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Project Development Plan: Hydroxyapatite-Based Remediation Program

AMT Foundation’s Environmental Materials Research Program is designed to translate hydroxyapatite (HAP)-based contaminant stabilization into a field-validated remediation technology. The project follows a phased, adaptive timeline typical of environmental engineering and applied research programs, progressing from technical validation to pilot-scale deployment and evaluation.

Phase 1: Technical Assessment and Project Definition (0–9 months)
The project begins with a comprehensive technical assessment to establish scientific direction, define target applications, and identify viable deployment pathways.
Key activities include:
· Review and synthesis of existing federal, academic, and industry research on phosphate- and hydroxyapatite-based remediation
· Detailed evaluation of the patented HAP process and identification of practical adaptations for groundwater and mixed-waste systems
· Preliminary geochemical modeling (e.g., uranium speciation, adsorption/precipitation behavior)
· Screening of candidate site types (e.g., legacy uranium mining areas, groundwater plumes, tailings-impacted zones)
· Initial engagement with potential collaborators (state agencies, universities, landowners)

Outcome:
Defined technical approach, target use cases, and prioritized pilot concepts.

Phase 2: Laboratory Validation and Process Development (9–24 months)
This phase establishes experimental proof of performance and develops engineering parameters required for field application.
Key activities include:
· Batch sorption testing to quantify contaminant removal efficiency and kinetics
· Column flow experiments to simulate groundwater conditions and evaluate treatment capacity
· Testing across a range of geochemical conditions (pH, carbonate, competing ions)
· Solid-phase stabilization testing (drying, compaction, structural integrity)
· Leaching and durability testing to assess long-term immobilization
· Iterative optimization of HAP material properties (particle size, morphology, dosage)
Outcome:
Validated treatment performance data and optimized design parameters for pilot systems.

Phase 3: Pilot Concept Development and Site Alignment (18–30 months)
This phase overlaps with late-stage laboratory work and focuses on preparing for real-world deployment.

Key activities include:
· Identification and evaluation of specific pilot sites
· Selection of pilot configuration based on site conditions:
· in situ injection (HAP slurry into groundwater plume)
· permeable reactive barrier (PRB) installation
· ex situ treatment system (pump-and-treat with HAP media)
· Preliminary engineering design (hydraulics, material quantities, injection strategy)
· Development of monitoring plan (sampling locations, frequency, analytical parameters)
· Regulatory pathway assessment and early coordination with oversight agencies

Outcome:
Pilot-ready design and site-specific implementation plan.

Phase 4: Pilot Implementation and Field Testing (30–48 months)
The pilot system is deployed and evaluated under real environmental conditions.
Key activities include:
· Installation of pilot infrastructure (e.g., injection wells, PRB media, monitoring wells)
· Baseline groundwater characterization prior to treatment
· Controlled application of HAP materials
· Continuous monitoring of:
· uranium and co-contaminant concentrations
· groundwater chemistry
· plume behavior and migration
· Operational adjustments based on observed performance

Outcome:
Field-validated performance data under realistic site conditions.

Phase 5: Performance Evaluation and Scale-Up Strategy (48–60+ months)
The final phase evaluates effectiveness and supports broader application.
Key activities include:
· Long-term monitoring to confirm stability and persistence of treatment effects
· Comparative analysis against baseline and conventional remediation methods
· Cost-benefit assessment (capital, operational, lifecycle costs)
· Identification of scalability and replication potential across similar sites
· Preparation of technical reports and potential regulatory or funding submissions

Outcome:
Demonstrated feasibility and pathway toward full-scale deployment.

Program Significance
This phased project structure reflects standard practice in environmental remediation and applied research programs. By progressing from controlled laboratory validation to field-scale pilot testing, AMT Foundation ensures that hydroxyapatite-based treatment methods are rigorously evaluated before broader deployment.

The program addresses a critical gap in current remediation technologies by providing a scalable approach for stabilizing mobile uranium and mixed contaminants, particularly in groundwater systems where conventional methods are costly or insufficient.

Timeline Summary
· 0–2 years: Technical validation and laboratory development
· 2–4 years: Pilot design and implementation
· 4–5+ years: Performance evaluation and scale-up





