
PNEUMATIC SYSTEM FOR TRANSFERRING RADIOACTIVE SAMPLES 

James A. Carpenter 

Savannah River Laboratory 
E. I. du Pont de Nemours and Company 
Aiken, South Carol i~ui  298.01 

Paper proposed f o r  presenta t ion  a t  t h e  
American Nuclear Society 1979 Winter Meeting 
San Francisco, Cal i fornia  
November 11-16, 1979 

and f o r  publ ica t ion  i n  Transact ions 

Paper No. -4-11 - -- 
L O ~  NO. 00151 
17 Pages 
0 Tables 
6 Figures 

- 1 - 

This paper was prepared i n  connection with work under Contract 
No. A~(07-2)-1 with the  U.S. Department of Energy. By acceptance 
of t h i s  paper, the  publisher  and/or r e c i p i e n t  acknowledges t h e  
U.S. Government's r i g h t  t o  r e t a i n  a nonexclusive, royalty-free 
l i c e n s e  i n  and t o  any copyright covering t h i s  paper, along with 
t h e  r i g h t  t o  reproduce and t o  author ize  o the r s  tb reproduce a l l  o r  
p a r t  of t h e  copyrighted paper. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Proposed running head: 

PNEUMATIC SAMPLE TRANSFER SYSTEM 



PNEUMATIC SYSTEM FOR TRANSFERRING RADIOACTIVE SAMPLES* 

ABSTRACT 

A pneumatic sample t r a n s f e r  system has been i n s t a l l e d  a t  

t h e  Savannah River Laboratory. Radioact ive l i q u i d  samples a r e  

t r a n s f e r r e d  from i n s i d e  a  sh i e lded  r e sea rch  c e l l  t o  a  sh i e lded  

a n a l y t i c a l  chemistry c e l l  125 meters away. Samples a r e  drawn i n t o  

4 d  g l a s s  v i a l s  which a r e  s ea l ed  i n  po lye thylena ,capsu les .  The 

capsu les  a r e  prope l led  by compressed a i r  a t  high speed through a  

1-inch polyethylene tube. Equipment i s  provided f o r  s e a l i n g  and 

opening t h e  po lye thylene  t r a n s f e r  capsu les .  The system has oper- . 
a t e d  f o r  12 months, and 500 samples have been t r a n s f e r r e d  success- 

f u l l y  . 

* The informat ion  contained i n  t h i s  a r t i c l e  was developed during 
the  course  of work under Contract  No. A'L(07-21-1 wi th  the U . 3 .  
Department of Energy. 



INTRODUCTION 

The Savannah River Laboratory has shielded research cells in 

which chemical process studies are made using highly radioactive 

materials. Cells are viewed through 3-ft-thick lead-glass windows, 

and operations are performed with master-slave manipulators. As 

the cells were originally constructed, analytical samples were 

loaded into a transfer cask, removed from the cells, and manually 

transported to a separate analytical facility 125 meters away. 

These operations were very time consuming because of the care 

needed to avoid spreading radioactive contamination and exposing 

personnel to excessive radiation. 

This paper describes a recently installed pneumatic transfer 

system for conveying radioactive analytical samples between two 

highly contaminated facilities. Compressed air propels a sealed 

capsule through a flexible plastic tube connecting the research 

cells to the remote analytical cell. The system comprises (1) a 

. capsule sealer, (2) an air supply, (3) a loader, (4) a diverter, 

(5) a control system that monitors the location of the capsule and 

operates air valves, (6) a receiving station, and (7) a capsule 

opener. These components and their operation are described below. 

DESCRIPTION 

Sample Preparation 

Liquid radioactive samples are contained in 4-mL glass vials 

with Bakelite@ (Union Carbide) caps and polyethylene sealing 

gaskets. The vials are inserted in high-density polyethylene 



capsules  (F igure  1) .  The capsu les  a r e  7.11 cm long by 2.25 c m  i n  

diameter.  The capsu le  cap snaps i n t o  a groove i n  t he  capsu le  

body. A foam rubber  cushion prevents  movement of t h e  v i a l  i n s i d e  

t h e  capsule .  Capsules a r e  numbered t o  a i d  i n  i d e n t i f y i n g  samples 

and weigh approximately 40 g when loaded. 

A capsu le  ho lder  (F igure  2 )  is  provided t o  minimize s u r f a c e  

contaminat ion of t h e  capsu les  dur ing  sampling ope ra t i ons  i n  t h e  

r e sea rch  c e l l s .  A wire b a i l  i s  provided f o r  handling. The holder  

i s  made i n  two p i eces ,  an  upper and a lower s e c t i o n ,  which a r e  

taped t o g e t h e r  a f t e r  empty capsu les  a r e  placed i n  t he  lower sec- 

t i on .  A p l a s t i c  shea th  i s  taped t o  t h e  ho lde r  t o  keep t h e  bottom 

and s i d e s  c lean .  I n  t h e  r e sea rch  c e l l s ,  sample v i a l s  a r e  i n s e r t e d  

i n t o  t h e  capsu les  through holes  i n  t h e  upper s e c t i o n  of t h e  holder .  

When t h e  ho lder  i s  f u l l  of samples, i t  i s  t r a n s f e r r e d  t o  t h e  send- 

i n g  c e l l .  I n  t h e  sending c e l l ,  t h e  p l a s t i c  shea th  and upper ho lder  

s e c t i o n  a r e  removed before  t he  ho lder  i s  placed on a c l e a n  p i ece  of 

p l a s t i c .  Clean tongs (he ld  by t h e  manipulator)  a r e  used t o  handle  

t h e  capsu les .  

A capsu le  s e a l e r  (Figure 3 )  i s  i n s t a l l e d  i n  each of two send- 

i n g  cells.  The s e a l e r  p r e s se s  t h e  cap i n t o  t he  capsu le ,  h e a t s  t h e  

polyethylene s e a l  a r e a  t o  flow temperature ,  then press -sea ls  t h e  

cap t o  t h e  capsu le  body. 

Pneumatic Transfer System 

The pneumatic t r a n s f e r  system i s  shown schemat ica l ly  i n  

Figure 4. (The sending c e l l s  r e f e r r e d  t o  above a r e  shown i n  t h e  

schematic a s  HLC Cells 6 and 7.) Each of t h e  two sending cells 



contains a sample loader. A loader is a slotted stainless steel 

tube with a movable sleeve which can be positioned to either ex- 

pose or cover the slot. O-ring seals are provided between the 

tube and sleeve. Capsules are loaded by inserting them into the 

tube slot. When a capsule is loaded, it drops past a photoelec- 

tric cell (PC) that signals the control circuit that a capsule is 

loaded. A limit switch signals the position of the loader closure 

sleeve. If the loader is open, the system cannot be operated. 

One side of the loader is piped to a compressed air storage 

tank. Storage tank pressure is regulated at 20 psig. A pressure 

switch on the tank prevents operation of the transfer system if 

the pressure is below 15 psig. (A tank pressure of 10 psig would 

be sufficient to make a pneumatic sample transfer.) The tank is 

sized to allow completion of a transfer even if the tank air sup- 

ply system fails. Check'valves prevent tank pressure bleed-back 

into the supply system. Electrically operated send valves control 

the flow of sir from the storage tank to the sample transfer tube. 

A 1-inch (2.54 cm) ID heavy-walled polyethylene tube connects 

the two sample loaders at the research facility with the analyti- 

cal cell 125 meters away. An electromechanical diverter is in- 

stalled to connect either of the loading stations to the transfer 

tube. Limie'swltches y~eveat operation of the system unless the 

dlverter Is ii~ its proper position. Photoelectrir. cells are 

installed strategically along the transfer tube to monitor the 

progress of a capsule during a transfer. The progress is shown 

on a graphic display panel on the master control console. 



The t r a n s f e r  tube  was i n s t a l l e d  wi th  long r a d i u s  (0.5 meter) 

bends and smooth s u r f a c e  connectors  and f i t t i n g s  t o  ensure t h e  

f r e e ,  r a p i d  movement of t h e  capsule .  A l l  j o i n t s  were leak- tes ted  

a t  38 p s i g  a i r  p r e s su re  us ing  l eak  d e t e c t o r  s o l u t i o n  t o  ensure 

t h a t  they were l eak  f r ee .  

The pneumatic t r a n s f e r  tube te rmina tes  a t  t h e  d i l u t i o n  c e l l  

sample r ece iv ing  s t a t i o n .  A cushion of a i r ,  t rapped i n  t he  t r ans -  

f e r  tube  between a  motor-driven b a l l  va lve  (drop valve)  and an  a i r  

vent  l i n e ,  d e c e l e r a t e s  t h e  sample capsu le  through the  l a s t  4 meters  

of t r a v e l  s o  t h a t  i t  comes t o  r e s t  g e n t l y  a t  t h e  drop valve. A 

p h o t o e l e c t r i c  c e l l  s i g n a l s  t h a t  t h e  capsu le  i s  a t  t h e  drop valve. 

The vent  l i n e  i s  equipped wi th  an e l e c t r i c a l l y  opera ted  vent  va lve  

and a  p re s su re  swi t ch  (PS) and d ischarges  i n t o  a  glove box. The 

vent  va lve  i s  c lo sed  except during t r a n s f e r s .  The p re s su re  swi tch  

i s  wired i n t o  t h e  l o g i c  c o n t r o l  system t o  prevent  ope ra t i on  un l e s s  

adequate  nega t ive  p re s su re  e x i s t s  i n  t h e  vent  l i n e  and t h e  glove 

box t o  accommodate t h e  t r a n s f e r  a i r  vent  volume. 

When a  pneumatic sample t r a n s f e r  i s  completed, t h e  drop va lve  

can be opened t o  a l low the  sample capsu le  t o  drop by g r a v i t y  i n t o  

t h e  d i l u t i o n  c e l l .  The drop valve can be opera ted  manually i f  t h e  

motorized ope ra to r  f a i l s .  

The capsu l e  opener (Figure 5) i s  loca t ed  i n  t h e  d i l u t i o n  

cel l .  The capsu le  i s  he ld  betweeu two r o t a t i n g  jaws. A heated 

k n i f e  edge i s  he ld  a g a i n s t  t h e  c e n t e r  of t he  capsu le  by s p r i n g  

pressure .  The hot  blade melts  t h e  polyethylene i n  a  l i n e  around 



t h e  capsule .  When a  c u t  i s  complete, t h e  upper jaws, which a r e  

counterweighted,  r a i s e  t h e  upper p a r t  of t h e  capsu le  and expose 

t h e  upper p a r t  of t h e  sample v i a l .  

The main c o n t r o l  console  (Figure 6)  i s  loca t ed  a t  t h e  d i l u -  

t i o n  c e l l  and con ta in s  t h e  l o g i c  c i r c u i t s  t h a t  c o n t r o l  t he  sample 

t r a n s f e r  opera t ion .  The l o g i c  c i r c u i t s  prevent  a  t r a n s f e r  un less  

tile followillg cond i t i ons  a r e  met: (1) proper s t o r a g e  tank a i r  

p ressure ,  ( 2 )  capsu le  i s  i n  t h e  l oade r ,  ( 3 )  l oade r  i s  c losed ,  

( 4 )  drop va lve  i s  c lo sed ,  (5)  adequate nega t ive  p re s su re  i n  t h e  

vent  l i n e ,  ( 6 )  t h e  d i v e r t e r  va lve  i s  i n  t h e  s e l e c t e d  p o s i t i o n ,  and 

( 7 )  t h e  vent  va lve  opens. The main console  has a  g raph ic  d i sp l ay  

panel  t h a t  shows system cond i t i ons  and t h e  r e l a t i v e  sample loca-  

t i o n  a s  i t  passes  through t h e  t r a n s f e r  tube. Emergency ove r r ide  

swi tches  a r e  provided t o  ope ra t e  t h e  send va lve  and vent valve. 

Sound-powered phones a r e  i n s t a l l e d  f o r  communication between t h e  

console  and t h e  sending s t a t i o n  panels  a t  t he  r e sea rch  f a c i l i t y .  

Sample t r a n s f e r s  can be i n i t i a t e d  only from t h e  main c o n t r o l  

console.  

The sending s t a t i o n  pane ls  con ta in  a  s e l e c t o r  swi tch  t o  con- 

t r o l  t h e  d i v e r t e r  pos i t i on .  The pane ls  a l s o  have a c a l l  bu t ton  

f o r  t h e  sound-powered phone and i n d i c a t o r  l i g h t s  t o  show when the  

power i s  on, send va lve  i s  open, capsu le  is  loaded, and loader  i s  

closed.  An aud ib l e  a larm sounds i f  t h e  l oade r  i s  open while a 

capsu l e  i s  loaded. 



PERFORMANCE 

The pneumatic sample transfer system allows radioactive 

samples to be transferred rapidly with insignificant radiation 

exposure to personnel or hazard of a radioactive spill. Less than 

one man-hour is required to seal the sample in a polyethylene 

transfer capsule, make the pneumatic transfer, and cut ope11 the 

capsule. Radiation exposure is insignificant even though the 

transfer tube is unshielded and passes through personnel-occupied 

areas, because the sample travels through the transfer tube at 

18 m/sec and exposes personnel to radiation for only a very short 

time . 
The safe operation of the pneumatic transfer system is en- 

hanced by the integrated logic control system that prevents a 

sample transfer unless preselected conditions controlling the 

transfer are sa~isfied. 

The pneumatic transfer facility has been in operation for 

a year, and over 500 analytical samples have been successfully 

transferred. Routine inspection, pressure tests, and radiation 

smear surveys have shown that thc system has remained leak free. 

A smear survey inside the transfer tube showed transferable 

contamination of less than 103 d/m alpha per 100 cm2. 
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FIGURE 3.  Capsule Sealer 
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FIGURE 5. Capsule Opener 






