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PART OF THE FOREKEY SUITE - BY FORE

BLEAK

Al-agentic signal cleaning for sewerage
and open channels

THE CORE IDEA

Diagnose, don't just flag.

BLEAK is the combined-sewer cleaning tool of the foreKEY
suite. It encodes the diagnostic reasoning that specialist
technicians build over years of work with Doppler flow
sensors — reference curves, regime classification, anomaly
taxonomy, topological mass balance — and makes them
available through the conversational interface. BLEAK runs
on top of REED, which provides the underlying ingestion
and pre-processing layer; REED is included in the BLEAK
licence. Built on Claude by Anthropic, the leading Al
model for agentic engineering tasks.

The algorithm is the easy part.

Generic anomaly detection points at an outlier and stops there. BLEAK names the cause — covered probe, level
drift, backwater, active overflow — and explains the physical evidence behind it. Every diagnosis is grounded
in combined-sewer hydraulics and more generally in open channels, expressed in terms you can verify against
your network, and accepted or overridden by the engineer before it counts.

01 WHY BLEAK

01

Diagnose what your sewer sensors are
really telling you

Ask your sewer sensors questions the way you'd ask a
colleague: "why is the velocity flat on ABC0O7 since
Tuesday?", "which sensors saw the storm of March 15?",
"compare the dry-weather pattern of all sensors in DMA

North". Doppler signatures, h-v reference curves, regime

classification — all through conversation, all grounded in
combined-sewer hydraulics.

02

From statistics to physics

Generic anomaly detection flags an outlier and stops there.
BLEAK names the cause: zero velocity with a high level
most probably becomes a covered probe, an altered dry-
day pattern becomes level drift, an off-curve trajectory
becomes downstream backwater. You get a diagnosis you
can verify against your network, not an outlier score to
second-guess.

03

Built around mass balance

Every BLEAK installation is anchored to the network
topology. Mass balance is checked continuously at every
node, the faulty sensor is localised by multi-node cross-
check, missing flows are reconstructed from neighbours
under the conservation constraint. This is what turns a

collection of sensors into a coherent measurement of your

network.

04

Human-in-the-loop, with a growing case
library

No silent transformation. Every destructive operation is
confirmed by the engineer, every diagnosis is accepted or
overridden by the user, every reconstruction is explained
before being marked as clean. The paradigm case library
grows with each confirmed decision — BLEAK specialises
to your network over time.
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CAPABILITIES

Complete capability list. Combined-sewer and open-channel
flow monitoring, on top of REED.

BLEAK adds the physical know-how of combined-sewer and open-
channel hydraulics on top of the REED cleaning pipeline. Sewer
measurements are among the most challenging in the field: the
environment is hostile (debris, sediment, variable flow regimes),
Doppler sensors operate at their physical limits, and flow rate
variations span 2-3 orders of magnitude between dry-weather
and wet-weather regimes. BLEAK encodes the diagnostic reasoning

that specialist technicians build over years and makes it available
through the conversational interface.

02 CAPABILITY LIST

Al AGENT — POWERED BY CLAUDE

* Built on Claude by Anthropic — the leading Al model for agentic
engineering tasks

* Physics-aware reasoning: every diagnosis names a physical cause,
not just a statistical score

* Natural-language interaction in any language

= Every action backed by a verifiable operation — no hallucinated edits

Explicit user approval before destructive operations

= Conversational history preserved across sessions

FLOW COMPUTATION

= Measurement uncertainty propagated; faulty sensor localised by multi-
node cross-check

= Missing flows estimated from neighbours under the conservation
constraint

= Missing section calibration taken into account

NETWORK TOPOLOGY VIEW

= Compute Q from h and v with section-aware formulae

= Circular, rectangular, ovoid, trapezoidal, and custom geometries

* Wetted-area computation accounts for sediment metadata — Q
is computed on the actual flowing area, not the nominal one

REFERENCE CURVE BUILDER

* h-v reference curve fitted from dry-weather data

= Three physical zones handled automatically: free-surface, near-full,
pressurised

= Shown distinctly on the diagnostic scatter plot

AUTOMATIC DRY-WEATHER WINDOWS

= Dry-weather intervals identified automatically from the rain gauge
record

* No manual window picking

= Fed automatically to the Reference Curve Builder and the Regime
Classifier

REGIME CLASSIFIER

= Every timestep classified: dry-weather, wet-weather, pumping, or
overflow

= Rain gauge used as exogenous variable

Results feed the anomaly catalogue and the mass balance checker

KRIGING RAIN INTERPOLATION

= Kriging interpolation from the rain gauge grid to every network point
= Each sensor gets its own local rainfall input
* No nearest-gauge approximation

SEWER ANOMALY CATALOGUE

= Ready-made taxonomy: covered probe, over-dense or over-clear water,
level drift, missing cross-section calibration

= Every anomaly ships with its physical signature and distinguishability

notes

Used by the Al agent to name causes, not just flag outliers

MASS BALANCE CHECKER

* Q_downstream = ZQ_upstream tested continuously at every node
with inactive Combined Sewer Overflows

- NEXT TO COME
estimation with uncertainty bounds

* Upstream-to-downstream tree built automatically from DMA
metadata

= Coloured AQ indicator on every branch (yellow, orange, red)

Uploaded files paired to sensors even when naming is inconsistent

LLM-BASED SIGNAL RECONSTRUCTION

* Full context used for reconstruction: neighbour sensors, rainfall,
regime, mass-balance constraints, sensor history

= Gaps, invalidated intervals, and corrupt segments handled

= Every reconstruction explained and confirmed by the user before being
marked as clean

PARADIGM CASE LIBRARY

* Few-shot library of canonical sewer diagnostic cases
= Specialises to your network — user-confirmed diagnoses feed back
into the library over time

INFILTRATION & INFLOW REPORT

Quantifies extraneous water: infiltration from groundwater and inflow
from illicit connections

Separates the anthropic pattern from the extraneous baseline sensor by
sensor

* Report: volumes, time distribution, and ranking of the most affected
zones by DMA

FLOODING PROXIMITY REPORT

Tracks how close each manhole and conduit has come to surcharging
during wet-weather events

= Water levels reconstructed against the pipe crown and the manhole rim
= Configurable safety margins; ranked report of the most critical
points across the network

PLATFORM & SECURITY

* 100% browser-based — no installation, no plugins, no version to
update

= Enterprise SSO and two-factor authentication

= Per-user isolated project workspaces, encrypted storage and transit

» Data hosted in the European Union — GDPR compliant (full chain in
EU upon request)

= Flexible subscription pricing

Correction for beam-cone to cross-section mean velocity, with interactive widget - Overflow volume
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