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Octoder 22, 1959

E. Doud
Radiological Development
2 _FLANT RADIATION STUDY
INTERIM REPORT #5 - PART I

POSSIBILITIES FOR REDUCING NPR DOS! TES

INTRODUCTION

Previous interim reports (1,2,3) have presented date on radiation aspects of
Z Plant processes including isotopie content, neutron energy and flux variations

between plutonitm compounds, gemma growth rate of daughter products and other
factors of influence on personnel exposure ratea.

Interim report&(l*) substantiated the importance of claan hocd interiors as &
primary approach to maintaining lovw gamma radiation levels, Subsequent operating
experience hes empnasized the extreme difficulty of maintaining clean hood interilors,

The resultant high radiation levels near process hoods has led to a need for fur-
ther definition of present and projected shielding requirements. The high cost
of shielding the surface of large hoods together with the high radiation to which

hards are still exposed during glove operation has further led to considering the

possibility of eliminating boods wherever feasible with reliance on direct con-
finement within the process equipment.

Th yrevioualy unpublizshed gamma radiaticn ahielding data as presented in Pert
1I'5) of this interim report has been treated to permit its application not only

to conventional process hoods, but elso to localized shielding of unhooded process
equipment.

SUMMARY

Three series of samples consisting of various plutonium compounds, as well as
sanples of plutonium metal were selacted from the Z Plant process stream. The
samples representing different process conditlions were studied to determine
radiation data of importance to present and future radioclogical design. The
report relates data or. gamma spectrum as observed with a 256-channel analyzer

through various shielding to data on dose rate attenuation of the samples using
conventional survey instruments.

The gamma radlation is extrapclated oy energy group for application to process
materia’ being anticipated from the new prolaction reactor (NPRY.

©
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This Part I of the report predents an analysis of the data for applliceiriun o
present and future processes within the Z Plant. Tabulated unclassifiec data
upon which this Interim Report No. 5 is based is presented in Part II.

Figures IA through IF show for lead and for lead glass the basic relationship
between total gamms dose rate and increasing thicknesses of shisld. Figureas IA
and IB present graphieally the variation in NPR shielding rcquirements for the
three basic types of Z Plunt process matsrial, as categorized by gamma shielding
requirements, These are: 1) product having a low fission product content and a
relatively low rate of reutron emission; 2) product with high fission product con-
tent and a relatively low rate of neutron emisslon; and 3} product with a high rate

of neutron emission from alpha-neutron reaction without regard for fission profuct
conteat.

These charts also demonstrate the advantage of minimizing fission product content.
As may be seen from Figure IA, the difference between low and high fission products

in reducing NPR gamma radiation at 4-inches to 1.0 mr/hour is the difference bet-
ween 0.6 and 1l.5-inches of lead.

For Purex production of which the study samples are representative zirconium-~
nioblum ia the principal fission product impurity.

Ruthenium~-rhodium in the
nitrate feed was not apparent in subsequent process steps.

Fiutonium fluoride which has a high neutron flux from alpha-neutron reaction was
found to be by far the most difficult process material in Z Plant to shield for
gamma radiation, Measurements of dose ra*es with routine survey instruments

showed twice as much lead to be required to reduce gamma radiation from fluc
than was requived for any

om flucridss
for any other plutonium compounds including the metal. An
explanation of this behavior is presented in Figure IF,

It shows that with
flvorides gamma reduction is governed by attenuation of 1.27 mev, and the 2,1

mev components of the {luoride gamma energy spectrum. These two high gamms
energies were observed in all fluoride, but in no other samples.

SONQLUSIONS

Analysis of the study data has resulted in the followlng conclusions:

1. Cne~inch thickness of lead over -inch of steel reduces the gamma radia-
tion dose rate associated with NPR plutonium isotopes to approximately
0.1 mr/hour at 4-inches from the steel equipment walls,

2.

For an NPR Z Plant process performed within equipment having localized
@ Shislding of 13-1nches of lead over A~

inch of steel gamma radiation pene-
trating the shield would be limited to that produced either by fission

products or by gamma produced as a result of neutron reaztionrs.
3. Even with only negligible gamma from all plutonium isotopes, it would

st1ll be possible, within the present acceptability limits for fission
products in Z Plant feed, to receive a drse rate of 2 t> 3 mr/hour
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through the 1i-inch lead shield at a distance of 4~-inches.

4. Ruthenium is appreclably removed between the nitrate and oxalate steps
in the 2 Plant processes, but z‘rconium-niotium is not. Consistent and
effective removal of Zr-Nb from the product stream within the separations
plants will greatly simplify Z Plant shielding and reduce radiation exposure.
5., Even with a product that was relatively low in fisslon producta, the contain-
ment of plutonium flvoride could, because of gamma radialion produced from
reaction by emitted neutrons, result in gamma dose rates cf 5 to 10 wr/hour
at a distance of 4-inches through a 1lj-inch lead shisld. (See Pig. IA, Area 3)

The high gamma radiation associated with a well shielded plutonium iluoride
process can be attributed to 1.27 mev gamua produced by Sodium22 when it
decays to Neocn22. The Nu22 is formed from the fluorine atom when it absorbs
an alpha particle and produces a neutron. The 2.1 mev gamma also noted only

in the fluoride samples is attributable to neuiron captures by hydrogen to
form deuterium.

7. For convantional process hood:, lead glass of 6.2 Sp. Gr. will result in
the following approximate NPR gamma dose rates, expressed in mr/hour at
one foot from the hood wall.

Lead Condjtiop
Glags

Low High High
6.2 Sp. G F.P. F.P, Neutron
1~Inch 1

1-2 2-5
Z-Inch . 0 01 0 05 0 3 5_2

For zitrate solution of 200 Gr. Pu/l and low fission product content,
l-inch of 6.2 Sp. G. lecd glass or $-inch of lead is required to reduce
NPR gamma radiation to 2 mr/hour at 4~inches from a $-inch tank wall.

For fabrication hoods thicknesses of 4.8 Sp. G. lead glass of from l-inch
to 3-inches are required to reduce the gamma radiation to 1.0 mr/hour at

4=inches from the hood wall. Thickness varies with distance of metal from
the hood wall. Data is based on shapes considered to be contemporary with
KPR processing.

For opaque sections of fabrication hoods where shielding
13 achieved by lead cladding over $-inch steel walls, NPR gamma dose rates

of 1 mr/hour at 4-inches will require a lead thickness of from 4-ineh to
l-inch of lead, depending on dlstance of the source from the hood wall.

10. Reductimns in dose rate by as much as 1 mr/hour at 4-inches from a 4-inct

thick lead or lead glass surfacs are obtained by covering the surface with
a plastic film only 0.020-inches thick. Thin steel is equally effective.

This reduction is approximately 0.2 mr/hour as cbserved at 12-inches from

the lead shlclded samples of 400 Gr. Pu, which were used as sources.

et DECLASSFIED
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This production of radiation at the outer surface of the lead decreases
with intenaity of the gamma {leld penetrating the shield.

11. The multi-channel gamma analyzers now available in process control labora-
tories are an effective instrument for evaluating relative concentrations
of troublesome fission products in a process stream. The ease of analysis
through observation of spectrum data has potential for simplified and more
effective control of the process as regards high radiatlion impurities.

12. With sdditional fission product control of the Z Plant feed material to
ninimize the presence of zirconium-nisbium, and with the elimination of
plutonium fluoride as a process material, it is feasible with localized
shielding cf equipment, to operate an NPR button line with a tclal gamma
radiation field of only 0.1 mr/hour at a distance of 4-inches from the
process equipment.

RECOMMENDATIONS

The conclusions derived from data developed and presented in this interim report
support the following recommendations concerning the Z Plant process and asso-
clated equipment design.

i. The fluoride process should be eliminated or replaced in the Z Plant
operation as soon as it is feasible to dc so. This actlion, quite aside
from direct neutron radiation exposure reduction, will greatly simplify
gamme shielding since, without plutonium fluoride as a process material,
1.27 mev gemma would be eliminasted and 2.1 mev gamma woyld be minimized.

2. Attention should be directed in the separation plants to the specific
reduction of zirconium-95 and niobium-9% ss identified by the 0.750 mev energy
group in the gamma spectrum,

3. Consideration should be given by the separation plants to simplified and
more direct control of fission products through greater in-line epplica-
tion of gamma analyzer data. This should include direct comparison of
observed 0.400 and 0.750 mev energy peaks as a fundamental specification
criterie.

4. Development of the localized shielding and unhooded equipment concept should
be expedited to permit the use of l#-inches lead shield, thus eliminating Pu
gemma radistlon exposure as a factor in the scheduling of either maintenance
or production personnel within the button line operation,

5, To permit gemma field readings of less than 1 mr/hour near fabrication hoods
in which work with larger and heavier metal shapes, as currently projJected,
will be processed, the following minimm shielding thicknesses are re-

| >
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a. #-inch of lead on $-~inch steel walls for opaque surfaces; and
b.

l-inch of 6.2 Sp. G. lead glass over 3/8" lucite for transparent
surfaces.

In addition hood frames should be constructed to permit: (1) & cladding

of up to one-inch of lead where the source is within six-inches of the hood
wall and ro use is made of supplemental shields inside the hood; and (2)

2 window shield of two-inches of 6.2 Sp.G. lead glass for windows where

the source may be within six~inches of the window surface.

The minimum shielding of #-inch of lead for opaque surfaces and l-inckh

of 6.2 Sp.G. lead glass, as rescommended for fabrication hoods, should also
be used on existing hoods scheduled for NPR process material, wkerever the
hood construction permits such supplemsntal shielding.

7. A sultable lightweight covering for lead and lead glass outer surfaces

should be developed for absorbing the secondery elechons originating at
the lead surface.

The surface should be such as to permit visibility
when applied over lead glass.

The covering should also provide a corro-
sion and contamination protective coating. The covering should be of

sufficient integrity and intactness to insure reclamation of all lead
metal used in process shielding wherever equipment 1s retired from use.

DISCUSSION

™

A dlscussion of the data supporting the conclusions, as presented herein, is
contained in Part II cof thls report which is published as a separate and un-
clansified document. The data for the most part is presented in graphic and
tabular forms ineight appendix sections each covering a phase of the study.
Appendix I of Part II 1s also included in Part I, Reference to these Part II
graphs of the shielding dose rate relationship, as calculated for Z Plant pro-

cesses with NPR process material will be helpful in visualizing the summary
data and conclusions.

Reference to the supporting Appendices I through X as
contained in Part II is recommended. var

Gopma_Incregse Factors

One point of discussion not contained in Part II for reasons of classification

is the derivation of factors used in extrapolating the gamma radiation from

that of the samples =3 used to that expected from plutonium produced in the

NPR. This is a function of isctope distribution which in turn is based on the (6)
megawatt days per tonin the reactors, MWD/T. Calculations were made in HW-60695

of the factor of increase for each gamma energy group when the plutonium is
irradiated to 2,000 MWD instead of the 650 MWD, These factors together with an

o
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upward approximation of them for the 575 MWD samples are shown below:

Increase Factors per Energy Group for Gamma Dose Rates from Indicated
M—_

2 MWD /T

MEV 2017 2060 2200 2200 2380 2130 3a2l 2,1
575

MWD/T 1.5 7.0 7.0 7.0 2.5 1.0 1.0 1.0
650

MWD/T 1.3 6.2 6.3 6.5 2.3 1.0 1.0

1.9
As shown in the Part II Appendix of this report, gamma photons of 0,500, 0.460,

0.750, 1..27 and 2,1 mev energy were also present in the gammn spectrum of the
samples.

The 0.500 and 0,600 mev energles are attributed to ruthenium~rhodium
and 0,750 mev energy to sirconium~niobium impurities. Since decontemination is

a function of the separations plants with no apparent relation to plutoniur iso-
tope distribution, it is assumed to be constant with change in MWD/T of the
plutonium.

An increass factor of 1.0 ias therefore used in extrapolating gamma
dose rates to 2,000 MWD/T for fission products in NPR plutorium,

The same increase factor of 1.0 has been used for extrapolating the 1.27 and
2,1 mev gamma dose rates. Geamma of these two energles, actually, is likely
to increase by a factor of 1.1 for fluorides from NFR plutonium produced at
2,000 MWD/T.

This ts hesed on the gszcumption that bthe 1.%7 mev gauma may
result from Na?2 which is produced from the fluorine atom in proportion to

the alpha-emission rate. Since more than 99% of the total neutron flux from
plutcnium fluoride is attributable to the alpha-neutron reacticn, this 1.1
factor also applies to the 2.1 mev gamma from hydrogen capture.

Yariation of Doso Rates with Source Strengih

Bage Source Streugth

One of the difficult decisions in calculating shielding thicknesses
for a hood is the determination of the source strength to be used as
the base. The volume of a hood and the multiplicity of operations and
geometrical arrangements possible within it requires some asswmptions
to be made,

Since a finite dose rate is known to exist from the specific
samples used in this radiation study, an assumed base source strength

for calculating purposes has been taken as a multiple of the dose rate
from an average study sample element.

Avsrage Study Sampls Eloments

The following average sample slements have been used in this interim

report,

DECLASSIFIED
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Physica'
Nature of Actual Welght of
the Plutoniwm Plutonium Type of Plutonium
Source _ Cogpoundn Sontainer in_Source
Aqusous lolutdon Nitrate Flastic liter 200 grams in

bottle one liter of

solution
Dry or nerly Oxalate, 1 pint 400 Grams
dry powde: oxide, cardboard
fluoride carton

Buttons, Matal Plastic 1,000 Grams
castings bag

In the calulations, as presented in the Part II Appendix, the base source
strength av telected for shielding determination is three times that of the
study sample element as used for all forms of plutonium except the metal.

Fastors for lage Source Strepgths

For the metil a factor of five ie used, but this applies to the larger
and heavier mstel shapes which are currently projected for fabrication.

Tha factor o” three, as used for solutions and powders, is epplied to
both convent onal process hoods and to confinement within unhooded pro-
cess squipmert, In Table IVC of Appendix IV in Part II, it is showm
that the maxiwom dose rate at the center of a tube, 39-inches in length,
would be 4 tiunes the dose Tate of the aversge stwdy sample element. A

factor of 3 rathsr than 4 was used to allow for the uncorrected effect
of self-phielcing by adjacent source material.

The same facto" of three was alac used in increasing the study sample
dose rate to ohtninm base hood dose rate for solutions and powders. Thia
factor vas selicled after considering the collective effect of: (1) pro-
bability for dispersement within a hood or vessel; (2) limitations for
concentration igposed by criticul wass considerations; (3) the hardening
effect of self- tlelding within bulk sources; and (4) the decreased rate
of dose rats recuction with distance as the source area within a hood
increases. Altlough arbitrary the factor of three is considered to be a

reasonable incre s over the dose rate of the average study sample for
calculating bas: aource strength.

Eactors for Upper ldsits of Source Strength

In Figure IA of Pirt [ a probable upper limit for source strength is shown
by dotted curves. This upper 1imit is taken as twice the base limit and

|l ASSIFIED
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recognizes the possibility that any elongated tube containing the plutonlum

powdered or liquid compound may be completely full rather than only half
full as assumed in the calculations.

It waz shown in Interim Report #4 of the Z Plent Radiation Study that radio-
active residues 1n a hwod have a direct bearing on dome rate. iIn Figure

IB a factor of three over the base dose rate hes been selected for assigning
& maximum dose rate resulting from radioactive residues.

Distance Factors

For some fabrication and inspection hoods where large concentrated metal
shapes are tha primary scurces, distance of the source from the wali of
hood bacomes a major consideration in determining body dose rates to per-
sonnel. For this reason Figures 10 and IE which give dose rates for plu-
tonium metal include values for distances ranging from 4-inches to 20-inches,
The 4~1nch distance applies for sources close to the hood wall and the 20-
inch distance for those at arm's length within the hood.

mportance of Reducing Fission Prodyct Coptent

The relatlve difficulty among the variocus sbudy samplsc in shlelding
gamnma radiation 1s a function not only of the compound, es in the case
«f the flucride, and of semple s3ize because of self-ghielding, Lu: &lso
it is a function of the fisalon product content of the sauple.

Data is presented in Fig. IA for gamma radiation from the plutonium lso-
topes only of the two samples highest in fission products; namely, the
oxide and fluoride of Series ITI. This data compares very closely with

the total gamma from the sample lowest in fission products; namely, the
oxalate of Series III,

As may be seen from Fig. IA, a ten-fold difference in NFR gamma radia-
tion through l-inch of lead exists between the oxalate of Series I and
the oxlde of Series III. The oxalate representing feed that had one of the
gest fission product contents ever received in Z Plant from Purex shows
mr/hour at 4-inches through one-inch of lead; whereas, the oxide of

Serles III representing the highest acceptable fission product from Purex
shows 2.0 mr/hour through the one~inch of lead.

A maximum effort in reducing the fission products in Z Plant feed is thus
capable of reducing shielded Z Plant gamma dose rates by a factor of 10.

In Figure IF the relationsh., of dose rate shielding studies, as presented
in Appendix VIII of Part II {s compared with gamma spectrum attenustion
through shielding, as presented in Appendix III of Part II. As shown, all

- ORCUASSFRD
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plutonium compounds other than the fluoride of those studied fall between
380 mev as a lower limit of attenuation and 0.750 as an upper limit. With
low Zr-Nb content the 380 mev ganma attenuation curve is approached as a
basis for shielding requirement, As may be seen, the fission product con-

tent, as represented by Zr-Nb, goverrnc in all cases with the one exception
of the fluoride.

In ths case of plutonium fluoride, it becomes evident that the effective
gamma energy is not 0.750 mev. Rather, as shown in Figure IF, attenuation
of the fluoride lies between that of the 1.27 mev and 2.1 mev gamma cnergles.
These were observed with the multi-channel gamma analyzer as occurring in
the fluoride samples. As may be seen from the data presented in Figure IIA,

Part I of this report, the 1.27 and the 2.1 mev energies were not observed
in any of the othser plutonium samples that were studied.

As shoun in Figure IA, the gamma from fluoride of Serles I will read
7 mr/hour at 4-inches through cne-inch of lead, as compared to 2.5 mr/hour
from the oxide of Series III. This increase by three in penstrating gemma

radiation exists even though the oxlde has ten times more flssion products
in it than the fluoride. (See Table IIA of Part II}.

though the primary advantage in climinating plutonium fluoride as a pro-
cess material has been and still 1s the major reduction in neutron radiation,

it 1s now evident that its elimination is very much in order also ag a means
of reducing requirements for gamma shielding.

I Qe ) T v
Radiologica)/ Devclopment

Facilities Engineering
Chemical Processing Department
HA Moulthrop
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