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LLM Forward Approach

AI FIRST 

ENGINEERING, 

REDEFINED

LICENSED 

PROFESSIONALS IN 

RESPONSIBLE 

CHARGE

DELIVERING 

DETERMINISTIC, 

CODE-BASED 

SOLUTIONS

LLMS ARE PUT 

FORWARD WHERE 

THEY PROVIDE THE 

MOST IMPACT

REVISITING 

INDUSTRY’S HARDEST 

PROBLEMS FROM 

FIRST PRINCIPLES

DOMAIN EXPERTISE 

ACCELERATED BY 

LANGUAGE MODELS

Read More

Vision Statement: To provide a reasonable 

framework for AI adoption in engineering 

practice with a concise and accurate slogan



My Journey 

with LLM-

Driven Code 

Development

Started with simple 

prompts & Jupyter

notebooks (HEC-

Commander)

Iterative process: 

Prompt -> Code -> Test 

-> Refine -> Library 

Function

Leveraged multiple 

LLMs: Claude, GPT-4, 

Gemini, Cursor IDE

Focus: Translating 

H&H knowledge into 

working code 

efficiently

Upskilling: Enabling 

engineers without deep 

coding background to 

make significant 

contributions to open 

source software

Result: A library co-

developed *with* 

LLMs, designed *for* 

LLM-driven coding



Reasoning 

Models: 

Another 

Step-Change 

Improvement

• “Reasoning” or Test Time Compute created another step-change 
improvement in Large Language Models for scientific and math-based 
questions. 

• LLM’s generate token-by-token, and generally can’t change previous 
tokens, once generates.  

• Reasoning allowed previous tokens to be revised inside of the 
“thinking” response, reducing false descents – where an incorrect 
binary answer leads to the model going down a false path.  Reasoning 
depends on the ability to do self-corrections and parallel branch 
predictions.  

• For a human analogue, non-reasoning models find solutions based on 
first intuition vs reasoning models find solutions by applying orders of 
magnitude more self-reflection, internal scoring and logical analysis, 
up to a maximum limit of effort.

Larger input and output context windows 
introduced with reasoning models enable one-shot 
scripting and complex library development



RAS Commander Library

Released March 2025

In a rapid 4-month development, a full HEC-RAS Automation 

Library was developed for  the HEC-RAS 6.x series, with:

- Windows-native python automation via command line 

execution

- Flexible runtime options

- Project Management via Dataframes

- Multi-Project Capable

- Unified Function Calling by Plan Number

- HDF Data Connectors

This LLM Native Library allows development of scripts and 

notebooks quickly and easily, shifting the burden of 

development to applied creativity, iteration and verification.  

Developed in ~4 Months and Presented at ASFPM 2025 

Workflows Supported:

- Geometry, Plan and Unsteady Data Extraction

- Mannings N Sensitivity and Calibration

- Infiltration Sensitivity and Calibration

- RASMapper Floodplain Mapping Automation

- Fluvial/Pluvial Delineation

- Project Benefit and Adverse Impact Analysis



Well-Documented Design Patterns 

and Organizational Structure

• Aligns Coding Efforts

• Reduces Hallucinations and 

Errors

• Blueprint for future 

development

RAS Commander’s LLM-Centered Design Choices
LLM-ready Knowledge Bases 

for web-based chat assistance

Agent-Ready with LLM Instructions 

Files for Agentic CLI Tools

Knowledge Bases and Agent Documentation 

Facilitate:

• Flexible use within any web-based chatbot

• Broad Integrations and Targeted Development

• Improved Cursor codebase navigation

• Instructions for popular CLI tools

• Flexible usage of the library with your chosen LLM, 

architectures and frameworks  by building the 

repository to be LLM coding agent driven by design

LLM Powered Repository 

Indexing by DeepWiki

Open source code enables 
public tools like Deepwiki to 
index, creatively visualize, 
interpret and report repository 
code structures and design 
patterns for future LLM training, 
supercharging future abilities. 



Accessing 1D HDF Data
Programmatic access for hard-to-reach 

data like ineffective flow area permanence, 

or creative report visualizations 



Accessing 2D HDF Data

HDF Data now available via Geodataframes or Xarray Datasets



Pipes & Pumps HDF Data Extraction



2D Detail Face Data Extraction

Example notebook showing 
process for extracting mesh faces 
along a profile line to calculate a 
discharge-weighted average 
velocity.  

• Define custom profile lines (e.g., 
from GeoJSON).

• Identify mesh faces intersecting 
or near the profile line.

• Filter faces based on orientation 
relative to flow (optional).

• Calculate metrics like 
Discharge-Weighted Velocity 
along the profile:

• V_weighted = Sum(|Q_face| * 
|V_face|) / Sum(|Q_face|) across 
selected faces.



Calculating Discharge Weighted Average Velocity

The example notebook includes the calculation 

of Discharge-Weighted Average Velocity  and 

other variables that would otherwise only be 

available via Reference Lines



Automated Atlas 14 AEP Events for Rain on Grid

Example Notebook Demonstrating this workflow:

• Read NOAA Atlas 14 precipitation data (CSV).

• Generate balanced storm hyetographs (Alternating 
Block Method).

• Programmatically create new .u* files with 
hyetographs.

• Clone base plan (.p*) for each AEP (2yr, 10yr, 100yr, 
etc.).

• Link new unsteady files to new plans.

• Execute all AEP plans in parallel (compute_parallel).

• Extract and compare results (e.g., max WSE vs. AEP).

Extend to include upper and lower confidence bounds, 
additional durations + more with a simple request to 
your favorite LLM!



HEC-RAS MCP Server

• Adds LLM Tool Calls for retrieving all of the standard 
RAS-Commander Dataframes

• Uses “uvx” for executing as a self-contained tool 
within Claude Desktop or ChatGPT

• Great for basic QAQC and querying unfamiliar models 

• Can retrieve compute messages for debugging

Available Tool Calls: 



RAS Commander Arc 

Hydro Toolboxes
• Rapid Toolbox Development

• Released at ESRI’s 2025 User 
Conference

• Download today with Arc Hydro Tools

• Version 6.x Only

• Feedback welcome



Enabling Agentic Workflows

RAS Commander has been upgraded with an 

Agents.md, which contain information for LLM 

agents using the repository. 

This allows flexible use of the RAS 

Commander logic to generate helpful tools to 

assist with your modeling workload.

Just open Claude Code/Codex or your favorite 

CLI tool in the ras-commander directory to 

give your LLM tools to work with HEC-RAS.



Coming Soon: 
Automating Standard Benefits Frameworks and 

FEMA BCA Inputs from HEC-RAS Projects



Showing Benefits for Area of Inundation, 

Channel Capacity and Roadway



Coming Soon: 

Dam Break Simulation Dashboard

In Partnership with Tennessee 
Technical University

Objective: Conducting dam breach 
simulations using randomly sampled 
values for: 

• Pool Elevation at Failure 

• Breach Bottom Elevation 

• Breach Formation Time 

• Final Bottom Width

In Partnership with Tennessee Tech 
Department of Civil & Environmental 
Engineering’s Center for Management, 
Utilization and Protection of Water 
Resources



Permutation Design and Generation

• Linear Distribution to start

• Currently under 

development and testing

• Focused on development 

of a statistical framework 

for *Sequential* Dam 

Breach failures, where 

cross-permutations need 

to be sampled. 



Dashboard Extras: Parallel Execution

For models with short runtimes, this is adequate for running small batches



Linux Run Preprocessing for HEC-RAS

Essential for Cloud Execution on TITAN High Performance Computing System



RAS Commander Integration Opportunities at 

Every Phase of Your Modeling and Mapping Efforts

Direct Model 

Data Imports

Hydrologic 

Modeling 

Automations

Hydraulic 

Meshing & Pilot-

Channel Edits

Calibration 

Validation 

Ensemble Runs

Fluvial/Pluvial 

Stitching and 

Percentile 

Hazard Products

QA/QC & Peer 

Review Tools

Automated 

Flood Mapping 

Production

HDF>GIS Data 

Access Tools

Model Development                 Parameter SensitivityUncertainty Analysis Performance Optimization

Multi-Hazard, 

Probabilistic Approaches

Data Analysis and 

Visualization

Dashboards and 

Model InventoriesMapping Deliverables

Adding value to your innovative H&H projects and proposals



LLM Forward in Action:     RAS Copilot

Ajith Sunarraj

Author, RASCopilot.com

Independent project to build 

an LLM-powered chat 

interface that leverages the 

hecrascontroller library using 

a streamlit interface with 

plotting and mapping 

capabilities 



Links and Audience Questions

My Bio: EngineeringWithLLMs.info

CLB Engineering: CLBEngineering.com

Github Repositories:

HEC-Commander gpt-cmdr/HEC-Commander

RAS Commander gpt-cmdr/RAS-Commander

Arc Hydro Tools gpt-cmdr/RAS-Commander-Hydro

HEC-RAS MCP gpt-cmdr/RAS-Commander-mcp

Linkedin: William (Bill) Katzenmeyer, P.E., C.F.M.


