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PROJECT SCOPE
ISG was requested by the Nobletackson County Drainage Authority to investigatiee

feasibility of addingwater storage within the JD 4 watershedrhe intent of the project is

to analyze storage within the watershed andlentify sites that will have the greatest

benefit to the system.Benefits can include reduced flooding, erosion, overland flow
sediment and nutrient loads to downstream water8enefits in this context does not refer
to those defined in Mnhnesota drainage gatute 103E, but rather to the environmental

benefits associated with storage effects on downstream regions and the overall hydraulic
of the system under itsas constructed andsubsequentlyimproved condition (ACSIQ
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING

PROJECT OVERVIEW

Location

Nobles and Jackson Counties Judicial Ditch No. 4 (JD 4) is in Sections 26, 35, and 36 of Hersey Township, Section 25 oftBrews
Township within Nobles County, iWhesota and Sections 30 and 31 of Alba Township within Jackson Counjinnesota The
mainline tile generally runssoutheastfrom its end in Section 26 of Hersey Township in Nobles Countyttooutlet, a private open
ditch in Section 30 of Alba Township in Jackson County. Téggproximately 700foot, private open ditchoutlets into Okabena
Creek. Aftereviewingthe historical Minnesota Department of Natural Resources (DNR) Public Waters Inventory (R#W)DNR
Buffer Map, and the GIS version of the Public Waters Inventory Mapvas determined thatthe private ditchis not apublic water,
however, Okabena Creek is a public water.

Watershed Description
The JD 4 system drains 1,516 acres and its watershed land use is relatively varied and flat. Characterized by gently riatitagn
dominated byagriculture and displays an elevation difference of approximately 58 fe€lhe watershed includessome ofthe City

of Brewster and is bisected binnesota Highway 60.A map of entire watersheds in Appendix A.

JUDICIALDITCHNO. 4

The predominant hydrologic soil type in the systemds mwater
This means that the soil has the potential to be adequately drained. The D in this group corresponds to the soil having4®sér

clay and restricted water movementand Crepresentsthe drained condition meaning, if adequately drained, the soil would have
moderately highrunoff potential when thoroughly wet.
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PROCESS

To assess the feasibility ofites for storage, ISG developed a matrix and storage scoring and raking exercise. The parameters

included proposed storage typestorage surface area, estimated cosgxisting land use and landowner willingness

Storage Scoringt Ranking Criteria

ISG developed a poinbased scoring matrix to objectively evaluate potential water storage sites within the JD 4 watershed. Ratings

were assigned foreach criterion and summed to produce a total score, with higher scores indicating greater overall suitability for

further evaluation. The matrix considered feasibility, cost, site characteristics, and implementation potential, as describeldw.

STORAGE SURFACE AREA

Sites with larger surface areas receivethore pointsbecause they provide greater design flexibility and increase potential water

storage volume. Five surface area ranges were used in the ranking process, as summarized in Table 1.

Tablel. Storage Surface Are&coringCriteria

Surface Area (acre) Point

0.17i5.0
5.1810
10.1815

15.1820
20.1830
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

ESTIMATED COST
Locations with the lowest estimated costs were prioritized, giving themore points to
minimize financial impact on landownersFive cost ranges were used in thecoring

process, as summarized in Table 2. $
L
Table2. CostScoringCriteria
0.018150,000 5 .
Typical cost
150,000.08300,000 4 per Ac/Ft

300,000 8450,000.01 3
450,000.01 6600,000 2
600,000.01 850,000 1

PROPOSED STORAGE TYPE

Storage types that provide greater ecosystem services, such as wetlands, received more points than traditional storage ponds.
Wetlands were favored because they may offer additional environmental benefits and greater funding opportunities. In thigrsgo
system, traditional storage receivedne point and wetlands receivedwo points. Additional discussion of the relative benefits and
considerations associated with each storage type is provided in the Comparison of Storage Practices seofithis report The
proposed storage type is preliminary and may be revised during design to reflect client preferences.

EXISTING LANDSE
Existing land use was considered to reduce impacts on highly productive land and minimize disruption to current
landowner operations. Sites located in less intensive land uses received more points. The point assignments for

existing land use are shown indble 3.

Table3. Existing Land Us&coringCriteria

Existing Land Use Point

Crop Land 1
Pasture 2
Pond/Wetland 3
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

LANDOWNER WILLINGNESS:

Landowner willingness to participate was given significant weiglsince cooperation is essential for successful project
implementation. Sites received 10 points if the landowner was willing to host storage amdro points if the landowner
was unwilling. Figure 1 and Table 4 present the 11 potential storagareas identified through landowner input and preliminary

survey and show how they ranked using this approach.

Primary Ranking Matrix

Table4. The primary ranking matrix of all the proposed options
(the area of modeled options might be different than what is showing in this table)

2 o
-} (] =
T g £
o - — < =
3 3 2 g s & > s S
S 3 S 8 o 2 s £ 5 3
o ° T =} o = a ¢ o Bp I B 9
3] c - = () 9 —
Z g S o 2 s o0 T a4 8 7 5 8
o =2 % @ 5 = S 2 2 2 2 2 =
@ = o = o S E = = = =2 = €
S 2 g o 2 S £ § 5 § &5 § 2
n N < a [ 3 o ©r @ ¢ o & O
Crop Land/ Shallow -
1 4.78 Pasture $373,000 Pool Wetland Willing 4 1 1 3 2 10 17
Shallow Not
2 1.68 Pasture $172,000 Pool Wetland Willing 4 1 2 4 2 0 9
Traditional Traditional Not
3 3.68 Crop Land  $384,000 Storage Pond willing 6 1 1 3 1 0 6
Traditional Traditional Not
4 2.20 Crop Land  $253,000 Storage Pond Willing 6 1 1 4 1 0 7
Traditional Traditional Not
5 6.95 Crop Land  $503,000 Storage Pond Willing 4 2 1 2 1 0 6
Traditional Not
6 5.30 Crop Land  $761,000 Deep Pool Pond Wwilling 10 2 1 1 1 0 5
Traditional Traditional Not
7 2.07 Pasture $427,000 Storage Pond willing 14 1 1 3 1 0 6

Traditional Traditional

8 8.53 Crop Land  $527,000 Willing 8 2 1 2 1 10 16

Storage Pond
9 202 'r{‘/j;‘f;rr']‘;’" $238,000 ngi:;‘;ga' TraFf’(i)tri]%”a' W'\i'"‘i’;g 6 1 1 4 1 0 7
10 157 "{?;f;rr']?' $199,000 ngi:g;a' Tral‘ad(i)tri]%”a' W'\illfi):]g 6 1 1 4 1 0 7
11 255  Pasture  $259,000 ngi:;%r;a' Tralf(i)tri]‘(’j”a' W'\i'"‘i’:]g 6 1 2 4 1 0 8
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING

[ Section!30.
i) Township|

W

Figure1. Map Showing Preliminary Storage Areas

An informational meeting with landowners was held dfebruary 11,2025, during which the various options were presented and
ranked. After considering landowner input, four options were selected. These four sites, identified through the ranking ryatre
described in this report and shown in Figure 2. As shown by thenking matrix, Option 6 (Storagérea?2 in Figure 2) and Option

11 (StorageArea4 in Figure 2) were modeled despite lower rankings and a lack of landowner willingneStrage areab was
included because it is centrally located in the watershed, and based on past project experience, centrally located storagasar

are often the most beneficialStorage areallwas al so model ed because it ranked thi

willingness.Storage area2, although highly ranked, was not modeled because of its proximitystorage areal, which had already
been selected for analysis.
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Section'26;

Section'35!
Harsey

Figure?2.: SelectedStorageArealocations
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

COMPARISON OF STORABEACTICES

As outlined above, varied storage practicesere consideredfor the JD 4 watershed. Each practice provides different hydraulic,
water quality, ecological, and implementation benefits depending on site conditions

Wetland Restoration+ Constructed Wetlands

Wetland restoration is the reestablishment of natural hydrology and/or native vegetation in a former or degraded wetland that
has been drained, farmed, or otherwise modified. The goal is to restore the site to conditions that closely resemble thénatig
pre-settlement wetland. Restored wetland vegetation typically consists of a mix of native hydrophytic (waténg) species,
including grasses, sedges, rushes, and forbs in the basin or ponded area, with native prairie grasses and forbs incorponatied

the adjacent upland areas. Constructed wetlands, by comparison, are engineered systems designed to detain runoff and improve
water quality while also providing some storage and habitat benefits. Unlike wetland restoration, which focuses on reestabtis

a former wetland, constructed wetlands are intentionally designed and built in locations where a wetland may not have prewousl
existed, often with controlled inlets, outlets, and grading to support treatment and storage functions. There are many benfi
wetland restoration and constructed wetlands, including:

1 Improvement of surface and ground water quality by filtering pollutants
such as sediment, pesticides, nutrients, and bacteria

1 Providing nutrient uptake, thereby preventing nutrients from traveling further downstream
1 Reducing soil erosion by slowing the overland flow

1 Providing detentionand storage of water duringand after rainfall events

In addition to improving water quality, both restored and constructed wetlands can provide wildlife habitat and ecologichieva
Wetland ecosystems support numerous species of birds, mammals, and amphibians. They provide breeding grounds for
amphibians such as frogs and salamanders, as well as ducks, geese, and migratory waterfowl whose habitat has been reduced.
They also provide habitat for small gae and other species in the adjacent upland areas. Recently, many wetlands have been
restored by private landowners to sell as wetland mitigation credits through wetland banking programs, including Standard
Wetland Credits (SWC) and Agriculture Wetland dite (AWC). In those cases, the landowner is responsible for upfront design,
construction, and monitoring costs but may recover value through the sale of credits used to mitigate wetland losses froraroth
permitted projects.
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Traditional Storage

Traditional storage istypicallydesigned as either a wet pond, which maintains a permanent pool of water, or a dry pond, which
temporarily stores runoff and drains between storm events. These systems are commonly used to reduce peak flow rates during
storm events, lessen downstream flading, and slow water movement to help reduce channel erosion. Traditional storage can
also provide temporary detention that improves overall drainage system performance and, in some cases, allows sediment to
settle out before water is released downstreanDue totheir relatively straightforward design and construction, wet and dry ponds
are often practical and coseffective options for managing stormwater within a watershed.

Architecture+ Engineering+ Environmental+ Planning Page9



NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

PRESENTCONDITION OBYSTEM BYOBSERVATION ANALYSIS

The present condition ofJD 4was determined via topographic surveyglevising, aerial images, and historical documentsAn
existing network of the system was developed using these sources.

The existing subsurface tile ranges in size from & 26-inches in diameter, andexhibiting grades ranging from 0.10% to 1.60%
as originally planned. At a landowner meeting held December 2023, the City of Brewster requested that the portions of the JD
4 system within the City be televised. In January of 2024, ISG completed televising efforts in this portion of the systetmybre
generally limited by the failed nature of the tiland excessive debris present. Figure3-9 below show samples of some of the
major issuesidentified throughout the televising of themainline and branch D.

30261 Nobles-Jackson JD 4 Brewster, MN 30261 Nobles-Jackson JD 4 Brewster, MN
ML-PT 1 -> DOWNSTREAM O ML-PT 1 -> DOWNSTREAM
Circular 22inch Clay Tile (not vitrified clay) B # Circular 22inch Cla le (not vitrified clay)

Figure6. Mainline Tile Beneath Brewsted Debris and Figure3. Mainline Tile Beneath Brewste® Multiple Fractures in
Obstructions Clay Tile, Bucking in Segment

30261 Nobles-Jackson JD 4 Brewster, MN
ML-PT 1 -> DOWNSTREAM
Circular 22inch Clay Tile (not vitrified cla

B 30261 Nobles-Jackson JD 4 Brewster, MN
§ ML-PT 1 -> DOWNSTREAM
Circular 22inch Clay Tile (not vitrified clay)
o e

Figure4. Mainline Tile Beneath Brewsted Multiple Fractures in Figure5. Mainline Tile Beneath Brewsted Multiple Fractures in
Clay Tile Clay Tile
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

i} 30261 Nobles-Jackson JD 4 Brewster, MN
» UPSTREAM <- ML-PT 1
Circular 22inch Clay Tile (not vitrified cla
$ SIS / T 2 32

HEE

¥ 30261 Nobles-Jackson JD 4 Brewster, MN
UPSTREAM <- ML-PT 2
Circular ZZIan Concrete Pipe (non-reinforced)
3 537 '3y

A =

Figure7. Mainline Tile Beneath Brewsted Mineral Deposits Figure8. Mainline Tile Beneath Brewsted Severe Root Intrusion
obstructing Flowpath

30261 Nobles-Jackson JD 4 Brewster, MN
B UPSTREAM <- Br D PT 1
Circular 12£ﬂch Clay Tile (not vitrified clay)

Figure9. Branch D Tile Beneath Brewsted Deposits over 50% of
CrossSection

Based on thetelevisingimages the tile hasfailed. Many fractures and misaligned joints show the aged state of the existing
mainline beneath the City of Brewster. This failed condition is coupled with the major obstructions fitoee and plantroots, which
cover nearly 100% of the crossection in multiple locationsand are nearlyeliminatingt he pr esent systembs
drain the City andthe upstream watershed.Similar ssues were found in Branch D asost of the subsurface line displayed

deposits coveringover 50% of the cross section, along with major grade misalignmepighich additionally hinder flow.
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING

Flooding Issues

The City of Brewster has experienced recurring flooding throughout its history with multiple instances of significant inimaat
occurring in recent years. Historical flooding photographs from 1993 were provided by a landowner and are shown in Figures 10
and 11. A flooding event in 2024 resulted in notable impacts within the Cityear a newly constructed bus shedFigure 12). In

April 2026, approximately 2.8 inches of rainfall were recorded over an estimated -1t® 24-hour period, representing an event

roughly equivalent to a 5/ear storm (Figures 1815).

Figure12: Bus Shed Location (1993)

Figure10: 3rd Avenue (1993) Figure11: Bus Shed (2024

Architecture+ Engineering+ Environmental+ Planning Pagel2



NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

Figure13: South of Highway60 (2026) Figure14: Wass Avenueshowing Flooding From Farm Fiel
Coming Into The City(2026)

Figure15: Wass and 2nd Avenue (2026)
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

System Capacity

The capacity of agricultural tile is expressed as a drainage coefficient, which is defined as the depth of water over thecemtea

of the upstream watershed that a tile or ditch can drain in a 2our periodand is represented byinches per dayor in/day. Table

2 summarizes the hydraulic capacity of thburied tile inJD 4 These calculations are computed for the ACSIC, meaning that the
tile sizes and slopes come from the most recent repair or improvement plans if available, or the original construction pitthe
system has not been improved. Additionally, these calculans reflect the capacity of the tile as though it were brand new, and
do not reflect thecurrent capacity, whichoften has a degraded conditionsuch asoffset joints, cracks,or debris that would reduce
the current capacity of the tile.

Table5. ACSIC Tile Capacities

ACSIC Drainage
Coefficient (in/da

ACSIC Size (in) ACSIC Slope (%) Drainage Area (Acres)

30 0.50% 1515.70 0.46

30 0.40% 1485.20 0.42

30 0.30% 1341.20 0.40

Main 24 0.20% 788.50 0.31
18 0.20% 429.30 0.26

10 0.73% 167.60 0.27

10 0.30% 153.80 0.19

0.30% 4.40 3.59

Branch A 6 0.20% 3.90 1.54
1.60% 3.40 4.98

15 1.00% 248.60 0.62

15 0.20% 248.50 0.28

Branch B 15 0.30% 247.50 0.34
15 0.15% 245.60 0.24

12 0.15% 101.50 0.32

12 0.10% 121.80 0.22

12 0.80% 113.2 0.67

Branch B1 12 0.10% 108.90 0.25
10 0.10% 103.00 0.16

10 0.50% 90.50 0.41

10 0.10% 74.90 0.22

18 0.10% 289.30 0.27

Branch C 12 0.30% 203.10 0.23
10 0.30% 112.00 0.26
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

ACSIC Drainage
Coefficient (in/da

ACSIC Size (in) ACSIC Slope (%) Drainage Area (Acres)

12 0.10% 80.80 0.33
Branch C1 10 0.10% 43.70 0.38
8 0.20% 24.60 0.52
12 0.15% 49.10 0.67

Branch D
10 0.14% 17.00 1.15
Branch D1 10 0.20% 2.10 11.14
12 0.10% 97.80 0.27
Branch E 10 0.20% 63.80 0.37
8 0.20% 12.00 1.07
Branch E1 6 0.50% 2.90 3.27
8 1.00% 102.90 0.28
Branch F 8 0.50% 49.60 0.41
6 0.50% 13.70 0.69
6 0.30% 13.30 0.55
S 8 0.30% 34.00 0.46
8 0.50% 31.40 0.65
18 0.60% 247.50 0.78
18 0.70% 221.90 0.95
Branch G 18 0.15% 178.90 0.54
15 0.15% 101.40 0.59
12 0.15% 60.40 0.55
10 0.30% 108.00 0.27
10 1.00% 68.10 0.77
Branch H 8 1.00% 37.60 0.77
8 0.20% 14.80 0.87
8 0.80% 13.20 1.95
6 1.20% 28.70 0.51
Branch H1 6 0.70% 21.40 0.52
6 0.20% 20.70 0.29
Branch H2 6 0.23% 20.30 0.32
Branch | 8 0.40% 1.700 10.73
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

MODELPARAMETERS

Infoworks Integrated Catchment ModelinCM wasused to model the existing and proposed drainage conditiondCMis used

for urban stormwater simulation because it offers a comprehensive and dynamic approach to understanding how water moves
through complex urbanand rural environments. Watershedareas typically have intricate drainage systems that include surface
runoff, underground sewer networks, curbs, channels, rivers, and floodplains. ICM allows engineers to simulate all these
components together, providing a realistic representation of hatormwater behaves during rainfall events. It combines hydrology
and hydraulics to model bothone-dimensional flows in pipes and channels andwo-dimensional surface flooding, which is
essential for predicting flood risks and designing effective drainage infrastructure.

HydrologicParameters

The routing method for the models used thed Conservation Service (SCSHydrology
method. Two parameters were calculated in GIS: the runoff soétchment area and the A
time of concentration. Time of Concentration ¢); calculations were calculatedising the
TR55 methodology. These parameters were calculated using a proprietary ArcGIS to
developed by ISG to determine the time of concentration for each scétchment This tool
calculates the longest flow path and average land slope for each catchment. This data
calculated from county Digital Elevation Model (DEM) data. User input parameters inclu
land use type, surface roughness based on land use type, and th2 ¥ariable; thedepth
of rainfall in inches, of atwo-year 24-hour storm gathered from NOAA Atlas 14. This
information was calculated for points located strategically along the JD 4 drainage tée.
curve number (CN) is a dimensionless parameter developed by tNatural Resources
Conservation ServiceNRCS to estimate direct runoff from rainfall events based on land
use, soil type, and hydrologic condition. Lower curve numbers indicate greater infiltratic
and lower runoff potential, while higher curve numbers indicate lower infiltration ani
greater runoff potential. The curve number for agricultural land was relatively uniform
however, weighted curve numbers were assigned to each scdiichment based on land
use and soil characteristics within the watershed. Sutatchments that include portions of
the City of Brewstemgenerally have higher curve numbers due to the presence of mor
impervious surfaces, which reduce infiltration and increase runoff potential. As a resul
weighted curve numbers across the watershed ranged from 50 to 85.

The SCS depth, or storage depth, was calculated based on the curve number using t

equation: "Y6 TYQ 20 —— . The storage depth is the maximum potential depth of

water in feet that could be infiltrated or stored on the surface, or lost, before runoff occurs
through initial infiltration, evaporation, or surface depression storage.The initial

abstraction factor used for the model is 0.20.
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Hydraulic Parameters

One assumption made to model the existing drainage system is that the tile is in the ACSIC, meaning that the tile was modeled
as though it is functioning as it was originally constructed. This means it does not take into consideration the blockages an
restrictions that are likely throughout the existing tile or open ditch. The ACSIC and proposed storage scenarios were bothiedode

using a Manningds n valwue of 0.013.

Another factor within the model is that the sueatchment runoff is routed directly into the pipes, which assumes all farmland is
100% privately tiled ground. The landowners may or may not have their land completely privately tiled at this time, budrigameer
finds it to be a necessary conservative assumption. To encourage the motbeshow flooding across the landscape into many of
the small depressions exishg throughout the watershed, some of the subatchments have been routed to additional private
tiles. These assumed private tiles allow flooding to show in teenaller depressional areas as well as greater levels of infiltration
to be represented within the model, which more closely represents what is happeninghe landscape.The model reflects the

ACSC system, with pipe sizes and grades remaining unchanged.

Storm Events

The designed storm events were chosen to comply with Minnesota Drainage Statute
103E.015(4), 0OCurrent and potenti al fl oodi
project or system and downstream for 5 10-, 25-, and 50-vyear flood events, including
adequacy of the out | e Bec.fl@BE.016 MM Statuted Iin additipe pr
to the statutory events, the 2 and 100-year storm events were modeled to evaluate a

broader range of system performance and to satisfy applicable grant requirements.

Modeled rainfall depths were determinedisingNOAA Atlas 14 Point Precipitation Frequency
Estimates:Minnesotaas provided for neaBrewster, Minnesotain July, 2025(43.697834,
-95.467911 ) and the obtained valuesare shownin Table6. The 24hour duration was used

as it is the standard design storm duration and is the necessary duration to use the NRCS
MSES rainfall distribution.

Table6. Modeled 24hr precipitation values

Rainfall Event Rainfall Depth (inches)

2-year 2.92
S-year 3.72
10-year 4.45
25year 5.55
50-year 6.48
100-year 7.47
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Infiltration

Twodimensionalhydraulic infiltration was used in the model to allow surface water to infiltrate into the soil. Soil data was imported
from GIS to apply infiltration parameters based on the USDA Hydrologic Soil Types as delineated by the USDA Web Soil Survey
Infiltration is applied using the Gree#\mpt methodology. When combining thisvo-dimensionalinfiltration method with the SCS
storage depth, some considerations must be taken so as to not double couhe initial rapid infiltration volumes. To remedy this,

initial GreenAmpt Soil Moisture Deficit is set to 0.01, which is as neaeroas the model will allow. What this achieves is modeling

an initially saturated soil profile, which would have been achieved through the infiltration accounted for in the SCS stodegéh.

The GreerAmpt suction and conductivity parameters are determinedybthe soil type,where most of the hydrologic soil
classification is representative o€/D soils, which contain large percentages of clay/sand loams and dispigsipwinfiltration rates.

Both the ACSIC and proposed models were modeled using the same methodology.

Validation

Model validation was performeadvith site visits, drone flights, and landowner observations gathered during meetings. For example,
the ponding shown in Figure 3 is also represented in the model results in Figure 4, indicating that the calibration reasgnabl
reproduced observed conditions witih the system. Figure 3 reflects conditions observed at 8:00 a.m. on June 21, 2024, following
approximately 9.66 inches of rainfall between June 15 and June 21, including about 4.22 inches (approximately sy&8r rainfall

event) overnighton June 21. Thisgr eement bet ween observed and model ed condi
realworld system behavior and increases confidence in its predictive capability.
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING

PROPOSED STORAGE AREAS

All storage areaswere developed usingthe same methodology At all storage locations, the tile under the storage area was
removed and any tile upstream of the pond was daylighted directly into the pond. The bottom elevation of each pond was set to
the outlet pipeds invert el ewasaddesddownsti@amdof tleemutiet piperAk this projedoeso p s
not include any tile improvements, at no point in the model was any tile upsized, downsized, or had its grade charigigdre 2

shows all the storagearea optiors. See Appendices grough D for detailed modeling results.

STORAGE AREA 1

Storage area 1 is located along the existingnain tile, north of 830t Street, shortly before the system discharges to the private
ditch (Figure 5). This storage area has approximately 4.8 acres of surface area and 38.35 dest of storage volume. It functions

as a dry pond, meaning the pond drains fully between storm events.héligh modeled as a dry pond, it could also be designed
as a constructed wetland. Thenainline discharges directly into the storage area, with a constructed outlet to the private ditch
and then to the OkebenaCreek. This option was found to provide minimal reduction in peak flowrates (Table 7), little change in
peak water elevations (Tabl8), and only a slight reduction in total peak volume at the JD 4 outlet (TaBle The hydrographsre

in Appendix E. The probable cost of this option$467,534. A breakdown of the cost estimations in Appendix J.

Figure16. StorageAreal
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

Table7. Peak Flowrate Comparison at the JD 4 Outiet Cubic Fet per Second

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 80.5 81.1 1%
5-year 171.3 162.1 -5%
10year 376.1 353.0 -6%
25year 725.2 704.0 -3%

50-year 1,011.1 996.2 -1%
100-year 1,279.7 1,270.7 -1%

Table8. PeakWaterElevation Comparison at the JD 4 Outlet

Rainfall Event ACSICf} Proposed {) % Change
2-year 1455.3 1455.0 -0.30
5-year 1455.7 1455.2 -0.50
10-year 1456.1 1455.6 -0.50

25year 1456.4 1456.1 -0.30
50-year 1456.6 1456.3 -0.30
100year 1456.7 1456.6 -0.10

Table9. Volume Comparison at the JD 4 Outlat Acre Feet

Rainfall Event ACSICACcY) Proposed Acf) % Change
2-year 127.5 118.9 -1%
5-year 196.7 187.9 -4%
10year 266.6 257.6 -3%
25vyear 373.4 364.1 -2%
50-year 468.4 458.9 -2%

100year 569.0 559.4 -2%
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

STORAGE AREA 2

Storage area? is located along the existingnainline, west of 10h Street (Figure 6). This storage area has approximately 5.3 acres
of surface area and 55.56 acrefeet of storage volume. It functions as a dry pond, meaning the pond drains fully between storm
events. Although modeled as a dry pond, it could also be designed as a wet pond. Branch F andntlailine both discharge
directly into the storage area, with themainline also serving as the pond outlet. This option was found to provide significant
reductions in peak flowrates (Table @), peak water elevations (Table 1), and total volume at the JD 4 outlet (Table2), along
with reduced flood duration immediately downstream of the storage area. Flood duration mage in Appendix B, and the
hydrographsare in Appendix F. The probable cost of thigorage areais $607,106, and a breakdown of the cost estimatés in

Appendix J.

Figurel7. StorageArea?2
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

Table10. Peak Flowrate Comparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 80.5 53.5 -34%
5-year 171.3 79.5 -54%
10-year 376.1 115.2 -69%
25year 725.2 382.6 -47%
50-year 1011.1 663.2 -34%

100-year 1279.7 957.8 -25%

Table11. Elevation Comparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 1455.3 1454.9 -0.40
5-year 1455.7 1455.0 -0.70
10-year 1456.1 1455.1 -1.00
25year 1456.4 1455.7 -0.70
50-year 1456.6 1456.1 -0.50

100year 1456.7 1456.3 -0.40

Table12. VolumeComparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 127.5 125.8 -1%
5-year 196.7 194.6 -1%
10-year 266.6 263.7 -1%
25year 373.4 370.7 -1%
50-year 468.4 466.2 0%

100year 569.0 569.4 0%
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING

STORAGE AREA 3

Storage area 3 is located along the existingnainline, Westof 10t Street (Figurel10). This storage area has approximateB.53

acres of surface areaand 72.33 acre-feet of storage volumelt functions asa dry pond which means the pond drains fully between
storm events Existingmainline and branch D dischargedirectly into the storage area, witlexistingmainlineact i ng as t h.
outlet. This optionwas found toprovide a reduction in peak flowrate¢Figure 13), water elevation(Figurel4), and volume at the

outlet of the system(Figurel5 ). In addition storage area3 provides areduction of overland flow alonghe mainline and at the
system outlet which shows a decreasén overland flow 0f21--100% acrossmodeled storm events. Theeak flowratereduction

at the JD 4outletis in Table6 below, and Flood Duration mapsgre in Appendix CThe hydrographsrein AppendixG. The probable

cost of thisstorage areais $813,781 and a breakdown of the cost estimatiofs in AppendixJ.

P

Figure18. StorageArea3
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

Table13. Peak Flowrate Comparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 80.5 62.4 -22%
5-year 171.3 102.9 -40%
10-year 376.1 233.3 -38%
25year 725.2 533.2 -26%
50-year 1011.1 802.9 -21%

100-year 1279.70 1072.20 -16%

Table14. Peak Elevation Comparison at the JD 4

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 1455.3 1454.9 -0.40
5-year 1455.7 1455.1 -0.60
10-year 1456.1 14554 -0.70
25year 1456.4 1456.0 -0.40
50-year 1456.6 1456.2 -0.40

100-year 1456.70 1456.40 -0.30

Table15. Volume Comparison at the JD 4

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 127.5 122.7 -4%
5-year 196.7 188.9 -4%
10year 266.6 255.5 -4%
25year 373.4 359.5 -4%
50-year 468.4 453.2 -3%
100-yvr 569.00 554.30 -3%
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

STORAGE AREA

Storage area 4 is located north of State Highway 60 (Figure 8). This storage area has approximately 2.55 acres of surfaee are
and 23.36 acrefeet of storage volume. It functions as a dry pond, meaning the pond drains fully between storm events. The
mainline discharges directly into the storage area, with thmainline also serving as the pond outlet. This option provides minimal
benefit, with little to no reduction in peak flowrate and only a slight reduction in peak water elevation, but it does redoeerland
flow overtopping 3! Avenue. This limited benefit may be due to the smaller storage capacity of this option compared to the others
considered. In addition, because this option in the upper reaches of the JD 4 watershed, it drains a smaller subwatersaed

the outlet in this portion of the system is a 1@nch pipe that conveys lower volumes downstream. The peak flowrate reduction at
the JD 4 outletis in Table 19, and flood duration mapsre in Appendix D. The hydrograplrere in Appendix H. The probable cost

of this storage areais $295,183 and a breakdown of the cost estimatés in Appendix J.

Figure19. Storage Option 4
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

Table16. Peak Flowrate Comparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 80.5 80.5 0%
S5-year 171.3 171.8 0%
10-year 376.1 374.4 0%
25vyear 725.2 724.0 0%
50-year 1011.1 1009.4 0%

100-year 1279.7 1279.1 0%

Table17. Peak Elevation Comparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 1455.3 1455.0 -0.30
5-year 1455.7 1455.3 -0.40
10-year 1456.1 1455.7 -0.40

25year 1456.4 1456.1 -0.30
50-year 1456.6 1456.3 -0.30
100year 1456.7 1456.6 -0.10

Table18. VolumeComparison at the JD 4 Outlet

Rainfall Event ACSIC (cfs) Proposed (cfs) % Change
2-year 127.5 130.2 2%
5-year 196.7 199.1 1%
10-year 266.6 269.2 1%
25year 373.4 376.9 1%
50-year 468.4 471.1 1%

100year 569.0 567.9 0%
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SUMMARY OF FINDINGS, CONCLUSIONSDRECOMMENDATIONS

After reviewing the proposed storage areas within Nobles and Jackson Counties JD 4, ISG concludesttitage areas2 and 3
provide the greatest overall system benefit, with substantial reductions in peak flowrate, peak water elevation, overlarn, flod
downstream flood inundation Storage areasl and 4 provide more limited benefits at the system outlet, althougdtorage aread
may offer some localized reduction in water ponding within the City of Brewster. When considered alongside landowner ingdut an
implementation feasibility,storage area3 is the recommended alternative because it provides strong hydraulic performance while
better aligning with project priorities and stakeholder considerations. Accordingly, ISG recommestdeage area3 as the primary
option for further considerationstorage areal as the secondary optionstorage area2 as the tertiary option, andstorage area

4 as the quaternary option.
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING
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NOBLE&JACKSON COUNTIES JUDIOIACH: WATER STORAGE PLANNING
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NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

STORAGE AREA'L 2 YEAR +5 YEAR OUTLET COMPARISONS
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Figure31. 2-year- Outlet Hydrograph Comparison
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Figure31. 5-year- Outlet Hydrograph Comparison
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STORAGE AREA 1 10 YEAR + 25 YEAR OUTLET COMPARISONS
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Figure33. 10-year- Outlet Hydrograph Comparison
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Figure33. 25-year - Outlet Hydrograph Comparison
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STORAGE AREA 1 50 YEAR + 100 YEAR OUTLET COMPARISONS
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Figure35. 50-year - Outlet Hydrograph Comparison
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Figure35. 100-year - Outlet Hydrograph Comparison

Architecture+ Engineering+ Environmental+ Planning AppendixF



APPENDIXG:
HYDROGRAPSI0 STORAGE AREA

E Architecture+ Engineering+ Environmental+ Planning




NOBLE&JACKSON COUNTIES JUDIOIACH WATER STORAGE PLANNING

STORAGE ARE2Z T 2 YEAR +5 YEAR OUTLET COMPARISONS
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Figure37. 2-year - Outlet Hydrograph Comparison
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Figure37. 5-year- Outlet Hydrograph Comparison
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STORAGE AREZ '~ 10 YEAR + 25 YEAR OUTLET COMPARISONS
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Figure39. 10-year - Outlet Hydrograph Comparison
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Figure39. 25-year - Outlet Hydrograph Comparison
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STORAGE AREZ = 50 YEAR + 100 YEAR OUTLET COMPARISONS

Figure41. 50-year - Outlet Hydrograph Comparison

Figure41. 100-year - Outlet Hydrograph Comparison
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