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114VVESTIGATION OF RADON AND RADON DEAY PRODUCTS 
IN TEE U.XAWIUM iL1TNlS OF COLORAD@ 

IT!Tl?ODUCT I C U  

The uranivm mining industry in t h e  Colorado Plateau 
consists o f  numerous comparatively small minee, primarily 
cjperatod by independent omers  and lessees, A few COfnpaniei9 
o w  a l a r s e  number or' mines, but t h e  maJori%y of these an@ 
lwse ,2  o ~ i  t c  mal?, operctorsc AlShocgh the  t o t a l  nw-bzr of 
n.L~es 5.s F2obaF;ly oTrer a thousand, tliose in operation at any 
p z t i c u l a r  moneit are considerabiy fewer, The mines a re  
s%:c:er?d for se-.-cral hu?dred d e s  over one of t h e  most, 
i n x c e s s i b l e  areas in the  United States, 
San Xig.-izi a i d  2 c ! c x s  l i isars cut through %hs heart of the  
Pli:tcau, !.::?idi raArgFs i n  elevation from 5;OW t o  70500 f ee to  
2ol:ds c.o!islst i>rLn=$kj of bulldozer t r a i l s ,  and n o n a l  
t.\n ~ ,--,.L nl"-; ~~ i'a.' uL--UIC2 ' .: 4.2 0 - a r e  conqpicuoiisly abseilto In  moat of t he  
area, t h e  nip'ers a re  the oiily inhabitants: although same or" the  
l n c r l  is *1;2im5 i'cr gzazing, 
u s * s l l y  bog dc1J.i i.iirAi;u3r ac.Li.riQ:, and ossiisional flash flcgds, 
t h a  c l i x x c  is aef.hr~5eI.y on the  ari5 sicie, 'iiJai;er &ten has t o  
be hsulecl 1nm.y n i l e s  t o  t h e  mine operationsu 

Steep canyons of the  

Despite haavy S ~ J W S  vhlch 

The Division of Cccupatimal Health, Ue Sc Public Hedth  
Service, in  cooperstLon with t he  Colorado Skate Ilealth 
D q & z m t ,  began a s w v q  of ths urw-ium mines and mil ls  i n  
July 1950 t o  evaluate the  heal+,h hazards in the  industryJ 
P l s e l h i n a r j  studLee ~ k o t ~ d  %ha* i n  mining wE?r,iuril ores t h e  
p r i m q  health hsz2-d is pr.;i;cic.ly tha t  created by t h e  presence 
o f  r h d m  aqd i t s  i rnediate  dauqnte,-s jn mine atmospheres, 
ihdon s a . ~ ~ i e s  taken i n  sone 60 mines gam a median 
a:rnwp:?eric ccrisentration of 3,100 mcromicrocuries per liter 
ana corrsspoxLrg1;. h igh  f i gxes  for i-cs short-lived daughterso 
Tacsc; concentratiocs wera s3 far i n  excess of  any recommended 
rnmixii d lmz5?-2  c o n o a u - a t l o n  f c r  radon tha t  it vas apparent 
tilac i f  t ha  mixes syii*reyed wsre representative of t h e  whole 
industry, a patcnt ia l iy  sericns s i tua t ion  &3teda 

Confe.?ences were held w i t h  the  interesked agencies i n  t h e  
se-qer-al sta;ea concsrned t o  discuss t h e  resv.l%a, and formulate 
prog-ams t h a t  the s t a t e s  should in s t i t u t e r  
largest  producer of urmium ores, was .confronted with t h e  
biggest problem, 

Colorado, as the  

The s t z t e  agencies logical@ decided that ,  t o  

*Conducted by the  Division of Occupational Health, Public Health 
S e i ~ i c e ,  urder cogtract t o  t h e  Division of Biology and iilodicine, 
Atomic h e r p j  Cormission, according t o  an agreement dated Ju ie  16, 
1952 3 

I l b 8 3 8 4  



..- 

develop an effective control program, it would be necessary 
for  t h a i  t o  hbve infornation, similar t o  t h a t  obtained i n  the 
preliminari study, on a l l  t h e i r  uranium mines. 
e s t h a t . e d  there were 200 to 3QO uranium mines jn the Colorado 
Plateau Area operating a t  sone time during the  year and t ha t  
I t  would take all the  available s t a t e  personnel twelve months 
t o  visit the oparating mines and obtain one se r i e s  of sanples 
i n  each, 
su '2-c ie r t  personnel and eqiipsent t o  co~.ckc.t a study af t h e  
ct.airur. :,~iie~, t k e  Cclorado ag5nci3.e decided -bo ask t he  
:.'icrnl~ I ~ Z ~ J  C3rnnissf.m 2 r  a grant of fi?r.ds t o  C m q i  cut 
t k i s  pro jec t ,  T h 2  9ivision of BioL3gy arid Medicine of t h e  
A . Z , Z e  wzs in eg'i-ecaent 1.iith the object3.ve.r of t he  progzn,  
bi t  squid not  l$+l>; cake grants t o  a sta$% 
thLzee20i-e suggsz.-,cxi -;:?at a coiitract be excxbed with t h e  
E;.;< - ~ c n  r. * 

t 3  ccnci.r~'i a .?;-?ciy ectmdiQg t o  tile bbates of Colorado, 
X m  : ,;~xLcc, AriTzo:ia, azd U t &  

it was 

After considsration of all methods of ob%ainhg 

It was 

of C z  :iipatinr,il Ye&lth of the Pcltlic He91C'I Service 

A :mi;-a,:t Y:.$ ac:or42?-@y exec'xtxi m d  this report  
covers t h o  7 . 1 0 i k  cloi7.e m e e r  the  ';erns o f  t l ist  cont-act, 

SSGPE OF STUlYi 

As previously indiceted, radon sanples taken i? some 
60 r?ines gave a nec'i3-1 atrnosphs9.c conce:it-sticn of 3,100 
micrornicrxurics pe r  lit o r  vtth correrponciir!gl.y high figures 
for i t s  s?iwC-iived +.a.T.gh<e?.*s- These cm::w"t:ratims w91-e 
alarx=zg?.-; hi22 i? risv of tl?$ re,:ommended r L c e  of io9 
mlcromc r;c;iirAss per !.iter BS %hi3 opc-rathg lev& 
mines s x v e y e d  represented oiily 20 t o  25 pwcent of t h e  t o t a l  
nz',r,% in  t ' ie ax;., In orrim t=, obtain a cmprehensive 
F-1ctx-e of' the ova--al l  problern in the urariium nir-es, it vas 
t h e r d n r e  o'x5occ t,mt tl?2.:3 vas nesd to 6.rhzxnine %e 
cm;erti1r5lons of racim end its short-lived darignters i n  as  
m a y  rnbm irs c x l d  be l x a i e d q  

The 60 

DESCRITT1C:T OF S'iUCY 

S ~ i * V ~ ~ S  8m-e carried out in 157 mir,es, believed t o  
r s p x s e n t  aFprcximtely FO percent of t b s e  in operation 
on the  ?latc?au during t h e  surrey periodo 

The f i e l d  w r k  vas carried out by six men organized in  
three teams. 
en$;ixming studenis frm t h e  Colorado School of Mines and 
t h e  Uaiversity of ?Jhh,, The en t i r e  group was given a week's 
Fzdoctrination c w s e  a t  t he  S a l t  Lake City Field S t a t i m  of 

The personnel used were micing and chenical 

I 1  b B 3 8 5  - 2 -  
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The results of ?11 s z ~ p l e s  taken are U s t e d  by d i s t r i c t  
and mlne ill t ab les  1 t o  20, while table 2 1  surrnarioes t h e  
resu l t s  o i  t h e  sanples for  radon daughters by areaso 
t;.blec 22 a d  23 the  data on radon daughters are presented i n  
C G i : , ? 2 r i S O n  ' ~ i t i 7  o t h e r  s ignif icant  factorso 

In 

1 by inspe 
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Uravan 

Temple E*lomt?b  

Polar i4e:ia 

Outlaw ,'lesa 

!.knnrnent 7r2.11e;r 

TJIont i c  c l l o  

Moab 

Gypsum Valley 

Mary sval e 

Gat eway 

l b o n g o  

Calamity iiesa 

S l ick  iiock 

Parado:: Vallqv 

Grants 

Long Park 

East Reservation 

East a-n  S b p e  

Cott onvcod ;ash 

B u l l  Cmyon 

TULE 21 
-7. 

Xedian 
NO. p n e s  ( R a A  - 

7 820 

9 300 

7 2,400 

3 3,oco 

3 1,200 

2 950 

10 380 

4 9; cm 
4$Ht 2 9  500 

8 1,000 

c c: 18 

10 lt 800 

25 10130 

4 eco 

3 2,800 

25 4,6oo 

9 160 

1 8 

7 520 

u. 4,500 

* (Some v e r y  high samples in the  FreeLsm-Prospector were talcen in areas not 
being Tiorked and a r e  n o t  reported iin this table,) 

- 27 - 
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TABLE 22 

NO, OF MINES -- AND NINEIS VmUS RAWN DAUGHTER CONCR4TRITIUdS 

EL.. i’ iiines 35 27 8 17 36 18 16 
157 

% 22.3 17.,2 sol  10.8 22.9 1135 10c2 

Cumulativt? i!c. 157 122  9s 07 70 34 16 

iJo. of Xincrs 116 117  31 4 0  153 En 116 
73 3 

C: 10 15;.,8 15,O L02 19.1 20a9 8 a 2  15,s 

TABLE 23 

110- cf liiners No, of Mines 
-----I- 

RaA iiaC1 
uuc/l Less than i yr; - lJr+ o r  more L e s s  than7 yr. 1 yry o r  more - 

Less than 100 47 66 13 20 

Less tLan SCO 61 l45 24 36 

Less than 1 m o  89 169 27 41 

- 28 



APFEHDIX A 

Schedule 

I'.:Ci!l;lhY, Jane 16th -- 
:,Ire !Iolnday 8: 30 - 3: 30 
;ire !,oclrich 9:45 - ll:45 
ivir. !:ool-ich 1:OO - 2:GO 
i3r. iioiaday 2:OO - 3:90 
Staff 3:OO .. 4:3O 

Mr. FJoolrich 8:30 - 9:30 

Staff 9:ks  - u:215 
:!re Jacoe 1:CO - 1:30 
Xr. Jacoe 1:30 - 4:3C 

THUZSQ.Y, June 19th 

:-Ir. Jacoe 8:30 = 9:30 
Xr. !:oolrich 9:h.S - 10:45 
,.!r. Iioladay 10:45 - 7-1;45 
Staff  1:oo - l1:30 .. 

Introduction. Uranium study. 
Chemistry, Atomic structure. 
Nuclear Physics (introduction) 
Rauiation units 
Laborratmy: adjust hats, prepare a d  l i g h t  lamps, 

use of pumps, etco 

Mine p a c t i c e s  and derminology 
:'uclt-ar par t ic les  
TTatural and artifi.cial.radioactivity 
2idiun and uranium decay s e r i e s  
Absorption of radiation and ionization 
Theol'j of instruments 

Scalers and counting erros (with demonstration 
of plateau determination) 
Suvey rr,eterss Calibration of Juno 
Use or' Juno i n  mine surveys 
Laaoratory exercise; hino survey (fop samples 
from box, periodic readings, compilation and 
plo.tting data.) 

~ 'Survival l~ on the  Colorado Plateau 
; ; h e  vent i la t ion 
Vss of radon f l a s k s  and recording sample informatior 
La!ioratory: preparation of personal equipment 

a. instmment cases 
be f i l t e r  papers 
C. water and gasoline cans 

3eview and miscellaneous sub jec te  
S taf f  1:GO - b:30 Complete survey o f  the IlTough Luck" Mine 

l l b O 4 1 2  - 29 - 
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Mine ?!me - TOUGH L U C K  Date June 20, 1952 

?.line :Io. 5-1 Team B = Pat and Mike 

Long ?ark Area, Between Long Park a3 and Honeymoon -- Locrt  ion  

U. S. Vanadium C o q . ,  Uravan, Colorado - Gwn e r  

Ala L,  ';,'et, Nucla, Colorado -- --- Gyi e r a t o r  

Agc of : ,orkings 1.3 xor.t,hs iJo. Ehployees 6 

Desc r ip t ion  and Type of ;iinj.n,g: 

- 

Room and. p i l l a r e  2 men were d r i l l i n g  and 2 men were mucking by hand 

a t  p o i x t  'lP.I1 cn 1owc.r l c v d C  P i l l a r s  were being ixmoved on first level. 

Desc r ip t ion  of V a i t  i l a t i c n :  

Natural v e n t i l a t i o n  through a i r  shaft t o  point "B" (room, o r e  extracted 

leaviiig p i l l a r s )  was 11,900 cfiila Forced ventilation through churn-drill 

h o l e  t o  lower l e v e l  was 6750 cfme Very poor vent i la t ion a t  point rlA" 

at woi-king breastJ 

X l t e r  Paper l!o, 

9-1-F-1 
3-1- F=2 

l i b 8 4 1 3  

Ihdon Samples 
S a i p l e  No, FIx.k No, Time - ----- 

- 30 - 



Mine No. - B-l Sample Woo B-1-F-1 - 
Date June 20, 1952 T cam B 

Sample Locat ion  and Operating Conditions: 

S3male taken st I?orki i lg  fsce, lover level. 

mucking by hand into car, 

2 men d r i l l i n g  and 2 

Poin t  ''At1 on sketcho 

Descrip'ii on of Vent i l a t i  cn: 

Forced vent i lk i ic in  throuch churn-drill hole 59 fee t  from face. 

Actual v e n t i h t i o n  a t  workiiitT face was poor. 

6750 c h .  

corro 
Time 3laDsed Time : Ie te r  Readin: -- S=ale Factor dpm at  T -- 0 - 
2:13 25 
2:47 €Q 
3:12 a5 

a 47333 21 2100 
T-- 

Al'PZliDIX 13-2 

i l b 8 4 1 4  
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APPENDIX C 

4. field method has been developed f o r  t h e  measurement of RaA and RaCt vhich 

i s  re la t ive ly  s h p l e  and may be used by t h e  mines fo r  control worko This 

method consists essent ia l ly  of t h e  following steps1 

: , i l l i p o r a  f i l t e r  paper’ contained i n  a special  adapter a t  a measured r a t e  
(1L-23 l i t e r s  per  minute) by a hand-cranked p u D  t c r  e i ther  a 5- or lO-minute 
period, 
tjio s a,,;lpl.ing intervalso 

lo Air is dravn through a one-inch diameter c i rc le  of Whatman 41 o r  - .. 

In order t ,o si.np1i.Q calculation, tables have been prepared f o r  these 

2. The f i l t e r  paper i s  then removed from t h e  mine and t h e  alpha 
ac t iv i ty  on t h e  paper is meascr3d by a f i e l d  instrxnent ( the  Juno is n 
sat isfactory instmmmt f o r  t h l s  purpose)@ 
calibrnl;od a t a ins t  a h b c r a i o r y  coxiter so t h a t  t h e  sca l e  m q  be read i n  
alpha dislnLez-&icm p w  ni,”iiteo 
instrmonr; s h c i l d  n a x r  be Taken i n t o  t h e  mineso 

T h i s  Iristrument needs t o  be 

In order t o  prevent coritamination, t h i s  

The ac t iv i t j -  obtained by reading t h e  insfrunat mtst be converted 
t o  time ze?03 r.ii:ich i s  ob5axed  from the correction curve (sea sample 
salculat i t i i  bclo:.~). 
equations t 

This valae i s  substitu5ed iii one of the  following 

uuc/l of 2aA and RaC1 = 003.2 (dpm) far 5 minute sample 
V 

f o r  10 minute sample 

where cipm equals alpha disintegrations per  minute a t  
time zeroc V equals sampling r a t e  i n  l i t e r a  per in inUte*  

?.ppcndix B-2 is an i l lustratiTre example of this method, 


