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Lyon Brook. Site#1 (Stream Center Line)
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Site # 2 - (Road Center Line)
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Lyon Brook. Site#1 (Stream Center Line)
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28 Gates Street, Suite 100 • Historic Downtown White River Junction • White River Jct., VT 05001
Phone: (802) 698-0370 • Fax: (877) 895-4949

clduv@cldengineers.com • www.cldengineers.com

NEW HAMPSHIRE • VERMONT • MAINE

Hydrology Narrative

Introduction

The proposed project consists of removing structurally deficient culverts in two locations
along Brookside Drive in New London N.H. and replacing them with aluminum box culverts.
The existing culverts are in poor condition and are on the State DOT Bridge Red List. Given the
current condition of the culverts, the Town needs to replace the culverts even without the
financial assistance from the State DOT – Bridge Aid Funds.  The culverts to be replaced lie in
Lyon Brook, and at this culvert crossing, the stream has a drainage area of 1,103 Acres (1.72
mi2). Due to the contributing watershed’s area being greater than 640 acres, the stream crossings
are defined as Tier 3 stream crossings and meet the criteria specified in Env-Wt 904.04(a). Lyon
Brook itself is a Type-B channel, a type of stream that is often found in forested areas with
floodplain vegetation moderately influencing channel stability. Type-B streams tend to occur in
valleys and contain scour pools which are developed by large woody material, another attribute
consistent with Lyon Brook.

Stormwater Runoff Modeling

StreamStats. The only known hydrologic or hydraulic data that exists for Lyon Brook is the
generic flow report that is generated from StreamStats, a watershed mapping tool offered by the
USGS. The flow statistics report generated by this tool uses ungauged data and the accuracy of
the results is of a low confidence level. As shown on the table below, the prediction errors can be
very high and inaccurate.

Table 1.1: StreamStats Peak Storm Event Flows for Lyon Brook at Brookside Drive

Due to the unreliability of the StreamStats results, the existing hydrology of Lyon Brook
was modeled using HydroCAD, an interactive stormwater design tool. The input design
parameters used to simulate the contributing watershed, the Lyon brook channel and culverts
crossings were extracted from the surface topography and survey data. The rainfall event data
was obtained from Cornell Extreme Precipitation tables. Other input factors such as curve

StreamStats. Peak Flows Region Grid Statistics
Storm
Event Statistic Value Unit Prediction Error

Equivalent years of
record

90-Percent Prediction
Interval

Min Max
2-year PK2 74 ft3/s 30 3.2 45.1 122
5-year PK5 126 ft3/s 31 4.7 75.4 209

10-year PK10 170 ft3/s 32 6.2 100 290
25-year PK25 233 ft3/s 34 8 132 411
50-year PK50 286 ft3/s 36 9 157 520

100-year PK100 350 ft3/s 39 9.8 186 660
500-year PK500 512 ft3/s 44 11 250 1050
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numbers and soil groups were obtained from the Soil Survey of Merrimack and Belknap
Counties, NH.

Watershed modeling for existing and proposed conditions were ran for a Type-III 100
year-24 hour storm event at the location of the culvert crossings.

TYPE-III STORM. 100 YEAR-24HR PEAK DISCHARGE.
Existing Designed

Lyon Brook
Summary

Drainage Area Acres 1103 1103
Rainfall in 6.63" 6.63"
Weighted Curve Number CN 71 71
Flow Length ft 13864 13864
Time of Concentration min 480.6 480.6
HydroCAD*. 100-yr Peak Flow Volume cfs 403.6 403.6

Culvert
Culvert Sizes 71" x 47" 19'-1" x 4'-2"
Number of Culverts at each Crossing 3 1
Maximum Capacity cfs 410 456.8

PASS PASS

Table 1.2: HydroCAD Peak Storm Event Flows for Lyon Brook

From the results obtained, it can be concluded that the peak flow of 403.6 cfs is an
excessive estimate compared to the StreamStats model. Regardless of this higher flow rate, the
existing and proposed culverts have enough capacity to handle the peak discharge of the required
storm event.

HydroCAD*. See complete HydroCAD report.

Variable Value*
Bankfull Width* 13 ft
Bankfull XS Area* 11.2 sf
Mean Bankfull Depth* 0.8 ft
Width-to-Depth Ratio* 17.5
Max. Bankfull Depth* 2.0 ft
Width of Flood Prone Area* 35 ft
Entrenchment Ratio* 1.5
Sinuosity 1.02
Slope 1.6%
Channel Materials D50 106 mm (medium cobble)

*Values are an average taken at four representative cross sections
Table 1.2: Reference Channel Geometry



15. FIRM FLOOD INSURANCE MAP





16. PEBBLE COUNT



NORTH CROSSING - SITE # 2 SOUTHERN CROSSING - SITE # 1
SIZE RANGE

(mm) COUNT PERCENT
CUMULATIVE
FREQUENCY

SIZE RANGE
(mm) PERCENT

CUMULATIVE
FREQUENCY

0-2 2 2.14 2.14 0-2 1.12 1.12
2-2.8 2.8 0.71 2.85 2-2.8 0 1.12
2.8-4 4 17.86 20.71 2.8-4 0 1.12
4-5.6 5.6 4.29 25.00 4-5.6 0 1.12
5.6-8 8 6.43 31.43 5.6-8 1.12 2.24
8-11.3 11.3 0.71 32.14 8-11.3 5.62 7.86
11.3-16 16 10 42.14 11.3-16 6.74 14.60
16-22.6 22.6 7.14 49.28 16-22.6 12.36 26.96
22.6-32 32 10 59.28 22.6-32 12.36 39.32
32-45 45 9.29 68.57 32-45 16.85 56.17
45-64 64 10 78.57 45-64 13.48 69.65
64-90 90 5 83.57 64-90 15.73 85.38
90-128 128 9.29 92.86 90-128 6.74 92.12
128-180 180 3.57 96.43 128-180 2.25 94.37
180-256 256 2.86 99.29 180-256 3.37 97.74
256-360 360 0 99.29 256-360 1.12 98.86
360-512 512 0.71 100.00 360-512 1.12 99.98
512-720 720 0 100.00 512-720 0 99.98

TOTAL: 100.00% TOTAL: 100.00%

BROOKSIDE CULVERT REPLACEMENT PROJECT NEW LONDON, NH
PEBBLE COUNTS CONDUCTED BY BEAVER TRACKS, LLC

11/1/2015 CLD REF # 15-0184
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17. RIP RAP SIZING FOR
SCOUR PROTECTION



28 GATES ST JOB 15-0184 Brookside Drive Culvert

SUITE 100 SHEET NO. OF
WHITE RIVER JUNCTION, VT 05001 CALCULATED BY CTN DATE 01/11/16
Tel.:  (802) 698.0370  Fax:  (877) 895.494 CHECKED BY BAV DATE 01/11/16

SUBJECT STONE FILL SIZING (RIGHT AND LEFT ABUTMENT) - Design Storm 404.5 CFS

Reference:
HEC-23 Volume 2, Design Guideline 14 Sizing Rock Riprap at Abutments

STONE SIZE - For Froude Numbers V/(gy)1/2 </= 0.80, D50 =y K / (Ss - 1) x [V2 / (gy)] Eq. 14.1
STONE SIZE - For Froude Numbers V/(gy)1/2 > 0.80, D50 =y K / (Ss - 1) x [V2 / (gy)]0.14 Eq. 14.2

CALCULATE SBR FOR LEFT ABUTMENT
SBR = Set-Back Length/y =

Set-Back Length = 3.00 ft. (Refer to Attached Cross Section)
(Distance from main channel to abutment)

y = Average Flow Depth = 0.69 ft. (Refer to Attached Cross Section)

SBR= 4.3 </= 5.00

CALCULATE SBR FOR RIGHT ABUTMENT
SBR = Set-Back Length/y =

Set-Back Length = 3.00 ft. (Refer to Attached Cross Section)
(Distance from main channel to abutment)

y = Average Flow Depth = 0.69 ft. (Refer to Attached Cross Section)

SBR= 4.3 </= 5.00

CHARACTERISTIC VELOCITY

Calculate Characteristic Velocity of Main Channel SBR<5 for Right and Left Abutment

Q = Discharge through contracted flow area 404.50 cfs (Refer to River Station 0.00 for Discharge)

A = Flow Area 110.43 ft2 (Refer to River Station 0.00 for Flow Area)

V = Characteristic Velocity 3.66 ft/s

FROUDE NUMBER
F = V/(gy)1/2 =

V = Characteristic Velocity 3.66 ft/s (Calculated from above)

y = Average Flow Depth = 0.69 ft (Refer to Attached Cross Section)

g = Gravitational Acceleration = 32.20 ft/s2

F = 0.78 </= 0.80

THEREFORE, REQUIRED STONE SIZE IS
D50 =y K / (Ss - 1) x [V^2 / (gy)] = 0.26 ft

Spill-through or Vertical Wall Abutments? V (V/ST)

K = Constant for Froude Number </= 0.80 0.89 Spill-through Abutment
1.02 Vertical Wall Abutment

If Left and Right SBR are less than 5, compute a characteristic average velocity (Q/A) based on the entire contracted area
through the bridge opening. This includes the total upstream flow, exclusive of that which overtops the roadway.

F:\Proj2015\150184 Brookside Drive Culvert\Admin\Permits\NHDES Wetlands\Rip Rap Sizing - Brookside 011216
Stone Sizing at Abutments

Page 1 of 2



28 GATES ST JOB 15-0184 Brookside Drive Culvert

SUITE 100 SHEET NO. OF
WHITE RIVER JUNCTION, VT 05001 CALCULATED BY CTN DATE 01/11/16
Tel.:  (802) 698.0370  Fax:  (877) 895.494 CHECKED BY BAV DATE 01/11/16

SUBJECT STONE FILL SIZING (RIGHT AND LEFT ABUTMENT) - Design Storm 404.5 CFS

K = Constant for Froude Number > 0.80 0.61 Spill-through Abutment
0.69 Vertical Wall Abutment

Ss = Specific Gravity of Rip Rap = 2.65 (Assumed)

Determine approximate D50 of NHDOT Stone Fill, Item 585:

Class A Stone - Very Angular
50% of Mass has Volume > 12 ft3 (See NHDOT Standard Specs for Road and Bridge Construction)

Assume Spherical V = 4/3 x π x r3 = 12 ft2

r = [12 x 3 / (4 * π) ]1/3 = 1.42 ft
d50 = 2 x r = 2.84 ft

Class B Stone - Very Angular
50% of Mass has Volume > 3 ft3 (See NHDOT Standard Specs for Road and Bridge Construction)

Assume Spherical V = 4/3 x π x r3 = 3 ft2

r = [3 x 3 / (4 * π) ]1/3 = 0.89 ft
d50 = 2 x r = 1.79 ft

Therefore, Stone Fill IS sufficient for Scour Protection - Class B item 585.2 or 585.21

Determine Extents of Riprap - Left Abutment

Toe Elevation 1001.88 ft (RS 0.00 BR U)

Overbank Flow Depth (toe to WS)= 4.20 ft (Refer to attached Sheet)

Depth of Stone Fill
D = 1.5d50 4.26 ft

Apron Extent into Flood Plain
2 x Overbank Flow Depth = 8.40 ft

Vertical Extent Elevation
2 + Water Surface Elevation = 1008.08 ft (CONTROLS)

Determine Extents of Riprap - Right Abutment

Abutment Toe Elevation 1001.88 ft (RS 24704 BR U)

Overbank Flow Depth (toe to WS)= 4.20 ft (Refer to attached Sheet)

Depth of Stone Fill
D = 1.5d50 4.26 ft

Apron Extent into Flood Plain
2 x Overbank Flow Depth = 8.40 ft

Vertical Extent Elevation
2 + Water Surface Elevation = 1008.08 ft

COMMENTS: See Attached sheet for Left Abutment Extents

F:\Proj2015\150184 Brookside Drive Culvert\Admin\Permits\NHDES Wetlands\Rip Rap Sizing - Brookside 011216
Stone Sizing at Abutments

Page 2 of 2



18. EXISTING HYDROLOGY



1S

Lyon Brook

S1E

Existing Culverts

S2E

Existing Culverts

Routing Diagram for Lyon Brook Watershed Existing
Prepared by CLD CONSULTING ENGINEERS,  Printed 1/12/2016
HydroCAD® 10.00-14  s/n 01618  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Pre-Development
Lyon Brook Watershed Existing
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Page 2HydroCAD® 10.00-14  s/n 01618  © 2015 HydroCAD Software Solutions LLC

Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

15.300 69 50-75% Grass cover, Fair, HSG B  (1S)
38.000 68 <50% Grass cover, Poor, HSG A  (1S)
83.500 79 <50% Grass cover, Poor, HSG B  (1S)
72.100 65 Brush, Good, HSG C  (1S)

106.800 86 Fallow, bare soil, HSG B  (1S)
16.700 74 Pasture/grassland/range, Good, HSG C  (1S)

0.700 79 Pasture/grassland/range, Poor, HSG B  (1S)
165.100 55 Woods, Good, HSG B  (1S)
388.600 70 Woods, Good, HSG C  (1S)

14.700 77 Woods, Good, HSG D  (1S)
201.300 76 Woods/grass comb., Fair, HSG C  (1S)

1,102.800 71 TOTAL AREA
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Lyon Brook Watershed Existing
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Soil Listing (selected nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

38.000 HSG A 1S
371.400 HSG B 1S
678.700 HSG C 1S

14.700 HSG D 1S
0.000 Other

1,102.800 TOTAL AREA
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Lyon Brook Watershed Existing
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Ground Covers (selected nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 15.300 0.000 0.000 0.000 15.300 50-75% Grass cover, Fair 1S
38.000 83.500 0.000 0.000 0.000 121.500 <50% Grass cover, Poor 1S

0.000 0.000 72.100 0.000 0.000 72.100 Brush, Good 1S
0.000 106.800 0.000 0.000 0.000 106.800 Fallow, bare soil 1S
0.000 0.000 16.700 0.000 0.000 16.700 Pasture/grassland/range, Good 1S
0.000 0.700 0.000 0.000 0.000 0.700 Pasture/grassland/range, Poor 1S
0.000 165.100 388.600 14.700 0.000 568.400 Woods, Good 1S
0.000 0.000 201.300 0.000 0.000 201.300 Woods/grass comb., Fair 1S

38.000 371.400 678.700 14.700 0.000 1,102.800 TOTAL AREA
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Pipe Listing (selected nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 S1E 1,001.88 1,001.10 60.0 0.0130 0.025 71.0 47.0 0.0
2 S2E 1,009.90 1,008.69 60.0 0.0202 0.025 71.0 47.0 0.0
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Time span=5.00-72.00 hrs, dt=0.01 hrs, 6701 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=1,102.800 ac   0.00% Impervious   Runoff Depth=3.41"Subcatchment1S: Lyon Brook
   Flow Length=13,864'   Tc=480.6 min   CN=71   Runoff=403.66 cfs  313.762 af

Avg. Flow Depth=3.05'   Max Vel=8.54 fps   Inflow=404.50 cfs  318.579 afReach S1E: ExistingCulverts
71.0" x 47.0", R=35.9"/110.3"  Pipe Arch Pipe x 3.00   n=0.025   L=60.0'   S=0.0130 '/'   Capacity=410.01 cfs   Outflow=404.49 cfs  318.578 af

Avg. Flow Depth=2.47'   Max Vel=10.31 fps   Inflow=404.53 cfs  318.580 afReach S2E: ExistingCulverts
71.0" x 47.0", R=35.9"/110.3"  Pipe Arch Pipe x 3.00   n=0.025   L=60.0'   S=0.0202 '/'   Capacity=510.67 cfs   Outflow=404.50 cfs  318.579 af

Total Runoff Area = 1,102.800 ac   Runoff Volume = 313.762 af   Average Runoff Depth = 3.41"
100.00% Pervious = 1,102.800 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Lyon Brook

The Tc was calculated based on reasonable assumptions of stream characteristics for Lyon Brook as observed/surveyed in the
field and from aerial images of the catchment area. Initially the lag CN method of determining Tc was used. This resulted in a Tc
producing peek flows well over the 500 year prediction from StreamStats and was quickly ruled out as not representative of the
actual stream. Due to the presence of large upstream areas composed of wetlands and broad/wide stretches of channel in flat
swampy terrian a longer time of concentration is more probable.

Runoff = 403.66 cfs @ 18.69 hrs,  Volume= 313.762 af,  Depth= 3.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-72.00 hrs, dt= 0.01 hrs
Type III 24-hr  100yr/24hr Rainfall=6.63"

Area (ac) CN Description
72.100 65 Brush, Good, HSG C
16.700 74 Pasture/grassland/range, Good, HSG C
4.600 68 <50% Grass cover, Poor, HSG A

106.800 86 Fallow, bare soil, HSG B
117.500 70 Woods, Good, HSG C
165.100 55 Woods, Good, HSG B
271.100 70 Woods, Good, HSG C
201.300 76 Woods/grass comb., Fair, HSG C
14.700 77 Woods, Good, HSG D
83.500 79 <50% Grass cover, Poor, HSG B
15.300 69 50-75% Grass cover, Fair, HSG B
0.700 79 Pasture/grassland/range, Poor, HSG B

33.400 68 <50% Grass cover, Poor, HSG A
1,102.800 71 Weighted Average
1,102.800 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
41.1 100 0.0200 0.04 Sheet Flow, Sheet Flow

Woods: Dense underbrush   n= 0.800   P2= 2.65"
20.0 300 0.0100 0.25 Shallow Concentrated Flow, Shallow Flow

Forest w/Heavy Litter   Kv= 2.5 fps
346.7 4,555 0.0100 0.22 0.04 Channel Flow, Flow upto Brook

Area= 0.2 sf  Perim= 10.0'  r= 0.02'
n= 0.050  Sluggish weedy reaches w/pools

46.8 3,909 0.0120 1.39 4.45 Channel Flow, Upstream
Area= 3.2 sf  Perim= 16.0'  r= 0.20'
n= 0.040  Winding stream, pools & shoals

26.0 5,000 0.0100 3.20 51.22 Channel Flow, Mountain Channel Down Stream
Area= 16.0 sf  Perim= 20.0'  r= 0.80'
n= 0.040  Winding stream, pools & shoals

480.6 13,864 Total
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Summary for Reach S1E: Existing Culverts

Inflow Area = 1,102.800 ac, 0.00% Impervious,  Inflow Depth > 3.47"    for  100yr/24hr event
Inflow = 404.50 cfs @ 18.69 hrs,  Volume= 318.579 af
Outflow = 404.49 cfs @ 18.70 hrs,  Volume= 318.578 af,  Atten= 0%,  Lag= 0.3 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-72.00 hrs, dt= 0.01 hrs
Max. Velocity= 8.54 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 3.06 fps,  Avg. Travel Time= 0.3 min

Peak Storage= 2,842 cf @ 18.70 hrs
Average Depth at Peak Storage= 3.05'
Bank-Full Depth= 3.92'  Flow Area= 54.9 sf,  Capacity= 410.01 cfs

A factor of 3.00 has been applied to the storage and discharge capacity
71.0" W x 47.0" H, R=35.9"/110.3"  Pipe Arch Pipe
n= 0.025  Corrugated metal
Length= 60.0'   Slope= 0.0130 '/'
Inlet Invert= 1,001.88',  Outlet Invert= 1,001.10'
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Summary for Reach S2E: Existing Culverts

Inflow Area = 1,102.800 ac, 0.00% Impervious,  Inflow Depth > 3.47"    for  100yr/24hr event
Inflow = 404.53 cfs @ 18.69 hrs,  Volume= 318.580 af,  Incl. 0.87 cfs Base Flow
Outflow = 404.50 cfs @ 18.69 hrs,  Volume= 318.579 af,  Atten= 0%,  Lag= 0.2 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-72.00 hrs, dt= 0.01 hrs
Max. Velocity= 10.31 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 3.59 fps,  Avg. Travel Time= 0.3 min

Peak Storage= 2,355 cf @ 18.69 hrs
Average Depth at Peak Storage= 2.47'
Bank-Full Depth= 3.92'  Flow Area= 54.9 sf,  Capacity= 510.67 cfs

A factor of 3.00 has been applied to the storage and discharge capacity
71.0" W x 47.0" H, R=35.9"/110.3"  Pipe Arch Pipe
n= 0.025  Corrugated metal
Length= 60.0'   Slope= 0.0202 '/'
Inlet Invert= 1,009.90',  Outlet Invert= 1,008.69'
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1S

Lyon Brook

S1P

Proposed Pipe-Arch
 Culvert

S2P

Proposed Pipe-Arch
 Culvert

Routing Diagram for Lyon Brook Watershed Proposed
Prepared by CLD CONSULTING ENGINEERS,  Printed 1/12/2016
HydroCAD® 10.00-14  s/n 01618  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

15.300 69 50-75% Grass cover, Fair, HSG B  (1S)
38.000 68 <50% Grass cover, Poor, HSG A  (1S)
83.500 79 <50% Grass cover, Poor, HSG B  (1S)
72.100 65 Brush, Good, HSG C  (1S)

106.800 86 Fallow, bare soil, HSG B  (1S)
16.700 74 Pasture/grassland/range, Good, HSG C  (1S)

0.700 79 Pasture/grassland/range, Poor, HSG B  (1S)
165.100 55 Woods, Good, HSG B  (1S)
388.600 70 Woods, Good, HSG C  (1S)

14.700 77 Woods, Good, HSG D  (1S)
201.300 76 Woods/grass comb., Fair, HSG C  (1S)

1,102.800 71 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

38.000 HSG A 1S
371.400 HSG B 1S
678.700 HSG C 1S

14.700 HSG D 1S
0.000 Other

1,102.800 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 15.300 0.000 0.000 0.000 15.300 50-75% Grass cover, Fair 1S
38.000 83.500 0.000 0.000 0.000 121.500 <50% Grass cover, Poor 1S

0.000 0.000 72.100 0.000 0.000 72.100 Brush, Good 1S
0.000 106.800 0.000 0.000 0.000 106.800 Fallow, bare soil 1S
0.000 0.000 16.700 0.000 0.000 16.700 Pasture/grassland/range, Good 1S
0.000 0.700 0.000 0.000 0.000 0.700 Pasture/grassland/range, Poor 1S
0.000 165.100 388.600 14.700 0.000 568.400 Woods, Good 1S
0.000 0.000 201.300 0.000 0.000 201.300 Woods/grass comb., Fair 1S

38.000 371.400 678.700 14.700 0.000 1,102.800 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 S1P 1,001.64 1,000.82 54.2 0.0151 0.033 229.0 50.0 0.0
2 S2P 1,009.22 1,008.14 72.2 0.0150 0.033 229.0 50.0 0.0
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Time span=5.00-72.00 hrs, dt=0.01 hrs, 6701 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=1,102.800 ac   0.00% Impervious   Runoff Depth=3.41"Subcatchment1S: Lyon Brook
   Flow Length=13,864'   Tc=480.6 min   CN=71   Runoff=403.66 cfs  313.762 af

Avg. Flow Depth=2.72'   Max Vel=8.19 fps   Inflow=404.49 cfs  318.578 afReach S1P: ProposedPipe-ArchCulvert
229.0" x 50.0", R=223.6"  Arch Pipe   n=0.033   L=54.2'   S=0.0151 '/'   Capacity=459.42 cfs   Outflow=404.48 cfs  318.577 af

Avg. Flow Depth=2.74'   Max Vel=8.16 fps   Inflow=404.53 cfs  318.580 afReach S2P: ProposedPipe-ArchCulvert
229.0" x 50.0", R=223.6"  Arch Pipe   n=0.033   L=72.2'   S=0.0150 '/'   Capacity=456.82 cfs   Outflow=404.49 cfs  318.578 af

Total Runoff Area = 1,102.800 ac   Runoff Volume = 313.762 af   Average Runoff Depth = 3.41"
100.00% Pervious = 1,102.800 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Lyon Brook

The Tc was calculated based on reasonable assumptions of stream characteristics for Lyon Brook as observed/surveyed in the
field and from aerial images of the catchment area. Initially the lag CN method of determining Tc was used. This resulted in a Tc
producing peek flows well over the 500 year prediction from StreamStats and was quickly ruled out as not representative of the
actual stream. Due to the presence of large upstream areas composed of wetlands and broad/wide stretches of channel in flat
swampy terrian a longer time of concentration is more probable.

Runoff = 403.66 cfs @ 18.69 hrs,  Volume= 313.762 af,  Depth= 3.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-72.00 hrs, dt= 0.01 hrs
Type III 24-hr  100yr/24hr Rainfall=6.63"

Area (ac) CN Description
72.100 65 Brush, Good, HSG C
16.700 74 Pasture/grassland/range, Good, HSG C
4.600 68 <50% Grass cover, Poor, HSG A

106.800 86 Fallow, bare soil, HSG B
117.500 70 Woods, Good, HSG C
165.100 55 Woods, Good, HSG B
271.100 70 Woods, Good, HSG C
201.300 76 Woods/grass comb., Fair, HSG C
14.700 77 Woods, Good, HSG D
83.500 79 <50% Grass cover, Poor, HSG B
15.300 69 50-75% Grass cover, Fair, HSG B
0.700 79 Pasture/grassland/range, Poor, HSG B

33.400 68 <50% Grass cover, Poor, HSG A
1,102.800 71 Weighted Average
1,102.800 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
41.1 100 0.0200 0.04 Sheet Flow, Sheet Flow

Woods: Dense underbrush   n= 0.800   P2= 2.65"
20.0 300 0.0100 0.25 Shallow Concentrated Flow, Shallow Flow

Forest w/Heavy Litter   Kv= 2.5 fps
346.7 4,555 0.0100 0.22 0.04 Channel Flow, Flow upto Brook

Area= 0.2 sf  Perim= 10.0'  r= 0.02'
n= 0.050  Sluggish weedy reaches w/pools

46.8 3,909 0.0120 1.39 4.45 Channel Flow, Upstream
Area= 3.2 sf  Perim= 16.0'  r= 0.20'
n= 0.040  Winding stream, pools & shoals

26.0 5,000 0.0100 3.20 51.22 Channel Flow, Mountain Channel Down Stream
Area= 16.0 sf  Perim= 20.0'  r= 0.80'
n= 0.040  Winding stream, pools & shoals

480.6 13,864 Total



Post-Development
Type III 24-hr  100yr/24hr Rainfall=6.63"Lyon Brook Watershed Proposed

  Printed  1/12/2016Prepared by CLD CONSULTING ENGINEERS
Page 8HydroCAD® 10.00-14  s/n 01618  © 2015 HydroCAD Software Solutions LLC

Summary for Reach S1P: Proposed Pipe-Arch Culvert

Inflow Area = 1,102.800 ac, 0.00% Impervious,  Inflow Depth > 3.47"    for  100yr/24hr event
Inflow = 404.49 cfs @ 18.70 hrs,  Volume= 318.578 af
Outflow = 404.48 cfs @ 18.70 hrs,  Volume= 318.577 af,  Atten= 0%,  Lag= 0.2 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-72.00 hrs, dt= 0.01 hrs
Max. Velocity= 8.19 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 2.57 fps,  Avg. Travel Time= 0.4 min

Peak Storage= 2,676 cf @ 18.70 hrs
Average Depth at Peak Storage= 2.72'
Bank-Full Depth= 4.17'  Flow Area= 63.3 sf,  Capacity= 459.42 cfs

229.0" W x 50.0" H, R=223.6"  Arch Pipe
n= 0.033
Length= 54.2'   Slope= 0.0151 '/'
Inlet Invert= 1,001.64',  Outlet Invert= 1,000.82'
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Summary for Reach S2P: Proposed Pipe-Arch Culvert

Inflow Area = 1,102.800 ac, 0.00% Impervious,  Inflow Depth > 3.47"    for  100yr/24hr event
Inflow = 404.53 cfs @ 18.69 hrs,  Volume= 318.580 af,  Incl. 0.87 cfs Base Flow
Outflow = 404.49 cfs @ 18.70 hrs,  Volume= 318.578 af,  Atten= 0%,  Lag= 0.3 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-72.00 hrs, dt= 0.01 hrs
Max. Velocity= 8.16 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 2.57 fps,  Avg. Travel Time= 0.5 min

Peak Storage= 3,581 cf @ 18.69 hrs
Average Depth at Peak Storage= 2.74'
Bank-Full Depth= 4.17'  Flow Area= 63.3 sf,  Capacity= 456.82 cfs

229.0" W x 50.0" H, R=223.6"  Arch Pipe
n= 0.033
Length= 72.2'   Slope= 0.0150 '/'
Inlet Invert= 1,009.22',  Outlet Invert= 1,008.14'


