Hydroficient HYDROLOGIC System Threat
Model

Client: The Grand Marina

Target: 3-Device Commercial Flow & Emergency Shutoff Deployment

Section 1: Executive Summary

The Grand Marina utilizes Hydroficient's HYDROLOGIC water management system across its
500-room luxury property. Three specialized devices continuously monitor water flow and line
pressure across the property'’s three core services: the Main Building, Pool/Spa, and
Kitchen/Laundry. The platform feeds telemetry into a central cloud engine that provides facilities

teams with real-time web monitoring and remote emergency valve shutoff capabilities.

In commercial real estate and luxury hospitality, operational IoT security directly impacts property
protection and life safety. Connected valves, telemetry, and automated controls blur the boundary
between cyber and physical risk. The Grand Marina’s recent $4.2M water-damage incident
highlighted the operational and financial impact of delayed or ignored leak alerts. If an
unauthorized actor manipulates these controls, suppresses leak detection, or locks emergency
shutoff valves during a pipe rupture, the property faces catastrophic structural damage,

operational disruption, and severe liability.

The analysis identified three critical vulnerabilities requiring immediate remediation:

1. Unauthenticated or Weakly Guarded Remote Actuation: Executing shutoffs via the web
dashboard without robust authentication exposes the property to malicious water
deprivation or valve locking during leaks.

2. Alert Suppression and Tampering: Modifying alert thresholds or notification queues can
conceal catastrophic leaks from staff, thereby recreating the exact failure conditions that
led to the $4.2M loss.

3. Cloud-Dependent Single Point of Failure: Over-reliance on the cloud API eliminates
operational visibility and the ability to remotely shut down during local network outages or
cloud provider outages.



Section 2: System Overview

The Grand Marina Deployment Profile

e Scale: 500-room luxury hotel and resort facility.
e Hardware Assets: 3 HYDROLOGIC commercial flow management units installed at the
service mains:
o Unit 01: Main Guest Tower / Domestic Riser
o Unit 02: Pool, Spa, and Landscaping Utility
o Unit 03: Commercial Kitchen & Industrial Laundry Facility
e Management Layer: Cloud-hosted control plane featuring live telemetry dashboards,
automated anomaly/leak notifications, and remote actuation controls (proportional gate

valves and solenoid emergency shutoffs).

Data Flow Diagram (DFD)
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Operational Workflow

1. Flow meters and pressure transducers continuously sample line conditions at the three

device locations.
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2. Telemetry packets transmit outbound via encrypted protocols to the Hydroficient Cloud

API.

3. The Cloud API validates metrics against baseline consumption profiles and leak detection

rules.

4. Facilities personnel monitor telemetry, line pressure, and savings analytics via the Web

Dashboard.

5. When abnormal flow is detected, high-priority notifications are triggered via SMS, push

alerts, and dashboard alarms.

6. Operators issue remote valve calibration or emergency shutoff commands down to the
on-premise HYDROLOGIC devices.

Section 3: Asset Inventory & CIA Prioritization

In an operational loT environment, Integrity and Availability supersede Confidentiality because

false telemetry or unresponsive actuators cause immediate physical destruction.

Description

Remote and automated
solenoid valve closing

mechanism

Threshold triggers and
incident dispatch engine

Motorized throttling for
flow optimization

Real-time sensor

telemetry stream

Administrative and

operator access tokens

Historical billing, flow

logs, and metric reporting

C Priority

Low -

Low -

Low -

Low ~

Me... ~

I Priority

Medi... -

A Priority

Medium -~

Rationale

Compromised integrity causes erroneous
closures; availability failure prevents halting

leaks.

Alert integrity ensures accurate detection; an
availability failure risks severe unaddressed
flooding.

Flow tampering causes pressure surges, water
hammer, or service starvation.

False sensor readings trick automated shutoffs

or mask pipe degradation.

Unauthorized access grants direct control over
actuators and alert configurations.

Financial impact and minor confidentiality

concerns regarding occupancy patterns.
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Section 4: Comprehensive STRIDE Threat Analysis

Component 1: HYDROLOGIC Physical Devices (Edge Units)

Specific Scenario Likelihood Impact
A rogue microcontroller connected to the local Medium ~

RS-485/Modbus or Ethernet bus injects counterfeit
packets that masquerade as Device 03
(Kitchen/Laundry).

Rogue actor with physical access to the mechanical Low -
room attaches a hardware debugger to the device
header, overwriting local calibration tables to suppress

high-flow alerts.

The local unit executes an emergency valve closure Medium - Low -
due to an undocumented internal error, but device

event logs are wiped upon reboot, leaving operators

without root cause records.

Device emits diagnostic flow telemetry in clear-text Low -
over the local subnet, allowing adversaries to infer

guest occupancy rates based on tower flow volume.

Physical tampering with power leads or RF/Wi-Fi Medium -
jamming of edge transceivers stops telemetry from
reaching the cloud gateway.

Attacker exploits an unpatched memory safety bug in Low ~
the device's RTOS network stack via malformed packet

to obtain root shell on the microcontroller.

Risk

Low -

Medium ~

Medium ~



Component 2: Web Dashboard

Threat Specific Scenario Likelihood Impact Risk

Spoofing The attacker uses hotel staff credentials obtained via

credential stuffing to sign into the dashboard without
Multi-Factor Authentication.

Tampering Operator-level account modifies threshold rules on Device Medium -
01, elevating the leak alert trigger from 15 GPM to 500 GPM
and disabling notifications.

Repudiation Malicious user triggers an emergency shutoff across the Low ~ Medium -
entire Main Building, then erases or circumvents the
dashboard action audit log.

Information Disclosure Broken Object Level Authorization (BOLA) in the web Ul Medium -~ Medium - Medium -
allows logged-in hotel staff to view other customer
properties and water consumption statistics.

Denial of Service Adversary script launches an HTTP flood against the Medium -
dashboard web server during an active leak incident,
preventing engineers from accessing the manual shutoff
button.

Elevation of Privilege A maintenance user with read-only view modifies Medium -
client-side token claims or exploits a broken role parameter
to execute administrative gate commands.

Component 3: Cloud API
Threat Specific Scenario Likelihood Impact Risk
Spoofing An external attacker exploits leaked API keys to Low ~

deploy a rogue cloud listener that redirects Device 01
telemetry away from Hydroficient servers.

Tampering An attacker conducts a Man-in-the-Middle (MitM) Low -
attack on an insecure API route to modify JSON



Threat Specific Scenario Likelihood Impact Risk

payloads, thereby artificially setting reported flow
rates to zero.

Repudiation Cloud message broker drops command packets Medium -
targeting Device 02 without maintaining delivery
receipts, making it impossible to determine why a
valve failed to actuate.

Information Disclosure An insecure cloud storage bucket allows public Medium ~ Low ~ Low -~
access to unencrypted aggregate hotel water
telemetry and facility topology maps.

Denial of Service Volumetric DDoS floods against the API gateway Medium -~
saturate telemetry ingestion endpoints, resulting in
total pipeline blindness across all three units.

Elevation of Privilege Attacker exploits an unpatched server-side injection Low -~
vulnerability in the API routing engine to extract
backend database credentials.

Component 4: Remote Actuation & Emergency Controls

Threat Specific Scenario Likelihood Impact Risk
Spoofing The attacker replays intercepted actuator commands over Medium ~

the communication channel, causing the unauthorized
closure of the Main Building valve.

Tampering Malicious insider intercepts and modifies the payload of a Low - Medium ~
proportional valve command, closing the valve to 0% during
peak kitchen prep hours.

Repudiation An automated emergency shutoff is triggered by sensor Medium ~ Medium ~ Medium ~
drift, but no cryptographic audit record indicates whether
the trigger was cloud-driven or local.
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Specific Scenario Likelihood Impact Risk

Actuator state status (open/closed/fault) is broadcast across Low - Low -~ Low -
unsegmented local channels, revealing infrastructure
readiness to unauthorized parties.

Continuous command-loop flooding against the device Medium ~
controller exhausts memory buffers, causing the valve
controller to lock in its current position during a break.

A low-privilege API integration key, intended only for Medium ~
reporting, invokes the /actuate/shutoff endpoint due to
missing role-based endpoint authorization.

Section 5: Risk Summary

Critical Risks

e Web Dashboard Credential Abuse (Spoofing): Missing MFA exposes the primary
interface, allowing credential-stuffing attacks to seize property-wide shutoff controls or
disable alarms.

e Alert Threshold Tampering (Tampering): Unrestricted modification of alert parameters
enables silent leaks, directly recreating conditions for catastrophic, multimillion-dollar
water loss.

e Cloud API & Actuator Denial of Service (DoS): Volumetric attacks or command buffer
exhaustion lock operators out, preventing remote shutdown during active pipe ruptures.

e Device Communication Jamming/Loss (DoS): Loss of edge-to-cloud connectivity blinds

operators to active bursts in high-risk zones without automated local failsafes.

High Risks
e Command Replay Attacks: Intercepted actuation packets replayed against edge devices to
trigger unauthorized physical valve closures.
e Firmware & Physical Debug Tampering: Physical access to unhardened debugging
interfaces allows attackers to overwrite firmware and disable detection routines.
e Missing Audit Logging: The lack of immutable action logs prevents root cause

determinations after critical misfires or security incidents.



o Broken Object & Function Level Authorization: Flaws in API routing allow tenant boundary

cross-over or unauthorized execution of administrative actuation commands.

Medium & Low Risks

e Telemetry Sniffing: Clear-text flow data over unsegmented local subnets exposing

occupancy trends.

e Sensor Drift Repudiation: Unlogged sensor anomalies impeding dispute resolution and

operational diagnostics.

Section 6: Recommended Mitigations

Risk / Threat Area
Weak Dashboard

Authentication

Alert Threshold Tampering

Actuator & API DoS

Command Replay Attacks

Device Communication

Drop

Physical Header

Tampering

Proposed Defense Mitigation

Mandate enterprise Multi-Factor Authentication (MFA)
via SSO (SAML/FIDO2) for all Grand Marina operators
and administrators.

Enforce dual authorization ("Two-Person Rule") and
cryptographic change logging for any modifications to
alert thresholds or recipient routing.

Deploy edge rate limiting, a cloud Web Application
Firewall (WAF) with DDoS mitigation, and guaranteed
local physical push-button overrides.

Implement cryptographic nonces, short-lived
timestamps, and TLS 1.3 with mutual authentication
(mTLS) for all command communication.

Configure autonomous edge intelligence: devices must
automatically close local valves if sustained high-volume
flow is detected during a network disconnection.

Disable hardware debug interfaces (JTAG/SWD) in
production builds, enforce cryptographic Secure Boot,
and install tamper-switched physical enclosures.

Implementation Complexity

Low (Configuration update)

Medium (Software modification)

Medium (Network & cloud rules)

Medium (Firmware & API update)

High (Firmware architecture

enhancement)

High (Hardware/enclosure

review)



Risk / Threat Area Proposed Defense Mitigation Implementation Complexity

Unsegmented Device Isolate HYDROLOGIC edge devices within a dedicated, Low (Network switch

Network

egress-restricted Operational Technology (OT) VLAN. configuration)

Section 7: Future-Proofing & Quantum Hardening (PQC Roadmap)

Commercial loT systems operate over multi-year lifecycles, exposing operational technology to

emerging cryptographic risks posed by future cryptanalytically relevant quantum computers
(CRQCs).

1. Quantum Threat Vectors to HYDROLOGIC

Harvest-Now-Decrypt-Later (HNDL): Adversaries intercept and store encrypted device
telemetry and network traffic today, aiming to decrypt it once quantum capabilities mature
to reconstruct historical facility operations and security topologies.

Asymmetric Signature & Key Exchange Compromise: Classical algorithms used to secure
mTLS and firmware validation will become vulnerable to Shor's algorithm, allowing

adversaries to forge OTA firmware updates or issue counterfeit actuation commands.

2. Quantum Hardening Strategy

Crypto-Agility Architecture: Decouple cryptographic modules within device firmware and
cloud services to facilitate seamless cipher suite transitions without hardware redesign.
Hybrid Key Encapsulation: Upgrade device-to-cloud mTLS sessions to support hybrid key
exchange combining classical algorithms with post-quantum key encapsulation
mechanisms.

Quantum-Resilient Firmware Verification: Adopt stateful hash-based signatures or
lattice-based digital signatures for secure boot and Over-The-Air (OTA) firmware integrity
checks.

Root-of-Trust (RoT) Validation: Ensure future hardware revisions incorporate secure
elements capable of post-quantum asymmetric key processing.



Section 8: Conclusion & Strategic Roadmap

The security evaluation of The Grand Marina's HYDROLOGIC deployment demonstrates that in operational
technology (OT) and commercial facility 10T, cyber risk translates directly to physical and financial liability. Far
from being an isolated incident, the recent $4.2M financial loss highlights structural vulnerabilities within the
system: unauthenticated control channels, single points of failure in the architecture, and widespread alert

fatigue.

Securing this environment does not require a total system overhaul, but it does demand immediate

operational discipline and defense-in-depth engineering across three execution phases:

1. Immediate Tactical Hardening (Days 1-30):

o Enforce enterprise Multi-Factor Authentication (MFA) across all web dashboards and
operator administrative accounts to close primary credential-stuffing exposure.

o Isolate the three on-premise HYDROLOGIC devices within a dedicated, egress-restricted
Operational Technology (OT) VLAN to neutralize lateral movement from guest and
administrative networks.

o Mandate dual-operator authorization ("Two-Person Rule") for modifying leak thresholds,
alarm suppressions, or automated dispatch routes.

2. Resilience & Engineering Controls (Days 31-90):

o  Configure autonomous fail-safe logic directly at the device edge, ensuring local valves
actuate automatically during sustained anomalous flow events even if cloud connectivity is
severed.

o Deploy mutual TLS (mTLS) with cryptographic nonces and short-lived timestamps across all
actuator and telemetry channels to eliminate command replay and spoofing vectors.

o Establish immutable, centralized audit logging for all automated triggers and manual valve
actuations to maintain operational accountability.

3. Long-Term Strategic Assurance & Crypto-Agility (Post-90 Days):

o Implement a crypto-agile PKI framework across Hydroficient's cloud and edge firmware,
integrating hybrid post-quantum key encapsulation mechanisms (ML-KEM) and
qguantum-resilient signature schemes (ML-DSA / LMS) to protect long-lifecycle building
assets against Harvest-Now-Decrypt-Later (HNDL) threats.

o Conduct bi-annual threat model reviews and tabletop emergency response drills, uniting

facilities engineering, on-site management, and IT operations.

Incident Response & Emergency Containment Workflow



To prevent a recurrence of delayed incident handling, facilities staff and security

operators must execute the following structured response workflow upon any alert

trigger:

Incident Stage

Phase 1:
Detection & Triage

Phase 2:
Emergency

Containment

Phase 3:
Verification &
Isolation

Phase 4:
Forensics & Root
Cause

Phase 5:
Controlled
Recovery

Trigger & Telemetry Conditions

Flow exceeds dynamic baseline (>25

GPM sustained for >3 mins) or

sudden line pressure drop (>20 PSI).

Unacknowledged alert exceeds 5

minutes, or visual/sensor confirmation

of unmitigated pipe burst.

Remote shutoff executed; flow
telemetry confirms line closure (0
GPM).

Flooding contained; system placed in

safe standby.

Physical repairs complete and

firmware/network integrity validated.

Operational & Technical Action

Automated dispatch pushes
high-priority SMS/push alarm.
On-duty engineer verifies live
telemetry on dashboard.

Issue a remote emergency shutoff
command via the dashboard. If the
cloud is unreachable, dispatch a
mechanical room runner for local

physical lever actuation.

Inspect the mechanical riser and
affected hotel zones. Electrically
isolate the affected HYDROLOGIC
unit's control loop if anomalous

command flooding or cyber tampering

is suspected.

Pull immutable transaction logs from
Cloud API and edge non-volatile
storage to verify whether the event

was a hydraulic failure, sensor drift, or

cyber tampering.

Execute slow, proportional gate-valve

repressurization to prevent
catastrophic water-hammer shock;
reset the alert baseline with

two-person sign-off.

Responsible Role

Lead Facilities

Engineer

Facilities
Operations /
Night Duty
Manager

Facilities
Engineer /
Network Admin

Security
Analyst /
Hydroficient
Support

Chief Engineer
& GM Sign-off

SLA/
Target Time

< 2 Minutes

< 5 Minutes

< 15 Minutes

< 4 Hours

Prior to
Service
Restoration
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Section 10: Executive Briefing Memo

MEMORANDUM

TO: Marcus Webb, General Manager, The Grand Marina

FROM: Senior loT & Critical Infrastructure Security Assessment Team
DATE: October 27, 2026
SUBJECT: Executive Summary & Action Plan: HYDROLOGIC Cyber-Physical Threat Assessment



Executive Summary & Context

Following The Grand Marina's recent $4.2M water-damage incident, our engineering team

conducted a comprehensive threat analysis of the property's Hydroficient HYDROLOGIC

water-management infrastructure. In luxury hospitality, building automation systems directly

govern physical safety and asset protection. The findings indicate that the previous flood was

fundamentally an alert governance and operational failure that can be repeated or intentionally

triggered by an external adversary unless immediate structural safeguards are enacted.

Three Primary Vulnerabilities

1. Unprotected Remote Valve Controls: The web dashboard currently lacks mandatory
Multi-Factor Authentication (MFA). A compromised staff password allows an attacker to
shut off water across guest towers or intentionally leave valves open during a catastrophic
pipe rupture.

2. Vulnerability to Silent Failures: Operational thresholds can currently be modified by a
single user without secondary sign-off. Malicious tampering or inadvertent
misconfiguration can raise alarm thresholds, hiding active leaks until physical damage is
widespread.

3. Total Reliance on Cloud Connectivity: The HYDROLOGIC units lack local autonomous
fail-safe logic. If the hotel loses internet connectivity or Hydroficient suffers a cloud
outage, our facilities team loses remote visibility and local valve operation and control

capabilities.

Action Plan & Investment Roadmap

Priority Phase

Phase 1:

Tactical Lock-Down

Phase 2:

Physical Resilience

Target Timeline Key Deliverables Expected Business Outcome
Days 1-30 e Enforce mandatory MFA for all dashboard Eliminates remote credential
accounts. compromise and accidental alert
e |[solate devices on a dedicated OT VLAN. suppression at near-zero capital
e Implement two-person sign-off for threshold cost.
changes.
Days 31-90 e Deploy edge-level automatic shutoff Guarantees leak containment even
firmware. during complete internet or cloud
e Train facilities staff on the 5-minute Incident outages; creates legal

Response SLA. accountability.



Priority Phase Target Timeline Key Deliverables Expected Business Outcome
e Establish immutable actuation audit logs.
Phase 3: Long-Term Ongoing / Annual e Transition device encryption to Protects long-term capital assets
Governance quantum-resilient standards. and ensures insurance compliance.

e Conduct bi-annual disaster tabletop

exercises.

Immediate Decision Required
It is recommended authorizing the immediate execution of Phase 1 technical controls within the
next 7 business days. Facilities engineering and IT can complete these configuration updates

without disrupting guests or incurring additional hardware costs.
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