
Exhibit DFLD-JK-9A 

Turbine 1E Drainage Area 

This segment of roadway ties to GMP’s existing wind-farm road, ascending a 

knob to the south.  For purposes of discussion, we will treat this road segment as a 

distinct site. 

The “site” is approximately 36 acres, from the east ridge’s drainage divide to 

Sleepy Hollow Road, encompassing the gradients from the roadway segment.  The 

road and turbine area are approximately one-acre during construction.  The acreage 

includes a swath of land that extends up the west ridge and land near the cemetery, 

both areas that drain down into the same receiving waters.  See exhibit 9A, Figure 

One.  This site was selected because it illustrates a typical condition, that of the 

stormwater discharge traveling substantial distances to surface waters, and will 

eventually involve some downstream culvert analysis. 

Following are some of the calculations involved in the compliance analysis 

with the stormwater management standards.  This is not intended to be exhaustive, 

but merely to provide evidence of concept plausibility.  When additional design work 

commences, the details will be elaborated upon. 

There is 1.04 ac of gravel already on-site (GMP access road), and 0.9 ac of 

proposed gravel road and crane pad.  So, I = 2/63 = 3.2% for the “site”, and I = 

0.9/63 = 1.4% for the new development.  Recharge volume calculations are RV = 

0.05 + 0.009 (3.2) = 0.0788 for the entire “site” and RV = 0.05 + 0.009 (1.4) = ac-ft 

for the new development. 

The water quality volume (WQV) = PRVA/12 = (0.9 in) (0.0626) (63 ac) / (12 

in/ft) = 0.30 ac-ft = 13,068 cubic ft , 0.37 ac-ft for the “site” including existing GMP 



access road impervious areas.  Given that number, Hill recommends pursuing 

agreement with the Forest Service and Green Mountain Power regarding suitable 

areas for the Natural Area Conservation Credit. 

The groundwater recharge requirement (ReV) = (F)(A)(I)/12 = (0.1”)(63 

ac)(0.014)/12 = 0.00735 ac-ft = 320 cubic feet 

This “site” will, as will the larger project, involve a series of analyses.  The 

flow lines from individual “ditch relief” culverts will run downhill, roughly parallel.  

In many cases, these flow lines converge at some point.  Sometimes along the slopes, 

other times, they are forced to converge by culverts.  This will require analysis not 

only at the point where water enters the stream, but also at those structures to ensure 

that they have adequate capacity (we note that field research is necessary to obtain 

actual locations and sizes of down-gradient road culverts).  So, this area is modeled 

as a series of small sub-watersheds that are combined together after a series of 

shallow concentrated flow reaches.  See Exhibit 9A, Figure 2. 

For this example run, I assume a hydrologic ‘C’ group soil for the entire area.  

The future model run will separate out the different soil groups, which will influence 

the groundwater recharge calculations as well as the peak discharge calculations.  

Eventual inclusion of any ‘D’ group soils, the most likely alternative soil group, 

would reduce pre-development versus post-development discharge variations and 

would reduce groundwater recharge volumes. 

The results of hydrograph runs for both existing and proposed conditions 

(pre-development and post-development models) within a few hundredths, yield the 

same results: 24, 111, and 296 cubic feet per second peak flow rates for the 1, 10, and 

100 year storms, respectively.  The model split the developable area from areas to 



remain undeveloped.  That developable area (2.4 ac) is a single, wooded area in the 

pre-development model, and parsed out among the ditch relief discharge points for 

the post-development model.  The model indicates that, at least for sufficiently large 

area, the minute flows from the developed area do not substantially influence the 

peak discharge into surface water resources.  The flow off the 60.6-acre to-remain-

undeveloped area accounts for the vast majority of flow, 24 cubic feet per second 

versus < 1 cubic feet per second for the developable area.  The model indicates that 

the slug of water from the upper reaches of the mountain reaches the streams on the 

tail end of a rain event (note attached hydrographs). 

The initial abstraction (Ia) for RCN = 70 is 0.875, and Ia/P is 0.373.  The 

larger watershed has a tc of more like 15 minutes, so unit peak discharge (qu) for the 

large watershed is 544 csm/in.  Then, from Figure 2C in the Vermont Stormwater 

Management Manual, qo/qi = 0.035.  Next, from TR-55 equation for Figure 6.1, 

Vs/Vr = 0.682 – 1.43(qo/qi) + 1.64(qo/qi)2 – 0.804(qo/qi)3 = 0.63.  Finally, the CpV 

= Vs = 0.63Vr = 0.63 (0.36”)(1’/12”)(60.6 ac) = 1.1 ac-ft (48,000 cubic feet).  This 

will be released over 12 hours, for a discharge rate of 0.55 cfs. 

If we look at small watersheds instead, for example between stations 5+00 

and 6+00.  The area is 0.32 ac, RCN = 74, and tc is less than 2 minutes.  Then the 

initial abstraction is 0.703, and Ia /P is 0.306.  At the smaller watershed size, the qu = 

1365 csm/in.  The qo/qi then is 0.02 from the equation for Figure 6.1, and Vs/Vr = 

0.682 – 1.43(0.02) + 1.64(0.02)2 – 0.804(0.02)3 = 0.65.  Then, CpV = Vs = 0.65Vr = 

0.65(0.50”)(1’/12”)(0.32 ac) = 0.0087 ac-ft = 377 cubic feet.  Over a roadway length 

of 100 feet, there would need to be 3.77 square feet section area in a swale (this is 

beyond the storage for groundwater recharge and water quality).  This will be 



released over 12 hours, for a discharge rate of 0.01 cubic feet per second.  Such a 

discharge rate is easily achievable as part of a surface sand filter. 

We would then apply the Water Quality Peak Flow Calculation to better 

estimate the flow requirements in individual STPs, such as sand filters.  In this 

particular case calculate a revised RCN = 1000 / [10+5P+10Qa-10 (Qa2 + 

1.25QaP)1/2], where P = 2.3” (2-year rainfall in Bennington County) and Qa = 

WQv/site area.  With the RCN, we calculate the tc then the peak discharge.  By this 

method, we can account for flow rate calculations that would otherwise be biased in 

the TR-55 / TR-20 method.  This is then used along with other factors to size the 

STPs. 

Vermont ANR may require analysis from a more distant perspective, taking 

into account RV, WQV, I and other factors across the entirety of the parcels.  Analysis 

models would be modified accordingly.  It will be important to agree on what the 

“site” will be for analysis. 

In summary, the swale will finally be sized for the 10-year and 100-year storm 

detention, plus the recharge volume that cannot be recharged elsewhere, plus the 

water quality volume, plus the channel protection volume. 



Exhibit DFLD-JK-9B 

Turbine 4E Drainage Area 

This area extends around the Eastern Project Area’s vegetated wetland, identified as 

Wetland A through Wetland E, and drained by streams 1, 2, 4, 5 and6, with inflow from 

stream 8 and 9.  Unlike the typical condition shown in exhibit DFLD-JK-9A, this is one of 

the few locations where stormwater discharges are close to surface waters. 

Please refer to Figure Two.  Here, the drainage sub-watersheds are displayed for the 

road drainage near Turbine 4E.  Some stormwater, from turbines 4E and 5E for example, 

spills off the ridge to the east, and will be analyzed similarly to exhibit DFLD-JK-9A.  The 

sub-watersheds that affect wetlands are also shown.  Each stream and wetland has a sub-

watershed for a piece of the road that will drain to it.  While there many sub-watersheds, the 

analysis is actually simple on a one-by-one basis. 

Take the drainage into Stream #1, for example (upper left on Figure Two).  This 

“site” is 0.9 acres.  Prior to disturbance, this has a RCN = 70 (again, assuming hydrologic 

group ‘C’ soils).  After construction, including the full roadway width, the RCN = 73.  The 

runoff would increase, but for the detention provided by the swale on the low side of the 

road.  With that swale, which is modeled as 100 feet long with a three-foot wide bottom and 

2H:1V side slopes, reduces peak discharge to below pre-development levels for the 1, 10, 

and 100 year storms (see attached hydrographs).  This requires an outlet structure modeled 

as a 6” orifice in a 12” riser pipe. 

This location alludes to the spatial constraints with which we deal on this project.  

We have streams and steep slopes to the northwest, stream crossings to minimize to the 

northeast and southwest, and vegetated wetlands to the southeast with a 25-foot non-

disturbance zone. 



  So, I = 0.2/0.9 = 22% for the “site”.  Recharge volume calculations are RV = 0.05 + 

0.009 (22) = 0.0788.  The water quality volume (WQV) = (0.9 in) (0.0788) (0.9 ac) / (12 

in/ft) = 0.0053 ac-ft = 231 cubic feet. 

The initial abstraction (Ia) for RCN = 73 is 0.740, and Ia/P is 0.332.  The unit peak 

discharge (qu) is 854 csm/in.  Then, from Figure 2C in the Vermont Stormwater 

Management Manual, qo/qi = 0.03.  Next, from TR-55 equation for Figure 6.1, Vs/Vr = 

0.682 – 1.43(qo/qi) + 1.64(qo/qi)2 – 0.804(qo/qi)3 = 0.64.  Finally, the Channel Protection 

Volume, CpV = Vs = 0.64Vr = 0.64 (0.58”)(1’/12”)(0.9 ac) = 0.028 ac-ft (1,219 cubic feet).  

In summary, the swale will finally be sized for the 10-year and 100-year storm detention, plus 

the recharge volume that cannot be recharged elsewhere, plus the water quality volume, plus 

the channel protection volume.  

We would then apply the Water Quality Peak Flow Calculation to better estimate the 

flow requirements in individual STPs, such as sand filters.   

Vermont ANR may require analysis from a more distant perspective, taking into 

account RV, WQV, I and other factors across the entirety of the parcels.  Analysis models 

would be modified accordingly.  It will be important to agree on what the “site” will be for 

analysis. 

 


