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Introduction

The TRIUMF Thermal Neutron Facility (TNF) has been
described previously1,2 as it was originally installed
for operation in 1978. In the January/March 1983 shut-
down of the TRIUMF facility the moderator assembly and
target were replaced to increase the beam current disi-
pation capability of the facility in anticipation of
increased currents from the 500 MeV isochronous cyc-
lotron. This report will outline these modifica-
tions3,4, and others aimed at increasing the overall
operating reliability of the TNF. Some preliminary
commissioning test results of the molten target temper-
ature distribution are also reported.

2. Moderator/Target Assembly Modifications

The most significant change in the moderator tank
assembly 18 shown in Fig. 1; in the previous assembly
the 15 cm diameter, 25 cm long stainless-
steel target container sat in an open cavity

other substantfal change to the moderator/coolant tank
asgssembly was the elimination of the vertical access
port to the front of the target, originally intended to
accomodate a proton irradiation facility; such facilit-
ies have now been installed at a site 75 cm upstream
and no further developments are envisaged.

The change to a forced-flow cooling regime for the
target did introduce a complication in the cooling
circuit design. The loss of pump power during high
current operations leaves an inventory of heat in the
target that would boil away all of the water in the
target coolant channels. To avoid the uncountrolled
thermal cycling that could result from the repeated
voiding and reflooding (through the coolant outlet
port) of the target coolant channel a standby inventory
of water was installed at a height to have a pressure
head comparable to the operating pump pressure. The
inventory is sufficient to supply full target flow for
1-2 minutes following loss of pumping power and the
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at the bottom of the 46 cm dlameter water
moderator/coolant tank. The heat developed
in the target by the residual proton beam

was dissipated at the outside of the contain- Er.

er by nucleate pool boiling of the water
after transfer to the target can wall by
convection of the molten lead. The pool-
boiling mechanism limited the power dissipa-
tion capability of the target to approxim-
ately 50 kw based on a conservative estimate
of 125 w cw~? heat flux limit. To raise
this limit the target design was changed to
a forced flow regime by enclosing the stain-
less-steel target can in a secondary alumi-
num container with pumped Hp0 cooling flow
over both the front face of the target -~ as
with the original design - and the other
target surfaces. The coolant exhausts into
the top moderator/coolant tank and the heat
is disipated in a local external heat ex~
changer, as before. The new target design
is estimated to be capable of dissipating
125 kw of heat. Because only about 75% of
the proton beam power appears as heat in the
target and the upstream meson production
targets remove at least 25% of the initial
beam the new target design 1is expected to
satisfy TRIUMF's operational beam dump re-
quirements for accelerated beams in excess
of 200 kw.

The moderator/coolant assembly was rep-~
laced with one that accomodates the new,
larger target assembly. The new design,
l1ike the old, has a D20 moderator chamber
below the centre plane of the target.
Because no use hag been made of the neutron
beam tubes viewing the lower throdgh~tube
section of the D70 moderator compartment -
and none are currently contemplated - the
through-tube port was eliminated to reduce
the leakage from the D0 moderator and
thereby improve the flux to the existing
beam tube and irradiation facilities. The

Figure 1.
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resulting beam trip.

The first target installed in the new assembly has
been extensively 1instrumented with thermocouples to
measure the temperature distribution in the lead as a
function of beam power and for varius operating con-
ditions. Fig. 2 shows the positions of the 24 thermo-
couples held by thin stainless—steel baffle plates at
five planes of various depths from the front face of
the container.

Note that the void space at the top of the target above
the lead target core is evacuated and it's pressure
monitored to give an early warning of target contain-
ment failure, as in the previous design. With the
exception of some minor operating problems, since rec-
tified, with the mechanical refrigeration system used
to cool the cold-traps needed to remove the volatile
activities evolved from the molten lead, this monitor-
ing system has worked well and gives us considerable
confidence in the continuing integrity of the target
containment system.

The design of the AIS1347 stainless-steel target
container was based on the ASME pressure vessel code
taking into account effects of fatigue due to thermal
stress and cycling, radiation and corrosion. The 347

stainless steel was chosen over the type 316 previously

used on the basis of slightly better strength and ther-
mal conductivity characteristics at the operating tem—
peratures expected. The wall thicknesses produced by
this design are reduced from the previous design to
minimize the bulk lead temperature at the higher heat
fluxes intended to dissipate the increased power. The

least conservative design indicator was that of fatigue
life time of the container wall which was estimated to
be in the range of 5000 cycles; the thermal cycling
rate has not been a closely established parameter of
the system. We are implementing a thermal cycle monit~
oring system to measure not only the number but also
the amplitude of the temperature variations actually
experienced by the critical part of the target con-
tainer.® The thermal stresses in the container, the
dominant stress component, are estimated to peak at the
onset of melting at the can wall and do not change
significantly at higher power levels.

3. Commissioning Test Results

The temperatures shown in Fig. 2 were measured in
commissioning tests during operations at 135 A trans-
mitted from the cyclotron down beamline I without sig-
nificant loss following removal of the meson production
targets. Because of stability problems with the proton
beam at these power levels there is a rather liigh noise
level on thesg measurements and some of the
apparent anomalies are probably not signifi-
cant. The general level and rough distrib-
ution 18 reproducible however.

The temperatures in the molten sections
of the lead are only weakly dependent on the
power level and do not changing significan-
tly between 85 and 1351 A incident beam
current. Another intereating feature, from
Fig. 2, 1s that only small sections, if
any, of the stainless-steel container walls
are in contact with molten lead.

Fig. 3 shows the time dependence of the
lead temperatures measured by selected
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Pigure 2.

Thermocouple-Temperature Distribution in TNF
MKI1 Target.

thermocouples during a pump failure test.
The principal operating parameter to be
determined by these tests was the throttling
required in the auxillary cooling line from
the inventory storage tank. Becaugse of the
limited inventory the flow rate must be
matched roughly to the overall heat’ dissipa-—
tion time constant for the target to avoid
coolant channel boiling. Note that the
length of the temperature plateau at the
lead melting point is dependent on the depth
of the measuring point from the container
wall, as expected.

We intend to repeat these measurements
at incident beam power levels up to 150 kw
as the accelerator capabilities allow.
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Figure 3; Temperature Decay Curves in MKII TNF Target




