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STATISTICAL BASIS FOR AIR SURVEYS COMDUCTED BY
VANADIUM CORPORATION OF AMERICA

One purpose of the visit te the VCA my'® at Durengo, Colorade on
June 22, 1961, was to obtain details about the criteria used for
sampling airborne radicactive material te determine exposure of
pereexmel. The University ef Colorade Medical Center, Department
of Tndustrial Medicine, has established a sempling program which
apparently has @ sound statistical basis. This program was explained
to me by Mr, James Gilliland, corpultant to VCA, during the mill
visit,

Mr. Gilliland has no written description of the sampling progrem.
Since the University of Colorade acts 4s consultants for a number of
uraniue wills and since they plan to utilise this procadure at these
other mills, the explanstien is attached ss am Appendices to this
memo, 1t was suggested to Mr. Cillilend that he submit this pro-
cedare in writing.
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A STATISTICAL BASIS FOR SAMPLING ATRBORME RADIOACTIVITY
ESTABLISHED BY THME UNIVERSITY OF COLORADO MEDICAL CENTER

YOR USE AT VANADIUM CORPORATION OF AMERICA, OURANGO, COLORADO
anJecT

Havirg established the criteriz for the sampling program, the object
for the following procadure (s to establish the frequency it is
necessary to sample for airborne radicective material at each job
eperation throughout the mill to determine exposure of pevsonnel.
Alse, the following procedure relates the sigaificance of one sample
uhou.omuupmu-ht“dwdml
working in the same area conducting other jobs.

CRITERIA
The eriteria of the program is to establish with 95% counfidence
that any sample taken at 2 specific leecation will reflect cenditions
there, sssuming that the (nstruments used and methods of anslysis
&nd other errors inhorent in the sempling system will be accurate to
+ 200.

PROCEDURE
1. The first step (s to divide the mill inte general areas, each
of which are sources of airborne contamination snd where the con-
tribution of airborne contsmination from other general aress in the
mill 1 winimal. At the Durenge mill areas are clessified as reaster
ares, uraniwm plant area, ¥o. 1 crushing and grinding eiveuit, ete.
Persomnel werking in one gemeral ares do not ordinarily work in emy

other avea of thae mill,
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Procedures - continwed
2. Within esch work srea, the work performed by each operator is
broken down iato specific operations performed throughout the work
day or week. Typical operations in ths rosster area include clean~
ing arms, checking weight of feed, clasming quenched tanks, ete.
!tm—yofmwmmfaﬁuﬁumml location
end exposure vhile performing one job stems from the same source &8
it does whila performing smother job, it le practical and valid teo
establish & sampling relatiomship (within the criteria mentiored above)
which shows thet a sample taken during the performance of one specific
opmﬂ.vtubothoo—uaoqhmwlqmlmdc
diffevent job.

(a) The firet step in establishing suwch & relationship is to
obtain the eversge comcentration to which persommel are
sxposed while performing each specific job operatiom from
all sampling data available for that job. Teo do this,
of course, it is necessary to have sampling data for each
job within the general area. The averaege concentration
is expressed as follows:
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(b) The next etep is to determine the standard deviation for
the average concertration in a (mall semple system. The
standard devistion (s as follows:
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Onee the standsrd devistion for each specific job is
entablighed, it is me then necessary to datermine the
variance of differences between semplc weans for samples
takon of different job clsssifications within the same
general erea. Tha varisnce of difference between the

means {9 &8 follows:
0 x i o R o

1f the difference between two everage concentrations is
lese ' . . . then it ces oe said
that the sample teaken during one opevaticn will be the
same 43 2 sample taken during another operetion. Cen-~
versely, if the difference between the two average

concentrations {s greater thas then it

can be said that the ssmples taken do 7ot come from the
same population (Mull Hypothasis). The Hypothesis can
be expresced by the following formula:

X =¥ X 30
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Procedures - continued

3. Having estublished the relationship to one another of saap ey
taken for sach job within & general location, it is necessary to
classify them so that specific operations where exposure appears
similar (presumably exposure stems from same source are jrouped
together). Therefore, we have in each general area, such as the
roaster ares, the folleowing type of breskdowm:

foaster Arsa
cROUP 1 a@mowP 11 GROUP III  GROWP 1V
1. Clean pipe 1
2. Velgh feed 2
3. Clean canks 3

As established hare, it is assumed that any sample of a job performed
within any group will reflect the exposure to airberne comuentrations
during all jobe being performed withia that same group. The purpose
of establishing such relatiomship (s to sssure that representative
samples will be obtained from all different groups without spending
too much time smmpling in one greup at the expense of another.

4. m.nmxmumuuu.mumumm
time spent at each job and within the growp, it is necessary to de-
termine the relative frequency each group must be sampled to obtain
& relisble astimate of parsomnel exposure within & goneral area,
(such as the roaster area),
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Procedures - 4 - continued

As stated in our Criteris, an allowsble errer of + 207 of MPC
for persomnel exposurs in the general area has been established. 1f
the oversll erver is 4 207, the error within esch group may be greater
than + 20%, depending on the total time spent in that group.
Therefore, errer (e) in each group is expressed as follows:

S = ZK’E /ﬂ]r// where Y = ponfer of
(XepT) Y

faving cbtained the errer within each group, the number of
somples te be made in esch group te obtai. & relisble sstimate of
exposure within the general aree im as follows:

=
Ne . i S [“)' ‘ ey ']
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Procedures - continued

5. VCA has chosen a 13 week peried to complete & sampling cycle.
This means that each group within & genersl asres will be sempled N
times in the 13 week period. From this it is permissible te sey
within our established criteria that the exposure during any one week
is reflected by the average exposure established during the 13 week
period,



