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Problem Statement

e Beaver population recovering

e Beaver plugged current outlet system
o Localized flooding
o Dam safety
m Bank Den tunneling
m Reduced freeboard in storm events -
overtopping failure
o Increased tree mortality
o Increased maintenance demands

e Current outlet pipe conditions

The American Beaver

Photo credit: Castro, 2017



Maintenance

Increased frequency of debris removal

Staff time and cost
Corrugated metal pipe (CMP) at end of design life
Seepage around outlet into rusted pipe

b0 03 N D (0 - - (U G A O o th b H

Outlet Structure CMP at Sapsucker Woods

Photo credit: CEE 5021/6025 Fall 2019



Client Needs

e Lab of Ornithology - conservation organization
e Coexist peacefully with beavers

Photo credit: Cornell University and WCS



Beaver Needs

L Safe Shelter | - : 'v'e.‘ntil:xth:-n shaft

o Deep water - protection from
predators Ll

e Food source

e Beaver motivation
o  Stop the noise of running water

Raised water level

e

Entrances

Construction of beaver dam and lodge

Photo credit: Strong, 1997



Beaver Impact Minimization

e Sound reduction
e Barriers around food source
e Increasing difficulty of damming (bigger, longer, deeper)

FENCING TO KEEP
OUT BEAVER
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= PERFORATED DEBRIS LEFT
PIPE BY BEAVERS

Drawing credit: N. Gill



Site History

|2}

P RN
Sanctuary Boundary |
w—Property Boundary
(multiple parcels)

Aerial photographs from 1938 and 1965.

Source: Cornell University Library



Site History

The first lab construction in 1956.

Source: Cornell University Library



Recent Aerial Photograph

Source: Tompkins County GIS



Team Site Survey

Photo credit: CEE 5021/6025 Fall 2019



Survey Results

1. Tax Map Parce! #45.1-1-664

of 1
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Watershed

Area: 128 acres

e Flat

e Indistinct drainage divides in some

locations

o Detailed survey watershed
cost ~ $40,000 (not worth it)

o Roof and parking lot area
delineated with design plans




Curve Number

Hydrologic Soil Group (HSG)

~er D Hydrologic Group C

Hydrologic Group D

Land Cover
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CN - Sample calculation

Soil
series

ErA
ErA
ErA
ErA
ErA

BgC

Associated area | Cover type

(acres)

77.3

3.5

0.5

0.6

0.3

8.2

Woods
Road
Buildings
Parking lot
Herbaceous

Woods

Total watershed area (acres)

Hydrologic
condition

Good

Good

Good

128

Hydrologic | Associated
soil group CN

D

D

77

98

98

98

85

70

Fraction of
total area

0.61

0.03

0.00

0.00

0.00

0.06

Total watershed curve number

Associated CN *
Fraction of area

46.66

2.72

0.40

0.44

0.18

4.52

79



Time of Concentration

A—B

B—-F

F—-G

G—-H

Category Tc Calculation
Sheet Flow
0.007 (n0)"
I5= 05 04
(P,)"8°
Shallow 0
Concentration | T —
t 3600V
Channel Flow y
T =
3,600V
Pond Flow 0

T =
™ 3,600V

V Calculation

n comes from
Manning’s
roughness
coefficients for
sheet flow

V =2.516(5)%3(forest)

V = 6.962(S)"(pasture)

21
V= 1.49r3s2
n
VW = gDIﬂ




Time of Concentration

Path
A-B
B-C
C-D
D-E
E-F
F-G

G-H

Total

Land Cover

Woods

Woods

Grass

Woods

Forested Wetland

Woods

Pond

Flow Type
Sheet flow
Shallow Concentrated Flow
Shallow Concentrated Flow
Shallow Concentrated Flow
Shallow Concentrated Flow
Channel Flow

Pond Travel

Length (ft)
250
226
388
257
1616
565

683

3985

Time (mins)
84.6
12.4
9.8
10.7
304
14.1

1.2

437 (7.3 hr)



Design Storm Calculations

Small storms (< 1 year) from Ranking ~ Large storms (> 1 year) from NOAA
Method 14-point Precipitation Analysis

e 30 years of historic data ranked in e Based on NOAA precipitation data

descending order

H PDS-based depth-duration-frequency (DDF) curves
e Rank calculated by recurrence interval Uatitude, 42 4801°, Longitude. .6.4522°
25 r T T T T
rage rec
interval
# Years on Record =
# Events = - !
Recurrence Interval 5 s} %
s /7 — 10
- ,/ 25
£ 10| o ; 7 -— 50
g / o
& : et ‘ : — 200
5 1 ; 1 500
=— — 1000
O 1 I ’1 | | 1 | 1
c c e 13 - 3 3 >N 2 > 2 2
BB EIEEEEIIEIEREEL
2w R 8 o8 anY rg QR %8
Duration




Design Storm Flow Rate (TR-55) When:

CN =79

e USDA “Urban Hydrology for Small Watershed” (1986) | & =437 min

| _ S =2.66in
e Estimate the runoff for each return period

_(P—029)?
~ P+0.8S

e Estimate the peak discharge for each return period

_ 2Q
=11, +1.1+1.67¢,




Design Storm Results

Return Period PRCP [in] q [cfs] When:
t. =437 min
1 mo 0.75 0.20 A =128 ac
2 mo 1.01 0.88
3 mo 1.18 1.53 Baseflow ~ 0.2 cfs
4 mo 1.32 218
5 mo 1.46 2.90
6 mo 1.51 3.18
1yr 2.01 6.38
2yr 2.34 9.78
10 yr 3.43 21.94
100 yr 5.92 44.19




Current Outlet System - Outlet Structure

Concrete outlet with wood weir CMP outlet pipe

Photo credit: CEE 5021/6025 Fall 2019



4.28 ft

Current Outlet System - Outlet Structure

0.64 ft 0.66 ft

CONC ELEV: 1073.22' Outlet Structure: Sapsucker Woods CONC ELEV:| 1073.25’

CONC ELEV: 1073.37’

—_—
e
8
El

BENCH ELEV: 1072.70°
CONC ELEV:| 1073.39’

LTy

0.64ft 1

SEdgm

WOOD WEIR INV{ 1072.75’

WOOD WEIR INV: 107273 !

4.35 ft

Source: CEE 5021/6025 Fall 2019



Original Design - Flexible Pond Leveler

FENCE AND PIPE DIAGRAM
- 8amed (Side View)
408 ' Culve
UTH ey el Pence Dormed Intake
Culvert Inlet VI REPEMED "ancie "
NET T Pond Level ﬂ :
SR A il - Concrete Block T |
i T |3
A O, e oA
Beaver Solutions LLC ‘ ;

Fence Design

Source: J. Payne, Photo credit: CEE
5021/6025 Fall 2019




Current Outlet System - Temporary Pond Leveler

Floating high
density
polyethylene
(HDPE)
perforated pipe.

Regular
maintenance of
beaver debris
removal around
weir structure.



Designs for Sound Reduction
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Clemson Beaver Pond Leveler

Size of holes limit noise
e Gabion cage increases distance

Flexible Pond Levelers

Concrete Block

ot L
5]

Eliminate vortex

[
Domed intake cage increases distance

Outlet Structures
Fence and other structures to increase distance Hi
Sources: J. Payne, M. Rolband




Design Constraints/Assumptions

e Limit work so it is considered “maintenance”
o Total outlet structure replacement can trigger dam safety
standards

m Free board requirements
m No trees on dam or toe area

o Riskis low because:
m Low height: less than 6 feet
m Overland relief around building and to northwest
m  No habitable structures immediately downstream

e Match existing hydraulic capacity

o Consistent with “maintenance”
o Minimize change in user experience

Photo credit: C. Wetzel



Design Options

Option 1 Option 2 Option 3

Clemson Beaver Flexible Pond

Outlet Structure
Pond Leveler Levelers

| > A combination of options



Design Options

Option 1 Option 2 Option 3

Outlet Structure




Trapezoidal Fencing

e Trapezoidal design

O O O O

Unnatural angle
Deeper

Longer dam
Sound separation

6"X6" 10 GAUGE MIN. MESH (GALVANIZED
STEEL OR PVC COATED) INSTALLED TO AN

PLANVIEW ELEVATION OF 1075'. SEE PROFILE VIEW.
B GALVANIZED OR PVC
COATED STEEL T-POSTS
o § 5.3" MIN

z z

= =

9 e

b 0

q
i L WIN OFFSET 1 FT FROM
12.0 AGRI DRAIN CUSTOM
INLET 4'x24" WATER
= CONTROL STRUCTURE
BOTTOM AREA TO BE COVERED WITH 4"X4" 10
GAUGE MIN. MESH (GALVANIZED STEEL OR PVC
COATED). FASTEN BY TWISTING WIRE AT
FENCE END TO CONNECT WITH VERTICAL SIDES
AT +/- 18" 0.C. (MIN)
PROFILE VIEW AGRI DRAIN CUSTOM
INLET 4'x24" WATER
CONTROL STRUCTURE
1075.0'
- -
GALVANIZED OR PVC
| 1073.25'

COATED T-POST |

PROPOSED

GRADE |
1069.0' |

2'MIN
EMBEDMENT

FENCING COMPRISED OF 6"X6" 10
GAUGE MIN. MESH (GALVANIZED
STEEL OR PVC COATED)

4"X4" MESH BOTTOM
AREA (SEE PLAN VIEW)



Weir Design Options

1. Replace Wood Weir >

2. Retrofit Existing Structure >

3. Replace Existing Structure | >

Design criterion: mimic existing hydraulic conditions

Photo credit: Agri Drain Corporation



Outlet Pipe Replacement

e Replace with HDPE or concrete
o HDPE: Cheaper, easier to install, installation deformation
o Concrete: More expensive, longer life

e Add rodent guard

\
|

Current pipe HDPE pipe Reinforced Rodent guard

(Corrugated metal pipe) concrete pipe

Sources: Tractor Supply Co., Oldcastle Infrastructure, Agri Drain Corporation


https://www.conteches.com/pipe/corrugated-metal-cmp

Seepage Control

\\

N
N\
1/4 D*

t
r
- % 5
1/12 D™
1/12 D —| |— ——]
: 3 . (OUTSIDE .
’ A Y 77 7 DIAMETER)
1‘||H‘|\||1IVI‘H|I4I-IIHV\\ 4 WAy TR LU L ERLE] ////// ////// / ROUGHENED COLD
: //// 7 7.7 1/2 (D+2t) ¢ JOINT ACCEPTABLE
: 7 Y 7 gs
74 7
4 G604
7 /////.// //
7 Z 7 %
/////////////////////////////////////// 1/" - 7 < <
T 000000000000, 00000 =~
0700 0000 0 | Y& -

Eegyv spoigradie 3000 PSI CONCRETE AIR ENTRAINED

fc’ = 4,000 PSI fc = 1,600 PSI "

’ ’ (,\’,:GA;?(')( SC' ’;EVEA\,F:,@L 1:7 FOR MODERATE EXPOSURE CONDITION
LEAST 3 BARS RUNNING (I.E. BETWEEN 5.0% AND 8.0%) WITH #3

PARALLEL TO PIPE WITH 2" gﬁ*BéACR.’.%DNKSI) 0.C: INEACH
CLEAR TO SOIL OR MUDMAT. :

Plate Collars Concrete Cradle Concrete Collar Encasement

Sources: Agri Drain Corporation, Fairfax County Public Facilities Manual



Design Options

Option 1 Option 2 Option 3

Clemson Beaver
Pond Leveler




Clemson Beaver Pond Leveler - Design Iterations

01 Type of Outlet Location of Pipe 02

CONCEPT
DESIGN

_ Pipe Size/
03 Gabion Cage Design Storm 04

Elevation




Design Iterations - Type of Outlet

DAM

Standpipe

Straight Pipe



Design Iterations - Location of Pipe

TRAPEZOIDA
[ FENONG /e
/
TA—T
HH DAM
L~
247
/ 7 !
00| iy
= EE 00
. = PE

Pipe through wood weir

DAM

Pipe through dam



Design Iterations - Gabion Cage

b=

")

NPT

Gabion Cage

Standard Clemson Cage

\4 \4




Design Iterations - Pipe Size

Pipe Diameter (in) Flow Capacity (cfs) Return Period (months)
10 0.96 2
12 1.50 3
16 2.65 4




Design lterations - Elevation

) 36 : 16"
- ! i
F—E.107313 - T - >=etamx—-——-———=——=—
[ Ry N 107275
~~~~~~ 1072.50
Elevation Difference (ft) Flow Capacity (cfs) Return Period (months)

45"

Flow capacity for a 16” diameter PVC pipe




Maintenance Valve

Agri Drain Inline Water Level Control Structure™ Agri Drain Gate Valve

Source: Agri Drain Corporation



Seepage Control
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Plate Collars Concrete Cradle Concrete Collar Encasement

Source: Agri Drain and Fairfax County Public Facilities Manual



Neoprene Sleeve

______ N---eeeeeme- 107275
/ v \\ .- 1072.50

N4

16”

Sources: Fernco, CEE 5021/22



Design Options

Option 1 Option 2 Option 3

Flexible Pond
Levelers




Flexible Pond Leveler Location

i e i

POND ELEVATION
107275 . . - .
L—

Flexible Pond Leveler through fence

Flexible Pond Leveler through dam



Reuse of Existing Pond Leveler

e Redundant feature for pond

% _
level control gy —— e T (T
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Constructability

e Drain pond through weir
o Low cost but impacts all organisms living/using the ponded
area
o Pump used for low spots
e Pump water out through a filter bag
o Bag protects downstream areas from turbidity but more
expensive than #1
o Can be combined with #1 for ponded areas
e Temporary dam - CofferDam
o Set dam then drain by lowering the wood weirs and/or using a
pump/bag system (can be used for low spots)
o Minimizes impacts to aquatic system
o More costly than #1 or #2.
e Small-scale CofferDam (sandbags)
o If only the outlet structure is replaced per value engineering

e

PLAN  ocusrennc dewce, see sro. & spec. 326

Sandbag Cofferdam

Source: AquaDam, Portadam, Virginia E&S Control Manual



Dam Safety

Existing Tree Concerns Water Lowering During Construction

Photo credit: CEE 5021/22



Facility Manager’s Input
TheCornellLab Jof Omithology

- e

Team Meeting with Jeff Payne

e Clemson Beaver Pond Leveler

e Reinstallation of the Flexible Pond Leveler™

e Clemson pipe diameter increased to 16 inches
e Rectangular gabion cage

e Leaking issues = custom Agri Drain structure
e Concrete encasement for seepage control

e Prefers to drain pond through outlet

Meeting with J. Payne on January 25, 2020



Final Design - Construction Plan Set

Engineering

SAPSUCKER WOODS OUTFALL REPLACEMENT : il
AND BEAVER CONTROL RETROFIT PLAN

CEE 5022 AND CEE 6025: WETLANDS AND STREAM RESTORATION
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220 Hollister Hall
Ithaca, NY 14853
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@ Civil and Environmental Engineering

g

|
[
|
|

‘Woods Outlet R
and Beaver Control Retrofit Plan

Village of Lansing, New York

Existing Conditions Plan
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'SEE EROSION & SEDIMENT
ICONTROL DETAILS AND
ICONSTRUCTION SEQUENCE|

CONTRACTOR SHALL
INSTALL TRAIL
CLOSURE SIGNS

PROPOSED ACCESS
PATH

AERIAL VIEW
1

REVISIONS

'

EROSION & SEDIMENT CONTROL NOTES:

cL=1

\scm.r.: =10

DATE: MAY 2020

1. ASPART OF THE DESIGN, APPROXIMATELY 1500 CY
OF MATERIAL (BEAVER MUD/STICKS AND SEDIMENT)

POND. SUBJECT TO OWNER APPROVAL, THIS
MATERIAL WILL ETHER BE REMOVED FROM THE SITE EXISTING RISER
ENTIRELY, OR PLACED IN ANOTHER AREA OF THE
POND, CREATING A MARSH BENCH FEATURE (TOP CORNELL LAB OF
& ELEV: +/- 1072 - 1073). TGRS

2. OWNER MAY ELECT TO REDUCE EXCAVATION
QUANTITY/COST AFTER DEWATERING UNCOVERS
MORE PRECISE CONDITIONS.
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Figure 5.2
Compost Filter Sock
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Figure 3.3
Dewatering Sump Pit Detail
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CONSTRUCTION SEQUENCE

Contractor is solely responsible for selecting the methods and means to implement the project design. The Construction Sequence is solely provided as non-binding advice by the
engineer to the contractor. Many other methods may be utilized and achieve the same results.

Owner may elect to have the contractor perform only certain portions of the steps below and may choose to complete parts of the sequence with facility resources. Refer to Contract with

Owner for Scope of Work Exclusions.

1.
2.

3.

4.

5.

Install Construction Entrance and perimeter Erosion and Sediment control.

Drain pond area

2.1. Install E&S controls downstream of outlet pipe and perimeter of disturbed areas.
2.2. Drain pond water level (max of 6”per day to prevent dam slope failure) by removing wood weir. Additional ponded water removed by optional Pump and Filter bag.
2.3. Remove beaver mud and woody materials from the ponded area per grading plan and place in designated disposal area on site and stabilize with hand cast seed and mulch.

Outlet replacement
Remove soil from 24” corrugated metal outlet pipe and stockpile soil (segregate topsoil).

3.2 Remove 24” corrugated metal pipe, existing concrete outlet and wood weir, and dispose off-site.
3.3. Install 24" HDPE pipe.
3.4. Insert form and place concrete collar encasement and concrete ballast.
3.5. Place bentonite seal.
3.6. Replace and compact subsoil, then cover and track in 6" layer of topsoil.
3.7. Install Agri Drain Inlet Water Level Control Structure™ and bolt to the concrete ballast- do not install weir until completion of project. Make sure that the three fixed sides of the Agri Drain structure have an
invert of 1073.25 and do not install cover.
3.8. Place fabric and riprap at outlet.
3.9. Install trapezoidal beaver fencing.
3.10. Place topsoil, rake, seed and mulch.

Clemson Beaver Pond Leveler
Remove soil for pipe installation and stockpile soil (segregate topsoil).

4.2. Install 16” PVC pipe through the dam.
4.3. Form and place concrete collar encasement and concrete ballast.
4.4. Place bentonite seal.
4.5. Replace and compact subsoil, then cover and track in 6" layer of topsoil.
4.6. Install Agri Drain Inline Water Level Control Structure™ and bolt to concrete ballast (keep weir open at bottom - use as valve).
4.7. Place 16” PVC (with section of perforations) and gabions with #3 stone in the specified pond area, connect to Agri Drain Inline Water Level Control Structure™.
4.8. Insert duckbill anchors, one on each side of the pipe.
4.9. Place fabric and #3 surge stone at the standpipe.
4.10. Place topsoil, rake, seed and mulch.
Flexible Pond Leveler
5.1. Remove existing Beaver Solutions™ Flexible Pond Leveler™ and debris from outlet structure.
5.2. Re-install domed intake fence from Flexible Pond Leveler™ in a new location with 18” HDPE pipe extension, if desired by Owner.
Clean-Up
6.1. Remove all debris from site.
6.2. Remove all Erosion and Sediment controls, after vegetative coverage exceeds 80%.
6.3. Place wood chips over the trail path.
6.4. Install weir in Agri Drain Inlet Water Level Control Structure™ to elevation 1073.13’ (initial setting) or slightly lower because PVC stoplogs can only be adjusted within 1” increments (unless customized by
Owner).
6.5. Keep the weir of the Agri Drain Inline Water Level Control Structure™ open at the bottom - use as a valve. Confirm weir is at least 16” above pipe invert in Clemson Agri Drain Inline Water Level Control

Structure™ for free pipe flow.



Flow Phases of
Final Design

PHASE 1

Clemson Beaver

Pond Leveler
1072.75

y




Adjustments

e Allow “fine tuning” by facilities manager

e Easy maintenance
o Neoprene sleeve to adjust standpipe elevation
o  Agri Drain Inline control structure
m  Substitute for valve
m Allows additional water elevation
adjustment
o  Agri Drain Inlet control structure

Agri Drain Inlet and Inline Water Level Control Structures™

Source: Supply.com and Agri Drain Corporation



Cost Estimate
Project costs were divided into five sections:

Shared Costs =) $9,500
Trapezoidal Beaver Fencing mmmp $1,650

Clemson Beaver Pond Leveler mmsp $30,300

Existing Outlet Structure Improvement wssp $12,700
Existing Flexible Pond Leveler Improvement wssp $1,600

10% Contingency ) $5,600

Total $62,350



Buoyancy Calculations

e Concrete ballast e Bolt strength
o SFof14 o SFof 3.0
A F=E/C
OUTLET REPLACEMENT
BALLAST CONCRETE VOLUME O:’Ci}'RUCTURE SAFETY FACTOR COMMENTS
s 84.0 “:> 3000 PSI concrete
Dimensions: 6'x7'x2
Inlet Agri Drain i i .
Dimensions: 41'x36'x45" 38.4 Dimensions and weight from manufacturer
Total -
Safety Factor for Buoyancy - 1.70 SF exceeds 1.4 requirement v/
Example calculation for concrete ballast
A G =(F*D)/(A-B)
OUTLET STRUCTURE
AGRI DRAIN BUOYANCY COMMENTS
ANCHOR BOLT DESIGN (LBS) SAFETY FACTOR
2398.5 Recommended Bolt: 1/2" Dia., 5" L. Removable-Bolt Anchors for
) Concrete: https://www.mcmaster.com/removable-bolt-anchors/
Safety Factor for Bolts* 6.00 SF exceed 3.0 requirement v/

Example calculation for bolt strength



Flow Calculations

Outlet Pipe

e FEquation |Q = C;A\/2gh

e Flow Capacity |Q = 31.85 cfs

Clemson Beaver Pond Leveler

e Flow Capacity |Q = 2.65 cfs

e Return Period |Return Period = 4 months
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Value Engineering

Implement design in stages
1)  Replace the outlet structure and install trapezoidal beaver fencing
a) Potentially re-using the temporary HDPE pipe

2) Clean and reposition Flexible Pond Leveler™
3) Install the Clemson Beaver Pond Leveler

Clemson Beaver Pond Leveler size reduction

Eliminate dredging and abandon Flexible Pond Leveler™




Permitting

NEWYORK | Department of

STATE OF

orrorTunTYy | Environmental
Conservation

US Army Corps
of Engineers o

Clean Water Act, Clean Water Act,
Section 404 Section 401

Village
of Lansing

CODE

Notice of Ground
Disturbance




Considerations after COVID-19

e \We were able to:

o Complete concept design plans drawn by hand

o  Work extensively on design calculations used to size the components of the proposed system
e Due to COVID-19:

o Limited the scope of work

o Ask for assistance from engineers outside the class to aid us with the construction plans
e Focused on:

o Compiling report and associated calculations and design specifications
o Reviewing and commenting on the construction plans

o Permitting requirements



Future Ideas for Student Projects

e Design Changes
e \Water Budget
e Watershed Measurements and Modeling

e Constructed Wetlands North of the Cornell Lab of Ornithology Building

CornellEngineering
Biological and Environmental Engineering



Thank you!

Lab of Ornithology Army Corps of Engineers
o Joif Payne e Judy Robinson
e John Fitzpatrick CEE 5021 Team

Cornell CEE & Libraries
e Charissa King-O'Brien
WSSI Team

e Chad Laskaris & Jim Quirin
e John Cooke & Margaret McMenamin
e Alex Chapla & Nate Staley

Photo credit: Mike Rolband






Spreadsheets Included



SHARED COSTS

LAEOR * UATERIALS LAECR WATERIALS
ITEWDESCRIPTION oty | UwiT_|UNITFRICE | _UNIT_|UNITFRICE| _UNIT_|UNIT PRICE| COST- UNIT PRICE SOURCE COMMENTS
TACIIZ3ton i EA 2000 WA VA NA WA 2000 Erginzere Seumate =
Dewatenng 3 EA 1000 A NA NA VA 1080 Enginzers -
£ Fump ana FlRer 539 z ViKS 1050 VA NA NA VA 2100 Sunteit Rentaie, Inc. DBy 36D10Z4
Excavation, Fii, and Compaction 16 =] 200 NA NA NA NA 3200 Ergirzars Zetmate -
Eroglon Contral 1 EA S0d NA N/A NA NIA 500 Engin2ers Sstimate -
Tamporary Seading and Muich " NiA NA A VA 8 14 s5 Emst Conservation Seacs, inc. [ATTL 5% O3 Ry Pen ?&2&"3&*&?{?&%3’ Vipter Rype
Parmanent Seading and Mutch 4 NA NA NiA NA & 181 542 Emat Consenvation Seets, inc: | O - e oo o 15S:
SUBTOTAL $5,457
TRAPEZOIDAL BEAVER FENCING
LAEOR * MATERIALS LAEOR WATERIALS
ITEM/DESCRIPTION aTy | UNT | UNTFRICE | _UNIT_|UNIT FRICE UNITFRICE| COST* UNIT PRICE SOURCE COMMENTS
For tottom; gaivanizad es2ef or PVC coated. fastenad By twisting wire 3t
10-Gauge Welded Wire Fenca - 4°x4" Mash 5 NA NIA NIA NIA 36 432 Eowars J Darby & Son, inc.  |f2nce 2nd ana connect to vartical sides. Approximataly 205 square i hitps:
ity /3azes0E
10-Gauga Welosa Wire Fance - 6°x5" Mash 1 NA NA NA vA | SO | s 133 Fastenal Company R i D ST o
St2el Fenca T-Post- 107 3 A VA NA VA A i 55 Tractor Supply Co. WZVHZYS
Stes| Fanca T-Pogt- & 2 NA VA NA WA =4 3 ¢ The Home Depot hitpe:/1hd.c0/31gPSHD
Galvanized T-Pest Clips 48 A NA NA NA EA 0.5¢ 25 The Home Cepot hitps: ihd col2UcwCeZ
L3bor 10 Ramave Pravious Fancirg and Dets B NA N/A =% €0 NA NA 280 Ergiraers Zstmats —
Labor 1o Install 3 NA N/A HR €3 NiA NA 220 £rgin2ers Estimats p—
SUBTOTAL §1.85¢
CLEMSON BEAVER POND LEVELER
LAEOR * MATERIALS LABOR WATERIALS
[TEWDESCRIPTION oty | ONT | UmITFRICE | UNIT_|UMTFRICE| _UNT_|UNIT PRICE| COST- UNIT PRICE SOURCE COMMENTS
76" Diameter, 20 L, Sch 80 PVC 5 WA VA WA WA A 756 53 FVC Pipe Supplies Pitp By 37602
16" Diamater, 10° L, Sch 43 AVC 1 NA NA NA NA A 338 338 FUC Pige Supsliss ';gg}ggﬁfgﬁ'ﬁﬁm ISR G (iR
Hole Oriling - 2 Diameter S58 NA VA £ 33 NA VA 1258 Erginzers Ssimatz 2 minnole and S100T
FVC End C3p - 16" Dlamater 1 NA NA NIA NIA ZA 216 216 FA/C Fitsngs Online hitps://www.pretingsonine. com/1 §-pve-Ouct-cap-10:34-c3-16.hmi
SVC Coupling - 18" Damater 5 NA NIA N/A N/A A 184 318 FV/C Fitengs Cniine Ittps: www prCingsonine com'1E-ech-43-prs-Coupling-800-423-15CL.himl
PVC 90° Elbow - 16° Diameater 1 NiA N/A NIA NA EA a72 a72 P\VC Fitengs Online hitps:/www.pveittingsoniing. comi'1 €-Ch-40-puve-30-2Ibow-60C-4 06-160¢.mmi
VS Gl 1 A NA NA NA GaL 2 72 Pistt Elacric Supply nitps: iy Zasxzje
Neogrene Sleave - 18” Diamatar 1 NA N/A NIA NIA ZA 7% 75 Femco hitps:/www.famco.comiaimensional-draaings/1072-1515
Gadlon - 3 x 3 X 33’ FUC costed 1 NiA NA NA VA A 534 584 Gabion Supply hitps:/igabionsupply. cony
=3 Stone - Laveler Eallast 4 NA NA NA NA TON 72 287 Cayuga Compost hitp:i/cayugacompost comiproductsistons!
Duckbil Earth Anchors 2 NA NA NA NA = 10 2 Forestry Suppilers e B ey Con proghicl pageiprodtcts piip
Custom gesign: indn2 WCS €' tall X 15° PT (coupler 1001-1515). Sox slze
Custon Inine Wata 5 i : = - o 20" wide X 26" deap. Structure wil nave 3 £° ' )
wonsgrome eevsimoms || o [ [ | o | ow [ | s banoran capeen |20k X2 s Svs i Tave & s e o b vy
incugad.
Anchor bolts cast In place, or drilisd/epoxied. Solts shal be HItl (aww.hiltl.
COm) of MCMaster-Can (WWW.memastar.com) such 3s memaster-cam 1/2°
Anchor Solte 04 NiA NA NA NA PK™ 38 16 McMagter-Carr ala. £ long removabie DOl anchors for concrasa of approved equal minimum
pull out strength 2300 b per bok. Packaga of 10. hitpe/iwww.mcmaster.
Comiconcrete-anchors




Cl3ss S conerate for unsuitabie foundation matsrial Ad; placag 3t base of
Concrete Baliast - 4.5'x4.8%1.5 11 NA NA NA N/A cy 735 331 Fairtax County Custom Agr Drain infine Water Level Controé Structures™. http-idit
lyi35LYD1X
Mucmat - 2°-3" Thick (Optional) 0.2 NiA NIA NIA NA cY 735 118 Fairtax County Class B concrate for unsuitabie found3ation material Ad. hip: /it y/33LYD1X
P i : = < = 18" Q.C. EW. 2" min ciear % £0ll or muomat; oid In 20f Incremante. hitps:
#3 Retar 3 NA NA NA NA ZA & 1 The Home Oepot /d.00/335TRND
Conerate Collar Encaszment 23 NA NA NA NA cY 735 1655 Falrtax County Class B concrate for unsultabie foundation material Ad. hitp:/bit ly/33LYb1x
Class 1 Riprap - Cutiet Apron 2 NA NA NIA NA TON 137 274 Cayuga Compost hitp:i/cayugacompost com preductsisions!
£ y o ) 4 ROLL -,
Fliter Fabric 1 NA NIA NIA N/A (3507 €d €3 The Home Cepot Fttpz:ng c2/313k221
Concrate Ballast - 4x4'x1' 5t Pioe Exit (Opticnal) 0.5 NiA N/A NA NA cY 735 234 Falrtax County Class B concrate for unsuitabie foundation material Ad. hitp./bIt iy/38LYD1X
Mudmat - 2°-3” Thick - 3t Pipe Exit (Optioral) a1 NA NIA NIA NA cYy 738 33 Fairtax County Class B concrete for unsuitabée foundation material Ad. hitp /bt iy/33LYD1X
Bentonite Saal 230 NA NA NA N/A L3 218 432 Walmart itp.DILiy/2S5J4sh
Re-Graging 1500 cY S NA N/A NiA NA 7500 £nginaers Estimate —_
L3bor to Insiad CYWL 72 NiA N/A HR 103 NIA N/A 7200 Engin2ers Estimate -
SUBTOTAL $30.305

EXISTING OUTLET STRUCTURE IMPROVEMENT
TAECR + GATERIALS TAECR VATERIALS
ITEL4DESCRIPTION aTY UNIT | UNIT ERICE | _UMIT | UNIT FRICE| _UWIT_|UNIT PRICE| COST- UNIT PRICE SOURCE COMMENTS
Custom d2sign: INiet WCS & 13Il X 24" PT (Coupler 56-2727). Inelo2 box
conmgizmmaymionoms || | o [ | o | e | e | e oo o | e S i e
concrate. Custom quots has tax a[read}' inciuged.
L300r to Remove Concrate Structure 1 A NA oY 1000 NA NA 1ca0 Ergireers Estimate =
Concrete Structura Disposal 1 EA 500 NIA NA NA N/A SO0 Enginzers Sstimate —
Class B concrate for unsuitabée foundation material Ad; placad 3t base of
Concrete Bakast- X715 23 NA NA NA NA cy 735 1714 Fairtax County Custom Agn Drain iniet Waler Level Cantral Structures™. hap: it
ly/3ELYDIX
3 . % ~ 18" Q. W 2" min cl ¥ il or m nat | X Incremants. hitps:
#3 Rebar 5 NiA NIA NIA NIA B‘lﬁ‘z'z.l & 2 The Home Depot A E . & T Sea Ko S et SO I 20 oinrents: e
Mudmat - 2°-3" (cptiona) 03 NA NIA NA NA cy 738 28 Fairtax County e aa MMl AL T RBADT o o e
Anchor DoMtE cast in place, of arliediepaxied. SoME ehal be HE (WAW.hilt,
£Om) of MCM3ster-Can (Www.momaster.com) such 38 memaster-cam 172°
Anchor Solts X} NA NA NIA NIA P 38 23 McMaster-Carr ala. £ long removable bOR anchors for concret2 of approved equal minimum
pull out etrength 2000 b per bok. Packags of 10. NIPE-//WWW.mcmaster.
com/concrete-anchors
Existing 24 TP Removal i FR 200 NA VA NA NA 200 Enginaers Estimate =
F0PE Sige - 24" Diameter 1 NA NA NA NA EA 0 0 - ST s=ction airaady purchas=d by cient
SDPE Fips - 24 Irelaiation z R 200 NA NA NiA VA 300 Ergiresre Zaimate =
Rodent Guard 1 NA NIA NA VA EA 188 1ez g1 Drain Corporation | nito:/ /bt /2 GyIER
Fiared £nd Sacton 1 NA VA NA NA A 244 244 FrumbersStock Pt /bty 235K09Q
Concrate Collar Encasament 45 NA NA NA N/A CcY 735 3405 Fairtax County Class B concrate for unsuitabie foundation material Ad. hitp:/bit y/33LYD1X
Barionits Szal 790 NA VA NA NA 5 22 5z Waimart Titp: /ity 258,22
Class 1 Riprap - Cutiet Apron 3z NA NIA NIA N/A TON 43 1376 Cayuga Compost hitp:icayugacompost com/productsisions!
Fiter =3bric 1 NiA NA NA NA ["'3*2'5-53 &1 &1 The Home Depot e G
SUBTOTAL 12,653

= |
EXISTING FLEXIBLE POND LEVELER IMPROVEMENT

LAEOR + MATERIALS LAEOR MATERIALS
ITEAM/DESCRIPTICN Q7Y UNIT | UNIT ERICE UNIT | UNIT PRICE UNIT |UNIT PRICE| COST UNIT PRICE SOURCE COMMENTS
Additional 15" HORPE Plpe 1 NA NIA NA NA A 0 0 == Alre3dy purchasad by clisnt
Labor to Install 3 HR 200 NIA NIA NiA N/A 1600 Engin2ers Estimate =

SUBTOTAL




BUOYANCY CALCS

AN - A =
OUTLET REPLACEMENT - > C=AS D E=AlD HSE/C COMMENTS
BALLAST CONCRETE VOLUME OF STRUCTURE | DENSITY OF WATER BUOYANCY  DENSITY OF MATERIAL | WEIGHT OF STRUCTURE | g,rerv eacToR
(CF) (LBS/CF) (LBS) (LBS/CF) (LBS)

L i e 84.0 624 52416 150.0 12600.0 3000 PSI concrete

Dimensions: 6'Xx7'x2
Intet Agri Drain 384 624 2398.5 400.0 Di i d weight fr factul

Dimensions: 41°x36'x45" % 4 ) = 4 imensions and weig 'om manufacturer
Total - - 7640.1 - 13000.0
Safety Factor for Buoyancy - = - - - 1.70 SF exceeds 1.4 requirement v/

P - A =
CLEMSON POND LEVELER A B C=A®D o ESAD ESHC CORMENTS
BALLAST CONCRETE VOLUME OF STRUCTURE | DENSITY OF WATER BUOYANCY  |DENSITY OF MATERIAL | WEIGHT OF STRUCTURE | oacrry FACTOR
(CF) (LBS/CF) (LBS) (LBS/CF) (LBS)

Ballast Concrete

DiriSheione E5IaTIE 304 624 18954 150.0 45563 3000 PSI concrete
Inline Agri Drain .

Dimensions: 26'x22°x73" 242 624 1507.9 - 2700 Dimensions and weight from manufacturer
Total - - 3403.3 - 4826.3
Safety Factor for Buoyancy - = - - - 1.42 SF exceeds 1.4 requirement v/

A B C=AB D E=A"D F=E/C
CLEMSON POND LEVELER PIPE | VOLUME OF STRUCTURE | DENSITY OF WATER BUOYANCY  |DENSITY OF MATERIAL | WEIGHT OF STRUCTURE | oacrry FACTOR COMMENTS
(LBS/CF) (LBS) (LBS/CF)

EVGRpe: . : 10.4 624 648.1 90.5 940.1 Pipe perforated with 558, 2" OD holes

Dimensions: 16" OD, 60' L
Gabion Rock

Dimensions: 3 piles, 21,5 of each 38.7 624 24149 187.2 72446 Based on rock with 40% void and specific gravity of 3
Duckbill Anchors - - - - 2200.0 Weight based on anchor capacity, 1 on each side of pipe
Total - - 3062.9 - 10384.8

- = - - - 3.39 SF exceeds 1.4 requirement v/

Safety Factor for Buoyancy




OUTLET STRUCTURE Ll L 2 b E=[(A-B)*C}D F G = (F'D)/(A-B)
ANCHOR BOLTDESIGN | AGRIDRAIN BUOYANCY | AGRIDRAIN WEIGHT | REQUIRED SAFETY | NUMBER OF | MIN. DESIGN LOAD PER BOLT | RECOMMENDED LOAD PERBOLT | o\ oo o) oo COMMENTS
(LBS) (LBS) FACTOR BOLTS (LBS) (LBS)
Recommended Bolt: 1/2" Dia., 5" L. Removable-Bolt Anchors for
23985 4000 30 6 9993 2000 Concrete: hitps://www.mcmaster.com/removable-bolt-anchors/
Safety Factor for Bolts™ SF exceed 3.0 requirement /
CLEMSON POND LEVELER A B c b E=[(A-B)'C]D F G = (F'D)/(A-B)
ANCHOR BOLTDESIGN | AGRIDRAIN BUOYANCY | AGRI DRAIN WEIGHT | REQUIRED SAFETY | NUMBER OF | MIN. DESIGN LOAD PER BOLT | RECOMMENDED LOAD PERBOLT | o cacron COMMENTS
(LBS) (LBS) FACTOR BOLTS (LBS) (LBS)
Recommended bolt for design simplicity: 1/2" Dia., 5" L (same as outiet
1507.9 2700 30 4 928.4 2000 stucture). Min. required bolt: 3/8" Dia., 4" L. Removable-Boit Anchors

for Concrete: https:/www.mcmaster.com/removable-bolt-anchors/

Safety Factor for Bolts*

SF exceed 3.0 requirement v




DESIGN STORM

Small Storm CN=79,t=437min,S=266in, A= 128 ac
PRECIPITATION RUNOFF PEAK DISCHARGE
RETURN PERIOD (IN) (IN) (CFS) COMMENTS
Generalized Pareto Distribution (GPD) Ranking Method Q= (P-0.2S5)"2/(P+0.8S) q=2AQ/(1.1t+1.1*1.67t) Choose precipatation obtained from Ranking

PRCP(in) = u+(a/€)(m(1-Pu)*é-1) = u+(ofE)((TAYE-1)  stP(x<u) # Events = # Years on Records/Recurrence Interval Method in final calculation.

1mo 0.65 0.76 0.018 0.217 Ranking Method i a
nking Me is a more common and easy
2mo 0.98 1.01 0.073 0.879 Hhad 1o ties:
3mo 1.18 1.18 0.127 1.532
4 mo 133 1.32 0.180 2173 Choose month retum period to adjust pipe size
5mo 1.44 1.46 0.240 2.89 and flow rate.
6 mo 154 1.51 0.263 3.173
1yr (1.91) (1.92) 0.476 5743
GPD: Rainfall [in] vs. Month Ranking Method: Rainfall [in] vs. Month
W Precipitation Estimales 0-
= Confidence Inerval Limits

g 1 ‘1:;1 5
REFERENCE GRAPH | = s

€10 s

10
B Precipitation Estimates
O Confidence Interval Limits
_' 4 5 4 “. 2 a4 1
Month Month S
Data: NRCS and NRCC center for Sapsucker Woods — Ithaca, NY Data: NRCS and NRCC center for Sapsucker Woods — Ithaca, NY U.S. Dept. of Agriculture, Soil Conservation Service,
SOURCE Engineering Division. (1986) Urban hydrology for small
Derivation and equation: Dr. Scott Steinschneider (2019) Derivation and equation: Wetland Studies and Solutions, Inc (2019) watersheds. Washington, D.C.




Large Storm CN =79, t =437 min, S =2.66 in, A= 128 ac
PRECIPATATION RUNOFF PEAK DISCHARGE
RETURN PERIOD (IN) (IN) (CFS) COMMENTS
NRCC/NRCS NOAA 14-point Precipitation Analysis Q=(P-025p2APH08S) | A Y(1.1%+1.1°1.67%) ;ﬁg‘ﬁeﬁgyipaw‘b" obtained from NOAA in final
1yr 201 2.01 0.528 6.370 : _
2yr 246 234 0732 8.829 t)o?jAré |'s; au Sen'{ore common and conservative
10yr 3.82 343 1.511 18.234 ’
100 yr 5.98 5.92 3.607 43.529
Precipitation estimate from NRCC/NRCS Precipitation estimate from NOAA
Time Estimate Lower Limit Upper Limit
(hours) (inches) (inches) (inches)
1 0.75 0.68 0.81 ;
2 0.95 0.81 1.01 Lo
3 1.08 0.95 1.16
I 1.17 0.99 1.25
5w 1.25 1.02 1.34
6 1.34 1.06 1.43
7+ 1.39 1.13 1.49 z
8+ 1.44 1.21 1.54 £
REFERENCE GRAPH 9* 1.49 1.28 1.60 $e
10+ 1.54 1.36 1.65 §
11* 1.59 1.43 1.711 T
12 1.64 1.51 1.77
13+ 1.67 1.54 1.79 &
14+ 1.70 1.57 1.82
15+ 1.73 1.60 1.85
16% 1.76 1.63 1.88 i
17+ 1.79 1.67 1.91 &
18+ 1.82 1.70 1.94
19% 1.85 1.73 1.97
20* 1.88 1.76 2.00
21% 1.91 1.79 2.03
22+ 1.94 1.82 2.06
23» 1.97 1.86 2.09
24 | P | 1.89 2.12
. P - U.S. Dept. of Agriculture, Soil Conservation Service,
SOURCE NRCS and NRCC center for Sapsucker Woods — lthaca, NY P/t ) po ("2'38'5")“3‘“’" frequency estimates for Sapsucker £\ iecring Division. (1986). Urban hydrology for small
: watersheds. Washington, D.C.
1.Extreme Precipitation in New York & New England. (n.d.). Retrieved from
http://precip.eas.cornell.edu/
REFERENCE 2. U.S. Dept. of Agriculture, Soil Conservation Service, Engineering Division. (1986). Urban hydrology for small watersheds. Washington, D.C.
3.US Department of Commerce, Noaa, Nws, & Office of Hydrologic Development. (2005, Ni ber 7). R d from
https://hdsc.nws.noaa. govlhdsclpfdslpfds map_cont html




CLEMSON PIPE FLOW CALCS

ASSUMPTION UNITS COMMENTS CONVERSION FACTOR
16 in in to ft 0.083

Nominal Pipe Diameter

Inside Pipe Diameter = 14.94 in
Hole Diameter = 2 in
Holes per foot of pipe = 16
Normal Pool = 1072.75 ft
Inlet Agridrain Elevation = 1073.13 ft
Standpipe Diameter = 16 in
Standpipe Inside Diameter = 14.94 in
Hole Area to Pipe Area Ratio = 10
Pipe Length = 120 ft

1. HOLES TO ACHIEVE HOLE AREA TO PIPE AREA RATIO

Npotes = 10 * M
Apoles
VARIABLE UNITS COMMENTS SOURCE
Apipe = 1.22 ft2
Aholes = 0.0218 ft2
Nholes = 558
Length of Perforated Pipe = 35 ft




2. HOLE FLOW

0 = Cy4A/2gh
VARIABLE UNITS COMMENTS SOURCE
cd - 0.62 Vena Contracta Chin, D. A. (2013). Water-resources engineering.
i Coefficient New Jersey: Pearson, pg. 303
Ahole = 0.0218 ft2
g = 32.2 ft/s2
o Agridrain Weir to
0 - 0:56 % Standpipe
Qinlet = 0.067 cfs
3. INLET CAPACITY
Qinh*”o[u.l = ‘NTII()I(’.W * Qiil/(:l
VARIABLE UNITS COMMENTS SOURCE
Nholes = 558
Qinlet = 0.067 cfs

Qinlet_total = 37.34 cfs




4. PIPE FLOW (SUBMERGED INLET AND OUTLET)

Do  2gAh
Zg'n:l_
. + ke + 1

]

R3
VARIABLE UNITS COMMENTS SOURCE
Apipe 1.22 ft2
g 32.2 ft/s2
Ah 0.38 ft
- Chin, D. A. (2013). Water-resources engineering.
n aae B YRS New Jersey: Pearson, pg. 281, Table 7.3
I& 120 ft
0.31 ft Apipe/Perimeter
: Chin, D. A. (2013). Water-resources engineering.
ke 8.9 SRied-edgcinlel New Jersey: Pearson, pg. 46, Figure 2.7
Q 2.65 cfs
5. STANDPIPE (ASSUME SHARP-CRESTED WEIR)
|Q = C,bH?
VARIABLE UNITS COMMENTS SOURCE
Weir Coefficient (in  Chin, D. A. (2013). Water-resources engineering.
&l a2 L English Units) New Jersey: Pearson, pg. 303, Equation 7.73
b 3.91 ft Weir Circumference
H 0.38 ft
Qweir 3.04 cfs




6. RETURN PERIOD

Q = C,bH?
VARIABLE UNITS COMMENTS SOURCE
Limiting flow rate
Qlimiting = 2.65 cfs between Q and
Qweir

Return Period = 4 month




OUTLET PIPE FLOW CALCS

ASSUMPTION VALUE UNITS COMMENTS CONVERSION FACTOR
Elevation tp Emergency 1074 .6 ft Elevation to top of dam fttom 0.305
Spillway
Nominal Pipe Diameter = 2 ft in to ft 0.083
Outside Pipe Diameter = 28 in Based on HDPE DR
Inside Pipe Diameter (D) = 2 ft Based on HDPE DR

3.83 ft below the top of the Inlet
1069.45 ft Agridrain based on specifications
sheet by the company

Pipe Invert (Upstream)

Pipe Invert (Downstream) = 1069.05 ft
Pipe Crown = 1071.38 ft
Pipe Length = 50 ft

Slope of Pipe (So) = 0.008




Step 1: CALCULATE FLOW RATE BASED ON TYPE 2 FLOW

0= j — 2gAh
‘ _gnJL ol it
N R3
VARIABLE UNITS COMMENTS SOURCE
Area 0.29 m2
g 9.81 m/s2
" i 2 i .the Chin, D. A. (2013). Water-resources
Ah 0.98 m emergency spillway elevation - the ) _ .
engineering. New Jersey: Pearson, pg. 273
crown of the culvert
Chin, D. A. (2013). Water-resources
n 0.012 Manning's n for HDPE engineering. New Jersey: Pearson, pg. 281,
Table 7.3
L 15.24 m
R 0.152 m Area of Pipe / Perimeter
Chin, D. A. (2013). Water-resources
ke 0.5 Squared-edge inlet engineering. New Jersey: Pearson, pg. 46,
Figure 2.7
Q 0.899 e This equation uses metric units -

convert to cfs in the end




VARIABLE UNITS COMMENTS SOURCE

Chin, D. A. (2013). Water-resources

(6 sin H)\
T engineering. New Jersey: Pearson, pg. 268

)
=20.16—"%

03 D3y

Angle Equation = 9.10

S

0

5] = 9.30 rad

Use a solver to determine the angle
Angle Equation Match = 9.09 (F30) by matching F31 to F29 by
changing F30

Chin, D. A. (2013). Water-resources
engineering. New Jersey: Pearson, pg. 269

D g . .
Normal Depth (y) N 032 * o [l B COS( )] Chin, D. A. (2013). Water-resources

engineering. New Jersey: Pearson, pg. 269

Since normal depth is less than the
Culvert Height = 0.61 m height of the culvert, the flow is
probably Type 3

Chin, D. A. (2013). Water-resources
engineering. New Jersey: Pearson, pg. 283




Step 2: CALCULATE FLOW RATE BASED ON TYPE 3

0O = CyuA\/2gh

VARIABLE UNITS COMMENTS SOURCE
cd 0.62 Square edge entrance (vena Chin, D. A. (2013). Water-resources
’ contracta) engineering. New Jersey: Pearson, pg. 303
A 0.29 m2
g 9.81 m/s2
el iieniniadite 6 i Chin, D. A. (2013). Water-resources
h 1.27 m from centroid of culvert at inlet to ; T bl
i ; engineering. New Jersey: Pearson, pg. 273
emergency spillway elevation
Q 0902 m3/s This equation uses metric units -
convert to cfs in the end
Angle Equation 9.13 O - n8) 201612 engicr:ga];ir?é ‘Léi"]ﬁr’s’!yv-a.iir;iii“fge 268
03 D3 /5, : ’ e
6 9.31 rad
Use a solver to determine the angle .
Angle Equation Match 9.12 (F48) by matching F49 to F47 by Oy, D58, (2D} alcrresalie e
3 engineering. New Jersey: Pearson, pg. 269
changing F48
Chin, D. A. (2013). Water-resources
D 2] )
Normal Depth (y) 0.322 m y== [1 - COS(: )} engineering. New Jersey: Pearson, pg. 269
. Type 315 conﬂrmed becauss Chin, D. A. (2013). Water-resources
Culvert Height 0.61 m normal depth is less than the enaineering. New Jersev: Pearson 283
culvert height 9 & y- » P9-
Q = 31.83 cfs




Determine stone size Step 2: Calculate d50, La and W
|_P:—.—
VARIABLE UNITS COMMENTS SOURCE = =, =

VARIABLE UNITS COMMENTS SOURCE
Q = 31.83 cfs flow through outlet New York State Department of
= 5 8 5 d50 = 8 in from chart
d = 24 inches diameter of outlet Environmental Conservation (2005).
La = 20 ft from chart
- — 9o P h New York State Department of
— fom cnart Environmental Conservation (2005).
3 dmax = 12 in 1.5x dS0
2 TR IJ Blanket Thickness = 18 in 1.5x dmax
Outlet W=Do *Lla c PERCENT FINER BY WEIGHT
pipe %
diameter (Do) ;;: o Do D so Dss D 100
z wt. | d, do |wr |d. do  |wt |d, do |wr |d, do
I % abs)f(Gn) |(@n) |@bs) [(n) |@Gn) |@bs.) [Gn) [@n) [dbs) |@Gn) |(in)
1] 1 | 1s | 85 | - 5 5 4 S0 | 10 | 8 |100] 13 ] 10 ] 150 | 15 | 12
i I 18 10 - 17 7 6 170 15 12 340 19 15 500 22 18
i m 24 12 2 46 10 8 160 21 17 920 26 21 1400 30 24
|
@ A% 36 14 3 150 15 12 1500 30 25 3000 39 32 4500 47 36
s ¥ 48 17 4.8 370 20 16 3700 42 34 7400 53 43 11.000| 60 49
d, = gravel material do = angular rock riprap
] 3 Wt = weight in pounds
. Final Specifications
i 2 .g VARIABLE UNITS COMMENTS SOURCE
‘% d50 = 8 in
,§- \L; i ;g :tt New York State Department of
Oé — Environmental Conservation (2016).
1 8 dmax = 12 in
i ,, BIAnKst Thu.:kness = 15 1n Rip rap volume based on 40% void
i A Volume of rip rap = 420 ftA3 and specific gravity of 3
T Weight of rip rap = 23.6 tons PECE ETAVEVONS:
| ! i 0 Riprap Class = Class 1 selected from table
20 32 50 100 200 500 1000
Discharge (ﬂalsec) Reference:

1. New York State Department of Environmental Conservation. (2016). New York State Standards
and Specifications for Erosion and Sediment Control. Retrieved from

| /o e g ater 201 rstne o




