STORMWATER REPORT
Anamite Solar, LLC

Nesler Road

Elgin (Kane County), IL 60124

Prepared by:

Kimley-Horn and Associates, Inc.
570 Lake Cook Road, Suite 200
Deerfield, IL 60015

Engineer of Record: Calvin Carlson
Phone: (331) 310-0039

Prepared on:
June 13, 2025

Kimley»Horn




Kimley»Horn

TABLE OF CONTENTS

1. PROJECT DESCRIPTION ..ottt
1.1. Pre-Development ConditioNS............cevvveviveieiiiiiiieeiiieiiieieeeeen,
1.2. Post-Development ConditioNS ...........cevvvvveeiiieiiiiieiiiieiiiieeeee
2. STORMWATER SUMMARY ..ot
2.1. Stormwater Management .........couuvruiiiieeerieeiiiiae e e
2.2. Kane County Stormwater Requirements ............ccccoeeeeeeeeennn.
2.3. Peak Flow Calculation Summary..........ccccoeeeeiiiiiiiiiiieeeeeee,

3. CONCLUSION ...

EXHIBITS

Exhibit 1 — National Wetlands Inventory Map
Exhibit 2 — FEMA Firm Map

Exhibit 3 - USGS Map

Exhibit 4 — NRCS Report

Exhibit 5 — Pre-Development Drainage Area Map
Exhibit 6 — Post-Development Drainage Area Map
Exhibit 7 — Pre-Development HydroCAD Model
Exhibit 8 — Post-Development HydroCAD Model
Exhibit 9 — Hydrologic Response of Solar Farms (By Others)
Exhibit 10 — MPCA Solar Panel Calculations

Exhibit 11 — MPCA Impervious Storage Calculations

Anamite Solar, LLC - Kane County, IL
June 2025

Page 1



Kimley»Horn

1. PROJECT DESCRIPTION

Anamite Solar, LLC (Project) is proposing to construct a 2.7-MW Solar Farm located in Kane
County, lllinois. The proposed Project will include solar panels, gravel access drives, and
associated electrical equipment. The Project will be surrounded by a perimeter fence.

This report evaluates the pre and post development runoff characteristics of the development and
addresses the stormwater requirements of Kane County and the State of Illinois. The analysis
compares peak runoff rates in pre and post development conditions during large storm events.
The analysis was completed with the assistance of HydroCAD Version 10.20-5c.

1.1. Pre-Development Conditions

The existing site area is approximately 63 acres of agricultural land, and the proposed
development is on approximately 28.9 acres of agricultural land. The Project is located in Kane
County, lllinois. The property is west of Nesler Rd, with proposed site access approximately 1900
feet north of the intersection of Nesler Rd and Bowes Rd. The site generally drains offsite to the
southwest towards an existing wetland, with a small portion draining to the northeast toward
another existing wetland. In the existing conditions, there is a swale running north to south through
the middle of the site, and high points in the northwest and southeast corners of the site. The
existing drainage areas can be broken down as follows:

o EX-01 flows north following a swale towards an existing wetland

o EX-02 flows south following a swale towards existing agricultural fields and an existing
wetland

o EX-03 flows west following a swale towards existing agricultural fields

o EX-04 flows southwest towards existing agricultural fields

o EX-05 flows east towards existing agricultural fields

e EX-06 flows southeast towards Nesler Rd

Refer to Exhibit 5 for the Pre-Development Drainage Area Map.

According to data obtained from FEMA GIS data website, the Project lies in panel 17089C0144H,
with an effective date of 08/03/2009. A portion of the project parcel lies in Zone A, a special flood
hazard area, but the majority of the project area is designated as Zone X, area of minimal flood
hazard. Refer to Exhibit 2 for FEMA Firm Map.

The National Wetlands Inventory map, dated 04/17/2025, indicates that there are two freshwater
emergent wetlands within the project area. Refer to Exhibit 1 for the NWI Map.

The NRCS Report dated 04/17/2025, concludes that onsite soils consist mostly of silt loams and
silty clay loams of hydrologic soil groups B/D, A/D, B, and C. Soil types B and C were used for
analysis. Refer to Exhibit 4 for the NRCS Report.
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1.2. Post-Development Conditions

The proposed Project is a solar power generating facility. The Solar Farm will consist of rows of
Photovoltaic Solar Modules, gravel access driveways, associated electrical equipment, and
underground utilities. The gravel access road will consist of clean gravel with no fines, and there
will be a 20’ vegetative filter strip upstream of the road. These specifications will allow the gravel
road to count as pervious according to a call with Anne Wilford, the Stormwater Manager for Kane
County, on 05/06/2025. Solar modules will be mounted on piles and elevated above the ground
as to preserve the existing underlying soil and allow for revegetation and infiltration. The Project
will be surrounded by a perimeter fence. Ground area within the fence perimeter that is not
occupied by gravel roads or foundations will be seeded. To conform with a study published in the
Journal of Hydrologic Engineering, the proposed solar farm grass mix will be adequately
established and well maintained. This is to ensure the proposed solar farm does not have an
adverse hydrologic impact from excess runoff or contribute eroded soil particles to receiving
streams and waterways. Refer to Exhibit 9 for the study published in the Journal of Hydrologic
Engineering. The existing drainage patterns will be maintained in the proposed condition. Refer
to Exhibit 6 for the Post-Development Drainage Area Map.

2. STORMWATER SUMMARY

2.1. Stormwater Management

A study published in the Journal of Hydrologic Engineering researched the hydrologic impacts of
utility scale solar generating facilities. The study utilized a model to simulate runoff from pre-and
post-solar panel conditions. The study concluded that the solar panels themselves have little to
no impact on runoff volumes or rates. Rainfall losses, most notably infiltration, are not impacted
by the solar panels. Rainfall that falls directly on a solar panel runs to the pervious areas around
and under the surrounding panels. Refer to Exhibit 9 for the study published in the Journal of
Hydrologic Engineering.

2.2. Kane County Stormwater Requirements

Per the Kane County Stormwater Ordinance and coordination with the County, developments with
5,000 to 24,999 sf of new impervious area must have a Category | BMP. The Category | BMP
must provide volume reduction and water quality treatment for the first inch of rainfall over the
proposed impervious areas. The Minnesota Pollution Control Agency (MPCA) solar panel
calculator was used to calculate the water quality volume to be treated per panel. Then, the
required water quality volume storage was calculated for both DA-01 (flowing north) and DA-02
(flowing south) based on the runoff per panel calculated per MPCA, as well as all other proposed
impervious areas on the site for the first inch of rainfall. The site has approximately 4,540 sf of
proposed impervious area. For DA-01, it was determined that about 3,700 cf of storage is
required. For DA-02, it was determined that about 5,120 cf of storage is required. A BMP depth
of three feet was assumed to calculate the surface area of both BMPs, which were placed along
the flowlines outside of the fenced area. See Exhibit 6 for the locations and approximate size of
the two BMPs. See Exhibits 10 and 11 for the Excel calculations used to determine the solar
panel runoff and storage volume required for the site per MPCA.
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2.3. Peak Flow Calculation Summary

The site peak discharges were estimated using methods outlined in the NRCS TR-55 and the
following parameters: subbasin area (acres), flowlines (ft.), time of concentrations (Tc, hours),
slope (ft./ft.), and Curve Number. Curve Numbers were determined based upon soil classification
and land use for each subbasin. The lllinois State Water Survey Bulletin 75 was used to model
the rainfall on site. The 1-foot contour interval topographic survey was examined to identify points
where onsite flow discharges from the development area. The release rates for the 2-year and
100-year storm were calculated using HydroCAD Version 10.20-5c. Detailed calculations have
been provided in Exhibits 7 and 8 and a summary of the pre vs. post development runoff rates
are provided below.

Table 1: Summary Pre vs. Post Development 2-Year Storm Runoff Rates

Point of Analysis Pre (cfs) Post (cfs)
POA-01 11.30 1.43
POA-02 18.45 2.81
POA-03 4.33 1.76
POA-04 4.85 2.30
POA-05 6.74 2.87
POA-06 6.53 3.51

Table 2: Summary Pre vs. Post Development 100-Year Storm Runoff Rates

Point of Analysis Pre (cfs) Post (cfs)
POA-01 49.05 22.32
POA-02 80.12 39.06
POA-03 17.95 12.34
POA-04 15.60 10.54
POA-05 22.44 14.39
POA-06 21.37 16.16

Anamite Solar, LLC - Kane County, IL
June 2025 Page 4
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3. CONCLUSION

As noted above, a study published in the Journal of Hydrologic Engineering researched the
hydrologic impacts of ground mounted solar generating facilities. The study utilized a model to
simulate runoff from pre-development and post-development solar panel conditions. The study
concluded that the solar panels themselves have little to no impact on runoff volumes or rates.
Rainfall losses, most notably infiltration, are not impacted by the solar panels. Rainfall that falls
directly on a solar panel runs to the pervious areas around and under the surrounding panels.
Onsite access roads will be clean gravel with no fines.

Based on the proposed improvements on the project site, the findings of the above referenced
study, and the calculations included within this report, increases in runoff rate are not anticipated
for the Project. Runoff rates decrease for all drainage areas in the post-development conditions.
The HydroCAD model shows a decrease in the average Curve Number for the whole site as well
as a decrease in the total runoff volume. Refer to Exhibit 7 and Exhibit 8 for additional detail.
Overall, the proposed conditions will reduce both peak runoff rate and volume on the property.

Anamite Solar, LLC — Kane County, IL
June 2025 Page 5



Exhibit 1 — National Wetlands
Inventory Map




R

T

PEM1Ad

e ‘Q.

PUBGX R4SBC”’

ECIVELA

April 17, 2025

Wetlands Freshwater Emergent Wetland

. Estuarine and Marine Deepwater

Freshwater Forested/Shrub Wetland

Estuarine and Marine Wetland Freshwater Pond

B Lake
E Other

. Riverine

PEM1/S81C
RSUBH

This map is for general reference only. The US Fish and Wildlife
Service is not responsible for the accuracy or currentness of the
base data shown on this map. All wetlands related data should
be used in accordance with the layer metadata found on the
Wetlands Mapper web site.

National Wetlands Inventory (NWI)
This page was produced by the NWI mapper


sara.ferreira-hersh
Polygon
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Hydrologic Soil Group—Kane County, lllinois
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Hydrologic Soil Group—Kane County, lllinois
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Hydrologic Soil Group—Kane County, lllinois

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

152A Drummer silty clay loam, | B/D 29.3 43.3%
0 to 2 percent slopes

210A Lena muck, 0 to 2 A/D 1.1 1.6%
percent slopes

325B Dresden silt loam,2to 4 |B 9.9 14.6%
percent slopes

327B Fox silt loam, 2 to 4 B 71 10.5%
percent slopes

327C2 Fox silt loam, 4 to 6 B 11.0 16.3%
percent slopes,
eroded

348C2 Wingate siltloam,5to0 |C 3.4 5.1%
10 percent slopes,
eroded

527B Kidami silt loam,2to4 |C 2.3 3.4%
percent slopes

527C2 Kidami loam, 4 to 6 C 1.0 1.5%
percent slopes,
eroded

527D2 Kidami loam, 6 to 12 C 2.5 3.7%
percent slopes,
eroded

Totals for Area of Interest 67.6 100.0%

USDA

Natural Resources

—=S - -
== Conservation Service

National Cooperative Soil Survey

Web Soil Survey

4/17/2025

Page 3 of 4



Hydrologic Soil Group—Kane County, lllinois

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

USDA  Natural Resources Web Soil Survey 4/17/2025

=== Conservation Service National Cooperative Soil Survey Page 4 of 4



Exhibit 5 — Pre-Development
Drainage Area Map
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Table 2-2a
—

RunofT eurve numbers for urban areas 1

Cover description

Curve numbers for

Cover type and hydrologic condition

———hydrologic soil group ——
Average percent
impervious area A B (& D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, efc.)2:
Poor condition (grass cover < 50%) .....
Fair condition (grass cover 50% to 7

Good condition (grass cover = TH%) oo,

Ilmpervious areas:
Paved parking lois, roofs, driveways, etc.

(exeluding right-0F-WaV) ..ot ey

Streets and roads:
Paved; curbs and storm sewers (execluding
right-of-way) .........

Paved; open ditches (inchuding right-of-way) ..

(ravel (including right-of-way) ....

Dirt (including right-0Fway) ...,

Western desert urbam areas:

Natural desert landscaping (pervious areas only) & ...

Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch

and basin BOrders) ... i s iansassmssis srsmses pise

Urban districts:

Commercial and business ..........
InlmEtidal oo
Residential districts by average lot size

1/8 acre or less (town houses) ...

1 B4 o T R e S C R S

1/3 aere ...
L2 acre ...
1 acre ...

T I

Developing urban areas

Newly graded areas

(pervious areas only, no vegetation) &' i s

Idle lands (CN's are determined using cover types
similar to those in table 2-2¢),

68 79 86 89

- 49 69 79 84

............. 39 61 T4 80
............. [ 988 a8 98 a8 |

o8 b8 98 98

83 it} 92 93

TG 85 89 a1

T 82 87 89

............. 63 7 85 88

96 96 ] 96

85 89 02 4 95

T2 81 88 91 93

07] 7 55 ] 92

38 61 75 33 87

30 57 72 81 86
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pets 20 51 68 79 84

............. 12 46 65 (il 52

i 26 a1 4

Table 2-2b
—

Runofl eurve numbers for cultivated agricultural lands i/

Curve numbers for

Cover deseription

hydrologic sail group

Hydrologic
Cover type Treatment & condition & A B C D
Fallow Bare soil — 7 B 01 84
Crop residue cover (CR) Paor T6 85 90 93
Good 74 83 88 890
Row crops Straight row (SR) Poor 72 81 83 91
Good [ 67 75 B85 39|
SR+ CR Poor 71 80 87 90
Good G4 75 82 5
Contoured () Poor T0 79 B4 88
Good G5 ¥is] 832 86
C+CR Poor {51¢] 78 83 87
Good 64 T4 81 85
Contoured & terraced (C&T) Poor 66 74 80 82
Good (32 71 8 81
C&T+ CR Poor (551 73 79 81
Good i1 70 7 80
Small grain SR Poor G5 76 84 88
Good 63 76 83 87
SR+ CR Poor (4 75 83 86
Good 60 72 B0 84
C Poor 63 74 82 55
Good 61 7 81 84
C+CR Poor 62 73 s1 84
Good G0 72 80 843
C&T Poor 61 72 il 52
Good 59 70 78 51
C&T+ CR Poor G0 71 8 81
Good 58 69 77 80
Close-seeded SR Poor 66 i 85 89
or broadcast Good hB8 72 51 55
leguimes or (@ Poor G4 i) 83 85
rotation G 55 69 i 83
meadow C&T Poor 3 73 80 83
Good 51 67 76 80

SOILS DATA TABLE
MAP UNIT SYMBOL MAP UNIT NAME HYDROLOGIC SOIL GROUP
152A DRUMMER SILTY CLAY LOAM, O TO 2 PERCENT SLOPES B/D
210A LENA MUCK, 0 TO 2 PERCENT SLOPES A/D
325B DRESDEN SILT LOAM, 2 TO 4 PERCENT SLOPES B
3278 FOX SILT LOAM, 2 TO 4 PERCENT SLOPES B
327C2 FOX SILT LOAM, 4 TO 6 PERCENT SLOPES, ERODED B
348C2 WINGATE SILT LOAM, 5 TO 10 PERCENT SLOPES, ERODED C
5278 KIDAMI SILT LOAM, 2 TO 4 PERCENT SLOPES C
527C2 KIDAMI LOAM, 4 TO 6 PERCENT SLOPES, ERODED c
527D2 KIDAMI LOAM, 6 TO 12 PERCENT SLOPES, ERODED c

Table 2-2¢
—

Runoff eurve numbers for other agricultural lands V

Curve numbers for

Cowver description

hydrologie soil group ——

Hydrologic

Cover type condition A B C D
Pasture, grassland, or range—continuous Poor 68 79 bali] 24
forage for grazing. &/ Fair [49 69 0 84]
Good 39 61 7 80
Meadow—continuous grass, protected from — 30 58 71 78

grazing and generally mowed for hay,
Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. & Fair 35 h 0 77
Good 0¥ 45 (i3] 73
Woods—grass combination (orchard Poor 57 73 52 86
or tree farm), & Fair 43 65 76 82
Good 32 h8 72 it
Woods. & Poor 45 66 fhi 83
Fair 36 ] T3 8
Tood 304 55 70 7
Farmsteads—buildings, lanes, driveways, — it T4 52 86

and surrounding lots.
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Exhibit 6 — Post-Development
Drainage Area Map




by: Jack.Devine

Jun 12, 2025 3:06pm

EX—06

Drawing name: K:\CHS_LDEV\268262054_Cultivate_Anamite_IL\2 Design\CAD\Exhibits\Stormwater\Post—Development Drainage Area Map.dwg

This document, together with the concepts and designs presented herein, as an instrument of service, is intended only for the specific purpose and client for which it was prepared. Reuse of and improper reliance on this document without written authorization and adaptation by Kimley—Horn and Associates, Inc. shall be without liability to Kimley—Horn and Associates, Inc.
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DRAINAGE BOUNDARY / LIMITS OF ANALYSIS
TIME OF CONCENTRATION FLOW PATH

EX. CONTOURS

EX. SLOPE LABEL

LIMITS OF SOIL TYPE

EX. WETLAND (PER NWI)

FEMA 100 YEAR STORM FLOOD ZONE
MEADOW

IMPERVIOUS

CLEAN GRAVEL, NO FINES

Table 2-2a

Runoff curve numbers for urban areas U/

Curve numbers for

Cover description

Cover type and hydrologic condition

———hydrologic soil group
Average percent
impervious area A B C D

Fully developed urban areas {vegetation established)

Open space (lawns, parks, goll’ courses, cemeteries, etc.) 2"

Poor condition (grass cover < B0%) ..o
Fair condition (grass cover 50% to 75%) .
Good condition (grass cover > TH%) ..o
Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding ight-of-way) ... s

Streets and roads:
Paved; curbs and storm sewers (
right-of-way) ...
Paved; open ditches
Gravel (including right-of-way) ..
Dirt (including right-of-way) ..o

Western desert urban areas:

Natural desert landscaping (pervious areas only) &' ...

Artificial desert landscaping (impervious weed barrier,
desert shrub with 1-to 2-inch sand or gravel mulch

AN Basin BOTers) e s e

Urban districts:
Commercial and business
Industrial ...

Residential dist

s by avers

1/8 acre or less (town houses) i s

LA Acre simnnmisnimiimie
1/3 acre .
172 acre ..
I acre .....

]

Developing urban areas

Newly graded areas

(pervious areas only, no vegetation) &

Idle lands (CN's are determined using cover types
similar to those in table 2-2¢).

68 it} 86 89
49 69 79 84
39 61 7 80

_______________ [ 588 98 08 98 |
98 a8 98 a8
83 89 92 a3

[ 76 B85 89 a1 ]
72 82 87 89
_______________ 63 K 86 58
a6 96 96 96
______ 85 fatt} 82 4 95
...... 72 81 88 91 93
_______________ 65 i futal 90 92
...... a8 61 75 53 a7
...... 30 57 T2 81 86
...... 25 54 70 80 a5
...... 20 51 68 79 84
_______________ 12 46 65 77 32
7T B6 91 94

Table 2-2b

Runoff eurve numbers for cultivated agricultural lands ¥

Cover description

Curve numbers for

hydrologic soil group

Hydrologic
Cover type Treatment & condition & A B C D
Fallow Bare soil — T 86 91 94
Crop residue cover (CR) Poor 76 85 90 93
Good T4 83 88 a0
Row crops Straight row (SR) Poor 72 81 38 91
Good 67 T8 85 it
SR+ CR Poor 71 80 87 90
Good G4 ] 82 35
Contoured (C) Poor 70 ™ 84 88
Good 65 ] 82 86
C+CR Poor 65 78 85 87
Good 64 74 81 85
Contoured & terraced (C&T) Poor 66 74 80 82
Good [i%4 ! 78 51
C&T+ CR Poor 65 T3 79 81
Good 61 70 77 a0
Sall grain SR Poor 65 Th 84 38
Good 63 il 83 87
SR+ CR Poor 4 Th 83 86
Good 60 T2 30 34
C Poor 63 T4 2 85
Good 61 (] 81 84
C+CR Poor 62 73 g1 a4
Good Gl 72 80 83
C&T Poor 1 T2 79 82
Good 59 70 78 51
C&T+ CR Poor i) 71 78 81
Good 58 69 ik 50
Close-seeded SR Poor 66 7 85 89
or broadcast Good ] T2 81 56
legumes or C Poor 64 75 83 85
rotation Good 15151 69 78 33
meadow C&T Poor 63 T3 80 83
Good 51 67 76 80

SOILS DATA TABLE

MAP UNIT SYMBOL

MAP UNIT NAME

HYDROLOGIC SOIL GROUP

DRAINAGE MEADOW MEADOW GRAVEL GRAVEL IMPERVIOUS | TOTAL DA | DA COMPOSITE
AREAS TYPE B (58) | TYPE C (71) |TYPE B (85)|TYPE C (89)|TYPE B (98) ARE A CURVE NUMBER
DA-01 (AC) 8.01 0.00 0.00 0.00 0.03 8.04 58
DA—-02 (AC) 12.75 0.00 0.41 0.00 0.08 13.24 59
DA-03 (AC) 1.33 0.00 0.54 0.00 0.00 1.87 66
DA-04 (AC) 0.00 1.04 0.00 0.44 0.00 1.48 76
DA-05 (AC) 0.00 2.03 0.00 0.43 0.00 2.46 74
DA-06 (AC) 0.00 1.41 0.00 0.40 0.00 1.81 75
TOTAL (AC) 22.09 4.48 0.95 1.27 0.1 28.90 62

152A DRUMMER SILTY CLAY LOAM, O TO 2 PERCENT SLOPES B/D
210A LENA MUCK, 0 TO 2 PERCENT SLOPES A/D
325B DRESDEN SILT LOAM, 2 TO 4 PERCENT SLOPES B
3278 FOX SILT LOAM, 2 TO 4 PERCENT SLOPES B
327C2 FOX SILT LOAM, 4 TO 6 PERCENT SLOPES, ERODED B
348C2 WINGATE SILT LOAM, 5 TO 10 PERCENT SLOPES, ERODED C
5278 KIDAMI SILT LOAM, 2 TO 4 PERCENT SLOPES C
527C2 KIDAMI LOAM, 4 TO 6 PERCENT SLOPES, ERODED c
527D2 KIDAMI LOAM, 6 TO 12 PERCENT SLOPES, ERODED c

Table 2-2¢
—_—

Runoff eurve numbers for other agricultural lands V

Curve numbers for

Cowver description

hydrologic soil group ————

Hydrologic

Cover type condition A B c D
Pasture, grassland, or range—continuous Poor 68 ™ 86 89
forage for grazing. Fair 15 litd] il 84
Good 3% 61 T4 80
Meadow—continuous grass, protected from —_ [30 58 71 78]

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 67 i 83
the major element, &/ Fair 35 it 70 it
Good 30 4 48 65 73
Woods—grass combination (orchard Poor BT T3 82 86
or tree farm), & Fair 43 G5 T8 22
Good 32 58 72 79
Woods, & Poor 45 L] 77 83
Fair 36 60 73 9
Good 304 55 70 77
Farmsteads—buildings, lanes, driveways, £ it 74 82 86

and surrounding lots.
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Exhibit 7 — Pre-Development
HydroCAD Model




PRE

Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 2

Rainfall Events Listing

Event# Event Storm Type Curve Mode Duration B/B Depth AMC
Name (hours) (inches)
1 2-YR24-HR Type Il 24-hr Default 24.00 1 334 2
2 100-YR 24-HR  Type Il 24-hr Default 2400 1 857 2
on01
Exo1
exde
PoA02
PoA0S
Routing Diagram for PRE
Prepared by Kimley-Horn & Associates, Printed 6/9/2025
HydroCAD® 10.20-5¢ sin 02344 © 2023 HydroCAD Software Solutions LLC
PRE PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Prepared by Kimley-Horn & Associates Printed 6/9/2025 Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 3 HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 4

Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
0.760 98 IMPERVIOUS TYPE C (4S, 58S, 6S)
0.560 79 PASTURE FAIR TYPE C (4S, 58, 6S)
23.150 78 ROW CROP GOOD TYPE B (1S, 28, 3S)
4.430 85 ROW CROP GOOD TYPE C (4S, 58S, 6S)
28.900 80 TOTAL AREA

Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment1S: EX-01 Runoff Area=8.040 ac  0.00% Impervious Runoff Depth=1.38"
Flow Length=934' Tc=22.3 min CN=78 Runoff=11.30 cfs 0.923 af

Subcatchment2S: EX-02 Runoff Area=13.240 ac  0.00% Impervious Runoff Depth=1.38"
Flow Length=1,423" Tc=22.6 min CN=78 Runoff=18.45 cfs 1.519 af

Subcatchment3S: EX-03 Runoff Area=1.870 ac  0.00% Impervious Runoff Depth=1.38"
Flow Length=469" Tc=7.2 min CN=78 Runoff=4.33 cfs 0.215 af

Subcatchment4S: EX-04 Runoff Area=1.480 ac  20.27% Impervious Runoff Depth=2.04"
Flow Length=230" Tc=8.1 min CN=87 Runoff=4.85 cfs 0.252 af

Subcatchment5S: EX-05 Runoff Area=2.460 ac  9.35% Impervious Runoff Depth=1.96"
Flow Length=588" Tc=12.3 min CN=86 Runoff=6.74 cfs 0.401 af

Subcatchment6S: EX-06 Runoff Area=1.810 ac  12.71% Impervious Runoff Depth=1.96"
Flow Length=185" Tc=4.1 min CN=86 Runoff=6.53 cfs 0.295 af

Reach 1R: POA-01 Inflow=11.30 cfs 0.923 af
Outflow=11.30 cfs 0.923 af

Reach 2R: POA-02 Inflow=18.45 cfs 1.519 af
Outflow=18.45 cfs 1.519 af

Reach 3R: POA-03 Inflow=4.33 cfs 0.215 af
Outflow=4.33 cfs 0.215 af

Reach 4R: POA-04 Inflow=4.85 cfs 0.252 af
Outflow=4.85 cfs 0.252 af

Reach 5R: POA-05 Inflow=6.74 cfs 0.401 af
Outflow=6.74 cfs 0.401 af

Reach 6R: POA-06 Inflow=6.53 cfs 0.295 af
Outflow=6.53 cfs 0.295 af

Total Runoff Area = 28.900 ac Runoff Volume = 3.604 af Average Runoff Depth = 1.50"
97.37% Pervious = 28.140 ac  2.63% Impervious = 0.760 ac




PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 5

Summary for Subcatchment 1S: EX-01

Runoff = 11.30cfs @ 12.16 hrs, Volume= 0.923 af, Depth= 1.38"
Routed to Reach 1R : POA-01

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN __Description
* 8.040 78 ROW CROP GOOD TYPE B
8.040 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
min (feet) (ft/ft) _ (ft/sec) (cfs)
5.9 100 0.0107 0.28 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

16.4 834 0.0089 0.85

223 934 Total

Subcatchment 1S: EX-01

PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢c_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 6

Summary for Subcatchment 2S: EX-02

Runoff = 18.45cfs @ 12.17 hrs, Volume= 1.519 af, Depth= 1.38"
Routed to Reach 2R : POA-02

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN _Description
* 13.240 78 ROW CROP GOOD TYPE B
13.240 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
min feet) (ft/ft) _ (ft/sec) (cfs)
3.7 100 0.0342 0.45 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

18.9 1,323 0.0168 1.17

226 1,423 Total

Subcatchment 2S: EX-02

-YR 24-HR Rainfall
| =13
g
3
‘ ) 0 ‘
o Wz222222222272727222. 2222 7777772777777/ 777 7777 777077 pz7zzz2222272222222. 2222 77772722.77777777777/ 77777777
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours) Time (hours)
PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34" PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Prepared by Kimley-Horn & Associates Printed 6/9/2025 Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 7 HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 8

Summary for Subcatchment 3S: EX-03

Runoff = 433 cfs@ 11.99 hrs, Volume= 0.215 af, Depth= 1.38"
Routed to Reach 3R : POA-03

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN__ Description
* 1.870 78 ROW CROP GOOD TYPE B
1.870 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
min) _ (feet) (ft/ft)  (ft/sec) (cfs)
3.6 100 0.0361 0.46 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

3.6 369 0.0367 172

72 469 Total

Subcatchment 3S: EX-03

A

,,,,,,,,,,, . Typell24-hr
2-YR 24-HR Rainfall=3.34"

| |Runoff Depth=1.38"
- Flow Length=469'.
Te=7.2 min

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

Summary for Subcatchment 4S: EX-04

Runoff = 4.85cfs@ 11.99 hrs, Volume= 0.252 af, Depth= 2.04"
Routed to Reach 4R : POA-04

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN__ Description
* 1.050 85 ROW CROP GOOD TYPE C
* 0.130 79 PASTURE FAIR TYPE C
* 0.300 98 IMPERVIOUS TYPE C
1.480 87 Weighted Average
1.180 79.73% Pervious Area
0.300 20.27% Impervious Area

Tc Length Slope Velocity Capacity Description
min feet) (ft/ft) _ (ft/sec) (cfs)

6.5 100 0.0084 0.26 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps
Shallow Concentrated Flow, IMPERVIOUS
Paved Kv=20.3 fps
Shallow Concentrated Flow, PASTURE
Short Grass Pasture Kv= 7.0 fps

1.3 101 0.0199 1.27
0.1 17 0.0165 261

0.2 12 0.0175 0.93

8.1 230 Total

Subcatchment 4S: EX-04

|| | | Typell 24-hr

-YR 24-HR Rainfall=3,34"
| Runoff Area=1.480 ac
Runoff Volume=0.252 af
|| Runoff Depth=2.04"
| Flow Length=230'

Tc=8.1 min

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Summary for Subcatchment 5S: EX-05

Runoff = 6.74 cfs @ 12.04 hrs, Volume= 0.401 af, Depth= 1.96"
Routed to Reach 5R : POA-05

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN __Description
* 2.030 85 ROW CROP GOOD TYPE C
* 0.200 79 PASTURE FAIRTYPE C
* 0.230 98 IMPERVIOUS TYPE C
2460 86 Weighted Average
2.230 90.65% Pervious Area
0.230 9.35% Impervious Area

Tc Length Slope Velocity Capacity Description
min) _ (feet) (ft/ft)  (ft/sec) (cfs)
6.3 100 0.0091 0.26 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

6.0 488 0.0224 1.35

123 588 Total

Subcatchment 5S: EX-05

PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Prepared by Kimley-Horn & Associates Printed 6/9/2025
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Summary for Subcatchment 6S: EX-06
[49] Hint: Tc<2dt may require smaller dt

Runoff = 6.53cfs @ 11.95 hrs, Volume= 0.295 af, Depth= 1.96"
Routed to Reach 6R : POA-06

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN _Description
* 1.350 85 ROW CROP GOOD TYPE C
* 0.230 79 PASTURE FAIRTYPE C
* 0.230 98 IMPERVIOUS TYPE C
1.810 86 Weighted Average
1.580 87.29% Pervious Area
0.230 12.71% Impervious Area

Tc Length Slope Velocity Capacity Description
min) _ (feet) (ft/ft)  (ft/sec) (cfs)

35 100 0.0388 0.47 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv=9.0 fps
Shallow Concentrated Flow, IMPERVIOUS
Paved Kv=20.3 fps

0.3 41 0.0573 215

0.1 29 0.0534 4.69

__ Wydogmph 02 15 00547  1.64 Shallow Concentrated Flow, PASTURE
e e e e Short Grass Pasture Kv= 7.0 fps
A1 0 T Eme L 4.1 185 Total
| [ Typelll24-hr
o1 KW 1 ZYR24-HRRainfall=3.34" Subcatchment 6S: EX-06
|4 -Runoff Area=2.460 ac- S O A S B
A1 0 1] | | Runoff Volume=0.401 af A1 e
€ T T Runofi DepthE1.96" TR Type ll 24-hr
H bbbl Flow Length=588" i I {1 1 1 | 2-YR 24-HR Rainfall=3.34"
{1 ¢ Tow23mn AW Runoftarasisia
" bl Runoff Volume=0.295 af
- L g4 | 7 Runoff Depth=1.96"
3 ; . B ot Flow Length=185"
. S Tes4 min
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 et i CN=86 -
Time fhours) £ O T A O S A N S A
o T 7 N O R
R 7 77, 777
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34" PRE Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Prepared by Kimley-Horn & Associates Printed 6/9/2025 Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 11 HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 12
Summary for Reach 1R: POA-01 Summary for Reach 2R: POA-02
[40] Hint: Not Described (Outflow=Inflow) [40] Hint: Not Described (Outflow=Inflow)
Inflow Area = 8.040 ac, 0.00% Impervious, Inflow Depth = 1.38" for 2-YR 24-HR event Inflow Area = 13.240 ac, 0.00% Impervious, Inflow Depth = 1.38" for 2-YR 24-HR event
Inflow = 11.30cfs @ 12.16 hrs, Volume= 0.923 af Inflow = 18.45¢cfs @ 12.17 hrs, Volume= 1.519 af
Outflow = 11.30cfs @ 12.16 hrs, Volume= 0.923 af, Atten=0%, Lag= 0.0 min Outflow = 18.45cfs @ 12.17 hrs, Volume= 1.519 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 1R: POA-01

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: POA-02
Hydrograph

Flow (cfs)
S S S Y

NS
DR

o

%

7777777

2 4 6 8 10 12 14 16 18 2072_2 %: 26) 28 30 32 34 36 38 40 42 44 46 48
me (hours)
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Runoff Area=8.040 ac  0.00% Impervious Runoff Depth=5.92"
Flow Length=934' Tc=22.3 min CN=78 Runoff=49.05 cfs 3.967 af

Subcatchment1S: EX-01

Runoff Area=13.240 ac  0.00% Impervious Runoff Depth=5.92"
Flow Length=1,423" Tc=22.6 min CN=78 Runoff=80.12 cfs 6.532 af

Subcatchment2S: EX-02

Runoff Area=1.870 ac  0.00% Impervious Runoff Depth=5.92"
Flow Length=469' Tc=7.2 min CN=78 Runoff=17.95 cfs 0.923 af

Subcatchment3S: EX-03

Runoff Area=1.480 ac  20.27% Impervious Runoff Depth=7.01"
Flow Length=230" Tc=8.1 min CN=87 Runoff=15.60 cfs 0.864 af

Subcatchment4S: EX-04

Runoff Area=2.460 ac  9.35% Impervious Runoff Depth=6.88"
Flow Length=588" Tc=12.3 min CN=86 Runoff=22.44 cfs 1.411 af

Subcatchment5S: EX-05

Runoff Area=1.810 ac  12.71% Impervious Runoff Depth=6.88"
Flow Length=185" Tc=4.1 min CN=86 Runoff=21.37 cfs 1.038 af

Subcatchment6S: EX-06

PRE Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Prepared by Kimley-Horn & Associates Printed 6/9/2025
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Summary for Subcatchment 1S: EX-01

Runoff = 49.05cfs @ 12.15 hrs, Volume= 3.967 af, Depth= 5.92"
Routed to Reach 1R : POA-01

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN _Description
* 8.040 78 ROW CROP GOOD TYPE B
8.040 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(cfs)

min feet) (ft/ft) _ (ft/sec)
5.9 100 0.0107 0.28

Sheet Flow, ROW CROP

Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

16.4 834 0.0089 0.85

223 934 Total

Subcatchment 1S: EX-01

Reach 1R: POA-01 Inflow=49.05 cfs 3.967 af
Outflow=49.05 cfs 3.967 af Hydrograph
Reach 2R: POA-02 Inflow=80.12 cfs 6.532 af : i
Outflow=80.12 cfs 6.532 af o1 !
Reach 3R: POA-03 Inflow=17.95 cfs 0.923 af “1 |
Outflow=17.95 cfs 0.923 af 01| '
Reach 4R: POA-04 Inflow=15.60 cfs 0.864 af SR E{'?Pff:"?'“m%-3z-967 af
Outflow=15.60 cfs 0.864 af 0 B I 07T Runoff Depth=5.92
st FlowLength=034" |
Reach 5R: POA-05 Inflow=22.44 cfs 1.411 af 251 [ e '
Outflow=22.44 cfs 1.411 af JUE % B B R S Bl it :,,T,T,,‘r,,‘[c=223nun
Reach 6R: POA-06 Inflow=21.37 cfs 1.038 af s R B A
Outflow=21.37 cfs 1.038 af At B e s T
Total Runoff Area = 28.900 ac Runoff Volume = 14.735 af Average Runoff Depth = 6.12" P I R ’”T"T'T"T”T”T"T"l"?”?”?”
97.37% Pervious = 28.140 ac  2.63% Impervious = 0.760 ac p .
% 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Summary for Subcatchment 2S: EX-02 Summary for Subcatchment 3S: EX-03
Runoff = 80.12cfs@ 12.15 hrs, Volume= 6.532 af, Depth= 5.92" Runoff = 17.95cfs @ 11.98 hrs, Volume= 0.923 af, Depth= 5.92"

Routed to Reach 2R : POA-02

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN__ Description
* 13.240 78 ROW CROP GOOD TYPE B
13.240 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
min) _ (feet) (ft/ft)  (ft/sec) (cfs)
3.7 100 0.0342 0.45

Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP

Cultivated Straight Rows Kv= 9.0 fps

189 1,323 0.0168 1.17

226 1,423 Total

Subcatchment 2S: EX-02

Hydrograph

7«”*”»”‘”«”*”*”»”‘”«”%77:7Iype||»24-hr”

Flow (cfs)

’*’r”r”Tc=22ﬁrmlT

] RO R S S R

2222777272777/ 7777 77 7 77
2 4 6 8 10 12 14 16 18 20 TZi'ZHEZ[‘:muzrsﬁ) 28 30 32 34 36 38 40 42 44 46 48

Routed to Reach 3R : POA-03

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN__ Description
* 1.870 78 ROW CROP GOOD TYPE B
1.870 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

min (feet) (ft/ft)  (ft/sec) (cfs)
3.6 100 0.0361 0.46

Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP

Cultivated Straight Rows Kv= 9.0 fps

3.6 369 0.0367 172

72 469 Total

Subcatchment 3S: EX-03

Hydrograph

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 rzilznez[:guzrf) 28 30 32 34 36 38 40 42 44 46 48
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Summary for Subcatchment 4S: EX-04

Runoff = 15.60 cfs @ 11.99 hrs, Volume= 0.864 af, Depth= 7.01"
Routed to Reach 4R : POA-04

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN __Description
* 1.050 85 ROW CROP GOOD TYPE C
* 0.130 79 PASTURE FAIRTYPE C
* 0.300 98 IMPERVIOUS TYPE C
1.480 87 Weighted Average
1.180 79.73% Pervious Area
0.300 20.27% Impervious Area

Tc Length Slope Velocity Capacity Description
min) _ (feet) (ft/ft)  (ft/sec) (cfs)

6.5 100 0.0084 0.26 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps
Shallow Concentrated Flow, IMPERVIOUS
Paved Kv=20.3 fps
Shallow Concentrated Flow, PASTURE
Short Grass Pasture Kv= 7.0 fps

1.3 101 0.0199 1.27
0.1 17 0.0165 261

0.2 12 0.0175 0.93

8.1 230 Total

PRE Type Il 24-hr 100-YR 24-HR Rainfall=8.57"
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Summary for Subcatchment 5S: EX-05

Runoff = 2244 cfs @ 12.04 hrs, Volume= 1.411 af, Depth= 6.88"
Routed to Reach 5R : POA-05

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN _Description
* 2.030 85 ROW CROP GOOD TYPE C
* 0.200 79 PASTURE FAIRTYPE C
* 0.230 98 IMPERVIOUS TYPE C
2460 86 Weighted Average
2.230 90.65% Pervious Area
0.230 9.35% Impervious Area

Tc Length Slope Velocity Capacity Description
min (feet) (ft/ft)  (ft/sec) (cfs)
6.3 100 0.0091 0.26 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

6.0 488 0.0224 1.35

123 588 Total

Subcatchment 5S: EX-05

(ERer)
Subcatchment 4S: EX-04
Hydrograph
g
H
g Elo e
3 Flow Length=230
= >=8.1 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
2 4 6 8 10 12 14 16 18 20 T2_2 2[: 28) 28 30 32 34 36 38 40 42 44 48 48
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Summary for Subcatchment 6S: EX-06 Summary for Reach 1R: POA-01
[49] Hint: Tc<2dt may require smaller dt [40] Hint: Not Described (Outflow=Inflow)
Runoff = 2137 cfs@ 11.94 hrs, Volume= 1.038 af, Depth= 6.88" Inflow Area = 8.040 ac, 0.00% Impervious, Inflow Depth = 5.92" for 100-YR 24-HR event
Routed to Reach 6R : POA-06 Inflow = 49.05cfs @ 12.15 hrs, Volume= 3.967 af
Outflow = 49.05cfs @ 12.15 hrs, Volume= 3.967 af, Atten=0%, Lag= 0.0 min

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN __ Description
* 1.350 85 ROW CROP GOOD TYPE C
* 0.230 79 PASTURE FAIRTYPE C
* 0.230 98 IMPERVIOUS TYPE C
1.810 86 Weighted Average
1.580 87.29% Pervious Area
0.230 12.71% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet)  (ft/ft) (ft/sec) (cfs)
3.5 100 0.0388 0.47 Sheet Flow, ROW CROP
Cultivated: Residue<=20% n=0.060 P2=3.34"
Shallow Concentrated Flow, ROW CROP
Cultivated Straight Rows Kv= 9.0 fps

0.3 41 0.0573 215

0.1 29 0.0534 4.69 Shallow Concentrated Flow, IMPERVIOUS
Paved Kv=20.3 fps
0.2 15 0.0547 1.64 Shallow Concentrated Flow, PASTURE

Short Grass Pasture Kv= 7.0 fps

41 185 Total

Subcatchment 6S: EX-06
Hydrograph

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 1R: POA-01
Hydrograph

“Inflow Area=8.040

40"
35"

F'E S SRR S ) H -

Flow (cfs)

LR D SN R | )

7 rumn
/0 7
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Time (hours)
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Summary for Reach 2R: POA-02

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 13.240 ac, 0.00% Impervious, Inflow Depth = 5.92" for 100-YR 24-HR event
Inflow = 80.12cfs@ 12.15 hrs, Volume= 6.532 af
Outflow = 80.12cfs@ 12.15 hrs, Volume= 6.532 af, Atten= 0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: POA-02

N NANEANEANRN

NNNNY

Flow (cfs)

PRE Type Il 24-hr 100-YR 24-HR Rainfall=8.57"
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Summary for Reach 3R: POA-03

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.870 ac, 0.00% Impervious, Inflow Depth = 5.92" for 100-YR 24-HR event
Inflow = 17.95cfs @ 11.98 hrs, Volume= 0.923 af
Outflow = 17.95cfs @ 11.98 hrs, Volume= 0.923 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 3R: POA-03

Hydrograph

Flow (cfs)

1 Z
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours) Time (hours)
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Summary for Reach 4R: POA-04

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.480 ac, 20.27% Impervious, Inflow Depth = 7.01" for 100-YR 24-HR event
Inflow = 15.60 cfs @ 11.99 hrs, Volume= 0.864 af
Outflow = 15.60 cfs @ 11.99 hrs, Volume= 0.864 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 4R: POA-04

Flow (cfs)

/77777722227 2222222277777

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

=
\

Summary for Reach 5R: POA-05

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 2.460 ac, 9.35% Impervious, Inflow Depth = 6.88" for 100-YR 24-HR event
Inflow = 2244 cfs @ 12.04 hrs, Volume= 1.411 af
Outflow = 2244 cfs @ 12.04 hrs, Volume= 1.411 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 5R: POA-05

Flow (cfs)

777722277 777777777777

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Summary for Reach 6R: POA-06

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.810 ac, 12.71% Impervious, Inflow Depth = 6.88" for 100-YR 24-HR event
Inflow = 2137 cfs@ 11.94 hrs, Volume= 1.038 af
Outflow = 21.37cfs@ 11.94 hrs, Volume= 1.038 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 6R: POA-06

513
i
= 10
9
8
7
6
5
:

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)




Exhibit 8 — Post-Development
HydroCAD Model
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Rainfall Events Listing

Event# Event Storm Type Curve Mode Duration B/B Depth AMC

Name (hours) (inches)
1 2-YR24-HR Type Il 24-hr Default 24.00 1 334 2
2 100-YR 24-HR  Type Il 24-hr Default 2400 1 857 2
on01
oAl
oade
PoA02
PoA0S
Routing Diagram for POST
Prepared by Kimley-Horn & Associates, Printed 6/9/2025
HydroCAD® 10.20-5¢ s/n 02344 © 2023 HydroCAD Software Solutions LLC
POST POST Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
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Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)
0.950 85 GRAVEL TYPE B (2S, 3S)
1.270 89 GRAVEL TYPE C (4S, 58, 6S)
0.030 89 IMPERVIOUS TYPE B (1S)
0.080 98 IMPERVIOUS TYPE B (2S)
22.090 58 MEADOW TYPE B (1S, 28, 3S)
4.480 71 MEADOW TYPE C (4S, 58, 6S)
28.900 62 TOTAL AREA

HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 4

Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method
Subcatchment1S: DA-01 Runoff Area=8.040 ac  0.00% Impervious Runoff Depth=0.39"
Flow Length=934' Tc=33.2 min CN=58 Runoff=1.43 cfs 0.263 af
Subcatchment2S: DA-02 Runoff Area=13.240 ac  0.60% Impervious Runoff Depth=0.43"
Flow Length=1,423" Tc=32.0 min CN=59 Runoff=2.81 cfs 0.472 af
Subcatchment3S: DA-03 Runoff Area=1.870 ac  0.00% Impervious Runoff Depth=0.71"
Flow Length=469' Tc=10.8 min CN=66 Runoff=1.76 cfs 0.111 af
Subcatchment4S: DA-04 Runoff Area=1.480 ac  0.00% Impervious Runoff Depth=1.25"
Flow Length=229' Tc=15.4 min CN=76 Runoff=2.30 cfs 0.154 af
Subcatchment5S: DA-05 Runoff Area=2.460 ac  0.00% Impervious Runoff Depth=1.13"
Flow Length=588" Tc=20.9 min CN=74 Runoff=2.87 cfs 0.232 af
Subcatchment6S: DA-06 Runoff Area=1.810 ac  0.00% Impervious Runoff Depth=1.19"
Flow Length=185" Tc=7.9 min CN=75 Runoff=3.51 cfs 0.179 af
Reach 1R: POA-01 Inflow=1.43 cfs 0.263 af
Outflow=1.43 cfs 0.263 af
Reach 2R: POA-02 Inflow=2.81 cfs 0.472 af
Outflow=2.81 cfs 0.472 af
Reach 3R: POA-03 Inflow=1.76 cfs 0.111 af
Outflow=1.76 cfs 0.111 af
Reach 4R: POA-04 Inflow=2.30 cfs 0.154 af
Outflow=2.30 cfs 0.154 af
Reach 5R: POA-05 Inflow=2.87 cfs 0.232 af
Outflow=2.87 cfs 0.232 af

Reach 6R: POA-06 Inflow=3.51 cfs 0.179 af

Outflow=3.51 cfs 0.179 af

Total Runoff Area = 28.900 ac Runoff Volume = 1.411 af Average Runoff Depth = 0.59"
99.72% Pervious = 28.820 ac  0.28% Impervious = 0.080 ac
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Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Printed 6/9/2025
Page 5

Runoff =

1.43cfs @ 12.39 hrs, Volume=

Summary for Subcatchment 1S: DA-01

0.263 af, Depth= 0.39"

Routed to Reach 1R : POA-01

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

POST

Prepared by Kimley-Horn & Associates
HydroCAD® 10.20-5¢c_s/n 02344 © 2023 HydroCAD Software Solutions LLC

Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Printed 6/9/2025
Page 6

Runoff =

281cfs@ 12.37 hrs, Volume=

Summary for Subcatchment 2S: DA-02

0.472 af, Depth= 0.43"

Routed to Reach 2R : POA-02

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN __Description Area (ac) CN _Description
* 8.010 58 MEADOW TYPE B * 12.750 58 MEADOW TYPE B
* 0.030 89 IMPERVIOUS TYPE B * 0410 85 GRAVELTYPEB
8.040 58 Weighted Average ol 0.080 98 IMPERVIOUS TYPE B
8.040 100.00% Pervious Area 13.240 59 Weighted Average
13.160 99.40% Pervious Area
Tc Length Slope Velocity Capacity Description 0.080 0.60% Impervious Area
(min)  (feet)  (ft/ft) (ft/sec) (cfs)
123 100 0.0107 0.14 Sheet Flow, MEADOW Tc Length Slope Velocity Capacity Description
Grass: Short n=0.150 P2=3.34" _(min) (feet)  (f/ft) (ft/sec) (cfs)
18.6 726 0.0086 0.65 Shallow Concentrated Flow, MEADOW 77 100 0.0342 0.22 Sheet Flow, MEADOW
Short Grass Pasture Kv=7.0 fps Grass: Short n=0.150 P2=3.34"
0.3 44 0.0166 2.62 Shallow Concentrated Flow, IMPERVIOUS 226 1,253 0.0174 0.92 Shallow Concentrated Flow, MEADOW
Paved Kv=20.3 fps Short Grass Pasture Kv=7.0 fps
2.0 64 0.0061 0.55 Shallow Concentrated Flow, MEADOW 0.9 38 0.0011 0.67 Shallow Concentrated Flow, IMPERVIOUS
Short Grass Pasture Kv= 7.0 fps Paved Kv=20.3 fps
33.2 934 Total 0.8 32 0.0097 0.69 Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv= 7.0 fps
Subcatchment 1S: DA-01 32.0 1,423 Total
—hdowwer Subcatchment 2S: DA-02
N T T T B B T Hydrograph
B Typell2ahr
M| 2-YR24-HR Rainfall=3.34"
Lkl Runoff Area=8.040 ac
S T Runoff Volume=0.263 af

z Lo ' 1 | | Runoff Depth=0.39" a

3 [ 0 Flow Lenath=934" _

2 P FlowlLength=934 ﬁ ‘Runoff Depth=0 43"
g Te=332min 3 Flow Length= 1423
e coNes
[ A 2 [T T T T T T T T T

ol WWWW
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
POST Type Il 24-hr 2-YR 24-HR Rainfall=3.34" POST Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Prepared by Kimley-Horn & Associates
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC

Runoff =

1.76 cfs @ 12.04 hrs, Volume=

Printed 6/9/2025
Page 7

Summary for Subcatchment 3S: DA-03

0.111 af, Depth= 0.71"

Routed to Reach 3R : POA-03

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN

Description

1.330
ol 0.540

58
85

MEADOW TYPE B
GRAVEL TYPE B

1.870
1.870

Tc Length
min (feet)

66

Weighted Average
100.00% Pervious Area

Slope Velocity Capacity Description
(ft/ft)  (ft/sec) (cfs)

76 100
26 296

0.6 73

0.0361 0.22
0.0760 1.93

0.0147 1.95

Sheet Flow, MEADOW

Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
Shallow Concentrated Flow, GRAVEL
Unpaved Kv= 16.1 fps

10.8 469

Total

Subcatchment 3S: DA-03
Hydrograph

Flow (cfs)
5

777 L2,

6

1 Type II 24 hr

2 YR 24-HR Rainfall=3.34"

! Runoff Area=1.870 ac
Runoff Volume=0.111 af
-1 Runoff Depth=0.71"-
| Flow Length=469'
: TK:—’IO 8 mm

L CNv—GB

.

// 1 I
/// Lo ' I [
N7

////////// 222 7772272777277/ 77 77 7 777
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

Prepared by Kimley-Horn & Associates
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC

Runoff =

2.30cfs @ 12.08 hrs, Volume=

Printed 6/9/2025
Page 8

Summary for Subcatchment 4S: DA-04

0.154 af, Depth= 1.25"

Routed to Reach 4R : POA-04

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN

Description

* 1.040 71
* 0.440 89

MEADOW TYPE C
GRAVEL TYPE C

1480 76
1.480

Tc Length
min (feet)

Weighted Average
100.00% Pervious Area

Slope Velocity Capacity Description
(ft/ft)  (ft/sec) (cfs)

13.6 100 0.0084 0.12

Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"

1.5 92 0.0202 0.99 Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
0.3 37 0.0173 212 Shallow Concentrated Flow, GRAVEL

Unpaved Kv= 16.1 fps

15.4 229 Total

Subcatchment 4S: DA-04
Hydrograph

Flow (cfs)

2 4 6

- 7 T

BRE
Type Il 24-hr
infall=3.34"
Runoff Area=1.480 ac
unoff Volume=0 154 af

Runoff Depth=1 25"

A

CN;—76

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Summary for Subcatchment 5S: DA-05

Runoff = 287 cfs@ 12.15 hrs, Volume= 0.232 af, Depth= 1.13"
Routed to Reach 5R : POA-05

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN __Description
* 2.030 71 MEADOW TYPE C
* 0430 89 GRAVELTYPEC
2.460 74 Weighted Average
2.460 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)
13.1 100 0.0091 0.13 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv= 7.0 fps

7.8 488 0.0224 1.06

20.9 588 Total

Subcatchment 5S: DA-05

POST Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 10

Summary for Subcatchment 6S: DA-06

Runoff = 3.51cfs @ 12.00 hrs, Volume= 0.179 af, Depth= 1.19"
Routed to Reach 6R : POA-06

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 2-YR 24-HR Rainfall=3.34"

Area (ac) CN _Description
* 1.410 71 MEADOW TYPE C
* 0400 89 GRAVELTYPEC
1.810 75 Weighted Average
1.810 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)

7.4 100 0.0388 0.23 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
Shallow Concentrated Flow, GRAVEL
Unpaved Kv= 16.1 fps

0.3 33 0.0570 1.67

0.2 52 0.0546 3.76

79 185 Total

— Mdowwsm» Subcatchment 6S: DA-06
S e (2eeen) —hdoswer
L :ﬁ Lo [ Typell 24-hr A
[ A A . L e e N
iR AR ;fREa'f'f?"zs"M: U [ Type Il 24-hr
b b ¢ Runoff Area=2.460 ac J T T 2 YR 24-HR Rainfall=3.34"
07 Runoff Volume=0.232 af bbb Runoff Area=1.810 ac
z [ T I RUNC epth=1.13" [ [ T T A R C A
< Y N :R’r":'l‘Pff: EFR‘“T"?"’:, o0 | 01 Runoff Volume=0.179 af
2 T I O O A A T?’l"g?;?” g |t Runoff Depth=1.19"
ARt R L B T e S R po Te=20. & [ ' 11 | | | FlowLength=185'
1 [ R [ A A I I = [ A I A R
[ R bbb Tes7.9 min
R : : et bbby -CNET5 -
[ A o 1 1 " [ E T T A T T
% 2 4 6 8 10 12 14 16 18 20 2_2 24 26 28 30 32 34 36 38 40 42 44 46 48 : : : : : ‘ : : : : : : : : : : : : : : :
Time (hours) Nz 7722227777772 7 7 7
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
POST Type Il 24-hr 2-YR 24-HR Rainfall=3.34" POST Type Il 24-hr 2-YR 24-HR Rainfall=3.34"
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Summary for Reach 1R: POA-01 Summary for Reach 2R: POA-02
[40] Hint: Not Described (Outflow=Inflow) [40] Hint: Not Described (Outflow=Inflow)
Inflow Area = 8.040 ac, 0.00% Impervious, Inflow Depth = 0.39" for 2-YR 24-HR event Inflow Area = 13.240 ac, 0.60% Impervious, Inflow Depth = 0.43" for 2-YR 24-HR event
Inflow = 1.43cfs @ 12.39 hrs, Volume= 0.263 af Inflow = 281cfs@ 12.37 hrs, Volume= 0.472 af
Outflow = 1.43cfs @ 12.39 hrs, Volume= 0.263 af, Atten=0%, Lag= 0.0 min Outflow = 281cfs@ 12.37 hrs, Volume= 0.472 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 1R: POA-01

Hydrograph
[ =g infl
"SRR’ IR
g iiiiiiiiiii
: |7 EE R
5 RN’ IR
IR
\\\\\\\\\\\
I~
““‘ o
““‘ o
| ///,/,/
ol 7777777777777
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Time (hours)

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: POA-02

Hydrograph
T i1 11 Inflow Area=13.240 ac
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Prepared by Kimley-Horn & Associates Printed 6/9/2025
HydroCAD® 10.20-5¢_s/n 02344 © 2023 HydroCAD Software Solutions LLC Page 17

Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method
Subcatchment1S: DA-01 Runoff Area=8.040 ac  0.00% Impervious Runoff Depth=3.53"
Flow Length=934' Tc=33.2 min CN=58 Runoff=22.32 cfs 2.366 af
Subcatchment2S: DA-02 Runoff Area=13.240 ac  0.60% Impervious Runoff Depth=3.65"
Flow Length=1,423" Tc=32.0 min CN=59 Runoff=39.06 cfs 4.026 af
Subcatchment3S: DA-03 Runoff Area=1.870 ac  0.00% Impervious Runoff Depth=4.48"
Flow Length=469' Tc=10.8 min CN=66 Runoff=12.34 cfs 0.698 af
Subcatchment4S: DA-04 Runoff Area=1.480 ac  0.00% Impervious Runoff Depth=5.68"
Flow Length=229' Tc=15.4 min CN=76 Runoff=10.54 cfs 0.700 af
Subcatchment5S: DA-05 Runoff Area=2.460 ac  0.00% Impervious Runoff Depth=5.44"
Flow Length=588" Tc=20.9 min CN=74 Runoff=14.39 cfs 1.115 af
Subcatchment6S: DA-06 Runoff Area=1.810 ac  0.00% Impervious Runoff Depth=5.56"
Flow Length=185" Tc=7.9 min CN=75 Runoff=16.16 cfs 0.838 af

POST Type Il 24-hr 100-YR 24-HR Rainfall=8.57"
Prepared by Kimley-Horn & Associates Printed 6/9/2025
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Summary for Subcatchment 1S: DA-01

Runoff = 22.32cfs @ 12.30 hrs, Volume= 2.366 af, Depth= 3.53"
Routed to Reach 1R : POA-01

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN _Description
* 8.010 58 MEADOW TYPE B
* 0.030 89 IMPERVIOUS TYPE B
8.040 58 Weighted Average
8.040 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)
123 100 0.0107 0.14 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
Shallow Concentrated Flow, IMPERVIOUS

18.6 726 0.0086 0.65
0.3 44 0.0166 2.62

Reach 1R: POA-01 Inflow=22.32 cfs 2.366 af Paved Kv=20.3 fps
Outflow=22.32 cfs 2.366 af 2.0 64 0.0061 0.55 Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv= 7.0 fps
Reach 2R: POA-02 Inflow=39.06 cfs 4.026 af 33.2 934 Total
Outflow=39.06 cfs 4.026 af
Subcatchment 1S: DA-01
Reach 3R: POA-03 Inflow=12.34 cfs 0.698 af
Outflow=12.34 cfs 0.698 af —fydwoeeh
Reach 4R: POA-04 Inflow=10.54 cfs 0.700 af
Outflow=10.54 cfs 0.700 af
Reach 5R: POA-05 Inflow=14.39 cfs 1.115 af
Outflow=14.39 cfs 1.115 af
Reach 6R: POA-06 Inflow=16.16 cfs 0.838 af
Outflow=16.16 cfs 0.838 af 3
3
Total Runoff Area = 28.900 ac Runoff Volume =9.744 af Average Runoff Depth = 4.05" 2
99.72% Pervious = 28.820 ac  0.28% Impervious = 0.080 ac
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
POST Type Il 24-hr 100-YR 24-HR Rainfall=8.57" POST Type Il 24-hr 100-YR 24-HR Rainfall=8.57"
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Summary for Subcatchment 2S: DA-02 Summary for Subcatchment 3S: DA-03
Runoff = 39.06 cfs @ 12.28 hrs, Volume= 4.026 af, Depth= 3.65" Runoff = 12.34 cfs @ 12.03 hrs, Volume= 0.698 af, Depth= 4.48"

Routed to Reach 2R : POA-02

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN  Description
* 12.750 58 MEADOW TYPE B
* 0.410 85 GRAVEL TYPE B
* 0.080 98 IMPERVIOUS TYPE B
13.240 59  Weighted Average
13.160 99.40% Pervious Area
0.080 0.60% Impervious Area

Tc Length Slope Velocity Capacity Description
min (feet) (ft/ft)  (ft/sec) cfs)
7.7 100 0.0342 0.22

Sheet Flow, MEADOW

Grass: Short n=0.150 P2=3.34"

Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps

Shallow Concentrated Flow, IMPERVIOUS
Paved Kv=20.3 fps

Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv= 7.0 fps

226 1,253 0.0174 0.92
0.9 38 0.0011 0.67

0.8 32 0.0097 0.69

32.0 1,423 Total

Subcatchment 2S: DA-02

Hydrograph

Flow (cfs)

2
AT
Rzt .

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

Routed to Reach 3R : POA-03

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN__ Description
* 1.330 58 MEADOW TYPE B
x 0.540 85 GRAVEL TYPE B
1.870 66 Weighted Average
1.870 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
min (feet) (ft/ft)  (ft/sec) (cfs)

76 100 0.0361 0.22 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
Shallow Concentrated Flow, GRAVEL
Unpaved Kv= 16.1 fps

26 296 0.0760 1.93

0.6 73 0.0147 1.95

10.8 469 Total

Subcatchment 3S: DA-03
Hydrograph

Flow (cfs)
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Summary for Subcatchment 4S: DA-04

Runoff = 10.54 cfs @ 12.07 hrs, Volume= 0.700 af, Depth= 5.68"
Routed to Reach 4R : POA-04

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN __Description
* 1.040 71 MEADOW TYPE C
* 0440 89 GRAVELTYPEC
1.480 76  Weighted Average
1.480 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

(min) _ (feet) (ft/ft)  (ft/sec) (cfs)

13.6 100 0.0084 0.12 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
Shallow Concentrated Flow, GRAVEL
Unpaved Kv= 16.1 fps

1.5 92 0.0202 0.99

0.3 37 0.0173 212

15.4 229 Total
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Summary for Subcatchment 5S: DA-05

Runoff = 14.39cfs @ 12.14 hrs, Volume= 1.115 af, Depth= 5.44"
Routed to Reach 5R : POA-05

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-YR 24-HR Rainfall=8.57"

Area (ac) CN _Description
* 2.030 71 MEADOW TYPE C
* 0430 89 GRAVELTYPEC
2.460 74 Weighted Average
2.460 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)
13.1 100 0.0091 0.13 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv= 7.0 fps

7.8 488 0.0224 1.05

20.9 588 Total

Subcatchment 5S: DA-05

Subcatchment 4S: DA-04 Hydrograph
Hydrograph
-
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Summary for Subcatchment 6S: DA-06 Summary for Reach 1R: POA-01
Runoff = 16.16 cfs @ 11.99 hrs, Volume= 0.838 af, Depth= 5.56" [40] Hint: Not Described (Outflow=Inflow)
Routed to Reach 6R : POA-06
Inflow Area = 8.040 ac, 0.00% Impervious, Inflow Depth = 3.53" for 100-YR 24-HR event
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs Inflow = 22.32cfs @ 12.30 hrs, Volume= 2.366 af
Type Il 24-hr 100-YR 24-HR Rainfall=8.57" Outflow = 22.32cfs @ 12.30 hrs, Volume= 2.366 af, Atten=0%, Lag= 0.0 min

Area (ac) CN__ Description
* 1.410 71 MEADOW TYPE C
* 0.400 89 GRAVEL TYPE C
1.810 75 Weighted Average
1.810 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
min (feet) (ft/ft)  (ft/sec) (cfs)

74 100 0.0388 0.23 Sheet Flow, MEADOW
Grass: Short n=0.150 P2=3.34"
Shallow Concentrated Flow, MEADOW
Short Grass Pasture Kv=7.0 fps
Shallow Concentrated Flow, GRAVEL
Unpaved Kv= 16.1 fps

0.3 33 0.0570 1.67

0.2 52 0.0546 3.76

79 185 Total

Subcatchment 6S: DA-06
Hydrograph
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Summary for Reach 2R: POA-02

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 13.240 ac, 0.60% Impervious, Inflow Depth = 3.65" for 100-YR 24-HR event
Inflow = 39.06 cfs @ 12.28 hrs, Volume= 4.026 af
Outflow = 39.06 cfs @ 12.28 hrs, Volume= 4.026 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: POA-02

Hydrograph
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Summary for Reach 3R: POA-03

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.870 ac, 0.00% Impervious, Inflow Depth = 4.48" for 100-YR 24-HR event
Inflow = 12.34 cfs @ 12.03 hrs, Volume= 0.698 af
Outflow = 12.34 cfs @ 12.03 hrs, Volume= 0.698 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 3R: POA-03

Hydrograph
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Summary for Reach 4R: POA-04

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.480 ac, 0.00% Impervious, Inflow Depth = 5.68" for 100-YR 24-HR event
Inflow = 10.54 cfs @ 12.07 hrs, Volume= 0.700 af
Outflow = 10.54 cfs @ 12.07 hrs, Volume= 0.700 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 4R: POA-04

nflow Area=1.480 ac

VY,
L

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

Summary for Reach 5R: POA-05

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 2.460 ac, 0.00% Impervious, Inflow Depth = 5.44" for 100-YR 24-HR event
Inflow = 14.39cfs @ 12.14 hrs, Volume= 1.115 af
Outflow = 14.39cfs @ 12.14 hrs, Volume= 1.115 af, Atten=0%, Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 5R: POA-05

Hydrograph

Flow (cfs)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)
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Summary for Reach 6R: POA-06

[40] Hint: Not Described (Outflow=Inflow)

1.810 ac, 0.00% Impervious, Inflow Depth = 5.56" for 100-YR 24-HR event
16.16 cfs @ 11.99 hrs, Volume= 0.838 af
16.16 cfs @ 11.99 hrs, Volume= 0.838 af, Atten=0%, Lag= 0.0 min

Inflow Area =
Inflow =
Outflow =

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Reach 6R: POA-06

Hydrograph
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Hydrologic Response of Solar Farms

Lauren M. Cook, S.M.ASCE"; and Richard H. McCuen, M.ASCE?

Abstract: Because of the benefits of solar energy, the number of solar farms is increasing; however, their hydrologic impacts have not been
studied. The goal of this study was to determine the hydrologic effects of solar farms and examine whether or not storm-water management is
needed to control runoff volumes and rates. A model of a solar farm was used to simulate runoff for two conditions: the pre- and postpaneled
conditions. Using sensitivity analyses, modeling showed that the solar panels themselves did not have a significant effect on the runoff
volumes, peaks, or times to peak. However, if the ground cover under the panels is gravel or bare ground, owing to design decisions
or lack of maintenance, the peak discharge may increase significantly with storm-water management needed. In addition, the kinetic energy
of the flow that drains from the panels was found to be greater than that of the rainfall, which could cause erosion at the base of the panels.
Thus, it is recommended that the grass beneath the panels be well maintained or that a buffer strip be placed after the most downgradient row
of panels. This study, along with design recommendations, can be used as a guide for the future design of solar farms. DOI: 10.1061/(ASCE)
HE.1943-5584.0000530. © 2013 American Society of Civil Engineers.

CE Database subject headings: Hydrology; Land use; Solar power; Floods; Surface water; Runoff; Stormwater management.

Author keywords: Hydrology; Land use change; Solar energy; Flooding; Surface water runoff; Storm-water management.

Introduction

Storm-water management practices are generally implemented to
reverse the effects of land-cover changes that cause increases in
volumes and rates of runoff. This is a concern posed for new types
of land-cover change such as the solar farm. Solar energy is a re-
newable energy source that is expected to increase in importance in
the near future. Because solar farms require considerable land, it is
necessary to understand the design of solar farms and their potential
effect on erosion rates and storm runoff, especially the impact on
offsite properties and receiving streams. These farms can vary in
size from 8 ha (20 acres) in residential areas to 250 ha (600 acres)
in areas where land is abundant.

The solar panels are impervious to rain water; however, they are
mounted on metal rods and placed over pervious land. In some
cases, the area below the panel is paved or covered with gravel.
Service roads are generally located between rows of panels. Altl-
hough some panels are stationary, others are designed to move so
that the angle of the panel varies with the angle of the sun. The
angle can range, depending on the latitude, from 22° during the
summer months to 74° during the winter months. In addition,
the angle and direction can also change throughout the day. The
issue posed is whether or not these rows of impervious panels will
change the runoff characteristics of the site, specifically increase
runoff volumes or peak discharge rates. If the increases are hydro-
logically significant, storm-water management facilities may be
needed. Additionally, it is possible that the velocity of water
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draining from the edge of the panels is sufficient to cause erosion
of the soil below the panels, especially where the maintenance
roadways are bare ground.

The outcome of this study provides guidance for assessing the
hydrologic effects of solar farms, which is important to those who
plan, design, and install arrays of solar panels. Those who design
solar farms may need to provide for storm-water management. This
study investigated the hydrologic effects of solar farms, assessed
whether or not storm-water management might be needed, and
if the velocity of the runoff from the panels could be sufficient
to cause erosion of the soil below the panels.

Model Development

Solar farms are generally designed to maximize the amount of en-
ergy produced per unit of land area, while still allowing space for
maintenance. The hydrologic response of solar farms is not usually
considered in design. Typically, the panels will be arrayed in long
rows with separations between the rows to allow for maintenance
vehicles. To model a typical layout, a unit width of one panel was
assumed, with the length of the downgradient strip depending on
the size of the farm. For example, a solar farm with 30 rows of 200
panels each could be modeled as a strip of 30 panels with space
between the panels for maintenance vehicles. Rainwater that drains
from the upper panel onto the ground will flow over the land under
the 29 panels on the downgradient strip. Depending on the land
cover, infiltration losses would be expected as the runoff flows
to the bottom of the slope.

To determine the effects that the solar panels have on runoff
characteristics, a model of a solar farm was developed. Runoff
in the form of sheet flow without the addition of the solar panels
served as the prepaneled condition. The paneled condition assumed
a downgradient series of cells with one solar panel per ground cell.
Each cell was separated into three sections: wet, dry, and spacer.

The dry section is that portion directly underneath the solar
panel, unexposed directly to the rainfall. As the angle of the panel
from the horizontal increases, more of the rain will fall directly onto

J. Hydrol. Eng. 2013.18:536-541.
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the ground; this section of the cell is referred to as the wet section.
The spacer section is the area between the rows of panels used by
maintenance vehicles. Fig. 1 is an image of two solar panels and the
spacer section allotted for maintenance vehicles. Fig. 2 is a sche-
matic of the wet, dry, and spacer sections with their respective di-
mensions. In Fig. 1, tracks from the vehicles are visible on what is
modeled within as the spacer section. When the solar panel is hori-
zontal, then the length longitudinal to the direction that runoff will
occur is the length of the dry and wet sections combined. Runoff
from a dry section drains onto the downgradient spacer section.
Runoff from the spacer section flows to the wet section of the next
downgradient cell. Water that drains from a solar panel falls directly
onto the spacer section of that cell.

The length of the spacer section is constant. During a storm
event, the loss rate was assumed constant for the 24-h storm be-
cause a wet antecedent condition was assumed. The lengths of
the wet and dry sections changed depending on the angle of the
solar panel. The total length of the wet and dry sections was set

Fig. 1. Maintenance or “spacer” section between two rows of solar
panels (photo by John E. Showler, reprinted with permission)

Direction of
Flow
o PAN
Lw Wet section
X 3.5 m
Ld Dry section
X X
Ls Spacer section 4m
7 v
¢ >
5 m

Fig. 2. Wet, dry, and spacer sections of a single cell with lengths Lw,
Ls, and Ld with the solar panel covering the dry section

equal to the length of one horizontal solar panel, which was as-
sumed to be 3.5 m. When a solar panel is horizontal, the dry section
length would equal 3.5 m and the wet section length would be zero.
In the paneled condition, the dry section does not receive direct
rainfall because the rain first falls onto the solar panel then drains
onto the spacer section. However, the dry section does infiltrate
some of the runoff that comes from the upgradient wet section.
The wet section was modeled similar to the spacer section with rain
falling directly onto the section and assuming a constant loss rate.

For the presolar panel condition, the spacer and wet sections are
modeled the same as in the paneled condition; however, the cell
does not include a dry section. In the prepaneled condition, rain
falls directly onto the entire cell. When modeling the prepaneled
condition, all cells receive rainfall at the same rate and are subject
to losses. All other conditions were assumed to remain the same
such that the prepaneled and paneled conditions can be compared.

Rainfall was modeled after an natural resources conservation
service (NRCS) Type II Storm (McCuen 2005) because it is an ac-
curate representation of actual storms of varying characteristics that
are imbedded in intensity-duration-frequency (IDF) curves. For
each duration of interest, a dimensionless hyetograph was devel-
oped using a time increment of 12 s over the duration of the storm
(see Fig. 3). The depth of rainfall that corresponds to each storm
magnitude was then multiplied by the dimensionless hyetograph.
For a 2-h storm duration, depths of 40.6, 76.2, and 101.6 mm were
used for the 2-, 25-, and 100-year events. The 2- and 6-h duration
hyetographs were developed using the center portion of the 24-h
storm, with the rainfall depths established with the Baltimore
IDF curve. The corresponding depths for a 6-h duration were 53.3,
106.7, and 132.1 mm, respectively. These magnitudes were chosen
to give a range of storm conditions.

During each time increment, the depth of rain is multiplied by
the cell area to determine the volume of rain added to each section
of each cell. This volume becomes the storage in each cell. Depend-
ing on the soil group, a constant volume of losses was subtracted
from the storage. The runoff velocity from a solar panel was calcu-
lated using Manning’s equation, with the hydraulic radius for sheet
flow assumed to equal the depth of the storage on the panel
(Bedient and Huber 2002). Similar assumptions were made to com-
pute the velocities in each section of the surface sections.

L 1 L 1 4 L
0 20 40 60 80 100 120
Time (min)

Fig. 3. Dimensionless hyetograph of 2-h Type II storm
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Runoff from one section to the next and then to the next
downgradient cell was routed using the continuity of mass. The
routing coefficient depended on the depth of flow in storage and
the velocity of runoff. Flow was routed from the wet section to the
dry section to the spacer section, with flow from the spacer section
draining to the wet section of the next cell. Flow from the most
downgradient cell was assumed to be the outflow. Discharge rates
and volumes from the most downgradient cell were used for com-
parisons between the prepaneled and paneled conditions.

Alternative Model Scenarios

To assess the effects of the different variables, a section of 30 cells,
each with a solar panel, was assumed for the base model. Each cell
was separated individually into wet, dry, and spacer sections. The
area had a total ground length of 225 m with a ground slope of 1%
and width of 5 m, which was the width of an average solar panel.
The roughness coefficient (Engman 1986) for the silicon solar
panel was assumed to be that of glass, 0.01. Roughness coefficients
of 0.15 for grass and 0.02 for bare ground were also assumed. Loss
rates of 0.5715 c¢cm/h (0.225 in./h) and 0.254 cm/h (0.1 in./h) for
B and C soils, respectively, were assumed.

The prepaneled condition using the 2-h, 25-year rainfall was
assumed for the base condition, with each cell assumed to have
a good grass cover condition. All other analyses were made assum-
ing a paneled condition. For most scenarios, the runoff volumes and
peak discharge rates from the paneled model were not significantly
greater than those for the prepaneled condition. Over a total length
of 225 m with 30 solar panels, the runoff increased by 0.26 m?,
which was a difference of only 0.35%. The slight increase in runoff
volume reflects the slightly higher velocities for the paneled con-
dition. The peak discharge increased by 0.0013 m?, a change of
only 0.31%. The time to peak was delayed by one time increment,
i.e., 12 s. Inclusion of the panels did not have a significant hydro-
logic impact.

Storm Magnitude

The effect of storm magnitude was investigated by changing the
magnitude from a 25-year storm to a 2-year storm. For the 2-year
storm, the rainfall and runoff volumes decreased by approximately
50%. However, the runoff from the paneled watershed condition
increased compared to the prepaneled condition by approximately
the same volume as for the 25-year analysis, 0.26 m>. This increase
represents only a 0.78% increase in volume. The peak discharge
and the time to peak did not change significantly. These results re-
flect runoff from a good grass cover condition and indicated that the
general conclusion of very minimal impacts was the same for dif-
ferent storm magnitudes.

Ground Slope

The effect of the downgradient ground slope of the solar farm was
also examined. The angle of the solar panels would influence the
velocity of flows from the panels. As the ground slope was in-
creased, the velocity of flow over the ground surface would be
closer to that on the panels. This could cause an overall increase
in discharge rates. The ground slope was changed from 1 to 5%,
with all other conditions remaining the same as the base conditions.

With the steeper incline, the volume of losses decreased from
that for the 1% slope, which is to be expected because the faster
velocity of the runoff would provide less opportunity for infiltra-
tion. However, between the prepaneled and paneled conditions, the
increase in runoff volume was less than 1%. The peak discharge
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and the time to peak did not change. Therefore, the greater ground
slope did not significantly influence the response of the solar farm.

Soil Type

The effect of soil type on the runoff was also examined. The soil
group was changed from B soil to C soil by varying the loss rate. As
expected, owing to the higher loss rate for the C soil, the depths of
runoff increased by approximately 7.5% with the C soil when com-
pared with the volume for B soils. However, the runoff volume for
the C soil condition only increased by 0.17% from the prepaneled
condition to the paneled condition. In comparison with the B soil, a
difference of 0.35% in volume resulted between the two conditions.
Therefore, the soil group influenced the actual volumes and rates,
but not the relative effect of the paneled condition when compared
to the prepaneled condition.

Panel Angle

Because runoff velocities increase with slope, the effect of the angle
of the solar panel on the hydrologic response was examined. Analy-
ses were made for angles of 30° and 70° to test an average range
from winter to summer. The hydrologic response for these angles
was compared to that of the base condition angle of 45°. The other
site conditions remained the same. The analyses showed that the
angle of the panel had only a slight effect on runoff volumes and
discharge rates. The lower angle of 30° was associated with an in-
creased runoff volume, whereas the runoff volume decreased for
the steeper angle of 70° when compared with the base condition of
45°. However, the differences (~0.5%) were very slight. Never-
theless, these results indicate that, when the solar panel was closer
to horizontal, i.e., at a lower angle, a larger difference in runoff
volume occurred between the prepaneled and paneled conditions.
These differences in the response result are from differences in
loss rates.

The peak discharge was also lower at the lower angle. At an
angle of 30°, the peak discharge was slightly lower than at the
higher angle of 70°. For the 2-h storm duration, the time to peak
of the 30° angle was 2 min delayed from the time to peak of when
the panel was positioned at a 70° angle, which reflects the longer
travel times across the solar panels.

Storm Duration

To assess the effect of storm duration, analyses were made for 6-h
storms, testing magnitudes for 2-, 25-, and 100-year return periods,
with the results compared with those for the 2-h rainfall events. The
longer storm duration was tested to determine whether a longer du-
ration storm would produce a different ratio of increase in runoff
between the prepaneled and paneled conditions. When compared to
runoff volumes from the 2-h storm, those for the 6-h storm were
34% greater in both the paneled and prepaneled cases. However,
when comparing the prepaneled to the paneled condition, the in-
crease in the runoff volume with the 6-h storm was less than
1% regardless of the return period. The peak discharge and the
time-to-peak did not differ significantly between the two condi-
tions. The trends in the hydrologic response of the solar farm
did not vary with storm duration.

Ground Cover

The ground cover under the panels was assumed to be a native grass
that received little maintenance. For some solar farms, the area be-
neath the panel is covered in gravel or partially paved because the
panels prevent the grass from receiving sunlight. Depending on the
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volume of traffic, the spacer cell could be grass, patches of grass, or
bare ground. Thus, it was necessary to determine whether or not
these alternative ground-cover conditions would affect the runoff
characteristics. This was accomplished by changing the Manning’s
n for the ground beneath the panels. The value of n under the pan-
els, i.e., the dry section, was set to 0.015 for gravel, with the value
for the spacer or maintenance section set to 0.02, i.e., bare ground.
These can be compared to the base condition of a native grass
(n =0.15). A good cover should promote losses and delay the
runoff.

For the smoother surfaces, the velocity of the runoff increased
and the losses decreased, which resulted in increasing runoff vol-
umes. This occurred both when the ground cover under the panels
was changed to gravel and when the cover in the spacer section was
changed to bare ground. Owing to the higher velocities of the flow,
runoff rates from the cells increased significantly such that it was
necessary to reduce the computational time increment. Fig. 4(a)
shows the hydrograph from a 30-panel area with a time incre-
ment of 12 s. With a time increment of 12 s, the water in each cell
is discharged at the end of every time increment, which results in no
attenuation of the flow; thus, the undulations shown in Fig. 4(a)
result. The time increment was reduced to 3 s for the 2-h storm,
which resulted in watershed smoothing and a rational hydrograph
shape [Fig. 4(b)]. The results showed that the storm runoff
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Fig. 4. Hydrograph with time increment of (a) 12 s; (b) 3 s with
Manning’s n for bare ground

increased by 7% from the grass-covered scenario to the scenario
with gravel under the panel. The peak discharge increased by
73% for the gravel ground cover when compared with the grass
cover without the panels. The time to peak was 10 min less with
the gravel than with the grass, which reflects the effect of differ-
ences in surface roughness and the resulting velocities.

If maintenance vehicles used the spacer section regularly and the
grass cover was not adequately maintained, the soil in the spacer
section would be compacted and potentially the runoff volumes and
rates would increase. Grass that is not maintained has the potential
to become patchy and turn to bare ground. The grass under the
panel may not get enough sunlight and die. Fig. 1 shows the result
of the maintenance trucks frequently driving in the spacer section,
which diminished the grass cover.

The effect of the lack of solar farm maintenance on runoff char-
acteristics was modeled by changing the Manning’s » to a value of
0.02 for bare ground. In this scenario, the roughness coefficient
for the ground under the panels, i.e., the dry section, as well as in
the spacer cell was changed from grass covered to bare ground
(n = 0.02).The effects were nearly identical to that of the gravel.
The runoff volume increased by 7% from the grass-covered to the
bare-ground condition. The peak discharge increased by 72% when
compared with the grass-covered condition. The runoff for the bare-
ground condition also resulted in an earlier time to peak by approx-
imately 10 min. Two other conditions were also modeled, showing
similar results. In the first scenario, gravel was placed directly
under the panel, and healthy grass was placed in the spacer section,
which mimics a possible design decision. Under these conditions,
the peak discharge increased by 42%, and the volume of runoff
increased by 4%, which suggests that storm-water management
would be necessary if gravel is placed anywhere.

Fig. 5 shows two solar panels from a solar farm in New Jersey.
The bare ground between the panels can cause increased runoff
rates and reductions in time of concentration, both of which could
necessitate storm-water management. The final condition modeled
involved the assumption of healthy grass beneath the panels and
bare ground in the spacer section, which would simulate the con-
dition of unmaintained grass resulting from vehicles that drive over
the spacer section. Because the spacer section is 53% of the cell, the
change in land cover to bare ground would reduce losses and de-
crease runoff travel times, which would cause runoff to amass as it

Fig. 5. Site showing the initiation of bare ground below the panels,
which increases the potential for erosion (photo by John Showler,
reprinted with permission)
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moves downgradient. With the spacer section as bare ground, the
peak discharge increased by 100%, which reflected the increases in
volume and decrease in timing. These results illustrate the need for
maintenance of the grass below and between the panels.

Design Suggestions

With well-maintained grass underneath the panels, the solar panels
themselves do not have much effect on total volumes of the runoff
or peak discharge rates. Although the panels are impervious, the
rainwater that drains from the panels appears as runoff over the
downgradient cells. Some of the runoff infiltrates. If the grass cover
of a solar farm is not maintained, it can deteriorate either because of
a lack of sunlight or maintenance vehicle traffic. In this case, the
runoff characteristics can change significantly with both runoff
rates and volumes increasing by significant amounts. In addition,
if gravel or pavement is placed underneath the panels, this can also
contribute to a significant increase in the hydrologic response.

If bare ground is foreseen to be a problem or gravel is to be
placed under the panels to prevent erosion, it is necessary to
counteract the excess runoff using some form of storm-water man-
agement. A simple practice that can be implemented is a buffer strip
(Dabney et al. 2006) at the downgradient end of the solar farm. The
buffer strip length must be sufficient to return the runoff character-
istics with the panels to those of runoff experienced before the
gravel and panels were installed. Alternatively, a detention basin
can be installed.

A buffer strip was modeled along with the panels. For approxi-
mately every 200 m of panels, or 29 cells, the buffer must be 5 cells
long (or 35 m) to reduce the runoff volume to that which occurred
before the panels were added. Even if a gravel base is not placed
under the panels, the inclusion of a buffer strip may be a good prac-
tice when grass maintenance is not a top funding priority. Fig. 6
shows the peak discharge from the graveled surface versus the length
of the buffer needed to keep the discharge to prepaneled peak rate.

Water draining from a solar panel can increase the potential for
erosion of the spacer section. If the spacer section is bare ground,
the high kinetic energy of water draining from the panel can cause
soil detachment and transport (Garde and Raju 1977; Beuselinck
et al. 2002). The amount and risk of erosion was modeled using
the velocity of water coming off a solar panel compared with
the velocity and intensity of the rainwater. The velocity of panel
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Fig. 6. Peak discharge over gravel compared with buffer length
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runoff was calculated using Manning’s equation, and the velocity
of falling rainwater was calculated using the following:

V, = 120403 (1)

where d, = diameter of a raindrop, assumed to be 1 mm. The re-
lationship between kinetic energy and rainfall intensity is

K, =916 + 3301og,i (2)

where i = rainfall intensity (in./h) and K, = kinetic energy (ft-tons
per ac-in. of rain) of rain falling onto the wet section and the panel,
as well as the water flowing off of the end of the panel (Wischmeier
and Smith 1978). The kinetic energy (Salles et al. 2002) of the rain-
fall was greater than that coming off the panel, but the area under
the panel (i.e., the product of the length, width, and cosine of the
panel angle) is greater than the area under the edge of the panel
where the water drains from the panel onto the ground. Thus,
dividing the kinetic energy by the respective areas gives a more
accurate representation of the kinetic energy experienced by the
soil. The energy of the water draining from the panel onto the
ground can be nearly 10 times greater than the rain itself falling
onto the ground area. If the solar panel runoff falls onto an un-
sealed soil, considerable detachment can result (Motha et al.
2004). Thus, because of the increased kinetic energy, it is pos-
sible that the soil is much more prone to erosion with the panels
than without. Where panels are installed, methods of erosion
control should be included in the design.

Conclusions

Solar farms are the energy generators of the future; thus, it is im-
portant to determine the environmental and hydrologic effects of
these farms, both existing and proposed. A model was created
to simulate storm-water runoff over a land surface without panels
and then with solar panels added. Various sensitivity analyses were
conducted including changing the storm duration and volume, soil
type, ground slope, panel angle, and ground cover to determine the
effect that each of these factors would have on the volumes and
peak discharge rates of the runoff.

The addition of solar panels over a grassy field does not have
much of an effect on the volume of runoff, the peak discharge, nor
the time to peak. With each analysis, the runoff volume increased
slightly but not enough to require storm-water management facili-
ties. However, when the land-cover type was changed under the
panels, the hydrologic response changed significantly. When gravel
or pavement was placed under the panels, with the spacer section
left as patchy grass or bare ground, the volume of the runoff in-
creased significantly and the peak discharge increased by approx-
imately 100%. This was also the result when the entire cell was
assumed to be bare ground.

The potential for erosion of the soil at the base of the solar pan-
els was also studied. It was determined that the kinetic energy of the
water draining from the solar panel could be as much as 10 times
greater than that of rainfall. Thus, because the energy of the water
draining from the panels is much higher, it is very possible that soil
below the base of the solar panel could erode owing to the concen-
trated flow of water off the panel, especially if there is bare ground
in the spacer section of the cell. If necessary, erosion control meth-
ods should be used.

Bare ground beneath the panels and in the spacer section is
a realistic possibility (see Figs. 1 and 5). Thus, a good, well-
maintained grass cover beneath the panels and in the spacer section
is highly recommended. If gravel, pavement, or bare ground is
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deemed unavoidable below the panels or in the spacer section, it
may necessary to add a buffer section to control the excess runoff
volume and ensure adequate losses. If these simple measures are
taken, solar farms will not have an adverse hydrologic impact from
excess runoff or contribute eroded soil particles to receiving
streams and waterways.
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Exhibit 10 — MPCA Solar Panel
Calculations




This spreadsheet makes calculations for an individual solar panel.
Enter values in blue cells
Soil D select from dropdown; determine soil on site
I/P ratio 0.299 calculated
Term Value Units
Pervious area 97.09 square feet |user entered; determine on site
Impervious area (area of solar panel) 29.07 square feet |user entered; determine on site
Runoff depth from pervious areas 7.20 inches  |default = 4.4 for A soil, 5.7 for B, 6.1 for C, 7.2 for D
Redirected runoff depth from solar panel (called average annual runoff depth) 8.20 inches  |determine from plot called Average annual runoff depth
Runoff depth from solar panel 22.50 inches  |default = 22.5 inches
Performance goal 1.00 inches
SUMMARY
Pre-disconnection
Runoff from impervious 55 ft3 calculated
Runoff from pervious 58 ft3 calculated
Total runoff 113 ft3 calculated
Post-disconnection
Total runoff 86 ft3 calculated
Total runoff reduced 27 ft3 calculated
Runoff from pervious 58 ft3 calculated
Runoff from impervious 28 ft3 calculated
Adjusted impervious| 14.910 | square feet | calculated
Performance Goal Summary
Performance goal 2.42 ft3 calculated
BMP volume credit (BMP,g1ume credit) 1.18 ft3 calculated
% of performance goal achieved 48.7 % calculated
Remaining water quality volume to be treated (per panel) 1.24 ft3 calculated
Pervious area = (Y + Z) * W; where W is the width of the solar panel and Z is the average horizontal distance of the panel
Impervious area = Z* W; where W is the width of the solar panel and Z is the average horizontal distance of the panel
I | I |
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Exhibit 11 — MPCA Impervious
Storage Calculations




Anamite MPCA Storage Requirements (DA-01)

Impervious Areas as defined by Minnesota Pollution Control Agency:

Water Quality - Total Water Quality - DA-01
Total drainage area 8.04 ac 8.0385 ac
Inverter Area 0.00 sf - |sf
Stormwater Pond 1,432.94 |Type D Soil 1,432.94 |Type D Soil
Subtotal 1,432.94 sf 1,432.94 sf
# of Panels 2,889.00 # 2889
WQV/panel (based on Solar Panel Calc. Sprdsht.) 1.24 cf 1.24 cf
Required Volume:
1.0" over new impervious areas 119.41 cf 119.41 cf
Panel impervious areas 3,582.36 cf 3,582.36 cf
Water Quality Volume Required (CF) 3,701.77 Jcf 3,701.77 Jcf
Water Quality Volume Required (AC-FT) 0.085]ac-ft 0.085]ac-ft
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Anamite MPCA Storage Requirements (DA-02)

Impervious Areas as defined by Minnesota Pollution Control Agency:

Water Quality - Total Water Quality - DA-02
Total drainage area 13.24 ac 13.2443 |ac
Inverter Area 1588.15  |sf 1,588.15 |sf
Stormwater Pond 1,980.18 |Type D Sail 1,980.18 |Type D Soil
Subtotal 3,568.33 sf 3,568.33 sf
# of Panels 3,886.00 # 3886
WQV/panel (based on Solar Panel Calc. Sprdsht.) 1.24 cf 1.24 cf
Required Volume:
1.0" over new impervious areas 297.36 cf 297.36 cf
Panel impervious areas 4,818.64 cf 4,818.64 cf
Water Quality Volume Required (CF) 5,116.00 Jcf 5,116.00 Jcf
Water Quality Volume Required (AC-FT) 0.117]ac-ft 0.117]ac-ft
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