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May 27, 2024 

Revised October 22, 2024 

 

Town of Falmouth 
Zoning Board of Appeals 
59 Town Hall Square 
Falmouth, MA 02540 
 
Site No: VT-MA-0231E 
  Vertex Towers, LLC 
  481 Quaker Road 
  Falmouth, MA 02556 
  Barnstable County 
 
RE: Drainage Analysis and Design for Proposed Cell Tower and Communications Facility 
 
Dear Board Members, 
 
Project Overview and Methodology 
 
Advanced Engineering Group, PC (AEG) has prepared a drainage analysis and report for a proposed 
communication compound.  The stormwater analysis is based on the Rational Method for peak discharge.  
The analysis will determine the stormwater volume and associated peak runoff comparing existing and 
proposed flows for the design storm periods.  Watershed areas are based on topographic survey, MAGIS 
and USGS Quad Maps.   
 
The project proposes to install a wireless telecommunications facility at the assigned location, as depicted 
on the plans.  The 50’ x 50’ compound is to be placed adjacent to the eastern limit of the existing parking 
area of the Bishop of Fall River property.  Access to the proposed compound will be set as a 10-foot-wide 
utility easement through the travel aisles of the existing parking area to the gate of the fenced compound 
area.  There is to be no alteration to the parking area.  The wooded area to the rear of the parking lot will 
be cleared to allow for off grading to match smoothly to the surrounding grades.  This area will extend 
slightly beyond the compound.  New landscaping will be added to screen the compound area from the 
parking area. 
 
The facility will consist of level graded crushed stone inside the fenced area and extend one foot beyond 
the fence line. The compound area will match existing grades emulating existing stormwater drainage 
patterns.  Equipment will consist of a 120-foot A.G.L. monopole with antennas connecting to radio and 
power cabinets with coax cables extending to the ground mounted units stationed on a concrete pad. 
 
As mentioned previously, access to the compound will be through the parking area with no additional 
roadway or access road planned.  The easement will extend through the parking area with direct access to 
Quaker Road.  The site will not lie in the vicinity of any BVW resource area.  The existing site is 
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moderately wooded with watershed tributary to a BVW located approximately 100 feet to the east of the 
compound. 
 
Stormwater Computations: Rational Method (See Enclosed Sheet) 
 
Rational Method Equation: Q = CIA, whereas, 
 
 Q = flow (ft3/s) 
 C = Runoff Coefficient  
  I = Rainfall Intensity (in/hr., based on USDA TP40) 
 A = Drainage Area (acres) 
 
It should be noted that the intensity and area will remain constant for both pre- and post-development 
conditions since the hydraulic length and size will be below the 5-minute minimum threshold.  The only 
changing variable will be the stormwater coefficient.   
 
Existing Conditions 
 
The existing watershed originates at the edge of the existing parking lot and drains to the north as 
concentrated sheet flow. Stormwater runoff then enters the wooded area draining to a BVW 
approximately 300 feet to the north.  Land is moderately sloped with a small knoll where the proposed 
facility will be placed.   
 
Soils for the site are predominantly sandy loam, Hydrologic Soils Group B. 
 
The overall ground cover and corresponding runoff coefficient value (C) for the existing watershed is 
broken down as follows: 
 
The Existing Watershed has an area of approximately 65,529 SF (1.50 acres) of which, 

• Wooded Area = 39,434 SF  
o C = 0.35 

• Existing Parking Area = 25,595 SF 
o C = 0.95  

• Open Space (unpaved) = 500 SF 
o C = 0.50 

Weighted C Value 
  Cw = 0.59(.35) + 0.39(0.95) + 0.02(0.50) 
 
 Cw= 0.587 
 
Intensity /Time of Concentration 

Time of concentration is based on the hydraulic length and average slope related to the MassDOT 
time of concentration charts. 
 
HL = 668 ft 
Hs = 0.030 ft/ft 
Based on Chart Tc= <5 min.  (use standard 5 min minimum time) 
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 Based on stormwater Intensity graphs for 25-year storm I = 6.2 in/hr,  
 For 10 year storm I = 4.8 on/hr 
 For 2 year storm I = 3.2 in/hr 
 
Design Flow (Q) 
 For Q = CIA,  
 
 Q= (0.587) (6.2in/hr.)(1.49 acres) = 5.42 CFS 
 
Proposed Conditions 
 
Under proposed conditions, all elements of the existing conditions are to remain in place to accommodate 
the placement of the compound with allowable off grading to blend to the surrounding topography.  This 
area is approximately 5,700 square feet.  This will allow the placement of the 3,000 square foot 
compound area.  This area is currently wooded.  Any off grading will be loamed and seeded. 
 
Therefore. The new weighted C value is as follows.  
 

• Wooded Area = 33,734 SF (0.77 Acres)  
o C = 0.35  

• Existing Parking Area = 25,595 SF (0.59 Acres) 
o C = 0.95  

• Open Space (unpaved) = 3,200 SF (0.06 Acres) 
o C = 0.50 

• Communications Compound = 3,000 SF (0.06 Acres) 
0.10(0.95) + (0.9) (0.15) * = 0.23 

* 0.5-foot crushed stone and area within the crushed stone bottom will act as a storage area for excess 
stormwater within the compound with minimal runoff.  This extends 1 foot beyond the fence limits. A C 
value of 0.15 was used as a conservative value which assumes minimal runoff over time.   
 
Weighted C Value 
  Cw = 0.51(.35) + 0.39(0.95) + 0.04(0.50) +0.06(0.23) 
 
 Cw= 0.583 
 
Design Flow25 = (0.583) (6.2 in/hr.) (1.49) = 5.39 CFS 
Q10 = (0.583)(4.8)(1.49) = 4.20 CFS 
Q2 = (0.583) (3.2) (1.49) = 2.78 CFS 
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Storage Computation: 
 
Volume of flow under hydrograph 25-year / 2-year storms:   
 
V 25 = flow triangle with duration = 2 x (storm duration) = ½ (300 seconds) (5.39 ft3/s) = 1,617 CF 

V 2 = 2 x ( ½ ( 300 sec)(2.78)) = 834 CF 

 
Available Storage: 
 
Pea Gravel Dia. = 0.40 (3’ x 3’x 60’) = 216 CF 
Stone Compound Area = 0.40 (6” x 3,000SF) = 600 CF (40% void ratio in stone) 
Swale w/check dam = 38’ x 3’ x 6” = 57 CF 
 
Total Available Storage = 873 CF * 
 
834 SF < 873 CF Therefore, the entire 2-year storm event is contained. 
 

* Calculations are conservative as they assume zero infiltration. 
 
Summary 
 
Factoring in the available storage within the crushed stone floor of the compound area, pea stone gravel 
diaphragm and the proposed swale/check dam the overall runoff coefficient is reduced.   In addition, 
stormwater runoff up to the 2-year event completely contained within the voids of system.   The 
composite proposed stormwater flow will be proportionally reduced below a pre-construction level.   
 
All topography within the watershed area will be maintained with no alteration to flow patterns or 
discharge areas to existing wetland areas. All construction materials will be contained within the site and 
erosion control will be in place to prevent debris erosion and sediment buildup.  All sediment will be 
removed by the contractor and transported off-site. 
 
Nitrogen Loading 
 
As part of the analysis, the location of the project has been identified as being within a MWRA and thus 
Objective WR3 is applicable.  Wild Harbor is a nitrogen impaired embayment with zero nitrogen loading 
allowed.  Calculating the nitrogen from the stormwater from the compound yields: 
 
Compound Area – 3,000 SF   
  Impervious Surface within compound (equipment and pads) =500 ft2 

 
500 ft2 x [40in/yr] x [ft/12in] x [28.32L/ft2] x [1 yr/365d] = 141.54 L/day x [0.75mg/L] = 106mg/d 
 
Recharge:  impervious surface: 21 in/yr (Falmouth) 1.5 ppm NO3 – N off paved surfaces and 0.75 ppm 
NO3-N off roofs and other non-roadway paved impervious surfaces. It should be noted that this value is 
for paved surfaces that constitute roadways.  These impervious surfaces are treated as roofs with no 
vehicular traffic. 
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106mg/141L = 0.75ppm therefore does not exceed threshold 
 
However, for a Coastal Embayment where zero loading is allowed in the Wild Harbor zone, all runoff is 
captured within the trench and beneath the compound for all storms up to the 2-year storm.  With the 
nitrogen contained in the first two inches of the storm event and the site containing all storms up to the 2 
year storm (3.2inches in total in this case), offsite nitrogen is reduced to zero and meets the goal of the 
WRO and the level of NO is absorbed in the recharge and below the critical thresholds based on CCC 
WRO Technical Bulletin 91-001 April 1992.  Additional landscaping can be placed to limit any runoff 
produced.  This will meet the requirement of zero Nitrogen loading.  The 0.75 ppm of computed nitrogen 
is completely contained within the site area with no residual offsite since the nitrogen load is essentially 
part of the water quality storm event (first 1-2” of rainfall). 
 
Stormwater Management 
 
The design of the proposed compound has considered the treatment and conveyance of stormwater to 
emulate existing conditions and make slight improvements where possible.  The trench will contain the 
more frequent storm events mitigated the effects of the impervious surfaces within the compound with the 
placement of an in-line stone check dam which will work in conjunction with the on-site infiltration.   
 
Additional landscaping will be placed to add to the absorption of any residual stormwater runoff from the 
site and add to the buffer area around the compound.   It should be noted that the compound is flat graded 
with minimal slope to promote the use of the crushed stone area of the compound as stormwater capture 
and infiltration and further enhance removal of nitrogen load in offsite runoff. 
 
To mitigate debris transported by runoff during construction erosion control, measures will be placed at 
the limits of work.  The limit of tree clearing will only extend to the limit needed for grading which is 
confined to approximately 1 foot around the compound.  Access will be via the parking lot and no 
temporary construction roadways will be needed.  These measures will consist of filter socks and other 
measures deemed necessary.  Staging will be such to have the trench in place prior to placement of 
equipment and utility connections and feed placement. 
 
 
Very truly yours, 

 

 

Scott N. Adams, P.E. 

Advanced Engineering Group. P.C. 
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