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NAME FJLE NO.

DESIGN NOTE J.J. Burgerjon#* DMflume 1983 TRI-DN-83-27 p1““::{ 19

SUBJECT
Transportation of radio-isotopes via a long "air-chute"**

* 7, Gelbart, V. Lau, J. Lenz, B.D. Pate, T.J. Ruth, H.P. Sprenger, N. van Oers.

**A1go known as a "Pneumatic transfer system”
“Rabbit system”

This note presents the text and illustrations for a poster paper to be presented at the
CAP Meeting in Victoria on June 27, 1983. The display will also include colour

photographs of the CP-42 cyclotron and the PET (not included in this design note) and
some actual "rabbits” and pieces of rabbit tubing.

References:
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J.A. Correia, W.H. Buceliwicz, H.W. Strauss, N.M. Alpert, G.L. Brownell, and
J.M. Taveras, "Transportation of short-lived positron emitter from a medical cyclotron
to a remote imaging suite”, Med. Phys. 10(2), Mar/Apr 1983.
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Design Criteria

THE PosiTRON Emission TomoGraPH (PET) AT THE UBC HOSPITAL REQUIRES
18g, 11C, %N aNDp 150 wWAVING HALF LIVEs of 110, 20, 10 AND 2 MINUTES

RESPECTIVELY.

THE 42 MeV CYCLOTRON THAT PRODUCES THESE ISOTOPES IS LOCATED AT TRIUMF.
THe PET 1s LocATED AT THE UBC HosPITAL.

THE DISTANCE BETWEEN TRIUMF AND THE HOSPITAL 1S 2.4 xv (F1e. 1) To
MINIMIZE DECAY, THE TIME TO TRANSPORT THE ISOTOPES SHOULD NOT BE LONGER

THAN THE PROCESSING TIME: APPROXIMATELY 3 MINUTES.

A FAST “RABBIT" TUBE APPEARED TO BE THE ONLY PRACTICAL SOLUTION TO MEET
THIS CRITERION. AS FAR AS WE COULD DETERMINE, NO FAST RABBIT LINE OF

THIS LENGTH HAD EVER BEEN BUILT (Fi6- 2).

A FULL SCALE PROTOTYPE TEST, DONE IN 1979, SHOWED THAT THE ABOVE

CRITERION COULD BE MET-.

STRINGENT SAFETY CRITERIA ALSO HAD TO BE MET- THIS IS WHY, ALTHOUGH THE
TRANSPORTED ISOTOPES ARE QUITE HARMLESS BECAUSE OF THEIR SHORT HALF
LIVES, THE LINE WAS RUN 1.20 M UNDERGROUND AND 1S TOTALLY ENCASED IN
CONCRETE OF 10 CM MINIMUM THICKNESS: THE NINE MANHOLES, NEEDED FOR
ACCESS, HAVE 60 CM THICK CONCRETE COVERS (Fie. 3). THE MAXIMUM

RADIATION LEVEL AT THE SURFACE WILL NOT EXCEED 8 MICROREM PER HOUR-



00€8:1°XOdddV 3I1VIS

ININ3did dWNI4L/ TVLIdSOH 08N

W e




FULL SCALE
CROSS SECTION OF DUCT

31.0mmDIA. TUBES

DUCT

RABBIT

COAXAL
CABLE

' GAS
CYLINDER

OPTICAL \ :’53335235:;...., .....::az:;-.::zziﬂ'
CABLE .-5,:.: > T

RABBIT

\smuo nv/

TUBES /
20.7mm DIA. TUBES Fig.2



RESTORED
/LANDSCAPING

v.'u'.m,"a.'m'.*" P Z[IZ k|
. ,;I://‘/
COMPACTED BACKFILL “ .
?l‘ 7 . 2
=w
/ E3
' / gu
15 M Pa i
CONCRETE ENCASEMENT
A
150 mm DIA. PIPE
SCALE 1:24 PIPELIN
1.47m DIA.CONC. LID~
X
Y ?
- {t == ' AEUE 2z A
%
¥
1.22m.D. é t
PRECAST MANHOLE % g £
| 4 < P
) / (o] -
1.22mms.§ gg:mm. z j
CONC.DI .
b '/ ‘%4- 4
I = N

0.92mDIA.
PRECAST M.H. SECTION

SCALE 1:24

CONCRETE BASE

Fig.3




How It Works

LIKE AN OVERGROWN PEA~SHOOTER!

THE CAPSULE OR “RABBIT”, CONTAINING THE RADIO-ISOTOPE VIAL, IS DRIVEN
THROUGH THE TUBE BY AIR AT A PRESSURE OF 700 kPa.

INITIAL ACCELERATION IS AT ~600 6. DURING THE FIRST FEW METERS THE
RABBIT APPROACHES A SPEED OF SEVERAL HUNDRED METERS PER SECOND-

SOON THE AIR BEING COMPRESSED AHEAD OF THE RABBIT SLOWS IT DOWN TO

SOMETHING LESS THAN THE SPEED OF THE PRESSURE FRONT.

TOWARDS THE END OF THE TUBE THE FLOW RESISTANCE OF THE REMAINING TUBE
DECREASES AND THE RABBIT PICKS UP SPEED AGAIN (Fig. 4, 5 aND 6). THE
LARGER DIAMETER RABBITS TRAVEL FASTER. IN THE 1979 TEST THE TRANSIT

TIMES WERE LIMITED BY THE AIR SUPPLY.

IT TAKES ONLY A FEW KPA TO PROPEL THE RABBIT. THE AIRFLOW IN THE TUBE
IS HARDLY AFFECTED BY THE RABBIT (FI1G. 7, PRESSURE IN MANHOLE #9 vs.

TIME) -

TRANSIT TIMES WERE MEASURED AS FOLLOWS:

1979 Test ResuLTs: A RADIO-ACTIVE SOURCE IN THE RABBIT PRODUCED A
SIGNAL IN A RADIATION DETECTOR EACH TIME THE RABBIT COMPLETED ONE OF
THE 29 coiLS OF THE 2.4 xm LONG TUBE-

1983 “As BuiLT” RESULTS: A MAGNET IN THE RABBIT PRODUCED A SIGNAL 1IN
A DETECTOR COIL EACH TIME THE RABBIT PASSED THE SEND STATION, THE NINE
MANHOLES AND THE RECEIVE STATION (Fi1g. 8).
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Variation Of Ra‘vbbit Diameter

THE RABBIT DIAMETER IS THE MOST CRITICAL PARAMETER. Too
CLOSE A FIT IN THE TUBE INCREASES FRICTION. Too LOOSE a
FIT ALLOWS TOO MUCH AIR TO LEAK PAST THE RABBIT (F16. 9).

OPTIMUM RABBIT/TUBE DIMENSIONS:

TUBE INSIDE DIAMETER (MM) 20.7 51.0
TUBE NOMINAL TOLERANCE (MM) £0.10 £0.15
OPTIMUM RABBIT DIAMETER (MM) 18.75 28.75
OPTIMUM NOMINAL CLEARANCE (MM) 1.95 2.25
UPTIMUM ACTUAL CLEARANCE (MM) 1.85 2-10
TRANSIT TIME  31.0 MM DIA TUBE 124 £ 3 ¢

TRANSIT TIME 20.7 MM DIA TUBE 153 £ 3 s
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Variation Of Pressure

THE PRESSURE IN THE TANK SUPPLYING THE AIR TO THE RABBIT

LINES WAS REDUCED BY CLOSING THE VALVE TO THE COMPRESSOR-

THIS CAUSED A PRESSURE DROP OF ~200 kPA DURING A RUN-
THE EFFECT ON THE TRANSIT TIME IS RELATIVELY MINOR AND 1S
16NORED IN F16. 10.

A 50% INCREASE IN PRESSURE WOULD REDUCE THE TRAVEL TIME BY:

2427 FOR THE 20.7 MM DIA. TUBE
407 For THE 31.0 MM DIA. TUBE
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Variation Of Tube Length

TUBE LENGTH WAS VARIED BY DISCONNECTING THE COUPLINGS 1IN
SOME MANHOLES-

Fi6. 11 sHOWS THAT THE LENGTH OF THE TUBE HAS LITTLE EFFECT

~ ON THE INITIAL SPEED-

F1G. 12 SHOWS TRANSIT TIME T AND AVERAGE SPEED § vS. THE

LENGTH L OF THE TUBE:.

FiG. 13 SHOWS LOG T VS. LOG L. THE GRAPH INDICATES THAT,

WITHIN THE RANGE MEASURED, T VARIES WITH L AS LieS.
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Conclusions

BOTH PROTOTYPE TESTS AND “AS BUILT” TEST PROVE THAT RABBITS
CAN BE TRANSFERRED OVER 2-4 XM IN 2 - 2.5 MINUTES IN TUBES

oF 31.0 AND 20.7 MM INSIDE DIAMETER, RESPECTIVELY (FiG. 6).

MEETING THE DESIGN CRITERIA WITH LONGER TUBES WOULD SOON
BECOME IMPRACTICAL WITH THIS METHOD, AS THE TRANSIT TIME

VARIES WITH L1*5 (F16. 13).

THE THEORETICAL MINIMUM TRANSIT TIME FOR A 20.7 I.D. RABBIT
TUBE OF 2.4 KM LENGTH IS APPROXIMATELY 1 MINUTE, THE TRANSIT
TIME FOR THE PRESSURE FRONY (Flg. 7). FOR THIS THE RABBIT
WOULD HAVE TO SEAL PERFECTLY INSIDE THE TUBE, WITH VERY LITTLE

FRICTION-

TESTS NOT DESCRIBED IN THIS PAPER HAVE SHOWN THAT VARIATION
OF RABBIT MATERIAL AND SHAPE HAD NO MEASURABLE EFFECT ON THE
TRANSIT TIME-



