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1 INTRODUCTION

This Water Supply Evaluation (WSE) report, prepared by WSP USA, Inc. (WSP), provides hydrogeologic conceptual models
(HCMs) developed individually for two aquifers located in Brandon, SD. The two aquifers for which HCMs were developed
are the Quaternary aquifer (often locally referred to as the Big Sioux aquifer) and the Split Rock Creek aquifer.

WSP is providing this report as part of a comprehensive evaluation of municipal water supply options for the City of
Brandon, SD (City) being conducted by Advanced Engineering and Environmental Services, Inc. (AE2S). WSP’s proposal to
AEZ2S, dated May 24, 2018, was authorized by the letter agreement between AE2S and WSP dated June 5, 2018.

1.1 PURPOSE AND OBJECTIVES

The primary purpose of this WSE report is to provide information regarding the potential for future groundwater
development by the City from the Quaternary and Split Rock Creek aquifers, including information regarding the volume of
groundwater available for development, the water quality characteristics of that groundwater, and the identification of
locations that appear favorable for the siting of well fields. The principal objectives of the project were to develop a
hydrogeologic conceptual model (HCM) for the Quaternary aquifer and the Split Rock Creek aquifer.

The HCM for each aquifer includes a description of the physical characteristics of the aquifer, including a description of the
geology (sediments and formations), the hydrogeology (water-bearing horizons and sub-surface flow conditions), the water
quality, and information regarding inputs (recharge) and outputs (discharge). Data gaps for each aquifer are also identified in
each HCM.

1.2 SOURCES OF INFORMATION

Prior to August 2017, the Sioux Falls, South Dakota office of WSP was formerly operated by Leggette, Brashears & Graham,
Inc. (LBG). LBG opened the Sioux Falls, South Dakota office in 1982, and beginning in 2013, began providing intermittent,
task-based hydrogeologic services related to the Brandon groundwater supply to Stockwell Engineers, Inc. of Sioux Falls, SD
(Stockwell). Pertinent data obtained from those previous investigations, and included in this report, will reference the specific
title and date of the LBG report.

Numerous reports describing the geology and groundwater resources in the Brandon area have previously been prepared by
the South Dakota Geologic Survey (SDGS), the United States Geological Survey (USGS), the US Army Corps of Engineers,
and others. These data sources are cited in the report text, as appropriate.

A significant source of information utilized in developing the HCMs for the two aquifers was the well completion report
database (well database) maintained by the Water Rights Program of the South Dakota Department of Environment and
Natural Resources (DENR). Another significant source of information utilized in developing the HCMs was the SDGS
Lithologic Log Database. These databases were accessed numerous times throughout WSP’s work on the project.

Lastly, files related to City wells and previous investigations (including geologic logs, well construction, performance and
rehabilitation testing records, and water quality) were obtained from AE2S or referenced from previous work conducted by
LBG. Other sources of information, including sources for water quality data, are cited in the applicable sections of this report.

WATER SUPPLY EVALUATION REPORT WSP
Project No. 31401461.000 September 2018
AE2S Page 1



2 PROJECT AREA GEOLOGY OVERVIEW

The Project Area is defined as the area located within three miles of the City limits of Brandon and is shown on Figure 1.
Most of the City lies within a valley bounded on the west by the Big Sioux River, and on the east by Split Rock Creek, a
tributary of the Big Sioux River. The confluence of Split Rock Creek and the Big Sioux River is located approximately one
mile south of the City limits.

The topography within the valley and most of the City is relatively flat, as is apparent on Figure 1. Beaver Creek, a tributary
of Split Rock Creek, is also located within the Project Area. The confluence of Beaver Creek with Split Rock Creek is
located approximately ¥2-mile south of the City limits, and about ¥%-mile upstream of the confluence of Split Rock Creek and
the Big Sioux River. Lastly, Slip-Up Creek, a tributary of the Big Sioux River, is located within the Project Area and its
confluence with the Big Sioux River is located approximately 1.5-miles west of the City limits.

A digital elevation model (DEM) of the Project Area is provided on Figure 2. There is approximately 240 feet of total relief
across the Project Area. The low-lying areas, with elevations generally in the range of 1,270 to 1,310, are located within the
stream valleys. The higher elevations outside of the valleys are generally influenced by bedrock topography. Also shown on
Figure 2 are the locations of the seven Brandon municipal wells (existing and historical).

The surficial geology of the Project Area is shown on the geologic map provided on Figure 3. The geologic units exposed at
the surface within the Project Area consist almost entirely of sediments deposited in the Quaternary Period, and include
glacial till, glacial outwash, alluvium and lacustrine sediments. The Quaternary sediments include deposits associated with
five glacial advances (Tomhave, 1994) that occurred over the last 2 million years or so.

Till is a heterogeneous mixture of silt, sand, gravel, cobbles and boulders within a primarily clay matrix. Due to the
predominance of clay-size sediments, very little water can be obtained from wells completed in till. Consequently, till is
generally not suitable for siting municipal water supply wells.

Outwash is comprised primarily of sand and gravel that has been deposited by streams associated with glacial activity. Due to
the predominance of granular sediments, it is possible, depending on the specific site characteristics, to obtain relatively large
volumes of water from wells completed in outwash deposits.

Alluvium is comprised of sediments deposited by modern-day streams such as the Big Sioux River, Split Rock Creek, Slip-
Up Creek and Beaver Creek. Depending on the grain-size of the materials (clay, silt, sand or gravel), alluvium is often
suitable for siting municipal or industrial supply wells. The alluvium in the Brandon area is comprised of varying amounts of
clay, silt, sand and gravel, and often overlies, or is in presumed hydraulic connection with, underlying outwash deposits.
These deposits of alluvium overlying glacial outwash sediments are collectively referred to as glaciofluvial deposits.
Additionally, the alluvial sediments and hydraulically connected outwash deposits are generally also hydraulically connected
to the surface water of the overlying stream.

The lacustrine sediments in the Project Area consist primarily of clay and silt, with minor amounts of sand, and are associated
with lakes formed by glacial meltwaters. In general, the fine grain size of lacustrine sediments are not suitable for siting
municipal water supply wells.

Bedrock in the Project Area is either the Precambrian Sioux Quartzite (Sioux Quartzite) or the Cretaceous Split Rock Creek
Formation (SRC Formation). The Sioux Quartzite is comprised primarily of orthoquartzite (a rock consisting almost entirely
of quartz sand grains and silica cement, making it very hard), with minor conglomerate and mudstone layers (Tomhave,
1994). Because it is so well cemented, there is little interconnected porosity in the Sioux Quartzite. Where fractured, the
Sioux Quartzite can yield water to wells, but generally not in sufficient quantities for municipal purposes.

The thickness of the Sioux Quartzite is unknown, and estimates have ranged from 1,000 feet to almost 15,000 feet (Tomhave,
1994). The topography of the Sioux Quartzite surface forms what previous geologic investigators have named the Sioux
Ridge. The Sioux Ridge was a topographic high during the Cretaceous Period, that greatly influenced deposition of sediment
in the Project Area, particularly the deposition of the SRC Formation. Within the Sioux Ridge, there are areas of local
topographic depressions in the Sioux Quartzite caused by weathering and erosion. A significant depression in the Sioux
Quartzite surface in the Project area is located immediately east of the City, and is referred to as the Brandon Embayment
(Kairo, 1987).
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The SRC Formation, where it has not been eroded, overlies the Sioux Quartzite. Pence (1997) estimated the maximum
thickness of the SRC Formation in the Brandon area at 200 feet. The thickest sequence of Split Rock Creek Formation is
located in the previously described Brandon Embayment. The lower portion of the SRC Formation is comprised of fine to
medium-grained pink sand grains that were eroded from the Sioux Quartzite. These lower sands comprise part of the Split
Rock Creek aquifer. The middle portion of the SRC Formation is comprised of shale and siltstone, along with more pink sand
(and that sand is also part of the Split Rock Creek aquifer). The upper portion of the SRC Formation unit is comprised of
shale, siltstone and claystone, and is not considered part of the aquifer.

The depositional environment of the Project Area, as interpreted from Kairo (1987), Tomhave (1994), Pence (1997), and
Putnam (1998), is summarized in this paragraph. In Minnehaha county, and in the Project Area, the Sioux Quartzite forms a
series of northwest-southeast trending ridges, with varying degrees of topographic relief. During the Cretaceous Period (and
likely beginning earlier), sand originating from the Sioux Quartzite was eroded, and deposited in depressions (or
embayments) in the Sioux Quartzite surface. This sand was subsequently covered by shallow marine sediments, eventually
forming siltstones, shales, and claystones, as well as chert and opaline sediments. Subsequent and repeated advances and
retreats of glaciers in the Project Area eroded portions of the SRC Formation, particularly in the topographically high
portions of the underlying Sioux Quartzite. Glacial sediments were cyclically deposited, then eroded or partially eroded,
during at least five continental glaciation episodes during the Quaternary Period. The two aquifers in the Project Area consist
of the re-worked sands of Sioux Quartzite origin that comprise the Split Rock Creek aquifer, and the glaciofluvial sediments
in the Big Sioux River, Split Rock Creek and Beaver Creek valleys. More detailed information regarding the aquifers is
provided in the HCMs.
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3 QUATERNARY AQUIFER HCM

The Quaternary aquifer includes saturated granular sediments including outwash and alluvium. According to information in
Rothrock (1947), the City is located at the confluence of three glacial channels. While these channels do not have formal
names, each channel does have a modern-day stream associated with it. The channel associated with the Big Sioux River
enters the Project Area from the west, the channel associated with Split Rock Creek enters the Project Area from the north,
and the channel associated with Beaver Creek enters the Project Area from the east. The saturated sediments deposited in
these three channels were referred to in Lindgren and Niehus (1992) as the Big Sioux aquifer, the Brandon aquifer, and the
Beaver Creek aquifer. Lindgren and Niehus (1992) also include a map showing what they classify as a minor glacial aquifer
called the Four Mile Creek aquifer, which is associated with Four Mile creek located in the southeastern edge of the Project
Area. The saturated granular sediments associated with the valleys of these four streams, are, for the purposes of this report,
collectively referred to as the Quaternary aquifer. The DENR Water Rights Program regulates these four units as part of the
South Management Unit of the Big Sioux aquifer (personal communication, 2018).

Two hydrogeologic cross sections were developed that illustrate the vertical and horizontal variability of the Quaternary
aquifer across the Project Area. The surficial geology and hydrogeologic cross-section transects are illustrated on Figure 3,
and hydrogeologic cross sections A-A’ and B-B’ are provided on Figures 4 and 5. The extent and thickness of the Quaternary
aquifer will be discussed in Section 3.4.

3.1 EXISTING WELLS

The City has four wells completed in the Quaternary aquifer (CW-1, CW-2, CW-4 and CW-5) that were constructed as part
of the municipal water system. This does not include irrigation wells completed in the Quaternary aquifer at the City
municipal golf course.

The four municipal wells are located in the well field in Aspen Park (Figure 2), and the water from these wells is withdrawn
under water permits issued for the Big Sioux aquifer South Management Unit. Of these four wells, only CW-1 is operational.
Wells CW-2, CW-4 and CW-5 are not utilized because of poor production, and the pumps were removed from the wells
(Stockwell, 2013).

Information regarding the well construction of these four Quaternary aquifer wells is summarized in Table 1 (as is
information for the City’s three wells completed in the Split Rock Creek aquifer). CW-1 is operated at a pumping rate of
approximately 170 to 190 gallons per minute (gpm).

The City has three 2-inch diameter monitoring wells (MW-2A, MW-3A, and MW-4A) that are also located in the Aspen Park
well field. These three monitoring wells, which are completed in the Quaternary aquifer, were installed in 2014 (LBG, 2014),
and water quality data and hydraulic conductivity testing data from the monitoring wells are provided in later sections of this

report.

3.2 WATER QUALITY

Water quality data from 119 groundwater samples collected from Quaternary aquifer wells and 2,585 Big Sioux River
surface water samples were compiled by WSP and are summarized in Table 2. The sources of the water quality data include
City monitoring and production wells, the DENR Water Quality Database, the National Water Quality Monitoring Council
Water Quality Portal, the USGS Surface-Water Data for the Nation database, and water quality data from sampling
previously conducted by LBG.

Water quality parameters provided in Table 2 include physical properties, inorganics, total organic carbon, nutrients, metals,
and radionuclide data. Due to the large volume of groundwater quality data from the Project Area available from the DENR
Water Quality Database, Table 2 provides the minimum, maximum, and average values for each water quality parameter
included in the DENR Water Quality Database. Groundwater quality parameters measured in samples collected from the
Quaternary aquifer that have historically exceeded the Environmental Protection Agency’s Primary Maximum Contaminant
Levels (MCLs) or Secondary MCLs include total dissolved solids (TDS), sulfate, nitrate, nitrate + nitrite, iron, manganese,
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uranium, gross alpha, and pH. The exceedances are highlighted in Table 2. Water quality parameters from surface water
samples collected from the Big Sioux River that have historically exceeded the Primary or Secondary MCLs include TDS,
chloride, nitrite, nitrate, nitrate + nitrite, iron, manganese, and pH. Of special note relative to the project goals are the nitrate
detections in CW-1; one of which exceeds the Primary MCL. The nitrate detections indicate that CW-1 is receiving recent
recharge and is likely vulnerable to contamination from fertilizer applications in Aspen Park. Elevated nitrate concentrations
(30 mg/L) in groundwater in the Big Sioux aquifer west of the City have also been reported historically by Stach, et al
(1981).

Iron and manganese concentrations in the Quaternary aquifer in the Project Area commonly exceed the secondary MCLs for
these two metals. Elevated iron and manganese concentrations in shallow groundwater is common throughout eastern South
Dakota, and throughout the Great Plains region. However, it is notable that the iron concentration measured in the samples
collected from CW-1 is generally an order of magnitude below the iron secondary MCL of 0.3 mg/L.

Stiff diagrams (Figures 6 and 7) illustrating the relative concentrations of major anions and cations of groundwater and
surface water samples were created using an open-source ArcGIS tool created by Paul Inkenbrandt of the Utah Geological
Survey. In cases where multiple samples were collected from a single location, average values for each analyte were used to
generate the Stiff diagram.

Stiff diagrams for four locations along the Big Sioux River are provided on Figure 6. Two of the surface water sampling
locations are USGS stations, and two are DENR stations. Given the large quantity of data from the Big Sioux River sampling
locations, minimum, maximum, and average values were calculated for each location and are illustrated in Figure 6, with the
maximum values indicated in red, the minimum values in yellow, and the average values in blue. The average values for each
parameter at each station are assumed to be indicative of normal river stage.

The Stiff diagrams indicate the cation and anion relative concentrations are variable based on river location. The relative
concentrations of chloride and sodium and potassium at DENR Site ID WQM 64, which is located immediately upgradient of
the confluence of the Big Sioux River diversion channel with the Big Sioux River, are significantly lower than the relative
chloride and sodium and potassium concentrations of the other three stations. Sampling station DENR Site ID WQM 64
includes approximately 15 miles of river looping around the City of Sioux Falls and contribution from Skunk Creek, a major
tributary of the Big Sioux River. With the exception of DENR Site ID WQM 64, the dominant ions are chloride, sodium, and
potassium, which is likely due to stormwater runoff.

Stiff diagrams constructed for groundwater quality data from the Quaternary aquifer are shown in Figure 7. Of the nine
sampled wells, only three (MA-80GA, MA-80CA, and CW-1) had more than one round of major ion data to plot. Those three
Stiff diagrams have “average” listed in the label on Figure 7. The dominant ions in the groundwater samples are bicarbonate
and calcium. Bicarbonate was not reported in samples from DENR monitoring wells MA-80EA, MA-80FA, and MA-80Q,
and it is likely that it was simply not included in the analysis. Surface water and Quaternary aquifer water sampling locations
are illustrated on Figure 8.

3.3 GROUNDWATER WITHDRAWALS IN PROJECT AREA

Water rights permit data and locations for surface water and groundwater points of diversion were provided to WSP by AE2S
and are illustrated on Figure 9. The original source of this data is the DENR Water Rights Online Database. The data are
compiled in Table 3 by surface water and aquifer permit designations. There are 96 permits located within the Project Area.
Cancelled (30) and denied (1) permits were excluded since they are not withdrawing water. Permits (12) that were listed as
“incorporated license” were excluded since they are incorporated into other active permits. Lastly, permits (3) for the Sioux
Quartzite were excluded since it’s not an aquifer of interest. Therefore, there are 50 active permits authorizing withdrawals
from surface water and groundwater in the Project Area. There are 17 permits and associated points of diversion for surface
water withdrawals, and 15 permits and associated points of diversion for groundwater withdrawals from the Quaternary
aquifer. The remaining 18 permits and associated points of diversion are for groundwater withdrawals from the Split Rock
Creek aquifer, discussed in Section 4. The total amount of groundwater appropriation from the Quaternary aquifer in the
Project Area authorized by DENR water rights permits is approximately 1.33 billion gallons per year, or 3.6 million gallons
per day (MGD).

Historical pumping data from 2008 through 2017 were provided to WSP by AE2S for CW-1 (Quaternary aquifer) and CW-6
(Split Rock Creek aquifer). CW-1 is metered separately and the total production of the combined pumping from CW-1 and
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CW-6 is metered at the treatment plant. Therefore, the water production from CW-6 is calculated by taking the difference
between the two meters. Average monthly pumping rates were compiled and graphed to illustrate the seasonal variation in
pumping demand for the City (Appendix A). The graph in Appendix A illustrates the average monthly flow rate against each
well’s approximate instantaneous pumping rate. Based on the analysis as described above, CW-1 has an instantaneous
pumping rate that varies from 170 gpm to 190 gpm, and the average monthly rate (assuming continuous pumping throughout
the month) is less than 130 gpm, which is equivalent to approximately 0.2 MGD. Consequently, current City withdrawals
from the Quaternary aquifer in the Project Area (excluding the irrigation use in the golf course) represent approximately 5%
percent of the total groundwater appropriations from the Quaternary aquifer.

3.4 AQUIFER THICKNESS AND AQUIFER STORAGE

WSP reviewed and compiled lithologic and water level data from 449 wells and test holes within the Project Area. A select
subset of the wells and test hole data were used to develop two hydrogeologic cross sections to illustrate the vertical and
horizontal variability of the Quaternary aquifer across the Project Area. The surficial geology and hydrogeologic cross-
section transects are illustrated on Figure 3, and hydrogeologic cross sections A-A’ and B-B’ are provided on Figures 4 and
5.

Figures 10 through 17 were developed to illustrate the vertical and horizontal extent and configuration of the Quaternary
aquifer in the Project Area at each of the well and test hole locations, and were focused on the presence and thickness of
granular sediments (sand and gravel), which are collectively referred to as “sand” in the figures. Therefore, the amount of
sand or sand units shown in the following figures represent the “known” amounts as they were recorded on the geologic log.
Each figure is described briefly below and additional metadata on the figure’s creation is provided in the notes section of
each figure.

- Figure 10 illustrates the approximate elevation of the top of total sand (saturated or unsaturated) for the Quaternary
aquifer.

- Figure 11 illustrates the approximate elevation of the bottom of the sand for the Quaternary aquifer.

- Figure 12 illustrates the number of sand units observed in each geologic log for the Quaternary aquifer. A sand
“unit” is referred to as any unit of sand separated from another unit of sand by a low permeable material (silt, clay)
as noted on each geologic log. Areas where no Quaternary sand was encountered in the geologic log are illustrated
as holes or gaps on the figure.

- Figure 13 illustrates the total sand thickness (saturated or unsaturated) of the Quaternary aquifer. The difference
between this figure and the saturated sand figure (Figure 15) is the amount of unsaturated sand above the water
table.

- Figure 14 illustrates the total sand thickness (saturated or unsaturated) as a percentage of the total unconsolidated
material thickness. For example, a value of 50% means that half of the geologic log’s material is sand and the
remainder is clay, silt, or other low hydraulic conductivity material.

- Figure 15 illustrates the saturated sand thickness of the Quaternary aquifer. This figure is similar to Figure 13, but
isolates only the saturated sand thickness, which is a critical factor in siting wells and well fields. This figure also
indicates the locations of wells or boreholes with logs indicating the presence of a basal sand unit (one directly
overlying bedrock, usually the SRC Formation, and typically separated from the overlying shallow sand units by till

[clay]).

- Figure 16 illustrates the saturated sand thickness as a percentage of the total unconsolidated material thickness. For
example, a value of 50% means that half of the geologic log’s material is saturated sand and the remainder is
unsaturated sand, clay, silt, or other low hydraulic conductivity material. This figure is similar to Figure 14, but
isolates only the saturated sand as a percentage of the total unconsolidated material thickness.

- Figure 17 illustrates the depth to the top of sand (saturated or unsaturated sand) of the Quaternary material.

As illustrated in the cross sections (Figures 4 and 5) and plan view maps illustrating information on the sand units (Figures 10
through 17) it is evident that the Quaternary aquifer is thickest and likely the most productive within a smaller area inside the
boundary originally delineated by Lindgren and Niehus (1992). The areas of the greatest estimated amount of saturated
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thickness of Quaternary sands are identified along the Big Sioux River, northwest of the City, and between the Big Sioux
River and Split Rock Creek, within the City limits. There are other isolated saturated sand units outside of the City limits;
however, they are delineated with fewer data points, and have less-known viability compared to the sand located within the
City limits. Where Quaternary sands are not present, the aquifer is bound both vertically and laterally by low-permeability
till or by underlying bedrock consisting of Split Rock Creek Formation or Sioux Quartzite. Lastly, the Quaternary sands
illustrated in Figures 10 through 17 may not all be laterally continuous as illustrated in the cross sections of Figures 4 and 5.

Total groundwater storage volumes were estimated for the Quaternary aquifer and are provided in Table 4. The aquifer
volume calculations were based on the saturated sand thickness map (Figure 15) and an assumed porosity value of 20%. The
volumes were estimated for the Project Area and a smaller area representing the City limits. The City-limits volume was
added because this represents the likely area where the City may develop additional production wells and constrains the
withdrawal to a reasonably accessible portion of the aquifer. For example, if the City installs additional Quaternary-aquifer
wells, those wells would not be able to access all the water in the Project Area, but would likely be able to access water from
the smaller area comprised of the City limits. The total volume of water in the Quaternary aquifer is approximately 18.2
billion gallons in the Project Area and approximately 3.7 billion gallons in the City limits. The total amount of withdrawals
from the Quaternary aquifer authorized by water permits (Table 3) is approximately 1.33 billion gallons per year in the
Project Area, and approximately 0.75 billion gallons per year (approximately 2.1 MGD) within the City limits. These
permitted withdrawal amounts are approximately 7% and 20% of the estimated storage volumes for the Project Area and City
limits, respectively. Of those permitted volumes, approximately 0.48 billion gallons per year (1.3 MGD) is associated with
current City water and future use permits. Note, however, that these are permitted volumes and not actual withdrawals.
Actual withdrawals by the City from the Quaternary aquifer are significantly less (approximately 0.2 MGD from CW-1) than
the permitted volumes.

3.5 POTENTIOMETRIC SURFACE AND HYDROGRAPHS

Two potentiometric surface maps (Figures 18 and 19) were created to illustrate the Quaternary aquifer groundwater elevation
across the Project Area. Surrogate water levels were extracted from the digital elevation model along perennial rivers of the
Big Sioux River, Slip-Up Creek, Split Rock Creek, and Beaver Creek to make Quaternary water level data converge on these
surface water features. This assumes that the Quaternary aquifer is in hydraulic connection to surface water. Figure 18
includes all known water-level data from lithologic log descriptions, well completion reports, City monitoring wells, City
production wells, and DENR observation wells. Due to the various sources, Figure 18 includes water-level data from dates
that span decades. Figure 19, however, includes only synoptic water-level data from May 2014 for select DENR observation
wells and City monitoring wells. Regardless of which temporal water-level data is used, the Quaternary aquifer groundwater
flow direction is variable and generally flows from upland areas to the stream reaches of the Big Sioux River, Slip-Up Creek,
Split Rock Creek, and Beaver Creek. In general, the groundwater flow direction in the vicinity of the existing City well field
(between the Big Sioux River and Split Rock Creek) is southwest, south, and southeast

The potentiometric surface map shown in Figure 18 shows the effects of groundwater withdrawals on the potentiometric
surface, particularly at the Brandon Golf Course (Permit #4434-3, Figure 9), at Aspen Park (Permit #5869, Figure 9), and
west of Aspen Park at Brandon Materials Company (Permit #4842-3, Figure 9), as well as others. The effects of groundwater
withdrawals are not apparent in Figure 19, which was produced from the May 2014 synoptic water-level data and does not
have the same data density.

Hydrographs were developed for surface water discharge and groundwater elevations within the Project Area, including
USGS stream gaging stations (Appendix B) and DENR observation wells completed in the Quaternary aquifer (Appendix C),
respectively. Hydrograph data for stream discharge (Appendix B) was only available for the Big Sioux River and Split Rock
Creek. Also plotted on the stream hydrographs is precipitation data, and it is clear that stream discharge is, as expected,
strongly correlated to precipitation.

For the Big Sioux River, only the USGS gauging station at North Cliff Avenue in Sioux Falls (USGS 06482020) has a
continuous record from 1972 to the present. Big Sioux River gauging station USGS 06482000 (S. Western Avenue, Sioux
Falls) has data from approximately 1950 to 1960, and from 2004 to the present. Big Sioux River gauging station USGS
06482100 (W. Holly Boulevard, Brandon) only has discharge data from 1959 to 1973.
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The continuous record data from USGS 06482020 indicate that discharge of the Big Sioux River has been on an increasing
trend over the period of record (1972 to the present). For the Big Sioux River at USGS 06482020, from 1972 to 2017, the
following statistics were obtained from the USGS National Water Information System: minimum average annual discharge
was in 1981, and was 50.4 cubic feet per second (cfs), the maximum average annual discharge was 2,746 cfs in 2011, and the
average annual discharge from 1972 to 2017 is 483 cfs. This illustrates the wide variability of discharge of the Big Sioux
River, and the dominant role of surface water run-off from precipitation in providing the base flow.

The average daily discharge of the Big Sioux River was calculated at USGS 06482020 (North Cliff Avenue, Sioux Falls) and
USGS 06482100 (W. Holly Boulevard, Brandon) for the period between 10/01/71 to 10/05/72 (the only time period with
coincident daily mean discharge data for both stations). The average daily discharge at the North Cliff Avenue station during
this time period was 604 cfs, and the average daily discharge at the W. Holly Boulevard station was 616 cfs. This indicates
that the average daily discharge of this stretch of the Big Sioux River between Sioux Falls and Brandon gained on average
approximately 12 cfs during this time period. This would have been primarily due to inflow of groundwater, as the Sioux
Falls Water Reclamation Plant (WREC Plant) was during this period located upstream of USGS 06482020. While there are
no stream-gauging data with which to measure the increase in Big Sioux River discharge between Sioux Falls and Brandon, it
is likely on the order of 10 to 20 cfs during periods of groundwater discharge to the river.

The Split Rock Creek gauging station (USGS 06482610) at Corson has mean daily discharge data from 1965 to 2018. The
average annual discharge statistics are as follows: minimum of 11.3 cfs in 1968, maximum of 384.5 cfs in 2011, and an
average annual discharge of 122 cfs. The daily discharge data indicate there have been periods of no flow. Lindgren and
Niehus (1992), indicate that most of the streams in Minnehaha County, including the Big Sioux River, experience periods of
no flow.

Historical groundwater elevation data measured in nine DENR observation wells are plotted versus time (hydrographs) and
are provided in Appendix C. Also shown with the hydrographs are precipitation data of the period of record, and Big Sioux
River discharge over the same period of record. The hydrograph illustrate that long-term water-level trends have remained
relatively stable to slightly increasing since the beginning of the data record in 1957, with short-term fluctuations generally
on the order of 5 to 10 feet annually. The annual fluctuations are primarily a result of seasonal variations in precipitation and
groundwater recharge, and the data do not appear to show the effects of any of the groundwater withdrawals from the
Quaternary aquifer. The groundwater hydrographs plotted with the precipitation data illustrate that groundwater levels are
strongly correlated to precipitation. The groundwater hydrographs plotted with the Big Sioux River discharge data also
appear to indicate that groundwater elevation is strongly correlated to river discharge; but this is likely more a function of
response to precipitation rather than discharge, as the streams in the Project Area are more likely to be locations of
groundwater discharge. The locations of the surface water gaging stations and wells for which hydrographs were constructed
are shown on Figure 20.

3.6 AQUIFER RECHARGE AND DISCHARGE

Recharge to the Quaternary aquifer is by vertical infiltration of precipitation, infiltration form surface water bodies, and
inflow from adjacent aquifers (underlying, overlying, or adjoining). Average annual precipitation in the Project Area for the
last 30 years (1986 to 2016, National Weather Service forecast office, Sioux Falls) is 26.36 inches (NWS, 2017). The
Quaternary aquifer, is unconfined and has localized areas that are not capped by low-permeability material (thereby allowing
infiltration), receives recharge predominantly from precipitation (Lindgren, 1997). A generally acceptable estimate for the
amount of precipitation that is not lost to run-off and evapotranspiration, and actually recharges the aquifer, is 10% of the
annual precipitation, or approximately 2.3 inches per year. Given this circumstance, the Quaternary aquifer is not well
protected from surface infiltration and in places is likely vulnerable to contamination from the surface (Lindgren, 1997).

Iles, et al (2017) indicate that depth of burial of outwash aquifers is not a good indicator of whether the groundwater is
connate (old and placed at the time of deposition) or meteoric (derived from recent precipitation). Therefore, site-specific
sampling and analysis of isotope ratios is required to further understand a local groundwater source’s age and to infer
additional conclusions about groundwater recharge.

Discharges from the aquifer include groundwater withdrawal by pumping (municipal, agricultural, industrial and domestic),
discharges to streams (Big Sioux River, Slip-Up Creek, Split Rock Creek, Beaver Creek), discharges by plant transpiration
and by evaporation (collectively referred to as evapotranspiration), and discharges to other aquifers. Hydrograph data for
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stream discharge (Appendix B) was only available for the Big Sioux River and Split Rock Creek, but illustrate that stream
discharge is strongly correlated to precipitation, as expected. The groundwater potentiometric surface maps on Figures 18
and 19 illustrate that the rivers are generally lower in elevation than the inland groundwater levels and, therefore, serve
primarily as local groundwater discharge points. The local streams are perennial, and groundwater from the Quaternary
aquifer likely discharges to the streams, except perhaps during periods of high surface water flow associated with flooding.

Effluent discharge data from the Sioux Falls WATREC Plant, as indicated previously, is provided in Appendix D and
indicates that average monthly effluent discharge between 2009 and 2017 has ranged between approximately 15 and 40 cubic
feet per second (cfs). In comparison, the average annual discharge of the Big Sioux River at gaging station USGS 06482020
at North Cliff Avenue (immediately upriver from the Reclamation Plant) is 726 cfs. Therefore, at least during periods of
reasonably normal precipitation, discharges from the Sioux Falls WATREC Plant will have minimal effect on the stage and
discharge of the Big Sioux River.

Recharge to the aquifer has not been quantified, and is primarily from precipitation, with minor amounts from inflow
originating from underlying or adjoining sediments. If additional withdrawals from the Quaternary aquifer are made by the
City, especially if the production wells are placed near a surface water feature, they may induce groundwater recharge from
that surface water body. Additional withdrawals from the existing well field in Aspen Park may be able to induce
groundwater recharge from Split Rock Creek.

A preliminary estimate of recharge to the Quaternary aquifer, particularly at the Aspen Park well field, was estimated based
on average annual precipitation, an approximate percentage of precipitation as potential infiltration, and an area of
contribution (recharge area). Assuming an average annual precipitation of 26.36 inches (discussed above), and assuming that
10-percent of the precipitation (2.636 inches) infiltrates the Quaternary aquifer as recharge, and using an area of
approximately 47,600,000 ft? (equal to the 20-foot saturated sand contour area (highlighted in black) from Figure 15), the
estimated annual recharge to the Quaternary aquifer within that area is approximately 78,250,000 gallons (or approximately
150 gpm [0.2 MGD]).

3.7 AQUIFER PROPERTIES

WSP compiled aquifer parameters from various sources including City well installation and maintenance records, published
reports, and aquifer testing (Table 5). The data consisted of transmissivity (T) values determined from aquifer testing or
specific capacity testing on individual City wells. In all cases, the results were converted to a common unit of T for
comparison purposes. The data provided in Table 5 has been divided into three sections; 1) data collected at or near existing
or former City Quaternary wells, 2) data collected from traditional, gravel-packed vertical wells (excluding the large diameter
horizontal collector wells and “Bragstad” wells) at the Sioux Falls well field (Joe Foss Field), and 3) data from previously
published reports regarding the Big Sioux aquifer. The Big Sioux aquifer reports were generally regarding that portion of the
aquifer located between Sioux Falls and Dell Rapids, South Dakota.

The data were divided into these three groups because they are somewhat exclusive of each other and only data collected at
or near existing or former City Quaternary wells may be representative of the aquifer characteristics of the Quaternary aquifer
within the Project Area. It should be noted that there is very little high quality aquifer characteristics data available for the
Quaternary aquifer in the Project Area. The hydrogeology of the Sioux Falls well field is different than that observed to date
in the City. The various results are, however, provided for reference. Near the City (Brandon), the T values range from
5,250 gpd/ft to 25,350 gpd/ft, with a geometric mean of 13,826 gpd/ft. This T value range was used to estimate potential
yields of new wells sited at the north end of Aspen Park and north of Aspen Park (see following section of report).

It is important to note that there is no storativity (S) data available for the Quaternary aquifer within the Project Area near the
City. Storativity estimates for the Sioux Falls well field and from the Big Sioux aquifer studies indicate an S in the range of
0.1 to0 0.369 (unitless). Given that the Quaternary aquifer near the City is largely unconfined, it is assumed that the S in the
Quaternary aquifer in the Project Area is on the order of 0.15.
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3.8 PRELIMINARY ESTIMATE OF GROUNDWATER PRODUCTION
POTENTIAL AND RESPONSE TO DROUGHT

Section 3.4 discussed the estimated groundwater storage volumes for the Quaternary aquifer, with estimated volumes
provided in Table 4. The existing permitted withdrawal amounts are approximately 7% and 20% of the estimated storage
volumes for the Project Area and City limits, respectively. Of those permitted volumes, approximately 0.48 billion gallons
per year (~1.3 MGD) is associated with current City permits. Therefore, it appears that there is groundwater in storage that
may be accessible for further municipal withdrawals.

Total withdrawals from a groundwater resource, however, cannot be solely determined by the quantity of water stored.
Critical factors that must be assessed include how the aquifer is recharged, the T and S of the aquifer, well efficiency,
pumping rate, and pumping duration. Although it is known that precipitation recharges the Quaternary aquifer, there is
insufficient data at this time to quantify the amount of water that recharges the aquifer per year. Using the remaining factors,
WSP identified five potential Quaternary well locations in the City and developed three withdrawal scenarios that incorporate
the range in T (minimum: 5,250 gpd/ft, geometric mean: 13,826 gpd/ft, and maximum: 25,350 gpd/ft), an S of 0.15, 1-year
pumping duration, 70% well efficiency, and variable pumping rates. It also assumes that the climate (recharge conditions)
will be similar to conditions experienced in the Project Area over the last two to three decades.

The potential well locations and exploration areas are provided on Figure 21 and were selected based on the thickest portion
of the saturated sand map and locations of open parcels of land as observed on aerial photos. The locations are labeled as A
through E and the estimated potential pumping rates for the different T scenarios are provided in Table 6. Current City well
CW-1 was included in the evaluation. The hypothetical pumping rates were adjusted manually to maximize the pumping
rates while maintaining at least 3 to 5 feet above the pump intake. Assuming the variables discussed, range of T values, and
the variable rates shown in Table 6, the potential well-field yield from the five wells ranges from approximately 195 gpm (0.3
MGD) to 750 gpm (1.1 MGD). These rates are greater than the precipitation-derived recharge discussed in Section 3.6;
therefore, the remaining recharge to the well field would need to be from lateral groundwater flow through the aquifer or
potential recharge from surface water.

Recent drilling (LBG, 2014) at MW-4A (near location A) indicate medium to coarse sand and a potential T that is higher than
that used in the assessment shown in Table 6. If the T at the potential locations is higher than that used in the pumping
scenarios, or if the T is similar to that observed at the Sioux Falls well field (Table 5), then the estimated well field yield
would be greater than scenarios estimated in Table 6.

This well yield analysis assumed approximate well construction and aquifer thickness based on the data provided in Figures
10 through 19, drawdown calculations using Cooper-Jacob (1946) and the aquifer parameters discussed above, and assumed
that groundwater conditions remain similar to what has been experienced by the region in the last decade. The well yield
analysis also did not include boundary conditions (negative or positive) which could be a significant contributor to aquifer
performance. The inclusion of boundary conditions would be best handled with a numerical groundwater flow model. Test
hole drilling, test well installation and aquifer testing, and numerical modeling would provide additional information
regarding potential well yields, well interference, and potential long-term sustainability.

Additional groundwater withdrawals, perhaps significant volumes, may be possible along a second potential exploration area
also shown on Figure 21 and is located west of the City and along the Big Sioux River. The general area illustrated on Figure
21 was based on the saturated sand thickness and test hole data from the SDGS lithologic log database. This potential area
would require additional investigation including perhaps shallow geophysical exploration followed up by test drilling, to
evaluate Quaternary sand thicknesses and their connection to the Big Sioux River. Wells constructed in the Big Sioux River
alluvium, relatively near the channel, could be designed to induce infiltration of surface water from the river, resulting in
yields that could be significantly greater than those shown in Table 6. Groundwater withdrawal systems designed to induce
inflow from the Big Sioux River (riverbank filtration systems), potentially consisting of traditional vertical wells, or small
horizontal collector wells, or infiltration galleries, could perhaps be constructed to take advantage of the volume of water
flowing in the Big Sioux River. It would seem likely that there is saturated granular material along the Big Sioux River in the
Project Area; however, there is not enough well log or lithologic log data along the Big Sioux River in the Project Area with
which to estimate potential yields.
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An extended period of dryer weather (drought) will reduce the amount of recharge to the Quaternary aquifer and will likely
result in decreased well yields (Lindgren, 1997) and perhaps drastically reduced well yields. Koch (1983) presents a
groundwater modeling study to determine the potential effects of drought conditions on pumping rates in the Big Sioux
aquifer north of Sioux Falls. The Koch (1983) study also assumes that the Big Sioux aquifer is hydraulically connected to the
Big Sioux River. Although the Koch (1983) study area was completed for the Big Sioux aquifer from Sioux Falls north to
Dell Rapids, it included the development of a numerical model and simulated the effects of no recharge, a dry river (Big
Sioux River), pumping from 60 wells (approximately 25 MGD) for 279 days, at which time, model cells began to go dry.
Water level declines in the Big Sioux aquifer at the end of model simulation varied from less than 4 feet to more than 20 feet
of drawdown in the pumped area. The Koch (1983) numerical modeling illustrates the vulnerability of the shallow
Quaternary aquifer system to decreases in recharge and the effect it has on decreasing the available drawdown and
groundwater storage available to pumping wells. Since the estimated T values for the Quaternary aquifer near the City are
generally less than the T values observed near Sioux Falls, it can be concluded that extended drought conditions near the City
would result in a decreased water level response more severe than those simulated by Koch (1983).

3.9 DATA GAPS AND UNCERTAINTY ANALYSIS

The existing well log and lithologic log data in the vicinity of the City well field at Aspen Park is of good quality with regard
to the Quaternary aquifer and delineating the sand and gravel deposits; however, additional test holes will need to be drilled
at any potential production well locations to obtain representative sand samples for grain size analysis. There is a lack of
well and lithologic log data in proximity to the Big Sioux River channel throughout the Project Area, and this area could
potentially include areas of relatively thick sands in hydraulic connection with recharge from the river.

There is a general lack of aquifer-parameter data (T and S) for the Quaternary aquifer in the Project Area as a whole, and the
City well field in Aspen Park in particular. Most of the T data are based on an empirical relationship with specific capacity,
and this data is generally inferior to T’s determined from aquifer testing. This lack of high quality data results in uncertainty
when estimating production capacity, and the associated well interference, of potential future wells. Therefore,
comprehensive aquifer testing will be critical for any future well and well-field design and development.

Another data gap is operational data such as observation well data documenting water-levels near pumping centers, which
can be utilized to monitor and evaluate the response of the aquifer to pumping. These data can be utilized to assess the degree
of pumping-induced recharge, thereby providing information regarding sustainability of the withdrawals.

Actual usage data for existing permit holders is also a data gap. As provided in this report, only permitted withdraws are
documented; not actual withdrawals. It is assumed that actual withdrawals are less than the permitted withdrawals.

There is some conflicting well construction information in historical wells logs, well maintenance records, and other
documentation for the City wells. If continued use of CW-1, as well as possible rehabilitation or maintenance of CW-2, CW-
4 and CW-5 is considered, verification of construction details by submersible video logging is recommended to verify well
construction and screen settings. These data could be utilized to assure proper pump placement and operation designed to
avoid drawing the water level down below the top of screen. Pumping that lowers water levels to depths below the top of the
screen facilitates bacterial fouling, which in turn reduces the screen transmitting capacity of the well, requiring more frequent
well rehabilitation, and potentially shortening the operational life of the well.

The actual quantity of recharge to the Quaternary aquifer is a data gap. As discussed above, potential Quaternary aquifer
recharge derived from precipitation is potentially less than the anticipated well field yields from the scenarios discussed in
Section 3.8. Therefore, there is some concern that well field yield could exceed recharge if precipitation-based recharge is
the primary source of water to the Quaternary aquifer near the Aspen Park well field.

3.10 LONG-TERM SUSTAINABILITY

The long-term sustainability of the Quaternary aquifer groundwater source for the City is directly dependent on the volume of
withdrawals. Additional withdrawals are possible, in the range of from 0.3 MGD to 1.1 MGD, this does not include
groundwater that could potentially be withdrawn through riverbank filtration systems installed along the Big Sioux River.
Assuming the additional wells or well fields are properly investigated, designed, and operated, the additional withdrawals can
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be sustained indefinitely, assuming the total Quaternary aquifer withdrawals are in general less than or equal to the aquifer
recharge in the Project Area.

The vertical and lateral extent of the Quaternary aquifer appears amenable to additional production well development in the
City. The aquifer responds rapidly to precipitation recharge. Wells or well fields located near Split Rock Creek or the Big
Sioux River may have a consistent source of recharge from surface water assuming the climate in the region remains similar
to what has been experienced in the past two to three decades.

The data gap regarding site specific aquifer parameters within the Project Area is significant. High quality T and S data are
critical for estimating possible yields of wells and well fields. A numerical model, populated with high quality aquifer
parameter data and boundary conditions from additional, site specific hydrogeologic investigations (particularly aquifer
testing), is an effective tool for evaluating the long-term sustainability of groundwater withdrawals. To more fully evaluate
the total groundwater withdrawal potential from the Quaternary aquifer, a numerical groundwater model would be
instrumental in providing information regarding the hydrogeologic water budget associated with specific or proposed well
fields, including estimating induced recharge from precipitation and from surface water, and including flow paths within the
aquifer generated by existing and projected future withdrawals.

As discussed, hydrogeologic investigation, including shallow exploration geophysics, test hole drilling, test well installation
and aquifer testing would provide additional information regarding potential well and well field yields, well interference, and
aquifer boundary conditions. Additionally, ongoing operational monitoring and data analysis of well-field performance will
be critical to evaluate the aquifer’s response to pumping, potential issues related to negative boundary conditions or well
interference, and to identify when well rehabilitation is recommended. The Quaternary aquifer is shallow and unconfined,
with most of the recharge currently originating as precipitation, and it is, therefore, susceptible to extended periods of dryer
weather (drought) that will reduce the amount of recharge to the aquifer and will result in decreased well yields (perhaps
drastically reduced well yields).
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4 SPLIT ROCK CREEK AQUIFER HCM

Where it has not been eroded, the Split Rock Creek Formation lies unconformably on the Sioux Quartzite. The Split Rock
Creek Formation consists of a basal sand and sandstone that is overlain by silt/mudstone, claystone, and chert. The Split Rock
Creek aquifer is comprised of the quartz sand and sandstone of the Split Rock Creek Formation, and the aquifer is up to 200
feet thick in the project area (Pence, 1997). Recharge to the Split Rock Creek aquifer is likely by leakage from fractures in
the Sioux Quartzite below and infiltration of precipitation via fractures in the overlying silt/mudstone and claystone.

4.1 EXISTING WELLS

The City has three municipal wells completed in the Split Rock Creek aquifer (Table 1). CW-6 has been in production for
over 15 years, and is currently being operated at a pumping rate of approximately 1,700 gpm to 1,800 gpm. CW-3 is not
connected to the treatment plant, and chlorinated water from CW-3 is pumped directly into the distribution system. CW-3 is
only utilized during peak demand or emergency situations, and has a reported pumping capacity of 700 gpm. CW-7 was
purchased from the City of Sioux Falls, and has a pumping capacity of approximately 1,200 gpm. CW-7 is not currently
being utilized due to radionuclide concentrations that exceed the MCLs. An aquifer test was conducted utilizing CW-7 as the
pumping well in 2015. The well was pumped continuously at the rate of 1,400 gpm for 24 hours. Three separate water quality
samples were collected from the well over the 24-hour pumping period, and the water quality analyses indicated that iron and
manganese were at concentrations exceeding the secondary MCLs, and gross alpha and combined Radium-226 and Radium-
228 were at concentrations exceeding the MCLs (LBG, 2015).

The City owns one 4-inch diameter test well, located in McHardy Park, that is completed in the SRC aquifer (McHardy Park
well). The McHardy Park well, while too small to be utilized as a production well, is a suitable water quality monitoring well.

4.2 WATER QUALITY

Water quality results from 107 Split Rock Creek aquifer and 7 Sioux Quartzite samples were compiled from various sources
and summarized in Table 7. Sources of data include City observation and production wells, the DENR Water Quality
Database, radionuclide results from Pence (1997), and results obtained by LBG (2015). Split Rock Creek aquifer water
sampling locations are illustrated on Figure 23.

Sample results tabulated in Table 7 include physical properties, inorganics, total organic carbon, nutrients, metals, and
radionuclide data. Due to the volume of the groundwater analytical data in the DENR Water Quality Database, Table 7
provides minimum, maximum, and average values calculated from all data included in the DENR Water Quality database for
the Project Area. Groundwater quality parameters measured in groundwater samples collected from the Split Rock Creek
aquifer that have historically exceeded the Primary or Secondary MCLs include TDS, sulfate, arsenic, iron, manganese,
uranium, gross alpha, and radium 226 + radium 228. Groundwater quality data from the Sioux Quartzite aquifer are included
in Table 7 to allow comparison of radionuclide data (only uranium and gross alpha were available) with the Split Rock Creek
aquifer radionuclide data. Comparison of the radionuclide results from the Split Rock Creek aquifer and Sioux Quartzite
aquifer indicates that, in general, the uranium concentrations are similar between the two aquifers; however, the gross alpha
concentrations are higher in the Split Rock Creek aquifer. Uranium concentrations in the Split Rock Creek aquifer range from
0.002 picocuries per Liter (pCi/L) to 0.036 pCi/L, with an average of 0.01 pCi/L. Uranium concentrations in the Sioux
Quartzite were 0.01005 pCi/L for three samples collected from three different wells. Gross alpha concentrations in the Split
Rock Creek aquifer samples range from 2.7 pCi/L to 40.4 pCi/L, with an average of 18.9 pCi/L. Gross alpha concentrations
in the Sioux Quartzite aquifer samples range from 1.1 pCi/L to 32.9 pCi/L, with an average of 13.8 pCi/L.

Stiff diagrams for the Split Rock Creek aquifer (Figure 22) were created from water quality data obtained from City-owned
observation and production wells, and DENR water rights observation wells. The Stiff diagrams were created using an open-
source ArcGIS tool created by Paul Inkenbrandt of the Utah Geological Survey to illustrate the relative concentrations of
major anions and cations in the Project Area. In cases where multiple samples were collected from a single location, average
values for each analyte were used to generate the Stiff diagram.
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The Stiff diagrams indicate sulfate is the dominant anion in the three westernmost wells in the Project Area (MA-80P, MA-
87D, and MA-80BA). Bicarbonate is the dominant anion in the remaining 10 wells for which Stiff diagrams were
constructed. Calcium is consistently indicated as the dominant cation in all 13 wells for which Stiff diagrams were
constructed. The McHardy Park Well Stiff diagram has a different character than the other 10 “eastern” wells, due to the
sodium and potassium cation and chloride anions in greater relative concentrations.

The spatial distribution of gross alpha concentrations was sufficient to produce an isoconcentration map (Figure 23). Gross
alpha concentrations exceeding the MCL of 15 pCi/L are present in wells located in the northwest portion of the Project
Avrea, at the eastern edge of the Project Area (near Valley Springs), and near McHardy Park and CW-7. Pence (1997) also
observed the same trends and spatial distribution and indicated that it was unclear why this trend occurred. Other
radionuclide parameters did not have sufficient data distribution to produce an isoconcentration map.

The likely source or sources of radionuclides in the Split Rock Creek aquifer is a function of the bedrock geology and
mineral composition of both the Split Rock Creek Formation and the Sioux Quartzite. Since radionuclides are degradation
products of uranium, the presence of uranium in the host rock becomes a critical factor. Chadima (1989) indicates that shales
generally have higher uranium concentrations when compared to other rock types. Since the Split Rock Creek Formation
includes shales, particularly in the middle and upper portions of the formation, the shales may be one source of elevated
radionuclide concentrations. Although the study by Chadima (1989) was focused on estimating the potential for elevated
radon concentrations across the state, the report does identify the black shales near the Project Area as being potential areas
for high radon concentrations.

Pence (1997) indicates that the Sioux Quartzite may potentially contain large deposits of uranium and, because of the
uranium in the quartzite, groundwater from the Sioux Quartzite would also contain elevated radionuclide levels. Pence (1997)
indicates that the elevated concentrations of gross alpha in the Split Rock Creek aquifer may be due to water that originated
from the underlying Sioux Quartzite. As precipitation water enters the Sioux Quartzite and migrates from the recharge areas,
through the quartzite, and into the Split Rock Creek aquifer, the concentration of alpha radiation and uranium increase.
However, Pence (1997) corroborates the assertion of Chadima (1989) that gross alpha and uranium may also be coming from
the black shales of the Split Rock Creek Formation. Pence (1997) also postulates that the Split Rock Creek aquifer sands
could be a source of gross alpha and uranium since the origin of the sands is weathering from the Sioux Quartzite.

Pence (1997) states that stable isotope analysis indicates that water in the Split Rock Creek aquifer is not connate, but is
meteoric in origin (receiving recharge from precipitation).

The well construction data compared with the radionuclide water quality data suggest that the radionuclide concentrations are
vertically stratified within the Split Rock Creek aquifer. CW-7 has the deepest screened interval of any of the City’s SRC
aquifer wells (CW-3, CW-6 and CW-8 Test Hole) and is screened in sands within the Brandon embayment (Figure 4). CW-7
has the highest concentration of combined Radium-226 and Radium-228 (combined Radium 226+228) of any of the City
wells. The bottom of the screen interval in CW-6 is at an elevation approximately 143 feet higher (shallower) than the bottom
of the screen interval in CW-7, and the combined Radium 226+228 concentration in CW-6 is approximately 25% of the
concentration in CW-7. The bottom of the screen interval in CW-3 is at an elevation approximately 87 feet higher (shallower)
than the bottom of the screen interval in CW-6, and the combined Radium 226+228 is below the MCL, and nearly one-half
that of CW-6. The McHardy Park Well is screened at approximately the same elevation as CW-6, and it has similar combined
Radium 226+228 concentrations. A well-designed sampling and analysis plan, utilizing these and other wells completed in
the Split Rock Creek aquifer would provide valuable information regarding the potential vertical stratification of
radionuclides in the aquifer.

4.3 GROUNDWATER WITHDRAWALS IN PROJECT AREA

As discussed in Section 3.3, water rights permit data and locations for surface water and groundwater points of diversion
were provided to WSP by AE2S and are illustrated on Figure 9. The original source of these data are the DENR Water
Rights Online Database. The data were compiled in Table 3 by surface water and aquifer permit designations, and the
permits for surface water and Quaternary aquifer appropriations were previously discussed in Section 3.3 There are 18 water
appropriation permits and associated points of diversion for the Split Rock Creek aquifer in the Project Area. The locations of
the permits are shown in Figure 24. The total amount of approved groundwater withdrawals from the Split Rock Creek
aquifer in the Project Area authorized by DENR water rights permits is approximately 4.15 billion gallons per year (11.4
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MGD). City water permits and future use permits from the Split Rock Creek aquifer total approximately 3.5 billion gallons
per year (9.6 MGD).

Historical pumping data from 2008 through 2017 were also provided to WSP by AE2S for CW-1 (Quaternary aquifer) and
CW-6 (Split Rock Creek aquifer). CW-1 is metered separately and the total production of the combined pumping from CW-
1 and CW-6 is metered at the treatment plant. Therefore, the water production from CW-6 is calculated by taking the
difference between the two meters. Average monthly pumping rates were compiled and graphed to illustrate the seasonal
variation in pumping demand for the City (Appendix A). The graph in Appendix A illustrates the average monthly flow rate
against each well’s approximate instantaneous pumping rate. CW-6 has an instantaneous pumping rate from 1,700 gpm to
1,800 gpm, but has an average monthly rate (assuming continuous pumping throughout the month) of less than 1,100 gpm.
The average annual continuous withdrawal rate of CW-6 is estimated to be approximately 540 gpm (0.78 MGD).
Withdrawals from CW-3 are assumed to be insignificant. Consequently, current City withdrawals from the Split Rock Creek
aquifer in the Project Area represent less than 7 percent of the total approved groundwater appropriations from the Split Rock
Creek aquifer.

4.4 AQUIFER THICKNESS AND AQUIFER STORAGE

WSP reviewed and compiled lithologic and water level data from 449 wells and test holes within the Project Area. As
discussed in Section 3.4, select wells and test hole data were used to develop two hydrogeologic cross sections to illustrate
the vertical and horizontal variability of the Split Rock Creek aquifer across the Project Area. The hydrogeologic cross-
section transects are illustrated on Figure 3, and hydrogeologic cross sections A-A’ and B-B’ are provided on Figures 4 and
5.

Figures 25 through 33 were developed to illustrate the vertical and horizontal extent and configuration of the Split Rock
Creek aquifer in the Project Area, with particular emphasis on the amount and location of the sand units. The sand data
shown in the following figures represent specific information regarding the thickness or depth, etc. as recorded on the
geologic log. Each figure is described briefly below and additional metadata on the figure’s creation is provided in the notes
section of each figure.

- Figure 25 illustrates the approximate elevation of the top of the Split Rock Creek formation.

- Figure 26 illustrates the approximate elevation of the top of sand in the Split Rock Creek aquifer.

- Figure 27 illustrates the approximate elevation of the bottom of the sand in the Split Rock Creek aquifer.

- Figure 28 illustrates the number of sand units identified in each geologic log for the Split Rock Creek aquifer.
- Figure 29 illustrates the total sand thickness of the Split Rock Creek aquifer.

- Figure 30 illustrates the total Split Rock Creek sand thickness as a percentage of the total Split Rock Creek
formation thickness. For example, a value of 50% means that half of the geologic log’s material is Split Rock Creek
sand and the remainder is Split Rock Creek shale, siltstone, or other low hydraulic conductivity material.

- Figure 31 illustrates the depth to the top of the Split Rock Creek formation.
- Figure 32 illustrates the depth to the top of the Split Rock Creek aquifer (sand).

- Figure 33 illustrates the configuration of the Sioux Quartzite which underlies the Split Rock Creek formation. This
figure illustrates the Brandon Embayment, a buried bedrock erosional channel, extending west to east, immediately
southeast of the City.

As illustrated in the cross sections (Figures 4 and 5) and plan view maps (Figures 25 through 33) it is evident that the Split
Rock Creek aquifer is thickest, and therefore likely the most productive, within the Brandon Embayment. The greatest sand
thickness of Split Rock Creek sands and greatest number of sand units are identified within the Brandon Embayment. There
are other locations across the Project Area that also likely have Split Rock Creek sand (see Figure 29), but they are not as
thick as the sand identified in the Brandon Embayment, and the degree of hydraulic connection with the rest of the aquifer
may be limited.
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The Split Rock Creek aquifer is bound both vertically and laterally by low-permeability shale and siltstone of the Split Rock
Creek formation, by overlying Quaternary sediments, or by the underlying Sioux Quartzite. The Sioux Quartzite also bounds
the Split Rock Creek aquifer laterally, as the Split Rock Creek Formation, was deposited onto the paleotopographic high of
the Sioux Ridge.

Groundwater storage volumes were estimated for the Split Rick Creek aquifer and are provided in Table 4. The aquifer
volume calculations were based on the Split Rock Creek-sand thickness map (Figure 29) and an assumed porosity value of
20%. The volumes were estimated for the Project Area and a second, smaller area within the Project Area representing a
potential exploration area east of the City (refer to Figure 36) and generally within the Brandon Embayment. The smaller,
Brandon-Embayment volume was added because this represents the likely area where the City may develop additional
production wells and constrains the withdrawal to a reasonably accessible portion of the aquifer. For example, if the City
installs additional Split Rock Creek-aquifer wells, those wells would not be able to access all the water in the Project Area,
but would likely be able to access water from the smaller, Brandon Embayment area east of the City. The volume of water in
the Split Rock Creek aquifer is estimated to be approximately 69.5 billion gallons in the Project Area and approximately 33.9
billion gallons in the Brandon Embayment area. Current Split Rock Creek-aquifer permits (Table 3) total approximately 4.15
billion gallons per year (11.4 MGD) in the Project Area and approximately 3.48 billion gallons per year in the Brandon
Embayment area. These permitted withdrawal amounts are approximately 6% and 10% of the estimated storage volumes for
the Project Area and Brandon Embayment area, respectively. Of the permitted withdrawals, approximately 3.46 billion
gallons per year (9.5 MGD) is associated with current City permits. Note, however, that these values are permitted volumes
and not actual withdrawals, which are currently significantly less (less than 1 MGD).

4.5 POTENTIOMETRIC SURFACE AND HYDROGRAPHS

Two potentiometric surface maps (Figures 34 and 35) were created to illustrate the Split Rock Creek aquifer groundwater
elevation across the Project Area. Figure 34 illustrates all known water-level data from well completion reports, City wells
(CW-3, CW-6, and CW-7), and DENR observation wells. Due to the various sources, Figure 34 includes water level data
from dates that span decades and shows a variable groundwater flow direction. Figure 35, however, includes only synoptic
water-level data from May 2018 for select DENR observation wells and shows a general groundwater flow direction of
northwest to southeast. However, Lindgren (1997) indicates that regional groundwater flow directions are to the south away
from the Sioux Quartzite high and to the west in the Brandon Embayment in Minnehaha County. Pence (1997), based on
three separate water-level measuring events in 1989, 1992, and 1995, indicated that the general flow direction in the aquifer
was from northwest to southeast northwest of the City, and east and northeast of the City, the flow direction was westerly to
southwesterly. This is likely the overall configuration, with groundwater flow converging on the pumping center represented
by CW-6.

Hydrographs were developed for nine DENR observation wells completed in the Split Rock Creek aquifer (Appendix C).
One of the figures in Appendix C shows the Split Rock Creek aquifer hydrographs plotted with precipitation, and one shows
the hydrographs plotted with Big Sioux River discharge. Water-levels in the aquifer appear to increase during peak discharge
events. For example, the water-levels in the aquifer sharply rise in 1993, 1997, and 2010 and 2011, all periods of peak
discharge in the Big Sioux River. These were also periods of relatively abundant precipitation as well, and it could be a
combination of increased recharge from the Big Sioux River, Split Rock Creek, and precipitation.

In general, all of the hydrographs for the nine wells show elevated groundwater elevations during the beginning of the record
(1980’s). The hydrographs for MA-87H and MA-871, the two wells closest to CW-6, show a decrease in elevation of about 5
to 10 feet beginning in about 1999 (CW-6 was constructed in October 1998) followed by seasonal fluctuations on the order of
5 to 10 feet in summer months due to increased production from CW-6. This same pattern is evident, but at a lessor
magnitude, in MA-80Z, MA-87F, and MA-80BA. These five wells are generally in a west to east line, parallel to sub-parallel
to the Brandon Embayment. This represents a water-level decrease due to a reduction in storage from the aquifer. However,
the groundwater elevations appear largely stable since approximately 2003, and even rebounded slightly in 2011. This likely
indicates that recharge has “caught up” with the withdrawals and the aquifer has reached a new state of equilibrium.

The decrease in Split Rock Creek aquifer water levels beginning in 1999 is not observed in the overlying Quaternary aquifer
hydrographs (Appendix C); in fact, Quaternary aquifer water levels have been on a slight increasing trend since 1999. This
indicates that, although the Quaternary aquifer is providing recharge to the Split Rock Creek aquifer, the withdrawals from
the Split Rock Creek aquifer have not exceeded the amount of recharge provided to it from the Quaternary aquifer. If
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withdrawals from the Split Rock Creek aquifer exceeded recharge from the Quaternary aquifer, then one would expect to see
decreasing water levels in the Quaternary aquifer over the same period.

The hydrographs from MA-80P, MA-87C, and MA-87E appear largely stable, and do not show any effects from the City
withdrawals. The hydrograph for MA-87D shows a decrease in elevations from about 1995 to 2006, after which the water-
levels largely recover. This appears to be due to pumping from water permit #5861-3 and #5596-3, which appears to have
been discontinued or decreased.

4.6 AQUIFER RECHARGE AND DISCHARGE

Recharge to the Split Rock Creek aquifer is by inflow from adjacent aquifers (underlying, overlying, or adjoining),
potentially minor vertical infiltration of precipitation, and potentially recharge by surface water (Big Sioux River and/or Split
Rock Creek), or at least sub-flow in the stream valleys, during periods of high discharge. Average annual precipitation in the
Project Area for the last 30 years (1986 to 2016, National Weather Service forecast office, Sioux Falls) is 26.36 inches
(NWS, 2017). Putnam (1998) indicates that the Split Rock Creek aquifer is not directly connected to overlying streams but
that its boundary conditions consist of the overlying alluvial [and outwash] aquifer and the underlying Sioux Quartzite which
are influenced by hydraulic connections to streams. Therefore, Putnam (1998) included the leakage between surface water
and the Quaternary aquifer and Sioux Quartzite in a groundwater model of the Split Rock Creek aquifer. Niehus and
Lindgren (1994) also indicate that recharge to the Split Rock Creek aquifer is from precipitation that falls on Sioux Quartzite
outcrops and moves along fractures in the Sioux Quartzite to the Split Rock Creek aquifer.

Lindgren (1997) indicates that recharge to the Split Rock Creek aquifer is derived primarily from connection to the Sioux
Quartzite aquifer as infiltration of precipitation moves through the Sioux Quartzite fractures and joints to the Split Rock
Creek aquifer. However, lles et al (2017) indicate that stable-isotope sample analysis and age dating imply that recharge to
the Split Rock Creek Formation is occurring, but that modern recharge is minimal. Pence (1997) notes that water level data
indicate recharge to the Split Rock Creek aquifer is occurring, that there is strong correlation between precipitation and water
levels in the aquifer, and that water level increases and decreases correlate to years with above average and below average
precipitation, respectively. Water level data from DENR observation wells MA-80P, MA-80BA, and MA-80Z, near the
beginning of their respective data records (approximately 1980 to 1990) and before the apparent influence from pumping
wells, appear to indicate increasing water levels during months with increased precipitation and peak discharge of the Big
Sioux River. The hydrograph data indicate that the Split Rock Creek aquifer is likely receiving recharge. That recharge may
be occurring directly from surface water sources during flood events, either directly from the stream or indirectly from sub-
flow in the Quaternary aquifer. As illustrated in Figure 31 (depth to top of Split Rock Creek formation) and Figure 32 (depth
to top of Split Rock Creek aquifer sand), there are areas along the Big Sioux River where the Split Rock Creek formation and
sand is within 50 feet of the ground surface, and it is possible that recharge by the infiltration of precipitation may be
occurring in these areas.

Discharges from the Split Rock Creek aquifer include groundwater withdrawal by pumping (municipal, agricultural,
industrial and domestic) and discharges (either laterally or vertically) to other aquifers. It is likely that discharges by pumping
is the dominant discharge mechanism.

4.7 AQUIFER PROPERTIES

WSP compiled aquifer parameters from various sources including City well installation and maintenance records, published
reports, and aquifer testing (Table 8). The data include T values determined from aquifer testing or specific capacity testing
on individual City wells or other pumping wells. In all cases, the results were converted to a common unit of T for
comparison purposes. The data was obtained for three general areas in the Project Area: 1) at City wells CW-3, CW-6, and
CW-7, 2) near the NSP plant (Pence, 1997), and 3) near the Sioux Falls Water Reclamation Plant (Pence, 1997). The T
values range from 11,968 gpd/ft to 88,000 gpd/ft, with a geometric mean of 29,128 gpd/ft.

Table 8 also summarizes available S values that range from 0.00007 to 0.0053, with a geometric mean of 0.00031. These S
values are within the range that is consistent with a confined aquifer and confirm the conceptual model that the Split Rock
Creek is a buried and confined aquifer.
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4.8 PRELIMINARY ESTIMATE OF GROUNDWATER PRODUCTION
POTENTIAL AND RESPONSE TO DROUGHT

Section 4.4 discussed the estimated groundwater storage volumes for the Split Rock Creek aquifer, with estimated volumes
provided in Table 4. The existing permitted withdrawal amounts are approximately 6% and 10% of the estimated storage
volumes for the Project Area and Brandon Embayment area, respectively. Of those permitted volumes, approximately 3.46
billion gallons per year is associated with current City permits. Therefore, it appears that there is additional groundwater in
the aquifer storage that may be accessible for pumping.

Similar to what was discussed in Section 3.8 for the Quaternary aquifer, total withdrawals from a groundwater resource
cannot be solely determined by the quantity of water stored. Critical factors that must be assessed include how the aquifer is
recharged, the T and S of the pumped aquifer, well efficiency, pumping rate, and pumping duration. Although the
mechanism of recharge to the Split Rock Creek aquifer is postulated in Section 4.6, there is insufficient data to quantify the
amount of water that recharges the aquifer per year, other than to estimate that recharge near CW-6 is approximately equal to
withdrawals (based on the hydrograph analysis), and is from 0.7 to 0.8 MGD.

WSP identified two potential Split Rock Creek well locations in the Brandon Embayment area and developed three pumping
scenarios that incorporate the range in T (minimum: 11,968 gpd/ft, geometric mean: 29,128 gpd/ft, and maximum: 88,000
gpd/ft), an S of 0.00031, 1-year pumping duration, 70% well efficiency, and variable pumping rates. The potential well
locations and exploration areas are provided on Figure 36 and were selected based primarily on the aquifer thickness. The
potential well locations are labeled as A and B, and the estimated potential pumping rates for the different T scenarios are
provided in Table 9. The hypothetical pumping rates were adjusted manually to maximize the pumping rates while
maintaining at least 20 feet above the pump intake. Assuming the variables discussed, range of T values, and the variable
rates shown in Table 9, the potential well-field yield from the two potential wells (with CW-6, CW-7, and planned CW-8)
ranges from approximately 940 gpm (1.4 MGD) to 5,600 gpm (8.1 MGD). The variation in potential yield is primarily due
to the nearly 8-fold range in T values, and takes into account the interference from concurrent operation of CW-6, CW-7, and
planned CW-8.

LBG (2015) estimated a combined, continuous pumping rate from CW-6 and CW-7 (taking into account well interference)
would be approximately 1,000 gpm (1.4 MGD). Another well south of CW-7 (Point A) could add another 1.7 MGD, as could
increased production from CW-3 (not included in well interference assessment). Based on these assumptions, total
withdrawals by the City from the Split Rock Creek aquifer could be in range of 1.4 to 8.1 MGD. This assumes that the water
produced from the wells is being treated for radionuclides (as well as continued iron and manganese removal).

The aquifer testing conducted by LBG in 2015 at CW-7 and historical data from Pence (1997) for CW-7, indicate that T near
CW-7 is greater than the geometric mean and near the high end of the T range. Location A is near CW-7; therefore, a
production well near location A should be expected to produce quite well.

Other locations that could hold potential for future groundwater development from the Split Rock Creek aquifer is the area in
the western half of the rectangle (Figure 36) enclosing the existing City well field, and potentially the area between the two
rectangles on Figure 36, as there are no well log or lithologic log data points there, and the area may be a continuation of the
deep portion of the Brandon Embayment.

This analysis assumed approximate well construction details and aquifer thickness based on the data provided in Figures 25
through 32, drawdown calculations using Cooper-Jacob (1946) and the aquifer parameters discussed above, that groundwater
conditions remain similar to what has been experienced by the region in the last decade, and did not include boundary
conditions (negative or positive).

Another method of estimating the total yield potential is based on the observed drawdown since CW-6 was brought on line
(CW-6 was constructed in October 1998). There is approximately 100 to 130 feet of available head above the top of the Split
Rock Creek aquifer. Based on the hydrographs of MA-87H and MA-871, there is approximately a 10 foot drop in head based
on withdrawals of 0.7 MGD (and likely a much greater drop in head closer to the pumping well). Over the Project Area as a
whole, and assuming that the 10-foot elevation decline based on 0.7 MGD withdrawals remains relatively constant, and while

WATER SUPPLY EVALUATION REPORT WSP
Project No. 31401461.000 September 2018
AE2S Page 18



limiting the head drop to 50% of the available drawdown (50 to 65 feet), additional withdrawals of up to 3.5 to 4.5 MGD may
theoretically be possible. This estimated range of recharge is within the potential well field ranges discussed in the scenarios
above and less than what is currently permitted. As indicated in Section 4.5, it appears that current withdrawals from the
Split Rock Creek aquifer are not exceeding recharge provided to it from the Quaternary aquifer and supports the assumption
that additional groundwater withdrawals from the Split Rock Creek aquifer are likely possible.

Test hole drilling, test well installation and aquifer testing, along with numerical groundwater modeling would provide
additional information regarding potential well yields, well interference, and potential long-term sustainability. An extended
period of dryer weather (drought) may reduce the amount of recharge to the Split Rock Creek aquifer and may result in
decreased well yields (perhaps severely reduced well yields). However, the Split Rock Creek aquifer, given its confined
condition and that it has approximately 4-times more volume than the Quaternary aquifer, will be slower to show the effects
of drought than will the Quaternary aquifer.

4.9 DATA GAPS AND UNCERTAINTY ANALYSIS

The well construction of CW-7 raises question as to the origin of radionuclides in groundwater from the Split Rock Creek
aquifer. As illustrated in Figure 4 (Hydrogeologic Cross Section A-A’), CW-7 is constructed in the lower sand unit of the
Split Rock Creek aquifer which is likely in direct contact with the Sioux Quartzite. The origin of radionuclides in the Split
Rock Creek aquifer is a data gap, however, it is interesting to note that gross alpha and radium 226 concentrations from CW-
7 are considerably higher than those observed in CW-6 (Table 7). Therefore, the lower sands in the deeper portion of the
Split Rock Creek aquifer (in the Brandon Embayment) may be more susceptible to radionuclide impacts. Previous aquifer
testing by LBG (2015) illustrated that pumping in CW-7 induces drawdown in CW-6; therefore, the lower and upper sand
units of the Split Rock Creek aquifer are hydraulically connected. The completion of sampling and analysis of specific Split
Rock Creek aquifer wells would provide additional information regarding the potential vertical stratification of radionuclides
in the Split Rock Creek aquifer. Consideration should be given to constructing and testing wells, perhaps in Aspen Park and
near CW-8, that are completed at shallower depths in the aquifer.

There are also data gaps, related primarily to the lack of well log or lithologic logs at some locations, particularly the area
between the two proposed additional well development areas shown with rectangles in Figure 36, and the area west of the
western rectangle.

Actual usage data for existing permit holders is also a data gap. As provided in this report, only permitted withdraws are
documented; not actual withdrawals. It is assumed that actual withdrawals are less than the permitted withdrawals.

There is some conflicting well construction information in historical wells logs, well maintenance records, and other
documentation for CW-3. Data for CW-6 and CW-7 are more recent and complete. The City may want to consider
conducting a submersible video survey of CW-3.

Perhaps the greatest data gap is the rate of recharge. The observation well hydrographs indicate that recharge is occurring
during peak flow events of the Big Sioux River. The mechanism driving this is likely increased head in the Quaternary
aquifer during these flood events, resulting in downward migration of groundwater from the Quaternary aquifer into the Split
Rock Creek aquifer. The Stiff diagrams constructed for Quaternary aquifer wells are similar in shape to the Stiff Diagrams
constructed for the Split Rock Creek wells, particularly in wells located near each other. For example, compare the Stiff
Diagram for CW-7 (Figure 22) with the Stiff diagram for MW-3A (Figure 7), the Stiff Diagram of CW-8 Test Well (Figure
22) with the Stiff Diagram for CW-1 (Figure 7), and the Stiff diagram for MA-87E (Figure 22) with the Stiff Diagram for
MW-80GA (Figure 7). Long-term monitoring of water-levels compared to withdrawals over the well field production time
period with which to evaluate the aquifer response to pumping, additional aquifer testing, along with numerical groundwater
modeling, can provide the information needed to more definitively estimate the rate of recharge.

4.10 LONG-TERM SUSTAINABILITY

The hydrographs developed for DENR observation wells completed in the Split Rock Creek aquifer (Appendix C) illustrate
that long-term water-level trends in wells located in the northern part of the Project Area have remained relatively stable to
slightly increasing since 2000. The general pattern in hydrographs for wells completed in or near the Brandon Embayment
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appears to show an initial decrease in elevation beginning in 1999, likely due to a reduction of groundwater from aquifer
storage due to pumping from CW-6, followed by relatively stable elevations. This likely indicates that recharge has “caught
up” with the withdrawals and the aquifer has reached a new state of equilibrium. Consequently, the aquifer may respond well
to additional pumping.

Test hole drilling, test well installation and aquifer testing, and numerical modeling would provide additional information
regarding the total potential well yields, well interference, and potential long-term sustainability. Additionally, ongoing
monitoring and data analysis of well-field performance will be critical to evaluate the aquifer’s response to pumping,
potential issues related to negative boundary conditions or well interference, and identify when well rehabilitation is
recommended. The Split Rock Creek aquifer, compared to the Quaternary aquifer, is deep and confined, and has
approximately 4 times more water in storage than does the Quaternary aquifer (Table 4). As much of the recharge appears
likely to be from the Quaternary aquifer, it will be susceptible to drought, as well, but the declines in water-levels and well
yields will be slower to manifest compared to the Quaternary aquifer.

The vertical and lateral extent of the Split Rock Creek aquifer, along with the greater than 100 feet of available head, suggest
that additional production well development in the Brandon Embayment, southeast and east of the City is possible. Although
there is an acceptable amount of T & S data in the Project Area, future aquifer testing of additional wells and long-term
monitoring of water levels in the Project Area will be necessary and a numerical model would aid in estimating long-term
sustainability.
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Table 1

Brandon City Well Construction Summary

Water Supply Evaluation Report

Brandon, South Dakota

Approximate Total Top of
Land Surface Well Well Screen | Top of | Bottomof | Screen | Tested | Approximate Specific Estimated Top of Aquifer
Well UTMX utTmy Elevation Static | Depth | Diameter | Slot | Screen | Screen | Elevation | Yield | Pumping Level [ Capacity T Date Aquifer | Thickness
Name (meters) (meters) (feet) a (ft bgs) | (feet) (inch) (inch) | (ftbgs) | (ft bgs) (feet) (gpm) (ft bgs) (gpm/ft) (gpd/ft) b Drilled (ft bgs) (feet)
CW-1 | 695115.0 | 4828456.0 1315.0 15.8 48 10 0.035 35 48 1280.0 310 45 10.6 15,925 4/16/1968 35 13
CW-2 | 695134.2 | 4828362.5 1314.8 14 50 8 0.070 38 50 1276.8 150 28 10.7 16,071 11/24/1970 14 28
CW-3 | 696099.6 | 4829451.7 1353.1 49 222 12 180 220 1173.1 400 58 44.4 88,889 1964 179 42
CW-4 | 695143.8 | 4828270.3 1314.9 22 52 10 28 52 1286.9 270 38 16.9 25,313 9/7/1976 20 32
0.125
CW-5 | 695160.3 | 4828180.4 1315.8 18 56 10 0.030 30 56 1285.8 350 36 19.4 29,167 7/15/1980 18 27
0.040
CW-6 | 695396.1 | 4828138.4 1319.2 22 275 12 0.030 161 275 1158.2 2210 111.65 24.7 49,303 10/1/1998 145 125
CW-7 | 696330.1 | 4828329.1 1323.9 28.7 423 10 0.020 343 423 980.9 1400 104.5 18.5 45,000 1/30/1995 188 142
Notes:

ft bgs = feet below ground surface
gpm = gallons per minute

gpm/ft = gallons per minute per foot of drawdown
gpd/ft = gallons per day per foot
a = Grade elevations from the ESRI Terrain basemap.
b = Empirical relationship from Driscoll (1986) used to estimate Transmissivity (T). Confined aquifer T = 2000 * specific capacity. Unconfined aquifer T = 1500 * specific capacity.

WSP
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Signifies well is no longer being used (CW-2, CW-4, CW-5).
Signifies well is for standby/emergency sources (CW-3).
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Table 2
Water Quality Analytical Results - Surface Water and Quaternary Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Detected Analyte MW-2A MW-3A MW-4A CW-1 CW-1 CW-1 CW-1 CW-1 CW-1 Cw-1 CW-1
. Primary | Secondary
Units MCL MCL
Sample Date 5/13/2014 5/13/2014 5/13/2014 7/2/2013 07/02/91 05/29/99 04/20/10 09/25/17 10/20/17 10/24/17 11/27/17
Sample Source Quaternary | Quaternary | Quaternary | Quaternary | Quaternary | Quaternary | Quaternary | Quaternary | Quaternary | Quaternary | Quaternary
Origin LBG LBG LBG LBG AEZEi:iENR AEZEi:iENR AEZEi:iENR AE2S AE2S AE2S AE2S
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm 749 799 1050 818 746 649 780
Total Dissolved Solids mg/L 500 458 508 594 484 486 396 441 555
INORGANICS
Total Alkalinity mg/L CaCO3 274 319 303 261
Bicarbonate mg/L CaCO, 335 390 370 318 354 303 326
Carbonate mg/L CaCO, <4 <4 <4 0 0 0 0
Chloride mg/L 250 34 11 127 69 16.5 25.1 57.0
Sulfate mg/L 250 82 107 23 39.4 81 44 40
Fluoride mg/L 4 2 0.5 0.6 0.2 0.28 0.21 0.23 0.24 0.51
Total Hardness as CaCOs mg/L 347 361 390 379 409 304 37
AGGREGATE ORGANICS
Total Organic Carbon [ mg ] [ [ 0.8 [ 1.1 [ 0.8 [ [ [ [ [ [ |
NUTRIENTS
Ammonia-Nitrogen as N mg/L 0.2 1.21 <0.05
Nitrite as N mg/L 1 <0.05 * <0.05 0.11* <0.02
Nitrate as N mg/L 10 <0.05 <0.05 7.87 7.0 10.9 4.2 5.8 6.0
Nitrate-Nitrite as N mg/L 10 <0.01 <0.01 7.98
METALS
Arsenic mg/L 0.01 <0.001 0.001 <0.001 <0.001
Barium mg/L 2 0.10 0.07 0.29 0.0326
Calcium mg/L 88 87 105 106 116.0 79.9 93.9
Chromium mg/L 0.1 <0.005 <0.005 <0.005 0.0021
Iron mg/L 0.3 0.11 1.29 <0.03 0.06 0.03 0.02 0.03
Magnesium mg/L 31 35 31 27.7 29.1 25.5 27.4
Manganese mg/L 0.05 0.345 0.382 0.455 0.06 0.60 0.02 0.02
Potassium mg/L 4 8 6 3.9
Selenium mg/L 0.05 <0.001 <0.001 0.002 <0.0005
Sodium mg/L 24 31 59 26.1 11 13 24
RADIONUCLIDES
Uranium mg/L 0.03 <0.001
Gross Alpha pCi/L 15 5.4 Pending
Gross Alpha - adjusted pCi/L 15
Gross Beta pCi/L 5.4
Radium 226 pCi/L 0.2 Pending
Radium 228 pCi/L 1.1 Pending
Radium 226 + Radium 228 pCi/L 5 1.3
FIELD PARAMETERS
Dissolved Oxygen mg/L 0.04 0.05 4.68
ORP -74.8 93.1 2.4
Temperature °C 11.24 9.82 11.83
Specific Conductance umhos/cm 736 790 1,046 8181
pH S.U. 6.5-8.5 7.40 7.42 7.23 7.74* 7.62 7.58 7.57
Notes:
BOLD = Exceeds MCL or Secondary MCL Quaternary = Quaternary Aquifer
BSR= Big Sioux River --- =no data
mg/L = milligrams per liter Pending = final laboratory analytical report was not received
umhos/cm = micromhos per centimeter ! = |aboratory measurement
pCi/L = picocuries per liter 2 = Minimum, maximum, and average value statistics were calculated from the DENR
S.U. = Standard Units WQD shapefile for all locations within the Project Area.
DENR WQD = DENR Water Quality Database * = holding time exceeded
WSP Page 1 of 3
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Table 2
Water Quality Analytical Results - Surface Water and Quaternary Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Summary Statistics of
Detected Analyte MA-80GA | MA-80GA [ MA-80GA | MA-80FA MA-80EA MA-80Q MA-80CA | MA-80CA All Data from DENR WQD’
. Primary | Secondary
Sl MCL MCL g, 2%
Sample Date 8/27/1980 4/21/1993 3/6/2014 8/27/1980 8/26/1980 8/5/1980 6/5/1980 3/10/1982 | Minimum | Maximum | Average ‘é G g
Z2 8
Sample Source Quaternary | Quaternary [ Quaternary [ Quaternary | Quaternary | Quaternary | Quaternary | Quaternary Quaternary
Origin DENR WQD [ DENR WQD LBG DENR WQD | DENR WQD | DENR WQD [ DENR WQD | DENR WQD DENR WQD
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm 920 723 743 920 950 860 875 874 723 1730 981.7 56
Total Dissolved Solids mg/L 500 500 430 433 540 520 416 668 608 380 1330 637.8 92
INORGANICS
Total Alkalinity mg/L CaCOs 322 317 200 580 320 55
Bicarbonate mg/L CaCOg 393 387 707 244 707 417 85
Carbonate mg/L CaCO, <4 ND
Chloride mg/L 250 38 6.6 18 36 25 15 16 18 0.37 130 18.19 84
Sulfate mg/L 250 120 74 66 100 125 90 140 156 20 620 148.26 92
Fluoride mg/L 4 2 0.31 0.36 0.4 0.3 0.31 0.42 0.33 0.29 0.2 0.5 0.32 58
Total Hardness as CaCO, mg/L 340 350 353 416 473 377 547 523 152 1260 504.7 74
AGGREGATE ORGANICS
Total Organic Carbon [ moL ] [ [ [ [ 1.0 [ [ [ [ [ [ — — | - T -
NUTRIENTS
Ammonia-Nitrogen as N mg/L 0.56 <0.02 0.45 0.17 47
Nitrite as N mg/L 1
Nitrate as N mg/L 10
Nitrate-Nitrite as N mg/L 10 0.3 0.16 <0.01 5.6 <0.10 <0.10 5.6 5.9 <0.04 28 3.14 107
METALS
Arsenic mg/L 0.01 0.002 < 0.0005 <0.001 0.0068 0.0023 9
Barium mg/L 2 0.08 0.0486 0.15 0.084 8
Calcium mg/L 87 91 92 105 123 106 152 140 20 310 144 92
Chromium mg/L 0.1 <0.005 0.02 0.0028 0.0267 0.014 9
Iron mg/L 0.3 <0.05 0.27 0.7 0.07 0.1 0.3 <0.03 0.04 <0.03 23.0 2.3 92
Magnesium mg/L 30 30 30 38 41 27 41 42 <10 120 36.1 92
Manganese mg/L 0.05 0.42 0.31 0.318 <0.05 1.3 0.42 0.05 <0.01 <0.01 1.30 0.46 92
Potassium mg/L 3.6 4 3.1 1.0 8 3.57 63
Selenium mg/L 0.05 <0.001 <0.002 <0.0005 <0.010 0.0032 9
Sodium mg/L 54 22 21 30 20 32 18 22 8.8 200 36.49 92
RADIONUCLIDES
Uranium mg/L 0.03 0.0056 0.0549 0.0028 3
Gross Alpha pCi/L 15 <0.3 51.9 9.83 16
Gross Alpha - adjusted pCi/L 15
Gross Beta pCi/L
Radium 226 pCi/L <0.3 <0.6 <0.43 7
Radium 228 pCi/L 0.9 0.9 0.9 2
Radium 226 + Radium 228 pCi/L 5 <14 <15 <1.45 2
FIELD PARAMETERS
Dissolved Oxygen mg/L 0.11
ORP - -—- -—- -—-
Temperature °C 9 10.1 7.00 13.10 10.13 49
Specific Conductance umhos/cm 575 677 400 1463 840.6 49
pH S.U. 6.5-85 7.15 7.04 6.95 8.67 7.3 49
Notes:
BOLD = Exceeds MCL or Secondary MCL Quaternary = Quaternary Aquifer
BSR= Big Sioux River --- =no data
mg/L = milligrams per liter Pending = final laboratory analytical report was not received
umhos/cm = micromhos per centimeter ! = |aboratory measurement
pCi/L = picocuries per liter 2 = Minimum, maximum, and average value statistics were calculated from the DENR WQD
S.U. = Standard Units shapefile for all locations within the Project Area.
DENR WQD = DENR Water Quality Database * = holding time exceeded
WSP Page 2 of 3
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Table 2
Water Quality Analytical Results - Surface Water and Quaternary Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Big Sioux River at N. Cliff Ave. B oD
Detected Analyte USGS #06482020 (SD DENR Site WQM 31) SD DENR Site WQM BS29 SD DENR Site WQM 64
USGS #06482100
Units Primary | Secondary - - — - L - — -
MCL MCL s 8 g 2 2 =2 S._3
Sample Date Minimum | Maximum | Average | € 6 £ | Minimum | Maximum | Average | € %6 £ | Minimum | Maximum | Average | €5 £ | Minimum | Maximum | Average | €5 £
2 8 Z2 8 z2 g 2 8
Sample Source Big Sioux River Big Sioux River Big Sioux River Big Sioux River
Origin DENR WQD DENR WQD DENR WQD DENR WQD
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm 1140 3300 1688 11 52.6 2700 702 487 280 3350 1126 443 100 3072 1107 489
Total Dissolved Solids mg/L 500 174 1830 865 48 131 1747 748 434 169 2295 794 405 223 1938 834 455
INORGANICS
Total Alkalinity mg/L CaCOs 102 360 215 130 114 380 257 110 395 259 166
Bicarbonate mg/L CaCOs 90 473 266 37 114 400 262 3 223 318 272 9 144 723 305 33
Carbonate mg/L CaCO, 0 11 0.371 35 0 0 0 22
Chloride mg/L 250 8.7 670 186 46 7.5 590 182.3 82 7.9 814 228 15 7.9 170 43 37
Sulfate mg/L 250 42 400 237 46 36 393 224 43 33 316 212 14 58 660 260 38
Fluoride mg/L 4 2 0.3 1.4 0.63 17 0.1 0.5 0.3 8
Total Hardness as CaCO, mg/L 5 610 279 77 130 840 415 269 180 1180 509 179 1500 574 253
AGGREGATE ORGANICS
Total Organic Carbon [ mgL ] | [ o0 [ 940 [ 1701 [ 117 [ 12 ] 21 [ 15 [ 12 [~ ] — | - T - T - ] —_— | - ] -
NUTRIENTS
Ammonia-Nitrogen as N mg/L 0.026 43.8 10.37 140 0.03 36 3.99 77 0.04 1.08 0.29 46 0.02 1.06 0.29 44
Nitrite as N mg/L 1 0.0 0.4 0.101 16 0 1.6 0.2 79 0.01 0.87 0.12 42 0.01 0.1 0.02 31
Nitrate as N mg/L 10 0.0 2.0 0.512 17 0 24 2 42
Nitrate-Nitrite as N mg/L 10 0.01 7.3 1.446 132 0.2 41 4.0 446 0.1 30.6 3.2 403 0.1 10.8 1.1 354
METALS
Arsenic mg/L 0.01 0.001 0.007 0.00288 51 0 0.0078 0.0021 5 0.002 0.0033 0.003 4 0.002 0.0028 0.002 3
Barium mg/L 2
Calcium mg/L 32 150 88 46 10.4 138 92.8 34 41.9 142 96 150 41.6 270 109 181
Chromium mg/L 0.1 0 0.004 0.002 5 0.0022 0.0232 0.0104 3 0.0052 0.0052 0.0052 1
Iron mg/L 0.3 0.19 7.9 1.02 51 0.08 3.78 0.43 48 0.22 4.36 0.83 12 0.15 4.03 0.78 36
Magnesium mg/L 11 60 41 46 16 94.9 46.9 34 16.5 86.4 51.7 149 15.6 116 57 179
Manganese mg/L 0.05 0.16 0.89 0.379 55 0.12 1.6 0.64 53 0.21 0.6 0.37 12 0.25 1.88 0.61 37
Potassium mg/L 7.7 29 13 46 7 23 14 8 8.6 20.1 14.8 9 5.8 12.2 7.8 34
Selenium mg/L 0.05 0.001 0.004 0.00158 39 0.0009 0.0019 0.0014 2 0.0017 0.0017 0.0017 1 0.0011 0.0030 0.0020 2
Sodium mg/L 7.7 460 144 46 6 403 81 11 7.1 326 51 162 6.4 122 36 186
RADIONUCLIDES
Uranium mg/L 0.03
Gross Alpha pCi/L 15
Gross Alpha - adjusted pCi/L 15
Gross Beta pCi/L
Radium 226 pCi/L
Radium 228 pCi/L
Radium 226 + Radium 228 pCi/L 5
FIELD PARAMETERS
Dissolved Oxygen mg/L 1.00 23.20 10.79 275 1.8 20.5 9.5 507 4 21.1 11.8 462 4 20.6 11.2 491
ORP 0
Temperature °Cc -4.00 30.20 13.75 718 -0.56 33.9 12.0 578 0.0 344 12.69 476 -1.1 32.2 12.4 504
Specific Conductance umhos/cm 1290 1290 1290 1 430 2270 1143 32
pH S.U. 6.5-8.5 5.5 8.9 8.0 311 5.9 10.1 7.9 659 4.5 9.25 8.1 578 4.9 9.57 8.16 630
Notes:
BOLD = Exceeds MCL or Secondary MCL Quaternary = Quaternary Aquifer
BSR= Big Sioux River --- =no data
mg/L = milligrams per liter Pending = final laboratory analytical report was not received
umhos/cm = micromhos per centimeter ! = |aboratory measurement
pCi/L = picocuries per liter 2 = Minimum, maximum, and average value statistics were calculated from the DENR WQD
S.U. = Standard Units shapefile for all locations within the Project Area.
DENR WQD = DENR Water Quality Database * = holding time exceeded
WSP Page 3 of 3
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WSP

Table 3

Water Rights Permits Summary

Water Supply Evaluation Report
Brandon, South Dakota

Permitted Licensed Approved
Permit . . . L POD POD Management R . Annual Annual Annual
Number Latitude Longitude Permit Holder Priority Date - s q Aquifer2 U Diversion Beneficial Use Category Withdrawal Withdrawal Withdrawal
ource
Amount Amount Amount
(cfs) (cfs) (gpm)
FC30-3 43.58008 -96.66108 | City Of Sioux Falls 5/8/2003| Permit S Big Sioux River Flood Control Permit 0 0 0
6387-3 43.62371 -96.54939 2/3/2003| License S Runoff Industrial & Commercial 2.22 2.22 996
6387-3 43.62494 -96.55451 Concrete Materials 2/3/2003| License S Runoff Industrial & Commercial 2.22 2.22 996
6388-3 43.62547 -96.56433 2/3/2003| License S Split Rock Creek Industrial & Commercial 2.22 2.22 996
6388-3 43.62547 -96.56433 2/3/2003| License S Split Rock Creek Industrial & Commercial 2.22 2.22 996
N 3188-3 43.59623 -96.55958 James Reiter 10/13/1976| License S Split Rock Creek Irrigation 0.35 0.35 157
& |3188-3 43.60004 -96.56463 10/13/1976| License S Split Rock Creek Irrigation 0.35 0.35 157
g 4875A-3 43.64666 -96.57429|Leo Heggen 3/1/1982| License S Split Rock Creek Irrigation 0 1.67 749
@ [43-3 43.59074 -96.66182 1/17/1947| License S Big Sioux River Industrial 2.67 2.67 1198
u‘_j 519-3 43.60704 -96.63436 |Northern States Power Company 2/10/1958| License S Big Sioux River Industrial 6 6 2693
3 |519-3A 43.60704 -96.63436 12/12/1962| License S Big Sioux River Industrial 2 2 898
1907-3 43.57091 -96.57575|Olander M Benson 12/3/1971| License S Split Rock Creek Irrigation 1.35 0.35 157
4876-3 43.62568 -96.58444 |Ordell Rovang 2/26/1982| License S Split Rock Creek Irrigation 0 1.67 749
1792-3 43.618 -96.56464 |Robert H Johnson 12/3/1970| License S Split Rock Creek Irrigation 0.85 0.6 269
1605-3 43.54446 -96.61857 |Samuel R Assam 8/5/1968| License S Dry Draw Fish & Wildlife Propagation 0 0 0
5055-3 43.53381 -96.60961 |Willow Run Mgmt Company 1/18/1985| License S Big Sioux River Irrigation 1.05 1.01 453
7171-3 43.5317 -96.61249 |Willow Run Management Co 12/21/2009| License S Trib Big Sioux River Irrigation 0.44 0.44 197
4002-3 43.57993 -96.58073 9/12/1977| Future Use G BS S Groundwater Municipal 0 0 0
= 4002-3 43.59439 -96.58073 9/12/1977 | Future Use G BS S Groundwater Municipal 0 0 0
£ |4434-3 43.58883 -96.55988 7/25/1979| License B BS S Groundwater Irrigation 0.43 0.42 188
g’ 4434-3 43.59242 -96.55453 City Of Brandon 7/25/1979| License B BS S Groundwater Irrigation 0.43 0.42 188
> [4434-3 43.59264 -96.56493 7/25/1979| License B BS S Groundwater Irrigation 0.43 0.42 188
& 15869-3 43.58177 -96.5826 9/12/1977| License G BS S Groundwater Municipal 0.5 0.78 350
& |6696-3 43.59085 -96.5676 1/27/2006| Future Use G BS S Groundwater Municipal 0 0 0
< |6696-3 43.58354 -96.55454 1/27/2006| Future Use G BS S Groundwater Municipal 0 0 0
9’ 4842-3 43.58556 -96.58245 |Brandon Materials Co 11/25/1981| License G BS S Dugout Industrial 10.7 1.11 498
% 1618-3 43.57107 -96.67874 Concrete Materials 1/1/1949| License G BS S Groundwater Commercial 1 1 449
= |5133-3 43.57107 -96.67874 4/6/1987| License G BS S Groundwater Commercial 0.04 0.04 18
g 5842-3 43.5689 -96.58889 | Michael Dale Coughlin 1/12/1995| License G BS S Groundwater Commercial 0.11 0.02 9
o |686-3 43.56763 -96.66917 Richard T Peterson 1/29/1960| License B BS S Groundwater Irrigation & Commercial 1.8 0.67 301
O [686-3 43.56379 -96.66419 1/29/1960| License B BS S Groundwater Irrigation & Commercial 1.8 0.67 301
1908-3 43.56916 -96.67626 | Valley View Mobile Home Park 12/3/1971| License G BS S Groundwater Commercial 0.45 0.1 45
5507-3 43.58883 -96.55988 1/28/1991| License G SRC Groundwater Municipal 0.05 0.05 22
5868-3 43.59275 -96.57012 6/8/1995| License G SRC Groundwater Municipal 0.07 1.91 857
& [5868-3 43.58556 -96.58245 6/8/1995| License G SRC Groundwater Municipal 0.07 1.91 857
3 [5868-3 43.58177 -96.5826 6/8/1995| License G SRC Groundwater Municipal 0.07 1.91 857
§ 6156-3 43.58058 -96.57984 City Of Brandon 11/4/1999| License G SRC Groundwater Municipal 2.23 4.44 1993
@ |6156-3 43.58187 -96.57989 11/4/1999| License G SRC Groundwater Municipal 2.23 4.44 1993
o |6697-3 43.59085 -96.5676 1/27/2006| Future Use G SRC Groundwater Rural Water System 0 0 0
X 16697-3 43.5838 -96.56636 1/27/2006| Future Use G SRC Groundwater Rural Water System 0 0 0
& |7181-3 43.61408 -96.57702 1/21/2010| License G SRC Groundwater Municipal 0 0 0
= |8151-3 43.582 -96.56801 1/27/2006| Permit G SRC Groundwater Municipal 3.34 0 0
& [5865-3 43.61082 -96.65347 | Allied Oil & Supply Inc 4/17/1995| License G SRC Groundwater Domestic 0.11 0.11 49
< |5752-3 43.60335|  -96.57484 | Brandon Wood Preserving 3/1/1993| License G SRC Groundwater Commercial 0.09 0.19 85
'g 5444-3 43.57993 -96.4815|City Of Valley Springs 5/2/1990| Future Use G SRC Groundwater Municipal 0 0 0
S [4929-3 43.61448 -96.57439|Corson Village Sanitary District 10/4/1982| Future Use G SRC Groundwater Suburban Housing Development 0.05 0 0
3 |6469-3 43.56915 -96.58882 | Michael D Coughlin 2/12/2004| License G SRC Groundwater Commercial 0.1 0.1 45
o [5596-3 43.59663 -96.62966 Northern States Power Company 10/3/1991| License G SRC Groundwater Industrial 1.18 111 498
5861-3 43.6004 -96.62951 4/13/1995| License G SRC Groundwater Industrial 1.44 1.11 498
4974A-3 43.55243 -96.6328 | Pinelake Hills Homeowners Assn 8/26/1986| License G SRC Groundwater Suburban Housing Development 0.06 0.3 135

Notes:

POD = point of diversion
gpm = gallons per minute
cfs = cubic feet per second

1: G = Groundwater, S = Surface Water, B = Both Groundwater and Surface Water
2: BS = Big Sioux Aquifer, SRC = Split Rock Creek Aquifer
Green highlighted cell is the value used to calculated withdrawal in gpm.

All permit data provided to WSP by AE2S.

H:\AE2S-Brandon\Water Supply Evaluation Report\Table 3 - Permits Summary_Surface-Water-&-Groundwater

Page 1 of 1
Revised: 9/10/2018
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Table 4

Estimated Water Storage Volumes

Water Supply Evaluation Report

Brandon, South Dakota

Saturated Sand Estimated Groundwater Groundwater
Aquifer Extent Volume* Formation Volume** Volume**
(ft) Porosity (ft)) (gal)
Quaternary Pr_ojegt Area 12,161,463,305 20% 2,432,292,661 18,193,549,104
City Limits 2,444,146,904 20% 488,829,381 3,656,443,768
Split Rock Creek Project Area 46,482,756,257 20% 9,296,551,251 69,538,203,360
Brandon Embayment 22,693,366,596 20% 4,538,673,319 33,949,276,428

Notes:

ft* = cubic feet
gal = gallons

* = Saturated sand volume calculated with the Surface Volume tool in ArcGIS using each respective saturated sand thickness data set.
** = Groundwater volume calculated as Saturated Sand Volume multiplied by 20% (for porosity).
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Table 5

Aquifer Parameters Summary - Quaternary Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Aquifer
Specific Saturated Hydraulic Pumping
Capacity | Transmissivity [ Transmissivity Thickness | Conductivity Rate
Well Year (gpm/ft) (gpd/ft) (ft2/day) Storativity (ft) (ft/day) (gpm) Source of Data
Brandon CW-1 unknown 7.2 10,800 1,444 13 111 210 CMR - "original pumping" measurement
Brandon CW-1 January 1989 10.1 15,150 2,025 13 156 183 CMR
Brandon CW-2 unknown 10.7 16,050 2,146 28 77 150 CMR - "original pumping" measurement
Brandon CW-2 January 1989 3.5 5,250 702 28 25 60 CMR
Brandon CW-2 March 1989 11.2 16,800 2,246 28 80 130 CMR - after redevelopment
Brandon CW-4 unknown 16.9 25,350 3,389 32 106 270 CMR - "original pumping" measurement
Brandon CW-4 January 1989 9.3 13,950 1,865 32 58 115 CMR
Brandon CW-4 March 1989 9.3 13,950 1,865 32 58 167 CMR - after redevelopment
Brandon CW-5 unknown 15.9 23,850 3,189 27 118 255 CMR - "original pumping" measurement
Brandon CW-5 January 1989 7.4 11,100 1,484 27 55 150 CMR
Brandon CW-5 March 1989 8.3 12,450 1,664 27 62 225 CMR - after redevelopment
Brandon CW-5 March 1989 8.64 12,960 1,733 27 64 216 CMR - after redevelopment
Minimum 3.5 5,250 702 13 25
Maximum 16.9 25,350 3,389 32 156
Geometric Mean 9.2 13,826 1,848 24 73

Notes:

gpm/ft = gallons per minute per foot of drawdown
gpd/ft = gallons per day per foot
ft?/day = feet squared per day

ft = feet

ft/day = feet per day

gpm = gallons per minute
CMR = City maintenance record
Green cells indicate Transmissivity values that were estimated from specific capacity using the empirical relationship for an unconfined aquifer in Driscoll (1986) where T = 1500 * specific capacity.

WSP
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Table 5

Aquifer Parameters Summary - Quaternary Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Aquifer
Specific Saturated Hydraulic Pumping
Capacity | Transmissivity [ Transmissivity Thickness | Conductivity Rate
Well Year (gpm/ft) (gpd/ft) (ft2/day) Storativity (ft) (ft/day) (gpm) Source of Data
Data from Vertical Wells at Sioux Falls Well Field, Joe Foss Field, Sioux Falls, South Dakota
34A 1990 40.6 143,257 19,152 28 684 HDR, 1990
42 1990 28.3 70,000 9,358 28 334 HDR, 1990
43 1990 3.8 10,728 1,434 25.3 57 HDR, 1990
45 1990 6.7 67,859 9,072 26.3 345 HDR, 1990
48 1990 33.5 59,166 7,910 27.7 286 HDR, 1990
49 1990 41.8 111,051 14,846 28.5 521 HDR, 1990
50 1990 29.6 80,500 10,762 23.4 460 HDR, 1990
51 1990 31.1 94,670 12,656 24 527 HDR, 1990
52 1990 48.2 122,669 16,400 16.6 988 HDR, 1990
53 1990 24.9 103,250 13,803 29.5 468 HDR, 1990
54 1990 34.9 100,829 13,480 22.5 599 HDR, 1990
55 1990 40.3 80,500 10,762 23 468 HDR, 1990
56 1990 28.2 75,829 10,138 20.8 487 HDR, 1990
57 1990 39.1 80,500 10,762 22.8 472 HDR, 1990
Lakeside Dairy - 11,084 1,482 0.369 17 87 L. .
Russel St. 1988 12,964 1,733 0.13 17 102 5> |TwinCity Testing, 1988

Minimum 3.8 10,728 1,434 0.13 17 57

Maximum 48.2 143,257 19,152 0.369 30 988

Geometric Mean 26.2 60,587 8,100 0.22 23 346

Notes:

gpm/ft = gallons per minute per foot of drawdown
gpd/ft = gallons per day per foot

ft*/day = feet squared per day

ft = feet

ft/day = feet per day

gpm = gallons per minute

WSP
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Table 5

Aquifer Parameters Summary - Quaternary Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Aquifer
Specific Saturated Hydraulic Pumping
Capacity | Transmissivity [ Transmissivity Thickness | Conductivity Rate
Well Year (gpm/ft) (gpd/ft) (ft2/day) Storativity (ft) (ft/day) (gpm) Source of Data
Data from Big Sioux Aquifer Published Reports
Big Sioux Aquifer 0.10t0 0.20 10 to 800* Koch, 1980
Big Sioux Aquifer 0.20000 300 to 400 Koch, 1982
Big Sioux Aquifer
(between Renner 1945 150,000 20,500 - |Rothrock & Otton, 1947
and Sioux Falls
Well Field)
Notes:

gpm/ft = gallons per minute per foot of drawdown
gpd/ft = gallons per day per foot

ftz/day = feet squared per day

ft = feet

ft/day = feet per day

gpm = gallons per minute

WSP

* most likely average value for very fine sand to gravel
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Water Supply Evaluation Report

Table 6

Brandon, South Dakota

Potential Pumping Scenarios - Quaternary Aquifer

Head Maintained| Well Well Well Well Well
Well Above Pump | Location | Location | Location | Location | Location Total
Transmissivity | Duration | Efficiency | Storativity Intake A B C D E CW-1 | Withdrawal
Scenario (gpd/ft) (days) (%) (unitless) (feet) (pm) | (@pm) | (gpm) | (gpm) | (gpm) [ (gpm) (gpm)
1 5,250 365 70 0.15 3.3-4.6 53 35 35 15 30 27 195
2 13,826 365 70 0.15 3.0-4.7 120 80 80 35 70 65 450
3 25,350 365 70 0.15 34-43 210 120 140 50 120 110 750
Notes:

gpd/ft = gallons per day per foot
gpm = gallons per minute

WSP
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Table 7
Water Quality Analytical Results - Split Rock Creek Aquifer and Sioux Quartzite

Water Supply Evaluation Report
Brandon, South Dakota

Treatment
McHard Plant
McHardy | Park We?ll cw-gTest | W& | o CW-7 cw-7 Cw-
Detected Analyte CW-3 CW-3 CW-3 CW-3 CW-6 CW-6 CW-6 CW-6 CW-6 (1 Hour of [ (23 Hours of | (32 Hoursof | CW-7 Cw-7 Cw-7
Park Well | (McHardy Well (#1 & #6) (TREAT Pumping) Pumping) Pumping)
Rd.) PLT Well
Units Primary | Secondary #0)
MCL MCL
Sample Date 11/05/07 6/28/2004 | 3/23/1967 | 07/10/17 | 10/20/17 | 10/24/17 | 01/28/99 | 04/15/15 | 09/25/17 | 10/20/17 | 4/11/2017 | 10/31/17 | 12/06/99 4/14/2015 4/15/2015 4/15/2015 04/18/15 | 05/05/15 | 10/20/17
Sample Source SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC
Origin AE2S AE2S AE2S AE2S AE2S AE2S AE2S AE2S AE2S AE2S AE2S AE2S AE2S LBG LBG LBG AE2S AE2S AE2S
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm 753 790 767 764 768 770
Total Dissolved Solids mg/L 500 870 473 559 555 451 453 466 442
INORGANICS
Total Alkalinity mg/L CaCO, 303 305 306
Bicarbonate mg/L CaCO, 380 375 390 377 370 372 373
Carbonate mg/L CaCO, 0 0 0
Chloride mg/L 250 163 4 2 7.57 2.72 3.46 3.45
Sulfate mg/L 250 142 115 130 112 94.7 111 116 116
Fluoride mg/L 4 2 0.51 0.52 0.52 0.456 0.483 0.487 0.52
Total Hardness as CaCO, mg/L 470 362 383 344 361 369 374
AGGREGATE ORGANICS
Total Organic Carbon [ mogL ] | [ 18 [ [ = ] — ] — ] — ] — | - — ] — ] [ - T — 1 .02 | .00 [ 0939 ] — ] — ]
NUTRIENTS
Ammonia-Nitrogen as N mg/L 0.478 0.506 0.511
Nitrite as N mg/L 1 <0.02 <0.02 <0.02 <0.05 <0.02 < 0.050 < 0.050 < 0.050 <0.05
Nitrate as N mg/L 10 0.1 <0.1 0.25 <0.2 0.7 <0.05 0.7 <0.1 < 0.050 < 0.050 < 0.050 <0.05
Nitrate-Nitrite as N mg/L 10
METALS
Arsenic mg/L 0.01 0.01 <0.001 0.0 <0.001 0.008 0.008 0.008 <0.004
Barium mg/L 2 0.021 0.0326 0.025 0.0336 0.025 0.024 0.025 0.0215
Calcium mg/L 141 94.9 101.7 86.1 94 97.7 98.9
Chromium mg/L 0.1 0.00132 0.0021 0.0062 0.0021 <0.001 <0.001 <0.001 0.0017
Iron mg/L 0.3 0.16 1.21 0.18 0.562 0.732 0.61 0.63
Magnesium mg/L 29 304 31.1 313 30.5 30.3 30.8
Manganese mg/L 0.05 0.02 0.29 0.25 0.268 0.317 0.33 0.35
Potassium mg/L 3.8 6.8 12.1 3.77 3.87 3.84
Selenium mg/L 0.05 <0.0005 <0.0005 <0.0005 0.00062 < 0.005 < 0.005 < 0.005 <0.0005
Sodium mg/L 96 24.6 40.5 23 24.2 24.3 247
RADIONUCLIDES
Uranium mg/L 0.03 0.0065 0.002 0.002 0.005 0.005 0.005
Gross Alpha pCi/L 15 25.2 4.49 6.92 20.60 20.7 28%3 275 26.7 26.7
Gross Alpha - adjusted pCi/L 15 5.30 19.4 20.2 24.2 23.2
Gross Beta pCi/L 3.35 4.03 3.27 3.35
Radium 226 pCi/L ND 7.3 6.58 3.8 20.6 22.8 20.1 20.1
Radium 228 pCi/L ND <0.3 1.01 <1.0 0.944 0.568 0.539 0.539
Radium 226 + Radium 228 pCi/L 5 7.3 2.9 7.59 5.2 3.8 21.544 23.368 20.639 20.639
FIELD PARAMETERS
Dissolved Oxygen mg/L
Temperature °C 12.2
Specific Conductance umhos/cm
pH S.U. 6.5-85 7.5
Notes:
BOLD = Exceeds MCL or Secondary MCL umhos/cm = micromhos per centimeter
SRC = Split Rock Creek Aquifer pCi/L = picocuries per liter
DENR WQD = DENR Water Quality Database S.U. = Standard Units
NA = not analyzed °C - degrees Celsius
ND = non-detect --- = no data
mg/L = milligrams per liter
WSP Page 1 of 4
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Table 7

Water Quality Analytical Results - Split Rock Creek Aquifer and Sioux Quartzite

Water Supply Evaluation Report

Brandon, South Dakota

Detected Analyte MA-80BA MA-80BA MA-80P MA-80P MA-80P MA-80Z MA-80Z MA-80Z MA-80Z MA-80Z MA-87C MA-87D MA-87D MA-87E MA-87F MA-87H MA-87H
(SRC-10) (SRC-10) (SRC-43) (SRC-43) | (SRC-43) (SRC-41) (SRC-41) (SRC-41) (SRC-41) (SRC-41) (SRC-17) (SRC-19) (SRC-19) (SRC-34) (SRC-24) | (SRC-4A) | (SRC-4A)
. Primary | Secondary
units MCL MCL
Sample Date 6/6/1980 6/6/1989 6/5/1980 6/25/1991 | 1/24/1995 71211980 11/20/1980 6/26/1991 1/24/1995 3/6/2014 5/31/1989 6/13/1989 1/24/1995 6/13/1989 6/5/1989 5/23/1989 | 1/25/1995
Sample Source SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC
- DENR DENR DENR DENR DENR DENR
Origin DENRWQD [ DENRWQD | DENR WQD WOD WOD DENRWQD | DENRWQD [ DENRWQD | DENR WQD LBG DENRWQD [ DENRWQD | DENR WQD WOD WOD WOD WOD
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm 1030 1320 1520 1576 1635 610 730 731 747 792 1070 1350 1349 859 747 843 825
Total Dissolved Solids mg/L 500 856 968 1260 1260 1330 380 510 488 482 487 674 1010 1050 570 448 526 540
INORGANICS
Total Alkalinity mg/L CaCO, 0 327 0 373 372 306 303 310 419 368 363 335 311 314 308
Bicarbonate mg/L CaCOg 0 399 0 455 453 373 369 379 511 449 442 408 379 383 375
Carbonate mg/L CaCO, <4
Chloride mg/L 250 3 3.9 8 7.5 7.2 <2 <2 2.5 2.4 3 4.9 6.7 7.1 4.6 2.3 3.6 3.6
Sulfate mg/L 250 388 430 613 640 560 85 115 118 101 128 196 420 400 146 96 153 142
Fluoride mg/L 4 2 0.44 0.64 0.53 0.51 0.49 0.39 0.46 0.44 0.42 0.4 0.36 0.69 0.56 0.48 0.54 0.58 0.52
Total Hardness as CaCO, mg/L 719 673 920 923 900 404 388 373 380 401 498 715 720 420 325 415 410
AGGREGATE ORGANICS
Total Organic Carbon mg/L 0.8 [
NUTRIENTS
Ammonia-Nitrogen as N mg/L 0.3
Nitrite as N mg/L 1
Nitrate as N mg/L 10
Nitrate-Nitrite as N mg/L 10 < 0.05 0.08 < 0.05 <0.04 <0.04 <1.00 <0.10 <0.04 <0.04 0.01 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
METALS
Arsenic mg/L 0.01 0.007
Barium mg/L 2 <0.05
Calcium mg/L 198 174 226 223 214 111 98 100 98 107.0 122 174 176 112 84 107 103
Chromium mg/L 0.1 <0.005
Iron mg/L 0.3 <0.05 <0.05 <0.03 <0.05 1.13 0.06 0.23 0.05 0.43 0.60 0.47 <0.05 1.43 0.77 <0.05 0.08 111
Magnesium mg/L 55 58 87 89 88 31 35 30 32 32.0 47 68 68 34 28 36 37
Manganese mg/L 0.05 0.33 0.4 0.53 0.51 0.52 0.2 0.2 0.16 0.14 0.164 0.34 0.68 0.63 0.3 0.21 0.33 0.3
Potassium mg/L 7.9 5.8 5.9 3.2 3.2 3 4.7 6.2 6.1 3.2 7.4 34 3.6
Selenium mg/L 0.05 <0.001
Sodium mg/L 24 40 55 50 48 21 30 23 22 23.0 50 41 37 29 36 28 25
RADIONUCLIDES
Uranium mg/L 0.03 0.002
Gross Alpha pCi/L 15 9.6
Gross Alpha - adjusted pCi/L 15
Gross Beta pCi/L 6.2
Radium 226 pCi/L 1.6
Radium 228 pCi/L 1.0
Radium 226 + Radium 228 pCi/L 5 2.7
FIELD PARAMETERS
Dissolved Oxygen mg/L 0.07
Temperature °Cc 12.7 11 10.5 15 11 10.3 11.9 10.1 10.5 11.1 12.3 12.3 10
Specific Conductance umhos/cm 1090 1450 1425 600 650 727 900 1140 1150 680 610 690 700
pH S.U. 6.5-85 7.41 8.04 741 7.8 7.21 6.61 7.54 7.37 7.19 74 7.35 7.3 7.11
Notes:
BOLD = Exceeds MCL or Secondary MCL umhos/cm = micromhos per centimeter
SRC = Split Rock Creek Aquifer pCi/L = picocuries per liter
DENR WQD = DENR Water Quality Database S.U. = Standard Units
NA = not analyzed °C - degrees Celsius
ND = non-detect --- = no data
mg/L = milligrams per liter
WSP Page 2 of 4
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Table 7

Water Quality Analytical Results - Split Rock Creek Aquifer and Sioux Quartzite

Water Supply Evaluation Report
Brandon, South Dakota

WSP

MA-871 Summary Statistics of Cw-3
Detected Analyte (SRC-TA) All Data from DENR WQD" Watrec D (Bran;:;n PW | Watrec E | Watrec PW | Watrec PW SRC-1 SRC-2 SRC-7 SRC-9 SRC-13 SRC-15 SRC-16 SRC-17 SRC-26
. Primary | Secondary
Units MCL MCL —
g o
Sample Date 5/23/1989 [ Minimum [ Maximum | Average | € 5 E 4/27/1989 6/28/1989 8/8/1989 | 11/13/1989 | 11/16/1989 | 1/17/1991 | 1/17/1991 | 1/17/1991 | 1/17/1991 | 1/18/1991 | 1/17/1991 | 1/18/1991 | 1/18/1991 | 1/18/1991
z &
Sample Source SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC SRC
Origin '\DA'IE('?\'S DENR WQD Ple;;:’ Pence, 1995 Ple;gc:' Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm 1050 610 1635 1042.1 52
Total Dissolved Solids mg/L 500 688 380 1330.0 743.6 52
INORGANICS
Total Alkalinity mg/L CaCOg 336
Bicarbonate mg/L CaCOg 410 168 511 398.2 48
Carbonate mg/L CaCOg
Chloride mg/L 250 6.6 <2 23 4.93 52
Sulfate mg/L 250 250 77 640 277.5 52
Fluoride mg/L 4 2 0.6 0.32 1.17 0.53 52
Total Hardness as CaCO,3 mg/L 489 310 923 533.5 52
AGGREGATE ORGANICS
Total Organic Carbon mg/L —-— | - 1 -1 -
NUTRIENTS
Ammonia-Nitrogen as N mg/L
Nitrite as N mg/L 1
Nitrate as N mg/L 10
Nitrate-Nitrite as N mg/L 10 <0.04 <0.04 2.13 0.11 52
METALS
Arsenic mg/L 0.01
Barium mg/L 2
Calcium mg/L 120 81 226 135.8 52
Chromium mg/L 0.1
Iron mg/L 0.3 0.16 <0.03 1.77 0.54 52
Magnesium mg/L 46 26 89 47.2 52
Manganese mg/L 0.05 0.31 0.06 14 0.41 52
Potassium mg/L 6.7 3.2 16 6.34 48
Selenium mg/L 0.05
Sodium mg/L 47 16 80 375 52
RADIONUCLIDES
Uranium mg/L 0.03 0.018 0.036 0.0147 0.0147 0.00495 0.01005 0.02595
Gross Alpha pCi/L 15 19.1 34 29.2 275 30.9 6.1 10.6 10.6 4.8 12.7 26.9 40.4 2.7 17.9
Gross Alpha - adjusted pCi/L 15
Gross Beta pCi/L
Radium 226 pCi/L
Radium 228 pCi/L
Radium 226 + Radium 228 pCi/L 5
FIELD PARAMETERS
Dissolved Oxygen mg/L
Temperature °C 12.7 9 17.1 11.7 45
Specific Conductance umhos/cm 900 525 1450 869.3 45
pH S.U. 6.5-8.5 7.49 7.11 8.35 7.45 45
Notes:
BOLD = Exceeds MCL or Secondary MCL umhos/cm = micromhos per centimeter
SRC = Split Rock Creek Aquifer pCi/L = picocuries per liter
DENR WQD = DENR Water Quality Database S.U. = Standard Units
NA = not analyzed °C - degrees Celsius
ND = non-detect --- = no data
mg/L = milligrams per liter
Page 3 of 4
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Table 7

Water Supply Evaluation Report

Brandon, South Dakota

Water Quality Analytical Results - Split Rock Creek Aquifer and Sioux Quartzite

Q3
Detected Analyte SRC-28 SRC-32 SRC-35 SRC-41 Q1 Q2 (b) Q3 (Duplicate) Q6 Q8 Q10
. Primary | Secondary
Units MCL MCL
Sample Date 7/6/1989 716/1989 1/17/1991 | 6/22/1992 6/23/1992 6/23/1992 6/23/1992 6/23/1992 6/23/1992 6/23/1992 6/23/1992
Sample Source SRC SRC SRC SRC Sioux Quartzite Sioux Quartzite Sioux Quartzite Sioux Quartzite Sioux Quartzite Sioux Quartzite Sioux Quartzite
Origin Pence, 1995 | Pence, 1995 | Pence, 1995 | Pence, 1995 Pence, 1995 Pence, 1995 Pence, 1995 Pence, 1995 Pence, 1995 Pence, 1995 Pence, 1995
PHYSICAL PROPERTIES
Conductivity @ 25 °C umhos/cm
Total Dissolved Solids mg/L 500
INORGANICS
Total Alkalinity mg/L CaCO,
Bicarbonate mg/L CaCO,
Carbonate mg/L CaCO,
Chloride mg/L 250
Sulfate mg/L 250
Fluoride mg/L 4 2
Total Hardness as CaCO, mg/L
AGGREGATE ORGANICS
Total Organic Carbon mg/L
NUTRIENTS
Ammonia-Nitrogen as N mg/L
Nitrite as N mg/L 1
Nitrate as N mg/L 10
Nitrate-Nitrite as N mg/L 10
METALS
Arsenic mg/L 0.01
Barium mg/L 2
Calcium mg/L
Chromium mg/L 0.1
Iron mg/L 0.3
Magnesium mg/L
Manganese mg/L 0.05
Potassium mg/L
Selenium mg/L 0.05
Sodium mg/L
RADIONUCLIDES
Uranium mg/L 0.03 0.01005 0.00705 0.00705 0.01005 0.01005 0.01005
Gross Alpha pCi/L 15 40.0 17.3 18.1 6.0 17.9 8.8 8.4 7.1 20.6 1.1 32.9
Gross Alpha - adjusted pCi/L 15
Gross Beta pCi/L
Radium 226 pCi/L
Radium 228 pCi/L
Radium 226 + Radium 228 pCi/L 5
FIELD PARAMETERS
Dissolved Oxygen mg/L
Temperature °C
Specific Conductance umhos/cm
pH S.U. 6.5-8.5
Notes:

H:\AE2S-Brandon\Water Supply Evaluation Report\Table 7 - Combined Water Quality Analytical Results_SRC & Sioux Quartzite

BOLD = Exceeds MCL or Secondary MCL

SRC = Split Rock Creek Aquifer
DENR WQD = DENR Water Quality Database
NA = not analyzed

ND = non-detect

mg/L = milligrams per liter

umhos/cm = micromhos per centimeter
pCi/L = picocuries per liter

S.U. = Standard Units
°C - degrees Celsius

--- =no data
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Table 8

Aquifer Parameters Summary - Split Rock Creek Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Aquifer
Specific o Saturated Hydraulic Pumping
Capacity | Transmissivity | Transmissivity Thickness | Conductivity Rate
Well Year (gpm/ft) (gpd/ft) (ft2/day) Storativity (ft) (ft/day) (gpm) Source of Data
Brandon CW-3 unknown 44 88,000 11,765 42 280 400 | original pumping™ measurement noted on well
maintenance log
Brandon CW-3 January 1989 15.1 30,200 4,037 42 96 290 well maintenance log
11,968 1,600 0.00011 38 Pence, 1997
Brandon CW-3 1989 12,716 1,700 0.00067 42 40 260 I5ence, 1997
Brandon CW-6 1/27/1999 25.1 50,200 6,711 125 54 2,210 well maintenance log
Brandon CW-6 1998 25 50,000 6,685 0.00026 125 53 2,210 S from Putnam, 1998
53,108 7,100 0.000068 50 Pence, 1997
Brandon CW-7 1995 74,800 10,000 0.0053 142 70 1500 o ce. 1097
Brandon CW-7 2015 45,000 6,016 0.00026 142 42 1,400 LBG, 2015
21,692 2,900 0.00013 55 Pence, 1997
NSP Test #1 1988 24,684 3,300 0.00052 >3 62 395 Ipence 1997
19,119 2,556 0.00024 48 Pence, 1997
NSP Test #2 1988 23742 3,174 0.00042 53 60 197 Toence. 1997
21,692 2,900 0.0003 55 Pence, 1997
NSP Test #3 1990 23,188 3,100 0.00034 >3 58 493 Ipence 1997
Sioux Falls Water 1989 15,708 2,100 0.00016 57 37 374 Pence, 1997
Reclamation Plant 22,440 3,000 0.00029 53 Pence, 1997
Minimum 15 11,968 1,600 0.00007 42 37
Maximum 44 88,000 11,765 0.00530 142 70
Geometric Mean 25 29,128 3,894 0.00031 74 51

Notes:

gpm/ft = gallons per minute per foot of drawdown
gpd/ft = gallons per day per foot

ft?/day = feet squared per day

ft = feet

ft/day = feet per day
gpm = gallons per minute

Storativity statistics do not include storativity from CW-6, which is an estimate for the entire aquifer reported by Putnam (1998).
Green cells indicate Transmissivity values that were estimated from specific capacity using the empirical relationship for a confined aquifer in Driscoll (1985) where T = 2000 * specific capacity.

WSP
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Table 9

Potential Pumping Scenarios - Split Rock Creek Aquifer

Water Supply Evaluation Report
Brandon, South Dakota

Head Maintained| Well Well
Well Above Pump | Location | Location Total
Transmissivity | Duration | Efficiency | Storativity Intake A B CW-6 CW-7 CW-8 | Withdrawal

Scenario (gpd/ft) (days) (%) (unitless) (feet) (gpm) | (gpm) | (gpm) | (gpm) | (gpm) (gpm)

1 11,968 365 70 0.00031 Zéf 4*3)3 180 230 190 150 190 940
2 29,128 365 70 0.00031 2(2'211;3)'2 400 500 450 300 450 2,100

20.7-21.8
3 88,000 365 70 0.00031 (33*, 212%%) 1,150 1,450 1,000 1,000 1,000 5,600
Notes:

gpd/ft = gallons per day per foot

gpm = gallons per minute

* = head above intake for CW-6 and CW-8
** = head above intake for CW-7

WSP
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APPENDIX

A AVERAGE MONTHLY
PUMPING RATES (CW-1
AND CW-6)
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Water Supply Evaluation Report
Brandon, South Dakota

Average Monthly Pumping Rate
(Calculated as Total Monthly Withdrawal Divided by Minutes per Month)
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APPENDIX

B SURFACE WATER
HYDROGRAPHS



Water Supply Evaluation Report

Brandon, South Dakota

Big Sioux River Discharge
USGS 06482000 BIG SIOUX R AT SIOUX FALLS SD

1950 - June 17, 2018

Monthly Precipitation Data
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Water Supply Evaluation Report
Brandon, South Dakota

Big Sioux River Discharge
USGS 06482020 BIG SIOUX R AT NORTH CLIFF AVE AT SIOUX FALLS,SD
Monthly Precipitation Data
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Water Supply Evaluation Report
Brandon, South Dakota

Big Sioux River Discharge
USGS 06482100 BIG SIOUX R NR BRANDON SD
Monthly Precipitation Data

1959 - 1972 - NOAA download for Sioux Falls Foss Field
COOQOP Station #397667
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Water Supply Evaluation Report
Brandon, South Dakota

Split Rock Creek Discharge

USGS 06482610 SPLIT ROCK CR AT CORSON,SD .
Monthly Precipitation Data

1965 - June 14, 2018 - NOAA download for Sioux Falls Foss Field
COOP Station #397667
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APPENDIX

C GROUNDWATER
HYDROGRAPHS
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Water Supply Evaluation Report
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Quaternary Aquifer Water Levels
SD DENR Observation Wells
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Water Supply Evaluation Report
Brandon, South Dakota

Quaternary Aquifer Water Levels
SD DENR Observation Wells

1957 - May 2018

Big Sioux River Discharge

- USGS Station #06482020 Big Sioux River

at North Cliff Ave. at Sioux

Falls, SD
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Water Supply Evaluation Report
Brandon, South Dakota

Split Rock Creek Aquifer Water Levels

SD DENR Observation Wells Monthly Precipitation Data
- NOAA download for Sioux Falls Foss Field
1980 - May 2018 COOP Station #397667
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Water Supply Evaluation Report
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Split Rock Creek Aquifer Water Levels
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APPENDIX

D SIOUX FALLS WATER
RECLAMATION FACILITY
AVERAGE MONTHLY
EFFLUENT FLOW RATE



Water Supply Evaluation Report
Brandon, South Dakota

Sioux Falls Water Reclamation Facility
Average Monthly Effluent Flow Rate

2009 through 2017
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