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Public Water Supply Profile

The following persons are the contacts for the Hastings Wellhead Protection Plan:

Public Water Supply Contact

Mark Peine
Public Works Superintendent
City of Hastings
1225 Progress Drive
Hastings, Minnesota 55033
Telephone: 651-480-6186
Email: MPeine@hastingsmn.gov

Wellhead Protection Manager

John Caven, PE
Assistant City Engineer
City of Hastings
1225 Progress Drive
Hastings, Minnesota 55033
Telephone: 651-480-2369
Email: JCaven@hastingsmn.gov

Wellhead Protection Consultant

John Greer, PG
Barr Engineering Company
4300 MarketPointe Drive, Suite 200
Minneapolis, Minnesota 55435
Telephone: 952-832-2600
Fax: 952-832-2601
E-mail: jgreer@barr.com

General Information

UNIQUE WELL NUMBER(S) 206333, 207993, 207639, 207643, 509053, 686266

SIZE OF POPULATION SERVED 22,713 (2018 estimate)

COUNTY _Dakota




Executive Summary

Protection Areas - The recharge area for the wells is known as the wellhead protection area, or WHPA,
and represents the area that contributes water to the City's wells within a 10-year time period. For
Hastings, the WHPA includes a groundwater contribution area and a surface water contribution area
because the Vermillion River is known to contribute water to the aquifer near Hastings. The area that
contributes water within a one-year time period is known as the emergency response area, or ERA.
Practical reasons require the designation of a management area that fully envelops the WHPA, called the
drinking water supply management area, or DWSMA. This report describes how a new WHPA and
DWSMA, shown on Figure 8, were delineated for the City of Hastings.

Geology and Groundwater Flow — The city of Hastings has 6 primary water supply wells. Wells 3, 4, 5, 6,
7, and 8 draw water from the Jordan Sandstone aquifer between 188 and 400 feet below ground surface
(ft bgs). Regionally, groundwater flow is to the northeast toward the Mississippi River. Well construction
information is summarized in Table 2.

Well Vulnerability - The vulnerability of each individual well has been assessed based on 1) well
construction details, especially conformance with standards required by the State well code, 2) the
geologic sensitivity of the aquifer, and 3) past monitoring results. Wells 3, 4, 5, 6, 7, and 8 are considered
vulnerable to contamination based on water quality data (Table 5).

DWSMA vulnerability -The vulnerability of the City's aquifer throughout the DWSMA is based on a
published pollution sensitivity map for the Prairie du Chien-Jordan aquifer, the geologic sensitivity ratings
of wells in and near Hastings, and tritium data from Wells 4, 6, and 7. Based on this information, high
vulnerability has been assigned to the entire DWSMA. High vulnerability suggests that water, and any
contaminants, may travel from the land surface to the City's aquifer within a time span of months to a few
years.

Water Quality Concerns - At present, none of the contaminants for which the Safe Drinking Water Act
has established health-based standards are found above maximum allowable levels in the City's water
supply. E. coli bacteria were detected on September 22, 2018 and temporary ongoing disinfection has
been implemented, with a permanent gas-chlorine disinfection system scheduled to be fully online by
June of 2020. The highest nitrate concentration detected in 2018 was 9.4 ppm, near the MCL of 10 ppm.
Nitrate levels are discussed further in Section 6.0 of this report.

Recommendations - Recommendations have been generated to improve future delineations and
vulnerability assessments and should be considered for inclusion as management strategies in the City's
wellhead protection plan. These recommended activities include water quality monitoring, details of which
can be found in Section 7.0 of this report.



1.0 Introduction

In compliance with the Minnesota Wellhead Protection Rules (MN Rules 4720.5100 through 4720.5590), a
Wellhead Protection Area (WHPA) and a Drinking Water Supply Management Area (DWSMA) were
delineated for the City of Hastings in 2009 (Barr, 2009). Minnesota Rule 4720.5570 states that wellhead
protection plans must be reviewed and amended at least every ten years.

As required by Minnesota Rule 4720.5570, a new WHPA and a new DWSMA have been delineated for the
City of Hastings. This report summarizes work completed to update the delineation of the Hastings WHPA
and DWSMA in compliance with the Minnesota Wellhead Protection Rules and to meet the current MDH
requirements. Data elements used in preparation of the report are presented in Table 1.

The City of Hastings currently has 6 primary municipal water supply wells. All 6 wells are completed in the
Jordan Sandstone aquifer. Well locations are shown on Figure 1. Table 2 summarizes construction, use,
and vulnerability information for the Hastings water supply wells. Appendix A contains well logs for the

City's wells.



2.0 Ciriteria for Wellhead Protection Area Delineation

The following criteria were used to ensure accurate delineation of the WHPA.

2.1 Time of Travel

A minimum 10-year groundwater time of travel criterion must be used to delineate a WHPA (MN Rule
4720.5510) so there is sufficient reaction time to remediate potential health impacts in the event of
contamination of the aquifer. A groundwater time of travel of ten years was considered in this study. As
required by the Wellhead Protection Rules, the one-year groundwater time of travel zone was also
determined for each well addressed in this study.

2.2 Aquifer Transmissivity

For this study, the transmissivity of the Jordan Sandstone aquifer was estimated using a pumping test
conducted at Well 5 in 2003. Wells 3 and 4 were used as observation wells. Analysis of the data for this
test estimated a representative Jordan transmissivity of 5,444 ft?/day (505.8 m?/day). The average aquifer
thickness at Wells 3, 4, and 5 of 95.7 feet (29.2 m) was used to compute a representative hydraulic
conductivity of 56.9 ft/day (17.3 m/day). A summary of the aquifer test is included in Appendix B. See
Section 2.5 below for details regarding how this hydraulic conductivity value was incorporated into the
groundwater model.

2.3 Daily Volume of Water Pumped

Pumping data for the City of Hastings for the period 2014 through 2018 are in Table 3. The largest annual
withdrawal for 2014-2018 was 899,740,000 gallons in 2014. The City's Local Water Supply Plan projects a
2024 average daily demand of 2.63 million gallons per day. Projected 2024 pumping rates for each well
were calculated by multiplying the total 2024 projected demand by the 2014-2018 average percentage of
total withdrawal for each well. The pumping rate used in the model for each Hastings well for the WHPA
delineation was either this 2024 projection or the historical maximum for the period 2014-2018, whichever
was greater. The pumping rates used in the model for delineation of the WHPA are in Table 3.
Unaccounted water (the difference between the total volume pumped annually by the City's wells and the
total amount billed to users) is approximately 10-15%.

2.4 Conceptual Hydrogeologic Model

The regional hydrogeologic conceptual model is presented in Metropolitan Council (2009). Additional
geological information is included below, along with discussion of groundwater flow boundaries and flow
directions specific to the Hastings area.

2.4.1 Regional Bedrock Geology

A bedrock map derived from the Twin Cities ten-county metropolitan area geologic map (Mossler, 2013)
is shown on Figure 1. Locations of two geologic cross sections through the study area are also shown on



Figure 1. Geologic cross section A-A’ (Figure 2) is a north to south cross section that intersects northwest
to southeast cross section B-B' (Figure 3) at Well 5.

The hydrostratigraphic units of importance for this study are described in more detail below.

Jordan Sandstone

The Cambrian-aged Jordan Sandstone consists of two interlayered facies: a fine- to coarse-grained,
friable, quartz sandstone and a very fine-grained, feldspathic sandstone with lenses of siltstone and shale
(Mossler, 2013). Where it is not eroded the Jordan Sandstone is typically 85 to 100 feet thick. As shown on
Figure 1, the Jordan Sandstone is the uppermost bedrock along the margins of the bedrock valleys in and
near Hastings and has been completely eroded away within the bedrock valleys.

Prairie du Chien Group

The Ordovician-aged Prairie du Chien Group is divided into two formations: the upper Shakopee
Formation and the lower Oneota Dolomite. The Shakopee Formation is a heterolithic unit composed of
dolostone, sandy dolostone, and sandstone, while the Oneota Dolomite is medium- to thick-bedded
dolomite (Mossler, 2013). The Prairie du Chien Group is the uppermost bedrock across much of Hastings.
It ranges in thickness from 136 to 268 feet where encountered at Hastings' wells. The Prairie du Chien
Group is classified as being highly fractured over much of the Twin Cities metropolitan area, especially
under shallow bedrock conditions (overlying bedrock thickness < 200 feet, after Runkel et al. (2003)).
Groundwater in the Prairie du Chien Group flows through joints, fractures, and bedding planes (Palen,
1990). No Hastings wells are open to the Prairie du Chien Group, but it is hydraulically connected to the
underlying Jordan Sandstone.

2.4.2 Flow Boundaries

The Mississippi River to the north of Hastings is a regional groundwater flow boundary. Figure 1 also
shows several faults in the Hastings area. These faults were not explicitly represented in the groundwater
flow model (Section 2.5) but were accounted for in the fracture flow delineation (Section 3.2).

2.5 Model Description

To accurately delineate the WHPAs, it is necessary to assess how nearby wells, rivers, lakes, and variations
in geologic conditions affect groundwater flow directions and velocities in the aquifer. A groundwater
model constructed using the finite difference code MODFLOW-96 (Harbaugh and McDonald, 1996) was
used for this study to simulate groundwater flow in the hydrostratigraphic units from the Quaternary
aquifer down to the Mt. Simon Sandstone. MODFLOW-96 is public domain software that is available at no
cost from the United States Geological Survey. The pre- and post-processor Groundwater Vistas (version
7) (Environmental Simulations, Inc., 2017) was used to create the model data files and evaluate the model
results.

2.5.1 Base Model

Consistent with the Scoping Letter (MDH, 2018), the base model used in this study is the same model
used for the 2009 Hastings WHPP. The model is based on Metro Model 2 (Metropolitan Council, 2009),



which was developed by Barr Engineering for the Metropolitan Council to assist in evaluating
groundwater use and water sustainability issues, regional water planning issues, and groundwater
appropriations.

The model is divided into 9 layers to represent the major hydrostatigraphic units in the Twin Cities
Metropolitan Area. In Hastings, the model layers represent the following (ordered from youngest to
oldest; i.e,, shallowest to deepest):

e layer 1: Quaternary glacial drift

e Layer 2: St. Peter Sandstone or Quaternary glacial drift (where present)

e Layer 3: Prairie du Chien Group or Quaternary glacial drift (where present)
e Layer 4: Jordan Sandstone or Quaternary glacial drift (where present)

e Llayer 5: St. Lawrence Formation or Quaternary glacial drift (where present)
e layer 6: Tunnel City Group

e layer 7: Wonewoc Sandstone

e Layer 8: Eau Claire Formation

e Layer 9: Mt. Simon Sandstone

Major rivers near Hastings (i.e., the Mississippi, Vermillion, and St. Croix Rivers) are simulated using the
River Package within MODFLOW. Baseflow measurements for rivers and streams in the area were used
during calibration of Metro Model 2.

Recharge for the groundwater flow model was determined using the SWB recharge model (Westenbroek
et. al,, 2010) of the Twin Cities Metropolitan Area (Metropolitan Council, 2009). Monthly precipitation data
for Hastings from the last 5 years is summarized in Table 4.

Modifications made to the base model for the new Hastings WHPA delineations are discussed in the
following section.

2.5.2 Model Modifications and Updates

The following modifications and updates were made to the base model:

e The edges of the Prairie du Chien Group and Jordan Sandstone within the refined grid area were
revised to more closely follow the bedrock map (Mossler, 2013).

e The horizontal hydraulic conductivity value (Kx) for the Jordan in zone 346, which includes all of
the Hastings wells, was updated to 17.3 m/day to match the aquifer test plan (Appendix B). A
vertical anisotropy ratio (Kx/Kz) of 10 was assumed for zone 346. Appendix C includes a map of
model hydraulic conductivity field for Layer 4 in the Hastings area (Figure C1).

e The pumping rates for the City's wells were changed to the model input rates shown in Table 3.

e Pumping rates for 23 high-capacity wells within 2 miles of Hastings were updated to use 2013-
2017 averages. A list of these wells is included as Table C1 in Appendix C. Nine of these wells
(unique numbers listed below) were added to the model because they were not included in the
model used for the 2009 WHPP:
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(0]

170868, permit 1975-6358
250020, permit 1976-6157
250177, permit 1969-1102
257402, permit 1976-6204
749829, permit 1985-6224
768670, permit 2015-1357
771760, permit 1985-6224
806056, permit 2015-1392
(no unique number), permit 1993-6152

e After the above modifications were made, modeled heads were compared to observed heads

from Minnesota Well Index records located within the model domain. No further calibration was

deemed necessary. A plot of modeled versus measured heads is included as Figure C2 in

Appendix C. Full discussion of the Metro Model 2 calibration is presented in Metropolitan
Council (2009).

MODFLOW files for the updated model are included in Appendix |.

2.6 Groundwater Flow Field

The groundwater flow field used for delineation of the WHPA was determined by the groundwater flow

model; modeled contours for the Jordan Sandstone/Quaternary glacial drift (Layer 4) are shown on

Figure 4.

In general, Figure 4 shows the Jordan flow direction in Hastings to be northeasterly toward the Mississippi

River. The modeled northeasterly flow direction is consistent with a published contour map for the Prairie

du Chien - Jordan aquifer from the Dakota County Geologic Atlas (Palen, 1990). Based on this comparison

and the acceptable calibration of the groundwater model, the groundwater flow field was determined to

be of acceptable accuracy for the WHPA delineation.



3.0 Delineation of the Wellhead Protection Area

Delineation of the WHPA for the Hastings wells involved the evaluation of porous media flow, fracture
flow, and surface water contribution (conjunctive delineation) as detailed below.

3.1 Porous Media Flow Evaluation

The groundwater flow model discussed above in Section 2 was used to simulate the groundwater flow
field in the vicinity of Hastings. The porous media capture zone for the Hastings well field was delineated
using the software program MODPATH (Version 3; Pollock, 1994) with the modeled groundwater flow
field. A minimum of 180 particles were tracked from each well. The particles were released from up to 6
vertical points in each layer along the open interval of each well. These particles were tracked backwards
in time for both one and ten years. In plan view, the areas encompassed by the particle traces were then
outlined as the 1-year and 10-year porous media time of travel zones for the well field.

Porosity values used for the porous media flow evaluation were as follows (Norvitch et al., 1974, Schwartz
and Zhang, 2003):

e Quaternary Glacial Drift = 0.25

e St. Peter Sandstone = 0.283

e Prairie du Chien Group = 0.056

e Jordan Sandstone = 0.2

3.1.1 Sensitivity Analysis

A sensitivity analysis was performed to test the sensitivity of the model results to varying hydraulic
conductivity in the Jordan Sandstone aquifer. Lower and upper bounds of 20.1 ft/day (6.1 m/day) and 191
ft/day (58.1 m/day), respectively, were tested for horizontal Jordan hydraulic conductivity. These values
were derived from the pumping test transmissivity ranges (Appendix B). A vertical anisotropy ratio of 10
was assumed for both sensitivity runs. A plot of the sensitivity analysis results is included in Appendix C
(Figure C3).

Multiple particle tracking simulations were conducted to account for uncertainty in the groundwater flow
model. In addition to the base model run, particle tracking simulations were also conducted for both of
the sensitivity runs. Particle traces from all simulations were used to delineate the 1-year and 10-year
porous media capture zones for each well. These capture zones are shown on Figure 5.

3.2 Fracture Flow Evaluation

All of Hastings' wells are open to the Jordan Sandstone, which is likely hydraulically connected to the
overlying Prairie du Chien Group. To address fracture flow in the Prairie du Chien Group, MDH (2011a)
guidelines for delineating WHPAs in fractured and solution-weathered bedrock were followed using
Delineation Technique Number 4 (wells open only to a porous media aquifer that is hydraulically
connected to a fractured or solution-weathered aquifer). In addition, the fracture flow capture zones were



also extended along two fault orientations. A summary of the calculations used in the delineation of
fracture flow capture zones is presented in Appendix D.

3.2.1 Fixed Radius Capture Zones and Upgradient Extensions

Although the Hastings wells are open to only the Jordan Sandstone, a porous media aquifer, the porous
media modeling suggests that the Jordan Sandstone is hydraulically connected to the fractured and
solution-weathered Prairie du Chien Group. The water budget software ZONEBUDGET (Harbaugh, 1990)
was used to compute the contributions from model layer 3 (Prairie du Chien Group) to the baseline 10-
year porous media capture zones in layer 4 (Jordan Sandstone) for each well. Flow from model layer 3 to
model layer 4 within the capture zones ranged from 20% at Well 5 to 76% at Well 3 (Table D1 in
Appendix D). The MDH guidelines cite a threshold of 10% for determining whether or not recharge from
the fractured or solution-weathered aquifer is a significant source of recharge to the porous media
aquifer; because the calculated percentages for all Hastings wells were above this threshold, it was
necessary to delineate fracture flow capture zones for all wells.

Note that the Prairie du Chien Group is not present at Well 3 (Figure 1). Because the Prairie du Chien is
present upgradient of Well 3 and the modeled particle traces from Well 3 travel upgradient into the
Prairie du Chien, fracture flow capture zones were delineated for Well 3. The Prairie du Chien thickness at
Well 5 was assumed for the purposes of the Well 3 fracture flow calculations.

The ratio of the well discharge to the discharge vector was calculated for each well using the contribution
from model layer 3 calculated by ZONEBUDGET as the pumping rate. This ratio was less than 3,000 for all
wells, so upgradient extensions were required for the 1-year and 10-year fracture flow capture zones.
Hydraulic gradients and upgradient directions (i.e., bearings) were estimated from the baseline model
layer 3 flow field.

For the 1-year time of travel, 6-month fixed-radius capture zones and 6-month upgradient extensions
were delineated for each individual well using the GIS-based MDH Fracture Flow Tool. For the 10-year
time of travel, 5-year fixed-radius capture zones and 5-year upgradient extensions were delineated for
each individual well using the MDH Fracture Flow Tool. Table D2 in Appendix D is a summary of the inputs
to the Fracture Flow Tool.

To evaluate the potential for overlapping capture zones, 10-year fixed-radius capture zones were
calculated for 10 nearby wells as documented in Table D3 in Appendix D. Four of these capture zones (for
wells 255924, 251398, 771760, and 207640) overlapped with the preliminary 5-year fixed radius capture
zones for three of the Hastings wells (4, 7, and 8). The overlapping areas were calculated using geometric
functions within ArcGIS, which allows for a more accurate redistribution of the shared volumes than the
method described in the MDH fracture flow guidelines. The areas of the preliminary 5-year fixed radius
capture zones for Wells 4, 7, and 8 were adjusted to include the overlapping areas, and the effective
pumping rate necessary to generate the enlarged areas was calculated. These effective pumping rates
were then used as input to the MDH Fracture Flow Tool to generate the final 10-year capture zones (5-
year fixed radius and 5-year upgradient extension). The MDH 2-Well Fracture Flow Tool was used to



account for the slight overlap between the adjusted 5-year fixed radius capture zones for Wells 3 and 7
and for Wells 6 and 8.

The final 5-year fixed-radius fracture flow capture zones and upgradient extensions were truncated at the
extents of the Prairie du Chien Group. The truncated capture zones are shown on Figure 6.

3.2.2 Fault Extensions

As discussed at the Predelineation Meeting (MDH, 2019), the 5-year fixed-radius capture zones were
extended along two perceived fault orientations (Mossler, 2013): N 52 E (52° / 232 °) and N 33 W

(123 © /303 ©). Per the MDH fracture flow guidelines, the capture zones were extended 1 mile from each
well along the fault orientations. Because the faults extend through the Jordan Sandstone (Figures 2 and
3), the fault extensions were truncated at the extents of the Jordan Sandstone instead of the extents of the
Prairie du Chien Group, as was done for the fixed-radius capture zones and upgradient extensions. The
fault extensions were also truncated at the Mississippi River as it constitutes a major hydraulic boundary.
The truncated fault extensions are shown on Figure 6.

3.3 Conjunctive Delineation

It is recognized that the Vermillion River is a losing stream west of Hastings. Water samples from the city
wells indicate water of relatively young age based on nitrate levels (Dakota County, 2003), and oxygen
and hydrogen isotope data indicate a surface water signature in the water from Wells 4 and 6 (Appendix
E). Because the Vermillion River is potentially a source of water for the city wells, a surface-water
contribution area is required. Because the new groundwater capture area is not significantly different than
that from the 2009 delineation, a new surface water contribution area was not delineated and the 2009
surface water contribution area was reused with minor adjustments in Hastings where it coincides with the
groundwater capture zone. The surface water contribution area is shown on Figure 7.

3.4 WHPA Delineations

The composite 10-year porous media capture zones, 5-year fixed radius fracture flow capture zones, and
5-year upgradient extensions define Area A of the WHPA. The boundaries of Area A were slightly
simplified from the merged capture zones to eliminate “holes” between individual capture zones. The
surface water contribution area defines Area B of the WHPA. Much of the groundwater within Area B does
not flow to Hastings. However, surface-water runoff within Area B has the potential to reach the Hastings
wells via seepage from the Vermillion River. The Emergency Response Area (ERA) is delineated for each
well by the composite 1-year porous media capture zones and composite 1-year fracture flow capture
zones. The WHPA and ERAs are shown on Figure 8.



4.0 Delineation of the Drinking Water Supply
Management Area

The Hastings DWSMA encompasses WHPA Areas A and B with boundaries that correspond to
geographically identifiable features (e.g., roads, parcel boundaries, quarter-quarter section lines). Like the
WHPA, the DWSMA is broken down into two areas; Area A comprising the groundwater capture zones,
and Area B comprising the surface water contribution area. Property parcel boundaries were used to
define Area A while quarter-quarter section boundaries were used to define Area B. The Hastings DWSMA
is shown on Figure 8. To satisfy Minnesota Rule 4720.5500, Subpart 2, 1:24,000 scale maps of the
DWSMAs are included in Appendix F.
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5.0 Well Vulnerability Assessment

MDH evaluated the vulnerability of the Hastings municipal wells to contamination from contaminants
released at the surface. The evaluation parameters include geology, well construction, pumping rate, and
water quality. All Hastings wells are classified as “vulnerable.” Copies of the MDH well vulnerability scoring
sheets for the Hastings wells are included in Appendix G.
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6.0 Drinking Water Supply Management Area
Vulnerability Assessment

The vulnerability of the Jordan Sandstone within the DWSMA associated with the Hastings wells was
evaluated in a manner consistent with MDH guidance for assessing aquifer vulnerability (MDH, 1997)
using a published pollution sensitivity map (Hobbs, 1990), geologic sensitivities based on L scores
computed from boring log data, and water quality data from the Hastings wells.

The first step in the assessment is to determine the geologic sensitivity rating of the aquifer. The
Minnesota Department of Natural Resources (MnDNR) defines geologic sensitivity based on the travel
time of water moving vertically from the surface to the aquifer of interest as follows (see MnDNR, 1991):

e Sensitivity = Very High: vertical travel time is hours to weeks

e Sensitivity = High: vertical travel time is weeks to years

e Sensitivity = Moderate: vertical travel time is years to decades

e Sensitivity = Low: vertical travel time is several decades to a century

e Sensitivity = Very Low: vertical travel time is more than a century.

The pollution sensitivity map for the Prairie du Chien — Jordan aquifer from the Dakota County Geologic
Atlas (Hobbs, 1990) was used as a starting point for developing the Jordan Sandstone geologic sensitivity
map. This map includes “High-Moderate” and “Low-Moderate” ratings which are not recognized by MDH.
Based on the definitions of “High-Moderate” as a travel time of “years to a decade” and “Low-Moderate”
as a travel time of “several decades”, these areas were remapped to the "Moderate” and “Low" ratings,
respectively, on the MnDNR definitions above. The modified geologic sensitivity map is shown on Figure
H1 in Appendix H.

“L scores” based on the thickness of low permeability units at Minnesota Well Index well locations in the
vicinity of the DWSMA were computed using the MDH L score tool [See MnDNR (1991) for a discussion of
how to determine L scores]. The calculated L scores are shown on Figure H1 in Appendix H.

Tritium samples were collected at Well 4 in 2004 and at Wells 6 and 7 in 2016. Tritium (3H), a radioactive
isotope of hydrogen, has been used extensively to date groundwater. Tritium activities peaked during
atmospheric hydrogen bomb testing of the 1950s and 1960s, and values of 3H in precipitation reached a
maximum of approximately 10,000 T.U. (tritium units) in 1963 (Mazor, 2004). Natural production of 3H in
the upper atmosphere introduces approximately 5 T.U. to precipitation each year (Mazor, 2004). Because
3H has a relatively short half-life of 12.43 years, radioactive decay since the bomb peak has reduced
tritium activities to near background levels and 3H is used mostly for relative age dating today.
Groundwater that has little or no detectible 3H is stated to be “vintage” or pre-bomb. Groundwater with
detectable concentrations of H is stated to be "young” or post-bomb. The presence of tritium at
concentrations above 1 tritium unit indicates the presence of a significant fraction of post-1953 (i.e.,
recently infiltrated) water in the groundwater sample. As shown on Table 5, tritium was detected in the
samples collected from Wells 4, 6, and 7. Table 5 also shows other water quality results from sampling of
the City's wells.
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The presence of tritium in groundwater samples from a well suggests that the water traveled vertically
from the ground surface to the aquifer in less than about 50 years. Based on this information along with
the geologic sensitivity ratings and L scores, High vulnerability was assigned to the entire Area A of the
DWSMA. Keeping with current MDH policy, high vulnerability was assigned to all of Area B of the DWSMA
(the surface water area) as well. The final aquifer vulnerability map is shown on Figure 9.

The City is frequently monitoring nitrate levels in raw water samples at all of its municipal wells but has
special focus on Wells 6 and 8. Of the wells that are not currently treated for nitrate, Wells 6 and 8 have
historically had the most elevated levels. Before making a significant and permanent investment in a new
treatment plant, the City will first work closely with the MDH to attempt all cost-effective solutions for
maintaining delivery of water in compliance with the nitrate standard from these two wells. Should a new
nitrate reduction/removal treatment plant become necessary, it is presumed that such a facility would be
constructed on the site of Well 6. Water system infrastructure has been roughed in to interconnect these
two well sites with a transmission main that would allow for water from Well 8 to be transported to a
future treatment plant at Well 6.
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7.0 Recommendations

As discussed in Section 6.0, it is recommended that the City work with the MDH regarding the nitrate
issues at Wells 6 and 8.

It is recommended that the City consider working with the MDH to conduct tritium sampling of wells 3, 4,
5, and 8 in order to have the data available when updating the well and aquifer vulnerability assessments
as part of the next wellhead protection plan amendment.
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8.0 Supporting Data Files

The groundwater model files and GIS files are included in Appendix I. (Appendix | can be found in the
"Part1” folder on the CD.)

The groundwater model can be reviewed using MODFLOW-96 (Harbaugh and McDonald, 1996).
MODPATH files can be reviewed using MODPATH Version 3 (Pollock, 1994).

All coordinates in the modeling files are based on UTM NAD 83 Zone 15 N datum. Elevations are in
meters above mean sea level (m MSL). Time units are days. Length units are meters.

The GIS files have been named according to the MDH conventions. Shapefiles are in UTM NAD83 Zone 15
N datum.
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Table 1

Assessment of Data Elements
Hastings WHPP Amendment

Present and Future

Implications

¢ 5§ TEEH o 8
Data Element €228 5 >5 = 3 Data Source
53 32 2ES 3T
2> £5358% 53
5 8 &&2 - §
O
Precipitation M L M M Minnesota Climatology Working Group
Geology
Maps and geologic M | H H H MGS, MWI
descriptions
Subsurface data M H H H MGS, MDH, MWI
Borehole geophysics M M M M MGS
Surface geophysics L L L L Not Available
Maps and soil descriptions L [ M M M MGS, NRCS
Eroding lands
Water Resources
Watershed units L L L L DNR
List of public waters L L DNR
Shoreland classifications
Wetlands map
Floodplain map
Land Use
Parcel boundaries map L H L L Metropolitan Council, Dakota County
Political boundaries map L L L L MNGEO
PLS map L L L L DNR
Land use map and inventory
Comprehensive land use map
Zoning map
Public Utility Services
Traqsportation routes and L M L L MNDOT
corridors
gtl?/rsnggl ssig:;c]axasswers and L L L L City of Hastings
Oil and gas pipelines map
Definitions Used for Assessing Data Elements:
High (H) - the data element has a direct impact
Moderate (M) -  the data element has an indirect or marginal impact
Low (L) - the data element has little if any impact
Shaded - the data element was not required by MDH for preparing the WHP plan
MWI - Minnesota Well Index MPCA - Minnesota Pollution Control Agency
DNR - Minnesota Department of Natural Resources NRCS — Natural Resources Conservation Service
MNGEO - Minnesota Geospatial Information Office SSURGO - Soil Survey Geographic Database
MDH — Minnesota Department of Health USGS - United States Geological Survey

MNDOQOT - Minnesota Department of Transportation



Data Element

Table 1

Assessment of Data Elements (Continued)
Hastings WHPP Amendment

Present and Future
Implications

Use of the
Wells

Delineation
Criteria
Quality and

Quantity of
Well Water

Land and
Groundwater

Data Source

:?;thllc drainage systems map/ L L L L City of Hastings
Rageriels @ eicll comaiuee, H H L L City of Hastings, MWI, MDH files
maintenance, and use

Surface Water Quantity

Stream flow data L L L L DNR

Ordinary high water mark data| L L L L DNR

Permitted withdrawals L L L L DNR

Protected levels/flows L L L L DNR

Water use conflicts L L L L DNR
Groundwater Quantity

Permitted withdrawals H H H H DNR
Groundwater use conflicts L L L L DNR

Water levels H H H H MWI, MDH
Surface Water Quality

Stream and lake water quality

management classification

Monitoring data summary L L L L MPCA, MDH
Groundwater Quality

Monitoring data H H H H MDH

Isotopic data H H H H MDH

Tracer studies L L L L Not Available
Contamination site data L L M M MPCA, MDH
Property audit data from

contamination sites

MPCA and MDA spills/release L L L L No relevant data available
reports

Definitions Used for Assessing Data Elements:

High (H) -
Moderate (M) -
Low (L) -

MWI — Minnesota Well Index

DNR - Minnesota Department of Natural Resources

MNGEO - Minnesota Geospatial Information Office
MDH - Minnesota Department of Health

MNDQOT - Minnesota Department of Transportation

the data element has a direct impact

the data element has an indirect or marginal impact
the data element has little if any impact
the data element was not required by MDH for preparing the WHP plan

MPCA — Minnesota Pollution Control Agency
NRCS — Natural Resources Conservation Service
SSURGO - Soil Survey Geographic Database
USGS - United States Geological Survey



JCG
Highlight


Table 2

Water Supply Well Information
Hastings WHPP Amendment

Casing Well
Local Unique Use/ Casing Depth Depth Year Well
WellID Number Status! Diameter (in.) (ft.) (ft.)  Constructed Aquifer Vulnerability
3 206333 P 24x 16 208 299 1956 Jordan Vulnerable
4 207993 P 24 x 16 314 400 1961 Jordan Vulnerable
5 207639 P 30x24 277 356 1970 Jordan Vulnerable
6 207643 P 30x 24 240 332 1972 Jordan Vulnerable
7 509053 P 30x 24 205 285 1989 Jordan Vulnerable
8 686266 P 30x24 188 280 2006 Jordan Vulnerable

1P = Primary

P:\Mpls\23 MN\19\23191405 Hastings WHPP Amendment\WorkFiles\Part1\Report\Tables\Table 2 - Well Construction Information.docx



Table 3

Annual and Projected Pumping Rates for Hastings Wells
Hastings WHPP Amendment

Total Annual Withdrawal (gal/yr)

Unique

Number Well Name 2015 2016 2017

206333 121,075,000 116,785,000 122,351,000 116,770,000 132,275,000

207993 4 153,550,000{ 175,900,000 156,850,000{ 173,045,000 165,010,000

207639 5 139,850,000 127,180,000 141,430,000 112,130,000 122,065,000

207643 6 97,880,000 108,330,000 115,525,000 103,950,000 138,920,000

509053 7 239,430,000] 207,895,000 202,720,000f 225,185,000 160,510,000

686266 8 147,955,000 112,365,000 117,055,000 106,800,000 82,450,000
Totals 899,740,000 848,455,000 855,931,000 837,880,000 801,230,000

Source: City water use records

Percentage of Annual Withdrawal

Average Annual
Unique % of
Number Well Name 2014 Withdrawal

206333 3

207993 4 17.1% 20.7% 18.3% 20.7% 20.6% 19.5%
207639 5 15.5% 15.0% 16.5% 13.4% 15.2% 15.1%
207643 6 10.9% 12.8% 13.5% 12.4% 17.3% 13.4%
509053 7 26.6% 24.5% 23.7% 26.9% 20.0% 24.3%
686266 8 16.4% 13.2% 13.7% 12.7% 10.3% 13.3%

Projected Water Use (2024) Maximum Total Pumping for Model Input*

% of Total Projected Well

Unique Projected Pumpage Based
Number Well Name Total' (gal/yr) Water Use’> = on % (gal/yr)’ EVVLEV m?/day
206333 14.4% 138,611,520] 138,611,520 379,758 1,438
207993 4 19.5% 187,703,100 187,703,100 514,255 1,947
207639 5 15.1% 145,349,580 145,349,580 398,218 1,508
207643 6 13.4% 128,985,720| 138,920,000 380,603 1,441
509053 7 24.3% 233,906,940 239,430,000 655,973 2,483
686266 8 13.3% 128,023,140| 147,955,000 405,356 1,535
Totals 962,580,000 100.0% 962,580,000 997,969,200 2,734,162 10,351

Appropriation  1,300,000,000

! 2024 projected average daily demand of 2.63 million gallons per day from 2016 Hastings Local Water Supply Plan

2 Percentages for wells based on average 2014-2018 usage per well
8 Projected per well pumpage based on total 2024 projected withdrawal and projected percent of total pumped by each well
* For each well, the greater of the estimated pumpage based on projected 2024 withdrawal and actual annual pumpage for 2014-2018.

Page1lof1l
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Table 4

Hastings Precipitation Data 2014-2018
Hastings WHPP Amendment

Precipitation (inches)

2016 Average
January 0.97 0.53 048 1.10 1.28 0.87
February 1.23 0.57 0.89 0.64 0.62 0.79
March 0.76 0.72 2.83 0.77 0.87 1.19
April 5.79 224 2.62 445 1.66 3.35
May 497 3.79 2.59 7.22 3.62 444
June 10.69 5.67 4,53 3.65 6.26 6.16
July 272 7.49 7.75 4.38 294 5.06
August 3.39 3.84 8.47 5.09 4.62 5.08
September 1.66 512 4.88 1.79 5.80 3.85
October 1.44 2.60 251 4.06 3.66 2.85
November 0.98 423 1.60 0.24 1.77 1.76
December 0.63 3.19 3.03 0.63 1.32 1.76
Total 35.23 39.99 42.18 34.02 3442 37.17

Source: Minnesota Climatology Working Group

Pagelofl
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Table 5

Hastings Water Quality Data

Hastings WHPP Amendment
e Nitrate Chloride Bromide c:rl:::?:e/ Arsenic
(mg/L) (mg/L) (mg/L) Rati (ng/L)
atio
8.9 3 <1
NA (03/12/2019) (09/01/1985) NA NA (01/14/1999)
7.6 3.7 14.8 0.0322 460 <1
(01/13/2004) (03/12/2019) (03/29/2016) (03/29/2016) (03/29/2016) (08/21/2012)
NA 8.0 45.2 0.0627 721 <1
(03/12/2019) (08/21/2012) (08/21/2012) (08/21/2012) (08/21/2012)
3.7 8.2 22.6 0.0346 727 147
(03/29/2016) (01/06/2010) (03/17/2015) (03/17/2015) (03/17/2015) (09/16/2004)
3.8
(03/29/2016) 6.0 39.3 0.0444 885 <1
436 (03/12/2019) (03/29/2016) (03/29/2016) (03/29/2016) (01/14/1999)
(03/29/2016)
NA 7.8 31.3 0.0437 716 <1
(03/12/2019) (08/21/2012) (08/21/2012) (08/21/2012) (08/21/2012)
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