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General Project Description 

 The ForeFront Power, LLC (ForeFront Power) Ware Greenfield Solar Project (Project) will 
be constructed on the Banas Farm Site southwest of Robbins Road in the Town of Ware in 

Hampshire County, Massachusetts. The Project will involve the installation of ground-

mounted photovoltaic (PV) solar panels that will generate approximately 2.6 megawatts 

(MW) of direct current (DC) electricity and the installation of a one (1) MW battery storage 

unit.

Solar Design 

 The one (1) proposed solar panel arrays will consist of fixed tilt PV modules on aboveground

racks that will be ground-mounted.

 The panels in each array are connected via PV wire to a single pad housing that contains an

inverter and two (2) transformers before tapping into the existing grid.

 A one (1) MW battery storage unit will be installed.

 A perimeter fence and locked gate will be installed to provide site security.

 ForeFront Power proposes to extend Robbins Road with gravel and improve the existing

gravel road that currently runs through the parcel in order to allow construction and

maintenance vehicles access to the solar facility.

Project Impacts 

 Temporary impacts associated with the construction of the solar panel arrays have been

identified and mitigated by design or specifications.

 The extension of Robbins Road for the proposed access road will consist of a gravel base.
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TRC, on behalf of ForeFront Power, LLC (Forefront Power), is pleased to present the enclosed Site 

Plan Review Application for Hearing to the Town of Ware Planning & Community Development 

for the proposed installation of a 2.6 MW DC PV solar electricity generating project (Project) within 

a Town-owned parcel located along Robbins Road (Figure 1).  The Site Plan Review Application 

Form is included as Attachment A.   

 Existing Conditions 

The Project is located within an area just southwest of the end of Robbins Road (Site). The Site is 

approximately 48 acres, which is on a 62-acre parcel (Assessors Map: 309; Parcel ID: 11-0-21). 

The Site is primarily comprised of mixed-age vegetation, ranging from forested areas located along 

the Ware River, western parcel boundary and just south of the landfill to early successional field in 

the central portion of the parcel. The Site was previously used as farmland and old foundations exist 

along the gravel road. The Site is surrounded by an undeveloped forested area to the west, an 

undeveloped forested property to the south, and the Ware landfill to the north. The entire Project 

Site is zoned as Industrial. 

 

The wetland and waterbody delineation was conducted along all potential Project areas located 

within the Site. TRC Wetland Scientists conducted this delineation on October 4th and 5th, 2017 to 

confirm the location of the proposed Project, delineate state and federal jurisdictional wetlands and 

waterbodies, and identify other resource areas found within the Site. A total of five (5) wetlands 

and one (1) waterbody were identified within the Site. Four (4) of the wetlands were located and 

identified as WA-1, WA-2, WA-3 and WA-5. 

 

Section 4.8.3 of the Ware Zoning Bylaws define requirements of permit applications for solar 

energy facilities wherein “applies to all large ground-mounted solar energy facilities and to 

physical modifications that materially alter the type, configuration, or size of these facility or 

related equipment”. Solar photovoltaic ground-mounted installation solar farms are permitted by-

right upon approval of a site plan in Industrial Districts. As the Site is entirely within an Industrial 

District, this application for the Ware Greenfield Solar Project qualifies for a Site Plan Approval 

and the Project will abide by the regulations and guidance provided in the Zoning Bylaws (Section 

4.8.3.C-H) and stormwater runoff criteria (Section 6.4.1).  

 Required Approvals 

Per Ware Zoning Bylaw’s, Solar Photovoltaic Ground-Mounted facilities are allowed to be installed 

within Industrial Districts through a site plan approval from the Planning Board.  

 

 

  



Sources: ESRI, USGS, TRC
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 Site Summary Table  

Property Owners: Town of Ware 

Parcel IDs: 11-0-21 

Abutters: A list of property owners and their addresses for all parcels 

within 300 feet of each of the property, acquired from the Town 

of Ware Assessor’s Office, is included in Attachment B. 

Total Parcels Area: Approximately 62-acres total; 48 acres of which is the 

greenfield Site 

Location: 42.2463, -72.2527 

Distance of Road 

Frontages: 

The entire parcel is along Robbins Road: approximately 950 

feet.   

Setback Boundaries: Per Section 4.8.3.D.1 of Ware Zoning Bylaw, the Project 

complies with the minimum setback boundaries, which are 25-

feet for the front, side, rear property lines and public ways.  

Access: The extension of Robbins Road and the upgrading of the 

existing gravel path will be utilized in order to allow 

construction and maintenance vehicles to gain the necessary 

access to the solar facility. Please see Site Plans in Attachment 

C. 

 Applicable Town, State, and Federal Laws 

The project will comply with all federal, state, and local regulations regarding the construction and 

operation of a large-scale solar energy facility.  This document provides the materials for the Town 

Planning Board review of pertinent regulations and required permits, including the Site Plan 

Review and the Stormwater Permit.  A Notice of Intent (NOI) will be submitted to the Ware 

Conservation Commission. A separate NOI will be submitted in order to obtain coverage under the 

National Pollutant Discharge Elimination System (NPDES) Construction General Permit before the 

start of construction.  

 

 

 Purpose (§4.8.3.A) 

Large-scale solar facilities are allowed by site plan approval from the Planning Board in Industrial 

Districts under §4.8.3 of the Town of Ware Zoning Bylaw (Zoning Bylaw).  The following sections 

document how the Project complies with the requirements and design standards of solar facilities 

present in §4.8.3 (Solar Bylaw). 

 Applicability (§4.8.3.B) 

The Solar Bylaw applies to the construction large ground-mounted solar facility and physical 

modifications that materially alter the type, configuration, or size of the solar energy facilities. There 

are exemptions for solar facility when the primary purpose of the proposed use is agriculture or for 

one (1) and two (2) family dwellings.  As these exemptions to not apply to the proposed solar 

facility, the Solar Bylaw applies to the Project. 
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 General Requirements (§4.8.3.C) 

 Permit Required (§4.8.3.C.1) 

 

A site plan approval is required for a large-scale solar facility in Industrial Districts. This submission 

serves as the application for the site plan review. The application has been prepared to comply with 

the specific solar facility requirements under §4.8.3. As the facility does not involve 

nonconformities, approvals will only be required by the Planning Board. 

 Review Fees (§4.8.3.C.2) 

 

ForeFront Power understands that the Planning Board may require a fee to hire an outside consultant 

with expertise in solar installations and that a deposit of 75% of the estimated cost must be deposited 

with the Town prior to the public hearing. 

 Solar Energy Facilities Required Documents (§4.8.3.C.3) 

 

§4.8.3.C.3(a) - Site Plans  

 

Site plans have been provided for the proposed large-scale solar facility per §4.8.3 and §7.4 

(Attachment C). All plans and drawings are stamped by a Professional Engineer (PE) licensed to 

practice in Massachusetts. 

§4.8.3.C.3(b) - One- or Three-line Diagram 

 

A one-line diagram is included in Attachment C. 

 

§4.8.3.C.3(c) - System Specifications 

 

Please see the electrical design plans in Attachment C. 

 

§4.8.3.C.3(d) - Utility Notification 

 

See Attachment F. 

 

§4.8.3.C.3(e) - Glare Analysis 

 

Photovoltaic panels are designed to absorb as much incident light as possible. Many modern solar 

panels include anti-reflective coatings so that only about 2% of visible light incident on the panel 

is reflected. Additionally, due to the existing vegetation and the topography of the Site, the panels 

will not be visible to nearby residences. Therefore, no visual impacts from glare are expected to 

incur from the installation of solar panels.   

 

§4.8.3.C.3(f) - Contact Information 

 

See the application form for owner and operator contact information. Contact information for the 

contractor responsible for the installation will be provided before start of construction. 
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§4.8.3.C.3(g) - Documentation of Site Control 

 

See Attachment E for lease agreement granting permission for activities related to permitting and 

construction of the Project from the property owner. 

 

§4.8.3.C.3(h) - Operations and Maintenance Plan 

 

See Attachment D for the O&M Plan. 

 

§4.8.3.C.3(i) - Liability Insurance 

 

See Attachment G for proof of liability insurance. 

 

§4.8.3.C.3(j) - Financial Surety 

 

See Attachment H for decommissioning plan. 

 Modification 

 

ForeFront Power understands that modification to the site plan proposed after the issuance of a 

building permit will require site plan approval of the modified site plan. 

 Dimensional Requirements (§4.8.3.D) 

 Setbacks (§4.8.3.D.1) 

 

The solar facility is setback a minimum of 25 feet from front, side, and rear property lines and 

public ways.   

 Buffer (§4.8.3.D.2) 

 

No residences are within 50-feet of the Project Site, therefore ForeFront will maintain the required 

50-foot setback from all properties in residential use. The proposed arrays will not be in site of any 

residences due to topography, distance and existing vegetation, therefore the Project will be 

naturally buffered from view. There is a bike trail that traverses the site that may have views of the 

solar array, however it is more than 50-feet from the array and will be buffered by existing 

vegetation.  

 Accessory Structures (§4.8.3.D.3) 

 

The only accessory structures proposed are the transformers and the battery storage unit, which will 

comply with all required regulations regarding height and setbacks. The transformers and battery 

storage will be visually screened from residences by already-existing vegetation and topography. 
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 Design Standards (§4.8.3.E) 

 Lighting (§4.8.3.E.1) 

 

No permanent lighting is proposed for the Project. 

 Signage (§4.8.3.E.2) 

 

Signs on the perimeter fence will be limited to identification of owner, providing emergency contact 

information and warning of potential electrical hazard posed by the facility. Signs required by 

federal and state laws for electrical equipment and worker safety will be posted as necessary within 

the perimeter fence. 

 Utility Connections (§4.8.3.E.3) 

 

Utility interconnection from the array will run from the transformers to Robbins road in cable trays 

where it will connect to riser poles along the road. The interconnection will utilize the existing poles 

along Robbins Road from this point forward (See Sheet-C-102 in Attachment C). 

 Maintenance (§4.8.3.F) 

The solar facility will be maintained in accordance with the O&M Plan in Attachment D for the 

lifespan of the Project. 

 Emergency Services (§4.8.3.G) 

It is understood that this application (including the site plans) will be forwarded to the local 

emergency service managers. ForeFront Power is prepared to provide additional information as 

necessary. Forefront Power will work to ensure that the Project plans meet the needs of emergency 

responders. Knox Boxes will be situated at the gates so that emergency personnel can enter the 

fence as needed. Forefront Power will maintain an emergency contact number, which will be 

provided to emergency management officials and posted on the perimeter fence. 

 Decommissioning (§4.8.3.H) 

ForeFront Power understands that the decommissioning of the Project site within 180 days after the 

date of discontinued operations is necessary or receipt of a notice of abandonment will be received 

from the Town. Decommissioning will include: 

 

a) Physical removal of all solar panels, structures, equipment, security barriers, and electrical 

lines; and 

b) Stabilization or re-vegetation of the site to minimize erosion. Landscaping and below-grade 

foundations, and/or access roads may be left in site at the discretion of the Building 

Inspector if this option minimizes erosion and disruption of vegetation. 

 

In case of abandonment, as determined by the Building Inspector and Planning Board, the town 

shall have the authority to enter the property and remove the solar facility.  See Attachment H for 

the decommissioning plan. 
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 Site Plan Review 

 

This section describes how the Project complies with the Site Plan regulations in §7.4 of the Zoning 

bylaw. 

 

 Contents of Major Site Plan (§7.4.5.A-H) 
 

Summary of Site Plan Requirements 

Requirement Bylaw Location 

Plan Locus at a scale of 1 inch equals 500 feet, 

showing the entire project and its relation to existing 

areas, buildings, roads, zoning districts and overlays 

for a distance of 1,000 feet from the Project. 

§7.4.5.A Sheet-C-001 of the Site Plans in 

Attachment C. 

Site layout, showing the boundaries of the parcels in 

the proposed development, proposed structures, 

drives parking spaces, loading facilities, required 

setbacks and buffers, fences, walls (including 

existing or proposed stone walls), walks outdoor 

lighting, and areas for snow storage after plowing. 

§7.4.5.B Sheet-C-101 of the Site Plans in 

Attachment C. 

Grading and drainage plan showing the existing and 

proposed final topography at two foot intervals, plans 

for handing stormwater drainage, an all wetlands and 

floodplain areas on the site and within 100 feet for 

the site. Drainage calculations prepared by a 

registered professional engineer which conform to 

the subdivision regulations shall be submitted with 

the drainage plan. 

§7.4.5.C Sheet-C-102 of the Site Plans in 

Attachment C. 

Utility and open space plan showing all facilities for 

refuse and sewerage disposal and storage of all 

wastes, the location of all hydrants, fire alarm and 

firefighting facilities on and adjacent to the site, 

proposed recreational facilities and open space areas 

including archeological or historical features on the 

site. 

§7.4.5.D Sheet-C-101 of the Site Plans in 

Attachment C. 

Landscape plan showing the limits of work, existing 

trees and tree lines and all proposed landscape 

features and improvements including screening, 

planting areas with size and type of stock for each 

shrub or tree and proposed erosion control measures 

(including dust control during construction). 

§7.4.5.E Sheet-C-101 of the Site Plans in 

Attachment C. 

Lighting plan showing the location of all lighting 

fixtures, the illumination data showing compliance 

§7.4.5.F N/A 
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Summary of Site Plan Requirements 

Requirement Bylaw Location 

with §6.3 of the Zoning Bylaw. Detail drawings of 

the fixtures to be used, including heights. 

Floor Plan showing the basic layout of various 

spaces on each floor. 

§7.4.5.G N/A 

Details as needed to show specific information, such 

as, but not limited to cross sections of driveways, 

roads, parking areas, sidewalks, lighting fixtures and 

drainage facilities. 

§7.4.5.H Sheets-C-501, 502 and 503 of 

the Site Plans in Attachment C. 

 

 

 Narrative of the Project (§7.4.5.I) 
 

Forefront Power proposes to construct a 2.6 MW DC PV solar facility on the Project Site, which 

will occupy approximately 8.1 acres of land within the 62-acre property along Robbins Road in the 

Town of Ware in Hampshire County, Massachusetts. The Project will include one (1) ground-

mounted, fixed-tilt solar panel arrays, two (2) transformers mounted on concrete pads, perimeter 

security fencing, and a gravel access path from Robbins Road to allow for construction and 

maintenance vehicles the necessary clearance to gain access to the solar facility. Transmission lines 

will lead from the western transformer pad via underground electrical utility lines where it will join 

the proposed aboveground electric utility lines from the eastern transformer pad. The overhead 

interconnection will connect to the existing three-phase utility lines on Robbins Road.  Additionally, 

a one (1) MW battery storage unit is proposed.   

 

The Project will avoid disturbance to valuable open space and minimize environmental disturbances 

associated with construction and maintenance to the extent practicable. The Project is proposed to 

be constructed on approximately 8.1 acres of the parcel.  The development will not significantly or 

negatively affect environmental resources on or adjacent to the properties.   

 

During construction, stormwater will be managed in accordance with the Massachusetts 

Department of Environmental Protection (MADEP) Erosion and Sediment Control Guidelines for 

Urban and Suburban Areas and sediment and erosion controls will be implemented as necessary to 

protect adjacent resource areas. ForeFront Power proposes to install silt fencing to demarcate the 

limit of work with straw wattles staked in at the tow as an erosion control barrier. Straw wattles will 

be inspected daily during construction and replaced or repaired as necessary. Should the straw 

wattles not prove sufficient for erosion and sediment control, they will be replaced with another 

appropriate best management practice (BMP). 

 

During the approximate four (4) month construction period, vehicle traffic to and from the site along 

Robbins Road is approximately anticipated to be: 

 

 Month 1 – Mobilization 

o 6-8 personal vehicles per day  
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o 3-6 contractor vehicles per day  

o 1-2 material deliveries (semi-trailer trucks) per day for 1 week 

o 1-2 equipment deliveries (semi-trailer trucks) per week  

o Concrete delivery trucks, 3 over a 1-week period 

 

 Months 2 and 3 – Rack and Panel Assembly 

o 8-12 personal vehicles per day  

o 3-6 contractor vehicles per day  

o 1-2 material deliveries (semi-trailer trucks) per day for 2 weeks 

 

 Month 4 – Commissioning and Demobilization 

o 6-8 personal vehicles per day  

o 3-6 contract vehicles per day  

o 1-2 equipment removals (semi-trailer trucks) per week 

 

During operation of the Project, a maximum of four (4) trips per year are anticipated in order to 

maintain the facility. ForeFront Power is responsible for the cost of maintaining the facility 

(including the access roads) and the cost of repairing the facility as necessary. The Operations and 

Maintenance Plan (O&M Plan) is included as Attachment D.   

 

Following construction, operation and maintenance on the solar panels will occasionally occur. 

Operation and maintenance activities will consist of Site visits occurring approximately four times 

a year to mow the vegetation within the fenceline and clean the panels as needed. All parking and 

loading/unloading will be conducted on the Site and not on public roads. 
 

 Development Impact Statement (§7.4.5.J) 

 Traffic Impact Assessment (§7.4.5.J.1) 

 

During construction, a slight increase to the number of vehicle trips per day is expected on Robbins 

Road in the vicinity of the Project. The estimated number of vehicle trips is presented in Section 

3.2. During operation, there will be approximately four (4) vehicle trips associated with regular 

maintenance.   

 Environmental Impact Assessment (§7.4.5.J.2) 

 

The Site has an existing gravel access drive that will be upgraded during construction.  No increase 

of stormwater runoff is proposed (see Stormwater Management Report in Attachment I). During 

construction, erosion and sedimentation will be controlled with BMPs, including silt fences, straw 

wattles, and revegetation of areas within the Project site as soon as work is complete in that area. 

Work will be conducted under the NPDES Construction General Permit. An NOI will be filed with 

the EPA prior to construction. 

 

The Project was designed to avoid impacts to all wetland or waterbody resource areas to the extent 

practicable, however 263,726 square feet of panels are proposed within the mapped 100-year 

floodplain of the Ware River. No grubbing or grading is proposed within the floodplains.  A Notice 

of Intent (NOI) has been submitted separately to the Ware Conservation Commission pursuant to 
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the Massachusetts Wetlands Protection Act (WPA) to address impacts within the floodplains. No 

work is proposed within streams, wetlands, Outstanding Resource Waters (ORW), Natural Heritage 

and Endangered Species (NHESP) regulated areas, Areas of Critical Environmental Concern 

(ACEC), or other WPA jurisdictional areas. 

 Fiscal Impact Assessment (§7.4.5.J.3) 

 

During operation, the Project will provide additional tax revenue to the Town of Ware and 

renewable energy for the Commonwealth of Massachusetts. The Project will require little to no 

Town resources including public water or sewer. During construction, an estimated 20 construction 

jobs will be created. No full time jobs, associated with normal operations, will be generated. 

 Community Impact Assessment (§7.4.5.J.4) 

 

ForeFront Power has designed the Project according to the Ware Zoning Bylaws, and as such, has 

limited the impacts to the community to the extent practicable. The Project will be appropriately 

setback from public roads and abutting residences. Solar facilities are limited in aesthetic design 

choices that would help to integrate them visually into the surrounding neighborhood. The Project 

located in an area that is visually buffered from any residences by the presence of existing 

vegetation and topography.  Therefore, no visual impacts are expected.  Large-scale solar energy 

facilities, by their nature, have impacts limited to mainly construction activities which will last no 

longer than four months and consist mainly of slight increase in ambient noise and traffic levels.  

At the end of construction, the site will be reseeded with vegetation to prevent erosion. Additionally, 

proper maintenance of the vegetation will minimize risk of any dust associated with the solar facility 

(See O&M Plan in Attachment D).  Solar facilities generate minimal noise during the daytime from 

inverters, however the levels generated will not be above current ambient levels.  No permanent 

lighting is proposed for the Project. 

 

The Project will require little to no Town resources, such as water and sewer, and will not contribute 

to congestion in the streets. The perimeter security fence and signs posted on the fence alerting the 

public to electrical hazards presented by equipment in the solar facility will help to ensure public 

safety around the facility. Furthermore, ForeFront Power will coordinate with emergency response 

managers to ensure safe operations. 

 

A cultural resources review will be conducted in the spring, as conditions allow, at the Project site. 

This cultural resources review will describe any potential impacts to historic or archaeological 

resources. If potential impacts to cultural resources are found to exist from the proposed Project, 

mitigation to avoid these impacts will be proposed and/or proposed site development will be altered 

in order to minimize the amount of cultural resources impacts. 

 

In “Window to Ware’s Future”, the 2016 Master Plan, the town expresses interest in reducing the 

negative impacts of burning fossil fuels for energy and creating a more sustainable energy profile. 

Projects like this one are part of the solution to these issues.  Another positive impact to the 

community is the additional tax revenue that will be available to the Town.  These benefits will be 

long term.   
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Attachment A: Site Plan Review Application Form  
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Attachment B:  Certified List of Abutters   
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Attachment C: Site Plans  

Provided under separate cover 
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Attachment D: Operations and Maintenance Plan  
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EXHIBIT B 
 

O&M SERVICES 
 

O&M SERVICES 

FREQUENCY  SERVICE DESCRIPTION 

 
Solar Monitoring Services 

Routine Solar Monitoring 
• Collection and hosting of Approved System monitoring data 
• 24x7 remote monitoring by Service Provider in renewable operations center 
• Creation of service tickets for field service dispatch 
• Access to online monitoring portal to track energy and power production, weather, 
and plant performance, i.e. SunEdison Connect 
• Operate and maintain all equipment associated with SEEDS monitoring solution 

Routine Onsite Communications 
• Communications service fees to and from the SunEdison SEEDS gateways 

  

Approved System Management & Reporting 

Routine System Management 
• Performance advisory services (i.e., a 8 hour/5 day per week dedicated project 
representative)  

Routine Warranty Claim Administration  
• Service Provider shall inform Owner promptly upon obtaining actual knowledge of 
any Warranty claim that Owner has against any third party so that Owner can direct 
Service Provider to pursue the Warranty coverage in accordance with this 
Agreement. 
• At Owner’s written request, Service Provider shall diligently submit, process, and 
administer, or cause to be administered, all Warranty claim requests to the respective 
Warranty providers to the fullest extent up to, but not including, litigation of any 
such Warranty claims; provided, however, that (a) Service Provider takes no 
responsibility or obligation and takes on no losses or liability (in any way) associated 
with the response time or enforcement of the applicable Warranty. Owner accepts 
full responsibility for the System and equipment, including the enforcement and 
response times associated with its Warranties, and (b) any hours in addition to 40 
hours worked on any Warranty claim shall be Additional Services and Service 
Provider shall be entitled to T&M. 

Annual Preventative Maintenance Reporting 
• Provide inspection report with results from preventative maintenance activities 
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Monthly Project Performance Reporting 
• Performance report summarizing project performance, production, availability, in a 
form substantially as set forth in Schedule 1, as may be updated from time to time.  
Service Provider may at its option provide such report via SunEdison Connect.  
• Submit to Owner within ten (10) calendar days after the end of each calendar 
month. 

  

Response, Notification, and Curtailment 

Routine Response 
• Dispatch technicians to the applicable Premises, at no additional charge, in 
response to a unplanned System outage or material Approved System 
underperformance and notify Owner of same per notification timeframes set forth 
below 

Routine Notification Timeframes [Note: Site-Specific, per guidelines below] 
• Critical Issues: 2 hours for all Approved Systems over 5 MWdc per event and 4 
hours for all Approved Systems under 5 MWdc per event 
 
• High Priority issues: 4 hours for all Approved Systems over 5 MWdc per event and 
24 hours for all Approved Systems under 5 MWdc per event 
 
• Medium Priority issues: 24 hours for all Approved Systems over 5 MWdc and 48 
hours for all Approved Systems under 5 MWdc 
 
• Low Priority issues: 72 hours for all Approved Systems over 5 MWdc and 7 
calendar days for all Approved Systems under 5 MWdc 
 

 Definitions 
• "Critical Issues" 
- An outage  immediately reducing the Approved System's availability by at least 1 
MW 
- Health & Safety accidents involving damage to equipment and/or people 
 - In each such case, applicable where an unplanned System outage occurs 
or where such failure results in material Approved System 
underperformance. 
 
• "High Priority Issues" 
- Health & Safety incidents involving damage to equipment and/or people  
- Equipment failures impacting capacity that could be out for over 2 weeks 
- Systematic equipment failures identified previously as “High Priority” 
- In each such case, applicable where an unplanned System outage occurs 
or where such failure results in material Approved System 
underperformance. 
 
• "Medium Priority Issues" 
- Equipment failures impacting capacity that could be out for over 1 week. 
- In each such case, applicable where an unplanned System outage occurs 
or where such failure results in material Approved System 
underperformance. 
 
• "Low Priority Issues" 
- Equipment failures impacting capacity that could be out for less than 1 week 
- In each such case ,applicable where an unplanned System outage occurs 
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or where such failure results in material Approved System 
underperformance. 
  
 

Routine Curtailment (if applicable) 
• Submittal of scheduled and forced outage notification to transmission system 
operator, if applicable  
• If Approved System operation (including curtailment) is Owner's responsibility 
under the offtake agreement: 
a) curtailment of System pursuant to instruction by Owner's scheduling coordinator 
and/or transmission system operator, subject to Approved System design 
b) notification of such curtailment to Owner within 60 minutes of detection  
c) power factor correction pursuant to instruction by Owner's scheduling coordinator 
and/or transmission system operator, subject to Approved System design 
 
 

DC Array Preventative Maintenance 
(To the extent applicable to the technical summary set forth in Part II of  Exhibit A) 

Semi-Annual 
(2x/year) 

Array & Balance of System Inspection 
• Verify Dc Disconnect Operations 
• Check Dc Disconnects And Combiners 
• Tighten Harness And Electrical Connections 
• Inspect Wire Runs/Piping/Conduit 
• Check For Ground Continuity 
• Check For Corrosion 
• Visually Check Array 
• Wiring Restraints Inspection 
• Ballasted Systems Inspection 
• Folded Rack Inspection 
• Array Ground Debris Inspection 
• Module Cleanliness Inspection 
• Vegetation Inspection (but not Vegetation Abatement) 
• Roof Inspection 
• Weather Station Component Inspection 
• Racking structural elements and foundation anchors inspection 

Semi-Annual 
(2x/year) 

Module Visual Inspection 
• Top Glass Inspection 
• Backsheet Inspection 
• Junction Box Inspection 
• Clamping Methodology Inspection 
• Module Thermal Scan 
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Semi-Annual 
(2x/year) 

DAS & MET Station Inspection 
• Check Enclosure Hasp Functionality 
• Enclosure Debris Removal 
• Check Connections Within Seeds And Modem Enclosures 
• Inspect Enclosure Wire Management 
• Functional Check Enclosure Fans 
• Clean Enclosure Fan Input 
• Inspect Enclosure For Moisture Ingress 
• Functional Check Of Seeds Gateway 
• Back Glass Module Temperature Sensor Check 
• Ambient Air Temperature Sensor Check 
• Check Connections Within Adam Unit Enclosure 
• Clean Pyranometer Housing Or Photocells 
• Licor Test For  Pyranometers 
• Anemometer Inspection 
• Verify Pyranometer Positioning 

Inverter Preventative Maintenance 
(To the extent applicable to the technical summary set forth in Part II of Exhibit A) 

Semi-Annual 
(2x/year) 

Inverter Visual Inspection 
• External Inspection Of Inverter 
• Check Inverter Display 
• Inverter And Meter Power Readings 
• Inverter Base Check 
• Inspect For Moisture Intrusion 
• Discrepancy Photo Log 
 

Annual Inverter Full Inspection 
• External Inspection Of Inverter 
• Check Inverter Display 
• Inverter And Meter Power Readings 
• Thermal Scan Inverter Internals 
• Ac/Dc And Dc Connections 
• Isolate Ac/Dc Breakers To Inverter 
• Inverter Capacitor Discharge 
• Install Safety Lockout Devices 
• Inverter Base Check 
• Clean Inverter Internals 
• Replace Filters And Clean Registers 
• Inspect For Moisture Intrusion 
• Verify Connection Torque Specs 
• Inverter Power-Up 
• Verify System Is Operational 
• Check Coolant Levels 
• Discrepancy Photo Log 
• Inverter And Meter Power Readings 
• Check Ground Straps 

Semi-Annual 
(2x/year) 

Inverter Structure Inspection 

Annual Full site inspection 
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Tracker Preventative Activities  
(To the extent applicable to the technical summary set forth in Part II of Exhibit A) 

Semi-Annual 
(2x/year) 

Tracker Preventative Activities 
• Visual inspection of exterior condition of tracker 
• Visual inspection of hydraulic lines for oil leakage 
• Visual inspection of controllers and motors 
• Perform maintenance of trackers as required by the applicable Warranties (so long 
as same are valid and have not expired) 

AC Equipment Preventive Maintenance  
(To the extent applicable to the technical summary set forth in Part II of Exhibit A) 

Semi-Annual 
(2x/year) 

Transformer Inspection 
• Inspect physical and mechanical condition 
• Inspect anchorage, alignment, and grounding 
• Verify the bushings are clean 
• Verify tightness of accessible bolted electrical connections by inspecting torque 
marks 
• Perform inspections and mechanical tests as recommended by the manufacturer 
• Verify presence and integrity of transformer surge arresters 

Semi-Annual 
(2x/year) 

Transformer Testing 
• Perform thermographic survey 
• Perform recommended electrical tests, if applicable 
• Perform recommended insulating liquid tests 
• Test surge arrestors 

Semi-Annual 
(2x/year) 

Switchgear Activities 
• Perform thermographic survey 
• Clean area of dirt and debris 
• Perform recommended electrical tests 
• Inspect mechanical indicating devices for correct operations 
• Verify that filters are in place and/or vents are clear 
• Perform visual and mechanical inspection of instrument transformers 
• Inspect control power transformers 
• Verify operation of switchgear/switchboard heaters and their controller, if 
applicable 

Semi-Annual 
(2x/year) 

Battery System Activities 
• Verify the battery ventilation system is operable 
• Verify the existence of suitable eyewash equipment 
• Inspect physical and mechanical condition 
• Inspect battery support racks or cabinets, mounting, and grounding 
• Perform recommended electrical testing 
• Measure charger float and equalizing voltage levels 
• Verify all charger functions and alarms 

Approved System-Specific O&M Services 



B - 6 

 

Per Table 1 of 
Exhibit A 

Array Washing 

Per Table 1 of 
Exhibit A 

Vegetation Management 

Per Table 1 of 
Exhibit A 

Energy Forecasts delivered on an annual, month-ahead, week-ahead or day-ahead 
basis, as such frequency is set forth in Table 1 to Exhibit A 

 
[1] The frequency noted herein relates solely for the warranty period of the applicable equipment; after the 
applicable warranty period for such equipment expires, then Service Provider may perform such services 
according to Prudent Industry Practices (as defined in the Agreement) rather than the frequency noted 
herein.   

  



 

Town of Ware Greenfield Solar Project  February 2018 

Ware, Massachusetts   

Attachment E: Site Control  

The lease has been approved and will be provided upon receipt from the Town of 

Ware. 
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Attachment F: Utility Notification   

  





From: Gari, Nicholae [mailto:Nicolae.Gari@nationalgrid.com]  
Sent: Wednesday, November 29, 2017 3:06 PM 
To: Kelsey Crane <kcrane@forefrontpower.com> 
Subject: MA / 25206918 / Interconnection App Complete & Under Review / 2 Robbins Road, Ware MA 
01082 / 1,980 kW 
 
Greetings, 
 
National Grid has received an Application for Interconnection for the distributed generation (DG) 
facility at 2 Robbins Road, Ware MA 01082. The application information you have submitted is 
considered complete and will allow us to review it for interconnection feasibility.  Please note: 
This email does not constitute an approval to construct the system. Additional review is 
required. Once the initial review is complete, National Grid will indicate whether this application 
can be processed under the Expedited or Standard process.  
 
Attached is our acknowledgement that the application is complete. Please reference the Job 
Number from the subject line (above) in future correspondence about this application. Note: that 
additional information may be required as the job progresses through our process. 
 
While you are waiting for us to review your application: 

         We strongly encourage you to review our newly developed “QuickGuide” for DG and 
double check that your proposed design diagrams have avoided some common issues. 
By following the advice in this document, contractors will help facilitate a quicker, more 
concise screening and/or study process for the applications they submit. If the design of 
your system changes, please resubmit any applicable information (site diagram, one-
line, etc.) so as to expedite the review process.   

         Visit our website to find more information about the milestones for the DG 
interconnection process, as defined in more detail in the Interconnection Tariff. 

 
Note: A generator is NOT authorized to interconnect until the standard (single-direction) meter 
has been changed to a (bi-directional) Net Meter – AND – the “Authority to Interconnect” letter 
has been provided by National Grid. This is especially important, as a generator operating 
behind a standard meter may cause billing errors. 
 

Net Metering Information: 

Generally, you will be eligible for net metering credits as long as there is still capacity under the 
limit to accommodate the full rating of your facility at the time you receive your "Authority to 
Interconnect" letter. However, the Massachusetts DPU has now implemented the MassACA 
program for managing net metering eligibility in Massachusetts. Please refer to the MassACA 
website for more information: http://www.massaca.org/. 

Qualifying Facility Information: 

While the National Grid is required to purchase output from a customer-owned generator as a 
Qualifying Facility (QF), the price National Grid is authorized to pay is the hourly wholesale 
clearing price at the ISO-NE. Unlike net-metering, where a customer can assign credits to other 
customers, or 'bank' excess power over a billing month, payments for QFs are calculated for 
every hour there is export back to the Company's system. Customers receiving payments as a 
QF are not able to transfer these payments to other accounts. Please refer to the ISO-NE 
website for further information: http://www.iso-ne.com/markets/hrly_data/index.html. 

 

mailto:Nicolae.Gari@nationalgrid.com
mailto:kcrane@forefrontpower.com
http://www.nationalgridus.com/non_html/MA_DG_Design_QuickGuide.pdf
http://www.nationalgridus.com/masselectric/home/energyeff/4_interconnection-process.asp
http://www.nationalgridus.com/non_html/Interconnect_stds_MA.pdf
http://www.massaca.org/
http://www.massaca.org/
http://www.iso-ne.com/markets/hrly_data/index.html


If eligible for Class II or Class III Net Metering, please note the following: National Grid has 
identified and elected to assert title for capacity payments for this DG project from ISO-NE for 
the electricity generated by Class II and III Net Metering Facilities, based on your submitted 
Schedule Z.  If you have questions about this, please let us know. 

   

Feel free to contact us directly via email. 

 
Sincerely, 
 

Nicolae Gari  
Distributed Generation Engineering Support  
Associate Project Manager 
Customer Energy Integration  

nationalgrid  
40 Sylvan Rd (E1.494)  
Waltham, MA 02451-1120  
nicolae.gari@nationalgrid.com   
(781)907-2018  
Please select the appropriate link below for the latest information on:  
Interconnection Standards - MA, RI, NY 

 
 
 
 
This e-mail, and any attachments are strictly confidential and intended for the addressee(s) only. The 
content may also contain legal, professional or other privileged information. If you are not the intended 
recipient, please notify the sender immediately and then delete the e-mail and any attachments. You 
should not disclose, copy or take any action in reliance on this transmission. 
 
You may report the matter by contacting us via our UK Contacts Page or our US Contacts Page 
(accessed by clicking on the appropriate link) 
 
Please ensure you have adequate virus protection before you open or detach any documents from this 
transmission. National Grid plc and its affiliates do not accept any liability for viruses. An e-mail reply to 
this address may be subject to monitoring for operational reasons or lawful business practices. 
 
For the registered information on the UK operating companies within the National Grid group please use 
the attached link: http://www.nationalgrid.com/corporate/legal/registeredoffices.htm  
 

mailto:nicolae.gari@nationalgrid.com
https://www.nationalgridus.com/masselectric/home/energyeff/4_net-mtr.asp
https://www.nationalgridus.com/narragansett/home/energyeff/distributed_generation.asp
http://www.nationalgridus.com/niagaramohawk/home/energyeff/3_distributed.asp
http://www2.nationalgrid.com/contact-us/
https://www1.nationalgridus.com/ContactUs
http://www.nationalgrid.com/corporate/legal/registeredoffices.htm
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CERTIFICATE OF LIABILITY INSURANCE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COVERAGES CERTIFICATE NUMBER: NYC-008731981-06 REVISION NUMBER:17 
THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN ISSUED TO THE INSURED NAMED ABOVE FOR THE POLICY PERIOD 

INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH RESPECT TO WHICH THIS 
CERTIFICATE MAY BE ISSUED  OR MAY PERTAIN, THE  INSURANCE  AFFORDED BY THE POLICIES DESCRIBED HEREIN IS SUBJECT TO ALL THE  TERMS, 

EXCLUSIONS AND CONDITIONS OF SUCH POLICIES. LIMITS SHOWN MAY HAVE BEEN REDUCED BY PAID CLAIMS. 

INSR 
LTR TYPE OF INSURANCE 

ADDL 
INSD 

SUBR 
WVD POLICY NUMBER 

POLICY EFF
(MM/DD/YYYY)

POLICY EXP
(MM/DD/YYYY) LIMITS 

A X COMMERCIAL GENERAL LIABILITY     GL 2121148 04/01/2017 04/01/2018 EACH OCCURRENCE $ 1,000,000 

  X CLAIMS-MADE OCCUR 
DAMAGE TO RENTED 
PREMISES (Ea occurrence) $ 1,000,000 

X RETROACTIVE DATE 4/1/86   MED EXP (Any one person) $ 10,000 

  PERSONAL & ADV INJURY $ 1,000,000 

GEN'L AGGREGATE LIMIT APPLIES PER: GENERAL AGGREGATE $ 3,000,000 

X 
POLICY 

PRO- 
LOC 

JECT 

OTHER:

PRODUCTS - COMP/OP AGG $ 1,000,000 

  $ 

  AUTOMOBILE  LIABILITY          
COMBINED SINGLE LIMIT
(Ea accident) $ 

  ANY AUTO BODILY INJURY (Per person) $ 

  ALL OWNED 
AUTOS 

HIRED AUTOS 

  SCHEDULE
D AUTOS 
NON-OWNED 
AUTOS 

BODILY INJURY (Per accident) $ 

   
PROPERTY DAMAGE 
(Per accident) $ 

    $ 

A X UMBRELLA LIAB 

EXCESS LIAB 

  OCCUR 

CLAIMS-MADE 

    UMB5500099 04/01/2017 04/01/2018 EACH OCCURRENCE $ 5,000,000 

  X AGGREGATE $ 5,000,000 

  DED   RETENTION $ $ 

  WORKERS  COMPENSATION 

AND EMPLOYERS' LIABILITY Y / N 
ANY    PROPRIETOR/PARTNER/EXECUTIVE 
OFFICER/MEMBER   EXCLUDED? 
(Mandatory in NH) 
If yes, describe under 
DESCRIPTION OF OPERATIONS below 

 
 
 
N / A 

        PER 
STATUTE   OTH-

ER

E.L. EACH ACCIDENT $ 

E.L. DISEASE - EA EMPLOYEE $ 

E.L. DISEASE - POLICY LIMIT $ 

 
 

A 

 
 
Property - All Risk 

     
 
PKG3500016 

 
 
01/01/2017 

 
 
01/01/2018 

 
 

Replacement Cost 

DESCRIPTION OF OPERATIONS / LOCATIONS / VEHICLES (ACORD 101, Additional Remarks Schedule, may be attached if more space is required) 

100 Montgomery SF L.L.C., Vanbarton Group L.L.C, any successor in interest thereto (each of the foregoing, “Landlord”) any mortgage lender or ground lessor or Landlord, any managing agent of Landlord, and 
(direct or indirect) owner of any of the foregoing, and any beneficiary, officer, director, employee or agent of any of the foregoing are included as additional insured (except for Workers Compensation) as respect 
premises leased to the named insured. DD 
Waiver of subrogation is applicable where required by written contract and subject to policy terms and conditions.DD 
Business Personal Property: $40,000.DD 
Property Insurance includes Business Interruption coverage. 

 

 
 

ACORD 25 (2014/01) 

© 1988-2014 ACORD CORPORATION. All rights reserved. 

The ACORD name and logo are registered marks of ACORD 

 
100 Montgomery SF LLCD 
c/o Vanbarton Group LLCD 
100 Montgomery Street, Suite 1420D 
San Francisco, CA  94104 

 
SHOULD ANY OF THE ABOVE DESCRIBED POLICIES BE CANCELLED BEFORE 
THE EXPIRATION DATE THEREOF, NOTICE WILL BE DELIVERED IN 

ACCORDANCE WITH THE POLICY PROVISIONS. 

AUTHORIZED  REPRESENTATIVE 

of Marsh USA Inc. 
 
Charles Wong 

CERTIFICATE  HOLDER CANCELLATION

  DATE  (MM/DD/YYYY) 

05/01/2017 

THIS CERTIFICATE IS ISSUED AS A MATTER OF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS 

CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES 

BELOW. THIS CERTIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSURER(S), AUTHORIZED 

REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER. 

IMPORTANT: If the certificate holder is an ADDITIONAL INSURED, the policy(ies) must be endorsed. If SUBROGATION IS WAIVED, subject to 

the terms and conditions of the policy, certain policies may require an endorsement. A statement on this certificate does not confer rights to the 

certificate holder in lieu of such endorsement(s). 

PRODUCER 

Marsh USA Inc.D 
Japan Client ServicesD 
1166 Avenue of the Americas, 36th FloorD 
New York, NY 10036-2774DD 
Attn: Mitsui.CertRequest@Marsh.com    Fax: 212-948-4350 

CONTACT
NAME:
PHONE
(A/C, No, Ext):

FAX (A/C,
No):

E-MAIL
ADDRESS:

INSURER(S) AFFORDING COVERAGE NAIC # 

INSURER A : Mitsui Sumitomo Insurance Group 00026 

INSURED 

Forefront Power Development LLCD 
100 Montgomery Street, Suite 1400D 
San Francisco, CA  94104 

INSURER B : 

INSURER C : 

INSURER D : 

INSURER E : 

INSURER F : 
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Decommissioning Plan 
2.6 MW DC Ground Mounted Project 

 

 

ForeFront Power | www.forefrontpower.com  
100 Montgomery Street | Suite 1400 
San Francisco, CA 94104 
 
 
 

http://www.forefrontpower.com/
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1. Background 
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Facility Description 
The ForeFront Power, LLC (ForeFront Power) Ware Greenfield Solar Project (Project) will be constructed 

southwest of Robbins Road in the Town of Ware in Hampshire County, Massachusetts. The Project will 

involve the installation of ground-mounted photovoltaic (PV) solar panels that will generate 

approximately 2.6 megawatts (MW) of direct current (DC) electricity.   

Forefront Power proposes the construction of a 2.6 MW DC PV solar electricity generating project on 

property owned by the Town of Ware.  The Project will cover approximately 8.1 acres of previously 

disturbed and abandoned farmland.  The Project will include one (1) ground-mounted, fixed-tilt solar 

panel arrays, two (2) transformers mounted on concrete pads, perimeter security fencing, and a gravel 

access path from Robbins Road to allow for construction and maintenance vehicles the necessary 

clearance to gain access to the solar facility. Transmission lines will lead from the western transformer 

pad via underground electrical utility lines where it will join the proposed aboveground electric utility 

lines from the eastern transformer pad. The overhead interconnection will connect to the existing three-

phase utility lines on Robbins Road.  Additionally, a one (1) MW battery storage unit is proposed.   

The Project will avoid disturbance to valuable open space and minimize environmental disturbances 

associated with construction and maintenance. Development of the Project is proposed on disturbed 

open land and will not significantly or negatively affect environmental resources on or adjacent to the 

properties.   

   



 
 

5 

2. Decommissioning 

Activities 
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Introduction 
The Decommission Plan (the “Plan”) describes anticipated activities and process for decommissioning of 

the proposed facility following its useful life. The purpose of decommissioning is to restore the Property 

to a clean, safe and usable condition for continued use by the landowner.  

Decommissioning consists of the removal of above-ground and below-ground facility components, 

management of excess materials and waste as well as the restoration of Project lands, as applicable. 

Activities are expected to take between 8-10 weeks but no longer than four-months.  

Potential negative environmental effects from decommissioning of the facility will be mitigated through 

use of erosion and sediment control measures, limiting the use of heavy machinery (where possible), and 

maintaining a buffer from natural features. These control measures, as well as other mitigation measures 

used during construction will be re-implemented during the decommissioning phase and until the site is 

stabilized. 

Future consultation will occur with the municipality prior to decommissioning to discuss preferences and 

commitments to restore the Project to its pre-construction condition or a similar state. All 

decommissioning and restoration activities will adhere to the requirements set forth by Occupational 

Health and Safety Administration (OSHA) and will be in accordance with all applicable federal, state and 

local permitting requirements. As with the construction phase, an onsite manager responsible for safety 

will be present on-site (generally the contractor’s project manager) while decommissioning activities are 

taking place.  

The decommissioning plan is based on current procedures and experience. These procedures may be 

subject to revision based on new experiences and requirements over time. At the time of 

decommissioning, various options and procedures will be re-evaluated to ensure that decommissioning 

is safe and beneficial to the environment.  

Equipment Removal 
A significant amount of the components of the Project will include recyclable or re-saleable components, 

including copper, aluminum, galvanized steel, and modules. Due to their resale monetary value, these 

components will be dismantled and disassembled rather than being demolished and disposed of. 

Following coordination with the local utility company regarding timing and required procedures for 

disconnecting the Facility from the private utility, all electrical connections to the system will be 

disconnected and all connections will be tested locally to confirm that no electric current is running 

through them before proceeding. All electrical connections to the panels will be cut at the panel and then 

removed from their framework by cutting or dismantling the connections to the supports. Inverters, 

transformers, and switchgear will be lifted, secured onto flat beds, and transported off-site for 

processing.  
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Modules will be detached from the racking system and stacked for removal. However, in the event of a 

total fracture, the interior materials are silicon-based and may not be considered hazardous. Disposal of 

these materials at a landfill will be permissible. 

The metal piling systems used to secure the PV system in the ground will be removed entirely and if full 

removal is not possible, then terminated at a depth greater than four-feet from grade or at bedrock 

whichever is shallower. The piling materials will be collected and recycled. Additionally, all associated 

metal mounting structures along with the metal perimeter fencing and gates will be removed and either 

reused or sent for recycling.  

Grade slabs will be broken, removed, and disposed of off-site or recycled.  Unless requested by the 

landowner for the access road to remain, materials from road construction will be removed, shipped off-

site for either re-use or disposal. If necessary, the former road bed will be backfilled and graded with 

material native to the region to blend it with the immediately adjacent and existing topography.   

Aboveground utility poles owned by the Project will be completely removed and disposed of off-site in 

accordance with utility best practices. Overhead wires will be removed from the area of the solar modules 

and terminated at the point of interconnection. Underground wiring at depths of less than four-feet will 

be removed and recycled.  

Prior to final demobilization, a final walkthrough of the Project area and the Property is completed to 

police for and ensure all debris is collected and removed.  

Site Restoration 
Those areas disturbed during decommissioning activities will be graded as necessary to ensure a uniform 

slope for proper storm water management, prevent the ponding of waters and address any rutting or 

other depressions caused by removal equipment.  The disturbed areas will then be seeded either by hand 

or via hydro seeding to reestablish vegetation compatible with the Property and region. It is anticipated 

that a seed mix native to the area will be used by the decommissioning contractor, unless the landowner 

instructs that they will begin using the property for agricultural purposes and will reestablish the area 

with agricultural vegetation.   
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3. Permitting 
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Permitting & Approvals 
Prior to the initiation of decommissioning activities, local code will be reviewed for applicability with 

decommissioning activities. The municipality will be consulted to confirm and applications made for 

appropriate permits and approvals, if any. At a minimum, it is anticipated that a new storm water 

pollution prevention plan (SWPPP) will be required along with a building permit. It is assumed that 

neither a new or revised site plan or special use permit would be necessary because decommissioning 

activities are associated with the originally issued approvals.  

Throughout the decommissioning process, the municipality will be provided with regular updates and 

notice upon completing the restoration activities.   
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4. Decommissioning 

Assurance 
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Form of Assurance 
A Decommissioning Agreement (“Agreement”), Exhibit 1, will be established for the project entered into 

by the Operator/Owner of the project and the municipality.  The Agreement will result in the 

Operator/Owner securing a bond as assurance. The bond will begin with and maintained for the duration 

term established in the Agreement. The bond will be maintained and updated according to the 

Agreement and remain in place through the completion of decommissioning activities at the Project. The 

amount and term of the bond will be established and agreed upon by both parties.   

Use of Assurance 
In the event that the Operator/Owner fails to undertake decommissioning activities within the 

established period of the Agreement, the municipality shall have the right to undertake 

decommissioning activities and make a claim against the decommissioning assurance.  In such 

circumstances, the municipality shall have such access to the Property as may be necessary to allow its 

qualified contractors to conduct decommissioning activities.   
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Appendix 

 

Exhibit 1: Decommissioning Agreement 

 



 
 

Exhibit 1 

Decommissioning Agreement  



 

 

TOWN OF ____________ 

 

SOLAR ENERGY SYSTEM DECOMMISSIONING AGREEMENT 

 

This Solar Energy System Decommissioning Agreement (“Agreement”) is entered into this ___ day 

of__________, 201_ by and among the following parties: 

 

“Operator” == OPERATOR==, a ==INCORPORATION==, 

with an address of ==ADDRESS==, 

“Town” Town of ________, being a municipal 

corporation in the Commonwealth of ______, 

County of _______, with its offices for the 

transaction of town business located at: 

___________________________ 

 

PREAMBLE 

 

WHEREAS, on ___________, based on the Operator's application, and after duly noticed public 

hearing(s), the Town, by its Planning Board, granted site plan approval (hereinafter “Site Plan 

Approval”) of a solar energy facility (hereinafter “Solar Energy System”) on real property 

(hereinafter “Property”) described in Schedule A attached hereto, as shown on the Site Plan 

entitled _____________, Town of _________, _________ County, Massachusetts,” prepared by 

== ENGINEERING FIRM ==, dated _____________ (hereinafter “Site Plan”), a copy of which is 

attached as Schedule B; and  

 

WHEREAS, the above-described Site Plan Approval provides that the Operator “[S]hall agree in 

writing, to remove the solar energy system and all associated equipment and structures if the 

solar energy system ceases to be used for its intended purpose for twelve (12) consecutive 

months and the Operator does not provide reasonable evidence of intent to restart operations 

within six (6) months thereafter. Removal of such obsolete and/or unused structures shall be 

completed within three (3) months thereafter or as soon as feasible due to weather restrictions;” 

and 

 



 

 

WHEREAS, as a condition to providing the Site Plan Approval, the Town requires that Operator 

sign this agreement, which provides that the Operator shall be required to execute and file, prior 

to the (tenth) 10th year of operation, with the Town Clerk a bond, or other form of surety 

reasonably acceptable to the Town Attorney and Engineer, in an amount sufficient for the faithful 

performance of the terms and conditions of the Site Plan Approval issued hereunder, and to 

provide for the aforesaid removal and restoration of the Property subsequent to removal of the 

Solar Energy System. The amount of the bond or security shall be no less than one hundred ten 

percent (110%) of the cost of the removal of the solar energy system and restoration of the site, 

and shall be reviewed and adjusted at five (5)-year intervals upon request of the Town; and 

WHEREAS, the sum of $XX,XXX.00 is an amount sufficient for the aforesaid removal of the Solar 

Energy System and subsequent restoration of the Property, based upon the documentation 

attached hereto as Exhibit A (“Removal Letter”) and, therefore, determined that the required 

amount of surety for the aforesaid removal and restoration of the property is $XX,XXXX.00; and  

WHEREAS, the Operator hereby agrees to remove the Solar Energy System and all associated 

equipment and structures if the Solar Energy System ceases to be used for its intended purpose 

for twelve (12) consecutive months and the Operator does not provide reasonable evidence of 

intent to restart operations within six (6) months thereafter. Removal of the Solar Energy System, 

obsolete and/or unused structures shall be completed within three (3) months thereafter or as 

soon as feasible due to weather restrictions; and  

WHEREAS, the Operator hereby agrees to execute and file with the Town Clerk a bond, or other 

form of surety acceptable to the Town Attorney and Engineer (“Security”), in the amount of 

$XX,XXX.00 to provide for the aforesaid removal of the Solar Energy System and subsequent 

restoration of the Property.  Further, prior to the end of each 5-year period after the 

establishment of the security, upon Town’s request, the Operator shall provide the Town with an 

updated Removal Letter setting forth an updated estimate for the removal of such obsolete and 

or unused structures, which updated estimate shall be subject to review and approval by the 

Town, which approval shall not unreasonably be withheld and the Security shall be changed to 

reflect the updated estimate approved by the Town for such removal and restoration of the site; 

NOW THEREFORE, for and in consideration of the mutual promises set forth below, and after 

good and valuable consideration, the receipt of which is hereby acknowledged, the parties agree 

as follows: 

SECTION 1. INCORPORATION OF PREAMBLE 

The Preamble shall be incorporated into and become an enforceable part of this Surety 

Agreement. 

 



 

 

 

SECTION 2. EFFECTIVE DATE 

This agreement shall be effective upon its execution by all parties hereto.  This agreement may 

be executed in multiple counterparts. 

 

SECTION 3. OBLIGATIONS, DUTIES, AND RIGHTS OF THE TOWN 

a. Upon removal and decommissioning of the Solar Energy System, the Operator shall 

inform the Town accordingly, in writing.  Upon the Town’s determination that the 

Operator has decommissioned and removed the Solar Energy System and restored the 

Property as required under the Site Plan Approval, the Town shall: (i) release the Operator 

from this agreement; (ii) issue a certificate of completion and release and (iii) return or 

release any unused portion of the Security to the Operator.  A determination that the 

removal and restoration has been satisfactorily completed shall be in the reasonable 

discretion of the Town.  The Operator and its agents and consultants shall fully comply 

with all reasonable requests for inspections and information by the Town and its agents. 

 

b. If the Operator fails to complete the required removal of the Solar Energy System and 

restoration of the Property within six (6) months of cessation of the Solar Energy System 

as set forth herein, the Town shall be entitled to utilize the Security provided hereunder 

to the extent necessary, in the Town’s reasonable discretion, to complete the removal 

and restoration process. Any portion of the Security that is not utilized as set forth herein 

shall be returned to the Operator, less reasonable administrative costs.  In the event that 

the Town elects to obtain the Security, in whole or in part, as described in this paragraph, 

it shall notify the Operator accordingly, in writing and, within fourteen (14) days of such 

writing, the Security shall be paid to the Town.  

 

SECTION 4. OBLIGATIONS, DUTIES, AND RIGHTS OF THE OPERATOR AND 

SURETY ENTITY 

a. The Operator shall deliver, to the Town, suitable evidence of the establishment of the 

Security prior to the (tenth) 10th year of operation of the Solar Energy System. The Town 

requires that the Operator obtain a Surety for the Security, with said Surety binding itself 

to a Surety Agreement with the Town. 

b. Upon Town’s request, within thirty (30) days prior to the end of each five (5)-year period 

after the establishment of the Security, the Operator shall provide the Town with an 

updated Removal Letter setting forth an updated estimate for the removal of such 

obsolete and or unused structures and the Security shall be altered to reflect the updated 



 

 

estimate for such removal. The Operator shall deliver to the Town evidence of the new 

balance of the Security, as aforesaid. 

c. The Operator agrees that the Security shall not be released except in accordance with the 

terms hereof.   

d. The Operator agrees that the Security shall not be released in full, unless another method 

of security is provided, until the removal and restoration has been satisfactorily 

completed as reasonably determined by the Town and the Town issued a Certificate of 

Compliance evidencing same. 

e. The Operator shall at all times provide the Town forthwith (no more than forty five (45) 

days after transfer of title) with the name of the current Operator or Operators of the 

Solar Energy System.  

 

SECTION 5. BINDING EFFECT 

This agreement, and any amendments thereto, shall be binding on the Operator, the Operator's 

agents and representatives, and any successors to the Operator's title, interest, and rights in the 

parcel of land constituting this subdivision, including executors, administrators, devisees, heirs, 

successors and assigns of the Operator. 

 

SECTION 6. USE OF TERMINOLOGY 

Use of the term “Operator" in this surety agreement is for convenience only and should not be 

considered as a limitation on those parties who may be subject to and bound by the provisions of 

this agreement and any amendments thereon. Use of the term "Site Planning Town” or “Town" 

in this covenant is for convenience only and may include agents or representatives of the Site 

Planning Town. 

 

SECTION 7. APPOINTMENT OF AN AGENT 

If someone other than the Operator will represent the Operator, the Operator must designate 

such representative below. 

Name of representative: 

__________________________________________________________________ 

Address of representative: 

________________________________________________________________ 

Tel. #: Days _____________________ Evenings _______________________ 

Relationship of representative to Operator: 

_____________________________________________________ 



 

 

In executing this surety agreement, the Operator hereby authorizes the person or persons named 

above to represent his/its interest before the Site Planning Town with respect to the matters that 

are the subject of this surety agreement. 

 

SECTION 8. AMENDMENTS 

This surety agreement may be amended, in writing, by agreement of all of the parties to this 

agreement. 

 

SECTION 9. GOVERNING LAW 

This agreement, and any amendments thereto, shall be governed by the laws of the 

Commonwealth of Massachusetts and shall be enforceable only in a Massachusetts Court of 

competent jurisdiction. 

 

SECTION 10. SEVERABILITY 

If a court of competent jurisdiction determines that any provision of this surety agreement is 

unenforceable, such determination shall not affect the remaining provisions, which shall remain 

in full force and effect. 

 



 

 

IN WITNESS WHEREOF, I, the Operator, hereby certify under the pains and penalties of perjury 

that the information contained in this surety agreement is true and complete; and we, the parties 

to this surety agreement, set our hands and seals to this agreement on the date(s) written below. 

 

OPERATOR 

_____________________________________  ________________________________  

Signature of Operator   Date    Witness 

By: 

Its: 

Duly authorized 

 

 

TOWN OF ___________ 

_____________________________________  ________________________________  

Signature of Town    Date    Witness 

By: 

Its: 

Duly authorized 

 



 

 

COMMONWEALTH OF MASSACHUSETTS : 

        :SS.: 

COUNTY OF ________ : 

  

On the ___ day of ___________, 20__ before me, the undersigned, a Notary Public in and for said 

Commonwealth, personally appeared ____________________, personally known to me or 

provided to me on the basis of satisfactory evidence to be the individual whose name is subscribed 

to the within instrument and acknowledged to me that he/she executed the same in his/her 

capacity, and that by his/her signature on the instrument, the individual, or the person upon 

behalf of which the individual acted, executed the instrument. 

 

_______________________________________ 

NOTARY PUBLIC – COMMONWEALTH OF MASSACHUSETTS 

 

 

COMMONWEALTH OF MASSACHUSETTS : 

        :SS.: 

COUNTY OF ________ : 

 

On the ___ day of ___________, 20__ before me, the undersigned, a Notary Public in and for said 

Commonwealth, personally appeared ____________________, personally known to me or 

provided to me on the basis of satisfactory evidence to be the individual whose name is subscribed 

to the within instrument and acknowledged to me that he/she executed the same in his/her 

capacity, and that by his/her signature on the instrument, the individual, or the person upon 

behalf of which the individual acted, executed the instrument. 

 

_______________________________________ 

COMMONWEALTH OF MASSACHUSETTS 

 

 

 



 

Town of Ware Greenfield Solar Project  February 2018 

Ware, Massachusetts   

Attachment I: Stormwater Management Report  
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

A. Introduction

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key. 

A Stormwater Report must be submitted with the Notice of Intent permit application to document 
compliance with the Stormwater Management Standards. The following checklist is NOT a substitute for 
the Stormwater Report (which should provide more substantive and detailed information) but is offered 
here as a tool to help the applicant organize their Stormwater Management documentation for their 
Report and for the reviewer to assess this information in a consistent format. As noted in the Checklist, 
the Stormwater Report must contain the engineering computations and supporting information set forth in 
Volume 3 of the Massachusetts Stormwater Handbook. The Stormwater Report must be prepared and 
certified by a Registered Professional Engineer (RPE) licensed in the Commonwealth. 

The Stormwater Report must include: 

 The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see
page 2) that certifies that the Stormwater Report contains all required submittals.

1
 This Checklist

is to be used as the cover for the completed Stormwater Report.

 Applicant/Project Name

 Project Address

 Name of Firm and Registered Professional Engineer that prepared the Report

 Long-Term Pollution Prevention Plan required by Standards 4-6

 Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan required
by Standard 8

2

 Operation and Maintenance Plan required by Standard 9

In addition to all plans and supporting information, the Stormwater Report must include a brief narrative 
describing stormwater management practices, including environmentally sensitive site design and LID 
techniques, along with a diagram depicting runoff through the proposed BMP treatment train.  Plans are 
required to show existing and proposed conditions, identify all wetland resource areas, NRCS soil types, 
critical areas, Land Uses with Higher Potential Pollutant Loads (LUHPPL), and any areas on the site 
where infiltration rate is greater than 2.4 inches per hour.   The Plans shall identify the drainage areas for 
both existing and proposed conditions at a scale that enables verification of supporting calculations.   

As noted in the Checklist, the Stormwater Management Report shall document compliance with each of 
the Stormwater Management Standards as provided in the Massachusetts Stormwater Handbook.  The 
soils evaluation and calculations shall be done using the methodologies set forth in Volume 3 of the 
Massachusetts Stormwater Handbook.   

To ensure that the Stormwater Report is complete, applicants are required to fill in the Stormwater Report 
Checklist by checking the box to indicate that the specified information has been included in the 
Stormwater Report.  If any of the information specified in the checklist has not been submitted, the 
applicant must provide an explanation.  The completed Stormwater Report Checklist and Certification 
must be submitted with the Stormwater Report. 

1
 The Stormwater Report may also include the Illicit Discharge Compliance Statement required by Standard 10.  If not included in 

the Stormwater Report, the Illicit Discharge Compliance Statement must be submitted prior to the discharge of stormwater runoff to 
the post-construction best management practices. 

2
 For some complex projects, it may not be possible to include the Construction Period Erosion and Sedimentation Control Plan in 

the Stormwater Report.  In that event, the issuing authority has the discretion to issue an Order of Conditions that approves the 
project and includes a condition requiring the proponent to submit the Construction Period Erosion and Sedimentation Control Plan 
before commencing any land disturbance activity on the site. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

Checklist (continued) 

LID Measures:  Stormwater Standards require LID measures to be considered.  Document what 
environmentally sensitive design and LID Techniques were considered during the planning and design of 
the project: 

No disturbance to any Wetland Resource Areas 

Site Design Practices (e.g. clustered development, reduced frontage setbacks) 

Reduced Impervious Area (Redevelopment Only) 

Minimizing disturbance to existing trees and shrubs 

LID Site Design Credit Requested: 

 Credit 1 

 Credit 2 

 Credit 3 

Use of “country drainage” versus curb and gutter conveyance and pipe 

Bioretention Cells (includes Rain Gardens) 

 Constructed Stormwater Wetlands (includes Gravel Wetlands designs) 

 Treebox Filter 

Water Quality Swale 

 Grass Channel 

 Green Roof 

 Other (describe): 
 

Standard 1: No New Untreated Discharges 

No new untreated discharges 

Outlets have been designed so there is no erosion or scour to wetlands and waters of the 
Commonwealth 

Supporting calculations specified in Volume 3 of the Massachusetts Stormwater Handbook included. 

x

x

x

x
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

Checklist (continued) 

Standard 2:  Peak Rate Attenuation 

Standard 2 waiver requested because the project is located in land subject to coastal storm flowage 
and stormwater discharge is to a wetland subject to coastal flooding. 

Evaluation provided to determine whether off-site flooding increases during the 100-year 24-hour 
storm. 

Calculations provided to show that post-development peak discharge rates do not exceed pre-
development rates for the 2-year and 10-year 24-hour storms.  If evaluation shows that off-site 
flooding increases during the 100-year 24-hour storm, calculations are also provided to show that 
post-development peak discharge rates do not exceed pre-development rates for the 100-year 24-
hour storm. 

Standard 3: Recharge 

 Soil Analysis provided. 

Required Recharge Volume calculation provided. 

Required Recharge volume reduced through use of the LID site Design Credits. 

Sizing the infiltration, BMPs is based on the following method:  Check the method used. 

 Static  Simple Dynamic  Dynamic Field
1
 

Runoff from all impervious areas at the site discharging to the infiltration BMP. 

Runoff from all impervious areas at the site is not discharging to the infiltration BMP and calculations 
are provided showing that the drainage area contributing runoff to the infiltration BMPs is sufficient to 
generate the required recharge volume. 

Recharge BMPs have been sized to infiltrate the Required Recharge Volume. 

Recharge BMPs have been sized to infiltrate the Required Recharge Volume only to the maximum 
extent practicable for the following reason: 

Site is comprised solely of C and D soils and/or bedrock at the land surface 

M.G.L. c. 21E sites pursuant to 310 CMR 40.0000

Solid Waste Landfill pursuant to 310 CMR 19.000 

Project is otherwise subject to Stormwater Management Standards only to the maximum extent 
 practicable. 

 Calculations showing that the infiltration BMPs will drain in 72 hours are provided. 

Property includes a M.G.L. c. 21E site or a solid waste landfill and a mounding analysis is included. 

1
 80% TSS removal is required prior to discharge to infiltration BMP if Dynamic Field method is used. 

x

x

x

x

x

x
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

Checklist (continued) 

Standard 3: Recharge (continued) 

The infiltration BMP is used to attenuate peak flows during storms greater than or equal to the 10-
year 24-hour storm and separation to seasonal high groundwater is less than 4 feet and a mounding 
analysis is provided. 

Documentation is provided showing that infiltration BMPs do not adversely impact nearby wetland 
resource areas. 

Standard 4: Water Quality 

The Long-Term Pollution Prevention Plan typically includes the following: 

 Good housekeeping practices;

 Provisions for storing materials and waste products inside or under cover;

 Vehicle washing controls;

 Requirements for routine inspections and maintenance of stormwater BMPs;

 Spill prevention and response plans;

 Provisions for maintenance of lawns, gardens, and other landscaped areas;

 Requirements for storage and use of fertilizers, herbicides, and pesticides;

 Pet waste management provisions;

 Provisions for operation and management of septic systems;

 Provisions for solid waste management;

 Snow disposal and plowing plans relative to Wetland Resource Areas;

 Winter Road Salt and/or Sand Use and Storage restrictions;

 Street sweeping schedules;

 Provisions for prevention of illicit discharges to the stormwater management system;

 Documentation that Stormwater BMPs are designed to provide for shutdown and containment in the
event of a spill or discharges to or near critical areas or from LUHPPL;

 Training for staff or personnel involved with implementing Long-Term Pollution Prevention Plan;

 List of Emergency contacts for implementing Long-Term Pollution Prevention Plan.

A Long-Term Pollution Prevention Plan is attached to Stormwater Report and is included as an
attachment to the Wetlands Notice of Intent.

Treatment BMPs subject to the 44% TSS removal pretreatment requirement and the one inch rule for
calculating the water quality volume are included, and discharge:

is within the Zone II or Interim Wellhead Protection Area 

is near or to other critical areas 

is within soils with a rapid infiltration rate (greater than 2.4 inches per hour) 

involves runoff from land uses with higher potential pollutant loads. 

The Required Water Quality Volume is reduced through use of the LID site Design Credits. 

Calculations documenting that the treatment train meets the 80% TSS removal requirement and, if 
applicable, the 44% TSS removal pretreatment requirement, are provided. 

x
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

Checklist (continued) 

Standard 4: Water Quality (continued) 

The BMP is sized (and calculations provided) based on: 

The ½” or 1” Water Quality Volume or 

The equivalent flow rate associated with the Water Quality Volume and documentation is 
provided showing that the BMP treats the required water quality volume. 

The applicant proposes to use proprietary BMPs, and documentation supporting use of proprietary 
BMP and proposed TSS removal rate is provided.  This documentation may be in the form of the 
propriety BMP checklist found in Volume 2, Chapter 4 of the Massachusetts Stormwater Handbook 
and submitting copies of the TARP Report, STEP Report, and/or other third party studies verifying 
performance of the proprietary BMPs. 

A TMDL exists that indicates a need to reduce pollutants other than TSS and documentation showing 
that the BMPs selected are consistent with the TMDL is provided. 

Standard 5: Land Uses With Higher Potential Pollutant Loads (LUHPPLs) 

The NPDES Multi-Sector General Permit covers the land use and the Stormwater Pollution 
Prevention Plan (SWPPP) has been included with the Stormwater Report. 

The NPDES Multi-Sector General Permit covers the land use and the SWPPP will be submitted prior 
to the discharge of stormwater to the post-construction stormwater BMPs. 

The NPDES Multi-Sector General Permit does not cover the land use. 

LUHPPLs are located at the site and industry specific source control and pollution prevention 
measures have been proposed to reduce or eliminate the exposure of LUHPPLs to rain, snow, snow 
melt and runoff, and been included in the long term Pollution Prevention Plan. 

All exposure has been eliminated. 

 All exposure has not been eliminated and all BMPs selected are on MassDEP LUHPPL list. 

The LUHPPL has the potential to generate runoff with moderate to higher concentrations of oil and 
grease (e.g. all parking lots with >1000 vehicle trips per day) and the treatment train includes an oil 
grit separator, a filtering bioretention area, a sand filter or equivalent. 

Standard 6: Critical Areas 

The discharge is near or to a critical area and the treatment train includes only BMPs that MassDEP 
has approved for stormwater discharges to or near that particular class of critical area. 

Critical areas and BMPs are identified in the Stormwater Report. 

x

x

x
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

Checklist (continued) 

Standard 7: Redevelopments and Other Projects Subject to the Standards only to the maximum 
extent practicable 

The project is subject to the Stormwater Management Standards only to the maximum Extent 
Practicable as a: 

 Limited Project 

Small Residential Projects: 5-9 single family houses or 5-9 units in a multi-family development 
provided there is no discharge that may potentially affect a critical area. 

Small Residential Projects: 2-4 single family houses or 2-4 units in a multi-family development  
with a discharge to a critical area 

Marina and/or boatyard provided the hull painting, service and maintenance areas are protected 
from exposure to rain, snow, snow melt and runoff 

Bike Path and/or Foot Path 

 Redevelopment Project 

Redevelopment portion of mix of new and redevelopment. 

Certain standards are not fully met (Standard No. 1, 8, 9, and 10 must always be fully met) and an 
explanation of why these standards are not met is contained in the Stormwater Report. 

The project involves redevelopment and a description of all measures that have been taken to 
improve existing conditions is provided in the Stormwater Report.  The redevelopment checklist found 
in Volume 2 Chapter 3 of the Massachusetts Stormwater Handbook may be used to document that 
the proposed stormwater management system (a) complies with Standards 2, 3 and the pretreatment 
and structural BMP requirements of Standards 4-6 to the maximum extent practicable and (b) 
improves existing conditions. 

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control 

A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan must include the 
following information: 

 Narrative;

 Construction Period Operation and Maintenance Plan;

 Names of Persons or Entity Responsible for Plan Compliance;

 Construction Period Pollution Prevention Measures;

 Erosion and Sedimentation Control Plan Drawings;

 Detail drawings and specifications for erosion control BMPs, including sizing calculations;

 Vegetation Planning;

 Site Development Plan;

 Construction Sequencing Plan;

 Sequencing of Erosion and Sedimentation Controls;

 Operation and Maintenance of Erosion and Sedimentation Controls;

 Inspection Schedule;

 Maintenance Schedule;

 Inspection and Maintenance Log Form.

A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan containing 
the information set forth above has been included in the Stormwater Report. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  

Checklist (continued) 

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control 
(continued) 

The project is highly complex and information is included in the Stormwater Report that explains why 
it is not possible to submit the Construction Period Pollution Prevention and Erosion and 
Sedimentation Control Plan with the application. A Construction Period Pollution Prevention and 
Erosion and Sedimentation Control has not been included in the Stormwater Report but will be 
submitted before land disturbance begins. 

The project is not covered by a NPDES Construction General Permit. 

The project is covered by a NPDES Construction General Permit and a copy of the SWPPP is in the 
Stormwater Report. 

The project is covered by a NPDES Construction General Permit but no SWPPP been submitted.  
The SWPPP will be submitted BEFORE land disturbance begins. 

Standard 9: Operation and Maintenance Plan 

The Post Construction Operation and Maintenance Plan is included in the Stormwater Report and 
includes the following information: 

Name of the stormwater management system owners; 

Party responsible for operation and maintenance; 

Schedule for implementation of routine and non-routine maintenance tasks; 

Plan showing the location of all stormwater BMPs maintenance access areas; 

Description and delineation of public safety features; 

Estimated operation and maintenance budget; and 

Operation and Maintenance Log Form. 

The responsible party is not the owner of the parcel where the BMP is located and the Stormwater 
Report includes the following submissions: 

A copy of the legal instrument (deed, homeowner’s association, utility trust or other legal entity) 
that establishes the terms of and legal responsibility for the operation and maintenance of the 
project site stormwater BMPs; 

A plan and easement deed that allows site access for the legal entity to operate and maintain 
 BMP functions. 

Standard 10: Prohibition of Illicit Discharges 

The Long-Term Pollution Prevention Plan includes measures to prevent illicit discharges; 

An Illicit Discharge Compliance Statement is attached; 

NO Illicit Discharge Compliance Statement is attached but will be submitted prior to the discharge of 
any stormwater to post-construction BMPs. 

x

x

x

x

x

x

x

x

x
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1.0 INTRODUCTION  
 
1.1 Scope of Report 
 
This Stormwater Management Report was prepared in accordance with the Massachusetts 
Department of Environmental Protection (MassDEP) Stormwater Management Handbook on 
behalf of ForeFront Power, LLC (ForeFront).  The report provides the required stormwater design 
analysis, which addresses long-term erosion and sediment controls for the proposed ForeFront 
Power Photovoltaic Project (Solar Generation Facility or SGF). This Stormwater Management 
Report was prepared in accordance with the Massachusetts Department of Environmental 
Protection (MassDEP) Stormwater Management Handbook on behalf of ForeFront Power, LLC 
(ForeFront).  The report provides the required stormwater design analysis, which addresses long-
term erosion and sediment controls for the proposed ForeFront Power Photovoltaic Project (Solar 
Generation Facility or SGF) to be located on Robbins Road in Ware, Massachusetts on a 41+/- 
acre parcel of land identified by the Town of Ware Tax Assessor’s office as Lot 21, currently 
owned by The Town of Ware. Overall, SGF development is low impact, environmentally sensitive, 
and effective in attenuating overland flow, while maintaining the existing conditions. 
The project is low impact development (LID) with minimal land disturbance and impervious cover 
required. This SGF was designed to be environmentally sensitive, and effective in attenuating 
overland flow, while maintaining the existing conditions of the property. Stone 
diaphragm/infiltration trench is being utilized for the required water quality and TSS removal. A 
Retention Berm with Spillway and flow spreader will be constructed to reduce the post 
development peak runoff values to less than pre development peak values for all required storm 
events.   
 
2.0 PROJECT INFORMATION 
 
2.1 Project Description 
 
The proposed SGF consists of a new ground mounted photovoltaic solar facility constructed on 
portion  of a property , Tax Map 11 Lot 21 which is 41+/- acres, in size owned by the Town of 
Ware, located in the Town of Ware, Hampshire County, Massachusetts (herein referred to as the 
‘Site”). 
 
The proposed SGF is sized at approximately 2,570.4 kW (DC); 2,000kW (AC) ground-mounted 
solar array. The SGF will comprise fixed-tilt solar panels, associated underground conduit runs, 
inverter/equipment pads, and a permanent gravel access drive. The proposed improvements will 
result in 2450 SF(0.06 Ac.) of new impervious area, consisting of the gravel access road and 
transformer and inverter pads. A total of approximately 8.6 acres of disturbed area is anticipated, 
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this includes both lay-down staging areas, and construction activities associated with the solar 
arrays. All work will take place within the proposed property limits. 
 
This Stormwater Report includes the calculations, runoff modeling, and engineering analysis 
required to evaluate the existing pre-development; post-development and water quality conditions 
and calculations associated with the proposed SGF.   
 
The array areas are located on the land that is partially covered by woods and scattered brush.  In 
general, the ground cover and existing vegetation are in fair condition. The property and SGF area 
will be accessed via a proposed turnaround that connects to the existing Robins Rd.  
 
Under existing topography, site consists of an existing depression. The site will be graded by filling 
the depression to promote positive drainage. The installation of SGF with meadow and very 
minimal impervious surfaces and Retention Berm added across the Site will improve the overall 
runoff characteristics (curve numbers, and associated peak rates of runoff).  The SGF will consist 
of fixed-tilt solar panels secured to ground screw auger foundations.  The SGF installation will 
include underground electrical conduits and inverter and transformer concrete pad. The locations 
of the underground electrical conduits will also be determined during the next phase of issued-for-
construction design and will not create impervious surfaces.  Impervious surfaces will be created 
with the installation of the turnaround access road and associated transformer and inverter pads 
which will be approximately 2425 SF.  
 
The solar panel modules will not be considered impervious surfaces with respect to stormwater 
runoff as the modules are elevated above grade. The separation of the rows of panels will allow 
the passage of precipitation to the ground surface where runoff will flow overland via grass areas 
in good condition to promote infiltration.  The impervious surfaces include the turnarounds and 
small pad areas which will be kept to the minimum practical.  This design gives preference to 
proposed drainage infrastructure, low impact development, and maintains existing grade, as much 
as practical.  Upon completion of SGF installation, the disturbed areas of the Site will be 
revegetated with a seed mixture consisting of Red Fescue at 0.25lbs/1,000 sf, Canada Bluegrass at 
0.25lbs/1,000 sf, Perennial Ryegrass at 0.25lbs/1,000 sf, and Red Top at 0.10lbs/1,000 sf, unless 
otherwise specified by the Town of Ware. The stormwater management design also incorporates 
temporary and permanent erosion and sediment control measures to prevent off-site transport of 
sediment and protect existing wetlands resources throughout construction, restoration, and SGF 
operation phases. Construction of the SGF is anticipated to begin following completion of the 
electrical grid interconnection process. Subsequent stabilization and revegetation activities are 
anticipated to be implemented throughout the construction process. The following table 
summarizes the list of preliminary design drawings pertinent to MassDEP and Town of Ware 
requirements.  
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Table I – List of Preliminary Drawings for the Proposed Photovoltaic System 
Drawing No. Drawing Title 

C-001 CIVIL TITLE SHEET 
C-002 CIVIL NOTES, LEGENDS, ABBREVIATIONS 
C-003 GRADING, EROSION & SEDIMENT CONTROL NOTES 
C-004 BOUNDARY PLAN 
C-005 EXISTING CONDITIONS PLAN 
C-100 CLEARING & DEMOLITION PLAN 
C-101 SITE PLAN 
C-102 GRADING PLAN 
C-103 EROSION & SEDIMENT CONTROL PLAN 
C-501 SITE DETAILS 
C-502 ROAD, GRADING & STORMWATER DETAILS 
C-503 EROSION & SEDIMENT CONTROL DETAILS 
C-504 TRANSFORMER PAD DETAILS 

 
2.2 Soil Types 
 
The Natural Resource Conservation Service (NRCS) Web Soil Survey data identified seven 
principal soil types at the Site.  Table II provides a tabular listing of soil types present. A copy of 
the NRCS Soils Map and other key soil characteristics are included in Appendix A. 
 

Table II – Table of Soil Characteristics: 
Hampshire County, Massachusetts, Central Part 

 

Map 
Unit 

Soil Name Slopes 
Hydrologic 
Soils Group 

Hydric 
Soils 

2A Pootatuck Fine Sandy Loam 0 to 3% B No 
 
The site was modeled as having B hydrologic soils as all areas of disturbance are within areas of 
this Hydrologic Soils Group (HSG).  
 
A competent soils professional from TRC conducted a site visit to verify mapped conditions. 
Observations in the field were consistent with mapped conditions. In addition to preliminary soils 
evaluation, subsurface conditions and characteristics will be verified by a geotechnical 
investigation to be completed by the racking manufacturer in support of their structural design. 
 
2.3 Water Resources 
 
Elevations within the Site range from approximately 404 to 392 feet above mean sea level. Existing 
topography at the Site is mostly flat with depressions. The entire site sheet flows into the 
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neighboring Ware River. Based on the existing drainage patters, the site is analyzed as three 
different sub catchments, P1, P2, and P3 respectively under existing conditions. Drainage from P1 
and P3 flows in the South East direction into the neighboring Ware River. Small portion of P2 is 
disturbed for the project. Drainage from P2 discharges into an existing wetland at the Southern 
end of site.  
 
Under proposed conditions, the sub catchments P1 and P3 are combined due to grading and the 
proposed Detention Basin. Sub cathchment P2 maintains similar drainage patterns  
 
3.0 STORMWATER MANAGEMENT 
 
Development will consist of grading a Retention Berm at the down gradient of site in order to meet 
the pre development peak flow rates constructing a new stormwater management system 
comprising of a stone trench along the downslope side of the proposed access road. Evaluation 
and sizing of this Best Management Practices (BMPs) was completed in accordance with the 
specifications for Structural BMPs as described in the Massachusetts Stormwater Handbook. In 
accordance with MassDEP requirements, the site development plans for the Site were designed 
such that the post-development peak flows generated by 2-year, 10-year, 25-year and 100-year 
return period design storms will be similar to those of the pre-development condition. New 
impervious surfaces will be limited to gravel turnarounds and equipment pads. The Site will be 
stabilized and revegetated following construction activities and temporary erosion controls will be 
kept in place until the Site is fully stabilized.  In general, drainage patterns at the Site will remain 
consistent with existing conditions.  
 
Following construction activities, long-term stormwater and erosion controls will be maintained 
through an operation and maintenance plan.  A preliminary plan is provided in Appendix F. 
 
The following sections address the 10 standards for stormwater design from the MassDEP 
Stormwater Handbook. 
 
3.1 Protection of Wetlands, No Untreated Discharges 
 
In accordance with Standard 1, stormwater runoff from impervious areas will be treated on-site 
and will not be directly discharged to adjacent wetlands or natural resource areas. Prior to any 
earth disturbing activities, perimeter silt fence will be installed around the limits of disturbance 
and SGF locations. During site preparation and SGF installation activities, sediment will be 
intercepted by the silt fence before reaching the adjacent receptors.  New impervious surfaces 
proposed for this project will consist of the gravel access road and transformer and inverter pads. 
Sediment transport resulting from the installation of the arrays themselves will be negligible.   
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Upon completion of construction activities, the disturbed areas of the Site will be revegetated such 
that runoff will not result in channelized flow from the developed areas, and will not cause erosion 
or disturbance to wetlands or waters of the Commonwealth.  The vegetation will also serve as 
vegetated filter strip, attenuating and infiltrating stormwater runoff further and providing a 
measure of Total Suspended Solids (TSS) treatment.  
 
No outlets, outfalls or structures discharge runoff from the Site directly to wetlands or resource 
areas, however, a small portion of the site generally drains to onsite wetlands and therefore layout 
of the site was planned to allow treatment and flow dissipation immediately adjacent to impervious 
surfaces.  The supporting calculations, consistent with the requirements of Volume 2, Chapter 3 
of the Massachusetts Stormwater Handbook for this stormwater analysis are provided in Section 
3.3. 
 
3.2 Peak Rate Attenuation 
 
Peak rate attenuation is to be achieved through the use of minimal disturbance and the use of 
meadow areas and a Retention Berm. The stormwater runoff model was developed using 
Hydraflow software, which employs Technical Release No. 20: Computer Program for Project 
Formulation Hydrology (TR-20) and Technical Release No. 55: Urban Hydrology for Small 
Watersheds (TR-55) methodology to calculate peak flows.   
 
Modeling assumptions, inputs, and outputs for the pre- and post-development routing calculations 
are provided with Appendix B-E. Site-wide, post-development peak flows increase slightly as a 
result of development when compared with the pre-development peak flows for the 2-year, 10-
year, 25-year, and 100-year, 24-hour storm events. A Retention Berm is being utilized to reduce 
the overall peak runoff during post development storm events. The overall site peak runoff is 
reduced during post development conditions for all required storm events. 
 
All Stormwater modeling and runoff calculations were completed using Hydraflow software 
program. 
 
Analysis of Pre-Development Stormwater Runoff 
 
This section presents hydrologic data and information to demonstrate that the proposed 
development and associated new impervious surfaces will not result in increased peak stormwater 
runoff flows when compared to pre-development conditions for the 2-year, 24-hour, 10-year, 24 
hour, 25-year, 24- hour and 100-year, 24-hour rainfall events. 
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Pre-development runoff rates were determined by separating the Site into three subcatchments.  
The boundaries of the subcatchments are based on existing topography and drainages patterns, 
controlling buffers and setbacks.  Existing land use for the Site is listed in the table below.  The 
pre-development stormwater management site plan is included in Appendix B.  

 
Table III-1 – Pre Development Drainage Areas 

 
 
 
 
 
 
 
 
Precipitation events with a 24-hour duration and a Type III distribution were used in this analysis. 
Rainfall return frequencies of 2, 10, 25, and 100 years were applied.  Storm event precipitation 
depths are summarized in Table III-2.  Rainfall data for the design storms was determined from 
Intensity Frequency Duration Curves provided by Cornell University’s “Extreme Precipitation in 
New York and New England: An Interactive Web Tool for Extreme Precipitation Analysis.”  
 

Table III-2 – Precipitation Frequency Estimates (inches) 

Duration 
Average Recurrence Interval (years) 

2 Year 10 Year 25 Year 100 Year 
24-Hours 3.04 4.84 5.96 7.70 

 
For each subcatchment, Tc was determined using the hydraulically longest flow path. The Tc flow 
paths are identified in the Pre-Development Stormwater Management Plan.  In the pre-
development model, the maximum sheet flow length used is 50 feet, per MassDEP 
recommendations. Curve numbers (CNs) were generated for the subcatchments based on 
hydrologic soil group and land cover type.  Peak rates of runoff were evaluated for each 
subcatchment. Hydraflow output for predevelopment conditions for the 2-year, 10-year, 25-year, 
and 100-year, 24-hour storm events is included in Appendix C. Pre-development runoff volumes 
are summarized in Table III-3.  

 
 
 
 
 
 
 
 

Land Use CN Area 1A (Ac) 
Woods + Grass 

Combination, Good, 
 B soils 

58 
2.79 

Meadow B soils 58 8.17 
Gravel B soils 85 0.36 

Total  11.32 Ac. 
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Table III-3 – Pre-development runoff volumes 
 
 
 
 
 
 
 
 
 
 
 
 
Post-development runoff rates were determined using the same approach. The proposed 
development and implementation of stormwater BMPs will be implemented in a way that mostly 
mimics existing drainage conditions. The project site is divided into two subcatchments, as 
shown in Appendix E – Post Development Hydraflow Report.  The post-development runoff 
pattern will remain generally unchanged from the pre-development patterns.  However, runoff 
from impervious road surfaces will be directed toward local stormwater management features for 
treatment prior to discharging offsite.  Under Post development conditions portions of the access 
road are being controlled by the proposed stone diaphragms/infiltration trench. The access areas 
controlled by the trench are removed from the post development Hydraflow model. The 
uncontrolled proposed land use within each drainage area is summarized in Table III-4. 
 

Table III-4 – Post Development Drainage Areas 
 

 
 
 
 
 
 
 
 
As in the pre-development analysis, the Tc was determined using the hydraulically longest flow 
path. The Tc flow paths for each subcatchment are identified in the Post-Development Hydraflow 
Report located in Appendix E.  In accordance with recommendations from the MassDEP, a 
maximum sheet flow length of 50 feet was used in the time of concentration calculations. 

Storm Event 

P1 P2 P3 TOTAL 

Volume 
(acre-ft) 

Peak 
Rate 
(cfs) 

Volume 
(acre-ft) 

Peak Rate 
(cfs) 

 
Volume 
(acre-ft) 

 
Peak 
Rate 
(cfs) 

Volume 
(acre-ft) 

Peak 
Rate 
(cfs) 

2-year, 24-
hour 0.0 0.0 0.1 0.6 0.03 0.2 

 
0.13 

 
0.8 

10-year, 24-
hour 0.0 0.0 0.3 3.3 0.1 1.3 

 
0.5 

 
4.6 

25-year, 24-
hour 0.0 0.002 0.5 5.5 0.2 2.3 

 
0.7 

 
7.7 

100-year, 
24-hour 0.6 2.0 0.9 9.4 0.3 4.0 

 
1.8 

 
13.3 

  
Land Use CN Area 1A (ft2) 

Woods + Grass 
Combination, Good, 

 B soils 

58 
0.91 

Meadow B soils 58 9.97 
Gravel B soils 85 0.44 

Total  11.32 Ac. 
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Hydraflow output for Post-Development conditions for the 2-year, 10-year, 25-year, and 100-year, 
24 hour storm events is included in Appendix E and summarized in Table III-5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in Table VI below, overall property peak runoff discharge rates will be reduced for the 
project. All areas of the site were included within the pre and post development models. The stone 
diaphragm/infiltration trenches are being utilized for water quality only and not to control post 
development runoff, as such these areas are included within the post development drainage areas. 
A detention basin is proposed within drainage area P1. With the construction of this stormwater 
detention facility the overall peak runoff rates for the required storm events will all be reduced in 
the post development condition. The post development peak overall site runoff is less than the pre 
development peak for all studied storm events. The proposed project will not have any negative 
downstream impact as the peak runoff rates have been reduced for the 100-year storm event. More 
than one foot of freeboard is available within the basin during the 100-year storm event. Table VI 
shows the overall pre development 24 hour rainfall pre development peak runoff rates as compared 
to the post development rates for all drainage areas combined. The method was used to be 
conservative.  

 
Table VI – Pre and Post Development Peak Rate Comparisons 

 
 
 
 
 
 
 
 

Table III-5 –POST DEVELOPMENT PEAK RATES OF RUNOFF 

Storm 
Event 

P1 P2 TOTAL 

Volume 
(acre-ft) 

Peak 
Rate 
(cfs) 

Volume 
(acre-ft) 

Peak 
Rate 
(cfs) 

 
Volume 
(acre-ft) 

 
Peak 
Rate 
(cfs) 

2-year, 24-
hour 0.0 0.0 0.1 0.6 0.1 0.6 

10-year, 24-
hour 0.4 0.8 0.3 3.3 0.7 3.3 

25-year, 24-
hour 0.9 2.6 0.5 5.5 1.4 5.5 

100-year, 
24-hour 1.6 9.3 0.9 9.4 2.5 12.9 

Storm Event 
TOTAL SITE PEAK RATES 

PRE POST 

2-year, 24-hour 0.8 0.6 
10-year, 24-hour 4.6 3.3 
25-year, 24-hour 7.7 5.5 

100-year, 24-hour 13.3 12.9 
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3.3 Stormwater Recharge and Water Quality 
 
Stormwater Recharge 
Standard 3 will be achieved by maintaining annual recharge to groundwater through the use of 
environmentally sensitive site design, BMPs, and long-term effective operation and maintenance 
proposed for the Project.  In general, SGF development is low impact and limits the extent of new 
impervious surfaces.  The annual recharge requirements will be met under the post-development 
conditions based on recharge volume calculations, consistent with MassDEP design 
criteria.  MassDEP standards for stormwater recharge are achieved through the stormwater 
management system as designed. There is a MADEP Zone A floodplain located on the project site, 
the proposed water quality BMP’s were designed to address water quality to this critical area as 
well as meet the overall site requirements. 
Stormwater treatment requirements will be met in post-development conditions by sizing the 
proposed stormwater management BMPs for the water quality volume (WQV) of 1-inch times the 
total area of proposed impervious surfaces, which primarily consists of the gravel access drive and 
equipment pads. 
 
The Static Method was used to determine the appropriate storage volume for site-wide infiltration 
BMPs.  Rawls infiltration rates were used to calculate drainage time.   
 
Recharge Volume Calculation: 
 
Drainage Area P1 
No impervious area is proposed within the subcatchment as part of the post-development 
conditions.  As such, no recharge is required for these areas. 
 
Drainage Area P2 
The total additional impervious area in this subcatchment (P2) under the proposed post-
development conditions is approximately 3,450 ft2. The new impervious area includes the 1200 sf 
Transformer and Switch Board Pad along with tunarounds. Per the Massachusetts Storm Water 
Manual HSG B equates to 0.35 inches of runoff on the Site.  Based on these numbers, the required 
recharge volume is 100.63 ft3.  Runoff from impervious surfaces in this area is treated by a 250’ 
long by 3’ wide’ by 1’ deep stone trench area with an approximate total foot print area of  750 ft2, 
and a total available storage volume of 300 cf. (250’ x 3’ x 1’) x (0.40 void ratio).    
 

	 	 ∗ 	  
Impervious = 3,450 ft2 

F = Target Depth Factor = 0.35 inches for HSG B soils per Table 2.3.2 of Stormwater handbook 
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3,450	 ∗
0.35	

12
100.63	  

 
Per the Massachusetts Stormwater Handbook the Rawls rate for silt loam, consistent with typical 
B sandy loam soils at the Site, is 1.02 inches per hour.  Infiltration time within the trench is 
calculated as follows. 
 

Infiltration Time = 
	

	
∗ . 	  4.71 hr. 

The BMP for this area will be an infiltration trench 250 ft. long by 3 ft. wide by a foot deep.  
Assuming a void ratio of 40%, this trench will have a volume of 300 cf.   
 
 
Water Quality Volume Calculation 
 
The numbers below were calculated based on the requirements in Standard 4 of the MassDEP 
Stormwater Handbook. Proposed impervious area is equivalent to the gravel access turnarounds 
and transformer and inverter pads as referenced above.  The required Water Quality Volume equals 
1 in of runoff times the total new impervious area: 3,450 SF 
 

	 	 	
1	

12	
∗ 3,450	 287.5  

 
The total length of the 3’ by 1’ stone infiltration trench will be 250’. Therefore, the design volume 
for water quality is (250 x 3 x 1) (0.40) = 300 cf. which is greater than the required volume.  
 
Total Suspended Solids (TSS) Calculations: 
 
TSS treatment for this Project will be provided the wooded vegetated buffers maintained adjacent 
and downgradient of the proposed access drive with the gravel diaphragm/trench also acting as 
treatment. The proposed BMPs will remove the required percentage of TSS. A stone trench has 
been added along the downslope side of portions of the new impervious areas. Per the 
Massachusetts stormwater manual the proposed Infiltration trench BMPs will effectively remove 
80% of the contributing area TSS.  With proper maintenance as specified in the prepared Operation 
& Maintenance plan, of the average annual TSS load for the life of the proposed SGF.  
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3.4 Higher Potential Pollutant Loads 
 
The installation of the SGF will not result in higher potential pollutant loads. Source control and 
pollution prevention will be implemented in accordance with the proposed operations and 
maintenance plan, to eliminate untreated off-site discharge of stormwater and associated TSS 
impacts.  
 
3.5 Critical Areas 
 
The proposed stormwater BMPs will generally maintain the existing flow conditions at the Site 
and serve to treat stormwater discharges from new impervious areas associated with developing 
the property.  Higher potential pollutant loads are not likely to occur as a result of the proposed 
SGF installation.  A wetlands delineation was developed by a TRC Certified Wetland Scientist.  
The appropriate set-backs from the wetlands and other resource areas have been incorporated into 
the design drawings.  A Stormwater Pollution Prevention Plan (SWPPP) will be developed as part 
of the required National Pollutant Discharge Elimination System (NPDES) permitting process 
 
3.6 Construction Period Controls 
 
A plan will be developed by the SGF contractor in coordination with TRC to identify potential 
construction-related impacts, including erosion, sedimentation, and other pollutant sources during 
construction and land disturbance activities.  Land disturbance and construction activities will be 
implemented in a manner that limits off-site TSS transport through the installation of silt fencing 
and other necessary erosion control measures down-gradient of the limit of disturbance.  A Notice 
of Intent seeking permit coverage under a NPDES construction stormwater permit will be 
submitted to the Environmental Protection Agency by the SGF construction contractor prior to 
Site preparation and land disturbance.  As a requirement of the NPDES permit, a SWPPP will be 
prepared, which will comply with the requirements of Standard 8.  The SWPPP will address 
stormwater management activities necessary during land disturbance and construction, including 
source control and pollution prevention measures, BMPs to address erosion and sedimentation, 
stabilization measures, and procedures for operating and maintaining the BMPs.  The SWPPP will 
also include a schedule for sequencing construction and stormwater management activities that 
minimize land disturbance and expedite restoration activities.  The construction sequence will 
begin with the installation of silt fencing, filter fabric, the construction entrance and any additional 
erosion and sediment BMPs.  Once all temporary BMPs are in place, access road improvements 
will commence followed by the installation of chain link fencing and the SGF.  A temporary 
stabilized construction entrance will be installed at the Site entrance.  Disturbed areas will be 
stabilized with straw mulch and seeded.  After final stabilization has been achieved, temporary 
erosion and sediment control BMPs will be removed. 
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3.7 Operation and Maintenance Plan 
 
The construction period controls will be addressed in the SWPPP developed as part of NPDES 
permitting activities. The stormwater management system BMPs will be maintained by Forefront 
or the SGF owner.  Preliminary Long Term Operations and Maintenance Plan and Operation and 
Maintenance Plans can be found in Appendix F.  These will be finalized prior to operations. 
 
3.8 Illicit Discharge Statement 
 
The proposed stormwater management system will generally maintain the existing on-site flow 
conditions generated during a 100-year, 24-hour design storm.  The Site will be surrounded by 
fencing and access to the Site will be further limited by locked gates to limit the probability of 
illicit discharges to the Site stormwater BMPs. Stormwater operation and maintenance will be 
performed according to the Operation and Maintenance Plan and the implementation measures for 
all specified pollution prevention measures. 
 
4.0  CONCLUSION 
 
The SGF installation will disturb approximately 8.57 acres and will incorporate structural 
stormwater BMPs designed to manage quality and quantity of surface water runoff from the Site. 
The proposed development will result in an increase in impervious area of approximately 0.08 
acres; however due to the design of the proposed BMPs and global improvements to existing 
vegetation and the construction of a detention basin along with site restoration practices, peak 
runoff from the Site will be reduced under post-development conditions. The proposed installation 
of the SGF is not anticipated to adversely affect the Site or adjacent properties, the site has been 
designed with the minimal disturbance possible to meet the requirements of the proposed use. Site 
design was completed to limit both overall disturbance and additional impervious surfaces and will 
promote groundwater recharge. Overall, the site design will maintain water quality as required by 
the Town of Ware, and MassDEP. It is TRC’s professional opinion that the proposed 
improvements to the Site have been designed in accordance with these requirements and can be 
constructed without causing or contributing to the pollution of surface waters and groundwater in 
the project area. 
 
 
 
 
5.0 LONG TERM CONSTRUCTION POLLUTION PREVENTION PLAN 
1.0 Introduction  
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Introduction  
All contractors working on the project will be responsible for stormwater management from 
construction activities that are contractually their responsibility, and must ensure that their 
activities are not compromising another contractor’s stormwater controls or Best Management 
Practices (BMPs).  
The purpose of storm water management is to prevent erosion both on the construction site itself 
and on adjacent undisturbed areas, and to prevent sedimentation through both stabilization and 
structural control practices. Storm water management also addresses pollution prevention using 
measures to reduce pollutants in storm water as well as using good housekeeping practices on the 
construction site.  
The purpose of this plan is to establish requirements and instruction for the management of 
construction related storm water discharges. These requirements have been established to comply 
with applicable federal, state and local laws, regulations and standards. Best Management 
Practices (BMPs) are one of the major issues addressed and they will be incorporated in order to 
mitigate for potential pollutants, sediments and storm water peak flows, and to dissipate storm 
water velocities. 2 
 
Coordinator and Duties Coordinator and Duties  
The construction site coordinator for the facility is the General Contractor. His duties include the 
following:  
Implementation of this plan;  
Oversee maintenance practices identified as BMPs;  
Conduct or provide for inspection and monitoring activities;  
Identify other potential pollutant sources and make sure they are added to the plan;  
Identify any deficiencies and make sure they are corrected;  
Ensure that any changes in construction plans are addressed  
 
Description of Proposed Work  
The proposed SGF consists of a new ground mounted photovoltaic solar facility constructed on 
the Town of Ware’s property identified as Tax Map 11 Lot 21 which is 41+/- acres. The site is 
located in the Town of Ware, Hampshire County, Massachusetts 
 
Sequence of Construction Activities  
The contractor shall ensure specified erosion and sedimentation controls are in place and 
functional prior to commencement of anticipated work associated with construction as shown on 
the approved plans. Similar erosion and sedimentation control measures shall be deployed prior 
to commencement of all incidental and unanticipated tasks to complete the work.  



Stormwater Management Report 
Forefront Power, Town of Ware 
February 2018 

 

 3-14  

Minimum erosion and sedimentation control standards for the work shall be as outlined in the 
Massachusetts Erosion and Sedimentation Control Guidelines for urban and suburban areas, this 
document, and the approved Site Plans.  
At a minimum, the contractor’s construction schedule shall meet the following constraints and 
other measures listed in this document:  
1. Install erosion control measures prior to earth disturbance.  
2. Clear and grub to the limits of work of work proposed on this plan as required for 
construction.  
3. Construct access road. Contractor shall limit compaction of infiltration trench area.   
4. Complete array installation.  
5. Install Infiltration trench BMP.  
6. Maintain erosion controls as needed during all construction activities and site stabilization.  
7. When all exposed surfaces are stabilized, the drainage system components shall be cleaned of 
accumulated sediment. Erosion Control Measures shall be removed as directed by the Engineer.  
 
Potential Sources for Storm Water Contamination  
Any activities and processes that result either in the generation of storm water or the potential to 
add pollutants to run-off are subject to the requirements of this document. This includes all areas 
of land disturbed either through grading, excavating, and construction or material storage areas. 
Water that comes in contact with the surface of the project site as a result of precipitation (snow, 
hail, rain, etc.) is considered as storm water associated with construction activity and is subject to 
the requirements of this plan.  
Grading and Site Excavation Operations – Exposed soils have the potential for erosion and 
discharge of sediment to off-site areas.  
Fugitive Dust – Dust generated by construction vehicles can be deposited in wetlands and 
waterways.  
Foundation/Duct Bank Construction – Excavating for foundations create soil stockpiles with the 
potential for erosion.  
Materials Storage Areas – general construction materials, solvents, adhesives, paving materials, 
paints, aggregates, trash, etc….  
Construction Vehicles – Refueling of vehicles may spill or drip gasoline and diesel fuel onto the 
ground. On-site maintenance of excavating equipment may drip hydraulic oil, lubricants and 
antifreeze onto the ground.  
Concrete trucks are directed to wash out their chutes, etc. at designated areas only and the 
effluent must be discharged into an Owner approved BMP and cannot be discharged into the 
closed drainage system. These concrete washout area(s) shall be as remote and far away from the 
top of bank drainage structures as possible.  
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Temporary and Permanent Erosion Control Practices  
The contractor shall be solely responsible for setting up erosion and sedimentation control prior 
to construction. The contractor will utilize a system of operations and all necessary erosion and 
sedimentation control measures, even if not specified herein or elsewhere, to minimize erosion 
damage at the site. The following information explains how potentially polluted discharges will 
be controlled, filtered, and on site. The locations of the proposed BMPs and control measures 
will be depicted on the site plans.  
Erosion and Sediment Controls  
Erosion and sediment controls have been incorporated in the design of the site with the objective 
of retaining sediment on site, filtering and reducing stormwater discharge and protecting 
undisturbed areas. A combination of stabilization and structural practices is included to meet the 
objective, as described in detail below. The following is a list of common temporary and 
permanent structural erosion control devices, which will be applied.4. 
 
Temporary:  
Silt Fence 
Compost Filter Sock  
Stone Check Dams/ Stone Protection  
Stabilized Construction Entrance  
Soil stockpile 
Permanent:  
Stabilization of all disturbed areas with pavement, stone, or loam/ seed.  
 
Throughout the development project, erosion controls will be installed to prevent sedimentation 
from disturbed areas. The erosion and sedimentation control devices, as depicted in the Site 
Plans, must be installed prior to a land disturbance on the project site. The controls will be 
inspected on a regular basis (weekly) and as adequate supply of erosion control materials will be 
approximately stored onsite in the instance immediate repairs are required. The temporary 
measures will not be removed until permanent stabilization has occurred.  
A gravel construction entry pad will be installed to reduce any off site tracking. The location of 
this area is shown on the plans. 
  
Stabilization Measures  
Stabilization of surfaces includes the placement of pavement, stones, and building structures. 
Any remaining disturbed areas following construction will be loamed and seeded, mulched, 
landscaped, or planted for final stabilization.  
Areas that have been completed or that will not be worked on for more than 14 days should be 
stabilized with permanent vegetative cover as soon as possible but not more than 14 days after 
the last construction activity. Surfaces that are disturbed by ongoing construction activities or 
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erosion processes shall be stabilized as soon as possible. Loam will not be placed unless it is to 
be seeded or otherwise stabilized in an appropriate manner directly thereafter. All disturbed areas 
will have a minimum of 4” of loam placed before being seeded and mulched. Consideration will 
be given to hydro-mulching, especially on slopes in excess of 3 to 1. Loamed and seeded slopes 
will be protected from washout by mulching or other acceptable slope protection until vegetation 
begins to grow. Soil Stockpiles stored for twenty-four (24) hours or longer will be provided with 
any necessary erosion control to prevent erosion and sedimentation.  
 
Solid Waste  
Waste disposal receptacles and trailers will be used for the disposal of construction debris, which 
will be removed from site according to state, local and federal guidelines. Construction debris 
will include pavement, utility, earth and building materials, which cannot be reused. The 
receptacles will be located on-site, covered, and placed well away from the wetland resource 
areas and catch basins as possible. All machinery will be operated and maintained so as to limit 
impacts to wetland areas and associated buffer zones by avoiding leakage of fuel. If stockpiles of 
debris materials are necessary, perimeter controls or plastic sheeting/covering will be used if 
deemed necessary during regular site inspections. A concrete washout area will be established as 
necessary and utilized.  
Portable sanitary units will be placed on-site during construction and will be serviced regularly. 
They will be placed over 100 feet from wetland resource areas wherever possible.  
Dust Control  
To avoid sediment tracking and/or fugitive dust from leaving the site, a variety of mitigation 
measures are employed. As needed, a stone entrance for construction vehicles shall be 
established. Also, as necessary, water trucks shall be used to wet dry, dusty soil if it becomes an 
issue. Street sweeping shall be performed as needed to reduce the build-up of dust and sediment 
on roadways and parking areas.  
Material Storage  
Material storage yards are also covered by this SWPPP and must be managed appropriately. At 
this time, it is anticipated that all storage of materials will occur on site. The storage area will 
also include supplies of additional erosion control materials. The contractor will mark the plans 
with the location of the storage area.  
Hazardous materials necessary for construction will be stored in water tight containers or 
buildings in accordance with state and local regulations and that the manufacturer’s 
recommendations, with appropriately sized spill kits on hand. The storage site will be inspected 
for signs of leakage or unsafe storage and transfer practices. 
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INSPECTIONS 
Maintenance of existing and proposed best management practices (BMPs) to address storm water 
management facilities during construction is an on-going process. The owner’s appointed 
representative is responsible for performing regular inspections of erosion controls and ordering 
repairs as necessary. The inspections will observe all sources of storm water or non-storm water 
discharges as identified in this plan, as well as the status of the receiving waters. The inspector 
should also be concerned with the condition of all implemented BMPs and how well they are 
controlling or filtering run-off. The inspection will also recommend whether corrective actions to 
established BMPs are required or whether additional BMPs are necessary to prevent storm water 
contamination based on field conditions.  
Status of slopes, stockpiles, or other disturbed surfaces during construction should also be noted, 
including whether an area is experiencing erosion or reaching stabilization. The inspector is 
responsible not only for the inspection of the condition of the construction site, but all material 
storage yards as well. Storage yards should be checked for leakage, unsafe storage, and for the 
presence of adequate spill kit materials. Inspectors must be aware of practices on site, which may 
lead to additional pollutants in discharges, such as locating dumpsters or stockpiles or refueling 
equipment near direct flow of storm water.  
Inspections will be performed by qualified personnel as required or once a month. The 
inspections must be documented on the inspection form provided in Exhibit B and completed 
forms will be provided to the on-site supervisor and maintained at the Owner’s office during the 
entire construction.  
Each inspection report (Exhibit B) will summarize the scope of the inspection, name(s) and 
qualifications of personnel making the inspection, and major observations relating to the 
implementation of this plan including compliance and non-compliance items.  
Maintenance of existing and proposed best management practices (BMPs) to address storm water 
management facilities during construction is an on-going process. Build-up of sediment must be 
cleared away and old materials replaced so that the controls are working to capacity. Silt must 
not be allowed to accumulate more than halfway up the height of the hay bales or silt fencing.  
If a portion of the site/project area is permanently stabilized, inspections can cease in that are as 
long as the condition has been documented by amending this plan. 
 
SPILL PREVENTION  
Material Management Practices  
The following are the material management practices that will be used to reduce the risk of spills 
or other accidental exposure of materials and substances to storm water runoff.  
 
GOOD HOUSKEEEPING 
The following good housekeeping practices will be followed onsite during the construction 
project:  
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An effort will be made to store only enough product required to do the job.  
All materials stored onsite will be stored in a neat, orderly manner in their appropriate containers 
and, if possible, under a roof or other enclosure.  
Products will be kept in their original containers with the original manufacturer’s label.  
Substances will not be mixed with one another unless recommended by the manufacturer.  
Whenever possible, all of a product will be used up before disposing of the container  
Manufacturer’s recommendations for proper use and disposal will be followed  
The site superintendent will inspect daily to ensure proper use and disposal of materials onsite.  
 
INSPECTION REPORT 
 

Inspection No.: Location:                                                                          
 

To be completed as necessary during construction activities. After site stabilization, 
to be completed at least once per month for three years of until a Notice of Termination 
is filed. 

 
Inspector Name/Qualifications:                                                                                             

 

Weather at the Time of Inspection:                                                                                       
 

Amount and Date of Last Precipitation Event:                                                                      
 

 

 

 

Site Stabilization Status:                                                                                                       
 

Project Section Date and Type of 
Last Disturbance 

Conditions/Stability Recommendations 

Perimeter Erosion 
Controls 
(Haybale/Silt 
Fence, etc.) 

   

Building 
Construction 

   

Exposed Slopes 
and Stockpiles 

   

Water Quality Inlet    
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Hazardous 
Materials/Fuels 
Storage 
Conditions 

   

Catch Basins and 
Piping Network 

   

Status of 
Wetlands 

   





 
 

  

 
APPENDIX A 

 
HYDROLOGIC SOIL GROUP 

  





United States
Department of
Agriculture

A product of the National
Cooperative Soil Survey,
a joint effort of the United
States Department of
Agriculture and other
Federal agencies, State
agencies including the
Agricultural Experiment
Stations, and local
participants

Custom Soil Resource 
Report for
Hampden and 
Hampshire Counties, 
Massachusetts, 
Eastern Part

Natural
Resources
Conservation
Service

October 30, 2017



Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.

3



Contents
Preface.................................................................................................................... 2
How Soil Surveys Are Made..................................................................................5
Soil Map.................................................................................................................. 8

Soil Map................................................................................................................9
Legend................................................................................................................10
Map Unit Legend................................................................................................ 12
Map Unit Descriptions........................................................................................ 12

Hampden and Hampshire Counties, Massachusetts, Eastern Part................14
1—Water..................................................................................................... 14
2A—Pootatuck fine sandy loam, 0 to 3 percent slopes...............................14
51A—Swansea muck, 0 to 1 percent slopes...............................................15
253C—Hinckley loamy sand, 8 to 15 percent slopes..................................16
253D—Hinckley loamy sand, 15 to 25 percent slopes................................18
253E—Hinckley loamy sand, 25 to 35 percent slopes................................ 20
652—Udorthents, refuse substratum.......................................................... 22

References............................................................................................................23

4



How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:25,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

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

Soil Survey Area: Hampden and Hampshire Counties, 
Massachusetts, Eastern Part
Survey Area Data: Version 11, Sep 14, 2016

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Mar 28, 2011—Apr 
18, 2011

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

Custom Soil Resource Report

10



MAP LEGEND MAP INFORMATION

imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1 Water 1.2 1.3%

2A Pootatuck fine sandy loam, 0 to 
3 percent slopes

30.3 32.4%

51A Swansea muck, 0 to 1 percent 
slopes

14.0 15.0%

253C Hinckley loamy sand, 8 to 15 
percent slopes

15.3 16.3%

253D Hinckley loamy sand, 15 to 25 
percent slopes

17.3 18.5%

253E Hinckley loamy sand, 25 to 35 
percent slopes

4.5 4.8%

652 Udorthents, refuse substratum 11.1 11.8%

Totals for Area of Interest 93.7 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
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mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.
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Hampden and Hampshire Counties, Massachusetts, Eastern Part

1—Water

Map Unit Setting
National map unit symbol: vhz0
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 110 to 140 days
Farmland classification: Not prime farmland

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

2A—Pootatuck fine sandy loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: vhx3
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 140 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Pootatuck and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pootatuck

Setting
Landform: Flood plains
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Coarse-loamy alluvium over sandy alluvium

Typical profile
H1 - 0 to 12 inches: fine sandy loam
H2 - 12 to 32 inches: fine sandy loam
H3 - 32 to 65 inches: stratified coarse sand to loamy fine sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

high (0.60 to 6.00 in/hr)
Depth to water table: About 18 to 30 inches

Custom Soil Resource Report
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Frequency of flooding: Frequent
Frequency of ponding: None
Available water storage in profile: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Rippowam
Percent of map unit: 10 percent
Landform: Alluvial flats
Hydric soil rating: Yes

Scarboro
Percent of map unit: 5 percent
Landform: Terraces
Hydric soil rating: Yes

51A—Swansea muck, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 2trl2
Elevation: 0 to 1,140 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: Farmland of unique importance

Map Unit Composition
Swansea and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Swansea

Setting
Landform: Swamps, bogs
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Highly decomposed organic material over loose sandy and 

gravelly glaciofluvial deposits

Typical profile
Oa1 - 0 to 24 inches: muck
Oa2 - 24 to 34 inches: muck
Cg - 34 to 79 inches: coarse sand

Custom Soil Resource Report
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Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high 

(0.14 to 14.17 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: Rare
Frequency of ponding: Frequent
Available water storage in profile: Very high (about 16.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8w
Hydrologic Soil Group: B/D
Hydric soil rating: Yes

Minor Components

Freetown
Percent of map unit: 10 percent
Landform: Swamps, bogs
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Whitman
Percent of map unit: 5 percent
Landform: Depressions, drainageways
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Scarboro
Percent of map unit: 5 percent
Landform: Depressions, drainageways
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Base slope, tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

253C—Hinckley loamy sand, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2svm9

Custom Soil Resource Report
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Elevation: 0 to 1,480 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Hinckley and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hinckley

Setting
Landform: Kames, kame terraces, outwash plains, eskers, outwash terraces, 

outwash deltas, moraines
Landform position (two-dimensional): Shoulder, toeslope, footslope, backslope
Landform position (three-dimensional): Nose slope, side slope, crest, head slope, 

riser
Down-slope shape: Linear, concave, convex
Across-slope shape: Convex, linear, concave
Parent material: Sandy and gravelly glaciofluvial deposits derived from gneiss 

and/or granite and/or schist

Typical profile
Oe - 0 to 1 inches: moderately decomposed plant material
A - 1 to 8 inches: loamy sand
Bw1 - 8 to 11 inches: gravelly loamy sand
Bw2 - 11 to 16 inches: gravelly loamy sand
BC - 16 to 19 inches: very gravelly loamy sand
C - 19 to 65 inches: very gravelly sand

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

very high (1.42 to 99.90 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 

mmhos/cm)
Available water storage in profile: Low (about 3.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: A
Hydric soil rating: No

Minor Components

Windsor
Percent of map unit: 5 percent

Custom Soil Resource Report
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Landform: Kames, kame terraces, outwash plains, eskers, outwash terraces, 
outwash deltas, moraines

Landform position (two-dimensional): Shoulder, backslope, footslope, toeslope
Landform position (three-dimensional): Nose slope, side slope, crest, head slope, 

riser
Down-slope shape: Linear, concave, convex
Across-slope shape: Convex, linear, concave
Hydric soil rating: No

Sudbury
Percent of map unit: 5 percent
Landform: Kame terraces, outwash plains, outwash terraces, outwash deltas, 

moraines
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Base slope, tread
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: No

Merrimac
Percent of map unit: 5 percent
Landform: Kames, outwash plains, eskers, outwash terraces, moraines
Landform position (two-dimensional): Shoulder, backslope, footslope, toeslope
Landform position (three-dimensional): Side slope, crest, head slope, nose slope, 

riser
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

253D—Hinckley loamy sand, 15 to 25 percent slopes

Map Unit Setting
National map unit symbol: 2svmc
Elevation: 0 to 1,460 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Hinckley and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hinckley

Setting
Landform: Kames, kame terraces, outwash plains, eskers, outwash terraces, 

outwash deltas, moraines
Landform position (two-dimensional): Backslope

Custom Soil Resource Report
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Landform position (three-dimensional): Nose slope, side slope, crest, head slope, 
riser

Down-slope shape: Linear, concave, convex
Across-slope shape: Convex, linear, concave
Parent material: Sandy and gravelly glaciofluvial deposits derived from gneiss 

and/or granite and/or schist

Typical profile
Oe - 0 to 1 inches: moderately decomposed plant material
A - 1 to 8 inches: loamy sand
Bw1 - 8 to 11 inches: gravelly loamy sand
Bw2 - 11 to 16 inches: gravelly loamy sand
BC - 16 to 19 inches: very gravelly loamy sand
C - 19 to 65 inches: very gravelly sand

Properties and qualities
Slope: 15 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Excessively drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

very high (1.42 to 99.90 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 

mmhos/cm)
Available water storage in profile: Low (about 3.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Hydric soil rating: No

Minor Components

Merrimac
Percent of map unit: 8 percent
Landform: Kames, outwash plains, eskers, outwash terraces, moraines
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope, crest, head slope, nose slope, 

riser
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Windsor
Percent of map unit: 5 percent
Landform: Kames, kame terraces, outwash plains, eskers, outwash terraces, 

outwash deltas, moraines
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Nose slope, side slope, crest, head slope, 

riser
Down-slope shape: Linear, concave, convex
Across-slope shape: Convex, linear, concave
Hydric soil rating: No
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Sudbury
Percent of map unit: 2 percent
Landform: Kame terraces, outwash plains, eskers, outwash terraces, outwash 

deltas, moraines
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Base slope, tread
Down-slope shape: Concave, linear, convex
Across-slope shape: Linear, concave, convex
Hydric soil rating: No

253E—Hinckley loamy sand, 25 to 35 percent slopes

Map Unit Setting
National map unit symbol: 2svmf
Elevation: 0 to 1,200 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Hinckley and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hinckley

Setting
Landform: Kames, kame terraces, outwash plains, eskers, outwash terraces, 

outwash deltas, moraines
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Nose slope, side slope, crest, head slope, 

riser
Down-slope shape: Linear, concave, convex
Across-slope shape: Convex, linear, concave
Parent material: Sandy and gravelly glaciofluvial deposits derived from gneiss 

and/or granite and/or schist

Typical profile
Oe - 0 to 1 inches: moderately decomposed plant material
A - 1 to 8 inches: loamy sand
Bw1 - 8 to 11 inches: gravelly loamy sand
Bw2 - 11 to 16 inches: gravelly loamy sand
BC - 16 to 19 inches: very gravelly loamy sand
C - 19 to 65 inches: very gravelly sand

Properties and qualities
Slope: 25 to 35 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Excessively drained
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Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

very high (1.42 to 99.90 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 

mmhos/cm)
Available water storage in profile: Low (about 3.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Hydric soil rating: No

Minor Components

Windsor
Percent of map unit: 10 percent
Landform: Kames, kame terraces, outwash plains, outwash deltas, eskers, 

outwash terraces, moraines
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Nose slope, side slope, crest, head slope, 

riser
Down-slope shape: Linear, concave, convex
Across-slope shape: Convex, linear, concave
Hydric soil rating: No

Merrimac
Percent of map unit: 3 percent
Landform: Kames, kame terraces, outwash plains, eskers, outwash terraces, 

moraines
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope, crest, head slope, nose slope, 

riser
Down-slope shape: Linear, convex, concave
Across-slope shape: Convex, linear, concave
Hydric soil rating: No

Sudbury
Percent of map unit: 2 percent
Landform: Kame terraces, outwash plains, outwash terraces, outwash deltas, 

moraines
Landform position (two-dimensional): Backslope, footslope, toeslope
Landform position (three-dimensional): Base slope, tread
Down-slope shape: Concave, linear
Across-slope shape: Linear, concave
Hydric soil rating: No
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652—Udorthents, refuse substratum

Map Unit Setting
National map unit symbol: vhsg
Elevation: 0 to 1,000 feet
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 110 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Dumps: 97 percent
Minor components: 3 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Dumps

Setting
Parent material: Excavated and filled land loamy over made land and refuse

Minor Components

Hinckley
Percent of map unit: 1 percent
Hydric soil rating: No

Windsor
Percent of map unit: 1 percent
Hydric soil rating: No

Deerfield
Percent of map unit: 1 percent
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No
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Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12

Project: SWM Model.gpw Monday, 02 / 19 / 2018

Hyd. Origin Description

Legend

1 SCS Runoff GREENFIELD PRE P1

2 SCS Runoff GREENFIELD PRE P2

3 SCS Runoff GREENFIELD PRE P3

4 Reservoir PRE P1 ROUTING

5 Combine TOTAL PRE OUTFLOW

6 SCS Runoff GREENFIELD POST P1

7 SCS Runoff GREENFIELD POST P2

8 Reservoir POST P1 ROUTING

9 Combine TOTAL POST OUTFLOW.



Hydrograph Return Period Recap

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 1.118 ------- ------- 7.690 13.17 ------- 22.82 GREENFIELD PRE P1

2 SCS Runoff ------ ------- 0.608 ------- ------- 3.314 5.537 ------- 9.416 GREENFIELD PRE P2

3 SCS Runoff ------ ------- 0.178 ------- ------- 1.299 2.245 ------- 3.961 GREENFIELD PRE P3

4 Reservoir 1 ------- 0.000 ------- ------- 0.000 0.002 ------- 1.959 PRE P1 ROUTING

5 Combine 2, 3, 4 ------- 0.785 ------- ------- 4.546 7.687 ------- 13.28 TOTAL PRE OUTFLOW

6 SCS Runoff ------ ------- 1.012 ------- ------- 6.196 10.71 ------- 18.88 GREENFIELD POST P1

7 SCS Runoff ------ ------- 0.608 ------- ------- 3.314 5.537 ------- 9.416 GREENFIELD POST P2

8 Reservoir 6 ------- 0.000 ------- ------- 0.767 2.635 ------- 9.311 POST P1 ROUTING

9 Combine 7, 8 ------- 0.608 ------- ------- 3.314 5.537 ------- 12.92 TOTAL POST OUTFLOW.

Proj. file: SWM Model.gpw Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 1.118 2 728 7,348 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 0.608 2 738 4,128 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 0.178 2 736 1,384 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 0.000 2 n/a 0 1 392.35 7,348 PRE P1 ROUTING

5 Combine 0.785 2 736 5,512 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 1.012 2 746 8,490 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 0.608 2 738 4,128 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 0.000 2 n/a 0 6 392.30 8,490 POST P1 ROUTING

9 Combine 0.608 2 738 4,128 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 2 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 1

GREENFIELD PRE P1

Hydrograph type =  SCS Runoff Peak discharge =  1.118 cfs
Storm frequency =  2 yrs Time to peak =  12.13 hrs
Time interval =  2 min Hyd. volume =  7,348 cuft
Drainage area =  6.820 ac Curve number =  59*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.20 min
Total precip. =  3.04 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.140 x 85) + (5.640 x 58)] / 6.820
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GREENFIELD PRE P1
Hyd. No. 1 -- 2 Year

Hyd No. 1



TR55 Tc Worksheet
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12

Hyd. No. 1

GREENFIELD PRE P1

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  50.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.04 0.00 0.00
Land slope (%) =  13.00 0.00 0.00

Travel Time (min) = 3.98 + 0.00 + 0.00 = 3.98

Shallow Concentrated Flow
Flow length (ft) =  101.00 354.00 0.00
Watercourse slope (%) =  14.80 3.40 0.00
Surface description =  Unpaved Unpaved Paved
Average velocity (ft/s) =6.21 2.98 0.00

Travel Time (min) = 0.27 + 1.98 + 0.00 = 2.25

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 6.20 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 2

GREENFIELD PRE P2

Hydrograph type =  SCS Runoff Peak discharge =  0.608 cfs
Storm frequency =  2 yrs Time to peak =  12.30 hrs
Time interval =  2 min Hyd. volume =  4,128 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  10.50 min
Total precip. =  3.04 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.710 x 58) + (0.220 x 85) + (2.240 x 58)] / 3.170
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TR55 Tc Worksheet
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12

Hyd. No. 2

GREENFIELD PRE P2

Description A B C Totals

Sheet Flow
Manning's n-value =  0.400 0.011 0.011
Flow length (ft) =  50.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.04 0.00 0.00
Land slope (%) =  6.00 0.00 0.00

Travel Time (min) = 8.15 + 0.00 + 0.00 = 8.15

Shallow Concentrated Flow
Flow length (ft) =  316.00 0.00 0.00
Watercourse slope (%) =  1.90 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =2.22 0.00 0.00

Travel Time (min) = 2.37 + 0.00 + 0.00 = 2.37

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 10.50 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 3

GREENFIELD PRE P3

Hydrograph type =  SCS Runoff Peak discharge =  0.178 cfs
Storm frequency =  2 yrs Time to peak =  12.27 hrs
Time interval =  2 min Hyd. volume =  1,384 cuft
Drainage area =  1.330 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  7.60 min
Total precip. =  3.04 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.290 x 58)] / 1.330
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Hyd. No. 3 -- 2 Year

Hyd No. 3



TR55 Tc Worksheet
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12

Hyd. No. 3

GREENFIELD PRE P3

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  50.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.04 0.00 0.00
Land slope (%) =  4.00 0.00 0.00

Travel Time (min) = 6.37 + 0.00 + 0.00 = 6.37

Shallow Concentrated Flow
Flow length (ft) =  163.00 0.00 0.00
Watercourse slope (%) =  1.80 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =2.16 0.00 0.00

Travel Time (min) = 1.26 + 0.00 + 0.00 = 1.26

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 7.60 min



Hydrograph Report
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Hyd. No. 4

PRE P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  0.000 cfs
Storm frequency =  2 yrs Time to peak =  n/a
Time interval =  2 min Hyd. volume =  0 cuft
Inflow hyd. No. =  1 - GREENFIELD PRE P1 Max. Elevation =  392.35 ft
Reservoir name =  EXISTING DEPRESSION Max. Storage =  7,348 cuft

Storage Indication method used.

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

Q (cfs)

Time (hrs)

PRE P1 ROUTING
Hyd. No. 4 -- 2 Year

Hyd No. 4 Hyd No. 1 Total storage used = 7,348 cuft



Pond Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Pond No. 1 -  EXISTING DEPRESSION

Pond Data
Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 392.00 ft

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 392.00 991 0 0
2.00 394.00 54,771 42,082 42,082
4.00 396.00 68,196 122,710 164,792

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  0.00 0.00 0.00 0.00

Span (in) =  0.00 0.00 0.00 0.00

No. Barrels =  0 0 0 0

Invert El. (ft) =  0.00 0.00 0.00 0.00

Length (ft) =  0.00 0.00 0.00 0.00

Slope (%) =  0.00 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) =  330.00 180.00 0.00 0.00

Crest El. (ft) =  394.00 394.00 0.00 0.00

Weir Coeff. =  2.60 2.60 3.33 3.33

Weir Type =  Broad Broad --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table
Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 392.00 --- --- --- --- 0.00 0.00 --- --- --- --- 0.000
2.00 42,082 394.00 --- --- --- --- 0.00 0.00 --- --- --- --- 0.000
4.00 164,792 396.00 --- --- --- --- 2426.79 1323.70 --- --- --- --- 3750.49



Hydrograph Report
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Hyd. No. 5

TOTAL PRE OUTFLOW

Hydrograph type =  Combine Peak discharge =  0.785 cfs
Storm frequency =  2 yrs Time to peak =  12.27 hrs
Time interval =  2 min Hyd. volume =  5,512 cuft
Inflow hyds. =  2, 3, 4 Contrib. drain. area =  4.500 ac
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Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 7.690 2 724 26,567 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 3.314 2 730 14,344 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 1.299 2 728 5,223 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 0.000 2 n/a 0 1 393.26 26,567 PRE P1 ROUTING

5 Combine 4.546 2 730 19,567 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 6.196 2 736 32,046 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 3.314 2 730 14,344 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 0.767 2 890 17,830 6 392.59 16,863 POST P1 ROUTING

9 Combine 3.314 2 730 32,174 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 10 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 1

GREENFIELD PRE P1

Hydrograph type =  SCS Runoff Peak discharge =  7.690 cfs
Storm frequency =  10 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  26,567 cuft
Drainage area =  6.820 ac Curve number =  59*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.20 min
Total precip. =  4.84 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.140 x 85) + (5.640 x 58)] / 6.820

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

2.00 2.00

4.00 4.00

6.00 6.00

8.00 8.00

Q (cfs)

Time (hrs)

GREENFIELD PRE P1
Hyd. No. 1 -- 10 Year

Hyd No. 1
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Hyd. No. 2

GREENFIELD PRE P2

Hydrograph type =  SCS Runoff Peak discharge =  3.314 cfs
Storm frequency =  10 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  14,344 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  10.50 min
Total precip. =  4.84 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.710 x 58) + (0.220 x 85) + (2.240 x 58)] / 3.170
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Hyd. No. 3

GREENFIELD PRE P3

Hydrograph type =  SCS Runoff Peak discharge =  1.299 cfs
Storm frequency =  10 yrs Time to peak =  12.13 hrs
Time interval =  2 min Hyd. volume =  5,223 cuft
Drainage area =  1.330 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  7.60 min
Total precip. =  4.84 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.290 x 58)] / 1.330
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Hyd. No. 4

PRE P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  0.000 cfs
Storm frequency =  10 yrs Time to peak =  n/a
Time interval =  2 min Hyd. volume =  0 cuft
Inflow hyd. No. =  1 - GREENFIELD PRE P1 Max. Elevation =  393.26 ft
Reservoir name =  EXISTING DEPRESSION Max. Storage =  26,567 cuft

Storage Indication method used.
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Hyd. No. 4 -- 10 Year

Hyd No. 4 Hyd No. 1 Total storage used = 26,567 cuft
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Hyd. No. 5

TOTAL PRE OUTFLOW

Hydrograph type =  Combine Peak discharge =  4.546 cfs
Storm frequency =  10 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  19,567 cuft
Inflow hyds. =  2, 3, 4 Contrib. drain. area =  4.500 ac
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Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 13.17 2 724 42,082 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 5.537 2 730 22,493 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 2.245 2 728 8,362 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 0.002 2 1448 0 1 394.00 42,082 PRE P1 ROUTING

5 Combine 7.687 2 728 30,855 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 10.71 2 736 51,301 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 5.537 2 730 22,493 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 2.635 2 772 37,085 6 392.72 20,349 POST P1 ROUTING

9 Combine 5.537 2 730 59,578 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 25 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12
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Hyd. No. 1

GREENFIELD PRE P1

Hydrograph type =  SCS Runoff Peak discharge =  13.17 cfs
Storm frequency =  25 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  42,082 cuft
Drainage area =  6.820 ac Curve number =  59*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.20 min
Total precip. =  5.96 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.140 x 85) + (5.640 x 58)] / 6.820
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Hyd. No. 2

GREENFIELD PRE P2

Hydrograph type =  SCS Runoff Peak discharge =  5.537 cfs
Storm frequency =  25 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  22,493 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  10.50 min
Total precip. =  5.96 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.710 x 58) + (0.220 x 85) + (2.240 x 58)] / 3.170
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Hyd. No. 3

GREENFIELD PRE P3

Hydrograph type =  SCS Runoff Peak discharge =  2.245 cfs
Storm frequency =  25 yrs Time to peak =  12.13 hrs
Time interval =  2 min Hyd. volume =  8,362 cuft
Drainage area =  1.330 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  7.60 min
Total precip. =  5.96 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.290 x 58)] / 1.330
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Hyd. No. 4

PRE P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  0.002 cfs
Storm frequency =  25 yrs Time to peak =  24.13 hrs
Time interval =  2 min Hyd. volume =  0 cuft
Inflow hyd. No. =  1 - GREENFIELD PRE P1 Max. Elevation =  394.00 ft
Reservoir name =  EXISTING DEPRESSION Max. Storage =  42,082 cuft

Storage Indication method used.
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Hyd. No. 4 -- 25 Year

Hyd No. 4 Hyd No. 1 Total storage used = 42,082 cuft
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Hyd. No. 5

TOTAL PRE OUTFLOW

Hydrograph type =  Combine Peak discharge =  7.687 cfs
Storm frequency =  25 yrs Time to peak =  12.13 hrs
Time interval =  2 min Hyd. volume =  30,855 cuft
Inflow hyds. =  2, 3, 4 Contrib. drain. area =  4.500 ac
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Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 22.82 2 724 69,698 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 9.416 2 730 36,906 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 3.961 2 726 13,984 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 1.959 2 812 27,616 1 394.00 42,285 PRE P1 ROUTING

5 Combine 13.28 2 728 78,507 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 18.88 2 734 85,799 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 9.416 2 730 36,906 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 9.311 2 754 71,583 6 393.00 28,569 POST P1 ROUTING

9 Combine 12.92 2 748 108,489 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 100 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12
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Hyd. No. 1

GREENFIELD PRE P1

Hydrograph type =  SCS Runoff Peak discharge =  22.82 cfs
Storm frequency =  100 yrs Time to peak =  12.07 hrs
Time interval =  2 min Hyd. volume =  69,698 cuft
Drainage area =  6.820 ac Curve number =  59*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.20 min
Total precip. =  7.70 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.140 x 85) + (5.640 x 58)] / 6.820
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Hyd. No. 2

GREENFIELD PRE P2

Hydrograph type =  SCS Runoff Peak discharge =  9.416 cfs
Storm frequency =  100 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  36,906 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  10.50 min
Total precip. =  7.70 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.710 x 58) + (0.220 x 85) + (2.240 x 58)] / 3.170
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Hyd. No. 3

GREENFIELD PRE P3

Hydrograph type =  SCS Runoff Peak discharge =  3.961 cfs
Storm frequency =  100 yrs Time to peak =  12.10 hrs
Time interval =  2 min Hyd. volume =  13,984 cuft
Drainage area =  1.330 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  7.60 min
Total precip. =  7.70 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.040 x 58) + (0.290 x 58)] / 1.330
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Hyd. No. 4

PRE P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  1.959 cfs
Storm frequency =  100 yrs Time to peak =  13.53 hrs
Time interval =  2 min Hyd. volume =  27,616 cuft
Inflow hyd. No. =  1 - GREENFIELD PRE P1 Max. Elevation =  394.00 ft
Reservoir name =  EXISTING DEPRESSION Max. Storage =  42,285 cuft

Storage Indication method used.
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Hyd No. 4 Hyd No. 1 Total storage used = 42,285 cuft
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Hyd. No. 5

TOTAL PRE OUTFLOW

Hydrograph type =  Combine Peak discharge =  13.28 cfs
Storm frequency =  100 yrs Time to peak =  12.13 hrs
Time interval =  2 min Hyd. volume =  78,507 cuft
Inflow hyds. =  2, 3, 4 Contrib. drain. area =  4.500 ac
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Hydraflow Rainfall Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 20.0844 3.8000 0.7332 --------

2 25.3626 4.3000 0.7515 --------

3 0.0000 0.0000 0.0000 --------

5 27.8700 3.6000 0.7238 --------

10 32.3852 3.6000 0.7243 --------

25 39.0724 3.7000 0.7278 --------

50 44.5228 3.8000 0.7315 --------

100 49.6702 3.8000 0.7331 --------

File name: Greenfield site.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 4.08 2.93 2.34 1.97 1.71 1.52 1.37 1.26 1.16 1.08 1.01 0.95

2 4.75 3.44 2.74 2.31 2.00 1.78 1.61 1.47 1.36 1.26 1.18 1.11

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 5.87 4.21 3.36 2.83 2.46 2.19 1.98 1.81 1.68 1.56 1.46 1.38

10 6.82 4.89 3.90 3.28 2.85 2.54 2.30 2.10 1.94 1.81 1.70 1.60

25 8.09 5.81 4.64 3.90 3.39 3.02 2.73 2.50 2.31 2.15 2.02 1.90

50 9.07 6.53 5.21 4.38 3.81 3.39 3.06 2.80 2.59 2.41 2.26 2.13

100 10.08 7.25 5.78 4.86 4.23 3.76 3.40 3.11 2.87 2.67 2.51 2.36

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

Precip. file name: J:\Plains\Schaeffertown Lateral\SWM\F-Hydrologic Models and Results\Schaeffertown.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 3.04 0.00 2.90 4.84 5.96 4.44 7.70

SCS 6-Hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-1st 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00





 
 

  

APPENDIX D 
 

POST DEVELOPMENT SCENARIO 
(24 X 36 MAPS ARE INCLUDED SEPARATELY) 



 
 

  

  



 
 

  

APPENDIX E 
 

POST-DEVELOPMENT HYDRAFLOW 
REPORT/TSS WORKSHEET  
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Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12

Project: SWM Model.gpw Monday, 02 / 19 / 2018

Hyd. Origin Description

Legend

1 SCS Runoff GREENFIELD PRE P1

2 SCS Runoff GREENFIELD PRE P2

3 SCS Runoff GREENFIELD PRE P3

4 Reservoir PRE P1 ROUTING

5 Combine TOTAL PRE OUTFLOW

6 SCS Runoff GREENFIELD POST P1

7 SCS Runoff GREENFIELD POST P2

8 Reservoir POST P1 ROUTING

9 Combine TOTAL POST OUTFLOW.



Hydrograph Return Period Recap

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 1.118 ------- ------- 7.690 13.17 ------- 22.82 GREENFIELD PRE P1

2 SCS Runoff ------ ------- 0.608 ------- ------- 3.314 5.537 ------- 9.416 GREENFIELD PRE P2

3 SCS Runoff ------ ------- 0.178 ------- ------- 1.299 2.245 ------- 3.961 GREENFIELD PRE P3

4 Reservoir 1 ------- 0.000 ------- ------- 0.000 0.002 ------- 1.959 PRE P1 ROUTING

5 Combine 2, 3, 4 ------- 0.785 ------- ------- 4.546 7.687 ------- 13.28 TOTAL PRE OUTFLOW

6 SCS Runoff ------ ------- 1.012 ------- ------- 6.196 10.71 ------- 18.88 GREENFIELD POST P1

7 SCS Runoff ------ ------- 0.608 ------- ------- 3.314 5.537 ------- 9.416 GREENFIELD POST P2

8 Reservoir 6 ------- 0.000 ------- ------- 0.767 2.635 ------- 9.311 POST P1 ROUTING

9 Combine 7, 8 ------- 0.608 ------- ------- 3.314 5.537 ------- 12.92 TOTAL POST OUTFLOW.

Proj. file: SWM Model.gpw Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 1.118 2 728 7,348 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 0.608 2 738 4,128 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 0.178 2 736 1,384 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 0.000 2 n/a 0 1 392.35 7,348 PRE P1 ROUTING

5 Combine 0.785 2 736 5,512 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 1.012 2 746 8,490 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 0.608 2 738 4,128 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 0.000 2 n/a 0 6 392.30 8,490 POST P1 ROUTING

9 Combine 0.608 2 738 4,128 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 2 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 6

GREENFIELD POST P1

Hydrograph type =  SCS Runoff Peak discharge =  1.012 cfs
Storm frequency =  2 yrs Time to peak =  12.43 hrs
Time interval =  2 min Hyd. volume =  8,490 cuft
Drainage area =  8.160 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  19.30 min
Total precip. =  3.04 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.330 x 58) + (0.140 x 85) + (7.690 x 58)] / 8.160
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GREENFIELD POST P1
Hyd. No. 6 -- 2 Year

Hyd No. 6



TR55 Tc Worksheet
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12

Hyd. No. 6

GREENFIELD POST P1

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  50.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.04 0.00 0.00
Land slope (%) =  1.00 0.00 0.00

Travel Time (min) = 11.10 + 0.00 + 0.00 = 11.10

Shallow Concentrated Flow
Flow length (ft) =  713.00 0.00 0.00
Watercourse slope (%) =  0.80 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =1.44 0.00 0.00

Travel Time (min) = 8.23 + 0.00 + 0.00 = 8.23

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 19.30 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 7

GREENFIELD POST P2

Hydrograph type =  SCS Runoff Peak discharge =  0.608 cfs
Storm frequency =  2 yrs Time to peak =  12.30 hrs
Time interval =  2 min Hyd. volume =  4,128 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.50 min
Total precip. =  3.04 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.590 x 58) + (0.300 x 85) + (2.280 x 58)] / 3.170
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Hyd. No. 7 -- 2 Year

Hyd No. 7



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 8

POST P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  0.000 cfs
Storm frequency =  2 yrs Time to peak =  n/a
Time interval =  2 min Hyd. volume =  0 cuft
Inflow hyd. No. =  6 - GREENFIELD POST P1 Max. Elevation =  392.30 ft
Reservoir name =  Retention Berm Max. Storage =  8,490 cuft

Storage Indication method used.
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Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00
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Time (hrs)

POST P1 ROUTING
Hyd. No. 8 -- 2 Year

Hyd No. 8 Hyd No. 6 Total storage used = 8,490 cuft



Pond Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Pond No. 2 -  Retention Berm

Pond Data
Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 392.00 ft

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 392.00 25,000 0 0
1.00 393.00 32,000 28,425 28,425
2.00 394.00 38,000 34,954 63,379

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) Inactive 0.00 0.00 0.00

Span (in) =  0.00 0.00 0.00 0.00

No. Barrels =  1 0 0 0

Invert El. (ft) =  0.00 0.00 0.00 0.00

Length (ft) =  0.00 0.00 0.00 0.00

Slope (%) =  0.00 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) =  10.00 0.00 0.00 0.00

Crest El. (ft) =  392.50 0.00 0.00 0.00

Weir Coeff. =  2.60 3.33 3.33 3.33

Weir Type =  Broad --- --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table
Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 392.00 --- --- --- --- 0.00 --- --- --- --- --- 0.000
1.00 28,425 393.00 --- --- --- --- 9.19 --- --- --- --- --- 9.192
2.00 63,379 394.00 --- --- --- --- 47.77 --- --- --- --- --- 47.77



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 9

TOTAL POST OUTFLOW.

Hydrograph type =  Combine Peak discharge =  0.608 cfs
Storm frequency =  2 yrs Time to peak =  12.30 hrs
Time interval =  2 min Hyd. volume =  4,128 cuft
Inflow hyds. =  7, 8 Contrib. drain. area =  3.170 ac
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Hyd. No. 9 -- 2 Year

Hyd No. 9 Hyd No. 7 Hyd No. 8



Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 7.690 2 724 26,567 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 3.314 2 730 14,344 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 1.299 2 728 5,223 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 0.000 2 n/a 0 1 393.26 26,567 PRE P1 ROUTING

5 Combine 4.546 2 730 19,567 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 6.196 2 736 32,046 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 3.314 2 730 14,344 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 0.767 2 890 17,830 6 392.59 16,863 POST P1 ROUTING

9 Combine 3.314 2 730 32,174 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 10 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 6

GREENFIELD POST P1

Hydrograph type =  SCS Runoff Peak discharge =  6.196 cfs
Storm frequency =  10 yrs Time to peak =  12.27 hrs
Time interval =  2 min Hyd. volume =  32,046 cuft
Drainage area =  8.160 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  19.30 min
Total precip. =  4.84 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.330 x 58) + (0.140 x 85) + (7.690 x 58)] / 8.160
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Hyd. No. 6 -- 10 Year

Hyd No. 6



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 7

GREENFIELD POST P2

Hydrograph type =  SCS Runoff Peak discharge =  3.314 cfs
Storm frequency =  10 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  14,344 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.50 min
Total precip. =  4.84 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.590 x 58) + (0.300 x 85) + (2.280 x 58)] / 3.170
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Hyd. No. 7 -- 10 Year

Hyd No. 7



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 8

POST P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  0.767 cfs
Storm frequency =  10 yrs Time to peak =  14.83 hrs
Time interval =  2 min Hyd. volume =  17,830 cuft
Inflow hyd. No. =  6 - GREENFIELD POST P1 Max. Elevation =  392.59 ft
Reservoir name =  Retention Berm Max. Storage =  16,863 cuft

Storage Indication method used.
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POST P1 ROUTING
Hyd. No. 8 -- 10 Year

Hyd No. 8 Hyd No. 6 Total storage used = 16,863 cuft



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 9

TOTAL POST OUTFLOW.

Hydrograph type =  Combine Peak discharge =  3.314 cfs
Storm frequency =  10 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  32,174 cuft
Inflow hyds. =  7, 8 Contrib. drain. area =  3.170 ac

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

4.00 4.00

Q (cfs)

Time (hrs)

TOTAL POST OUTFLOW.
Hyd. No. 9 -- 10 Year

Hyd No. 9 Hyd No. 7 Hyd No. 8



Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 13.17 2 724 42,082 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 5.537 2 730 22,493 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 2.245 2 728 8,362 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 0.002 2 1448 0 1 394.00 42,082 PRE P1 ROUTING

5 Combine 7.687 2 728 30,855 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 10.71 2 736 51,301 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 5.537 2 730 22,493 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 2.635 2 772 37,085 6 392.72 20,349 POST P1 ROUTING

9 Combine 5.537 2 730 59,578 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 25 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 6

GREENFIELD POST P1

Hydrograph type =  SCS Runoff Peak discharge =  10.71 cfs
Storm frequency =  25 yrs Time to peak =  12.27 hrs
Time interval =  2 min Hyd. volume =  51,301 cuft
Drainage area =  8.160 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  19.30 min
Total precip. =  5.96 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.330 x 58) + (0.140 x 85) + (7.690 x 58)] / 8.160
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Hyd. No. 6 -- 25 Year

Hyd No. 6



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 7

GREENFIELD POST P2

Hydrograph type =  SCS Runoff Peak discharge =  5.537 cfs
Storm frequency =  25 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  22,493 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.50 min
Total precip. =  5.96 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.590 x 58) + (0.300 x 85) + (2.280 x 58)] / 3.170
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Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 8

POST P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  2.635 cfs
Storm frequency =  25 yrs Time to peak =  12.87 hrs
Time interval =  2 min Hyd. volume =  37,085 cuft
Inflow hyd. No. =  6 - GREENFIELD POST P1 Max. Elevation =  392.72 ft
Reservoir name =  Retention Berm Max. Storage =  20,349 cuft

Storage Indication method used.
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Hyd. No. 8 -- 25 Year

Hyd No. 8 Hyd No. 6 Total storage used = 20,349 cuft



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 9

TOTAL POST OUTFLOW.

Hydrograph type =  Combine Peak discharge =  5.537 cfs
Storm frequency =  25 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  59,578 cuft
Inflow hyds. =  7, 8 Contrib. drain. area =  3.170 ac
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Hyd No. 9 Hyd No. 7 Hyd No. 8



Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 22.82 2 724 69,698 ------ ------ ------ GREENFIELD PRE P1

2 SCS Runoff 9.416 2 730 36,906 ------ ------ ------ GREENFIELD PRE P2

3 SCS Runoff 3.961 2 726 13,984 ------ ------ ------ GREENFIELD PRE P3

4 Reservoir 1.959 2 812 27,616 1 394.00 42,285 PRE P1 ROUTING

5 Combine 13.28 2 728 78,507 2, 3, 4 ------ ------ TOTAL PRE OUTFLOW

6 SCS Runoff 18.88 2 734 85,799 ------ ------ ------ GREENFIELD POST P1

7 SCS Runoff 9.416 2 730 36,906 ------ ------ ------ GREENFIELD POST P2

8 Reservoir 9.311 2 754 71,583 6 393.00 28,569 POST P1 ROUTING

9 Combine 12.92 2 748 108,489 7, 8 ------ ------ TOTAL POST OUTFLOW.

SWM Model.gpw Return Period: 100 Year Monday, 02 / 19 / 2018

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2018 by Autodesk, Inc. v12 Monday, 02 / 19 / 2018

Hyd. No. 6

GREENFIELD POST P1

Hydrograph type =  SCS Runoff Peak discharge =  18.88 cfs
Storm frequency =  100 yrs Time to peak =  12.23 hrs
Time interval =  2 min Hyd. volume =  85,799 cuft
Drainage area =  8.160 ac Curve number =  58*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  19.30 min
Total precip. =  7.70 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.330 x 58) + (0.140 x 85) + (7.690 x 58)] / 8.160
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Hyd. No. 7

GREENFIELD POST P2

Hydrograph type =  SCS Runoff Peak discharge =  9.416 cfs
Storm frequency =  100 yrs Time to peak =  12.17 hrs
Time interval =  2 min Hyd. volume =  36,906 cuft
Drainage area =  3.170 ac Curve number =  60*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  10.50 min
Total precip. =  7.70 in Distribution =  Type III
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.590 x 58) + (0.300 x 85) + (2.280 x 58)] / 3.170
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Hyd. No. 8

POST P1 ROUTING

Hydrograph type =  Reservoir Peak discharge =  9.311 cfs
Storm frequency =  100 yrs Time to peak =  12.57 hrs
Time interval =  2 min Hyd. volume =  71,583 cuft
Inflow hyd. No. =  6 - GREENFIELD POST P1 Max. Elevation =  393.00 ft
Reservoir name =  Retention Berm Max. Storage =  28,569 cuft

Storage Indication method used.
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Hyd No. 8 Hyd No. 6 Total storage used = 28,569 cuft
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Hyd. No. 9

TOTAL POST OUTFLOW.

Hydrograph type =  Combine Peak discharge =  12.92 cfs
Storm frequency =  100 yrs Time to peak =  12.47 hrs
Time interval =  2 min Hyd. volume =  108,489 cuft
Inflow hyds. =  7, 8 Contrib. drain. area =  3.170 ac
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Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 20.0844 3.8000 0.7332 --------

2 25.3626 4.3000 0.7515 --------

3 0.0000 0.0000 0.0000 --------

5 27.8700 3.6000 0.7238 --------

10 32.3852 3.6000 0.7243 --------

25 39.0724 3.7000 0.7278 --------

50 44.5228 3.8000 0.7315 --------

100 49.6702 3.8000 0.7331 --------

File name: Greenfield site.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 4.08 2.93 2.34 1.97 1.71 1.52 1.37 1.26 1.16 1.08 1.01 0.95

2 4.75 3.44 2.74 2.31 2.00 1.78 1.61 1.47 1.36 1.26 1.18 1.11

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 5.87 4.21 3.36 2.83 2.46 2.19 1.98 1.81 1.68 1.56 1.46 1.38

10 6.82 4.89 3.90 3.28 2.85 2.54 2.30 2.10 1.94 1.81 1.70 1.60

25 8.09 5.81 4.64 3.90 3.39 3.02 2.73 2.50 2.31 2.15 2.02 1.90

50 9.07 6.53 5.21 4.38 3.81 3.39 3.06 2.80 2.59 2.41 2.26 2.13

100 10.08 7.25 5.78 4.86 4.23 3.76 3.40 3.11 2.87 2.67 2.51 2.36

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

Precip. file name: J:\Plains\Schaeffertown Lateral\SWM\F-Hydrologic Models and Results\Schaeffertown.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 3.04 0.00 2.90 4.84 5.96 4.44 7.70

SCS 6-Hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-1st 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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 PRELIMINARY  
OPERATION AND MAINTENANCE PLANS 

 
TO BE FINALIZED PRIOR TO OPERATION 
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DRAFT OPERATIONS AND MAINTENANCE PLAN 
 

ForeFront Power – Solar Generating Facility 
Ware, MA 

 

 
 
1. Facility Operations 
 
The Project developer expects to contract with local firms for maintenance services: 
 

 Site security 

 Site maintenance (grounds keeping, undergrowth control, etc.) 

 Module cleaning 
 
The  Project  developer  will  employ  an  asset  project  manager  who  would  supervise  the  work  of  the 
subcontractors,  each  of  whom  may  perform  one  or  more  of  the  functions  above.    As  the  ongoing 
maintenance of a PV facility is minimal, the site superintendent will be responsible for multiple projects 
throughout the Project developer’s portfolio.  
 
The Project developer’s internal operations and management group performs electrical maintenance on 
the system following commissioning. 
 
2. Operation and Maintenance Plan – Solar Array 
 

2.1 Array Area Maintenance 
 

The area encompassing the solar array will be maintained as follows: 
 

 Mowing of the array area will be performed twice annually to ensure vegetation heights do not 
impede production of the PV facility;  

 The quality of the vegetative cover will be observed as part of on‐going maintenance at each 
mowing. If adverse conditions are seen to be developing, a landscape professional will be 
consulted and reseeding of impacted areas with more shade tolerant grasses will be completed; 

 If exposed areas of topsoil are observed, a landscape professional will be employed to complete 
the following measures: 

o Specify a seed mix depending on the time of year, which is compatible with and similar 
to the existing vegetative cover; 

o Hand rake exposed topsoil areas in preparation for seeding; 
o Spread seed within hand raked areas at an area density specified by the seed supplier; 
o Implement temporary stabilization measures within the seeding area during restoration 

of vegetative cover; and 
o Monitor the vegetative restoration area until exposed topsoil areas are fully stabilized 

with vegetative cover. 
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Unique  among  energy  generation  technologies,  PV  systems  are  almost  entirely  solid  state;  the  only 
moving parts in our proposed system are in the electrical meters. Accordingly, maintenance requirements 
are minor and system uptime is extremely high.  Additionally, individual sections of the array can be taken 
offline for any other needed repairs, with negligible impact on overall output. 
 

2.2 Solar Array Maintenance 
 
The  system will  be maintained  according  to  accepted  industry  standards.  The maintenance  activities 
include: 
 
The Project developer will perform regular, scheduled maintenance, on a bi‐annual basis, beginning after 
the Commercial Operations Date is achieved. Maintenance tasks include the following: 
 

 Visual inspection of all feeder terminations for corrosion and proper attachment. 

 Inspection and testing of surge arrestor and lightning protection operation. 

 Re‐torque  of  select  power  terminations/connections  associated  with  the  system  –  e.g.  DC 
combiner boxes, DC and AC disconnects, surge arrestors, inverters, PV modules, and other system 
distribution components. 

 Ground continuity testing, lightning protection and overall system safety inspection, to include 
correction of any unsafe or abnormal issues. 

 Inspection/survey of all combiner boxes, disconnects (AC&DC), switchgear and inverters with an 
infrared camera, with the purpose of detecting hotspots, bad connections, and related issues. 

 Checking of mechanical and structural integrity of the system, and correction of issues. 

 Checking of all fuses in inverters, combiner boxes, and disconnects (AC&DC). Checking, cleaning, 
and replacement of inverter air filters. 

 Checking and cleaning of dust from inverter heat sinks. 

 Checking of inverter housing for dust/water ingress. 

 Visual inspection and cleaning of weather station as appropriate. 

 Calibration check of weather station. 

 Checking of modules for excessive dirt and debris. 

 Checking and replacement of unserviceable or degraded system labeling. 

 Testing of voltage and amperage of all source conductors. 

 Documentation and inspections reporting to include: 
o PV System QAQC Form; 
o Energy PV System Commissioning Form; and 
o System Component Torque Specifications Form. 

 
3. Site Security 
 
The entire perimeter of the solar array and associated inverters and transformers will be surrounded by 
a  chain‐link  fence,  per  state  and  federal  code.  Locked  gates  will  provide  access  to  only  authorized 
personnel. Warning signs will be placed on this fencing and on electrical equipment, as appropriate, to 
meet Massachusetts State Electric Code.  
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1.0 Objective 
 

This document is the Stormwater Operation and Maintenance Plan for ForeFront Power’s 
Uxbridge Solar Photovoltaic Project.  ForeFront Power (ForeFront) will be the owner of 
the solar generating facility (SGF) and per Massachusetts stormwater requirements will 
be responsible for long term maintenance of all components of the stormwater 
management system. ForeFront will also be responsible for the operation and 
maintenance of the SGF.  These components must be periodically inspected and 
maintained in effective operating condition.  This plan is designed to provide guidance to 
properly inspect and maintain the stormwater facilities.  Should the SGF be 
decommissioned, the Land Owner will be responsible for maintenance of the stormwater 
facilities if necessary.  

 
2.0 Maintenance Responsibility 
 

ForeFront will be responsible for the maintenance and inspection of stormwater 
conveyance and treatment facilities during SGF operations.  All stormwater maintenance 
and inspection work will be performed under the direction and supervision of the 
ForeFront. ForeFront may select to hire a contractor to perform the stormwater operation 
and maintenance work. The emergency contact for the project will be the current Land 
Owner. 

 
 
3.0 Facilities to be Maintained  
 

The stormwater management facilities to be maintained at the ForeFront Solar 
Photovoltaic Project include: 
 

 Permanent Gravel access turnarounds 
 

4.0 General Inspection and Maintenance Requirements 
 
The components of the stormwater management system must be adequately maintained 
to ensure that the system operates as designed, and as approved by the state of 
Massachusetts.  At a minimum, ForeFront, or its designated contractor will inspect 
stormwater conveyance, control and treatment structures at the site on a bi-annual basis 
(spring and fall). Additional inspections may occur, as needed, depending on the results 
of routine inspections and site conditions.  More frequent inspections will be made, as 
needed, by on-site personnel under the direction of ForeFront.  Stormwater system 
maintenance and repairs will be performed on an as-needed basis, in accordance with 
recommendations made by the site inspector. Routine maintenance will include, as 
needed: the immediate repair of newly-formed channels or gullies; removal of trash, 
leaves and sediment; and control of woody vegetation.   
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5.0 Maintenance Issues 
 
Maintenance issues associated with specific areas and facilities at the site are identified in 
the following paragraphs. 
 
Permanent Gravel Access Road 
The access road will require little on-going maintenance.  The access road will be 
inspected bi-annually, and signs of existing or developing rutting, erosion, frost heaves, 
potholes, ponding, trash or unwanted vegetation will be removed/repaired as needed 

 
 
Stormwater and SGF Decommissioning Plan  
 
ForeFront would implement the following measures should it be decided that the SGF be 
decommissioned. 
 

 The electrical equipment, inverters, transformers, switchgear, combiner boxes will 
be de-energized by licensed electricians; 

 Electrical equipment, wiring, copper and aluminum will be removed and recycled; 
 Conduits, both above and below grade if any,  combiner boxes, disconnects, other 

electrical assemblies including post and supports will be removed;  
 Fencing and fence posts will be removed and taken to a recycling facility.  
 Solar panels will be detached from the racking systems and stacked and bundled 

for removal and transport;  
 Solar racking systems will be disassembled or cut apart, stacked, bundled for 

removal and proper disposal; and 
 Concrete foundations for inverters, transformers, and switchgear will be fractured 

into manageable sizes and removed from the site for recycling.  
 Disturbed areas or areas of bare soil resulting from decommissioning the SGF will 

be graded to match into surrounding areas and stabilized with loam, seed, and 
mulch. 

 
Underground raceways and solar racking systems will be pulled out of the ground using 
an excavator. Depressions and voids left from removal of raceways and equipment will 
be backfilled and graded to proper elevation. If any stormwater BMPs or other control 
improvements are required they will be maintained by the Land Owner following SGF 
decommissioning. 
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NOAA Atlas 14, Volume 10, Version 2 
Location name: Ware, Massachusetts, USA* 

Latitude: 42.2559°, Longitude: -72.2514° 
Elevation: 405.23 ft** 

* source: ESRI Maps 
** source: USGS 

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sandra Pavlovic, Michael St. Laurent, Carl Trypaluk, Dale Unruh, Orlan Wilhite

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years) 

1 2 5 10 25 50 100 200 500 1000

5-min 0.340
(0.266-0.430)

0.397
(0.310-0.502)

0.489
(0.381-0.622)

0.566
(0.438-0.725)

0.672
(0.502-0.900)

0.754
(0.550-1.03)

0.835
(0.590-1.19)

0.922
(0.622-1.36)

1.04
(0.673-1.59)

1.12
(0.710-1.77)

10-min 0.482
(0.376-0.609)

0.562
(0.439-0.712)

0.693
(0.539-0.881)

0.802
(0.620-1.03)

0.952
(0.711-1.27)

1.07
(0.780-1.46)

1.18
(0.835-1.68)

1.31
(0.882-1.93)

1.47
(0.953-2.26)

1.59
(1.01-2.51)

15-min 0.567
(0.443-0.717)

0.661
(0.516-0.837)

0.816
(0.634-1.04)

0.944
(0.730-1.21)

1.12
(0.837-1.50)

1.26
(0.917-1.72)

1.39
(0.983-1.98)

1.54
(1.04-2.27)

1.73
(1.12-2.66)

1.87
(1.18-2.95)

30-min 0.760
(0.594-0.961)

0.887
(0.693-1.12)

1.10
(0.852-1.39)

1.27
(0.980-1.62)

1.50
(1.12-2.01)

1.69
(1.23-2.31)

1.87
(1.32-2.66)

2.06
(1.39-3.05)

2.32
(1.51-3.57)

2.51
(1.59-3.96)

60-min 0.954
(0.745-1.21)

1.11
(0.869-1.41)

1.37
(1.07-1.75)

1.59
(1.23-2.04)

1.89
(1.41-2.53)

2.12
(1.55-2.90)

2.35
(1.66-3.34)

2.59
(1.75-3.82)

2.91
(1.89-4.48)

3.16
(2.00-4.97)

2-hr 1.21
(0.952-1.52)

1.41
(1.11-1.78)

1.74
(1.36-2.20)

2.01
(1.57-2.56)

2.39
(1.80-3.19)

2.68
(1.98-3.67)

2.97
(2.12-4.24)

3.34
(2.26-4.90)

3.82
(2.49-5.84)

4.19
(2.66-6.56)

3-hr 1.38
(1.09-1.73)

1.62
(1.27-2.03)

2.01
(1.58-2.52)

2.33
(1.82-2.95)

2.77
(2.10-3.70)

3.11
(2.31-4.26)

3.45
(2.49-4.95)

3.93
(2.67-5.76)

4.57
(2.98-6.96)

5.05
(3.21-7.87)

6-hr 1.70
(1.35-2.11)

2.03
(1.61-2.53)

2.57
(2.03-3.22)

3.02
(2.37-3.80)

3.64
(2.78-4.85)

4.12
(3.08-5.64)

4.59
(3.36-6.61)

5.34
(3.63-7.79)

6.34
(4.14-9.61)

7.09
(4.53-11.0)

12-hr 2.06
(1.65-2.54)

2.53
(2.02-3.12)

3.29
(2.62-4.08)

3.92
(3.10-4.90)

4.79
(3.69-6.37)

5.46
(4.13-7.48)

6.14
(4.53-8.85)

7.26
(4.95-10.5)

8.74
(5.73-13.2)

9.87
(6.31-15.2)

24-hr 2.43
(1.96-2.98)

3.04
(2.44-3.73)

4.02
(3.22-4.96)

4.84
(3.85-6.01)

5.96
(4.62-7.88)

6.83
(5.19-9.30)

7.70
(5.73-11.1)

9.16
(6.27-13.2)

11.1
(7.29-16.6)

12.6
(8.07-19.2)

2-day 2.82
(2.28-3.43)

3.52
(2.85-4.30)

4.68
(3.77-5.73)

5.64
(4.51-6.95)

6.95
(5.41-9.12)

7.97
(6.08-10.8)

8.98
(6.70-12.8)

10.7
(7.34-15.3)

12.9
(8.51-19.2)

14.6
(9.40-22.2)

3-day 3.09
(2.51-3.74)

3.85
(3.13-4.68)

5.10
(4.13-6.22)

6.14
(4.93-7.53)

7.56
(5.90-9.88)

8.66
(6.64-11.7)

9.76
(7.30-13.8)

11.6
(7.98-16.5)

14.0
(9.25-20.7)

15.8
(10.2-23.9)

4-day 3.32
(2.71-4.01)

4.13
(3.36-5.00)

5.45
(4.42-6.63)

6.55
(5.28-8.02)

8.06
(6.31-10.5)

9.22
(7.08-12.4)

10.4
(7.79-14.7)

12.3
(8.50-17.5)

14.9
(9.84-22.0)

16.8
(10.8-25.4)

7-day 3.97
(3.26-4.78)

4.87
(3.99-5.87)

6.35
(5.18-7.68)

7.57
(6.14-9.22)

9.26
(7.28-12.0)

10.6
(8.13-14.1)

11.9
(8.91-16.6)

14.0
(9.68-19.7)

16.8
(11.1-24.6)

18.9
(12.2-28.4)

10-day 4.63
(3.81-5.55)

5.58
(4.59-6.70)

7.14
(5.85-8.61)

8.44
(6.86-10.2)

10.2
(8.05-13.1)

11.6
(8.94-15.3)

13.0
(9.73-18.0)

15.1
(10.5-21.3)

18.0
(12.0-26.3)

20.1
(13.0-30.1)

20-day 6.68
(5.54-7.96)

7.70
(6.38-9.19)

9.37
(7.72-11.2)

10.8
(8.81-13.0)

12.7
(9.99-16.0)

14.1
(10.9-18.4)

15.6
(11.6-21.2)

17.5
(12.3-24.4)

20.1
(13.4-29.1)

22.0
(14.3-32.7)

30-day 8.41
(6.99-9.97)

9.46
(7.86-11.2)

11.2
(9.25-13.3)

12.6
(10.4-15.1)

14.6
(11.5-18.3)

16.1
(12.4-20.7)

17.6
(13.0-23.5)

19.3
(13.5-26.7)

21.5
(14.4-31.1)

23.2
(15.1-34.4)

45-day 10.5
(8.80-12.5)

11.6
(9.70-13.8)

13.4
(11.1-15.9)

14.9
(12.3-17.8)

16.9
(13.4-21.1)

18.5
(14.2-23.5)

20.0
(14.8-26.4)

21.5
(15.2-29.7)

23.5
(15.8-33.7)

24.9
(16.3-36.8)

60-day 12.3
(10.3-14.5)

13.4
(11.2-15.8)

15.3
(12.7-18.1)

16.8
(13.9-20.0)

18.9
(15.0-23.4)

20.5
(15.8-26.0)

22.1
(16.3-29.0)

23.5
(16.6-32.3)

25.3
(17.1-36.2)

26.6
(17.4-39.1)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS). 
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency 
estimates (for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at 
upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values. 
Please refer to NOAA Atlas 14 document for more information. 
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NOAA Atlas 14, Volume 10, Version 2 
Location name: Ware, Massachusetts, USA* 

Latitude: 42.2435°, Longitude: -72.2589° 
Elevation: 402.41 ft**

* source: ESRI Maps 
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sandra Pavlovic, Michael St. Laurent, Carl Trypaluk, Dale Unruh, Orlan Wilhite

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 4.08
(3.19‑5.16)

4.76
(3.73‑6.04)

5.89
(4.58‑7.48)

6.82
(5.28‑8.72)

8.10
(6.06‑10.8)

9.08
(6.65‑12.4)

10.1
(7.12‑14.3)

11.1
(7.51‑16.4)

12.5
(8.12‑19.3)

13.6
(8.59‑21.4)

10-min 2.89
(2.26‑3.65)

3.38
(2.64‑4.27)

4.17
(3.25‑5.30)

4.83
(3.74‑6.18)

5.74
(4.29‑7.68)

6.43
(4.70‑8.81)

7.13
(5.04‑10.2)

7.88
(5.32‑11.6)

8.86
(5.75‑13.6)

9.61
(6.08‑15.2)

15-min 2.27
(1.78‑2.86)

2.65
(2.07‑3.35)

3.27
(2.55‑4.16)

3.79
(2.94‑4.84)

4.50
(3.36‑6.02)

5.05
(3.69‑6.92)

5.60
(3.96‑7.96)

6.18
(4.18‑9.13)

6.95
(4.51‑10.7)

7.54
(4.77‑11.9)

30-min 1.52
(1.19‑1.92)

1.78
(1.39‑2.25)

2.19
(1.71‑2.79)

2.54
(1.97‑3.25)

3.02
(2.26‑4.04)

3.39
(2.48‑4.64)

3.76
(2.65‑5.34)

4.15
(2.80‑6.13)

4.67
(3.03‑7.19)

5.06
(3.20‑7.98)

60-min 0.954
(0.747‑1.21)

1.11
(0.872‑1.41)

1.38
(1.07‑1.75)

1.60
(1.24‑2.04)

1.90
(1.42‑2.54)

2.13
(1.55‑2.91)

2.36
(1.67‑3.35)

2.60
(1.76‑3.85)

2.93
(1.90‑4.51)

3.18
(2.01‑5.01)

2-hr 0.605
(0.476‑0.760)

0.706
(0.556‑0.888)

0.872
(0.684‑1.10)

1.01
(0.786‑1.28)

1.20
(0.904‑1.60)

1.34
(0.992‑1.84)

1.49
(1.07‑2.13)

1.67
(1.13‑2.46)

1.92
(1.25‑2.94)

2.10
(1.34‑3.30)

3-hr 0.459
(0.363‑0.574)

0.538
(0.426‑0.675)

0.669
(0.526‑0.841)

0.776
(0.607‑0.983)

0.925
(0.701‑1.23)

1.04
(0.772‑1.42)

1.15
(0.833‑1.65)

1.31
(0.891‑1.93)

1.53
(0.994‑2.33)

1.69
(1.07‑2.63)

6-hr 0.284
(0.226‑0.353)

0.340
(0.270‑0.423)

0.431
(0.341‑0.538)

0.506
(0.398‑0.636)

0.609
(0.466‑0.812)

0.689
(0.517‑0.945)

0.769
(0.563‑1.11)

0.895
(0.609‑1.31)

1.06
(0.694‑1.61)

1.19
(0.758‑1.84)

12-hr 0.171
(0.137‑0.211)

0.210
(0.168‑0.260)

0.274
(0.218‑0.340)

0.327
(0.259‑0.408)

0.399
(0.308‑0.531)

0.455
(0.344‑0.623)

0.511
(0.378‑0.738)

0.605
(0.413‑0.878)

0.728
(0.477‑1.10)

0.822
(0.526‑1.27)

24-hr 0.102
(0.082‑0.125)

0.127
(0.102‑0.156)

0.168
(0.135‑0.207)

0.202
(0.161‑0.251)

0.249
(0.193‑0.330)

0.286
(0.217‑0.389)

0.322
(0.240‑0.463)

0.383
(0.262‑0.553)

0.464
(0.305‑0.697)

0.526
(0.337‑0.806)

2-day 0.059
(0.048‑0.072)

0.074
(0.060‑0.090)

0.098
(0.079‑0.120)

0.118
(0.094‑0.145)

0.145
(0.113‑0.191)

0.166
(0.127‑0.225)

0.188
(0.140‑0.268)

0.223
(0.153‑0.319)

0.270
(0.178‑0.402)

0.305
(0.196‑0.464)

3-day 0.043
(0.035‑0.052)

0.054
(0.044‑0.065)

0.071
(0.058‑0.087)

0.085
(0.069‑0.105)

0.105
(0.082‑0.138)

0.121
(0.093‑0.162)

0.136
(0.102‑0.193)

0.161
(0.111‑0.230)

0.195
(0.129‑0.290)

0.220
(0.142‑0.334)

4-day 0.035
(0.028‑0.042)

0.043
(0.035‑0.052)

0.057
(0.046‑0.069)

0.068
(0.055‑0.084)

0.084
(0.066‑0.110)

0.096
(0.074‑0.129)

0.108
(0.081‑0.154)

0.129
(0.089‑0.183)

0.155
(0.103‑0.230)

0.175
(0.113‑0.266)

7-day 0.024
(0.019‑0.028)

0.029
(0.024‑0.035)

0.038
(0.031‑0.046)

0.045
(0.037‑0.055)

0.055
(0.043‑0.072)

0.063
(0.049‑0.084)

0.071
(0.053‑0.099)

0.083
(0.058‑0.118)

0.100
(0.066‑0.148)

0.113
(0.073‑0.170)

10-day 0.019
(0.016‑0.023)

0.023
(0.019‑0.028)

0.030
(0.024‑0.036)

0.035
(0.029‑0.043)

0.043
(0.034‑0.055)

0.048
(0.037‑0.064)

0.054
(0.041‑0.076)

0.063
(0.044‑0.089)

0.075
(0.050‑0.110)

0.084
(0.055‑0.126)

20-day 0.014
(0.012‑0.017)

0.016
(0.013‑0.019)

0.020
(0.016‑0.023)

0.022
(0.018‑0.027)

0.026
(0.021‑0.034)

0.030
(0.023‑0.038)

0.033
(0.024‑0.044)

0.037
(0.026‑0.051)

0.042
(0.028‑0.061)

0.046
(0.030‑0.069)

30-day 0.012
(0.010‑0.014)

0.013
(0.011‑0.016)

0.016
(0.013‑0.019)

0.018
(0.014‑0.021)

0.020
(0.016‑0.025)

0.022
(0.017‑0.029)

0.024
(0.018‑0.033)

0.027
(0.019‑0.037)

0.030
(0.020‑0.043)

0.032
(0.021‑0.048)

45-day 0.010
(0.008‑0.012)

0.011
(0.009‑0.013)

0.012
(0.010‑0.015)

0.014
(0.011‑0.017)

0.016
(0.012‑0.020)

0.017
(0.013‑0.022)

0.019
(0.014‑0.025)

0.020
(0.014‑0.028)

0.022
(0.015‑0.031)

0.023
(0.015‑0.034)

60-day 0.009
(0.007‑0.010)

0.009
(0.008‑0.011)

0.011
(0.009‑0.013)

0.012
(0.010‑0.014)

0.013
(0.010‑0.016)

0.014
(0.011‑0.018)

0.015
(0.011‑0.020)

0.016
(0.012‑0.023)

0.018
(0.012‑0.025)

0.019
(0.012‑0.027)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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