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WHITE MESA URANIUM MILL
SEMI-ANNUAL EFFLUENT REPORT, JULY THROUGH DECEMBER 2018

1.0 INTRODUCTION

The White Mesa Mill (the “Mill”) has established monitoring programs to evaluate
compliance with effluent limitations and to assess the potential for release of radioactive
material into the local environment. These monitoring programs were developed and
implemented at the time of Mill construction, operated with appropriate adaptation over
time, and are consistent with the Mill’s State of Utah Radioactive Materials License No.
UT1900479 (the “License”) and guidelines developed by the United States Nuclear
Regulatory Commission (“NRC”) (NRC Regulatory Guide 4.14, Radiological Effluent
and Environmental Monitoring at Uranium Mills-Rev. 1, ML003739941), 1980).

1.1 Modifications to the Monitoring Programs

As stated above, the monitoring programs implemented to date are consistent with the
Mill’s License and guidelines developed by the NRC and described in Regulatory Guide
4.14. The Mill’s License modifies and expands the effluent monitoring programs
implemented at the Mill beyond what is regularly required by NRC Regulatory Guide
4.14. Specific changes to the individual monitoring programs are discussed in the
subsequent sections of this report.

In a letter dated July 23, 2014, DWMRC stated that because “Tailings Cell 2 is no longer
in operation (receiving tailings), the Division of Air Quality and the Division of
Radiation Control agree that Subpart W NESHAPs requirements (40 CFR Part 61) no
longer apply; however, at this phase of cell 2 closure activities, the requirements of 10
CFR Part 40, Appendix A, Criterion 6 do apply.” The July 23, 2014 letter further
requires that radon flux measurements for Cell 2 be collected semi-annually in
accordance with methodology specified in 40 CFR Part 61, Appendix B, Method 115 and
that the measured results be included in the Semi-Annual Effluent Reports submitted to
DWMRC. As a result of the July 23, 2014 letter, Cell 2 radon flux monitoring data are
reported herein. Additional details regarding the monitoring and data collection activities
for the Cell 2 radon flux are included in Section 9.0.

As specified by the License and the documents described above, the Mill monitors the
following environmental media and conditions:

a)  Airborne particulate radionuclide concentrations obtained from the following
sampling stations:

° North, east and south of the Mill Site: BHV-1, BHV-2, and BHV-8
(north), BHV-5 and BHV-7 (east), and BHV-4 (south). BHV-1 and BHV-
8 serve as surrogates for the nearest resident (BHV-1 and BHV-8 are
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approximately 1.2 miles north of the Mill, but approximately 0.4 miles
closer to the Mill than the nearest resident);

[ A background location distant to and west of the Mill (BHV-3) that was
monitored for airborne particulates up until November, 1995 (at which
time background was established), which is no longer monitored for air
particulates; and

° A station specifically requested by the White Mesa Ute Community south
of the Mill Site (BHV-6);

b)  External (direct) gamma radiation measured at air monitoring stations BHV-1,
BHV-2, BHV-3, BHV-4, BHV-5, BHV-6, BHV-7, and BHV-8;

¢)  Vegetation at three site periphery locations, for uptake of radionuclides;
d)  Stack release rates from the Mill’s air emissions sources;

e) Surface water at Cottonwood Creek and, when flowing, Westwater Creek, both
located west of the Mill;

) Soil radionuclide activity during the third quarter of each year;
g)  Radon-222 at the air particulate monitoring stations (BHV-1 through BHV-8);
h)  Meteorological conditions;

1) Radon flux of the Cell 2 cover as specified by the DWMRC in correspondence
dated July 23, 2014;

1) Groundwater (up and down gradient) of the Mill facility; and'
k)  Seeps and springs in the vicinity of the Mill.!

This semi-annual effluent report provides the results of the specific monitoring and
sampling activities that were undertaken during the subject reporting period.

2.0 ENVIRONMENTAL AIR PARTICULATE SAMPLING
2.1  Program Overview
Prior to 2014, the environmental airborne particulate monitoring program at the Mill

utilized four air sampling stations. Four high-volume continuous air sampling stations
(BHV-1, BHV-2, BHV-4, and BHV-5) were required by the License. In addition to these

! Groundwater sampling and seeps and springs sampling are reported separately pursuant to the Mill’s State
of Utah Ground Water Discharge Permit No. UGW370004, and are not included with this report.
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four environmental air sampling locations, an additional station (BHV-6) was installed at
the request of the White Mesa Ute Community. This station began operation in July of
1999 and provides airborne particulate information in the southerly direction between the
Mill and the White Mesa Ute Community.

As stated in Section 1.1 above, the air particulate monitoring program has expanded to
include the following:

e The addition of two air monitoring stations (BHV-7 and BHV-8);
e The addition of thorium-232 (“Th-232") to the list of air particulate analytes;

These sampling stations serve as sentinels for airborne particulate which could potentially
emanate from the Mill site. In addition to its general site monitoring function, BHV-1
and BHV-8 also serve as conservative surrogates for concentrations at the nearest
resident, because they are located approximately 1.2 miles north of the Mill just south of
the nearest resident but between the Mill and that resident.

With regard to background monitoring, the Mill previously operated a continuous high-
volume air sampling station (BHV-3) which was located 3.5 miles west of the Mill site.
With the approval of NRC, this station (BHV-3) was removed from the active air
monitoring program in November 1995. At that time, NRC determined that a sufficient
air monitoring database had been compiled at BHV-3 to establish a representative
airborne radionuclide background for the Mill. The NRC approval to remove BHV-3
from the active air monitoring program specified background radionuclide concentrations
based on the historic data. These concentrations are shown on the graphs and tables in
Tab B3. While air sampling was discontinued at this location, gamma measurements,
radon measurements and soil sampling continue at BHV-3.

22 Sampling Protocol and Analytical Results

Airborne particulate monitors are operated continuously at each of the high-volume air
sampling stations except BHV-3. As noted above, BHV-3 was removed from the active
air monitoring program in November 1995, but the NRC specified background
concentrations are shown in Attachment B.

Particulate sample collection filters are gathered by site technicians weekly in accordance
with the Mill’s environmental air sampling procedures and are composited on a quarterly
basis for laboratory analyses. The collected filters are analyzed for Unat activity, Th-230
activity, Ra-226 activity, Th-232 activity and Pb-210 activity. Fugitive dust standards for
the facility are limited by the Mill’s State of Utah Air Approval Order. The specific
locations of the Mill’s airborne particulate monitoring stations are depicted on the figure
entitled Particulate Monitoring Stations included as Attachment A. Station BHV-3,
which is no longer sampled for air particulates, is located approximately 3.5 miles west of
the Mill facility.





The analytical results of radionuclide particulate sampling for each monitoring station
operated during this reporting period are provided in Attachment B under separate
sampling station attachment tabs (Tabs 1-8). Each tab contains graphical illustrations of
the radionuclide concentrations in log-scale presentation format. The graphs display
reported data over time since the 1981 inception of the Mill’s environmental air
particulate monitoring program or the installation of the locations, whichever is
appropriate. The actual analytical results (and associated QA/QC information) reported
by the laboratory for the reporting period are provided under Attachment C. In addition to
the analyses for radionuclides, particulate loading is determined for each filter and
composited as a quarterly mass-loading estimate for review purposes only. Graphs
showing particulate loading at each station and the underlying data are included as
Attachment D.

Analytical data were reviewed against the laboratory established acceptance limits
specified in the data packages. The analytical data are usable for their intended purpose.
Any deviations noted did not affect the quality or usability of the data.

For graphical illustration purposes, values reported at zero, values reported at less than
the prescribed detection limit (< 1 x 106 uCi/ml), and missing values were plotted as 1 x
10716 uCi/ml concentrations. Where other “less than” values were indicated (i.e., where
detection limits for the data varied from 1 x 10'® uCi/ml), the detection limit
concentration was utilized for plotting the data point. This graphing convention is not
utilized to formulate station average information, nor is it intended as a precedent for data
treatment. Rather, the intent is to provide a conservative viewable depiction of site
airborne radionuclide information. This is considered to be a conservative approach,
because the actual concentration below the detection limit cannot be determined and, as a
result, the plotted point will be at the same or a higher concentration than the actual
activity concentration of the collected sample.

2.3 General Observations

The results of environmental air monitoring for this semi-annual period indicate that for
all radionuclides at all monitoring stations, airborne radionuclide particulate activity
concentrations were well below regulatory Effluent Concentration Limits (“ECL’s”) and
the Mill’s ALARA goals, which are set at 25% of the ECLs, except as noted below.

It is noteworthy and expected that Pb-210 concentrations are elevated when compared to
the other parent radionuclide concentrations (i.e. U-nat, Th-230 and Ra-226). This
phenomenon is due to the well-established controlling effect experienced worldwide as a
result of the ubiquitous presence of radon in the earth’s atmosphere. Accordingly, the
elevated Pb-210 presence in disequilibrium with parent radionuclides measured here is
not associated with uranium milling operations. Rn-222 emanates as a decay-chain
progeny of the Ra-226 contained in the soil of the earth’s crust and is dispersed generally
throughout the earth’s atmosphere. The electrically charged short and long-lived decay
products of Rn-222 attach to ambient dust particles found naturally in the atmosphere and
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are carried with the air. Pb-210 is the longest lived of these decay products and is the
decay product of the shorter-lived radon progeny. As such, it accumulates as an electrical
attachment on the natural ambient dust in the atmosphere and is generally measured at
elevated activity when compared to local decay-chain parent radionuclide activity,
regardless of uranium milling activity. At the Mill’s BHV air monitoring stations, all
dust (ambient natural and mill derived) is collected by the sample filter. Because of the
natural elevation of Pb-210 accumulated as an attachment to the naturally occurring
ambient dust particles collected by the air sampling equipment, Pb-210 is commonly
elevated and in disequilibrium when compared to parent radionuclide activity, regardless
of the Mill’s presence. By way of illustration, average ground-level concentrations have
been reported for selected States (NCRP Report 94, 1992) and are summarized in Table 1
in the Tables Tab of this report, demonstrating that elevated Pb-210 activity is present
where no uranium milling operations are located nearby. In April 1977, prior to Mill
construction and Mill operations, air particulate Pb-210 was measured at the Mill site to
be 1.3E-14 uCi/ml (13.0E-3 pCi/m?)*.

24 Site Specific Sampling Data

The results of airborne particulate monitoring for the period (without background
subtraction) are provided by sampling station and radionuclide in Tables 2 through 6 in
the Tables Tab of this report. Along with these data, the tables present comparative
ECL’s and the ECL percentage measured at each of the monitoring stations sampled
during the period. A review of these data support the conclusion that airborne particulates
are well controlled at the Mill. In all cases, the measured activity concentrations were
well within the ECL, as well as the Mill’s ALARA goal (i.e. 25% of the ECL). Lower
Limits of Detection consistent with NRC Regulatory Guide 4.14 were maintained by the
Mill’s contract analytical laboratory for this reporting period.

The data obtained since program inception in 1981 indicates that only one individual
quarterly measurement (Th-230 at BHV-5 for the 2" Quarter of 1996) has ever exceeded
the ECL at the Mill. While it is important to consider and evaluate an individual
measurement exceeding the ECL, it is the average annual concentration that is of primary
significance for public dose estimation purposes. In that instance, the average annual
concentration of Th-230 for BHV-5 in 1996 was well below the ECL. Data obtained
since program inception in 1981 also indicate that, with very few exceptions, the gross
(background inclusive) measurements do not exceed the site’s ALARA goal (i.e. only ten
of the several thousand total gross radionuclide determinations to date exceeded the
Mill’s self-imposed 25% ALARA goal).

2 See the Environmental Report, White Mesa Uranium Project, San Juan County, Utah for Energy Fuels
Nuclear, Inc. prepared by Dames & Moore, January 30, 1978, Section 2.9.1.1
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2.5 Radon-222

With the approval of the NRC, Radon-222 monitoring at BHV stations at the Mill was
discontinued in 1995 due to the unavailability of monitoring equipment to detect the
revised 10 CFR Part 20 standard. Instead, compliance with these limits and the
requirements of R313-15-301 was demonstrated by a calculation, authorized by the NRC
and as contemplated by R313-15-302(2)(a) which states “A licensee or registrant shall
show compliance with the annual dose limit in Section R313-15-301 by: (a)
Demonstrating by measurement or calculation that the total effective dose equivalent to
the individual likely to receive the highest dose from the licensed or registered operation
does not exceed the annual dose limit;”. This calculation is performed by use of the
MILDOS code for estimating environmental radiation doses for uranium recovery
operations. R313-15-302(2)(a) contemplates demonstrating compliance either through
modeling or measurement.

In order to determine whether or not detection equipment has improved since 1995, EFRI
voluntarily began ambient Radon-222 monitoring at the BHV stations in 2013. The
Radon-222 data collected from 2013 through present are presented in Attachment J. As
stated in Section 1.1 above, the Mill’s effluent monitoring programs were expanded in
2014. The expanded monitoring programs require the collection of Radon-222 data at all
of the BHV stations. For the BHV stations EFRI calculated ECLs using methodology
shown in Attachment J. The calculated ECLs for all of the BHV stations are included on
the data table included in Attachment J. The radon-222 results are below the calculated
ECLs and within the range of historic levels as shown in Attachment J.

Radon-222 monitoring is completed using detectors with an effective reporting limit of
0.06 pCi/L. Field blank detectors are collected quarterly and the results (with
background included) are included in Attachment J.

During the reporting period, one field blank was collected during each quarter. Field
blanks are opened at the beginning of the monitoring period and immediately sealed in
the manufacturer supplied packaging. The field blanks are stored in the environmental
office until the end of the monitoring period, when they are packaged with the field
samples and shipped to the laboratory for processing. While relatively low concentrations
were reported for the field blanks, the field blank data show detections which are greater
than the highest detection reported for any of the samples collected at the high volume
stations. The field blank data have been consistently higher than the samples. Despite
the detections reported for the field blanks, there is no indication that the results reflect
contamination during shipping. If the detections on the field blanks indicated
contamination resulting from shipment, then all of the detectors would be affected in the
same manner and the sample data are below the field blank levels. It appears that the
field blanks have been affected by the storage prior to shipping. EFRI is conducting an
investigation into the possible causes of the anomalous field blank detections.





3.0 EXTERNAL RADIATION (DIRECT GAMMA)

Gamma exposure rate estimates were measured for the reporting period utilizing optically
stimulated luminescence dosimeters (“OSLs”). Previously, these dosimeters were
located at each of the Mill’s high-volume air sampling stations (BHV-1, BHV-2, BHV-4,
BHV-5 and BHV-6) and at the designated background monitoring station (BHV-3). As
noted in Section 1.1 of this report, the effluent monitoring programs at the Mill were
expanded to include expansion of the gamma exposure monitoring program through the
addition of gamma monitoring at the two new air monitoring stations (BHV-7 and BHV-
8).

Measurements obtained from location BHV-3 have been designated as background due to
BHV-3’s remoteness from the Mill site (i.e., BHV-3 is located approximately 3.5 miles
west of the Mill site). The results of the environmental OSL measurements and semi-
annual cumulative above-background data are provided in Table 7 in the Tables Tab of
this report. In addition, measurement data obtained at these locations are graphically
presented in Attachment E to this report.

The results for this period indicate that above background measurements for stations
BHV-1, BHV-2, BHV-4, BHV-5, BHV-6, BHV-7, and BHV-8 are within regulatory
limits. BHV-1 and BHV-8 are at the location of the nearest potential residence. The
nearest actual residence is approximately 0.4 miles north of BHV-1 and BHV-8. The
annual limit for an individual member of the public is 100 mrem/yr for combined internal
and external exposure.

40 VEGETATION SAMPLES

The NRC Regulatory Guide 4.14 requires that three samples be collected during the
grazing season, without specifying exact months or times during the season. Two samples
were collected during the January through June reporting period. The third sample was
be collected on November 2, 2018. As noted in Section 1.1, Amendment 7 and the
associated RFI expanded the vegetation sampling program through the addition of Th-
232 and U-Nat.

During the January through June reporting period, samples were collected on April 26,
and June 20, 2018. During the July through December reporting period, a sample was
collected on November 2, 2018. The data from the sampling events are included in
Attachment F.

Graphical log-scale presentation of the vegetation sampling results, together with the
analytical results reported by the Mill’s contract laboratory (including QA/QC
information) for this sampling period, are included as Attachment F of this report. The
2018 data results are within the variation of previous sampling episodes.





Analytical data were reviewed against the laboratory established acceptance limits
specified in the data packages. The analytical data are usable for their intended purpose.
Any deviations noted did not affect the quality or usability of the data.

The value in the MDC column in the data package is the sample-specific minimum
detectable concentration (“MDC”). The MDC is based on the sample moisture,
composition and other sample-specific variables. The lower limit of detection which is a
limit representing the detection capability of the measurement system is referred to as the
Reporting limit (“RL”) in the data package.

5.0 STACK SAMPLING

Under Section 5.0 of Tab 1.4 of the Mill’s EPM gas stack samples are collected at the
Mill in accordance with the schedule shown below:

Stack Sampling Requirements

. North and/or | Yellowcake .
Grizzly g . Vanadium
South Packaging Vanadium .
Frequency | Baghouse Packaging
Srack Yellowcake Baghouse Dryer Stack Stack
Dryer Stacks Stack
Quarterly | If operating, | If operating, | If operating, If operating, | If operating,
U-nat, Th- U-nat, Th- U-nat, Th- U-nat, Th- U-nat, Th-
230, Ra-226, | 230, Ra-226, | 230, Ra-226, | 230, Ra-226, | 230, Ra-226,
Pb-210, Th- | Pb-210, Th- | Pb-210, Th- Pb-210, Th- | Pb-210, Th-
232, Ra-228, | 232,Ra-228, |232,Ra-228, |232,Ra-228, | 232, Ra-228,
and Th-228. | and Th-228. | and Th-228. and Th-228. | and Th-228.

The analytical results of stack sampling conducted in the reporting period, as well as for
the previous two quarters, are provided in Table 8 in the Tables Tab of this report. The
actual analytical results reported by the laboratory for the reporting period (third and
fourth quarters 2018) are provided in Attachment G to this report.

The south yellowcake dryer and yellowcake baghouse operated during the third and
fourth quarters of 2018. Stack samples were collected from the south yellowcake dryer,
baghouse, and grizzly in the third and fourth quarter.

The north yellowcake dryer has not been in operation since the third quarter of 2012, and
therefore, has not been sampled since it was last in operation. The vanadium dryer and
vanadium packaging stack did not operate consistently during the reporting period and
were not sampled. The vanadium stack and dryer were turned on in late December in
anticipation of vanadium production. Per conversations with DWMRC, EFRI did not
sample the vanadium stack and dryer as they were not operating consistently and a length
to get accurate results. Both the vanadium stack and dryer were sampled in the first
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quarter 2019 after production and operations commenced.

It is also important to note that stack effluent concentrations are not comparable to
environmental air sampling station ECLs for regulatory compliance purposes. The ECL
is a limit that applies to the receptor locations and is not applicable to effluents from mill
processes on the Mill site. These stack release data are more appropriately utilized for
dose modeling purposes, and dose modeling is not computed for semi-annual reporting
purposes.

Analytical data were reviewed against the laboratory established acceptance limits
specified in the data packages. The analytical data are usable for their intended purpose.
Any deviations noted did not affect the quality or usability of the data.

6.0 SURFACE WATER MONITORING

Under the License, Part 11.2 B surface water samples are required to be obtained
annually from Westwater Canyon and semi-annually from Cottonwood Creek. Sediment
samples from Westwater Canyon are taken in place of the Westwater Canyon surface
water sample where surface water is not available for sampling. Westwater Canyon
surface water was sampled in the fourth quarter of 2018. A sediment sample was also
collected in the third quarter because no water had been present up to that point during
the reporting period.

The Mill’s EPM requires that samples from Cottonwood Creek be analyzed for TDS and
total suspended solids (“TSS”) quarterly, and the License, Part 11.2 B requires that
samples from Cottonwood Creek be analyzed for dissolved and suspended radionuclides
including Gross Alpha, U-nat, Ra-226, and Th-230 semi-annually. In accordance with
these requirements, Cottonwood Creek was sampled for TDS and TSS and dissolved and
suspended radionuclides during the third and fourth quarter. The third quarter
radionuclide samples were collected because there was water present even though they
were not required and because there was no water present during the second quarter.

The field data sheets for the surface water sampling events, along with graphs showing
historic results are included as Attachment H.

Analytical data were reviewed against the laboratory established acceptance limits
specified in the data packages. No data issues were noted and the data are usable for the
intended purpose.

7.0  SOIL SAMPLING

As mentioned in Section 1.1 above, specific changes to the individual monitoring
programs have been made.

In accordance with the Mill’s EPM, surface soils were collected in August 2018. The soil
9





samples were analyzed, on a dry basis, for Ra-226, U-nat, Pb-210, and Th-232. The
results of these samplings indicate that soil activity levels at the air monitoring stations
remain low and within the range of historic levels. A graphical presentation of the soil
results, together with analytical sample results for the August 2018 sampling event are
provided in Attachment L.

Analytical data were reviewed against the laboratory established acceptance limits
specified in the data packages. The analytical data are usable for their intended purpose.
Any deviations noted did not affect the quality or usability of the data.

Field duplicate sample results were assessed as required by the SOP. Duplicate results
were within the acceptance limits specified in the SOP except as noted in Table I-3.
Field duplicate results are shown in Attachment I.

8.0 METEOROLOGICAL MONITORING

As in prior reporting periods, an independent contractor has prepared the White Mesa
Mill Semi-annual Meteorological Monitoring Report for the reporting period. This
information is retained at the Mill site for agency review.

9.0 CELL 2 RADON FLUX

The July 23, 2014 letter, DWMRC stated that because “Tailings Cell 2 is no longer in
operation (receiving tailings), the Division of Air Quality and the Division of Radiation
Control agree that Subpart W NESHAPs requirements (40 CFR Part 61) no longer apply;
however, at this phase of cell 2 closure activities, the requirements of 10 CFR Part 40,
Appendix A, Criterion 6 do apply.”

Further, the DWMRC July 23, 2014 letter states that “since the MILDOS-Area Models
that have been run to show compliance with dose limits for releases from the Mill were
based on a limit of 20 picocuries per square meter second (pCi/m*sec), in order to ensure
compliance with previously analyzed conditions, the DWMRC will require the licensee
to continue to measure the radon flux in accordance with [the latest revision of] 40 CFR
61, Appendix B, Method 115, "Monitoring for Radon-222 Emissions". The measured
radon flux for Cell 2 shall not exceed a value of 20 (pCi/m?-sec) until a new MILDOS-
Area Model to analyze a higher radon flux is completed and demonstrates compliance
with dose limits based on the releases from the Mill. As required by Method 115, a
minimum of 100 measurements are required and shall be performed on a semi-annual
basis.”

Per the requirements detailed above, EFRI sampled Cell 2 radon flux in March 2018 for
the January through June 2018 reporting period and in September for the July through
December reporting period. The March 2018 measurement was 3.1 pCi/(m*-sec). The
September 2018 measurement was 3.6 pCi/(m?-sec). Both of the 2018 measurements
were below the 20.0 pCi/(m?-sec) standard. The full data report for the September 2018
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Cell 2 radon flux sampling is provided in Attachment K. The full data report for the
March 2018 Cell 2 radon flux sampling is provided in Attachment K of the January
through June SAER which was submitted on August 29, 2018.

The 2018 average radon flux is 3.35 pCi/(m?-sec) which is the arithmetic average of the
March 2018 measurement of 3.1 pCi/(m>-sec) and the September measurement of 3.6
pCi/(m?-sec). The arithmetic average is below the 20.0 pCi/(m>-sec) standard.

It is important to note that Cell 2 Phase 1 cover placement/construction commenced in
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