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INTRODUCTION

In October of 1966, Mr. Robert A. Gustison, Manager of Chemical
Processing for Kawecki.Chemical Co., authorized Applied Health Physics, Inc.
to serve as health physics consﬁltants in connection with his.firm's pro-
cessing of tin slags containing trace amounts of thorium. The concentra-
tion of thorium ranges from 0.2 - 0.3% by weight in the tin slag as un-
wanted contaminates. Kawecki purchases these slags from various sources
throughout the world for recovery of rare metals (e.g. tantalum and
columbium.) The.slags afe shipped to a storage location in Baltimore,

Maryland.

LICENSING

In January 1963 Kawecki Chemic31‘Co. filed én application with
the U. S. Atomic Energy Commission requesting issuance of a Source Materials
License authorizing storage at the B-11 Yard, Canton Railroad Storage Yards
in Paltimore. A.E.C. Source Materials License #STC-681 was issued
January 21, 1963, which provided only for storage of the tin slags at
Boyvertown, Pa., rather than in Baltimore. This license was amended on
June 21, 1963 fo permit storage of 12,500 long tons in Baltimore; then
it was amendéd again to permitIIOO tons to be shipped to the Vanadium
Corporation of America's (VCA) plant in Cambridge, Ohio for experimental
processing as ordered by Kawecki.

Applied Health Physics was hired in August of 1965 to serve. as
health physics consultants to VCA. In September and December of 1965

Applied Health Phvsics (AHP) filed an épplication for renewal and an



amendment in the Source Materials license for VU4 to increase the authorized
amount of source material at their plaﬁt and to permit pilot-scale process-
ing of the tin slags. VCA's license #STB-850 was amended as requested by
Dr. R. J. Auguétine of Applied Healt.h'Phy'si::.s°

AHP conducted several radiological surveys during VCA's prototwpe
plant operations for Kawecki in 1965 involving the processing of the tin
slags in an electric arc furnace. The results of air sampling were all
be low permissible levels and the radiocactive contamination levels were
well witbin acceptablé limits. The results of these health physics
surveys for VCA Qere transmitted to Mr. Gustison as part of Kawecki's
contract with VCA and served as a basis for the health physicé program
for the develeopment of Kawecki's processing operations at Reading, Pa.

After thoroughly reviewing the results of the plant study at
YCA, Kawecki Chemical decided to leasé a large portion of a plant in
Reading, Pa., formerly occupied by the American Chain and Cable Co.

See Figures 1 and 2.

Prior tr leasing these facilivies, Mr., Gustison and R. Gallaghar
made a thorough evaluation of this site and agreed that it was acceptable
tu1 processing of the vin slags. Thus, a change in the Source Materials
License“#STB-849 was requested on January'lO, 1967 to permit metallurgical
srocessing of the tin slags.at the new location in Reading, Pa. The
meiallurgical obetations were patterned after these at VCA and were to

be monitored by Applied Health Physics to determine what additional

{3l
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. if any, were needed to comply with accepted health physics

svandavrds and applicable regulations.



May .

gggggg_;; Kawecki Chemical Company's Reading,

Pennsylvania, plant iooking east from the raii— : _
road bridge which spans the SchﬁYlkill River.

Kawecki occupies the.first two buildings to the

left of the large black building. .Downtown

Reading can be seen at the far right.
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A new Source Materials license - #SMp-320 - was issued March 17,
1967 authorizing up to 30,000 tons of tin slag convaining up to 0.2% thorium
and 0.05% natural uranium. This 1ic¢nse expires September 30, 1967, Appli-
cation for extension of this license was made by Mr. Gustison, and a 30 dav
extensicn has been received.

Upon receipt of the AEC ligense; prders were given for the cransfer
of the tin slags to Reading and in April we began our first éampling of the
initial processing of the tin slags. Although the planning of the cpsra-
tions had been carefully conceived and thoroughly reviewed by competent
technical personnel, there have been a number of unexpected difficulties

_that have delayed the construction and operation of the plant as planned.

These delays have prevented the health physics surveys of certain phases

of the operations.

DESCRIPTION OF PROCESSING OPERATIONS
The tin slags are shipped by rail from the storage location in
Balrimore ©o Kawecki Chemical Company's plant in Reading, Pa. The rail-

road cars are vnlcaded inside the Raw Materials Storage Area shown in

7]

Tigute 2. Vibrators are used to dislodge the tin slags from the gondola
(213 Lnoo largs concrete storage bins and to assist in the flow of the
fine slags Into various conveyors that transfer the slag from the bins
L .t._he mixing area.

The tin slags consist of glassy flakes, 6 mesh by down, with
less than 2% below 100 mesh., The slag contains 0.11-0.29% thorium as
In0g and gbcut 0.02% uranium as U308° Table 1 and Figure 3 show the

gamma spectra as cbtained on a 4'" Nal crystal low background 400 channel

TML enzalyvzer,



REPORT OF _
GAMMA RAY SPECTROMETRY ANALYSES ' _ TABLE T

of Samples for

Kawecki. Chemical Company
Reading, Pa.

Counts Minus Background per 60 gms,

Sample - Weight - Channels - _ «
Number Sample Description = (gms.) 20-199 20-159 120-159 % Thorium
0 Thorium reference standard * 60 72,777 64,820 6,585 1.63 *
K-419-1 . Non-magnetic slag : 62,3 _ 12,332 : 11,369 815 0.20-0.27 -
K-419-2 Tin slag . 61.2 ' 13,043 12,024 855 - 0.21-0.29
K-419-3 Slag T ' 28.7 . ' : 58 _ 66 .2 : < 0,002
K-419-4 Slag : 39.2 - 10,002 9,225 656 - 0,16-0.22

- 3a -

Thorium concentration (% by weight) as determined chemically in this 60 gram
sample was used as the basis for comparison of the gamma radioactivity
of all samples using a 400 channel gamme ray spectrometer with a 4" Na I

crystal, No corrections have been made for gamma ray absorption within
the samples. :

Collected : 4/18 - 20, 1967 by R. C. Gallaghar

Analyses : 5/14 - 16, 1967 by | S é%;?ﬁzL CZ:_———’
Ga o

Reported : 5/31/67 by chz déhar

g
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FIGURE 3

Gamma Spectrg of Tin Slag

See Also Table 1,
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The tin slags are Ied.ihto ?he mix Syetem hoppers and are auvto-
magicaily weighed and mixed with coke and recycled non-magnecic alloys.
After thorough mixing, the materials are discharged into hopper cars that
transport the mixture into the furnace feed hoppers. The arc furnace is
charged from the feed hoppers by means of two vibratory feeders.

The esmelting operaticns aré shown-dﬁagrammatically in Figure 4.
The furnace is operatéd at about 2800°F for several hours. The slag is
poured into a cast iron slag ladle and. allowed to cool. See Figure 5.
The.product alloy is raked from the furnace intc a large iron ladle and
takén to the cooling area. When the product is sufficiently cool, the
ladle is up-ended and the product alloy butten is dropped on the floor
where it is broken by drop balling. The product is further reduced by
a jaw crusher, a hydro-cone crusher and magnetic separator. The mag-
netic portion is further reduced in a vibratory ball mill and sized on
@ gyratory screen. This material will be further processed chemically
for the removal of tanralum and columbium. The non-magnetic portion is
recveled o the furnace. The waste slag is dumped from the ladle when
cool and broken up iuce 1-2 ft. chunks by use of the drop ball. It is
then scooped up.and depesited on the slag dump as shown in Figure 6.

e size of the slag chunks can be seen in Figure 7.

The chemical separation of the rare metals was in the process
w1 belog completed in July-August; however, this_phasé of the operation
ig considered to be of little health physics significance. Each phase

of the chemical processing will be monitored to verify this assumption.

HE21TH PHYSTCS SURVEYS

Every-phase of the planned metallurgical operations was thoroughly

veviewad by certified health physicists from Applied Health Physics several



KAWECKI CHEMICAL COMPANY

Reading, Pennsylvania

Smelting Operation

FIGURE 4
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FIGURE 5 Photograph showing the waste slag
_being poured into the cast iron slag ladle

which is located in a pit below the arc furnace.
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FIGURE 6 ~ Waste slag as it is deposited on the

old slag dump which borders the southern edge of the

Kawecki plant site.

FIGURE 7 View of slag dump

from rim of steep embankment.
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Note the large 2-3' chunks of
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waste slag.




months before the smelting began at the Reading plant. The results of the
health phvsics surveys at VCA's_plant in Cambridge, Dhic were reviewed

since the same tin slags were processed in a Qanner practically identical

to the methods selected for Kawecki's Reading facility. Applied Health
Physics had analyzed samples of the materials on each step in the metallurgi-
cal process and found that most of the thorium remained in the waste slaz.
The results of our radiological surveys at VCA during the processing of
Kawecki's tin slags are contained in Appendix I. These data showed thers

was no airborne radioactive concentrations in excess of currently accepted

limits for natural thorium 3s shown in Table 2.

TABLE 2

MAXIMUM PERMISSIBLE CONCENTRATIONS IN AIR AND WATER

‘Average concentration Natural Thorium in working atmosphere based
upon 40 hr/wk 3x10 -11 ~uc/ml

Average coucentration Natural Thorium in environment at point
of discharge - 168 brs/wk 1x10 ~12 ac/ml

Average concentration of insoluble Th in water at point of
discharge 1x10°%  yc/ml

Average concencration of soluble Th in water at peoint of
dischavee 1x10-5 wc/ml

upon Pennsylvania Health Department Regulations, Chapter 4,

Te 433 'Regulations for Radiation Protection' and U.S.

Arcmic Energy Commission Regulationms, Title 10, Part 20 ''Standards
for Protection Against Radiation'" - (NOTE: Per 10CFR 20.5c - "A curie
~f natureal thorium means the sum of 3.7 x 1010 dis/sec¢. from Th-232
plus 3.7 x 1010 gig/sec from Th-228."  One curie of natural thorium
ts equivalent to 9,000 kilograms or 19,850 pounds of natural thorium.)

Bass

Avt



From our previous radiclogical surveys invelving processing-of
identical materials containing thorium, we considersd the principal healfh
physics objective to be one of evaluating and contrelling airborne radio-
~activity. Air samples were collected at occupied areas during various
phases of the metallurgical operations as ghown in Figure.Su Breathing
zone and general room air samples were collected on Gelman HV 70 filter
paper using calibrated low volume air samplers. The air particulate samples
were analyzed for nét alpha radiation in low background gas proportional
counters (Nuclear Measurements Corp. Model PC-3A). All alpha activity
present after seventy-two hours has béeﬁkassumed to be from thorium and/or
its decay products. This assumption is based upon multi-channel gamma
spectra analyses of the raw materials (see Appendix IT) used in the smelt-
ing operations and chemical analyses.

The results of the air sampling are given in Table 3 and indicated
that the highést airborne concentrations_occurred dufing drop-balling, crush-
ing operations. Samples ranged from 0.15 to 9x10711 ne/ml. The highest con-
centration was obtained at the shékeru Dust control equipment has been re-
ceived for the crugher and shaker. This is not an area that is occupied
except for a few minutes per hour and is located in a very large high bay
area of the plant; thus,.dilution occurs before reaching occupied aress.
The management of Kawecki plan further steps to reduce and to control at-

mospheric contamination by means of dust collectors and modification of

the operations. These steps'have already been partially accomplished.
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TABLE 3

REPORT TO KAWECKI CHEMICAL COMPANY

RESULTS OF AIR SAMPLE ANALYSES

Operation or Location " Number of Samples | Sample No. Results (pic/ml)
Unloading R.R. Cars 1 Y 8x10~12
Bin Vibration : ' 1 ' 30 7x15-12
Mixing Furnace Charge 2 3 _ 9x10-13
23 1.8x10"12
Arc Melting -
at furnace control 13 1 1.8x10712
4 < 10-13
6 3x10” 12
7 | 1x10-13
9 6xl0'13
10 2x10713
11 9x107 13
12 1.8x10" 12
14 2x10713
15 1x10-12
17 7.2x10-12
18 | 1x1071%
26 3.8x10712
Transformer Vault Roof 2 | 2 .- 1.6x10712
5 | 2x10712
Crane Operator's Cab 1 . 8 1.3x10-12



Table 3

Operation or Location Number of Samples
Stack 6
Slag Croshing 3

drop ball

emptving bucket
Hearth

drop ball

crusting

shaker 1

L3
16

19

21

28

22

24

.29

Results fuc/ml)
9x10~ 13

Lost -

2x10-12

3x10° 11
4x10" 12
2.7x10" 11
1.5%x10~12
4.4%x10-11

1.5x10-11

9x10-11

Enviroamental ¢ €AM ) Continuous Air Monitoring Data

00 AM. £/14 - 9110 AM. 7/20/67
9:10 &.M, 7/20 - 11:30 A,Mu'

11:30 &a.M. ?/28 -

k0D POM, R/TT ; 11:00 A M. 8/25

11:00 AM. 8/25 - 11:00 A M. 9/8

Radioactivity (d/m)

Alpha ~ Beta

25.0 103.0
1.8 27.6
0 13.6
1.8 0



Stack samples were taken at zﬁe paini. ot discharge some 80 to 100 feer
above the ground. Considerable difficuluy was enécuatar&d in the collection of
thes= samples because of the heat from the arc furnace, precarious positioning
af sampling equipment and heavv dust burden, Two of our air samplers burned.
out during sampling and several samples were lost as a resalt of hear, mzl-
function and/or less of equipment. Howevef, we were able to obtain iive 3)
representative stack samples which ranged from 9x10"13 to 3x10711 m</ml,
with an average of 8.7x10-12, Considefing thaf the furnace cperated approx-
imately 18 hours per week duriﬁg ithe first six months, concentrations of
thorium discharged over 168 hours per week would average well below 1x10-12
uc/ml as averaged over a 13 Qeek period.

However, in view c¢f these concentrations, stéps have beeﬁ taken
to adjust the smelting operations to control the flow of raw materigls into
the fﬁrnace, thereby reducing the possible discharge of unreacted matérials
which results when the furnace is fed at too high a.ra.te°

Future stack sampling will be greatly facilitated by the installa-
tion of sampling ducts in the discharge stacks which connect to sampling
eguipwent locatsed on the floor of the smelting area. Thus, we will be able
ro collect more stack samples at less risk to personnel and equipment.

It was noted during our initia] survey in April that the furnace
diecharged scome large particulates, especially when the.reactiqn raté was
roo high., To sample and evaluate these materials as discharged, we located
g number of fallout samplers over a wide area inside the plant and at
various distances downwind from the stacks. These fallout samplers

consisted of steel discs 3" - 4" in diameter with a 1" hole that contained

el



a special adhesive paper disc, adhesive on one side snd printed on the ather

side with a serial number and other information az shown on the sample below.

CAurigy .
a0 PADIOAGE,
4" MaTERy 44
aQ

AMr.
ISOTOPE
DAre
% A-
)
%, 466

3
Darry pypye

These fallout samplers were positioned before the furnace started up and were

collected after 1 - 18 days of expdsure° The results of alpha analyses of

’

143 samples is given in Table 4-A. The alpha activity ranged from O to 70 d/m.

TAELE 4-A

ALPHA ANALYSES OF FALLOUT SAMPLES

Total Serial Range
Date Number Numbers Alpha dpm
4718 . 67 501-567 0-30
514 41 568-590 0-66
5/5-23 15 66-75 ' 0-42
717-731
6/14 20 . 783-803 0-70

The results of gamma analyses of three samples is given in Table 4-B. The

gamma activity ranged from < 0.005 te < 0.15 percent.

_10-



TABLE  4-B

 GAMMA ANALYSES OF FALLOUT SAMPLES

Sample _ Percent
Number Location _ Thorium
A 973 Settled dust from floor of mixing area _ < 0.005
A 974 Settled dust from roof of transformer vault < 0.005
A 975 Settled dust from stagks collected on roof < 0.15

A continuous air monitor (Nucleaf Measurements Corp. Model WJ-1)
was installed in April to collect air particulate sampies. This equipment
consists of a vacuum pump which pulls air from the atmosphere through a
Gelman HV-70 filter papér'which isflo;ated in a shielded beta-gamma end
window G-M counting chamber, connected to a countrate meter that measures
and records the beta-gamma activity of the filter péper° The filter paper
is changed each week and sent to Applied Health Physics for net alpha and
Beta measurement.. Figure 9 is a photograph of the continucus air monitor-
ing equipﬁent, théh is located in Kawecki's laboratory (see Figure 2) and
samples environmental airborne radicactivity coilecfed through a hose which
extends for a distance outiside of the building.

Samples were taken at various phases eof the extraction pfocess and
the gamma activity has been analyzed in a low background 400-channel gamma
spectrometer using a 4" Nal Crystal. These results have been compared to
a thorium reference standard of the same phyvsical size as the samples and
the thorium concentration determined. Further work is being done to estabiish
a rapid and reliable analytical technique for thorium analyses based upon gamma
spectfometry. These data are shown in Table 5 and indicate that 86 percent of
the thorium originally present in the tin slag is removed by smelting and is

discarded in the waste slsg.

- 1l-



FIGURE 9 _ Continuous air monitoring equipment

(Nuclear Measurements Co7 Model WJ-1) which is
located in Kawecki's Chem. Lab. at the far
northeastern edge of the plant site. This equip-
ment has been opérated continuously since 6/14/67 to
collect, analyze and record atmospheric radiocactivity

.in the environment.

-~ 1la -



Sample
Number

A-133
134
- 135
R-4192
A-970
K-419-3
K-419-4
A-969
A-972
K-419-1
136
137
A-966
A-967
138
139
&-971

140
41

142
143
L4k
Pan
lan
K-8{72

147

L8

I=

]
0 -
[ n
L sl [o¢]

BAELE 5

SUMMAR: OF RaDIo

La

o~ e

OGTOAL ANAL Y

£3

OF SAMPLES FROM METALLURGICAL

OPERATIONS

Description

la, Tio Slag

1b. Tin Slag
Tin Slag
Tin Slag

2 Periclase Ladle Lining Material
Waste Slag (black)
v " composite Lot 9
" " from silica I[nsion
Nen Magnetic Slag
3 Magnetic Fraction
3 Magnetic Fraction
RBlend #1
Lot 10
4 Non-Magneric Fracticn
4 '

Y n from crusher

5t L}
b 1l 1

131 1

i it
il HE Filter Cake

T i
7 Producy $layg
1 £t
Caustic slag From Hammer Mill

RES MLTS,

Alpha
0.032 pc/mg
044
076

{vellow)

0.26 pc
0.25 po/me

0.96 pc/mg

0.45

0.00
0.015
0,00
0.022
0.004

0.05 pc/mg
0.13

0.1
0.004

7 Th.

Gamma

450 ¢/m/gm

440
216 Uo21-0,29
0.2 -0.3
166 c¢/m/gm 0.16-0,22
0.3 -0.4
0.23-0.35
198 c¢/m/g 0.2 -0.27
210 o/m/gm
0.10
0.12
426 c/m/g
0.2 -0.3
0.036
0.012
230 ¢/m/gm
0.02
246 c/m/g
0.05-0.07



g ute Rezdiag plant wers

Our fivst vadiological
performed April 18 - 20 followed by a@diciOﬂal surveavs Mav 4. 5 and 23;
June 14 - 16; Julv 18, 19; August 17 and Seplember 8. Iuring these
SUTVeys tadiation.measureménts were made using oslibrated alpha gas proe-
portional survey meters (Eberline, Model PAC-3G). betz-gamma survey malers
fNoclear Messuremsnts Corpo., Model GS-3 with end-window G-M having a
Log W%/Cmi window} and gamma scintlllaﬁion survey meters (Precision,
Model 111 ¢,

During ¢ne of the initial betra-gamma surveys of the plant we were
surprised to find radiation levels of 10 - 15 mr/hr around the railroad cars

‘ar in excess of what could be expected

12}
=

loaded with the tir slags. This wa
trom 0.2 - .0.3 percent thori-mm and was soon deterﬁined to be originating
from a 2 Mew, x-ray unit operatiné att U, 8. Testing Companv's radiography
facilirv., The radiarion levels extended over a wide area of the plant, as
stown fo Figure 0. Apparentlv the radiavion results from "sky-shine',
strav padizilon which, having vadsergone multiple deflections within the
radicgraphy room, asceiters off the steel voof beams and down intro the
gdjaceny plant zrez occupied by Kaweold.

Mr. R, Gustison and R, Gallaghsr reviewed lthese findiogs with the

managetr of U, 5. Tesbing Company and with Mr. McDonald of the Penusvlvanie

Heaith Department, Even incugh these radietion lzvels mav exist only under

faln ng conditions and beam orientation of the ¢ Mev Van de Graaf

1
g

mechine, it 1s obvious that additional precsufions should be taken by

. S. Testing to ¢omply with Pennsylvania Heslth Department Regulations

V7]
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Article 433 which governs the safe use of x-ray equipment. For the pro-
tection of our client's personnel we have installed dosimetric devices

at various locations to further moniter stray radiation in areas occupied
by Kawecki personnel.

No significant alpha contamination was detected during our surveys,
The gamma radiation levels measured.from the railroad cars 1oaded.with the tin
slag were 0.5 to 0.7 mr/hr. No measurable beta~gamma.activity was present
after unloading but cars had up to 52 d/m/100 cms. Tin slags in the raw
material storage bins showed beta-gamma levels of 0.8 to 1.2 mrads/hr. The
slag measured 0.07 -.Oq5 mrads/hr at contact. The slag dump contained
1.0 - 1.5 mr/hr.

The gamma radiation levels at the exterior of the loaded géndola
cars.(O,S - 0.7 mr/hf) necessitates labeling as required.in Title 49 CFR
74.553 on each car. The exemptions from labeling (Title 49 CFR, Part
73.392 (a)(3) do not appear to apply to these shipments. The AEC regula-
tions Title 10 CFR Part 20.203 require labeling of "each area or room in
which natural thorium is used or stored in an amount exceeding 5000 uc,
or 99.5 1bs. must be conspicuously posted with a sign or signs bearing
the radiation caution symbol and the words "'CAUTION - RADIOACTIVE MATERTALS".
Each container in which natural thorium is tra;sported, stored or used in

a quantity greater than 9.9 pounds must have the same label.

WASTE DISPOSAL

The waste slag contains 0.2 to 0.29 percent thorium in the form
of a black glass-like material which is broken into large pieces. This

material is in a form that is ideal for the retention of radioactive



materials as an inert glass. The owners of th: plent site have granted
. permission in the lease for the use of the slag dump for the disposal of
wastes from Kawecki's operations and the company has Focrmally requestéd
a permit from the Pennsylvania Health Department for disposal of these
materials, . Previous requests for disposal of the waste slag were made

to the U. S. Atomic Energy Commission. See Appendix III.

SUMMARY

The results of the radiological safety surveys at Kawecki
Chemical Company's plant in Reading, Pennsylvania are reviewed and
discussed in this report. Unexpected delays and difficulties with the
installation and operation of metallurgical processing equipment and
procedures necessitates further surveys of thosé portions of these processes
which could not be included in this report. The data obtained from surveys
made during the period April through September indicate that the metallur-
gical operations have been conducted in compliance with accepted radio- |

logical safety standards and applicable Federal and State regulationms.
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