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US Army Corp of Engineers

~32,000 employees

HQ in DC

9 Divisions

44 Districts



USACE Diverse Mission Set 
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~1,100 Geo-professionals



Civil Works Mission Areas
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 Navigation
 Flood Risk Management
 Ecosystem Restoration
 Hurricane & Storm Damage 

Reduction
 Hydropower
 Recreation
 Water Supply



National Inventory of Dams and Levees

• ~716 Dams
• Population at Risk +12.8M
• Property at risk = +1T
• Total length of 267 miles
• 80% earthen/20% concrete

• ~2,137 levee systems 
• Population at Risk +12M
• Property at risk = +1.3T
• Total length = 14,100 miles
• 97% earthen/3% floodwall



Navigation Structures
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• 41 States served by Corps ports 
and waterways

• ~25,000 miles are operated and 
maintained for commerce

• 236 lock chambers at 191 lock sites 
on 41 waterways serve commerce

• 926 coastal, Great Lakes and inland 
harbors are maintained by the 
Corps

• Dredges over 210 million cubic 
yards of material each year

Chicago Harbor Lock

Old River Lock



Aging Infrastructure Dams/Levees avg > 60 yrs old



Aging Infrastructure – Navigation Locks
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*Includes all operational inland and coastal Corps and TVA navigation locks; excludes control structures.
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Aging Infrastructure - Bridges
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Expected Increase in Average Annual Loss from Flooding the US due to     

Climate Change Impacts

https://www.nature.com/articles/s41558-021-01265-6

https://www.nature.com/articles/s41558-021-01265-6


United States Population
1980 ≈ 226,500,000

2021 ≈ 333,574,837 

Increasing Population Density 
1957

~ 2015 

Rural

Subur
b



Climate Change and Population

+ =

Expected Increase in Average Annual Loss from Flooding in 2050
https://www.nature.com/articles/s41558-021-01265-6

https://www.nature.com/articles/s41558-021-01265-6


Dam

What are the 
hazards and 

how likely 
are they to 

occur?

How will the 
structure 

perform in 
the face of 

these 
hazards?

Who and what are in harms 
way?

How susceptible to harm are 
they? How much harm is 

caused?

Project Risk = f(Hazard, Performance, Consequences)

Infrastructure Safety Program Focused on: People, Performance, and Risks

Risk Assessment

Aging 
Structure

Growing PopulationLoad
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Instrumentation Informs Risk

Performance Monitoring 



For Official Use Only (FOUO), Do not release under FOIA

PERFORMANCE MONITORING

• Collected surface and subsurface information related 
to project performance 

• Visual Monitoring 
Qualitative Information

• Instrumentation & Measurements 
Quantitative Measurement of Performance over time
 Informs Likelihood of Potential Failure Occurrence
Reduce Uncertainty in Risk Estimate
Provide early warning detection



What does  our instrumentation tell us about our 
projects performance?

Variety of Tools for Monitoring 

Remote Sensing (LiDAR, InSAR)



USACE has over 70,000 instruments across 
the dam & levee safety portfolio



USACE Dam Safety Instrument Types 

2/16/2023



Instrumentation & Monitoring is great! …BUT

 Why were the instruments installed?
 Where do I install new instruments?
 What type do I install?
 How often do I collect/review data?
 When am I concern?
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How do I manage my data?
When can I stop monitoring?
What does the data mean?
Is my program adequate?
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A SATISFACTORY INSTRUMENTATION AND 
MONITORING PROGRAM SHOULD ADDRESS ALL 

THOSE QUESTIONS
…AND



Answer the Big Picture Question 

 Is project performing as per design?
Are there any concerning trends or behaviors? 
What are the recommended actions?



What does  our instrumentation tell us about our 
projects performance?
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Best Practice for an 
Effective Monitoring 

Program



EM 1110-2-1908 and EM 1110-2-4300 Merger
 EM 1908 (1995) Instrumentation of Embankment Dams & Levees 

► Published Feb 2021
► Vastly Expanded doc: RIDM, Evaluation, Data Management, New Technology 

 EM 4300 (1987) Instrumentation for Concrete Structures
► Re-release EM1908 with appropriate Concrete monitoring guidance
► 95% Completion



Instrumentation Guide Specification
 New guide spec

► for use with construction contracts where performance monitoring 
instrumentation is required 

► Includes furnishing all labor and equipment, installation and 
maintenance 

► Includes instrumentation data management and data 
interpretation requirements.

Publicly Released 
May 2022 on WBDG



Best Practice for an Effective Monitoring Program

Identify Potential 
Failure Modes & Critical 

Design Features

Develop Surveillance 
and Monitoring Plan

Implement Monitoring 
Program

Evaluate Project 
Performance



Identify Potential Failure Modes & Critical Design 
Features

 Project Specific Potential Failure 
Modes
 Slope Instability
 Uplift
 Internal Erosion
 Sliding/Overturning
 Overtopping

 Project Specific Features
 Seepage Barriers
 Drains/Relief Wells

Focus data collection here!
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Historic Installations in 
Grid Patters
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Areas of Highest Risk
-Internal Erosion Along Left Abutment Contact
-Internal Erosion Along Bottom Outlets
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Develop Project Specific Surveillance & Monitoring Plans

 Pertinent Plan Considerations

 Purpose of Instrumentation
 Location of Instrument (x,y,z)
 Monitoring Frequency
 Thresholds and Action Levels
 Roles and Responsibility 
 Program Maintenance Budget
 Instrumentation Folio
 Data Management 
 Quality Control

   

weir

piezometer

crackmeter
tail

pool

piezometers

pendulum

SMA
weather
station



Monitoring Frequency

Need to Move from:
“This is how we have always done it”

To: Monitoring Frequency Based on
• Project Loading Conditions 
• Monitored Failure Modes
• Risk Associated with the Project
• Engineering Judgment

32
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Headwater

Tailwater

Instrument



Reading Frequency Readings per Instrument 
per Year

Monthly 12
Weekly 52
Daily* 365
Hourly 8,760
Every 15 min** 35,040
Every 3 min 175,200

Higher Frequency = More Data

*   Practical Limit for Manual Instruments
** Common for many ADAS (consider data transmission and data needs)



247 Piezometers
74  Inclinometers

164  Monuments

DATA VOLUMES

+6.7 million readings
+360k readings/yr
719MB; 40MB/yr

130 Active Instruments
+4.3M readings total / ~0.5M readings/yr
423 MB since 1982 / 51 MB last year

J. Percy Priest Dam

Wolf Creek Dam



Field 
Measurement

Data 
Storage

Data Processed 
& Plotted

Data Evaluated   

weir

piezometer

crackmeter
tail

pool

piezometers

pendulum

SMA
weather
station

Data Transfer
Data Access

DATA MANAGEMENT 



USACE Enterprise 
Instrumentation Data 
Management  USACE owned, developed, managed

 Meets USACE cyber security requirements

 Maintain inventory of 
instrumentation across USACE

 Upload and store manual and 
automated data

 Access and visualize data for design 
and evaluation purposes

 Instrumentation program quality 
control

 Thresholds and alerts





/
2
0
2
3
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COMPREHENSIVE ANALYSIS OF PROJECT PERFORMANCE BASED 
ON INSTRUMENTATION RESPONSE AND VISUAL OBSERVATION

Evaluation Definition

…NOT JUST PLOTTING AND IDENTIFYING TRENDS



Additional
Data

Required!

It’s the Cumulative information 
that informs our understanding

It’s the Visualization of the data 
that facilitates Communication

Aids In Emergency Response & 
Rapid Decision Making

Aids in Partnering for Complete 
Multi-discipline Picture



Site Specific 
Potential Failure Modes



Project Purpose 

Construction Details

Design, Construction & Operation 

Design Features

Loading History

Toe Drain

Filter

Miscellaneous Fill

Grout Curtain
Bedrock

Overburden

Core

Operational Details



Sometimes Relatively Complex Construction Details

• Varying Embankment Zone Height 
• Structural Features (Tunnels, Gallery, Spillway)
• Varying Filter and Drainage Zone and Extents
• Varying Excavated/Fill Zones, Weighted Berm Dimensions



Topography
Foundation/abutment material
Geologic Structure
Groundwater
Earthquake potential

Site Specific Geology
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Subsurface Investigation Data
 Borehole Hole Logs & Photos
 Downhole Imaging & Geophysics
 Drilling Parameter Records
 Water Pressure Tests



Wet 
Area

March 2015

Visual Observation



ENVIRONMENTAL 
INFLUENCES/IMPACTS



Past 
Performance

Expected Future 
Performance



PZ1 PZ2 PZ1 PZ2

Period of Performance

~1 yr Plot ~5 yr Plot



Construction Activity
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PIEZOMETERS INSIDE GROUTING GALLERY CS (71)
Upstream EL Downstream EL AG40c, Auto - Daily AVG
AG40c, Manual AG41, Manual AG42, Auto - Daily AVG
AG42, Manual AG42e, Auto - Daily AVG AG42e, Manual
AG42d, Auto - Daily AVG AG42d, Manual 17G-5-17, Auto - Daily AVG

D&G 
71G-D-T5
5/13-5/30

Communication

D&G 
72G-D-P1
2/16-2/22
OPTV 2/19

Section 71
D/S grouting

Section 72
D/S Q-holes

Section 72
U/S grouting

Section 71
U/S grouting

D&G 
72G-U-

Q3
OPTV 
5/23EH 71G-M-T6

OPTV 
11/11/17

17G-23 
(70G-M-

S2) 
1/11/18
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D/S 
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Instrument Location Details
P-36



Instrument Installation Details



Construction Photos, Drawings and Rendering
 These can be invaluable



Sometimes need 3D to 
understand project 

feature relationships



That’s a lot of Data…



Use 0f Folio Static Reports



Static Section Templates



Project Information Models 

• Interactive Features and Attributes
• Comprehensive Data Visualization
• Improve Data Evaluation 
• Data Driven Decisions
• Facilitate Communication

RecommendationData Analysis Evaluation
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PZ Contour Plot

PZ Profile View
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Sometimes 2D is not enough





Grout Volumes in Exploratory Boreholes



3D Plots

All PZ’s in Alluvium

All PZ’s in Rock



Temporal Effects
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That’s great for long-term monitoring and evaluation…
…but what about monitoring during Construction??

Center Hill

Wolf Creek DaChickamauga Lock



LOTS!!!! 
of Construction 
equipment comes 
with automated 
monitoring.

Your project is changing fast

(Are you looking at that data?)

Mosul Dam 
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Barrier Wall Panel

Encasement Wall 
P

Center Hill Dam

On board inclinometers

Koden – measuring excavation

Electronic monitoring in the cab

Total Station and Surveyors



Embankment

Rock

50”
Min. 2’ Wall Thickness

P PS

Alluvium

Min 6” Overlap

275 ft



Secant Pile Verticality Biaxial Inclinometer

 Biaxial Inclinometer
► Multiple Shots to Reduce Error

 KODEN  
► Dimensions of Final Excavation

6.7-in

+Y

-Y

-X +X

0.25% Tolerance

Theoretical (Vertical)

Actual Deviation



Panel Verticality 
+Y

-Y

-X +X

0.25% Tolerance

Theoretical (Vertical)

Actual Deviation

4.10˚

(2.434, 5.986) (2.151, -1.896)

(-2.633, 6.168) (-2.916, -1.714)

3.30˚

(4.085, 3.543) (3.902, -2.803)

(-0.177, -2.685)(0.066, 3.661)

Section Cut @ 166-ft

Section Cut @ 120-ft

Biaxial Inclinometer
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Drilling

Monitoring

Grouting

Mosul Dam Grouting Project
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<1 day change

Mosul Dam

We need information at 
the speed of relevance



Wolf Creek Dam

We are generating a huge amount of data FAST



We are gathering data in so many ways

UAVs

Optical Televiewer

Wolf Creek

Mosul Dam
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EXPECT!!! To Change with Technology

Plumb Bob
& Paper

Satellite Imagery
Smart Phones
Databases & GIS
Automation!



USACE Evolution
Changes in Data Management

+ 36 GB Files

144
feet High
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211 Gallery Piezometers

• Pore Pressure Cells
• Earth Pressure Cells
• Extensometers
• Inclinometers
• Pendulums
• Accelerometers
• Manual Water Level Gauges
• Survey Monitoring Points
• Weirs

Imagine Getting the data for all these instruments
And all the construction data 

• 4,850 holes drilled & grouted to completion 
• 348,652 m length of drilling
• 39,227 m3 of grout (22,177 tons of solids)

• 1.3 Washington Monuments by Volume
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While Simultaneously building and updating the subsurface information –
including still finding historical data 
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01 31 20 Project Technical 
Data Management and 
Visualization

Unified Facilities Guide Specifications

https://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/ufgs-01-31-20


91



92

Compilation of all the data in 3D
• Bedrock DTM
• Geology Foundation Map
• SPT testing
• Intake Tower & Pipe
• Clay Core
• New Barrier Wall
• New Sand Filter
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Compressive Strength (psi)

28 Day Strength Test

Min (psi) Max (psi) Avg (psi) Spec (psi)

2157 5443 3601 2000

2000 psi 
Requirement

12,811 cylinders



Engineering 
Data



Tracking Material Gradation Testing and Results



Tracking Concrete Air Content Test Results
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Access Construction Progress Photos & their Locations
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Access Blast Plans and Reports



Bluestone 3D Site Information Model
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Some Lessons Learned along the way…

1. GET YOUR DATA in a non-proprietary/digital format (.csv, .txt) 

2. KEEP YOUR DATA ORGANIZED – Digital chaos happens quickly

3. You need a DATA MANAGEMENT System – Not just a database

4.     A DATA MANAGER is Needed, especially for large/complex project

5. Geo-Professionals and GIS specialists need to work together



Future Vision of Data Management

Advanced 3D Data Visualization
Virtual Communication
Advanced Modeling for Design and Risk 
Assessment 



Key Take Aways

 Instrumentation is key in monitoring project performance
 Target monitoring program using Risk Informed Decisions
 Monitoring frequency matters
 Performance evaluation requires consideration of a variety of 

information (both historic and new)
 It’s the Cumulative information that informs our understanding
 It’s the Visualization of the data that facilitates Communication
 Aids In Emergency Response & Rapid Decision Making
 Aids in Partnering for Complete Multi-discipline Picture

 Databases should to be leveraged for all data types to streamline 
project information modeling
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THANK YOU!
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