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WEMORANDUN
January 24, 1961

T0: pr. D.R. Spink
Carborundus Metsls Co.
Akron, Wew York

RO D. E. Barber, C.A. Pelletier, and G. Hoyt Whipple
The University of Michigen

i
ant,

We have reviewsd Title 10, Jode of Pederal Regulations, Pert 20 as amended
Baptember 7, 1960 snd December 30, 1960 and list below changes and sddictions to
the regulations pertinent to operations st the Parkersburg plant. The numbers
preaceding sach paragraph below refer to the section of 10CFR20 te vhich the com-
mants apply. You will note that some of the revisions are halpful to Carborundum
Matals Co,, othears are rpot.

20,5 (e) (A): "...a curie of natursl thorius.. means the sum of J.mo“

10 dis/sec from Th-228."

dis/eec from Th-232 plus 3, 7x10
This new definition of the curie for natural thorium mesns that all previous-

ly reported values of microcuries or wicrocuries/militliter (uc/ml) are now to

be multiplied by 0.5, Accordirgly, the formulas givan on page 11 of our July 125,

1960 memo sbould ba changed to:
High Vol. Sampler:

¢
[ %ﬂt)

Coctinuous 24, hr. Semplers:

11 (nst 100 hr, c.p.m.)

.r(f%ﬂ « 1,38 x107" «x (vol. 1o eu. fr.) ﬁ‘?‘$
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Liquid Semples:
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No change is required in the maximum parmissible urinary excration rate
of 015 dpm/ml recommendad Lo our March 10, 1960 nemo since the computation
of that value assumed separation of Th-232 and Th-238 in urine samples before

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

20.5 (e) (2 “, . .one curie of natural therium. .. is equivalent to 9,000

kilogiams or 19,850 pounds of natural thorium. ™

This specific activity is consistent with the new definition of a curle
of naturcl thorium, snd means tha® it will oow be possible to have twice as
such material in & container, room, Of ares as was previously reported. Tha

pev minizum quantities requiring labels are, therefore:

Label: "Gaution Radiosctive Meterial (s)"

+ radiation sywbol

Rooms containing greater than 5000 ye Th(nat.)
» e " " 99.3 1b, Th(oat.)
" " o " 1660 1b. ore

" = = " 993 1b. ll’Cl‘

GContainers o " 500 e Thinat.)
" " " " ”” l.. h(”'.)
" " “ " 166 1b, ore
- " v " 993 1b. II‘CI‘

Airborne radiosctivity ares warning signs must still be posted st the entrances

to .. s Carbide and Chlerination bulldings,
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20,101 (a): This paragraph prescribes the maxisum permisnible y radiation

exposure doses which are to be observed.

1f one is to avoid the determination of previously accumuileted sxposures
from pest records the masximum permissivle exposure dose is 1/1/4 rem per calender
quarter. his is the sum of cont! wous e posure, 40 hours per week, for one

quarter of & year to 2.5 mrem/hr. to the whole bedy,

20,101 (b): The licensee may allow slightly greater axposures to the whole
body than provided by paragraph 20.101 (a) provided: “...the licensee has dater-
mined the individusl's sccumilated occupational dose to the whole body on Form

ABC+4..." or its egquivalent.

The labor involved it compiling the past sccumulated exposure outweighs any
sdventage of the higher dose limit provided by this paragraph. It is recommended

that C.M.C. use the 1 1/4 rew/guarter dose ss the whole body exposure dose limit,

20.103 (e)(1): "Rxcept as suthorized by the Commission pursuant to this

paragraph, no allowence shall be made for particle size or the use of protective
clothing or equipment in determining whethe> an individual is exposed to an alr-

borne concentration in excess of the limits specified.. ..

This means that respivatory protection factors, even the conservative factiors

we have ured, may not be applied without specific approval from the A.K.C,

20.103 (e) (2) end (3): The Commisaion may suthorire exposure to sirborne
concentrations in excess of those prascribed by regulation provided au applica-

tion soliciting such permission demoneivates that the person exposed will not
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fnhale, ingest, or absord quantities of vadiocactive material io axcess of those

otherwise permitted,

Your attention is called particularly to 20,103 (¢) (3) (i1) which indicates
the lmpertance of & good fitting, meintenance and cleaning schedule for protec-
tive equipment., 1In addition, 20.103 (¢) (3) (141) states, "The proposed periods
for use of the squipment by eny individual should not be of such duration as

vould discourage observance by the individual of the proposed procedures...'.

The lmplications of these paragrephs ars two:

(1) Concentrations to which employees are expossd must be squal to or lass
than the MPC prescribed by 10CPR20 after occcupancy factors are taken
inte considaration, or

(2) The plaot must apply to the A.E.C, for permission to take sdvantage
of protection afforded by respivrators and protective clothing or the

physical nature of the airborne contaminant,

It the latter couree is _hosen, studies must be undertaken to detearmine
both the particle size distribution of the sirborne contamiosnt and the pro-
tection efficiency of the protective clothing ueed in air having such a particle
eline distribution., Buch studies will be expensive end time-consuming; the results
they provide will be applicable only to & given set of opersating conditions. A

change {n process will require & vepearition of these studies.

These nev paragraphs on protective clothing and equipment present problems.
The ma jor difficultiss stem from carbiding operations, where it has net been

possible to apply an occupancy factor less than 1,



20.104 (s): Tne total body exposurs of persons under 18 years of age in
, i 3 ¥

the plant is limited to 10% of the exposures listed in 20.101 (a), L.8. limited

¥
(X5
i
h&“ e e L 125 millirem per calender guartier
A % 5
20,104 (b): In-plant air concentrations may be averaged over periods no o

greater than a week if persons under 18 years of sge ave to be exposed to sir-

botne concentrations which are parmissible for older pe.sons.

1f persois under 18 years of age are employed the provisious of 20.104 (a)
nd (b)Y and 20,202 (&) (2) will require that
(1Y wore intensive sampling be done

{film badges be provided routinely to persons under 18 years of age

We suggest that these provisiing make the employment of persons undar 18

yoars of age even during the sumasr months undesirable,

20,202 (a)(2) wach individual under 18 years of age who enters & restricted

ares undsr such circumstances that he STeceives, or is likely to receive, & dose

in any calendar guartet in excess of 5 percent of the spplicable vaiue.. " shall M
"
be supplie ppropriate personnel monitoring equipmant.
20.206 (a): All personnel frequenting & restricted arss must be {netructed
in t'e sppropriate vadiatiom safaty problems, procedures to minimize exposure, g
s

and in applicable provisions of Commission regulations and licenses Employees

sust be adviss” of reports of radiation exposure which they may raquaest.,

This mesns that provision will have to be sede to instruct all personnel,
not just supervisors We feeal the instructor should be a company sxployes ratoerx
than 8 consultant We shall, of course, be plessed to instruct the imstructor,

20.206 (b): A copy of 10CPR20, & copy of your A.E

b S 4

C. license, and a cCPy

- of operating procedurss applicsble to vork under the license must be prsted in
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accordance with this parsgraph or be kept “available for employees' examinstion

upon request.”

Ve recommend the latter action,

20,206 (c);: “Form AEC-3 “Notice to Baployess”, sball be conspicuoyely posted
in & sufficient number of places ‘n every establishwmant where smployees are am-
ployed Ln sctivities licensed by the Commiasion to permit them to obgcarve a copy

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

A posting at the wain gate would suffice Lf other entrances are not ueed.
Copies of Form ABC-3 may e obtained from:
Mai wger
Oak Ridge Operations Office

P.O.Box K
Oak Ridge, Tannssses

It s wuggested that Form AEC-5 (see below) aleo he requested from this Office.

20.401 (a): Where personnel monitoring is used records of exposure shall
be kept on Porm ABC-5 or ite equivalent. Doses recorded shall be for periods

of time not exceeding 1] wesks.

1t ie unlikely that film badges will have Lo be used reutinely unless indi-
viduals under 18 years of age are employed. If film badge monitoring is not used,
ve suggest you include as a part of this record the y radiation measureme.ts G

with the Jordan survey mater.

20,401 (b) end (c): Radiation exposure records must be "prasarved until
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December 31, 1965 or until a date 5 years aftay termicecion of an individual's

emuloyment, whichever is later.” Microfilms may be used,

These records include eir and water conceatration determinations and y ra-
diavion measurements and film badge exposure rasults. Concentrations shall be
recorded in terms of yc/ml and y radistion evposure in terms of rem. We shall

sesume that the Jordan survey neter resds mrem/hr,

20,4046 (a): A former employee may requast a written report of his exposures
as shown in the company records pursuant to 20.401 (a). Such a report must be
furnished within 30 days after vrequest and shall include the statesant, "This
report is furnished to you undar the provisions of the Atomic Energy Commission
regulatione entitled, "Standards for Frotection Against Radiation" (10CIrR20).
You should preserve this report for furure reference”. Bioasssy dats must ba
included Lf bloassays were requived as & 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-
vidusls perhaps years after such exposure occurred., Herein lies one of the ad-
vantages of fiim badge monitoring even though the regulations say not directly
require such monitoring. It will be difficult end time consuming to eatablish
the exposure of an individusl from y radiation messuremente made with a survay

weter,

20.405 (a): When axposures or activity concen*rations occur in the plant
which exceed those recosmended by 10CFR20 or wh.ch exceed 10 times the MPC's

for the general population, a ¥ritten report sust be sent to the AEC within 30



days of the occurrence, The individuals exposed must sleo be advised, in writ-
ing, of the nature and sxtent of their exposurs., Consult these parsgrephs for

details,

Thie means that & report sust be written to the A.E.C. and an individual
every time & wan is exposed to concentrations greatar than the MPC. This has
ridiculous, but real, implications for operations such as picking-belt operations

in tha Carbide building.

20.406: Auy esployee may request an annual exposure report. YThe company

should be prepared to fssua such reports.

Appendix B; Savised Maximus Permissible Goncentrations in air and water:
014 ye/ml o Mev ye/ml
Alx Water Alr Water
11

Occupational levels 5 x 10711 1.5 10.6(0) 3x 107" (0) 3 x 10‘5(0)

for Th (oat.) 1x10Ma  3x107
Public lavels 1.7 x 10712 s x 1078 1210 % 1 x10"%
for Th (nat.) 1x102) 1x10%)

The letters "e" snd "I" stand fer soluble and fnsoluble respectively.

The occupational MPC in air 7+ natural thorium is now 0.6 times its former

valua,

The public MPQ in air for natural thorium is now 0.59 timec ite forwmer

value.
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The public MPC (1) in water is 200 times fts former value but the NPC
(e) 12 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 necessery
to perform the intensive effluent survey mentionad previously regardless of

whethar the contaminent is soluble or insoluble.

Reductions in MPC's plus the change in the definition of the curie for
natural thorius (20.5 (¢) (1)) require that "Aversge/MrC" values reported
in memos dated Merch 10, April 20, May 31, and July 25, 1960 be multiplied

by the following factors:

Samples Correction Factor for Average/MPC
On-8ite Alr ($/3)(1/2) = 0.83
Off Bite Alr (L.7)(/2) = 0.8
Watear Effluent (1/20)(1/2) = 0.025

Conclusions:

These changes mean that, except for weter, the new regulations
have bean of little help to Carborundum Metals Co. Indeed, you have been
presented with more problems, psrticularly with respect to protective cloth-
ing and reports. The reporting requirsments in themselves would seem to make

good ventilation mandatory if one is wot to ve plagued with writer's cramp.

C d Fuliz.

C. A, Palleatiar

Gt e
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March 10, 1960
Te: Dx. D. R, Bpink
Carborundus Metals Ce.
Akreon, Bev Yeork
From: R. J. Augusctise, D. B. Barber and G. Beyt Whipple

University of Michigas
Ann Arbor, Michigan

This repart Ls srreaged im the foliowing sections.

i. Intreductien
2. Maximssm Permissible Conceatratiens
3. Alr Samplas
8. Saspling and Counting Procedurss
b, Dats Asalysis
¢. Sempling Lecaticns and Conditious
d. Data Bumsary
4. Water Ramples
5. Uricalysis
6. Pilm Badges
7. Gemmé Messursseats
8. Resspivaters
§. Plaat Duty Cyele and Occupancy FPecter
10, Recowmendatiees

11. References
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1. jatredyetion. This wesorsndws reperts the mathods, results, and summery
of radislegioal heaith surveys mads at the Carborumdus Matals Ce. plant st
Perkarsburg, West Virginia, during the isterval from Jéamary 6 to February
19, 1960, Durisg t.i¢ peried Migerisn sirece ore coataiming up to §§ therium
was baing processed under ARC Beurce Material License Neo. C-4560.

The plant and the precesses carried out em this ore have besn described
io & letter dated November 27, 1959, from D. B. Spink, Assistast te the Man-
sger, Techaical Branch, Carberendus Metals Ce. te Mr. Dewles, Meclesr Meteriale
Section, Licensing Branch, Divisieo of Licensing and Regulations, U. B. Atomie
Eoergy Cosmission. Purther descriptien of the plant and its eperations seems
unnacessary here,

Becsuse everyone in this werk has frequant cccasien te comsult the decay
sariss of the thoriwe family, Table 1 bhas besn incluwded a8 & convenience fer

the reader, smd, it should be admitted, for the authers a8 well,

2. Maximgm permiseible cemcantyutisas (MPC's) for natural theriem and for

theren in equilibriws with ite daughter products are givean ia Table 1 from
severel seurces, sad im the last rvow the MPC's used feor the purposes of this
repert. It is evident froms Table 2 that there Ls considersble diversity of
opinien eu the proper MPC for netural therium in air. The pressat legal limice
srs the 10CFR20 limits now in effect. The National Committes eun Radiatien
Pretection in giving the previsional values listed (o Table 2, suggests that
subsequent imvestigations may indicate the need for limites as low &s those

given for seluble and {nsolubls astural thoriwm in Teble 2.
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The NPC's for natursl theriue in beth 10CMR20 end Bandbosk 69 are glven
for the parsat isotopes, thoriwm 232 sad theriwm 228, It {s ssswmcd that
1o matural thorium these twe fsstepes are im equilibriem. The fact that
the parent Lsetopes decay te alphea emitting dsughters is taken inte sssount
in caleulating the MPC values. Thus, in comparing the setivity of a sexple
te the WPC, ealy the sctivity due to the parents should be weed,

The activity of natural thorium is defined {n two weys. ARC Regulation
1007820, Sestion 20.5 ¢, gives the following defiunitieon, “the mumber of
«deroeuriss (of paturel thoriwm) shall be determined by dividiag the tetal
rate, in dpm, of alphs emiseions frem the mimture by 1.1 x »xo‘ Ay pex uynﬁ.’"
Randboock 69, om the ether hand, gives ou page 14 this definition, “a ewris
of recently extraeted thoriwe is considersd te sorvespend te the sum of
3.7 % 100 dta/eec from Th 232 emd 3.7 x 1010 die/scc from ™h 228." It
sppears that the term, recently extracted thoriwmm, ia the Rendbook 69 defi-
nition, masne the ssme thing &s natural thorium ia the LOCFR20, sinoe the
ICRP report defines meturel thorium in this way. Thus & misresurie of natural
therfwm by the Mandbeok 69 definitien has twice the alpha setivity (4.4 x 108
dpw/ue) of a microcuris by the 10CFR20 defimitien (2.1 x 10‘ dpm/e) .

Comp arisen of the WPC's for natural theriue io Table I shews an spparent
disparity. This disparity may be rassived by putting the sctivities in terms
of elpha disintegration rates.

The Randbook 6% WPC for A0-hour per week oceupstiesnsl exposurs:

3 w107 pe/ml x 6.4 x 10° dpa/ue = 1.3 x 107 dpu/ml

The sorrsspooding MPC frem 10CYR20:

$ x 10°M ue/ml x 2.2 x 10% dpa/ue « 1.1 x 10°4 gpu/m)

e
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As used {n this report the microcurie is that defined in 10CPR20, 1.s.
2.1 x 10‘ dpm. The MPC's used for natural therium are thosse given in 10CFR20,
bet the Randbook 69 MPC'e have boen wsed for thorem 120 ¢ daughters and for
Ra 228, since LOCPRE0 gives no MPC's for these materials.

3. A Bweles
6. fBewpling sod Counting Frecedures. Samples of airborne dust were

taken with high volume seapling wnite manufsctured by General Metal Works,
Cleves, Ohio. Thess unite drav o maximus of sbout 23 cfum of air through &
Gefunch diameter Whatman Mo. 41 filter paper disk. Sasples were obtained
within the plant at lecations wmost likely to be occupied by workers and

&t various times during the carbiding asnd car-pulling opsratisns. The points
at which samples were taken sre davaribed in Saction Je. A nwmbor of off-
site samples of airborne dust were alse collected,

After the filter camples were brought to the laberatery & section was
sut out of the filter te fit the 2-ineh stainless steel countiang planchets.
The semples were counted for slpha setivity in & prepertiesal coumter, Model
PC-3, mamufactured by the Muclear Messurements Corp., Indissapelis, Indisna.
The first count wus made & te 6 hours after the ssuple was oellected and
succeeding counts were made spproximately 12, 24, 48 72 snd 130 bours after
eollection.

b. Pats Avalysis. Theovetical alpha activity curves for Th 232 ¢ ¥h 228,
for Bn 220 (theron), and for Ra 220 + Re 224 ave given 1o Pigs. 1, 2 and 3,

respectively. These curves have bean redragwn from refarence 2.



Source

AEC Beguistions
16-Crm-20
(in effect)

Wetional Bureau
of Standards
Bardboek &9

Used ia This
Repert

C. ¥. Memo, 3-10-60

Table 2. Maximum Permiseible Comcentratioms in Unite of uc/ml

Material Aig

40 br/week occupational 163 hr/week public
exposure Sxposyre

Wetursl thorius s = 10712 1.7 x 10-12
Beturel thorium

Soluble 2 x 10712 6 x 10714 ¢a)

Inscluble 4 x 10712 1 x 10713 ()

Provisional 3 x 10712 1 x 10712 (w)
Thoron 220+deughters 3 x 1077 1 x10°8 ¢m
Bedium 228 7 = 10711 2 x 10712 ()
Baturs! thoriue 5 x 10711 1.7 x 10712
Thoren 220+daughters 3x10”’ 1 x 108
Redium 228 7 x 10711 2 x 10-12

rublic
Driakiag

3z 107

2x103
1 x 1073 (»)

.....

* HBandbook 69 gives the 168 hr/week occupitionsl exposure walss. Thess figuree are 1710 of the Bsndbook &9
velues, in order to apply them to the public exposure.

¥
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The sctivity of each sample, in net counts per minute, was plotted as
& function of time after collection en log-log graph paper. Several repre-
sentative sample curves are shona in Pig., 4. Comparison of the sample curves
to the theoretical curves showed that to a greater or lesser degree all three
componects occurred in the cellected samples.

The somple curves which showed only short iived dsughted sctivity, e.g.
the lowest curve in Pig. &, were axtrapolated back to obtain the sstivity
one bour after collection and evalusted in terms of the MPC for thorom daughters,
The MPC for Ra 220 in equilibriwm with its dsughters iz soma 10,000 times
greater than the MPC for thoriwm, as sbown {a Table 2. Mo sssple taken thus
far bas indicatad the presence of Rn in ssounts sigunificant to health. 8o
far, only the isotopes Th 232, Th 228, Ra 224 end Ra 228 contribute signifie
cantly to the bealth problems associated with the operstion of the plant.

The majoricy of the sample curves shovw & minimus sbout 100 hours efter
collection; this minimas is follewed by & slight incresse and then by & decay
that sppesrs to be rapid on che logarithmic time scale. Thess feaSures are
tllestrated in the widdle curve of Pig. 4. The slight {nerease after 100
bours 1is attributed to the Th 232-228 componant; the subsequent decay is
believed to be due to tha Ra 228-224 component.

It can be sesn in Figs. | and 3 that the maximum activity attained by
Th 232-228 snd by Ra 228-224 are just about twice the activity st 100 bours
after separation. Since it was quite impractical to take successive couzss
until esch semple had attained its maximum sctivity, advantage has bean taken
of this relation by multiplying the ectivity observed at 100 houre sfter

collection by two to obtain an estimate of the equilibrium sctivity.
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The ultimets slpha sctivity for & ssmple of thoriws is equilibrium
with #'l the daughter products is six alpbs particles for aach Th 232 die-
{ntegration: ons slpha particle esch fiom Th 232 snd Th 228 and four alpha
particles from other daughters. Multiplying the 100-hour alpha activity by
two gives en estimate of the setivity when this equilibrium has bean resched.
The MPC's, however, are given in terws of Th-232 and Th 228 ectivity, which
constitute only 1/3 of the equilibriue activity. To obtain a valus sult-
sole for reference to the WPC, the 100-hour alpha sctivity fs firet multi-
plied by two te obtein sn estimate of the equilibrium sctivity and then
sultiplied by 1/3 to obtsin sn estimate of the sctivity due to Th 232
and Th 228 alone. Thus the value to be compared to the WPC 4is 2/3 of the
100 hour activity.

*he MPC for Ra 228 1s only about twice &8 grest &8 that used in this
report for natural thoviws, so the distinctien batween them doas Dot ssam
worth the labor favolved in extending the counting dats leng past 100 hours.
The practice followed here of referring 2/3 of the activity ebserved at 100
hours to the NPC for natural rhorium is cooservativs regardless of the shape
of the activity curve beyound 100 hours.

The concentration waes caleulsred from the follewing relation,

A= (2/3)(xC/EVE), (1)

whers A = concentretion of Th 232 4+ Th 128 in uc/ml

K = proportionality constant to justify the umits » 1.6 x 10711
C = observed net coust 100 hours after collection in cpm

f » fraction of the total filter paper counted = 0.23

Vv = volume of the air sawple in cubic feet

£ = efficiency of the counter = 0.40

Substitution of these values gives

A= 1.1 x10°10 gy (2)



C. K. Memo, 3-10-80

€. 14 ti and i . Ssuples of airborne dust were taken
#t meuy poiots throughout the plast. In order that the dats may be reported
in & convenlent and understandable manner they have been grouped under the
several gensrel locations described below. The concentrations observed with-
in these genersl locetions sll followed the same patterns sod fell within
reasonsble limits, i.e. these are ootural grouplogs.

Main 1 This focludes all samples taken on the main floor of the

Carbide Building.

Contrel Room: This is the Carbide Building Office and 1s on the sane

leval #s the catwelk sround the furnace.

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

same level a3 the main fleor, and separetsd from the main floor area

by & door. "

Catwalk; This is the walkway eround the furnace, nuar the feed hoppers.

Co-Site: These are samples token st verious places on plast property,

but outside of the Carbide Building.

Off-fite: Thess sre anvironmentel air semples taken st locstions out-

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

Qre and Coke Hole: This location is nesr the loading pit where ore and

coke are dumped into the csuveyor system. It ie¢ outside the Carbide

Building.

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

leading to the main stack. DBecause of the high dust loading, it was not
possible to sample accurately at rhis location. Hence, & comparison has

oot been made between the ssmple values and the MPC.



C. M. Mewmo, 3-10-60

JERRPR.

Calcinatery Steck: These ware teken from the cyclone axhaust duct lesd-

ing to the main steck fream the calciner. u!h;_dg_t_wl:d_}:_;_’_\_g_gimt-

ed accurate saupling bere. |

The toli&;tu :;ltn. conditions designate the type of operation which
was going on &t the time samples ware taken,

Furnace Qu; This wesns the carbide furnace was ruoning, loaded with

the Nigerisn Ore.

Furnace Off: This mesns the carbide furmace was not runalsg.

After 1 After the cerbiding of Nigerien Ore had been completed,

the Carbide Building wes cleaned up in prepara .on for & rua with oormal

gircon sand. These ssmples wers taken after this cleamup.

Car Pulling: This includes all semples taken during the pulling of the

furnsce shells, cleaning off the carbide pigs, sorting carbide, the pick-

ing belt operetion, losding of old mix fines, etc,

d. Dets Sumsery. The sempling dats sve summariszed in Table 3. The data «re
grouped accerding to the classifications of location and condition described
sbove. The values given are (4) the sverage comcentratiom, (b) the highest
concentration obtained, and (¢’ the lowest concentretion obtained, all in
ue/ml 88 comwputed from equation 2. Also given in Table 3 are the number of
semples taken under esach classificecion and the observed average councentration
divided by the appropriste MPC. Values greater than 1.0 in the last column
indicate situationc vhere snd wheo the eversge comcentration exceeded the

sppropriate MPC.
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TANIE 3. SUMMARY OF AIR SAMPLE DATA
Location Cendition Average Righest  Lewest No. of Average/WpC |
po/ml we/al , we/ul towpss =
~—wain Floer +~Parnace on 3.2x107'° 1.3 = 10710 6.7 x 1913 % - 9.65
, Purnsee off 1.1 x 1012 5.3 = 10-12 2.9 x 10733 14 e.0?
AP L After Cleamup 4.8 x 10712 5.3 x 10712 4.3 x w12 2 0.10
ACar Pulling 2.8 x 10719 4.0 x 10°° 6.7 x 1013 7o . 5.3
Control Roow Pr-roace on 1.2 = 10-11 s.0.2 10°11 2.7 x 10713 14 0.3
Pornsce off 1.6 x 10-12 8.8 x 107} 2.0 x w':’ 9 0.03
After Clssnup 2.2 x 10712 4.7 x 19712 2.1 x 10712 2 0.04
Locker Boom Purnace on 2.3 % xo“g &7 u 19-i1 2.7 = 10712 6 0.47
Purssce off 6.7 = 16”4 3.3 = 10712 6.0 x 10713 ? e.13
After Cleanup 1.4 x 10°12 3.5 = 10712 1.3 x 10-12 2 0.0%
Catwalk i—Purnace on 6.4 x 10711 1.3 = 19710 3.1 x 10712 14 H
Purnace off 7.6 u 10712 1.8 = 10711 1.5 x w12 5 3.25
On Site Purnace 3.¢ x 10-12 5.0 x u’:‘ 1.0 = u'i’ : 10 0.04
Car Pulling 9.99x 10-13 4.9 x 10712 2.3x00°03 9 2.92 g
Ore & Coke Hole i~ Purnace on 3.5 x 10-11 6.7 = 10°8 2.7 = 10~12 2 A0, 89 v %
# Purnsce off 7.7 = 10°11 1.9 = 10°10 9.4 x 10712 3 1.3
-8 -8 -8
Stack Samplse Purnace oo 2.6 x 16 .o x 10 i.3x 10 & -
Caleiner Stack Purnace off 2.7 x 1877 40 = 10”7 1.2 x 109 2 *
off Site ~ Pernace on 5.3 x 10732 e.3 x 10712 6.7 = 10718 N 3.1
After Clasnup % Pevsctsbie Activity k] _moms

n

*$ee discussion under "Sampling Lecstions”
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4. Water Bamples wers taken At two locations before the use of the weter

tenk #t the cyclome discharge was dis A sample taken directly

from the water ténk showed # coucentrétion of J x 10" uc/ul for insoluble

material slone. Subsequent samples taken &t the plant sewer outfall on two

occasions yielded concentrations of 3 x 10°7 ue/ul and & x 10°® uc/ml for

the totel of soluble and inseludble meterial. The MPC for therium in water

in the public domain 18 5 x 1078 uec/ml. The plant sffluent was, therefore,

greater in one case than the MPC bafore its dilution by river water.

This section is included io the report as & matter of lnformation even

though it no lomnger applies. Since cyclogc residuss are pow collected dry

i

{n 55 gallon drume snd the residues ere recycled through the furnace, no
——————————————_— A — A

sigaificant material should appesr in the water sfflusnt. Although there

will probably be & ver+ swall esount thet reschas the plant water efflusnt

a3 & result of contaminative of the furnace cooling water, routine counting

of water saaples i coueidered unnecessary.

5. Urinelyeis.  Very little seems to be known concerning the excretion of

thorium taken into the body via the lung. The pressat coucensus is that the

excretion of thoriws shouid be little different from that of uranium, Thorium

gctivity that has bsen introduced into the body by inhal/tion way appesr inm

the urine by twe routes.

The materisl that is released from the critical orgam, or orglns,

with & characteristic biological half life.

. The materisl that is teken inte the blood directly from the lumg,

but which is not sequestered in & critical orgen.
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The first contribution, that reledsed from the material deposited in

the critical organ, weually teken to be bone for thorium, may be estimated frea

the follewing sssumptions;

4. The exposed individual has scousuleted the maximus pearmissible body

€.

burden of 0.04 uc in bome (1).

. The sctivicy is excreted expoventially from the body with & biological

half 1ife of 200 years (1).

The worker excretes 1.5 liters of urine per day.

Using these sssumptions one finds that the concentration of therium activity

in the urine {s 0.0006 dpm/ml.

The ¢econd centribution, termed "uaretained” therium im thie report, may

be estimsted from the following Gssumptions:

The exposad individusl works for eight heurs per day in an stmosphers

containing the occupstional WPC for naturel thorium, 5 x 107!} uc/ml.

. The worker bresthes a totsl volume of 107 wl. of air per eight hour

day.

. The thorium contained in the inhaled air is distributed as follows (J‘)x

25% saters the bloed.

75% is exhaled, retained by the lung, or removed from the lung and
swillowed and axcreted in the fecas.

Of the thorium in the blood: 773 deposited in bone

4% deposited in kiduey
4% depesited in liver

lsaving 20% of the meterial im the
blood to ba excreted im the urine.



M. Memo, 3-10-80

C.

[ 35

o 14 »

Therefore 20% x (25% of the inhsled thorium) = 5% of the inbaled thorium
will sppeer in the urine,

d. The worker excrates 1.5 liters of urive per dey. Using these spsump-
tions one finds that the concentration of thorium activity in the
urine 18 0.037 dpm/ml. This (s the “"unretsined” thoriums.

Por sny prectical situstion one must have & concentration level in the urine
thet {8 regarded as indiceting # significant inhalation haserd under the cir-
cumstances ot hand. Por vorkers who ere expossd to thorium dust for the first
time, or who are continuously exposed to this dust, the councentration of un-
retained therium in the urine will be some 60 times that of retained thorium,
The lstter estimete would be more suitable ic & home for the aged, L. .e., for
individuals no loungsr exposed.

Using the same urinAry concentrétion for thorius es for ureniue, {.e.,

30 ug/liter, one obtains an sctivity level for thorium of 0.015 dpa/ml. The
value of 30 ug/liter 48 used by st leact one installetion (5).

To sussarise, there ars three estimates of thorium concentration in urine

thet mey be taken a8 indiceting the need for asction.

a. 0.0006 dpm/ml {n the case of individuale no longer exposed to thorium
dust.

b. 0.037 dpm/ml in the case of an individusl breathing air coataining
5 x 1071} uc/ml of matural thorius activity.

¢. 0.015 dpm/ml by anslogy to uranium.

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

third estimates &re in good sgresemsnt, cousidering the wmany uncerteinties in-

volved., VFor the purposes of the present study # urine thorium concentration
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of 0,015 dpm/ml is taken as indicating the need for corrective action.

The gross alphs sctivity im the urine of 27 individuals whe work at the
Carberundum Metals Plant was determined by Contrels for Radistion, Inc. The
specimen volume snalyred was 500 ml, and the grouwp submitting sasples included
fedividuale exposed to thorium dust as well as individusls with mo lunu.n -

posurs. The results are sussarised balow;

dpm/ml

Lowest Concantration 0.00002
Highest Concentration 0.0014%
Mean Concentration for grouwp (°2) 0.00057
Mean Concentration for exposed and

potentially exposed growp (18) 0.000525
Mean Comcentration for unexposed

group (&) 0.000795

The highest concentration obtaimed is only 10% of the action level de-
veloped sbove. These were gross alphs snalyses, and hence may include alphe
emitters from natural sources cuch as drinking water. It is coneluded that
no significant internal exposure has resulted from the inhalation of thorium

dust during the carkiding cperstions covered by this report.

6. PFilm badges. The film badge service was provided by R. §. Landauer, Jr.
end Co., Matteson, Illimeis. Badges were worn by about 30 individuale in
the plant. During the carbiding operaticn, badges were worn for & full week,
involving about 50 hours of petential exposure, before being returned for
exposure avaluation. During the unlosding of the ore, badges were worn ounly
eight hours at & time before being turned (o for exposure evaluation. The

latter practice is to be attributed te excess zeal oo the part of the plant
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sscurity efficer rather than te aay be'fef that exposure rates were high,

All film badge readings were reported as "sero”, save for the threes dis-
cussed bealow. The minimum gassa rey doss that can be relisbly indicatad by &
film badge is sbout 30 mr. The fect that all but three of the badges showed
less than 30 wr. means thet average exposure retes were lass than 0.6 wr/bour
io the cerbiding operation, and less then 4 wr/hour in the ore unloading oper-
#tion. These estimates of the upper limits of exposurs rétes cempare favor-
ably with the messured gamss dose retes Lo Table & of the following section.

Two film badges were reported to have densities corrseponding to gamms
rey sxposures of 240 and 245 wr, but the report of these resdings included
the note that the densities were usiforms over the fils without trace of
# vindow and tha e ggestion wes made that these u.lu had bssn exposed out
of the badger. luvestigetica revesled thet these two film badges, containing
the Yilms, bhad been inadvertently dropped {nto & bucket of waier by the man
who was washing respireteors. It is comcluded that the densities shown by
thess two films resulted from their getting wet and not from radistion ex-
posu .

One file badgs was placed divectly on & bag of ore in & position where
it woo surreunded by other bags and allowed to remain in this position for
eight bheurs. The reported exposure valus for this badge was 90 mr, in ex-
celient agreement with the gamms radiacion msasurement of 12 mr/hour, given
in Table &.

ARC regulstion LOCIR2D, Section 20.202 requires personnel monitoring
for xll individuals who are likely te receive more than 75 mr/week. These

results lasd to the coaclusiou that film badge monitoring ie¢ unnecessary for
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carbiding snd ore precessing operetions. A similar type of check will be
wide in the chlerinstion precess to determine vhather file hadge wonitoring
18 required in this operstion. This will require ciceful use of centrel
badges since the chemicsl fumes may darken the filwe and give & false Lndi-

cation of redistion exposure.

7. Geene mespurenents were made with & Model AGB-10K-G-BR survey wmeter manu-
factured by Jorden Klectreaics, Inc., Albambra, Califernia. Samples of the
ore had been run on & gawms réy spectremetar. The gsmmt spectrum obtalued
wes such thet this survey wmeter, cslibrated with Cobalt 60 gawns redistion,

giver valid dose rotes. The mefsursments obtained Sre presected iu Table 4.

Isble &
Gomms BAY Medsuremeniy
keeatien Poeitions Max. mr/by
Catwalk Food hopper surface 2
3 ft. from feed hopper 0.7
Inside furnscs 2.6
All ether less than 2
Hein floer Blender surface 2.5
Drums of old six &
Carbide pig surface 2
Roof Ore sterdge bin surfacs 3
Outside Surface of bags of ore 12
&. Raspigaters. During the peried covered by this repert everyene who worked

in the carbide building wes supplied with & Welsh Manufacturing Co., Medel Ne-

7100 respirator fitted with Model Mo. 7100-7 filter. This respirator covers
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only the mouth sud nose and besrs ths Buresu of Mines spproval number 2175,
which approvas the respirster "for dusts end mists not significeatly more
toxic than lead.” Thorium dusts are considered to ba significantly more
toxic than lead, but it is proper to point sut that ss yet the Buresu of
Wines has no approvel system for vespiretors te be ased i stmospheres
conteining redioactive scroseols.

The limit of efficiency of & partisl-face respireter, such &8 the Welah
#o. 7100 is eet not by the efficliency of the filter which it incerporstes,
but by the excellence of the fit batween the respirator and the wesrer's
fece. In sn sffort to sstimsce the overall effectiveness of thess vespirators
in use, alpha ceunts wers wade of portions of the respirater filters that
had been used for & single day during & complete carbidimg vua. The portions
counted wero cut from the center of the filter whers most of the material
appeared to collect., Alphs counts were taken on both the outside and in-
side surfaces of portions from 14 filters. The retios of inside surface
count te outside surface count ranged from 0.02 to 0.5 with & mean of 0.2.

This racio provides only an admittedly crude estimate of the pretection
provided by these raspirators, but om this basis it is considered counservetive
to essign & protection factor of 2 to this type of respirater in this appli-
cation, provided that it is worn properly and that the filter is changed st
eight hour iatervals,
9. Plest Duty Cycle snd Worker Occupency Fector. During the conferance &t
the pleaat on Pebruary 18, 1960 it s determined that « worker's actusl fur-
néce time 1g about 80 heours per senth. The remainder of the *ime is spent

working with eld mix or ore. Sines the date indicate that the old mix and
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the ore fteel? constitute the wejor exposurs hosard, ome must adopt aa
occupanny vecter of 1. Alse, it was Cetermined that & ressonsble duty
eyele for the plast 1# 0.7. This is & figure vhich wey be propeviy spplied

direstly te the astimate of the exposurs te the general public.

C. H. Mewmo, 3-10-860

10. Conclusions and Recommendstions. The date and discuseions presentsd {u
this repert lead to the following conclusions:
8. o id Alding. Car-pulling results im air cou-

centrations wore thes 5 times the MPC. The use of the Welsh respirs-
tor, with & protection fecter of 2, does not alene remeve this opsr~
ation from the substandard catagory. Undar & vregular schedule, car-
pulling will be carried cut for sowmsthing lese than eight hours e
week, {.&. & duty cyele for this operstion of less than _0_‘_3_, This
duty eycle, taken with respireater protection, gives ressonably sat-
isfactory conditions, although 1t weuld seem that better dust con-
trel is desireble. ALl other conditions oo the wain floor appear to
be sstisfectory, particularly if the pressat practice of wearing
respirsatore is comtioued. [he closing of furnace leaks will tmprove

conditiens throughout the Carbide Building sppracisbly.

b. Coutrel Room of the Carbide Building. Conditions in this room appear

te ba satisfsctory even though respicrators &re net generslly worn hars.

Closing furnecs leaks will lwprove conditions.

¢. Locker Room of the Carbide Building. Conditions in this reom appesr

to be reasonably satisfactory. Clesing furnsce leaks snd/or the pro-
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vieion of & filtered, forced aixr supply for this room will ilmprove

conditiocns.
. Goatwalk arpund the carbide furnace. During furnace operation air

concentrations exceed the MPC scmevhat, The use of respivstors, which
is general preciice here, provides oatisfectory protection in this
lossation. It 49 walikely that say individual spends wmore then 20
bours per wesk on the catwalk. The closing of furnsce lesks will

greatly improve conditions ia this locatiom.

. Gm-aits. Conditions on the plant site sppesr te be satisfactory.

. Ore ané coke hels. During the dumping of bags or drume of ore the

use of respirectors wmakas this & ressonsbly setisfactory operation,

More care in the dumping process will reduce the air concantrations.

. Qff-site. The plant duty cycle of 0.7 doas not reduce the sversge

of the obeerved air comcentrstione to the public MPC. It is obvious
that the 24 semples on which “his sverege is based are fvsufficient
to cherectarise off-site conditions through any typicel cpen of met-
sorolegical and operating conditions. It is certain that the limited
operations carried out with Nizerian sircon ore so far have not re-
sulted in sigaificent exposury to the public. Additional off-site
data will be necessary tc determine the need for more refined clesan-

ing of the stack effluent.

Genersl. Noc employce or wsmbar of the public has baen exposed to more

than # small frection of the appropriste maxious permissible exposure
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from either axternal or intarnel sources as & conssquence of the

operstions covered by this repert.

Before it is ressonsbla to make fioal vecommendations for the operation
of the plent with Wigerian sircon ore, some further prelisinsry seaAsuremsnts
ere nesded, It is recommended that among these messurements the folloving

should be made:

»

. & series of pariedic samples of the sewer outfell coucentrations.

. two sete of urinelyses, cne after seversl wesks without werk ifavolving

Nigerisn ore, &nd tha other ot the end of the next pariod of work with

this orse.

. The chlorinating and reduciug cperations om the carbide produced from

Nigerisn sircon ore should be cerried out and mouitored in & manner
compevable to that used in the carbiding 'rocuo.' The physical and
chemical nsture of these subssquant operations is such that the health
problems sre expected to be smaller than those sssociated with ore

handling and carbiding.

. &ir cencentrations on the sein floor of the carbidegbuilding, the

lockey voom, the cet walk and st the ore and coke hole be messured
at the time of the next cerbiding run with Nigeriam ore afier &ll-

practicable improvements have been made.



Certain final recomaendations are possible at this time:

§. The wearing of film badges may ba discontinued in future ore handliang

and cearbiding operations.

b. All entrences te the Cerbide Building should be posted with the wamm-
ing signe specified in 10CFR20, Sectiem 20.203, (4), (1) end (2),
end alse with the werning sigas specified io 10CPR20, Baction 20,203,
(o), (2). The preseat "radiation ares” eigas ou the Carbide Building

are unnecesséry and should be removed.

c. The ove and coks hole ares should be fensed off in soms mamner and

posted with the same two waruing sigos specified sbove.

d. Countainers holding more than 80 pounds of Nigerise szircem ore, or its
equivalent in thorium conteat, should be labeled with the warning signs
specified in 10CPR20, Section 20.203, (£), (2).

The bases fer the sign recommendsations ave ay follews:
#. The Nigerien sircon ore contéins approximately 61 thoriwe.

b. The specific sctivity of natural therius is _@__5__19’7_ suries per gram,

{.e. one pound of ere contaims approximately 6 uc of thorium.

¢. A roos contsining wmore than 5,000 uc must be posted. This is equi-
valeant to B30 pounds of ors.

-
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