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Data-driven process monitoring and optimization 
in municipal wastewater treatment

• Due to the highly complex nature of water treatment, 
it is difficult to model treatment performance in real-
time

• Strict discharge limits and pressure to reduce energy 
consumption will require more advanced and precise 
controllers in the immediate future across all 
treatment processes

• Cadets will build predictive machine learning models 
to be integrated into a disinfection process and 
phosphorous recovery process at a full-scale 
wastewater treatment facility

Dr Kate Newhart

This Photo by Unknown Author is licensed under CC BY

https://www.exploringdatascience.com/the-data-science-clock/
https://creativecommons.org/licenses/by/3.0/


Fate and Transport of Metals on Firing Ranges
Dr. Matt O’Banion and Dr. Michael Butkus

• Metals, such as lead, are present in varying 
concentrations on our firing ranges

• Understanding the movement of metals off 
ranges is important for sustainable range 
management

• Cadets will collect and analyze soil, sediment and water 
samples on the Normandy Range

• Cadets will use drone-based aerial survey data and 
geospatial software to model the movement of lead on 
the range

• Work on this project could result in peer-reviewed 
publication or presentation at regional conferences



Phytoremediation of Ammunition Waste
Dr. Michael Butkus and Dr. Patrick Baker 

• Algae naturally takes up excess nutrients 
(primarily nitrogen and phosphorous) from 
water

• Immobilized algae have great potential for 
remediation of ammunition waste because 
they convert harmful nitrogen into a less toxic 
form

• The resulting algae biomass can be converted 
into a biodiesel or biogas

• Cadets involved in this project will use an 
up-flow sequencing batch reactor to treat 
a waste-stream with  alginate beads

• The reactor was designed and 
successfully operated in term 211

• Work in this project could result in peer-
reviewed publication or presentation at 
regional conferenceshttps://www.nature.com/news/2010/100730/full/news.2010.384.html



Impacts of Urban and Rural Watersheds on Water Quality
Dr Patrick Baker

• Comparing adjacent urban and rural watersheds 
allows us to assign differences in water quality to 
land use or management practices (e.g., road salt)

• Impervious surfaces (roads, parking lots) have 
impacts on the morphology and chemistry of urban 
streams

• Agricultural practices in rural watersheds can also 
degrade water quality through inputs of Nitrogen 
and Phosphorous.

• Cadets will collect water samples from 
established locations in two streams.

• Field data (turbidity, TDS, DO) will be collected 
with a hand-held multi-meter

• In the laboratory, cadets prepare and analyze 
water samples for ion concentrations.

• Work in this project could result in peer-
reviewed publication or presentation at 
regional conferences



Passive Acoustic Monitoring
Dr Patrick Baker



Indoor Air Quality Investigation & Modeling 
COL Phil Dacunto, COL Mike Benson, MAJ Andy Ng

Thayer Hall Classroom in testing configuration

Background: Aerosol droplets (i.e., those that remain suspended for extended periods) may represent a significant 
transmission risk of COVID19 and other viruses
Research questions: What is the impact of different air change rates and classroom orientations on classroom aerosol 
dispersion?
Method: release CO2 as a tracer gas from various locations in a classroom with varying orientation and air change rate 
conditions; measure at various points within the classroom, and model results using CONTAM
Funding: USMA Dean

Preliminary results



West Point Soil Lead Analysis (GIS & EV Focus)
LTC Wallen, LTC Wright, MAJ Harrell, & COL Kimball (Support by Mr. Shetty & Ms. Quell)

CDT Michael Roberts '22 (ESC)
AIADs: 2018 - Jack Wallen (HS Junior); 2019 - CDT Jackson McInvale (ROTC – Duke), CDT Joseph “Nick” Dabbelt ’20 (GIS), CDT Kieren Place '23 (EVE)

• West Point residential areas emerged during six 
distinct periods from 1819-2010

• In the US, it is common for urban soils to have 
elevated lead levels due to prevalent lead use in 
previous years

• Lead is a neuro toxin that is especially harmful to 
young children

• Understanding the spatial and temporal 
distribution of soil lead in developed areas will 
help to better prevent toxin exposure
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Comparison of West Point Housing Soil Lead Levels
• Cadets involved in this project will 

spend the early portion of their 
semester collecting soil samples 
around West Point.

• They will analyze the soil samples for 
lead using an XRF (X-Ray 
Fluorescence) hand-held device both 
on-site and after sample preparation 
in the laboratory.

• Coupling with the GIS program, 
Cadets will then create maps that help 
to explain the spatial distribution of 
soil lead as it relates to time.

• Work in this project is geared toward 
a peer-reviewed publication or 
presentation at a conference



RO Membrane Support Structure Design
MAJ Andy Ng, Dr. Michael Butkus & LTC Ben Wallen, (Support by Ms. Kim Quell)

• Partnership with the Tank Automotive Research, 
Development and Engineering Center (TARDEC) –
Force Projection Technology

• This research has implication to help Soldiers in a 
combat environment through reducing the frequency 
of resupply required for RO units.

• Cadets integrate modeling with design to evaluate 
pressure drop and flow regimes

• Design and evaluate different spacer geometries using 
SolidWorks

• Cadets conduct experiments to validate model results, 
improve flow, and reduce scaling

• Work in this project is geared toward a peer-reviewed 
publication or presentation at regional conferences



Geoarcheology at Revolutionary War Fortifications 
COL Mindy Kimball

• As the 250 year anniversary of the Revolutionary War 
approaches, interest is high in preserving West Point sites

• 30+ sites located on West Point, many with structures 
buried/unknown, none investigated with geophysics

• Ground Penetrating Radar is a geophysics instrument that 
can investigate archeological sites without disturbing them

• West Point has agreed to preserve the 30+ fortifications, 
and any new information will be extremely useful in 2025

• Redoubts, Cemeteries, Batteries, Forts, Supe’s front lawn, 
Margaret Corbin ["Molly Pitcher"] burial site

• Learn geophysics data collection, processing, interpretation
• Investigate archeological and historic information to 

ground-truth geophysics data

• Characterize bedrock geomorphology shaped by the last ice 
age (find kettle lakes, define kame terrace)

Constitution Island “Parade Ground” –
rectangular structure discovered at 6 ft depth



West Point Sustainability Strategy COL Mindy Kimball

• Every major university in the U.S. has a published 
Sustainability Strategy

• West Point has some initiatives, but no 
comprehensive starting point to build on

• The West Point Energy Council (WPEC) started 
some initiatives, and has almost 10 years of historic 
data, but no collective strategy moving forward

• Executive Orders and DoD Regulations require 
many “green” options, but tracking compliance is a 
constant issue.

• Conduct Life Cycle Assessment (LCA) of 
systems or programs to inform future goals

• Research sustainability strategies from our 
peer institutions, what should USMA track?

• Establish a construct for a proposed West 
Point Sustainability Strategy

• Gather data to report baseline status on 
Sustainability Performance Indicators



Town of Highlands Environmental Conservation
• Build on previous Cadet work

• Most recent CDT Jimenez (EV Sci, '21)

• 2019-2020 project conducted a baseline 
“Carbon Footprint” of Town operations, 
but the Town would like to expand the 
work

• Want to include the Village of Highland Falls

• Potential to work on food waste projects
• Potential to work on facilitating local 

business abilities to comply with new laws
• No food scraps in waste by ‘22
• No plastic bags by ‘20
• Reducing plastic & styrofoam packaging from 

“to go” containers
• Installing electric vehicle chargers in the local 

area



Cartography Map Reconstruction COL Mindy Kimball

• Historically, printed maps required hand-
engraved copper plates (one for each ink color)

• The US Geological Survey (USGS) gifted USMA 
with 27 copper plates from a 1918 publication on 
“Camp Knox” (300+ pounds of copper)

• No copies of the publication/maps exist, and the 
complete version is unknown

• The survey work to create the maps was 
completed by Corps of Engineers officers in 1917 
(surely West Point grads)

• Establish a procedure for digitizing each copper 
plate, georeferencing, and layering into GIS 
database

• Follow USGS-provided best practices on 
cleaning/restoring the plates

• Deliverable is a recreation of the original 
publication (or a reasonable portion)

• High potential for group work and 
interdisciplinary project (D/History, AOG, Fort 
Knox, US Army Center for Military History)

AY21, 2 Cadets on project (EVSci), could really use GIS



Microplastics in Our Waterways
COL Kimball, Dr. Baker, CPT Linvill, CPT Moorehouse, Ms. Quell

• Cadets establish a methodology for 
sampling and characterizing

• Different source water possible
• Human health vs. Ecosystem

• Emerging issue with global ramifications
• NEW PROJECT!
• Plenty of options, must be self-motivated!

Images from Lusher 2019; Sartain et al. 2018; Munno 2019; and Rochman 2019



Pfluger Group – Current Research Initiatives (AY22)
LTC Andrew Pfluger, GENE (andrew.pfluger@westpoint.edu), “Poop Group”

Studying engineered biochemical reactors for (1) resource recovery (waste-to-energy) and (2) sustainable 
and resilient system development in support of Army initiatives.

Partner Organizations

ERDC Risk and Decision Science

Principal Collaborators

Dr. Mike Butkus
GENE, USMA

LTC Corey James
CLS, USMA

Dr. Enoch Nagelli
CLS, USMA

CPT Chelsea Linvill
GENE, USMA

Project 3: Co-digestion of food 
waste & sludge at Target Hill 

Wastewater Treatment Facility

Dr. Todd Davidson
CME, USMA

LTC Brad McCoy
CME, USMA

Dr. Igor Linkov
ERDC, Risk & Decision

Dr. Junko Munakata Marr
Colorado School of Mines

Dr. Linda Figueroa
Colorado School of Mines

Cadets
Marley Wait (EVE1, ‘23)
Tessa Bomke (CEN1, ‘23)

Additional Collaborators
Bill Meinert, Ramboll
Kyle Midthassel, American Water

Target Publication
Winter 2021 / 
Spring 2022

Project 1: Waste-to-energy systems 
for enhancing resilience on military 

installations
Cadets

Stephanie Nam (EVE1, ‘23)
Annesley Black (EVE1, ‘23)
Caroline Raymond (ESC1, ’22)

Additional Collaborators
Dr. Pamela Sheehan, DEVCOM
MAJ John Boyle, GENE

Target Publication
2021

Target Publication
2021

Project 2: Characterization of a 
combined waste stream for 

lunar base applications
Cadets

Tom Rafferty (CEN1, ’21)
MacKenzie Burns (EVE1, ’22)
Ian Morris (EVE1, ‘22)
Lauren Carag (EVE1, ’22)
Kourtney Zeiler (ESC1, ‘22)
Marley Wait (EVE1, ‘23)

Target Publication
2021

CPT Alex Pytlar
GENE, USMA

Target Pub
2022

mailto:andrew.pfluger@westpoint.edu


Waste-to-Energy Systems for Enhancing Resilience on DOD

• Objective of this study is to (1) assess the resilience 
of wastewater treatment using the Resilience 
Matrix framework; (2) explore how to enhance 
resilience using waste-to-energy technologies.  

• Project is in the early stages, so looking for 
underclass Cadets interested in multi-year projects

• AY 21 Cadets: Stephanie Nam, Annesley Black, 
Caroline Raymond, can accept ~1 more cadet

• Cadets on this project will:
• Study resilience at West Point using resilience 

theory published by Linkov et al. (2013)
• Build and refine models

• Project team will collaborate with the ERDC 
Risk & Decision Team in Boston

Resilience Framework Proposed by Linkov et al. (2013):
The “Resilience Matrix”

LTC Andrew Pfluger, CPT Chelsea Linvill, CPT Alex Pytlar, Colleagues from CME, ERDC R&D Lab



“Space Waste”: Organic Waste to Bioplastics for Lunar Base Uses

Methane produced by the anaerobic treatment of domestic wastewater 
and a methanotrophic bioreactor for polyhydroxybutyrate production

• AY22 Cadets: Tom Rafferty, Ian Morris, MacKenzie Burns, 
Kourtney Zeiler, Lauren Carag, and Marley Wait

• Publication 1: Lab Work & Modelling – Target Fall 2021

• Follow-on Studies:
• Possible bench-scale bioreactor work (late 2021 or 2022)
• Review of practical barriers and limitations for bioreactor 

operations in low gravity (late 2021)

• Humans produce wet wastes with high organic content: 
food, fecal matter, laundry

• Anaerobic co-digestion can produce methane for energy for 
useful purposes (heat, energy, etc.)

• Can anaerobic waste degradation be useful for a future 
NASA-led lunar base?

LTC Andrew Pfluger, Dr. Mike Butkus, CPT Chelsea Linvill, LTC Corey James (CLS)



Co-digestion of Organic Wastes at Target Hill WWTP

• West Point must divert food waste from 
landfills by Jan 2022

• One viable solution is co-digestion of food 
waste and wastewater sludge at Target Hill 
WWTP in anaerobic digesters 

• American Water is upgrading their system –
this is a real-world problem!

• This research builds upon preliminary work by 
cadets, faculty, and engineering firms

• Cadets in AY21: Marley Wait and Tessa Bomke. 
Can accept 1-2 more

• Cadets on this project:
• Refine parameters for anaerobic digestion 

modeling
• Explore biogas beneficial use approaches (e.g.

combined heat and power)
• Conduct methane generation calculations and 

model results
• Explore lifecycle environmental impacts

• Long-term project with lots of publication 
potential!

Heat

Electrical Energy

LTC Andrew Pfluger, Dr. Mike Butkus, CPT Chelsea Linvill, LTC Corey James (CLS)
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