
9:00 to 9:15 Opening Remarks - Day 1 Colonel Christopher Beck, P.E., Commander, Louisville District

9:15 to 10:15 Overview of the Levee Safety Program Eric Halpin, P.E., HQ Assistant to Dam and Levee Safety

10:30 to 11:00 Presentation by Risk Cadre - Levee Risk Assessments Greg Werncke, P.E., Senior Technical Advisor, Risk 
Management Center (RMC)

11:00 to 11:45 Understanding the Preservation of Large Diameter Gravity Pipes with 
Structural Epoxy - Spray-In-Place-Pipe Liner (SIPP)  

Danny Warren, Warren Environmental Inc., A&W Maintenance 
Inc.

11:45 to 12:15 Interim Policy on Inspection Matthew Whelan, P.E. - Levee Safety Area Representative 
(LSAR) Upper Wabash

1:15 to 1:45 Abandoning/Sealing/Removing Obsolete Project Components Ross Wright, P.E. Levee Safety Area Representative (LSAR) 
Lower Ohio and Green Rivers

1:45 to 2:15 Controlling Water with Water - Dam-It Dams Brian Francis, Dam-It Dams Product Specialist

2:15 to 2:45 Public Alerts and Warnings: What really matters? Will Lehman, Economist at Hydrologic Engineering Center 
(HEC)

3:00 to 3:30 Installation and Inspection of Reinforced Concrete Pipes (RCP) Trygve Hoff, American Concrete Pipe Association (ACPA) 
Region Engineer that serves KY, OH, & IN

3:30 to 4:30
Levee Safety Areas (LSA) - Levee sponsors will provide short discussions 
on lessons learned on their projects.  For example - issues with gate 
replacements; rebuild of pumps, mowing techniques, etc. 

Levee Safety Area Representatives (LSARs) - 
Alvey, Inspector; Bryan, PE; Lasoski, PE; Wright, PE; Whelan, 
PE. 

7:30 to 8:00 Presentation: Silver Jackets Overview Brandon Brummett, P.E., PMP - Louisville District Outreach 
Coordinator
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8:30 to 8:45 Opening Remarks - Day 2 John Bock, P.E., Chief, Engineering Division and Levee Safety 
Officer (LSO)

8:45 to 9:15 Painting and Repainting Waterfront Steel Structures Mark Jelinek, Sherwin Williams

9:15 to 9:45 Programs and Project Management Studies Amy Babey, PMP, Chief of Plan Formulation Section

9:45 to 10:15 Discuss Silver Jackets Study for Metro Louisville Emergency Preparedness 
Plan (EPP) Nathan Bryan, P.E., Levee Safety, Geotechnical Engineer

10:30 to 11:00 Cannelton Relief Well Project Rick Hockett, PG, Risk Cadre, Geologist

11:00 to 11:30 Overtopping Leading to Levee Breaches
Terry Sullivan, P.E., Geotechnical/Geology Branch Chief, 
Eastern Division, Risk Management Center, Institute of Water 
Resources

11:30 to 12:30 
USACE Assistance During Emergency Operations

Don Walker, Emergency Operations Manager, Emergency 
Operations Center (EOC) Louisville District

1:30 to 2:00 Western Excelsior - Current Work on New Orleans Levee Systems Lee Pierce, Western Excelsior

2:00 to 2:30 Mechanical Solutions to Pump Station & Levee Components Mark Robertson, P.E., Regional Technical Specialist (RTS) 
Mechanical Engineer LRL

2:30 to 3:00
H&H Presentation on Revised Wabash River Discharges and Potential 
Impacts to Levee Sponsors Maintaining Levees Along the Wabash River; & 
Potential Update Study to Ohio River Discharges - Study.

Richard Pruitt, P.E., Chief of Hydrology & Hydraulics Section

v 4.0
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                                         AGENDA                                            
Wednesday 10 February 2016



USACE Application Projects
• Levee Overtopping/Overwash
• Channels
• Ponds / Storage Lagoons Bank Stabilization
• Dike Repair Slope Stability
• Canal / River Bank Stabilization
• Dam Overflow Structure Project
• Shallow Plane Slope Stability



Presentation Outline
Storm Water Management

Applications Using Permanent Vegetated Armoring Materials
Introduction Western Excelsior Corporation

National Discharge Elimination System (NPDES)
Best Management Practices (BMPS) EPA Fact Sheets: Vegetated Swales & Turf Reinforcement Mats

Types & Performance Criteria Permanent Erosion Control Products
2nd Next Generation (High Performance Turf Reinforcement Mats HPTRM)
Anchored Reinforced Vegetation System (ARVS)

Design Consideration for Durability & Applications
Hydraulic Stress Criteria
Non Hydraulic Stress Criteria
High Loading / High Survivability Considerations
Steep Slopes, Canal/River Bank Stabilization, Channels (Vegetated Waterways) Levee Overtop Armoring and Shallow
Plan Slope Failures

US Army Corp. of Engineers (ARVS Wave Testing & SpecsIntact Specs

Questions / Discussion



About The Presenter
R. Lee Pierce

Director Public Agency & USACE Specification Development, 
North America/South America
Western Excelsior Corporation (WEC), Chattanooga, TN

Experience
34 years in the Development of Technical Products & 
Specifications for the Construction/Civil Engineering Markets in 
the US & International Market Place
Responsible for WEC Market Development, North/South America
Responsible for USACE Levee Armoring Development Nationally
Washington DC Legislative Development & State of LA (Coastal  
Protection Restoration Authority (CPRA) Member
Member International Erosion Control Association
Member Erosion Control Technical Council

Past Executive board member



Regulation
The Driving Forces:

EPA – Environmental Protection Agency –
Via Clean Water Act (CWA)
NPDES – National Pollutant Discharge
Elimination System

Use of Best Management Practices for
NPDES Compliance (EPA TRM Fact Sheet)

Erosion-related pollutants cost the 
United States up to US$13 billion 
annually.

United States spends over US $1 
billion removing sediment from 
harbors and waterways Annually.

EPA estimates that sediment 
deposition in reservoirs from storm 
water runoff costs up US $500 
million annually.

Annual water storage replacement 
costs from sediment range from 
US$2 to US$6 billion.

LP1
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LP1 Actual Cost documented in the Clean Water Act of 1990
Lee Pierce, 6/20/2014



Property of Western Excelsior All Rights Reserved
Do not Distribute

Vegetative Covers Are Environmentally Friendly…
Enhanced Water Quality Through

Filtration and Infiltration, Reduced Site
Disturbance and Elimination of

Thermal Pollution



EPA Fact Sheets
Best Management Practice





Erosion Control Performance Levels



riprap

Riprap



Paved Concrete Channel



EPA Storm Water Fact Sheet

Qualifies As:                   
Best Management Practice

LP2
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LP2 Qualaifies TRMs as a Best Management Practice for NPDES Compliance.
Lee Pierce, 6/20/2014



Natural Vegetation Hydraulic Limits (Shear Stress)                  
Vegetated Cover Only  2 lbs/ft

Std Turf  Reinforcement  Mats (TRM)                      
Shear Stresses  8 lbs/ft,  Tensile Strength < 3000 lbs/ft

High Performance Turf  Reinforcement Mats (HPTRM)         
Shear Stresses  10 lbs/ft, Tensile Strength  3000 lbs/ft

EPA STORM WATER FACT SHEET
Turf  Reinforcement Mats

PERFORMANCE  CRITERIA



Key Learning's
TRM Proven Performance Criteria

Primary Consideration Must Be Given to Performance Properties
Mechanical Performance Properties

Tensile Strength
Higher Tensile Strength @ Low Strain ( High Modulus)
Initial Tangent Modulus
UV Stability
Flexibility

Hydraulic Properties
Shear Stress
Velocity

Structural (Performance) Properties Aid in the Products Long Term Functionality
Function Longevity

Design Life Up to: 50 years
Durability

Non Hydraulic Stress Conditions
Temperate, Arid and/or Semi/Arid Climate Conditions

Quality Control and Assurance

Lead to the Focus On Woven Homogenous Three Dimensional Construction



Tensile Strength Important for 3 Reasons

1. Non – Hydraulic Stress Resistance
• Resist Wheel Loadings
• Heavy Mowing Activity
• Construction Traffic
• General Maintenance Activity
• Debris Loading
• Ice Flows
• Animal Loading
• Higher Factor of Safety

2. Design Life up to 25 or 50 Years
Higher strength based on UV
degradation time allows for longer
design life

Property of Western Excelsior All Rights Reserved Do not Distribute

LP3
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LP3 You need to design not just for the Hydraulic Condtions but also look at these non-hydraulic condtions.  If the exist, a HPTRM is 
warranted.
Lee Pierce, 6/20/2014



2nd Generation Woven Homogenous
Three Dimensional Structure TRMs

Woven Construction
Homogenous structure assures dimensional stability
Provides for long term durability
Loft and Structural Integrity Formed by Weaving
Process
No Laminated, Fused, Stitched Layers or composite
structures

LP4
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LP4 !st Generation TRM Failurs led to the development & usage of Woven TRM_HPTRM Technolgy.
Lee Pierce, 6/20/2014



Yarn Extrusion Equipment
Extrusion From Resin Pellet Form to Finished Material



Property of Western Excelsior All Rights Reserved
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Yarn Beaming EquipmentLP5
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LP5 After the yarns are extruded, the are spooled and then the hard is threaded on to a beamer.  The beam is then installed on the weaving 
look to produce the woven fabric.
Lee Pierce, 6/20/2014



Weaving Equipment & Edge Rollup Salvage



HPTRM Weaving Dobbie Head Looms

Property of Western Excelsior All Rights Reserved
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Salvage Rollup

Property of Western Excelsior All Rights Reserved
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15 Foot Wide Loom Capability
Maximize Installation width to minimize overlaps & waste

Increase production rates & reduced cost



High Loading / High Survivability
Mechanical Performance Properties

Tensile Strength 4000 x 3000 lbs/ft (59 kN/m x 44kN/m)
Tensile Strength 3000 lbs/ft (44 kN/m) @ 15% Strain
Initial Tangent Modulus = MD 10.8 kips/ft x TD 27.8 kips/ft
Initial Tangent Modulus = MD 14.5 / TD 37.7 Kilo N/m
Stability 90% @ 6000 hours
Flexibility 0.524 in lbs (Ave)
Seedling Emergence (21 days) 423%

Hydraulic Properties
Shear Stress 17 lbs/ft (814 N/m2)
Velocity 25 fps (7.6 m/s)

Application
Channels, Slopes, Ponds, Canal/River Banks
Up to 50 year design life

Non Hydraulic Stress Activity
Regular mowing/maintenance activity, heavy
mowers/construction traffic/debris loading, wild life and/or
where greater factors of safety are required

Next Generation High Performance (HPTRM)



Property of Western Excelsior All Rights Reserved
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LP7
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LP7 USACE has fullly tested the HPTRM for Non-Hydraulic Stresses (Mowing) different tractors and different tire configuations.  UACSE has 
not fully approve the PP5 Xtreme Armor System.
Lee Pierce, 6/21/2014
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“This tells us that the
HPTRM reduces

reaction to the wheel
loading and protects

the levee during
maintenance
operations by

reducing slippage
and rutting”



Colorado State University
Engineering Research Center



Colorado State University Hydraulic Testing Laboratory
Channelized Performance Testing

Product Installed on a Soil Plot,
Identical to Field Installation

Product Exposed to a Series of
Increasing Flows, Systematically
Increasing Shear Stress

Soil Loss Measured After Each Flow

Threshold of Performance Determined
as Shear Stress Associated with 0.5
Inches of Soil Loss (Average of All
Measurements)



HPTRM Vegetated Performance Testing



HPTRM Flume Testing Colorado State University

Property of Western Excelsior All Rights Reserved
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Anchored Reinforced Vegetation System (ARVS)
High Loading / High Survivability

Woven HPTRM Mechanical Performance Properties
Tensile Strength 4000 x 3000 lbs/ft
Tensile Strength 3000 lbs/ft @ 15% Strain
Initial Tangent Modulus = MD 10.8 / CD 17.8 kips/ft
UV Stability 90% @ 6000 hours / 85% @ 10,000 hours
Flexibility 0.524 in lbs (Ave)
Seedling Emergence (21 days) 423%

Percussion Driven Earth Percussion Anchors (PDEAs)
Tie Down /Add Factor of Safety

Hydraulic Properties
Shear Stress 17 lbs/ft
Velocity 25 fps

Application
Channels, Steepen Slopes, Ponds/Reservoir, Canal/River Banks
Levee Overtop/Overwash Armoring & Shallow Plane Slope
Failures
Up to 50 year design life

Non Hydraulic Stress Activity
Regular mowing/maintenance activity, heavy tractor
mowers/construction traffic, animals, debris/ice loadings and/or
where greater factors of safety are required



Percussion Driven Anchor Components

Property of Western Excelsior All Rights Reserved
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There are four components that make up our anchor system:



(ARVS) Anchor Installation Sequence



Rhino Gas Anchor Driver

• 4 Stroke Gas Engine
• No generators, compressors, air hoses

or extension cords required
• Drives anchor drive rods with ease
• Lightweight and portable at only 35 lbs
• Inclinable to operate at any angle
• Drive up to 1,000 anchors on 1 gallon of

gas
• Powerful as a pneumatic driver
• Saves time, money, and energy



JackJaw® Anchor Jack
• Jaw and lever mechanism makes easy

work of extraction, removing drive
rods from tough soil in seconds

• Load Lock Gripple Anchor Assemblies
• Pulls straight up and extracts without

bending
• Eliminates side loading and resulting

strain on operator’s back
• Saves labor by making it a one person

job
• Constructed entirely of heavy duty

steel
• Adaptable base plate for soft soils
• Lightweight and portable



Typical Anchor Behavior

The first stage is where a load is applied to rotate the anchor into
its loadlocked position. Elements of both load and extension are
present.

The second stage is where the anchor system is generating a
frustum of soil immediately in front of the anchor. At this point
load normally increases with minimum extension. The soil type
will affect the overall extension.

The third stage is where the anchor produces its ultimate load.
As the anchor load approaches the bearing capacity of the soil,
the rate of increase in load will reduce until bearing capacity
failure of the soil takes place.

Caution: If the mechanical shear strength of the soil is
exceeded, the residual load will decrease with continued
extension as the anchor shears through the ground.



Anchor Installation Video



Component Material Physical
Properties

WEC400 6 XA3 6FT 4MM Z
Percussion Driven Earth Anchor

Anchor
Head

Zinc Alloy (ZA 2)
ASTM B 240 10

5.0 in. x 1.62 in. x 1.23
in.

(L x W x H)

Corrosion resistant pressure die cast
zinc alloy.

Lower
Terminatio
n

Aluminum ferrule
MS51844

Length: 15.875mm
(5/8”)

Wall Thickness:
4.8mm(3/16’’)

N/A

Cable
Tendon

Zinc Aluminum Coated
Carbon Steel
ASTM A 1023

3mm (1/8”) diameter
1x19 strand Zinc
Aluminum Wire
Tendon 3FT

Corrosion resistant zinc aluminum
coated cable.

Top
Accessory
Bearing
Plate

Zinc Aluminum Alloy
ZL2
ASTM B 240 10

Diameter: 108mm
(4.25in)

Thickness: 2.5mm
(0.1in)

Corrosion resistant pressure die cast
zinc alloy. Coated with ClearClad
Anodic.

Top
Terminatio
n

Zinc Alloy
ZA 2
ASTM B 240 10

Diameter: 108mm
(4.25in)

Thickness: 2.5mm
(0.1in)

Corrosion resistant pressure die cast
zinc alloy. Coated with ClearClad
Anodic. Utilizing a ceramic roller &
directional locking device.

Performance Properties Value WEC400 6 XA3 6FT 4MM Z
Percussion Driven Earth Anchor

Anchor & Cable Assembly
Ultimate Strength

kips 2.6 kips

Anchor Weight Kg 182 Kg
Anchor Head Bearing Area* in2 6 sq in

WEC400-6-XA3-6FT-4MM-Z
Anchor Physical Properties
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Typical ARVS Details
“An Anchored Reinforced Vegetation System (ARVS)”

Non Structural Channel Tie – Down Application

Property of Western Excelsior All Rights Reserved
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River / Canal Bank Stabilization
Typical Detail Section
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Demonstrated the Vulnerability 
of our Nation’s Levee System

HURRICANE KATRINA 
September 29, 2005August 29,2005
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Mississippi River Gulf Outlet Levee
2.5ft Over Top of Levee
Katrina – August 2005
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Charles W. Nelson, P.E.
Waldemar S. Nelson & co., Inc.

January 24, 2006

Charles W. Nelson, P.E.
Waldemar S. Nelson & co., Inc.

January 24, 2006

DRAINAGE CANAL 
THRUSTER CONCEPTS
DRAINAGE CANAL 
THRUSTER CONCEPTS

Storm Surge

Levee CL



ARVS Testing
ARVS CSU Testing Vs Modeled MRGO Levee Overtopping Condition
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Armoring can
augment existing
levee materials to
provide additional

(RESILIENCE)
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USACE Wave Overtopping Testing at Colorado State

Test Simulates Wave Heights From 6 inch to 8 foot ( Peak Spectral Wave period of 9.0 seconds)

Three Identical Test Sequences Equivalent to One Hour (Avg. Overtopping Discharge of 4.0 cfs/ft
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Principle of Wave Overtopping Simulation

Measurements Describe – Distribution of Overtopping Wave Volumes
(In Terms of Incident Wave Parameters, Levee Freeboard & Levee Geometry)

Each Overtopping Wave – Characterized by Flow Velocity, Flow Thickness at the leading Edge,
And by the Duration of Overtopping Flow.



Simulated Levee Slope Geometry
8ft length oriented on the 1 on 3 slope & 12ft oriented on the 1 on 25 slope

Installation of Trays into the Wave Overtopping Simulator
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USACE Wave Overtop Testing



USACE Wave Overtop Testing
Time Lapse Photos



Down & Upstream Tray Views Pre Testing
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View of Trays HPTRM after 1 Equivalent Hour
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View of Trays HPTRM after 2 Equivalent Hour
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View of Trays HPTRM after 3 Equivalent Hour



Soil Loss Estimated From Topographic Survey Data
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Pre Test Survey Points Fitted to Grid
Results

General Erosion was less than 1 Inch & less the 2 Inches at the Slope Transition
Anchor Reinforced Vegetation System Judged to be Very Good for the Xtreme Hydraulic Loading Conditions

The ARVS Armor System continued to function as effective slope protection & approved for use



Property of Western Excelsior All Rights Reserved
Do not Distribute

ARVS Armor System Benefits
1. System is Flexible with respect to Subsidence
2. Minor Erosion Areas can be Identified &

simply Patched avoiding Catastrophic Failure
3. Does not Surcharge the Levee
4. Reduces Potential of Subsidence
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USACE Army Corp. of Engineers New Orleans District
WBV 14f.2a Louisiana Highway 45 Levee, Armoring Pilot, Jefferson Parish, LA
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WBV 14f.2a Louisiana Highway 45 Levee, Armoring Pilot, Jefferson Parish, LA
ARVS HPTRM Installation
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ARVS Armor System
Rolls are Flat to the slope for Intimate Contact

Seams are straight and not corrugated
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ARVS Armor System (HPTRM)
Finished Installation – Ready for Seeding
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Sod Laid On Pilot Levee Section
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Finished Vegetated Levee Section



US Army Corp. of Engineers
WPV ARM 01, W9112P8 15 D 002

HSDRRS, Westbank & Vicinity System Armoring
Plaquemines Parish, LA
(45,000 Square Yards)



ARVS Armor System Installation
$100 Million Pump Station



Finished ARVS Armor System Installation
Levee Ready for Sod
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US Army Corp. of Engineers
LPV HSDRRS Leve Armoring

Lake Pontchartrian & Vicinity System Armoring
Plaquemines Parish, LA
( 300,000 Square Yards)
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ARVS Armor System Installation
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Finished ARVS Armor System Installation
Levee Ready for Sod
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Finished ARVS Armor System Installation
Levee Ready for Sod
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Finished ARVS Armor System Installation
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Finished ARVS Armor System Installation
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Structural Application – Shallow Plane Failures



New York Southold Dike Repair Project
Hurricane Sandy – USACE & NRCS



Hurricane Sandy Southold Dike Repair Project
USACE Project – Long Island, NY

Project Totals 10,000 Square Yards
Slope Stability Analysis Required
Using Large Anchors – 6ft Depth
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Hurricane Sandy Southold Dike Repair Project
USACE Project – Long Island, NY



Large Anchor Installation Video
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Installation of Xtreme Armor System



Finished Installation Xtreme Armor System Hydro Seeded



ARVS Armor System
Combination High Performance Turf

Reinforcement Mat & Percussion Driven Earth
Anchors

Typical Cross Section Details – Conceptual Only

Western Area Power Administration
Fort Randall Sioux City 230kV Transmission Line

Sioux River Bank Stabilization Near Structure 103/4
Sioux City, Iowa





Originally Designed Articulate Concrete Block



Fort Randall –Sioux City 230kV Transmission Line
Bank Stabilization Near Structure 103/4

ARVS Armor System Combination High Performance Turf Reinforcement Mat (HPTRM) & PDEAs
Typical Cross Section (No Scale) – Conceptual Only

Centerline 1ft x 1ft Anchor Trench

2 Feet
Min.

1 Feet
Min.

1 Feet
Min.

2 Feet
Min.

Length Varies

18 Inch Pins w/Washers
Installed @ rate of 3 Pins / Square Yard

Percussion Driven Earth Anchors (PDEAs) 3ft Tendon
Installed @ 0.5 anchors /SY (See Anchor Pattern Detail)

3

1Normal Pool Elev.

8 oz Non Woven Geotextile
Placed below the PP5 Xtreme HPTRM

1ft 2ft

Centerline 1ft x 1ft Anchor Trench

6 oz Non Woven Geotextile

Normal Pool Elev.

Section A A Detail



Fort Randall Sioux River Bank Stabilization Project
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South Florida Water Management
Typical Canal HPTRM Reinforced Section



Hillsboro Canal Bank Stabilization Analysis
Atkins Engineering



SFWMD Canal Project Quantities

C 41A Canal Projects
Segment # 1
6.4 Miles – 150,000 Square Yards

Segment # 2
12.8 Miles – 300,000 Square Yards

Segment # 3
12.8 Miles – 300,00 Square Yards



SFWMD Canal HPTRM
Stabilized Slope Toe Detail

Canal HPTRM Percussion
Driven Earth Anchor Detail



GENERAL VIEW SEGMENT # 1



SFWMD Canal Project End Segment # 2
300,000 Square Yards October 3rd , 2011
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Canal Bank Stabilization
HPTRM INSTALLATION W/ DIVERS

Turbidity Barrier



Property of Western Excelsior All Rights Reserved
Do not Distribute

HPTRM Panel Construction



Property of Western Excelsior All Rights Reserved
Do not Distribute



Property of Western Excelsior All Rights
Reserved Do not Distribute



Property of Western Excelsior All Rights
Reserved Do not Distribute



Property of Western Excelsior All Rights Reserved
Do not Distribute



Property of Western Excelsior All Rights Reserved
Do not Distribute

Percussion Driven Earth Anchor (PDEA) 
Being Drive at Seam Overlap
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Xtreme Armor System (XAS)
Finished Canal Bank Stabilization
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Xtreme Armor System (XAS)
Finished Canal Bank Stabilization



THANK YOU



US Army Corps of Engineers
BUILDING STRONG®

Mechanical Solutions to Pump 
Station & Levee Components
Mark A Robertson PE
Mechanical Engineer

Louisville, KY

10 February 2016



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 There is a design requirement for this in 
Corps of Engineers Engineering Manual 
EM 1110-2-3105; MECHANCIAL AND 
ELECTRICAL DESIGN OF PUMPING 
STATIONS. 



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 The EM can be found on the following 
website.

http://www.publications.usace.army.mil/



BUILDING STRONG®



BUILDING STRONG®



BUILDING STRONG®



BUILDING STRONG®



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 9-5. Equipment Protection:

 There are five means to protect electrical 
equipment from moisture:

►1. Electric Heaters within the housing of the    
motors or switchgear.



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 There are five means to protect electrical 
equipment from moisture:

►1. Electric Heaters within the housing of the 
motors or switchgear.

►2. Heating the operating room.



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 3. Dehumidification of the operating-room 
area, which includes sealing of the motor 
room and the application of vapor barrier 
material to the interior surfaces.



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 3. Dehumidification of the operating-room 
area, which includes sealing of the motor 
room and the application of vapor barrier 
material to the interior surfaces.

 4. Heating the interior of the motors and 
switchgear by means of a central heating 
plant.



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 5. Dehumidification of the interior of the 
motors and switchgear by means of 
individual dehumidifiers.



BUILDING STRONG®

EQUIPMENT PROTECTION FROM 
DETERIORATION AND GENERAL MOSITURE

 Operating experience indicates that method (1) above is 
the most practical and economical for small- and 
medium-size stations. For the larger stations, using 
motors rated 1,500 kW (2,000 HP) and above, methods 
(4) and (5) may be feasible. Dehumidification methods 
are usually less costly to operate; however, maintenance 
and replacement costs are such that local users seldom 
keep the units running after initial failure. The sizing of 
electric heating elements in system (1) is done by the 
equipment supplier; however, the ambient conditions 
should be specified for this equipment.



BUILDING STRONG®

MECHANICAL EQUIPMENT USED 
FOR PIPE LINE CLOSURE

►Crack found in sluice gate requiring repair or 
replacement.



BUILDING STRONG®

MECHANICAL EQUIPMENT USED 
FOR PIPE LINE CLOSURE

►First thing is to determine the type of metal 
the gate is made of:

►This is done with a wheel grinder in a method 
called a spark test:



BUILDING STRONG®



BUILDING STRONG®



BUILDING STRONG®

MECHANICAL EQUIPMENT USED 
FOR PIPE LINE CLOSURE

►Crack was repaired by welding without 
checking the material which was believed to 
be cast iron.  
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MECHANICAL EQUIPMENT USED 
FOR PIPE LINE CLOSURE
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MECHANICAL EQUIPMENT USED 
FOR PIPE LINE CLOSURE
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RESOLVING ISSUES FOR SOP MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
SOP ON PIPELINES:

1. INSURE THAT PRESSURE TESTING 
REQUIREMENTS ARE INDICATED ON THE PLANS.

2. IF TEST PRESSURE IS DIFFERENT THAT 200 PSI 
OR 150% OF WORKING PRESSURE WHICHEVER IS 
GREATER THAN THIS IS THE TIME TO INDICATE 
THE LOWER PRESSURES FOR REVIEW BY THE 
CORPS OF ENGINEERS.
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RESOLVING ISSUES FOR SOP MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
SOP ON PIPELINES:

3. INSURE THAT SHUT OFF VALVES ARE 
INSTALLED ON BOTH SIDES OF 
PROTECTION FOR PRESSURE LINES 
WITHIN 15 FEET OF TOES ON LEVEES OR 
FLOODWALL CENTERLINE.
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RESOLVING ISSUES FOR SOP MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
SOP ON PIPELINES:

4. PROVIDE THE FOLLOWING ON PLANS, 
TESTING PROCEDURES, TYPE OF PIPE, 
FITTINGS AND DETAILS (INCLUDING “LINK 
SEALS OR COUPLINGS), VALVE TYPES AND 
LOCATIONS, PAINTING OR COATING AS 
REQUIRED BY SPECIFIC SOP’S. 
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RESOLVING ISSUES FOR SOP MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
SOP ON PIPELINES:

5. IF A SLEEVE IS USED FOR THE CARRIER 
PIPE INSURE THAT IS COATED INSIDE AND 
OUTSIDE WITH CORPS OF ENGINEERS 
FORMULA C-200A.  
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RESOLVING ISSUES FOR MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
SOP ON CLOSURES (SLUICE AND FLAP 
GATES):

1. PROVIDE ON PLANS SEATING AND 
UNSEATING HEADS, DETAILS OF TYPE AND 
INSTALLATION OF GATE, AND 
MANUAL/ELECTRIC OPERATOR. FLAP 
GATES ARE REQUIRED TO BE ATTACHED 
TO A HEADWALL STRUCTURE.
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RESOLVING ISSUES FOR MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
SOP ON CLOSURES (SLUICE AND FLAP 
GATES):

2. PROVIDE SPECIFICATIONS FOR EACH 
TYPE OF GATE. INCLUDING SLENDERNESS 
RATIO, CALCULATIONS FOR HEAD 
REQUIREMENTS AND FRICTION FACTOR 
(CORPS REQUIRES A MIN. OF 0.6).
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RESOLVING ISSUES FOR MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
General Design Info:
Component parts shall be designed for the seating and unseating 
heads specified herein using a minimum safety factor of 5. The 
gate stem be sized and guided, so that, the slenderness ratio (L/R) 
shall not exceed 200. The opening and closing forces for design of 
the stem and stem block anchorage shall include friction load 
based on the operating face pressure (55 feet), back pressure (20 
feet) and operating pressure (20 feet) with coefficient of friction of 
not less than 0.6 in addition to the weight of the gate and stem. 
Stem design shall include a factor of safety of 5 against failure in 
addition to the column buckling strength reduction effects as given 
by the Euler formula. 
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RESOLVING ISSUES FOR MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
Applicable Publications should be listed in 
contract specifications for desing, construction, 
installation and testing requirements:

AWWA C 560 Cast Iron Sluice Gates
AWWA C 561 Fabricated Stainless Steel Slide 

Gate
AWWA C 562 Fabricated Aluminum Slide Gate
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RESOLVING ISSUES FOR MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS
The following website can be used for 
mechanical components used for 
repair/replacement of storm water pumps:

www.wbdg.org

Wbdg stands for whole building design guide
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UFGS: Division 22 -
Plumbing
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RESOLVING ISSUES FOR MECHANICAL 
REQUIREMENTS FOR LOCAL SPONSORS 

DURING MODIFICATION REVIEWS

ANY COMMENTS OR 
QUESTIONS?



US Army Corps of Engineers
BUILDING STRONG®

Revised Wabash River Discharges 
and their Community Impacts
Richard Pruitt
Chief, Hydrology & Hydraulic Design Section

Louisville District Office

February 10, 2016
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100-Year Peak Discharges
Coordinated Flows with 

IDNR
1969-2015 Change in Flow (CFS) Change in 

Elev (Feet)

Huntington 11,000 10,800 -200 Minimal

Wabash 30,000 24,400 -5,600 1.2

Peru 31,300 23,100 -8,200 1.7

Logansport 65,000 47,000 -18,000 2.7

Lafayette 95,000 96,200 +1,200 + 0.1

Covington 108,000 110,900 +2,900 + 0.2

Montezuma 141,000 147,400 +6,400 + 0.5

Terre Haute 152,000 141,400 -10,600 0.8

Riverton 159,000 135,200 -23,800 1.3

Vincennes 149,000 116,400 -32,600 1.4

Mt. Carmel 315,000 306,300 -8,700 0.3

Other Durations Studied 

1913, 1940-2008

1940-2008

1969-2008

1969-2011

1969-2013
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Proposed Schedule for Wabash 
River Hydraulic Modeling 

 Illinois – Mouth to where Wabash River diverges from Illinois (near Terre 
Haute).
► Starting this spring – may be optimistic

 Indiana – Will begin where Illinois study ends.
► No definite schedule – trying to decide what areas should be studied 

first

 Existing Corps of Engineers hydraulic modeling.
► Mt. Carmel to Vincennes
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Impacts to Updated Wabash River 
Flows and Elevations 

 Non-Leveed areas

 Leveed Areas
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Freeboard Deficient Procedure
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Overtopping Procedure
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Structural-Based Inundation 
Procedure 
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Natural Valley Procedure



BUILDING STRONG®

Proposed Ohio River Frequency 
Discharge Update to 1976 Study

 Very early in planning stages.

 Four districts involved in analysis (Louisville, Nashville, Huntington, 
Pittsburgh). 

 Final results minimum to 2-3 years.

 Impacts similar to those of Wabash River
► Non-Leveed areas
► Leveed areas
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Thank You
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