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January 24, 1961

To: Dr. D.R. spink
Carborundum Metals Co.
Akron, New York

FROM D. g. Barber, C. A. Pelletier, and G. Hoyt Whipple
The University of Michtgen

SUBJECT: Revisions of Atomic Energy Comunission standards for Protection Against
Endiation. 10CTR20 that. Pertain to the Operations of the Parkersburg_

Plant.

We have reviewed Title 10, Jode of Federal Regulations, Part 20 as amended

september 7, 1960 and December 30, 1960 and list below changes and additions to

the regulations pertinent to operations at the Parkersburg plant. The numbers

preceding each paragraph below refer to the section of 10CTR20 to which the con-

ments apply. You will note that eone of the revisions are helpful to Carborundum

Natals Co., others are not.

10
20. 5 (c) (1): ". . .a curie of natural thorium. . .maans the sum of 3. 7x10

0dis /sec from Th-232 plus 3.7x10 dis /sec from Th-228."

This new definition of the curie for natural thorium means that all previous-

ly reported values of microcuries or microcuries/ milliliter (pc/ml) are now to

be uuttiplied by 0.5. Accordir. gly, the formulas given on page 11 of our July 25,

1960 memo should be changed to:
I

- High Vol. Samplers

i

| ue
.A* * *

-10 (not 100 hr. c..p.m.)
"

j mi (air) .(vol. in cu. f t.)
|

Continuous 24. hr. Samplers:

-11 (not 100 hr. c.p.m. )pc 1.38 x 10 x 5=
\- ml (air) (vol. in cu. ft.1

I Y
| e

t
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Liquid sample 2:
,

-6 (no t 100 hr. c . p.m. )-we 2.2$ x 10 m=
mi (liquid) (v,g, g, ,g,)'

!
.

No change is required in the maximum permissible urinary excretion rate ,

of .015 dpahit recoesmanded in our March 10, 1960 memo since the computation

of that value assumed separation of Th-232 and Th-238 in urine samples before ,

I

counting. This assumption forced the use of the new definition of the curie.

4

20. 5_(c) (2): . . .one curie of natural therium...is equivalent to 9,000"

kilograms or 19,850 pounds of natural thorium."

'

,

This specific activity is consistent with the new definition of a curie

of naturst thorium, and means that it will now be possible to have twice as
,

snach material in a container, room, or area as was previously reported. The

new miniana quantities requiring lab 41s are, therefore
-

1.abel: " Caution Radioactive Material (s)"
t

+ radiation symbol

Rooms containing greater than 5000 pc Th(nat.)

99.3 lb. Th(nat.)" " " "
,

1660 lb. ore" " " "

9930_lb. Z W1" " " "
4

$00 pc Th(nat.)" " "containers

9.93 lb. Th(nat.)" " " "

" " " " 166 lb. cre

" " " " 993 lb. ErC14
|

Airborne radioactivity area warning signs must still be posted at the entrances |

N to s,s Carbide and Chlorination buildings...

-t*
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20.101 (a): Thf.s paragraph prescribes the maximas permissible y radiation

exposure doses which are to be observed,

i

11 one is to avoid the determination of previou.ly accumulated esposures

f rom past records the masimum permissible exposure dose is 1/1/4 res per calender i
I

quarter, this is the sum of conti wous a. posure, 40 hours per week,' for one

quarter of a year to 2.5 mrom/hr. Lo the whole body.

20.101 (b): The licensee may allow slightly greater exposures to the whole

body than provided by paragraph 20.101 (a) provided: ...the licensee has deter-"
;

mined the individual's accumulated occupational dose to the whole body on Foru_ |
!AEC-4..." or its equivalent.
|

1
.

The labor involved in compiling the past accumulated exposure outweighs any-

advantage of the bisher dose limit provided by this paragraph.' 1t is-recommended
~

that C.M.C. use the 1 1/4 rem / quarter dose as the whole body exposure dose Itait.
.

,

20.103 (c)(1): . "Except as authorised by the Cosenission pursuant to this .

paragraph, no allowance shall be made for particle sise or the use of protective
iclothing or equipment in determining whether an individual is exposed to an air-

borne concentration in ancess of the limits specified..."._

This means that respiratory protection f actors,. even the conservative factors
P

| we have used, may not be applied without specific approval from the A.E.C. .
,

i

'

20.103 (c) (2) and (31: The Commission' may; authorise ~ exposure to airborne

concentrations in excess of those prescribed by regulation provided en applica-

tion soliciting such permission demonetrates that the person exposed will,not- i

3
.

.b'

' ;[i-

| r
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inhale, ingest, or absorb quantities of radioactive material in sacess of those

otherwise permitted.

Your attention is called particularly to 20.103 (c) (3) (11) which indicates

the impertence of a good fitting, maintenance and cleaning schedule for protec-

tive equipment. In addition, 20.103 (c) (3) (iii) states, "The proposed periods

for use of the equipment by any individual should not be of such duration as

would discourage observance by the individual of the proposed procedures...".

The implications of these paragraphs are two:

(1) Concentrations to which employees are exposed must be equal to or less

than the NPC prescribed by 10CTR20 af ter occupancy factors are taken

into consideration, or

(2) The ptsot must apply to the A.g.C. for permission to take advantage

of protection afforded by respirators and protective clothing or the

physical nature of the airborne contaminant.

If the latter course is :hosen, studies must be undertaken to determine

both the particle size distribution of the airborne contaminant and the pro-

tection efficiency of the protective clothing used in air having such a particle

site distribution. guch studies will be expensive and time-consuming; the results

they provide will be applicable only to a given set of operating conditions. A

change in process will require a repetition of these studies.

These new paragraphs on protective clothing and equipment present problems.

The major difficulties stem from carbiding operations, where it has not been

possible to apply an occupancy factor less than 1.

]
,

D
3
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20.104 (e): fue total body exposure of persons under 18 yests of age in

the plant is limited to 10% of the exposures listed in '20.101 (a), i.e. Limited
3 ,3, .

e to 125 millites per calender quarter.
I ;

1

20.104 (b) . In-plant air concentrations may be averaged over periods no

greater than a week if persons under 18 years of ege are to be exposed to air-

borne concentrations which are permissible for older persons.

If persons under 18 years of age are employed the provisions of 20.104 (s) - _ _ .

and (b) and 20.202 (a) (2) will require that

(1) uore intensive sampling be done

(2) film badges be provided routinaly to persons under 18 years of age,
i .

We suggest that these provisicus make the employment of persons under 18

years of age even during the summer months undesirable.

20.202 (a)(2): "Sach individual under 18 years of age who enters a restricted

area under such circumstances that he receives, or is likely to receive, a dose

in any calendar neartar in excess of 5 percent of the applicable value..." shall

be supplia-. M ppropriate personnel monitoring equirusent.

20.206 (e): All personnel frequenting a restricted area must be instructed

in c'e appropriate radiation safety problems, procedures to minimize exposure,

and in applicable provisions of Commission regulations and licenses. Employees

must be advissf of reports of radiation exposure which they may request.

This means that provision will have to be made to instruct all personnel,

not just supervisors. We feel the instructor should be a company employas rather

than a consultant. We shall, of course, be pleased to instruct the instructor.

20.206 (b): A copy of 10C7120, a copy of your A.E.C. License, and a ccpy

of operating procedures applicable to work undar the license met be posted in

>
?
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t examinationaccordance with this paragraph g he kept "availabls for employees

upon request."

t-
,

We recommend the latter action. *

|

20.206 (c): " Form AEC-3 " Notice to Reployees", shall be conspicuopoly posted.

in a sufficient number of places f.a every establishment where employees are om.

ployed in activities licensed by the Commission to permit them to observe a copy

on the way to or from their place of employment."

i

A posting at the main gate would suffice if other entrances are not used.

Copies of Tom AEC-3 may be obtained from:

Hauger -
Oak Ridge Operations Office
P.D. Sox E
Oak Ridge, Tannesses

It is suggested that Form AEC-5 (see below) also be requested-from this office,
,

20.401 (a): Where personnel monitoring is used records of exposure shall|

be kept on Form AEC-5 or its equivalent. Doses recorded shall be for periods

of time not exceeding 13 we ks.

It is unlikely that- film badges will have to be used routinely unless indi-'

viduals under 18 years of age are employed. If film badge monitoring is not used,

we suggest you include as a.part of this record the y radiation measurements made

with the Jordan survey meter.

20.401 (b) and (c); Radiation exposure records must be " preserved until
'

~

N
I
>
'4

t
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December 31, 1965 or until a date 5 years af ter terriaation of an individual's

employment, whichever is later." Microfilms may be used.

These records include air and water concentration determinations and y ra-

diation measurements and film badge exposure results. Concentrations shall be

recorded in terms of pc/mi and y radiation exposure in terms of rem. We shall

assume that the Jordan survey raeter reads mrem /hr.

20.404 (a): A former employee may request a written report of his exposures

as shown in the company records pursuant to 20.401 (s). Such a report must be

furnished within 30 days af ter request and shall include the statenant. "This

report is furnished to you under the provisions of the Atomic Energy Commission

regulations entitled, " Standards for Protection Against Radiation" (10CFR20).

You should preserve this report for future reference". Bioassay data must be

included if biosasays were required as a condition of licensing by the AEC pur-

suant to 20.108.

This means that C.M.C. must be prepared to issue exposure reports to indi-

viduals perhaps years af ter such exposure occurred. Herein lies one of the ad-

vantages of film badge monitoring even though the regulations may not directly

require such monitoring. It will be difficult and tima consuming to establish

the exposure of an individual from y radiation measurements made with a survay

meter.

20.405 (a): When exposures or activity concen*. rations occur in the plant,

Y
which exceed those recommended by 10CTR20 or which exceed 10 times the NPC's>

<t
1 for the general population, a written report must be sent to the AEC within 30
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days of the occurrence. The individuals exposed must also be advised, in. writ --

ing, of tha nature and extent of their esposure. Consult these paragrapha for

-, - deta11s.

This means that a report m ac be written to the A'.E.C.iand an individual -

every time a man is exposed to concentrations greater than the WC. ThisLhas

ridiculous, but real, implications for operations such as picking-belt operations

in the Carbide building.

20.406: - Any eseployee may request an annual exposure report. The company-

should be prepared to issue.such reports.

Appendix 51 - Sevised Maximana Permissible Concentrations .in air _ and water

Old ue/a1 New uc/ml ____

Air Water. Air Water

occupational-levels -5 x 10'II 1.5 x 10-6(s) 3 x 10'II(s) - 3 x 10~'(s)'~ -

for Th (nat.)- 3 x 10*I (I)-- - 3 x 10 (I)-

'

-12 ,). g x 10-6{,)_Public levels 1.7 x 10 5 x 10-8- 1 x 10-12
4

=

for th (nat.) 1 - x' 10-12(1) 1 x 10-5(g)

The' istters "s" and "I" stand for soluble and insoluble respectively.-

The _ occupational WC in air he natural. thorium is now 0.6 times its formerc

value.

The public NPC in air for natural thorium is now 0.59 times its former
,

e ,

value.g
c-

. . .

1
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The public MPC -(I) in water is 200 times its former value but the MPC

(s) is only 20 times its former value. This change in water MPC's has solved

the liquid effluent problem of the plant. It will probably not be necessary
~

to perform the intensive effluent survey mentioned previously regardless of

whether the contaminent is soluble or insoluble,

ileductions in MPC's plus the change in the definition of the curie for.

natural thorium (20.5 (c) (1)) require that " Average /Mt'C" values reported-

^

in memos dated Merch 10, April 20, May 31, and July 25, 1960 be uuttiplied

by the following factors:

gamples Correction Factor for Average /MPC

on-site Air (5/3)(1/ 2) 0.83-

0ff gita Air (1. 7)(1/ 2) 0.85=

Water Effluent (1/20)(1/2) = 0.025

.

Conclusions:
,

These changes mean that, except for water, the new reguistions

have been of little help to Carborundum Metals Co. Indeed, you hava been-

presented with more problems, particularly with respect to protective cloth-

ing and reports. The reporting requirements in themselves would seem to make -

good ventilation mandatory if one is not to two plagued with writer's cramp.
:

. LAAJ
V p. E. M rber

1

| C. A. Felletier

5 4

h G. l(oyt Whi'p' lep

1,
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d March 10, 1960
T
n ~

l'
To: Dr. D. E. Spink

Cerberundus Metals Co.
Akron, New York

s2 .

From: 1. J. Augustine, D. E. Barber and G. Beyt Whipple -
.

" University of Michigan
Aan Arbor, Michigan

Subject: Report of the Radielemisal Survey of the Operations at the
~

Farkersburn Flaat, January 6 to February 19. 1960.
|

*

.

This report is arranged in the folieving sections.
'

.

1. Introduction

2. Maximaa Fermissible Concentrations '.
3. Air samples -

a. Sampling ned Counting Procedures Y
b. Data Analysis

'*c. sampling Leestions and Ceeditiosa
'

d. Data sisumary

4. Water samples
'

5. Urinalysis

6. Film Badges

7. c.asmaa Measurements

8. Respiratore

9. Plant Duty Cyale and Occupaacy Facter

10. Ree - M ations-

11. References

*

i

A O



. .

>.,,%. :'nN6. ;,G.;i,n&'?d.fiQW:|4|2 ($..tyi,9.R;>f.:.ysfi$. h.yj, i>g,j
j ,| *

- p.,.

-,, p . -:

y y*yt-Vy g, 'p ,s
.e s. . .

gi J.p y jg ,; - . ; j
, .' = ; Q .j - ''* t s*''/-

*
., .j,.

. .u . v.m. . . :. c. .
..

.;
,

., 3,
.

,

2- -.

,

1. Introduct19n. This assorandse reports the methods, results, and sueenary
S
f of radiological health surveys nada at the Carboroadus Metals Co. plant at
'?

" . ' Parkarsburg, West Virginia, during the interval fran Joamary 6 to Fabruary

19, 1960. During tLie period Miserian sirson oro containing up to 67, thorium

y was being prosessed under AEC Source Material License No. C-4960.
,

d The plant and the processes carried out se this are have been described

in a letter dated November 27, 1959, from D. R. spisk. Assistant to the Ham-

ager, Technical Branch, Carberundam Metals Co. to Mr. Doules, Nuclear Materials
|

Section. Licensing Branch, Division of Licensing and Eagulations U. 8. Atonale

Energy Canesission. Further description of the plant and its operations seems

unnecessary here. -

Because everyone in this werk has frequant occasion to consult the decay

seriets of the thoriums family, Table 1 has been included as a convenience for

the reader, and, it should be admitted, for the authers as well,
,

2. Mariansa permissible ceneantretiens QtPC's) for natural thorium and for ,

theren in equilibrium with its daughter products are given in Table 1 from

several sources, and in the last row the HPC's used for the purposes of this

report. It is evident from Table 2 that there is considerable diversity of

opinien en the proper MPC for natural thoritse in air. The present legal limits

are the IOCT L20 limits now in effect. The National r h rittee en Radiation

Protection in giving the previsional values listed in Table 2, suggests that

subsequent investigaticca may indicate the need for limits as icw as those

given for soluble and insoluble natural thorium in Table 2.

_ _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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W MPC's for natural Wrtum in both 10CFR20 and Bandbook 69 are given

for the parent isotopes, therium 132 and therium 228. It is assumod that'
g
.
S in natural thorium these two isetspes are in equilibrium. The fast that
4 the parent isotopes decay to alpha emitting daughters is takes inte sesount.

in calculating the NPC values. Thus, in eenparing the activity of a sample,

d to the MpC, only the activity due to the parents sho.1d he used.
d The activity of natural thorisse is defined in two ways. AEC Regulation

10CF820, section 20.5 c, gives the fellowing definitten, "the number of

31erocuries (of natural thorium) .shall be determined by dividing b total
6rate, in dpa, of alpha emissions from the mixture by 2.2 x 10 _dpe per ps."

. _

Eandbook 69, on the other hand, gives on page 14 this definition, "a curie

of recently extraated thorium is considered to eerrespond to the sua of

10 10 dia/sec from Th 128." It3.7 x 10 dia/see from Th 232 sad 3.7 x 10

umah 69 defi.appears that the term, recently extraeted thorium, in the

nition. =a ma the same thing as natural Wrium in the 10CFR20 since the

IC1P report defines natural thorium in this way. Thus a microeurie of natural
0thorites by the Randbook 69 definition has twice the sipha activity (4.4 x 10

dpm/ke) of a microcurie by the 10CF120 definition (2.2 x 10 dpm/pc).

Comparison of the NPC's for natural Wrium in Table 2 shews an apparent

disparity. This disparity may be rseelved by putting the activities in terms

of elpha disintegration rates.

The Randbook 69 MPC for 40-hour per week oesupational espesure

4I3 x 10 pc/mi z 4.4 x 10' dpm/pe = 1.3 x 10*4 dpm/mi

The corresponding MFC from 10CT120s

6 dpa/pc = 1.1 x 10~4 dpa/mi5 x 10*II pc/mi z 2.2 x 10
,

a w ' * w. , , n < . . : . ..w ,
,

.

_ _ _ _ _ _ _ _ _ - _ _ .
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As used in this report the misrecorte is that defined in 10CpR30 -1.e. - ,

~ 0I 2.2 z 10 dpm. We 'WC's used for natural thorium are those given in.10WR30,-

p - bet the 69 NPC's have been used. for theren-230 + daughters and for
~ ~

.

m
Ra' 228,'since 10CPR20 gives as WC's for- these meterials. -- '

.

1 ,

g 3. Air asuplas

d a. samnlina and Quatian Fremadures. semplesLet airborne dest vere
'

taken with high volume sempting units manufactured by General Metal Iforks,

Cleves, (hie. -- nose - units - draw a ===4-= ef about 2S_ces of air thro' ugh a : >

4 Seek diameter M atman No. 41 filter paper disk. Samples were obtained

withis the plant at loestions most likely-to be esaupied by westers and
! at various times during the carbiding and = sar-pulling operations. He points-

at which samples were takaa are deseribed La Seatten 3e. 'A sunber of off-
'

site samples of airborne dust were mise cellected.

| Atter the f11ter samples unre brought to the laboratory a see' ties was-
|

'

[ est est of the filter to fit the 2 insk statalass steal comattag'plamshots.
o

-

,,

! S e samples were seanted for alpha astivity in-a properttemal eeunter Model'
I

!

PC-3, manufastered by the Saalear Measurements Osrp., 2ndianapolis,i2ndiana.
'

De first sewat-was made 4-to 6 hours after:the sample uns:eellestod andi

succeeding.semats were made approximately 12, 24, 48 72 and-150 hours after

celleottom.
.

b. Data Analysis. hooretical alpha activity surves for 2 232 + W 228,
.

for Ra 220 (theren), and for Ra 228 + Ra'224 are given ta. F13s.1, 2 'and 3, .

respectively, nose curves have been redrawn from referense- 2.

-

__ ._ _ ._ _ ~_. - __
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Table 2. Mexi - Fermisoihte Ceecentrations in Unite of uc/ml [^ ;.
:( ;.4.

-

..Source Meterial Air Unter
9

40 hr/ week occupatiemal 168 hr/ week publia. helic - "-

- exposure exposure Drinking p,
AEC Regulations. Natural thorium 5 x 10'Il 1.7 x 10-12 5 x 10-8

^

10-CFR-20 ."'~ ~~~~ ~ ^ ' ''
.

(in effect) .

'"
| s{,1

national Bureau Naturet thorium {
@/7oof Standards -

%~ $
;'

Bandbook 69 soluble 2 x 10-12 6 x 10-14 (*) 2 x 10-3 (*)
<

-A..

Insoluble 4 x 10-12 1 x 10-13 (*) 1 x 10-5'(*) 7
..

/ Provisional 3 x 10-11 1 x 10'12 (*) k-----

Thoren 220+denshters 3 x 10-7 1 x 10-8 ~ '(*) ..k'
-----.

&
Radium 228 7 as.'10~11 2 x 10-12 ( ) '

..... 4
. . . . . .

&c*3 .
p.QL ,C

Used im This Natural therium 5 x 10'11 1.7 x 10-12 5 x 10-8 M n'i'-Report w
Thoren 220+denshters 3'x 10'I l'x 10-8

s ~. e

Id)
.~ u .k'

------
- ..y r

Radian 228 7 x 10-11 2 x 10-12
.

fj -:(tj. . . . . . .

3 ?.

y

Bandbook 69 gives the 168 hr/ week occupatiemel exposure valve. These' figures are 1/10 of the W M 69T Y Y'*

values. in order to apply them to the public exposure.-

..

'

.

L.
.

'

r 4
' , h ): -

. . _ .y,

...
d

. , ~ .
.

'

3 4
- - _s_'- w% 3 g
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n. a.tivity .f each sample, is not counts per. minute, was- pletted as.
?1:

. a fweetion of time af ter cellecties on log-los graph paper. Several repre-
S .-

'

f - sentative sample surves are shese in Fig.-4. Cog arison of theissaple curves ;
j

~

|
=

to the theorettsal surves showed that to a greater or lessor degree all,three>m-

components occurred in the eelleeted samples.

f The smuple curves which showed only- short lived daughted activity, 's.g.

$ the lowest surve ta Fig. 4, were astrapelated bask to obtain the astivity-

one hour af ter collecties and evaluated la terms of the NPC for theres daaghters.

The MPC for ta 220 in equilibrius with its daughters is some .10,000 times :

greater than the MPC for thorius, es shown la Table:2. No sample takaa .thus;
,

far has indicated the presence.of Ra in amounts sisaifissat to health. : so

far, only the isotopes Th 232. Th 228 Ra 224 amd Ra 228 sostribute signifi-1~
,

,

castly to the health problems associated with.the operation of the plant.-
,

The majority of the sample surves show a minimum about 100 hours--after -

collection; this minians is followed. br a slight increase ~and then by a decay, >

that appears to be rapid on she'logarithmis tiene'esale. These features .are -

illustrated in the middle curve of F13. 4. The slight _imarease-after 100 t'

hours is attributed to the Th- 232-228 cegoment; the subsequent decay, is -
.

believed to be due to the Ra 224-224 component.'

|.
! It can be seen la Fiss.1- and 3 that the ==4-= astivity attained by.:

Th 232-228 and by Rs 228-224 are juse about twise the>ascivity at.100 hours 1
'

af ter -separation. - since it was quite impractical to take successive -co:.rzE$

until each sample had attained its =+=4m astivity. advantage has been taken-
.

of this relatime by multiplying the activity observed at 100 hours after

- collection by two-to obtain an. estimate of the equilibrium activity.

I

.

-

3 y - g p vg .-. s-.-, - . , . * h e 1-4mi H w-i e Jesi r .--w
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The ultimats alpha activity for a saeple of thorium in equilibrium

with all the daughter products is six alpha particlas for each Th 232 dis-

inter.ations one sipha particle each from th 232 and Th 228 and four alpha

particles from other daughters. Witiplying the 100-hour' alpha activity ky

two gives an estimate of the setivity een this equilibriue has been reached.7
en

%e HPC's, however, are given in terms of Th-232 and Th 228 activity, dich.

constitute only 1/3 of the equilibrium activity. To obtain a value suit.

N a' ale for reference to the NPC, ths 100-hour alpha activity is first multi-
d

plied by two to obtain an estimate of the equilibrium activity and then

multiplied by 1/3 to obtain an estimate of the activity due to Th 232

and Th 228 alone. Thus the value to be compared to the NPC is 2/3 of the

100 hour activity.

We NPC for Ra 228 is only about twice as great as that used in this

report for natural thorius, so the distinction between them does not seen

worth the labor involved in extending the counting data long past 100 hours.

The practice followed here of referring 2/3 of the activity observed at 100

hours to the HPC for natural thorium is conservative regardless of the shapej

of the activity curve beyond 100 hours.

The concentration was calcultr.ed from the following relation,

! A - (2/3)(sc/fva). (1)

! where A = concentration of Th 232 + Th 228 in pc/ml

K = proportionality constant to justify the units = 1.6 x 10*II

C = observed not count 100 hours after collection in epm

f = fraction of the total filter paper counted = 0.23

Y = volume of the air souple in cubic feet

E = efficiency of the counter = 0.40

Substitution of these values gives

A = 1.1 x 10-10 C/V (2)
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c. Semplina loestions and conditions _. samples of airborne dust were taken

g at many points throughout the plant. In order that the data may be reported

in a convenient and understandable manner they have been grouped under the
m

several general locations described below. The concentrations observed with--

~

2 in these general locations all followed the same patterns and fell within
E reasonable limits, i.e. these are natural groupings.

d
Main Floor This includes all samples taken on the main floor of the-

Carbide Soilding.

Control Room: This is the Carbide Building Office and is on the esme

level as the catwalk around the furnace.

Locker Room: This is the change room for the workers, located on the

same level as the main floor, and separated from the main floor area

s
by a door.

Catvalk This is the walkway around the furnace, naar the feed hoppers.

On-Site: These are samples taken at various places on plant property,-

( but outside of the Carbide Building.
!

l' Off-Bite These are environmental air samples taken at locations out-

!

side of the plant property..and therefore in the public domain.

Oro and Coka Hole: This location is naar the loading pit where ore and-

coka are dussped into the conveyor system. It is outside the Carbide

Building.

| Stack samples: These were samples taken from the cyclone exhaust ducts

| 1eading to the main stack. Because of the high dust loading, it was not

possible to semple accurately at this location. Hence, a comparison has

not been made between the sample values and the MPC.
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Calcinatory stacks - These were taken from the cycleme~adanst dust lead-' <

.

ing to the mata stack from the calcimer.- Eigh dust leading aloe prevent. -
- -N

ed accurate sempting her*e.- .

>
- - , - . .

The fellowing sempling conditions designate the. type of operation uhich ,

t,

k was going on at the time samples were taken,
s-
A . Furasee Omi This mesas the carbide furnace was running, leaded.with -.

the Nigeriaa Ora.

.' Furnace Off: This means the carbide furnace was not ruentas.
E
g After Cleamust - Af ter the carbiding of Nigerisa Ore had been completed ;

the Carbide Building was cleased up in prepara 'on for s' rum with~aesiast--

=sitcon seed. These eagles.were taken after this cleanup. .;

-Car Pulliant This includes all samples,taken during the. pulling of the! ,

furasse shells, cleaning of f the carbide. pigs, sorting carbide,~ the pick - )

ing belt operation, loading of old six fines, etc. 7
,

i

d. Data summary. The sempling data 'are summarised -ia Table 3. The data are

grouped-according to the classificaticas of location and condition described,

above. The values . given are (a) the average concentration, (b)_ tho' highest f
'

concentration obtained,:and- (c? the lowest'. concentration obtained, all to |- +

pc/mi as computed from equation: 2. Also given.in Table.3.are the auaber of- +

samples taken under each classification and the~ observed average; concentration =|;

i'- -divided by the appropriate MPC. Values-greater than 1.0.in the last columa ,

indicate situatioac where sad when tho' average concentration exceeded:the<
.

appropriate MPC. .

.

_
_

'

, .m_.__.- . _ _-. ._



._ _ ._ . . .

^

6G.M. Memo, 3-10-60
_

'

..

tam 2m 3. saganty Oy AIR 3AgF'. DA21J

g:

Lohtien condition ' Average Rishest' | Lowest No. of Average /UC
po/mi po/n1 4pe/mi semples ~ 4;

'

- -
>

-10
W in Floor +-ftfenace on 3.2 x 10 1.3 x 10-10 6.7 x 10~13 24 N .65

'

Furnaea off 1.1 x 10-12 5.3 x 10-12 2.9 x 10~13 14 0.02 .--

After Cleanup 4.8 x 10-12 3.3 x 10*II 4.3 x 10-12 2 0.10 -
''

7 ' ' "' ArTar Fulling 2.8 x 10*I3 4.0 x 10-9 6.7 x 10-13 70 M .5 $
'

.

Control Room Fernace on 1.2 x 10-II 6.0.2 10-11 2.7 x 10*I3 14 0. %
' '

I3 9 0.03Furnace off 1.6 x 10-12 8.8 x 10'II 2.0 x 10*II ,

After Cleanup 2.2 x 10-12 4,7 x gg-12 N2.1 x 19" 3 0.04 -

Lockar Boona Furnace en 2.3 x 10-11 6e7;m 10*II 2.7 x 10*I3 6 0.47 -

Furnace off 6.7 x 10-12 3.3 x 10*II 4.0 x 10*I3 7 9.13 '$
Af ter Cleanup 2.4 x 10-12 3.5 x 10-12 1,3 x 10-12 2 0.05 5 .,

,

- Catwalk 4 -Furnace on 6.4 x 10-I1 1.3 x 1g-10 3.1 x 10-12 14 %2 '

s
""

Furnace off 7.6 x 10-12 1.8 x it*II 1.5 x 10-12 5 0.L5 [

(\On Site Furnace 2.0 x 10-12 6.0 x LO*II 1.0 x 10-13 10 0.04
~

Car Pulling 9.99x 10*I3 4.9 x 19-12 2.2 x 10'13' f- '' '
% $,,'

9 9.02 -

T,3

Ore & Coke Hole % ce on 3.5 x 10-11 6.7 a 10-11 2.7 x 10-II 2 M.69
i iV Furnace off 7.7 x 10*II 1.9 x 10 10 9.4 x 10-11 3 M .5

<

stack samples Farnsee on 2.6 x 10-8 8.0 x 10'O 1.3 x 10-8 6 *
s .-

Calciner stack Furnace off 2.7 x 19~9 4,-0 x 10~3 1.3 x 10*9 2 *

Off site % ee on 5.3 x 10-12 D.|3 3 10-12 6.7 x 10'IO M M .1
.

After Cleanup te Detectable Activity 2
'

f ,-
$d

M,v.
..

*see discusalon under " sampling Locations"
&

\s &
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4. Water samples were taken at two locations before the use of the water

tank at the cyclone discharge was disconti-"- .A semple taken directly.g
b from the water tank showed a concentration of 3 x 10~0 pc/ml for insoluble

%
material alone, subsequent semples taken at the plant sewer outta11- en two'.

occasions yielded concentrations of 3 x 10*7 pc/mi and 4 x 10*8 pc/mi for .

E the tetsi of soluble and insoluble material. The'MFC for therium in water
d in the public domain is 5 x 10 8 p,f,1, .the plant effluent % therefore,

_

greater in one case than the MFC before its dilution by river water.

This section is included in the report as a matter of information eveni

though it no longer applies. since cyclone residues _are now cellected dry _ _ __

-y
in 55 gallen drums and the residues are recycled through the fur _nace. no.

significant natorial should appear in the _ water effi --t. Although there
_ .

. - . -

will probably be a vere small amount that reaches the plant water effluent

as a result of contamination of the furnace cooling water, routine counting

of water saagles is considered unnecessary.

5. Urinelysis. . Very little seems ' to be known concerning the excretion of -

thorium taken into the body via the lung. .The present concensus is that the

excretion of thorium should be little different from-that of uranium.' Thorium

activity that has been introduced into the body by inhairtion may appear in;
'

;

| the urine by two routes,

a. The material that is released from the critical organ, or organs,

{ with a characteristic biological half life.

I b. The material that is taken into the blood directly from the lung,-
|

l
- but which is not sequestered in a critical organ.

L
I =.

-
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The first contribution, that released from the material deposited in

the critical organ, usually teken to be bone for thorius, may be estimated frso

the following assumptions:

a. The exposed individual has accumuisted the maximese permissible body.

burden of 0.04 uc in bone (1).
E b. The activity is excreted exponentially from the body with a biological
d

half life of 200 years (1).

c. The worker excretes 1.5 liters of urine per day.

Using these assumptions one finds that the concentration of therium activity

in the urine is 0.0006 dpa/ml.

The second contribution, termed "unretained" thorium in - this report, may

be estimated from the fo11aving assumptions:

a. The exposed individual works for eight hours ser day in an atmosphere

containing the occupational HFC for natural thorium, 3 x 10*11 pc/ml.

7b. The worker breathes a totsi volume of 10 m1, of air per eight hour

day,

c. The thorium contained in the inhaled air is distributed as follows -(3'):

25% enters the blood.

75% is exhaled, retained by the lung, or removed from the lung and

swallowed and excreted in the faces.

Of the thorium in the blood: 72% deposited in bone
4% deposited in kidney
4% deposited in liver

leaving 20% of the material in the

blood to be excreted in the urine.
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Therefore 20% x (25% of the inhaled thorium) - 5% of the inhaled thorium

g will appear in the urine.4

$ d. The worker excretes 1.5 liters of urine per day. Using these assump-

A
tions one finds that the concentration of thorium activity in the.

urine is 0.037 dps/ml. This is the "unratained" thoritan.

E For any practical situation one must have a concentration level in the urine
d

that is regarded as indicating a significant inhalation hasard under the cir-

cuestances at hand. For vorhers who are exposed to thorium dust for the first

time, or who are continuously exposed to this dust, the concentration of un-

retained thoritan in the urine vill be some 60 times that of retained thorium.

The letter estimate would be more suitable in a home for the aged, i.e., for

individuals no longer exposed.

Using the same urinary conenntration for thorissa as for uranium, i.e. ,

30 pg/ liter, one obtains an activity level for thorium of 0.015 dpa/ml. The

value of 30 pg/ liter is used by at least one installation (5).

To summarise, there are three estimates of thorius concentration in urine

that may be taken as indicating the need for action,

a. 0.0006 dpm/mi in the case of individuals no longer exposed to thorium

dust.

b. 0.037 dpa/mi in the case of an individual breathing air containing

5 x 10-11 pc/mi of natural thorium activity.

c. 0.015 dpe/mi by analogy to uranissa.

The first estimate is not applicable to the present case. The second and

third estimates are in good agreement, considering the many uncertainties in-

volved. For the purposes of the present study a urine thorium concentration

i
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of 0.015 drm/ml is taken as indicating the need for correctiva action.

The gross alpha activity in the vrine of 22 individuals who work at the'

Carborundum Metals Plant was determined by controls for Radiation, Inc. The
S
a specimen values analysed was 500 m1, and the group submitting samples included
'1' .

individuale exposed to thorium dust as well as individuals with no known n-"

posure. The results are summarized below

2 m
U towest Concentration 0.00002

Highest Concentration 0.00149

Hean concentration for group (*.2) 0.00057

Heaa Concentration for exposed and
potentially exposed group (18) 0.000525

Haan Concentration for unesposed
group (e) 0.000795

% e highest concentration obtained is only 107,of the action level de-

veloped above. These were groes alpha analyses, and hence may include alpha

emitters from naturs1 sources such as drinking water. It is concluded that

no significant internal exposure has reenited from the inhalation of thorium

dust during the carbiding operations covered by this report,

f 6. Film badaes. The film badge service was provided by R. 8. Landauer, Jr.
|

| and Co., Matteson, Illinois. Badges were worn by about 30 individuals in
i

the plant. During the carbiding operation, badges were worn for a full' week,
!

involving about 50 hours of potential exposure, before being returned for

exposure evaluation. During the unloading of the ore, badges were worn only

eight hours at a time before being turned in for exposure evaluation. The

latter practice is to be attributed to excess zeal on the part of the plant

i
_ _ _ _ _ _ - _ _. _ _ . _
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security officer rather than to any beUef that exposure rates were high.

All film badge readings were reported as "aero", save for the three dis-
S

-6 cussed below. The minimum gamma ray dose that can be reliably. indicated by a
*;'

] film badge is about 30 nr. The fact that all but three of the badges aboved

less than 30 nr. means that average exposure rates were less than 0.6 mr/ hour

y in the carbiding operation, and less than 4 mr/ hour in the are unloading oper-
d ation. These estimates of the upper limits of axposure rates compara favor-

ably with the measured gamma dose rates in Table 4 of the following sectior..

Two film badges were reported to have densities corresponding to gamma

ray exposures of 240 and 245 mr, but the report of these readings included

the note that the densities were uniform over the film without trace of

a window and the e,iggestion was made that these films had been exposed out

of the badges. Investigation revealed that these two film badges, containing

the filma, had been insdvertently dropped into a bucket of water by the man

who was washing rsspirators. It is concluded that the densities shown by of
these two films resulted from their getting wet and not from radiation ex-

posu_e.

One film badge was placed directly on a bag of ore in a position where

it vos surrsunded by other begs and allowed to remain in this position for

eight hours. The reported exposure value for this badge was 90 mr, in ex-
>

c=11ent agreement with the gemma radiation measurement of 12 mr/ hour, given

in Table 4.

AEC regulation 10C77.20. Section 20.202 requires personnel monitoring

for all individuels who are likely to receive more than 75 mr/ week. These

results land to the conclusica that film badge monitoring is unnecessary for



-

3

**7M@Rph;9'?
~

S. *'' e"' ' - -.,

, , ,

+ .s . g.

. - - ~;
.

_

- - 17 - -
--

,

- carbiding and ere processing operstions. A similar' type of sheek will be
,

'

-37 made in the eklerination process to determine whether fil's hedge monitoring
-

0
p is required in this operaties. This will require aereful.use of eentrol
n

badges since the ehesteal, fumes may darkea the films sad give a falso indi 1a

settee of radiaties exposure.
'

' ai _ -L
'

:0 7. Ghems measurements were made with a Model A48-10K-G-SE servey meter manu-

factured by Jordan Electreates. Inc.. Alhambre. Califerata. . gamples of the

ere had been rua en a samana rey spectrometer.~ The samma spectrum obtained
,

was such that this survey meter, salibreted with Cebalt.60 gamma radiaties,

gives valid ~deee rates. ThemeasurementsobtainedarepresentedinTable|4.-

'

Table 4

Gemme Ray Measuremsats>

,

Locatten Positteen Max. ar/hr
~

L Catwalk Feed happer surface 2:
i 3 ft. from feed hopper- 0.7 ,

'Inside furnace 0.6
All other less than 2 ,

I

Main fleer Blender surface. ' 2. 5 *
,

~

i Drums of old six 4
- '

| ' Carbide pig surface - 2

L Reet Ore storage. bin surface 5

Outside. surface' of bass of ore 12

,

' 4. Respirators. During the period covered by this report everyone ube worked.

in the carbide building was supplied with a Welsh Manufacturing Co..:Model Ne'.

7100 respirater. fitted with Model No. 7100-7 filter. This reepirator covers
,

e

9

- . . .,:. . - - . - - L .; . . . - . . . - - _ . -. . .
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only the mouth and nose and bears the breau of Minas approval number 2175,

i which approvos the respirator "for duets and mists not significantly_ more

$ toxic than lead." Thorius dusts are considered to be significantly more

toxic than lead, but it is proper to point mit that as yet the breau of
,

Mines has no approval system for respirators to be w ed in atmospheres

E containing radioactive aerosols.

The limit of efficiency of a partial-face respirater, such as the Welsh

No. 7100 is set not by the efficiency of the filter which it incorporates,

but by the excellence of the fit between the respirator and the wearer's

face. In an effort to estimate the overall effectiveness of these respirators

in use, alpha counts were made of portions of the respirator filters that

had been used for a single day during a complete carbiding run. The portions

counted were cut from the center of the filter where most of the material.

appeared to collect. Alpha counts were taken on both the outside and in-

side surfaces of portions from 14 filters. The ratios of inside surface

count to outside surface count ranged from 0.02 to 0.5 with a mean of 0.2.

This ratio provides only an admittedly crude estimate of the protection

provided by these respirators, but on this basis it is considered conservatf.ve
I to assign a protection factor of 2 to this type of respirator in this appli-

cation, provided that it is worn properly and that the filter is changed at

| eight hour intervals.

9. Plant Duty Cycle and Worker Occupeney Factor. During the conference at

the plant on Februarf 18, 1960 st was determined that a worker's actual fur-

nace time is about 80 hours per month. The remainder of the *.ime is spent

! working with old mix or cre. Sinca the data indicate that the old mix and

|

._.. . _ .
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the ore itself constitute the major exposure hasard, one ausst adopt aa*

3 ..

i g occupamay facter of 1. Also, it was determined that a reasonable duty .

' cycle for the plaat is 0.7. This is a figure which oney be prgerly applied
n

directly to the estimate of the exposure to the general public.-

l .

f 10. Conclusions and recommendations. The data and discussions presentsd Lu'

d this report lead to the following conclusions:

a. Main rioor of the Carbide Buildinz. Car-pulling results in air con-

centrations enore than 5 times the NPC. The use of the Welsh respirs-
,

tor, with a protection factor of 2 does not alone remove this oper-

atton from the substandard category, thoder a regular schedule, car-

pulling will be carried cut,for something less than eight. hours a

g .e. a duty cycle for this operation of less than g Thisweek i

duty cycle, taken with respirator protection, gives reasonably sat-

isfactory conditions, although it would seem that better dust con-

trol is desirable. All other conditiona en the main floor appear to

be satisfactory, particularly if the present practice of wearing .

respirators is continued. The closing of furnace leaks will improve-
.s

,

conditions throughout the Carbide Building appreciably.

b. Control Room of the Carbide Buildina. Conditions in this room appear

to be satisfactory even though respirators are not generally worn here.

Closing furnace leaks will improve conditions,

c. Locker' Room of the Carbide Building.- Conditions in this room appear

to be reasonably satisfactory. Cicaing furnace leaks and/or the pro-

--
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vision of a filtered, forced air supply for this roses will improve

conditions,4 g

b
A d. Catwalk around the carbida furnace. During furnace operation air

concentrations exceed the MFC somewhat. The use of respirators, which

j is. general practice here, provides satiefactory_ protection in this
,

d losation. It is unlikely that any individual spends more than 20

hours per week on the catwalk. The closins of furnace leaks will

greatly is: prove conditicos in thin location,

s. On-site. Conditions on the plant site appear to be satisfactory.

f. Oro and coka ho13 During the dtssping of bags or drums of ore the

une of respirators makes this a raasonably satisfactory operation.

More care in the dumping process will reduce the air concentrations,

g. Off-site. The plant duty cycle of 0.7 does not reduce the avera5*

of the observed air concentrations to the public MFC. It is obvious

that the 24 samples on which this average is based are insufficient

to characterise of f-site conditions through any typical span of met-

eorological and operating conditions. -It to certain that the limited

' operatione carried out with Nigerian sircon ore so far have not re-

suited in significant exposure to the public. Additional off-cite

data will be necessary to determine the need for more refined claan-

ing of the stack effluent.

h. General. No employee or member of the public has been exposed to more

than a a:nali fraction of the appropriate maximum permissible exposure
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from either external or intarnal sources as a consequence of the

o operations covered by this report.

Before it is reasonable to make final recomenendations for the operation

.g of the plant with Nigerian circon ore, some further preliminary measurements
ri
E are needed. It is recomended that among these measurements the felle' wing

should be mades
u __

"
a. continuous semples of off-site air concentrations

.

b. a series of periodic samples of the sewer outfall concentrations.

c. two sets of urinalyses, one af ter several weeks without work involving

Nigerian ore, and the other at the end of the next period of work with

this ore.

.

d. The chlorinating and reducing operations on the carbide produced from

Nigerian aircon ore should be carried out and mor.itored in a manner
9

comparable to that used in the carbiding process. The physical and

chemical nature of these subsequent operations is such that the health

problems are expected to be amaller than those associated with ore

handling and carbiding.

'

e air concentrations on the emin floor of the carbidebuilding, the

lockar roca, the cat walk and et the ore and coke hole be measured

at the time of the next carbiding run with Nigerian ore af ter all-

practicable improvements have been made.
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Certain final recommendations are possible at this times
,

s. The wearing of film badges may be discontinued'ia future ore bandling

and carbiding operations.

b. All entrances to the Carbide guilding should be posted with the warm-

ing signs specified in 10CR20, section 20.203, (d), (1) and (2),

and mise with ths warning signs specified in 10Cn20, section-20.203,

(e),(2). The present "radiattaa area" signs en the Carbide guilding

are unnecessary and should be removed,

c. The era and coke hele arma should be fenaed off in some manner and

posted with the some two warning signa specified above,

d. Containers holding more than 80 pounds of Nigerian aircam ore, or its

equivalent in thorium content, should be labeled with the warning signsL

specified in 10CM 20, section 20.203 (f), (2).

The bases for the sign recommendations are as fellows:

i

| a. The Nigerian sitcon ore contains approximately 6% therium.

|

|- b. The specific activity of natural thorium is 2 x 10j curies per gren,
.

i.e. one pound of ere cantains approximately 6 pc of thorissa.
_ _ _ - _ _ . _ . _ ,

c. A room containing more than 5,000 pc must be posted. This is equi-y

I
valent to 830 pounds of ore.'

l-

l
1;

. _
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