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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
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Phase IV - 810w1ng ventxlat10n wzth bulkhead doovrs open

Sl Measurements were made durxng the course of this investigation using in-
5f‘struments prov1ded and operated by ‘the Bureau of Mines, Spokane Research

€ f':f(SRC}, in additiaa to ‘those 1nsta11ed 'by Pacific Morthwest Laboratory
’{\e(Pﬁi) The monltoring equljment was opera+ed and maintained during the
7course of the study by the Adare Contractlng Company.

The fo]]ow1ﬂg contxnusus measurements were made throughout the four
rphases of the exper1ment in add1t1on to those at the exhaust portals (see
'tFigure 1)

_ ‘-rStat1on I ~Rad5n,canceﬁtr&tion, air Qé]ﬂcity_
il ~:Stat39n 2 - Radon ccnéentrationg air temperacure, barometric pressure
“«Qj,sfa;iﬁnssg.,Radun,éﬁhcentration

{Statipn 4 .- Radon concentration

Station 5 - Radon concentration, air velocity

Station 6 - Radon concentration

: Thss mon1tor1ng instrumentation located at the above stations is de-
scr1bed e!sewhere by Franklin.! In addition, two Eberiine Continuous Radon
v'ﬁas M0n1tnrs ﬁade] RGM-T, were used to measure radon concentrations at Sta-
'tions 0 and 7 .ang at bulkheads 1L7 and  1L9, dependent upon the experimental
cand1t10ﬂs.‘ Vane anemometers and hot-wire anemometers were used to make

qut measurements of aiyr velocities at selected places in the mine.

This mine.is'sitqated about 30 m below the top surface of a mesa. Mea-
surements of radon flux 7rom the ground above the bulkheaded area were made
dyring 24-hour pericds with and without the bulkheads being closed to check
fo?rincraased radon flux at the surface due to possible faults or fissures
from the mine. A fissure reaching to the surface from the bulkheaded area
viould be expensed'to emanate much more radon than the surrounding areas,
especially when the bulkhead doors were closed and without negative pressure
in the bulkheaded area.

Rador flux measurements from the surface of the mesa above the mine
were made using a charcoal canister technique similar to that reported by
Countess? (GMA 457315 canister: Mine Safety Appliance Co.). An array of

1-3




canisters Wes ‘set out in a grid pattern starting at drill hole J316 and the
canisters ‘Were separaﬁed by about 30 m (Figure 2). The canisters were
Sea?ed 1o the ground by pushxﬁg | cylzndr1cal edge into the ground 1 to 2 cm.
Expﬂsure times wevre 24 heurs. &fter exposure, the canistevs were sealed and
shipped 40 ol }ahcratﬂry for *%2Rn neasurement based cn gamma-ray spectrﬁw-
metrxc analysxs for 1ts ““31 and 21*Pb.daughters. '

: In addxtxen to ﬂeasursng radon concentrat1ons 400 g quantities of an
1nert trarar (freen-!Z) were re?eased into mine inléet air during each of the
faur phases ﬁf ventilaticn de3cr1bed earlier to measure the time required to
traﬁspﬁri,gases«from-porta? to portal and their streaming effects. For these
'vaﬁainéss’sémpIQS‘of"the'mina exhéust air were collected at timed intervals
aftﬁr eagh release and analyzed for freon-12 concentrations by gas chromato-
graphzc techniques.~ ‘Measurement of freon in the air being pumped from behind
therbu?khead served to indicate the degree of leakage across the bulkhead.

DISCUSSION ANE CDNCLUSIGNS

The freon release exper1ments described above provided twe useful pleces
of information. First, it was learned that a very slight negative pressure
(O;QB*cm water) in the bulkheaded region caused mine air to ledk from the
"active"'area-cf‘tha’mine into the bulkheaded area. Relative concentrations
of freon-12 measured in air being pumped from behind the bulkheaded area dur-
ing'ﬁﬁrtions of Phase IIIA and Phase IIB are presented in Figure 3. The
freon re!eésed in the active portion of the mine was, within minutes. detec-
ted in the air being pumped from the bulkheaded area. Second, after a single
spike release at the intake portal ucder each of the four sets of ventilation
éo&ditions described earlier, the time required to reduce the comcentration
of freon-12 at the outlet portal by 50% was half as long with the bulkhead
doors closed as with them open (Figures 4 and 5). Removal of 95% of the
freon tracer took three to four times longer with the deors open than when
closed. The date indicated, at least for 50% removal of the tracer; that
clearance time under exhausting ventilation was faster than under blowing
ventilation. '

Raﬁea flux measurements on the surface of the mesa above the bulkheaded
portion of the mine were comparabie during a 24-hour period when the bulkhead
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:doors were epen under exhaustxng venti%atxen, and a 24-hour period when the
ulkhaad dsors were clnsed under b}ow1ng ventilation. The small changes in
eradOﬁ fiux whxch were abserved are’ ‘probably. ‘attributable to normal variations
?betw."n days. The_f?ux neaSurements ebtuined are presented in Table I. No

v 5ha;ges in,f?ux of the magnltude o bs expacted from possible fissures
’ved thoagh average radon concentration behind the bulkhead doors
Vtsr of SOQ higher when the bulkhead doors wera closed than when
nhey'weré op%n. Thussthe.1ﬁtegr1ty of the mxne.appears sound.

_ _i'1gures 6 thrnugh }1 compare barone ric pressure and the quantwty of
Tgrad@n Teavxng the ex1t porta]s durlng the six study periods. ODiurnal varia-
ftxons in radon concentratlens are easily recognized as are inverse correla-

'fﬂtians cf radon cenc&ntr&txon with barnmetrlc pressure changes. There are

'7,55}3133 some d1sc0nt1nu1t1es in the data due to inadvertent ventilation fan

'shutdowns and during stabxiizat1oa periods zfter changing experimental con-

'.;gﬁxtigﬁs,fram one phase to another. The data are sufficient, however, to

- clearly show the effects of the bulkheading procedure.

, During exhausting ventilation with the bulkhea” <aors open (Phase I),
"gthévradﬁn'ieaviﬂg the mine averaged 75 uCi/min (Tal'e I). Closing the bulk-
“heari déﬁrg'but leaving the 60 cm pipe shutters open (leaky bulkhead) reduced
ﬁthat'average amount by 17% to 62 uCi/min. Closing the 60 on pipe shutters
(Phase I1) resulted in a further reduction of 35% for a total of 52% reduc-
tion from“the:epén bulkhead condition. As mentioned eariier, the radon con-
centration behind the bulkhead had not come to an equiiibriuﬁ state by the
“time Phase 118 measurements were made. AL equilibrium, the radon concentra-
tion behind the bulkhead might be 5 to 10 times higner which would certain-
1y change the 52% vreduction in radon to & smaller figure, possibly in the
order of 30% to 40%. In addition, while the average barometric variat.ions
during Phases I and IIA are compavrable, the barometric pressure went

through a very steep increase just'prior to Phase IIB and remained at a rel-
atively high pressure throughout Phase IIB. This may tend to reduce radon
emanation from the mine and thus reduce radon leaving the mine. It was
“found that closing the bulkhead doors and the shutiers did not completely
isolate the bulkhead area, and so these conclusions describe a bulkhead with
small leaks. Even with this situation, there is a real and important re~
‘duction in radon release to the envivons.
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e Te understand *he 519n1f1cance of the radon measurements in Table II,
one must aga1n gons1der the 1engths of. the experiment during whlgh radon was

!re]ative*

"_;}t theﬂtotél m1ne was probabiy represgntat1ve.’ In Pha*e IIB hcwe ers the
"1 P§P od of th1' exper1ment was only about 3-1/2 hours. During this period of

: }tlme, the bulkhead doors and the 60 Lm pipe shutters were closed but the
vlradcn ln the bu??headed area had not bagun to approach equ111br1um If the
4expe“1ment had b en a]lowed to contxnue for several days, the amount of ra-~
don be1ng exhausted frcm the bulkheaded area would certainly have increased..
Tc plaae this 1n perspect1ue, e have estimated the approximate amount of
_air in the bu]kheaded area. - He est1ma€e this amount may be on the order of
5000 m3, Since the Vent11at1on rate from the bulkheaded area is 1. 5 m3/min,
~ then th1s would be equiva]ent to a daily exchange of the air. One could,
therefare expect a considerably larger build-up in radon_ concentration than
was observed dur1ng the 3-1/2 hour period of the test.

In Phases IIA, IIIA, and IIIB of the experiment, measurements were con-
\icted over periods of from 5 to 11 days and, therefore, the radon release
“from the bulkheaded area wou}d more closely represent that at equilibrium.

Phase 1Y was simpiy a test with the bulkhead doors open, and the data
for this were accumulated over a 13-day period and should certainly be
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Lfﬁeb?eséﬁtetiVeif Thefimpcrtantfthiﬁg to recognize from these experiments,
© however, is that the radon which'is discharged from behind the bulkheaded
v‘[?area at: relat1ve1y Tow flow rates could be discharged by use of sorption traps
o ifthe -economics were favorable* or it could be released at a relatively high

: 'ultitude, say: 15 to 25 m.: " Ineeithe? case, the opportun1ty for exposure to
,“?9ind1v1duals at ground Tevel would be reduced.

\n‘As can be seen from the data in Table II with bulkhead doors closed and
: w1th exhaust1ng IIB and bi owrng -1IIB ventila*ion, a very major reduction in
radon release would be acn1eved if the vadon trom the bulkheaded region were
.‘captured on a surpt10ﬁ ‘trap. For these experimental conditions, the total
Zradon re]eased from bu1khead1ng and trappping would be 45% and 68% of the
‘nonbu}khead1ng situation for exhausting and blowing ventilation, respective-
1y, R

'SUMMARY

‘A study of the effects of bulkheading on the radon release from an
underground uranium mine was conducted at tne Bureau of Mines underyround
_uranlum research mine. The research mine is known &% the Twilight Mine and

vf1s 1orated near Uravan Colorado. The air flow conditicus included exhaust-

"A4;1ng and b]ow1ng ventilations with and without bu¥ “heading for six consecu-

t1ve exper1mentax periods of up to two weeks each. Radon measurements in
wine and exhaust air were made for both directions of air flow from bulk-
head'doors at either end of an internal lcop open, closed, and closed but
with a major leak. These measurements show that bulkheading produced a ma-
‘jor effect on the total radon leaving the mine and that this effect was de-
pendent upon the type of ventilation and the integrity of the bulkheads.

: During'exhausfing ventilation, the total radon discharged from the mine de-
creased by 17% when the bulkhead doors were closed but with a large leak.

A further reduition of 35% was observed when the large leak: was closed.

This latter medsurement, however, was made over a very short time period and

.*The technical aspects of the sovption of radon on charcoal beds appear to
be- favorable®, but it js beyond the scope of this study tc evaluate the
ecoromical feasibility of the procedure.




»F'radcnihaﬁ:nnt:huilt'up;to its maximum equilibrium concentration. During
" blcwiﬁg venti}atinn,-a‘small (6%) but not significant increase in the total
'~radon 1eav1ng the mtie Was: measured when. the bulkhead doors were closed but
7 with- ‘the 3arge 1eak. When the large leak was eliminated, a reduction of
'f35% was observed. Other parameters affecting. the total radon leaving the
'»m1ne, 1nc1ud1ng barcmetr1c pressure, must also be taken into cens1deration
‘when 1nterpret1ng these measurements . A smail amount of air was pumped from
the buikheaded area of the mine to maintain a negative pressure. This air,
with 1ts.reiat1ve1y high radon content, could be passed through a sorption
trap_érﬂdischarged at a high elevation to minimize exposure to pesople in the
environs. If this air were passed through absolute sorption traps, it could
'réducé theiradonvleaving the mine to 45% and 68%, respectively, of that for
* exhausting and blowing ventilation with no bulkheading.

 RECOMMENDATIONS

-While valuahle information was obtzined from this bulkheadine éxperi-
Vment,*it is recognized that a large-scale experiment should be conducted in
an opefating uyranium mine. Battelle scientists have met with the Bureau of
- Mines and with representatives of a major uranium mining ‘company to discuss
botn the current experiment and a possible experiment in the future at a
targe uranium mine.

It seems important to compare the potential of bulkheading in a large
active mine with the observations which have been made in this very small-
scale siudy. Whereas the experimental mine had somewhat comparable areas of
active and inactive vregions, 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
emissions by up to an order of magnitude, or perhaps more. If a study were
to be conducted at an active uranium mine, one should be selected where the
'pctential for bulkheading of a substantial region of the mine volume is pos-
sible. Discussions with mine operators have indicated their willingness to
participaté in a study if a well-conceived experiment could be devised.

From considerations of active uines, it appeavs that suitable ones are avail-
able and that a study which would include the cocperation of the mine opera-
tor, the Bureau of Mines, and PNL could be productively carried out.
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TASK 2

- RADGN DAUGHTER EQUILIBRIUM AT VARIOUS DISTANCES
 FROK_EXHAUST VENTS OF UNDERGROUND URANIUM MINES

”‘INTRODUCTION

The exposure to 1nd1v1dua]s in the vicinity of a uranium mine vent de-
peBQSTto_a_large degree on the ratic of radon daughters to radon. Exposures
'to;minegﬂorkeré,are:expressed in terms of working lavels where one working
v,IevelfiS}defined,as any combination of radon daughters which releases
1.3 0% MeV of energy per liter of air. It is also defined as that amount
inéhérgyywhich;wouldvberre]eased by the decay of radon daughters which were
;Vin{éq0i1ibriumﬁwith 100 pCi/% of raden.

Z,EXPERIMENTAL PRQTOCOL

: In th1s exper1ment, the concentrations af vadon and radon daughters
3,were measured at two vents of a major mine operat1on in the Ambrosia Lake,
New Mex1cu area. One of these was a vertical vent with air being exhausted
stra1ght~1nto the air. The second was a horizontal vent with the exhaust
be1ng eaected para]]e} to the ground In our discussions with the mining
‘eng1neers},1t appears that the horizontal vent will be more typical of fu-
t@ée 6pe?atiﬁns since this type of vent eliminates the heavy fan bearing
wear which results where vertical exhaust installations are used. These
. vents were chisen because they were upwind from local tailings piles and be-
cause they had preVi&USTy been found'to'emit higher concentrations of radon
hah other vents in this area. These factors serve to maximize the signal
from the seurce relative to ambient background levels.

Some of the vent exhausts were extremely wet, discharging tens of liters
of water and mist per minute w1th the air. This resulted from the leakage
¢f uncerground water through the exhaust vent casing from aquifers above the
base-of the mine exhaust channel. Current plans call for the sealing of
vent casings to exclude water from the air stream.

Ambignt,wind,directiuns were checked using a puff of smoke. All sam-
pling was conducted in the apparent downstream plume of the vent. However,
it was not uncommon for the wind to shift slightly during a run. Samples

t'?jwere collected sequentially at the vent and at three d=stances downwind.
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" DISCUSSION /

5 'In our|experiments, we passed 140 liters of air during a 5-minute period
thtbughfa iberglass filter paper which was backed by dual charcoal traps.
~ The final trap was held at dry ice temperature. The radon daughters which
"aré*attatﬁedftﬁ'partitulates were collected on the air-filter, and the radon
was quantitatively collected on the charcoal traps. The air filters wers
‘analyzed immediately to determine RaA, RaB, and RaC by taking consecutive
2-minute) 8-minute, and &-minute counts on a portable alpha particle count-
ing system;1“ Radﬁn‘daughters are computed from the thres alpha counts using
an integral form of the Bateman equations. The radon which was collected on
the_charcéalitrap was measured a few days later at ocur laboratory using our
__muitidimEnSional gamma-vray spectromeler. The uranium dust contribution. to
fhe_observéﬂ‘count;rates was shown to be negligible in measurements reported
‘ﬂ'"An Environmental Study of Active and Inactive Uranium Mines, Mills, and
Their Effluents, Part 2," Task 2. The radon and rauon daughter concentrations
observed in these experiments are tabulated in Tables 1 and 2, together with
the_ratias of radon to its daughters and the calculated working level expo-
sures at the sampling sites. As indicated, measuvements were made at wind
speeds ranging from 1.5 to 5 m/sec for the dry vent and 1.3 to 2.7 m/sec for
the wet vent. The wind séeeds were not constant during any of the aeasure-
ments.

Dry ventilation exhaust air from the vertical discharge vent contained
3400 pCi of radon per liter as shown in Table 1. Radon concentrations de-
termined ac Jdistances of 3C and 140 meters downwind from the vent were nhot
statistically different from the average ambient ievels of 0.25 pCi/t at
this locale.? The elevated radon concentration detected 85 meters from the
vent suggests that the plume from the vent intercepted the ground at this
distance. The absence of elevatad radon values at 140 meters could reflect
either additional plume dilution or deflection of the plume from the sampling
point- by variable winds ekistent during ‘the sampling period. The RaA to
radon ratio at the exhaust vent was 0.32. Radium B and RaC to radon ratios
were 0.21. ‘

- Because of the low radon daughter concentrations encountered at most
sampling sites, it was not possible to define precisely the changes in the
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ratios of each to radon from sampie to sample. Since the ratios for all
daughters in each instance were quite similar to those in the vent exhaust,
we suspected that there was, in fact, very iittle change with distance -as
would be expected for the short transit times involved., The warkiﬁgiléve?s
‘were calculated to be 7.43 at- the exhaust fan, 0.0006 and 0.0029 at sampling
points 30 meters fromithe'vent; 0.0189 B85 meters from the vent, and §.0015
140 meters from the vent. Except for the 85-meter sampling site which we
beliave to be répresentative of a plume/earth contact point, the working
levels away from the vent are below the proposed EPA* standard of 0.015 work-
ing level which exists for the average annual indoor radon working level,
including background...

Inva—seccnd.seriésLsf.measurementss the concentrations of radon and its

_daughters were measured from a wet horizontal vent and at various distances
downwinévfrom this vent. As indicated in Table 2, elevated radon concentra-
tions were7determined»32 meters downwind from the vent, which were reduced
to ambient levels at monitoring points further downwind. The ratio of radon
daughters to radon in the sample collected 30 meters dowmwwind from the vent
was significantly lower than that determined at the vent. We believe that
most of this is due to scavenging of radon daughters by water droplets in
the vent plume. Removal of radon daughters significantly lowered the work-
ing levels at distances exceeding 30 meters from the vent.

Relative radon daughter concentrations determined at the two stations
farthest downwind of the wet vent were not depleted. It is possible either
that sampling was conducted outside the plume or the piume had dispersed
sufficiently that discharged radon and daughter activities were indistin-
guishable from the ambient levels in this location.

SUMMARY

Data obtained in the study indicate that the ratios of radon daughters
to radon are relatively low in exhaust air from the underground uranium
mine vents. Since working levels ars determined by the total concentratiens
of radon daughters rather than radon itself, this means that the direct

*Federal Register, Vol. 45, No. 79, April 22, 1980
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_exposure tc the ventilat1on ‘exhaust is much less than it would be if the
radon daughters Wore: near?y apprcacheﬁ equitibrium with radon. The radon
'daughter equ11ibr1uw measuremeats made downwind from the ventilation exhaust
gports showed low rat1os indicat1ﬁg that either radon daughters are scavenged
by the aeraso]s that are contaznaa in the g]ume or that they are ?CaV“ﬂ§Ed
by contact with the earth’s surface. In many cases, the data do not Siag-
gest a sxgn1f1cant build-up 1n radon daughters with time during transport
of the plume at ground level. The working levels were below the proposad

'1ndccr EPA standard of 0.015 at all points exceeding 100 meters from the
- vent,

RECOMMENDATIONS

“The measurements which 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

~ 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 nearly approached egquilibrium with radon. Measurements down-
wind from the ventilation exhaust also show low ratios indicating that
‘either radon daughters are scavenged by the aerosols that are contained in
the plume, as is appareritly 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 significant build-up in radon daughters with time during trans-
port of the plume. Difficulties in making the measurements, however, pre-
clude a fifm statement as to the long-range radon daughter build-up during
transport of the plume. It may well be that over distances ¢f a few kilome-
ters and time periods of an hour or more, that the radon daughters do ap-
proach equilibrium with their radon parent which has come from the mine ex-
haust vents.

To determine if this is actually true would requive some additional
measurements. We reconmend that as time and funding permit, a significant
research program be initiated to determine the ratio of radon to its
daughters at considerable distances from mine exhausts or stockpiles and
tailings piles in the uranium mining and milling areas. This information
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Kadon Daughters 40 Air by Al Pﬁé Counting of Air Filters,®
HASL-256, U. S. Atomic Energy Commission, April 1972.

odification of the Tsivoglov Method for Radon Daughters in Air," Jess .
Physics 19:691, November 1970. -
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- TASK-3

INCE“TIVES 'FORUSING ELEVATED RELEASE POINTS TO REDUCE
GROUND LEVEL RADON CONCENTRATIONS
FROﬁ UNﬂrRGRQUﬂE URANIUM MINES

Underground: uranium mine ventilation air is generally exhausted at
und level. These ground-level releases result in higher radon concentra-
ons f’distﬁﬁaes?neé?er;the sburce-thaﬁ would result from releases from an
evated poxnt The adVantage of elevated releases in terms of ground-level
conc"ntrat1on dlm1nish with distance from the source. This study models the
ig-term effects (on ground-level cencentratxans) of release height, of

'3 }fatmospher1e mixing he1ghts, of direction and. distance from:source, and of

'1:'§EVaral source configuretaons for "ﬁyp?€a1"7301ﬂt;fYEQQéﬁCj distributions
’ wind speed, wind divection, and atwmospheric stability.

' _EXPERIMENTAL PROTOCOL

1?ha‘m0dels most frequently used to describe downwind concentrations re-
jisui&iﬁg*frcmla'sh@rt-ﬁeriud plume release are based on the assumption of a
“Gaussian plume spread in both the vertical and horizontal. For relatively
'10n§3§eriqu of time (say a month or longer), it is reasonable to assume
that the wind direction within a selected sector of a 16-sectcr compass is
randomly distributed, and thus it can be assumed that an effiuent is uni-
.f&rmﬂy distributed in the horizontal within the sector. Turner?® presents
appropriate Gaussian model equations for average g%aundm1eve] concentration
which are of the form ,

= 2.03 (E'Jii"?) exp [-0.5(51)%] (1)

1
~ 2
2.55 (NX (2)

—

. N
depending on whether a stable laver aloft is affecting the vertical distri-

bution. In this notation, ¥ is concentration, Q is pollutant emission rate
(assumed uniform), o, is the standard deviation of pollutant concentration
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:in “he verticai, u is the mean wind speed affecting the plume, x is downwind
é,stancg; H s tack (aw plume} height, and L is the height of the stable
.Taye) wh1ah 11m§ts vert%cal plume mixing.

distunces far rema?eé from the source, the exponential term in equa-
g ion (1} apfraaehes unitg as o, bacomes large compared to H. When a stable

o HAdE Caps vertical éisparsien, the vertical d1stributian of pollutant final-
fiiy h&camag anzfarm, o, can be equated to L, and equation (1) becomes identi-

= ,“cal 1n furm ta ‘equation (2).

: Tha poxnt t0: be made for the subject task is that at a selected large
'  d0wnwind diftance Xy 62.15 generally considered to be identical for both
~‘ground. Tevel and’ elevated releases. (Also,:L is the same whether equation

- (2) is.applied to a‘ground-levei-or an elevated release.) Hence, i is the
only variabTefiw‘equatidﬁs'(})laﬂd:(Z).that can call for a difference in
: narmalizeQECQaceﬁtratinn x/Qiat'distaﬁces far removed from the spurce.
o Most mode]s use the wind speed measured at (or extrapolated to) the re-

v"lease height. For instance, for a ground-level release, the wind spzed mea-
sured near the surface source is input to equations (1) or (2), irrespective

~ of the distance downwind for which x/Q-is calculated. Similarly, the

1(nreater) wind speed measured at stack level would be input to prescr1be

- X/Q.from a stack, again irrespective of downwind distance. One is left with
| the intuitively unappealing result that at, say, 500 km downwind of a pair
_of sources (one at ground level, the other from a stack), the concentration
resuiting'from the stack would be less than that resulting from the surface
vre}ease. At such a great distance, the source height wind speed difference
~should not be effective.

A technique has been developed to permit a more realistic approach to
the wihd‘sbeed efféctive in transporting pollutants. The effective wind
~height is presumed to grow with distance so as to better apply to the entire

vertical distributién being transported. For a ground-level source, the ef-
VféCtiVe Wwind height, E, is presumed_equa} to 0.5 g, If a stable layer caps
, the:mixing layer, £ = 0.5 L after o, equals L. For an elevated release,

the following relationships are presumed:




CIfo, s H E=H

T;;fc>uam@ <bHE=05® +H)
Ii»,:'.If g, > H and o, 2 beHy E-— 0.5 L

A '-fThe wind speed is extrapolated: From measurement height (anemometer
fheight) to height E by means of a taahn1que presented by Budney?. The ver-

'“ﬂt1ca]\dispersian parameter, , is calculated as a function of travel dis-

fta ”es; The calculated va?ues of o, ciaseiy match the widely used va1ues
"jp, sented by G1ffard“ in graphical fbrm

'=,»'nxscussxon

, ”In nrder to app!y the selected: dwffuswon and transport model, it was
-  .nec‘ sary to have meteoroiog1cai data avai?ab1e in the form of joint frequen-
:f,cy dis‘ributians of wand speed, wind direction, and atmospheric stability for
’:ffann T;per1ods. A relat1ve1y Targe number of such annual joint frequency
' Jdistributions have been gengrated: in the process of meeting licensing require-
l"ments asscciated with nuclear power plants.

“Pom this large number, six sets of joint fﬁ@quency distributions weve

1~'chssen for move careful- examination. The sites of'thes&'mstearoiﬁgica1

:measurements WEfe>Hanfard‘(southeast'Nashingtnn), Black Fox (Tulsa, Oklahoma),
TiRéﬁjﬁsan;(Haftsvii?é;'Sﬁuﬁh Carolina), Rancho Seco (Sacraments County, Cal-
' §if6éﬁia)§ Surrey (Surrey County, Virginia), and Trojan (Columbia County,

1 _Oregon) plants. Hanford was chosen partially because it is in a dry, near-

“deseﬁt'ciimaées a climate similar to western New Mexico. The other data
sets were chosen randomly to get some idea of the range of passxbie wind
speed and stability distributions.

~ Plots of cumulative distributions of wind speed at an elevation uf 10
-meters revealed that Hanford displayed a representative median distribution
'féw’SpeedS'through about 5 m/sec {11 mph). The Black Fox distribution showed
the lowest cumulation frequency of winds at low wind speeds. Distributions
of ‘atmospheric stability revealed that Hanford was aiso reasonably represen-
tative of the “"average" site. On the other hand, Black Fox was the site of
the highest fraguency of stable atmospheres.




| -,"?EQG§§§Z3(5) and 1{h) give the modeled areal distribution of annual
71;avera99 x/Q at: grouad Tevel® which would result from a constant-rate surface
re?ease. A 200-m mixing height and Hanford meteorology were used.’ Figure

’;‘}(a) nges the: concentration within 5 miles of the reiease point. Figure

: , ,v ”;g1ves isopleths of ccncentratzon to a radius of 50 miles of the source.
*{;fThefarea with: x/Q between 1 x 10~7 and 2 x 10”7 sec/m® is shaded on both

- f*aarts'af Fagure 7 a5 an aid to perce*v*ng the scale relationship. Figures
" 332(a} and 9(b) gﬁve,the same data for the Black Fox site.

Nate that the areas under comparable 1sopleths on Figures 1{(a), 1{b),
12(a), and 2(b) are reasonably similar in area despite the differences in
‘ ¢hape Recall tha+ the meteerology at Hanferd was deemed “average" while
'Bﬁacx Fox had re]atively h1gh wind speeds (which reduce dowswind concentra-
'uiaﬂs) ané FE%@tTV@Iy stable atmssphe?ic conditicns (which increase down-
' ’w1nd cencentrafﬁars) The net effect is that despite the difference in
:meteowelegy, the overall effect of dosage on an evenly distributed popula-
t:on shcu?d be quite similar for the grounduleyel release case.

; The 301nt fvequency distributions of wind speed, wind direction, and
dtmsspher1c stability from which the figures 1{a), 1(b), 2(a), and 2(b) data
7war§:§enerated Tisted wind directions for sixteen 22-1/2 degree sectors

§ 311:Q0nCeﬁtF§ii§ﬁS and copcentration ratics presented in this study pertain
Ao ground Tevel irvespective of effluent release height.
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{ ;e’,bfor north ncrthnﬁartheast, ‘northeast, etc. ). A sum of all x/Q values
giver The saurce is proporticnal to the mean concentration
Lhat E  Curves deplcting the Toci ‘of this along arc
(cressw1nd)‘sums of-concentraiion are given in Figure 3 Although mixing
1 fhergh,Tused in these,computatxons was 1000 m {as opposed to the 200 m used
"ﬁia,;igures I(a) l’b), 2(a), and Z(b)g, {t i¢ evident again that Hanford and
1 'ack Fox. generate quite: s1m1]ar magnitudes of concentration despite the dif-
s in input metearaiogy As befbre, a surfa"e release was modeled,

,;Curves's1mf1ar to thase presented in Figure 3 can be generated for ele-
‘:vated re1eases.5 Release he1ghts of 20 m, 50 m, and 100 m and a mixing height
of }000 n were modeied w1th the Hanford and Black Fox meteorology. Figure 4
presénts the results 1n the form of ratios rather than sums of x/Q.. The
nama?ator 1n a plotted rat1o curve is the sum of x/Q from an elevated re-

i 'w "&h13e the denow1ﬂatur is. the sum of xiQ from the apprepriate ground-
'}flevel re!ease as depxc#ed in Figure 3.

Flgure 4 shnws that deso1te the strong s1m11ar1ty of concentrat1on re-

"‘5su1t1ng'fram ground-ievei releases at Hanford and Black Fox (difference of

“?”on]y 7% at ﬂ 75 miles’ 1ncreas1ng to 24% at 45 wiles), there are distinct

’ iiidxffereﬂces resu1t1ng from elevated releases. An examination of the data
 ffrevea1s that the ground-level concentrations resulting from a 100-m stack
f;j’(ﬁ EN 106 m) at'Hanfard 4s roughly twice the concentration that would result

7"1xfrnm 2 100-m. stack at Biack Fox, irrespective of the distance from the

”7)Q,source, The differerce between Hanford and.Black Fox downwind, summed con-

‘ fcentrat1ans is not as dramatic for the 50-m or therzo*m release height
"(espeb%al?y‘at*theflarger’distaﬁtes) but is still appreciable. For in-

' rstance, at 0 75 miles. where the concentration resu1t1ng from a Hantord
_’igreunﬂ«ievei reiease is 7% less than at Black Fox (Figure 3), a release from
an elevation of 20 m at anfard results in a ground-level summed concentra-

"} *t1an 33% greater than at Black F@x (Figure 4).

L An elevated reieasa is move effective w1th Black Fox metsorology be-
ause of the higher frequen cy of stable atmospheres. The effects of an
f,eievated relqase are propagated to greater distances under stable conditions.

Figure 4 also gives an indication of the general magnitude that annual
average concentration can be reduced by increasing source height to 20 m,
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S

eiithe benefits of an elevated release are grexter
*and for distances close to the source. The

; duc s-grcund—]eve! cencentratwons by 50 to 70% at dis~

' @ but by cniy 30% at a distance of 10 miles.

ta fb”low1ngvinput'of Black Fox meteoruiogy and modeled release
my and 100 'm, respect1ve1y F1gures 5{(a), 6(a), and
ent th :concentrétxon within 5 miles of the release point, while
1(b), ; b), and- 7(b) give the 1sop1eths of concentration to a rad1us
; es fomvthe nurce.: A m1x1ng height of 200 m-was input in all
Th ﬁ1=np1eths'presented in these f1gures resuit from- ratios genera»'
20 sp ¢ points. (16 d1rect1ons at 20 distances). gach individual
, ; om the modeied e}evated—release ccncentrat10n divided by
d{ground-leve]-re]ease concentrat1on for the same location. Ratios
g iei . Thus, an 1scp1eth
{:vlabeled 50% 1nd1cates that,the elevated release reduced the annual average
'ground level ccncentration to half the value computed for a ground-level re-

DR 1ease.

. AJthough the isopleths in Figures 5, 6, and 7 are labsled, these figures
“Iprobably serve: better as qualitative representations of the effects of in-

_ creas1ng reiease height than they do in quantifying those effects. Note
:lﬁthat the major axes of the isopleths (represent1ng greater stack height

- 1 benefxts at a given d1stance) lie east-west, whereas the major axis of con-

centrat1on;resu1t1ng from a ground-level release [Figures 2(a) and 2(d)]

'  '11&$ in a north-south d:rect1onb Thus, the gveatest percentage reduction
' An concentration from. e‘@vateﬁ releases is not in the areas where it would

sdo ‘the most gaed at Biack Fox. Although the data are not shown, the axes of
'?,=sap1eths for Hanford {31miiar to those shown in Figures 5(a), 5(b), 6(a),
S{b) 7(a), and 7(b) for Black Fox] do align with the axis of maximum con-
‘centratien shown in- Figures 1(a) and 1(b). Taus, at Hanford an increase in
release ‘height is more effective in reducing concentvations in directions
of h1ghe? cancentraﬁxgn than in directions of louwer conceniration. On the
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bserved H1th a: ground Jevel re1ease at
n-was’ observed at a d%raction novthe
stances.v ‘However, the modeled Z0-m release

1n ‘a d1rectxon due north .of -the source for :. 

:}statement is part1cu1arly app11cab1e in terms of
1ved by receptors *n the V1c1n1ty

'3’f9qua11y distr1buted with1n a g1ven c1rc]e or:a given annulus around a m1n9,
‘a number proport1onai to total ponulatxon (receptor) dosage cza be computnd
 1The procedure 1nVO1ves d1v1d1ng ‘the total area of. concern into a number cf

'ﬁ{ismaller areas,. multlplylnu “ach smaller area by the appropriate annual a/er-
"ﬂage conusntrat1on, and then summwng all the proéuCLs. If such assumed pro-

ffless rat1o can be FGrmed wh1ch compares tha dosage from ‘he e1evated release
to the dosage from the groundalevei release. Tabie 1 preseats these dosage
f,rat1gs For two: spec1fic areas: . 1) the entire area within 50 miles of the
Cplants and 2) the. annuiar area between 0.5 and 5.0 miles from the plant

, The tabie presents ratios based on both Harrord and Black Fox meteorology.

_ jTable T»shows that the influence of mixing height on the ratio is
: sma1]aaespecially*with the release heights of more practical concern (20 m
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}féhd*SO*m)' The 1argest ”é¢tica}?difference_iS’seenrfor the Hanford
-meteorology. and the. 0.t 1;05mile area of concern. Here the 200-m "1id" dic-
',tates a ratio of Q. 49 for the 50-m release while the 1000-m 1id results in
fa rat1o of 0 43 for the sam; release hp1ght

fs'rather po1nt1ess to djscuss Table 1 in great detail. 'Suffice it
1o say that for the 0. 5 to 5.0 mile annulus and for the relsase hr:ights of
pract1ca1 concern (ground 1eve1 20 m, and 50 m), an increase in release
hel_hu from ground Tevel to 20 [t rougnly halves the dosage, and an increase
'fvom 20 m to 50 m again roughly halves the dosage. Note also that an in-
»vcrease 1n release’ he1ght is more effective with the more stable Black Fox
 meteoro1ogy than with the,Hanford meteorology.

o e Graphical presentat1on of the data in Table 1 permits the estimation of

'f‘the ffects of stack releases other than the specific heights tabled. Figure

9 graphaca]1y presents these data. This figure also illustrates that the
benef1ts in reduced dosage per unit of increased stack height decrease with
:1ncreas1ng stack height,

-Figures ls(a) through 10(g) present areal distributions of concentra-
‘t1on rations (x/Q far-20-m release/x/Q for ground-level release) for a qer1es
of source conf1gura+1ons. The meteorological input was Black Fox, and the
mixing height was presuried to be 200 m in all cases. The emission rate (Q)
is prasumed to sum to unity for all configurations.  For example, if two
ources are considered, each source is considered to emit at a rate Q/2.
. [An excapt1on is Figure 10(g) whera the east source is presumed to be 2/3 Q
*'fkand the west source is presumed to b2 1/3 0.) The diameter of the circle
portrayed on each figure is 5 miles. Sourcrs are deployéd in east-west,
north-south, or equilateral triangular co. . - lons. With the exception
of Figure 1{a) (where only a single source i. onsidered), the spacing be-
‘tween sources 1'5" on_e”:mﬂe. '

~ Funding and time vestrictions did not permit a careful quantitative
evaluation of the data presented in Figures 10(a) to 10(g). Ncnetheless,
some qualitative evaluation of these figures is instructive. The alignment
of the sources does stretch the axes of the ratio isopleths along a similar
axis. And although the ratios in the immediate vicinity of the souvce(s)
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105 ased on Hanford and B]ack Fox Meteoro]ogy
) Release Data/Ground-Level Release Data.
‘o Tof Receptors Assumed :

oo sh o Mixing Height
- Source- o _20m . 1000 m
~: of. . - _Release Yeight ‘Release Height
- Meteorology 20m 50 m 100m 20m 5S0m 100m

€ 931a§k'FoxM 059 037 0.9 0.5 0.34 0.15

CHanford 066 0.69 0.35  0.63 0.43 0.25

“Black Fox  0.56 0.19 . 0.060  0.50 0.18 0.053

Hanford: . 0.60 0.30 0.11 0.59 0.28 0.089




‘arg;higher_with-tﬁo.sourcés,than with one (or with three sources tha&ﬂwith
'1tw0);;thejtota1vaﬁea embraced by the 40% isopleth does not vary much from
- oheTCOnfiguratioh to the next. - One can cbserve. thét beyond the 40% isopleth
' :(i e., beyond about 1.5 miles from the centrOId,nf .sources), the effect of
‘source conf1gurat1on is not great. At a d1stance of 2.5 miles from the
";source, the 55% and 60% 1sop1eths are most prevalent. Within 1.5 miles of
‘the centroid of the sources, the multiple sources do flatten the ratio grad-
jent and do-e]1m1nate the modeled ratio of zero in evidence at the single
source stack base. Hence, at very near source centroid locations, the mul-
tip1e elevated source configuration can be considered less desirable than a
s1ngle source conf1gurat1on.

The evidence in Figures 10(a) to 10(g) can be summarized by the state-
ment»that beyond 1.5 miles from the centroid of up to three 20-m stacks
(spaced a mile or less apart), the effect of varying stack locations is
negligible. It should be recalled, however, that for a specific site with
specific meteorology and specific population distributions, uven such minor
differences as shown in Figures 10(a) to 10(g) could be important.

SUMMARY

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 bz 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 différences in meteorology, different sites can have very
similar annual average distributions of concentration.

°De§pite simiiarity oc magnitude and distributien of ground-level
concentration resu}iing from ground-: avel releases, the two sites
displayed quite different ground-level concentrations following
modeled elevated releases. A greater reduction in concentration
was associated with the site with movre stable atmosphere (Black
Fox).




i *A 20-m. release e]evatlon reduces annual average concentration
";(when_cnmpared to a ground-levei release\ by about 60% at one
11e fvom a source, and by ahout SD% at ten miles from the source.

:7;5-The axis ef maximum bensf1t from elevated re]eases cannot be
‘ spec1f1ed on the bas1s of the ccncentrat1on distribution genera-
ted by a ground 1eve] rejease.

r:cThe height of the m1x1ng 1ayer has a relatively small influence
E‘on,thefbepef1t accruing as the result of elevated releases.
' Spg;ifigéily,}the'e}évated‘release benefit is about the same for
- a modeled 200-m inversion "1id" or a 1000-m inversion "Tid."
'éBenefits, in terms of reduced dosage to population-aef unit of
‘stack befght incfease, decrease as stack height increases. This

conciusion is documented in Figure 9.

« Beyond roughly 1.5 miles from the centroid of up to three 20-m
stacks (spaced a mile or less apart), the effect of stack loca-
tions is minimal.

.~ RECOMMENDATIONS

; 'Ihe,scope‘and funding of this task did not permit an examination of
concentrations resulting from a large number of the possible combinations
of site meteorology, source configurations, source heights, and atmospheric
mixing heights. If one were to evaluate this technique in principlie for
all undarground uranium mining sites, a 1arge variety of site and meteorology
parameters would need to be considered. By studying a.major number of under-
ground mines in this fashion, one would be abie to interpret the impact of
using elevated releases 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 particularly applicable to assess the radon
dose received by weceptors in the vicinity of a mine.
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