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Executive Summary
Uranium One intends to develop and extract uranium from the Fort Union Formation at
the Ludeman Project in Converse County, Wyoming using ISR mining. The target orebodies are located within the designated 80 and 90 Sands. Teton conducted an ISR
uranium pilot project in the northwest portion of the current Ludeman License
Amendment Area from 1979 to 1982. The pilot was called the Leuenberger Project. The
Negley subdivision is located adjacent to the northwest portion of License Amendment
Area and includes twenty two private water wells.
An assessment was conducted to evaluate the hydraulic relationship between the
Negley water wells and the target ore bearing aquifers. Based on a review of available
well records, well inspections, and geologic data, none of the Negley wells are
completed within the 90 Sand, the primary target ore-bearing aquifer for planned
uranium mining in the northwest portion of the Ludeman License Amendment Area. The
deepest well in the Negley subdivision is 210 feet. The depth to the top of the 90 Sand
in that area based on numerous geologic cross-sections is 250 to 300 feet. Most of the
Negley wells are completed in the 110 and 120 Sands and one appears to be
completed within the 100 Sand. The 100 Sand is the overlying aquifer to the target
production zone 90 Sand in the area. One well, located one mile west of the License
Amendment Area may be completed in either the 80 or 70 Sand, but the water quality in
that well does not exceed any Wyoming or U.S. Environmental Protection Agency
(EPA) standards. Structure maps of the top of 110 through 70 Sands and cross-sections
showing the stratigraphic position of these units, were prepared to illustrate the
relationship between the production zone and the completion intervals of the Negley
wells.
Aquifer testing conducting by Teton within the 90 Sand indicated negligible response in
the overlying aquifer. Reported drawdown in the overlying aquifer was less than 0.1 feet
during a 36 hour, 43.5 gpm test in which over 30 feet of drawdown was recorded in 90
Sand observation wells at a distance of 300 feet from the pumping well. Hydrologic
testing conducted by Uranium One in 2008 in the 90 Sand showed no response in the
overlying aquifer after 3.2 days of pumping at a rate of 32.2 gpm. Results of these tests
demonstrate that the overlying shale provides adequate confinement between the
production zone aquifer and the overlying aquifers.
Baseline water quality conducted by Uranium One in 2008-2009 indicates elevated
levels of uranium, sulfate, TDS, gross alpha and manganese in many of the Negley
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subdivision wells. Isoconcentration maps show that uranium, gross alpha and
bicarbonate generally increase to the northwest, away from the License Amendment
Area.
Sampling conducted by Teton as part of the baseline monitoring for the Leuenberger
Project indicated that water quality in the Negley wells, prior to the pilot test, was
generally similar to recent sampling results. One well (N-18) completed in the 110 Sand
shows a significant increase in a number of constituents since the 1979 sampling.
However, several Negley wells that also appear to be completed in the 110 Sand are
located between N-18 and the License Amendment Area boundary. Those wells did not
show similar increases in parameter concentrations, making it unlikely that the changes
in water quality at N-18 are related to the Leuenberger pilot project.
Uranium One, in accordance with its standard operating procedure, will conduct
adequate aquifer testing to characterize the degree of hydraulic communication
between the target production zone aquifer and the overlying and underlying aquifers
and include that data in the Wellfield Data Package prior to development of any Mine
Unit, including those near the Negley subdivision. For the Mine Unit(s) near the Negley
subdivision, the aquifer testing will include sufficient monitoring to demonstrate if
hydraulic communication exists between the 90 Sand and the aquifers that the Negley
subdivision wells are completed in. Based on the results of that aquifer testing, Uranium
One will, if necessary, implement appropriate engineering controls to ensure there will
be no negative impacts to the Negley subdivision wells as a result of ISR operations.
However, as noted above, currently available data do not indicate hydraulic
communication between the 90 Sand and the overlying 100 and 110 Sands. Therefore,
no additional hydrologic testing is proposed for the application for an NRC License
Amendment for the Ludeman Uranium Project.
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Introduction
Uranium One, USA, Inc. (Uranium One) plans to develop and extract uranium from insitu recovery (ISR) wellfields within the Fort Union Formation at the Ludeman Project in
Converse County, Wyoming. The target ore-bodies are located within the designated 80
and 90 Sands. From 1979 to 1982, UNC-Teton Drilling Exploration, Inc (Teton)
conducted an ISR uranium pilot project (then identified as the Leuenberger Project) in
the NE ¼, NE ¼ of Section 14, T34N, R74W. The former Leuenberger Project area is
within the northwest portion of the Ludeman License Amendment Area.
North and west of the Ludeman License Amendment Area is the Negley subdivision.
Figure 1 shows the location of the Negley subdivision relative to the Ludeman License
Amendment Area. Twenty two private water wells (used for domestic, stock and
irrigation purposes) have been identified within the subdivision and many of these wells
are used for domestic water supply. An additional private well one mile west of the
License Amendment Area was also included in the area of investigation. An
assessment was performed to
1) determine if private wells within the Negley subdivision are completed within the
target ore bearing aquifers (80 and 90 sands), or are hydraulically connected to
them; and
2) identify if water quality in the Negley subdivision private wells was impacted by
the Teton ISR pilot project.
The assessment includes a review of existing well records, published reports and permit
applications, available site specific geologic and hydrologic data, and historic and recent
water quality sampling results. Detailed structure maps and cross-sections were
developed to examine the stratigraphic relationship of the proposed production zone
and the well completion intervals of the Negley subdivision wells. Results of the
assessment are summarized within this document.
Conclusions developed from this assessment are that none of the Negley wells are
completed deep enough to intercept the target ore-bearing aquifers and that the ISR
pilot project did not impact water quality in any of the Negley wells. However baseline
water quality data from several of the Negley wells indicate elevated levels of uranium
and total dissolved solids existed prior to 1980. A single well outside of the Negley
subdivision and located one mile west of the License Amendment Area is completed
within the 70 or 80 Sand. That well is hydraulically cross-gradient to upgradient of the
Ludeman License Amendment Area and has not been impacted from historic ISR
activities.

Luenberger Pilot Project
Teton recognized that the Negley development in Section 11 posed potential water
quality issues for the ISR pilot and eventual commercial operation. Accordingly, up to
eleven landowner wells were tested weekly for excursion parameters prior to, and
during, pilot operations. Monitoring data from these wells demonstrated that no solution
migration to the subdivision occurred during or after termination of the pilot operation. In
addition, the following edited document prepared for the USNRC by Oak Ridge National
Laboratory and the University of Idaho (NUREG/CR-3967 ORNL/TM-9956 “An Analysis
of Excursions at Selected In Situ Uranium Mines in Wyoming and Texas”, July 1986)
substantiates that there was no effect on the subdivision wells by the Teton pilot project.
“Description of the Site

Teton Exploration Drilling Company (TEDC) operated the Leuenberger in situ uranium mine in
Converse County, Wyoming, about 12 km (7.5 mi) northeast of Glenrock. Solution mining research
and development operations began on January 22, 1980, with two well fields. The N and M (equivalent
to the 90 and 80 Sands designation used by Uranium One) ore zones were mined separately in each
of the two well fields. The N (90 sand) and M (80 sand) ore bodies are located in Section 14, T34N,
R74W. All mining, processing, and restoration were concluded at the Leuenberger mine as of
January, 1982. Post-restoration monitoring continued through 1982.
History of Mining Operations
Research and development testing began January 22, 1980, in two separate five-spot well patterns.
One pattern was designated for each of the N and M ore zones. Each test pattern consisted of four
injection wells placed approximately 15 m (50 ft) apart surrounding a central pumping well. Two
additional five-spot patterns contiguous to the original M zone pattern were drilled and operated.
The pilot testing operation utilized a sodium carbonate/bicarbonate lixiviate at a concentration ranging
from 0.5 to 2 g/L (as HCO3) with a hydrogen peroxide oxidant at a concentration of 0.5 g/L. Leaching
was terminated in the N well field area on June 1, 1980, after about 47 aquifer pore volumes of lixiviate were
circulated through the test pattern. Approximately 29 aquifer pore volumes of lixiviate were
circulated through the three M zone test patterns by the completion of mining on February 17, 1981……
Monitoring Well System and Well Construction
Monitoring wells were placed in the N and M sandstones (ore zones) and in the aquifers above
and below both ore zones (0 (100 & 110 sands) and Basal sandstones (70 sand),
respectively). Monitoring wells utilized during the research and development operations were
sampled every two weeks for excursion indicators chloride, alkalinity, sodium, sulfate,
uranium, and conductivity.
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Monitoring wells at the research and development test site were completed in the N and M
sandstones at a distance of about 60 m (200 ft) from the well field boundary. One Basal
Sandstone monitoring well and two 0 Sandstone monitoring wells were used at the test site.
Analysis of Excursions
No excursions were reported during TEDC's 13 month research and development operations from
January, 1980, through February, 1981. TEDC was never required to proceed with corrective
measures to control possible lixiviate migrations.
Monitoring well 309 which is completed in the N Sandstone (ore zone) slightly exceeded its
UCL's for conductivity, sulfate, and alkalinity on February 6, 1980. Subsequent samples
from this well indicated that the three excursion indicators declined below their UCL's
and remained there.
Basal Sandstone monitoring well 314 and M Sandstone (ore zone) monitoring well MM-2
exceeded UCL's on one or more sampling dates in April and May, 1980. Well 314 exceeded
UCL's for chloride, sulfate, and/or alkalinity for three nonconsecutive sampling dates. Well
MM-2 exceeded UCL's for sulfate and sodium on one sampling date only. No corrective
actions were initiated for these apparent excursions.
The report goes on to describe the restoration of the two research and development
areas. Restoration was conducted at the N (90 Sand) research and development area
from June 1980 through November 1990. The report stated that the N (90 Sand)
wellfield was considered to have been restored successfully to the highest potential premining use citing a 1983 NRC document. Restoration of the M (80 sand) wellfield was
conducted from February through December 1981. The M (80 Sand) wellfield was also
considered to have been restored successfully to the highest potential pre-mining use
and Teton was issued a permit to mine uranium commercially at the Leuenberger site.
However, the Leuenberger Project was never commercially mined because of
unfavorable economic conditions for uranium production.
Negley Subdivision Wells
The Negley development is an unplatted ”subdivision” consisting of approximately thirty
individual land owners located in Section 11, Township 34N, Range 74W, Converse
County, Wyoming. Search of the State Engineers Office (SEO) records and physical
inspection of the area indicate that there are twenty two private wells located within the
Negley subdivision. Another well included in this assessment is located approximately
one mile west of the License Amendment Area. Well records were reviewed to
determine SEO permit numbers, drilling date, total depth, completion interval and other
construction details of the Negley subdivision wells. Well completion reports, where
available, are included in Attachment B. In some cases, the well permit applications
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were the only documents available and those are also included. Initial review of the well
records indicated that insufficient data were available to determine the drilling depth of
three of the Negley subdivision wells, N-14, N-18 and N-19. A field survey was
conducted to verify the total depth of those three wells. Subsequent records search
turned up well files for those three wells. The well depths determined in the field were
slightly shallower than indicated on the records, most likely because of sediment settling
within the wells. Table 1 presents a summary of the well records search and also
includes the permitted use and rate of the well. Figure 2 indicates the location of the
Negley subdivision wells.
A survey of the Negley Subdivision well owners indicated the following: eleven of the
twenty two Negley Subdivision wells are used for domestic purposes, one well is a shop
supply well, three wells are used for livestock watering (noncommercial), and seven are
not used (and have no downhole pumps). Well N-8, which is one mile to the west and
actually not within the Negley Subdivision and is the only well that may be deep enough
to penetrate the production zone targets, does not supply enough water for its intended
use (irrigation), does not have a downhole pump and is not used.
As shown on Table 1, with the exception of the single well located west of the License
Amendment Area (outside of the Negley subdivision in Section 10 and identified as well
N-8), the deepest well in the Negley subdivision is recorded as 210 feet below ground
surface (ft bgs).
Based on the geologic data described in the following section, none of Negley
subdivision wells (except for N-8) are completed in the target ore-bearing aquifers (the
80 and 90 Sands). Well N-8 appears to be completed in the 80 Sand, or possibly the
deeper 70 Sand. The well was drilled to provide irrigation water but has not been used
for any purposes because the well has insufficient yield for the landowners needs. The
majority of the Negley wells are completed in the 110 or 120 Sands. One of the wells
appears to be completed within the 100 Sand which is the overlying aquifer to the 90
Sand, the primary production zone for this portion of the License Amendment Area.
All of these wells have been sampled by Uranium One to establish baseline water
quality. Uranium One has designated the Negley wells as N-1 through N-23 (Figure 2).
Many of these wells existed at the time of the Teton pilot project and were sampled for
baseline and post-mining water quality under the prescribed monitoring program
although some of the wells have changed ownership. In fact, a number of the current
Negley wells were installed by Teton to provide monitoring of potential impacts to the
overlying aquifers from the ISR activities and were subsequently turned over to the
private landowners for use as water supply wells following restoration and termination of
the project. Results of the water sampling are discussed under the water quality section
of this document.
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Geology
The Ludeman Project is located in the southwestern part of the Powder River Basin.
The Fort Union Formation underlies the surgical Wasatch formation in the area, and
consists of a series of mudstones, siltstones and clays with minor cross-bedded
sandstone channels and occasional thin limestone and lignite beds. The Fort Union
Formation sandstones were deposited in a fluvial paleo-drainage system which flowed
generally in a north-northeasterly direction. The sandstones of the Lebo member of the
Fort Union Formation are the host rocks for the uranium ore deposits at Ludeman. The
channel deposits are confined by mudstones that serve as aquitards to the sanddominated aquifers.
The subsurface geology (to depths of 600 to 700 ft bgs) of the License Amendment
Area and extending beneath the Negley subdivision is well characterized as a result of
extensive exploratory and delineation drilling conducted by previous uranium mining
ventures and by Uranium One. Detailed structure maps of the top of the 110 through 70
Sands in the vicinity of the Negley subdivision were developed and are included as
Figures 3 through 7. Several structural cross-sections were developed to correlate
these units across the Negley subdivision. A generalized map of the locations of the
cross-sections is provided as Figure 8. Cross Sections AA-AA’ through FF-FF’ and a
detailed location map (showing all of the boreholes used to construct the crosssections) are provided in Attachment A.
The Teton nomenclature for the stratigraphic units was alphanumeric. Correlation of
these units is summarized in Table 2
A brief summary of the geologic units of interest from shallowest to deepest is provided
below. The Negley wells that are completed in each unit based on reported completion
intervals, the structure maps and the cross-sections, is also noted. Table 1 includes the
projected top of the production zone (90 Sand) and the location of each Negley well and
the distance between the total depth of the well and the top of the 90 Sand. The
discussion is primarily focused on the northwest portion of the License Amendment
Area, identified as the Leuenberger Area. Uranium One nomenclature for the
stratigraphy in the area includes numbering the sand units, decreasing with depth.
Figure 2.6-1 from the Ludeman Project License Amendment Application, Technical
Report (Uranium One 2010) presents the local stratigraphy.
The 120 Sand is the uppermost sand unit in the Leuenberger Area. This sand has been
eroded in various locations in the Leuenberger Area and throughout the Ludeman
License Amendment Area. The 120 Sand ranges from 29 to 147 feet thick across the
License Amendment Area. The top of the 120 Sand generally occurs at elevations above
5,200 ft amsl. The 120 Sand is absent in the southwestern portion of the Negley
subdivision as shown on Cross-sections AA-AA’ through FF-FF’ (Attachment A). Based
on reported total depths, Negley wells N-4, N-5, N-7, N-9, N-11 and N-20 are completed
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in the 120 Sand. Those wells are located in the northeast portion of the Negley
subdivision. Negley wells N-3, N-12, N-14, N-16, N-17, N-21 and N-22 are completed
across the 120 and/or 110 Sands based on reported completion intervals. Although no
completion interval is reported for N-23, the well is completed in either the 110 or 120
Sand or both, based on the reported total depth.
The 110 Sand is an overlying aquifer in the Leuenberger area in areas where the 100
Sand is not present. It is separated from the 120 Sand by the 120/110 Shale, which
ranges from 2 to 82 feet thick across the License Amendment Area. The 110 Sand
ranges in thickness from 5 to 139 feet across the License Amendment Area. The 110
Sand has been eroded in various locations throughout the License Amendment Area but
is continuous in the Leuenberger Area. The top of the 110 Sand generally occurs
between 5,200 and 5,100 ft amsl across the Negley subdivision and dips to the north at
approximately 1 degree (Figure 3). Negley wells that are completed in the 110 Sand
based on reported completion intervals (and field surveys) include N-1, N-2, N-6, N-10,
N-13, N-18 and N-19. Cross-section EE-EE’ (Attachment A), that well is also completed
in either the 110 or 120 Sand. Cross-section FF-FF’ passes through Negley well N-6 and
N-1 and shows that the total depth of both wells is just below the base of the 110 Sand
(Attachment A).
Well N-4 was reported by Teton to be an O1 completion (100 Sand). Well N-4 is located
approximately 875 feet northwest of N-6. Well N-4 is drilled to approximately the same
total depth elevation as N-6. As previously noted, N-6 intercepts the base of the 110
Sand but does not reach the 100 Sand. Both the 110 and 100 Sands dip to the north.
The projected top of the 100 Sand at the N-4 location is 5,035 ft amsl, below the total
depth of the well at 5,060 ft amsl. Therefore, well N-4 does not appear to intercept the
100 Sand.
The 100 Sand is the overlying aquifer to the 90 Sand. The 100 Sand pinches out in
various locations in the Leuenberger area. In the locations where the 100 Sand is not
present, the 110 Sand is the overlying aquifer. Across the License Amendment Area,
approximately 4 to 119 feet of the 110/100 Shale separate the 110 and 100 Sands. The
100 Sand ranges in thickness from 0 to 176 feet across the License Amendment Area.
The top of the 100 Sand generally occurs between 5,130 and 4,990 ft amsl across the
Negley subdivision and dips to the north at approximately 1.5 degrees (Figure 4). Well N15 is located approximately 1,200 ft southwest of N-6 and 600 ft northeast of N-1 as
shown on Cross-section FF-FF’ (Attachment A). N-15 has approximately the same
surface elevation as N-6 and was drilled to near the same total elevation (5,063 ft amsl).
Projection of N-15 onto Cross-section FF-FF’ indicates that N-15 may intercept the top
portion of the 100 Sand at a elevation of approximately 5,078 ft amsl. The 100 Sand is
projected to be approximately 40 ft thick at this location so well N-15 would not penetrate
the full thickness of the sand.
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A thin coal seam provides a consistent and correlative marker bed throughout the
Leuenberger Area. This unit is present between the 100 and 90 Sands and is identified
as the ‘D’ Coal on the cross-sections provided in Attachment A. The D Coal is used by
Uranium One geologists to clearly differentiate the 100 Sand from the 90 Sand
throughout the Leuenberger Area.
The 90 Sand is the shallowest proposed production zone. The 90 Sand is separated
from the 100 Sand by the 100/90 Shale. The 100/90 Shale ranges from 3 to 145 feet
thick across the License Amendment Area. The 90 Sand pinches out in various locations
within the License Amendment Area, but is continuous in the Leuenberger Area. Its
thickness ranges from 0 to 181 feet. The top of the 90 sand ranges from 5,000 to 4,820 ft
amsl across the Negley subdivision, dipping to the north at almost 2 degrees as shown
on the structure map (Figure 5) and cross-sections (Attachment A). Based on well
records and field surveys, the deepest penetration of any of the Negley wells, other than
N-8, is approximately 5,060 ft amsl, which is 60 feet above the shallowest occurrence of
the 90 Sand.
The 80 Sand is beneath the 90 Sand and is also a proposed production zone. The 80
Sand is separated from the 90 Sand by the 90/80 Shale which ranges from 2 to 156 feet
thick. The 80 Sand ranges from 0 to 161 feet thick across the License Amendment Area.
Although pinch-outs are present within the License Amendment Area, the 80 Sand is
continuous in the Leuenberger Area. The top of the 80 sand ranges from 4,860 to 4,720
ft amsl across the Negley subdivision, dipping to the north at approximately 1.5 degrees
as shown on the structure map (Figure 6) and cross-sections (Attachment A). As
previously described, well N-8 which is located approximately 1 mile west of the Negley
subdivision, may intercept this unit or even the deeper 70 Sand. There is insufficient data
density to reliably estimate the completion interval of well N-8. However, water quality
from this well does not exceed Wyoming Class I Standards or any EPA MCLs and does
not indicate any impacts from the historic Teton pilot project.
The 70 Sand is the underlying aquifer in the Leuenberger Area and is separated from
the 80 Sand by 4 to 128 feet of 80/70 Shale. The 70 Sand ranges from 0 to 164 feet
thick, pinching out in various locations within the License Amendment Area although
this unit is continuous within the Leuenberger Area. Figure 7 is a structure map that
shows the top of the 70 Sand ranges from 4,770 to 4,620 ft amsl with a north dip of
approximately 1.5 degrees. Other than well N-8, none of the Negley wells penetrate
deep enough to intercept the 70 Sand.
Sands beneath the 70 Sand include the 60, 50, 40 etc, but these units have no
consequence to the Negley wells with respect to ISR mining as they are several
hundreds of feet deeper than any of the private water well depths.
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Hydrogeology
Potentiometric surface maps and pumping tests were reviewed to evaluate the extent of
hydraulic communication that exists between the ore bearing target zones (80 and 90
Sands) and the overlying 100 through 120 Sands. Figures cited in this section refer to
the Ludeman Project NRC License Amendment Application, Technical Report prepared
by Uranium One in 2010.
The potentiometric surface maps provided in the Ludeman Project License Amendment
Application Technical Report (Uranium One 2010) indicate a generally northeast
hydraulic gradient in the proposed production zone 80 and 90 Sands in the vicinity of
the Negley subdivision (Figures 2.7-14 and 2.7-15, respectively of the Uranium One
Technical Report). The potentiometric surface of the 100 Sand appears to have a more
northerly hydraulic gradient. The water level elevation in the nearest 110 Sand monitor
well is significantly higher (> 30 ft) than in the 80, 90 or 100 Sands, clearly indicating
hydraulic separation. The original Teton License Application for Leuenberger also
indicated a large difference in water levels (> 35 ft) between the 90 Sand (the N Sand)
and the overlying aquifer (identified as the O Sand but not differentiated between the O1
[100] or O2 [110] Sand).
Pumping tests conducted in the 90 Sand by Teton showed minimal response in the
monitor well completed in overlying aquifer, less than 0.1 ft compared to more than 30
feet in the 90 Sand at distances of 300 feet from the pumped well. No barometric
corrections were reported so it is unclear if the “observed” drawdown of less than 0.1 ft
during the test was related to barometric changes or was a response to pumping of the
90 Sand. The test was run for 36.5 hours at 43.1 gpm. The negligible drawdown
observed in the overlying monitor well suggests that hydraulic communication between
the 90 Sand and the overlying aquifer is minimal.
Uranium One conducted a series of aquifer tests in the 80 and 90 Sands in 2008 in the
Leuenberger portion of the License Area. A 90 Sand test was conducted at well LWP-2
(shown on Figure 1) for a period of 3.2 days at a rate of 32.2 gpm. Drawdown in the
pumping well was over 71 feet. An observation well completed in the overlying 100
Sand (LMO-1) and located 10 feet from the pumping well showed no drawdown
response during the test. Results of this pump test demonstrate that the overlying shale
unit provides adequate confinement for ISR operations.
The water level and pumping test data demonstrate that there is adequate hydraulic
separation between the 90 Sand and the overlying aquifer. Additional aquifer testing will
be conducted and submitted as part of a Wellfield Data Package to further demonstrate
the degree of hydraulic communication between the 90 Sand and the overlying aquifers.
The Wyoming Water Development Office states in its Wyoming State Water Plan that
the typical quantity of water withdrawn for domestic use in the western United States is
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158 gallons per person per day (0.11 gpm) or 505 gallons per day per residence (0.35
gpm). This includes both indoor (78 gallons per person per day) and outdoor uses (80
gallons per person per day). If that rate of consumption is applied to the Negley
subdivision wells, based on the completion intervals of the wells and assuming that all
twenty two of the wells are active (six of the wells are actually inactive), the anticipated
total consumptive use by aquifer is as follows.
Aquifer
120 Sand
120/110 Sand
110 Sand
100 Sand

Number of
Residences
6
8
7
1

Total Extraction Rate
(gpm)
2.1
2.81
2.45
0.35

(AF/yr)
3.40
4.53
3.96
0.57

Water Quality
As previously described, each of the twenty two Negley subdivision wells and the single
well located west of the License Amendment Area have been sampled by Uranium One
for baseline water quality. The samples were collected by a third party contractor and
submitted to an independent analytical laboratory for analysis. The analytical results
were sent directly to each well owner. Additionally, many of those wells existed at the
time of the Teton Leuenberger pilot project and were sampled for baseline and post
mining water quality to assess potential impacts of ISR mining. Results of the water
quality sampling are described herein.
Analytical results from four quarters of groundwater samples collected from the Negley
wells under the current Uranium One baseline monitoring program are included the
Ludeman Project License Amendment Application Technical Report (2010) in
Addendum 2.7E. Table 3 of this report provides an average of the major ion
concentration for each of the wells. All but three of the wells exceed the Wyoming Class
I standard for TDS (500 mg/l) and ten of the twenty three wells exceed the Class I
standard for sulfate (250 mg/l). With respect to radionuclides, shown on Table 4, nine of
the Negley wells exceed the EPA Maximum Contaminant Level (MCL) for uranium
(0.035 mg/l), four exceed the EPA MCL for radium 226+288 (5.0 pCi/l) and twenty two
of the well averages exceed the Wyoming Class I standard for gross alpha. Average
concentration of trace metals are shown on Table 5. With the exception of manganese,
most samples were below detection limits and standards for trace constituents. Two
wells exceeded the selenium Class I standard of 0.05 mg/l. Nine wells exceeded the
Wyoming Class I standard for manganese (0.05 mg/l).
Isoconcentration maps were developed for several of the analytes. Figures 9, 10 and 11
show the distribution of dissolved uranium, bicarbonate and gross alpha in the Negley
subdivision. The pattern that is exhibited for each of these maps is that the overall trend
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shows an increase to the northwest, away from the Leuenberger Area except that one
well (N-18) is consistently elevated.
The depth of well N-18 was recently measured and found to be 106.8 ft which is at an
elevation of 5,145 ft amsl. Well N-14 and N-19 were also measured in the field and
found to be shallower than the reported total depth. Based on Cross-Section FF-FF’
(Attachment A) and the top of 110 Sand structure map (Figure 3), well N-18 is
completed in the 110 Sand and does not penetrate deep enough to intercept the 100
Sand. Well N-18 has the highest average concentration of TDS, sulfate, chloride,
uranium, gross alpha and selenium of any of the Negley wells. Other Negley wells
located to the south (and closer to the area where the pilot test was conducted) have
much lower values of those constituents.
The increasing trend in uranium to the northwest away from the License Amendment
Area, and the generally low uranium values directly north of the License Amendment
Area, make it unlikely that the pilot test negatively impacted water quality in the Negley
wells even though many of the wells exceed Class I standards for uranium, gross alpha,
sulfate, TDS, and manganese. Uranium ore has been identified in borings drilled into
the 100 Sand in areas near the Negley subdivision and may be the cause of the
elevated levels observed.
Baseline data collected during the Teton pilot project confirm that the water quality in
many of the Negley wells exceeded Wyoming Class I standards for a number of
constituents prior to mining and are essentially the same quality today as pre-mining.
Table 6 compares the 1979 and 2008/2009 water quality data for wells that were
sampled over both time periods. Most values are similar with the exception being N-18.
In N-18, the concentration of most major ions, as well as TDS, nitrate (as N) and
uranium showed sharp increases from 1979 to 2008/2009. No explanation is readily
apparent; however the dramatic increase in nitrate suggests that this well may have
received some form of surface contamination or infiltration. Field investigations
identified that the well was in poor condition and may be prone to surface infiltration.
A series of stiff diagrams were developed from the average water quality data collected
as part of the Uranium One Ludeman baseline monitoring program. The stiff diagrams
show a general change in water quality with depth (Figures 12 and 13). Wells
completed in the 120 and 110 Sands have higher TDS and are predominately calciumsulfate type water. Wells completed in the 80 Sand are predominately calciumcarbonate waters with much lower TDS. Wells completed within the 100 and 90 Sands
are generally transitional between the calcium-carbonate and calcium-sulfate water
types and intermediate TDS levels.
It should be noted that at the request of the EPA, WDEQ conducted a followup
evaluation of the Leuenberger Project to determine if groundwater in the area could be
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impacted from uranium recovery activities. The conclusions presented in the WDEQ
memorandum (dated August 7, 2000 from R. Hoy to R. Chancellor) state that
..“Based on the interpretations of the site data, adverse impacts due to site activities
were limited (e.g pond leaks, hot spots in the M Wellfield) and there is no indication in
the records that those impacts extended beyond the site boundary. Also, mitigation
efforts were undertaken to address those impacts”
and
“…based on available site information and data interpretations, and the limited duration
and magnitude of mining activities, it appears there were no impacts to the shallow
aquifer in which most of domestic wells in the area were completed.”
The WDEQ agreed with earlier assessment from the NRC that groundwater in the
wellfields associated with the Leuenberger Project had been adequately restored and
there were no impacts to groundwater outside of the Project boundary.
Summary
Uranium One intends to develop and extract uranium from the Fort Union Formation at
the Ludeman Project in Converse County, Wyoming using ISR mining. The target orebodies are located within the designated 80 and 90 Sands. Teton conducted an ISR
uranium pilot project in the northwest portion of the current Ludeman License
Amendment Area from 1979 to 1982. The pilot was called the Leuenberger Project. The
Negley subdivision is located adjacent to the northwest portion of License Amendment
Area and includes twenty two private water wells.
Based on a review of available SEO well records, well inspections, and geologic data,
none of the Negley wells are completed within the 90 Sand, the primary target orebearing aquifer for planned uranium mining in the northwest portion of the Ludeman
License Amendment Area. The deepest well in the Negley subdivision is 210 feet. The
depth to the top of the 90 Sand in that area is 250 to 300 feet. All of the Negley wells
are completed in the 110 and/or 120 Sands except one that appears to be completed
within the 100 Sand. The 100 Sand is the overlying aquifer to the target production zone
90 Sand in the area. One well, located one mile west of the License Amendment Area,
may be completed in either the 80 or 70 Sand, but the water quality in that well does not
exceed any Wyoming or EPA standards.
A survey of the Negley Subdivision well owners indicated that eleven of the Negley
Subdivision wells are used for domestic purposes, one well is a shop supply well, three
wells are used for livestock watering (noncommercial), and seven are not used (and
have no downhole pumps). The well located one mile west of the License Amendment
Area is also not used.

Negley Hydraulic Assessment
Ludeman Uranium ISR Project, WY
Uranium One
February 2011

P a g e | 13

Aquifer testing conducting by Teton within the 90 Sand indicated negligible response in
the overlying aquifer. Reported drawdown in the overlying aquifer was less than 0.1 feet
during a 36.5 hour, 43.1 gpm test in which over 30 feet of drawdown was recorded in 90
Sand observation wells at 300 feet from the pumping well. Aquifer testing of the 90
Sand conducted by Uranium One in the Leuenberger area in 2008 indicated no
response in the overlying aquifer after 3.2 days of pumping at 32.2 gpm. Results of
these tests demonstrate adequate confinement between the 90 Sand and the overlying
aquifers in the area.
Baseline water quality conducted by Uranium One in 2008-2009 indicates elevated
levels of uranium, sulfate, TDS, gross alpha and manganese in many of the wells.
Isoconcentration maps show that uranium, gross alpha and bicarbonate increase to the
northwest, away from the License Amendment Area.
Sampling conducted by Teton as part of the baseline monitoring for the Leuenberger
Project indicated that similar water quality existed prior to the pilot test in most wells.
One well (N-18) completed in the 110 Sand, has significant increases in a number of
constituents since the 1979 sampling. However, several wells that are also completed in
the 110 Sand are located between N-18 and the Amendment Area boundary. Those
wells did not show increases in parameter concentrations, making it unlikely that the
changes in water quality at N-18 are related to the Leuenberger pilot project.
Uranium One will conduct adequate aquifer testing, in accordance with normal
procedures, to characterize the degree of hydraulic communication (if any) between the
target production zone aquifer and the overlying and underlying aquifers at Ludeman.
As required under the Permit to Mine, the testing results will be submitted as part of the
Wellfield Data Package. That aquifer testing will also further characterize the hydraulic
relationship between the production zone aquifer and the Negley subdivision wells,
although based on currently available data, no hydraulic communication between the
aquifers is anticipated.
The additional data provided in this technical Memorandum supports the conclusion that
1) none of the Negley wells are completed in the production zones; 2) adequate
confinement exists between the production zone and the overlying zones; and 3) the
existing water quality in the Negley wells is similar to the water quality noted during
preoperational testing for the Leuenberger Pilot Project. Adequate information is
available to allow NRC to evaluate potential impacts on groundwater in the Negley
subdivision from the proposed facility under both normal operating conditions and
accidents. This information meets the acceptance criteria in NUREG-1569, section 2.2.3
and additional hydrologic testing is not necessary at this time for the technical review of
the amendment application for the Ludeman Uranium Project to proceed.
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ATTACHMENT A
CROSS SECTIONS

Attachment B
Negley Subdivision Well Completion Reports
N-1

50986

N-2

26629

N-3

42818/83767

N-4

40688

N-5

40689

N-6

50985

N-7

26631

N-8

173339

N-9

180

No well completion report available

N-10

24572 (cancelled.)

Only Permit Application included, no
completion report available

N-11

P08605P

No well completion report available

N-12

64309

N-13a and b

30262/30263 - both canceled

N-14

46720

N-15

32804

N-16

30265

N-17

30264

N-18

9485

N-19

26630

N-20

26415

N-21

26463

N-22

42928
N-23

161492

Only Permit Application included, no
completion report available

No well completion report available

Only Permit Application included, no
completion report available

Ludeman Project
License Amendment Application, Technical Report
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HYDRAULIC DRAWDOWN REPORT

Addendum 2.7-G-i

TECHNICAL MEMORANDUM
TO:

RAY DELUNA, PERMITTING COORDINATOR, TREC, INC

FROM:

MIKE MEREDITH, P.G., HYDROGEOLOGIST AND TOM OSBORNE, P.H., PRINCIPAL
HYDROLOGIST

SUBJECT:

LEAKY CONFINED AQUIFER ANALYTICAL MODEL OF CUMULATIVE DRAWDOWN FOR
URANIUM ONE LUDEMAN PROJECT

DATE:

AUGUST 16, 2012

Introduction
In accordance with Task Order #2 between TREC, INC. (TREC) and HydroSolutions Inc
(HydroSolutions), approved on July 20, 2012, HydroSolutions has conducted revised analytical
modeling for the estimation of cumulative groundwater drawdown in the 70, 80 and 90 Sand
units associated with Uranium One’s Ludeman Project. This revised analytical model is
expected to predict drawdown associated with the Ludeman Project more accurately than a
Theis-based model, by incorporating the effect of recharge from leakage between aquifer units.
Model inputs, including aquifer characteristics, the operational schedule and pumping rates,
were provided to HydroSolutions by TREC. Using these data, and information available on the
properties of confining beds in the Powder River Basin, HydroSolutions has implemented a
Hantush-Jacob (1955) based analytical model for prediction of drawdown associated with the
Ludeman Project. This Memorandum presents details of the methods and limitations associated
with this analytical model, as well as the model inputs and the modeling results.

Methods and Limitations
Project background information and data for model input were provided to HydroSolutions by
TREC. Specifically, TREC provided a project operational schedule, a project summary, versions
of Appendix D6 Hydrology (Uranium One, 2010) and Appendix A-1 Pump Test Report (Uranium
One, 2010), a digital ArcGIS shapefile showing wellfield locations, and other documents and
figures associated with the Ludeman Project. Project-specific model input data were determined
from these documents and through communication with TREC. Additionally, data available on
the hydrogeologic properties of Eocene and Paleocene confining units in the Powder River
Basin, as summarized in the Powder River Basin Oil and Gas EIS Technical Report on
Groundwater Modeling (Applied Hydrology Associates, Inc. and Greystone Environmental
Consultants, Inc., 2002), were reviewed.
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Analytical Model and Assumptions
The Hantush-Jacob (1955) analytical model for non-equilibrium radial flow to a well in a leaky
confined aquifer was selected for estimation of cumulative groundwater drawdown associated
with the Ludeman Project. The Hantush-Jacob equation provides a solution for determining
groundwater flow and drawdown in time and space around a pumping well completed in a leaky
confined aquifer.
In most natural settings, aquifer “confinement” tends to be imperfect, and typical confined
aquifers receive some recharge by vertical leakage through confining units. The Hantush-Jacob
leaky confined aquifer model allows for a more realistic prediction of groundwater drawdown in
these leaky-confined hydrogeologic settings than the Theis model by accounting for this vertical
leakage phenomenon. Furthermore, implementation of the Hantush-Jacob model with computer
software lends itself to superposition of results through time and space, which allows the model
to more accurately represent the interaction between different wellfields throughout the project
area over the full duration of the project.
The 70, 80 and 90 Sand aquifers satisfy the requisite assumptions for application of the
Hantush-Jacob model to the extent generally accepted in this type of hydrogeologic evaluation.
General assumptions associated with application of the Hantush-Jacob model include those
associated with the Theis (1935) model for confined aquifers, as well as several additional
assumptions. The following list presents a summary of these assumptions:


The aquifer is leaky-confined;



The aquifer and leaky confining unit have an apparent infinite extent;



The aquifer and leaky confining unit are homogeneous, isotropic, and of uniform
thickness over the area influenced by pumping;



The aquifer is compressible, and water is instantaneously released from storage as head
is lowered;



Groundwater storage is negligible in the leaky confining unit;



The potentiometric surface of the aquifer is horizontal prior to pumping;



The well is pumped at a constant rate;



Flow to the pumping well is horizontal, and flow through the leaky confining unit is
vertical;



The well diameter is small, such that well storage is negligible, and the well is 100
percent efficient; and



The leaky confining unit is overlain or underlain by an aquifer that maintains constant
head at all times.
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Further assumptions related specifically to this Ludeman Project model include:


The modeled aquifers are not in hydraulic communication with the North Platte River;
and



The groundwater drawdown pattern associated with each wellfield can be approximated
by utilizing a single hypothetical pumping well located at the center of each wellfield.

Analytical Model Limitations
Boundary conditions present a common challenge to the prediction of groundwater behavior
using analytical models. Geologic data indicated that each of the production sands at the
Ludeman project is bounded on top and bottom by low permeability confining units. The use of
the Hantush-Jacob leaky confined aquifer model accounts for vertical recharge through
confining units, and is therefore expected to improve the accuracy of drawdown predictions over
the Theis model in this situation. The most limiting of the remaining model assumptions relate to
the horizontal continuity of the aquifers and the potential for lateral boundary conditions. The
production sands are not everywhere laterally continuous; however the analytical model
assumes continuity, which could have the effect of altering observed drawdown patterns
compared to modeled drawdown patterns. The possible effects of these lateral boundary
conditions are discussed further below.
The project area is located near the southern edge or the Powder River Basin, and the targeted
aquifer units crop out between the project area and uplifted basement rocks of the Laramie
Mountains to the south (Love & Christiansen, 1985). Hydrologic studies of the Ludeman site
found that the 70 Sand is continuous beneath the area, but that the 80 and 90 Sand aquifers are
not everywhere continuous, and crop out in the southeastern portion of the site (Uranium One,
2010). Discontinuous aquifers will not respond ideally to drawdown, and may show locally
greater drawdown near pumping wells and less drawdown at greater distances
Specifically, the outcropping of the 80 Sand and 90 Sand aquifers suggest the possibility of a
recharge boundary. Potential lateral recharge from an outcrop is not accounted for in this
implementation of the Hantush-Jacob model. However, the existence of such a boundary could
serve to restrict the extent and magnitude of drawdown. The site studies, however, found that all
three production sand units were well confined on top and bottom by shale units within the
proposed area of injection and recovery.
This model assumes that groundwater withdrawals are made from a single hypothetical point at
the center of each wellfield. This point has been represented by a single well in the analytical
model. This single well approximation results in near-well drawdowns that may at times exceed
the available drawdown of the aquifer, and are thus unrealistic. However, based on a limited
sensitivity analysis conducted prior to full-scale modeling, these effects are most pronounced in
the near field and decrease dramatically with distance from the pumping center. At the scale of
interest for this model, the single pumping center approach produces a close approximation of
the geometry and magnitude of groundwater drawdown from an actual wellfield. Therefore, use
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of a single pumping center per wellfield is acceptable for the purpose of estimating cumulative
drawdown for the Ludeman Project.
Analytical Modeling Methods
The Hantush-Jacob (1955) model was implemented using AQTESOLV software (Duffield, 2007)
to calculate the predicted magnitude and extent of drawdown in each aquifer. ESRI ArcGIS
software was utilized to aid with the input of spatial data and to contour and present the
estimated groundwater drawdown produced by the model. This sub-section discusses the
methods used to determine model input parameters, and the modeling methods. Specific model
input parameters are presented in detail in the next section, Model Inputs.
Wellfield locations and groundwater consumption rates and schedules were based on
information provided by TREC. Groundwater withdrawal rates were estimated by using
wastewater production as a proxy for net consumptive use rates of the wellfields. Wastewater
production rates are expected to approximate the difference between the rate of groundwater
withdrawal and the rate of injection during operations. Separate model runs were conducted for
the 70, 80 and 90 Sands.
The Hantush-Jacob analytical model equates the tendency of a confining layer to leak with a
parameter called the leakage factor (B), which is related to the thickness and hydraulic
conductivity of both the pumped aquifer and the confining layer (Neuman & Witherspoon, 1969)
(Fetter, 2001). Small leakage factors correspond to highly leaky confining layers, whereas large
leakage factors correspond to minimal leakage through confining units. The reciprocal of the
leakage factor (1/B) is commonly utilized in practice. When the reciprocal is used, the above
relationship is inverted such that large 1/B values correspond to highly leaky confining layers,
and small 1/B values correspond to minimal leakage through confining units.
In order to calculate leakage factors, average confining unit thickness was determined by
subtracting the thickness of sand units from the total thickness of the stratigraphic section in
three locations along Cross-Section C-C’ and three locations along Cross-Section K-K’
(Uranium One, 2010). Vertical hydraulic conductivity for the confining units (KV) was estimated
based on values of KV reported for Eocene and Paleocene confining units in the Powder River
Basin in the Powder River Basin Oil and Gas EIS Technical Report on Groundwater Modeling
(Applied Hydrology Associates, Inc. and Greystone Environmental Consultants, Inc., 2002).
AQTESOLV software utilizes the leakage factor in its reciprocal form (1/B), which was
calculated for each aquifer using the above sources of information in addition to site specific
data.
The pumping wells representing the withdrawal points in the model were located at the
geographic center of each wellfield, using the ArcGIS Spatial Statistics tool package Mean
Center tool. Positions of the pumping wells used to represent each wellfield were input into
AQTESOLV, along with other aquifer properties (see Model Inputs section). The Hantush-Jacob
model was then applied to each aquifer to predict the magnitude and distribution of groundwater
drawdown around the project area over the duration of the project. The principle of
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superposition was utilized to account for the effects of multiple active wellfields, pumping rates
and pumping periods across the project area (Duffield, 2007) (Reilly, Franke, & Bennett, 1987).
Using the results of the model runs, the time(s) of maximum drawdown during the project
duration were identified for each aquifer using time-drawdown plots. Subsequently, the modelpredicted drawdown in and around the project area was output to ArcGIS for the production of
drawdown contour maps at the time(s) of maximum drawdown in each aquifer.

Model Inputs
With the exception of confining unit hydraulic conductivity, all model input data were based on
the hydrologic studies of the site conducted by Uranium One or its predecessors in interest
(Uranium One, 2010). Details of the pertinent physical aquifer and confining unit parameters, as
well as the consumptive use schedule and rates utilized in the drawdown models, are presented
in Tables 1–4. In the model, the beginning of 2013 was selected as time = 0, because this is the
point at which the first consumptive use of groundwater is scheduled to begin.
Physical aquifer parameters were determined from the Pump Test Report (Uranium One, 2010),
and were confirmed with TREC. The parameters utilized for the 70, 80 and 90 sands are
summarized on Table 1. Average confining unit thickness was estimated to be 66 feet using
geologic data provided by TREC and the method described previously. Confining unit vertical
hydraulic conductivity was estimated at 6 x 10-5 ft/day using published data (Applied Hydrology
Associates, Inc. and Greystone Environmental Consultants, Inc., 2002). Using these
representative confining unit properties, along with 70, 80 and 90 sand hydraulic conductivity
and thickness values, reciprocal leakage factors (1/B) were calculated for each sand unit and
are also presented on Table 1.
Average wastewater production rates of the satellite facilities were provided to HydroSolutions
as a means to estimate consumptive groundwater use. During production, the wastewater
production is estimated to range from 15–45 gallons per minute (gpm), and average 30 gpm.
During restoration (reverse osmosis treatment), wastewater production is estimated to range
from 60–150 gpm. These rates are not necessarily unique to any single wellfield, because
satellite facilities each serve multiple wellfields, at times in different production phases.
Therefore, precise consumptive use at each wellfield could not be determined at this time.
Rather, rates of 30 gpm during production and 105 gpm during restoration were used as
estimates of consumptive groundwater use by each wellfield. These rates are expected to
produce reasonable estimates of drawdown.
The rates (in gpm), and timing of consumptive use for each aquifer, are presented on Tables 2
through 4. These values, along with pumping center locations, were entered into the analytical
model.
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Results and Discussion
Drawdown contours produced by the model were typically circular to somewhat elliptical in
shape, depending on the distribution of active pumping centers in a given aquifer. At the time(s)
of maximum drawdown, 25 foot drawdown contours for the 70, 80 and 90 Sand units had
maximum radii that ranged between about 1.2 to 2.4 miles from their approximate pumping
centers (wellfields) at the Ludeman site. Five foot drawdown contours for the 70, 80 and 90
sands typically had radii of approximately 3.4 to 4.8 miles from the pumping centers. A summary
of approximate radial distances to the five and 25 foot drawdown contours for each aquifer is
presented on Table 5.
Graphs showing the modeled time-drawdown characteristics of the pumping centers in each
aquifer over the duration of the project are presented on Figures 1–3. Results of the analytical
drawdown modeling are also presented as drawdown contour maps on Figures 4–8. Due to the
operational schedules of the 80 and 90 Sand units, two distinct drawdown peaks were noted in
the model output, which correspond to unique areal drawdown patterns. Thus, individual
contour maps were prepared for both the first and second peaks in these cases.
Due to the low vertical hydraulic conductivity of the confining units, leakage across the confining
units is expected to occur slowly in response to pumping. Therefore, the effects of this leakage
on the observed drawdowns may not be evident in data collected during short-duration pumping
tests at the site. However, on the scale of many years, over which the Ludeman Project will take
place, it is reasonable to expect that the relatively slow leakage through the confining layers will
make a substantial recharge contribution to the pumped aquifers. This vertical recharge
contribution is expected to limit the geographic extent of drawdown to a degree, as predicted by
these modeling results.
The physical properties of the confining units used in this model are expected to represent
reasonable estimates for an average confining unit in the general project area. Note, however,
that the results are sensitive to changes in these parameters. Specifically, as a confining unit
thins, and/or its KV increases, the modeled zone of influence (drawdown) contracts to smaller
and smaller radii. Conversely, as a confining unit thickens or its KV decreases, the modeled
zone of influence will expand until it eventually converges with the Theis solution at large
thicknesses or very small values of KV.
By accounting for recharge from slow vertical leakage across confining units, the HantushJacob model presents a more realistic estimate of drawdown for the Ludeman project setting
compared to a Theis-based model that ignores recharge. Still, as indicated in the Methods and
Limitations section, other non-ideal aquifer conditions would, to some extent, alter actual
drawdown patterns compared to those predicted by this model. Small-scale boundary
conditions, such as those that may exist between discontinuous segments of the 80 Sand and
90 Sand, would likely cause localized areas of increased drawdown immediately surrounding
active wellfields. However such conditions would also limit the more distant extent and
magnitude of drawdown.
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Lateral boundary conditions due to outcropping of the 80 and 90 Sand units could result in
offsetting effects. For instance, such boundaries could cause an increase in observed
drawdown between the site and the outcrop and expansion of the drawdown elsewhere.
However, periodic recharge at these outcrops would also be likely to have a limiting effect on
the zones of influence.

Summary
A Hantush-Jacob based analytical drawdown model for the 70, 80 and 90 Sand units at
Uranium One’s Ludeman Project was completed using site-specific aquifer parameters, and
estimates of confining unit characteristics. This model is expected to produce more accurate
long term drawdown predictions than a Theis model, because it accounts for aquifer recharge
from small amounts of leakage through confining units. The production sands of the Ludeman
Project satisfy the assumptions required by the Hantush-Jacob model to the extent generally
accepted for this type of hydrogeologic evaluation. Project-specific assumptions and limitations
have been noted and discussed in this Memorandum.
Model inputs were entered into AQTESOLV software, and graphs were produced showing the
predicted time-drawdown behavior of the Ludeman Project wellfields. Drawdown contour maps
showing the estimated location of the five and 25 foot drawdown contours (at maximum
drawdown) were produced using ArcGIS software. The maximum radii of typical 25 foot
drawdown contours ranged from approximately 1.2 to 2.4 miles, and the maximum radii of five
foot drawdown contours ranged from about 3.4 to 4.8 miles. Non-ideal aquifer conditions in the
vicinity of the site could potentially alter the magnitude and extent of actual versus modeled
drawdown, and the model is also sensitive to changes in the thickness and vertical hydraulic
conductivity of the confining units.
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Table 1: Aquifer parameters used in analytical drawdown model.

Parameter
Transmissivity
(ft2/day)
Storativity (unitless)
Average Saturated
Thickness (ft)
Hydraulic
Conductivity (ft/day)
1/B (ft-1)

70 Sand

Aquifer
80 Sand

90 Sand

96.4

70.0

94.6

5.08 x 10

-5

7.75 x 10

42.75

-5

5.57 x 10-5

66.25

2.25

48.75

1.06

9.7 x 10

-5

1.94
-4

9.8 x 10-5

1.1 x 10

Table 2: 70 Sand consumptive use schedule showing estimated gallons per minute of consumptive use by
year and wellfield. Production periods are shown in blue, restoration periods are shown in green, and
periods of no groundwater withdrawals are white.

70 Sand
Wellfield

1

2

3

Elapsed Time in Years (Calendar Year)
5
6
7
8
4

(2013)

(2014)

(2015)

(2016)

(2017)

2

0

30

30

105

105

3
4
5a

0
0
0

0
0
0

0
0
0

30
0
0

30
30
0

(2018)
105
(1/2 yr)

105
30
30

9

10

11

(2019)

(2020)

(2021)

(2022)

(2023)

0

0

0

0

0

105
105
30

105
105
30

0
105
105

0
0
105

0
0
105

Table 3: 80 Sand consumptive use schedule showing estimated gallons per minute of consumptive use by
year and wellfield. Production periods are shown in blue, restoration periods are shown in green, and
periods of no groundwater withdrawals are white.

80 Sand
Wellfield

1

2

3

Elapsed Time in Years (Calendar Year)
5
6
7
8
4

(2013)

(2014)

(2015)

(2016)

(2017)

1b

30

30

105

105

105

5b

0

0

0

0

0

(2018)
105
(1/2 yr)

30

(2019)

(2020)

9

(2021)

10

(2022)

11

(2023)

0

0

0

0

0

30

30

105

105

105

Table 4: 90 Sand consumptive use schedule showing estimated gallons per minute of consumptive use by
year and wellfield. Production periods are shown in blue, restoration periods are shown in green, and
periods of no groundwater withdrawals are white.

90 Sand
Wellfield

1

2

3

Elapsed Time in Years (Calendar Year)
5
6
7
8
4

(2013)

(2014)

(2015)

(2016)

(2017)

1a

30

30

105

105

105

6

0

0

0

0

0

(2018)
105
(1/2 yr)

0
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9

10

11

(2019)

(2020)

(2021)

(2022)

(2023)

0

0

0

0

0

30

30

105

105

105

Table 5: Approximate maximum radii (in miles) of five and 25 foot drawdown contours from center of
maximum drawdown at time(s) of maximum predicted drawdown (n/a indicates not a time of maximum
drawdown).

Drawdown
contour 
70 Sand
80 Sand
90 Sand

Time = 5.5 years (2018.5)
5 ft

Time = 9 years (2021)

25 ft

5 ft

25 ft

n/a

n/a

3.4
3.5

1.4
1.2

4.8

2.4

n/a

n/a

n/a

HydroSolutions Inc

n/a

Time = 11 years (2023)
5 ft

25 ft

n/a

n/a

3.4
3.5

1.4
1.2
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Figure 1: 70 Sand aquifer time-drawdown graph showing model estimated drawdowns in active 70 Sand
wellfields during project lifespan. Based on current schedule; time = 0 corresponds to beginning of year
2013. Displacement is shown in meters.
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Figure 2: 80 Sand aquifer time-drawdown graph showing model estimated drawdowns in active 80 Sand
wellfields during project lifespan. Based on current schedule; time = 0 corresponds to beginning of year
2013. Displacement is shown in meters.
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Figure 3: 90 Sand aquifer time-drawdown graph showing model estimated drawdowns in 90 Sand wellfields
during project lifespan. Based on current schedule; time = 0 corresponds to beginning of year 2013.
Displacement is shown in meters.
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Figure 5.
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Figure 6.
80 Sand 2nd Drawdown Peak
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Figure 7.
90 Sand 1st Drawdown Peak
Time = 5.5 years
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Figure 8.
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