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MOTIVATION AND PURPOSE
U.S. maritime infrastructure is vital to the nation’s economy, facilitating the movement of approximately 2.5 billion tons of cargo annually. This 
extensive network, consisting of over 300 commercial ports and 25,000 miles of inland and coastal waterways, is essential for industries like 
manufacturing, agriculture, and energy.

However, the costs associated with maintaining the overall waterborne commerce system have been increasing, exacerbated by issues such as 
dynamic environmental conditions, aging infrastructure, and availability of resources. These challenges underscore the need for innovative 
solutions to optimize maintenance and operational strategies.

The Corps Shoaling Analysis Tool (CSAT) is an analytical tool that leverages more than 100,000 hydrographic surveys collected across the 
USACE portfolio to quantify the rate of navigation channel filling and estimate future channel dredging volumes. CSAT can be used to help predict 
shoaling issues more accurately, allocate resources better, and minimize navigation system disruptions.

CSAT is an ongoing project in the Coastal Navigation Portfolio Management Work Unit.

Statements of Need: 
 NAV-21-1671 “Corps Shoaling Analysis Tool (CSAT) Enhancement”
 2015-N-15 “Integration of national and local monitoring datasets to support navigation and operations projects ”
 2015-N-40 “Reducing the need for dredging”

FY24 – New CSAT user guide, improved dredge activity detection, handle custom AOIs, new user interface prototype
FY23 – eHydro & JALBTCX data integration, improved CSAT setup experience, 
FY22 – New shoaling rate methods
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CAPABILITY AND STRATEGIC IMPACT
Capability

 Suite of computational routines for calculating historical shoaling 
rates from eHydro survey data and forecasting future dredging 
needs based on observed trends.

 Shoaling is calculated on a 10 ft-by-10 ft grid, with results available 
for all surveyed reaches in the National Channel Framework.

 Efficient calculations permit enterprise-level rollup using local 
computing resources.

Strategic Impact
 Districts use CSAT to quantify project-level shoaling rates, identify 

shoaling hotspots, and plan for future maintenance requirements.
 Recent projects include Matagorda (SWG), Houston-Galveston 

(SWG), Calcasieu (MVN), Southwest Pass (MVN), Gulfport (SAM), 
King’s Bay (SAJ), and Savannah (SAS; figure at right).

 Our team answered questions for 24 USACE customers across 11 
districts during FY24!

 CSAT Support - dll-ceerd-csat@usace.army.mil

 Enterprise-level shoaling summaries support planning by USACE 
Headquarters.

 We regularly support Districts users with training sessions, 
troubleshooting, and reviewing CSAT outputs.

Maps of Reach 13 in the Savannah Harbor showing the pre-deepening 
shoaling rates (A), post-deepening shoaling rates (B), change in shoaling 

rates (C), and change in shoaling rate behavior post-deepening (D)

mailto:dll-ceerd-csat@usace.army.mil
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Corps Shoaling Analysis Tool (CSAT) overview
1) USACE Districts upload hydrographic survey data to the eHydro database in a standardized format.
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Corps Shoaling Analysis Tool (CSAT) overview
2) The bed elevations are gridded to create a space-time cube.
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Corps Shoaling Analysis Tool (CSAT) overview
3) At each pixel, the time series of observed bed elevations is used to forecast future bed elevations.

4) Summing the pixelwise predictions generates a shoaling volume forecast for the entire reach.
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CSAT – VERSION 2.6.4 – RASTER OUTPUT

Tool and Data Availability

The CSAT tool can be downloaded from the CIRP Website
• https://cirp.usace.army.mil/products/csat.php

Input survey data is also available for each District
• https://cirp.usace.army.mil/products/csat_districts.php 

Output Products
Rasters

• Most recently observed elevations
• Shoaling rates

Reach-level Tables
• Point by point results (_avg_max_min.csv)
• Forecasted dredging volumes (_volumes.csv)
• Survey volume comparisons (SurveyPairVolumeDifference.csv)

District-level Tables
• SPQ Tables
• Reach shoaling summaries

https://cirp.usace.army.mil/products/csat.php
https://cirp.usace.army.mil/products/csat_districts.php
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CSAT – VERSION 2.6.4 – REACH-LEVEL TABLES

Tool and Data Availability
The CSAT tool can be downloaded from the CIRP Website
• https://cirp.usace.army.mil/products/csat.php

Input survey data is also available for each District
• https://cirp.usace.army.mil/products/csat_districts.php 

Output Products
Rasters

• Most recently observed elevations
• Shoaling rates

Reach-level Tables
• Point by point results (_avg_max_min.csv)
• Forecasted dredging volumes (_volumes.csv)
• Survey volume comparisons (SurveyPairVolumeDifference.csv)

District-level Tables
• SPQ Tables
• Reach shoaling summaries

Point by Point Results

Forecasted Dredge Volumes

Survey Volume Comparisons

https://cirp.usace.army.mil/products/csat.php
https://cirp.usace.army.mil/products/csat_districts.php
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CSAT – VERSION 2.6.4 – DISTRICT-LEVEL TABLES

Tool and Data Availability
The CSAT tool can be downloaded from the CIRP Website
• https://cirp.usace.army.mil/products/csat.php

Input survey data is also available for each District
• https://cirp.usace.army.mil/products/csat_districts.php 

Output Products
Rasters

• Most recently observed elevations
• Shoaling rates

Reach-level Tables
• Point by point results (_avg_max_min.csv)
• Forecasted dredging volumes (_volumes.csv)
• Survey volume comparisons (SurveyPairVolumeDifference.csv)

District-level Tables
• SPQ Tables
• Reach shoaling summaries

SPQ Table

Reach Summary Table

https://cirp.usace.army.mil/products/csat.php
https://cirp.usace.army.mil/products/csat_districts.php
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CSAT – VERSION 2.6.4

Tool and Data Availability
The CSAT tool can be downloaded from the CIRP Website
• https://cirp.usace.army.mil/products/csat.php

Input survey data is also available for each District
• https://cirp.usace.army.mil/products/csat_districts.php 

Output Products
Rasters

• Shoaling rates
• Most recently observed elevations

Reach-level Tables
• Point by point results (_avg_max_min.csv)
• Forecasted dredging volumes (_volumes.csv)
• Survey volume comparisons (SurveyPairVolumeDifference.csv)

District-level Tables
• SPQ Tables
• Reach shoaling summaries

Feature Wishlist
1. Use additional datasets not in eHydro

– JALBTCX Lidar data

2. Custom study areas
– Not all projects align with the NCF
– Some AOIs extend outside a reach, cover portions of 

many reaches, or subset a single reach

3. Better dredge event identification
– What about Dredge Quality Management (DQM) 

program data?

4. Graphical User Interface (GUI)
– Something more modern than a batch script
– Setting runtime options
– Viewing input/output data

https://cirp.usace.army.mil/products/csat.php
https://cirp.usace.army.mil/products/csat_districts.php
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MAKING CSAT BIGGER…

 Districts have requested the capability to 
perform CSAT-style shoaling rate 
calculations in regions outside the 
boundaries of the National Channel 
Framework.

 CSAT and JALBTCX collaboratively 
produced an automated workflow which 
quantifies shoaling inside a user-defined 
polygon using all available lidar and eHydro 
surveys.
 JALBTCX datasets hosted in AWS by NOAA 

Digital Coast.
 AOI-based search and discovery.
 On-the-fly DEM generation.

 Workflow released as a Jupyter Notebook 
in the ERDC public Gitlab, with 
corresponding documentation published.
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… AND MAKING CSAT SMALLER!

 In previous versions of CSAT, results were 
reported as an aggregated shoaling volume for 
each reach in the National Channel Framework.

 Within the past year, Chicago District and 
Galveston District both requested the capability to 
produce CSAT output with greater geographic 
specificity (e.g., sub-reach results for a smaller 
area of interest).

 A post-processing routine was developed 
which automatically converts reach-level 
CSAT output into shoaling volumes inside a 
polygon drawn by the user.

 Will be integrated into public-facing CSAT routine 
in FY25!
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IMPROVING DREDGING EVENT IDENTIFICATION
 Dredge events currently identified from SurveyID labeling and 

reach-level volume change.
 Problematic because typically only part of the reach is dredged, so the 

volume change threshold may vary by reach.

 New pixel-level thresholding methods are being developed to 
improve identification of dredge events.
 Example: if >10% of the reach’s grid cells experienced >15% elevation 

decrease between two consecutive surveys, the second survey is 
flagged as an “after dredge” survey.
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IMPROVING DREDGING EVENT IDENTIFICATION, CONT.

 Dredge Quality Management (DQM) program data is a treasure 
trove of the dredging activity information CSAT could benefit from.

 A recently established DQM API has enabled the CSAT team to 
retrieve aggregated dredging activity.

 What is the optimal way to use the DQM data?

 Option 1: Check for DQM activity in the reach footprint and 
modify the SurveyUpdate file by setting surveys to AD - 
enforcing at the reach level.

 Option 2: Use the dredge activity to enforce AD labels only in 
the vicinity of the DQM data points

Option 1 is easier to enforce but overrepresents dredging 
activity on larger reaches. Make this an opt-in feature?

Option 2 involves larger changes behind the scenes and 
might make explaining shoaling results more difficult.

We are open to suggestions and feedback from users.
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ENHANCING THE CSAT USER EXPERIENCE
A brand-new user interface!
• GUI runs in local web browser
• Offers same control as batch script
• Choose a reach study area, select 

surveys which survey data to use, 
and set runtime options all in one 
place.

Key Improvements
• Dropdown menus for options
• Interactive tables for reach/survey 

selection
• Map-based reach selection
• Survey data visualization
• Save/Load configuration for reuse

Currently, the GUI handles setting CSAT runtime configurations, reviewing input survey data, and running CSAT. 
Additional features are being added in FY25 to help explore the CSAT results.

Please let us know if you are interested in testing out the new GUI.
Send an email to CSAT Support - dll-ceerd-csat@usace.army.mil

mailto:dll-ceerd-csat@usace.army.mil
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SUMMARY
Capability Roadmap

Available Now: CSAT User Guide

Next update (this week): Installation method changes due to software licensing 
requirements. ArcGIS Pro is being suggested as a temporary workaround until a 
long-term solution is approved by ACEIT. Slight changes to the CSAT Setup and 
Run batch scripts.

Mid FY25:

• Beta release of CSAT GUI, including modularization of CSAT code.

• Post-processing algorithm for quantifying shoaling volumes within a user-
specified area of interest (e.g., sub-reach CSAT results).

Late FY25: 
• Algorithm for identifying dredging events via pixel-level elevation thresholding 

(DIG-funded).

• Validation routine to quantify CSAT’s forecasting accuracy.
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