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1.0 Introduction

On behalf of Greystone Estates Residents Association (GERA) and the Town of Richmond, KAS Inc.
(KAS) has been contracted to develop an Engineering Feasibility Analysis (EFA) for the Greystone
Estates neighborhood located in Richmond, Vermont (Site). This EFA has been prepared in
accordance with the Vermont Department of Environmental Conservation (VTDEC) General Permit
3-9050 (GP), effective December 1, 2020. GERA and the Town of Richmond are required to
prepare this EFA as the Site is subject to the 3-acre provision of the GP. The goal of the EFA is to
assess the feasibility of implementing “best fit” stormwater treatment practice (STP) retrofits at the
Site with the goal of meeting the Redevelopment Standard per the 2017 Vermont Stormwater
Management Manual Rule and Design Guidance. The GP specifies that the entire impervious
surface of the “3-acre Site” is considered a “redeveloped surface”. The redevelopment standard
states that STPs shall be designed to capture and treat 50% of the water quality volume (WQv)
from the “redeveloped impervious surface”.

Section 4.1 of the 3-9050 GP discusses the EFA, and Subpart 4.1.C states the maximization criteria,
which is a list of criteria/activities that would deem a location not feasible for meeting the
redevelopment standard. Through the development of this EFA, it has been determined that it will
be feasible to provide STP retrofits for Greystone Drive and the residences to meet the
redevelopment standard at approximately 50% of the total WQuv.

1.1 Site Description and History

The Site is a 22-lot residential subdivision off of Cochran Road in Richmond, Vermont, which is a
residential hillside development situated on foothills/mountains on the south side of Cochran Road
and the Winooski River. A majority of the residential lots (16 lots) are accessible directly from
Greystone Drive, 3 lots are accessible from Apple Tree Lane, and another 3 lots are accessible
from Highland Drive. Apple Tree Lane, Highland Drive, and Greystone Drive are all Town Roads. At
the time of this EFA, 20 of the lots have been developed with single-family residences and
associated driveways, parking, and utilities. Only Lots 11 and 12 have yet to be developed as of
December 31, 2023. The subdivision has been built up in Phases over the years with construction
originally starting in the late 1990s. The first residence was construction prior to or during 1999
with all subsequent residences built thereafter. Lots 14 and 15 were the most recent residential lots
to be developed. One common lot is utilized for a communal wastewater disposal system for
multiple residences including Lots 13 through 18, Lot 20, and Lot 21. If Lots 11 and 12 were ever to
be developed, these lots would also utilize the communal wastewater disposal system. The
remaining lots have individual wastewater disposal systems either on their own lot or as part of
grouped systems on nearby lots. All developed lots have their own onsite potable water supply
consisting of drilled wells. For each of the developed lots, a majority of the usable flatter terrain
and locations with good soils conditions have been occupied with residential structures, parking,
and onsite wastewater disposal systems.

Below the Site is a horse farm, which was the existed retained lot after the subdivision of the
Greystone Estates community. The horse farm is not considered to be part of the Greystone
Estates Subdivision, and the impervious area for the farm has been excluded from this EFA. The
only connection to the existing farm property is a drainage easement for Greystone Estates
associated with a drainage channel, which collects runoff for a majority of the subdivision and the
undeveloped land above the subdivision. A majority of the Site is conveyed to the Winooski River
via the collection channel and a culvert under Cochran Road. The collection channel is fed by an
existing wet pond that collects runoff from a portion of the Site. The remaining runoff from the Site
is conveyed to an existing drywell at the intersection of Greystone Drive and Cochran Road, which
has an overflow that conveys runoff to the Winooski River through a small ditch.
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The steep mountainous terrain combined diversions and other impacts from the hillside developed
have previously resulted in areas of significant erosion and slope failures along ravines traversing
though the project Site. In 2015 a gulley starting in “Lot 8" experienced significant slope, utility,
and road damage from large quantities of runoff overwhelming existing stormwater culverts. The
Town through a FEMA grant stabilized this area and upgraded stormwater infrastructure with KAS
providing engineering design and construction inspection services for the project. Other lots and
locations within the subdivision have also experienced significant erosion and/or slope stability
issues over the years. GERA has worked diligently over the years at great expense to various
property owners to mitigate ongoing erosion issues. KAS has been providing stormwater
inspection services for the Site since 2019. Overall, the Site has been observed to be relatively
stable over the last 4 years, and has survived recent large scale rain events without experiencing
significant erosion issues. Given the constrained nature of this hillside development, the

stabilization of the Site and mitigation of major erosion issues is a credit to the work done by the
GERA residences.

2.0 Existing Stormwater Conditions

Based on parcel data, the area subject to analysis is approximately 109.66 acres with a total
impervious coverage of 8.22 acres. The numbers exhibit a total increase since the initial NOI was
issued. The total area acreage increased to accommodate a boundary line adjustment to Lot 15,
and an impervious coverage increase due to the development of Lot 14 with a single-family
residence, and development of Lot 15 driveway and single-family residence. As of the date of the
EFA, information was gathered during a site visit on August 22, 2023, flow up visits, and multiple
annual stormwater inspections prior to this report.

Existing impervious at the Site consists of Greystone Drive, Highland Drive, Apple Tree Lane,
residences, driveways, patio/walkways, and outbuildings. Since the time the Initial Notice of Intent
(INOI) was filed for this Site, additional impervious has been added due to the development of Lot
14 and Lot 15. A breakdown of the impervious coverage can be found in Table 1:

Table 1: Existing Impervious Cover Breakdown

Building Porches/ Town Private Total
Rooftops | Walkway Roadways Driveways Impervious
Area (acres) 1.36 0.31 3.66 2.89 8.22

2.1 Topography and Soil Conditions

The Study Area is considerably constrained by steep to very steep slopes ranging from 15% to
60%, which greatly limits the ability to locate STP retrofits. The steep slopes are located in the
majority of the project area with the exception of the developed portions such as the roadways,
communal wastewater system, and residential development plateaus. The developed flatter
portions of the Site (less than 15%) are developed with residences, driveways, lawns, and on-site
wastewater disposal systems.

The National Resources Conservation Service (NRCS) Web Soil Survey characterizes the subsurface
soils around a majority of the site as a sandy loam and very rocky. Per the NRCS Web Soil Survey,
the Site includes soils with hydraulic ratings of A, B, and D soils. The majority of the Site is classified
as “D" rated soils and is forested. Refer to the Table 2 below for a list of soil types and associated
hydraulic soil ratings located within the Site area. The general NRCS soil classification appeared to
be relatively consistent with observations made during the soil test pit investigation, except in
locations with fill. The NRCS Soil Survey Data has been included in Appendix B.
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Table 2: NRCS Soil Type
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MAP UNIT SYMBOL MAP UNIT NAME HYDRAULIC SOIL RATING

CbD Cabot silt loam, 3 to 25 percent D
slopes, very stony

CsE Colton and Stetson soils, 30 to 60 A

Gpi Pits, sand and Pits, gravel No Rating

Hf Hadley very fine sandy loam B

HIB Hartland very fine sandy loam, B

frequently flooded
Hartland very fine sandy loam, 25 to

HIE B
60 percent slopes

LyD Lyman-Marlow complex, 5 to 30 D

percent slopes, very rocky
L Lyman-Marlow complex, 30 to 60
yE D
percent slopes, very rocky
MyB Munson and Raynham silt loams, 2 c/D
to 6
PsE Peru fine sandy loam, 12 to 20 A
percent slopes
StC Stetson gravely fine sandy loam, 12 A
to 20 percent slopes
Wo Winooski very sine sandy loam C

2.2 Existing Stormwater Management

The project Site has been sectioned into fifteen (15) basins (Appendix A: Stormwater Overview
Plan). The various basins were created based on topography, existing stormwater infrastructure,
and discharge points. While most of the basins can be seen and identified within the study area
mapping, there is a large mountainous basin that drains into the site from the west and south. This
mountainous offsite area contributes a large amount of water that flows through the Site and
ultimately to the outfall locations. The following is a summary of the drainage patterns for the four
stormwater outfalls that currently or previously discharged directly to the Winooski River:

e OQutfall SW1 (SNOO01) is located on the northwestern portion of the Site, which represents
the area of the Site that discharge directly to the collection channel on the horse farm
property owned by Ms. Krista Kemp. The contributing area to this outfall includes Basins D,
[,J, K, L, M, N, and O, and consists of three separate drainage ravines that collect both
onsite and offsite flow to the collection channel. This outfall consists of a total drainage
area of 60.681 acres with 4.435 acres of onsite impervious coverage. The basins include
approximately 9 residences with associated driveways, Highland Drive, Apple Tree Lane,
and the upper portion of Greystone Drive. These basins eventually discharge to the north
to Winooski River after being entering the collection channel and being conveyed under
Cochran Road via a culvert.

KAS #806190233
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e Outfall SW2 (SN002) is located on the north side of the Site, which is the outfall for basins
E, F, G and H. This outfall consists of a drainage area of 31.639 acres with 2.109 acres of
impervious coverage, and is the outfall from the existing wet pond outlet structure. The
basins include approximately 6 residences with associated driveways and the middle
section of Greystone Drive. The basis discharge via sheet flow to grass and stone lined
ditches, three culverts, and into two drainage ravines that discharge into an existing wet
pond. The settling pond discharges into an existing collection channel, which flows into the
Winooski River. One of the ravines received extensive restoration work in 2015, which also
included slope stabilization work paid for by a private residence.

e Outfall SW3 (SN0O03) is located on the northwestern side of the intersection of Greystone
Drive and Cochran Road, which outlets for basins A and B. The outfall consists of a
drainage area of 2.459 acres with 0.241 acres of impervious coverage. The basins include
one residence and small portion of Greystone Drive. The basins discharge via sheet flow
into the abutting farm property at the base of the Site.

e Outfall SW4 (SN0OO4) is located on the northeastern portion of the Site at the intersection of
Greystone Drive and Cochran Road, which is the discharge location for basin C. The outfall
consists of a drainage area of 7.585 acres with 1.174 acres of impervious coverage. The
basin includes 3 residences and a portion of Greystone Drive. The basins discharge via
sheet flow from the residences and driveways to roadside ditches along Greystone Drive.
The roadside ditches are rock lined and vegetated, and outlet to a large existing dry well
located at the southeast side of the intersection. The dry well has a newly installed
overflow, which is directed into a small stormwater network underneath Cochran Road and
discharges via a swale to the Winooski River. The drywell has been observed over many
years by KAS Engineer, Stephen Diglio, P.E., and the overflow is only engaged during very
large flood events.

e There are small portions of Lot 1 and Lot 19 that drain offsite and are not included in the
basins going to the designated outfalls SNOO1 to SNOO4. The impervious cover for these
areas is 0.261 acres and has been accounted for in the total impervious calculations.

3.0 Engineering Feasibility Assessment
3.1 Site Assessment for SW1 Outfall (SNOO1) Contributing Impervious Area

The project team conducted a site visit on August 22, 2023 along with multiple annual stormwater
inspections from 2020 to 2023. KAS engineer, Mr. Stephen Diglio, P.E., lives in close proximity to
the Site and visits regularly after larger rain events to determine if there has been any significant
erosion. Existing information and data for the Site has been collected over the years including
aerial mapping and additional field data for site utilities, topography, impervious surface extents,
stormwater infrastructure, and outfall locations were collected. This data was compiled and
updated the Site map for the purposes of conducting this study, evaluating the feasibility of STP
retrofits, and for the development of STP conceptual designs.

During the August 2023 site visit, the project team identified locations to be vetted for stormwater
retrofits, and to confirm the adequacy of numerous simple disconnect areas. Of the STP locations
vetted, four were considered adequate for structural retrofits of existing features. Along with these
four STP locations, eighteen (18) simple disconnections were identified around the residential
properties and roadways. Refer to the Stormwater Overview Plan in Appendix A for additional
information, and locations of recommended STP practices and other vetted STP locations.
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Prior to the visit, the project team contacted DigSafe to locate utilities near the STP locations that
were selected for further vetting. During the visit, two test pits were completed to determine soil
types and groundwater depths. Test pit TP23-1 was dug in the vicinity of the existing dry well on
the southeast side of the intersection of Greystone Drive and Cochran Road. Test Pit TP23-1
consisted of well drained loamy sand and sand, and no seasonal high groundwater was
encountered until a depth of 130" below the surface. Based on the results, TP23-1 confirmed the
suitable for infiltration for the existing dry well. Test pit TP23-2 was dug on the northwestern
portion of the Site approximately 120 feet prior to the inlet of Culvert 7 under Greystone Drive,
and consisted of silt loam and clayey silt with seasonal high groundwater within 12" of the surface.
TP 23-2 confirmed that this location was unsuitable for infiltration practices. During the site visit,
additional survey data was collected for design purposes, which included limited topography,
utility locations, catch basin/manhole rim and invert elevations, and ground shots to confirm
drainage patterns.

Of the 8.22 acres of onsite impervious subject to the redevelopment standard per the GP,
approximately 4.87 acres of impervious was determined to be feasible for treatment by four STP
retrofit practices, which is 50.49% of the total site WQv or 59.25% of the Sites total impervious.
Consequently, assuming that the Vermont Department of Environmental Stormwater Program
agrees with the results and conceptual designs presented in this study, the ability to meet the
required redevelopment standard for the Site appears to be feasible.

3.1 Site Assessment for Outfall SW1 (SNOO1 ) Contributing Impervious Area

In total, two locations for potential structural practices were vetted within the drainage area
contributing to Outfall SW1 for possible STPs. Unlike the proposed structural retrofits in other
outfalls that utilized existing structures, Filter Strips were designed in the two vetted locations to
utilize the existing topography instead. In addition, numerous locations that meet the requirements
of Simple Disconnects or Disconnections to Filter Strips have been identified. Of the total 4.435
acres of onsite impervious area conveyed to this outfall, approximately 1.502 acres was determined
to be feasible for STP retrofits that can adequately treat the contributing WQv.

Recommended STP Retrofit - Filter Strips

The project team identified a location off the west side of Greystone Drive (near Lot 19) before the
inlet for culvert 7 near the end of Greystone Drive. Test pit TP23-2 determined that this area was
unsuitable for an infiltration practice. However, the geometry of this vegetated area is suitable for
a Disconnection to a Filter Strip. Pretreatment of the WQv will be provided by a vegetated
roadside swale with a series of 5 check dams, which will pretreated and meter out the WQv flow to
the filter strip. After the check dams, a minimum 20’ wide level spreader will be provided, which
will evenly distribute the WQV flow of 0.22 cubic feet per second (CFS) over a vegetated filter strip
with adequate treatment length. Minor grading of this area may also be required. The impervious
area and water quality volume treated by this proposed STP retrofit is 0.733 acres and 0.061 acre-
feet, respectively. Flow events that exceed the WQv flow will be able to pass through the check
dams, level spreader, and filter strip at non-erosive velocities.

The project team identified a vegetated location off the east side of Greystone Drive (near Lot 21),
which is adequate for a Disconnection to a Filter Strip.

Pretreatment of the WQv will be provided by a vegetated roadside swale and a check dam prior to
the level spreader. A minimum 13’ wide level spreader will be provided, which will evenly
distribute the WQV flow of 0.17 cubic feet per second (CFS) over a vegetated filter strip with
adequate treatment length. Minor grading of this area may also be required. The impervious area
and water quality volume treated by this proposed STP retrofit is 0.143 acres and 0.012 acre-feet,
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respectively. Flow events that exceed the WQv flow will be able to pass through the check dam,
level spreader, and filter strip at non-erosive velocities.

Recommended STP Retrofit — Simple Disconnects

Along with the proposed filter strip, 17 simple disconnects are proposed, which are existing onsite
areas that already meet simple disconnect requirements. The Simple disconnects are compliant
vegetated areas that accept and treat runoff from rooftops, various porches, driveways, and
roadways. The soil ratings in the disconnect locations are ratings as A or D by the NRCS soil index
and range from 3 feet to 85 feet depending on the slope and length of impervious surface leading
to the simple disconnection.

The simple disconnects are spread out through this basin and span multiple lots. The following is a
list of lots that would have a simple disconnection within the property boundary and how many
there would be:

e Lot 10 would have one simple disconnection.

e Lot 12 would have one simple disconnection.

e Lot 16 would have three simple disconnections.

e Lot 18 would have one simple disconnection.

e Lot 20 would have three simple disconnections.

e Lot 21 would have three simple disconnections.

e Lot 22 would have six simple disconnections.

e The Greystone Drive right of way would have seven simple disconnections.

3.2 Site Assessment for Outfall SW2 (SN0OO2 ) Contributing Impervious Area

Recommended STP Retrofit - Wet Pond

During the August 22, 2023 site visit, the existing wet pond was evaluated for adequacy to meet
the redevelopment standard for the contributing impervious area from the site. Due to the high
amount of stormwater runoff passing through this point (including offsite runoff from the mountain
above the subject site), groundwater elevation, and topographic constraints, there are severe
limitations with the types of potential STPs that can be accommodated at this location. In addition,
the established existing wet-pond already has established aquatic vegetation, which is already
providing adequate water quality treatment. The existing outfall structure also appears to be
sufficient to provide adequate water quality treatment for the contributing basins. The outfall from
the wetpond is labeled Outfall SW-2 (SN002). The existing wetpond receives an estimated 2.109
acres of impervious coverage from the site. The existing pond is estimated to be able to provide a
little over 1,000 cubic feet additional WQv treatment than what is required to meet the
redevelopment standard for the impervious area conveyed to this STP. There is also some capacity
to expand the existing wetpond if needed.

The existing wet pond has two drainage ravines that come together at the wetpond, which enter
from the south from the east and west. The drainage ravine entering on the west side of the
wetpond already has an adequately sized sediment forebay. This forebay was added by a prior
engineer as a result of the significant erosion that occurred in 2015 to help protect the wetpond.

6 KAS #806190233



kas Engineering Feasibility Analysis

Greystone Estates, Richmond, Vermont
The drainage ravine on the east side of the wetpond lacks a forebay. To bring the wetpond into
compliance with current standards to the extent possible, a properly sized sediment forebay will be
added to pretreat the runoff conveyed to the wetpond from the east ravine. Please note that there
in not sufficient room available to add a safety bench for this wetpond. However, access to the

wetpond is restricted by very steep terrain to the south, east, and west, and there is an electric
fence to the north to prevent access from the horse farm.

3.3 Site Assessment for Outfall SW3 (SNOO3 ) Contributing Impervious Area

Recommended STP Retrofit — Simple Disconnects

Outfall SW3 consists primarily of runoff from impervious cover on Lot 2, which includes
approximately 0.114 acres of impervious coverage. Based on the small amount of area within the
basin, one simple disconnect STP locations was identified. The simple disconnects include runoff
from the single-family residence rooftop, walkways, and driveway (for a total of 0.078 acres), which
sheet flow over vegetated areas with slopes less than 15%.

3.4 Site Assessment for Outfall SW4 (SN004 ) Contributing Impervious Area

Recommended STP Retrofit — Dry Well

An existing drywell is located near the southeast corner of the intersection of Greystone Drive and
Cochran Road. The existing drywell previously had no outfall. However, major rain events that
overwhelmed the existing drywell were causing infrequent ponding issues on Cochran Road. The
major flood events included Tropical Storm Irene and the localized major flood event in 2015. In
2016, the Town of Richmond added an overflow to the existing drywell to mitigate the ponding
issues during major rain events. KAS has been observing this dry well since 2015, and this drywell
has had no issues completely infiltrating storm events that well exceed the WQv storm event.
During the recent major flooding event in July 2023, the drywell was observed to have infiltrated
the entire prolonged rain event, and later was subjected to standing water after rising floodwaters
from the Winooski River inundated the area. Consequently, based on many years of observed
performance by KAS engineer, Stephen Diglio, P.E., it has been concluded that the existing
drywell is more than adequate to completely infiltrate storm events that well exceed the WQuv.

The soil class is rated as “B” soil by the NRCS and covers the entire drywell, which was confirmed
from the test pit dug on August 22, 2023. The depth to groundwater was observed to be 130"
below grade in this location. Roadside ditches along Greystone Drive along with cross culverts
convey runoff from the onsite drainage basins to the drywell. To bring the existing drywell in
conformance with the current standards to the extent possible, KAS proposed to add a sediment
forebay to provide adequate pre-treatment prior to the existing drywell. The retrofit drywell would
infiltrate the WQv from 1.163 acres of impervious coverage conveyed to this outfall from the Site.

4.0 Impact Fee Analysis

As part of the 3-acre rule, Greystone Estates is classified under the redevelopment water quality
treatment standard (WQTS) of the VSWMM, which requires the project to treat 50% of the
calculated WQv using properly designed STPs to satisfy the GP requirements when feasible. Sites
that cannot meet the GP requirement utilizing STPs are subject to impact fees.
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The WQv was calculated for each basin and the entire Site area. The WQv of the entire site is
roughly 46,757 cubic feet; however, utilizing the redevelopment standard treatment reduction of
50%, results in a total 23,379 cubic feet of impervious runoff that will require treatment (Appendix
D: Standard Compliance Workbook). Based on this EFA, it has been determined that it is feasible
to treat 23,610 cubic feet of WQv from 8.22 acres of existing impervious area, which is equivalent
to 50.49% of the WQv from the entire site. Based on the proposed stormwater designs meeting

the 50% requirement, an impact fee would not be required. With no impact fee that leaves just a
permit and administrative fee of $7309.20.

5.0 Conclusion/Recommendations

In conclusion, the project team has evaluated the study area and determined that approximately
4.87 acres are feasible to treat when implementing four structural STP retrofits and eighteen
simple disconnects that comply with the redevelopment standard, which is approximately 59.25%
of the 8.22 acres subject to the GP. The project team recommends that the 4 outlined STP retrofits
be approved for final design as well as the proposed simple disconnect locations and included in a
GP application.
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