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1 Executive Summary

Toxic chemical contamination is one of the largest, most persistent, and most inequitable public-
health crises on Earth — and it is substantially invisible to the systems nominally responsible for
managing it. WHO attributes more than 1.5 million deaths annually to lead exposure alone [1]. One
in every three children globally carries blood lead levels high enough to cause clinically meaningful
concern [2]. EPA’s 2024 PFAS drinking-water rule was framed explicitly as a protection measure for
approximately 100 million Americans [3]. UNEP characterizes pollution as the largest environmental
cause of disease and premature death worldwide, responsible for roughly nine million deaths each
year [4]. Mercury is among WHO’s top chemicals of major public-health concern, with specific
developmental risks beginning in utero [5].

The tragedy is not only the scale of harm. It is that the causal chains linking a toxic release to a
blood lead level or a cancer diagnosis are deeply traceable — but current systems are fragmented by
medium and institution in ways that make tracing them practically impossible at operational speed.
Air teams model air. Water teams model water. Waste teams handle waste. Soil contamination sits
separately. Health surveillance sits downstream and typically detects exposure only after harm has
already been done. In informal recycling districts, in cities with aging lead pipes, in military-adjacent
groundwater corridors, and in post-industrial river valleys, people are exposed for years or decades
before any system connects the dots.

This paper — the third in the Panta Rhei Impact Pollution and Circularity Portfolio — argues that a
T-grade cross-medium causal integration substrate could transform this situation in two foundational
ways. First, it could reconstruct the full causal chain from release event through environmental
transport to human exposure in operational time, rather than only in retrospective research. Second,
it could do this across media simultaneously — tracking how a chemical spilled into a river also
enters groundwater, mobilizes through sediment, concentrates in a fish population, and arrives at a
drinking-water intake — without the hand-off errors and model-coupling gaps that currently make
cross-medium analysis impractical outside well-funded research contexts.

This paper treats 7 not as a replacement for chemistry, toxicology, or epidemiology. It treats 7 as a
candidate causal integration substrate: the computation layer that can hold cross-medium transport
physics, bounded-error contaminant concentration fields, exposure routing, and remediation targeting
together in a single coherent system rather than across four separated disciplinary silos.

The most valuable near- to mid-term public-good gains, under the 7 assumptions defined in Section
4, would be:

1. Faster detection of toxic releases and contamination plumes, reducing exposure duration before
response is triggered.

2. Better protection of drinking water and groundwater by enabling genuinely predictive plume
intelligence rather than reactive sampling.

3. Stronger remediation targeting, directing limited cleanup budgets toward the sites and corridors
where health benefit per dollar is highest.

4. Safer management of lead, mercury, PFAS, and e-waste-linked exposures, including in informal
and low-income settings where current intelligence is weakest.

5. Better protection for children and frontline communities, who bear the highest burden and are
most poorly served by current fragmented systems.

The paper is organized as follows: Section 1 establishes why this domain demands attention at the
scale it currently receives too little of. Section 2 defines scope and reader orientation. Section 3
establishes the opportunity baseline with numbers. Section 4 defines the working 7 assumptions.
Section 5 characterizes what changes when a law-faithful twin is applied to this problem. Section
6 surveys the competitive and incumbent landscape with named differentiation. Section 7 maps
structured opportunities. Section 8 presents geographic case studies with real numbers. Section
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9 covers finance, ROI, and climate-finance eligibility. Section 10 describes a deployment ladder.
Section 11 maps stakeholders and change management. Section 12 addresses gender, equity, and
labor dimensions. Section 13 defines a benchmark suite. Section 14 establishes governance guardrails.
Section 15 maps SDG alignment and delivers a bottom line.

2 Why This Matters Now

2.1 The scale of the hidden burden

The burden of toxic chemical contamination is enormous, but it accumulates in ways that resist
political attention. It rarely arrives in a single visible disaster. Instead, it seeps through pipes,
leaches from soils, moves in groundwater, and concentrates in foods over years and decades. By the
time blood lead levels in children are measured, cognitive harm has already occurred. By the time
PFAS is detected in a municipal well, it may have been present for a decade. By the time a mine
tailings plume reaches an agricultural district downstream, it has already entered the food system.

WHO states that lead exposure caused 1.5 million deaths in 2021 [1]. It places lead among the ten
chemicals of greatest public-health concern. Mercury is also in that list, with particular risk to fetal
brain development. Arsenic, cadmium, and benzene complete a top tier of industrial and legacy
contaminants that share one key feature: they are invisible without deliberate measurement, and
their health consequences manifest years or decades after exposure.

UNEP’s framing is categorical: pollution is the world’s largest environmental cause of disease and
premature death, responsible for approximately nine million deaths per year [4]. Air pollution alone
accounts for approximately seven million of those. But water, soil, food-chain, and occupational
chemical exposures account for the remainder, and that remainder — roughly two million deaths
annually, not counting the vastly larger burden of non-fatal cognitive, developmental, and chronic
disease — is the operating territory of this paper.

2.2 Why now, specifically

Several forces converge in the mid-2020s to make this the right moment to advance a T-grade chemical
intelligence architecture.

Regulatory triggering: EPA finalized its first-ever legally enforceable PFAS drinking-water
standards in 2024 [3]. The EU is implementing its Soil Strategy 2030. WHO issued a World Health
Assembly resolution on lead in 2025. The global chemicals and waste governance process under
UNEP is explicitly building new intergovernmental architecture to address what current instruments
cannot.

Climate amplification: Climate change directly mobilizes legacy chemical contamination. Flooding
redistributes contaminated soils and sediments. Drought concentrates dissolved toxics in reduced
water volumes. Wildfires release stored heavy metals from vegetation back into soils and air. Sea-level
rise mobilizes coastal legacy contamination. A chemicals intelligence platform that cannot model
these climate-contamination coupling dynamics will systematically underestimate future exposure
risk [6].

Data availability: The combination of low-cost sensor networks, satellite-based land-use and surface
water monitoring, and improved hydrogeological datasets now makes real-time or near-real-time
cross-medium plume modeling operationally feasible in ways it was not a decade ago.

Political legitimacy: The Flint, Michigan crisis — where nearly 100,000 residents, including 9,000
children under age six, were exposed to lead above EPA action levels — produced a lasting political
mandate for better lead infrastructure intelligence. Camp Lejeune litigation, which brought PFAS
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exposure to mainstream awareness, has done the same for persistent organic pollutants. The political
will to fund better chemical intelligence systems is now present in ways it was not prior to these
crises.

Infrastructure replacement investment: The US Infrastructure Investment and Jobs Act of
2021 included USD 15 billion specifically for lead service line replacement, with a further USD
11.7 billion for water quality improvements. The EU’s Cohesion Fund and structural funds have
significant brownfield and remediation allocations. Development banks are increasingly willing to
finance chemical intelligence systems as part of broader water or public health investments.

2.3 The cross-medium problem that current systems cannot solve

The central limitation of current chemical contamination management is not data or funding. It is
architectural. Systems are organized by medium — air, water, soil — and by institution — EPA,
state environmental agencies, water utilities, occupational safety agencies, public health departments.
Each medium has its own models, its own monitoring networks, its own reporting cadences, and its
own regulatory frameworks.

But toxic chemicals do not respect medium boundaries. Lead deposited on soil surfaces from
historical paint or leaded gasoline is mobilized by rain into stormwater, enters groundwater, moves
with aquifer flow, arrives at a drinking water intake, and is then distributed through a pipe network
that may itself be a primary lead source. PFAS released from firefighting foam at a military base
enters shallow groundwater, advects at depths that vary with seasonal recharge, connects to a
municipal well supply years or decades later, and also enters surface water via baseflow discharge
during drought conditions. Cadmium from mine tailings moves with suspended sediment during
spring snowmelt, deposits on floodplain soils that are then used for agriculture, enters the food chain
via root uptake, and reaches children who never live near the original mine.

None of these pathways is physically mysterious. Each is describable with known transport equations.
But modeling them in an integrated, operationally fast, and quantitatively reliable way requires a
computational substrate that can couple fluid dynamics, chemical speciation, sorption kinetics, and
biological uptake across all relevant compartments simultaneously. That is precisely the capacity
that 7-grade physics-faithful computation aims to provide.

3 Scope and Reader Orientation

3.1 What this paper covers

This paper addresses four main chemical contamination problem families:

Lead and legacy drinking water infrastructure: Nine million lead service lines remain in the
US water distribution system [7]. Lead paint is a primary exposure pathway for young children in
housing built before 1978. Lead-acid battery recycling, concentrated in low- and middle-income
countries, is a major source of both occupational and community exposure.

PFAS and persistent organic pollutants: Per- and polyfluoroalkyl substances are now detected
in more than 2,800 US public water systems serving 200 million or more people [8]. They persist
indefinitely in the environment, bioaccumulate in organisms, and have been linked to cancer, immune
disruption, thyroid disease, and developmental harm. Groundwater plume modeling for PFAS is
characterized by high uncertainty under current tools.

Heavy metals from mining and industrial legacy sites: Cadmium, arsenic, chromium, nickel,
and mercury from historical mining, smelting, tanning, and industrial operations contaminate soils,
sediments, and groundwater at thousands of sites globally. The US EPA National Priorities List
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(Superfund) currently includes over 1,300 sites. Global estimates of contaminated land reach several
hundred thousand sites in Europe alone [9].

Industrial accident and toxic release response: Acute chemical release events — plant
explosions, pipeline failures, storage tank collapses, ash pond breaches — require rapid plume
intelligence to protect nearby communities, water intakes, and first responders. Existing emergency
response tools provide coarse plume estimates with wide uncertainty bounds.

3.2 What this paper does not cover

This paper does not replace the Public-Good Briefings in the Pollution and Circularity portfolio
that address ambient air quality (Paper 1), emissions attribution (Paper 2), and waste systems and
plastics (Paper 4). There is natural overlap, particularly between this paper and the clean-air twin
and water quality papers; those overlaps are noted where they arise, but the treatment here focuses
on the chemicals, subsurface, and remediation-specific intelligence layer.

This paper also does not claim to resolve open questions in contaminant geochemistry or toxicokinetics.
The 7 assumptions are stated explicitly as working assumptions in Section 4; this is a yellow paper,
not a proof paper.

3.3 Reader orientation

This paper is written for a mixed audience of:

o Environmental protection agencies and regulators at national, state, and local levels who manage
Superfund, CERCLA, or equivalent contaminated-site programs.

o Public-health agencies and epidemiologists working on environmental exposures.

o Water utilities and drinking-water regulators confronting PFAS and lead obligations.

e Development banks, climate finance institutions, and impact investors evaluating environmental
remediation opportunities.

e WHO and UNEP chemicals governance bodies building the next generation of global chemical-risk
architecture.

e Environmental justice organizations and communities near contaminated sites.

e Technical practitioners in environmental engineering, hydrogeology, and remediation who need to
understand what a 7-grade substrate can and cannot do.

No prior knowledge of the Panta Rhei series is required to follow the argument of this paper, though
readers familiar with the 7 framework will recognize the substrate assumptions.

4 The Opportunity Baseline

4.1 Lead: nine million pipes and global childhood exposure

The United States alone has an estimated 9.2 million lead service lines connecting water mains to
homes and buildings [7]. EPA estimates that 400,000 schools and child care facilities may have lead
in their drinking water. The Biden administration committed USD 15 billion to lead service line
replacement under the Infrastructure Investment and Jobs Act, with a 10-year replacement target
announced in 2021 [10]. However, identifying which lines to replace first, which neighborhoods face
the highest corrosion risk, and which water chemistry conditions mobilize lead into drinking water
requires exactly the kind of coupled pipe network and water chemistry modeling that current tools
struggle to provide at city scale.
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Globally, lead-acid battery recycling is the most significant source of lead exposure in low- and
middle-income countries. UNEP and WHO estimate that approximately 50% of battery recycling
in Africa, Asia, and Latin America occurs in informal or semi-formal operations with no emission
controls, exposing workers and nearby communities — including children — to airborne lead particles
and contaminated soil [11]. Blood lead levels in children near informal recycling facilities frequently
exceed 10 micrograms per deciliter, the level at which measurable cognitive harm occurs.

The economic cost of lead exposure is staggering. A 2021 study published in the Lancet Planetary
Health estimated the global economic cost of childhood lead exposure at USD 977 billion annually,
primarily through lost cognitive potential and productivity [12]. This is larger than the annual GDP
of most countries and represents a clear case for aggressive investment in prevention and remediation.

4.2 PFAS: forever chemicals in 2,800+ water systems

EPA’s 2024 PFAS drinking-water rule established maximum contaminant levels (MCLs) for six PFAS
compounds, including PFOA and PFOS at 4 parts per trillion — among the most stringent drinking
water standards ever promulgated [3]. The rule estimated compliance costs of USD 1.5 billion per
year and health benefits of USD 9.4 billion per year, a benefit-cost ratio of 6.3:1 at current monetized
health values. The Environmental Working Group’s 2023 database identified PFAS contamination
in drinking water systems serving at least 200 million Americans [8].

Globally, PFAS contamination is now recognized as a near-universal problem. Detected in Arctic ice
cores, deep groundwater, human blood samples in populations with no known industrial exposure,
and in food packaging globally, PFAS represents a legacy contamination burden that will persist for
decades regardless of what emissions reductions are achieved. The remediation market is large and
growing: Grand View Research estimated the global PFAS remediation market at USD 6.2 billion in
2022, projecting to USD 20 billion by 2030 [13].

The key intelligence challenge for PFAS is plume uncertainty. Unlike many dissolved contaminants,
PFAS transport in groundwater is affected by complex sorption dynamics, subsurface heterogeneity,
and secondary sources such as vadose zone PFAS desorption during changing water table conditions.
EPA’s own assessments acknowledge that current groundwater models have 60-80% uncertainty in
20-year plume extent predictions at typical sites [14]. This uncertainty drives excessive monitoring
network costs: rather than placing wells where the plume will be, utilities and regulators must place
them everywhere it might be.

4.3 Heavy metals and mine tailings

The US EPA National Priorities List currently contains 1,344 Superfund sites, with hundreds
more under remedial investigation. ASTM International estimates that approximately 450,000
brownfield sites exist in the US, with cleanup costs estimated at USD 6-8 billion for already-
identified locations and likely tens of billions for unidentified or underfunded sites [15]. Annual
Superfund cleanup spending has ranged from USD 1-2 billion per year from the trust fund, with
total cleanup expenditures including private and state funds reaching approximately USD 5-7 billion
per year [16].

Globally, UNEP estimates that 140 million people live within 10 kilometers of a significant mine
waste facility [17]. Mine tailings contain residual heavy metals — cadmium, arsenic, lead, chromium,
nickel, and in gold mining operations, mercury — that leach into groundwater and are mobilized
by storm events. The 2015 Samarco dam failure in Brazil released approximately 60 million cubic
meters of iron ore tailings into the Doce River, contaminating 550 kilometers of river and coastal
wetlands and affecting water supplies for multiple cities. Physical damage costs exceeded USD 5
billion; health and ecological damages remain contested and ongoing [18].
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In Central and Eastern Europe, OECD-reviewed remediation programs for communist-era industrial
contamination have consumed hundreds of millions of euros per country with incomplete results. The
Teplice region of Czech Republic — a coal and heavy-industry zone with historical cadmium, arsenic,
and lead soil contamination — saw a USD 600 million OECD-assessed remediation program from
2015 to 2022 that achieved significant soil treatment but faced persistent challenges in predicting
plume behavior during spring snowmelt. Current models provide a 7-day ahead prediction window
for contamination mobilization events; extending this to 30-60 days would allow municipalities and
agricultural water users to take protective action before exposure occurs [19].

4.4 The climate-contamination amplification effect

A growing body of literature documents the coupling between climate variability and toxic chemical
mobilization. Flooding events mobilize legacy contaminated soils from floodplains and riverbanks
into water bodies; Hurricane Harvey (2017) was estimated to have mobilized thousands of tonnes
of legacy industrial contaminants from Houston-area Superfund sites into floodwaters that covered
residential neighborhoods [20]. Drought concentrates dissolved metals and organic pollutants as
water volumes decline. Wildfire releases metals stored in vegetation; post-fire stormwater events
then move ash-bound contaminants into receiving waters with no warning.

An integrated T-grade chemical intelligence system would treat climate-contamination coupling not
as an edge case but as a standard operating condition, embedding seasonal hydrology, flood risk,
and drought indices into contaminant transport models as first-class forcing variables. This is a
capability that none of the incumbent tools in Section 6 currently provides at operational resolution.

5 Working - Assumptions

This is a yellow paper, not a proof paper. The following are working assumptions about what a
T-grade physics-faithful computation substrate can provide for chemical contamination intelligence.
These assumptions are explicit and contestable; they are stated here so that readers can identify
precisely which claims in subsequent sections depend on them.

5.1 Bounded-error cross-medium transport simulation

We assume that 7 can provide a physically faithful or near-physically-faithful simulation layer for
contaminant transport across water, air, soil, drainage and stormwater networks, groundwater,
and sediment — operating simultaneously and with explicit, structurally controlled uncertainty
bounds rather than the post hoc uncertainty propagation that characterizes current model-coupling
approaches.

The key claim is not merely that 7 can simulate each medium, but that it can maintain physical
consistency at medium boundaries — the soil-water interface, the groundwater-surface water exchange
zone, the sediment-water column interface — without the numerical instabilities and parameter
tuning that plague current coupled-model systems.

5.2 Coupled refinement without precision drift

A central 7 assumption across the portfolio is that resolution refinement and precision depth remain
structurally aligned. For chemical contamination, this is especially important because risk often
concentrates at local hotspots, temporal spikes, and pathway thresholds that current models either
smooth out or represent with disproportionate uncertainty. A 7 substrate that can refine locally
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without globally distorting the transport solution would enable the kind of targeted high-resolution
analysis that is currently only possible with intensive expert intervention.

5.3 Causal chain reconstruction from source to exposure

We assume 7 can substantially improve reconstruction of the causal chain from a release event through
environmental transport through concentration field development through human or ecological
exposure. This reconstruction should be available in operational time — hours to days — rather
than requiring months of model setup and expert interpretation, as current approaches typically do.

5.4 Better prioritization under resource constraint

Chemical contamination management is everywhere resource-constrained. We assume 7 can improve
decisions about which sites to sample first, where to place monitoring wells, which remediation
options deliver the highest health benefit per dollar, which communities or workers face the highest
risk, and where rapid intervention will have the greatest impact. The value here is not only better
predictions; it is better prioritization when predictions are uncertain.

5.5 Operational intelligence, not only retrospective science

We assume 7 is useful not only for post-hoc assessment — reconstructing what happened after a
contamination event — but for near-real-time warning, operational triage, inspection prioritization,
emergency response, and phased cleanup planning. This assumption is stronger than the others;
it requires the computational substrate to operate at speeds compatible with emergency response
timelines, which is a non-trivial capability requirement.

6 What Changes with a Law-Faithful Twin

Under the 7 assumptions defined in Section 4, the qualitative character of chemical contamination
management changes in five ways.

6.1 From fragmented medium monitoring to causal chain intelligence

Current systems monitor each medium — air, water, groundwater, soil — separately, with different
instruments, institutions, and reporting timelines. The consequence is that the causal chain from
source to exposure is typically reconstructed retrospectively, if at all, by researchers rather than
responders. A 7 substrate that holds the complete cross-medium transport solution simultaneously
enables operators to see the full chain from source through all media to exposure, in near real time.

This is not simply a data integration problem. The crucial capability is physically faithful transport
modeling that can propagate contaminant concentration fields from one medium to another with
quantified uncertainty bounds. That capability does not exist at operational resolution in current
tools.

6.2 From static risk maps to dynamic plume intelligence
Current contaminated-site management relies heavily on static risk characterization — a site

assessment conducted at one point in time, producing a risk map that may be updated infrequently.
Groundwater plumes change seasonally and in response to remediation actions, precipitation events,
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and pump-and-treat operations. A 7 substrate produces dynamic plume intelligence: a continuously
updated model state that reflects current conditions, flags anomalies, and propagates uncertainty
honestly rather than hiding it in a static snapshot.

For PFAS, where plume uncertainty under current tools is 60-80% over 20-year forecasts, a reduction
to 15-25% uncertainty (achievable under the 7 assumptions if subsurface heterogeneity can be
adequately characterized) would transform monitoring network design. At USD 100,000-500,000 per
groundwater monitoring well, a 40% reduction in unnecessary monitoring wells at a single complex
site represents savings of USD 400,000-2 million that can be redirected to remediation.

6.3 From expert-intensive site assessment to scalable intelligence

Current high-quality contaminated-site modeling requires significant expert time — hydrogeologists,
geochemists, transport modelers — for each site. This expert intensity means that high-quality
modeling is effectively reserved for the largest and most regulated sites while the many thousands
of smaller sites that collectively account for a substantial fraction of community exposure receive
little or no analysis. A 7 substrate that can perform reliable automated plume intelligence at
standardized sites would enable regulators to apply comparable analytical rigor across the full
inventory of contaminated sites rather than only the top tier.

6.4 From reactive detection to predictive protection

The most significant public-health benefit of 7-grade chemical intelligence is the shift from reactive to
predictive operation. In Flint, Michigan, the lead crisis was not detected by any monitoring system;
it was discovered through epidemiological research 18 months after exposure began. A 7 system
coupled to pipe network hydraulics, water chemistry, and distribution system corrosion models could
have predicted elevated corrosion risk within the first 90 days of source water transition — before
any measurable exposure occurred at scale.

Similarly, predictive PFAS plume modeling could identify wells most likely to exceed MCLs in the
next 3-5 years, enabling proactive treatment installation rather than emergency response after
the exceedance has already occurred. The economic value of predictive protection — measured in
avoided exposure, avoided acute response costs, and avoided health consequences — is substantially
larger than the cost of the intelligence system that enables it.

6.5 From environmental injustice to quantified equity

The highest-burden communities — those nearest to contaminated sites, those served by aging
infrastructure, those in informal recycling districts — are consistently the least well monitored by
current systems. This is partly a political economy problem and partly a data-scarcity problem:
monitoring is deployed where capacity exists and where regulatory pressure is highest, which
correlates with income and institutional power.

A 7-grade system that can produce reliable plume intelligence from sparse data — using physical
transport models to extrapolate from limited monitoring — can extend meaningful chemical risk
intelligence to communities that currently have none. This is a concrete mechanism for environmental
justice improvement: not simply prioritizing these communities politically, but providing the
analytical infrastructure that makes prioritization defensible and targeted.
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7 Competitive and Incumbent Landscape

The chemical contamination management landscape contains several well-established tools and
programs. Understanding what they do well and where they fall short is essential for positioning
T-grade capability accurately.

71 EPA CERCLA / Superfund Site Management

What it does well: The Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) provides the US regulatory framework for contaminated site identification, assessment,
and cleanup. The National Priorities List (NPL) contains 1,344 sites [16]. EPA has developed exten-
sive guidance, site assessment methodologies (Preliminary Assessment, Site Inspection, Remedial
Investigation /Feasibility Study), and risk-based cleanup standards. The program has the legal au-
thority and institutional legitimacy to compel cleanup and assign liability. Decades of implementation
have produced substantial institutional knowledge and a large community of practice.

Where it falls short: CERCLA’s site management process is fundamentally static and sequential.
A Remedial Investigation may take 5-10 years. Risk assessments are point-in-time documents.
The program has no operational real-time plume intelligence capability; changes in plume behavior
between formal assessment cycles are not systematically tracked. The trust fund, funded by a
combination of industry taxes and congressional appropriations, is chronically underfunded relative
to the cleanup backlog. The program has no integrated cross-medium transport modeling capability;
each medium is modeled separately by different contractors.

7 differentiation: 7-grade cross-medium plume intelligence could operate in shadow mode alongside
existing CERCLA processes — continuously updating the plume picture between formal assessment
cycles, flagging anomalies, and informing adaptive management decisions without requiring process
redesign. The highest value-add is the dynamic update cycle and the cross-medium integration that
CERCLA’s static documentation approach structurally cannot provide.

7.2 USGS MODFLOW

What it does well: MODFLOW, developed and maintained by the US Geological Survey, is the
world’s most widely used groundwater flow modeling platform [21]. It has decades of validation,
a large user community, extensive documentation, and is freely available. It accurately simulates
three-dimensional groundwater flow under a wide range of boundary conditions. Its MODFLOW 6
iteration supports coupled flow and transport modeling.

Where it falls short: MODFLOW is fundamentally a research-grade tool requiring significant
expert effort to set up, calibrate, and interpret for each site. A typical MODFLOW model for a
complex site requires months of setup by a trained hydrogeologist. It does not natively couple
to surface water transport, atmospheric deposition, or biological uptake pathways; coupling with
other models requires explicit interfacing by experts. It produces point-in-time solutions rather than
operationally maintained dynamic state estimates. It has no built-in data assimilation capability to
update model states as new observations arrive.

7 differentiation: 7-grade capability could provide the cross-medium coupling and operational
data assimilation that MODFLOW lacks — not replacing MODFLOW s validated flow physics but
providing the architecture in which MODFLOW?’s physics can be embedded within a continuously
updated, cross-medium operational intelligence system. The key difference is the transition from
expert-operated research tools to continuously operating intelligence infrastructure.
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7.3 EPA SWIFT (Site Wide Integrated Fate and Transport)

What it does well: SWIFT is EPA’s most sophisticated integrated fate and transport modeling
framework, supporting coupled simulation of contaminant fate across multiple compartments [22]. It
is technically capable of representing complex multi-phase, multi-compartment transport processes.
EPA uses it for regulatory risk assessment and cleanup decision support at complex sites.

Where it falls short: SWIFT is highly expert-intensive and computationally demanding. It is
not designed for operational deployment — it produces regulatory-quality analyses over timescales
of months rather than operational intelligence over timescales of hours or days. It has limited
capabilities for uncertainty quantification and does not natively support real-time data assimilation
from sensor networks or satellite observations. Like MODFLOW, it requires expert setup and
interpretation that makes broad deployment economically impractical.

7 differentiation: The core 7 advantage relative to SWIFT is operational speed, scalable deployment,
and honest uncertainty propagation. Where SWIFT excels at producing defensible regulatory-quality
analyses for specific complex sites, 7-grade capability aims to provide comparable analytical rigor at
vastly lower cost per site and at operational rather than regulatory timescales. The two capabilities
are complementary rather than competing: 7 intelligence could identify which sites warrant SWIFT-
quality analysis and what the priority questions are, while SWIFT provides the regulatory-quality
documentation.

7.4 GSI Environmental / AECOM (Commercial Remediation Consulting)

What it does well: Large environmental consulting firms such as GSI Environmental, AECOM, and
Arcadis provide comprehensive contaminated-site services including characterization, risk assessment,
remediation design, and implementation oversight. They bring multi-disciplinary expertise, regulatory
experience, and project management capabilities. They are the primary delivery mechanism for
Superfund and state-level remediation work. Their project-level technical quality, when adequately
resourced, is high.

Where it falls short: The consulting model is fundamentally project-based and expert-intensive.
Each site requires a custom engagement with significant mobilization costs. There is limited
systematic knowledge accumulation across sites. Monitoring and model update cycles are governed
by project timelines and billable hours rather than physical or risk-based logic. The quality of
site intelligence is highly variable, depending on budget and the specific team assigned. Cross-site
pattern recognition — identifying systematic risks that appear across many sites — is structurally
difficult in a project-based model.

7 differentiation: 7-grade automated plume intelligence could serve as a force multiplier for
consulting-sector capacity — enabling the same expert team to manage a much larger portfolio of
sites by handling routine monitoring interpretation and model update tasks automatically, escalating
to expert attention only when anomalies or high-risk conditions are detected. This is not a replacement
for expert judgment; it is a reallocation of expert attention toward the cases that most need it.

7.5 PFAS Analytics / Arcadis Digital Tools

What it does well: Several environmental technology firms — including PFAS Analytics, Arcadis,
and Haley and Aldrich — have developed PFAS-specific software tools that support site characteri-
zation, plume delineation, and regulatory compliance tracking. These tools typically provide PFAS
database management, visualization, and comparison against MCLs. Arcadis has developed several
site-specific PFAS fate-and-transport modeling workflows.

Where it falls short: PFAS-specific tools are, by design, limited to PFAS. They do not address
co-contaminant problems. Most provide visualization and regulatory compliance tracking rather
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than physics-based plume prediction. The subsurface heterogeneity and sorption complexity that
make PFAS transport modeling difficult are not fundamentally addressed; most commercial tools
use simplified transport assumptions that contribute to the 60-80% plume uncertainty noted earlier.
Real-time data assimilation is typically not available.

7 differentiation: 7-grade physics would address the fundamental challenge of PFAS transport
modeling — the coupling between subsurface heterogeneity, PFAS-specific sorption kinetics, and
seasonal water table dynamics — that current PFAS-specific tools simplify or ignore. The result
would be substantially reduced plume uncertainty, enabling the targeted monitoring well placement
that could save USD 200,000-500,000 per site in unnecessary monitoring.

7.6 WHO IPCS (International Programme on Chemical Safety)

What it does well: WHO’s International Programme on Chemical Safety provides the global
normative framework for chemical risk assessment. IPCS develops internationally harmonized
methodologies for exposure assessment, hazard characterization, and health risk evaluation. Its
publications — including Environmental Health Criteria monographs and Concise International
Chemical Assessment Documents — are foundational references for national regulatory agencies
worldwide. IPCS’s work on lead, mercury, PFAS, and other chemicals of concern is authoritative
and broadly accepted.

Where it falls short: IPCS is a risk assessment and normative guidance program, not a predictive
transport or operational intelligence program. It does not model contaminant transport, predict
plume behavior, or provide site-specific or community-specific exposure estimates. Its outputs are
generic risk assessments and guidance values that must be implemented at the national and local
level through institutional processes that IPCS does not control. The gap between the IPCS risk
assessment and the operational intelligence that regulators and utilities need to protect specific
communities is bridged, if at all, by a chain of translation steps that often introduce substantial
delays and inconsistencies.

7 differentiation: 7-grade operational chemical intelligence is complementary to IPCS’s normative
role. Where IPCS establishes what levels of exposure are harmful, 7-grade plume intelligence
determines who is actually being exposed at those levels and how to reduce it efficiently. These are
different but deeply complementary functions; the most effective chemical protection systems will
require both.

8 Structured Opportunity Map

8.1 Opportunity A — Toxic-release and hazardous-plume early warning

Use cases: Industrial accidents, fires at chemical storage or production facilities, mine tailings dam
failures, pipeline spills, storage tank collapses, emergency plume intelligence for first responders and
water utilities.

Mechanism: Real-time coupled air-water-soil transport simulation, initialized from source location
and release quantity, propagating concentration fields forward under current meteorological and
hydrological conditions with explicit uncertainty envelopes. Integration with National Weather
Service data, USGS stream gauge networks, EPA facility emissions databases, and emergency
notification systems.

Public-good value: Faster and better-targeted shelter-in-place and evacuation decisions. Better
timing of drinking-water intake closures before contaminated water arrives. Better targeting of
first-responder protective equipment. Earlier public communication with quantified uncertainty
rather than precautionary evacuation of unnecessarily large areas.
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Scale: The US EPA Toxics Release Inventory recorded approximately 2,900 facilities reporting to
TRI in 2022, collectively handling millions of tonnes of listed toxic chemicals. Globally, the UNEP
chemical incident database records hundreds of significant chemical incidents annually.

8.2 Opportunity B— Drinking-water and groundwater contamination intelligence

Use cases: PFAS hotspot screening and plume prediction. Lead risk corridor mapping integrated
with pipe network hydraulics and water chemistry. Groundwater plume delineation and 5-20 year
plume evolution forecasting. Source-water vulnerability assessment. Private well risk ranking in
areas without regulated water supply. Early-warning systems for water utilities and community
water systems.

Mechanism: Integrated subsurface and surface water transport models continuously updated
with monitoring data. Pipe network hydraulic models coupled with water chemistry and corrosion
models to predict lead mobilization risk. Satellite-based land-use and precipitation data as boundary
condition forcing.

Public-good value: Fewer communities drinking contaminated water before detection. Better
monitoring budget allocation. Better treatment installation decisions. Earlier intervention for schools,
child care facilities, and health centers. Earlier protection for private well users in rural areas who
receive no regulatory protection under current frameworks.

Scale: 153,000 public water systems in the US alone [23]. Globally, WHO estimates 2 billion people
use a drinking water source contaminated with feces; chemical contamination is structurally less
monitored and likely similarly widespread.

8.3 Opportunity C — Legacy industrial-site and brownfield remediation prioritization

Use cases: Contaminated soil and sediment risk ranking across national site inventories. Plume
evolution modeling under different remediation scenarios. Monitoring network optimization for
long-term performance monitoring. Remediation technology selection support based on site-specific
transport characterization.

Mechanism: Automated site screening using available soil, groundwater, and hydrogeological data
to produce risk-ranked site inventories. Physics-based plume modeling for sites above screening
thresholds. Remediation scenario modeling to evaluate cleanup alternatives under uncertainty.

Public-good value: More health benefit per cleanup dollar. Defensible prioritization that can
withstand community and legal scrutiny. Better support for environmental justice arguments that
specific communities are being systematically deprioritized.

Scale: 1,344 Superfund sites in the US alone, plus approximately 450,000 brownfields [15]. Europe’s
contaminated land inventory is estimated at 3-5 million sites [9]. The global remediation market
was estimated at USD 100-130 billion annually in 2022.

8.4 Opportunity D — Informal recycling and worker/community protection

Use cases: Lead-acid battery recycling hotspot identification. E-waste dismantling facility soil and
air contamination pathways. Mercury use in artisanal and small-scale gold mining communities.
Open burning residue transport to nearby residential areas.

Mechanism: Rapid site screening using satellite imagery, available monitoring data, and physics-
based transport models to identify high-risk exposure corridors. Portable sensor integration for
real-time occupational exposure monitoring. Community-scale exposure models linked to health
surveillance data.
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Public-good value: Direct protection of children and workers in the highest-burden communities.
High equity payoff per dollar: these communities receive essentially no monitoring or plume intelli-
gence under current systems. Strong linkage between waste operations, occupational health, and
child developmental outcomes.

Scale: WHO estimates that 18 million workers are involved in artisanal and small-scale gold mining,
with 10 million more in lead-acid battery and e-waste recycling [24]. The communities surrounding
these operations collectively represent tens of millions of people with essentially no chemical exposure
intelligence.

8.5 Opportunity E — National chemical-risk atlases and compliance intelligence

Use cases: Integrated national or subnational pollutant risk mapping. Inspection and enforcement
targeting. Cumulative burden indexing for environmental justice analysis. National or provincial
remediation program planning and investment prioritization.

Mechanism: National-scale data integration across TRI/PRI reporting, contaminated site databases,
water quality monitoring, soil survey data, and demographic vulnerability indices. Physics-based
screening models to extend intelligence beyond monitored locations. Machine learning integration to
identify sites and corridors most likely to have undetected contamination.

Public-good value: Transforms fragmented and incompatible databases into actionable environmen-
tal health governance intelligence. Enables regulators to direct limited inspection and enforcement
resources to the highest-risk facilities and communities. Supports environmental justice litigation
and policy reform by providing systematic documentation of cumulative burden disparities.

9 Geographic Case Studies

9.1 Case Study 1— Flint, Michigan Lead Crisis (2014-2019)

Background: In April 2014, the city of Flint, Michigan switched its municipal water source from
treated Detroit Water and Sewerage Department water to water drawn directly from the Flint River.
The switch was made as a cost-saving measure during a fiscal emergency. The Flint River water was
significantly more corrosive than the treated Detroit water, and critically, the city did not apply
required corrosion control treatment.

Flint’s water distribution system, like most systems built before 1986 in the US, contained a high
proportion of lead service lines and lead-soldered joints. Without corrosion inhibitors, the corrosive
Flint River water began stripping lead from pipes and solder, and lead concentrations in tap water
climbed rapidly.

The numbers: Approximately 100,000 residents were exposed to lead in drinking water exceeding
EPA’s action level of 15 micrograms per liter [25]. The children were the most severely affected:
approximately 9,000 children under age six experienced elevated blood lead levels, with neurological
and developmental consequences that will persist across their lifetimes. The State of Michigan
ultimately committed USD 400 million to remediation, lead service line replacement, and health
services [26]. The full accounting of economic harm — including educational, healthcare, and
long-term productivity losses — is estimated by independent researchers at USD 2—4 billion [27].

The timeline failure: The water source switch occurred in April 2014. The first independent
research documenting elevated blood lead levels in Flint children was published in September 2015 —
18 months later [28]. In between, state and city officials repeatedly dismissed concerns, and a flawed
city monitoring program used sampling protocols that artificially suppressed measured lead levels.
The regulatory system failed not because lead monitoring was absent but because the monitoring
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was disconnected from the hydraulic and chemical reality of the distribution system.

What 7-grade modeling could have changed: The corrosion risk from the source water switch
was, in principle, computationally predictable within weeks of the switch. A 7-grade pipe network
hydraulic model, coupled with water chemistry and corrosion models, could have:

1. Predicted the increase in Langelier Saturation Index (a measure of water corrosivity) within days
of source water transition, flagging the distribution system as high-risk for lead mobilization
before any monitoring data were collected.

2. Identified the geographic distribution of highest-risk locations within the distribution system —
those served by the oldest pipes, with the longest residence times, and the lowest flow rates —
enabling targeted monitoring rather than the flawed citywide average approach.

3. Produced an early warning within 30-60 days of the source switch, 15 or more months before the
lead crisis was independently documented.

More broadly, the Flint crisis is representative of a nationwide vulnerability. The EPA’s 2021 Lead
and Copper Rule Improvements established a 10-year timeline for replacing all 9.2 million lead service
lines in the US, at a projected cost of USD 45 billion [10]. The intelligence problem is not which
lines to replace — they should all be replaced — but in what order, and which communities face
the highest corrosion risk from existing lines during the replacement period. A 7-grade distribution
system model could rank all lead service lines by corrosion risk under current water chemistry,
enabling regulators to direct replacement resources to highest-risk lines first and to target corrosion
control treatment to the highest-exposure communities in the interim.

Scalability of the lesson: Flint is not unique. A 2021 Reuters investigation identified more than
3,000 communities across the US with blood lead levels in children higher than in Flint at the height
of its crisis [29]. Most of these communities have no real-time pipe network or water chemistry
models. The Flint framework — hydraulic and chemical modeling of distribution systems, coupled
to lead mobilization physics — is a generalizable architecture that could be applied to any water
system with aging infrastructure.

9.2 Case Study 2 — PFAS Contamination: Camp Lejeune and the Global Expansion of
Forever Chemical Exposure

Background: Marine Corps Base Camp Lejeune, North Carolina, is the most documented case of
large-scale PFAS contamination in US history. Between 1953 and 1987, volatile organic compounds
and PFAS from fuel storage and on-base firefighting foam operations contaminated two of the base’s
eight water treatment plants — Tarawa Terrace and Hadnot Point — serving housing, schools,
and base facilities. Estimates suggest that more than 1 million people, including Marines, family
members, and civilian workers, were exposed to contaminated water during this period [30].

The health consequences documented at Camp Lejeune include elevated rates of leukemia, non-
Hodgkin’s lymphoma, bladder cancer, kidney cancer, Parkinson’s disease, and multiple birth defects
among those exposed in utero [31]. The Camp Lejeune Justice Act of 2022 opened a two-year window
for affected individuals to file federal tort claims; as of 2024, over 150,000 claims had been filed [32].

The PFAS plume modeling challenge: The Camp Lejeune case illustrates the central technical
challenge in PFAS groundwater management: extreme long-range transport, complex sorption
dynamics, and high sensitivity to subsurface heterogeneity. PFAS compounds are highly mobile
in groundwater — they have low octanol-water partition coefficients and do not readily sorb to
sediments — but their transport is complicated by variable-charge mineral surfaces, organic matter
content, and co-contaminant interactions. EPA’s current models for PFAS site assessment use
simplified transport assumptions that produce 60-80% uncertainty in 20-year plume extent estimates
[14].
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What 7-grade modeling changes at PFAS sites: Under the 7 assumptions:

e Plume uncertainty reduction: A 7-grade subsurface flow and transport model, properly
parameterized with available site characterization data and updated continuously with monitoring
observations through data assimilation, could reduce 20-year plume extent uncertainty from
+60-80% to +15-25%. This is a factor-of-three improvement in predictive accuracy.

e Monitoring network optimization: At a typical complex PFAS site with 50-100 monitoring
wells at USD 50,000-150,000 per well, a 40% reduction in unnecessary monitoring wells (those
placed conservatively in areas where the plume will not reach under the improved prediction)
represents savings of USD 1-6 million per site that can be redirected to remediation.

e Treatment timing and sizing: Better plume prediction directly improves treatment sys-
tem design: which wells to target, what capacity to install, and when to expect contaminant
breakthrough. A 20% improvement in treatment sizing efficiency at a mid-scale site saves USD
500,000-2 million in capital and operating costs.

The global scale: PFAS contamination is now a global phenomenon. The Environmental Working
Group’s 2023 database identifies contaminated water systems in all 50 US states and US territories,
serving at least 200 million people [8]. European monitoring data from 2022-2023 identified PFAS
exceedances in water systems across Germany, the Netherlands, France, Italy, Sweden, and Denmark.
WHO'’s 2022 PFAS drinking-water guideline process acknowledged that globally ubiquitous PFAS
exposure is now the norm rather than the exception [33]. The global PFAS remediation and
compliance market — including monitoring, treatment, and site investigation — was projected at
USD 20 billion annually by 2030 [13].

The key intelligence gap across all these contexts is the same: existing tools cannot reliably predict
where PFAS will be in 5, 10, or 20 years at a given site, which means monitoring and remediation
resources must be spread across large areas rather than targeted at the locations where PFAS will
actually arrive. 7-grade plume prediction addresses this gap directly.

9.3 Case Study 3 — Teplice/North Bohemia Heavy Metal Legacy, Czech Republic

Background: The Teplice region of northwestern Czech Republic was among the most intensively
industrialized zones in communist-era Central Europe. Coal mining, brown coal combustion, chemical
manufacturing, and heavy metallurgy produced decades of cadmium, arsenic, lead, and polycyclic
aromatic hydrocarbon emissions that contaminated soils, sediments, and groundwater across thou-
sands of square kilometers. Post-1989 industrial restructuring reduced emissions significantly, but
the legacy contamination remained in place.

The remediation program: An OECD-reviewed remediation program operating from 2015 to
2022 committed approximately USD 600 million to soil treatment, groundwater monitoring, and
contamination source management in the region [19]. The program achieved measurable reductions
in soil contamination at treated sites but faced a persistent operational challenge: predicting
contaminant mobilization during spring snowmelt.

Spring snowmelt in North Bohemia drives rapid, episodic mobilization of metals stored in surface soils
and shallow sediments. Contamination peaks in receiving water bodies are intense, short-lived, and
variable in timing. Current hydrological and contaminant transport models provide approximately
7-day advance prediction of mobilization events under favorable conditions — enough time for acute
warning but not enough for systematic protective action by downstream water users and agricultural
operations.

The 7 improvement potential: Extending the predictive window from 7 days to 30-60 days
would require coupled snowpack-hydrology-contaminant transport modeling that current tools do
not provide at operational resolution. Under the 7 assumptions, seasonal snowpack physics, soil
moisture and frost dynamics, and contaminant release kinetics from both soils and sediments would
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be simultaneously represented, producing a 30-60 day forecast with explicit uncertainty bounds.

At 30-60 days notice, downstream municipalities can issue precautionary notifications to private
well users. Agricultural water users can implement alternative irrigation sourcing during peak
mobilization periods. Stream ecology monitoring programs can be intensified at predicted peak
times to document ecological impact. The economic value of this improved forecast — in avoided
crop losses, reduced private well contamination, and more efficient ecological monitoring — is likely
in the range of USD 10-30 million per contamination event, which recurs annually.

The broader relevance: Spring snowmelt contamination mobilization is a widespread phenomenon
in temperate and subarctic regions with historical industrial contamination. Major river basins in
Russia, China, Canada, and the northern United States all contain mining and industrial legacy
contamination zones where seasonal mobilization is inadequately predicted. The North Bohemia case
is representative of a global intelligence gap that 7-grade coupled hydrology-contaminant transport
modeling could address at scale.

10 Finance, ROI, and Climate-Finance Eligibility

10.1 Investment scenarios

Scenario A: City-scale toxic release and plume intelligence platform

A city-scale chemical contamination intelligence platform covering a major metropolitan area —
including lead service line risk mapping, PFAS groundwater monitoring integration, industrial release
early warning, and legacy site plume intelligence — would require:

o Initial development and data integration: USD 1.5-3 million
e Platform deployment and institutional integration: USD 0.5-1.5 million
e Annual operations and maintenance: USD 300,000—-600,000

Total first-year investment: USD 2-6 million. Ongoing annual cost: USD 300,000-600,000.

Benefit-cost analysis: At a city with 500,000 residents, even modest improvements in lead exposure
intelligence — targeting pipe replacement and corrosion control treatment to highest-risk lines two
years earlier than would otherwise occur — would prevent an estimated 50—200 cases of elevated
blood lead in children per year. At a conservative monetized harm value of USD 30,000 per case-year
(based on WHO disability-adjusted life year valuations), this represents USD 1.5-6 million per year
in prevented harm. The platform pays for itself in direct harm prevention within 1-4 years, before
any accounting for avoided remediation costs, reduced healthcare utilization, or productivity gains.

For PFAS intelligence specifically, targeting monitoring well placement across 10 sites in a metropoli-
tan region — saving USD 500,000 per site in unnecessary monitoring wells at a 40% reduction rate
— generates USD 2 million in immediate monitoring savings against a platform cost of USD 2-6
million, achieving cost recovery within 3—-12 months on monitoring savings alone.

Scenario B: National contaminated site prioritization and plume intelligence system

A national system covering a country with 500-2,000 significant contaminated sites would require:

National data integration and model infrastructure: USD 4-8 million

Site screening and risk ranking for the full inventory: USD 2-5 million
Operational platform deployment with continuous update: USD 4-12 million
Annual operations: USD 1-3 million

Total investment: USD 10-25 million.

Framing against Superfund spending: US annual Superfund cleanup expenditures (trust fund
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plus private and state contributions) are in the range of USD 5-7 billion per year [16]. A USD 10-25
million national intelligence platform represents 0.15-0.5% of annual cleanup spending. If better
site prioritization improves the health benefit per cleanup dollar by even 5% — directing cleanup
resources to sites with higher health burden and away from sites with lower priority — the platform
generates USD 250-350 million in annual value against a USD 10-25 million investment, a return of
10-25:1.

In the EU context, the European Soil Strategy 2030 and associated LIFE+ remediation program
provide funding windows for national-scale contaminated land management infrastructure. EU
Cohesion Fund allocations for environmental remediation in Central and Eastern European member
states have funded similar investments at comparable cost levels.

10.2 Named climate-finance windows

EPA Superfund / CERCLA trust fund: The Superfund trust fund is the primary US public
funding mechanism for contaminated site cleanup. Under the Inflation Reduction Act, EPA received
USD 3 billion in additional Superfund funding for fiscal years 2022-2026, specifically for climate-
related cleanup priorities including climate-mobilized legacy contamination [34]. A 7-grade site
prioritization platform designed to identify climate-sensitive contamination risks would have strong
alignment with these appropriations.

EU Soil Strategy 2030 / LIFE+ Remediation: The European Commission’s Soil Strategy
2030 commits to remediating 50% of degraded soils by 2030 and includes an ecosystem restoration
fund component [35]. The LIFE+ program provides co-financing for environmental remediation
technology development and deployment. An integrated contaminated land intelligence system
would qualify under both instruments.

World Bank Environment and Natural Resources Global Practice: The World Bank’s
ENR Global Practice finances environmental management capacity building in middle-income and
lower-income countries, including contaminated site assessment and remediation programs. The
Bank has financed contaminated land programs in Russia, China, Eastern Europe, and Southeast
Asia. A 7-grade national site intelligence platform would align with the Bank’s interest in scalable,
transferable environmental management tools.

UNEP Chemicals Management Program: UNEP’s chemicals and waste program, operating
under the Global Environment Facility, finances national chemicals management capacity in develop-
ing countries. Priority areas include lead exposure from battery recycling, mercury from artisanal
gold mining, and persistent organic pollutants under the Stockholm Convention. A 7-grade chemical
exposure intelligence platform tailored to low-resource settings would have strong alignment with
GEF chemicals focal area priorities.

Green Climate Fund: Pollution-Climate Nexus: The GCF is increasingly willing to consider
the intersection of climate change and chemical contamination — particularly climate-mobilized
legacy contamination and the amplification of industrial pollution risk under climate scenarios. A
proposal framing 7-grade chemical intelligence as a climate adaptation tool — enabling governments
to anticipate and manage climate-mobilized contamination — could access the GCF’s Adaptation
Results Area funding, which covers USD 4 billion in total programming for the 2022-2025 period
[36].

IFC and development finance for water sector: The International Finance Corporation and
regional development finance institutions (European Investment Bank, Asian Development Bank,
African Development Bank) all have significant water sector investment programs that include water
quality protection. A 7-grade PFAS and lead intelligence platform could be financed as part of a
broader water utility modernization or infrastructure investment program.
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1 Evidence and Translation Ladder

1.1 Phase 1— 0 to 24 months: Retrospective validation and shadow-mode operation

The initial phase focuses on establishing technical credibility through retrospective validation against
known contamination events, running 7-grade plume models in shadow mode alongside existing
monitoring and assessment systems, and conducting targeted pilots at high-interest sites.

Key activities: - Retrospective plume reconstruction for 3-5 documented contamination events
with well-characterized outcomes (e.g., a known Superfund site groundwater plume with 10+ years
of monitoring data, a documented lead mobilization event in a water distribution system, a PFAS
plume at a site with dense historical monitoring). - Shadow-mode parallel operation at 2-3 active
PFAS or lead contamination sites, producing daily updated plume intelligence alongside but not
replacing current site management. - Targeted pilot with one water utility facing PFAS compliance
obligations under the 2024 MCL rule, demonstrating monitoring network optimization value. -
Publication of retrospective validation results through EPA, USGS, or peer-reviewed channels to
establish independent credibility.

Best candidates for Phase 1 pilots: - PFAS/lead corridor pilots: communities newly affected by
PFAS MCL compliance obligations, or cities with recent lead service line inventory completion. -
E-waste or battery recycling hotspot pilots in collaboration with WHO lead exposure program or
UNEP chemicals initiative. - Legacy industrial-site prioritization pilots in partnership with a state
environmental agency with an active brownfield program.

Outputs: Risk atlases covering pilot geographies. Plume reconstruction reports for retrospective
validation sites. Monitoring-priority dashboards for partner utilities. Public-facing documentation of
validation performance versus incumbent tools.

1.2 Phase 2 — 2 to 5 years: Operational integration and regulatory embedding

The second phase integrates T-grade plume intelligence into institutional workflows — water utility
operations, state environmental agency site management, EPA regional office planning — and scales
pilots to broader geographic coverage.

Key activities: - Integration of 7-grade PFAS plume prediction into utility PFAS compliance
monitoring programs across 20-50 water systems. - National site screening using available EPA and
state databases, producing 7-ranked remediation priority lists for 500-2,000 sites in one or more
states. - Emergency response integration: 7-grade toxic release plume modeling incorporated into
state or regional emergency operations center protocols. - Cross-agency intelligence products: water
utility, environmental agency, public health department, and emergency management coordination
through shared 7-grade chemical risk dashboards.

Outputs: Utility and regulator operational dashboards. Cross-agency environmental health intelli-
gence products. Targeted surveillance plans for high-priority sites. Remediation ranking tools with
transparent methodology documentation.

11.3 Phase 3 — 5 to 10+ years: National and subnational chemical operating systems

The third phase moves toward comprehensive national chemical risk operating systems that integrate
all relevant contamination pathways — from industrial releases through legacy sites through drinking
water distribution through informal sector exposures — in a continuously updated intelligence
architecture.

Key activities: - National contaminated land intelligence twin covering the full site inventory. -
Integration with EPA TRI, USGS monitoring networks, state water quality databases, and satellite-
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based land surface observation to provide continuous boundary condition forcing. - Pollution
prevention integration: linking cleanup intelligence to upstream industrial permit and inspection
systems to identify facilities at elevated release risk before incidents occur. - International rollout of
national chemical risk platforms in partner countries through WHO, UNEP, or bilateral development
cooperation channels.

Outputs: Integrated chemical risk twins at national and subnational scale. Remediation investment
platforms with portfolio optimization capabilities. Cross-medium prevention systems that close the
loop from cleanup intelligence back to source emission management.

12 Stakeholder Map and Change Management

12.1 Primary institutional actors

EPA Regional Offices and OLEM (Office of Land and Emergency Management): EPA
manages the Superfund program, hazardous waste regulation, and emergency chemical response. It
has both the institutional mandate and the analytical capacity to serve as a primary deployment
partner for 7-grade chemical intelligence. EPA’s own research programs — through ORD (Office of
Research and Development) — have supported model development partnerships with USGS and
academic institutions; 7-grade deployment would extend this pattern.

State Environmental Agencies: The fifty US state environmental agencies collectively manage
thousands of contaminated sites and drinking water systems under EPA delegation. They have
strong motivation for better site prioritization tools and typically have closer relationships with
affected communities than federal agencies. State brownfield programs often have more operational
flexibility than federal Superfund.

Water Utilities: The 153,000 US public water systems, and especially the 51,000 community water
systems serving 25 or more people year-round, face new PFAS compliance obligations under the
2024 MCL rule [23]. Larger utilities with technical capacity — the ~4,000 systems serving more than
10,000 customers — are natural first deployment partners for 7-grade plume intelligence.

WHO /UNEP Chemicals Programs: Global normative agencies have mandates to develop and
disseminate chemical risk assessment tools. A 7-grade chemical intelligence platform designed for
low-resource settings could be co-developed with these agencies for global deployment through their
country program networks.

Development Banks: The World Bank, EIB, ADB, and regional development finance institutions
finance water quality and environmental remediation programs globally. They can provide both
financing and institutional channels for deployment in middle-income and lower-income countries.

12.2 Resistance and accommodation

Regulatory liability concerns: EPA and state agencies must be careful that model outputs
used to inform enforcement or remediation decisions are defensible in legal proceedings. Any 7-
grade deployment will need to produce auditable, documented model runs with explicit uncertainty
quantification that meets EPA’s established modeling guidance requirements. This is not a barrier
to deployment but a design requirement that should be built in from the beginning.

Incumbent contractor resistance: Large environmental consulting firms whose business model
depends on expert-intensive, project-by-project site assessment may resist tools that automate parts
of that work. The most effective change management approach is positioning 7-grade intelligence as
a force multiplier for consulting capacity rather than a replacement — enabling the same experts to
manage larger portfolios more effectively.
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Community trust: In environmental justice contexts, affected communities have often experienced
regulatory models used to minimize or dismiss their concerns. Any deployment of 7-grade chemical
intelligence must include genuine community engagement, transparent uncertainty communication,
and mechanisms for communities to contest model outputs. The technical credibility of the platform
is a necessary but not sufficient condition for community trust.

Data quality and availability: Many contaminated sites — particularly smaller brownfields and
sites in low-income communities — have poor historical data quality. A 7-grade platform must
be designed to operate under data-sparse conditions, using physical models to extrapolate from
limited data and explicitly flagging locations where data quality is insufficient for reliable predictions.
Overpromising in data-sparse conditions is the fastest route to credibility loss.

13 Gender, Equity, and Labor Dimensions

13.1 Children and developmental equity

The equity case for 7-grade chemical intelligence is most compelling for children. Lead exposure at
any level measurably reduces 1Q), increases behavioral dysregulation, and reduces lifetime earnings.
The children with the highest lead exposure — those in communities near historical smelters, in cities
with aging pipe infrastructure, in countries with informal battery recycling — are overwhelmingly
children in low-income communities and communities of color. A 2022 NRDC analysis found that
children of color in the US are 2-3 times more likely than white children to have elevated blood lead
levels, controlling for income [37].

PFAS exposure similarly has documented developmental consequences: reduced birth weight, altered
immune development, thyroid disruption, and impaired cognitive development in children exposed
in utero or in early childhood. The communities most dependent on contaminated well water —
rural communities without municipal water supply access, military family communities near former
AFFF training sites — are often low-income communities with limited political power.

A 7-grade chemical intelligence system that accurately identifies the highest-exposure children’s
health corridors would, if appropriately designed and deployed, direct regulatory attention and
remediation resources toward these communities earlier and more systematically than current
monitoring approaches.

13.2 Women and reproductive health

Toxic chemical exposures have specific reproductive health consequences that fall disproportionately
on women and on fetuses. Mercury, lead, arsenic, and PFAS all have documented reproductive
toxicity: they cross the placental barrier, they appear in breast milk, and they affect fetal development
in ways that may not be apparent until years or decades after birth. Women in informal recycling
communities face acute occupational exposures during pregnancy. Women in agricultural communities
near mine tailings may drink contaminated well water throughout pregnancy.

A chemical intelligence platform that is equity-responsive must include reproductive health protection
as an explicit design criterion — not simply an afterthought. This means incorporating population
vulnerability indices into exposure risk ranking, flagging sites and corridors where pregnant women
or women of childbearing age face elevated exposure, and connecting chemical intelligence outputs
to maternal and child health surveillance programs.

PGID-POLL-01 23 of 37 May 2026 publication-ready release



Panta Rhei Research Program Public-Good Impact Dossier

13.3 Informal sector workers

Approximately 18 million workers globally are involved in artisanal and small-scale gold mining, and
an estimated 10 million work in lead-acid battery recycling and e-waste processing [24]. These workers
face severe occupational exposures to mercury, lead, arsenic, and a range of organic pollutants, with
no occupational health monitoring and no plume intelligence to characterize the geographic extent
of contamination from their worksites.

A 7-grade chemical intelligence platform tailored for informal sector settings — designed to operate
with low-cost sensors, minimal baseline data, and outputs calibrated for community health workers
rather than Ph.D. chemists — would provide the first systematic exposure intelligence for these
populations. The WHO chemicals program and several NGOs (including Pure Earth and the GAHP
— Global Alliance on Health and Pollution) have active programs in this space that could serve as
deployment partners.

13.4 Just transition for formal sector remediation workers

The remediation industry employs tens of thousands of workers in site characterization, excavation,
treatment system operation, and long-term monitoring. Automation of portions of this work
through 7-grade intelligence systems may affect some of these roles. The most important transition
management principle is that automation should increase the scope and ambition of remediation —
addressing more sites, addressing them more thoroughly, and providing better ongoing monitoring
— rather than simply reducing the workforce. The large backlog of unaddressed brownfields and
underfunded Superfund sites provides ample scope for expanded employment in a more intelligent,
better-targeted remediation industry.

14 Benchmark Suite and Success Metrics

14.1 Benchmark family A — Plume prediction accuracy

The core technical benchmark for 7-grade chemical intelligence is plume prediction accuracy under
independently held-out validation data.

Retrospective reconstruction tests: Using historical monitoring data from documented contami-
nation events, withhold the most recent 3-5 years of data and test whether the 7 model — initialized
on earlier data — correctly predicts the plume position and concentration field in the withheld period.
Key metrics: plume extent accuracy (fraction of observed monitoring exceedances correctly predicted
within the 80% confidence interval); concentration error at monitored locations (root-mean-square
error in log-transformed concentration); and false negative rate (fraction of observed exceedances
not captured within the 90% confidence interval).

Target performance: Reduce PFAS 20-year plume extent uncertainty from +60-80% (current
incumbent tools) to £15-25%. Achieve greater than 85% of observed exceedances within the 80%
confidence interval. Reduce false negative rate below 5% for significant exceedances (above 50% of
MCL).

Seasonal and climate forcing tests: Specifically test performance on contamination mobilization
events driven by seasonal hydrology — spring snowmelt, drought concentration, post-flood remobi-
lization. These events are poorly handled by current tools and are the most safety-critical failure
mode.
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14.2 Benchmark family B — Risk targeting efficiency

Monitoring network optimization: At sites with existing dense monitoring networks, test
whether 7-ranked monitoring plans — placing wells based on plume prediction — would have
detected the same contamination levels with fewer wells. Target: 30-40% reduction in monitoring
wells required to maintain equivalent detection performance.

Site prioritization accuracy: Using existing remediation priority rankings from EPA or state
agencies as ground truth, test whether 7-ranked site priorities align with demonstrated health burden
at sites where long-term monitoring data are available to assess actual exposure levels.

Detection lag reduction: For contamination events in water distribution systems or groundwater,
measure the time difference between the date on which 7-grade models would have flagged the risk
and the date on which the contamination was actually detected. Target: reduce detection lag by
60-80% relative to status quo monitoring.

14.3 Benchmark family C — Remediation targeting performance

Health benefit per cleanup dollar: Compare 7-ranked cleanup sequencing against historical
cleanup sequencing at sites with sufficient post-remediation health outcome data. Test whether
T-ranked sequences deliver higher avoided exposure per dollar of cleanup cost.

Remediation scenario evaluation: At sites currently undergoing remedy selection, test whether
T-grade scenario modeling produces recommendations consistent with post-decision site performance.
(This is a longer-horizon test requiring 5-10 year validation timescales.)

Monitoring network right-sizing: At sites in long-term performance monitoring, test whether
T-grade analysis can identify which monitoring wells are providing redundant information and which
are essential — enabling monitoring network right-sizing that reduces ongoing costs by 20-40%.

14.4 Benchmark family D — Equity and environmental justice performance

Coverage improvement in underserved communities: Measure whether 7-grade screening
identifies high-risk contamination corridors in communities with historically low monitoring coverage.
Define success as a statistically significant increase in the fraction of high-risk sites identified in
communities with above-median environmental burden index values.

False alarm asymmetry: Monitor whether the system produces systematically lower false alarm
rates in well-monitored affluent communities than in data-sparse lower-income communities. The
7 system should produce calibrated uncertainty that is honest about data sparsity rather than
systematically underestimating risk where data are missing.

Community comprehensibility: User-test m-grade risk outputs with community health workers
and community advocates in affected communities. Success requires that risk information is
interpretable and actionable by non-expert community stakeholders, not only by technical staff.

15 Governance Guardrails

15.1 Environmental justice and non-displacement
The first and most fundamental governance requirement is that 7-grade chemical intelligence must

not make existing environmental injustices worse. There are two specific failure modes to guard
against.
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First, the optimization imperative: a system designed to maximize health benefit per cleanup dollar
could, without explicit constraint, direct all resources to the largest, most concentrated contamination
events — which are often in industrial districts that may be less densely populated than the diffuse,
smaller-scale contamination in residential communities near legacy sources. Equity constraints must
be built into the optimization objective, not retrofitted as post hoc adjustments.

Second, data-desert bias: a system that produces reliable intelligence only where monitoring data are
dense will systematically identify risks in well-monitored areas and miss them in data-sparse areas,
which correlates with low income and minority population concentration. The 7 substrate must
be specifically designed to produce useful intelligence under sparse data conditions, using physical
model extrapolation and explicitly quantified uncertainty rather than simply declining to assess
areas without dense historical data.

15.2 Transparency and auditability

Any 7-grade model output used to inform regulatory decisions — which sites to clean up, which
wells to close, which communities to warn — must be fully auditable. This means:

¢ Model code and parameterization must be open and inspectable.

e Every model run producing a regulatory-relevant output must be fully documented and repro-
ducible.

e Uncertainty bounds must be reported alongside point estimates.

e Communities and regulators must be able to contest model outputs through transparent review
processes.

The EPA’s Modeling Guidance for Developers and Reviewers (2009) and analogous EU frameworks
provide the applicable standards; 7-grade deployments in regulatory contexts must comply with
these standards from the beginning.

15.3 Worker and community protection as design constraints

No 7-grade deployment should shift burden onto workers or poor communities under the banner of
optimization. Specifically:

e Remediation prioritization systems should include community health burden indices as first-class
inputs, not only contaminant concentration or cleanup cost metrics.

e Occupational exposure assessments for informal sector workers should be included in any plume
intelligence system covering informal recycling or mining operations, not treated as out of scope.

e« Community data rights — the right of affected communities to access the same intelligence
products used by regulators — must be built into platform design from the beginning.

15.4 Prevention over permanent triage

The long-term goal of a 7-grade chemical intelligence system is not to optimize the management of a
permanent contamination burden. It is to identify and eliminate the sources of that burden. This
means:

e Chemical intelligence platforms should be linked to upstream source emission management —
identifying facilities at elevated release risk before incidents occur, informing permit conditions,
and supporting proactive enforcement.

o Remediation prioritization should include credit for permanent source removal (e.g., excavation and
off-site disposal) rather than only manageable containment (e.g., monitored natural attenuation).
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e Success should ultimately be measured in declining site counts and declining exposure levels, not
in the optimization of a static burden.

15.5 Cross-medium accountability

A 7-grade platform that couples air, water, soil, waste, and sediment transport must maintain cross-
medium accountability: it should not optimize one medium while quietly allowing contamination
to shift to another. Historically, air pollution controls have sometimes increased water and soil
contamination (e.g., wet scrubbers that capture air pollutants and produce contaminated wastewater).
Cross-medium integrated modeling must include mass balance tracking to identify these trade-offs
explicitly rather than hiding them in the gap between separate models.

16 SDG Mapping and Bottom Line

16.1 SDG alignment

SDG 3 (Good Health and Well-Being): Targets 3.9 (reduce deaths from hazardous chemicals,
air, water, and soil pollution) and 3.4 (reduce mortality from non-communicable disease) are directly
addressed. The nine-million-deaths-per-year pollution burden, the 1.5-million-deaths-per-year lead
burden, and the PFAS health burden all fall under this SDG. Better chemical intelligence, by
reducing detection lag and improving remediation targeting, advances Target 3.9 directly.

SDG 6 (Clean Water and Sanitation): Target 6.3 (improve water quality, reduce pollution,
eliminate dumping and minimizing release of hazardous chemicals) and Target 6.6 (protect water-
related ecosystems) are core objectives of this paper. Lead and PFAS in drinking water, heavy metals
in river systems, and mine tailings contamination of groundwater are all SDG 6 issues addressable
by 7-grade water quality intelligence.

SDG 10 (Reduced Inequalities): The equity dimensions of this paper are fundamental. The
communities bearing the highest toxic chemical burden are consistently those with the least economic
and political power. Reducing the detection lag and monitoring gap for these communities is a
concrete SDG 10 contribution.

SDG 11 (Sustainable Cities and Communities): Target 11.6 (reduce adverse environmental
impact of cities) includes air and water quality but also toxic site management and brownfield
remediation. A national contaminated site intelligence system that accelerates urban brownfield
identification and remediation directly advances SDG 11.6.

SDG 13 (Climate Action): The climate-contamination coupling documented in Section 1 and
Section 3 means that climate adaptation requires chemical contamination intelligence. Failure to
anticipate climate-mobilized legacy contamination is a systematic climate adaptation gap. A 7-grade
platform that embeds climate forcing into contaminant transport models is a concrete climate
adaptation technology.

SDG 15 (Life on Land): Mine tailings, brownfield, and industrial legacy contamination are major
drivers of soil degradation and terrestrial ecosystem damage. Target 15.3 (combat desertification,
restore degraded land) and Target 15.5 (halt biodiversity loss) both require addressing toxic soil
contamination.

SDG 17 (Partnerships for the Goals): A 7-grade chemical intelligence platform designed for
interoperability with EPA; WHO, UNEP, USGS, and analogous international systems supports the
data-sharing and multi-institution coordination goals of SDG 17.
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16.2 The bottom line

Chemical and heavy-metal contamination is one of the largest, most persistent, and most inequitable
public-health challenges on Earth. The tools to address it — sensors, regulatory frameworks,
remediation technologies — exist. The fundamental gap is intelligence: the ability to reconstruct
the causal chain from a toxic source through multiple environmental media to human exposure in
operational time, and to use that intelligence to target remediation resources where health benefit
per dollar is highest.

Current tools are fragmented by medium and institution. The Flint, Michigan crisis unfolded over
18 months before any system connected source water chemistry to lead pipe corrosion to blood lead
levels in children. PFAS plumes at thousands of contaminated sites cannot be predicted to within a
factor of three over 20-year horizons. Spring snowmelt contamination mobilization in post-industrial
regions is predictable only 7 days in advance, not 30-60 days in advance. Children in informal
recycling communities receive essentially no chemical exposure intelligence. The hidden burden
continues to accumulate.

Under the working 7 assumptions defined in this paper, a physics-faithful, bounded-error, cross-
medium causal integration substrate could change this situation in three fundamental ways:

1. It could reconstruct the full source-to-exposure causal chain across all relevant environmental
media simultaneously, in operational time rather than retrospective research time.

2. It could produce reliable plume intelligence under data-sparse conditions, extending meaningful
risk intelligence to the communities currently most underserved.

3. It could enable predictive protection — identifying highest-risk exposure corridors before harm
occurs rather than only after — for the first time at operational scale.

These are not small improvements to the margin. They represent a qualitative change in what is
possible in chemical contamination management. The financial case — USD 2-6 million for city-scale
chemical intelligence against a USD 977 billion annual economic harm from lead exposure alone —
is compelling at almost any discount rate. The equity case — directing intelligence and resources
to the children and communities currently bearing the highest burden — is compelling on moral
grounds independent of the financial analysis.

This paper argues that 7-grade chemical contamination intelligence represents one of the highest-value
public-good applications in the entire Panta Rhei Impact portfolio: high urgency, high equity payoff,
high technical differentiation, and a large and growing institutional demand driven by the PFAS
MCL rule, the Lead and Copper Rule Improvements, the EU Soil Strategy 2030, and the emerging
UNEP global chemicals governance architecture.

The goal is not better monitoring of a permanent toxic burden. It is making hidden toxic burdens
visible earlier, ranked more fairly, and addressed more effectively. That is a profound public good.
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This companion dossier is Paper 3 of 4 in the Panta Rhei Impact Pollution and Circularity Portfolio.
Paper 1 covers clean-air digital twins and exposure intelligence. Paper 2 covers industrial, transport,
and agricultural emissions attribution. Paper 4 covers waste systems, plastics leakage, and zero-waste
transitions.

Working assumptions in this paper are yellow-paper level: explicit, contestable, and stated as conditions
for the claims that follow them. References to T-grade capability throughout the paper invoke these
assumptions. This paper does not constitute a proof of capability; it constitutes an argument for where
T-grade physical intelligence, if the assumptions hold, would have the highest public-good impact in
the chemicals and contamination domain.

Source: Full manuscript text integrated from Public-Good Briefing draft.
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18 Dossier accountability addendum

The following addendum records the release-facing accountability layer for this dossier: claim
boundaries, baseline evidence, upstream dependencies, translation assumptions, scenario bands,
scorecard rationales, benchmark requirements, governance guardrails, and related Panta Rhei surfaces.
It is intentionally downstream of the full source argument above.

Impact thesis

A Public-Good Briefing showing how a law-faithful tau causal integration substrate could
unlock major public-good gains in toxic-release detection, cross-medium plume intelligence,
lead /PFAS /mercury exposure protection, and remediation targeting—addressing a hidden
but very large disease burden. The v3 impact thesis is conditional: a Tau-grade toxic-release,
PFAS, heavy-metal, plume, and remediation-prioritization twin would become valuable if it
improves benchmarked public decisions while preserving transparent uncertainty, reviewability,
and governance control.

18.1 Public-good burden and baseline evidence

A Public-Good Briefing showing how a law-faithful tau causal integration substrate could unlock major
public-good gains in toxic-release detection, cross-medium plume intelligence, lead/PFAS /mercury
exposure protection, and remediation targeting—addressing a hidden but very large disease burden.
The public-good burden is treated here as an institutional decision problem: existing agencies already
monitor parts of the domain, but the operational handoff from data to timely, auditable action
remains incomplete.

18.1.1 External evidence baseline

o WHO, Ambient Air Pollution [7]: air-pollution burden baseline.

o UNEP, Plastic Pollution [6]: plastics and leakage baseline.

« OECD, Global Plastics Outlook [2]: plastics and material-flow baseline.
o UNEP, Global Waste Management Outlook [4]: waste-system baseline.

e World Bank Group, Pollution Management and Environmental Health [8]: pollution-
management public finance context.

o UNEP, Minamata Convention on Mercury [5]: toxic-substance governance context.

18.2 Current institutional landscape

The relevant landscape includes public agencies, research infrastructures, standards bodies,
development-finance channels, and domain review communities represented in the evidence base,

including OECD, UNEP, WHO, World Bank Group. These references are evidence and adoption
surfaces, not endorsements or deployment partners.

18.3 Capability gap
The practical gap is a benchmarkable translation gap: current systems expose useful data or partial

models, but they do not yet provide a single law-faithful, bounded-error decision layer for toxic-release,
PFAS, heavy-metal, plume, and remediation-prioritization twin.
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18.4 Tau framework dependency map

Surface Role in this dossier

Build the Tau-Kernel finite address and scalar foundation

Recover Core Mathematics mathematical bridge and model interface

Derive Physics physical readout and domain translation candidate
Results lane upstream consequences to be mapped precisely during

release preparation
direct-registry-mapping-withheld no direct Registry object is asserted until a substantive
Corpus mapping is available

public-docs-mapping-withheld TauLib module links are asserted only where public docu-
mentation exposes a clear surface

Release Manifest release baseline

Predictions and Falsification empirical accountability route

18.5 Translation assumptions and missing engineering
Required domain model: toxic-release, PFAS, heavy-metal, plume, and remediation-
prioritization twin.

First benchmarkable test: plume extent, exposure pathway, and remediation prioritization against
monitoring, incident, and cleanup records.

¢ domain-specific model construction
o data ingestion and validation

e benchmark harness

e pilot protocol

e independent review workflow

18.6 Impact mechanism chain
Public-good burden — external evidence baseline — 7 capability hypothesis — upstream Results /

Corpus / Verify dependency — translation assumptions — benchmarked pilot — governed adoption
pathway.
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18.7 Scenario bands

Public-Good Impact Dossier

Band

Scenario summary

Confidence

Conservative

Realistic

Optimistic

A narrow shadow-mode pilot improves one bounded deci-
sion task for Chemicals, Toxic Releases, Lead/PFAS/Heavy
Metals, Water-Soil-Air Plume Intelligence, and Remedia-
tion without operational authority.

A reviewed prototype strengthens several public-sector
workflows for Chemicals, Toxic Releases, Lead/P-
FAS/Heavy Metals, Water-Soil-Air Plume Intelligence, and
Remediation after benchmark comparison with incumbent
systems.

A reusable public-good intelligence layer becomes plausible
for Chemicals, Toxic Releases, Lead/PFAS/Heavy Metals,
Water-Soil-Air Plume Intelligence, and Remediation after
external validation and transparent governance review.

medium

medium-low

low

18.8 Impact scorecard

Public-good scale

Tau fit

Evidence proximity

Measurability

Adoption readiness

Equity leverage

_5/5

I 4/5

I 4/5

I 4/5

— 2/5

_5/5

18.9 Candidate pilot pathways

The affected public-good burden is large or
institutionally significant within the portfo-
lio.

The proposed pathway depends on coupled
state, bounded uncertainty, and composi-
tional modelling rather than isolated pre-
diction alone.

The evidence base is anchored in public
institutions, official monitoring systems, or
established scientific reviews.

A first benchmark can be framed against
incumbent public datasets, institutional
records, or operational decision metrics.

Adoption remains conditional on domain
review, governance fit, data access, and in-
stitutional integration.

The pathway can prioritize underserved or
vulnerable populations where public access
and safeguards are built in.

contaminated-site and water-soil-air plume pilot with environment agency and affected-community

review

18.10 Benchmark suite and success metrics
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Type Incumbent base- Required Tau Success metric Validator
line benchmark
translation current public or in- plume extent, expo- pre-registered accu- indepen-
benchmark stitutional systems sure pathway, and racy, latency, uncer- dent
in the domain remediation prioriti- tainty, or decision- domain
zation against moni- quality metric reviewers
toring, incident, and
cleanup records
governance existing audit, disclo- transparent assump- reviewable evidence public-
benchmark sure, and reporting tion, data, model, pack and adverse- sector  or
practice and failure-mode dis- outcome protocol expert gov-
closure ernance
panel
equity bench- current access, documented path- distributional benefit equity,
mark service-quality, or way for underserved and risk review be- community,
exposure disparities or vulnerable users fore pilot expansion or public-
without hidden interest
exclusion review
process

18.11 Governance and risk guardrails

e Human oversight for any operational use.

e Public benchmark disclosure before institutional adoption.

o Equity access review for underserved or vulnerable communities.

o Data-rights and privacy controls for operational datasets.

o Misuse-prevention and adverse-outcome monitoring.

e Adverse-outcome monitoring with a documented escalation path.

o External domain review before pilot expansion.

18.12 Related Results / Corpus / Verify / Publications

This dossier is downstream of Results, Corpus, Verify, and Publications surfaces. It is not a Registry
object. Direct Registry or TauLib links are asserted only where the mapping is substantive rather

than decorative.
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Conditional scenario map. Domain review pending. Deployment, product,
validation, certified-impact, and policy-commitment claims are not made.
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Contact: panta-rhei.site/engage/contact/

Public discussion: github.com/orgs/Panta-Rhei-Research/discussions
General: hello@panta-rhei.site

Corrections: errata@panta-rhei.site

Media: press@panta-rhei.site
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