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SETTING CONTROL BOUNDARIES FROM 
IGLOOS STORING PYROPHORIC DEPLFTED UPANIL~f (DC) 

1. PURPOSE: 

a. A set of control boundaries are provided in this report and extend from 
stockpiles of munitions incorporating depleted uranium (DU) whether in storage or 
in transit. These boundaries minimize potential exposure to toxic, airborne 
aerosols o~ pyrophoric uranium. 

b. These control boundaries represent a characteristic measur~ment of dose 
from an inhaled aerosol of uranium generated by an unplanned ignition of associated 
munitions. This measurement is a complex calculation. Viable regulatory limits 
must be assess€d for a single acute emergency release of a radio-chemical agent. 
Significant population differences will mitigate toxic exposures to this agent. 
Physical characteristics of the agent, on-site storage configu·ration of associated 
munitions, and local micro-meteorological conditions will necessarily impact on 
the final dose commitment to any one individual at the control boundary. 

2. REGULATORY LIMITS AND RADIOLOGICAL MODELS. 

a. Current regulatory requirements limiting exposure to concentrations of 
airborne aerosols of. uranium are derived from extensive research and industrial 
epidemiology. The Nuclear Regulatory Commission (NRC) has promulgated Table I, 
Appendix B, at 10 CFR 20 which limits weekly occupational exposure to aerosols of 
Uranium-238 (DU) at 0.2 mg/m3 for a time integrated concentration (CT) factor of 
8 mg • hr /m3 •. 

b. Similarly the American Conference of Governmental Industrial Hygienists 
(ACGIH) has recommended a Threshold Limit Value of 0.25 mg/m3 at references 1 and 
2 (at paragraph 9 ) for airborne concentrations of uranium and its aerosols. 

c. A significant proposal by I.S. Eve at reference 3, incl 1, suggests a 
maximum planned emergency inhalation for occupationally exposed persons to 10 mg 
of uranium. At a breathing rate of 1.25 m3/hr, a maximum planned emergency CT 
factor of 8 mg-hr/rn3 or 480 rng·min/m3 is calculated. 

d. This value is consistent with both the Reference Man Model and the Task Group 
Lung Model as calculated by McMillan and Air Force at references 4 and 5. Although 
these models assess radiological toxicity, chemical toxicity to the kidneys follow­
ing acute inhalation of somatic transportable ~U at references 6 and 7 cannot be 
dismissed. Hence, a CT factor of 480 rng•min/m is not only conservative with 
respect to the radiological models as reported; it is also consistent with labora­
tory studies at references 1, 2, 7, 8, 9, 10 and 11 assessing nephrotoxicity 
following acute inhalation and ingestion of both soluble and insoluble uranium 
compounds in excess of 480 mg·min/m3. 



J. PHYSICAL AND CHEMICAL PROPERTIES. 

a. Uranium is a dense metallic white metal which is pyrophoric when finely 
divided. It oxidizes in air and dissolves in acidic solution. Natural uranium 
consists of three isotopes: U-234, U-235, and U-238. (The latter most is princi­
pally depleted uranium). Each is radioactive and chemically toxic. With a 
chemical valence of 3, 4, 5, or 6, uranium forms complex molecular salts~ nitrates, 
oxides, and carbonates. Each form is relatively soluble depending on the pattern 
of physical entry into the body and its metallurgical state. 

b. Solubility is greatly enhanced when uranium compounds are dissolved in 
carbonic solutions in finely divided grains. Once dissolved in extracellular 
fluids, a mildlyacidic solution, uranium becomes a nephrotoxic agent to the kidneys 
an insoluble aerosols become a radiotoxic agent to the lungs. In particular, the 
soluble characteristics of aerosols of complex uranium oxides (UxOy) is discussed 
at reference 6. Up to 50% of aerosolized DU dissolves in simulated lung fluid 
(a carbonic solution) in seven days. This fraction represents a transportable 
nephrotoxic dose of uranium to the kidneys. About 8.0% of this fraction is released 
to the urine in 24 hours at references 9 and 12. The remaining 20% is released 
from the kid~eys with a biological half life of 15 days at reference 13. The non­
transportable··fraction of 50% represents a radiological dose commitment to the 
lungs with a biological half. life of 380 days at reference 12. An evaluation of 
dose commitment follows at paragraph 8. 

4. POPULATION CHARACTERISTICS AND DOSE RESPONSE. 

a. An unplanned, spontaneous ignition of munitions incorporating quantities 
of DU in storage or transit may expose local populations includ~ng support personnel, 
to potentially toxic levels of airborne aerosols of uranium. Pertinent radiological 
limits, however, have been modelled on the concept of a radiation worker whose 
slightly elevated body burden of uranium is held constant by the particular retention 
and excretion dynamics which are characteristic of an adult (Reference Man ICRP 23). 
Such modelling is absent among a diverse population of infants, children, and 
adults of various consitutions with no significant body burden of uranium. The 
nephrotoxic limit of 3pgm/gm of kidney at references 2 and 5 is, however, uniformly 
applied throughout the population. 

b. Unlike radiological limits which assume a linear response as dose approaches 
zero at reference 14, the nephrotoxic limit is a threshold effect characteristic 
of repairable, incipient kidney dama.ge at reference 2 and 9. The maximum 
permissible occupational exposure from an actue, emergency release of airborne 
aerosols of uranium is, therefore, assumed applicable to a local population, not 
subject to chromic weekly exposures permitted among adult radiation workers. 

c. The proposed control boundaries derived at paragraph 7 are consistent with 
NRC requirements and ACGIC recommendations limiting exposure to airborne aerosols 
of uranium. These boundaries are especially sensitive to .on-site configuration and 
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storage parameters. Furthermore, the rate of oxidation, pyrotechnics, composition 
and design of the munitions, local meteorological conditions and effective 
emergency response to an unplanned incident will greatly mitigate upon any potential 
exposure. Relevant onsite and meteorological assumptions are proposed at paragr~ph 6. 

5. ONSITE CONFIGURAT!ON AND ASSUMPTIONS. 

a. To assess the nephrotoxic fraction of somatic transportable (soluble) DU 
released to the plume during a fire, the following assumptions are consistent 
with references 6, 15 and 16: 

(1) 30%- of the rounds are "effected"; 70% are "uneffected." 

(2) 50% of the rounds are aerosolized; 50% are deposited onsite. 

(3) 50% of the aerosolized compounds are of respirable size: 50% are 
nonrespirable. 

(4) 50% of the aerosolized compounds of respirable size are transportable 
(nephrotoxic iimits); 50% are nontransportable (radiotoxic limit). 

b. The somatic transportable. nephrotoxic contribution to the kidneys is 
3.75%. This fraction is the product of the effected, aerosolized, respirable 
and soluble fractions from compounds of uranium released to the plume following 
spontaneous ignition and fire of stored GAU-8 ammunition. 

c. The somatic nontransportable radiotoxic contribution to the lungs ~s 

likewise 3.75%. This fraction is the product of the effected, aerosolized, 
respirable and insoluble fractions from compounds of uranium released to the plume. 

6. MICRO-METEOROLOGY AND BOUNDARY LIMITS. 

a. Aerosols of uranium are essentially trapped and carried by a plume whose 
displacement and configuration is characterized by the adiabatic lapse rate, 
atmospheric diffusion, radiant index, turbulence, and wind velocity. Such effects 
are subsumed in Pasquill's Stability Categories A, B, C, D, E, and F. Categories 
A, B, C, and D characterize normal daylight adiabatic lapse rates. A wind velocity 
of 1 m/sec (2.2 mi/hr) suggests an extremely unstable lapse rate designated A; at 
3 m/sec, a moderately unstable rate of B; and at 5 m/sec or more, a slightly 
unstable or neutral rate of C or D. 

b. Seasonal variations tend toward the unstable lapse rates during summer 
(A or B) and n~ar neutral during winter (Cor D). 

c. Categories D, E, and F characterize nightime inversions. Light winds of 
less than 3 m/sec favor the moderately stable category of F, while winds greater 
than 3 m/sec favor the slightly stable category of D. Little seasonal variation 
is noted. Detailed theoretical and empirical studies can be found at references 
17, 18·and 19 which can be adapted to local conditions. 
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d. In the absence of meteorological data, a daylight stability category of 
A may be considered for near calm. Categories B or C for perceptible breezy or 
windy conditions. At night, consider category F for near calm: otherwise, consider 
categories E or D for perceptible breezy or windy conditions. 

e. In general, decreasing wind velocity will transport a plume with a given 
airborne concentration of aerosols an increased distance downwind through a 
narrowly defined sector of about 22.5 degrees. Similarly, a calm nightime 
inversion will transport an airborne aerosol concentration an increased distance. 

f. Practical control boundaries, therefore, may not assure an optimum limiting 
exposure to extremes in local meteorological conditions. However, the combination 
of numerous safety variables and probabilities of spontaneous ignition suggest the 
recommended control boundaries are practicable. 

7. DERIVED CONTROL BOUNDARY LIMITS. 

a. The derived control boundaries increase in inverse proportion to the 
integrated, time-concentration_factor designated as D in units of mg-min/m3. 
The boundaries furthermore increase in direct proportion to the source strength. 
The source str.ength is the product of the amount of stored uranium in units of 
kilograms per unit wind velocity (kg.sec/m) and the fraction of transportable 
uranium (3.75%) released to the atmosphere following spontaneous ignition and fire 
of stored ammunition. 

b. To enclose a given exposure (D) in mg·min/m3, the derived control boundaries 
must gradually increase as the vertical atmospheric temperature gradient proceeds 
from an extremely unstable lapse rate to an extremely stable .lapse rate (A through 
F). Graphs from Figures 4.3.la. and b. through 4.3.6 a. and b. at reference 20 
provide recommended boundaries for each of Pasquill's Atmospheric Stability CategorieE 

c. Recommended control boundaries are provided at inclosure 2. These boundaries 
minimize potential exposure to nephrotoxic and radiotoxic aerosols of uranium during 
a fire for each stability cla~s A through F. 

d. Initial conditions which minimize toxic exposures follow from recommended 
CT factor as developed at paragraph 2. Higher exposures result as control boundaries 
are reduced. Similarly, higher exposures result as the product of the source strength 
and the fraction of transportable uranium released from a fire increases. Higher 
wind velocity effectively reduces the source strength on account of increased 
atmospheric mixing with a longer volume of air. 

e. To set initial control boundaries upon ignition and fire of GAU-8 munitions, 
use the nomograph at inclosure 3 and make the following assessment: 

(1) Determine the mass (kg) of depleted uranium at storage site which is in 
conflagration. 

(.2) Determine the wind speed, direction, and atmospheric stability class from 
onsite instrumentation. 

4 



(a) Judge atmospheric stabiiity class from outline at para~raph 6; other­
wise assume stability class F. 

(b) Read wind conditions from appropriate instruments~ otherwise assume wind 
speed of one (1) meter per second (m/s). 

(3) Divide the amount (A) of burning mass of depleted uranium by the wind 
speed (U) to obtain (A/U) in units of (kg·sec/m). 

(4) Use the nomograph and connect the value of (.A/U) to either side of the 
graph and read the initial control boundary in meters for a specific atmospheric 
class. 

f. The graphs from Figures 4.3.la. and b. through 4.3.6a. and b. at reference 
20 may be directly utilized by .making the following adjustments in nomenclature: 

(1) Replace D in figures with (CT) at paragraph 2. 

(2) Replace Q(mg) in figures with A(mg).f (Amount stored·somatic (non)trans­
portable fraction from fire and deposited to the (lung)kidney) at paragraphs 5 and 7. 

(3) Replace DU/Q in figures with (CT)·U/A.f = (CT)/(SS) where the source 
strength (SS) is (A·f/U) and U is the ~ind speed in meters per second (m/s). 

(4) The quantity (CT)/(SS) decreases as a function of the reciprocal of the 
the distance in meters (m). 

8. RADIOLOGICAL IMPLICATIONS AND POPULATION DOSE. 

a. The dose commitment to the lungs is proportional to the infinite time 
integral of absorbed activity (pCi) from T = 0, following a single, acute inhalation 
of somatic nontransportable aerosols of uranium. This calculation assumes insignifi­
cant previous accumulation and no additional accumulation is assumed. 

b. The activity (A) present in the lungs decreases at an exponental rate. 
with time, or 

A(t) = Ace - ~~ i 

where A0 is the inhaled activity deposited to the lungs from somatic nontransport­
able uranium, by the relation 

Ao (pCi) = 

5 

f .. 
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where 

and 

CT is the integrated time-concentration factor as developed at 
paragraph 2, 

V is the ventilation rate of 1.25m3/hr ref.(ICRP), 

SpA is the specific activity for Uranium-238 of 0.333 pCi/103mg 
of DU, 

fi is the insoluble, nontransportable, fraction deposited in 
the lungs as developed in paragraph 5, 

AE is the effective elimination rate of ln2/380 days (ref. 12). 

Upon substitution and evaluation of the numerical constants, the inhaled deposition 
is 

= 8.0 mg.hr x 
m3 

1.25m3 x 0.333uCi x 0.0375 
hr 103mg 

= 1.25 x l0-4uci 

c. The dose equivalent (DE) rate to the lungs in units of mrem/day follows 
the differential relation 

i DE~rem) 
dt day 

where 

and 
m 

~DE (mrem) 
dt \ day 

= A e- ~£T (J.1Ci) ·X C. \ Ue V • rem) x 1 X 
0 dis·rad m(gm) 

(103mrem X 1.6 X 106erg X gm· rad X 

rem MeV lOOerg 

86400 sec X 37xl03 
dis J 

day sec ·pCi 

is the effective absorbed energy per disintegration of 
43 MeV·rem/dis·rad for Uranium-238 (DU) 

is the mass of· the lungs of 1000 gm. Upon substitution and 
·evaluation of the numerical constants of proportionality in 
brackets, the dose equivalent rate to the lungs becomes 
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d. Solution to the infinite time integral of absorbed activity from t = o 
becomes the dose commitment to the lungs or 

DE(mrem) 

where 

= 2.2 x 103Ao (1-e~Er) 
A! 

~! = ln2/380 1.82 x lo-3 day-1 

(1) In one year the dose commitment to the lungs is: 

DE(mrem) 
lyr 

= 2.2 X 103 

= 73.3 mrem 

(1.25 x lo-4uci)·day·(l-exp(-1.82 x lo-3 
1.82 X lQ-3 

x 365))(mrem) 
uCi-.day 

(2) In 50 yrears the dose commitment to the lungs is 

DE(mrem) 
SOyr 

= 2.2 X 103(1.25 X lQ-4) 
1.82 x 1o-J 

= 151 mrem 

e. The derived annual dose commitment to the lungs following a single, acute 
inhalation of aerosols of uranium is less than 15% permitted nonoccupationally 
exposed individuals. If the assumptions at paragraph 5 are reliable, one may be 
tempted to augment the nontransportable fraction of activity deposited to the 
lungs as developed at paragraph 2 by enhancing the CT factor and reduce the derived 
control boundaries proportionately. A six fold increase in the CT factor from 
8 to 48 mg.hr/m3 results in an annual dose commitment to the lungs of 6 x 73.3 mrem 
or 440 mrem. Although less than the permitted annual nonoccupational dose, a six 
fold increase represents an acute insult of lOmg x 6 x 0.0375 or 2.2Smg of somatic 
transportable (.soluble) uranium to the kidneys. This exceeds the maximum permissible 
uranium limit to the adult sizekidneywhich is 0.9mg; and·it greatly exceeds the 
permissible uranium limit to the infant size kidney which is 0.165 at references 
2 and 5. 

f. If the assumptions at paragraph 2 are reliable, an increase in the somatic 
nontransportable radiotoxic contribution to the lungs from 3.75% to 22.5% at 
paragraph 5 would yield the same nephrotoxic and radiotoxic values of 2.25mg and 
440 mrem respectively. Indeed an increase from 3.75% to 9% would match the adult 
limit: lOmg x 0.09 = 0.9mg. An acute insult of lOmg at a deposition fraction of 
3.75% delivers 0.375mg to the kidney which is the child's nephrotoxic limit. 
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g. It is therefore the enhanced nephrotoxic sensitivity that governs the 
derived control boundaries at paragraph 7 while committing a nominal non-occupational 
radiological dose to an exposed population. 
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INTAKES OF URANIUM 
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/,u&Jaariay Health and Safety~ Huwc:ll, Berb, England 

(R«n-.1 7 F,"'-'7 1961; ill r«Wtlf- 18 ~lq I~) 

Abstract-Tiw: Recarnmmdaaions ol the lntrmational Commissioa on ° Radiological ~ 
tC'Ciiaa (l!l59J p~ m3imum prrrnissia. cona:narations for uranium in air and water, but 
bd'OR the iuw ol IC:RP Pai/iut;. Gill 1964, there wc:ft' no instructions concemanc the time 
U\'ft' whicla ~IPCa ba.d an chrmical taUcity ol uranium might be a\'l:'r.l~ The prai:Dt 
p;af.-r. which •ou cirnabted infoniWiy iD the U.K. Atomic ~· ..\uthnrit)" bctore the iaue 
ul H.:RP Nlictll;., 6. m:akcs 0

..,... sugaaiana rqarding • ;:tfP *Jill L k • 

------------• f'or inatalla:: Ca1 ~luimuna sinek- in~kr vi inhaJc.d uranium ill I day 2.5 1111 
(bl ~lnimum ain1k- inaa&e of ift8"'1'C'd uranium iD 1 day 150 me 
I c) ~lou.imum pbnnnJ c"!l!t'!J"!""'. inh:a1aaian for occupaaiunaU)o-aposrd pnwJnS 101111 

·n.r fina ••v ol 1111'1111" lliGMr..tiona :arc now in line "ida the l'ft'Oftuncndations ol JCRP 
I'Uiial-6. 

1!\"TRODliCTION 
T ttt.; 1959 R'/Jtlft of JC:RP c,,.,;,,. 11 ut stated 
tlaat .. U\.CI" a period ul 13 wcc:ks. the __ ._ 

0 

5I lilt t!ilSti.i !idhs!:&Lhd& ~~ in .ur ur in ,_..<~lcr-·-·-·--.. --• 
----.- du.ring aJI). 13-,.·ftk period ._ _______ ........... _ ... - by C:X• 

j•IIIUn: at d.c: cnnstant ln'ris indic.atcd in su~ 
·f"Mif• I ab.A-e." JC:RP .\I.U. c;.,.,;.ui• ~ 
.'l959)m indic-ated that dosc:s a\~ m-er 13 
\\~ks should be mr:L-.urcd in rnns a11d tl~orc 
pn"'Sumahly ~his did nne ~·ide for ~ 

••••R~FIIIa• 0 rather than to r:u:liuacd'ill·· 
t•otr~PJ"apb S2 ( f) of /CRP P,61ic111i• Gill' nuw 
la\'1 down limits fur the inhalation ol not man: 
tl~ 2.5 1ftJf of suluble uranium in I day, «the 
in~ ol not man: than ISO mg ot IOiuble 
taranium a\'t:r.IRCCi 0\'a' 2 da)'L Tbe conse­
'JUCDCa ot inhalinq or in~ a 13-wc:ock dmc 
u( ur.uaium in a shart period ot time. before 
these limiu ,_.-ere applied, are discussed below. 

J!\"HALED t.'JLUIIUM 

U\"Cr 13 weeks the n:suh would be as follows: 
m.p.c.. l: (nat) (soluble) =- 7 x Jo-n pc/~ 

= 210 pr,/ma (oW-hour week m.p.c.). 
If this is intq,'T2ted O\"Cr l 3 weeks or 65 work­

ing da~'S, then CXpoiUr'C =- 210 X JQ X 65 J1C 
inhaled = 136 mg U inhaled in one incident 
(10 n1a air inhaled/day). 

Twnuy·fi\-c per cent of this goes to the blood 
stmam. i.e. :U mg (JCRP model) • 

Approximatdy 50 per catl of this would be 
c::xcretcd in less thaa 24 hr, caa sa)· in I I. of urine. 

_TJu:rcforc urine would contain 17 mgfl. ura­
nium (natural). 

U.K. Atomic Energy Authority experience u 
quoted by Bt."'TTEitWORTH'•1 shows that from a 
Jinsle exposure to uranium sn-craJ mgJI. ol 
uranium in urine would produce albuminuria, 
although prolan~ cxpoaun:s would produce 
albuminuria at luwcr IC\-ds oC a few hundred 
J11fL o( uranium. One case of acute UF, 
inhalation seemed to produce albuminuria at 
2 mg C fl. Therefore-a figure of 17 mg/1. U (nat) 
in urine would almost certainly produce albu­
minuria. although whether this would be pa-

RIIIiit~l;. ,.,iln--i~ sola61• ,.,..;_ mancndy harmful is a more debatable questioD. 
tr a natural uranium airhnme czposure at Ll."DSEXIIOP tt M. ••• state that the minimal iD­

the maximum permissible IC\-c:l was a\·craged jcctcd dose necessary to p~uce catalasuria and 
a ns 

-

I 
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Animal 

Rabbit 
Guinea pig 
Rae 
Mouse 
Dog (subcutaneous 
"uranium nitrate••) 

Tablt 1 

Lethal dose• 
t;(nat) 

0.1 mg Ufkg 
0.3 mg U/kg 

I mg U{kg 
I 0-20 mg t,; {kg 

about 2 mg U{kg 

Equivalent 
in 60-kilo 

man 

6 mg 
18mg 
60mg 

600-1200 mg 

120mg 

• Expr~d as lethal dose rather than LD~ since 
tl:c dase·-dit"Ct cun-e" rises,~. st~ply. 

~buaninuria in ma.n is of the order of 0.1 mg 
uranium/kg body weight for hc"a\'alent ura­
nium. TI1us for a 60-kilo man 6 mg in the l:odv 
would be likely to p ,_ e 1 ~~ 
...... This might IJe equi,·alcnt to an initial 
e:otcn:tion of 3 mg uraniumfl. urine. 

Table 1 sho\\-s approximat-ma.i·Gm. 
or uran\·l nitrate hexa•h\·drate solution admin· 
istered ~~ in fi\'e species. or animals, 
and followed for up to 29 days. ••• 

lt·EssE~HOP " a/.111 b)· extrapolation of cx­
peri~··e gained from the ~lassachuscus Hos­
pital series of cases consider that the injected 
lethal dose for m:1n might be about *-" 

· ·--aumtper-~~ which is about the same l~·cJ 
as for the rat. Therefore, 4i0.~_.. ~-&U. 
~-~ • one:·tilae llllipl·.fii.....,_» 
......_.fatafiM 

From th~ sources of C'\·idenee 34 mg abo­
sorbed into the body in one incident would 
appear to be exccssi\·e. Therefore a J 3-week 
dose aU in one cxpt»ure must IJe ruled ouc on 
to:cic-ity grounds. In man, the urinary excretion 
rate from a single dose or soluiJle uranium 
remains high for about 8 hr'Ja and then staru to 
faJI ofT fairly rapidly~ It would seem reasonable 
therefore that I da)·'s total exposure could be 
allowed as a single intake; this quantity is 
2.1 mg in the air breathed (or to allow some 
free play 2 • .5 mg). 

RIUiit1li011 u:ortm-inlraltd itUoluh/1 urllllilllfl 

For insoluble uranium the critical organ is 
considered to be the lung, based on radiation 
exposure rather than on toxic effect. Insoluble 
uranium in the lung is cxcn:ted ,.cry slowly 

.... ~:.. 

through the kidneys; 111 therefore if it wrre 
certain that all the airborne uranium was iu­
soluule, exposures should be: able: to I~ iu­
te;;rated over 13 weeks. Howc:o.·er, it is difiiruh 
?ften tu lJc sure that all the uranium is prC"SC.·ut 
m such form; moreo\"er there might be cou­
sideraule excretion in the urine c:o.-en after 1 J 
weeks had elapsed, 111 thus confusing the: p;attr-m 
of urine analysis during su~uent ruuti11e 
operations. Therefore, it might lJc wise not ''' 
make any c:.'cc:ption of insoluble: uranium unJe.., 
in \'cry well comrollc:d circumstancn. It rna\" 

be worth noting that Pattenon1• 1 dDCrihcs l\,., 
c.ascs of human e.xpo)ure to U20 1 in whicl, 
urinary e:ccretion after some days indicated .1 

lung half-life of ahout 120 days, as postulated i11 
the I CK.P ( 1959) calculations for insolubir· 
uranium.cu PossiiJh· the ••rsefe.·--CfR '""' 
Yac Ia i4·~··.,..ftiae a.. of the uranium 
inhaled. 

Populatio" txposutt-i,Jrautl solub/, utQJiirllft 

It is su~goted in paragraph 56 of ICRI' 
( 1959:"u that, for c"pusure of special ~uups ,,( 
the popul:uion, "the indi\"idual maximum J.M"r· 
missihle annual dose will not IJe excc-eded frufll 

internal exposure of an~· single ·or~an, if thr 
release or radioacth·e material is planned on thr 
basis of one-tenth of the maximum pt'rm~ .. ihlf' 
concentration(~1PC) in :1ir or water as ~i,·ru 
for continuous occupationoal exposure ( 168-hnur 
week)." 

(( it were :11lowahlc th3t iuteg~tion of ·• 
uranium dose could take place o\·er I year wr 
ha\-e: 

Occupational m.p.c •• t:(naa) soluble (IAA-Iu 
week) = 3 ~ Jo-n 1•cl~ 

= 90 pg/ml. 

Tiaerefore dh.-iding b)· 10 for population rx· 
posure and integrating O\'t'r 52 weeks. therT 

would be produced in a single dose ~ x 20 :·· 

365 pg = GG mg inhaled {assuming 20 m1 of air 
inhaled per da')·), or 16 mg in the blond of an 
adult, with cnrrcspondingly less in a child. This 
again would IJe \'CfY likely to produce albu• 
minuria. especially in those with d:1maged 
Jcidneys.. 

··~·-··-~~~~~-·it' ;Y.:,_.,., ....... LtJiidtiE'j YCtiiL--
...... ••••;..Ol:ut within limiu, a Kp a. I d 
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SUGG£STI:D MAXIMUM fERMISSIBLE SI!\GU:. ~~-rAKES Of URANIUM 71~ 

~nd thus diffcn from the radiation hazard 
which, for many of its effects, ia cumulative. 
Also Hooo& d 111.1" in discussing ~lAC's for 
uranium in air, based their arguments on ex• 
pcrimcnts in which animals were exposed to 
~ccady la·eb o( atmospheric uranium rather 
than to a series o( larger doses spaced at in­
tr.n-ak. 'Mon:D\-c:r, then: scc:ms to be no 
trndcncy to quote special public health m.p.c. 's 
fi ar d1cmica.Uy taxk substances ( cxa:pt in the 
.-~~ of beryllium). Thcn:fon: it is suggested 
• hat for adults in a population, and lOr purposes 
• ..[ a\-craging onl)", the maximum single intake by 
thc inhalation route shUL\ld be the same as for 
the ocaapational ~auation, ·tc:. approximately 
:.!.:. mg uranium. n)C maximum single intake 
1; ~ childn:n would be lower by a factor ranging 
''P tu about 10 depending upon age and kidney 
•in:. but on the QChcr hand minute \Uume 
11:;urcs for air brcathal at diffen:nt ages vary by 
~ factor ol the same order, uea so that the appro­
p,.gte concentrations in air would be likely to be 
.ahuut the same as .Ur aduJIL 

J',f*llllitllf ,%,._.., ;,JWn/ itUOI.IJit '""";... 
Thc:n: is usua1Jy some dilfacuhy ~n deciding 

whether uranium to which a populaaion may be 
• ~pnscd is in the soluble or insoluble form; if, 
Lu~"'C\"CT,- n:posun: "-as definitely pr'O\-ed to be 
c!:af" tn i~U~•Iuble material onl)·, then the hu.ard 
\\nuld appcar to be mainly of a radiolf.gical 
' h<&r.actn'. "·ith the lung as the aitiral organ. 
In 1 his ease the &\-cr.aging rulc:s as enunciated by 
the ICRP ~ ol course. apply. 

INGESTED u~.-.IUM 

l~t.~sW wai...--ot"ntJNIIi•lll at/ Jlttlnll•li• 
ft,.,., 

Similar calculations can be made fcw insatcd 
· uraniu~ C-1• 

m.p.c.. U(nat) soluble or insnJuble (168-hr 
\\uk) =- 2 X Jo-• pc/cml (ICRP 1959) 

=- 6 X I 0-41 g}car'. 
llaiJy amount inga&al at m.p.c. 

=a .. 6 X 10-41 x 2200 1 (aaumin1 wata- in­
take - 2200 cml/day) 

= 1.3 1 ( occupalional) or 0; 13 1 (populatiaa 
expmure). 

~-Wftk exposure fmp:sted) 
- 0.13 X 365 • 47 1 (population ex~). 
This again wauJd seem to be much too muda 

if' ingested in one dose. A human volunteer 
ingested I g of uranyl nitrate hexahydrate in 
200 em' water ( = 0.47 g uranium). em He c:z. 
pcriena:d rather violent vomiting, diarrhoea 
and slight albuminuria with a peak uranium 
output in urine at the rate of 8 mg U/1. (on two 
specimens o( 30 mJ). In the fint 7 days he 
excreted in his urine 2.5 mg of uranium dement. 
It was thought then.!on: that he may have 
absorbed about I per cent of the ingested dose, 
i.e. much greater than the l o-. fraction esti­
mated b)• I CRP ( 1959) and based on animal 
work. m Mon: n:ccnt work by F1su tt aL uta oo 
dogs gi'"cn uranyl fluoride in water by mouth7 

sho"-ed that uptake: into the bloodstream aver­
aged 1.5 per cent oi the rather high dose 
administc:rai. 

It seems that the 1959 occupational m.p.c. 
for ingestion might ha\"e been rather high and 
that the irritali\·e effect of thc:sc comparativeJy 
large amouniS or uranium on the gastrointc:s­
tinal tract ma)· ha\'C Ucc:n unden:stimatcd. • 
Tile occupational m.p.c. for ingestion is how­
C\.-c:r only of intc:n:st as a mcasun: ol the gra\oity 
of an oacciC:icntal ingestion in a radiation worker. 

The more imponaut figure to establish is the 
population dasc for ICRP Croup B(c:) which 
an indi\·idual m&)" ingest at one time. E,·idence 
is lacking. but it is sugated that approxi­
mately onc-chird of the d01e found to be 
irritating to the gut in the abo\-.: expcrimc:Dt 
might be al10"-able7 i.e:. 150 mg uranium 
(measun:d as the clement). This wouJd be 
cqui\-alcnt to a\·c:nginc the maximum pa­
millible exposure 0\"a' 2 days it only ftuicl 
intake (1200 cmlfday) is. contaminated, but 
would n:pn:sent a shoner time than this it tow 
water intake (2200 cm1/day) is contaminated.• 
· Sinc:c d1ildren's kidnq~ are about one-tenth 

the size of an adult's. it would seem logical to 
reduce the abo\-.: incake by one-ccnth for 
Cft\ironiDCDtal usc.• 11M: weight ol both 
kidnq"' in a new born baby is 20-30 c. whilll 
the --ciPt o{ both kidneys in adulll is 260-
360 g. •aaa The fluid intake oC a baby is about 

• 1CRP ~- 6 hu t..KkW thae pn»bJc:a:D 1», 
reducinc l:actar J. ((ractiaa rachifts orpD ol ~ 
CDce by iDa a) rraa~ Jo-t to 1o-•, .. wn~ .. ~», 
larial dowa aaaaimum limica rar iDhalata. aacl w.· 
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a fifth of that of an aduh, 1131 so that this factor 
partially compcns.1tes for the smaller si1.e of a 
baby's kidners.relative to those of an adult. 

PLANNED EMERGESCl. EXPOSt:RES 
OF EMPLOYEES 

It is suggested th:u 10 mg of soluble natural 
uranium inhaled o\·er a short period would, on 
ICRP principles, lead to a tot.:ll dose of 2.5 mg 
in the bloodstream (i.e. aiJsorlxd dose). This is 
somewhat less than the 0.1 mgfkg injcctC"d dose 
which Ln:ss£.'OIIOP d tll. 111 mention as the 
nephrotoxic dose for man. TI1erefore a figure 
of I 0 mg natural uranium in the total air 
breathe-d o,·er a period might be conside~d as 
a n:asOnable "planned emergency exposure" in 
the JCRP sense. In effect this "·ould be 
equi\·alent to administering nl"arly .l da~-s· dose 
at one time, but this dose would he subject to 
the rules of other planned emergency f'Xpcl!\UI"CS. 

ESRICHED t:RASit:M 

For enriched uranium the principles dis­
cuDed abo,·e would apply for the toxic effect. 
bu& the radiological effec:t on bone or kidn("y 
could be integnucd in the JCRP way. The 
simpl,.,t SlJhuion is to e:ocprcss maximum sin!(le 
intakes or uranium in uniu of wnght as abo\·e, 
and cnnsider that these appl~· to anr gi\-cn 
enrichment of uranium. 

A.dfiiiOOc·lrJgmmt-1 :am gr.ud'ul to a numbn- or col­
lc-;al''" in tht' United Kin~um .\&nmic F.nc-~· 
Authorit~· ;and to Dr. J. F. l.oL"T1T or the ~fc-dical 
Rewan:h Council. "'·ho ha\·r C'rititi~ an C'arlicr 
draft of this papa'. 
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CONTROL BOUNDARY FOR FIRES 

Amount Stored PASQUILL'S STABILITY CATEGORIES 
per unit 
wind velocity A B c D E F 

(A/U) D I S T A N C E S 
kg sec/m km km km km km km 

100. 0.04 0.04 0.07 0.11 0.15 0.27 

200. 0.05 0.06 0.09 0.16 0.24 0.44 

500. 0.76 0.1 0.15 0.27 0.42 0.8 

. 800. 0.94 0.13 0.2 0.36 0.56 1.1 

1000. 0.1 0;14 0.22 0.4 0.64• 1.3 

2000. 0.14 . 0.19 0.31 0.56 1. 2.1 

5000. 0.2 0.31 0.5 1. 1.9 4. 

8000. 0.25 0.4 0.66 1.3 2.4 5.6 

10000. 0.27 0.44 0.74 1.5 2.7 6.4 

20000. 0.36 0.62 1.05 2.3 4.4 10. 

50000. 0.52 1. 1.7 3.8 7.6 19. 

80000. 0.64 1.25 2.2 5. 10. 27. 

100000. 0.7 1.4 2.5 5.6 12. 31. 

Inc1 2 
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SETTING CONTROL BOUNDARIES FROM 
IGLOOS STORING PYROPHORIC DEPLF.TED URANIUM (DU) 

1. PURPOSE: 

a. A set of control boundaries are pr~vided in this report and extend from 
stockpiles of munitions incorporating depleted uranium (DU) whether in storage or 
in transit. These boundaries minimize potential exposure to toxic, airborne 
aerosols of pyrophoric uranium. 

b. These control boundaries represent a characteristic measurement of dose 
from an inhaled aerosol of uranium generated by an unplanned ignition of associated 
munitions. This measurement is a complex calculation. Viable regulatory limits 

- must be assessed for a single acute emergency release of a radio-chemical agent. 
Significant population differences will mitigate toxic exposures to this agent. 
Physical characteristics of the agent, on-site storage configuration of associated 
munitions, and local micro-meteorological conditions will necessarily impact on 
the final dose commitment to any one individual at the control boundary. 

2. REGULATORY LIMITS AND RADIOLOGICAL MODELS. 

a. Current regulatory requirements limiting exposure to concentrations of 
airborne aerosols of uranium are derived from extensive research and industrial 
epidemiology. The Nuclear Regulatory Commission (NRC) has promulgated Table I, 
Appendix B, at 10 CFR 20 which limits weekly occupa.tional exposure to aerosols of 
Uranium-238 (DU) at 0.2 mg/m3 for a time integrated concentration (CT) factor of 
8 mg·hr/m3. 

b. Similarly the American Conference of Governmental Industrial Hygienists 
(ACGIH) has recommended a Threshold Limit Value of 0.25 mg/m3 at references 1 and 
2 (at paragraph 9 ) for airborne concentrations of uranium and its aerosols. 

c. A significant proposal by I.S. Eve at reference 3, incl 1, suggests a 
maximum planned emergency inhalation for occupationally exposed persons to 10 mg 
of uranium. At a breathing rate of 1.25 m3/hr, a maximum planned emergency CT 
factor of 8 mg·hr/m3 or 480 mg·min/m3 is calculated. 

d. This value is consistent with both the Reference Man Model and the Task Group 
Lung Model as calculated by McMillan and Air Force at references 4 and 5. Although 
these models assess radiological toxicity, chemical toxicity to the kidneys follow­
ing acute inhalation of somatic transportable su at references 6 and 7 cannot be 
dismissed. Hence, a CT factor of 480 mg•min/m is not only conservative with 
respect to the radiological models as reported; it is also consistent with labora­
tory studies at references 1, 2, 7, 8, 9, 10 and 11 assessing nephrotoxicity 
following acute inhalation and ingestion of both soluble and insoluble uranium 
compounds in excess of 480 mg·min/m3. 



3. PHYSICAL AND CHEMICAL PROPERTIES. 

a. Uranium is a dense metallic white metal which is pyrophoric when finely 
divided. It oxidizes in air and dissolves in acidic solution. Natural uranium 
consists of three isotopes: U-234, U-235, and U-238. (The latter most is princi­
pally depleted uranium). Each is radioactive and chemically toxic. With a 
chemical valence of 3, 4, 5, or 6, uranium forms complex molecular salts, nitrates, 
oxides, and carbonates. Each form is relatively soluble depending on the pattern 
of physical entry into the· body and its metallurgical state. 

b. Solubility is greatly enhanced when uranium compounds are dissolved in 
carbonic solutions in finely divided grains. Once dissolved in extracellular 
fluids, a mildlyacidic solution, uranium becomes a nephrotoxic agent to the kidneys 
an insoluble aerosols become a radiotoxic agent to the lungs. In particular, the 
soluble characteristics of aerosols of complex uranium oxides (UxOy) is discussed 
at reference 6. Up to 50% of aerosolized DU dissolves in simulated lung fluid 
(a carbonic solution) in seven-days. This fraction represents a transportable 
nephrotoxic gose of uranium to the kidneys. About 80% of this fraction is released 
to the urine in 24 hours at references 9 and 12. The remaining 20% is released 
from the kidneys with a biological half life of 15 days at reference 13. The non­
transportable fraction of 50% represents a radiological dose commi-tment to the 
lungs with a biological half life of 380 days at reference 12. An evaluation of 
dose commitment follows at paragraph 8. 

4. POPULATION CHARACTERISTICS AND DOSE RESPONSE. 

a. An unplanned, spontaneous ignition of munitions incorporating quantities 
of DU in storage or transit may expose local populations including support personnel, 
ta potentially toxic levels of airborne aerosols of uranium. Pertinent radiological 
limits, however, have been modelled on the concept of a radiation worker whose 
slightly elevated body burden of uranium is held constant by the particular retention 
and excretion dynamics which are characteristic of an adult (Reference Man ICRP 23). 
Such modelling is absent among a diverse population of infants, children, and 
adults of various consitutions with no significant body burden of uranium. The 
nephrotoxic limit of 3pgm/gm of kidney at references 2 and 5 is, however, uniformly 
applied throughout the population. 

b. Unlike radiological limits which assume a linear response as dose approaches 
zero at reference 14, the nephrotoxic limit is a threshold effect characteristic 
of repairable, incipient kidney dama.ge at reference 2 and 9. The maximum 
permissible occupational exposure from an actue, emergency release of airborne 
aerosols of uranium is, therefore, assumed applicable to a local population, not 
subject to chromic weekly exposures permitted among adult radiation workers. 

c. The proposed control boundaries derived at paragraph 7 are consistent with 
NRC requirements and ACGIC recommendations limiting exposure to airborne aerosols 
of uranium. These boundaries are especially sensitive to .onsite configuration and 
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storage parameters. Furthermore, the rate of oxidation, pyrotechnics, composition 
and design of the munitions, local meteorological conditions and effective 
emergency response to an unplanned incident will greatly mitigate upon any potential 
exposure. Relevant onsite and meteorological assumptions are proposed at paragraph 6. 

5. ONSITE CONFIGURATION AND ASSUMPTIONS. 

a. To assess the nephrotoxic fraction of somatic transportable (soluble) DU 
released to the plume during a fire, the following assumptions are consistent 
with references 6, 15 and 16: 

(.1) 30% of the rounds are "effected"; 70% are "uneffected." 

(2) 50% of the rounds are aerosolized; 50% are deposited onsite. 

(3) 50% of the aerosolized compounds are of respirable size; 50% are 
nonrespirable. 

(4) 50% of the aerosolized compounds of respirable size are transportable 
(nephrotoxic limits); 50% are nontransportable (radiotoxic limit). 

b. The somatic transportable nephrotoxic contribution to the kidneys is 
3.75%. This fraction is the product of the effected, aerosolized, respirable 
and soluble fractions from compounds of uranium released to the plume following 
spontaneous ignition.and fire of stored GAU-8 ammunition. 

c. The somatic nontransportable radiotoxic contribution to the lungs is 
likewise 3.75%. This fraction is the product of the effected, aerosolized,, 
respirable and insoluble fractions from compounds of uranium released to th~ plume. 

6. MICRO-METEOROLOGY AND BOUNDARY LIMITS. 

a. Aerosols of uranium are essentially trapped and carried by a plume whose 
displacement and configuration is characterized by the adiabatic lapse rate, 
atmospheric diffusion, radiant index, turbulence, and wind velocity. Such effects 
are subsumed in Pasquill's Stability Categories A, B, C, D, E, and F. Categories 
A, B, C, and D characterize normal daylight adiabatic lapse rates. A wind velocity 
of 1 m/sec (2.2 mi/hr) suggests an extremely unstable lapse rate designated A; at 
3 m/sec, a moderately unstable rate of B; and at 5 m/sec or more, a slightly 
unstable or neutral rate of C or D. 

b. Seasonal variations tend toward the unstable lapse rates during summer 
(A or B) and near neutral during winter (Cor D). 

c. Categories D, E, and F characterize nightime inversions. Light winds of 
less than 3m/sec favor the moderately stable category of F, while winds greater 
than 3 m/sec favor the slightly stable category of D. Little seasonal variation 
is noted. Detailed theoretical and empirical studies can be found at references 
17, 18 and 19 which can be adapted to local conditions. 
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d. In the absence of meteorological data, a daylight stability category of 
A may be considered for near calm. Categories B or C for perceptible breezy or 
windy conditions. At night, consider category F for near calm; otherwise, consider 
categories E or D for perceptible breezy or windy conditions. 

e. In general, decreasing wind velocity will transport a plume with a given 
airborne concentration of aerosols an increased distance downwind through a 
narrowly defined sector of about 22.5 degrees. Similarly, a calm nightime 
inversion will transport an airborne aerosol concentration an increased distance. 

f. Practical control boundaries, therefore, may not assure an optimum limiting 
exposure to extremes in local meteorological conditions.· However, the combination 
of numerous safety variables and probabilities of spontaneous ignition suggest the 
recommended control boundaries are practicable. 

7. DERIVED CONTROL BOUNDARY LIMITS. 

a. The derived control boundaries increase in inverse proportion to the 
integrated, ·time-concentration factor designated as D in units of mg-min/m3. 
The boundaries furthermore increase in direct proportion to the source strength. 
The source strength is the product of the amount of stored uranium in units of 
kilograms per unit wind velocity (kg-sec/m) and the fraction of transportable 
uranium (3.75%) released to the atmosphere following spontaneous ignition and fire 
of stored ammunition. 

b. To enclose a given exposure (D) in mg·min/m3, the derived control boundaries 
must gradually increase as the vertical atmospheric temperature gradient proceeds 
from an extremely unstable lapse rate to an extremely stable lapse rate (A through 
F). Graphs from Figures 4.3.la. and b. through 4.3.6 a. and b .. at reference 20 
provide recommended boundaries for each of Pasquill's Atmospheric Stability Categorie. 

c. Recommended control boundaries are provided at inclosure 2. These boundaries 
minimize potential exposure to nephrotoxic and radiotoxic aerosols of uranium· during 
a fire for each stability class A through F. 

' d. Initial conditions which minimize toxic exposures follow from recommended 
CT factor as developed at paragraph 2. Higher exposures result as control boundaries 
are reduced. Similarly, hi~her exposures result as the product of the source strength 
and the fraction of transportable uranium released from a fire increases. Higher 
wind velocity effectivelyreduces the source strength on account of increased 
atmospheric mixing with a longer volume of air. 

e. To set initial control boundaries upon ignition and fire of GAU-8 munitions, 
use the nomograph at inclosure 3 and make the following assessment: 

(1) Determine the mass (kg) of depleted uranium at sto~age site which is in 
conflagration. 

(2) Determine the wind speed, direction, and atmospheric stability class from 
onsite instrumentation. 
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STANDING OPERATING PROCEDURE 
IIANDLI:JG AND PACKAGING OF 
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1. Purpose. To prescribe specific procedures for handling and packaging 
depleted uranium waste at AMMRC. (hereafter designated as DU). 

2. Scope. Applicable to all personnel involved with handling and packag~ng 
of·· DU waste. 

3. Policy. All handling and packaging of DU waste will be in such a manner 
as to minimize radiation exposure to personnel, spread of contamination and 
volume of waste generated. 

4. Responsibilities. a. Chiefs of organizations and/or labs generating DU 
waste are responsible for: 

(1) Complying with and enforcing the handling and packaging require­
ments prescribed in this safety procedure. 

(2) Assuring that his/her personnel are properly instructed and trained 
in the requirements for handling and packaging of DU w·aste. 

(3) Providing necessary space, facilities and supplies for the proper 
handling and packaging of DU waste. 

b. Supervisors of workers who generate, handle, and package DU waste are 
responsib.le for: 

(1) Assuring that his/her personnel are instructed in requirements for 
handling and packaging of DU waste, and compliance with applicable rules, and· 
regulations governing radiological waste packaging. 

(2) Assuring that required monitoring devices, protective clothing, 
and equipment, and contamination methods.are used. 

(3) Notifying the Radiation Protection Officer, (hereafter designated 
as RPO),. prior to the sealing of any DU waste barrel. 



(4) Assuring that no liquids of any kind are contained within a DU 
waste barrel. 

(5) Assuring that all w3stc barrels are lined with a 4 mil or heavier 
poly bag. 

(6) Assuring that DU waste volume is minimized through recycle and 
compaction techniques. 

c .. The RPO is responsible for: 

(1) Verifying contents of all DU waste·barrels. 

(2) Assuring that packaging is in compliance with all applicable reg­
ulations. 

(3) Assuring that barrels are sealed properly. 

(4) Assuring that the proper procedures are being followed for the 
handling and packaging of DU waste. 

5. Procedures. a. General handling and packaging of DU waste and DU contam­
inated trash. 

(1) Large DU pieces, (i.e .. , rings, slugs, cuttings) will be recycled 
where practicable. 

(2) New 17-fl type yellow barrels (30 or 55 gallon) will be utilized. 

(3) Each container will be lined with a 4 mil or heavier poly bag. 

(4) No liquids will be placed in any waste container. 

(5) Shopcoats, gloves, and film badges w.ill be worn while packaging 
wast.e. 

(6) All DU contaminated trash will be compacted to reduce volume of 
w.aste prior to packaging. 

(7) DU waste barrels (55 gallon) ·shall not exceed 600 lbs., gross weight. 

(8) Only heavy duty retaining rings and 5/8-inch bolts will be used. 
Each bolt will be fitted with a lock nut, tightened, and secured by "staking" the 
threads. 

(9) The RPO will inspect all full waste barrels, prior to sealing, for 
disposal. 

b. DU ~1achinc Turnings, (including chips, particles and small pieces). 

(1) Turnings will be poly-bagged at the end of each ·work day and sub­
merged in water tmtil incineration. 
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(2) Incineration will be perfonned in accordance with M1r-1RC SOP ~o. 385-23, 
"Incineration of Depleted Uranium ~1achine Turnings, Building 43". 

c. DU Remelt Slag. 

(1) DU remelt slag will be allowed to decay to minimize radiation expo-
sure. 

(2) DU remelt slag will be submerged in water during the decay cycle. 
(At least six half-1 ives or approximate.ly 145 days). 

(3) Upon completion of decay cycle, the remelt slag should be handled 
the· same as DU machine turnings. 

D. DU Liquid Wastes. 

All DU liquid wastes will be referred to the P.PO for monitoring, prior 
to disposa 1. 

6. All DU waste barrels, upon completion of prescribed packaging, will be 
transferred to t·he RPO for· secure indoor storage pending di spo.sal. 

1 Inc! 
as Chief, Prototype Development Division 

ety Office 
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TABLE I FOR STABILITY ClASS B 

CONCENTRATI9N-TIME FACTOR 

Source 25 8 2.5 

Strength rng-hr/m**3 · rng-hr/rn**3 rng-hr/m**3 

Distanc~· 

kg-s/m km km km 

100 0.144 0.255 0.454 

2oo··- ... 0. 206- --~ 0. 3 6 - _- 0. 628-~ 

500 .. _, 0.323 o.-566. 0.936 

800 0.405 ·o.693 1.124 

1000 0.454 . 0. 758 1.224 

2000 . 0.627 1.02 1. 591 

5ooo ___ 0.936 1.452 2.227 

8ooo- · 1.117 1.74 2.607 

10000 1. 219 . 1.893 2.809 

20.000 1.585 2.4 3.569 

50000 2.226 3.268 5.066 

80000 
. 2.609 3.841 6.196 

100000 2.796 4.189 6.77 



Source 

Strength. 

, kg-s/m 

100 

zoo--

500.-

800 

1000 

2000 

5000· 

8000 

10000 

20000 

50000 

80000 

100000 

"" .. r 
I "'"\ • [. r:-' , .. \ \ ._.,.,. ..., 

TABLE-II FOR .STABILITY CLASS- D 

CONCENTRATION-TIME FACTOR 

25 8 2.5 

mg-hr/m**3 mg-hr/m**3 mg--hr/m**3-

Distances -~ 

km km km 

0.217 ·o.392 0.777 

0. 321- - 0.603 1.149 -

0.532 0.994 1.956 

0.696 1.308 2.528 

o. 781 1.49 . 2.843 

1.146 2.204 4.247 

1.95-- 3.664 7.227 

2.512 4.854 9.505 

2.828 5. 518 10.804 

4.253 8. 311 16.353 

7.203 14.144 28.336 

9. 514 - 18.741 36.544 

10.867 21.42 41.441 



TABLE III FOR.STABILITY CLASS F 

CONCENTRATION -TI?vffi FACTOR 

Source 25 8 2.5 

Strength mg-hr/m**3 mg~hr/m**3 mg--hr/m**3 

Distances .... ~ 

kg-s/m km km km 

100 0.356 0.654 1.252 

·200 0. 516 0.949 1.895 

500 0.834 1.637 3.14 

800 1.095 2.149 4.299 

1000 1.248 2.417 4. 912 

2000 1. 896 3.663 7.92 

5000 3.133 6.58 14.384 

8000 . 4.289 9.13 19.555 

10000 4.916 10.555'· 22.663 

20000 7.897 16.666 35.9 

50000 14.441 30.387 65.427 

80000 . 19. 61 41.598 87.065 

100000 22.727 47.986 100.648 
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STABILITY CLASS B 

When Stability Class is unknown use F. 
When Wind Speed is unknown use 1 meter per second. 
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STABILITY CLASS D 

When Stability Class is unknown use F. 
When Wind Speed is unknown use 1 meter per second. 

6000 

L 
5000 

U) 

/ 

/'"' 

~ 
~ 

~ 

/' :-

~,.,. 
-

~ 

0 4000 / 
~ 

L 
>t 
~ (/l 

4! r::t:: 
./ 

0 w 
z f-t 

w ::> ~ 3000 
~ 
.....l 

/ 

/"' 
'J· 

/ 
Lf' 

0 
~ 

/~ 

f-t 
z 2000 
0 
0 

J. 

/ 
L 
~ 

/ 

1000 / 
j 

I . 
I 

0 
0 0 0 0 0 0 0 0 0 0 

0 0 ·0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
r-t N ('I') ~ Lf) lO r.... co Ol 0 

r-t 

KILOGRAMS OF DU IN STORAGE DIVIDED BYWIND SPEED IN METERS PER SECOND 



25000 

(f.) 20000 
~ ..._. 
~ 

~ e 
(f.) 

~ ~ 
15000 

~ r-4 

0 ~ 

'Z 
r-4 

::> ~ 
,o 
·co 
~ 10000 

·0 
0:: 
f-i z 
0 

·() 

5000 

0 

.. 

/ 
I 

IJ 

STABILITY CU-lli~ t' 

Use this chart when stability class Is unknown. 
When W iild Speed is unknown, use 1 meter per second. 

J 

/ 

0 
0 
0 
0 ..... 

..... _ ... 

L 

./ 

0 
0 
0 
0 
N 

.L 

· . 

/ 

0 
0 
0 
0 
('t') 

./ 

/ 

0 
0 
0 
0 
"'::f' 

./ 

. &. .... 

L 

0 
0 
0 
0 
lJ') 

.,... 

..._ .... 

.i' 

0 
0 
0 
0 
lO. 

./ 

.a. ... .... 

0 
0 
0 
0 
r--.. 

.L" 

./ 

/,.., 

... .... 

0 
0 
0 
0 
co 

0 
0 
0 
0 
(1) 

/ 

I 

I 

I 

! 

0 
0 
0 
0 
0 ..... 

KILOGRAMS OF DU IN STORAGE DIVIDED BYWIND SPEED IN METERS PER SECOND 



-

• 

~RCPAMPHLET 

No. 385-37 

*AMMRC-P 385-37 

. DEPAR'rnENT OF THE ARMY 
ARMY MATERIALS AND MECHA~ICS RESEARCH CENTER 

Watertown, Massachusetts 02172 

22 March 1978 

Safety 
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1. PURPOSE. To prescribe specific procedures pertaining to the handling and 
storing of depleted and natural uranium. 

2. SCOPE. The provisions of this pamphlet . outline m1n1mum safety measures 
to be adhered to by all AMMRC personnel involved in handling or processing 
depleted or natural uranium. 

3. POLICY· It is the polic~ of this Center to m1n1m1ze personnel exposure, 
both external and internal, to uranium and uranium compounds, and to maintain 
radiation exposures to as low as reasonably achievable .(ALARA). 

4. DEFINITIONS. a. In this pamphlet "uranium" will refer to both depleted 
and natural uranium material. 

b. "Radiation Work Permit" (RWP), XMR Form 311, is the prescribed form 
for written approval of certain work to be perfonned in restricted areas. 
(Figure 1) 

c. In this pamphlet "respirator'' wi 11 refer to only those respiratory 
protective devices approved by the ~Iational Institute for Occunational Safe tv 
and Health (NIOSH) for use in atmospheres containing radioactive contaminants. 

5. RESPONSIBILITIES. a. The Radiation Protection OfficP.r, (RPO), is respon­
sible for reviewing procedures, making surveys and providing :1dvice and assis­
tance to uranium users and insuring compliance with regulations ~~d approved 
procedures. 

*This Pamphlet supe~sedes M+iRC Procedure 385-37, 'dtd 27 July 1972. 
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b. Chiefs of Organizations Using Uranium are responsible for complying 
with and enforcing requirements prescribed in this pamphlet which are appli­
cable in all uranium processing areas. 

c. Supervisors are responsible for: 

(1) Assurin2 that his personnel are properly instructed and trained 
in the requirements for working with and handling uranium and for insuring 
that employees comply with all applicable rules and regulations. 

(~) Assurin~ that reQuired monitorin2 devices, protective clothing 
and equipment are used by ~?ersonnel in uranium processing areas. 

(3) AssurinR that all personnel under his control. who are assi2ned 
to work with uranium, are ·placed on the Occupational He.alth Roster for 
uranium. 

d. The individual is responsible for being familiar with all safety 
requirement~ established in this procedure for complying with such require-
ments. · 

6~ PERSn~L PROTECTION. a. Protective clothing consisting of shopcoats, 
coveralls, trousers and shoe cov•~rings are to be worn by personnel working 
in uranium processing areas designated as contamination control areas or as 
otherwise specified by the RPO. 

(1) Protective gloves will be worn when handling rough pieces of 
metallic uranium and other contaminated items. 

(2) An adequate supply of protective clothin2 will be maintained 
in uranium operating areas. Special care will be taken to deposit contaminated 
clothing in containers provided for that specific purpose. 

(3) Respirators will be worn by personnel whenev,~r reQuired and in 
new oper~tions. Respirators will be surveyed and decontaminated after each 
use and placed in a polyethylene bag. 

b. To insure that personnel exposures are kept ALARA, the following 
general precautions ·will be followed: 

· (1) All personnel will remove protective clothing in the designated 
clothing change areas. Protective clothing, other than pants, must not be 
wom outside processing of change areas. 

(2) Personnel will wash their hands and face before leavin2 uranium 
processing facilities. 

·-

(3) No eatinst, ·drinkin2 ,· or smokin2 is allowed wherP. cnnt~mi.n=atinn is 
present. 
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(4) Approved warning signs, containing a three bladed propeller and 
also including the warning - "Caution Radiation Area"'· and/or "Caution -
Radioactive Materials", in magenta on a yellow b~ckground will identify each · 
radiation area, and wilf be posted on a permanent basis. 

(5) Uranium processing areas will be locked at all times:during the 
absence of operating personnel. 

c. All personnel working in uranium areas shall wear personnel monitoring 
devices specified by the RPO while working in such areas. These badges·will 
not be removed from the uranium facility but will be stored in a location 

.designated by the RPO. The RPO will provide the required film badges and/or 
thermoluminescent dosimeters (TLD) to assigned personnel and will change the 
monitoring devices periodically. 

7. SAFETY PRECAUTIONS .IN .PROCESSING URAUIUM. a. General. (1) All operations 
will be conducted in a very clean shop. The operation areas shall be mopped 
or vacuum cleaned when in use. Sweeping, which raises dust, is prohibited. 

(2) Decontamination of areas and machines wi 11 be performed upon 
determination by the R&OSB that it is required or w~en existing conditions 
approach the maximum contamination level permitted. General cleaning will 
be performed daily. 

b. Machining Uranium. (1) Machining of uranium and uranium alloyed 
components will be performed on machines designated for that purpose. 
Machines used in processing uranium will be so identified and segregated in 
specific areas. Special procedures must be submitted to and approved by the 
R&OSB whenever material, other than uranium, is machined on uranium process­
ing equipment. · 

(2) All equipment and materials will be decantaminated·prior to removal 
from uranium processing areas. The R&OSB will determine whether the decon~ 
tamination has been successful. 

(3) Operators will take all nec~ssary precautionary measures to prevent 
uranium chips from .igniting. 

(a) Machining will be done at minimum practical speeds with s~arp tools. 
, .. 

(b) Generous use. of coolant and properly grounded tools shall be required. 
Corro~ion problems concerning lathe beds and other machinery parts will be 
eliminated by Teplacing the soluble oil coolant with water soluble chemical 
base coolants such as "~-7" or "Cimcool". 

f' 

(c) The maximum accumulation of uranium chips allowed on a machine and/ 
or .in the scrap bucket at any one time should not exceed 10 pounds. 

. 3 
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(4) The following prcedure will be adhered to in removing chips and 
cuttings from mach1nes: 

(a) Place a heavy duty 18" x 24" plastic bag into a 5 gallon can. The 
weight of the can is to be predetennined to the nearest one tenth of a pound. 

(b) Remove uranium chips and turnings from the machine and place them 
into the plastic bag and 5 gallon can. 

(c) Weigh the 5 gallon can and its contents and note.the total weight. 
The net weight of the uranium is obtained by subtracting the weight of the 
5 gallon can and plastic bag from the total weight making allowances for 
alloy contents. Record the·net weight of uranium. 

(d) Transfer the contents of the 5 gallon can into a 30 gallon barrel 
located outside the east door bay area, Bldg. 312. 

(e) At the end of the workshift, the barrel of chips and turnings will 
be transfered to a designated storage area for incineration. Pyrophoric 
uranium chips and ~urnings ~~ust not be kept in Building 31.2 overnight. 

(f) The gross weight, the net uranium weight, and the words "CHIPS FOR 
INCINERATION" will be marked, ('n ·masking tape applied to the side of· the 
barrel. 

c. Melting Uranium. (1) R&OSB will be notified whenever a melt is to 
be performed. 

(2) Additional controlled areas will be set up where appropriate during 
uranium melting operations to minimize the spread of contamination. 

(3) Respirators and protective clothing will be worn when. removing a 
uranium melt. from the furn2ce and when working on the downdraft table. Care 
will be taken to keep airborne particulate to a minimum when removing the 
mold from the furnace. A downdraft table will be used when removing cast 
uranium from the mold or cleaning u·ranium castings. 

(4) Exposure to uranium slag should oe limited because of slag dose rates 
up to 20 Rad/hr. 

d. Forging Uranium. (l) Controlled areas will be set up for all uranium 
forging operations to control the spread of air and surface contamination. 

(2) Protective clothing will be worn during uranium forging operations.· 
Respirators will be worn during forging operations unless it has been deter­
mined that respirators are not required. 
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e. Ventilating and Exhaust Systems. (1) In addition to area ventilating 
systems, machines should be equipped with approved permanent or portable venti 
ting and exhaust systems to keep uranium airborne concentrations at a minimum. 

(2) Air sampli!lz will be conducted by the RPO on a periodic basis. Air 
sampling is also mandatory for all new operations . 

f. Sludge in coolant reservoirs and solid wastes from vacuum cleaner 
sweepings and exhaust filters will be handled as radioactive waste. Pyrophori 
material will be incinerated along with uranium chips and turnings. 

g. No new opera~ions will be undertaken without prior approval of the 
R&OSB. 

8. RADIATION WORK PERMITS. a. A RWP is required for work perf~rmed in 
uranium processing areas under the following conditions: 

{1) For work by personnel assigned to these areas, not covered by an 
operating procedure approved by the R&OSB. 

{2) For work performed by personnel not permanently assigned to these 
areas, involving a radiological haaard. . . 

b. All work permits will expire on the last normal working day of the 
month during which they are issued, unless otherwise stated on the RWP. 

c. The initiation ~d use of the RWP is the responsibility of the person 
requesting or requiring the work~ Part II of the RWP is used in conjunction 
with a high radiation field, where time limitations will be imposed, or a 
contaminated area, and is the responsibility of the RPO. 

d. The following procedure· wi 11 be used in filling out RWP' s: 

{1) RWP's will· be provided by the R&OSB upon request. 

{2) The person requesting to do work or have work done, which·requ1res 
a RWP, will complete Part I to the extent possible and will list the names 
of pers~nnel doing the work in Part II. The RWP will be submitted in triplic 
to the RPO. 

(3) The RPO will designate necessary special instructions and approve th 
RWP. Part II of the RWP need only be completed by the RPO if .the radiation 
field encountered in the work area will necessitate restricting the time 
personnel are ~itted in the area, or if contamination is expected. 
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(4) The RPO will retain the second copy of the RWP and will return the 
other two copies to the requesting organization.. The requestor will retain 
the first copy for his files while the third copy is to be retained at the 
work site. 

(S) At the completion of the fob, the .th.ird copy of the work permit will 
.be signed by the requestor and returned to the RPO. 

9. VISITORS. a. No visitors will be admitted in uranium processing areas 
without express permission from the Chief of the particular organization. 

b. Precautions will ~.be taken so that visitors receive minimal exposure· 
to ionizing radiation and airborne concentrations·of radioactive particulate. 

c. Visitors will wear prescribed personnel protective equipment when 
entering uranium processing areas. 

r 

d. Visitors must be accompan1ed by-authorized personnel at all times and 
a record made of date and length of visit. 

10. EMERGENCY PLAN. a. In the event of a uranium fire certain precautions 
must be observed. ·Radiation contamination may be spread by explosion, smoke, 
or any other by-products of fire of firefighting, as well as inadvertant 
tracking of radioactive material by personnel or equipment. 

b. At. least two Melt-X fire extinguishers will be maintaineQ. in the working 
areas. Water should not be used for fighting uranium fires. Two clean 
respirators restricted for use in firefighting.will be maintained in a clean 
plastic box located above each extinguisher. 

c. In the event of fire, pers9nnel on duty will atteApt to control local 
fires with extinguishers while wearing properly fitted respirators. Personnel 
shall also immediately notify Security (ext 33158), the Building Fire Marshal, 
the area supervisor, and the R&OSB (ext 33225 or .33605). 

_.) 

d.· Normal operations will not be resumed until the Chief, R&OSB and the 
Fire Marshal have determined that the hazardous conditions have been brought 
to safe operating levels. 

e. Semi-annual drills will be conducted by the organization Chief. Drills 
will include the use of emergency respiratory and other protective equipment. A 
summary report of each drill will be furnished to the Chief, R&OSB. 

11. PADIATION SAFETY SURVEYS. Supervisors of areas processing uranium where 
levels of contamination may exceed the established "clean limits", will survey 
the:lr· areas at' least weekly to insure that their operations are within limits 
prescribed by AMMRClt' 385-4. Surveys may consist of the following·: 
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RADIATION WORK PERMIT and HEALTH PHYSICS INSTRUCTION3 

lor Maintenance and Service.Operations 

No. -
PART I {Complete in Duplicate) 
Building~·-------------- Location __________________________________________ __ 

Description ot P.roject•-------------------------------------------------------

~cial Instructions Protective Eauil:lment 

0 lot11'7, before starting work. Coveralls 
.ab. Coats 0 Balld and foot counts required before leavi.llg ~_ino Pants & Shirt 

Radiation Area. rubber .llloves 

0 Bo cuts or abrasions cm hands or forearms. 
,loth gloves 
ssued shl)es 

r==J Tool check at completion of vork. 
Uloe covers 
ead coveriNr 
esl)irator 
-resh Air Mask 
a'Der clo_thing 

StmVEYa .U start of vork 0 Continuous 0 
j,pproved ':--------------- Da.tt. ____________ Time __________ _ 

M-ea Supervisor 

---------~~~~-~~Date. ____________________ Time _________ _ 
Health Peysicist 

PART II 

SURVEY a 

Area mrem/hr. 

------------------------------------------_. ____________ __ I 
. . RA~Ji •• ;ion Work 'Hma ft •...31 ... ~ [Do~- In ~t :poe. Contamination a •ter 

~-> lo. llo. ElaDds Shoes Clothes 

~ 

Time .en Area 
Brs. Mi.ns. 

Decontaminated 
Hams Sbo• Clot 

. 
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a. Area surveys by swipe and instrument readings. Swipes will be read 
on the Tracerlab ratemeter or equivalent. Results will be recorded. 

b. Surveys of all materials leaving the controlled area~ 

(DRXMR-AR) 
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(a) Judge atmospheric stability class from outline at paragraph 6; other­
wise assume stability class F. 

(b) Read wind conditions from appropriate instruments~ otherwise assume wind 
speed of one (1) meter per second- (m/s). 

(3) Divide the amount (A) of burning mass of depleted uranium by the wind 
speed (U) to obtain (.A/U) in un.its of (kg·sec/m). 

(4) Use the nomograph and connect the value of (A/U) to either side of the 
graph and read the initial control boundary in meters for a speci.fic ·atmospheric 
class. 

( 

f. The graphs from Figures 4.3.la. and b. through 4.3.6a. and b. at reference 
20 may be directly utilized by making the following adjustments in nomenclature: 

(1) Replace D in figures with (CI) at paragraph 2. 

(2) Replace Q(mg) in figures with A(mg)·f (Amount stored·somatic (non)trans­
portable fraction from fire and deposited to the (lung)kidney) at paragraphs 5 and 7. 

(3) Replace DU/Q in figures with (CT)·U/A.f = (CT)/(SS) where the source 
strength (SS) is (A·f/U) and U is the wind speed in meters per second (m/s). 

(4) The quantity (CT) I (SS) decreases as a function of the reciprocal of the · 
the distance in· meters· (m). 

8. RADIOLOGICAL IMPLICATIONS AND POPULATION DOSE. 

a. The dose commitment to the lungs is proportional to the infinite time 
integral of absorbed activity (pCi) from T = 0, following a single, acute inhalation 
of somatic nontransportable aerosols of uranium. This calculation assumes insignifi­
cant previous accumulation and no additional accumulation is assumed. 

b. ·Th€ activity (A) present in the lungs decreases. at an exponental rate 
with time, or 

A(t) = Ac,e - ~~ T 

where A0 is the inhaled activity deposited to the lungs from somatic nontransport­
able uranium, by the relation 

Ao (J.!Ci) = 

5 

f-. 
~ 



where 

and 

CT is the integrated time-concentration factor as developed at 
paragraph 2, 

V is the ventilation rate of 1.25m3/hr ref.(ICRP), 

SpA is the specific activity for Uranium-238 of 0.333 pCi/103mg 
of DU, 

fi is the insoluble, nontransportabi.e, fraction deposited in 
the lungs as .developed in paragraph 5, 

AE is the effective elimination rate of ln2/380 days (ref. 12). 

Upon substitution and evaluation of the numerical constants, the inhaled deposition 
is 

= 8.0 mg.hr x 
m3 

1.25m3 x 0.333uCi x 0.0375 
hr 103mg 

A
0 

= .1.25 x l0-4uci 

c. The dose equivalent (DE) rate to the lungs in units of mrem/day follows 
the differential relation 

E_ DE (Irtrem) 
. dt \day 

= A e- ~ET (pCi). X 
0 C ~~1eV •rem) x 1 

dis·rad m(~) 
X 

where 

and 

d DE 
dt 

.£ 

(103mrem X 1.6 X 

rem 

86400 sec x 37xl03 

day 

106erg X 

MeV 

dis l 
sec ·pCij 

gm·rad X 

lOOerg 

is the effective absorbed energy per disintegration of 
43 MeV·rem/dis·rad for Uranium-238 (DU) 

m is the mass of the lungs of 1000 gm. Upon substitution and 
·evaluation of the numerical constants·of proportionality in 
brackets, the dose equivalent rate to the lungs becomes 

(mrem) 
\ day 
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d. Solution to the infinite time integral of absorbed activity from t = o 
becomes the dose commitment to the lungs or 

DE(mrem) = 2.2 x 103Ao (1-e_,A!r) 
~! 

where 
A0 = 1.25 x l0-4uCi 

~e = ln2/380 = 1.82 x lo-3 day-1 

(.1) In one year the dose connnitment to the lungs is: 

DE(mrem) 
lyr 

= 2.2 X 103 

= 73.3 mrem 

(1.25 x lo-4uci)·day·(l-exp(-1.82 x lo-3 
1.82 X 10-3 

x 365))(mrem) 
uCi.day 

(2) In 50 yrears the dose commitment to the lungs is 

DE(mrem) 
SOyr 

= 2.2 X 103(1.25 X lQ-4) 
1.82 x 1o-J 

= 151 mrem 
,.. 

e. The derived annual dose commitment to the lungs following a single, acute 
·inhalation of aerosols of uranium is less than 15% permitted nonoccupationally 
exposed individuals. If the assumptions· at~aragraph·s are reliable, one may be 
tempted to augment the nontransportable fraction of activity deposited to the 
lungs as developed at paragraph 2 by enhancing the CT factor and reduce the derived 
control boundaries proportionately. A six fold increase in the CT factor from 
8 to 48 mg.hr/m3 results in an annual dose commitment to the lungs of 6 x 73.3 mrem 
or 440 mrem. Although less than the permi~ted annual nonoccupational dose, a six 
fold increase·represents an acute insult of lOmg x 6 x 0.0375 or 2.25mg of somatic 
t·ransportable (.soluble) uranium to the kidneys. This exceeds the maximum permissible 
uranium limit to the adult size kidney which is 0. 9mg; and it greatly exceeds the 
permissible uranium limit to the infant size kidney which is 0.165 at references 
2 and 5. 

f. If the assumptions at paragraph 2 are reliable, an increase in the somatic 
nontransportable radiotoxic contribution to the lungs' from 3.75% to 22.5% at 
paragraph 5 would yield the same nephrotoxic and radiotoxic values of 2.25mg and 
440 mrem respectively. Indeed an increase from 3.75% to 9% would match the adult 
limit: lOmg x 0.09 = 0.9mg. An acute insult of lOmg at a deposition fraction of 
3.75% delivers 0.375mg to the kidney which is the child's nephrotoxic limit. 
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g. It is therefore the enhanced nephrotoxic sensitivity that governs the 
derived control boundaries· at paragraph 7 while committing a nominal non-occupational 
radiological dose to an exposed population. 
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SOME su·GGESTED MAXIMUM PERMISSIBLE SINGLE 
INTAKES OF URANIUM 

LS.En 
t:niac:d K.U._dom ,\aomic Eac:rgy Au&harity, RadioJosical Prot«tion Divisiaa. 

/.u&bari&y Heal&h and Sa.fc:ty Brandl. Huwcll, Bcrb, Englaad 

(R«ftM/7 F"'-'7 l96f; a. ,murJf- 18 AI~ 19&1) 

Abstnct-1ne Rec:ammendaaions ol the lakmational Commi,s:Doa on · RadioJosical Pt. 
e..aion (1!159, p-.: ~iiaum prnniaiblr concauraeions for uraniwa in air and waau, bua 
bcCarc tbe iuur ol JCRP P»>iul;. 6 ia 1964, t~ weft" no instructions concemiftc &he time 
CA'ft' whida ~IPCa buc:d on cMmical aaUcity ol uranium might be a\-crapd. The praa:at 
p;aprr. which "'M c:irnlbac:d informally ia the U.K. .-\aomic ~· Auahnrit)" Ware the issue 
ui/CRP NliclllN. 6. m:akc:s sunw sugations reprding 5 A' ••• ar It • . . -~= 
(aJ ~lasimum si.._k. ina.:akr ulinhalrd unniwa iD J day 2.6,.. 
(bl ~lnimum singko inaake of ingnard uranium iD 1 day 1501111 
fc) ~lnimum JHoannc-d '""'!"8"'9' inh~laaion for ot"CUpatiunaU)·~posrd prnaas 10 1111 

1"11r fin& '"'0 ol tllftl" sa•mcneioas aft" now in line •itla the l"ft"'mOnC:ndaLiora ol /CRP 
hllliut;.6. 

I~"TRODliCTION 

TH~ 1959 R,pon of JC:RP eo,;,~ um stated 
al.at ••U\·cr a period ul 13 wc:cks. the·--• 

. 61 ilk !JJ!Sii.t iidhsi:UCI:d& ~~ in 
.air or in watcr_ll!li_ .. ___ .. _. __ _ 

----- du.rinJ( an)· I 3--.·ttk period ..._ 
~ ...... ._ .. _._._.~~_. .... hy ex-
; • ... ~ at the C'ftns&ant IC'\-ds indiutcd in su~ 
'f"'Mif• I a~-c." JCRP i\1-. c-..w;. a,_, 
.')959) ... indic-ated tbat dosa a\-craced moocr 13 
"'~ks should be m~wftd in rnns and thcn:fore 
prnumahly this did nne pnn·idc fur ~ 

d ' . I ..... I 1 '7 

•••••• ·rather~ tban to radiu:acti\ifl•. 
1•01r~~pb S2 { r) of /CRP h/Jlitllli• Gill' nuw 
la\'S duwn. limits fur the inhalation ol not more 
tl~ 2.5 ~ of!uluble uranium in 1 day, or the 
in~tiaa ol no& mon: thaD JSO nag of soluble 
uranium &\"CC'a~ 0\'a' 2 da)'L Tbe conse­
'JUCDCCI olinhalin,r or ingesting a 13-week dmc 
o( t.r.Uuum in a short period oi time. before 
these Jimiu """CTC applied, are discussed below. 

11\"HALED t.WJtANIUII 

U\'a' 13 ""Ub the n::suh would be as follows: 
m.p.c.a t: (nat) (soluble) - 7 x JQ-Il pc/~ 

= 210 pr,/rrr (-10-hour weck.m.p.c.). 
I C this· is inaq.~aed o\-cr 13 weeks or 65 work­

ing da~~ thm cxpcaurc =- 210 x 10 x 65 f61 
inhaled = 136 mg U inhaled in one incida~t 
(10 n11 air inhaled/day). 

T""C'Iat~··fi\-c per cent oi this goa to the blood 
11mam. i.e. 34 mg (JCRP model) • 

Approximately 50 per cent of this would be 
excreted in las thaD 24 hr, GJ sa)· in I I. of urine. 

-'l'l•crd'orc urine would contain 17 mg/1. ura­
nium (natural). 

U.K. Atomic Energy Authority experience u 
quoted by Bl."Tnll\\'ORTH4•• shoW. that from a 
single exposure to uranium ~-aal mgfL ol 
uranium in urine would produce albuminuria, 
although pru1onged expaaura would produce 
albuminuria at luwcr lC\-cls oC a few hundred 
pg/1. ol. uranium. One cue of acuac UF, 
inhalation seemed to produce albuminuria at 
2 1ft! t: fl. Thcr~a figure of 17 mg/1. U (nat) 
in urine would almost c:cnainly produce albu­
minuria. although whether this would be pc:r-

RIIIiiGJ;. ..,klrs-i~ alllih ,..,;_ manc:ndy harmful is a more debatable qucstioa. 
If a naauraJ uranium airhnme exposure at Ll:usuruoP tl ~.••• slate that the minimal ba­

the maximum permissible 1C\-c:l was a\·cragal jccted dose ncccssary to prod_ucc catalasuria and 
1 77S 

·--~.:..:.... ________ --·-

-

L 
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Animal 

Rabbit 

Tablt .l 

Lethal dose• 
U(nat) 

.0.1 mg U{kg 
0.3 mg U/kg Guinn pig 

Rat \ I mg U{kg 
Mouse 
Dog (subcutaneous 
.. uranium nitrate") 

1 G-20 mg U fkg 

about 2 mg .U /kg 

Equivalent 
in 60-kilo 

man 

6mg 
· 18mg 
60mg 

600-1200 mg 

120mg 

• Expn'S.'Ied as lethal dose ratht'l' than LOse since 
U:c d~ff«t cun~ rises ,~. st~ly. 

:llbuaninuria in man is of the order of 0.1 mg 
uranium/kg body weight for hcx:1\·:1lcnt · ura­
nium. Tilus for a GO-kilo m:ln 6 mg in the Uody 
would be likely to p I a . ~~ 
...... This might be cquh.·alent to an initial 
etcretion of 3 mg uraniumfl. urine. 

Table 1 sho"~ approximat.-ir:laahi.­
of uran\·l nitrate heta•h\·dratc solution admin· 
ister~ ~~ in five species of animals, 
and followed for up to 29 days. 1 •• 

Lt'ESSE:'\HOP d G/. " 1 by extr:1polation of CX• 

pcrierve gained from · the ~~~chusctts HOI­
pia.al series of cases consider that the injected 
lethal dose for man might be about ~ 
.aaiumfper-"k!' which is about the same IC\·eJ 

as fur the rat. Thercfure, ~~----~----­
~-~ • ane:·u.e· ...... ,........_~ ............. ~ 

From these sources of C\'ide~ce 34 mg ab­
sorbed into the body in one incident would 
appear to be exccssi,·e. Therefore a· J 3-week. 
dose :1ll in one cxp»ure must be ruled out on 
tollticity gruunds. In m:ln,.the urinary excretion 
rate from a single dose· of soluble uranium 
remains high for about 8 hr1, 1 and then starts to 
fall ofT fairly rapidl)'·. h would seem reasonable 
therefore that 1 d:1y's total exposure could be 
allowed as a single intake; this quantity is 
2.1 mg in the air breathed (or to allow some 
free play 2.5 mg). 

RGdiGiion u:orkt'rs-inltGitti itUoluhlt urGmUIJI 

For insoluble uranium the critical organ is 
considered to . be the lung, based on radiation 
exposure rather than on toxic dTcct. Insoluble 
uranium in the: lung is excreted ,.cry slowly 

through the kidneys ;111 therefure if it were 
certain th:lt all the airborne uranium was iu­
solublc, exposures should be able to I~ in­
tegrated o\·er 13 weeks. However, it is difliC'uh 
often to lJc sure that all the uranium is proc.·ut 
in such form; morco\·er there might be con· 
siderablc excretion in the urine C\"Cn after 1 J 
weeks h:1d elapsed, 111 thus confusing the poattnn • 
of urine anal)~is during subsrqumt ruutiuc 
operations. Therefore, it· might lJc wise not tu 

make anr C."<CCption of insoluble uranium unle.., 
in \'cry wdl controlled circurnstancC"S. h m~'" 
be worth noting that I"attenon111 dcscrihc:s t\\u 
casc:s of hum:1n cx~urc to U20 1 in which 
urinary excretion after some days indicated ;.~ 
lung h:1lf-lifc of alx,ut I 20 da~~. as po5tulated iu 
the ICRP ( 1959) calcul•uinns for in.solullit· 
uranium. Ill Pouibh· the 1 • life,---~ ~. ih 
•••kl ••~· ~tide ..a.of the ur:mimn 
inhaled. · 

PopuiGtio" uposlltr-iflnGitd soluhlt utt~~~irtm 

h is suggested in pangr:1ph 56 of ICRP 
( 1959:\ UJ that. for expusurc of special ~maps uf 
the population, "the individual maximum p«>r· 
missible annual dose will not be cxcC"eded froru 
internal exposure of an~· single organ, if thr 
release of radioacti\'e m:1tmal is planned on thr 
basis of one-tenth of the maximum pcrm~'ihlr 
conccntration(!\tPC) in air or water as ~i\Tu 
fur con.tinuous occupationoal C."<posurc (168-hnm 
week)." 

Ir it "-ere all••wahlc that integration of •• 
uranium dose could t:lkc place 0\'cr I year "·r 
ha,"C: 

Occupatinnal m.p.c •• l."(n:1t) soluble (168-ha 
week) = 3 If ao-n l•c/cm1 

= 90 pg/m1• · 

Tiacrefurc dh·iding by I 0 for popul:1tion n· 
posure and integrating O\'CI' 52 weeks. thefT 

would. be produced in a single dose ~ x 20 :·· 

365 pg = 66 mg inhalc;d (assuming 20 m1 of air 
inhaled per day), or 16 mg in the blond of an 
adult, with correspondingly lc:ss in a child. This 
again would be ,.cry likely to produce alhu· 
minuria. opccially in those with damaged 
kidneys. ... . 

· · ,. • 1' o&idM?j wuu• •• 
••~W~WNW-.. ; tbl:ut within limits, a Kpu aht I rl 
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and thus differs from the tadiati~n hazard 
which, · fo~ many of its effects, ia cumulative. 
Also Hoooz n tJL.Ctt in d~ing ~lAC's for 
uranium in air,. based their arguments on ex• 
pcriments in which animals were exposed to 
ttcady lc\·eb o( atmospheric uranium rather 
than 10 a series of ·~er doses spaced at in­
tr.n-als. Afoi'CO\"a', there sa::ms to be no 
amdency to quote special public health m.p.c.'s 
r..r chemic:a11y toxic substances (except in the 
r~~ o( beryllium). Then:fon: it is suggau:d 
that for adults in a population, and ~ purpasc:s 
, .( oa\-cr.aging onl)·, the maximum single intake by 
tiK" inhalation route shuqld be tlae same as few 
tiK' occupational situatioft, "i.e:. approsimately 
~_; mg uranium. TI~e maximum single intake 
1;,. children would be Iowa- by a factor ranging 
up tu about 10 depending upnn qe and kidney 
.. u.:.. but oa the ocher hand minute \"'Oume 
h~ra for air breathed at diR'en:nt ages vary by 
~factor of the Silme otder,11•• so that the appro­
prl.;ate concentrations in air -.'Ould be likely to be 
.aiJUutthc same as for adula.. 

J',f*lllli-. 'zfJoslln-i~JuU,/ iaJDI•IIlt waW. 

1nc:ft is usually some dilracuhy in deciding 
whether uranium to "'·hich a population may be 
• ~priiCd is in the soluble or insoluble form; i( 
l.u-.~-er, exposure was definitely pi"'\-.:d to be 
•be- tn imuluble moaterial onl)·, then the I~V.ard 
'muld appear to be mainly ot a radinlt.gical 
c har:ac1rr, with the lung as the critical organ. 
I II I his case the a\-craging ndc:s as cnunmtcd by 
a he IC'.RP wuuld, ol c:oune, apply. 

INGESTED URA.~IUM 

l~t.~slli ,;,._.,.111/NJiiatJI t111tl ,.,ltlli• (,,..., 
Similar aladations can he made fiw ingested 

·uranium, e.,. 
m.p.c.. U(nat) soluble or insnluble (168-hr 

\\-ed) - 2 X Jo-• pc/em' (ICRP 1959) 
==. 6 X JQ-4 gJcra'. 

l)aiJy amount ingested at m.p.c. 
=a .. & X lo-t X 2200 g (assuming watc:r in­

take == 2200 cmlfday) 
== 1.3 g ( oa:upalionaJ) ar 0.13 1 (populatiaa 

expmurc). 
~-wa:k C:ZJ'CIIUI'C fangest.al) 

- O.IS x 36S • 471 (p»pulation c:xpaiUI'e). 
This apia would sccm to be much too mudl 

if ingested in one dose. A human volunteer 
ingested 1 g or uranyl nitrate hexahydrate in 
200 cm1 water ( == 0.47 g uranium)}"' He e:x· 
pcrienced rather violent vomiting, diarrhoea 
and slight albuminuria with a peak uranium 
output in urine at the rate of8 mg Ufl. (on two 

specimens oC 30 ml). Ia the fint 7 days he 
exacted iD his urine 2..5 mg of uranium element. 
It was thought thcnlorc that he may have · 
absorbed about I per cent of the ingested dosc, 
i.e. much greater than the to-. fraction esti­
mated by JCRP (1959) and based on animal 
work,.CU ~fore recent work by Frsu 11 dl.111' oo 
dogs gi,·cn W'iU1yl fluoride in water by mou~ 
sho-.-.:d that uptake in&o the bloodsU'Calll aver­
~ 1..5 per cent or. tbe rather' high 'dose 
administcn:d.. 

It seems that the 1959 occupational m.p.c. 
(or ingestion might ha\·e been rather high and 
that the irritatn-c effect of these a:»mparativcJy 
large amounts or uranium on the gastrointes­
tinal tract ma')" ha\-e bc:cD underestimated. • 

· ~ occupational m.p.c. for ingestion is how­
~"a' only of interest as a measure oC the gravity 
ol an oaccidenaal ingestion in a radiation worker. 

The lnOI'C imponut figure to establish is the 
population d01e for JCRP Group B(c) which 
an indh.·idual may ingest at one time. E\·idencz 
is lacking, but it is sugatcd that approxi­
mately one-third of the dose found to be 
irritating to the gut in the abcn-e expcrimc:Dt 
might be allo-.-ablc, i.e. J 50 IDI( uranium 
(mrasuml as the clement). This would be 
cqui,-aJcnt to a\·craging the masimum pcr­
misu"bbe exposure 0\'a' 2 days if only ftuicl 
intake (1200 cmlfday) is contaminated, but 
would rcjJn:smt a shoncr time than this irtota.l 
w:ater intake (2200 cm1/day) ia contaminated. • 
· ~ince daildren's kidnq-. are about one-tenth 

the size of an adult's. it would seem logical to 
reduce &he abo\-e intake by one-tenth f'ar 
cn\ironmcntal usc. • TIM: weight ol both 
kichlC)' in a new born baby is 20-30 I• whikr 
the •-eight ol both Uincys in adults is 260-
360 1-nat . The Suid intake oC a baby is about 

• ICRP Nlu;. 6. baa tadJed thae problems br 
mlucias f:ac1ar /. ((naiaD rac:hint OlpD ol ,._ 
CDCe by iapsaioa) (ram lcrt eo lo-t, u well u br 
!-l~ dawa maaimum limits tar iahalatiae Ulll 
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a fifth of that of an aduh,ll31 so that dais factor 3. E. G. Snu~Nu., i\. J. LuL~k.l'lltOP, S. R. n •.•. 
partially compensate$ for the smaller si1.e of a NARD andj. C. GALUNOK£. 1lac dutribution ~nd 
uab}·'s kidners relative tO those of an adult. Mr.CrC'tion of Jan:n·.1Jcnt ur.1nium in man. p,~ 

,,r{ingJ .of lht /Ji lnlrmnlionDI Confrrmu o" t.lt, 

PLANNED EMERGESC\' EXPOSt:RES Pnmful Vmof.-llonrirF.lttrf.r,Gnln·t~, 1!155. Cnit.-d 
OF EMPLOYEES !"\.1tions I'ublic:uiuM. Vol. X, pp. 18&-1%, ~rw 

It is suggested that 10 mg or soJuuJe natural York (1956). 
uranium inhaled 0\'er a shon period would, on 4. A. BU"'"n:awoMnt, S.JmJIOJi""' u• O((upatiufl41 

Ht'DIIIe £\f:lnimrt nml Prt~rlirtl i• lhl t'tn~tru"' J,.. ICRP principles, lead to a total dose or2.5 mg L 
n tirutry, U.S . .:\.E.C. Doc:um~nt H.-\5 ·58, pp. ·H 

in the bloodstream (i.e. absorbed dose). ais is and 231 (1959). 
somewhat less than the 0.1 mgfkg injcxtrd dose 5. ;\. J. L&:f-'-"~•.suoP, J. C. GALUwou., \\". H. 
which Ll."ESSL'OIIOP tl 11/. 111 mention as the S\\'r.t:T, t:. G. S rML'XSL'" .1nd J. Ronts~s . . -lmn. 
n~hrotoxic dose for man. ThC'I"d'ore a figure J. Ronr1gr,.1/. ;!), 0:3 { 1!:158). . 
or JO mg natural uranium in the total air 6. F. L. HAn '1: :and H. c. llooc;r., Toxil il\ (ollu ... 
breathed 0\'er a period might be considc~d as ing ahco Jl•m·nt··ral :ulmini.\tr:uion o( ('('(1:\1!1 

a reasonable "planned emergency oposure" in soluble compound,. in PhttrnmcnJ,g,· aNI Tt».iru/ .. ,. 

the ICRP sense. Jn cfTC'C1 this would be t~j l..'rt~niu"' CumJ••umiJ b,.· C. \'owTus ;~nd H.< .. 
~uh·:Uent to administering nrarly 5 da~-s· dose Hotx:r:. 1't. 1. PP· 281 .lnd :3Uu. ~lc Gra"·' fill. 

Xcw York ( 19491. 
at one time, but this dose would be suhjcct to 7. E..\. :\l.A\"!'O.,IlD :.nd \\'. L. Duwss, . .f .~,.,,,_,.,u"· 
the rules or other planned emergency rx~un:s.. o• Ow•pt~tion,,J Hrt~lth £\fwrtmrt t~ttti PttJrlim '" t~. 

ESRICHED t:RASICM l. ·,znium lttJrutrr. t.: .S .. \.t:.C. Uuc·umml H.\Sl..:.:: 
(1959). . 

For enriched uranium the principles dis- 8. G. R. I'An·u!IOs, r.,·:llu:lciun :lnd c•,ntrul .. , 
cussed alxn·e wuuld apply for the toxic efTC'Ct. inu·moalc·~ru.urrfrornrnricl ... rlur:aniumac Y-1~. 
but the radiological effC'Ct on bone or· kidnry· .~mtJ.nlium u11 · Orruf~t~tiunal Hrt~ltlt £..,prrimrt 11•·. 

could be integrated in the JCRP way. The Prt~ctim i11thr ( 'rumut" ltu!ust~r. C.S .. \.t:.c;. Ill• ... 
simpl,.~t solution is to e:ocprcss m:lXimum singlt' mrnc H.\Sl.-58. p. 6+ {1959•. 
intakes or uranium in uniu or wt"ight as abo\·e. 9. H. c. Hnnt;F_ H. t:. STOKIScon. \\'. F. Xt n• '' 
and cnnsider that these apply to anr gi\-cn and .\. F- lill.o\SUT, :\fuirnum :allu"·:ablt- run-
enrichment of uranium. cmcrouion of ur:.nium dtt~t in air. in PlulrJIIIltolti~, 

1111d Tu.irolo~:s· nf L'rnfliu"' (.:UmJiflflllt/s. b~· C :. 
A.thoodrJtprrmt-1 ;~m gr.urful 10 a numbn or col- \'ot.eoTI.IS .:and H. <;. ltuoc<t., 1'1. J\', PP· :w .... 
lt-~pr.s in thr LTnitC'd Kin~um .\anmic F.nt-r"fn" 2:!56. :\lr"Gra"··llill. London tl!J53J. 
Auahoria~· :and ao Dr. J. F~ l.m.."TrT ot the ~frdical 10. t.: .s. x~aiunoal .\c ;,uc·m,· or Scic.-nr~ 1/untillonJ. •·/ 
Resrarch Counri~ "·ho l.a\·r nititi.~ an rarlict' Rr•pirutifllf, p . ..U. S:aundrn. l'hil.1dc·lphia (l!t"JI . 
dra(t olthia paper. 11 •. \. UL'TTI'.ItwnaTu. TrtnU • ..fuat. lttti •. \l,tJ. OJ/. S. 

36 (1955 •• 
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CONTROL BOUNDARY FOR FIRES 

Amount Stored PASQUILL'S STABILITY CATEGORIES 
per unit 
wind velocity A B c D E F 

(A/U) D I S T A N C E S 
kg sec/m km km km km km km 

100. 0.04 0.04 0.07 0.11 0.15 0.27 

200. 0.05 0.06 0.09 0.16 0.24 0.44 

500. 0.76 0.1 0.15 0.27 0.42 0.8 

800. 0.94 0.13 0.2 0.36 0.56 1.1 

1000. 0.1 0.14 0.22 0.4 0.64 1.3 

2000. 0.14 0.19 0.31 0.56 1. 2.1 

5000. 0.2 0.31 0.5 1. '1. 9 4. 

8000. 0.25 0.4 0.66 1.3 2.4 5.6 

10000. 0.27 0.44 0.74 1.5 2.7 6.4 

20000. 0.36 0.62 1.05 2.3 4.4 10. 

50000. 0.52 1. 1.7 3.8 7.6 19. 

80000. 0.64 1.25 2.2 5. 10. 27. 

100000. 0.7 1.4 2.5 ·5. 6 12. 0 31. 

Inc1 2 



A/U WIND STABILITY A/r 

A B c D E F 
100,000 

(kg •sec/m. 
meters 

meters meters 5,000 ·lO,OOC 
2,000 

50,000 1000 
20,000 

50,000 
500 

200 

200 100 200 
50 

100 

Inc. 3 
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1. Purpose. The purpose of this report is to determine the exclusion 
control boundaries for fires involving depleted uranium ammunition in 
transit or in storage. Radiation and chemical toxicity are considered 
in establishing the criteria for the. control boundaries. This report 
is prepared in the absence of experimental data on the amount of 
uranium refeased to the atmosphere during a fire. This lack of 
da·ta leads to the conservative assumption that all of the uranium 
will be aerosolized in a soluble form.· · 

2. Background. 

a. Uranium I as a heavy metal I is an ideal projectile for ammunition. 
The advantages are offset by some disadvantages associated with the 

( 

controllable hazards of manufacturing I transporting and storing. The 
hazards to workers who process uranium have been identified in numerous 
studies. Using proper precautions these workers can be protected from the 
exposure to the dust from the processing procedures in a continuous day­
to-day environment. 

b. Natural uranium contains three primary isotopes: U-238 I U-235 
and U-234. All of the isotopes are radioactive. The limit set for the 
exposure of radiation workers is based on the concentration of uranium· 
in the air that will damage the kidney I the critical organ. For a worker 

. in a concentration of uranium dust, the time average value for the 
concentration over a 40 hour work week is set as 0.2 mg/m**3. (10CFR20) 
The maximum excursion is set at a factor of 3 or 0. 6 mg/m**3. (Sax) 
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c. An accident or .fire that occurs during transport or storage 
presents some special problems. Not only the people in the immediate 
vicinity (emergency and fire· fighting personnel) but also people at 
distances downwind from the .fire are faced with p~tential over exposure 
to air~orne uranium dust. This dispersal of uranium can expose· all age 
groups in the general public. The exposure limits that have been· 

I 

established for the working population are not directly applicable 
to this group. The standards were written on the basis of continuous 
exPosure where the concentration of uranium in the body will reach 
an equilibrium level. The general population will be exposed to a 
single exposure and there will be no significant uranium concentration 
in the body at the time of exposure. 

3. Population Differences. Different segments of the population will 
have different maximum uranium intakes before undesirable effects 
begin to occur. These population differences are related to the mass 
of the kidneys I where the limit is established at three microgram of 
uranium per gram of tissue. This variation of total intake does not 
necessarily imply that there will be vastly different concentrations 
for the individuals to reach their limits. The factors that influence 
the concentration are the individual limit for intake 1 the ventilation 
rate and the time for the exposure. Since we are dealing with an acute 
exposure I there will be only minor changes in the effects whether the 
exposure occurs in one hour or six hours. 

4. Parameters of Uranium Release During Fire. The release of uranium 
is assumed to be a point source at ground level. This assumption will 
result in calculating concentrations that are higher than will· occur in 
practice. This is a conservative approach to the problem. {NUREG -0170)· 
All of the uranium will be aerosolized in a soluble form. 

5. Approach for Limit .Calculation. Two approaches will be taken for 
the acute exposure limit. The first will be made on the basis of the standard 
for continuous exposure and the results calculated for an acute exposure .. 
The second is based on a maximum concentration of uranium in the kidneys. 
These two approaches yield similar results· and provide a basis for selecting 
a concentration time factor that is used in calculating the control 
boundaries • 

2 
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6. Derived Uranium Concentration Limit {Acute Exposure). The established 
limit for the concentration of uranium in air, as well as the accepted 
excursion factor, was based on continuous exposure. When one is dealing 
with an acute exposure, such as a fire,. the exposed individuals will 
have no initial body burden· and the maximum permissible uranium 
concentration in air can ~e higher without the kidneys becoming 
overburdened. The following derivation gives a. method to e·stirnate 
concentration limits for acute exposure:": 

a. Under continuous exposure, the amount of uranium in the 
kidneys will be constant and the _amount excreted daily will equal 
the amount taken into the body. This may be expressed as: 

L*N= r*V*C 

·where: 

L= ln(2)/15, the decay constant based on a biological 
half-life of 15 days. 

N= amount of uranium in the _kidneys. 

r= fraction absorbed into the bOdy • 

. V= ventilation rate (1. 25 m**3/hr). 

C= concentration limit (0. 2 mg/m **3) • 

b. During an accidental release, the total amount of uranium in 
the kidneys will not be ·greater than that absorbed into the body. If 
the total body absorption is limited to that permissible in the kidneys 
under continuous exposure conditions, then the following relation holds: 

N=r*V*C/L= r*V* (t/8) *D 

where:· 
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t= number of hours over which exposure occurs . 

D= derived concentration limit • 

. This may be solved for the derived concentration time limit 
and the .result is: 

D*t=8*C/L = ~-;,-· 
.. -

Substituting for C and L, the concentration time factor is found 
to be 34.6 mg-hour/m**3. 

7. The second approach to calculating the control limit uses the maximum 
permissible concentration of uranium in kidney tissue. According toW ASH 
1251 I this is three microgram per gram of tissue. ·For an adult with a 
kidney mass of 300 grams I this gives a total of 900 microgram of uranium 
in the kidneys. ICRP 2 give 0. 02 8 as the· fracti<?n of the inhaled uranium 
that is deposited in the kidneys. 

a. The fo~lowing equation describes the limiting condition. 

0. 028*V*C*T=O. 003*M ·or C*T=O. 003*M/(O. 028*V) 

where: 

V= ventilation rate (m**3/hr). 

C= concentration (mg/m**3). 

M= m~ss (g). 

T= time (hours) • 

b. The results of the calculations for various age groups are given 
in the following table. Two sets of data are reported that reflect the 
different ventilation rates that are given in NUREG 0172 and the Radiological 
Health Handbook. 

4 
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Group Kidney Ventilation C*t 
mass rate 

g m**3/hour mg*hr/m**3 
·NUREG 0172 

Infant 55 .233. 25.24 
Child 100 .292 36.66 
Teen 210 .562 . 39.97 
Adult 300 .83~3 38.57 

Radiological Health Handbook 
Infant (ly) 55 .195 30.09 
Child (lOy) 175 • 616 30.43 
Adult (avg) 300 .95 33.83 
Adult (work) 300 1.25 25.71 

c. The mass of the kidney for the child in the table using the 
data for breathing from the Radiological Health Handbook is based on· 
the data from Spector by averaging the masses for the 9-10 .and 10-11 
years. This is higher than that used as the average of the 1 to 10 year 
(see NUREG 0172) • The transfer from the blood to the kidneys is 
0 .11. 

8. Selection of a Concentration Time Limit. Both of the above approaches 
yield values that are always greater than 25 mg-hour/m**3. This is to 
be compared to 8 mg-hour/m**3; ·the weekly limit for a production worker. 
It is instructive to evaluate the implications of the use of 2·5 mg-hour/m**3 
in terms of estimated effects of acute exposures on the body functions. . . 

9. A single intake into the blood stream may produce death if the 
amount exceeds 1 mg/kg of body weight. (Luessenhop) (\Nright) 
The concentration time factor-of 25 can be used to calculate the body 
intake by remembering that 2 5% of the soluble uranium that is inhaled 
will be absorbed and by using the respiration rate for the particular 
age group. This can then be compared to the body weight. 

Group 

Infant 
Child 

Respiration 
Rate 

m**3/hr 
.233 
.292 

Absorbed 
Uranium 

mg 
1.456 
1.825 

5 

Body Ratio 
Mass 

kg mg/kg 
10.7 .136 
·21 .086 



DRD:ME-VR . 
SUBJECT: Dispersal of Uranium During a Fire 

Group 

Teen 
Adult 

Adult (work) 

Respiration 
Rate 

m**3/hr 
.562 
.833· 
1 •. 25 

Absorbed 
Uranium 

mg 
3. 512 
5.206 

. 7. 812 

Body Ratio· 
Mass 
kg rng/kg 
45 .078 
70 .074 
70 .Ill 

. . .~ 

10. This evaluation of the use of the concentration time factor as 25 
mg-hour/m**3 indicates that the acceptance of this value as a limit 
is not unreasonable. The body burden isless than 0.15 mg/kgwhich is 
less than 15% of the limit that Luessenhop, et al, set for an acute exposure 
to possibly result in the death of an individual. For the balance of the 
report, a concentration time factor of 25 mg-hour/m**3 will be used 
for the control limit. · 

11. Plume Depletion. 

a. The plume depletion is calculated by the equation: 

R=O .9-0. 05862*ln(x)-O. 01037* (ln(x))**2. ·For ·x) 0.1 

R=l For x ~ 0.1 

where: 

R= fraction remaining in the plume. 

x= distance C?f plume travel in kilometers. 

b. This equation approximates the graph of Figure 2, NRC Regulatory 
Guide 1.111 and is applicable for all atmospheric conditions when the 
releases are at ground-level. Plume. depletion is dependent on many 
differe·nt factors; Gudiksen, · et al, studied the depletion rates for 
plutonium dioxide releases over different types of terrains. The 
fraction remaining ~the plume, as calculated using the above 
equation, ·will be larger (hence, more conservative) than those 
reported by Gudiksen. · 

6 
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12. Uranium ·concentration in the Plume. The uranium concentration 
in the plume 'V\'as calculated using the constant mean wind model 
(equation 3) of NRC Regulatory Guide 1.111. It is assumed that the wind 
speed, direction and the source strength will remain constant and 
that the release is at ground-level. The concentration time factor can 
be expressed as: 

C*T=2. 032*Q*R*T/[X*U*S (X)] ...... ~ 

where: 

C= concentration in the plume .- g/m**3. 

Q= source strength- kg/s. 

R= plume depletion factor_.· 

T= time - hours • 

X= distance from the source - km. 

U=wind velocity -·m/s. 

S(X}= vertical plume spread based on distance, X, and 
the atmospheric stability class - m. 

2. 032= factor that accounts for the 22.5 degree sector 
that is cons ide red • 

13. Scenario of an Accident.· A fire occurs in an igloo magazine where 
depleted uranium ammunition is stored or in a transport vehicle carrying 
the ammunition. The stored uranium is released to the atmosphere 
in respirable sizes. Three atmospheric stability ·classes are considered: 
(1) Stability classification 11 B .. or moderately unstable. (2) Stability 
classification 110" or neutraL.- (3) Stability classification "F" or 
moderately stable. The wind direction is assumed to remain constant; 
i.e., within the same 22.5 degree sector, during the release. Several 
wind speeds (1, 2, 5, 8, and 10 meters per second) are used to calculate 

( 

7 
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the distances where various uranium concentrations in air will be reached. 
The air concentrations of 25 mg-hour/m**3, 8 mg-hour/m**3, and 2. 5 mg-hour/ 
m**3 will be used to ind.icate various levels of control. These three 
levels represent a maximum acute exposure, the maximum weekly 
exposure for workers in uranium production and a value of~ .1 times 
the maximum exposure. · 

..._ ........ 
14. Results. The results of the calculations are shown in Tables 1-3. 
·Each table gives the distances for the plume concentration time factor 
to decrease to the specific level. The iterative procedure was stopped 
when the calculated distance was within one percent. So~e general 
comments are: (1) Smaller areas will need to be controlled when 
the wind velocity is higher. (2) The more unstable the atmosphere, 
the more rapidly the plume disperses. · (3) The potential area for control 
can be reduced by keepii}g smaller quantities of uranium in any one area. 

15. Discussion. 

a. The uranium concentration in the air surrounding the fire will 
exceed the concentration limit calculated for an acute exposure .• 
Emergency personnel working to control the incident are required to 

. take protective measures to avoid inhaling the .dust. Self-contained 
breathing unit will probably be most effective in this area.· 

b. The people in downwind positions should be evacuated if they 
are ·in regions where the concentration time factor is expected to exceed 
the· acute exposure lim.it of 25 mg-hour/m**3. Those further· downwind 
can be advised to remain indoors during the passage of the plume. This 
latter measure will give an additional safety factor and reduce the 
body burden in the exposed population. 

c. This study indicates the general scope of the problem associated 
with DU ammunition during a fire. Specific recommendations for a 
site are dependent upon a number of factors which are site dependent. 
This study does not provide a procedure that will pennit an easy evaluation 
of a site based on the varying factors. 
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d. As an example: Consider a storage location where the facility 
has control over the area out to a distance of 3 km. Using the results 
for the "F II" stability class, the maximum amount in storage is 5000 kg 
of uranium. If one has evidence that the prevailing winds and stability 
class are such that the wind speed is always greater than 4 m/s and a 
stability class is "B", then the maximum amount in· storage is over 
400000 kg (see table for class "B" stability) •. This example is an 
illustration of how the tables may be used with site-specific 
information. 

e. Figures 1 through 4 show in g·raphical form the information 
contained in the tables. Figure 1 permits a visual comparison of 
the changes in control boundary with changes in the stability classes. 
Figures 2 through 4 will be used to determine the location of control 
boundaries for specific storage quantities, or alternatively, the 
limits of storage based on the known boundaries which are controlled 
around a storage site. 

f. This study has. been based on the release of the uranium as a 
soluble compound. In the following table, the radiological 
implications for insoluble compounds is given for different body 
organs. (Hoenes) The table gives the dose· co-mmitment in. 

· mrem for 50 years to an individual exposed at the control boundary 
of 2 5 mg-hour/m **3. . 

Group Lung Total Body Bone Kidney 
Infant 642 6.9 100 19.8 
Child 402 6.3 107 17.1 
Teen 398 4.1 68.3 15.6 
Adult 343 4.2 71.5 15.6 
Adult (work) 515 6.4 107 24.4 

g. The lungs will receive the largest dose commitment which is over 
5 00 mrem per incident for the infant and the working adult. These are 
dose commitments for so.years from a single incident, but the dose is 
effectively delivered to the lungs during the first 1:\Vo years. The infant 
at the control boundary will receive 563 mrem during the first year from 
the single incident. 

9 



DRDME-VR 7 MAR ,-;,.~ 

SUBJECT: D"ispersal of Uranium During a Fire 

16. Adopted Conventions. The following symbolic conventions are 
used. 

a. * = multiplication. 

b. /=division. 

c. ** = exponent. 

d. ln = natural logarithm. 
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' Assume that air sample results have shown that during a fire a group of 
workers have been exposed to a cloud of depleted uranium oxides. Airborne 
concentrations appear to have exceeded 100 times MPC and workers were present 
in this atmosphere between 10 and 45 minutes. Decide what actions you need to 
take to evaluate the.workers·dose and prepare a presentation program to the 
workers explaining the hazards of uranium, the fate of the uranium that has 
entered the workers• bodies. and the evaluations that will be performed. 
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·Assume that air sample result~ ha~~ sh6~~ th~t during a fire a group of 
workers have been exposed to a cloud of depleted uranium oxides. Airborne 
concentrations appear to have exceeded 100 times MPC and workers were present 
in this atmosphere between 10 and 45 minutes. Decide what actions you need to 
take to evaluate .the workers dose and prepare a presentation program to the 
workers explaining the hazards of uranium, the fate of the uranium that has 
entered the workers• bodies and the evaluations that will be performed~. 
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Assuming you are RSO at a faci1ity that converts DERBY into metallic uranium. 
Describe your response to a biweekly bioassay sample from a worker that ·con­
tains 130 ~g/1 uranium by fluorometric analysis. Assume the high reading was 
discovered 3 days after the sample was collected. Would your response change 
if a worker with ·a similar job on a different shift also showed a similar high 
result. If so, how would tt change? 
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A fire in a building where uranium.is machined has spread to the duct work and 
resulted in considerable damage. Describe the assessment actions you, as the. 
radiation safety officer in charge of the facility, would take once the fire 
is extinguished. · Consider especially the following: (1) The fire fighters 
and their equipment; (2) Potential environmental releases; (3) A radiation 
safety program for facility entry and damage/material inventory; (4) The 
notifications that might be required presuming that some depleted uranium had 
burned in the fire. 
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CHARACTERISTICS OF OU 
' 

':i~(;'··· /', 
ISOTOPIC CONTENT (WT%) 

:tt~: ... ~ 

,I ·~ • 

ISOTOPE ·.: .. ·.· ·: NATURAL URANIUM . . ::· ;~. :. '.. :: ·. 

ENRICHED U 

238U 

235U 

234U 

99.2739± 0.0007 

0. 7204 ± 0. 0007 

0.0057 ±0.0002 

97 .. 01 

2.96 

0. 03. 

DEPLETED U 

99.75 

. 0.25 

0.0005 



o;·· 

PHYSICAL PROPERTIES 
.. ! 

·DENSITY · 19.21~ g/cm3 (X-RAY DENSITY, ALPHA URANIUM, 20~ C) 

18.78 g/cm3· (AVERAGE DENSITY, .BETA QUENCHED FUEL RODS, 1Ef C) 

19.05 ± 0. 02 g/cm3 (HIGH-PURITY. DIRECTIONALLY SOLIDIFIED. 25oC) 
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COMPOUND CHEMICAL FORMULA 
AMMONIUM DIURANATE (ADU) 
URANIUM HEXAFLOURIDE 
URANIUM TRIOXIDE o~~~~ so.-'\· 

URANYL ACETATE 
URANYL CHLORIDE 
URANYL FLUORIDE 
URANYL NITRATE 
URANYL SULFATE 

·;. 

-

<NH4)2U207 

UF6 
uo., , .. 

U02(C2H302)2 
- uo2c12 

U02F2 
uo2<N03)2 
uo2so4 

URANIUM DIOXIDE U02· 
URANIUM TETROXIDE ~""i!.~~ ~fl.."'- UOt1 

URANIUM ALUMINIDE UAlx 
URANIUM CARBIDE " uc2 
URANIUM DIOXIDE (HIGH-FIRED) . uo2 
URANIUM OXIDE - ~0~-.. ... £~;,__ '"Y"f""'~_.), U30s 
URANIUM JETRAFLUORIDE UF4 
URANIUM-IlRCONIUM ALLOY UZR 

··~.····-·~· .. ·· 

' 
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Uranium Series (4n + 2)* 

--
Historical I I 

Major radiation energies (MeV) 
Nuclide Half-life ar.d intensitiest 

name 

a::u Uranium I I 4. 5lxlo9 y I 4.15 (257.) 

l 
4.20 (7 57.) 

a:~Th I" Uranium xl I 24 .1d I --- I 0.103 ( 217.) I 0.063ct (3 .5't) 

l 
0.193 ( 797.) 0.093c (47.) 

a:~Pa"' I Uranium Xa 
I 

l.l7m I --- I 2.29 (987.) I o. 765 (0. 307.) 

99.87'- I 0.13'1. 1.001 (0 .60'1.) 

a:1Pa I Uranium Z I 6.75h I --- I 0.53 (66'1.) 0.100 (50'1.) 
1.13. (13'1.) 0.70 (24'1.) 

0.90 (70'1.) 

' I 1· 2 .47xlo" y I I a::u Uranium II 4.72 (28'1.) --- 0.053 (0.2'1.) 

.1 
4.77 (72'1.) 

3~8Th Ionium 8.0 xl04 y 4.62 (24'1.) --- I 0.068 (0.6'1.) 

1 
4.68 (76'1.) 0.142 (0.07'1.) 

• 
a::Ra ·Radium 1602y 4.60 (6'1.) --- I 0.186 (4'1.) 

1 
4.78 (95'1.) 

~==~ I 
Emanation 

I 
3.823d I 5.49 (100'1) I --- I 

0.510 (O.On) 

1 
Radon (Rn) ... 

a~:Po I Radium A I 3.0Sm I 6.00 ( -100'1.) I 0.33 (-0.0191.) 
99.9st I 0.02'1. 

~ I a~:Pb I Radium B I 26.8a I --- I 0.65 (SOt) I 0.295 (19'1.) 
0. 71 (40'1.) 0.352 (36'1.) 
0.98 (6'1.) 

, 'I a~:At Astatine -2s 6.65 (6'1.) I 7 (-Q.lt) 
6.70 (941) 

Radium C 19.7• 5.45 (0.012'1.) .1.0 c2n> 0.609 (47'1.) 

o.on 5.51 (O.OOft) 1.51 (401.)'" 1.120 (171.) 

l 
3.26 (191.) 1.7.64 (171.). 

' a~:Po Radiua C' 1~ 7.69 (loot.) --- 0.799 (0.0141) 

3j~Tl Radiua C'~ l.Ja --- I 1.3 (2.51.) 0.296 (80T.) 
1.9 (S6t.) 0.795 {loot.) 
2.3 {191.) l.ll {211.) 

2ly 3. 7 2 (. OOOOOn) 0.016 {8ST.) 0.047 {41.) 
0.061 (151.) 

5~0ld 4.65 c .oooon> 1.161 {-1001) 
4.69 ( .000051.) 

ll8.4cl 5.305 (loot.) --- 0.103 {O.OOUT.) 

1 
a~rTl Radiua !" 4.19a --- 1.571 {loot.) 

~ 
a::Pb Radiua G Stable --- --- I ---# 

*Th.ia npruaioa cleacrtbea the -•:o·:uaber of any -a..r ta thta Hrlea, '*•re • 1a u iatepr. 
Exa.ple: 82 Pb (4a + 2) •••••• 4(Sl) + 2 • 206 

tlnteaattlea refer to perceat•a• of dtatatearattona ~f the ~~llcle ltaelf, ~ot t~ ortataal perent of aeriea. 
$Complex eneray peek which would be iaca.pletely re.Olved bj. lnat~ta of ~retely low reaolvtaa power aucb aa actatillators. 

Data taken froa: Table of laot.!!:I!J. anci.USRDL-Ta-102. 



Actinium Series (4n + 3)* 

--
Historical I I 

Major radiation energies (MeV) 
Nuclide Half-life and btensitiest 

name 

a::u Actinouranium 7.1 Xl08 y 4.37 ( 181.) --- 0.143 ( 11 ~.) 

! 4.40 (571.) 0.185 ( 54'7.) 
4.58ct (81.) 0.204 ( 5'7.) 

a:;Th Uraniwa Y 25.5h --- 0.140 (451) 0.026 (21) 

1 
0.220 ( 151.) 0.084c (lOZ) 
0.305 (401.) 

a:tPa Protoactinium 3 .25x1o•y 4.95 (221). --- I 0.027 (61.) 

1 
5.01 (241) 0.29c ( 61.) 
5.02 (231) 

a::Ac Actinium 21.6y 4.86c (0.181) I 0.043 (-991.) I 0.070 (0 .081.) 
1.41 4.95c ( 1. 21.) 

' a;~Th I I Rad ioactiniwa I 18.2d I 5.76 (211) --- 0.050 (81.) 
5.98 (241) 0.237c (15'7.) 
6.04 (231) 0.3lc (81.) 

a:;rr I Actiniua K I 22m I 5. 44 c-o. oo5'1) 1.15 (-1001) 0.050 (401.) 
0.080 (131.) 
0.234 (41) 

+ 
a::aa Actinium X 11.43d 5.61 (261) --- 0.149c (I 0'1) 

1 
5.71 (541.) 0.270 (10"1) 

., 5.75 (9'1) O.Jlc (6'1) 

a~:Rn Ealanation 4.0s 6.42 (8'1) --- 0.272 (9'1)· 

1 
Actinon (An) 6.55 (11'1) 0.401 (5'1) 

1 6 .• 8.2 (81'1) 

a~:Po Actiniua A l.7811ls 7.38 (-100'1) I 0. 74 (- .00023'1) 

-~ 
Ollpb 1 Actiniua 8 36.1• --- I 

0.29 (1.4'1) 

I 
0.405 (3 .4'1} 82 

L.J·· 
0.56 (9 .4'1) 0.427 (1. 81.) 
1.39 (87 .51.) 0.832 (3.4'1) 

Astatine -0.1aaa 8.01 (-100'1) 

Actiniua C 2.1S. 6.28 (16'1) I 0.60 (0.281.) I 0.351 (14'1) 
6.62 (84'1) 

Actini• C' 0.52• 7.45 (99'1) --- 0.570 (0. 5'1) 
• 0.90 (0.5'1) 

Actini• C" 4.79a --- 1.44 (99 .8'1) 0.897 (0 .16'1) 

Stable --
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BETA SURFACE DOSE RATES FROM EQUILIBRIUM 
THICKNESS OF URANIUM METAL AND COMPOUNDS 

~.: 

·'· 

SOURCE 
.~.' :-•..... 

·:,. 

NATU SLAB. 

uo2 
UFq 
uo2<N03)36H20 
uo3 
U303 
U02F2 
NA2U207 

I 

I 

SURFACE DOSE RATEM 
Cmra~Z~l--

233 
207 
179 
111 
204 
203 
176 
167 

* BETA SURFACE DOSE AATE IN AIH llfHOUGH A 
POLYSTYRENE fll.TEA 7 mg/cm 2 Tr~ICK. . 
(REFERENCES: KINSMAN. 1954: HEALY. 1970) . 
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RADIATION PHYSICS 
,. 

ESTIMATED TOTAL ANNUAL.AVEAAGE.WHOLE~BODY DOSES 
·ii.~:tfJ~.:~~:•.J· :i_ . r . . 

FAOM·~~i.NATURAL RADIATION IN r·HE UNITED STATES 
.·.;·-. ·; 

.·.· 

,~i~:~~iKt- · 

SOURCE 

COSMIC RAYS 

TERRESTRIAL RADIATION 
EXTERNAL 
INTERNAL 

TOTAL 

(mrem/ person) 

A~INUAL DOSES 

45 

60 
25 

130 

S)~ ~ 2.~0 
... __ -.:..:;:::.:...;.-:~ 



3H 
life 
lfOK 

37RB 
210po 
222RN 
226RA 
228RA 

J RADIATION PHYSICS 
w""""IDES.OF SIGNIFICANCE CONTRIBUTING 
. ~··" r.t. . 

• .~:.,1 ... ~ • 

~,,,~. . TO INTERNAL .DOSE 

AVERAGE ANNUAL . 
WHOLE BODY DOSE (rei) 

0.004 
. 1.0 
17.0 
0.6 
3.0 
3.0 
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Total 

Natural 
100 Medical 

c: 
0 
(J) 
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Q) 

a. 

' E 
Q) 
~ 

E 

10 

0.1 

'------------ Global Fallout 

---------- AlisceHaneous 

~------------------------------ Occupational 
Other 

Environmental 

1990 2000 

. SUMMARY lF ESTIMATED AVERAGE IID.E-BODY RADIATION 
DOSES IN Tl£ UNITED STATES (Ira/person) 
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INHALATION 

RESPIRATORY SYSTEM· 

~ ,- -~· 
a i '.-, ~~ NASOPHARYNGEAL I b -:r? ./,) 

1•4 REGION 

03 
1 
I 

----~------------------~- I 
- I 

c~ 

Gl TRACT"' 

TRACHEOBRONCHIAL. 1~J·_.d ... .. 
~-

REGION 

011 

I , I ... 
I 9 I 

-r--l.r-~ - I I 

STOMACH 
(ST) 

9 I I 
...._......,_ 0 I SMALL 

I INTESTINE 
I (SI) PULMONARY 

REG'- ... I o; •u~ L I 
~ I 

e 
..-+- +.m 

UPPER LARGE 
INTESTINE 

(ULI) 

LYMPHATIC 
SYSTEM c::a 

- I 
J,., 

I 
I 
I 
I 

' I 
1 

l 
I 
I 

-·-------
I 

!_ __ ~I LOWER LEJRGE I 
INTESTINE 

(LLI) . I 

·~ 
' -

KIDNEY 

l!~ .... -. 
_..&._~ 

URINARY 
EXCRETION 

... 
BLOODSTREAM 

1: 
ALL OTHER 

BODY TISSUES 

s l 

.. 
l 

___ .!_. _ _j 

L -----. 
FECAL 

EXCRETION 



'1.' ...... ~J '. '·· ~ . 
-;\·/ 

\ ~/ • . 

•. ~/ 
,'_/ 

(1 _,/ 
•"1- .. -

\ 
.,.; . ~ .X _ ... 

·. Urani urn Thorium 
Compartment Pathwax T :2~:-, r T r --

Nasopha ryngea 1 a 0.01 0.01 0.01 0.01 
b 0.4 0.99 0.4 0.99 

Tracheobronchial c 0.01 0.01 o.·o1 0.01 

d 0.2 0.99 0.2 0.99 

Pul mcnary · e sao 0.05 1460 0.05 

f 1.0 0.4 1.0 0.4 

g 500 0.4 500 0.4 

h 500 0.15 500 0.15 

Lymphatic k 1000 0.9 CD 1.0 

Stomach 1 0.029 1.0 0.029 1.0 

Small intestine m 0.115 0.998 0.115 0.9998 

0 57.6 0.002 577 0.0002 

Upper large n 0.385 1.0 0.385 1.0 
intestine 

Lower large p ' 0. 693 1.0 0.693 1.0 
intestine 

Bloodstream q 0.5 0.657 0.5 0.1 

r 0.,5 0.343 0.5 0.9 

All other body s 6- 0.349 700 0.222 
tissues 20 0.582' 8000 0.778 

1500 0.0015 

5000 0.067 

Kidney t 0.5 0.816 0.5 1.0 

6 0.183 

1500 0.0008 

For Class Y Material 
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.~ ,_. 

·.L ....... 

Class 0 ~Soluble (transported) compounds - solubility half-life 
(time for half of the compound to be dissolved in lung fluids) of 
1 to 10 days. 

Ammonium diuranate (ADU) (NH4)2U207 
Uran i urn hex a fluoride ... UF6 
Uranium trioxide.., uo3 
Uranyl acetate U02(C2H302)2 
Uranyl chloride uo2c1 2 
Uranyl fluoride U02F2 
Uranyl nitrate U02(N03)2 
Uranyl sulfate uo2so4 

Class W - moderately soluble (slowly-transportable) compounds - esti­
mated solubility half-life of 10 to 100 days inclusive. 

Uranium dioxide 
Uranium tetroxide 

uo2 
uo4 

Class Y - relatively insoluble (very slowly-transportable) compounds 
~stimated solubility half-life of greater than 100 days. 

Uranium aluminide 
r' 

Uranium carbide 
Uranium dioxide (high-fired) 
Uranium oxide 

• 
Uranium tetrafluoride 
Uranium-zirconium alloy 

UA1x . 
uc . 

2 
uo2 
U308 
UF4 
UZr 
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. CRITICAL ORGANS. 

ORGAN IS-OTOPE 

.D KIDNEY- URANIUM (CHEMICAL CONCERN) 

· ·' LU-NG . URANIUM AND THORIUM 

~ BONE · ENRICHED URANIUM AND 
~ THORIUM 
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BIOLOGICAL- HALF-LIFE 

THE AMOUNT OF TIME IT TAKES FOR HALF OF A SUBSTANCE TO 

LEAVE THE BODY DUE TO NATURAL PROCESSES SUCH AS DIGES­

TION .. DEPENDS ON CHEMICAL PROPERTIES OF THE SUBSTANCE, 

NOT NUCLEAR PROPERTIES. 



RADIOLOGICAL HALF-LIFE 

THE AMOUNT OF TIME IT TAKES FOR HALF.OF A RADIONUCLIDE 

TO UNDERGO RADIOACTIVE DECAY. INDEPENDENT OF CHEMICAL 

PROPERTIES. 
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MPC 

OCCUPATIONAL 

<lOCFR20) 

0.2 MILLIGRAMS U I METER3 

CONCENTRATION X TIME OF EXPOSURE/WK ~8 X 10-3 SA ~CI-HRIML 

;~~P = 3.6 x 1o-1C1/GU] 



·TLV 

NIOSH I OSHA 

PERMISSIBLE 

EXPOSURE LEVEL IDLH 

URANIUM o.os· MGIM3 20 MGfM3 
SOLUBLE 

URANIUM 0.25 MG/M3 30 MGIM 3 . 
.INSOLUBLE 

CACGIH) 0.2 MG/M3 

MPBB (KIDNEY) 
5 •. X lQ-3l-lc I 

,MAXIMUM KIDNEY BURDEN 
(CHEMICAL TOXICITY) 3 ~G/GR OF KIDNEY 

~ 
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From Wash. 1251 

__ __._I 

•• ::~} CLASS (Y) 
•• •••• • •••• ••• ••• 

•• • 

CLASS (W) 

RESULT >1 MPDc 

ACTIONS (1) THRU C111; 

TABLE IV-4 ! 
112< RESULTi 1 MPO c 

7.5rem1 --t ACTIONSCUTHRU(BI! 

115< AESULTi 112 ~ 
ACTIONS (1) THAU (41 

3re~ ......•........................ ~ ...................... . 

RESULT i 115 MPDc 

NO ACTION 

I I I I I I I I 

101 102 1o3 

·URINARY URANIUM CONCENTRATION (pCi/1) 

Dose Commitment Indicated by Model vs. Urinary Uranium 
Concentration, Class (W) and (Y), Single Intake 
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PERIOD OF EXPOSURE 

ACUTE EXPOSURE - SUDDEN, WITHIN 1 HOUR 

CHRONIC EXPOSURE - EXTENDED: RECEIVED OVER A NUMBER 
OF MONTHS OR YEARS 



PURPOSE OF A RADIATION SAFETY PROGRAM INVOLVING DU 

A. ALARAIMINIMIZING EXPOSURE 
1. EXTERNAL EXPOSURE CONTROL 
2. INTERNAL EXPOSURE CONTROL 

B. CONTAMINATION CONTROL 

C. To PREDICT AND CONTROL RADIOLOGICAL HAZARDS 



EXTERNAL EXPOSURE FROM DU 

l\ I HAZARDS 
1. GAMMA RADIATION (PENETRATING) 
2. BETA RADIATION (NoN-PENETRATING) 

B. DosE REDUCTION METHODS 
1. TIME 
2. DISTANCE 
3. SHIELDING 



INTERNAL EXPOSURE FROM DU 

A. HAZARDS 
1. ALPHA 
2. BETA 
3. GAMMA 

B. Dose REDUCTION METHODS 
1. CONTAMINATION CONTROL 
2. FILTRATION SYSTEMS 
3. RESPIRATORY PROTECTION 



DU CONTAMINATION CONTROL . 

. A. OPERATION SPECIFIC 
1. RouTINE SuRVEYS 
2. fOLLOW-UP 

• PosTING 
• DECONTAMINATION 



PREDICTING AND CONTROLLING RADIOLOGICAL HAZARDS 

A. HISTORICAL DATA 

B. CURRENT CONDITIONS 

C. OPERATIONAL KNOWLEDGE 

D. PROCEDURE CoMPLIANCE 

E. SOUND RADIATION SAFETY PRACTICES 



RADIOLOGICAL. SURVEILLANCE PROGRAr·1 

• ADMINISTRATION 

• MEASUREMENTS 

• PROTECTIVE MEASURES 



( 

PROGRAM ADf1INISTRATION 

• PROVIDE AND ENSURE COMPLIANCE WITH PROCEDURES 

• ENSURE. REGULATORY CoMPLIANCE 

• f1ANAGEMENT CoMMITTMENT 

• DocuMENTATION oF DATA 

J 



RADIOLOGICAL MEASUREMENTS 

• Dose-LEVEL MEASUREMENTS 

- AREA MONITORING 
- PERSONNEL MoNITORING 
- RADIOACTIVE SHIPMENT SuRVEYS 

• SURFACE CONTAMINATION MEASUREMENTS 

- RouTINE AREA SuRVEYS 
- TooL/EQUIPMENT SuRVEYS 

· - PeRSONNEL ReLeAse SuRVEYS 
- DECONTAMINATION OPERATIONS 

• AIRBORNE CONTAMINATION r1eASUREMENTS 

AIR SAMPLING 
- SMEARs/Sw I.PES 

• DosiMETRY 

• BI·O-ASSAY 



PROTECTIVE MEASURES . 

• PROTECTIVE CLOTHING 

• RESPIRATORY PROTECTION 

• SHIELDING 

• ENGINEERING CONTROLS 



HISTORY OF DU PRODUCTION 

MANHATTAN PROJECT 

NUCLEAR WEAPON DEVELOPMENT 

235 
u 

92 

239 
PU 

94 





MILITARY USES OF DU 

• AIRCRAFT AND MISSILE CONTERWEIGHTSIBALLAST 

• BALANCING CoNTROL SuRFAcEs AND VIBRATION DAMPING 
ON AIRCRAFT 

• SPoTTER RouNDS 

·ARMOR PIERCING PROJECTILES 

•SPE~IAL PURPOSE ARTILLERY SHELLS 

• i~EAPONS 



ADVANTAGES OF DU 

• HIGH DENSITY 

• HIGH STRENGTH 

• PYROPHORICITY 

• fASE OF fABRICATION 

• RELATIVELY Low FABRICATION CosTs 

• AVAILABILITY 



DISADVANTAGES OF DU 

• RADIOACTIVE MATERIAL 

• PYROPHO~ICITY OF CHIPS AND GRINDINGS 

• INCREASING DISPOSAL COSTS 



RADIATION EXPOSURES 

EXTERNAL 

INTERNAL 

_) 

URANIUM MINING 

DEPENDENT ON ORE GRADE 

<1 MEN/HR TYPICAL 

RADON & DAUGHTER PRODUCTS 



URANIUM MINE 
YELLOWCAKE CONVERSION 

c~o81 = ! 
__ -El ·I 111Fr1 

URANIUM ORE 
- -. 

UF6 I 
6? 

FUEL FABRICATION ENRICHED · ENRICHMENT ' 

lr ~ll~1111111.:~i=ll" 1r II c II "II "II ",'J :(]I· 
I FRESHFU~ 

TAILS El 
I I 

DEPLETED URANIUM 
MANUFACTURING 

f ~ FA."'] 
Front End of the Uranium Fuel Cycle (ERDA 1975) 



WORKING LEVEL 

WORKING LEVEL - A WORKING LEVEL IS EQUIVALENT TO ANY 
CO~~lNATION·OF RADON DAUGHTERS IN ONE LITER OF AIR 
WHICH WILL RESULT IN THE EMISSION OF 1.3 X 105 MeV 
OF ALPHA ENERGY IN THE COMPLETE .DECAY THROUGH 214po. 
THIS POTENTIAL ALPHA ENERGY WILL OCCUR WHEN 100 PCI/i 
OF .222RN IN AIR IS IN EQUILIBRIUM WITH ITS DAUGHTER 
PRODUCTS. 

1 WLM = 170 WL-HR 

LIMIT 0.3 WL 

4 WLM PER YEAR ' 

J 



Selected Methods for Determining Radon Concentrations in Afr 

Method Application Sensitivity Comments 

,/ Lucas cell scintilla- Grab or continuous <0.1 pCi/1 
tion flask I Inexpensive. gen-

erally reliable 
Two filter. delayed Grab or continuous <0.1 pCi/1 
counting 

Air collection and Grab or continuous 0.05 pCI/1 
counting 

Passive Inverted funnel Continuous 0.05 pCi/1 
with TLD chips J Quiet , effective 

for integr~tion. 
Activated charcoal Continuous 0.01 pCi/1 inexpensive 
collections 

Track etch dosimeters Continuous 100 pCi/1 Inexpensive. 
track counting 
requi~d 



Selected Methods for Determining Radon Daughter 
Concentrations in Air 

Method 

v Kusnetz and Tsivoglou 
filters 

Application 

Grab sampling 

Modified Kusnetz method Grab sampling 

Integrating pump 
sampler with TLD · 
detector 

Alpha track etch film 

Instant working level 
meter 

Continuous· 

Continuous 

Grab sampling 

Sensitivity 

0.0005 WL 

0.0005 WL 

1 WL-hr 

5 WL-hr 

0.01 WL 

Comments 

Commonly 11sed, 
simple, and 
inexpensive 

Integration 
. device or alpha 
spectrometer 
required 

Noise, requires 
120 V AC power 

Inexpensive, but 
track counting 
required 

Portable, quick, 
expensive, easy 
to use 



WORKING LEVEL 

KUSNETZ METHOD 

WL = CPM x E 
VoL x TF 

CPM = AVERAGE COUNT RATE OF SAMPLE IN COUNTS 
PER MINUTE 

E = DETECTOR EFFICIENCY 

VoL = TOTAL VOLUME OF AIR SAMPLED (LITERS) 

TF = TIME FACTOR FROM KUSNETZ TABLE. 



Time factor as a function of Delay Time for the Modified 
Kusnetz Method 

This table gives the time factor f15) required in the modified Kusnetz equa-
tion as a function of delay time. . The delay time is given in minutes and 
is equal to the difference between the counting midpoint {middle of counting 
start and end times from the sample analysis data sheet) and the. collection 
end time from the sample collection.data sheet. 

Delay time, Delay Time, 
++ TF 

Delay Time, 
min ..-.. TF min min ..-.. TF 

40 150 57 116 74 84 

41 148 58 114 75 83 

42 146 59 112 76 82 

43 144 60 110 77 81 

44 142 61 108 78 78 

45 140 62 106 79 76 

46 138 63 .104 80 75 

47 136 64 102 81 74 

48 134 65 100 82 73 

49 132 66 98 83 71 

50 130 67 96 84 69 

51 128 68 94 85 68 

52 126 69 92 86 ··. 66 

53 124 70 90 87 65 

54 122 71 89 88 63 

55 120 72 87 89 61 

56 118 73 85 90 60 

{a) Taken from Radiation Monitoring by the U.S. Dept. of Labor, 
Mine Safety and Health Administration. 



.URANIUM MILLING 

RADIATION EXPOSURES 

EXTERNAL 

INTERNAL 

<1 TO 5 MREMIHR 

OREDUST 
PRODUCT 



"\. 

I ORE HANDLING AND PREPARATION I EXTRACTION 

ORE CRUSHING~ ORE GRINDING I--I 

CONCENTRA liON AND 
PURIFICATION 

( 

PRECIPITATION 

I I tl SOLVENT EXTRACTION I I : 

CHEMICAL . LJDRYING AND 
RESIN-IN-PULP I •I PRECIPITATION rlPACKAGING 

Flow Diagram of Basic Conventional Milling Steps 





URAN I U~1 CONVERSION TO ORANGE. SALT 

PRODUCT- SPDERIODS AVERAGING 150~ DIAMETER 

DRY - DEN,SE 

WASTEPRODUCTS CONCENTRATE DECAY PRODUCTS 



nitric 
acid 

URANIUM CONVERSION TO ORANGE SALT U03 

PROCESS FLOW DIAGRAM 

uranium ore 
concentrate 

DIGESTER 

lmpuritlea 
tributyl phoaphate­
keroaene solvent 

PULSE 
COLUMN 

J 

water 

CONCEN­
TRATOR 

CALC I NER 



DRY 
PROCESS 

WET 
PROCESS 

I I FEED 
SAMPLING PREPARATION CONVERSION PUR I FICA liON 

YELLOWCAKE •REDUCTION uF6 Dl STI LLATI «* uF6 
BliNDING & •HYDROFLUOR INA liON 

GAS 
AND LIQUID 

PACKAGING 
SAMPLING • FLUOR INA liON . CC*DENSATICI4 

----

YELLOWCAKE DIGESTION uo2.,401t2 ... SOLVENT u~ •REDUCTION uF6 
BliNDING & ~ IN NITRIC 

SOLUTION EXTRACTION .. DENITRATION ~ • HYDROFLUORINATION leAs• CONDENSA liON 
SAMPLING ACID •RUORINATION 

'-------- ---- ------------

I SAMPLING I PREP=TION I· PURIFICATION CONVERSION 

Flow Diagram of Conversion Processes· 

UF6 

LIQUID PACKAGING 

I 



uo, 

(I) 

"' u 
c z 
a: 
~ 
"-

hJdroQen 

ORANGE SALT~ GREEN SALT~ METAL 

to recovery 

(I) 

"' u 
c 

CD 
2 
0 
CD 

cas 

z UF4 
~ PULVERIZER INDUCTION 

FURNACE 
"-

anhydroua 
hydroQen 
fluoride 

uranium 
blacuita 

- Process Flow Diagram 

pu'• un1nium 
'ods and slug• 

METAL 
FABRICATION 



SOURCES OF EXPOSURE 

CHANGING HOPPERS 
LIDDING AND DELIDDING DRUMS 
HANDLING CONTAMINATED DRUMS 
ADJUSTING WEIGHTS AT FILLING STATIONS 
DUMPING DRUMS OF CONCENTRATE 
OPERATING POT FILLING MACHINE IN METALS PLANT 

. BREAKOUT OF FURNACE POTS AND MOLDS 
CLEANING URANIUM SURFACES - REGULUS OR INGOT 
CLEANING GRAPHITE CRUCIBLES.AND MOLDS 
REASSEMBLY OF CRUCIBLE AND MOLD PARTS 
OPERATING CRUSHING OR GRINDING EQUIPMENT 
CHANGING RECEIVING DRUMS AT DUST COLLECTORS 
CLEANING OUT DUST COLLECTOR HOUSINGS 
CLEANING OUT FURNACE ENCLOSURES 
BREAKING UP CLOGGED MATERIAL IN CONTAINERS1 CONVEYORS1 DOWNCOMERS1 

AND OTHER EQUIPMENT 



I 

· HEALTH PHYSICS CONCERNS 

UF4 - DRY GRANULAR POWDER . 

SHIPPING CONTAINER - 5 GAL METAL CANS 

CoNTAMINATION CoNTROL 

DosE RATES THRU METAL <5 MR/HR 
UNSHIELDED MATERIAL UP TO 225 MRADIHR 



HEALTH PHYSICS CONCERNS 

FILTERATION SYSTEMS 

HEPA FILTERS 

FILTER TESTING 

INTAKE - EXHAUST LocATIONS 



HEALTH PHYSICS CONCERNS 

RESPIRATORY PROTECTION 

REG. GUIDE 8.15 

NUREG-0041 

.~NS I -Z88 I 2 

------~-------~~-- ~- --- ----- ------ --~~-~---------



) \ ·. 

GREEN SALT REDUCTION ·To METAL 

Mg '" D"""'' 
Uf, ;,. 
DruM• 

. Flowshcct for the produetion of ur:.nium metnl by the re­
duetion of ur. with m:.gnesium. 

J 



GREEN SALT REDUCTION 

To Oust 
Collector 

Equipment used for the formation of !\lgF 2 liner with funnel, 
ID4ndrcl, and bomb shell in place. 

·f'·r.'"_,,·,·,· 

/ " 



GREEN SALT REDUCTION 

GREEN.SALT REDUCTION 



URANIUM RECASTING 

Electrode 

Liquid. 

Mushy Region 

Formation of Band 

· Advancing Dendritic 
oN---

Growth 

Shrinkage Gap Between Ingot 
and Water Cooled Copper 
Crucible 

Solid 

Consumable D.C. Arc Melting 



RECAST-PURIFICATION OF METAL 

Derbin, Recycle Cropa, lriqueHea 

Weigh ond Lood 
into Crucil:tfet 

~ Yocuuflll lecott L....... 
r-""' furnoc.. I""' 

r----

I 

lngotlreok 
Out 

Crucible 
ond Lid• 

lurned Out 

Crucibles 011d Lida 

Repoir lottOflllt 
Insert ,lutt 

DiHulioft f-+ Mechanical 
,u,..p PuMp 

Coot with 
MgO 

r Sowduatto 
Refinery ,-..---... 

Pre"-at 

Cieon 1+-Moldt-__. 
Coot ... 

Ingot 
~ 

Woter 
Cooled Grinding 1-+ Weigh 

Sow 
Cle011 
Crote f-+ Ship 

---- L.... Crops 10 Recycle 

Flow:ihcct for ca~ting of uraniwn met:1l. 
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CONVERSION OF DU DERBY TO COMPONENTS 

•CoPPER CLADDING OF EXTRUSION BILLET· 

- LUBRICATION ENHANCEMENT 

- CONTAMINATION REDUCTION 

- GALLING PROBLEM AvoiDANCE 

-.FLOW CHARACTE~ISTICS 



CONVERSION OF DU DERBY ·To ROD 

•.MECHANICAL PROCESS 

- . PREPARATION oF WoRKPIECE 

- PRE-HEAT 

- EXTRUSION (THROUGH A DIE) 

- FoRGING (THROUGH MECHANICAL OR HYDRAULIC PRESS) 

- SwAGING <HAMMER FoRGING) 

- SURVEY AND CLEAN-UP 



HAZARDS ASSOCIATED WITH MECHANICAL PROCESS 

•EXPOSURE RATES (EXTERNAL) 

• OXIDATION (CONTAMINATION) 

•BoTH GREATLY REDUCED BY COPPER CLADDING 

• EXPOSURE CONTROL/EVALUATION 

PROTECTIVE APPAREL 

- DosiMETERS 



CONVERSION OF DU ROD TO PENETRATOR 

• MACHINING 

• lATHING 



POTENTIAL FIRE HAZARDS OF MACHINING/LATHING 

• FILINGS AND FIRES 

• PREVENTION (WATER BASED CooLANT} CutTING SPEED ADJUSTMENt) 

' 
•FIRE~FIGHTING (DRY ARGON GAs ENVELOPE} DRY PowDER SucH As MET-L-X) 

•INTERIM STORAGE.OF WASTE 



HAZARDS ASSOCIATED WITH MACH·INING/LATHING 

• EXTERNAL EXPOSURE . 

- WHOLE BoDYJ HANDSJ EYESJ SKIN 

•ExPOSURE CONTROL/EVALUATION 

- PROTECTIVE APPARELJ SAFETY GLASSES 

- PLACEMENT/SHIELDING OF MATERIAL Nor BEING WORKED 

- CoNTROLLED ENTRY INTO WoRK AREA . 

- DIRECT INSTRUMENT SuRVEYS AND DosiMETERS 



HAZARDS AS SOC I l\ TED WITH f'1ACH IN I NG/LA THING 

•PoTENTIAL INTERNAL EXPOSURE 

- INHALATIONJ INGESTIONJ INJECTION 

• EXPOSURE CONTROL 

- AIR SAMPLING 

- RESPIRATORS/ENGINEERING CONTROLS· 
. Cl \ ~ ~ \ 0..~ s ~ ~ . 

-· PROTECTIVE APPAREL - s ) ~ . 

- FREQUENT SURVEYS/DECONTAMINATION 

- CONTROLLED ENTRY INTO WORK A~EA 

- STEP-OFF PAns/ExiT SuRVEYS 



INTER~AL EXPOSURE EVALUATION 

•LuNG AND WHOLE BoDY CouNTING 

•URINALYSis/FECAL ANALYSIS 

• EVALUATION OF AIR SAMPLE DATA 



;. :r 

HEALTH PHYSICS CONCERNS 

PYROPHORICITY 

. \ 
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PERSON~EL DU DOSIMETRY PROGRAM 

• PROGRAM GoALS AND REQUIREMENTS 

- CoNTROL oF OccuPATIONAL Ex~osuRE 

- DosE AssiGNMENT FROM DosiMETRY DATA 

- AccURATE1 RETRIEVABLE DATA STORAGE 



PERSONNEL DOSIMETER TYPES 
... 

·.' ,.,; / 

·-..-

• PHOTOGRAPHIc FILM 
.. _ 

·" 
•THERMOLUMINESCENT DosiMETERS 

;- _.....:._: ..... -4-·-, \ 

\ c /J J..-···· .. 
.. 

• SELF-READING PocKET DosiMETERs -
' ~ .,.._ 

~ .. .,· -

• Poe KET ALARMING Dos 1 METERS 

• FINGER RING DosIMETERS 



PHOTOGRAPHIC FILM 

• PRINCIPLES OF OPERATION 

• Dos 1 METER DEsIGN 

. • PROCESSING TECHNIQUES 

• INTERPRETATION AND CALIBRATION 

• ADVANTAGES AND LIMITATIONS 



THERMOLUMINESCENT DOSIMETERS <TLD) 

• PRINCIPLES. OF OPERATION 

• DosiMETER DESIGN 

• PROCESSING 

• INTERPRETATION AND CALIBRATION 

• ADVANTAGES AND LIMITATIONS 



SELF-READER AND POCKET ALARt·1ING DOSI~1ETERS 

• PRINCIPLES OF OPERATION 

- SELF-READING PENCILS 

- PocKET ALARMING DosiMETERS 

•INTERPRETATION AND CALIBRATION 

• ADVANTAGES AND LIMITATIONS 



Ir-1PORTAi~T FACTORS FOR ACCURATE DOSE ASSIGNNENT 

• PROPER DosiMETER PLACEMENT ON PERSONNEL 
\ . 

• IDENTIFY ENERGY .RESPONSE 

• PROPER CALIBRATION/NBS TRACEABILITY 

• QA OF PROCESSING TECHNIQUES 

• QA OF RECORD KEEPING SYSTEM 



RADIATION DETECTION INSTRUMENTS 

Dose RATE INSTRUMENTS 

IONIZATION CHAMBERS 

ENERGY CoMPENSATED GM DETECTORS 



RADIATION DETECTION INSTRUMENTS 

SURVEY INSTRUMENTS: 

ALPHA PROPORTIONAL COUNTERS 

SCINTILLATION DETECTORS 

GEIGER-MUELLER DETECTORS 



RADIATION DETECTION INSTRUMENTS 

lABORATORY COUNTERS 

CALIBRATION 

PeRFORMANCE CHECKS 

RECORDS 

QuALITY AssuRANCE 
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RADIATION DETECTI·ON INSTRUMENTS 

....-------.....----..--PULSE 

+ 

RESISTOR 
~CAPACITOR . 

INSULATOR 

+ 
..,___--4 ltllll~-4 

POWER SUPPlY 
'=' GROUND 

COlLECTING EL!CTRODE 
CANODEl 

ION CHAMBER 
(CATHODE) 

Simplified Version of a Chamber Used to Collect Ions 
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SIMPlE 
IONIZATION GAS AMPliFICATION 

2 : 3 i 4 

IONIZATION I PROPORTIONAL : LIMI'IID 
CHAMBER 1 REGION .I PROPOR· 
REGION 1 . . ,"1 ' ,- I TIONAL 

.\ r.r 1 

I ~EGlON 
r ' 1 I 

f I I 
I 
I 

.I 
I 

t ~t . I 

a-PARTICLES I 

VOLTAGE 

" 

5 

GEIGER 
. REGION 

'/' : . .,. 
.I 

6 

REG ION OF 
CONTINUOUS 

DISCHARGE 

Relationship Between Applied Voltage and the Number 
of Electrons Collected on the Anode 

' . \\ . ~o-r ~ ""'--·"· ,.A...'r ~ 
r:.J,.r..O-/""""~k vJ \ 

.•. ··: . . 1 J ...... ... ·-- •. 



RADIATION DETECTION INSTRUMENTS 

/ 
/ 

I 
/ 

/ ALPHA PlA lEAU 
-"" --------, 

l(XJ) 1200 1400 

/ 
/ 

· BETA PlATEAU 1 

,--------
__ ., 

1600 1800 

COUNTER VCl.T AGE NOLTS) 

Plateaus for Typical Proportional Counter 



~tee tor 

Sc IDtlllatloa 
cauat.er 

Celaer-llaller 
c:GIIKer 

. 

•-•u~Jo. 
. m-'·s 

Paopurt._l 

Alpba.Sctatll-
latloa.coaater 

Pocket Ioaiza-
tioa cha.ber 
•ad dost.eter 

·Types of 
ladiat·lon 
Ilea sur eel 

Beta. •· .-. 
aeatroa.a 

leta ••• .... 

8el;a ••• ---
AI .... ... 
Alpha 

~ ........ 

Typical 
Full Scale 
Readlqs 

0.02 al/h 
to 20 . .a/h 

0.2 to 2o-
d./b or 800 
to ao.ooo 
cauata/•la 

~ 

J d/la to 
5GO ~ .. 

500~000 c.-

100 to 
to.ooo 
alpha/•ID 

1
200 .a to 

1 200 R 
I 

I 
i -

ltADIATION SURVEY I~STRl'MENTS 

·ftint.wa Ene·ray Dlrecttooal 
Use Measured.. Dependence 

Survey 20 keV for x Low for x 
rays. Varia- or g-. 
ble for betaa 

SarYey 20 keV for x Lov for a 
rays. 150 keV or a-. 
for beta_s 

. 

' 
Sa1weJ 20 b9 for a Lov for x 

rays. Varia- or a-a 
•te for llebs 

Saner Depeelaoa Blah 
for al- vlaloll 
... COD- dale baa 
t-••a-
:tf.oe 

... ~ Variable Blah 

Survey SO keV Lov 
ancl~ 

itoria& 

Advaataae• 

1. Bl&h aeoaltfvlty 
2. lapid reepoue 

lapid reepoue 

'--

. . . 

1. Lov e&eriJ de-
.te-~eoc:e 

2. Accurate ..-a-
ari!IHiita 

1. Special probes 
for alpha de-
tectloo or 
beta •eteet too 

2. Caa couat alphas 
vitbout tater-
fereaee .fro. 
8'• or l'~ 

Deafened especially 
for alpha parti-
clea 

1. lelattvely lnex-
peaslve 

2. Cfves eat~te of 
fategrated dose 

l. Saall size 

Possible 
Disadvantages 

1. Prasile 
2. ·a.etatively 

~ensive 

l •. Stroog energy 
dependence 

2. Possible para-
lysis of re-
poose at high 
count rates 
or exposure 
rates 

l. Lblited range 

1. lelatively.lov 
aeuiti1(1ty 

2. May be alov to 
respond 

1. Slov response 
2. Fraaile vtadov 

1. Slow respons~ 
2. Fragile window 

-
1. Subje~t to 

I accidi'ntal 
discharge 

I 



FIRE HAZARDS OF DU MUNITIONS 

•REVIEW OF DU PENETRATOR AMMUNITION 

- FAVORABLE PENETRATING CHARACTERISTICS 

- RELATIVE ScARCITY oF CoMPETITIVE METAL . 
(TUNGSTEN) 

- HIGH AvAiLABILITY oF DU 



EXPERIMENTAL DATA FROM HEAT TEST .CXM774) 

•TEST DESCRIPTION 

•PROPELLANt IGNITION (METAL SHELL CASING) 

• DISTRIBUTION OF DISRUPTED ROUNDS 

•EFFECTS OF FIRE ON DU PENETRATORS 

•RADIOLOGICAL HAZARDS IN CLOSE PROXIMITY 

•RADIOLOGICAL HAZARDS DowNWIND 

.•RECOVERY PERCENTAGES OF ORIGINAL DU WEIGHT 



380" 

110" 

Schematic of Test Grid Indicating Position and Distances 
from Ground Zero of Projectiles After Burn Test 



EXPERIMENTAL DATA FROM HEAT TESTS <XM829) 

•TEST DESCRIPTION 

•PROPELLANT IGNITION (COMBUSTIBLE CASING) 

•DISPOSITION oF RouNDS 

• EFFECTS OF fiRE ON DU PENETRATORS 

- REMNANTS 

- OXIDATION 

• RADIOLOGICAL HAZARDS IN CLOSE PROXIMITY 

•RADIOLOGICAL HAZARDS DowNWIND 

• RECOVERY. PERCENTAGES OF ORIGINAL DU \~EIGHT 

l 
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External Heat Test Time Vs. Temperature 



CONCLUSIONS OF XM774 AND XM829 HEAT TESTS 

• F I REF I G H T I N G VERSUS T I "ME ·. 

-r 
- Xf177 4 \ 0 ('- - · 

- xr1s29 , 20 ....... ~ 

~ ...... ·)\ \.,(..,\~-e...~ 

• RADIOLOGICAL CoNTROL SuGGESTIONS DuRIKG AND 
FOLLOWING FIRE 

- DURING DU FIRE 

DURING CLEANUP OPERATIONS .?\;-.._ \ ..J 
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~==~-..-.~--==_,_ ..... :~:;.<~:~i."r&~x~~~. ~!m::~·.;··:·~=~· ... ~ .. :· ·~. ·: .j~~ 
._, 

. Remnants of Projectiles Recovered After Fire 



FINDINGS OF LOS .L\LAr·10S HEAT TEST 

•TEsT CoNDITIONS 

• CONCLUSIONS. 
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Fig. 10. 
Oxidation as a function of temperature. 
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Fig. 13. 

7 

~. Penetrators after exposure to air at the listed temperatures. . 



a. 

M-774-5 4h 800°C 

b. 

M-774-6 4h 900°C 

c. 

CM. 

I 
111 

'
21 

'
31 M-774-7 4h 1000°C 

C0
2
-AIR. 

Fig. 15. 

Penetrntors exposed to CO'l-air mixture at the listed temperature. 
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DEMILITARIZATION OF DU AMMUNITION 

• lARGE CALIBRE (75MM - 155MM) 

•SMALL CALIBRE (10MM- 30MM) 



DU MUNITION STORAGE 

•PERIODIC AREA SURVEYS 

- EXPOSURE RATES 

- CoNTAMINATION 
( ? V'V': ~ o .. :·~· 5 ·.).X ·.;-;2... •· - \ 0 d c .. .,., 'L c 1 () ... ;)\ -

• PosTING 



FIRE IMPLICATIONS FROM STORAGE OF DU AMMUNITION 

- UNSUSTAINED 

- SUSTAINED 

• RESPONSE 

• r1ETEROLOGY CONS I DE RATIONS 

• CoNTROLs/EvALUATIONS 



TAB~E I FO~ STABILITY ClASS B 

\ • ' t 

.r ~'- .. ·<:.CONCENTRATION-TIME FACTOR 
........ : \, ;• . . . ~- . . 

Source 25 8 2.5 

Strength mg-hr/m**3 rng-hr/m**3 mg-hr/m**3 

( 

r· 
' . v. I •. • Distanc~ 

' kg-s/m km km km. 

100 0.144 0 •. 255 o;4s4 

200~~.- 0.206":~ - 0. 36 .:·.: 0.628~~-

500- 0. 323~~__: 0.566 
.•. 

0.936 ·-.. 

800 0.405 .... 0.693 ··- 1.124 

1ooo~=--~~ · . 0.454-- 0. 7·58---"' 1.224-~ 

·2000- 0.627_ 1.02 1.591 

5ooo_ ... - 0.936·~ 1.452 .. - .. : 2.227~- ~-

i· ;: 

aooo·-· 1.117 ... 1. 74. --- 2.607 

10000----· 1. 219 -~ 1.893 . . 2.809 
. 

20000- .. 1. 585. - 2.4 3.569 ... 

soooo· -··· 2.226 ... 3.268 : 5. 066-:·; 

80000.· .... 
. 2.609 3.841 6.196 

. 100000 2.796 4.189 6.77' 



. . ·I 

.:· TABLE-II-FGR-5TABILIT-Y CLASS-D 

... 

CONCENTRATION -TIME -FACTOR-· 

Source 25 .. 8 2.5 

Strength mg-~/m**3 mg-hr/m**3 mg-hr/m**3 

Distances ~~ ...,. ,, 
' 

kg-s/m. km km km 

100 0.217 0.392 0.777 
. 

· 2oo--=- . . 0. 321 ~-~--= 0.603 _._ 1.149~-=~ 

500:-:-: 0. 532:--- 0. 994:-._~ 1. 956_-:..= 

800 _0. 696 1.308 2.528 

1000-~==-~ 0.781-~ 1.49-: 2. 843 -~-.. 

. 2000_ -_-._ . 1~146 __ ~ 2 • 2 04 ·-:::~ 4.247 -

. 5000·.- . ;. .1.95.~ ·- 3. 664;:7._ 7 .227.:-. . 
•. ~.-

8000 .. 2. 512 ·~:~. 4.854 9.sos---

10000 - 2.828- 5.518 10.804 

2000o-·- 4.253" --- 8.311 16.353 

soooo- ·· 7.203- 14.144 ... 28.336 -· 

8oooo·.·· _· 9. 514 -~~- 18.741 ·- 36.544 

100000 10.867 21.42 41.441 



·· TABLE III FOR.STABILITY ClASS F ~. . . . . 

CONCENTRATION-TIJv!E FACTOR 

Source 25 .. . 8 2.5 

Strength mg-hr/m**3 mg-hr/m**3 · mg-hr/m**3 

Distances _, .... ,·· ~ 

kg-s/m km km ·--· Jan 

. 
100 0.356 o:654 1.252 

200.;..; - 0.516· -. 0.949~~- 1 •. 895~ 

500_:"""" 0.834-- 1.637 3-..14 ___ 

BOO 1. 095 .... 2.149 4~299 
. -·· 

1000 .-~·· 1.248._·· 2.417--.~ . 4. 912 

2000 .. 1. 896 .. ·-= 3. 663'• :-:. 7. 92·---~ 

sooo.-·· 3.133- . 6.58 - 14.384 -
.... 

8000 - . 4.289 9.13 19.555 

10000 .:.:... 4.916 10.555 22.663 
.. 

20000 7.897 ~~ 16.666 35.9 -

50000 14.441. 30.387 .... 65 .427._. 

80000 . 19.61 .. 41.598 -·- 87 .;065 .. 

100000 22.727 47.986 :100.648 
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DU r1UNITION TRANSPORT 

• CoMPLIANCE WITH REGULATIONS 

• SHIPMENT SURVEYS (PROPER INSTRUMENT SELECTION) 

- EXPOSURE RATES 

- CONTAMINATION 

• SHIPPING PAPERS IN ORDER 

• ENSURE THAT RECEPIENT IS AUTHORIZED TO RECEIVE SHIPMENT 
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PROJECTILE END 

Mfcro-R Measurements (mR/hr) of 16-Round Pallet 



TASC-4 Measurements (mR/hr) of 16-Round Pallet 
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"FIRE Ir·1PLICATIONS FROM UPLOADED VEH"ICLE <TACTICAL) 

•TANK FIRE 

- UNSUSTAINED 

- SusTAINED 

• RESPONSE 

•DOWNWIND CONSIDERATIONS 

- METEROLOGICAL CONDITIONS 

• CONTROLS 

• Do.sE EvALUATIONS 



MUNITIONS QUALITY CONTROL 

SMALL CALIBER (10 - 30 MM) 

lARGE CALIBER (75 -·155 MM) 



DOA SUPPLIER SURVEYS 

PREAWARD AND PosT AwARD 

HEALTH PHYSICS 

fiRE PROTECTION 

/ 



SUPPLIER HEALTH PHYSICS PROGRAM 

LICENSE 

RADIATION PROTECTION ORGANIZATION 

PERSONNEL SELECTION AND TRAINING 

EXPOSURE CONTROLS 

RECORDS 



SUPPLIER HEALTH PHYSICS PROGRAM 

RADIOACTIVE WASTE MANAGEMENT 

ALARA PROGRAM 

. fACILITIES AND EQUIPMENT 

EMERGENCY PREPAREDNESS 



SUPPLIER FIRE PROTECTION 

PRE FIRE PLANNING 

FIRE PREVENTION 

FIRE EXTINGUISHING 
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SURFACE CONTAMINATION 

·PARTICLE SIZE 

• OXIDES 

• SoLUBILITY 

•DOWNWIND SPREAD OF RESPIRABLE SIZED PARTICLES 



AIRBORNE CONTAMINATION 

• PARTICLE SIZE 

.• OXIDES 

• AEROSOL 

• SOLUBILITY 

• DowNWIND SPREAD oF RESPIRABLE SIZED PARTICLE 

• RESUSPENS I ON 
I' 
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(20) 
3* -I 12 

(>100~ (2.5) ~ 13 25 

(6) 2o* -1 14 . 
457 m I I TARGET! 

10* (8~ (30) (5) ~ 15 15 

(2) 2* 2* * 
40* 

0.5 ~ 16 

(25) 2* (Is) (4) 17 

(25) I* 18 

(10) 19 
I 

38m 

j :: Tt (4) 

I I I I I I I 
~38m~ , r 305m 

( ) EARLY-SPRING TRIP 

* LATE-SUMMER TRIP 

F Hi liRE 5. Maximum Count Rates on Main f,rid, Ford's Farm 
(1000 cpunts/min) 
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* TABLE 6~ Total Airborne Uranium Assuming 7.5 sec Sampling Interval at 50 cfm 

Exposure Concentrajion(a) Cloud( b) 
Run mg min/m3 mg/m . m3 
1 150 1200 1500 
2 153 1220 1000 
3 215• 1720 1700 
4 231 1850 1900 

- ·ion =[mg x min] x [ 1 ] 
(b) From Table 5. m

3 
0.125 min 

(c) g = cloud, m3 x ~ x ~ 
m 1000 mg 

(d) ~~~r _ X 100 

Airborne( c) 
9: 

1800 
1220· 
2924 
3515 
9,459 

Ave = 2,365 or 

Approximate 
Mass % of ~ 
Penetratorl.d) 

53 
36 
87 

104 

70% 

TABLE 9. Ch~racteristics of Material Collected in a Target Area 
High-Volume Cascade Impactor During Runs 3 and 4 

Size Range ~m U:Fe wt ratio(a) U Compounds Id~ntified(b) 

Run 3-!2 > 7.0 5.4 + 0.4 uo2, u3o8 · 

3.3 to 7.0 9.6 + 9.7 U02, .u3o8 
2.0 to 3.3 8.7 + 0.5 U02, u3o8 
1.1 to 2.0 7.8 + 0.4 U02, u3o8 

< 1.1 12.8 + 0.4 U308 -
Run 12 > 7.0 5.2 + 0.6 U02, u3o8 

3.3 to 7.0 6.0 + 0.7 uo2, u3o8 

2.0 to 3.3 6.6 + 0.5 uo2, u3o8 

1.1 to 2.0 8.2 +' 0.2. uo2, u3o8 

<1.1 12.8 + 0.4 u3o8, uo2 

(a) Average of four measurements + stand.ard deviation. 
(b) The compounds are 1 i sted in order of: ·~st imated abundance. 

,. 



APPENDIX C 

SAMPLE SIZE DISTRIBUTION DATA REDUCTIONS 

TABLE C.1. High~Volume Cascade Impactor Example Size Distribution Run 1-11 

Aerodynamic Uranium on % per Cumulative 
Sta~ Cut Off Dia., urn Sample, ug Stage % 

Probe .3.85 X 10
41 

1 7.0 1.48 X 104 38.2 100.1 

2 3.3 1.11 X 104 8.0 61.8 

3 2.0 0.596 X 104 4.3 53.9 

4 1.1 0.281 X 104 2.0 49.6 

Filter 6.64 X 104 47.6 47.6 

1.40 X 105 

TABLE 8. Relative Abundance of Uranium Oxides in Target Area Samples 

Run Sample 
uo2 

Weight Percent 
u3o8 

Weight Percent 
1-T2 25 75 
2-TI 28 72 
3-T2 30 70 
4-T3 27 73 

/ 5-T2 29 71 

:, 



Run Sam~ 

Run 3-I2(b) 
Run 4-I2(b) 
Run 4-I3(b) 
Run 1-T2 
Run 2-T1 
Run 3;...T2 
Run 4-T3 
Run 5-T2 

TABLE 10. Measured Solubilities of Airborne Depleted 
Uranium in Simulated Lung Fluid 

Approxim~te Dissolution Rate 
Percent of Uranium after 7 Days, 

into Solution in 7 Daxs {Percent.Extracted 2er Da~ {a,c} 

47 + 10 0.1 + 0.7 
34 + 8.0 -0.5 + 0.5 
49 + 14 -0.5 + t.o 
16 + 3 0.2 + 0.2 
13 + 3 -0.05 + 0.2 
18 + 4 0.05 + 0.3 
11 + 3 0.01 + 0.2 

15. + 4 0.05 + 0.3 

(a) A negative value indicates uranium lost or reabsorbed. 
'(b) Respirable fraction only. 
(c) t Estimated Standard Error 

lOOr--------------------~------------, 
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FIGURE 29. Percent Uranium Soluble in Seven Days 
Versus Mass of Uranium (as u3o8) in Sample 



TABLE II 

AIRBORNE RADIOACTIVITY ROUND 1 ~M-48 TARGET) 

PREFIRE -13 
BACKGROUND 5.89 x 10 ~ci/ml 

tREW<OMPARTMENT~ 
I 

. r.6~llt~~~ 0 ~.§.._ ~c i /m 1 (0-4 MIN. AFTER SHOT) I 
I 

' 
I i 

i BUNKER I - 1"1 
I 245' DOWNWIND 2.08 x 10 ~ci/ml 

I 

ALL SAMPLES COLLECTED WITH STAPLEX HIGH VOLUME SAMPLER 
WITH WHATMAN 41 FILTER PAPER. 

i:ABL.:E 11-1 . ' . 

AIRBORNE RADIOACTIVITY ROUND 2 (M-48 TARGET) 

CREW COMPARTMENT cs' 2'-- ·-~--9:JII 
(0-10 MIN. AFTER SHOT) ....,~Jo~-- ~ci/m1 

BUNKER . -13 
245• DOWNWIND 7.66 .x 10 ~ci/ml 

--- -- --

NOTE: 'ROUNo····2 ·01 0 NOT PENETRAT~ 

l 
I 

~rJ ,AfC I 
I 

~ y.J.L '-t. . i~ ~lf'\ 

,_/ I 

p £1)~ 

I \ 

/"- 3 -~~~~ .,..J 
·. ~~ ,.-"; 

~ 

, L _,..... r·"-1/- ~'-..) jJ-.J.I'? 



TABLE VIII 

AIRBORNE RADIOACTIVITY ROUND 6 

SAMPLE BACKGROUND -12 1·.12 x 10 ~ci/m1 
~OUTS I DE~or"TANK.~ 
·~---=~~--- -·· ...... --. 

SAMPLE - CREW COMPARTMENT 1 • 31 x 1 0 -ll ~c i /m 1 
lWO.R~I_NG. J NS I DE)·:_') 

... -·-·· 
------

NOTE: SAMPLES TAKEN 120 HOURS AFTER FIRING ROUND 6 
SAMPLE INSIDE CREW COMPARTMENT WITH ASSESSMENT 
CREW WORKING. 

TABLE; I X -~ 

AIRBORNE RADIOACTIVITY ROUND 10 

SAMPLE 1 -12 (CREW COMPARTMENT 6.49 x 10 ~ci/m1 
PRIOR TO FIRING) 

SAMPLE 2 -11 . · (CREW COMPARTMENT 2.90 x 10 ~ci/ml 
AFTER NON DU ROUND) · 

----- -------- ---

..AOUND~O·-WAS~~ONRAD a OACT J V£.:..1 OSHH::APDS~ 

I 

I 

e,J~ .~rc.. 
j 

~ 
M-(l(_ I . • 

~ ?-· ~ f- 1'>1' 

/pJ 
J~ 

... 

ar.-:· -~ 
1 ... \.? C-. 

-~ (... 

~ t'' )I (, 

~ .... r -<""- fA 

.;>~r 
~ ,. ~ 7 
~ ,_..v:~ j 
~. •(I)) l 0 



TABLE VIII 

AIRBORNE RADIOACTIVITY ROUND 6 

SAMPLE BACKGROUND -12 1.12 x 10 ~ci/m1 ,QUTS I DEZ:TANK .. " 
··"-·..t:~~---· --- ..... ~ 

SAMPLE - CREW COMPARTMENT ·-11 
1.31 X· 10 ~ci/ml 

(~q-~~I_NG.: INS I DE)· __ ') 

NOTE: SAMPLES TAKEN 120 HOURS AFTER FIRING ROUND 6 
SAMPLE INSIDE CREW COMPARTMENT WITH ASSESSMENT 

·CREW WORKING. 

..... 
TABLE: I X , 

AIRBORNE RADIOACTIVITY ROUND 10 

SAMPLE 1 -12 (CREW COMPARTMENT 6.49 x 10 ~ci/m1 
PRIOR TO FIRING) 

SAMPLE 2 -11 (CREW COMPARTMENT 2.90 x 10 ~ci/m1 
AFTER NON DU ROUND) 

.• ROUND~-(). WAS . .AJ.jONRAD I OACT.I V£;;..·1 OSMM---·APOSFS...... 

I 

I 

~ ""rc 

~ 1"\('C.. 

t> ?-• ~ '/. 
\ 

... 

r 

,,~ ·, 
I' I 

/~ 
(~ 

o./' : 

ore -·~ 
, ... \?c... 

j~ t'(~ (, 

"1 f~-- A 
.~~·~ 
~ ' ~ :1 

t: 
,..._.-J~ 1J. 

. ~ 

(W l_o 



TABLE IV 

PARTICLE SIZE DISTRIBUTION - ROUND 3 

ANDERSON IMPACTOR ~':DPM/STAGE TOTAL % OF TOTAL 
STAGE I PARTICLE ALPHA BETA DPM* ON EACH STAGE 

NO. I SIZE 

1 9.2 lJM> 20.9 I 869.0 889.9 32.0 . 
. I 

2 5.5-9.2 uM 22.8 675.0 697.8 25.0 

3 3.3-s.s lJM 4.8 269.9 274.7 9.9 ,. 
4 2.0-3.3 lJM 1 . 0 

I 
171 . 4 172.4 6.2 

5 1 • 0-2. 0 lJM 37.0 204.4 241.4 8.7 
i 

6 -1.0 lJM 7.0 'j 492.0 499.0 18.0 

I TOTAL 93.5 I 2681.1 2775.2 
-

NOTE: SAMPLER IN DRIVER'S AREA~ 
·•: 

EST CONC = 1. 77 x 10-7 lJC i /m 1 (I NC,LUDE~ RESUSPENDED MATERIAL) 

-* DPM = DISINTEGRATION PER MINUTE 

C\ ~ - .Q /, - }.__o jo . I p ):u. ~~J ,{"'"""(· ..... ~J'""~ 



TABLE X 

REMOVABLE CONTAMINATION AFTER ROUND 

AREA SAMPLED INSIDE DPH ALPHA2 CREW COMPARTMENT M-48 PER 100 em 

IN PENETRATION 196 

AROUND PENETRATION 128 

BEHIND DRIVER'S SEAT 803 

BESIDE DRIVER'S SEAT 738 

TANK COMMANDER AREA 14 

GUNNER'S AREA 51 

PENETRATI.ON REAR TURRET 39 

LOADER AREA 125 
.• 

TOP AMMO BOX DRIVER'S AREA .;: 626 
I .,, 

DRIVER MANIKIN 608 

LOADER MANIKIN 320 

TABLE XI 

DPM BETA 2 TOTAL lJcl 2 PER 100 em PER 100 em 
~. ~:~ 

-ur~ 

2,508 

1 '901 

10,225 

11,571. 

155 

1,493 

492 

1 '943 

14,876 

10,052 

4,425 

1.23 X 10-3 

9.22 X 10 -4 

5.01 X 10-3 

5.60 X 10-3 
I 

7.68 x lO~S ----r 

7.02 X 10 -4 

2.41 X 10 -4 

9.40 X 10 -4 

-3 7. 05 X 10 . i 

. I 
I 

4.85 X 10-3 I 

I 

2.16 X 10-3 

~i=--· 

~ 
. \ 

)--:/~ 

Jv4·~: 

~ 

·R 
h-r' 

~·" 

~ 
J.:,;\.. 

' /~\-
---1 

J..J~?~ .... ~ 
h~(~(D~)o-::t "1'' 
~ ~~--~~-k 

REMOVABLE CONTAMINATION AFTER ROUND 2 

AREA SAMPLED OUTSIDE DPM ALPHA2 DPM BETA 2 TOTAL lJei 2 SURFACE M-.48 PER 100 em PER 100 em PER 100 em 

IN PENETRATION AREA 20 652 ).05 X 10 
_,. 
-~ 

GUN SHIELD 38 888 . -4 4.21 X 10 I 

! 

~-~ i.-A 

1680 -4 BACK OF GUN SHIELD 53 7.88 X 10 

811 
. -4 

TOP OF TURRET 29 ·3. 82 X 10 -

H~ 
.J~\J~ er~ 

... " 
- -···--~-~--

NOTE: ,-;ROUND:.1U~~·ENETRATU 



TABLE X I I 

REMOVABLE CONTAMINATION AT COMPLETION ~F FIRINGS* 

AREA SAMPLED INSIDE DPH ALPHA2 
I 
I DPH BETA 2 CREW COMPARTMENT M-48 PER 100 em PER 100 em 

RADIO 21.0 169.4 .· 

TANK COMMANDER AREA 26.0 241.7 

TURRET ABOVE TANK COMMANDER 6.2 63.5 

FLOOR BELOW TANK COMMANDER 13.3 105.8 

FLOOR GUNNER'S AREA 17.2 125. 1 

GUNNER'S CONTROL 53.7 343.7 

GUNNER'S AMMO CASE 17.2 292.6 

LOADER AMMO CASE ,88.8 1431 • 1 

~URRET WALL LOADER AREA 3~4. ~ 388.7 
\ 

L-OADER'S SEAT 3.0 79. 1 

FLOOR LOADER'S AREA 24.5 383.7 

AMMO CASE DRIVER'S AREA .16. 8 161.6 

WALL.OF TANK NEAR RADIO 226.0 4686.7 

BREECH 90MM GUN t 66.0 649.5 
I 

TOP OF. TURRET ABOVE GUN 15.4 159.6 

AMMO RACKS LEFT OF DRIVER 59.0 809.7 

AMMO RACKS RIGHT OF DRIVER 125.3 1415.7 

FLOOR DRIVER'S AREA 243.2 3911.6 

I DRIVER'S SEAT I 2.5 34.0 

42.7 I DRIVER'S STEERING CONTROL 4.5 
I 

. "'URVEY' .. PE'RFORMEO~~VEEKS"-:'AFT.Eft~t RAL~ j R.J NG:Iif 

~:-~' n - , J 

~1 ' _.e.g~ 
. ~~·~·· 

i 

TOTAL ~ci 2 PER 100 em 

8.65 x to-5 : ! 
1 . 22 X 10 -4 ! 

I 
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1.41 X 10 -4 
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1 • 92 X 10 -4 
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7.95 x 1o-5 

3.95 X 10 -4 

1.00 X 10 -4 

1 • 89 X 10-3 . 

1.70 X 10-5 

2.15 X 10-5 

~· 
r ~ 
~ 

~ 

;~ 

f.q-/' 

~-.r 

~r 

R 
}~~ 

)..r ...... -' 

)~ 

h~ 

)-;1. 

~ 

)r./ 

~ 

~r~. 

¥ 
~ 

rr 
- ~ 

o,~~ ·,2)...~ .... -~.~ J.:..~ ........ r _,j ;;; . 

4 ~J (; ·1 U> ~ ._r kc..v~- ~ 

~ 1~~~~1 
~ 



TABLE X Ill 

REMOVABLE CONTAMINATION FOLLOWING DECO~TAMINATION-

I 

J AREA SAMPLED INSIDE. DPM ALPHA2 DPM BETA 2 TOTAL 1Jci 2 i 

CREW COMPARTMENT M-48 PER 100 em . PER 100 em PER 100 em 

RADIO 48.8 643.6 3.1 x· 16-4 I 
I 
I 
~ 

TANK COMMANDER AREA 3.0 4.9 3.6 X 10 -6 ,, 

TURRET ABOVE TANK COMMANDER 6.7 15.5 1.o x 1o-5 •• 

FLOOR BE~OW TANK COMMANDER 4.8 98.5 4.7 x 1o-5 ,. 

FLOOR:GUNNERlS·· AREA• 85.6 1545.7 -4 7.4 X 10 
~-

H~ 
GUNNER'S CONTROL 3.0 39.4 1.9 x 1o-5 .Y~ 

GUNNER'S ·AMMO CASE 15.4 182.8 9.o x 1o-5 •I 

LOADER'S AMMO CASE 48.] 475.4 2.4 X 10 -4 .. 
-

JRRET WALL LOADER'S AREA 
,. I 

1-5~ q ; . : 124.6 6.4 x 10-s ., 

LOADER'S SEAT 19.4 170.0 8.6 X 10-5 ., 

FLOOR. -l.OADER.~~B_Ei,\JI 80.9 1121.3 -4 5.5 X 10 : 

AMMO CASE DRlVER'S AREA - 32.0 1.5 X. 10 -s 

WALL NEAR RADIO 20.7 173. 1 9.8 x to- 5· ,, 

BREECH 90MM GUN 6.6 36.9 2.o x 10-s ,, 

TOP OF TURRET ABOVE GUN 0.2 134.4 6.1 X 10-5 '· 

AMMO RACKS LEFT OF DRIVER 32.2 443.3 2.2 X 10 -4 .. 
AMMO RACKS RIGHT OF DRIVER 69.8 197.4 1.2 X 10 -4 I \ • 

FLOOR DRIVER'S AREA NOT SAMPLED 

DRIVER'S SEAT 12.3 -6 - 5.6 X 10 ~ 

DRIVER'S' STEERING CONTROL 0.2 13. 1 6.0 X 10 -6 
~ 
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ASSUMPTION 1: M-48 Tarik attacked and successfully penetrated by 

3.23 lb DU munition. Surviving crew personnel evacuate the tank in 

approximately 10 seconds. Maximum concentration of airborne material 

is 6.137 x 10-
8 ~ci/ml. Breathing rate of crew is 20 liters/min. 

(Results from Table II) 

Exposure = Volume of air breathed x concentration 

= Exposure .time (min) x breathing rate (ml/min) 

x cone. (~ci/ml) 

" 

= (10/60 min) (2 x 104 ml/min x 6.137 x 10-8 ~ci/ml 
-4' = 2.0S x 10 ~ci 

-4 -3 Lung .dose = 2. OS x 10 ~ci x 22 REM/~ci - 4. S x 10 REM 

= 4.S MREM 

Bone dose -4 -3 = 2.0S x 10 · ~ci x 40 (REM/~ci - 8.2 x 10 REM 

= 8.2 MREM.:, 
.,: 

Weight of Uranium inhaled 
-4 _:2.0S x 10 ~ci· 

-4 
= S.69 mg 

3.6 x 10 ~ci/mg 

NOTES: 1. Our calculation further assumes that all airborne particles. 

collected are respirable (i.e., approx. 0.1- 10 ~m). 

2. Assumes. that all particles .breathed are retained. Based 

on our impactor data, we believe that only about SO% of 

the airborne particles would be retained. Therefore, our 

result is an overestimate of the -lung dose. 

'll 



RADIATION SAFETY FOR TEST OPERATIONS 

• BASELINE SURVEY 

• CoNTROL BouNDR 1 ES 

•MoNITORING OF APPLICABLE PARAMETERS DURING TESTING 

• CONTROLLED RE-ENTRY 

• FoLLow-UP SuRVEYS oF PosT TEsT CoNDITIONS 

• MoNITORING CLEAN-UP OPERATIONS 

• R~LEASE SuRVEYS . 
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AEROSOL SAMPLING 

URANIUM MINES AND MILLS 

URANIUM PROCESSING PLANTS 

MuNITION AssEMBLY PLANTS 

MUNITION STORAGE FACILITIES 
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AEROSOL SAMPLING 

RESPIRABLE - THAT PORTION OF ·THE INHALED DUST WHICH 
IS DEPOSITED IN THE NON-CILIATED PORTION OF THE LUNGS, 



AEROSOL SAMPLING 
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AEROSOL SAMPLING 
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15 AESPIRATIONS/"IN 

1450 ~ TIDAL VOLU"E 
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Calculated deposition of particles in the nasopharyngeal (N-P), tracheobronchial 
(T -B), and pulmonary (P) compartments. relative to number inhaled. 



~ ... 
u 
0 _, 
w 
> _, 
• z 
j 
a: 
w ... 

AEROSOL SAMPLING 

PARTICLE DIAMETER C,..) 

Terminal veloctttea for spheres of various 
atzes aDd denstttes ln alr at S.T .P. 



AEROSOL SAMPLING 

. SELECTION OF SAMPLING LoCATIONS 

AREA SAMPLING 
PERSONNEL SAMPLING 



AEROSOL SAMPLI.NG 

SELECTION OF SAMPLING EQUIPMENT 

AIR SAMPLERS 

FILTER MEDIA 
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SAMPLING FREQUENCY 
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ENVIRONMENTAL MONITORI~G 

RELATIONSHIP TO RADIATION SAFETY PROGRAM 

ELEMENTS OF THE ENVIRONMENTAl MONITORING PROGRAM 

RECORDS REQUIREMENTS 



CONSTANTS AND FORMULA 

1 Ci = 3.7 x 1010 dps = 2.22 x 1012 dpm 

3.6 x 10-7 Ci/g Dei 

453.59 grams/pound · 

5.26 x 105 ·min/year 

N = 6.023 x 1023 atom~/mole 

28,320 cc/ft3 

. - 8 t 112 U235 _- 7.1 X 10 years 

t 112 U234 = 2.47 X 105 years 

t 112 U238 = 4.51 X 109 years 

t 112 Th 234 = 24.1 d 

t1/2 Th230 = 8.0 X 10
4 

y 

t 112 Rn 222 = 3.82 days 

Ra 226 = 1602 y 

A = 0.693/tl/2 

. -11 
Specific Activity = N x 1•873 x 10 

t1/2 

N = number of atoms/gram 

t 112 .= half life in seconds 

-----~--- ~~--~~--
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U.S. ATOMIC ENERGY COMMISSION 

REGULATORY GUIDE 
. DIRECTORATE OF REGULATORY STANDARDS 

REGULATORY GUIDE 8.11 

APPLICATIONS OF BIOASSAY FOR· URANIUM 

A. INTRODUCTION 

Section 20.108, '-orders Requiring Furnishing of 
Bioassay Services. •• of 10. CFR Part 20, ·~tandards for 
Protection Against Radiation," states that the Atomic: 
Energy Commission may incorporate in any license 
provisions requiring bioassay measurements as necessary 
or desirable to aid in determining the extent of an 
individual's exposure to concentrations of radioactive 
material. AJ used by the Commission. the term bioasay 
includes in vivo measurements as well as measurements 
of radioactive material in excreta. This guide provides 
criteria acceptable to the Regulatory staff for the 
development and implementation of a bioassay program 
for mixtures of the naturally occurring isotopes of 
uranium - U-234. U-235, and U-238. The guide is 
programmatic: in nature and does not deal with labora· 
tory techniques and procedures. Uranium may enter the 
body through inhalation or ingestion. by absorption 
through normal skin. and through lesions in the skin. 
However. inhalation is by far the most prevalent mode 
of entry for occupational exposure. The bioassay pro­
gram described in this guide is applicable to the 
inhalation of uranium and its compounds. but does not 
include the more highly transportable compounds UF 6 
and U02F2. 

Significant features of the bioassay program devel· 
oped in this gujde are listed below: 

1. A bioassay program is necessary if air sampling is 
· necessary for purposes of persoMel protection. The 
extent of the bioassay program is determined by the 
magnitude of air sample results. 

2 A work area qualifies for the "minimum bioassay 
program" so long as the quarterly average of air sample 
results is ..;10% of the Derived Air Concentration (DAC) 
and the maximum used to obtain the average is ~25% Qf 
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DAC. It must be demonstrated that air sample results· 
used for this purpose are representative of personnel 
exposure. 

3. Under the mmunum program, bioassays are per· 
formed semiannually or annually for all workers to 
monitor the accumulation of uranium in the lung and 
bone. More frequent bioassays are performed for a 
sample of the most· highly exposed workers as a check 
on the air sampling program; these bioassays are per· 
formed at sufficient frequency to assure that a signifi· 
cant single intake of uranium will be identified before 
biological elimination of the uranium renders the intake 
undetectable. 

4. If a work area does not qualify for the minimum 
program9 bioassays in addition to the minimum program 
are performed at increasingly higher frequencies. de· 
pending on the magnitude of air sample results. 

S. A model is used which correlates bioassay measure· 
ment results with radiation dose or with uptake of 
uranium in the blood (chemical toxicity). 

6. Actions are specified, depending upon the dose or 
uptake indicated by bioassay results. These actions are 
corrective in nature and are intended to ensure adequate 
worker protection. 

7. Guidance is referenced for the difficult task of 
determining, from individual data rather than models. 
the quantity of uranium in body organs. the rate of 
elimination. and the dose commitment. 

nus bioassay program encourages improvement in 
the confinement of uranium and in air sampling tech· 
niques by specifying bioassays only to the extent that 
confmement and air sampling can not be entirely relied 
upon for personnel protection. 
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(3) Pe~onnel. space. equipment. and support 
resources should be provided as necessary to conduct the 
program. 

(4) An effective method of periodic internal audit 
of the protection program should be maintained. 

· ( 5) Before assigning employees to work in an area 
where exposure to uranium contamination may occur, 
action should be taken to ensure that facility and 
equipment safeguards necessary for adequate. radiation 
protection are present and operable, that the employees 
are properly trained, that adequate procedures are 
prepared and approved, that an adequate surface and air 
contamination survey capability exists, that a bioassay 
program at least equivalent to the program described in 
this guide will be maintained. and that survey and 
bioassay records will be kept. 

b. Bioassay !'rogram 

·. In the development of a bioassay program the 
following guides should be implemented: 

( 1) Necessity 

The determination of the need for bioassay 
measurements should be based on air contamination 
monitoring results in accordance with criteria contained 
in this guide~ 

(2) Preparatory Evaluation 

Before assigning an employee to work in an 
area where substantial exposure to uranium contami­
nants may occur.· his condition with respect to radio­
active material of similar chemical behavior previously 
deposited and retained in his body should be determined 
and the necessity for work restrictions evaluated. 

(3) Exposure Control 

The bioassay program should include. as appro­
priate. capabilities for excreta analyses and in vivo 
measurements, made separately or in combination at a 
suffidently high frequency to assure that engineered 
confmement and air and surface contamination surveys 
are adequate for employee protection .. The program 
should include all potentially exposed employees. 

(4) Diagnostic Evaluation 

The bioassay program should include capabili­
ties for excreta analyses and in vivo measurements as 
necessary to estimate the quantity of uranium deposited 
in the body and/or in affected organs and the rate of 
elimination from the body and/or affected organs. 

3. Operational Guidance 

a. Criteria for Detennining ·the Need for a Bioassay 
Program 

Where air sampling is required for purposes of 
occupational exposure control, bioassay measurements 
are also needed (Table 1). The bioassay frequency 
should be determined by air sample results as averaged 
over 1 quarter. 

Testing should be performed to determine whether. 
air sampling is representative of personnel exposures.· Air 
sample results which have been verified as representative 
may be used to determine the quarterly average .. 

If the 1-quarter average does not exceed 1 0% of 
the appropriate Derived Air Concentration (DAC) from 
Appendix 8 to 1 0 CFR Part 20 and if the maximum 
result used in the calculation of the average does not 
exceed 25% of DAC, only a minimum bioassay program 
is .necessary (Table 2). If the 1-quarter average exceeds 
10% DAC, or if the maximum result exceeds 25% of the 
DAC, additional ·bioassays are necessary (Table 3), 
except as noted below. Frequency criteria for both cases 
are discussed in Section C.3.c. The approach is illus­
trated in Figure 1. 

·The additional bioassays are not performed for a 
specific individual if the licensee can demonstrate that 
the air sampling system used to protect the individual is 
adequate to detect any significant intake and that 
procedures exist for diagnostic bioassays following 
detection ofan apparently large intake. 

The necessity for bioassay measurements may also 
arise following an incident such as a fire, spill, equip· 
ment malfunction, or other departure from normal 
·Operations which caused. or could h,ave caused, abnor· 
mally high concentrations of uranium in air. Criteria for 
determining this necessity are shown in Figure 2. (The 
term .. Early Information" refers to an instrumented air. : 
sampler with an alarm device.) Reliance cannot be 
placed on nasal swab results from mouth breathers; 
bioassays should be performed. 

Special bioassay measurements should be per­
formed ·to evaluate the effectiveness of respiratory 
protection devices. If an individual wearing a respiratory 
protection device is subjected to a concentration of 
transportable uranium in air within a period of 1 week. 
such that his exposure with no respiratory protection 
device would have exceeded 40 x DAC ~Ci·hr/cc. 
urinalysis should be ·performed to determine the result· 
ing actual uranium uptake. If an individual wearing a 

8.11-3 
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TABLE 2 
BIOASSAY FREQUENCY FOR EXPOSURE CONTROL 

Program Objective 
Dust Measurement 

Frequency 
Classification Techniquea 

Check on air sampling (D) u . Use Figures 3 and 4 
program and on con- (W) iv Use Figure 6 
finement procedures (Y) iv Semiannual 

Minimumb and equipment. 

Adequate if Monitor lung burden (W) iv Annualc . 
QA < 1/10 DAC buildup. (Y) iv Semiannualc 

. and M < 1/4 DAC 
Monitor bone burden· (D) u Semiannual 

(W) u Semiannual buildup. 
(Y) u Class (D) or Class (W) Not Present, AnnuaJd 

Class (D) or Class (W) Present, Semiannuald (Y) u 

Additional Detect unsuspected (D) u Use Table 3e 
intake. (W) iv, f, or u Use Table 3e 

Acceptable if (Y) iv, f, or u Use Table 3e 
QA> 1/IODAC 
and/or M > 1/4 DAC 

aiv, in Pit~o; u, urinalysis; f, fecal analysis. 

bQA, quarterly average of air sample results; M, maximum result used to determine QA. 

cThese frequencies are applicable if no individuals are ncar work restriction-limits. Quastcrly or even monthly iv may become necessary as workers approach these limits. 

dspecial urinalysis should be performed each time exposure to new Class (Y) material begins to determine if more transportable component is present. 

erhese measurements are additional to those listed above for the minimum program. If it is demonstrated that air sampling provided for a spedfic individual is adequate to detect any 
significant intake and that procedures exist for diagnostic bioassays following detection of an apparently large intake, these additional measurements need not be performed. 



frequent bioassays should be performed even though 

( 

·re is no such indication from air samples. In this case, 
ever, improvements in the air sampling program are 

_ ... uired rather than more frequent bioassays. The 
appropriate frequency can be determined from air 
sample data if the air sampling program ·is adequately 
representative of inhalation exposures. 

If workers are exposed to a mixture of uranium 
compounds, the DAC for the mixture, DACm, should be. 
calculated as 

[ 

n f.- J -I 
DACm = _:t Dlc-

i=l 1 

where DACi is the DAC for the ith compound and fi is a 
fraction representing the contribution of the ith com­
pound. The calculation of fi depeQdS on the exposure 
mode. If the ·material is a mixture, fi is the activity 
fraction. For exposure in more than one area, fi is the 
time fraction spent in the ith area. As an alternative 
DACm may be taken as the lowest DACi. As to the 
quarterly average for air samples. if the material is a 
mixture and exposure occurs in only one area, the 
quarterly average calculation. applicable to all workers in 
the area. should be performed as for non-mixtures, i.e., 
from samples characterizing conditions in the area. If 

. ( oosures occur in several areas, the quarterly average 
: the mixture may be a time-weighted average for the 

mdividual, using quarterly average air samples that 
characterize full-time conditions in each area, i.e., 

n 

QAm = l: fi QAi 
i=l 

where QAi is the quarterly average for the ith area and fi 
is the time fraction of the quarter that the individual 
worked in the ith area. As an alternative, QAm may be 
taken as the highest QAi. 

Figure 5 indicates that a urinalysis measurement 
sensitivity of about 0. 7 pCi/1 is required to detect the 
equivalent of 1 MPDc following a single exposure to 
Class (Y) materials with neither Class (D) nor Class (W) 
.. tracer" dusts present. To obtain this sensitivity, a 
chemical concentration procedure is necessary. Fecal 
analysis is recommended as an alternative, using the 
frequency schedule given for urinalysis. 

If work restrictions that have been imposed do not 
involve total exclusion from restricted areas, it is 
necessary to ensure that bioassay measurements made 
for the purpose of removing work restrictions are 

l ·rformed at least as frequently as would be required for 
Hposes of exposure control. 

A monthly in vivo frequency may be reduced to 
quarterly if weekly fecal analyses are made, with an in 
vivo measurement at the end of the quarter. An in vivo 
measurement should be performed as soon as practicable 
if the excretion rate exceeds 7 pCi/day Class (Y) or 700 
pCi/day Class (W). For lower results the following 
procedure should be followed. Results from the first 4 
weekly specimens should be plotted {semilog) against 
time, and a best fitting curve should be extrapolated tot 
= 0, thus obtaining an estimate of the initial excretion 
rate, (dP 'ldt}0 , and the individual's half-life, T. The dose 
commitment, De, should be estimated using these values 
with the following equation: · 

D = 8.4 T2 [.s!f..:.J c dt 0 

where T is in days and (dP 'ldt)0 is in ~JCi/day. The 
actions indicated in Table 4 should then be taken. This 
procedure should be repeated at the end of 8 weeks 
when results from 8 specimens are available. At the end 
of the quarter De should be evaluated using results from 
all 12 specimens. If the indicated De is ~ 3 rems, the in 
vivo measurement may be considered unnecessary. If the 
De indicated by the fecal data exceeds 3 rems, the in 
vivo measurement should be performed. 

A quarterly in vivo frequency may be reduced to 
semiannual if monthly fecal analyses are made, with an 
in vivo measurement at the end of 6 months. If any 
result exceeds 7 pCi/ day Class (Y) or 460 pCi/ day Class 
(W), an in vivo measurement should be performed as 
soon as practicable. For lower results ~e following 
procedure should be followed. Results from the first 3 
specimens should be plotted (semilog) against time, and 
a best-fitting straight line should be extrapolated to 
t = 0. Values for (dP 'ldt)0 and T for the individual 
should be· obtained and used in the above equation to 
estimate De· The actions indicated in Table 4 should 
then be taken. At the end _of the fourth and fifth month. 
De should again be evaluated using results from all 
specimens. At the end of the 6-month period, the in vivo 
measurement should be performed. 

Fecal specimens used for this purpose should be 
obtained after 2 or more days of no exposure. In the 
extrapolation of excretion rate data to t = 0, it is 
necessary to ignore data points obtained for less than 2 
days after exposure. 

d. Participation 

All personnel whose regular job assignments 
involve work in an area where bioassay measurements 
are required should participate in the bioassay program. 
However, as long as air sample results qualify the area 
and group of workers for the minimum bioassay 
program, special consideration may be given in the case 
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TABLE 4 
ACTION DUE TO BIOASSAY MEASUREMENT RESULTS, RADIATION DOSE 

Result :til; 1/S MPDca 

Contamination confinement and air sampling capabilities are confirmed. No action required. 

1/S < Result :til; 1/2 MPDc 

Contamination c6nfmement and/or air sampling capabilities are marginal. If a result in this range was expected because 
of past experience or a known incident. any corrective action to be taken presumably has been or is being 
accomplished; no action is required by the bioassay result. If the result was unexpected: 

(1) Confirm result (air sample data review, comparison with other bioassay data. additional bioassay measurements). 

(2) Identify probable cause and, if necessary, correct or initiate additional control measures. 

(3) Determine whether others could have been exposed and perform bioassay measurements for them. 

(4) If exposure (indicated by excreta analysis) could have been to Class (W) or Class (Y) dust, consider the perfor· 
manc:e of diagnostic in vivo measurements. · 

1/2 < Result<; 1 MPDc 

·Contamination confinement and/or air sampling capabilities are unreliable unless a result in this range was expected 
because of a known unusual cause; ·in such cases, corrective action in the work area presumably has been or is being 
taken. and action due to the bioassay result includes action (7) only. Conditions under which a result in this r~ge 
would be routinely expected are undesirable. If the result was due to such conditions or was actually unexpected. take 
actions ( 1) through ( 4) and: 

(S) If exposure (indicated by exci'eta analysis) could have been to Class (W) or Class (Y) dust, assure that diagnostic in 
vivo measurements are performed. 

(6) Review the air sampling program; determine why air samples were not representative and make necessary 
corrections. 

(7) Perform additional bioassay· measurements as necessary to make a preliminary estimate of the critical organ 
burden; consider work limitations to ensure that the MPDc is not exceeded. 

(8) If exposure could have been to Class (Y) dust. bring expert opinion to bear on cause of exposure, and continue 
operations only if it is virtually certain that the limit of 1 MPDc will not be exceeded by any worker. 

Re5ult > 1 MPDc 

Contamination confinement and/or air sampling capabilities are not acceptable, unless a result of this magnitude was 
expected because of a known unusual cause; in such case~, corrective action in the work area presumably has been or is 
being taken, and action due to the bioassay result includes actions (10) and (11) only. Prevalent conditions under which 
a result in this range would be expected are not acceptable. If the result was due to such conditions or was actually 
unexpected, take actions (1) through (7) and: 

(9) Take action (8), regardless of dust classification~ 

( 1 0) Establish work restrictions as necessary for affected employees. 

( 11) Perform individual case studies (bioassays) for affected employees. 

ante aMual MPDc is a SO.yr integrated dose of IS rems to the lung or 30 rems to the bone. 
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. . 
by in .vivo techniques is shown in Figure 1 5 for Class (W) 

( 

. .;ais and in Figure 16 for Class (Y) materials. 
1mended actions, from Table 4, are indicated. 

~.: figures are applicable to uranium of 20 w /o 
U-235 ~ scaling factors are provided in Figure 17 for 
other enrichments. 

(S) Exposure to Mixtures 

If a positive urinalysis specimen is obtained· 
following exposure to a mixture that included significant 
quantities of Class (Y) materials, actions ( 1) through 
( n) in Table 4 should be taken. 

If the exposure was to a mixture of Class (W) 
dust and Class (D) dust with chemical toxicity limiting, 
the urinary uranium mass concentration should be 
determined and the curves in Figure 9 used to determine 
the required actions from Table 5~ the activity concen­
tration should also be determined. using Figure 12 with 
Table 4. 

If exposure was to a mixture of Class (W) dust 
and Class (D) dust with bone dose limiting, it is 
necessary to estimate the fraction of the dust inhaled 
that was Class (W). fw, and the fraction that was Class 
(D). fd· It is also necessary to determine the urinary 
excretion factors. Ew and Ed. that would be applicable 
at the time the specimen was obtained~ Figure 18 may 

( 

•tsed for this purpose. If R represents the bioassay 
~ in pCi/ day, Rd the Class (D) component and Rw 

., Class (W) component. such that R = Rd + Rw, then 

( 

Rd = fdEdR/(fdEd + fwEw) 

Rw = fwEwR/(fdEd + fwEw) 

These results should be converted to concentra­
tion using the factor 1.4 1/ day. Then the curves in 
Figure 8 or Figure 12 should. be used to determine the 

· required actions from Table 4. 

If positive in vivo results are obtained following 
exposure to a mixture of Class (W) and Class (Y) 
materials, Figure 16 should be used to determine the 
required actions from Table 4. 

( 6) Lung Burden Correlations, Continuous Intake 

ln some working areas airborne uranium is 
routinely present and is responsible for the chronic 
appearance of uranium in urine. Continuous intakes of 
this nature may also be responsible for chronically 
positive in vivo measurement results. Under these condi­
tions positive bioassay results are expected. and the 
monitofing tasks are to measure the lung b~rden buildup 
and to identify single intake peaks above this expected 

·1. Thus it is evident that for purposes of exposure 

'-

control the chronic levels due to continuous intake do 
not alter the approach outlined for the detection of 
single intakes. 

The correlation between in vivo measurements 
of U-235 and lung burden is shown in Figure 19./n vivo 
measurements are considered to be much more reliable 
than. urinalysis for Class (W) and Class (Y) materials. 
However, urinalysis may be used to indicate that in vivo 
measurements are promptly needed.' The average value 
from several urinalysis results (R) can be used with 
Figure io to estimate the number of maximum per­
missible lung burdens (MPLB = 0.016 JJCi). Arrange­
ments for in vivo measurements should be undertaken 
when <PR is found to exceed 0.5. If <PR >1, additional 
exposure should be avoided until in vivo results .are 
available. 

(7) Referral to a Physician 

When confirmed bioassay measurement results 
indicate that the Maximum Permissible Annual Dose 
(MP AD) to the lung or bone has been or will be 
exceeded by a factor of 2. the affected individual should 
be so informed, and referral to a physician ·knowledge· 
able in the biological effects of radiation and conversant 
in the nature and purpose of regulatory dose. limits 
should be considered. 

When confirmed bioassay results indicate that 
an exposure to uranium has resulted in an uptake by the 
blood of more than 2.7 mg within 7 consecutive days or 
less, the affected individual should be informed of his 
exposure and referred to a physician knowledgeable in 
the chemical effects of internally administered uranium. 

(8) Work Restrictions 

AEC regulations establish an upper limit on 
exposures during a specified period of time~ it follows 
that work resttictions may be necessary to prevent 
exposures from exceeding this limit. Such restrictions 
may also be necessary to prevent the deposition of 
uranium in the body in such quantity that: 

(i) the mass of uranium entering the blood 
will exceed 2.7 mg in 7 consecutive days; 

(ii) the activity present in the lung will pr~ 
duce an annual dose-equivalent to the 
pulmonary region exceeding 15 re~s; 

(iii) the activity present in the bone · will 
produce an annual dose-equivalent to the 
bone exceeding 30 rems. 

For personnel who have a body burden of 
uranium that is producing an annual dose-equivalent 
greater than 1 5 rems to the pulmonary region of the 
lung or 30 rems to the bone or both, ·work restrictions 
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A~R SAMPLING DATA 

NOT REPRESENTATIVE ·REPRESENTATIVE 

1 · QTR. AVE. ~10% DAC 1 · QTR. AVE.>10% DAC 

MAXIMUM:S 25% DAC MAXIMUM>25% DAC 

• ' USE OF NON-REPRESENTATIVE AIR MINIMUM BIOASSAY PROGRAM! 
SAMPLING DATA IS NOT ACCEPTABLE 

IN DETERMINING THE 1 · QTR. AVE. 
' 

I ADDITIONAL BIOASSAYS 

Figure 1 Criteria for Initiating Additional Bioassays, Routine Conditions · 

c ABNORMAL 
INCIDENT 

TRANSPORTABLE 

HIGH SURFACE > 1015 x OAC 
CONTAMINATION 

RESULT d/m · 100 cm2 

NON· 
TRANSPORTABLE NASAL 1>1500 d/m CLASS (WI 

SWAB >150 d/m CLASS lVI 
BIOASSAY 

EARLY 
HIGH 

INFORMATION 
AIR SAMPLER 

RESULT LATE > 40 x OAC ~o~Ci · hrs/cc 

INFORMATION 

Figure 2 · Criteria for Diagnostic Bioassays Durings Special Investigations 
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TABLE 4 
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Figure 8 Dose Commitment Indicated by Model vs. Urinary Uranium 
Concentration, .Class (0), Single Intake 

8.11-19 

. 
• . 
• • • • 



. (~··· ...... 

&n 
M 
N 
:) 
t-z 
w 
0 
a: 
w 
0.. 
t-
:I: 

~ CJ ....... - w N 
~ 

100 101 

"' 

RESULTS LEFT OF BAND REQUIRE NO ACTION. 
RESULTS WITHIN BAND REQUIRE ACTIONS 
( 1) THRU (6), TABLE 5 
RESULTS RIGHT OF BAND REQUIRE ACTIONS 
(1) THRU (8), TABLE 5 

102 103 

URINARY URANIUM CONCENTRATION (pCi/1) 

Figure 10 Action. Guide for Urinalysis Results Following Single 
Intake of Uranium, Chemical Toxicity 

~ 

104 



( 

( 

{ 
\._ 

-Ill 
E 
QJ 

..: 
-I 
w 
c 
0 
:E 
:E 
0 
a: 
~ 

1-
2 
w 
:E 
1-

:E 
:E 
0 
(..) 

w 
en 
0 c 

•• ::~} CLASS (Y) .·:·· . ~ ·.· .. · . . 
•• •• 

CLASS (W) 

RESULT >1 MPDc 

ACTIONS 11) THAU 111) 
TABLE 4 

101 
112< RESULT~ 1 MPDc 
ACTIONS 11) T._.AU 18) 

115< RESULT~ 1/2 MPOc 
ACTIONS 11) THAU 14) 

100 

RESULT~115 MPDc 

1o·1 
NO ACTION 

1 o·2 '--_ ....... __...__... ....................... .___ ........ __.___._ .................... ~o..o~.o.~o __ ...._ ........ _..._ ......... -'-'..., 

100 

URINARY URANIUM CONCENTRATION (pCi/1} 

Figure 12 Dose Commitment lndica.:ed by Model vs. Urinary Uranium 
Concentration, Class (W) and (Y), Single Intake 

8.11-23 

I 
I 

l 



( 

Vi 
E 
! _, 
w 

101 c 
0 
:E 
:E 
0 
a: 
u. 
.... 
2 
w 
:E .... 

10° -:E 

c :E 
0 
(,.) 

w 
en 
8 

1o·1 

I 

\_ 

\ 

AESUL T '> 1 MPDe 

ACTIONS (11 THAU 1111 
TABLE 4·· 

15rems 
························P---------------------1 
7.5rems 

3rems 

1/2< RESULT~ 1 MPDc 
ACTIONS (1) THAU tit 

1/5 < A ESU L T ~ 1/2 MPDc 
ACTIONS (11 THAU (4t 

··················································~--------------------4 

AESULT~1/5 MPDc 

NO ACTION 

URANIUM FECAL EXCRETION RATE (pCi/DAY) 

Figure 14 Dose Commitment Indicated by Model vs. Uranium Fecal 
Excretion Rate, Class (Y), Single Intake 

8.11-25 



( 

-; 
E 
! -...1 
w 
c 
0 
~ 
~ 
0 
a: .. 
~ 
2 
w 
~ 
!:: 
~ 
~-c: 
c 

20 w/o U-235 

•.................................. 

15 rems • 1 MPDc 

RESULT >1 MPDc 

ACTIONS (1) THRU (11) 
TABLE 4 

• I 
I 
I 

• I 
I 

........................ .---------.c 
115< RESULT ~1/2 MPDc 
ACTIONS (1) THRU (4) 

RESULT~ 115 MPDc 

NO ACTION 

. ;~1~--~~~--~~------~~----~----~------~~ 
101 1o2 1o3 104 

• • • .I 

• • • 

1figu.-e 16 

IN VIVO RESULT ( ... g U-235) 

Dose Commitment Indicated by Model vs. In Vivo 
Result, Class (Y), Single Intake 

8.11-27 



( 

( 

( 

"-

-""'" en 
> 
< c -w 
z'" 
0 
~ 
w 
a: 
(J 
X 
w 
> a: 
< 
2 
a: 
:::J 

10-3 

1o·4 

1a6~--~~~~~~----~~~~~----~--~-.~~ 
100 101 102. 103 

TIME (DAYS AFTER INTAKE) 

Figure 18 Urinary Uranium Excretion Factors for Determining 
RD and Rw 

8.11-29 



( 

-' u 
·a. 
a: 
w 
Q. 

CD 
..J 
a.· 
~ -
-& 

( 

l 

100 

10-1 

1 o·3 ..._ _ _.__-"'--"'-....__-.... __ ....__..__ .................................... _--~._....._.........,_._~ 

101 

TIME AFTER BEGINNING OF EXPOSURE (DAYS) 

Figure 20 Model for Interpreting Urinalysis Results During Continuous 
Exoosure to Constant Concentration of Uranium in Air 

8.11-31 



COPIES 
S-3 
D 
p 
c 
S/P 
PM 
NEA 
SiS 
TMB 
S/S-I 
t~ODIS 

FILE 
(rs) 

/ . ··. PBBG 129-ooa3 V:\~J:!uD 
Mfif(J'. qrn@ THE 5t:CHETAflY OF DF:F 1'~SE- - ~e ~ 1! l..)l 
ll\1\llil!:VU~) ~~·-.. ··.::_;¢ - ... - I ' 

\VI\5Hif.JGTOU. TH( DI'>Tf\ICT ():~~~~,.~~; . '~~~·,, ~ Y)/f~H 
. . •: ·,. a..ll,,., ~ ~, -

.. . . . ''1}~.,. I)~ ......... 

; · !". ' ("""# ~ : :~' ~ ~:- ~ ~ ._ (."il~-~-'~a ,.~01SJ..G R 1 3 4)3~ 1=:'~ e c ~~e~ 
''8' -~otr. ~r' ;p-,· :Q6 ... '!.~:::.:~Jr,:;&rt,~o/~1() ' 

TO : I J . - i . 1 'Jit. "ot;. o,,_. .t:;0 . -.,c.,. e('/ ,,: . _,o . ~ 

1111nl rm n ~ . . ··.)~:·1'5~~~~·k'rtrt lc w l UJ~ UQ>) /,' ,.,,.. ."} (Jy .. ' I 

~:Et:ORAN!I!JM FOR THE PRESIDEN i .. --. ._:.:::::",::~_·:_;;;:l~;,/·~..._'/;(J' . ., 
·-1:::< ~ f [ '-'. 'I 

. ·-v . .' .. : .. .--.,~ 
The Memorandum of tJ n de r s t and in g h' i t h I s rae 1_, c 0~--.Q f \. .... hi h 

l ~ent. to you on the: plane yc~tcrd:tr afternoon ;-~nd ano~~r.. c py 
~hich I attach here, fulfills I believe the points yotl ma~hJto 
me on the telephone Saturday ;-~nd Sunday in that it docs not 
contain anything which a moderate Arab nation could logically 
or accurately contend is dircctcu agninst it. 

The agreement is fpecifically designed for the sole purpose 
of deterring "all tln eats from the Soviet Union" to the whole 
region, and is limited to threats r:nused by the Soviet lfn.ion 
or "Soviet controlled forces from outside the region introduced 
into the region." Finally, the agreement prOvides that "it is 
not d i r e c t e d a t any s t at c or group o f s t ~ t e s \·.' i t h i n the r c g i on . 
It is intended solely for defensive purposes against the ahove 
mentioned threat.'' The only military exercises mentjoned arc 
"naval and air exercises in the eastern }!cditcrraneitn Sea." 
This does not specifically exclude land forces, but after a 
considerable negotiating stru~gle, it also docs not specifically 
identify land exercises, l-Jhich \VC \-:ere told \-.rculd have been 
seized on hy tl1e Arab nations a~ so~ethlng inevitably directed 
against them. · 

The other items in the agreement arc mostly procedural 
and all are limited to activities designed to deter Soviet 
threats against the whole Middle East. 

After some very intense bargaining, the atmosphere Has very 
goo cl , an cl a t b o t h t h c 1 u n c he on a n cl t h e c1 i n n e r w h i c h \'' c g a \' e f o r 
f'.1inistcr Sharon he seemed pleased, relieved and, to some extent, 
ha;>pr. 

As I mentioned, we had dispatched a tc:tm to Saudi Arabia 
tc emphasize to Prince Sultnn tl1c narro~ ~cope of the agreement, 
and our Am b a s s ado r s i n E gyp t a n d J o rc l n n \·: i 11 p c r r o r Jll t h c ~am c 
function.thcre. Our back!~rountl !>ress !Jricfing \·:i11 c>.lso empha­
size that ,,.c have joined up h'ith Israel 1n this agreement 
solely for the purrosc of dr.t.crring So\·iet thrcut.S ;j~:~dnst the 
whole region. 

Cla~::.; i :· i ,.,! t·:: f>~: flc ,. 
R'.:·;jr,-: r-:: :~(J i.~·'.' ~··; 

~ECLASSIFIED BY AUTHORITY OF 
JS~(nSsA) 

f\~i~ .,~~!"'!'-f.~...-;-~ ..... ;:-1-99_7 _· ___,;'?~~:~I (,'I~ 

~ . •. r· . .-. :. •. r • ... 17 29? 
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The ~arne agreement will be offered to any moderate Arab 
state that wishes to sign or ~nter into oral agreements to 
t h c s am e c f f e c t , N h i 1 e i t i s d o u b t f u 1 that a n y \-J i 11 a c c c p t , 
it should be further evidence to them that the military scclJrity 
arrangement is not unique nor is it directed ~gainst tltcm. 

·At tachmcnt 

cc: Secretary Haig 
Ed t.tcese 
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MEMORANDUM OF UNDERSTANDING 

BETWEEN 

THE GOVERNMENT OF THE UNITED STATES-

AND 

THE GOVERNMENT OF ISRAEL 

ON 

STRATEGIC COOPERATION 



PREAMaLE -----·-
Thi3 Memorandum of Undcr~tanding r~affirms the ~o~'non bond-3 of fricnd:Jhip 

between the United States and 13racl and bulld~ on the mutual security 

relationship that exi3ts between the two nations. The Parties recognize the 

need to enhance Strategic Cooperation to deter all threats from the Soviet 

Union to the region. Noting the long-s~a~ding and fruitful cooperation for 

mutual security that has developed between the two countric3, the Partien 

have decided to establish a fra~e~ork for continue~ connultation and 

cooperation to enhance their national security by deterring such threats 

to the whole region. 

The Parties have reached the following agreements in order to achieve the 

above aims. 

AffflCLE I 

United States-Israeli Strategic Cooperation, as set forth in this M~rnorandum, 

is designed again~t the threat to peace and security of the region caused by 

the Soviet Union or Soviet-~ontrollod fordes from outside the region in~roduced 

into the region. It has the follo~ing broad purpo~cs: 

a. To enable the Parties to act cooperatively and in a timely manner to 

deal with ·the above mentioned threat. 

b. To provide each other with milita~·y ?.~sistance for operations of 

their forces in the area thr! t rr .. ay be r·£:quircd to cope .~i th t~i~ lbre:a~. 

c. The Strategic Coop~ration bct~cen the Parties is not di~ccted at any 

State or group of States within the rceion. It i3 intended solely for 

d~fcnsive purpose5 again5t the above ~~ntioned thre:at. 
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ARTICLE II --·----
1. The fields in which Strategic Cooperation will be carried out to prevent 

the above mentioned threat from endangering the security of the region include: 

a. Military cooperation between the Partie3, ns may be agreed by the 

F'arties. 

b. Joint military ex~rci3es, including naval and air ~xerci3es in the 

Eastern Mediterrane~n Sea, as agreed upon by the Parties. 

c. Cooperation for the establishment and maintenance of joint reaJiness 

activities, as agreed upon by the Parties. 

c. Other a~eas within the basic scope and purpose of this agreement, as 

may be jointly agreed. 

2. Details of activities within these fields of cooperation shall be worked 

out by the Parties in accordance with the provisions of Article III below. 

The cooperation will include, as appropriate, planning, preparations, and 

exercises. 

l. The Secretary of Defense and the Minister of Defense shall establish a 

Coordinating Couricil to further the purposes of this Memoranduo: 

a. To coordinate and provide guidance to Joint Working Groups; 

b. To monitor the implementation of cooperation in the fields agreed 

upon by the Parties within the scope of this agr·eeroent; 

c. To hold periodic meetings, in Israel and the United States, for the 

~urposes of discussing and resolving outstanding·issue~ and to further the 

obj~ctives set forth in this Memorandum. Special meetings can be held at 

the request of ci th~r Pf.'"'ty. The Secretary of Defense and l~inister of De:fcnse 

will chair th~3e m~ctings whenever po5siblc. 

. :~ .. 
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2. Joint Working Groups \.,rill adtlress the follm..:ing j ssues. 

a. Military cooperation ben.;een the Partics.J including joint US-Israeli 

exercises in the Eastern :t-.1edi tcrranean Sea. 

b. Cooperation for the establishment of joint rc~clincss nctivitics 

including access to maintenance facilities and other in[rCJ~tructurc.J consistent 

with the basic purposes of this agreement. 

c. Cooperation in research and developatent, building on pa!;t cooperation 

in this area. 

d. Cooperation in dcfcns~ trade. 

c. Other fields Hithin the basic scope and purpose of this agreement, 

such as questions of prcpositioning, as agreed by the Coordinating Council. 

3. The future agenda for the 1\·ork of the .Joint Working Groups, their 

composition, and procedures for rcportinr~ to tl1c Coordinating Council shall be 

agreed upon by the Parties. 

MTICLE IV 

This rv1emorandum shall enter into force upon cxc1wnge o£ notification tJwt. 

required procedures have been comp1ctcd by each Party. If either Party 

considers it necessary to terminate this ~\ismor;mdwn of Understand in~, it may do 

.so hy notifying the other Party six months in c:dvar.cc of the effective date of 

tcnnination. 

ARTICLE V 

Nothing in the J.r':!rnorandum sha 11 he cons i d!!rcd a$ clcro2a t i ng frc>:il prr.v i ous 

agreements and understandinr!s },~;th·c;en the; Parties. 

• : !1 t.HJ;--· .. 
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ARTICLE VI ------
The·Parties share the understanding that nothing in tnis Mcrnorandu~ is intended 

to or shall in any way prejudice the rights and obligc_tivns which devolve or 

may devolve upon either government unde~ the Charter of the United Nations or 

under International Law. The Parties reaffirm their faith in the purposes and 

principles of the Charter of the United Uation~ and their aspiration to live in 

peace with all countries in the region. 

For the Government of the United ·states 

Caspar W. Weinberger 
Secretary of Defense 

·---·-·-"~.,..-.,-...-.... 

For the G~vernment of Isr~el 

Ariel Sharon 
Minister of Defense 


