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FOREWORD 

T h i s  report, covering glove box construction materials, 
auxiliary components, safety, f i r e  protection, and 
operational problems, was approved by t h e  General Manager 
on June 18, 1962, fo r  use as a guide i n  the design and 
operation of glove boxes, pending the establishment of 
formalized design c r i te r ia .  

The preparation of design c r i t e r i a  wi l l  be in i t i a t ed  
upon completion of the comparative evaluations and 
t e s t s  of various glove box materials and components, as 
recommended i n  t h e  report. Approved design c r i te r ia  
will be issued as a chapter of Section 6300 of the 

_, AEC Manual. 

I John A. Derry, Directo 
Division of Construct1 

June 20, 1962 
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T h i s  report has been prepared by a n  ad hoc Committee, established 
by memrandum from the General Manager dated August 27, 1959, f o r  
the purpose of establishing guide l ines  for  the design of efficient,  
safe, and economical glove boxes. 

Comprehensive discussions of glove box materials and components, 
safety and f i re  prevention methods, health physics problems, 
operational considerations, and br ief  de’scriptions of AEC 
installations,  a re  included. 

The Committee recomends t h a t  t h e  report be u t i l i zed  as a design 
guide, pending the establishment of formalized c r i te r ia ;  
AEC support projects for  tes t ing the application of existing 
products and components t o  glove box operations and t h e  development 
of improved components where necessary; tha t  the AEC establish 
cormrmnication channels to  encourage the  exchange of information 
between installations,  covering experiences and developments i n  
the design and operation of enclosures. 

tha t  t he  



REPORT ON 
GLOVE BOXES AND CONTAINMENT ETJCLOSURES 

AUTHORITY AND PURPOSE 

As a result of various studies into the f i re  and safety conditions pre- 
vai l ing i n  AM: glove box f a c i l i t i e s ,  t he  General Manager, by memorandum 
dated August 27, 1959, established an ad hoc committee to  formulate 
c r i t e r i a  and guide l i nes  for  the  design, construction, and operation of 
safe, economical, and eff ic ient  glove boxes and associated f a c i l i t i e s  
based upon present conditions and anticipated changes. 
provide complete coverage of the many facets  of the  problem four sub- 
committees were appointed as follows: 

I n  order t o  

(1) Glove Box Construction Materials and Components 

(2) Glove Box Operations 

(3 )  Safety and Fire  Protection 

(4)  Health Physics 

The subcommittees developed a comprehensive questionnaire which was 
submitted t o  a l l  Operations Offices having extensive experience with 
glove boxes and other type enclosures. 
have been supplemented and consolidated with information obtained through 
personal visits to various offices, discussions with operating personnel, 
and review of available publications. 
i n  Table I. 

The responses t o  t h i s  questionnaire 

Reporting off ices  are l i s t ed  

DEFIMP)ION OF GLOVE BOX 

For the  purpose of t h i s  report, a glove box o r  enclosure and associated 
f a c i l i t i e s ,  is defined as: 
an operation o r  process to contain and separate hazardous materials 
f r o m  operating personnel o r  unfavorable environmental-conditions. 
def ini t ion does not include "Hot Cells". The terms "glove boxes" and 
"enclosures" are used synonymously herein, and include boxes equipped 
fo r  semi-remote operations, but principally those equipped with gloves. 
Enclosures are used extensively throughout AM: i n  both laboratory and 
fabrication operations. 

a compartment, box o r  hood used t o  enclose 

This 
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APPLICATION OF GLOVE BOXES AND ENCLOSURES 

Reasons fo r  employing enclosures may be either necessity o r  simply an 
advantage. 
f r o m  hazardous situations with toxic, pyrophoric o r  radioactive 
substances. The "advantage" i s  i n  keeping workers o r  materials 
separated f r o m  detrimental si tuations involving moisture, f'umes, dust, 
oxygen, etc., so as t o  e f fec t  economy o r  improve product. 

In the early stages of dealing wi th  these si tuations an attempt was 
made t o  accomplish t h e  separation of worker and hazard  by enclosing 
t h e  worker with such awkward devices as masks, shoe covers, respirators, 
special suits, etc. This approach t o  the  problem has many disadvantages 
which have been discussed i n  various reports. Discussions of protective 
clothing are contained i n  AEC report, ORNL-3070 by C. J. Barton, and i n  
t'ne publication, "Glove Boxes and Shielded Cells", edited by G. I?. Walton. 

The "necessity" i s  t o  keep workers or  material separated 

Later on, means were found t o  enclose the  work instead of the worker. 
The first enclosures lef t  much t o  be desired. 
materials and techniques have improved so t h a t  today it should be possible 
t o  provide a good box for  almost any situation. 
Simply one t h a t  adequately yet economically encloses an operation. 

Over the  years, however, 

What is a good box? 

Information on enclosures as used i n  many different applications i s  
important to  anyone who wishes t o  adopt o r  expand t h e i r  use. 
presents such information. 
c lass  of enclosure tha t  satisfy a large portion of t h e  problems - but 
t h e  principles apply to a l l  enclosures. 

This report 
Emphasis i s  upon glove boxes - a special 

When laboratories began t o  deal with radioactive materials, it became 
necessary t o  find means of safely handling these hazardous substancesD 
Although t h i s  problem i s  re la t ive ly  new, great progress has been made 
and i s  continuing. 
control can be established and maintained within re la t ive ly  small volumes 
of space i n  enclosures = part icular ly  glove boxes. 
hazardous operation is isolated and contained, and by concentration of 
t h e  controls wi th in  a small area it i s  possible t o  carry on highly 
specialized work i n  a laboratory t h a t  i s  otherwise normal and i n  which 
the  workers themselves are not hampered by cumbersome protective devices. 

Techniques and equipment have been developed whereby 

Thus the  potent ia l ly  

This concept of t h e  enclosure Hithin which to incorporate t h e  specific 
controls needed t o  carry out specialized work i s  not necessarily limited 
t o  t h e  handling of radioactive materials. 
means of controlling a hazard, enclosures can be used effect ively as a 
convenient and economical means f o r  quali ty control and can be applied 
t o  pract ical ly  any operation fo r  which it i s  necessary t o  establish 
cer ta in  conditions of environment o r  of confinement, *ether of solids, 
liquids, o r  gases, o r  of radiation. 

Originally devised as a 
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ADVANCE PLANNING 
The decision t o  use, o r  not use enclosures, automatically determines 
the philosophy of operations. 
ear ly  i n  t h e  planning stage as t h e  choice may have profound ef fec ts  
upon building requirements, equipment selection, budget estimates, 
etc. 
in to  phases fo r  convenient enclosure application, it i s  possible t o  
evaluate t h e  personnel problems and building and operation costs. 
The heating, ventilation, insurance, safety, and other factors  of 
operating a plant are influenced by t h e  use of enclosures. 
importance of pre-planning i s  stressed a t  nearly every s i t e  employing 
enclo w e  s . 

This decision should be made very 

A f t e r  analyzing t h e  basic operation and i t s  possible separation 

The 

COMEWCIAL BOXES 

I n  recent years various manufacturers have entered t h e  f i e ld  of 
glove box fabrication. 
f e w  sources, but a re lat ively large number of firms fabricate 
enclosures t o  conform with t h e  customers' specific requirements and 
specifications. 
i n  substantial  economies, the application o r  adaptabili ty of such 
boxes should be investigated before a decision is reached to design 
and procure a custom made box. The names and addresses of 
manufacturers of glove boxes, equipment and components are l is ted i n  
t h e  annual ''buyers guide" issue of "Nucleonics". 

Standard design boxes are available from a 

Since the procurement of a ready-made box may resu l t  

DISCUSSION 

It i s  expected t h a t  future technical developments will resu l t  i n  
modifications i n  established design, fabrication and operation of 
enclosure f a c i l i t i e s .  Owing t o  t h e  rapid changes i n  design and 
operation of enclosures, periodic reappraisal i s  i n  order. 
m u s t  be able t o  anticipate trends t o  t h e  extent permitted by practicali ty,  
ingenuity, and economy i n  order t o  assure effective operation i n  t h e  
f'uture . 
The use of enclosures, including glove boxes, comes in to  increasing 
favor as their  advantages are recognized. 
chemistry, biology, medicine, engineering, electronic manufacturing, 
pharmsceutics, etc., and t h e  advantages of an enclosure are not res t r ic ted  
t o  safety aspects; economy, efficiency, o r  production qgali ty m y  fre- 
quently be enhanced regardless of whether o r  not there are any questions 
of safety involved. 

Management 

Applications may be i n  

Since t h e  poss ib i l i ty  of accidents must not be overlooked, t h e  
protective measures being employed i n  any enclosure, or  system, 
wherein radioactive materials are being handled, should be supple- 
mented by an active and effective h e a l t h  physics program. 



If the  general development and application of enclosures seems slow, 
it may be f o r  these three reasons: 

1. 

2. 

3. 

Unfamiliarity -- People called upon t o  specify and design 
installations,  having established cer ta in  thought patterns, 
are reluctant to depart f r o m  t h e  designs and techniques 
with wbich they are familiar and i n  which they have 
confidence. 

Specificity -- Those forced by circumstances (handling 
plutonium, bacteria, etc. ), t o  employ enclosures, consider 
t h e i r  own specific requirements but have no great in te res t  
i n  the  broad aspect of "general" design. 

Inexperience -- Few have t h e  background of experience and 
ingenuity necessary to advance in to  t h e  f r o n t  l i n e  of 
development. Knowledge of, and experience with enclosures, 
are necessary i f  one is t o  design an e f f ic ien t  and economical 
unit t o  meet the  requirements f o r  any par t icular  job. 

A consolidation of opinions, techniques, and equipment design is  provided 
herein. It i s  hoped that t h i s  report w i l l  serve: 

Management: i n  demonstrating t h a t  enclosures can be of 
v i ta l  concern to t h e i r  f i e l d  of responsibility; 

Engineers and Architects: i n  emphasizing t h e  value of ant ic i -  
pating cer ta in  features of building design, i n  
stimulating t h e i r  i n t e re s t  and ingenuity i n  t h i s  
area, and providing knowledge of existing 
instal la t ions;  

Scient is ts  and Researchers: i n  acquainting them with cer tain 
infomation t h a t  may be of help i n  planning 
t h e i r  equipment and processes; 

Operating Technicians: i n  ass i s t ing  i n  their  understanding 
of any complexities of enclosure operation; 

Safety Specialists:  i n  appreciating t h e  value of enclosures 
i n  safety programs and t h e  need f o r  safety and 
fire prevention devices i n  glove boxes. 

If some progress can be made i n  more frequent standardization and i n  closer 
cooperation on di rec t  and related problems of enclosures i n  the  many applic- 
able f ie lds ,  t h i s  report w i l l  have served a usef'ul purpose. 

4 



ENCLOSURE DESIGN 

The design of glove boxes o r  enclosures requires careful considera- 
t i on  of construction materials, air flow patterns, vent i la t ing 
equipment, filters, atmspheric control, lighting, glove and bag 
port sizes, alarm devices, f ire extinguishing equipment, explosion 
suppression o r  containment features, window size and construction 
and many other i t e m s .  
materials to be handled, operating procedures, safety requirements, 
and heal th  physics considerations. 
more convenient, to l i m i t  to t h e  smallest possible volume the space t o  which 
t h e  controls - of pressure, temperature, humidity, atmsphere, o r  isolation- 
must be applied. 

The design i s  effected by t h e  types of 

It i s  mre economical, as w e l l  as 

Detailed discussions of glove box construction materials and components 
are contained i n  Appendix I; 
Appendix 11; 
heal th  physics factors i n  Appendix IV. 
descriptions of various AM: instal la t ions.  
i n  Appendix V I .  

of operational considerations i n  
of safety and f i re  protection i n  Appendix 111; and of 

Appendix V contains br ief  
A bibliography i s  contained 

The variety i n  design and construction of glove boxes seems to be as 
extensive as the  number and ingenuity of designers. 
greater economy and efficiency i n  t h e  design of enclosures, infomation 
collected by the  committee has been analyzed to determine whether 
any i t e m s  could be standardized fo r  a substantial  number of boxes. 
From t h i s  analysis it appears t h a t  *he following guides could be 
applicable to a majority of box instal la t ions:  

To accomplish 

a. 

b. 

C. 

a. 

e. 

f. 

Ventilation of enclosures should generally be designed t o  
provide a supply mte of 1 to 2 volume changes per minute, 
a t  a negative pressure of about 1/2 inch of water. 

Recirculation of the  ventilating medium should be considered 
where use of ine r t  gases o r  conditioned atmsphere is necessary, 
o r  economic advantages accrue. 

The advantages of "close- capture" systems should be investigated 
where dust; o r  fumes having explosive, pyrophoric, o r  toxic properties 
are generated i n  hazardous quantities. 

Standby eqyipment should be ins ta l led  t o  assure continuity 
of ventilation i n  hazardous operations. 

Dual incombustible (AEC type high efficiency) filters, designed 
to  permit alternate use, should be provided where hazardous 
operations are conducted. 

V i e w i n g  windows should be of suff ic ient  s ize  to permit the 
operator, when i n  an operating position, t o  observe the en t i re  
i n t e r io r  of t h e  enclosure. 
wbicb w i l l  resist abrasion, fragmentation, heat o r  fire, and 
discoloration from radiation. 

Window material should be of a type 

I 
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1. 

m. 

n. 

Circular glove ports, generally 8" i n  diameter, should be used, 
with provision f o r  smaller and larger  ports as needed, and located 
t o  permit the operator to reach a l l  parts of t h e  i n t e r io r  of the 
enclosure 

Bag ports  should be limited t o  the following sizes: 
16", and 24" diameter, 

k", 811, l2", 

R e m o v a l  of contaminated equipment and materials f r o m  enclosures 
through use of sealed p la s t i c  bags, results i n  mre effective 
contamination control than through use of air locks; 

Enclosures should be designed t o  permit replacement of gloves 
and t r ans fe r  bags without violating t h e  in tegr i ty  of t h e  
physical barrier; 

Explosion venting o r  suppression devices  should be provided in 
enclosures subject t o  explosion hazards. 

Emergency controls f o r  equipment enclosed i n  glove boxes should 
be located both inside and outside of t h e  enclosure. 

Recognized f i r e  protection and detection practices and t h e  latest 
engineering developments i? t h e  f ire protection f i e l d  should be 
incorporated i n  t h e  design. 

Auxiliary equipment should be located outside t h e  enclosure t o  
t h e  maximum practicable extent. 

CONCLUSIONS 

From the  information gathered it i s  concluded tha t :  

t h e  establishment of criteria, f o r  use asguides i n  the  
design of glove boxes and enclosures should result i n  more 
uniform, safe and economical f a c i l i t i e s .  The information 
presented i n  t h i s  report fulfi l ls  the  Coxnitteets assignment 
by providing an interim guide f o r  the design of enclosures 
and should prove helpful i n  t he  subsequent development of 
formal c r i t e r i a ;  

a cer ta in  amount of standardization of glove box components 
would be beneficial  and could result i n  substantial  economies; 



3 .  a continuing program should be initiated to distribute notices 
and communications to all AEC installations as pertinent 
techniqyes, designs, and materials develop; 

4. a forum should be established for periodic factual discussions 
of the technical, safety, and economic developments which can 
and have been successfully applied in the use of glove boxes 
and enclosures; 

5. operator training programs should be emphasized at all AM: 
installations to insure operator familiarity with good 
housekeeping practices, precautionary and emergency 
procedures, and operating techniques; 

6. certain research and development projects should be undertaken 
to determine relative advantages of various materials and 
enclosure components and the properties and effects of various 
ventilating media. In this program, care should be exercised 
to avoid duplication of tests, evaluation and development. 
Investigational projects have been suggested by various sub- 
committees and are detailed in the appendices. 

RECOMMENIlATIONS 

The Committee recommends that the AEC: 

1. Adopt this report as an interim guide for the design of glove 
box facilities and undertake the development and distribution 
of formal design criteria; 

2. Support necessary research and development pmjects to 
determine relative advantages of various materials and 
enclosure components; 

Encourage better commnicakions between various sites 
regarding pertinent technihes, designs and materials 
development in the glove %x field. 
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APPENDIX I 

GLOVE BOX CONSTRUCTION MATERIALS AND COMPONENTS 

A. GENERAL DISCUSSION 

1. Materials of Box Construction 

Enclosures have been constructed of plywood, carbon steel, 
s ta in less  steel, aluminum, and various p l a s t i c  materials. 
tabulation summarizing materials used i n  glove box construction 
a t  various AEX ins ta l la t ions  i s  shown on page 1-13. A comprehensi e 
presentation of t h i s  subject i s  contained i n  t h e  report by Barto d . 

A 

Supports for  enclosures are usually fabricated of commercially 
I n  t h e  case of ply- available s t e e l  angles o r  welded pipe frames. 

wood boxes, t h e  supporting frames are  constructed of wood o r  steel. 

Boxes constructed of carbon s t e e l  o r  plywood and a l l  support- 
ing frames are  usually coated with corrosion res i s tan t  paint, vinyl 
paint  o r  t h in  p l a s t i c  sheeting. 

2. Ventilation, F i l t r a t ion  and Atmosphere Control. 

I n  designing an enclosure one of the most important items i s  
ventilation. 
volume of t he  required type of air  o r  gas t o  the  glove box o r  enclosure. 
The success of ventilation control i n  a glove box o r  enclosure obviously 
can determine t h e  success of t h e  instal la t ion,  since by our original  
concept - fo r  our purposes - an enclosure i s  a volume of space wherein 
atmospheric conditions are maintained under control. 
anywhere - through a gasket, glove, o r  cracked window - indirect ly  
consti tutes a failure i n  t h e  ventilation system. 

Ventilation covers t h e  supply and exhaust of t he  proper 

An unexpected leak 

There are so many inter-related factors  i n  designing and operating 
a sat isfactory ventilation system t h a t  a simple description i s  not 
possible. 
in to  the  following basic types: 

I n  general, t h e  various ventilation systems can be divided 

(1) A minimum of air  o r  gas flow. 
(2) A maximum of air o r  gas flow. 
(3) NO air o r  gas f low (only adjustment f o r  make-up 

l e a h g e  volume to maintain specified pressure). 

Types (2) and (3)  are  special cases and need individual consideration. 

ORNE3070, "A Review of Glove Box Construction and Experimentation", 
by C. J. Barton 
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APPENDIX I 

Type (1) Ira minimum of air  flow" i s  recognized a s  the basis for  
the majority of operations. 
minimum volume requirements would fa l l  within a f a i r l y  n a m w  
range of values as adopted by the different  users. 
i n  a number of cases are  given under the discussion fo r  a particular 
s i t e  . 

Even t h e  various opinions as t o  the 

Exact volumes 

Combined with general ventilation a re  special auxi l iar ies  - 
close capture (see page I-4), scrubbers, recirculating gas, internal  
condensers, o r  heat exchangers, - a l l  a re  usually considered 
components of ventilation, internal  to an enclosure system. The 
enclosure system is  in tac t  except a t  the i n l e t  and out le t  f i l t e r s  
and the f i l t e r s  form the boundaries of the enclosure. 

Operation of the ventilation system begins w i t h  the blower which, 
i n  the case of enclosures, should be located beyond the exhaust f i l t e r  
and as  near the exhaust point as can be arranged. 
negative pressure within the duct system, and hence an accident o r  
f i l t e r  failure would not spread activity in to  a building o r  area, 
should there be openings i n  a duct. 
f i l t e r  t h e  blower i tsel f  should remain clean and present no d i f f i cu l t i e s  
f o r  maintenance. 

This maintains a 

With a properly operating exhaust 

A t  t h e  enclosure exhaust it i s  customary to control the negative 
pressure with dampers. 
account f o r  t h e  pressure drop of t h e  entering air  through the i n l e t  
f i l t e r  plus the pressure drop through the exhaust f i l ter  and leave 
the box operating at t h e  desired negative pressure. 
rather universal basic premise and is  achieved by various combinations 
of blowers, duct pressures and ventilation balancing an inlet f i l t e r  
and the outside face of an out le t  f i l t e r  where the  exhaust goes to 
a duct and t o  t h e  atmosphere. 

The amount of t h i s  negative pressure must 

This i s  a 

The negative pressure is  expected t o  insure t h a t  leaks of any 
kind - accidental o r  operational - have a minimum probability of 
permitting contamination to escape. 
cases i s  between 1/4" and 1" negative water pressure with respect t o  
the atmosphere surrounding the glove box. 
less than minus 3/4" i s  used, the gloves extend quite r ig id ly  into 
the glove box and, i n  s o m e  cases, t h i s  can in te r fe re  with operations. 
Some sites feel t h a t  at  least minus 1/2" water pressure i s  required t o ,  
insure against escape of contamination a t  even a small opening. 

The approximte range used i n  most 

When a water pressure of 

Thus t h e  characterist ics and s ize  of the inlet filters are  
largely determined by the air  volume and t h e  negative pressure .: : . -  
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desired. 
air  should be cleaned by a building f i l t e r  system. The enclosure 
i n l e t  f i l t e r  serves t h e  dual f'unction of providing additional 
cleaning thus prolonging the  l i f e  of t he  exhaust f i l ter ,  and 
preventing ac t iv i ty  i n  the box from escaping upstream. 
location of the  i n l e t  f i l t e r  and the  provisions fo r  changing f i l t e r  
elements are features wbich must receive at tent ion i n  designing an 
enclosure . 

Nearly a l l  ins ta l la t ions  recognize t h a t  t h e  incoming 

The 

An enclosure usually i s  adjusted t o  operate between 1/2 volume 
The smaller t he  change per minute and 3 volume changes per minute. 

volume t h a t  can be used wi th  safety, the lesser  the  power demand, 
f i l t e r  capacity, and duct s izes  required, and the greater the cost 
savings t h a t  w i l l  result .  

Numerous systems have been devised f o r  measuring and controlling 
t h e  nega,tive pressure. Manometers can be employed, but a t  present 
magnohelic gauge controllers are i n  wide use a t  the  various s i tes .  
Combined with these are arrangements t o  provide alarm and control i n  
case of f i r e  o r  accident. 

The air  leaving the  clean side of the enclosure system exhaust 
f i l t e r  is presumed t o  be almost, i f  not entirely, f r ee  of the  
contaminating elements i n  t h e  box. To achieve t h i s  result, special 
design of f i l t e r s ,  scrubbers, condensers, etc., h a s  been required 
i n  many cases. Complicated procedures are frequently involved i n  
changing these filters and, i n  some instances, dual exhaust f i l ters 
are designed into t h e  syctem so t h a t  when one i s  plugged o r  fails it 
can be removed from service and the second f i l ter  put in to  service 
without interruption of mrk while t h e  f i l t e r  i s  changed. 

To make t h e  changing of filters as infrequent as possible, 
special equipment is introduced t o  prevent acid f'umes from destroying 
t h e  f i l ter ,  dust h . o m  clogging it, o r  moisture f r o m  causing trouble- 
some condensation i n  t h e  ducts or f i l t e r  media. Fac i l i t i e s  f o r  these 
purposes wi l l  be reported under the individual instal la t ions.  

F i l t e r  un i t s  are t h e  most standardized component of the 
enclosures. 
and several thicknesses from commercial sources. 
with greater f ire resistance are being ins ta l led  a t  prac t ica l ly  every 
site. The efficiency rating has become widely accepted as t he  
D 0 P test, and the  shipping, handli 

H i g h  efficiency filters are available i n  several s izes  
Improved filters 

, storage and ins ta l la t ion  
techniques ar.e also somewhat routin f3Y . TQ o f fe r  protection to  high 

r/ See U.S.~.E.C.hrblication. TID-7023- Issued Aug. 1961- "High  Efficiency 
Part iculate  A i r  Fil ter U n i t s "  - Available from the  Office of Technical 
Services, Dept. of Commerce, Washington 25, D. C., - Price $0.75. 
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efficiency f i l ters  it i s  c o m n  practice t o  i n s t a l l  some fibre glass 
media ahead of t h e  high efficiency unit. The prefilter ins ta l la t ion  
i s  ei ther  incorporated i n  t h e  enclosure i n  such a way t h a t  the  f i l t e r  
change i s  carried out within the box, or  i s  ins ta l led  i n  a short run 
of duct beyond the box. 
end of long large contaminated ducts are  s t i l l  i n  use, but they are 
seldom considered i n  new construction. 

Some o f  t h e  old large f i l ter  banks a t  the 

7. Recirculatimz Ventilation 

There are numerous instances where it i s  advantageous t o  
recirculate  a l l  o r  a portion of t h e  ventilating gas being used fo r  
an enclosure. 
helium, a n  economic factor  may eas i ly  ju s t i fy  a recirculating system. 
Also  an extra dry atmosphere may be costly and d i f f i c u l t  t o  obtain, 
and t h i s  can be recirculated economically. Recirculation is sometimes 
necessary where the  cleaning techniques are  not suff ic ient ly  good t o  
permit exhausting t h e  air  t o  the atmosphere. 
t h e  box i s  often remved through t h e  ventilation system. 
volume of air must be used and frequently it is an advantage t o  cool 
the air  through heat exchangers, and recycle r a t h e r  than provide 
f i l t r a t i o n  f o r  t h i s  extra volume of air. 

Where an ine r t  gas is required, such as argon o r  

Heat generated within 
A greater 

Many systems have been considered for recirculating the gas, 
and a number of them tried out - some successfil ly - while others 
were abandoned Without overcoming t h e  f f icu l t ies .  Many pertinent 
points a re  covered i n  various reports. 

4. Close Capture 

The close capture technique has  proved very valuable i n  a number 
of instal la t ions.  
quantit ies within limited areas it i s  an advantage t o  co l lec t  these 
without let t ing them become dispersed throughout the  en t i r e  box o r  
enclosure. 
to gather air  a t  h igh  veloci t ies  through a "snout" and placing t h e  
snout i n  a s t ra tegic  posit ion over the source point, 
dusts o r  f'umes are f i l t e r e d  o r  scrubbed within the same box, o r  
transferred t o  another enclosure f o r  processing. 

Wherever dust o r  fumes are produced i n  troublesome 

This i s  accomplished by having a special blower ins ta l led  

The exhaust 

Because of the  explosive nature of many dusts, t h e  pyrophoricity 
of numerous materials, and the toxic properties of various materials, 
great care must be observed i n  designing a close capture system 
into an enclosure. 

1/ U . S . R . ~ 3 6 3 5 ,  "Off-Gas Treatment i n  Berkeley Enclosures: by Thaxtor,M.D., 
Cantelow, H.P., and Burk, C. 
ANG5509, "The Safe Handling of Radioactive-Pyrophoric Materials" by 
Kelman, L.R., Wilkinson,W.D., Sheck,A.B., and Goertz, R.C. 
Proceedings of 8 t h  Hot Lab. Conference, Dec. 1960, Coleman,L.F., e t  al. 
"Atansphere Handling and Control f o r  a Glove Box Facility". 

14 1-4 



APPENDIX I 

5. Scrubbers - Absorbers - Dryers. 

Scrubbers used i n  connection wi th  box operations function i n  t h e i r  
normal manner but reqyire t h a t  some special features be added. 
control must insure t h a t  t h e  proper box pressure i s  maintained. 
each specific application imposes a special s e t  of conditions. 

Pressure 
U s u a l l y  

Absorbers are called upon to  remove gases, and the most c o m n  type 
i s  activated carbon. This i t i  ubed extensively, and where it will not 
remove Eufficient g a s  by itself, it is  cooled with l iquid nitrogen. 
The use of l iquid nitrogen cooled t raps  must be avoided where air  i s  
the ventilating medium since oxygen w i l l  liguify i n  the t rap  a t  t h e  
temperatures of l i e d  nitrogen. 
carbon i s  potent ia l ly  explosive. 

A mixture of l iquid oxygen and activated 

The dryers i n  use are  a l l  commercial units supplemented, when 
necessary, with special chemical o r  freezing trap t o  obtain very l o w  
moisture content. 
by gloves, and wi l l  be discussed under t h a t  topic. 

Performance under these extreme demandg i s  influenced 

Descriptions of special auxiliary uni t s  designed for us 
enclosure f a c i l i t i e s  are contained i n  several publications. f p t h  
6. A i r  Pattern within Enclosure - Down Draft 

The air  pat tern within an enclosure must be considered i n  t h e  box 
design. 
condensate from accumulating on the  window. 
where adjustments should be made. 
"down draft" design, taking the exhaust out a t  t h e  f loor  of the box, 
but no great advantage f o r  t h i s  draft pa t te rn  h a s  been demnstrated. 

Ventilating air  may be introduced i n  a pat tern t o  prevent 
Smoke tests w i l l  indicate 

Several s i t e s  have adopted a 

7. Zoniq  

Zoning of ventilation mat be t i e d  in, to a cer tain extent, with 
Zoning of t h e  subdivision o r  zoning of pmcesses being carried out. 

enclosure operations generally depends upon t h e  contamination release 
potent ia l  of t h e  act ivi ty .  
i n to  long enclosures. 
advantage, depending upon t h e  operation. 
break down t h e  exhaust system in to  zones somewhat comparable t o  t h e  
supply zones. 

Fresh air  i s  introduced about every 10 feet 
The exhaust filters are placed t o  maximum 

It i s  cer ta inly advisable t o  

Under cer ta in  conditions individual exhaust blowers f o r  each box 
have an advantage, but grouping t h e  boxes i n  one room f o r  an exhaust 

See ORNE3070,"A R e v i e w  of Glove Box Construction and Experimentation" 
by D. J. Barton; 
by G. I?. Walton, Butterworths, London (1958); 
Eighth Conference on Hot Laboratories and Equipment, Book 2, available 
f r o m  Office of Technical Services, Dept. of Commerce, Washington 25, D. C. 

Publication "Glove Boxes and Shielded Cells" edited 
Proceedings of the 
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t o  the roof i s  considered most satisfacto&. 

8. Standby Fac i l i t i e s  

The maintenance of a negative pressure i n  many enclosures i s  a 
c r i t i c a l  f'unction. 
result i n  serious consequences, blowers may require t h e  instal la-  
t ion  of standby power generators, o r  separate prime movers t o  assure 
operation. D u a l  systems o r  interconnections between boxes should 
be arranged i n  hazardous instal la t ions.  

If the failure of the ventilation system may 

9. Windows and Viewine 

assembly, has received a great deal of a t tent ion a t  a l l  sites. 
Toe primary purpose of a window i s  t o  give t h e  worker o r  operator 
an adequate v i e w  of the process area i n  t h e  enclosure. 
a wide difference of opinion as to  what consti tutes an "adequate" 
v i e w .  If a l l  other factors could be disregarded, it seems universally 
agreed t h a t  a completely transparent enclosure i s  ideal. 
boxes are made of lucite o r  transparent plastic snd achieve t h i s  a t  
the expense of other factors. There are strength considerations, 
cost figures, safety aspects, f i re  hazards, and many details t h a t  
usually make it advisable t o  r e s t r i c t  t h e  window t o  some suitable 
size. 
an all-purpose material will become available f o r  t h e  fabrication of 
a transparent box, eliminating t h e  window as now employed. 

The window, as a potent ia l  weak spot i n  the  f i n a l  glove box 

There exists 

Many glove 

If improvement i n  p l a s t i c s  continues, it may w e l l  be t h a t  

Some enclosures have larger window areas than are  necessary. 
Only one o r  two sites have studied what viewing i s  - needed before 
selecting t h e  s i z e  and m b e r  and location of Windows. 
important t o  be able t o  see a l l  the in t e r io r  of a box, but not 
while standing some distance away. 

It i s  

The choice of material f o r  the window may be forced upon the 
design because of t h e  proposed use of t h e  enclosure. 
character is t ics  t h e  window must 

For performance 

(1) Transmit a d e p t e  l ight  (wave lengths considered i n  some cases); 
(2) Provide view from operating position (employing gloves o r  

(3)  Continue t o  give clear  vision (including M condensate); 
(4) Be a t  an angle - o r  be arranged t o  give no troublesome 

manipulator) ; 

reflection. 

The Report on "Laboratory Ventilation" by R. J. Hale, of Savannah River 
Laboratory, presented a t  the  Sixth Hot Laboratory Conference (1958) is  
an excellent reference i n  regard t o  Ventilation. 
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It is desirable that window materials meet the following mechanical 
and safety reqyirements: 

(1) Be Shock resistant; 
(2) Withstand some mechanical abrasion - not scratch; 
(4) Facilitate sealing or gasketing; 
(5) Be chemically resistant and sometimes radiation 

(6) Remain tight with frequent temperature and pressure 

(7) Fabricate with ease. 

(3) Offer fire resistance; 

resistant; 

changes; 

These are the major considerations which have led those in the field 
to choose materials as listed in the tabulation on page 1-14. 
to the lucite, plexiglass, homlyte, safety glass, there are instances 
where quartz is used for special light transmission or temperature 
shielding and heavy plate glass 1" or mre for unusual conditions. 

In addition 

There has been a great amount of individual site reaearc i?r/ 
conducted in an effort to choose the proper window material, and numeious 
reports have been written on this subject, but the general opinion is 
that much valuable information could come from further research regarding 
window materials. 

If a group were to be selected to adopt half-a-dozen standard sizes 
for windows, these could be commercially available and stocked, influencing 
the designer and contributing to safety, economy and convenience. "his 
would in no way prevent the use of whatever size conditions demanded, 
but it could be helpf'ul. 

The lighting for the box interior is usually provided f r o m  an external 
source through a window. 
attention without introducing or removing items from the enclosure. 
Windows for lighting are at the top or sides, and the lighting itself 
may be incandescent, fluorescent or mercury vapor. Occasionally spot 
lights within an enclosure are very valuable. 

This permits changing or giving any rewred 

The generation of heat by lights or other equipment within an 
enclosure may prove detrimental to the operation. 
necessary to locate the heat generating equipment outside the enclosure. 

In such cases, it is 

The characteristics of these materials are discussed and reference to 
the reports is given in aRM;3070 "A Revfew of Glove Box Construction 
and by C. J. Barton. 
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In  t h e  early days,  ene ever direct observation was not possible, 
due to radiation, o r  f o r  some other reason, mirrors were used, but these 
were quite unsatisfactory. The miri-ors gave way to periscopes, and now 
closed c i rcu i t  television i s  playing an important role i n  some applica- 
tions. Stereoscopic television i s  at the consideration stage, and may 
ultimately be of great value i n  certain situations. 

Where high levels of penetrating radiation a re  involved, special 
shielding windows are  necessary, but these should not be an integral  
part of an enclosure. Such shielding may involve several fee t  of water, 
zinc bromide solution, dense lead glass and special non-browning glass. 

10. Glove Ports and Gloves 

One conrponent of the Glove Box t h a t  should be easy to discuss i s  
the Glove Port, since i t s  f'unction seems simple and clean cut. It 
should secure a work glove i n  such a manner t h a t  the contaminating 
elements inside do not get out of - o r  contaminating elements outside 
do not get into - the enclosure. Also i t s  design should make it easy 
t o  change t o  a new glove whenever t h i s  i s  necessary without losing t h e  
in tegr i ty  of the enclosure. 

The senrice to which a glove port i s  t o  be put will influence the  
The more important characterist ics are: choice of s ize  and material. 

(1) Size - Diameter 
(2) 
( 3 )  
(4) 

Attaching - Welded - bolted and gasket - bonded - threaded 
Material - Aluminum - stainlecs s t e e l  = p las t i c  
Glove securing - External banding - O-ring - Grooves - plain - double - shaped - External and Internal banding 

(5) Glove changing 
(6) 
(7) 

Cost - Port i t s e l f  = port instal led 
Atmosphere control ports - Where they must be sealed 
to withstand atmosphere pressure. 

The size  i s  influenced by the  type of service and the space 
l imitations when crowding of eqyipment occurs. 
operations involved or  chemical processes o r  heavy mechanical 
operations. 
l2" diameters as l i s t e d  i n  table  on page 1-16. 
made i n  several styles,  
nearly a l l  agree3 tha t  an 8" size should adequately meet most 

There may be simple 

The survey shows sizes 4", 5", 6", 8", lo", 11" and 
Many of these are 

In  discussing t h i s  item with various users 
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requirements, with the provision t h a t  one smaller - say 5" o r  6" - and 
one larger - 10" - should be available when required. E l l ip t i ca l  o r  
oval ports have been t r i ed  but have not found favor as they are 
expensive and make it m r e  d i f f i cu l t  t o  maintain a t ight glove seal. 

The method of attaching i s  influenced by t h e  enclosure material t h e  
port  passes through - whether glass, plast ic ,  metal, etc. 
and variations i n  attaching techniques a re  shown i n  the glove port 
i l lus t ra t ions  on Sheets 1-23 and 24. The choice of port  material i s  
largely limited to aluminum, s ta inless  steel and plast ic ,  with various 
users claiming advantages fo r  each. 
securing the  gloves naturally influences the design of t h e  port. Also 
it i s  expected t h a t  some ports can be sealed to permit increasing the  
negative pressure within t h e  box. 
atmosphere o r  moisture control boxes. 

Some styles  

The method to  be employed for  

This i s  essential  i n  some iner t  

The cost of a port i s  frequently an argument i n  favor of some par- 
t i cu l a r  design. 
Savings through the purchase of a cheap port can be wre than l o s t  i n  
extra instal la t ion costs. 

A proper evaluation i s  t o  determine the  cost installed.  

From the survey it i s  evident t h a t  many designs have been developed 
t o  do the job adequately under every type of service. It will be unfor- 
tunate i f  sizes, materials and designs continue to  expand over the years 
because of personal preferance or  in te res t  of an engineer t o  make h i s  
own "custom job" when there i s  no technical advantage. 

11. Bagging and Sphincter Valve 

Preplsnning is stressed at nearly every s i te  and, i f  t h i s  i s  carried 
out properly, requirements fo r  a process within an enclosure can be 
anticipated. Cold runs ( t e s t  operations without use of contaminating 
elements) usually establish any unforeseen difficulty and, hence, a 
final set-up should not develop foreseeable troubles, 
provide f o r  rapid and safe t ransfers  into o r  out of an enclosure. 
Provision i s  made fo r  occasional tools, repair  parts, samples, etc., 
which may have to  be introduced; 
laneous pieces will need t o  be removed. 

This should 

and certainly waste and some miscel- 

The air-lock was the first attempt t o  transfer between the 
enclosure in te r ior  and the outside without releasing contamination. 
Air-locks are  s t i l l  used where it is necessary to transfer large equipment 
o r  materials into and out of enclosures. 
be built as par t  of t h e  box o r  attached to it. 

It i s  a component which can 

A s  p las t ics  became suitable fo r  the purpose, the bagging technique 
was developed. 
1-25, 
the ewe  ring type and size i s  used for  both purposes. 

This is best understood f r o m  the i l l u s t r a t ion  on Page 
The bag port  i s  closely a l l i ed  t o  the glove port, and i n  some cases 
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The bag port has been developed i n  several styles, and a t  present 
there  are many sizes. 
r6tt and 24" would meet a l l  situations. 

From the survey it would appear t h a t  4", 8", 12", 

The bagging material and sealing methods must be considered together. 
I n  some cases twisting t h e  bag, sealing with tape and cutting, i s  adequate. 
Heat sealing with polyethylene material i s  successful. with proper controls 
of time and temperature f o r  the  sealing step. 
automatically i s  essential .  
high frequency electronic sealing. 
tha t  do t h i s  successfully, but they become guite large when designed 
t o  handle the  large diameter bags. 

A set-up to control these 
Polyvinyl material i s  used fo r  bagging with 

There are commercial units available 

The Sphincter Valve (see sketch - page 1-26) is a popular method of 
introducing items in to  an enclosure. 
i n  one direction only, and has l imitations as to how large it can be made. 
Neoprene gaskets are cut with a hole s l igh t ly  smaller than the  can which 
has  been selected f o r  use. A can i s  forced into t h e  series of gaskets 
and remains there to form a seal. To introduce an i t e m ,  it i s  placed i n  
t h e  can and another can i s  pushed in to  the  gasket array so as t o  force 
the  first can in to  the  box and a t  the  same t i m e  maintain t h e  seal  t o  await 
an occasion when some other i t e m  i s  t o  be put in to  the box. Three o r  four 
inches i n  diameter are the  usual s izes  of sphincter valves used. 

It i s  simple and fast, but operates 

B o  CONCWSIONS 

1. 
developments of glove boxes and enclosures f o r  present and future use. 

The f i e l d  reports show wide spread in te res t  i n  t h e  applications and 

2. 
designs, materials, and developments i n  these areas, could be of great 
assistance and earn t h e  support of the  f ie ld ,  
technically and monetarily and contribute to safety. 

A continuing program f o r  dissemination of information on techniques, 

It could be of value 

3. 
of some standardization. Carried too far standardization could st if le 
i n i t i a t i v e  and encroach on t h e  privilege of choice. Standardfzation of 
various components should not be objectionable and the  establishment of 
c r i t e r i a  o r  guides fo r  t h e  design and fabrication of enclosures should 
cer ta inly be helpful. 
f i f t y  var ie t ies  and combinations of glove ports  are i n  current use and 
result from the  different sizes, materials, designs f o r  glove attachment, 
method of fastening to the box, etc. 
port  design could be res t r ic ted  t o  about three materials and two ways of 

Personal discussion disclosed hesitant concurrence i n  t h e  poss ib i l i ty  

As an example of the need f o r  c r i te r ia ,  over 

It appears probable t h a t  glove 
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attaching, so t h a t  the result ing combinations would sa t i s fy  the 
majority of si tuations and make it seldom necessary t o  design a special 
port. 
A smaller number of different glove diameters would have t o  be manufactured 
and stocked. 

With fewer port  sizes s valuable secondary advantage would resul t .  

4. A continuing - perhaps annual - revision of t'ne information would 
be desirable and could be accomplished without imposing the extensive 
and time-consuming reporting as was required wi th  the original questionnaire. 
A s  a suggested nethod, the process might be somewhat reversed, 
questionnaire asked br ief  leading questions requiring long write-ups by 
many people a t  many s i tes ,  and the answers were i n  a form not easi ly  
compared. If the narrative data could be prepared once and sent out 
as the questionnaire, employing tables t o  some extent, those i n  the f i e ld  
need only use check marks. 
minimum of editing, i f  any, before incorporation i n  the up-dated report. 

The present 

Returned forms of t h i s  type would require a 

C. TABUS AND ILLUSTRATIONS 

The Tables a re  compiled largely fron! the answers to  the Committee's 

The characterist ics of the individual materials ha e 
questionnaire and are  intended only to  indicate trends and provide a quick 
general reference. 
not been discussed, as t h i s  has been w e l l  covered i n  Barton's report. 9 

The i l lus t ra t ions  show several ty-pical applications of  glove boxes 
and de ta i l s  of various glove box components. 

0-3070, ''A Review of Glove Box Construction and Experimentation", 
by C. J. Barton. 
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OPERATIONAL CONSIDERATIONS 

1. Functional Design 

A s  evidenced i n  Appendix V and as discussed i n  t h e  report, glove boxes 
The design of 

The layout of laboratories i s  

have been designed and used fo r  a large variety of purposes. 
glove boxes i s  closely related to t h e  operation to  be performed within the 
enclosure and t o  t h e  material being handled. 
also important i n  t h i s  respect and c r i t e r i a  covering such layouts are con- 
tained i n  AEC Manual Chapter 6301 Appendix Handbook. 
t h e  safety of personnel and protection of the physical f a c i l i t y  should be 
considered i n  the overall  design. 
under Appendices I11 and IV. 

A l l  factors concerning 

These factors are discussed i n  de t a i l  

The characterist ics of t h e  material to  be handled within the enclosure 
(e i ther  toxic, radioactive, pyrophoric, etc. ) dictate  certain aspects of 
design, enclosure components, and characterist ics of ventilation media. 
The design, however, should provide fo r  the adaptation of the enclosure 
t o  the accommdation of other materials i f  silch change i n  function appears 
probable. 

It i s  important t o  recognize tha t  limitations and restr ic t ions w i l l  be 
placed upon the operations performed within the  enclosure, i n  direct  re la t ion 
t o  the  res t r ic t ions  imposed upon the operator by the enclosure. A discussion 
of operator res t r ic t ions as related to safety aspects i s  contained i n  
Appendix 111. 

Glove boxes can be designed as ei ther  free-standing o r  wall-mounted. 
Free standing glove boxes have certain functional advantages i n  the ease 
wi th  which they may be moved from one area to  another o r  changed from 
individual use to interconnecting o r  multiple arrangements. A u x i l i a r y  
components (drives, controls, shafts, lighting, etc. ) should be located 
outside t h e  enclosure to  permit unhampered servicing, maintenance, and 
repair. 
performed through remote controls, provided there i s  a possibi l i ty  of such 
operations. 
purpose as opposed to incorporating f a c i l i t i e s  t o  cover a wide range of future 
operations should be considered i n  the l i gh t  of the safety and economy with 
which changes can be made. 

Enclosure designs should also provide for  mechanized operations 

The econow of fabricating boxes designed fo r  the immediate 

2. Services and Auxiliary Equipment 

Overhead service connections have been found to be advantageous i n  
providing f l ex ib i l i t y  fo r  servicing f ree  standing glove boxes. 
services have the additional advantage of being less l ike ly  to  become 
contaminated i n  the event of accidental spills. 
compression fittings, and gasket closures have been used extensively 
where services pass through enclosure walls. Auxiliary equipment i s  

Overhead 

Gas t igh t  O-ring seals, 
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generally located under the  enclosure. 
connections will prevent the escape of radioactive contaminants through 
these openings. Standby equipment, t o  assure uninterrupted operation of 
ventilating equipment, i s  generally instal led i n  f a c i l i t i e s  handling 
highly toxic o r  radioactive materials. 

Check valves instal led i n  service 

3.  Atrnosphere Control 

The control of t h e  atmosphere within the enclosure i s  often necessary 
t o  provide conditions tha t  ~511 not support combustion o r  t o  protect 
against t h e  introduction of moisture and contaminating elements. 
an iner t  gas  o r  conditioned a i r  i s  u t i l i zed  ga's-tight glove boxes are 
required t o  maintain an iner t  atmosphere economically and protect against 
contamination leakage. 
argon, nitrogen, and carbon dioxide), nitrogen i s  usually the most 
economical. The instal la t ion of alarm devices t o  detect and indicate 
undesirable concentrations of unwanted constituents i s  frequently 
advantageous. 

Where 

O f  t h e  i ne r t  gases used i n  enclosures (helium, 

A dry atmosphere w i l l  reduce the loss  of material by oxidation and 
i s  usually employed i n  operations involving plutonium. 
control i s  necessary i n  some applications. 
of atmosphere control, refer t o  sections 2, 3,and 4 of Appendix I. 

Temperature 
For a f u r t h e r  discussion 

4. Ventilation Systems 

Good design w i l l  provide fo r  s l ight ly  negative pressure i n  laboratories, 
with respect t o  other par t s  of t h e  building, t o  establish an a i r  flow 
pattern from the offices and corridors t o  the laboratories (or areas 
of l ea s t  contamination r i s k  t o  areas of greater contamination r i s k ) .  
Cri ter ia  covering ventilation systems fo r  laboratories are presented 
i n  AEC Manual Chapter 6301, Appendix Handbook. 

mere a recirculating ventilation system i s  employed i n  an enclosure, 
it may be necessary t o  decontaminate o r  dry the  ventilating medium. 
economic evaluation should be made to  determine the relat ive cost of a 
recirculating system compared t o  a "once through" system. Enclosures 
should be maintained at  a negative pressure of about 1/2" of water and 
posit ive pressure boxes should not be used fo r  operations involving 
radioactive o r  toxic materials. 
through automatic or  manual controls. 
handled a standby blower should be instal led t o  operate automatically i n  
case of fa i lure  of the primary blower. 
supply, powered by a standby diesel  generator, should also be provided 
i n  such cases. 

An 

The regulation of pressure i s  accomplished 
There hazardous materials are being 

An automatic emergency e lec t r ic  

Consideration should be given to  t h e  instal la t ion of 
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a dumping feature, t h a t  will automatically maintain negative pressure 
i n  case of a broken window o r  glove, i n  5azardous operations. 
enclosure ventilation systems should be equipped with alarms to regis ter  
pressure surges beyond predetermined limits. Ventilation system ducts 
a re  usually fabricated of metal, plastics,  o r  f i r e  retardant fibreglass. 
Duct materials i n  use at  various f a c i l i t i e s  are  tabulated on page 1-18 
of Appendix I. 
and dr ie rs )  a re  described i n  Appendix I of t h i s  report. 
from enclosures handling radioactive materials should be f i l t e r ed  through 
AEC-type h igh  efficiency f t l t e r s ,  preceded by an incombustible commercial 
pre-f i l ter .  

The 

Ventilation system auxi l iar ies  ( scrubbers, absorbers, 
Exhaust a i r  

5. PYrOP horic materials. 

Where pyrophoric materials are  present within glove boxes a dry, iner t  
atmosphere must be maintained. 
i s  contained i n  Appendix 111. 
should not be allowed to  accumulate. Such waste materials should be 
properly packaged and promptly transferred to designated storage areas 
o r  disposal. 

A discussion of f ive prevention and control 
Pyrophoric materials and alkaline metals 

Pyrophoric material i n  production boxes should be isolated from a l l  
other flammable materials and should not be l e f t  unattended. 

6. Waste Disposal. 

D r y  radioactive waste i s  usually removed from glove boxes i n  containers 
sealed i n  p las t ic  pouches, through bag ports o r  air  locks. 
disposal of baaed  solids i s  by burial, reclamation o r  dumping a t  sea. 

Ultimate 

Liquid waste is removed from boxes by (1) piping leading to  waste 
storage containers, (2) i n  bottles o r  cartons, and ( 3 )  by evaporation 
o r  absorption and then handled as dry waste. 
often oxidized within the  enclosure before remval  fo r  disposal. 
planning of waste disposal operations i s  imperative to a s w e  the 
prompt, safe, and effective removal of hazardous materials. 

Pyrophoric wastes are 
Pre- 

7. Introduction and Removal of Materials. 

Small items are often introduced into enclosures through sphincter, 
o r  push-through, entry ports, using aluminum o r  other m e t a l  cans. 
Larger items are introduced through bag ports, using the pouch 
technique, or  through t h e  use of air locks. 
tools, o r  equipment i s  normally effected through bag ports o r  air 
locks. 
air  locks rewres the utmost caution i n  t h e i r  use. 
of sphincter valves, bag ports, and air locks is described i n  
Appendix I. 

Removal of materials, 

The danger of release of contaminants through the use of 
The construction 
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8. Additional Shielding 

Normal glove box operations do not present serious shielding problems. 
However, several factors  have contributed towards increasing radiation 
exposure over the past  several years. Problems of handling materials 
undergoing spontaneous f iss ion have now introduced the requirement of 
shielding against neutrons . 
should be eqec ted  where the enclosure operation involves irradiated 
plutonium, americium, curium, and similar radioisotopes. 

Such a requirement f o r  additional shielding 

For ~t time the use of ordinary materials such as safety glass pro- 
vided sufficient shielding t o  be effective i n  reducing exposure. More 
recently, X-ray glass has  been used and high density lead glass i s  planned 
f o r  future equipment. A water wall has  been u t i l i zed  where t h i s  technique 
was practical .  Other material, such as metallic lead, i n  block o r  sheet 
form, and masonite, have been used where v i s i b i l i t y  i s  not a factor. Lead 
enclosure of t h e  contaminated vessel o r  equipment ins ide  t h e  box has 
a lso been employed. 
i t s  shielding properties. 

Lead glass has  been used over the  window t o  increase 

For t h e  protection of tine hands, 30 and 50 m i l  lead impregnated neoprene 
gloves have been used. 
a l so  been used, but it mst be recognized t h a t  such tools have pract ical  
limits j.n the confines of an  enclosure. Dexterity of operations is  also 
seriously limited by t he  use of mechanical devices. 

Shielded tongs, forceps and other devices have 

Operator education i n  radioactive hazards, i n  proper working habits, 
and improvement i n  operation techniques a re  essent ia l  where neutron emission 
o r  high level  g a m  radiation is  present. 

9. Conclusions 

(a) A survey of the various uni t  operations carried out i n  glove 
boxes, together wi th  t h e  de t a i l s  of the equipment, should be 
assembled. The result ing compendium would serve as a hand- 
book f o r  those unfamiliar with t h e  use of glove boxes but 

with both a need f o r  enclosures as well as a def in i te  
program t o  be accomplished. 

(b)  A description of special techniques i n  chemistry, engineering, 
biology, production, etc., used i n  glove boxes should be 
assembled. 
audience engaged i n  the use of glove boxes, having limited 
experience but a need for, special techniques. 

Such a report would serve as a guide fo r  an 
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I. SAFETY 

A .  Summary of Safety Factors i n  Glove Box Operations 

I n  t h i s  summary, where the  word "safety" i s  used, it means conventional 
o r  indus t r ia l  safety and not radiation safety, which i s  covered i n  
Appendix IV. 

1. 

2. 

3.  

4. 

Principles . 
Broadly speaking, t h e  same safety principles and practices which 
apply to  work outside of glove boxes also apply t o  work inside of 
glove boxes. With glove box operations, however, t h e  safety problem 
i s  mre complicated (as compared wi th  work i n  an open shop f o r  
example). Consequently, it needs more attention, because t h e  glove 
box work imposes res t r ic t ions  which are  not present i n  work outside 
of' glove boxes. For example, a machine should have guards ins ta l led  
t o  prevent indury to t h e  operator when it is  located i n  an open shop 
area. However, due to added res t r ic t ions  t o  operator movement and 
reduced t a c t i l e  sense, adherence t o  approved safety practices and 
t h e  guarding of equipment i n  glove boxes i s  even more important. 

Limitations. 

Glove boxes place res t r ic t ions  on t h e  operator and hence on t h e  
operations. 
possible i n  the absence of the enclosure. 
operator 's  vision and movement and they control h i s  position. The 
gloves l i m i t  t he  operator 's  sense of touch and add to h i s  fatigue. 
Large or  rapidly moving equipment must often be of special  design fo r  
use i n  glove boxes. 
hazardous materials; thus, the  consequences i n  an accident may be 
unusually severe. 

Speed of operations are considerably reduced f r o m  t h a t  
Glove boxes restrict  the 

Glove boxes are frequently used t o  contain highly 

Special Materials Hazards. 

Certain glove box operations involve handling vola t i le  flammable 
liquids and flammable gases. 
mixture due t o  flammable liquids o r  flammable gas ir, t h e  glove box 
atmosphere are greater than i n  an open area because of t h e  limited 
air volume of t h e  enclosure. This poss ib i l i ty  i s  strong i n  a glove 
box wi th  a near s t a t i c  air atmosphere. 
i n j u r i e s  by flying Kindow material and by t h e  spread of radioactive 
contamination . 

The poss ib i l i ty  of forming an explosive 

?3xplosions have caused 

Maintenance. 

When equipment must be removed from glove boxes f o r  maintenance o r  
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replacement, extra  care is needed to avoid injury and the spread 
of radioactive contamination outside the glove box. 

Trsinin@;. 
Proper instructions and training, designed to promote safe operations, 
are iqportant i n  glove box work. They should include measures to avoid 
fires, accidents and injuries.  These incidents can be quite serious 
due to radioactive contamination aspects. 

.Emergency Instructions. 

Adequate emergency instructions and procedures are also important. 
They should include masures to minimize the e f fec ts  of fires, accidents 
and injuries. An er ror  on the pa r t  of an operator during glove box 
work o r  in an emergency could have very serious consequences. 
could r e su l t  in the spread of fire or  radioactive contnminntion, o r  
possibly a c r i t i c a l i t y  incident. 

It 

General. Problems Affecting Safety 

1. Visual Restrictions. 

Vision of the operator i s  generally reduced in glove box work. 
This factor  should be considered in design, so that the window 
area w i l l  provide adequate vision and yet not seriously confl ic t  
with other essent ia l  glove box requirements. In the interest of 
good vision, a w i n d o w  material which w i l l  remain "'clear" and 
resist abrasion, discoloration end shattering should be used. 
Glove box windows are subject t o  reflected glare from mom 
lighting. This should be avoided by properly locating room 
l ighting with respect to the glove boxes. Idghting i s  often 
required within glove boxes. This l ighting should also be 
arranged t o  avoid subdecting the operator to glare. Dark or  
neutral  shade clothing h e l p  to reduce reflections fmm glove box 
windows. 

2. Restrictions t o  Wvemnt and Position. 

A glove box operator works under more s t r a i n  because his freedom 
of movement I s  restricted.  He must work through gloves from fixed 
positions and his vision i s  Umited; consequently, he is more subject 
to fatigue and injury from working and l i f t i n g  in an unnatura,l 
position. He is 331 an awkward position f o r  l i f t i n g  o r  moving 
heavy obJects, and hoists or  transfer devices are needed in these 
cases. To reduce the fatigue factor, it i s  advisable tha t  glove 
box operators work a t  a slower pace and avoid probxiged continuous 
work where possible. Platforms ma;y be needed in some cases for  
operators who are l ess  than averwe height. 8. 



3.  Problems Imposed by Gloves 

A glove box operator must, of necessity, work through gloves, and 
i n  some cases, heavy shielding gloves are used. 
h i s  sense of touch i s  reduced, depending upon t h e  t'nickness and 
f l e x i b i l i t y  of t h e  gloves. 
changed by the use of gloves. 

Consequently, 

H i s  response to hea t  may be considerably 

Certain glove box operations involve handling highly hazardous 
and toxic materials, such as plutonium. 
a glove) i s  much mre serious than  a similar wound with non- 
hazardous materials. Because of reduced sens i t iv i ty  and bulkiness, 
gloves are susceptible t o  being punctured o r  torn, and t h e  operator 
may not be immediately aware of t h i s .  
eliminated from glove boxes and equipment t o  reduce the poss ib i l i ty  
of glove perforations. 

A puncture wound (through 

Sharp edges should be 

Gloves must f i t  operators with large hands; therefore, they f i t  
t he  operator with small  hands and short f ingers very loosely. 
This excess finger length can add t o  the hazard of working i n  a 
glove box. 

When w e t  operations are performed, cer ta in  types of gloves be- 
come slippery and present a hazard i n  the manipulation of 
equipment o r  products. Perspiration from operator's hands adds 
t o  h i s  discomfort and may impair h i s  a b i l i t y  to handle objects. 
I n  cer ta in  instances, operators may experience a l le rg ic  reactions 
t o  glove msterial. The use of t igh t - f i t t ing  cotton gloves within 
rubber gloves w i l l  help t o  reduce perspiration and al lergy effects. 

Since 22 to 24 inches is t h e  limit of reach radius from glove ports, 
considerable modification of equipment and careful preplanning i s  
often necessary t o  bring the  operations within comfortable and safe 
working distance of t h e  glove ports. 

4. Mechanical Safeguards. 

I n  t h e  design of glove boxes, space requirements should be 
anticipated 80 t h a t  needed mechanical safeguards can be ins ta l led  
on equipment. 
must be taken to prevent entanglement of the  gloves. 
are even more important on glove box equipment than would be the 
case in normal operations. 
eqpipment should be located both inside and outside of the  
glove boxes, even though accessory equipment may be located 
outside t h e  glove boxes. 
a convenient location to permit as quick an emergency shutoff 
as possible. 

Where rapidly rotat ing equipment i s  used, care 
G u a r d s  

Emergency shutoffs f o r  glove box 

Such shutoffs should be ins ta l led  i n  
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C. 

5. Requirements for  Special Equipment. 

Iarge equipment must often be of special design for  operation within 
a glove box. 
remote control of the equipment and mechanized changing of heavy 
parts i s  sometimes required for  safe operations. 

Because of the res t r ic ted  movements of the operator, 

Special Hazards Controlled by Glove Boxes 

Since a principle purpose of a glove box i s  t o  confine hazaritous 
materials, maintenance of the glove box integrity during the periods 
of nonaal use o r  in the event of accidents must be emphasized. The 
hazards involved include : (1) radioactivity, (2) pyrophoricity, 
(3) chemical and toxic, and (4) explosion. They are br ie f ly  discussed 

the following. 

Radioactivity. While radiation safety i s  discussed i n  detail 
i n  Appendix IV, it is important t o  recognize the problems 
associated w i t h  potent ia l  dispersion of radioactivity by such 
incidents as fires or explosions. The latter are discussed 
b r i e f l y  below, but i n  more detail i n  Section II, FIRE m M I N ,  
of t h i s  appendix. Glove box integrity,  t o  assure proper con- 
tainment, should be periodically checked. Devices are available 
t o  detect radioactivity and, where necessary, t o  sound alarms 
for  abnormal conditions. 

Pyrophoricity. 
i n  Section 11, FIRE PHXCECTIOM, of this appendixo 
siderations dictate  that proper controls be in ef fec t  to prevent 
a fire fram burning through glove box materials and violating 
the in tegr i ty  of the box. The selection of proper glove box 
construction materials is  an important factor  in preventing 
penetration by burning materialso System are avd lab le  to 
detect and report abnormal. heat ( f i re )  conditions. 

The control of pyrophoric materials i s  included 
Safety con- 

Chemical and Toxic. Chemical reactions are of concern, in part, 
because of corrosion e f fec ts  (for example, on gasketing material, 
deterioration of rubber gloves and discoloration of w i n d o w  
material). Also, some chemical reactions may generate gases 
a t  a more rapid rate than can be relieved by the ventilating 
system. 

Effects of dangerous chemical i r r i t a n t s  and toxic materials often 
contained i n  glove boxes, should be considered in developing 
operating and emergency procedureso Secondary containment within 
the glove box can sometimes be provided fo r  additional safety. 
Consideration should also be given t o  a “close capture” system 
as described on page 1-4 of Appendix I. 

Explosiono Explosions within glove boxes are of three types: 

a. explosion of experimental equipment creating missile 
h a Z a r d S ,  
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b. explosion of flammable gases o r  combustible dusts, and 

C. pressure buildtlg and explosion caused by malfunctioning 
of high pressure manifold equipment. 

The explosion potent ia l  can be reduced by providing proper controls 
on equipment and by proper operating procedures. Provisions can 
be made fo r  possible loss of pxwmwe control. 
t o  indicate that glove box ventilating systems are operating within 
proper W t s .  
cause an implosion. Proper controls, including design features, 
should be provided t o  minimize the possibi l i ty  and dampen the effects  

Gauges a~.% available 

Excessive nega t ive  pressure within a glove box may 

or such inciamta. 

1. Preplanning, m e r  written instructions designed to promote safe 
uperatiom, including experimental p rocedms,  should be detailed. 
These instructions should be originated by the person responsible 
fo r  the uperatian and they should be reviewed by supervisory and 
appropriate hazard control ~ U Q S  f o r  all phases of saiety. They 
should include measures to: avoid fires, accidents and injur ies ;  
properly handle hazardous end flammable materials;  avoid puncture 
wounds; prevent the ingestion o r  inhalation of toxic materidb; 
and provide f o r  repairs and d i S p O S d .  

2. Organization and Training. Qualified operators should be emphpd 
and trained. Instructions must be thoroughly understood by the 
operators and provisions Blade t o  insure enforcement of approved 
aperating procedures,, Operating instructions should be kept current. 

E. Emergency Procedures 

1. PreR lanninqo Emergency procedures, including evacuation requirements, 
should be pre-p-d and employees instructed and trained in t h e i r  
application. The instructions should be coordinated with aperating 
procedures and kept current. hrther,  emergency procedures fo r  
glove box worklng cueas should be carefully coordinated with similar 
procedures in ef fec t  throughout the rest of the site. 

2. Organization and Tr- o Responsibility should be specifically 
assigned f o r  c m g  out the emergency instructions. The emergency 
orgenization should include fire fighting, rescue, health physics 
and c r i t i c a l i t y  control individuals o r  groups, and they should be 
properly trained in their functions. Plans should be made to deal 
with enrergencies which could spnad beyond the confines of the 
f a c i l i t y  and which could involve possible public relations aspects. 
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A. flunmary of Fire Protection Factors in Glove Box Operations 

Fire protection factors are of major concern i n  the design of glove 
boxes and glove box f ac i l l t i e s .  They are also very important with 
respect t o  the work done in glove boxes, and in the preparation of 
operating and emergency procedures. 

Eyre protection methods are strongly influenced by the need fo r  
assuring containment under n o m  and emergency conditions. 
basic f i re  protection practices, such as providing fire dampers in 
ventilation ducts, are generally not appllcable. 
potential. fo r  causing considerable h a g e  and health hazard by 
promoting spread of radioactive contamination and causing serious 
interruption t o  important work program. Proper emergency procedures 
can help minimize the effects of fires and explosions. 

Certain 

Fires have the 

B. General Problems Mfecting Fire Protection 

Broadly speaking, f i re  protection problems associated with glove box 
work can be treated under (a) construction, (b) materials handled 
in glove boxes, (c) equipment used in glove boxes, (a) ventilation, 
(e) facilities f o r  assuring containment under emergency conditions, 
and (f) type of building o r  area in  which the glove boxes are 
located. 

1. Glove Box Construction hterials. 

Construction materials in current use are non-combustible (metal), 
o r  combustible (plywood, rubber and plastics).  
p las t ics  have flame inhibitors in their composition t o  make them 
"self-extin@;uishing". However, such p las t ics  w i l l  burn and they 
may soften o r  deform under heat and cause loss of glove box 
integrity even though not actually burning. 
said of some gasket- materials.  Flnmmnble surface coatings, 
used on the in te r ior  of glove boxes and their ventilation systems, 
may i n  themselves constitute a serious fire problem, and t h e i r  
use should be minimized. Useful information on fire-retardant 
coatings i s  detailed in uc~~669'i'. 

Some of the 

The same m&y be 

L o w  melting alloys, such as the iron-plutonium eutectic 
formed w i t h  the glove box s t ructural  material durlng a fire. 
These eutectics are often more pyrophoric and have a lower 
melting point than the materials from which they are made. This 
hazard be minm.fzed by use of glove box floors which form 
higher melting, less pyrophoric materials. 
high conductivity materials with sufficient mass t o  dissipate 

be 

In addition, i f  
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the heat w selected fo r  the glove box structure, the fire 
risk may be reduced. 

From a fire protection viewpoint, the most fire res i s t ive  
materials available, w h i c h  w i l l  meet requirements, should be 
used fo r  construction materials. 

2. WteriabHsndled in Glove Ebxes. 

A number of combustible or toxic msterials sre sometimes handled 
in glove boxes. 
cardboard containers, combustible metals (e.& sodium and sodium- 
potassium), pymphoric metals (e.& uranium and plutonium), o i l s  
(e.g. machine o i l ,  vacuum pimp! o i l  and heat t rea t ing  o i l ) ,  
vo la t i le  solvents (e.@;. alcohol and acetone), and flammable 

Where flammable l iquids  are used in combustible (i.e., p las t ic )  
o r  glass containers in glove box work, secondary metal containers 
should be provided t o  confine the liquid i n  case of rupture of 
containers. The quantity of flammable Uquids permitted i n  the 
glove box should be rigidly controlled. The provision of a metal 
pan t o  impound end confine f l l e  Uquids in event of equipment 
rupture o r  s p i l l  i s  another naethod of confining a fire t0 a pre- 
determined location. 

Ordinary combustibles include paper tissue, 

@gases. 

Relatively small quantit ies of cer ta in  vola t i le  solvents, such 
as acetone and ether, form explosive mixtures with air. Such 
mixtures w i l l  be more quickly fonned i n  a glove box with near 
s t a t i c  air atnosphere. 

O r d i n a r y  combustibles within @;love boxes shOUld be limited to 
the minimum required f o r  t h e  work. 

3. Equipment Used in Glove Boxes 

Certain equipment u t i l i z e d  in glove boxes furnishes an e lec t r i ca l  
source 0;i heat f o r  a possible fire o r  explosion. 
includes ovens, furaaces, heating units, hot plates, soldering 
irons, motors, lights, wiring and sonetimes, p la s t i c  bag sealers. 
W r  certain conditions, s t a t i c  e l ec t r i c i ty  also may be a potent ia l  
hazard. 

Such equipment 

Other possible sources of iep i t ion  are hand and power tools, 
bunsen burners, torches, and cutting, sawing, machining and 
centrlfuglng operations involving pyrophoric metals. 

&rplosions are possible fzwm the ignit ion of flammable! gases o r  
f l l e  liquid vapors, from chemical reactions, combustible 
metallic dust and from conpressed fluids. The use of flammable 
gases within glove boxes should be avoided where possible. 
Implosions of glove boxes may occur from the use of vscuum 
s ystems 0 

111-7 



Self- ini t ia t ing f i r e s  a re  possible f r o m  chemical reactions and 
pyrophoric metals. 
m s t e  i s  another source of f i r e .  

Spontaneous ignit ion of chemically saturated 

Since there a re  many sources of ignition, proper instructions 
f o r  operators i n  the use of materials and equipment, and proper 
operating procedures a re  very important t o  prevent the occurrence 
of f i r e s  and explosions, and to  minimize the i r  effects. 

4. Ventilation Systems. 

To avoid f i r e  spread through ductwork, normal f i r e  protection 
practice would be t o  shut down ventilation systems i n  event of 
f i r e .  
systems . However, contamination control usually dictates  tha t  
there be no fire dampers, and t h a t  ventilation be maintained. 
The latter requirement introduces the possibi l i ty  of f i r e  spread 
through the ductwork, and the possibi l i ty  of an explosion i n  the 
ductwork f r o m  pa r t i a l ly  burned gases. 
and spread contamination t o  other areas even outside the  building. 
This problem could be f’urther aggravated by combustible ductwork 
o r  duct lining. 

Also, automatic f i r e  dampers would be instal led i n  these 

This can extend the f i r e  

Smoke and soot f r o m  burning materials within glove boxes o r  f r o m  
combustible glove box and ventilation duct materials can clog 
pre- f i l t e rs  and high efficiency fi l ters i n  the exhaust system. 
This would result i n  a posit ive pressure buildup i n  t h e  system 
and spread of contamination to the work area and building. 
problem may be fur ther  aggravated i f  manifolded ventilating 
systems a re  used. 

This 

Prompt detection and control of fires i s  necessary t o  prevent 
f i l t e r  clogging by m k e  and soot. 
the  form of f i r e  screens can be used to reduce t h e  poss ib i l i ty  
of f i r e  spread. Instal led with a glove box exhaust f i l t e r ,  the 
wire mesh f i l ter  wi l l  a c t  as a f i r e  stop between the glove box 
and ductwork. Instal led ahead of the final high efficiency 
exhaust f i l t e r ,  it w i l l  a c t  as a f i r e  stop to a f i r e  which would 
normally involve the f i l t e r .  
f i l t e r s  a re  available and should be used. However, the exhaust 
f i l t e r  system i s  still  a weak point i n  event of f i r e .  Currently 
available high efficiency f i l t e r s  a r e  susceptible t o  damage a t  a 
temperature above 5009.  
dusts may cause loss of integri ty  of t h e  f i l t e r  if involved i n  
f i r e  . 

Wire mesh pre- f i l t e rs  i n  

Fire res i s t ive  type high efficiency 

Also, the accumulation of combustible 

Where exhaust gases are such as t o  cause damage to filters, 
suitable scrubbing systems should be i n s t a l l e d  ahead of t h e  
f i l t e r s  . 
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5. Containment Under Emergency Conditions. 

A f i r e  o r  explosion, e i ther  outside o r  inside t h e  glove box, may 
destroy the in tegr i ty  of the enclosure. 
areas external to glove boxes should, i n  general, be so designed 
as t o  protect exterior portions of the box from damage from fires 
occurring outside the  glove box. Automtic sprinklers are commnly 
used f o r  conventional exposure protection, f i re  control and 
extinguishment. 
construction materials o r  components of the enclosure and 
generate smoke which may clog exhaust f i l ters and impair t h e  
ventilation system as discussed i n  Section 4. 

The f i re  protection i n  

Mres  within glove boxes m y  warp o r  destroy 

Explosions originating within a glove box generate increased 
pressures wfiich should be relieved i n  a pre-determined path to 
a safe area. It i s  par t icular ly  important t h a t  t h e  boxes be 
so designed as t o  preclude r e l i e f  of pressure i n  the direction 
occupied by employees. 

Relatively high property damage may be experienced from fires 
o r  explosions which cause loss of glove box in tegr i ty  and wide- 
spread dispersion of airborne contamination. Fire  protection 
external to  the  glove box should be premised on the  need f o r  
reducing a three dimensional airborne contamination dispersion 
problem to a two dimensional problem as rapidly as possible. 
It i s  paramount t h a t  under t h e  worse credible conditions, 
f i re  protection be such as to preclude airborne contamination 
spread beyond the  confines of t h e  mom o r  building i n  which it 
originates . 

6. Glove Box Rooms o r  Areas. 

The construction and protection of rooms o r  areas i n  which glove 
boxes are located i s  important because a f i re  i n  such a room o r  
area may involve the glove box. 
under Section D i n  t h i s  appendix. 

This is  discussed i n  more d e t a i l  

C. Fire Prevention, Detection, Control and Extinguishment for Glove Boxes 

1. Fire Prevention. 

=res  may be prevented i n  hazardous glove box work by means of a 
dry ine r t  atmosphere of argon, helium o r  nitrogen. 
dry a i r  i s  used. Dryness of t h e  air o r  i ne r t  atmosphere helps 
prevent the  formation of combustible and sensit ive m e t a l  hydrides. 
Control of moisture i n  the  glove box atmosphere i s  also very im- 
portant i n  preventing pyrophoric metal fires. 

I n  Borne cases 

Where ine r t  gas systems are installed,  controls should be pro- 
vided to avoid presiurizing t h e  glove box system by t h e  g a s  used. 
U s e  of devices t o  detect and provide warning of excessive con- 
centrations of hazardous vapors i s  s o m e t i m e s  warranted. 

111-9 63 



Other fire prevention measures include avoiding combustibles o r  
reducing them t o  a minimum, good housekeeping, control of flammable 
liquids, etc., and inspections by operating and plant protection 
personnel. Inspections by the latter during non-working periods 
(nights, weekends, etc.) requires precaution because the @;love 
box areas are potent ia l ly  hazardous from a radioaztive contamination 
aspect. Where, f o r  any reason, inspection access i s  limited, it 
becomes more important that aubmatic fire detection and control 
systems be seriously considered. LLso, in such cases, a responsible 
operator should be designated to check the glove box area at  the 
close of the working period and, where practicable, a w i n d o w  should 
be provided f o r  plant protection patrols  t o  view the glove box 
area during the non-working hours. In general, plant protection 
patrols  should aonduct inspections in glove box areas when boxes 
are unattended by operating prsonnel. 

2. fire Detection. 

Fires may be detected in glove box operations by automatic heat 
( f i re )  detection systems and smolte detection systems. 1/ A wide 
variety of heat and smoke detection devices are currently avai lable ,  
some of which are adaptable t o  specialized agplication. They are 
prompt, reliable, rugged and self-restoring after operation. 
Detection systems in use i n  glove boxes at present include the 
rate-of-rise tubing type, eutect ic  salt tubing type and "spot" 
fixed-temgerature thermostat type. 
ava i l ab le ,  mounted in a magnet, f o r  d i rec t  application to  any 
ferrous equipment where overheating may occur. 
filter banks 
(Rocw Flats5 indicated that the eutectic salt tubing type w a s  
the most effect ive heat ( f i r e )  detection system. 

The thermostat type $8 

Fbr high efficiency 
a test conducted at an AEC contractor f a c i l i t y  

Bhns are available t o  detect incipient explosions and fires 
and automatically surpress t h e m  i n  less than a second.* This 
recently developed approach has been applied t o  s p e c i d z e d  
commercial explosion problems . 
Since the types of fires w i t b i n  glove boxes can be anticipated, 
it i s  possible, with pmper preplannin@;, t o  provide the extin- 
guishing agent o r  agents needed f o r  f i re  control. 

1/ See Ubnderwriters Iaboratories publications titled, "Approved 
Devices". 

*Details may be obtained from iiM: Headquarters' Division of Operational 
Safety. 
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Currently, various manual extinguishing agents, mostly dry 
types, a re  used t o  control o r  ext inguish pyrophoric metal fires. 
They include magnesium oxide, MFT-EX powder, G - 1  powder, sand 
and a eutectic salt mixture. 
i s  a recent development and appears t o  be very effective. Y M e t a l  blocks 
may be used t o  conduct heat away from burning chips. 
m e t a l  fires are sometimes permitted t o  safely burn to the  oxide under 
controlled conditions. 
effectively conduct heat, also assists i n  t h e  control of m e t a l  
fires. 

The eutectic salt mixture ( N  1, KC1, BaCQ) 

Also,  pyrophoric 

A glove box f loor  material which w i l l  

I n  specialized cases of the  machining of metals using high-flash 
point o i l  coolants, the coolant m y  be used to douse and extinguish 
incipient fires i n  burning chips. 
immersed i n  t h e  coolant fo r  extinguishment. 

Also, the  burning metal may be 

Carbon dioxide type f i re  extinguishers are effective on flammable 
l iquid and e l ec t r i ca l  f i r e s ,  but &en used i n  glove boxes, care 
must be taken t o  avoid over-pressurizing the glove box and spreading 
radioactive contamination. Tests a t  an AM: contractor f a c i l i t y  
(Hanford) indicate t h a t  the  dry c emical type extinguisher w i l l  
not over-pressurize a glove box.$ m e  powder, of cowse, would 
have to be cleaned up, usually by vacuuming. 
powder extinguisher i s  probably similar to the dry chemical 
extinguisher i n  these respects. 
is approved f o r  fires i n  ordinary combustibles and flammable 
l iquids  and f o r  e l ec t r i ca l  fires. 

The new "all pwcpse" 

The "all purpose" extinguisher 

Quick connect couplings may be ins ta l led  on glove boxes to 
f a c i l i t a t e  discharging t h e  contents of a portable extinguisher 
in to  t h e  box. Piercing nozzles are sometimes instal led on 
pressure-operated extinguishers, (such as dry chemical and 
MET-I,-X units), to pierce a glove and combat a fire when other 
manual methods fail. 
t he  problem of violating the  in tegr i ty  of the  box. When used, 
it should be designed so t h a t  t h e  glove w i l l  effectively seal 
on the nozzle. 

The use of a piercing nozzle presents 

Holliday, J., "The Extinguishment of Uranium and Plutonium Fires", 
TGR Report 86 (D) ,  UKAEA, 1962. 

9 Tests conducted a t  Hanford were described by R. R. K i n g ,  "The 
Prevention and Control of N r e  i n  Glove Boxes Containing Plutonium:, 
presented a t  the  ANS Meeting i n  Chicago, Nov. 7-10, 1961. 
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Water type extinguishers should be avoided f o r  glove box fires 
where l iquid metals o r  pyrophoric metals are present because 
of the possible violent nature of the reaction. 
also be avoided where c r i t i c a l i t y  i s  a consideration. 
the use of water should not be definitely ruled out in glove 
box areas even where these problems may exist. 
may ar i se  w h e r e  water my be the only means of preventing 
uncontrolled spread of a f i re  and release of radioactive 
contamination t o  areas outside of the area of fire origin. 
In other words, the risk of not using water may be greater 
than the risk of using it. For this reason, building f'im 
hose systems with "fog" nozzles should be available fo r  use 
if needed. 
the importance of automatic sprinkler systems f o r  protecting 
glove box exteriors. 

Water should 
However, 

X si tuat ion 

These c o m n t s  should not be construed as minimizing 

:utomatic f i re  extinguishing systems of the C02 type are in- 
s t a l l ed  i n  glove boxes in a few cases at present. 
extinguishing system i s  par t icular ly  appropriate where hazardous 
materials within the gbve box could be dispersed outside the 
box. 
costly clean up o r  even catastrophic consequences. Autxmatic 
systems are also appropriate to glove boxes containing fire 
r i s k s ,  including combustible construction materials, located 
in areas which are not under constant surveillance. 

An automatic 

Spreading of radioactive o r  toxic mSterl.als could Lead t o  

In view of the vulnerabili ty of glove boxes t o  fire damage, 
time i s  very important in f i r e  control. Experience t o  date 
indicates t ha t  considerable delay may occur from the time a 
fire is  discovered until the time of a r r i v a l  of fire C I X W S ~  
The use of automatic f ire detection and control systems minimizes 
delay and the risk of personnel exposurec For certain appli- 
cations, where water may be acceptable, pressurized water tanks 
could be used to  supply a pre-determined quantity of water t o  
"fog" type sprinkler heads within a glove boxs In this case, 
provisions would have t o  be made to handle water run-off. 

A new high expansion foam system, recently developed, uses 
relat ively l i t t l e  watero a 
for rapidly controlling fires which may occur within glove boxes 
o r  within glove box roomse 

It shows encouraging potent ia l  

Where there a n  l a a p  banks of hi& efficiency filters, auto- 
matic water spray protection i s  advisable, par t icular ly  i f  the 
filters are the combustible typee This protection is advisable 
fo r  the f i r e  resistive type also, where they are subject t o  

1 / Commercial development described and demonstrated at  the 
X C  Fire Protection Engineers' Conference held a t  SRO, Jan, 1962, 
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combustible loading. 
(Rocky Flats)  indicate that the automatic water spray 
protection should be ins ta l led  on both the upstream and 
downstream sides of combustible high-efficiency filters, 
It i s  only required on the up-stream side of the f i r e  
resistive type high efficiency filters, Automatic water 
spray protection may also be needed t o  protect the main 
blowers and ductwork of large ins ta l la t ions  subject to 
damage from the high temperatures of a fire. 

Tests at an AEC contractor f a c i l i t y  

4. Operating Procedures. 

Comments concerning written operating instructions, covered 
i n  Section I (SAFETY) of this appendix, &so apply t o  the  
prevention of fires and explosions i n  glove box work. 

5. Eherp;ency Procedures* 

Comments concerning emergency procedures, covered i n  Section 
f (SAEETY) of t h i s  appendix, also apply t o  emergencies 
involving fires o r  explosions 

In the case of pre-planning f o r  f i r e  emergencies proper 
l ia ison between operating groups, fire emergency crews and 
health physics groups is very important. This includes: 
(a) informing emergency crews i n  advance of the problems 
involved and the precautions which should be taken i n  
fighting a fire i n  a glove box f ac i l i t y ,  (b) proper 
instruction and dr i l l i ng  of emergency crews, and (c) 
pre-planning of procedures to  be following i n  f i r e  
emergencies during working hours and during non-working 
hourse 
be i n  charge, protective clothing o r  equipment to be worno 
access of the emergency crew t o  the glove box area and 
extent t o  which emergency crews engage in f i r e  fighting 
ac t iv i t i e s  during non-working hourso 

The latter includes an understanding of who w i l l  

Where warranted by the hazard, health physics personnel 
should be available at  all t-lmes, so tha t  action by fire 
emergency crews will not be d.elayed, If this procedure 
i s  not feasible, f i re  emergency crews should be trained 
i n  the health physics aspects to operate unassisted during 
an emergency, 

De Fire Prevention, Detection end Control f o r  Glove Box Rooms o r  -8s 

Rooms or  areas i n  which glove boxes are located should be fire 
res i s t ive  or  non-combustible i n  construction and separated from 
other areas of the bui ld ing  by f i r e  res i s t ive  walls o r  par t i t ionse  
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Portable f i r e  extinguishers fo r  the area should be a type 
required for  the f i r e s  which may occur. 
type powdery extinguisher i s  available f o r  f i r e s  i n  ordinary 
combustibles and flammable liqyids and also fo r  e lec t r ica l  
fires. 
avoiding the cleanup of powder is important, such as i n  
del icate  e l ec t r i ca l  equipment. 
which may be present ( l iquid metals, pyrophoric metals, etc.) 
would r e q d r e  additional special purpose type extinguishers. 
Standpipe hose s ta t ions with "fog" no,zzles should be available 
f o r  "backup" protection and the i r  use res t r ic ted  to those 
Who a re  properly trained and familiar with the problems 
involved i n  using m t e r .  

The new " a l l  purpose" 

The C02 type i s  preferred f o r  e lec t r ica l  f i r e s  where 

Other special materials 

Where the area i s  of combustible construction, o r  contains 
other extensive combustibles, automatic sprinklers w i l l ,  i n  
general, provide the mst effective and most economical 
protection. Where the area is f i r e  res is t ive,  but the glove 
boxes are of combustible construction, sprinklers over the 
glove boxes would be one means of protecting them f r o m  a 
f i re  originating i n  the room o r  area. In  event t h a t  a f i r e  
destroyed the in tegr i ty  of a glove box, automatic sprinklers 
i n  the room o r  area would be effective i n  promptly converting 
a three dimensional contamination problem t o  t w o  dimensional 
proportions, t h a t  is, t h e  water spray f r o m  the sprinkler 
system would tend to accumulate smoke and soot on the f loor  
o r  low point of the area and prevent the airborne% spread of 
radioactive contamination to areas outside of the room o r  
building i n  which the f ire originated. The new high-expansion 

opment may also be an effective solution to t h i s  
problem. 

Where sprinklers a re  installed,  measures should be t a b n  t o  
confine the flow of water by curbs, hot drains o r  holding 
tanks as needed. Where there i s  concern fo r  water run-off 
spreading contamination, consideration should be given t o  
means of collecting the water and recirculating it (i.e., 
by means of a catch basin and pump) where t h i s  i s  feasible. 

Heat ( f i r e )  and smke detection systems are  available fo r  
glove box room o r  areas wbere detection alone i s  considered 
adequate protection. 

I l lus t ra t ions  . 
Various AM: "Serious Accidents Bulletins" contain i l lus t ra t ions  
of enclosures involved i n  different  type accidents. 
may be of interest :  

The following 

1/ Manufacturers are named i n  Underwriters Laboratories' L i s t s  of 
d 

Approved Devices. 
2J See page 111-E. 
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1. 

2. 

3. 

40 

USirEc Serious Accidents Bulletin No. 129, Octo 28, 1957, 
(Flammable vapors, i@pited by an e lec t r i ca l  source, resulted 
in an explosion which blew out rubber gloves and cracked 
safety glass windows.) 

IRXC Serious Accidents Bulletin No. 148, O c t o  8, 1959. 
(m explosion, result ing from a chemical reaction i n  a 
glove box, ruptured the rubber gloves, cracked and bulged 
the safety glass window and blew open an explosion 
suppression door a t  rear of box.) 

WAEC Serious Accidents Bulletin No. 152, Octo 29, w90 
(Fire, originating in p las t i c  tubing, spread t o  a plast ic  
"walk-in" type hood in a high vacuum laboratory. 
sprinkler head operated t o  control the fire and confine 
loss t o  approximate~ $350.) 

uG;rM: Serious Accidents Bulletin No. 175, ~ ~ r i l  5, 1961. 
(A fire,  originating i n  a caveroom drybox designed f o r  
working with high levels of radioactivity, spread to 
external areas within the cave, where it was fed by 
combustion of flammable surface coatings, p l a s t i c  
components and the underside of a plywood ceiling.) 

An automatic 

I11 CONCLUSIONS 

Based upon a study of successml glove box practices and from 
lessons provided by various accidents, fires and explosions which 
have been experienced at  AEC f a c i l i t i e s ,  it i s  concluded that: 

IJon-combustible materials should be used to the maximum 
prac t ica l  extent i n  the fabricating of glove boxes. 
bustibles pennitted within glove boxes should be kept to 
a m'~nlmum= 3 

Proper design of glove boxes and equipment will contribute 
t o  the reduction of injury and fire hazards. Proper 
operating instructions w i l l  help t o  avoid accidents, 
injuries, fires and explosions; consequently it is 
inportant that adequate writsen operating and emergency 
instructions be prepared 'and maintained up-to-diste for  
glove box f ac i l i t i e s ;  

Safety and f i r e  protection engineers should be consulted 
f o r  advice and assistance in the design of glove box 
f a c i l i t i e s  and in the preparation of operating and 
emergency procedures; 

Com- 

. .  
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iill f i re  detection and extinguishing equipment and materials 
used should be of a type approved by Ihderwriters Laboratories 
o r  the Factory Mrtual ihgineering Division Iaboratories except 
where mdif icat ions are necessary t o  comply with operating 
requirements. 

Current information and new developments i n  the glove box field 
should be periodically compiled and distributed t o  f ie ld  offices 
and other interested parties;  

Emergency shutoffs fo r  equipment within glove boxes should be 
conveniently located both inside and outside the glove box t o  
permit quick use i n  an emergency) 

sharp edges should not be permitted i n  glove boxes and on 
equipment t o  reduce the poss ib i l i ty  of puncturing o r  tearing 
gloves. 
equipment which may injure operators o r  damage the gloves o r  
glove box ; 

The window material should be a type which w i l l  remain "clear" 
and which w i l l  resist abrasion, heat, discoloration ani! 
shattering; 

Guards should be prov-lded f o r  a l l  Iiloving parts of 

Provision should be made f o r  secondary containers to confine 
spills of f l a m a b l e  or  hazardous materials and prevent them 
from spreading within the glove box; 

Where hydraulic equipment i s  needed in glove box work, approved 
fire res i s t ive  hydraulic fluids should be used; 

An slam should be provided t o  indicate overpressure of a glove 
box o r  glove box system; 

The use of air-aperated m t o r s  and tools should be considered 
where e l ec t r i ca l  equipment would cause a serious f i re  hazard$ 

leans should be provided by use of internal covers, "bungs", o r  
other devices to keep gloves out of glove boxes when the glove 
boxes are not in use (ioe., t o  avoid a fire i n  the glove box 
burning through a glove and destroying the integrity of the 
glove box), and non-combustible glove port  covers should be used 
t o  protect  the gloves from a f i r e  external to the @ve box; 

Uess  the glove box i s  t o  have an inert atmosphere, space and 
f a c i l i t i e s  should be provided within the glove box for  the 
storage of manual fire extinguishing agents, such as the eutectic 
salt mixture f o r  uranium and plutonium fires. Storage i n  p l a s t i c  
bags and application t o  the f i r e  in p las t i c  bags is  suggested for  
this type extinguishing agent. The British use this method with 
success ; 
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Consideration should be given to providing quick couplings 
on glove boxes f o r  the appUcation of fim? extinguishing 
agents (i.e., dry powder types and C%) t o  fires within the 
glove boxes; 

h5xu-m should be provided fo r  fire breaks o r  f i r e  cutoffs 
between glove boxes where it is  possible f o r  a f i re  t o  spread 
f r o m  one glove box t o  another; 

Where feasible, a w i r e  mesh-pre filter should be ins ta l led  
with the glove box exhaust filter t o  provide a f i re  stop 
between the glove box and ductwork. 
type pre- f i l t e r  should also be instal led ahead of the f i n a l  
high efficiency filter. 
physical separation of f i n a l  pre-f i l ters  and high-efficiency 
filters should be considered; 

In  the design o$ glove box f a c i l i t i e s  large filter banks should 
preferably be avoided; 

The number of service entrances t o  glove boxes should be 
limited and gas service should be excluded; 

Further research and tes t ing is desirable i n  the following 
fields: 

Where feasible, this 

Where this is not feasible, the 

t o  develop glove box s t ructural  materials and surface 
coatings t o  b e t t e r  s a t i s fy  both f ire pmtection and 
operating requiremnts; 

t o  determine i f  suitable f i r e  resistive coolants are 
available f o r  machining operations; 

t o  determine effective explosion venting provisions f o r  
glove box systems, means t o  prevent filter clogging by 
smoke and mot, and further improvements i n  high efficiency 
f i l t e r  ins ta l la t ions  t o  resist fires and explosions; 

t o  test filter efficiencies using combustion products 
of various materials handled within boxes; 

on various extinguishing agents f o r  pyrophoric metal fires 
t o  determine the most effective type; 

t o  determine the most effective automatic f i r e  extinguishing 
systems f o r  glove box application, both inside glove boxes 
and i n  glove box rooms. 
types of automatic sprinkler protection should be included 
to determine conditions under which sprinklers would be 
appropriate i n  glove box rooms. 
reactive metals may be present (in the quantit ies normally 
used), and situations i n  which c r i t i c a l i t y  i s  a consid.eration, 
should be included; 

Special analyses of available 

Situations i n  which 
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g. available smoke and fire detection devices should be 
further tested t o  determine the most effective types 
fo r  glove box systems. 
should be investigated fo r  possible glove box appli- 
cation, and available explosive atmosphere detection 
systems should be checked t o  determine the most 
effective type for glove box application. 

Ekplosion suppression systems 
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I. INTRODUCTION 

Prevention of personnel exposures to  radioactive o r  other harmful material, 
l imiting the spread of contamination to  uncontrolled areas, and provision 
of controlled atmospheric conditions f o r  processed materials a re  the  basic 
purposes of the glove box. 
ment of procedures and extensive personnel training i s  often required to  
accomplish effective results.  
t o  perform many processes on materials t h a t  wu ld  be harmful  t o  the individual 
i f  introduced into the body even i n  very minute amounts. 
important that essentially t o t a l  exclusion of certain materials from t h e  
human environment be accomplished. The glove box offers  unique features 
i n  the control of environmental hazards.  

A combination of specialized equipment, develop- 

The atomic enerm industry finds it necessary 

It i s  therefore 

This acpendix i s  primarily concerned M-th the control of personnel exposure 
t o  ionizing radiation, through use of the glove box. Desirable design 
features, operational techniques, precautionary measures and solutions to 
some past  problems are presented f r o m  the standpoint of protecting the 
individual worker f r o m  quantities of radioactivity and/or external radia- 
t ion  tha t  m y  be detrimental to h i s  health and w e l l  being. Radiation 
exposure limits and radiation protection guides a re  pointed out. While 
nuclear safety i s  extremely important, it i s  outside t h e  scope of heath 
physics and therefore i s  not included. It i s  recognized, however, tha t  
a glove box operation wfiich experiences a nuclear zccident will resu l t  
i n  a heavy responsibility fo r  health physics personnelo 

Nuclear safety of operations carried out i n  glove boxes usually r e l i e s  
upon a safe mass of fissionable material for control. 
i s  determined by the moderation available within the glove box. 
neutron moderators include beryllium, graphite, H20, D20, and other 
hydrogenous materials, Therefore glove boxes should be designed t o  
prevent the fissionable materials involved from coming into contact wi th  
t h e  above moderators. 
i n  a manner which will not allow ra in  water t o  find i t s  way into the  
system. 
devices employing hydrogenous material i n  l iquid form should be avoided. 

This safe mass 
Good 

A i r  ducts f r o m  glove boxes should be constructed 

Water pipes should be kept away f r o m  glove boxes and sh ie ldhg  

It is t rue  tha t  only so much safety can be built into any equipment o r  
f a c i l i t i e s  for  processing inherently hazardous material. 
and effective health physics program must augment any radiation 
protection devices. 
tection i s  large, and by effective use of properly designed glove boxes 
protection of the individual from h a m 1  amounts of radioactivity i s  
greatly enhanced. 

An active 

However, the ro le  of the glove box i n  health pro- 
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11. INTERNAL RADIATION 

General 

Radioactive material t h a t  i s  taken into the  human body produces constant 
radiation exposure u n t i l  it i s  eliminated. 
decay are normally the  only methods of elimination and these are often slow 
processes. Usually, there is l i t t l e  than can be done to reduce o r  control 
exposure once radioactive material i s  inside the  body. However, promising 
resu l t s  i n  accelerating elimination rates have recently been obtained 
through t h e  use of chelating and sequestering agents.I/ Nevertheless, 
internal  exposure must be controlled by preventing t h e  entry of radio- 
act ive materials. 
useful fo r  t h i s  purpose. 

N a t u r a l  excretion and radioactive 

Unique features of the  glove box make it part icular ly  

Entry of radioactive materials into the body may be gained by inhalation, 
ingestion, injection o r  i n  some instances by absorption through the skin. 
A radiation accident might possibly subject an individual to internal  
exposure by mre than one of t h e  above means, depending upon t h e  nature 
of t h e  accident and safety measures taken pr ior  to the  accident. For 
example, an explosion involving pl.utonium solution i n  a glass container 
might cause internal  exposure f r o m  wounds made by contaminated glass and 
f r o m  breathing the contaminated vapors, 

O f  t h e  four mdes of entry l i s t e d  above, inhalation and injection a re  
mosQ important, 
t h e  inhalation of materials. 
wounds are beyond t h e  scope of t h i s  report. 
and should be given careful consideration by t'nose i n  charge of glove 
box operation. 

However, t h e  glove box i s  primarily designed t o  control 

Yet they a re  very important 
Techniques f o r  treatment of contaminated 

Contamination control through t h e  use of glove boxes h a s  proven to be a 
very effective method of l imi t ing  both internal  and external personnel 
exposures t o  acceptable levels. Many processes may be safely performed 
on radioactive materials, by t h e  use of glove boxes, t h a t  otherwise 
would be very hazardous. Containment of t h e  inevitable contamination 
which accompanies t h e  processing of elements such as plutonium, polonium, 
etc., i s  enhanced i n  a properly constructed glove box. This reduces t h e  
potent ia l  f o r  contamination of the en t i re  operating area and lessens t h e  
requirement f o r  very r e s t r i c t ive  h e a l t h  protection measures. 
be recognized t h a t  t h e  inside surfaces of a glove box may become grossly 
contaminated and procedures taking t h i s  into account must be followed. 

It should 

Maximum Permissible L i m i t s  
I 

The United States  Atomic Energy Commission Manual Chapter 0524, "Permissible 
Levels of Radiation Exposure", establishes rules  governing t h e  AEC and AM: 
contractors with respect to levels  of radiation exposure t o  be used as t h e  
maximum permissible occupational exposure fo r  t h e i r  personnel and other 

Norwood, W, Dagget, M.D. : "Treatment of Plutonium Deposition i n  Humans 
with MTA", Richland, Wash., (Paper read before 13th  International Congress 
on Occupational Health, New York City, July 1960). 
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persons who may be exposed to radiation originating from JLC op-m,%ions. 
AEC regulation 10 CFB, Part 20, "Standards for Proteetiun Against 
Radiation", establishes standarfis for the protection of licecsees, their 
employees and the public against radiation hazards arising out of t he  
possession or use of special nuclear, source, or by-product mterial 
under license issued by the AEC. 
which must be followed in handling radioactive materials which are 
subject to the licensing authority of the Commission a,nd provides 
procedures whereby deviations from such standards may be authorized 
on a case-to-case basis. 
exposure of personnel to radiation, concentrations of radioactive 
material which may be discharged into air and water, and diqmsal of 
radioactive wastes. 
ures and administrative controls. 

The regulation establishes standards 

The regulation prescribes limits which govern 

It also establishes certain precautionary proced- 

In establishing the above standards the Commission has s'ubstantia11y 
adopted the recommendations of the National Committee on M a t i o n  
Protection and Measurement (NCRP) . These staazdards also conform wlth 
the basic recommendations, concerning permissible radiaLion expmure, 
of the International Commission on Radiological Protection (ICRP). 
NCFP report on permissible internal dose f r o m  occupational exposure is 
published in National Bureau of Standards Handbook 69, "Maximum 
Permissible Body Burdens and Maximum Permissible Cuncentmtions of 
Radionuclides in Air and in Water for Occupational Exposure". 
report of the NCRP is an abridgment of the ICRP IsltePnal Radiation 
Report 

The Federal Radiation Council was formed in 1959 (Pu'blic Law 86-373) 
to provide a Federal policy pertaining to radiation exposure. 
issued a Staf f  Report and made seven recommendations to the President of 
the United States. These recommendations were approved by the President 
on May 13, 1960, for the guidance of a l l  Federal agencies. The Radia- 
tion Protection Guides as recommended by the Federal Radiation Council 
and approved by the President do &t differ substantially f r o m  recommentla- 
tions of the meRp and ICFP. 
state or municipal governments. However these are usually patterned after 
the MCRI? or-ICRP recommendations. 

It should be noted that the maximum permissible limits arx319 radiation 
protection guides referred to above are not intended tu apply to radia- 
tion exposure f r o m  natural background or the purposef'ul expohre of 
patients by practitioners of the healing arts. Furthemre, they may 
not be appropriate under unusual cireumsGncea, hut are' ir?tc&ed to 
apply to normal peacetime industrial operations. 
permissible 'or acceptable level-of exposure without regard to thi reasons 
for permitting%he exposure.. Every reasonable effort should be made to 
keep exposures to the lowest levels compatible with pmcticsllty. 
the MPLs and Guides have been established at wkat is belieped to be the 
best estimate of appropriate limits available in the If&% of present 
knowledge 

The 

This 

This council 

Further regulations m y  be imposed by some 

There is ho single 

Bowever, 
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Conditions That Lead t o  Internal Exposure 

Acute internal  exposure i s  generally caused by m ac;cid.ent i>r iacsiilerk 
resul t ing i n  loss of contamination control. 
tu rn  be caused by equipment fa i lure  or  by an error i n  judgment. 
example, a small hole or  t ea r  i n  a hood glove clan allow significant 
quantit ies of airborne contamination t o  escape from the erzclosm-e even 
i f  negative pressure i s  maintained and %he fault i s  promptly discovered 
and corrected. 
neglected serious internal  personnel expcsure m y  result. Begardlese 
of basic causes, however, t h e  impact of an accideri% and the resultant 
undesirable consequences m y  be greatly seduced by zdecpate atid 
proper preplaming e 

t o  be followed i n  case of unusual circumstances as w e l l  as n a m l  
operations. 
equipment may be needed i n  the event of an incidenx mud the avai labi l i ty  
of t h i s  equipment. It also includes the  training ard i rdoc t r iwt ion  
of personnel. A n  adequate pmcedwe, together ~ 5 t h  prompt an& Judicious 
action can often convert a potentially serious aceideat in%o a minor 
incident. 

Such au accicZen-1; my i n  
For 

If use of t h e  darnaged glove i s  coritirzued a d  repair 

Preplanning includes yre-para+,fon of p!roce&,n+e:; 

It includes t h e  d e t e m m t i o n  of what material ana 

The more insidious chronic internal  exposure is likely to be caused 
by a failure t o  recognize tha t  a hazard ex is t s  and failure t o  realize 
t h a t  corrective action i s  necessary. Chronic exposme also can often 
be minimized by good standard operating procedures. Eowe'byer, i n  
haadling o r  processing radioactive materials nothing can substiti2te 
fo r  constant vigilance by w e l l  trained personnel w i t h  adequate radia- 
t i on  detection means. Also close administrative control. is necessary 
over all processes and personnel t o  see t h a t  safe proeed:ues are followed 
and t h a t  careless habits do not develop. Standards of safe operation 
must be carefully formulated and then put into practice +,lmm careful 
indoctrination of' operating personnel 
t o  deteriorate through lack of supervision or discipline. 

!!?he standardc, m~!':;t m-t be allowd 

When processing i s  t o  be done on the  more hazariious alpha en5Gti;rs 
such as plutonium, prompt detection of significant eoncenbmtioes o r  
atmospheric cont8,mimtion becomes very impor%m% 
on Radiation Protection has established a maximni pxmiss ibLe  l i m i t  of 
2.0 x microcu~ies of" plutonium per milliliter of sir. Expressed 
i n  units enabling comparison with several., nc: i~~dioactfw a i r  -pol utantq 

o r  32 bil l ionths  of a milLi@;pam i n  a cubic meter of air. 
contrasted with the mxxi~lum allowable conceutmtiois i n  a l . ~  c j f  5 mg/d 
for  cyanide; 0.5 mg/d for arsenic; 0.15 mg/d for lead; a d  0.002 rg/d 
for  beryllium. From this very low maximum permieslblle Xjmft of pLt~t,oulm 
i n  air it i s  evident t h a t  constant vigilance and goad ias%xmmmb25fon are 
both needed. 

%e Natiom1 Cormnittw 

the maximum allowable concentration of Pu239 In afr is 3.2 x LO' 8 %,a,?- 1 - 3  

k%Es m y  be 

The biological f a t e  of plutonium i r r  the body a l e  is a 
factor  pointing up the requirement for  effective conf'ineric.xd 1- - 17 

W. Langham (Health Physics - 2, 17'2 (1959) ) 



Plutonium which enters t h e  blood stream through routes such as 
inhalation, i n j u r j  to  the skin o r  absorption from t h e  gastrointestinal t r ac t  
i s  deposited primarily i n  t h e  skeleton, there it apparently becomes w e l l  
fixed. 
the fract ion absorbed from the gastrointestinal t r a c t  i s  extremely small 
and generally considered t o  be unimportant. 
which i s  excreted i s  contained principally i n  the urine. 
rate is  so low t h a t  one half year a f t e r  an exposure, about 96 per cent 
of t h e  or iginal  deposition i s  s t i l l  deposited i n  the body. 
about 91 per cent s t i l l  remains. 

Plctonium contamination i n  a skin injury i s  largely localized and 

The small amount of plutonium 
The excretion 

A t  f ive  years, 

I n  ord inar j  air, plutonium tends t o  form 8 f inely divided, loosely held 
oxide which will disperse into t h e  a i r  and remain airborne. 
above fundamental characterist ics,  it i s  necessary t o  completely separate 
t'ne atmosphere exposed t o  plutonium from Yle air breat'ned by personnel 
processing it. This i s  commonly done by enclosing t h e  work spaces and 
equipment i n  glove box enclosures. 
becomes very highly contaminated it i s  necessary when designing a glove box 
t o  achieve a h igh  degree of integrity.  
e lec t r ica l  l ines  and process equipment which penetrate t h e  walls of the 
enclosures must be made gas  tight t o  the outside. It i s  also customary 
t o  maintain the inside of a glove box a t  a negative pressure with respect 
t o  the room atmosphere. About 3/4" negative water gauge i s  t h e  maximum 
di f fe ren t ia l  pressure recommended because wi th  a greater d i f fe ren t ia l  the 
gloves tend t o  in f l a t e  on the hands of operators, making manipulation very 
clumsy. 
integral  par t  of the glove box, an operator usually wears th in  surgical 
gloves on h i s  hands to  afford secondary protection i n  case the heavy gloves 
become snagged or  cut. 
gloves by sharp o r  hot objects. 
techniques have been devised f o r  changing gloves and fi l ters and f o r  
moving items i n t o  and out of t he  glove boxes without opening them d i rec t ly  
t o  the room air. 

Because of t h e  

Because t l e  inside of these enclosures 

The associated duct work, piping, 

In  addition t o  the heavy synthetic rubber gloves tha t  are an 

Care should be taken t o  prevent penetration of the 
To prevent contamination of t h e  room, 

The use of p las t ic  bag ports  f o r  transfers has been found t o  be generally 
more effective i n  contamination control, although not always as i n i t i a l l y  
convenient. 
where items t o  be transferred in to  and out of the glove box are 
d ie lec t r ica l ly  sealed in to  a p l a s t i c  tube o r  bag. 
o r  withdrawal of objects in to  o r  out of the box without violating t h e  
in tegr i ty  of the physical barrier wall. 

T h i s  technique employs the use of p las t ic  tubing access ports  

This permits inser t ion 

I n  the use of a glove box there i s  a tendency to accumulate and s tore  
contaminated material and equipment i n  the  box. 
i s  necessary, but every reasonable e f fo r t  should be made t o  keep t h e  
inside working area i n  a well-arranged orderly condition and as free 
of contamination as practicable. 

A t  times such storage 
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III. ExTERrm RADIATION 

1 I n  designing a glove box fo r  handling alpha emittcrs,Jone may have t o  
consider the external radiation exposure potential  along with the 
problem of internal  exposure potential. 
dependent upon the material and quanti-Ly t o  be handled, but i s  also 
dependent upon such things as the physical s t a t e  and shape of t h e  
material, t h e  chexical form of' the material, t h e  history and age of the 
material, t h e  possibi l i ty  of radioactive impurities and the required 
time t o  do the job. 

This consideration is  not only 

A very h i g h  degree of containment f o r  such materials as PU, Am and Po 
i s  necessary even for very small quantities -- quantities Vnat yield 
very low levels  of X, gamma and neutron radiation. 
quantit ies the normal design f o r  containment may be sufficient. As 
quantities a re  increased one may eventually reach the point a t  which 
sh ie ldhg  o r  exposure t i m e  l imitations w i l l  be required t o  maintain 
external exposures below the recommended levels. 

For such small 

From the standpoint of self-absorption and the concept of a point source 
VS. a distributed source, t he  shape and physical state of t h e  material 
o r  i n  the  case of solutions, t h e  shape of the  container w i l l  have some 
effect on the X and gamma f ie ld .  
considering hand exposure. 

This i s  especially important when 

When alpha emitters become intimate with certain l i gh t  elements as 
Compounds o r  mixtures, production of neutrons by t h e d - n  nuclear 
reaction takes place. Consequently, t h e  chedca l  form o r  process needs 
t o  be considered. 

The growth of radioactive daughter products i n  the material under 
consideration may change the  external radiation potential  with t i m e .  
For example, the growth of gamma-emitting daughters f r o m  U232 which 
exis ts  i n  minute quantities gnen working with U233 i s  such t h a t  handling 
becomes more res t r ic t ive  i n  a matter of weeks a f t e r  chemical separation. 

Reactor made alpha emitters such as Pu239 and $33 w i l l  contain isotopes 
of themselves and may also contain small quantit ies of f i s s ion  product 
impurities. 
extent of 
i s  important. 

I n  t h i s  case a knowledge of the isotopic content and t h e  
product impurities t h a t  may ex is t  i n  the material 

lf ~ ~ ~ - 6 5 4 0 ,  "Radiation Problems Associated with the Handling of 
Actinide Elements", M. J. Steindler. 

E. D. Arnold, Proceedings of the Second United Nations International 
Conference on t h e  Peaceful Uses of Atom-c Energy; 
and ORNL-CF- -6-39 (1959); J. J. DeVpry, "Radiation I n t e z i t y  from 
Spheres of U'33 Contaminated with U232 , LAMS-1892 (1955). 

Geneva, 13, 241 (1958), 
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Exposure L i m i t s  

Recommendations for external exposure l imits  have been set down by 
the KCRP and I C R P  i n  t he i r  various publications. A t  present t h e  
design and operation of glove boxes should be such as t o  prevent an 
individual from being exposed t o  greater than 30 rem/year t o  the 
skin, 5 rem/year penetrating radiation, 5 rem/year t o  the lenses of 
the  eyes and 75 rem/year t o  the extremities. 
operations a l l  four of these will have t o  be considered and any one 
may be controlling depending on t h e  nature of the operations. 
for  neutrons &re covered extensively i n  NBS Sandbook 80. 63. 

In  many glove box 

RBE's 

External Radiations from some Common Materials Handled i n  Glove Boxes 

PO2'' i s  an alpha-emitter and has  a half- l t fe  of 138 days. 
ac t iv i ty  is 4.5 x 103 curie/grm. A gamma ray of 800 Kev energy i s  
associated with 1.2 x 10'5 of the alpha decays. The gamma exposure 
levels encountered with less than curie amounts are Low and present 
no problem. 
may be significant. For exaInple, a point source calculation fo r  a one- 
gram (4.5 $lbd c )  source would yield a dose rate of 260 mr/hr a t  one 
foot. Po , because of i t s  h i g h  specific activity,  i s  frequently used 
fo r  the manufacture of neutron sources. 
of alpha emitters and light elements are given i n  Table I. 
data on polonium may be found i n  TID-5221. 

U233 i s  an alpha-emitter and has a half- l i fe  of 1.62 x 105 years. 
specific ac t iv i ty  i s  9.51 x 10-3 c/gD 
ac t iv i ty  and low abundance of gammas associated wi th  i t s  decay, the 
external radiation from it alone i s  negligible. However, i n  the 
production of $33 
reactor  parameter^.^^^'^' has  a half-life of 74 years and decays to  Th 
by alpha emission. 
by the 1.9-year half- l i fe  of Th 
gamma active. 
may be accomplished through chemical separation, regrowth i s  such tha t  
operations would have t o  be completed i n  a matter of weeks and p 
ably days if done under ordinary glove box conditions. 
reported calculated dose rates from a 0.635 cm thick by 5.08 crn diameter 

I ts  specific 

The gamma f i e ld  encountered i n  handling larger quantities 

Neutron yields fo r  mixtures 
Additional 

Its 
Because of i t s  low specific 

228 
232 i s  also formed t o  an extent depending on 

The growth &all t he  daughters of U232 is controlled 
This chain of bughters  i s  extremely 

Although elimination of a large par t  of t h e  gamma ac t iv i ty  

Lawrenc 

Lawrence, H.N.P., "Aspects of Handling Uranium-233 Feed Material", 
Second United Nations International Conference on t h e  Peaceful 
Uses of Atomic Energy, Vol, 23, pp 330-333 



f13 disk containing 20 ppm of $32 as follows: 

TABU I 

Time after Separation Dose Rates ( r /h r  at 1 em) 

$33 .t- daughters IP~-c- debug;fitera 

1 b Y  

10 years 

4 weeks 
32 weeks 

0.0029 
0.0032 

0.15 
0 e011 

0.19 
0 *37 
3 02 
14. 

Energies of the  significant gmnmas vary from 0.04 
Approximately ha l f  of the dose rate i s  f r o m  the T1 , 22*6 MeV gamma. 
A discussion of the  problems encountered i n  the handling of 
be found i n  the paper by Amold. (2nd Geneva Conf'erence .- 13, 24l( 1958)) 

PUB9 has a half - l i fe  of about 24,000 years. f ts  specific activfty 
is 0.062 c/g .  The X and gsmm rays associated wlth t h e  decay of Pu239 
when handled i n  production quantit ies w i l l  yield doses t o  personnel 
tha t  should be measured and documented. 
handled through gloves, l imitations on handling m y  need to  be imposed. 
In general, however, ordinary glove box material W p l l  be suf'ricient to  
reduce the X and gamma radiation t o  tolerable levels. 

to  2.8 MeV. 

may 

If massive quantities are 

Unfortunately, i n  handling plutonium, one ~ 3 1 1  hapre t o  concern himself 
also with other isotopes of plutonium, daughter products of the isotopes 
and possible f iss ion product impurities. 

&wing i t s  production 
from 
functioq of chemical separation efficiency and age of the material. 
RoescA has made calculations for surface dose rates fmm plutonium. 
h239 by itself i n  a semi-fnffnite thick piece of metal yields a 
calculated surface dose rate of 610 mrad/hr f r o m  the X-rays (average 
energy of 17 Kev) and 56 m d / h r  f r o m  the harder components s f  
energies 39, 53, 100, 124, and 384 Kev. 

Pua8 is an alpha emitter and has 8 half- l i fe  of 89.6 years. 
epecifiq ac t iv i ty  i s  16.8 c / g .  F r o m  a semi-infinite piece o r  metal, 
Roes& calculated a surface dose rate of 980 md/hr fronz X-rays of 
about 17 Kev average 

at  a rate of 3 k o  n/gm-sec. 

Pu240 is an alpha emitter and has a half-life of 6600 years. 
specific a c t i p t y  i s  0.227 c /g .  
metal., Roascb-. calculated a surface dose rate of 14 d / h r  f r o m  

The isotopic content of 
i s  a function of reactor parameters 
and the  magnitude of f i ss ion  product i m ] ~ m f t f e a  f e  a 

Its 

rgy and 2 rad/hr from s which are primarily 
of  45 Ketr energy. PU 8% spontaneously f iss ions Tsptlta release of neutrons 

I ts  
F r o m  a semi-infinite thfek piece of 

31 Roesch, W. C. S W a c e  Dose f b m  Plutonium. HW-5UL7, July 10, 1957, 
and Geneva paper (2nd Geneva1 Conference uy 23, 339 (1958) ) 
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X-rays and 370 mad/hr from harder components (average of 1 MeV) 
associated with spontaneous f iss ion and 270 mrad/hr of 1 Mev average 
energy associated tr i th  the formed f i s s i o n  products a t  equilibrium. 
The neutron release from spontaneous f iss ion i s  a t  the r a t e  of 
1380 n/@n-sec. 

pU241 h a s  half- l i fe  of 13.2 ears. Over 9 8  of i t s  decays are  by 

I t s  specific ac t iv i ty  i s  113 c/g. 
ac t iv i ty  i s  about 0.005 c / g .  
20 Kev and presents no external radiat‘on proble . Since a number 

isotopes i n  time will yield significant gamma radiation. 

beta t o  Am’41, about 4.4 x 10’ 3 of i t s  decays are by alpha t o  U 231 y 

of gammas are associated with both dil and U 23Y , the growth of 

i n f in i t e  piece of w281 metal. These are  as follows: 

Its equivalent alpha specific 
The maximum beta energy i s  about 

gives formul s f o r  calculating t h e  dose r a t e  f o r  a semi- 

X-rays (17 Kev) f r o m  Am241 

Hard components ( p r i m r i l y  60 Kev) 

U237 (several energies 59 Kev to  334 Kev) 

237 (4.28 x lOo4t,) rad/hr. 

221 (4.28 x radpnr. 

23 (1 - e-O.102 t )  rad/hr, 

The above formulas are  good for times much l e s s  than  14 years and t is 
i n  days. For further discussion see Seaborg, et.al. 
585 (1958) and H y d e  (UCRL-9458) 

(Rev. Mod. Plays. 2, 

Consideration of Pu as a Mixture of Isotopes 

A typic 1 mixture of plutonium would be Fu239, 94.5$; 
and Pu2t1, 0. 
dose rate contribution would be composed of  t‘ne following: 
x 0.945 o r  578 mrad/hr X-ray contribution from Pu239, 56 mrad/hr x 0.945 
o r  53 mrad/hr hard c 
contribution from E’u” and 370 mrad/hr x 0.05 or 18.5 mrad/hr hard 
component contribution from 
and 7105 mrad/hr hard radiation. The spontaneous f i ss ion  neutron 
yield would be 69 n/gwsec. A t  f i s s ion  product equilibrium which 
will exis t  i n  a matter of a day o r  so, an additional 13.5 mad h r  
will be contributed to  the hard componentso 
U237 will yield additional contributions to  both t h e  s o f t  and hard 
components as t’me goes on. For example, a t  30 days Am24Lcontributes 
237 (4.28 x loat x 30) x 5 x 10-3 o r  15.2 mrad/hr t o  the Xsra surface 
dose rate and about 142 mrad/hr t o  t h e  harder componentso U237 ac t iv i ty  
grows i n  t o  the extent of a b u t  50% of e g l i b r i u m  i n  one week and 95$ 
i n  30 days. 
components surface wil 

pU240, 595; 
Immediately a f t e r  chemical separation, t h e  surface 

610 mrad/iir 

onent from Pu239, 14,000 x 0.05, or  700 mrad/hr X-ray 

This t o t a l s  t o  1278 mrad/hr X-rays 

k The growth of Am2 ’ and 

Therefore, a t  30 days the U 
be 23 x 0.95 x 5 x 10-3 o r  107 mradlhr. 

7 contribution t o  t h e  hard 
The 

contributions from Am2 i and U237 growth are  therefore significant and 

See reference, previous page 
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fo r  ~ l i m e r  percentages of Pu241 i n  a mixture of plutonium, the 
growth of the two materials becomes the nlajor consideration from 
the external radiation standpoint. 
mixture will be for practical- purposes proportional to  the pU2b content. 

The neutron yield of a plutonium 

In  addition t o  the above consideration experience has shom t h a t  
depending on chemical separation efficiency, f iss ion products such 
as Zr95-Nb95 and Ru103-Rn103 may exist t o  t h e  extent of contributing 
considerably to  t h e  hard gamma conponents. The former contributes 
garmna of about 750 ltev and the l a t t e r  about 500 Kev. 

Am241 has  a half-life of 462 years. 
I t s  radiation properties were considered under the plutonium discussion. 
The radiation from curie areounts of A S 4 1  would prohibit i t s  handling 
to  very small exposure times i f  handled i n  an ordinary glove box of 
standard construction. 

f i e l d  t o  tolerable levels. 

Its specific ac t iv i ty  i s  3.22 c/g. 

Since the radiations are re la t ively soft, 
added on shielding w i l l  i n  inos-t cases reduce the radiation 

Production of Neutrons b y 4  -no 

The yield of spontaneous f iss ion neutrons f r o m  Pu238 and Pu240 has  
been discussed. 
about 1. 
elements can present a serious exposure problem. 
greatest  one of concern i n  chemical mric i s  the 4 - n  reaction with 
fluor?-ne. If one can assume t h e  ener 
equivalent t o  t h a t  known for P0210&3, the average energy i s  1.4 MeV 
and the yield i s  4 x 105 n/sec/c. 
gammas associated with the o( -n reaction Wi7ich add to t h e  t o t a l  
f ie ld .  

The average energy of the f iss ion spectrum w i l l  be 
The product-ion of neutrons from the&-n reaction wi th  l i gh t  

Perhaps the 

spectrum and yield t o  be about 

There are also some significant 

These gammas have energies of about 1.27 MeV and 2.1Mev. 

Shielding Considerations 

U s u a l  glove box construction from the material standpoint consists of 
windows of l/h-inch glass, l/b-inch p las t ic  or 1/2=inch plast ic .  The 
remainder of the box w i l l  probably be 1/8-inch steel with 15 to  30 m i l  
thick gauntlet gloves. 
shielding the sof ter  electromagnetic and beta radiation but do not 
of fe r  much i n  the  way of shielding for  the harder gammas o r  neutrons. 
Replacement o r  "added on" materials such as X- ray glass, lead sheet 
o r  leaded gloves m y  be used. 
reduce t h e  radiation f i e l d  to  tolerable levels with ve r sa t i l i t y  of 
operation remaining. 
effectiveness of various typical glove box materials and "added on" 
materials. One i s  cautioned t o  keep i n  mind t h a t  these data should 

These materials are somewhat effective i n  

I n  many cases such additions w i l l  

Data i s  presented i n  the appendix fo r  shielding 

Moyer, Harvey V., "Polonium", TID-5221, July 1956 

Moulthrop, H.A.,  Z Plant Radiation Study, Interim Report No. 5-Part 11, 
Data on Gamma Shielding of Special Plutonium Samples, HW-61755 Pt ,  2, 
October 22, 1959, and Steindler, M. J., ~ 1 6 2 8 7 ,  pg. 143. 
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be used only as guides since the  many parameters which ex i s t  i n  
prac t ica l  s i tuat ions obviously could not be accounted for .  

It i s  generally accepted tha t  ehielding should be used asclose t o  
the radiation source as possible. 
degree in glove box design. For example, many chemical appsratus 
can be jacketed with lead sheet very eas i ly  within the  glove box. 
t he  other hand, it may be mre prac t ica l  to shield the  en t i re  box to 
maintain v e r s a t i l i t y  within t h e  box. Also, the problem of radiation 
due t o  s p i l l s  and general accumulation of radioactive material over 
the  inside surfaces of glove boxes and on equipment can be handled 
better i f  the e n t i r e  box i s  shielded. 

This concept can be used t o  a 

On 

The physical and chemical properties of a good neutron shield do 
not allow shielding of glove boxes to be done i n  a similar manner as 
described f o r  gamma radiation. 
one d o s e  chemical composition i s  high i n  hydrogen. Materials sueh 
as water, paraffin, xuasonite and plexiglass have been used. 
although a good neutron shield, i s  not well received because of' i t s  
f l a m a b i l i t y  and need f o r  s t ruc tura l  support. 
be contained. 
of transparency and can be constructed so t he  water can be drained i n  
the  event the  shield must be moved. Neutron removal cross sections 
for a number of materials and elements are given i n  NBS Handbook 63. 

Basically a good neutron shield i s  

Paraffin,  

Water a l so  needs t o  
A combination of plexiglass and water has the  advankage 

Reduction i n  neutron exposure to the hands by shielding is  impnct ica l .  
Consequently, operations such as those involving large quantit ies of 
alpha emitter fluoride mixtures should be done by remote control such 
that distance and/ 
operation. R o e e c 8  gives a value of 0.U5 mrem/hr per  neutron/c&-sec 
t o  tissue at the  surface of Pu m e t a l .  He also shows that t h e  neutron 
flux at the  surface of a sphere is 1/2 na where n is tbe neutrons 
e-ted per unit volume per second and a is  the radfus of" the  sphere. 
Therefore, for  a 2 cm diameter sphere of Pu with composition such 
that  the neutron yield is 80 neut rons /psec ,  the dose mte to  
t i s sue  i n  contact with the sphere i s  88 mrem/hr fi.crm the  neutrons 
alone. 

shielding may be imposed between cperator and 

I n  addition t o  shielding, operation methods and procedures should be 
considered in t h e  li&t of increasing operator distance from t he  
source of radiation md reducing t i m e  of exposure. Placement of 
controls at maximum distances o r  behind barriers and u t i l i m t f o n  of 
tongs where possible will reduce exposure. 

See reference, page IT-8 
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Housekeeping Fractices 

Good housekeeping pract5.ces are very inqortan-l fo r  the minimizing 
of radiation exposure, 
personnel and most successikl operators assign a htgh  p r io r i ty  t o  
good housekeeping. Spillage of active material should be cleaned 
immedtately and a l l  i n t e r io r  surfaces of t i e  enclosue slIou1-d be 
cleaned frequently. Chlps, f i l ings ,  powder, and other solid waste 
should be promptly renoved o r  placed i n  shielded containers, 
glove box should not be allowed to  become a contaminated waste 
storage area. 

T'nis f ac t  i s  well recognized by experiemed. 

A 

Plinimwn material inven%ories should be minta:ined, volat i le  
solvents and combustible material should be kept t o  as sn~all a 
quantity as possible and pyrophoric material. siiould be segregated. 
Specifically, the glove box should be lrsintained i n  a high leve l  
o f  cleanliness and should contain only essent ia l  materials and 
equipmen:;. Perhaps one of the most important methods o f  minimizing 
exposure i s  a good educational program designed t o  make t h e  operator 
aware of t!:ose principles or practices which he may use t o  reduce 
his own exposure. 

For a more thorough discussion on the merits of good housekeeping 
see references if and 2/ .  

r/ Barton, C. J., "A Review of Glove Box Construction and 
Experiments". ORNL 3070 

- 2/ IJIiles, G.  L., - AZRX-C/R - 958 



TABLE 11 

Yields of ( GC , n) neutrons from ~ o l o n i m  aow-ces 

meutrons/lO 6 Alphas 
Target Robert+ Breen and Hertzmc Rea@ 

Li 2,6 
Be 80 
B 24 
C 0.11 

0.01 N2 
02 
CaF2 
m3 
F2 
% 
Ms 
A 1  

0.07 
0 .. 
12 
1.5 
1.4 
0,74 
0.16 
0.11 
0.38 

3 2  
A 

* J. B. Marion and J. L. Fowler, Editors, Ekst Reutmn 
Ph sics Interscience Publishers, Inc., Mew York, 
i&i&iapter  
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Isotope Sp. Act.(l) 
c/g 

4.5 x 103 

9.5 x 10-3 

16.8 

6.17 x 10-2 

0.227 

113 

TABU3 I11 

Radioactive kperties of Some Isotopes 

Type(1) 
Emitter 

a, .08 

a, b , V  .04 to 2.8 

Ganrma per Spontaneous 
Disintegration fission yield 

1.2 10-5 (2) 

0.039 
0.053 
0.100 

10.017 
11 (avg-fission 7.5 per (3) 13&1(~) 

9.6 x loo1 
(avg-fission product) 5 per 

at b 



c;1 I 
r u 

111 (Cont'd.) 

sp. Act.  (1) TypJl) -r€Y campla per 
MeV Disintegration - c /g  wtter Isotope 

pU2k 3.91 x 10-3 a Fission gmmas gamzLs/fi ssion 
probably similar to probably sfmilar 
Pu2b to PI940 

A241 3 -22 

8.4 104 
0.0332 
0.043: 
0.059 

0.2675 
0.3323 
0.3353 
0.3685 

3.7 x 10'1 
2.7 x 10-2 
6 x 10.4 
3.7 x 10-1 
2 10-4 - - 

3.6 x 10-1 
2.3 x LOg2 

3.6 x 10'2 
2.4 x loo1 

8.6 x 10-3 
1.4 x 10'2 
2 x 10-3 

- 

(3) 

Spontaneous 
f iss ion yield 

2500(4) 

(1) 

(2) 

(3) 

(4) 

J. E. Duramer, Jr., Editor, Lo5 A l a ~ m s  Handbook of Rsdistion Monitoring, LA-1835 (3rd Ed.)Nov. 1958 

Reviews of Modern Physics, - 30, No. 2, Part 11, April  1958 

W. C. ROesch, Surface Dose f m m  Plutonium, HW-5l.317, July 10, 1957 

C a l c u l a t e d  f?mm &ts in Reviews of Modern Physics, 30, No. 2, Part  11, April 1958 cn 
\D 
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IV. C O ~ N A T I O N  CONTROL 

The Objective of Contamination Control i s  t o  L i m i t  t h e  Spread of Spilled 
Contamination t o  as Small an Area as Possible 

To the uninitiated, it might appear t h a t  u t i l i za t ion  of a glove box system 
would obviate the  need f o r  f u r t h e r  contamination control measures. T h i s  
would indeed be t rue  i f  t h e  in tegr i ty  of t h e  glove box system and its 
associated operations were absolute. Experience has  shown, however, t h a t  
such systems do not have absolute integrity.  
glove failure, and inadvertent ac t s  of the technicians operating t h e  
boxes . 

S p i l l s  occur due to leakage, 

It i s  necessary, therefore, t o  set up secondary controls i f  contamination 
i s  t o  be confined to t h e  controlled area. These secondary controls include 
zoning, a i r  flow patterns, control l ines,  surface contamination monitoring, 
air  monitoring, bioassay, protective clothing and good personal hygiene 
on the  pa r t  of t he  technicians. 

Contamination Control Aspects of Area Design 

The objective of area design is to lay  out t h e  area i n  a manner tha t  i s  
compatible wi th  contamination control measures and operating efficiency. 
The design o r  layout of an area has a major e f fec t  on the  efficiency of 
contamination control measures. 
considered i n  the  i n i t i a l  design of the area. 

It i s  i w o r t a n t  t h a t  these factors  be 

Proper zoning of t h e  area consists of segregating sub-operations wi th in  
t he  t o t a l  operation according to contamination release potent ia l  and 
placing them i n  t h e  area i n  a manner compatible with c o n t a n a t i o n  control  
and operating efficiency. The size,  shape and location of these mnes can 
increase o r  diminish t h e  e f fec t  of subsequent contamination control measures. 

I n  general, the  best approach to proper zoning depends on an analysis of 
the  total operation relative t o  the contamination release potent ia l ,  
Evaluation of t h e  release potent ia l  of an operation is highly quali tative 
and depends on the experience and knowledge of t h e  analyst. 
obvious t h a t  an open hood has more potent ia l  for s p i l l s  than a glove 
box and tha t  a glove box handling powder has more release potent ia l  than 
one handling solids. 
more release potent ia l  than those requiring less frequent decontamination. 

It is  

Glove boxes requiring frequent decontamination present 

Many other factors  beyond the scope of t h i s  report must be considered i n  
evaluating t h e  release potential. Some of the  more important of these 
factors  are: (1) the uant i ty  of pyrophoric and combustible material 
t h a t  w i l l  be present; p2) the  use of tools and the  presence of other 
objects capable of perforating gloves and p l a s t i c  bags; (3)  corrosive 
character is t ics  of material to be handled; (4)  the  poss ib i l i ty  fo r  
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violent chemical reactions o r  explosions; 
of a nuclear excursion. 
design stages will be beneficial  i n  subsequent operation of the area. 

and ( 5 )  t h e  possibility 
Caref'ulthou@t along these l ines  i n  $he 

After the release potent ia l  of t h e  sub-operations has  been evaluated, 
they should be segregated in to  tm o r  more categories, e.g., none, low, 
medium o r  high release potential .  
efficiency i s  not seriously impeded, e f fo r t s  should be made t o  locate 
those sub-operations with high release potent ia l  i n  t h e  mst remte 
location i n  the  area, i.e., away f r o m  the main entrance o r  h i &  
t r a f f i c  areas. 
categories are placed i n  the  less remote areas. 
optimum layout of the  area may be impractical i n  the case where an 
exis t ing area i s  being altered f o r  a new operation. The approach, 
however, should be followed as closely as possible. 

Provided t h a t  overall  operational 

Operations falling i n  the  lower release p&ential 
It i s  realized tha t  

. 

A i r  F l o w  Pattern. 
airborne contamination w i l l  be limited t o  as small an area as possible 
and rapidly exhausted in case of Proper design of air f l o w  
i s  highly effective i n  control of contamination spread due to  airborne 
contaminants. A i r  flow pat terns  should ideal ly  be designed t o  provide 
clean air f r o m  a corridor in to  each contanination release zone dis- 
cussed above, and exhausted through filters from these zones. Again, t h i s  
i s  not alxays feasible. An effective, and i n  general, attainable 
arrangement, i s  t o  design t h e  ventilation system t o  cause clean air  
t o  flow from zones of low contamination release potent ia l  t o  zones 
of high release potent ia l  with the exhaust located i n  t h e  latter. 
Thus, if contamination is released from t h e  zone of h igh  potent ia l  
for  release, contamination will not be spread in to  other zones, and, 
by definition, the  mst probable sources fo r  such a release are i n  
t h e  zone of higher potent ia l  release. 

The air  flow pat tern should be designed so t ha t  

release. 

Contamination Control Lines. The conW.nat ion control l ines  should 
be set up to prevent physical t ransfer  ( tracking o r  t ransfer  of 
contaminated obJects ) of contamination from controlled t o  uncontrolled 
areas. Ideally, t h e  contamimtion control l i n e  should be a buffer 
zone, such as a wash room located a t  t h e  primary entrance to t h e  area. 
This buffer zone should be equipped with monitoring and decontamination 
f a c i l i t i e s .  Secondary contamination control l i nes  should be set up a t  
"limited use entrances" and w i l l  normally consist  of a l i ne  of demarca- 
t i o n  painted o r  taped on the  floor.  In  some cases, it may be desirable 
t o  set up a secondary contamination control l i n e  at  the entrance to  
areas with high potent ia l  f o r  contamination release. 
monitoring devices alone are sufficient a t  secondary contamination control 
l ines .  
a l i n e  of demarcation and monitoring equipment. 
of  t h e  varlous monitoring instruments will be discussed later. 

I n  general, 

The minimal requirements f o r  a contamination control l i n e  is  
Types and c-pLfcabili ty 



The effectiveness of contamination control lines is directly dependent 
on the cooperation of personnel working in the area. 
usually ineffectual unless a person can be assigned to the c o n t m l  
line for enforcement of regulations, a measure that f e w  plants can 
afford and one that is usually unnecessary. 
personnel can be made to understand the necessity for contadmtion 
control lines, the implementation of control lines can be effected 
through cooperative action. 
refuses to follow the contamination control line procedures, disciplinary 
action should be taken on the second offense. Continued infraction of 
the procedures by one or two persons can quickly spread to other 
personnel, rendering the control line ineffective. In all cases, 
regulations pertaining to maintenance of control lines should be 
written and posted at  the control line. 
be as follows: 

Police power is 

In general, if operating 

In extreme cases wherein a person 

Typical instruetions m i g h t  

No Smoking or Eating within area. 
Before leaving area: 

Monitor Hands and Feet 
Monitor all outgoing equipment 
Wash Hands 
Remove Shoe Covers and Lab Coats 

Contamination Control at the Local Level 

The objective of contamination control measures at, the 1.ocal level 
is to detect and correct equipment or operator failure that cause 
or might cause release of contamination. 
normally designed to completely contain all radioaeWve material 
during normal operations. 
upon many factors, such as operating procedure, quality of construction 
and the ability of the designer to foresee potential fsilwzes. 
necessary, therefore, to analyze the complete system under operating 
conditions, and maintain a check on the efficiency of containment during 
continuing operations. 

The glove box facility is 

The effectiveness of the designwiil depend 

It is 

Many potential sources of leakage can be detected and corrected during 
the initial operation of the system through observation of operating 
techniques, measurement of air pressure differentials, smoke checks, 
air monitoring at likely sources of contamination, and other evaluation 
techniques. In general, a full evaluation of the complete operation 
to determine potential sources of contamination should be mde during 
the initial operation. Correction made at this time w i l l  usual.1~ be 
simpler and require less work loss than corrections at a Later time 
when contamination levels are high and work schedules are pressing. 

The met insidious and frustrsting problems encountered ir, e glme 
box facility are due to small, but continuing contamination leaks. 
These leaks may be due to minute glove punctures, eddy currents in 
hoods, etc. This type of leakage is inconspicuous and results in 
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r i s i n g  air and surface contamination. 
inspection and monitoring i s  t h e  most feasible method of detecting 
t h i s  type of problem. 
a routine basis are  performed i n  most plants. 
plutonium, rcqyire hand monitoring each t i m e  t h e  hands are removed 
f r o m  the glove box i n  order t o  detect glove failure immediately. 
plants  require daily, weekly o r  bi-weekly glove inspections t o  detect 
breaks o r  require frequent contamination checks by the operators. 

Most plants  f ind  t h a t  routine 

Smear survey and general room air  sampling on 
Some plants, handling 

Other  

Other  mechanisms by which contamination may be released i n  large 
quantit ies are mre obvious, usually occurring during operations 
where containment i s  purposely broken, e.g., glove box maintenance, 
transfers t o  and from box and f i l ter  changing. General precauttons 
t h a t  should be taken during operations wherein t h e  contamination 
bar r ie r  i s  broken include rough decontamination t o  minimize loose 
contamination, protective clothing and respiratory equipment f o r  the  
operator, placement of "blot ter  paper" on t h e  f loor  of the  immediate 
area, and se t t ing  of contamination control l ines  around t h e  area to 
l i m i t  t he  spread of contamination. 
precautions are exercised w i l l  depend on t h e  degree of residual 
contamination i n  t h e  box, t h e  nature of t h e  operation to be performed 
and the  knowledge gained f r o m  similar operations i n  t h e  past. 

The extent to which the  above 

Ingenious methods have been developed to prevent contamination 
release during glove changes and removal of materials from t h e  
glove box. 
plants. Material t ransfer  procedure, by use of a plas%ic bag, i s  
i l l u s t r a t ed  on page 1-25. 

Glove changing techniques i n  boxes are similar i n  most 

Other methods of material t ransfer  u t i l i z e  sphincter ports, evacuated 
isolat ion air locks, air  locks, i c e  cream cartons, pa in t  cans, o r  
other containers. 
small items in to  t h e  box and is  i l l u s t r a t ed  on page 1-26, 
more elaborate, but highly successful method u t i l i zed  a portable 
t ransfer  glove box to ef fec t  t ransfers  between boxes. One plant 
is discouraging t h e  use of air locks since it has been t h e i r  experience 
t h a t  t h i s  method i s  re la t ive ly  unsuccessf'ul i n  preventing contamina- 
t i on  spread. 
operations permit, are widely used, 

"he sphincter port i s  an excellent method of getting 
Another 

Interconnecting air locks between glove boxes, where 

The preferred technique of changing filters depends on t h e  f i l ter  
location, If the  f i l ter  plenum i s  located within t h e  glove box 
enclosure, t h e  changing operation i s  conrpletely contained. 
f i l t e r  i s  located outside t h e  glove box, t h e  changing operation 
should employ t h e  same techniques and precautions used f o r  maintenance 
operations when the  box must be disassembled. 

If t h e  
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A i r  Monitoring 

A i r  i s  monitored f o r  the presence of radioactive material to accomplish 
one o r  more of t he  following objectives: 

1. To detect the  presence of air contamination due to continuous 
leakage f r o m  the containment system. 

2. To detect t h e  presence of air  contamination due t o  short 
term, intermediate level leakage from the containment 
system as rapidly as possible. 

3. A l a r m  operating personnel when hazardous conditions exist. 

4. Provide a h is tor ica l  record of ac t iv i ty  i n  a i r  t h a t  can be 
compared to &mum permissible concentrations (MPC 's) . 

A i r  monitoring techniques used a t  t h e  various f a c i l i t i e s  are as follows: 

1. 

2. 

3. 

-4 . 

E i g h t  hour continuous air  samples are  taken, using an air  
pmp and f i l t e r  paper. A t  t h e  end of the sampling period, 
t h e  samples are  removed, t h e  natural occurring ac t iv i ty  
allowed to decay, and the  samples counted on laboratory 
type counters. 

Twenty-four hour continuous air  samples are taken using an air  
pump and f i l t e r  paper. 
saxnples are removed, t h e  naturally occurring ac t iv i ty  allowed 
t o  decay and t h e  samples are counted on laboratory type 
counters . 

A t  the end of the  sampling periods, t h e  

Spot air samples are taken, using h igh  volume air  samplers, 
e lec t ros ta t ic  air  samplers, or other pump-filter systems. 
The naturally occurring ac t iv i ty  i s  allowed to decay and 
t h e  sample counted on laboratory type counters. 
samples may be taken i n  breathing zone, general room air, 
o r  a t  t h e  point of highest expected concentration. 

These 

Continuous air  monitoring, using fixed o r  moving f i l ter  
media. 
the newer r a t io  detector. 
with alarm circui ts .  

Detecting devices u t i l i z e  a count rate meter and/or 
Most of these devices are equipped 
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The eight hour sample accomplishes above objectives numbered 4 
and 1. 
t h e  di lut ion effect of t h e  long sampling period. 
sample accomplishes objective 1, provided the long term leakage 
is unaffected by operations, but since t h e  historical record 
should be based on a b h o u r  work week, does not adequately 
accomplish objective No. 4. Spot sampling, i n  conjunction with 
thorough evaluation of the  operation, can accomplish objectives 
Nos. 1, 3 and 4. It i s  generally argued tha t  spot sampling, 
although -re sensitive, may miss short term leakage events. 
Counter arguments contend t h a t  operations tha t  might lead to 
short term leakage events will be detected i n  the  operation 
evaluation and tha t  samples i n  the breathing zone of the  
operator should be taken when those operatfons are performed. 
I n  addition, t h e  counter argument contends tha t  smear sampling 
is as adequate fo r  detection of short term leakage events as 
continunus sampling, and t h a t  once the  event has taken place, 
urinalysis i s  t h e  roost dependable means of evaluating the 
e f fec t  of the event. 

Short term leakage may o r  may not be detected due t o  
The twenty-four 

A i r  monitoring f o r  alarm purposes has not been i n  wide use i n  
glove box f a c i l i t i e s  u n t i l  recently because satisfactory 
instrumentation t h a t  would detect alpha radiation had not been 
developed. 
due to the presence of naturally occurring alpha emitters. 
Instruments based on the alpha and beta-a#mnw rat io  have become 
commercially available and are suff ic ient ly  sensit ive to B e r v e  
as alarm type air monitors. 
Laboratory have further increased the sens i t iv i ty  of these 
instruments, 
and can be jus t i f ied  only when high toldci ty  materials, such 
as plutonium, a re  used o r  where very high release potential  
exists, Properly calibrated, the  records generated by these 
inetruments should prove t o  be excellent for  h is tor ica l  
purposes. 

Most of t h e  trouble with previous instruments was 

Developments a t  Argonne National 

I n  generalp these instruments a re  expensive 
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Surface Contamination 

Surface contamination limits are  pmbably the mst widely divergent 
semi-standard in the Atomic Energy Industry. 
f a c i l i t i e s  using glove box systems range from qualitative statements 
t o  def in i te  limits f o r  various types of surfaces. 
however, t h a t  t h e  majority of the f a c i l i t i e s  answering the  AEC 
questionnaire are following the general philosophy t h a t  surface 
contamination is held to the lowest pract ical  l i m i t  i n  working areas 
and to non-detectable limits i n  uncontrolled areas. 

Answers by various 

It i s  apparent, 

The point at  wbich surface contamination can be detected i s  
dependent upon t h e  instrument o r  technique used f o r  detection. 
Portable alpha survey meters w i l l  detect  ac t iv i ty  i n  the order of 
500 disintegrations per minute (dpm) per window area (usually 
between 50 and 100 c&). 
smear sample ( f i l t e r  paper rubbed over surfaces) f o r  a one minute 
period wi l l  detect ac t iv i ty  i n  t h e  order of 20 dpm per smear, A n  
attempt i s  usually made to cover 100 a? o r  1 square foot with 
t h e  smear; 
100 & or  dpm per square foot. 

Internal gas f l o w  countiQ3 of an alpha 

therefore, the smear results are  reported i n  dpm per 

Surface contamination limits x i th in  working areas should be based 
on experience and the effect  on air sample and/or urinalysis results.  
It can be generally stated t h a t  &ace contamination i n  working areas 
is of concern only because it can be ingested, transferred to uncontrolled 
areas, o r  technically affect operations. Theoretically, if surface 
contamination i n  a norking area i s  contained within the area, i s  not 
being ingested by personnel and does not affect t h e  sensi t ivi ty  of 
measuring o r  mmitoring devices, decontamination e f for t s  are not 
Just i f ied,  In practice, t h e  working surface contamination l i m i t  
is normally a compromise between mnitoring sens i t iv i ty  and operating 
efficiency, 
wide limits f o r  various types of surfaces and w i l l  allow deviation 
f r o m  t h i s  l i m i t  i f  necessary, 
m o n i t o r i n g  sensit ivity,  f o r  surfaces i n  uncontrolled areas only. 
The limits, as stated, re fe r  to a specific m n i k r i n g  technique 
and since techniques d i f f e r  f ' m m  plant to plant, have resulted i n  
an apparent discrepancy in surface contamination limits. 

Many f a c i l i t i e s  have found it convenient to set plant- 

Others set specific limits, based on 
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I n s t m n t  Monitoring f o r  Surface Contamination. Portable o r  s a -  
portable survey meters are widely used t o  check fo r  t h e  presence of 
radioactive contamination on surfaces t h a t  might be contaminated, 
Semi-portable instruments are normally used a t  contamim,tion contml  
l ines  fo r  checking tools and equipment leaving t h e  area, i n  addition 
t o  personnel contamination monitoring. 

Beta  detecting instruments used f o r  t h i s  purpose are eecerally the 
Geiger tube type, although in some cases sc in t i l l a t i on  type i n s t m e r i t s  
are used. Portable alpha survey instruments commercially available 
include t h e  air  chanber proportional counter, gas flow proportional 
counter, s c in t i l l a t i on  counter, and t h e  "Samson" ionization type 
survey meter. 
gamma as w e l l  as alpha and, therefore, has a h i&er  background than 
the  other instruments. 
used successfUly i n  areas where the  humidity i s  closely con%-rolled, 
but has generally proved unsatisfactory under high humidity conditions. 
The gas f low and t h e  s c in t i l l a t i on  type counters have proved effective 
under mst operating conditions. 
these instruments i s  i n  t h e  order of 500 dpm. 

The "samson" type instrument i s  sensit ive t o  beta- 

The air chamber proportional counter has been 

The lower limit of de t ec t ib i l i t y  on 

Alpha monitoring is accomplished by placing t h e  window of the  probe 
within about 1/4 inch of t h e  surface to  be monitored. 
i s  much farther amy, erroneous readings will r e su l t  due to air  and 
probe window absorption of t h e  alpha par t ic les .  

If t h e  surface 

Interpretation of t h e  r e su l t s  of portable survey meters should be made 
in l ight  of t h e  qual i ta t ive nature of t h e  resu l t s  obtained under 
normal working conditions. I n  general, t h e  instrument survey will 
i n e c a t e  the presence of significant contamination and provide a 
r e l a t ive  order of magnitude f o r  contamination levels ,  

Smew Monitoring f o r  Surface Contamination. The "smear survey" 
I13onitori& technique is widely used throughout t h e  industry f o r  
detectton-of transferable contamination. 
wlping a f i l ter  paper tab  across the  surface su.spc?cted of being 
contaminated. The smear i s  then counted i n  a laboratory counter 
f o r  approximately one minute t o  determine the radioactive con tmna t ion  
picked up by the  smear. 

The technique consists of 

Remlts of the  smear technique are highly qual i ta t ive since they are 
dependent on the area covered, the nature of t h e  contanlinmt, and t h e  
pressure exerted on the  Smear. 
the  method more q w t i t a t i v e  by spec i fy iw the area t o  be covere? by 
a smew. I n  spite of t h e  qyal i ta t ive resul ts ,  experience indicates t ha t  
t he  smear technique i s  h i & l y  effective i n  detection of transa'emble 
ac t iv i ty .  Since the  major problem associated with surface contanina- 
t ion is due t o  the  removable o r  transferable contamhatior,, t he  smear 

Most f a c i l i t i e s  have attempted t o  &e 



technique i s  a,depate for rout ine monitoring of uncontrolled &rea,s o r  
other areas where con2;mrination i s  riot expected and, i n  addition, i s  
one of the least  expensive monit'ring techniqlxs. 

The objective of personnel contamination monitoring i s  t o  detect  the 
presence of contamhation on the  skin o r  clothing of persons so t h a t  
it can be r m v e d  o r  shown to  be non-ingestable and/or non-hazardous. 
TID 3535, USAEC, Radioactive Decontamination, available f r o m  Technical 
I n f o m t i o n  Service, Department of Commerce, Washington, D. C., i s  a 
bibliography of publications dealing wi th  decontamination of surfaces 
of various materials, metals, equipment, buildings, clothing, skin, 
earth, e tc .  The primary problem connected with personnel contamination 
is based on the  presumption tha t  t h e  contamination w i l l  ( a )  be trans- 
ferred t o  t h e  internal  organs of the body; 
areas; 
a f f ec t  future contamination mnitoring. I n  t h e  s i tuat ion where the 
contamiraant is a beta-@;amma emitter, a l l  four factors  must be considered 
i n  the  decision re la t ive  t o  the significance of residual contamination, 
For alpha emitting contaminants, only the  first three  factors  are 
considered. 
contaminated with plutonium to t h e  extent of 1000 dprn after repeated 
decontamination e f fo r t s  have been attempted without success, and i f  
further e f for t s  might damage t h e  skin t issue,  t he  contamination may 
be considered insignificant.  
t h a t  fiwther decontamination mist occur due t o  sloughing of t h e  skin, 
which w i l l  be a slow process t h a t  would probably not r e s u l t  i n  
ingestion and would result i n  insignificant contamination of' uncontrolled 
areas. 
able and 5 s  of little consequence since t h e  presence of t h e  conkmina- 
t i o n  is known. 

(b) fa l l  off  i n  uncontrolled 
( c )  deliver excessive radiation dose t o  the skin; o r  (d) 

For example, i f  the hand of a person is found to be 

This decision would be based on the fact 

Future monitoring might be affected, but t h i s  e f fec t  i s  mavoid- 

Instruments available for personnel mnitor ing  include portable and 
semi-porta'b'le survey meters for both alpha and beta-garma radiation, 
hand and foot counter f o r  beta-gamma radiation and, to a l h l t e d  
extent, alpha radiation, and portsl  monitors fo r  beta-gmm radiation. 

Beta-gama mnitoring can be accomplished with many commercially avtsflsble 
instruments which usually u t i l i z e  Geiger tube detectors. 
t h a t  these instruments be as sensi t ive as possible so t h a t  contamination 
can be easily detected. 
instruments can be increased by a factor of 10 through use of 8 probe 
u t i l i z i n g  four Geiger tubes wired ir, parallel. 
makes it possible t o  quickly scan a person f o r  contamination. U s e  of a 
por ta l  monitor wi th  an alarm c i r cu i t  is effect ive i n  preventing grossly 
contaminated persons from leaving a contmlled area. Hand and foot 
counters 3L.e available t o  monitor the hands and feet, which m e  t,he 
most l i ke ly  points of contamination. 

It i s  importmt 

The s e n s i t i e t y  af the portable o r  semi-portable 

The increased sens i t fv t ty  
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Alpha mnitor ing is  mre d i f f i c u l t  due to t h e  properties of alpha radiat ion.  
The penetration power of t h e  alpha pa r t i c l e  demands a very thin window 
i n  the probe resulting i n  frequent fa i lure ,  especially when sc in t i l l a t i on  
detectors a re  used. 
chamber, gas f low proportional o r  s c in t i l l a t i on  detectors are  commecially 
available, The sc in t i l l a t i on  and gas flow proportional type counters 
appear to be t h e  most dependable, although both,  i f  improperly adjusted 
may be sensit ive to beta-gaxm and/or neutron radiation. Hand and foot 
counters u t i l i z ing  alpha sensit ive sc in t i l l a t i on  detectors have 
been used with moderate success, although maintenance i s  d i f f i cu l t  
due t o  window breakage. 
faults, it i s  capable of detecting significant amounts of contamina- 
t i on  i f  caref'ully used. 

Portable o r  semi-portable instruments using air  

Although alpha mnitor ing equipment has many 

v. P~SONNEL MONITORING 

The numerous measures and procedures discussed above would seem to 
provlde adequate protection f o r  personnel working a t  o r  around glove 
boxes. Various appropriate shielding techniques, careful administra- 
t i v e  control, constant mni tor ing  outside the boxes, exhaust monitoring, 
pre-estimations of t h e  amount and hazard of exposure f o r  each individual 
operation performed i n  t h e  box, protective clothing, glove changing 
techniques and inspections, swipe procedures, and many other measures, 
cover a l l  t h e  avenues of possible contamination of the  individual, 
yet, there are accidents and unforeseen happenings t h a t  make it 
necessary and desirable t o  take even Further steps t o  protect the  
h e a l t h  of t h e  workers. 

And 

External Radiation 

Film badges are worn generally by a l l  personnel wbo may be exposed to  
indus t r ia l  radiation, 
these badges, they a l l  indicate beta and gamma emsure, and some are 
modified to  read neutron exposure. Usually, these badges are read a t  
one week to three month in te rva ls .  Some f a c i l i t i e s  re@re t h e  additional 
use of pocket dosimeters which can be read each day. 
warrants it, film r i n g s  o r  wrist badges may also be worn. A t  the present 
time, there i s  unsufficient data available to make a general correlation 
of the  ring o r  wrist badge readings with whole body exposure. 
these readings may be valuable as an index of re la t ive  exposure. 
and foot counters, and alpha probes are routinely used i n  most instal la-  
tions. The permissible levels  are set locally, depending on the  operation, 
however, a l l  levels  are equal to or  below those set by AEC Manual Chapters 
o r  AM: Regulation 10, CFB Part  20. 

While there is  some variation i n  t h e  s tyl ing of 

If the  operation 

However, 
Hand 



Internal Radiation 

There is also a wide variation in bio-assay techniques used h;J the 
various facilities in the Atomic Energy Industry. Far ed-1e, t h e  
frequency of urine or feces examination depends to a large extent 
upon the type of work being done, and varies from weekly to annual 
or bi-annual examination. 
that can be followed up by search for any specific isotopes that may 
actually be involved. 
inferred measurement of the actual body burden of internal deposition. 

Usually, a g m s s  beta-gama scan is done 

It is realized that this gives only an 

A t  the present time, there are no methods for accurate estimation 
of internal deposition of radioisotopes that lend themselves as 
feasible routine control measures, to be generally used throughout 
the industry. Use of biopsy or the whole body counter for more 
accurate estimation is not feasible except in isolated ca~es of known 
or stroqly suspected contamination. Routine blood studies f o r  
radiation effects of small doses would fail to give conclusive results. 
Special procedures such as slit lamp examination for early radiation 
cataract requfre the services of a well-trained ophthalmologist, and 
hence could not be used as a routine control measure, It w i l l  be 
seen that, at the present time, internal radiation can best be 
calculated fkpm results of environmental measureIcents and reports 
of the bio-assay of periodic urine and feces specfmens. 

VI coNcIJJsIoNs 
Engineering and operational requirements must be coordinated wlth 
Health and Safety requirements if an efficient, safe operation is to 
result. 
important, common features of facilities, equipment, handling -?&hods, 
and administrative methods necessary for the control of r a t e r i a l a  
requiring a high degree of confinement. 
those directly affecting Health and Safety requirements: 

1. 

A review of successFully operated gloveboxes reveals several 

The items listed helow are 

The area should be laid out to minimize contamtnation spread 
through air borne or physically transferred radioactive material. 

2. Ideally, the worker should be able to reach a11 areas of the 
interior of the glove box through the use of glove ports. 
This w i l l  facilitate cleaning and removal of waste material. 
Inaccessible areas tend to accumulate contaminated dust, and 
if l iquids are splashed on surfaces that cannot be reached, 
clean-up is most; difficult. 

3 .  The enclosure should be conatructed w i t h  high integrity, a high 
degree of leak tightness, provisions for external, radiation pro- 
tection based on the nuclear properties of' the material and a 
reasonable anticipation of future usage. 
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4. The floor of the  enclosure should be without seams, corrosion 
resis tant ,  and capable of being cleaned and decontaminated. 

5 .  Corrosive e f fec ts  on gloves, p l a s t i c  t ransfer  ports, p las t ic  o r  
glass panels and viewing windows, and other components of the 
enclosure must be considered re la t ive  t o  potential  f o r  leakage. 

6 .  The probabili ty of accidents such as spi l ls ,  unexpected 
chemical reactions, small f i r e s  or  explosions should be 
considered. Insofar as possible, provisions t o  minimize 
the  effects of these incidents should be made. 

7. Complete separation of glove box and external atmospheres i s  
essential .  
not be considered as an absolute bar r ie r  i n  case of a 
containment break. 

Negative pressure within the glove box should 

8. Transfers of materials and equipment in to  and out of the  
glove box are made through the  use of plast ic  bag por t s  o r  
air  locks. 
usually be grossly contaminated. 
u n t i l  survey measurements show otherwise. 
used with p l a s t i c  bag t ransfers  i s  usually a m r e  effective 
contamination control barrier than the use of a i r  locks. 

Everything removed from the glove box w i l l  
This assumption i s  made 

The sealing technique 

9. Effective means of replacing defective gloves without 
violating the in tegr i ty  of the  physical barrier should be 
provided. Similar techniques are required fo r  preserving 
the  physical bar r ie r  at p las t ic  bag ports.  

10. Operator t ra ining and s t r i c t  compliance w5th we11 conceived 
procedures are essent ia l .  

11. Film badges should be worn by personel who may be exposed to  
indus t r ia l  radiation. In  addition, pocket dosimeters, f i lm 
rings, and/or wrist badges may be worn during operations i n  
which higher external radiation exposure potential  i s  
involved. 

12. Hand and foot counters and alpha probes may be used t o  detect  
external contamination and control spread of radioactivity. 

13. Routine bioassay procedures should be performed. The frequency 
and specific type of exanination t o  be accomplished should be 
regulated by t h e  specific radio-isotopes involved i n  the 
operation. 

A 
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14. 

15 

Estimation of internal deposition of radioactive material 
should be based on results of environmental measurement 
and reports of bioassay examination. Other procedures, 
such as use of whole body counters, may be used if such 
facilities are available. 

While the above are important for protection of personnel, 
they cannot be used as a substitute for evaluation, routine 
inspection and monitoring, good housekeeping practices 
within and outside the enclosure, operator training and 
other conventional health physics principles. 

In summary, the glove box can be a very helpful tool in controlling 
exposure of personnel to radioactive material, 
di,rect proportion to adequacy of design, effective preplanning, and 
processing methods used. Radioactive materials for which the human 
body has an extremely low tolerance may be processed in a properly 
designed glove box with comparative safety. 
not eliminate the need for informed and vigilant personnel, and an 
effective health physics program. 

Its usefulness is in 

However, this does 
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GLOVE BOX INSTALLATIONS 
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GLOVE BOX INSTAUTIOIfS 

The following is  a summary of data and description of f a c i l i t i e s  extracted 
from t h e  f ie ld  reports, combined with information obtained i n  personal 
visits t o  t h e  principal BM: glove box ins ta l la t ions :  

The San Ramon plant has been concerned with fue l  development and 
fabrication and t h e  extensive related technical areasr 
handled include Beryllium, Uranium, and a limited quantity of Plutonium. 
There are also small  amounts of other radioactive materials. Examples 
of operations set up i n  glove boxes involve weighing, blending, sieving, 
granulating, drying, pelleting, a centerless grinder, pressing, e tc ,  

The materials 

Construction Materials: 

About 20 boxes are ins ta l led  - one-quarter are plywood; 
luc i te ;  
obtained from outside commercial suppliers. 
s ta in less  steel box (Technical Procurement Specification No, 44 AGN-Gl) 
were drawn up t o  obtain versa t i l i ty ,  ease of decontamination and f i r e  
safety. 

onemquarter s r e  
and the reminder are s ta inless  steel, These have been largely 

Specifications f o r  t h e  

Six boxes can be used f o r  i ne r t  atmsphere. 

The windows are of ordinary safety p la te  glass or, i n  some cases, 
3/4” luci te .  Sealing i s  accomplished with neoprene gaskets. The glove 
por ts  are commercially supplied 8” diameter aluminum, and t h e  gloves 
neoprene, with Size 9 standard. 
order. 

Any other size requested i s  a special 

Ventilation Systems: 

About onemhalf the boxes have t h e i r  own blowers and the others a re  
on manifolds, 

An in l e t  p r e f i l t e r  i s  provided on each box and an absolute type with 
a p r e f i l t e r  i s  ins ta l led  on the  out le t .  

The ventilation exhaust ducts are elephant trunk 2” diameter f lex ib le  
tubing. 

Waste Disposal 

Waste i s  disposed of by placing i n  ice cream containers with a 
secondary polyethylene bag surrounding t h e  container. 
removed from the  glove box through the access port only a f t e r  packaging 
as described above, 
decontamination by removing t h e  cover p la te ,  

Material is 

Equipment i s  removed fmn these glove boxes afWr 
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Ames Laboratory has been conducting pyrometallurgical research with 
Uranium-plutonium alloys.  This has necessitated some glove boxes, the  
principal features of which follow: 

Box frames: 
Floors: 

Windows : 
Window seals: 
Window fasteners: 

supports: 

Gloves: 

Glove rings: 
Gloveport covers : 
Ventilation ducts: 

Protective coatings: 
F i l t e r s  : 

Tent Materials: 

Mild s t ee l  angles. 
Formica covered plywood (eas i ly  decontaminated). 
Mila steel angles. 
Plexiglas (easi ly  fabricated and economical). 
Sheet neoprene. 
Cold rolled, mild s teel ,  straps a re  located around 
the periphery of the windows. Machine bolts pass 
through the straps, windows, gaskets and threaded 
holes i n  t h e  box frames. 
"Berkeley Box" Combination Gloves (Style NLR527) 
and Neoprene gauntlet gloves. 
Neoprene "0" rings. 
Polyethylene bags secured with neoprene "0" rings. 
I n l e t  ducts a r e  copper pipes s l i t  down the side 
t o  produce a ribbon of air. 
spring wire reinforced, rubber tubes. 
Enamel. 
In l e t  p r e f i l t e r  - Fiber glass. 
Outlet f i l ter  - Chemical Warfare Service (CWS) made 
of mineral f i be r  wi th  aluminum separators and 
metal case. 
Polyethylene. 

Outlet ducts are 

Atm sphere Control. 

An aneroid type pressure regulator automatically controls a diaphram exhaust 
valve positioned i n  the exhaust l i n e  of the out le t  f i l ter  and a solenoid 
operated gate valve i n  the intake of t h e  i n l e t  f i l t e r  box. 
the  system is  maintained s l igh t ly  below atmospheric. 
i s  accidentally removed o r  a f ire starts, etc., the i n l e t  valve automatically 
closes and the  exhaust valve opens wide t o  maintain the proper direction of 
a i r  flow. 

The pressure i n  
In  the event a glove 

Ventilation. 

The air passes through a fiber glass f i l t e r  into the plenum then through 
copper pipes to each box. 
the  plenum of t h e  exhaust f i l t e r  box where the air is  pulled through a 
f i re  resis tant ,  mineral f iber ,  absolute f i l t e r  and exhausted into t h e  
general hot canyon f i l t e r i w  system. 

Individual exhaust l i nes  f r o m  the boxes lead to 
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Waste Disposal 

A two-inch thick layer of concrete i s  poured i n  a polyethylene bag 
l i n ing  a two-gallon, wax-coated, fiber-pak drum an3 allowed t o  harden. 
A quantity of cement powder i s  added and the solution and dry wastes 
are mixed with the powder then enough water i s  added t o  make a suitable 
concrete. 
a c p n t i t y  of uncontaminsted concrete contained i n  another p las t ic  bag 
i s  poured over the waste. 
bag and remved From the  f a c i l i t y  f o r  disposal. 

The top of the polyethylene bag i s  folded over t h e  concrete and 

The drum i s  closed, placed i n  a clean polyethylene 

ARGOIWE mATIONAL LABORATORY 

Research Fac i l i t i es .  

The new libels Technology Center at  ANL (Bldg. 212) I s  designed t o  handle 
a l l  aspects of plutonium and non-plutonium metallurgical research, with 
emph88i8 on nuclear f i e 1  applications. 
research area consists of two s tor ies  besides a service tunnel and a fan 
loft. 
t o  laboratory Rznctions. 
and the fan loft are devoted to building functions. 

The wing housing t h e  plUtoniUIII 

Part of the  ground f loor  and a l l  of the second f loor  are devoted 
The balance of t he  ground floor, t he  tunnel, 

W rows of laboratory rooms separated by an auxiliary equipment and 
instnrment service corridor are located i n  the center of the wing. On 
both sides are located auxiliary laboratories and of f ice  rooms. These 
are separated F r o m  the main Laboratories by a personnel corridor. The 
arrangement of laboratory and non-laboratory space i s  such as t o  permit 
convenient control of personnel t r a f f i c  and to separate areas of different  
degrees of potent ia l  contamination. 

The auxiliary ecpipment and instrument corridor f rees  space i n  the laboratory 
and minimizes replacement of instruments i n  case of an inadvertent spill. 
The corridor also serves f o r  mving equipment and gloveboxes to and from 
the laboratories thus minimizing potent ia l  hazards i n  the personnel corridors, 

The main functional advantage of the new free-standing glove boxes i s  
the ease with which plutonium f a c i l i t i e s  can be set up i n  non-plutonium 
areas. Glove boxes can be mved from one area to  another, o r  new glove 
boxes can be. s e t  up, with a minimum of effor t .  
o r  connected i n  t ra ins .  
t h e  needs of the individual scientist. 

They can be used individually 
Services t o  the glove box can be easily adapted ta 

Services are brought into t h e  glove box through gas-tight O - r i n g  seals i n  
the glove box walls or  base. A w d l i a r y  equipment is usually under the  
glove box. Some i s  i n  the  auxiliary equipment and instrument service 
corridor. Heavy pieces of auxiliary equipment such as motor generators 
are on the ground floor level under the  laboratories. The main u t i l i t y  
headers are brought into the r o o m s  overhead, above a false ceiling, and 
connected to the glove boxes. One of the  reasons f o r  bringing services 
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i n  overhead i s  the f l e x i b i l i t y  it gives f o r  connecting free-standing 
glove boxesI Another is t h a t  overhead services a re  l e s s  l ike ly  to  be 
contaminated f r o m  a possible spill. 
constructed on a waffle-iron grid pattern. Where necessary, services 
may be brought up d i rec t ly  through the floor. 

The floor of the laboratory i s  

Atmosphere Control 

Where an ine r t  atmosphere i s  required nitrogen i s  supplied t o  the glove 
boxes by evaporation of liwd nitrogen i n  a central  storage dewar. 
pressure i n  the glove boxes i s  maintained a t  -0.5" water column by a 
differeabial  pressure controller on the exhaust header common to  a l l  
glove boxes. 
nitrogen "once-through" the glove boxes a t  a ra te  of 0.2 CFM fo r  a 
100 cubic foot box. Because of the tightness of the glove boxes it has 
been possible t o  maintain the oxygen level  at  around 200 ppm with t h i s  
l o w  flow rate.  
flow ra t e  but climbs rapidly when wet  solutions a re  used i n  the glove 
box. A small recirculating dryer i s  being developed fo r  use on glove 
boxes where the moisture level  i s  a problem. 

The 

The atmosphere i n  the glove boxes i s  maintained by passing 

The moisture level  normally stays around 300 ppm a t  t h i s  

Much ef for t  was original ly  expended i n  developing a recirculating 
nitrogen purification system, 
hydrogen wi th  oxygen t o  form water, and the water was removed by 
absorption drying, 
but was easi ly  poisoned by various solvents used i n  the glove boxes. 
When it was found tha t  it was possible t o  maintain the atmosphere with 
a flow rate of 0,2 CFM instead of 2 t o  5 CFMper glove box, the recircula- 
t i n g  system was abandoned i n  favor of the much simpler "once-through" 
system now used. 

The system used catalyt ic  combination of 

The system looked very promising as regards t o  cost, 

Ventilation System 

Supply air f o r  the plutonium wing of Bldg. 212 i s  heated o r  cooled i n  
a central  equipment room and distributed t o  the offices,  corridors, and 
laboratories of the wing through a dual-duct high-velocity air system. 
The hot and cold air  ducts, located i n  t h e  personnel corridors, supply 
the conditioned air to air attenuators o r  mixing boxes where it i s  
admitted at constant volume to  the rooms i n  accordance with the temperature 
demands of the control instrument location i n  t h e  room. Pressure i n  the 
laboratories w i l l  be s l igh t ly  negative (-0.01 W O C O )  with reference to other 
par te  of the wing. 
of f ices  and corridors to t h e  laboratories, o r  from areas of l ea s t  
co&amination r i s k  to areas of greater contamination riskk. 
s q ~ ~ l i e d  to the off ices  and corridors flows to  the laboratories through 
t h e  grills and openings i n  the floors. 
laboratories through a duct extending over the perforated ceil ing 
t h r o w  which t h e  air i s  allowed to diff'use into t h e  laboratory roomo 

This i s  done t o  provide an air flow pattern f r o m  t h e  

The air 

A i r  i s  also supplied to the 
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Because of t h e  heat load an average of twenty air changes per hour 
i n  t h e  laboratories i s  required fo r  human comfort. The air i s  exhausted 
f r o m  t h e  laboratories on each side of t h e  equipment corridor, by separate 
fsns located i n  t h e  fan l o f t  on a modular basis and corresponding to t h e  
air attenuators located i n  t h e  personnel corridors. One of these typical 
exhaust systems is  shown on t h e  drawing. 
i s  f i l t e r ed  first through a fiberglass pre- f i l t e r  and then through t h e  
usual AM: type high  efficiency filters used throughout the  Lab. The 
filters are located i n  t h e  laboratory areas and are there only as insurance 
i n  case of a contaminated incident. I n  the event of a contamination 
incident, provision i s  being made to reduce t h e  air flow through the 
contaminated room by by-passing all supply air  to  the personnel corridor, 
and exhausting through t h e  laboratory only the amount of air required to 
maintain the  laboratory a t  a slight negative pressure with respect to both 
of f ices  and other laboratory rooms. As t h e  gril led openings and other 
inlets to the contaminated room are sealed, t h e  air flow through t h e  
room can be manually reduced u n t i l  the minimum amount of air  needed to 
maintain the reduced pressure i s  reached. 
i n  the laboratory wall adjacent to the auxiliary equipment corridor t o  
permit the connection of a recirculating a i r  cleanup system. 
a t ing  cleanup system w i l l  be used to remove air  borne contamination before 
cleanup crews enter the room. 

Before leaving t h e  room, t h e  air 

Flanged openings are provided 

This recircul- 

Waste Disposal. 

All dry act ive waste (mW) is  remved from the glove-boxes i n  p las t ic  
pouches, put into cardboard cartons, and stored i n  large s t e e l  containers. 
Whenever possible l iqyid active waste (LAW) i s  evaporated to dryness and 
handled as DAW. 
handled as U W .  
i s  removed f r o m  t he  system i n  polyethylene bot t les  and transferred to the  
Reclamation Department fo r  disposal. 
by t h e  originator before being acceptable for  disposal. 
treating all py-mphoric sol ids  are being provided. 

Very low level  LAW i s  absorbed i n  vermiculite and 
When nei ther  of these techniques i s  possible, t h e  I A W  

Pyrophoric wastes must be oxidized 
Fac i l i t i e s  for  

Storage. 

A l l  pyrophoric materials are kept in the glove boxes i n  an i n e r t  
amsphere .  Where they must be stored outside of a glove box, the  
material is sealed i n  a polyvinyl chloride pouch under an ine r t  atmosphere. 
The pouch is then contained inside a gas-tight steel container. 
t o  get r i d  of all pyrophoric materials as won as possible and not store 
them outside of glove boxes. All pyropboric waste i s  first oxidized 
before storage o r  shipment. 

We prefer 

Access. 

Introduction of amall items into the glove boxes i s  d e  through a 
sphincter, o r  push-throu&, entry port, using a 4" diameter aluminum 
can. 
rwnved Aom glove boxes by putting it into a polyvinyl chloride pouch 
attached to the glove box. Three seals  are then &e across the pouch 

Larger items are introduced by a pouch technique. A l l  material i s  
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dielectr ical ly ,  and the iched mat rf 1 i s  removed by cutt ing down 
the  middle seal. The sealed p la s t i c  very effectively contains the 
contamination. Apparently the contaminated surface flows to t h e  
side of the seal. 
too large to go in to  a pouch, we plan i n  our new glove boxes t o  remove them 
by taking off a window. 
box to accomdate  the window and equipment, as well as t o  re - ins ta l l  t he  
window. 
a completely closed approach and avoid the contamineti_or! dragout t h a t  
normally occurs with a i r  locks. 

Where pieces of equipment must be removed t h a t  are 

A special housing w i l l  be attached t o  t h e  glove 

There are  no air  locks used i n  our f a c i l i t y  as we prefer t o  use 

Shielding;. 

There has been no general need fo r  extra shielding i n  our plutonim 
research laboratories. I n  a few instances lead bricks have been 
placed around a par t icular  operation because of (dn) reactions. 
gamma emission of t h e  plutonium t h a t  we are using i s  low enough BO 
t h a t  extra shielding i s  not needed. 
special provision fo r  extra shielding i n  case future plutonium should 
requi.re It. 

The 

The present glove boxes have no 

CHEMICAL ENGINI33RING DIVISION (Am) 

A-l.33 Facili ty.  

The A-I33 glove boxes consist of S5 "boxes", The primary f'unction of the 
f a c i l i t y  i s  to  provide wet chemical analytical  services and analytical  
development i n  plutonium chemistry fo r  the Chemi cal. Engineer i ng D i  vf s ion ,  

GI02 - Faci l i ty  

Nine glove boxes a re  arranged so t h a t  three-module boxes a re  connected 
to  3 tw-module boxes by means of t ransfer  locks. 
w i l l  be used, one f o r  metallograph$e preparations, the other for  any 
"machine shop" operations tha t  might be needed. 
a two-module configuration, is to be used fo r  specimen storage, 
the four, and one of the three-module boxes a re  1-1/2 modules high 
(60 inches inside he i&t)  fo r  use where more head rooin i s  needed. 

Two four-module boxes 

The remaining box, of 
One of 

G-117 FaCilitJ!. 

TWO three-module boxes are used for the chemical research required i n  
connection with d i rec t  fluorination of spent reactor fuels. No f iss ion 
product work i s  planned f o r  t h i s  f a c i l i t y  and therefore no arrangements 
fo r  beta-@;armna shielding have been made. Equipment included i n  the boxes 
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i s  constructed of m e t a l  (Primarily nickel and Monel) and consists of 
a metal vacuum l i n e  (punping system housed underneath the  boxes i n  
a separate enclosure) with attached furnace tubes, cold traps,  
ve r t i ca l  bed reactors, gas circulat ing pumps and associated instrumenta- 
t ion.  Both plutonium com,pounds and fluorine are handled i n  these systems. 

Atmosphere Controls 

A 4 3 3  Faci l i ty .  

Once through filtered room air as furnished by bui.ldj.ng a i r  condition 
sya t em, 

E102 Faci l i ty ,  

The primary box atmosphere i s  to be recirculating dry air  (2$ re la t ive  
humidity a t  60 F) with the poss ib i l i ty  of changing t o  nitrogen o r  
argon upon the addition of an owgen removal un i t  and minor changes i n  
duct work, 

If some other atmosphere i s  needed by an experimentor, a box can be 
set up t o  bypass the  main system a d  the required atmosphere introduced 
through appropriate valving arrangement. 

The boxes are maintained a t  -.5" W. G. 
valves and o r i f i ce s  arranged so t ha t  air i s  discharged from the system 
u n t i l  the required negative condition i s  reached, after which the 
valves must be opened only to discharge in-leakage. This is done 
automatically through t h e  use of d i f fe ren t ia l  pressure switches and 
solenoid V a l V e S e  

This i s  achieved by means of 

The gas is circulated through each glove box at 33 cubic feet per 
minute. This high flowrate gives greater s t a b i l i t y  t o  the  system 
becausesi t  minimizes t h e  e f fec t  of sudden glove movements, 
almost impossible to pressurize the glove box by rapid "pumping of 
the gloves), 

( I t  i s  

It also f a c i l i t a t e s  h e a t  removal from the boxes. 

Laboratory air i s  on a "once through" basis. 
air i s  conditioned and cooled, 

In the summer laboratory 



Ventilation System. 

A- I33  Facil i ty.  

A i r  exhausts from each box in to  a commn plenum, discharged through two 
AEC filters i n  ser ies  to an outdoor stack. 
switched to emergency power i n  the  event of an e lec t r i ca l  power failure. 

Blowers a re  automatically 

G-lU Facili ty.  

The building ventilation system consists of ductwork From the laborcr;tory 
area to  the fan lo f t .  
are used and the filtered air is discharged to the  atmosphere through 4 ft. 
stacks. 
therefore the air i s  f i l t e r e d  twice before discharge. 
boxes ("pref'ilters") are 12" x 12" x 6" high efficiency filters made by t h e  
Canibridge Filter Co. and are rated a t  500 cFm/l" Wga 
are also used. The box ventilation systems are equipped with standard 
alarms which reg is te r  ( b e l l  and Lights) over pressure surges. 
s e t  for  -0.5" wg. and the a1a.m sounds when t h i s  pressure i s  exceeded. 
addition, manual damper controls a r e  available t o  double the air f l o w  
through the boxes i n  the event of an incident such as loss of glove, etc.  
A normal 50 cf'm is  maintained during routine work. 

I n  the fan l o f t  f i l t e r  banks (24 x 24) using AM: filters 

The boxes also contain a set of f i l t e r s  i n  the out le t  side and 
F i l t e r s  i n  the 

Other makes of f i l t e r s  

These are 
In 

Waste Disposal. 

A-133 and G - l l 7  Fac i l i t i es .  

Solids bagged out as RAW f o r  disposal by reclamation (burial) .  
l eve l  LAW ( l iquid act ive waste) bagged out i n  e l l o n  quantit ies for  
return t o  Special Materials. 
polyethylene containers, neutralized with a caustic solution, immobilized 
i n  vermiculite and disposed as DAW. 

H i g h  

Low l eve l  LAW i s  accumulated i n  s ix  gallon 

R e m v a l  of Material. 

A-133 Facili ty.  

Standard bagging procedures needed. 
t o  a clean secondary container ( ice  cream craton) i s  used fo r  shor t  
distance movements a 

I n  addition the t ransfer  of material 

E l l 7  Facili tx.  

Material i s  moved in to  and out of the  boxes by the standard bagging 
techniques using d ie lec t r ic  sealing of pvc bags, 
are available. 
port are available on one of the end plates.  

Two sizes of por t s  
A standard %inch glove r ing and a 22-1/2 in .  bagout 
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FUEL FABRICATION FACILITY (ANLl 

A 

The glove boxes, process equipment, f a c i l i t y  f loor  plans, services, and 
auxiliary equipment are described i n  d e t a i l  i n  Report ANL-5499 "The Process 
Equipment and Protective Enclosures Designed f o r  the Fuel Fabrication Facil i ty,  
Fac i l i ty  35O", by A. B. Shuck and R. M. Msyfield. 

Services penetrate the glove boxes through double compression seals  i n  
aluminum service panels a t  t h e  top of the boxes. 
located below the glove boxes and i s  enclosed and ventilated a t  a 
pressure below t h a t  of the operating zones by means of controlled flow 
of  air. 

Auxiliary equipment i s  

Ventilation Systems. 

The glove box atmospheres are (1) purified recirculated helium gas o r  
( 2 )  once thmugh air ventilation. The helium gas ventilation is sued f o r  
t he  main interconnected hood system and i s  employed where work i s  done on 
unclad plutonium alloys. "he helium atmosphere contains between 100 parts 
per  million and 1s oxygen with normally l e s s  than LOO parts per million 
of H20. A i r  ventilation i s  used i n  the  aqueous solution l ines,  and where 
work on clad materials only w i l l  be performed. 
t o  a maximum in-leakage r a t e  of 0.02 cubic ft. per hour a t  -2" pressure 
d i f fe ren t ia l .  I n  addition, a l l  boxes a re  posit ively pressurized with helium 
and the mass spectrometer helium leak detector was ut i l ized  t o  test fo r  
leakage 

The glove boxes are sealed 

Waste Disposal. 

The f a c i l i t y  does not include waste reclamation f a c i l i t i e s .  
plutonium turnings and chips will be oxidized i n  a special combustion 
furnace wbich i s  now under construction. 
system by the  sealed vinyl pouch technique and are  transferred to reclarm- 
t i o n  o r  disposal f a c i l i t i e s .  

Fine 

Wastes are posted from the 

The storage of pyrophoric materials in the glove boxes does not 
const i tute  a problem as long as a dry i n e r t  atnosphere i s  maintained. 
Normally the plutonium w i l l  be stored x i th in  t h i s  atansphere i n  a sealed 
food can o r  i n  a f r i c t ion  l i d  can. 

A l l  materials w i l l  be removed from the glove boxes and sealed i n  unlined 
tinned food cans. 
atmosphere. 
plutonium metal. 
vinyl pouches and placed i n  one gSllon f r i c t i o n  l i d  c a s  f o r  atorage i n  vaults 
o r  i n  bird cage containers f o r  shipment. 

The sealing machines ar@ i n  a hood l i n e  i n  a helium 
A mall container of dessicant is sealed into cans containing 

This material i s  posted from the hood in die lec t r ica l ly  Be8led 

Shielding;. 

The need f o r  Qhielding is a recognized problem when the higher isotopes 
of plutonium build up. The f a c i l i t y  w i l l  reqyire major mdif ica t ion  to 
operate with increased quantit ies of FU-240 OT ~xrtmium-233. 



ANALYTICAL FACILITIES 

The glove box now i n  use i s  small and inadequate fo r  analytical chemistry 
operations. 
glass reinforced polyester. 
would indicate t h a t  the optimum size fo r  the box i s  3-1/2' wide x 3-1/2' 
high x 4' depth. 
u t i l i zed  as working faces with the two ends equipped with 1' x 1' doors. 
The saute box could be s p l i t  i n  the middle and used as a wall type'box. 
The window frames are designed t o  f a c i l i t a t e  rapid change. 

Several s ty les  and s izes  of boxes have been made of fiber- 
Limited experience with these different  boxes 

A box t h a t  s ize  would be f ree  standing with two sides 

The services entering t h e  box w i l l  have valves on both sides of the 
glove box wall. 
pract ical .  
the cord will be locked into t h e  w a l l  and can only be removed by 
pulling it in to  the  box. 

The inside valve w i l l  be p l a s t i c  whenever t h a t  i s  
The e l ec t r i ca l  l i nes  w i l l  be brought into the box so t h a t  

Ventilation System. 

Atmsphere control on boxes will be manual by damper and/or t h e  s i z ing  
of the f i l t e r s .  

The ventilation system will be constructed of fiberglass reinforced 
polyester ( W - s e l f  extinguishing res in) .  
f i l ters with t h e  air  to  be brought across each window at  the top through 
a small duct. The air  will pass through s l o t s  at  a high velocity across 
the inside face of the wlndow, moving to t h e  f loor  and across t h e  b o t t o m .  
The air flow at t h e  f loor  level  i s  fast enough t o  remove f'umes as heavy 
as those f r o m  H2SO4. The exhaust is centered a t  the top as a 6" diameter 
hole o r  as a 4" x 12" s lo t .  
box to be used as a glove box o r  as a M e  hood. 
will have available a 4" to 8" water negative pressure different ia l .  

These wfll be two 8" x 8" x 4" 

This s ize  w f l l  take enough a i r  to allow t h e  
The box duct system 

Pyrophoric materials wi l l  be processed ( s t o w e ,  sampling, weighing and 
initial dissolving) i n  a nitrogen atmosphere. 

Waste Disposal 

The dry active waste disposal will be handled by pouching the 
material out through the bottom of the box via a carton inside the 
pouching material. 

The l iquid active waste wi l l  be stored i n  bot t les  stationed under the 
box. 
disposal units will be contained i n  a metal housing. 

Removal  of materials f r o m  t h e  glove boxes w i l l  be handled by a vinyl 
pouching process. 
a b i l i t y  of transporting from box t o  box o r  f r o m  box to hood without 
using t h e  pouching procedure. 

The l iquid will be transferred into the bot t les  by gravity. Both 

The boxes can be made into t r a ins  with the  available 
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ATOMICS INTEENATIONAL 

Atomics International was se t  up to do development work and p i l o t  plant 
production work involving radioactivity, toxic, and pyrophoric materials - 
Uranium,  Beryllium, Zirconium, etc .  These projects usually are limited 
i n  time covering about two o r  three years. 
influenced by t h i s  fac t  since these problems are  of diverse nature, and 
equipment should be versat i le .  

Thus equipment planning i s  

Glove boxes i n  use include those made of metal with a p las t i c  facing 
f o r  viewing operations. In some cases, where non-flammable materials a r e  
used, the en t i re  glove box constmction is of 3/8" Plexiglas material and 
a s t e e l  or plywood encased i n  s t e e l  bottom. Originally all glove boxes 
constructed a t  t h i s  Fac i l i ty  used Plexiglas fo r  viewing windows. 
departments concerned have been advised t o  use the newer Plexiglas 5009 
f o r  future construction of glove boxes. 

The 

BATIIELI;E MEMORIAL MSTIWTE 

The use of glove boxes and enclosures a t  Bat te l le  a t  present i s  res t r ic ted  
t o  the Plutonium Faci l i ty .  
arrangement of boxes, some of mild s t ee l  and some of s ta in less  s tee l .  
About 12 individually designed enclosures a re  arranged t o  care 
f o r  most processes involving atmosphere control and alpha containment. 
This includes welding i n  a helium atmosphere vacuum furnace operation, 
machining, chemistry, ro l l ing  mill, metallography, etc.  These a re  
interconnected wherever t h i s  presented an advantage i n  going from one 
step t o  the next. 
of boxes, wi th  four enclosures using Plexiglas. 
one safety glass was replaced with Plexiglas. 

In t h i s  area there is a well coordinated 

The windows a re  3/8" safety p la te  glass i n  the majority 
The pressure failure of 

The windows are  sealed i n  place with extruded neoprene zipper gasket 
(see I l l u s t r a t ion  ~~1-30, App. I ). The glove p o r t s  are 8" diameter 
aluminum with aluminum port  covers where evacuation of a box i s  required. 
The gloves are 32" length lead impregnated neoprene. 

Pass-out openings are 6", 8" and 14" and, where possible, material i s  
introduced through a 3" o r  4" Sphincter valve. 
the 3" diameter i s  the standard can available and hence is used more 
often. 

The 4" is preferred, but 

The rolling mill i s  arranged 80 that most of the auxiliary equipment, 
motor reduction gears, etc.,  &re': outside: the box, and only the  drive 
shaft goes through the box wall with a laboratory developed seal which 
has proven sati a f  actory . 
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B R O O K "  NATIONAL LABORATORY 

Brookhaven National Laboratory devotes i t s  e f for t s  to 'various f ie lds  
of research, many of which require enclosures f o r  atmosphere o r  moisture 
control, o r  protection from radioactive o r  toxic material. 

I n  an ef for t  t o  take advantage of the developments i n  the f i e l d  of 
p las t i c s  special enclosures have been designed and fabricated from 
polyester reinforced with 20 t o  25$ fiberglass. 
thick and luc i te  windows are  used i n  the enclosure bonded with pblyester 
resin.  

The walls are 3/16'' 

This is  shown i n  i l l u s t r a t ion  - page 1-29, App. I. 

Requirements fo r  enclosures have increased greatly, and extensive 
development work has been carried out, especially i n  the f ie ld  of l o w  
moisture boxes. 
as determined by a thermocouple calibration from known misture content. 
The determination i s  made as a thermocouple reading when dew forms on 
a polished surface cooled w i t h  l iquid nitrogen. 

These now operate a t  1 - 2 par t s  per million moisture 

HANFORD ATOMIC PRODUCTS CO. 

Hanford was established specifically as a f a c i l i t y  t o  produce Plutonium. 
Separate divisions were created fo r  the various portions of the production 
process. 
ments f o r  enclosures and glove.boxes and much attention has been given t o  
increasing the i r  value and efficiency. 

The difference i n  t h e  processes has resulted i n  different require- 

The report, HW-64888 - April, 1960, "Human Engineering Considerations f o r  
Glove Box Design", presents some conclusions fo r  a specific f a c i l i t y  tha t  
may w e l l  be applied elsewhere. The studies recommend a distance of 16 inches 
between glove ports. 
The distance varied from site t o  site, and fo r  different  conditions, between 
16 and 19 inches wi th  the majority between 17 and 18 inches. 

This i s  closer than usually found i n  most instal la t ions.  

The height of the center l i n e  of the glove port  was selected as 56 inches 
for  a man t o  stand and work. 
glove ports as 4.6 inches above the floor. 
ports  between these values. 
between glove ports  can improve efficiency. 

Mound Laboratory reports the height of t he i r  

The p r o p r  selection of the hei&t and distance 
Other sites vary the height of the 

Another "Glove Box Design Study" - HW-68442 - February, 1961, fo r  a 
specific application, recommends 48 inches as the height from the  floor, 
and 16 and 18 inches as the spacing between glove ports  for  different 
conditions. 

Auxiliary Equipment. 

Services and auxiliary equipment are kept out of glove boxes proper, 
wherever possible. 
would be located outside the hood except the par t  of the heating 
chamber where material i s  introduced o r  removed. 

For example, with a high vacuum f'urnace everything 

The philosophy of 
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keeping as much equipment outside o hoods as possible was developed 
because experience h a s  shown t h a t  it i s  easier  t o  maintain equipment 
when it i s  more accessible. 
greatly simplified. 

The diagnosis of trouble areas i s  also 

Ventilation Media. 

Several types of atmospheres are employed depending on operating conditions 
and type of material being handled. The t h r e e  general types t h a t  are 
employed are ordinary room air, which i s  drawn into the hoods through 
f i l t e r s ,  dry air and ine r t  g a s .  
used, and these a re  Helium, Argon, Nitrogen, and Carbon Dioxide. An ine r t  
atmosphere is  always used when work i s  being conducted on plutonium metal. 
Nitrogen i s  favored where it can be used due t o  t h e  lower cost. 
where ine r t  atmospheres are used are out f i t t ed  with indicating and record- 
ing analyzers. D r y  a i r  i s  used i n  cases where it i s  desired t o  reduce t h e  
corrosion o r  deterioration of plutonium, such as i n  a storage hood o r  
conveyor hood. This type of atmosphere reduces the loss of  material by 
oxidation. Ordinary moist a i r  o r  room air  i s  eqloyed i n  glove boxes 
where wet chemical operations a re  conducted. 
necessary for  some applications. 

A variety of iner t  gases can be and are 

Hoods 

Temperature control i s  

Ventilation Systems. 

The ventilation system f o r  a plutonium plant i s  naturally quite complicated. 
Dust control i s  related closely t o  contamination control. Therefore, 
elaborate means of achieving t h e  elimination of dust are provided and 
include such things as d r y  air  f i l t r a t ion ,  w e t  c e l l  washing, and temperature 
adjustments. 
through high efficiency f i l ters  before discharging t o  the atmosphere. 
Glass mat pre- f i l t e rs  a r e  used wherever possible a t  t h e  entry point t o  the 
exhaust system t o  reduce l i n t  from collecting i n  the duct work. This 
technique has proved t o  be very effective.  

Exhaust a i r  from the glove boxes i s  fi l tered a t  least twice 

Waste Disposal. 

The basic policy which has been adopted i s  tha t  no waste w i l l  be discharged 
without first being properly processed through some sor t  of recovery step. 
D r y  waste i s  currently stored waiting completion of equipment f o r  grocess- 
ing t h i s  material. Regular process waste such as skulls, metal dust sweep- 
ings, s lag and crucibles, i s  packaged and transferred t o  recovery where the 
material i s  dissolved and recovered i n  a solvent extraction process. 
wastes o r  other l iquid wastes are piped d i rec t ly  t o  recovery. 
have resulted i n  the recovery of a l l  but residual arnounts of plutonium. 
residual amounts are discarded t o  underground caverns o r  cribs.  

Pickling 

The 
These techniques 
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Pyrophoric Materials 

Gross quantit ies of plutonium are handled and stored as mentioned e a r l i e r  
i n  the report. 
are connected t o  the main conveyor system. Storage hoods are arranged i n  
such a manner as t o  take into account t h e  pyrophoric nature of plutonium. 
Whatever plutonium i s  stored outside of the hoods i n  vaults, f o r  example, 
it i s  enclosed first i n  p l a s t i c  and then i n  t i n  cans. Experience has  shown 
tha t  if the material i s  removed under dry conditions, t h a t  is, a dew point 
of l e s s  than 10' F., no tendency t o  f i r e  i s  apparent. Where extremely 
clean surfaces are important, such as i n  finished weapons, an ine r t  gas 
such as Argon is  used when placing the material i n  shipping containers. 
I n  t h i s  par t icular  case, the container i s  generally of an in t r ica te  
design which takes into account the physical characterist ics of the weapon. 

D r y  air atmosphere i s  employed for  t h e  storage hoods which 

Access 

The standard p las t ic  bag technique i s  used fo r  the removal of any and 
a l l  material from glove boxes. 
years ago and it served rather effectively.  
of the new plas t ics  which are quite easy t o  handle, t h i s  system has  long 
been replaced. 
avoid them. 

The air lock technique was used several 
However, with the development 

A i r  locks &re used today where it i s  not possfble t o  

Shi e ld i  ne. 

A tendency toward increasing radiation exposure t o  employees has  been 
evident f o r  several years. 
most important of which are a processing of greater quantit ies of material 
and a basic change i n  the material due t o  higher exposure i n  the p i l e s .  
The first technique used t o  control exposure was concerned wi th  t h e  
establishment of guide rules f o r  the workers when they were informed of 
the  radiation levels  and encouraged to use proper working habits i n  
order to minimize exposure. For a t i m e  the use of an ordinary material 
such as safety glass  proved t o  be quite effective i n  reducing exposwe. 
More recently X-ray glass has been used and high density lead glass i s  
planned f o r  newer equipment. A water w a l l  has been set i n  place where 
it m s  pract ical  t o  use t h i s  technique. 
lead and masonite have been used where v isab i l i ty  i s  not a factor.  

The increase has  been due t o  several factors  

Other material such as metallic 

IDAHO CREMIcfAL PROCESSING PLANT 

The Idaho Chemical Processing Plant report covers the character is t ics  
and work w i t h  commercial. boxes made of plywood covered with a Formica 
overlay. These were chosen f o r  economical reasons. 

Their enclosure operation f o r  remotely controlled processes i s  an 
outstanding example of t h i s  type of instal la t ion.  A report, "Faci l i t ies  
and Techniques for  the Analysis of Highly Radioactive Samples'' by 
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Ralph C. Shank, James E. Rein, George A. H u f f ,  and Fred W. Dykes, was 
published in June 1957, describing this installation. 

Boxes are not located in a fixed position but by means of mobile under- 
carriages are moved from lab to lab as required. 

Auxiliary Equipment 

Standard, commercially available, auxiliary equipment is utilized, e.g., 
centrifuges, reagent racks, trays, etc. 

Ventilation Systems 

Intake air from lab. enters via filters. Exhaust is via two CWS packaged 
filters in series on each box.' These are supplied with box. 
operate at a vacuum of 3 to 4 inches of water. A l l  boxes exhaust through 
a spray type caustic scrubber to remove any acidic vapors and particulate 
matter. 
gaseous mnitors are installed. 

All boxes 

The exhaust then travels to the MTR stack where particulate and 

Waste D i s p o s a l  

Solid wastes - usually alpha contamination only - are collected in 
polyethylene bags, sealed and rebsgged and sent to burial. Liquid 
radioactive wastes are bottle and sent to I C P P  for disposal. 

Access 

Materials are removed via interchange compartments with added covering 
added as materials emerge from box and then from compartment. Saxples 
removed are usually canned or packaged and outside washed vith acid,etc., 
before remval from box. 

- 

I(m0LLs ATOMIC POWER LABORATORY 

Glove boxes are designed for laboratory research currently involving 
powder metallurgy of zirconium and niobium alloys and fie1 materials, and 
the fabrication processes involving these alloys. 
utilizing glove boxes has been to control the atmosphere to prevent 
contamination with oxygen and nitrogen from the air which effects the 
corrosion resistance and mechanical properties of these alloys. 
atnosphere is either helium or argon of high purity, or evacuation in 
weldiw boxes. 
connection with research on plutonium and the assembly of radioactive 
materials (for example, the encapsulation of neutron sources). 

The chief purpose in 

The 

Glove boxes also have been utilized in the past in 

Auxiliary Equipment 

Services and auxiliary equipment on powder metallurgy boxes include a 
circulation system, evacuation transfer ports, g a s  recovery and addition 
system, with associated pumps, themcouple vacuum @ages, temperature 
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controllers, titanium "getter towers", surge tank, e tc .  Welding 
boxes include an evacuation system with filters, and a thymotrol 
motor system. 

Atmosphere Control 

Atmosphere control i n  powder boxes i s  maintained by evacuation and 
backfi l l  with helium (used currently), o r  argon a f t e r  passing through 
the recovery system. Welding boxes a re  evacuated. 

Waste Di@osal 

Radioactive waste disposal is provided by one q t .  ice cream cartons 
o r  one gal. paint cans. 
immediately (same day) a f t e r  removal from boxes by the  Knolls Atomic 
Power Lab. firemen. 

Non-radioactive pyrophoric wastes a re  burned 

Pyrophoric Materials 

Pyrophoric materials a re  generally stored under argon atmosphere 
i n  an outdoor shed i n  amounts up t o  one Kg. 
allowed i n  the lab. i s  not more than f ive lbs ,  i n  a glove box.  
Polystyrene bot t les  have been used i n  the past f o r  storage; 
adapted commercial pressure cookers a re  currently being ut i l ized.  
Consideration i s  also being given t o  the poss ib i l i ty  of canning 
stored zirconium i n  cans. 

The amount of zirconium 

however, 

Access 

Polyethylene bags are  used f o r  the removal o r  t ransfer  of m t e r i a l  
from glove boxes. 

- 

Additional shielding i s  provided by lead sheets o r  bricks, as 
required. 
of  encapsulating neutron sources. 

Up t o  18 in .  of paraff in  were used during a special job 

LAWRENCE RADIATIOM LABORATORY, (Berkeley and Livermore) 

The materials handled i n  glove boxes and enclosures cover the en t i re  list 
of isotopes, i n  quantit ies up t o  the kilocurie amounts. 
ment equipment has been extended t o  handle beryllium and other toxic 
materials. 
service over the past f i f i een  years, and included i n  these are many t o  
accommodate a variety of processes and procedures, both mechanical and 
chemical. 

The same contain- 

About 800 glove boxes and enclosures have been put into 
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With a few exceptions the boxes and enclosures have been fabricated 
i n  the laboratory shops. 
the  years f o r  most of the  usual enclosure problems. 
small fires have occurred within boxes, no plywood box itself ever 
burned. Nevertheless, the present practice i s  t o  cover t h e  plywood 
with an asbestos board, and t e s t s  have shown t h i s  to be f ire resistant.l/ 
Special enclosures have been bu i l t  of s ta inless  s tee l ,  mild s t e e l  and 
plast ics ,  as required by conditions of a part icular  problem. 
procedure is to l i n e  enclosures with .OO5 in .  polyethylene and place 
a metal tray,coated with a baked vinyl,in t h e  bottom. 

Plywood has  been successfully employed over 
Although several 

Standard 

The window material used i n  the Berkeley boxes is e i ther  l uc i t e  or 
laminated safety glass. 
tried, but tests showed t h a t  the  advantage of f ire resistance can be 
of fse t  by softening a t  a lower temperature and the in tegr i ty  of t h e  
box is  l o s t  sooner. Windows are  sealed with a sof t  sponge neoprene 
s t r ip .  

Other p l a s t i c  window materials have been 

The Glove Port has gone through many t ransi t ions over the  years. 
port  i s  necessarily a compromise since an increase i n  diameter cuts down 
the useable window area i n  t h e  box. The 5-inch inside diameter has been 
sat isfactory for  many years and some operators s t i l l  l ike it. 
being offered a modified box with an %inch port f o r  those who desire it. 
The 5-inch p o r t s  are  cast aluminum coated with baked vinyl resin,  and 
they have proved most sat isfactory as to wear, ease of  decontamination, 
and cost. 

Any 

There i s  

Gloves a re  fastened onto the port with 0-Rings and are usually 27 inches 
long. Longer gloves are seldom needed and they are  more expensive and more 
troublesome to  get into.  Rough operations a re  not so prevalent a t  Lawrence 
Radiation Laboratory, so most gloves are  ,015 inches th i ck  with hand thick- 
nesses between .006" and .008", obtained e i ther  i n  the manufacture of the 
glove or  by welding a t h i n  glove at the wrist. Pairs of gloves are stocked 
i n  s izes  from 7 t o  94. 

Ventilation Ducts 

Ventilation ducts consti tute an integral  part of the bbx ventilation 
system and t h e i r  s ize ,  material, design, e tc . ,  are dictated by the 
overal l  requirements and t h e i r  contribution t o  the economy of f i l t e r ing ,  
building heating, f l ex ib i l i t y ,  e tc .  

The ventilation ducts are based upon having preplanned enclosures o r  
boxes employed i n  modules o r  zones. This means that  no duct need be 
designed fo r  a very large ventilation air  volume. 

- 1/ Fire  t e s t s  are  described i n  LRL-10180 
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Duct work ( t o  which Berkeley boxes are connected) i s  fabricated of 
4" O.D. seamless s t e e l  tubing wi th  flanged ends f o r  bolting. Each 
component i s  coated wi th  a baked re s in  f inish t o  provide a corrosion 
resistance. Forty inches i s  the m i n i m  uni t  length t o  permit adequate 
coating, t o  facilitate monitoring on the ins ide  and when t h e  need ar ises 
permits decontamination o r  easy burial. Neoprene gaskets 1/8" thick 
a re  used i n  assembly. 
room are components bearing four 2" O.D. nipples f o r  affixing t h e  flexible 
exhaust hose downstream of t h e  box exhaust filters. 
adjustable but te r f ly  valve. 
t h e  blowers are roof-mounted, 1 operating and 1 standby i n  parallel, 
at  the  end of each duct. 
t h e  standby blower i n  the  event of f a i lu re  of t h e  primary uni t .  The 
assembly operates within t h e  range of 1-23! water gauge reduced 
pressure. 

A t  i n t e rva l s  along t h e  duct run within the operating 

Each nipple has  an 
This same s ize  duct runs to the roof where 

A self-checking e l ec t r i ca l  c i r cu i t  energizes 

A manometer i s  mounted visibly i n  the  operating room. 

The usual ventilation pat tern f o r  the  glove boxes i s  f o r  t h e  incoming 
a i r  t o  pass through a f i l t e r  pad of fiberglass on t h e  back of t h e  box. 
Two ducts wi th  tapered slots located inside t h e  box on either side bring 
i n  the dust-free air and d is t r ibu te  it evenly across t h e  box floor. 
incoming air  sweeps through t h e  box and i s  taken out through a nipple 
located high i n  t h e  center of the back panel. The incoming air ducts 
a re  made of 1" th in  wall Bakelite tubing and the  out le t  nipple i s  of 
2" brass tubing coated with a baked phenolic epoxy paint. Outside of 
t h e  box is a f lexible  length  of Airtron duct leads to one o r  mre box 
a i r  filters. 
f i l ters to lead to the exhaust duct. 

This 

The same material i s  used on t h e  output side of t h e  

Protective Coatings 

The polyethylene fi lm on t h e  walls of the  enclosure i s  a sat isfactory 
coating. 
box i s  coated with a baked phenolic-epoxy. 
pa in t  i s  used under some conditions. 

P l a s t i c  equipment i s  used as much as possible and metal i n  t he  
Amercoat chemical res i s tan t  

Shielding 

Additional shielding f o r  gammas has been achieved by substi tuting 
Heavimet o r  uranium f o r  lead. 
going spontaneous f i ss ion  have now introduced the  requirement of 
shielding against neutrons. 
LFtL and merits much more investigation. 

Problems of handling materials under- 

This has been receiving much at tent ion a t  

Waste Disposal 

Each enclosure i s  provided with one of the  following waste handling 
systems, selected t o  maximize economy and safety: 

System 1. Where small volumes, i n  t h e  order of a l i ter ,  of 
h igh  levels  involving curies of waste can be 
quickly sol idif ied i n  t h e  box; 
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System 2. Where volumes can be transferred t o  larger  
connected waste containers, 20 gal. capacity for  
solids o r  l iquids w i t h  shielding when necessary. 

System 3.  Volumes of lower levels discharged t o  5 gal. 
containers fo r  t ransfer  of container t o  waste 
packaging area. 

LOCKLAND AIRCRAFT REACTORS, OHIO 

A glove box system i s  designed on the basis of flow diagrams of t h e  
operations to  be performed. 
transfers. In  t h e  past, t h e  glove box system was arranged to  cover 
a wide range of operations, result ing i n  a generalized system of 
re la t ively h i g h  cost. Currently, t h e  immediate use of t h e  glove box 
system i s  considered to  be the predominant factor and w i l l  result i n  
a more economical and eff ic ient  system, but may require more altera- 
t ion  fo r  conversion to  other operations. 

A i r  locks are  provided fo r  inter-box 

Atnrosnhere Control 

Atmosphere requirements range from negative air pressure relat ive 
t o  room air  to  vacuum boxes and ine r t  atmosphere. 

In  t h e  boxes requiring negative air pressure, a slight pressure 
different ia l  i s  maintained via a s lot ted valve i n  t h e  pressure 
nmnifold. 

The vacuum box i s  an autoclave type box with  the vacuum pump exhaust 
vented t o  the main f i l t e r  bank. 

The ine r t  atmosphere i s  obtained by evacuation and gas f i l l i n g  wi th  
subsequent gas flow, 
i s  i n  experimental use. 

An ine r t  gas flush system without evacuation 

Naste Disposal 

Waste disposal from dry boxes during operations make use of  p l a s t i c  
film bags, 
placed inside a clean bag i n  t h e  air lock. The double-bagged waste 
is then placed i n  storage o r  t h e  waste disposal system. 

The waste material i s  bagged i n  the glove box and the bag 

Shielding 

Shielding i s  added by use of p l a s t i c  wrapped lead brick inside the 
glove box. 
necessary, 

Pyrophoric Materials 

Storage of pyrophoric materials i n  glove boxes i s  not prohibited but 
i s  dissuaded. 
material may be stored, within limits, wi th  adequate precautions. 

External lead sheet can be used but t o  date has not been 

If the efficiency of t h e  operation i s  enhanced, such 
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LOS ALAMOS SCIENTIFIC LABORATORY 

Los A l a m o s  i s  a f a c i l i t y  with assigned responsibil i ty primarily i n  t h e  
area of research i n  every aspect of Pu, with an occasional problem t h a t  
could be considered a smal l  production job. This means t h a t  every type 
of chemical, mechanical, metallurgical, analytical  handling of PU must 
be done, and it i s  a rare exception when an enclosure i s  not required 
t o  control the Pu contamination. 

There are four s ty les  of boxes t h a t  make up numerous enclosure systems, 
some enclosing conveyors. 
different i n t e re s t s  and they have developed boxes independently, so there 
i s  l i t t l e  standardization. 
u t i l i za t ion  of the  same engineering group. About 2000 boxes, mst 
s ta in less  s t e e l  12 o r  16 gauge No. 316 o r  347, are i n  use. 
boxes have been made of  mild s t e e l  and coated w i t h  placi te .  
made of plexiglass. 

There are  f ive  o r  s ix  areas with somewhat 

Some areas do have a common contact through 

Some 
Others a re  

I n  the  Chemical Analysis area there are two  box designs. 
fabricated from mild s t e e l  and coated wi th  placi te .  
interconnected and communication between them i s  t h r o u a  an opening f i t t e d  
with gui l lot ine doors. 
cylinder and perform t h e i r  function very well, but they are  an expensive 
ins ta l la t ion .  

These are 
Numerous boxes are 

These operate remotely by neans of a hydraulic 

LOS A l m s  continued t o  use the old proven method of tes t ing  enclosures f o r  
leaks, - seal the box t ight ly ,  apply a posit ive pressure ins ide  and t e s t  
with soap solution. 

Ventilation Systems 

Ventilation systems on glove box t r a ins  a t  LASL are  a l l  of t h e  single 
pass type. Fi l tered air  i s  supplied t o  the work area and passed into 
the  glove box through high efficiency filters. 
through high efficiency filters t o  the atmosphere. 
is usually f i l t e r e d  a t  least twice before being discharged. 
glove box t r a ins  are supplied with air t h a t  has  been treated by drying 
equipment. F i l t e r  changes a re  carried out inside the box. Ducts then 
lead to  a f i l ter  bank before discharge t o  the atmosphere. 

It i s  then exhausted 
A i r  f r o m  glove boxes 

Some special 

I n  the system requiring dry air there are two 1500 cf'm electro dryers - 
steam regenerated - giving 2 00 cfb at -18O F. dew point. 

There is  a desire t o  test the  filters i n  place but a satisfactory system 
is  not available. 
t h e i r  box exhausts more than any other s i t e .  

The high 
efficiency filters are  WP( 13 tes ted a t  Hanford and shipped t o  Los Alsmos. 

Los A l a m s  has employed t h e  "down draft" system i n  

(1) DOP is an abbreviation fo r  the dioctylphthalate, t e s t  fo r  f i l ter  
efficiency u t i l i z ing  a pa r t i c l e  s ize  of 0.3 microns. 
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Auxiliary Equipment 

Services required fo r  glove box operation are t h e  usual ones found i n  
almost any chemical o r  metallurgical laboratory, They are, i n  s o m e  
cases, modified fo r  adaptation t o  glove box use. For instance, where 
circulat ing water is required inside glove boxes the water i s  some- 
times sucked through t h e  system rather than being pushed through as i n  
t h e  usual manner. 
being flooded by a broken hose connection o r  t h e  l ike.  
t h a t  i s  found i n  some laboratories, but i s  prohibited i n  
glove boxes a t  IASL, i s  open flame heating. 

This eliminates t h e  poss ib i l i ty  of glove boxes 
One service 

Waste Disposal 

Disposal of radioactive t r a s h  f r o m  glove box systems a t  Los Alamos 
takes place i n  three ways: (2) precipitation 
of contaminant, encapsulation i n  s t e e l  drums and dry land burial of 
the dr;wns; 
blocks and disposal a t  sea. 

(1) dry land burial; 

(3) encapsulation of americium residues i n  concrete 

Pyrophoric Materials 

As soon as residues t h a t  may be pyrophoric are  created, it i s  t h e  
policy of most groups t o  process them t o  a non-pyrophoric compound. 
This ideal,  of course, cannot always be m e t  and where storage i s  
necessary for  a period of t i m e ,  m e t a l  containers are used. 
preferable tha t  these containers be made of aluminum. 
f o r  t h i s  i s  t h a t  t h e  eutectic melting point f o r  plutonium-aluminum 
al loys i s  much higher than f o r  plutonium-iron alloys. Fur the r ,  t he  
higher conductivity of t h e  alminum dissipates heat m r e  r e a l y  
.and helps prevent the generation of excessive temperatures i f  t h e  
pyrophoric material does ignlte.  

It i s  
The reason 

Access 

The most generally used method of remrsving material f r o m  glove boxes 
i s  the p l a s t i c  bag techniqye. 
description of t h e  technique will be offered. 
mechanisms are also i n  common use. 
use f o r  reznoval of material from glove boxes i s  the air lock. 
ated material i s  carefully placed i n  a cold container i n  the  air lock 
and the container capped. ,This method requires great care i n  i t s  usage 
and routine monitoring and clean up of the  air lock i s  a necessity, 

This i s  In such common use tha t  no 
Double lidded t ransfer  

Another course t h a t  some people 
Contamin- 

Shielding 

Present radiation exposure levels f o r  operating personnel are not 
dangerously close to t h e  maximum permissible limits. 
who are receiving approximately 1/2 t he  permitted exposure are 
usually workers i n  t h e  plutonium recovery operation. 
is primarily due t o  processing solutions high i n  americium. Since 
the main function of LASL i s  a research and development lab., it 
i s  not anticipated t h a t  increased radiation dosage from plutonium 

Those people 

This exposure 
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generated by h igher  reactor power exposure ( i n  terms of MWD/Tonne) 
will become an important factor. It is, however, anticipated t h a t  
additional shielding f o r  glove boxes wi l l  be required fo r  working with 
americium, curium and radio-isotopes of t h i s  nature. It is  further 
anticipated t h a t  more work with irradiated plutonium will be done i n  
the future, requiring shielding equivalent t o  hot cel ls .  

MOUND UBORATORY 

Mound Laboratory h a s  been processing materials requiring enclosures largely 
because of high levels of Alpha. 
toxic materials, along with nickel carbonyl, beryllium and dust, a l l  of 
which have compelled the use of boxes. 

There are  also problems with pyrophoric, 

I n  t h e  early years wooden boxes were instal led and have continued t o  give 
good service. About for ty  of these a re  now considered obsolete, and wi l l  
be replaced with s ta inless  s t e e l  boxes. 

Some provision has been made to care fo r  explosions within an enclosure, 
since some work introduces t h i s  as a hazard. 
used t o  conta in  radioactive o r  toxLc materials. This laboratory prefers 
c r i t e r i a  providing: 

D r y  boxes a re  primarily 

(1) interchangeable boxes, 
(2) spacing between glove ports 18" center to center, 
(3) glove ports 46" above floor, 
(4) working box f loor  36" above floor, and 
(5)  f ront  t o  back 30" maximum. 

Auxiliary Equipment 

Service l i nes  include vacuum, a i r ,  hot and cold water, ventilation (including 
i n e r t  atmospheres), various gases, reagents, and l o w  pressure steam. 
services a re  drains, 110 and variable voltage l ines,  thermocouple l ines,  
lectrodryer, diffusion pumps and other remote and auxiliary service and 
process equipment. 

Other  

Atnosphere Control 

The atmosphere i s  controlled by the ventilation supply and exhaust systems 
with different ia l  pressure control; 
without lectrodryer, and further controlled by use of Foxborough D/P 
controllers which operate the valving of the ine r t  gas. 

ine r t  gases a re  a lso used with o r  

Ventilation Systems 

In  some process l i nes  a once-through para l le l  air flow i s  used. 
d i f fe ren t ia l  from t he  clean area to radioactive o r  contaminated area i s  
automatically maintained. 
commercial equipment. 

A pressure 

For recirculation of gases, t h i s  lab. has used 
A l l  exhausts are  ultimately stacked. 
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Waste D i s p o s a l  

Waste disposal i s  accomplished by use of p las t ic  trash bags and a drum for  
sol id  materials. 
i s  usually included and designed fo r  each specific project. 

A processing system for  the recovery of waste materials 

Pyrophoric Materials 

Pyrophoric materials at t h i s  laboratory a re  usually small i n  quantity and 
a re  stored under ine r t  l iquids and/or gases, o r  sealed i n  appropriate 
containers under an ine r t  atmosphere. 

Access 

P las t ic  bagging techniques are  used t o  remve materials f r o m  hoods. 
materials a re  put into proper containers pr ior  t o  rmval f r o m  the hoods. 

The 

Shieldirq 

Additional shielding occasionally i s  required for  protection from ~armna 
radiation. This i s  provided o r  designed fo r  each specific ins ta l la t ion  
as required. 

NEN BRUNSWICK LABORATORY 

The number of glove boxes, the arrangement, and the u t i l i za t ion  of t h e  boxes 
were designed to provide maximum space ut i l izat ion.  "he work involves the 
study of the w e t  chemistry or plutonium and includes the emission spectro- 
graphic analysis fo r  impurities. 
the behavior of plutonium compounds i s  necessary i n  the development of 
plutonium standards using wet chemical procedures. 
box f a c i l i t i e s  i s  done i n  the glove boxes, whereas support ac t iv i t i e s  not  
requiring glove boxes i s  done i n  the main laboratory. 

Further, the preparation and the study of 

A l l  work requiring glove 

Services 

Power i s  supplied from the grinary dist r ibut ion system of t he  main laboratory. 
Hot and cold water i s  also supplied from the main laboratory; 
i s  softened i n  the main laboratory building whereas t h e  cold water i s  soften- 
ed by a Zeolite sof'tener i n  the foyer of the plutonium fac i l i ty .  
water i s  supplied to glove boxes requiring t h i s  service f r o m  individual 
containers thmugh hoses. 
labomtory to steam chests i n  the plutonium f a c i l i t y  air-system. Compressors 
are provided to supply air to the pneumtic cylinders operating doors between 
boxes and to  the pneumatic control system of the laboratory air system. 
f a c i l i t y  also has been provided with i t s  own vacuum system. 

the hot water 

Dist i l led 

Steam f o r  space hea t ing  i s  supplied from the main 

The 
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Waste Disposal 

The waste f r o m  the laboratory is handled separately and i s  not mixed with 
the  main laboratory waste u n t i l  it i s  declared safe. 
ins ta l led  in the f a c i l i t y  so that the protective clothing used i n  the 
f a c i l i t y  could be washed without the involvement of of f - s i te  interests .  

A laundry has been 

Atmaphere Control 

Control i s  maintained t o  estabLish d i f fe ren t ia l  pressures between the 
various area and is  controlled by dampers i n  the air i n l e t  and out le t  
systems and between the  different  rooms. Entry of personnel into the 
various area i s  through weatherstripped doors, so tha t  the individual 
in tegr i ty  of the air i n  each room can be maintained when the doors a re  
closed. 

Ventilation System 

llhe system integrates the  air f l o w  on a once through basis first through 
the plutonium f a c i l i t y  and then through the glove boxes. A i r  flow through 
t h e  f a c i l i t y  i s  essent ia l ly  maintained by an exhaust fan. A fan i s  a l so  
used at  the outside air  i n l e t  t o  help i n  the control of the flow of the 
laboratory air. 
through "Aerosolve" f i l t e r s ,  then heated t o  t h e  required temperatures by 
gassage t h r o w  a steam c o i l  whose operation i s  controlled by a thermo- 
stat i n  the plutonium laboratory, then humidified by a steam injector  
whose operation i s  also controlled by a humidistat i n  the plutonium 
laboratory and f ina l ly  distributed t o  the  different  room through ducting 
and diffusers. The flow rates t o  the various rooms a re  adjusted by means 
of the d i f f i se rs .  The air  From the mrious rooms i s  exhausted in to  t h e  
plutonium laboratory, and then it i s  exhausted through the glove boxes. 
The exhausted air i s  f i l t e r e d  through fireproof absolute f i l ters a t  the 
glove boxes and then again f i l t e r e d  through a pa i r  of filters before passing 
through the exhaust fan. 
p r e f i l t e r  and a fireproof absolute f i l t e r .  
the  building through a 35 ft. stack. 
rooms also contain metal-wool type f i l t e r s .  

The air  entering in to  the f a c i l i t y  i s  first f i l t e r e d  

This final f i l t e r  s e t  consists of a f iber  glass 
The air  i s  f i n a l l y  ejected from 

The transfer vents between t h e  various 

The diffusers and the vanes i n  the exhaust and i n l e t  ducts are adjusted 
so that  the f a c i l i t y  i s  under reduced pressures. 
i s  at the lowest pressure. 
adjusted so t ha t  the closed port boxes a re  a t  a half inch of water pressure 
below the s t a t i c  plutonium laboratory air pressure and the air  flow through 
the open p o r t s  in to  the open port  boxes i s  a t  a l inear  r a t e  of 150 ft. 
per second. 

The plutonium laboratory 
The air flow through the glove boxes i s  

For safety the exhaust fans a re  provided i n  a duplicate set-ug t o  provide 
f l e x i b i l i t y  i n  operation. 
a l te ra t ion  of the  fans on a weekly basis and to permit a switch to t h e  
stand-by fan i n  case of malfunction of the on-stream fan. 
provlded f o r  selection of e i ther  automatic o r  manual fan operation. 

The system i s  automatically controlled t o  permit 

A selector i s  
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During periods of high humidity i n  the summer, some d i f f i cu l ty  h a s  been 
experienced with sweating i n  t h e  f ac i l i t y .  The laboratory has  a tendency 
t o  cool off during the cool nights and then to sweat due t o  the condensa- 
t ion  of the moisture of very humid air. 
mde to  incorporate a n  air  conditioner i n  the laboratory air  system t o  
eliminate t h i s  d i f f icul ty .  

Provisions a re  currently being 

k s t e  Disposal 

Laboratory wastes from the glove box sinks, laundry, shower i n  the change 
room and the lavatory and change room sinks i s  accumulated i n  one of 
Lwo 500 -1. stainless  s t ee l  underground tanks. The accumulated waste 
i s  periodically monitored for contamination and if found safe it is  durnped 
in to  the main laboratory waste system. 
year i.t h a s  been possible t o  dispose t h i s  waste without any f'urther t rea t -  
ment. 
t i on  t o  permit disposal t o  t'ne inain laboratory waste system, one of two  
methods w i l l  be used. 
a car r ie r  precipitation o r  by an  ion exchange treatment. The organic 
wastes from the water closet i n  t l e  lavatory are dumped d i rec t ly  into 
the main laboratory waste stream, 
d i rec t ly  into the municipal sewage l ines.  

During the operations of the p&st 

In  case it becomes necessary t o  t r e a t  t h i s  waste to  reduce contamina- 

A choice will be made of eit'ner decontamination by 

The main laboratory wastes are  dumped 

OAK RIDGE PIATIONAL LABORATORY 

Many glove boxes are i n  use a t  the Oak Ridge National Laboratory 
for a wide range of research and production purposes. Glove boxes are used 
i n  welding and brazing laboratories t o  provide a controlled atmosphere. 
They are  used i n  the Metallurgy laboratories f o r  the preparation of reactor 
fue ls  and fo r  many other metallurgical operations requiring high puri ty  
atmospheres. 
Chemical Technology Division and the Chemistry Division t o  perform chemical 
operations on the transuranic elements and other radtoactive materials 
which require e i ther  containment of the material and/or a controlled 
atmsphere. 
uses glove boxes for  equipment servicing and washing and chemistry processing. 
Other groups use one o r  more glove boxes whenever it is necessary t o  work 
i n  a controlled atmosphere o r  confine the material. 

They are  used by the Analytical Chemistry Division, the 

The Special Separations Department of the  Isotopes Division 

Tne design, construction and arrangement of  the glove boxes a t  O a k  Ridge 
National Laboratory d i f f e r  widely; 
Some of the glove boxes were made f o r  temporary use, from sketches. 
have been w e l l  engineered fo r  specific purposes with  complete drawings. 
In  other  cases, the glove boxes have been obtained f r o m  commercial 
manufacturers. Some are  constructed of wood, finished with a protective 
coating and are f i t t e d  w%th p las t ic  windows. 

there are a l l  kinds, shapes and sizes. 
Some 

Some are ordinary carbon 
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s tee l ,  suitably painted and may have ei ther  glass o r  p las t ic  windows. 
a r e  fibcrglas with plas t ic  windows; some are  a l l  plast ic ;  
s ta inlcss  s teel ,  polished t o  f a c i l i t a t e  cleaning and decontamination, w i t h  
rounded corners, and have safety glass windows. 

Some 
and some are 

Ventilation Svs terns 

The off-gas system for the glove boxes i n  the H i g h  Level Alpha 
Analyt ical  Laboratory and the Chemical Development Isolation Laboratory 
i s  connected to  the plant off-gas system by neans of an &inch s ta inless  
steel header. 
D. pressure regulating valve reduces -the 20-inch water negative pressure of 
the main plant system t o  .35-inch water negative pressure i n  the %inch 
manifold. Two f i l t e r s  a re  used i n  Yne exhaust from the box -- a Fiberglas 
roughing f i l t e r  followed by a 12-inch by E-inch by 6-inch high efficiency 
f i l t e r .  
f lexible  neoprene duct. Another high efficiency f i l t e r  i s  provided i n  the 
r a i n  header a t  a point before it leaves the building enroute to  the plant 
off-gas stack. I n  some cases there are two mgnahelic gauges used -- one 
from box t o  room t o  read .35 inch water and the other across the roughing 
f i l t e r  t o  indicate any plugging. 

Near the junction of the &inch header and the main header 

The glove box i s  connected t o  t h e  8-inch header w i t h  a 3-inch 

ROCKY FLATS PLANT 

Rocky Fla t s  i s  primarily a production plant confronted with radioactive 
problems involving high levels  of Alpha and some re lat ively low but 
troublesome levels  or" Gamma Vhich can usually be adequately shielded by 
1/4" Pb. o r  equivalent. 
of equipment maintenance i s  a close second, 
be planned and the actual movements of the operator taken into account 
before designing the box. 
located and t'ne angle of the window considered, to reduce glare from 
reflected l ight.  Cleaning ac t iv i t ies ,  services required, maintenance of 
equipment, and waste remval  must be taken into account as well as the 
material handled. 

merab i l i t y  i s  of prime importance and ease 
A l l  operations i n  a box must 

The gloves and windows must be carefully 

To date the majority of work has  been carried out with adequate safety, 
employing glove operation ( i n  some case PII impregnated) but consideration 
i s  being given t o  designs fo r  remte operating techniques because circum- 
stances are quite l i ke ly  to  compel the use of these i n  the not too dis tant  
future. 

Most of the enclosure ins ta l la t ions  are of long runs housing conveyors. 
Tnese are made by welding together i n  place 10 ft. sections. 
angles t o  these, connected by flanges, a re  special process boxes varying 
f r o m  5 f t .  t o  12 f t .  

A t  r ight  

The f'unctional design f o r  the production units has  proved quite satisfactory, 
as fau l t s  have been largely eliminated over the years, and t h e  component 
materials a re  being constantly replaced as characterist ically be t te r  ones 
become available. The present arrangement would largely be repeated should 



a new ins ta l la t ion  be made. 
taking the design of an  enclosure f a c i l i t y  cannot be over-emphasized. 

The value of extensive preplanning when under- 

As t h e  resu l t  of an unfortunate f ire a t  the Rocky Flats Plant (reported 
i n  CD-57-1485), great stress is placed on f ire prevention. 
a r e  involved with highly pyrophoric materials, problems i n  t h i s  area are 
greater and ju s t i fy  more extreme measures than wi th  normal f i r e  hazards. 

Since operations 

The choice of the mre important miterials of construction for  enclosures 
adopted at Rocky Fla t s  i s  noted i n  the tabulations. 
f loors  of constructed boxes type 304 stainless  s t e e l  of 11 gauge thickness 
i s  used because of i t s  ease of decontamination and resistance t o  corrosion, 
Where compelled by v i s i b i l i t y  requirements, Plexiglas 5009-B i s  used 
as the box material, but t h i s  i s  done reluctantly and only *ere f i r e  
hazard and heat are  non-existent. 
aluminum i s  used f o r  construction material. 

For the frames and 

Where sparking i s  t o  be avoided, 

In  t e s t ing  the boxes fo r  tightness the glove ports  of the box are  
sealed and under 4" negative pressure the box leak r a t e  should be l e s s  
than 1 cfm per 1000 cubic fee t  of volume. 

Ventilation Systems 

A l l  dryboxes a re  ventilated and kept a t  about .7" negative water pressure. 
Where a controlled atmosphere i s  not necessary, t h e  mom air  i s  taken i n  
through absolute f i l t e r s  t o  each box and exhausted through another absolute 
f i l ter .  These streams a re  collected and put through a two t o  four stage 
common f i l t e r  plenum before being exhausted through a blower t o  the main 
building exhaust plenum. I n  each of these booster systems a standby 
blower i s  ins ta l led  t o  automatically take over i n  case of f a i lu re  of the 
first blower. The blowers also are served by an  automatic emergency 
e l ec t r i ca l  system powered by a standby d iese l  operated generator, 

The controlled atmosphere s y s h n  at Rocky F la t s  i s  a recirculating dry 
air system. 
pressure, d r ies  the  air  t o  -15% dew point o r  lower, remves the 
contamination, removes the gases'organics, and controls the temperature. 
A l l  drybox ventilation systems have a dumping feature t h a t  will automa- 
t i c a l l y  maintain negative pressures i n  case of a broken window o r  glove. 

This system controls the pressure t o  .7" negative water 

Waste Disposal 

Solid wastes a re  generally disposed of i n  p l a s t i c  waste bags through 
suitable waste ports. The material i s  placed i n  8 cardboard container 
inside the bag through a port, the bag between the waste and the box i s  
twisted into a t i gh t  res t r ic t ion  and taped, this res t r ic t ion  i s  cut in 
the middle and the two  r a w  ends taped. 
drained through appropriate piping. 

Liquid wastes a re  generally 
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Pyrophoric Materials 

Storage of pyrophoric mterial depends on the classi f icat ion of material 
stored and the length of time i n  residence. I n  general, t h e  table below 
may serve as a guide. 

(a)  OXIDE Store i n  sealed t i n  can about 40-500~. 
Maintain a surveillance by temperature 
rise and continual personal observance. 

(b) TURNING I N  PROCESS Store as generated i n  eleven gage 
I N  LATHES: AND OTRER stainless  s t ee l  cans withheavy stain- 
CUTTING MACHINES less steel counterbalanced l i d .  Place 

i n  location where no combustible 
materials are present. 

( c )  TURNINGS TO BE 
REMELTED 

(a) FINISHED SHAPES 

Degrease, but not completely. Brickette 
t o  704 theoretical  density, seal  i n  
NO. 3 t i n  can, store a t  b - 5 0 0 ~  u n t i l  use. 
Surveillance i s  as indicated above. 

Store i n  reduced temperature area a t  
about 3 0 - b 0  dew point air. 

(e) ORDINARY COMBUSTIBLE Rigid controls t o  eliminate usage. 
MATERIALS That material which must be used i n  

limited amounts store i n  s ta inless  s tee l  
cans with l i d s  when not i n  use. When 
combustible materials are spent remove 
from l i n e  immediately by p las t ic  bag 
technique. 

Access - 
Removal of material other than waste ( t h i s  i s  usually obsolete equipment) 
ordinarily done through air locks attached t o  t h e  l i n e  or by removing a 
vision window. 

Shielding 

Radiation shielding i s  an ever-present problem. 
impregnated neoprene gloves are extensively used. 
from a commercial source. Lead glass i s  often used over the vision window. 
This i s  generally 1/4" thick with a lead equivalency of .075". 
shielding of lead over the s ta inless  steel drybox o r  lead enclosures of the 
vessel o r  equipment inside the box are  used when necessary. 

Thirty and f i f t y  mil lead 
These are purchased 

Additional 
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The Savannah River Project i s  a production plant concerned primarily with 
Plutonium, but supporting laboratory work has  introduced m y  diverse 
problems requiring enclosure techniques. 
carried out and numerous unique features have been applied t o  boxes. 

Much development work has been 

Currently i n  use i s  a commercially sqp l i ed  box, a polyester fiber- 
glass panel un i t  with 3/16'' Plexiglas windows. 
1/2" Plexiglas would soon become available and then the thicker  material 
w i l l  be used. 
be "glued" on w i t h  cyclohexanone. 

It is contemplated t h a t  

Under these circumstances the windows and glove ports  w i l l  

For t h e  exhaust system, a Brecco quick disconnect is ins ta l led  i n  a 3/4" 
l i n e  leading f r o m  the box t o  the header operating a t  35" t o  45" water 
negative pressure. 
of 17 cf'm could be drawn from t h e  box. 

The Brecco uni t  offers  such resistance tha t  a m a x i m  

Glove boxes are fabricated i n  three styles:  

(I) Marine plywood with 5 t o  7 coats of Amercoat #33 and 
Plexiglas front.  

(2)  Aluminum boxes fo r  special heavy duty o r  high temperature. 

( 3 )  Micarta covered plywood with Melamine coating. Cracks 
sealed with p las t ic  tape. 
f o r  f ive years and appear t o  be usable f o r  msny more years. 

These have given good service 

Ventilation Systems 

The in tegr i ty  of containment i s  maintained by use of special ventilation 
o r  O f f - G a s  Exhaust Systems and by the  use of check valves t o  prevent 
radioactive materials f r o m  escaping through service connections. Dry 
o r  i n e r t  atmspheres are used wherever process conditions o r  material 
properties indicate t h e  need. 
with respect to the surroundings. 
atmosphere is required, a l l  gloved boxes a re  swept with air  f i l t e r e d  at  
the intake as well as t h e  exhaust. 

Boxes a re  maintained at  negative pressure 
Except where a dry o r  an i ne r t  

The ventilation and O f f - G a s  Exhaust System of the S a d  River Lsboratory 
are included i n  a paper "laboratory Ventilation" by R. J Hale, published 
i n  the proceedings of the Sixth Hot Laboratories and Equipment Conference 
of March 19-21, 1958. 
nemtive pressure of 0.75" of water. 
air f l o w  of 5-10 cu. f't. per min. is maintained wi th  a negative 
pressure of approximcttely 0.5" i n  the box. 
ins ta l led  on the boxes t o  indicate changes i n  d i f fe ren t ia l  pressure, and 
particularly ventilation failure. 

Boxes f o r  Emduction work are maintained at  a 
For experimental work, a normal 

Frequently, a gauge i s  
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Waste Disposal 

Once radioactivity i s  introduced into a gloved box, a11 items and surfaces 
w i t h i n  the containment a re  considered t o  be contaxinated. 
o r  any i t e m  i s  remved from the containment it i s  packaged and transferred 
from the box into an air lock. I n  the air Lock, i t  i s  carefully ?Laced 
into a second container and surveyed pr ior  t o  remval  fron the air  lock 
into the general work area. 
condenser cooling water, i s  piped into and ou'i of the boxes through 
valved service lines. 
contaminated solvents are retained i n  bot t les  of  glass o r  polyethylene 
These bot t les  a re  packaged i n  a p las t ic  bag or a smll i ce  creamtype 
carton containing enough ine r t  absorbent f o r  a l l  of the l lquid i n  the 
bottles. 
handled i n  the sane manner as drj waste. 
large volumes of aqueous m s t e  a re  generated are  provided w i t h  d i rect  
l ines  from the equipment t o  permanent hi& level  drain systems. 
cases the drain l i ne  i n  the box may terminate i n  a small f'unnel used 
as a waste sink. 

V'en dry waste 

Water w3ich i s  not contaminated, such as 

Small q-yantities of active aqueous waste and all 

Tne bag or carton is  then mved ilnto -tile aTr lock %%ere it i s  
Boxes i n  -&ich relat ively 

I n  some 

Pyrophoric Materials 

I n  work w i t h  some pyrophoric materials, the  use of dried air  rather  t h a n  
an ine r t  atmosphere has  been proposed since the air  permits a slight 
oxide coating t o  form on the metal, par t ia l ly  desensitizing it. 

Normally, pyrophoric materials are  not stored i n  labcratory &;loved boxes, 
Pyrophoric material i n  production boxes i s  isolated from a i l  other 
flammable material and i s  not l e f t  unattended. 

Shielding 

Constant a t tent ion t o  t h e  quantity and specific radioactivity of' t h e  
materials processed is  necessary because of  the close proxinity of 
the worker, par t icular ly  h i s  hands, t o  t h e  activity.  Advance planning 
includes provision of adequate sh i e ldhg  fo r  the proposed work. If the 
scope of the mrk changes so t h a t  the shielding i s  riot adequate, operator 
technique as well as physical shielding a re  considered i n  corrective 
measures. Locall zed shielding, shielded tongs, forceps and o'cner devlces 
a re  used but there a re  pract ical  limits t o  such use because of the 
confines of a gloved box. 
the potential  fo r  an incident t h m  creating a greater hazard t h a n  that 
f o r  gnich t n e  shielding i s  required, 

Overcrowding k i t h  bul2ky shields m y  imrease  
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