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SURFACE DOSACE RATE 3TUDIES QF TASK £II FEED MATERIAL

Totroaucdion

During sr invaatigation of #vpaosuiss involwed iz +he 234%-5 proceszing syele, the
current e2limate of the dosage rate from plutonium fluoride powder wes guesiioned as
possibly ‘“eug too low. Iz that exposure time of hands during manual manipulatioa
af plutonium fluoride powdsr must be limited by the peutron snd gamme radiations

presez® 3 atudy was made of the surfaze dogsage rate problems iavelving Tazk II1 teed
material

Summscy

From the results of this study 14 sppears that the best value for the surface dosage
rate from 450 grams of pink 2clored plutonium fluoride powder zontalsed in a Flexigiass
Jar with ome-fourth inueh thisk =mils 18 k.5 m/hr, of wvhich 3.0 rem/nr is due to Jast

neutrons from the reastion F13{ ipha, poutron)Na22 with an average snergy of 0.75 Mev.
The surface dosage rate _rom ‘4,- g-ame of blue colored plutonium fluworide powder

contalned in s Plexigisaz jar witn one-fourth ineh thizk .41ls appears to o2 3.5 rem
of which 2.0 rem/hr 13 due %o fast neuirops from the gbove raacsting.

The 1.5 r/hr gamma radistion wad measursd through one-fouth inmeh of Flexiglage. Three
affective energize were foumd:
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From this it has been poesibls: to alculate the surface dcsags rate through neoprene anmd
surgical glovse {110 and 1% mg/m?; apd through plastic gloves, or bage, and surgical
glovea (kO an% 1 mg/om@). hase are 5.22 rem/hr apd 5.34% »sa/hv, respectively.

EW-29047

It ie stromgly recommendsd that technigques used im handling plutcaium fluoride powder
Lz enrsfully avaluated.

Discussion of FPlutonium Finoride Dosimetyry

The penetrating radistions from plutonium fluoride powder conaist primmrily of fast
reutrons and X-Ray ard gmama photons. The neuiroms from pluicnium fluoride arise
almos: =stirely from the P19{alpha, meutron)Na22 reaction, howaver, onme would expect
a faw reutrons from spontanecus fission(l). In one of the first reports on the
dosimstry of plutoniim fluoride powder Whipple (2) reported that the maximum meutron
energy from the above reaction ig about h.5 Mev, however, further work has indicated
that the maximmn is slightly over £.0 Mev with sn average energy of about 0.75 Mev {3)

1n EW-20785 (1) Roesch gives the neutron energy spectrim from polonium-boron snd
polonium-fluorine scurces.

From studies made with a recoll yroton counter and a BF3 proportional counter Whipple
concluded that the exposure rate handling a RG model boat of plutonium fluoride powder
wat from 8 to 24 mrem/nr “pilus incidental Y, while the hand exposure rate during
the shaking of & mixed charge wvas 110 mrem/br "plus incidental gamma”. Using the
equation found on page 7 of this report the author approximated s maximum exposure
rate of 2000 mrem/hr for the manual manipulation of a RG model boat. The calculstions
used in this estimation are found in Appendix I, page 13. 3Since the mixed charge was

see=tinmes handled in plastic jars similar to those used in this study it is esiimated
that the exposure rate for this operatiom was 4.5 rem/nr.

At a later date Reddie and Whipple msds further etudies arouni hoods on the RG lire
with a

Eroton recoll counter and BF3, however, these 47 not iaclude surface dosage
rates (4).

Camme a3 X-Ray photons fvom plutonium fluoride powder arise from six principal
sources {2, 3, 5, 6,7, 8,9, 8& 10)‘

1. Uranium L X-Rays prodmced Yy plutonivm atoms which have just unlergone decay

and have been left in sn excited sleciromic state dus to absorption of gamma
rays given off during dezay.

2. L X-Rays are expected from alpha particle excitation of the plutonium atoms,
although they have not been observed or identified as yet. '

3. Gamma photons associated with the disintegration of plutontum. Eznergies
ranging from 35 kev to LOO kev have been reported.

L.

Inelastic alpha scatturing dencad bty the resction {alpha; slphs. gamsms).

Gamme, anergies of 0.5 Mev and higher have been reported from alpha siattaring
wvith fluorine.

A¥ 1]

Gasma photoas emitted from fission product contaminants.
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meangurant ¢ elements such as Americium. The concentration of these clements is
5 funehior of reactor amblents, eooling time, and decontaminatiorn factor of the
geparaiion: procses. ‘Vnfortumataly, there is insufficlent hiaicrical surface
dozege ws%e data avallable which would enable one to predict possible geaxma

raliastion levels fram this <ource at plle exposures other than the present
600 MWD /T.

C

The mmber of gemps photon due to the first four sources is directly proportional
to the amount of plutonium present. The contributions of the last two sources are
varisple, however, and will depend upon upstream processing conditions {3,11).

Raigl:r {12) mede some radistion measurements on plutonium fluoride powder im an
attenpt to determine e rule of thnmd for the calculation of the nsutron surface dosage
rats oy field persoanel on a routine basis. By extrapolation of dosage rate versus
distence date to zerc distance he obtalned s grapnically determined surface dossge
~ate. Fo~ the specific cases studied he found that the surface dosage rate was adbout .
nine-fourths times the dosage rate measured at the pearest approach to the source.

However, it later became evident that this pipne-fourths rule was unreilsble and,
therefore, was discarded.

Jech (13) attempted three methods to determine the gamws surface dosage rate from
plutonivm fluoride powder:

1. Masagure the osage rate at one inch lntervals, plot, and extrapolate tc zero
Aigcvance. ‘'I'mi» proved un.eiisble as the results depended 3o much upom the
71087 in which ‘he curve was drawn (as in Kaigler's method).

2.

From s factor determined by knowing the dosage rate at "half diztances”,
calculate the dosage rate at one-fourth inch (assweed to be surface). This
does -t hold well, however, due to geometrical considerations in the

calibextion of the detecting instrument and in %Zhe behaviour of readistion
from . sou-se of t'inite dimenaiona.

3. Usc ilm to determine the surface dosage rate. However, film atudiea are

misZ -ading unless the energy dsperdsnce of the film iu known and the energy
distrioution of the source is knovm.

doesch has reported that the correction factor used in messuring exposure
to the gagma radiations fram plutonium varies from one lot of film to the

next (14). Iu HW-27486 (15) Roesch reports the energy dependence of Hanford
#1lm badges (Dupont 502 f1lm). It is of interest to note that the Zilm
sensitivity changes by a faztor of two between 17 and 27 kev.

As a result of his studies Mr. Jech made the following recammeniationa:
1. More work ahould be dcne on this project,

~

Neuiron measurements ottained in this study were of no vaiue due to lack of
correlation, and

or ti2 time being multiply C.P. dosage rates at 2 inches by 6 15 ~dtain

T USSEED e
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Both Mr. Jech and Mr. Kaigler recognized the possibility of higher dosage rates than
were previously considered to be the case and initiated rule of thumb methods for

ds ermining +the=a= dosage rates. However, they also recammended further study of methods
for monitoriyng surface dosage rates.

1

Until recently *he dosage rate for close approach to plutonium fluoride powder was
estimated as 207 mwr/hr plus nine-fourths of the neutron dosage rate at closest approach
Shortly after star-ing work on HW-28018(11) in early June 1953 it was recognized that
the nine-fourths rule was defislent apd that 800 mvem/Mr would be more pearly correst.

In September 1353 4his was changed to the present 4.5 rem/hr based on the preliminary
resilts of this report.

As the results of a literature sesarch conducted dy personnel of the Technical
Inforration Group it appears that there is no published information on plutonium
fluoride powder surface dosage rate studies conducted at other AEC installations {16).

Discusaion of Survey Equipment and Methods

The basic neutron data for this report was cbtained by the use of o standard modarated
B!%’proportioml counter(17). This instrument is normally used for the quantitative
deteraination of slow apd intermediate meutron fluxes. BSince the average neutrom
epergy from plutonium fluoride powder is 0.75 Mev, it was neceasary to provide a
correction in the slow neutron calibration of the BF3. Rossch and (lascow (18) found
that a B!"3 with a sensitivity of 8.47 ¢/m per slow n/cm?/sec, also had a sensitivity
of 7.0 z/m per fast n/ew?/sec. Since a flux of 1 fast ueutron/cm®/sec from plutonivm
fluor'“e peutrons is equivalent to 0.07hk mrem/hr, then 7.0 divided by 0.07h or 94.6 cfi
18 :quivalent to 1 srem/hr of plutonium flucride neutrons. Therefore, a BF3 vhose
sensitivity to slow newtroms is known will have a sensitivity to plutonium fluvoride

meutrond in the retio of 94.6 to 8.47, or 11.2. The BF3 used in this study hal a
sensitivii’ of 6.7h c/e per sn/cm?/sec. Therefore, its calibration for plutonivm
flnnride reutrons ig

(2-6&5‘6%‘*) = (6.78)(11.2) = 75.3 ¢/m per mrem/nr.

The physical orientation of the source and detector with respect to scattering
oblects wvas found to affect the calculated surface dosage rate.

Generally spesking, however, most of the determimations were made uniar conditions
whera the scattering of neu'rons was avcided as much as possible. In every case the
moderator was kept bromdss e to the source to avoid the errors of assymeiry sa reported
by Whipple (2).

Seven of the eleven runs were made with the moderated BF

tube re-
maining fixed and the source wmoving vertically up and down beneath it. ‘r\ato of the
runs vere made under the opposite conditions, and two of the runs were made with the

BF3 "sering” the side of the source. It was fourd that dosage rates on the side of
the cylinder calculated bty the Dre method (see below) would vary considerably, and

therefcore, this method of cbtaining data was discontimved. The problem is discussed
further under "Analytical Methods", page <.
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Several attempts were made t0 uae neutron sensitive film %o detarmine the surface
dosage mte. The first ruzn wss mads on the outside of & jar of plutonium fluoride
powder. These results were cinrldarably lower than the dosage rate calculated by the
?r2 metnod or by formula [see page 7 ). The second run wes a fsilure also, as the
source material did not appear to be uniformly fluoripated. Resuits of thie rum
presented no identifisble pattern of consisteancy. No attempts to contimue the film
study are plannel for the future, since, under present conditionz, the statistical
reliablility of £1ilm measurementa is inalaquate.

The gamma radiation stulles we-s made using the Trent {i9) ms the detecior. Rowever,
due to production schedules, it was not possible to obtain gamma dosage rate and
energy data on all the runs observed. As reported elsewhere (3,11) the intensity

of the gamma components does not appear to b2 constant from batch to bateh. It is
hoped that the gaama dosage rate reported in this document will be accurate for a
major portion of the runs encouvizred in the future. However; this point is open to
question, aince the filter boat data obtained om the particular runs studied shows
them to be about average. {(Gamma 4 rates on fllter bouts of unfluorineted
Plutonium oxalate average arcund 13 mr/hr (11)) Runs with higher than pormal filter
boat dosage rates could conceivably have a higher surface dosage rate than that reported
here. It would be likely to asaume that most of this would be due to higher emergy
fission products {ca. 680 kev effective energy) ;» although the concentration of
transuranic elements in the feed siream could also affect thia.

The Trent vas used to determine the varlstion of the gamms dosage rate vergus distance
and aleo the effective gamma energies of the source. The effective energier were
deterrined by ar absorption study usirg the method and materials desaribed in HW-28018 (¥

Digcustion of Analytical Nethods

Initial attempts by the writer to determine the surfece dosage rate from plutonium
fluoride powder by extrapolation of dosage rate data to zero distance were esgentially
vorthless. It Lecame evident after a fev trials that the answer depended comsiderably
on hov 'ae curve was drawn. Answvers varying by a factor of 10 were Ressible from the
scme dats. In s discussion of the problem Dr. W. C. Roeach, Physics, Biophysics

Bection, Radioclogical Sciences, suggested a new mathematical tool which had recently
been proposed. This method is known as the Drl method and 4s known to work guite well
for flat surfaces and thick sources. Wende {20) descridbes a thick source as belng
one vhich acts nearly as though the activity were being emitted from one mean free pat
1, where L is equal to tne reeciprocal of th* lipear absorption coeffl:ient.

Briefly, the Dr2 method involves the following stepa:

1. Obtain date showing the varistion of dosage rate versus the diitance Letween

reference points on the sourse and ceceptor.

Determine the "effective ceunter” by plotiing the reciprocal of the square root
of the dosege rste versus the distance as measured in step 1. (The definition
of "effective center” 1s somevhat elusive: If the retepror iz very small campared =
to the source depth, the “effective center” becomes tha' of the source, anl vice
verea. However, when both the source and receptor have approximetely “he same 5
depth, thls term becomes a corrsction factor to be added toc “he measursd distances.)

ELSSFED




— BEIILhSS FIED -
orenur) / |

-
- A Do

F- N e A

U

221l 0o 1 23 45 6 7 89 0
Refarence distances

Figars . Determiua‘ion of "sffective center”

For instance, in this example the distances as measured in stép 1 are to de
corrected by adding one unit distance to the referemce distances.

Using the corrected distances plo“ the product of the dosage rate and the
distance squared (Dr ) versus the distance. The initial portiom of the curve
shows & rather rapid variestion in Dr2 as r imcveases. This {a thm runge in
which the gemmetry of the source amd receptor is poor. The last portion of
the curve representa the ringe in which scattering 1s taking place. The
middle portion of the curve represents the range in vhich the invarse square

law holds, %.e., where Dr2 1s a constant. xxtena this flat portion of the
curve back to r = O and determine the value of Dre.

e

aazj‘c(»)s?mun

Corrected Distance 2
Figure 2 Determination of average Dr value

y St A S A
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Knowing the projected ares of the source, A, the surfaze dosage rate is
found by the following formmils:

Daurtace = 2_72C A’T x Dr2

It should be noted that the average Dr2 value may be found from the surve of the
regciprocal of che square root of the dposage rate, since the resiprocal 2lope 1e r
divided by (D)-%, or (D)*%y, or {Drd)

- This eliminates one s<ep and was uged in
this study rather than the lomger method.
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Doeage rates obtained from the date {in which the BF3 "sav” the side of the source
are in error due to the cons*antly changing "projected area” as <he source to receptor
disztance changes. Note thal the average beight of powder ip the Jar was sbout one
inch while the BF3 moderator has a diameter greater than five inches.

Purirg the course of anAlyzing the experimental data, attempts were made to develop
some sort of mathematical relstionships which would lead to a calculated surface
doaage rate. Two eguations were derived which give solutions for{a) the maximm
surface dosage rate, Ip, at the center of the base of a right cylinder, and (b), the
dosage rate, Ig, at the side of a right cylinder at the base.

Z; - zrr.z;"é[fcd',‘,,g + 2‘/@(/42&3] = 2»'1‘,*/;[5(44)),
Z, = 2% e e ¢ $tog s 2255 to
= 25%[£04)],

vhere D 18 the diameter of the cylinder
R iz tie radius of the cylinder
h ig th2 heigh: of the cylinder

I3 1s the intensity at unit
distance from the activity in
unit volume of the source.

T,(D,h) and £4(D,h) are function

of D and h. See Fig. 5, page 20

To calculste I; it is npecessary to know dosage rate versus distance data, corrected

for the difference in measured distance apd "effective center", anl the volume of
the sour~ce. Therefore,

I: = Xrlz

It should be poted that the dosage rate equatioms glven above do not contain a
cmrection for self absorption. In the cese of neutrons these equations should
prove quite reliable, however, they are of little vnlue for determining gaama surface

dosage rates fram plutonium fluoride powder. The derivation of these equations is
given in a separst. report {(21).

Discussion of Results

Appendix II, page 1% lists the detailed information on 2ach batch of powder studied.
¢t will be noted that, in general, the mathematical calculations for the neutron
surfase dosage rate are consistently higher than the Dr2 veljues by & factor varying

JECLASSIFIED ™




- DELSSIFIED -

There are several possible reasons for this such as:

1. Self abzorp' on may be appreciable, however, this is not what orne would expect.
2. The Dr2 value may be in error.

3. The mathematical value iz the maximum dosage rate at the center of %he base

rather than the aversgs.

On the basis of the data collected, it appears that the best value for the neutrom
surface dosage rate from 450 grams of pink colored plutonium fluoride powder
contained in a Plexiglass jar with one-fourth inch thick walls is 3.0 rem/hr,

while the corresponding dosage rate from blue powder is 2.0 rem/hr. The msm
surface dosage rate through one-fourth inch of Plexiglass {0.747 grams/ecmc) appears
to be 1.5 r/hr. From studies of the effective energy distribution of the gamma

radiations of plutonium fluoride powder it appears that the following energies
apd percenteges way be taken as representative:

680 kev 50%
50 kev %
17 kev L2%

It is therufore recomuended that under present process copditions thst the surface
dosage rate from one batch of pink plutonium fluoride powder be taken as 4.5
through ope-fourth inch of Plexiglass. Present process conditions may be roughly
derined by stating that the gamma activity from a filter boat of olutonium oxmlats
does pot exceed 20 mr/hr as meagured with a C.P. through the carvier, sud secondly,
that the pile exposure is about 600 MWD/?. Exposure of personnei to powder in
contaipers where the shielding 18 less than this amount will be greater than 1.5 r/wr.

It vinudepenl upon the effective energy distribution and the thickness of the
material.

To sppraximate the surface dosage rate without the benefit of the Plexiglans
shlelling, let us make the folloving assumptions:

1. Tiat the powder is still im the same shape as in the original study, but
that the walls are regular vinylite plastic such as that used in routine
234-5 RMA hood operations. This material has s thickness of approximately
40 mg/cw?.

2.

That the operator is wearing surgical rubber gloves. On an unstretched sample
s thickness of 15.5 mg/cm? wvas determined. Let us assume that the thickness
when stretched over the hand is about 1k mg/cm?.

3. That the epergy distribution holds as guoted above.

That the absorption coefficlents of plastic, plexiglass, and rubber gloves

Gre the same a3 for human tissue. As shown in BW-2719h {22) the effective
absorption coefficients are larger than the tabulated omes for transmiesion
torough absorbers in contact with a tnick source. Unfortumately, the analyais
-7ire uoes not apply to curved sbsorbers at a short distance r~m & thick source.
Keglect of this will result iu s slightly higher calculated dosage rate (23).

JECLISSFE) =
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Purther, let us define I 24 the dosage rate through Plexiglass and I, as the dosage
rate tarough plastic and rubdber gioves. Therefore,

1 =15 exp -ultpleyigiass ~* plastic ~t gloves} < I, e-0-693u,

Energy Perzent u net thickness ut eul I I
“Xev L 3 o/ gram Erems ] cne wE/ET |
680 5 0.077 0.693 0.0534 1.054 750
sC 8 0.217 0.693 1.1504 1.163 220 Rg
17 k2 1.16 0.593 0.803¢ 2.232 £30 k10
Total

Therefore, the total dosage rate {neutron plus gsmma components is 5.34 rem/hr. By
the same process the dosage rate through neoprens hood gloves is €®~und to be 5.22 j
This will approach the exposure rates one might resceive at Station 10, Bood 9, Tesk II,

although the shape of the scurzs is scmeviat different.

During a portion of the Tagk III work the plutonium fluoride powder is mixed with
calcium and lodine and the mixture is placed in a magnesium oxide crucible, which

hes previocusly been charged with a small gquantity of plutonivm metal turnings. From
discussions with Oparstions persommel the level of the mircture is generally from three
to four inches below the crucible top. This unit is callod a can pack. Operstors
must bandle the can pmck by the sides and occasiomally by the top. Besed on the data
presented above and in ndix IIT, 15 , the dosage rate on the sides has been
spprocimatad at 1.6 apd 300 on the top. The calculations for these
spproximetions are givea in Appendix IV, pages 16 through 18 . In the past a three-
sixteenths inch thick magnesium oxide cap hed been placed over the crucidble. With ,
this in place the total dcsage rete at the top of the osn pack is rnd.ucedt.oa'tilr-/hr
Eowever, for uniformity it is reccomended that 300 mrem/hr be used.

The dosage rate at the top of a jar of powder had been caloulated Dy the sudbtractiom
method shown on pagl 7 of EW-30185 (21). For a typieal run this is approximately
100 mrem/hr. Caleulation of this dossge rate is found in Appendix ¥, pege 19 .

It is reedily recogxized that it is much safer to carry s of powdex the
rather than by the botitom. o W i

Conclusicas

1. Surfece dosage rates presently emcountered in the Task II and IIT operatiocns
involving plutonium fli ~ride appear to be:

top suxface of filter boat

through 4” Plexiglass jar {about
450 grams of powder)

through side of can pack

at top of cam pack

at top of Flaxiglass jer 100 mrem/hr

JECLASSIFIED. ™
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The vriter wishes to thank Dr. W. C. Roesch for his assistance in the evalustion of
methods and data.

GLH:JJ

in viev Of the BARY Jrocess variabled, such as plls a=blectis, pile sxposure, amd

decontamiration factor, vhich inflmence ‘he neutron and gasses dosage rates, 1t will
be pecessary "o periodicslly re-examipe these surface dosage rate problems.

High surface dossge rates iuvolved ‘n handling plutcaium finorile powder meke 1t

highly dasiresble to limit tolal bead exposure by either eliminating or minimizsing
Ppresent manual wanipulations.

Geo. levis Eelgeion é

Seaparations, Radiation Monitoring
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APPERDIX T

APPROXIMATION CF THE DOSACE RATE FRCM AN RG MODEL BOAT

4

- 22" W
Figure 3 RG Model Boat

Approximate weight of powder per boat was 190 to 200 greams.

Assume uniform depth of powder. Assume that the density of the powder vmz the same
as present powder, or 2.14 grams/cc (average).

Therefore, the average depth of posder in the boet was

200 x (1 cubic imeh) 1 = (5.7 1nd
{3‘.1‘ grems/cc) -387 ec) (3.2 inches)(7 ixches) 1.2){7)in

squals 0.68 inches deep.

Assume the material is in the form of half of a cylinder 7 inches long. Then the
dismeter is

2
7 in® . 0.81k tn2, A = pp2 D= }/8 0.814) . 1.4k4 {nche

From discussions with Operations personmel it was learned that the general practice
was to move the boals two at a time in a scow, wvhich was 14 inches long. The scow
vas beld by the ends. Therefore, let us approximate the maximum dosage rate at the
end of & cylinder 1.h4 inches in diameter and 14 inches long. The actual exposure
rate vould be scmevhere in the vicinity of half of thia. :

p,m = L.44/2k = 0.103 , fy, = 0.08

I: (neutrons) = 350 wrem/hr, 1% (geama) = 175 mr/nr

11}

In = (272)(350)(24)(0.08)
I, = (27)(275)(14)(0.08)

2462 mrem/br ,
1231 wr/hr , Total = 3693 mrem/hr

Therefore, the approximate expoaure rate is in the vicinity of 1850 mrem/hr. Assume
& malue of 2.0 rewm/hr.
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AFPPERDIX IIX
Can Pack Data
Powder
Average weight 450 grams ' _ .
Average denaity 2.14 grams/cc .
Average volume 210 cc 3
Tocine
Aversge weight 108.7 grams
Density .93 grams
Volume 22 cc
Absorption Coefficients (cm?/gram)
580 kev 0.071
50 kev 10. AN WA
17 kev 3h. Thcxvess )
o. 0"
Caleium ) TP oF
Aversge weight 164 .6 grams POWDER,
Density 1.55 grams/ce CEWUTER oF
Tolane 106.2 cc POWOER,
Aomorption Coufficients {cm®/iyram) VINTURE
680 xev 0.070
50 kev 0.8
17T kev 16.5 TORNINGS
Crucible, 114, and sexd
Carposition MgQ
Density of pure Mg0 3.63 grams/cc
Porosity of crucible 21% / Figure L
Effective crueitle density 3.0 gramas/cc
Dimenaions See sketch Hakeup of Can Pack

Absgcrption coefficlexnts (cn2/5rm)
» Magnesium Oxygen

680 kev 0.0k  0.076
50 kev 0.38 0.21
17 kev 5.8 1.4

Can pack steel
Thickness 0.017 inches
Dersity 7.7 grams/cc
Corrpo=ition M114 steel, (assume to "ve Pe)
Absorption Coefficients (cm2/gram),

680 kev 0.070
50 kev 2.0
17 kev 42.0
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APPERDIX_IV

EW-290LT

Approximsation off Surface Dosage Rates on Can Pack

Trom e data in Appendix IXI tie weight, volume, sand density of the mixture is
foud.

Material Waight Density Volume

gErams grems/cc ce

Powder 450 2.1h 210.3

Icdine 13.7 k.93 oag.o

Calcium i6k. 1. 106.2

Mxture 72?% ng 3385 or 20.66 cu. im.
Therefore, the depth of the powder in the crucible is

hs _V = (20.65 = 3.5 inches

T SIS 3.5 inc

Yrom dosage rate versus distance data (17) average values of Ig for the neutron
and gasma components have been found.

n

I: {reutrons) = 350 mrem/hxr at one inch from opne cuble toch

I3 (gamma)

175 mr/br at one inck from one cubic inch
Note: These values of Ig were obtained through one-fourth inch of Plexigiass.

Bince we now have a different veolume, the I:

13 (neutrons) = g;;%)gam.g)
| 338.
To (guma) - (79)(210.2) + 2087 mr/or (ete.)

As shown ip the neutron attemuatiop curves in EW-200.3 (11) ome-fourth inch of
Plaxiglass will have essentially no effect on the ne.tron dcsage rate. Eowever,
it vill rcdxce the gamma component. Therefore, it will be pecessary to calculate
values of I, for each gmmma energy on the basis of no Plexiglass shielding.

680 kev I8 = (0.50)(108.7)e%:9575 = (s54.k)(1.059)
50 kev Ip = (0.08)(108.7)e% %62 = { 8.7)(1.176)
17 rev I - (0.42)(108.7)e9-867 - (us5.6)(2.38 )

values will dbe changed to:
217 mrem/nr (etc.)

Therefore,

57.6 mr/ur (ete.)
10.2 mr/hr {eta.)
2108.6 mr/hr (ete.)
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APPERDIX IV_(Continued)
Case 1, Doaage Rate at the 3ide of a Can Paex

8ince the additives are sssumed to be well mixed with the plutonfum fluoride powder,
it will be difficult to estimate the degree of shielding gained by these additives.
Let us base the initial celculstions on the assumption that the adlitives will provide
no shielding whatsoever. Therefore, the orly shielding will be due to the ean pack.

The following teble presents the siepwise calculation of the Io values for each energy
correcting for the can pack ghislding:

Energy | Componemt | t v | eht 5 o
kev ew® /gram | inches | grams/cm uncorrected | corrected
680 Mg0 0.075 0.3125 2.38 0.836 57.6

Fe 0.070 0.017 0.332 0.977 47.0
50 Mg 0.38 0.1875 1.b3 0.581 10.2

02 0.21 0.125 0.955 0.134

Pe 2.0 0.017 0.332 0.516 0.
17 Mg 5.8 0.1975 1.43 2.5x10" 108.6

02 1.4 .125 0.955 0.263

Fe k2.0 0.017 0.332 8.7x10-7 6.2x10-9

The -efore, a8 far es the gemma component is concerned, one need oaly determine the
dosage rate due to the 680 and 50 kev components, cor 1‘5 = 47.4 mr/oc (ets.).

8iace & distance correction is rather difficult to determine, let us axsume thet the

radlstion is un.‘!.for-\y distriduted throughout the diameter of the cen pack, 3.375 inche
Therefore, I will be reduced by the ratio of the volumes.

Vi D8 n/4 .§2.3§)2 = 0.664
va ﬂn% h/h 1.375

12 (sorrected) = {(0.664)(47.%) = 31.5 mxr/hr (ete.)
D/n = 3.375/3.5 = 0.964, £, = 1.93

Therefore, ]
Ig = (2){31.5)(3.5){1.93) = 425 mr/nr
mnAX -

This calzulation assumes no absorption in the source 1tse1.t, e { therefore :!ns a
zaximum dosage rate.

Ist us szsume, once again, that the

QECLASSIFIE] v

Yext, the meutron dossge rate must be estimated.
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ratiation is vniformly iistridbuted throughout the diameter of the can pack. Thersfore,

Th = (0.6653(227) = 1% mrem/hr (ete.)

and,

T o= (23(245(3.5){2.93) = 1545 mrex/nr

Therefaore, the total dosage rate at the side of a can pack vill be appraximmtely
15%5 pins %25 or 2370 mrem/hr = 2.4 rem/nr.

Case II, Dosage Rate at the Top of m Can Fack

The dosage rate along the axis of a cylinder semevhat removed from ths center of the

vas? {or ‘t-opg mAy be estimuted Dy the subtraction method described on pege 7 of
BW-30285 (21).

The: peatrom component is estimated as follows:

D/h T 2.75/T = 0.353; fH = 0.29
B/hg 5 = 2.75/3.5 = 0.786; £, = 0.54
T = (2)(217)(7)(0.28) = (3.5)(0.5%)

- VOV cnvennon [lane
- deFa ms ) aae

It 1s difficult to correct for absorption in the source since there is comsidersble
absorption oi the lower energy camponents. Wende (20) has shown for & thick source
tou. the —diation ey be assumed to he emitted fram a depihk of one moan free yath

it tke source. PFor instence, one mesn free path of 17 kev gamms radistion passing
through idine i

1 = 0.006 em = 0.00236 inches.
GGE0)(5.53)

Ope can see that many complics cioms eould arise iw trying to correct for adsorptiom.

Therefory, let us neglect abaorptiom entirely, realizing that auny answer so obtained
will de on the high side.

Betimnting the geama dosage rate on the top of the ¢an pack by the subtraction
metbod :

I =M2)(105.7) [11)(0.29) - (3.5)(0.5k, | = 96 wr/ns.

Therefaze the tofil dosage rate at the top of a can pack 1s apprceximately 300 srem/hr.
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APPERDIX V

Calculation of the Dosage Rate st the Top of a Jar of Powder

The following data is tsken as a typical rua:

kSO grams of plutonivm fluoride powder

average density 2.1k grams/cc
average volume 210. ce
inside diameter of the jar K.0 inches
average depth of powder 1.0 ip=h

distance from top of powder o top of jar {through the 11d) 64 inches
Jar cover is cpe-fourth inch thick Plexiglass

I: (veutrons) is 350 mrem/hr at ome inch from ome cubic inch of poudsr'

*
Io (gaama) 18 175 mr/hr at one inch from ome cublic inch of powder
By the subtrasticn methnd:

D/n = b/7h = 0.552 . fy = 0.392
D/n,= 4/6} = 0.640 £y, = 0.4:0
Ip = (27)(350) ({7.25}(0.398) - (6.25)(0.25)] = &k wremfr
Neglecting absorption, as in Case YI, Appendix 1V,
Ig = (270075) [(7.25)(0.392) - (6.25)(0-43)1 = 32 ar/br

Thersefore, the total dosage rate ai the top of a jJar of powder is about 96 mrem/nr.
The best value to use would be 100 mrem/ hr.
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