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INVESTIGATION OF RADON AND RADON DECAY PRODUCTS
IN TEE URANIUM MINES OF COLORADO*

I'TRCDUCTICH

The uranium mining industry in the Colorado Plateau
consists of numerous comparatively small mines, primarily
cperated by independent owners and lessees, A few companies
own a large numher of mines, but the majority of these are
lenseld out te small operciors, Although the total number of
nines is probably over a thousand, those in operation at any
particular monent are conciderably fewer, The mines are
gcavLerad for several hundred miles over one of the most
inaccessible arsas in the United States, Steep canyons of the
San Migaszl and Delceres hivers cut through “he heart of the
Plateau, which ranges in elevation from 5.000 to 7,500 feet,
Roads consist primarily of bulldozer trails. and normal
communa’yy facilities are conspicuously abseate In most of the
area, the nirers are the only inhabi%tants, although some of the
laad is utilized fcr grazing. Despite hsavy snows which
usuaily tog dowa wintar activity, and occasional flash flcods,
the climame is defixntely on the arid side, Water often has to
be hauled many miles to the mine operations,

The Division of Cccupational Health, Us S. Public Health
Service, in cocperation with the Colorado State Health
Deparitment, began a survey of the uranium mines and mills in
July 1950 to evaluate the heal*h hazards in the indusiry,
Preliminary studies chowsd that in mining urarium ores the
primary health haz2rd is prouanly that created by tne presence
of radon and its irmediate daushvers in mine atmospheres,
Radon sawples taken in some GO0 mines gave a median
atmoaspheric cencentration of 3,100 micromicrocuries per liter
and correspondingly high figures for its short-lived daughters,
Tnese concentrations were s» far in excess of any recommended
maxium 2llowable concentration for radon that it was apparent
tiuas if the mines surveyed ware representative of the whole
industry, a potentially serious situation existed,

Conferences were held with the interested agencies in the
several states concsrned to discuss the resvlis, and formulate
prog-ams that the states should institute. Colorado, as the
largest producer of uranium ores, was confronted with the
biggest problem, The state agencies logically decided that, to

*Conducted by the Division of Occupational Health, Public Health
Service, under contract to the Division of Biology and ifedicine,
Atomic Energy Commission, according to an agresment dated June 16,
1952,
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develop an effective control program, it would be necessary
for them to huve information, similar to that obtained in the
preliminary study, on all their uranium mines, It was
es*imated there were 200 to 300 uranium mines in the Colnrado
Pla*eau Area operating at some time during the year and that
it would take 211 the available state personnel twelve months
to visit the operating mines and cbtain one series of samples
in each, After consideration of all methods of obtaining
sui'ficient personnel and equipment to conduct a study of the
vrenlum wines, the Celorado agencise decided o ask the
Jtemic Enegy Commission for a grant of furds to carry out
this project, The Division of Biology and Medicine of the
A.E.C. wes in agreement with the objectives of the progran,
tue c~uld not ley:zlly make grants to a state, It was
tharelore suggsstad wiat a contract be exezated with the
Division of Ccoupational Health of the Public Health Service
to cendust a stvdy ectending to the States of Colorado,

few liexdce, Arizona, and Ulah,

A coniract was accordtingly executad and this report
covers the work doine wider the terms of that contract,

SCOPE OF STUDY

As previously indiczted, radon samples taken in some
60 mines gave a mecian atmospheric conceutraticn of 3,100
micremicronurics per liter with correspondingly high figures
for its short-lived dacgnhevs. These coasentrations were
alarming’y high ia view of the recommended value of 100
micromicrocurias per liter as the operating level, The 60
mines surveyred represenced only 20 o 25 parcent of the total
mines in the ares, In order to obtain a casprehensive
rictire of the over-zll problem in the uranium mines, it was
ther=fore obvinus trab thava was nezd to detemine tae
conzentr:tions of radon and its short-lived daughters in as
many minas as could be locateds

DESCRIFTICH OF STUDY

Surveys were carried out in 157 mines, believed to
‘represent apprexinately 90 percent of those in operation
on the Platcau during the survey period,

The field work was carried out by six men organized in
three tcams, The personnel used were miring and chemical
engineering students from the Colorado School of Mines and
the University of Utahn, The entire group was given a weekls
indoctrination course at the Salt Lake City Field Station of

| 168383 -2-



,_

e Pt lic Healtl: Se

»rice, to familiarize them with the
cbjcctives of the study end the procedures to be used
(appundix A). The Colorado State Health Department
furnished an additional full-time man who was in immediate
ch=rb of the parties (took care of supplies and
trausporiasicn and assadbled field data as they were turned
'n;o Starf nerbers from either the Field Station or the
Celorado Svnate Health Cepartment also mei with tne field
eams each week end %o discuss the past weel's work and assign
schiedulas f'cr the nezut ona, As far as possivle, operaticus
ware centovsd 1n Crand Junetioa, Colcrads, in quarters made
avuilacle by the J, S- rorest Servicee

Viine nams3 z:d lezavnions were obtained from ore buwying

station op=zratils. grat? nine inspectors, miae supsrvisors
roioyed by whe Laryer componies, A.E.Ce Raw Materials Cffice

records, anc by lzcair inguiry,

The rield L~wms collecied sanples for radon daughter
proaacus <nd tt’:m ) each mine visted- Data were obiainad
on vepcilation and orirating conditicis at eacth smple

reat ion (uubnxg_\‘ad and 3-2). The radon samplss were
taAbn in flesks anc curdjéqd at the Salt Lake Cisy Field
Snation, Serples for radon daughhers were taken by the filter
paver methoed descrived in the interam report (appendiz C).

Final calcula*ion of all sanples was cdone in Salt Lake
City, and the resulcs cf :ite aamp es wWere nou disvussod with
tne ind.-idual mine on:rators 2v the time of thsz surver,
Irfermacion on ezzh ninz was “ransuitted to the appronrlate
stote or Iederal agency and to the mine owners afuver the close
of the fi:zld seasoa,

SUMMARY RiSULTS O EURTEY

distri.zt, There wer
prcjeczt, vhica are =z

1b8380

All sunmarr ra.ulis were reccrded according to mining
2 20 mining districts covered by this
e fallowss

Uraven

Terple jlountain
Polar ii:sa
Cutlaw [jesa
ciorument Talley

Durarreo
Calanity Mesa
£ilisk Rouk
Paradox Valley
Grants

lionticello Loag Park

sioab £ast Raservation
Gyrsum Valley Eastern 3lope
daryevale Cottenwood Wash
Cateway Bull Camyon



The recults of all samples taken are listed by district
and mine in tables 1 to 20, while table 21 summarizes the
results ol the samples for radon daughters by areas. 1In
tebles 22 and 23 the data on radon daughters are presented in
cumparicon with otner significant factors,

COMCLUETCAS

Cne cei1rral cciclusion uhich can be dra'm by inspection
of thz tasles is that hizh conceatracions of radon and its
darczhters are the ruie in uranium mines, Table 22 shows that
77.7 percent of tbe mines, employirng 8u.2 percent of ih=
minars. had concen:ra‘icns of RaA & RaC? cf more than 100 wuc/l,
while 53,4 purcart ci the mines with 6L percent of the miners
had atnocvheric concentrations of these elements higher tnan
10C0 we/Y. Those iigures show that much work must be done
to raduce the aimssgheric concantrations of raden and its
davghters te zy rezsonable levels,

Mct enourh of the mines were ucing mechanical
ventilation nethncs to pirmit the drawing of delinite
conclusions cn tre effectiveness of such programs in reducing
atiogpheric concerurations of raden and its davghters.
Hoiever, a study of four mires which was previcusly reported
(Vantilation S%:dizs in Uranium Mines)* dl.owed that forced
ventilation is capible of reducing by largs factors the
anounts of these :lemens present in the worcking areess of
mines-

As a resuit of the woik done under this contract, much
valuable da*a viere zssembied. For the first time irformation
ca the nunber o1 workirg miaes, their ownars and operators,
the nuiner of emrlevass, and similar figures were made
avatlable, The camnlzs tagen for radiocactive dust and gas
Ce.iaitely snor that methnods to control the amoucts of these
€x.7mencs pres-nt in the air should be provided in uranium
nines,

A Tntorim Ferart af a Health Study oL the Uranium Mines and
e Securit;s AZency, Public Health Service, Division
and the Coloradsc 3tate Department »f Public
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By Arecas:

Area
Uravan
Temple Mountezin
Polar Mesa
Outlaw ifesa
Monument Yalley
Monticello
Moab
Gypsun Valley
Marysvale
Gateway
Durango
Calamity iiesa
Slick Rock
Paradox Valley
Grants

Long Park

East Heservation

Eastern Slope
Cottonwcod ‘jash

Bull Canyon

s## Yorking liines

TABLE 21

Median
No. @ines (RaA & RaC')

7 820
300

7 2,400
3 3,0C0
3 1,200
2 950
10 380
L 9,000
Lt 2,500
8 1,000
s 18
10 1,800
25 1,100
L 800
3 2,800
25 L4600
9 160
1 8
7 520
11 l4,500

12,000
2,800
75700
3,800

11,000
1,900
3,400

18,000

£9,000%
6,000

120

17,000

3¢,000
6,500
7,000

375000

3,200

26,000

32,000

Min,

160

22
38

18

500

180

66
2
3
38
15

<2
36

# (Some very high samples in the Freedom-Prospector were taken in areas not

being worked and are not reported in this table,)

| 168410

-27 -



TABLE 22
NO-. OF MYNES AND MINERS VERSUS RADCN DAUGHTER CONCENTRATIONS

wue/1 0 - 100-  500= 1000« 2000=  5000=
RaA & 7aC! 100 L90 990 1900 L900 10,000 10,000
Nee ¢ L idines 35 27 8 17 36 18 16
157
% 2243 17,2 Sel 10.8 2249 11,5 1042
Cumulative lic, 157 122 95 87 70 3L 16
Cumulative § 1000 7747 €0,5  55.4  Lh6 21,7 10,2
Hos of Miners 116 117 31 10 153 €0 116
733
% 15.8 16,0 Le2 19.1 20.9 842 15,8
Cumulative los 733 617 500 L69 329 176 116
Cumulative 7 100:0 8Lo2 68,2  6L.0  LLsS 20 15.8
TABLE 23

AGT CF WORETNCR vIRSUS RADON DAUCHTER CONCENTRATIONS

RaA & {aC! o, cf lliners No, of Mines
uuc(l Less than & yr. 1 yr. or more Less thanl yr, 1 yr. or more
Less than 100 L7 66 13 20
Less than 5C0 81 L5 2L 36
Less than 10C0 89 169 27 L1
- 28 -
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LCHDAY, June 16th

Mr, lcladay
iir. Vioclrich
rire Vioolrich
Mr. Holaday
Staff

8:30 =
9s45
l:(jio -
2:00 -
3:00 -

9:30
11:45
2:C0
3:00
Ls30

TUISDAY, June 17th

Pctt
Holaday
“Joolrich
Holaday
Vloolrich
Vieolrich

Mre
Mr.
ire
I']I‘ .
Mre
I‘Ir .

VFIWNESDAY,

Mr. Vlocolrich
Staff

Mr. Jacoe
Mre Jacoe

THURSILY,

re Jacoe
Mre Voolrich
tire. Heladay
Staff

8:30 = 9:30
9:45 = 1C:L5
10:45 = 11:45
1;00 = 2:C0O
2:00 = 3:00
3:00 - 4230

June 1Rfth
8:30 = 9:30
9:lhi5 = 11:L5

1:C0 -« 1:30
1:30 = }:3C

June 19th

8:30 = 9:30
915 = 10:U5
10:L5 - 11:L5S
1:00 « 1,230

FEITAY, June 20th

Staff
Staff

8:30 = 11:45
1:00 = 4230

| 1bBU 12

FPENDIX A

Schedule

Introduction, Uranium study.

Chemistry, Atomic structure,

Nuclear Physics (introduction)

Radiation units

Laberatary: adjust hats, prepare axd light lamps,
use of pumps, etce

Mine practices and terminology
‘uclear particles

Matural and artificial-radiocactivity
iadium and uranium decay series
Absorption of radiation and ionization
Theory of instruments

Scalers and counting erros (with demonstration
of plateau determination)s

Swvey neters, Calibration of Juno

Use of Juno in mine surveys

Lavoratory exercise; hine survey (f-p samples
from box, periodic readings, compilation and
plotting data.)

"Survival" on the Colorado Flateau
.ilne ventilation
Use of radon flasks and recording sample informatior
Laboratory: preparation of personal equipment
as instrument cases
be filter papers
Ce Wwater and gasoline cans

Review and miscellaneous subjects
Complete survey of the "Tough Luck" Mine

-29 -



Mine NMame TOUGH LUCK Date June 20, 1952

Mine oe B=l Team B = Pat and Mike
Location Long Park Area, Between Long Park #13 and Honeymoon
Cuner Ues S. Vanadium Corp., Uravan, Colorado

Cnerator Al, L, “et, Nucla, Colorado

Age of llorkings 13 months oe Fmployees 6

Description and Type of iiining:
Roor and pillare 2 men were drilling and 2 men were mucking by hand

at peoint "A" on lowcr levele Pillars were being removed on first level,

Description of Ventilaticns
Natural ventilation through air shaft to point "B" (room, ore extracted
leaving pillars) was 11,000 cfil, Forced ventilation through churn-drill

hole to lower level was 0750 cfme Very poor ventilation at point "A"

at working breast,

Samples Ta:ens
Radon Samples

Tilter Paper Yo Sample No, Fliatk Nos Time
Bul-F=1 BelwResl #31 1:50 pems
B"l"F"z - - -

APPINDIX B=l

| 1bBL I3



Mine No, Bel Sample Noo B-l-F"l

Date June 20, 1952 Team B

Sample Location and Operating Conditions:
Sample taken st working face, lower level, 2 men drilling and 2

mucking by hand into care, Point "A" on sketche

Desceription of Ventilaticn:
Forced ventilition throurh churnedrill hole 50 feet from face, 6750 cfm,

Actual ventilation at workinr face was poor,

Length i Sample 1GC ndnutes Sampling Rate 21 liters per ninute
Tine Saapling inded _ 1:47 p:in»  Pump Noe 125 Juno Noe 229
Corre

Time ZElapsed Time Iieter Reading Sczale dpm Factor dpm at T o
2:13 26 LeS 10 24100 1,95 L47000

2:47 €0 28 1 12500 3.50 L87C0

3:12 85 16 1 8000 5.8 L5400

2

‘l
1‘%1‘39 a L7333

(h7333ZILwC553 2150 wue/1  RaA plus RaC!

Radon sample B=l-R=1 = 280 uuc/1

APPENDIX B=2

-31-
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APPENDIX C

.

A field method has been developed for the measurement of RaA and RaCt which
is relatively simple and may be used by the mines for contrel work, This

method consists essentially of the following steps:

1l Air is drawn through a one-inch diameter circle of Whatman Ll or
1iillipore filter paper contained in a special adapter at a measured rate
(1L=23 liters per minute) by a hand-cranked pump for either a 5 or 1O-minute

period, In order to simplify calculation, tables have been prepared for these
two saapling intervalsg

2+ The filter paper is then removed from the mine and the alpha
activity on the paper is measurad by a field instrument (the Juno is a
satisfactory instrument for this purpose)e This instrument needs to be
calibraced against a laboratory couster so that the scale may be read in
alpha disintezrcticns per minate, In order to prevent contamination, this
instrument sheuld never be taken into the minese

30 The activity obtained by reading the insirunent must be converted
to time zero, which is ob%ained from the correction curve (see sample

salculaticn below), This value is substituted in one of the following
equationss

uwuc/1 of RaA and RaC! = 0,).2 (dpm) for 5 minute sample
\'

tue/1l of RaA and RaC! 2 ,066 (dpm) for 10 minute sample

—r—

vhere dpm equals alpha disintegrations per minute at
time zeroe V equals sampling rate in liters per minute,

Appendix Be2 is an illustrative example of this method,

-32-
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