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Additional Baseline Radiological Survey Results
Moore Ranch Uranium Project

2.9.1(s) Introduction

This document contains additional baseline radiological monitoring results to supplement data
presented in Section 2.9 of the radioactive source materials license application submitted by
Energy Metals Corporation (Energy Metals Corporation US, 2007) to the U.S. Nuclear
Regulatory Commission (NRC), as well as a permit application submitted to the Wyoming
Department of Environmental Quality / Land Quality Division (WDEQ/LQD). These
regulatory agencies are currently reviewing licensing/permitting applications with respect to
proposed in-situ recovery (ISR) operations at the Moore Ranch Uranium Project site in Campbell
County, WY.

The additional data presented in this supplemental report pertain to baseline radiological
parameters as indicated in NRC Regulatory Guide 4.14 to be collected at specified intervals over
time and analyzed as part of pre-operational site monitoring (NRC, 1980). Certain respective
data in the license/permit applications were in progress at the time of submission (as of October
3, 2007), and were supplemented with historical data to allow administrative review to proceed.
This report was prepared in accordance with the intent stated in the licensing/permitting
applications to provide all additional baseline monitoring data to the NRC and WDEQ/LQD
once available.

This supplemental report, in conjunction with the applicable (corresponding) sections of the
original licensing/permitting applications, completes baseline radiological measurements and
monitoring data for the Moore Ranch Uranium Project site as recommended in Regulatory Guide
4.14. Subsequent section headings and numberings in this supplemental report correspond to
those used in the original NRC license application (Energy Metals Corporation US, 2007), but
with an added "(s)" notation to indicate supplemental material.

2.9.1.1(s) References

Energy Metals Corporation US. 2007. License Application, Technical Report. Moore Ranch
Uranium Project. Volume II, Section 2.9 through 10-3. NRC website, ADAMS accession
number ML072851268 (URL: http://www.nrc.gov/reading-rm/adams.html)

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear Regulatory
Commission Office of Standards Development. Washington, D.C.
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2.9.4(s) Sediment Sampling

In accordance with Regulatory Guide 4.14 protocols, baseline stream sediment sampling at the
Moore Ranch Uranium Project site was conducted in spring (April 27-28, 2007) and fall (August
30, 2007). Stream sediment sampling locations were identical for both sampling events. This
section supplements corresponding sections of the original NRC license application (Energy
Metals Corporation US, 2007) and completes a final baseline characterization of radiological
parameters in stream sediments at the site.

2.9.4.1(s) Methods

2.9.4.1.1(s) Stream Sediment Sampling

Stream sediment sampling methods for the fall 2007 sampling event were identical to those
described for the spring 2007 sampling event in the original NRC license application (Energy
Metals Corporation US, 2007).

2.9.4.2(s) Sediment Sampling Results

2.9.4.2.1(s) Stream Sediment Sample Results

Final descriptive summary statistics of stream sediment data for each indicated Regulatory Guide
4.14 analyte are provided in Tables 2.9-7(s/a) and 2.9-7(s/b). In general, stream sediment
baseline results are similar to those found for both surface and subsurface soils at the site.
Although sediment data for the fall 2007 sampling event are slightly higher on average than the
spring 2007 sampling event, the differences appear to be within a range consistent with pormal
measurement variability. This is also true in comparison with the historical survey data [Table
2.9-8(s)].

Table 2.9-7(s/a): Summary statistics for radionuclide concentrations in stream sediment samples
from the Moore Ranch Uranium Project Area (collected spring, 2007).

•••••Mean S•' •l .. DieI.'•, Mid .... ....x, in...

Ra-226 1.2 0.30 1.3 1.6 0.7 7
Pb-210 1.7 0.80 1.5 3.2 1.0 7
Th-230 0.5 0.101 0.5 0.7 0.4 7
U-nat 0.8 0.18 1 0.8 1.0 0.5 7

Table 2.9-7(s/b): Summary statistics for radionuclide concentrations in stream sediment samples
from the Moore Ranch Uranium Project Area (collected fall, 2007).

Ra-226
Pb-210
Th-230
U-nat

1.6
4.9
1.6

0.69
3.00
1.04
3.04

1.3
4.1
0.9
1.7

3.1
11.0
3.2
9.6

1.1
2.3
0.8
1.1

7
7
77YI3.1

i i

9.6 1.1 7
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Table 2.9-8(s): Summary statistics for radionuclide concentrations in stream
sediment samples from the historical 1980 survey.

A- MnI ee pq -
Ra-226 1.3 0.46 1.2 1.8 0.8 4

IPb-21 0* - I - - I - I -

Th-230 1.4 0.40 1.4 2.0 0.9 5
U-nat 1.9 1.06 2.1 3.3 0.6 5 1

* Analysis results not completed at time of 1980 Conoco report

2.9.4.3(s) Conclusions

Baseline sediment radionuclide data from the 2007 survey were collected and analyzed
according to Regulatory Guide 4.14 protocols. The historical survey data for the site (Conoco,
1980) generally corroborate 2007 survey results. With respect to stream sediments, the 2007
baseline data set is now complete per the regulatory guidance recommended by the NRC and
WDEQ/LQD. With respect to pond sediment data, these data are also complete as presented in
the original NRC license application (Energy Metals Corporation US, 2007).

2.9.4.4(s) References

Conoco, Inc. 1980. Environmental Report for the Sand Rock Mill Project, Campbell County,
Wyoming. Docket No. 40-8743. July, 1980.

Energy Metals Corporation US. 2007. License Application, Technical Report. Moore lanch
Uranium Project. Volume II, Section 2.9 through 10-3. NRC website, ADAMS accession
number ML072851268 (URL: http://www.nrc.gov/reading-rm/adams.html)
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2.9.5(s) Ambient Gamma and Radon Monitoring

Consistent with Regulatory Guide 4.14 protocols, ambient gamma and radon monitoring at the
Moore Ranch Uranium Project site was conducted continuously between December 4, 2007 and
January 3, 2008. This section supplements corresponding sections of the original NRC license
application (Energy Metals Corporation US, 2007) and completes a final baseline
characterization of ambient gamma doses and radon concentrations at the site.

2.9.5.1(s) Methods

2.9.5.1.1(s) Ambient Gamma Dose Rate Monitoring

Gamma monitoring methods for collecting, analyzing and reporting respective baseline data are
described in the original NRC license application (Energy Metals Corporation US, 2007). As
indicated in the application, the third quarterly TLD change out was delayed one month to
synchronize the TLD monitoring schedule with Landauer's normal quarterly schedule to help
simplify data management, calculations and records keeping.

2.9.5.1.2(s) Ambient Radon-222 Monitoring

Ambient radon monitoring methods for collecting, analyzing and reporting respective baseline
data are described in the original NRC license application (Energy Metals Corporation US,
2007).

2.9.5.2(s) Ambient Gamma and Radon Results

2.9.5.2.1(s) Ambient Gamma Dose Rate Monitoring

Final passive gamma dose monitoring results are presented in Table 2.9-1 l(s). Assuming
conventional radiation weighting and quality dose factors for photons, the estimated gamma dose
rates (mrem/hr) shown in Table 2.9-11 (s) agree reasonably well with the gamma exposure rate
scan data found in Section 2.9.2 of the baseline report as presented in the original NRC
application. Similarly, these gamma dose rate values agree reasonably well with the historical
gamma exposure rate data (j.R/hr) provided for M and T grids in Figure 2.10-7 in the Conoco
report, which were measured by a pressurized ionization chamber (Conoco, 1980).
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Table 2.9-11(s): Final quarterly environmental gamma dose rate monitoring data for Moore Ranch.

Passive Landauer Estimated Estimated Estimated
Monitoring TLD Field Monitoring GROSS Quarterly Daily Field Dose

Station Issue Installation End Result Field Dose Field Dose Rate
ID Date Date Date jmremsj Imjm lmrem jmrm

MR-1 101112006 12/412006 3/5/2007 47.1 29.3 0.322 0.013
MR-2 10/1/2006 12/4/2006 3/5/2007 50.3 32.5 0.357 0.015
MR-3 10/1/2006 12/4/2006 3/5/2007 47.1 29.3 0.322 0.013
MR-4 10/1/2006 12/4/2006 3/5/2007 47.8 30.0 0.330 0.014
MR-5 10/1/2006 12/4/2006 3/5/2007 42.1 24.3 0.267 0.011
MR-6 10/1/2006 12/4/2006 3/5/2007 54.6 36.8 0.404 0.017
MR-7 10/1/2006 12/4/2006 3/5/2007 51.1 33.3 0.366 0.015
MR-8 10/1/2006 12/4/2006 3/5/2007 52.1 34.3 0.377 0.016
MR-9 10/1/2006 1214/2006 3/5/2007 44.8 27.0 0.297 0.012
MR-10 10/1/2006 12/4/2006 3/5/2007 41.0 23.2 0.255 0.011

Transit control 10/1/2006 - 3/5/2007 39.2 - -

De loyjcontrol 10/1/2006 3/5/2007 39.8

MR- 1/1/2007 3/5/2007 6/9/2007 58.4 34.1 0.355 0.015
MR-2 1/1/2007 3/5/2007 6/9/2007 56.5 32.2 0.335 0.014
MR-3 1/1/2007 3/5/2007 6/9/2007 55.9 31.6 0.329 0.014
MR-4 1/1/2007 3/5/2007 6/9/2007 56.3 32.0 0.333 0.014
MR-2 1/1/2007 3/5/2007 6/9/2007 47.0 22.7 0.236 0.010
MR-6 1/1/2007 3/5/2007 6/9/2007 68.8 44.5 0.464 0.019
MR-4 1/1/2007 3/5/2007 6/9/2007 69.9 45.6 0.475 0.020
MR-5 1/1/2007 3/5/2007 6/9/2007 78.5 54.2 0.565 0.024
MR-9 1/1/2007 3/5/2007 6/9/2007 73.1 48.8 0.508 0.021

MR-7 1/1/2007 3/5/2007 6/9/2007 71.8 47.5 0.495 0.021
Transit control 1/1/2007 - 6/9/2007 74.4 - - -

De l cotrol 1/1/2007 - 6/9/2007 58.7 -J

MR-8 4/1/2007 6/9/2007 10/4/2007 53.9 26.9 0.-3 0.0-0
MR-9 4/1/2007 6/9/2007 10/4/2007 53.9 26.9 0.232 0.010
MR-3 4/1/2007 6/9/2007 10/4/2007 43.4 16.4 0.140 0.006
MR-4 4/1/2007 6/9/2007 10/4/2007 43.7 16.7 0.143 0.006
MR-5 4/1/2007 6/9/2007 10/4/2007 55.9 28.9 0.247 0.010
MR-6 4/1/2007 6/9/2007 10/4/2007 57.9 30.9 0.264 0.011
MR-7 4/1/2007 6/9/2007 10/4/2007 54.4 27.4 0.234 0.010
MR-8 4/1/2007 6/9/2007 10/4/2007 48.4 21.4 0.183 0.008
MR-9 4/1/2007 6/9/2007 10/4/2007 52.8 25.8 0.221 0.009

MR-1 0 4/1/2007 6/9/2007 10/4/2007 48.3 21.3 0.182 0.008
Transit control 4/1/2007 - 10/4/2007 51.9 - - -

DeIcoto 4/11/2007 - 10/4/2007 58.8 -

MR-i 10/1/2007 10/4/2007 1/3/2008 47.9 39.7 0.436 0.018
MR-2 10/1/2007 10/4/2007 1/3/2008 45.3 37.1 0.408 0.017
MR-3 10/1/2007 10/4/2007 1/3/2008 48.4 40.2 0.442 0.018
MR-4 10/1/2007 10/4/2007 1/3/2008 49.4 41.2 0.453 0.019
MR-s 10/1/2007 10/4/2007 1/3/2008 - - - -
MR-6 10/1/2007 10/4/2007 1/3/2008 53.1 44.9 0.493 0.021
MR-i 10/1/2007 10/4/2007 1/3/2008 49.6 41.4 0.455 0.019
MR-B 10/1/2007 10/4/2007 1/3/2008 52.7 44.5 0.489 0.020
MR-9 10/1/2007 10/4/2007 1/3/2008 50.5 42.3 0.465 0.019
MR-10 10/1/2007 10/4/2007 1/3/2008 50.0 41.8 0.459 0.019

Transit control 10/1/2007 - 1/3/2008 37.6 - - -

Deploy control 10/1/2007 - 1/3/2008 42.8

1 - Results listed in blue calculated using deploy control dose only due to suspect transit control result
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As expected from initial data reported in the original license application, seasonal fluctuations in
ambient field gamma dose rates at a given location seldom varied by more than 0.01 mrem/hr
(never by more than 0.02 mrem/hr). Spatial and temporal variability in background sources of
gamma radiation combined with measurement uncertainty are likely responsible for a higher
degree of variation observed in some cases.

2.9.5.2.2(s) Ambient Rn-222 Monitoring

Final baseline Rn-222 monitoring results are presented in Table 2.9-12(s).

Table 2.9-12(s): Final quarterly ambient radon-222 baseline monitoring data for Moore Ranch.

Passive Package Field Quarter End Quarterly
Monitoring Radon Detector ID Installation Qualte Result QuaterlyStto DOpen Date Dae (seal) Date (pCi-day$/L)1 Result (pCi/L)1

Station ID IDate (~-a

MR-1 4639785 12/2/2006 12/4/2006 3/5/2007 9.4 0.1
MR-2 4639861 12/2/2006" 12/4/2006 3/5/2007 34.4 0.4
MR-3 4639862 12/2/2006* 12/4/2006 3/5/2007 42.3 0.5
MR-4 4639864 12/2/2006* 12/4/2006 3/5/2007 43.5 0.5
MR-5 4639874 12/2/2006 12/4/2006 3/5/2007 34.4 0.4
MR-6 4639875 12/2/2006 12/4/2006 3/5/2007 36.8 0.4
MR-7 4639876 12/2/2006 12/4/2006 3/5/2007 37.4 0.4
MR-8 4639884 12/2/2006* 12/4/2006 3/5/2007 31.3 0.3
MR-9 4639885 12/2/2006* 12/4/2006 3/5/2007 38.6 0.4

MR-10 4639886 12/2/2006* Not installed* 12/2/2006 35.6 3.6
MR-10 4619417 (replacement) 1/9/2007 1/9/2007 3/5/2007 6.0 0.11

MR-1 4680455 3/5/2007 3/5/2007 6/9/2007 6.0 0.06
MR-2 4680456 3/5/2007 3/5/2007 6/9/2007 6.0 0.06
MR-3 4680459 3/5/2007 3/5/2007 6/9/2007 6.0 0.06
MR-4 4680434 3/5/2007 3/5/2007 6/9/2007 11.5 0.1s
MR-5 4680435 3/5/2007 3/5/2007 6/9/2007 12.0 0.1
MR-6 4680436 3/5/2007 3/5/2007 6/9/2007 6.0 0.06
MR-7 4680449 3/5/2007 3/5/2007 6/9/2007 17.9 0.2
MR-8 4680450 3/5/2007 3/5/2007 6/9/2007 18.6 0.2
MR-9 4680451 3/5/2007 3/5/2007 6/9/2007 6.0 0.06

MR-10 4680533 3/5/2007 3/5/2007 6/9/2007 12.0 0.1

MR-1 4680404 6/5/20071 6/9/2007 10/4/2007 82.4 0.9
MR-2 4680405 6/5/20071 6/9/2007 10/4/2007 52.5 0.4
MR-3 4680349 6/9/2007 6/9/2007 10/4/2007 14.8 0.1
MR-4 4680350 6/9/2007 6/9/2007 10/4/2007 22.7 0.2
MR-5 4680351 6/9/2007 6/9/2007 10/4/2007 51.9 0.4
MR-6 4680352 6/9/2007 6/9/2007 10/4/2007 38.6 0.3
MR-7 4680379 6/9/2007 6/9/2007 10/4/2007 197.7 1.7
MR-8 4680378 6/9/2007 6/9/2007 10/4/2007 163.3 1.4
MR-9 4680377 6/9/2007 6/9/2007 10/4/2007 177.6 1.5

MR-10 4680375 6/9/2007 6/9/2007 10/4/2007 154.9 1.3

MR-1 4680424 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-2 4680423 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-3 4680426 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-4 4680432 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-5 4680431 10/4/2007 10/4/2007 1/3/2008 --
MR-6 4680430 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-7 4680429 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-8 4680428 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
MR-9 4680427 10/4/2007 10/4/2007 1/3/2008 6.0 0.1

MR-10 4680425 10/4/2007 10/4/2007 1/3/2008 6.0 0.1
1Results listed in blue were below analytical reporting limits
*Comprimised packaging seal from Landauer
**Sealed immediately and submitted for analysis - intended as a control detector for units with compromised packaging
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Although final baseline results are higher on average than Rn-222 concentrations reported in the
historical baseline survey [Figure 2.9-28(s)], the range of values for both data sets is not
inconsistent with the national average ambient outdoor background level of about 0.4 pCi/L
(Foster, 1993). This is particularly true considering the potential for spatial, temporal, sampling,
and analytical variability in radon measurements.

1.0

( 0.9

;4 ; 0.8 1-[ istorical

0.7 ECurrent _

-c0.6
= 06

E1 0.5

0 02

, 0.1

0.0
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Corresponding Approximate Quarterly
Radon Monitoring Periods

Figure 2.9-28(s): Current average quarterly results
to date for all locations and corresponding average
quarterly values across the site based on the
historical data.

2.9.5.3(s) Conclusions

Baseline ambient gamma dose rate and radon-222 air concentration data for the 2007
radiological survey of the Moore Ranch ISR uranium project area were collected and analyzed
according to Regulatory Guide 4.14 protocols. The updated data presented in this supplementary
report, combined with initial data submitted with the original NRC application, complete a year-
long baseline monitoring program and should fulfill respective requirements for
licensing/permitting applications with the NRC and WDEQ/LQD.

2.9.5.4(s) References:

Conoco, Inc. 1980. Environmental Report for the Sand Rock Mill Project, Campbell County,
Wyoming. Docket No. 40-8743. July, 1980.

Energy Metals Corporation US. 2007. License Application, Technical Report. Moore Ranch
Uranium Project. Volume II, Section 2.9 through 10-3. NRC website, ADAMS accession
number ML072851268 (URL: http://www.nrc.gov/reading-rm/adams.html)

Foster, B. 1993. Radon: An Invisible Threat. National Conference of State Legislatures.
Energy, Science and Natural Resources Program. State Legislative Report, Vol. 18, No. 8, July
1, 1993
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U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear Regulatory
Commission Office of Standards Development. Washington, D.C.

Addendum 2.9-A 8



Additional Baseline Radiological Survey Results
Moore Ranch Uranium Project

2.9.6(s) Air Particulate Monitoring

Consistent with Regulatory Guide 4.14 protocols, air particulate monitoring at the Moore Ranch
Uranium Project site was conducted between February 2007 and January 2008. This section
supplements corresponding sections of the original NRC license application (Energy Metals
Corporation US, 2007) and completes a final baseline characterization of air particulate
concentrations at the site.

2.9.6.1(s) Methods

Air particulate monitoring methods for collecting, analyzing and reporting respective baseline
data are described in the original NRC license application (Energy Metals Corporation US,
2007).

2.9.6.2(s) Air Particulate Sampling Results

Final air particulate monitoring results are presented in Table 2.9-13(s) and graphically
illustrated in Figure 2.9-3 1(s). Where values were reported as below the reporting limit, the
reporting limit was assigned for the graphical comparisons shown in Figure 2.9-3 1(s).
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Table 2.9-13(s): Final baseline air particulate monitoring data for Moore Ranch.
Air ,

Station Monitoring Air Volume
ID Period Sampled (mL)

Error ,muent
Concentration Estimate Conc. % EffiluntRadionuclide 1 (UCi/mL) (uCi/mLI)) LLD*(uCi/mL) (uC/mL) Concentration

MRA-1 2/6/07 - 5/9/07 2.83E+09 U-nat 4.24E-16 N/A 1.00E-16 9.00E-14 0.47
Ra-226 3.18E-16 2.83E-16 1.00E-16 9.00E-13 0.04
Pb-210 1.02E-14 2.19E-15 2.00E-15 6.00E-13 1.70
Th-230 < 1.00E-16 0.00E+00 1.00E-16 2.00E-14 < 0.5

5/21/07 - 6/28/07 3.08E+09 U-nat 1.62E-16 N/A 1.00E-16 9.00E-14 0.18
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 5.84E-15 1.92E-15 2.OOE-15 6.00E-13 0.97
Th-230 < 1.00E-16 0.OOE+00 1.00E-16 2.00E-14 < 0.50

6/28/07 - 10/1/07 3.36E+09 U-nat 6.55E-16 N/A 1.00E-16 9.00E-14 0.73
Ra-226 1.79E-16 1.79E-16 1.OOE-16 9.00E-13 0.02
Pb-210 1.84E-14 1.73E-15 2.00E-15 6.00E-13 3.07
Th-230 8.33E-16 3.87E-16 1.00E-16 2.00E-14 4.17

10/1/07 - 11/28/07 1.78E+09 U-nat 5.00E-15 N/A 1.00E-16 9.OOE-14 5.56
Ra-226 < 1.OOE-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 5.11E-15 1.40E-15 2.001-15 6.00E-13 0.85
Th-230 < 1.00E-16 N/A 1.00E-16 2.00E-14 < 0.50

MRA-2 2/6/07 - 5/9/07 2.32E+09 U-nat 5.60E-16 N/A 1.00E-16 9.OOE-14 0.62
Ra-226 4.74E-16 3.45E-16 1.00E-16 9.00E-13 0.05
Pb-210 1.19E-14 2.63E-15 2.00E-15 6.00E-13 1.98
Th-230 4.31E-16 3.02E-16 1.OOE-16 2.00E-14 2.16

5/21/07 - 6/28/07 1.71E+09 U-nat 3.51E-16 N/A 1.00E-16 9.00E-14 0.39
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 < 2.00E-15 N/A 2.00E-15 6.00E-13 < 0.33
Th-230 < 1.00E-16 0.00E+00 1.OOE-16 2.00E-14 < 0.50

6/28/07 - 10/1/07 2.85E+09 U-nat 1.23E-15 N/A 1.00E-16 9.00E-14 1.36
Ra-226 8.42E-16 3.86E-16 1.00E-16 9.00E-13 0.09
Pb-210 2.13E-14 2.00E-15 2.00E-15 6.OOE-13 3.54
Th-230 2.14E-15 6.32E-16 1.00E-16 2.OOE-14 0.11

10/1/07 - 1/9/08 2.84E+09 U-nat < 1.00E-16 N/A 1.00E-16 9.OOE-14 < 0.1
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 1.79E-14 1.90E-15 2.00E-15 6.00E-13 2.98
Th-230 < 1.OOE-16 N/A 1.00E-16 2.00E-14 < 0.50

MRA-3 2/6/07 - 5/10/07 1.76E+09 U-nat 3.98E-16 N/A 1.00E-16 9.00E-14 0.44
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 9.32E-15 3.13E-15 2.00E-15 6.00E-13 • 1.55
Th-230 1.93E-15 6.25E-16 1.OOE-16 2.OOE-14 9.66

5/21/07 - 6/28/07 6.99E+08 U-nat 7.15E-16 N/A 1.00E-16 9.00E-14 0.795
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 2.02E-14 8.15E-15 2.00E-15 6.00E-13 3.36
Th-230 < 1.00E-16 0.OOE+00 1.00E-16 2.00E-14 < 0.50

6/28/07 - 10/1/07 1.78E+09 U-nat 1.69E-16 N/A 1.00E-16 9.00E-14 0.19
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 3.59E-14 3.26E-15 2.00E-15 6.00E-13 5.98
Th-230 < 1.00E-16 N/A 1.00E-16 2.00E-14 < 0.50

10/1/07 - 1/9/08 3.18E+09 U-nat 4.08E-16 N/A 1.00E-16 9.00E-14 0.45
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 1.16E-14 1.48E-15 2.00E-15 6.00E-13 1.94
Th-230 < 1.00E-16 N/A 1.00E-16 2.00E-14 < 0.50

MRA-4 2/6/07 - 5/10/07 1.80E+09 U-nat 7.22E-16 N/A 1.00E-16 9.00E-14 0.80
Ra-226 8.33E-16 4.44E-16 1.00E-16 9.00E-13 0.09
Pb-210 1.22E-14 3.22E-15 2.00E-15 6.00E-13 2.03
Th-230 5.56E-16 3.89E-16 1.00E-16 2.00E-14 2.78

5/21/07 - 6/28/07 1.62E+09 U-nat 2.47E-16 N/A 1.00E-16 9.00E-14 0.27
Ra-226 8.64E-16 6.79E-16 1.00E-16 9.00E-13 0.10
Pb-210 < 2.00E-15 N/A 2.00E-15 6.00E-13 < 0.33
Th-230 < 1.00E-16 0.00E+00 1.00E-16 2.00E-14 < 0.50

6/28/07 - 10/1/07 3.94E+09 U-nat 2.79E-16 N/A 1.00E-16 9.00E-14 0.31
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 1.65E-14 1.50E-15 2.00E-15 6.00E-13 2.76
Th-230 < 1.00E-16 N/A 1.00E-16 2.00E-14 < 0.50.

10/1/07 - 1/9/08 3.53E+10 U-nat 1.14E-16 N/A 1.00E-16 9.00E-14 0.13
Ra-226 < 1.00E-16 N/A 1.00E-16 9.00E-13 < 0.01
Pb-210 1.22E-14 1.42E-15 2.00E-15 6.00E-13 2.04
Th-230 < 1.00E-16 N/A 1.00E-16 2.00E-14 < 0.50

Final prep volume is 0.95 liter
LLD's are from Reg. Guide 4.14
*Effluent concentration limit from 10 CFR Part 20 - Appendix B - Table 2
Solubility Class:
- Year for Natural Uranium
- Week for Radium-226
- Day for lead-210
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Figure-2.9-31(s):Final baseline air particulate monitoing data for Moore Ranch.

2.9.6.4(s) Conclusions

Baseline air particulate concentration data for the 2007 radiological survey of the Moore Ranch
ISR uranium project area were collected and analyzed according to Regulatory Guide 4.14
protocols. The updated data presented in this supplementary report, combined with initial data
submitted with the original NRC application, complete a year-long baseline monitoring program
and should fulfill respective requirements for licensing/permitting applications with the NRC and
WDEQ/LQD.

2.9.6.4(s) References:

Energy Metals Corporation US. 2007. License Application, Technical Report. Moore Ranch
Uranium Project. Volume II, Section 2.9 through 10-3. NRC website, ADAMS accession
number ML072851268 (URL: http://www.nrc.gov/reading-rm/adams.html)
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U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear Regulatory
Commission Office of Standards Development. Washington, D.C.
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2.9.8(s) Groundwater Monitoring

Consistent with Regulatory Guide 4.14 protocols, periodic baseline sampling of groundwater
wells at the Moore Ranch Uranium Project site was conducted in 2007. This section
supplements corresponding sections of the original NRC license application (Energy Metals
Corporation US, 2007) and completes an overall baseline characterization of radiological
groundwater conditions at the site.

2.9.8.1(s) Methods

Groundwater monitoring methods for collecting, analyzing and reporting respective baseline data
are described in the original NRC license application (Energy Metals Corporation US, 2007).

2.9.8.2(s) Groundwater Sampling Results

Final results for dissolved radiological groundwater parameters are shown in Table 2.9-15(s).
Parameters in suspended form were also evaluated, but results are not presented here (those data,
reporting limits, and other details can be found in supplementary data updates also being
submitted to the NRC and WDEQ/LQD with respect to Section 2.7 of the original application
that pertains specifically to groundwater).
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Table 2.9-15(s): Analytical results for radiological parameters in groundwater samples coliece as pa oro
2007 baseline surveys. Values with less-than qualifiers were all below analytical reporting limits.

Sampling Pb-210 Po-210 Ra-226 Ra-228 Th-230 Uranium
Well No. Date pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L*

MR-PW-1 2/16/2007 10 <1.0 82.6 2.1 <0.2 126
10/2/2007 1.8 <1.0 88 <1.0 <0.2 109

11/15/2007 4.7 <1.0 55.8 <1.0 <0.2 80
MR-OMW-1 4/27/2007 <1.0 <1.0 0.8 2.8 <0.2 6.7

9/26/2007 <1.0 <1.0 0.8 <1.0 <0.2 0.6
11/15/2007 3.8 1.8 1.1 <1.0 <0.2 0.6

MR-MW-1 9/26/2007 <1.0 <1.0 21.4 2 <0.2 161
MR-UMW-1 5/11/2007 <1.0 <1.0 0.8 <1.0 <0.2 6.4

10/3/2007 <1.0 <1.0 0.7 <1.0 <0.2 4.7
MR-OMW-2 5/10/2007 <1.0 <1.0 1.1 2.5 1 1.8

9/27/2007 <1.0 <1.0 0.6 <1.0 <0.2 1.1
11/13/2007 <1.0 2.6 3 <1.0 <0.2 1.2

MR-MW-2 3/21/2007 31 51 138 <1.0 <0.2 495
9/26/2007 <1.0 <1.0 206 2.9 0.6 576

11/13/2007 13 3.9 302 3.4 <0.2 567
MR-UMW-2 5/11/2007 <1.0 1.8 1 <1.0 <0.2 75

9/26/2007 <1.0 <1.0 <0.2 <1.0 <0.2 30
11/13/2007 2.4 2.3 1 <1.0 <0.2 55

MR-OMW-3 9/25/2007 <1.0 <1.0 0.6 <1.0 0.7 1.1
11/1/2007 6.2 1.9 0.7 <1.0 <0.2 0.7

MR-MW-3 3/22/2007 69 34 280 <1.0 <0.2 56
10/3/2007 <1.0 <1.0 1.4 <1.0 <0.2 <0.2
11/1/2007 25 9.9 335 <1.0 <0.2 63

MR-UMW-3 4/26/2007 <1.0 <1.0 1.1 9.5 <0.2 0.9
10/3/2007 <1.0 <1.0 1.4 <1.0 <0.2 <0.2

MR-OMW-4 4/30/2007 <1.0 <1.0 1.8 2 <0.2 0.5
9/27/2007 <1.0 <1.0 1.1 1.6 0.5 0.7

11/20/2007 8.2 <1.0 1.5 2.2 <0.2 0.7
MR-MW-4 4/30/2007 <1.0 <1.0 45.7 1.7 <0.2 87

9/27/2007 <1.0 <1.0 31.9 1.7 <0.2 41
11/20/2007 7.2 <1.0 26.1 <1.0 <0.2 31

MR-UMW-4 5/9/2007 <1.0 <1.0 1 3.3 <0.2 46
9/27/2007 <1.0 <1.0 0.8 <1.0 <0.2 44

11/20/2007 13 1.6 1.4 <1.0 <0.2 41
MR-MW-6 4/26/2007 <1.0 <1.0 1.3 <1.0 <0.2 6.7

9125/2007 <1.0 <1.0 1.9 2.4 <0.2 12.0
11/12/2007 2.8 <1.0 1 <1.0 <0.2 10.9

MR-MW-7 4/26/2007 <1.0 1.6 1.1 <1.0 <0.2 6.7
9/25/2007 <1.0 <1.0 1.4 <1.0 <0.2 36.3

11/12/2007 11 2.5 2 <1.0 <0.2 31.0
MR-MW-9 5/1/2007 <1.0 2 2.5 <1.0 <0.2 39

9/25/2007 <1.0 <1.0 6.7 <1.0 <0.2 39
11/15/2007 3.9 <1.0 5.3 <1.0 <0.2 36

MR-MW-11 5/4/2007 <1.0 <1.0 26 3.5 0.9 69
10/1/2007 2.2 <1.0 22 0.4 60
11/1/2007 3.8 4.2 26 <1.0 <0.2 60

MR-885 5/2/2007 41 31 309 1.8 <0.2 51
10/2/2007 12 3.5 272 <1.0 <0.2 51

11/15/2007 20 9.9 263 <1.0 0.4 48
MR-1808 5/3/2007 <1.0 <1.0 9.1 <1.0 0.4 0.8

10/1/2007 <1.0 5.3 1.1 <1.0 <0.2 <0.2
11/12/2007 4.9 1.6 1.5 4.3 <0.2 <0.2

MR-8-3 5/2/2007 <1.0 <1.0 0.8 3 <0.2 1.3
9/27/2007 <1.0 <1.0 0.7 <1.0 <0.2 1.1

11/15/2007 8.6 2.3 1.4 4.6 <0.2 1.1
Stockwell #1 4/27/2007 <1.0 <1.0 0.8 1.6 <0.2 6.7

10/1/2007 <1.0 <1.0 0.7 <1.0 <0.2 0.7
11/20/2007 12 <1.0 1 1.8 <0.2 0.9

Stockwell #2 4/27/2007 <1.0 <1.0 0.9 3.9 <0.2 6.7
1011/2007 <1.0 <1.0 0.5 <1.0 <0.2 32.8

11/20/2007 10 <1.0 3.6 <1.0 <0.2 30.2
Stockwell #3 4/27/2007 <1.0 <1.0 3.3 3.5 <0.2 6.7

10/1/2007 <1.0 <1.0 3.2 <1.0 <0.2 21.2
11/20/2007 14 1.9 2.7 2.4 <0.2 11.7

Stockwell #4 5/9/2007 <1.0 <1.0 <0.2 <1.0 0.9 4.8
10/1/2007 1.5 <1.0 <0.2 <1.0 <0.2 4.6

11/20/2007 4 2.4 <0.2 <1.0 <0.2 5.0

Addendum 2.9-A 14



Additional Baseline Radiological Survey Results
Moore Ranch Uranium Project

Graphical representations of average values for select Regulatory Guide 4.14 radionuclides by
monitoring well from the results provided in Table 2.9-15(s) are shown in Figure 2.9-36(s).
Sample results below analytical reporting limits were assigned the reporting limit value to
calculate the mean. A number of reported results for the sample collected on 10/3/2007 at well
MR-MW-3 are clearly inconsistent with corresponding results from other sampling dates and
thus were not used in calculating the mean for that well.
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Figure 2.9-36(s): Average concentrations of select Regulatory Guide 4.14 radionuclides from 2007 baseline
groundwater monitoring samples.

2.9.8.3(s) Conclusions

The updated radiological baseline data groundwater presented in this supplementary report,
combined with initial data submitted with the original NRC application, should fulfill baseline
groundwater monitoring program requirements for licensing/permitting applications with the
NRC and WDEQ/LQD.

2.9.8.3(s) References:
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Energy Metals Corporation US. 2007. License Application, Technical Report. Moore Ranch
Uranium Project. Volume II, Section 2.9 through 10-3. NRC website, ADAMS accession
number ML072851268 (URL: http://www.nrc.pgov/reading-nm-/adams.html)

U.S. Nuclear Regulatory Commission (NRC). 1980. Regulatory Guide 4.14. Radiological
Effluent and Environmental Monitoring at Uranium Mills. Revision 1. Nuclear Regulatory
Commission Office of Standards Development. Washington, D.C.
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2.9.9(s) Surface Water Monitoring

In the fourth quarter of 2007, most surface water impoundments were either dry or there were
issues with accessing the middle of the ponds. As a result, no additional baseline data for
Regulatory Guide 4.14 radionuclides in surface water is available. The data provided in the
original application represent fall 2006 and spring 2007 samplings of surface waters at the site
and those data should provide adequate characterization of respective baseline conditions.
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2.9.10(s) Vegetation Sampling

In accordance with Regulatory Guide 4.14 protocols, baseline vegetation sampling at the Moore
Ranch Uranium Project site was conducted as three separate sampling events during the growing
season (April 30, June 9, and August 30, 2007). Vegetation sampling locations were identical
for each sampling event as shown in Figure 2.9-38 of the original NRC license application
(Energy Metals Corporation US, 2007). This section supplements corresponding sections of the
original NRC license application and completes a final baseline characterization of radiological
parameters for vegetation at the site.

2.9.10.1(s) Methods

Vegetation sampling methods for the August 2007 sampling event were identical to those
described for the first two 2007 events in the original NRC license application (Energy Metals
Corporation US, 2007).

2.9.10.2(s) Vegetation Sampling Results

Final (updated) summary statistics for 2007 baseline vegetation sampling results are shown in
Table 2.9-18(s).

Table 2.9-18(s): Summary statistics for all vegetation samples collected in 2007 at the
Moore Ranch Uranium Project site.

Anaiye" Mean Std. Dev. Median' Max Min
W____ uilkg) (uCVkg (uCi/kg) (uCi/kg) (uCi/k~g)

Pb-210 1.6E-04 1.1E-04 1.3E-04 3.2E-04 4.6E-05 9
Po-210 1.9E-05 1.8E-05 1.OE-05 4.8E-05 9.2E-07 9
Ra-226 2.4E-05 1.4E-05 2.OE-05 5.1E-05 6.1E-06 9
Th-230 6.3E-06 8.OE-06 4.9E-06 2.6E-05 0.OE+00 9
U-nat 2.7E-05 2.5E-05 2.OE-05 6.OE-05 0.OE+00 9

For each Regulatory Guide 4.14 radionuclide, the second sampling had lower values than the
other two samplings (Figure 2.9-39). With the addition of the third and final round of vegetation
data, the location to the northeast of processing facilities (V-1) area had the highest mean
radionuclide levels of the three sampling locations (Figure 2.9-40). Lead-210 had the greatest
activity levels of the five radionuclides analyzed, which is likely due to a higher relative
abundance of Pb-2 10 in air particulates from radon decay products. This latter observation is
supported by the air particulate data presented in Section 2.9.6(s) [note in Figure 2.9-31 (s) that
Pb-2 10 air particulate concentrations are generally 1-2 orders of magnitude higher than other
radionuclides evaluated].
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Figure 2.9-39: Analytical results for vegetation
samples by sampling date for all locations.

Pb-210 Po-210 Ra-226 Th-230 U-nat

Analyte

Figure 2.9-40: Analytical results for vegetation
samples by sampling location.

2.9.10.3(s) Conclusions

Baseline vegetation sampling data for the 2007 radiological survey of the Moore Ranch Uranium
Project area were collected and analyzed according to Regulatory Guide 4.14 protocols.
Updated results presented in this supplemental section supersede corresponding results presented
in the original NRC license application and should complete respective baseline characterization
requirements for licensing/permitting evaluations.

2.9.10.4(s) References

Energy Metals Corporation US. 2007. License Application, Technical Report. Moore Ranch
Uranium Project. Volume II, Section 2.9 through 10-3. NRC website, ADAMS accession
number ML072851268 (URL: http://www.nrc.gov/reading-rm/adams.html)
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3 DESCRIPTION OF PROPOSED FACILITY

The Moore Ranch Project will be developed by constructing wellfields and mining
support facilities, as well as a central process facility to provide chemical makeup of
recovery solutions, recovery of uranium by ion exchange, resin loading/unloading,
elution and precipitation circuits, yellowcake drying capabilities, and groundwater
restoration capabilities.

The proposed License Area for the Moore Ranch property contains approximately 7,110
acres. The total surface area to be affected by the proposed operation is within the
License Area and will total less than 150 acres. The wellfields, central plant/offices/shop
facilities, and up to four wastewater disposal wells are the primary surface features
associated with the proposed ISR operations. There are no evaporation or holding ponds
planned for the Moore Ranch Project at this time.

The proposed wellfield area to be used for the injection and recovery operations over the
ten-year mine life will encompass approximately 150 acres. The wellfield areas will be
fenced to limit access by livestock.

Other mineralized trends exist within the current proposed license area, but have not been
extensively explored. If future exploration shows potential for development of these
other existing trends, then appropriate baseline evaluations will be made at that time and
submitted the NRC for approval.

3.1 IN SITU RECOVERY PROCESS

Production of uranium by ISR techniques involves a mining step and a uranium recovery
step. Mining is accomplished by installing a series of injection wells through which the
recovery solution is pumped into the ore body. Corresponding recovery wells and pumps
promote flow through the ore body and allow for the collection of uranium-rich recovery
solution. Uranium is removed from the recovery solution by ion exchange, and then from
the ion exchange resin by elution. The recovery solution can then be reused for mining
purposes. The elution liquid containing the uranium (the "pregnant" eluant) is then
processed by precipitation, dewatering, and drying to produce a transportable form of
uranium.

3.1.1 Orebody

The targeted mineralized zone for in situ uranium recovery at Moore Ranch is the 70
Sandstone at a depth that varies from 180 feet to 250 feet. The overall width of the
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mineralized area varies from 100 feet to 1000 feet. The orebody ranges in grade from less
than 0.05% to greater than 0.5% U308, with an average grade estimated at 0.1% U308.
Additional mining targets may exist in the area at greater depths. Additional future
delineation will be needed to fully define any deeper targets.

Typical stratigraphic intervals to be mined are shown in the geologic cross sections
contained in Section 2.6. For ISR wellfields, the production zone is the geological
sandstone unit where the recovery solutions are injected and produced.

3.1.2 Well Construction and Integrity Testing

3.1.2.1 Well Materials of Construction

The well casing material will be rigid polyvinyl chloride (PVC) Standard Dimension
Ratio 17 (SDR-17) with a nominal 5-inch outside diameter. However, if a larger pump
size is necessary, larger diameter casing may be utilized. The table below shows the
range of casing sizes that could be used at Moore Ranch, and the corresponding drill hole
size to ensure adequate annular sealing. Each joint of the PVC casing will normally have
a length of approximately 20 feet. Each joint will be joined mechanically (with pipe
threads or a water tight o-ring seal with a high strength nylon spline).

Casing I.D. O.D. Bit size
4.5" 4.454 4.950 8
5.0" 5.047 5.563 8-3/4
6.0" 6.065 6.625 9-7/8

3.1.2.2 Well Construction Methods

Pilot holes for monitor, recovery, and injection wells are drilled to the bottom of the
target completion interval with a small rotary drilling unit using native mud and a small
amount of commercial drilling fluid additive for viscosity control. The hole is logged,
reamed, casing set, and cemented to isolate the completion interval from all other
aquifers. The cement is placed by pumping it down the casing and forcing it out the
bottom of the casing and back up the casing-drill hole annulus. The pilot holes will be
large enough in diameter to provide at least three inches of annulus space.

Typical well completion schematics for recovery wells, injection wells, and monitor
wells are shown on Figure 3.1-1.
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Casing centralizers, located approximately every 40 feet above the casing shoe, are
normally run on the casing to ensure it is centered in the drill hole. Effective sealing
materials shall consist of neat cement slurry, sand-cement grout, or bentonite clay
mixtures meeting State requirements described in Section 6, Chapter II of the Wyoming
Land Quality Division (LQD) Non Coal Rules and Regulations or equivalent. The
purpose of the cement or other sealing materials is to stabilize and strengthen the casing
and plug the annulus of the hole to prevent vertical migration of solutions. The volume of
cement used in each well is determined by estimating the volume required to fill the
annulus and ensure cement returns to the surface. In almost all cement jobs, returns to
the surface are observed. In rare instances, however, the drilling may result in a larger
annulus volume than anticipated and cement may not return all the way to the surface. In
these cases the upper portion of the annulus will be cemented from the surface to backfill
as much of the well annulus as possible and stabilize the wellhead. This procedure may
be performed by placement of a tremie pipe from the surface as far down into the annulus
as possible to the nearest centralizer (40 feet), or by simply backfilling from the surface if
use of a tremie pipe is impractical. Cement is pumped into the annulus until return to the
surface is observed.

After the well is cemented to the surface and the cement has set, the well is drilled out
and completed either as an open hole or it is fitted with a screen assembly (slotted liner),
which may have a sand filter pack installed between the screen and the underreammed
formation. The well is then air lifted to remove any remaining drilling mud and/or
cuttings until well fluids are clear. A small submersible pump is frequently run in the
well for final clean-up and sampling (where necessary).

A well completion report is completed on each well. These data are kept available on-site
for review or submitted to the Land Quality Division upon request.

3.1.2.3 Well Development

Following construction (and before baseline water quality samples are taken for
restoration and monitoring wells), the wells must be developed to restore the natural
hydraulic conductivity and geochemical equilibrium of the aquifer. All wells are initially
developed immediately after construction using air lifting, swabbing or other accepted
development techniques. Well development removes water and drilling fluids from the
casing and borehole walls along the screened interval. The primary goal for well
development is to allow formation water to enter the well screen. This process is
necessary to allow representative samples of groundwater to be collected, and to ensure
efficient injection and recovery operations.

Before obtaining baseline samples from monitor or restoration wells, the well must be
further developed to ensure that representative formation water is available for sampling.
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Final development is performed by pumping the well or swabbing for an adequate period
to ensure that stable formation water is present. Monitoring for pH and conductivity is
performed during this process to ensure that development activities have been effective.
The field parameters must be stable at representative formation values before baseline
sampling will begin.

3.1.2.4 Well Integrity Testing

Field-testing of all (i.e., injection, recovery, and monitor) wells is performed to
demonstrate the mechanical integrity of the well casing. This mechanical integrity test
(MIT) is performed using pressure-packer tests. In the MIT, the bottom of the casing
adjacent to or below the confining layer above the production zone is sealed with a plug,
downhole packer, or other suitable device. The top of the casing is then sealed in a
similar manner or with a threaded cap, and a calibrated pressure gauge is installed to
monitor the pressure inside the casing. The pressure in the sealed casing is then increased
to 120% of the maximum operating pressure. A well must maintain 90% of this pressure
for 10 minutes to pass the test. EMC will test all well casings at a pressure of 150 psi
(maximum operating pressure) plus the 20% safety factor, for a total test pressure of 180
psi.

If there are obvious leaks, or the pressure drops by more than 10% during the 10 nminute
period, the seals and fittings on the packer system will be reset and/or checked and
another test is conducted. If the pressure drops less than 10% the well casing is
considered to have demonstrated acceptable mechanical integrity.

If a well casing does not meet the MIT criteria, the well will be taken out of service and
the casing may be repaired and the well re-tested or plugged and abandoned. The
WDEQ-LQD will be notified of any well that fails the MIT. If a repaired well passes the
MIT, it will be employed in its intended service following approval from the LQD
Administrator that the well has demonstrated mechanical integrity. If the well defect
occurs at depth, the well may be plugged back and re-completed for use in a shallower
zone provided it passes the MIT. If an acceptable test cannot be obtained after repairs, the
well will be plugged and abandoned.

In addition to the initial testing after well construction, a MIT will be conducted on any
well after any repair where a downhole drill bit or underreaming tool is used. Any
injection well with evidence of suspected subsurface damage will require a new MIT
prior to the well being returned to service. In accordance with WDEQ and EPA
requirements, MITs are repeated once every five years for all wells.

The MIT of a well will be documented to include the well designation, date of the test,
test duration, beginning and ending pressures, and the signature of the individual
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responsible for conducting the test. Results of the MITs are maintained on site and are
available for inspection by NRC and WDEQ. In accordance with WDEQ and EPA
requirements, the results of MITs are reported to the WDEQ on a quarterly basis.

3.1.3 Wellfield Design and Operation

The proposed Moore Ranch wellfield map is shown in Figure 3.1-2. The map is
preliminary based on EMC's current knowledge of the area and the installation of two
wellfields. As the Moore Ranch Project is developed, the wellfield map will be updated
accordingly. The impacts of the proposed wellfields in relation to surface water features
and wetlands are addressed in Section 7.2.9.2.2 of this Technical Report.

The wellfield injection/recovery pattern employed is based on the conventional square
five spot pattern which is modified as needed to fit the characteristics of the orebody (see
Figure 3.1-3). The standard production cell for the five spot pattern contains four
injection wells surrounding a centrally located recovery well. The cell dimensions vary
depending on the formation and the characteristics of the orebody. The injection wells in
a normal pattern are expected to be between 75 feet and 150 feet apart. All wells will be
completed so they can be used as either injection or recovery wells, so that wellfield flow
patterns can be changed as needed to improve uranium recovery and restore the
groundwater in the most efficient manner. Other wellfield designs include alternating
single line drives.

Within each wellfield, more water is produced than injected to create an overall hydraulic
cone of depression in the production zone. Under this pressure gradient the natural
groundwater movement from the surrounding area is toward the wellfield providing
additional control of the recovery solution movement. The difference between the amount
of water produced and injected is the wellfield "bleed."
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The minimum over production or bleed rates will be a nominal 0.5% of the total wellfield
production rate and the maximum bleed rate typically approaches 1.5%. Bleed rates will
be adjusted as necessary to ensure that the wellfield cone of depression is maintained.

Each injection well and recovery well is connected to the respective injection or recovery
manifold in a wellfield headerhouse building. The manifolds deliver the recovery
solutions to the pipelines carrying the solutions to and from the ion exchange facilities.
Flow meters and control valves are installed in the individual well lines to monitor and
control the individual well flow rates and pressures. Header houses will be used to
distribute injection fluid to injection wells and collect production solution from recovery
wells. Each header house will be connected to two trunk lines, one for receiving injection
fluid from the processing plant and one for conveying recovery fluids to the processing
plant. The header house includes manifolds, valves, flow meters, pressure meters, booster
pumps and oxygen for incorporation into the injection lixiviant, if and when required.
Each header house will service approximately 40 to 60 wells (injection and recovery).
Figure 3.1-3A illustrates a plan view of a typical headerhouse. Currently, approximately
8 headerhouses are planned to be constructed for Wellfield 1 and 11 are planned for
Wellfield 2.

Wellfield piping is constructed of high density polyethylene (HDPE), polyvinyl chloride
(PVC), and/or steel. The wellfield piping will typically be designed for an operating
pressure of 150-300 psig, and it will be operated at pressures equal to or less thah the
rated operating pressure of the pipe and other in-line equipment. If a higher design
pressure is needed, the pressure rating of the materials will be evaluated and if necessary,
materials with a higher pressure rating will be used.

The individual well lines and the trunk lines to the ion exchange facility are buried to
prevent freezing. The use of wellfield headerhouses and buried lines is a proven method
for protecting pipelines. A typical wellfield development pattern is illustrated in Figure
3.1-3.

Monitor wells will be placed in the mining zone and in the first significant water-bearing
sand above (overlying) the mining zone and below (underlying) the mining zone. All
monitor wells will be completed using the well construction and testing methods
discussed above and developed prior to recovery solution injection. Typical locations of
the monitor well rings for the proposed wellfields are shown in Figure 3.1-2. As
previously noted, the map is based on EMC's current knowledge of the area. As the
project is developed, the wellfield map will be updated accordingly.
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Figure 3.1-3a Headerhouse Design
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Injection of solutions for mining will be at a maximum rate of approximately 3,000 gpm.
A water balance for the proposed Moore Ranch Project is shown on Figure 3.1-5. The
liquid waste generated at the central plant will be primarily the production bleed which is
estimated at an average of 1% of the production flow. At 3,000 gpm, the average volume
of liquid waste generated by production bleed is 30 gpm. EMC proposes to dispose of the
liquid waste through deep disposal well injection. The location of these wells is shown
on Figure 3.1-4A and Figure 3.1-4B.

A numerical groundwater flow model has been developed based on site-derived
information (top and bottom elevations of the hydrostratigraphic units, water level
elevations, and aquifer properties) that replicates the unconfined conditions observed at
the site. The numerical model was used to simulate aquifer response across the Permit
Area during typical and proposed production and restoration phases of all wellfields. The
results of those simulations are provided in Appendix B4. Results of the model
simulations indicated several feet of drawdown will occur across each wellfield during
production at a one percent bleed. Particle tracking clearly shows an inward gradient
toward the wellfield during wellfield production. Full description of the model
development and model simulations is provided in the Appendix B4 report "Numerical
Modeling of Groundwater Conditions Related to Insitu Recovery at the Moore Ranch
Uranium Project, Wyoming" (Petrotek 2008b).

More detailed modeling will be performed at the wellfield scale to ensure that pumping
rates at individual well patterns will maintain an overall inward gradient at all times
during production of the wellfield.

As stated, a bleed rate of approximately 30 gpm from the 70 sand is anticipated during
full scale operations. As demonstrated from the limited drawdown during the regional
aquifer testing, this amount of consumptive use will generate negligible drawdown
outside of wellfield areas. As a result, no impact to other users of groundwater is
expected since there are no other existing users of groundwater in the 70-sand within the
immediate proximity to the wellfield areas. For the same reasons, no impacts to water
users outside of the proposed license boundary are expected. Impacts to groundwater
from consumptive use are discussed in detail in Section 7.2. Furthermore, since coal bed
methane (CBM) wells in the area are completed at far greater depths separated by several
confining layers, there are no foreseen impacts to CBM operations as a result of the
consumptive use of groundwater in the 70-sand.
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Figure 3.1-4A- Location of Proposed Class I Wells
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Figure 3.1-4B- Location of Class I Wells
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Downhole injection pressures will be maintained below the formation fracture pressure.
The formation fracture pressure gradient commonly used is 1.0 psi for every 1 foot of
depth' to the top of the screened interval. At Moore Ranch, the depth to the top of the
anticipated screened interval varies from approximately 160 feet in Wellfield 2 to 300
feet in Wellfield 1. Accordingly, injection pressures will range from 100 psi at the
headerhouses located in shallower ore areas to no greater than 150 psi at the
headerhouses located in deeper ore areas. Well casing integrity will be tested at 150 psi
plus a 20% engineering factor, or 180 psi.

3.1.3.1 Wellfield Operational Monitoring

As discussed in Section 5.7 of this Technical Report, an extensive water-sampling
program will be conducted prior to, during and following mining operations at the Moore
Ranch project to identify any potential impacts to water resources of the area. The
groundwater monitoring program is designed to establish baseline water quality prior to
mining; detect excursions of lixiviant either horizontally or vertically outside of the
production zone during mining; and determine when the production zone aquifer has
been adequately restored following mining.

Injection well and production well flow rates and pressures are monitored at the
headerhouse in order that injection and production can be balanced for each pattern and
the entire wellfield. The flow rate of each production and injection well is continuously
monitored by monitoring individual electronic flow meters in each wellfield headerhouse.
The pressure of each production and injection trunk line will be monitored at the
headerhouse with electoronic pressure gauges. The flow meters and pressure gauges will
be tied into the headerhouse control panel, which will be in communication with the
central plant control room.

High and low pressure and flow alarms will be in place to alert wellfield and plant
operators if specified ranges are exceeded in conjunction with automatic shutoff valves to
stop flow if significant changes in flow or pressure occur.

During the uranium recovery phase, avoidance of potential "gas locking" as a result of
dissolved oxygen evolving out of solution is an operational goal. By design, ISR well
fields are completed with the intent of focusing lixiviate flow on the uranium bearing
portions of the reservoir. Redirection of lixiviate flow into other, barren, portions of the
reservoir because of gas locking or any other means results in a dilution of the uranium
content of the recovered lixiviate and is an inherent inefficiency. As a result, prevention
of gas locking is an ongoing operational objective. The occurrence of a partial or
complete gas lock at or near an injection well will be readily apparent as the subject well
will display a marked or total loss of injectivity. This loss of injectivity will develop in a
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matter of hours or, at the outside, a matter of a few days. Operational personnel will
observe a significant reduction in the injection or flow capacity of the well at the normal
or even maximum allowable well head injection pressure. Normal remedial action
involves removal of the well from operational service, installation of a submersible
pump, and back flowing the well to stimulate the movement of any gas block back to the
subject well where this gas phase escapes from the reservoir in the form of two phase
flow through the submersible pump and associated piping. These fluids will be routed
either to the production lixiviate gathering system or to the wastewater disposal system.
Oxygen is readily soluble in aqueous fluids up to its solubility limit. As fluid is "back
flowed" to the subject well, unsaturated waters are effectively pushing the gas phase and
at the same time reducing the size of the gas phase as oxygen redissolves into the
unsaturated fluids.

These same two phenomena occur during the ground water restoration (GWR) phase. In
addition, during GWR the oxygen content of circulating waters is deliberately reduced
and minimized to halt the oxidation and, hence, mobilization of uranium and other
metals. The movement of these highly undersaturated (with respect to oxygen) waters
throughout the reservoir provides the means for removing any residual oxygen gas phase
from portions of the reservoir by again pushing such gas pockets toward recovery wells
while at the same time absorbing portions of the gas phase into the liquid phase. Since
several pore volumes of undersaturated waters are required during GWR, any residual
gas blockage is removed. Chemical analysis of produced waters during and dt the
conclusion of GWR is employed to confirm the removal of any elevated concentrations
of metals and common ions.
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3.1.4 Process Description

Uranium in situ recovery is a process that takes place underground, or in-place, by
injecting lixiviant (recovery) solutions into the ore body and then recovering these
solutions when they are rich in uranium. The uranium rich solutions (pregnant lixiviant)
are then pumped from recovery wells (production wells) to the central plant ion exchange
system for extraction. The uranium recovery process utilizes the following steps:

1. Injection of lixiviant: oxidation and complexation of the uranium underground;

2. Loading of uranium complexes onto an ion exchange resin;

3. Reconstitution of the recovery solution by addition of carbon dioxide and/or
sodium bicarbonate and an oxidant;

4. Elution of uranium complexes from the resin;

5. Precipitation of uranium.

3.1.4.1 In Situ Reactions

The lixiviant is the recovery solution which is used to solubilize the uranium from the ore
deposit. The composition is designed to reverse the natural geochemical conditions
which led to the original uranium deposition. The project will use a carbonate/or
bicarbonate recovery solution consisting of varying concentrations and combinations of
sodium carbonate (Na2CO3), sodium bicarbonate (NaHCO3), oxygen, and carbon dioxide
(C0 2) added to the native groundwater to promote the dissolution of uranium as a uranyl
carbonate complex. The lixiviant is typically made up on a batch basis in the plant and
added continuously to the injection stream. The expected or typical lixiviant
concentration and composition is shown in Table 3.1-1.

The chemistry of in situ recovery involves an oxidation step to convert the uranium in the
solid state to a form that is easily dissolved by the recovery solution. The reactions
representing these steps at a neutral or slightly alkaline pH are:

Oxidation: U0 2 (solid) + V2 02 (in solution) +2H+ U0 3 (at solid surface)

Dissolution: U0 3 + 2 HCO3"' -- U0 2(CO 3)2-2 + H 20
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U0 3 + C03-2 + 2HC03-1 -+ UO 2 (CO 3) 3 -4 + H 2 0

The principal uranyl carbonate ions formed as shown above are uranyl dicarbonate,
UO2(CO 3)2 ', (UDC), and uranyl tricarbonate U0 2(CO 3 )3", (UTC). The relative
abundance of each is a function of pH and total carbonate strength.

3.1.4.2 Uranium Extraction

The process flow sheet depicting the uranium extraction process as planned for the
central plant is shown in Figure 3.1-6. The recovery of uranium from the pregnant
lixiviant in the Moore Ranch Facility will take place in the ion exchange columns. The
uranium bearing recovery solution enters the pressurized downflow ion exchange column
and passes through the resin bed. A uranium specific ion exchange resin, such as Dowex
21K or equivalent, is used. The uranium complexes in solution are loaded onto the ion
exchange resin in the column. This loading process is represented by the following
chemical reaction:

2 R HCO 3 + UO 2(CO 3)2-2

2 RCI + UO 2(CO 3)2 "2

R 2 50 4 + U02(CO3)2"2

-1 R 2UO 2(CO 3)2 + 2HC0 3 "1

R 2 UO 2 (CO 3) 2 + 2CI

-. * R 2 U0 2 (CO 3 )2 + S04"2

As shown in the reaction, loading of the uranium complex results in simultaneous
displacement of chloride, bicarbonate or sulfate ions.

The now barren lixiviant passes from the ion exchange columns to be reinjected into the
formation. The solution is refortified with the sodium carbonate/bicarbonate based
lixiviant as required and pumped to the wellfield for reinjection into the formation.
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Figure 3.1-5 Water Balance
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Figure 3.1-6 Process Flow Diagram
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Table 3.1-1: Typical Lixiviant Concentrations

SPECIES RANGE (mg/L)

Na

Ca

Mg

K

CO 3

HCO 3

Cl

S04

U30 8

V20 5

TDS

pH

Low

< 400

< 20

<3

<15

• 0.5

<400

<200

<400

<0.01

<0.01

< 1650

< 6.0

6000

500

100

300

2500

5000

5000

5000

500

100

12000

8.0

* All values in mg/l except pH (units).

NOTE: The above values represent the concentration ranges that could be found in barren lixiviant or
pregnant lixiviant and would include the concentration normally found in "injection fluid".
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3.1.4.3 Resin Transfer and Elution

Once the ion exchange resin in an IX column is loaded to capacity with uranium
complexes, the column will be taken out of service. The resin loaded with uranium will
be transferred from the IX column to the elution circuit. Once the resin has been stripped
of the uranium by the process of elution, the resin will be returned to the appropriate
column for reuse in the ion exchange circuit. In the elution circuit the loaded resin will
be stripped of uranium by a process based on the following chemical reaction:

R 2 UO 2 (CO 3 ) 2 + 2CI + CO 3"2 No 2 RC1 + UO2(CO3)3-2

After the uranium has been stripped from the resin, the resin may be rinsed with a sodium
bicarbonate solution. This rinse removes the high chloride eluant physically entrained in
the resin and partially converts the resin to bicarbonate form. In this way, chloride ion
buildup in the lixiviant can be controlled.

3.1.4.4 Precipitation

When a sufficient volume of pregnant eluant is held in storage, it is acidified with either
hydrochloric or sulfuric acid to break the uranyl carbonate complex ion and liberate
carbonate ions as carbon dioxide. The solution is agitated to assist in removal of the
resulting CO2. The decarbonization can be represented as follows:

U0 2(C0 3) 3-4 + 6H+
-1 UO 2++ + 3 C02•A+ 311 20

Sodium hydroxide is then added to raise the pH to a level conducive for precipitating
uranium crystals.

Hydrogen peroxide is then added to the solution to precipitate the uranium according to
the following reaction:

UO2+ + H 20 2 + 21120 NH 1 0 U 402-2 H

The precipitated uranyl peroxide slurry is pH adjusted, allowed to settle, and the clear
solution decanted. The decant solution is recirculated back to the barren makeup tank,
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sent to fresh salt brine makeup, or sent to waste. The thickened uranyl peroxide "slurry"
is further dewatered and washed. The solids discharge is either sent to the vacuum dryer
for drying before shipping or is sent to storage for shipment as slurry to a licensed
recovery or conversion facility.

3.1.5 Proposed Operating Schedule

The proposed Moore Ranch mine schedule is shown in Figure 3.1-7. The mine schedule
is preliminary based on EMC's current knowledge of the area and the installation of two
wellfields. As the Moore Ranch Project is developed, the mine schedule will be updated
accordingly.
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Figure 3.1-7: Proposed Moore Ranch Operations Schedule
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3.2 CENTRAL PLANT AND CHEMICAL STORAGE FACILITIES;
EQUIPMENT USED AND MATERIAL PROCESSED

The uranium recovery process described in the preceding section will be accomplished in
several steps. Uranium recovery from the solution by ion exchange, subsequent
processing of the loaded ion exchange resin to remove the uranium (elution), the
precipitation of uranium, and the dewatering and packaging of solid uranium
(yellowcake) will be performed at the central plant.

The central plant will not only serve production from Moore Ranch ISR operations, but is
also planned to process resin from other potential EMC satellite projects in the area, or
potential tolling arrangements with other in situ operations licensed under a different
operator. The central plant will be initially designed and constructed to produce 2 million
pounds of U3O8 per year (see Figure 3.2-1 for layout). Capacity is expected to be
expanded to 4 million pounds per year as these other potential satellite projects are
licensed and production increases (see Figure 3.2-2 for expanded facility layout).
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3.2.1 Moore Ranch Central Plant Equipment

The initial Moore Ranch central plant facilities will be housed in a building
approximately 350 feet long by 100 feet wide. The building width (with the exception of
the ion exchange area) will likely double to accommodate the future planned expansion.
The central plant includes the following systems:

* Ion exchange;

* Resin transfer

* Chemical addition

" Filtration

" Elution Circuit

" Precipitation Circuit

" Product Filtering, Drying and Packaging, and

* Liquid Waste Stream Circuit.

Based on preliminary design and site geotechnical evaluations, the Moore Ranch central
plant will be located within an 6 acre fenced area in the NW ¼¼, Section 34, T42N,
R75W. This area will also contain the deep disposal wells and chemical storage areas.
Figure 3.2-2 shows the plan view of the expanded central plant.

3.2.1.1 Flow and Material Balance - Ion Exchange

The uranium-bearing solution or pregnant lixiviant pumped from the wellfield is piped to
the ion exchange plant for extraction of the uranium by use of ion exchange resin. The
ion exchange system consists of eight fixed bed ion exchange vessels. The ion exchange
vessels will be operated as three sets of two vessels in series with two vessels available
for restoration. The ion exchange system is designed to process recovered solution at a
rate of 3,000 gpm with each vessel sized for 500 cubic feet of resin operated in a
pressurized downflow mode. As the solution passes through the IX resin in the IX
vessels the uranyldicarbonate and uranyltricarbonate are preferentially removed from the
solution. The barren solutions leaving the ion exchange units normally contain less than
2 mg/l of uranium.
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After the barren lixiviant leaves the ion exchange vessels, carbon dioxide and/or
carbonate/bicarbonate is added as necessary to return the carbonate/bicarbonate
concentration to the desired operating level. The solution is then pumped back to the
wellfield, with the oxidant (02 gas) added either as it leaves the central plant, or just
before the solution is re-injected into the production zone.

Loaded resin from potential future EMC satellite operations or other projects will be
transported to the central plant via tanker truck. A pressurized transfer system will be
used to transfer resin from the truck to the plant.

3.2.1.2 Flow and Material Balance - Elution System

Using a three stage elution circuit, approximately 33,000 gallons of eluate will contact
500 cubic feet of resin. The first elution stage generates approximately 1,500 ft3 (11,220
gallons) of pregnant eluate containing 10 to 20 grams per liter U30 8. Approximately
1,500 ft3 (11,220 gallons) of fresh eluate will be required per elution batch. The fresh
eluate is prepared by mixing the proper quantities of a saturated sodium chloride (salt)
solution and saturated sodium carbonate (soda ash) solution and water to form a solution
that is approximately 9% NaCl and 2% Na2CO 3 . The saturated salt solution will be
generated in a brine generator and the saturated soda ash solution will be prepared by
passing warm water (>105* F) through a bed of soda ash. The eluate is passed through a
bank of 10 micron bag filters to remove entrained particulates prior to contacting the
resin beds in the elution vessels.

In the three stage elution, the rich eluate is first passed through the elution vessels which
contain the IX resin. The rich eluate strips approximately 84% of the uranyl carbonate
ions from the resin and becomes pregnant eluate, which then contains approximately
15,500 mg/1 of U30 8. Next, lean eluate is contacted with the resins and removes
approximately 68% of the remaining uranyl carbonate to become rich eluate. Finally,
fresh eluate is passed through the resins in the elution vessels and removes approximately
35% of the remaining uranyl carbonate from the resins. This final flush is the lean eluate.
At this point, the resins have a residual uranyl carbonate concentration of approximately
3.33%. The resins are washed with fresh water and/or sodium bicarbonate rinse and
transferred back to the appropriate vessel or to a resin transfer trailer for transport back to
any off-site satellite mining areas. Each batch of eluate will be transferred from the
respective eluate storage tank through the elution vessel at a rate of approximately 210
gpm.
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3.2.1.3 Flow and Material Balance - Precipitation System

Approximately 210 gallons of hydrochloric or sulfuric acid is added to the pregnant
eluate to break the uranyl carbonate complex, which liberates carbon dioxide and frees
uranyl ions to form a uranyl sulfate ion complex. The acidic, uranium rich fluid is
pumped to the first of five agitated tanks arranged in series. The fluid flows by gravity
from one tank to the next. Hydrogen peroxide is added to the first two tanks to form an
insoluble uranyl peroxide compound. Sodium hydroxide is then diffused into solution, in
the third tank. The addition of sodium hydroxide raises the pH of the precipitate solution
to near neutral for optimum crystal growth and settling. The uranium precipitate solution
is then pumped from the final precipitation tank to a 38-foot diameter gravity thickener.

3.2.1.4 Yellowcake Drying

The thickened yellowcake will be p1umped into a plate and frame filter press. The
yellowcake is washed by pumping fresh water through the solids in the filter press.
Washing removes excess chlorides and other soluble contaminants from the yellowcake.
The filtered yellowcake, which is approximately 60% solids, drops from the filter press
into a live bottom hopper with a screw auger to move the pressed yellowcake slurry to a
sump where a moyno-type positive displacement pump transfers the yellowcake to an
indirect fired rotary vacuum dryer. Water is added to the yellowcake in the live bottom
hopper to facilitate pumping the solids to the dryer.

The yellowcake will be dried at approximately 250'F. The off gases generated during the
drying cycle are filtered through a baghouse, which is located on the top of the dryer, to
remove particles down to approximately a 1 micron size fraction. The gases are then
cooled and scrubbed in a surface condenser to further remove the smaller size fraction
particulates and the water vapor during the drying process. Two rotary vacuum dryers
(potentially 4 vacuum dryers after future plant expansion) will be located in a separate
building attached to the central plant which will contain the dryers, the baghouses on the
dryers and a condenser scrubber and vacuum pump system for each dryer. The dryers
will be approximately 20 feet in length and 5 feet in diameter. The dryers will be heated
with a heat transfer fluid (Dow-Therm® or equivalent) that circulates through the shell
and the rotating central shaft, to which plows are affixed. The plows stir and mix the
material in the dryer to facilitate even drying of the solids in the chamber. The heat
transfer fluid (HTF) will be heated by two natural gas or propane fired HTF heaters, each
provided with HTF pumps for circulating the HTF though the shell and central shaft of
the dryer. The HTF heaters and pumps will be located in a shed structure attached to the
back of the dryer building. The water-sealed vacuum pumps will provide the vacuum
source while the dryer is being loaded and while the yellowcake is unloaded into drums.
The major components of the system are described below:
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1. Drying Chamber: A horizontal 316 stainless steel vessel heated externally and fitted
with rotating plows to stir the yellowcake. The chamber will have a top port for loading
the wet yellowcake and a bottom port for unloading the dry powder. A third port will be
provided for the venting through the baghouse during the drying procedure.

2. Bag House: This air and vapor filtration unit will be mounted directly above the drying
chamber so that any dry solids collected on the bag filter surfaces can be batch
discharged back to the drying chamber. The bag house will be heated to prevent
condensation of water vapor during the drying cycle. It will be kept under negative
pressure by the vacuum system.

3. Condenser: This unit will be located downstream of the bag house and will be water
cooled. It will be used to remove the water vapor from the non-condensable gases coming
from the drying chamber. The gases are moved through the condenser by the vacuum
system. Dust passing through the bag filters is wetted and entrained in the condensing
moisture within this unit.

4. Vacuum Pump: The vacuum pump will be a rotary water sealed unit that provides a
negative pressure on the entire system during the drying cycle. It will also be used to
provide negative pressure during transfer of the dry powder from the drying chamber to
fifty-five (55) gallon drums. The water seal of the rotary vacuum pump captures
entrained particulate matter remaining in the gas streams.

5. Packaging: The system will be operated on a batch basis. When the yellowcake is dried
sufficiently, it will be discharged from the drying chamber through a bottom port into
drums. A level gauge, a weigh scale, or other suitable device will be used to determine
when a drum is full. Particulate capture will be provided by a sealed hood that fits on the
top of the drum, which will be vented through a sock filter to the condenser and the
vacuum pump system when the powder is being transferred.

6. Heating: The heat for drying will be supplied by indirect HTF such as Dow-Therm® or
other suitable heat transfer fluids. The drying will be accomplished under 2507F and at
pressures less than atmospheric.

7. Effluent Monitoring: The vacuum pump discharges to the atmosphere. The water that
is collected from the condenser will be recycled to the precipitation circuit, eluant
makeup or disposed with other process water. Room air will be monitored routinely for
airborne dust.

8. Controls: The system will be instrumented sufficiently to operate automatically and to
shut itself down for malfunctions such as heating or vacuum system failures.
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3.2.2 Yellowcake Packaging, Storage, and Shipment

The dried yellowcake will be removed from the rotary vacuum dryer by passing through
a rotary valve into 55-gallon steel drums, which are placed under a hood for the drum
loading. The vacuum pump for the dryer will be connected to the loading hood to
minimize particulate emissions during drum loading.

The dried yellowcake product in the steel drums will be stored for shipment within a
restricted storage area and shipped by truck to other licensed facilities for further
processing. An enclosed warehouse, adjacent to the yellowcake drying area, will be
provided for the storage of yellowcake. Onsite inventory of drummed yellowcake
typically will be less than 200,000 lbs. However, in periods of inclement weather or other
interruptions in product shipments, all production will be stored on-site in designated
restricted storage areas.

The drummed yellowcake will be shipped by exclusive use transport to another licensed
facility for further processing. All yellowcake shipments will be made in compliance
with applicable DOT and NRC regulations.

3.2.3 Chemical Storage Facilities

Chemical storage facilities at the Moore Ranch Project will include both hazardous and
non-hazardous material storage areas. Bulk hazardous materials, which have the potential
to impact radiological safety, will be stored outside and segregated from areas where
licensed materials are processed and stored. Bulk storage of hazardous chemicals will be
located as to provide adequate separation to avoid mixing of incompatible materials.
Also, bulk hazardous materials will be stored outside in areas to provide adequate
distance from facilities to minimize hazards to people during an accidental release. Other
non-hazardous bulk process chemicals (e.g., sodium carbonate) that do not have the
potential to impact radiological safety may be stored within the central plant facilities.

3.2.3.1 Process Related Chemicals

Process-related chemicals stored in bulk at the Moore Ranch Central Plant will
potentially include carbon dioxide, oxygen, sodium sulfide, sodium hydroxide,
hydrochloric acid and/or sulfuric acid, and hydrogen peroxide. Risk assessments
completed by the NRC in NUREG-6733 2 for in situ recovery facilities identified
anhydrous ammonia and bulk acid (sulfuric and hydrochloric) storage as the most
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hazardous chemicals with the greatest potential for impacts to chemical and radiological
safety.

* Carbon Dioxide

Carbon dioxide will be stored adjacent to the central plant where it will be added to the
lixiviant prior to leaving the central plant.

0 Oxygen

Oxygen is typically stored near the central plant or within wellfield areas, where it is
centrally located for addition to the injection stream in each headerhouse. Since oxygen
readily supports combustion, fire and explosion are the principal hazards that must be
controlled. The oxygen storage facility will be located a safe distance from the central
plant and other chemical storage areas for isolation. The storage facility will be designed
to meet industry standards in NFPA-50 3.

Oxygen service pipelines and components must be clean of oil and grease since gaseous
oxygen will cause these substances to bum if ignited. All components intended for use
with the oxygen distribution system will be properly cleaned using recommended
methods in CGA G-4. 14. The design and installation of oxygen distribution systemis is
based on CGA-4.45.

* Chemical Reductants

Hazardous materials typically used during groundwater restoration activities include the
addition of a chemical reductant (i.e., sodium sulfide or hydrogen sulfide gas). To
minimize the potential for accidents involving process chemicals to impact areas where
licensed material is handled, these materials are stored outside of process areas. Sodium
sulfide may be used as a chemical reductant during groundwater restoration. The material
consists of a dry flaked product and is typically purchased on pallets of 55-pound bags or
super sacks of 1,000 pounds. The bulk inventory will be stored outside of process areas
in a cool, dry, clean environment to prevent contact with any acid, oxidizer, or other
material that may react with the product. There are no current plans to use hydrogen
sulfide gas at the Moore Ranch Project. However, in the event that EMC determines that
use of hydrogen sulfide as a chemical reductant is necessary, proper chemical safety
precautions will be taken.
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* Sodium Hydroxide

EMC plans to use sodium hydroxide (caustic soda) to raise the pH levels during the
precipitation phase of the process at the Moore Ranch Central Plant. The bulk tank will
be stored adjacent to the plant building. The sodium hydroxide will be stored in a tank
located in the processing plant for use in the precipitation circuit. The 50% sodium
hydroxide solution will be stored in an 11,844 gallon fiberglass tank with a vent pipe
routed through the roof to the atmosphere outside and above the CPP. A concrete
containment berm will be constructed within the plant to contain spills to the immediate
area. The berm will be constructed to a height of 6 inches. The sodium hydroxide will be
transported using conventional PVC piping from the fiberglass storage vessel into the
CPP precipitation tanks. Sodium hydroxide reacts vigorously with sulfuric and
hydrochloric acid, one of which will also be present in the precipitation circuit.

* Acid Storage

The sulfuric and/or hydrochloric acid storage and distribution systems at the central plant
will have an initial capacity of approximately 6,000 gallons. Future capacity will double
after expansion of the central plant. Strict unloading procedures are utilized to ensure
that safety controls are in place during the transfer of these acids. Process safety coptrols
are also in place at the central plant where sulfuric or hydrochloric acid is added to the
precipitation circuit.

Initial anticipated hydrochloric acid storage (6,000 gallons) does not exceed the screening
threshold (11,250 lbs) contained in Appendix A of 6 CFR 27, Chemical Facility Anti-
terrorism Final Interim Standards, Department of Homeland Security. However, the
threshold will be exceeded if capacity is doubled after plant expansion. As a result, EMC
will be obligated to undergo initial screening requirements for hydrochloric acid as
required by the rule at that time.

* Hydrogen Peroxide

Hydrogen peroxide will be stored outside in a 10,000-gallon tank constructed of
aluminum during initial operations. This capacity will double after expansion of the
central plant. The storage tank will be stored away from flammable sources, organic
materials, and incompatible chemicals (including ammonia) to avoid adverse chemical
reactions.

The use of hydrogen peroxide at concentrations greater than 52 percent is subject to the
following regulatory programs:
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" Process Safety Management of Highly Hazardous Chemicals standard contained
in 29 CFR §1910.119 for TQs in excess of 7,500 pounds; and

* Threshold Planning Quantities (TPQs) contained in 40 CFR Part 355, Emergency
Response Plans for threshold quantities (TQs) in excess of 1,000 pounds.

The Moore Ranch design includes the use of hydrogen peroxide at a concentration of 50
percent contained in a hydrogen peroxide tank with an initial capacity of 10,000 gallons.
With the design hydrogen peroxide concentration, EMC will not be subject to the
aforementioned regulatory programs.

3.2.3.2 Facility Areas Where Fumes or Gases May Be Generated

A description of the areas in the proposed plant facility where radiological gases or air
particulate could be generated is contained in Section 5.7 and are shown in Figure 5.7-1
as monitoring locations.

Other potential sources of non-radiological fumes or gases can result from use of process
related chemicals. The potential sources of non-radiological fumes or gases are minimal
in the ion exchange process area since the mining solutions contained in the process
equipment are maintained under a positive pressure. The area within the plant facility
with the greatest potential to generate non-radiological fumes or gases is the precipitation
area. As described in Sections 3.1.4.4, 3.2.1.3, and 3.2.3.1, the primary chemicals used in
the precipitation area are sulfuric or hydrochloric acid and hydrogen peroxide. A
description of the preventive/mitigative controls and monitoring for each of these
potential chemical fumes is provided in the following list:

o Sulfuric or Hydrochloric Acid Fumes

Sulfuric or hydrochloric acid fumes may be generated from leaks in acid piping and
process tanks contained within the central plant precipitation area. Preventive/mitigation
measures include construction of all storage tanks, piping, and associated appurtenances
in accordance with current industry standards, all tanks are enclosed limiting the amount
of vapors that can escape to the atmosphere, and daily shift inspections of plant and
chemical storage facilities are conducted. Monitoring may be conducted using
colorimetric tubes if it is believed that acid fumes may be present in an area.

Typically, a Concentrated Acid Work Permit will be required for maintenance work on
tanks, pipes, or equipment that contains or may contain concentrated acid or to the use of
concentrated acid to prepare decontamination or cleaning solutions as required by site
industrial safety procedures. Employees who may be exposed to concentrated sulfuric
acid must wear chemical goggles and face shield, chemical suit, and acid resistant gloves.
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A respirator with an acid cartridge is necessary when fumes may be encountered. An
emergency eyewash station will also be maintained near the precipitation area in case an
employee comes into contact with sulfuric acid.

* Hydrogen Peroxide Fumes

Hydrogen peroxide fumes may be generated from leaks in piping and process tanks
contained within the central plant precipitation area. Preventive/mitigation measures
include construction of all storage tanks, and associated piping in accordance with current
industry standards; all tanks are enclosed limiting the amount of vapors that can escape to
the atmosphere; and daily shift inspections of plant and chemical storage facilities are
conducted.

Hydrogen peroxide will be stored in bulk storage vessel located outside of the building
away from any organics or other incompatible substance. Rubber gloves and face shield
should be wom when there is any possibility of contact with this chemical. In the event of
a spill, ample quantities of water will be used to dilute the spill. An emergency eyewash
station will also be maintained near the precipitation area in case an employee comes into
contact with hydrogen peroxide.

If any of the potential fumes described above are detected, then building ventilation in the
process equipment area will be accomplished by the use of the HVAC system that draws
in fresh air and sweeps the plant air out to the atmosphere.

In addition to the fumes described above in the plant area, the potential exists for buildup
of carbon dioxide or oxygen gases may also occur in confined spaces such as
headerhouses if carbon dioxide and oxygen lines are present. Procedures will require
monitoring for these gases in confined spaces or basements where these gases may be
present prior to employees conducting work in these areas.

3.2.3.3 Non-Process Related Chemicals

Non-process related chemicals that will be stored at the Moore Ranch Central Plant
include petroleum products (gasoline, diesel) and propane. Due to the flammable and/or
combustible properties of these materials, all bulk quantities will be stored outside of
process areas at the plant. All gasoline and diesel storage tanks are located above ground
and within secondary containment structures to meet EPA requirements.
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3.3 INSTRUMENTATION AND CONTROL

3.3.1 Wellfield Operations/Ion Exchange Circuit

The wellfield and ion exchange circuits operate at a steady state, and deviations from the
normal operating flow rates and pressure profiles (±-10 percent or greater) are indicative
of operating upsets. An automatic emergency shut down system consisting of pressure
and flow rate switches will be provided for these circuits when normal operating
parameters are exceeded. Instrumentation and control related to these circuits to
accommodate emergency shutdown systems and alarms are listed below:

* Instrumentation will be provided to measure total production and injection flow
and pressure on the main trunk lines at the Central Plant. Flows and pressures
will be monitored continuously and will be displayed locally on the metering
instrumentation and displayed at the facility control room. Automatic shutdown
and alarms will be provided for deviations outside of established operating
parameters.

" The individual well flows and pressures are adjusted and controlled within the
headerhouses. Instrumentation will be provided to measure total production" and
injection flow and pressures into and out of the individual headerhouses. Flows
and pressures will be monitored continuously and will be displayed locally on the
metering instrumentation or headerhouse main display, and displayed at the
facility control room. In addition, instrumentation will be provided to indicate the
pressure and flow of the individual injection and production wells to record an
alarm in the event of a change in flow that might indicate a leak or rupture in the
system. Wellfield headerhouses will also be equipped with water sensors and
alarms to detect the presence of liquids in the basement of wellfield headerhouses.
Automatic shutoff valves and alarms will be provided for deviations outside of
established operating parameters for the systems controlled within the
headerhouse.

In the event of an automatic shutdown, an alarm notifies the operator of the situation.
Once the upset (broken piping, leaking vessels, etc.) is identified and corrective action
taken, only then can the circuit be manually restarted. This type of control system
provides the best protection against fluid spills to the environment by limiting the amount
of fluid released and providing immediate notification to facility operators, enhancing
response to any upset conditions. Back-up for the automatic emergency shutdown
systems are provided by local displays and controls for the metering instrumentation or
headerhouse displays if systems controls or displays in the Central Plant should become
temporarily unavailable.
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3.3.2 Process Areas

In the process areas, tank levels are measured in chemical storage tanks as well as process
tanks. Instrumentation will be installed to provide continuous monitoring of chemical and
process tank levels. Other instrumentation may also be provided in process areas to
provide continuous monitoring for rates and pressures of process fluids and chemicals
and other in-line instrumentation used for process measurements. Readout from process
area instrumentation will be displayed on the facility control room monitors and will be
displayed locally on the metering instrumentation providing backup monitoring.

Alarms and automatic shutdown of systems (where needed) will be provided for
deviations outside of established operating parameters. The alarms and automatic
shutdown systems will provide the best protection against upset conditions of process
fluids or chemicals by limiting the amount of fluids or chemicals released and immediate
notification to facility operators, enhancing response to any upset conditions. The
continuous monitoring will also be used operate the plant process at maximum efficiency.

3.3.3 Yellowcake Drying Systems

Instrumentation and controls for the yellowcake drying system are described in dettail in
Section 4.1.2. The yellowcake drying facilities at the Moore Ranch Central Plant will be
comprised of vacuum dryers. By design, vacuum dryers do not discharge any uranium
when operating. The system will be instrumented sufficiently to operate automatically
and to shut itself down for malfunctions such as heating or vacuum system failures. The
system will alarm if there is an indication that the emission control system is not
performing within operational specifications. If the system is alarmed due to the emission
control system, the operator will follow standard operating procedures to recover from
the alarm condition, and the dryer will not be unloaded as part of routine operations, if
currently loaded, or reloaded, if currently empty, until the emission control system is
returned to service within specified operational conditions.

To ensure that the emission control system is performing within specified operating
conditions, instrumentation will be installed that signal an audible alarm if the air
pressure (i.e. vacuum level) falls below specified levels, and the operation of this system
is checked and documented during dryer operations. In the event this system fails, the
operator will perform and document checks of the differential pressure or vacuum every
hour. Additionally, during routine operations, the air pressure differential gauges for
other emission control equipment is observed and documented at least once per shift
during dryer operations.
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Readout from the yellowcake drying instrumentation will be displayed on the facility
control room monitors providing continuous monitoring and will be displayed locally on
the metering instrumentation providing backup monitoring for shift checks by the dryer
operator. Checks must be made and logged at least hourly during drying operations and
records will be retained for three years. The instrumentation and controls described above
are adequate to determine if conditions are within the prescribed ranges to ensure that
equipment is operating consistently near peak efficiency and provides immediate
notification if conditions are not within the prescribed operating ranges, as required in 10
CFR 40, Appendix A, Criterion 8.

In accordance with 10 CFR 40, Appendix A, Criterion 8, effluent control devices will be
operative at all times during drying and packaging operations. Drying and packaging
operations will shutdown if effluent controls become inoperative. If instrumentation
shows that equipment is not operating within the prescribed ranges, then corrective
actions must be taken to restore proper operating conditions. If this cannot be done
without shutdown and repairs, then drying operations must cease as soon as practicable.
Operations will not be restarted after cessation due to abnormal performance until all
needed corrective actions have been completed. Any cessation, corrective actions, and
restarts of dryer operations will be reported to the NRC in writing within 10 days of the
subsequent restart as required by 10 CFR 40, Appendix A, Criterion 8A. This reporting
requirement does not apply to routine maintenance of dryer system components.

3.3.4 Process Waste Water Disposal

Process waste water will be disposed of through deep disposal wells as described in this
section and in Section 4. The wells will be equipped with a high-level shutoff switch on
the injection tubing to prevent operation of the pumps at pressures greater than the Limiting
Surface Injection Pressure. In addition, the wells will be equipped with a low-pressure shut-
down switch on the surface injection line that will deactivate the injection pump in the event
of a surface leak. Finally, the wells will include a high/low pressure shutdown switch with a
pressure sensor on the tubing/casing annulus. This switch will stop the injection pump in
the event of either (1) a tubing leak or (2) a casing, packer, or wellhead leak.

This type of instrumentation and control system provides the best protection against
process waste water spills to the environment by limiting the amount of fluid released and
providing immediate notification to facility operators enhancing response to any upset
conditions. Pressure monitoring in the tubing/casing annulus also provides immediate
indicators of potential well integrity issues. Back-up for the automatic emergency
shutdown systems are provided by local displays and controls for the metering
instrumentation in the central plant and at the wellhead if systems controls or displays in
the central plant control room should become temporarily unavailable. In addition,
inspections of the disposal wells will be conducted once per shift.
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3.3.5 Radiological Monitoring Instrumentation

Handheld radiation detection instruments and portable samplers will be used to monitor
radiological conditions at the central plant. Specifications for this equipment are
discussed in further detail in Section 5. The location of monitoring points and monitoring
frequency for in-plant radiation safety is also discussed in Section 5.

3.3.6 Byproduct Material Disposal

Byproduct material will be collected and stored within the Central Processing Plant
(CPP) in appropriate containers (e.g., 55-gallon drums with drum liners). When these
containers are full, they will be closed and stored within the CPP or will be moved to the
byproduct storage area and stored in a strong tight container as defined by DOT
regulations. The strong tight containers will be capable of preventing the spread of
contamination and contact with precipitation. EMC plans to use covered roll-off
containers with an approximate capacity of 20 cubic yards. Byproduct material will be
collected and stored in roll off containers with an approximate capacity of 20 cubic yards.
Once full, these containers will be shipped for disposal to a licensed disposal facility.
During storage, the containers will be located within a restricted area. Access to the
byproduct storage facility will be controlled through the use of security fencing, locked
gates, and proper posting as a restricted area.

Larger items such as contaminated equipment that cannot be stored in a roll-off container
will be stored in the CPP or covered/sealed in manner that will prevent the spread of
contamination in the byproduct storage area.
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4 EFFLUENT CONTROL SYSTEMS

This section describes the effluent control systems used at the Moore Ranch Uranium
Project. The effluents of concern at ISR operations include the release or potential release
of radon gas (radon-222) and dried yellowcake. Yellowcake processing and drying
operations will be conducted at the central plant.

The yellowcake drying facilities at the central plant will be comprised of vacuum dryers.
By design, vacuum dryers do not discharge any uranium when operating. Effluent
controls for yellowcake drying at the Moore Ranch Central Plant are discussed in this
section and in detail in the process description in Section 3.1 of this Technical Report.

4.1 GASEOUS AND AIRBORNE PARTICULATES

The primary radioactive airborne effluent at the Moore Ranch Facility will be radon-222
gas. Radon-222 is found in the pregnant lixiviant that comes from the wellfield into the
facility for separation of uranium. The uranium will be separated from the groundwater
by passing the solution through fixed bed ion exchange (IX) units operated in a
pressurized downflow mode. NUREG-1910 (NRC, 2009) in section 2.7.1 notes that
pressurized ion exchange systems contain most of the radon gas present in the lixiviant.
In these systems, radon gas may be released during venting and resin transfer operations.
The alternative to pressurized downflow ion exchange columns typically employed for
ISL mining is upflow atmospheric ion exchange columns. These columns release
virtually all of the radon gas present in the lixiviant. The use of pressurized downflow ion
exchange columns at Moore Ranch will reduce the radon gas emissions relative to other
available ion exchange technologies and represents an emission control method that
reduces emissions to levels that are as low as reasonably achievable and complies with
the requirements of 10 CFR Part 40, Appendix A, Criterion 8. Further, the use of these
ion exchange systems coupled with tank and area ventilation systems ensures that worker
exposure to radon and its progeny is maintained ALARA through the use of engineering
controls.

Vessel vents from the individual IX vessels will be directed to a manifold that is
exhausted to atmosphere outside the building via an induced draft fan. Venting any
released radon-222 gas to atmosphere outside the plant minimizes employee exposure.
Small amounts of radon-222 may be released via solution spills, filter changes, IX resin
transfer, reverse osmosis (RO) system operation during groundwater restoration, and
maintenance activities. These are minimal radon gas releases on an infrequent basis. The
exhaust system in the plant will further reduce employee exposure. The air in the plant is
sampled for radon daughters (see Section 5.0) to assure that concentration levels of radon
and radon daughters are maintained as low as reasonably achievable (ALARA).
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This section describes the gaseous effluent control systems that will be installed in the
Moore Ranch Facility.

4.1.1 Gaseous Effluents-Tank and Process Vessel, and Work Area Ventilation
Systems

A separate ventilation system will be installed for all indoor non-sealed process tanks and
vessels where radon-222 or process fumes would be expected. The system will consist of
an air duct or piping system connected to the top of each of the process tanks. Redundant
exhaust fans will direct collected gases to discharge piping that will exhaust fumes to the
outside atmosphere. The design of the fans will be such that the system will be capable of
limiting employee exposures with the failure of any single fan. Discharge stacks will be
located on the leeward side of the building and ventilation intakes will be on the upwind
side of the building to ensure exhausted radon is not taken back into the facility from
prevailing winds as recommended in Regulatory Guide 8.311. Airflow through any
openings in the vessels will be from the process area into the vessel and into the
ventilation system, controlling any releases that occur inside the vessel. Separate
ventilation systems may be used as needed for the functional areas within the plant. Tank
ventilation systems of this type have been successfully utilized at other ISR facilities and
have proven to be an effective method for minimizing employee exposure.

The work area ventilation system will be designed to force air to circulate within the
plant process areas. The ventilation system will exhaust outside the building, drawing
fresh air in. The work area ventilation system will consist of 4 fans with a capacity
10,000 cfmi each. 2 fans will be located in the ion exchange area, one fan will be located
in the resin transfer area, and one fan will be located in the precipitation area. The air
exchange rate of the four fans is approximately 1.25 air exchanges per hour. During
favorable weather conditions, open doorways and convection vents in the roof will
provide satisfactory work area ventilation. During extreme cold outdoor temperatures, the
ventilation system will provide adequate work area ventilation if doorways need to be
shut. Buildings will be heated during winter months to maintain temperatures in the plant
area. The design of the ventilation system will be adequate to ensure that radon daughter
concentrations in the facility are maintained below 25 percent of the derived air
concentration (DAC) from 10 CFR Part 20.

Other emissions to the air are limited to exhaust and dust from limited vehicular traffic.
Impacts from potential emissions from process chemicals that will be used at the plant is
described in Section 7. There are no significant combustion related emissions from the
process facility as commercial electrical power is available at the site.
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4.1.2 Air Particulate Effluents

Potential radiological air particulate effluents consist primarily of dried yellowcake in the
drying and processing areas of the central plant. The yellowcake drying facilities at the
Moore Ranch Central Plant will be comprised of vacuum dryers. By design, vacuum
dryers do not discharge any uranium when operating. The vacuum drying system is
proven technology, which is being used successfully in several ISR sites where uranium
oxide is being produced. As noted in NUREG-6733, vacuum dryer technology provides
an emission control approach to ALARA at the source that exceeds the 95 to 99 percent
efficiency of multihearth dryers and "is designed to capture virtually all escaping
particles". Therefore, the use of a vacuum dryer is an emission control method that
reduces emissions to levels that are as low as reasonably achievable and complies with
the requirements of 10 CFR Part 40, Appendix A, Criterion 8. Air particulate controls of
the vacuum drying system include a bag house, condenser, vacuum pump, and packaging
hood.

The bag house is an air and vapor filtration unit mounted directly above the drying
chamber so that any dry solids collected on the bag filter surfaces can be batch
discharged back to the drying chamber. The bag house is heated to prevent condensation
of water vapor during the drying cycle. It is kept under negative pressure by the vacuum
system.

The condenser unit is located downstream of the bag house and is water cooled. It is used
to remove the water vapor from the non-condensable gases coming from the drying
chamber. The gases are moved through the condenser by the vacuum system. Any
particulates that pass through the bag filters are wetted and entrained in the condensing
moisture within this unit.

The vacuum pump is a rotary water sealed unit that provides a negative pressure on the
entire system during the drying cycle. It is also used to provide ventilation during transfer
of the dry powder from the drying chamber to fifty-five (55) gallon drums. The water seal
of the rotary vacuum pump captures entrained particulate matter remaining in the gas
streams.

The packaging system is operated on a batch basis. When the yellowcake is dried
sufficiently, it is discharged from the drying chamber through a bottom port into drums.
A level gauge, a weigh scale, or other suitable device will be used to determine when a
drum is full. Particulate capture is provided by a sealed hood that fits on the top of the
drum, which is vented through a sock filter to the condenser and the vacuum pump
system when the powder is being transferred.

The system will be instrumented sufficiently to operate automatically and to shut itself
down for malfunctions such as heating or vacuum system failures. The system will alarm
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if there is an indication that the emission control system is not performing within
operational specifications. If the system is alarmed due to the emission control system,
the operator will follow standard operating procedures to recover from the alarm
condition, and the dryer will not be unloaded as part of routine operations, if currently
loaded, or reloaded, if currently empty, until the emission control system is returned to
service within specified operational conditions.

To ensure that the emission control system is performing within specified operating
conditions, instrumentation will be installed that signal an audible alarm if the air
pressure (i.e. vacuum level) falls below specified levels, and the operation of this system
will be checked and documented during dryer operations. During dryer operations, the
operator will perform and document checks of the differential pressure or vacuum every
hour in accordance with 10 CFR Part 40, Appendix A, Criterion 8.

4.1.3 Reporting Effluent Releases

10 CFR §40.65 requires licensees to submit a semiannual environmental and effluent
report to the NRC. The report must specify the quantity of each of the principal
radionuclides released to unrestricted areas in liquid and in gaseous effluents during the
previous six months of operation.

The predominant radionuclide released to unrestricted areas from the Moore Ranch
project will be airborne releases of radon-222 from non-point sources such as well fields
and the CPP. Radon-222 releases in the wellfield will occur from material contained in
mud pits during drilling, from sample collection in headerhouses, and from wellhead
venting activities. Radon-222 releases from the CPP building will occur through tank
ventilation systems during venting and backwashing operations and from the normal
building ventilation system, which will exhaust building air at various points in the
structure. As such, no discrete monitoring locations are available to make representative
measurements of radon-222 concentration or air flow rates to estimate semiannual
airborne emissions of radon-222. Because of these factors, the methods used to estimate
radon-222 emissions in Section 7.3 of the Technical Report will be used to estimate the
actual semiannual emissions from the facility as required in 10 CFR §40.65. The
parameters from Table 7.3-1 of the Technical Report, coupled with updated parameters in
Table 4-1 below to account for actual operational information, will be used to calculate
the semiannual emission estimates. These updated parameters will be applied to
Equations 1 through 6 of Section 7.3.3 to calculate the semiannual releases as required by
10 CFR §40.65.

Revised May 2010 4-4
Revised May 2010 4-4



ENERGYM ETALS
CORPORATION US

ENERGY METALS CORPORATION US
License Application, Technical Report

Moore Ranch Uranium Project

Table 4-1 Operational parameters used to estimate semiannual radon-222 emissions

Parameter Projected Value Unit

Mined Area Determined based on actual mined area mn2 y-
the reporting period

Average Lixiviant Flow Determined based on actual lixiviant flow L m-1
for the reporting period

Average Restoration Flow Determined based on actual restoration L m1

flow for the reporting period

Operating days per year Determined based on actual operating days daysOperating __daysperyearfor the reporting period
Determined based on actual number ofNumber of mud pits generated per year mud pits generated for the reporting period NA

Storage time in mud pits Determined based on actual storage time daysStorage___time ___inmud__pits__for the reporting period days

Number of Resin Transfers per day Determined based on actual number of NA
resin transfers for the reporting period NA

Parameters listed in Table 7.3-1 of the Technical Report which are not included in Table
4-1 above and for which site specific parameters have not been measured are listed in
Table 4- 2. In these cases, default or typical parameters as described in Regulatory Guide
3.59 will be used.

Table 4-2 Default based parameters used to estimate radon-222 releases

Parameter Value Unit Source

Ore radium-226 Concentration 282 pCi g- Reg. Guide 3.59

Radon-222 emanating power 0.2 NA Reg. Guide 3.59

The radium-226 concentration in ore assumes that radium-226 is in secular equilibrium
with the average uranium-238 concentration for the Moore Ranch project listed in Table
7.3-1, which is consistent with the assumptions used in Regulatory Guide 3.59.

The radon-222 emanating power for the ore has not been measured. Table 8.1 of "Data
Collection Handbook to Support Modeling Impacts of Radioactive Material in Soil"
(USDOE, 1993) presents a range of radon-222 emanating power for crushed uranium ore
of 0.006 to 0.55 with an arithmetic mean of 0.28. Regulatory Guide 3.59 states to use a
radon emanating power of 0.2 when this parameter has not been measured. The use of
0.2 for radon-222 emanating power is consistent with methods described in Regulatory
Guide 3.59 and is within the range of typical values for uranium ore.

Revised May 2010 4-5



r' ENERGY METALS CORPORATION US
EN ERG YMETAL License Application, Technical Report

CORPORATION US Moore Ranch Uranium Project

As concluded in Appendix D of NUREG-1569, particulate releases, which include long-
lived radionuclides in the uranium decay series, from rotary vacuum dryers are not
expected under normal operating conditions. No other sources of long-lived radionuclide
releases to the air from routine site operations have been identified.

4.2 LIQUID WASTE

4.2.1 Sources of Liquid Waste

As a result of in-situ recovery mining, there are several sources of liquid waste that are
collected. The potential water sources that exist at the Moore Ranch Facility include the
following.

4.2.1.1 Liquid Process Waste

The operation of the ion exchange process generates production bleed, the primary
source of liquid waste as previously discussed in Section 3.0. This bleed will be routed
to the deep disposal well(s) for disposal. Other liquid waste streams from the central
plant include plant wash down water and bleed stream from the elution and precipitation
circuits. However, these other liquid waste streams make up a very small portion bf the
total liquid waste stream. The anticipated liquid waste stream is non-hazardous under
the Resource Conservation and Recovery Act. The anticipated water chemistry of the
injected waste stream is presented in Table 4-1. Minor concentrations of corrosion
inhibitors, scale inhibitors, and/or biocides may be used as needed to maintain the well
in optimum condition. These waste streams are benefication wastes, exempt from
RCRA regulation under the Bevill Amendment found in 40 CFR 261.4(b)(7).
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Table 4-1 Summary of Anticipated Waste Stream Water Quality

I
Estimated Range of URANIUM

ONE
Waste Stream Water Quality

Chemical Minimum Maximum
Species (mg/1) (mg/1)

pH 6 9
Ammonia as 50 500

Nitrogen
Sodium 150 3,000
Calcium 200 1,000

Potassium 10 1,000
Bicarbonate as 1,500 4,000

HCO3
Carbonate as 0 500

C03
Sulfate 80 2,000

Chloride 200 4,000
Uranium as 1 15

U308
Ra-226 (pCi/1) 300 3,000

TDS 4,000 15,000

4.2.1.2 Aquifer Restoration

Following mining operations, restoration of the affected aquifer commences which
results in the production of wastewater. The current groundwater restoration plan consists
of three activities:

1. Groundwater Transfer,
2. Groundwater Sweep, and
3. Groundwater Treatment.

Only the groundwater sweep and groundwater treatment activities will generate
wastewater.
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During groundwater sweep, water is extracted from the mining zone without injection,
causing an influx of baseline quality water to sweep the affected mining area. The
extracted water must be sent to the wastewater disposal system during this activity.

Groundwater treatment activities involve the use of process equipment to lower the ion
concentration of the groundwater in the affected mining area. A reverse osmosis (RO)
unit will be used to reduce the total dissolved solids of the groundwater. The RO unit
produces clean water (permeate) and brine. The permeate is injected back into the
formation and the brine is sent to the wastewater disposal system. Chemical reducing
agents such as sodium sulfide, hydrogen sulfide or biological reducing agents may also
be employed during the groundwater treatment phase.

4.2.1.3 Water Collected from Wellfield Releases

This water is injection lixiviant or recovery fluids recovered from areas where a liquid
release has occurred from a well or pipeline. The water will be placed into the wastewater
disposal system for deep well injection.

4.2.1.4 Stormwater Runoff

A final source of water is storm runoff. Stormwater management is controlled under
NPDES permits issued by the WDEQ-WQD. Facility drainage will be designed to route
storm runoff water away or around the plant, ancillary building and parking areas, and
chemical storage. The design of the Moore Ranch facilities and procedural and
engineering controls contained in a Best Management Practices (BMP) Plan will be
implemented such that runoff is not considered to be a potential source of pollution.

4.2.2 Liquid Waste Disposal

EMC expects that the liquid waste stream generated at the Moore Ranch Facility will be
chemically and radiologically similar to the waste disposed in the current disposal wells
in operation at existing ISR sites in the Powder River Basin. EMC has submitted an
application to the WDEQ for the Class I UIC Permits necessary to construct and operate
the disposal wells. In response to a request by the WDEQ, EMC has included a plan to
drill and test the Teckla, Teapot, and Parkman (TTP) interval as a potential injection
zone. Hence, the revised application includes two Volumes as follows:

Class I UIC Application: Lance Formation and Fox Hills Sandstone - Volume 1
Class I UIC Application: Teckla, Teapot and Parkman Formations - Volume 2
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The Teapot-Teckla-Parkman interval is at depths of 7,916 ft to 9,610 ft (based on logs
from the Sun Oil No. 1 Ross API No. 522824 located in T41N R75W, Section 3, NE ¼).
Based on available data, the hydrologic properties of this interval would allow injection
rates on the order of 30 gpm per well. Based on projected maximum production rates
during ISR operations, four injection wells may be required to provide sufficient capacity
during maximum periods of injection.

The Lance Formation is at depths of 3,700 to 7,500. The Lance interval has much greater
injection capacity than the Teapot-Teckla-Parkman interval, based on regional
information. Lance wells are expected to allow injection rates of 125 gpm. If this interval
provides a suitable injection interval for permitting, only two wells would be necessary to
meet the capacities for the project.

The proposed location of the four Tekla, Teapot, and Parkman wells and the two Lance
wells is shown on Figure 3.1-4A and Figure 3.1-4B. As shown in Figure 3.1-5,
anticipated disposal during operations is approximately 33 to 50.4 gpm and during
restoration could be as high as 90 gpm.

EMC believes that permanent deep disposal is preferable to evaporation in evaporation
ponds or land application methods for the following reasons: (1) Liquid waste disposed
of through deep wells is secluded from human contact eliminating risk to human health;
(2) large evaporation ponds have the potential for leaks and impacts to the envirortment
and much larger volume of 1 (e)(2) byproduct is created through use of evaporation
ponds; (3) land application methods have the potential to impact surface media from
prolonged discharge and would require extensive treatment to meet land application
standards. Further discussion of the liquid waste disposal alternatives considered by EMC
is contained in Section 8.3 of this TR.

4.2.2.1 Potential Exposure from Liquid Waste Disposal Method

As required in 10 CFR §20.2002(d), the following information is provided to demonstrate
the analyses and procedures proposed by EMC will ensure that occupational and public
exposure from disposal of liquid waste containing byproduct material is maintained
ALARA and within the dose limits in 10 CFR Part 20.

4.2.2.1.1 Total Radioactivity Related to Liquid Waste Disposal

As previously noted, the average consumptive use during the operational and restoration
phases of the Moore Ranch project is 105 gpm. Based on the discussion of the
consumptive use of groundwater contained in Section 7, this average flow will occur over
a period of 12.5 years, resulting in a total groundwater use during the operational and
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restoration phases of 6.899E+8 gallons (2.61E+9 liters). Using the maximum anticipated
radionuclide content for uranium and radium-226 from Table 4-1, the expected total
radioactivity associated with uranium and radium-226 that will be disposed over the
course of the Moore Ranch project is 26.5 and 7.83 Curies, respectively.

4.2.2.1.2 Feasible Exposure Pathways from Deep Well Injection

Deep well injection technology and the EPA and state Underground Injection Control
("UIC") Programs established by the Safe Drinking Water Act ("SDWA") (42 U.S.C. §§
1420, et. seq.) to regulate this technology are major tools for protecting human health and
the environment by preventing the endangerment of drinking water sources. A UIC
permit cannot even be issued unless potential underground sources of drinking water
(USDWs) are protected. The foundational assumptions of the Class I UIC program are
that: (1) injected fluids will be permanently removed from the accessible environment,
(2) the fate and transport of waste is well defined and understood, and (3) underground
sources of drinking water will be protected. By definition, there cannot effectively be an
exposure pathway for injectate to move from the injection zone and reach the public if a
permit is to be granted.

The approved Wyoming UIC program must demonstrate that deep well injection
facilities are maintained and operated in accordance with federal and state regulatiods and
the UIC permits (see 40 C.F.R. §144.1(b)(1) and 40 CFR §147.2550). Consistent
monitoring and enforcement assure that the wells will continue to be protective of human
health and the environment. Permits allow for the injection and containment of
substances within deep geological formations located thousands of feet below the Earth's
surface where the injected fluids will remain isolated and contained for thousands of
years, which is an effective way to protect human health and the environment, as well as
underground and surface sources of drinking water.

EPA has repeatedly noted that "[w]hen wells are properly sited, constructed, and
operated, underground injection is an effective and environmentally safe method to
dispose of wastes" (EPA, 2001). EPA has found deep well injection to be "safer than
virtually all other waste disposal practices" (EPA 1993). Implementation of EPA's
current technical requirements for Class I wells, which are located at 40 C.F.R. 146,
include extensive construction, monitoring, operating and reporting requirements. When
wells comply with these regulations, the EPA has consistently found that "underground
injection is an effective and environmentally safe alternative to surface disposal" (EPA
1999). Furthermore, the EPA has noted for Class I industrial deep wells that "there are no
documented problems with the effectiveness of the UIC regulations." (55 Fed. Reg.
22,529, 22,658; June 1, 1990).
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There are two potential pathways through which injected fluids can migrate to an
underground source of drinking water (USDW) and present a potential exposure to the
public: (1) failure of the well or (2) improperly plugged or completed wells or other
pathways near the well (EPA 2001).

Contamination due to well failure may be caused by leaks in the well tubing and casing
or when injected fluid is forced upward between the well's outer casing and the well bore
should the well lose mechanical integrity. Internal mechanical integrity is the absence of
significant leakage in the injection tubing, casing, or packer. An internal mechanical
integrity failure can result from corrosion or mechanical failure of the tubular and casing
materials. External mechanical integrity is the absence of significant flow along the
outside of the casing. Failure of the well's external mechanical integrity occurs when
fluid moves up the outside of the well due to a casing failure or improper installation of
the cement. To reduce the potential threat of well failures, operators must demonstrate
that there is no significant leak or fluid movement through channels adjacent to the well
bore before the well is issued a permit and allowed to operate. In addition, operators must
conduct appropriate mechanical integrity tests (MITs) every 5 years (for nonhazardous
wells) thereafter to ensure the wells have internal and external mechanical integrity and
are fit for operation. It is important to note that failure of an MIT, or even a loss of
mechanical integrity, does not necessarily mean that wastewater will escape the injection
zone. Class I wells have redundant safety systems to guard against loss of waste
confinement.

The multi-layer construction of a Class I deep well, which is required in Wyoming,
provides redundant safety features that guarantee injected wastes do not migrate from the
well bore into protected aquifers due to well failure. These wells must be constructed
with multiple layers of concentric tubing (made of steel or other materials designed to be
compatible with the injected fluids) and cement which provides redundant layers of
protection to the injection structure. This construction amounts to a pipe within a pipe
within a pipe (three tubes, two layers of cement, and a fluid barrier) (EPA, 1994). Thus,
"Class I wells have redundant safety systems and several protective layers to reduce the
likelihood of failure. In the unlikely event that a well should fail, the geology of the
injection and confining zones serves as a final check on movement of wastewaters to
USDWs" (EPA 2001).

The Area of Review (AoR) is the zone of endangering influence around the well, or the
radius at which pressure due to injection potentially could cause the migration of the
injectate and/or formation fluid into a USDW if a conduit for flow (such as an improperly
plugged well) existed. Improperly plugged or completed wells that penetrate the
confining zone near the injection well could provide a pathway for fluids to travel from
the injection zone to USDWs. These potential pathways are most common in areas of oil
and gas exploration. To protect against migration through this pathway, wells that
penetrate the zone affected by injection pressure must be properly constructed or
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plugged. Before injecting, operators must identify all wells within the AoR that penetrate
the injection or confining zone, and repair all wells that are improperly completed or
plugged before a permit is issued. Fluids could potentially be forced upward from the
injection zone through transmissive faults or fractures in the confining beds which, like
abandoned wells, can act as pathways for waste migration to USDWs. Faults or fractures
may have formed naturally prior to injection or may be created by the waste dissolving
the rocks of the confining zone. Artificial fractures may also be created by injecting
wastewater at excessive pressures. To reduce this risk, injection wells are sited such that
they inject below a confining bed that is free of known transmissive faults or fractures. In
addition, during well operation, operators must monitor injection pressures to ensure that
fractures are not propagated in the injection zone or initiated in the confining zone. It is
noted that some states, including Wyoming, allow creation of artificial fractures during
completion of a Class I injection well. However, such fractures must be contained within
the injection zone, and the maximum operational injection pressure must be below
fracture propagation pressure (e.g., the fracture cannot be extended during operations).

The 2001 EPA Risk Report discusses a study that quantitatively estimated the risk of
waste containment loss as a result of various sets of events associated with Class I
hazardous wells. Through a series of "event trees," the study estimated the probability
that an initiating event will occur and be undiscovered, followed by subsequent events
that could ultimately result in a release of injected fluids to a USDW. The study assumed
that, given the redundant safety systems in a typical Class I well, loss of contairtment
requires a string of improbable events to occur in sequence. For example, a leak develops
in the packer, followed by a drop in annulus pressure that is undetected due to a
simultaneous malfunction of the pressure monitoring system, followed by a leak in the
long string casing between the surface casing and the upper confining layer, resulting in a
loss of waste isolation (EPA 2001).

The study concluded that Class I hazardous injection wells which meet EPA's minimum
design and operating requirements pose risks that are well below acceptable levels.
According to the study, the probability of containment loss resulting from each of the
scenarios examined ranges from one-in-one-million to one-in-ten-quadrillion. The risks
for each are ranked as follows (from most probable to least probable): cement
microannulus leak, inadvertent extraction from the injection zone, major injection tube
failure, major packer failure, breach of the confining zone(s), leak in the packer, and leak
in the injection tubing.

EPA attributed this low risk to the use of engineered systems and geologic knowledge to
provide multiple barriers to the release of wastewater to USDWs. Although the risk
analysis was primarily concerned with Class I hazardous wells, many of the well design
and construction requirements also apply to Class I nonhazardous wells and can be
extrapolated to the wells planned for the Moore Ranch project.
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A third potential pathway would involve drilling through the injection zone. In the
unlikely event that a well were drilled through the injection zone, potential exposure is
limited by many factors, which are discussed below.

The first factor that would limit potential exposure is that the radius of fluid displacement
is limited. For example, for a 10-year operation of the proposed Moore Ranch deep
disposal wells the radius of fluid displacement (based on piston-like displacement) is
calculated to be 327 feet from each injection well. For the purposes of this discussion it is
assumed that this pathway would only exist after the operational life of the Moore Ranch
project since EMC would certainly detect drilling activity within the limited radius of
fluid displacement during active operations at the site.

In addition, standard drilling practices used in the Power River Basin dictate drilling with
mud which provides a hydraulic head in the well greater than the head in the formation
drilled. As such, there would be no mechanism for flow from the injection zone into a
well that was being drilled with mud. Rather, fluid is continually lost from the well into
the formation while drilling proceeds.

Further, concentrations of radionuclides will decrease due to natural dispersion as fluid is
displaced from the injection wells. An analogy for the concentration reduction due to
dispersion was evaluated for COGEMA (2004; Wellfield Restoration Report, Irigaray
Mine). For that project, a MODFLOW/MT3D model was used to assess transpbrt of
metals and radionuclides. Model simulations indicated that, on average, the concentration
metals and radionuclides were reduced by a factor of seven over a transport distance of
400 feet due solely to dispersion (no retardation or precipitation was assumed).

The mobility of specific radioactive constituents of concern (uranium and radium-226)
also is limited by natural retardation. The magnitude of retardation has been researched
by Carlos, 2001; Johnson, 1994; U.S. DOE, 1996; and U.S. NRC, 1990. For the same
project (COGEMA, 2004), sorption was implemented in some of the solute transport
simulations. Sorption refers to the mass transfer between the constituent dissolved in
groundwater and the constituent sorbed on the porous medium. Equilibrium conditions
are generally assumed to exist between the aqueous phase and the solid phase
concentrations and the sorption reactions are fast enough relative to groundwater velocity
to be treated as instantaneous. A linear sorption isotherm assumes that the sorbed
concentration (Cs) is directly proportional to the dissolved concentration (C):
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Cs=Kd C

where: Kd is the distribution coefficient (L/kg).

The equilibrium controlled linear sorption isotherm is incorporated into the MT3DMS

code through the use of a retardation factor, defined as:

R=I +pbKd/0

where: pb= bulk density

4= effective porosity

Representative retardation (Kd) values in published literature include:

Constituent Range of KId Values Source
(L/Kg)

Carlos, 2001
Johnson, 1994

Uranium 0.4- 10 U.S. DOE, 1996
U.S. NRC, 1990

Radium-226 5 - 6,700 Moody, 1982
10 U.S. NRC, 1980

MODFLOW simulations using MT3D for transport were run to assess transport of
radionuclides at Irigaray. Conservative Kd values on the lower end of the range identified
in the literature search were used. Model simulations showed that the concentration of
uranium at a distance of 400 feet was only 10% of the initial concentration when a Kd of
0.5 L/Kg was used. At 1,000 years of simulation time, the Ra-226 concentration at a
distance of 400 feet was 5 pCiIL (the MCL for Ra-226) using a Kd of 5 L/Kg. This
represents an order of magnitude decrease from the initial concentration of 50 pCi/L.
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In summary:

* Based on piston-like flow, the radius of fluid displacement for the operational
lifetime is small (approximately 327 feet)

* Because of the head induced by drilling mud, it is extremely unlikely that there
would be flow from the injection zone into a well that was being drilled with mud.
The amount of drilling cuttings generated, and the potential radioactive dose from
those cuttings, is expected to be minimal.

" Dispersion alone likely will reduce concentrations of radionuclides by an
approximate factor of seven over a 400-foot displacement distance

" Sorption/retardation will further reduce concentrations at 400 feet from the well
by approximately one order of magnitude.

Based on the analogies from the COGEMA study, it is reasonable to assume that, if a
well was drilled through the injection zone at a distance of 400 feet from the injection
well, the concentration of radionuclides would be one to two orders of magnitude less
than the original concentration injected into the Class I well. In addition, the use of
drilling mud will prevent injected wastes from leaving the injection zone. Hence,
potential exposure from a well drilled through the injection zone, even for a well located
only 400 feet from the injection well, is minimal.

All compatible liquid wastes at the Moore Ranch Facility will be disposed in the planned
deep wells. The application for the proposed deep disposal wells at Moore Ranch was
submitted to the WDEQ-WQD on May 12, 2008. A revised application based on WDEQ
direction was submitted on August 17, 2009 and is currently under review.

4.2.2.2 Liquid Waste Monitoring and Reporting

A composite sample of the waste stream will be collected quarterly, or when process change
occurs that could significantly alter the chemical composition of the waste stream. Samples
will be collected upstream of the high-pressure injection pump. Analyses will be performed
using approved methods and in accordance with WDEQ Rules and Regulations, Chapter
VIII, Section 7. The proposed parameter list follows:

Ra-226 (pCi/1)
Uranium (mg/1)
TDS (mg/1)
PH (units)
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Total Alkalinity (mg/1)

It is understood that WDEQ recently has been requesting an EPA 624 Analysis for the waste
stream. If this standard should be required by the WDEQ, Uranium One will comply.

Monitoring records will be submitted to WDEQ quarterly (within 30 days after the end of
the quarter) and will include:

1) Date, location and time of sampling
2) Name(s) of sampling personnel
3) Date(s) of analysis
4) Analytical laboratory and name(s) of analytical technician(s)
5) Analytical procedures or methods used
6). Analytical results

Reporting will include injection and annulus pressures. Further, the average reservoir
pressure will be determined once per year by conducting a pressure falloff test on one of the
Uranium One wells.

4.2.2.3 Disposal Well Mechanical Integrity

After completion of deep disposal well construction, Part I mechanical integrity will be
demonstrated for each well before injection commences, in accordance with the
procedures specified by WDEQ.

Part II integrity will be demonstrated prior to injection by either (1) a Radioactive Tracer
Log and Temperature Survey coupled with a casing pressure check, or (2) an oxygen
activation log. Part II MIT will also be demonstrated (1) if any abnormal annulus pressures
are observed, (2) every five years at a minimum, and (3) any time the tubing and packer are
removed from the well.

4.2.3 Potential Pollution Events Involving Liquid Waste

Although there are a number of potential sources of pollution present at the Moore Ranch
facility, existing regulatory requirements from the NRC and WDEQ, and provisions of
EMC's environmental procedures will established a framework that significantly reduces
the possibility of an occurrence. Extensive training of all personnel is standard policy for
EMC operations and will be implemented at the Moore Ranch Facility. Frequent
inspections of waste management facilities and systems will be conducted. Detailed
environmental procedures will be prepared by EMC.
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Potential sources of pollution include the following:

4.2.3.1 Spills from Wellfield Buildings, Pipelines, and Well Heads

Wellfield buildings or pipelines are not considered to be a potential source of pollutants
during normal operations, as there will be no process chemicals or effluents stored within
them. The only instance in which these wellfield features could contribute to pollution
would be in the event of a release of injection or recovery solutions due to pipe or well
failure. The possibility of such an occurrence is considered to be minimal as the piping
will be leak checked first. In addition, the flows through the pipe will be at a relatively
low pressure and can quickly be stopped, thus any release would not migrate far.
Wellfield headerhouses will also be equipped with wet alarms for early detection of
leaks. Piping from the wellfields will generally be buried, minimizing the possibility of
an accident. Large leaks in the pipe would quickly become apparent to the plant operators
due to a decrease in flow and pressure, thus any release could be mitigated rapidly. All
piping will be leak checked prior to operation.

In general, piping from the plant, to and within the wellfield will be constructed of PVC
or high density polyethylene pipe (HDPE) with butt welded joints or the equivalent. All
pipelines will be pressure tested before final operation. It is unlikely that a break would
occur in a buried section of line because no additional stress is placed on the pipes. In
addition, underground pipelines will be protected from a major cause of potential failure
which is vehicles driving over the lines causing breaks. Typically, the only exposed pipes
will be at the central plant, at the wellheads, and in the headerhouses in the wellfield.
Trunkline flows and manifold pressures will be monitored for process control.

Engineering and administrative controls will be in place at the Central Plant to prevent
both surface and subsurface releases to the environment, and to mitigate the effects
should an accident occur.

Should a leak in the wellfield buildings, pipelines, or at wellheads occur, the primary
health and safety hazards presented by the spilled mining solutions would be ingestion or
inhalation of the spilled liquid or dried residue, direct gamma exposure, and release of
radon gas. These hazards would primarily apply to EMC personnel responding to the
spill. Section 5 discusses in detail the administrative controls that will be implemented by
EMC to maintain radiological exposures as low as reasonably achievable, including
employee training and the use of standard operating procedures (SOPs) or radiation work
permits (RWPs). All employees will receive training in the proper response to solution
spills during radiation worker training. SOPs and/or RWPs will specify worker
monitoring and protective equipment requirements for spill response.
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Spilled mining solutions will contain elevated concentrations of uranium, radium-226,
and trace metals. Although these concentrations are not high enough to present a
significant health and safety risk when absorbed in soil, they could present an increased
hazard in areas where spilled solutions may pond or build up over time. All cleanup of
spilled material will be performed with proper protective equipment. If soil cleanup of a
spill area is necessary due to the exceedance of the soil concentration limits in 10 CFR
Part 40, Appendix A, engineering controls will be used to minimize the generation of
dust. Direct gamma radiation exposure is not expected to be a significant hazard from
solution spills due to the low concentrations of gamma-emitting radionuclides in the
mining solution. Radon may be a hazard in enclosed spaces (e.g., within a headerhouse)
but this hazard can be controlled through the use of ventilation.

4.2.3.2 Central Plant

The central plant will serve as a central hub for the mining operations in the Moore
Ranch Project. Therefore, the central plant area will have the greatest potential for spills
or accidents resulting in the release of potential pollutants. Spills could result from a
release of process chemicals from bulk storage tanks, piping failure, or a process storage
tank failure.

The design of the central plant building will be such that any release of liquid waste
would be contained within the structure. A concrete curb will be built around the entire
process building. This pad will be designed to contain the contents of the largest tank
within the building in the event of a rupture. In the event of a piping failure, the pump
system will immediately shut down, limiting any release. Liquid inside the building, both
from a spill or from washdown water, will be drained through a sump and pumped to the
liquid waste system.

The potential health and safety hazards from spills within the Central Plant are similar to
those discussed in section 4.1.1.1 above. The Central Plant will be equipped to handle
liquid spills. The building will include sumps that will recover spilled solutions and direct
them to the wastewater system. Building ventilation will control the radon released by
spilled solutions.

4.2.3.3 Spills from Deep Well Pumphouses, Lines, and Wellheads

The design of the deep well pumphouses and wellheads will be such that any release of
liquids will be contained within the building or in a bermed containment area surrounding
the facilities. Liquid inside the building will be contained and managed as appropriate.

The wells will be equipped with a high-level shutoff switch on the injection tubing to
prevent operation of the pumps at pressures greater than the Limiting Surface Injection
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Pressure. In addition, the wells will be equipped with a low-pressure shut-down switch on
the surface injection line that will deactivate the injection pump in the event of a surface
leak. Finally, the wells will include a high/low pressure shutdown switch with a pressure
sensor on the tubing/casing annulus. This switch will stop the injection pump in the event of
either (1) a tubing leak or (2) a casing, packer, or wellhead leak.

The potential health and safety hazards from spills within the deep well pumphouses and
at the wellheads are similar to those discussed in section 4.2.3.2 above.

4.2.3.4 Domestic Liquid Waste

Domestic liquid wastes from the restrooms and lunchrooms will be disposed of in an
approved septic system that meets the requirements of the State of Wyoming. These
systems are in common use throughout the United States and the effect of the system on
the environment is known to be minimal.

4.3 TRANSPORTATION VEHICLES

The release of pollutants to the environment could occur due to accidents involving
transportation vehicles. This could involve either vehicles delivering bulk chemical
products, transport of resin to the Moore Ranch facility from satellite plants, transport of
radioactive contaminated waste from Moore Ranch to an approved disposal site, or from
vehicles carrying yellowcake slurry or dried yellowcake product from Moore Ranch
Central Plant.

All chemicals and products delivered to or transported from the site will be transported in
accordance with DOT regulations. Emergency response procedures will be developed
and implemented by EMC to insure a rapid response to the situation. All appropriate
personnel will be trained to the level required in the emergency response procedures to
facilitate proper response from EMC employees.

4.4 SOLID WASTE AND CONTAMINATED EQUIPMENT

Solid waste generated at the site is expected to include spent resin, resin fines, empty
reagent containers, miscellaneous pipe, pumps and fittings, and domestic trash,
construction debris, and is separated into the following two categories.
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4.4.1 Uncontaminated Solid Waste

Waste which is not contaminated with radioactive material or which can be
decontaminated and re-classified as uncontaminated waste includes solid waste, piping,
valves, instrumentation, equipment and any other items that are not contaminated or
which may be successfully decontaminated. If decontamination of waste material is
possible, surveys for residual surface contamination will be made before releasing the
material. Decontaminated materials must have activity levels lower than those specified
in NRC guidance2 . Methods for decontamination and release of contaminated equipment
are discussed in further detail in Section 5.

EMC estimates that the proposed Moore Ranch Project will produce approximately 2,000
cubic yards (yd3) of uncontaminated solid waste per year. Uncontaminated solid waste
will be collected on the site on a regular basis and disposed of in the nearest sanitary
landfill.

4.4.2 Byproduct Material

All contaminated items that cannot be decontaminated to meet release criteria will be
properly packaged, transported, and disposed at a disposal site licensed to accept I1 e.(2)
byproduct material. Solid wastes generated by this project that may become contaminated
with radioactive materials consist of items such as rags, trash, packing material, worn or
replaced parts from equipment, piping, filters, protective clothing, and solids removed
from process pumps and vessels. Radioactive solid waste that has a contamination level
requiring controlled disposal will be isolated in drums or other suitable containers. EMC
estimates that the proposed Moore Ranch Project will produce approximately 100 yd3 of
1 e.(2) byproduct material per year. These materials will be stored on site inside the

restricted area until such time that a full shipment can be shipped to a licensed waste
disposal site or mill tailings facility.

Byproduct material will be collected and stored within the Central Plant in appropriate
containers (e.g., 55-gallon drums with drum liners). When these containers are full, they
will be closed and stored within the Central Plant or will be moved to the byproduct
storage area and stored in a strong tight container as defined by DOT regulations. The
strong tight containers will be capable of preventing the spread of contamination and
contact with precipitation. EMC plans to use covered roll-off containers with an
approximate capacity of 20 cubic yards. Once full, these containers will be shipped for
disposal to a licensed disposal facility. During storage, the containers will be located
within a restricted area. Access to the byproduct storage facility will be controlled
through the use of security fencing, locked gates, and proper posting as a restricted area.
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Larger items such as contaminated equipment that cannot be stored in a roll-off container
will be stored in the Central Plant or covered/sealed in manner that will prevent the
spread of contamination in the byproduct storage area.

4.4.3 Septic System Solid Waste

Domestic liquid wastes from the restrooms and lunchrooms will be disposed of in an
approved septic system that meets the requirements of the WDEQ for Class V UIC wells.
Disposal of solid materials collected in septic systems must be performed in accordance
with WDEQ Solid Waste Management rules and regulations.

4.4.4 Hazardous Waste

The potential exists for any industrial facility to generate hazardous waste as defined by
the Resource Conservation and Recovery Act (RCRA). In the State of Wyoming,
hazardous waste is governed by WDEQ Hazardous Waste Rules and Regulations. Based
on preliminary waste determinations conducted by EMC in consideration of the processes
and materials that will be used on the project, EMC will likely be classified as a
Conditionally Exempt Small Quantity Generator (CESQG), defined as a generator that
generates less than 100 kg of hazardous waste in a calendar month and that complies with
all applicable hazardous waste program requirements. EMC expects that only used "vaste
oil and universal hazardous wastes such as spent batteries will be generated at Moore
Ranch.

4.4.5 Soil Contaminated as a Result of Wellfield Releases

All piping from the Moore Ranch Central Plant to and within the wellfield will be buried
for frost protection. Pipelines will be constructed of high density polyethylene (HDPE)
with butt welded joints, or equivalent. All pipelines will be pressure tested at operating
pressures prior to final burial and production flow and following maintenance activities
that may affect the integrity of the system.

Each wellfield will have a number of header houses where injection and production wells
will be continuously monitored for pressure and flow. Individual wells, along with main
trunk lines, may have high and low flow alarm limits set in the header house. All
monitored parameters and alarms will be observed in the control room via the computer
system. In addition, each wellfield building will have a "wet building" alarm to detect the
presence of any liquids in the building sump. High and low flow alarms have been proven
effective in detection of significant piping failures (e.g., failed fusion weld).
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Occasionally, leaks (typically small) at pipe joints and fittings in the wellhouses or at the
wellheads may occur. Reporting of site releases is discussed in Section 4.4.6.. Until
remedied, these leaks may drip process solutions onto the underlying soil. Surface and
subsurface soil at a solution mine may become contaminated by leaks and spills of
process solutions. Although the specific concentration of radionuclides in these process
solutions is relatively low, the concentration of contamination in the soil may exceed
regulatory limits if the solution is confined to a small area or if there are multiple spills in
the same location. Uranium One will implement a program of continuous wellfield
monitoring by roving wellfield operators and will require periodic (at a minimum of
daily) inspections of each wellfield that is in service or in restoration. Small leaks in
wellfield piping typically occur in the injection system due to the higher system
pressures. These leaks seldom result in soil contamination above cleanup standards.
Following repair of a leak, Uranium One will require that the affected soil be surveyed
for contamination and the area of the spill documented as required by the NRC. The soils
potentially impacted by a spill of injection or production fluid are typically sampled and
scanned for gamma radiation. The surface extent of any spill will be delineated
horizontally by use of a field GPS system. If contamination is detected by gamma
surveys, the soil is sampled and analyzed for the appropriate radionuclides.
Contamination may be removed immediately if concentrations exceed regulatory
requirements or left in place and documented for future clean up (if necessary) during the
decommissioning phase of site closure.

In the event of a minor spill where the amount of fluid is limited with minimal chance of
significant infiltration of the fluid, samples may be obtained at only the 0-6 inch depth. In
the case of significant pooling of fluid, soil samples may be necessary at the 0-6 inch and
6-12 inch intervals. The first steps after a release is discovered will be to immediately
stop the source of the leak and limit the horizontal migration of released fluid then initiate
the process of recovering any free standing fluids.

The cleanup of surface and subsurface soils is governed by the limits in 10 CFR Part 40,
Appendix A. Those limits for the concentration of Ra-226 in soil are 5 pCi/gm above
background for the first 15 cm surface layer, averaged over not more than 100 m2 and 15
pCi/gm above background for each successive 15 cm subsurface layer, averaged over not
more than 100 m2 . Soil clean up and survey methods will be designed to meet current
requirements of the USNRC and will be described in the Decommissioning Plan required
by NRC License Condition.

All site release information and survey results will be maintained as a component of the
decommissioning records as required by 10 CFR §20.2103. Documentation of annual
releases from the site will be provided with a Map to the WDEQ-LQD in the annual Mine
Permit report.
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4.4.6 Reporting Procedures

Reporting of excursions and corrective actions will be conducted as described in Section
5.7.8.

The WDEQ-LQD will be verbally notified (per telephone or email) within 24 hours of
discovery of a spill of ISR process fluids exceeding 420 gallons. A written report will be
provided to the WDEQ-LQD within 5 days of discovery containing the information
described in WDEQ-LQD Rules and Regulations, Chapter 11, Section 12(a)(B)(ii).

The NRC will be verbally notified (per telephone or email) within 48 hours of discovery
of a spill of ISR process fluids reportable to the WDEQ-LQD. A written report will be
provided to the NRC within 30 days of discovery containing the information required per
NRC License Conditions.

Other unanticipated spills of reportable quantities from chemicals bulk storage areas will
be reported to the WDEQ in accordance WDEQ-WQD, Rules and Regulations, Chapter
17, Part E and 40 CFR 302 (CERCLA).

Other operational reporting and applicable requirements include the following:

• Corrective Actions and Compliance Schedules- WDEQ-LQD Rules" and
Regulations, Section 13 and NRC License Conditions.

* Quarterly Monitoring Reports- WDEQ-LQD Rules and Regulations, Section 15.
* Annual Operations Reports- WDEQ-LQD Rules and Regulations, Section 15.
* Well Abandonment Reports- WDEQ-LQD Rules and Regulations, Section 15
* Deep Disposal Well Monitoring Reports- Done in accordance with UIC injection

well permit issued by the WDEQ-LQD.
* NRC Semi-Annual Report- Done in accordance with NRC License Conditions.
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