
 

Environmental Consultants, Wetland Scientists, Specializing in Federal, State and Local Permitting, Expert Witness 
 

135 River Road • Woolwich, ME 04579 
207-615 - 1527 • lisa@atlanticenviromaine.com 

www.atlanticenviromaine.com 
    

                                                                                           March 10, 2020 
 
 

Mr. Bill Butler 
Town of China 
571 Lakeview Drive 
China, ME 04358 
 
Re:  Conditional Use Permit Application on behalf of Sunraise Development, LLC, Route 3, 

China, Maine (Tax Map #33, Lot #16). 
 
Dear Mr. Butler 
 

On behalf of SunRaise Development, LLC Atlantic Environmental, LLC (AE) is pleased to 
submit an application to the Planning Board for the construction of a 3.0 mega-watt AC solar 
energy generation project located off Route 3.  The project consists of the placement of 10,100 
solar panels within an approximate twenty-three (23) acre parcel.  The Applicant requests the 
Planning Board consider this application at their March 24, 2020 meeting.   
 
 Thank you in advance for your consideration of this Application.  If you require any 
additional information or clarifications, please feel free to contact me at 207 – 615 - 1527 or by 
email at lisa@atlanticenviromaine.com. 
 
         Sincerely, 
         Atlantic Environmental LLC. 

        
 
        
           
       Lisa Vickers,  

Senior Project Manager 



 
 
 
 

REQUEST TO MEET WITH THE CHINA 
PLANNING BOARD 

 
 
 

NAME: SunRaise Development, LLC      PHONE:  (781) 698 - 6093 
 
ADDRESS: 26 Market Square 
 
CITY/TOWN: Portsmouth, NH                            ZIP: 03801 
 
 
********************************************************** 
 
 
I, SunRaise Development, LLC, am requesting to be placed on a forthcoming 
meeting agenda with the China Planning Board to review my intentions for the 
following: 
 
The construction of a 3.0 mega-watt AC solar energy generation project located off Route 3 that 

inludes an access road, battery storage, string inverters, transformers, and interconnecting 

switchgear. 

 
Please notify me of the time that I may be scheduled for review with the local 
Planning Board. 
 
Thank you, 
 
 
 
 
_______________________________  _______________________ 
Signature of Applicant     Date 

REVISED 5/2005 
 

Lisa Vickers
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Revised 2018 
 
 

Town Of China 
Application for a Permit from the Planning Board 

 
Applicant _______________________________________ Phone  (Home) ___________________ 

Mailing Address ________________________________                (Work)  ___________________ 

   ________________________________  (Cell)      

 

Property Owner  ________________________________ Phone (Home) __________________ 

Mailing Address ________________________________  (Work) __________________ 

   ________________________________  (Cell)      

Property Address  _______________________________ Map  ____________  Lot  ____________ 
    Book____________  Page ____________ 
______ If applicant is not the property owner, provide a copy of a lease agreement, purchase and sale agreement 
subject to Planning Board approval or other document demonstrating that you have title to the property. 
 
Acreage of Lot   
 
Existing use of property_____________________________________________________________ 
 
Property is zoned as:  ______ Resource Protection                       Stream Protection           ______ Shoreland           ______ Rural       
   
Proposed Use(s) – Check all that apply 
 _____ Subdivision  
 _____ Multi Family Residence 
 _____ New Commercial Structure or Addition   
 _____  Change of Use 
 _____ Dock ( _____ Temporary,  _____ Permanent) 
 _____ Timber Harvest – Check all that apply 
  _____ Resource Protection, _____ Shoreland, _____ Stream Protection Exceeds 40% 
 _____ Filling or other earth moving less than 100 cubic yards 
 _____ Filling or other earth moving greater than 100 cubic yards 
 _____  Other _______________________________________________________________________ 
 

1. Site Plan – Provide a site plan with the following information.  A GIS based map will often be a good 
starting point to provide the information in a scaled format. A hand drawn map may also be acceptable.   
______ Plot of lot and abutting properties drawn to scale 
______ North arrow and scale of map 
______ Location of existing and proposed septic system and well 
______ Location of footprint of existing and proposed building(s) and/or addition(s) 
______ Location of water bodies, wetlands, and other natural features such as wooded areas 
______ Designation of areas that will be cleared 
______ Location of public roads that will provide access to the site 
______ Location of parking areas, pedestrian access ways, and points of ingress and egress from public   
  streets to the lot 
______ Location of existing and proposed vegetative and non-vegetative buffers and proposed        
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Revised 2018 
 
 

             landscape plantings 
______ Location of phosphorus buffer or other phosphorus treatment system, if applicable 
______ Location of existing and proposed outdoor lighting and signs 
______ Location of shoreland and flood zones, if applicable 
 
 
 

2. Provide a narrative explaining the project including proposed use(s). Include hours and days that the 
proposed business will be open. 
 
        
        
        
        
        
        
        
        
        
        
        
         
 
 
 

3. Provide a copy of the existing septic system HHE-200 form, if available.  This can be obtained from the 
CEO / LPI. 
 
Design flow of septic system  
 

4. Provide a copy of the proposed septic system evaluation by a licensed site evaluator if this is deemed 
necessary by the Town’s LPI. 
 
Proposed design flow of septic system  
 
Signoff of LPI    The existing septic system is / is not adequate and does / does not need review by a 
licensed site evaluator.                                                
                                                                 LPI Town of China 
 

5. Indicate which permits are required in addition to the Planning Board Conditional Use Permit.  The 
CEO can provided assistance with this. 
  
     Town subdivision  

      Town Floodplain Management  
      Town Building  
      Town Septic  
      Town internal plumbing  
      Town CEO   
      DEP NRPA  

Lisa Vickers
X

Lisa Vickers
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The Applicant proposes to construct a 3.0 mega-watt AC solar energy generation project on an approximate 23 acre parcel of land.  The development includes the construction of approximately 10,100 solar panels that will be racked on TerraSmart racking and includes the construction of a fourteen (14) foot wide access road, battery storage, string inverters, transformers, and interconnecting switchgear. The project is an unmanned operation that will operate during daylight hours.

Lisa Vickers
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Revised 2018 
 
 

      DEP Stormwater  
      DEP Site Location of Development 
      DOT Driveway Entrance 
      DOT Traffic Movement Permit 
      Fire Marshall’s Office 
      Dept of Human Services 
      U S Army Corp of Engineers 
      Other               

 
6. a. Provide a copy of the State DOT driveway entrance permit if a new driveway is proposed on a 

 state road or if the DOT determines that a driveway entrance permit is necessary for a change of 
 use. 
 
b. Provide a copy of the DOT traffic movement permit if it is required. 
 
 

7. Provide an evaluation of the phosphorus control methodology to be used on the lot if the phosphorus 
control ordinance is applicable for the proposal.  The CEO will verify whether or not this is applicable to 
your proposal. 

 Signoff of CEO - The proposed use does / does not require phosphorus controls to be implemented.        
 
                    
                                        CEO Town of China 
 

8. Provide a sketch of the proposed building(s) or addition(s) including height, width, footprint, and floor 
plan. 

 
9. Verify that lot coverage, lot area, property line and water setbacks requirements, and structure height 

requirements will be met if additions or new structures are proposed (see section 5(A) and 5(B) of Land 
Use Ordinance for specific requirements). 
Dimensional Requirements                  Required          Actual/Proposed 
Lot Coverage   
Lot Area   
Property Line Setbacks   Road 25 ft  
                                        Side 10 ft  
                                        Rear 15 ft  
Water or Wetland Setback   
Water Frontage   
Structure Height     Not greater than 35 ft  
 
The information provided is accurate to the best of my knowledge. 

 
Signed       
                                              Signature of applicant              
 
 
Date      
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Environmental Consultants, Wetland Scientists, Specializing in Federal, State and Local Permitting, Expert Witness 

135 River Road • Woolwich, ME 04579 
207-837-2199 •tim@atlanticenviromaine.com 

www.atlanticenviromaine.com 
    

                                                                                             January 2, 2020 
 

To whom it may concern: 

 By this letter, I authorize Atlantic Environmental LLC to act on my behalf as my Agent for the 

preparation and submission of all federal, state, and local town or city permit applications and relevant 

documents and correspondence related to the construction of a solar array project located on Route 3 

(Map 33, Lot #16) in China, Maine.  This authorization includes attending meetings and site visits, 

appearing before all boards, commissions, and/or committees, and providing other services as required 

for completing the aforementioned tasks. 

 Thank you for the opportunity to work with you on this project.  Should you have any additional 

questions, please do not hesitate to contact me at 207-837-2199 or via email at 

tim@atlanticenviromaine.com.      

 

_____________________________________   
Print Name  
 
_____________________________________  ____________________ 
Signature       Date 
 
         Sincerely, 
         Atlantic Environmental LLC. 

      
              
      
           
       Timothy A. Forrester, Owner                
     

Patrick Jackson

1/2/2020
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SECTION 1.0: DEVELOPMENT DESCRIPTION 
 

 
 

Objective and Details 

As part of LD 1711: An Act to Promote Solar Energy Projects and Distributed Generation 

Resources in Maine, there is a statewide initiative to develop long term contracts for community solar 

projects with the Public Utilities Commission (PUC).  This project is in response to this legislation.   

SunRaise Development LLC (SunRaise) proposes the development and operation of a 3.0 

megawatt AC solar energy generation project located off Route 3 the Town of China, Maine.  SunRaise 

has a lease option for an approximately nineteen (19) acre parcel of land that consists of a field area that 

has most recently been utilized for loam.  There are bordering forested uplands and forested wetlands.  

The development includes the construction of approximately 10,100 solar panels that will be racked on 

TerraSmart racking and includes the construction of a fourteen (14) foot wide access road, battery 

storage, string inverters, transformers, and interconnecting switchgear.  The project footprint will 

encompass approximately 12.57 acres and will result in an 0.25 acres (11,067 square feet) of impervious 

as a result of the access road, equipment pad areas, and support posts.  SunRaise intends to line up the 

appropriate amount and type of offtakers to subscribed to the project closer to a determined 

construction schedule.  SunRaise has experience with subscribing projects for community solar. 

Existing Facilities 

SunRaise selected the proposed site given the potential to generate solar energy with minimal 

overall disturbance to the site.  The site is located in close proximity to a point of interconnection and an 

existing substation.   

The lease area is currently an undeveloped area that will be accessed off Route 3 in the and the 

solar panels will be situated primarily within the existing cleared area.  A portion of the project boundary 

that consists of forested area will need to be cleared to limit shading impacts from the trees.   

Lisa Vickers
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The project was designed to minimize environmental impacts through careful site selection, 

siting of the solar panels, utilization of the access road, and maintaining forested areas along the project 

boundary. 

Topographic Map 

The project site is located in the Town of China, Maine within the 7.5-minute series United 

States Geological Survey China Lake Quadrangle.  A topographic map outlining the project boundary is 

included in Section 1.0. 

Construction Plan 

 SunRaise has developed a general construction sequence plan and includes the anticipated plan 

for the major aspects of development: 

• Installation of a stabilized construction entrance that will be maintained until the completion of 

construction and site stabilization. 

• Prior to any site clearing, the contractor will place all erosion and sedimentation control systems 

in accordance with the drawings, or as may be directed by site conditions, in order to maintain 

the intent of the specifications and permits.  Deficiencies or changes on the drawings shall be 

corrected or implemented as site conditions change.  Changes during construction shall be 

noted and posted on the drawings. 

• Timber will be cut and removed from the site.  Following timber removal, grubbing and 

stumping will begin outside of wetland areas.  Grubbings may be used in erosion control mix 

berms.  Tree and vegetation clearing and any rough grading shall only occur if the disturbed soil 

surface can be stabilized within 48 hours of clearing.  Tree and vegetation clearing shall be 

scheduled in conjunction with weather forecast such that no more than ¼” of rain is to be 

expected within 48 hours of any clearing or grading activity. 

Lisa Vickers
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• After the site has been cleared of trees, site preparation will begin.  The contractor shall 

maintain temporary erosion and sedimentation control systems as dictated by site conditions, 

indicated in the construction documents, or as directed by governing authorities or owner to 

control sediment until final stabilization. 

• Access roads will be constructed. 

• Underground Electrical, Racking Foundations, Racking Installations, and Module will be installed. 

• Property fencing will be installed. 

• String Inverter and Equipment Pads will be installed. 

• Setting and Wiring of all equipment. 

• Grade and gravel access roads. 

• Any area disturbed within the limits of the solar array footprint are to be seeded with the 

specified regionally appropriate native conservation seed mix unless specified otherwise in the 

plan set. 

• The contractor shall stabilize all disturbed area within 48 hours after final grading.  In the event 

that it is not practical to seed areas, slopes must be stabilized with geotextile fabric or other 

means to reduce the erosive potential of the area. 

• Inventory and planting of Buffer Yards as outlined in Landscape Plan. 

 

Drawings 

 Drawings depicting the development facilities, site work, existing facilities, and topography are 

included in the application materials. 

 

Lisa Vickers
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OPTION TO LEASE 
 

 This Option to Lease (the “Agreement” or “Option Agreement”) is entered into by and 
between SunRaise Development, LLC, of P.O. Box 1340, Portsmouth, New Hampshire 03802, 
hereinafter referred to as “Lessee” and Ouellette Sand & Gravel, Inc., with a mailing address of 
PO Box 303, South China, ME 04358, hereinafter referred to as "Owner”.  
 
     W I T N E S S E T H: 
 
 WHEREAS, the Owner is the owner of certain real estate located at 0 Route 3, China, ME 
04358, Maine at and further described in Exhibit A attached hereto (the “Property”)  
 
 WHEREAS, the Parties have agreed that Lessee may lease a portion of the Property  from the 
Owner for the purpose of constructing and operating a solar photovoltaic electric generation and 
battery storage system(s) the “Project”; and 
 
 WHEREAS, the Parties wish to reduce their agreement to writing. 
 
 NOW THEREFORE, in consideration of a non-refundable  
and other good and valuable consideration and the mutual benefits accruing to each, the Parties 
hereby covenant and agree as follows: 

 
1. Option. The Owner hereby grants to Lessee the option to lease (the “Option”) the 

Property for the purpose of developing the intended floating solar electricity 
generation and battery storage Projects, subject to all local, state and federal rules and 
regulations. Lessee shall exercise its Option by written notice to Owner, which notice 
shall be effective when given by either registered or certified United States mail, return 
receipt requested, postage prepaid to the mailing address of: PO Box 303, South China, 
ME 04358, or such other address as Owner may provide by written notice. 
 

2. Premises. The area to be leased shall be limited to the area that will be improved with 
the solar photovoltaic electricity generation infrastructure, interconnection and 
equipment (the “Leased Premises”). The Lessee is responsible for entitlements, 
improvements, assessments and maintenance of the Premises during the period 
relative to the Projects at its sole cost and expense.  The entitlements include all local, 
state, federal, or utility approvals, permits and agreements necessary to build the solar 
photovoltaic facility and connect it to the grid. The Projects shall be permitted under 
the Maine Public Utilities Commission (“PUC”) rules and regulations, which would 
then incorporate a specific design criteria and any other necessary compliance from 
the Owner as determined by the PUC or other state or municipal agencies. 

 
3. Site Lease Agreement. Should the Lessee exercise the Option to Lease any of the 

Property, Owner and Lessee agree to negotiate and execute a commercially standard 
site lease agreement concerning such Property (the “Site Lease Agreement”) in good 

Lisa Vickers
SECTION 2.0
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faith. Lessee will attempt to provide Owner a draft Site Lease Agreement within 60 
days of such exercise, to be negotiated by the Parties within 60 days of Owner’s receipt 
of such Site Lease Agreement, provided that the same is mutually satisfactory to 
Owner and Lessee prior to execution.  Such 60-day period shall be automatically 
extended if the Parties continue to negotiate such Site Lease Agreement in good faith 
in accordance with the Option Period in Section 5 below.  

 
4. Rent. If Lessee elects to lease the Leased Premises from Owner pursuant to the Site 

Lease Agreement, then the Lessee shall pay rent to Owner in the annual amount of 
 per acre (the “Rent”), which represents the total rent paid from Lessee to 

Owner per year, commencing on the commencement date of the Site Lease Agreement 
(the “Commencement Date”) of any Project, to be paid in monthly installments. The 
Commencement Date is the date upon which Lessee issues a full notice to proceed 
under any engineering, procurement, or construction contract related to the Projects, 
or such earlier date as the parties may agree in the Site Lease Agreement. The Term 
of any Site Lease Agreement shall be twenty (20) years from the Commercial 
Operation Date for any Project. The Commercial Operation Date for a Project is the 
date on which Tenant obtains all necessary permits or authorizations from the utility 
providers to fully operate any Project and to sell electricity. 

 
The Lessee shall have the right to extend the Site Lease Agreement with three 
additional five-year extension options.  The Rent for the duration of each of the 
extension periods shall be 2.5% greater than the prior year.  The capacity of the 
Projects is subject to broad change based on the local permitting bylaw and rulings, 
wetlands, design configuration, the capacity of the electrical grid, and all other state 
and local permits and approvals.  

 
5. Option Period. This Agreement shall be and remain in full force and effect for twelve 

(12) months (the “Option Period”) following execution. Neither the Owner nor any 
of its affiliates shall enter into any agreements with any other parties, make, accept or 
solicit any offers to or from any other parties, or otherwise discuss any terms relating 
to the lease of the Property with any other parties during the term of the Option Period. 
Lessee shall have the right to extend the Option Period for two (2) additional twelve 
(12) month terms, with Lessee paying Owner Dollars for each additional 
twelve (12) month term so long as Lessee provides evidence of Lessee’s diligent 
efforts to move the Projects forward with all applicable utilities, state, and local 
permitting authorities.  
 

6. Removal of Solar Facility. For any of the portions of the Property that are ultimately 
subject to a Site Lease Agreement, such agreements shall contain provisions for the 
removal of the portions on the Projects located on the Leased Premises at the sole cost 
of the Lessee. The provisions of such paragraph in a Site Lease Agreement shall 
survive the termination of any such Site Lease Agreement. 

 
7. Insurance.  Lessee (or its contractor) shall, at its own cost and expense, during the 

term of this Option Period, maintain, with a company or companies licensed or 
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qualified to do business in the State of Maine commercial general liability insurance 
with limits not less than $2,000,000 for injury to or death of one or more persons in 
any one occurrence and $2,000,000 for damage or destruction to Property in any one 
occurrence.  Owner shall be an additional insured under the Lessee’s or other Party’s 
policy.  Lessee’s insurance obligations may be covered by an umbrella insurance 
policy and shall only over liability caused by the Projects or its operation. Owner shall 
maintain all current insurance coverage for portions of the Premises subject to a Site 
Lease Agreement.  

 
8. Indemnification. Each Party shall indemnify and save the other Party harmless from 

any and all costs, damages, claims or other liabilities or injuries to persons, including 
reasonable attorney fees, that may arise from any and all actions or omission of the 
indemnifying Party, its employees, invitees, servants or agents. Lessee and its assigns 
shall also indemnify and save the Lessor harmless from and against any and all claims, 
damages and liabilities arising from Lessee’s actions. Lessor shall indemnify Lessee 
for any conditions on the Property that existed prior to Lessee entering onto the 
Property. The provisions of aforesaid indemnification shall survive the termination of 
the Site Lease Agreement. 
 

9. Taxes. As of the Commencement Date of the Site Lease Agreement, Lessee agrees to 
pay or cause to be paid when due all real estate taxes, municipal charges and 
assessments due against the Leased Premises which are clearly associated with 
Lessee’s improvements of the Leased Premises. Owner shall cooperate with Lessee in 
the protest of any tax assessment by providing Lessee with information regarding the 
relative valuation of the Property, as applicable, and allowing Lessee to participate in 
any proceeding related to such tax protest. The intent is for the current Maine Open 
Space/Farm Land/Tree Growth tax treatment to remain in existence for the Leased 
Premises and for such taxes due by Lessee to reflect the proportionate Open 
Space/Farmland/Tree Growth taxes. Nothing in this section shall be construed as 
limiting Lessee’s right to contest, appeal or challenge any tax assessment. Lessee will 
be responsible for the penalties associated with removing the Leased Premises from 
Open Space/Farm Land/Tree Growth use proportional to the area of the Leased 
Premises relative to the Property. 
 

10. Governing Law. This Agreement will be interpreted in accordance with the laws of 
the State of Maine. 
 

11. Lessee Access; Testing. Owner acknowledges that during the Option Period Lessee 
will be conducting due diligence and development activities in order to determine the 
eligibility of the Property for construction and operation of Projects. Accordingly, 
Owner agrees that Lessee’s officers, agents, contractors and consultants shall have the 
right, during the Option Period, to access the Property during reasonable business 
hours in order to conduct such surveys, examinations, inspections or other activities 
as Lessee may deem necessary; provided, however, that Lessee shall not materially 
alter the Property without Owner’s prior consent. 
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12. Termination. Lessee may terminate this Option Agreement at any time upon delivery 
of written notice to Owner, which notice will be effective upon receipt.   

 
13. Cooperation. The Parties shall execute any and all other documents and take all 

actions necessary to effectuate the intent of this Agreement. Owner acknowledges that 
Lessee will have documentation that requires Owner’s cooperation on a timely basis 
during the Option Period.  

 
14. Binding Agreement. This Agreement shall be binding upon the Parties hereto and the 

respective heirs, successors and assigns of each. For the avoidance of doubt this 
Agreement shall supersede all prior Agreements and negotiations. Should any 
provision of this Option Agreement be or become invalid, void, illegal or not 
enforceable, it shall be considered separate and severable from the Option Agreement 
and the remaining provisions shall remain in force and be binding upon the parties 
hereto as though such provision had not been included. 

 
15. Entire Agreement. The parties represent that there are no oral agreements affecting 

this Option Agreement and that this Option Agreement, including exhibits and riders, 
if any, attached hereto and forming a part hereof, supersede and cancel any and all 
previous negotiations, arrangements, letters of intent, lease proposals, agreements, 
representations, promises, warranties and understandings between the parties 

 
16. Assignment. Upon notice to Owner, Lessee shall have the right to assign or transfer 

its rights under this Agreement, in whole or in part, to any person or any business 
entity at any time without Owner’s consent, subject to the assignee assuming all of 
Lessee’s obligations hereunder. 

 
 

 

No further text. Signature page follows. 
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EXHIBIT A 
LEASED PREMISES 
Route 3 PROPERTY 

 
Leased Premises – Route 3 Property will consist of a portion of Property at 0 Route 3, China 
ME, Map 33, Parcel 016, as conveyed to Owner via that certain deed dated May 16, 2019, 
recorded in Book 13211, Page 262 in the Kennebec Country Registry of Deeds, ME. 
 
The intent of the Leased Premises – Route 3 Property is to install between 4-6 MW DC on 19 
acres, but the final system size, exact location, and design will depend on local permitting bylaws 
and authorizations, DEP guidance and authorization, MOER guidance and authorization, 
technological feasibility, and utility approvals. 
 
The Description of Leased Premises –Route 3 Property will be replaced with actual premises 
metes and bounds upon completion of system design and site survey and incorporated in the Site 
Lease Agreement that is forthcoming. 

 
This image is for illustrative purposes only. 
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Conditional Use Permit Application - 1 
REVISED 6/2017 

 
Town of China 

Conditional Use Permit Application 
 

Conditional Use Permits: The Planning Board shall approve a Conditional Use Application if all of 
the following criteria are met inclusive of conditions: 

 
1. The proposed use will meet the definition or specific requirements set forth in this Ordinance 

or will be in compliance with applicable State or Federal laws.  
 

Findings and statement of reasons:  The proposed use is permitted in accordance with the China 
Land Development Code, Chapter 2, Land Use Ordinance,  Section 4,  USES,     Item# _______, 
regarding the _____________________________ for the purposes of ____________________.  The 
property is located in a ___________ District at the location of _______________________ in 
China, Maine.  China Tax Map _____, Lot _____ identifies the property.  The proposal is permitted 
with a conditional use permit from the Planning Board.   

 
Response: 
 
  
 
 
 

2. The proposed use will not create fire safety hazards by providing adequate access to the site, or 
to the buildings on the site, for emergency vehicles.  

 
Response: 
 
 
  
 
 

3. The proposed exterior lighting will not create hazards to motorists traveling on adjacent 
public streets, and is adequate for the safety of occupants or users of the site, or will not 
damage the value and diminish the usability of adjacent properties.  
Response: 
 

 

 

4. The provisions for buffers and on-site landscaping will provide adequate protection to 
neighboring properties from detrimental features of the development.  
Response: 
 

Lisa Vickers
construction of a 3 MW AC solar array project

Lisa Vickers
generating renewable energy

Lisa Vickers
Rural

Lisa Vickers
Route 3/Belfast Road

Lisa Vickers
33

Lisa Vickers
16

Lisa Vickers
The Applicant has submitted evidence outlining how the proposed project meets the requirements of the Town of China’s Land Use Ordinance.  Additional information regarding lot coverage is included in Section 4 of the application.  The project will require a Stormwater Permit-by-Rule (PBR) from the Maine Department of Environmental Protection. In addition, the Applicant will submit a Surety Bond to meet the Town’s requirements and requests this is a condition prior to the issuance of a building permit.

Lisa Vickers
The proposed project will be accessed by a proposed fourteen (14) foot wide access road off Route 3.  The Applicant has included an emergency response plan in the event of an emergency and SunRaise will provide on-site training to emergency personnel at the completion of construction.  There will be a fence surrounding the facility and will include Knox Boxes for access by emergency responders.  There are no buildings proposed as part of the proposed development.

Lisa Vickers
The proposed project does not propose exterior lighting aside from residential style motion sensor lighting.

Lisa Vickers
The site is primarily open field area that has been utilized for loam.  The majority of tree clearing will be limited to the center of the parcel.  As part of the stormwater management system, the Applicant proposes to maintain meadow buffers to treat impervious runoff.
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Conditional Use Permit Application - 2 
REVISED 6/2017 

5. The proposed use will not have a significant detrimental effect on the use and peaceful 
enjoyment of abutting property as a result of noise, vibrations, fumes, odor, dust, glare or 
other cause.  
Response: 

 
 
 
 
 
 
 
 
6. The provisions for vehicular loading and unloading and parking, and for vehicular and 

pedestrian circulation on the site and onto adjacent public streets will not create hazards to 
safety.  
Response: 

 
 
 
 
 
 
 

 
7. The proposed use will not have a significant detrimental effect on the value of adjacent 

properties or could be avoided by reasonable modification of the plan.  
 

Response: 
 
 
 
 

 
8. The design of the site will not result in significant flood hazards or flood damage or is in 

conformance with applicable flood hazard protection requirements.  
 

Response: 
 
 
 
 
 

 
9. Adequate provision has been made for disposal of wastewater, or solid waste, or for the 

prevention of ground or surface water contamination.  
Response: 

Lisa Vickers
The proposed project will be constructed during normal working hours. A noise analysis was conducted by Eric Reuter of Reuter Associates, LLC to determine the decibel levels (dBA) at the property line. The report demonstrates the projected noise levels do not exceed the noise level thresholds for route operations as outlined in Chapter 375, Section 10 of the Site Location of Development Law.  The report was based on a larger solar array design and is included in Section 6.  The study was based on the grading planning for the site along with the survey data for the surrounding area.  All calculations have been based on the assumption that the receiver is downwind of the source - a worst-case condition.  The panels will be situated to the south to minimize the potential impacts on adjacent properties.  Additional details regarding the anti-reflection technology is included in Section 6.
The project will not result in vibrations, fumes, odor, or dust as a result of the operation and maintenance of the solar array project.

Lisa Vickers
The surrounding area consists of commercial and residential facilities. The project will be located in an existing cleared area that is currently utilized to harvest loam.  The site will be reseeded to return the site to meadow buffer.  The perimeter of the project will include a chain link fence and gate to prevent unauthorized access to the project.  To minimize the visual impact to the surrounding area, the project has been designed to limit the height and visibility of the panels and structures.  It is not anticipated that the proposed project will have a detrimental effect on the value of adjacent properties.   

Lisa Vickers
The project site will be accessed by a fourteen (14) foot wide access road that includes an area to turn around by an equipment pad.   Once the project is constructed, there will be minimal traffic flow into and out of the site as the solar array is an unmanned operation.  The operation consists mainly of inspection and maintenance on a routine basis.  There will be limited vehicular loading and unloading and the Applicant does not propose parking areas for the proposed development.  

Lisa Vickers
The project site is located within Zone X which is defined as an area of minimal flood hazard. A copy of the Federal Emergency Management Agency (FEM) Flood Insurance Rate Map (FIRM) in Section 7.  As demonstrated in this Section, the post development peak flow rate will be reduced as a result in a change of ground surface that was previously maintained as a hayfield to an area that will be maintained as a meadow buffer that is not mowed more than twice per year.

Lisa Vickers
The operation of the proposed project does not involve wastewater or solid waste.  The project does not propose to utilize, discharge, or extract groundwater during the construction or operation of the solar panels and electrical infrastructure.  The project is not located over a mapped sand and gravel aquifer.

Lisa Vickers
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Conditional Use Permit Application - 3 
REVISED 6/2017 

10. Adequate provision has been made to control erosion or sedimentation.  

Response: 
 

 

 

 
11. Adequate provision has been made to handle storm water runoff or other drainage problems 

on the site.  
 
Response: 
 
 
 
 
 
 
 

12. The proposed water supply will meet the demands of the proposed use or for fire protection 
purposes.  
 
Response: 
 

 

 
13. Adequate provision has been made for the transportation, storage, and disposal of hazardous 

substances and materials as defined by State law.  
 
Response: 
 
 
 
 
 

14. The proposed use will not have an adverse impact on significant scenic vistas or on significant 
wildlife habitat or could be avoided by reasonable modification of the plan.  
 
Response: 
 

Lisa Vickers
The proposed project includes an erosion and sedimentation plan that meets the Chapter 500 Stormwater Management Law Basic Standards.  This includes erosion control measures to prevent erosion and sedimentation during construction and post-construction.  Details regarding this plan are included in Section 7.  In addition to this, the Applicant has provided technical specification sheets for the proposed hydraulic mulch mix that will be used to stabilize portions of the site.  Given the proposed erosion and sedimentation controls, it is not anticipated the proposed project will result in erosion and/or sedimentation.

Lisa Vickers
The proposed project proposes meadow buffers to provide for adequate stormwater management of the impervious area.  Additionally, the stormwater management system has been designed to treat the 2, 10, and 25-year storm events.

Lisa Vickers
The proposed project includes a fire suppression system and addition details are included in Section 10.  The project does not require water supply for the operation and maintenance of the solar array project. 

Lisa Vickers
The proposed project does not propose the transport or disposal of hazardous substances or materials.  The proposed batteries are lithium-ion batteries and are not classified as hazards to the environment.  The batteries area self-contained and have little to no fluid within them.  MSDS and technical specifications sheets are included in Section 8.

Lisa Vickers
The proposed project is not located within a significant wildlife habitat or scenic vista.

Lisa Vickers
- Page  24  -  



 
 

Conditional Use Permit Application - 4 
REVISED 6/2017 

15. When located in the Resource Protection District, Stream Protection District, Shoreland 
District, the proposed use will meet the standards in Section 5 of this Ordinance.  
 
Response: 
 

Lisa Vickers
The proposed project is not located within a Resource Protection District, Stream Protection District, or Shoreland District.
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SECTION 4 
 
As a point of clarification, please note that a solar tables consists of twenty (20) individual solar 
panels.  The collection of solar tables constitutes the solar array. 
 
Each table is 33.22’ x 11.47 and includes the 30 degree tilt for the table and the associated 
reduction in the width of the solar table for a total +/- 381.07 square feet per table.  There are 
507 solar tables for the project for a total area of 193202.5 square feet.  Since the ground 
screws for the solar table are directly below the solar tables, they are subtracted from the area 
for the solar tables so they are not double counted.  That results in a total of 193067.1 square 
feet for the total area associated with the solar tables.   
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 Emergency Response Plan Route 3 (aka Belfast Rd) 
South China, ME 04358 

 

General Information – Operation and Maintenance  
The purpose of this plan is to discuss the procedures that will be implemented in the event of an 
emergency during the operation of the Route 3 Solar project.  

 

1.    Project Description  

SunRaise Development, LLC will operate and maintain the 3 megawatt-AC solar photovoltaic (PV) 
system and energy storage system, located off Route 3, South China, ME.  The project’s primary 
components include approximately 10,100 PV modules mounted on a fixed tilt racking system, solar 
inverters and containers housing Li-Ion batteries. Other Project components include electrical 
cables, conduit, electrical cabinets, switchgears, step-up transformers, inverters, SCADA systems and 
metering equipment.  

2.    Project Team Contact Info 
 

The operation and maintenance contract for the Belfast Solar project is not awarded at this time. 
Prior to operation, SunRaise Developments, LLC will distribute a more comprehensive Emergency 
Response Plan which will include contact information for the O&M Contractor.  In the event of an 
emergency SunRaise Development, LLC should be notified.  The project team will consist of: 

 
Primary O&M Contact Matthew 

Doubleday 
(603) 852-2318 matt@sunraiseinvestments.com  

Secondary O&M 
Contact 

Kevin Corbett (781) 698-6093 kevin@sunraiseinvestments.com  

Tertiary O&M Contact Patrick Jackson (603) 969-8492 pat@sunraiseinvestments.com  
 

3.    Emergency Response Jurisdictions  
 

The project site is within the jurisdictional boundary of the town of China and Kennebec County.  In 
the event of an emergency Dial 911 and the following departments should be notified: 
 

South China Fire 
Department 

PO Box 325, China, ME 04358 Dick Morse (207) 445-2948 

Kennebec County 
Sheriff’s Office 

125 State Street, Augusta, ME 
04330 

(207) 623-3614 

China Public Works 211 Alder Park Road, China, 
ME 04358 

(207) 445-2014 

Maine State Police 198 Maine Ace, Bangor, ME 
04401 

(207) 624-7076 
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 Emergency Response Plan Route 3 (aka Belfast Rd) 
South China, ME 04358 

Fire Prevention 
1.   Understanding Conditions Associated with Photovoltaic Solar Arrays 

Photovoltaic (PV) solar arrays present a unique challenge for fire fighters. Unlike a typical electrical or 
gas utility, a PV array does not have a single point of disconnect. Whereas there are disconnects that will 
de-energize select parts of the system, as long as the PV panels are illuminated, the individual strings of 
PV panels are energized and capable of producing up to 1,500 volts. This is not just limited to PV panels 
being illuminated by the sun; illumination by artificial light sources, such as fire department lights, or the 
light for the fire itself are capable of producing electrical power sufficient to cause a lock-on hazard 
(Source: UL Firefighter Safety and Photovoltaic Installations Research Project, November 29, 2011). 
Below is a summary of the hazards associated with firefighting activities in photovoltaic solar arrays:  

• Shock hazard due to the presence of water and PV power during suppression activities  
o Outdoor rated electrical enclosures may not resist water intrusion from the high 

pressure stream of a fire hose.  
o PV panels damaged in the fire may not resist water intrusion.  
o Damaged conductors may not resist water intrusion  

• Shock hazard due to direct contact with energized components  
o No means of complete electrical disconnect.  

 
Due to the dangers presented above, it is not typical to practice fire suppression by means of water 
inundation within solar PV arrays. 
 

Site Specific Emergency and Safety Plan 
 
Prior to energization, the construction management team will provide a site-specific plan to all 
emergency response departments.  This will include a plan depicting the locations of all disconnects, 
gates and overview of how the system operates.  A training will be offered on-site to any personnel that 
would like to attend. 
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 10 Vaughan Mall, Suite 201A 
Portsmouth, NH 03801 
603-430-2081 

 

M E M B E R  F I R M ,  N A T I O N A L  C O U N C I L  O F  A C O U S T I C A L  C O N S U L T A N T S  

 
January 28, 2020 
 
Planning Board 
Town of China 
571 Lakeview Drive 
China, ME  04358 
 
SUBJECT: Route 3 Solar Array Project – Noise Study 
 
Dear Members, 
 
At the request of SunRaise Investments, LLC, I have conducted a study of noise impacts 
from the proposed Route 3 solar array project in China. 
 
Sound Level Limits 
 
Sound level limits for new developments in the State of Maine are regulated by the 
Maine Department of Environmental Protection (MDEP) regulation, Chapter 375.10.  
Sound level limits are provided for both daytime (7 a.m. to 7 p.m.) and nighttime.  The 
specific limits are based on zoning, proximity of critical receptors, and existing sound 
levels in the environment.   
 
For a typical development, existing sound levels would be measured to establish a 
baseline from which the appropriate limits would be selected.  However, monitoring of 
existing conditions may be omitted if predicted sound levels from the development fall 
below 50 dBA during daytime hours and 40 dBA overnight (375.10(C)(1)(vi)).   
 
Proposed Equipment 
 
The proposed solar array includes three types of equipment that generate noise:  

• Sungrow SG125HV String Inverter (quantity 40) 
• Sungrow SC1000KU Central Inverter (quantity 3) 
• Sungrow GA-30BQ-UL Cooling System (quantity 3) 
• Transformers ranging from 1200 kVA to 2500 kVA (quantity 4) 

 
Sungrow has provided sound level data for each of these devices as broadband 
A-weighted sound levels.  No octave- or third-octave band data are available.  As such, it 
is unknown whether emissions from any of these devices falls under the MDEP 
definition of tonal noise. 
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Route 3 Solar Array – Noise Study  Page 2 of 3 

Transformer sound levels were assumed to be at or below the limits of NEMA TR-1, 
Table 2. 
 
All of the provided data represent sound levels emitted under full load.  It is important 
to note that these devices only generate noise when the sun is up, and sound levels are 
proportional to load.  The daytime property-line limit of 50 dBA has therefore been used 
for this analysis.  It is assumed that noise emissions will be negligible before 7 a.m. and 
after 7 p.m. 
 
Modeling 
 
The A-weighted measurements provided by the manufacturer were used to estimate 
sound power levels.  Based on these data, the proposed equipment locations, and site 
topography, a computer model of the site was constructed in SoundPLAN, and industry-
standard application for modeling outdoor noise propagation.  Calculations were based 
on ISO 9613-2 Attenuation of Sound During Propagation Outdoors. 
 
The attached Figure 1 presents the results of the SoundPLAN model.  The 50-dBA 
contour is shown in red and is well within the site boundaries. 
 
Summary 
 
Based on the sound level data provided by the manufacturer, the proposed solar array is 
expected to comply with the most restrictive MDEP sound level limits of 50 dBA (day) 
and 40 dBA (night). 
 
 
Please feel free to contact me with any questions. 
 
Sincerely, 

 
Eric L. Reuter, INCE Bd. Cert. 
Principal 
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PV MODULE REFLECTION – GLARE
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PV MODULE REFLECTION – GLARE

When light falls on a surface it is split; some of the light traverses the 
surface (transmission), some light enters the surface and is lost (ab-
sorption) and some is redirected away from the surface (reflection). In 
order for a PV module to produce as much power as possible, the cover 
glass is optimized for high transmission. This is why Hanwha Q CELLS 
PV modules have cutting-edge anti-reflective coatings (ARC) in order 
to maximize transmission and limiting the possibility for reflections.

Each of these actions, transmission, absorption and reflection, can be 
measured as a proportion of the original light falling on the surface, 
eg. T + A + R = 100 %. For our purposes it is only necessary to look 
at the proportion of this original light, as the intensity of the light fall-
ing on the surface of the PV module glass will change with numerous 
factors including different system configurations, locations and times 
of both the day and year.

The proportion of light reflected from any surface is dependent upon the 
angle at which the light hits the glass, called the incident angle where 
0° is direct light and 90° is parallel to the surface. The proportion of 
reflected light can be calculated for different incident angles using the 
Fresnel equations. For a sheet of glass it would be necessary to calcu-
late the reflection twice, once for the frontside of the glass and once 
for the backside. However as the rear of PV module glass is connected 
to an EVA and light absorbing PV cell it is only necessary to consider 
the frontside effect. To calculate the reflection the refractive index of 
the involved media is needed. As an example air has an index of 1, for 
normal “window” glass the value is around 1.5, for water it is 1.33 
and for PV module glass it is around 1.25. From these figures alone it 
is possible to, correctly, presume that the glass used in PV modules 
creates less reflected light than normal “window” glass or a body of 
water. Figure 2 shows the curves of these different cases, along with 
measurements by TÜV Rheinland of Hanwha Q CELLS modules. It can 
be seen that the proportion of light reflected starts close to zero but 
rises as the incident angle gets closer to 90°.

 
CONCLUSION

From both the theoretical and measured data it is clear that ARC glass 
used in all Hanwha Q CELLS currently produced PV modules reflects less 
light than both naturally occurring features, such as bodies of water, and 
common manmade structures. Moreover for incident angles below 55° 
less than 4 % of the initial light is reflected away from the PV module.

EMAIL: service@q-cells.com
TEL: +49 (0)3494 66 99 23222

Figure 2: Reflection vs. incident angle
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Figure 2: Reflection vs. incident angle
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Solar Array                                                                                                                                                                     March 9, 2020 
Belfast Road (Route 3)                Page 2 of 4 
China, Maine 

Effective June 16, 2011. An excerpt of the applicable FIRM is included as an Attachment to this 
report. There is no impact from flooding anticipated for this project.  
 
Off-Site Watersheds 
The watershed area analyzed for the pre- and post-development analysis consists of the entirety of 
the property. There is a high point on the property that splits the watersheds on the property. The 
westerly portion of the property drains westerly towards an off-site unnamed tributary. The easterly 
portion of the property drains easterly towards an off-site drainage swale that eventually discharges 
towards China Lake. There are no off-site watersheds which drain through, or otherwise impact, the 
proposed project. 
 
Stormwater Analysis Subcatchments 
Pre-Development Conditions 
A summary of the subcatchments is provided below: 
 
Subcatchment 1 represents approximately 12.76 acres comprised of woodland, pasture, and portion 

of Route 3. Stormwater runoff is conveyed overland northwesterly towards a 
drainage swale that discharges westerly towards an unnamed tributary (POI#1). 

 
Subcatchment 2 represents approximately 10.97 acres comprised of woodland, pasture, and portion 

of Route 3. Stormwater runoff is conveyed overland northeasterly towards a 
drainage swale that discharges westerly towards China Lake (POI#2). 

 
Post-Development Conditions 
Under post-development conditions, an access road and equipment pads will be constructed, 
resulting in approximately 11,067 s.f. (0.25 acres) of new impervious area. Stormwater runoff from 
the developed area will be directed to areas maintained in conformance with MDEP meadow buffers 
or, in the case of the equipment pad areas, will be retained within the crushed stone areas and 
infiltrated into the existing soils for treatment and attenuation of the anticipated flows. A summary of 
the subcatchments is provided below: 
 
Subcatchment 10 represents approximately 12.10 acres comprised of woodland, meadow, a portion 

of Route 3, a portion of the new access drive, and the ground screws for the solar 
tables. Stormwater runoff is conveyed overland northwesterly towards a drainage 
swale that discharges westerly towards an unnamed tributary (POI#1). 

 
Subcatchment 11 represents approximately 11.49 acres comprised of woodland, meadow, a portion 

of Route 3, a portion of the new access drive, and the ground screws for the solar 
tables. Stormwater runoff is conveyed overland northeasterly towards a drainage 
swale that discharges westerly towards China Lake (POI#2). 

 
Subcatchment 20 represents approximately 0.02 acres comprised of crushed stone and concrete 

pads. Stormwater runoff is conveyed to the surrounding crushed stone areas and 
infiltrated into the existing soils. 

 
Subcatchment 21 represents approximately 0.12 acres comprised of crushed stone and concrete 

pads. Stormwater runoff is conveyed to the surrounding crushed stone areas and 
infiltrated into the existing soils. 
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China, Maine 

Results  
A comparison of pre- and post-development peak stormwater runoff rates at the Points of Interests 
are presented in the following table. Peak runoff rates were estimated for the 2, 10, and 25-year, 24-
hour storm events. Point of Interest 1 consists of the stormwater directed towards the western side of 
the property which discharges to an unnamed tributary. Point of Interest 2 consists of the stormwater 
directed towards the eastern side of the property which ultimately discharges towards China Lake. 
 

 POI#1 POI#2 
Design 
Storm 

Pre 
(cfs) 

Post 
(cfs) 

Change 
(cfs) 

Pre  
(cfs) 

Post 
(cfs) 

Change 
(cfs) 

2-Year 8.99 7.52 -1.47 10.07 9.40 -0.67 
10-Year 19.30 16.83 -2.47 20.49 19.96 -0.53 
25-Year 27.32 24.20 -3.12 28.42 28.11 -0.31 

 
As shown in the table, the peak runoff rates are decreased in the 2-, 10-, and 25- storm events at both 
point of interests as a result of the proposed development. The decrease in the peak runoff rates is 
mostly due to the change of ground surface from a field that was previously maintained as a hayfield 
to an area that will be maintained in conformance with a meadow buffer that is not mowed more than 
twice per year.  
 
Phosphorus Control 
Although the property consists of 23.06 acres, only a portion of the property drains towards the 
China Lake Watershed. In the Pre-Development condition, only 10.56 acres from the property drains 
towards the China Lake Watershed. As the Phosphorus Control standards are only related to 
stormwater runoff that is discharged towards the China Lake Watershed, the calculations provided 
are only based on the 10.97 acres draining towards the China Lake Watershed. Although the project 
will result in approximately 11,067 s.f. (0.25 acres) of new impervious area, only 1,245 s.f. (0.03 
acres) of the impervious is located within the watershed directed towards China Lake. This includes 
equipment pad areas and the ground screws which anchor the solar tables. 
 
In accordance with Chapter 4 of the China Land Use Ordinance, the project is required to meet the 
phosphorus export standards as a portion of the project discharges to the watershed of the China Lake 
(East Basin). Based on Section 3 of the Phosphorus Control Ordinance, the project shall limit the 
phosphorus export to 0.034 pounds of phosphorous/acre/year. To accomplish this, the project is 
required to implement design choices or BMPs to minimize the phosphorus discharging towards 
China Lake. 
 
Enclosed with this Stormwater Management Plan are worksheets, developed by MDEP, which detail 
the Project Phosphorus Budget (PPB) for the project, as well as the Pre-Treatment Project 
Phosphorus Export (Pre-PPE) and Post-Treatment Project Phosphorus Export (Post-PPE).  
 
A summary of the findings is provided in the table below: 
 

Phosphorus Analysis 
Project Phosphorus Budget 0.36 lbs P/year 

Pre-Treatment Project Phosphorus Export 0.07 lbs P/year 
Post-Treatment Project Phosphorus Export 0.01 lbs P/year 
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As shown in the table above, the Pre-PPE levels are below the PPB for the project (0.07 vs. 0.36). As 
part of the project, the equipment pads and crushed stone will be drained into the crushed stone and 
underlying subbase gravels and infiltrated into the existing soils. It should be noted that, for the 
stormwater quantity analysis addressed previously, it was assumed that the portions of the property 
that are not the access road or equipment pads will be maintained in a meadow-type condition. This 
assumes that the grass will not be mowed more than twice per year, which is in conformance with the 
MDEP guidelines for a meadow buffer. A note, indicating such, is provided within the plan set. It 
should be noted that, in conformance with MDEP standards, the solar panels are not counted towards 
impervious area as they do not restrict the flow of stormwater into the ground as they are elevated off 
the ground. Per the request of the Town of China Planning Board, they are included within the 
phosphorus calculations, but are allocated a phosphorus export coefficient of 0.0. 
 
Based upon the stormwater analysis, and subsequent conversations with MDEP, that were completed 
as part of the approved solar array project off Route 32 in China, the primary concern for phosphorus 
from the project is during the construction process, and specifically for areas that are being converted 
from woods to meadow. For this project, only a small portion of the development area is forested, but 
a large portion of the previously grassed areas are bare earth now due to topsoil removal on the 
property. Because of that, we would still recommend that a third-party inspector be utilized to ensure 
that the portions of the property that are disturbed are stabilized are returned to a meadow condition 
as soon as possible. 
 
Due to the portions of the property that are bare soil, as shown on the plan set for the project, we are 
recommending additional erosion control measures to stabilize the property until the site can be 
revegetated. These measures include application of a hydraulic mulch mix upon completion of the 
installation of the solar tables. The recommended hydraulic mulch mix for stabilization of the disturbed 
areas is GeoPerm Bonded Fiber Matrix made by GeoEnvironmental. Technical sheets for the product are 
enclosed with this report. 
 
Conclusion 
Through the implementation of erosion and sedimentation control measures and limiting the 
impervious area and developed areas on the property, the project complies with the requirements of 
the China Land Use Ordinance. This includes minimizing the stormwater runoff from the site to pre-
development conditions and ensuring that the phosphorus export from the project site is in 
conformance with the PPB provided within the Ordinances.  
 
Attachment A – FEMA Flood Map 
Attachment B – China Lake Watershed Map 
Attachment C – Letter from Don Witherill 
Attachment D – Photographs of Solar Array 
Attachment E – GeoPerm Bonded Fiber Matric Technical Sheets 
Attachment F – Phosphorus Worksheets 
Attachment G – Pre- and Post-Development HydroCAD Report 
Attachment H – Pre- and Post-Development Watershed Plans 
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June 5, 2008 
 
 
Roy Koster 
Central Maine Power 
83 Edison Drive 
Augusta, ME 04336 
 
 

RE: DEP Stormwater Management Regulations and how they apply to  
Central Maine Power Company Substations and Switchyards 

  
Dear Mr. Koster: 
 
I am writing to provide clarification on how substations and switchyards designed by 
Central Maine Power Company (CMP) can meet DEP Stormwater Management rules, 
Chapter 500 and the Site Location of Development Law.  This letter supersedes a 
previous DEP letter on this subject dated February 29, 2008 and is a follow-up to further 
discussions between CMP and DEP staff.   
 
Based on the report prepared by John Simon of Balance Engineering, dated March 8, 
2008, regarding the stormwater runoff coefficient at CMP substations and switchyards, 
the required gravel fill and surface nature of these structures performs differently than 
most common construction practices and a modeling variance will be allowed for CMP 
substations and switchyards as follows: 
 
When Flooding Standard requirements apply to a CMP project, modeling must 
demonstrate that peak runoff from the substation structure does not exceed 
predevelopment flow rates at the property line. Because of the permeability plus storage 
within the gravel fill and roughness of the crushed rock surface, the curve number (CN) 
specified in John Simon’s report (March 2008) may be used for the substation area. As 
reported, a CN of 55 may be used for substations and switchyards that are built on areas 
that are mapped as HSG “A”, “B”, and “C”, and a CN of 60 must be used when the area 
is mapped as HSG “D” for the HydroCAD model. However, all impervious surfaces will 
have to be added for an averaged curve number.  
 
The General Standards of Chapter 500 (water quality) will be considered as met by the 
CMP substation/switchyard design specifications as long as the structure includes the 
typical CMP substation profile overlaying the natural ground surface. The soil layers 
within the CMP substation profile consist of 4 inches of crushed stone, 50:50 mix of 1.5" 
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and 0.75" diameter stone overlaying 18 inches or more of gravel fill, MDOT 703.06 Type 
A. Saturation within the granular fill will detain and provide treatment for the one-inch 
design standard under that requirement. Groundwater can never be any higher than 18 
inches below the top of the gravel fill. Other treatment considerations will need to be 
provided for all impervious structures anticipated on the substation and switchyard and 
for the roadway. 
 
The Basic Standards of Chapter 500 (erosion and sedimentation control, inspection and 
maintenance, and housekeeping) will be met by the standard CMP substation and 
switchyard design specification and erosion control/construction plan as developed by 
CMP for each Stormwater Management application. These are minimum erosion control 
measures that will need to be maintained until the site is fully stabilized. However, based 
on site and weather conditions during construction, additional erosion control measures 
may be needed. 
 
While there are several ways to approach the design standards discussed above, these 
must be considered the minimum requirements in meeting the Stormwater Management 
and Site Location of Development Laws. However, in some situations where the local 
hydrology and site conditions warrant more resource protection, additional BMPs may be 
required. Also, the access drive and associated roadside swales are included in the 
disturbed area for permitting purposes and the treatment of these areas must be addressed 
separately from the substation or switchyard and be treated with standard practices. The 
natural hydrology of these areas will need to be maintained and will have to meet all 
applicable standards as established in Chapter 500 (page 11, Section 5). 
 
I hope this addresses your request and will make the DEP permitting process more 
straight forward. If you have further questions, please contact Marianne Hubert at (207) 
287-4140. 
  
Sincerely, 
 
 
  
Don Witherill, Director 
Watershed Management Division 
Bureau of Land and Water Quality 
 
 
Cc:   Marianne Hubert, PE, DEP program manager 
 Andy Fisk, DEP L&W Bureau Director 
 Dan Butler, PE, TRC 
 Gerry Mirabile, CMP 
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SOLAR ARRAY PHOTOGRAPHS 
 

 
Photograph 1: Solar Array (Note Breaks Between Individual Panels) 

 
Photograph 2: Underneath Solar Array (Note Breaks Between Individual Panels) 

 

- Page  42  -  



Technical Sheet                                        

GeoPerm – BFM   (Bonded Fiber Matrix) 
Hydraulic Mulch — Wood with Tack   
Description - GeoMatrixSS Fibers® are fully biodegradable, High Performance Hydraulic Mulch (HM) 
Is composed of 100% recycled Thermally Refined™   Poplar / Eastern White Pine wood fibers and a bonding agent.  
The HPHM is phyto-sanitized, free from plastic netting, and upon application forms an intimate bond with 
the soil surface to create a porous and absorbent layer that enhances germination and plant growth. 
 

 Recommended 
 Applications     • Erosion control and re-vegetation for steep slopes (Greater Than 3H: 1V) 
                           • Rough graded slopes 
                                                   • Enhancement of vegetation establishment 

 
Technical Data    Physical Properties*       Test Method          Units              Minimum Value 
                                               Water Holding Capacity         ASTM D7367           %                         1200 

                                               Moisture Content                 Scale                       %                        +/- 10  

                                               Material Color                     Observed                n/a                       Brown 

 
                                              Performance Properties* Test Method         Units                          Value 

                                              Cover Factor1                     Large Scale2                   n/a                   .50 maximum 

                                              Percent Effectiveness3          Large Scale2                     %                    .50 minimum 

 
                                              Environmental Properties* Test Method       Units               Typical Value 

                                              Functional Longevity4           ASTM D5338            n/a                Up to 8 months 

                                              Ecotoxicity                         EPA 2021.0               %           96-hr LC50 > 100% 

                                              Biodegradability                 ASTM D5338             %                       100 

                                              Product Composition                                                              Typical Value 
                                              Thermally Processed Wood Fiber5                                                                      90% 

                                              Blended Hydro-Colloidal Based Tackifier                                     10% 
                                              * When uniformly applied at a rate of 4100 pounds per acre (4554 kilograms/hectare) under laboratory conditions.  
                                                                            1. loss ratio of treated surface versus an untreated control surface. 2. Large scale testing conducted at Utah Water Research                                                            
                                                                             Laboratory. For specific testing information please contact a Geoenviro technical service representative at 508.987.3548. 3. %  
                                                                             Effectiveness = One minus Cover Factor multiplie  by 100%. 4. Functional Longevity is the estimated time period, based upon            
                                                                             ASTM D5338 testing and field observations, that a material can be anticipated to provide erosion control and agronomic   
                                                                             benefits as influenced by composition, as well as site-specific conditions, including; but not limited to – temperature, moisture,       
                                                                             light conditions, soils, biological activity, vegetative establishment and other environmental factors. 5. Heated within a  
                                                                             pressurized vessel to a temperature greater than 380 degrees Fahrenheit (193 degrees Celsius) for 5 minutes at a pressure  
                                                                             greater than 50 psi (345 kPa) in order to be Thermally Refined™/Processed and to achieve phyto-sanitization. 

Packaging Data:  Properties                          Test Method          Units              Nominal Value 
                                                Bag Weight                        Scale                        kg (lb)               22.7 (50) 
 
                                                Bags per Pallet                  Observed                   #                      40 
 
                                                                   UV and weather-resistant plastic bags. Pallets are weather-proof stretch wrapped with UV resistant pallet cover. 
 
GeoEnvironmental, Inc.          To the best of our knowledge, the information contained herein is accurate GeoEnviromental cannot assume any     
1551 Global Ct                                liability whatsoever for the accuracy or completeness thereof. Final determination of the suitability of any information                                             
 Sarasota, FL                                  of the use or material for the use contemplated, of its manner of use and whether the suggested use infringes                                   
941.371.9858                                  any patents is the sole responsibility of the user. 
www.geoenviro.net  
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7HY�IS�IT�THE�MOST�EFFECTIVE�SPRAYEDON�EROSION
CONTROL���TURF�ENHANCING�PRODUCT�

4HE�METHOD�EMPLOYED�IN�PROCESSING�THE�WOOD�FIBER�IN�'EO0ERM4-�IS�KEY�
TO�THE�SUPERIOR�PERFORMANCE�OF�THE�PRODUCT�WHEN�EXPOSED�TO�THE�RIGORS�
OF�-OTHER�.ATURE��!�THERMOMECHANICAL�DEFIBRATION�PROCESS�IS�UTILIZED�TO�
BRING�A�WOOD�CHIP�DOWN�TO�MILLIONS�OF�THIN�FIBERS��4HIS�ADVANCED�METHOD�
CREATES�LONGER��FLATTER�FIBERS�THAT�WILL�CONFORM�TO�THE�SOIL�SURFACE�AND�CRE
ATE�A�STABLE�MECHANICAL�INTERLOCKING�BOND��!�THINNER�FIBER�ALSO�INCREASES�
THE�OVERALL�VOLUME�OF�FIBERS�PER�SQUARE�INCH�IMPROVING�THE�ADHESION�AND�
WATER�HOLDING�CAPACITY��

'EO0ERM4-�HAS�THE�ABILITY�TO�ABSORB�MORE�MOISTURE�BECAUSE�OF�MULTIPLE�
RESIN�DUCTS�FOUND�IN�THE�SOFTWOOD�SPECIES�OF�WOOD�FIBER�USED�IN�PRODUC
TION�OF�THE�MULCH��7HEN�THE�'EO0ERM4-�FIBER�IS�TREATED�UNDER�HIGHPRES
SURE�STEAM��THE�RESIN�DUCTS�IN�THE�WOOD�SOFTEN�AND�SWELL�TO�CREATE�LARGE�
VACUOLES�OR�PORES��4HE�FIBERS�ARE�THEN�READY�TO�ABSORB�MANY�TIMES�THEIR�
WEIGHT�IN�WATER�AND�SLOWLY�RELEASE�THE�MOISTURE�TO�THE�NEW�VEGETATION��

#HEMICAL�#OMPOSITION

'EO0ERM4-�CONTAINS�CHEMICAL�COMPONENTS�THAT�DO�NOT�DISSOLVE�IN�RAIN�WATER��
UNTIL�VEGETATION�IS�ESTABLISHED���!�PRECISE�COMBINATION�OF�BLENDED�PROPRIETARY�
ADDITIVES�AND�CROSS�LINKING�AGENTS�REACT�TO�FORM�RESILIENT�INTERLOCKING�BONDS���
7HEN�THESE�COMPONENTS�ARE�UNITED�IN�THE�MIXING�PROCESS��WITHIN�THE�HYDRO�
MULCHER	��THEY�EXPONENTIALLY�INCREASE�THE�TENSILE�STRENGTH�OF�THE�'EO0ERM4-�
FIBER�MATRIX�

5PON�APPLICATION�TO�THE�SOIL�SURFACE��THESE�PROPRIETARY�INGREDIENTS�ADHERE�THE�
'EO0ERM4-�SLURRY�TO�THE�EXISTING�SOIL�STRUCTURE��CREATING�A�STRONG�PERMEABLE�
MAT�THAT�IS�EXTREMELY�RESISTANT�TO�EROSION�

2ESULTS� FROM� FIELD� TRIALS� AND� UNIVERSITY� TESTING� SUPPORTS� AND� CONFIRMS� THE�
BONDING� CAPABILITIES� OF� 'EO0ERM4-�� )N� ADDITION� TO� THE� HYDROCOLLOIDAL� �POLY
SACCHARIDES	�AND�CROSSLINKER��OTHER�INGREDIENTS�ARE�INCLUDED�IN�THE�'EO0ERM4-�
FORMULATION�TO�PROVIDE�BENEFITS�SUCH�AS�VISCOSITY�CONTROL��IMPROVED�DISPERSION�
OF�HYDROCOLLOIDS��REDUCED�FOAMING��IMPROVED�WATER�RETENTION�AND�INCREASED�
WETTABILITY�OF�FIBER�
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'EO0ERM4-�!DVANTAGES

s��3TABILIZING�STEEP�AND�SEVERE�SLOPES
s��2EPLACES�SOD�AND�EROSION�CONTROL�BLANKETS
s��%NHANCES�TURF�ESTABLISHMENT
s��0REVENTS�MIGRATION�OF�SOIL�AND�SEEDS
s�������BIODEGRADABLE

! 5 4 ( / 2 ) : % $ � $ % ! , % 2

$ENSITY�OF�THE�SOFTWOOD�lBERS�
4HOUSANDS�OF�lBERS�PER�SQ��FT�

3TAGE��� 3TAGE��� 3TAGE��� 3TAGE���

'EO0ERM4-�0ROPERTIES

0ACKAGE�7EIGHT ���LBS

7ATER�(OLDING�#APACITY ���TIMES�ITS�WEIGHT�IN�WATER

-INERAL�!CTIVATORS ����"ASED�ON�3OIL�#HEMISTRY

!PPLICATION�2ATE
���������LB�PER�!CRE�BASED
ON�3OIL�#OMPOSITION

#ONCLUSION

%ROSION�#ONTROL�TESTING��lELD�TRIALS�AND�EXTENSIVE�USAGE�THROUGHOUT�MANY�
REGIONS�CONlRM�'EO0ERM4-�PROVIDES�OUTSTANDING�PROTECTION�FROM�WATER�
RUNOFF��SOIL�AND�SEED�LOSS�WHILE�RETAINING�THE�EXPEDIENCY�OF�A�HYDRAULICALLY
APPLIED�EROSION�CONTROL�PRODUCT�
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Utah State University Erosion Control Labs 
 
  
Re: Comparing GeoPerm BFM to Rolled Erosion Control Blankets     
 
Functional equivalency of GeoPerm Bonded Fiber Matrix (BFM) in comparison to rolled Erosion Control 
Blankets (ECB). Given the existing design and installation requirements, GeoPerm BFM would suffice as 
a functional equivalent to Erosion Control Blankets.   
 

According to the Erosion Control Technology Council (ECTC), the following definitions exist 
for BFMs and ECBs. 
 

1. Bonded Fiber Matrix (BFM) A hydraulically-applied matrix containing organic defibrated 
fibers and cross-linked insoluble hydro-colloidal tackifiers to provide erosion control and 
facilitate vegetation establishment on steep slopes and designed to be functional for a minimum 
of 6 months. 

2. Erosion Control Blanket (ECB)  A temporary degradable rolled erosion control product 
composed of processed natural or polymer fibers mechanically, structurally or chemically bound 
together to form a continuous matrix to provide erosion control and facilitate vegetation 
establishment. 
 
Both of the above definitions provide for a product that consists of fibers that are mechanically or 

chemically bound together to form a continuous matrix to provide erosion control and facilitate 
vegetation establishment. 

 
In addition to being designed to perform the same functions as an ECB, GeoPerm BFM has the 

following advantages: 
 

1. Superior vegetation establishment – 2-3 times more effective than ECBs (See Figure 1) 
2. Superior erosion control – Approximately 16 times more effective than ECBs (See Figure 2) 
3. No tenting or rilling 
4. Faster application than ECBs – less soil preparation 
5. Can be used on rough soil surfaces – less soil disturbance 
6. Choice of custom seed or sprig blends 
7. Wildlife safe – no nets, threads or staples to entangle wildlife or mowing equipment 

 

 1
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Figure 1:  GeoPerm BFM vs. ECBs - Percent Growth Improvement* 

 
* ECB data based on ASTM D7322 Testing from industry leading single-net straw and excelsior erosion control blankets from 
public AASHTO-NTPEP reports. 
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Figure 2:  GeoPerm BFM vs. ECBs - Soil Loss* 

 
* Data based on independent testing at the Utah Water Research Laboratory at 5 inches of rain per hour, a one hour rain event on 
a 2.5H:1V slope with sandy loam soil:  BFM application rate of 3000 lb/acre; Soil loss data extrapolated from test plot areas on a 
per acre basis. 
 
   
  

 2
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12-15-2015

Project Name: Solar Array, Belfast Road (Route 3)
Lake Watershed: China Lake, East Basin

Watershed per acre phosphorus budget (Appendix C) PAPB 0.034 lbs P/acre/year

Total acreage of development parcel: TA 10.56 acres

NWI wetland acreage: WA 0.0034 acres 

Steep slope acreage: SA 0 acres

Project acreage:   A = TA - (WA+ SA ) A 10.56 acres

Project Phosphorus Budget:  PPB = P x A PPB 0.36 lbs P/year

SWT  acres

A  acres

FC  lbs P/year

AAD  acres

R  

PPB  lbs P/year

PPB  lbs P/year

 Worksheet 1  -  PPB calculations

Standard Calculations

Town: China

Project Phosphorus Budget            

      If R < 0.5,       PPB = [(FC x R)/2] + [FC/4]

     If R> 0.5,         PPB = FC x R

Small Watershed Adjustment

If Project Acreage (A) is greater than the threshold acreage for the small watershed threshold (SWT, from 
pertinent lake and town info in the table in Appendix C), calculate an alternative PPB using the analysis below 
and use this value if it is less than the the Standard Calculation PPB.

Small Watershed Threshold   (Appendix C):

Project acreage:
Allowable increase in town's share of annual phosphorus 
load to lake (Appendix C):
Area available for development (Appendix C):

Ratio of A to AAD (R=A/AAD)
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Project Phosphorus Budget -  Worksheet 1 PPB 0.36 lbs P/year

Total Pre-Treatment Phosphorus Export - Worksheet 2 Pre-PPE 0.07 lbs P/year

Total Post-Treatment Phosphorus Export - Worksheet 2 Post-PPE 0.01 lbs P/year

Total Phosphorus Mitigation Credit - Worksheet 3     TMC lbs P/year

 Project Phosphorus Export         (Post-PPE - TMC) PPE 0.01 lbs P/year

 lbs P/year

 

%

 

If Project Export has been reduced by greater than 60% and less than 75%, 
$25,000 per pound minus $833 per 1% Percent Export

If Project Export has been reduced by greater than 75%, $12,500 per pound 
minus $500 per 1% Project Export  

Has Project Phosphorus Export been sufficiently reduced?                                           
Is (Pre-PPE - Post-PPE)/Pre-PPE greater than 0.60?

 WORKSHEET 4  -  PROJECT PHOSPHORUS EXPORT SUMMARY

Summarizing the project's algal available phosphorus export (PPE)

Is the Project Phosphorus Export ≤ the Project Phosphorus Budget?  (PPE≤PPB)

 If the project is located in a watershed that is eligible for a compensation fee (or is a 
residential subdivision with buffers), a compensation fee  may be appropriate as 
follows:

Project Name: Solar Array, Belfast Road (Route 3)

The amount of phosphorus that needs further treatment or compensation                   

The post-treatment phosphorus export must be less than 40% of the pre-
treatment export (Post-PPE < 0.4*Pre-PPE)

If  YES ,  PPE is less than or equal to PPB and the project meets its 
phosphorus budget .                                                                                               
If NO,   PPE is greater than PPB, more reduction in phosphorus export is 
required or the payment of a compensation fee may be an option

YES

If YES , in some watersheds the compensation fee is an available option.         
If NO , more treatment must be provided. PPE must be further reduced.                   
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1S

POI#1

2S

CHINA LAKE
 WATERSHED (POI#2)

Routing Diagram for 4028-PRE
Prepared by Sitelines PA,  Printed 3/5/2020

HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Type III 24-hr  2-year Rainfall=2.80"4028-PRE
  Printed  3/5/2020Prepared by Sitelines PA

Page 2HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: POI#1

Runoff = 8.99 cfs @ 12.28 hrs,  Volume= 1.044 af,  Depth= 0.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  2-year Rainfall=2.80"

Area (sf) CN Description
318,370 80 Pasture/grassland/range, Good, HSG D
203,203 74 Pasture/grassland/range, Good, HSG C
21,299 77 Woods, Good, HSG D
9,077 70 Woods, Good, HSG C
3,995 98 Paved parking, HSG C

555,944 Weighted Average
551,949 99.28% Pervious Area

3,995 0.72% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
17.0 150 0.0100 0.15 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
2.8 350 0.0915 2.12 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
1.7 100 0.0200 0.99 Shallow Concentrated Flow, C-D

Short Grass Pasture   Kv= 7.0 fps
21.5 600 Total

Summary for Subcatchment 2S: CHINA LAKE WATERSHED (POI#2)

Runoff = 10.07 cfs @ 12.19 hrs,  Volume= 1.018 af,  Depth= 1.11"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  2-year Rainfall=2.80"

Area (sf) CN Description
6,247 98 Paved parking, HSG D

452,049 80 Pasture/grassland/range, Good, HSG D
19,400 77 Woods, Good, HSG D

477,696 Weighted Average
471,449 98.69% Pervious Area

6,247 1.31% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.2 150 0.0233 0.21 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
3.5 260 0.0308 1.23 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
15.7 410 Total
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Type III 24-hr  10-year Rainfall=4.20"4028-PRE
  Printed  3/5/2020Prepared by Sitelines PA

Page 3HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: POI#1

Runoff = 19.30 cfs @ 12.26 hrs,  Volume= 2.159 af,  Depth= 2.03"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  10-year Rainfall=4.20"

Area (sf) CN Description
318,370 80 Pasture/grassland/range, Good, HSG D
203,203 74 Pasture/grassland/range, Good, HSG C
21,299 77 Woods, Good, HSG D
9,077 70 Woods, Good, HSG C
3,995 98 Paved parking, HSG C

555,944 Weighted Average
551,949 99.28% Pervious Area

3,995 0.72% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
17.0 150 0.0100 0.15 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
2.8 350 0.0915 2.12 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
1.7 100 0.0200 0.99 Shallow Concentrated Flow, C-D

Short Grass Pasture   Kv= 7.0 fps
21.5 600 Total

Summary for Subcatchment 2S: CHINA LAKE WATERSHED (POI#2)

Runoff = 20.49 cfs @ 12.18 hrs,  Volume= 2.030 af,  Depth= 2.22"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  10-year Rainfall=4.20"

Area (sf) CN Description
6,247 98 Paved parking, HSG D

452,049 80 Pasture/grassland/range, Good, HSG D
19,400 77 Woods, Good, HSG D

477,696 Weighted Average
471,449 98.69% Pervious Area

6,247 1.31% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.2 150 0.0233 0.21 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
3.5 260 0.0308 1.23 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
15.7 410 Total
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Type III 24-hr  25-year Rainfall=5.20"4028-PRE
  Printed  3/5/2020Prepared by Sitelines PA

Page 4HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: POI#1

Runoff = 27.32 cfs @ 12.25 hrs,  Volume= 3.040 af,  Depth= 2.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  25-year Rainfall=5.20"

Area (sf) CN Description
318,370 80 Pasture/grassland/range, Good, HSG D
203,203 74 Pasture/grassland/range, Good, HSG C
21,299 77 Woods, Good, HSG D
9,077 70 Woods, Good, HSG C
3,995 98 Paved parking, HSG C

555,944 Weighted Average
551,949 99.28% Pervious Area

3,995 0.72% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
17.0 150 0.0100 0.15 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
2.8 350 0.0915 2.12 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
1.7 100 0.0200 0.99 Shallow Concentrated Flow, C-D

Short Grass Pasture   Kv= 7.0 fps
21.5 600 Total

Summary for Subcatchment 2S: CHINA LAKE WATERSHED (POI#2)

Runoff = 28.42 cfs @ 12.18 hrs,  Volume= 2.816 af,  Depth= 3.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  25-year Rainfall=5.20"

Area (sf) CN Description
6,247 98 Paved parking, HSG D

452,049 80 Pasture/grassland/range, Good, HSG D
19,400 77 Woods, Good, HSG D

477,696 Weighted Average
471,449 98.69% Pervious Area

6,247 1.31% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.2 150 0.0233 0.21 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
3.5 260 0.0308 1.23 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
15.7 410 Total
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10S

POI#1

11S

CHINA LAKE
 WATERSHED (POI#2)

20S

EQUIPMENT PAD

21S

EQUIPMENT PAD

10P

CRUSHED STONE
 STORAGE

11P

CRUSHED STONE
 STORAGE

Routing Diagram for 4028-POST
Prepared by Sitelines PA,  Printed 3/5/2020

HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Type III 24-hr  2-year Rainfall=2.80"4028-POST
  Printed  3/5/2020Prepared by Sitelines PA

Page 2HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment 10S: POI#1

Runoff = 7.52 cfs @ 12.29 hrs,  Volume= 0.900 af,  Depth= 0.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  2-year Rainfall=2.80"

Area (sf) CN Description
14,264 98 Paved parking, HSG A

288,384 78 Meadow, non-grazed, HSG D
206,230 71 Meadow, non-grazed, HSG C
12,338 77 Woods, Good, HSG D
6,050 70 Woods, Good, HSG C

527,266 Weighted Average
513,002 97.29% Pervious Area
14,264 2.71% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
17.0 150 0.0100 0.15 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
2.8 350 0.0914 2.12 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
1.7 100 0.0200 0.99 Shallow Concentrated Flow, C-D

Short Grass Pasture   Kv= 7.0 fps
21.5 600 Total

Summary for Subcatchment 11S: CHINA LAKE WATERSHED (POI#2)

Runoff = 9.40 cfs @ 12.20 hrs,  Volume= 0.965 af,  Depth= 1.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  2-year Rainfall=2.80"

Area (sf) CN Description
6,482 98 Paved parking, HSG D

479,546 78 Meadow, non-grazed, HSG D
14,507 77 Woods, Good, HSG D

500,535 Weighted Average
494,053 98.70% Pervious Area

6,482 1.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.2 150 0.0233 0.21 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
3.5 260 0.0308 1.23 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
15.7 410 Total
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Type III 24-hr  2-year Rainfall=2.80"4028-POST
  Printed  3/5/2020Prepared by Sitelines PA

Page 3HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment 20S: EQUIPMENT PAD

Runoff = 0.04 cfs @ 12.02 hrs,  Volume= 0.004 af,  Depth= 2.57"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  2-year Rainfall=2.80"

Area (sf) CN Description
* 723 98

723 100.00% Impervious Area

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

5.0 Direct Entry, 

Summary for Subcatchment 21S: EQUIPMENT PAD

Runoff = 0.30 cfs @ 12.02 hrs,  Volume= 0.025 af,  Depth= 2.57"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  2-year Rainfall=2.80"

Area (sf) CN Description
* 5,131 98

5,131 100.00% Impervious Area

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

5.0 Direct Entry, 

Summary for Pond 10P: CRUSHED STONE STORAGE

Inflow Area = 0.017 ac,100.00% Impervious,  Inflow Depth = 2.57"    for  2-year event
Inflow = 0.04 cfs @ 12.02 hrs,  Volume= 0.004 af
Outflow = 0.00 cfs @ 11.60 hrs,  Volume= 0.004 af,  Atten= 90%,  Lag= 0.0 min
Discarded = 0.00 cfs @ 11.60 hrs,  Volume= 0.004 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Peak Elev= 98.70' @ 12.84 hrs   Surf.Area= 723 sf   Storage= 58 cf

Plug-Flow detention time= 106.4 min calculated for 0.004 af (100% of inflow)
Center-of-Mass det. time= 105.9 min ( 861.3 - 755.4 )

Volume Invert Avail.Storage Storage Description
#1 98.50' 434 cf Custom Stage Data (Prismatic) Listed below (Recalc)

1,085 cf Overall  x 40.0% Voids
#2 100.00' 70 cf Custom Stage Data (Prismatic) Listed below (Recalc)

174 cf Overall  x 40.0% Voids
503 cf Total Available Storage
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Type III 24-hr  2-year Rainfall=2.80"4028-POST
  Printed  3/5/2020Prepared by Sitelines PA

Page 4HydroCAD® 10.00-20  s/n 01100  © 2017 HydroCAD Software Solutions LLC

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
98.50 723 0 0

100.00 723 1,085 1,085

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

100.00 528 0 0
100.33 528 174 174

Device Routing     Invert Outlet Devices
#1 Discarded 98.50' 0.250 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.00 cfs @ 11.60 hrs  HW=98.52'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.00 cfs)

Summary for Pond 11P: CRUSHED STONE STORAGE

Inflow Area = 0.118 ac,100.00% Impervious,  Inflow Depth = 2.57"    for  2-year event
Inflow = 0.30 cfs @ 12.02 hrs,  Volume= 0.025 af
Outflow = 0.03 cfs @ 11.60 hrs,  Volume= 0.025 af,  Atten= 90%,  Lag= 0.0 min
Discarded = 0.03 cfs @ 11.60 hrs,  Volume= 0.025 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Peak Elev= 98.70' @ 12.84 hrs   Surf.Area= 5,131 sf   Storage= 409 cf

Plug-Flow detention time= 106.4 min calculated for 0.025 af (100% of inflow)
Center-of-Mass det. time= 105.9 min ( 861.3 - 755.4 )

Volume Invert Avail.Storage Storage Description
#1 98.50' 3,079 cf Custom Stage Data (Prismatic) Listed below (Recalc)

7,697 cf Overall  x 40.0% Voids
#2 100.00' 520 cf Custom Stage Data (Prismatic) Listed below (Recalc)

1,299 cf Overall  x 40.0% Voids
3,598 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
98.50 5,131 0 0

100.00 5,131 7,697 7,697

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

100.00 3,936 0 0
100.33 3,936 1,299 1,299

Device Routing     Invert Outlet Devices
#1 Discarded 98.50' 0.250 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.03 cfs @ 11.60 hrs  HW=98.52'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.03 cfs)

- Page  58  -  



Type III 24-hr  10-year Rainfall=4.20"4028-POST
  Printed  3/5/2020Prepared by Sitelines PA
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Summary for Subcatchment 10S: POI#1

Runoff = 16.83 cfs @ 12.27 hrs,  Volume= 1.906 af,  Depth= 1.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  10-year Rainfall=4.20"

Area (sf) CN Description
14,264 98 Paved parking, HSG A

288,384 78 Meadow, non-grazed, HSG D
206,230 71 Meadow, non-grazed, HSG C
12,338 77 Woods, Good, HSG D
6,050 70 Woods, Good, HSG C

527,266 Weighted Average
513,002 97.29% Pervious Area
14,264 2.71% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
17.0 150 0.0100 0.15 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
2.8 350 0.0914 2.12 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
1.7 100 0.0200 0.99 Shallow Concentrated Flow, C-D

Short Grass Pasture   Kv= 7.0 fps
21.5 600 Total

Summary for Subcatchment 11S: CHINA LAKE WATERSHED (POI#2)

Runoff = 19.96 cfs @ 12.19 hrs,  Volume= 1.982 af,  Depth= 2.07"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  10-year Rainfall=4.20"

Area (sf) CN Description
6,482 98 Paved parking, HSG D

479,546 78 Meadow, non-grazed, HSG D
14,507 77 Woods, Good, HSG D

500,535 Weighted Average
494,053 98.70% Pervious Area

6,482 1.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.2 150 0.0233 0.21 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
3.5 260 0.0308 1.23 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
15.7 410 Total
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Summary for Subcatchment 20S: EQUIPMENT PAD

Runoff = 0.06 cfs @ 12.02 hrs,  Volume= 0.005 af,  Depth= 3.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  10-year Rainfall=4.20"

Area (sf) CN Description
* 723 98

723 100.00% Impervious Area

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

5.0 Direct Entry, 

Summary for Subcatchment 21S: EQUIPMENT PAD

Runoff = 0.46 cfs @ 12.02 hrs,  Volume= 0.039 af,  Depth= 3.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  10-year Rainfall=4.20"

Area (sf) CN Description
* 5,131 98

5,131 100.00% Impervious Area

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

5.0 Direct Entry, 

Summary for Pond 10P: CRUSHED STONE STORAGE

Inflow Area = 0.017 ac,100.00% Impervious,  Inflow Depth = 3.96"    for  10-year event
Inflow = 0.06 cfs @ 12.02 hrs,  Volume= 0.005 af
Outflow = 0.00 cfs @ 10.90 hrs,  Volume= 0.005 af,  Atten= 93%,  Lag= 0.0 min
Discarded = 0.00 cfs @ 10.90 hrs,  Volume= 0.005 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Peak Elev= 98.85' @ 13.58 hrs   Surf.Area= 723 sf   Storage= 102 cf

Plug-Flow detention time= 198.7 min calculated for 0.005 af (100% of inflow)
Center-of-Mass det. time= 198.2 min ( 945.3 - 747.1 )

Volume Invert Avail.Storage Storage Description
#1 98.50' 434 cf Custom Stage Data (Prismatic) Listed below (Recalc)

1,085 cf Overall  x 40.0% Voids
#2 100.00' 70 cf Custom Stage Data (Prismatic) Listed below (Recalc)

174 cf Overall  x 40.0% Voids
503 cf Total Available Storage
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
98.50 723 0 0

100.00 723 1,085 1,085

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

100.00 528 0 0
100.33 528 174 174

Device Routing     Invert Outlet Devices
#1 Discarded 98.50' 0.250 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.00 cfs @ 10.90 hrs  HW=98.52'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.00 cfs)

Summary for Pond 11P: CRUSHED STONE STORAGE

Inflow Area = 0.118 ac,100.00% Impervious,  Inflow Depth = 3.96"    for  10-year event
Inflow = 0.46 cfs @ 12.02 hrs,  Volume= 0.039 af
Outflow = 0.03 cfs @ 10.90 hrs,  Volume= 0.039 af,  Atten= 93%,  Lag= 0.0 min
Discarded = 0.03 cfs @ 10.90 hrs,  Volume= 0.039 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Peak Elev= 98.85' @ 13.58 hrs   Surf.Area= 5,131 sf   Storage= 721 cf

Plug-Flow detention time= 198.7 min calculated for 0.039 af (100% of inflow)
Center-of-Mass det. time= 198.2 min ( 945.3 - 747.1 )

Volume Invert Avail.Storage Storage Description
#1 98.50' 3,079 cf Custom Stage Data (Prismatic) Listed below (Recalc)

7,697 cf Overall  x 40.0% Voids
#2 100.00' 520 cf Custom Stage Data (Prismatic) Listed below (Recalc)

1,299 cf Overall  x 40.0% Voids
3,598 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
98.50 5,131 0 0

100.00 5,131 7,697 7,697

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

100.00 3,936 0 0
100.33 3,936 1,299 1,299

Device Routing     Invert Outlet Devices
#1 Discarded 98.50' 0.250 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.03 cfs @ 10.90 hrs  HW=98.52'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.03 cfs)
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Summary for Subcatchment 10S: POI#1

Runoff = 24.20 cfs @ 12.26 hrs,  Volume= 2.712 af,  Depth= 2.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  25-year Rainfall=5.20"

Area (sf) CN Description
14,264 98 Paved parking, HSG A

288,384 78 Meadow, non-grazed, HSG D
206,230 71 Meadow, non-grazed, HSG C
12,338 77 Woods, Good, HSG D
6,050 70 Woods, Good, HSG C

527,266 Weighted Average
513,002 97.29% Pervious Area
14,264 2.71% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
17.0 150 0.0100 0.15 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
2.8 350 0.0914 2.12 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
1.7 100 0.0200 0.99 Shallow Concentrated Flow, C-D

Short Grass Pasture   Kv= 7.0 fps
21.5 600 Total

Summary for Subcatchment 11S: CHINA LAKE WATERSHED (POI#2)

Runoff = 28.11 cfs @ 12.18 hrs,  Volume= 2.783 af,  Depth= 2.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  25-year Rainfall=5.20"

Area (sf) CN Description
6,482 98 Paved parking, HSG D

479,546 78 Meadow, non-grazed, HSG D
14,507 77 Woods, Good, HSG D

500,535 Weighted Average
494,053 98.70% Pervious Area

6,482 1.30% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.2 150 0.0233 0.21 Sheet Flow, A-B

Range   n= 0.130   P2= 2.80"
3.5 260 0.0308 1.23 Shallow Concentrated Flow, B-C

Short Grass Pasture   Kv= 7.0 fps
15.7 410 Total
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Summary for Subcatchment 20S: EQUIPMENT PAD

Runoff = 0.08 cfs @ 12.02 hrs,  Volume= 0.007 af,  Depth= 4.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  25-year Rainfall=5.20"

Area (sf) CN Description
* 723 98

723 100.00% Impervious Area

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

5.0 Direct Entry, 

Summary for Subcatchment 21S: EQUIPMENT PAD

Runoff = 0.57 cfs @ 12.02 hrs,  Volume= 0.049 af,  Depth= 4.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-Q, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Type III 24-hr  25-year Rainfall=5.20"

Area (sf) CN Description
* 5,131 98

5,131 100.00% Impervious Area

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

5.0 Direct Entry, 

Summary for Pond 10P: CRUSHED STONE STORAGE

Inflow Area = 0.017 ac,100.00% Impervious,  Inflow Depth = 4.96"    for  25-year event
Inflow = 0.08 cfs @ 12.02 hrs,  Volume= 0.007 af
Outflow = 0.00 cfs @ 10.40 hrs,  Volume= 0.007 af,  Atten= 95%,  Lag= 0.0 min
Discarded = 0.00 cfs @ 10.40 hrs,  Volume= 0.007 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Peak Elev= 98.98' @ 14.11 hrs   Surf.Area= 723 sf   Storage= 138 cf

Plug-Flow detention time= 277.5 min calculated for 0.007 af (100% of inflow)
Center-of-Mass det. time= 277.0 min ( 1,020.4 - 743.4 )

Volume Invert Avail.Storage Storage Description
#1 98.50' 434 cf Custom Stage Data (Prismatic) Listed below (Recalc)

1,085 cf Overall  x 40.0% Voids
#2 100.00' 70 cf Custom Stage Data (Prismatic) Listed below (Recalc)

174 cf Overall  x 40.0% Voids
503 cf Total Available Storage
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
98.50 723 0 0

100.00 723 1,085 1,085

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

100.00 528 0 0
100.33 528 174 174

Device Routing     Invert Outlet Devices
#1 Discarded 98.50' 0.250 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.00 cfs @ 10.40 hrs  HW=98.52'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.00 cfs)

Summary for Pond 11P: CRUSHED STONE STORAGE

Inflow Area = 0.118 ac,100.00% Impervious,  Inflow Depth = 4.96"    for  25-year event
Inflow = 0.57 cfs @ 12.02 hrs,  Volume= 0.049 af
Outflow = 0.03 cfs @ 10.40 hrs,  Volume= 0.049 af,  Atten= 95%,  Lag= 0.0 min
Discarded = 0.03 cfs @ 10.40 hrs,  Volume= 0.049 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.10 hrs
Peak Elev= 98.98' @ 14.11 hrs   Surf.Area= 5,131 sf   Storage= 979 cf

Plug-Flow detention time= 277.5 min calculated for 0.049 af (100% of inflow)
Center-of-Mass det. time= 277.0 min ( 1,020.4 - 743.4 )

Volume Invert Avail.Storage Storage Description
#1 98.50' 3,079 cf Custom Stage Data (Prismatic) Listed below (Recalc)

7,697 cf Overall  x 40.0% Voids
#2 100.00' 520 cf Custom Stage Data (Prismatic) Listed below (Recalc)

1,299 cf Overall  x 40.0% Voids
3,598 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
98.50 5,131 0 0

100.00 5,131 7,697 7,697

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

100.00 3,936 0 0
100.33 3,936 1,299 1,299

Device Routing     Invert Outlet Devices
#1 Discarded 98.50' 0.250 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.03 cfs @ 10.40 hrs  HW=98.52'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.03 cfs)
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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.
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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 

Custom Soil Resource Report
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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.

Custom Soil Resource Report

7

- Page  71  -  



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 
1:20,000.

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: Kennebec County, Maine
Survey Area Data: Version 18, Sep 16, 2019

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

Date(s) aerial images were photographed: Dec 31, 2009—Nov 
1, 2016

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

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

PdB Paxton-Charlton fine sandy 
loams, 3 to 8 percent slopes

5.3 21.1%

RcA Ridgebury fine sandy loam 0.0 0.0%

WrB Woodbridge fine sandy loam, 3 
to 8 percent slopes

19.7 78.2%

WsB Woodbridge very stony fine 
sandy loam, 3 to 8 percent 
slopes

0.2 0.7%

Totals for Area of Interest 25.2 100.0%

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 
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.

Custom Soil Resource Report
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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.

Custom Soil Resource Report
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Kennebec County, Maine

PdB—Paxton-Charlton fine sandy loams, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 9k0x
Elevation: 10 to 3,500 feet
Mean annual precipitation: 34 to 50 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 60 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Paxton and similar soils: 62 percent
Charlton and similar soils: 27 percent
Minor components: 11 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Paxton

Setting
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Coarse-loamy lodgment till derived from mica schist

Typical profile
H1 - 0 to 8 inches: fine sandy loam
H2 - 8 to 31 inches: gravelly fine sandy loam
H3 - 31 to 65 inches: fine sandy loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: 18 to 40 inches to densic material
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.60 in/hr)
Depth to water table: About 18 to 26 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 4.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C/D
Hydric soil rating: No

Description of Charlton

Setting
Landform: Till plains
Landform position (three-dimensional): Dip
Down-slope shape: Convex

Custom Soil Resource Report
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Across-slope shape: Convex
Parent material: Coarse-loamy supraglacial meltout till derived from mica schist

Typical profile
H1 - 0 to 8 inches: fine sandy loam
H2 - 8 to 30 inches: gravelly fine sandy loam
H3 - 30 to 65 inches: gravelly fine sandy loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 6.2 inches)

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

Minor Components

Woodbridge
Percent of map unit: 5 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Tunbridge
Percent of map unit: 2 percent
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Hollis
Percent of map unit: 2 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Ridgebury
Percent of map unit: 1 percent
Landform: Till plains
Landform position (two-dimensional): Footslope

Custom Soil Resource Report
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Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Concave
Hydric soil rating: Yes

Paxton, > 8% slopes
Percent of map unit: 1 percent
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

RcA—Ridgebury fine sandy loam

Map Unit Setting
National map unit symbol: 9k16
Elevation: 10 to 2,500 feet
Mean annual precipitation: 30 to 50 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 70 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Ridgebury and similar soils: 87 percent
Minor components: 13 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ridgebury

Setting
Landform: Till plains
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Coarse-loamy lodgment till derived from mica schist

Typical profile
H1 - 0 to 8 inches: fine sandy loam
H2 - 8 to 14 inches: fine sandy loam
H3 - 14 to 65 inches: fine sandy loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: 10 to 25 inches to densic material
Natural drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.60 in/hr)
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Depth to water table: About 0 to 12 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C/D
Hydric soil rating: Yes

Minor Components

Peru
Percent of map unit: 5 percent
Landform: Till plains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Woodbridge
Percent of map unit: 5 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Peacham
Percent of map unit: 3 percent
Landform: Till plains
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

WrB—Woodbridge fine sandy loam, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 9k1r
Elevation: 10 to 3,500 feet
Mean annual precipitation: 34 to 50 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 60 to 160 days
Farmland classification: All areas are prime farmland

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

Description of Woodbridge

Setting
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Coarse-loamy lodgment till derived from mica schist

Typical profile
H1 - 0 to 7 inches: fine sandy loam
H2 - 7 to 22 inches: fine sandy loam
H3 - 22 to 65 inches: fine sandy loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: 18 to 30 inches to densic material
Natural drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.60 in/hr)
Depth to water table: About 16 to 24 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 3.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C/D
Hydric soil rating: No

Minor Components

Hollis
Percent of map unit: 3 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Tunbridge
Percent of map unit: 3 percent
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Custom Soil Resource Report
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Paxton
Percent of map unit: 3 percent
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Ridgebury
Percent of map unit: 2 percent
Landform: Till plains
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Concave
Hydric soil rating: Yes

Charlton
Percent of map unit: 2 percent
Landform: Till plains
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Woodbridge, > 8% slopes
Percent of map unit: 2 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

WsB—Woodbridge very stony fine sandy loam, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 9k1t
Elevation: 10 to 3,500 feet
Mean annual precipitation: 34 to 50 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 60 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Woodbridge and similar soils: 87 percent
Minor components: 13 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Custom Soil Resource Report
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Description of Woodbridge

Setting
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Coarse-loamy lodgment till derived from mica schist

Typical profile
H1 - 0 to 7 inches: fine sandy loam
H2 - 7 to 22 inches: fine sandy loam
H3 - 22 to 65 inches: fine sandy loam

Properties and qualities
Slope: 3 to 8 percent
Percent of area covered with surface fragments: 1.6 percent
Depth to restrictive feature: 18 to 30 inches to densic material
Natural drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.60 in/hr)
Depth to water table: About 16 to 24 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 3.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: C/D
Hydric soil rating: No

Minor Components

Paxton
Percent of map unit: 4 percent
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Dip
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Tunbridge
Percent of map unit: 3 percent
Landform: Till plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Charlton
Percent of map unit: 2 percent
Landform: Till plains
Landform position (three-dimensional): Dip
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Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Ridgebury
Percent of map unit: 1 percent
Landform: Till plains
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Concave
Hydric soil rating: Yes

Woodbridge, > 8% slopes
Percent of map unit: 1 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No

Hollis
Percent of map unit: 1 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Woodbridge, > 3% stone cover
Percent of map unit: 1 percent
Landform: Till plains
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Hydric soil rating: No
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Safety Data Sheet 
 

1. Product and Company Identification 

Important Note: As a solid, manufactured article, exposure to hazardous ingredients is not expected with 
normal use. This battery is an article pursuant to 29 CFR 1910.1200 and, as such, is not subject to the 
OSHA Hazard Communication Standard requirement. The information contained in this Safety Data Sheet 
contains valuable information critical to the safe handling and proper use of the product. This MSDS 
should be retained and available for employees and other users of this product. 

Commercial product name  
ELG(P11P35-11-N01,3.7L1200SPA)  
 
Use of the substance/preparation 
Lithium-ion batteries  
 
Synonyms 
Lithium-ion Cell, Lithium-ion Pack, Lithium-ion Battery, Li-Ion Cell, Li-Ion Pack, Li-Ion Battery 
 
Manufacturer 
SAMSUNG SDI Co., Ltd. 
 
Address                                                                               
HQ: 150-20, Gongse-ro, Giheung-gu, Yongin-si, Gyeonggi-do, Korea                          
 
Company/undertaking identification  
Emergency Contact(Chemtrec)                                                  
1-800-424-9300: US and Canada / 1-703-527-3887: International 
 
Further Information  
Battery-System: Lithium-ion (Li-ion) 
Nominal Voltage: 3.7 V 
Rated Capacity: 1.2 Ah 
Wh rating: 4.44 Wh 
Anode (negative electrode): based on intercalation graphite 
Cathode (positive electrode): based on lithiated metal oxide (Cobalt, Nickel, Manganese) 
 
Remark: 
The information and recommendations set forth are made in good faith and believed to be accurate as of 
the date of preparation. SAMSUNG SDI Co., Ltd. makes no warranty, expressed or implied, with respect 
to this information and disclaims all liabilities from reliance on it. 
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2. Hazards Identification 
 
Classification of the substance or mixture. 

Preparation Hazards and Classification: The product is a Lithium ion cell or battery and is therefore classified 
as an article and is not hazardous when used according to the recommendations of the manufacturer. The hazard 
is associated with the contents of the cell or battery. Under recommended use conditions, the electrode materials 
and liquid electrolyte are non-reactive provided that the cell or battery integrity remains and the seals remain intact. 
The potential for exposure should not exist unless the cell or battery leaks, is exposed to high temperatures or is 
mechanically, electrically or physically abused/damaged. If the cell or battery is compromised and starts to leak, 
based upon the battery ingredients, the contents are classified as Hazardous. 

 
Hazard Summary 
Physical hazards: Not classified for physical hazards. 
Health hazards: Not classified for health hazards. 
Environmental hazards: Not classified for hazards to the environment. 
Specific hazards: Exposure to contents of an open or damaged cell or battery: contact with this material will 
cause burns to the skin, eyes and mucous membranes. May cause sensitization by skin contact. 
Main Symptoms: Symptoms include itching, burning, redness and tearing. 
 
Hazardous Materials Information Label (HMIS)  
Health: 0  
Flammability: 1  
Physical Hazard: 0  
 
NFPA Hazard Ratings  
Health: 0 

 

Flammability: 1 
Reactivity: 0  
Unique Hazard:  
 
 

GHS precautionary statements 
 

Precautionary  
Statement(s)  
Prevention  

P102: Keep out of reach of children.  
P103: Read label prior to use.  
P202: Do not handle until all safety precautions have been read and understood.  
P210: Keep away from heat/sparks/open flames/hot surfaces – No smoking.  
P234: Keep only in original container.  
P254: Wash hands thoroughly after handling.  

 Response  
(If cell/battery  
leaks)  

P260: Do not breathe vapor or spray.  
P280: Wear protective gloves/protective clothing/eye protection/face protection.  
P301/330/331: IF SWALLOWED: Rinse mouth.  DO NOT induce vomiting.  
P303/361/353: IF ON SKIN (or hair): Remove/Take off immediately all contaminated clothing.   
Rinse skin with water/shower. 
P304/340: If INHALED: Remove victim to fresh air and keep at rest in a position comfortable for breathing.  
P305/351/338: IF IN EYES: Rinse cautiously with water for several minutes.   
Remove contact lenses, if present and easy to do. Continue rinsing.  
P310: Immediately call a POISON CENTER or doctor/physician.  
P363: Wash contaminated clothing before reuse.  
P370: In case of fire: Use carbon dioxide, dry chemical or water extinguisher.  

Storage  
(Store as indicated  
in Section 7)  

P402: Store in a dry place.  
P405: Store locked up.  
P410: Protect from sunlight.  

Disposal  P406: Store any spilled/leaking electrolyte material in a corrosive resistant container with a resistant inner liner.  
P501: Dispose of batteries in accordance with applicable hazardous waste regulations. 
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Other Hazards. 
Appearance, Color and Odor: Solid object with no odor. 
 
Primary Routes(s) of Exposure: These chemicals are contained in a sealed enclosure. Risk of exposure occurs 
only if the cell or pack is mechanically, thermally, electrically or physically abused to the point of compromising the 
enclosure. 
If this occurs, exposure to the electrolyte solution contained within can occur by inhalation, ingestion, eye contact 
and skin contact. 
 
Potential Health Effect(s): 

Acute (short term): see Section 8 for exposure controls. 
In the event that this cell or pack has been ruptured, the electrolyte solution contained within the cell would 
be corrosive and can cause burns to skin and eyes. 
Inhalation: Inhalation of materials from a sealed cell is not an expected route of exposure. Vapors or mists 
from a ruptured cell may cause respiratory irritation. 
Ingestion: Swallowing of materials from a sealed cell is not an expected route of exposure. Swallowing the 
contents of an open cell can cause serious chemical burns to mouth, esophagus, and gastrointestinal tract. 
Skin: Contact between the cell and skin will not cause any harm. Skin contact with the contents of an open 
cell can cause severe irritation or burns to the skin. 
Eye: Contact between the cell and the eye will not cause any harm. Eye contact with the contents of an open 
cell can cause severe irritation or burns to the eye. 
CHRONIC (long term): see Section 11 for additional toxicological data. 
 

 
Interactions with other chemicals: Immersion in high conductivity liquids may cause corrosion and breaching of 
the cell or battery enclosure. The electrolyte solution inside of the cells may react with alkaline (basic) materials 
and present a flammability hazard. 
 
Potential Environmental Effects: Not Available. 

 

3. Composition/information on ingredients 

Hazardous components  

  Chemical Name  CAS No. *Mass range in cell (g/g %) 

Electrolyte  Contains Electrolyte salt and solvents.   5-20 

Electrolyte salt  Lithium hexafluorophosphate  21324-40-3 0.05-5 

Electrolyte 

solvent 

Includes one or more of the following; 
Ethelyne Carbonate 
Propylene Carbonate 
Diethyl Carbonate  

 

 
96-49-1 
108-32-7 
105-58-8 

5-20 

PVDF Polyvinylidenfluoride  24937-79-9  <1 

Copper  Cu  7440-50-8  3-15 

Aluminium Al  7429-90-5  2-10 

Cathode  Lithium cobalt oxide 12190-79-3 20-50 

Anode  Graphite 7782-42-5 10-30 

Steel, Nickel, and 

inert components 

  
 Various  Balance  
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Because of the cell structure the dangerous ingredients will not be available if used properly. 
During charge process a lithium graphite intercalation phase is formed.  
 
 
4. First Aid Measures 

Description of first aid measures 
The hazardous components of this cell or battery are contained within a sealed unit. The following measures are only 
applicable if exposure has occurred to components when a cell or battery leaks, is exposed to high temperatures or is 
mechanically, electrically or physically abused/damaged. The hazardous contents are caustic alkaline electrolytes 
contained in cells with lithium metal oxide cathodes, graphite and carbon anodes and Polyvinylidenfluoride binders. 

Ingestion: Have victim rinse mouth thoroughly with water. DO NOT INDUCE VOMITING. Quickly transport victim 
to an emergency care facility. 
EYE: If eye contact with contents of an open cell occurs, immediately flush the contaminated eye(s) with water. 
Quickly transport victim to an emergency care facility. 
Skin Contact: Immediately flush with water. If irritation or pain persists, seek medical attention. 
Inhalation: Remove the patient from exposure into fresh air, seek medical attention. 
 

 
PROTECTION FOR FIRST 
AIDERS: Do not enter corrosive vapor contaminated areas without a respirator or Self Contained Breathing 
Apparatus. Wear adequate personal protective equipment as indicated in Section 8. 
FIRST AID FACILITIES: Eye wash bottle, fountain, safety showers or at least a source of running water are required 
in the area where the product is used. 
 
Most important symptoms & effects, acute & delayed, caused by exposure: 

ACUTE: The contents of the battery are rated as corrosive. Ingestion of the electrolyte could lead to severe 
gastrointestinal tract irritation with nausea, vomiting and potentially burns. Inhalation of vapors may lead to severe 
irritation of the mouth and upper respiratory tract with a burning sensation, pain, burns and inflammation in the 
nose and throat; there may also be coughing or difficulty breathing. Eye contact may lead to severe eye irritation 
or in worst case scenario irreversible damage and possible eye burns. Skin contact may lead to irritation and 
possible skin burns. 
CHRONIC: Skin contact may aggravate/exacerbate existing skin conditions, such as dermatitis. Chronic inhalation 
may lead to the same symptoms as listed for acute inhalation above. 
 

Indication of any immediate medical attention and special treatment needed 
ADVICE TO DOCTOR: Treat symptomatically if the person comes into contact with the corrosive electrolyte liquid 
contents of a damaged battery. 
 
 
5. Fire Fighting Measures 
 
Suitable extinguishing media  
Cold water and dry powder in large amount are applicable. 
Use metal fire extinction powder or dry sand if only few cells are involved. 
 
Special hazards arising from the chemical  
May form hydrofluoric acid if electrolyte comes into contact with water. 
In case of fire, the formation of the following flue gases cannot be excluded: 
Hydrogen fluoride (HF), Carbon monoxide and carbon dioxide. 
 
Protective equipment and precautions for firefighters  
Wear self-contained breathing apparatus and protective suit.  
 
Additional information  
If possible, remove cell(s) from fire fighting area. If heated above 125°C, cell(s) can explode/vent. Cell is 
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not flammable but internal organic material will burn if the cell is incinerated.  
 
 
6. Accidental Release Measures 
 
Personal precautions, protective equipment and emergency procedures: 

As an immediate precautionary measure, isolate spill or leak area for at least 25 meters (75 feet) in all directions. 
Keep unauthorized personnel away. Stay upwind. Keep out of low areas. Ventilate closed areas before entering. 
Wear adequate personal protective equipment as indicated in Section 8. 

 
Environmental precautions 

Absorb spilled material with non-reactive absorbent such as vermiculite, clay or earth. Prevent from migration into 
soil, sewers and natural waterways – inform local authorities if this occurs. 

 
Methods and material for containment and cleaning up 

Evacuate spill area immediately and remove sources of ignition. Do NOT touch spilled material. Cleanup 
personnel must be trained in the safe handling of this product. Spills may be absorbed on non-reactive absorbents 
such as vermiculite. Place cells or batteries into individual plastic bags and then place into appropriate containers 
and close tightly for disposal. Ensure that cleanup procedures do not expose spilled material to any moisture. 
Immediately transport closed containers outside. Lined steel drums are suitable for storage of damaged cells or 
batteries until proper disposal can be arranged. 

 
 
 
7. Handling and Storage 
 
Precaution for Handling 
Avoid short circuiting the cell. Avoid mechanical damage of the cell. Do not open or disassemble.  
Advice on protection against fire and explosion  
Keep away from open flames, hot surfaces and sources of ignition.  
 
Condition for storage 
Storage at room temperature (approx. 20°C) at approx. 20~60% of the nominal capacity  
(OCV approx. 3.6 - 3.9 V/cell). 
Keep in closed original container. 
 

8. Exposure controls/personal protection Exposure limit values Exposure limits  

Exposure Control Measures 
Exposure Limit Values: Airborne exposures to hazardous substances are not expected when the cells or 
batteries are used for their intended purposes. Exposure standards are not applicable to the sealed articles. 
Biological Monitoring: Not applicable. 
Control Banding: Not applicable. 
Recommended monitoring procedures: Follow standard monitoring procedures. 
Derived no-effect level (DNEL): Not applicable. 
Derived minimal effect level (DMEL): Not applicable. 
Predicted no-effect concentrations (PNECs): Not applicable. 

 
Engineering Controls 

Engineering Controls: Special ventilation is not required when using these products in normal use 
scenarios.Ventilation is required if there is leakage from the cell or battery. 
Individual Protection Measures 

Eye and Face protection: Eye protection is not required when handling cells or batteries during normal 
use.Wear safety glasses/goggles if handling a leaking or ruptured cell or battery. 
Skin (Hand) protection: Hand protection is not required when handling the cell or battery during normal 
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use.PVC gloves are recommended when dealing with a leaking or ruptured cell or battery. 
Skin (clothing) protection: Skin protection is not required when handling the cell or battery during normal use. 
Wear long sleeved clothing to avoid skin contact if handling a leaking or ruptured cell or battery. Soiled clothing 
should be washed with detergent prior to re-use. 
Respiratory protection: During routine operation, a respirator is not required. However, if dealing with an 
electrolyte leakage and irritating vapors are generated, an approved half face inorganic vapor and 
gas/acid/particulate respirator is required. 
Thermal Protection: Not applicable. 
Other Protective Equipment: Have a safety shower or eye wash station readily available 

. 
Hygiene Measures: Do not eat, drink or smoke in work areas. Avoid storing food, drink or tobacco near the product. 
Practice and maintain good housekeeping. 
 
Environmental exposure controls: Avoid release to the environment. 
 
 
9. Physical and Chemical Properties 

Appearance  
physical state,:  Solid    
Color:   Various   
Odor:   Odorless  
 
Important health, safety and environmental information                                                                   
Test method  
pHValue:         n.a. 
Flash point:        n.a  
Lower explosion limits:       n.a. 
Vapour pressure:                      n.a. 
Density:                n.a. 
Water solubility:        Insoluble 
Ignition temperature:       n.a. 
 

 
 
 
10. Stability and Reactivity 
 
Stability  
Stable  
 
Conditions to avoid  
Keep away from open flames, hot surfaces and sources of ignition. Do not puncture, 
crush or incinerate.  
 
Materials to avoid  
No materials to be especially mentioned.  
 
Hazardous decomposition products  
In case of open cells, there is the possibility of hydrofluoric acid and carbon monoxide release.  
 
Possibility of Hazardous Reactions  
Will not occur  
 
Additional information  
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No decomposition if stored and applied as directed.  
 
11. Toxicological Information         
 
Information on toxicological effects: 
The hazardous components of the cell or battery are contained within a sealed unit. Under recommended use 
conditions, the electrode materials and liquid electrolyte are non-reactive provided that the cell or battery integrity 
remains and the seals remain intact. The potential for exposure should not exist unless the battery leaks, is exposed 
to high temperature or is mechanically, electrically or physically abused/damaged. The following toxicology data is 
in respect to if a person comes into contact with the electrolyte. 
 
Acute Toxicity: 
Swallowed: The electrolyte contained within the cell or battery is a corrosive liquid. Ingestion of this electrolyte 
would be harmful. Swallowing may result in nausea, vomiting, diarrhea, abdominal pain and chemical burns to the 
gastrointestinal tract. During normal usage ingestion should not be a means of exposure. 
Eye: The electrolyte contained within the cell or battery is a corrosive liquid and it is expected that it would cause 
irreversible damage to the eyes. Contact may cause corneal burns. Effects may be slow to heal after eye contact. 
Correct handling procedures incorporating appropriate eye protection should minimize the risk of eye irritation. 
Skin: The electrolyte contained within the cell or battery is a corrosive liquid and it is expected that it would cause skin 
burns or severe irritation to the skin if not washed off immediately. Correct handling procedures should minimize the 
risk of skin irritation. People with pre-existing skin conditions, such as dermatitis, should take extreme care so as not 
to exacerbate the condition. 
Inhaled: Inhalation of vapors from a leaking cell or battery is expected to cause severe irritation of the mouth and 
upper respiratory tract with a burning sensation, pain, burns and inflammation in the nose and throat; there may also 
be coughing or difficulty breathing. 
 
Skin Corrosion/Irritation: The electrolyte contained within the cell or battery is classified as a corrosive liquid and is 
expected to exhibit Dermal Corrosivity/Irritation. 
 
Serious Eye Damage/Irritation: The electrolyte contained within the cell or battery is classified as a corrosive liquid 
and is expected to exhibit serious Damage/Corrosivity. 
 
Respiratory or Skin Sensitization: The electrolyte contained within the cell or battery is not expected to be a skin 
sensitizer according to OECD test 406, based on the available data and the known hazards of the components. The 
electrolyte contained within the battery is not expected to be a respiratory tract sensitizer, based on the available data 
and the known hazards of the components. 
 
Germ Cell Mutagenicity: The electrolyte contained within the cell or battery is not expected to be mutagenic 
according to test such as OECD tests 471, 475, 476, 478 and 479, based on the available data and the known 
hazards of the components. 
 
Carcinogenicity: Th electrolyte contained within the cell or battery is not expected to be a carcinogen. The cathode 
contains Cobalt and Nickel components. These components are classified as IARC 2B – possibly carcinogenic to 
humans, however they do not pose a threat when contained in the cell or battery sealed unit. 
 
Reproductive Toxicity: The electrolyte contained within the cell or battery is not expected to be a reproductive 
hazard according to test such as OECD tests 414 and 421, based on the available data and the known hazards of the 
components. 
 
Specific Target Organ Toxicity (STOT) – Single Exposure: The electrolyte contained within the cell or battery is 
corrosive and is expect to cause respiratory irritation by inhalation. Inhalation of vapors may lead to severe irritation of 
the mouth and upper respiratory tract with a burning sensation, pain, burns and inflammation in the nose and throat; 
there may also be coughing or difficulty breathing. 
 
Specific Target Organ Toxicity (STOT) – Repeated Exposure: The cells or batteries are not expected to cause 
organ damage from prolonged or repeated exposure according to tests such as OECD tests 410 and 412, based on 
the available data and the known hazards of the components. 
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Aspiration Hazard: The cells or batteries are not classified as an aspiration hazard, based on the available data and 
the known hazards of the components. However, due to the corrosive nature of the product if swallowed, do NOT 
induce vomiting. If vomiting has occurred after ingestion the person should be observed to ensure that aspiration into 
the lungs has not occurred and assessed for chemical burns to the gastrointestinal and respiratory tracts. 
 
 
12. Ecological Information  

Further information  
Ecological injuries are not known or expected under normal use. Do not flush into surface water or sanitary sewer 
system.  
 

13. Disposal Considerations 

Advice on disposal  
For recycling consult manufacturer.  
 
Contaminated packaging  
Disposal in accordance with local regulations.  
 
 
14. Transport Information  

 

With regard to transport, the following regulations are cited and considered: 
 

- UN No. 3480 
- UN proper shipping name: Lithium Ion Batteries. 
- Transport hazard class : 9  
- The International Civil Aviation Organization (ICAO) Technical Instructions, Packing Instruction 965, Section 

ⅠB or Ⅱ  
- The International Air Transport Association (IATA) Dangerous Goods Regulations, Packing Instruction 965, 

Section ⅠB or Ⅱ  
- The  International  Maritime Dangerous Goods (IMDG) Code [Special provision 188, 230] 
- US Hazardous Materials Regulations 49 CFR(Code of Federal Regulations)  

Sections 173.185 Lithium batteries and cells, 
- The UN Recommendations on the Transport of Dangerous Goods, Manual of Tests and Criteria 38.3 Lithium 

batteries, Revision 3, Amendment 1 or any subsequent revision and amendment applicable at the date of 
the type  
 

If those lithium-ion batteries are packed with or contained in an equipment, then it is the responsibility of the shipper to 
ensure that the consignment are packed in compliance to the latest edition of the IATA Dangerous Goods Regulations 
section Ⅱ of either Packing Instruction 966 or 967 in order for that consignment to be declared as NOT 
RESTRICTED (non-hazardous/non-Dangerous). If those lithium-ion batteries are packed with or contained in an 
equipment, UN No. is UN3481 
 
Our products are properly classified, described, packaged, marked, and labeled, and are in proper condition for 
transportation according to all the applicable international and national governmental regulations, not limited to the 
above mentioned. We further certify that the enclosed products have been tested and fulfilled the requirements and 
conditions in accordance with UN Recommendations (T1 – T8) on the Transport of Dangerous Goods Model 
Regulations and the Manual of Testes and Criteria. 
 
 Test results of the UN Recommendation on the Transport of Dangerous Goods 
Manual of Test and Criteria (38.3 Lithium batteries) Test Results Remark 
No Test item   
T1 Altitude Simulation Pass  
T2 Thermal Test Pass  
T3 Vibration Pass  
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T4 Shock Pass  
T5 External Short Circuit Pass  
T6 Impact/Crush Pass  
T7 Overcharge Pass For pack and 

single cell 
battery only 

T8 Forced Discharge Pass  
 
15. Regulatory Information 
 
Canadian Federal Regulations: 

These products have been classified in accordance with the hazard criteria of the Controlled Products Regulations 
and the SDS contains all the information required by the Controlled Products Regulations. 
WHMIS Classification: Not Controlled, manufactured article. 
New Substance Notification Regulations: Lithium hexafluorophosphate is listed on the Non-Domestic 
Substance List (NDSL). All other ingredients in the product are listed, as required, on Canada’s Domestic 
Substances List (DSL). 
National Pollutant Release Inventory (NPRI) Substances: These products do not contain any NPRI chemicals. 

 
United States Federal and State Regulations: 

TSCA Status: All ingredients in these products are listed on the TSCA inventory. 
OSHA: These products do not meet criteria as per Part 1910.1200, manufactured article. 
SARA EPA Title III: None. 
Sec. 302/304: None. 
Sec. 311/312: None. 
Sec. 313: None. 
CERCLA RQ: None. 
 

Australia and New Zealand 
SUSMP: Not applicable 
AICS: All ingredients are on the AICS list. 
HSNO Approval number: Not applicable 
HSNO Group Title: Not applicable 
NOHSC:10008 Risk Phrases: R34 - Causes Burns. 
NOHSC:1008 Safety Phrases: 
S1 – Keep locked up. 
S2 – Keep out of reach of children. 
S23 – Do not breathe vapor. 
S24/25 – Avoid contact with skin and eyes. 
S26 – In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. 
S27/28 – After contact with skin, take off immediately all contaminated clothing and wash immediately with plenty 
of water. 
S36/37/39 – Wear suitable protective clothing, gloves and eye/face protection. 
S56 – Dispose of this material and its container at hazardous waste or special waste collection point. 
S62 – If swallowed, DO NOT induce vomiting: seek medical advice immediately and show this container or label. 
S64 – If swallowed, rinse mouth with water (Only if the person is conscious). 
 

EC Classification for the Substance/Preparation: 
These products are not classified as hazardous according to Regulation (EC) No. 1272/2008. 
Keep out of the reach of children. 

 
EU Restrictions on use: 

Regulation (EC) No. 1907/2006, REACH Annex XVII Substances subject to restriction on marketing and use as 
amended: Aluminium (CAS 7429-90-5) 

 
Other EU Regulations 

This Safety Data Sheet complies with the requirements of Regulation (EC) No. 1907/2006. 
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Japanese Regulations 
Japanese Industrial Standards (JIS) JIS Z 7253:2012 
Waste disposal and public cleaning law 
Law for Promotion of Effective Utilization of Resources 

 
Taiwanese Regulations 

Regulation of Labelling and Hazard Communication of Dangerous and Harmful Materials: Labeling requirements 
and other relevant provision of chemicals, this product is not classified as dangerous goods. 
Toxic Chemicals Substance Control Law: Not Listed. 
CNS 1030016 Safety of primary and secondary lithium cells and batteries during transport. 

 
Chinese Regulations 

General Rule for Classification and Hazard Communication of Chemicals (GB 13690-2009): Specifies the 
classification, labeling and hazard communication of chemicals in compliance with the GHS standard for chemical 
production sites and labeling of consumer goods. 
General Rule for Preparation of Precautionary Labels for Chemicals (GB 15258-2009): Specifies the relevant 
application methods of precautionary labels for chemicals. 
Safety Data Sheet for Chemical Products Content and Order of Sections (GB/T 16483-2008) 

 

16. Other Information 

Further Information 
Data of sections 4 to 8, as well as 10 to 12, do not necessarily refer to the use and the regular handling of the product 
(in this sense consult package leaflet and expert information), but to release of major amounts in case of accidents 
and irregularities. The information describes exclusively the safety requirements for the product (s) and is based on 
the present level of our knowledge. This data does not constitute a uarantee for the characteristics of the product(s) 
as defined by the legal warranty regulations. "(n.a. = not applicable; n.d. = not determined)"  
The data for the hazardous ingredients were taken respectively from the last version of the sub-contractor’s safety 
data sheet. 
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1 Identification 
 

Product identifier 
Trade name: ENVIROTEMP™ FR3™ Fluid 
SAP Material Numbers: 100088941; 100089128; 100089127; 100089129 
CAS Number: 8001-22-7 

Application of the substance / the mixture: Dielectric coolant 
Details of the supplier of the Safety Data Sheet 

Manufacturer/Supplier: 
Cargill, Incorporated 
Cargill Industrial Specialties 
9320 Excelsior Blvd. 
Hopkins, Minnesota 55343 
Tel: 1-952-984-9122 
E-mail: CIS_CustomerService@Cargill.com 

 

Emergency telephone number: 1-800-255-3924 (ChemTel) 
 
 

2 Hazard(s) identification 
 

Classification of the substance or mixture: 
The product is not classified as hazardous according to the Globally Harmonized System (GHS). 
 

Label elements 
GHS label elements: Not Regulated. 
Hazard pictograms: Not Regulated. 
Signal word: Not Regulated. 
Hazard-determining components of labeling: None. 
Hazard statements: Not Regulated. 

Hazard description 
WHMIS-symbols: Not hazardous under WHMIS. 

Classification system: 
NFPA ratings (scale 0 - 4) 

Health = 0 
1       Fire = 1 

0    0     Reactivity = 0 
 

HMIS ratings (scale 0 - 4) 
Health = 0 

1        Fire = 1 
Reactivity = 0 

Other hazards 
Results of PBT and vPvB assessment 

PBT: Not applicable. 
vPvB: Not applicable. 

 
 

3 Composition/information on ingredients 
 

Chemical characterization: Mixture. 
CAS No.: 8001-22-7 
Description: Soybean Oil with nonhazardous additives. 
Hazardous components: None. 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
 
 

 

 
4 First-aid measures 

 
Description of first aid measures 

General information:  
No special measures required. 

After inhalation:  
Supply fresh air; consult doctor in case of complaints. 

After skin contact: 
Generally the product does not irritate the skin.  
Clean with water and soap. 
If skin irritation continues, consult a doctor. 

After eye contact: 
Remove contact lenses if worn. 
Rinse opened eye for several minutes under running water. If symptoms persist, consult a doctor. 

After swallowing: 
Rinse out mouth and then drink plenty of water. 
Do not induce vomiting; immediately call for medical help. 

Most important symptoms and effects, both acute and delayed:  
Gastric or intestinal distress when ingested. 

Danger: None 
Indication of any immediate medical attention and special treatment needed: 

No additional information. 
 
 

5 Fire-fighting measures 
 

Extinguishing media 
Suitable extinguishing agents: 

Foam. 
Fire-extinguishing powder. 
Carbon dioxide. 
Gaseous extinguishing agents. 

For safety reasons unsuitable extinguishing agents: Water 
Special hazards arising from the substance or mixture: 

In case of fire, the following can be released: Carbon monoxide (CO) 
Advice for firefighters 

Protective equipment: 
Wear self-contained respiratory protective device.  
Wear fully protective suit. 

Additional information: No additional information. 
 
 
 

6 Accidental release measures 
 

Personal precautions, protective equipment and emergency procedures:  
Particular danger of slipping on leaked/spilled product. 
Wear protective equipment. 

Environmental precautions: Do not allow to enter sewers/ surface or ground water. 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
Methods and material for containment and cleaning up: 

Send for suitable recovery and/or disposal authorities.   
Contain and control the leaks or spills with non-combustible absorbent materials such as sand, 
earth, vermiculite, or diatomaceous earth in drums for waste disposal.   
Clay materials (Fuller’s earth, oil dry products) saturated with Envirotemp FR3 fluid can, under 
certain conditions, undergo a slow oxidation that releases heat. If the heat so released cannot 
escape, it is possible that the temperature may increase. 

Reference to other sections: 
See Section 7 for information on safe handling. 
See Section 8 for information on personal protection equipment.  
See Section 13 for disposal information. 

 
7 Handling and storage 

 
Precautions for safe handling: None 

Information about protection against explosions and fires: No special measures required. 
Conditions for safe storage, including any incompatibilities 

Storage 
Requirements to be met by storerooms and receptacles: 

Avoid storage near extreme heat, ignition sources or open flame. 
Protect from humidity and water. 

Information about storage in one common storage facility: Store away from oxidizing agents. 
Further information about storage conditions: Store in cool, dry conditions in well sealed receptacles. 
Specific end use(s): No additional information. 

 

8 Exposure controls/personal protection 
 

Additional information about design of technical systems: No additional information. 
Control parameters 

Components with limit values that require monitoring at the workplace: Not required. 
Additional information: The lists that were valid during the creation were used as basis. 

Exposure controls 
Personal protective equipment: 
General protective and hygienic measures: No additional information. 
Breathing equipment: 

Not required under normal conditions of use. 
Protection of hands: 
Wash hands after use. For extended skin contact, gloves are recommended. 

  Protective gloves 

The glove material has to be impermeable and resistant to the product. Selection of the glove material should be based on the 
penetration time, rates of diffusion and the degradation of the glove material. Wear protective gloves to handle contents of damaged 
or leaking units. 

Material of gloves: 
The selection of a suitable gloves does not only depend on the material, but also on the quality, and varies 
from manufacturer to manufacturer.  

Penetration time of glove material: 
The exact break through time has to be determined by the manufacturer of the protective gloves.  DO NOT 
exceed the breakthrough time set by the Manufacturer. 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
 
  

Eye protection: 
 

  Safety glasses 
 

Body protection: 
Protective work clothing may be required for spills. 
Not required under normal conditions of use. 

Limitation and supervision of exposure into the environment: No special requirements. 
 
 
 

9 Physical and chemical properties 
 

Information on basic physical and chemical properties 
General Information 
Appearance 

Form:                                                  Liquid 
Color:                                                  Light green 

Odor:                                                        Slight 
Odor threshold:                                      Not determined. 

pH-value:                                                 Not applicable. 

Change in condition 
Melting point/Melting range:            Not determined. 
Boiling point/Boiling range:             >360 °C / >680 °F /  

Flash point:                                             >240 °C / >464 °F / (Closed Cup) 

Flammability (solid, gaseous):              Not applicable. 

Ignition temperature:                             Not applicable. 

Decomposition temperature:                Not determined. 

Autoignition:                                            401 - 404°C (ASTM E659) 

Danger of explosion:                             Product does not present an explosion hazard. 

Explosion limits 
Lower:                                               Not determined. 
Upper:                                                Not determined. 

Oxidizing properties:                            Non-oxidizing. 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
 

 

Vapor pressure at 20 °C (68 °F):            < 1.3 Pa (< 0.01 mm Hg) 
Density at 20 °C (68 °F):                         0.92 g/cm³ (7.677 lbs/gal) 
Relative density at 20 °C (68 °F):           Not applicable 
Vapor density:                                        Not determined. 
Evaporation rate:                                    Nil. 
Solubility in / Miscibility with 

Water:                                                 Insoluble. 

Partition coefficient (n-octanol/water): Not determined. 

Viscosity 
Dynamic:                                            Not determined. 
Kinematic at 40 °C (104 °F):              33 - 35 mm²/s 

Other information:                                  No additional information. 
 
 

10 Stability and reactivity 
 

Reactivity 
Chemical stability 

Thermal decomposition / conditions to be avoided: 
To avoid thermal decomposition, avoid temperatures > 250C. 

Possibility of hazardous reactions: 
Reacts with strong oxidizing agents. 
Reacts with strong alkali. 

Conditions to avoid: Store away from oxidizing agents. 
Incompatible materials: No additional information. 
Hazardous decomposition products: None. 

 
 
 

11 Toxicological information 
 

Information on toxicological effects 
Acute toxicity: Not acutely toxic (OECD 420) 

Primary irritant effect 
On the skin: No irritant effect. 
On the eye: No irritating effect. 
Sensitization: No sensitizing effects known. 

Additional toxicological information: 
When used and handled according to specifications, the product does not have any harmful effects 
according to our experience and the information provided to us. 
The substance is not subject to classification. 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
 

 
Carcinogenic categories 

NTP (National Toxicology Program): 
None of the ingredients are listed. 

Repeated Dose Toxicity: None. 

 

 
 

12 Ecological information 
 

Toxicity 
Aquatic toxicity: No Observable Adverse Effect  > 10 000 mg/L (ASTM D608, OECD 203). 
Oral toxicity: No Observable Adverse Effect  > 2 000 mg/kg (OECD 420). 
Persistence and degradability: Readily biodegradable. 
Bioaccumulative potential: No potential for bioaccumulation. 
Mobility in soil: Product has low mobility in soil. 
Additional ecological information 
Results of PBT and vPvB assessment 

PBT: Not applicable. 
vPvB: Not applicable. 

Other adverse effects: No additional information. 
 
 

13 Disposal considerations 
 

Waste treatment methods 
Recommendation: 

Product and packaging must be disposed of in accordance with relevant national and local regulations.  
May be incinerated.  Unopened product may be returned for reclamation. 

Uncleaned packagings: 
Recommendation: Disposal must be made according to the applicable regulations. 
Recommended cleansing agent: Water. Use cleansing agents, if necessary. 

 
 
 

14 Transport information 
 

UN-Number 
DOT, ADR, ADN, IMDG, IATA:                               Not Regulated 

UN proper shipping name 
DOT, ADR, ADN, IMDG, IATA:                               Not Regulated 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
 

 

Transport hazard class(es) 
 

DOT, ADR, ADN, IMDG, IATA 
Class:                                                                      Not applicable 

Packing group 
DOT, ADR, IMDG, IATA:                                         Not applicable 

Environmental hazards: 
Marine pollutant:                                                    No 

Special precautions for user:                                  Not applicable. 
Transport in bulk according to Annex II of 

MARPOL73/78 and the IBC Code:                        Not applicable. 
UN "Model Regulation":                                            - 

 
 

15 Regulatory information 
 

Safety, health and environmental regulations/legislation specific for the substance or mixture. 
SARA 

 

Section 355 (extremely hazardous substances): 
None of the ingredient is listed. 

Section 313 (Specific toxic chemical listings): 
None of the ingredient is listed. 

TSCA (Toxic Substances Control Act): 
All ingredients are listed. 

Proposition 65 (California) 
 

Chemicals known to cause cancer: 
None of the ingredient is listed. 

Chemicals known to cause reproductive toxicity for females: 
None of the ingredient is listed. 

Chemicals known to cause reproductive toxicity for males: 
None of the ingredient is listed. 

Chemicals known to cause developmental toxicity: 
None of the ingredient is listed. 

Carcinogenic categories 
 

EPA (Environmental Protection Agency): 
None of the ingredient is listed. 

IARC (International Agency for Research on Cancer): 
None of the ingredient is listed. 

TLV (Threshold Limit Value established by ACGIH): 
None of the ingredient is listed. 
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Trade name: ENVIROTEMP™ FR3™ Fluid 

 
 

 

MAK (German Maximum Workplace Concentration): 
None of the ingredient is listed. 

NIOSH-Ca (National Institute for Occupational Safety and Health): 
None of the ingredient is listed. 

OSHA-Ca (Occupational Safety & Health Administration): 
None of the ingredient is listed. 

State Right to Know Listings: 
None of the ingredient is listed. 

Canadian substance listings: 
 

Canadian Domestic Substances List (DSL): 
All ingredients are listed. 

Canadian Ingredient Disclosure list (limit 0.1%): 
None of the ingredient is listed. 

Canadian Ingredient Disclosure list (limit 1%): 
None of the ingredient is listed. 

 
 

16 Other information 
Date of preparation / last revision: 03/04/2014 
Abbreviations and Acronyms: 

ADR: Accord européen sur le transport des marchandises dangereuses par Route (European Agreement concerning the 
International Carriage of Dangerous Goods by Road).  
IMDG: International Maritime Code for Dangerous Goods.  
DOT: US Department of Transportation. 
IATA: International Air Transport Association. 
GHS: Globally Harmonized System of Classification and Labelling of Chemicals. 
ACGIH: American Conference of Governmental Industrial Hygienists.  
EINECS: European Inventory of Existing Commercial Chemical Substances.  
ELINCS: European List of Notified Chemical Substances. 
CAS: Chemical Abstracts Service (division of the American Chemical Society).  
DNEL: Derived No-Effect Level (REACH). 
PNEC: Predicted No-Effect Concentration (REACH). 
 

This information contained in this safety data sheet is, to the best of Cargill’s knowledge, correct as of the date issued. 
However, Cargill makes no warranties, express or implied, including any implied warranty of merchantability or any implied 
warranty of fitness for a particular purpose. Since the use of this product and related information is not within the control of 
Cargill, it is the user’s obligation to determine whether the product is suitable for the user’s method of use or application. 
Cargill disclaims all liability in connection with the use of the information contained herein or otherwise. This safety data 
sheet was translated from the original English version. In the event of a discrepancy between the original and translated 
versions, the original English will take precedence. 

 
 
 
 
 
 
 
 
37.1.11 

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.globalsafetynet.com

- Page 132 -

- Page  104  -  



  Acceptable values for receipt of shipments of new FR3 fluid

PROPERTY                                                                  ASTM              ISO/IEC       

Color
Flash Point PMCC (˚C)
Flash Point COC (˚C)
Fire Point (˚C)
Pour Point (˚C)
Density at 20˚C (g/cm3)
Relative Density (Specific Gravity) 15˚C
Viscosity (mm2/sec)
                              100 ˚C
                                40 ˚C
                               0 ˚C
 
Visual Examination

Biodegradation

Dielectric Breakdown (kV)
Dielectric Breakdown (kV)
        1mm gap
        2mm gap
     2.5mm gap
Gassing Tendency (mm/min)
Dissipation Factor
          25˚C (%)
     90˚C (tan   )
        100˚C (%)

Corrosive Sulfur
Water Content (mg/kg)
Acid Number (mg KOH/g)
PCB Content (mg/kg)
Oxidation Stability (48 hrs, 120˚C)
                  Total Acidity (mg KOH/g)
                               Viscosity at 40°C (mm2/sec)
                        Dissipation Factor at 90°C (tan δ)

D1500
D93
D92
D92
D97

D1298
D445

D1524

D877

D1816
D1816

D2300

D924

D924

D1275
D1533
D974
D4059

ISO 2211
ISO 2719
ISO 2592
ISO 2592
ISO 3016
ISO 3675

ISO 3104

IEC 61099 9.2

OECD 301

IEC 60156

IEC 60247

IEC 62697
IEC 60814
IEC 62021.3

IEC 61125C
IEC 62621.3
ISO 3104
IEC 60247

≤1.0

≥275
≥300
<-10

≤0.96

≤15
≤50

≤500

bright and clear

readily biodegradable

≥30

≥20
≥35

≤0

≤0.20

≤4.0

non-corrosive
≤200
≤0.06

not detectable

≥250

>300
≤-10

≤0.96

≤15
≤50

clear, free from sediment 
and suspended matter

readily biodegradable

≥35

≤0.05

non-corrosive
≤200
≤0.06

free from PCBs

≤0.6
≤ 30% increase over initial

≤ 0.5

       
As-received new fluid
property requirements   

Unused new fluid
property requirements   

δ)

Physical  

Electrical

Chemical

The information presented herein is believed to be 
true and accurate. However, all statements, 
recommendations and suggestions are made 
without guarantee, express or implied, and are 
subject to change without notice. WE DISCLAIM 
ALL WARRANTIES, EXPRESS OR IMPLIED, 
INCLUDING WITHOUT LIMITATION THE IMPLIED 
WARRANTIES OF MERCHANTABILITY, FITNESS 
FOR A PARTICULAR PURPOSE and FREEDOM 
FROM INFRINGEMENT and disclaim all liability in 
connection with the use of the products or 
information contained herein. All such risks are 
assumed by the equipment manufacturer/user 
and the final determination of suitability of each 
use application is the responsibility of the 
equipment manufacturer/user. Products may 
present unknown hazards and should be used 
with caution. Although certain hazards are 
described herein, we do not guarantee that these 
are the only hazards that exist.

NOTE: Specifications should be written 
referencing only the defined ASTM or IEC 
industry standard acceptance values and 
test methods. The listed ‘typical’ values 
are average values summarized from a 
significant number of data points over 
many years; they are not to be identified as 
acceptance values.

ASTM D6871 Standard Specification for 
Natural (Vegetable Oil) Ester Fluids Used in 
Electrical Apparatus.
IEC 62770: Fluids for electrotechnical 
applications – Unused natural esters 
liquids for transformers and similar 
electrical equipment.

1 Per OPPTS 835.3110
2 Per OECD 203, Method B
3 Per OECD 420
4 Less-Flammable Transformer Fluids, 
Approval Guide – Electrical Equipment, FM 
Approvals, FM Global, Norwood, MA, USA
5 EOVK.MH10678, Transformer Fluids, UL 
Listed and Classified Products, Underwriters 
Laboratories, Northbrook, IL, USA   
EOUV.MH10678, Dielectric Mediums, UL 
Listed and Classified Products, Underwriters 
Laboratories, Northbrook, IL, USA; 
6 National Electrical Code, NFPA 70, National 
Fire Protection Association, Quincy, MA, USA
7 Transformers, 5-4, Property Loss Prevention 
Sheets, FM Global, Norwood, MA, USA

DESCRIPTION
Envirotemp™ FR3™ fluid is a renewable, 
bio-based natural ester dielectric coolant 
for use in distribution and power class 
transformers where its unique fire 
safety, environmental, electrical, and 
chemical properties are advantageous. 
Acceptance limits for new fluid are 
shown in Table 1. More than 20 years 
of field experience (with over one 
million transformers in service) confirms 
excellent performance. 

Envirotemp FR3 fluid is formulated from 
seed oils and performance enhancing 
additives. It does not contain petroleum, 
halogens, silicones or corrosive sulfur. It 

quickly and thoroughly biodegrades1 in 
the environment. The fluid is non-toxic 
in acute aquatic2 and oral toxicity tests3. 
The Color Green tint reflects its favorable 
environmental profile (See Table 2) and 
readily distinguishes it from petroleum 
based oils.

Envirotemp FR3 fluid has exceptionally 
high flash/fire points of approximately 
330/360 °C - the highest ignition 
resistance of any high fire point dielectric 
fluid currently available. It qualifies as a 
“high-fire-point”, “less-flammable”, “IEC 
Class K”, and “non-propagating” fluid. 
Envirotemp FR3 fluid is Approved4 by FM 
Global and Classified5 by Underwriters 
Laboratories as a Less-Flammable 

Dielectric Liquid for use in complying with 
the National Electric Code6 (NEC) and 
insurance listing requirements7.

Envirotemp FR3 fluid is compatible 
with standard transformer construction 
materials and components. Envirotemp 
FR3 fluid should be stored, handled, 
and processed in a similar meticulous 
manner as transformer mineral oil. See 
Cargill’s Envirotemp FR3 Fluid Storage 
and Handling Guide, S10, for additional 
information.

A transformer filled with FR3 fluid complies 
with the transformer temperature 
operating range requirements defined in 
IEEE C57.12.00 and IEC 60076-1.

Dielectric Fluids

Envirotemp™ FR3™ Fluid

Electrical Apparatus 
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In addition to new distribution and 
power class transformers, a variety 
of other equipment, including 
voltage regulators, sectionalizing 
switches, transformer rectifiers, and 
electromagnets use Envirotemp 
FR3 fluid. The fluid is also used in 
retrofill applications for transformers 
and other fluid-filled distribution and 
power equipment.

ENVIRONMENTAL AND HEALTH

Envirotemp FR3 fluid is specifically 
formulated to help minimize health 
and environmental risks. The base 
oils come from renewable resources - 
commodity seeds - and are recyclable 
and reusable. 

The US and California Environmental 
Protection Agencies published 
Envirotemp FR3 fluid’s Environmental 
Technology Verification Report 
in 2003. The verification process 
includes biodegradation and toxicity 
testing. Results from the aquatic 
biodegradation test confirm that 
Envirotemp FR3 fluid’s rate of 
biodegradation is the same as that 
of the standard reference material. 
Envirotemp FR3 fluid meets the 
“ultimately biodegradable” criteria 
(Figure 1). When tested for acute oral 
toxicity, Envirotemp FR3 fluid is not 
toxic.

The Edible Oil Regulatory Reform 
Act (US Public Law 104-55, 1995) 
makes Envirotemp FR3 fluid eligible for 
current and future regulatory relief. The 
options of alternative spill response 
procedures, such as bio-based 
remediation, are now available. The 
fluid’s inherent viscosity and tendency 
of thin layers to polymerize help 
prevent migration along the surface 
and into subsurface soils.

The EPA, Occupational Safety & 
Health Administration (OSHA), and the 
Department of Transportation (DOT) 
do not list Envirotemp FR3 fluid as 
hazardous. Its Hazardous Material 
Information System (HMIS) rating 
is 1 for both health and reactivity. 
Envirotemp FR3 fluid is not classified 
as bio-accumulating or mutagenic. 
It is not listed as a carcinogen by 
National Toxicology Program (NTP), 
in International Agency for Research 
on Cancer (IARC) monographs, or by 
OSHA Regulation. The products of 
complete combustion of Envirotemp 

FR3 fluid are essentially carbon dioxide 
and water.

SUSTAINABILITY
Building for Environmental and 
Economic Sustainability (BEES)
software8, available from the National 
Institute of Standards and Technology, 
uses a life-cycle assessment approach, 
analyzing raw material acquisition, 

manufacture, transportation, 
installation, use, and recycling and 
waste management, to determine a 
product’s global warming potential.

Table 3 shows the BEES amounts of 
greenhouse gas generated from raw 
materials through end of life for mineral 
oil and Envirotemp FR3 fluid. The 
cost of mineral oil, in terms of carbon 

Envirotemp™ FR3™ Fluid
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Figure 1. 
Aerobic Aquatic Biodegradation Graph EPA Test OPPTS 835.3100 

Attribute Results Method

Aquatic Biodegradation [%] >99 EPA OPPTS 835.3100

Ready Biodegradation [%] >99 EPA OPPTS 835.3110

Acute Aquatic Toxicity Non-toxic OECD 203

Acute Oral Toxicity Non-toxic OECD 420

Biobased Material Content >95% USDA Biopreferred Program

Total Life Cycle Carbon Footprint Carbon Neutral Department of Commerce 
NIST BEES V4.0

Overall Environmental impact 1/4th impact of 
mineral oil

Department of Commerce 
NIST BEES V4.0

TABLE 2
Envirotemp™ FR3™ fluid’s Environmental Attributes

  8 BEES, Version 4.0e, Building and Fire Research Laboratory, National Institute of Standards and Technology, August 2007, http://www.bfrl.nist.gov/oae/software/bees/

Grams Per Unitb Tons Per 1000 Gallons

Catagory Mineral Oil
Envirotemp 
FR3 Fluid Mineral Oil

Envirotemp 
FR3 Fluid

Raw Materials 1,048,184 -381,590 2.306 -0.839

Manufacturing 544,363 160,212 1.198 0.352

Transportation 122,478 71,498 0.269 0.157

Use 154,124 153,450 0.339 0.338

End of Life 30,825 30,690 0.068 0.068

Total 1,899,973 34,260 4.180 0.075

TABLE 3
Greenhouse gasesa attributed to transformer fluid for its complete life cycle.

a carbon dioxide equivalents
b In BEES 4.0e, one unit is a 1000 kVA transformer containing 500 gallons of fluid
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emissions, is expensive. Meanwhile, 
Envirotemp FR3 fluid is relatively 
inexpensive, about 8.2 lb/gal less 
green house gas emitted to produce 
it. Additionally, the study reports 
that Envirotemp FR3 fluid’s overall 
environmental performance impact 
score is 1/4th that reported for mineral 
oil (and that’s without consideration 
for Envirotemp FR3 fluid’s transformer 
insulation life extending properties). 
This cumulative score results from 
adding the impacts of water intake, 
smog, ozone depletion, indoor air, 
human health, habitat alteration, 
global warming, fossil fuel depletion, 
eutrophication, ecological toxicity, 
critical air pollutants, and acidification.

Envirotemp FR3 fluid, and transformers 
filled with Envirotemp FR3 fluid are 
listed in the US Federal BioPreferredSM 

Products Program, making them 
readily identifiable as BioPreferred 
to all applicable Federal agencies. 
Envirotemp FR3 fluid is an excellent 
option for ISO 14000, Green Build, and 
other similar environmental programs 
that promote the use of alternative, 
environmentally preferable and 
sustainable materials and procedures.

FIRE SAFETY
Envirotemp FR3 fluid has a fire point of 
approximately 360°C, well above the 
minimum of 300°C required for high 
fire point fluid classifications. Its flash 
point (approximately 330°C) is higher 
than the fire point of most other ignition 
resistant dielectric fluids in use today 
(Figure 2).

In laboratory and full-scale ignition 
tests, Envirotemp FR3 fluid has 
demonstrated greater fire resistance 
than other dielectric fluid types. Based 
on large-scale arc ignition testing, FM 
Global concluded that the probability 
of a pool fire evolving from Envirotemp 
Envirotemp FR3 fluid was so low 
that a heat release rate need not be 
determined or considered for FM 
Global approval. 

Based on large-scale arc ignition and hot 
metal ignition tests, FM Global recognizes 
Envirotemp FR3 fluid as an equivalent 
safeguard to space separation, fire 
barriers, and fire suppression systems for 
most installations. 

FM Global recognizes Envirotemp FR3 
fluid as a component of Approved 
transformers per FM Global Standard 
3990. When used in transformers 

containing 10,000 gallons of fluid or 
less, transformers’ separation distance 
to buildings and other equipment may 
be up to 1/10th the distance required 
for mineral oil filled transformers, 
without fire walls or deluge systems.

OSHA recognizes this FM Global 
standard as fitting the definition of 
a Listed and Labeled Product per 
NEC Section 110-3(b). The standard 

permits Envirotemp FR3 fluid-filled 
transformers to be installed indoors, 
typically without sprinklers or vaults, 
with a minimum clearance to walls of 
just 3 feet (0.9M). 

UL Standard 340 compares the fire 
hazard ratings of various fluids. Figure 
3 shows the favorable rating assigned 
to Envirotemp FR3 fluid. 

R2000
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Figure 3. 
Fire Hazard Rating UL Standard 340.

Figure 2. 
Flash & Fire Point of Dielectric Fluids (°C).
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There are no known reports of 
dielectric pool fires involving 
Envirotemp FR3 fluid filled 
transformers.

MEETING THE CODES
Less-Flammable fluids are recognized 
as a fire safeguard in Section 15 of 
the National Electrical Safety Code 
(Accredited Standards Committee 
C2) for generation and distribution 
substations. Envirotemp FR3 fluid 
meets the National Electrical Code 
Section 450-23 requirements as 
a listed less-flammable liquid. It is 
covered by OSHA Article §1910.305, 
Section 5(v).

Envirotemp FR3 fluid is FM Global 
Approved and Underwriters 
Laboratories Classified “Less-
Flammable” per NEC Article  
450-23, fitting the definition of a Listed 
Product per NEC. For additional 
information, request Cargill’s NEC 
Requirement Guidelines 2008 
Code Options for the Installation of 
Listed Less-Flammable Liquid Filled 
Transformers.

FLUID/PAPER INSULATION 
SYSTEM 
The unique chemical structure of 
Envirotemp FR3 fluid provides superior 
insulation system performance 
compared to other types of dielectric 
fluids. The thermal properties of 
Envirotemp FR3 fluid make it a more 
efficient coolant than higher molecular 
weight silicone and hydrocarbon 
dielectric coolants.

Envirotemp FR3 fluid has an 
exceptional ability to remove water 
generated by aging paper. This 
enables the fluid to significantly reduce 
the aging rate of transformer insulating 
paper. Per IEEE C57.100, accelerated 

aging tests show that Thermally 
Upgraded Paper (TUK) paper insulation 
aged in Envirotemp FR3 fluid takes 5-8 
times longer to reach the same end-
of-life points as TUK paper insulation 
aged in conventional mineral oil.

Table 4 compares the time to reach 
insulation end-of-life for TUK paper 
aged in Envirotemp FR3 fluid and 
conventional transformer oil. The time 
to insulation end-of-life calculated 
using the IEEE C57.91 loading guide is 
included for comparison. Accelerated 
aging tests show similar thermal 
aging improvement for non-thermally 
upgraded Kraft paper.

APPLICATIONS
NOTE: The suitability of each 
application of Envirotemp FR3 
fluid is the responsibility of the 
user. Contact Cargill Envirotemp 
FR3 Fluids group for application 
guidelines.

New Transformers
Distribution and Power class 
transformers filled with Envirotemp 
FR3 fluid for indoor, submersible and 
outdoor applications are available from 
manufacturers worldwide.

For indoor applications, Envirotemp 
FR3 fluid-filled transformers provide 
the proven technical and performance 
advantages of liquid-filled designs over 
dry types as well as a lower total life 
cycle cost when compared to all other 
transformer types. 

Many types of Envirotemp FR3 fluid-
filled transformers are in service: 
pole-mounted, pad-mounted, 
networks, reactors, small, medium 
and large substations, transmission 
substations, and generator step-
ups. Envirotemp FR3 fluid-filled 
transformers are accepted in both 

industry and government. Contact 
Cargill Envirotemp FR3 Fluids group 
for a copy of the Envirotemp FR3 Fluid 
User’s List, Bulletin B110.

Retrofilling Transformers
Envirotemp FR3 fluid is especially 
suited for upgrading the environmental 
and fire safety of mineral oil-filled 
transformers. It is miscible with 
mineral oil, high molecular weight 
hydrocarbons and other ester 
fluids. FR3 fluid is not miscible with 
silicone and should not be applied in 
transformers previously containing 
silicone. FR3 fluid can also be used in 
PCB (Askarel) replacement initiatives.

Unlike most other fluid types, the 
residual transformer oil in a properly 
retrofilled transformer should not 
reduce the fire point of Envirotemp 
FR3 fluid below the NEC minimum 
of 300°C (Figure 4). This is true even 
after full equilibrium has been achieved 
between the replacement fluid and the 
residual mineral oil in the paper.

Additional advantages of retrofilling 
with Envirotemp FR3 fluid include 
high dielectric strength, better match 
of dielectric constant to Kraft paper 
insulation, excellent lubricity, material 
compatibility, and a coefficient of 
expansion similar to conventional 
transformer oil. Envirotemp FR3 fluid 
has superior resistance to coking and 
sludge formation when compared 
to conventional transformer oil. In 
addition to passing the Power Factor 
Valued Oxidation (PFVO) test, Doble 
Laboratories’ Sludge-Free Life tests 
resulted in no measurable sludge. The 
fluid also acts as a drying agent for 
transformer insulation that has become 
wet from aging, extending the useful life 
of the transformer insulation system.

Switching Devices
With excellent dielectric strength 
retention (Figure 5), lubricity, and 
gassing tendencies, Envirotemp FR3 
fluid is an excellent switching medium 
at normal operating temperatures. 
Proven applications include new and 
retrofilled sectionalizing switches 
and transformers with load break 
accessories such as Bay-O-Net and 
current-limiting fusing, on-off and four 
position switches, and Vacuum Fault 
Interruption protection devices.

Envirotemp™ FR3™ Fluid
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End-of-Life Basis

150°C 
 Mineral Envirotemp IEEE 
 Oil FR3 Fluid Basis

170°C 
 Mineral Envirotemp  IEEE 
 Oil FR3 Fluid   Basis

Retained Tensile 
Strength 
 50% 
 25%

 
 
 3100 >4000* 1602 
 4000 >4000* 3327

 
 
 240 1300 323 
 490 4000 671

Degree of 
Polymerization 
 200

 
 
 3200 >4000* 3697

 
 
 480 3400 746

TABLE 4
Transformer Insulating Paper End-of-Life (Hours)

* Paper did not reach end-of-life over the duration of the test. To be conservative, extrapolation was not employed.

9 P.J. Hopkinson, L. Dix, “Tapchangers for De-energized Operation in Natural Ester Fluid, Mineral Oil, and Silicone” IEEE/PES Transmission & Distribution Conference & Exposition, July 26-30, 2009, Calgary 
Canada
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Accelerated life tests confirm stationary 
contacts are most stable in Envirotemp 
FR3 fluid9. In coking tests, Envirotemp 
FR3 fluid produced less than 1/20th 
of the deposits that were produced in 
conventional mineral oil. 

Due to the low temperature viscosity 
difference of Envirotemp FR3 fluid 
compared to conventional transformer 
oil, the equipment manufacturer 
should verify applications at low 
ambient temperatures.

Other Applications
The inherent safety and performance 
properties of Envirotemp FR3 fluid 
have led to its application in electrical 
equipment other than transformers, 
including industrial electromagnets, 

superconducting motors, klystron 
modulators, transformer/rectifier 
sets, and heat transfer applications. 
Envirotemp FR3 fluid has excellent 
lubricity, an important characteristic 
for application in equipment with 
moving parts. High voltage bushing 
applications also appear promising 
due to the fluid’s excellent ability to 
minimize insulating paper degradation 
and its low gassing tendency value of 
approximately -79 µl/min.

STORAGE AND HANDLING
Similar meticulous procedures for 
storing and handling conventional 
transformer mineral oil should be 
followed with Envirotemp FR3 fluid. 
To help maintain the extremely low 

percent moisture saturation at time 
of fluid manufacture, exposure time 
to air should be minimized. Drum and 
tote storage should be indoors or 
outdoors protected from the elements, 
including sunlight. Refer to the Cargill 
Envirotemp FR3 Fluid Storage and 
Handling Guide S10.

Note: To maintain the optimal fluid 
properties for its intended use 
as an electrical insulating fluid, 
exposure to oxygen, moisture, 
and other contaminants must 
be minimized. Except for short 
storage periods, material that has 
been immersed in Envirotemp FR3 
fluid should not be exposed to air. 
Thin films of natural esters tend 
to polymerize much faster than 
conventional transformer oil. For 
equipment drained of Envirotemp 
FR3 fluid, it is recommended that 
the equipment be placed in an inert 
gas environment, be re-immersed 
in fluid, or rinsed with mineral 
oil. Where the transformer power 
factor is a concern, hot air drying 
is an unacceptable process for 
assemblies already impregnated 
with a natural ester fluid. For 
impregnated assemblies that 
require additional drying, a method 
of drying that does not expose 
the impregnated insulation to air 
is required to avoid excessive 
oxidation of the dielectric fluid.

FLUID MAINTENANCE
Periodic preventive maintenance 
tests for Envirotemp FR3 fluid-filled 
equipment should follow the same 
schedule used for transformers filled 
with conventional transformer oil. Key 
tests on fluid samples include:

1. Dielectric Strength: The IEEE 
C57.147 minimum acceptable 
ASTM D1816, 2mm gap limits for 
continued use of service-aged 
Envirotemp FR3 fluid are 40 kV (≤ 
69 kV), 47 kV (69 ≤ kV < 230), and 
50 kV (≥ 230 kV).

2. Flash Point and Fire Point. Small 
amounts of mineral oil will not 
significantly reduce the fire point of 
Envirotemp FR3 fluid. Contamination 
above 7% may lower the fire point 
below 300°C. If contamination is 
suspected, the flash and fire points 
should be measured.

R2000
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Figure 5. 
Fluid loadbreak dielectric strength retention comparison.

Figure 4. 
Envirotemp™ FR3™ fluid Flash & Fire Point Variation with Conventional 
Transformer Oil Content.
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3. Dissolved gas analysis of 
Envirotemp FR3 fluid is particularly 
useful for high value equipment or 
equipment servicing critical loads.

4. Color and appearance, 
dissipation factor, acid number, 
resistivity, viscosity, and 
interfacial tension are indicators 
of possible fluid contamination or 
unusual degradation. 

For fluid that cannot be reconditioned, 
disposal options include selling 
to lube oil recyclers, rendering 
companies, or providers of fuel for 
industrial boilers and furnaces. Used 
fluid uncontaminated by controlled 
hazardous materials does not fall under 
the jurisdiction of the Federal Used Oil 
Regulation (CFR Title 40 Part 279).

FUNCTIONAL 
SPECIFICATION FOR 
NEW ENVIROTEMP 
FR3 NATURAL ESTER 
LESS-FLAMMABLE 
TRANSFORMER 
DIELECTRIC COOLANT 

1.0 Scope

1.1. This specification describes 
a non-toxic (in acute aquatic10, 
and oral toxicity11 tests), 
biodegradable12, fire resistant, 
bio-based13 natural ester dielectric 
fluid. It is intended for use in 
electrical equipment as an 
environmentally preferred, less-
flammable insulating and cooling 
medium.

2.0 Requirements

2.1 Fluid Manufacturer

Fluid manufacturer shall have 
a minimum of ten (10) years 
experience producing and 
testing dielectric coolants. 
Manufacturer upon request 
shall provide AC withstand 
and impulse withstand for both 
gap and creep from 3mm to 
150mm. 

2.2  Dielectric Coolant

The dielectric coolant shall be a 
biobased biodegradable, be FM 
Global Approved, UL® Classified 
as a less-flammable fluid. It shall 
meet the property limits listed 
below. The base fluid shall be 
100% derived from seed oils. 

2.3  Acceptable values for receipt 
of shipments of new Enviotemp 
FR3 fluid are shown in Table 1

2.4   Environmental and Health Third 
Party Validations

The fluid shall have a US EPA 
Environmental Technology 
Verification (ETV) Statement 
published. The fluid shall meet 
the test limits shown in Table 2

2.5  Packaging

The electrical insulating fluid 
shall be furnished in sealed 
vessels suitable for the purpose, 
including 5-gallon containers, 
55-gallon drums, 330-gallon 
totes, or in bulk. Each vessel 

shall have tampering indicating 
devices.

3.0  Recommended Customer  
Receiving Quality Control

3.1  Inspection

Each lot received shall be visibly 
inspected for container integrity. 
Verify that tamper proof seals 
are intact and no leaks are 
visible.

3.2  Receiving Tests

Samples shall be taken from 
containers per ASTM D 923 
Section 2.2, as follows:

When material will be combined 
for production, samples 
may be mixed together in 
equal proportions to create a 
composite sample for testing. 
Minimum tests required are 
dielectric strength and visual 
inspection. Dissipation factor 
test is highly recommended, 
although not essential.

4.0 Important information

4.1  Storage

Avoid storing drums and totes 
outdoors. Extreme temperature 
variations can stress the integrity 
of container protective seals. 
Exposure of totes to sunlight can 
cause fluid discoloration

4.2  Intended Use

The use of electrical insulating 
and cooling fluid is generally 
dictated by the engineering 
design of the electrical 
apparatus. The electrical 
insulating fluid covered by this 
specification is intended for use 
as an insulating and cooling 
medium in electrical equipment.

Envirotemp™ FR3™ Fluid
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Lot Size 
(gallons)

Number of Containers 
Sampled

600 or less 1

601 - 3000 2-6

3001 or more 6 minimum 
(10% of quantity of 

containers recommended)
Figure 6. 
Prior to shipment, Envirotemp™ FR3™ 
fluid undergoes extensive quality 
assurance testing. The facility where 
Envirotemp FR3 fluid is produced is 
ISO 9001 Certified.

10 Per OECD 203, Method B
11 Per OECD 420
12 Per US EPA OPPTS 835.3100 and US EPA OPPTS 835.8110 (ii)
13 Per USDA Biopreferred minimum biobased content for Fluid-Filled Transformers - Vegetable Oil-Based
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I. Equipment List 

No. Item Spec. Unit Qty. 

 Control part    

1 Agent Release Panel UL/FM R2002 Pcs 1 

2 Power 12V7A NH-01 Pcs 2 

3 Smoke Detector UL/FM 2W-B Pcs 1 

4 Heat Detector UL/FM 5151 Pcs 1 

5 Dual-Action Agent Release Stations UL/FM NBG-12LRA Pcs 1 

6 Alarm Bell UL/FM SSM-24-6 Pcs 1 

8 Horn Strobes UL/FM P2R Pcs 1 

9 Manual Switch UL/FM K1832-10 Pcs 1 

 Gas part    

10 FM-200 Agent FC227 药剂，UL/FM 公斤 700001 Kg 7.5 

11 CylinderAssembly,15L 升钢瓶带瓶头阀 UL/FM FTF000035 Pcs 1  

12 Front Clamp,125/200/225 包箍 FTF 400035 Pcs 2  

13 Master Cylinder Adapter Kit 钢瓶接头组件 FTF 800011 Pcs 1  

14 Actuation Hose,30"气动启动软管 762mm FTF 701004 Pcs 1  

15 Male Connector,5/16"Flare×1/8"NPT 启动管路接头 FTF 800023 Pcs 1  

16 Electric Control Head,Stackable,24VDC 防爆型电磁阀

UL/FM 

FTF 500023 Pcs 1  

17 Lever Operated Control Head 手动启动器 UL FTF 201027 Pcs 1  

18 Discharge Nozzies, Brass 喷嘴 FTF620000 Pcs 1  

19 Pressure Switch,3 Pole Double Throw 压力开关 

UL/FM 

FTF 503007 Pcs 1  

20 消防管道、阻燃电线和其它附件  PCS 1 
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II. Project Overview 

This project is an energy storage fire system for containers of Sungrow, and its technical 

scheme is gas fire extinguishing system with PV storage for containers. One protected area: 

containers, with independent and relatively confined space. In control panel, fire hazards 

refer to each electrical component and cable, whereas in containers, a battery unit is the fire 

hazard. According to the layout in the container and the characteristics of the equipment, 

meanwhile, to meet the fire safety requirements, considering the advantages of our gas fire 

extinguishing products, this gas fire extinguishing system in the protected area is planned as 

follows: 

1、Containers: Install FM-200 Gas Fire Extinguishing System. 

2、Control system, detection system and alarm system are installed accordingly. 

 
 

III. FM-200 Gas Fire Extinguishing System (Brand: KIDDE or Firetrace, 

products are all UL/ FM certified) 
1. System Profile 
As a clean and safe extinguishing agent, FM-200 is applied in total 

flooding fire extinguishing system. It is certain that it has long been 

the replacement of Halon 1301, and at the same time, retains the 

excellent fire extinguishing characteristics of Halon, but does no 

harm to the environment. Its storage and release conditions are 

similar to Halon 1301, and with almost the same system 

composition. However, FM-200 is not the direct replacement of 

Halon 1301, for they are different in both extinguishing agent 
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quantity and release characteristics. As to Type A fire, the design flame extinguishing concentration of 

FM-200 is 7.17%, so, in the same protected space, 45% more extinguishing agent is used than in Halon 

system. 

In total flooding extinguishing system, FM-200 is safer than Halon, reaching 9% of concentration 

approved by U.S. Environmental Protection Agency (EPA), as verified in lately published HAG report. 

Concerning new type of extinguishing agent, FM-200 is the first tested and approved by Underwriter 

Laboratories Inc.(UL),  tested  by Factory Mutual Research Corporation (FMRC); in accordance with 

NFPA2001; approved to be used in the people attended area by policy committee of Important new 

substitutes of(SNAP), and being product with no restrictions. 

FM-200 is not destructive to the ozone layer in atmosphere (i.e. ODP=0), and it features 

non-conductivity, cleanliness. It leaves no residues after extinguishing, causes no damage to electrical 

equipment, magnetic belt or documents, but offers effective protections. With no solid dust or oil 

stain, FM-200 is stored at liquid phase and released at gas phase. After spraying, it is discharged 

naturally or quickly through ventilation system. It neither leaves residues nor pollution at site, so it is 

easy to dispose of.  

The fire extinguishing system in this manual is referred to as “engineering system”, which, for instance, 

consists of many a storage cylinder of FM-200, collecting pipes and multiple gas release nozzles linked 

through piping net, being started either mechanically or electrically. Manual actuation is accomplished 

by manual discharge controller which is installed on the top of a valve unit of storage cylinder head, or 

through a remote pneumatic pipeline. As to electric actuation, it is accomplished by a solenoid valve 

which is installed on the top or the side of a valve of storage cylinder head, with signals sending from 

detector and control panel for automatic start-up.  

This manual provides effective information in terms of design, purchase, installation, operation and 

maintenance of fire suppression system. Should some expressions in the manual be hard to 

understand, or some queries on how to correctly design the suppression system, please contact our 

professional engineers for timely solutions.  

2. Work Principle 

When a fire occurs in the protected area, the detector which first detects the fire signal will send a 

signal to fire extinguishing control panel. After the panel receives a signal from another type of 
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detector, it will activate the selector valve corresponding to the fire area. After 0-30 seconds’ delay, 

the panel opens the corresponding active extinguishing agent cylinder unit and releases the agent in 

the cylinder unit. Thereof, part of extinguishing agent released opens the gas starter on passive 

extinguishing agent cylinder unit to start subsequent passive extinguishing agent cylinder unit and 

releases extinguishing agent to the collecting pipe, through which it is discharged at end of a nozzle of 

piping net.    

3. System Composition 

This gas fire extinguishing system is composed of the fire controller, detector, alarm, electromagnetic 

starting device, extinguishing agent cylinder unit, extinguishing agent, starting hose, discharge hose, 

check valve for agent flow, pressure reduction device, collecting pipe, safe discharge device, selector 

valve, pressure signal feedback device, piping net and nozzle etc. 

4. Technical Requirements 

The fire extinguishing mode adopts total flooding extinguishing system, that is, within the prescribed 

time, spraying a certain concentration of fire extinguishing agent and evenly filling the entire 

protected area can extinguish the fire in any part of the protected area. 

There are three control methods of fire extinguisher system and they are automatic, electric manual 

and mechanical manual modes. When someone is working or on duty, the electric manual control 

mode should be used. The automatic control mode should be used in the absence of someone. The 

conversion of automatic and manual control modes is possible with the fire extinguishing control 

panel (manual control box is set outside the door of the protected area, and emergency stop button 

and emergency start button are set inside the manual control box). 

Requirements for the protected areas 

➢The fire resistance limit of the protected area is > 0.5h; the compression resistance strength 

is >1200Pa. 

➢To ensure the safe evacuation of personnel, fire alarm should be issued before the release of fire 

extinguishing agent. The delay time between fire alarm and releasing fire extinguishing agent is 30 

seconds. 

4) When a fire occurs in the protected area and the system is under the "automatic" mode, the 
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temperature /smoke detector detects the fire and sends out a fire signal. After receiving the signal, 

the fire alarm controller sends out an acousto-optic alarm signal while it instructs the fire 

extinguishing controller to work and sends out linkage instructions to shut down the linked equipment. 

After 30 seconds’ delay, the fire extinguishing controller issues firefighting instruction, then the starter 

generates high-pressure gas to open the corresponding selector valve and cylinder valve to extinguish 

the fire. 

5) Set up emergency fire extinguishing device to ensure that the fire can be put out in the 

exceptional conditions. 

6) The following must be achieved: when the temperature / smoke detector detects the fire signal, 

but when there is no need to start the fire extinguishing device, the start-up of the fire extinguishing 

device can be under control. 

5. Start Mode 

1）Automatic Start 

➢ When smoke or temperature detector alarms, the alarm bell in the protected area rings as an 

early warning. 

➢ When both smoke and temperature detectors alarm at the same time, the acousto-optic alarm 

starts. Activate the corresponding selector valve in the protected area, switch off the air conditioning, 

fire valve and fan and cut off the non-fire power supply like lighting. After the delay of 30 seconds, the 

corresponding extinguishing agent cylinder unit starts. 

2）Button Start 

For the gas fire extinguishing control system, either in the "automatic" or "manual" start mode, as the 

emergency start button is pressed, it activates the acousto-optic alarm in the protected area, releases 

the door guard, switches off the air conditioning, fire valve and fan, cuts off the non-fire power supply 

such as lumination, starts the corresponding selector valve in the fire protected area, and starts the 

corresponding extinguishing agent cylinder unit after 30 seconds’ delay. After the fire extinguishing 

system puts out the fire by spraying extinguishing agent, the acousto-optic alarm is activated. 

3）Mechanical Emergency Start-up 

First, manually open the corresponding selector valve in the fire protected area, then manually open 

the corresponding extinguishing agent cylinder unit. 
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Emergency Stop Of Spraying Operation In Gas Fire Extinguishing System 

Within 30 seconds after gas fire extinguishing system starts the delay, press the emergency stop 

button to stop the operation. 

6. References 

Factory Manual（Approved） 

Underwriter’s Laboratory Inc.（UL）Recognized Component 

NFPA 2001 Clean Agent Fire Extinguishing Systems（Listed Alternative） 

China National Fixed Fire Fighting System Testing Center  

Code for design of gas fire extinguishing systems (GB50370-2005) 

Gas Fire Extinguishing Systems and Components GB25972-2010） 

Gas Fire Fighting System Selection, installation and Extinguisher Distribution in Buildings （07S207） 

Code for Design of Automatic Fire Alarm System (GB50116-2013) 

7. Product advantages 

FM-200 (HFC-227ea) is a clean, gaseous agent that contains no particulates or oil residues and is 

manufactured in strict accordance with ISO9002 standards to ensure the product purity. FM-200 

leaves no residue and grease on precision electronic instruments. The residues and greasy matter can 

be completely discharged from the protected area by ventilation. 

Being thermally and chemically stable, FM 200 has no potential damage in the atmosphere, with 

lifetime of 31-42 years in the atmosphere. The US Environmental Protection Agency (USEPA) considers 

that FM-200 is not a substance of long-term retention after release, so it can be used without 

restriction. 

FM-200 can effectively extinguish type A, B and C fires. Typical protected areas include the followings, 

but far from being limited to: 

●Banks and Vaults 

●Electronic data center 

●Communication room and telephone exchange room 

●Library and Archives 

●Communication Center 
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● IDC 

●Variable-frequency Drive And Switch Room 

●Control Center 

●Labs 

●Clean Room 

●Flammable Liquid Warehouse 
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