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INTRODUCTION

The information contained herein comprises the first part of a report in
two parts covering a complets industrial hygiene and medical aurvey of
the Lindsay Chemical Corpany plant in West Chicage, Illinois.

The survey was conducted in order that wutual benefit might accrue both

to lindsay Chemical Company and to the Atomic Energy Commission. To the
Lindssy Chemical Company, in order that they wight have an accurate
definition of the extent of occcupatiocnal exposures within the plant and
a2lso some knowledgze of medical history of their present and past employees.
To the AFC so that any Tuture plant Sonstruction could be made with the
maxirur toxicological information.

In order to define poteptial hasards within the operating areas, values
have been aszaigned to airborne concentrations of the primary radicactive
cowponents of the materials being pruvcessed, thorium and thoron. The
valuss have been chosen 23 carefully as posaible on the basis of infor-
mation available prior to the writing of the report. Ths value for
thoriun has been based on the aacepted value for uranium. This con-
centration, of 70 d/m/3, presumes that from the radiocactivity standpoint
both nranium and thorium are equally soxie. The concentration of thoron
has been based on the accepted value for radon, of 1011 guries/liter.
Hers again toxicity had been considered identical on a radiocastivity
basis.

Whereas by inference these maximm allowable comcentration values have
considerable validity, it cannot be emphasiszed too strongly that only
through careful epidemioclogical studies is it possible to establish the
maximum concentration to which a worker can be exposed with safety.

Radiation measuremsnts were taken within the plant and outside of the
plant but only the Inplant values have been assessed for potential
danger. The values taken outside the plant area are presented without
iaterpretation as any tossihle danger in these areas depends on the
upe to which these areas will he put,

On the basis of the maximum zllowabls concentrations which have been
used, there are several plant areas in which overexposures were found
to exist. Where this is trus, an effort has besn made to define the
scurce of excessive concentrations armd to suggest superfiocial means
for remedying the situation. MNo ef”ort has been made %o provide
specific detailed recosmendations for the control of atmospheric
hazards.
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SCOPE

This is a report of a survey performed during the period September 15
through 18, 1952 at the Lindsay Chemical Company, West Chicago, Illinois.
The survey vas made in antiocipation of the construstion of a refinery to
supply thorium nitrate or other thorium intsrmedistes to the Mermald
Ares, and covered the health and safety problems existing in the refin-
ing of thorium and the concurreant separstion of rare earth materials.

PURPOSE
This survey was made with the following objectives in mind:

1. To gather dats from which to caloulate the daily weighted average
sxposures of plant employees.

2. To make an intensive study of present and past health experience
of all Lindsay workers toward an estimation of the taxicity of
thorium and thoron.

3. To suggest to lindsay, physical and procedural changes which would
be needed in the present plant to correct exposures which exseed
the interim bdenchmarks now being used.

L. To provide information on which new thorium facilitiss can be
dexigned.

RESULTS OF STUIX

Tentative maximum permissible concentrations of 70 ¢/m/M3 for thorium,
and 10~11 ¢/1 of thoron have been used as benchmarks in this analysis.
Of the eighty-two employees studied, forty-nine (59.8X) were exposed to
thorium concentrations exceeding the tentative maximum permissible level;
ten of these had exposures of 210 to 2100 alpha disintegrstions per
wminute per cubic mster of air (d/m/M3). The exposures of all plant
people excesded the lswel of thoron now considesred as safe.

1. Thorium

A complete breakdown of the daily veighted sxposure to thorium of plant
personnel follows:
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2.

MBILZ I

Summary of Daily Weighted Thorium Exposure

Boaber of Personnsl

Average veighted exposure . » 151 d/a/m3 *
Maximum weighted exposure 2000 d/m/M3
No. Persons
Less than 70 d/m/N6 - 35 (h1.7%) -
70 to 210 d/m/M3 39 (L6.3%)
210 to 350 d/m/M3 — b (L.8%)
350 to 700 d/mNO3 2 (2.1%)
over 700 d/m/M3 L (L.8%)

* d/n/M3 = di:i,cnugnum :-r minuts per
cu meter of sy,

70 4/m/M3 = paximnm allowable concentration
(MAC) tentatively used by the
Hew York Operations Office.

Thoron

The following table mummarizes the caloculated weighted thoron exposures
as estimated from daughter measuremsnts. (See Method of 3tudy.)

TABLE IT
Summary of Zstimated Daily Weighted Thoron Exposure

Number of Personnel Studied 8h
Average weighted exposurs (¢/1)* 52 x 10-11
Maximum weighted exposure (c/1) 202 x 1o~11
¥o. Imployees
Less than 1011 ¢/1 -- - 0
ltoSx 10-11 —— 0
5 to 10 x 10~11 c/l 15 (17.9%)
10 to 20 x 10~11 ¢/1 < 7 (8.3%)
20 to kO x 10"11 ¢/l --- 8 (9.5%)
4O to 80 x 10~11 o/A b5 (53.5%)
80 to 160 x 10-R ¢ 6 (7.23)
over 160 x 1011 ¢ 3 (3.4)

* 2/1 = curies per liter

The maximum allowabls concentration (MAC) for the
thoron is presently accepted as 10~11 c/1.

-5 -
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3. Radiation Msasurements

a) Smear Samples taken threughout the Lindssy plant area showed
removable alpha surface contamination of from 1l to 15000
d/m/sample. The highest comtamination (15000 alpha
m/sample) was found in Building L Balcony at the thorium
nitrate kettle,

d) BExternmal Radiation Measurement - Inplant: Excessive direct
rediation wvas found in the "black mud® and "first gray mud"
storags areas located on the Building 3 Balcony. Activity
measurements exceeding the highest range of the 2610 Bsta-
Camma Survey mster {20 milliroentgens per hour - mr/hr) were
found (using a closed window).

¢) Oxternal Radiation Measurement - Outplanty New plant location,
sump, and storage areas: The highest redicactivity messured
was in the "black wmud" storege area. 7The reading mede in
direct contact over the "black wud® pile (approximately 1G6
pounds) wes L0 mreps beta, 330 mr/hr gamma and 2 x 106y
d/m/100 c»? alpha. (Juno reacdings.)

METHOD 2F STUTY

A. Thorium

Dust samples wers collected on 1 1/8" Whatmen Fhl filter paper, employ-
ing & Universal air pump at 0.5 afm as the sampler. The callection
period varied from 0.5 minutes to 100 minutes, depending on conditions
of opsration and dust loading.

The dust sarmples collected are divided into:

(1) General Air Samples - a sample obtained of a generel working
ares or room atmosphare.

(2} Breathing Zone Semples - a sswple obtained in the breathing
sons of an operator during the performance of a particular
task or operation.

B. Thoren
Because of the decay sharacteristics of the thorium chain, we have no

direct method for messuring thoron gas concentrations with portabls
field equipment. It is pessible, however, to collect thoron daughter

b -



products together with an airborme dust sample. The activity of the

dust sample may then be used as an indirect means for ocalculating

initial thorium daughter concentration after subtrecting the concen-
tration of long-lived alpha emitters. DBy using the radicactive decay
curve of Rn?20 (thoron) and its dsughter products, the thoron concen-
tration may be sstimeted with reasonable scecurssy. The method of analywsis
of thoron is described in dstail under Anslytical Method for Thoron. The
dust collection medium and the apparstus is the same as described above.

C. Radiation ¥easurements

Area monitoring for rediation intensity at various plant and outplant
locations was done with:

1. Beta-Gamsa Survey Meter 26104 - A geiger tube instrument with a
stdelded window to permit screening out beta particles. This is
count rets meter reading intensity in aillirventgens per hour
(mr/br). The instrument has three ranges (0.2, 2.0, 20 mr/hr,
full scale).

2. Juno - An ionization chamber instrument for detecting alpha, bdeta
and gamma emitting racicactive materials. The Juno measures
radiation intensities in three ranges, 50, 500 and 5000 ar/hr,
full scale, and has sslective ahislds to permit distinguishing
the three types of radiation.

3. Swsars - The removable alpha surface contanination was determined
by wiping acproximately 15U sq. cm area of a surface with & What-
man fhl filter paper. The alpha contamimation adhering to the
filter paper was counted on an alpha scintillation counter.

ANALYTICAL METHOL -OR THORON

Rationale

The properties of thoron make it difficult to snalyse directly. (Sse
Decay Scheme, Fgure 10.) Thoron is, however, the parent of a chain of
solid redicactive decay products wnich can be ssparsted from air by
filtretion. HNeglecting ThA, (6.15 sec half-1ife) the thoron daughter
products will decay with a half-1ifs which is long snough to permit a
measurement of their radicactivity within a day or two after collection.

During sampling at a constant rate, decay procducts will build up on a

collector and approsch a constant activity. At equilibrium the rate
of deposition will equal the rate of decay. However, for the thoron

[191bl
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daughter chain this equilibrium will be reached only after 100 hours of
sampling. It i{s therefore neither desirsbles nor practicsl %o sample to
equilibrium. For sampling times less than 100 hours, but nore than 8
minutes, it i{s possible to ealculate the percentsgs of equi}idrium
sctivity which will be present on the collector. (For ssupling times
less than § minoutes this is not possidle, since the decay constants
involved are mot known to sufficient accuracy.)

The alpha activity of thoron decay products may be converted to thoron
concentration by the equation:

o/1 = {2) (b5 x 10°16) (a/m)
(7) 1/

where

¢/1 = curies/liter of thoron

2

empirical correction factor for absorption
and incompletse partisls retention

d/m at end sampling period
F = build-up factor

1/m = sampling rate

It is posszible that thoren and its daughters msy not be in redicsctive
oquilidrium in the sampled air. In this case the above calculation
would more corrsctly represent the soncentrstion of only opns of the
daughters. Som the relative half-lives of the thoron series, however,
it is apparent that this can not he a serious dsorepancy.

d/m

Progcedure

The total aotivity of the samples was msasured by a Samson alpha survey
meter 7 to 12 hours after collection and the decay of those samples of
higher activity was followed. All the filter papers were subsequently
re~countsd for long-lived activity. After subtracting the secomd count,
the net first oount sxtrapoliatsd to the end of ths cellection period
represents the activity of the daughters. This wes then computed by
the above equation to squivalent thoroa activity.

The lower limit of detection of the Sameon meter as used is spproxi-

mately 250 d/m. This represents 2.0 x 10-11 g/1 of thoren in an 8
minute sarple measured after 10 hours.

-8~



JOB ANALYCIS SHEETS (See Appendix E)

The lob analysis sheets give a detailsd anslysis of the exposure-tinme
relationship of each employee on the project. This consists of a state-~
ment of the total time spent on each specific component of te job with
tbe mumber of times each task is performed par day. The average con-
centration as obtained from a minimum of three samples per location is
also recorded. The time weighted average exposure per full working

day is determined by dividing the sum of all products of concentration
times time, Wy the total mmber of minutes per day. In estimating thoron
exposures it was found that only long term samples ocontained gufficient
thoron daughter products in the form of dust to be measureble. In view
of the fact that plant operation requires the operators to remain in
their work areas almost full time however, the lack of short, breathing
sons, thoron samples does not sppear important. If anything, exposures
which ares caloulatod neglecting breathing mone sa=ples will be somevhat
underestimated. DBecause corplste breathing zone coverage was ot pos-
#idle however only General Air information was used to determins the
individual daily weighted thoron concentration exposures.

PPNCZES DISCRIPTION

1. Monosite Sand received in 100 pound burlap bags are durped into a
continuous ball mill. The mill discharge is transferred %o a sand
hopper by buggy, and dumped. Mve hundred pound batches of ground
sand are reacted with fuming sulfuric scid ylelding "pot cake-®,
Onreacted sand i3 dried, recrushed, and treated as virgin sand.

2. The "pot cake” is leached with water and filtered. The sludge
obtained froam the filter preas is called the first "gray mud".

3. The "first gray mud" is boiled with caustic yielding a crude
thorium hycroxide known as "red mud". Upon lssehing "red mud®
with sulfuric acid, & "black sud" sludge is ocbtained. This sludge
contains mesothorium, thorium and rare earths, and is discarded,

Li. *fed mud” is dissolved in sulfuric acid and preeipitated with
hydrofluoric acid yialding a crude thorium fluorids known as
"second gray mud”®, .

. The "second gray mud” is leached with a soda ash selution and the
residue is crude rare sarth-thorium carbonate. The carbonate
solution is precipitated with caustic yielding an impure thorium
hydroxide known as “white mud".
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6. Upon cizsolving the "white mud®™ in hydrochloric acid snd precipitating
with sulfuric acid thorium sulfate arystals are obtained. The crystals
are dissolved in water, precipitated again with caustic yielding
thorium hydroxide. This is lesched with nitric scid %0 produge a
thorium mitrste solution. The thorium nitrats solutiom is crystal-
lised, centrifuged and reorystallized to produgse the purified thortum
nitrate tetrshydrata.

7. Thorium nitrate precipitated with oxalic acid ylelds thorium oxalate,
which ipon calcining is decomposed to thorium axide. ‘

A flow sheet of the atove operstion is included (Agure 1).

DISCUSSION

In order that the data of this report may de interpreted, it is neces-
sary to have soms criteria of toxicity. The following maximum allowable
concentrations are suggestedsr

1. Thorium: 70 disintegrations ter minute per cubic meter of air.

Although there is no generally accepted MAC for thorium, the New
York Office has tentatively sccepted the lsvel which has been in
use for some tims for insoluble urarium compounds. There is no
apparent reason why the radiocsctive taxioity of these two materials
should differ significantly when sxvressed on an activity basis.

2. Thoron: 10-11 guries per litar of air.

As in the case of thorium, there is ss yet no gensrally accepted
MAC but the "Amssrican Conferences of Goverrmantal Industrial
Hygienists™ has tantatively proposed the valus used in this
report. Agsin this is taken from the accepted value for radon
with the same rationale as expressed above.

In this study it was found that forty-nine of the eighty~four plant
employees are exposed to thorium concentration exceecing the MAC. The
ball mill, rotary drier, pot diggers, thorium oxide preparation, and
dissolver operators had exposures renging from ) to 12 times ths MAC
while the rare earth fluoride retary drier, and pot operators had
exposures of 18 to X times MAC, respectively. Table III contains
the indivicdual daily weighted thorium exposures for all occupations.

The thoron exposures of all Lindsay employees were all found to exceed
the tentative MAC of 10~11 guries per liter. The range of thess expo-
sures was from 8 MAC found for the office personnel to 202 MAC for the

- 10 =
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TABLE III
DAILY WEIOHTRD AVERAGE EXPOSURE

Ta. of atly ssdghted Conethiraiions
Ung_.cyons Yhorium Tho

ron
) (x 10~11 ¢/1)

5§|§

: ‘ 1 560 6k
Rotary Drier 1 870 AN
Pot Operator 2 2000 75
Pot Diggers 2 330 75
Pot laker {arall room) 1 sk Lk
ot Digger (small room) 1 L8 &0
a7 Gperator 1 - 68
Maintenance & Repair - Bldg 3 1 144 L8
Press Operators L 120 52
working Foreran (Press) 1 %0 30
Therium Jxcdide Preparsation 1 510 59
Thorium Nitrate Crystallization 1 ko 28
Building L
‘are Zarth Fluoride Hotary Drier 1 1300 1,
Bydroxide Drisr 1l 280 105
Thorium Sulphate 1 110 97
Thorium Sxtraction 1 180 200
Cissolving Operator 1 220 202
Cascade Operstor 1 b1 160
Thorium M trate Mold Crusher 1l 18 152
Chemical Operator Foreman 1 150 12
Ma{ntenance % Repair - Xdg L 1 130 100
Maintenance & Repair - Bldg 2,3,k 7 73 56
Other Personnsl (not handling Th) S 13 39
Buil 2
Plant L 1 23 20
Production Superintendant 1 69 L8
Assistant Superintendant 1 7% 4
MYgintenanse ‘ Repair Supervisor 1 6 13
Raceiving and Shipping 1 12 12
Control lLaboratory S 12 10
Labor Crew 20 92 8
02%ce Personnel 15 6 8
Total Psraonnel 8L
Average Daily Weighted Concemtration 151 52
10-a
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the digsolving operator. The highest single general air concentration
920 x 10~11 was found at & dissolving kettle 15 on the Building 4
Balcony. It is safe {o assume that since the majority of the reported
breathing sons thoron concentrations reported in the sarple record sheets
were about 10-9 curies per liter, the estimated individual daily thoron

concentrations shown in Table IV are probably on the low sids.

from the sample data in Table IV ths need for process improvemant and
control is obvious if the tentative levels are aceeptad.

Tllowing 18 a summary of the main pointa “rom which a high dust dis-
persion was notad:

I. Ball »i1l

e) Tluring the operetion of loading monosite sand into the mill,
visible dust was dispersed throughout the aroa. An average
BZ concentration 780 d/m/MJ wes found. This concentration
was primarily from:

1. Lack of ventilation at the bag dump hopper.
2. Frequent jamming of sand conveyor.

3. Lack of ventilation between weigh hopper and syntron
feeder, and syntron feeder and ball mill,

L. Spread of contamimation ‘rom

(a) frequently open or leaky monosite sand bags
(b) dust escaping from leaky ball mill
(¢} 1lack of ceantral vacuum cleamup system.

b) loading & buggy with sand from the disghargs of the mill is
even dustier. An average breathing sone concentration of
3L00 d/m/M3 was found. Lack of ventilation at the hopper and
mill discharge are primarily responsible for the high cust
concentrations.

I1I. PRotary Drier

Tabulation of this operator's daily tasks are shown in Table IV, The
highest average breathing sone concentration (3k00 d/m/M3) was found
during the unloading of the sard from the mill discharge onto buggies.
This is the same operation as performed by the mill operator.

11811619



TABLE IV
TABULATION OF AVERAGRE MREATHING 7OKE SAMPLES

OPZRATION Concentration (d/m/M3 No. of
—— Aversge Low Sazples

pg % |
. . buggies with monosite 3400 3900 26800 3
sand
2. Loads Drier with 3 wheel barrel 100 10 60 2
loads of wet monosite sand
3. Unloads material from drier into 653 1110 L0O 3
pile in center of area
L. Loads material with truck 132 0 sk 2
Ball M11
1. Loads one buggy with sand from 3k00 3900 26800 3
discharge of =ill
2. Loads six sacks of monozite sand 785 980 &90 3
into mdll
Pot Operator
1. &Eng buggy of sand into hopper 9530 14000 3600 3
at center of pot area
2. Unloaging sand hopper into pot 13200 34000  LB0OO L
barre
3. Mnloading on¢ barrel of sand into 3150 8700 5650 L
pot containing fuming HSOy
Pot
o Ag pot cake out of pots 16 32 L1 3
2. Lloads buggy with sand from 3L00 3900 2800 3
discharge of mill
3. nloading buggy of sand into 9530 1L000 3600 3
hopper at center of pot area
h. Loads buggy 3400 3900 2800 3
Pot D1
gs unreacted sand from pot - - 8.0 1
Pot Baker
ing acid and reclaimed . 80 190 <1 3
sand into pots
2. Loading sand from hepper into can 93 280 <1 3
Press Operators - Bl
1. Clsan press b mud (mesothorium) 235 260 210 2
2. Loading dlack mud into drum 280 350 20 2
3. Cleaning first gray mud press 122 170 70 2
ke Loading first gray mud into barrels 70 1ho L1 2
5. Cleaning second gray mud press 380 390 370 2

1191170 11-a



Table IV - continued

OPERATION Concentration (d/m/M3) Ho. of
Average  High  Iow Samples
6. lLoading second gray mud 150 - - 1
into barrel '
7. Cleaning red mud press 8s . 93 78 3
8. Losding red mud into barrels 8s - - 1

Rare Esrth Fluoride Rotary Drier
1. Shoveling R.Z. ?Iuogﬁ from 66 76 52 2 |

drum into rotary drier

2. Charging grinder bopper with 505 680 L30 2
dried R.E. Fluoride
3. Discharging R.E. Fluoride 19000 - - i

from grindsr into drum
Hydroxide Drier

1. Jnloads 13 pans R.Z. Hydroxide 810 1400 380 3
into drum
2. lLoads wet R.Z. fydrate into 200 300 120 3
13 pans '
3. Loads 1) pans into drier 197 220 160 3
L. Clean up area with sweep 830 - - 1
Thorium Zrtraction - Bldg L
1. Cleaning second grade 185 190 180 2
thoriumx mud
2. Loads second grade thorium 2250 2300 2200 2
mud into drum
Thorium Ni trate Mold Crusher
1. Crushing Th(303); mold in hood i .16 n i

Thorium Oxids Preparation Room
1, loads trays with thorium oxalate 5000 8200 1800 3
and inserts into furnace after
unloading thorium oxide trays

from furnace
2. Tnloads trays ThO2 from furnace 52000 160000 107000 3
into bottle
Thorium Nitrate Crystallization :
1. Scoops thorium nitrste from <1l 82 L1 2
7ibre Pak carton into mixing
kettls

FEGTTTI 1-v



Three other operational samples obtained during loading of the drier,
loading monosite sand into truaks and unloading ths drier aversged 100,
132 and 663 d/m/¥3, respectively. Direct sontributors to the excessive

concentrations are:

1. Dumping of unreacted sand on floor in genter of ares.
2. Crushing large pieces of material with shovel, in open.

3. Frequent handling of matsrial.
k. Lack of ventilation.

II1. Pot area

The pot area is affocted by the dust generated during the unloading of
milled sand from the sand hopper into the pot barrel, dumping buggy

of sand into hopper at center of pot area, and unloading barrel of

sand into pot of fuming sulfuric acid. Aversge breathing szone samples
of 13,200, $500 and 3150 d/m/M3, respectively, were found for the above
operations. Since the average gsneral air concentration in this area
is 76 d/a/¥3, 1% is quite evident that local dust and fume control at
the source is desirable. Several prectices observed in this area
which directly affected the exposure of the indivicusls were:

1. PFregueat spillage of monosits gsand and pot oake omto floor.
2. Eating of food and smoking in opersting area.

3. Digging out vots with hand scoop exposing operator to cust
and fumes.

IV. Rare “arth FAuoride Rotary Drier

Dust creation in this area by far excceded that created in other
operating aress. Prtunately, the rare sarth Zuoride contains only
0.25% thorium oxide thus the raciocsctivity content of the collscted
air ssamples were not as high as found in other areas. However,a
single breathing sone sampls taken cduring the discharging of rare
sarth fluoride from the grindsr intc & drum revealed a thorium con-
centration of 19,000 alpha d/n/M3.. The following violations of good

prectice were noted:
1. Lack of ventilation at discharge end of Rotary drier.
2. Open system from drisr to grinder.

191112
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3. Orinder charging hood inadequately ventilated.
L. Entire grinder umit lsaks dust.
S. Inadequate ring type exhaust at discharge of grinder.

6. Outlet of Dracco collector recirgulates inside the
operating area spreading dust throughout the area.

V. Rare Zarth Hydroxide Drier

Initially the rare earth hydroxide is dumped onto the floor between ths
rere earth fluoride rotary drier and the hydrate drier. This fuming
pile of hydrats is then trangferred to trays and thence to the drier.
The entire ares betwean the hydrate drier and pile was covered vith a
heavy yellow dust. Aversge breathing mone samples of the four opera-
tions performed by this cperstor manged from 200 to 830 d/m/A3.

The surveyors noted the fbllowing violations of good industrial hygiene
procedures:

1. Storage of rare earth hydroxide (often fuming) in an
open area between the rare earth fluoride and drier.

2. Loading of hydroxide into pans in open area.
3. Conveying of dust laden pans in open.

L. Contamination of entire floor area with dried hydrate
and tracking of material to adjacent areas.

S. Tnloading of hydrats from pans into drums was performed
i{n open, oreating a dusty atmosphere.

6. Drums filled with dried hydrete were laft unliddsd.
Vi. Press Areas
Cleaning and loading of the warious preas cakes expossd the operators
to average B7 concentrations renging from 70 to 380 d/m/M3. The
highest concentrations found were at ths "second gray mud® presses.
Such operations as hand clesaning of the presses with scrspers, shoveling

the oake into barrels or into tanks and clesnup of area ifter press
dumping contributed to the average gensral air concentration of 125

-13 -



alphs d/n/) found on the Building J Balcomy. In addition, a direct
radiation exposure to deta and gaams or both axists during the cleaning
of the presses. A lack of gloves on many of the press operators was
noted.

TII. Thorium Oxide Preparation Room

During the operation of loading treys with thorium oxalate and inserting
into calciner, the operator was sxposed to an aversge Breathing Zone
concentration of 5000 d/a/M3. While unloading the trays of thorium oxide
from calciner into a bottle in the open, an average breathing zone con-

centration of 52,000 d/m/¥3 vas found.

The lack of adequate hooding facilities for loading and unloading of
thorium a>xalate and thorium oxids, snd the general spread of contam-
nation wers prirarily responsibls for the exceasive dust concentration.

Table 7 wkich containes a tahtulation of the sverage general air sarples
shows the major concentration of both thorium and thoron im Bullding L.
The average thorium concentration was found to be 245 d/m/M3 and the
average thoron concentration 263 x 10-11 curies per liter.

YIII. Radiation
A. Inplant

1. Tsble 7 containa the results of a complete radiation
survey of thorium production, office and laboratory,
areas at the Lindsay Chemiosl Company. The highest
readings obtained were fhund on the PBuilding L Ralcoeny
the location of high thorium and thoron consentrations.
Three foot level (waist high) msasurements near the
thorium nitrats kettles, hydroxide filter, cascadse
& d thorium aitrats crushing hood averaged 2 mreps
beta and L.5 »r/hr gamma. Readings exceeding the
capacity of the 26104 for both bsta and gamma were
found in direct contact with top and sicdes of thorium
aitrate tub.

2. Smears - The highsst removabls contamimation (a 15,000
alpha d/m/sample, ssear taken over an area of 150 cm?)
was found at the thorium ni trats kettle located on the
balcony of Plant k.” The site alse of the highest
thoron and thorium dust concentrstion.

B. Outplant

1. Table VII and Figures 2 and 3 contain the results of
direct rediation measurements made in outdoor storage
areas and of the waste liquors from ths process. The

: -W-
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TABLE V

TABUIATION OF AVERAGE GENERAL AIR SAMPLES

LOCATION

M1l and Drier Area

Pot Area

Balcory

Main Tloor under Presses
Smzll "ot Room

Building h

Vain Tloor

White Mud Tlter Press Ares

White Mud Tank Ares

Balcony

Cascads Room {Evaporatian)

¥ain fFloor dorth of Thorium
Production Area

Building 2

RERNEE

Thorium Oxide Preparation Room

Thortum Crvstallisation Arsa
Receiving and Shipping Aires
Control Laboratory

VYachine 3hop

0ld “antle “roduction Area
locker Room

Main Qffice Area

Ave Congcentration
Thoriuw. “Thoron
St_l_/l/::3 ) 510‘11 o/1)

220 &

76 144
125 18
66 &l
53 L3
129 phbl
&9 15
78 73
LS 263
piN 18k
3k 39
32 36
L8 20
12 1
13 19
5 20

5 36

S 22

6 8



TABLE VI
SMEAR SAMPIE RESULTS

LOCATION RESULYS (d/m/sample)
Ty 2nd 330

Sample, Monosite Sand ' 1200
loor, Unreacted Wet Sand 860
floor, Charging Ind Drier 650
Sawple, Unreacted Wet Sand 1500
Sample, Dry Tnreacted Sand 1L00
Sample, Top of Momozite Sand Burlap Bags i
7loor, Discharge Pnd Drier L60

Building 3} - Pot Area 42
"Side Sand dopper 840
Pot Cake 250
Crud on Top of Pot uko
Platform ~ Pot Cake Discharge Tank : 150
Tloor, "ront of Sand Hopper 510
Clove of E. Eramp 670

Building 2 - Small Pot Room
Side Sand Hopper 150
Crud Top Pot 50
Pot Cake 2nd Baking 2k0
Floor Front Pot 120
fMoor in Pront Sand Hopper 140

Building 2 - Men's Locker Room

~Top of Locker ' 230
loor 180

Building i - Rare Earth 7luoride Area

~ floor, R. E. fluoride Urier 520
Dust on R. 3. Fluoride Hopper 350
Moor, Discharge of R. 3. Fluoride Hopper 750
Top R. 3. Fluoride Drier, Feed ind 1600

Building i - Rare Earth Fluoride Area

~Floor, Feed Znd X. B. 7luorids Drier 670
nool‘, a. so t. Bil . 150
Noor, R. Z. te Drier 170

Building L - Process Area

~Hloor, ront Cerox Slfter 680
Platform Cerox Hyd. Mllter 2000
Moor, 15 ft. South Zlevator 700
Top Thorium Hydride Filter Press 960
Floor Tnder Thorium Hydride lter Press 3300
floor EZlevator 1200
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Table VI - continued

LOGLTION RESULTS (d/w/sample)

Building L - 3alse
*loor, ‘ront Clsvator Salcomy 1900
7loor in Fromt Th¥O, Kettles 930
Side of ThNOy Kettld 8700
ldquid Thiid3 Xattle 15000
Floor, ‘roat Cascade 1700
Dust on Top - Cascade Hood L80
Wall 3outh 3nd on Top Cascada Hood llear Breaksr 270
Floor, Mront Breaking Table k000

lk-c
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TARLZ VII
DIRECT RADIATICN MEAS'REMENTS - INPLANT

LCCATION READINGS
punp![hr ¥ur/hr K d/m/100 cmé
Building 2 '
Passageway, M.E. Corner - Tloor Level 0.23 0.12 25006
Pagsageway, N.Z. Comer - 3' Level 0.2 0,05
8BL. Rare Zarth Tuoride, “tored N. End - Top 0.08 2.5 8C00
38L. R.E. 7luoride, %tored Y. End - Side, Contact 0.05 2.5
BBL. R.Z. Fluoride, Stored 4. End - ¥ , 6" " 0 0.08
Drum Cerox "xalate, Top Contsct 0.05 0.5 2000
Drum Cercx -valate - %ide Contact Q.15 0.25
Drum Cerox Oxalate - Side 4" Contact Cel 0.2
Drum R.2. Hydrate - Top Contact 0.05 1.1 3000
Irum R.Z. Bydrate - Sdde Contact 0.05 1.1
Drum R.Z. Hydrate - Side é" Contact 4] Q.7
Crom Cerox - Side 6" 0 2.5
Opposite Shipping Door - Contact - #loor Level 0.5 2.5 1:CCo
Drums, Thd03 (2k Crums, 190 1bs. each)
Top of Drum - Contact 3 20 : 5000
Side of Drum - Contact 8 Lo
Side of Drum - 1/2¢ 6 N
Side 5f rum - 1! g 22
Orum, ThO2 - Top Contact 1 7
Cram, ThO2 - Side Contact C.5 16
Drum, ThJ2 - Side 1/2' 0.5 75
Drum, ThO2 - 31ige 1' Q.5 5.5
Near Shipping Toor - 7loor lLevel 0 2 10000
0ld Mantle >lant
Bastnasite Storage 0.2% 0.2
01d Webbing, ¥. Zod - Contact 3 1.5
01ld Jebbing, N. Bnd - 3 0.9 Ce3
) ,'1ddle D-Om - 3' Iml 001 002
Work Tables - Contact Q.12 g 5000
Asbestos 3tring Box - Contact 0.5 .75 17000
Mantle Shel?, X.7. Corncr 3000
Storare 5in, ¥.4¥. Corner 3 1.5 LC000
N. End Center - Contact - Floor Level 0.2% 0.5 16000
Center - Contact - Floor Level . 0.1 0 8000
South Znd - Contact - Floor Level 0.5 0.1 8000
Wachine Shop
Elsctric Shop Area - Work Sench 0.03 .02 2000
Alislewvay 0.05 0.1 10000
Stockroom ~ Counter 0.06 - Neg.
Front of Stockroom - Moor Level 0.06 0.08 9000
Machine Ares - Bench 0.0% 0.1 5000
Machine ires - Tloor Level 0.0k 0.C6 7000
Center “Yachine Shop - 3' Level 0.025 0.05
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Table 7II - econtinued

LOCATION REALIIOS
- Ampepsfhr Ymr/hr  od/m/100 em?
ThRO3 Drums, Sear BJB Office - Top Contact 1 20 7000
Th¥O3 [runms, Near 3JB 0ffice - 3ide Contact 3 30
Th¥03 Crums, Near BJB Office - Sids 1/2¢ 2.5 20
ThiO3 Drums, Near BJB Office - Side 1' 2 1
La Treating Room
Table Top - Contast 0.03 1.1 3000
Center of Room - 3' lLavel s} 1.
On Scale by ThO2 Bottle, 1/5 All 0 12
Arnace BRoom :
front of Turmace Door, 1' 2.5 Q.8 350000
Centaer of Room - "loor Level 1 1.5 11;0000
Center of Room - 3! Lavel 0.3 0.7
Table Top by Trays Q.9 0.75 120000
Asbestos Qloves 1.8 0.7 180000
R.2. Carbonate Drm - Top Contact o 2
R.Z. Carbonate Drum - 3ide Contact 0 0.7
Drum, Barnesite (Re203) - Side Q 0.5
Center of Micdle Room in Mront of ThrD3 Kettle
3' Level Ok 0.7
floor Level 1.0 .45 50C00
Men's Locker Room, Center - 3' Level 0.0k c.l
Men' s locker Room, Centsr - Floor Level Q.3 1.5 20000
Control laboratory
West Center - 3' Lavel 0.1 G.3
Table Near Hood Q.1 0.3
Polishing Room Center Table - Top Q.5 0.2 Neg.
West Centsr - 3}' Lavel .1 0.2
Building 3
Passagevay, ¥. ind - 3' lavel 0.1 0.25

Passageway, 4. ind - floor Level 3 11600

1
Passageway, Center - 3! Lavel ¢}
2nd Oray PPT'N., Tank (Mull) - Side Contact 0

Red Mud, Cone Baottom Tank, Washing - Contact 0 b 28000
Red Mud M1lter Press in Operation 0
5

Red "ud “1lter Press in Operation - "loor level 3 120000
Passage Between Ball Nil1l % Pots - 3' Level U.3 1.2
Passage Setween Ball Mill & Pots - 7loor Le 1.8 2 22000
Pot Area .
Bucket Pot Cak - Top Contact 1 3 3000
Near Ducket - Mloor Lavel 0.5 2.0 800G
Pot Cake Dissolving Tank - Sice 0 2.5
Sand Hopper - 3ide Contact o] k.S
ront of Sand Hopper - Floor level 1 2.5 29000
"ront of Sand Hopper - 3' Level 0.1 1.
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Table VII - contimued

LOCATION : READINOS
fureps/ir ¥mr/hr od/n/100 om?

Bucket of Sand - 3ide Contact 0.5 b 8000
Bucket of Sand - Side 1/2' 1 2.5
Bucket of Ssnd - 3ide 1! © Qe5 2
Olove, 2. Eramp - Palm Side 0.6 1.5 15000

Small Pot Area
Platform in Front of Pots 0 1l S000
In Front of Pots ~ 3' Awvay - 3' Level Q.15 0.6 _
Pot Cake from nreacted Sand (Baked 2nd Time) 0.5 3 17000
Center of Room - Floor Level 0.15 Jdol 22000
front of Tnreacted 3and Hopper - Floor Lavel 2 1.h 15000
Bucket of Inreacted Sand -~ Side Contact 0.5 3
Platform Just South of Hopper Ve5 0.75 5000
Work Table o} 0.2% 3000
HF Operator's Cabinst 0.06 0.1 LiQo

Around Black #ud Preas - Floor Level off scale 9

Bottom Pan under Black Mud Press off scale 10

Around 3econd Crsy Mud Press - Floor Lavel S 3

Beside 3eeond Crey “ud Press 1.9 2.5

BBL. Pirst Orey Yud - Top Contact 3.5 9

8BL. Mrst Oray Mud - Side 6" 0 T

Red Mud Dissolving Tank - Side Contact 2 7.5

Red Mud Dissolving Tank - Side 6" 1.5 6.5

Red Mud Boiling Tank - Side Contact 0.5 7

Red ¥ud Soiling Tank - Side 67 0.5 é

Retween Red Mud Boiling % Dissolving Tanks
Floor Level L k.5
3' Level 1 k.5

BBL3. FPirst Gray “od Prom Yard - Top Contact off scale of? scale

BEILS. Pirst Oray ud from Yard - Side Contact 1 20

BBLS. First Oray Mad Prom Yard - $ide 6* 1.5 11.5

Front of Red Mud Boiling Tank - Floor Level 1l 6.5

Building U

Passage Between 31ldgs 2 % L - 3' Lavel 0.1 0.3 18000

Passage Detween Bldgs 2 & L - 7loor Level 0.17 0.3

Jlllt West of Bydr." Driers (S. M) - n“r e 10.1 003 umo
Level

B.tm Dﬂ.r’ - 3' I"‘l R 001 006

Between Driers - Floor lLevel 0.35 C.55 12000

Damp Rare Zarth dydrate in Tray 0.2 1.2 90000

Tront of 7eed Fnd of R.3. Nuoride Drier -
Floor lavel 0.3 0.25 15000

Discharge =nd of R.Z. Fluoride Drier -
loor Level Q.18 0.k 15000



Table 7II - continued

- LOCATION ‘ READINGS
@m/hr sar/hr  Ad/w/100 omé

Just W. of Th Centrifugal - Floor Level 0.5 1l 38000
BBL. ThNO3 - Top Contact . o 5.5
BBL. ThNO3 - 3ide 1/2' 0 3
BBL. ThND3 - Side 1! 0 1.8
West of Centrifugal -~ 3' lLavel 0.2 1
BBL. R.3. Hydrate - Side Contact 0.05 1.75
Front of Cerox Sifters - Floor Level 0.6 0.7% 70000
Th Hydroxide Mlter Press, 3" Q.3 1.2
Kesvator - Floor lavel 1 2 150000
Froat of Zlevator on Balsony - Yloor Level 0 2
Tront of Ilevator on Bslcony - 3' Level o] 1.8
Thbb3 Kettle - Side Contact 3 15
Th.'iOB Lettle -~ Side 1/2! 1 12
ThN03 Kettle - Side 1 0 7.5
Tront of ThNO3 Kettles - Floor level 6 S.5
Pront of ThNO3 Kettles - 3' Lavel - 3' Away 1 N
Th Jydroxide Alter, 3' South - 3' Lavel 0.5 k.5
Front of Cascads - 3' Level 2.5 LeS
Table at 2nd of Cascads b 2.5
Tub of ThH03 ~ Top Contact 20 20
Tub of ThiO3 - Side Contact 20 20
Tub of ThNC3 ~ Side &6° 1 11.5
Pan of ThNO3 - Top Contact off scals 17.5
Pan of ThHOj - Side Comtact 3 15
Pan of ThNO3 - Side 6" 1 5
Tront of Crusher - Tloor Level L b
Front of Hood - 2' Away - ) Lavel 2 3
Th Extraction Mlter Press - Top 3 2
Th Extraction 7ilter Press ~ Floor level 5.5 h
Froant of Elevator - Moor Level 5.5 3.5
First Grey Mud Spilled on Floor 2.5 5
Black Mud Storage off scale off soale
Between Black % lst Gray Mud Storage - 3' Level 0.5 10.5
2 1/2 Peet 7rom Black Mad BBLS, off scale 20
3 Yest “rom Black “Yud BBLS. 3 17
L Peet From Black ™ud BBLS. k n
Ball 111 )
Bags of “onosite Sand - Top 3.0 10
Near Rags of Sand - Tloor Level 1.5 2
Between Large Pile (6" Between) h.0 15
Pile of Bags - Side Contact 1.0 10
Pile of Bags - Sidse 1/2° 1.0 6.5
Pile of BDags - Side 1! 1.0 5
?1le of Bags - Side 3' 0.5 h

L1918 Li-g



Table 7II - Continued
LOCATION READIRGS
Arrevafhr  yur/hr  «d/m/100 cr?

Discharce of mnreacted *onozite Sand Crier -

Top Contact .0 7.0

51de Contact 1.0 3.0
Plles of Spilled “'anosite Sancd - Top 2.5 5.5
Center of lcom - Floor Level 1.5 1.0
Pile of Jet ''nreacted *onorite Sand - Top 1.5 5.0
Cischarge Ball i1l “onorits Sand - Top Contact 1.0 8.5
Discharce 3all i1l “onosite Sand - Side 6" 1.0 L.5
Near 3Sall 11 Discharze - Flonr Level 1.0 1.0
2sll ¥11] Charger ‘lopper CeS k.5
Charger Trier 1.0 1.5
Center of Area - “loor Laevel 1.0 1.0
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liquid waste of approximstely 180,000 fluid pallons
per cay from “lant 2, 3, and L contains approximately
O.LZ s0l4ds by wmlume. The liquor discharges through
an underground sewer to a sump ares located a 1/L mile
south of the plant. Ths highest measurement obtained
(1.5 mreps/hr beta, 7.5 mr/hr gamms and 110,000 d/n/1C0
cm? alphe) was on direct contact with a pile of material
dredged from the sumps. Evidencs of contamination was
found at the site of the excavation for a ney thorium
slant. 0.9 ar/hr gamma and 8,000 d/m/10¢ cm? alpha

vas founa.

2. Solid Sludge which includes "black mud"”, thorium
extraction resicue, "first grsy mud® and "second
unreacted sand® are stored within a eyclone fenced
enciosure located 20U yards south of the sump area.
waate naterials are trucked rom the plant to this
storaze arca seversl tirmes a day. The nighest reacing
found in direct contact with the road at several
locatlons betwesn the sump area and the storage area
was 0.5 mreps/hr beta, 1.3 nr/hr gamma and 160,000
alpia d/m/10C em?. A L8C ton pile of "hlack mud!
locaied at the extrems north sast cormer of the
enclosure provided the nighest radiation gaadinga.
L0 mreps beta, 330 ar/hr cemma and 2 x 10° d/m/100
cn? alpha was Jound using a Juno instrument.

Taily weighted thorium and thoron concentrations exceeding the nresently
acceoted preferrec levele have been found for a majority of the “indsay
plant emplaoyees.

If the departures from good industrial hygiene practices noted in the
Discussion are correctec, it is our oceljef that the airborne dust
exrosures of 3ll plant tersonnel can bs substantially reduced,
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PRIVACY ACT MATERIAL REMOVED

o~
AR B

LIST 07 FURTNUL

L ME OCCUPATION o, o7 YT

VT

Ball Mill Operator 11/L

Rotary Drier 1/3

Pot Baker Foreman 15

Pot Baker 16

Pot Digger 21

oat Digger 5 178

Pot Baker, Small Poom 20

Pot Mgrer, 3mall Tsor
K7 Dperator

Uisaclying ‘perator
Choewrical Operator Tarersn
Th Crystalliszation CuccinC Jjerytoy 3
Th Mold Crusher

Grvatallisation Nperstor

Rare Earth Flunride Rotorv rier
Th Sulfate Cperator

Thorium Oxide Operitor

Thorium Ixtraciion perator
Rare zarth Hvdrate

Thorium Kltrate Oryutallization /¢

N

1/2

/2

P
LV S I @ i £ AN VS NS Bl UV

: oress Operator &

Press Cperctor ?

Pregs {perator 1L

Press Operator

Presr Yorking Foreman 1<
Other Personnel Handling Thorium
Lzbor Crew .

1%-¢
PRIVACY ACT MATERIAL REMOVED
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PRIVACY ACT MATERIAL REMOVED

~able IX - contiuuad

Meintenance “en

ven in Plcée L Yot Handline Thorium

PRIVACY ACT MATERIAL REMOVED

15-d
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QOccupeation

Building 3

Ball Mill

Aotary Dryer

Pot Operator

Pot Diggzers

Pot DBaker
Small Ranm

Pot Digger
|_Small Hgom

HF QOperator

Yaintencnce % Rezalr
Suilding #3

Press Operators

= FIGURE 2

working Foreman
(Press)

e ~ad S
Lo0TIum XxLse

Prapzratian

{M

Thorium_ Nitrate
Crvstallization

H

Building L

Rare Zarth Fluoride
Rotary OJryer

Hydroxide Dryer

12

e e, e o TN —d

Thoriua Sulfate

i1

mem——

Thorium =xtractiosn

_1 1

—— N —— ()9 =

Dissolving Operzior

] 1
=g T 07 =

Cascade Oper:.tor

——— N — TR —

Thorium Nitrate
| Hold Crusher

I .
o — B —

L131179]

0

DAZL

1
0 2 0
We%vhted ﬁverage Zxposure %HAC) for Thorown

Chemical Operator 11
Forer F — e AN
Maintenance Repair T 11 -
Building L : = =
Maintenance X Hepair
onenans P @ — == LEGEND
|Building 2.3,4 "F 5 Thorium L) No.
Other Personnel —| of
Thoron E===Personnel
1 1 i L i i L ] I
120

WEICHTEL AVZRAGE EXPOLURE

LINDEAY CHEAICAL CO.




————— .

1. -
! k) WS ol G%

AVEREAJE ZXTOSURE [UAC) FT THC._ i

Occupation

2.0

10,0

Building 2

Plant Superintendent

.—-Ll

Production .
s>uperintencdent

Assistant
Superintendent

Maintenance & Hepair
Supervisor

Receiving and
Shipping

Control
Laboratorvy

Lavor Crew

Office Pzrsonnel

Averaze Daily
Yielzhted Conc,

1 8L

1jrﬂ -

- o— ¢l = ¢

L 1 ) - 1

FIGURE 2 -(lontiruec,

Thorium

Thoron
L L

3 Moo
of
=

Ferscnne
1 1 1
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0 20
Wegéhted Average Exposure (MAC) f

DAILY WEIGITED AVERAGE EXPOSURE
LINDSAY CHIICAL COC.

or Thoron
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APUENDIX C

PROCESS AND BUTLDING LAYCUTS
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Decay Schems for Thocn

Figure #10

She5 s
(- 4
Po216  (Tha) Po212  (ThC!)
0016 s 3 X 10-7 s
o B1%2 (o) (2/3) | o
60,5 m
B
Pb212 (ThB) . Pb208 (ThD)
* (w3
10.6 h ( stable
B
3.1 m
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. FORM luw

I, |
[t N

) JOB ANALYSIS SHEET

OPERATOR:W | ] MEN/SHIFT: 3 __anivc a/vA ':_;_.__MEN/'DAY
. TiME TIME i CONCENTRATION AVG CON'C.*
OPERATION . PER OPERA. PER NO. OF d/a/‘Ma © T:MES
oR orera. | PER SHIFT | SAMP c, FOTAL TiME
OPERATING AREA imind | SHIFT Lwimy (ma | SBS | Low wicn AVG. (T XC)
Cleaning Press Black Mud | 17 2 34 2 |26 250 235 8acCG -
/mesoth, i unreacted |
Ioading Black *ud into ? L & < 3w 350 ciu 2200
irum
Cleaning Press First Gray| 11 6 £6 2 T 170 122 ROCO
*ud &mde thoriu
phosphate-sulfate/
Loading 1st gray »ud inwe 5 8 Lo 2 “1 1o 70 2800
barrels
Cl Press 2nd Oray 12 e 2u i 376 390 38C 2100
Muc /orude thorium ~ '
fluoride/
Loading 2nd Gray “ud inw 3 IN 12 i - - 150 18C0
& Barrel
Cleaning Press Red Mud 23 2 Lé 2 76 53 35 3900
/erude thorius hydroxide/ »
Loading Red Mud into b 12 ) ) - - &5 L10G
Barrels - - :
-GA Balcony - Blde 3 ' 362 12 15 200 125 L5000
ter Press irea/
GA Main Floor under ’ross ' ece 2 £4 77 £E 13000
Bldg 3 .
Lunches and Breaks . 90 12 15 250G 125 11000
locker Room 30 3 & 6 5 150
’ldj@tcd to two significant figures T 960 T T aC. 110,000
IMe> “HE MAXIMUM
3 (T )((Tf’:) - 7 +1n , /w3= . £ a..ywaBlc LONCEN-

Eptiratpd BRily Veighted Thoren Concentration 51.5 x 1012 e " Y



v, FIRM 14
Lli=w=32l

JOB ANALYSIS SHEET

OPERATOR: Po% Taker - Srall Rooe

1l MEN/SHIFT:

1 snifs/oa: 1 uen/DAy

TIME TIME CONCENTRAT ION AVG CON'C.*
OPERATION PER OPERA. PER NO. OF d/u 3 ) T:MES
OR PER SAMP
. OPERA. " SHIFT +C, rOTAL TIME
OPERATiING AREA iming | SHIFT O (e (T “ES | (oW  HiGH AVG. (T XC)
Chargizg acid apd 2.5 6 15 3 <1l 190 é0 900
reclaimed sand intoc oIS
Loacing sand fror hoprer | af £ 16 2 <1 & $3 1500
intc can
@A Smell Pot Roor 37k 7 <31 20 33 23000
Lunel end Preaks €y T <1l 2L0 53 3200
Locker Room 15 3 L [ s 75
-
(ww)
(ene ) e
m »
*4djusicd to two signijirant frgures Z T 480 T T xC; 26000
(T x € ’ TIMES THE MAXIMUM
I~V - T sy / /3= 0.77 AL OWABLE CUONCEN-
(7 d/ Oﬂ TRATION.

Estinated Daily

Weighted Thoron Consentration L.k x 10~



Y, FJRWM 1liy

Li=s=32.

JOB ANALYSIS SHEET

NPERATOR: "ot iirg>r - Hmall Pot Yoom

1 wMmenSsHiFT:

1 smrecssoard MEN/DAY

m———

o 7 TIME . TIME CONCENTRATION AVG CON'C.*
OPERATION PER QPERA. PER Nf). OF /e /3 TIMES
OR opera. | "ER SHIFT | SAMP C; TOTAL TIME
OPERATING AREA iming | SHEFT O L min) () “ES | iow  MiGH AVG. (T XC)
Pigs unreacted sand for 2h 6 1Lk 1 - - 8.0 1100
oot
0% "oin Pot prea 12C 1 30 170 76 14000
Gt Small "ot Ares 9% 7 <1 24 353 5100
Lunch and Breaks ke ” <1 AS 53 2o
Locker Room 15 3 b é 5 75
=)
(=>) .
o
o~ '
*Adjusicd to two significant figures Z T LaC 2T «Ci 23000
' TIMES THE MAXIMUM
s (T x C) * A8 ; &//u3= G5 A_.OWABLE LONCEN-

Z (Thgtimated Daily Weighted Thoron Consentretior 60 x 1012 ¢/1

TRATIIN.



No- FORM 13:
iliweene

- JOB ANALYSIS SHEET

OPERATOR: __D4amalwing Opsratar I MEN/SHiFT:_ 3 _snmlf 3/04a7:_Y MEN/DAY

OPERAT!ON TP;:: OPERA. TP:;;E NO. OF ::Nﬁcs%gkrzow WGTf::;c"
OR orera. | PER sHipT | SAMP [T (Cy TOTAL TIME
OPERATING AREA (MIN SHiFT (MiN) (T} -ES Low HiGH AVG. (T XC)
Ci Thorium Stirring €0 - - - 630 38000
Battery
G5 ¥ain Floor - 3ldg k 210 12 LS 360 129 27000
Gi Baleony - 31dg L . 210 g 26 630 2ko 5GL00
Lunch apd Broaks LS 12 LS 360 129 5800
Locker Room ’ 15 3 (L 6 3 75
-0
<0
o
—— .
*ldjusicd to two significont figures 2T 90 2 (T xC, 121,000

(T 'C) o ' ’ TIMES THE MAXIMUM
X . _

= 220 , 3. 3o A__OWABLE CONCEN-
z z (T) - ‘/'/M 2 rRA'.'ION.g

Estimated Daily Weightad Thoren Congentration 202 x 10711 o/1



. v FIRM le.

T ilmawA?
e

B JOB ANALYSIS SHEET

QPERATOR: Rare farth Fluoride - Rotary 1 enssmisti L iU oavi_% MEN/DAY

P o X U
OPERAT:ON TP]EM: OPERA. TP:EM: NO. OF " i‘;r/:;gn:om AVGT:::::SC"
_OR orera. | PER SHIFT | SAMP \C. TOTAL TIME
OPERATING AREA i) | SHTFT L en) (1) | SBS | Low wioH AVG. (TXC)
Shoveling Rare Zarth 6.5 8 52 2*3 56 76 66 3100
Fluoride from drum

into Rotary Drier
Charging Grinder Iopper 22k 2** 130 680 505 115000

vith dried R, E.

Tluoride
Iiacharging ®. E. FluoridL 3.0 8 2k 1* - - 19000 L60C00

from grinder into drum
Gi Main Floor - Bldg b 120 12 L5 360 129 15000
Lanch and Breaks LS 12 L5 360 129 5800
Lockers 15 3 L s 75

-

co

o ™

[=e

(4

“ddjusicd to two significant figures 2T k80 I .Ta«C, 620000

w2 uddif.ionnl samples lost in amalysis.

TIMe s> THE MAXIMUM

(T x C) © 1300 / &/ , 3. 18.L AL.OWABLE CONCEN-

Doyt __ .
(Tgstimated Delly Weighted Thoron Concentration 103.5 x 10~ g/1-a~7 un.




) JOB ANALYSIS SHEET

Cascade Cperator 1 L l I S
OPERATOR: MEN/SHIF - _smiv a/9a "1 ___MEN/DAY
. T ME TIME ~%§NI’RA?ZON AvG CON'C.*
OPERAT ON PER OPERA. PER NO. OF e T1MES
o OPERA. PER SHIFT SAMP iC. TOTAL TiME
OPERATING AREA V. SHIFT (MIN) (T} LES _ow HiGH AvG. (T XC)
GA Th(303)k Cascade 120 L {11 1 5900
floom ’
Lunch and Brecks kS L 1 16 1 630
wocker Room 15 3 | b é g (]
£
(o]
[vane ] o
O
LBO 6600
*Adjusicd to two signijieani jugures 2T 2 .TxC,

~

TIMES THE MAXIMUM

(T x Cj _ ° 1k ’ d/l! 3. 0.20 AL_UWAB.t JONCEN-
I YT, Bétimsted-Batly-weiyhted-—Thoron Concentrat .’rm':t.n~4.L



JOB ANALYSIS SHEET

YL N ﬁ MEN/ DAY

APERATOR: Other Fersomnel - Bldy L 6 mensmiFTi_ L _ami.
{not nandling thorium)
) TIME TIME LONCENTRATON AVG CON'C.*
QPERATION PER OPERA PER N:') or d/!a’M3 T'MES
OR osEra. | FER SHIFT SAMP iC. TOTAL TiME
OPERATING AREA (MIN; SHIFT (MIN) (T LES _ow HiGH AVG. (T XC)
¢t Pldg L (outside b8 | 6 |13 93 3k 16300
thexriurm prodiction
area) ”
ituner and Zreaks LS ¢ 13 Q3 3k 1530
Locker ioow 15 3 L & S 75
0D
(» )
o
*djusicd to two significoni figures 2T sho 2 .7 « C, 18000
‘ ._ “IMes TRE MAXIMUM
5 {7 )((T(-:, - " 33 ) d/w"\"-3= a.h7 A_.JWABlz CONCEN-
E !

Satimatec Daily Weighted Thoren Concentration 3.6 x 10~ c/l:a»:-.m_



JOB ANALYSIS SHEET

APERATOR: Cherdcul Uperator Foreman 1 menssaifTi_ L smisla/0k . X Men/DAY
. TIME TIME ZONE :NI’RA _AVG CON'C.*
OPERATION PER OPERA. PER NO. OF % 3 T1MES
OR PER - SAMP .
. OPERA. SHIFT C, TOTAL TiME
OPERATING AREA {MIN; SH.FT (M:N) (1) _ES _OW H:GH AvG. (T XC)
3i vasn Floor - Sldg L 360 12 L5 360 129 Léudi
¢. faleony -~ Hldr b 120 & 26 63C 2L¢ 29ULG
lumoh and Dreaks kS 12 LS 360 129 5800
Locker Roor 15 3 L 6 S (4]
O
(o o]
——— L]
*ddjusicd to two signifirant figures zT 5LO 2 TaC €1000

- 150 SIMes> THE MAXIMUM
z _%_x_TC_l = ! d/n 3. 2.1 A" JWABLe JONCEN-
(T) Retimated Duilyweighted Thoron cmentrauou 152 x 10°3L ¢/1  ant N




) JOB ANALYSIS SHEET

QPERATOR:  <itiv'3 Yold Crusher 1 MEN/SHIFT:_ X amiic3/0A7 i _3 MEN/DAY
_ TiME TIME LONCENTRATION AVG CON'C.®
OPERAT.ON PER OPERA, PER NO. OF /w3 T MES
OR opera. | FPER SHIFT SAMP iC, TOTAL TiME
OPERATING AREA (MIN; SHIFT (MiN) (T -ES -OW HiGH AVG. " {TXC)
sresnins Talimq b 6 3% 716 2 |1 68 23 5000
Mold in hoo _
o Th(mgy)b cozeade s L {11 % 1 2900
tfow . o
Lanch anc Breaks ’ u5 k b1 16 U 630
locker Foom 1s 3 ks 6 5 75
£
o0 -
~ '
*Adjusicd to tws signijinoni JLRuTes T 480 I 7T« C 8600

-

T x C IMe s TME MAXIMUM

(T x Cj) 0.26 a .

D A v d/n /3= . _.SwaBle JONCEN
(T)Saty patec Dally Hoiihiia *FE?bn Gouc-ntratian 152 x 10~ /1




N

FORM 13%%¢

(1i=w=32i

JOB ANALYSIS SHEET

1 MEN,SH T __ 3 anl. '3/0/7" 1 MEN/ DAY

OPERATOR: Sydprexide Lwier
CPERAT'ON T 'ME R TIME ;ONCENTgAfION A¥G CON'C.*
; DER QPERA. PER NO  OF a/m/ T:MES
oR opera. | "EF sWiFT | SAMP iC, roTAL TIME
OPERATING AREA MiN SHIFT (MIN) (T “ES | _ow HiGH AvG. (T XC)
Unloads 13 »ans Rare 3.5 29 102 3 38y 100 £10 82000
Earth Hycroxide -
intc drum
Loads wet ®. 7. Kvirate| 5eC 29 16 3 120 330 200 29000
into 13 pans
Loads 13 pans into drief 2 29 3€ 3 |10 220 197 7506
Clean up of arez with 3 2 é 1 - - 83C 5000
sweep
GA ¥ain Floor - 31d; L 188 12 | b5 360 129 2L0Vo
Lanch and “reaks k5 12 k5 360 129 5800
Locker Room 15 3 k 6 5 75
D
(oo
u L ]
*4djusicd to twd> signijirani Jiguros 2 1 Sho T T & C, 150000
J1Mes THE MAXIMUM
(T x C) _ 280 / a/m/ 3= i, 0 a;;ffnazn ZONCEN-

2 T M
() pgtimated Daily veighted Thoron Concentration 105 x 10-11 e/1 “7"7"°%



N. T,

FORM 142

llL-U-bZ;
- JOB ANALYSIS SHEET
OPERATOR: Ball Mill 1 MEN/SHlFT:____]'__a'nIE':S/'DA":_I__MEN/"DAY
OPERAT:ON TPI:: OPERA. TP:EMRE NO. OF :ONnEj;SMZON AVGT?:::"
OR PER SAMP -
. OPERA. SHIFT WGy TOTAL TIME
OPERATING AREA (MIN) SHIFT (MiN) (T) LES L oW H1GH AVG. (TXC)
Loads & sacks of 8 25 200 3 690 980 8% 160000
monogite sand
inte mill
Loads 1 durgy with 745 2 15 3 2800 3900 3L00 51000
sand from discharge
of mill
GL ™11 and Drier Avea 200 8 s 900 220 LL00O
Lunch and Bresks 50 8 35 900 220 11000
Locker Roon 15 3 b 6 s ™
-0
o0
=
21.1:80 $ T x Ci 270000

*ldjusied to two significant figures

SIM ™ MAX I MUM
s (T x C) _ 560 8.0 ::AB : CONCEN-
—z (TEst Wumm SN



;. FJORM 13%u

s3]

JOB ANALYSIS SHEET

OPERATOR: ‘!‘h(h’f);)h Crystallisation 1 MEN/SH! FT:_]_-__a‘n[F‘. 5/0A7 1 MEN/ DAY
—— e | oo W | e
OR PER SAMP - .
OPERA. SHIFT \C, rOTAL TIME
OPERATING AREA (MIND SHIFT (MiN) (T} LES Low HIGH AVG. (TXC)
Scoons Th(m)! from 6 6 36 2 (<1 8 1\ 1500
Pibyre Pak carton
into mixing kettle
GA in front of the 20k 1 - - L8 9800
Th &) Crystal-
lizatlion kettles
Gh Lanthumum, Neodyniun 180 5 7 110 32 58C0
Preparetion loom
Lunch and Breaks kS 5 7 1o 32 1100
Locker Room 15 3 L é 5 7%
)
(@ a) .
wn
*4d jusicd to two significant figures z 7 k8o T (T x C, 19000

T . . 'm“ THE MAXIMUM
(T x C) ko / ‘/./“3, 0.57 ~OWABLE CLONCEN-

I s
(T)zgtimated Dally Weighted Thoron Concentration 28 x 10~ ﬁ e/l TRATION.




Tiew=52i

. FORM 14w

) JOB ANALYSIS SHEET

OPERATOR: Maintenance i Reualr Mam - 1 uen/swiFTs L snisTs/0AY - 1 men/oay
“3r3 , I ,
) TIME TIME ~ONCENTRAT | ON AVG coN‘C.r
OPERATION PER OPERA. PER NO. OF n /3 _ . TTMES
op oR opera. | "ER suipT | SAMPS \C) TOTAL TIME
ERATING AREA imind | ST ) (min) (1) LES | Low  HIGH AVG. (TXC)
Gh 3lcg 3 L9 1 9 100 36CU0
gL Shop 60 k 2 8 5 300
Lunck and Hreaks 60 kL 2 8 5 300
Locker Room 15 3 | bk 6 5 B
o)
[ w]
e [ ]
T 1T L8O $ .T x C; 37000

*4d justed to two significant figures

~1ME> THE MAXIMUM
* OWAB.E CONCEN-

s (T x C)
(T»n.ur-tarnirﬁrwinaﬁia1isau:cnum-«é-‘331Er"ﬂfﬂr‘7i'.aA



FoRM 133
PR P
- JOB ANALYSIS SHEET
OPERATOR: __ "ot Diggers 2  MEN/SHIFT:_L  sni7Fi3/DAv:_@ MEN/DAY
. TiME TIME CONCENTRAT ION AVG CON'C.*
OPERATION PER OPERA, PER NO. OF d/m /M3 TIMES
OR opera. | FER "SHIFT | SAMP- (C/ TOTAL TiME
OPERATING AREA vy | SHIFT LNy (1) | SBS fiow HicH AVG. " (TXC)
t
Digging Fot Cake out 13 15 195 3 |41 3 16 3100
of Pata ;
Loads buggy with sand 7.5 k 30 3 p3so 3900 3k00 1000C0
from discharge of
mill
Gi M1l Arca 30 8 3% 900 220 6600
Unloading Buggy of sand| 1 5 5 3 360G 1L00Q 9530 L8000
into hopper at centey
of pot ares
GA Pot irea 10 | 30 170 76 2h000
Lunch and Sresks b5 u 30 170 76 3400
. Locker Room 1s 3 k 6 5 ]
o)
<o
._J [ J
*ddjusicd to two significant figures Z 7630 Z (T x C, 220000
TlMi'..a THE MAXIMUM
5 (T ?Tf) - 330 ' d/m /3= L8 A__OWABLE CONCEN-

Estimated Daily Weighted Thoron Concentration 75 x 1071l ¢/1 TRATION.



. FORM T4

Lliee=n2i

JOB ANALYSIS SHEET

OPERATOR: Pot merator 2 MEN/SHIFT:__]-__SniF'.‘S/DA“:__z__MEN/"DAY
OPERATION T;:: OPERA. TP:;: NO. OF :odN/-':xg”:ON ;YGTf:z;C"
oR PER SAMP - .
OPERA. SHIFT (C; TOTAL TIME
OPERATING AREA Ny | SHIFT | (min) (1) LES | Low H1GH AVG. (TXC)
Tes=ing bugey of sand 1 15 15 3 {3600 1LO0OO $530 110000
1nto hopper at center :
of pot erea
“nloa2din; sand hopper L 15 60 k ghBOO 3LoC0 13200 79G300
into pot barrel
“nloadine 1 barrel sand| 2 15 30 L 3900 8700 5£50 169000
into pot contairing .
fuxing #3770,
G Pot Ares 375 1k 36 170 76 28000
Lupch and Sreaks 19 1L 30 170 76 3L00
Locker Room 15 3 b 6.6 5| 75
O
m L]
(< <)
TT 5&0 T T £ Cy 110000

*fdjusied to two significant figures

(T X C) - m d/‘ “IMe > THE MAX IMUM
) = / /m3= 29 A__OWABLE JONCEN-
T Mestisated Tally Welghted Thoron Coneentretion 75 x 103 6/L iRavioN.



Ny, FORM 1%%

TieuernZ
JOB ANALYSIS SHEET
NPERATOR: Thoriw~ Sulphate 1 Men/swieT:_ 1 smisvs/oav: 1l MEN/DAY
' TIME TiME CONCENTRAT ;i ON AVG CON'C.*
OPERATION PER OPERA, PER NO. OF B /v T:MES
OPERAT?R OPERA. Pf“ SHIFT SAMP - iCs TOTAL TIME
iNG AREA (miny | SPIFT L (min) (M) LES | tow  HIGH AVG. (T XC)
G4 hite Fud -ilter 150 2 67 12 69 00
Press Lres
2, Trnorium wshite Muc 20 5 L9 110 76 H NV
Tant Area '
3¢ Main Tloor-Bldg L 18¢ 12 LS 360 129 23000
Lanch and :reaks : b5 12 | kS %0 129 SRQ0
incker Sinom 15 3 k 6 s ™
o)
co
)
*idjusicd to tuo significent figures T T Sk T (T xC) 5NLC

T . : TIMES THE MAXIMUM
z %—%9 = __ 1o ! d/n/M3. 1.5 ALLOWABLE CONCEN-
) Estimated Deily weighted Tnoron Comcentratiem 57 x 10-11 /1 TRAT:ON.




C JOB ANALYS!IS SHEET

OPERATOR: '3intenmance © tensirmen 1 MEN/SHIFT:_LSHIF‘.‘S/DA‘.’:_l_MEN/DAY
It &
; TIME TIME CONFENTRATION AVG CON'C.*
OPERAT:ON pgr | CPERA PER NO. OF d/m /3 TIMES
oR opera. | FER SHIFT | SAMP- iC/ © TOTAL TIME
OPERATING AREA miny | SHFT [ mm (m | LES Jow  wicH AVG. (TXC)
Gi Blge L - 360 20 26 630 173 L2000
o4 Shon 60 L 2 8 5 30
Luneh znd Fraaks : L5 b 2 8 s 230
Lockar oom 15 3 L 6 5 e
)
oo
) ¢
Lomm]
*djustcd to two significont figures z 7 k30 : T ,Txc, 63U

: . IMES THE MAXIMUM
LI 130 / &fn sy3-_ 29 AL_OWABLE CONCEN-

2z -
(T) 5atimated Dally Waighted Thoron Concentration 1UC x 1071l e/17RA7 on




EORM 1%

tstipatec laily ieighted Thoron Concentratior € x 1¢=11 /1

Zimemb2.
JOB ANALYS!S SHEET
APERATOR:  I2tory iTier i MEN/SHIFT:__L _snt7is/0a":_1 MEN/DAY
OPERATION TP":: OPERA. TP}EMRE NO. OF :gy’:xgm:oru 'MGT(::?‘:;C"
A OR oeera. | PER. sHiFT | SAMP iC; TOTAL TIME
OPERATING AREA imind | SPTET O i) () “ES | 1ow  HiGH AVG. {TXC)
toade 12 turpies with 7.5 | 12 0 3 [2800 35C0 3LGO 317000
g2 ?wor discharge
ef =211
logde Tries with 3 16 L & 2 | 60 1O 106G éL0
wirecl barrel loads
of wet monozite sancd
Jnloads material from 21.5 b 24 3 not 1110 653 57000
dryer into vilc in
center of area
loads materizl into LS L 18 2 sk 210 132 2k00
truck .
a4 13 & Drier Ares 162 3 8 90c 22 6OUG
Lunch ané Presks 1y 8 35 90 220 10000
Locker 15 3 L é S 75
D
oo
~ ®
YAd justcd to two significant figures Z T LkBe T T« Ci L206000
. “IMES THE MAX1MUM



JOB ANALYSIS SHEET

OPERATOR: nrelmr Berneonuel IR MEN/SHIFT:_3 __anl7T3/0A7:Q8 MENDAY
i TIME TiME LONCENTRATION AvG CON'C.*
OPERATI!ON PER OPERA. PER NO. OF &/ /M T:MES
OPERAT?R ' oeera. | PER sHiFT | SAMP iC. TOTAL TiIME
iNG AREA imind | SHEFT L min) (T “ES | Low HiGH AVG. (TXC)
as “ain 7ffiee L2y L } 13 6 2500
Lunen anc 2roaks €0 Y ! 13 € 345
-
<o
~o
~No .
*Adjusica to twd Significant Jigures 2T LBC X £ C, 2004
(T . SIMES TRE MAXIMUM
3 x Ci TSP / @/ /3= Gl.uan AL UWABLE LONCEN-

ST :
! Z-timated Dadly Weighted Thorer Concentration 2 x 1001 c/1

TRALVT



JOB ANALYSIS SHEET

OPERATOR: fegeaviug . chipoing 1 MENSHIFT .k amlei3/uATi_d MENSDAY
, TIME TIME LONCENTRAT.ON AvS CON'C.*
OPERAT ON PER OPERA. PER NO. OF é/m /w3 T'MES
oR OPERA PER swiFT | SAMP iC, rOTAL TiME
OPERATING AREA (MiNi SHIFT (MIN) (T) LES _ow WiGH AvG. (TXC)
¢f hesciving - Zkipoing L2c 10 (<1 36 12 500V
Lres '
Lung:. enc reeks €v v <1 3¢ 12 1Y
<20
co .
™~ ,
ST H
*fagusicd To twy significant jigures T 7 L& T . TaC, MW
. a “1Me> THE MAXIMUM
5 (T x Ci b I / G/ a/u3e .17 4L.JUWABLE CONCEN-

(T} gpiizatec Deily weignted Thores Comosmtratisi 12 x 1l /1 RA

IN .



YoRMTC .

Tddjusica To twi s

-

(T x C}

12

DR S TN

d/n /3=

ratdmzted lpily Weirhted Theron Concontration

JOB ANALYSIS SHEET
APERATOR: Tnntwal Tahavat-aser § MENSSHIZT- L ami. "hsuAi_% MEN:DAY
. TIME TIME CONCENTRAT ON 4v3 CON'C.®
OPERAT.ON PER OPERA. PER NO. OF RISV T°MES
o OPERA PER SHIFT | SAW <. rOTA. TiME
OPERATING AREA s | ST Lo (1] FES [ iow  mien e T XC)
a? laboratory h20 L <1l 29 12 SYReH]
wuneh and Sreeks B0 I <1 R4 12 126
L
co
™~ .
- 8 _
ignijicant figures 2 T kBo T T al 5600

CIMe> TneE MAXIMUM

0.]7 LS

19 x 1071 ¢/1 ©

SGwAB.z J.ONCEN-

“. OGN



JOB ANALYSIS SHEET

OPERATOR: Maintenance ’: Repair ZmQr 1 MEN/SHIFI: ) LR VAL A 1 MENS DAY
. TiIME TIME LONCENTRAT.ON AvG CON'C.*
OPERAT.ON PER CPERA. PER NO. OF d/m/‘M3 T'MES
OPERAT?R . OPERA PER sHIFT | AW “C. TOTAL TiME
iNG AREA iming | SPEFT L (N T “ES [ . ow  HiGn AvG. T XC)
wioo et IQQ 1 - - 7 13\;0
a4 Tlé- 2 120 h 2 n g P Ye)
taghine Shop '
G ¥ain 3fffce 160 b L 13 € 690
luanch (out of plant)
-
o0 -
™~
Lt
24ijusicd to twr signijveant figures Z ThBO T T AC. 2000

{T x Ci

2 7. ° 6.0

/

d/m /w3

_0,086

“IMes THE MAXIMUM

'T'
(Tgtimated Daily wWeighted Thoren Conrentration 13 x 1071 o/1

A_.SWAB.c LZONCEN-
TAnTTIN



L RN

JOB ANALYSIS SHEET

APERATOR: lezintinance an? Senair - 7 MEN/SSHITT: 1 sni. csioa i T MEN: DAY
3idg 2,3,L
. TIME TIME CONUENTRATION Av3 CON'C.®
OPERAT ON PER OPERA. PER NO. OF O/m/M3 © T:MES
OR opera. | TER SHIFT SAmP .C, TOTAL TiME
OPERATING AO\EA (MXN) SHIFT (M:N) (T) _ES3 LOW Hi G AvG. \T XC)
G Bleg 2 120 1k <1 3¢ 10 1200
3. Flde 2 120 kg |-2 203 1R pYdevie)
G Blér L 120 20 |26 636 173 20760
G4 “heo €0 b 2 g 5 3
Lunch =2 Dreaks ks L 2 3 5 225
Locrur Goon 15 3 L é 3 75
-2
<o
~
- .
“dajusicd to Twd Signiyicant Figures Z T L4832 3.7 4 L35G
, ) iMoo THE MAXIMUM
5 1T x Cp 5 / &/m /3= 1.0 ALlSwRBLz ONCEN-

(TiEgt4mzted Lo’ 17 Welghted Thoron Concentraiion 50 x 1t 1

TRAL UN



JOB ANALYSIS SHEET

Estimated Laily Weizhted Thoron Como

eutyation h# x 10~} /1

APERATOR: Frocducticn Suoe 1 MEN/SHiFT:__Q_aniia a1 MENS DAY
, TiME TIME . ) “ONCENTRAT.ON AvG CON'C.*
OPERAT:ION PER OPERA. PER N.O. o c/mivd T:MES
o OPERA PER sHiFT | SAWP iC. TOTAL TiME
OPERATING AREA (MIN; SHIFT (MIN) (T) LES L OW HiGH avG. (TXC)
A rnduntion freg 320 73 <l S0 103 23000
4 Twetkigtiom C7fice 5V 1 <1 - <l 0
R Natn Ifiese 50 L L 13 ¢ 3G
Lunel and Rreaks & 1 i<l - <1 4]
LD
oo
~N
(&5 .
*dgusicd to twd signiyieant figures zZT L&o T .TiC 23090
T C1Mes THE MAXIMUM
T x C) - - a. . OWABLE CZONCEN-
e S TN £ ’ 8/m/ 3= 086 o



JOB ANALYS!S SHEET

[ e R Fes > . % . ; .
%':'PERATOR:AS&‘:!L‘“"' SOSUL T A 311;7 +e - MEN/SHi7T: 1l sml s OR & MeN- DAY
- TIME T!ME CONCENTRAT.ON AvG CON'C.*
OPERAT:ON PER QOPERA. PER NO OF w/ /M3 T:MES
OPERAT?\:G AREA orera. | PER SHIFT | SAMP iC. OTAL TiME
' A (MIN; SHIiFT (MiN) (T} -ES _OW "G AvG. {(TXC)

Gi Tlér 1 - Production 315 19 |<1 %00 100 * 31500

B

a2 TG 7 - ‘reoduction 3 i <1 36 1¢ acu

‘rez

¢ Plde b= Treduericn 3 20 2% 630 173 1320
raL

e LT ew S 1 |<1 - <1 ¢

iunek and Ereaks 6L 1 <1 - <1 o

9281b1]

2T LES S T 4C 3L

*hagustia to Tws signijveant Frgured

M " nE MAXIMUM
1.1 AL 5WABlz JONCEN-
-
- .

T % Cj B / s
Z T =, . .7,) 3 NI & ,_/M3-_» 9 39
Esl’ ~iio. etly meiizntel Yhoren GersuniTetlios b¢.5 = do=a= g/l rno 9N



“IRM 14w

Limu=52;

JOB ANALYSIS SHEET

OPERATOR: Pazmt “rmewin endant 1 wenssuifTi_ X sarFvs/oav: 1 uensoay
TIME TIME LONCENTRAT :ON AVG CON'C.*
OPERATION PER OPERA. PER NO. OF df= /M3 T:MES
op oR oPERA. | 'ER sHIFT | SAMP- (C, TOTAL TiME
ERATING AREA (MIN) SHIFT (MIN) (T) LES LOW H1GH AVG. {TXC)
Gf Paci-ing # Recelving 10 |<1 36 12 11300
hAirca
G2 Procdustion /rea 60 73 (<1 90 103 6200
05 Ofi'ice (14 1l - - 7 LeaQ
Lunck an? “rzaks
(oot ica slant)
-0
(@ o]
~ .
' .
24 jusicd to twd significant figures T T B8O T T 4« C; 1000
“IMe5 THE MAXIMUM

Z

(T x C) - 23

/

(T} gatmetec Tad ly Wei hted -boror Comcertrotion 20 x

d/ﬂ /M3=

0.33

1 51

AL.OWABLE CONCEN-
TRATIIN.



LI

R 2
= b=t

E5RM 14

-

JOB ANALYS!S SHEET

or -« r o
OPERATOR: IF Cperztor L jen/sHist: b satFrs/oacc L MENSDAY
. TIME TIME ZONSENTRAT 1 ON AVG CON'C.*®
OPERATION PER OPERA. PER NO. OF d/i/M3 T'MES
OR PER SAMP - .
. OPERA. SHIFT C. TOTAL TiME
OPERATING AREA (M]N) SHIFT (MIN) (1) LES LOW HiGH AvG. (TXC)
5! £rell Pot Boom 3 v <1 2bo 53 16606
N5 Yoty Mo b 123 12 h5 360 125 1£400
Lunch ©ad ek L5 15 |<1 36C p IV Y) LS00
Iosk: r Roo~ i 3 N o 5 (&
-0
co
~ .
[ o)
24d jusicd to twy significont frgures 2T k8G T T x C;37C00
T . ) -IMES THE MAXIMUM
7 (r x C) ™ / /u3= 1.2 4__0WABLE CONCEN-

T (1) getimated e 1y Waighted Thoron Comowntration 68.3 ¥ YG-1L 2/YRnTION.



-, FORM 1w

o N
Li=e=ndy

JOB ANALYSIS SHEET

APERATOR: +als Prep. Foom 1 MEN/SHIFT: X sniivisoac L MENSDAY
. TIME TIME CONCENTRAT!ON . AVG CON'C.*
OPERAT!ON PER CPERA. PER No. OF 9/ /3 " TIMES
oR opera. | FPER sHiFT | SAMP , \C. TOTAL TiME
Loacs iravs with 12 L 12 3 (800 8200 5000 60C00
trorium oxalate and
inscrts into furnace
£Tter unloading
thoriunm oxide trays
fror frenace
nloads trays of Tho, | 0.5 | L*° 2 3 §2000 160000 107000, 210000
from furnace into
bottle
CA Preparstion Room Lo6 4 7 110 32 13000
{Lanthanum)
(Neodynium)
@& Rdg ? %0 - le1 36 p T 1300
Lunch snd Breaks (11 S 7 10 32 1500
Locker Room , 15 3 L 3 5 75
)
m [ 3
~N
)

2)d jusicd to tws signiyicant figures T 7570 2 T x C, 290000
Operation performed tuice 2 week. Ses procedures.

. . TIMe> THE MAXIMUM

(T x C} _ 310 ! d/m/u3= 7.3 A_LUWABLE CONCEN-

z Tipgtinated Daily Weighted Thoren Concentration 30 x 104 g/ TRRTION.




EJRM 1%%

limee320

JOB ANALYSIS SHEET

o L 4 “rew
OPERATOR: lebor © 20 MEN/SH:;T:__l__;nr;rs/oA":_JiMEN/DAY
. TIME " TIME CONSENTRATION AVG CON'C.*
OPEROART.ON PER OPERA. PER NO. OF /e /M3 TIMES
PER SAMP
. OPERA. SHIFT «C: TOTAL TiME
OPERATING AREA N | SHIFT Loy (T | FBS | Low  WicH AVG. (T XC)
ey 31d- 2, 3, b &2C 73 |4l and 103 13200
iunet, and Kreaks 60 10 | 36 12 720
£
co °
(WS .
O
24 jusicd to twd signiyicant figures T 1 L8O T (T « C;hl00C
T ] 92 TIMES> THE MAXTMUM
P -LZ_%?%J = ) ! ‘/h Jud= 1.3 4__UWABLE CONCEN-
Ectimatod Laily weighted Thoron Cozc.utration €1 x 107 e/l 77n7 %



.7, FORM 1%%

ClheamAd

JOB ANALYSIS SHEET

OPERATOR: roThizc “orepan - Hlde 3 1 MEN/SHIFT:__ Y snif’3/0a7":_] MEN/ DAY

TIME TIME ZONCENTRAT [ON AVG CON'C.*
OPERATION PER QPERA. PER NO. OF & Jm/n3 TTMES
or orera. | FER swipT | AW iC. TOTAL TiME
OPERATING AREA (MIN SHIFT | (MIN) (T) LES | aw WiGH AYVG. (TXC)
G2 Balcony - Bldg 3 a0 12 200 128 26250
Gk Yein Mocr - undsr 210 3 60 7 é6 13900
presses - Pldg 3
Lunch and Bresks HS 12 15 200 125 5630
Locker Room 3 h 6 -1 L5
¥
L
m L]
)
*4djusicd to two significont frgures z T L8O T T x C; LéOOO
~1MES THE MAXIMUM
(T x C) - / 3. - AL.OWABLE CONCEN-
Z 3 T .. ,.6 d/m/ L31 “AATION.
Eatimeted laily Heighted Thoron Concentration 5.5 x 10~ /1



oRM YL

P

JOB ANALYSIS SHEET

APERATOR: ThsTdus ixtraction = Tids L 1 MENSSHisT: 1 smievs/oav: L MEN/DAY
i TiME TIME CONCENTRAT.ON AVG CON'C.*
OPERAT: ON per | CPERA PER NO. OF d/m/n3 TIMES
OR oeera, | TER swiFT | SAWP C, TOTAL TIME
OPERATING AREA imin: | STFT Lweng ore | 7B | cow wieH AVG. (TXC)
04 white Mud Tilzer 1CG 2 61 T2 &9 6500
Press Area
Cleaning 2nd Crsd 15,5 2 3¢ : e 1 183 7200
Thoriu: Yed
Loads 2nd Irade Juorlial’ 3 ° 2 < 2200 2300 2750 140G0
tad inte [rum
Gi »ein TAoer - 314z L 179 12 ks 366 129 22000
Ch Baicony - Sldg b pr e 26 630 25 LOCO0
Lunch and Sreaks L3 10 L5 360 129 5000
locker Foorm 1z 2 L & 5 7%
)
O -
w
r~
*fdjusicd to twa signiyveant jegurcs 2T 5ke T .T «C, 96000
. - SIMLs THE MAXIMUM
(T x C _ : 60 &/5/ 3= Ced AL OWABLE CSONCEN-

)

Y n CRATT R
Estimated Daily Weighted Thoror Concestration 20C x 1011 N2 "0

N.



