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Stormwater Narrative for a Raw Land Cell Tower
In Existing Commercial Parking Lot

EXECUTIVE SUMMARY

Varsity Wireless, LLC (“Applicant”) proposes to construct a permanent wireless telecommunications
facility located at the rear of the developed commercial area designated as Assessor’s Tax ID No. 42-43-
0-R “Lot 1” with street address of 724 US Route 6 in Wellfleet, Massachusetts. The parcel is owned by
Wendon Realty Trust and is occupied by a single-story metal building with three overhead door bays and
a two-story metal building with three overhead door bays, an office, and a small apartment. Currently,
the commercial business, Cape Cod Disposal Co. operates on the property. The wireless facility will be
located within a leased area on the aforementioned parcel with easements providing an access and
utility corridor to and from US Route 6. The project is identified by the Applicant (and Lessee) as
“Wellfleet 6 (VW-MA-0057).”

The subject property is a 4.205 acrex trapezoidal shaped parcel with the long axis oriented north to
south. The parcel’s US Route 6 frontage is located to the west. Occupied residential parcels abut to the
west across US Route 6. Developed commercial property abuts to the north. Undeveloped Cape Cod
National Seashore lands abut to the east with a pedestrian rail trail. Undeveloped future residential
property abuts to the south. The two metal buildings with large gravel parking lots dominate the central
half of the property. The north one-quarter and south one-quarter of the parcel are largely undeveloped
and partially wooded. A large earthened berm runs along the west side of the parcel directing
stormwater flows to the east and south. A small earthened berm runs along the east side of the parcel
directing stormwater to the southeast corner. Between the berms, the parcel slopes gently towards the
southeast.

Zoning district boundaries run north to south along the east and west property lines of the parcel. The
parcel is zoned as “Commercial 2 (C2).” Directly east of the parcel is zoned “National Seashore Park
(NSP)”, and directly west is zoned “Residential 1 (R1).” According to the July 2, 1992 FEMA Flood
Insurance Rate Map for the Town of Wellfleet, Community Panel Number 2500140007C, the entire
parcel is located within Zone C unshaded, which is defined as “areas of minimal flooding.”

Erosion control will be provided between the improvements and the downstream undeveloped areas. A
long term pollution prevention plan has been prepared and is contained in Section 2.

PROPOSED IMPROVEMENTS

The Applicant proposes to construct the proposed wireless telecommunications facility within a 3,600 sf
lease area off the southeast side of the gravel parking lot in the southeast corner of the parcel. Trees
bordering the extents of the new facility will be minimally cleared. The existing parking area and
driveways will be used for access to and from the facility. Utilities will be extended from an existing
utility pole south of the single-story metal building. Conduit will be laid within an approximately 185’
long trench to the facility. The area chosen for the compound is primarily in a previously disturbed
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gravel parking lot area. Storage containers, fill mounds, and misc. trash & debris are strewn about in the
area indicating previous disturbance.

The facility itself will be constructed of a 57’'x57’ fenced-in compound on an elevated pad surfaced with
4” depth clean stone over filter fabric gently graded to 1.5%. A steel monopole supporting antenna
equipment will be placed on a reinforced concrete footing. Ground and monopole space will be allotted
for up to five carriers estimated to be about 1,249 sf of impervious area or approximately 38% coverage
of the compound surface. A common utility area will be located at the southwest corner of the
compound. The lease area containing the compound, tower, and radio equipment represents less than
3% of the total parcel area.

The proposed site improvements are shown on the plans provided under separate cover entitled
“Wellfleet 6; VW-MA-0057; 724 Route 6; Wellfleet, MA 02667” revised through October 22, 2014 as
prepared by ProTerra Design Group, LLC.

OBIJECTIVE OF CALCULATIONS & METHODOLOGY

The purpose of this stormwater narrative is to examine the stormwater runoff from the proposed
wireless telecommunications facility based upon the applicable performance standards contained within
the Massachusetts Department of Environmental Protection Stormwater Management Handbook within
the context of the Town of Wellfleet Rules and Regulations Governing the Subdivision of Land.

The goal of the calculations is to mitigate for the addition of the 3,249 sf fenced compound. The
hydrology calculations attached show that addition of stone surfaces, a sand filter basin, and a
bioretention area is sufficient to ensure post-development peak runoff rates approximate pre-
development peak flow. Type Il 24-hour SCS design storms for the 2-year, 10-year, and 100-year design
storm events were compared for both pre-development and post-development drainage conditions.

The HydroCAD Stormwater Modeling System computer program (version 10.00) by Applied
Microcomputer Systems, Inc. is used to develop stormwater runoff rates and volumes for the existing
and proposed conditions at the project site. The HydroCAD software is a hydrograph generation and
routing program similar to TR-20. The software uses Soil Conservation Service (SCS) Unit Hydrograph
Methodology. This drainage analysis was developed utilizing a Type Ill 24-hour storm as developed by
the SCS. Information regarding the equations and calculation procedures utilized in HydroCAD will be
made available upon request. Drainage area maps for both pre- and post-constructed conditions have
been included in this submission.

The design storm frequencies and corresponding rainfall depths were compiled from Technical Paper
No. 40, “Rainfall Frequency Atlas of the United States for Durations from 30 Minutes to 24 Hours and 1
to 100 Years” and have been estimated as follows for Barnstable County:

Storm Frequency (Years) Rainfall Depth (Inches)
2 3.6
10 4.8
100 7.1
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SITE SURFACE WATER HYDROLOGY & SOILS

Two metal buildings with large gravel parking lots dominate the central half of the property. The north
one-quarter and south one-quarter of the parcel are largely undeveloped and partially wooded. Runoff
from the developed and undeveloped areas is released off-site untreated via surface sheet flow in the
southeast corner of the parcel. Eventually, stormwater drains southerly towards Fresh Brook, a wetland
area tributary to Wellfleet Harbor approximately 0.4 miles south of the project site.

The soils underlying the parcel, including the project area, are classified as “Carver Coarse Sand.” These
soils are classified by the USDA Natural Resources Conservation Service (NRCS) as hydrologic group A.
Groundwater near the project area is estimated greater than 80 inches below existing grade according
to NRCS.

Based on record test-hole log data associated with the on-site septic system, loamy sand and medium
sand were observed. Groundwater was not encountered within twelve feet below grade. Seasonal
groundwater elevation shall be confirmed by subsurface exploration prior to final design.

DESCRIPTION OF STORMWATER MANAGEMENT STANDARDS

The following is an explanation of how the proposed raw land cell tower project contributes to proper
stormwater management practices using the applicable provisions of the 2008 Massachusetts
Stormwater Regulations near the lease area.

No New Untreated Discharges (Standard 1) - No new stormwater system conveyances will discharge
untreated runoff into the watershed. The compound directs runoff towards a sand filter basin and
bioretention area. An appropriately designed underdrain maintains a low runoff head height to reduce
the likelihood of erosive flow. Ninety-eight percent calculated removal efficiency is achieved in the
treatment train.

Peak Rate Attenuation (Standard 2) - The peak discharge rates were calculated with the aid of a
hydrograph routing program using TR-20 methodology. The sand filter basin and bioretention area
contain sufficient storage to attenuate the peak flows. Calculations show that pre and post levels are
approximately the same or below at the 2-year, 10-year, and 100-year design storm events.

Recharge (Standard 3) — Increased recharge has been provided by a bioretention area to promote
mitigation of small amounts of impervious runoff from the compound.

Water Quality (Standard 4) —The proposed electronic and radio equipment will be contained within
cabinets, shelters, or weather-resistant housings. The equipment will be isolated from precipitation that
would create untreated runoff. A sand filter basin is proposed to intercept runoff from the compound.
The sand filter basin is estimated to provide for a water quality volume using the “1 inch rule” and
providing pretreatment for the bioretention area.

Land Uses with Higher Pollutant Loads (Standard 5) —The proposed use within the lease area as a cellular
telecommunications facility is not considered a land use with high pollutant loads.
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Critical Areas (Standard 6) - The project area is located within the Cape Cod Watershed. Runoff from the
proposed facility and the existing developments on the parcel eventually drain to the lightly wooded
area at the southeast of the parcel. Stormwater drains southerly towards Fresh Brook, a wetland area
tributary to Wellfleet Harbor approximately 0.4 miles south of the project site.

The site is located outside a known Area of Critical Environmental Concern (ACEC) “Wellfleet Harbor”;
however, the site is located inside the Interim Wellhead Protection Areas (IWPA) for Wells #1 & #2 of
Eventide Motel and Cottages as shown on Figure 2 based upon MassGIS data resources. The Wellfleet
Harbor is classified as a Category 2 Water shown on the Mass EPA Integrated List of Water (2012) not
requiring assessments for any TMDLs. The proposed facility does not contain any machinery containing
PCBs and will not produce any sewerage or untreated runoff that would exacerbate the TMDL. As a
result, in our opinion the project will not contribute to impairments.

Redevelopment (Standard 7) — The project strives to meet all of the applicable Stormwater Management
Standards.

Construction Period Pollution Prevention Plan and Erosion and Sedimentation Control (Standard 8) — A
combination of staked hay bales, filter-fabric fencing, and/or mulch socks will be used during
construction as outlined in the Operation & Maintenance Plan of Standard 9 and shown on the
accompanying plan set. Silt-laden runoff shall be directed towards vegetated areas, temporary
sedimentation basins, and diversion swales. Any dewatering activities will utilize a temporary stilling
basin as required to promote infiltration and include methods for source control. A 5,000 gallon or
greater frac tank may be employed as necessary to help settle additional suspended solids before
discharge (as applicable).

Operation and Maintenance Plan (Standard 9) — An Operation and Maintenance (O&M) plan has been
customized to fit the design of the cellular telecommunications site. Provisions to maintain runoff
control devices have been assured through structural, non-structural, and construction management
approaches. Please see the O&M plan appended to this report.

Prohibition of lllicit Discharges (Standard 10) — The Operation and Maintenance plan required by
Standard 9 includes measures to prevent illicit discharges. An lllicit Discharge Compliance Statement has
not been completed at this time.
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BEST MANAGEMENT PRACTICES (BMPs)

The facility design was able to meet the existing drainage conditions by providing a sand filter basin,
bioretention area, and the use of energy dissipaters to increase infiltration and reduce erosion near the
southeast corner of the parcel. A general description of the devices incorporated is indicated below.

1. Bioretention Area

A bioretention area is a common type of stormwater BMP consisting of a low-lying vegetated area
underlain by a sand and peat bed with an underdrain pipe. The underdrain pipe is surrounded by
washed stone wrapped in non-woven geo-fabric to prevent mitigation of soil into the void spaces. Once
collected in the underdrain, stormwater will flow to the discharge point with an energy dissipater.
During a storm, the bioretention area will intercept surface runoff from the graveled
telecommunications facility and impervious concrete pad improvements. Accumulated runoff ponds in
the vegetated zone and gradually infiltrates into the underlying sand and peat bed, filling the void
spaces of the sand. The bioretention area provides for filtering, adsorption, and biological uptake of
constituents in stormwater.

2. Sand Filter Basin

Sand filter basins consist of a flat surfaced area of sand, a filtration chamber, and a flat sand filter bed
with an underdrain system. A surcharge zone exists within the filtration chamber for temporary storage
of the water quality volume. During a storm, runoff enters the flat surfaced area of sand, where a
majority of sediments are deposited. The runoff then enters the filtration chamber where it ponds
above the sand bed and gradually infiltrates into the underlying sand filter, filling the void spaces of the
sand. The underdrain gradually dewaters the sand bed and discharges the runoff to the bioretention
area located downstream. The sand filter basin provides for filtering and absorption of pollutants in the
stormwater.

3. Energy Dissipaters

Energy dissipaters with plunge pools are proposed to disperse concentrated stormwater runoff before
discharging to the woodland. Stone rip-rap and large stone/boulders are placed at the end of a pipe or
drainage swale where concentrated stormwater occurs. Stormwater flows are slowed and spread out to
reduce potential for erosion at the discharge locations.

ProTerra Design Group, LLC Ph:(413)320-4918
4 Bay Road, Building A, Suite 200 Fax:(413)320-4917
Hadley, MA 01035 E: info@proterra-design.com



SUMMARY OF HYDROLOGIC CALCULATIONS

The results of the pre- and post-construction hydrology calculations for the raw land cell tower project
provided are summarized in the following table. The table corresponds to the design point or study area
as indicated on the drainage area maps and hydrograph routing calculations. The project aim was to
study pre and post runoff for the raw land cell tower compound improvements.

TOTAL RUNOFF PEAK (CFS) FROM THE SITE TO
OFFSITE SOUTHEAST DESIGN POINT 1/10

ez | o | rores® o
2 - YEAR 1.20 1.20 0.00
10 - YEAR 1.94 1.80 -0.14
100 - YEAR 3.43 2.64 -0.79

The peak runoff flow at this design point (DP1/10) shows slight decreases indicating no change in the
proposed constructed condition for the 2-year, 10-year, and 100-year design storm events. Statistically,
these differences in peak flow are negligible and it shows that the scale of the improvements (~3% of
overall site area) within the overall watershed should not impact the downstream receptors. This is
consistent with the long standing methodology of constructing these small cell sites to limit disturbance
and provide for environmentally sensitive site design as located all over New England.

CONCLUSION

The project has provided sufficient mitigation to offset the impacts of light clearing and grading by
providing sediment capture, increasing infiltrative cover, and reducing erosion through Best
Management Practices (BMPs). Storm runoff volumes and flows will be maintained over existing
conditions for the 2-year, 10-year, and 100-year design storm events.

ProTerra Design Group, LLC
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RECOMMENDED LONG-TERM STORMWATER POLLUTION
PREVENTION PLAN and OPERATION & MAINTENANCE (O&M) PLAN
TO COMPLY WITH STORMWATER STANDARDS 4, 8,9 & 10
FOR RAW LAND CELL TOWER

PROJECT OVERVIEW

Varsity Wireless, LLC (“Applicant”) proposes to construct the proposed wireless telecommunications
facility within a 3,600 sf lease area at the rear of the developed commercial area designated as
Assessor’s Tax ID No. 42-43-0-R “Lot 1”. The facility itself will be constructed of a 57’x57’ fenced-in
compound surfaced with clean crushed stone over filter fabric. A steel monopole supporting antenna
equipment will be placed on a reinforced concrete footing. Ground and monopole space will be allotted
for up to five carriers. A common utility area will be located at the southwest corner of the compound.

Runoff from off-site areas will be released from the property untreated. Runoff from the compound
itself will be directed towards a sand filter basin and bioretention area. Off-site and compound runoff
will flow to the southeast corner of the property through a lightly wooded area. The project will require
disturbance of 18,000 square feet of land.

The proposed site improvements are shown on the plans provided under separate cover entitled
“Wellfleet 6; VW-MA-0057; 724 Route 6; Wellfleet, MA 02667” revised through October 22, 2014 as
prepared by ProTerra Design Group, LLC.

OWNER AND RESPONSIBLE PARTY

Owner: Responsible Party:
Wendon Realty Trust Varsity Wireless, LLC
Donald & Wendy Horton, Trustees 346 Congress Street
724 US Route 6 Suite 703

Wellfleet, MA 02667 Boston, MA 02210

The Responsible Party has obtained/will obtain ground and access leases from the Owner which allows
for maintenance of the stormwater system and the associated telecommunications equipment.

Operation & Maintenance Plan 1 Wellfleet 6 (VW-MA-0057)
Varsity Wireless, LLC Wellfleet, MA
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CONSTRUCTION MANAGEMENT

Contractor:
Address:

Phone Number:

A construction manager with adequate knowledge and experience on projects of similar size and scope
shall be employed to oversee all site work related construction. The contractor shall incorporate
appropriate techniques to control sediment and erosion pollution during construction in accordance
with the Massachusetts Erosion and Sediment Control Guidelines for Urban and Suburban Areas.

Care should be taken when constructing stormwater control structures and dewatering to install
foundations. Light earthmoving equipment shall be used to excavate in the vicinity of the bioretention
area. Use of heavy-equipment causes excessive compaction of the soils resulting in reduced infiltration
capacity. At no time shall temporary settling basins be constructed in the vicinity of the proposed sand
filter basin or bioretention area in order to prevent the soils from becoming clogged with sediment.

Dewatering activities shall be directed towards a berm and filter sack to promote infiltration into the
ground. If silt-laden sediment is encountered, a frac tank approximately 5,000 gallons in size or greater
can be employed to settle pumped groundwater before discharge.

EROSION CONTROL BEST MANAGEMENT PRACTICES (BMPs)

During construction, silt-laden runoff or discharge from dewatering operations (if necessary) will be
prevented from exiting the construction area untreated. Siltation barriers consisting of a filter fabric silt
fence, hay bales or silt socks will be erected in advance of construction along the down-gradient edge of
all disturbed areas and maintained throughout the construction period. The control of dust and erosion
during the construction period will be managed using a number of Best Management Practices (BMPs)
described below and as shown on the Erosion Control sheet (EC-1) of the Construction Drawings.

Temporary Sediment Traps (During Construction)

Small depressions that have stormwater runoff directed into them for increase retention time that
promotes settling out of suspended solids. Tributary drainage area should be under 1 acre. The storage
volumes should be 1,800 cubic feet per acre of tributary area equaling 1,350 cubic feet required.

Silt Fence, Reinforced with Haybales as Required (Compost Berms & Socks can be used as alternatives)

Silt fence or silt sock is installed at the down gradient limit of work. It should be trenched into the
ground 6” and staked without drooping. The woven fabric will allow the passage of stormwater while
filtering out suspended solids. Haybales give added filtering and erosion control. Every 100’ two bales or
silt socks shall be placed and staked perpendicular to the fence. Haybales shall be inert straw or salt hay

type.

Dewatering

Operation & Maintenance Plan 2 Wellfleet 6 (VW-MA-0057)
Varsity Wireless, LLC Wellfleet, MA
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If dewatering is required, discharges shall be directed through a settling pool or filter bag prior to
discharge. Outflow of silt-laden runoff shall not be permitted to flow directly into resource areas. In
some instances, a settling tank may need to be employed. Upon completion of site stabilization, the
BMP’s and conveyance systems shall be thoroughly cleaned of silt and sediment and made ready for the
proposed operation. Discharge points shall be set back from the edge of the resource areas and
monitored by qualified personnel to ensure no impacts to resource areas and compliance with
applicable federal and state regulations. Discharges shall be free from visible floating, suspended, and
settleable solids that would impair the functions of the nearby wetlands and downstream rivers.

ON-GOING MAINTENANCE CONTRACT

The Responsible Party shall hire appropriate staff, contract with a maintenance company, or designate a
qualified party to complete ongoing maintenance.

LIVING DOCUMENT PROVISIONS

Due to the difficulty of identifying all sources of potential stormwater contamination and maintenance
activities, this document shall be updated as necessary to reflect new procedures, technologies or
requirements. Ultimately, the Responsible Party will have the authority to implement a plan and
frequency of maintenance as required.

MAINTENANCE LOG

The Responsible Party shall develop and maintain a log of inspections, maintenance, repairs, and
disposal (including location of disposal) during the life of the project. Records shall be maintained for at
least three years and be made available to the Massachusetts Department of Environmental Protection
in accordance with the provisions of the Massachusetts Stormwater Handbook. A sample of such a
maintenance log is provided.

GOOD HOUSEKEEPING PRACTICES DURING CONSTRUCTION

The Responsible Party shall maintain good housekeeping practices by maintaining a clean and orderly
facility to prevent potential pollution sources from coming into contact with stormwater and degrading
water quality. This includes establishing protocols to reduce the possibility of mishandling materials or
equipment and training employees in good housekeeping techniques.

Common areas where good housekeeping practices should be followed shall include: material storage
areas, vehicle and equipment maintenance areas, and loading areas. Good housekeeping practices must
include a designated and secure location for garbage. A schedule for regular pickup and disposal of
garbage and waste materials and routine inspections of containers for leaks and structural integrity shall
be developed. Portable toilets shall be installed on site and maintained throughout construction. Excess
concrete and cleanout water from redi-mix vehicles shall be directed towards small excavations or
constructed boxes for cleanup. Catch basins and drainage conveyance systems shall not be used for this
purpose.

MINIMIZING EXPOSURE

Operation & Maintenance Plan 3 Wellfleet 6 (VW-MA-0057)
Varsity Wireless, LLC Wellfleet, MA
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The Responsible Party shall minimize exposure of potential pollutant sources from coming into contact
with precipitation and being picked up by stormwater and carried into drains and surface waters. All
materials shall be plainly labeled and stored in an appropriate container in an appropriate location. All
activities which can generate sources of contaminants shall be contained.

LONG-TERM BMPS: MAINTENANCE

Prior to final completion and full occupancy of the development, a representative of the contractor
and/or Engineer at the responsible parties request shall properly instruct the user of the required
maintenance responsibilities to maintain the effectiveness of the drainage system. The Responsible
Party will implement the procedures and frequencies as they see fit under their current plan and inspect
the systems as needed to maintain minimum effectiveness. Twelve foot wide barn style gates at the
entrance to the compound and twelve foot wide barn style gates near the sand filter basin are adequate
to maintain the small scale improvements of the site.

Bioretention Area

During the construction phases of the project, the bioretention area shall be inspected monthly and
cleaned as necessary and/or after storms events with 1” of rainfall or greater. Once the system goes
online, inspections shall occur after each major storm event over %” for the first six months to ensure
proper stabilization, function, and to ensure that the inlets and outlets remain free of obstructions.
Thereafter, these structures shall be inspected and cleaned at least twice per year. Cleanings shall
include removal of accumulated sediment, inspection of the filter media, and monitoring of
groundwater to ensure proper operation of the system. Important items to check for include differential
settlement, cracking, breakout, clogging of outlets, and root infestation. Water levels should be checked
and recorded against rainfall amounts to verify that the drainage system is working properly. Should the
bioretention area become clogged with sediment beyond the ability to clean, the bioretention area shall
be excavated of all clogged material and reconstructed as shown on the Construction Drawings.
Excavated material shall be disposed of off-site.

Sand Filter Basin

During the construction phases of the project, the sand filter basin shall be inspected monthly and
cleaned as necessary and/or after storms events with 1” of rainfall or greater. Thereafter, these
structures shall be inspected and cleaned at least two times per year, as needed during the owner’s
regular maintenance of the grounds, and after 2-year or greater rain events (3” of rain.) Cleanings shall
include removal of vegetation, removal of excess sediment accumulation, inspection of filter media, and
inspection of underdrain system/outlet works. Should the sand filter basin become clogged with
sediment beyond the ability to clean, the sand filter basin shall be excavated of all clogged material and
reconstructed as shown on the Construction Drawings. Excavated material shall be disposed of off-site.

Operation & Maintenance Plan 4 Wellfleet 6 (VW-MA-0057)
Varsity Wireless, LLC Wellfleet, MA
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DESIGN GROUP, LLC

Energy Dissipaters

During the construction phases of the project, the rip rap energy dissipaters shall be inspected monthly
and cleaned as necessary and/or after storms events with 1” of rainfall or greater. Thereafter, these
structures shall be cleaned at least once per year or as needed during the owner’s regular maintenance
of the grounds. Cleanings shall include removal of vegetation, removal of excess sediment accumulation
and inspection of condition of stone.

ANNUAL MAINTENANCE COST ESTIMATE

BMP Frequency Unit Cost Subtotal
Bioretention Area 2 visit per year S$500 $1000
Sand Filter Basin 2 visit per year $500 $1000
Energy Dissipaters 1 visit per year $250 $250
Total: $2250

The annual maintenance cost does not include the owner’s regular maintenance of the grounds that
would consist of mowing & trash pickup.

Operation & Maintenance Plan
Varsity Wireless, LLC

Wellfleet 6 (VW-MA-0057)
Wellfleet, MA
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Site: WELLFLEET

Lease Agreement (Land)

This LEASE AGREEMENT (“Lease”) dated this D, Uﬂ day of September 2013 is entered into by and
between Vertex Towers, LLC, a Massachusetts Limited Liability Company of 4 Maple Road Norfolk, MA 02056,
with a mailing address of PO Box 211, Norfolk, MA 02056., as Tenant (hereinafter “Tenant”) and Donald L
Horton and Wendy C. Horton trustees of the Wendon Realty Trust w/d/t May 20,1998 and recorded with the
Barnstable County Registry of Deeds at Book 11440 Page 268, with a mailing address of 724 Route 6, Wellfleet,
MA 02667 (hereinafter "Landlord").

Whereas Landlord owns certain real property located at 724 Route 6 in the Town of Wellfleet ~, County of
Barnstable, Commonwealth of Massachusetts, which is depicted as Lot 43, on Assessor’s Map 42, and being
further described as the same real property conveyed by that certain deed recorded in Deed Book 11440 at Page
272 of the Barnstable County Registry of Deeds, (hereinafter “Subject Property”) and Tenant desires to lease a
portion of the Subject Property to erect and operate a wireless communications tower (hereinafter "Tower");

NOW, THEREFORE, for the sum of One Dollar ($1.00), the receipt of which is acknowledged and confirmed by
Landlord, and in consideration of the mutual promises, conditions and other good and valuable consideration of
the parties hereto, it is covenanted and agreed as follows:

1. RIGHT TO LEASE.

(a) Landlord grants to Tenant right to lease a portion of the Subject Property measuring
approximately Three Thousand Six Hundred (3,600 SF) square feet together with an unrestricted access easement
for Tenant’s uses from the nearest public right-of-way along the Subject Property to the Premises as generally
described/depicted on the attached Exhibit 2 (collectively, the “Premises”).

(b) From and after the full execution date of this Lease and at any time during the term of this Lease,
Tenant and its agents, engineers, surveyors and other representatives will have the right to enter upon the Subject
Property to inspect, examine, conduct soil borings, drainage testing, material sampling, and other geological or
engineering tests or studies of the Subject Property (collectively, the “Tests”), to apply for and obtain licenses,
permits, approvals, or other relief required of or deemed necessary or appropriate at Tenant’s sole discretion for
its use of the Premises and include, without limitation, applications for zoning variances, zoning ordinances,
amendments, special use permits, and construction permits (collectively, the “Government Approvals™), initiate
the ordering and/or scheduling of necessary utilities, and otherwise to do those things on or off the Subject
Property that, in the opinion of Tenant, are necessary in Tenant’s sole discretion to determine the physical
condition of the Subject Property, the environmental history of the Subject Property, Landlord’s title to the
Subject Property and the feasibility or suitability of the Subject Property for Tenant’s Permitted Use, all at
Tenant’s expense. Tenant will not be liable to Landlord or any third party on account of any pre-existing defect
or condition on or with respect to the Subject Property, whether or not such defect or condition is disclosed by
Tenant’s inspection. Tenant will restore the Property to its condition as it existed at the commencement of the
Testing Period (as defined above), reasonable wear and tear and casualty not caused by Tenant excepted. In
addition, Tenant shall indemnify, defend and hold Landlord harmless from and against any and all injury, loss,
damage or claims arising directly out of Tenant’s Tests.

(©) At any time after the full execution of this Lease, Tenant may commence this Lease by notifying
Landlord in writing. If Tenant commences this Lease, then Landlord leases the Premises to the Tenant subject to
the terms and conditions of this Lease. If Tenant does not commence the Lease within 30 months following the
full execution date of this Lease, this Lease will terminate and the parties will have no further liability to each
other. In the event that notwithstanding Tenant’s diligent efforts the permits and approvals necessary for Tenant’s
use of the Premises have not been issued but have been applied for or have been issued but have been appealed,
then Tenant may, with written notification to the Landlord prior to the expiration of the Testing Period, extend the
Testing Period for the greater of (i) the amount of additional time necessary to acquire such permits and
approvals, or (ii) one (1) additional year.
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3. TERM. This Lease shall commence on dlate Tenant begins construction at the premises (the “Commencement
Date™), which shall be confirmed in writing from Tenant to Landlord. Unless extended or sooner terminated as
herein provided, the term shall be for a period of Fifty (50) Years following the Commencement Date (“Lease
Term™).

4. TITLE AND QUIET POSSESSION. Landlord represents and agrees (i) that it is the Owner of the Premises
and Subject Property; (ii) that it has the right to enter into this Lease; (iii) that the person signing this Lease has
the authority to sign; (iv) that Tenant, its subtenants and assigns, are entitled to access to the Premises at all times
and to the quiet possession of the Premises throughout the term of this Lease and any applicable renewal terms so
long as Tenant is not in default beyond the expiration of any cure period.

5. NOTICES. All notices must be in writing and are effective only when deposited in the U.S. mail, certified and
postage prepaid, or when sent via overnight delivery, to the address set forth above, or as otherwise required by
law.

6. USE.

(a) The Premises are being leased for the purpose of erecting, installing, operating and maintaining
radio and communications towers, transmitting and receiving equipment, antennas, dishes, mounting structures,
buildings, and related equipment (“Communications Facility”). Tenant may make any improvement, alteration or
modification to the Premises as are deemed appropriate by Tenant. Tenant shall have the right to clear the
Premises of any trees, vegetation, or undergrowth which, in Tenant’s sole opinion, interferes with Tenant’s use of
the Premises for the intended purposes. Tenant shall have the exclusive right to install upon the Premises
communications towers, buildings, equipment, antennas, dishes, fencing, and other accessories related thereto,
and to alter, supplement, and/or modify same as may be necessary. Landlord agrees to cooperate with respect to
obtaining any required zoning approvals for the Premises and such improvements.

(b) Landlord grants Tenant a non-exclusive easement in, over, across and through other real property
owned by Landlord as generally described/depicted in Exhibit 2 required for construction, installation,
maintenance, and operation of the Communication Facilities. At all times during the term of this Lease, Tenant,
and its guests, agents, customers, lessees, and assigns shall have the unrestricted, exclusive right to use, and shall
have free access to, the Premises seven (7) days a week, twenty-four (24) hours a day. All improvements,
equipment or other property attached to or otherwise brought onto the Premises shall at all times be the personal
property of Tenant and/or its subtenants and licensees.

7. DESTRUCTION OR CONDEMNATION. If the Subject Property is damaged, destroyed, condemned or
transferred in lieu of condemnation, Tenant may elect to terminate this Lease as of the date of the damage,
destruction, condemnation or transfer in lieu of condemnation by giving notice to Landlord no more than thirty
(30) days following the date of such damage, destruction, condemnation or transfer in lieu of condemnation. If
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Tenant chooses not to terminate this Lease, rent shall be reduced or abated in proportion to the actual reduction or
abatement of use of the Premises.

8. ASSIGNMENT / SUBLETTING. [t is mutually understood, it being Tenant’s intention to operate a
commercial communications site, that Tenant may assign or transfer this Lease with the written notification to
Landlord. Tenant may assign this Lease to any person or entity at any time with written notification to Landlord
provided that Tenant delivers to Landlord an instrument of assumption by an assignee that assumes all of the
obligations of Tenant under this Lease. Tenant will be relieved of all liability hereunder. Tenant shall be entitled
to sublease or grant licenses to use the Premises and/or the Tower or any structure or equipment on the Premises
without the prior written consent of Landlord, but no such sublease or license shall relieve or release Tenant from
its obligations under the Lease. Landlord may assign this Lease to any person or entity who or which acquires fee
title to the Subject Property and who or which agrees to be subject to and bound by all provisions of this Lease.
Except for the foregoing, assignment of this Lease, in whole or in part, by Landlord must be approved by Tenant,
in Tenant’s sole discretion.

9. COMPLIANCE WITH LAWS. To the best of their knowledge, Landlord represents that the Subject
Property, and the Premises, and all improvements located thereon, are in substantial compliance with building,
life/safety, disability and other laws, codes and regulations of applicable governmental authorities. The Landlord
will substantially comply with all applicable laws relating to its possession and use of the Subject Property,
including all zoning and building permits.

10. INTERFERENCE. During the term of this Lease, Landlord, its successors and assigns, will not grant any
ground lease, license, or easement with respect to any property adjacent to the Premises if such lease, license, or
easement would detrimentally impact Tenant’s communications facilities, or the use thereof. Landlord shall not
cause or permit the construction of radio or communications towers on the Premises or on any other property of
Landlord adjacent or contiguous to or in the immediate vicinity of the Premises, except for towers constructed by
Tenant. Landlord will not permit the installation of any future equipment on the Subject Property which will
result in technical interference problems with any equipment on the Facility or which Landlord has determined,
upon Landlord’s reasonable investigation of same, will cause such technical interference problems. Landlord shall
promptly take all reasonable steps necessary to eliminate such technical interference in a timely manner and
without cost and expense to Tenant, including but not limited to causing the source of such technical interference
to cease operations.

11. TERMINATION. Tenant may terminate this Lease at any time with 90 days advance written notice to
Landlord without further liability. Upon termination, all prepaid rent will be retained by Landlord unless such
termination is due to Landlord’s failure of proper ownership or authority, or such termination is a result of
Landlord’s default. Within 120 days from the termination or expiration of this Lease, for any reason, Tenant, its
subtenants and/or sublessees at their expense shall remove all apparatus and materials associated with the
telecommunications facility, including, but not limited to, the Wireless Communication Tower and all above
ground improvements and restore the Premises to substantially the condition existing on the Commencement
Date, excepting for ordinary wear and tear, underground improvements and casualty loss.

12. UTILITIES. Tenant will pay for all utilities used by it at the Premises. Landlord will cooperate with Tenant
in Tenant’s efforts to obtain utilities from any location provided by Landlord or the servicing utility, including
signing any easement or other instrument reasonably required by the utility company.

13. DEFAULT. If either party is in default under this Lease for a period of (a) thirty (30) days following receipt
of notice from the non-defaulting party with respect to a default which may be cured solely by the payment of
money, or (b) sixty (60) days following receipt of notice from the non-defaulting party with respect to a default
which may not be cured solely by the payment of money, then, in either event, the non-defaulting party may
pursue any remedies available to it against the defaulting party under applicable law, including, but not limited to,

Vertex Towers LL.C Page 3 of 14




Site: WELLFLEET

the right to terminate this Lease. If the non-monetary default may not reasonably be cured within a sixty (60) day
period, this Lease may not be terminated if the defaulting party commences action to cure the default within such
sixty (60) day period and proceeds with due diligence to fully cure the default.

14. INDEMNITY. Landlord and Tenant each indemnifies the other against and holds the other harmless from
any and all costs (including reasonable attorneys’ fees) and claims of liability or loss which arise out of the
ownership, use and /or occupancy of the Premises by the indemnifying party. This indemnity does not apply to
any claims arising from the sole negligence or intentional misconduct of the indemnified party. The indemnity
obligations under this Paragraph will survive termination of this Lease.

15. SUBORDINATION AND NON-DISTURBANCE. This Lease is subordinate to any mortgage or deed of
trust now of record against the Premises. However, Landlord, with the assistance of Tenant, will obtain a non-
disturbance agreement reasonably acceptable to Tenant from the holder of any such mortgage or deed of trust.

16. HAZARDOUS SUBSTANCES. Landlord represents that to the best of its knowledge they are not aware of
any substance, chemical or waste, oil or hazardous material (collectively, “Hazardous Substance™) on the
Premises, Subject Property or any adjacent real estate owned by the Landlord (collectively, “Premises™) that is
identified as hazardous, toxic or dangerous in any applicable federal, state or local law or regulation. Landlord
shall assess and remediate (if necessary) in compliance with all applicable laws and hereby indemnifies Tenant
and holds Tenant harmless from any and all costs (including reasonable attorneys’ fees) and claims of liability or
loss which arise out of the presence of any Hazardous Substance on or migrating from the Premises, provided that
the Hazardous Substances were not introduced by Tenant, any of its sublessees or subtenants, or the result of
Tenant’s or its sublessees or subtenants operation, installation and/or maintenance of the Tower or Facility.
Tenant will not introduce or use any Hazardous Substance on the Premises in violation of any applicable law.

17. TAXES. Tenant shall pay any personal property taxes assessed on, or any portion of such taxes attributable
to, the Communication Facility. Landlord shall pay when due all real property taxes and all other fees and
assessments attributable to the Subject Property and Premises. Tenant shall pay as additional Rent any increase in
real property taxes levied against Premises, which are directly attributable to Tenant's use of the Premises (but
not, however, taxes attributable to periods prior to the Commencement Date such as roll-back or greenbelt
assessments) if Landlord furnishes proof of such increase to Tenant. In the event that Landlord fails to pay when
due any taxes affecting the Premises or the Easement, as hereinafter defined, Tenant shall have the right but not
the obligation to pay such taxes and deduct the full amount of the taxes paid by Tenant on Landlord’s behalf from
future installments of Rent.

18. INSURANCE.

(a) Tenant shall carry during the Lease term, at its own cost and expense, the following insurance: (i)"All
Risk" property insurance for its property's replacement cost; and (ii) comprehensive general liability insurance
with a commercial general liability endorserment having a minimum limit of liability of $1,000,000 for injury or
death arising out of one occurrence and $1,000,000 for damage to property from any one occurrence.

(b) Tenant will name the Landlord as an additional insured under its liability policy All insurance shall be
issued through valid and enforceable policies issued by insurers licensed to do business in the State of that the
Property is located who must be rated A+ or better by A.M. Best Company.

(c) Tenant shall indemnify and hold Landlord harmless against any liability or loss from personal injury
or property damage resulting from or arising out of use of the Subject Property by Tenant or its employees or
agents; excepting, however, such liabilities and losses as may be due to or caused by the acts or omissions of the
Landlord or its employees or agents.

19. MAINTENANCE. Tenant will be responsible for repairing and maintaining the Premises and all
improvements installed by Tenant (the Facility) in a proper operating and reasonably safe condition; provided,

however if any such repair or maintenance is required due to the acts of the Landlord, its agents or employees
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Landlord shall reimburse Tenant for the reasonable costs incurred by Tenant to restore the damaged areas to the
condition which existed immediately prior thereto. Landlord will maintain and repair all other portions of the
Subject Property in a proper operating and reasonably safe condition.

20. HOLD OVER TENANCY. Should Tenant or any assignee, sublessee or licensee of Tenant hold over the
Premises or any part thereof after the expiration of the term set forth herein, such holdover shall constitute and be
construed as a tenancy from month-to-month only, but otherwise upon the same terms and conditions.

21. FORCE MAJEURE. The time for performance by Landlord or Tenant of any term, provision, or covenant
of this Agreement shall be deemed extended by time lost due to delays resulting from acts of God, strikes, civil
riots, floods, material or labor restrictions by governmental authority, and any other cause not within the control
of Landlord or Tenant, as the case may be.

22. COLLATERAL ASSIGNMENT. Tenant may collaterally assign, pledge, mortgage and/or grant a security
interest to and/or otherwise encumber in favor of any third party (each a “Financing Entity” and, collectively, the
“Financing Entities™), as security for any loan or other financing relationship, all of Tenant’s right, title and
interest in: (i) this Lease, (ii) the Premises, (iii) any other personal property owned by Tenant and located at the
Property, and (iv) all subleases and licenses by Tenant of all and any portion of the Premises and the rents, issues
and profits there from, all without the consent of Landlord. Tenant shall also have the right to obtain, at its sole
expense, a title insurance policy insuring its leasehold interest in and to the Premises.

A Financing Entity may: (i) enforce its rights under its leasehold mortgage and/or other loan and security
documents (each, a “Security Instrument”; collectively the “Security Instruments™) that encumber or otherwise
convey a security or other interests in and to the property and assets of Tenant, including, but not limited to,
Tenant’s leasehold interests in the Premises and its rights, title and interests in and to this Lease, all of Tenant’s
rights, title and interests in and to all subleases and licenses of portions of the Premises to Tenant’s sublessees and
licensees, and all other improvements, equipment and other personal property of Tenant located at the Premises,
(ii) acquire title to Tenant’s interest in the Premises under this Lease in any lawful way, (iii) pending foreclosure
of such Security Instruments, take possession of the Premises, and (iv) obtain, at such Financing Entity’s or
Tenant’s sole expense, a title insurance policy insuring those Security Instruments in favor of the Financing Entity
that encumber Tenant’s leasehold interest in the Premises. In connection with a Financing Entity’s acquisition of
such title insurance policy, Landlord shall promptly execute and deliver to the Title Company that is issuing such
policy such landowner affidavits and/or certificates that the title company may reasonably request. If a Financing
Entity shall acquire title to Tenant’s interest in this Lease by whatever lawful means, including, without
limitation, by foreclosure or otherwise, then the Financing Entity may freely assign this Lease with prior
notification to Landlord after delivery by Financing Entity to Landlord of an instrument of assumption by an
assignee that assumes all of the obligations of Tenant under this Lease and provided that Landlord has been
properly notified of such assignment.

Landlord may encumber its interest in this Lease to any third party, as security for any loan(s) or other financing,
without the consent of Tenant. This Lease shall run with the Property and shall be binding upon and inure to the
benefit of the parties hereto and their respective successors, personal representatives, heirs, and assigns.
Notwithstanding any provisions of this Lease to the contrary, so long as a Mortgage is in effect, the Tenant shall
have no right to terminate the Lease with respect to any event unless the written approval of Lender holding a
Mortgage on the leasehold estate is obtained, including, without limitation, the right to terminate in the event of
any damage or condemnation.

23. BANKRUPTCY. The parties hereto agree that (1) the Tenant is in possession of the Premises
notwithstanding the fact that the Tenant has subleased, or may in the future sublease, certain of the improvements
thereon to third parties and (2) the requirements of Section 365(h) of Title 11 of the United States Code (the
“Bankruptcy Code™) with respect to the Tenant’s possession of the leasehold under this Lease are satistied.
Accordingly, the right of the Tenant to remain in possession of the leasehold under this Lease shall continue
notwithstanding any rejection of this Lease in any bankruptcy proceeding involving the Landlord, or any other
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actions by any party in such a proceeding. This provision, while included in this Lease, has been separately
negotiated and shall constitute a separate contract between the parties as well as a part of this Lease. The
provisions of this Section 23 are for the benefit of the Tenant and its assigns, including, without limitation,
Lender. The parties hereto also agree that Lender is a party in interest and shall have the right to appear as a party
in any proceeding brought under any bankruptcy law or under any other law which may affect this Lease.

24. MISCELLANEOUS. (a) This Lease applies to and binds the heirs, successors, executors, administrators and
assigns of the parties to this Lease; (b) This Lease is governed by the laws of the State in which the Premises is
located; (c) If requested by Tenant, Landlord agrees promptly to execute and deliver to Tenant a Memorandum of
this Lease, to be recorded, in the form of Exhibit 3; (d) This Lease (including the Exhibits) constitutes the entire
agreement between the parties and supersedes all prior written and verbal agreements, leases, representations,
promises or understandings between the parties. Any amendments to this Lease must be in writing and executed
by both parties; (e) If any provision of this Lease is invalid or unenforceable with respect to any party, the
remainder of this Lease or the application of such provision to persons other than those to whom it is held invalid
or unenforceable, will not be affected and each provision of this Lease will be valid and enforceable to the fullest
extent permitted by law; (f) The prevailing party in any action or proceeding in court or mutually agreed upon
arbitration proceeding to enforce the terms of this Lease is entitled to receive its reasonable attorneys’ fees and
other reasonable enforcement costs and expenses from the non-prevailing party; (g) The Landlord shall, within
ten days of the request of the Tenant or any Lender or prospective Lender, provide an estoppel certificate as to
any matters reasonably requested by the Tenant or Lender. (h) It is intended that Exhibit 2 accurately reflects the
intended placement of Premises as well as any easements and accordingly the parties agree that, if any part of the
Premises is located beyond the description of the Premises as described/depicted in Exhibit 2 or any easements
specified in the Lease, the Lease is hereby amended to provide that the Premises includes the existing location of
any such improvements as part of the Premises demised in the Lease, to the extent that such improvements are
located on real property owned by Landlord.

[THE REMAINDER OF THIS PAGE IS INTENTIONALLY LEFT BLANK,
SIGNATURES BEGIN ON NEXT PAGE]
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IN WITNESS WHEREQOF, the parties hereto have executed this Lease as of the date last signed by a party hereto.
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EXHIBIT 1
TAX CARD

Note: Landlord and Tenant may, at Tenant’s option, replace this Exhibit 1 with an exhibit setting forth the legal
description of the property on which the Premises is located.
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Site: WELLFLEET
Exhibit 2
Drawing of the Lease Area

Note: Landlord and Tenant may, at Tenant’s option, replace this Exhibit B with an exhibit setting forth the
surveyed legal description of the Premises is located and/or an as-built drawing depicting the Premises.
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Site: WELLFLEET

EXHIBIT 3
FORM OF MEMORANDUM OF LEASE
(NOT FOR EXECUTION)
Record and Return to:
Vertex Towers, LLC
PO Box 211

Norfolk, MA 02056

This Memorandum of Lease evidences a Lease Agreement (“Lease”) between Donald 1. Horton and Wendy
C. Horton Trustees of the Wendon Realty Trust (“Landlord”), whose mailing address is _724 Route 6 Wellfleet,
MA 02667and Vertex Towers, LLC a Massachusetts Limited Liability Company (“Tenant”) whose mailing
address is PO Box 211 Norfolk, MA, commencing on the date Tenant begins construction at the Premises (the
“Commencement Date”), which shall be confirmed in writing from Tenant to Landlord,

Landlord has leased to Tenant and Tenant has accepted and leased from Landlord a portion (“The
Premises”) of the following Property know as Map 42 Lot 43 on the Town of Wellfleet Assessors Maps and
recorded with the Barnstable County Registry of Deeds at Book 11440, Page 272. A copy of said deed is
attached as Exhibit A

The Premises is leased for a term of Fifty (50) years commencing on the date that Tenant begins
construction at the Premises and the lease further provides;

1E The Lease restricts Landlord’s ability to utilize, or allow the utilization of its adjacent property for the
construction, operation and/or maintenance of communications towers and related facilities;

2. The Premises may be used exclusively by Tenant for all legal purposes, including without limitation,
erecting, installing, operating and maintaining radio and communications towers, buildings, and equipment;

3 Tenant is entitled to sublease and/or sublicense the Premises, including any communications tower
located thereon.

IN WITNESS WHEREOF, the parties have executed, or have caused this Memorandum of Lease to be properly
executed, by their duly authorized agents or officers, all as of the this  day of ;

TENANT: VERTEX TOWERS LLC. LANDLORD: WENDON REALTY TRUST
By: By: Date:
Name: Stephen Kelleher Name: Donald I. Horton
Title: Manager Title: Trustee
Date:
By: Date:
Name: Wendy C. Horton
Title: Trustee

Vertex Towers LLC Page 11 of 14




Site: WELLFLEET

TENANT ACKNOWLEDGEMENT

COMMONWEALTH OF MASSACHUSSETTS

COUNTY OF NORFOLK

On the day of , 2013 before me personally appeared Stephen Kelleher, Manager of
Vertex Towers, LLC, to me known (or proved to me on the basis of satisfactory evidence) to be the individual
who executed the foregoing instrument, and he acknowledged said instrument by him executed to be his free act
and deed in said capacity of Manager of Vertex Towers, LLC.

Notary Public: My Commission Expires

LANDLORD ACKNOWLEDGEMENT

COMMONWEALTH OF MASSACHUSETTS
COUNTY OF BARNSTABLE

On the day of , 2013 before me personally appeared Donald 1. Horton and Wendy C.
Horton, trustees of the Wendon Realty Trust to me known (or proved to me on the basis of satisfactory evidence)
to be the individual(s) who executed the foregoing instrument, and they acknowledged said instrument by them
executed to be their free act and deed in said capacity as owner(s) of the subject property as described in Exhibit 1
attached hereto.

Notary Public: My Commission Expires

Vertex Towers LLC Page 12 of 14
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07-28-2014 @ 11:42a

ASSIGNMENT AND ASSUMPTION AGREEMENT
BETWEEN
YERTEX TOWERS, LLC AND VARSITY WIRELESS INVESTORS, LLC

THIS ASSIGNMENT AND ASSUMPTION AGREEMENT (hercinafter “Assignment
and Assumption Agreement”) is effective as of the 19th day of December, 2013 (hereinafter
“Effective Date™) by and between VERTEX TOWERS, LLC, a Massachusetts limited liability
company with a principal address of 4 Maple Road, Norfolk, MA 02056 (hereinafter “Assignor™)
and VARSITY WIRELESS INVESTORS, LLC, a Delaware limited liability company with a
principal address of 346 Congress Street, Unit 703, Boston, MA 02210 (hereinafter
“Assignee™),

WHEREAS, Assignor has entered into certain Lease Agreement (Land) with various
landowners as of and as set forth on Exhibit A for a portion of those properties set forth on said
on Exhibit A (hereinafter “Leased Premises™).

WHEREAS, Assignor desires to transfer and assign to Assignee and Assignee desires to
accept the transfer and assignment thereof from the Assignor, all of Assignor’s rights, title and
interest in, to and under said Leases Agreement (Land) as set forth on Exhibit A and to all
easements and other rights associated with said Leases Agreement (Land) and the Leased
Premises (collectively, the “Leases™).

NOW THEREFORE, for and in consideration of the mutual covenants contained herein
and other good and valuable consideration the receipt and sufficiency of which are hereby
acknowledged, the parties hereto agree as follows:

1. Assignment Assignor hereby represents and warrants unto Assignee that Assignor is the
lessee under the Leases and has the right to assign, and is hereby assigning, all of Assignor’s
right, title and interest under said Leases to Assignee; that Assignor has delivered all notices and
obtained all consents to assign that are necessary under said Leases except as set forth on Exhibit
A that Assignor has not executed or granted any modifications to, or extensions of, the Leases;
that the Leases are valid and subsisting and in full force and effect; and that, to the best of
Assignor’s knowledge, there are no defaults now existing and no event has occurred and no
condition exists which with the passage of time or the giving of notice, or both, would constitute
a default. As of the Effective Date of this Assignment and Assumption Agreement, the Assignor
hereby transfers and assigns to Assignee all of its right, title and interest in, to and under the
Leases and to hold the same unto Assignee and its successors and assigns from and after the date
hereof subject to the covenants, conditions and provisions therein provided. Assignor will
indemnify, defend and hold harmless Assignec, its successors and assigns and their respective
agents, employees, directors and officers from and against any claim, damage, loss, liability,
obligation, tax, demand, defense, judgment, suit, proceeding, disbursement or expenses of any
nature whatsoever (collectively, “Losses and Liabilities™) arising out of or in any way related to
the Leases after the Effective Date with respect to any fact or circumstance occurring or existing
prior to the Effective Date.
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2. Acceptance of Assignment. As of the Effective Date of this Assignment and Assumption
Agreement, Assignee hereby accepts the transfer and assignment of the Leases, and Assignee
hereby assumes and agrees to pay, perform and discharge all obligations and liabilities of
Assignor under the Leases which accrue and are to be performed after the Effective Date of this
Assignment, Assignee will indemnify, defend and hold harmless Assignor, its successors and
assigns and their representatives, agents, employees, directors and officers from and against any
and all Losses and Liabilities arising out of or in any way related to the Leases on and afier the
Effective Date of this Assignment and Assumption Agreement or which arise out of or are in any
way related to the Leases after the Effective Date other than on account of any fact or
circumstance occurring or existing prior to the Effective Date. Except as expressly provided
herein and in the Leases, Assignec shall not agssume or be bound by any obligations or liabilities
of the Assignor or any affiliate of the Assignor of any kind or nature, known, unknown, accrued,
absolute, contingent or otherwise, whether now existing or hereafter arising, whatsoever.

3. Consent to Assignment. To the extent that any of the Leases require notice to any
landlord or any other third party under the Leases and said notice(s) have not been sent as of the
Effective Date of this Assignment and Assumption Agreement by Assignor and Assignee,
Assignor will send out said notice(s) within five (5) business days of the Effective Date. To the
extent that any of the Leases require the consent of any landlord or any other third party under the
I.eases and said consent(s) have not been received and delivered to Assignee as of the Effective
Date of this Assignment and Assumption Agreement, Assignor will send out said a request for
consent to said landlord or third party within five (3) business days of the Effective Date and will
diligently work to obtain said consent(s) as soon as possible.

4. Binding Effect/Governing L.aw. This Assignment and Assurnption Agreement will be
binding on and inure to the benefit of the parties hereto, their heirs, executors, administrators,
successors in interest and assigns, The assignment and assumption of the Leases shall not
enlarge any rights of third parties under contracts or arrangements with Assignee, Assignor or
any of their respective affiliates, This Assignment and Assumption Agreement shall be governed
by and construed and enforced exclusively in accordance with the laws of the Commonwealth of
Massachusetts without regard to conflicts of laws principles. This Assignment and Assumption
Agreement may be execuled in one or more original or facsimile counterparts, and all
counterparts so executed shall constitute one agreement, binding upon the parties hereto,
notwithstanding that the parties are not signatory to the same counterpart,

(signatures on next page)
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IN WITNESS WHEREOF, the undersigned have each caused this Assignment and
Assumption Agreement to be duly executed as of the date set forth above by their duly
authorized representatives.

ASSIGNOR: VERTEX TOWERS, LLC

By: iéél@f\_ 9[(22 2 / \
Namey Stephen Kelleher

Title: Pregident

ASSIGNEE : VARSITYAWIRELESS INVESTORS, LLC.

By: ‘ﬁ/\
Name: Christopher Davis

Title: Pregidert

Commonwealth of Massachusetts
. 55 AT s 20&1
o ' '

Then personally appeared the above named Stephen Kelleher, President of Yertex Towers, LLC,
proved to me through satisfactory evidence of identification, which was oy .
to be the person who signed the preceding or attached document in my presence on behalf of said
limited liability company, and acknowledged the foregoing instrument to be the free act and deed
of the limited liability company.

f’ Francis D. Parigj

Before me Nntary Pyblie

Commonwealth of Massachusetts
g ow \L, 38 mh L 201}1

Then personally appeared the above named Christopher Davis, President of Varsity Wircless
Investors, LLC, proved to me through satisfactory evidence of identification, which was -

_L\ {oand » to be the person who signed the preceding or attached document in my
Presence on behalf of said limited liability company and acknowledged the foregoing instrumer:t

to be the free act and deed of the limited liability company. F' m%;u?:;s'
Gommiasion Expres
Before me had

My Commission Exp“’ “D.HH
Notary Pobio ,
m
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EXHIBIT A
VERTEX ID VARSITY ID | DATE OF | LANDLORD ADDRESS DEED
LEASE REFERENCE
Wellfleet VW-MA-0057 | 9/30/13 Donald I. Horton and Wendy C. Horton, 724 Route 6 Barnstable
Trustees of the Wendon Realty Trust wd/t | Wellfleet, MA 02667 Book 11440
May 20, 1998 Page 272
Wrentham VW-MA-0014 | 6/23/13 Thomas H. Morse, Jr., John A. Morse and | O Arnold Street Norfolk
Peter W. Morse, as Trustees of the Big Wrentham, MA 02093 | Book 5964
Apple Two Realty Page 483
Franklin WW-MAQ0026 | 6/28/13 William C. Roode and Jeanne M. Roode Assessors Map 349 Norfolk
Lot 006 Book 5501
Wrentham, MA Page 521
Haverhill VZ-MA-0051 | 7/24/13 Kimball Holdings, LLC Assessors Map 460 Essex Southern
Lots 2-11 and 2-12 Book 28986
Haverhill, MA Page 89
Taunton VW-MA-0054 | 3/15/13 George B. Hudson Assessors Map 44 Bristol Northern
Lots 5 and 71 Book 10269
Taunton, MA Page 53
Bridgewater VW-MA-0055 | 11/15/13 Donna J. DenBesten, Trustee of the Assessors Map 60 Plymouth
DenBesten Farm Realty Trust Lots 6, 7 and 29 Book 34064
Bridgewater, MA Page 128
N. Attleborough| VW-MA-0052 | 8/28/13 Richard J. Aubin, Trustee of the RTA 491 Hickory Road Bristol Northern
Realty Trust u/d/t dated March 6, 1997 North Attleborough, Book 7089
MA Page 349 and
350
Raynham VW-MA-0056 | 11/13/13 | Terry L. DenBesten and Donna J. 399 Locust Street Bristol Northern
DenBesten Raynham, MA Book 8482
Page 42
Plymouth VW-MA-0053 | 8/14/13 Richard N. Noonan, Jr., Trustee of 834 Bourne Rd Plymouth
Woodside Realty Trust u/d/t dated Plymouth, MA Book 3839
6/26/72 Page 119

JOHN F. MEADE, REGISTER

BARNSTABLE COUNTY REGISTRY OF DEEDS
RECEIVED & RECORDED ELECTRONICATLY




Section 3

Hydrology Model Using HydroCAD
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Pre-Construction
Tributary Area DP 1

DP 1 - SE CORNER OF
PROPERTY

Reach Routing Diagram for VW Wellfleet 6-Pre
Prepared by ProTerra Design Group, LLC, Printed 10/22/2014

HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC




VW Wellfleet 6-Pre

Prepared by ProTerra Design Group, LLC
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC

Printed 10/22/2014
Page 2

Area Listing (all nodes)

Area CN Description

(acres) (subcatchment-numbers)
0.142 49 50-75% Grass cover, Fair, HSG A (EX-1)
0.431 96 Gravel surface, HSG A (EX-1)
0.060 98 Roofs, HSG A (EX-1)
0.118 43 Woods/grass comb., Fair, HSG A (EX-1)
0.751 79 TOTAL AREA



VW Wellfleet 6-Pre

Prepared by ProTerra Design Group, LLC
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC

Printed 10/22/2014
Page 3

Soil Listing (all nodes)

Area Soil Subcatchment
(acres) Group Numbers

0.751 HSG A EX-1

0.000 HSG B

0.000 HSGC

0.000 HSG D

0.000 Other

0.751 TOTAL AREA



VW Wellfleet 6-Pre
Prepared by ProTerra Design Group, LLC

Printed 10/22/2014

HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC Page 4
Ground Covers (all nodes)
HSG-A HSG-B HSG-C HSG-D Other Total Ground Subcatchment
(acres) (acres) (acres) (acres) (acres) (acres) Cover Numbers
0.142 0.000 0.000 0.000 0.000 0.142 50-75% Grass cover, Fair EX-1
0.431 0.000 0.000 0.000 0.000 0.431 Gravel surface EX-1
0.060 0.000 0.000 0.000 0.000 0.060 Roofs EX-1
0.118 0.000 0.000 0.000 0.000 0.118 Woods/grass comb., Fair EX-1
0.751 0.000 0.000 0.000 0.000 0.751 TOTAL AREA



VW Wellfleet 6-Pre Type Il 24-hr 2-Year Rainfall=3.60"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC Page 5

Time span=5.00-30.00 hrs, dt=0.01 hrs, 2501 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment EX-1: Pre-Construction Runoff Area=32,715 sf  7.99% Impervious Runoff Depth=1.64"
Flow Length=226" Tc=11.4 min CN=79 Runoff=1.20 cfs 0.103 af

Reach DP 1: DP 1 - SE CORNER OF PROPERTY Inflow=1.20 cfs 0.103 af
Outflow=1.20 cfs 0.103 af

Total Runoff Area = 0.751 ac Runoff Volume = 0.103 af Average Runoff Depth = 1.64"
92.01% Pervious = 0.691 ac  7.99% Impervious = 0.060 ac



VW Wellfleet 6-Pre Type Il 24-hr 2-Year Rainfall=3.60"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
HydroCAD® 10.00-12_s/n 07277 © 2014 HydroCAD Software Solutions LLC Page 6

Summary for Subcatchment EX-1: Pre-Construction Tributary Area

Runoff = 1.20cfs @ 12.16 hrs, Volume= 0.103 af, Depth= 1.64"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-30.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.60"

Area (sf) CN Description
2,614 98 Roofs, HSG A
6,198 49 50-75% Grass cover, Fair, HSG A
18,777 96 Gravel surface, HSG A
5,126 43 Woods/grass comb., Fair, HSG A
32,715 79 Weighted Average

30,101 92.01% Pervious Area
2,614 7.99% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
10.2 92 0.0160 0.15 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.7 77 0.0130 1.84 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.5 57 0.1450 1.90 Shallow Concentrated Flow, Wooded Area C-D

Woodland Kv= 5.0 fps

11.4 226 Total

Subcatchment EX-1: Pre-Construction Tributary Area

Hydrograph
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3.60"
Page 7

Printed 10/22/2014

Type lll 24-hr 2-Year Rainfall

Summary for Reach DP 1: DP 1 - SE CORNER OF PROPERTY

HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC

Prepared by ProTerra Design Group, LLC

VW Wellfleet 6-Pre
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VW Wellfleet 6-Pre Type Il 24-hr 10-Year Rainfall=4.80"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC Page 8

Time span=5.00-30.00 hrs, dt=0.01 hrs, 2501 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment EX-1: Pre-Construction Runoff Area=32,715 sf 7.99% Impervious Runoff Depth=2.63"
Flow Length=226" Tc=11.4 min CN=79 Runoff=1.94 cfs 0.165 af

Reach DP 1: DP 1 - SE CORNER OF PROPERTY Inflow=1.94 cfs 0.165 af
Outflow=1.94 cfs 0.165 af

Total Runoff Area = 0.751 ac Runoff Volume = 0.165 af Average Runoff Depth = 2.63"
92.01% Pervious = 0.691 ac  7.99% Impervious = 0.060 ac



VW Wellfleet 6-Pre Type Il 24-hr 10-Year Rainfall=4.80"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
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Summary for Subcatchment EX-1: Pre-Construction Tributary Area

Runoff = 1.94 cfs @ 12.16 hrs, Volume= 0.165 af, Depth= 2.63"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-30.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=4.80"

Area (sf) CN Description
2,614 98 Roofs, HSG A
6,198 49 50-75% Grass cover, Fair, HSG A
18,777 96 Gravel surface, HSG A
5,126 43 Woods/grass comb., Fair, HSG A
32,715 79 Weighted Average

30,101 92.01% Pervious Area
2,614 7.99% Impervious Area
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
10.2 92 0.0160 0.15 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.7 77 0.0130 1.84 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.5 57 0.1450 1.90 Shallow Concentrated Flow, Wooded Area C-D

Woodland Kv= 5.0 fps

11.4 226 Total

Subcatchment EX-1: Pre-Construction Tributary Area

Hydrograph
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1  —®  Typeli24-hr
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VW Wellfleet 6-Pre Type Il 24-hr 100-Year Rainfall=7.10"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC Page 11

Time span=5.00-30.00 hrs, dt=0.01 hrs, 2501 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment EX-1: Pre-Construction Runoff Area=32,715 sf  7.99% Impervious Runoff Depth=4.68"
Flow Length=226" Tc=11.4 min CN=79 Runoff=3.43 cfs 0.293 af

Reach DP 1: DP 1 - SE CORNER OF PROPERTY Inflow=3.43 cfs 0.293 af
Outflow=3.43 cfs 0.293 af

Total Runoff Area = 0.751 ac Runoff Volume = 0.293 af Average Runoff Depth = 4.68"
92.01% Pervious = 0.691 ac  7.99% Impervious = 0.060 ac
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Summary for Subcatchment

Runoff

Runoff by SCS TR-20 method, UH=SCS, Weigh
Type lll 24-hr 100-Year Rainfall=7.10"

3.43cfs@ 12.15 hrs, Volume=

EX-1: Pre-Construction Tributary Area

0.293 af, Depth= 4.68"

ted-CN, Time Span= 5.00-30.00 hrs, dt= 0.01 hrs

Area (sf) CN Description
2,614 98 Roofs, HSG A
6,198 49 50-75% Grass cover, Fair, HSG A
18,777 96 Gravel surface, HSG A
5,126 43 Woods/grass comb., Fair, HSG A
32,715 79 Weighted Average
30,101 92.01% Pervious Area
2,614 7.99% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)
10.2 92 0.0160 0.15 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.7 77 0.0130 1.84 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.5 57 0.1450 1.90 Shallow Concentrated Flow, Wooded Area C-D
Woodland Kv= 5.0 fps
11.4 226 Total
Subcatchment EX-1: Pre-Construction Tributary Area
RERE L I -
e ~ Type Ill 24-hr
<1 ¥  100-Year Rainfall=7.10" |
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Summary for Reach DP 1: DP 1 - SE CORNER OF PROPERTY

for 100-Year event

7.99% Impervious, Inflow Depth = 4.68"

0.751 ac,

Inflow Area
Inflow

0.293 af

3.43 cfs @ 12.15 hrs, Volume

0.0 min

0%, Lag=

= 0.293 af, Atten

3.43cfs@ 12.15 hrs, Volume

Outflow

0.01 hrs

5.00-30.00 hrs, dt=

Routing by Stor-Ind+Trans method, Time Span

Reach DP 1: DP 1 - SE CORNER OF PROPERTY

Hydrograph
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Area Listing (all nodes)

Area CN Description

(acres) (subcatchment-numbers)
0.264 49 50-75% Grass cover, Fair, HSG A (P-1, P-2)
0.417 96 Gravel surface, HSG A (P-1, P-2)
0.029 98 Roofs, HSG A (P-1)
0.042 43 Woods/grass comb., Fair, HSG A (P-2)
0.751 77 TOTAL AREA



VW Wellfleet 6-Post

Prepared by ProTerra Design Group, LLC
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC

Printed 10/22/2014
Page 3

Soil Listing (all nodes)

Area Soil Subcatchment
(acres) Group Numbers

0.751 HSG A P-1, P-2

0.000 HSG B

0.000 HSGC

0.000 HSG D

0.000 Other

0.751 TOTAL AREA



VW Wellfleet 6-Post
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Ground Covers (all nodes)

HSG-A HSG-B HSG-C HSG-D Other Total Ground Subcatchment
(acres) (acres) (acres) (acres) (acres) (acres) Cover Numbers
0.264 0.000 0.000 0.000 0.000 0.264 50-75% Grass cover, Fair P-1, P-2
0.417 0.000 0.000 0.000 0.000 0.417  Gravel surface P-1, P-2
0.029 0.000 0.000 0.000 0.000 0.029 Roofs P-1
0.042 0.000 0.000 0.000 0.000 0.042 Woods/grass comb., Fair P-2

0.751 0.000 0.000 0.000 0.000 0.751 TOTAL AREA



VW Wellfleet 6-Post Type Il 24-hr 2-Year Rainfall=3.60"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
HydroCAD® 10.00-12 s/n 07277 © 2014 HydroCAD Software Solutions LLC Page 5

Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

SubcatchmentP-1: AREA TRIBUTARYTO Runoff Area=23,510 sf 5.31% Impervious Runoff Depth=2.19"
Flow Length=183" Tc=9.4 min CN=86 Runoff=1.23 cfs 0.098 af

SubcatchmentP-2: REMAINING Runoff Area=9,205 sf 0.00% Impervious Runoff Depth=0.31"
Flow Length=98" Tc=10.3 min CN=53 Runoff=0.03 cfs 0.005 af

Reach DP 10: DP 10 - SE CORNER OF PROPERTY Inflow=1.20 cfs 0.096 af
Outflow=1.20 cfs 0.096 af

Pond 1P: SAND FILTER BASIN (SFB) Peak Elev=25.16" Storage=78 cf Inflow=1.23 cfs 0.098 af
Outflow=1.21 cfs 0.097 af

Pond 2P: BIORETENTION AREA Peak Elev=21.63"' Storage=74 cf Inflow=1.21 cfs 0.097 af
Discarded=0.01 cfs 0.006 af Primary=1.18 cfs 0.091 af Outflow=1.19 cfs 0.097 af

Total Runoff Area = 0.751 ac Runoff Volume = 0.104 af Average Runoff Depth = 1.66"
96.18% Pervious =0.722 ac  3.82% Impervious = 0.029 ac



VW Wellfleet 6-Post Type Il 24-hr 2-Year Rainfall=3.60"
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Summary for Subcatchment P-1: AREA TRIBUTARY TO SFB

Runoff = 1.23 cfs @ 12.13 hrs, Volume= 0.098 af, Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.60"

Area (sf) CN Description
1,249 98 Roofs, HSG A
5,144 49 50-75% Grass cover, Fair, HSG A
17,117 96 Gravel surface, HSG A
23,510 86 Weighted Average

22,261 94.69% Pervious Area
1,249 5.31% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
8.6 74 0.0160 0.14 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.8 103 0.0200 2.28 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.0 6 0.3333 4.04 Shallow Concentrated Flow, Vegetated Slope C-D

Short Grass Pasture Kv= 7.0 fps

9.4 183 Total

Subcatchment P-1: AREA TRIBUTARY TO SFB

i Tc=9.4 min
; CN=86

Hydrograph
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VW Wellfleet 6-Post Type Il 24-hr 2-Year Rainfall=3.60"
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Summary for Subcatchment P-2: REMAINING POST-CONSTRUCTION TRIBUTARY AREA

Runoff = 0.03cfs @ 12.37 hrs, Volume= 0.005 af, Depth= 0.31"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.60"

Area (sf) CN Description
6,357 49 50-75% Grass cover, Fair, HSG A
1,030 96 Gravel surface, HSG A
1,818 43  Woods/grass comb., Fair, HSG A

9,205 53 Weighted Average

9,205 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
10.0 50 0.0050 0.08 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.1 14 0.0600 3.94 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.2 34 0.2500 2.50 Shallow Concentrated Flow, Wooded Area C-D
Woodland Kv= 5.0 fps
10.3 98 Total

Subcatchment P-2: REMAINING POST-CONSTRUCTION TRIBUTARY AREA
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VW Wellfleet 6-Post Type Il 24-hr 2-Year Rainfall=3.60"

Prepared by ProTerra Design Group, LLC Printed 10/22/2014
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Summary for Pond 1P: SAND FILTER BASIN (SFB)

Inflow Area = 0.540 ac, 5.31% Impervious, Inflow Depth = 2.19" for 2-Year event
Inflow = 1.23cfs @ 12.13 hrs, Volume= 0.098 af

Outflow = 1.21cfs @ 12.15 hrs, Volume= 0.097 af, Atten=2%, Lag= 1.2 min
Primary = 1.21cfs @ 12.15 hrs, Volume= 0.097 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=25.16' @ 12.15 hrs Surf.Area= 268 sf Storage= 78 cf

Plug-Flow detention time= 14.0 min calculated for 0.097 af (98% of inflow)
Center-of-Mass det. time= 4.7 min ( 825.3 - 820.7 )

Volume Invert Avail.Storage Storage Description
#1 24.00' 201 cf 4.00'W x 67.00'L x 3.00'H Prismatoid
804 cf Overall x 25.0% Voids
#2 27.00' 278 cf Custom Stage Data (Prismatic)Listed below (Recalc)
479 cf Total Available Storage
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
27.00 289 0 0
27.70 506 278 278
Device Routing Invert Outlet Devices
#1  Primary 24.00' 8.0" Round Culvert

L=19.3" CMP, projecting, no headwall, Ke= 0.900
Inlet / Outlet Invert= 24.00' / 23.81" S=0.0098 '/ Cc= 0.900
n=0.013, Flow Area= 0.35 sf

#2  Device 1 25.00" 0.27 cfs Exfiltration X 264.00 when above 25.00’

#3  Primary 27.20' 10.0'long x 6.0" breadth Broad-Crested Rectangular Weir X 2.00
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
2.50 3.00 3.50 4.00 4.50 5.00 5.50
Coef. (English) 2.37 2.51 2.70 2.68 2.68 2.67 2.65 2.65 2.65
2.65 2.66 2.66 2.67 2.69 2.72 2.76 2.83

Primary OutFlow Max=1.21 cfs @ 12.15 hrs HW=25.16" (Free Discharge)
=Culvert (Inlet Controls 1.21 cfs @ 3.46 fps)
2=Exfiltration (Passes 1.21 cfs of 71.28 cfs potential flow)
3=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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VW Wellfleet 6-Post Type Il 24-hr 2-Year Rainfall=3.60"
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Summary for Pond 2P: BIORETENTION AREA

Inflow Area = 0.540 ac, 5.31% Impervious, Inflow Depth = 2.15" for 2-Year event
Inflow = 1.21cfs @ 12.15 hrs, Volume= 0.097 af

Outflow = 1.19cfs @ 12.17 hrs, Volume= 0.097 af, Atten=2%, Lag= 1.2 min
Discarded = 0.01cfs@ 12.17 hrs, Volume= 0.006 af

Primary = 1.18 cfs @ 12.17 hrs, Volume= 0.091 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=21.63' @ 12.17 hrs Surf.Area= 264 sf Storage= 74 cf

Plug-Flow detention time= 11.3 min calculated for 0.097 af (100% of inflow)
Center-of-Mass det. time= 10.2 min ( 835.5 - 825.3)

Volume Invert Avail.Storage Storage Description
#1 20.50 165 cf 6.00'W x 44.00'L x 2.50'H Prismatoid
660 cf Overall x 25.0% Voids
#2 23.00 806 cf Custom Stage Data (Conic)Listed below (Recalc)
971 cf Total Available Storage
Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (cubic-feet) (cubic-feet) (sq-ft)
23.00 189 0 0 189
24.00 402 289 289 410
25.00 641 517 806 662
Device Routing Invert Outlet Devices
#1 Discarded 20.50'" 2.410 in/hr Exfiltration over Wetted area from 20.50' - 23.00’
Excluded Wetted area = 264 sf
#2  Primary 20.50' 8.0" Round Culvert

L=39.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert= 20.50' / 20.11" S=0.0100'/" Cc= 0.900
n=0.013, Flow Area= 0.35 sf

#3  Device 2 24.00' 6.0" Horiz. Orifice/Grate C=0.600
Limited to weir flow at low heads
#4  Device 2 21.25" 0.27 cfs Exfiltration X 264.00 when above 21.25'

iscarded OutFlow Max=0.01 cfs @ 12.17 hrs HW=21.63' (Free Discharge)
1=Exfiltration (Exfiltration Controls 0.01 cfs)

Primary OutFlow Max=1.18 cfs @ 12.17 hrs HW=21.63" (Free Discharge)
T _2=Culvert (Inlet Controls 1.18 cfs @ 3.39 fps)
T:3=OrificelGrate ( Controls 0.00 cfs)
4=Exfiltration (Passes 1.18 cfs of 71.28 cfs potential flow)
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Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

SubcatchmentP-1: AREA TRIBUTARYTO Runoff Area=23,510 sf 5.31% Impervious Runoff Depth=3.28"
Flow Length=183" Tc=9.4 min CN=86 Runoff=1.83 cfs 0.148 af

SubcatchmentP-2: REMAINING Runoff Area=9,205 sf 0.00% Impervious Runoff Depth=0.77"
Flow Length=98" Tc=10.3 min CN=53 Runoff=0.11 cfs 0.014 af

Reach DP 10: DP 10 - SE CORNER OF PROPERTY Inflow=1.80 cfs 0.153 af
Outflow=1.80 cfs 0.153 af

Pond 1P: SAND FILTER BASIN (SFB) Peak Elev=26.07" Storage=139 cf Inflow=1.83 cfs 0.148 af
Outflow=1.75 cfs 0.146 af

Pond 2P: BIORETENTION AREA Peak Elev=22.45"' Storage=129 cf Inflow=1.75 cfs 0.146 af
Discarded=0.01 cfs 0.006 af Primary=1.69 cfs 0.139 af Outflow=1.70 cfs 0.146 af

Total Runoff Area = 0.751 ac Runoff Volume = 0.161 af Average Runoff Depth = 2.57"
96.18% Pervious =0.722 ac  3.82% Impervious = 0.029 ac
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Summary for Subcatchment P-1: AREA TRIBUTARY TO SFB

Runoff = 1.83 cfs @ 12.13 hrs, Volume= 0.148 af, Depth= 3.28"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=4.80"

Area (sf) CN Description
1,249 98 Roofs, HSG A
5,144 49 50-75% Grass cover, Fair, HSG A
17,117 96 Gravel surface, HSG A
23,510 86 Weighted Average

22,261 94.69% Pervious Area
1,249 5.31% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
8.6 74 0.0160 0.14 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.8 103 0.0200 2.28 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.0 6 0.3333 4.04 Shallow Concentrated Flow, Vegetated Slope C-D

Short Grass Pasture Kv= 7.0 fps

9.4 183 Total

Subcatchment P-1: AREA TRIBUTARY TO SFB

‘Tc=9.4 min
CN=86

Hydrograph
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Summary for Subcatchment P-2: REMAINING POST-CONSTRUCTION TRIBUTARY AREA

Runoff = 0.11cfs@ 12.18 hrs, Volume= 0.014 af, Depth= 0.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=4.80"

Area (sf) CN Description
6,357 49 50-75% Grass cover, Fair, HSG A
1,030 96 Gravel surface, HSG A
1,818 43  Woods/grass comb., Fair, HSG A
9,205 53 Weighted Average
9,205 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

(min) (feet) (ft/ft)  (ft/sec) (cfs)
10.0 50 0.0050 0.08 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.1 14 0.0600 3.94 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.2 34 0.2500 2.50 Shallow Concentrated Flow, Wooded Area C-D
Woodland Kv= 5.0 fps
10.3 98 Total

Subcatchment P-2: REMAINING POST-CONSTRUCTION TRIBUTARY AREA
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Summary for Reach DP 10: DP 10 - SE CORNER OF PROPERTY

for 10-Year event

3.82% Impervious, Inflow Depth = 2.44"

0.751 ac,

Inflow Area
Inflow

0.0 min

= 0%, Lag=

0.153 af, Atten

0.153 af

1.80cfs @ 12.19 hrs, Volume
1.80cfs @ 12.19 hrs, Volume

Outflow

0.01 hrs

0.00-30.00 hrs, dt=

Routing by Stor-Ind+Trans method, Time Span

Reach DP 10: DP 10 - SE CORNER OF PROPERTY
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Summary for Pond 1P: SAND FILTER BASIN (SFB)

Inflow Area = 0.540 ac, 5.31% Impervious, Inflow Depth = 3.28" for 10-Year event
Inflow = 1.83cfs @ 12.13 hrs, Volume= 0.148 af

Outflow = 1.75cfs @ 12.16 hrs, Volume= 0.146 af, Atten=4%, Lag= 1.8 min
Primary = 1.75cfs @ 12.16 hrs, Volume= 0.146 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=26.07' @ 12.16 hrs Surf.Area= 268 sf Storage= 139 cf

Plug-Flow detention time= 10.3 min calculated for 0.146 af (99% of inflow)
Center-of-Mass det. time= 3.8 min ( 813.0 - 809.1)

Volume Invert Avail.Storage Storage Description
#1 24.00' 201 cf 4.00'W x 67.00'L x 3.00'H Prismatoid
804 cf Overall x 25.0% Voids
#2 27.00' 278 cf Custom Stage Data (Prismatic)Listed below (Recalc)
479 cf Total Available Storage
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
27.00 289 0 0
27.70 506 278 278
Device Routing Invert Outlet Devices
#1  Primary 24.00' 8.0" Round Culvert

L=19.3" CMP, projecting, no headwall, Ke= 0.900
Inlet / Outlet Invert= 24.00' / 23.81" S=0.0098 '/ Cc= 0.900
n=0.013, Flow Area= 0.35 sf

#2  Device 1 25.00" 0.27 cfs Exfiltration X 264.00 when above 25.00’

#3  Primary 27.20' 10.0'long x 6.0" breadth Broad-Crested Rectangular Weir X 2.00
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
2.50 3.00 3.50 4.00 4.50 5.00 5.50
Coef. (English) 2.37 2.51 2.70 2.68 2.68 2.67 2.65 2.65 2.65
2.65 2.66 2.66 2.67 2.69 2.72 2.76 2.83

Primary OutFlow Max=1.75 cfs @ 12.16 hrs HW=26.07" (Free Discharge)
=Culvert (Inlet Controls 1.75 cfs @ 5.02 fps)
2=Exfiltration (Passes 1.75 cfs of 71.28 cfs potential flow)
3=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Summary for Pond 2P: BIORETENTION AREA

Inflow Area = 0.540 ac, 5.31% Impervious, Inflow Depth = 3.25" for 10-Year event
Inflow = 1.75cfs @ 12.16 hrs, Volume= 0.146 af

Outflow = 1.70cfs @ 12.19 hrs, Volume= 0.146 af, Atten= 3%, Lag= 1.8 min
Discarded = 0.01cfs@ 12.19 hrs, Volume= 0.006 af

Primary = 1.69cfs @ 12.19 hrs, Volume= 0.139 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=22.45' @ 12.19 hrs Surf.Area= 264 sf Storage= 129 cf

Plug-Flow detention time= 8.2 min calculated for 0.146 af (100% of inflow)
Center-of-Mass det. time= 7.4 min ( 820.3 - 813.0)

Volume Invert Avail.Storage Storage Description
#1 20.50 165 cf 6.00'W x 44.00'L x 2.50'H Prismatoid
660 cf Overall x 25.0% Voids
#2 23.00 806 cf Custom Stage Data (Conic)Listed below (Recalc)
971 cf Total Available Storage
Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (cubic-feet) (cubic-feet) (sq-ft)
23.00 189 0 0 189
24.00 402 289 289 410
25.00 641 517 806 662
Device Routing Invert Outlet Devices
#1 Discarded 20.50'" 2.410 in/hr Exfiltration over Wetted area from 20.50' - 23.00’
Excluded Wetted area = 264 sf
#2  Primary 20.50' 8.0" Round Culvert

L=39.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert= 20.50' / 20.11" S=0.0100'/" Cc= 0.900
n=0.013, Flow Area= 0.35 sf

#3  Device 2 24.00' 6.0" Horiz. Orifice/Grate C=0.600
Limited to weir flow at low heads
#4  Device 2 21.25" 0.27 cfs Exfiltration X 264.00 when above 21.25'

iscarded OutFlow Max=0.01 cfs @ 12.19 hrs HW=22.45' (Free Discharge)
1=Exfiltration (Exfiltration Controls 0.01 cfs)

Primary OutFlow Max=1.69 cfs @ 12.19 hrs HW=22.45" (Free Discharge)
T _2=Culvert (Inlet Controls 1.69 cfs @ 4.83 fps)
T:3=OrificelGrate ( Controls 0.00 cfs)
4=EXxfiltration (Passes 1.69 cfs of 71.28 cfs potential flow)
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Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

SubcatchmentP-1: AREA TRIBUTARYTO Runoff Area=23,510 sf 5.31% Impervious Runoff Depth=5.46"
Flow Length=183" Tc=9.4 min CN=86 Runoff=2.98 cfs 0.246 af

SubcatchmentP-2: REMAINING Runoff Area=9,205 sf 0.00% Impervious Runoff Depth=2.00"
Flow Length=98" Tc=10.3 min CN=53 Runoff=0.39 cfs 0.035 af

Reach DP 10: DP 10 - SE CORNER OF PROPERTY Inflow=2.64 cfs 0.272 af
Outflow=2.64 cfs 0.272 af

Pond 1P: SAND FILTER BASIN (SFB) Peak Elev=27.26' Storage=287 cf Inflow=2.98 cfs 0.246 af
Outflow=2.97 cfs 0.244 af

Pond 2P: BIORETENTION AREA Peak Elev=23.79" Storage=373 cf Inflow=2.97 cfs 0.244 af
Discarded=0.02 cfs 0.008 af Primary=2.28 cfs 0.236 af Outflow=2.30 cfs 0.244 af

Total Runoff Area = 0.751 ac Runoff Volume = 0.281 af Average Runoff Depth = 4.49"
96.18% Pervious =0.722 ac  3.82% Impervious = 0.029 ac
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Summary for Subcatchment P-1: AREA TRIBUTARY TO SFB

Runoff 298 cfs @ 12.13 hrs, Volume= 0.246 af, Depth= 5.46"
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Type lll 24-hr 100-Year Rainfall=7.10"

Area (sf) CN Description
1,249 98 Roofs, HSG A
5,144 49 50-75% Grass cover, Fair, HSG A
17,117 96 Gravel surface, HSG A
23,510 86 Weighted Average
22,261 94.69% Pervious Area
1,249 5.31% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
8.6 74 0.0160 0.14 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.8 103 0.0200 2.28 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.0 6 0.3333 4.04 Shallow Concentrated Flow, Vegetated Slope C-D
Short Grass Pasture Kv= 7.0 fps
9.4 183 Total
Subcatchment P-1: AREA TRIBUTARY TO SFB
Hydrograph
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Summary for Subcatchment P-2: REMAINING POST-CONSTRUCTION TRIBUTARY AREA

Runoff = 0.39cfs@ 12.16 hrs, Volume= 0.035 af, Depth= 2.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type lll 24-hr 100-Year Rainfall=7.10"

Area (sf) CN Description
6,357 49 50-75% Grass cover, Fair, HSG A
1,030 96 Gravel surface, HSG A
1,818 43  Woods/grass comb., Fair, HSG A

9,205 53 Weighted Average

9,205 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
10.0 50 0.0050 0.08 Sheet Flow, Over Gravel A-B
Grass: Short n=0.150 P2=3.10"
0.1 14 0.0600 3.94 Shallow Concentrated Flow, Over Gravel B-C
Unpaved Kv= 16.1 fps
0.2 34 0.2500 2.50 Shallow Concentrated Flow, Wooded Area C-D
Woodland Kv= 5.0 fps
10.3 98 Total

Subcatchment P-2: REMAINING POST-CONSTRUCTION TRIBUTARY AREA
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Reach DP 10: DP 10 - SE CORNER OF PROPERTY

264 cfs@ 12.20 hrs, Volume
264 cfs @ 12.20 hrs, Volume

0.751 ac,
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Summary for Pond 1P: SAND FILTER BASIN (SFB)

Inflow Area = 0.540 ac, 5.31% Impervious, Inflow Depth = 5.46" for 100-Year event
Inflow = 298 cfs @ 12.13 hrs, Volume= 0.246 af

Outflow = 297 cfs @ 12.14 hrs, Volume= 0.244 af, Atten= 0%, Lag= 0.8 min
Primary = 297 cfs @ 12.14 hrs, Volume= 0.244 of

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=27.26' @ 12.14 hrs Surf.Area= 638 sf Storage= 287 cf

Plug-Flow detention time= 7.1 min calculated for 0.244 af (99% of inflow)
Center-of-Mass det. time= 3.1 min ( 798.0 - 794.9)

Volume Invert Avail.Storage Storage Description
#1 24.00' 201 cf 4.00'W x 67.00'L x 3.00'H Prismatoid
804 cf Overall x 25.0% Voids
#2 27.00' 278 cf Custom Stage Data (Prismatic)Listed below (Recalc)
479 cf Total Available Storage
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)
27.00 289 0 0
27.70 506 278 278
Device Routing Invert Outlet Devices
#1  Primary 24.00' 8.0" Round Culvert

L=19.3" CMP, projecting, no headwall, Ke= 0.900
Inlet / Outlet Invert= 24.00' / 23.81" S=0.0098 '/ Cc= 0.900
n=0.013, Flow Area= 0.35 sf

#2  Device 1 25.00" 0.27 cfs Exfiltration X 264.00 when above 25.00’

#3  Primary 27.20' 10.0'long x 6.0" breadth Broad-Crested Rectangular Weir X 2.00
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
2.50 3.00 3.50 4.00 4.50 5.00 5.50
Coef. (English) 2.37 2.51 2.70 2.68 2.68 2.67 2.65 2.65 2.65
2.65 2.66 2.66 2.67 2.69 2.72 2.76 2.83

Primary OutFlow Max=2.96 cfs @ 12.14 hrs HW=27.26" (Free Discharge)
=Culvert (Inlet Controls 2.27 cfs @ 6.50 fps)
2=Exfiltration (Passes 2.27 cfs of 71.28 cfs potential flow)
3=Broad-Crested Rectangular Weir (Weir Controls 0.69 cfs @ 0.58 fps)
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VW Wellfleet 6-Post Type Il 24-hr 100-Year Rainfall=7.10"
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Summary for Pond 2P: BIORETENTION AREA

Inflow Area = 0.540 ac, 5.31% Impervious, Inflow Depth = 5.43" for 100-Year event
Inflow = 297 cfs @ 12.14 hrs, Volume= 0.244 of

Outflow = 2.30cfs @ 12.22 hrs, Volume= 0.244 af, Atten=22%, Lag= 4.9 min
Discarded = 0.02cfs @ 12.11 hrs, Volume= 0.008 af

Primary = 228 cfs @ 12.22 hrs, Volume= 0.236 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev=23.79' @ 12.22 hrs Surf.Area= 614 sf Storage= 373 cf

Plug-Flow detention time= 5.7 min calculated for 0.244 af (100% of inflow)
Center-of-Mass det. time= 5.3 min ( 803.3 - 798.0)

Volume Invert Avail.Storage Storage Description
#1 20.50 165 cf 6.00'W x 44.00'L x 2.50'H Prismatoid
660 cf Overall x 25.0% Voids
#2 23.00 806 cf Custom Stage Data (Conic)Listed below (Recalc)
971 cf Total Available Storage
Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (cubic-feet) (cubic-feet) (sq-ft)
23.00 189 0 0 189
24.00 402 289 289 410
25.00 641 517 806 662
Device Routing Invert Outlet Devices
#1 Discarded 20.50'" 2.410 in/hr Exfiltration over Wetted area from 20.50' - 23.00’
Excluded Wetted area = 264 sf
#2  Primary 20.50' 8.0" Round Culvert

L=39.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert= 20.50' / 20.11" S=0.0100'/" Cc= 0.900
n=0.013, Flow Area= 0.35 sf

#3  Device 2 24.00' 6.0" Horiz. Orifice/Grate C=0.600
Limited to weir flow at low heads
#4  Device 2 21.25" 0.27 cfs Exfiltration X 264.00 when above 21.25'

iscarded OutFlow Max=0.02 cfs @ 12.11 hrs HW=23.04' (Free Discharge)
1=Exfiltration (Exfiltration Controls 0.02 cfs)

Primary OutFlow Max=2.28 cfs @ 12.22 hrs HW=23.78"' (Free Discharge)
T _2=Culvert (Inlet Controls 2.28 cfs @ 6.53 fps)
T:3=OrificelGrate ( Controls 0.00 cfs)
4=Exfiltration (Passes 2.28 cfs of 71.28 cfs potential flow)
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Section 4

Stormwater Management Calculations



RECHARGE TO GROUNDWATER

The calculation for the Required Recharge Volume is done using the equations in the 2008
Massachusetts Stormwater Handbook. The Required Recharge Volume equals a depth of
runoff corresponding to the soil type times the new impervious areas covering that soil type
at the post development site. The Required Recharge Volume is based on the Static method.
The infiltration BMP proposed is a bioretention area.

Rv = F x impervious area (Equation 1) Volume 3, Ch 1, page 15
Rv = Required Recharge Volume, expressed in cubic feet, cubic yards, or acre-feet
F = Target Depth Factor associated with each Hydrologic Soil Group (HSG)

Impervious Area = concrete pads, tower, & shelter roof =
~1,249 sf (imp% =1,249 sf/3,249 sf=38% considering compound only)

F for A soils = 0.60 inches (Table 2.3.2) Volume 3, Ch 1, page 16
F for B soils = 0.35 inches
F for C soils = 0.25 inches
F for D soils = 0.10 inches

Using the formula above, the following table shows the site’s proposed impervious surface
area overlying particular Hydrologic Soil Groups and the calculated Required Recharge
Volume. The NRCS soil report for the site and infiltration BMP location shows coarse sand.
The corresponding Hydrologic Soil Group is estimated as HSG A and an F value of 0.60
inches (or 0.05 feet) was used.

Rv = F x impervious area = 0.05’ X 1,249 sf = 63 cf (A Soils)

The proposed site has all impervious surface stormwater runoff directed to infiltration
BMPs near compound area — no adjustment required.



WATER QUALITY VOLUME

The following calculation summarizes the tributary area and 1” equivalent water quality
volume generated. The compound generates runoff for pretreatment by the sand filter
basin before discharge to the bioretention area.

wWQV = WQD x Impervious Area

WQV = Water Quality Volume

WQD = Water Quality Depth, 0.5” or 1” if critical area

Impervious Area = impervious tributary to treatment train

WQVCompound =1” / (12”/’) x 1249 sf = 104 cf

Volume provided in sand filter basin above ground = 278 cf (See HydroCAD Calculations)

278 cf > 104 cf Therefore OK



EVALUATION OF INFILTRATION FEASIBILITY

Table 1 — Infiltration Feasibility

Criteria

Status

Infiltration rate greater than or equal to 0.17
inches/hour

Infiltration rate is estimated at 2.41 inches/hour from
Rawl’s Loamy Sand. Record test-hole data associated
with the on-site septic system also confirm the
infiltration rate; however, it shall confirmed by proxy
boring.

Soils have a clay content of less than 20% and a
silt/clay content of less than 40%

Coarse sand meets criteria

Infiltration on slopes less than 6%

Bioretention area graded with 0% slope

Bottom of infiltration must be separated at least 2
feet from groundwater

Groundwater estimated at >80” depth from surface
based upon NRCS. Trench is limited to 2.5 ft depth to
provide 2’ offset with seasonal high gw. Record test-
hole data state that gw was not encountered within
12’ below grade. Seasonal gw elevation to be
confirmed by subsurface exploration.

Facility located 100 feet from a well

No known wells within 100’

Maximum contributing area less than 5 acres

Tributary Area = 0.54 acres

Setback 20 feet down-gradient from structures

Downgradient of structures.

Determine the required surface area of trench to meet the design constraints.

WQv

SurfaceArea, ., = —————
(ND + KT /12)

Where:

Maryland Department of Natural Resources 1984

WQv = Water Quality Volume = 104 cf > Required Recharge Volume = 63 cf, use 104 cf
k = Saturated Hydraulic Conductivity, in/hr = 2.41in/hr

T = Fill Time, hours, 2 hours
d = Trench Depth, ft, 2.5 feet
n = Porosity, 25%

(104)

SurfaceArea;

Surface Area Trench = 102 sf
Available Width = 6 ft
Minimum Length = 17 ft

Length Provided = 44 ft > 17 ft — OK

e T 0.05%2.54 2.41%2/12"/)

Confirm depth to bedrock and groundwater during boring to be conducted for design of

tower foundation.




BIORETENTION AREA VOLUME AVAILABLE

Based on calculations from the HydroCAD model, the storage volume for the bioretention
area allows 165 cf of stormwater to be infiltrated within the void space and additional
storage is available below the top of the berm.

Total Storage volume available for Recharge

Voids in Trench = 44’x6’x2.5’ X 25% voids = 165 cf > 63 cf Rv and 104 cf WQV - OK

DRAWDOWN TIME

Below are the drawdown time calculations for the subsurface infiltration structure systems
proposed on the site. The calculations use K values of 2.41 inches per hour as shown on the
Rawl’s table (Chapter 1 page 22) for Textural Class Loamy Sand in the HydroCAD model.

. \Y
TIMe,,iomn = Volume 3, Ch 1, pages 25

(K)(Bottom Area)

Where:

V = Storage Volume *

K = Saturated Hydraulic Conductivity, Rawls Rate
Bottom Area = Bottom Area of Recharge Structure

* The Storage Volume was assumed to be the storage available in the bioretention area
with 25% void spaces in the sand.

(44'x6'x2.5'X25%)
(2.41"/12"/")(44'x6")
Time hrs drawdown = 3.1 hours

Ti medrawdown =

Bioretention Area Drain Down Time Calc 4 hrs

Infiltration Trench Drain Down Time Calc @ 2.41 in/hr 4 | hrs

Infiltration Trench Drain Down Time Calc @ 1.02 in/hr 8 | hrs

The calculations show that the trench will drawdown within the required 72 hours between
storm events.
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BMP TREATMENT TRAIN

Compound
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Sand Filter

80%
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Bioretention Area
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98% TSS Removal
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Section 5

Soil Data



PROPOSED LEACHING AREA IS TO
OR IM PART UNDER A PARKING OR
) COMPONENTS ARE TO BE INSTALLED O
ND A VENT PROVIDED TO THE ks
YANCE WITH 310 CMR 15.241.

x
H
-
o
R0~ S
1/2° / £ =
| ﬁyf SEack np
3 ]
SOVER Uﬁr‘j,_.—r/ 1
b R o
INAL ‘ﬁ’/ 5 “-Locus
z
— in
MAX. COVER .
" MIN, COVER PARCEL 44
LOCUS MAP 1"= 2000’
oo|lloo ¢ o
o o oo o o
o o oo o o
o o oo o g *
X 2 \ |
BOTTOM OF SYSTEM \
ELEV.=22.5
PARCEL a5
6.83 ACRES
i,
_\-\_-\-\_\1—93“%-._._\_\_ FERLoarl CERVIOUS \ PROPOSED OFFICE BUILDING
- F:A_R":'N_G ,,A_RE..A _——WITH FUTURE 2 BEDROOM
) g B APARTMENT ABOVE
- g = \ TOP OF FOUNDATION © ELEV,=29'%
REZE =
__ 20
o]

BOARD OF HEALTH
WELLFLEET

SITE PLAN
I%LL SEWAGE SYSTEM DESIGN —

A}
PROPOSED \
PERVIOUS
PARKING
AREA

— 34
S 3 REtANING
WALL

Vs

EXISTING
WELL

DATE ’ Locus: 724 ROUTE 6 B
East Caope Engineering, Inc. WELLFLEET, MA ]
* CIVIL ENGINEERS REF: ASSESSOR’S MAP 42, PARCEL 43
LAND SURVEYORS -
# 44 Route 28, Orleans, Mass, PREPARED FOR: CAPE COD DISPOSAL CO.

(508) 255-7120
MA

SCALE: 1°=30' DATE: 10/24 /01 DWG: 01199SPL

01-199




PROFILE OF PROPOSED SYSTEM
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Custom Soil Resource Report

Map Unit Legend

Barnstable County, Massachusetts (MA001)

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

252B

Carver coarse sand, 3t0 8 6.7
percent slopes

100.0%

Totals for Area of Interest 6.7

100.0%

Map Unit Descriptions

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

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

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

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

10




Custom Soil Resource Report

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.

11



Custom Soil Resource Report

Barnstable County, Massachusetts

252B—Carver coarse sand, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 98qd
Elevation: 0 to 1,000 feet
Mean annual precipitation: 37 to 50 inches
Mean annual air temperature: 45 to 55 degrees F
Frost-free period: 120 to 240 days
Farmland classification: Not prime farmland

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

Description of Carver

Setting
Landform: Outwash plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Riser
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Sandy glaciofluvial deposits; loose sandy glaciofluvial deposits

Typical profile
H1 - 0 to 7 inches: coarse sand
H2 - 7 to 17 inches: coarse sand
H3 - 17 to 64 inches: coarse sand

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Excessively drained
Runoff class: Very low

Capacity of the most limiting layer to transmit water (Ksat): Very high (20.00 to 99.90

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: A

Minor Components

Hinckley
Percent of map unit: 6 percent

Merrimac
Percent of map unit: 6 percent

12



Custom Soil Resource Report

Eastchop
Percent of map unit: 4 percent

Enfield
Percent of map unit: 4 percent

13



Custom Soil Resource Report
Map—Hydrologic Soil Group (VW - Wellfleet 6)
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Map Scale: 1:1,610 if printed on A portrait (8.5" x 11") sheet.
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Map projection: Web Mercator Comer coordinates: WGS84 Edge tics: UTM Zone 19N WGS84
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Custom Soil Resource Report

Table—Hydrologic Soil Group (VW - Wellfleet 6)

Hydrologic Soil Group— Summary by Map Unit — Barnstable County, Massachusetts (MA001)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
252B Carver coarse sand, 3to |A 6.7 100.0%
8 percent slopes
Totals for Area of Interest 6.7 100.0%

Rating Options—Hydrologic Soil Group (VW - Wellfleet 6)

Aggregation Method: Dominant Condition

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

Water Features

Water Features include ponding frequency, flooding frequency, and depth to water

table.

Depth to Water Table (VW - Wellfleet 6)

"Water table" refers to a saturated zone in the soil. It occurs during specified months.
Estimates of the upper limit are based mainly on observations of the water table at

selected sites and on evidence of a saturated zone, namely grayish colors

(redoximorphic features) in the soil. A saturated zone that lasts for less than a month
is not considered a water table.

This attribute is actually recorded as three separate values in the database. A low
value and a high value indicate the range of this attribute for the soil component. A
"representative" value indicates the expected value of this attribute for the component.
For this soil property, only the representative value is used.
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Custom Soil Resource Report
Map—Depth to Water Table (VW - Wellfleet 6)
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Custom Soil Resource Report

Table—Depth to Water Table (VW - Wellfleet 6)

Depth to Water Table— Summary by Map Unit — Barnstable County, Massachusetts (MA001)

Map unit symbol Map unit name Rating (centimeters) Acres in AOI Percent of AOI

252B Carver coarse sand, 3 to |>200 6.7 100.0%
8 percent slopes

Totals for Area of Interest 6.7 100.0%
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