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J . @ Project Overview

e Crosby Brook is located in
Brattleboro, VT.

e Onthe 303(d) list and is impaired
for sediment pollution and habitat
alteration due sedimentation,
channelization and buffer loss.

* |dentified as a Class B/Coldwater
Fish Habitat

e An extension of prior work
performed by the Windham County
Conservation District (Stream
Geomorphic Assessment)
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— ~— Project Goals

i Identify potential build-out areas thorough-out the Putney Road
corridor.

2. ldentify potential stormwater treatment practices (STPs) for the
Putney Road corridor and associated NPS pollution with a target
on sediment.

Properly size STPs for Putney Road based on potential future
build-out and proposed Putney Road Master Plan.

Identify and size potential STPs for the Interstate Route 91
corridor.

Identify potential STPs in the upper watershed to minimize
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g Crosby Brook

~Fastyet )

S B - Coldwater fish habitat (brook
il s 8| 1 trout).

e Two separate branches;

 North main branch is approx. 2
miles long;

South main branch is approx. 4
miles long;

Kibling e
Middle Rd

e The two branches join, to the
west of the Route 9 and Route 5
round-about;

 The last leg of the brook flows
through a busy urbanized area for
approx. ¥2 mile prior to discharge

g i el L into the Connecticut River;
% N
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~— Crosby Broo

k Watershed

6 square miles;

Lower watershed highly
developed with a mix of
residential and commercial
properties;

Upper watershed mainly
forested with some agricultural
and residential land uses;

This study primarily focused on
a 350 acre portion of the
watershed.
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* Project Area 1 - Putney Road
Corridor (Routes 5 & 9)

* Project Area 2 — Interstate Route
91 Corridor

* Project Area 3 — Upper
Watershed

Ao PROJECT AREA MAP KEY
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e Route 5 & Route 9
* Approx. 240 acres

e Urbanized with commercial
properties

* Approx. 40% impervious
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e |nterstate Route 91
* Approx. 110 acres

 Mainly paved roads with
grassed areas

* Approx. 15% impervious
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Route 9, Black Mountain Road
and Middle Road

Approx. 750 acres

Low density residential,
meadows, agriculture and
forested areas

Less than 1% impervious
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\/' ——Targeted Pollutants and Sources

Project Area 1

e Sediment loading from parking lots and roadways
e Loss of buffers due to encroachment and development
e Control of peak flows and high velocity runoff from large impervious areas to minimize erosion

Project Area 2

* Sediment & salt loading from the highway
e Control of peak flows and high velocity runoff from large impervious areas to minimize erosion

Project Area 3

e Sediment loading from bank erosion and mass failures

e Sediment loading from local roadway drainage

* Sediment loading and channel degradation due to culvert restrictions
e Loss of wildlife passage and limited buffers
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T STP Overview

-

S’

1.STP Identification - Location and Type

2.STP Sizing & Pollutant Reductions

3.STP Selection - Ranking Process

4.STP Recommendations - Highest Ranked Sites
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N/ :
T STP Identification

-

S’

e STPs were identified for each of the three project areas and STP type, sizing and selection
process based on the project area:

1. Project Area 1 - Highly urbanized — large open areas

STP Types — Infiltration basins, gravel wetlands & treatment trains
STP Sizing — VT Stormwater Manual
STP Ranking — Feasibility & Cost Effectiveness of TSS Removal
2. Project Area 2 — Linear transportation corridor — lots of wet areas & narrow open areas
STP Types — Infiltration swales, wet ponds & filtering systems
STP Sizing — VT Stormwater Manual
STP Ranking — Feasibility & Cost Effectiveness of TSS Removal
3. Project Area 3 — Highly un-developed — encroachment on buffers at crossings & erosion
STP Types — Culvert improvements, buffer zones & stabilization
STP Sizing — Based on channel width or size of erosion / issue ~

STP Ranking — Size and Scale of the project
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— STP Identification

STP potential locations and types were selected based on available
information:

* Field Reviews

* Resource Area Reviews

e Detailed Plan Reviews
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= STP Identification

o’/ ) ¥ -

ST P Ty p e S & CO n St ra i nts The Vermont Stormwater Management Manual Appendix Al

Table A.1. Land Use Matrix

STP Group STP Design Rural [Residential| Roads and |Commercial/|Hotspots| Ultra
Highways [High Density| Urban
Pond Micropool ED o] le] o] ] 0] [ ]
. . Wet Pond o) O o) ] 0} ®
STP types were selected based on the potential location and e
o] O O ) 0} @
. . . . . . . Multiple Pond (o] O ] > @ ®
any site constraints observed during field investigations & plan e B e i B g
. . _ . Wetland |Shallow Marsh| O le) ] » @ ®
reviews. e ED Wetland o fo) ) » @ °
¥ Pond/Wetland 0 O ] [} @) o
Gravel Wetland| © ] o] 0 0} @
L La n d u S e Infiltration In_fri:‘;rr?;.;on > o o o ° »
Shallow I-Basin
. » ) ] ) ® 1]
> Ava I | a b | e S pa Ce Filters | Surface Sand ® ) o o @ le}
Filter
. e . Underground ® PY Y o o 0o
Py SF
Potential utility conflicts N T T
Organic SF [ ) ] o] O @ (®)
e Location of bedrock et [6 | &8 ] & 1 & |51
Open Dry Swale o) ) e} ) @ )
Channels
o o Wet Swale (o] ® o] ® ® ®
o Underlylng SOIIS Grass Channel o] b (o] |} @ »
Detention*| Pond/Vault (e} O o] O 0] o
O:  Yes. Good option in most cases.
® S h a | | OW g rO U n d Wate r | H Depends. Suitable under certain conditions, or may be used to treat a portion of
the site.
(H No. Seldom or never suitable.
H H @:  Acceptable option, but ire d liner to red isk of groundwat
* Maintenance access issues o, o e LR ST
@:  Acceptable option, if not designed as an exfilter. (An exfilter is a conventional
stormwater filter without an underdrain system. The filtered volume ultimately
infiltrates into the underlying socils.)
*;  The pond/vault is not an acceptable stand-alone water quality STP.
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STP Iden

STP Location based on Available Space &
Existing Town / Private Infrastructure
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_

STP Location based on Existing Highway
Infrastructure
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. \_/ - STP Identification

STP Location and Type based on:

PUTNEY RoAD MASTER PLAN

BraTTLEBORO, VERMONT

 Proposed Roadway Infrastructure

Site Anavysis, Lanp Use
= Putney Road MaSter Pla N ASSESSMENT :ND PLAN;ING

RECOMMENDATIONS

ROUTE 5 CORRIDOR
PUTNEY ROAD

ROUNDABOUT CONCEPT PLANS < ]
ARATTLENORD TRANSPORTATION CORRIDOR PROJECT ? =y
WINDHAM REGIOMAL COMMDSSION e rf?
BRATTLEBORD, VERMONT fHaR 1
I'F = LR
S - |..l = ¥
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— STP Identification
)/ ~— —

STP Location based on Potential Build-out Areas

DU M M
.—_.‘.-_.._._r_._'___\f_-‘? s T 0

Brattieboro, Vermont
Town Plan Map Series

Developable Lands

I No Constraints

Moderate Constraints

Scale 1:34,000
2 0 02 04 08 08 1 Miss
e e

).l meni Agenes of Transportation.
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~r |
Q — STP Identification

_) ~—~ p —
st e Field Indicators of
g ) ) ) & NRCS Hydric Soils in the
STP Location and Type based on Resource Area Delineations & Potential Impacts " United States
oot A Guide for Identifying and Delineating
Service Hydric Soils, Version 7.0, 2010

US Army Corps

of Engineers,,
Engineer Research and
Development Center

ERDC/EL TR-12-1

Wellands Reguiatory Assistance Program

Regional Supplement to the Corps

of Engineers Wetland Delineation Manual:
Northcentral and Northeast Region

(Version 2.0)

U5, Army Corps of Enginesrs. Manuary 2012

Sheet 15
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Site 2-3
"y Observed Wetlands
[ Observed Wetlands & ¢

Bpproved to prblic swkease; distribution s unbmited
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~— STP Identification
© ©
= STP Location and Type basE/d on Subwatershed Delineations & Potential Drainage Connections

Autodesk AutoCAD 2015 Brattleboro Ortho & Project Figures 092311.dwg = = A sgnin

e Potential for a sub-watershed
area to drain to an STP site;

e Potential for drainage
systems to be diverted;

e Review of existing drainage
connections

e Locations of outfalls

Model FIG 1 ORTHO 24:36 PORT FIG 2 ORTHO 24x36 PORT (2) G ORTHO 5 (3) 4 ORTHO MODEL
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N STP Identification

-/ S e

Culvert replacements & stabilization areas in Study Area 3 were based on information
from previous geomorphic assessments

Stream Gegaﬁzrghirgzzihsﬁ::t Summary it bt Eh Bl it e oo
July 24, 2008 Reach/ | Stream | Dominant Refersnce Rafarence Reference | RHA RHA RGA RGA FReach CEM-
Segment | Type | BadMaterial | Bedtorm 5TD* | Stream Typet | Ged Matsraly | Basdformt | Scors | Condition | Scors | Condiflon | Sensitivity | CEM= | Stags
MO1-A A Gravel Step-Pool Mo 070 Good 074 Good High F [
M1-B c Sand RifMe-Pool Mo 0.42 Fair 041 Fair very Hgh F I
Maz2 F Gravel Plane Bed Yes [ Craved RiMaPool 0.4 Poor 0.33 Poor Extreme F [
Ma3 G Gravel RifMe-Pool Mo 0E3 Far 048 Far Very High F I
M4 G Gravel RifMe-Pool Mo 072 Good 0EE Good High F [
MIs E Gravel RifMe-Pool NoO 0.57 Far 054 Good High F v
MOE-A c Gravel RifMe-Pooi No 0T @ood 0E1 Far Very Hgh F I
M5B B Cobbie Sep-Fool No 073 @ood 0ES Good Moderate F [
MOE-C c Gravel RiMe-Pool NO 073 Good 066 Good High F I
THO F Gravel Plane Bed Yes [ Grave Feme-Pool 0.53 Far 0.38 Far Extreme F [
Prepared by T1.02-4 c Gravel RiMe-Pool NO 063 Far 0.45 Far Very Hgn F [
Evan P Fitzgerald, Principal Watershed Scientist T1.028 F Gravel Sep-Fool Yes B Cobole Steg-Poo 0.45 Far 034 Poor Extreme F 1
Ti02C ) Bedrock Sep-Fool NO 066 | Reference | 085 | Reference | eryLow F I
. Ti.02-0 E Sand RifMe-Pool NO 0E2 Far 060 Far Very High F [
fitzgerald Environmental Associates, LLC TL.OZE B Gravel Plane Bed No 0.2 Good 0.7 Good Maoderate F [
Appied Netenhed science k Festosy T103 E Sand Dune-Rigple | Mo 02 Far 0E1 Far Very High F [
Prepared for-
" 57D = Sr=am Type Depariune Maam 0Ee2 058
= CEM = Channal Evoiution Mode! Wam: 0.B6 0.ES
+ = Azsezsed Refenenoe Condbion Prior io Stream Type Departurs M o4 033
'

Mzmmgru &I You There f\%\ VERMONT
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| \/ ~—STP Sizing — Project Areas 1 & 2
_J © ¥ o

Stormwater Management Manual STP Sizing Standards

Volume Sizing for Peak Flow Attenuation
e Channel Protection

e Overbank Protection

e Spillway sized for 100-year

Volume Sizing for Stormwater Treatment

Water Quality Volume

Pre-Treatment Volume

Recharge Volume

/"~ VERMONT

DEPARTMENT OF ENVIRONMENTAL CONSERYATION




STP Sizing— Project Areas 1 & 2
Autodesk Storm & Sanitary Analysis (SSA) Model

A=A+ A+ A+ A, + A

1
R T A . O = [ 4 (CN)) + Ay (CN)+ Ay (CNL) + Ay (CN) 4 + A3 (CN)s |
Juda @y ax 84 e, .60 OF<EW /ehbh>_RAcA /% FQADS B aubas, A
*lan View K dhanview =
i PrictDas Lo R i
%m”m & 1452/;4/// ) /////Z ,/; Time of Concentration
ey //ﬁ’ TOC Method - SCS TR-55
Fan Gagss /.
R ks 7 Sheet Flow Equation :
dL}NIlJJI:lm //
1 Lo s i Te = (0.007 * ((n * LIP0.8)) / ((P*0.5) * (SF0.4))
Inets

Where :

o [ Dol
48 Dusiod Till P Tec = Time of Concentration (hr)
| dﬁs‘"‘"""‘"‘" n = Manning's roughness
2 Coveparcallinks Lf = Flow Length (ft)
@ Custonn P Gty P =2 yr, 24 hr Rainfall {inches)
g&l”“ Gl e Sf = Slope (ft/t)
Puary Cirves
"i',:" Shallow Concentrated Flow Equation :
4 Y Cutets T
! e 08 sy Canes 7 7 Z W = 161345 * (3f0.5) (unpaved surface)
O s 7 7 ///554//%//////// - V = 203282 * (SP0.5) (paved surface)
i il T v é/ : /5/////?7 / V =150 * (SR0.5) (grassed waterway surface)
Y po é f////// - / e o V = 10.0 * (S0.5) nearly bare & untilled surface)
1Z) Coroul St .- S Z R '/4/ e, WV = 9.0*(5f0.5) (cultivated straight rows surface
%?ﬂ;lnmmm 7 @////4///////2?% 7 7 = ////////(//.//;‘ % 4//«///{/_/ V=70~ ESf"[].S; Eshon grass pagture surface) :
: s /5’/'/z/(l/%‘/ e //1’// 7 o ; WV =50"(5M0.5) (woodland surface)

WV =257 (SM0.5) (forest w/heavy litter surface)
Te = (Lf/ V) / (3600 sec/hr)

/ s
i A ’ o ’/_7/ /h L W//
 , 7

i
i,
-

i
[

Where:

_

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (f/ft)

i
G

i

/ 2 4.,////; o

7

7 / % _ o 2 Channel Flow Equation :
7 S
//.' // éé/%/é//// Zi// 7 7 * *
7 4/,4//////, /// Vo= (149 * (Ry2/3)) * (SR0.5)) / n
N ///// R =Aq/Wp
N Tc = (LF/ V) / (3600 sec/hr)
P L
! o ¥s Where -
hRas 7% f %//éf?/%%é//?ﬂ/// 1A {pmﬂfé/ﬁ{/?’?/?’ f Tc = Time of Concentration (hr)
NoRenlts 316% 1050580, 3500372 Lt SFlow Lengiili)

R = Hydraulic Radius (ft)
Ag = Flow Area (ft?)

Wp = Wetted Perimeter (ft)
V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's roughness



— N  STP Sizing— Project Areas 1 & 2
Subbasin : OF-10 Rt 91 Exit 3 NB Off ramp Peak FIOWS

Composite Curve Number
Area Sail Curve

SDiI.FOSurface Description N (acres) Grnup’Number [ Determlne Welghted Cu rve Number (CN)
> 75% grass cover, Good 1.57 A 39.00
Paved roads with curbs & sewers : 0.54 A: 95.00
Composite Area & Weighted CN 21 54.08 o . o
e Determine Time of Concentration (Tc)
Time of Concentration
5 . il Siiees Silen * Determine Impervious Area (IA)
eet Flow Computations A B &
Manning's Roughness : : 0.01 : 0.00 : 0.00
Flow Length (ft) : 100 0.00 7 0.00 q 0_.q . q
Siops (%) 2 7o Tom * Used Higher Precipitation Design Storms
2 yr, 24 hr Rainfall (in) : i 270 F 000 [ 000
Velocity (ft/sec) - i 1.36 " 000 " 000
Computed Flow Time (min) - i 1.22 " o000 [ o000
Subarea Subarea Subarea
Shallow Concentrated Flow Computations A B C suoesi OO RS SHE G e
Flow Length {ft} - I 50 " 50 [ 000
Slope (%) - " 2 S " o000 Rainfall Intensity Graph Runoff Hydrograph
Surface Type : Paved ised wate Unpaved i v
Velocity (ft/sec) - r 287 242 [ 0100 % i
Computed Flow Time (min} : I 0.29 " 039 " 000 s
Subarea Subarea Subarea ,2
Channel Flow Computations A B c z :
Manning's Roughness - I 0.013 "om3 [ 000 . s
Flow Length (f) - i 50 " 76.90 7 0.00 g £ .
Channel Slope (%) : g 2 Fo2e P oh z e
Cross Section Area (ft%) § 1 " 08 " 000 & f "
Wetted Perimeter (ft) - i 3 " 314 [ 000
Velocity (ft/sec) - i 7.79 " 651 [ 000 i 2
Computed Flow Time (min} - i 0.1 " 02 " 000 -
Total TOC (min) ... 2.2 J”) | J g
Subbasin Runoff Results Lz D S R S R S S A TN T T g s S L A
. . ‘ Time?hrs} i = i = Time (hrs)
Total Rainfall {in) ..__. . Troo
Total Runoff (in) ... .04
Peak Runoff (cfs) ... EE
Weighted Curve Number ._........................ ... '54.08
Time of Concentration (days hh:mmess) ... 0 00:02:13

—~ 7NN 3
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~— __/ __ STPSizing-Project Areas 1 & 2

—

S’

Peak Flow Criteria

e CP, —Channel Protection Volume

e OB, — Overbank Protection Volume

Channel Protection (CP,)

Default Criterion:

CP, = 12 hours extended detention of post-developed 1-year, 24-hour
rainfall event in coldwater fish habitats (24 hr. detention in warmwater
fish habitats).

Overbank Flood (Qu10)

Control the post-developed? peak discharge from the 10-year storm to
10-year pre-development” rates.

Extreme Storm (Qpi00)

Control the peak discharge from the 100-year storm to 100-year pre-
development rates.

/\\%

Fans s
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~— __/ __ STPSizing—Project Areas 1 & 2

P Basin Volumes

Based on the VT Manual, peak flow model estimates, (USDA TR-55) and Harrington methods were used to estimate basin volumes

1000 UNIT PEAK DISCHARGE FOR NRCS TYPE Il RAINFALL DISTRIBUTION 0.500 1
800 | 0.450 \ - —— . - —
600 0.400 E i
500
o/.‘:.Q
—~ 400 % & . 0350\
£ Jo E‘
g 300 Q:;?‘f é
by 7 5 0.300 — - . .
E &) E [ \
] s 0250 S -
f’i 200 - ; \ \
b -] =
% =
a E o \ g
s o
= = N
£ 01504 ™ - _—
100 E [ \
r N T=12hr
80 | 0.100 ™ P~
\ ‘"\
\ "--...,____‘_
60 - \- "--—..,.____‘__-‘
0.050 T T=24 hr == e —|
50 T T T T T T T T T N — -
1 2 4 6 8 1 2 4 6 8 10
Time of concentration (t_), (hours) 0.000 ¥+ - A = e
o 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Unit Peak Discharge (g,), csm/in
i . . . o Figure 1.5 Detention Time vs. Discharge Ratios (Source: adopted from Harrington,
Figure 1.4 Unit Peak Discharge for Type II Rainfall Distribution (Source: NRCS, 1987)

1986)
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il \_/ ____ STP Sizing— Project Areas 1 & 2

2 - » Basin Volumes
6 ]
Then using qo/q;, Figure 1.6 can be used to estimate V</V,. For a Type II or Type III rainfall \\ TiENEEaRENE N
distribution, Vs/V; can also be calculated using the following equation: SRTTNG
NN
Ve/V, = 0.682 — 1.43 (qo/ap) + 1.64 (qo/ar)” — 0.804 (qo/ar)’ \\ \\
>I> 4 T T N
Where: Vs = required storage volume (acre-feet) 2le 1] \
V; = runoff volume (acre-feet) HE
do = peak outflow discharge (cfs) %“g ™
Q; = peak inflow discharge (cfs) B2
The required storage volume can then be calculated by: d
2
Vs= (VJV(Qu(A) Lo T
Where: 1 z 3 s T 7 s
Qq = the developed runoff for the design storm (inches) Peak outflow discharge  Go

Peak inflow discharge ' gj

A = total drainage area (acres)

Figure 1.6 Approximate Detention Basin Routing For Rainfall Types I, IA, II, and III.
(Source: NRCS, 1986)

g@}ﬂ 2

7~ VERMONT

DEPARTMENT OF ENVIRONMENTAL CONSERYATION




=~ | STP Sizing— Project Areas 1 & 2
%/ " Channel Protection Volume (CPv)

p—

CP, —12-hr detention of 1-yr, 24-hr storm completed for each Sub-watershed

Subbasin Summary

Subbasin Weighted Total Total Total Peak Channel Protection Volume

D Curve Rainfall Runoff Runoff Runoff 24 Hour Storm
Area Mumber Volume tc S la la/P qu qo/gi T Vs Vs Vs
(acre) (in} (in) (ac-in) (cfs) thr) (hrs) (acre-feet) cubic feet

DF-168 Rt 91 Exit 3 NB On ramp

............................................................... T e e Py

OF-17 Rt 91 M Exit 3 / Steakout

............................................................................................................................................................................

OF-208 Upper Watershed Rt 91 Exit 3

--------------------------------------------------------------- R D D

OF-22A Rt 91 N of Exit 3

............................................................................................................................................................................

DF-25A Rt 31 5 of Crosby Crossing

............................................................... L i m mm BT R 5 IS TERB AR m e B L b o m G 5 R s m o L B SR m s P m T T i i B . e T L m e A m R S i i S m o, RSN
...........................................................................................................................................................................

OF-27 Rt 91 N of Crosby Cross

OF-28A Rt 91N Exit 3/ E Hampton [ {5397 2db; 005 04001 0.052

2~ _VERMONT
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N STP Sizing PrOJ.ect Areas 1 & 2
%) 2 © Overbank Protection Volume (OBv)
Ob,, — 10yr — 24hr storm completed for each Sub-watershed

Subbasin Summary

Subbasin 'Weighted Total Total Total Peak Overbank Flood Volume
0 Curve Rainfall Runoff Runoff Runoff 24 Hour Storm

Area Mumber Volume tc 5 la la/P qu go/qi i VsV Vs Vs

(acre) (in) (in} {ac-in) (cfs) (hr} (acre-feet) (cubic feet)
5408 4.10 0.53 1.12 1540 0.037 8.49 1.70 0.41 800 0.025 24 0.647 0.060 2630
60.56 4.10 0.86 1.13 177 0032 6.43 1.29 0.31 950 0.02 24 0.654 0.062 2688
67.37 410 1.23 11.43 16.41:  0.110 4.84 0.97 0.24 995 0.02 24 0.654 0.623 27128
68.68 4.10 1.31 243 3.89. 0.061 4.56 0.91 0.22 995 0.02 24 0.654 0.132 5758
40.70 4.10 0.09 0.19 0.02: 0.058 14 57 2.9 0.71 290 0.06 24 0.602 0.009 413
30.00 4.10 0.00 0.00 0.00: 0.340 23.33 467 1.14 150 0.11 24 0.543 0.000 0
40.32 4.10 0.08 0.44 0.05: 0.059 14.80 296 0.72 290 0.06 24 0.602 0.022 968
48.90 410 0.36 1.76 1.96:  0.060 10.04 2.1 0.49 560 0.03 24 0.641 0.094 4086
74.96 4.10 1.74 6.08 10.07: 0.059 3.34 0.67 0.16 1000 0.02 24 0.654 0.332 14446
44 42 410 0.18 0.44 0.20. 0.039 12.561 2.50 0.61 320 0.05 24 0.614 0.023 983
58.65 410 0.74 098 136! 0.059 7.05 1.41 0.34 910 0.02 24 0.654 0.054 2331
67.33 4.10 1.23 216 354 0.046 4.85 0.97 0.24 995 0.02 24 0.654 0.118 5120
70.00 410 1.40 41.27 39.85. 0.395 4.29 0.86 0.21 995 0.02 24 0.654 2.250 97992
73.13 4.10 1.61 2.89 4.76: 0.060 3.67 0.73 0.18 1000 0.02 24 0.654 0.158 6873
70.00 4.10 1.40 5.69 8.39: 0.395 4.29 0.86 0.21 990 0.02 24 0.654 0.474 20637
7225 410 155 244 4.00: 0.060 384 077 0.19 990 0.02 24 0.654 0.133 5800
70.00 4.10 1.40 10.20 985 0.395 4.29 0.86 0.21 930 0.02 24 0.654 0.556 24224
63.18 410 0.98 0.93 144  0.051 583 117 0.28 g70 0.02 24 0.654 0.051 2215
51.10 4.10 0.41 0.97 1.19:  0.050 9.57 1.91 0.47 600 0.025 24 0.647 0.052 2284
£3.97 4.10 0.53 1.39 1.84: 0.052 8.53 1.71 0.42 750 0.02 24 0.654 0.078 3291
39.00 4.10 0.06 015 002 0.429 15.64 313 0.76 280 0.06 24 0.602 0.008 333
54.54 4.10 0.55 3.53 479 0.046 8.34 1.67 0.141 730 0.02 24 0.654 0.192 8380
76.68 410 1.87 1771 30,37 0.038 3.04 0.61 0.15 1000 0.02 24 0.654 0.965 42036
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~— __/__, STPSizing-Project Areas 1 & 2

D) 2 © Water Quality Volume (WQv)

Subbasin Summary

Subbasin

1D | Water Quality Volume |
Area  Imp Area P % Imp % Imp  Runoff Coeff  WQv Wiy Wy

(acre-feet) (acre-in)

The following equation shall be used to determine the water quality storage volume (WQ,) (in acre-
feet of storage):

WQ = (P)(R)(A

12
where:

WQ, = water quality volume (in acre-feet)

P = 90% Rainfall Event (0.9 inches across Vermont)

Ry = volumetric runoff coefficient equal to: [0.05 + 0.009(I)], where I is a whole

number percent impervious cover at the site (ex. 25, not .25)

A = site area (in acres)
po g \ /\\% o
@ ) V1 ransrseees = VERMONT
.\.\-._ /
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e __“/ __, STPSizing—Project Areas 1 & 2
b 2 ¢ Pre-Treatment Volume (Prev)

Subbasin Summary

e Pre-treatment volume varies based Subbasin Weighted|
1D Curve Pre-Treatment Volume |
on STP type Area Mumber | Pre-Treat Imp Area Pre-Treat Pre-Treat Pre-Treat
coeff Volume  Volume  Volume
. (acre) - (in) {acre} (acre-in) (acre-feet) (cuft)
e For conceptual sizing purposes, | e el —
used 10% of the water quality @~ OF{iARGINB/SExt3Oframp 1132 6086 0 7049 10049 g ggg """"""""""""""
volume. 0,005

OF-12A Rt 91 M of Black MT Rd Overpass

-------------------------------------------------------------------------------------------------------- T T LT L Tr
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ol __“/ __, STPSizing—Project Areas 1 & 2
2 © Recharge Volume (Rev)

Subbasin Summary

Subbasin
D Recharge Volume
Total Area  Soils  Recharge % Imp Rev Rev Rev
The Percent Volume Method calculation is as follows: ek
(acre) (acre-in}  (acre-feet)
S NS OF R G B S8 Ot AR R R
OF-11ARt 91 NB / 5 Exit 3 Off ramp AL
Where: Re, = Recharge volume (acre-feet) OF-118 Rt 91 Exit 3 SB On/Of Clover Leaf ; B
F = Recharge factor (inches) OF-11CRt91Exit 358 Overpass 185 1 A i D4 1 30% i 022 1 0019 813
Hydrologic Soil Group Recharge Factor (F) OF-11DRt91SB/SExt3 | 212 & A 04 i o13% i 011 ¢ 00093 ESA
A 0.40 OF-11E Upper Watershed RT 91 Clover Leaf| 813 : C.
B 0.25 RSBy 2000 | Hdf i L A i 04 - 13% 028 : 00235
C 0.10 OF-12ARt 91N of Black MTRd Overpass | 487 | A : 04 | 18% 035 : 0029 1278
i OF-13 Rt 31 5 Black Mt Rd Overpass B
2 Lol OF16BRt91Ext3NS Onramp | 244 A o4 6% L0151 0013 882 |
, \ OF-17 Rt 81 N Exit 3 / Steakout A ! ' '
A = Site area (in acres) g
I = Site imperviousness (expressed as a decimal percent)

2~ _VERMONT
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il \_/ —__ STP Sizing— Project Areas 1 & 2
) - - Results

STPv falls shy of Obv

Available STP volume versus Sizing Criteria

STP#1.1 Total Treated Treated 12 hr- CPv Total Treated WwaQ Soils Re Pre-Treat Sanded

Area Percent Area Volume  Imp Area ImpArea  Volume Group Volume  Volume Area
(acre)

24 hr-OB |Assumed Peak Flow Weir
Volume | Weir Ht. 100 yr Length

(ft) (cfs) (ft)
10 9.0 3
10 17.0 5
10 06 0
34 1
71 2
11.8 4
479 15
§ 6.9 2
STP#1 1 - 1064 34|
STP#11
Decription TYPE Length Width Area Area Depth
BMP 1 Infiltration Pond POND 0.00 0.00 7500.00 4.50 100 YR Spillway
BMP 2 Wetpond POND 0.00 0.00 9000.00 5.00 Pre wav REv CPv Obv Peak Length
BMP 3 Gravel Wetland TRENCH  100.00 50.00 5000.00 2.00 (cu.ft.) (cu.ft) (cu.ft.) (cu.ft.) (cu. (cfs) (ft)
BMP 4 0.00 0.00 0.00 8658 ]
Total Area Avg Depth 98%

STPv meets REv

STPv meets WQyv, CPv

7~ VERMONT
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g ~——STP Sizing— Project Areas 1 & 2

Treated areas and associated property owners:

Treat a mix of
public and

private lands

STP #1.1 Area

Area Breakdow Area Area % Total Area % Imp Area
Putney Rd 1.37 1.08 Putney Rd  10% 12%
Other Town Roads 0.35 0.35 Other Town Roads 3% 4%
Route 91 0.00 0.00 Route 31 0% 0%
Total Private 11.71 7.57 Total Private  87% 84 %
% Private -% Private
Frivate - Currently Developed 8.46 5.82 Current  B3% T2% B5% 7%
Private - Potential Buildout 3.25 1.76 FPotential Buildout  24% 28% 19% 23%
/\% o
VT ransrsmesess # "~ VERMONT
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i JTP Pollutant Reduction — Project Areas 1 & 2
2 - STP Pollutant Removal

Table A.5. STP Selection: Pollutant Removal Matrix

Practice TSS TP TN | Metals! | Bacteria | Hydrocarbons
[%] | [%] | [%] | [%] [%] [%]
Wet Ponds 80 51 | 33 62 70 812
Stormwater Wetlands | 76 49 30 42 787 85’
Filtering Practices 86 59 38 69 37? 84’
Infiltration Practices® | 957 80 51 99° N/A N/A
Open Channels® 81 34 | 84 70 N/A 62°
Q“agéi;‘éff?tm‘ 3 19 | 5 7.5 78 N/A

1. Average of zinc and copper. Only zinc for infiltration

2. Based on fewer than five data points (i.e., independent monitoring studies)

3. Includes porous pavement, which is not on the list of approved practices for
Vermont. At this time, there are no known field studies that have measured sediment
removal in infiltration trenches. However, it can logically be presumed that a properly
operating infiltration trench will remove nearly 100% of the TSS load associated with the
design treatment volume.

4. Higher removal rates for dry swales.

5. Quantity control ponds (a.k.a. dry detention basins or vaults) do not meet the WQ,
requirement and must be used in conjunction with acceptable water quality STPs.

N/A: Data not available Y
Removals represent median values from Winer (2000)

2~ _VERMONT
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STP Pollutant Reduction — Project Areas 1 & 2

Pollutant Load

The Simple Method - Pollutant Reduction Model

Example Pollutant Loading Estimates

Pretreatment | Treatment Annual FC
No. aterahiadd Name AT T Area Sanded? Sanded Area % Impervious Ru_noﬁ (0.1" Imp. (1" Imp. Annual Runoff] Annual TS5 Annual TP Annual TH (billion
(acres) {acres) {im) acre) cf acre) cf {cf) {Ibs) {lbs) {lbs) colonies)
1 |Paved Roadway &|Roadway/Parking Lot 1.870 Yes 1.870 50 3Nz 543 5430 211,687 6,545 7.25 18.5 1021
2 |Woods 2[Forested 1.000 Mo 0.000 5 38 18.2 182 13,966 44 0.10 1.5 1.2
3 |[Commercial 1[Commercial 10.550 Yes 7.130 85 330 32552 32 552 1,264,072 25,919 2597 2337 1,649.9
0 0.0 0.0 [\ [\ 0 0.00 0.0 0.0
0 0.0 0 0 0 0 0.00 0.0 0.0
Total 13.420 9.000 3,816 38,164 1,489,725 33,509 33.3 253.7 1,753.2
Landuse ID *Fecal Coliform
1 - ) {c) Q) TN ;
Landuse Iuﬁkﬁ:}v % Impervious TSS (mghl) P (mail) (man) {mb;f;sﬂﬂl) Landuse
Commercial 1 85 TE 0.33 297 4600 Commercial
Forested 2 ] 51 01 178 300 Forested
Open Urban Land 3 9 51 011 174 300 Open Urban Land
Residential-High Density 4 40 100 0.4 22 7000 Residential-High Density
Residential-Low Density 5 10 100 04 2.2 7000 Residential-Low Density
Residential-Med. Density 1] 20 100 0.4 2.2 7000 Residential-Med. Density
Industrial 7 75 149 0.32 3.97 2400 Industrial
Roadway/Parking Lot 8 a0 172 0.55 14 1700 Roadway/Parking Lot
Pasture 9 5 145 0.37 5.98 300 Pasture

1 High denzity rezsidential (< 4 acre latz); Medium density residential (114 ta 112 acre lats);

Low density residential [>1 acre latz]; Mulkifamily [ 7 dwellings per acre).

Befersnces;

Annual Rainfall 45 inches; user specified
P, 0.9 %; default

Sanding Rate 350 Ibsfacre; default
Sanding Applications 10 timesiyear, default

The Simple Method to Calculate Urban Stormuater Loadr, Retricwed July 22, 2005 From the Warld Wide Web: heep:ffuuu reormu atercenter. netfmonitoringzE0ands Edarrorr me ntedrimple s 2dme thirimelo hem

Pollutant Loading Fermulas (Simple Method Equations):

TS5 TP TH
L=0.226*R*C*A
Where:
L = Annual Load {|bs)
R = Annual Runoff (inches)
C = Pollutant Concentration {mall)
A=Area(acres)
0.226 = Unit Conversion Factor

Fecal Caliform
L=.00103*R*C*A
Where:

L = Annual Load (Billion Colonies)
R = Annual Runoff (inches)

C = Pollutant Concentration (#col/100mL)

A= Area (acres)

0.00103 = Unit Conversion Factor

R=P*P,*Rv
Where:
R = Annual Runoff (inches)
P = Annual Rainfall (inches}
P, =% of rainfall events producing runoff
Rv = Runoff Coefficient = 0.05+0.9 * la
la = Impenious Fraction (%)




STP Pollutant Reduction — Project Areas 1 & 2
Pollutant Removal

The Simple Method - Pollutant Reduction Model

Example Pollutant Reduction Estimates

BMP Removal Efficiency® Quantity of Pollutant Removed
Annual
BMP . Annual TSS Annual TP Annual TN |Fecal Coliform
No. Watershed Name BMP ID BMP Type Drainage TS5 Removal | TP Removal TH Removal Fecal (‘.oirf:)nn Removed Removed Removed Removed Pretreatment
Area (acres)| ™ £h) (%) BN iR (Ibs) (ibs) (Ibs) (billion. | ! Treatment
colonies)
1¥BMP in series
BMF Volume (cf) = 3,820.00 |Water Quality Volume % 100%
1 |Paved Roadway 2|Plunge Pool ! Forebay™ 1.870 85.0% 8.0% 3.0% 12.0% 5,563 0.58 0.6 123 Pretreatment
2 |Woods 2|Plunge Pool ! Forebay™ 1.000 85.0% 8.0% 3.0% 12.0% 38 0.01 0.0 01 Pretreatment
3 |[Commercial 2|Plunge Pool / Forebay** 10.550 85.0% 8.0% 3.0% 12.0% 22882 208 7.0 188.0 Pretreatment
Total BMP Total 28,482 2.67 7.6 210.4
2™ BMP in series
BMP Volume (cf)=  38,200.00|Water Quality Volume % 100%
1 |Paved Roadway 7 |Infiltration Basin 1.870 95.0% 80.0% 51.0% 90.0% 933 5.3 91 8089 Treatment
2 |Woods 7 |Infiltration Basin 3.000 95.0% 80.0% 51.0% 90.0% 19 0.2 2.3 2.8 Treatment
3 |Commercial 7|Infiltration Basin 1.500 95.0% 80.0% 51.0% 90.0% 545 2.7 16.4 185.8 Treatment
Total BMP Total 1,497 8.26 27.9 269.5
TOTAL REMOVAL 29,979 10.9 35.5 479.9
| % REMOVAL = 80.5% 32.8% 14.0% 27 4%
BMP ID Fecal Coliform
BMP Type (usedforv-| TSSRemoval(%) | R{i“;wa' i R{‘:‘“}“"‘F‘“ Removal** Pr?::at:“’lfl':” BMP Type
lookup) (%)
Vegetated Swale 1 81% 34% B84% 60% Pretreatment |Vegetated Swale
Plunge Pool | Forebay*™ 2 85% 8% 3% 12% Pretreatment |Plunge Pool / Forebay*™*
Leaching Catch Basin®* 3 95%; 80% 51% 0% Pretreatment |Leaching Catch Basin®*
Wet Pond 4 0% 51% 33% 70% Treatment Wet Pond
Riprap Swale*** 5 50% 5% 2% 5% Pretreatment |Riprap Swale***
Raingarden G 86% 59% 38% 37% Treatment Raingarden
Infiltration Basin 7 95% 830% 51% 90% Treatment Infiltration Basin
Infiltration Chambers®* 8 95% 80% 51% 90% Treatment Infiltration Chambers**
Enhanced Sand Filtration®* g B6% 59% 38% 37% Treatment Enhanced Sand Filtration®**
Gravel Wetland 10 76% 48% 30% 78% Treatment Gravel Wetland
Extended Detention Wetland 1 76% 49% 30% 78% Treatment Extended Detention Wetland

Uz & Copyright of Materials:

These makerialzs are copyrighted by Comprehensive Environmental Inc, [CEI). CElhereby authorizes the limited copying and use of these publications by readers az long az CEl iz fully referenced and credited with the information. Please reference az
Fallaws: CEL date of publication. "MName of Publication.” Publizhed by Comprehensive Enviranmental Ine, [$00] T25-2550. Copyright "dake”. Make that thiz iz 3 generic madel and site specific engineering iz alwags required For praper application of this
material. CEl cannot be held responsible for errors or omissions that could ocour in applying this model bo specific sites,




\_/ ~——  STP Sizing— Project Area 3

Sizing to Address Channel Erosion

C u IVe rt Re_ S | 7 | N g Table 2. Crosby Brook Reference Reach Characteristics
Phase Drainage Channel Channel /Channel Valley
. CO nce pt ua I fO r COSt 2 Area Length Slope Width® Confinement Stream
p u rposes Reach Data (sq.mi.) (mi) (%) (ft.) Sinuosity (ft.) Ratio Type* Type** Bedform®
MO1 Yes S 0.7 12 28.2 1.07 150 53 NW C Riffle-Pool
~ )
* M eet 75 A) Of ba n k-fu I I MO02 Yes 3.7 05 07 233 1.03 227 97 BD C Riffle-Pool
W| dt h MO3 Yes 2.8 0.6 11 206 1.07 200 9.7 BD C Riffle-Pool
. MO04 Yes 2.6 0.6 14 19.9 1.10 100 50 NW C Riffle-Pool
e More detailed study MO5  Yes 24 0.5 0.3 19.4 1.20 400 207 VB E Riffle-Pool
requ”.ed for. flnal S|Z|ng MO6 Yes 2.2 0.7 25 18.4 1.05 150 8.1 BD C Riffle-Pool
. MO7 No 1.6 1.0 31 16.1 1.03 50 341 SC B Step-Pool
e Culvert design should follow Mo&8  No 05 07 74 9.4 1.00 5 16 NC A StepPool
. . . M09 No 0.1 03 36 49 1.06 25 51 NW B Step-Pool
GUIde/IneS for the DeSIgn Of T1.01 Yes 1.8 05 1.4 171 1.03 120 7.0 BD C Riffle-Pool
Stream/Road Crossings for T1.02  Yes 1.7 0.8 4.5 16.5 1.01 40 24 SE B Step-Pool
. T1.03 Yes 1.1 0.8 0.2 13.5 1.06 381 28.2 VB E Dune-Ripple
Passage OquuatIC T1.04 No 0.8 0.2 4.3 11.9 1.20 40 34 NC B Step-Pool
Organlsms In VT prepa red by T1.05 No 04 1.0 4.9 8.9 1.03 15 1T NC A Step-Pool
. T2.01 No 0.5 0.5 34 9.7 1.02 55 . sSC B Step-Pool
the VT Department of Fish 7202 No 0.1 0.7 4.8 5.3 1.01 1528  sC____A Step-Pool
an d Ga me *NW = Narrow; SC = Semi-confined; BD = Broad; VB = Very Broad

§ Valley Width estimated remotely for italicized values
** per Rosgen (1994)
1 per Montgomery & Buffington (1997)

2~ _VERMONT
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\/ ~—  STP Sizing— Project Area 3
y 4 " Sizing to Address Bank Erosion

Based on size of impacted area or erosion extent measured in the field

- . -‘-.-n-
b e o3 ‘,.-..."‘-‘w '

Flglue 14. Mass faﬂme in lower M0O1-B
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u STP Ranking - Project Areas 1 & 2
_J © ¥ o

Two Phased Ranking Process:

The intent was to use model results to prioritize
sites based on feasibility and then rank those
sites based on a more refined cost and pollutant
removal estimate.

e 1%tround ranked the potential
STP sites based on feasibility,
location and ability to meet
stormwater standards.

e 2" round ranked the STP sites
based on cost-effectiveness , } —
and removal of sediment. - oL

Streambank Stabilization, Erosion Repairs
and Culvert Replacement

/"~ VERMONT
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il Q _, STP Ranking Project Areas 1 & 2
2 e © O Phase 1 Ranking Criteria

» Proximity to Brook

»Sediment Accumulation & Removal
» Ease of Implementation

»Land Use

»Land Owner

»STP Sizing & Standards Compliance

»Maintenance Requirements

> Permitting Requirements ) D S 9

7~ VERMONT
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~— ./ STPRanking - Project Areas 1 & 2
b o ¢ Phase 1 Ranking Criteria

Each criterion was given a range of priority points based on the importance of that criteria:

Explanation of Ranking:

Proximity to Brook: Within 50 feet =1 ; 51 feet - 100 feet = 2 ; 101 - 200 feet = 3 ; 201 - 300 feet =4 ; 300+ feet = 5
Direct / Indirect Discharge: Direct = 4 ; Indirect = 2
Impervious Area %: 76% - 100% =4 ; 51% -75% =3 ; 26%-50% =2; 0% - 26% =1
Ease of Implementation: Easy, low number of issues = 5 ; Moderate, possible equipment maneuvering/ access issues = 3 ; Difficult, expensive equipment maneuvering/ road closures = 1
Land Owner: Town / State Owned (no easements) = 3; Private (easement needed) = 1
Land Use: Commercial / Industrial = 3.5; Commercial / Highway = 3; Industnal / Highway = 2.5; Commercial / Residential = 2.5; Residential / Highway = 1.5; Commercial = 4; Industral = 3; Highway = 2; Residential/Forested = 1
Potential STP Storm Size: 10yr -24hr plus = 3 ; 10yr -24hr = 2 ; under 10yr -24hr =1; No STP =10
Potential STP Recharge: 15,000 CF plus =5 ;10,000 -14 998 CF =4 :5000-9999CF =3 2000-4999CF=2; <2000 CF =1 No STP =10
5[] cfplus =6; 200-249 cf=5;150-199cf=4; 100-149=3,50-99=2; 0-49=1;No STP =10
STP Cost: $550.000 plus = 1; $450,000 - $549,999 = 1.5; $350,000 - $449,999 = 2 ; $250,000 - 349,999 =2.5 ; $150,000 - $249,999= 3; $125,000 - $149,999 =3.5; §75,000 - $124,999 = 4; §74,999 and less = 4.5
Permit Requirements: No Permit Meeded = 3 ; Possible Permit Needed = 2 ; Definitely Permit Needed = 1

Maintenance Requirements: Low frequency. easy access, easy tasks = 3 ; Moderate frequency, access issues, several tasks = 2 ; High frequency, difficult to access w/ equipment = 1

VIiinsmecs 7~ VERMONT

DEPARTMENT OF ENVIRONMENTAL CONSERVATION




| ~___STP Ranking - Project Areas 1 & 2
o < Phase 1 Ranking Process

STP Sub-basins Sub-basin | Percent TS5 Property | Proximityto | Permitting | Design Storm Land Use
ID Handled Areas Impervious Removal COwner Brook Required Handled Type
cu ft.
(outfall D) | ‘acres) (%) (euft] )
1-8 7, 78, 18, 18A, 19 10.6 65% 155 PRIVATE 30 POSSIBLE 10¥R-24HR COMMERCIAL
1-6 7,78 5.8 63% 105 PRIVATE 150 NOME 10YR-24HR COMMERCIAL
PRIVATE / OVER COMMERCIAL /
T 7,18, 19, 21, 23 9.5 69% 170 500 NONE
Raw data was entered into a il i Wi
. . PRIVATE / UMNDER COMMERCIAL /
matrlx for eaCh Ote nt|a| STP 110 334, 33B 21.1 68% 170 625 POSSIBLE
STATE 10YR-24HR INDUSTRIAL
location. 1,3,5,6,6A, 6B, COMMERCIAL /
1-3 13.0 56% 150 PRIVATE 75 POSSIBLE 10YR-24HR
6C, 8 INDUSTRIAL
COMMIERCIAL /
1-13 6, 6H & 15C 16.4 54% 118 STATE 625 NOME 10YR-24HR
HIGHWAY
PRIVATE/ UNDER COMMERCIAL /
1-9 23, 24, 264, 26B 10.0 56% 138 a0 DEFINITE
STATE 10YR-24HR HIGHWAY
37, A, 378, 414, PRIVATE / COMMERCIAL /
1-11B 19.3 32% 112 500 DEFINITE 10YR-24HR
41B TOWN INDUSTRIAL
1-5 8,9 1 (57 32% 18 PRIVATE 25 DEFINITE 10YR-24HR COMMERCIAL
UMNDER COMMERCIAL /
1-11A 37A, 40 20.5 19% 80 PRIVATE 225 DEFINITE
10¥R-24HR INDUSTRIAL
PRIVATE /
1-12 14 18.1 25% 87 a0 POSSIBLE 10YR-24HR RESIDENTIAL
TOWN
A
ﬁﬁ‘“-"" } .'ft%é

T,

U EPTS "~ VERMONT
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~— . STPRanking - Project Areas 1 & 2

~ - PhaselRanking Process

STP Sub-basins Sub-basin Percent way REv CPv OBv " STP TSS STP STP STP
1D Handled Areas Impervious Target Target Target Target Max Volume | / Removal Total Costs  |Maintenance| Total 10 yr Costs
{outfallp) | (acres) (%) i gy . i Al N i ) \(En'ﬁ')/ (cuft) (%) ($) ($)
1-1 6, 6D, 6E, &F, 15 13.4 67% 28,700 11,000 38,700 83,100 81,750 340 $655,196 $3,400 $689,196
1-4 7, 7A 7.3 56% 13,200 5,900 8,600 26,200 26,400 110 5215,259 $2,000 5235,259
1-2 6, 6H, 61, 6J 16.2 36% 19,650 6,200 23,000 54,400 54,800 135 $296,859 $3,100 $327,859 STP S | Zi ng an d pO I I uta nt
1-8 | 7,78B,18, 184,19 10.6 65% 21,300 10,000 19,100 48,800 48,750 155 $397,002 $3,100 $428,002 rT = Ct Sl nfo A atr:O e
also entered into the matrix
1-6 7,78 5.8 63% 11,600 5,300 10,200 26,750 26,800 105 $201,920 $2,400 $225,920 g .
to be used for ranking analysis
1-7 7, 18,19, 21, 23 9.5 69% 20,850 8,900 19,900 49,400 50,500 170 $427,785 $3,200 $459,785
1-10 334, 33B 21.1 63% 45,800 13,200 57,300 130,600 94,500 170 $219,219 $5,200 $271,219
1-3 Aot 5;52 ZA' Y 13.0 56% 23,650 7,550 27,100 63,000 62,500 190 $500,085 $2,600 $526,085
1-13 6, 6H & 15C 16.4 54% 28,600 11,700 24,000 36,200 28,850 118 $429,500 $3,900 $468,500
1-9 23, 24, 26A, 26B 10.0 56% 18,000 4,800 16,700 39,500 38,000 138 $319,119 $2,100 $340,119
1-11B 3?'A'i::'4m' 19.3 32% 21,100 5,600 27,950 78,000 78,000 112 $350,907 $3,300 $383,907 ) y,
1-5 8,9 1.7 32% 1,900 800 2,000 5,650 5,640 18 559,274 51,300 §72,274

Vlianseensss:

ans Working to Gef You There

oment Ageney of Transporiaion
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STP Ranking - Project Areas 1 & 2
Ranking Costs

—
e
APPENDIX D - STP QPTIONS - COST SUMMARY TABLE
STP Sub-basins 5TP Const Engineering STP 5TP 5TP
1D Handled Pond Add Excav Added Cost Bid / Total Costs Total Costs Maintenance | Total 10 yr Costs
(Outfall 1.0, Area Pipe Pipe Structure | Structure Install | Excavation Cost Cosis (%) Survey | Permitting | Engineering | Construction (%) (%) (%) (3)
1-1 &, 6D, 6E, &F, 15 20,500 1,200 S180,000 15 552,500 §163,500 5,125 53,796 580,000 5479,796 $7,400 50 596,000 $72,000 5175,400 $655,1596 §3,400 $689,196
1-2 6, BH, 61, 6) 18,250 300 $45,000 3 $17,500 $109,600 9,125 56,759 $35,800 §214,659 $7,100 S0 542,900 $32,200 582,200 $296,859 53,100 $327,859
13 | bE 5’5? Z’”" 8| 11,000 350 142,500 8 §28,000 | $125,200 7,000 45,185 60,300 §361,785 56,600 §5,000 $72,400 $54,300 $138,300 500,085 $2,600 526,085
Conceptual costs were prepared and entered into the matrix to be used for ranking analysis
The detailed cost estimates included:
STP Cost Summary:
Construction COStS STP Type Install Material Total Unit
Treatment STP $2.00 %1.00 $3.00 per CF
C Piping Stilling Basin $2.00 $1.50 $3.50 per CF
Sediment Forebay STP 51.50 51.00 5250 per CF
O Structures Roadside Swales & STPs 5150 53.00 5450 per SF
Maintenance Level Spreader 55.00 515.00 52000 per SF
C Excavation an radin . Riprap Spillway $5.00 $10.00 $15.00 per SF
cavation and grading Annual Maintenance Costs . =
Riprap Infiltration STP $3.00 %8.00 $11.00 per SF
. STP installation + . Filter Media STP $10.00 $20.00 $30.00 per 5F
. . . * Appl Ied for 10 years Streambank Stabilization $3.00 $4.50 $7.50 per 5F
Pla nning & Englneen ng costs Naturalized Bank Erosion Stabilization 54.00 $6.00 $10.00 per SF
Steep Slope Stabilization 52.00 53.00 55.00 per SF
O Survey Erosicn Repair 50.50 $1.00 5150 per SF
L. Vegetated Buffer 52.00 54.00 56.00 per SF =
° Permlttlng Dredge £1.50 %0.00 51.50 per CF
. small Culvert Replacement $1,000.00 5500.00 %1,500.00 per LF
° DeSIgn Large Culvert Replacement $3,000.00 £500.00 $3,500.00 per LF

e  Bid and Construction Oversight

VI
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— Q _ STPRanking - Project Areas 1 & 2
Ranking Costs

STP Construction Cost Estimate: Based on a combination of drainage piping, drainage structures, STP installation, additional excavation costs, potential rock excavation and supplemental costs

/ Explanation of Costs:

Pipe Costs: Linear feet of pipe times $75/If pipe between 0-500 #t; $100/f between 500 - 1000 ft; and $150/If for lengths over 1000 feet

Structure Costs: Number of drainage structures needed times 52,500 per structure

STP Installation Costs: Cost to represent excavation, stabilization and installation of all standard stormwater treatment pond components: Pond Volume times $1.50/ cu ft. for ponds less than
100,000 cu-ft. and $0.80 / cu_ft. for ponds larger than 100,000 cu.ft.

Additional Excavation Costs: Cost per cubic yard to excavate existing terrain beyond the volume required for the pond. Estimated based on area of pond and approximate cut depths to level
the area prior to pond installation

Potential Rock! Ledge Excavation Costs: Cost per cubic foot to excavate rock and ledge that could be encountered during all excavations times $5 per cubic foot of rock. Estimated based
on volume of pond and volume of extra earth excavation assuming approximate ledge depths and percentage of total excavation depths

Supplemental Costs: Costs carried for supplemental work that would be required for a specific STP or location. Additional costs include liners for ponds, road re-grading, bridge retrofits,
underground tanks, utility relocations and intercept swales to redirect additional runoff around STPs

STP Engineering Cost Estimate: Based on a combination of survey, permitting and engineering/design cost estimates

Survey Costs: Based on estimates to obtain topographic survey for design and permitting. Cost includes a rough base price plus a cost per acre based on the footprint of the STP

Permitting Costs: Based on estimates to perform STP permitting for state and supplemental local permitting. Costs based on historical data and past experience and depend on potential
impacts to the reservoir, wetland area, surface water resources and applicable buffers.

Engineering Costs: Based on estimates to complete design, plans and specifications ready for bidding. Based on a combination of historical data. an approximate 20% of construction budget
and previous design project experience. Costs do not include bidding and construction based semvices.

STP Total Cost Estimate: Based on the combination of total construction costs plus engineering costs ./
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Once criteria for each STP was
complied, the priority point
scores were applied and tallied
to select STPs with the highest
total score

Phase 1 Ranking Results

.~ STPRanking - Project Areas 1 & 2

5 g Direct / 5 Potential Potential . ; Maintenance -
1D o A Indirect s o kit i Land Owner | LandUse | STP Storm STP Sesipes STP Costs Pt_armlt Requirements / F‘ngnty RANK
Brook Biohias Area % Implementation it B Removal Reguirements e Points
1-1 5 2 3 3 1 4 3 4 6 1 3 3 1
14 2 4 3 5 2 4 3 3 3 3 2 3 37 2
1-2 5 2 2 5 2 25 3 3 3 25 3 2 35 3
1-8 1 4 3 5 1 4 2 4 4 2 2 2 34 4
1-6 3 2 3 3 1 4 2 3 3 3 3 3 33 5
1-7 5 2 3 1 2 3.5 3 3 4 2 3 1 32.5 6
1-10 5 2 3 1 2 3.5 1 4 4 3 2 2 32.5 7
1-3 2 4 3 3 1 3.5 2 3 4 1 2 3 31.5 8
1-13 5 2 3 1 3 3 1 4 3 1.5 3 2 35 9
1-9 1 4 3 5 2 3 1 2 3 2.5 1 3 30.5 10
1-11B 5 2 2 3 2 3.5 2 3 3 2 1 2 305 1
1-5 1 4 2 5 1 4 2 1 1 45 1 3 29.5 12

2~ _VERMONT
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\_/ LD STP Ranking - Project Areas 1 & 2

D Phase 2 Ranking Criteria

A second ranking phase was completed to compare similar STPs and potential long-term costs and benefits:

BMP Costs divided by

Permitting
Design
Construction
Annual Maintenance

7~ VERMONT
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./ STPRanking - Project Areas 1 & 2

p) Phase 2 Ranking Process

Use Ranking Criteria: S per ton of
> BMP Drainage Area To Estimate: .
» Percent Impervious Sedlment (TSS)
» Land Use Types » remOVEd
» 10 yr. Pollutant Removal .
- (over 10 year period)
» 10 yr. BMP Maintenance To Select: ‘

Cost '

Top 2 BMPs per Area = Most Cost Effective

On average over a 10 year period
~ $4,000 - $5,000 per ton y

2~ _VERMONT
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\ STP Ranking - Project Areas 1 & 2
— — Phase 2 Ranking Results

p—

—

Project Area 1

APPENDIX C - STP OPTIONS - RANKING SUMMARY TABLE BY AREA —
STP Sub-basins Sub-basin Percent wav REv CPv OBv STP TSS STP STP STP TSS 10Yr TSS Cost}'TSS\
ID Handled Areas Impenvious Target Target Target Target Max Volume | Removal Total Costs  |Maintenance| Total 10 yr Costs Removal Removal Removal
/
(Outfall 1.D.) (acres) (%) (cuft) (cuft) (cuft.) {cuft) {cuft) (cuft) (%) (%) (%) (Ibs) (tons) (Siton)
11 6, 6D, 6E, 6F, 15 13.4 67% 28,700 11,000 38,700 83,100 81,750 340 5655,196 53,400 $689,196 30,600 153 54,505
1-4 7. 7A 7.3 56% 13,200 5,900 8,600 26,200 26,400 110 5215,259 52,000 5235,259 9,900 50 54,753
APPENDIX C - STP OPTIONS - RANKING SUMMARY TABLE BY AREA o~
sTP Sub-basins Sub-basin Percent Wav REv CPv OBv sTP T55 STP STP STP TS5 10¥r T5S /Cost}'TSS N
ID Handled Areas Impenious Target Target Target Target Max Volume | Removal Total Costs  |Maintenance| Total 10 yr Costs | Removal Removal Removal
i
(Outfall 1.D.) (acres) (%) (cu.ft.) (cu.ft.) (cu.ft.) (cuft) {cuft) {cuft) (%) (%) (%) (Ibs) {tons}) (Biton)
241 13, 138, 13C 5.6 56% 10,100 3,100 9,900 26,000 25,300 87 $137,707 52,400 $161,707 7,830 a9 54,130
204, 2247, 22B \
24 zrs.c\ zrse : 5.9 25% 5,200 1,400 6,700 21,300 25,500 68 $125,930 $2,400 $149,930 6,120 31 54,900
g

Viansenss

Working to Gef You There

ot A3y of Transgoriation
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N -' STP Ranking - Project Area 3

N

L]
S Undersized Culverts
=4 -
Culverts with widths less than bank-full width 1., summary o siceam Crossing: e SR
. Reach! | o road Struct. [ Stream | Struct. | Struct/ Flood- T Seg- | pote | Tyme Location | Height | Width | Width | Stream plain Apgf::c‘h
We re r‘eVI ewed . Seg- Mame T Location Height | Width Width Stream plain A rosEh ment (ft) (ft) {ft) Width* Filled?
. ment P (ft) (ft) (f) Width* Filled? PP
T Mog.C | Tucker s
I‘éigé;lz Railroad Rmcgld. féﬁﬁ:;g;l;;r ' 200 190 05% Partially g];;p:hethzed Bridee ;’:;ed Gravel with Houghton 5.0 180 62 RELIY Partially | Mild Bend
< : & M Rd
e segment break.
* Any undersized culverts should eventually be = e s
- s M 1gh- 3 At t i ; 0 e | Wanurally
rep laced MOLB | Routes | Paved | RouteS s4 | 20 | 300 136% | Entiely | Chammelized Culvert |tonRd | 72 | witn MoT. ol |wle || 82 36% | Partially | gioion
T1.01 1.91 crossing 2 Chammelized
it 3 - iz i 191 Paved = 7.0 170 11.0 6504 Partially 3
e i_,iiﬂp Paved iﬂpﬁ"“ 3 70 | ns | 200 9% | Patially | Chamelized Culver 2920 | (2 lanes). ¢ 0| Pamally | G
H H H 1 . = > Just south of
* For ranking purposes, culvert projects with widths [ X 1o [ eaes [Tl | 45 | 50 | 20 | 109% | Pumly | viaBend S| T R R ‘ Extiety | Shrp Beod
- e Culvert | Mm Rd. with Crescent 1 ¥ 4
o) 1 s
less than 33% of the bank-full channel width were | w |z i o R I | Netally =
Culvert | R Gravel J.n_rte;a;cuton_ 1.0 238 7.0 Partially Straight & disii
i iari Wil T = TLO2ZB | Black P s - . Naturally
selected as the highest priority to be completed S A28 | Black | craver | MtRa a9 | w5 | 70 | 0% | pamsany |Nanly
M04 | Middle = . 2 Channelized B crossimng. iz
H : Paved | intersection 7.0 21.0 70 Partially S
under a first phase. Calvert | R4 wifh Rowte 5. Staight q
5 5o Just east of
ust south of TL02-D | Dickin- intersection
5 i intersecti " T Gravel 2 By 30 9.0 30 Partially | Mild Bend
G| e sy e ee . | H0 | s | 44 4% | Partilly | MildBend Culvert | sonR4. I ‘
* Remaining undersized culverts could be replaced in 5 :
L ermcray, TLOS N Trail ]ﬁgl“de:caﬂ?;]:n = || a5 43 165 384° Partially | N2rrlly
2 dd t | h b d | t M06-B | Drive- stemming from i o | Naturally Bridge | Trail A : - 2 Y| Straight
additional phases based on similar criteria (e.g. |08 |Dive | gy |gemmngton | o5 | 150 | 1ss | w03 | pamay | N il
. ¥ i 'd—}es;mem. B 5 < L "
0, a TLO3 | NA- | Access mil to " . ! Channelized
- A06-] ch- o X d Trail : 50 120 0 42¢ P Iy :
under 67% and remainder less than bank-full VD [ | g [Howionhd | 75 | o0 | 50 | sow | ety |viatnem o W | | i 5 R
Wi dth ) . APPENDIX D - PROJECT AREA 3 - STP OPTIONS - COST SUMMARY
STP SiP Location Road Road Road |Culvert|Culvert | Culvert No. of | Structure [ STP STP Add'l Excav [ |Construction| STP Const. | Survey | Permit |Engineering|Bid / Construct|Engineering STP
[} Type Description of Length | Width | Area |Length |Openingl Cost |Structures| Cost Install | Materials | Prep/ Clearing | Cont. Costs Cost Costs Costs Costs Oversight | Total Costs | Total Costs
STP (ft.) (ft) | fso.ft) | (ft) [(frxft)  (S) (3#) (S) (8) ($) (8) (30%) ($) ($) ($) (8) (8) (8) ($) ($)
s MNorthern Fork / Ryan Rd (M03) - Install
1 Cullj\.'er‘t new culvert to meet min 75% stream | 50.0 25.0 | 1250.0 [ S0 | 7x18 | $175,000 0 S0 $3,750 | $5,625 6,250 57,200 $247,825 | 53,100 | $8,000 | $49,600 $24,800 85,500 $333,300
Cost estlmates width - Exist. Culvert = 7'x7'
Morthern Fork / Middle Rd (M04) -
We re preformed for Replace Install new culvert to meet min 75% .
2 T streafmwidith & 1CRS for pavied 1000 | 250 | 25000 | 60 | 7x16 | $210,000 2 $7,000 | $7,500 | $11,250 $12,500 $74,500 $322,750 | $3,300 | 38,000 | $64,600 $32,300 $108,200 | $431,000
the top 4- drainage - Exist. Culvert = 7'x7'
: southern Fork / Black Mtn. Rd (T1.01) -
Replace Install new culvert to meet min 75%
3 CUlGAIE  [hoadn ahidtti o For passnd dralhase | 100.0 | 30.0 | 3000.0 | 75 | 4x12 | $112,500 2 47,000 | $9,000 | $13,500 515,000 $47,100 $204,100 | 53,300 | 8,000 | $40,800 $20,400 472,500 $276,600
Exist. Culvert =4'x4"
F Southern Fork / Dickinson Rd (T1.02-D)
4 Culljver‘t - Install new culvert to meet min 75% | 50.0 25.0 | 12500 | 40 3x7 | $60,000 0 50 $3,750 | 55,625 56,250 22,700 $98,325 $3,100 | $8,000 | $19,700 $9,800 $40,600 $138,900
stream width - Exist. Culvert =3'%3"
225 Totals| 873,000 Totals| $1,179,800
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- STP Ranking - Project Area 3
Erosion & Mass Failures

Stabilization ranking was
based on repair of the top 6
largest problem areas
identified in the field

APPENDIX D - PROJECT AREA 3 - STP OPTIONS - COST SUMMARY

Mass Slope Failure Southern Fork near
Black Mtn. Rd - Repair erosion & 100.0 75.0 7500.0 | $15,000 | $22,500 47,500 413,500 $58,500 43,900 | $8,000 | $11,700 45,900 $29,500 $88 000
stabilize slope

Stabilize Steep
Slopes

Steep Slope Failure Northern Fork near
Streambank : X
2, R Route 91 northbound - Repair erosion 100.0 30.0 3000.0 89,000 | $13,500 $3,000 $7,700 $33,200 $3,300 | $8,00C 36,600 $3,300 $21,200 $54,400
abilization
& stabilize banks

Mass Slope Failure Northern Fork

Streambank
3 it along Route 91 southbound right of 75.0 50.0 3750.0 | 511,250 | S16,875 $3,750 59,600 $41,475 $3,400 | $8,000 $3,300 $4,100 423,800 65,300
Cost esti m ates way - Repair erosion & stabilize banks
i Steep Eroded Banks along Morthern
f d . Stabilize Steep ) i i
were perrormed: a e Fork near Pepsi - Repair erosion & 50.0 50.0 2500.0 | $5,000 | $7,500 $2,500 $4,500 $19,500 | $3,300 | $8,000 | $3,000 $2,500 516,800 | $36,300
P stabilize slopes
T — Mass Slope Failure along Main Channel

5 Sniaten near Route 9 eastbound shoulder - 150.0 30.0 4500.0 | $13,500 | $20,250 $4,500 $11,500 $49,750 43,500 | $8,000 $10,000 45,000 $26,500 $76,300
Repair erosion & stabilize slope

s Mass Slope Failure Northern Fork near
Stabilize Steep

6 Houghton Rd - Repair erosion & 75.0 50.0 3750.0 | $7,500 | $11,250 $3,750 $6,800 $29,300 $3,400 | $8,000 | $5,900 $2,900 $20,200 549,500

$231,725

Slopes

stabilize slope
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| | STP Recommendations

_J Q ¢ & Project Area 1
Project Area 1

* Infiltration basins
Stormwater wetlands

Wet ponds / multi-pond systems

_—— 7~ VERMONT
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\_/ e STP Recommendations
= e - Project Area 1

Project Area 1 —Routes5 & 9

Site 1.1 — Putney Road & Private Properties

* Located on private property behind the America’s Best
Inn

e Re-direct runoff from an existing drainage system on
Putney Road, Hardwood Way and a Private Drive

Site 1.4 — Putney Road & Route 9

* Located on private property next to the old Bickford’s
restaurant

e Re-direct runoff from an existing drainage system on Routes 5
and 9 that discharges at the Crosby Brook / Putney Rd bridge
crossing

DEPARTMENT OF ENVIRONMENTAL CONSERYATION



- STP Recommendations
p) e © Q Project Area 1

Site 1.1

* Drainage diversion

TARGET SINED SITE 1.1 - MULTIPLE POND SYSTEM BEHIND
S S t ormwa t er w et I an d STCRM WATERDESIGN STANDARD | JARCET NTHEVE! McDONALDS, TACO BELL & AMERICA'S BEST INN
PRE-TREATMENT VOLUME 3300 230 SUBWATERSHEDS: 6, 6D, 6E, 6F & 15
TREATED AREA = 134 ACRES
WATER QUALITY YOLUNE 28700 270 TOWN ROADS ~13%
. ; PRIVATE PROPERTY ~87%
° M u I t I O n d S St e m SR . W ASSUMED 24% BUILD-OUT CONDITION ON PRIVATE PROPERTY
p y CHANNEL PROTECTION YOLUNE L b | NOTES: LOCATED ON PRIVATE LAND IN OPEN UN-PAVED
S%‘HVJECR%EE 5 AREAS. SEVERAL OPTICNS TO PROVIDE STORAGE AND
il e i . TREATMENT FOR PORTIONS OF PUTNEY ROAD AND
ANNUAL TS5 LOADING FREMOVAL a0 40 (o) ADJAGENT PRIVATE LOTS THAT ARE TIED INTO ROADWAY
DRAINAGE, APPROX. POND DEPTH = 5.0 FEET. OPTION TO
NEW PIPE L INCREASE DEFTHS & SIZE SPILLWAY TO STORE PORTION OF
e 100 YR-24 HR STORM EVENT, COMBINATION OF EXTENDED
= "~ Easng DETENTION, WETPONDS AND GRAVEL PONDS CAN BE USED
"“| TOCREATE AMULTIPLE POND SYSTEM. SEVERAL OPTIONS
'~| FOR CAPTURING LOCAL PARKING LOT RUNGFF. COULD BE
" SIZED FOR FUTURE DEVELOPMENT OF ABANDONED
:‘OME:'\%%?MC%:';IEP?@ =g COMMERCIAL PROPERTIES. WOULD UTILIZE EXISTING
DRAINAGE SYSTEM AND DISCHARGE AT SAME OUTFALL.
i o NEW
PIPING 1
IVERT CATCH BASIN
. D Dereion
NEW STRUCTURE
PIPING
ABANDON
EXISTING DRAIN PIPE
NEW PIPE - &
Laggnd HEW CATCH ’ P .“
PRV — aiSNS FOREBAY stmocTURE wo
A7 Dising Dreinagh Swile
S0 bxisting Dranage Pe
A0 ising Sower Pioe INFILTRATICN| 13
A%/ bising Waki Ppe. BASIN
Existing Gan Line.
Existing Porwar Line
By
ot Rigariiey WETPOND CR
CRAVEL WETLAND
o iy e
#  Ealging Dran Mankcls
sl Figure 4 - Croshy Brook
@  odalin, o A
S g Site 1-1 Proposed STPs
AN/ Propored Drinaga Fipe b
.
B i COMPREHENSIVE
@D rowsse ENVIRONMENTAL
INCORPORATED

21 DEPDT STREET.
MERRIUALK. M1 03054
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- STP Recommendations
= T < Project Area 1

Site 1.4

/

14 D ra i n a ge d ive rS i O n _ { / SIE 1.4 - INFILTRATION POND

. AT ABANDONED BICKFORD'S LOT
STORMWATER DESIGN STANDARD | (SE5FT iy
SUBWATERSHEDS: 7 & 7A
PRE TREATHENT VOLUME 1500 1600 \ TREATED AREA = 7.3 ACRES
. . . PUTNEY ROAD ~22%
. I f It at O b a S WATER QUALITY YOLUME 13.200 13.200 ~
n I r I n I n \ o PRIVATE PROPERTY ~78%

RECHARGE YOLUME 5800 5900 ASSUMED 73% BUILD-OUT CONDITION ON PRIVATE PROPERTY

NOTES: LOGATED ON PRIVATE LAND. REMOVES 2
UN-TREATED DISCHARGES. OPTIONS TO OUTLET FLOWS TO
G FLO0D VOLUNE CROSBY BROOK OR CONNECTICUT RIVER. OUTLET TO
CONNECTICUT WOULD REDUCE POND SIZE AND WOULD
P — UTILIZE EXISTING DRAINAGE SWALE. WOULD REQUIRE NEW
: PIFING TO RE-DIRECT PUTNEY ROAD AND TRAFFIC CIRCLE
DRAINAGE. APPROX, POND DEPTH = 3. ROOM TO INCREASE
DEPTHSIFOOTRRINT AND SIZE SPILLWAY TO SAFELY STORE
100 YR:24 HR STORM. ADDITIONAL OPTION TO INCREASE SIZE

CHANNEL PROTECTION VOLUME. 8500

TO HANDLE RUNOFF FOR CUTLET #4.

-~
[or—
‘Exising Drainage Pios
Exising Sover Pips
‘Exisling Water Ppe
Exaing Giee Lne
Enting Pves Lo
‘Parce Bourdery
Rigntaf Wy
- Exising Dy Wel
. Exising Drain Manhel.
[] ‘Exising Caich Basin
o umOu
@ oumio.
‘Propoaed STP Vieershed
/N Propoant Drairege P
. Progesed Dran Manhale
3 » @23 Prupoesd Cach Bash
Prugesed STP
g, &
o
N\ | OUTFALL &
PrnG
Figure 7 - Crosby Brook
Site 1-4 Proposed STPs

COMPREHENSIVE

ENVIRONMENTAL

INCORPORATED
R
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v | STP Recommendations
—

D e © | Proje;t Area 2

J—

0

. Fi
Project Area 2 — Interstate Route 91 |
* Infiltration swales
e Stormwater wetlands e Bk e, S e T ol
* Wet swales / dry swales S ) : 3
. . _ \

Sand Filters e

- + . . - 21 ) _l :_; \\ O T fﬂ'fl EASTROUND INTERETATE 84 ===
S
\—

Viansees

oment Ageney of Transporiaion
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\_/ | STP Recommendations

J e ¢© O Project Area 2
Project Area 2

Site 2.1 — Interstate Route 91 at Black Mtn. Rd

* Located in VTrans Right of Way

*  Retrofit existing drainage systems on shoulders and
medians

Site 2.4 — Interstate Route 91 at Exit 3

* Located in VTrans Right of Way

* Use low-points and large available space
along the exit ramp to install larger STPs

e  Retrofit existing drainage systems on highway
medians to provide linear STPs

#~~ VERMONT
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\_/ | STP Recpmmendatlons
) e ¢ Q Project Area 2

Site 2.1

* Infiltration swales

Suriace ol
[ —
2 F Exisirg Drsinegs Fipe
SITE 2.1 - INFILTRATION TRENCHES & TREATMENT ; g St 0
. . SWALES AT RT 91 8.0F BLACK MT RD OVERPASS Eﬁ::&:ﬂ'
L] D y I t h d f I t SUBWATERSHEDS: 13, 138 & 13C i b Lol
ry swales with sand filters s 1 o =
ROUTE 91 ~62% P ki
PRIVATE PROPERTY ~38% a
ASSUMED 6% BUILD-OUT CONDITION ON PRIVATE PROPERTY

Eising Drsin Warhola
EisirgCalch Busin

GUTLET - ExeirgOutall
NOTES: LOCATED WITHIN ROUTE ¢1 LAR.O.W. HANDLES Oufl 1D

ROUTE 91 AND ADJACENT PRIVATE PROPERTY DRAINAGE. :m 2"‘:";:[:
RETRGFIT EXISTING SWALES WITH PRE-TREATMENT DEVICES y b 1 i B
AND SUBSURFACE INFILTRATION / STORAGE CAPABILITIES, TRENG Prposcc G B
INCREASE CAPAGITY OF EXISTING ROADSIDE DRAINAGE 5 Proposat 3TP
SWALES . TREATMENT SWALE DEPTH = 1-2 FEET. APPROX.

STONE DEPTH =3 FEET. IT I$ ASSUMED THAT ROADSIDE

SWALES CAN BE RE-GRADED IN AREAS WHERE THERE IS NO

GUARDRAL.

TARGET

STORM WATER DESIGN STANDARD (cubie faat)

PRE-TREATMENT VOLUME 1,100

WATER QUALITY YOLUME

RECHARGE YOLUME

CHANNEL PROTECTION VOLUME 8800

OVERBANK FLOOD VOLUME 26,000

AHNUAL TSS LOADING f REMCHAL 12

Figure 17 - Crosby Brook
Site 2-1 Proposed STPs

COMPREHENSIVE
ENVIRONMENTAL
INCORPORATED

NERRMACIC NH 03054
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STP Recommendations
Project Area 2

R

_/ Nt y -

Site 2.4

SITE 2.4 - INFILTRATION TRENCHES & GRAVEL

WETLAND AT RT 81 SOUTHBOUND EXIT OFF RAMP Legend

SN Burkaoa Waer

e Stormwater wetlands

SUBWATERSHEDS: 20A, 22A, 228, 25A 8 25B /S istig Dranage Seas.
TREATED AREA =59 ACRES el - o m :':::":M
. ROUTE 91 ~77% s matgmiere
PRIVATE PROPERTY ~23% Esisting Gas Lina.
e Wet swales and sand filters D 107 BAD T CONITION O PRUATE PROPERTY = :
e
#™~7 RightoWay

NOTES: LOCATED WITHIN ROUTE 91 L.AR. O.W. HANDLES ROUTE
91 DRAINAGE. RETROFIT EXISTING SWALES WITH
PRE-TREATMENT DEVICES AND SUBSURFACE INFILTRATION /
STORAGE CAPABILITIES. INCREASE CAPACITY OF EXISTING a1,
ROADSIDE DRAINAGE SWALES AND PROVIDE TREATMENT Ficpissad STP Watateh o

®  istig Dryhel
.
[}
o
@
THROUGH GRAVEL WETLAND. TREATMENT SWALE DEPTH =1-2 AN Propasd DrakegePips.
.
=
@D

Esielng Dran Menhcle:
Eslelg Ceich Bae
Esising Outall

FEET. APPROX. STONE DEPTH = 3 FEET. WETPOND DEPTH =2 Fropaasd Drain Manhdls

FEET. WILL REQUIRE PAVECUT & RESETTING OF CURB ON sm:‘;"h"

TURNPIKE RAMP. IT IS ASSUMED THAT AN OUTLET STRUCTURE 26

CAN BE RETROFITTED ONTO THE EXISTING TURNPIKE VEGE;&IEE LY #
CULVERT. »

e

TARGET ACHEVED o

INFILTRATION o 25 STCRM WATER DESIGN STANDARD {ublc o) ol o)
TRENCHES
PRE-TREATMENT VOLUME 60 550
WATER QUALITY VOLUME 5200 5,200
VEGETATED
SWALE
RECHARGE YOLUME 1400 1400
23
CHANNEL PROTECTION VOLUME. 8700 8,700
OUTLET OVERBANK FLOOD VOLUME 21,300 21,300
STRUCTURE
GRAVEL ADJUSTED ANNLIAL TSS LOADING f REMOVAL 2 88 (83%)
WETLAND OR GRANITE
WETPOND CURBING
»
27
BANK b ' Figure 20 - Crosby Brook
STABILIZATION K
2 Site 2-4 Proposed STPs
20 vl
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Culvert Replacement Locations
Ryan Rd

Middle Rd

Black Mountain Rd
Dickinson Rd

STP Recommendations
Project Area 3
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Culvert Replacement Designs
* Proper widths
* Proper substrate material

e Embedded or open bottom

* Roadway drainage treatment at crossings

* Improve Wildlife Passage

Guidelines for the Design of Stream/Road Crossings for
Passage of Aquatic Organisms in Vermont

Kezme Ken Batez, P.E,, Kezma, Ine,
Rich Kirn, Vermont Department of Fizh and Wildlife
Mareh, 2009

~~~ VERMONT

STP Recommendations
Project Area 3

Figure 20 Per ched culvert beneath Ryan Rmd

Diameter, D or rise

Bed profile elevation;
average of mobile bed
cross section

80% D; suggested
maximum submergence

50% D maximum
I+
¥

I Vertical adjustment

range (VAR) from long
"* profile analysis

2.0 x D,y or min percentage
of culvert rise

2’ or per scour analysis
or foundation design

Bottomless Pipe Full Pipe

Figure 6-6. Stream simulation culvert embedment.
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p) o © o Project Area 3

Stabilization / Erosion Repair STPs

e Mass Failures or Large Bank Erosion

6 locations

4 on the Northern Branch

1 on the Southern Branch

1 on the Main (lower) Branch

/\%
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Stabilization Techniques

e Bio-engineered slope treatment
e Riprap, vegetation and coir logs
e Proper toe-of-slope selection

*  Proper anchoring

Proper reinforcement materials

STP R

ecommendations
roject Area 3

12" THICK LOAM TOPSOIL
TOP SOL WITH LOAM/SEED MIX BELOW

C~350 FABRIC AND 27 ABOVE.

BRUSH TOP 27 OF LOAM AND SEED MIX INTO FABRIC

SECURELY AMCHOR aMD STAPLE EROSION
COMTROL FABRIC BEHIND LAYERS. TIE
BACK INTD BAMK MIMIMUM 2°

INSTALL BRUSH CUTTINGS BETWEEM:
EROSION CONTAOL FABRIC FOLDS.
SURFLEMENT CUTTINGS WITH
VEGETATIVE SUPPORT MATERIAL

INSERT WILLOW STAKES AT—
BASE OF SLOPE \

MEAN HIGH WATER MaRk |
(SUMMER WATER LEVEL,
EL=5t.c

APPRON. GROUND SURFACE
B0

EXCAVATE 67 BELDW EXISTING GROUND
SURFACE, LAY EROSION CONTROL
FAERIC IMTO SOTTOM OF HOLE

HWOTE:

INSTALL 10

WRAP FABRIC LAYERS
BACK ARPRONIMATELY 4

—350 EROSIOM CONTROL FABRIC
SHRUBS AS PER PLANTING /| STAPLED AMD ANCHORED PER
SCHEQULE (TP "I MAMUFACTURER'S REQUIREMENTS USING
\ STAPLE PATTERN “C°

*" UNDISTURSED

GROUND
TOE EROSION CONTROL FABRIC
MINIMUM 17 INTO EXISTING GROUND

— INSTALL “WILDFLOWER MIX" SEEDING IN LOAM
ABOVE AND BELOW C-350 FABRIC

INSTALL UVE STAKES AND

——— REMOVE AND STOCKPILE EXISTING MATERIAL
REPLACE AFTER CONSTRUCTING LOWER BAMK
STABILIZATION MEASURES.

EXISTING BANK

_——— INSTALL "WET MIX" SEEDING IN WETLAND SOIL
SANDWICHED BETWEEM C—350 EROSION
CONTROL FARRIC FOLDS

—350 ERDSION CONTROL FABRIC STAPLED AND
ANCHORED PER MANUFACTURER'S REQUIREMENTS
USING STAPLE PATTERM "E°, STAKES, AND LIVE
STAKES

GRAVEL AND LOAM MIx SANDWICHED BETWEEN
EROSION COMTROL FABRIC LAYERS

AT ENDS OF BANK OR AT AREAS OF EXISTING VEGETATION
TO BE PRESERVED, CUT INTO

EXISTING BANK AMD WRAP FABRIC

INTO SLOFE.  WMATCH EXISTING GRADES AT FABRIC TERMINATION
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