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Problem Statement
● Beaver population recovering
● Beaver plugged current outlet system

○ Localized flooding
○ Dam safety

■ Bank Den tunneling
■ Reduced freeboard in storm events - 

overtopping failure 
○ Increased tree mortality 
○ Increased maintenance demands

● Current outlet pipe conditions

Photo credit: Castro, 2017

The American Beaver



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

CMP at Sapsucker WoodsOutlet Structure

Photo credit: CEE 5021/6025 Fall 2019



Client Needs

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

Photo credit: Cornell University and WCS 



Beaver Needs

● Safe shelter
○ Deep water - protection from 

predators

● Food source
● Beaver motivation

○ Stop the noise of running water 

Construction of beaver dam and lodge

Photo credit: Strong, 1997



Beaver Impact Minimization
● Sound reduction
● Barriers around food source
● Increasing difficulty of damming (bigger, longer, deeper)

Drawing credit: N. Gill



Site History

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



Watershed

Area: 128 acres

● Flat
● Indistinct drainage divides in some 

locations
○ Detailed survey watershed 

cost ~ $40,000 (not worth it)
○ Roof and parking lot area 

delineated with design plans



Curve Number
Hydrologic Soil Group (HSG) Land Cover



CN - Sample calculation
Soil 
series

Associated area 
(acres)

Cover type Hydrologic 
condition

Hydrologic 
soil group

Associated 
CN

Fraction of 
total area

Associated CN * 
Fraction of area

ErA 77.3 Woods Good D 77 0.61 46.66

ErA 3.5 Road - D 98 0.03 2.72

ErA 0.5 Buildings - D 98 0.00 0.40

ErA 0.6 Parking lot - D 98 0.00 0.44

ErA 0.3 Herbaceous Good D 85 0.00 0.18

BgC 8.2 Woods Good C 70 0.06 4.52

...

Total watershed area (acres) 128 Total watershed curve number 79



Time of Concentration
Category Tc Calculation V Calculation

A → B Sheet Flow n comes from 
Manning’s 
roughness 
coefficients for 
sheet flow

B → F Shallow 
Concentration

F → G Channel Flow

G → H Pond Flow



Time of Concentration

Path Land Cover Flow Type Length (ft) Time (mins)

A-B Woods Sheet flow 250 84.6

B-C Woods Shallow Concentrated Flow 226 12.4

C-D Grass Shallow Concentrated Flow 388 9.8

D-E Woods Shallow Concentrated Flow 257 10.7

E-F Forested Wetland Shallow Concentrated Flow 1616 304

F-G Woods Channel Flow 565 14.1

G-H Pond Pond Travel 683 1.2

Total - - 3985 437 (7.3 hr)



Design Storm Calculations
Small storms (< 1 year) from Ranking 
Method 

● 30 years of historic data ranked in 
descending order

● Rank calculated by recurrence interval

Large storms (> 1 year) from NOAA 
14-point Precipitation Analysis

● Based on NOAA precipitation data



Design Storm Flow Rate (TR-55)
● USDA “Urban Hydrology for Small Watershed” (1986)
● Estimate the runoff for each return period

● Estimate the peak discharge for each return period

When:
CN  = 79
tc      = 437 min
S        = 2.66 in



Design Storm Results

Return Period PRCP [in] q [cfs]

1 mo 0.75 0.20
2 mo 1.01 0.88
3 mo 1.18 1.53
4 mo 1.32 2.18
5 mo 1.46 2.90
6 mo 1.51 3.18
1 yr 2.01 6.38

2 yr 2.34 9.78

10 yr 3.43 21.94

100 yr 5.92 44.19

When:
   tc = 437 min
   A = 128 ac

Baseflow ~ 0.2 cfs



Current Outlet System - Outlet Structure

Photo credit: CEE 5021/6025 Fall 2019

Concrete outlet with wood weir CMP outlet pipe



Current Outlet System - Outlet Structure

Source: CEE 5021/6025 Fall 2019



Original Design - Flexible Pond Leveler

3’

Fence Design

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



Current Outlet System - Temporary Pond Leveler

Regular 
maintenance of 
beaver debris 
removal around 
weir structure.

Floating high 
density 
polyethylene 
(HDPE) 
perforated pipe.



Designs for Sound Reduction 
Clemson Beaver Pond Leveler 

● Size of holes limit noise
● Gabion cage increases distance 

Flexible Pond Levelers

● Eliminate vortex
● Domed intake cage increases distance

Outlet Structures

● Fence and other structures to increase distance

Sources: J. Payne, M. Rolband



Design Constraints/Assumptions
● Limit work so it is considered “maintenance”

○ Total outlet structure replacement can trigger dam safety 
standards

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

○ Risk is low because:
■ Low height: less than 6 feet
■ Overland relief around building and to northwest 
■ No habitable structures immediately downstream

● Match existing hydraulic capacity
○ Consistent with “maintenance”
○ Minimize change in user experience  

Photo credit: C. Wetzel



Design Options 

Option 1 Option 2 Option 3

A combination of options



Design Options 

Option 1 Option 2 Option 3



Trapezoidal Fencing

● Trapezoidal design
○ Unnatural angle 
○ Deeper
○ Longer dam
○ Sound separation



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
● Replace with HDPE or concrete

○ HDPE: Cheaper, easier to install, installation deformation 
○ Concrete: More expensive, longer life

● Add rodent guard

Current pipe 
(Corrugated metal pipe)

Rodent guard

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

HDPE pipe Reinforced 
concrete pipe

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


Seepage Control

Concrete Collar EncasementConcrete Cradle Plate Collars

Sources: Agri Drain Corporation,  Fairfax County Public Facilities Manual 



Design Options 

Option 1 Option 2 Option 3



Clemson Beaver Pond Leveler - Design Iterations

Type of Outlet

Gabion Cage 

Location of Pipe

Pipe Size/
Design Storm

01 02

03 04

CONCEPT 
DESIGN

Elevation05



Design Iterations - Type of Outlet

Standpipe Straight Pipe



Design Iterations - Location of Pipe

Pipe through wood weir Pipe through dam



Design Iterations - Gabion Cage



Design Iterations - Pipe Size



Design Iterations -  Elevation

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

Concrete Collar EncasementConcrete Cradle Plate Collars

Source: Agri Drain and Fairfax County Public Facilities Manual 



Neoprene Sleeve

Sources: Fernco, CEE 5021/22



Design Options 

Option 1 Option 2 Option 3



Flexible Pond Leveler Location

Flexible Pond Leveler through fence

Flexible Pond Leveler through dam



Reuse of Existing Pond Leveler
● Redundant feature for pond 

level control
● Recovery of initial investment 
● Clean, extend, reposition



Constructability
● Drain pond through weir

○ Low cost but impacts all organisms living/using the ponded 
area

○ Pump used for low spots
● Pump water out through a filter bag

○ Bag protects downstream areas from turbidity but more 
expensive than #1 

○ Can be combined with #1 for ponded areas 
● Temporary dam - CofferDam 

○ Set dam then drain by lowering the wood weirs and/or using a 
pump/bag system (can be used for low spots)

○ Minimizes impacts to aquatic system 
○ More costly than #1 or #2.

● Small-scale CofferDam (sandbags)
○ If only the outlet structure is replaced per value engineering

AquaDam

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

PortaDam

Sandbag Cofferdam



Dam Safety

Existing Tree Concerns Water Lowering During Construction

Photo credit: CEE 5021/22



Facility Manager’s Input

Team Meeting with Jeff Payne

● Clemson Beaver Pond Leveler

● Reinstallation of the Flexible Pond Leveler™

● Clemson pipe diameter increased to 16 inches

● Rectangular gabion cage

● Leaking issues = custom Agri Drain structure 

● Concrete encasement for seepage control

● Prefers to drain pond through outlet

Meeting with J. Payne on January 25, 2020 



Final Design - Construction Plan Set



















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.  Install Construction Entrance and perimeter Erosion and Sediment control.

2. 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.

3. Outlet replacement
3.1. 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.

4. Clemson Beaver Pond Leveler
4.1. 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.

5. 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.

6. 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 



Adjustments

Agri Drain Inlet and Inline Water Level Control Structures™

Source: Supply.com and Agri Drain Corporation

Neoprene Sleeve 

● Allow “fine tuning” by facilities manager
● Easy maintenance

○ Neoprene sleeve to adjust standpipe elevation
○ Agri Drain Inline control structure

■ Substitute for valve
■ Allows additional water elevation 

adjustment
○ Agri Drain Inlet control structure 



Cost Estimate

Shared Costs

Trapezoidal Beaver Fencing

Clemson Beaver Pond Leveler

Existing Outlet Structure Improvement

Existing Flexible Pond Leveler Improvement

10% Contingency

$9,500

$1,650

 $30,300

$12,700

$1,600

$5,600

Project costs were divided into five sections:

Total $62,350



Buoyancy Calculations
● Concrete ballast

○ SF of 1.4

Example calculation for concrete ballast

Example calculation for bolt strength

● Bolt strength 
○ SF of 3.0



Flow Calculations
Outlet Pipe

● Equation

● Flow Capacity 

Clemson Beaver Pond Leveler

● Flow Capacity 

● Return Period 



Riprap Sizing



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

Clean Water Act,
Section 404

Clean Water Act,
Section 401

Notice of Ground 
Disturbance



Considerations after COVID-19
● We were able to: 

○ Complete concept design plans drawn by hand 

○ Work extensively on design calculations used to size the components of the proposed system

● Due to COVID-19:
○ Limited the scope of work

○ Ask for assistance from engineers outside the class to aid us with the construction plans

● Focused on: 
○ Compiling report and associated calculations and design specifications

○ Reviewing and commenting on the construction plans

○ Permitting requirements



Future Ideas for Student Projects 

● Design Changes

● Water Budget

● Watershed Measurements and Modeling

● Constructed Wetlands North of the Cornell Lab of Ornithology Building



Thank you!
Lab of Ornithology 

● Jeff Payne 
● John Fitzpatrick

Cornell CEE & Libraries 

● Charissa King-O'Brien

WSSI Team

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

Photo credit: Mike Rolband

Army Corps of Engineers 
● Judy Robinson

CEE 5021 Team
● Hannah, Mary, Nick & Wenduo



Questions?



Spreadsheets Included 







BUOYANCY CALCS





DESIGN STORM





CLEMSON PIPE FLOW CALCS









OUTLET PIPE FLOW CALCS










