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DISCLAIMER 

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

This paper describes a pr&9tical approach to the control ot personnel 

exposures to externa,l radiations in a cbem1c·al. plant handling kilogram 

quantities ot plutonium in glove boxes. Calculated dose rates from 

various processing operations are compared to measured dose rates. 

Shielding materials tor x-rays, gemma rays, and fast .. neutrons and their 

economic and operational impact are discussed. Personnel training, 

rotation, and work habits which .must be considered in maintaining 

exposures bolov the accepted guide· levels ar~ included. 
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INTROOOCTION 

the intent ot this paper il to ~escribe the application ot a practical 
. . 

approaeh to the contl"ol ot exposure to external radiations during the 

chemical processing of kilogram quantities of plutonium in glove boxes. 

I will, therefore, limit the discussion of technical considerations to 

that vhich is necessary for the sake of understanding. 

When one considers the decay properties of the plutc.nium isotopes 2.38, 

239, .240, 241, and 242(l), it will be noted that all are alpha emitters 

except 241 vhich is primarily a beta emitter. These properties, 

numerous animal experiments, and limited observation of human internal 

exposure bave resulted in the acceptance ot glove boxes as a means of 

limiting tbe internal exposure potential while handling plutonium. 

Further study. ot the decay properties (2 ) will reveal that when .these 

isotopes ot plutonium decay, a small pert of their enerB)' is given off 

as x and gamma rays. Decay products, such as americium 241 and uranium 2.37, 

contribute significant amounts of additional X and gamma rays. Spontaneous . 

fission results in neutrOns and additional gamma rays and when the 

plutonium is mixed or compounded vith light elements, additional neutrons 

are produced by alpha-neutron reactions. 

The amount or x-rays, gamma rays 1 and ne1,1trons from a 1mixt~e ot 

plutonium isotopes 1s dependent upon the isotopic conoentration and 
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time since chf!mieal purification. At Rocky Flo.ts tne maJority of the 

plutonium miXtUres ~ndled have un isotopic concentration of le6e than 

0.1 percent 2,8, about 9' percent 2,9, about 6 percent 240, less than 

1.0 percent 241 and less than 0.1 percent 242. The time since chemical 

purification ranges from a. few days to more than ten years. 

The discussio~ of personnel dosimetry techniques and radiation detection 

equipment used at Rocky Flats would constitute complete _papers in 

themselves. I will merely mention that we are including thermoluminescence 

in our planning for the future, but we are presently using DuPont 558 

beta-~ film worn on the body. and at the wrist and Kodak Type A 

neutron monitoring film worn on the body. All radiation surveys for . 

x and gamma rays are performed with an ionization chamber, such as the 

Victoreen 440 or 440 RF, and all neutron surveys are performed with a 

Bonner. Sphere type ( 3) survey instrument. 

The Rocky Flats plutonium chemistry operations, which are performed 

in glove boxes and to which this discuss.ion is directed, are batch 

dissolution of plutonium metal, oxide o.nd tetrafluoride, continuous 

peroxide precipitation, americium separation and purification, 

continuous calcining, continuous fluorination, and batch reduction 

to metal. These operations involve hundreds ot kilograms of plutonium 

and up to 100 grams of americium each JDOntb., 
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! and Gamma R~ 

H. A. Moulthrop(4) has repOrted the results of a study ot the energy 
. ' 

epectruma or the x and gamma rays from special plutonium samples in 

various pbfsical forms and the effectiveness.of various shielding 

materials,· such as lead, lead glass, steel, safety glass, and Plexiglas. 

Rocky Flats experience indicates that significant exposure to x and 

gamma rays can result from the handling of a few .hundred grams of 

plutonium. We have found that the dose rates at the work stations 

can be reduced to less than 1.0 mr/hr through the use of 1/8 inch thick 

lead sheets over the metal portions of the glove boxes, 1/4 inch thick 

lead glass (equivalent to 1/16 inch of lead) over the windows, and 

hinged covers of 1/8 inch thick lead over the glove and bag ports. 

Hand exposures are controlled through the use of leaded dry box gloves. 

The maJority ot these gloves contain the equivalent of 0.16 mm of lead 

with a max~ ot 0.36 mm ot lead used at the operations which concen-

trate the americium 241. 

Our experience indicates that this shielding has very little, if any, 

affect on the operator's efficiency. The cost of the glove box is 
' 

increased by a factor of about 1.8 vhen this shielding is added. 

- Neutrons 

When one considers neutron shielding, the energy of the neutrons must 

first be determined. The neutrons from spontaneous fission have a 
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continuous energy spectrum with B. maximum intensity ~ear 1 Mev. The 
. I 

neutron energy and abundance from alpha-neutron reactions is dependent 

upon the alpha energy and the target nuclei.· Rocky Flats experience 

indicates that for the types ofoperations under discussion the 

predominant sources of neutrons are spontaneous fission and alpha-

neutron reactions in oxygen and fluorine. For practical purposes, 

all of' the.se neutrons can be considered as having 1 Mev of energy. 

F. J. Allen and A. T. Futter~r(5l, have reported the dose transmission 

factors for various neutron energies in polyethylene, water, concrete, 

and Nevada Test Site soil. This data and studies at Rocky·Flats indicate 

that for the neutrons of concern polyethylene has a half value of 1.2 inches 

and a tenth va.~ue. of 3.3 inches, water has a. half value of 1.25 inches 

and ·B. tenth value of 3·5 inches, Plexiglas* or Benelex** have e. half 

value of 1.8 inches and a tenth value of 4.9 inches, and concrete has 

a half value of 2.1 .incheo and a .tenth value of 5.7 inches. 

Calculations will show that the neutron dose rate will exceed 1.0 mrem/hr 

at the work station if the amount of plutonium exceeds about 4 kilograms 

as metal, about 2 kilograms a.s oxide, or about 20 grarna as a fluOride. 

*Man~factured by Rohm and Haas, Philadelphia, Fennsylvania, and American 

· Cyanamide 1 Wallingfo~·, Connecticut 

**Manufactured.by Masonite Corporation, Chicago, Illinois 
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Time will not permit a detailed discussion of the chemistry o rations, 

but it should be noted that the health physicist must be aware .of the 

detailed design or the processing (!quipment and watch for potential 

problems. For example, the design ~f the Rocky Flats continuous 

calciner involved an almost horizontal tube about 8 feet long with a 

loading hopper on one end and a receiving hopper on the other. It vas 

intended that each hopper would contain up to 2 kilograms or plutonium 

and that the tube would contain up to 5 kilograms or plutonium all as 

oxide. A line source calculation indicated a neutron dose rate of 

about 1.8 mrem/br would result at a point 2 feet from the center ot 

the tube. Neutron surveys at this point indicated up to 6 mrem/hr. 

Investigation of this difference revealed that plutonium oxide had 

spilled from the hoppers and a significant number of kilograms of 

plutonium had collected in the drive mechanism which turns the tube. 

As a word ot c~ution, criticality experts should be consulted and made 

aware or any p~ans to install neutron shielding. These shielding 

materials are also very effective neutron reflectors. 

At Rocky Flats we have found that the practical limit for the thickness 

of neutron shielding on a glove box is a maximum of 5 inches. The 

first 2 inches do not have &,significant effect on the operator's reach 
I 

and vision, but at· 5 inches the operator is seriously restricted. Tne 
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cost of the glove box is increased by a factor of about 2.2 when 2 inches 

of shielding is added and a factor of about 2.8 by the addition ot 5 1nchea 

of shielding. 

Personnel Training and Hotation 

The experienced health physicist will be quick to point out that shielding 

.alone is not a complete control. The shielding merely makes it possible 

for the trained operator to use the shielding in a manner which maintains 

exposures below the accepted guide levels. At, Rocky Flats we have found 

it necessary to maintain a continuous training pr:ogram., The training 

program stresses the need for good housekeeping practices inside of the 

glove boxes, good storage practices outside of the glove boxes, ,and 

the use of shielding, time and distance to limit exposures. 

Supervision has found it necessary to administer a rotation program such 

that the workers are frequently moved between operations ot high and . 
low exposure potential. This program requires continuous and conscien-

tious attention ot the workers and their supervision. 
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CONCWSION 

The Rocky Flats experience indicates. that kilogram quantities of 

plutonium mixtures typical to Rocky Fiats can be· chemically processed 

in glove boxes while maintaining external exposure within the accepted 

guide levels providing the. proper shieiding,' personnel trainin~r and 

·personnel rotation programs are utilized. 
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