monitors, to 100 mr/hr

(from nominal values of less than 20 mr/hr) will constituts evidence of &
cladding failure, and will make a shutdown of the reactor mandatory.
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Since the test slement contains Re(. the *test was reviewed with Industrisl

Hygi<en= Iparsti.n, KD, for potential hzryllium piisoning hazarde *to persormel. This
review indicat2d that no significant hazards exis+. All the beryllium is present
in ceramic form, with a melting pcint of 4610 F, well above any anticipsted element
temperatures. The BeO sleeve in the central tube is not subject to gas flow, and
any BeO dust would have to traverse a circuitcus rcute to reach the ccolant stream.
Furthermore, normal clothing and respirstory protection required for handling the
test element will provide sufiicient protection against the potential beryllium
hazards.

OPERATING PROCEDURE

Immediately after 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 oparated at full coolant flow with
various inlet gas temperatures for additional hase readings. Loop radiation levels
will be recorded at each temperature.

During the initial resctor start-up, full coolant flow (450 lbs/hr) will be main-
tained until the reactor has reached equilibrium conditions. The element power
will +hen be calculated from the coolant flow rate and temperature increase as it
passes the tect element. Operating conditions, necessary to maintain reference
conditions, will be calculated from operating charis based on Figure 5. These
referencs test conditions are 1500 F cladding temperature and 1250 F or less
outlet gas temperature.

When the reactor has reached equilibrium, the inlet temperature will be gradually
increased to the operating level selected, and the coclant flow adjusted as
necessary to reach refererce condaitions.

Coolant samples will be taken for chemical and fission product analyses prior to
reactor start-up to provide base readings. Chaemical analyses of this coolant will
be provided at the loop gite by the Beckman GC~2 chromatograph to monitor 02, Np,
CO, and COz in the coolant. Sample frequency during operations will be dictated by
experience as the test progresses. Fission product samples will be analyzed by
Hanford Lahorstcries Operation for xenor. and iodine until suitable equipment can
be instailed at the loop. During the initial start-up, it 1s proposed to monitor
+he isotopic conten* of the coolant with a 128-channel analyzer provided by
Radiological Engineering, IPD. If +kis instrument is not avallable, samples will
be taken at several temperature incremenrms during start-up, and analyzed by
Hanford Laboratories Operation.

In the event of failure of the elament thermocouples from which the test conditions
are controlled, the next most representative thermoccuples will be used, control-
ling them at temperatures correspronding to the desired reference conditions as
corrected by prior experience. If all thermocouples fail during the test, pre-
heat will be reduced to zéro and the gas flow increased to maximum. Disposition
of the test will then be as agreed upon betwesn DR Processing Manager and the
Supervisor, Irradiation Testing.

Sudden increase of gamma activity in the process area to a level cf 100 mr/hr or
more shall constitute evidence of cladding failure.  In this cass a reactor shut-
down is mendatory. Ae soon as the -reactor 1s down, the loop b=:hndefzn wili: 1) by-
pass all scram trips, 2) turn off tre compressors, and 3) initiate a purge of the
loop with the purge valve positioned for maximum flow. The element will be
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discharged before the reactor resumes operaticm.

A slow, steady increase in locp activity can be due to two causes: 1) diffusion
of fission products through the element cladding or 2) an impurity in the make-up
gas, such as argon. In this case, the reason for the activity in-rease will be
determined by analysis of the loop coclant. The loop engineer will then direct
appropriate action after conferring with *he Supervisor, Irradiation Testing and
the Manager, DR Processing, t7 insure the safsety of the building personnel and
the reactor. The Radiation Protection Sfandaxds established by Radiological.
Engineering will be observed.

SCRAM SETTINGS AND PHILOSOPHY

The scram settings, cperational settings, and scram philosophy remain the same as
for previous tests, with the exception of the mandatory reactor shutdown for a
sudden increase in gamma loop activity to 100 mr/hr. The loop settings are given
in Tables I and II.

DISCHARGE PROCEDURE

The discharge procedure consists of pulling the test assembly out of the reactor
into a train of czasks consisting of a shipping cask, a cutter cask positioned
over a waste cask, and three five-foot long lead rod casks. After withdrawal,
the test element iz 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 ard cut into short pieces which fall into the waste cask.

This procedure has been successfully executed with two irradiated test elements.
Total outage time required was less than four hours for each element, with &
maximum integra*ed radiation exposure to any operating personnel of 30 mrem. Due
to the increased power geners*tion of the proposed test, radiation levels are
expected to increaze by a fasror of four. Total exposure, however, will still be
well within control limits,

In the event the fuel elzment is frozen in the in-reactor tube, it will be
necessary to remove the eriire in-reactor assembly (loop tube and contents). This
will be accomplished in & manner gsimilar to the* used in removing test assemblies
from the H-1 Loop. The detailed procedure is given in the DR-Recirculating Gas
Loop Operating Manual. A three-day outage i3 required for this procedure.

RESPONSIBILITY

Irradiation Processing 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 production caused by the facility.

Irradiation Process.ng Department - DR Processing - DR Processing is responsible for
the operational safety and production continuity of DR Reactor.

O B rit—

Irraiiation Testing

E. C. Bemmett/rch _
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TABIE I
ALARM AND SCRAM SETTINGS
Tie In Monitored Variable Operating Value Scram Trip Alarm Trip
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 100-120 psig 55 psig 80 psig
supply loop
Primary loop Pressure drop across 45 to 100% of full 20 to 30 % 10 % more
gas flow venturi flow(approximately less than than scram
450 1bs/hr) operating trip
value
Auxiliary loop Pressure drop across Full flow 70% of full 80% of full
gas flow venturi flow flow
Compressor power Voltage, LOO 220 V. 30 V.
supply gide
High radiation Gross gamma activity 15 mr/hr, mex. bypassed 95% full
alarm at two locations scale
Emergency systems Gas pressure 200-250 psig none 200 psig
gas supply
Test agsembly Same - bypassed

nigh pressure
drep

EMERGENCY SYSTEM:

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

Maximum 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 230 psig @ 72°F.
B. Rupture Discs ' 230 psig @ T2°F
C. Pressure Regulating Valves # 36k 220 psig @ 72°F
D. Pressure Relief Valve DOV # 5 215 psig 8 72°F
E. Gas Storage Supply Pressure Regulating Valves 325 psig @ 72CF

F. Emergency Cooling System Supply Pressure Max. 250 psig @ T2°F
' _ Min. 200 psig @ T72CF




CHIATSSYIONA

PCERS

N :
i \ \ FUEL ROD .
( NG B
GAS SEAL m“as_\.lK \ - \ —\ ) E
\ \ (] RS 5 5

N\ \ .
\‘kf\\ ~ / E
N ROTORI R &
REAR TEST SECTION | | %
2]
T
e

SUPPORT -
W | [
<2 FUEL ROD END CAPS
SUPPORT TUBE e
SUPPORT T e i
- L o THERMOCOUPLE LEADS
REAR GAS TEMPERATURE A
THERMOCOUPLES
REAR FUEL ROD
gﬂgmuwu._\k SUPPORT 6RID
sw;m\ &F
TUBE t B

" e
LA
ﬂf'* A
&

“"/% G

T 2an3td

TOKN

TETAIS

-O'[.—

2LELl9-MH




QAT JISSVIONA

— - 0n W
. rr e a s ™

X £oT193S®H
TTeM wOTO® X QO §k€°
3utppeTo
goTdno douwrsy]

" teng 0eg=-%0n

utd Teswds

@ wlBT* X QOuSTE®
ea29TS 0%

¥ £oTTe96%H

TTes 4OTO® X @0 w90T°2
pnoJaysg

NOILOES SSOMD INEWJIH LSHEL

2LEl9 -MH Rty QATATSSVIINA




LASSIFIEL

GAS SEAL

o GASKET
/*LEAD SHIELD

A

HW-67372
Grapghie
Al cking
K]

2%

__T._,._..._,,_.‘._
v N
O

R

N\

NN
20
A
N

e,

7°9%;

OUTER TuBt

INNER TUBE

VAW RS M AN

£ THERMOCoUPLE
WIRES ¥+ SUPPORT
FuBE :

177
— 29§

-/r- SHIELD

Figure 3
CROSS SECTION OF FUEL ASSEMELY AND TUEE

-1e-




UNCLASSIFIED

13- HW- 67372
Figure L

: [ 4
3‘/2 600 1b
SLIP-ON FLANGE

END SWIELD

SILVER SOLDER
GAS SEAL

- \NEND OF OUT PILE
TUBE ASSFMBELY

GASKET

\

GAS SEAL COMPONENT

Figure b
Gas Seal Details

-13-

UNCLASSIFICD



TEMPERATYRE — °F

40

3.0

2.0

/o

- -8 -
" A FIGURE & J SN U I N
MGCR HDR-3
FUEL ELEMENT PERFORMANCE AT 40 KW
1500 CLADDING SURFACE TEMPERATURE
1400
1800
1200
1 i
.———"‘"'“.——d
#noo s
L
. :
1000 < OUTER.__GAS |TEMPFRATYRE.
1 .
o0 — —
/
) //
/1/
Boo e
1
/ |
700 A P
s // f
<00 1 INLET. | GAS_TEMPERATVRE
Soo 2 e
400 b N
é = ¢
300 /{.ggtg_g,suns opop ¢
Q
1
200 et 3
] 9
L &
100
(-}
200 250 300 850 400 450

WEIGHT RATE OF FLow LBS/HA




HW-67372

v— [

P
W G AT

T

e

v.q"ni

APPROVALS

7%0‘/ G\@'v ﬁfﬂ C. G. Lewis ~

Manager, Testing

Q » ‘
. M. R. W. Reid
V

Manager, Process Technology

J. H. Brown
7 Manager, Process and Reactor Development

@A Mafgg______o. H. Grenger

Manager, Resea.rch and Engineering

)
wé’&f/’f“/} D. S. Lewis

Manager, DR Processing-

YR Lokl ———w/  W.D. Richmond

Manager, D-DR Reactors

Z/E E. R. Astley
Manager, Applied Reactor Engineering

(QQMN‘QM' 0. C. Schroeder

Manager, Manufacturing

DATE ISSUED Jenuary 5, 1961




31VQ







