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ABSTRACT 

Tests were conducted on a laboratory and semi-plant scale 
to determine the effect of permitting scrap grossly contaminated 
with uranium to be used in steel manufacture. It was found that 
most of the uranium is removed with the slag. Steel made with 
this scrap would have a uranium constituent so little above that 
made with uncontaminated scrap as to be hardly significant. The 
slag itself would not present any hazard in handling or normal use. 

It is recommended, therefore, that in the future steel with 
only surface uranium contamination be released through normal scrap 
channels. 

Note: All references to uremium in this report sire to natural 
uremium only. 
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irriiODi'CTioNj 

It 'las oo--.! sta-dai'd operative prcjerlnre to release no scrap 

raierial contariilnated L/ radioacoi^e mate?'jals. This contaminated 

vaste scrap policy has been dictated in consideration of the welfare 

of the general public for tx/o reasons, the possibility of harmful 

effects to health of any general increase in the radioactive content 

of any or all matei'lals and the possible adverse effect of an increase 

in I'&dioactive content of raw m̂ aterials on industries cuch as the manu

facture of instrum-̂ nts or photographic materials. The latter is often 

referred to as bechjiical contamination. 

As of Lay 1, 1951, there was on hand an estimated 1,000 tons* of 

conbaiiinated scrap steel at the Lake Ontario Ordinance Works (LOOIJ). 

During one year (October 19h9-19SO) freight records indicated a total 

of 'po3 tons of scrap, largely steel, transported from St, Louis (Missouri) 

Glevelana (Ohio) aid Cononsburg (Pei'nsylvania) to the LOOl"̂  at a freight 

cost of '4:690k,00 for the jear in addition to a loss in over §2^000.00 

by not selling it. This ĵ '̂ presents only a fraction of the total con

taminated scrap steel taken out of useful service each year by the AEG, 

During the year of IppO, the entire domestic steol industry pre-

ajced a total of 91 rJllion tons of steel. This steel was made up of 

approximately 50'-.' scrap steelj half of which scrap was purchased on the 

open market, the othei half obtained from vithin the steel industry. 

The total scrap steel puj'cbased on the open market was, therefore^ 

â ipro:x imately 25 :i.i]2iop tons in tlie year 1950 as compared with per

haps seireral thousand tens retained by the Commission. The great cost 

o± shipping and retaining contamipated scrap steel at centralized storage 

areas instead of selling it on the open market has prompted the stud;-/; 
y 

-"-All i ' i lerencsjs t o tonnage a r e i n terms of gr-oss t o n s (22ii0 l b s . ) 
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of aay possible disad-tfantages in doing sOo In addition to this 

finanoial consideration i t was believed advisable to inquir« into 

the i°ationale of our present policy because of the poss ib i l i ty of 

a s teel shortage haapering the national production efforto My 

study of the effects of releasing oontasdaated naterials to bo 

salvaged and reworked into raw material for industrial eensooption 

w i l l d»p«Bd $r«atly vm. His 9»ib»bliMimmwA o f t«D baaek atajficŝ  OBO 

i s the noraal «>ncentration at Hbe ooataadbMost I& iStfi wt^baaAtH being 

i o v s s ^ ^ t e d and tho etimr i s iiio tfaraadMOd anM«B.tvaibiML af •—tt«fh-

inaat bojand vfaioE sertt^ SKtozlal Is te te ecstsMupdl î k|pE f̂%MctX7 

VOaiAX VBMIM CCHIB^ f3S? SSSK&e 

1% •warn -fisevt •amummmBPY^^ estimate tho aesasl «Br«aiai ooateat 

of 8t«iils« Bigbrt; s t ee l saaplos and a saaiple c^ oi«t irooi^ a.11 pro» 

idased ^cior 4» 19^^ ^ere obtaisuvi from ^m ifatioasal Bazwan î f Slwadardf 

aaad jaaoaljeed SlaoremeAarkemXly v i i ^ mm :asllai^qs 3«nate« JSnoga-IA 

sainples of the s t e e l an average of o06 .^ iiranim per gram of steol 
s. 

(rai^e <0o0l to c a Bg^) ims i'ojirai «tid f^an« ^itBfp* ĤHBp3« «if i t e 

oas.t iron 0«6 |ig of uranitai per grma. irxut̂ p as tftbulAted bolor« 

Table X ° Jaalysia F̂f mASimml 

It • 
16 « 
f9^ ilrn 
Af • 
« l ^ 
330 
4e 
ja» 

Basic Opcm Beajrl^ 
m « « 

BoasiinDr 
« 

ikeld Opera & m r ^ 
» *» « 

Jbaad^aaa^BC ^ t o e l 
ĈNMt Iron 

T p̂̂ Sr̂  T,84ttl 

H|pS 9 ^KT S *t0»l3 

&oO€« QJL 

O«0t i ^to€8! 
Mean {Stee l tmly) OoOSZZ 
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RASî iFioir fscm TRACB mourns OF URANIUU IH STBBU 

Sittoe any offeot uranium contamination in steal could have 

(io^ends upon the alpha or beta emission from the surface of tho 

amufaetUred s t e e l , the relationship between sux°fitoe emission and 

Urloiium content of s tee l was calculated» See Appendix A & B„ ^he 

estimated alpha emission was compared with the metisured values from 

stee l having known uraniim oontwat (Figtire l ) . Considering the 

assumptions made in calculating the emission there was reasonably 

good agreement with the measured value of about .03 alpha particles 

per minute per square cm for a uraniuni content of 5 ^/^ram of s t e e l . 

nPKRTWfftHTAL HBI/TING OF CONT̂ IISATSD STE|SL» 

Ih orderr to measure the resultant uranium oqi^tent,after contaminated 

s tee l i s UtAlteds a laboratory experimast was set up in which several 

saapl^iB of egress ly contaminated s tee l îfsre f i r s t measured oarisfully as 

to «ttrfa6e contamination in terms of alpha count as well as .-total con" 

tn^lna-^loa in tenbs of micrograms ,of .u«*^im per gram of s tee l through 

-oarefully planned ^an^llng and analytical methods. The general niethod 

used is a9 follows s Steel dri l l ings j9q°e,.prepared .for the e l ^ r oxtiPfLO-

tion of uranium. The residue"which contains the |irani\im i s then measured 

fluojiptoeirieiilly (1 ) . Five such samples of contaminated •steel were 

iihalyt«d, with the results given in Table I I . ,It can be seen from thefe 

clata tbs^ the original average contamination of the^>steel was 57.8 mioio * 

gtVbB j^^uranitam per gram of s tee l (standard deviation 32.0) , x̂ t̂ that 

^afjber oAlting in an induction furnace« the aielted «teel was separated 

fr6m the'^Alag and the uranium contamination of the steel was reduced by 

a ^aotdr of approximately 40 to a level of 1.5 Eaipj^gr^as of uranivn 

per g*«iii'o^ s tee l (range <Ocl to 5.5 ug/^ }<• By-throwing out one high 

'%a«aple> suspected of containing slag this figure wan red t̂î ed to 0.5 ^ 
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uranium per gram of steel (standard deviation 0.59)o This laboratory 

run was considered significant but it was decided that it would be necessary 

to verify these findings in a semi-plant run, on a scale closer to that used 

in actual productiono Consequentlyj, approximately 500 pounds of grossly 

contaminated steel was selected and cut up for shipment to a steel mill 

where it was melted down in a high frequency induction furnace without the 

use of any fluxo Samples of this melt were prepared for analysis and found 

to contain 0.56 micrograms of uranium per gram of steel (range 0o39 to Oo8 xog/^). 

Table III shows the results of these analyses. The slag in each case was 

fotand to contain a high concentration of urani\am as expected^ the semi^plant 

run was considered more representative of industrial conditions and it should 

be noted that the specially selected contaminated steel was known to represent 

the highest degree of uranium surface contamination found in our operationso 

The mean uranium concentration of the samples of produced steel was found 

to be less than 10 times that of the old steel samples. 

Table II ~ Laboratory Melt 

Sample 

1 
2 
4 
5 
7 

Mean 
Mean (on 

Alpha Count 
(Average-Bach 

7, 14 
38 , 9 

250, 65 
6 , 0„4 

1 1 , 20 

l i t t i n g sample 1 

(.Contaminated t>heet 

^f^- ^ ^ i d e ) 

) 

S t e e l j 

U-Analysis (b) 
Before 
Melt ing 
117, 87 

92, 36 
71,12.8 

141,13.6 
1.6, 5.6 

57.8 

Af ter 
Melting 

5o5 
1.2 
0 . 7 
0 . 1 

<0„1 

lo50 
0o47 (see 

Alpha Count ( c ) 

n o t e ) 

0.38 
0.06 

<0o05 
<0.05 
<0 .05 

Scale 8700 

(a) - in units of 1000 c/m/lOO cm^ 
(b) - micrograms U per gram steel 
(c) - counts per minute (40^ geometry) 

Notes Sample 1 (after melting) was found to have small 
cavaties in which there were incliisions of s.lag 
which could account for the higher uranium content. 
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Table H I 
S « i i ^ I a t t t Mel t fai S t e e l I f i U 

S&s^le TJ-Analysis 
( a f t e r malting.) 

1 0.8 
2 0 .6 
3 0o45 
4 0.39 

JBeeun 0«56 

5 ( s l a g ) 18 
6 ( s l a g ) 140 

"It should 3>e emphasized t h a t i n both runs scrap s t e e l was c a r e f u l l y 

s e l e c t e d with idie a id of aa alpha survey meter so itact i t would hmr^ ib» 

maxisdm-possible contamination r m o l t i a g from tho ustial uraai^aa operations^ 

AH' "0€ i ^ soar«p waa eii^Mr sheet imta l or ahapeso 9o eon-tetnars o r 

pip^r'that- s i i ^ t ei^rtadn ea^id ma^^rialjs were tisedo. 

Frran tho r-e lat iooship ahoiim în ^gt^re 1 (extrapoiatod) even the 

s lag w i th i t s r e l a t l T o l y higk i^anium^ coneentration could not prvsont 

m heal'^i hazard ajod i t would IDO h i g h l y ii^probabla -k&fet aaf susk laaiMcrid. 

would reaoh an aveatual daatia«tieat-wh»Pfc-ii:;-> ooald- ha^ toBhnie&lly obj90<°> 

tii^att^^o Pmr^msta^lvo ^n» s l a g sazBpli» hairipsg ^m h i ^ i « r t u r s a i i ^ ' 

©<ai'tent'df 6<,6 ^ por gram of » t e e i would emit aooothlag odttha order o f 

3 0 - t e - ^ . « l f i (a pea°tiBi«s-and sbout 290 >«ta. par t i c l ea pa'r squ«u°e tm^ of 

aurf5ao« par laiaute {equivalei it to about on« o r ^*e wn^/tr ia.jKintact )„ 

'^ha aibanl « i band would o a r t a i n l y ! » d i lu ted t o '^e extent o f one part 

«am(^ffld3)Atad s t e e l t o 4^nw |wurt& mwaa«taai|mated,o. «9mL IfL "^n- as^tre 

19t4^ ±Bpslt txt aasj p l 4 » t were -to b v madw up oi^ this: eootaxsaGK^ad ctflr«l« 

and TBOst l i k e l y would be considerably fiirtho^ d i l u t e d b y being mixed wi th 

o t i » r VBBasBsi^madjmt«A -sorap Bt i» l« By way o f ccmiparisons i t i s i a t e r e s t l B g 

to note t h a t s a u r i e s of wide ly used ooaoBeroial f e r t i l i s a c a analjsad 1^ 

the i Iat ioa«l Bureau of Standax°ds showed «Et-ai(Ewr«£e ozaaftiuB eont«at o r 

>̂5 laisrqipHMs ^T ^raia {Appeadiz ti}^ 



XPCBETICAL COBTMIIUTIOH - PHOTOGRAPHIC TSWSIRY^ 

A radioautograph was made with a s t e e l sample from the f i r s t 

run (Table I I <= San^le l ) ^ the sample having the highest uraniuia 

oontent being selectedo After a one'̂ week exposure in oontaet with 

a panchromatic photographic emulsion^ no fogging could bs obaervedo 

This sample gave a ootmt of 0«S8 per minute for the whols area 

(10 square centimeters) which would eorrespend to about OoS x 10 

alpha pajrtisles for the w«eko Vebb (2) astiB».1»»s t^tat i t rs^uiies 

about 10^ beta partieJUss per squaea na to prodnoa a pRsewneed 

dKrIcaniQg (doauiity 0o3 to O^S) on a fas t x<=>ray film and he has also 

found that an equal somber of alpha, partieles produees i^>proxi3Mtely 

the saas photographic effect <> 

Sstrapolatix^ the ratio of ^^S f^ U/^ of 8t»el to a sorflaee eouet 

of 0«QS alpba partieles per miouta per' square e e a t i a e t ^ to V«^^^s figure 

of 10^ a l j ^ ^artioles per square on (10^ ^trt ie les per squszw om)t, i t 

would therefore require a uranium eostant of 74 m/i s tae l ia eootaet 

with x<°3r«y f i l a for s ix months to darlcan a film to the spaeifisd degree« 

This i s a figure more than 10 times i ^ highest we found «i|d over 100 

times the s»an oooesntratioBi in the resultant s t e e l froa i%e s^soiyi (seadL<> 

plimt) rvBO-o With the additicmal expected dilnticai i a t l u s-feael iadostigr 

there should be tto i^»sible haraful e f feet ago. tiie pi»togr«pIii9 tadostryo 

TBBMICAL CtXffUKJSiSWa - USTHUEBlf IH}3U3TS¥» 

In t ^ sanuAieture of GeJ^er-ifallsr tidws i^ta haeksrevBi. siuaid te 

kept dowa to the order of 10 eouats per aizuiteo The eo&'|zi.l»itii» of ths 

oylindrieal eleetrode should be expected to ecntribute a]|)Ofit mua tsath 

of this or of the order of one eoui^ p«r 9Bdaate« A 10 squai^e iaeh a n ^ 

eleetrode ahouldfi tifaeredtore^ 1>e kept %elsw 0«015 ooaats per Sfoare oa« 

=. 6 <=• 



In the case of high s e n s i t i v i t y itmlxati^s. isdaaaSaois such as those 

for araasariaig sm^em beeiigncuiad & l imit of aS»»xt lO^ocrats per ^ u r per 

125 8^aa»» jjnohiws of smeSus9 shotdd be laeto, Shis, eerrwapeii^s ^ «0002 

eoiai^ -per ai33.ixi» per square em« 

Sbese ,f̂ 3BBBMit aBBMld serBBO^gtaxi rto e ^suxiua cunfaagA i n xti»Le i f 

Sited foT ^^^tM ^pmspexia^ o f 2<S and O..0S |[|ĝ  peer ^nua of s^ael gespeotiselyo 

Eoferonee -to ^able J[ ^eleais iaiet these are below the figures found for 

some of the .samples of s t e e l prepared before IMO^ pritKr to iSm leois* 

scale processis^ of uranium« 

Weat ~&^0i ^eaaaok ±t lats 4daa^s ^eaa oasassKry i n tite instruaegfc 

iad is try to avoid the use of ordixuury c<»g»ercial s tee l for certain low 

level applications o Stainless s tee l (made frcaa v irgm ima. ore tmlyi.) 

ax»i 'Bmigstffia ere ordinarily ii8«d ±a t ^ eleetrodee Cor̂  eeuafcaaESno. ifaay 

s l i^ iS ' i i^reese ift Idw' uranitra ^mtost of eoBBsneial s tea l eas$d -t&ere^ora 

teve 3JO jtf feot on t i » sooxafeeture of rmdietiea iaetBOBna^ J^eeose •&» 

l eve l of asctaral radisaotirvity in coanereial aiaterxals ±9 sixeh t^et tteqr 

bamt alweys boon eoopslled to be diser^i^aating i n dboosing »tte!iEiaLls 

for ecâ ^Qgoeaeesn 

TaMe XT 
Suneucry of SMrul1» 

^iMel 1fo« o f Saapli^ I ^ B L Ifmnina &mpamiaai^tiaB' 
&EfeeB r̂̂ aai ff^^pSaJ 

Wed ^a^ae 14 OoOSZt Co#f > 

^ ir s t Itm ^%OMite»x l # v « l ) 
Seatsai^n^M S^ âel ^ 10 «?<3 £l«<3> 
Ifolted Siasel 5 l.,5Er i^*,^| 

e SS} t o 9900 

^eeosef Sim 4 S ( ^ » Ĵ î x̂t isvol} 
i b l t a d ^^eel 5 O ŜS { C U ^ ) 
^ leg 2 tSoO 

-li'^iB^^ of WNLle smaftDRR^ S ^ ^ jagy^ 
S^sm^iMxd steprl^Ktlim i s g iven i a 

&idia,timi jBea««aeaHa3tts indicated the ooatudac^d s tee l laed ia . t^e 
eeeand r»a -to ^ave t^e same order of eoataaijBKtioa as ia the f i r s t rta<> 
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As « result of these studies the Seal't^ and ^iSstyJOdvision Isas 

ffeooiiMMJtted l^uet withia Hew Ifiirk Operations scrap s t e e l contaminated with 

uranium say be released^ for sa le tiixough the ustnl sorap ehannals with 

only "the _folli»rii:;i^ i a o ^estrictiojM-g 

1« So 5^sEtaiBexe«^ pifns» tuMag or maghiaeyy lie releiaiteA l a 
^wfaish gross ^ laat i t ies of uraaitaa besa>i]qc, iBateri«49 ^V^h 
as caked sludges could be mtrai^edo 

2^-This H f t i s ^ of sx i s t i i^ restrictions applise to scrap nelal 
known to 1>» contuoinated wltii loaaita. Jinly sasi d»ea ^ t 
Jipply t o otiiex^ aredioaetive eontaalss^ioao** 

2uS»e^iaat s t M i e s of ot i»r '^ms of otzatsadaetioa ere t o be aedB 

moA. it results werreatB p e l i e i ^ geevnstjqg. t h e diegoaitiaat e f imxs^ 

aadbearJAls w i l l be aaaaii^ f^irtterv 

JL Study of this nature could be s u c c e s s f ^ l y cwi^leted oa|»y t i » e e ^ 

tiae eooperatiea of several groups,, Aoknowledgeoeat i s extended to 

S„ Â  Sothenberg for> f i e l d week ia seleeMag and prej^riae eoataminated 

scrap for t e s t s , e s wall as suiJcing radio•^utntgraf^ie exposures of seas 

iOtf M» mamphsa and to Joha Alercio who pesf ormsd the uranium aaalyses^ 

Uro ^ l l i M i tUsrai s Assistant BAitor of Irtm Age was helpful in obtaining 

s t a t i s t i c s o f the s t eo l iadastry as irais Joseph 1ffo Cook of our Administra

t ive Operations Girlsi(m who compiled figures coo. tonmge aad oosts 

^Ja;«olved i n sMppiag scrap in the paste BSward B^Mmtmxvy of -t^e Sivl-^ 

sicHB-ef leohnioal Advisers was responsible for Jppeadix Bo 

= 9 ^ 



APPENDIX A 

Alpha emission from Uranium 238 i n equ i l i b r ium v i t h Uranium 234 

* - ^"S from Nogani & Hurley (3 ) 
4 

N s 6o02 X 10^3 X d X >jil 

d ; 18.68 (uranium) - range i n a i r (cm) 
^ I s 4o83 X lO^lS =• uranium d i s i n t e g r a t i o n r a t e (sec""^) 
' ' u l « 238 

u s r a t i o of range i n uranium t o range i n a i r 

N z 6.02 X 10^5 X d X 4.83x10-^8 

- 3.06 ud X 103 C^R) 
^ D - 5o86cm 
ud s .001226 i/S^8 r 4.92 x 10"^ - range i n uranium 

TM 

Therefore i n pure ur^inium alpha p a r t i c l e s would reaoh a su r face from a depth 

of ud involv ing a volxme of 

V - 5.07 cm2 x 4.92 x 10^ 
- 24.9 X 10-3 QQ 
o r 0.466 grams 

With a s p e c i f i c a c t i v i t y of 2 .5 10^ a lpha p a r t i c l e s per gram per sec t h i s 

would be e q u i v a l e n t to about 7 x 10° alpha" d i s i n t e g r a t i o n s per minute for t h i s 

volume. 1 

Experimental evidence indicates that from an alpha emitting sample of infinite 

thickness something of the order of one quarter of the alpha particles w^uld 

be emitted from a surface. This would be a surface emission of the order 

of 2 X 105 alpha particles per minute. 

10 



Surface Alpha and Beta Badiat ioa from Iron Coaatuainated with Uranium. 

AssTBaptioBsg 

lo The thickness o f a e t a l i s greater i^iaa t h e r a ^ e o f 

alpha p u r t i e l e s ^ end tlM exam af ^ t e awta l i s JjuCiaite 

ffiosqaared' w i t h range of a l ^ w paaHdelee« 

2 . JThe amount o f gganiua i s *iinin -amMgh *o *?*•* '"^:^'%^^*» 

-efiPsot ôa tlM-<dsBSlty o f t b s mixture^ 

^ « f ^ ra i^e o f alpha p a r t i e l e s i s g i v m approxiBatsly bg^ 

L s-iji "^ (Ooo^baaa - The SoSeaaev and 
^ S e ^ a e e r i a g of JfoBiea£.fia9Bcr 

ToLo -I» j « ^ ) 

^riaufts 2. ^ 3 « c e ^caa) 
:B = j t a a s d ^ % 9 B / ^ ) 
A ^ atomic wto 
1[,° an eocperin^tal eoastaat 

Jose ^&3oa ^Cegtaajaated Ircma 

IlM'«^^as^dbHKte-doie a t the surface of a piece o f ij°on containing 

some uranitia «an be e a l c u l a t e d MS follo«a«. The ioaisatlfflOL a t iSsB MVOP^ 

faee o f uaaaaian sMtal i s eansed by alpha partielfM prodnoed i a a sm°-

face J^yar of thioiaaess equal t o tlM raags o f SI^MLS i n uraaiuB 

(assumption l ) o Tbe i ia i i i iat ioa a± -t^e surfiioe o f iron eoata ia iag ui^aaix 

w i l l be eatssed by alpha p a r t i c l e s pK>dueed i a layer of thickness eq ia l 

to the range o f alphas i n iron (asstm^tioa Z}<, The r a t i o o f the i a t e a -

*±ik9» sf l o a i z a t i o a i a ^he 'bwo eases i s equal t o ^ e r a t i o - o f -^e 

a u ^ s r o f alphas produced i n t h e t w o s a r f a o e l a y a m i o a i s ^ tSxioteesaes 

-e^aal r e s p e c t i v e l y t o Urn J»aige o f .alyhaa i a 'See t a e saNtaaeeSo Ttst 

auaber of alphas produced w i l l be prbportional to- th» mass o f uraaiua 

i a tlie cOHcespondSag layer (g/oa^)^ 

-=11=. 



Prom assumption (3) the ranges (thickness of layer) for the two 

material^ ares 

JU - JL I f e <araai«a) 

- IT— ^ ) -

I^ ^ t 7*2 (iron) 

The laai^es o f uxaaiua ^ a r jair) i a ^te b̂ao la^iers are« 

•«1 ° ^1 % 

"2 = I« <?^ C2) 

where O i s mtB ̂ MinieMtt stiiawa of -uraniua i a iS» iron. 

rSHsaactle of ioaization intensit ies is equal to the ratio of masses 
of uraaiums 

' ^ is} 

^ o r 

l 2 
Ml 

r 1«CI% 5 

j^gutiffii^iiioa tao aaatasuaattti i x o a e 

^ 

l 2 

° 55* S 

s 25ff 

sT/55 . 

1 ( i ron) 

(uraniua) 

9 C s ^49 C 

^1 
<*) 

IBwqasfegBS î to alpha oount from crmtaaiaated s t e e l i s equal "-tos 

0 « ^ JE. Alpim^souat frriim TT r TT iiimiriinitiaMiiii lim niiaT 

f%nis JjCIry wt« uji^niua ooataaiaatiaQUis ^ i n ^ aeald b̂nK- a Otosa at. tfaa 

sar£Mse eqial to l/̂ HO tijaos the surface dose from pure uranium« 

In the case of beta radiations, -̂ £6. general msthod of,calculation 

would be exactly the same, except that the range of Iwfea pnfHtieleB 

ia..gx«ass JMT square centimeter i s the saaa a^rox-faapfeaiy f o r a l l e l e ^ 

aaate* Ihis-^anaa-^^cat -tibe eqanMsea yt% etewajdrbe-aadlJEiea ahaa 

applied t » beta partioles so as to reads-

^"dose from contaminated iron s U-conoentration in iron (5) 
/3=do8e from pure uraniua 

Thus 1% by weight uranium eontaaiaatioa i a i n m wmilrt xt¥B m llata 

jdaee ect tlw sur£aee -equal to l / l o o tjases iy»s surikse dose f^oa ,beta— 

= 12 -



paartiei:<M-i£e;QB puis araaiaa«. :Xt d^^Offft t a 

anaes s f WiPawlna lwi%% •M l ^ ^ » a n ^ w square eaaMaataar aad ^ w t 

'^aAe^KA^^ava^rti^^fc"~4B^^^tfa ^^ftSiM^flHB^^a '""^v^^Wv^va^ka^^Edk^rs^ai^fefl^^f '•^^^^^^^&^tf>*'"^^A^^^^^^p*'4^fc^^^*- ^ ^ L ^ ^ ^ ^ ^ ^ M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ . ^^^^^ ^ t^wH^^^ ^ ^^ 

l«f ai l l^wrtsrs er aare« 

mn° tthlelmesaes . ^ ^laa I S M liiaa %^ id.llia«tavs« iStM-

daeeeaMa.sd^ t1i1 p1niaaw« "iHee d e ^ Je-'wst:^ i s a a n a ^ iTIraiiitnijf 

t i jwi i l ^:rtiihiiiaaiaws'~h[itr iiw'iii"aaaas"3g»» T^^^Smg- Seeaase a^ j f^a . 

-as-



APPENDIX C 

Uranium ana lys i s made b y the nat ional Bureau of Standards i n 

1948 of three s a s h e s of JDa^mit on]BttsrQ.ial f e r t i l i s e r gaese the 

fo l lowing rest i l ts . The i d e n t i f i o a t i o n r e f e r s t o nitrc^en='idtosphorus= 

potassium r a t i o s . 

Sample Uraniua 

3-12=5 61 
5=10-5 -53 
5-10-10 50 

Reference = Letter from C. J. Rodden (HBS) to F. M. Belmore (ABC=»"5K)0) 
dated September 20, 1948. 

•= 1ft = 



lo Co Jo Rodden^ i sudyt ioa l Qtaala t ry af^ tite IfaBJatttaHB grojecty 
BSSSNO 2iv*, TUX^ Tol« I 

2« J^ m<, Xebb« : T ^ # Q ^ i ^ «f l^e tegxepMa £11SL by Bantteantive 
'CeataaJaarats in Cardboard Fmeia^fij^ Materials^ J^j^siaal 
Jteviows Vol-o m^ Jfeo ^ 5 -pj^-^-^S^sm Jstgart 1^ I M S 

3o £« 4[« ii^KBLi eanl ?o 1[« Ttwclmj^ f i a jj^sorptiim Factor i a 
Soua^iaag ^A r̂t̂ ta Says from Thick Kiasxal Soaroas^ Trsas^, 

ITfD OF DOGUIffiNT 
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