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ABSTRACT

Teats 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
mede with uncontaminated scrap as to be hardly significeant. 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 uranium in this report are to natural
uranium only.
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IUVTRODUCTION

Iv has weon stardard cperative proczdure to release no scrap
raterial contaminabted Ly radicacoive materials., Tlis contaminated
waste scrap policy lLas been dictated “n consideration of the welfare
of the general public for two reasons, the possibility of harmful
effects to health of any general increase in the radicactive content
of any or all mabterials and the possible adverse effect of an increase
in radicactive content of raw materials on industries cuch as the manu-
factore of instrum-nte or photographic materials. The latter is often
referred to as technical contamination.

As of lay 1, 1951, there was on hand an estimated 1,000 tonsit of
conbaiiinated scrap steel at the Lake Ontario Ordinance Works (LOOW).
During one year (October 1919-1950) freight records indicated a total
of 503 tons of scrap, largely steel, transported from St. Louis (Missouri)

Clevelana (Ohio) and Cornongourg (Fernsvlvania) to the LOOW at a freight
cost of $690L.00 for ihe year in acdition to a loss in over $2,000,00
v net selling it. Thls ripresents only a fraction of the total con-
taminated scrap steel taken out of useful service each year by the AEC,

During the year of 1950, the entire domestic stesl industry pre-
aiced a tetal of 97 ~nillion tons of steel.s This stecl was made up of
a_proximately S5C« scrap steel, half of which scrap was purchased on the

cpen market, the othe1l hali obtained from within the steel industry.

The total scrap steel purchased on the open market was, therefore,

a prox umately 25 aillion tons in the year 1950 as compared with per-

haps several Lhousana tcns retalned by the Commission., The great cost

S shippine ard retaining confaminated scrap steel at certralized storage

areas lastead of selling it orn tlhe copen marke® has prcempted the studbg

%A1l i1z{erenczs tc tonnage are in terms of gross tons (2240 1bs.)
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of any possible disadwvantages in doing so. In addition to this
financial consideration it was believed advisablé to inquire into
the rationale of our present policy because of the possibility of

a steel shortage hampering the national produstion effort. Any
study of the sffects of reiouing contaminated materials to be
salvaged and reworked into raw material for industrial cemsumption
will depend greatiy on the establishment of two bemch maris.,. Ons

is the normal soncentration of the contuminsnt in the material being
investigated and the other is the thresield consemtrutism of cemtam-
inaat beyond whish scrap mmterial is to bo considered signifissntly
oontaminated.

NORMAL URANIIM CONTENT OF SYEEL:

"It was Tiret mecessary to estimate the nomi uranium content
of stedls., *Bight steel samples and a sample of cast irem, all pro-
dused prior to 1940, wers obtained from the ¥atiomal Bureau of smm-dg
and«:‘anlymﬂ Flvorometrically with the following resnlitsy From 14
samples of the steel an average of .06 pg ursnium per gram \or stesl
(range (0,01 %o 0.2 ug/g) was fonnd and from & single sample of the
cast iron 0.6 p& of uranium per gram irun, as tabulated bslows

Table I - Anslysis of Qld -Steel

Sampls Bednalpuis
€ U per g soeel)

12 o Basic QOpen Hearth 0.06, 0.1
18 » b ® ” V05, €0
? - Bessawer W01, 0.2

De » 0.04, 0.2
19 = Aeid Open Hearth 8.0e, 008

- %A * » - nﬂo’g s
130 Asad-Bparing Stoel 0,07, 0.92

-~ 4g Cast Iron - o Db

b W,.Lr, T Staal =R, —

Mean {Stesl only) 0.0622



RADIATION FROM TRACE AMOUNTS OF URANIUM IN STBRLe
Since any effect uranium contamination in steel could have

depends upon the alpha or beta emission from the surface of the
manufectured steel, the relationship between surfdce emission and
urdnium content of steel was calculated. See Appendix A & B. The
estimated alpha emission was compared with the measured values from
steel having kmown uranium content (Figure 1), Considering the
assumptions made in calounlating the emission there was reasonably

good agreement with the memasured walue of about .03 alpha particles

per minute per square om for a uranium content of 5 pg/gsram of steel,
EXPERIMENTAL MELTING OF CONTAMLINATED STEELs

In order to measurs the resultant uranium content .after contaminated

steel is malted, a laboratory experimeit was set up in which several
semples of»émssly contaminated steel .were first measured oarefully as

to ‘surfade contamination in terms of alpha cowat as well as ,~ted:s.1~ con-
taﬁ:iﬁu‘(ion in terms of micrograms .of urgaium per gram of steel through
.oarefully planned sampling and a.naly‘tioa:l} methods . The general mthod‘
used is ag followsg Steel drillings are,prepared for the sther extrac-
tion of uranium. The residue which cor;tains the uranium is then measured
fluorq‘ueﬁrically- (1). Five such samples of contaminated.steel were
daalyred with the results given in Table I1I. It can be seen f rom these
date jtiaqk the original average contemination -of the:stesl was 57.8 miocw -
érm q‘,ﬁiuranium per gram of steel (standard dovia_t‘ioﬁ 8200),~‘bgt that
*o.f%e‘r x;é;ting in an induction furnace, the meslted éteol was separated
fr’B; theﬂ'fsl._ag and the uranium contamination of the steel was redusced by
a Paotor of approximately 40 to a level of 1.5 migrggrams of uranium
pog'tﬂﬁ"af steel (range <0.1 to 5.5 ugfg ) By:throwing out ome high
‘sample> suspected of containing slag this figure wag ‘r:eg@q._oflf to 0.5 pg
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uranium per gram of steel (standard deviation 0.,59). 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 uged
in actual production. Consequently, 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 flux., Samples of this melt were prepared for analysis and found

to contain 0,56 micrograms of uranium per gram of steel (range 0.39 to 0.8 ug/z).
Table III shows the results of these analyses. The slag in each case was
found to contain a high concentration of uranium as expected, the semi-plant
run was considered more representative of industrial conditions snd it should
be noted that the specially selected contaminated steel was known to represent
the highest degree of uranium surface contamination found in our operations.
The mean uranium concentration of the samples of produced steel was found

to be laess than 10 times that of the old stesl samples,

Table II - Laboratory Melt
{Contaminated Shest Steel)

Sample Alpha Count (a) U-Analysis (b) Alpha Count (¢)
(Everage-Each Side) Before After
Melting Melting

1 7, 14 117, 87 5,5 0.38
2 38, 9 92, 36 1.2 0,06
4 250, 65 71,12.8 0.7 {0.05
5 6, 0.4 141,13,.6 0.1 €0.05
7 11, 20 1.6, 5,6 (0.1 <€0,08

Mean - 57,8 1.50

Mean {omitting sample 1) 0.47 (see note)

Scale 8700

(a) - in units of 1000 c¢/m/100 cm®

(b) - micrograms U per gram steel
(¢) = counts per minute (40% geometry)

Note: Sample 1 (after melting ) was found to have small

cavaties in which there were inclusions of slag
which could account for the higher uranium content.
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Table IIT
Senti-plant Mslt ix Steel Mill

Sample ' U-Analysis
{after mslting)
1 0.8
2 0.6
3 0.45
4 0.39
Hean 0.56
5 {slag) 18
6 (slag) 140

It should de amf;haaizert that in both runs scrap steel was carefully
selocted with the aid of an alpha survey meter so that 1t would have the
maximum possxhln cm’cammtien resulting from the usual uranivm operations.
All of the smrsp was sither sheet metal or shapes. ¥No containsrs or
pigal"*kh&‘b—nigg‘b contwin caked meterials wers used.

From the relationship shown in Figure 1 (extrapolsted) even the
slag with its relatively high uranium conesntration could not pml;nt
2 health hazard and it wonld be highly improbable tEat any such material
would reach an sventual destinstion where il.conld be tschnically objsc-
tionable, For sxample, the sisz sample having the highest uraniup’
eontent of 6.6 mg per gram of steel would emit something of the ordsr of
30 - 4o 40. alpha ;Sartinlec -and ab?ut%bm particles psr sgquare cm. of
surfape psr minute {eguivalext to sbout ome or twe mrep/hr in contact ).
The sbeml on hand would certainly bs diluted to the extsnt of one part
contaminatsd steel to thres paria wmacutaminated, evem if the emtire
serap inpuat of any plsat wore to be made up of thizx conteminated steel,
and most likely would be considerably further diluted by being mixed with
other mmnhmimébaﬂ sorap steel., By wmy of comparison, it is int:ruting
to note that samples of widely used commercial Pertilizers smxlyzed by
the National Bureau of Standards showed an swerage uranium ‘content of

$5 misrograms per gram {Appendix T).
-5 =



TECENICAL CONTAMINATION - PHOTOGRAPHIC INDUSTRY:

~ " A radioautograph was made with & steel sample from the first
run (Table II - Sample 1), the sample having the highest uranium
content being selected, After a one-wesk exposure in contact with
a panchromatic photographic emulsion, no fogging could be observed.
This sampls gave a count of 0,38 per minute for the whole area

{10 square centimeters) which would sorrsspond to about 0.5 x ].04
alpha particles for the week, Webbd (2) estimates that it reguires
about 10° beta particles per square mm to produce a promsunsed
darkening {density 0.3 to 0.6) on a fast x-ray film and he has also
found that an egqual number of alpha particles produsss approximetely
the same photographic effect.

Extrapolating the ratio of 5.5 pg U/g of stesl to a surface cowmt
of 0,03 alpha particles per minute per square centimeter to Webb’s figure
of 10° alpha particles per square mm (107 particles per squarw ca), it
would thersfore reguire a uranium content of 74 mg/g steel in contact
with x=ray film for six months to darkem a film to th‘a specifiad degree,
This is a figure more than 10 times the highest we found and over 100
times the mean concentration in the resultant stesl from the sscond (semi-
plant) run. With the additional expected dilution in the stesl industy
thers shonld be no possible harmful effest on the pbotogrsphis industry.
TECENICAL cmmm - INSTHIMENT INDOSTRYs

In the manufacture of Geigerdinller tubes the background shonld de
kept down to the order of 10 sownts per minute. The contribwtiom of the
oylindrical elesctrode should be expectwd to camtribute q)mﬂ: one tenth
of this or of the order of one count per minute, A 10 sgquere inch arss
eslectrods should, therefore, de kept below 0,015 coumts per square om,



~

In the case of high sensitivity iomization cshambers such as those
for measuring rador bsckprommd 4 1imit of about 10 vomnts per Kour per
125 sguars inches of surface should bs met. ZThis cvorresponds to 0002
counts per minute per square cm.

Thsse figunes wotld corrsspmnd 1o & weanium conbent In stewl, if
wied for this purposs, of 2.0 and U005 pg per gram of stesl respsctively.
Reference to Table I mhows that these are beslow the Pigures found for
some of the samples of stsel prespared hefore 1940, prior to the large
scals processing of uranium,

For this resson it hes adbways been nesgessary in the instrument
industry to avoid the use of ordinary commercial steel for sertain low
lsvel applications. Stainless steel (mads from virgin iron ore only,)
and tungsten ares ordinsrily ised in the elestrodes for comntmrs. Any
slight increass in the uranium content of commercial sbeel could therefore
tmve o affoct on the mmpufacturé of radistion imstromewts becsuse the
loeval of naturel radivactivity in commercial maberials iy such that they
heve always bsen compelled to be discriminating in choosing materials
far compenenfs.

Table IV
Summary of Essuits

Sheel ¥o. of Samples Mesn Uranims Conpemtration’
. {=icrogrens pey grmm)
0id Samples 14 0.082% {.089)

Firet Ban Hﬁ’ambury Iswel)
Contxminwted Stenl # 7.8 (16.3)
Heltod Stmel 5 1.5 {2.28)
$lag & 550 to 9300

Second Run m‘,ﬂm iovel)
Molted Stesl 056 {D.08%)

-# Bamplo of soals weasurnd 5700 pg/k
Btandard deviation is given in parenthesss.

RBadiation messuremsnts indisatsd ithes contaminated steel used in the
sscond run to have the same order of contamination as in the first rmm,

-7 =



eovJaInS WD Jod synutw Jed sjunod eydly

-0l

<03

002

|

i

1
3 L

" FIGURE 1

~

b
MICROGRAMS URANIUM PER GRAM OF STEEL



CONCLUSIONe

As a result of thess studiss the Health and Safety Division has
recommended that within New York Operations scrap steel contaminated with
uranium may be releszsed for sals through the usuwal scrap chanpals with
only the following two restrictionse

1. ¥o containers, pipes, tubinmg or machimary be relssasd in

-wihich gross guantitiss of ursnium Deering materials such
as caked sludges could bes entrapped.

2. This Lifting of sxisting restrictions applies to scrap metal

kmown to be contaminited with uranimm only and does not
apply to other radicactive contemimation."

Subsesguant studies of othsr typss of contaminetion are tp e made
ad;ﬂmﬂtsms peliciss governing ithe disposition of screp
mmborials will be smenmied further,

A study of this nature could be successfully completed only throuwh

the sooparstion of meveral groups, Acknowledgement is extendsd to

S. A, Rothenberg for field work in selecting and preparing sontaminated
scrap for tests, a8 well a5 making radio-auvtographic axposures of some
af fhe samplss and to Joim Alercioc who performed the uranium analyses.
Mr, ®l1liam Dlson, Assistant Bditor of Iron Age was helpful in obtaining
statistics of the stesl industry as was Joseph N. Cook of our Administra-
tive Operations Division who compiled figures on tonnage apd costs
_inwvolwed in shipping scrap in the past, M Bo Messrvey of the Divi-

sior-of Tecimical Advissrs was responsible for Appendix B,



APPENDIX & .

Alpha emission from Uranium 238 in equilibrium with Uranium 234

e = MNuR from Nogani & Hurley (3)
4
N = 6,02 x 1023 x d x Dul
ul
d = 18.68 (uranium) - range in air (cm)
apl = 4,83 x 10718 - uranium disintegration rate (sec~!)
ul = 238

u = ratio of range in uranium to range in air

N - 6,02 x 1023 x 4 x 4.83x10-18
Z x 238
= 3.06 ud x 10% (ZR)
R: 5,.86em
ud = .001226 4238 - 4.92 x 10”3 - range in uranium
3.04

Therefore in pure uranium alpha particles would reach a surface from a depih
of ud involving a volume of
5.07 cm? x 4,92 x 10%

24.9 x 1075 oo
r 0.466 grams

vz
5
With a specific activity of 2.5 104 alpha particles per gram per sec this
would bs equivalent to about 7 x 10° alpha’ disintegrations per minute for "t}ﬁ,i
volums, !

Bxperimental evidence indicates that from an alpha emitting sample of infinite
thickness something of the order of one quarter of the alpha particles wguld
be emitted from a surface, This would be a surface emission of the order

of 2 x 105 alpha particles per minute.

= 10 =



APPEBEDPIX B

Surface Alpha and Beta Radiation from Iron Contaminated with Uranium.
Assumptionss

1. The thickmess of metal is greater than the renge of

alpha particles, snd the ares of the metal is infinibe
somparsd with range of alphs particles.
2, The amomt of uranimm is mmall esough to_hewe megligihle
~-affact on ths density of the mixturs.
3. The range of alpha particles is given approximately dbyse
L=X '%‘ (Goodman - The Seience mmd

Bnginesring of Nuclear Fowar
Yol. I, po BO) N

A 2 atomic wt,
X .S an experimental constext

Doss Lronm Lontatinated Irons

The -approximate -dose at the surface of a piece of iron containing
somes uraniwn can be calculated as follomm. The iomiszation st the zur-
face ofnmimmhl is saused by alphs particles produved in & sur-
fage laysr of thiockness ogual to the renge of alphes in uranimm
{assumption 1), The ionizatiom at the surface of iron containing uranimm

will be cansed by alpha particles produced in layer of thickness squal
to the range of alphas in iron (assumption 2). The ratio of the intan-
sities of donization in the two cases is equal to the ratio.of the
;unéb;r of alphas produced in the iwo surface layers harving thicsimssses
-oqual respectively to thes range of alphes in the two substances., The
number of alphas produced will be préportional to the mass of uranium

in the corresponding layer (g/om?).

=11 =



[
H
H

From sssumption (3) the ranges {thickness of laysr) for the two
materials ares
1 =X ‘ﬁi {nrsniam)
o .
I, =k a2 {iromn) .
Oy
The massss of urenim {(per sx) in she two layers ares
nHEL G
My = Lp CDo {2)
whare £ is the comsewiration of uranium in the irom,

The xatio of ionization intsnzities is egual to the ratio of masees
of uraniwms

EzEngGﬁz:Gm (3}
1 ¥y Ly 451

For applicxtion {o sontawinaxbed ixrome
4y = 5559 (irom)

A} = 238 (uranium)

Ip =Y55.9 C = 49C {4)

Thorafors the alpha count from contamimated steel is squal “tos

w

049 = Alpha count from B.x ¥ sonuspizstion ian siesl
Thus 1% by wt. oranivm contamination in trom wouid give s dose =t the
surface squal to 1/200 timss the surface dose from pure urspium.

In the case of beta radiation, thé general msthod of caloulation
would be sxactly the same, except that the range of beita particles
in graxs per squmre osntimetsr is the sams approximsbely for all ele-
ments . This -mesyw—that the sguetion {£) should be-modified when
applied to beta particles €0 as to reads

/3«:1083 from contaminated iron = U~concentration in irem (5)
[3-dose from pure uranium

Thus 1% by weight uranium contamination inm irom would give .s Beks
doss &t the surface equal to 1/100 times the surfacs doss from beta-—
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partisies—Prom purs uranimm. It is ales 4o bo.neded thet the maximwr -
-range of uramizm beta’s is 1.} grams per sguars centimwter and that
thorafors ke abowe Toraule will apply whew:-biwe: thisiness af fzon is
1,$ millimeters or mors.

For thicknsssss af iran less than 1.5 millimeters, the dose
docroaiss. with thicimesn., Phe dess is noi, howsser, directly propor-
Simnal 4o hisdimess hut decresses dss: Tapidly becauss of the decreesed
Bail-sberriiien in 4w thipeer sonress.



APPENDIX C

Uraniun analysis made by the National Burean of Standards in
1948 of three samples of DuPont commersial fertiliser gaws the
following results. The identification refers to nitrogen-phosphorus-

potassium ratios.

Sample Uranium
#e/E
3=12=5 61
5-10-5 53
5=10=10 50

Reference - Letter from C, J. Rodden (NBS) to F. M. Belmore {AEC-NY00)
dated September 20, 1948,
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