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" ABSTRACT'

The purpose_ ‘this short-term study has been: 1) to develop broad

53.an -obtain new information relevant to the needs of the Environ-

‘fﬁ r ect1on Agency‘ These data.bases are requ1red to provide informa-
ean Air Act and the Uran1um Mill Ta111ngs Radiation Lontro1

Act Yhey are;

Task 1. Erfect of Bulkhead1ng or F1111ng Underground Mines on Radon
Emlss1nn

“Task 2. Radon Daughter Equilibrium at Various Distances from Exhaust
Vents of Underground Uranjgm mines

- Task'3. Incentives: for Using Elevated Release Points tc Reduce Ground

lgievel Radon’ Concentrations from Underground Uranium Mines

Task 4. A Study of the ‘Contribution of Muitiple Radon Sources in the
Ambrosia Lake District, Mew Mexico, to Concentrations at
Selected L.ocations

:,i

Each task 15 d1scussed 1nd1v1duai]y in the following sections of this report.

- Two cpen‘11teratu?e puplications are being prepared as a part of this
study in-addition to the data base. They are:

"Bu1khead1ng Effects on Radon Release from the Twilight Uranium Mine,"
V; W. Thomas

"Re1at1ve Contributions of Radon Sources on Ambient Air Concentrations

from Mining and Mitling of Uranium," J. G. ‘Droppo and J. A, Glissmeyer

Due to the complexity of the data and the number of tasks, each task
has its own summary and reeommendation section. However,'for ease of read-
ing, the Executive Summary lists all detail with respect to the interpreta-
"tfon of data developed in the tasks and their associated recommendations.




EXECUTIVE SUMMARY

1;TASK 1 - EFFECT OF BULKHEADING CR FILLING UNDERGROUND MINZS ON RADON EMIS-
' - SION -

A szudy Qf'tne effects of bulkheading on the radon release from an
'undergroundvuran1um,mine was conducted at the Bureau of Mines underground
granigmf?ésearch5mine;-'ThE'research mine is known as the Twilight Mine and
iS»iacatedlnéarfUravan, Cojorado. The air flow conditions included exhaust-
ing: and. b?aw1ng ventilations with and without bulkheading for six consecu-
tive experxmental periods of up to two weeks each. Radon msasurements in
mine and exhaust air were made for both directions of air flow from bulkhead
désrsﬁat“either-end:af-an internal leop .open, ~losed, and closed but with a
,majorfleak;' These measurements show that buikheading produced a major ef-
fect on the total radon leaving the mine and that this effect was dependent
upbn.the.typé of ventilation and the integrity of the bulkheads. DBuring ex-

~hausting ‘ventiiation, the total radon discharged from the mine decreased by
17% when the bulkhead doors were clesed but with a large leak. A further
rediuction of 35% was obsevved when the large leak was closed. This latter
-measurement., however, was made over a very short time perica and radon had
not built up to its maximum equilibrium concentration. During blowing ven-
tilation, a small (64) but not significant increase in the total radon Teav-
ing the mine was measured when the bulkhead doors were closed but with the
large leak. w¥hen the large leak was eliminated, a reduction of 35% was ob-
served. Other parameters affecting the total radon leaving the mine, in-
cluding barometric pressure, must also be taken into consideration when in-
terpreting these measurements. A smail amount of air was pumped from the
bulkheaded area of the mine to maintain a negative pressure. This air, with
its relatively high radon content, could be passed through a sorption trap
or discharged at a high elevation to minimize exposure to people in the
environs. [f this air were passed through absolute sorption traps, it could
reduce the radon leaving the mine te 45% and 68%, respectively, of that for
exhausting and blowing ventilation with no bulkheading.

Recommendations

While valuable information was obtained from this bulkheading experi-
ment, it is recognized that a large-scale experiment should be conducted in




'V;an”dpérating~uranium miné. Battelle scientists have met with the Bureau of
';Mlnes -and with represeﬂtatlves of a major uranium mining company to discuss
- both’ the current experiment and a-possible experiment in the future at a
»‘large uranlum mine.

It seems 1mportant to compare the potential of bulkheading in a large
act1ve ‘mine with the observations which have been made in this very smali-
sca]e;study. -Whereas the experimental mine had somewhat comparable areas of
‘active and inactive regiqﬁs; an actual working mine may have worked-out re-
‘gions with tens of times more volume than the working regions. It can thus
~be .surmised -that effective bulkheading of active mines could reduce radon
emissicns by up to an order of magnitude, or perhaps more. If a study were
to be-conducted at an act1ve uranium mine, one should be selected where the
potent1a1 for bulknpad1ng of a substantial region of the mine volume is pos-
sible. Discussions with mine operators have indicated their willingness to
participate in a study if a well-conceived experiment could be devised.
From-considerations of active mines, it appears that suitable ones are avail-
able and that a study which would include the cooperation of the mine opera-
'tof, the Bureau of Mines, and PNL could be productively carried out.

TASK 2 - RADON DAUGHTE® EQUILIBRIUM AT VARIQUS DISTANCES FROM EXHAUST VENTS
' OF UNDERGROUND "URANIUM MINES

Data obiained in the study indicate that the ratios of radon daughters
to radon are relatively low in exhaust air Yrom the underground uranium mine
vents. Since working levels are determined by the total concentrations of
radon daughters rather than radon itself, this means that the direct expo-
sure to the ventilation exhaust is much less than it would be if the radon
daughters.more‘nearﬁy approached equilibrium with radon. The radon daughter
equilibriun measuremants made downwind from the ventilation exhaust ports
showed jow ratios indicating that either radon daughters are scavenged by
the aerosols that are contained in the plume or that they are scavenged by
contact with the earth's surface. In many cases, the data do not suggest a
significant build-up in radon daughters with time during transport of the
plume at ground level. The working levels were below the proposed indoor
EPA standard of 0.015 at all points exceeding 100 meters from the vent.




Recommeﬁdatidns,'

The maasuremen%s whlch have been made in this study indicate that the
© ratios of radon daughters to radon are relatively low in exhaust air from the
'vents. Since working levels are determined by the total concentrations of
",radcn’daughters rather than radan itself, this means that the direct expo-
“sure o’ the vent11at1on exhaust is much less than it would be if the radon
daughters more near1y approached equ1]1br1um with radon. Measursments down-
wind from the ventilation exhaust also show low ratios indicating that either
'radon‘daughters:arg‘scavenged~by,theAaerosols that are contained in the plume,
asAis‘apparently,the case for the wet exhaust, or that they are scavenged by
contact With the earth’s surface. In many cases, the data do not suggest a
519n1f1cant bul]d—up in - radon daughters with: t1me duvring transport of the
plume. B1ff1cu}t1es in making the measurements, however, preclude a firm
stétémént'as to the icng:rangé radon daughter build-up during transport of
_the p]ume. It mey we11'be-ihat over distances of a few kilometers and time
periods of an hour or more, that the radon daughters do approach equilibrium
with their radon parent which has come from the mine exhaust vents.

~ To determine if this is actually true would require some additional
‘measuremenis; ‘We recommend that as time and funding permit, a significant
researéh-pregram be initiated to determine the ratic of radon to its daughters
at considerable distances from mine exhausts or stockpiles and tailings piles
in the uranium mining and milling areas. This informaticn is needed to de-
termine in:an absolute way what the local and regional effect of radon re-
lease from mine ventilation air and from other sources is.

TASK 3 - INCENTIVES FOR USING ELEVATED RELEASE POINTS TO REDUCE GROUND LEVEL
NCENTRATIONS FROM UFDERGROUND URARIUM MINES

The conclusions drawn are based on a reasonably small data base. Al-
though some general guidance relative to the effects of elevated releases is
offered, more definitive information could be generated on a site-specific
basis, particularly in the case of strongly biased distributions of wind
direction and/or population. Conclusions drawn with the aid of the Hanford
and Black Fox data bases are:

e Despite differences in meteorology, different sites can have very sim-
ilar annual average distributions of concentration.




"‘*s1milar1ty of magnitude and distribution of ground-level con-

( 1t1ng from grcund 1ave1 releases, the two sites displayed
qu1te d1fferent ground level concentrations following modeled elevated
relea*es,: A greater reduct1on in concentration was associated with the
s1te wlth'mere stable atmosphere (Black Fox) '

aA 90om re1ease e!evat1on reduces annual average concentration (when
,lcgmpared,tq a.ground-leveT_re1ease) by about 60% at one mile from a
,source,-and by about 30% at ten miles from the source.

dThe*aXiSfof maximum benefit from elevated releases cannot be specified
- on ‘the basis. of the concentration distribution cenerated by a ground-
Tevel release. -

” aThe he1ght of the mixing layer has a relatively smaill influence on the

' benefit accru1ng as the result of elevated releases. Specifically,
the elevated release benefit is about the same for a modeled 200-m in-
yersion "1id"* or a 1000-m inversion "1id."

féBehefits, in terms of reduced. dosage to population per unit of stack
height increase, decrease as stack height increases. This conclusion
is documented in Figure 9.

Beyoiid rough!y 1.5 miles from the centroid of up to three 20-m stacks’
(spaced a m%!e or less apart), the effect of stack Tocations is minimal.

Recommendat1gns

The sccpevangvfanding of this task did not permit an examination of

. cencentrations resulting from a large number of the possible combinations
'af‘site meteorology, source configurations, source heights, and atmospheric
mixing heights. It one were to evaluate this technique in principie for

all uhde?gréuﬁd uranium mining sites, a large variety of site and meteorology
parameters would need to be considered. By studying a major number of under-
ground mines in this manner, one would be able to intercept the impact of
using elevated reieases to reduce ground-level radon concentrations from the
entire underground uranium mining industry. The data generated from this
study indicate that the effects of elevated releases are very site-specific.
This type of study is partich%ar!y applicable to assess the radon dose re-
ceived by receptors in the vicinity of a mine.




‘msx 4 < A STUDY OF THE conwmumm OF MULTIPLE RADON_SOURCES IN THE
T AVBROSIA TAKE. R1 —T, EXICO NCENTRATIONS A
's“'E“L'E‘“"CT‘E"""‘"n Loc"‘iiﬁens ' T

: ﬁiUran1um minzng and miilxng operau1ons result in a multitude-of radon re-
,1eases ‘of vary1ng saurce strength An analysis is performed of the relative
;1mportance of: %hese var1cus radon releases on ambient atmospheric radon val-
tes. A uranium m1ﬁ1ng and milling region is selected to provide case study
efdataion‘thgr1ocatlens,«numbers, and magnitudes of releases. A comprehensive

Vlistiofﬁradon_releaseSst'cﬂmpiiéd. Then using the best available informa-

"ffiﬁn;‘soufce‘tErms'are'ganErated'fdrreach location. Estimates of the atmo-

?spher1c transpnrt ‘and dispersion of- these emissions provide a framework for
'{camparison of the reiat1ve contr1but1ons of atmospheric radon. The mine vent
Lradan releases. cantrihuteia much larger fraction of the incremental atmo-
"spharlc raden values than tailings piles. Although a few mine vents do have
Iarge radon em1ss1on rates, the large number of smaller mine releases consti-
tutes a major fraction ef total radon emissions.

.Recommendat1ﬂns

The source term data have clearly po1nted out the importance of the vent
7releuses in- total radon 1ncrementa1 concentrations. Future studies should
-have stronger emphasxs on the vent releases. The models should account fo
actual configuration of vent releases (size, elevation, exit velocity, etc.).
Thelgssumpt1on,ef»ground-level,re1eases may be resulting in considerable
~§v§restimation.cf short-range concentrations.

LVerification.cfvthe modeled concentrations should be made using monitor-
ing data-and onsite studies of specific dispersion conditions.

fThé*résu]té shduid,be generalized to other regions by comparisons of the
Ventrcanfiguration, numbers, and locations. Should the annual radon concen-
trations be limiting, similar efforts should be undertaken for other regions.




TASK 1

EFFECT OF BULKHEADING OR FILLING UNDERGROUND MINES
-ON RADON EMISSION®

- INTRODUCTION

'Bﬁ!kheading«in*undergruund mines i$ a common practice, and it is per-
formed with the objective of controlling ventilation air to maximize air
'duality'thWhich miners are exposed,:whiie minimizing the total amount of
Cair mcvement requlred ~In a very practical sense, bulkheading is essential
;:for many- underground mining operations to permit the proper ventilation of
 work1ng areas.  In some cases, bulkheading may effectively exclude major
“sections of uhderground‘uranium—min?s from the ventilati n pattern. There
f&rebvhowéver,.probiems‘inye]véd in bulkheading, the major one being that
there can be leakage from the buikheaded area back into the working area.
The radon concentrations behind bulkheads may be orders of magnitude higher
than those in work areas, and such a leakage could have serious consequences
‘on-exposure to mine workers. For this reason, it is common practice to
maintain:afbulkheaded area at a slightly negative pressure., The axhaust
“ventilation rate required to maintain the siight negative pressure behind
- the bulkheads is small compared to the additional ventilation which would be
‘ reduired without the buikheading. This assures that any leakage through the

butkheads. will be from the working areas to the bulkheaded areas and should,
| therefore, prevent unexpected high exposures in working areas. Wuhen the
~ bulkheaded area is kept at a slightly negative pressure (nominally 0.03 om
water) with respect to the active areas, the air being pumped from behind
the bulkhead which contains very high radon concentrations can be released
to the enVironment outside the mine or péssed through a radon sorption trap
prior to release.

While the bulkheading operation provides an important function in per-
mitting practical ventilation of underground working areas, it also probably

*This work was carried out jointly with the U. S. Bureau of Mines. An open
- Titerature publication entitled "Bulkheading Effects on Radon Release from
the Twilight Uranium Mine" has been prepared by V. W. Thomas, PNL, Richland,
WA, and C. S. Musulin and J. C. Franklin, U. S. Bureau of Mines, Spe#ane
Research Center
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,ﬂ}ahas s1gn1f1cant effect on the total radcn released to the atmosphere. The:
‘«Qobaect1ve of thxs cur?eﬁt study is. to determine what the magnitude of this
*;effect s dfr1ng voth exhaust1ng ‘and biowxng ventwiat1on.

oy Qi_,Expeamsum PRGTGCOL

‘ﬂfThe TW1iight H!ne (F1gure 1) just north of Uravan, Colorado, was selec-

L ted as the site for the- investigation. This mine is leased from Union Car-

;b1de by tha Bureau of Mines and is operated as a research mine for the Bureau

‘;of Mines by the—Adare Contracting Company. The Twilight Mine is small, with
':ﬂtwa entry portals ‘connected to each other by a single loop drift of about
"‘,360 min }ength (Figure 1). Two internal loops have been mined off from this

~main Eeop The larger af these, wiich is about 250 m in length, is equipped

’with buikheads at’ e1ther ‘end. Each end can be cpened or closed by doors.

: ?he buikhead at L9 ig penetrated by two small diameter pipes (5 cm and 8 cm) .
,wh1ch are aarma?]y used to puwp water and/or diesel fumes into the bulkheaded
portaanrof the mine for exper1mentatlon purposes. In this study one of these
pipes was used to provide a nagative pressure of about 0.03 cm of water be-
hihd-t&e:cléSéd.buikheads.with respect to the: rest of the mine. A larger
{60-cm) pipe penetrates hoth bulkheads and can be opened or closed by means
of Touvered shutters.

‘ The main ventilation fans are located at Portal B. They may be reversed
tﬁ'gravideleither exhausting ventilation or blowing ventilation. In the ex-
periment, exhausting ventilation rates averaged 390 m®/min and blowing venti-
lation averaged 550 m¥/min. The experiment was conducted in four major

- phases using two modes of ventilation:

Phase 1: Exhausting ventilation with bulkhead doors open

Phase IIA: Exhausting ventilation with bulkhead doors closed,
60 cm pipe shutters open (leaky bulkhead)

Phase IIB: Exhausting ventilation with bulkhead doors closed,
60 cm pipe shutters closed

Phase IIIA: Blowing ventilation with bulkhead doors closed,
' : 60 cm pipa shutters open (leaky buikhsad)

Phase IIIB: Blowing ventilation with bulkhead doors closed,
- 60 cm pipe shutters closed

1-2







