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RAI-1 Lack of Procedures/Insufficient Language in the Proposed 
License Condition 

Description of the Deficiency 

The proposed license condition includes the following phrases: "wellfield-specific 

conditions ... demonstrates a lower density is justified" and "no viable underlying 

aquifer exists or there is more than 50 feet of shale between the OZ and next 

continuous sandstone interval no monitoring of the underlying aquifer will be 

required."  The proposed license condition is unacceptable by staff because it 

provides no methodology for determining the wellfield-specific conditions.  

Furthermore, the second phrase is not worded properly should the procedures be 

found to be sufficient.  The phrase should be worded as, follows: "no viable DM 

aquifer exists and there is more than 50 feet of shale between the OZ aquifer and 

next underlying sandstone interval, or, more than 50 feet of shale exist between 

the OZ aquifer and the DM unit, no monitoring of the underlying aquifer will be 

required." 

Basis for the Request 

Strata's request addressed the four topics listed in section 5.7.8.3(3) of NUREG-

1569 that an applicant and/or reviewer should consider in determining the 

appropriateness of excluding monitoring of the lower aquifer.  On page 10 of the 

request Strata states "properties of DM interval measured within MU1 and MU2 

are typical of what will be encountered in future mine units  ... [t]herefore, 

flexibility in monitoring the DM interval in future mine units using the criteria 

used to evaluate the DM in MU1 and MU2 is appropriate."  However, Strata's 

request did not explicitly state the methodology to be used.  As discussed in RAI-

2, some of rationale for the methodologies used to evaluate the data from MU1 

and MU2 was not clear or was inconsistent with analyses previously conducted 

by the applicant in other documents.  Staff is unclear of what methodology it is 

approving. 

Request for Additional Information 

Please provide a clear procedure that Strata proposes to use to determine 

whether or not the DM unit is a viable aquifer. 

RAI-1 Response 

At this time, Strata withdraws the license amendment language suggested in the 

April 5, 2017 amendment request (ML17103A262). To provide a brief 

background, the initial amendment request submitted on July 16, 2015 

(ML15205A337) proposed specific qualitative and quantitative criteria to 



 

Ross ISR Project  RAI Response 

DM Amendment LC 11.3(C) 2 August 2017 

evaluate whether the DM is a viable aquifer. However, during a PM-to-PM call on 

March 17, 2017, it was suggested that Strata withdraw the amendment request 

due to insufficient rigor in the criteria and because the Office of General Counsel 

(OGC) would not provide the necessary “no legal objection.” Based on subsequent 

guidance from NRC staff, guidance in the Standard Review Plan (SRP or NUREG-

1569) and staff’s assessment in the Ross Safety Evaluation Report (SER), Strata 

proposes the following five quantifiable criteria, which would be applied to Mine 

Units 1 and 2:  

1. If there is more than 50 feet of shale between the OZ aquifer and the 

DM unit, then no monitoring of the underlying aquifer will be required. 

Not monitoring the underlying sandstone where more than 50 feet of 

shale is present is supported by the SRP, which recommends exclusion 

of the requirement to monitor water quality if there is a large aquitard 

between the production zone and the underlying aquifer. 

2. If no viable DM aquifer exists and there is more than 50 feet of shale 

between the OZ aquifer and next underlying sandstone interval below 

the DM unit, no monitoring of the underlying aquifer will be required.  

Justification for not monitoring the underlying sandstone where more 

than 50 feet of shale is present is described under criteria #1. In order 

to be determined to not be a viable aquifer, a well completed within the 

DM unit must exhibit a yield below one of the following three criteria: 

3. If the measured recovery following purging (removal of at least 

300 gallons) is less than 300 gallons in 48 hours, the DM unit will be 

determined to not be a viable aquifer and the well will not be used as 

an underlying monitor well. This criterion is supported by the SRP, 

which recommends exclusion of the requirement to monitor water 

quality if the underlying aquifer is a poor producer of water. It is also 

supported by the Ross SER, which considered a sustained yield of 150 

gallons per day to be a minimum value below which the monitoring 

interval would be considered a “limited use groundwater” according to 

40 CFR § 192.11(e). In following the example in the Ross SER, if the 

well is purged every 2 days it would have to produce 300 gallons during 

each purging event to yield 150 gallons per day. For a sustained 

continuous use, the criterion of 300 gallons recovery in 48 hours is 

consistent with the analysis in the Ross SER. 

4. If the measured recovery following purging is less than 90 percent in 

24 hours, the DM unit will be determined to not be a viable aquifer and 
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the well will not be used as an underlying monitor well. This criterion 

is supported by both the SRP and the Ross SER, which documents 

USGS guidance defining “significant amount” of yield (USGS 2006). If a 

well does not meet this threshold, the USGS guidance recommends not 

sampling the well for water quality purposes. 

5. If the predicted yield is less than 0.5 gallon per minute (gpm), as 

estimated over 1 year, the DM unit will be determined to not be a viable 

aquifer and the well will not be used as an underlying monitor well. This 

criterion is supported by the SRP and the Ross SER, which documents 

EPA guidance indicating that 1 gpm is the threshold value for 

determining whether an aquifer produces a “significant amount” of 

water (EPA 2002). It is also supported by WDEQ/LQD Guideline No. 4, 

which uses a yield of 0.5 gpm to define a sufficient quantity of water. 

The assumptions and methodology used to estimate the predicted yield 

are further justified in the response to RAI-2, Partial Response #7. 

Application of the proposed criteria to MU1 underlying monitor wells reveals that 

none of the wells has more than 50 feet of shale between the OZ aquifer and DM 

unit. Therefore, none of the wells will be eliminated on the basis of criteria #1. 

However, there is more than 50 feet of shale present between the OZ aquifer and 

the next underlying sandstone (BFS 1 Sand) below the DM unit (criteria #2). 

Using data available in the MU1 Wellfield Data Package, specifically 

Attachment 1 (ML15209A701), the following DM wells indicate a combined 

thickness of more than 50 feet of shale below the OZ aquifer: MU1-DM4, DM6, 

DM7, DM8, DM10, and DM14. Only well MU1-DM8 penetrated to the BFS 1 

Sand; the geophysical log of this well shows that there is at least 61 feet of marine 

clay below the OZ aquifer. Additionally, exploration drill hole RMR0008 (project 

type log and MU1 stratigraphic log) indicates at least 60 feet of shale below the 

OZ aquifer. If it is determined that the DM interval is not an aquifer, these data 

indicate that there is no viable underlying aquifer separated by less than 50 feet 

of shale from the OZ aquifer. 

With regard to whether the DM unit is a viable aquifer in MU1, Attachment 1 

includes hydrographs of the MU1 DM wells during and following swabbing 

events. Each hydrograph displays the water level before, during, and after 

swabbing. Horizontal lines indicate the water level corresponding to 300 gallons 

of recovery and 90 percent recovery. Vertical lines indicate 24 hours and 48 

hours after swabbing. Table 1 compares the MU1 DM wells against all five 

proposed criteria. The hydrographs show that the measured recovery in all of the 

MU1 DM wells is below one or both of the low yield thresholds based on recovery 
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(criteria #3 and #4). As such, all of the MU1 DM wells are determined to not yield 

a significant amount of water and are not completed within viable aquifers under 

the proposed criteria. Further, as described in the response to RAI-2, the 

predicted well yield over 1 year is less than 0.5 gpm in all MU1 DM wells (criteria 

#5). In fact, the predicted yield ranges from 0.01 to 0.08 gpm per well. 

Since there is more than 50 feet of shale between the OZ aquifer and the next 

underlying sandstone interval below the DM interval within MU1 and the DM 

interval is not a viable aquifer at all well locations, Strata requests authorization 

to discontinue monitoring all of the DM wells within MU1. 

Table 1. Evaluation of MU1 DM Wells against Proposed Criteria

Well I.D. 

Criteria #1 Criteria #2 Criteria #3 Criteria #4 Criteria #5 

≥ 50 Feet of 

Shale 

between OZ 

and DM 

Interval 

≥ 50 Feet of 

Shale between 

OZ and BFS 1 

Sand 

< 300 Gallons 

Recovery in 

48 Hours 

< 90% 

Recovery in 

24 Hours 

< 0.5 gpm 

Well Yield 

over 1 Year 

MU1-DM1 No 

Yes1 

Yes Yes Yes 

MU1-DM2 No Yes Yes Yes 

MU1-DM3A No Yes Yes Yes 

MU1-DM4 No Yes Yes Yes 

MU1-DM5 No Yes Yes Yes 

MU1-DM6 No Yes Yes Yes 

MU1-DM7 No ND2 Yes Yes 

MU1-DM8 No ND2 Yes Yes 

MU1-DM9 No ND2 Yes Yes 

MU1-DM10 No ND2 Yes Yes 

MU1-DM11 No ND2 Yes Yes 

MU1-DM12 No ND2 Yes Yes 

MU1-DM13 No ND2 Yes Yes 

MU1-DM14 No ND2 Yes Yes 
Notes: 

1 Sufficient evidence is available to conclude that there is at least 50 feet of combined shale thickness 
across MU1. 

2 Not determined (ND) for wells where less than 300 gallons was removed during swabbing. 

 

For MU2, application of the proposed criteria shows that, like MU1, there is not 

sufficient shale between the OZ aquifer and DM unit to eliminate monitoring 

based on criteria #1. However, there is more than 50 feet of shale present below 

the OZ aquifer and the next underlying sandstone (BFS 1 Sand) below the DM 

interval (criteria #2). Data to support this analysis comes from several sources. 

First, the drill hole log for RMR0584, used as the stratigraphic column in the 

MU2 Wellfield Data Package (ML16243A158, Figure 2-1), indicates at least 

56 feet of combined shale below the OZ aquifer. Second, the log for MU2-DM21, 

included in Attachment 1 of the same submittal (ML16243A157), indicates at 

least 51 feet of combined shale below the OZ aquifer. Third, in Addendum 2.6-C 



 

Ross ISR Project  RAI Response 

DM Amendment LC 11.3(C) 5 August 2017 

to the approved license application (ML110130314), cross-section D-D’ includes 

the log for exploration drill hole SP114R, which depicts at least 57 feet of 

combined shale below the OZ aquifer. Drill hole SP114R is located approximately 

200 feet east of MU2-DM08, which lies virtually in the center of MU2. Finally, at 

least 27 exploration drill holes within the perimeter monitor well ring of MU2 

penetrated to the BFS 1 Sand. Data from these logs further support those logs 

already provided to NRC staff as described above. For these 27 drill holes, the 

average thickness of the combined shale is 59 feet, with a minimum of 44 feet 

and a maximum of 68 feet. Only two logs suggest less than 50 feet of shale, with 

RMR0247 at 49 feet and SP257R at 44 feet. The location of these logs can be 

found on Exhibit 1 of TR Addendum 2.6-E (ML110130314). Both of these drill 

holes lie just inside of the eastern perimeter monitor well ring surrounding MU2, 

which places them thoroughly outside of the wellfield pattern area. There is no 

evidence of any locations with less than 50 feet of combined shale thickness 

below the OZ aquifer within the MU2 wellfield pattern area. If it is determined 

that the DM interval is not an aquifer, these data indicate that there is no viable 

underlying aquifer separated by less than 50 feet of combined shale from the OZ 

aquifer. Table 2 compares the MU2 DM wells against criteria #1 and #2.  

Due to fewer measurements of water level following swabbing events in MU2, it 

is only possible to apply the yield criteria based on measured well recovery 

(criteria #3 and #4) to three of the MU2 DM wells. Attachment 1 includes 

hydrographs for MU2-DM04A, MU2-DM10A and MU2-DM12A, which were 

monitored for a longer period after swabbing than the other MU2 DM wells. The 

measured recovery in each of these three DM wells is below both of the proposed 

low yield thresholds (criteria #3 and #4). As such, these three MU2 DM wells are 

determined to not yield a significant amount of water and are not completed 

within viable aquifers based on the proposed criteria. The three wells also have 

predicted yields much lower than 0.5 gpm, as shown in the response to RAI-2. 

Estimated yields for the wells are 0.14, 0.13 and 0.17 gpm, respectively. 

Estimated yields for the remaining MU2 wells are provided in the response to 

RAI-2. Application of the yield criteria for these wells is summarized in Table 2. 

Only MU2-DM01 has an estimated yield above the 0.5 gpm threshold over 1 year, 

with the remaining MU2 DM wells are below the threshold. Based on this 

evaluation, Strata requests authorization to discontinue monitoring all of the 

MU2 DM wells except MU2-DM01. 
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Table 2. Evaluation of MU2 DM Wells against Proposed Criteria

Well I.D. 

Criteria #1 Criteria #2 Criteria #3 Criteria #4 Criteria #5 

≥ 50 Feet of 

Shale 

between OZ 

and DM 
Interval 

≥ 50 Feet of 

Shale between 

OZ and BFS 1 

Sand DM 
Interval 

< 300 Gallons 

Recovery in 

48 Hours 

< 90% 

Recovery in 

24 Hours 

< 0.5 gpm 

Well Yield 

over 1 Year 

MU2-DM01 No 

Yes1 

 

ND2 ND2 No 

MU2-DM02 No ND2 ND2 Yes 

MU2-DM04A3 No Yes Yes Yes 

MU2-DM05 No ND2 ND2 Yes 

MU2-DM06 No ND2 ND2 Yes 

MU2-DM08 No ND2 ND2 Yes 

MU2-DM09 No ND2 ND2 Yes 

MU2-DM10A3 No Yes Yes Yes 

MU2-DM11 No ND2 ND2 Yes 

MU2-DM12A No Yes Yes Yes 

MU2-DM14 No ND2 ND2 Yes 

MU2-DM15 No ND2 ND2 Yes 

MU2-DM16 No ND2 ND2 Yes 

MU2-DM17 No ND2 ND2 Yes 

MU2-DM18 No ND2 ND2 Yes 

MU2-DM19 No ND2 ND2 Yes 

MU2-DM20 No ND2 ND2 Yes 

MU2-DM21 No ND2 ND2 Yes 

MU2-DM22 No ND2 ND2 Yes 

MU2-DM23 No ND2 ND2 Yes 
Notes: 

1 Sufficient evidence is available to conclude that there is at least 50 feet of combined shale thickness 
across MU2. 

2 Not determined (ND) due to insufficient measurements following swabbing. 

3 Wells are not currently used for the excursion monitoring program but are included as recovery results 
are likely indicative of other DM wells in MU2. 

 

Based on the analysis above and supporting justification, Strata requests that 

NRC amend LC 11.3(C) of SUA-1601 as follows (red text indicates additional 

language): 

C) Overlying and Underlying Aquifers. Samples shall be collected from all 

monitoring wells in the first overlying and first underlying aquifer at a minimum 

density of one well per 4 acres of wellfield, except that monitoring wells in the 

first underlying water-bearing interval will not be required at locations in Mine 

Units 1 and 2 meeting the criteria specified in the submittal dated <<Date>> 

(ML17XXXXXXX). 
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RAI-2 Inconsistent and Insufficient Description for the Data in Table 
1 

Description of the Deficiency 

In Table 1 of the request, Strata summarizes data used to estimate the well 

yields for the DM wells in mine units 1 and 2.  The data is inconsistent with data 

previously reported for mine units 1 and 2, or provides insufficient description 

for the source of the data for the NRC Staff to properly review. 

Basis for the Request 

Inconsistent Data - 

 The reported hydraulic conductivity (K, second column) for several wells in 

Mine Unit 1 differ from that reported in the Mine Unit Wellfield Data Package.  

The wells include MU1-DM2, MU1-DM5, MU1DM6, MU1DM7, MU1-DM8, 

MU1-DM10, MU1-DM11, MU1- DM13 and MU1-DM14. 

RAI-2 Partial Response #1 

The hydraulic conductivities for the MU1 wells were adjusted to account for 

a small error discovered in the original DM swabbing analyses completed in 

MU1. In the MU1 Wellfield Data Package, the screen length was used as the 

aquifer thickness in the Hvorslev analyses. During preparation of the DM 

amendment request, it was noted that in many cases the screen length was 

longer or shorter than the DM completion (underream) interval. As a result, 

the thickness of the DM interval was overestimated or underestimated in 

some cases. Overestimating the thickness of the contributing aquifer results 

in an underestimation of the hydraulic conductivity. To ensure that the 

hydraulic conductivity estimates were based on the best available 

information, the Hvorslev analyses were reevaluated for the amendment 

request using the thickness of the underream intervals. Use of the underream 

interval is appropriate as it best reflects the contribution of water from the 

formation to the well bore. This resulted in a slight change in the estimated 

hydraulic conductivity at most of the MU1 wells, as shown in Table 3. 
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Table 3. MU1 Hydraulic Conductivity Comparison 

Well I.D. 

MU1 Wellfield 

Data Package 

Calculations 

DM Amendment Request 

Calculations 

Difference in K (ft/day) 
Screen 

Length 

(ft) 

K 

(ft/day) 

(Hvorslev 

1951) 

Aquifer 

Thickness 

(underream) 

K (ft/day) 

(Hvorslev 

1951) 

MU1-DM1 25 0.0016 23 0.0020 0.0004 

MU1-DM2 20 0.0004 20 0.0007 0.0003 

MU1-DM3A 20 0.0010 20 0.0010 --- 

MU1-DM4 25 0.0018 25 0.0018 --- 

MU1-DM5 25 0.0005 23 0.0007 0.0002 

MU1-DM6 15 0.0032 15 0.0023 -0.0009 

MU1-DM7 20 0.0012 20 0.0009 -0.0003 

MU1-DM8 20 0.0023 22 0.0022 -0.0001 

MU1-DM9 15 0.0005 16 0.0005 --- 

MU1-DM10 19 0.0029 21 0.0028 -0.0001 

MU1-DM11 17 0.0020 17 0.0020 --- 

MU1-DM12 20 0.0005 21 0.0005 --- 

MU1-DM13 20 0.0008 25 0.0007 -0.0001 

MU1-DM14 18 0.0006 23 0.0005 -0.0001 

Inconsistent Data – (Cont.) 

 For several wells, the reported Aquifer Thickness (third column) differs 

from the aquifer thickness and screen length in the slug analysis in 

Attachment 5 of the respective mine unit data package and inconsistent 

with the difference between the top of screen interval and bottom of the 

screen interval as reported in the well completion tables in Attachment 3 

of the respective mine unit data package. 

RAI-2 Partial Response #2 

As noted in the previous response, the screen length and aquifer thickness 

are not necessarily the same. In some cases, the screen is slightly longer or 

shorter than the DM completion interval. As such, the aquifer thicknesses 

reported in Table 3 of the DM amendment request may or may not match the 

difference between the top and bottom of the screen interval as reported in 

Attachment 3 of the respective mine unit data packages. All of the aquifer 

thicknesses reported in Table 3 of the DM amendment request represent the 

DM underream interval thickness rather than the screen length. 
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Inconsistent Data – (Cont.) 

 The Top Completion Interval (fifth column) differs from data reported in the 

well completion table (Attachment 3) of the Mine Unit 1 Wellfield Data 

Package. 

RAI-2 Partial Response #3 

NRC staff is correct that the top of completion intervals in Table 1 of the DM 

amendment request do not match those in the well completion tables in 

Attachment 3 of the MU1 Wellfield Data Package. The estimated K-packer 

depth was inadvertently used for the top of completion interval during 

preparation of the DM amendment request. Table 4 provides the correct top 

of completion intervals for the MU1 DM wells and is consistent with those 

provided in the MU1 Wellfield Data Package. The available head calculations 

for the MU1 DM wells were also incorrect and have been updated in Table 4 

as well. 

Table 4. Updated Top of Completion Interval and Available Heads for MU1 
DM Wells

Well I.D. 
Top Completion 

Interval (ft) 
Static Water Level 

(ft bmp) 
Available Head* (ft) 

MU1-DM1 535 107.1 380.5 

MU1-DM2 521 102.1 371.5 

MU1-DM3A 524 108.1 367.8 

MU1-DM4 495 110.7 336.9 

MU1-DM5 526 120.3 358.3 

MU1-DM6 550 134.8 366.6 

MU1-DM7 520 135.9 335.6 

MU1-DM8 480 96.0 335.3 

MU1-DM9 520 265.9 205.8 

MU1-DM10 510 107.7 354.1 

MU1-DM11 530 125.4 356.0 

MU1-DM12 490 170.0 271.6 

MU1-DM13 490 125.1 316.8 

MU1-DM14 540 195.6 296.0 
* Assumes K-packer is set 10 ft above top of completion interval, pump is set 20 ft above K-packer 

and water level is maintained 20 ft above the pump.  

 

Insufficient Description –  

 Strata did not provide a basis for using Hvorslev (1951) for the slug test 

analysis versus other methods.  The NRC staff agrees with Strata that 

slug tests rather than traditional pumping tests are appropriate for 

determining hydraulic properties, if appropriate data is obtained.  It is 

difficult to estimate storativity of an aquifer using single well slug tests; 
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however any analysis on well yield will likely need to include a value for 

storativity. Other methods, such as Cooper et al. (1967) and Papadopulos 

et al. (1973), incorporates storativity in their models and may be more 

appropriate for low yielding wells. 

RAI-2 Partial Response #4 

The slug test analyses were conducted using the computer program  

AquiferWin32 Version 3, which was developed by Environmental Simulations, 

Inc. (ESI). The software package includes three methods for evaluating slug 

tests in confined aquifers, including Hvorslev (1951), Cooper et al. (1967), and 

Kipp (1985). Prior to conducting the slug test analyses for the DM wells, Strata 

evaluated all three methods to determine which would be most appropriate. 

The Hvorslev (1951) method was chosen for the following reasons: 

 Hvorslev performs a linear regression on the data points, whereas the 

other methods require fitting the data to a curve. At many of the wells 

only a small number of data points were collected. It was difficult to fit 

the data to a curve when only a few points were available. Since well 

recovery was on the order of days, the linear regression on the data 

points (time versus drawdown) used for Hvorslev would not have been 

improved significantly if additional data points were available. 

 For the Hvorslev method, the slug out is not required to be 

instantaneous; however, it must be completed before the first 

displacement measurement (Butler 1998 as referenced in ESI 2002a). In 

contrast, for the Cooper et al. (1967) method, one of the primary 

assumptions is that the volume of water is instantaneously discharged 

from the well (ESI 2002b). Since the well swabbing was not 

instantaneous but took approximately 15 minutes to complete, the 

Hvorslev method was considered more appropriate. 

 Papadopulos et al. (1973), like Cooper et al. (1967), is subject to the same 

assumptions as the Theis solution and requires a curve matching 

procedure to determine the transmissivity and storativity. This method 

suffers the same difficulties when determining storativity (Freeze and 

Cherry 1979). As stated above, it is difficult to fit data to a curve when only 

a small number of data points are available. Strata determined that the 

Hvorslev (1951) linear regression method was better suited to the available 

data. 

 Kipp (1985) was not used because the method was designed to 

accommodate inertial effects in the response of a well to a slug test which 

also requires a type curve matching procedure.  
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Determination of storativity from a single well test is not very reliable. Freeze and 

Cherry (1979) state that while using Cooper et al. (1967) it is possible to 

determine the storativity from a slug test in theory. However, “In practice, since 

the slopes of the various lines are very similar, the determination of storativity 

by this method is unreliable.” Similarly, ESI (2002b) warns that determination 

of storativity using the Cooper et al. (1967) method “is of questionable reliability 

because of the similar shape of the curves and storativity is sensitive to the 

choice of the proper curve.” Given the questionable reliability of using the slug 

test analyses to calculate storativity, Strata does not believe that the DM 

swabbing events are appropriate for calculating storativity in the DM interval. 

The best way to determine the storativity in an aquifer is to have instrumented 

monitor wells adjacent to the pumping well during a pumping test. However, this 

is not possible in the DM interval because 1) the DM interval is such a poor 

producer of water that it cannot be pumped, and 2) the low transmissivity of the 

DM interval limits how far away from the pumping well the drawdown 

propagates, making it difficult to see drawdown in observation wells unless they 

are very close. In fact, during a portion of the DM swabbing events several 

adjacent DM monitor wells were instrumented, but it was not possible to detect 

the swabbing events in the surrounding DM wells. 

Given the limited water yield in the DM interval and lack of data, Strata 

estimated the storativity based on measured storativities in the overlying OZ 

aquifer. The DM interval is slightly deeper than the OZ aquifer. However, the 

confining heads are not significantly higher and as a result, the hydraulic 

pressure in the OZ aquifer is similar to that of the DM interval. The thin sand 

layers within the DM interval are similar to the sands of the OZ aquifer, although 

they are generally finer grained. As such, the specific storage for the DM interval 

is expected to be similar to that observed in the OZ aquifer. The storativity is the 

aquifer thickness multiplied by specific storage. As summarized within 

Attachment 5 of the MU2 Wellfield Data Package, the storativity within the OZ 

aquifer ranges from approximately 4.5 x 10-5 to 6.0 x10-4. The OZ aquifer is 

typically on the order of 100 feet thick, whereas the DM interval is typically about 

20 feet thick. Assuming that the specific storage in the OZ aquifer is similar to 

the specific storage in the DM interval, the storativity of the DM aquifer is 

expected to be approximately 20 percent of that in the OZ aquifer. This translates 

into an expected storativity range from 9.0 x 10-6 to 1.2 x 10-4 within the DM 

interval. However, most of the DM well logs developed as part of the MU1 and 

MU2 wellfield data packages show that the sand layers within the DM interval 

are thin and interspersed with shale separations. Therefore, the actual water-

bearing sands are likely less than 20 feet thick within the DM interval. As such, 

the storativity for the DM interval was estimated to be on the lower side of the 
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expected storativity range at 1.0 x 10-5. According to Freeze and Cherry, 

storativities in confined aquifers typically range from 5.0 x 10-3 to 5.0 x 10-5, as 

such, a storativity of 1.0 x10-5 is considered to be reasonable due to the thin 

sand layers within the DM interval. 

Insufficient Description – (Cont.) 

 For Mine Unit 2, the slug test data for many wells is comprised of only two 

data points. Furthermore, although swabbing may not be an 

"instantaneous removal" of water (an assumption of all slug test curves), 

the NRC staff agrees in principal that duration of swabbing may be 

considered instantaneous if recovery occurs over several days. However, 

the duration of the swabbing is not reported, and the timing of the reported 

initial head measurement relative to completion of swabbing is not 

reported. 

RAI-2 Partial Response #5 

As discussed in Attachment 5 of the MU1 and MU2 wellfield data packages, 

well swabbing typically was completed over a 15-minute interval. The standard 

procedure was to collect pre-swabbing water levels using a manual water level 

meter (e-line) immediately prior to swabbing the well. The depth of the swab 

tool was used to determine the depth of water in the well immediately following 

the swabbing event. Subsequent water levels, measured in the days following 

the swabbing event, were measured using an e-line. In response to RAI-1, 

hydrographs for all of the MU1 and three of the MU2 DM wells have been 

revised to more accurately reflect the duration of the post-swabbing water level 

measurement frequency. The hydrographs are provided in Attachment 1 to 

this RAI response package. 

Insufficient Description – (Cont.) 

 The request states that the available head is based on 20 feet above a 

pump if one were installed.  The Available Head (column 7) appears to be 

the top completion interval minus static- 40 feet), the 40 feet being 20 feet 

above the pump and the pump 20 feet above the top of the completion 

interval.  The request does not state the level of the pump. 

RAI-2 Partial Response #6 

Since the DM wells within MU1 and MU2 cannot be pumped and no pumps 

have actually been installed, Strata was only able to estimate the depth that 

a pump might be located in the casing.  The pump would have to be installed 
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above the K-packer. Since the K-packer is above the top of the completion 

interval it would not be possible to install the pump at or below the 

completion interval. Typically, the K-packers were installed about 10 feet 

above the top of the completion interval. For this analysis, it was assumed 

that a pump would be set 20 feet above the K-packer or approximately 30 

feet above the top of the completion interval. The 30-foot estimate allows 

space for the pump and the K-packer to be installed above the top of the 

completion interval. Figure 3-2c provided in the MU1 Wellfield Data Package 

shows the typical well completion for the DM wells and demonstrates the 

typical installation of the K-packer and screen assembly. In an operational 

scenario, it could potentially damage the pump if the water level were drawn 

down to a level near the pump.  Therefore, it was assumed that 20 feet of 

head would be maintained over the pump.  As such, the available head was 

calculated by subtracting the static water level from the top of completion 

interval and then subtracting 50 feet from that total. Due to the error noted 

in the partial response #3 to this RAI where the K-packer depth was 

inadvertently used for the MU1 top of completion depth, it appeared that the 

maximum available head in MU1 was 40 feet above the top of the completion 

interval. It is actually approximately 50 feet above the top of the completion 

interval. The updated static water levels for MU1 are included in Table 4. 

Insufficient Description – (Cont.) 

 The 24 Hr Yield (column 8) is based on 24 hours pumping and a storativity 

of 1x10-5. The request provided no information on the rationale or 

justification for these values.  

RAI-2 Partial Response #7 

The last paragraph on page 2 of the DM amendment request describes how the 

24-hour yield was based on guidance in WDEQ/LQD Guideline No. 4 

(WDEQ/LQD 2013). Specifically, Guideline No. 4 provides the definition of an 

aquifer (from LQD NonCoal Rules and Regulations Chapter 1, Section 2(g) as 

follows, “Aquifer is a zone, stratum, or a group of strata that stores and 

transmits water in sufficient quantities for a specific use.” Further, the 

definition includes a definition of ‘sufficient quantities’, “Sufficient quantities 

generally means ½ gallons per minute (gpm) sustained for 24 hours”. Based on 

clarification received from NRC staff on a PM-to-PM basis staff indicated that 

the 0.5 gpm yield was an acceptable minimum yield. 

Although there is a regulatory basis for the 24-hour yield estimate, in practice 

it not a sustainable duration with which to evaluate well yield. After 24 hours 
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of pumping, the water level in the interval would be rapidly declining as the cone 

of depression radiates outward from the well. As this water level declines, the 

well yield also declines. A more representative way to evaluate the well yield 

would be to look at the well yield when the cone of depression induced by the 

well approaches steady state. Because the drawdown is asymptotic it will never 

truly reach a steady state condition, but after a certain amount of time the cone 

of depression will be large enough that subsequent drawdown will not 

significantly affect the production capacity of the well. 

To evaluate the yield of the MU1 and MU2 DM wells, Strata developed Figure 1 

that shows the estimated pumping rate that would draw the water level in 

several MU2 wells down to the maximum available head at several pumping 

durations beginning with 24 hours (1 day). The Theis drawdown method (Theis 

1935) and hydraulic parameters presented in Table 5 for each well were used to 

predict well yields for each pumping duration. As shown on Figure 1, the 

maximum predicted well yield declines significantly as the pumping duration 

increases up to about a year. Beyond a year, the predicted well yield continues 

to decline but the decline is much more gradual. 

 

Figure 1. Predicted Well Yield vs. Pumping Duration 

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 500 1000 1500 2000 2500 3000 3500 4000

M
ax

im
u

m
 P

re
d

ic
te

d
 W

e
ill

 Y
ie

ld
 (

gp
m

)

Pumping Duration (days)

Maximum Predicted Well Yield vs. Pumping 
Duration

MU2-DM23 Production Rate (gpm) MU2-DM19 Production Rate (gpm)

MU2-DM01 Production Rate (gpm) MU2-DM06 Production Rate (gpm)



 

Ross ISR Project  RAI Response 

DM Amendment LC 11.3(C) 15 August 2017 

Given the analyses results presented in Figure 1, it is reasonable to assume that 

a more representative well yield should be based on a pumping duration of at 

least 1 year rather than 24 hours. One year is also a practical timescale for any 

actual use of the well such as future domestic use and is generally conservative. 

Table 5 presents the predicted well yields at the DM monitor wells assuming a 

pumping duration of 1 year. 

Table 5. Estimated Well Yields after Pumping for 1 Year

Well I.D. 

K (ft/day) 

(Hvorslev 

1951) 

Aquifer 

Thickness 

(ft) 

T 

(ft2/day) 

Top 

Completion 

Interval (ft) 

Static 

Water 

Level         

(ft bmp) 

Available 

Head*   

(ft) 

Predicted 

Yield 

(gpm)** 

MU1-DM1 0.0020 23 0.05 535 107.1 380.5 0.07 

MU1-DM2 0.0007 20 0.01 521 102.1 371.5 0.02 

MU1-DM3A 0.0010 20 0.02 524 108.1 367.8 0.03 

MU1-DM4 0.0018 25 0.05 495 110.7 336.9 0.06 

MU1-DM5 0.0007 23 0.02 526 120.3 358.3 0.03 

MU1-DM6 0.0023 15 0.03 550 134.8 366.6 0.05 

MU1-DM7 0.0009 20 0.02 520 135.9 335.6 0.03 

MU1-DM8 0.0022 22 0.05 480 96.0 335.3 0.06 

MU1-DM9 0.0005 16 0.01 520 265.9 205.8 0.01 

MU1-DM10 0.0028 21 0.06 510 107.7 354.1 0.08 

MU1-DM11 0.0020 17 0.03 530 125.4 356.0 0.04 

MU1-DM12 0.0005 21 0.01 490 170.0 271.6 0.01 

MU1-DM13 0.0007 25 0.02 490 125.1 316.8 0.03 

MU1-DM14 0.0005 23 0.01 540 195.6 296.0 0.01 

MU2-DM01 0.022 18 0.43 590 141.7 398.3 0.58 

MU2-DM02 0.013 20 0.25 580 131.6 398.4 0.35 

MU2-DM04A 0.005 20 0.1 590 149.5 390.5 0.14 

MU2-DM05 0.012 17 0.2 600 152.8 397.2 0.28 

MU2-DM06 0.018 18 0.32 600 145.6 404.4 0.45 

MU2-DM08 0.023 12 0.28 620 169.0 401.0 0.39 

MU2-DM09 0.016 18 0.29 630 177.5 402.5 0.41 

MU2-DM10A 0.005 17 0.09 651 202.9 398.1 0.13 

MU2-DM11 0.003 21 0.07 700 156.1 493.9 0.13 

MU2-DM12A 0.006 20 0.12 671 225.7 395.3 0.17 

MU2-DM14 0.007 18 0.12 650 190.2 409.8 0.18 

MU2-DM15 0.008 20 0.16 720 239.2 430.8 0.25 

MU2-DM16 0.009 15 0.13 710 223.6 436.4 0.21 
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Well I.D. 
K (ft/day) 
(Hvorslev 

1951) 

Aquifer 
Thickness 

(ft) 

T 

(ft2/day) 

Top 
Completion 

Interval (ft) 

Static 
Water 

Level         

(ft bmp) 

Available 
Head*   

(ft) 

Predicted 
Yield 

(gpm)** 

MU2-DM17 0.006 16 0.1 720 224.3 445.7 0.16 

MU2-DM18 0.005 22 0.1 640 160.5 429.5 0.16 

MU2-DM19 0.004 19 0.08 640 161.0 429.0 0.13 

MU2-DM20 0.008 20 0.16 640 162.0 428.0 0.25 

MU2-DM21 0.011 13 0.14 670 178.7 441.3 0.22 

MU2-DM22 0.011 19 0.2 700 235.4 414.6 0.29 

MU2-DM23 0.013 20 0.26 580 125.4 404.6 0.37 

* Assumes K-packer is set 10 ft above top of completion interval, pump is set 20 ft above K-packer 

and water level is maintained 20 ft above pump.  

** The Theis drawdown method (Theis 1935) with an assumed storage coefficient of 1 X 10-5  and a 
pumping period of 1 year was used to estimate yield. 

 

As discussed in the response to RAI-1, one of the proposed criteria to determine 

if a well is viable is whether it has a predicted yield of 0.5 gpm over a 1 year 

pumping period. Only one well (MU2-DM01) has a predicted yield of at least 0.5 

gpm. As such, if MU2-DM01 is not able to meet the other proposed criteria in 

RAI-1 it would be the only deep monitoring well where monitoring may continue. 

As described in partial response #4 to this RAI, a storativity of 1 x 10-5 is a 

reasonable approximation for the DM interval. The predicted well yields in the 

MU1 and MU2 wells at this storativity value are not particularly sensitive to 

changes in the storativity. An order of magnitude change in the storativity would 

result in a change of less than 25 percent in the predicted well yields of the MU1 

and MU2 DM wells. 

RAI-3 Distribution of Drillholes to BFS2 

Description of the Deficiency 

The request states that few historic drillholes penetrate to the DM unit consistent 

with guidance in NUREG-1569 on evaluation the appropriateness for discontinued 

monitoring of the lower aquifer. However, the limited number is not consistent with 

data in the original application for the Ross property. 

Basis for the Request 

On Page 5 of its request, Strata states that 6.3 percent of the historic drillholes 

(which equates to 122 drillholes) penetrate to or through the DM unit, and 2.3 

percent penetrate further to the underlying sandstone.  Further, Strata  
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states "it is reasonable to suggest that few boreholes penetrate the aquitard".  

However, in its original application for the Ross license, Strata attributed albeit 

slight responses by the DM well at two of six locations subject to largely a single-

well, short-duration, low-yielding pumping test to historic drillholes.  At a third 

location, the responses at the DM well were unknown but not attributed to historic 

drillholes because none were drilled to the DM interval.  At a fourth location, no 

responses were detected at the DM well because the historic drillholes were re-

abandoned. 

If one were to assume that at least one borehole at the third location was 

incorrectly interpreted as to not extend to the DM interval, then one could conclude 

that a high percentage of the pumping test locations (4 of the 6 locations) may have 

had at least one drillhole to the DM interval.  This high percentage appears to be 

inconsistent with the low percentage reported in the request. 

Request for Additional Information 

Please explain the discrepancy between the low percentage of drillholes reported 

in this request and the high percentage of pumping test locations that may have 

been affected by the few drillholes. 

RAI-3 Response 

For clarification, page 5 of the DM amendment 

request stated that 6.3 percent (122) of the historic 

drillholes penetrated through the DM interval (BFS 

2 Sand) to the BFS 1 Sand. Approximately 220 

drillholes (not counting monitor wells and 

including the 122 previously discussed drillholes) 

penetrate through the DM interval (BFS 2 Sand). 

In any case, comparing the number or percentage 

of historic drillholes penetrating to or through the 

DM interval with the number or percentage of 

responses in the DM interval during regional 

aquifer tests is immaterial, since a mere two 

historic drillholes could have accounted for the two 

aquifer tests evaluated in Section 2.3.4 of the Ross 

SER where a response was attributed to historic 

drillholes. 

Due to the response of the DM wells during two regional aquifer tests, NRC 

included a license condition that requires Strata to attempt to locate and re-
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abandon drillholes within the vicinity of each mine unit. To paraphrase the 

Ross SER regarding hydrogeological characterization, “staff concludes that 

the information provided by the applicant is acceptable, except…Staff will 

include a license condition requiring that all historical drill holes be properly 

abandoned before operations” (Ross SER at page 78). License condition 10.12 

(as revised) was included in SUA-1601 as a result of the pre-application 

characterization efforts as documented in the Ross SER. Therefore, 

regardless of the number of drillholes or their total depth, Strata is required 

to attempt to locate and re-abandoned the drillholes and report these efforts 

in the appropriate wellfield data package. 

RAI-4 Use of 20 GPM for a Pattern Unit 

Description of the Deficiency 

In its evaluation of the potential for downward migration of mining solutions, 

Strata uses a rate of 20 gallons per minute (gpm) per production unit but does 

not provide basis for this rate. 

Basis for the Request 

Strata's evaluation of the downward migration of fluid was intended to evaluate 

the environmental impacts over a selected range of variables.  However, Strata 

did not provide the basis for selecting the production unit rate. 

Request for Additional Information 

Please provide the rationale or basis for selecting the production unit rate. 

RAI-4 Response 

Strata’s assumption of a 20-gpm withdrawal rate from each production well in 

the DM amendment request was based on several factors. First, Strata reviewed 

production well pumping rates across the seven currently operating header 

houses and found that it averaged between 12.0 and 17.7 gpm per production 

well at each header house. Second, airlift values from MU1 and MU2 OZ baseline 

wells averaged 13.5 gpm and 17.2 gpm, respectively. Third, based on airlift 

measurements and aquifer test data from MU1, Strata used a reasonable rate of 

20 gpm in the MU1 groundwater model as presented in Attachment 6 and 

summarized in Section 5.2 of the MU1 Wellfield Data Package. Given these 

factors, 20 gpm is a reasonable and justifiable withdrawal rate for the 

environmental analysis included in the DM amendment request. 
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