METHOD 115-MONITORING FOR RADON-222 EMISSIONS

Thi s appendi x describes the nmonitoring methods which nust be used in
determ ni ng the radon-222 em ssions from underground urani um m nes, uranium
mll tailings piles, phosphogypsum stacks, and other piles of waste materi al
em tting radon

1. Radon-222 Emissions from Underground Uranium Mine Vents.

1.1 Sanpling Frequency and Cal cul ati on of Em ssions. Radon-222
em ssi ons from underground urani um m ne vents shall be determ ned using one of
the foll owi ng nethods:

1.1.1 Continuous Measurement. These measurenents shall be made and the
eni ssions cal cul ated as fol |l ows:

(a) The radon-222 concentration shall be continuously measured at each
nm ne vent whenever the mne ventilation systemis operational

(b) Each mi ne vent exhaust flow rate shall be measured at |east 4
ti mes per year.

(c) A weekly radon-222 enmission rate for the mine shall be cal cul ated
and recorded weekly as foll ows:

A, = CQT, + GQT, + . . .+ GQT,

wher e:

A, = Total radon-222 enitted fromthe mne during week (G)
C = Aver age radon-222 concentration in mne vent i (C/nf)
Q = Vol unmetric flowrate frommne vent i (n¥ hr)

T Hours of mine ventilation system operation during week for
m ne vent i (hr)
(d) The annual radon-222 enmission rate is the sumof the weekly
em ssion rates during a cal endar year

1.1.2 Periodic Measurenent. This nethod is applicable only to nines
that continuously operate their ventilation system except for extended
shutdowns. M nes which start up and shut down their ventilation system
frequently nust use the continuous neasurenment method describe in Section
1.1.1 above. Enmission rates determ ned using periodic neasurenents shall be
measured and cal cul ated as fol |l ows:

(a) The radon-222 shall be continuously nmeasured at each m ne vent for
at | east one week every three nonths.

(b) Each m ne vent exhaust flow rate shall be neasured at |east once
during each of the radon-222 neasurenent peri ods.

(c) A weekly radon-222 enission rate shall be cal culated for each
weekly period according to the method described in Section 1.1.1. In this
cal cul ati on T=168 hr.

(d) The annual radon-222 enission rate fromthe nmine should be
cal cul ated as foll ows:

52 -W
Ay:T (AL AL - *AL)

wher e:
A = Annual radon-222 emi ssion rate fromthe mne(G)
A, = Weekly radon-222 emi ssion rate during the neasurenent period
i (GQ)
n = Nunber of weekly measurenment periods per year
W = Nunber of weeks during the year that the mne ventilation

systemis shut down in excess of 7 consecutive days, i.e.
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the sum of the nunber of weeks each shut down exceeds 7 days

1.2 Test Methods and Procedures

Each underground mine required to test its em ssions, unless an
equi val ent or alternative nmethod has been approved by the Administrator, shal
use the foll ow ng test nethods:

1.2.1 Test Method 1 of appendix A to part 60 shall be used to determ ne
velocity traverses. The sanpling point in the duct shall be either the
centroid of the cross section or the point of average velocity.

1.2.2 Test Method 2 of appendix A to part 60 shall be used to determ ne
vel ocity and volunetric fl ow rates.

1.2.3 Test Methods A-6 or A-7 of appendix B, Method 114 to part 61
shal |l be used for the analysis of radon-222. Use of Method A - 7 requires
prior approval of EPA based on conditions described in appendix B

1.2.4 A quality assurance program shall be conducted in conformance
with the progranms described for Continuous Radon Monitors and Al pha Track
Detectors in EPA 520/ 1-89-009. (2)

2. Radon-222 Emissions from Uranium Mill Tailings Piles.

2.1 Measurement and Cal cul ati on of Radon Flux from Uranium M| |
Tailings Piles.

2.1.1 Frequency of Flux Measurenment. A single set of radon fl ux
nmeasurenments nay be made, or if the owner or operator chooses, nore frequent
nmeasurenents nmay be made over a one year period. These nmeasurements may
i nvol ve quarterly, monthly or weekly intervals. Al radon neasurenents shal
be made as described in paragraphs 2.1.2 through 2.1.6 except that for
nmeasurements nade over a one year period, the requirement of paragraph
2.1.4(c) shall not apply. The nean radon flux fromthe pile shall be the
arithmetic mean of the nean radon flux for each measurenment period. The
weat her conditions, noisture content of the tailings and area of the pile
covered by water existing at the tine of the measurement shall be chosen so as
to provi de neasurenments representative of the long termradon flux fromthe
pile and shall be subject to EPA review and approval

2.1.2 Distribution of Flux Measurenents. The distribution and nunber of
radon flux measurenents required on a pile will depend on clearly defined
areas of the pile (called regions) that can have significantly different radon
fluxes due to surface conditions. The nean radon flux shall be deternined for
each individual region of the pile. Regions that shall be considered for
operating mll tailings piles are:

(a) WAt er covered areas,

(b) Wat er saturated areas (beaches),

(c) Dry top surface areas, and

(d) Si des, except where earthen material is used in dam construction

For mill tailings after disposal the pile shall be considered to consist
of only one region.

2.1.3 Nunber of Flux Measurenments. Radon flux neasurenents shall be
made wi thin each region on the pile, except for those areas covered wth
wat er. Measurenments shall be nade at regularly spaced |ocations across the
surface of the region, realizing that surface roughness wll prohibit
nmeasurenents in sone areas of a region. The m ni mum nunber of fl ux
measur ement s consi dered necessary to deternmine a representative nmean radon
flux value for each type of region on an operating pile is:

(a) Wat er covered area-no neasurenents required as radon flux is

assumed to be zero,

(b) WAt er saturated beaches-100 radon flux neasurenents,

(c) Loose and dry top surface-100 radon flux neasurenents,

(d) Si des-100 radon flux measurenents, except where earthern materia
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is used in dam constructi on.

For a mill tailings pile after disposal which consists of only one
region a mninumof 100 nmeasurenents are required.

2.1.4 Restrictions to Radon Flux Measurenents. The foll ow ng
restrictions are placed on making radon fl ux nmeasurenents:

(a) Measurenments shall not be initiated within 24 hours of a rainfall

(b) If a rainfall occurs during the 24 hour measurenents period, the

measurenment is invalid if the seal around the lip of the collector
has washed away or if the collector is surrounded by water.

(c) Measurenments shall not be performed if the anbient tenperature is

bel ow 35°F or if the ground is frozen.

2.1.5 Areas of Pile Regions. The approxi mate area of each region of the
pile shall be determined in units of square neters.

2.1.6 Radon Flux Measurenent. Measuring radon flux involves the
adsorption of radon on activated charcoal in a |large-area collector. The radon
collector is placed on the surface of the pile area to be nmeasured and al | owed
to collect radon for a tine period of 24 hours. The radon collected on the
charcoal is neasured by gamma-ray spectroscopy. The detail ed neasurenent
procedure provided in appendi x A of EPA 520/5-85-0029(1) shall be used to
nmeasure the radon flux on uraniummnill tailings, except the surface of the
tailings shall not be penetrated by the |lip of the radon collector as directed
in the procedure, rather the collector shall be carefully positioned on a flat
surface with soil or tailings used to seal the edge.

2.1.7 Calculations. The nean radon flux for each region of the pile and
for the total pile shall be cal cul ated and reported as foll ows:

(a) The individual radon flux cal culations shall be nade as provided

i n appendi x A EPA 86 (1). The mean radon flux for each region of
the pile shall be cal culated by summi ng all individual flux
nmeasurenments for the region and dividing by the total number of
flux nmeasurenents for the region

(b) The nean radon flux for the total uraniummll tailings pile shal

be cal cul ated as foll ows.

J - JlA1 +J2A2+. .. +JiAi
° A

wher e:
J. = Mean flux for the total pile (pCi/nt-s)
J, = Mean flux nmeasured in region i (pCi/n%s)
A = Area of region i (nf)
A = Total area of the pile (nf)

2.1.8 Reporting. The results of individual flux neasurements, the
approximate | ocations on the pile, and the nmean radon flux for each regi on and
the mean radon flux for the total stack shall be included in the em ssion test
report. Any condition or unusual event that occurred during the measurenments
that could significantly affect the results should be reported.

3.0 Radon-222 Emissions from Phosphogypsum Stacks.

3.1 Measurement and Cal cul ation of the Mean Radon Fl ux. Radon fl ux
nmeasurenents shall be made on phosphogypsum stacks as descri bed bel ow

3.1.1 Frequency of Measurenents. A single set of radon fl ux
nmeasurenents nmay be made after the phosphogypsum stack becones inactive, or if
t he owner or operator chooses, nore frequent neasurenents may be nmade over a
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one year period. These neasurenents may involve quarterly, nonthly or weekly
intervals. Al radon neasurenents shall be nmade as described in paragraphs
3.1.2 through 3.1.6 except that for neasurenents nade over a one year period,
the requirenent of paragraph 3.1.4(c) shall not apply. For measurenments made
over a one year period, the radon flux shall be the arithmetic mean of the
mean radon flux for each measurement period.

3.1.2 Distribution and Nunber of Flux Measurenents. The distribution
and number of radon flux neasurenments required on a stack will depend on
clearly defined areas of the stack (called regions) that can have
significantly different radon fluxes due to surface conditions. The mean radon
flux shall be determ ned for each individual region of the stack. Regions that
shal | be considered are:

(a) Wat er covered areas,

(b) WAt er saturated areas (beaches),

(c) Loose and dry top surface areas,

(d) Har d- packed roadways, and

(e) Si des.

3.1.3 Nunber of Flux Measurenments. Radon flux neasurenents shall be
made wi thin each region on the phosphogypsum stack, except for those areas
covered with water. Measurenments shall be made at regularly spaced | ocations
across the surface of the region, realizing that surface roughness wl|
prohi bit nmeasurements in some areas of a region. The m ni num nunber of fl ux
measur ement s consi dered necessary to deternmine a representative nmean radon
flux value for each type of region is:

(a) Wat er covered area-no neasurenents required as radon flux is

assumed to be zero,

(b) WAt er saturated beaches-50 radon flux nmeasurenents,

(c) Loose and dry top surface-100 radon flux neasurenents,

(d) Har d- packed roadways-50 radon flux neasurements, and

(e) Si des-100 radon flux nmeasurenents.

A m ni nrum of 300 neasurenents are required. A stack that has no water cover
can be considered to consist of two regions, top and sides, and will require a
m ni mum of only 200 neasurenents.
3.1.4 Restrictions to Radon Flux Measurenents. The foll ow ng
restrictions are placed on making radon flux nmeasurenents:
(a) Measurenments shall not be initiated within 24 hours of a rainfall
(b) If a rainfall occurs during the 24 hour neasurenment period, the
measurenment is invalid if the seal around the lip of the collector
has washed away or if the collector is surrounded by water.
(c) Measurenments shall not be performed if the anbient tenperature is
bel ow 35 °F or if the ground is frozen.

3.1.5 Areas of Stack Regions. The approxi mate area of each regi on of
the stack shall be determined in units of square neters.

3.1.6 Radon Flux Measurenents. Measuring radon flux involves the
adsorption of radon on activated charcoal in a |arge-area collector. The radon
collector is placed on the surface of the stack area to be neasured and
allowed to collect radon for a tine period of 24 hours. The radon coll ected on
the charcoal is nmeasured by ganma-ray spectroscopy. The detail ed nmeasurenent
procedure provided in appendi x A of EPA 520/5-85-0029(1) shall be used to
nmeasure the radon flux on phosphogypsum stacks, except the surface of the
phosphogypsum shal |l not be penetrated by the Iip of the radon collector as
directed in the procedure, rather the collector shall be carefully positioned
on a flat surface with soil or phosphogypsum used to seal the edge.

3.1.7 Calculations. The nean radon flux for each region of the
phosphogypsum stack and for the total stack shall be cal cul ated and reported
as follows:



(a)

(b)

The individual radon flux cal culations shall be nade as provided
i n appendi x A EPA 86 (1). The mean radon flux for each region of
the stack shall be cal culated by sunm ng all individual flux
nmeasurenments for the region and dividing by the total nunmber of
flux nmeasurenents for the region.

The nmean radon flux for the total phosphogypsum stack shall be
cal cul ated as foll ows.

- J1A1+J2A2+. .. +JiAi

J
) A




wher e:

J. = Mean flux for the total stack (pCi/nt-s)
J, = Mean flux nmeasured in region i (pCi/n%s)
A = Area of region i (nf)

A = Total area of the stack

3.1.8 Reporting. The results of individual flux neasurements, the
approxi mate | ocations on the stack, and the mean radon flux for each region
and the mean radon flux for the total stack shall be included in the em ssion
test report. Any condition or unusual event that occurred during the
nmeasurenments that could significantly affect the results should be reported.

4.0 Quality Assurance Procedures for Measuring Rn-222 Flux.

A. Sanpling Procedures

Records of field activities and | aboratory nmeasurenents shall be
mai nt ai ned. The follow ng information shall be recorded for each charcoa
cani ster measurenent:

(a) Site

(b) Nanme of pile

(c) Sanpl e | ocation

(d) Sanpl e | D nunber

(e) Date and time on

(f) Date and time off

(9) Oobservations of neteorological conditions and coments
Records shall include all applicable information associated with

determ ni ng the sanpl e neasurenent, cal cul ati ons, observations, and conments.

B. Sanpl e Cust ody

Custodi al control of all charcoal sanples exposed in the field shall be
mai nt ai ned i n accordance with EPA chai n-of -custody field procedures. A contro
record shall docunment all custody changes that occur between the field and
| abor at ory personnel

C. Calibration Procedures and Frequency

The radi oactivity of two standard charcoal sources, each containing a
careful ly deternmi ned quantity of radium 226 uniformy distributed through 180g
of activated charcoal, shall be nmeasured. An efficiency factor is computed by
di vidi ng the average neasured radioactivity of the two standard charcoa
sources, mnus the background, in cpmby the known radi oactivity of the
charcoal sources in dpm The sanme two standard charcoal sources shall be
counted at the beginning and at the end of each day's counting as a check of
the radi oactivity counting equi pnent. A background count using unexposed
charcoal should al so be nmade at the begi nning and at the end of each counting
day to check for inadvertent contam nation of the detector or other changes
af fecting the background. The unexposed charcoal conprising the blank is
changed with each new batch of charcoal used.

D. Internal Quality Control Checks and Frequency

The charcoal from every tenth exposed canister shall be recounted.
ive percent of the sanples anal yzed shall be either blanks (charcoal having no
radi oactivity added) or sanples spiked with known quantities of radi um 226.

E. Data Precision, Accuracy, and Conpl et eness

The precision, accuracy, and conpl eteness of neasurenents and anal yses
shall be within the following limts for sanples nmeasuring greater than 1.0
pCi/m -s.

(a) Preci sion: 10%



(b) Accuracy: *10%
(c) Conpl et eness: at | east 85% of the measurenents must yield useable
results.
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