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New Hampshire Alteration of
Terrain Permit Application

Application Elements

(From Item #7 of the Application Form)

Copy of the signed application form
Exhibit 1
Copy of the check
Exhibit 2
Copy of the USGS map with the property boundaries outlined (1” = 2000’ scale)
Exhibit 3
Copy of the proof of delivery to the municipality
The Town of Antrim Board of Selectmen will be provided with a copy of the entire SEC
application at the time it is filed. The Applicant will file a copy of the return receipt or
other documentation of receipt by the Town with the SEC and has reserved Appendix 8 of
the SEC application for this purpose.
Application checklist
Exhibit 4
Narrative of the project with a summary table of the peak discharge rate for the off-site
discharge points
See Stormwater Management Narrative (Exhibit 5)
Web GIS printout — with the “Surface Water Impairments” layer turned on
Exhibit 3
Web GIS printouts — with the AoT screening layers turned on
Exhibit 3
NHB letter
Exhibit 6
The Web Soil Survey Map with the project’s watershed outlined
See Civil Design Drawings (Exhibit 7A of the SEC Application) Sheet WS-3
Aerial Photograph (1” = 2000” scale with the site boundaries outlined)
Exhibit 3
Photographs representative of the site
Exhibit 7
Groundwater Recharge Volume calculations

See Stormwater Management Narrative (Exhibit 5) Section 4.1.2
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BMP worksheets
See Stormwater Management Narrative (Exhibit 5) Appendix B
Drainage analysis
See Stormwater Management Narrative (Exhibit 5) Appendix A
Riprap apron or other energy dissipation or stability calculations
See Stormwater Management Narrative (Exhibit 5) Appendix C
Site Specific Soil Survey report
Not applicable—waiver requested. See Exhibit 8 for Waiver Request
Infiltration Feasibility Report
Not applicable— See Stormwater Management Narrative (Exhibit 5) Section 4.1.3
Registration and Notification Form for Storm Water Infiltration to Groundwater
Not applicable— See Stormwater Management Narrative (Exhibit 5) Section 4.1.3
Inspection and maintenance manual with long term maintenance agreements
See Post-Construction Stormwater Management, Inspection, & Maintenance Plan
(Exhibit 9).
Source control plan
Not applicable, per NH DES Environmental Fact Sheet WDDWGB225: The project will
use best management practices (BMPs) so that there will be no contact between
regulated substances and precipitation/ runoff from any portion of the site.
One set of design plans on 24 x 36” white paper
See Civil Design Drawings (Exhibit 7A of the SEC Application)
Pre- & post-development color coded soil plans
See Civil Design Drawings (Exhibit 7A of the SEC Application) Sheet WS-3
Pre- & post-development drainage area plans on 24 x 36 white paper
See Civil Design Drawings (Exhibit 7A of the SEC Application) Sheets WS1 & WS2
100-year Floodplain Report
Not applicable. The project is not within a 100-year floodplain.
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ALTERATION OF TERRAIN APPLICATION
R.S.A. 485-A:17
Department of Environmental Services - Water Division
29 Hazen Drive, PO Box 95
Concord, New Hampshire 03302-0095

Application Date: 1/31/12 File Number (DES use):

ANTRIM WINDPARK 212-27, 30, & 34; 235-14; 236-1; 236-2; 239-1
Name of Project Map & Lot Number

ANTRIM, NH HILLSBOROUGH

Location of Project (town) County

Check Project Type:

[ ]Excavation X]Commercial [ _]School [JAgricultural [ JLandfill

[ ]Residential [IGolf Course [ IMunicipal [JLand Conversion [ _]Other specify

1. Applicant Information (the desired permit holder)
ANTRIM WIND ENERGY, LLC generate@eolian-energy.com
Name of Applicant Email address (optional)
JOHN B. KENWORTHY 603-570-4842
Contact Name Telephone Number
155 FLEET ST. 603-457-0065
Mailing Address Fax Number
PORTSMOUTH NH 03801-4050
City/Town State Zip Code
2. Property Owner Information
SEE  EXHIBIT 11
Name of Property Owner (if different from applicant) Email address (optional)
Contact Name Telephone Number
Mailing Address Fax Number
City/Town State Zip Code
3. Agent Information
TRC JSBROWN@TRCSOLUTIONS.COM
Agent Company Email address
JOSHUA BROWN 518-688-3146
Contact Name Telephone Number
10 MAXWELL DR. 518-348-1194
Mailing Address Fax Number
CLIFTON PARK NY 12065
City/Town State Zip Code
4. Provide a short description of the project below (do not reply “see attached”):

Construct 10 wind turbines and associated infrastructure, including access roads, a collection system, an operations and
maintenance building, and a substation in Antrim, NH.

If any work was done prior to receiving a permit, describe it below:
Installation of metorological tower (2009).




6. Please answer the questions below — no field should be left blank, if not applicable, state “NA”:

A. Date a copy of the complete application was sent to the municipality™: 1/31/12

B. Total area of disturbance: 2,522,124square feet

@)

. Additional impervious cover as a result of the project: 500,940 square feet (use “-” sign for a reduced amount)
Total impervious cover for project: 500,940 square feet

. Total Undisturbed cover: 566,280 square feet

Number of lots proposed: 0

Total length of roadway: 21,120 feet

@(m(m| o

. Select plan type submitted: [ ] Land Conversion [] Excavation, grading, and reclamation
[] Steep Slope X Detailed Development Plan

H. Name of receiving waters: NORTH BRANCH RIVER; WILLARD POND, GREGG LAKE, UNNAMED STREAM

Using NHDES’s Web GIS OneStop program (www?2.des.state.nh.us/gis/onestop/), with the Surface Water
Impairment layer turned on, list the impairments identified: Gregg Lake: Chlorophyll-a; Phosphorus (total) (enter
“NA” if no pollutants are listed). For more guidance see:
http://des.nh.gov/organization/divisions/water/wmb/tmdl/documents/onestop_gis_wgc_ref guide.pdf

I. Name of designated river: NA (enter “NA” if not within a designated river corridor)
Date a copy of the complete application was sent to the Local Advisory Committee (LAC)': NA

J. Name of species identified by the Natural Heritage Bureau as threatened or endangered or of concern:
See attached NHB letter of 8/3/11.

K. Cut volume N/A cubic feet and fill volume N/A cubic feet within the 100-year floodplain
(enter “NA” if not within the floodplain)

L. Is the project within a Water Supply Intake Protection Area (WSIPA)? YES[ | NO[X
Is the project within a Groundwater Protection Area (GPA)? YES[_] NO[X]
Are the well setbacks outlined in Env-Wq 1508.02 being met? YES[X] NO[ ]

Guidance document titled “Using DES’s OneStop WebGIS to Locate Protection Areas” is available online.
For more details on the restrictions in these areas, read Chapter 3.1 in Volume 2 of the NH Stormwater Manual.

M. Is the project a High Load area, in accordance with Env-Wq 1502.26? YES[_| NO[X]
If yes, specify type of high load land use or activity?

N. Other State Permits/Approvals

Total wetland impact 8,349 square feet. Enter “NA” if no wetland permit required.
Status of filing or if permitted, state permit number: pending (e.g., NA, not yet applied, pending, 2010-0001)

Status of shoreland application or if permitted, state permit number: NA (e.g., NA, not yet applied, pending, 2010-0002).
If project is in protected shoreland but exempt, state “exempt” and state why exempt.

Status of large or small community well approval or if approved, state date of the Well Siting Approval letter: NA
(e.g., NA, not yet applied, pending, 12/1/2010).

Status of large groundwater withdrawal application or if approved, state permit number: NA (e.g., NA, not yet applied,
pending, LGWP-2010-0001).

List other DES permits required and state their status? Pending: SEC Permit; 401 Water Quality; Dredge and Fill

O. If you have had a pre-application meeting with AoT staff, state his or her name(s): CRAIG RENNIE Attach a copy
of the meeting minutes

' — A copy of the application, including all items in #7, must be sent to the applicable municipality and, if applicable, to
the local rivers management advisory committee (LAC) at the same time (or before) filing this AoT permit application.
Provide proof of delivery is required, in accordance with Env-Wq 1503.05(c)(4).




7. In the order listed, please include the following as part of your application, if applicable:

CHECK ALL THAT APPLY

Loose:

[X] This signed application form — des.nh.gov/organization/divisions/water/aot/index.htm

[X] Check for the application fee — des.nh.gov/organization/divisions/water/aot/fees.htm

[X] Color copy of a USGS map with the property boundaries outlined (1” = 2,000 scale)

X1 A copy of the pre-application meeting minutes, if you had a pre-application meeting with AoT staff.

Bind in a report in the following order:

[X] Copy of the signed application form

X Copy of the check

[X] Copy of the USGS map with the property boundaries outlined (1” = 2,000 scale)

[X] Copy of the proof of delivery to the municipality and LAC, if applicable (e.g., copy of the certified mail receipts)

X Application Checklist — des.nh.gov/organization/divisions/water/aot/index.htm

[X] Narrative of the project with a summary table of the peak discharge rate for the off-site discharge points

X] Web GIS printout — with the “Surface Water Impairments™ layer turned on - www?2.des.state.nh.us/gis/onestop/

[X] Web GIS printouts — with the AoT screening layers turned on - www2.des.state.nh.us/gis/onestop/

[X] NHB letter using DataCheck Tool — www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/

X] The Web Soil Survey Map with project’s watershed outlined — websoilsurvey.nres.usda.gov

X Aerial photograph (1” = 2,000’ scale with the site boundaries outlined)

[X] Photographs representative of the site

[] Groundwater Recharge Volume calculations (one worksheet for each permit application) —
des.nh.gov/organization/divisions/water/aot/documents/bmp_worksh.xls

[X] BMP worksheets (one worksheet for each treatment system) —
des.nh.gov/organization/divisions/water/aot/documents/bmp_worksh.xls

[X] Drainage analysis, stamped by a professional engineer (see Application Checklist for details)

[X] Riprap apron or other energy dissipation or stability calculations

[[] site Specific Soil Survey report, stamped and with a certification note prepared by the soil scientist that the
survey was done in accordance with the Site Specific Soil Mapping standards, Site-Specific Soil Mapping
Standards for NH & VT, SSSNNE Special Publication No. 3.

[] Infiltration Feasibility Report (example online)

[ Registration and Notification Form for Storm Water Infiltration to Groundwater (for underground systems only,
including drywells and trenches) — (http://des.nh.gov/organization/divisions/water/dwgb/dwspp/gw_discharge)

[X] Inspection and maintenance manual with long term maintenance agreements

[1 Source control plan

Plans:

[X] One set of design plans on 34 - 36” by 22 - 24” white paper (see Application Checklist for details)

X Pre & post-development color coded soil plans on 117 x 17” (see Application Checklist for details)

X Pre & post-development drainage area plans on 34 - 36” by 22 - 24” white paper (see Application Checklist for
details)

100-year Floodplain Report — submitted as a separate report:
] Al information required in Env-Wq 1503.09

1gnature quired:

\ il P \\\\n\ \\ _—S A \/\U\uwxév\\\

Slgna%o&phcam s agent “Date Name of applicant or &pphcant s agent

Signature of owner or Swner’s agent, if different from applicant Date Name of owner or owner’s agent, if different from applicant

Note: In accordance with Env-Wq 1503.20(¢), within one week after permit approval, the applicant shall submit a copy
of all approved documents to the department in PDF format on a CD.

Last revised: December 2010 Page 3 of 3
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ALTERATION OF TERRAIN
APPLICATION CHECKLIST
R.S.A. 485-A:17
Department of Environmental Services - Water Division
29 Hazen Drive, PO Box 95
Concord, New Hampshire 03302-0095

CHECK the box if the item has been provided and please be sure to review your application, prior to submitting. If
an item does not apply, please state why. Don’t forget to review section 7 on the application form as well.

Checks for the design plans:

X Plans printed on 34 - 36” by 22 - 24” on white paper

X] PE stamp

X] Wetland delineation

[X] Temporary erosion control measures

X Treatment for all stormwater runoff from impervious surfaces such as roadways (including gravel roadways),
parking areas, and non-residential roof runoff. Guidance on treatment BMPs can be found in Volume 2, Chapter
4 of the NH Stormwater Management Manual.

[X] Pre-existing 2-foot contours

[X] Proposed 2-foot contours

X Drainage easements protecting the drainage/treatment structures

<] Compliance with the Wetlands Bureau, RSA 482- A
http://des.nh.gov/organization/divisions/water/wetlands/index.htm
Note that artificial detention in wetlands is not allowed.

<] Compliance with the Comprehensive Shoreland Protection Act, RSA 483-B
http://des.nh.gov/organization/divisions/water/wetlands/cspa

[] Benches. Benching is needed if you have more than 20 feet change in elevation on a 2:1 slope, 30 feet change in
elevation on a 3:1 slope, 40 feet change in elevation on a 4:1 slope. N/A _per ENV-WQ 1508.19(a)

[] Check to see if any proposed ponds need state Dam permits. For more information see:
http://des.nh.gov/organization/divisions/water/dam/documents/damdef.pdf N/A; no ponds proposed.

Provide the following details on the plans, as applicable:

X] Typical roadway x-section

[] Detention basin with inverts noted on the outlet structure N/A; no ponds proposed.

X Stone berm level spreader

[X] Outlet protection — riprap aprons

X] A general installation detail for an erosion control blanket

[X] Silt fences or mulch berm

[] Storm drain inlet protection — note that since hay bales must be embedded 4 inches into the ground, they are not to
be used on hard surfaces such as pavement. N/A; no storm drain__ inlets utilized.

X] Hay bale barriers

[X] Stone check dams

X Gravel construction exit

X] The treatment BMPs proposed

[] Any innovative BMPs proposed None proposed.

Construction Sequence/Erosion Control Notes

X] Note that perimeter controls shall be installed prior to earth moving operations.

X] Note that ponds and swales shall be installed early on in the construction sequence (before rough grading the site).
X Note that all ditches and swales shall be stabilized prior to directing runoff to them.

X] Note that all roadways and parking lots shall be stabilized within 72 hours of achieving finished grade.

X Note that all cut and fill slopes shall be seeded/loamed within 72 hours of achieving finished grade.

[X] Note that all erosion controls shall be inspected weekly AND after every half-inch of rainfall.

Last Revised: December 2010
Page 1 of 3
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Checks for the design plans (continued):

[X] Note the limits on the open area allowed, see Env-Wq 1505.02 for detailed information.

Example note: The smallest practical area shall be disturbed during construction, but in no case shall exceed 5
acres at any one time before disturbed areas are stabilized.

X Note the definition of the word “stable.”

For example: An area shall be considered stable if one of the following has occurred:
e Base course gravels have been installed in areas to be paved.
e A minimum of 85 percent vegetated growth has been established.
e A minimum of 3 inches of non-erosive material such stone or riprap has been installed.
e Or, erosion control blankets have been properly installed.
<] Note the limit of time an area may be exposed.
For example: All areas shall be stabilized within 45 days of initial disturbance.

[X] Provide temporary and permanent seeding specifications. (Reed canary grass is listed in the Green Book;
however, this is a problematic species according to the Wetlands Bureau and therefore should not be specified).

X] Provide winter construction notes that meet or exceed our standards.

Standard Winter Notes:

o All proposed vegetated areas that do not exhibit a minimum of 85 percent vegetative growth by October 15, or
which are disturbed after October 15, shall be stabilized by seeding and installing erosion control blankets on
slopes greater than 3:1, and seeding and placing 3 to 4 tons of mulch per acre, secured with anchored netting,
elsewhere. The installation of erosion control blankets or mulch and netting shall not occur over accumulated
snow or on frozen ground and shall be completed in advance of thaw or spring melt events.

o All ditches or swales which do not exhibit a minimum of 85 percent vegetative growth by October 15, or which
are disturbed after October 15, shall be stabilized temporarily with stone or erosion control blankets
appropriate for the design flow conditions.

o After November 15, incomplete road or parking surfaces, where work has stopped for the winter season, shall
be protected with a minimum of 3 inches of crushed gravel per NHDOT item 304.3.

[ ] Note at the end of the construction sequence that “Lot disturbance, other than that shown on the approved plans,
shall not commence until after the roadway has the base course to design elevation and the associated drainage is
complete and stable”. — This note is applicable to single/duplex family subdivisions, when lot development is not
part of the permit. N/A; no lots  proposed.

Checks for the drainage analyses: Please double-side your 8 ¥2”” x 11" sheets where possible. However, please do
not reduce the text such that more than one page fits on one side.

X] PE stamp

X Drainage analyses, in the following order:

e Pre-development analysis: Drainage diagram

Pre-development analysis: Area Listing and Soil Listing

Pre-development analysis: Node listing 1-year (if applicable), 2-year, 10-year and 50-year
Pre-development analysis: Full summary of the 10-year storm

Post-development analysis: Drainage diagram

Post-development analysis: Area Listing and Soil Listing

Post-development analysis: Node listing for the 2-year, 10-year and 50-year

e Post-development analysis: Full summary of the 10-year storm
X Review the Area Listing and Soil Listing reports.

e Hydrologic soil groups (HSG) match the HSGs on the soil maps provided.

e There is the same or less HSG A soil area after development (check for each HSG).
e There is the same or less “woods” cover in the post-development.

e Undeveloped land was assumed to be in “good” condition.

e The amount of impervious cover in the analyses is correct.
A good check is to subtract the total impervious area used in the pre analysis from the total impervious area used
in the post-analysis, does this number make sense? For residential projects without demolition occurring, a good
check is to take this change in impervious area, subtract out the roadway and divide the remaining by the number
of houses/units proposed. Does this number make sense?

Last Revised: December 2010
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Checks for the drainage analyses (continued):

[X] Check the storage input used to model the ponds.

[] Check to see if the artificial berms pass the 50-year storm, i.e., make sure the constructed berms on ponds are not
overtopped. N/A; no _artificial berms proposed.

[] Check the outlet structure proposed and make sure it matches that modeled N/A; none proposed.

Check to see if the total areas in the pre and post analyses are same

X] Check to make sure the correct rainfall amount and NRCS storm type was modeled (Coos, Carroll, and Grafton
counties are Type Il, all others Type 1l1).

Checks for the pre and post-development drainage area plans:

X Plans printed on 34 - 36” by 22 - 24” on white paper
<] Submit these plans separate from the soil plans

X] A north arrow

[X] A scale

X Labeled subcatchments, reaches and ponds

X] Tc lines

X] A clear delineation of the sub-catchment boundaries
X] Roadway station numbers

X Culverts and other conveyance structures

Checks for the pre and post-development color-coded soil plans:

X] 117 x 17”sheets suitable, as long as it is readable

[X] Submit these plans separate from the drainage area plans

X A north arrow _

lzl A scale N/A; soil  survey not

[ ] Name of the soil scientist who performed the survey and date the soil survey took place done,waiver  requested.

[X] 2-foot contours (5-foot contours if application is for a gravel pit) as well as other surveyed features

X] Delineation of the soil boundaries and wetland boundaries

[X] Delineation of the subcatchment boundaries

X Soil series symbols (e.g., 26)

X1 A key or legend which identifies each soil series symbol and its associated soil series name (e.g., 26 = Windsor)

X The hydrologic soil group color coding (A = Green, B = yellow, C= orange, D=red, Water=blue, & Impervious =
gray)

Please note that excavation projects (e.g., gravel pits) have similar requirements to that above, however the
following are common exceptions/additions: N/A; project iIS not an extraction project.

[] Drainage report is not needed if site does not have off-site flow.

[]5 foot contours allowed rather than 2 foot.

[ No PE stamp needed on the plans

[] Add a note to the plans that the applicant must submit to the Department of Environmental Services a written
update of the project and revised plans documenting the project status every five years from the date of the
Alteration of Terrain permit.

[ ] Add reclamation notes.
See NRCS publication titled: Vegetating New Hampshire Sand and Gravel Pits for a good resource, it is posted
online at: http://des.nh.gov/organization/divisions/water/aot/categories/publications.htm

Last Revised: December 2010
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1.0

2.0

ANTRIM WINDPARK PROJECT

The proposed Antrim Windpark Project is a wind energy generation facility to be located

in Antrim, New Hampshire. The project will include construction of ten (10) wind

turbine generators, a substation, and associated access roads, crane pads, and stormwater
management facilities. The proposed site is generally linear, running approximately
north to south along the ridge top of Tuttle Hill and Willard Mountain and spanning
several individually owned parcels. The site will be accessed from State Route 9 (Keene

Road). Approximately 4.0 miles of gravel road will be constructed.

Within the project area, approximately 57.9 acres will be disturbed during construction.
Following construction, approximately 46.4 acres will be restored and revegetated
including roadway shoulders and side slopes, and much of the construction pad area at
the tower locations. Approximately 11.5 acres will remain as permanently developed

area including the access road, substation yards, crane pads, and tower foundations.

EXISTING CONDITIONS
2.1 Land Cover

The project site is predominantly unimproved and heavily wooded. The ridge can
be accessed in several places by rough trails or 4WD roads. Evidence of past
logging activities is clear in some areas. Public Service of New Hampshire

(PSNH) maintains a right-of-way that crosses the northerly part of the site.

2.2 Soils

Soil information used in stormwater analysis was obtained from the Natural
Resources Conservation Service (NRCS) medium intensity soil survey of
Hillsborough County, New Hampshire. The information was downloaded from
the NRCS Web Soil Survey website. See Appendix D for copies of this
information. The Hydrologic Soil Groups (HSG) of the soils are classified by
Technical Release TR-55 of the Natural Resources Conservation Service
(formerly the Soil Conservation Service). Table 1 below summarizes the soils

identified on or adjacent to the site.
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Table 1. Site Soils

Symbol Soil Type HSG
77C, 77D Marlow stony loam C
160B, 160C Tunbridge-Lyman-Monadnock complex, stony C
161C, 161D Lyman-Tunbridge rock outcrop complex C
399 Rock outcrop D

2.3

24

Site Topography/Hydrology

The proposed project generally follows the ridge top from Tuttle Hill to Willard
Mountain, with the land sloping primarily northwesterly and southeasterly.
Slopes range from approximately 2 percent at the ridge top and saddles to
approximately 50 percent along the steeper natural slopes. Elevations across the
area that would be developed for the windpark range from approximately 1,050 to
1,900 feet above mean sea level. The project will run along the divide between
four (4) watersheds. Currently runoff flows overland northwesterly to North
Branch River, northeasterly to an unnamed watershed, southeasterly to Gregg

Lake, and southerly to Willard Pond.

The two-foot contour information shown on the plans is based on an aerial survey

performed by James W. Sewell Co. in 2011.

Downstream Waterbodies

As shown on the Watershed Plan, the project site straddles four (4) watersheds.
Runoff from Watershed 1W flows northwesterly, under Route 9, to the North
Branch River. Runoff from Watershed 2W flows northeasterly to an unnamed
stream, which continues to its confluence with North Branch River at Steels Pond,
and then on to Franklin Pierce Lake. Runoff from Watershed 3W flows
southeasterly to Gregg Lake. And finally, runoff from Watershed 4W flows
southerly to Willard Pond. In addition, several wetlands, vernal pools, and
intermittent streams were identified on site during a natural resources survey

performed by TRC in 2011.

2 January 2012



Alteration of Terrain Permit Application — Antrim Windpark Project

3.0

PROPOSED DEVELOPMENT DESCRIPTION

This project involves the construction of a 10-turbine wind energy generation facility,

including a 1.64 acre crushed stone yard area (PSNH substation, collector substation, and

Operation & Maintenance building parking area), a 4.0 mile crushed stone access road,

10 graveled wind turbine generator construction areas, a 34kV collector system, and an

associated stormwater management system.

3.1

Alterations to Land Cover

The substation yards are located approximately at STA. 8+00. They are located
adjacent to the existing PSNH transmission corridor to minimize the amount of
clearing required for the new lines. Both yards will be constructed to PSNH
standards, with an open-graded crushed stone surface, two (2) control houses, an
Operations & Maintenance building, and associated parking area and stormwater

management facilities. The entire yard will be surrounded with a security fence.

An access road, with two (2) spur roads, will be constructed from the project
entrance at Route 9 to its termination at WTG-10. The total length will be
approximately 4.0 miles. The first 900 feet of the road will be paved, per PSNH
standards, and the remainder will be constructed of crushed stone. From STA.
0+00 to STA. 37+12, the road will be constructed with a width of 16 feet. The
remainder of the road will have a construction width of 34 feet to accommodate
the crane. The road will have a maximum slope of 12%, with the exception of
two short lengths where it reaches 13%. It will be graded with a mono-pitched
cross slope of 2%. Side slopes will be constructed at a slope of 2H:1V to
minimize the footprint. Upon completion of construction, the road width will be
reduced to 16 feet along its entire length by revegetating a 9-foot shoulder on both

sides. The side slopes will also be permanently stabilized and revegetated.

A gravel wind turbine construction area will be built at each WTG location.
These areas will be approximately 0.9 acres, and will provide room for a 6000
square foot crane pad, a 20-foot diameter concrete tower foundation, and a turbine

assembly area. These locations will also be used as staging and laydown areas
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3.2

during construction. After construction, a significant portion of each of these
areas will be revegetated, leaving the 6,000 square foot crane pad as impervious

area. See Sheet C-20 for a reclamation detail.

A 34.5 kV collector system will be constructed from the turbines to the collector
sub-station. Beginning at WTG-10, the collector system will be constructed
underground, under the roadway. It will remain underground to STA. 64+50.
From STA. 64+50 to STA. 42+00 the collector system will run overhead, roughly
parallel to the road. At STA. 42+00 it goes back underground to STA. 36+30,
while in the vicinity of WTG-1. It then returns to overhead to STA. 11+15. From

STA. 11+15, it will run underground to the substation.

Alterations to Natural Drainage Ways

The stormwater management system has been designed to minimize impacts to
the existing natural drainage ways. Because much of the road will be constructed
on the crest of the ridge, overall drainage patterns and directions of flow will
remain generally the same. A permeable road base (rock sandwich) will be
provided at appropriate locations to maintain sheet flow conditions and provide
hydraulic connectivity between wetlands. Where steep roadway/ditch slopes will
impede the effectiveness of a permeable road base, culverts have been spaced
every 100 feet in order to minimize channelization of runoff. In addition,
oversized culverts will be installed in locations where animals are likely to want

to cross under the roadway.

The roadway will cross two (2) identified streams. The first stream crossing is
located near STA. 2+25. In this area, the road is in approximately 10 feet of cut.
This is necessary in order to meet the maximum slope requirement of 12% for
construction and delivery vehicles. As such, impacts to the stream cannot be
avoided. The second crossing is located near STA. 18+75. For this crossing,
culvert SD-4 will be a 3-sided concrete box culvert designed to comply with
NHDES stream crossing guidelines. A culvert cross section detail is provided on

Sheet C-24.
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The project has been laid out to minimize wetland impacts to the greatest extent
practicable. However, construction will result in approximately 0.189 acres of

wetland impacts.

REGULATORY REQUIREMENTS

This Stormwater Management Narrative has been prepared as part of an NHDES
Alteration of Terrain Permit application. As such, the project has been designed to meet
the standards set forth in the “New Hampshire Code of Administrative Rules, Chapter
Env-Wq 1500 Alteration of Terrain”, as well as the “New Hampshire Stormwater Manual

(Volumes 1, 2, and 3) —December 2008,

4.1 Runoff Quantity Control

Design requirements for runoff quantity control are included in Chapter 2 of the

New Hampshire Stormwater Manual (SWM).

4.1.1 Watershed Analysis: Pre- v. Post-development

Because this project will result in a relatively small amount of new
impervious area distributed between four (4) expansive, largely
undeveloped watersheds, it is unlikely that the development will result in a
significant increase in runoff compared to the pre-development condition.
When this issue was discussed during the pre-application meeting held
with NHDES, it was concluded that a curve number (CN) comparison
between the pre- and post-development conditions would be an acceptable
substitute for a formal stormwater runoff analysis.  The study
demonstrated that neither the composite CNs nor the times of
concentration (Tc) will change as a result of this project, in any of the four
(4) watersheds. Therefore, it is reasonable to conclude that construction of
the windpark will not result in an increase in peak rates of runoff from the

site.
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4.1.2

4.1.3

4.1.4

4.1.5

See Appendix A for CN and Tc calculations. Minutes from the pre-

application meeting are included in this application.

Groundwater Recharge Volume

The Groundwater Recharge Volume (GRV) criterion is a standard
implemented to protect groundwater resources. The volume is calculated

by the equation:
GRV = Ai * Rd

Where A; represents the Effective Impervious Area created by the
development. Because this project will create no effective impervious

area, the GRV is also zero, and no infiltration is required.

Infiltration Feasibility Report

No infiltration is proposed for this project. Therefore an Infiltration

Feasibility report has not been prepared.

Channel Protection

The Channel Protection criterion is intended to prevent erosion and
sedimentation of streams, downstream receiving waters, and wetlands.
Based on the Watershed Analysis described in section 4.1.1 above, the 2-
year, 24-hour post-development peak flow rates and runoff volumes will
not increase significantly from the pre-development condition as a result

of the project. Therefore, no runoff quantity controls are required.

Peak Control

The Peak Control criterion is intended to prevent off-site impacts due to an
increase in the peak rate of runoff resulting from a development. Based on
the Watershed Analysis described in section 4.1.1 above, the 10-year and

50-year, 24-hour post-development peak flow rates are not anticipated to
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4.2

increase significantly as a result of the project. Therefore, no runoff

detention facilities are required.

Runoff Quality Control

Design requirements for runoff quality control are included in Chapters 2 and 4 of
the New Hampshire Stormwater Manual (SWM). However, since the New
Hampshire stormwater regulations do not address the atypical nature of a linear
project such as this, the Maine Stormwater Management (Chapter 500) rules were
used as a secondary reference. Under Chapter 500 rules for a linear project, a
stormwater management system is required to capture and treat the water quality
volume of runoff from at least 75% of the impervious area and 50% of the total
developed area. For this project, the impervious area and developed area are
equal because all revegetated areas will return to a natural condition (no

landscaping).

To address the applicable water quality treatment standards for this project, the
stormwater management system incorporates a combination of roadway buffers,
ditch turnout buffers, treatment swales, and bioretention basins. The proposed
stormwater management system provides treatment for the water quality volume

of runoff from 81% of the new impervious area.
4.2.1 Water Quality Volume

The Water Quality Volume (WQYV) is the amount of runoff from a rainfall
event that is required to be captured and treated by a pollutant removal
device. The volume is based on the first one (1) inch of rainfall. For this
project, WQV calculations are required for the water quality swales and

bioretention basins. Refer to Appendix B for all WQV calculations.
4.2.2 Water Quality Flow

The Water Quality Flow (WQF) is the flow rate used for sizing flow-
through water quality treatment devices. Calculation of the WQF is based
on the WQV. For this project, WQF calculations are required for the
water quality swales. Refer to Appendix B for all WQF calculations.
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4.2.3

4.2.4

4.2.5

Roadway Buffers

Roadway buffers are the preferred method of water quality treatment for
this project. Since the access roads are the predominant design feature,
roadway buffers are well-suited to the site. They are especially suitable
because of their low-impact, low maintenance characteristics. The design
criteria for roadway buffers include; 1) a length of 50 feet for a single lane
of traffic, and 2) a maximum slope of 20%. The buffers delineated on the
design plans incorporate 9 feet of revegetated shoulder and 20 feet of
embankment slope (roughly 60% of the total length). Due to the
challenging topography and remoteness of the site, the criteria are not
always strictly adhered to. For example, in some cases the crane pad area
must drain across the road or the buffer slope somewhat exceeds 20%. In

these situations the buffer length has been increased to 75 feet.
Ditch Turnout Buffers

Ditch turnout buffers are proposed for areas where the roadway is not
approximately parallel to the contours, but the slopes are suitable for
buffers. These are reasonably low impact and low maintenance devices.
The design criteria for this method are vague and difficult to interpret, so
engineering judgment was used in the design. The buffer length is
determined by the size of the contributing area, with a slope no greater
than 15%. The level spreader length must be from 20 to 50 feet in length.
Refer to Appendix B for ditch turnout buffer calculations.

Small Pervious Area Buffers

Small pervious area buffers are proposed for wind turbine locations where
the revegetated construction area can be graded to act as a buffer for the
permanent impervious areas. These locations include WTG-2, 5, 9, and

10. The design criteria in the NHSWM were followed.
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4.3

4.2.6

4.2.7

Treatment Swales

Treatment swales are proposed in areas that are too steep for buffers.
Design of these swales is a multi-step procedure. First, the WQV and
WQF were calculated using the methodologies described in the guidance
documents. Second, a worksheet was created using FlowMaster V8i
software. For this analysis, swale parameters and discharge (WQF) were
used as input. The software applies the Manning’s formula to calculate
the normal depth and velocity. Finally an appropriate length was used
with the velocity such that the minimum residence time of 10 minutes was
achieved. The swales were then checked for adequate capacity and
stability. A HydroCAD model was created for this step using the design
parameters determined in the first part of the process, and the 10-year, 24-
hour storm. Because the contributing subcatchments (designated with an
SW-_ ) are relatively small, a minimum Tc of 6 minutes was assumed.

Refer to Appendix B for treatment swale calculations.

Bioretention Basins

Two (2) bioretention basins are proposed for the substation yard area. The
WQV was calculated using the methodology described in the guidance
documents, and an appropriately sized basin was designed. Both basins
will be underdrained to avoid any potential infiltration difficulties. Refer

to Appendix B for bioretention basin calculations.

Conveyance and Stabilization

Conveyance features utilized in this project include culverts, permeable road base,

and open roadside ditches. All conveyance features were designed in accordance

with the appropriate criteria described in the guidance documents. Subcatchments

delineated for conveyance analysis are designated with a number such as 1.3,

which indicates that it is the 3" subcatchment delineated in watershed WS-1.
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4.3.1

4.3.2

4.3.3

Culvert Sizing

HydroCAD software (see section 5.1 below) was used to determine
appropriate culvert sizes. Contributing subcatchments were delineated on
the Stormwater Management Plan and modeled with the analysis software.
The 25-year, 24-hour storm event was used as the basis for culvert sizing.
A minimum diameter of 15 inches was used in most cases, in order to
minimize the blockage potential between inspection and maintenance
visits. However, 12 inch culverts are proposed for the steeper areas where
they are placed every 100 feet. See Appendix D for the HydroCAD
reports.

Permeable Road Base

Permeable road base is a specialized road based constructed of coarse rock
that allows runoff to pass freely under the road. The runoff is discharged
as sheet flow, minimizing or eliminating the need for culverts. Permeable
road base is proposed for: 1) reasonably flat lengths of roadway where
bypass is less likely, 2) areas where the road is in a fill condition to
minimize channelization of runoff, and 3) areas where the roadway
crosses wetlands and maintaining hydrologic/hydraulic connectivity is
desirable. Refer to Sheet C-24 for details.

Outlet Protection

Plunge pools are the predominant means of outlet protection proposed for
this project. They have been designed based on the guidance in Section 4-
6.6 of the NHSWM. While the level spreaders are intended as part of a
water quality device, they also perform as outlet protection. In addition,
permanent check dams are provided for certain channel outlets where

anticipated design flows are small. Refer to Sheet C-24 for details.
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5.0

4.3.4 Ditch protection

Armoring for the roadside channels is proposed where steep slopes will
lead to erosive velocities under vegetated conditions. As a general rule,
any channel steeper than 8% will not be capable of supporting vegetation.
The 10-year, 24-hour storm event was used as the basis for stabilization
design. After the steep slopes were identified, contributing subcatchments
were modeled in HydroCAD to determine the design flow. Then, a
worksheet was created using FlowMaster V8i software. The input
parameters included the ditch cross-section, longitudinal and side slopes,
design flow, and a roughness coefficient. The roughness coefficient of the
riprap was calculated using guidance found in the Maine DEP “Erosion
and Sediment Control BMPs — March, 2003”, Section E-6 — Riprap
Waterways. The software then calculated the normal depth and velocity
of the flow. The roughness coefficient (based on the Ds() was selected
based on the flow depth, and the velocity was calculated. Refer to
Appendix D for the HydroCAD reports and Appendix C for riprap sizing

calculations.
4.3.5 Slope Stabilization

An embankment slope of 2H:1V was used during site design in order to
minimize the footprint and impacts of the project. These slopes will be
stabilized with erosion control blankets, loam, and seed. See Sheet C-22
for details.

RUNOFF ANALYSIS

As described in section 4.1.1 above, runoff analysis for this project does not include a
standard comparison of pre-development v. post-development conditions. However, a
Stormwater Management Plan (post-development) has been prepared in order to illustrate
the design assumptions applied when developing the water quality treatment and

conveyance features described above.

The Stormwater Management Plan for the proposed project includes 2-foot contours,

cover types, soil groups, watershed boundaries, time of concentration flow lines, existing
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features, and drainage way as well as the locations of proposed buildings, roads, other

above ground structures and the stormwater management system.

Stormwater analysis calculations are provided in Appendix D. The analyses include

computations for determining the times of concentration and travel times for the

subcatchments, as well as the HydroCAD output which includes composite CN

calculations, peak discharge calculations for the design storms, and routing calculations.

5.1

Methodology

Stormwater runoff was estimated using HydroCAD, Version 9.0. HydroCAD is
based on methodologies developed by the United States Department of
Agriculture Soil Conservation Service (USDA-SCS), namely Urban Hydrology
for Small Watersheds, Technical Release 55 and Technical Release 20 (TR-55
and TR-20), in conjunction with other hydrologic and hydraulic calculations.
Based on site specific information, including land cover, slopes, soils, and rainfall
data, the program estimates inflow and outflow hydrographs for a watershed. The
USDA-SCS is now called the Natural Resources Conservation Service (USDA-
NRCS).

5.1.1 Rainfall Data

Storm events modeled for the runoff analyses assumed precipitation
events with a 24-hour duration having a Type III rainfall distribution, with
return frequencies of 2, 10, 25, and 50 years. The corresponding
precipitation depths for these storm events are 2.8, 4.2, 5.0, and 5.6 inches,
respectively. The rainfall distribution type is based on Figure B-2 of the
NRCS TR-55 manual (1986). Rainfall amounts are based on Appendix A
of the NHSWM, Volume 2 (2008).
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5.1.2 Curve Number Computations

Runoff curve numbers are based on the land cover and soils of the project
site. Cover types for the site were determined from aerial photography
and site visits, and are indicated on the Watershed and Stormwater

Management Plans.

The soil classifications and hydrologic soil groups within the area to be
developed were obtained from the Natural Resources Conservation
Service (NRCS) medium intensity soil survey of Hillsborough County,
New Hampshire. The information was downloaded from the NRCS Web
Soil Survey website. See Appendix D for copies off this information. The
Hydrologic Soil Groups (HSG) of the soils are classified by Technical
Release TR-55 of the NRCS (formerly the Soil Conservation Service).

The runoff curve numbers are taken from a look-up table within the
HydroCAD program. According to software documentation, this table is
based on Table 2-2 of the SCS/NRCS TR-55 publication. The only curve
number that is not referenced directly from TRS5S is the one used for the
substation yard. = An engineering study was conducted by TRC
Environmental Corporation (TRC), detailing the “typical” cross section
and surface materials of a substation yard covered with gravel and crushed
stone to calculate its permeability rate. The study was reviewed by John
Simon, a USDA-NRCS engineer in Maine. The conclusions of this report
were used as the basis of an agreement between CMP and MDEP that a
CN value of 55 may be used for substations constructed on soils mapped
as HSG “A”, “B”, “C”, and a CN value of 60 must be used when the area
is mapped as HSG “D”. A copy of the letter agreement is included at the

back of the stormwater calculations (Appendix D).
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5.1.3

5.1.4

5.1.5

5.1.6

Time of Concentration Calculations

Time of concentration was calculated using USDA-SCS TR-55
methodologies for each sub-catchment considering the hydrologic flow
lengths, slope, vegetative cover, surface roughness, and each stage-storage
relationship. The type and length of each hydrologic flow line for
determining time of concentration and travel times in the area to be
developed are indicated on the Stormwater Management Plans. The
maximum sheet flow length used for this analysis was 100 feet. Shallow
concentrated flow lengths varied for each sub-watershed and were
extended until they reached the end of the sub-watershed or until it
reached a concentrated flow channel. A summary of the input data used to
estimate the time of concentration for each subcatchment is provided in

the runoff analysis calculations in Appendix D.

Travel Time Calculations

The travel time for each sub-catchment was calculated using a spreadsheet
based on equations prepared by the USDA-NRCS. These times were then
input directly into HydroCAD. The spreadsheets are included with the

runoff analysis calculations in Appendix D.

Reservoir Routing Calculations

Reservoir routing calculations are included in the HydroCAD output. The
“dynamic storage-indication” method was used in the peak runoff analysis

to model the reaches and ponds more accurately.

Peak Discharge Calculations

Peak discharge calculations are included in the HydroCAD output. The
Alteration of Terrain Permit application requires analysis of 2, 10, and 50-

year storm events. The 25-year event is also included for culvert sizing.
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6.0

CONCLUSIONS

The information in this report demonstrates that as proposed, the Antrim Windpark
Project will meet the stormwater management requirements of Chapter Env-Wq 1500
Alteration of Terrain. It has been shown that groundwater recharge and quantity control
of runoff from the project will not be required because no significant increase in runoff is
anticipated. It has also been shown that the proposed water quality treatment measures
provide adequate treatment of runoff from the site, and that nearby natural resources are

protected.
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PROJECT: Eolian Renewable Energy LLC

Proj. No.:

Antrim Wind Project
186317.0000.0000
Time of Concentration Summary

Calculated By: PMM
Checked By: PGT
Date:

Time of Concentration Equations:

‘:O.OO7~(N~L)0'8

1. Where T ¢ from SCS TR-55.
0.5 0.4
P, 7S
2. Where V:720.3282:/S  from the SCS Upland Method Channel Flow Chart
. L
3. Where ‘T .=———  from the SCS Upland Method Channel Flow Chart
3600-V

4. Where v :=16. 1345-«/; from the SCS Upland Method Channel Flow Chart
5. Where: v=7VS from the SCS Upland Method Channel Flow Chart
6. Where: v=5VS from the SCS Upland Method Channel Flow Chart
7. Where V.= 12-«/; from the SCS Upland Method Channel Flow Chart
8. Where v :=15-4/s from the SCS Upland Method Channel Flow Chart

9. Where v :=21 \/; from the SCS Upland Method Channel Flow Chart

10. Where v/ ; :35/\/; from the SCS Upland Method Channel Flow Chart

11. Where v ! :604/; from the SCS Upland Method Channel Flow Chart

L 1.49-R‘667-«E
vo=——= V=
N
13. Where P,=2-Year, 24 Hour Rainfall (in) (Antrim, NH: P2= 2.8 inches)

12. Where

For Sheet Flow (300 feet or less)

For Shallow Concentrated Flow (Paved surfaces)

Travel time equation

For Shallow Concentrated Flow (Unpaved surfaces)

For Shallow Concentrated Flow (Short Grass Pasture)

For Shallow Concentrated Flow (Woodland)

For Channel Flow - Waterways and Swamps, No Channels

For Channel Flow - Grassed Waterways and Roadside Ditches

For Channel Flow - Small Tributary & Swamp w/Channels

For Channel Flow - Large Tributary

For Channel Flow - Main River

For Channel Flow - Culvert Flow

Mannings Roughness Coefficients Table

Surface Description

Smooth surfaces

Crush Stone/Substation Yards
Fallow

Cultivated: Residue<=20%
Cultivated: Residue>=20%
Grass: Short

Grass: Dense

Grass: Bermuda

Range

Woods: Light underbrush
Woods: Dense underbrush

n - value

0.011
0.025
0.050
0.060
0.170
0.150
0.240
0.410
0.130
0.400
0.800




PROJECT:

Proj. No.:
Watershed:

Eolian Renewable Energy LLC

Antrim Wind Project
186317.0000.0000
1W - Pre and Post

Calculated By:
Checked By:
Date:

Revised:

PMM
PGT
November 10, 2011

Time of Concentration Determination Worksheet, SCS Methods

Seg 1 Seg 2

Seg 3

Seg 4

Seg 5

Seg 6

Seg 7 Seg 8

SHEET FLOW

Manning's No.
Length, ft
P2, in
Slope, ft/ft
T, hr

0.4

150

2.8
0.053
0.358

0.3584

SHALLOW CONCENTRATED FLOW

Paved

Length, ft
Slope, ft/ft
Velocity?, ft/sec
T hr

0.0000

Unpaved
Length, ft
Slope, ft/ft
Velocityz, ft/sec
T3 hr

0.0000

Short Grass Pasture

Length, ft
Slope, ft/ft
\Velocity”, ft/sec
T3 hr

0.0000

Woodland
Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

1550
0.290
2.6926
0.160

0.1599

CHANNEL FLOW

Waterways & Swamps, No Channels

Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

0.0000

Grassed Waterways/Roadside Ditches

Length, ft
Slope, ft/ft
\Velocity’, ft/sec
Ty, hr

0.0000

Small Tributary & Swamp w/Channels

Length, ft
Slope, ft/ft
Velocitye, ft/sec
Ty, hr

1950
0.036
3.984
0.136

1245
0.072
5.635
0.061

0.1973

Large Tributary

Length, ft
Slope, ft/ft
Velocity?, ft/sec
Ty, hr

8425
0.026
5.644
0.415

0.4147

Culvert

Diameter, ft

Area, ft?

\Wetted Perimeter, ft
Hydraulic Radius, R, ft
Slope, ft/ft

Manning's No.
Velocity”, ft/sec
Length, L, ft

T, hr

0.0000

HR
Min

1.130
67.82




OO TRC

249 Western Avenue
Augusta, ME 04330

PROJECT:
Project No:
Subject:
Calculated By:
Checked By:
Date:

Revised Date:

Antrim Wind Project
186317.0000.0000
Curve Number Comparison
PMM
PGT
December 6, 2011

Assumptions:

Runoff curve numbers for cover types as referenced from Table 2-2c USDA, 1986, Urban Hydrology for Small Watersheds: TR55.
Land cover types as referenced from recent aerial photography and site visits.

Soil types and hydrologic soil groups are referenced from the NRCS Web Soil Survey for Hillsborough County, NH

Pre-development (1W - North Branch River Watershed)

Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0.016 0.00% 98 1.568
B 0.374 0.02% 98 36.652
C 0.278 0.02% 98 27.244
D 0.010 0.00% 98 0.980
Unclassified 0.110 0.01% 98 10.780
Other Impervious A 1.837 0.11% 76 139.612
B 2.685 0.16% 85 228.225
C 1.753 0.11% 89 156.017
D 0.655 0.04% 91 59.605
Unclassified 0.920 0.06% 91 83.720
Pavement 3.281 0.20% 98 321.538
Meadow, Good Condition A 12.831 0.77% 30 384.930
B 13.799 0.83% 58 800.342
C 37.423 2.25% 7 2657.033
D 5.959 0.36% 78 464.802
Unclassified 0.577 0.03% 78 45.006
Woods, Good Condition A 66.513 4.00% 30 1995.390
B 152.463 9.16% 55 8385.465
C 1282.411 77.04% 70 89768.770
D 53.855 3.24% 77 4146.835
Unclassified 26.934 1.62% 77 2073.918
Total Watershed = 1664.684 100.00% 111788.432
Weighted CN = 67
Post-development (1W - North Branch River Watershed)
Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0.016 0.00% 98 1.568
B 0.374 0.02% 98 36.652
C 0.364 0.02% 98 35.672
D 0.010 0.00% 98 0.980
Unclassified 0.110 0.01% 98 10.780
Other Impervious A 1.837 0.11% 76 139.612
B 2.685 0.16% 85 228.225
C 9.844 0.59% 89 876.116
D 0.769 0.05% 91 69.979
Unclassified 0.920 0.06% 91 83.720
Pavement 3.281 0.20% 98 321.538
Meadow, Good Condition A 12.831 0.77% 30 384.930
B 13.799 0.83% 58 800.342
C 64.485 3.88% 7 4578.435
D 6.170 0.37% 78 481.260
Unclassified 0.577 0.03% 78 45.006
Woods, Good Condition A 66.513 4.00% 30 1995.390
B 152.463 9.16% 55 8385.465
C 1246.019 74.90% 70 87221.330
D 53.540 3.22% 77 4122.580
Unclassified 26.934 1.62% 77 2073.918
Total Watershed = 1663.541 100.00% 111893.498
Weighted CN = 67




PROJECT:

Proj. No.:
Watershed:

Eolian Renewable Energy LLC

Antrim Wind Project
186317.0000.0000
2W - Pre and Post

Calculated By:
Checked By:
Date:

Revised:

PMM
PGT
November 10, 2011

Time of Concentration Determination Worksheet, SCS Methods

Seg 1 Seg 2 Seg 3

Seg 4

Seg 5

Seg 6

Seg 7 Seg 8

SHEET FLOW

Manning's No.
Length, ft
P2, in
Slope, ft/ft
T, hr

0.4
150
2.8
0.1
0.278

0.2780

SHALLOW CONCENTRATED FLOW

Paved

Length, ft
Slope, ft/ft
Velocity?, ft/sec
T hr

0.0000

Unpaved
Length, ft
Slope, ft/ft
Velocityz, ft/sec
T3 hr

0.0000

Short Grass Pasture

Length, ft
Slope, ft/ft
\Velocity”, ft/sec
T3 hr

0.0000

Woodland
Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

2760
0.092
1.5166
0.506

0.5055

CHANNEL FLOW

Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

Waterways & Swamps, No Channels

0.0000

Grassed Waterways/Roadside Ditches

Length, ft
Slope, ft/ft
\Velocity’, ft/sec
Ty, hr

0.0000

Small Tributary & Swamp w/Channels

Length, ft
Slope, ft/ft
Velocitye, ft/sec
Ty, hr

0.0000

Large Tributary

Length, ft
Slope, ft/ft
Velocity?, ft/sec
Ty, hr

0.0000

Culvert

Diameter, ft

Area, ft?

\Wetted Perimeter, ft
Hydraulic Radius, R, ft
Slope, ft/ft

Manning's No.
Velocity”, ft/sec
Length, L, ft

T, hr

0.0000

HR
Min

0.784
47.01




O TRC

249 Western Avenue

Augusta, ME 04330

PROJECT:
Project No:
Subject:
Calculated By:
Checked By:
Date:

Revised Date:

Antrim Wind Project
186317.0000.0000
Curve Number Comparison
PMM
PGT
December 6, 2011

Assumptions:

Runoff curve numbers for cover types as referenced from Table 2-2c USDA, 1986, Urban Hydrology for Small Watersheds: TR55.
Land cover types as referenced from recent aerial photography and site visits.
Soil types and hydrologic soil groups are referenced from the NRCS Web Soil Survey for Hillsborough County, NH

Pre-development (2W - Unnamed Watershed)

Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0 0% 98 0.000
B 0.038 0.01% 98 3.724
C 0.204 0.03% 98 19.992
D 0 0% 98 0.000
Unclassified 0 0% 98 0.000
Other Impervious A 0.894 0.15% 76 67.944
B 0.614 0.10% 85 52.190
C 2.068 0.35% 89 184.052
D 0.318 0.05% 91 28.938
Unclassified 0 0% 91 0.000
Meadow, Good Condition A 1.770 0.30% 30 53.100
B 6.372 1.07% 58 369.576
C 7.926 1.33% 71 562.746
D 44.214 7.43% 78 3448.692
Unclassified 0 0% 78 0.000
Woods, Good Condition A 28.548 4.79% 30 856.440
B 27.101 4.55% 55 1490.555
C 430.277 72.26% 70 30119.390
D 45.093 7.57% 77 3472.161
Unclassified 0 0% 77 0.000
Total Watershed = 595.437 100.00% 40729.500
Weighted CN = 68
Post-development (2W - Unnamed Watershed)
Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0 0% 98 0.000
B 0.038 0.01% 98 3.724
C 0.204 0.03% 98 19.992
D 0 0% 98 0.000
Unclassified 0 0% 98 0.000
Other Impervious A 0.894 0.15% 76 67.944
B 0.614 0.10% 85 52.190
C 2.281 0.38% 89 203.009
D 0.318 0.05% 91 28.938
Unclassified 0 0% 91 0.000
Meadow, Good Condition A 1.770 0.30% 30 53.100
B 6.372 1.07% 58 369.576
C 8.692 1.46% 71 617.132
D 44.996 7.56% 78 3509.688
Unclassified 0 0% 78 0.000
Woods, Good Condition A 28.548 4.79% 30 856.440
B 27.101 4.55% 55 1490.555
C 429.554 72.14% 70 30068.780
D 44.046 7.40% 77 3391.542
Unclassified 0 0% 77 0.000
Total Watershed = 595.428 100.00% 40732.610
Weighted CN = 68




PROJECT:

Proj. No.:
Watershed:

Eolian Renewable Energy LLC
Antrim Wind Project

186317.0000.0000
3W - Pre and Post

Calculated By:
Checked By:
Date:

Revised:

PMM
PGT
November 10, 2011

Time of Concentration Determination Worksheet, SCS Methods

Seg 1 Seg 2

Seg 3

Seg 4

Seg 5

Seg 6

Seg 7 Seg 8

SHEET FLOW

Manning's No.
Length, ft
P2, in
Slope, ft/ft
T, hr

0.4

150

2.8
0.033
0.433

0.4331

SHALLOW CONCENTRATED FLOW

Paved

Length, ft
Slope, ft/ft
Velocity?, ft/sec
T hr

0.0000

Unpaved
Length, ft
Slope, ft/ft
Velocityz, ft/sec
T3 hr

0.0000

Short Grass Pasture

Length, ft
Slope, ft/ft
\Velocity”, ft/sec
T3 hr

0.0000

Woodland
Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

765
0.052
1.1402
0.186

630
0.087
1.4748
0.119

0.3050

CHANNEL FLOW

Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

Waterways & Swamps, No Channels

0.0000

Grassed Waterways/Roadside Ditches

Length, ft
Slope, ft/ft
\Velocity’, ft/sec
Ty, hr

0.0000

Small Tributary & Swamp w/Channels

Length, ft
Slope, ft/ft
Velocitye, ft/sec
Ty, hr

4925
0.004
1.328
1.030

1.0300

Large Tributary

Length, ft
Slope, ft/ft
Velocity?, ft/sec
Ty, hr

0.0000

Culvert

Diameter, ft

Area, ft?

\Wetted Perimeter, ft
Hydraulic Radius, R, ft
Slope, ft/ft

Manning's No.
Velocity”, ft/sec
Length, L, ft

T, hr

0.0000

HR
Min

1.768
106.09




O TRC

249 Western Avenue

Augusta, ME 04330

PROJECT:
Project No:
Subject:
Calculated By:
Checked By:
Date:

Revised Date:

Antrim Wind Project
186317.0000.0000
Curve Number Comparison
PMM
PGT
December 6, 2011

Assumptions:

Runoff curve numbers for cover types as referenced from Table 2-2c USDA, 1986, Urban Hydrology for Small Watersheds: TR55.
Land cover types as referenced from recent aerial photography and site visits.
Soil types and hydrologic soil groups are referenced from the NRCS Web Soil Survey for Hillsborough County, NH

Pre-development (3W - Gregg Lake Watershed)

Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0 0% 98 0.000
B 0.135 0.01% 98 13.230
C 0.781 0.04% 98 76.538
D 0 0% 98 0.000
Unclassified 0 0% 98 0.000
Other Impervious A 0.304 0.02% 76 23.104
B 3.282 0.16% 85 278.970
C 9.071 0.45% 89 807.319
D 0.057 0.00% 91 5.187
Unclassified 0 0% 91 0.000
Meadow, Good Condition A 1.389 0.07% 30 41.670
B 13.053 0.65% 58 757.074
C 53.756 2.69% 71 3816.676
D 28.798 1.44% 78 2246.244
Unclassified 57.362 2.87% 78 4474.236
Woods, Good Condition A 42.100 2.11% 30 1263.000
B 606.658 30.37% 55 33366.190
C 1103.235 55.22% 70 77226.450
D 29.079 1.46% 77 2239.083
Unclassified 48.668 2.44% 77 3747.436
Total Watershed = 1997.728 100.00% 130382.407
Weighted CN = 65
Post-development (3W - Gregg Lake Watershed)
Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0 0.0% 98 0.000
B 0.135 0.01% 98 13.230
C 0.781 0.04% 98 76.538
D 0 0% 98 0.000
Unclassified 0 0% 98 0.000
Other Impervious A 0.304 0.02% 76 23.104
B 3.282 0.16% 85 278.970
C 11.345 0.57% 89 1009.705
D 0.489 0.02% 91 44.499
Unclassified 0 0% 91 0.000
Meadow, Good Condition A 1.389 0.07% 30 41.670
B 13.053 0.65% 58 757.074
C 68.410 3.42% 71 4857.110
D 30.862 1.54% 78 2407.236
Unclassified 57.362 2.87% 78 4474.236
Woods, Good Condition A 42.100 2.11% 30 1263.000
B 606.658 30.36% 55 33366.190
C 1086.743 54.38% 70 76072.010
D 26.837 1.34% 77 2066.449
Unclassified 48.668 2.44% 77 3747.436
Total Watershed = 1998.418 100.00% 130498.457
Weighted CN = 65




PROJECT:

Proj. No.:
Watershed:

Eolian Renewable Energy LLC
Antrim Wind Project

186317.0000.0000
4W - Pre and Post

Calculated By:
Checked By:
Date:

Revised:

PMM
PGT
November 10, 2011

Time of Concentration Determination Worksheet, SCS Methods

Seg 1 Seg 2

Seg 3

Seg 4

Seg 5

Seg 6

Seg 7 Seg 8

SHEET FLOW

Manning's No.
Length, ft
P2, in
Slope, ft/ft
T, hr

0.4

150

2.8
0.033
0.433

0.4331

SHALLOW CONCENTRATED FLOW

Paved

Length, ft
Slope, ft/ft
Velocity?, ft/sec
T hr

0.0000

Unpaved
Length, ft
Slope, ft/ft
Velocityz, ft/sec
T3 hr

0.0000

Short Grass Pasture

Length, ft
Slope, ft/ft
\Velocity”, ft/sec
T3 hr

0.0000

Woodland
Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

880
0.072
1.3416
0.182

525
0.21
22913
0.064

0.2458

CHANNEL FLOW

Length, ft
Slope, ft/ft
Velocitys, ft/sec
T3 hr

Waterways & Swamps, No Channels

0.0000

Grassed Waterways/Roadside Ditches

Length, ft
Slope, ft/ft
\Velocity’, ft/sec
Ty, hr

0.0000

Small Tributary & Swamp w/Channels

Length, ft
Slope, ft/ft
Velocitye, ft/sec
Ty, hr

3700
0.114
7.090
0.145

1250
0.048
4.601
0.075

0.2204

Large Tributary

Length, ft
Slope, ft/ft
Velocity?, ft/sec
Ty, hr

0.0000

Culvert

Diameter, ft

Area, ft?

\Wetted Perimeter, ft
Hydraulic Radius, R, ft
Slope, ft/ft

Manning's No.
Velocity”, ft/sec
Length, L, ft

T, hr

0.0000

HR
Min

0.899
53.96




O TRC

249 Western Avenue
Augusta, MIE 04330

PROJECT:
Project No:
Subject:
Calculated By:
Checked By:
Date:

Revised Date:

Antrim Wind Project
186317.0000.0000
Curve Number Comparison
PMM
PGT
December 6, 2011

Assumptions:

Runoff curve numbers for cover types as referenced from Table 2-2c USDA, 1986, Urban Hydrology for Small Watersheds: TR55.
Land cover types as referenced from recent aerial photography and site visits.

Soil types and hydrologic soil groups are referenced from the NRCS Web Soil Survey for Hillsborough County, NH

Pre-development (4W - Willard Pond Watershed)

Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0.000 0.00% 98 0.000
B 0.000 0.00% 98 0.000
C 0.000 0.00% 98 0.000
D 0.000 0.00% 98 0.000
Unclassified 0.000 0.00% 98 0.000
Other Impervious A 0.249 0.03% 76 18.924
B 0.266 0.04% 85 22.610
C 0.000 0.00% 89 0.000
D 0.000 0.00% 91 0.000
Unclassified 0.000 0.00% 91 0.000
Meadow, Good Condition A 0.175 0.02% 30 5.250
B 0.183 0.03% 58 10.614
C 10.268 1.43% 71 729.028
D 2.589 0.36% 78 201.942
Unclassified 0 0.00% 78 0.000
Woods, Good Condition A 5.362 0.75% 30 160.860
B 150.231 20.98% 55 8262.705
C 524.666 73.28% 70 36726.620
D 14.793 2.07% 77 1139.061
Unclassified 7.170 1.00% 77 552.090
Total Watershed = 715.952 100.00% 47829.704
Weighted CN = 67
Post-development (4W - Willard Pond Watershed)
Cover Hydrologic Land Area Land Area Product of
Description Soil Group (acres) % of total CN CN x Area
Buildings A 0.000 0.00% 98 0.000
B 0 0.00% 98 0.000
C 0 0.00% 98 0.000
D 0.000 0.00% 98 0.000
Unclassified 0.000 0.00% 98 0.000
Other Impervious A 0.249 0.03% 76 18.924
B 0.266 0.04% 85 22.610
C 0.037 0.01% 89 3.293
D 0.000 0.00% 91 0.000
Unclassified 0.000 0.00% 91 0.000
Meadow, Good Condition A 0.175 0.02% 30 5.250
B 0.183 0.03% 58 10.614
C 11.055 1.54% 71 784.905
D 2.596 0.36% 78 202.488
Unclassified 0.000 0.00% 78 0.000
Woods, Good Condition A 5.362 0.75% 30 160.860
B 150.231 20.97% 55 8262.705
C 524.302 73.18% 70 36701.140
D 14.785 2.06% 77 1138.445
Unclassified 7.170 1.00% 77 552.090
Total Watershed = 716.411 100.00% 47863.324
Weighted CN = 67




Alteration of Terrain Permit Application — Antrim Windpark Project

APPENDIX B
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Bioretention Basin Calculations (1 page)
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PROJECT: Eolian Renewable Energy, LLC Calculated By: PMM

Antrim Windpower Project Checked By: PGT
'TRC Project: 186317.0000.0000 Date: December 1, 2011

Revised: January 11, 2012
GENERAL BMP WATER QUALITY STANDARDS CALCULATIONS SUMMARY

Impervious area calculations based on:

Final Roadway Width: 16' 1W - North Branch River Watershed

Crane Pad Area = 70' X 85" 2W - Unnamed Watershed

Foundation Area: D = 50' 3W - Gregg Lake Watershed

4W - Willard Pond Watershed
Roadway Vegetated Buffer Treatment Swale C
Treated Untreated Water Hydraulic
Length  Impervious Impervious Average  Hydrologic Quality Flow  Swale Swale Base Longitudinal Velocity = Residence
Section ID Watershed (ft) Area (ac) Area (ac) BMP ID Buffer Type Slope Soil Group  Land Cover (cfs) Length (ft) Width (ft) Slope (ft/s) Time (min.)

Ridge Road
STA 0+00 L to STA 5+50 1w 550 0.202 - Deep cut, close to ROW
STA 5+50 to STA 11+00 1w 550 0.202 - Too close to wetland
SUBSTATION 1w 1.610 0.101 BR1 &2 Bioretention Systems
STA 11+00 to STA 13+50 1w 250 0.092 - Too close to ROW
STA 13+50 to STA 17+00 1w 350 0.119 B-1 Ditch Turnout 0.11 C Wooded
STA 17+00 to STA 18+50 1w 150 0.055 B-2 Roadway 0.10 C -
STA 18+50 to STA 20+00 1w 150 0.055 - Stream crossing
STA 20+00 to STA 24+25 1w 425 0.156 SW-1 0.16 150 3 0.0075 0.25 10.0
STA 24+25 to STA 28+25 1w 400 0.147 B-3 Roadway 0.12 C -
STA 28+25 to STA 29+50 1w 125 0.046 - Adjacent to stream
STA 29+50 to STA 32+00 1w 250 0.092 B-4 Ditch Turnout 0.15 C Wooded
STA 32+00 to STA 35+55 1w 355 0.130 SW-2 0.13 130 3 0.005 0.20 10.8
STA 35+55 to STA 41+75 1w 620 0.228 B-5 Roadway 0.12 C -
WTG-1 1w 0.182 B-5
STA 41+75 to STA 45+00 1w 325 0.119 B-6 Ditch Turnout 0.11 C Wooded
STA 45+00 to STA 66+75 1w 2175 0.799 B-7 Roadway 0.22 C
STA 66+75 to STA 68+50 1w Intersection 0.186 - Too close to property line
North Spur Road
STA 0+00 to STA 1+00 w See Intersection above
STA 1+00 to STA 2+25 1w 125 0.046
STA 2+25 to STA 21+00 1w 1875 0.699 B-25 Roadway 0.25 C -
WTG-2 2W 0.182 WTG-2 Small Area 0.05 C Meadow
WTG-3 3w 0.182 B-25 Roadway 0.25 C -
Ridge Road (Continued)
STA 68+50 to STA 70+50 3w 200 0.073 SW-3 0.08 130 3 0.01 0.21 10.3
STA 70+50 to STA 74+25 3w 375 0.138 B-8 Roadway 0.16 D -
STA 74+25 to STA 75+00 3W 75 0.028 - Too close to wetland
STA 75+00 to STA 77+35 3w 235 0.086 SW-4 0.09 125 3 0.0075 0.20 10.4
STA 77+35 to STA 81+00 3w 365 0.134 B-9 Ditch Turnout 0.09 C Wooded
STA 81+00 to STA 85+00 1w 400 0.147 B-10 Roadway 0.08 C -
WTG-4 1w 0.182 B-10
STA 85+00 to STA 87+25 1w 225 0.083 B-11 Ditch Turnout 0.11 C Wooded
STA 87+25 to STA 89+00 1w 175 0.064 B-12 Roadway 0.15 C -
STA 89+00 to STA 92+25 1w 325 0.119 SW-5 0.12 120 3 0.005 0.20 10.0
STA 92+25 to STA 99+00 1w 675 0.248 - Too close to wetlands
WTG-5 1w 0.182 WTG-5 Small Area 0.03 C Meadow
STA 99+00 to STA 103+00 1w 400 0.147 B-13 Roadway 0.25 C -
STA 103+00 to STA 104+50 1w 150 0.055 - Too Steep
STA 104+50 to STA 107+00 1w 250 0.092 SW-6 0.11 120 4 0.0075 0.20 10.0
STA 107+00 to STA 111+75 1w 475 0.174 - Too steep, near wetland




PROJECT: Eolian Renewable Energy, LLC Calculated By: PMM

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date: December 1, 2011

Revised:
GENERAL BMP WATER QUALITY STANDARDS CALCULATIONS SUMMARY

Impervious area calculations based on:

Final Roadway Width: 16' 1W - North Branch River Watershed

Crane Pad Area = 70' X 85" 2W - Unnamed Watershed

Tower Foundation: D = 20" 3W - Gregg Lake Watershed

4W - Willard Pond Watershed
Roadway Vegetated Buffer Treatment Swale Comments
Treated Untreated Water Hydraulic
Length  Impervious Impervious Average  Hydrologic Quality Flow  Swale Swale Base Longitudinal Velocity = Residence
Section ID Watershed (ft) Area (ac) Area (ac) BMP ID Buffer Type Slope Soil Group  Land Cover (cfs) Length (ft) Width (ft) Slope (ft/s) Time (min.)
STA 111+75 to STA 113450 1w 175 0.064 SW-7 0.07 120 3 0.0075 0.19 10.5
STA 113+50 to STA 115+50 1w 200 0.073 B-14 Roadway 0.12 C -
WTG-6 3w 0.182 B-14
STA 115+50 to STA 117+50 1w 200 0.073 - Too steep
STA 117+50 to STA 119+00 1w 150 0.055 B-15 Roadway 0.15 C -
STA 119+00 to STA 119+75 1w 75 0.028 -
STA 119+75 to STA 123+00 w 325 0.119 SW-8 0.12 135 3 0.0075 0.22 10.2
STA 123+00 to STA 124+25 1w 125 0.046 - Too steep
STA 124+25 to STA 126+00 w 175 0.064 SW-9 0.07 120 3 0.0075 0.19 10.5
STA 126+00 to STA 128+50 1w 250 0.092 B-16 Roadway 0.25 C -
STA 128+50 to STA 131+50 w 300 0.110 SW-10 0.11 135 3 0.0075 0.22 10.2
STA 131+50 to STA 145+25 1w 1375 0.505 B-17 Roadway 0.25 C -
Spur Road 2
STA 0+50 to STA 2+00 3w 150 0.133 Sw-11 0.13 125 3 0.005 0.2 10.4
STA 2+00 to STA 4475 3w 275 0.101 B-18 Roadway 0.20 C -
STA 4475 to STA 7+65 1w 290 0.107 B-19 Roadway 0.20 C -
WTG-7 3w 0.182 B-20 Roadway 0.15 C -
Ridge Road 1 (Continued)
WTG-8 3w 0.182 WTG-8 Small Area 0.12 C Meadow
STA 145+25 to STA 147+00 1w 175 0.064 -
STA 147+00 to STA 149+00 3w 200 0.073 - Steep, near wetland
STA 149+00 to STA 150+25 3w 125 0.046 B-21 Roadway 0.3 C Meadow
STA 150+25 to STA 163+25 3w 1300 0.478 Steep, near wetland
WTG-9 3w 0.182 WTG-9 Small Area 0.03 C Meadow
STA 163+25 to STA 169+50 3w 625 0.230 B-22 Roadway 0.25 C -
STA 169+50 to STA 173+75 3w 425 0.156 SW-12 0.16 150 3 0.0075 0.25 10.0
STA 173+75 to STA 177+00 A 325 0.119 B-23 Roadway 0.10 C -
STA 177+00 to STA 179+50 4w 250 0.092 SW-13 0.09 125 3 0.0075 0.20 10.4
STA 179+50 to STA 183+18 A 318 0.117 B-24 Roadway 0.20 C -
WTG-10 4w 0.182 WTG-10 Small Area 0.03 C Meadow
SUBTOTAL: 9.240 2.197
Total New Impervious Area: 11.437 (= Treated New Impervious + Untreated New Impervious)
Percent Treated: 80.8% (= Treated New Impervious / Total New Impervious)



PROJECT: Eolian Renewable Energy, LLC
Antrim Windpower Project

'TRC Project: 186317.0000.0000

WATER QUALITY STANDARDS CALCULATIONS

Calculated By: PMM
Checked By: PGT
Date:

Revised:

DITCH TURNOUT BUFFER B-1 (Subcatchment WQ4)
Total Contributing Area, A = 10,063  sf
For Buffer Area:
Cover = Forested
HSG = C
S= 1%

1. Calculate buffer length for minimum level spreader length, L 5 = 20 feet:

L= 151 ft L = (15 /1000 sf) * A
L,= 22 ft L,=2ft*S
Lrota = 173 ft Lot = L1 + Lo

2. CalculateTotal Buffer Area:
Aot = 3459  sf Avotal = Lyotar * 20 ft

3. Calculate Buffer Length for Various Level Spreader Lengths:

DITCH TURNOUT BUFFER B-4 (Subcatchment WQ6)
Total Contributing Area, A = 11,920 sf
For Buffer Area:
Cover = Forested
HSG = C
S= 15%

1. Calculate buffer length for minimum level spreader length, L 5 = 20 feet:

L= 179 ft L = (15 /1000 sf) * A
L, = 30 ft L,=2ft*S
Lrotal = 209 ft Lot = L1 + Ly

2. CalculateTotal Buffer Area:
Aot = 4176 sf Avotal = Lyotar * 20 ft

3. Calculate Buffer Length for Various Level Spreader Lengths:

Laufter = 119 ft

Lis= 25 ft
Lautrer = 138 ft Lautrer = AtotafLLs

Lis= 30
Laurer = 115 ft

Lis= 35 ft USE:
Lautrer = 99

Lis= 25 ft
Lautrer = 167  ft Lautrer = AtotafLLs
Lis= 30
Laufter = 139 ft
Lis= 35 ft USE:

Lis=

Laufrer =

Lis=

Laufrer =

30
115

35
120




PROJECT: Eolian Renewable Energy, LLC
Antrim Windpower Project
'TRC Project: 186317.0000.0000

WATER QUALITY STANDARDS CALCULATIONS

Calculated By: PMM
Checked By: PGT
Date:

Revised:

DITCH TURNOUT BUFFER B-6 (Subcatchment WQ8)
Total Contributing Area, A = 16,850  sf
For Buffer Area:
Cover = Forested
HSG = C
S= 1%

1. Calculate buffer length for minimum level spreader length, L 5 = 20 feet:

Ly= 253 ft L = (15 /1000 sf) * A
L,= 22 ft L,=2ft*S
Lrota = 275 ft Lot = L1 + Lo

2. CalculateTotal Buffer Area:
Aot = 5495  sf Avotal = Lyotar * 20 ft

3. Calculate Buffer Length for Various Level Spreader Lengths:

DITCH TURNOUT BUFFER B-9 (Subcatchment WQ11)
Total Contributing Area, A = 16,823  sf
For Buffer Area:
Cover = Forested
HSG = C
S= 9%

1. Calculate buffer length for minimum level spreader length, L 5 = 20 feet:

Ly= 252 ft L = (15 /1000 sf) * A
L, = 18 ft L,=2ft*S
Lrotal = 270 ft Lot = L1 + Ly

2. CalculateTotal Buffer Area:
Aot = 5407  sf Avotal = Lyotar * 20 ft

3. Calculate Buffer Length for Various Level Spreader Lengths:

Laufter = 135 ft

Lis= 30 ft
Lautrer = 183  ft Lautrer = AtotafLLs

Lis= 40
Laufer = 137 ft

Lis= 50 ft USE:
Laufter = 110 ft

Lis= 25 ft
Lautrer = 216 ft Lautrer = AtotafLLs
Lis= 30
Laufter = 180 ft
Lis= 40 ft USE:

Lis=

Laufrer =

Lis=

Laufrer =

30
185

40
135

ft
ft

ft




PROJECT: Eolian Renewable Energy, LLC
Antrim Windpower Project
'TRC Project: 186317.0000.0000

WATER QUALITY STANDARDS CALCULATIONS

Calculated By: PMM
Checked By: PGT
Date:

Revised:

DITCH TURNOUT BUFFER B-11 (Subcatchment WQ12)
Total Contributing Area, A = 9,650 sf
For Buffer Area:
Cover = Forested
HSG = C
S= 1%

1. Calculate buffer length for minimum level spreader length, L 5 = 20 feet:

L= 145  ft L = (15 /1000 sf) * A
L,= 22 ft L,=2ft*S
Lrota = 167 ft Lot = L1 + Lo

2. CalculateTotal Buffer Area:
Aot = 3335 sf Avotal = Lyotar * 20 ft

3. Calculate Buffer Length for Various Level Spreader Lengths:

1. Calculate buffer length for minimum level spreader length, L 5 = 20 feet:

L= 0 ft L = (15 /1000 sf) * A
L,= 0 ft L,=2ft*S
Lrota = 0 ft Lot = L1 + Lo

2. CalculateTotal Buffer Area:
Arotal = 0 sf Avotal = Lyotar * 20 ft

3. Calculate Buffer Length for Various Level Spreader Lengths:

Lis= ft
Leurer = #DIV/O!  ft Lautrer = AtotafLLs
Lis=

Leuer = #DIV/O!  ft

Leuter = #DIV/O!  ft

Lis= 25 ft
Laufter = 133 ft Lautrer = AtotafLLs
Lis= 30
Laurer = 111 ft
Lis= 35 ft USE:
Laufter = 95
DITCH TURNOUT BUFFER
Total Contributing Area, A = sf
For Buffer Area:
Cover =
HSG =
S=

Lis= ft USE:

Lis= 25 ft
Leuter = 135  ft

Lis= ft

Lautter = ft




PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-1

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.412 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.156 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.38 I=Ai/A

Runoff Coefficient, Rv Rv = 0.39 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.16 ac.-in. WwQv=P*Rv*A
waQv = 584 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.39 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 91.7 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 0.90 in. S =(1000/CN)-10
Initial Abstraction, la (in.) la= 0.18 in. la=02*S
Ratio of la/ P la/P=

USE Tc and (la / P) with TR-55 Exhibit 4-11 or 4-1ll to determine Unit Peak Discharge, q ,

Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 630 cfs/sq.mi./in From TR-55 Exhibit 4-11I
Calculate Water Quality Flow, WQF (cfs) WQF = 0.16 cfs WQF = q, * WQV
TREATMENT SWALE SW-2

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.268 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.130 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | | = 0.49 I=Ai/A

Runoff Coefficient, Rv Rv = 0.49 Rv=0.05+(0.9*1I)

Water Quality Volume, WQV (ac.-in) waQv = 0.13  ac.in. WQV=P*Rv*A
waQv = 473 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENGHIONM hours
\Water Quality Depth, Q (in) Q= 0.49 in. Q=WQV/A
\Water Quality Depth Curve Number, CN CN= 93.7 CN = 1000/[10+5P+10Q-10(Q%*+1.25*Q*P)"*]
Potential Max. Retention, S (in.) S= 0.67 in. S =(1000/CN)-10
Initial Abstraction, la (in.) la= 0.13 in. la=02*S
Ratio of la / P EYEN k|

USE Tc and (la / P) with TR-55 Exhibit 4-1l or 4-1ll to determine Unit Peak Discharge, q ,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 640 cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = 013 cfs WQF = q, * WQV

PMM
PGT




Worksheet for SW-1

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.16

0.18
0.64
4.15
0.16
4.09
0.04
0.94604
0.25
0.00
0.18
0.11

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.18

0.04

0.00750
0.94604

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SW-2

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00500
3.00
3.00
3.00
0.13

0.18
0.64
4.15
0.16
4.09
0.04
0.99010
0.20
0.00
0.18
0.09

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.18

0.04

0.00500
0.99010

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-3

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.309 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.073 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.24 I=Ai/A

Runoff Coefficient, Rv Rv = 0.26 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.08 ac.-in. wQv=P*Rv*A
waQv = 295 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.26 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 88.3 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.32 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.26 in. la=02*S
Ratio of la / P la/P=[IN0Z6IN
USE Tc and (la / P) with TR-55 Exhibit 4-II or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 620 cfs/sq.mi./in From TR-55 Exhibit 4-l1I
Calculate Water Quality Flow, WQF (cfs) WQF = 0.08 cfs WQF =q, * WQV
TREATMENT SWALE SW-4

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.250 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.086 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.34 I=Ai/A

Runoff Coefficient, Rv Rv = 0.36 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.09 ac.-in. WwQv=P*Rv*A
waQv = 326 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
Water Quality Depth, Q (in) = 0.36 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 91.0 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 0.99 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.20 in. la=02*8S
Ratio of la / P la/P=[IHOZ00N

USE Tc and (la / P) with TR-55 Exhibit 4-I or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = 0.09 cfs WQF = q, *WQV

PMM
PGT




Worksheet for SW-3

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.01000
3.00
3.00
3.00
0.08

0.11
0.37
3.71
0.10
3.67
0.03
1.09773
0.21
0.00
0.11
0.12

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.11

0.03

0.01000
1.09773

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SW-4

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.09

0.13
0.44
3.82
0.12
3.78
0.03
1.07143
0.20
0.00
0.13
0.11

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.13

0.03

0.00750
1.07143

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-5

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.396 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.119 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.30 I=Ai/A

Runoff Coefficient, Rv Rv = 0.32 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.13 ac.-in. wQv=P*Rv*A
waQv = 461 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.32 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 90.0 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.1 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.22 in. la=02*S
Ratio of la / P la/P=[I0220N
USE Tc and (la / P) with TR-55 Exhibit 4-II or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I
Calculate Water Quality Flow, WQF (cfs) WQF = 012 cfs WQF =q, * WQV
TREATMENT SWALE SW-6

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.591 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.092 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.16 I=Ai/A

Runoff Coefficient, Rv Rv = 0.19 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.11 ac.-in. WwQv=P*Rv*A
waQv = 408 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
Water Quality Depth, Q (in) = 0.19 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 85.7 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.67 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.33 in. la=02*8S
Ratio of la / P la/P=[INOSSIN

USE Tc and (la / P) with TR-55 Exhibit 4-I or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 610 cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = 011 cfs WQF = q, *WQV

PMM
PGT




Worksheet for SW-5

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00500
3.00
3.00
3.00
0.12

0.17
0.61
4.10
0.15
4.04
0.04
1.00681
0.20
0.00
0.17
0.09

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.17

0.04

0.00500
1.00681

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SW-6

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
4.00
0.11

0.12
0.55
4.79
0.11
4.75
0.03
1.08626
0.20
0.00
0.13
0.10

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.12

0.03

0.00750
1.08626

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-7

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.254 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.064 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.25 I=Ai/A

Runoff Coefficient, Rv Rv = 0.28 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.07 ac.-in. wQv=P*Rv*A
waQv = 255 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.28 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 88.8 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.27 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.25 in. la=02*S
Ratio of la / P la/P=[IH025HN
USE Tc and (la / P) with TR-55 Exhibit 4-II or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 615 cfs/sq.mi./in From TR-55 Exhibit 4-l1I
Calculate Water Quality Flow, WQF (cfs) WQF = 0.07 cfs WQF =q, * WQV
TREATMENT SWALE SW-8

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.367 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.119 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.32 I=Ai/A

Runoff Coefficient, Rv Rv = 0.34 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.13 ac.-in. WwQv=P*Rv*A
waQv = 455 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
Water Quality Depth, Q (in) = 0.34 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 90.6 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.04 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.21 in. la=02*8S
Ratio of la / P la/P=[IOZIE

USE Tc and (la / P) with TR-55 Exhibit 4-I or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = 012 cfs WQF = q, *WQV

PMM
PGT




Worksheet for SW-7

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.07

0.11
0.38
3.71
0.10
3.68
0.03
1.12920
0.19
0.00
0.11
0.10

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.11

0.03

0.00750
1.12920

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SW-8

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.12

0.15
0.53
3.98
0.13
3.93
0.04
1.00815
0.22
0.00
0.15
0.11

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.15

0.04

0.00750
1.00815

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-9

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.183 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.064 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.35 I=Ai/A

Runoff Coefficient, Rv Rv = 0.36 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.07 ac.-in. wQv=P*Rv*A
waQv = 242 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.36 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 91.1 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 0.97 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.19 in. la=02*S
Ratio of la / P la/P=[HIOHOIN
USE Tc and (la / P) with TR-55 Exhibit 4-II or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I
Calculate Water Quality Flow, WQF (cfs) WQF = 0.07 cfs WQF =q, * WQV

TREATMENT SWALE SW-10

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.294 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.110 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.37 I=Ai/A

Runoff Coefficient, Rv Rv = 0.39 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.11 ac.-in. WwQv=P*Rv*A
waQv = 413 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
Water Quality Depth, Q (in) = 0.39 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 91.6 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 0.91 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.18 in. la=02*8S
Ratio of la / P la/P=[NOHEIN

USE Tc and (la / P) with TR-55 Exhibit 4-I or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = 011 cfs WQF = q, *WQV

PMM
PGT




Worksheet for SW-9

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.07

0.11
0.38
3.71
0.10
3.68
0.03
1.12920
0.19
0.00
0.11
0.10

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.11

0.03

0.00750
1.12920

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SW-10

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.11

0.15
0.50
3.93
0.13
3.88
0.03
1.02484
0.22
0.00
0.15
0.11

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.15

0.03

0.00750
1.02484

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-11

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.183 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.133 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.73 I=Ai/A

Runoff Coefficient, Rv Rv = 0.70 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.13 ac.-in. wQv=P*Rv*A
waQv = 468 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.70 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 97.0 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 0.31 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.06 in. la=02*S
Ratio of la / P la/P =[O0
USE Tc and (la / P) with TR-55 Exhibit 4-II or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 650 cfs/sq.mi./in From TR-55 Exhibit 4-l1I
Calculate Water Quality Flow, WQF (cfs) WQF = 013 cfs WQF =q, * WQV

TREATMENT SWALE SW-12

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.514 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.156 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.30 I=Ai/A

Runoff Coefficient, Rv Rv = 0.32 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.17 ac.-in. WwQv=P*Rv*A
waQv = 603 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
Water Quality Depth, Q (in) = 0.32 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 90.1 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.10 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.22 in. la=02*8S
Ratio of la / P la/P=[I0220N

USE Tc and (la / P) with TR-55 Exhibit 4-I or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = 016 cfs WQF = q, *WQV

PMM
PGT




Worksheet for SW-11

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00500
3.00
3.00
3.00
0.13

0.18
0.64
4.15
0.16
4.09
0.04
0.99010
0.20
0.00
0.18
0.09

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.18

0.04

0.00500
0.99010

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SW-12

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.16

0.18
0.64
4.15
0.16
4.09
0.04
0.94604
0.25
0.00
0.18
0.11

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.18

0.04

0.00750
0.94604

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC Calculated By:

Antrim Windpower Project Checked By:
'TRC Project: 186317.0000.0000 Date:
Revised:

WATER QUALITY STANDARDS CALCULATIONS
TREATMENT SWALE SW-13

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.274 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.092 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.34 I=Ai/A

Runoff Coefficient, Rv Rv = 0.35 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.10 ac.-in. wQv=P*Rv*A
waQv = 350 cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= 6 min.
Te= [HENOFION hours
\Water Quality Depth, Q (in) = 0.35 in. Q=wQVv/A
Water Quality Depth Curve Number, CN CN= 90.8 CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= 1.01 in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= 0.20 in. la=02*S
Ratio of la / P la/P=[IHOZ00N
USE Tc and (la / P) with TR-55 Exhibit 4-II or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= 625 cfs/sq.mi./in From TR-55 Exhibit 4-l1I
Calculate Water Quality Flow, WQF (cfs) WQF = 0.09 cfs WQF =q, * WQV
TREATMENT SWALE SW-

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= ac.

Impervious Contributing Area, Ai (ac) Ai= ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= #DIV/0! I=Ai/A

Runoff Coefficient, Rv Rv = #DIV/0! Rv=0.05+(0.9*1)
\Water Quality Volume, WQV (ac.-in) waQy = #DIV/O!  ac.-in. wQv=P*Rv*A

waqy = #DIV/O! cu. ft.

WATER QUALITY FLOW (WQF) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

'Time of Concentration (hours): Tc= min.
Te= [HENOIOON hours
Water Quality Depth, Q (in) = #DIV/O! in. Q=WQV/A
Water Quality Depth Curve Number, CN CN= #DIV/O! CN = 1000/[10+5P+10Q-10(Q%+1.25*Q*P)**]
Potential Max. Retention, S (in.) S= #DIV/O! in. S =(1000/CN)- 10
Initial Abstraction, la (in.) la= #DIV/O! in. la=02*8S
Ratio of la / P la/P=|IEDNOI

USE Tc and (la / P) with TR-55 Exhibit 4-I or 4-1ll to determine Unit Peak Discharge, q ,,
Unit Peak Discharge, q, (cfs/sq.mi./in) qu= cfs/sq.mi./in From TR-55 Exhibit 4-l1I

Calculate Water Quality Flow, WQF (cfs) WQF = #DIV/0! cfs WQF =q, * WQV

PMM
PGT




Worksheet for SW-13

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.150
0.00750
3.00
3.00
3.00
0.09

0.13
0.44
3.82
0.12
3.78
0.03
1.07143
0.20
0.00
0.13
0.11

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.13

0.03

0.00750
1.07143

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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PROJECT: Eolian Renewable Energy, LLC
Antrim Windpower Project

'TRC Project: 186317.0000.0000

BIORETENTION BASIN BR-1

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

WATER QUALITY STANDARDS CALCULATIONS

Total Contributing Area, A (ac) A= 1.006 ac.

Impervious Contributing Area, Ai (ac) Ai= 0.895 ac.

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | 1= 0.89 I=Ai/A

Runoff Coefficient, Rv Rv = 0.85 Rv=0.05+(0.9*1)

\Water Quality Volume, WQV (ac.-in) waQy = 0.86 ac.-in. wQv=P*Rv*A
waQv = 3,107 cu. ft.

Basin Sizing Calculations

Ponding Storage

\Water Surface Area, A, (sq.ft.) A= 3,400 sq.ft

Basin Base Area, A, (sq. ft.) A= 2,735 sq.ft.

Ponding Depth, d (ft.) = 0.5 ft.

Storage Volume, V, (cu. ft.) V= 1,534  cu.ft. Vi=((A1+A)/2)"d

Soil Filter Bed Storage

Soil Filter Depth, D (ft.) D= 1.5 ft.

Soil Filter Porosity, n n= 0.4

Storage Volume, V, (cu. ft.) V,= 1,641  cu. ft. V,=A*D*n

Total Storage Volume, V7 (cu. ft.) Vr= 3,175 cu.ft. Vi=V;+V,

BIORETENTION BASIN BR-2

WATER QUALITY VOLUME (WQV) CALCULATIONS

Based on treatment of the first 1 inch of rainfall

Total Contributing Area, A (ac) A= 0.986 ac. 0.463

Impervious Contributing Area, Ai (ac) Ai= 0.715 ac. 0.45

Rainfall Depth, P (in) P= 1.0 in.

Percent Impervious Area, | | = 0.73 I=Ai/A

Runoff Coefficient, Rv Rv = 0.70 Rv=0.05+(0.9*1I)

Water Quality Volume, WQV (ac.-in) waQv = 0.69  ac.-in. WQV=P*Rv*A
waQv = 2,515 cu.ft. 1554

BASIN SIZING CALCULATIONS

Ponding Storage

\Water Surface Area, A, (sq.ft.) A= 3,160 sq. ft.

Basin Base Area, A, (sq. ft.) A= 2,050 sq.ft.

Ponding Depth, d (ft.) = 0.5 ft.

Storage Volume, V, (cu. ft.) V= 1,303  cu. ft. Vi=((Ar+Ay)/2)*d

Soil Filter Bed Storage

Soil Filter Depth, D (ft.) D= 1.5 ft.

Soil Filter Porosity, n n= 0.4

Storage Volume, V, (cu. ft.) V,= 1,230 cu. ft. V,=A*D*n

Total Storage Volume, V7 (cu. ft.) Vr= 2,533 cu.ft. Vi=V;+V,

Calculated By:
Checked By:
Date:

Revised:

PMM
PGT
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PROJECT: Eolian Renewable Energy, LLC Calculated By: PMM

Antrim Windpower Project Checked By: PGT
TRC Project: 186317.0000.0000 Date: December 17, 2011
Revised:

RIPRAP CHANNEL PROTECTION CALCULATIONS

1. Channel riprap design is based on criteria published by Maine DEP in "Maine Erosion and Sediment Control BMPs" (2003). Refer to Section E-6 Riprap Waterways.

2. All channels with slopes greater than 8% require riprap reinforcement.

3. Flows and velocities are based on a 10-year design storm event. Flows are determined using "HydroCAD" software. Velocities and flow depths are determined
using "FlowMaster" software unless otherwise indicated.

4. Riprap Manning's "n" calculation based on: n= e
[21.6*10g10(y/Ds0)+14.0]

Flow
HydroCAD Depth,y | Minimum
LOCATION Node Qyg(cfs) (ft) Dy (ft) | Manning's "n" Vio(fps)  |Comments
Sta 0+00 to Sta 2+50 R 1.1R 5.87 0.51 0.50 0.065 3.83 Velocity and depth from HydroCAD model
Sta 2+50 to Sta 5+75 R 1.2R 4.44 0.48 0.50 0.067 3.16 Velocity and depth from HydroCAD model
Only a small portion of SC 1.1 contributes to channel flow. Use D 5,=6"
Sta 0+00 to Sta 2+50 L 1.1 - - 0.50 - - for simplified construction.
Sta 2+50 to Sta 5+00 L 1.3 2.05 0.33 0.50 0.086 2.37
Sta 8+50 to Sta 10+25 R 1.2R 4.44 0.48 0.50 0.067 3.16 Velocity and depth from HydroCAD model
Sta 9+00 to Sta 10+25 L 1.5 3.93 0.44 0.50 0.070 3.13
Sta 12+25 to Sta 13+50 R 1.4A 0.45 0.14 0.25 0.091 1.40
Sta 13+50 to Sta 16+00 R WQ4 0.62 0.16 0.25 0.081 1.68
Sta 12+25 to Sta 16+00 L 1.5 3.93 0.44 0.50 0.071 3.13
Sta 19+00 to Sta 24+50 R wQ5s 0.98 0.19 0.25 0.071 2.14
Only a small portion of SC 1.6 contributes to channel flow. Assume
Sta 19+00 to Sta 24+00 L 1.6 - - 0.25 - - equivalent to WQ5.
Sta 32+00 to Sta 35+50 R wQ7 0.69 0.17 0.25 0.078 1.79
Sta 32+00 to Sta 36+00 L 1.6 10.0 0.63 0.50 0.059 4.92 Based on contributing area, assume flow is 25% of Q4 for SC1.6
Sta 41+75 R (Slope) 1.8/6P 17.0 0.58 0.83 0.088 6.88 Design based on Q25
Sta 45+00 to Sta 49+50 L 1.9 8.42 0.58 0.50 0.061 4.58 Assumes full flow to all culverts
Sta 54+00 to Sta 57+50 L 1.10 9.63 0.61 0.50 0.059 4.87 Assumes full flow to all culverts
Sta 57+50 to Sta 63+50 L 1.1 5.40 0.48 0.50 0.067 3.77
Sta 63+50 to Sta 66+75 L 1.12 1.54 0.23 0.25 0.062 272 Use Dgy=6" for simplified construction.
Sta 68+00 to Sta 69+75 L wQ9 0.65 0.16 0.25 0.081 1.71
Sta 68+00 to Sta 69+75 R 0.25 Small contributing area. Assume equivalent to WQ9.
Sta 77+50 to Sta 80+25 L wQ11 0.76 0.18 0.25 0.074 1.80
Sta 77+00 to Sta 80+25 R - - - - - - Small contributing area. Assume equivalent to WQ11.
Sta 97+00 to Sta 98+50 R - - - 0.25 - - Minimal contributing area.
Sta 101+75 to Sta 103+25 L - - - 0.25 - - Minimal contributing area.
Sta 104+25 to Sta 106+50 L - - - 0.25 - - Minimal contributing area.
Sta 111+50 to Sta 113+25 L - - - 0.25 - - Minimal contributing area.
Sta 120+00 to Sta 123+00 R WQ16 0.84 0.18 0.25 0.074 1.98
Sta 124+50 to Sta 126+00 R wQ17 0.42 0.14 0.25 0.091 1.36
Sta 119+75 to Sta 126+00 L - - - 0.25 - - Small contributing area. Assume equivalent to WQ16 &17.
Sta 128+00 to Sta 131+50 L 1.15 2.64 0.29 0.25 0.055 3.50
Sta 128+50 to Sta 131+50 R WQ18 0.70 0.17 0.25 0.077 1.81
Sta 131+50 to Sta 137+00 L 1.16 2.40 0.28 0.25 0.057 3.31
Sta 137+00 to Sta 139+00 L 1.17 0.33 0.13 0.25 0.099 1.19
Sta 1+00 to Sta 3+25 L 3.2 0.53 0.15 0.25 0.086 1.53
Sta 145+75 to Sta 147+00 R - - - 0.25 - - Small contributing area. Assume equivalent to SC3.2.
Sta 157+25 to Sta 163+25 R 3.3 9.71 0.62 0.50 0.059 4.88
Sta 158+00 to Sta 163+25 L - - - 0.50 - - Small contributing area. Use Ds,=6" for simplified construction.
Sta 163+25 to Sta 167+75 R 34 5.81 0.50 0.50 0.066 3.90 Assumes full flow to all culverts
Sta 167+75 to Sta 172+50 R 3.5 4.35 0.44 0.50 0.071 3.40
Sta 169+50 to Sta 173+50 L WQ20 1.13 0.20 0.25 0.068 2.30
Sta 177+00 to Sta 179+25 L wQ21 0.63 0.16 0.25 0.081 1.69
Sta 178+00 to Sta 179+25 R - - - 0.25 - - Small contributing area. Assume equivalent to WQ21.
Sta 179+00 to Sta 181+25 L - - - 0.25 - - Small contributing area. Assume equivalent to WQ21.




Worksheet for SC1.3

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.086
Channel Slope 0.12000 ft/ft
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 2.00 ft
Discharge 2.05 ft¥/s
Results

Normal Depth 0.33 ft
Flow Area 0.86 ft?
Wetted Perimeter 3.46 ft
Hydraulic Radius 0.25 ft
Top Width 3.30 ft
Critical Depth 0.29 ft
Critical Slope 0.18457  ft/ft
Velocity 2.37 ft/s
Velocity Head 0.09 ft
Specific Energy 0.41 ft
Froude Number 0.82

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.33 ft
Critical Depth 0.29 ft
Channel Slope 0.12000 ft/ft
Critical Slope 0.18457  ft/ft
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Worksheet for SC1.5

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.070
Channel Slope 0.10000 ft/ft
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 2.00 ft
Discharge 3.93 ft¥/s
Results

Normal Depth 0.44 ft
Flow Area 1.26 ft?
Wetted Perimeter 3.96 ft
Hydraulic Radius 0.32 ft
Top Width 3.75 ft
Critical Depth 042 ft
Critical Slope 0.11116  ft/ft
Velocity 3.13 ft/s
Velocity Head 0.15 ft
Specific Energy 0.59 ft
Froude Number 0.95

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.44 1t
Critical Depth 0.42 ft
Channel Slope 0.10000 ft/ft
Critical Slope 0.11116  ft/ft

Bentley Systems, Inc. Haestad Methods Solution Bentlery FlowMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for SC1.4A

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.091
0.12000
2.00
2.00
2.00
0.45

0.14
0.32
2.63
0.12
2.57
0.11
0.26590
1.40
0.03
0.17
0.69

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.14

0.11

0.12000
0.26590

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ4

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.081
0.12000
2.00
2.00
2.00
0.62

0.16
0.37
271
0.14
2.64
0.14
0.19901
1.68
0.04
0.20
0.79

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.16

0.14

0.12000
0.19901

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ5

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.071
0.12000
2.00
2.00
2.00
0.98

0.19
0.46
2.86
0.16
2.77
0.18
0.14141
2.14
0.07
0.26
0.93

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.19

0.18

0.12000
0.14141

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.6

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

Supercritical

0.059
0.12000
2.00
2.00
2.00
10.00

0.63
2.03
4.80
0.42
4.50
0.72
0.06957
4.92
0.38
1.00
1.29

0.00
0.00

0.00

0.00
Infinity
Infinity

0.63

0.72

0.12000
0.06957

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft

12/21/2011 11:37:13 AM

Bentley Systems, Inc. Haestad Methods SdbettlieyCEIeMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for WQ7

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.078
0.12000
2.00
2.00
2.00
0.69

0.17
0.39
2.74
0.14
2.66
0.15
0.18111
1.79
0.05
0.22
0.83

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.17

0.15

0.12000
0.18111

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.8/6P

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.088

0.50000  ft/ft
2.00  ft/ft (H:V)
2.00 ft/ft (H:V)
3.00 ft
17.00 f&3/s

0.59 ft
247 ft2
5.64 ft
0.44 ft
536 ft
0.83 ft

0.14420 ft/ft
6.88 ft/s
0.74 ft
1.33 ft
1.79

Supercritical

0.00 ft
0.00 ft

0.00 ft

0.00 ft
Infinity ~ ft/s
Infinity  ft/s

0.59 ft

0.83 ft

0.50000  ft/ft
0.14420 ft/ft

1/18/2012 11:49:31 AM
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Worksheet for SC1.9

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

Supercritical

0.061
0.12000
2.00
2.00
2.00
8.42

0.58
1.84
4.60
0.40
4.33
0.65
0.07608
4.58
0.33
0.91
1.24

0.00
0.00

0.00

0.00
Infinity
Infinity

0.58

0.65

0.12000
0.07608

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.10

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.059
0.12000
2.00
2.00
2.00
9.63

0.61
1.98
4.74
0.42
4.45
0.71
0.06992
4.87
0.37
0.98
1.29

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.61

0.71

0.12000
0.06992

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.11

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.067
0.12000
2.00
2.00
2.00
5.40

0.48
1.43
4.16
0.34
3.93
0.51
0.09745
3.77
0.22
0.70
1.10

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.48

0.51

0.12000
0.09745

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.12

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.062
0.12000
2.00
2.00
2.00
157

0.23
0.57
3.04
0.19
2.93
0.25
0.09995
2.73
0.12
0.35
1.09

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.23

0.25

0.12000
0.09995

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ9

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.081
0.12000
2.00
2.00
2.00
0.65

0.16
0.38
2.73
0.14
2.65
0.14
0.19736
1.71
0.05
0.21
0.80

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.16

0.14

0.12000
0.19736

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ11

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.074
0.10000
2.00
2.00
2.00
0.76

0.18
0.42
2.80
0.15
2.72
0.16
0.16032
1.80
0.05
0.23
0.80

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.18

0.16

0.10000
0.16032

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.16

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.057
Channel Slope 0.12000 ft/ft
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 2.00 ft
Discharge 240 ft¥/s
Results

Normal Depth 0.28 ft
Flow Area 0.72 ft?
Wetted Perimeter 3.26 ft
Hydraulic Radius 0.22 ft
Top Width 313 ft
Critical Depth 0.32 ft
Critical Slope 0.07917  ft/ft
Velocity 3.31 ft/s
Velocity Head 017 ft
Specific Energy 0.45 ft
Froude Number 1.21

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.28 ft
Critical Depth 0.32 ft
Channel Slope 0.12000 ft/ft
Critical Slope 0.07917  f/ft

Bentley Systems, Inc. Haestad Methods Solution Bentlery FlowMaster V8i (SELECTseries 1) [08.11.01.03]
1/18/2012 5:33:28 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for WQ17

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.091
0.12000
2.00
2.00
2.00
0.42

0.14
0.31
2.61
0.12
2.54
0.11
0.26925
1.36
0.03
0.16
0.69

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.14

0.11

0.12000
0.26925

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.15

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.055
0.12000
2.00
2.00
2.00
2.64

0.29
0.76
3.31
0.23
3.17
0.34
0.07268
3.50
0.19
0.48
1.26

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.29

0.34

0.12000
0.07268

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ18

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.077
0.12000
2.00
2.00
2.00
0.70

0.17
0.39
2.74
0.14
2.66
0.15
0.17608
1.81
0.05
0.22
0.84

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.17

0.15

0.12000
0.17608

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.16

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.053
0.12000
2.00
2.00
2.00
3.29

0.32
0.86
3.45
0.25
3.29
0.38
0.06536
3.84
0.23
0.55
1.33

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.32

0.38

0.12000
0.06536

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC1.17

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.099
0.12000
2.00
2.00
2.00
0.33

0.12
0.28
2.55
0.11
2.50
0.09
0.33316
1.19
0.02
0.15
0.63

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.12

0.09

0.12000
0.33316

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC3.2

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.086
0.12000
2.00
2.00
2.00
0.53

0.15
0.35
2.67
0.13
2.60
0.12
0.23060
1.53
0.04
0.19
0.74

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.15

0.12

0.12000
0.23060

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC3.3

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.059
0.12000
2.00
2.00
2.00
9.71

0.62
1.99
475
0.42
4.46
0.71
0.06984
4.88
0.37
0.99
1.29

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.62

0.71

0.12000
0.06984

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC3.4

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.066
0.12000
2.00
2.00
2.00
5.81

0.50
1.49
4.23
0.35
3.99
0.53
0.09361
3.90
0.24
0.73
1.12

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.50

0.53

0.12000
0.09361

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for SC3.5

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.071
0.12000
2.00
2.00
2.00
4.35

0.44
1.28
3.98
0.32
3.77
0.45
0.11274
3.40
0.18
0.62
1.03

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.44

0.45

0.12000
0.11274

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ20

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.068
0.12000
2.00
2.00
2.00
1.13

0.20
0.49
291
0.17
2.81
0.20
0.12672
2.30
0.08
0.29
0.97

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.20

0.20

0.12000
0.12672

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for WQ21

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Manning Formula

Normal Depth

0.081
0.12000
2.00
2.00
2.00
0.63

0.16
0.37
2.72
0.14
2.64
0.14
0.19845
1.69
0.04
0.20
0.79

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.16

0.14

0.12000
0.19845

ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft3/s

ft
ft2
ft
ft
ft

ft/ft
ft/s

ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Alteration of Terrain Permit Application — Antrim Windpark Project

APPENDIX D

Runoff Analysis Calculations and Report
Rainfall and Soils Data (12 pages)
Water Quality Model (HydroCAD) (71 pages)
Time of Concentration Calculations (21 pages)
Runoff Conveyance Model (HydroCAD) (152 pages)

MDEP Letter (2 pages)

January 2012



Figure B-2

Approximate geographic boundaries for NRCS (SCS) rainfall distributions
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Rainfall data sources

This section lists the most current 24-hour rainfall data
published by the National Weather Service (NWS) for
various parts of the country. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east of the 105th meridian are included
here as figures B-3 through B-8. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of 105th meridian

Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from 1 to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of 105th meridian

Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. II, Wyoming; Vol III, Colo-
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIII, Arizona; Vol. IX, Washing-
ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD.

Alaska

Miller, John F. 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii

Weather Bureau. 1962. Rainfall-frequency atlas of the
Hawaiian Islands for areas to 200 square miles, dura-
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands

Weather Bureau. 1961. Generalized estimates of prob-
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.

B-2 (210-VI-TR-55, Second Ed., June 1986)
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* FROM: New Hampshire Stormwater Manual, Volume 2, Appendix A (2008)

ACWORTH 2.3 2.7 4.1 4.8 5.4 6.1
ALBANY 2.7 32 4.8 5.5 6.1 6.4
ALEXANDRIA 24 2.7 4.1 4.9 5.3 6.0
ALLENSTOWN 25 2.9 4.3 5.1 3.6 6.3
ALSTEAD 2.3 2.7 4.1 4.9 54 6.1
ALTON 2.4 2.9 4.2 5.1 5.5 6.2
AMHERST 2.5 2.9 4.3 3.1 5.7 6.4
ANTRIM 2.4 2.8 4.2 5.0 5.6 6.2
ATKINSON 2.5 3.0 44 1 52 5.8 6.5
ATKINSON & GILMANTON

ACADEMY GRANT 2.3 2.5 3.8 4.6 4.9 5.4
AUBURN 2.5 3.0 4.3 5.1 5.7 6.4
BARNSTEAD 24 2.9 4.2 5.1 5.6 6.2
BARRINGTON 2.5 3.0 4.3 5.1 5.7 6.3
BARTLETT 3.0 3.5 5.1 5.9 6.4 7.0
BATH 2.3 2.5 3.9 4.7 5.0 5.7
BEAN'S GRANT2.80 3.6 4.5 5.9 6.4 7.2

BEAN'S PURCHASE 3.0 3.7 52 6.1 6.6 7.2
BEDFORD 2.5 2.9 4.3 5.1 5.7 6.4
BELMONT 24 2.8 4.2 5.0 5.5 6.1
BENNINGTON 24 2.8 4.2 5.0 5.6 6.3
BENTON 2.3 2.6 4.0 4.8 5.1 5.8
BERLIN 2.5 3.2 44 5.0 5.6 6.2
BETHLEHEM EAST 2.4 3.3 4.5 52 6.0 6.6
BETHLEHEM WEST 24 2.8 4.0 4.9 5.2 5.9
BOSCAWEN 24 2.8 4.2 5.0 5.5 6.1 -
BOW 24 2.9 4.2 5.0 5.6 6.3
BRADFORD 2.3 2.8 4.1 4.9 5.5 6.1
BRENTWOOD . 2.6 3.0 4.3 52 5.7 6.4
BRIDGEWATER 24 2.7 4.1 4.9 5.4 6.0
BRISTOL 24 2.7 4.1 4.9 5.4 6.0
BROOKFIELD 24 2.9 4.2 5.2 5.5 6.2
BROOKLINE 2.5 2.9 4.3 5.1 5.7 6.4
CAMBRIDGE 2.5 2.8 4.0 4.9 5.2 6.0
CAMPTON 24 2.8 4.2 4.9 5.3 6.0
CANAAN 2.3 2.6 4.0 4.8 53 59
CANDIA 2.5 3.0 4.3 5.1 5.7 6.3
CANTERBURY 24 2.8 4.2 5.0 5.5 6.2
CARROLL 2.5 32 4.5 5.1 6.0 6.4
CENTER HARBOR 24 2.8 4.2 5.0 54 6.0
CHANDLER'S PURCHASE 2.8 3.6 5.0 5.8 6.4 7.1

Climate Center, September, 1993.)

*Rainfall data is interpolated from Technical Paper No. 40 (TP40) Rainfall Frequency Atlas of the
Eastern United States . Other data may be used (e.g., Atlas of Precipitation Extremes for the
Northeastern United States and Southeastern Canada by Cornell University, Northeast Regional
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Hydrologic Soil Group—Hillsborough County, New Hampshire, Western Part
( Antrim Wind Project)
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Map Scale: 1:36,300 if printed on A size (8.5" x 11") sheet.
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Hydrologic Soil Group—Hillsborough County, New Hampshire, Western Part
( Antrim Wind Project)

MAP LEGEND MAP INFORMATION

Area of Interest (AOI) Map Scale: 1:36,300 if printed on A size (8.5" x 11") sheet.

Area of Interest (AOI) The soil surveys that comprise your AOI were mapped at 1:20,000.

Soils ) ) Please rely on the bar scale on each map sheet for accurate map
Soil Map Units measurements.
Soil Ratings Source of Map:  Natural Resources Conservation Service
L] A Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
] AD Coordinate System:  UTM Zone 18N NAD83
O s This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.
] 8D
Soil Survey Area:  Hillsborough County, New Hampshire, Western
] c Part
] oo Survey Area Data:  Version 11, Oct 27, 2009
] o Date(s) aerial images were photographed: Data not available.
Not rated or not available The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
Political Features imagery displayed on these maps. As a result, some minor shifting
o Cities of map unit boundaries may be evident.
Water Features
Streams and Canals
Transportation
- Rails
g Interstate Highways
US Routes
Major Roads
e Local Roads
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Hydrologic Soil Group—Hillsborough County, New Hampshire, Western Part

Antrim Wind Project

Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Hillsborough County, New Hampshire, Western Part (NH602)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

15 Searsport muck D 12.9 0.3%

22B Colton loamy sand, 3 to 8 percent slopes | A 5.2 0.1%

22C Colton loamy sand, 8 to 15 percent A 95.5 1.9%
slopes

22E Colton loamy sand, 15 to 50 percent A 5.0 0.1%
slopes

27B Groveton very fine sandy loam, 0 to 5 B 0.4 0.0%
percent slopes

36A Adams loamy sand, 0 to 3 percent slopes | A 5.0 0.1%

36B Adams loamy sand, 3 to 8 percent slopes | A 8.5 0.2%

36C Adams loamy sand, 8 to 15 percent A 55.7 1.1%
slopes

36E Adams loamy sand, 15 to 50 percent A 15 0.0%
slopes

56B Becket fine sandy loam, 3 to 8 percent |C 30.1 0.6%
slopes

56C Becket fine sandy loam, 8 to 15 percent |C 10.3 0.2%
slopes

57B Becket stony fine sandy loam, 3 to 8 C 121 0.2%
percent slopes

57C Becket stony fine sandy loam, 8 to 15 C 108.8 21%
percent slopes

57D Becket stony fine sandy loam, 15t0 25 |C 52.2 1.0%
percent slopes

76B Marlow loam, 3 to 8 percent slopes C 18.8 0.4%

76C Marlow loam, 8 to 15 percent slopes C 28.2 0.6%

76D Marlow loam, 15 to 25 percent slopes C 10.1 0.2%

77B Marlow stony loam, 3 to 8 percent slopes | C 75.2 1.5%

77C Marlow stony loam, 8 to 15 percent C 680.8 13.3%
slopes

77D Marlow stony loam, 15 to 35 percent C 1,387.4 27.2%
slopes

78B Peru loam, 3 to 8 percent slopes C 6.8 0.1%

79B Peru stony loam, 0 to 8 percent slopes |C 125.9 2.5%

79C Peru stony loam, 8 to 15 percent slopes |C 123.3 2.4%

142B Monadnock fine sandy loam, 3 to 8 B 21.8 0.4%
percent slopes

143B Monadnock stony fine sandy loam, 3to 8 | B 11.5 0.2%
percent slopes

143C Monadnock stony fine sandy loam, 8to |B 337.5 6.6%
15 percent slopes
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Hydrologic Soil Group—Hillsborough County, New Hampshire, Western Part

Antrim Wind Project

Hydrologic Soil Group— Summary by Map Unit — Hillsborough County, New Hampshire, Western Part (NH602)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

143D Monadnock stony fine sandy loam, 15 to | B 82.1 1.6%
35 percent slope s

145C Monadnock very bouldery fine sandy B 282.0 5.5%
loam, 8 to 15 percen t slopes

145D Monadnock very bouldery fine sandy B 116.0 2.3%
loam, 15 to 35 perce nt slopes

160B Tunbridge-Lyman-Monadnock complex, |C 121.7 2.4%
stony, 3 to 8 percen t slopes

160C Tunbridge-Lyman-Monadnock complex, |C 104.4 2.0%
stony, 8 to 15 perce nt slopes

160D Tunbridge-Lyman-Monadnock complex, |C 54.2 1.1%
stony, 15 to 25 perc ent slopes

161C Lyman-Tunbridge-Rock outcrop C 83.4 1.6%
complex, 3 to 15 percent s lopes

161D Lyman-Tunbridge-Rock outcrop C 377.0 7.4%
complex, 15 to 35 percent slopes

197 Borohemists, ponded 119.0 2.3%

214A Naumburg fine sandy loam, 0 to 3 C 10.9 0.2%
percent slopes

247B Lyme stony loam, 0 to 5 percent slopes |C 41.9 0.8%

295 Greenwood mucky peat D 109.1 21%

298 Pits, gravel 15.2 0.3%

299 Udorthents, smoothed 3.0 0.1%

395 Chocorua mucky peat D 20.8 0.4%

399 Rock outcrop D 93.1 1.8%

549 Peacham stony muck D 23.0 0.4%

558B Skerry fine sandy loam, 3 to 8 percent |C 0.0 0.0%
slopes

559B Skerry stony fine sandy loam, 0 to 8 C 69.6 1.4%
percent slopes

559C Skerry stony fine sandy loam, 8 to 15 C 0.1 0.0%
percent slopes

613A Croghan loamy fine sand, 0 to 3 percent |B 1.3 0.0%
slopes

647B Pillsbury stony loam, 0 to 5 percent C 69.3 1.4%
slopes

w Water 79.5 1.6%

Totals for Area of Interest 5,107.0 100.0%
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Hydrologic Soil Group—Hillsborough County, New Hampshire, Western Part Antrim Wind Project

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 9/18/2011
Conservation Service National Cooperative Soil Survey Page 5 of 5



K Factor, Whole Soil—Hillsborough County, New Hampshire, Western Part
( Antrim Wind Project)
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K Factor, Whole Soil-Hillsborough County, New Hampshire, Western Part
(' Antrim Wind Project)

MAP LEGEND MAP INFORMATION
Area of Interest (AOI) g Interstate Highways Map Scale: 1:36,300 if printed on A size (8.5" x 11") sheet.
Area of Interest (AOI) US Routes The soil surveys that comprise your AOI were mapped at 1:20,000.
Soils ) ) Major Roads Please rely on the bar scale on each map sheet for accurate map
Soil Map Units measurements.
. . e Local Roads
Soil Ratings Source of Map:  Natural Resources Conservation Service

] 02 Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov

] o5 Coordinate System:  UTM Zone 18N NAD83

] 10 This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

] 5
Soil Survey Area:  Hillsborough County, New Hampshire, Western

] a7 Part

[] 20 Survey Area Data:  Version 11, Oct 27, 2009

] 2 Date(s) aerial images were photographed: Data not available.

] =28 The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background

] 32 imagery displayed on these maps. As a result, some minor shifting

] a7 of map unit boundaries may be evident.

] 43

] 49

] 55

o 64

Not rated or not available
Political Features
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Water Features

Streams and Canals
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- Rails
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K Factor, Whole Soil-Hillsborough County, New Hampshire, Western Part

Antrim Wind Project

K Factor, Whole Soil

K Factor, Whole Soil— Summary by Map Unit — Hillsborough County, New Hampshire, Western Part (NH602)
Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

15 Searsport muck 12.9 0.3%

22B Colton loamy sand, 3 to 8 percent slopes | .17 5.2 0.1%

22C Colton loamy sand, 8 to 15 percent A7 95.5 1.9%
slopes

22E Colton loamy sand, 15 to 50 percent A7 5.0 0.1%
slopes

27B Groveton very fine sandy loam, 0 to 5 .32 0.4 0.0%
percent slopes

36A Adams loamy sand, 0 to 3 percent slopes | .17 5.0 0.1%

36B Adams loamy sand, 3 to 8 percent slopes | .17 8.5 0.2%

36C Adams loamy sand, 8 to 15 percent A7 55.7 1.1%
slopes

36E Adams loamy sand, 15 to 50 percent A7 15 0.0%
slopes

56B Becket fine sandy loam, 3 to 8 percent |.20 30.1 0.6%
slopes

56C Becket fine sandy loam, 8 to 15 percent | .20 10.3 0.2%
slopes

57B Becket stony fine sandy loam, 3 to 8 A7 121 0.2%
percent slopes

57C Becket stony fine sandy loam, 8 to 15 A7 108.8 21%
percent slopes

57D Becket stony fine sandy loam, 15to0 25 |.17 52.2 1.0%
percent slopes

76B Marlow loam, 3 to 8 percent slopes .24 18.8 0.4%

76C Marlow loam, 8 to 15 percent slopes .24 28.2 0.6%

76D Marlow loam, 15 to 25 percent slopes .24 10.1 0.2%

77B Marlow stony loam, 3 to 8 percent slopes | .20 75.2 1.5%

77C Marlow stony loam, 8 to 15 percent .20 680.8 13.3%
slopes

77D Marlow stony loam, 15 to 35 percent .20 1,387.4 27.2%
slopes

78B Peru loam, 3 to 8 percent slopes 24 6.8 0.1%

79B Peru stony loam, 0 to 8 percent slopes |.20 125.9 2.5%

79C Peru stony loam, 8 to 15 percent slopes |.20 123.3 2.4%

142B Monadnock fine sandy loam, 3 to 8 .28 21.8 0.4%
percent slopes

143B Monadnock stony fine sandy loam, 3to 8 | .24 11.5 0.2%
percent slopes

143C Monadnock stony fine sandy loam, 8 to |.24 337.5 6.6%
15 percent slopes
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K Factor, Whole Soil-Hillsborough County, New Hampshire, Western Part

Antrim Wind Project

K Factor, Whole Soil— Summary by Map Unit — Hillsborough County, New Hampshire, Western Part (NH602)

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

143D Monadnock stony fine sandy loam, 15 to | .24 82.1 1.6%
35 percent slope s

145C Monadnock very bouldery fine sandy A7 282.0 5.5%
loam, 8 to 15 percen t slopes

145D Monadnock very bouldery fine sandy A7 116.0 2.3%
loam, 15 to 35 perce nt slopes

160B Tunbridge-Lyman-Monadnock complex, |.20 121.7 2.4%
stony, 3 to 8 percen t slopes

160C Tunbridge-Lyman-Monadnock complex, |.20 104.4 2.0%
stony, 8 to 15 perce nt slopes

160D Tunbridge-Lyman-Monadnock complex, |.20 54.2 1.1%
stony, 15 to 25 perc ent slopes

161C Lyman-Tunbridge-Rock outcrop .20 83.4 1.6%
complex, 3 to 15 percent s lopes

161D Lyman-Tunbridge-Rock outcrop .20 377.0 7.4%
complex, 15 to 35 percent slopes

197 Borohemists, ponded 119.0 2.3%

214A Naumburg fine sandy loam, 0 to 3 .28 10.9 0.2%
percent slopes

247B Lyme stony loam, 0 to 5 percent slopes |.24 41.9 0.8%

295 Greenwood mucky peat 109.1 21%

298 Pits, gravel 15.2 0.3%

299 Udorthents, smoothed 3.0 0.1%

395 Chocorua mucky peat 20.8 0.4%

399 Rock outcrop 93.1 1.8%

549 Peacham stony muck 23.0 0.4%

558B Skerry fine sandy loam, 3 to 8 percent |.24 0.0 0.0%
slopes

559B Skerry stony fine sandy loam, 0 to 8 .20 69.6 1.4%
percent slopes

559C Skerry stony fine sandy loam, 8 to 15 .20 0.1 0.0%
percent slopes

613A Croghan loamy fine sand, 0 to 3 percent | .17 1.3 0.0%
slopes

647B Pillsbury stony loam, 0 to 5 percent .24 69.3 1.4%
slopes

w Water 79.5 1.6%

Totals for Area of Interest 5,107.0 100.0%

USDA
el 2aY

Natural Resources
Conservation Service

Web Soil Survey

National Cooperative Soil Survey

9/18/2011
Page 4 of 5



K Factor, Whole Soil-Hillsborough County, New Hampshire, Western Part Antrim Wind Project

Description

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by
water. Factor Kis one of six factors used in the Universal Soil Loss Equation (USLE)
and the Revised Universal Soil Loss Equation (RUSLE) to predict the average
annual rate of soil loss by sheet and rill erosion in tons per acre per year. The
estimates are based primarily on percentage of silt, sand, and organic matter and
on soil structure and saturated hydraulic conductivity (Ksat). Values of K range from
0.02 to 0.69. Other factors being equal, the higher the value, the more susceptible
the soil is to sheet and rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The
estimates are modified by the presence of rock fragments.

Rating Options

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Layer Options: Surface Layer

USDA  Natural Resources Web Soil Survey 9/18/2011
Conservation Service National Cooperative Soil Survey Page 5 of 5
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WQ Treatment

Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 2

Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)

2.838 71 Meadow, non-grazed, HSG C (WQ13, WQ14, WQ15, WQ16, WQ17, WQ18,
WQ19, WQ20, WQ21, WQ4, WQ5, WQ7, WQ9)

0.347 78 Meadow, non-grazed, HSG D (WQ10, WQ11)

1.436 89 Gravel roads, HSG C (WQ13, WQ14, WQ15, WQ16, WQ17, WQ18, WQ19,
WQ20, WQ21, WQ4, WQ5, WQ7, WQ9)

0.178 91 Gravel roads, HSG D (WQ10, WQ11)




WQ Treatment
Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 3

Soil Listing (all nodes)

Area Sail Subcatchment
(acres) Goup Numbers

0.000 HSG A

0.000 HSG B

4.274 HSG C WQ13, WQ14, WQ15, WQ16, WQ17, WQ18, WQ19, WQ20, WQ21, WQ4,
waQ5, wQ7, WQ9

0.525 HSG D WwQ10, WQ11

0.000 Other




WQ Treatment Type Il 24-hr 2-Year Event Rainfall=2.80"

Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 4

Time span=0.00-36.00 hrs, dt=0.02 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

SubcatchmentWQ10: Runoff Area=0.250 ac 0.00% Impervious Runoff Depth=1.22"
Tc=6.0 min CN=82 Runoff=0.35 cfs 0.025 af
SubcatchmentWQ11: Runoff Area=0.275 ac 0.00% Impervious Runoff Depth=1.22"
Tc=6.0 min  CN=82 Runoff=0.39 cfs 0.028 af
SubcatchmentWQ13: Runoff Area=0.396 ac 0.00% Impervious Runoff Depth=0.88"
Tc=6.0 min CN=76 Runoff=0.39 cfs 0.029 af
SubcatchmentWQ14: Runoff Area=0.591 ac 0.00% Impervious Runoff Depth=0.78"
Tc=6.0 min CN=74 Runoff=0.50 cfs 0.039 af
SubcatchmentWQ15: Runoff Area=0.254 ac 0.00% Impervious Runoff Depth=0.88"
Tc=6.0 min CN=76 Runoff=0.25 cfs 0.019 af
SubcatchmentWQ16: Runoff Area=0.367 ac 0.00% Impervious Runoff Depth=0.93"
Tc=6.0 min CN=77 Runoff=0.38 cfs 0.029 af
SubcatchmentWQ17: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=0.93"
Tc=6.0 min CN=77 Runoff=0.19 cfs 0.014 af
SubcatchmentWQ18: Runoff Area=0.294 ac 0.00% Impervious Runoff Depth=0.99"
Tc=6.0 min CN=78 Runoff=0.33 cfs 0.024 af
SubcatchmentWQ19: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=1.35"
Tc=6.0 min CN=84 Runoff=0.29 cfs 0.021 af
SubcatchmentWQ20: Runoff Area=0.514 ac 0.00% Impervious Runoff Depth=0.88"
Tc=6.0 min CN=76 Runoff=0.50 cfs 0.038 af
SubcatchmentWQ21: Runoff Area=0.274 ac 0.00% Impervious Runoff Depth=0.93"
Tc=6.0 min CN=77 Runoff=0.29 cfs 0.021 af
SubcatchmentWQ4: Runoff Area=0.231 ac 0.00% Impervious Runoff Depth=1.16"
Tc=6.0 min CN=81 Runoff=0.31 cfs 0.022 af
SubcatchmentWaQs: Runoff Area=0.411 ac 0.00% Impervious Runoff Depth=0.99"
Tc=6.0 min CN=78 Runoff=0.46 cfs 0.034 af
SubcatchmentWQ7: Runoff Area=0.268 ac 0.00% Impervious Runoff Depth=1.10"
Tc=6.0 min CN=80 Runoff=0.34 cfs 0.025 af
SubcatchmentWQ9: Runoff Area=0.308 ac 0.00% Impervious Runoff Depth=0.83"
Tc=6.0 min CN=75 Runoff=0.28 cfs 0.021 af
Reach LS-2: Inflow=0.31 cfs 0.022 af

Outflow=0.31 cfs 0.022 af



WQ Treatment Type Il 24-hr 2-Year Event Rainfall=2.80"

Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 5
Reach LS-6: Inflow=0.39 cfs 0.028 af

Outflow=0.39 cfs 0.028 af

Reach SW-1: Swale Avg. Depth=0.27' Max Vel=0.36 fps Inflow=0.46 cfs 0.034 af
n=0.130 L=150.0' S=0.0075'/" Capacity=10.41 cfs Outflow=0.36 cfs 0.034 af

Reach SW-10: Swale Avg. Depth=0.23"' Max Vel=0.30 fps Inflow=0.33 cfs 0.024 af
n=0.140 L=135.0' S=0.0074'/" Capacity=9.59 cfs Outflow=0.25 cfs 0.024 af

Reach SW-11: Swale Avg. Depth=0.24' Max Vel=0.24 fps Inflow=0.29 cfs 0.021 af
n=0.150 L=125.0' S=0.0050'/" Capacity=7.38 cfs Outflow=0.22 cfs 0.021 af

Reach SW-12: Swale Avg. Depth=0.28'" Max Vel=0.37 fps Inflow=0.50 cfs 0.038 af
n=0.130 L=150.0' S$=0.0075'/" Capacity=10.41 cfs Outflow=0.40 cfs 0.038 af

Reach SW-13: Swale Avg. Depth=0.22' Max Vel=0.28 fps Inflow=0.29 cfs 0.021 af
n=0.150 L=125.0' S$=0.0080'/" Capacity=9.30 cfs Outflow=0.22 cfs 0.021 af

Reach SW-2: Swale Avg. Depth=0.25' Max Vel=0.28 fps Inflow=0.34 cfs 0.025 af
n=0.130 L=130.0' S=0.0050'/" Capacity=8.48 cfs Outflow=0.26 cfs 0.025 af

Reach SW-3: Swale Avg. Depth=0.20' Max Vel=0.30 fps Inflow=0.28 cfs 0.021 af
n=0.150 L=130.0' S=0.0100'"" Capacity=10.40 cfs Outflow=0.22 cfs 0.021 af

Reach SW-4: Swale Avg. Depth=0.25' Max Vel=0.31 fps Inflow=0.35 cfs 0.025 af
n=0.140 L=125.0' S=0.0072'/" Capacity=9.45 cfs Outflow=0.28 cfs 0.025 af

Reach SW-5: Swale Avg. Depth=0.27' Max Vel=0.29 fps Inflow=0.39 cfs 0.029 af
n=0.130 L=120.0' S=0.0050'/" Capacity=8.48 cfs Outflow=0.31 cfs 0.029 af

Reach SW-6: Swale Avg. Depth=0.25' Max Vel=0.35 fps Inflow=0.50 cfs 0.039 af
n=0.130 L=120.0' S$=0.0075'"" Capacity=12.16 cfs Outflow=0.41 cfs 0.039 af

Reach SW-7: Swale Avg. Depth=0.20' Max Vel=0.26 fps Inflow=0.25 cfs 0.019 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.19 cfs 0.019 af

Reach SW-8: Swale Avg. Depth=0.25' Max Vel=0.32 fps Inflow=0.38 cfs 0.029 af
n=0.140 L=135.0' S=0.0074'/" Capacity=9.59 cfs Outflow=0.30 cfs 0.029 af

Reach SW-9: Swale Avg. Depth=0.17" Max Vel=0.24 fps Inflow=0.19 cfs 0.014 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.14 cfs 0.014 af



WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 6

Time span=0.00-36.00 hrs, dt=0.02 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

SubcatchmentWQ10: Runoff Area=0.250 ac 0.00% Impervious Runoff Depth=2.37"
Tc=6.0 min  CN=82 Runoff=0.70 cfs 0.049 af
SubcatchmentWQ11: Runoff Area=0.275 ac 0.00% Impervious Runoff Depth=2.37"
Tc=6.0 min CN=82 Runoff=0.76 cfs 0.054 af
SubcatchmentWQ13: Runoff Area=0.396 ac 0.00% Impervious Runoff Depth=1.89"
Tc=6.0 min CN=76 Runoff=0.87 cfs 0.062 af
SubcatchmentWQ14: Runoff Area=0.591 ac 0.00% Impervious Runoff Depth=1.74"
Tc=6.0 min CN=74 Runoff=1.19 cfs 0.086 af
SubcatchmentWQ15: Runoff Area=0.254 ac 0.00% Impervious Runoff Depth=1.89"
Tc=6.0 min CN=76 Runoff=0.56 cfs 0.040 af
SubcatchmentWQ16: Runoff Area=0.367 ac 0.00% Impervious Runoff Depth=1.97"
Tc=6.0 min CN=77 Runoff=0.84 cfs 0.060 af
SubcatchmentWQ17: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=1.97"
Tc=6.0 min CN=77 Runoff=0.42 cfs 0.030 af
SubcatchmentWQ18: Runoff Area=0.294 ac 0.00% Impervious Runoff Depth=2.05"
Tc=6.0 min CN=78 Runoff=0.70 cfs 0.050 af
SubcatchmentWQ19: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=2.55"
Tc=6.0 min CN=84 Runoff=0.54 cfs 0.039 af
SubcatchmentWQ20: Runoff Area=0.514 ac 0.00% Impervious Runoff Depth=1.89"
Tc=6.0 min CN=76 Runoff=1.13 cfs 0.081 af
SubcatchmentWQ21: Runoff Area=0.274 ac 0.00% Impervious Runoff Depth=1.97"
Tc=6.0 min CN=77 Runoff=0.63 cfs 0.045 af
SubcatchmentWQ4: Runoff Area=0.231 ac 0.00% Impervious Runoff Depth=2.29"
Tc=6.0 min CN=81 Runoff=0.62 cfs 0.044 af
SubcatchmentWaQs: Runoff Area=0.411 ac 0.00% Impervious Runoff Depth=2.05"
Tc=6.0 min CN=78 Runoff=0.98 cfs 0.070 af
SubcatchmentWQ7: Runoff Area=0.268 ac 0.00% Impervious Runoff Depth=2.21"
Tc=6.0 min  CN=80 Runoff=0.69 cfs 0.049 af
SubcatchmentWQ9: Runoff Area=0.308 ac 0.00% Impervious Runoff Depth=1.82"
Tc=6.0 min CN=75 Runoff=0.65 cfs 0.047 af
Reach LS-2: Inflow=0.62 cfs 0.044 af

Outflow=0.62 cfs 0.044 af



WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Reach LS-6: Inflow=0.76 cfs 0.054 af

Outflow=0.76 cfs 0.054 af

Reach SW-1: Swale Avg. Depth=0.42' Max Vel=0.46 fps Inflow=0.98 cfs 0.070 af
n=0.130 L=150.0' S$=0.0075'/" Capacity=10.41 cfs Outflow=0.83 cfs 0.070 af

Reach SW-10: Swale Avg. Depth=0.36"' Max Vel=0.39 fps Inflow=0.70 cfs 0.050 af
n=0.140 L=135.0' S=0.0074 '/ Capacity=9.59 cfs Outflow=0.59 cfs 0.050 af

Reach SW-11: Swale Avg. Depth=0.36' Max Vel=0.30 fps Inflow=0.54 cfs 0.039 af
n=0.150 L=125.0' S=0.0050'/" Capacity=7.38 cfs Outflow=0.44 cfs 0.039 af

Reach SW-12: Swale Avg. Depth=0.46' Max Vel=0.48 fps Inflow=1.13 cfs 0.081 af
n=0.130 L=150.0' S$=0.0075'/" Capacity=10.41 cfs Outflow=0.96 cfs 0.081 af

Reach SW-13: Swale Avg. Depth=0.35"' Max Vel=0.37 fps Inflow=0.63 cfs 0.045 af
n=0.150 L=125.0' S$=0.0080'/" Capacity=9.30 cfs Outflow=0.53 cfs 0.045 af

Reach SW-2: Swale Avg. Depth=0.38"' Max Vel=0.36 fps Inflow=0.69 cfs 0.049 af
n=0.130 L=130.0' S=0.0050'/" Capacity=8.48 cfs Outflow=0.57 cfs 0.049 af

Reach SW-3: Swale Avg. Depth=0.34' Max Vel=0.41 fps Inflow=0.65 cfs 0.047 af
n=0.150 L=130.0' S=0.0100'/" Capacity=10.40 cfs Outflow=0.55 cfs 0.047 af

Reach SW-4: Swale Avg. Depth=0.37" Max Vel=0.39 fps Inflow=0.70 cfs 0.049 af
n=0.140 L=125.0' S=0.0072'/" Capacity=9.45 cfs Outflow=0.59 cfs 0.049 af

Reach SW-5: Swale Avg. Depth=0.44' Max Vel=0.39 fps Inflow=0.87 cfs 0.062 af
n=0.130 L=120.0' S=0.0050'"" Capacity=8.48 cfs Outflow=0.74 cfs 0.062 af

Reach SW-6: Swale Avg. Depth=0.42' Max Vel=0.47 fps Inflow=1.19 cfs 0.086 af
n=0.130 L=120.0' S$=0.0075'/" Capacity=12.16 cfs Outflow=1.05 cfs 0.086 af

Reach SW-7: Swale Avg. Depth=0.33" Max Vel=0.35 fps Inflow=0.56 cfs 0.040 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.47 cfs 0.040 af

Reach SW-8: Swale Avg. Depth=0.40' Max Vel=0.42 fps Inflow=0.84 cfs 0.060 af
n=0.140 L=135.0' S=0.0074 '/ Capacity=9.59 cfs Outflow=0.71 cfs 0.060 af

Reach SW-9: Swale Avg. Depth=0.28"' Max Vel=0.32 fps Inflow=0.42 cfs 0.030 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.34 cfs 0.030 af



WQ Treatment Type Il 24-hr 25-Year Event Rainfall=5.00"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Time span=0.00-36.00 hrs, dt=0.02 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

SubcatchmentWQ10: Runoff Area=0.250 ac 0.00% Impervious Runoff Depth=3.08"
Tc=6.0 min  CN=82 Runoff=0.90 cfs 0.064 af
SubcatchmentWQ11: Runoff Area=0.275 ac  0.00% Impervious Runoff Depth=3.08"
Tc=6.0 min  CN=82 Runoff=0.99 cfs 0.071 af
SubcatchmentWQ13: Runoff Area=0.396 ac 0.00% Impervious Runoff Depth=2.54"
Tc=6.0 min CN=76 Runoff=1.17 cfs 0.084 af
SubcatchmentWQ14: Runoff Area=0.591 ac 0.00% Impervious Runoff Depth=2.36"
Tc=6.0 min CN=74 Runoff=1.63 cfs 0.116 af
SubcatchmentWQ15: Runoff Area=0.254 ac 0.00% Impervious Runoff Depth=2.54"
Tc=6.0 min CN=76 Runoff=0.75 cfs 0.054 af
SubcatchmentWQ16: Runoff Area=0.367 ac 0.00% Impervious Runoff Depth=2.62"
Tc=6.0 min CN=77 Runoff=1.13 cfs 0.080 af
SubcatchmentWQ17: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=2.62"
Tc=6.0 min CN=77 Runoff=0.56 cfs 0.040 af
SubcatchmentWQ18: Runoff Area=0.294 ac 0.00% Impervious Runoff Depth=2.71"
Tc=6.0 min CN=78 Runoff=0.93 cfs 0.066 af
SubcatchmentWQ19: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=3.27"
Tc=6.0 min CN=84 Runoff=0.70 cfs 0.050 af
SubcatchmentWQ20: Runoff Area=0.514 ac 0.00% Impervious Runoff Depth=2.54"
Tc=6.0 min CN=76 Runoff=1.52 cfs 0.109 af
SubcatchmentWQ21: Runoff Area=0.274 ac 0.00% Impervious Runoff Depth=2.62"
Tc=6.0 min CN=77 Runoff=0.84 cfs 0.060 af
SubcatchmentWQ4: Runoff Area=0.231 ac 0.00% Impervious Runoff Depth=2.99"
Tc=6.0 min CN=81 Runoff=0.81 cfs 0.057 af
SubcatchmentWaQs: Runoff Area=0.411 ac 0.00% Impervious Runoff Depth=2.71"
Tc=6.0 min CN=78 Runoff=1.31 cfs 0.093 af
SubcatchmentWQ7: Runoff Area=0.268 ac 0.00% Impervious Runoff Depth=2.89"
Tc=6.0 min CN=80 Runoff=0.91 cfs 0.065 af
SubcatchmentWQ9: Runoff Area=0.308 ac 0.00% Impervious Runoff Depth=2.45"
Tc=6.0 min CN=75 Runoff=0.88 cfs 0.063 af
Reach LS-2: Inflow=0.81 cfs 0.057 af

Outflow=0.81 cfs 0.057 af



WQ Treatment Type Il 24-hr 25-Year Event Rainfall=5.00"
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Reach LS-6: Inflow=0.99 cfs 0.071 af

Outflow=0.99 cfs 0.071 af

Reach SW-1: Swale Avg. Depth=0.50' Max Vel=0.50 fps Inflow=1.31 cfs 0.093 af
n=0.130 L=150.0' S=0.0075'"" Capacity=10.41 cfs Outflow=1.12 cfs 0.093 af

Reach SW-10: Swale Avg. Depth=0.43" Max Vel=0.43 fps Inflow=0.93 cfs 0.066 af
n=0.140 L=135.0' S=0.0074 '/ Capacity=9.59 cfs Outflow=0.79 cfs 0.066 af

Reach SW-11: Swale Avg. Depth=0.41'" Max Vel=0.32 fps Inflow=0.70 cfs 0.050 af
n=0.150 L=125.0' S=0.0050'/" Capacity=7.38 cfs Outflow=0.57 cfs 0.050 af

Reach SW-12: Swale Avg. Depth=0.54' Max Vel=0.53 fps Inflow=1.52 cfs 0.109 af
n=0.130 L=150.0' S=0.0075'/" Capacity=10.41 cfs Outflow=1.32 cfs 0.109 af

Reach SW-13: Swale Avg. Depth=0.41" Max Vel=0.41 fps Inflow=0.84 cfs 0.060 af
n=0.150 L=125.0' S$=0.0080'/" Capacity=9.30 cfs Outflow=0.72 cfs 0.060 af

Reach SW-2: Swale Avg. Depth=0.45"' Max Vel=0.39 fps Inflow=0.91 cfs 0.065 af
n=0.130 L=130.0' S=0.0050'/" Capacity=8.48 cfs Outflow=0.76 cfs 0.065 af

Reach SW-3: Swale Avg. Depth=0.40' Max Vel=0.45 fps Inflow=0.88 cfs 0.063 af
n=0.150 L=130.0' S=0.0100'"" Capacity=10.40 cfs Outflow=0.76 cfs 0.063 af

Reach SW-4: Swale Avg. Depth=0.43" Max Vel=0.42 fps Inflow=0.90 cfs 0.064 af
n=0.140 L=125.0' S=0.0072'/" Capacity=9.45 cfs Outflow=0.77 cfs 0.064 af

Reach SW-5: Swale Avg. Depth=0.52"' Max Vel=0.42 fps Inflow=1.17 cfs 0.084 af
n=0.130 L=120.0' S=0.0050'"" Capacity=8.48 cfs Outflow=1.01 cfs 0.084 af

Reach SW-6: Swale Avg. Depth=0.50' Max Vel=0.53 fps Inflow=1.63 cfs 0.116 af
n=0.130 L=120.0' S$=0.0075'"" Capacity=12.16 cfs Outflow=1.46 cfs 0.116 af

Reach SW-7: Swale Avg. Depth=0.40" Max Vel=0.39 fps Inflow=0.75 cfs 0.054 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.64 cfs 0.054 af

Reach SW-8: Swale Avg. Depth=0.48"' Max Vel=0.46 fps Inflow=1.13 cfs 0.080 af
n=0.140 L=135.0' S=0.0074'/" Capacity=9.59 cfs Outflow=0.97 cfs 0.080 af

Reach SW-9: Swale Avg. Depth=0.33" Max Vel=0.35 fps Inflow=0.56 cfs 0.040 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.47 cfs 0.040 af



WQ Treatment Type Il 24-hr 50-Year Event Rainfall=5.60"
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Time span=0.00-36.00 hrs, dt=0.02 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

SubcatchmentWQ10: Runoff Area=0.250 ac 0.00% Impervious Runoff Depth=3.62"
Tc=6.0 min CN=82 Runoff=1.05cfs 0.075 af
SubcatchmentWQ11: Runoff Area=0.275 ac 0.00% Impervious Runoff Depth=3.62"
Tc=6.0 min CN=82 Runoff=1.16 cfs 0.083 af
SubcatchmentWQ13: Runoff Area=0.396 ac 0.00% Impervious Runoff Depth=3.04"
Tc=6.0 min CN=76 Runoff=1.41 cfs 0.100 af
SubcatchmentWQ14: Runoff Area=0.591 ac 0.00% Impervious Runoff Depth=2.85"
Tc=6.0 min CN=74 Runoff=1.97 cfs 0.140 af
SubcatchmentWQ15: Runoff Area=0.254 ac 0.00% Impervious Runoff Depth=3.04"
Tc=6.0 min CN=76 Runoff=0.90 cfs 0.064 af
SubcatchmentWQ16: Runoff Area=0.367 ac 0.00% Impervious Runoff Depth=3.13"
Tc=6.0 min  CN=77 Runoff=1.35 cfs 0.096 af
SubcatchmentWQ17: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=3.13"
Tc=6.0 min CN=77 Runoff=0.67 cfs 0.048 af
SubcatchmentWQ18: Runoff Area=0.294 ac 0.00% Impervious Runoff Depth=3.23"
Tc=6.0 min CN=78 Runoff=1.11 cfs 0.079 af
SubcatchmentWQ19: Runoff Area=0.183 ac 0.00% Impervious Runoff Depth=3.82"
Tc=6.0 min CN=84 Runoff=0.81 cfs 0.058 af
SubcatchmentWQ20: Runoff Area=0.514 ac 0.00% Impervious Runoff Depth=3.04"
Tc=6.0 min CN=76 Runoff=1.83 cfs 0.130 af
SubcatchmentWQ21: Runoff Area=0.274 ac 0.00% Impervious Runoff Depth=3.13"
Tc=6.0 min CN=77 Runoff=1.01 cfs 0.072 af
SubcatchmentWQ4: Runoff Area=0.231 ac 0.00% Impervious Runoff Depth=3.52"
Tc=6.0 min  CN=81 Runoff=0.95 cfs 0.068 af
SubcatchmentWaQs: Runoff Area=0.411 ac 0.00% Impervious Runoff Depth=3.23"
Tc=6.0 min CN=78 Runoff=1.55cfs 0.111 af
SubcatchmentWQ7: Runoff Area=0.268 ac 0.00% Impervious Runoff Depth=3.42"
Tc=6.0 min CN=80 Runoff=1.07 cfs 0.076 af
SubcatchmentWQ9: Runoff Area=0.308 ac 0.00% Impervious Runoff Depth=2.94"
Tc=6.0 min CN=75 Runoff=1.06 cfs 0.076 af
Reach LS-2: Inflow=0.95 cfs 0.068 af

Outflow=0.95 cfs 0.068 af
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Reach LS-6: Inflow=1.16 cfs 0.083 af

Outflow=1.16 cfs 0.083 af

Reach SW-1: Swale Avg. Depth=0.55' Max Vel=0.53 fps Inflow=1.55cfs 0.111 af
n=0.130 L=150.0' S$=0.0075'/" Capacity=10.41 cfs Outflow=1.35cfs 0.111 af

Reach SW-10: Swale Avg. Depth=0.48"' Max Vel=0.45 fps Inflow=1.11 cfs 0.079 af
n=0.140 L=135.0' S=0.0074 '/ Capacity=9.59 cfs Outflow=0.95 cfs 0.079 af

Reach SW-11: Swale Avg. Depth=0.45'" Max Vel=0.34 fps Inflow=0.81 cfs 0.058 af
n=0.150 L=125.0' S=0.0050'/" Capacity=7.38 cfs Outflow=0.67 cfs 0.058 af

Reach SW-12: Swale Avg. Depth=0.60' Max Vel=0.56 fps Inflow=1.83 cfs 0.130 af
n=0.130 L=150.0' S$=0.0075'/" Capacity=10.41 cfs Outflow=1.60 cfs 0.130 af

Reach SW-13: Swale Avg. Depth=0.46"' Max Vel=0.43 fps Inflow=1.01 cfs 0.072 af
n=0.150 L=125.0' S$=0.0080'/" Capacity=9.30 cfs Outflow=0.87 cfs 0.072 af

Reach SW-2: Swale Avg. Depth=0.49' Max Vel=0.41 fps Inflow=1.07 cfs 0.076 af
n=0.130 L=130.0' S=0.0050'/" Capacity=8.48 cfs Outflow=0.91 cfs 0.076 af

Reach SW-3: Swale Avg. Depth=0.45"' Max Vel=0.48 fps Inflow=1.06 cfs 0.076 af
n=0.150 L=130.0' S=0.0100'"" Capacity=10.40 cfs Outflow=0.93 cfs 0.076 af

Reach SW-4: Swale Avg. Depth=0.47' Max Vel=0.44 fps Inflow=1.05 cfs 0.075 af
n=0.140 L=125.0' S=0.0072'/" Capacity=9.45 cfs Outflow=0.92 cfs 0.075 af

Reach SW-5: Swale Avg. Depth=0.58"' Max Vel=0.45 fps Inflow=1.41 cfs 0.100 af
n=0.130 L=120.0' S=0.0050'/" Capacity=8.48 cfs Outflow=1.23 cfs 0.100 af

Reach SW-6: Swale Avg. Depth=0.56" Max Vel=0.56 fps Inflow=1.97 cfs 0.140 af
n=0.130 L=120.0' S$=0.0075'"" Capacity=12.16 cfs Outflow=1.79 cfs 0.140 af

Reach SW-7: Swale Avg. Depth=0.44' Max Vel=0.41 fps Inflow=0.90 cfs 0.064 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.78 cfs 0.064 af

Reach SW-8: Swale Avg. Depth=0.53" Max Vel=0.48 fps Inflow=1.35 cfs 0.096 af
n=0.140 L=135.0' S=0.0074 '/ Capacity=9.59 cfs Outflow=1.17 cfs 0.096 af

Reach SW-9: Swale Avg. Depth=0.37" Max Vel=0.37 fps Inflow=0.67 cfs 0.048 af
n=0.150 L=120.0' S$=0.0075'/" Capacity=9.00 cfs Outflow=0.57 cfs 0.048 af
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Page 1

Printed 1/18/2012

2.37"

Type Il 24-hr 10-Year Event Rainfall

0.049 af, Depth
0.00-36.00 hrs, dt=0.02 hrs

4.20"

SCS, Time Span

Summary for Subcatchment WQ10:

Gravel roads, HSG D
78 Meadow, non-grazed, HSG D

0.70 cfs @ 12.09 hrs, Volume
CN  Description
82 Weighted Average

91

0.086
0.164
0.250
0.250

Area (ac)

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

100.00% Pervious Area

(cfs)

(ft/sec)

Slope Velocity Capacity Description

(ft/ft)
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Printed 1/18/2012

2.37"

Type Il 24-hr 10-Year Event Rainfall

0.054 af, Depth
0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ11:

4.20"

SCS, Time Span

Summary for Subcatchment WQ11:

Gravel roads, HSG D
78 Meadow, non-grazed, HSG D
100.00% Pervious Area
(ft/sec)

82 Weighted Average
Slope Velocity Capacity Description

(ft/ft)

0.76 cfs @ 12.09 hrs, Volume
CN  Description

91
0.183
0.275
0.275
(feet)

0.092
Tc Length

Area (ac)
(min)

6.0
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Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

t
! aé’ :

af

2

T
|
| | r—-1R-3 [ o
‘T‘,lfe”‘ml ‘T”‘—I‘.lm‘mn_v‘”“T‘ﬂ#lﬁlﬂ‘
L\L\\TVT\#\?Q\““#\%\\\\ T Y
N 1] <t 7’,=J,OL ﬂU “N, [ T
+\L\L\\THP\A‘\RU+A*\\J\ T
[ - N~
4\1\\Tatdm\ \ﬁ“#k”\\ﬂ\7\4\4\\7\7\4\J\\
[
R f‘_mm,mlu
- xc£gger
w\L\\RUVAMITFFUH\\\\f\r\p\u\\f\r\p\L\\
L rEL =
A\waﬂrﬂ\A\WWJAUﬂMW | i [ | i | |
s 9= <
N = R \ﬁ”k\U\\f\r\p\L\\T\r\p\L\\
o
& 5%z N
+,"T‘”va‘R‘vm%Llf#l,l,l”l,rl,l”l s
A b N~ NI B B B S
T T T o (Y N N R B A R
R R e e R
\,\J\\,‘T,\\\,\J\\,\\,\\J\\,\\,\\\,\J\\,\\,\\\,\J\w
I I A -
T O TR S S N S SO S R IR S O
(R R T B
T T e A
[ e e T e e e R
e B A
T A e N R
D il e S e e s e i e S I P S
T O S (Y A S B B
R i et et A e e e e I it el I S
[ N S T R
m,/////
B R R
O T S S H T S N SO B N R R S O
T T S O S SN S A U SO S SO SO
T R e N R
ey 1
T e R e N R
- - - - - -t - - —f-H - —F -t - - - —F-t--I--
T R e N R
it R e B B e e B e S A e e A
T N R
LI e A IO I B

Time (hours)




4.20"
Page 3

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall
0.062 af, Depth= 1.89"

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ13:

SCS, Time Span
4.20"

Summary for Subcatchment WQ13:

(ft/sec)

Meadow, non-grazed, HSG C

76  Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.87 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.119
0.277
0.396

0.396
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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Page 4

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall
0.086 af, Depth= 1.74"

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ14:

4.20"

SCS, Time Span

Summary for Subcatchment WQ14:

(ft/sec)

Meadow, non-grazed, HSG C

74  Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

1.19cfs @ 12.09 hrs, Volume

89 Gravel roads, HSG C

CN  Description

71
(feet)

0.499
0.591
0.591

0.092
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall
0.040 af, Depth= 1.89"

0.00-36.00 hrs, dt=0.02 hrs

(cfs)
Direct Entry, Minimum
Hydrograph

Subcatchment WQ15:

SCS, Time Span
4.20"

Summary for Subcatchment WQ15:

(ft/sec)

Meadow, non-grazed, HSG C
76  Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.56 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.064
0.190
0.254
0.254

Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

Time (hours)
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4.20"
Page 6

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall

0.060 af, Depth= 1.97"

0.00-36.00 hrs, dt=0.02 hrs

(cfs)
Direct Entry, Minimum
Hydrograph

Subcatchment WQ16:

4.20"

SCS, Time Span

Summary for Subcatchment WQ16:

(ft/sec)

Meadow, non-grazed, HSG C

77 Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.84 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

0.119
0.248 71
(feet)

0.367

0.367
Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

WQ Treatment

Prepared by TRC Environmental Corp
Runoff by SCS TR-20 method, UH

Type lll 24-hr 10-Year Event Rainfall

Runoff
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4.20"
Page 7

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall

0.030 af, Depth= 1.97"

0.00-36.00 hrs, dt=0.02 hrs

(cfs)
Direct Entry, Minimum
Hydrograph

Subcatchment WQ17:

4.20"

SCS, Time Span

Summary for Subcatchment WQ17:

(ft/sec)

Meadow, non-grazed, HSG C

77 Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.42cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

71
(feet)

0.064
0.119
0.183
0.183

Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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4.20"
Page 8

Printed 1/18/2012

2.05"

Type Il 24-hr 10-Year Event Rainfall
0.050 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ18:

SCS, Time Span
4.20"

Summary for Subcatchment WQ18:

(ft/sec)

Meadow, non-grazed, HSG C

78 Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.70 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.110
0.184
0.294
0.294

Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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4.20"
Page 9

Printed 1/18/2012

2.55"

Type Il 24-hr 10-Year Event Rainfall
0.039 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ19:

SCS, Time Span
4.20"

Summary for Subcatchment WQ19:

(ft/sec)

Meadow, non-grazed, HSG C

84 Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.54 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.133
0.050
0.183
0.183

Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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4.20"

Page 10

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall
0.081 af, Depth= 1.89"

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

4.20"
(cfs)
Subcatchment WQ20:
Hydrograph

SCS, Time Span

Summary for Subcatchment WQ20:

(ft/sec)

Meadow, non-grazed, HSG C

76  Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

1.13cfs @ 12.09 hrs, Volume

89 Gravel roads, HSG C

CN  Description

71
(feet)

0.156
0.358
0.514

0.514
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

If

(sy0) moy4

Time (hours)



=4.20"

Page 11

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall

0.045 af, Depth= 1.97"

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

(cfs)

Subcatchment WQ21:

4.20"

SCS, Time Span

Summary for Subcatchment WQ21:

(ft/sec)

Meadow, non-grazed, HSG C

77 Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.63cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

0.182 71
0.274
0.274

(feet)

0.092
Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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4.20"

Page 12

Printed 1/18/2012

2.29"

Type Il 24-hr 10-Year Event Rainfall

0.044 af, Depth
0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

(cfs)
Hydrograph

Subcatchment WQ4:

4.20"

SCS, Time Span

Summary for Subcatchment WQ4:

(ft/sec)

Meadow, non-grazed, HSG C

Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.62cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

71
81

0.128
0.103
(feet)

0.231

0.231
Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

oD oow: e N®
\\\,\\vnwbwfa\fapgw,um,\s,\\L\\\,\\\,\\,\\\ E9
SN _gsNEW  N5&
\\,\\ \,4\.\,3\\,\4,\2,\0\,N,\\\,\\,\\,\\,\\ WI3
\\L\\E\T_—\,2\,0-L\_—+\\.tCT\L\\L\\+\\T\\ w%
| [ Sl s ! ,h,6, | | | | | E
- 859 sE% 0 N
- — - - e\f\,\_h\,\94\p4¢ﬁ\\7\\7\4\\4\\7\\ 23
> o 0 No
1 I | ,II,e,m,D, T | | 1 T I el
e o s N
o rELC =% @ @ Ne
. £Q 9o 1 N
\\,\\M\,\\,O\,w,\m,\\,\\,\\\,\\,\\,\\,\\ HI“
VR =L =~ R\ 2
\\L\\h‘\r\\,\ \f R+\\t\\T\L\\L\\+\\T\Afmlcz.v
:T“ThWTTTTfTTTwm
\\J\\Aﬂe\ \\,\\\,RJ\\A\\ﬂ\\,\\\,\\J\\Aﬂ\\d\\\ WIB
o2 = \¢
> Nk
- NI
I I S S O S ”w
‘L,‘Ll,rlvl”l_lk,l,f‘vlfoL,l,r o
\\L\\F\\T\\,\\\,\\L\\F\\f\\,\\\,\\L\\F\\T —/”
\\L\\Jr\\T\\T\i\\i\\+\\T\\T\\T\i\\+\\7 E©
‘#¥+¥###Lklii:¢$
J%jJ%ﬂJ%%,W
N\\E
_W///// ///// f///?////// E
R e N
| L L 0L _d__1__L_ E o
| | | | | | | | | | | | | m1
- — 4 - — 4+ - - L - - — - -4 - -4 - - - - d - - - 5 O
- N
B T N \ 1N
IR AR R R
N
RN A A RN
N
1 O S A =N
| | | | | | | | | | | | | W
. :,,.F,n_u. :ﬁr. _ .,,_F,n_u. :,.F,__o.. _ .,,F. :,F.. . .,F. . .,.n,‘_.v.. :,F. . .,.%_. - .,,.,,_I.. — .n_v o
© o © o ¥ o 9% o ¥ o = o ©°
IS =] o o o o IS

(sy0) moy4

Time (hours)



4.20"

Page 13

Printed 1/18/2012

2.05"

Type Il 24-hr 10-Year Event Rainfall
0.070 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

(cfs)

Subcatchment WQ5:

4.20"

SCS, Time Span

Summary for Subcatchment WQ5:

(ft/sec)

Meadow, non-grazed, HSG C

78 Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.98 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.156
0.255
0.411

0.411
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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4.20"

Page 14

Printed 1/18/2012

221"

Type Il 24-hr 10-Year Event Rainfall
0.049 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ7:

SCS, Time Span
4.20"

Summary for Subcatchment WQ7:

(ft/sec)

Meadow, non-grazed, HSG C

80 Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.69cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.130
0.138
0.268
0.268

Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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Page 15

Printed 1/18/2012

Type Il 24-hr 10-Year Event Rainfall
0.047 af, Depth= 1.82"

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ9:

SCS, Time Span
4.20"

Summary for Subcatchment WQ9:

(ft/sec)

Meadow, non-grazed, HSG C

75 Weighted Average
100.00% Pervious Area

(ft/ft)

Slope Velocity Capacity Description

0.65cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description
71

(feet)

0.235
0.308
0.308

0.073
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 10-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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=4.20"

Type Il 24-hr 10-Year Event Rainfall

WQ Treatment

Printed 1/18/2012

Prepared by TRC Environmental Corp

Page 16

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Summary for Reach LS-2:

for 10-Year Event event

0.00% Impervious, Inflow Depth = 2.29"

= 0.231 ac,
0.62cfs @ 12.09 hrs, Volume

Inflow Area
Inflow

0.044 af

= 0.0 min

=0%, Lag

0.044 af, Atten

0.62cfs @ 12.09 hrs, Volume

Outflow

0.00-36.00 hrs, dt=0.02 hrs

Routing by Dyn-Stor-Ind method, Time Span

Reach LS-2:

Hydrograph

E Inflow
O Outflow
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Type Il 24-hr 10-Year Event Rainfall

WQ Treatment

Printed 1/18/2012

Prepared by TRC Environmental Corp

Page 17

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Summary for Reach LS-6:
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0.00% Impervious, Inflow Depth = 2.37"

0.76 cfs @ 12.09 hrs, Volume
0.76 cfs @ 12.09 hrs, Volume

0.275 ac,

Inflow Area
Inflow
Outflow

0.00-36.00 hrs, dt=0.02 hrs

Routing by Dyn-Stor-Ind method, Time Span

Reach LS-6:

Hydrograph
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Type Il 24-hr 10-Year Event Rainfall

WQ Treatment

Page 18

Printed 1/18/2012

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp

1: Swale

Summary for Reach SW

0.411 ac,
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Inflow Area

Inflow
Outflow

0.02 hrs

0.00-36.00 hrs, dt

5.4 min
18.7 min

0.13 fps, Avg. Travel Time

Routing by Dyn-Stor-Ind method, Time Span

Max. Velocity= 0.46 fps, Min. Travel Time

Avg. Velocity

0.42'

269 cf @ 12.14 hrs, Average Depth at Peak Storage

Bank-Full Depth= 1.50', Capacity at Bank-Full= 10.41 cfs

Peak Storage

o
=]
N
A
ol
=
— O
o=
Il
cg
-
o)
€ =~
G O
c
S
Q.
o3
S
°z
o N
oA
— QO
< 2
on
oo
Sihe)
<o 7))

~
30
To)
o
N
A
1l
=
)
=~ >
wn £
N~
o0
nU...Il
S3
1l
eli
Qo
KeTe]
o0 ©
o
- N
© <
S
2T
)
n >
£ c
= =
S
g2
=

Reach SW-1: Swale

Hydrograph
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WQ Treatment

Prepared by TRC Environmental Corp
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Type Il 24-hr 10-Year Event Rainfall=4.20"
Printed 1/18/2012
Page 19

Summary for Reach SW-10: Swale

0.294 ac,
0.70 cfs @ 12.09 hrs, Volume=
0.59cfs @ 12.15 hrs, Volume=

Inflow Area =
Inflow
Outflow

0.00% Impervious, Inflow Depth = 2.05"
0.050 af
0.050 af, Atten=17%, Lag= 3.3 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs

Max. Velocity= 0.39 fps, Min. Travel Time= 5.7 min
Avg. Velocity = 0.11 fps, Avg. Travel Time= 19.7 min

Peak Storage= 202 cf @ 12.15 hrs, Average Depth at Peak Storage= 0.36'

Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.59 cfs

3.00' x 1.50" deep channel, n=0.140

Side Slope Z-value= 3.0 '/ Top Width= 12.00'
Length= 135.0" Slope= 0.0074 "'/

Inlet Invert= 1,571.00', Outlet Invert=1,570.00'

T
Reach SW-10: Swale
Hydrograph
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ool |  Inflow Area=0.294 ac
W | s=f  Avg.Depth=0.36"
sy | M) MaxVel=0.39 fps
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for 10-Year Event event

E Inflow
O Outflow




WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 20

Summary for Reach SW-11: Swale

Inflow Area = 0.183 ac, 0.00% Impervious, Inflow Depth = 2.55" for 10-Year Event event
Inflow = 0.54 cfs @ 12.09 hrs, Volume= 0.039 af
Outflow = 0.44 cfs @ 12.15 hrs, Volume= 0.039 af, Atten=20%, Lag= 3.6 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.30 fps, Min. Travel Time= 7.0 min
Avg. Velocity = 0.08 fps, Avg. Travel Time= 25.0 min

Peak Storage= 182 cf @ 12.15 hrs, Average Depth at Peak Storage= 0.36'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 7.38 cfs

3.00' x 1.50" deep channel, n=0.150

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 125.0' Slope= 0.0050 '/'

Inlet Invert= 1,688.00', Outlet Invert=1,687.37"

¥
Reach SW-11: Swale
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Printed 1/18/2012

12: Swale

Type Il 24-hr 10-Year Event Rainfall

Summary for Reach SW

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp

WQ Treatment
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WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC Page 22

Summary for Reach SW-13: Swale

Inflow Area = 0.274 ac, 0.00% Impervious, Inflow Depth = 1.97" for 10-Year Event event
Inflow = 0.63cfs @ 12.09 hrs, Volume= 0.045 af
Outflow = 0.53cfs @ 12.14 hrs, Volume= 0.045 af, Atten=16%, Lag= 3.3 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.37 fps, Min. Travel Time= 5.6 min
Avg. Velocity = 0.11 fps, Avg. Travel Time= 19.1 min

Peak Storage= 177 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.35'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.30 cfs

3.00' x 1.50" deep channel, n=0.150

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 125.0' Slope= 0.0080 '/

Inlet Invert= 1,849.00', Outlet Invert= 1,848.00'

+
Reach SW-13: Swale
Hydrograph
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WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Summary for Reach SW-2: Swale

Inflow Area = 0.268 ac, 0.00% Impervious, Inflow Depth = 2.21" for 10-Year Event event
Inflow = 0.69 cfs @ 12.09 hrs, Volume= 0.049 af
Outflow = 0.57 cfs @ 12.15 hrs, Volume= 0.049 af, Atten=18%, Lag= 3.4 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.36 fps, Min. Travel Time= 6.1 min
Avg. Velocity = 0.10 fps, Avg. Travel Time= 21.2 min

Peak Storage= 208 cf @ 12.15 hrs, Average Depth at Peak Storage= 0.38'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 8.48 cfs

3.00' x 1.50" deep channel, n=0.130

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 130.0" Slope= 0.0050'/'

Inlet Invert= 1,354.00', Outlet Invert=1,353.35'

1
Reach SW-2: Swale
Hydrograph
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Type Il 24-hr 10-Year Event Rainfall
-3: Swale

Summary for Reach SW

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
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WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Summary for Reach SW-4: Swale

Inflow Area = 0.250 ac, 0.00% Impervious, Inflow Depth = 2.37" for 10-Year Event event
Inflow = 0.70 cfs @ 12.09 hrs, Volume= 0.049 af
Outflow = 0.59 cfs @ 12.14 hrs, Volume= 0.049 af, Atten=15%, Lag= 3.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.39 fps, Min. Travel Time= 5.4 min
Avg. Velocity = 0.11 fps, Avg. Travel Time= 18.8 min

Peak Storage= 189 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.37'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.45 cfs

3.00' x 1.50" deep channel, n=0.140

Side Slope Z-value= 3.0 '/ Top Width= 12.00'
Length= 125.0' Slope=0.0072"/'

Inlet Invert= 1,628.00', Outlet Invert=1,627.10'

1
Reach SW-4: Swale
Hydrograph
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WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Summary for Reach SW-5: Swale

Inflow Area = 0.396 ac, 0.00% Impervious, Inflow Depth = 1.89" for 10-Year Event event
Inflow = 0.87 cfs @ 12.09 hrs, Volume= 0.062 af
Outflow = 0.74 cfs @ 12.14 hrs, Volume= 0.062 af, Atten=15%, Lag= 3.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.39 fps, Min. Travel Time= 5.2 min
Avg. Velocity = 0.11 fps, Avg. Travel Time= 17.6 min

Peak Storage= 230 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.44'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 8.48 cfs

3.00' x 1.50" deep channel, n=0.130

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 120.0" Slope= 0.0050 /'

Inlet Invert= 1,682.50', Outlet Invert=1,681.90'

1
Reach SW-5: Swale
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Printed 1/18/2012
2.7 min

for 10-Year Event event
12%, Lag

0.42'

0.02 hrs

Type Il 24-hr 10-Year Event Rainfall
-6: Swale

0.086 af
0.086 af, Atten

Inflow Depth = 1.74"

0.00-36.00 hrs, dt

14.5 min

Hydrograph

4.2 min

Reach SW-6: Swale

13.00'

Summary for Reach SW

0.130

0.00% Impervious
3.0'/" Top Width

1.19cfs @ 12.09 hrs, Volume
1.05cfs @ 12.14 hrs, Volume

0.0075"'"
1,5679.50', Outlet Invert=1,578.60'

0.591 ac,

265 cf @ 12.14 hrs, Average Depth at Peak Storage

0.14 fps, Avg. Travel Time

120.0' Slope

Inlet Invert

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC
Bank-Full Depth= 1.50', Capacity at Bank-Full= 12.16 cfs

Prepared by TRC Environmental Corp
Routing by Dyn-Stor-Ind method, Time Span
Max. Velocity= 0.47 fps, Min. Travel Time
4.00' x 1.50" deep channel, n

WQ Treatment
Inflow Area
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WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Summary for Reach SW-7: Swale

Inflow Area = 0.254 ac, 0.00% Impervious, Inflow Depth = 1.89" for 10-Year Event event
Inflow = 0.56 cfs @ 12.09 hrs, Volume= 0.040 af
Outflow = 0.47 cfs @ 12.15 hrs, Volume= 0.040 af, Atten=17%, Lag= 3.3 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.35 fps, Min. Travel Time= 5.7 min
Avg. Velocity = 0.10 fps, Avg. Travel Time= 19.3 min

Peak Storage= 160 cf @ 12.15 hrs, Average Depth at Peak Storage= 0.33'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.00 cfs

3.00' x 1.50" deep channel, n=0.150

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 120.0' Slope= 0.0075"/"

Inlet Invert= 1,503.00', Outlet Invert=1,502.10'

1
Reach SW-7: Swale
Hydrograph
S0 O A O T
oo N EE g | e
sl | f  Inflow Area=,,,4,54: c |
sy | mm  Avg.D th-LO 33
PR EEEREEE RN Max Vﬁ' =0.35 fps
0 kB n=0.150
gossy | =g ST
Sl | e L=120.0'
fest g 8=0.0075""" |
o AT - Capacity=9.00 cfs
s | S SRR
o1] i# SR A R h S S R
0.05_2 | | | | | | | | | | /// //// | \ \ \\ | | \
0_: /// ////////// ////// s

01234567 8 910111213141516 17 18 1920 21 22 23 24 252627 28 29 30 31 32 33 34 35 36
Time (hours)



WQ Treatment Type Il 24-hr 10-Year Event Rainfall=4.20"
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Summary for Reach SW-8: Swale

Inflow Area = 0.367 ac, 0.00% Impervious, Inflow Depth = 1.97" for 10-Year Event event
Inflow = 0.84 cfs @ 12.09 hrs, Volume= 0.060 af
Outflow = 0.71cfs@ 12.14 hrs, Volume= 0.060 af, Atten=16%, Lag= 3.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.42 fps, Min. Travel Time= 5.4 min
Avg. Velocity = 0.12 fps, Avg. Travel Time= 18.5 min

Peak Storage= 230 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.40'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.59 cfs

3.00' x 1.50" deep channel, n=0.140

Side Slope Z-value= 3.0 '/ Top Width= 12.00'
Length= 135.0' Slope= 0.0074"/'

Inlet Invert= 1,471.00', Outlet Invert=1,470.00'

+
Reach SW-8: Swale
Hydrograph
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WQ Treatment

Prepared by TRC Environmental Corp
HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Type Il 24-hr 10-Year Event Rainfall=4.20"
Printed 1/18/2012
Page 30

Summary for Reach SW-9: Swale

Inflow Area = 0.183 ac, 0.00% Impervious, Inflow Depth = 1.97" for 10-Year Event event
Inflow = 0.42 cfs @ 12.09 hrs, Volume= 0.030 af
Outflow = 0.34 cfs @ 12.15 hrs, Volume= 0.030 af, Atten=18%, Lag= 3.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.

Max. Velocity= 0.32 fps, Min. Travel Time= 6.3 min
Avg. Velocity = 0.09 fps, Avg. Travel Time= 21.2 min

02 hrs

Peak Storage= 129 cf @ 12.15 hrs, Average Depth at Peak Storage= 0.28'

Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.00 cfs

3.00' x 1.50" deep channel, n=0.150

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 120.0' Slope= 0.0075"/"

Inlet Invert= 1,521.00', Outlet Invert=1,520.10'

E Inflow
O Outflow

1
Reach SW-9: Swale
Hydrograph
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Page 31

Printed 1/18/2012

3.08"

Type Il 24-hr 25-Year Event Rainfall
0.064 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

(cfs)

Subcatchment WQ10:

SCS, Time Span
5.00"

Summary for Subcatchment WQ10:

(ft/sec)

100.00% Pervious Area

Gravel roads, HSG D
78 Meadow, non-grazed, HSG D

82 Weighted Average

(ft/ft)

Slope Velocity Capacity Description

0.90cfs @ 12.09 hrs, Volume

CN  Description
91

(feet)

0.086
0.164
0.250
0.250

Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

B

- L R -
,\\\\\\nnvlo:m:a‘sl
! o < ©
. G8R3SS
A Plh‘Z.‘O.Hn
IR - o — R
A o8 n Il 8
Ymam )
e g 250
, N X = &
oo - 5 g O
L Rt 5 >
I T =
N M‘M‘R ““““““““““
| = c
I eRRu \\\\\\\\\\\\\\\\\\\\\\
A - T
, >
e

<l

p,

)

D |

e e e T T e

=2 L

S

= = L
m/ BN NN
T o
T T
L <
e =
i it et E
T _mO
- o

(sy0) moy4

Time (hours)



5.00"

Page 32

Printed 1/18/2012

3.08"

Type Il 24-hr 25-Year Event Rainfall
0.071 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ11:

5.00"

SCS, Time Span

Summary for Subcatchment WQ11:

(ft/sec)

100.00% Pervious Area

Gravel roads, HSG D
78 Meadow, non-grazed, HSG D

82 Weighted Average
Slope Velocity Capacity Description

(ft/ft)

0.99cfs @ 12.09 hrs, Volume
CN  Description

91
(feet)

0.183
0.275
0.275

0.092
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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5.00"

Page 33

Printed 1/18/2012

2.54"

Type Il 24-hr 25-Year Event Rainfall
0.084 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

(cfs)
Hydrograph

Subcatchment WQ13:

SCS, Time Span
5.00"

Summary for Subcatchment WQ13:

(ft/sec)

Meadow, non-grazed, HSG C

76  Weighted Average
100.00% Pervious Area

(ft/ft)

117 cfs @ 12.09 hrs, Volume
Slope Velocity Capacity Description

89 Gravel roads, HSG C

CN  Description
71

(feet)

0.119
0.277
0.396

0.396
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

0.39

ei:
ep
c

I /// Y
ﬁ/ NN V//////aM/////M%// |

(sy0) moy4

Time (hours)



5.00"

Page 34

Printed 1/18/2012

2.36"

Type Il 24-hr 25-Year Event Rainfall
0.116 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

Hydrograph

(cfs)

Subcatchment WQ14:

5.00"

SCS, Time Span

Summary for Subcatchment WQ14:

(ft/sec)

Meadow, non-grazed, HSG C

74  Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

1.63cfs@ 12.09 hrs, Volume

89 Gravel roads, HSG C

CN  Description

71
(feet)

0.499
0.591
0.591

0.092
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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=5.00"

Type Il 24-hr 25-Year Event Rainfall

WQ Treatment

Printed 1/18/2012

Prepared by TRC Environmental Corp

Page 35

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment WQ15:

2.54"

= 0.054 af, Depth

0.75cfs @ 12.09 hrs, Volume

Runoff

0.00-36.00 hrs, dt=0.02 hrs

5.00"

SCS, Time Span

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25-Year Event Rainfall

CN  Description

Area (ac)

89 Gravel roads, HSG C
Meadow, non-grazed, HSG C
76  Weighted Average
100.00% Pervious Area

71

0.064
0.190
0.254
0.254

(cfs)

(ft/sec)

Slope Velocity Capacity Description

(ft/ft)
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Type Il 24-hr 25-Year Event Rainfall

WQ Treatment

Printed 1/18/2012

Prepared by TRC Environmental Corp

Page 36
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Summary for Subcatchment WQ16:

2.62"

= 0.080 af, Depth

1.13cfs @ 12.09 hrs, Volume

Runoff

0.00-36.00 hrs, dt=0.02 hrs

SCS, Time Span=

Runoff by SCS TR-20 method, UH

=5.00"

Type lll 24-hr 25-Year Event Rainfall

CN  Description

Area (ac)
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100.00% Pervious Area

77 Weighted Average

0.367
0.367

(cfs)

(ft/sec)

(ft/ft)

Slope Velocity Capacity Description

Tc Length
(feet)

(min)

Direct Entry, Minimum

6.0

Subcatchment WQ16:

Hydrograph

(sy0) moy4

Time (hours)
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Type Il 24-hr 25-Year Event Rainfall

WQ Treatment

Printed 1/18/2012

Prepared by TRC Environmental Corp
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2.62"

0.040 af, Depth
0.00-36.00 hrs, dt=0.02 hrs

SCS, Time Span
5.00"

Summary for Subcatchment WQ17:

0.56 cfs @ 12.09 hrs, Volume

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25-Year Event Rainfall

Runoff

CN  Description

Area (ac)

89 Gravel roads, HSG C
Meadow, non-grazed, HSG C
77 Weighted Average
100.00% Pervious Area

71

0.064
0.119
0.183
0.183
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Type Il 24-hr 25-Year Event Rainfall

WQ Treatment
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Prepared by TRC Environmental Corp

Summary for Subcatchment WQ18:

271"

= 0.066 af, Depth

0.93cfs @ 12.09 hrs, Volume

Runoff

0.00-36.00 hrs, dt=0.02 hrs

SCS, Time Span=

Runoff by SCS TR-20 method, UH

=5.00"

Type lll 24-hr 25-Year Event Rainfall

CN  Description

Area (ac)
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100.00% Pervious Area

78 Weighted Average

0.294
0.294

(cfs)

(ft/sec)

(ft/ft)

Slope Velocity Capacity Description

Tc Length
(feet)

(min)

Direct Entry, Minimum

6.0

Subcatchment WQ18:

Hydrograph
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e
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Time (hours)
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Page 39

Printed 1/18/2012

3.27"

Type Il 24-hr 25-Year Event Rainfall

0.050 af, Depth
0.00-36.00 hrs, dt= 0.02 hrs

(cfs)
Direct Entry, Minimum
Hydrograph

Subcatchment WQ19:

5.00"

SCS, Time Span

Summary for Subcatchment WQ19:

(ft/sec)

Meadow, non-grazed, HSG C

84 Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.70 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

71
(feet)

0.133
0.050
0.183
0.183

Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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Type Il 24-hr 25-Year Event Rainfall

WQ Treatment
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Prepared by TRC Environmental Corp

Summary for Subcatchment WQ20:

2.54"

0.109 af, Depth

1.52cfs @ 12.09 hrs, Volume

Runoff

= 0.00-36.00 hrs, dt= 0.02 hrs

5.00"

SCS, Time Span

Runoff by SCS TR-20 method, UH
Type lll 24-hr 25-Year Event Rainfall

CN  Description

Area (ac)
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100.00% Pervious Area

76  Weighted Average

0.514
0.514

(cfs)

(ft/sec)

(ft/ft)

Slope Velocity Capacity Description

Tc Length
(feet)

(min)

Direct Entry, Minimum

6.0

Subcatchment WQ20:

Hydrograph
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Page 41

Printed 1/18/2012

2.62"

Type Il 24-hr 25-Year Event Rainfall

0.060 af, Depth
0.00-36.00 hrs, dt= 0.02 hrs

(cfs)
Direct Entry, Minimum
Hydrograph

Subcatchment WQ21:

5.00"

SCS, Time Span

Summary for Subcatchment WQ21:

(ft/sec)

Meadow, non-grazed, HSG C

77 Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.84 cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

0.182 71
0.274
0.274

(feet)

0.092
Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff

11 T 1 1 1 1 1 1 1 1 1 1 11
\L\L\f\,ﬂ\,\\&\ I \,1.\\,\\,\\,\\,\\,\\,\\ w%
 EoeG®aN=K N9
\#TY@4®$RELk+T1‘J

[ EE,:Q N N ﬁU,MN | [ T R E o
\\,\\,\\\\T_—T2\0+\_ — \.+C\L\L\L\\T\T\T\ -

1 Sem el Ve ' | [ T R ~
\\T\T\a\i|7ﬂvwhu# \4@4\4\4\J\i\\7\7\7\ 2]

| | ,a, ,——,.ml, | | | | | | | | F —
\\T\T\E\k!:=\ﬁeﬂw « Qe )

[ >VI o ® 2o [ R R I F o
- i\?m%\aﬁﬂm?NU\ e WS
e T =St 1 o S A \ &
| NELC=E 0 Ne

| | | S ,ﬁ ,o, m | | | | | | | | | .n
IR ST m‘VTuL,L,L,L,l”l”l”\”l”l »
R - o e ) B e S E 9

[ 3
& S5%e  Ng
LLHHW##RLWTTTTL,L,l”l”l”l”lv LS
e o2 Nk
i T et S A F

””wﬁﬁﬁﬂ,ﬂﬂAAAJ””””” =
\J\J\*W\ﬂ\ﬂ\ﬂ\ﬂ\ﬂ\%\%\A\J\J\J\J\\?\T\T A\

[ I e e [ O
T T e e A e B )
- - _c__r_r_r_1_+_ 1 _ 110l F o W

| | | | | | | | | | | | | | | | | | E~ O
R D T e D A oS
IR S S O A R § 1Y

[ [ T N [ T R N
R i el e e i e At A e R e e e e e

[ [ T R N [ ©
it i e e e e e e e e e T e e e - —

[ [ T R N [ <
- T T T T T T T T T T T T T T T T T T T - —
o | I S S N e}
= :
I e O o -

| | | I i [ | ~
T | ) ) m
T N O T S S S ®

| |
v Ry - o
| | | | | | | | | | | | | | | | |
-1+ttt -++-+-+t+-+ -+t —-—4—-—4—-—1——l——|l-—|— —|-— — N~
| | | | | | | | | | | | | | | | |
- -1\ t-ftt—-—ft-+t—-ft -+t -4 -4 - ~1— == —I- 1= == - ©
| | | | | | | | | | | | | | | | |
- T T T NEW
| | | | | | | | | | | | | | | | |
-t T T T NEY
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | ®
1 e =N
| | | | | | | | | | | | | | | | |
e T T e e S e e S S e - —
. . NN X o
O WO WLND O YWY OO NN - W
cQ®o hMNocQ@oWWo Yoo No o 2
=] o IS o o o =] o IS
(sy0) moj4



5.00"

Page 42

Printed 1/18/2012

2.99"

Type Il 24-hr 25-Year Event Rainfall

0.057 af, Depth
0.00-36.00 hrs, dt=0.02 hrs

5.00"

SCS, Time Span

Summary for Subcatchment WQ4:

Meadow, non-grazed, HSG C

0.81cfs @ 12.09 hrs, Volume
Weighted Average
100.00% Pervious Area

89 Gravel roads, HSG C

CN  Description

71
81

0.128
0.103
0.231
0.231

Area (ac)

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

WQ Treatment

Prepared by TRC Environmental Corp
Runoff by SCS TR-20 method, UH

Type lll 24-hr 25-Year Event Rainfall

Runoff

(cfs)

(ft/sec)

Slope Velocity Capacity Description

(ft/ft)
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Page 43

Printed 1/18/2012

271"

Type Il 24-hr 25-Year Event Rainfall
0.093 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

5.00"
(cfs)
Subcatchment WQ5:
Hydrograph

SCS, Time Span

Summary for Subcatchment WQ5:

(ft/sec)

Meadow, non-grazed, HSG C

78 Weighted Average
100.00% Pervious Area

(ft/ft)

1.31cfs @ 12.09 hrs, Volume
Slope Velocity Capacity Description

89 Gravel roads, HSG C

CN  Description
71

(feet)

0.156
0.255
0.411

0.411
Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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Page 44

Printed 1/18/2012

2.89"

Type Il 24-hr 25-Year Event Rainfall
0.065 af, Depth

0.00-36.00 hrs, dt=0.02 hrs

Direct Entry, Minimum

(cfs)

Subcatchment WQ7:

5.00"

SCS, Time Span

Summary for Subcatchment WQ7:

(ft/sec)

Meadow, non-grazed, HSG C

80 Weighted Average
100.00% Pervious Area

(ft/ft)

091 cfs @ 12.09 hrs, Volume
Slope Velocity Capacity Description

89 Gravel roads, HSG C

CN  Description
71

(feet)

0.130
0.138
0.268
0.268

Tc Length

Area (ac)
(min)
6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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Printed 1/18/2012

2.45"

Type Il 24-hr 25-Year Event Rainfall

0.063 af, Depth
0.00-36.00 hrs, dt= 0.02 hrs

(cfs)
Direct Entry, Minimum
Hydrograph

Subcatchment WQ9:

5.00"

SCS, Time Span

Summary for Subcatchment WQ9:

(ft/sec)

Meadow, non-grazed, HSG C

75 Weighted Average

100.00% Pervious Area
Slope Velocity Capacity Description

(ft/ft)

0.88cfs @ 12.09 hrs, Volume
89 Gravel roads, HSG C

CN  Description

0.235 71
0.308
0.308

(feet)

0.073
Tc Length

Area (ac)
(min)

6.0

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
Type lll 24-hr 25-Year Event Rainfall

Runoff by SCS TR-20 method, UH

WQ Treatment

Runoff
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=5.00"

Type Il 24-hr 25-Year Event Rainfall

WQ Treatment

Printed 1/18/2012

Prepared by TRC Environmental Corp

Page 46
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Summary for Reach LS-2:

for 25-Year Event event

0.00% Impervious, Inflow Depth = 2.99"

0.81cfs@ 12.09 hrs, Volume
0.81cfs@ 12.09 hrs, Volume

0.231 ac,

Inflow Area
Inflow

0.057 af

= 0.0 min

0%, Lag

0.057 af, Atten

Outflow

0.00-36.00 hrs, dt=0.02 hrs

Routing by Dyn-Stor-Ind method, Time Span

Reach LS-2:

Hydrograph
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Type Il 24-hr 25-Year Event Rainfall

Summary for Reach LS-6:

HydroCAD® 9.00 s/n 01824 © 2009 HydroCAD Software Solutions LLC

Prepared by TRC Environmental Corp
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0.00-36.00 hrs, dt=0.02 hrs

Reach LS-6:

Hydrograph

““““““““““““““““““ \

== SN\

0.00% Impervious, Inflow Depth = 3.08"

0.99cfs @ 12.09 hrs, Volume

0.275 ac,

0.99cfs @ 12.09 hrs, Volume
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Routing by Dyn-Stor-Ind method, Time Span

Inflow Area
Inflow
Outflow
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WQ Treatment Type Il 24-hr 25-Year Event Rainfall=5.00"

Prepared by TRC Environmental Corp Printed 1/18/2012
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Summary for Reach SW-1: Swale

Inflow Area = 0.411 ac, 0.00% Impervious, Inflow Depth = 2.71" for 25-Year Event event
Inflow = 1.31cfs@ 12.09 hrs, Volume= 0.093 af
Outflow = 1.12cfs @ 12.14 hrs, Volume= 0.093 af, Atten=14%, Lag= 3.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.50 fps, Min. Travel Time= 5.0 min
Avg. Velocity = 0.14 fps, Avg. Travel Time= 17.4 min

Peak Storage= 333 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.50'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 10.41 cfs

3.00' x 1.50" deep channel, n=0.130

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 150.0' Slope= 0.0075"/"

Inlet Invert= 1,206.50', Outlet Invert= 1,205.37"

t
Reach SW-1: Swale
Hydrograph
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WQ Treatment Type Il 24-hr 25-Year Event Rainfall=5.00"
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Summary for Reach SW-10: Swale

Inflow Area = 0.294 ac, 0.00% Impervious, Inflow Depth = 2.71" for 25-Year Event event
Inflow = 0.93cfs @ 12.09 hrs, Volume= 0.066 af
Outflow = 0.79cfs @ 12.14 hrs, Volume= 0.066 af, Atten=15%, Lag= 3.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.43 fps, Min. Travel Time= 5.2 min
Avg. Velocity = 0.12 fps, Avg. Travel Time= 18.3 min

Peak Storage= 249 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.43'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 9.59 cfs

3.00' x 1.50" deep channel, n=0.140

Side Slope Z-value= 3.0 '/ Top Width= 12.00'
Length= 135.0" Slope= 0.0074 "'/

Inlet Invert= 1,571.00', Outlet Invert=1,570.00'

1
Reach SW-10: Swale
Hydrograph
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Summary for Reach SW-11: Swale

Inflow Area = 0.183 ac, 0.00% Impervious, Inflow Depth = 3.27" for 25-Year Event event
Inflow = 0.70 cfs @ 12.09 hrs, Volume= 0.050 af
Outflow = 0.57 cfs @ 12.14 hrs, Volume= 0.050 af, Atten=18%, Lag= 3.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.02 hrs
Max. Velocity= 0.32 fps, Min. Travel Time= 6.4 min
Avg. Velocity = 0.09 fps, Avg. Travel Time= 23.4 min

Peak Storage= 219 cf @ 12.14 hrs, Average Depth at Peak Storage= 0.41'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 7.38 cfs

3.00' x 1.50" deep channel, n=0.150

Side Slope Z-value= 3.0'/" Top Width= 12.00'
Length= 125.0' Slope= 0.0050 '/'

Inlet Invert= 1,688.00', Outlet Invert=1,687.37"
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Reach SW-11: Swale
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Summary for Reach SW-12: Swale

Inflow Area = 0.5