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ABSTRACT

An investigation of the foundry air contamination aﬂd resulting
uranium losses during the production and casting of U-Al alloys is
reported., Tests were made uging both enriched and natural urenium,
Data show that although actual uranium losses are low, if they are not
properly controlled, thsy can cause serious air contamination, A
simple but adequate ventilating system is shown,

INTRODUCT ION

The method of producing U-Al alloys at ORNL consists of the
reduction of Ujﬁg bty molten aluminum in the presence of cryolite.
The pig produced in thisz cperation is then remelted without a flux and
cast into an ingot, In this process the uranium can be accounted for
as followss
(1) 21lloy ingot
(2) slag, dross and crucible losses
(3) air losses.
This report is an investigaticn of the magnitude and effects of
item three. Thess lossss are of interest both from the standpoint of
air contamination and uranium asccountability. The effects of both of
these factors are magnified when enriched material is handled. A
suitable exhaust =nd collection system would accomodate both of them.
During early work on the U=Al alloys Health Physics made several
air tests and found no activity. When a large batch of 1235 yas
reduced and cast it was thought advisable to obtain a record of air
contamination and uranium air losses. The first sample was found to be
well below tolerance; however, a check sample and several taken subse-

quently gave values considerably above tolerance level.



In light of these results an investigation was made to deter-
mine: (1) safe working conditions for the reduction of U237 oxide to
U=-Al slloy and (2) uranium losses, Since a limited amount of U<35
is available for such tssts natural uranium was substituted.

111, PROCEDURE AND EQUIPMENT

In these tests the Uy0g was mixed with cryclite in a weight
ratic of 134 before being charged, The mix was added to molten
aluminum either by being poured from a hottle into the crucilble cr
by being added while held in aluminum foil cans, In either cass
the mix flecated on the aluminum. There was no difference in ingot
uranium recovery betwesn the two methods. The time required for the
charging and melting was belween fifteen and twenty-five minutes
depending upon the technigue used by the operator, After melting,
the mix was held st temperature (IISOQG) for thirty minmutes with
frequent stirring, During this interval the alloy was covered with
a gix to eight inch lzyer of moltsn slag,

Remelting is a simple operation consisting of the following
steps: (1) melt the pig at 825° C; (2) hold at tempersturs for ten
minutes; (3) dross to remove oxide and other light impurities; (4)
pour intc an ingot meld, With natural uranium all tests were made
on heats producing 1500 grame of 25% uranium alloy., The conditions
for the enriched heats varied and are listed individuslly,

Figurs I shows the hood and its relationship to the coil and
crucitle, The phctograph was made afier the investigation was com-

plsted and shows the gides and top that were not part of the hood
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during these tests, The face of the hood is nine inches across and
eight inches high. It is connected to the fan by means of a four
inch flexible pipe. The blower is a Trane air blower model B-5852
and is powered‘by a one~half horsepower, 1725 RPM motor with a 132
pulley ratic, The cspacity of this system is 166 ¢.f.m, In addition
a small window fan was in operation continually,

A1l air sampling was by means of Precipitrons., The sample tubes
were located directly above the crucible and/or approximately five feet
out into the room, The length of sampling time and the exact location
of the sample tube are given in the Tables. After a twenty-four decay
period, the samples were counted by the Health Physics Division.

Both types of Uj0g were high purity material in the form of fine
dry pewder and were obtained from the Atomiz Energy Commission or the
Manhattan District. No information on particle size is available for
either material.

DATA AND DISCUSSION

A. Air Contamination.

This section of this report has been divided intec two partss
(a) tests during natural heats and (b) tests during enriched heats.
The data for the first section are plotted in Table I and for the
second in Table II. For both of these sections the econtimoous exposure
tolerance level, abcve which a mask is required; is taken as

3.1 x 10“’11/%@* for long-life alphao(l) It should be pointed out

* /“/b@ - Microcuries/cubic centimeter of air tested.



HAZARD FACTCR

100 ..

9oL

80

60L

501

LoL

30%

20k

K-25 MATERIAL
~ = = Y-12 MATERIAL

A '] '] ]

300

O

€0 70 80 50

20 30 Lo 5
% ENRICHMENT

HAZARD FACTORS FOR ENRICHED™ URANTUM

FIGURE 2



that while values below this are considered acceptable they are
not desirable, as any level of activity is to be avoided if at all
possibieo Since the number of enriched heats is limited, it is not
practical to conduct an extensive air contamination study with this
material, To correlate the data cbtained with the natural heats to
what would be expected with enriched‘materialg Health Physics
furnished data(l) te plot the curves shown in Figure II, The values
are only approximationsbut are sufficiently accurate for this work,
The hazard factors show how many times more dangerous than natural
uranium a material of a given enrichment is, Since the processes
ot K25 and Y-12 affect the soncentration of UZ2% differently, the

hazard factors will vary.

a. Natural Ursnium Tests

An exsmination of Table I shows that the reduction of U308 in an
open furnace is jnadvisable even with natural uranium, Adding the mix
in.aluminum cans results in some improvement but the counts although
below tolerance are still very high. Comparing these results indicates
that while some of the activity results from the pouring, most of it
jg carrisd out of the crusible by the gases and vapors rising from the
bath. When the tests were repeated with the hood operating, both
methods gave counts well below tolerance level,

Section C of Table I proves that most of the activity is carried
from the bath before the mix has melted. It is evident that the escaping

gases and vapors entrain small particles of the Ujog while rising through
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TABIE I

ATR COUNTS FROM PROCESSING NATURAL URANIUM

‘ Sample Fan off I Fan on
Test ig?:ti@n Operation Air E‘"”"eeﬁe‘ﬂc"rm“eh}m o JALr
Count Averageliverage || Average |"™°T€8| Count
A 1 £t Bottle charging 3.94 3,80 3.57 0.0 0,22 | 0,22
above _
crucible
L] it L} 3066
B " Can charging 3,91 2.84 2,61 0,04 0,27 | 0,27
i n U 1.94
L] it i 2094
L] 7 |18 2058
C " Stirring 0.39 0,50 0.27 0,10 0,33 | 0,50
n n 0,63 0,50
w " 0.20
L] il 00]-4
D n Remelting 0,33 0,33 0,10
B 5 ft.away|Entirs heat 0,38 0,26 0,03 =0,16 0,07 | 0,03
6in.below
¥ " # 0,32 0,12
" neoon 0.07
F ﬁnside ex-|Can charging 0,74 0.9% | 1.25
| haus®
funal
G Tnside Bottile charging 1.97 2,20 | 2,20
Stack
Outlet
H {In main rm; Nonme 0.11 0,23
of bldgo
[i] il 0025
] L] 0633
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the unmelted mix. During the stirring or holding period of the
reduction heats, very little activity was detected even with the

hood fan off, The first two comparatively high results in this section,
measured with tte heod om, were caused by activity remaining in the roem
from heats that were charged with the hood off, Even when thege results
are included, the average is still very low gither with @rlwithnut the
hood in operatiom.

Conditions during a remelt heat ars similar to those in the
stirring pericd of a reduction heat, In a reduction heat the bath is
protected by a thick layer of slag while in the remelt heats the pro-
tection is achieved by an oxide layer; also, in neither case is there
any powdersd oxids present, For this reasom, similar low counts would
be expected and Section D confirms this, Only ome remelt heat was
tested,

Even when activitiss well above tolerance are meagured near the
crucible, the window fan and regular ventilation system keeps the major
portion of the room well below the danger point., This is confirmed by
the results tabtulated in Sention E, With the furnace hood off, the
average value at a point five feet from the crucible is less than 10%
of tolerance over & ons hour pericd, To cut down on the number of samples
being counted, the room counts were taken for an entire heat rather than
for individual operations., However, these values are so low it does not
appear likely that they exceedsd the tolerance value even far a short

interval,
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Three tests were made to determine the long-life alph&
background activity. From the three individual values reported
in Section H, the average background was found toc be 0.23 x 10”11Jﬁycco
Two of the samples wers taken in the main room shortly after runs
in the foundry but the tnird (0.25 x 107 4/cc) was taken in the
foundry on a Mendsy morning before any materisl was handled, Since
an air current passes from the maim room into the foundry, ths
foundry operation should not affect tests in the main room, This
average value (0,23 x 10“11fybc) has been substracted from the
averages for sach test %o give the corrected averages &s listed in
Table I,

Tf cne were to sttempt to corrslats a natural uranium valous
to one that would be obtained with K=23 93% enriched materisl, it
38 evident from Figure 2 taal waltiplying by & fastor of almest 100
is necessary. From this it is evident that the background zlone is
encugh to produce values above tolerance whern converted %o highdy
epriched material, To make mattsrs worse, the difference betwsen
the extreme background figures (0,22 x 10°H M) is also enough to
produce errorE larger then the tolerance valus, . For natural material
s valus below 0,03 x 1071 /e weuld be necessary befors 1% could te
converted snd give a value below tolerance for highly enriched
material. An sxamination of the individual values meking up the

-verages in Table I shows variations much larger than this figure.
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From the foregoing discussiocn it is evident that tests mads
with natural material will give only epproximations of what can be
expected with enriched materials, It is possible to establish the
most desiréble conditions but it is not possible to predict exact
air contamination values. When the background values are subtracted
from the averages in Table I the results obtained when the hood is
in operation are at lsast of the proper order of magnitude for
safety, A conclusive figure for éir contamination with enriched
material can be determined only by using the enriched material itself,
b, Enriched Uranium Tests.

The results tabulated in Tabls IT are from tests made during the
processing of K-£5 enriched material of approximately 93% enrichment,
These results instigated this investigation,

Of the tests made during the reduction cperations (1-6) all
except the first produced countz well above the tolerance level.

The tests during this series wers taksn for thirty minute-imtervals
rather than being timed for & single opsration., As a result they
include scme stirring time in addition to the charging and melting
periods during which ths contamination reaches a maximum, At the
request of the Atomic Energy Commiszsion the hood was turned off
during charging which @onsistéd of from fifteen to twenty-fivs
minutes of the thirty minute test, From the results presented in
Table I it is now svident that this is the interval during which

the air contamination reaches a maximum, For purposes of comparison

Sy
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“IIIIIII’ TABLE 1T

ATR COUNTS FROM PROCESSING ENRICHED URANTUM

'Sample Tube

Melt Heat size Vo /(T
Location 9
Tes’ linches abg®d # Us. gm, Fan Operation Operation 10-11
crucible «
1 18 18 1000 After charging Charging by Pouring| 0,2
2 18 18 1000 w " " n " 41,8
3 18 18 1000 " n " " " 39.8
4 18 18 1000 Entire heat - hood % n " 5.2
6 in. to side
during charging
5 12 30 800 Entire heat - hood | Charging by cans | 15.8
6 in, above cruciblp
6 6 18 1000 After charging Charging by Pouring| 77.2
7 12 40 150 Entire heat tire heat 1.2
8 12 30 800 Entire heat - hood | Stirring 1.6
6 in, above cruciblb
9 18 4o5 2500 Entire heat Remelting 0.7

10 H " n n m ® 0,0




A - 15 =

these heats should he considered as ing made with the fan off,
In test 4, ths hood was left on, tut lcst most of its effectiveness
by being moved six inches to cne side of the crucible, In this
operaticn there was cnly = slight draft over the crusikle but
large drop in zir comtamination was found. Test 5 was made with the
fan on, but tne bottom of the hood was six inches above the crucible
top. This test was Zsken only during charging aad melting, In épite
of the fact that *his test did not include any stirring time and that
vapor could be seen tlowing iInto the rcem frowm the gix inch space,
the test gave a result much lower than the first three which were taken
on simiiar heats,

Tezst 7 was on a heat much smaller in size than the cthers but
becsuse of this almost *the entire stirring pericd could Te included
in the 30 minute interval., To vompersate partially for tis size
difference, the sample tube was moved closer to the crueible. This was
the only enriched test in which the hood was operating in the proper
position and it was ths only one that preduced s contamination btelew
tolerance level,

As far as safe working conditions are concermned, tests 4, 5, and
7 present a much more optimistic and representative view point than the
others, While no dsfinite conclusions can be drawn, the indications
are that with the hood operating in the proper position for an entire
heat, enriched material can be handled safely., Test 4 produced a value

only slightly above tolerance level even with the hood only partially
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effective, Tests 4 and 5 which were made with only partial hood use
showed values well below those recorded for similar heats made without
the hood in operation, Test 7 gave a vzlue below tolerance,

?he last three heats which were made during either stirring or
remelting operations confirm the previous eonclusion that most of the
activity is céfried cut before the powdered mix has melted., Test 8
was made on the same heat and immediately following test 5, but the air
activity had fallen by a factor of ten, Both of the tests made during
remelting gave very low values, These valuss are not compzrable to the
others since the hood was in use during the entire cperation,

B, Materisl Losses,

From the preceding sections of this discussion it is apparent
that some uranium is being carried out of the crucible. When enriched

material is handled; the magnitude of these losses is quite important,

Since no correspending air volume or velocity figures could bs
determined, the air counts discussed so far cannot be converted into
actual uranium losses, The easiest place to determine both of these
sets of figures was in the exhaust stack. The wvelocity in the stack
was measured by Health Physics and reporte&(z) as being 166 cubic feet
per minute, Owing to the differences in draft between the hood and the
sample tube, difficulty was encountered in cbtaining representative
semples. At the inlet the stack draft would be cpposing the sample
tube suction; therefors; the sample would be smaller than usual, and

low results would be obtained, At the top of the stack the effect

Sy
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would be reversed but to & smaller extent, The resulis of the
samples taken at these poinis are tabulated in Sections F and G
of Table I,

For purposes of calculation the corrected value obtained at the
top of the stack (2.0 x lﬁmlllq/ec) was taken as being correct, It
may be a 1itt;e high owing to the stack draft increasing the sampls
size but this is pariislly compensated by including some of the
stirring period with its lower losses, The samples taken at the top
are slightly higher and would therefore give the maximum loss, To
convert the alr counts inte sctual uranium lossss 3 value of 1.47 % 1@6
gramg of uranium per curie(3> was used. The following is the calcula-
tion for determining the uranium losses during a fiftsen minute

charging and melting period:

2,0 x 107 Hjce x 1.47 % 107 mg/ x 166 c.fom, x 28340 ac/e.f,

x 15 min. = 2,1 milligrams of uranium,

No samples wsre taken from the hood system during stirring.
Section B and G of Table I show that the air count with the fan off,
drops from 2.84 f/cc during charging to 0,50 M/ec during stirring.
The ratio between thess figurss (%:g%) ghould be an indication of the
relative amounts being lost during the two periods. A simple calcula-
tion then shows that the epproximate loss during the thirty minuts

gtirring peried should be ag followss
2 1 5 050 min, o
2.1 x @fgz x -%%’Eﬁﬁf 0.7 milligrams of uranium,
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For an entire reduction heat producing 1500 grams of 25% alloy,
the uranium carried cut into the air weuld be the sum of the above two
figures or about thrse milligrams. This figure cannot be taken as
an exact value but it is at least of the proper order of magnitude and
appears to be on the high side, The loss during a remelt heat would be

about the same ag during stirring or sbout one milligram,

CONCLUSIONS .

From this work it appears that both natural and enriched materisl
may be reduced to form uranium aluminum alleoy without exceeding tclerance
levels, This can be aceomplished using only very simple hood facilities.
It is possible that counts slightly above folerance may Le friwd Auring
the charging and melting pericd but this time could be held to & maximm
of fifteen minutes, It would not be necessary for the operator %o be
near the furnace for thigs entire pex;iod(, With only two reduction heats
per day even if this brief high period exists it would not be seriocus.,
The air contamination will be reduced further by extending the sides of
the hood to eliminate cross drafts as shown in Figure 1. During the
stirring of reduction heats ard remelting of the alloy. no difficulty
from air contamination should be found even with highly enriched material,

M though difficulty was encountered with air ¢ontamination, the
actual uranium losses are very low, The loss during a reduction heat
being approximately ﬁhree milligrame end during = remelt heat one
milligram, A filter is being installed in the exhaust system to collect

these gmall zmounts,

Ay
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