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1. INTRODUCTION
1.1 Foreword

The necessity of duplicating a rig for the analysis of uranium ore was
established during the latter half of 1975 and it was proposed that the AHGRS
facility on HIFAR be used. The new rig (designated X193) was proposed to be
basically similar te the uranium ore assay rig previously installed in
MOATA(L) but to incorporate any features found desirable as a result of past
operational experience, or necessary as a requirement for operation in HIFAR.

1.2 Principle of Operation

The analysis of a uranium ore sample, by the delayed neutron technique,
involves the fission of the maturally occurring nuclide U235 with thermal
neutrons. In the HIFAR Reactor, the horizontal facilities are a source of
thermal neutrons suitable for the irradiation of uranium ore samples.

Saturation of the uranium ore samples, with respect to delayed neutron
production, takes place in ~ 4 minutes, however, practical experience has
determined that an irradiation period of ~1 minute is satisfactory. Because
of the relatively short half lives of some of the delayed neutron producing
nuclides, it is essential to count the delayed neutroms being emitted from the
irradiated ore sample as quickly as possible. A time limitation of 3 s was
placed on the transport of an ore sample from the irradiation facility to a
counting chamber, the transport being accomplished by means of pneumatic
conveying.

1.3 OQperational Features

As a result of variation of the percentage of uranium occurring in ore
samples sent for analysis, it is desirable to be able to vary the thermal
neutron radiation dose received by the samples. With the MOATA Reactor, this
is readily achieved by changing the operating power of the reactor. This,
however, cannot be done with HIFAR so a method of varying the thermal neutron
flux whilst the reactor is at {constant) power, had to be devised.

This is accomplished by providing means for adjusting the location of the
sample in a variable thermal neutron flux field. The amount of movement meces-
sary to fulfill the range of thermal neutron flux as required for irradiation
of the ore samples, was established during a series of thermal neutron flux
measurements made along the beam hole of the collimator X164/1 which was
located in the facility 6HGR8 prior to May 1976. The results of the measure-
ments made, are shown in figure 1.

A cause for attention, in the operation of HIFAR, is the increasing
level of Argon 41 gas which is released, via the Active Exhaust System, to
atmosphere.

Because a major contribution to the production of Ar4l comes from
experimental rigs using compressed air, considerable thought in the design of
the X193 rig has been given to minimising the use of air for conveying
purposes.



2. DESCRIPTION

The rig comprises five major items together with interconnecting pipe-
work, electrical and pneumatic connections, as shown in figure 2. The
ma jor items will now be described and the operation of the rig will be ex-
plained in the following text.

2.1 Equipment

2.1.1 In-Pile Rig (Drg No., AOE47536)

This item (refer to figure 3) consists of a shield plug, externally
identical to the collimator X164/1, with a tube located on its central axis.
Inside this tube is contained an Adjustment Tube which positions the locat-
ion of the polythene can for its irradiation, The Adjustment Tube is moved
by means of a threaded section, externally driven by means of a double
reduction gearmotor and a spur gear set which turns a threaded nut. The
Adjustment Tube is prevented from rotating by means of a key; the motion is
thus translated to an axial movement, The length of movement has been deter-
mined by the range of thermal flux required for typical ore specimen irrad-
iations.

The Adjustment Tube is supported externally, by a ball bearing mounted
in a housing attached to the rig head. Internal support is obtained by means
of an'0'ring sealed plunger section of the Adjustment Tube. The range of
adjustment is controlled by the positioning of two micro-switches at the
limits of movement of the Adjustment Tube.

As a means of providing remote control of the Adjustment tube, the reversing
gearmotor directly drives a rotary potentiometer. The potentiometer provides
an output voltage to a digital read-out volt meter which is located in the
counter control console No. 41, in the HIFAR basement. By means of suitable
calibration, the exact position of the polythene can is established.

Two helium gas purge tubes are spirally would through the shielded section
of the rig to the inner end; when required helium gas flushes the void at the
inner end. A series of neoprene '0' ring seals, prevent the escape of contam-
inated gas into the Reactor Sealed Building.

Five chromel/alumel thermocouples are provided to monitor the rig tempera-
ture at five predetermined positions. Three are attached to the wall of the
inner end {(TC3, TC4, & TG5), and the remaining two (TCl & TC2) are attached to
the centre (fixed) tube. A photo diode device is positioned at the inlet flange
so that an indication that the polythene can has entered the rig, can initiate
the relevant control functions (described in sectiom 2.2).

A conveying air tube allows movement of air to the inner end of the fixed
tube, whilst a further tube is provided for flux measurement along the length
of the collimator.

All service tubes through the shield portion of the rig are spiralled.

Shielding of the "in-pile" rig is obtained by a steel shot concrete fill
of all voids. The head section of the rig, consists of a 130 mm thick lead
filled shield. During the commissoning period, with the exception of the centre
"core" of the rig which is externally shielded, the shielding of X164 collimator
(which this rig replaces) is temporarily used after being modified to suit,
Although radiation levels are acceptable to health physics standards, borated
paraffin wax blocks, lead bricks, and steel plates were incorporporated to
satisfy radiation background requirements (especially neutrons) by adjacent
experiments. A proper shielding (Drg No. AOE50206) is being manufactured based
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on the optimised temporary shielding configuration, with emphasis on ease of
handling, assembly and reach for maintenance.

2.1.2 Breech Loading Mechanism {Drg No. BE39953)

The breech loading mechanism which is supported off the counting chamber
shield assembly, consists of a cylindrical aluminium housing in which rotates
a roter. The rotor is actuated by means of an air cylinder and crank arm
which causes it to rotate between a "LOAD" position and an "EJECT/STORE"

position., Passageways in the rotor enable the polythene cans to be pneumat-
ically conveyed to the "in-pile" rig or to a counting chamber,

Two micro switches are mounted off the housing at positions which corres-
pond to the limit of travel of the crank and two mechanical stops are also
provided to limit the amount of 'over-travel'. A handle, at the air cylinder
connection to the crank, enables the system to be manually operated if air
systems should fail.

2.1.3 Counting Chamber (Drg No.AoZ 5u7/3 )

The purpose of the counting chamber is to measure the delayed neutrons
emanating from the uranium ore samples contained in the polythene cans. Its
construction is essentially an aluminium housing through which passes the
pneumatic conveyor tube. The housing is filled with non borated paraffin
wax in which are embedded the counting devices viz boron tri-fluoride counters
(20th Century Electromnics type 31 EB&40),

The polythene cans are stopped during their passage through the counting
chamber by a polythene stop. This stop is actuated by a two way air operated
cylinder. Immediately after the can's arrest in the counting chamber, a
captivity stop is actuated by a spring loaded plunger of an air operated cylinder.

The two stops position the sample for counting in the centre of the chamber
to ensure constant geometry for all samples whilst they are being measured.

At the inlet and outlet of the counting chamber pneumatic conveying lines,
are located photo diodes. The purpose of these devices is explained in section 2.2)

2.1.4 Shield Assembly (Drg No. AOE&47377)

The counting chamber is surrounded by aisive neutron shielding in the
form of steel encased borated paraffin wax 2 . The shielding is designed to
eliminate stray neutrons from entering the counting chamber and influencing
the number of delayed neutrons counted from the uranium ore sample being
measured.

The shielding has ready access to the counting chamber through a front
opening door. The counters themselves are easily removed from the counting
chamber, The top of the shielding is utilised to locate the counter controls
and teletype unit which are associated with the counting chamber. Shielding
calculations are summarized in Appendix A.

2,1.5 Spent Capsule Container (Coffin) (Drg No. AOE47632)

When the ore sample in the polythene can has been measured in the counting
chamber, it is ejected and pneumatically conveyed to a storage area. Cans are
collected in a tube which has a "quick' connection at one end, and a lever
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operated comnection at the other end. When a tube is filled, and is safe to

handle, it is disconnected from the pneumatic system and allowed to roll
within the container.

Because the cans will contain ore samples with varying degrees of
activity, which will depend upon the decay time of each sample, shielding is
required, The shielding is provided by a 50 mm lead brick wall along the
front face of the container, and by means of a 10 mm steel plate (lid) and
distance at the top of the container.

Pneumatic lines and associated connections are made between the end of
the receiving tube and the air valve which controls the air movement, to the
HIFAR Active Exhaust System.

2.1.6 Can Assembly (Drg No. A4E47673)

The uranium ore samples are received by the A.A,E.C., from various
exploratory sources, in 4 22 mm x 33 mm long polythene containers. These
containers are heat sealed and located into "extra high density" polythene
cans which are the vehicles used for pneumatic conveying. The suitability of
the "extra high density" polythene for irradiation purposes has been demon-
strated by the Experimental Reactor Physics Section in the MOATA Reactor,
Each can will be employed only once for pneumatic conveyving of ore samples

All cans are to be checked by means of a can test gauge {Drg No.
PE39991) before use in the pneumatic conveyor.

2.1.7. Load/Unload Tube Assembly (Drg No. A2E47654)

When the cans are loaded with an ore sample they are assembled into
load/unload tubes, These tubes are made from a polycarbonate material which
is a clear plastic material not susceptible to cracking and discoloration as
is perspex. On one end of each tube is fitted an adaptor, which locates in
the breech loading mechanism (for the load tubes) or in the spent capsule
container (for the unload tubes). At the other end of the tube, are two caps
used for the loading process; the outer cap is removed when the tube is
used for unloading.

2,1.8 Piping detail-rig flange to reactor floor (Drg No. AOE47639)

This drawing details the pneumatic conveying pipework from the rig
flange to the floor of the reactor.
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2.1.9 Piping - reactor floor to basement

The pneumatic conveying pipework between the reactor floor and the equip-
ment located in the basement (i.e. breech loading mechanism, counting chamber
and spent capsule container) is routed as shown on Drg. AOE47688. The pipework
which is of stainless steel, 31.75 mm 0.D. x 29.3 mm I.D., is protected by a
wire mesh guard from accidental damage. All pipework is required to be tested
by the passage of a special test can (Drg No. PE39990) which is slightly
larger than the mormal can, to ensure that there is no restriction. From the
rig head to the reactor floor, the pneumatic conveyor is 34.9 mm 0.D. x 31.75
mm I.D. (see Commissioning Report).

2.1.10 Pneumatic cirxcuit (Drg No. A2E47858)

Operation of the pneumatic conveyor is by means of a system of solenoid
valves and air valves as diagrammatically shown in figure 4. The pneumatic
system uses "'control air" at a pressure of 700 kPa and "conveying air" at a
pressure of 200 kPa. The method of operation is explained in section 2.2.

2.1.11 Control circuit (Drg No. AlE47890)

Controls to permit the system to function in its proper mode will be
supplied by the Imstrumentation and Control Division, with the electronic and
print-out apparatus for the counting chamber being supplied by the Physics
Division. The I. & C, Division controls will be in the form of a contrel
conscle (No, 40) and the pneumatic valves are fixed to a panel at the back of
the console cabinet,

The counting chamber control console (No. 41) and a teletype machine will
be mounted on top of the counting chamber shielding.

2.2 Operation of the Rig

2.2.1 Preparation of the samples

The uranium ore samples are received by the AAEC Physics Division prepacked
in polythene containers. These sample containers, after checking of the heat
sealing, are placed inside numbered cans. (Each can is selected on the basis
that its two parts match with a tight fit) Thehole in each can will then be
heat sealed by an electric soldering iron. Up to 40 cans are loaded into a
load/unload tube; of these 40 cans, there would be a number of cans which
would contain a "standard ore" or a "standard metal" sample, and possibly two
blank (empty) cans.

The ends of each tube are capped and then despatched to the HIFAR Operations
Section for irradiation, accompanied by the appropriate documentation (refer
Appendix B).

Upon arrival at HIFAR the tubes are placed in the racks provided for
their storage. When the rig is available for analysing samples, a tube is taken
from the storage rack, one of the end caps is removed and an adaptor screwed
on in its place, and the tube is then inserted into the breech loading mechanism.

As the irradiation dose received by the samples and the resultant count of
the delayed neutrons is dependent upon the amount of uranium in the ore, a
knowledge of the range of uranium content of the samples received, is advisable.
This can be gained by experience i.e. a knowledge of the range of uranium
content, usually given by the client., If this information is unknown for a new
batch of ore samples, it will be necessary first to irradiate an ore sample in
a position in the in-pile section of the rig, at a low thermal flux value. An
adjustment to the irradiation position can then be made based on the count result.



Having selected the irradiation position in the in-pile section of the
rig, which is accomplished by driving the gearmotor on the rig head to a
specified position (indicated by a digital readout meter), and having placed
an unload tube in the spent capsule container, the load tube can then be
attached to the breech loading mechanism. The system is then ready to be
operated. '

2.2.2 Pneumatic Conveying System

The pneumatic conveying system operates as follows:
(a) Shut off the system depressurising valve.
(b) Turn on the main compressed air line valve to the control comsole.

{The above two valves are located on the reactor wall behind the
breech)

{(c) Set the air pressure regulator reading at the back of the control
console No. 40 at 30 psig.

(d) Switch on the electrical supply to consoles No. 40 & 41 and the
latter associated modules.

Startup

i) Manual operation:

The manual condition should only be used when the prior status at the
rig is known. It can be used for a "one-off" job, or in order to
pass a test can through the rig. If during manual operation a can
fails to arrive at its next destination within a predetermined time,
an alarm will be imitiated.

ii) Clear operation:

The clear mode is specifically designed for "cold" start up or when
the prior status of the rig is unknown. When the main CMC is

switched to clear, the rig will progress through one complete sequence
from eject to store. If mo alarm occurs, the rig will be ready to
commence automatic operation., If a can has been left in the core and
an attempt is made to eject it during the clear sequence, then this
presumed "hot" can will be held in the counting chamber.

If during the clear mode a "stray' can is detected, the system will
indicate the position of the can and will give an audible alarm.

iii) Automatic Qperation:

In the automatic mode, the rig will carry out overlapping sequences
until the supply of cans is exhausted, at which stage a low level
audible alarm will automatically sound.

As the "last can' alarm is initiated, the knob of the CMC must be
pressed in order to return the system to the auto mode. This must be
done after replenishing the supply of cans.



The pneumatic conveying system functions as follows:

I. Load:

(1) As the LOAD sequence is actuated, SV2 is energised, and the air
cylinder ACl on the breech loading mechanism, receiving air via PV2
rotates the breech rotor from the EJECT/LOAD positiom to SEND
position (Figure 5).

(2} As microswitch MS1 is contacted, SV3 is energised and PV3 admits air
to the conveying line, moving the can from the breech loading
mechanism to the rig head. Air is exhausted via BV1. After a short
period (nominal 8s) SV3 is de-energised and the conveying air is
cut off.

(3) As the can enters the rig head, it '"breaks" the light beam to photo
diode PDl1, thus starting an irradiation timer. The can is held in
position at the inner end of the irradiation tube by the vacuum
effect of the Active Exhaust System which is connected to the
pneumatic conveyer via BVL.

(4) MNominal irradiation time of 60 s passes before the breech loading
mechanism is returned (on a signal from the timer) to the EJECT/LOAD
position.

IT. Ejectk:

(1) When the EJECT/LOAD microswitch MS2 confirms that the breech loading
mechanism is in position, SV1 and SV5 are energised, thus operating
valves PVl, PV4, BVl and PV6. In this state, air is admitted to the
inner end of the rig and the can is transported to the counting
chamber.

(2) As the can enters the counting chamber, it passes photo diode PD2
which actuates a counting scaler. It also de-energises SV6, thus
operating AC3 plunger to the in position, The can is then captivated
in the counting chamber.

In the meantime, the breech loading mechanism is returned to the
SEND positionm via energising SV2. At this stage, the second can
is ready for its cycle in the process as in (I) & (II) above.

ITI, Store:

(1) The can already in the counting chamber remains for a nominal
50 s for courting. At the end of this time, the timer actuates SV4,
SV3, SV5 and SV6. The air cylinder AC2 retracts the front stop
allowing the can free passage to the storage container (coffin).
As SV3 is energised, air is admitted via PV3 tramsporting the can from
the counting chambexr to the coffin. AC3 rear stop will move to
the out position. Air is exhausted via PV6 to the Active Ventilation
System.

(2) The can passes photo diode PD3 at the entrance to the coffin. The
breaking of the light beam to the photo diode provides an "enable"
signal which if not observed, will stop the automatic operation and



activate an audible alarm.
(3) The system will shut down automatically when the last can reaches
the storage container (coffin), due to PDl not recording the passage

of a can into the rig.

Auto Mode Safety Trips

- Fail to load; 1If a "send to core' sequence is initiated and the can
does not pass PDl then LOAD button will the illuminated red.

- Fail to eject; If a "send to castle" sequence is initiated and the
.can does not pass PD2 then the EJECT button will be illuminated red,.

- Fail to store; If a "send to store" sequence is initiated and the can
does not pass PD3 then the store button will be illuminated red.

- Excess count time; Lf the count time exceeds the irradiation time,
then the count button will be illuminated red.

In all cases above, an audible alarm accompanies the red light.

The operation of the breech loading device as described above, is
illustrated in figures 5 and 6,

2.2.3 Disposal of the samples

When the samples in a load tube have passed through the irradiation
process and have arrived at the unload tube in the coffin, before further
samples can be loaded, the irradiation samples have to make way for an ‘empty
unload tube. This is done by an operator who must first ascertain that
radiation levels, at the end of the unload tube where handling will take
place, are safe; viz. the preset audio/visual alarms of the radiation detector
are off.

If these alarms are off, i.e., the monitored reading of § + ¥ radiation
level is less than 1.4 gGys"i (500 mR/hour), then the tube may be quickly
disconnected and allowed to roll into the storage area inside the coffin. An
empty tube can then be quickly insertéd for receipt of the next batch of
samples. o

‘After all samples have been processed, or the storage area is full (it
will hold six tubes including the tube which is still connected to the system
for receipt of samples), the storage area is surveyed for radiation. If
contact radiation levels are less than 140 nGys"l (50 mR/hour), the tube(s)
can then be removed and stacked in the shielded storage rack. The adaptors
are unscrewed from the tube ends and are replaced by a screwed cap. The
tubes are then placed in polythene bags and sealed, ready for despatch to
Physics Division,

Upon arrival at the Physics Division building, the loaded tubes are
unloaded and the cans are stored. The tubes are cleaned ready for loading

the next consignment of samples

3. INSPECTLON, ASSEMBLY AND TESTING PROCEDURES

3.1 Imnspection
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The current contrel, planning and manufacturing procedures in use by the
manufacturing section, require that all jobs are allotted to specific categ-
ories(3). Each category ensures that certain standards of quality control
are enforced, and thus the degree of inspection on each job is established.

The category of each major item issued for manufacture is listed below:

Category:

In-pile rig ' B
Breech loading mechanism C*
Counting chamber C
Shield Assembly C
Spent Capsule Container c
Can Assembly B
Load/Unioad Tube Assembly C
Piping detail - rig flange to

reactor floor c
Supplementary Shielding C
Storage Rack C*
Piping - reactor floor to basement C

Certain critical items of those jobs noted category B and C* are subject-
ed to 100 percent inspection, thus ensuring the quality of the finished item.

3.2 Assemblx

Prior to the out-of-pile testing of the complete rig, which will be
undertaken by the Irradiation Rigs Sub Section, it will be necessary to
assemble certain components and check their critical (assembled) dimensions.
The assembly and checking of these components is described in a separate
document "Tests and Checks Schedule'.

3.3 Testing

Before installation into HIFAR, the major components of the rig will
require testing as a system, by the Irradiation Rigs Sub Section. The object-
jve of the tests will be to ensure the correct mechanical, pneumatic, elect-
trical and electronic gperation of all items. Static components such as
supplementary shielding will not be involved. The drive motor for the
jn-pile rig will require calibration with a digital read-out meter, so that
remote indication of the position of the irradiation can 1is obtained. The
digital read-out meter, and any associated electrics, is to be then located
in console No. 41. The mechanical operation of the drive motor and the
adjustment tube should be verified as being satisfactory. Also, the support
of the flange insert should be checked to determine its adequacy.

The pneumatic connection of all components and their correct operation
in conjunction with the control console, is then tested. The test can is
fired through the system after the pneumatic conveying pipework has been
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assembled. Upon the successful conveying of the test can, a series of tests
is carried out, conveying some sample cans. Results of the tests will be
recorded in a separate document.

4, INSTALLATION

4.1 Preliminary Work

After the tests, as outlined in section 3.3, have been completed, the
items of equipment aredisconnected from the pneumatic systems and then cleaned
as required. All major components are identified with drawing number tags
and the in-pile rig is marked with a vertical centre line to assist in its
orientation during assembly. The adjustment tube on the in-pile rig is
driven to the full "in" position before electrically disconnecting the gear-
motor.

The installation of the in-pile rig cannot be accomplished with the rig
fully assembled. 1In particular, the following components have to be removed:-
gearmotor and support bracket,
flange insert and support brackets,
swagelok union elbows, and
rig head connection bracket (A2E47566),
The Cannon plug which terminates the thermocouples does not require
disconnection from the thermocouple leads but the other plugs will be removed

with the rig head connection bracket, (Refer to Drg No. A2E47854 for details
of equipment removal,) '

4.2 Removal of Collimator X164

The X193 in-pile rig is to be installed into facility 6HGR8 which, at
present, houses the neutron collimator X164. Hence it will be necessary to
remove this collimator. Health Physics personnel will be in attendance
during all stages of the in-pile rig installationm.

As all of the out-of-pile equipment for X164 has Previously been removed,
and all external connections have been diconnected, the removal of the colli-
mator can take place during a major shut-down (i.e. where portion of the
core has been unloaded) of HIFAR, 1t has been ascertained that it was possible
to move the collimator in its facility hence there should be few problems in
the removal of the collimator,

The rotating plug of the collimator is unloaded before attaching the
counterwelght bar to the ocuter face of the fixed plug. The appropriate
counterweights are attached and the collimator is withdrawn using the establ-
ished procedures for this work.

4.3 Installation of In-Pile Rig

The following description of the installation is not necessarily intend-
ed to indicate the order in which items of equipment are to be installed; the
order of installation will depend upon workshop's work loading and availw
ability of equipment,
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In order to load the in-pile section of the X193 rig, using the standard
counterweight bar, it will lie necessary to attach the adaptor (Drg No.
A2E47840) to the rig head (refer Drg No, A2E47854)., Note that only specified
bolt holes are used to secure the adaptor to the rig head - refer figure 7,
The counterweight bar is secured to the adaptor and the rig is then loaded
into the 6HGR8 facility using established procedures. Constant surveillance
by Health Physics personnel will be required during the installation of the
in-pile rig.

After securing the rig into its facility, the components which were
previously removed are assembled as follows:

The gearmotor and support bracket are carefully lined up with the driven
spur gear to give the correct centre distance, i.e. Dbacklash checked to be
adequate, and they are then dowelled in position, A temporary electrical

connection is made to the gearmotor and the adjustment tube is drivem to the
mid position,

The flange insert and support brackets are then assembled, "lined-up"
and then secured. The temporary plug (Drg No. A3E47841) is then placed in
the flange insert whilst further assembly work at the rig head proceeds.
When the components previously removed (refer 4.1) have been assembled, the
temporary plug is withdrawn.

All electrical connections are checked for continuity and the mechanical
operation of the adjustment tube is verified, Only after satisfactory mech-
anical operation of the adjustment mechanism is obtained, should the pneu-
matic conveying pipework be attached to the rig.

4,4 1Installation of Basement located Equipment

The shielding around the counting chamber is the first item which is to
be located in the HIFAR basement area. The assembly of the counting chamber
should also proceed at the same time as the assembly of the shielding, as
pneumatic pipework, which is connected te the counting chamber, is incorpor-
ated in the shielding. The photo diode device, located at the inlet of the
counting chamber, will require installation at the same time as the counting
chamber.

The breech loading mechanism, which is supported on a bracket located
off the counting chamber shield, can now be installed. The spent capsule
container was connected to the pneumatic conveying tube emerging from the
counting chamber shield, together with PD3 also can be installed. A 50 mm
thick lead brick wall will be required to be erected along the face cof the
spent capsule container {(coffin).

4.5 Installation of Pneumatic Conveying Pipework

The original stainless steel tubing allocated for the pneumatic conveyor
was 34.9 mm 0.D. x 31.75 mm I.D. However, due to aerodynamic considerations
during commissioning in HIFAR, it was decided to replace the Conveyor Tube
section from the 15' floor level to the breech loading mechanism by a 31.75 mm
0.D. x 29.3 mm I.D. Stainless Steel tube. The tubing is to be run from the
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breech loading mechanism to the rig head, as shown on Drg AOCE47639 and
AQE47688,

Particular attention should be given to the bending and handling of the
conveyor tubing. The minimum centre line bend radius is 330 mm and all tubing
must be free of dents and wrinkles. .,

From the reactor floor level down to the basement, the tubing passes
through the floor space, over the floor support structure before emerging
over the edge of the D20 plant room concrete shield into the basement. All
sections of the pneumatic conveyor tubing must freely pass the test can
(Drg No. PE39990). ‘

The conveyor tubing between the rig head and the reactor floor level,
must not impose any loading upon the rig flange. To achieve a connection with
the rig flange without misalignment, an additional bracket will be installed
to support the rig flange.

In order to protect the pneumatic conveyor tubing in the basement from
accidental damage, a guard made from heavy wire mesh is to be installed.

4.6 Installation of Supplementary Shielding

As soon as the comveyor tubing installation has been completed, some
supplementary shielding can be positioned as required. This arrangement is
temporary and will be replaced by permanent shielding which is being
manufactured.

4,7 Installation of Pneumatic Circuit

HIFAR supply of dxy, oil free air, at a pressure of 700 kPa is suitable
for the pneumatics. The pneumatic circuit is to be connected in accordance -
with the details as shown on the appropriate drawings (Drg No. A2E47858 and
AlE47833). 1In general, all fixed lines are to be of copper, with flexible
connections of high pressure nylon or equivalent material. Saddles are to
be located so as to give adequate support to the lines.

To complete the pneumatic circuit, it is necessary -to break into the
Active Ventilation (extract) System for the pneumatic donveyor exhaust. Three -
air filters are to be installed in the pneumatic circuit to ensure particle
free air. Details of this work are also shown on Drg No. AOE47688.

4.8 Electrical Installation

To complete the operation of the rig, it is necessary to provide electrical
power at the required location, and to connect various items of equipment.
Details of the connections to be made and the routing of cables are described
in the installation schedule issued by the 1 & C Division.

The electronic connection between the BF3 counters in the counting
chamber, and the counting console, are to be made by Physics Division personnel.
They will also arrange for the connection of the teletype machine to the
counting console.

5. ~ COMMISSIONING

Before commencing commissioning, it will be necessary to recheck the
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operation of the separate components both mechanically and electrically.
Having determined that the various items are functioning properly, the
commissioning of the rig will then be undertaken.

As the most important single item-in the operationm of the rig is the
control console, most of the commissioning activities will revolve around the
proper operation of this device. A separate manual, describing the mode of
operation of the control console, "trouble shooting" and complete with all
necessary wiring diagrams, prepared by the I & C Division, is to be used. For
the purposes of checking out the operation of the equipment, cans with polythene
billets to simulate the anticipated target weight were used.

6. HAZARDS ANALYSIS

During the design, many hazards have been considered so that the rig,
when operational, may incorporate as many features as are needed for its safe
operation. The major hazard involved in the operation of the rig is that of
radiation. Calculations determining the amount of shielding are given in
Appendix A and calculation showing the quantity of Argon 41 gas generated are
given in Appendix C.

The hazards which have been considered, and the safeguards which have
been applied, are tabulated in Appendix D.
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APPENDIX A

SHIELDING CALCULATIONS

Ref. (4), (5).

Basis for Calculations

Maximum mass of target : 10 g

Measured y dose rate on normal & R/hour
ore sample leaving reactoxr MOATA 1 *

Number of specimens irradiated

per week : 1000
Measured maximum y dose rate on

"rich" ore sample leaving MOATA :* 60 R/hour
Average humber of rich ore

samples anticipated, per week : 2
Maximum transit time between rig

and counting chamber : 3s

* These are measured dose rates close to can surface, immediately after
irradiation.

Shielding calculations have been made to determine the shielding recquired
for the bheam stop, and to determine personnel shielding required along the
flight path of the irradiated cans, and at the spent capsule container,

1. BEAM STOP

From the Health Physics Survey Report on the beam strength emanating from
the X164 collimator, the following information was derived.

Beam size at end of X164 collimator : ¢ 1O0mm
Length of flight tube : 2016mm
Beam gize at inner end of flight

tube : ¢ 10mm
Neutron dose rate measured lm from

the reactor face : 1,25 R/hour
Gamma dose rate measured lm from

the reactor face : 55 R/houx
Beam size emanating from X193 rig : ¢ 86mm
Length of flight tube : 204 5mm

Beam size at inner end of flight tube: ¢ 33mm
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The beam intensity expected with the X193 rig can be approximated using
the measured values for the X164 rig (reference H.P. survey report 15/H/76/10)
and applying factors due to the geometry difference. From the information
obtained it can be shown that the beam intensity 1lm from the reactor face for
the X193 rig will be (33)2 times the measured values for the X164 rig, i.e.,
about 11 times. 10

Neutron Shielding

Incident neutron dose rate : 13,75 R/hour

Attenuation through 625mm of borated paraffin wax and 250mm of lead, is
given by -

D = Dp e %— where
= dose rate .......... R/hour
Z = shield thickness.... m
= relaxation length ...m
A (borated paraffin wax) = 9,2 x 102
A (lead) = 9 x 10™2n
62,5
D = 13,75 e :gfi = 15,4 mR/hour
Dy = 15,4 x 1073 e fg'g = 0,96 mR/hour
r
Gamma Shielding
Incident gamma dose rate : 605 R/hour

Attenuation through 625mm of borated paraffin wax and 200mm of lead is
given by

-7
D = Dy e N
A (borated paraffin) = 25 x 10™%m
A {lead) = 2,5 x 10™%m
B 62,5
D1 = 605 e __“—'25’0

= 49,6 R/hour

25,0
2,5

Dy = 49,6 e

= "~ 2,2 mR/hour
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2. FLIGHT TUBE

2.1 Experimental Equipment Operator at "15 ft" Floor Level

2.1.1 Normal sample - no shielding

It will be assumed as a worst case that an operator can stand continuous-
ly adjacent to the flight tube. The distance from the flight tube to the
operator being : 107l m (to feet), 1,0m {(to gonads). The radius of the
sample container is 1,5 x 10~2m.

Measured dose rate on normal sample as it leaves reactor is 6 R/hour

Dose time is 1000 samples/week x 3(s) = 3x103 s
=212
Absorbed dose (feet) per week = _° b4 1,5 x 1077 x 3 x 103
. 3600 lo-l
= 112 mR
4

_ 6 1,5 x 107212 3
Absorbed dose (gonads) per week = 3600 X 1 ¥ 3 x 10

= 1,1 mR

2.1.2 "Hot" Sample - No Shielding

Dose time in 2 samples/week X 38 = 68

Measured dose on 5% U ore as it leaves the reactor ~ 60 R/hour

60_ _f1,5x 1072 |2
3600 10-1

Absorbed dose (feet} per week = X 6

2,2 mR

Absorbed dose (gonads) per week is << ImR

With these calculations, it is shown that it would be possible to toler-
ate in excess of the two "hot" samples per week.

2.2 X193 Rig Operator at Console in HIFAR Basement

2.2.1 Normal sample - no shielding

The operator will be exposed to radiation due to the passage of the can
whilst in flight and also during its 40s residence time in the counting
chamber. It will be assumed that the operator stands 2m from the resident
sample.

Dose time is 1000 samples/week x 40s = 4 x 104s
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-213% 2
Absorbed dose (gonads) per week = 6 X 1,5 x 10 x 4 x 104
3600 2
= 3.7 mR

Absorbed dose (gonads) due to flight of can is as previously calculated,
hence total absorbed dose (gonads) is ~ 5 mR per week.

2.2.2 "Hot" sample - no shielding

On the basis of two "hot" cans per week, the total absorbed dose would be

60 (1,5 x 10~%)

3600 2

x 80 = << 1 mR

Since dose time = 2 gamples/week x 40s = 80 .
3. "STUCK" CAN

It will be assumed that a can would be stuck in the flight tube adjacent
to an operator and that such a happening could occur once per week. From the
decay characteristics of the ore sample (refer figure Al), it will be assumed

that the contact dose rate is significant over a 15 minute period,.

3.1 Experimental equipment operator at "15 ft" flcoor level

3.1.]1 Normal sample - no shielding

Dose time is 15 minutes = 900s

-2 \2
Absorbed dose (feet) per week = 6 b4 1, 5%10 x 200
3600 -1
10
= 33.7 mR
-2 2

_ 6 1,5x10
Absorbed dose (gonads) per week = 3600 1 x 900

= < 1 mR

3.1.2 "Hot" sample - no shielding

1}

340 mR
3 mR

Absorbed dose (feet)per week

Absorbed dose (gonads) per week

The absorbed dose for the rig operator in the HIFAR basement, would be less
than these values. '

4. STORAGE OF IRRADIATED SAMPLES

After the cans are processed, they are then stored in the spent capsule
container, or the storage rack. The storage rack is used for low activity
samples only.
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4,1 Spent Capsule Container "Coffin'"

Measured contact ¥ dose rate on a normal ore sample leaving the counting
chamber 4R/hour.

If the air space around the sample tubes is 10 cm then the dose rate at
the inmer surface of the shielded container is reduced (distance) by a

2
1.5
factor of ( 0

Samples are ejected into the spent capsule container once every minute,
hence the total dose rate due to the load tubes being filled, is determined
as follows:

Residence time (minutes) Dose rate at shield
in shielded container inner surface
0 89 mR/hour
1 66
2 36
3 28
4 23
5 16
6 11
7 8
8 6
9 3
10 4
11 to 40 1

792 mR/h
TOTAL /hour

It will be assumed that the effect of the other cans in tubes previous-
ly unloaded (a total of 5 unload tubes holding 200 cans) will raise the
total dose rate inside the shield to 350 mR/hour.

The shielding of the Spent Capsule Container consists of a 50 nm lead
brick wall at the front face, and a 10 mm thick steel cover. Assuming that
an operator can stand continuously (the container would only be full for
4 hours) alongside the Spent Capsule Container, i.e., feet adjacent to the
lead brick wall, then

Absorbed dose (feet) per week

—.’ixl()'"2
P
1000 samples ] ' < 4 x 60 x 60 x 0:330 4 2,5x10
240 samples in container 3600
= 790 mR

For an operator standing alongside the shielded container,

Absorbed dose (gonads) per week
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-5 x 102
—— 4
1000 60 x 60 x 02350, o 37 x 107 4712
740 3600 —

4,2 GStorage Rack

As the Spent Capsule Container will hold six load tubes, three full load
tubes (i.e. 120 cans) will be required to be held in the storage rack.
Assume that the dose rate from the 120 cans is equal to 120 mR/hour,
For the physical layout of the storage rack i.e. distance from lecad
tube centre to shield material of 9 cm and thickness of steel plate 6 mm,
the absorbed dose received by an operator located adjacent to the shield (the
storage rack would only be required for 3 hours) would be

6x10 ">
B _2 2 - —
0.120 _ {1,5x10 x e Sp7XI0 0 1000, 3y 60 x 60
3600 —2 (120 + 240)

9x10

= 24 mR.



5. EXPECTED RADIATION LEVELS FRCM STUCK CAN IN THE IN-PILE RIG

Main elements in an irradiated ore sample contributing to radiation are
2228 ang Mn>6,

Estimated percentage weight of each element in an ore sample = 0.2%

FPor 10 gm sample; mass of A28 = "mass of Mn°® = 0.02 gm.

i
]

For aR28; T 2.24 min, o 0.23B, A 27 gm/mole

1

Il

For Mn°®: T 2.582 hr, ¢ = 13E, A

55 gm/mole

Assume sample is subject to flux < 109 n cm™2 Sec'l (outer end of the
adjustment tube) for 10 minutes.
(i) In the case of AL2® when decay during irradiation cannot be neglected.
. AN G =it
. ---—-——1-0— = . = . — -—
3.7 x 10 €i 0.6 5~ 0¢ (d-e")
_ 0.8683 _ -1
A = Tei w0 - 0.005;6 Sec
: AN _ 0.6 x0.02 x0.23 x102 |,  -0.00516 x 10 x 60,
* T 3.7 x 1010 27 x 3.7 x 1010
= 2.64 x 1076 ¢
R/hr at 10 em = 6 C; x E E in MeV
= 6 x 2.64 x 1078 x 1.78
= 2.82 x 1075
(ii) TFor Mn56 where Ty > the irradiation time,
AN = C: = 0.6 Go ¢ tA '
3.7 x 1010 7 7Y ax 3.7 x 10)
_ 0.693 _ -5 -1
A= 3582 = 3600 7.455 x 10 Sec
AN 0.6 x 0,02 x 13 x 10° x 10 x 60 x 7.455 x 10-5

3.7 x 1010 7 55 x 3.7 x 1010
= 3.43 x 107® ¢4

6 Ci »x E

R/hr at 10 cm

6 x 3.43 x 107% x 0.84
17.28 x 10-6

Il

Total R/hr at 10 cm from AL28 and Mn®® = 4.55 x 105 cCi/hr
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Radiation from U present in Ore

a)

b)

Consider a sample of 1%U in Ore

.". For 10 gm ore sample, weight of U = 0.1 gm

* But for pure uranium metal, 2 mg of natural U produces 250 mR/hr

at contact of outer capsule container after one minute irradiation
in flux of 1.2 x 1012 n om~2 Sec-l and a decay of one minute.

1 1
10 *56 ¥ 7 1073 * 230

12.5 R/hr

Il

.". Dose from U alone in a sample

In the case of a sample which is subjected to flux <10? n Cm~2
sec~l (at outer end of the adjustment tube) for 10 minutes, it
will ke assumed that U activation is linear with flux and non
lined with time. For the latter relationship, the activity pro-
duced after ten minutes will be assumed to be five times the value
produced after one minute.

.". Dose from U alone in a sample irradiated for ten minutes
in ¢ < 102 n tm™2 sec-l

= 12.5 x—igg x5 = 62.5 mR/hr
I T V- | ’
Consider a sample of 5%U in Ore
.". For 10 gm ore sample, weight of U = 0.05 gm
Following the above procedure we get -~
Dose from U alone in a sample = 312.5 miR/hr.
Hence total radiation expected from 10 gm ore sample with 0.2%
2228, 0.2% MnS% and 1%U when subjected to ¢10% n Cm~2 sec~l for

ten minutes is 62.5 mR/hr., If U percentage in the ore is 5% with
the same conditions, total radiation expected is 312.5 mR/hr.

{Ref: Private communications with T. Wall)



APPENDIX B

REQUEST FOR MINOR IRRADIATION

X193 URANIUM ANALYSIS RIG

Number of load tubes accompanying this request

Maximum anticipated uranium content of ore samples %

LOAD TUBE REFERENCE A B C D E

Quantity of cans in
load tube

Identification numbers
of cans in load tube

Quantity of test cans
in load tube

Identification numbers
of test cans in load
tube

Quantity of blank
cans in load tube

Identification numbers of
blank cans in load
tube

Date: Packed by:

Date desptached: E.R.P.S.

For H.0.5. Use Only

Date of Irradiation:

Operator:

Rig adjustment tube setting:

Date returned to Experimental Reactor Physics Section:

H.0.5. Form






APPENDIX C

Argon &4l Gas Release

Argon 41 gas is generated by the neutron activation of Argon 40 gas
contained in the conveying air inside the rig. _The conveying air is
introduced to the rig at the rate of 7 x 10 m3 s for one second,
the air space in the rig remains static fog 60 s then the conveying air
is re-introduced at the rate of 7 x 10~3 m” s for one second to dis-
charge the can.

Assuming the irradiation of 1000 samples per week i.e. 200 per day,
the irradiation of air in the rig is as follows:-

2(7 x 1073 m3) irradiated for 1 s, 200 times/day.
Volume of rig irradiated for 60s. 200 times/day.
Volume of rig irradiated for 24 x 60 x 60 - 200(61)s

= 7,4 x 10% s
Data: Volume of argon gas in air : 0,947
Density of argon gas (ZOOC) : 1,66 kg m3

Thermal Activation Cross section of argon gas (o)

: 0,53 x 10728 m2

Half life of Argon 41 (Tk) : 6,54 x 107 s
Avogadro's number N : 6.02x1023 atoms/mole
Atomic mass number of Argon 41 (M) : 41 g/mole

Temperature of air being irradiated : 313K (40°¢C)

= decay constant of Argon 4i

0.693
T

= —94§2§~§ = 1,06 x 10ﬂﬁ st
6.54x10

{a) Consider the irradiation of the volume of air in the rig for the

period 7.4 x 104 s; as this period >10 Tk then the activation of the argoen
gas is given by

23
A = 6,02 x ;0 ¢ 4 4
M x 107 '
G = mass of Argon 40 gas irradiated
_ 0,94 293 . 3
= 00 % 1,66 x 313 X volume of rig {m™)
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As the thermal flux varies along the length of the air passages,
known increment of volume will be considered and the appropriate flux used
to determine the Activity from

23
A &-0—2——)5-—10—3—-x0,94x10—2x1,66x%x0,53x1028f¢'dv

41 x 10

= 1,14 x 10—5f¢"d v

From the graph (figure 1) and the physical dimension of the rig, the
following table is derived.
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INCREMENTAL INCREMENTAL AVERAGE

DISTANCE FROM VOLUME (dV) FLUX (4) gd v

RIG END (m) (m°) (NEUTRONS/m2/s )

2,2x102 2,2x107° 3,0x10'° 6,6x10" 1

5,0x10 2 6,3x10° 1,0x10® 6,3x100

1,0x1072 9,2x10 0 4,1x10%° 3,8x10°

1,0x10 2 9,2x107° 3,1x10 2,8x100
2,2x10% 2,0x10°

Constant Constant 1,5x1015 l,4x1010
1,0x10%° 9,2x10°

at at 7,6x101% 7.0x10°

5,5x10"% 6,0x10°

1,0x10 2 9,2x107° 4,2x10M% 3,9x10°
3,2x10% 3,0x10°
2,5x101% 2,3x10°
1,9x101% 1,8x10°
1,4x10t% 1,3x10°
l,2x10M 1,lx109
9,5%101> -
7,5x1013 -
6,0x10"3 -
4,8x1013 -
3,9x10%3 -
3,1x10%3 _

TOTAL DISTANCE TOTAL VOLUME OF RIG S8, ex101

26,2x10_2 m

—5 3

20,3x10 " m
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Total saturation activity AS =9,8 x 106 Bq

(b) Consider the irradiation of volumes of air, for short periocds of
time; the activation of the argen gas is given by

23
P Sy S SR L'
Mx10

where t irradiation time (s).

Hence for a known residence time in the rig, the activation of the rig
air volume can be calculated as a proportion of the saturation activity

(As).

(i) Consider 200 samples per day being irradiated

Rig volume = 2,03 x lO_ﬁ m3
Air flow = 7 x 10_3 m3 e
Residence time (t) = 0,03 s

The percentage saturation is ({( 1%, and although occurring 200
times per day, the activity is still < 1% AS.

(ii) Consider the rig volume which is irradiated for 60 s, 200
times per day

(- é—At) = 0,00634

o
]

200 (0,00634) A

12,4 MBq

(ii1) Comsider the rig with the air volume changing continuously,
from an assumed residence time, the activity can be calculated,
and the number of volume changes determined, This information
can be shown graphically (refer figure Cl}. From the graph,
within realistic times for a volume change, it can be seen that
a maximum value of activity of ~90 MBq per day, is reached,

Hence the total maximum activity of Argon 41 gas which could be produced
with this rig, is 102 MBg (2,76 x 10~3 Ci) every day.



APPENDIX D

Hazard Analysis

The hazards considered during the design of this rig, fall inte two
categories viz radiation, and others. Radiation is by far the greatest
hazard as, unlike a conventional horizontal facility collimator, the beam
which is used for the irradiation prdcess cannot be sealed within the confines
of the reactor by means of a shield plug. 1In addition, there are problems
associated with the pneumatic conveying of active samples which have
required attention.

The following is a summary of hazards which have been examined, and the
safeguards which are to be applied for both the installation and operation
of the rig X193.

A. INSTALLATION

HAZARD SAFFE GUARD
(1) Unloading of the exist- (a) It has been demonstrated previously
ing collimator in GHGRS that the collimator X164/1 can be moved.

(b) The unloading will be undertaken
during a shut-down of HIFAR when a partial
core unload will assist to reduce radiation
levels.,

(c} The actual removal of the collimator
will be undertaken, after normal working
hours, by the HIFAR Active Handling
Section,

(d) Personnel involved have had previous

experience in this work and Health Physics
Surveyors will be available at all stages

of the removal,

(e} Equipment to carry out the unloading
is available.

{2) Loading rig X193 (a) Existing equipment (counterweight bar)
with an adaptor plate is to be used.

(b) A temporary plug {Drg No. A3E47841)
is used to reduce radiation levels during
handling of the rig.

(c) The loading of the rig into the facility
is undertaken by the HIFAR Active Handling
Section, outside of normal working hours.

(d) Health Physics Surveyors will be present
during the installation work,

(e) Temporary lead block shielding will be
used until the final shield has been placed
into position.




(3) 1Installation of
shielding at rig
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(a) Until the pneumatic conveying pipework

has been run and fitted into position, it is
not possible to install the permanent shielding
at the rig. Workshops personnel assembling the
pipework will need to limit the time that their
hands remain in the ¥ beam, in accordance with
the instructions issued by the Health Physics
Surveyor,

B. OPERATION (Note: Absorbed dose and absorbed dose rates are given in
S.I. units with the value of dose equivalent shown in brackets immediately

following the S.I. units.

HAZARD

SAFE GUARD

(1) Radiation at "in-pile"
rig head

(a) The shielding as designed will give
adequate personnel protection from all forms
of radiation,

{(b) It is possible that some small leak
paths may occur allowing neutrons to affect
sensitive equipment located nearby. Blocks
of neutron absorbing material (borated
paraffin wax) encased in aluminium sheeting
are provided to eliminate this problem
during commissioning of the rig.

(2) Transient radiation

(a) The effect of "stray" meutrons during
the transfer of an irradiated sample along
the pneumatic coriveyor tube, is minimised

by~

(i) choice of the route of the conveyor
tubing by taking advantage of existing
shielding, and taking the shortest path
to the shielded counting and storage
areas, and

(ii) provision of adequate shielding along
the conveyor at the experimental equip-
ment level,

(b) Gamma radiation effects on personnel
are reduced by means of shielding (distance
or remote location of the conveyor tube from
personnel) and limitation of the total time
of exposure. The maximum absorbed dose
calculated for personnel permanently located
adjacent to the conveyor tube is within
acceptable limits (refer Appendix A)

{3) Radiation at operat-
or's position in basement

(a) Neutron shielding is adequate
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(b) Gamma radiation shielding is achieved by
distance effect (mainly) with some slight effect
due to shield material. The maximum Y radiation
dose calculated for an operator permanently
located at the control console is: 50 uGy

(5 millirem) per week (refer Appendix A)

{4) Radiation at the
shielded storage cont-
ainer

(a) Neutron effects are negligable due to the
delay period of the irradiated sample in the
counting chamber.

(b} Gamma shielding is provided by shield mater-
ial (lead bricks and steel plate). The maximum
calculated radiation dose received by a person
permanently located adjacent to the shielded cont-
ainer is within acceptable limits (refer

Appendix A).

(¢) During unloading of the specimen tubes an
operator will be exposed to radiatiation. The
effect is minimised by:

(i) Installed detector will monitor radiation
level before operator handles unload tube.
No handling will take place unless preset
audio visual alarms of the detector are
off.

{ii) Providing a quick release mechanism Ffor
holding the load/unload tubes so that contact
time is kept to a minimum.

(5) Radiation at the
storage rack

Radiation levels are low and shielding is provided
by means of a sliding shield panel. A person
permanently located adjacent to the storage rack
would receive and absorbed dose of 236 HGy

{24 millirem) in one week (whole body dose).

(6) Radiation due to
a "stuck" can

(a) ©On the basis that the "stuck" can is one
whose uranium content of the ore sample is high,
the absorbed dose received by an operator who was
unaware that this situation had occurred, would be
3,4 m Gy (340 millirem) to the feet and 34 UGy

(3 millirems) to the gonads (refer Appendix A).

(b} with the radiation values occurring for such

a "stuck" can, the HIFAR gamma monitors would
detect this additional radiation and set off alarms
if the "stuck" can was in an un-shielded location.

(c) The event of a "stuck" can in the conveying
system, however, may be considered highly unlikely
since the testing and commissioning of this rig
will ensure a free and easy passage of can through
such system. In the meantime, the procedure
outlined in item (9) below deals with possible
cause of this problem.



(7} Incorrect select-
ion of irradiation
pesition, giving rise
to high radiation
level on sample
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This hazard can occur with ore samples from a
new area thus nullifying the experience which an
operator would have in determining the irradiation
position. A high radiation level would be obvious
when the teleprinter records the delayed neutron
counter. Possibly two samples would be "hot" before
corrective action would take place. The corrective
action would be to stop the Process and re-set the
adjustment tube, allowing the "hot" samples to
decay in the spent capsule container. The "hot'
samples would be re-irradiated after a suitable
time interwval.

{8) Contamination
arising from the
disintegration of a
can and innerxr
container

(iii)

The outer can has been designed with tight
tolerances as each can will be irradiated once only.
Due to the tight tolerances it ig highly unlikely
that the outer can two halves could come aprart
allowing the exposure of the inner heat sealed
container holding the ore sample and causing possible
spillage. However, the following precautionary
measures are considered to prevent the spread of any
possible contamination.

(1} 1lining the spent capsule container with white
plastic sheeting,

(ii) checking load/unload tubes for contamination
before removal from the spent capsule container,

"bagging" the load/unload tubes before des-
patch, and

(iv) protective clothing if needed will be recommend-
ed by Safety Section.
(v} Providing shielded air line filter between the

spent capsule container and the active extract
svstem.
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(2)

"Stuck" Capsule

{(a) During assembly of all components, an oversize
capsule will be used to check that there is no possi-
ble area for a can to stick in either the conveying
line or items of eguipment,

{b) during testing and commissioning, the same over-
gize capsule will be used to ensure a free passage in
all parts of the conveying system,

(¢) all capsules used will be required to pass a
standard can test gauge before their acceptance in
the rig,

(d) all capsules will be inspected prior to packing
to ensure that damaged capsules, or ill fitted cap-
sule halves will not be used.

{e)} a gamma monitor will be located so that warning
of a 'stuck' can in the conveying tube will be given.

(f) If the above procedure is followed, it is highly
unlikely for a capsule to stick in the adjustment
tube of the in~pile rig. However, in such an event,
the following actions are to be followed -

(1) If a capsule is not ejected after the nominated
irradiation time of one minute, observe the time
T (say 10.35.am.).

(2) Immediately switch on power to the Adjustment
Tube Motor Control Unit (Switch is located on
the left hand side of this unit which is located
at Console 41). Press the button "Drive OUT” on
this unit until the adjustment tube which con-
tains the stuck can is driven to its maximuam
outer pogition. This ensures that the capsule
will be subjected to minimum flux level
(5109 n cm™4 Sec_l).

{(3) Increase the air pressure via the pressure
regulator located at the back of Console 40,
in steps of 5 psi.

(4) Press button EJECT on Console 40.

{5} Repeat steps (2) and (3) above until the capsule
is ejected from the in-pile rig to the counting
chamber.

(6) 1If the capsule is not ejected after applying a
MAXTMUM of 50 psi and within 10 MINUTES from the
observed time T {(i.e., at 10.45.am. in this
example} shut down the rig with the adjustment
tube still at its maximum outer position.

(7) Following (5) above, if the capsule is ejected
it will be sent to the counting chamber. Shut
down the rig for a minimum of twelve hours to
allow the capsule activity to decay in the
highly shielded counting chamber.
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(Continued)

(8)

Following (6} above, during the following HIFAR
shutdown period, dismantle the shield of the rig
face, gear motor, pneumatic tube, etc., to remove
the adjustment tube. Place the flange insert in
position to reduce radiation hazards. Health
Physics should monitor radiation levels at the
rig face at all stages to make sure that these
levels are acceptable. The Active Handling Group
may then transfer the adjustment tube to the hot
cells for stuck capsule removal.



(10) Leakage of
reactor graphite
blanket gas (helium)

D5

(a) series of "O" rings and a gasket, are placed
between the plug, head and reactor face to elimin-
ate leakage of the reactor graphite blanket gas,

(b} the seal welds on the plug are pressure tested
with helium gas during assembly

(11) High temper-
ature of the
aluminium thimble

Three thermocouples are located on the inner
wall of the sheath to record temperatures which may
be monitored and recorded by DAS

(12) High temper-
ature of the cans
being irradiated

{2) The temperature at the inner end of the adjust-
ment tube is monitored by two thermocouples,

(b} helium purge gas, supplied to the sheath end of
the plug, could be used for cooling if necessary,

{(c) calculated temperature rise of the ore sample
is only ~99C (refer Appendix H).

(13) Electrical
malfunction or loss
of electrical power
during the irradi-
ation of a sample

{a) The electrical supply to the control console
is taken from the rig supply source,

(b} the sclenoid wvalves used to perform the pneu-
matic system operations, are provided with manual
over-ride push buttons, thus enabling the
pneumatic circuit to be operated manually, on loss
of power.

(14) Loss of
compressed air

The compressed air used, is from a HIFAR source.
Emergency alr bottle will be available to supply
enough compressed air to clear the last capsule from
the in-pile rig.

{15) TFailure of an
air valve in the
pneumatic circuit

(a) The air valves use a dry, oil free air,
(b} the valves are inter-changeable,

(¢} a spare valve is included in the "spare parts"
supply with the rig.







APPENDIX E

NUCLEAR HEATING

(a) Data

Mass of ore samples (m) : 10_'2 kg
Maximum uranium content of ore : 5%
Irradiation time (t) » 60 s

Gamma dose rate (D) 3,3}{10“'1 Gy st

-

2_-1

Thermal neutron flux (max} (D) 2 x 1016neutron m s

..

Gamma heating factor (averaged

for elements in ore sample) (f) : 0,86
{b) Gamma heat rate
Q@ = mDf
-2 -~} -3
= 10 x 3,3 x 10 x 0,86 = 2,88 x 10 W

{c) Fission heat rate

Mass of fission material (U235) in ore sample (mf) is

_ 5 0,72 (m)
Me = 706 * 100

3,6 x 10_6 kg

Fission rate is given by

o -E-I- e ] me fission/second

r 3
where ¢ = fission cross section
= 5,75 x 3.0'_26 m2
N = Avogadro's number
23
= 6,03 x 1077 atoms/mole
M = Atomic mass number
= 235 g/uocle
23
- 6,0
o= 5,75 x 1020 & _;_2_52%9__ x 2 x 10"% % 3,6 x 107°
235x10 (kg)

= 1,06 x 1010 71

Total energy release per fission of U235 is 199 Mev
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Mence Fission heat rate = 1,06 x 10°° x (199 x 10°%) x 1,602 x 10 %2 J &1
=3,39x10 ' w
(d) Total heat rate = 2,88 x 10"3.+ 3,39 x 10 L @

3,42 x 10 Ly

(e) Total heat generated during irradiation period (60 s)

Il

Q = 3,42 x 107! x 60

20,5 J

(f) Temperature rise of sample (At)

At =-—9~.—.—
m Cp

specified heat of ore sample

Where C
P

Assume that the value of Cp for UO2 will apply in this case, i.e.

C
P

0,24k3 kg™t k*
20,5 x 107>

10 x 107> x 0,24

Hence At

I
o]
=

i
O
0O
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