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SUMMARY AND CONCLUSIONS: 
 
The NRC staff has reviewed Strata Energy, Inc. (SEI) Mine Unit 2 (MU2) Wellfield Data 
Package for the Ross in situ Recovery (ISR) facility in Crook County, Wyoming.  Based upon 
that review and as documented below, the NRC staff finds that SEI has prepared the MU2 
Wellfield Package in accordance with the applicable regulations, existing license conditions and 
commitments in the approved license application.   
 
John Saxton was the project manager when the bulk of this review took place in 2016; however, 
Ron Burrows is the current project manager.  A delay in finalizing this review occurred due to 
other priorities.   
 
INTRODUCTION  
 
By letter dated August 26, 2016, Strata Energy Inc., (SEI) submitted its Mine Unit 2 (MU2) 
Wellfield Package for the Ross ISR facility (ADAMS Accession No. ML16243A163).  At the time 
of the package submittal and throughout most of the bulk of this review in 2016, the existing 
license SUA-1601 was Amendment 5 (ML16126A290).  During its acceptance review, the NRC 
staff identified that SEI had completed the wellfield package based on the assumption that a 
previously submitted amendment request still pending review by NRC would have been 
completed for this review.   By email dated September 16, 2016 (ML16265A076), SEI clarified 
and supplemented the wellfield data package stating that it would meet the existing license 
conditions in Amendment 5 of License SUA-1601 until such time that action on the previously 
submitted amendment was finalized.   
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The previously submitted request consists of: (1) changing the requirement density of baseline 
ore zone wells from one well per four acres to one well per two acres; and (2) changing the 
distance and spacing of the perimeter wells from 400 feet to a range of between 300 and 500 
feet.  After the bulk of this review was completed, the previous amendment request was 
approved as License Amendment 7 (ML17011A167).  Because the bulk of the review was 
accomplished prior to the startup of operations, the existing license was Amendment 5.  The 
following review was based on license conditions at that time.  
 
Pursuant to License Condition 10.13, SEI is required to submit a wellfield data package at least 
60 days prior to planned start day of lixiviant injection.  The first day of injection to Mine Unit 2 
was December 27, 2016.  Therefore, The NRC staff finds that the licensee submitted the 
wellfield package in a timely manner.  Unlike staff’s review of the initial package, staff is not 
required to approve or provide written verification on its review of the MU2 package.  The review 
of the MU2 package is limited to providing only staff’s comments. 
 
STAFF’S REVIEW 
 
The license conditions that are related to a wellfield package are license conditions (LC) 
10.12 and 10.13. 
 
LC 10.12 states: 
 

Prior to conducting tests for a wellfield data package, the licensee will attempt to locate 
and abandon all historic drill holes within: A) The perimeter well ring for the Wellfield; 
and B) To the extent the historic drill holes extend into the first underlying aquifer, the 
area that is downgradient of the Wellfield and is between the perimeter well ring for the 
Wellfield and the closer of either  

i. The Ross Project license area boundaries shown in figure 1.4-2 
of the approved license application; or  
ii. The outer boundary of the exempted aquifer as defined by the 
Class III UIC permit issued by the Wyoming Department of 
Environmental Quality. 

 
The licensee will document such efforts to identify and properly abandon all drill holes in 
the wellfield data package. 

 
LC 10.13 states: 
 

Wellfield Package.  Prior to conducting principal activities in a new wellfield, the licensee 
shall submit a hydrologic test data package (wellfield package) to the NRC.  The initial 
wellfield package will be submitted for NRC staff review and verification.  Each wellfield 
package shall be submitted at least 60 days prior to the planned start date of lixiviant 
injection.  In each wellfield data package, the licensee will document that: (1) all 
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perimeter monitoring wells are screened in the appropriate horizon in order to provide 
timely detection of an excursion; and (2), the baseline values to establish groundwater 
protection standards and Upper Control Limits (UCLs) for the Wellfield in accordance 
with LC 11.3.  The wellfield package will adequately define heterogeneities that may 
affect the chemical signature and ground-water flow paths within the ore zone as 
described in Sections 2.7.3.2.3, 3.1.1 and 5.7.8.1 of the approved license application.  

 
Based on the above license conditions and commitments in sections 2.7.3.2.3, 3.1.1 and 5.7.8.1 
of the approved license application, as amended, the NRC staff’s review focused on the 
following areas of review: 
 

1) Abandonment of historical drill holes 
2) Potentiometric surfaces 
3) Location and number of OZ, SM, and DM baseline wells 
4) Location of wellfield perimeter monitoring wells 
5) Hydraulic communication between baseline ore zone wells and between the wellfield 

perimeter wells and baseline ore zone wells 
6) Vertical hydraulic isolation of the ore zone and monitoring well mechanical integrity 

testing 
7) Calculation of UCLs and baseline data 

 
1)  Abandonment of historical drill holes 
 
Prior to conducting tests for the MU2 Wellfield Data Package, SEI attempted to locate and re-
abandon all historical drill holes within the perimeter ring, and those that are located 
downgradient of the wellfield between the perimeter ring and the exempted aquifer boundary 
and penetrate to the first underlying aquifer (DM zone).  SEI’s attempt resulted in the 
documented abandonment of 89 percent (545 of 614 drill holes) of all historic drill holes within 
MU2’s perimeter monitor well ring and the documented abandonment of 85 percent (46 of 54 
drill holes) of all historical drill holes that are hydraulically downgradient of MU2 (downgradient 
under both anticipated natural conditions and current anthropogenic influences) to the aquifer 
exemption boundary (refer to MU Wellfield Package, Section 3.4, Table 2 of Attachment 4).  The 
exploration drill holes that SEI could not be located for re-abandonment included exploratory 
and delineation drill holes located within drainages, ground had been disturbed, cultural sites, 
beneath pipelines, and areas of soft ground conditions.   
 
The NRC staff verifies that SEI’s attempt to locate and re-abandon all historical drill holes within 
the perimeter ring and those that penetrate the first underlying aquifer (DM zone) and 
hydraulically downgradient from the perimeter ring to the aquifer exemption boundary are 
consistent with the above license conditions and commitments.   
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2)  Potentiometric surfaces 
 
The licensee provides MU2 potentiometric surface contour maps of the OZ aquifer, the 
overlying SM aquifer, and the DM aquifer interval.   
 
The OZ potential surface displayed in Figure 2.2 shows groundwater flow within MU2 is 
generally toward the central portion of MU2.  Figure 2.2 reveals an area with anomalously 
steeper gradients.  This area coincides with the low permeable zone identified by the licensee 
that crosses the northern portion of MU2.  The SM potentiometric surface in Figure 2.3 shows 
variable flow directions within MU2.  The DM potentiometric surface in Figure 2.4 show ground 
flow within DM is generally to the south.  SEI noted that due to poor water yielding 
characteristics of the DM zone, several of the DM wells were excluded when developing the 
potentiometric surface because water levels failed to reach static levels during the entire aquifer 
testing period. 
 
The NRC staff verifies that the potentiometric surface contour maps accurately present the data 
collected and is consistent with commitments in the approved license application, as amended. 
 
3)  Location and number of OZ, SM, and DM baseline wells 
 
The licensee proposes 22 baseline wells in the area of the production units within each of the 
following horizons: OZ (ore aquifer); SM (designated first overlying aquifer); and, DM designated 
first underlying aquifer).   Based on Figure 1-3 of the MU2 Wellfield Package, the OZ baseline 
wells are generally spaced equally from one another and provides adequate coverage of the 
production area including at least one baseline well in the isolated production areas.  As 
indicated in the Section 1.1 of the MU2 Wellfield Package, the wellfield pattern production area 
of MU2 (containing injection and production wells) covers approximately 48 acres.  Considering 
there are 22 OZ baseline wells, there is one OZ well per 2.18 acres, which does not meet the 
license requirement of one baseline OZ well per 2 acres of wellfield production area.  However, 
according to an e-mail sent from Mike Griffin of SEI to John Saxton of NRC on September 16, 
2016 (ML16265A076), SEI has committed to doing the following:  “As required under License 
Condition 11.3(A), Strata will meet the requirement for one baseline well per 2 acres by limiting 
the wellfield production area of Mine Unit 2 to 44 acres until such time the license is amended.”   
 
Based on Table 1 in the MU2 Wellfield Package Attachment 3, the thickness for the completion 
interval for the 22 OZ baseline wells ranges from 8 feet to 37 feet and averages 19.45 feet.  The 
reported average completion thickness for the production and recovery wells in the 2017 surety 
update (Ml16342C556) is 17.7 feet.  Although slightly higher, the estimated thickness for all the 
wells in MU2 is consistent with the average thickness for the monitoring wells. 
 
Of the 22 SM wells and 22 DM wells, SEI plans to use 18 SM wells and 18 DM wells for 
compliance monitoring (refer to MU2 Wellfield Package Table 3-1, Figure 3-1, Sections 6.2.5 
and 6.2.6).  Considering the wellfield pattern production area is 48 acres, Staff finds that there is 
one SM well per 2.67 and one DM well per 2.67 acres, which exceeds the minimum density of  
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one well per four acres for SM and DM compliance monitoring (License Conditions 11.3).  
Based on Figure 3-1 of the MU2 Wellfield Package, the SM and DM wells provide adequate 
coverage including in areas in the sufficiently isolated production areas. 
 
Based on Table 1 in the MU2 Wellfield Package Attachment 3, the completion interval for the 
SM and DM aquifers is consistent with commitments in the approved license application, as 
amended.   
 
The NRC staff verifies that the location and number of ore zone baseline wells and baseline 
wells in the overlying and underlying aquifers are consistent with license condition with the 
noted commitment to limit the production area to 44 acres.   
 
4)  Location of wellfield perimeter monitoring wells 
 
Figure 1-3 of the MU2 Wellfield Package shows the location of MU2 pattern production area and 
the perimeter monitoring well ring.  The distance between the wellfield perimeter monitoring 
wells and the pattern production area is consistent with commitments in the approved license 
application, as amended (at 400 feet), even though between wells PM06, PM08, PM20, PM29, 
and PM30 appear to be located just over 400 feet from the pattern area.  The spacing between 
perimeter wells is consistent with the approved license application, as amendment, contingent 
on SEI’s implementation of their commitment to temporary use PM-05 as a perimeter monitoring 
well (ML16265A076). 
 
The NRC staff verifies that the distance to and spacing of the perimeter wells are consistent with 
the license conditions and commitments in the approved license application, as amended. 
 
5)  Hydraulic communication between baseline ore zone wells and wellfield perimeter 
monitoring wells 
 
MU2 Wellfield Package Figure 2-2 and Attachment 5 Figure 1 depicts strip of low permeability 
material within the ore zone.  This east-west strip of OZ completely crosses the northern portion 
of MU2 and is approximately 300 feet wide and may be wider along the western edge of MU2.   
This low permeable zone was identified by two aquifer pumping tests performed by SEI for the 
data package.  The first aquifer test was conducted by pumping PM25 (located south of the low 
permeable zone) for 3.12 days at an average discharge rate of 37 gallons per minute.  Results 
of drawdown and recovery monitoring conducted during that aquifer pumping tests indicated 
that all OZ wells and PM wells located south of the low permeable zone have hydraulic 
communication with one another.  The second aquifer test was conducted by pumping OZ019 
(located north of the low permeable zone) for 3.95 days at an average discharge rate of 13 
gallons per minute.  Results of drawdown and recovery monitoring conducted during the second 
test indicated that all OZ wells and PM wells located north of the low permeable zone have 
hydraulic communication with one another.   
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The compliance monitoring wells completed in the OZ interval located immediately north of the 
low permeable strip are OZ018, OZ021A, PM12, and PM21, immediately south of the low 
permeable strip include OZ014, OZ016, OZ049, and PM21, and within the low permeable zone 
include PM10 and PM11 (refer to MU2 Wellfield Package Attachment 5 Figure 1). 
 
Results of the aquifer pumping tests indicated that the portions of the low permeable zone 
located on the eastern perimeter monitoring well ring of MU2 in the area of PM-10 and PM11, 
and within the central portion of MU2 just above OZ016 and OZ049 are not a no-flow barriers.  
During the first aquifer pumping test, a comparatively small drawdown response was recorded 
in PM-10 and PM11 (located south-eastern portion of the low permeable zone) using the test’s 
pumping well PM25, which is located south of the low permeable zone.  During the second 
aquifer test, a response, although relatively small, was recorded in OZ016 and OZ049, which 
are located on the other side of low permeable zone from the test’s pumping well OZ019 (refer 
to MU2 Wellfield Package Attachment 5 Figure 1).   
 
As documented in Attachment 5 (Tables 5, 7) of the MU2 Wellfield Package, the observation 
wells did not show a response immediately on the other side low permeable zone from the 
aquifer test’s pumping wells were PM11, PM12, PM20 and PM21.  However, as reflected in the 
aquifer test hydrographs in Attachment 5, some of the recorded responses have been muted by 
an emergency shut down of the MU1 and from sampling efforts.  Based on aquifer pumping test 
results, the transmissivity estimates for the MU2 ore zone south of the low permeable strip 
range from 64.3 to 128.4 ft2/day.  However, these estimates may be overestimation due to the 
effects of the MU1 emergency shutdown.  The transmissivity estimates for the low permeable 
strip range from 32.3 to 78.4 ft2/day.  These transmissivity values are consistent with those 
previously reported at the licensed area.  More importantly, the licensee had established that 
the ore zone on either side of the low permeable zone was in hydraulic communication with 
perimeter wells on the respective side of the low permeable zone. 
 
Therefore, the NRC staff verifies that the hydraulic communication exists between the ore zone 
and perimeter wells consistent with the license conditions and commitments in the approved 
license application, as amended.  The communication due to the presence of a low permeable 
zone is acceptable because wells are located on both sides of that zone. 
 
6)  Vertical hydraulic isolation of the ore zone and monitoring well mechanical integrity 
testing 
 
During the two MU2 aquifer tests, SM observation wells in the overlying aquifer did not show a 
drawdown response.  However, a drawdown response occurred in two DM observation wells 
(DM4 and DM10) during the aquifer pumping test.  Additionally, after water level observations 
for DM-12 were determined to be invalid, SEI determined that sampling results indicated that 
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DM12 was in hydraulic communication with OZ12.1  Subsequently, DM4, DM10, and DM12 
were abandoned and replaced with DM4A, DM10A, and DM12A.  A DM verification aquifer 
pumping test followed, which was conducted by pumping PM25 for 2.06 days at an average 
discharge rate of 44 gallons per minute.  Results of this DM verification aquifer test did not show 
a drawdown response in DM4A, DM10A, and DM12A observation wells.    
 
The NRC staff finds that that the pumping tests and sampling methodologies were conducted 
properly, and the appropriate corrective actions undertaken.  Therefore, the NRC staff verifies 
that the MU2 ore zone is hydraulic isolation from the overlying and underlying aquifers 
consistent with license conditions and commitments in the approved license application, as 
amended. 
 
7)  Calculation of UCLs and baseline data 
 
Baseline water quality data for OZ, PM, SM, and DM wells is summarized in MU2 Wellfield 
Package’s Table 6-1 and Attachment 6, and all of the associated lab reports are provided in 
Attachment 7.   
 
The MU2 baseline sampling data in the MU2 wellfield package include:  
 

• sample results from four sampling events, 14 days apart, for each of the 22 OZ baseline 
wells and the 32 PM compliance monitoring wells listed in Table 3 of the MU2 Wellfield 
Package.   
 

• sample results for four sampling events, 14 days apart, for 21 SM wells, which include all 
18 of the SM compliance wells except compliance well SM232 (Table 3).  In addition to 
the compliance wells, the 21 SM wells includes four additional SM wells that will not be 
used for compliance monitoring (SM04, SM07, SM10, and SM13). 
 

• sample results for four sampling events, 14 days apart, for 20 DM wells except DM4A, 
DM10A and DM12A (where only one sample was obtained).  Also, the 20 DM wells 
include all 18 DM compliance wells (including the one sample from DM12A3).  In addition 

                                                 
1 SEI states in Section 3.1.4 of the MU2 Wellfield Package, “it was determined that a dedicated pump had 
been installed in MU2-DM12 and water levels were being measured in the riser pipe connected to the 
pump. The water level in the riser pipe was likely influenced by the pump and was not representative of 
the water level within the wellbore. Further evaluation during a subsequent sampling event confirmed that 
MU2-DM12 was in communication with MU2-OZ12.” 
2 As SEI stated, “Four rounds of sampling were completed for well SM23 but are not included in this 
analysis or UCL calculations, since the data were found to be unrepresentative of the SM interval.  Since 
the well is low yielding (less than 0.5 gpm), Strata plans to pump the well continuously until field 
parameters indicate that the water is representative of the SM interval. Then one sample will be collected, 
with the results compared to the proposed UCLs for verification.” 
3 As SEI stated, “Only one sample from well DM12A has been collected to date. Since the water quality 
within the well is representative of the DM interval, with no suspected outliers, no additional samples will 
be collected.” 
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to the compliance wells, the 20 DM wells includes two additional DM wells that will not 
be used for compliance monitoring (DM4A and DM10A).  
 

Within the MU2 Wellfield Package, the licensee provides the upper control limits (UCLs) for the 
excursions parameters (chloride, conductivity, and total alkalinity for the PM, SM intervals, and 
sulfate, conductivity, and total alkalinity for the DM interval).  The method used to calculate the 
UCLs consist of the average plus five standard deviations, except for chloride (the higher of 
either 15 mg/L or the calculated value) (refer to MU2 Wellfield Package Attachment 12).  The 
UCL calculation for MU2 in Attachment 12 includes:  
 

• all 32 of the PM compliance wells  
 

• SM1, SM-2, and SM-4 to SM-22.   
 

• all DM compliance wells  
 

• As required by License Condition 11.3, the TRV analysis for MU2 (MU2 Wellfield 
Package Attachment 11) was conducted for all the wellfield baseline aqueous sampling 
parameters listed in ML15149A023. 
 

• The TRV calculation contains all 22 baseline OZ wells listed Table 3 of the MU2 
Wellfield Package.  

 
The licensee’s calculated the TRV’s using the average baseline water quality and variability in 
each parameter using statistical methods consistent with ASTM D6312-98.  Specifically, the 
data were first screened for potential outliers (MU2 Wellfield Package Attachment 8) followed by 
use of a method that is consistent with ASTM6312-98’s approach to calculating of prediction 
limits at 95% confidence levels if the data are normally or lognormally distributed, or the 
calculation of non-parametric prediction limits if neither the normal nor lognormal distribution 
assumptions are valid.  However, as stated by SEI, “instead of calculating prediction limits, 
which are specifically designed for detection monitoring (particularly at RCRA facilities) and 
include provisions for the number of future comparisons and the verification resampling method 
(neither of which is applicable to demonstrating compliance with groundwater protection 
standards following groundwater restoration), upper tolerance limits (UTLs) were calculated at a 
95% confidence level. UTLs are focused specifically on the background concentration rather 
than future detection monitoring and are designed to contain a specified portion of the 
background concentration at a given confidence level.”  
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The NRC staff verifies that the TRV calculations are consistent with license conditions and 
commitments in the approved license application, as amended. 
 


