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1.0 Introduction

Located just north of the City of Pine Island Minnesota, the subject site is bordered by 490" Street to the
north, 195" Avenue to the east and Minnesota Highway 52 to the west and south. The site has some
topographic relief with elevations ranging from approximately 1130 feet to 1006 feet. Approximately 70%
of the site drains south to a culvert crossing Highway 52, the remaining 30% of the site drains to the north
towards Dry Run Creek.

The Pine Island Industrial development will be constructed in phases; this report analyses the stormwater
requirements of the full build out (Day-N) conditions south of 500'" Street, which includes the greatest
amount of impervious area. Road grading and onsite temporary grading will be necessary north of 500"
Street, a detention and sedimentation basin will be provided for portions of the site north 500" Street in
interim conditions. The full development of the site north of 500" Street will be designed for rate control
and water quality during a later design phase outside of the scope of this analysis.

Kimley-Horn and Associates, Inc. (Kimley-Horn) has analyzed the existing and proposed drainage
conditions of the site, and this report provides computations for all applicable MPCA stormwater
requirements. The analysis of the existing and proposed drainage systems was completed with the
assistance of HydroCAD, Version 10, a computer aided design system for modeling the hydrology and
hydraulics of stormwater runoff. These calculations are largely based on the hydrology techniques
developed by the Soil Conservation Service (SCS/NRCS), combined with other hydrology and hydraulics
calculations. For a given rainfall event, these techniques are used to generate hydrographs throughout a
watershed.

NOAA Atlas 14 precipitation frequency data (PFD) was used as a basis for the design frequency events,
with PFD retrieved from the nearest weather station for the project.

2.0 Pre-development Conditions

The existing project site includes agricultural, row crop coverage and vegetated drainage swales.
Approximately 159 acres of this site drain south through an existing swale that discharges through a
MnDOT culvert that crosses Highway 52 (#91165). Approximately 31 acres of the site drains southeast to
a MnDOT culvert that also crosses Highway 52 (#91167). Both discharge points eventually converge and
flow into the Middle Fork Zumbro River, through an existing culvert approximately 650 feet east of the
Pine Island Wastewater Treatment Plant. No engineered on-site detention or stormwater treatment
facilities are present in the existing conditions. Refer to the appendix for the Existing Drainage Map.

A preliminary geotechnical investigation was conducted by Braun Intertec and completed on June 30,
2025. This investigation included 20 soil borings. The soil types varied throughout the site, most of the
borings near the proposed basins found soils classified as CL (Sandy Lean Clay/Lean Clay) according to
ASTM standards. These clayey soils are categorized as Type D soils and have an estimated infiltration rate
of 0.06 inches per hour, based on the Minnesota Stormwater Manual. There are seams of sandy soil found
in various locations, but these seams are sporadic and inconsistent. Practically, the current site soils are
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not suitable for infiltration as a stormwater management option. Refer to the appendix for the full
Geotechnical Report.

A summary of the pervious and impervious coverage for existing conditions is included below:
e Total Site area = 190 acres
o Existing Pervious Area = 190 acres (98%)
o Existing Impervious Area = 0 acres (2%)
o Calibrated Weighted Onsite Curve Number (CN) = 70

The HydroCAD model incorporates offsite drainage that substantially influences flows at culverts
#91165 and #91167. The total area assessed by the model is 1,164.0 acres. Curve numbers and Time
of Concentrations (ToC) were calibrated to align with Streamstats reference flows. StreamStats was
used for reference flows because MnDOT used StreamStats flows for the basis of design for Culvert
#91164, located directly south of the site and downstream of Culvert #91165. The calibrated HydroCAD
model was used to evaluate flow rates entering the MnDOT ditch under both existing and proposed
conditions. Table 1 details the drainage area characteristics for each discharge point, while Table 2
provides a comparison of calibrated HydroCAD flow rates and Streamstats flow rates for specific design
events.

Table 1: Existing Conditions Drainage Area Summary

Discharge Point | Contributing Calibrated Calibrated

(Culvert #) Area (ac) CN ToC (min)

1 (#91165) 774 70 150

2 (#91167) 390 68 100

Table 2: Comparison of Flow Rates for Design Events

Design Event Streamstats HydroCAD Peak | Streamstats HydroCAD Peak

Peak Flow (cfs) | Flow* (cfs) Peak Flow (cfs) | Flow* (cfs)
Discharge Point 1 (#91165) Discharge Point 2 (#99167)**

2-Year 109 118.0 71.2 76.4

10-Year 315 313.2 213 193.8

50-Year 703 669.7 488 470.7

100-Year 834 873.8 584 615.9

*Peak Flow experienced at the Culvert
**Does not include bypass flows from Culvert #91165

Capacity limitations have been identified at both culvert locations. For storm events greater than the
10-year, 24-hour event, water upstream of Culvert #91165 is anticipated to exceed the main ditch
channel and flow southeast along the northbound TH 52 embankment toward Culvert #91167. During
a 50-year, 24-hour flood event, Culvert #91167 does not provide sufficient capacity, resulting in
overtopping of Highway 52. The roadway overtopping occurs at an elevation of 1010.02 feet, while the
50-year high water level (HWL) is projected at 1010.79 feet. Additional details are available in the
Existing Conditions HydroCAD report in the appendix.
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3.0 Post-development Conditions

A comprehensive stormwater management system has been established onsite, consisting of six distinct
ponding areas. Of these, four are designed specifically for filtration and detention to manage onsite
stormwater runoff and enhance water quality. One basin (Pond 5) is constructed to provide flood storage
and detention from offsite flows, protecting the site and surrounding areas from excess stormwater
during significant storm events. Another basin (Pond 6) is dedicated to supporting public roadway
improvements related to the reconstruction of 195th Avenue. Together, this network of ponds and basins
delivers filtration, detention, and flood protection tailored to both onsite and offsite flow management
needs. Stormwater treatment calculations related to the reconstruction of 195th Avenue are based on
impervious area assumptions provided by others.

Each onsite filtration pond incorporates a pretreatment forebay that meets or exceeds the required dead
pool storage defined by the Minnesota stormwater manual. Each filtration area is sized to draw down the
Water Quality Volume (WQv) in 48-hour or less based on an assumed filtration rate of 1.0 in/hr. The ponds
are also designed to provide extended detention, managing discharge rates for storm events up to a 100-
year, 24-hour recurrence interval. An internal berm separates the pretreatment/detention areas from the
filtration area and includes an equalizer pipe to regulate flow into the filtration zone. Proper energy
dissipation will be used to reduce flow velocities in the filtration basin and prevent short circuiting.
Equalizer pipe dimensions are designed to convey flows from the 1" water quality event.

The Day-1 scenario includes the development of approximately 115 acres of the western and southern
portions of the site. Ponds 1 and 2 will be fully constructed for Day-1 filtration and detention. Ponds 3 and
4 will provide temporary sedimentation for the remaining undeveloped, disturbed, area. Ponds 5 and 6
will be built for flood storage and temporary sedimentation for the public improvements.

- Pond 1: + 3.4-acre pond that serves 23.8 acres of drainage area. Pond 1 discharges to the south
and into Pond 2.

- Pond 2: + 6.2-acre pond that serves 74.6 acres of direct drainage area. Pond 2 discharges directly
to the MnDOT ditch that flows to the existing Culvert #91165.

- Pond 5: = 4.5-acre basin that received runoff from approximately 636 acres of offsite drainage, as
well as 17.8 acres of onsite landscaped area. The primary function of Pond 5 is to detain offsite
flood flows prior to discharge into the MnDOT ditch leading to existing Culvert #91165. The basin
serves to offset flood storage losses at Culvert #91165, maintaining the existing level of service
and ensuring there is no adverse impact on the culvert’s operational capacity. A permanent pool
is provided to provide sedimentation of offsite, flows and 500" Street prior to entering the
MnDOT ditch and reduce maintenance of the downstream culverts.

- Pond 6: Public Pond 6 will serve approximately 3 acres of public right of way and about 3.6 acres
of onsite landscaped area. Preliminary, conservative impervious area estimates were used to
determine the pond size shown in the plans, Pond 6 will be designed by others.

The Day-N scenario includes the development of the remaining 75 acres of the eastern portion of the site.
Ponds 3 and 4 will be converted from temporary sedimentation basins to fully constructed pre-treatment,
filtration, and detention basins in the Day-N scenario to manage runoff from the fully developed site.
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- Pond 3: £ 4.1-acre pond that serves 37.1 acres of drainage area from the north. Pond 3 discharges
to the southeast to MnDOT culvert #91167 to maintain existing drainage patterns.

- Pond 4: + 1.9-acre pond that serves 29.5 acres of drainage area. Pond 4 discharges to the west
directly into Pond 2.

A summary of the pervious and impervious coverage for proposed conditions is included below.
e Total Day-N modeled area = 190 acres
o Proposed Day-N Pervious Area = 92 acres (49%)
o Propose Day-N Impervious Area = 98 acres (51%)
o Weighted Onsite Curve Number (CN) = 90

The total model area is 1,164.0 acres. CNs and ToCs for the offsite areas use the same calibrated values
that were developed for the existing conditions model. Table 3 summarizes the model drainage areas to
each discharge point in proposed conditions.

Table 3: Proposed Conditions Drainage Area Summary

Discharge Point | Contributing _

(Culvert #) Area (ac) Weighted CN
1 (#91165) 760.3 =3

2 (#91167) 403.7 70

4.0 Rate Attenuation Summary

MnDOT requires that post-development runoff rates do not exceed pre-development rates entering the
right-of-way for the 2-, 10-, and 100-year, 24-hour storm events. The proposed development meets these
criteria through the use of multi-stage outlet control structures within the onsite stormwater ponds and
by providing adequate detention for offsite contributing drainage areas.

Discharge Point #1 is located at MnDOT Culvert #91165, which crosses US Highway 52 at the southern
boundary of the property. Discharge Point #2 is located at MnDOT Culvert #91167, crossing US Highway
52 at the southeast corner of the property. In this analysis, the flows entering the right-of-way are defined
as the inflows to the respective culverts, as represented in the HydroCAD model.

StreamStats flows were evaluated for both onsite and offsite areas to ensure alignment with MnDOT’s
assumptions used for Culvert #91164, located just south of the property. To achieve this consistency,
HydroCAD subcatchments were calibrated to match StreamStats flow rates, which are detailed in Table 2.
In the HydroCAD analysis for the proposed development, the onsite area was revised to reflect the new
impervious and pervious surfaces created by the project. The offsite area, however, was modeled using
the same assumptions and calibrated subcatchments as in the existing conditions model to ensure
consistency with both StreamStats and previous analyses. The offsite flow analysis informed the sizing for
detention (Pond 5) and conveyance systems throughout the site. Additional information regarding offsite
flow detention and conveyance can be found in Section 7.
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For each discharge point, flow rates are reported as the inflow to the respective culvert. The calculated
flow rates at Discharge Point #2, Culvert #91167, include the bypass flow originating from Culvert #91165
for storm events greater than the 10-yr event. A summary of total flow rates for all discharge points is
presented in Table 4 below. Please refer to the Appendix for the complete HydroCAD analysis and
supporting documentation.

Table 4: Rate Attenuation

2 Year 10 Year 100 Year
(2.88in.) (4.29in.) (7.42 in.)
Discharge Point #1 - NE
Pre-Development Rate (CFS) 118.0 313.2 873.8
Post-Development Rate (CFS) 63.9 181.4 564.8

Bypass Flow from Discharge Point 1 to

Discharge Point 2
Pre-Development Rate (CFS) 0.0 0.0 481.4
Post-Development Rate (CFS) 0.0 0.0 238.9
Discharge Point #2 — SE
Pre-Development Rate (CFS) 76.4 193.8 1,076.0
Post-Development Rate (CFS) 76.2 193.4 794.0

5.0 Water Quality Summary

The MPCA defines the WQv as 1” times the new or fully reconstructed impervious surfaces. Each
stormwater pond is designed to treat the WQV for each respective local drainage area using filtration with
underdrains. In Day-1 conditions, the undeveloped area will be managed by temporary sedimentation
basins. Filtration media will be installed when the turf and vegetation has been fully established in the
drainage area. See table 2 for a summary of the WQv for Day-N conditions.

Table 5: Water Quality Volume for Day-N

Pond # Proposed Required Provided waQv
Impervious Area (ac) | WQy (ac-ft) waQy (ac-ft) Elevation
Pond #1 15.77 1.31 1.77 1018.0
Pond #2 37.28 3.11 3.54 1013.5
Pond #3 22.96 191 1.99 1013.1
Pond #4 21.38 1.78 1.82 1018.7

6.0 Spill Protection

It is standard design procedure for the potential end user to implement spill protection measures within
or immediately downstream of stormwater ponds in situations where upstream containment fails during
a spill event. Spill protection, overseen by the potential end user, is based on retaining the runoff volume
generated by a 25-year, 6-hour storm event. This volume is intended to be contained within each pond
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when the manually operated plug valves are closed. The filtration area is configured to operate offline
during a spill for Ponds 1, 2, and 3, safeguarding the filter media and minimizing any remediation
expenses. Pond 4 is more confined, and therefore, the filtration area is counted in the calculated spill
protection volume. Gate valves will be positioned at the equalizer pipe of each pond, with the exception
of Pond 4; due to space constraints, the valve for Pond 4 will be located at the OCS, as the full 25-year, 6-
hour runoff volume will utilize the filtration area.

The outlet gate valves for Ponds 1 and 4 will need to be shut off if a spill occurs in the drainage area to
Pond 2 during a major storm. The volume from the upstream basins would exceed the spill protection
volume for Pond 2 in the 25-yr, 24-hour event. See Table 3 for a summary of the required spill protection
volumes.

Table 6: Spill Protection Summary

Pond # 25-yr, 6-hr Spill Protection Prov:ded§ pill
Volume (ac-ft) | Berm Elevation Protection
Volume (ac-ft)
Pond 1 (Day-1 & -N) 7.04 1021.0 7.85
Pond 2 (Day-1 & -N) 19.59 1019.4 26.24
Pond 3 (Day-N) 10.67 1019.0 13.66
Pond 4 (Day N) 8.99 1024.0* 9.75

* Elevation of the overflow grate

7.0 Future Northern Development

A future development is planned to the north of this site, situated between 500th Street and 490th Street,
and will be designed in accordance with the same standards outlined in this report. Post-construction
stormwater discharge rates and water quality will adhere to the latest MPCA and MnDOT design
standards, ensuring no adverse effects on downstream developments. It is expected that similar soil
conditions will be present and pretreatment forebays and filtration will be the treatment method, similar
to the site described in this report.

The planned improvements to 500th Street will facilitate controlled ponding north of 500th Street (Pond
8P in the HydroCAD Model). Elevating both the roadway and associated culvert will allow offsite flows to
be conveyed to the designated detention facility, thereby supporting effective stormwater management
for the overall development. The ponding area north of 500" Street is designed with a normal water level
(NWL) elevation of 1,041 and a 100-yr HWL of 1047.09, providing adequate freeboard from the existing
house to the east with the lowest surveyed elevation of 1,048.55. Outflow from this ponding area will be
controlled by a 45° V-Notch weir plate at the NWL and a 60” RCP. This is intended to be temporary until
the north development occurs.

In addition to implementing appropriate onsite stormwater management, the northern development will
address FEMA floodplain impacts adjacent to Dry Run Creek (Formerly Pine Island Creek) in coordination
with the designated floodplain administrator. Measures will be incorporated to comply with regulatory
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requirements, and documentation will be provided to verify that floodplain concerns have been reviewed
and mitigated in accordance with applicable standards.

8.0 Offsite Flow Analysis

Offsite flow is managed with the use of onsite detention, offsite detention, and drainage ditches. Flow
enters the site at four main locations: northwest from the west side of Highway 52 (Offsite Flow Location
1), north from the north side of 500th Street (Offsite Flow Location 2), northeast from the east side of
195th Avenue (Offsite Flow Location 3), and southeast from the east side of 195th Avenue (Offsite Flow
Location 4).

o Offsite Flow Location 1: Flow entering the site at the start of the onsite swale located in the
northwest corner. The hydraulic structure at this location is a 48” x 96” RCB at 1.5%, no
modifications to the hydraulic structure are proposed. Flow will directly enter a detention basin
(Pond 5P) in the northwest corner of the site prior to discharging to the MnDOT ditch.

e Offsite Flow Location 2: Flow entering site crossing 500" St, north to south. The existing hydraulic
structure at this location is a 2 x 60” @ CMP at varying grades (0% and 2.7%). 500" Street will be
raised approximately 14 feet at this crossing in proposed conditions. The proposed crossing will
utilize the existing depressional storage area and raise the invert by about 10’. The depressional
storage on the north side of 500" Street (Pond 8P) will be graded with a defined NWL and bench
and will have controlled discharge through a single 60” culvert and V-Notch Weir plate. The
discharge from the depressional storage will flow into the proposed onsite detention area before
discharging to the MnDOT Ditch.

o  Offsite Flow Location 3: The combination of three culverts flowing onto the site from east to west,
crossing 195" Avenue in the northeast portion of the site. This flow will be piped to the north
where it will flow into an onsite swale on the south side of 500" Street before entering the
proposed onsite detention area (Pond 5P) and flowing to the MnDOT Ditch.

e Offsite Flow Location 4: Flow entering the site in the southeast corner. The hydraulic structure in
this location is 60” @ RCP, no modifications to the hydraulic structure are proposed.

9.0 Existing Infrastructure Flood Analysis

Flood storage currently exists in natural low-lying areas upstream of culverts #91165 and #91167. The
proposed development will reduce this existing flood storage but add new flood storage at the north end
of the site to manage offsite flows directed to Culvert #91165. The onsite detention area (Pond 5) will
route offsite flows through a spillway. This spillway is designed to detain 10-year offsite flows and
maintain overflow from culvert #91165 to culvert #91167, as well as convey the 100-year event while
keeping the high-water level below the nearest building’s finished floor elevation of 1035. An additional
berm is planned to provide protection for the building up to an elevation of 1037. The compensatory
storage for the offsite area that drains to Culvert #91165 is intended to offset flood storage loss at Culvert
#91167 by reducing bypass flow from #91165 to #91167 during events exceeding the 10-year occurrence,
thereby mitigating changes in flood storage.

The flood storage volumes for both the existing and proposed conditions have been determined based on
the amount of water detained during a 100-year, 24-hour storm event. See table 7 below for a detailed
comparison of the flood storage capacities at each discharge point.
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Table 7: 100-yr, 24-hour Flood Storage Comparison
Discharge Point | Existing Proposed | Difference | Compensatory Storage
(Culvert #) (ac-ft) (ac-ft) (ac-ft) (ac-ft)

1 (#91165) 9.14 3.21 -5.93
2 (#91167) 33.24 23.49 -9.75 -
Total 42.38 26.70 -15.68 +12.87*

* Onsite ponds provide additional flood storage for the onsite area, helping to mitigate storage losses at the discharge points

The proposed ditch section adjacent to northbound Highway 52 is required to convey the 50-yr design
flow with freeboard of one-foot or two times the velocity head, whichever is greater. The design includes
side slopes of 4:1 and 3:1, a channel bottom width of ten feet, and a minimum depth of five feet. The
minimum longitudinal slope is set at 0.4%. The peak 50-year flow rate is calculated at 423 CFS, accounting
for contributions from both onsite and offsite areas. Under these conditions, with the minimum channel
depth and shallowest slope, the velocity head is 0.58 feet, and the depth of water is modeled to be 3.25
feet, which provides over the 1.16-feet of required freeboard from two times the velocity head.

In addition to analyzing the design rainfall events, MnDOT requested that a future flood event scenario
be considered to assess the risk of catastrophic failure. The guidance provided indicated that future flood
flows could be estimated either by increasing the 100-year flow rates by 15%, or by using the published
rainfall data for a 200-year, 24-hour storm event. For this analysis, the 200-year, 24-hour storm was
chosen, as the resulting flows exceed a 15% increase over the 100-year flows. During the 200-year, 24-
hour storm event, the peak flow rate entering the proposed ditch is 725 cfs. In this scenario, the channel
is expected to reach a maximum depth of 4.19 feet.

The table below provides a summary of the highest water levels recorded at Culvert #91165 and Culvert
#91167, along with the amount of freeboard available to the highway, for each of the design storm events

as well as for the more severe 200-year, 24-hour storm scenario.

Table 8: Culvert Ponding Water Surface Elevations (WSE) and Freeboard to Highway

2 Year 10 Year 50 Year 100 Year 200 Year Check
(Freeboard) | (Freeboard) | (Freeboard) | (Freeboard) (Freeboard)
Culvert # 91165 — Shoulder Pl Elevation: Existing 1014.00* - Proposed 1013.0*
Pre-Development 1008.96 1011.99 1012.99 1013.32 1013.65
WSE (5.04) (2.01) (1.01) (0.68) (0.35)
Post-Development 1007.90 1009.99 1011.42 1012.04 1012.62
WSE (5.10) (3.01) (1.58) (0.96) (0.38)
Change in WSE (ft) -1.06 -2.00 -1.57 -1.28 -1.03
Culvert # 91167 — Shoulder PI Elevation: 1010.00*
Pre-Development 1006.10 1007.47 1010.79 1011.37 1011.88
WSE (3.90) (2.53) (+0.79) (+1.37) (+1.88)
Post-Development 1006.04 1007.42 1010.41 1010.99 1011.45
WSE (3.96) (2.58) (+0.41) (+0.99) (+1.45)
Change in WSE (ft) -0.06 -0.05 -0.38 -0.38 -0.43

*Shoulder PI Estimated from Surveyed Surface
**Proposed overtopping elevation lower since the bypass location shifted south
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Appendix 2. Offsite Flow Locations
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Appendix 3. Proposed Conditions
Drainage Map
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Appendix 4. Pre Development
HydroCAD Model Analysis
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Appendix 5. Post Development
HydroCAD Model Analysis
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Appendix 6. Spill Protection Volume
HydroCAD Analysis
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Appendix 7. MnDOT Ditch Calculations
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Appendix 8. StreamStats Results
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Appendix 9. Soil Boring Logs
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